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SUMMARY 

In order to give a complete record of my researches 

to the end of 1981, Section A introduces the publications 

arising from pre-doctoral and post-doctoral training. 

~his period resulted in the synthesis of (+)cuparene, 

and (+)-cephalosporin C and a significant contribution 

to the synthesis of vitamin B
12

• 

Section B deals with researches devoted to a study of 

the biosynthesis and synthesis of alkaloids. This led to 

the elucidation of the biosypthetic pathway to colchicine 

and the recognition of a hitherto unknown class of natural 

products; the I-phenethyl tetrahydroisoquinoline alkaloids'. 

These researches involved structure elucidation, biosynthetiao 

studies using labelled precursors and, finally, the total 

chiral synthesis of key numbers of the c-homoaporphine 

family, e.g. (-)-multiflorarnine and (-)-kreysigine. 

This section also cites the synthesis of (+)lysergic Acid 

by a route which rationalises chemical properties of this 

i'rnportant natural substance. 

Section C relates to studies on the synthesis of 

terpenoids which culminated in chiral synthesis of 

(+)-zizanoic acid, (-)a and (+)S-acorenol, (-)-agarospirol 

and (-)B-vetivone. This work also furnished chemical proof 

Of the stereochemistry of isolongifolene epoxide. In addition 

to studying the biosynthesis of (-)-camphor ~~d (-)-bOrneol . 

USing labelled precursors, I used biogenetic arguments to 

propose the structure of the key intermediate in the 
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biosynthesis of the . eremophilane class of sesquiterpenes. 

This substance, rosifoliol, has since been isolated 

from natural sources. 

Section D deals with researches on peptide synthesis. 

The important problem of purification of protected 

polypeptides was investigated using Sephadex LH20 and 

L60 gels and Enzacryl K2. A detailed study of gel filtration 

of large protected fragments revealed the scope and 

limitations of the method. In a search for more effective 

methodology for formation of the peptide bond the new 
. . 

reagent ~+oxo-bis-[tris(dimethylamino)-p~osphonium]-bis-

tetrafluoroborate was prepared and its chemistry st~died. 

This application of organophosphorus chemistry to peptide 

synthesis was extended to a study of phosphinic acid 

derivatives for NH2 protection and COOH activation. This 

has led to the development of new and effective reagents 

for peptide synthesis. Diphenylphosphinamides were found 

to be superior to t-butylurethanes for NH2 protection in 

sensitive peptide sequences containing tryptophan or 

methionine residues. Mixed phosphinic-carboxylic 

anhydrides were observed to have excellent regioselectivity 

With respect to nucleophilic attack by amines and superior 

thermal stabi.lity to the conventional carboxylic mixed 

anhydrides used in peptide synthesis. The peptide programme 

also was concerned with target synthesis in two distinct 

areas. In the first, the objective was the synthesis of, 

an analogue of the enzyme lysozyme using the fragment 

Condensation method. This resulted in the synthesis and 

purification of a fully protected 1-129 peptide to standards 
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of purity acceptable to chemists. The other major synthetic 

interest was in the ~edically important field of 

gastrointestinal hormones where the combination of 

fragment synthesis and radioimmunoassay led to the 

establishment of the structure for the porcine and 

human Big Gastrins. This programme resulted in the 

synthesis of the N-terminal nonadecapeptide of human 

big gastrin and ' the total synthesis of porcine big 

gastrin. 

Section E deals with miscellaneous papers on 

X-ray structure determination of key compounds in 

preceding sections, the development of a new brominating 

reagent, and the synthesis of 3-thienylmalonic acid by a 

cOmmercially viable and novel route. 

Section F is a collection of reviews, book chapters 

and symposia publications relating to topics covered 

in Sections A, B, C and D. 
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SYNTHESIS OF NATURAL PRODUCTS 

Statement of Research Objectives and Achievements 

A. Introduction 

During the researches (AI, A2, A3, AS) leading to the 

Ph.D. of the University of Glasgow, I became fascinated 

with the concepts of strategy in organic synthesis and 

also in the manner by which complex natural products , fare 

constructed in vivo. Phenol coupling and the biogenetic 

isoprene rule were particularly significant developments 

of the period 1950-1960 which were to influence greatly 

my later researches on the biosynthesis and synthesis of 

alkaloids and terpenes. This interest in natural products 

developed into an appreciation of the challenges set by 

biologically significant systems such as peptides as 

targets for chemical synthesis. As a post-doctoral fellow 

at Harvard University I synthesised a key intermediate 

in the successful total synthesis of vitamin B12 under the 

direction of R.B. Woodward. Again under his management 

I was a member of the group responsible for the total 

synthesis of (+)-cephalosporin C (A4). The concepts 

developed in this project were to transform the later 

approaches to S-lactam synthesis. 

I 
'., 
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B. Biosynthesis and Synthesis of Alkalo'ids 

By means of a series of feeding experiments with 

£olchicum autumnale and C.byzantinurn in~olving 3H, 14C 

and 15N labelled precursors, the biosynthesis of colchicine 

and related alkaloids was established to occur by a 

hitherto unknown pathway in plants of the Liliacea (Bl,B3,B9). 
The crucial step was found to be an intramolecular phenol 

cOUpling of the I-phenethyltetrahydroisoquinoline, 

(-)-autumnaline, which we subsequently identified as a 

Constituent of C.comigerum together with seven other 

biosynthetically related alkaloids. The structures of these 

were elucidated by a combination of X-ray analysis, chemical 

methods and physical methpds (B8). In the course of the 

StUdy of the late stages in colchicine biosynthesis the 

structure of the minor alkaloid of C.speciosum, (-)speciosine, 

was established and confirmed by synthesis (B7). 

These biosynthetic studies developed naturally into 

a search for other members of this new class of alkaloids 

and led to the recognition that the alkaloids from 

. !.reysigia mult'iflora were indeed members of the C-homoaporphine 

family (B2, B4, BIO). The proof of structure of 

(-)-multifloramine, (-)-floramultine and (-)-kreysigine 

rested mainly on the basis of physical methods of structure 

elucidation, i.e. IR, UV, NMR and mass spectra. Confirmation 

of the assigned structures was afforded by total synthesis 

of (-)-kreysLgine and (-)-multifloramine by a route ~hOUght 

initially to be closely patterned 'on the likely biosynthesis 

by analogy with the known I-benzyltetrahydroisOquinoline 

alkaloids. This involved oxidative phenol coupling of 
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an isomer of auturnnaline to a spiro-dienone followed by 

aryl migration ' to the C-homoaporphine system. In the 

course of these synthetic studies a racemic dienone was 

synthesised, which was later sh~wn to be the minor 

alkaloid kreysiginone eX.K.multiflora. The true biosynthetic 

pathway was established administering 14C labelled 

I-phenethyltetrahydroisoquinolines to K.multiflora 

which showed that the homoaporphine system was formed 

directly by oxidation of auturnnaline without the 

intermediacy of spiro-dienones (B6, B11). 

A detailed study of the biosynthesis of isothebaine was 

Used as a means of investigating the stereochemistry of 

formation and rearrangement of spiro-dienones and spiro-dienols 

in the I-benzyltetrahydroisoquinoline series (B5). Also 

in this class we studied methods of converting the readily 

aVailable spiro-benzylisoquinoline system into the berberine 

skeleton, which is the reverse of the biosynthetic 

pathway (B13). 

Lysergic acid is the basic moiety of the commercially 

important ergot alkaloids and its synthesis represents a 

cOnsiderable challenge to the organic chemist. The route 

devised achieved the objective but additionally gave 

Valuable mechanistic information concerning the instability, 

and the remarkable tendency towards racemisation of 

lYsergic acid (B12, B14). 
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C. Synthesis of Terpenes 

For the past 20 years I have been intrigued by the 

structural variety and stereochemical complexity of 

natural products derived from mevalonic acid. I have been 

particularly interested in using biogenetic arguments 

in a predictive sense anticipating the later isolation of 

proposed biosynthetic intermediates (AS). One 6f the 

cornerstones of the biogenetic isoprene rule was the proposal 

by Robinson in 1935 of a methyl migration during biosynthesis 

of the eremophilane class of sesquiterpenes. I proposed the 

structure, which was later isolated from Australian raspberry 

as rosifoliol, for the key endesmane intermediate in this 

process (C2). Current researches within my research group 

have established the absolute stereochemistry of rosifoliol 

(in press) and are directed towards a study ' of in vitro 

rearrangements of rosifoliol derivatives. The curious 

divergence between C
30 

and C
40 

terpenoid biosynthesis led 

to the synthesis of the C
40 

analogue of squalene epoxide 

and a study of acid catalysed cyclisation to produce C40 

,analogues of triterpenes which may lie undetected in 

nature (C12). 

Interest in the eremophilane skeleton, and in particular 

the ~-4,5-dimethyl substituents, from the standpoint of 

synthesis led to an early application of the Woodward-Hoffmann 

rules to the problem (Cl) '.' A study of thermal isomerisation 

of a suitably substituted hexatriene did giv~ the required 

4,5-dimethyldecalin system but with the trans stereochemical 

arrangement of methyl groups due to overwhelming steric 

interactions in the symmetry allowed disrotatory process. 



In a related system similar steric control was observed 

in Conia-type cyclisation (C3). 

A practical involvement in biosynthesis of terpenes 

Was initiated with a study of (-)-camphor and (-)-borneol 

in' Salvia officinalis (C8) but, unfortunately, further 

development of this to a study of vetiver constituents 

in Vetiveria zizanoides gave disappointing re~ults due to 

poor incorporation of 14C-mevalonate in higher plants. 

r therefore concentrated on total synthesis and in vitro 

rearrangement studies of biogenetically significant 

Sesquiterpenes (F13). 

Consideration of the stereochemical complexity of 

the tricyclic sesquiterpenes (+)-zizanoic acid and 

(-)a-cedrene, together with the proposed biogenetic 

precursors (-)S-acorenol and (-)a-acorenol respectively, 

made this a challenging group of sesquiterpenes for chiral 

synthesis. This group of targets was expanded to include 

(-)agarospirol and (-)S-vetivone which represent an 

alternative biosynthetic route from rosifoliol, i.e. ring 

Contraction rather than methyl migration to the eremophilane 

. skeleton. The synthesis of (+)-zizanoic acid was 

achieved starting from D(+)-camphor by .a route which 

involved a highly specific Wagner-Meerwein rearrangement 

on silica (C4); the generality of which was later 

confirmed (C6). Also arising from t~is synthesis a 

stereochemical study was made of the triCy~lo[6,2,1,ol,61 
undecane skeleton which allowed assignments to be made of 

the stereochemistry of isolongifolene epoxide which had 

been a matter of considerable debate and commercial 

importance (C10, C11). This bulk chemical proof agreed with 
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the contemporaneous X-ray study on crystalline isolong~olene 

epoxide. (This epoxide, when prepared, is partially 

crystalline which could be the result of 'lack of 

stereospecificity during epoxidation or due to the partially 

racemic nature of isolongifolene as producted by 

rearrangement of longifolene). The strategy adopted for 

the chiral synthesis of the spiro sesquiterpenes 

(-)a-acorenol and (+)S-acorenol, (-)agarospirol and 

(-)S-vetivone rested on the chiral synthesis and sepa~ation 

of two diastereoisomers of a spiro[S,S,O]undecanonesynthon (I) • . 

The starting material chosen in this case was 

(+)-3-methylcyclohexanone. 

, 
Me 

(la) 

, , 
Me 

(Ib) 

Contraction of ring A in (la) and (Ib) resulted in the 

sYnthesis of (-)a-acorenol and (+)S-acorenol respectively, 

and fUrther acid treat~ent of (-)a-acorenol gave 

(-)a-cedrene by the process postulated to occur in vivo 

(C8). Ring contraction of ring B in (la) provided the 

sUCcessful route to (-)-agarospirol and (-)B~vetivone. 

This synthesis of (-)-agarospirol provided proof of the 

absOlute stereochemistry of the n~tural product (C13). 
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D. Synthesis of Peptides 

During the past 10 years I have been actively interested in 

the many facets of peptide synthesis, i.e. purification, 

methodology of amino protection and carboxyl activation, 

total synthesis, biological activity and assay. 

Purification of protected peptides during synthesis can 

present enormous problems due to unsatisfactory behaviour 

on adsorption chromatography and also insolubility. We 

investigated the use of gel filtration using Sephadex LH20, 

LH60, G50, G75 and Enzacryl K2 with polar eluants, and this 

detailed study revealed the scope and limitations of the 

method which is complementary to counter-current 

distribution (DI, D3, D8~ D9), 

In the search for an efficient, racemisation-free 

cOUPling reagent we prepared, in pure form, 

~-OxO-bis-[tris(dimethylamino)-phosphoniurrl]-bis-tetrafluoroborate 

(D2) ·,· This was found to form the peptide bond efficiently 

by carboxyl activation either through an acyloxyphosphonium 

Salt or via the symmetrical carboxylic anhydride. In spite 

Of great effort no evidence could be found for the former 

fugitive, highly reactive species. Racemisation could be 

depressed by the intervention of 1-hydroxybenzotriazole or 

~-hYdroxysuccinimide (D7) , 

A most useful method of carboxyl activation in peptide 

sYnthesis is by formation of the carboxylic mixed anhydride, 

however this method suffers from two disadvantages. Firstly 

sUch mixed anhydrides are subject to thermal disproportionation 

at oOe to the two symmetrical anhydrides with consequential 

decrease in yield and the introduction of undesired acylation 
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products. Secondly, aminolysis of carboxylic mixed 

anhydrides can, on occasions, be non-regiospecific leading 

to impurities and diminished yields. We sought to apply 

phosphinic-carboxylic anhydrides to amide formation and 

We have found that these anhydrides do have good thermal 

stability at 0 °c and that they react with amines exlusively 

at the carbonyl function (D5)~ Although diphenylphosphinyl 

chloride was the early reagent of choice, a thorough 

investigation of substituent effects has identified a ' superior 

reagent (F19). 

The remarkable acid lability of phosphinamides was 

utilised in the development of amino protecting groups 

Which could be deprotected without generating reactive 

intermediates such as t-butyl carbonium ions produced 

from t-butyl urethane cleavage. It was found that the 

diphenylphosphinyl protecting group is more acid labile than 

t-butyloxycarbonyl and, moreover, does not give rise to 

untOward side reactions with tryptophan or methonine residues (D4), 

An investigation of substituent effects has identified a 

Useful range of phosphinic acids for a- and side chain amino 

protection (FIg), The NH of phosphinamides may be substituted 

by alkylation and subsequent deprotection leads to secondary 

amines. This method was used to prepare crystalline derivatives 
) 

of N-methyl amino acids (D6). 

A major area of interest in peptide synthesis has been 

in the field of gastrointestinal hormones where we have used 

synthesis, allied to biological activity and radioimmunoassay, 

as a proof of structure for natural peptides. In this way we 

have corrected the structure for human minigastrin by total 
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synthesis ,(DID). The strategy adopted for the synthesis of the 

two 34 residue peptides, porcine and human big gastrin, 

Was designed to yield a large fragment of the N-terminal region 

Which is devoid of acid-secretory properties but is the 

fragment lost in the prohormone-hormone biosynthetic 

transformation caused by proteolytic cleavage. Thus synthesis 

would allow the development of a radioimmunoassay for the 

N-terminal region and hence the prohormone and large precursor 

peptides. Not only did this prove successful but the iynthetic 

fragments permitted the rapid identification of an error 

in the N-terminal sequence of both big gastrins (DII). 
This programme of synthesis resulted in the synthesis of 

porcine big gastrin (D23) and the N-terminal nonadecapeptide 

of human big gastrin which was used to produce antisera 

for an assay specific for the N-terminal region of the 

human pro hormone CD22). 

For the past decade we have been engaged on the total 

sYnthesis of an analogue of the enzyme, lysozyme, to the 

standards of purity acceptable to the chemist. This project can 

be VieWed as a test of the current state of the art. The 

strategy chosen relied on fragment coupling with complete 

protection of side chain functionality and the fragments 

being synthesised by solution methods (D13). During the 

synthesis of fragments we incorporated methodology being 

developed in parallel, e.g. phenyl esters for c-terminal 

protection, organophosphorus coupling reagents. In 

addition we explored new purification methods with the 

large numbers of protected peptides emanating from the 

programme. This series of papers (DI2, DI4,DI5,DI6,D17, 
Dl8, DIg, D2D, D21, D24, D25, D26, D27, D28) describes the 
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work in full leading to the synthesis of a fully 

protected 129 residue polypeptide in acceptably pure 

form. The scope and limitations of present peptide 

sYnthetic and purification methodology can be seen from 

this work which was designed to reach the current frontiers 

of large molecu~e synthesis. 

:-13-

---. --....... 



th...PUBLI CAT IONS . RESULTING FRm~ POSTGRADUATE & POSTDOCTORAL RESEARCHES 

Al 

A2 

A3 

A4 

AS 

The Total Synthesis of (+) Cuparene. 
W. Parker, R. Ramage and-R.A. Raphael, 
~roc.Chem.Soc., 1961, 74. · 

The Total Synthesis of (+) Cuparene. 
W. Parker, R. Ramage and-R.A. Raphael, 
~.Chem.Soc., 1962, 1558-1562 

The Conjugate1:4-Addition of Some Acetylenic Grignard Reagents 
to Cyclohexylidenemalononitrile. 
W. Parker and R. Rarnage, J.Org.Chem., 1963,~, 1722. 

The Total Synthesis of Cephalosporin C. 
R.B. Woodward, K. Heusler, J.Gosteli,P.Naegeli,W.Oppolzer, 
R. Ramage, S.Ranganathan and H. Vorbruggen, 
~.Amer.Chem.Soc., 1966, 88, 852-853 

Sesquiterpene Biogenesis. 
W. Parker, J.S. Roberts and R. Rarnage, 
&uart.Reviews, 1967, 21, 331-363 

-------- --14-



tBibsYNTHtstS ANnSYNTHESISOFALKALbrbS 
BI 

B2 

B3 

B4 

BS 

B6 

B7 

B8 

B9 

Biosynthesis of Colchicine from a 1-Phenethylisoquinoline. 
A.R. Battersby, R.B. Herbert, E. McDonald, R. Ramage and 
J.H. Clements, Chem.Comm., 1966, 603-604 

The Structure and Synthesis of Homoaporphines : A New Class 
of Alkaloids. 
A.R. Battersby, R. Bradbury, R.B. Herbert, M.H.G.Munro and 
R. Ramage. Chem.Comm., 1967, 450-451 

Biosynthesis of Colchicine : Ring Expansion and Later Stages. 
Structure of Speciosine. 
A.C. Barker, A.R. Battersby, E. McDonald, R. Ramage 
and J. H. Clements , _.Chem.Comm., 1967, 390-392 

Homoaporphine Systems and Related Dienones : Isolation, Structure 
and Synthesis. 
A.R. Battersby, E. McDonald, M.H.G.Munro andR. Ramage, 

. Chem.Comm., 1967, 934-935. 

Further Studies on the Synthesis and Biosynthesis of Isothebaine. 
A.R. Battersby, T.J. Brocksom and R. Ramage, Chem.Comm., 
1969, 464-465. 

Biosynthesis of Homoaporphines. 
A.R. Battersby, P. Bohler, M.H.G.Munro and R. Ramage, 
Chem.Comm., 1969, 1066-1067 

The Structure and Synthesis of Speciosine. 
R. Ramage, Tetrahedron, 1971, 27, 1499-1502 

I-Phenethylisoquinoline Alkaloids. The Structures of Alkaloids 
from Colchicum cornigerum (Sweiuf). Tachk.et Drar. 
A.R. Battersby, R. Ramage, A.F. Cameron, C.Hannaway and 
F. Santavy, .J. Chehl. Soc. , (C), 1971, 3514-3518 

Alkaloid Biosynthesis. Biosynthesis of Colchicine from the 
I-Phenethylisoquinoline System. 
A.R. Battersby, R.B. Herbert, E.McDonald, R. Ramage and 
J.H.Clements, J.Chem.Soc.Perkin 1, 1972, 1741-1746 

I-Phenethylisoquinoline Alkaloids. Isolation, Structure 
ElUcidation and Synthesis of c-Homoaporphines • 

. A.R. Battersby, R.B. Bradbury, R.B.Herbert, M.H.G.Munro, 
and R. Ramage,J.Chem.Soc.Perkin I, 1974" 1394-1399 

Biosynthesis of c-Homoaphorphines in Kre~Sigia Multifloria. 
A.R. Battersby, P.Bohler, M.H.G.Munro an R. Ramage, 
!!.Chem~Soc.Perkin I, 1974, 1399-1402 

A New Synthetic Route to (+)-Lysergic Acid. 
V.W. Armstrong, S.Coulton and R. Ramage, Tetrahedron Letters, 

·1976, 4311-4314 

Rearrangement of Spirobenzylisoquinoline to Protoberberine Systems, 
A Comparison of Base Induced and Photochemical Processes. 
D. Greenslade and R. Ramage, Tetrahedron, 1977, 21, 927-930 

-15-



B14 A New Synthetic Route to (+)-Lysergic Acid. 
R. Ramage, V.N. Armstrong and S. Coulton, 
Tetrahedron, 1981, 12, suppl.9, 157-164 

.-16-



ksYNTHESIS· OF ·. tERPENES 
Cl 

C3 

C4 

cs 

C6 

C7 

Ca 

C9 

Thermal Isomerisation of a Hexatriene System : Synthesis and 
Rearrangement of 2-Methyl-3(cis,cis-penta-1,3-dienyl) 
cyclohex-2-en-1-one. --- ----
R. Ramage and A. Sattar, Chern.Comm., 1970, 173-175. 

Biogenetic Relationships of the Vetiver-Sesquiterpenes. 
D.F. MacSweeney, R. Ramage and A. Sattar, Tetrahedron Letters, 
1970, 557-560 

Cyclisation of 2-Methyl-3-(pent-4-enyl}-cyclohex-2-en-1-one 
by Thermal and Photochemical Methods. 
R. Ramage and A. Sattar, Tetrahedron Letters, 1971, 649-652 

A Stereospecific Total Synthesis of Zizanoic and Isozizanoic 
Acids. 
D.F. MacSweeney and R. Ramage, Tetrahedron, 1971, 11, 1481-1490 

The Photochemistry of 7,11-Dimethyldodeca-1,6,10-trien-3-one. 
C.B.Hunt, D.F. ~acSweeney and R. Ramage, Tetrahedron, 1971, 
'-l, 1491-1497 

Silica and Alumina Catalysed Reactions of Some Monoterpene 
Derivatives. 
C.R. Hughes, D.F. MacSweeney and R. Ramage, Tetrahedron, 
1971,?:.1, 2247-2253 

Biosynthesis. Concerning the Biosynthesis of (-)-Camphor 
and (-)-Borneol in Salvia officin·als. 
A.R. Battersby, D.G. Laing and R. Ramage, J.Chem.Soc. 
~erkin I, 1972, 2743-2748 

Stereospecific Synthesis of (-)-a-Acorenol and (+)-S-Acorenol. 
I.G. Guest, C.R. Hughes, R. Ramage and A. Sattar, 
!L.Chem.Soc., Chem.Comm., 1973, 526-527. 

The 1H NMR Spectra of Some Norbornene Derivatives and LIS study • 
. R.J. Abraha~, S.M. Coppell and R. Ramage, Organic Magnetic 

,gesohance, 1974, -.§., 658-662 
C10 "" J 1 6 

Stereochemical Studies of Tricyclo [6,2,1,0 ' ]undecanes-I 
The Stereochemistry of Intermediates Involved in the Synthesis 

" of Tricyclovetivane Sesquiterpenes. 
G.W. Greengrass, R. Ramage, A.F. Cameron and N.J. Hair, 

---

~etrahedron, 1975,31, 679-688. I 

Stereochemical Studies of Tricyclo [6,2,1,01,6]undecanes-II 
Stereochemistry of Isolongifolene Epoxide. 
?W. Greengrass and R. Ramage, Tetrahedron, 1975, 31, 689-694 

sYnthesis of Lycopersene-2,3-epoxide and Lycopersene-2,3: 
30, 31-diepoxide. 
N.B. Chishti, S.M. Coppell and R. Ramage, Tetrahedron Letter~ 
1975, 1025-1028 . 

Stereospecific Synthesis of (-) Agarospirol and (-)S-Vetivone. 
M. Deighton, C.R. Hughes and R. Ramage,J.Chem.Soc.,Chem.Comm., 
1975, 662-663. 
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303. The Total Synthesis of (± )-Cuparene. 

By W. PARKER, R. RAMAGE, and ' R. A. RAPHAEL. 

The sesquiterpene cuparene and the related cuparenic acid have been 
synthesised from 3-methylcyclohex-2-enone. Alternative routes explored 
are also described. 

T ' . 
~E sesqmterpene hydrocarbon cuparene was first characterised by Enzell and Erdtman 1 

~ 0 established its structure as (IV; R = Me). It is widely distributed in the 
h Upressaceae family together with thujopsene 2 (VIII) and this co-occurrence of the two 
{droc.arbons 3 may be biogenetically rationalised 4 in terms of the common intermediate 

~ ) denved by protonation of y-bisabolene. Obvious interactions produce the carbonium 
~fs .(II). and (V); deprotonation of the former leads to cuprenene 1 (Ill; isolated from 
R IUJOPS~s dolobrata 5) which is the progenitor of both cuparene and cuparenic acid (IV; 

:::::: C02H). Rearrangement of the spiro-carbonium ion (V) furnishes a bicyclo[5,4,O]
. u~decane derivative (VI) from which thujopsene (VIII) and the related tertiary alcohol 
wlddro1 3•6 (VII) are readily derivable. 

The synthesis of cuparene and the related cuparenic acid presented an interesting 
prOblem in view of the steric congestion associated with this degree of vicinal substitution 
1~ a cyclopentane ring. The first approach involved alkylation of p-methylisobutyro
P enone with propargyl bromide to give the ethynyl ketone (IX) which by hydration 7 

gave the 1,4-diketone (X). Base-catalysed cyclisation of the latter produced 4,4-di
~e~hyl-3-P-tolylcyclopent-2-enone (XI) which, on treatment with methylmagnesium 
~~dl~~ in the presence of cuprous chloride (conditions known to favour conjugate 1,4-
d ~lhon of Grignard reagents 8), gave only the cyclopentenol (XII) _ and none of the 

eSlred cuparene progenitor 3,3,4-trimethyl-4-p-tolylcyclopentanone. 
(X The next attempt was directed at the synthesis of 3,3-dimethyl-2-p-tolylcyclopentanone 
t Ill) which should be amenable to ready methylation at the benzylic carbon atom ex 
a the carbonyl function. As a route to it p-methylisobutyrophenone was cyanoethylated 9 

and the product hydrolysed to the keto-acid (XIV). Borohydride reduction of the latter 
gave the corresponding lactone (XV ; R = H) but this proved resistant to fusion with 
pat~ssium cyanide, a process 10 designed to convert it into the required adipic acid . As 
e~pected, cyanohydrin formation from the keto-acid (XIV) proved abortive but treatment 
~~h Sodium acetylidein dimethylformamide 11 or liquid ammonia gave the corresponding 
~ ynyl carbinol, readily convertible into the ethynyl-o-Iactone (XV; R = C:CH). Low
S:mperature ozonisation 12 then produced the carboxy-o-Iactone (XV; R = C02H). 

Ince attempted hydrogenolysis of the benzylic oxygen function in either this acid or its 
~ethYl. ester proved troublesome, it was decided to construct the cyclopentane ring first. 
.C~ardlI1gly methanolysis and esterification of the carboxy-o-Iactone were carried out, 

giVIng the hydroxy-diester (XVI) . Dieckmann cycl isation of this diester certainly 
~r~duced a compound with properties fully compatible with those of the expected hydroxy
k- eto-ester (XVII) . ·However, acid hydrolysis and decarboxylation gave, not the expected 

etal (XVIII), but a crystalline product possessing the characteristics of an ex~-unsaturated 
~Yclopentenone . Its proton magnetic resonance spectrum unambiguously showed it to 
e 4,4-dimethyl-5-jJ-tolylcyclopent-2-enone (XIX) . This may be plausibly derived from 
~Xv~n) by a mechanism involving extrusion of the benzylic hydroxyl group by a 1,3-
t~dnde shift 13 as shown. Althoug'h this cyclopentenone was obviously convertible into 

. the required cyc1opentanone (XIII) the route was discontinued at this point in view of 
e promise shovvn by an alternative pathway. 

t The successful approach 14 to (± )-cuparene used as starting material 3-methyl-3-P
alylcyclohexanone (XX) which was prepared by interaction of toluene and 3-methyl-

A2 



cyclohex-2-enone in the presence of aluminium chloride. Infrared absorption of the 
ketone (XX) confirmed the para-substitution expected on the basis of precedent in a 
similar reaction.I5 gem-Dimethyl groups were introduced at the sterically hindered 
2-position by the method devised by Bannister et al. lG Treatment of the ketone (XX) · 
with furfuraldehyde gave exclusively a 6-furfurylidene derivative which was then' 
intensively methylated, to produce the crystalline dimethylated homologue (XXI). 
Ozonolysis of this compound gave the desired adipic acid (XXII), whose dimethyl ester 
underwent a smooth Dieckmann cyclisation to give a ferric chloride-positive ~-keto-ester, 
thus confirming the position assigned to the original furfurylidene grouping. Hydrolysis 

~~ 09 ~ £P --'> ReP 
t (1) (11) (1lI ) (IV) 

,eRv) ~ -CQ -- HOCX) r;p 
(Vl ) (VlJ) (V lIl) 

09 JX!0 d,?0 o£oH 
I : ~X) 

0 

I ~ I~ 
: I (XII) ~ (X ) h (XI) 

oY DV 
0 

d2 I~ I ~ ~ R 

I b (XV) (X I II ) (XIV) 

(XIX) 

' ~DC02Me 

J;J bC' (X VII) 

d.? 1 I 

~ 0 

I Q (XX) 

~o 
~ (~X III ) 

and decarboxylation gave 2,2,3-trimethyl-3-p-tolylcyclopentanone (XXIII) which, by 
Huang-Minlon reduction, gav? a hyd~ocarb~n identical in infrared spectrum, mass spec
trum, and gas-chromatogra~hlc behaViour w~th ( ~- )-cupa~·ene . Oxidation of the synthetic 
cuparellc gave the crystallme (± )-cuparemc aCId, the mfrared spectrum of which was 
superposable 011. that of natural (+ )-cuparenic acid . 

EXPERIMENTAL 

Ultraviolet spectra were determined for ethanol solutions. 
p_MethylisoIJUtyroph~rlOne.--p-Tol~am id e (17 g. ) was added dropwise to isopropylmagnesiUtTl 

bromide (from magnes lU 111 , 1[i·/j g.) In llry ether (500 m!.). The mixture was heated under 
reflux in a nitrogen atmosphere for 40 hr., t hen decomposed at 0° with dilute sulphuric acid, 



and the whole was extracted with ether. The combined ethereal extracts were washed with 
d~lu~e sodium hydrogen carbonat e solution and water and ·dried. Removal of the solvent and 
distillation of the residual oil gave ·p-methylisobutyrophenone (12 g.), b . p. 128-130°/23 mm., 
1~D23 1'5185. 

1,I-Dimethy lbut-3-ynyl p-Tolyl Ketone (IX) .-A mixture of p-methyli sobutyrophenone 
(14 g.) and sodamide (3·9 g.) in toluene (120 ml.) was heated under reflux for 2 hr. Propargyl 
Chloride (7'4 g.) was added dropwise to this stirred mixture at 0°, and the whole heated under 
reflux for a further 6 hr., then washed with water, dried, and evaporated in vacuo . Distillation 
of the residual oil gave the acetylenic ketone, b. p. 84%·1 mm., n

D
22 1'5296, Vrn,,,,. (film) 3280, 

~675,. 1.380-1360 cm.-1 (Found: C,84'1; H,8·2. C14H 160 requires C, 84·0; H,8·I % ). Its 
Ii4-dzmtroPhenylhydrazone crystallised from ethanol in plates, m. p. 114- 115° (Found: C, 63·1; 

,5'4. C2oH20N40, requires C, 63·2; H,5·3% ) . 
. 2,2-Dimethy l-l-p-tolylpentane-l,4-dione (X).-A mixture of the ketone (IX) (2 g.), mercuric 

OXide (0'4 g.), trichloroacetic acid (0 ·01 g.), and boron trifluoride-ether complex (0 ·2 ml.) in 
m~thanol (10 ml.) was shaken at room t emperature for 3 hr., then poured into dilute sulphuric 
aCid and extracted with ether. The combined extracts were washed with dilute sodium 
carQonate solution and water. Drying and removal of the solvent followed by distillation gave 
~he dione (1'5 g.), b. p. 92% ·02 mm., n o

26 1'5163, Vmax• (film) 1705 and 1675 cm.-1 (Found: 
, 76'7; H, 8·1. C14H I80 2 requires C, 77·0; H, 8·:l%). Its bis-2,4-dinitrophenylhydrazone 

~ystal1ised from chloroform-methanol in prisms, m. p . 207-208° (Found: C, 53·8; H, 4·0; 
,19'0. C2oH22N40S requires C, 53·8; H,4'5; N,19·4%). 

4,4-Dimethyl-3-p-tolylcyclopent-2-enone (XI).-The dione (X) (1'5 g. ) was heated in aqueous
m~t~anolic potassium hydroxide under reflux in nitrogen for 6 hr. The cooled solution was 
fCldlfie~ with dilute hydrochloric acid and then extracted with ether. vVashing of the organic 
ayer With dilute sodium carbonate solution and wa ter, followed by drying and removal of the 
solVent, gave the unsaturated ketone (1·2 g. ) as an oil, Vrnax. (film) 1675 cm .-1, whose 2,4-dinitro-

• fhenYlhYdrazone crystallised from acetic acid in deep-red prisms, m . p. 223-224°, Vrnax. 400 mfL 
.... ~ 24,000) (Found: C, 63·15; H, 5·3; N, 14·75. C2oH 20NP4 requires C, 63·2; H, 5·3; 
J.~, 14.8%) . 

Cuprous chloride (0·025 g.) and a solution of this ketone (I g.) in ether (20 ml.) were added 
~ a stirred solution of methylmagnesium iod ide (from magnesium, 0·2 g.) in dry ether (40 ml.). 

he mixture was heated for 1 hr. , then stirred at room t emperature overnight. Saturated 
ammonium chloride solution was then added. Working up gave, however, a viscous oil (0·9 g.) 
Whose infrared spectrum showed a maxima at 3400 cm .-1 but no absorption in the carbonyl 
region. 

yY-Dimethy l-3-oxo-3-p-toly lvaleric acid (XIV) .-A mixture of Triton B (13 g.; 40% w/w), 
P-methylisobutyrophenone (30 g.), and acrylonitrile (42'5 g.) in benzene (700 ml.) and t-butyl 
alcohol (1400 ml.) was stirred at 50° for 50 hr. under nitrogen. After removal of the solvent, 
the dark red residual oil was extracted with ether (1 l.) . Filtration of the organic extracts 
through activated charcoal, followed by removal of the solvent in vacuo, gave et yellow oil 
(37 g.) which was heat ed under reflux for 8 hr. with 20% aqueous potassium hydroxide (200 ml.). rhe mixture was extracted with ether, then acidified and again extracted with ether. The 
atter ethereal extract was washed with water, dried, and evaporated. The residue (28 g.) 
~olidified, and it crystallised from light petroleum (b. p. GO-800)-benzene to give the lleto-acid 
In prisms, m. p. 71.5- 72'5°, Vmax . (in CCI,) 1715 and 1675 cm .-1 (Found: C, 71 '7; H. 7·85 . . 
CU B 1S0 3 requires C, 71·8; H, 7'75% ). 

yY-Dimethy l-3-p-toly l-3-valerolactone (XV; R = H).-A solution of the acid (XIV) (0'2 g.) 
and Sodium borohydride (0·025 g.) in aqueous dioxan (25 ml.) was left overnight a t room tem
perature. The usual procedure gave the lactone (0'1 g.) which crystallised from light petroleum 
1n needles, m. p . 97°, Vrnax. (in CCI4) 1750 cm.-1 (Found: C, 7G·I); H, 8·0. C14H 1S0 2 requires 
C,77-05; H, 8.3% ). . 

Potassium cyanide (0'15 g.) and this lactone (0'15 g.) were hea ted together at 270° in a 
se~led tube for 5 hr., cooled, dissolved in water, and extracted with ether. No cyano-carboxylic 
~cld Was isolated on acidification of the aqueous layer. The starting lactone was recovered 
1n quantitative yield from the neutral fraction. 

5,5-Dimethyl-6-elhynyltetrahydro-6-p-toly lpyran-2-one (XV; R = 'ClCH) .-Sodium acetylide 
was prepared by passing acetylene through et suspension of sod amide (0·9 g.) in dry dimethyl
forlllamide (40 ml.) at -20° until the mixture was saturated with acetylene. The acid (XIV) 



(2 g.) in dimethylformamide (10 ml.) was added to this solution and the mixture stirred at 
_20° for 1 hr. After being left at room temperature overnight, the mixture was poured on 
ice-water and acidified with dilute sulphuric acid. The resultant white precipitate was collected, 
dried, and recrystallised from light petroleum (b. p. 60-80°), to give 4,4-dimethyl-5-hydroxy-
5-p-tolylhept-6-ynoic acid as prisms, m . p. 126-128°, vmax. (in Nujol) 3500, 3300, and 1705 cm.-1. 

This acid was heated under reflux with acetic anhydride (20 ml.) and freshly fused potassium 
acetate (0·7 g.) for 2 hr., then poured into water and extracted with ether. Removal of the 
solvent from the extract, after it had been washed with water and dried, gave a gum which 
was adsorbed on silica (20 g. ) from light petroleum (b. p. 60-800J-benzene (1: 1). Elution 
with benzene gave the lactone (XV; R = CH:CH) (0·68 g.) which crystallised from light 
petroleum (b. p. 60-80°) in pris~s, m . p. 97-98°, vmax. (in CCI.I ) 3300 and 1750 cm.-1 (Found : 
C, 79·3; H,7·7. C1oH1aOz requires C, 79·3 ; H,7·5%). 

A solution of the keto-acid (XIV ; 11·5 g. ) in ether (50 ml.) was added dropwise to a solution 
of sod ium acetylide (from sodium, 3·5 g. ) in liquid ammonia (250 ml.) and the whole stirred 
for 6 hr. while acetylene was passed through it. Ammonium chloride (20 g.) was then added 
and the ammon ia allowed to evaporate. The residue was treated as above, to yield eventually 
the ethynyl-lactone (XV ; R = C:CH) (8·5 g. ). . 

3,3_Dirnethyltetrahydro-6-oxo-2-p-tolylpyran-2-carboxylic acid (XV; R = COzH).-Ozone 
was passed for 5 hr. through a solution ~f the ethynyl-lactone (XV; ~ = C:CH) (1·1 g.) in 
" AnalaR " ethyl acetate (60 ml.) at - 70. The solvent was then removed in vacuo and the 
ozonide decomposed with a mixture of acetic acid (10 ml.) , dilute hydrochloric acid (1 ml.). and 
water (4 ml.). After removal of most of the acetic acid , the residue was extracted with ether, 
and the ethereal layer then washed with dilute sod ium hydrogen carbonate solution, and the 
aqueous alkaline layer acid ified with dilute hydrochloric acid . Ether-extraction gave, after 
the usual working up, a viscous gum (1·04 g.) which furnished the acid (XV ; R = C0

2
H) 

(0·4 g. ) on trituration with light petroleum-benzene. The acid crystallised from light petroleum 
(b . p. 60- S00)-ethyl acetate in p~·isms~ m. p. 170- 173°, vma~. (KCI disc) 1750 and 1710 cm.-1. 

The methyl ester, prepared with chazomethane, crystalhsed from light petroleum (b. p. 
40-60°) in prisms, m. p. 101- 102°, vmax. (in CCI4) 1750 and 1735 cm.-1 (Found: C, 69.55 ; 
H , 7·3 . CloH2004 requires C, 69·3; H, 7·05% ). 

Dimethyl rJ.-Hyd,'oxy-~~-dimethyl-rJ.-p-tolyladiPate (XVI).-A solution of the acid (XV; 
R = COzH) (2·9 g.) in methanol (80 ml.) which had previously been saturated with hydrogen 
chloride, and kept overn ight at room temperature, then diluted with water, and most of the 
methanol was removed in vacuo. The aqueous solution was extracted with ether, a nd the 
ethereal layer extracted thoroughly with sodium hydrogen carbonate solution. Acidification 
of the alkaline layer followed by the usua l isolation gave an acid which with diazomethane 
yielded the diester (2·:3 g. ), b. p . 154% ·~ mm., nD

24 1·5120, vm• x. (film) 3450 and 1730 cm .-1 
(Found: C, 66·2 ; H ,7·6. CI7H 2P& reqUlres C, 66·2 ; H, 7·85%). 

Diecllmann Cyclisat'ion of the Diestc·y (XVI).- The diester (1 ·8 g.) in t-butyl alcohol (10 ml.) 
was added to a solution of potassium (1·8 g.) in this alcohol, and the mixture then heated und~ 
reflux under nitrogen for 30 h r. Removal of the solvent, followed by dilution of the residue 
with benzene, acidification with dilute sulphuric acid , and the usual isolation procedure, gave 
a yellow oil, vmnx. (film) 3500 a nd 1750- 1730 cm.-1

, which gave a strong positive ferric chloride 
test. 

A solution of this oil in acetic a~ id ~1 5 ml.), concentrated hydrochloric acid (5 ml.), and 
water (1 ml.) was heated under reflux 111 nit rogen for 4 hr., then diluted with water and extracted 
with ether. The crude product rec~vered fr~m th~ eth.er was adsorbed on alumina (grade Ill) 
from light petroleum (b . p . 60- 80). E lutIon With lIght petroleum (b. p. 60- 800)-benzene 
(4: 1) furnished a solid which sublimed, to give 4,4-dimethyl-5-p-tolylcyclopent_2_enone (XIX) 
as prisms, J11. p. 52°, Vmax. (in CCI4) 1715 cm.-t, vmax:. 219 mfL (€ 20,000) (Found: C, 83·85; H, 8·5. 
C H P requires C, 8;3·95; H , S·O% ). A molecular-weight determination by the m ass-spectro
U:;trilc m ethod gave a value of 200 (calc. 200). The proton magnetic resonance spectrum of 
this material exhibited peaks at 'r = 9·27 and 8·65 (gem-diethyl), 7·67 (aromatic Me), 6·6 
benzylic proton at position-5). 3·87 a nd 3·78 (vinylic proton at position-2), and 2.52 and 2·44 
(vinylic proton at position-3), which are fully consistent with structure (XIX). 

3_Methyl-3-p-t Jlylcy clohexanone (XX).- 3-Methylcyclohex-2-enone (36 g.) was added 
dropwise to a stirred suspension of aluminium chloride (1 20 g.) in toluene (150 m!.) at 0° and 
the stirring then continued for 16 hr. at room t emperature. The mixture was poured on ice 



and extracted with ether . The organic layer was washed with water (6 X 50 ml.), dried , and 
~vaporated in VaCtlO, to g ive an oil which on fractiona l distillation afforded 3-me thylcyclohex
a-enone (15 g.) a nd a pale yellow oil (15 g.). Chromatography on s ili ca with benzene gave 
i~~~thYI-3-p-tOIYlcyclohe,vanone (XX) (11'5 g.), b. p. 1010/0'5 mm ., n

D
22 1·5365, Vmax. (film) 1710, 

,1520, and 820 cm .-l (Found: C,82 ' 7; H,8·85. C14H lSO requires C, 8:H; H,8·95% ). 
s I 2~Furfurylidene-5-methyl-5-p-tolylcyclohe,vanone.-Furfuraldehyde (10 ml.) was added to a 
h
O ~bo~ of 3-methyl-p-tolylcyclohexanone (16 g. ) in ethanol (100 ml.) and 15% aqueous sodium 

eYt roxlde (40 ml.). After 2 hr. at room temperature t he mixture was diluted with water and 
o~ t~cted with ether, and the organic extracts w~re washed with water and dried. R emoval 
1600 e solvent gave the desired furfurylidene derivative as a yellow oil (22 g.). Vm"x. (film) 3100, 

, and 750 cm.-l, Amax. 333 mJ.L. 
(22 6-Furfurylidene-2,2,3-trimethy l-:3-p-toly lcyclohexanone (XXI) .- The furfurylidene derivative 
pot g.) .. prepared as above, in t-butyl a lcohol (100 ml.) was added to a stirred solution of 
W a~slum t-butoxide (from potassium, 25 g. ) in t-butyl alcohol (400 ml.), a nd the mixture 
teas leld at 400 for 4 hr., treat ed with methyl iodide (150 ml.). and stirred overnight a t room 
ta~perat~re under nitrogen . The filtered solution was evaporated t o dryness, and the residue 
W't~n up 111 ether, washed with water, dried, and recovered as a gum (22 g.) which on trituration 
(4

1
'6 pentane gave a yellow solid. Recrystallisation from m ethanol gave the required ketone 

323 g.) as prisms, m. p . 146- 1480, Vmax. (in N uj ol) 1670, 1600, 1540, 1380, and 1360 cm.-!, Amax. 

sp m[l. (e 10,000) (Found : C, 81·75; H, 7·8. C21H 240 2 requires C, 8 1·8; H, 7·8 % ). Mass-
ectrOmetric determination gave a molecular weight of 308 (calc. 308) . 

po rz.rz.~-Trimeth:yl-(1.-p-to lyladipic A cid (XXII) .- Ozone was passed through a solution o f com
SOI~~d (XXI) (1 g.) i~ ethyl acetate (100 ~I.) a t - 780 ~ll1til the so~ution became blue. The 
pe ~t was removed tn vacuo at 400 and a mixture of glaCial acetic aCid (10 ml.), 30% hydrogen 
III rox.1de (2 ml.), and dilute sulphuric acid (6 drops) was added to the residua l yellow oil. Next 
ad~rntng the solvent was removed in vacuo and saturated sodium h ydrogen carbona te solution 
III ed. Normal isolation gave the acid (XXII) (0'74 g.) as prisms (from aqueous meth anol) , 
re ' ~: 222- 2240, Vmax. (in Nujol) 1705 cm.- l and 825 cm.-l (Found: C,68'8; H,7·75. Cl6H 2P .\ 
\~~s C, 69'05; H,7·95%). Mass spectrometry gave a molecular weight of 191 (required , 191) . 

dil en the above ozonide was decomposed with acetic acid, 30% hydrogen peroxide, and 
"'h~te hydrochloric acid, the product was (1.(1.~-trimethyl-~-(3-chloro-4-methylphenyl)adipic acid 
C ~h crystallised from aqueous methanol in cubes, m. p . 225- 2290 (Found : C, 62·85; H, 7·25. 
fr~ 21Cl0 4 requires C, 61 ·45 ; H, 6'7%). Presumably this adventitious chlorination arose 
~ Chlorine or hypochlorous acid generated by oxidation of the hyd rochloric acid. 

rxX,2,3-Trimethyl-3-P-toly lcyclopentanone (XXIII).- The dimethyl est er (1·9 g.) of the acid 
(fro Il), prepared by diazomethane, was treated in benzene (50 ml.) with potassium t-butoxide 
6 hill potass ium, 7 g.) in benzene (500 ml.) . The mixture was refluxed under nitrogen for 
aCi~ " then stirred at room t emperature for 11 hr. After acidification with dilute sulphuric 
an '. the benzene layer was washed with water (4 X 100 ml.) and dried . Evaporation furnished 
SOIOt1! (1'7 g. ), Vrnax. (film) 1750 and 1730 cm.- l, which gave a purple colour with ferric chloride 

U IOn. 

an/hiS ~-keto-ester (1·7 g. ) was refluxed in acetic acid, concentrated hydro~hloric acid (10 ml.), 
pre Water (2 m1.) under nitrogen for 4 hr. The solve'nt was then removed under reduced 
hy;Sur~ and the residue heated at 1000 in a mixture of methanol (30 ml.) and 4N-sod ium 
ext rOxlde (25 ml.). After removal of the solvent, the residue was dissolved in water and 
gh/acted with ether. The eth ereal solution was then washed with water, dried, and evaporated, 
60 lng an oil (1·07 g.) which was adsorbed on a lumina (grade Ill) from light petroleum (b. p. 
~rna-8(00 ) . Elution with light petroleum (b . p. 60- 800)- benzene (4: 1) .gav~ the Iletone (0·95 g.), 
met' film) 1742, 1385, 1380, and 825 cm.-l . Molecular-weight determmatlOn by mass spectro
as r~ gave a value of 216 (calc . 216) . The semicarbazone crystallised from aqueous methanol 
li P;ISIUS, m . p. 212- 2150 (Found : C, 70·25; H, 8·2; N, 15·:3. Cl6H23N30 requires C, 70·3; 

, '5; N, 15.:35 % ). 
(3. iorresponding treatment of the chlol'O-adipic acid obtained as above gave 2,2,3-trirnethyl-3-
m c IlorO-4-methylphenyl)cyclopentanone which crysta llised from aqueous methanol in prisms, 
re'~: 66-69°, Vrnax. (in CC1~) 1740, 1380, and 1360 cm.-l (Found: C,71'55; H,7·1. C15H 1oCIO 
25& Ires C, 71·85; H, 7·6% ). Mass spectrometry gave a m olecular weight of 250 (required, 
con~ a~d all fragments from mass number 250 to 150 contained chlorine (double peaks), 

rlUlUg the situation of the chlorine atom in the benzene ring. 



(± )-Cuparene.- l00% Hydrazine hydrate (2 m1.) was added to diethylene glycol (40 m1.) 
a nd ethylene glyco l (10 ml.) containing 2,2,3-trimethyl-3-p-tolylcyclopentanone (0 ·8 g.). The 
mixture was held at 184° for 90 min., then cooled to 70°, and sodium (1 g .) in diethylene glycol 
(20 ml.) was added. The mixture was heated under reflux for 4 hr., then poured in~o ice-water. 
Extraction with light petroleum (b. p . 40-60°), followed by drying and removal of the solvent, 
gave an oil (0·79 g.) which was adsorbed on a lumina (grade HI) from light petroleum (b. p. 
40- 60°). Elution with the same solvent gave (± )-cuparene (0·3 g.) (Found: C,88'9 ; H, 10'~' 
C15H22 requires C, 89·05; H, 10·95% ). The infrared , ultraviolet, and mass spectra of synthetiC 
and natural (+ )-cuparene were identical. The synthetic and the natural terpene showed 
identical retention times in gas-liquid chromatography on 5% Apiezon-Celite at 166°. , 

(± )Cuparenic Acid.- (± )-Ctiparene (150 mg.) was oxidised by Entell and ErdtmaI1: s 

method 1 to the (±)-acid (25 mg.) which crystallised from light petroleum (b. p. 40- 60°) III 
pri sms, m. p.151- !54° (Found: C, 77·35; H, 8·35. C15H 200 2 requires C, 77'55; H, 8·65% ). T~e 
infrared spectrum (KCI disc) of the synthetic sample was identical with that of (+ )_cuparenIC 

acid . 

One of us (R R) gratefully acknowledges a Maintenance Award from the D .S.1.R. We are 
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Dr. R. 1. Reed and his associates for mass-spectral determinations, and to Dr. A. Melera for the 
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sa;;e~entlY,. in another connection, it was found neces
valer' 0 d~~lse a synthesis of a-(l-acetylcyclohexyl)iso
addit~C aC! (I). By analogy with the well established 
dOUbllO~ of alkyl. Grignard reagents to carbon-carbon 
the q e t onds conjugated with electrophilic groupings, 1 

addit~a ernary center of this acid was produced by the 
helCYI~~n of ethynylmonomagnesium bromide2 to cyclo
helCYI] enemalononitrile to give [l-(l-ethynyl)cyclo
(ll :::: Halo~oni~rile (II. R = H). Treatment of II 
diulll t) '~lth Isopropyl iodide in the presence of so
was c e hoxlde gave the alkylated derivative (Ill) which 
(1) b o~Ve~ted into the required -y-ketocarboxylic acid 
oarb; las~c hydrolysis followed by acid-catalyzed de-

lCYatlon. . 

J\ El • 
order :nes of .such additions3 then was performed in 
rOute t~ exam~ne th~s procedure as a general synthetic 
denelllal 1,1-?lS?bs~ltuted cyclohexanes. Cyclohexyli
Was tl' onollltnle, III the presence of cuprous chloride, I 
Y)ene e~ted with the Grignard reagents of phenylacet
~roP~r -octyne, and the tetrahydropyranyl ether of 
~Ycloh gyl alcohol and the corresponding [l-(1-alkynyl)
~tlg fro:YI]malononitriles were isolated in yields rang
Idcnellla148% .to. 17%. When 4-benzoyloxycyclohexyl
IUagnesi ononltnl~ was treated with ethynylmono
hclCy1) um bromIde, 1-(4-b.enzoyloxy-l-ethynyl cyclo
ct'aantalononitrile 'was obtained as a mixture of the 

l'h t"ans forms. ' 
readil

c 
natul'ally occUl'ring polyacetylenic acid (IV) is 

etloll; !ransformed at pH 7 into the corresponding -y
Illecha~' one4 (V), and this fact suggested that a similar 
of the t I~rn could account for the unexpected hydration 
[l-(l_PhIPle bond in this series. Alkaline hydrolysis of 
"" ~h) ;nylethynyl)cyclohexyllmalononitrile (II. R 
Illent '~i~llo'yed by thermal decarboxylation and treat
enolla t 1 dlazomethane, afforded a mixture of the -y
'lVhich c one (VI) and the keto ester (VI!. R = CHa) 
alUlllin Was separated by chromatography on activated 

l'h a. , 
tion ;se facts were indicative of the triple bond hydra-

t'l'oceed' . () mg ma the -y-enollactone (VI) rather than 
( J· Mu h 

(19~) ~. n. ;'; ;Peter.on• J. Oro. Ch.m .• 112, 170 (1957). 

(
.0). . • one •• L. Skattebol. and M. C. Whitinll. J. Ch.m. Soc .• 4765 

? 3) l!: 
"~t . p . Kohl 

(
".1, 1389 ( er IInd M. Reimer. Am. Ch.m. J .• 38, 333 (1005); CI .. m. 

~. 'I) p.,. 1905). 
"l. C . ..... Christ' 
.~ . Whitin lansen. N. A. Sorensen. I. Bell. E. R. H. Jones. IInd 
Ch~~' c. w~i ~ .. t,chr. Artllur Stoll. 545 (1957); I. Bell. E. R. H. Jones. 

.... .scond tinll, J . Ch.m. Soc .• 1313 (1058); P. K. Cbri.tillnaen. Ac/o 
'. 11, 582 (1057) . 

P~B 
o 

VI 

CH3CH=CHC=CCH~O 
o 

V 

PhCH'C6H'CQ'R 

VII 
PhC 

~ 

'2)H(co,H)' P~A:('CQ'H PhCH'C6H (Co,H), 

VIII k 0 X 

IX 

the corresponding o-enollactone. The formation of VI 
and VII (R = H) from the basic hydrolysis and thermal 
decarboxylation of II (R = Ph), therefore, is envisaged 
as proceeding through the ethynylmalonic acid (VIII) 
which would thim undergo isomerisation to the related 
enol lactone (IX). Incomplete hydrolysis of this ma
terial would give a mixture of IX and the ketomalonic 
acid (X), both of which can lose carbon dioxide on heat
ing to furnish the two final products VI and VII (R = 
H). 

Experimental~ 

CyclohexylidenemalononitrUe W!U! prepared in the usual man
ner7 by refluxing cyclohexanone (64.5 g.) and malononitrile (40 
g.) with ammonium acetate (4.6 g.) and acetic acid (7.5 g.) in 
benzene. Normal isolation procedure gave the required product 
(70.4 g.), b.p. 86 0 (2 mm.), n 260 1.5100. 

4-Benzoyloxycyc1ohexylidenemalononitrile.-A mixture of 4-
benzoyloxycyclohexanone (12 g.), malononitrile (3.3 g.), am
monium acetate (0.5 g.), and acetic acid (0.7 g.) in benzene (50 
m!.) W!U! heated under reflux for 15 hr. under a Dean and Stark 
water separator. The cooled reaction mixture W!U! w!U!hed with 
saturated sodium bicarbonate solution and water, dried, and the 
solvent removed to give 4-benzoyloxycyc1ohexylldenemalononi
trite which crystallized from methanol in prisms, m.p. 135-136 0

; 

Villa< (Nujol mull) 1720 cm. - I (benzoate) and 2230 cm.-I (con
jugated nitrile). 

Anal. Ca1cd. for C'6HuN20 2 : C, 72.15; ' H, 5.3; N, 10.5. 
Found: C,71.95; H,5.5; N, 10.5. 

[l-(l-Ethynyl)cyclohexyIJmalononitrile (11. R = H).-- A warm 
solution of ethylmagnesium bromide (from magnesium, .6.0 g.) 
in dry tetrahydrofuran (200 m!.) W!U! transferred under mtrogen 
to a dropping funnel and added over 3 hr. to a stirred saturated 
solution of acetone-free acetylene in tetrahydrofuran (500 m!.). 
Acetylene W!U! p!U!sed through the solution during this addition 
and for a further hour. Freshly prepared cuprous chloride (5 
molt: % ), followed by cyclohexylidenemalononitrile (7.5 g.) in 
dry tetrahydrofuran (100 m!.), W!U! added over 3 hr. to the solu
tion of ethynylmonomagnesium bromide held in a nitrogen atmos
phere and the reaction mixture then W!U! stirred for 20 hr. at 20 0

• 

The Grignard complex W!U! decomposed with saturated ammonium 
chloride solution and the reaction mixture extracted with ether. 

(5) All meltinll points were determined on 11 Kofler hot stlllle IInd are Cor
rected. Boiling points are uncorrected. Ultraviolet ab.orption Ipeetra 
.. efer to ethanol solutions and were measured with a Unioam S.P. 500 spec
trophotometer. Infrared .pectra were determined on the Perkin-Elmer 
lofracord and Perkin-Elmer 13 spectrophotometer.. The alumina u.ed for 
chromatography was acid wMhed and activated and IIraded accordinll to 
the method of Brockmann and Sehoddcr.· Li"ht petroleum refera to the 
fraction. h.p. 40- 60·. unleaa stilted otherwise . 

(6) H . Brockmaon and H . Schodder. n er., n, 73 (l94\). 
(7) A. C. Cope and K. E. Hoyle. J. Am. Ch.m. Soc .. 6S. 733 (1941). 
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The combined ethereal extracts were w8.!lhed with saturated 
brine solution, dried, and the solvent removed to give a red oil. 
An ethanolic solution of the crude product W8.!l treated with 
pot8.!lsium cyanide (1 g.) in a minimum volume of water and 
stirred for 4 hr. The reaction mixture then W8.!l diluted with 
water, and isolated in the usual manner by ether extraction. 
Removal of the solvent followed by fractional distillation of the 
residual oil gave [1-(l-ethynyl)cyclohexyljmalononitrile (4.2 g., 
48%), b.p. 74° (0.1 mm.), n25D 1.4824; Pmax (liquid film) 3300, 
2270, and 2100 cm. -I. 

Anal. Calcd. for CllHI2N2: C, 76.7; H, 7.0; N, 16.3. 
Found: C,76.6; H,6.75; N,16.6. 

[1-(l-Phenylethynyl)cyc1ohexyljmalononitrile (11. R = Ph).
Phenylacetylene (10.2 g.) in dry tetrahydrofuran (20 ml.) was 
added to a stirred solution of ethylmagnesium bromide (from 
magnesium 2.4 g.) in tetrahydrofuran (250 ml.) and the reaction 
mixture heated under reflux for 2 hr. The cooled reaction 
mixture then W8.!l treated with cuprous chloride (5 mole % ) fol
lowed by a solution of cyclohexylidenemalononitrile (7.5 g.) in 
tetrahydrofuran (25 ml.). After heating under reflux for 4 hr., 
the Grignard complex was decomposed with a saturated solution 
of ammonium chloride, extracted with ether, and the combined 
ethereal extracts w8.!lhed with water and dried. Hemoval of the 
solvent gave a viscous gum which solidified on trituration with 
light petroleum to give [1-(l-phenylethynyl)cyclohexyljmalono
nitrile (5 g., 39% ), which crystallized from light petroleum in 
needles, m.p. 62- 63°. 

Anal. Calcd. for C17HuN2: C, 82.2; H, 6.5; N, 11.3. 
Found: C,82.35; H,6.4; N,11.2. 

[1-(l-Octynyl )cyclohexylj malononitrile .-1-0ctyne (11 g.) in 
dry tetrahydroruran (50 ml.) W8.!l added to a solution of ethyl
magnesium bromide (from magnesium 2.4 g.) in tetrahydrofuran 
(85 ml.) and the reaction mixture heated under reflux in an at
mosphere of nitrogen for 20 hr. Cuprous chloride (5 mole % ) 
W8.!l added to the reaction mLxture held at 0°, followed by a slow 
addition of cyclohexylidenemalononitrile (9.0 g.) in a solution of 
tetrahydrofuran. The stirred solution was held at room tem
perature for 18 hr. and then heated under reflux for 8 hr. before 
being worked up as in the previous experiment . The resultant 
crude oil was fractionally distilled to give [1-(l-octynyl)cyc1o
hexyljmalononitrile (7.0 g. 44% ) as n colorless oil, b.p. 112° (0.1 
mm.), n 21D 1.4785. 

Aiwl. Calcd. for CnH2.N2 : C, 79.65; H,9.45; N, 10.9!5. 
Found: C,79.75; H,9.45; N,1O.8. 

[ 1-( 1-Tetrahydropyranyloxypropargyl )cyclohexylj malononi
trile.- 3-Tetrahydropyranyloxy-l-propyne (14 g.) in dry 
tetrahydrofuran (25 ml.) WIlS added to a solution of ethyl
magnesium bromide (from magnesium, 2.4 g.) and the reaction 
mixture heated under reflux for 8 hr. under nitrogen and then 
chilled to 0°. Cuprous chloride (5 mole % ) then was added 
followed by a slow addition of cyc1ohexylidenemalononitrile (9 
g.) in tetrahydrofuran (20 ml.) and the reaction mixture stirred 
for 4 hr. at room temperature and then beated under reflux for 20 
hr. The usual work-up procedure gave a dark red viscous liquid 
which was fractionally distilled to give [1-(l-tetrahydropyranyl
oxypropargylcyclohexyljmalononitrile (3 g. 17% ) as a colorless 
oil, b.p. 140° (0.05 mm.), n21D 1.4920. 

Anal. Calcd. for CnH22N202: C, 71.3; H, 7.75; N, 9.8. 
Found: C,71.6; H,7.95; N, 10.1. 

[ 1-( 4-Benzoyloxy-l-ethynyl )cyc1ohexylj malononitrile. -4-Benzo
yloxycyc1ohexylidenemalononitrile (30 g.) in dry tetrahydrofuran 
(250 ml.) was added to a solution of ethynylmonomagnesium bro
mide (prepared as in the previous experiment from magnesium 12 
g.) nnd the whole stirred in a nitrogen atmosphere at 4° for 44 
hr. Decomposition of the Grignard complex and isolation of the 
product gave a dark red gum which was adsorbed on alumina 
(grade 1,900 g.) from benzene-light petroleum (5:1). Elution 
with the same solvent gave starting material (5 g.) and then 
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elution with benzene afforded [1-( 4-benZOYloXY-l-ethynYI)CY~ 
hexyljmalononitrile (4.3 g.), which crystallized from car'de tetrachloride in prisms, m.p. 129-130°; Pm.x (pot8.!lsium chlort 
disk) 3300, 2270, and 1720 cm.·-l. 9.6. Anal. Calcd. for C18H IIN20 2: C, 73.95; H, 5.5; N, 
Found: C,73.75; H,5.2; N,9.8% . bet 

Further elution with benzene--chloroform (4: 1) gave the 0!,n. 
isomer of [1-(4-benzoyloxyl-l-ethynyl)cyc1ohexyljmalononi 71-
(2.6 g.), which crystallized from methanol 8.!1 prisms, m.p. 1 
178°. 

Anal. Found: C,74.2; H,5.3; N, 9.65% . ~ 
[1-( l-Ethynyl )cyclohexylj isopropylmalononitrile (UI)';d 

solution of [1-(1-ethynyl)cyclohexyljmalononitrile (2.3 g.) I.) 
sodium ethoxide (from sodium 0.33 g.) in dry ethanol (20 ~~ 
W8.!l heated under reflux for 3 hr. and chilled to -15°. ISOP~ 
iodide (2.5 g.) W8.!l then added and the reaction mixture f tile 
heated under reflux for 16 hr. After removal of most 0 tbet 
ethanol, water W8.!l added and the solution extracted with d tile 
and combined ethereal extracts w8.!lhed with water, dried, an fr 
solvent removed to furnish [1-(l-ethynYI)cycloheXYljiSOpr~~ 
malononitrile (0.9 g.), which crystallized from light petroleu 
prisms, m.p. 88-89°. 3 ()5. 

Anal. Calcd. for C14HuN2: C, 78.45; H, 8.45; N, 1 . 
Found: C, 78.8; H, 8.35; N, 13.25. ~ 

a-(l-Acetylcyclohexyl)isovaleric Acid (I).-Sufficient et IIlI'" 
was added to a mixture of [1-( l-ethynyl)cyclohexyll isopr~py 011l" 
lononitrile (0.6 g.) and 30% aqueous pot8.!lsium hydrOXide 8",,, 
tion (25 m!.) to give a homogeneous solution and the whol~"ed. 
then heated under reflux until no more ammonia W8.!l e".o &C~ 
The reaction mixture then W8.!l acidified with dilute sulfurl~ejJr 
and warmed at 100° for 20 min. to effect decarboxylation of t f jJ$' 

termediate malonic acid. The cooled solution was thorougbl~ert 
tracted with ether Itnd the combined ethereal extracts then gil'f 
w8.!lhed with water, dried, and the solvent removed to Uted 
a-( l-acetylcyclohexyl )isovaleric acid (0.575 g. ), which crystall1"p, 
from ethyl acetate- light petroleum (b.p. 60- 80°) in prismS, 
108- 109°. d' C· 

Anal. Calcd. for C13H220a: C, G9.0; H 9.8. Foun' 
69.15; H,9.55. 1000' 

Alkaline Hydrolysis of [1-( I-Phenylethynyl)cyc1ohexyljm~ 200/0 
nitrile (II. R = Ph).-A inixture of 11 IR .= Ph (2.2 g.)] an pdel 
aqueous pot8.!lsium hydroxide solution (100 ml.) was heat~d Ut(JeD 
reflux until no more ammonia was evolved. The solution e;J 
was acidified, extracted with ether, and the combined-ethh'epl 
extracts washed with water and dried. Itemoval of the SO rtioP 
gave a gum which was heated in vacuo at 100° for 2 hr. A pO JI!III 
of the product (1 g.) was esterified wit.h etherenl diazomethll)PrfOPI 
the resulting ester then adsorbed on alum inn (grnde III letlP1 
light petroleum (b.p. 60-80°). Elution with light petro

c 
\'I 

(b.p. 60-80°)-benzene (5: 1) yielded the 'Y-enol lacton It!' 
(0.2 g.), which crystallized 'from n-hexane in needles , m'P'1 (JJl' 
112.5°; Pm"" (potassium chloride disk) 1800 cm.-I ('Y-e~). 
tone), 1670 cm. -1 (enol double bond); Am". 25Gm,.. (E 24'youpd: 

Anal. Calcd. for CIGHIS02: C, 79.3; H, 7.5. 
C, 79.05; H, 7.4. ll,elI' 

Further elution with light petroleum (b.p. 60-800)--~:es oil, 
(4: 1) afforded the keto ester (VII. R = CHI) as a coIO~. ,,,,,' 
(0.6 g.), b.p. (bnth temp.) 120° (0.05 mm. ), n 25J) 1.523 , 
(liquid film) 1730 nnd 1710 cm.-I. d' C, 

Anal. Cnlcd. for CnH2'lO,: C, 74.4; H, 8.1. Foull' 
74.2; H,8.25. , to 

. d 
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The Total Synthesis of Cephalosporin Cl 
Sir: 

Cephalosporin C (1), a product of the metabolism of 

eOOH 

o~~~eH20eoeH3 
-ooe H~c:) 

+ ~eHe~e~eH2eONH 5 
NH3 

eOOH 

~~-y c,,>aceeH, 

()-e~CONH 5 

n 
;:~halosPO"iU,:, aCl'emonium, was isolated by Newton 
in I~braham In 1955, 2 and its structure was established 
stud' I through chemicaP and X-ray crystallographic 4 

ee h,es. T~e unusual antimicrobial 'properties of 
fr~ alosponn C and especially of substances prepared 
Wh~hthe ~atural product by chemical modification, of 
ha le cephalothin (HY' may serve as an example, 
reeve attracted widespread interest. We now wish to 
cep~rdl the . first total syntheses of cephalothin and 

a osponn C. 
nl~~ + )-~yst:ine was converted into L-( - )-2,2-di
dine :lthlazohdine-4-carboxylic acid,6 which with pyri
frOIl1 and I-butyloxycarbonyl chloride, prepared in situ 
Ylen I-butyl alcohol, phosgene, a nd pyridine in meth
bo e chloride at -74°, gave L-( - )-N-I-butyloxycar-

nYI-2,2-dimethylthiazolidine-4-carboxylic acid7 (Ill, 

ROOC 

8u"oc~h 
X 

COOM. 
I 

M.OOC N-NHCOOMe 

HH'H 
eul'OCONyS 

Me M. 

~ 111 IV 
'rh: li), mp 114-114.5 °, [a)2uD - 85° (c 1.34, CHCl a). 
!~1 2Q corresponding ester7 III (R = Me), mp 18.5- 21°, 
diaz D -77° (c 1.50, CHCl a), prepared from the acid with 
bo)(~~ethane, reac ted with excess dimethyl azodicar
diest a;e at 105 ° during 45 hr to give the hydrazo 
CIteer IV, mp 136- 137.5°, [O'POo +98° (c 1.45, 
aCet ~3).. Oxidation of IV with 2.2 moles of lead tetra
Olen~ e In boiling benzene for 2 hr, followed by treat
sOdi of the reaction mixture 'with excess anhydrous 
the ~n1 acetate in boiling dry methanol for 24 hr, gave 
( rans hydroxy ester7 V, mp 101 - 102 °, [aFOo +48° 

for?h~~ material presented in Ihis communication provided the basis 
1965. . obel l ec ture delivered by one of us in Stockholm on Dee 11, 
~a . 

1Ilochel1l' ~. F . Newton ,and E. P. Abraham. Natl/re, 175,548 (1955); 
(3) El 'p" 62,651 (1956). 
(4) D C Abraha~ and G. G . F. Newton, ibid .• 79,377 (1961). 
(S) n.' . Hodgkll1 and E. N. Maslcn, ibid. , 79,393 (1961). 

}. n. Mon..· Cha uvette, E. H . Flynn, B. G . Jackson , E. R . Lavagnino, 

(. L. Sp/II1, R. A. Mueller, R. P. Pioch, R. W. Roeske, C . W. Ryan, 
1962). nccr, a nd E. Van Hcyning.;n , J . Alii . Chem. Soc., 84, 3402 
(6) G El 
(7) ElI~ . Woodward and E. F. Schro.:der, ibid., 59,1690 (1937) . 

Obtained ~Cntal ana lytica l da ta in excellent accord with theory were 
Or this substance. 

v VI 
(c 1.14, CHCb).8 The latter was transformed by treat
ment in dimethylformamide with excess diisopropyleth
ylamine and methanesulfonyl chloride, followed by con
centrated aqueous sodium azide, to the cis azido ester7 

VI , mp 55- 56 °, [0'] 200 -525° (c 1.01, CHCL), which was 
reduced in methanol by aluminum a malgam at -15 ° 
during 24 hr to the cis amino ester7 VII, mp 64-65.5 °, 

°RH MeOO~ ~H2 

HHH H H 

BU~CONyS eul'OCONyS 

Me Me Me Me 

VD VDI 

[O'J2uo _ 113 ° (c 0.80, CHCl a), whose structure was 
confirmed by a complete X-ray crystallographic study.8 
With triisobutylaluminum in toluene, the amino ester 
afforded the j3-lactam7 VIII, mp 120.5 °, [O'J2oo - 274 ° 
(c 0.52, CHCIa), the structure of which was also con
firmed by X-ray crystaUographic a nalysis ;8 it is worthy 
of note that this remarkable substance contains the 
basic structural elements common to cephalosporin C, 
its transformation products, a nd the penicillins. 

In a parallel series of reactions, di-j3,j3,j3-trichloro
ethyl d-tartrate,7 mp 101.5- 103.5 °, [aJ2oD +9 ° (c 
1.04, CHCIa), from d-tartaric acid and excess 13,13,13-
trichloroethanol in boiling toluene in the presence of p
toluenesulfonic acid, was oxidized by sodium meta
period ate in aqueous methanol to j3,j3,j3-trichloroethyl 
glyoxylate hydrate,7 mp 94.5- 95.5°, which was con
densed in aqueous solution with the sodium salt of 
malondialdehyde to give the aldoF IX, mp 114-116 °, 

rOOCH2CCI3 

CHOH 

0rH 

O·· W, .. O 

IX 

Hj(cooe~ceI3 

HI')H 
o 0 

x 

AAmax 247 mM (E 19,100, EtOH- H+), 269 mM (27,600, 
EtOH- OH- ). When IX in 1,2-dimethoxyethane solu-' 
tion was added to distilling /'I-octane, dehydration 
occurred with formation of the highly reactive dialde
hyde X, Amux 234 mM (cyc1ohexane), which was utili zed 
directly, without pUI'ification. 

Condensation of the j3-lactam VU 1 with the dialdehyde 
X in n-octane at 80° during 16 hr affo rded the adducF 

(8) The structure of this ';s t<!r was most convincingly demonstrated 
by its preparation from the action of diazometha lle upon the corre
sponding acid.' mp J 87.5 0

• [",POD + J 23 0 [e 1.02 (I N NaOH»), obtaincd 
by an alternativ.: method ; the st ructure of the acid was rigorously 
establish.:d by a complete X-ray crystallogra phic stud y. This a nd the 
other crysta l structure determina tions men tioned in the sequel were bril
liantly cXl!cuted by Dr. J. Zallos Gougoutas (Harva rd), to whom we are 
glad to cxpress our warm apprecia tion. 

IJ{CpriUlcd frolll th e J Ollrnal DC the AIl1t:ri culI C hem ica l :Society, 88, ~ :)~ (HH>u.) I 
Copyri g- hL UJHG hy the Am erictLJI C h emi ca l Society u ud reprinted hy pe rmissiun of the copyri!:ht oWll l.! r . 
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:.':'.. 1,4 

. COOCH2CCI3 

~~~CHO 
, , 5 

NH2 

XII 

XI, [a]20o -122° (c 0.46, CH CIa), which in trifluoro
acetic acid solution at room temperature during 2.5 hr 
was transformed to the .aminoaldehyde XII, Amnx 292 
mlJ (13,600, EtOH); this sensitive intermediate was 
used in subsequent reactions without extensive purifi-
cation. . I 

Condensation of tbe aminoaldehyde XII in benzene 
with tbiopbene-2-acetyl cbloride in the presence of 
pyridine led to the amide7 XIII, mp 135-135.5°, [apOo 
+485° (c 1.14/ CHCta), whicb was treated in tetra
hydrofurao solution with diborane, followed by pyridine
acetic anhydride, to give isocephaloth!o I',I',I'-trichloro
ethyl ester7 (XIV), mp 102°, [a)2°o +320° (c 1.01, 

. COOC~CCI3 

: 0t-~~CHO 
In ' ' H~ .. J' 
l(..s~C~r:ON~ · . .' ~, ' J 

XIII 
I .• COOCH

2CCI3 .I 

~ 
n'l 

o · N CH20COC~3 rl 

0-
. ~~HS ' . 

CHzCONH 
,0 I 

: . XlV , I 'I ,.1 IJ 

CHCla). When the !So ester was ~llowed to stand ,i~ 
anhydrous pyddine solution at room .temperature dl;lr
ing 3 days it , was smoothly equilibrated (Kn\lrmal/is~ 
= 1/3) ' with the .normal ester7 XV, mp 120-123°; 

COOCH2CCI3 )' 

( ~ t~~~(">O~OCH3 
(J-CH

2
CONH 

'f XV' 
[a)20o + 14° (c 0.95, CHCl a), which was easily sepa
rated by chromatography on silica gel, and reduced by 
zinc dust in 90% aqueous acetic acid at room tell1pera
ture to cephalothin (H), mp 160- 160.5°, [a)2°o +50° 
(c 1.03" CH aCN), wbose properties were identical in all 
respects' with those of material prepared from natural 
cephalosporin C.6 , ' 

In anotber series of reactions the an1inoaldehyde XII 
was condensed in tetrahydrofuran with N-I',I',I'
trichloroethyJoxycarbonyl-o-( - )-a-aminoadipic acid,1 
mp 137.5°, [aFOo _ 8° (c 1.03, I N .NaOH), in the 
presence of dicyclobexylcarbodiimide. The crude re-

.. , 
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action mixture was esterified, . using 1',1',I'-trichJoro
ethanol in methylene chloride in the presence of di
cyclohexylcarbodiimide and pyridine. Elution of the 
'reSUlting material from silica gel by benzene- ethyl 
acetate (3: I) gave two products, of which XVI was the 
more polar, since ,it was .converted by reduction in 

tetrahydrofurim with 'diborane, followed by ' acetylati~f 
with acetic anhydride-pyridine to the iso ' ester7 "4V

h
, 

mp 111-114°, [a]20D '+,220° (c 1.01, CHCla). ' When t e 
latter was 'allowed .to stand i~ pyridine at room te:PqJ 
ature for 3 days, It was eqUilIbrated (Knormal/iso ' . ~D 
with the normal ester7 XVIII, mp 157- 159°, [a] 

I \ '! f " 

'I COOCHzCCI3 , 

, ,_ ;.t=k~,C.">OCOctll 
ClfCH200C~HCHfH2CH2CONH 5 , J 

,NH 
., J" .. } tQOCH2CCI3 XVIIl 

+40° (c 0.76, CHCh),' which was easily separated b!t 
chromatography on silica' gel and reduced ·by zinc dtJ,o 
and 90% aqueous acetic acid at 0° during 2.5 hr 'a1 
cephalosporin C" (I), identical witli natural mater!a1 
in paper chromatographic behavior, and in antibacter;.s 
activ~tr against Neisseria catarr~alis, Alq~/!genesfafCat~~ 
Staphylococcus aureus, and BaCillus subtl/lS; further, 51 
synthetic' crystalline barium salt, [aPOD +80° ' (c o. 0: 
H20), was identical) in optical rotation and spectti/l 
scopic properties with the salt of natural cephalospor C J , tq 

• ' . r I .' dge 
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Sesquiterpene Biogenesis 
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Over the y " . 
the 0 . ears, the terpenOIds have prOVided a host of challengmg problems for 
ring ~an.c chemist. The resultant wide range of acyclic, monocyclic, and fused
Ruzick ructures was brilliantly rationalised during the period 1953-1955 by 
and M' E~ch~nmoser, and Heusser,la and by Ruzicka, Eschenmoser, Jeger, 
apPlied gOn.1b!n. terms of the Biogenetic Isoprene Rule. Hendrickson2 in 1959 
&esqu't the prInCiples embodied in this rule to a biogenetic correlation of certain 
in Illi~~rpene~, but with the ever-increasing diversity of sesquiterpene structures 
SCsqUite' the tl1~e now seems opportune for a critical, comprehensive Review of 

l'b fpene biogenesis. 
Poun~ f~al point of sesquiterpene biogenesis is the naturally occurring com
has fo' arnesol (I), whose formation from acetyl CoA, via mevalonic acid3 (2), 
Unit is und eXperimental verification.4-6 For the sake of simplicity, the famesyl 
Or trail UsualI~ considered as having a trans central double bond with either a cis 
the co.

s 
terrnmal double bond. The latter presumption is permissible in view of 

hYdroly~urrence of famesol and nerolidoF (3), and the demonstrated enzymic 
that 0 SIS offarnesyl pyrosphosphate to nerolido1.8 It should be noted, however, 
bond ~ OCCasion, the use of a famesyl precursor containing a central cis double 

.ay be necessary to explain certain stereochemical features. 

Me Me Me 
'- r, 1 I I 

Me .... C=CH-LCH2.J2 -C=CH-[CH2k C=CH-CH2OH 
(I) 

~H 
I(Q)l (2) (3) 
A. tl.· kllZiclca ~ ':'IChcntno ,A. Eschenmoser, and H. Heusser, Experientla, 1953,9,357; (b) L. Ruzicka, 
I ~Clca, Pro ser, O. Jeger, and D. Arigoni, He/v. Chim. Acta, 1955, 38, 1890; sec also L. 
I J) a. IicnctJ· ~hem. Soc., 1959, 341; (c) L. Ruzicka, Pure Appl. Chem., 1963, 6, 493. 
J • a WOlf c son, Tetrahedron, 1959, 7, 82. 
I·a-i lll"., Ch ' C. H. Hoffman, P. E. Aldrich, H. R. Skeggs, L. D. Wright, and K. Folkcrs, 
la' W. Aar::' Soc., 1956, 78, 4499. 
Ill' W. Aara o~ H. Eggerer, U. Henning, and F. Lynen, J . Amer. Chem. Soc., 1959,81,1254. 
'Oor an Cl!cc~f ,H. Eggerer, U. Henning, and F. Lynen, J. Bioi. Chem., 1960,235, 326. 
11)' POPj41c Tccnt Review, sce R. B. Clayton, Quart. Rev., 1965, 19, 168, 201. 

• S. Good;,trahedron Letters, 1959, No. 19, 19. 
an and G. Popjak, J. Lipid Res., 1960, 1,286. 
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The carbon skeletons of virtually all the sesquiterpenes can now be iterived; 
by a suitable cyc1isation of either cis-famesyl pyrophosphate (4) or trans-farnes;, 
pyrophosphate (5), The initial step in these cyc1isations is envisaged (Ch~t.'" 
as removal of the pyrophosphate anion accompanied by participation of'el""" 
the central or terminal double bonds leading to the cations (9HI4) thrOU~ 
intermediacy of the non-classical cations (6)-{S), It must, of course, be st JII 
that such representation of a formal charge, either on a particular carbon atO 6 
or distributed over a number of atoms, is only a convenient symbolis~~ 
should not be taken, at present, as a representation of the enzymic procP"'"
involved. In certain cases, the enzyme systems may well produce these COl1lP~ 
sesquiterpenes from the pyrophosphate precursor by a partially or even fulb' 
concerted process. Nevertheless, the utility of this scheme in supplying ' a satfJ
factory classification of sesquiterpenes cemnot be denied. 

/;Q 
OPP 

(5) 

CHART 1. 

~ 
(14) 

Monocycllc Six-membered Sesquiterpenes.-In the case of cis-famesyl P~ 
phosphate (4), interaction of the allylic carbonium ion with the central dO: tlJO 
bond leads to the monocyclic cations (9) and (10). From a consideration Of tllO 
steric and electronic factors involved, (9) is favoured and indeed most 0 (15), 
known six-membered monocyclic sesquiterpenes, such as y-bisabolenc tbi! 
y-curcumene 96), ar-turmerone (17), and lanceol (IS) cah be derived fro~ 15). 
cation. Ruzicka1o, has discussed the hypothetical biogenesis of y-bisabole~C ~&. 
starting from a labelled famesyl precursor derived from [2-14C]-mevaloll~C b 1110 
By a series of stereospecific cationic reactions it is possible to arrive at bot (A) 
labelled y-bisabolenes (19) and (21) from trans-cis-farnesyl pyrophOspbat~JiIl' 
and cis-cis-famesyl pyrophosphate (20), In terms . of the resultant ,la~vID' 
pattem(s), this has a profound bearing on those biogenetic suggestions In~o . 
the intermediacy of y-bisabolene. ' 
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.~ (o· o~ ~ 
, HOHC 

(15) (16) (17) 2 (18) 

M~M+*m_~ 
\_~ 'A .. ~ O~ M (19) M (21) . (20) 

liUInbert' 19 terpe .IQ (22) and calacone10 (23) are two examples of monocyclic sesqui-
(~~tlth an 'abnormal' ring substitution pattern. Several paper schemes 
COuld . can be produced for the biogenesis of humbertiol; for example, it 
as dim ~ from (a) condensation of a mono terpene skeleton with a Cs unit, such 
Or (c) et Ylall~l Pyrophosphate, (b) fission of a cadinane type sesquiterpene, 
On the CYcli~bon of a cis-Ll6,7-famesyl precursor. The biogenesis of calacone, 
isoPent other hand, seems most probable by the addition of a C5 unit, such as 

enyl Pyrophosphate, to a monoterpene skeleton. 

~ . 
. '\:~2 
. •. ~Ct?1-CH20PP 

~
eH ~ 

. ~ !i f 
. ~ . y OH (22) 

~
'--.::::. 
" I 
I' . 

CHART 2. 

~~~ Class:-~tcan be seen that appropriate cyclisation of cation (9) may 
hOWever : cadmane series of sesquiterpenes [Chart 3, pathway (a)]. There are, 
OneOft~O other possible pathways for the formation of the cad inane skeleton. 
(24) fOil (b) would involve an overall 1,3 hydride shift in cation (11) to cation 
• OWed by ring closure, whereas the other (c) would require cyclisation of 

I'~' aall1ala • 
• Vrlto6 VD. Billet, C, Memzer, Bull. Soc. ch/m. France, 1964,2324. 

, ·lJerout, and F. Sorm; Coil. Czech. Clrem. Comm., 1961,26,1343. 
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a cis-.d8•7-famesyl precursor (cf. y-bisabolene). It is difficult to visualise a de:; 
tive tracer experiment which would permit a distinction amongst th~ t esIS 
variants, particularly when the possible 'crossover' of y-bisabolene blOgel1 
is taken into consideration (see above). 

(0) ~ - (16) - sP 
(b) ~ ~ sP - -+h 

(24) 

(c) -...::::' I - I ~~ - ~ 
CHART 3. 

The majority of cadinane sesquiterpenes have the absolute stereoc~c~ 
exemplified by rx-cadinol (25) but recently some antipodally related COJllP~lItter 
have been isolated such as (-)Y2-cadinenell (26) and khusitone12 (27), th~ ~d' 
being one of the few Ca sesquiterpenes which have been isolated. T~ 
podal relationship in the sesquiterpenoid field is not unique and an in . ~ , 
number of examples has been found (see later). Oplopanone13 (28) is obV10tlJlO 
a modified cadinane type. An attempt has been madeu to correlate the st~C biD' I 
of gossypol (29), the toxic yellow pigment of cotton seed, with suggest le 
genetic schemes. It was found to incorporate radioactivity from both [l~ 
and [2-u C]-acetate and partial degradation indicated that the labelling oCC bleb 
in the predicted positions. A synthesis of gossypol has been recorded16 in d'll 'fI!O 
the two C16 units were joined by a phenol oxidative coupling methO . ti~ 
compounds mansonone A (30) and mansonone F (31) are two represcntatly,.' 
of six closely related quinonoid sesquiterpenes which have been isolated recel1 

the latter being the Cn analogue of dihydrobiflorin (32). 

11 c. c. Kartha. P. s. Kalsi. A. M. Shaligram. K. K. Chakravarti. and S. C. BhattaC~ 
Tetrahedron. 1963. 19,241. 
11 K. K. Chakravarti.lndian J. Chem .• 1965.3, 324. ~IO'\Ot 
11 K. Takeda. H. Minato. and M. Ishikawa. Chem. Comm .• . 1965. 79; K. Takeda. JI. 
and M. Ishikawa. Tetrahedron Supplement, 1966.7,219. 
uP. F. Heinstein. F. H. Smith. and S. B. Tove. J. BioI. Chem .• 1962, 237, 2643. 
n J. D. Edwards and J. L. Cashaw, J. Amer. Chem. Soc., 1957,79,2283. . 48,1. 
U G. B. Marini BettOlo. C. G. Casinovi. and C. Galeffi. Tetrahedron Letters, 1965, 
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OH 

~ 
(25) 

~ 
Y±--r<H' .... ( 

I H r 
/\. 0 

(28) 

~I h ~I h 

~o ~ 

o 

W ~Oo~o 
Ber (29) (30) (31) (32) 

(33 :otane and Santa lane Classes.-The structures of IX_I? and ,B_18bergamotene 
the ca b34). sugg~st that interaction of the cyclic double bond in cation (9) with 
depro/ on.lUm Ion can proceed in an electronically favoured fashion, since 
PlaUSib~nat~on of ~he resultant cation (35) furnishes these two sesquiterpenes. A 
fission er bIOgenetIc route to the antibiotic fumagillinI9 (36) involves oxidative 
CYClisat~ the cyclobutane ring in cation (35) as shown. The sterically favoured 
(37 andl~~ of cation (9), on the other hand, gives rise to IX- and ,B-santalene 

). 

lIe 

:. v. ~1I~'tIlYllnan, K. S. Kulkarni, A. S. Vaidya, S. Kanthamani, G. Lakshmi Kumari, 
1:~OIl, 1964 ~OK. Paknikar, S. N. Kulkarni, G. R. Kelkar, and S. C. Bhattacharyya, Tetra
!le • S. KUika ,.963. 
!le~~ T. rol, S. K. Paknikar, A. S. Vaidya, G. R. Kelkar, R. B. Bates, and S. C. Bhat-
19':."'¥Y~ T.etrahedron Letters, 1963, SOS; K. S. Kulkarni, S. K. Paknikar, and S. C. Bhat
I'~' 90s. etrahedron, 1966,22,1917; T. W. Gibson and W. F. Erman, Tetrahedron Letttril, 
I . S·l'lIrb 11 
. -illlrr• Ch e ,R. M. Carman, D. D. Chapman, K. R. Hutfman, and N. J. McCorkindalo, 

em. Soc. , 1960,82, lOOS. 
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Cuparane, Widdrane, Thujopsane, Cedrane and Acorane Classes.-A co~~ 
tion of structural elucidations and thorough chemotaxonomic examinatlOll 
certain higher plants has permitted an attractive correlation of the above C~ 
of sesquiterpene, involving (Chart 4) the common intermediacy of y-bisabO 
(15). So far, the acorane class is the only one which has not been found to CO' 
exist with at least one of the other four classes. to' 

Enzell and Erdtman20 suggested that the cuparene skeleton arises frolll P'OI! 
tonation of y-bisabolene (i.e., 39), followed by cyclisation to the tertiary ca~ tI 
(40), which is the obvious precursor of the two cuprenenes (41)21 and (4~ , 
cuparene (43),20 and cuparenic acid (44).20 Recently, two additional m~elll .. 
of this class have been isolated,23 oc-cuparenone (45) and ,B-cuparenone (~I • 
well as the corresponding alcohols. The main alcoholic constituents of t.JjI~. 
ticular extract, however, were cedrol and widdrol, which is of biogenetiC till' 
ficance. The substituted quinone, helicobasidin (47)24 clearly belongs to 
cuparane class . 

. ~ - 0r) -c:e-cf;( 
~~ ~)~~ ~ . (se) ' 

QO W ~-rV} 
(40) / I (53) 'x ~ J.. ~oeI 

CP-=W m_ 
(56) )~ ~(67) 

CHART 4. 

QV 
(41) 

r;(-O-
(42) 

CIO 
(43) 

V-QC02H 

(44) ". 

oq-o- o ' 

~ 
o 

~ 
(45) (46) . (47) 

) 0 C. En~lI and H. Erdtman, Tetrahedron, 1958,4, 361. , 
uT. Nozoe and H. Takeshita, Tetrahedron Letters,· 1960, No. 23, 14. 
11 W. G. Dauben and P. Oberhllnsli, J. Org. Chem., 1966,31, 315. ~ 
11 G. L. Chetty and S. Dev, Tetrahedron Letters, 1964, 73. ~36. 
It S. Natori, H. Nishikawa, and H. Ogawa, Chem. and Pharm. Bull. (Japan), 1964, 1%1 
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in~ ~me cationic intermediate (40) has been suggested as the precursor of the 
incr:lD8 fungal sesquiterpene, trichothecin (48),26 which is one member of an 
Pound ~a number of related antibiotics.26 The suggested genesis of this com
chair-t Involv~ two 1,2-methyl migrations, starting from 'Y-bisabolene with a 
Illent olded SIde chain, to give the tertiary cation (49). The elegant tracer experi
ate Scond~cted by Jones and Lowe,27 using [P'C]-acetate and [P'C]-mevalon
X.~ ~ncluslvely demonstrated that the 1,2-methyl shifts did occur, . but the 
triCb~e an? chemical26 structural determination of the related sesquiterpene, 
tricbotb ~lD (SO;R = Hs, R' = acetyl) suggested a revised structure for 
aide c C:CI~ (viz., SO; R = 0, R' = isocrotonyl). A boat-type folding of the 
Chcnus~'n In 'Y-bisabolene has been postulated26 to accommodate the stereo-

ry and labelIing pattern found in this revised structure of trichothecin. 

~ 
* 

£f ~ -:7* 
. , 

7 
. :"> 

* (15) * (15) 1. ! 1 COH 

~ 
* 

~ -if • (40) • (40) 

1 ! ! 

$ 
.. 

if if • 
'l • 

~ 
1 

% * .'" 

'Ob I" 
• • • . ~ (51) 

(49) • * 

l ! 
I 

~ 
R~T 

~ R 0 R S-.. I ! 

• I 

(50) R (52) .. . . 
1\ J. l?"hnIan 
,,~,~, Qocit~J!: H. Jones, O. Lowe, and M. C. Whiting, J . Chem. Soc., 1960, 3948. I, S' Ab 11. Jon

r en and S. Vangedal, Acta Chem. Scand., 1965, 19, 1088. 
, ~ and O. Lowc, J. Chem. Soc., 1960, 3959. 

n and Do' Nilsson, Proc. Chem. Soc., 1964. 188. . 
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The probable biogenesis of the closely related sesquiterpene, laurene (5t)~ 
isolated from Laurencia glandulifera, involves cyclisation of an oxygena~ 
bisabolene and a 1,2-methyl shift, as shown. It has been suggested that I' 
bromoaplysin (52; R = H, R' = H), apiysin (52; R = Br, R' = H), and apY 
sinol (52; R = Br, R' = OH) which are isolated30 from Sea rat (Aplysia kurOJoi 
Baba) may be formed from laurene, since Sea rat feeds on Laurencia glandu/lfe~i 

The alternative cyclisation of cation (39) (Chart 4) gives the spiro-cation (~) 
which has been suggested by Ramage81 as the logical precursor of widdrol3S 

( ye 
and thujopsene33 (55). Using deuterium labelling, Dauben and Friedrich batbO 
shownM that the in vitro interconversion of these two compounds involves 
cyclopropane-methylene carbon of thujopsene becoming the allylic methylen: 
carbon of widdrol. They have pointed out that this result, if incorporated int~ 
tracer feeding experiment, could determine whether thujopsene and widdt~ 
derived from a common intermediary (viz., 56), or whether one is the prec 
of the other. A modified scheme for the biogenesis of the cuparane, thujOPSaJIC~ 
and widdrane skeletons has been suggested,24 which involves the cation (56):e, 
key intermediate. Formed directly from farnesol, rather than via y-bisabOl '~e 
(56) can be converted (Chart 4) into the cuparane skeleton by two succe:;cd 
Wagner-Meerwein rearrangements, viz., (56) - (53) - (40). A more det pVC 
analysis of Thujopsis dolabrata has revealed86 the presence of no less than 
distinct sesquiterpene types, namely thujopsane, widdrane, cuparane, el~~ 

_ and eudesmane, in addition to a C14 compound, mayurone36 (57) which, ID 

is an in vitro degradation product of thujopsene. 

W 
(54) (55) (57) 

blO 
A stereospecific, electronically favoured cyclisation involving all thrcc d?~ ~ 

bonds of y-bisabolene could furnish the tricyclic cation (58) (Chart 4) wblUOUC 
the basic skeleton of a class of sesquiterpene exemplified by cedro137 (59),.sbC cl 
acid'8 (60; R = C02H), jalaric acid-B39 (60; R = CHO) and lakshohc ~If 
(60; R = CH20H). It has been shown that jalaric acid-B is the oat 

p 
It T. Irie, Y. Yasunari, T. Suzuki, N. Imai, E. Kurosawa, and T. Masamune, r,tf"'" I 

Lellers, 1965,3619. 
10 S. Yamamura and Y. Hirata, Tetrahedron, 1963, 19, 1485. 
11 R. Ramage, Ph.D. Thesis, Glasgow University, 1961. 
11 C. Enzell, Acta Chem. Scand., 1962,16,1553. 
11 T. Norin, Acta Chem. Scand., 1963, 17,738. 
"w. G. Dauben and L. E. Friedrich, Tetrahedron Lellers, 1964,2675. 
11 S. It", K. Endo, H. Honma, and K. Ota, Tetrahedron Lellers, 1965,3777. 
If G. L. Chetty and S. Dev, Tetrahedron LelltrS, 1965, 3773. 
17 G. Stork and F. H. Clarke, J. Amtr. Chem. Soc., 1955,77, 1072 •. 
11 R. C. Cookson, A. Melera, and A. Morrison, Tetrahedron. 1962, 18, 1321. . 1 
It M. S. Wadia, V. V. Mhaskar, and S. Dev, Tetrahedron Letters. 1963,513. 964, "J ' I 
to R. G. Khurana; M. S. Wadia, V. V. Mbaskar, and S. Dev, Tetrah,dron LetterS, 1 I 
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~~ng compound while shellolic acid and laksholic acid are the products of a 
Kennn!zz:tro reaction, induced in the isolation procedure. It is of possible bio
ZO e~c Interest that IX- (61) and ,B-pipitzol (62), the pyrolysis products of pere
Pe ne (63), not only embody the basic skeleton of the cedrane class of sesquiter
III n~b~t, in the case of IX-pipitzol, also the stereochemical features. The probable 
ah

CC 
nlsm of formation of these pyrolysis products has been put forward as 

byO~ The recently adduced structure of anisatin42 (64) can be formally derived 
fOU

a 
agner-Meerwein rearrangement of the cedrane cation (58) to cation (65), 

OWed bY.oxidative fission of either of the bonds shown. 

c1T'H tj c!l cfl· H. ~~ ... ·, ........ OH ......... 

R : CH2{)H 
R : - ....... 

R (61) (59) (60) (63) 

H~OO 
+ 

fu O~ 

~ en : : 

H 
(sa) (65) o (64) (62) 

Aa '1 tertia~lustr~ted in Chart 4, cyclisation of either the secondary cation (66) or the 
liVe th cab?n (67), both derivable from y-bisabolene by protonation. would 
genetic e

d 
C~bo~s (68) and (69), corresponding to the acorane nucleus. A bio-

8coron (envatton of acoric acid43 (70) can be conceived by oxidative fission of 
e 71) as shown. 

O~ 
(71) 

1\ [) 
Jo"':'hA.· A.rcher a d R . I' :-1' '~ath n . H. Thomson, Chem. Comm., 1965, 354; F. Walls, 1. Padilla, P. 
Il~~nikar, an~"v F. Giral, and J. Romo, Tetrahedron Letters, 1965, 1577; R. B. Bates, S. K. 
Jl ~~~t, 1 P . P. Thalacker, Chem. and Ind., 1965, 1793; E. R. Wagner, R. D. Moss, R. M. 
19talII j p ~.eeSChen, W. J. Potts, and M. L. Dilling, Tetrahedron Letters, 1965, 4233; 
11,(6,,,,,: 2387 a Ilia, P. Joseph-Nathan, F. Giral, M. Escobar, and J. Romo, Tetrahedron, 
11 ...: 'falt\ad • 
2923 J, Direh':' Takada, S. Nakamura, and Y. Hirata, Tetrahedron utters, 1965,4797. 

. ,. A. Hochstein, J. A. K. Quartey, and J. P. Tumbull, J. Chem. Soc., 1964, 
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Carotane Class.-The known representatives of this class are carotol (n~ 
daucol" (73), and, after a structural revision, laserpitineU (74). It is of phyJO' 
genetic interest that both carotol and daucol are isolated from one species oC: 
Umbelli/erae family, while laserpitine is isolated from another species ~C uJd 
same family. One possible biogenetic route to the carotane skeleton ~ 
involve a 1,3-hydride shift in cation (11), followed by an anti-Marko bJo 
cyclisatiori and subsequent methyl migration. However, a more plaus! eraJ1 
scheme'S involves cyclisation of the cation (10) to give (76) followed by an oV Jll" 
1,3-hydride shift as· depicted, and deprotonation to the diene (77). To ~ • 
modate the recently determined'? stereochemistry of carotol and dauCO d 
stereospecific hydration of (77) is now required. In an elegant tracer st~; 
Soucek's has degraded carotol produced from [l_lCC}-acetate and shown tcd 
C(6) and its attached methyl group have 16'6% of the total incorpota'

oll 
activity. This finding is consistent with the suggested scheme starting from eau 
(10) as shown in the labelling pattern in (78). 

, 

~~H ~OH ~ W s;J 11 11 11 It 

H i H --+ 
11 ,(75) A . 11 

(72) (73) OR (74) (11) 

+ 11 11 11 I 

-y:l -stY .~ 2 '''(78: . (10) (76) . (77) 
I 

. noW tbO 
Muurolane, Copaane, Amorphane, and YJangane Classes.-Considenns nilJlll I 
outcome of cyclisation of the terminal double bond with the allyIic car~OIl is 
ion from cis-farnesyl pyrophosphate (4). the electronically favoured ca~ tile , 
(11) whereas. from a steric point of view. cation (12) is favoured. AlthoU. ,nd 
former cation was discarded by Hendrickson' on the grounds of the stralll laced 
non-bonded interactions implicit in its formation. it has since been postu dti6e 
as the precursor of a number of sesquiterpenes. Thus, an overall 1.3.h~qlli· 
shift to (24) followed by cyclisation leads to the cation (79) (cf. cadinan~ is of 
terpenes). the proviso of further internal cyclisation being that this catlO~ tilll 
the cis-decalin type. The isolation of the muurolenesu (80) with such a ~t tJ!iI 
junction lends weight to this stipulation. [It could perhaps be argued t . 

• J C"",,,,,, 
U V. SYkora. L. Novotny. M. Holub. V. Herout. and F. Sorm. Coil. Czech.' Ch''''· ,,, 
1961,26,788. . i44l , ,I ' 
&I M. Holub. V. Herout. F. Sorm. and A. Llnek. Tetrahedron Letters, 1965, 7 ,,, ,91• 
M. Holub. Z. Samek. V. Herout. and F. Sorm. Coil. Czech. Chem. Comm., 196 , 
u M. Sou~ek,' Coli. Czech. Chem. Comm., 1962.27.2929. 
" 1. Levisa\les and H. Rudler. Bull. Soc. chlm. France. 1964.2020 . 
.. L. Westfelt, Acta Chem. Scand., 1964, 18. S72. 
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:!?n ~n be formed through the intermediacy of an anti-Markownikoff 
det lsa~lon of y-curcumene (16), followed by a 1,2-hydride shift.] The recently 
rr ennm~d structures of copaene and the related muskatone49,50 can be derived 
th~~ .cati~n (~), by way of an electronically favoured cyclisation leading to 
rnUSkncychc cation (SI) which on deprotonation yields copaene (S2; R = H 2), 

8enettone (S2; R = 0) being the product of allylic oxidation. That the bio
with I~ pr~rsor of copaene is the cation (79) finds credence in its co-occurrence 
Ylang -ca1dmene .(S2) and calamenene (84). The sesquiterpene hydrocarbon 
Brou en~ (SS) differs from copaene only in the configuration of the isopropyl 
(86) !h' e logical precursor of ylangene would be one of the amorphenes51 

does t Ich bear the same configurational difference to the muurolenes as copaene 
o ylangene. 

, 

~-~-~-~-~ 
.(11) (24) / /\ (79) (16) 

~ :~ _~ A_ 
~ ro ~=~ 
/\ . . (80) A H (81) A H (82) 

ch 
A R (83) ~ 

(85) ~
.)~ , 

I •••• ) .• •• 

H 
(86) 

ltebntntb 
la the p OSPOra), Tutln, and Plcrotoxln.-The cation (79) has also been suggested 
anti'Ma ~urs~r of the sesquiterpene toxin, helminthosporal52 (S7). Thus, an 
lives th~ oWOlkoff attack of the double bond on the tertiary carbonium ion 
I'tarrang second~ry cation (SS), which can now undergo a Wagner-Meerwein 
later), fo~~ent, Similar to that suggested in the biogenesis of longifolene (see 
heltninth oWed Py deprotonation to give (S9). The oxidation sites observed in 
'l'be finaloSPora~ can be acquired by oxidative cleavage of the bond shown. 
acetal. of steps m this scheme are substantiatedll3 by the isolation of the ethyl 

I 
prehelminthosporal (90) and prehelminthosporol54 (91) and also by 

IV 
" p' 11. l(apadl 
Il o'I1oMayo a, B. A. ~agasampagi, V .. G .. Naik, and~. Dev, Tetrahedron, 1965,11,607 • 
.. ",; Mou y' ~ B. Wllhams, G. H. Bilchi. and S. H. Fcalrheller. Tetrahedron. 1965.11,619. 
11 P r. Ch,'",.:S erout. and F. Sorm. Tetrahedron Letters. 1965. 451; C. H. Hcathcock. J. 
"p'I1oMayo £c'yI966. 88, 4110; L. Westfelt. Acta Chem. Scand., 1967.21,152. "S: {e Mayo: R' B' Sp.e~cer. and R. W. White. COl/ad. J. Chem .• 1963.41,2996. 

lnlUra A' • Wdhams. and E. Y. Spencer. Canad. J. Chem •• 1965,43,1357. 
• • Sakurai. K. Kainuma. and M . Takai. Agric. Bioi. Chem., 1963.17,738. 
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the recent isolation of the unsaturated tricyclic hydrocarbon, sativene~ ~~~ 
itself. The overall biogenetic scheme for helminthosporal has also been verdillU 
by a tracer study using [2-14C]-mevalonate which demonstrated that the un
saturated aldehyde carbon atom had 38 % of the total incorporated activity. 

Y0
t 

o 
OEt 

(90) 

~9 
~OEt 

(91) 

Oxidative fission of the bond shown in (88) (with the isopropyl group aJ'i~ 
leads directly to the gross structure and most of the stereochemical featur~ 
tutin67 (92; R = OH), coriamyrtin68 (92; R = H), and picrotoxin59 (93)'14C)
plausible biogenetic scheme being assumed, the 14C atoms derived from [2~y 
mevalonate should be located at the starred positions in tutin. Very cl a~, 
related to these compounds are the alkaloids dendrine60 (94; R = CH2CO.C 
dendrobine 81 (94; R = H), and nobiline81 (95). 

d1. &0 ~ - RIt '~""OH 
I 

A (ss) A A .. (92) 

~~ J~~>. ~.~ o " 
of. "'H - "'H 

A (93) A 94 (95) 
.~. 

UP. de Mayo and R. E. WiIliams, I. Amer. Chem. Soc., 1965,87,3275. 8 ,59. 
11 P. de Mayo, J. R. Robinson, E. Y. Spencer, and R. W. White. Experlentla, 1962,1 , 
17 T. Olcuda and T. Yoshida, Tetrahedron Letters, 1965,2137,4191. -
11 T. Olcuda and T. Yoshida, Tetrahedron Letters, 1964,439. 
to H. Conroy, I. Amer. Chem. Soc., 1957,79,5550. 
10 Y. Inubushi and J. Nakano, Tetrahedron Letters, 1965,2723. 
11 S. Yamamura and Y. Hirata, Tetrahedron Letters, 1964,79. 
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~OPbYlJane Class.-Hendrickson2 has noted that a model of the eis-cation 
getb shows *at the two endocyclic double bonds are not held close enough to
C(l)e~ to permit internal cyclisation and, in addition, the hydrogen atom on 
eltClu~~ held ~tw~n the cationic site at C(10) and the .18,7 double bond, thus 
neut ~g ~chsatlon in this manner. One pathway, therefore, favourable for 
con;: I~bon of the cation is a Markownikoff attack of the double bond with 
ster nl1ta~t loss of a proton from the C(3) methyl group to give the known 
cary eoc~emlstry of caryophyllene82 (96). The only other sesquiterpenes with this 
98b)oP yllane skeleton are oc-betulenol (97a or 97b) and ,B-betulenol83,M (98a or 

, whose structures still appear in doubt. , 

-to-
(96) 

~ tOc~a; 
(97 b) (980) OH (98b) 

(970) -tOCHPH 

~V . 
\Vas n lew·of the CO-occurrence of humulene with caryophyllene in Nature, it 
&atne ~t unreasonable of Hendrickson to suggest that they originate from the 
\VOUldl~te~ediate cationic species (12). Thus, simple deprotonation from C(9) 
bond. ~~ISh the gross skeleton of humulene with a Irans disubstituted double 
hUIllUl ntd 1963 the stereochemistry of the two trisubstituted double bonds in 
SChelll:ne had not been positively elucidated, but according to Hendrickson's 
dOUble ~he sesquiterpene would have a Irans-Irans-eis arrangement of the 
Of the bion~s. However, it has been conclusively shown by X-ray analysis85 

Itall" c S(sdver. nitrate) adduct of humulene that the double bonds all have 
frOIll t~nfiguration (99; R = H 2). By inference, therefore, humulene is derived 
dOUble ~ trans-farnesyl cation (14). The same all-Irans configuration of the 
Ilaturall on.ds has also been confirmed88 in zerumbone (99; R = 0). This 
same in~ ralse~ the question as to whether caryophyllene could come from the 
SUch fr etmedlate (14). Perhaps the fact87 that caryophyJlene is not isolated as 
the cIa om ~nzene extraction of oil of cloves but only by steam distillation of 

Yes IS significant. Sutherland has shown88 recently that humulene, on 
1'1) 
"".ll, k B 
It "'1.lfolub arton and A. Nickon, J. Chem. Soc., 1954,4665. 
" ~. Treibs' V. Herout, M. HOrllk, and F. Sorm, Coil. Czech. Chem. Comm., 1959,24,3730. 
I . T. McI' an~ G. Lossner, Annalen, 1960,634, 124. 
ti~· PaUl c~all, R. I. Reed, and G. A. Sim, Chem. and Ind., 1964,976; J. A. Hartsuck and 
I'\t' p. Datn em. and Ind., 1964,917. 
Ig • a. Nav odaran and S. Dev, Tetrahedron Letters, 1965, 1977. 
II~' 1$17. cs, Helv. Chlm. Acta, 1948, 31, 378; cf. Y. R. Naves, Bull. Soc. chlm. France, 
and).t· Gree 

I). aoac nWood, J. K. Sutherland, and A. Torre, Chem. Comm., 1965,410; F. H. AlIen 
rs, Chem. Comm., 1966, 582. 
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treatment with N-bromosuccinimide in aqueous aCetone gives a 20% yield oCtbO 
hydroxy-bromo-compound (100), which can be elaborated in two stePS ~o 
caryophyllene. The structure of the naturally occurring isocaryophyllen~ (l~ 
might suggest a cis-As,7-farnesyl precursor, but the sesquiterpene may, In ~ ~ 
be an artefact of the isolation procedure since it is known to be the more·,sta~ 
isomer. Caucalol diacetate69 (102) is the first example of a highly Oxygena . 
eleven-membered -ring sesquiterpene, whose stereochemistry about the trio 
substituted double bond suggests its genesis from (12). 

A'O~ 
(Jo2l 

RV. ::::-.... ~ 

(99) 

~ ___ -8r 

~ 
bH (100) (I Or) 

UfCS 01 Himachalane and Allohlmachalane Classes.-To accommodate the struet od. 
these two types qf sesquiterpene, a 1,3-hydride shift in cation (12) is SUggc5,A.,1 
The resultant cation (103) can now undergo an easy cyclisation with tbe tl10 
double bond to give the tertiary cation (104). Simple deprotonation yields.yeS 
two isomeric ex- (105) and ,B-himachalenes7o (106) while solvent attack SI tbiJ 
himachaloFl (107), [As in the case of the suggested precursor of copae~~~ 
intermediate cation (104) could conceivably be formed from y-curcw .... '.;. 
(16), as shown.] The isolation of allohimachalol (108) indicates that -a wa~ 
Meerwein rearrangement is also possible, giving the bridged cation (109) W of 
can then undergo solvent capture. Solvolysis of the tOluene-p-sulphonat(~01) 
allohimachalol produces71 the following mixture: (105) 3 %, (106) 1 S %, 
24 %, and (108) 34 %. 

, r. \ • • ~ 

Longlpinane, Longlfolane, and Longlbornane Classes.-By analogy with ~ 
formation of copaene (see earlier), an electronically favoured cyclisation of 

~~w-w-Qq 
Y;:;, , (104) ~ H (r~ 

Cct CO zv ~-~ 
(105) (106) . (107) (l09) _. (Ice) 

- : 1'" 
.. S. Sasakl, Y. Itagaki, H. Moriyama, K. Nakanlshl, E. Watanabo, and T. AoyaJ%l" 
hedron Letters, 1966, 623. ' 
10 T. C. Josoph and S. Dov, Tetrahedron Letters, 1961, 216. 
71 S. C. Bisarya and S. Dov, Tetrahedron Lellers, 1964, 3761. 
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:~on .0:04) would give the tricyclic cation (110) which on deprotonation yields 
haa°~lnene7a (111). The sterically controlledcyclisation of cation (104) to (112) 
attack n l>o~tulated as the ' probable route to the longifolane skeleton. Solvent 
8hift on thIs cation gives longibomeo)71 (113), whereas a Wagner-Meerwein 
(ll~ fOlIow~d by deprotonation, gives longifolene73 (114) and longicyclene74 

Verifj ' r~pectlveIY. The biogenetic scheme for longifolene has been partially 
tile cd 6 by tracer studies using [1-14C]-acetate which showed that the exomethyl
, , group had incorporated virtually no activity. 

,If" , . 

~~~~>OD 
~ '=: '-xP '-xi0 == ·UJ --:0At. ' 
I H' (113) 

I ,"0) / (112) ! "" ' 
rb_ ~ iJ{-iJj;-w ~I;X ~ . 

III (104) (114) (115) 

Ilh~ Marasmic Acid and Hirsutic Acid.-Cyclisation of trans-farnesyl pyro
as th ate (5) would furnish cations (13) and (14). The postulate of cation (14) 
&eati: precursor of humulene has already been dealt with. An interesting sug
(lantp~has been offered76 for the biogenesis of the fungal metabolites, ilIudin S 

01) (116; R = OH), and illudin M (116; R = H). In the manner shown, 

fu~HO:x -to< ~~ 
, ' r~+.. + (117) , ! 

(1I7) __ '+--~~ , ... ~~~o ~H, 
, ~ OHC " ~ 'CH2R 

HO 
j , (118) {I 16) 

~ - >020---: ><=ctJ _Cyt9~H 
. H '. . 

Ill{ . (119) 
oS • £rdlnt . , . 
"C:t'd., 196:~ and L. Westfelt, Acta Chem. Scand., 1963, 17,2351; L. Westfelt, Acta Chem. 
111\· 11 M ' 1, 1S9. 
I. \I"a: ~:fI'ett and D. Rogers, Chem. and lnd., 1953,916. 
,.~. Sand/ak' and S: Dev, Tetrahedron Letters, 1963,243. . 
Ob' C. Mc:,nn and K. Bruns, Tetrahedron Letters, 1962, 261. 

"hi, M Torri• and M. Anchel, I. Amer. Chem. Soc .• 1965,87,1594; K. Nakanlshl, M. 
• ada, and Y. Yamada, Tetrahedron, 1965, 21, 1231. 
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cyclisation of humulene followed by a hydride shift would give the cation (1l~ 
which, by a final ring contraction, yields the gross structure of these two ~: 
terpenes. The same cyclobutyl cation (117) could be an intermediate I~ C 
formation of the antibiotic marasmic acid11 (118) and also hirsutic aCid 
(119).18 

Germacrane Class.-Oxidative modification of cation (13) generates all tbO 
known ten-membered ring sesquiterpenes with the germacrane skeleton, er 
germacrone19 (120), linderane80 (121), costunolide81 (122), parthenolide8

• (12 ~ 
pyrethrosinss (124), and arctiopicrin84 (125). The acid-catalysed cyclisation alIjD 

pyrolysis products of this group of sesquiterpenes will be referred to latc.~o 
connection with the biogenetically related eudesmane, elemane, and gua! 
classes. 

~ ~ (~ o 0 (1211 (120) 

Q /Me 

~ ~(O ~COQ'~ 
HOH2C . 

OAc 0 
(123) 0 (125) 0 (124) 

Eudesmane Class.-The two double bonds of cation (13; i.e., 126) are jd~ 
juxtaposed for transannular cyclisations in a Irans- anti parallel fashion to:,.. 
the eudesmane series. Thus, a stereospecific Markownikoff-orientated cY % if 
tion, as shown, gives the hypothetical precursor (127) of this series, whe~ of 
some electrophile. This hypothesis has been substantiated by the iso1a!,01l tbo 
cryptomeridiol85 (127; X = H), which has been found to co-occur With ~ 
eudesmols88 (128) and guaiol (see later). Most of the eudesmane sesquitefPCl' • 

%16'; 
"J. J. Duaan, P. de Mayo, M. Nisbet, and M. Anchel, I. Amer. Chem. Soc., 1965, 81, sot·, 
J. J. Dugan, P. de Mayo, M. Nisbet, J. R. Robinson, and M. Anchel, I. Amer. Che"" 
1966, 88, 2838. 1961, 
,. F. W. Comer, F. McCapra, I. H. Qureshi, J. Trotter, and A. I. Scott, Chem. Com"'" 
310. 
,. V. Herout, M. Horak, B. Schneider, and F. Sorm, Chem. and Ind., 1959, 1089. 
10 K. Takeda, H. Minato, and I. Horibe, Tetrahedron, 1963, 19, 2307. . ,C. rJ· 
11 A. S. Rao, O. R. Kelk§r, and S. C. Bhattacharyya, Tetrahedron, 1960, 9, 27S, 
Suchy, V. Herout, and F. Sorm, Coli. Czech. Chem. Comm., 1966,31,2899 • 
.. T. R. Oovindachari, B. S. Joshi, and V. N. Kamat, Tetrahedron, 1965,21, 1509. JriucJll' 
SI D. H. R. Barton, O. C. Bockmann, and P. de Mayo, I. Cl/em. Soc., 1960, 2263; S. 
jima and S. Tamura, Tetrahedron Letters, 1967, 1965. . h' • 
U M. Suchy, V. Herout, F. Sorm, P. de Mayo, A. N. Starratt, and J. B. Stothers, rerra 
Letters, 1964, 3907. 
11 M. Sumlmoto, H. Ito, H. Hirai, and K. Wada, Chem. and Ind., 1963, 780. 
II P. Rudman, Cl/em. and Ind., 1964,808. 
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~~~t~e absolute stereochemistry depicted in (127) and in many cases fUrther 
~ tlon of the cation framework has taken place, resulting in the large body of 
le) ~ne8 and furano-derivatives of this class, e.g., vulgarin87 (129), ivalin88 (130), 

e n 9 (131), costic acid90 (132), and atractylon91 (133). 

~ ~OH= 
(126) ~ /~ OH 

HO (127) 

~ H~ HO ... g:a.0 

: . OH H 
(128) (129) 0 (130) 

~ ~C02H q::A 
H 

(131) (132) (133) 

de~~oUgh the majority of eudesmane (and guaiane) sesquiterpenes can be 
Other from the 'chair folded' conformation of (13), as depicted in (126), three 
ltereoc COnf~rmations (134, 135, and 136) can be invoked to account for the 
borne ~eml~l features of other members of this class (cf. Nozoe92). It should be 
aCtiOris1n lllind that the classical chemical concepts of strain and steric inter-

need not necessarily be the dominant factors in biogenetic schemes, since, 

, (134) 

",. 

~-~oo H~ 
(136) (139) 

"if"" Gelss "V ·l{e~ Illan and O. A. Ellestad, J. Org. Chem., 1962,27, 1855. 
" ' l!enel and O. Hogenauer, J. Org. Chem., 1962, 27, 90S. 
'I~' S. Ba o~a, V. Herout, and F. Sorm, Call. Czech. Chem. Comm., 1961,26, 1350. 
'I ·l{ikin W ekar and O. R. Kelkar, TetrAhedron, 1965, 21, 1521. 

S' liOl()eo, Y. Hikino, and I. Yoshioka, Chem. and Pharm. Bull. (Japan), 1962, 10.641. 
and C. Kaneko, personal communication. 

347 



· Quarterly Reviews 

in vivo, the substrate must concur with the conformational requirements .of~ 
particular enzyme(s) involved. The .products of a transanti-parallel cyc1isatJ~ 
of these three conformers are depicted in the stereostructures (137), (138), all 
(139) respectively. . 

In view of the unusual stereochemistry found in occidentalol93 (140), ~~ 
former (134) seems to be the logical antecedent.94 Co-occurring with this alcO I 
is occidol95 (141), in which a 1,2-methyl migration has taken place. To aCCO:" 
for the stereochemistry of the valerane class, exemplified by valeranOllC d,e 
(142; R = H), kanokonol97 (142; R = OH), and crytofauronol98 (143), 0 

intermediate (144) arising from conformer (135) can be formulated. As yct ~. 
eudesmane sesquiterpene has been found which might demand the use of CO 

former (136) as a reasonable precursor. 

~OH : ~OH 
(140) (141) 

I 
./ 

H~'" ~ 
HO (143) 

- I" 
Recently a group of sesquiterpenes has been isolated, viz., interrncdC" d

\(145), at- and ,8.agarofuran100 (146), and IrevojuneoPOl (147), which arc ~. 1 
podally related to the normal eudesmane class. Intermedeol is extracted frO tbO I 
piant 'source, in India, whereas neointermedeol102 (148»)s obtainCd fro~ tbO I 
corresponding plant indigenous to Malaya. The stereochemistry at C(4) ill liP 
latter compound is anomalous since the configuration of the C(4). hydro"yl ~ I 
is usually equatorial in the eudesmane series. tb'1 

The stereochemistry at C(I) of microcephalin103 (149) is opposite to CSIl 
expected (cf. 127) from a trans-antiparallel cyclisation of (126). This anomalY 

11 Y. Hirose and T. Nakatsuka, Bull. Agr/c. Chem. Soc. Japan, 1959,23, 143. 
" E. von Rudloft' and G. Y. Nair, Canad. J. Chem., 1964,41,421. 1 
86 M. Nakazaki, Bull. Chem. Soc. Japan, 1962,35, 1387. ' ka£lll. . 
10 W. Klyne, S. C. Bhattacharyya, S. K. Paknikar, C. S. Narayanan, K. S. KW, 
Ki'epinsky, M. Romai1uk, Y. Herout, and F. Sorm, TetrahedronLetters, 1964, 144. ) 1961, 
17 H. Hikino, Y. Takeshita, Y. Hikino, and T. Takemoto, Chem. Pharm. Bull; (TokY'() ' LI 

13, 626. ) 19G<1' 
.. H. Hikino, Y. Takeshita, Y: Hikino, and T. Takemoto, Chem. Pharm. Bull. (TokYO, ~ 
13, 631. f. Jl. 
.. L. H. Zalkow, Y . . B. Zalkow, and D. R. Brannon, Chem. and Ind., 1963, 38; C' .,1 
Corbett and R. A. J. Smith, Tetrahedron Letters, 1967, 1009. " I~' 
100 M. L. Maheshwari; T. C. Jain, R. B. Bates, and S. C. Bhattacharyya, Tetrahetito ' 
19, 1079. . , 449 . 
101 S. C. Bhattacharyya, A. S. Rao. and A. M. Shaligram, Chem. and Ind., 1960, • 8 
101 Y. B. Zalkow, A. M. Shaligram, and L. H. Zalkow, Chem. and Ind., 1964, 194. 5 jO, 11 . 
101 W. Herz, A. Romo de Yivar, and M. Y. Lakshmikanthani, J. Org. Chem., 196, . 
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~_~~~ained in terms of a ten-membered cationic precursor (150) containing a 
, -double bond which on cyclisation would give (151), cf. (149). 

Hq H \H 

~~ ~ ~ 
H~O ~-H~OH 
o (149) (150) (151) 

A biog . 
(IS3) hi en~bc scheme has been postulated for the formation of agarospiroPo 
aBaro; ch IOvolves a cationic opening of the tetrahydrofuran ring of dihydro. 
qUent ~an (152) followed by a Wagner-Meerwein rearrangement and subse
infected eprotonation. Significantly, agarospirol is only isolated from fungus-

Wood, whereas the agarofurans are derived from fungus-free wood. 

Cl) - auK - An _;=\n 
(152) o-+- ; OH ~OH \.....(~OH 

(153) 

jer~~SSible derivative of the eudesmane class is the optically inactive cogei
and ge" (154), although its co-occurrence106 with the racemic ex-elemene (155) 
been plJ~rene (156) would suggest a relationship to the elemane class. It has 
~lelll:lOted out106,107 that whereas the naturally occurring optically active 
(ezl"lS~e (I57) would probably be derived from an optically active precursor 
asYllltnet): the Corresponding precursor of the above sesquiterpenes would lack 

rle centres (e.g., 159). 

Q? ~ ~ ~ ~ 

(154) (155) (156) 

Q::\ ~ ~ 
(157) (158) (159) 

lit 
1111 }.ll. Va 
'" J' GOU&h rya, M. L. Maheshwari, and S. C. Bhattacharyya, Tetrahedron, 1965, 21, lIS. 
'11 ~ GO\i&h'a d Powell, and M. D. Sutherland, Tetrahedron Letters, 1961, 763 . 

• 1). SUth n 1 M. D. Sutherland. Austral. J. Chem., 1964, 17, 1270. 
er and, Austral. J. Chem., 1964,17,75. 
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Guaiane Class.-As suggested by Hendrickson,2 an anti-Markownikoff CY~ 
tion of cation (126) generates the guaiane skeleton (160), illustrated by bulnesol 

(161), guaioP09 (162), globicinllO (163), and pseudoivaIin103 (164). 

~
. 

'/ ' 

8 oH 
(161) 

~OH q>-~A' H~ ~ 
(162) (~ (164) (165) 

Pseudoivalin is the first guaianolide known to co-occur with an eudesrnan~~~ 
viz., microcephalinlll (149), and the fact that it contains a .£lI,lo_double eOt 
could be rationalised in terms of loss of X from (160) followed by sub~oi' 
de~rotonation. On ~he other han~, calocephalinll2 (165) co-oc:urs ,,:it~ pse~~. 
valln and although Its stereochemIstry has not yet been determmed, It IS COIl tU 
able that both the C(I) acetoxy-group and C(10) hydrogen atom maY ~a1iJ1. 
orientated in which case an in vivo eis-elimination would produce pseudOI"{t/lO 

A more attractive scheme which would account for the stereochemistrY; riJlI 
above guaianes and also pseudoguaianolides involves the ten-mem~r ~ 
cationic precursor with a cis-.£ll,lo-double bond (150). A trans antl-P sS of 
cyclisation gives the intermediate (166) which can undergo a concerted 10 

(150) 
~OH 

(171) 

H I 

~ 
(167) 

Hi 

~ 
(168) 

H: . 

~O 
(169) 

101 E. J. Eisenbraun, T. George, B. Riniker, and C. Djerassi, J. Amer. Chem. Soc., 19 
3648. 

64.t1< 

108 K. Takeda and H. Minato, Tetrahedron Lellers, 1960,12,33. ; 11%1. 
110 R. B. Dates, Z. Cekan, V. Prochazka. and V. Herout, Tetrahedron Lellers, 196 , 
111 W. Herz, G. Hogenauer, and A. Romo de Vivar, J. Org. Chem" 1964, 29, J7~ 143, 
111 T. J. Batterham, N. K. Hart, and J. A. Lamberton, Austral. J. Chem., 1966,1 , 
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~~ resulting. in the formation of pseudoivalin. In addition a 'non-stop' re
~~em~nt Involving loss of X followed by two successive hydride shifts and a 
Whic~ ~hift and subsequent deprotonation gives the stereochemical pattern (171) 
heIa alilS characteristic of the pseudoguaianolides, e.g., tenulinU3 (167), 

A. n n
1
(4 (168), mexicanin IllIi (169), and flexuosin BU6 (170). 

(173) second ~oup of pseudoguaianolides, e.g., partheninll7 (172), damsinll7 

C(10) BmbroslOl1l8 (174), and hysterinllO (175), are characterised by a ,9-oriented 
methyl group. 

~9 ~; HO"~: ~ar 
H ACr:Q= 

(172) . (173) (174) (175) 0 

iso~:ntly a modified pseudoguaianolide, psilostachyin120 (176) has been 
treatlll an~ an in vitro conversion of coronopilin (177) into psilostachyin on 

ent With peracetic acid demonstrates their obvious biogenetic relationship. 

~ ~9 
H~ 

A. b' (176) 0 (177) 
iSoIati~ogenetic derivation of mexicanin E121 (178) has been found in the recent 
viQ an: of mexicanin H122 (179) in which the methyl group at C(5) is attached 
ftollllll xY.gen bridge to C(2). A molecule of formaldehyde is readily eliminated 
'Ilectru~x~canin H on treatment with base to yield mexicanin E. The mass-

ragmentation pattern of mexicanin H also indicates this breakdown. 

1
1

11
"" . Ch,' lierz, W 

I 
IltW' Soc., 196'iA . Rohdo, K. Rabindran, P. Jayaraman, and N. Yiswanathan, J. Amer. 
as I·lierz, A ,84, 3857. 
1II'l!9. . • Romo do Yivar, J. Romo. and N. Yiswanathan, J. Amer. Chem. Soc •• 1963. 
III W I)0lllln 
11,,,,,'lierz, ~UCZ .and J. Romo. Tetrahedron. 1963, 19, 1415. 
2601: lierz ti I<.ishida. and M. Y. Lakshmikantham, Tetrahedron, 1964.20,979. 
Illt'JlIf, SUCh§ ~atanabo, M. Miyazaki, and Y. Kishida, J, Amer. Chem. Soc., 1962,84, 
III J.... 'lIfabry W· Herout, and F. Sonn, Coli. Czech. Chem. Comm., 1963,28,2257. 
lilt' fomo d~ Y" Renold, H. E. Miller, and H. B. Kagan, J. Org. Chem., 1966,31,681. 
Ill)' .lIfab IVar, E. A. Bratoeff, and T. R(os, J. Org. Chem., 1966,31, 675. . 
M~ltomo z':· E. Miller, H. B. Kagan, and W. Renold, Tetrahedron, 1966,22,1139. 
Ill) ~'Ul'»aq omo de Vivar, and W. Herz, Tetrahedron, 1964,19,2317; C. N. C;:ugh1an, 

, 0rne A. Ue, and M. T. Emerson. Chem. Comm., 1966, 1St. 
. ' Romo do Yivar, and P. Joseph-Nathan, Tetrahedron Letters, 1966, 1029. 
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Further modifications the guaiane skeleton can be devised to account for sotllO 
structurally related sesquiterpenes. The unique structure of zieronel23 (180) bSS 
been rationalised either from an oxygenated guaiane or aromadendrane skeletOn, 
by the mechanism shown. 

0fQ~H-0 - 00~ 
~H .~ ~ 

OH (180) 

Rearrangement of the cation (181), derivable from pseudoivalin, could be 
considered to explain the gross structure of carabrone124 (182), and a similar ~~ 
of fission may be operative in the formation of xanthinin (183) and xanthaun 

(184). 

AcO ~ ®.' -~ ~(1 ~I 0 

f.! 0 ~~~O A?~O 0 
H 0 (181) (182) (183) ' (184) 

ul4 
The structures of IX- (185) and ,B-bourbonene126 (186) suggest that they COla!-

be formally derived by cycIisation of the bicyclic diene (187). The furOpe tial 
gones127 [188, epimeric at C(1)] have also been isolated from the same esse~ 
oil which makes their suggested biogenesis from an oxidative cleavage bet . 
C(9) and C(10) of (187) all the more attractive. 

It'''' 
To accommodate the structures of valerenic acid128 (189; R = lI, tfIW 

C02H) and valerenolic acid129 (189; R = OH, R' = C02H), a ring B con 

us D. H. R. Barton and G. S. Gupta, J. Chem. Soc., 1962, 1961. 
1U H. Minato, S. Nosaka and I. Horibe, J. Chem. Soc., 1964, 5503. 11 Ill. sot·, 
m T. A. Geissman, J. Org. Chem., 1962,27,2692; H. Minato and I. Horibe, J. C , ~ 
1965,7009. . _ j!lS~''..t 
m J. KrepinskY. Z. Samek, and F. Sorm, Tetrahedron Lellers, 1966, 359; J. Ktep J )//1'" 
Samek, and F. Sorm, Tetrahedron Lellers, 1966, 3209; J. D. White and D. N. Gupta,· 89' 
Chem. Soc., 1966,88, 5364. 64' %0. 17 ' 
U1 G. Lukas, J. C. N. Ma, J. A. McCloskey, and R. E. Wolff, Tetrahedron, 19 ' 
G. BUchi and H. WUest, J. Amer. Chem. Soc., 1965, 87, 1589. 962 65 
us G. BUchi, T. L. Popper, and D. Stauffacher, J. Alller. Chem. Soc., 1960, 82, Z ";.,19 ' 
m J. Krepinsky, v. Sykora, E. Zvonkovr., ::nd V. Herout. Col/. Czech. Chem. Co'" 
30,553. 
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lion h bee 
(189' as n suggested in the manner shown. The isolation of valerenaJl30 
for th~ == H, R' = CRO), however, suggests that a more likely intermediate 
by IS .type of sesquiterpene would be the cation (190), which can be derived 
al;~l1Jng of the cyclopropane ring in cx-gurjenene. Although the corresponding 
COllldol (189; R = H, R' = CH20H) has not as yet been isolated, valerenal 
Can . Well be the parent compound and the acid and the unreported alcohol 
jala~zza~o artefacts, induced by t)1e base used in the extraction process (cf. 

aCld-B, see earlier). 

~,r: 
"'H 

@.; 0) 
H+ 

~H 
R 

(/90) 

'I'he ses . 
(191. qUlterpenes patchoulenone131 (191; R = H2, R' = 0), cyperene132 

a ",,' oR ==: H2, R' = H2), and isopatchoulen-3-one133 (cyperotundone) (191; 
be fo~ R == H0, belonging to the revised class name of isopatchoulane, can 
frolll ~ by nucleophilic attack of the double bond on the cation derivable 
bUlne:l~aiol (192) which has, itself, been prepared in the laboratory from 
tefllts r The revised135 structure of patchouli alcohol (193) is explained in 
cation ~ a .Wagner-Meerwein migration with concomitant solvent attack in a 

eadIly derivable from bulnesol. 

-R~ ~_~ 
n (192) (191) R' H H (193) 

b' Ulnesol h 
~ogenet' . as been shownl34 to undergo in vitro transformations which are of 

YIelds p.IC Importance; for example, treatment with alumina and pyridine 
the actio patchou~ene (194), a degradation product of patchouli alcohol, while 
'lbeunu n of acetIc and sulphuric acids gives the guaienes (195) and guaiol (162). 
by an ~~al stereochemistry of cx-kessyl alcohol136 (196) can readily be explained 
Ia!ed fOr ~M:arkownikoff cyclisation of the conformer (134), previously postu-
11 t e formation of occidentalol (see earlier). 
'Il 

1It 1l · 1l· Bates 
111 {l'rlVO(JI and S. K. Paknikar, Chem. and [nd., 1965. 173 I. 
ll1li. 'l'rlvedi' ~ Motl. V. Herout. and F. Sorm. Coil. Czech. Chem. Comm .• 1964.29,1675. 
S'1l l{ikino' . MotI. J. Smol[kovd. Ilnd F. Sorm, Tetrahedron Letters. 1964. 1197. 
1965 NeraIi p ~ Aota. and T. Takemoto. Chem. and Pharm. Bull. (Japan). 1965. 13, 628; 
III a: 4OS3.· • • Kalsi. K. K. Chakravarti. and S. C. Bhattacharyya. Tetrahedron Letters. 
111 ~ Il. Bates' 
Soc' bObler Jand R. C. Slagel,J. Amer. Chem. Soc .• 1962.84. 1307. 
1 .. s' ~963. 383 • D. DUnitz. B. Gubler. H. P. Weber. O. Bilchi, and J. Padina 0, Proc. Chem. 
't'rl~' tG'M K 
'l'ak~~fb'o" ie,odama• T. Nozoe, H. Hikino. Y. Hikino, Y. Takeshita, and T. Takemoto, 

Ita. and ~"TS' 1963, 1787; S. Ito, M. Kodama. T. Nozoe, H. Hikino, Y. Hikino, Y. 
. akemoto; Tetrahedron, 1967,23, 553. 
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Elcmane Class.-A Cop~ rearrangement of cation (13) has been SUgg~sted as ~ 
feasible mechanism for the formation of the elemane class of SeSqulterpen 
e.g., elemol137 (197), saussurea lactone138 (198), and isolinderalactone1S9 (1.~: 
Since experimental evidence indicates that higher yields of this type of sesqu~~~ 
pene can be realised if heat is used at any stage in the isolation procedLl'~ 
doubts have been raised138,139 as to whether this type exists per se in Nature. 

<a 
' H (196) 

~-~"'0 ~ ~ai 
(13) (97) 

, .~ 
Having considered the genesis of these groups of sesquiterpenes de!1\' 11'0 I 

from cation (13), we feel we may digress a little and examine some In Ybcd 
transannular cyclisations of the germacrane sesquiterpenes which have furnl~~ 
an experimental basis for the suggested in vivo cyclisations described a lied 
Thus, costunolide (122), on treatment with acetic acid, gives rise to the S~ytiD 
«- (200) and ~-cyclocostunolide140 (201). «-Cyclocostunolide, on cat.sJ1eS 
hydrogenation, yields santanolide 'c' (202), the formation of which estabh

d 
bY 

the stereochemistry of the cyclised product at all the asymmetric centres ~~ed • 
inference at C(6) and C(7) in costunolide itself. This method has pr~Vl eellll 
means of converting costunolide into the antipode ofnaturally-occurriogJUIl 
(203). 

w 
OH 

(203) 

2641, 
181 A. D. Wagh, S. K. Paknikar, and S. C. Dhattacharyya, Tetrahedron, 1964, 20, 319. 
188 A. S. Rao, A. Paul, Sadgopal, and S. C. Dhattacharyya, Tetrahedron, 1961, 13, 
180 K. Takcda, H. Minato, and M. Ishikawa, I. Chem. Soc., 1964.4578. 2639. 
uo O. H. Kulkarni, O. R. Kelkar, and S. C. Dhattacharyya, Tetrahedron, 1964,20'1301 • 
UI O. H. Kulkarni, O. R. Kelkar, and S. C. Dhattacharyya, Tetrahedron, 1964,20, 
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(i~)i1arlY, arctiopicrin84 (125), ba1chanolide142 (204), and eupatariopicrin143 

the b' afte~ hydrolysis of the side-chain, yield, on hydrogenation in acid medium, 
Sant I~chc derivative (206), which can also be prepared from artemisin (207). 
ses ~nm (208) has recentlr assumed a close association with the germacrane 
cei~~terpenes. through the' key role which it plays in Corey's brilliantly con-

. synthesls144 of dihydrocostunolide (209). 

/CH2{)H 

W
'o,co,c " .' ~ CH'CH ·OH 

.-0 .... 2 

(205) 6~0 

·o~ ~. 
(208) ° (209) ° 

So ~ .' 
Ihat otr, the only reported in vitro cyclisation resulting in a guaiane skeleton is 
Irjftu ~arthenolide82 (123), Thus dihydroparthcnolide, on treatment with boron 
lllentOr~de ether complex, yields the hydroxy-lactone (210). The Cope rearrange
also ~ some of the germacrane sesquiterpenes to form the elemane series has 
lacton 1~8 observed, e.g., dihydrocostunolide (209), on pyrolysis, affords saussurea 
(211). e (198), while germacrone, on similar treatment, gives ,B-e1emenone145 

«) ~ 
~ . (210~ ~ (211) 

(21~O~hiJane Class.-A double-bond migration in cation (13) giving cation 
catio~ ~"o~ed by analogous concerted cyclisations to those postulated for 
(213) a (d3) Itself, result in the formation of two more hypothetical intermediates 

n (214) in sesquiterpene biogenesis. 

~'~OH~rtl 
~/ ~OH 
~ HO (213) 

(212) ~ ~ = HOr<l)1 
~OH ; 

~ R , 
~~~ ~~ 00 
114 ~. S~h~t, M. SucbY, nnd F. Sorm, Call. Czech. Chem. Comm .• 1961, 26, 2612. 
141 ci J. Co • V. Herout. nnd F. Sorm. Call. Czech. Chem. Comm .• 1963.28. 1715 • 

. ()hlo~Y and A. G. Hortmann. J. Amer. Chem. Soc .• 1965.87,5736 . 
• H. Farnow. W. Philipp. and G. Schnade. Al/IlQ!en. 1959,625.206. 
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The intermediate (213) has been postulated146,147 as the ideal precursor for 
the eremophilane series, e,g" eremophilone147 (215), petasin148 (216), furano~ 
tasin149 (217), and eremophilenolide150 (218). As illustrated, the scheme invol~ g 
a series of l,2-shifts with a final epimerisation of the C(10) hydrogen, resulUn 

in the stereochemistry characteristic of this group. 

. H I;f cfL
"H 

+~H OH -~OH 
H 9H , 0 

CH~~ 11 ' 
0CO'O 
I 

Me (217) 

. d151 fcolll 
Nootkatone (219; R = 0) and valencene (219; R = H:J, Isolate 'lallC 

grapefruit peel, have been correlated with a C(7) epimer of the eremopb1 e 
series, but their biogenesis seems to be more closely related to the vale:! 
sesquiterpenes (see earlier) where the C(1O) methyl rather than the C(4) me 
group has migrated to C(5). 

R~ 
~ 

, (219) 

Vetlvane Class.-The intermediate (214) is the obvious precursor of the veti:~; 
type of sesquiterpenes, e.g., hinesol152 (220) and ,B-vetivonel53 (221), and 
also be the antecedent of tricyclovetivenol154 (222). 

HO~ 
(220) R ! 

U·R. Robinson; cf. A. R. Penfold and J. L. Simonsen, J. Chem. Soc., 1939,87. 354 
167 L. H. Zalkow, F. X. Markley, and C. Djerassi, J. Amer. Chem. Soc., 1960,82, 6 • 
us D. Herbst and C. Djerassi, J. Amer. Chem. Soc., 1960,82,4337. h CM"" 
1U L. Novotny, Ch. Tabal:lkova-Wlotzkli, V. Herout, and F. Sorm, Coli. Ctee . 
Comm" 1964,29, 1922. I 'f,I'" 
160 L. NovotnS', J. Jizba, V. Herout, F. Sorm, L. H. Zalkow, S. Hu, and C. DjcrasS , 

hedron, 1963, 19, 1101. 
111 W. D. MacLeod, jun., Tetrahedron Letters, 1965, 4179. 
m W. Z. Chow, O. Motl, and F. Sorm, Coli. Czech. Chem. Comm., 1962,27,1914. 
143 A. St. Pfau and P. A. Plattner, He/v. Chlm. Acta, 1940, 23, 768. 
U4 G. Chiurdoglu and J. Decot, Tetrahedron, 1958,4, 1. 
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~llane, Aristolane, and Aromadendrane Classes.-The skeletons of these 
prate CloS~ly-related groups of sesquiterpenes contain a gem-dimethyl cycIoco:ane flng, and it has been postulated166 that they have their origin in a 
(8) ~on pr~cursor, viz., (223), which can arise from 1,3-deprotonation of cation 
co~ consideration of the various conformers of (223) and the corresponding 
ster Pound :-vith a cis-L!4,5-double bond, can lead to a rationalisation of the main 
lianCochenllcal features of these groups, e.g., a Markownikoff-oriented cycIisa
IVhe of conformer (224) would lead to maaliop66 (225) and the maalienes (226), 
spat

h
eas an , anti-Markownikoff cycIisation of conformer (227) yields 
, ulenol157 (228). 

- m HO ... (225) (224) 

~ S-H~ 
e~! a S!milar fashion to the 1,2-migrations suggested in the genesis of the 
(230)a~lla~e group, the maaliane cation (229) would yield 1(1O)-aristolene155-158 
'l'he e re~IOusly named f1-gurjenene and calarene) and aristolone159 (231). 

~anhomer of 9-aristolene, cx-ferulene (232), has recently been isolated.16o 

c;Of-
(232) 

dO: anti-Markownikoff cycIisation of conformer (233) in which the L!4,5_ 
Virid~ bond is cis produces the skeletons of alloaromadendrene161 (234), 

Orol181 (235), cx-gurjenene162 (236), and cycIocolarenone163 (237). 
1111 
III . Streith 
\I) G.IlUc!ti' P. Pesnelle, and O. Ourisson, Bulf. Soc. chim. France, 1963, 518. 
II.~' C. 8 ,M. Schach v. Wittenau, and D. M. White, J. Amer. Clzem. Soc., 1959,81,1968. 
1I11'Vrko~WYer and P. R. Jefferies, Chem. and Ind., 1963, 1245. 
I'\~' FllfUk J. Kfepinsky, V. Herout, and F. Sorm, Call. Czech. Chem. Comm., 1964,29,795 
l.e • C&rb a-.ya, J. Pharm. Soc. Japan, 1961,8,1, 570. . . . . 
1'1""8, 196~nl, A. Da Settimo, V. Malaguzzl, A. Mamh, and P. L. PaclOI, Tetrahedron 
wt::r. Cl 8 ,3017. 
lIt~nau ~Chi, S. W. Chow, T. Matsuura, T. L. Popper, H. H. Rennhard, and M. Schach v. 

I 
I~ ·I>ai

lll 
etrahedron Letters, 1959,6, 14. 

. 'n~'IlUchi ~de. P. Pesnelle, J. Streith, and O. Ourisson, Bulf. Soc. chin:' F,rance, 1963, 1950. 
1-1. J E Od H. J. E. Loewenthal, Proc. Clrem. Soc., 1962,280; O. BLlchi, J. M. Kauffman, 

\ •• Lo'W,"Ih,I. J. A~', Ch,m. S"" 1966.'~ 3403. 
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· -5H ~H ~ ~ ~ (234) (235) (236) (;131) 

rsatiOIl 
Aromadendrene161 (238) ,and globulol161 (239) could arise from a cyc I ~"f 

of yet another conformer (240) with a cis double bond, and finally confon"'" 
(241), in which both double bonds are eis, can lead to ledol (242).161 

_~ AXCH 

:H ~ 
(239) (239) 

'FY 
(240) 

~-5NH~ 
(241) (24~ (24~ 

However, this approach fails when a hypothetical precursor of palustrO~: 
(243) is sought, since a model of the required conformer indicates that the ttbC 
double bonds are spatially remote, although it should be pointed out that ~ 
structure and stereochemistry of this compound have not been positively cO tic 
lated with the other members of the aromadendrane group. It is of biogc~~dJ 
significance that of the two Dipterocarpus species so far examined,166 on~ YIC dY 
predominantly caryophyllene and humulene while the other yields predonlln~:tJe. 
aromadendrene, alloaromadendrene, and cx.- and ,B-gurjenene, but no maah 

,\,ed 
Blcyclofarnesol Class.-Although the majority of sesquiterpenes can be de~ter' 
by the cyclisation processes outlined above, a well-defined group of sesqll~ 
penes has been isolated which indubitably are derived by a 'non-stop' If 11" 
antiparaJlel cyclisation of farnesyl pyrophosphate, e.g., iresin164 (244), driOlen~ bC 
(245), and polygodiaP66 (246). It was suggested initially that they may in (a~ site 
degraded di- and tri-terpenes, but iresin has been shown to have the OPPOllJII 
stereochemistry from that found in most higher terpenes and steroids, aJth~ tr'f. 
drimenol has been shown to possess the conventional absolute stereocheOlIS 

('0 

~o 
HO"~ 
HO'H;{~ (244) 

m C. Djerassi and S. Bumstein, Tetrahedron, 1959,7,37. 
18& H. H. Appel, C. J. W. Brooks, aDd K. H. Overtoo, J. Chem. Soc., 1959, 3322. 
m C. S. Bames and J. W. Loder, Austral. J. Chem., 1962, 15, 322. 
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rn Van Tamelen and his co-workers have shown167 that treatment of the terminal 
coonoepoxide of frans-Irans-famesyl acetate (247) with boron trifluoride ether 
(2~r~x or mineral acids gives a reasonable yield of the stereo isomers (248) and 
fOll In the ratio of 5·5: 1. Oxidation to the corresponding acetoxy-ketones 
res Owe.d by reduction of the thioketals gives dl-drimenol and dl-epidrimenol 
SistPecbV~IY. Two by-products of this cyclisation have spectral properties coo
int ent with (250) and (251) respectively. These structures are of biogenetic 
aCi~est sin~ the ring B moiety in (250) is found in diterpenes such as pimaric 
nat and flmuene and the second structure (251) is very reminiscent of the 
a~lraUy. OCCurring famesiferol C168 (252). Abscisin n169 (253), an abscission
direc;rab~g p.lant hormone, can be derived simply from a famesyl precursor by 
has ~YChsatlOn of the ..d6, 7 and ..d10,ll double bonds. The structure of abscisin 11 
!nay h n con~rmed synthetically170 by photo-oxidation of the diene (254); this 

aYe a biogenetic implication. 

~ ~ ~ ~CHPAC - ~CH2'OAC + ~ 
(247) (248) (249) CH2{)Ac -ro c;;tyO (2: 0 0 "w (250) 

~o,H ~o,H 
Q. . (253) (254) 

ll. ... ~~IY several acyclic sesquiterpenes have been isolated. Dendrolasin (255; 
~ 3), torreyal (255; R = CHO), and neotorreyol (255; R = CH20H) 
1\.' ... ~71 with' the bisabolane-type sesquiterpenes, nuciferal (256; R = CHa, 
(~7) 0), and niciferol (256; R = CH20H, R' = CHs). Ipomeamarone 
Illevat has been shown172 to incorporate both [2-14C]-acetate and [2-14C]-

Onate. 

~~.a v 
111.329;. En Tamelen, A. Storni, E. J. Hessler, and M. Schwartz, J. Amer. Chem. Soc .• 1963. 
I11 t. Ca'SI" ~. van Tame\en and R. M. Coates. Chem. Comm .• 1966,413 and refs. therein. 
2S le. OhklOh, H. Naef. D. Arigoni, and O. Jeger. He/v. Chim. Acta, 1959.42,2557. 
11 29; 1. W Ulna, F. T. Addicott. O. E. Smith. and W. E. Thiessen. Tetrahedron Letters, 1965. 
11.4• . ' Corn forth, W. Draber. B. V. Milborrow, and O. Ryback, Chem. Comm .• 1967, 

~/\V.c 
IllnCl, S-C°r::/0T!-h, B. V. Milborrow, and O. Ryback. Nature, 1965,206,715; M. Mousseron-
h,~.Sa1cai }(am, J-P. DaUe. and J-L. Olive. Bull. Soc. chilli. Frallce. 1966.3874 . 

. Aka' ',Nishimura, and Y. Hirose. BlIlI. Chem. Soc. Japan, 1965.38,381. 
laWa, I. Uritani; and Y. Akazawa, Arch. Biochem. Blophys., 1962,99, 52. 
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R~ 
o 

(255) 
~ ~ . - (257)V 'V 
R R (256) 

• 171 
The drimanyl quinone tauranin173 (258), grifolin174 (259), and chanootlll to 

(260) seem to have a mixed biogenetic origin. Chanootin, which is related fa 
nootkatin (261) and procerin (262), can be derived from condensation178 

0 

C& unit with ,B-thujaplicin (263). 

(259) 

:~H~~iI 
o (260) (261) 0 (262) (263) 

The overall picture which emerges from this Review is reminiscent of the s~~ 
of alkaloid biogenesis before the elegant radioactive tracer studies of the SC~ tII0 
led by Professors Barton, Battersby, Leete, and Mothes. Although some 0 tal, 
above biogenetic schemes, e.g., those of trichothecin, helminthosporal, ~r~yPO 
and longifolene have been corroborated by 14C tracer studies, more of thiS Ilcb 
of verification has yet to appear in print. One reason for the paucity of '~het 
corroboration may be the difficulty of tracer feeding and harvesting in the hit" 
plants. . 1'OIlS 

Alternative methods of substantiation of sesquiterpene biogenetic SUgses ~ 111 

lie in a chemotaxonomic classification of plants, as advocated by ErdUll ~tO 
and an extension of the in vitro reactions of neryl- and geranyl-diphenylphOSP d 17' 
giving rise to known monoterpenes, as determined by Miller and Woo . 

• 1964, 
171 K. Kawashima, K. Nakanishi, and H. Nishikawa, Chem. and Pharm. Bull. (Japan), 
12,796. 
17& T. Ooto. H. Kakisawa, and Y. Hirata, Tetrahedron. 1963. 19,2079. 
176 T. Norin. Arklv Keml. 1964. :Z:Z, 129. 
171 H. Erdtman. Progr. Org. Chem .• 1952, I, 22. toch'''''' 
177 H. Erdtman. Pure Appl. Chem .• 1963. 6, 679; cf. C. Steelink and J. C. Spitzer. phY paw'~' 
1966.5,357; N. O. Bisset. M. A. Diaz. C. Ehret. O. Ourisson, M. Palmade, F •. ;.. • 
Pesnelle. and J. Streith. Phytochem .• 1966,5,865; L. Novotn5', J. Tornan. F. Star)', 
Marquez. V. Herout. and F. Sorm. Phytochem .• 1966. 5, 1281. 
178 J. A. Miller and H. C. S. Wood. Angew. Chem .• 1964, 76, 301. 
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~c work of Haagen-Smit and his co-workers179 in which isoprenoid compounds 
~ produced from mevalonic acid by the action of enzyme preparations from 
ll~ !lea~, could perhaps open the door to an exciting field of investigation 
Yeas cl with the elegant studies of Cornforth, Popjak, Lynen, and Bloch on 
SUCh

t 
and mammalian enzymes. The advent of more exacting analytical tools 

laC as the combination of gas-liquid chromatography and mass spectrometry, 
und nuclear magnetic resonance,180 and improved tissue culture techniques will 

OUbtedly lead to an even more detailed understanding of terpene biogenesis. 

lla~ddendlUn-Since the completion of this Review, a number of significant 
llen ~~ave been published which contribute to the general picture of sesquiter
~ I.ogenesis, formulae being omitted for brevity. 

COny un~terol, a close relative of laurene (51) has been isolated,181 and its in vitro 
SUlll~rsl~n t.o aplysin (52; R = Br, R' = H) by treatment with p-toluene-

1b onlc aCid has demonstrated their biogenetic relationship. 
llrov'~ structural elucidation of chamigrene182 [i.e., a deprotonated form of (53)] 
Wid~es the 'missing link' in the biogenetic scheme for the cuparane, thujopsane, 
ing s' ne and cedrane classes. This scheme has now become even more convinc
fOUr I~ce, not only is chamigrene found to co-occur with representatives of these 
by ill

c 
asses, but can also be derived from either widdrol (54) or thujopsene (55) 

li Vitro processes. 

'tere:ut ~nd Co-workers183 and Westfelt184 have reported the structures and 
cadaJ hemlstry of the four diastereoisomeric compounds belonging to the 
nKura~?e Skeleton. Thus, the four sub-groups, which differ in the relative con
the cal~ns about the ring junction and isopropyl group, should now be termed 
CQlla~lnane, muurolane, amorphane and bulgarane types. In this context, 
Illenl rn~01185 is closely related to copaene by a. Wagner-Meerwein rearrange
lenla~.whlle the two cubebenes186 [cf. cubenol and its C(1) epimer187] are repre-

... ~ve~ o~ an alternate mode of cyclisation of a cadalene precursor. 
Ilorat~e~lmInary communication188 indicates that [2-14C]-mevalonate is incor
can be' Into Dendrobillm nobile from which radioactive dendrobine (94; R = H) 
been r'ISOlated. The positions of the radioactive carbons have, however, not yet 

: ' Igorously established. 

'., 
1. ,. 

II1 

~ f'J: :ollard, J. Bonner, A. J. Haagen-Smit, andC. C. Nimmo, Plant Physiol., 1966,41,66; 
11, Cr. M O~ers, S. P. J. Shah, and T. W. Goodwin, Biochem. l., 1966, 99,381 and refs. therein. 
,~'l'.!rie· anabe and G. Detre, l. Amer. Chem. Soc., 1966,88,4515. 
,,,S.ltO:~· SUZUki, E. Ku~osawa, and T. !'1asamune, Tetrahedron Letters, 1966, 1837. 
~~. Mot! . Bndo, T. Yoshlda, M. Yatagal, and M. Kodama, Chem. Comm., 1967, 186. 
~ ~'M ,M. Romailuk, and V. Herout, Coli. Czech. Chem. Comm., 1966,31,2025; A. 
l,fltotUb' Romanuk, and V. Herout, Coli. Czech. Chem. Comm., 1966,31,3373; R. Vlahov, 
1~·~OIUb'l. Ognjanov, and V. Herout, Coli. Czech. Chem. COlllln., 1967,32,808; R. Vlahov, 
'~~ West~nd V. Herout, Coli. Czech. Chem. Comm., 1967,32,822. 
'~ 't.l(olbelt, Acta Chem. Scand., 1966,20,2829,2841,2852. 
I~ • Oht e and L. Westfelt, Acta Chem. Scand., 1967,21,585. 
"I~: Ohta, T. Sakai, and Y. Hirose, Tetrahedron Letters, 1966,6365. 

"I. \' a and Y. Hirose, Tetrahedron Letters, 1967,2073. 
lIIIazaki, M. Matsuo, and K. Arai, Chem. and Pharm. Bull. (Japan), 1966,14, 1058. 
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The structure of the unusual sesquiterpene, fomannosin has been addu_~lIY 

By oxidative cleavage of the bond shown, this compound can be foCIIU'," 
derived from the cation (117) which has been previously suggested in the bIO
genesis of the illudins, marasmic acid and hirsutic acid C. 0 

Another example of unusual cis ring junction stereochemistry in the eudesJ]1~" 
class has been found in the acetylenic nor-sesquiterpene, chamaecynone,c!_ 
which can best be derived from conformer (134), cf. occidentalol (140). 5uth no 
land and co-workers191 have shown that the triene, prepared from gerOlacro 0-

(120), undergoes a trans-antiparallel cyclisation in the presence of N_brolll /le 
succinimide in aqueous acetone to yield a bicyclic derivative which has ~I t of 
stereochemical features associated with the eudesmane group. The isolat10~ all 
chamissonin192 from an Ambrosia species provides an interesting example rised 
uncyclised precursor in a plant species which had previously been characte 114 

only by the presence of pseudoguaianolides. IvaxilIarin193 and zaluzanin And 
are representatives of a new type of guaianolide in which a cyclopropane bO 
has been formed between C(8) and C(lO). . '00 

The structure of eremoligeno)195 is in accord with the biogenetic deriva~er, 
of the eremophilane class from the eudesmane class of sesquiterpenes. U7 Whi~) 10 
in fact, it is necessary to invoke a double bond migration from cation ( 
cation (212) is a moot,point. of 

The complete structural revision of two members of the vetivan~ class us. 
sesquiterpenes certainly demands a reappraisal of their biogenesl~. ~oo 
lX_vetivone196,197 has been shown to be a double bond isomer of noottca ur
(219; R = 0) and, as such, should be renamed iso-nootkatone.197 Its CO~el" 
rence with fl-vetivone, now formulated as a spiro(5,4)decane der~val1V csiS 
suggests a common biogenetic link similar to that suggested for the bI0get1000 

of agarospirol (153). It is of possible biogenetic significance that vale~ngs. 
(142; R = H) has been found to co-occur with nardostachone.109 These fin ~ 
therefore, cast reasonable doubt on the structural validity of other supP 
members of the vetivane class. . and 

By an unambiguous synthesis of the enantiomer of aromadendrene, BU~ of 
co-workers2oo have demonstrated that the previously accepted st(Uct ouP 
aromadendrene (238) requires alteration with respect to the C(4) methyl grl~et 
which has now been shown to be in an IX configuration. Syntheses of 0 

,4"" 
lit 1. A. Kepler, M. E. Wall, 1. E. Mason, C. Basset, A. T. McPhail, and O. A. Sint, ,. I 
Chem. Soc., 1967, 89, 1260. 
110 T. Nozoe, Y. S. Cheng, and T. Toda, Tetrahedron Letters, 1966. 3663. 1961, Ill. , 
111 E. D. Brown, M. D. Solomon, 1. K. Sutherland, and A. Torre. Chem. Comm., 
IU T. A. Oeissman, R. J. Turley. and S. Murayama, J. Org. Chem., 1966, 31,2269. I 
111 W. Herz, V. Sudarsanam, and 1.1. Schmid, J. Org. Chem., 1966,31,3232. 
11& 1. Romo, A. R. do Vivar, and P.l. Nathan, Tetrahedron, 1967,13,29. 
m H. Ishli, T. Tozyo, and H. Minato, J. Chem. Soc. (C), 1966, 1545. 
III K. Endo and P. do Mayo, Chem. Comm., 1967, 89. 
U7 1. A. Marshall and N. H. Andersen, Tetrahedron Letters, 1967, 1611. 4 
11'1. A. Marshall and P. C. lohnson, private communication. "f~f/I' 
101 S. D. Sastry, M. L. Maheshwari, K. K. Chakravarti, and S. C. Bhattacharyya, P I 
Essen. Oil Rec., 1967,58, 154. 13 
lOO O. Btlchi, W. Hofheinz, and 1. V. Paukstelis, J. Amer. Chem. Soc., 1966,88,41 • 
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~~ereoisomers in this series by the same workers also necessitates the reformula
IOn of alIoaromadendrene (234) in a similar manner. Thus, aromadendrene 
C~Uld result from an anti-Markownikoff cyc1isation of conformer (227), whereas 
a Oaromadendrene could arise from conformer (224). These stereochemical 
~:rections may, in turn, require a critical reappraisal of the related alcohols, 

;.1, viridifiorol, palustrol and globulol. 
a lOalIy, an extensive screening of plant sources for potential antitumour 
efe~ts by Kupchan and co-workers has led to the isolation and structural 
elUcidation. of the biologica\ly active sesquiterpene lactones, elephantin,201 

ephantopm,201 euparotin acetate202 and gaillardin.203 
101 

an:A~ Kup~han, Y. Aynehchi, J. M. Cassady, A. T. McPhail, G. A. Sim, H. K. Schnoes 
101 S M . Burhngame, J. Amer. Chem. Soc., 1966,88,3674. 
Silll,'J . Kupchan, J. C. Hemingway, J. M. Cassady, J. R. Knox, A. T. McPhail, and G. A. 
IOIS MAmer. Chem. Soc., 1967,89,465. 
Ilurli . Kupchan, J. M. Cassady, J. E. Kelsey, H. K. Schnoes, D. H. Smith. and A. L. 

ngame, J. Amer. Chem. Soc., 1966, 88, 5292. 
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Biosynthesis of Colchicine from a 1-PhenethyJisoquinoline 
By A. R. BATTERSBY, R. B. HERBERT, E. McDoNALD, R. RAMAGE, and (the late) J. H. eLEMENTS 

(The Robert Robinson Laboratories, University of Liverpool) 

A ndrocymbium melanthioides is a close relative of 
Colchicum autumnale and both species contain 
colchicine. The constitution (V) was recently 
established l for androcymbine, the major alkaloid 
of the former plant. Earlier tracer experiments'-' 
on C. autumnale had led to the suggestion'., that the 
dienone (I) is a biosynthetic precursor of colchicine 

x 

(I) 

./: 

. '~1~9 

and this was subsequently supported by a different 
labelling experiment.& Reasoning from the struc
ture of androcymbine, it was suggestedl that 
colchicine is a modified I-phenethylisoquinoline 

alkaloid and that the partial structure (I) for the 
intermediate should be extended to give dienonll 
(VI). The biosynthetic pathway to colchicine 

. '" /, 

,,' --NMe 
I 

(Ill) 

H 

IOH 
OMe 

(IV). He: '*'SH tV'), R=Me, R' =H 
VI), R=H, R'=Me 

__________ \ '11), R=R'=Me 

'(OX 

-
Me~ 

(VIII) 

(IX) (X) 



I < 

(±)-Precursor (as IV) .. 
Colchicine (X) .. • . 

TABLE 

Ar-Ta 
4·40 
3·08 

2 x OMe 
(ring-A)· 

10·1 
10·3 

OMe 
(ring-c)· 

9·li 
9·6 

(70% retention) 

• The figures record the ratios of activity relative to the ICC internal standard. 

the bee res n omes (11) -+ (X) . We now outline the 
au ults of tracer experiments which provide strong 
P~rt for tnuch of this sequence.-

m ~ndrOC~bine (V) was methylated with diazoa: hane In the presence of tritiated water7 to 
at:d (lH]-O-methylandrocymbine (VII) labelled 
di at O-methyl group shown as R'O. When this 
co~none was fed to C. autumna18 plants, it was 
de;erte~ well (15%) into colchicine. Oxidative 
3. td~tton of the radioactive. colchicine gave 

• o~rl ... trime~oxyphthalic anhydride (99'2% of 
. in gtnal activity). This establishe$ the specific 
'thcorpor~tion of the dienone (VII) and therefore 
qU~ rel~bonship of colchicine to the I-phenethyliso- . 
alln~hne series. [IH)-O-Methylandrocymbine was 
deSo Inco;porated by C. byzantinum plants into 
CO~h~lcme (IX; 4·9% incorporation) and into 

c.lcme (0'65%). . 
areDlr6Ct evidence that 1-phenetbylisoquinolines 
Obt t?e precursors of colchicine and demecolcine was 
ain ~Ined by synthesis of the racemic base (as IV) 

• ~ Y labelled with carbon-14 at the position 
. ~ed.. Many ttleding experiments have been 
~ed out with this substance and the incorpora
,:;: into Colchicine and demecolcine in C. autum
res h~ve been as high as 10'1% and 0·81%, 
as Pectl'~'ely. Oxidation of the derived colchicine 
ph ear:herl afforded radio-inactive trimethoxy
(98~ahc anhydride and radioactive succinic acid 
8U ~ ~f total activity) ; Schmidt degradation of the 
prCCI~IC acid gave inactive carbon dioxide thus 
~~~ng the colchicine to be labell~d s~ecific~lly at 
Use on 6. Further, this result made It pOSSible to 
~ .skeletal UC-Iabel as the i~ternal standard for 

rtrne~ts ~th multiply labelled forms of _!he 
t 

, 

racemic base (as IV). These were synthesised by 
routes to be described in our full publication. 

The biosynthetic scheme requires that (a) one 
third of the aryl tritium should be lost from the 
precursor when it is converted into colchicine; (b) 
the two O-methyl groups on ring-A should be 
retained; (c) the O-methyl group on ring-c should 
also be retained. The Table shows that the experi
mental results agree closely with these require
ments; the degradative methods used were those 
reported earlierl together with appropriate Ze~sel' 
O-methyr determinations. Further, the -racemic 
precursor (as IV) was synthesised carrying a nitro
gen-I5 label together with carbon-14 at the usual 
skeletal position and this product was fed to C. 
autumnale plants. The dilution of carbon-J4 
during the biological conversion into colchicine was 
157 which matched perfectly the dilution of nitro
gen-I5 found to be 156 by mass spectrometry (the 
UN-assay was kindly carried out by Drs. E. W. 
Underhill and L. R. Wetter). Thus, the nitrogen 
atom of colchicine is proved to be that of the 
isoquinoline precursor. 

The biosynthetic steps preceding the isoquinoline 
(IV) were examined by feeding C. autumnal, 
plants with the phenols (11) and (Ill). These were 
incorporated into colchicine to the extent of 1'4% 
and 3'8% respectively in agreement with the 
illustrated stepwise oxygenation .process. 

Our results define in detail a considerable part of 
. the biosynthetic pathway to colchicine; the 

mechanism of the ring-expansion step and the 
relationship of demecolcine (IX) to colchicine (X) 

• will be the subject of a future communication. 

(Received, A ugust 1st, 1966; Cam. 15158.) 
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I Ph-. ete, Tetrah,dron Letters, 19611, 333. 
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Structure and Synthesis of Homoaporpbines: a New Group of' 
I-PhenethyUsoquinollne Alkaloids 

By A. R. BATTERSBY,. R. B. BRADBURY, R. B. HXRBERT, M. a. G. MUNRo, and R. RAilAGE 

(The Robert RQbinson Lalxwalories, Unive,.sity of Live,.pool, Live,.pool 7) 

~~ recently disco~ered I-phenethylisoquinoline 
and of alkal~ids is represented by androcymbine1 

COl ~elanthioidine' whilst the biosynthesis of 
m ~cUl~ has been shown',' to involve extensive 
'rh Odiftcation of the I-phenethylisoquinoline system. 
d~ ~ork now outlined adds a further group by 
three Vlng ho~oaporphine structures [e .g., (V)] for 
U-iua alkaloids from K,.eysigia mulJijlOf'a Reichb. 
atf cea~) . Repetition of the plant extraction 
ieo~:ed (:-)-fioramultine and (±)-laeysigine 
&nio ed earlier' together with many other alkaloids; 
IIlin ng these was a new base named mulilllora-

e. 

;;:~ ~olecular formula, C.aH17NO" assigned' to 
(AI+ ligUle was supported by mass spectrometry 
one' ;85) and n.m.r. confirmed the presence of 
atoma ~tnethyl and four O-methyl groups; two _ 
llid 3.:c -protons (singlets, s) appeared at T 3·41 
Prot 6, and signals corresponding to nine further 
'fhe ~ns ~e Observed over the region T 6·5-8·1. 
hydro tnaining Oxygen atom is present as a phenolic 
~ft .leyl group (Lr. and u.v. with bathochromic 
'te~_~~ali). The data prove laeysigine to be 
llid \--~c alkaloid based upon a Cn skeleton 
lIlen~ning two aromatic rings; these require
ethy~e .me~ by a dehydro-derivative of I-phen
'Porphi Ulnoline. Two results indicated a homo
tonjuga n~ system: (a) the u.v. spectrum showed 
t93 m tion of' chromophores, ~m.,. 221, 260, and 
~ (b) the signal from one OMe group 
,. 6'17 (at higher field, T 6,41, than the others 
~hi 311), 6-14: (6H) as observed for many 
~dertd ~es.' Structure (V) was therefore con
In'oup beo:: kreysigine, the position of the hydroxyl 
the base Ulg selected on the slender evidence' that 
to AfI>eak in the mass spectrum corresponded 
'Yntlies"":' 17. This structure was established by 

'fh IS. 

product in concentrated sulphuric acid yielded 
(45%) the (±)-dipbenol (Ill); the alternative 
structure (IV) was excluded by the appearance of 
one O-methyl signal at high field (T 6'52) in the 
n.m.r. spectrum. This product was identical, 
apart from optical activity, with (- )-multi
floramine. Further, methylation of synthetic 

OMe 

MR=H 
(VI) R=Me 

(I) 

(Ill) MeO :::,., 
OH 

(I1) 

(IV) 

(VII) R=R' =H 
(VIII) R=R'=Ac 

(IX) R=Ac, R~ =H 
lll~:±:)-diphenolt (I), prepared by standard 
.90/. Yi ' \Vas oxidised by alkaline ferricyanide in 
~ e:: to the dienone (U), CIlH .. NO" (M+, 371) 
~ OWed the following important n.m.r. (Ill) with diazomeiliane gave a mixture of the 
(d. la. -1 values): 3·64 (s, IH) aromatic; '·07 di-O-methyl ether (VI) ' and a mono-O-methyl 
lee.) ~tli - 2·c./sec.) and 4:·22 (d, IH; J = 2 c./ ether (V). The former was identical withO-methyl-
6'.8; e. olefinic with transannular coupling; 6,29, (± )-laeysigine and the latter with (± )-1aeysigine 
li.'lrJ.et.h 60 (s, 3H each) O-methyls; 7·60 (s, SH) itself. Preferential formation of kreysigine (V) 

Yl. Dienon~phenol rearrangement of this by partial methylation of (Ill) supports the 
t -

'U ~~PiC and analyticlll data in agreement with the asaisned atructurea have been obtained for 
-t"'uuda. 
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assigned position of the hydroxyl group in krey
sigine because groups ortho to the internuclear 
bond are strongly hindered in such twisted 
biphenyl systems.· 

Mass spectrometry showed that the earlier 
molecular formula' for (- )-floramultine must be 
modified to CI1H u NO, (M+. 371. base peak at 
M - 17). that is. CH. less than for kreysigine. 
Since (- )-floramultine contains three O-methyl 
groups' whereas kreysigine has four. floramultine . 
was methylated with diazomethane to yield (-)
kreysigine (V) and (- )-di-O-methylfioramultine 
(M+. 399, base peak at M - 31). The latter was 
structurally identical with (±)-O-methylkreysigine 
(VI). Further. OO-diacetylfloramultine (VIII) on 
partial hydrolysis gave the mono-O-acetyl deriva
tive (IX). which by O-methylation and hydrolysis 
yielded (-)-kreysigine (V) . 

(- )-Floramultine is thus a de-O-methylkrey
sigine and since it differs from (- )-multifloramine 
(Ill) and shows a high field O-methyl n.m.r . 
signal (or 6'45). structure (VII) can be assigned 
to it. A rather unlikely alternative having ring A 

of (VII) diphenolic and ring D carrying three OMe 
groups was eliminated by comparing the n .m.r . 
spectra of mono-O-acetylfioramultine [or 6·12. 6·22 
6·59 (OMe); 3'47. 3·33 (aromatic)] and di-O-acetyl
fioramultine [or 6'18. 6'22, 6·56 (OMe); 3·37. 3·29 
(aromatic)] with that of fioramultine [or 6·11.6'16. 

6'45 (OMe): 3'46. 3'41 (aromatic)]. The former 
two show upfield shifts of the methoxyl signals and 
downfield shifts of the aromatic signals' which 
establish that the acyl groups in the .di-acetyl 
derivative are attached to different aromatic rings. 
In addition. the molybdate test for catechol 
systems was negative when applied to flora
multine. 

MeO~1 NH MeO:::,.. I 

MeO ,,~ 
I (X) . ""-

MeD 

Kreysigine (V). multifloramine (Ill). and flora
multine (VII) are thus the first examples of 
homoaporphine alkaloids and their occurrence in 
Kreysigia muUiflora is of taxonomic interest.- ThiS 
plant is related bOtanically to Colchicum auttmfnail 
and colchicine has recently been detected in 
K. multiflora.' We find deacetylcolchicine (~) 
is also present. The biosynthetic pathways to 
these different skeleta are being studied by tracer 
experiments on K. multijlora. 

(Reuived. March 29th. 1967; Cam. 298.) 
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Biosynthesis of Colchicine: Ring Expansion and Later Stages. 
Structure of Speciosine 

By A. C. BARKER, A. R. BATTERSBV, E. McDoNALD, R. RAMAGE, and (the late) J. H . CLEMENTS 

(The Robert Robinson Laboratories, University of Liverpool, Liverpool 7) 

COLCHICINE (X) was recently shown1 to be bio
synthesised from 1-phenethylisoquinolines by way 
of the dienone (IV) which is formed in turn from 
the base (I). It was suggested1 that colchicine is 
then derived by hydroxylation" of the dienone (IV) 
to yield (V; X = H), homoallylic assistance' of 
ionisation, probably involving the phosphate (V; 
X = phosphate) followed by the illustrated frag
mentation (VI). On this basis, demecolcine (VIII) 
which is also present in Colchicum plants should be 
a precursor of colchicine. Experimental support 
for this sequence is now outlined.' 

The racemic base (as I), as its OO-dibenzyl ether 
labelled with 'H at Col and at the ring A O-methyl 
groups, was resolved with OO-dibenzoyltartaric 
acid. The (- )-fonn showed a positive Cotton 
effect' in the region 296-270 m,." proving that it 
has the illustrated S-configuration (as I) which 
corresponds to that of colchicine;' the optical 

rotatory dispersion curve was kindly detennined bY 
Professor W. Klyne and Dr. P. M. Scopes. pe
benzylation of the (-)- and (+ )-fonns afforded 
the diphenol (I) and its enantiomer. Only the 
former was an effective precursor of colchicine ~ 
C. byzantinum plants (Table, Expt . 1, 0·63~o 
incorp.); the incorporation of the enantiomer of (1) 
was <0'016%. Isolation of ring A from ~e 
radioactive colchicine as 3,4,6-trimethoxyphthalic 

acid allowed the labelling ratio in the alkaloid to be 
detennined (Table). This showed some loss of 
'H-activity from C-l of (I) but oxidation-reductiOIl 

• is less important in C. byzantinum than in the 
opium poppy.' 

The biosynthetic scheme requires (a) retenti°r) 
of the N-methyl group of (I) in demecolcine (VII 
and its loss when colchicine is formed (b) loss of 
C-S from (I) when it is converted into colchicine. 
Separate experiments (cf., ref. 1) proved that the 



TABLB. Tp'ac~p' p',sults from PP',cuP'soP' (I) 

Expt. No. 
and Ratio in Ratio in Ratio in 

chirality Position and level of labelling precursoz4 demecolcine (VIII) colchicine (X) 

1. (-+ {I, 'H (8,2) 8·2, b 5'S 
ring A, 2 X QCH1IH (1·0) IH/'H (65% retention) 

2. (±) 
{N.ltC-Me (0·097) 0' 196, 0·187 0·107 

9·1'C (0·099) 1'C/1H (91 % retention) 
ring A, 2 X QCH1'H (1·0) 

3. (±) {S.1'C ~0'137) 0'242, 0·126 
9·1tC 0'105) 1'C/1H b 
ring C, QCH,'H (1·0) 

ol. (±) { 4·IH (11-0) 11·0, b 4·78 
9·1tC (1·0) IH/uC (44% retention) 

le: !:b~tfig~res record the ratio of activity relative to the internal standard of ue. or IH; the activity of the standard is 
• \0, t rarlly as 1·00. 
"ot examined. 

(ll) R=H , R'=~Ie 
(111) R = Me, R'= H 
(IV) R = R'= Me 

-'XH~ '--'NHMe MeO ~ I { ~. { :\(eO ~ 
H ......... j\H ~- Me() 

(IX) 

Q 

OMe 
(X) R=Me 

(Xl) R=Ac 

(VIlli 

(VII) 

o 
OMe 

9d
EtO 

MeO ~ I I "~=CMe 
MeO::::-.... H 

MeO r; ~ 

:0-- 0 
OMe 

(XII) 

... 

(\' 1) 

o 
OM!' 

(XIII) 



O-methyl groups of (1) are retained quantitatively 
throughout the biosynthesis. This allows the 
values quoted in the Table to be calculated (Expt. 
2 and 3) and the experimental results are close to 
those required . Colchicine from Expt. 2 and 3 was 
hydrolysed and the acetic acid formed carried < 1 % 
of the original activity in each case. Slightly more 
IIC-activity is retained by the colchicine in Expt. 2 
and 3 than required by complete loss of the N
methyl and C-3, respectively, and this arises by 
some "feed-back" of activity from the cleaved 
fragments through the plant's biosynthetic system. 
Thus, degradation of colchicine from Expt. 3 
showed that the tropolone O-methyl group and 
ring A with its attached atoms together carry "C 
activity corresponding to 15'4% of the total. 

Hydroxylation of (IV) to generate (V, X = H) 
could be (a) stereospecific (b) non-stereospecific (c) 
via the corresponding ketone . The corresponding 
retentions of BH for Expt. 4 should be, respecti
vely, (a) 50% (b) ca. 85" ~ 1 (c) 0% and the Table 
shows agreement with (a). 

Demethylation8 of colchicine from Expt. 2 gave 
O-acetyl-l-desmethylcolchicine (XI; "C: Ha ratio 
0·22: I); the structure of (XI) was confirmed by 
n.m.r. studies. Half the 'H activity present in 
colchicine' is lost in the demethylation step which 
establishes . para-coupling of (1) to yield (II) . No 
loss of 'H activity would be observed had o,tho
coupling occurred to generate (Ill). 

Late stages of the biosynthesis were examined by 
preparing [3H-O-methy lJdemecolcine (VIII) and 
[IH-O-methylJcolchicine from 3-desmethyldeme
colcine' and !i-l;iesmethylcolchicine,' respectively. 
DesacetylcoIehicine (IX) was obtained from the 
active colchicine by formation (Meerwein 's reagent) 
and hydrolysis of the imino-ether (XII). Feeding 
experiments with these precursors to C. autumnale 
plants showed that demecolcine (VUI) and des
acetylcolchicinc (IX) act as ·effective precursors of 
colchicine; the flgureR after the precursor record the 

percentage incorporation into demecolcine (or 
recovery) and into colchicine (or recovery) : 

. 'oe demecolcine (VIII) 8'8, 13·8; desacetylcolChlCI I 
(IX) 1'6, 35·3; colchicine (X) 0,,41,6%. ParaJle 
results were obtained in C. bvzantinum plants. 

The combined results (cf., ·ref. 1) define the later 
stages in the biosynthesis of colchicine as (I) -+ (l~) 
-+(IV) -+ (V) -+ (VIII) -+ (IX) -+ (X) . It 15 

probable on chemical grounds that (VI) and (VIl~ 
are labile intermediates . and the structure ~t 
speciosinc may be relevant to the imonium sa 
(VII) . 

Speciosine is a weak . base which occurs10 in g 
speciosum and the molecular formula C .. HIlN' )' 
was confirmed by mass spcctrometry (1\1+ = ~77 . 
The u .v . and i.r. spectra indicated the presenc??f a 
non-phenolic aryltropolone system, as in colchiCine, 
together with an additional phenolic chromophote 

(bathochromic shift in alkali). Strong peaks wer~ 
present in the mass spectrum at m/e 207, 107, a~ 
106; the first suggestedll that speciosine is rela t 

to demecolcine (VIII) and the last two that; 
readily cleaved entity, C7H,o, is present . Structu r 
(XIII) was therefore considered. The n. lll ·f 
spectrum of speciosine confirmed every feature 0. 

the demecolcine residue and four additional arolll3 
rrt · tic protons were · observed. One at -r: 2·96, CO le 

sponding to HA on ring 0 , appeared as a doub t 
doublet (J = 7 c. and 1'5 c./sec.) ili agreerne~ 
with the illustrated ring 0 substitution . Struct~ g 
(XIII) was established for speciosine by treatlO 

demecolcine (VIII) with 2-acetoxybenzyl br~ 
mide.u Hydrolysis of the product gave the phen

al 
(XIII) which was identical with the natU~O' 
alkaloid. An interesting possibility is that S~I g 
sine arises from the intermediate (VII) in a trappl:e. 
process but this is not the only plausible roll SS. • 

The necessary tracer experiments arc in progrt' 

216.) (Received, M arch 6th, 1967; Cam. 
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lIomoaporphine Systems and Related Dienones: Isolation, Structure, 
and Synthesis 

By A. R. BATTERSBY,* E. McDoNALD, M. H . G. MUNRO, and R. RAMAGE 
(The Robert Robinson Laboratories, University of Liverpool, Liverpool 7) 

lIoMoAP . . 
Co ORPHINE alkalOIds were recently dls-
be~ered1 in Kreysigia multi flora, two examples 
S~~~ fl~ramultine (VIII) and multifloramine (V) . 
oltid ~S1S of the latter was achieved1 from (I) by 
Ph atlOn to the dienone (Ill) followed by dienone
lIo;:OI. rearrangement. The biosynthesis of multi
liar nUne (V) may involve these same steps, and 

arnultine (VIII) could be generated by a 

MeO? 

lIO ~ 
R 

(1
(1) R=OMe 
I) R='H 

(III) R= OMe 
(IV) R= H.\ 

OMe 

subsequent change of methylation pattern . How
ever, there are other possibilities; among them the 
sequence (11) -+- (IV) -+- (VI) or (VII) and the thin~ 
oxygen in ring D of the natural alkaloids could be 
introduced at a later stage, cf., narcotine biosyn
thesis.a Accordingly, the diphenol (11) was syn
thesised and oxidised with ferricyanide to yield a 
mixture of two dienones that differ in configuration 

59
0::7 

HO ~ I N~e 
MeO ::7 

° 
(V) R=OMe 

(VI) R=H 
(IX) 

OMe 

MeO~ 

OMe 

(VIII) (VII) (X) RI=H, R'=OMe 
(XII) R1=R'=OMe 

(XIV) RI=.H, R'=OH 

(XI) (XIII) 
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at the spiro-centre. and they were separated by 
fractional crystallisation; combined yield 31 % . 
Dienone-I (IV). C20H u NO,. (M+. 341). m.p. 155° 
then 194° decomp. showed the following important 
n .m .r. signals (T values): 4·05 (d. He; ] 3 c./sec.) 
olefinic; 3'72 (d. HA; ] 10 c./sec.) olefinic; 3·17 
(d .d. H B ; ] 3 and 10 c ./sec .) olefinic; 3·48 (s. IH) 
aromatic; 6·24. 6·46 (s. 3H each) O-methyls ; 7·55 
(5. 3H) N-methyl; also Vrnax 3550. 1614. 1633. 
1659 cm.- 1 (CHCla) ; Arnax (EtOH) 214. 243. 
287 ml-' (log f 4·54. 4·15. 3'78). Similarly. dienone
II (IV). had m.p. 202° decomp. and showed M + 341 
and the following n.m.r. signals: 4·23 (d. HA;] 
3 c./sec.) olefinic ; 3'80 (d. HA; ] 10 c./sec.) olefinic; 
3·04 (d.d. H B ; ] 3 c./sec.) olefinic; 3'49 (s. IH) aroma
tic 6·26.6·41 (s. 3H each) O-methyls ; 7'59 (s. 3H) N
methyl; also Vrnax 3500. 1661. 1635. 1609 cm.-1 

(CHCI s)' 
The foregoing dienones were then used as 

standards for a chromatographic e~amination of the 
minor alkaloids from K. multijlora which led to the 
isolation of dienone-I (IV) as a natural product. 
named kreysiginone. The synthetic and natural 
materials were proved identical. apart from optical 
activity. by full spectroscopic and chromatographic 
comparison. In addition. the dihydro-derivative 
(IX) C,oHuNO.. (M+. 343). m.p . 217-222° 
d ecomp.. was isolated and showed the following 
n .m .r . signals : 4·26 (s. IH) olefinic; 3·46 (s. IH) 
aromatic ; 6'16. 6·46 (5. 3H each) O-methyls; 7·43 

. (s . 3H) N-methyl; also Vrnax 3500. 1678. 1635. 1610 
c m. - 1 (CHCla) ; Arnax (EtOH) 220. 269 ml-" 

It is probable that the dihydro-material corre
sponds in configura tion at the spiro-centre to 
kreysiginone (IV). but there is as yet no direct 
evidence. This co-occurrence of a dienone with 
the dihydro~derivative has precedent. e.g .. orienta
linone and dihydro-orientalinone3 in Papaver 
orientale. 

Rearrangement of (± )-kreysiginone (IV) and 

dienone-II. under a variety of conditions gave 
diphenols of the homoaporphine type. The 
structures of these rearrangement products are 
being investigated and will be used to screen the 
minor alkaloids of K . multijlora. Whether or nqt 
one of these diphenols and the dienone (IV) ar~ 
intermediates in the pathway to the natura 
alkaloids (V) or (VIII) is being tested by traCer 
experiments. 

Ferricyanide oxidation of (X). which is the 
biological precursor of colchicine.' gave a homO" 
aporphine system (XI) directly by ortho-orlha' 
coupling (25%). C21H 2SNOs (M+. 371). The n.m.r. 
spectrum showed no high-field methoxy-signal ~nd 
eliminates the alternative orlho-para-couphng 
which would be floramultine (VIII). . 

Even with the systems (XII). the same direct~OJl 
of coupling was favoured over ortho-para-couphn~ 
to give a product. CuHuNO. (M+. 401). no carbonY

d absorption in the infrared spectrum. and shoW a) 
n.m.r. signals at 3'81 (s. IH) aromatic; 5·25 (s. 1

0
, 

olefinic; 6·13. 6·21. 6·35. 6·87 (s. 3H each) 
methyls; 7'53 (s. 3H) N-methyl. This substance. 
obtained in 50% yield. is assigned the structur~ 
(XIII) on the foregoing spectroscopic evidence an 
because it is rearranged by isopropenyl acetate, 
toluene-p-sulphonic acid to yield the diacet~te ~. 
(XI) . The illustrated fragmentation may ratwna 

ise this change. V 
Very ready oxidation of the catechol (:Xl J 

occurred with ferricyanide to give a coupl\ 
product. C2oHuNOs (M+. 357). m .p. 230°. whiCh;o 
being further examined since it corresponds d 
none of the products expected by straightforwat 
coupling. . 

Further studies on phenol coupling of I_pben~ 
thylisoquinolines are in progress. particular Y 
aimed at the androcymbine skeleton.s 

(Received. J1~ly 28th. 1967 ; Cam. 780.) 

1 A. R. Battersby, R. B. Bradbury., R. B. Herbert. M. H. G. Munro. and R. Ramage, Chem. Comm .• 1967. 450. 
~ A. R. Battersby, and M. Hirst, Tetrahedron Letters. 1965. 669. 
'A. R. Battersby and T. H. Brown, Chem. Camm., 1966. 170. 
CA. R. Battersby, R. B. Herbert, E . MacDonald, R. Ramage. and J. H . elements, Chem. Camm., 1966,603. 
& A .. R. Battersby. R. B. Herbert. L. Pijewska . and F . ~antavY. Chem. Camm .• 1965. 228. 
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Further Studies on the Synthesis and Biosynthesis of Isothebaine 
By A. R. BATTERSBY.· T. J. BROCKSOM. and R. RAMAGE 

(The Robert Robimon Laboratories. University of Liverpool, Liverpool L6G 3BX) 

PREVI O l 'S work',2 has shown the intermediacy of orientaline 
(1) and orientalinone (2 or 2a) for the biosynthesis of 
isothcbaine (:1) in Papaver orientale. It was suggestcd3 that 

oxidation of orienta line"t has been increased to 20% and 
iso-orienta linone (2a or 2) is a lso formed (1 % ) : the latter 
was isolated as a 1 : 1 mixture with orienta linone. F urtber 

TABLE 

Expt. 
No. Precursor 

3H: u C Ratio 
(precursor) Incorp. % 

0·59 
2·1 
0·34 

IH: uC Ratio 
(isothebaine) 

3H Retcntion 
at C-IO(%) 

I ~N -melliyPH,3-u C]Orientaline (.1) 
2 [N-melhy/-lH,IO-' H]Oricntalinol-I (4) 
a (N -melhyPH, 1O-3H]Orientalinol-Il (4) 
-1 [3,8,9.10-3H]ortho-Orientalinols (7) 

1-54 

l ll l' fina l stages involve reduc tion of orienta linone to a 
cl it' l\ ol (see 4) followed by dienol-benzene rearrangement to 
gt' l\ crate isothebaine (3). Tests o f this hypothesis in vivo 
illld ill vitro are now outlined. 

The yield of orientalinone (2 or 2a) fro lll ferricyanide 

1-1;4 

< 0·001 

76 
< I 

enrichment of iso-orientalinone has not been possible. btl: 

the n .m.r. spectra of the two dienones differ, so cl~3d 
assignment can be made of that from the iso-form . Mll 
red uction of orientalinone with lithium aluminium hydrid~: 
g<J \'c crystalline oricnta linol-1 a nd orientalinol-II (see ) 

t ,\11 substances described are racemic, save natural isothebainc, ami arc full y characterised by spcctroscopic and analytical data. 
: Tlorohydride reduction' of orientalinone is now known to give largely the r)ihydro-derivative of (4). 



ClIEMICAL COMMUNICATlO~S, \!Jo!) 
Who 
fo Ich differ i~ configuration at C-lfl. Il"th an : t:rall s-

(~nt~u almost instantaneously by lIlinC'ral ~l< ; i" into 
Ori~:sot~ebaine (3) together wilh a trace uf the iso lllCr (ii); 
ob tahon of (5) was by n .m.r. and no other prnrlucts were 
r~erv~d. In contra st, the set of diellols from s imilar 

or' uChon of the 1: 1 mi xture of orientalinone an(l iso
lent \' e a Inone (2 anrl 2a) gave, on treatment with acid, 

C:~~.qUantities of (a) and (5) . Thus the configuration at 
the d·ln t~e proaporphines (2 and 2a) apparently dictates 
as' Irectton of aryl migration. I solation of (5) constitutes 

Intple synthesis of the xylopine (6) system. 

( \ ) 

(;'i) RI = 1(1 _= ~Ie. R~ = H 

(n) RI. R~ = C ll~, r(I = H 

() 

li) 

,~ 

HO 

:'lIe ° , 
4' 

;;' 

(sJ 

thl'ne work . 
<It a al-I_ HI vivo established by experiment 1. (see ~abl~) 

'table 0 label at the N-methyl group of onentallOe IS 

~lse COUI~er the biological sequence to isothebaine. Rigorous 
and -11 th~n be made of [N-methyPH,IO-3H] orientalinols

C-lO lab ~hICh. were prepared as above with insertion of the 
~llents 2 e by hthium aluminium tritiide. Feeding experi-
18<ltheba.and 3 prove that orientalinol-I is the precursor of 
lt1Uat oclne. The small incorporation of orientalinol-II 
llldicatedc~r by redox conversion into the I-isomer, as 
liO\\oehA y the total loss of 'H from C-I 0 in experiment 3. 
0t' v"r th ' 
(,Itn/ale' IS cannot be an important process in Papaver 

6%) ~f a conclusion supported by the high retention 
retention the C-IO label from orientalinol-I. These 3H_ 
a8<llation s 7ere determined by oxidation of isothebaine and 
S sho\\on.o the product as the phthalimide (10), tritiated 

465 

.. \t I'rCS( ~ l1 t, the CO li figurations at C-I0 a nd C-13 of 
orienlalinol - I (scc 4) are unknown. If the rearrangement 
of (4) into (:I) occurs by a concerted SN2' process, the 
favoured s tc ri c arrangement of the hydroxy-function and 
migrating aryl group would he cis.6 However, a similar 
step in morphin (' biosynthesis tio('s not involve such a cis
relationship and prior a llylic rearrangement was considered 
there as one of several explanations.8 Allylic rearrange
ment of (4) woultl yield one of the four possible ortho
orienta linols (see 7) and this system (7) has been prepared 
for s tudy as follows. Ferricyanide oxidation of the 

III 
(!)) 

OH 

{? CO &
eo ~~[e 

:'IIeO , 

T"" 

( It)) 

phenol (8) afforded ortho-orientalinone (9) in 22% yield 
[vmax 1672, 1640, and 1612 cm.-1 ; expected n.m.r. reson
ances for methyl groups together with T 3·48 (IH, s, Ar-H) , 
T 3·7-4·0 (3H, m, olefinic H); M+ 327·1476; required 
327'1470]. Reduction with lithium aluminium hydride 
gave two separable dienols (see 7). Repetition of this 
sequence with [5,8,4',5',6'-3H]diphenol (8) gave the [3H]di
enols (as 7) which were not incorporated into isothebaine (3) 
by Papaver orientale plants (experiment 4). It is not yet 
proved, however, that the configuration at C-13 of (9) 
corresponds to that of orientalinone and further work on the 
stereochemistry of the dienols (4) and (7) is in progress. 

(Recei ved, March 10th, 1969; Corn. a29.) 

: 1\ . Il 
J\ 1" Battersb R 'L' B J H Cl G G C I ('.Batt y, . . rown, . . emeats, anu . . Iverach, hCIII. Comm., 1965, 230. 

I .\·Il. Battersby and T. H. Brown, Chem. Comm., 1966, 171. 
Soe: . It. Batt ersby, Tilden Lecture, Proc. Chnn. Soc., 1963, IH9, . 

1 C(C). 1966 e~sby, T. H. Brown, and J . lL elements, J. Cllem. Soc., 1965, 451:\0; 'see also A. H. J ackson and J. A. Martlll, J. Clrem. 
11:)' Stork ' 222 . 

. t{. It ~d W. N. White. ]. Amer. Chem. Soc., 1956,78,4689. . 
. arton, D. S. lIIukuni , R. James, and G. W. Kirby, J. Chem. Soc . (C). 11167, 128. 
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Biosynthesis of Homoaporphines 
By A. R. BATTERSBY,. P. BOHLER, M. H. G. MUNRO, and R. RAMAGE 

(The Robert Robinson Laboratories, University of Liverpool, Liverpool L69 3BX) 

Summary The hOllloaporphine alkaloids [e.g. (I)) of 
Kreysigia multijlora are shown to be derived in vivo from 
autulllnaline (5). 

THE struc~ures of floramultine, multifloramine, and 
kreys igine from Kreysigia multijlora have been shownl .' 

arise naturally by way of homoproaporphines [e.g. (4)] 01' 

by direct coupling e.g. of autumnaline (5). J 6 
In order to distinguish between these possibilities, t:o 

[3-14C]diphenols (5), (6), and (7) were administered. 11 
Kreysigia mllltijlora shoots. Diazomethane lllethylaUO J 
of the total alkaloids extracted from the shoots convcrtC( 

o 
(HIe 

(\) R1 = OMe, R~=OH 
(2) R1 = OH, R% = OMe 
(:1) R1= R2= OMe 

(4) R = H or OMe 
(5) R1 = OMe, R2= OH 
(6) R' = OH, R2 = OMe 
(7) R1 = OH, R~=H 

(Il) , (Il) 

respectively, to be (1). (2), and (3) based upon the hOlllo
aporphine skeleton. By analogy with the biosynthesis of 
several aporphine alkaloids,3- 5 the hornoaporphines could 

.," tI\() hOllloaporphint;s (I), (:?), <lntl (:1) into O-rnethyJl(r~"" 
sigilw (X) which wa s isolated by dilution with inact~' r 
carrit;r. The good incorporation (I'W: ,,) of auturnnallll 
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~~) compared to the very low efficiency « fHH 4% ) of the 
C Iphenol (6) is in accord with a mechanism involving direct 
Ii OUpling. These results imply that floramultine (J) is the 
;t ~omoaporphine alkaloid to be formed. The incor
a ration (0'21 %) of (7) is presumahly hy conversion into 
c ultuh~~aline (5) as occurs in the biosynthesis of 
o e IClUe'.' (9). 

s:'OOf that the incorporation of autumnaline (5) was 
III t die was obtained by conversion of the labelled 0-
1/ fhYlkreysigine (8) into its methiodide. followed by 
se

O ~ann degradation to the methine (10). The spectro
thOPIC d~ta for (10) proved this structure and eliminated 
pr

e 
POSSible alternative one. The corresponding diol (12). 

pecpared from (10) with osmium tetroxide. was cleaved by 
(je~Oda.te to yield formaldehyde isolated as its dimedone 
tha~vatlVe. The specific activity of this derivative showed Pos.t t least 85% of the total activity of (8) is located at the 
(jilult~on shown. The slightly low value found is a result of 
N'n IOn by radio-inactive formaldehyde arising from an 
by lethyl group. The source of dilution was determined 

repeating the degradative sequence on nidio-inactive (8) 

1067 

but 11 si Ill{ [ 14(: imcthyl iodide to yield the labelled methine 
(11) and diol (1:1) and. finally . radioactive formaldehyde 
dimethonc. 

(10) R = Me 
(11) R= 14CH3 

OH 

(12) R~Me 
(13) R= 14CH, . 

These results demonstrate the specific formation of the 
homoaporphine system from autumnaline (5); the detail of 
the process is under current investigation. 

(Received. August 6th. 1969; Com. 1211.) 

:~. ~. Battersby. Ho B. Bradbury. R. B. Herbert. M. H. G. Munro. and R. Ramage. Chem . Comm .• ' 1967. 450. 
In' . Battersby. E. McDonald. M. H. G. Munro. and H. Ramage. Chem. Comm .. 1967. 934. 
I ",.~ . R. Barton. D. S. Bhakuni. G. M. Chapman. and G. W. Kirby. j. Chem. Soc. (C). 1967.2134. 
'C' si Sattersby. T. J. Brocksom. and H. Ramage. Chem. Comm .• 1969.464. 
• ",' J aschke. Arch . Pharm .. 1968.301. 432. 
I",' Ct.:attersby. H. B. Herbert. E. McDonald. R. Ramage. and J. H. Clements. Chem. Comm .• 1966.603. 

. . arker. A. H. Uattersby. E. McDonald. H. Ramage. and J. H. Clements. Chem. Comm .• 1967.390. 
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THE STRUCTURE AND SYNTHESIS OF 
SPECIOSINE 

R. RAMAGE 

The Robert Robinson Laboratories, University of Liverpool 

(Received in the UK30 December 1970 ; Accepted/or publication 11 January 1971) 

Abstract- The structure of speciosine (1) was deduced by spectroscopic methods and confirmed by 
synthesis from demecolcine (2) and 2- bromomethylphenyl acetate (6). 

DURING an extensive study of the biosynthesis! of demecolcine (2), colchicine (3) and 
related alkaloids found in species belonging to the family Lilliaceae, it was decided 
to investigate the structures of several minor alkaloids from this source, in the hope 
that these would give support for our biosynthetic proposals. Speciosine is a minor 
alkaloid found 2 to co-occur with demecolcine (2) and colchicine (3) in Colchicum 
speciosum. Although unable to assign a structure to speciosine, Kiselev determined 
that it was a weak base, C2sH 3!N06, incorporating a OH and four OMe groups. 

In the course of our isolation work, we were able to confirm that the amount of 
speciosine in C. speciosum varies seasonally. The small quantities of the alkaloid 
available (",60 mg.) precluded the use of degrative procedures and only permitted 
Use of spectroscopic methods, coupled with biosynthetic argllment, in structure 
elUcidation. 

The DV absorption maximum at 350 nm in speciosine suggested the presence of 
the o-methyl tropolone system present in demecolcine (2) and colchicine (3) and 
fOUnd in several related alkaloids of the Lilliacae. Addition of alkali caused a shoulder 
at 275 nm to shift to 293 nm, indicating the presence of phenolic group. These struc
tural features were supported by the IR spectrum, which exhibited a characteristic 
group of absorptions at 1610, 1595, 1575 cm. -I also found in demecolcine (2) and 
~ttributable to the o-methyl aryl tropolone system. The IR also suggested that the 
phenOlic OH was intramolecularly hydrogen-bonded. 

Confirmation of the molecular formula, C2sH3IN06, was given by the mass 
sPectrum of speciosine, which gave a parent ion at mle 477. More important, how
fv~r, was the information gleaned from the fragmentation pattern. Again the simi
amy with demicolcine3 (2) was striking, in that the base peak was found to be 
title 207 (100). The metastable ion corresponding to the fragmentation 371-207 
~as found at mle 115·5. Other important fragments were mle 462 (3), 371 (60), 107 
( 3), 106 (33). It thus appears that speciosine mainly fragments by loss of -C7H70 
~r -C7H60 , which involves a hydrogen transfer process leading to the observed 
~n title 37~. From the in.tensity and ease of formation. it was thought that the 

7H 70 mOiety was a substituted benzyl group. . 
I F~om considerations of DV, IR and mass spectra a partial structure (4) emerged, 
o~aVlng. on,IY the natur.e o~ the C7H70 residue to be determined. The NMR spectrum 

specloslOe clearly IOdlcated N-CH3 (7·82 T), three O- CH3 (6'10, 6'14, 650 T) 
1499 
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and eight aromatic H (2'32-3·4 't'). All the aromatic protons of the demecolcine (2) 
moiety could easily be identified Ha, 3·49; Hb, 2·32; Hc, 3·29 (d, J = 11 cps.); Hd 
2·80 't (dl J = 11 cps.) leaving a three H multiplet at _ 3·3 't and, most significantly, 
a single H as a quartet at 2·96 't (J = 7, 1·5 cps). This 3: 1 ratio of aryl protons in the 
C7H70 portion of speciosine can best be fitted by placing the OH function at 2', 
as represented by structure (1) for speciosine. Thus the low field proton quartet at 
2·96 can be attributed to the 3'-H, being ortho to the phenolic group and subject 
to both ortho (7 cps.) and meta 1'5 cps) coupling to be the 4'-H and 5'-H. 

The postulated structure for speciosine (1) would explain the hydrogen bonded OH 
group and also the mass spectral fragmentation 477 -+ 371 with loss ofmje 106 rather 
than 107, which would be expected from complete fission of the ortho-hydroxybenzyl 
fragment. 

OMe OMe 

It was decided to verify the postulated structure for speciosine (1) by synthesis, 
utilising demecolcine (2) as starting material. This was alkylated, in the presence of 
K 2C03 , with 2-bromomethylphenyl acetate (6),4 which had been prepared by the 
action of N-bromosuccinimide on ortho-cresyl acetate (5). The acetoxy derivative 
(7) was not amenable to rigorous purificatio'n due to facile cleavage of the ester 

Ha 

R= H 
7 R= Ac 

5 R= H 
6 R=Br 

R-O 3' 

M, JO' 1"-'::·' 
"N ~ 5' 

, J' 

H 6' 

Hb 

o 
OMe 

2 R = Me 
OMe 

3 R = Ac 

C~J~"-':: 
,N 

" 
H OH 

o 
OMe 

4 

1 
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function. Complete hydrolysis was effected with dilute NaOH aq to afford structure 
(1), which proved to be identical in all respects with natural speciosine isolated from 
C. speciosum. 

From a biosynthetic standpoint, speciosine (1) is of interest because of the N
benzyl moiety with its unusual position of oxygenation. The results of tracer experi
ments, designed to investigate the origin of this interesting structural feature, will 
be reported later. 

EXPERIMENTAL 
All m.p's and b.p's are uncorrected. UV spectra were measured in EtOH on a Unicam SP 800 spectro

meter. IR spectra were determined using a Unicam SP 200 spectrometer. NMR spectra were taken on 
Varian A56-60A and HA 100 spectrometers, (TMS). Optical rotation measurements are for CHCI 3 

solution using a Bendix-Ericsson ETL-NPL automatic polarimeter type 143A. Petroleum ether refers 
to the fraction bp 60-80°. Alumina used was Woelm Grade I (Neutral) deactivated with the required 
amount of water. 

Extraction olC. speciosum. Twenty flowering plants (850 g) were extracted with MeOH (8 I) and the 
solvent removed In vacuo. The residue was partitioned between water (250 ml) and petroleum ether 
(4 x 200 ml). The aqueous layer was then extracted with CHCI3 (1 I), which was dried (Nal S04) and 
eVaporated to give a gum (3'63 g). This was adsorbed on a partition column of cclite (200 g): HlO (lOO g, 
previously saturated with EtOAc/petroleum ether I: I). Elution with EtOAc/petroleum ether, I : I (pre
viously saturated with HlO) gave a non-polar fraction (380 mg) followed by demecolcine (1'4 g). Elution 
With BtOAc (previously saturated with HlO) yielded colchicine (1·0 g). 

The non-polar fraction (380 mg) was chromatographed over alumina (grade IV, 9 g). Elution with CHCI3 

gave a gum (146 mg), which was re-chromatographed on alumina (grade IV, 9 g). Careful elution with 
40"1. CHCI3 in C6H6 afforded material (70 mg), having the same RI as authentic speciosine (kindly supplied 
by Dr. F. Santavy) in the tic system C6H6/EtOAc/diethylamine, 7:2: 1. This was crystallised from EtOAc/ 
C6H6 to give pure speciosine (40 mg) m.p. 211-214°C; [ex]200 - 22°; UV .I.rnax 350 nm (log e 3'74); IR 
(CHCI3) Vrnax 3400 (broad), 1610, 1595, 1575 cm. -I; NMR (CDCI3) T 3-49 (Ha). 2-32 (Hb). 3·29 (Hc, d 
J .. 11 cps), 2'80 (Hd, d J '"' 11 cps), 3-3 (m, 3H). 2-96 (H, q, 7,1 '5 cps), 6·10 (s, 3H). 6'14 (s, 3H), 6'50 (" 3H), 
7'82 (s, 3H). Mass spectrum showed the following important fragments at m/e 477, 462, 3"1, 207,107, 106. 

2-Bromomethylphenyl acetate (6). Ortho-cresol (30 g) in acetic anhyd/pyridine (80 ml, 1: 1) was allowed 
to stand for 24 hr. at room temperature. Removal of solvent followed by distillation afforded the ester 
(S) (30 g) b.p. 105°/20 mm; NMR (CDCI3) T 3·0 (m, 4H) 7-80 (5, 3H), 7-88 (s, 3H); IR (Film) Vmax 1760 cm.- I 

Ortho-cresyl acetate (10 g) in CCI. (30 ml) was refluxed for 1 hr. with N-bromosuccinimide (11'9 g) and 
a trace of dibenzolyperoxide. After I hr. the mixture was cooled, filtered, and the solvent removed In vacuo 
~o give an oil, which was distilled to give 2-bromomethylphenyl acetate (6). b.p. 82"/0'02 mm.· NMR 
CDCI3) T 2·9 (m, 4H), 5·67 (s, 2H), 7·78 (s, 3H); IR (Film) Vmax 1760 cm. - I. 

( Specioslne (1). A solution of demecolcine (200 mg) and 2-bromomethylphenyl acetate (130 mg) in MeCN 
7 ml) was stirred with anhydrous KlC03 (200 mg) for 16 hr at room temperature. The reaction mixture 

was filtered and the solvent removed in vacuo to give a gum, which was treated with EtOAc/EtlO. Again 
the mixture was filtered, followed by removal of the solvent in vacuo. Chromatography of the residue 
~~r alumina (grade IV, 5 g) gave the acetoxy derivative (7) (100 mg) on elution with 20% CHCI3 in C6H6. 
1 IS was homogeneous by tic on silica using C6H6/EtOAc/diethylamine 7 :2:1; IR (CHCI3 Vrnax 1760, 

(
610, 1595, 1575 cm. -I. Further elution with 40% CHCI3 in C6H6 afforded partially hydrolysed material 
150 mg). 

The total material (250 mg) was dissolved in MeOH (3 ml) containing 2N NaOH (0'3 ml). After 1 hr 
~t room temperature, the solvent was removed /n vacuo and H20 added. The solution was 'acidified with 
fCOH extracted with CHlCIl and the organic layer washed with HlO then dried (NAlSO.). Removal 

o the Solvent gave a solid (230 mg), which crystallised from acetone to give (1) (180 mg; 72%) as yellow 
crYs~als m.p. 21l-214°C; [ex]&o - 24° (C. 1% CHCI3). The synthetic material was identical to natural 
speclosine in all respects. 

Acknowledllement_ 1 wish to thank Dr. D. F. Elliot, CIBA, Horsham, U.K. for the sample of demecolcine 
~nd, also, Professor A. R. Battersby for many helpful discussions. It is also a pleasure to acknowledge the 
elp of Mr. 1. K. Hulme, Ness Gardens, Wirral in locating C. spec/osum. 
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1-Phenethylisoquinoline Alkaloids. Part 11.1 The Structures of Alkaloids 
from Colchicum cornigerum (Sweinf.) Tackh. et Drar. 2 

By A. R. Battersby • t and R. Ramage, Robert Robinson Laboratories. University of Liverpool. Liverpool 
A. F. Cameron and C. Hannaway, Chemistry Department. University of Glasgow. Glasgow 
F. ~antavy, Chemical Institute of the Medical Faculty, Palacky University, Olomouc. Czechoslovakia 

The structures of eight alkaloids from Colchicum cornigerum have been determined by a combination of spectro
scopic methods. X -ray analysis. and chemica l modifi ca tions : all eight belong to the new class of substances 
derived from l-phenethyli soquinoline. One alkaloid. autumnaline. is the first unmod ified 1-phenethyli soquinoline 
to be found in nature. The remaining seven could . in principle. be biosynthesised from (+)- . or (-) -autumnaline 
by two alternative modes of phenol coupling. Alkaloid CC-10 is probably the biological precursor of alkaloids 
CC-20. CC-2 and CC-3b. 

PLANTS of the sub-family Wurmbaeoidae (Liliaceae) have 
proved to be rich sources of alkaloids forming a large 
new class based upon the I -phenethylisoquinoline 
?stem. Thus. A ndrocymbium melanthioides 3 yielded 
th)-androcymbine 4 (1) and melanthioidine 1.5 (7) as 
th e first and second examples. The discovery 6. 7 

of at (-)~~-methylandrocymbine (2) is the key precursor 
th colchlcll1e (8) and related alkaloids showed that 
1- ese tropolones are to be classed as highly modified 
fl Phenethylisoquinoline systems. Krey sigia multi
t Ora 8 was found t o contain (+ )-kreysiginine 9 (16) 
ogeth.er with the homoaporphine alkaloids (-)-flor
~~Ul~l~e (22), (- )-multifloramine (23), and (± )
a YSlgll1e 10 [as (24)]. F urther. homo-erythrina alkaloids 
Ppeared in Schelhammera species. l1 Many of the fore

~~Jn~ alkaloids can, in principle, be derived biosyn
ehcally from autumnaline [(27) or from its enantio

nJ ~esent address: University Chem ical Labora tory. Lensflcld 
~ . ambridge. CB2 l EW. 

Sant~a.rt I. A. R. Battersby. R B . H crbert . L. Mo. and F. 
'T~']. Cliem. Soc . (C). 1967, 1739. 

frOI11 ~\IS a lso forms Part LXXVI of the series • Subst ances 
atives .Ia nts of the Sub-family Wurmbaeoideae and their Deriv-

19:2J~7Hrbek. jun .• and F. Sa ntavY. Coil. Czech. Cliem. Com m ., 
,'A • 251). 

Santa'. R. Battersby. R B. Herbert. L. Pijewska. and F. 
, :/. Chem. Comm .• 1965. 228. 

CO»!»! ' R. Battersby. R n. H erbert. and F . SantavY. Chem. 
, ft.. 1965, 415. 

and J .:. Battersby. R B. Herbert. E. McDonald. R R a mage. 
! A. . Clements. Chem. Comm .• 1966. 603. 
• C· R. Battersby, pure and Appl. Chem., 1967.14. 117. 

445. . M. Badger and R B . Brad bury. J. Chem . Soc .• 1960 . 

Sa:t!~) A. R. Battersby. M. H . G. Munro , R Bradbury. a nd F. 
~tacka Y. Chem. Comm .• 1968. 695 ; (b) J . F riedrichso ns, M. F. 
(c) ~ k Bd A. McL. Mathieson. Tetrahedron L etters , 1968,2887; 
Ibid . . 19'6 art, S. R J ohns. J . A. Lamberton . and J . K. Saunders. 

. 8. 2891. 

mer] by intramolecular coupling of the phenolic rings 
and in the remaining cases. simple relatives of (27) are 
the probable precursors. Such a derivation has been 
demonstrated by tracer methods in the living system 
for the majority of the alkaloids listed above.6,7.12 

Parallel work has been in progress throughout the 
foregoing developments on other plants in the sub
family W1~rmbaeoidae and the rare alkaloids of Colchicum 
cornigerum 13 have proved to be of particular. biosyn
thetic interest. These bases were given 13 sequential 
reference numbers, e.g. alkaloid CC~2 meaning C. 
cornigerum alkaloid number 2. However. the deter
mination of their structures will be described in the 
sequel in the most logical order. Our work relied 
heavily on physical methods, with biogenetic argument 
where necessary. because the small quantities of material 
available precluded the degradative approach. 

The main alkaloids of C. cornigerum had earlier been 
shown 13 to be tropolones and the following had been 
isolated : colchicine (8), 2-demethylcolchicine (==CC-6) 
(9), cornigerine (10), demecolcine (ll), 2-demethyl-

10 A. R. Battersby, R B. Bradbury. R B. H erbert. M. H .. G. 
Munro. and R. Ramage, Chem. Comm .• 1967. 450. together WIth 
paper in preparation; T . Kametani. F. Satoh. H . Yagl, ~nd. K. 
Fukumoto. ]. Org. Chem .• 1968. 33. 690; A . Brossi. J . 0 Bn en, 
a nd S. Teitel. H elv. Chim. Acta. 1969. 52, 678; A. F. Beecham, 
N. K. H art. S. R. J ohns. and J. A. Lamber ton. A ust. ]. Chem .. 
1968. 21, 2829. S. . 

11 S. R Johns. C. Kowa\a. J . A. Lamberton, A. A. lOumlS, 
and J. A. Wunderlich. Cliem. Comm .• 1968, 1102; S . R J oh ns. 
J. A. La mberton. a nd A. A. Sioumis. A !4s/ral. ]. Chem., J 969, 22 . 
2219; see also. N. Langlois, B . C. Das. P. Potler. and L. Lacombe. 
Bull. S oc. chim. France , 1970, 3535. 

IS A. R , Battersby. P . Bohler, M. H . C. Munro. a nd R Ramage. 
Chem . Comm .• 1969, 1066. ". . 

13 M. Saleh. S. E I-Gangihi , A. E I-Hamidi . a nd F. :;>antavy. 
Coil. Czech. Chem. Cmn m ., 1963, 28 . ~4 1:l.; H. Potes ll o~a. J . 
Santavy, A. EI-H a mlch, and F. Santavy. Ibid. , 1969.34. 3040. 
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demecolcine (:=CC-7) (12), 3-demethyldemecolcine (13) 
and N-methyldemecolcine (==CC-5) (14). The alkaloids 
of unknown structure will now be considered. 

(I) R2 = H. H' = lP = !\ore 
(2) Ri = W = J{" C~ Mc 
(3) }{l = H . IP = R" = Mc 

(8) Ri = R2 = Me 
(9) RI = H. RI = Me 

(10) RI, IP = )CI-I. 

Me 

o 
(4) RO = H Ri = R" = Me 
(5) Ri = M~, R", RO = ;CH, 
(6) R3 = Mc, Ri, RI = 5CH. 

(ll) IP = H, Ri = R" = Me 
(12) J{I = R3 = H, RI = Me 
(1:3) RI = R" = H, R' = Me 
(14) RI = RI = Ra = Mc 
(15) R' = R2 = Mc, HO = CHO 

The importance of autumnaline (27) as precursor of 
both the colchicine and homoaporphine alkaloids has 
been emphasised above but despite indications from 
appropriate dilution experiments 14 of the presence of 
(27) in C. aulumnalc, direct isolation had not been 
possible. Alkaloid CC-22 from C. cornigcrum has 
proved to be this elusive base. The molecular formula 
of CC-22 was established as C21H2,N06 by accurate mass 
determination and the base peak at mIc 192 corresponds 
to the cleavage (a) [see (27)J which was confirmed at 
high resolution; the alternative benzylic cleavage 
(b) was also observed at m Ic 167. The n.m.r. spectrum 
established the presence of one N-methyl, three 0-
methyl groups, and four / aromatic' protons showing 
unsplit signals. Phenolic hydroxy-groups were in
dicated in the i.r. spectrum (v roar. 3540 cm.-1) and the 
u.v. spectrum corresponded to isolated chromophores 
as in (27). These data pointed to [(27) or enantiomerJ 
as a probable structure for CC-22 and confirmation was 
obtained by direct spectroscopic and chromatographic 
comparison with synthetic material. CC-22 is laevo-

" Unpublished work with Dr. E. McDonald. 
16 A. C. Barker, A. R. Battersby, E. McDonald, R. Ramage, 

and J. H. Clements, Clu m. Comm., 1967, 390. 
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rotatory and is thus (27), that is, the enantiomer which 
acts 16 as precursor of colchicine and its relatives. 

The Lr. and u.v. spectra of alkaloid CC-19 isolated 
from the seeds of C. cornigcrum clearly showed it to be 
a tropolone of the colchicine type. Absorption at 
1665 cm.-1 and the absence of an NH-band indicated 
the presence of a tertiary N-formyl residue. This was 
supported by the mass spectrometric fragmentation 
(Experimental section) and the combined evidence waS 
accommodated by structure (15), which is N-formyl
demecolcine. Direct comparison with parti<t 11)' syn
thetic material 16,17 established identity. The occurrence 
of this amide in a Colchicum species is of consiuerable 
interest in relation to recent tracer studies 17 which 
have established an important role for N -formyld~
meco1cine (15) in the late stages of colchicine biosynthesIs 
in C. autmnnale. 

Alkaloid CC-24 is a highly polar substance showing 
broad hydroxy-absorption in the i.r. region (KBr). 
Its u.v. spectrum was similar to those of the homo-
aporphines [e.g. (23)J, a relationship which was confirmed 
by methylation of CC-24 with diazomethane. The 
product was identical with (-)-O-methylkreysigine 
(25). Since the molecular formula of CC-24 was found 

( lQ) 

OAc 
(21) 

Me . 

(17) RI = Mc, R', R' = )CfI. 

(18) R" = Me, RI, RI = :::?CfI • 
(19) R" = H, RI = RI = Me 
(20) RI = H, R" = R3 = Me 

(22) RI = R' = H, RI = R3 = Me 
(23) Ri = R3 = H, JP = R' = Me 
(24) RI = H, RI = R3 = R' = Me 
(25) RI = R' = Ra = R' = Me 
(26) RI = R" = H, R3 = R' = Me 

by mass spectrometry to be C21H25NOs, it is isomeriC 
with floramultine (22) and multifloramine (23) bll~ 
differed from both of them in chromatographic an 
mass spectrometric behaviour. Importantly, the base 

18 H . Potesilova, J. Hrbek, jun., and F. Santavy, Coil. czee'" 
Chem. Comm., 1967, 32, 141. 

17 A. C. Barker, A. R. Battersby, E. McDonald, R. Rarnage, 
and R. N. \Voodhouse, unpublished work. 

} 
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peak in the mass spectrum of CC-24 corresponds to 
M~ - 17 which indicates, by analogy with the apor
~hl~es 18 and other homoaporphines,lo that position-I 
arnes a phenolic hydroxy-group. Further, the n.m .r. 
~.ctrum of CC-24 showed no high field 3H-signals 
hlC~ are present 10 in the spectra of homoaporphines 

~arrymg methoxy-groups at position-I and/or position-
2. I~ follows that structure (26) is a complete repre

sentatIon for alkaloid CC-24. 
ch The i . ~ .. spectrum. of alkaloid CC-1O showed the 

aracten shc absorptIons of a cross-conjugated dienone 
system 4 and its u.v . spectrum was similar to that of 
an~rocymbine (1). This similarity to (1) was also 
~~ldent in the mass spectrum of CC-IO which established 
t~e ~olecular formula C,uH25N05' Alkaloid CC-1O is 
d' uS Isomeric with androcymbine (1) and with the 
c~enone (3) de.rived 9 f.rom kreysiginine (16) but was 

romatographlcally different from both. Since 0-
methylation of CC-1O with diazomethane gave (+ )-0-
~~hYlandrocymbine [enant!oI?er of (2)J it follows that 

10 has structure (4). ThIs IS the expected immediate 
rOdu~t from oxidative coupling of (+ )-autumnaline 

l
·enanhomer of (27)J and it is highly probable that CC-1O 
s the b ' I . c . 10 oglcal precursor of the three alkaloids now 
O~~lder~d, viz. CC-20, CC-2, and CC-3b. 

d' kalOId CC-20 was shown to be a cross-conjugated 
s~:n~ne closely rela ted to CC-1O (4) by i.r. and u.v. 
t c roscopy; the mass spectrum confirmed the struc-
Uta I reI t ' h ' d . f a IOns Ip an also establIshed the molecular 
~~~ula C21!I2.3NOa tha t is, two hydrogens fewer than 
Ol( O. ThIS IS due to the presence of a methylenedi
\\,J-group in CC-20 as shown by the n.m.r. spectrum 
o Ich also contained signals from one' aromat ic ' 
g;methyl, one ' v inylic' O-methyl and one N-methyl 
onou~. Important further signals corresponded to 

e ar ., (two . omatJc proton and to two olefinic protons 
sPe t stnglets). It must be stressed that the n .m.r. 
andc rUIll of CC-20 was virtually identical to that of 
the r~~ymbine (I ), apart fro~ obviO\~s d ifferences in 
bined methyl and methylenedlOxy-reglOns. The co m
the f data .lead to structures (5) or (0) for CC-20 and 
It\e tormer IS preferred on the basis of biogenetic argu
fur~ and comparison with the structure of CC-1O (4) ; 
in thler Support for structure (5) will become available 
of al~ Sequel from the rigorously determined constitution 
is as .alOld CC-2. The absolute configuration of CC-20 
[[~ SIgned as in (5) because of ifs strong dext rorotation 
(2) Da ~324° ; cf. - 2950 for (- )-O-methylandrocymbine 
AI~ t 336° for alkaloid CC-1O (4)J. 

chro alOId CC-21 was shown 3a by spectroscopic and 
but rnatogr.aphic comparison to be structurally identical 
structenantlOmeric with (+ )-kreysiginine of proven 
~ igini:e and a? solute configuration (16).3 (+ )-Krey
IS. of OC~urs 111 the plant as a partial racemate and 
fOr d·~arY1l1g positive rota tion (from + 29° to +890 

I erent ba tches). Similarly, C-22 is a partial 
18 

and M. Ohash · J . C, D· e I!. M. 'vVll son, H . Budzikiewicz , \ V. A. Slusarchy k, 
J rassl. ]. A mer. Chem. S oc., 1963, 85, 2807. 
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racemate ( [<X]D - 42°) containing mainly the enantiomer 
of structure (16). 

OMe 

MeO 
(27) (27) 

The molecular formula of alkaloid CC-2 (mass spec
trum) is C21 H2,N05, corresponding t o four hydrogen 
atoms more than CC-20. Structure (17) was deter
mined for CC-2 in the following way. AbsOtption at 
3530 cm.-1 was assigned to an alcoholic hydroxy-group 
because the u.v. spectrum was unchanged on addition 
of strong base (no phenolic hydroxys). The n .m .r. 
spectrum showed signals corresponding to one N
methyl, one ' aromatic ' O-methyl, one O-methyl 
at tached to saturated carbon, one methylenedioxy
group and one ' aromatic ' proton. Coupled signals 
were present [see (17)J corresponding to H D ('t' 4·5, 
d, J 4 Hz), H o ('t' 5'9, t, J 4 H z), and Hn ('t' 6·4, m); 
this set of signals was closely similar to the signals 
from the corresponding group of three protons (Hn, 
Hc, H I)) in kreysiginine 9 (16). Irradiation at HD in 
the spectrum of CC-2 caused the H o-signal to collapse 
to a doublet, J 4Hz) , indicating a eis-relationship 
between H n and Hc. 

Mild oxidation of CC-2 with manganese dioxide 
afforded a conjugated enone, C21H25N0 5 (i.r., u.v. , 
and mass spectrum) showing t he allyIic nature of the 
original hydroxy-group. Further, the n .m.r. spectrum 
of the enone Was in agreement with the structure 
expected from oxidation of (17) . In particular , the 
signal from Hn now appeared as a triplet ('t' 4·1 2; J 8 
H z). which supported the presence of a methylene 
group at the adj acent HA/HA' centre. All the foregoing 
information is best accommodated by structure (17) 
or (18) for alkaloid CC-2. Rigorous structural proof 
in favour of (17) came from X-ray crystallographic 
studies (Glasgow). 

The O-acetyl derivative of CC-2 afforded a methiodide 
suitable for X -ray analysis. The crystals were ortho
rhombic, space group P212121 (])~ ), with four molecules 
of C2<\H32NOsI in a unit cell of dimensions a = 7'75, 
b = 14'57, e = 21·55 A. From Weissenberg photo
graphs, 1739 intensities were estimated visually and these 
were corrected for Lorentz, polarisat ion, and rotation 
factors in order to derive the structure amplitudes. 
The co-ordinates of the iodide ion were obtained from 
an analysis of the Patterson function. Structure 
factors were calculated from this position (R 44% ) 
and the three-dimensional elec tron density distribution 
calculated on this basis gave the positions of the nitrogen 
atom, two oxygen atoms, and 18 carbon atoms in 
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addition to the iodide ion. Four further cycles of 
structure factor calculation and Fourier synthesis 
revealed all the atomic positions and reduced R to 20·3%. 
Four cycles of isotropic least-squares refinement reduced 
the R to 18·6% and a further four cycles in which the 
iodide ion was refined anisotropic ally reduced the 
R to 13'3% . The structure so defined for the methiodide 
is (21) or its enantiomer. The bond lengths and angles 
found are those expected for such a molecule. The 
absolute configuration was established by Bijvoet's 
anomalous-dispersion method.19 The iodide ion in (21) 
scatters the X-rays anomalously thus resulting in a 
breakdown of Friedel's law. The reflections were 
indexed in a right-handed system. The intensities of 
45 pairs (hkl and hkl) were measured visually and 
structure factors calculated with the anomalous dis
persion corrections included. All 45 Bij voet pairs 
showed differences in the same direction as the observed 
structure factors. It follows that the chosen enantiomer 
(21) is the correct one. 

The close structural relation of alkaloid CC-3b to 
CC-2 was evident (a) from the molecular formulae, 
C21H29NO/i (mass spectrum) for the former and C21H27NOs 
for the latter and (b) the n .m.r. spectra of the two 
alkaloids which differed significantly only by showing 
the presence of two • aromatic' O-methyl groups and 
the absence of a methylenedioxy-group in CC-3b. The 
i.r. spectrum, the shift of u.v. absorption on addition of 
strong base and the formation by mild acetylation of 
CC-3b di -O-acetate (C2.~H3.1N07 by mass spectrum) 
combined to show the presence of onc phenolic and one 
alcoholic hydroxy-group. In the n.m.r. spectrum of 
the diacetate, only one methoxy-group moved upfield 
relative to its position in the spectrum of CC-3b itself. 
This observation, which is due to the shielding effect of 
the phenolic O-acetyl group, shows that the phenolic 
hydroxy-group in CC-3b cannot be flanked by both 
• aromatic' methoxy-groups. The signal corresponding 
to Ho underwent the characteristic down fi eld shift 
(0·72 p.p.m.) on acetylation of the alcoholic hydroxy
group. Finally. Jones oxidation of CC-3b afforded a 
conjugated enone, C21H27NOs by mass spectrum. 

These data lead to structure (19) or (20) for CC-3b 
and the former is strongly favoured by considering the 
position of the phenolic group in CC-tO (4) and of the 
methylenedioxy-group in CC-2 (17). It is recognised, 
however, that these arguments are indicative rather 
than conclusive. 

The eight alkaloids considered in this Paper form a 
particularly interesting family of structures. Seven 
could, in principle, be derived biosynthetically from 
the (+)- and (-)-forms of the eighth, autumnaline, 
[as (27)] by two alternative modes of phenol coupling. 
Further, it seems probable that alkaloid CC-tO (4) is 
the precursor of alkaloids CC-20 (5), CC-2 (17), and 
CC-3b (19). Direct tracer experiments are, however, 

le J. 1\L Bijvoet, Proc. k. ned Akad. Wetenschap., 1949, 152, 
313. 
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hampered by the scarcity of the alkaloids and the 
inaccessibility of ~iving plant material. 

EXPERIMENTAL 

See reference 20 for general directions and reference 13 
for isolation and separation procedures . 

Alkaloid CC-22 [(-)-Autumnaline] (27).-M.p. 166-168° 
from ethyl acetate. Significant peaks in mass spectrurn 
at mle 373·1885 (M+, C21H Z7N05 requires 373'1889), base 
peak at 192·1033 (CllHl(NOz requires 192'1025) and 167. 
'Jmax. 3540 cm.-1 (OH); Amax. 225sh (log E: 4·25) and 285 
(3·62); T 7·5 (s, 3H. M-methyl), 6·28 (s. llH. 3 O-methyls). 
3'70, 3'57. 3'45, 3·36 (all s. IH each. aryl-H); [Ot.] n22 _5° ~ 
3° (c. 0·2 CHCla). Identity of alkaloid CC-22 with synthetic 
(- )-autumnaline was shown by full spectroscopic corn
parison and confirmed by separate and mixed chrornat~
graphy on silica t .l.c. plates in benzene : ethyl acetate: di
ethylamine (7 : 2 : 1). 

Alkaloid CC-I9 [N-Formyldemecolcine] (15).-M.p . 187--
189° from methanol- ether. 'Jmax. 1665. 1610. 1595. and 
1575 cm.-1 ; "mu. 350 nm. ; mass spectrum M + 399·1671 
(CzaH25N08 requires :199'1682) ; [Ot.] n22 -202 ± 5° (c, 
0·79 EtOH) identity with partially synthetic N-forrny.l
demecolcine 18,17 by full spectroscopic ami chromatographiC 
comparison. 

AlIlaloid CC-24 (16).- M.p . 245- 249°, 'J (KBr) 
3420br cm.-1 • Amax. 221 nm. (log E: 4·45). 2.59'(i{"95). 289 
(3,62). 298 (3'55); Am in 249 (3 '90). 281 (3·60); T 7·20 (s, 
3H. N-methyl). 5·87 (5. 9H. O-mcthy!s). 3·55 and 3·29 
(s, IH each aryl-H; mle 371·1733 (M +. C21H 25N05 requireS 
371'1733). base peak at 354. 

A solution of alkaloid CC-24 (5 mg.) in methanol (2 rn!.) 
was kept with a large excess of ethereal diazomethan~ fO~ 
16 hr. and was then evaporated. The residue was punfie 
by preparative t.l.c . on silica in 10% methanol in chloroforrnci 
The product (3 mg.). [Ot.]nU -204° (CHCla). was prove 
identica l as above with (- )-O-methylkreysigine. 

Alkaloid CC- ID (4).-M.p. 209-212° from ethyl acetate. 
'Jmax.3520. 1665. 1635. 1610 cm.-1 ; Amnx. 240 nm. (log E: 4. 26): 
280sh. (3·65). 305sh (3'42) (Found: C. 67·5; H. 6·6: 
N. 3'8% ; mle 371·1733. Cz1H u N05 requires C. 67.9, 
H , 6'8; N. 3·8%; M. 371·1733). [Ot.] oZ2 +308 ± 5° (c. 0·8 
CHCla)· . h 

Methylation of CC-I0 (5 mg.) in methanol (1 ml.) wit I 
an excess of ethereal diazomethane yielded the o-methYt 
ether. This was shown to be structurally identical (bU

) 

enantiomeric) with O-methylandrocymbine by Lr. (K13r 

and t .l.c . comparison. 
Alkaloid CC-20 (5) .-M.p. 210-212° from ethyl acetate~ 

ether. 'Jrnnx. 1665. 1635. 1605 cm.-1 ; Amax. 243 nm. (log ~ 
4·27). 280 (3'78); T 7·10 (s. 3H, N-methyl). 6·30 an 2 
5·86 (s. 3H each. O-methyls). 4·05 (s. 2H. OCHP). 3.7 . 
(s. JH, aryl-H). 3·52 and 3·25 (s. IH each. olefinic) (FOun~' 
C. 68·1; H. 6·2; N, 3·8; mle 369·1580. C21H"N.: 
requires C. 68·3; R. 6'3; N. 3·8; M+ 369·1576). [.xJp 
+ 324 ± 15° (c. 0·26 CHCla). ,. 

Alkaloid CC-2 (17) and its O-Acetate.-M.p. 172- 17 9 
from ethyl acetate- ether. Amax. 236sh nm. (log E: 3.80) . 2~_ 
(3'30); n .m .r . T 7·76 (s. 3R, N-methyl). 7·15 (s. 3a, 
methyl) . 6·11 (s. 3H, aryl-O-methyl). 4·20 (s. 2H, oca,o~. 
3·84 (s. IH. aryl-H). 6·40 (m. !HII). 5·90 (t . .J 4 Hz. 11Io7: 
4·50 (d . .J 4 Hz. IHD) (Found : C, 66'5; H, 7·0; N. 3' , 

10 A. R. Battersby. E. S. Hall, and R . Southgate. J. Chtl7l' 
Soc. (C). 1969. 721. 
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m/e 373'1889. C21H 27NO& requires C, 67·5; H, 7·3; 
N, 3'7%; M+ 373'1889), [<xJnu +40 ± 4° (c, 0·48 CHCIs)' 

A solution of CC-2 (17 mg.) in pyridine (1 ml.) and acetic 
anhydride (0'5 ml.) was kept at 20° for 16 hr. ; it was 
then evaporated and the residue was crystallised from 
ethyl acetate-ether to give O-acetyl-CC-2, m.p. 135-137°. 
(Found: C, 66·3; H, 7·2; N, 3'5; m!e 415·2012. C2sH 29-

NOs requires C, 66·5; H, 7·0; N, 3·4; M+ 415'1995). 
The mass spectrum also showed M+ - 59 at m/e 356·1848 
(C21H 26NO, requires m/e 356.18(2) , \lmax. 1725, 1620, 1380, 
1260 cm.-1; T 8·01 (s, 3H, O-acetyl), 7·70 (s, 3H, N-methyl), 
6'91 (5, 3H, O-methyl), 6·10 (5, 3H, aryl-O-methyl) , 4·17 (s, 
2H, OCHP), 3·82 (5, IH, aryl-H), 6·40 (m, 1Hn), 4·32 
(d, J 4 Hz, IHD), 4·70 (m, Ho). 

An excess of methyl iodide was added to a solution of 
the foregoing acetate (8 m g.) in ethyl acetate at 20° and 
~he precipitated methiodide was crystallised from ethanol 
Or the X -ray work, m .p . 285-286°. 

. OXidation of Allwloid CC-2.-A solution of CC-2 (20 mg.) 
1n ~cetonitrile (1 ml.) was stirred at 20° for 18 hr. with 
actIve manganese dioxide (100 mg.). The solution was 
~ltered and evaporated and the residue was fractionated 
/ t.l.c. on silica in 5% methanol in chloroform to give 
ehYdro-CC_2 (14 mg.) (Found: m/e 371·1730. C21H2SNOs 

requires M + 371'1733); \I 1690, 1620 cm.-1; A 238 
nm (I mux. mnx. 
6 og e: 4'06),281 (3·37); n,m,r, T 7·70 (s, 3H, N-methyl), 
('77 (5, 3H, O-methyl), 6·08 (5, :m, aryl-a-methy l), 4·15 
45, 2H, OCHP), 3·82 (5, IH, ary l-H), 6·28 (t, J 8 Hz, 1Hn) 
'12 (s, lHn), 

2 ~lkaloid CC-3b (19) and its Di-O-Acetate. - M ,p . 210-
12 from ethyl acetate, \lmnx. 3520 cm.-1; Amnx. 226sh nm. 

J. Chem. SOC. (C), 1971 

(log e: 3·95), 284 (2'98) shifted to 294 nm. on addition of 
NaOH; T 7·75 (5, 3H, N-methyl), 7·18 (5, 3H, a-methyl), 
6·26 and 6·16 (5, 3H, each, aryl-O-methyl) , 3·74 (s, IH, 
aryl-H) 5·94 (t, J 4 Hz, 1He), 4·50 (d, J 4 Hz, IHD) (Found: 
C, 67·0; H, 7·2; N, 3'8; m/e 375·2044. C21H29NOs 

requires C, 67·2 ; H, 7·8; N, 3'7 % ); M+ 375·2046), [<xJn
22 

+25 ± 4° (c, 0·76 CHCI3), 

Alkaloid CC-3b (17 mg,) was acetylated as for CC-2 
above and the product was crystallised from ethyl aceta te
ether to give di-O-acetyl-CC-3b, m, p. 205-206° (Found: 
C, 65·2; H, 7·2; N, 2·9; m/e 459·2268. C2sHaaN07 
requires C, 65·3; H. 7·2 ; N, 3·0% ; M+ 459,2257), \lmax. 

1760, 1725 cm,- l; T 7·99 (5, 3H, O-ace tyl), 7·74 (s, 6H, 
N -methyl, O-acetyl), 6·92 (O-methyl), 6·32 and 6·16 (5, 
(3H each, aryl-O-meth yls), 3'6-! (5, IH, ary l-H), 6· 50 
(m, 1Hn), 4·68 (m, IHe). 4·33 (d, ] 4·5 H z, IHn). 

Oxidation of A lhaloid CC-3b.-J ones reagent (5 drops) 
was mixed at 0° with a solution of CC-3b (25 mg.) in AnalaR 
acetone (5 ml.) and after 1 min " a mmonia (d 0'880, 25 
drops) was added . The filtered solution was evapora ted 
and the crystalline product (12 mg,) was recrystallised 
from ethyl acetate t o give dehydro-CC-3b, m .p, 197-200° 
(Found: C, 66'8; H, 7·2; N, 3·6; m/e 373·1918. C21H 27-

NO& requires C, 67·5; H, 7·3; N, 3·7 % ; M + 373·1889), 
\lmn". 3520, 1680, 1600 cm.-1; Amnx. 237 nm. (log e: 4'19), 
280 (3 ·34). 

We thank the Government Grants Committee of the 
Royal Society and the S.R.C. for financial support . 
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Alkaloid Biosynthesis. Part XVIII. I.. Biosynthesis of Colchicine from the 
1-Phenethylisoquinoline System 

By A. R. Betteraby: R. B. Herbert, E. McDoneld. R. Ramage, and (the late) J. H. Clementa, Robert 
Robinson Laboratories, University of Liverpool, Liverpool L69 3BX and University Chemical Laboratory, 
Cambridge CB2 1 EW 

Extensive tracer experiments show that colchicine (9) is formed by a novel biosynthetic pathway from 1.2.3.4-tetra
hydro-7 -hydroxy-1- (3-hydroxy-4.5-dimethoxyphenethyl) -6-methoxy-2-methylisoquinoline (3) (autumnaline) 
with O-methylandrocymbine (6) as a key intermediate. The way in which autumnaline is constructed in the living 
system is also studied. 

PART XVI a described tracer experiments on Colchicum 
autumnale plants which led to the suggestion that 
colchicine (9) and its tropolonoid relatives' are bio
synthesised from a dienone of type (1). A process of 
ring expansion involving the departure of some good 
leaving group X with homoallylic assistance as illustrated 
accounted well for the observed labelling patterns. 
Crucial information became available at this stage when 
androcymbine, which occurs alongside colchicine in 
A ndrocymbium melanthioides, was proved I to have the 
novel structure and absolute stereochemistry shown (5). 
The close relationship between androcymbine (5) and 
the postulated precursor of colchicine (1) and also 
colchicine itself (9) pointed to a biosynthetic connection 
between compounds (5) and (9). On this basis, a path
way can be considered making use of a I-phenethyliso
quinoline [t .g. (3)] which by oxidative coupling 6 and 
subsequent O-methylation could generate O-methyl
androcymbine (6). Hydroxylation of (6) to form 
structure (7), as occurs at a late stage in the biosynthesis 
of haemanthamine 6 (2), could provide a starting point 1 

for ring expansion (see Scheme 1). 
A decisive test of these ideas required labelled 0-

methylandrocymbine (6), which was prepared by 
methylating androcymbine (5) with tritiated diazo
methane.8 When this product was administered to 
C. autumnale plants in spring, t incorporation into 
colchicine occurred to the remarkably high extent of 
over 15% (Expt. 9, Table 1). No randomisation of 
the label occurred in the biological system; thus, the 
3,4,5-trimethoxyphthalic acid isolated after oxidative 
degradation of the colchicine had essentially unchanged 
molar activity. These results supported the suspected 
biosynthetic relationship between colchicine and a 
I-phenethylisoquinoline system, and they opened the 
way to a detailed study of this remarkable sequence of 
reactions. 

Further progress depended upon proving that the 
diphenol (3), hereafter called autumn aline, also acts as a 

t Experiments were carried out in spring on C. autumn ale 
a nd in autumn on C. byzantinum. Incorporations were in
variably higher in springtime by a factor varying over the range 
4--16 (Tables 1 and 2) . 

1 Part XVII. A. R. Battersby. R. B. Herbert. L . Pijewska, 
F . SantavY. and P . Sedmera. preceding paper. 

S Preliminary report. A. R. Battersby, R. B . Herbert, 
E . McDonald. R. Ramage. and J . H. Clements. Chem. Comm., 
1966. 603. 

• A. R. Battersby. T . A. Dobson. D . M. Foulkes. and R. B. 
H erbert ].C.S . Perkin I . 1972. 1730. 

specific biological precursor of colchicine. The synthesis 
of compound (3) was designed to insert a HC label at 

(2 ) 

! 

(4) RI:H,R2::Me 

(5)RI"Me,R2"H (7) 

(6) RI :R2:Me / 

(8 ) OM. (9 ) 

SCHEME 1 

OMe 
--OH 

~H 
... . . 

--NMe 

o 
OM. 

• Reviewed by W. C. Wildman in . ' The Alkaloids,' ed. 
R. H . F. Manske, Academic Press, New York. 1960. vol. Vr, 
p . 247. . f 

• Reviewed by A. R. Battersby in 'Oxidative Coupling 0 
Phenols,' eds. W. I. Taylor and A. R. Battersby, Dekker, :New 
York, 1967, p . 119. 

• A. R. Battersby, J . E. Kelsey, and J . Staunton, Cheffl · 
Comm., 1971, 1&3. 

1 A. R. Battersby, Pure and Appl. Chem ., 1967,14. 117. 
• Cf. K. J. Van Der Merwe. P . S. Steyn. and S. H . Eggers, 

T etrahedron Letters. 1964, 3923. 
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e.g, corresponding to C-6 of colchicine (9). An un
ambiguous degradation of compound (9) was available 11 

for radiochemical assay of this centre. 

TABLE 1 
Tracer experiments on Colchicum autumnale in spring 

Incorporation (%) 
Expt. Precursor into colchicine 

1 [2.uC]Tyramine 0·4 
2 [A,..IH] Dopamine 1·1 
3 [8-IH]Isoquinoline (19) 0·007 
4 [9-u C]Isoquinoline (20) • 1·4 
5 [9-1'C]Isoquinoline (23) • 3·8 
6 [9-u C]Isoquinoline (24) • 0·52 
7 [9.u C]Autumnaline (3) • 9·6 
8 N-Nor[A,.-IH]autumnaline (22) 0·04 
9. O.[IH]Methylandrocymbine (6) 15·2 
• The 9-position is the ex-position of the phenethyl group. 

ell [2_14C] Malonic acid condensed with 3-benzyloxy-4,5-
. methoxybenzaldehyde to yield the corresponding 
~lnnamic acid, which was converted by controlled 
Ydrogenation into the acid (10). 4-Benzyloxy-3-
~ethoxyphenethylamine reacted with the acid chloride 
{om (10) and the resultant amide (ll) was cyclised to 
arm the 3,4-dihydroisoquinoline (12) . N-Methylation 

and reduction with borohydride followed by hydro
genolysis of the O·benzyl groups then completed the 

(12 I 

MeO~ 
PhCH 2·00 C6NH 

M.o6:.CH,Ph 
MeO 

(11 I 

(13) R " Me 
(14) R:oH 

SYnth . 
fed eSlS of (RS)-[9-14C]autumnaline [as (3)]. This was 
C, b as a~ aqueous solution of its hydrochloride to 
\\re yzantJnum plants, and satisfactory incorporations 
(Ilt,Echieved into both demecolcine (8) and colchicine 
\\ra xpt. 8, Table 2). A much higher incorporation SIl: obtained when the same precursor [as (3)] was 
spr'sequently administered to C. autumnale plants in 

lng (Expt. 7, Table 1). 
• ~l!()w1'he trioxygenated ring could in principle be rotated to 

ve Pte:th0-P'!',a coupling. Tracer evidence on this point will 
• nted In a later paper. 

'ieow~il R
J
. Battersby, R. Binks, J. J. Reynolds, and D. A. 

, . Chem. Soc., 1964, 4257. 

J,C.S. Perkin I 

The labelled site in the isolated colchicine was estab
lished by the set of degradations shown in Scheme 2. 
Since the derived succinic acid (corresponding to carbon 
atoms 4a, 5, 6, and 7 of colchicine) carried essentially all 
the original activity yet yielded inactive carbon dioxide, 
it must have been labelled at one or both of the methylene 
groups (corresponding to carbon atoms 5 and 6 of 
colchicine). The isolation of radioinactive trimethoxy
phthalic anhydride located the label unambiguously at 
C-6 of colchicine as expected. 

The results outlined so far define part of the biological 
pathway to colchicine as (3) -. (6) ---. (9) . Colchicine 
thus falls into place as a considerably modified iso
quinoline system rather than being, as it was, a puzzling 
inconsistency. 

~ 
HO / MeO 

M.O ~ I NMe MeO 

MeO / I ---+ 
-.... OH 

MeO 

C02 
.=0'4 

5 

o 

.= 1 

i. C r03-H 250,; ii. HN3 - H 250,; iii. KlFe(C N ,,- OW 

SCHEME 2 

The oxidative coupling step (3) -. (4) as written * 
produces a new carbon-carbon bond between the 
positions para to the phenolic hydroxy-groups. Dicect 
tracer study of such carbon-carbon couplings has 
consistently shown that phenolic hydroxy-groups orlho 
or para to the new bond are essential.lI, lO On this basis, 
the phenols (13) 1 and (14) should not serve as pre
cursors of colchicine despite their close resemblance to 
autumnaline (3). These two phenols were prepared by 
standard methods and were labelled with tritium in the 
aromatic rings by exchange with tritiated water.ll When 
they were administered in separate experiments to 
Colchicum plants, only insignificant incorporations were 
observed relative to the high values found (Table 2) for 
autumnaline (3) and O-methylandrocymbine (6). Thus, 
compounds (13) and (14), fed in autumn to C. byzantinum 
gave maximum incorporations of 0·005 and 0·02%, 

10 D. H. 'R. Barton and T. Cohen, • Festschr. A. Stoll, , Birk
hauser, Basle. 1957, p. 117. 

11 G. W . Kirhy and L. Ogunkoya, J. Chem. Soc ., 1965, 6914; 
A. R. Battersby, T. H. Brown, and J. H. Clements, ibid., p. 41150. 
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respectively, into demecolcine (8). By showing the 
ineffectiveness of close relatives, these results strengthen 
further the position of autumnaline as precursor of 
colchicine. 

Attention was turned next to a study of the pathway 
by which autumnaline (3) is produced in Colchicum 
plants. Earlier work 1,12 had shown that colchicine 
(and therefore autumnaline too) is built from tyrosine 
and cinnamic acid, the latter being formed in turn from 
phenylalanine. The various experiments now sum
marised were designed to cast light on the subsequent 
steps. Tyramine and 3,4-dihydroxyphenethylamine 

R~ 
HO~ 

(15) R "H 
(16)R ~OMe 

HO~ 
MeO l.:::)J 

R 
(17) R ~ H 

(18)R~OMe 

MeO 

HO 

OMe 

C02H 

C0 2H 

(21) RI,.Me.R2=H 
(22) RI : H.R2:0Me 

Me 

(19) R "H 
(20)R :OH 

Me 

(23)R=H 

(H)R ,.OH 

(dopamine) were both incorporated with satisfactory 
efficiency into colchicine (Expts. 1 and 2, Table 1). 
Support is thus given for decarboxylation of the related 
amino-acids before combination of the nitrogenous unit 
with that derived from cinnamic acid. None of the 
cinnamic acids (15)- (18), labelled as shown, acted as 
effective precursors (Expts. 1-4, Table 2) so presumably 
something other than hydroxyl at ion occurs as a first 
step (reduction?). Further work is necessary on this 
aspect. 

The sequence at the isoquinoline level was exam.ined 
by preparing a set of I-phenethylisoquinolines having 
various degrees of oxygenation and of 0- and N-methyl
ation. By comparing the levels of incorporation of 
these substances into colchicine and demecolcine, an 
indication of the biological order of events was gained. 
No stronger interpretation of our results is made because 
a number of factors can affect incorporation values. The 
base (19) is evidently not on the biosynthetic pathway 
(Expt. 3, Table 1) but introduction of a single hydroxy
group . produces a reasonably efficient precursor (20) of 

11 E . Leete, Tetrahedron Letters, 19611, 333. 
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TABLE 2 

Tracer experiments on Colchicum byzantinum in autumn 
Incorporation (%) 

Expt. Precursor 
1 p-Hydroxy[2-u qcinnamic acid 

(lIi) 
2 [2-u qFerulic acid (16) 
3 [2-u qIsoferulic acid (17) 
4 3-Hydroxy-4,Ii-dimethoxy-

[2-uqcinnamic acid (18) 
Ii [9-u qIsoquinoline (20) 6 

6 [9-u qIsoquinoline (23) 6 

7 [9-u qIsoquinoline (21) 6 

8 [9-u qAutumnaline (3) 6 
9 [Ar-IH]Isoquinoline (14) 

10 O-Methyl[Ar-1H]autumnaline 
(13) 

. ----" 

Demecolcine Colchicine 
a <0·01 

a 
0·003 

0·006 
0·30 
0·22 
0·06 
1·22 
0·02 
0·0011 

<0·01 
0·001 

0·003 
0·012 
0·030 
0·012 
0·26 
0 ·002 
a 

11 O-[IH]Methylandrocymbine (6) a 0·611 

• Not determined. 6 See footnote to Table 1. 

the tropolone alkaloids (Expt. 4, Table 1). Expts. 4, 
5, and 7 in Table 1 and 5, 6, 7, and 8 in Table 2 point to 
the sequence (20) ~ (23) ~ autumn aline (3). The 
triphenolic base (24) might be expected on chemical 
grounds to lie on the pathway between (23) and 

C02-

~r "I OH 

! C02-

B NH3 

:: I OH 

HO 
HO 

OH 

( 24) 

! 

----. 

----. 

OMe 

BHl 
~ I OH 

! HO~.' 
" I OH 

( 201 OMe BHl 
; I OH 
~ 

1 OH 

HO 

autumnaline (3)--+-O-methylandrocymbine (61 

demecolcine (e) and colchicine (91 
SCHEME 3 
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autumnaline (3) so the observed incorporation (Expt. 6, 
Table 1) was surprising. This result may be due to the 
~arked sensitivity of (24) to destruction by oxidation. 
FInally, Expt. 8 (Table I), in which N-norautumnaline 
(22) was fed, interlocks with several of the foregoing 
ones in showing that N-methylation occurs early in the 
sequence. 

The results reported here show that the tropolone 
alkaloids of Colchicum species are derived from the 
I-phenethylisoquinoline system by way of the dienone 
O-methylandrocymbine (6). Further, these findings, 
when combined with results of earlier work, support the 
sequence shown in Scheme 3. Subsequent papers will 
describe research on the step by which autumn aline is 
converted into O-methylandrocymbine (6) and, particu
larly, on the mechanism of the remarkable ring
expansion step which generates the tropolone nucleus. 

EXPERIMENTAL 

For general directions concerning radioactive work see 
~art Ill; 11 the cultivation of Colchicum plants is described 
In Part Vr.' 
. Administration of Labelled Precursors.-(a) Spring feed
Hlgs to C. autumnale. Aqueous solutions of the precursors, 
generally as hydrochlorides of bases or sodium salts of acids, 
we~e injected into the hollow seed capsules. Substances 7hlch were difficult to dissolve were dissolved first in a 
d~w drops of dimethyl sulphoxide and this solution was then 

lluted with water. 
(b) Autumn feedings to C. autumnale and spring and 

autumn feedings to C. byzantinum. The plants were set in 
~ots so that at least the top third of each corm was exposed. 
t wet cotton wick was threaded with a curved needle 
through the flesh of the corm and the ends were dipped into 
~e solution of precursor in a small glass tube. After most 

o the solution had been absorbed, distilled water was 
added to the tube and the process was repeated at least 
onCe. Finally, the tubes were checked for radioactive 
~aterial and, if necessary, small corrections were made to 

e amount of activity fed. Some feedings to C. byzantinum 
w~e carried out as above but with the bare corm resting in 
a retri dish . 
al~Sol~tion of the A lkaloids.-A solution of the total crude 

e alold from four plants was obtained in chloroform as 
arJ' n ler.' This was passed through a column of Merck 

weutral alumina (activity I; 10 g) and the column was 
f ashed with chloroform. Evaporation of the total chloro
:rlllic eluate gave a gum (ca. 0·2 g) which was shaken with 
A. ater (1 ml) and sufficient ethyl acetate to form an emulsion. 
th VOlume of light petroleum (b.p . 40-60°) equal to that of 
er: e~hyl acetate was then added, and the thoroughly 
'th~lslfied mixture was adsorbed evenly on Celite (1 g) . 
Ill' ~ Was packed on to the top of a column prepared by 
e~:.I~g Celite (16 g) with water (16 ml) which had been 
ac Ihbrated with an equal volume of 1: 1 (v/v) ethyl 
cl e;ate-light petroleum (b.p. 40-60°). The column was b: t~d with the organic layer from the foregoing equili-

a Ion, and material from an initial yellow band was 

la A . W. c . ~. Battersby, R. Bmks, S. W. Breuer, H . M. Fales, 
It J' Wlldman, and R. J. Highet, J. Chem. Soc. , 1964, 1696. 

It li . W. Cook and J. D. Loudon in 'The Alkaloids,' ed. 
266 .. F. Manske, Academic Press, New York, 1962, vol. II, p. 

j.c.s. Perkin I 

discarded. The demecolcine which followed it was collected 
and crystallised from ethyl acetate; m.p. 184--185° (lit.,1& 
186°); yield ca. 30 mg from C. autumnale and 120 mg from 
C. byzantinum. Elution was continued with dry ethyl 
acetate to yield colchicine, m.p. 148-149° (from ethyl 
acetate) (lit.,1t 148-150°); yield ca. 90 mg from C. 
autumnale and 110 mg from C. byzantinum. 

Degradations of Labelled Colchicine .-These were carried 
out as earlier.' Colchicine from Expt. 8, Table 2 (1'9 x 10' 
dis. per 100 s per mmol; 100%) yielded succinic acid 
(1'86 x lOt dis. per 100 s per mmol; 98%) which by Schmidt 
degradation gave carbon dioxide (1 x 102 dis. per 100 s per 
mmol; 0·4%) . Ferricyanide oxidation U of a further 
portion of this colchicine sample gave 3,4,5-trimethoxy
phthalic anhydride (2 x 102 dis. per 100 s per mmol; 1% ). 

3,4-Diphenylmethylenedioxy-5-methoxybenzaldehyde.- The 
corresponding benzoic acid 11 (34'8 g) suspended in benzene 
(150 ml) was dried by azeotropic distillation of part of the 
solvent. Oxalyl chloride (10 ml) was added to the cooled 
solution, followed by dimethylformamide (0·2 ml) . When 
effervescence had ceased, the solution was evaporated and 
the crude acid chloride was redissolved in dry xylene 
(160 ml) . Dry hydrogen was passed into this solution 
under reflux in the presence of 10% palladium-barium 
sulphate (3 g) and 1 % sulphur in quinoline (0·05 ml), and 
after 8 h filtration and evaporation gave the crude aldehyde. 
Chromatography gave a pure specimen, but the major by
product, 1,2-diphenylmethylenedioxy-3-methoxybenzene, 
m .p. 106°, was more easily removed after formation of the 
cinnamic acid. The aldehyde had m.p. 120-121° (from 
aqueous methanol) (Found: C, 76·0; H, 4·9. CI1H .. O. 
requires C, 76·9; H, 4·9%); vrnax. 1690 and 2800 cm-I; 
"max. 305 nm; or 0·35 (lH, s, CHO) and 6·06 (3H, s, OMe) . 

Synthesis of [2-UC) Cinnamic Acids.-A mixture of 
sodium [2-u C)malonate (6'13 mg; 0'6 mCi) and radio
inactive sodium malonate (142 mg) was dissolved in the 
minimum amount of water and treated with 2N-hydro
chloric acid (1'05 ml). The solution was evaporated and the 
residue was dried at 20° for 16 h (PaO.) and then mixed with 
dry pyridine, the appropriate aromatic aldehyde (2 mmol) 
and piperidine (0'05 ml). After the solution had been 
heated at 100° for 2 h and at 120° for 1 h it was evaporated, 
and the residue was partitioned between 3 : 1 ether-chloro
form and saturated aqueous sodium hydrogen carbonate. 
The aqueous layer was acidified and the cinnamic acid, 
extracted into ethyl acetate, was crystallised from the 
indicated solvent. The following were prepared in labelled 
form (87-98% yield) after characterisation had been 
completed on radioinactive material: 4-Hydroxy-3-
methoxy[2-u C)cinnamic acid (16), m.p. 170° (from ethyl 
acetate) (lit.,n 168-169°); . 3-hydroxy-4-methoxy[2.u C]
cinnamic acid (17), m.p. 231 '6° (from methanol) (lit ., n 
224-226°); 3-hydroxy-4,6-dimethoxy[2-u C]cinnamic acid 
(18), m.p. 144-145° (from aqueous ethanol) (Found: C, 
68'5; H, 6·2. CJlHlIO. requires C, 68·9; H, 6·4%); 
3-benzyloxy-4,6-dimethoxy[2-u C]cinnamic acid, m.p. 105-
106° (from methanol) (Found : C, 68·7; H, 6·7. C18H 180. 
requires C, 68·8; H, 5'8%); Vrnax. 1630 and 1690 cm-I; 
"max 293 nm; or -0·90 (IH, s, CO,H), 2·30 and 3·70 (both 
d, 2H, ] 16 Hz, trans-CH=CH), 4·87 (s, 2H, O'CH,Ar), 6·09 

U E . Leete and P . E. Nemeth, J. Atner. Chem. Soc., 1960,82, 
6066. ' 

11 L . Jurd, J. Amer. Chem. Soc. , 1969,81, 4608. 
11 F . Tiemann and N . Nagai , Bey., 1878, 64'1. 
11 R. Robinson and S. Sugasawa, }. Chetn. Soc., 1931, 3163. 
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(3H, s, OMe), and 6'12 (3H, s, OMe); . 3,'-diphenylmelhylene
dioxy-5-melhoxy[2-1'C]cinnamic acid, m.p. 197-199° (from 
aqueous methanol) (Found: C, 73·9; H, 4·8. CIIHuO, 
requires C, 73'8; H, 4'8%); and 3,4-dibenzyloxy-5-melhoxy
cinnamic acid, m.p. 152-154° (Found: C, 73·3; H, 5·6. 
CuH.sO, requires C, 73'8; H,5·7%). 

Preparation of 3-Phenyl[2-uC]propionic Acids.-The fore
going cinnamic acids were hydrogenated as in the following 
example. 

3-(3-Benzyloxy-4,5-dimelhoxyphenyl) [2-uC]propionic acid 
(10). A solution of the corresponding cinnamic acid (l'44 g) 
in ethyl acetate (15 ml) was shaken with hydrogen and 
Adams platinic oxide (15 mg) until 1 mol. equiv. of hydrogen 
had been absorbed . Evaporation of the filtered solution 
and crystallisation of the residue from ether-light petroleum 
(b.p.40-600) gave the propionic acid (1'42 g), m.p. 85-87° 
(Found: C, 68·0; H, 6·6. CuH.oO, requires C, 68·3; 
H, 6'4%); Vrnax. 1710 cm-I. The labelled sample was 
prepared analogously on a smaller scale. 

3-(4-Benzyloxyphenyl) [2-uC]propionic acid had m.p. 123-
125° (from aqueous ethanol) (Found: C, 74·8; H, 6·2. 
ClIHlIO. requires C, 75'0; H, 6·3%) . 3-(3,4-Diphenyl
melhylenedioxy-5-melhoxYPhenyl) [2-uC]propionic acid had 
m.p. 169-170° (from methanol) (Found: C, 73·2; H,5·5. 
CuH,oO, requires C, 73·4; H, 5'4%). 3-(4-Hydroxy-3-
methoxyphenyl)[2-uC]propionic acid had m.p. 90-91° 
[from ether-light petroleum (b.p . 60-80°)] (lit . .u 89-90°). 

Preparation of 3-P henyl[2-u C]propionamides.-The follow
i ng standard method was used in each case. 

N-(4-Benzyloxy-3-methoxYPhenethyl)-3-(3-benzyloxy-4,5-
dimethoxyphenyl)[2-u C]propionamide (11). A solution of 
the appropriate 3-phenylpropionic acid (139 mg) in benzene 
(10 ml) was dried by azeotropic distillation of part of the 
solvent, and the cooled solution was treated with oxalyl 
chloride (130 mg) and dimethylformamide (0·02 ml). 
When effervescence had ceased, the crude acid chloride was 
freed from solvent, redissolved in dry dichloromethane 
(5 ml), and added dropwise to a vigorously stirred emulsion 
of 4-benzyloxy-3-methoxyphenethylamine (126 mg) in 
dichloromethane (5 ml) and saturated aqueous sodium 
hydrogen carbonate (1 ml) . After 1 h the organic layer 
was washed with dilute acid and water, and then evaporated. 
Crystallisation of the residue from ethyl acetate-light 
petroleum (b.p. 60- 80°) gave the amide (167 mg, 68%), 
m.p. 105-107° (Found: C, 73·8; H, 6·8; N, 2·5. 
CuHnNO. requires C, 73·4; H, 6'7; N, 2'5%); Vrnax. 1660 
cm-I. For this and the following amides, the [uC)-samples 
were prepared similarly on a small scale. 

N -( 4-Benzyloxy-3-methoxyphenethyl)-3-( 4-benzyloxy-3-
melhoxyphenyl) [2-uC]propionamide had m.p. 129-131° 
[from ethyl acetate-light petroleum (b.p. 60-80°)] (Found: 
C,75'2; H. 6'7; N,2·7. CaaH"NO, requires C, 75·4; H, 
6'7; N, 2'7%). N-(4-Benzyloxy-3-melhoxyphenethyl)-3-(3-
benzyloxy-4-melhoxyphenyl) [2-u C]propionamide had m. p. 
141- 142° (from ethyl acetate) (Found: C, 75'5; H, 6'7; 
N, 2·7. C .. H"NO, requires C, 75'4; H, 6'7; N, 2·7%). 
N -( 4-Benzyloxy-3-methoxYPhenethyl) -3-(Uenzyloxyphenyl)
[2-u C]propionamide had m.p. 149-150° (from ethyl 
acetate-ether) (Found: C,77'5; H, 6'7; N,2·8. CnHuNO. 
requires C, 77'5; H, 6'7; N, 2'8%) . N-(4-Benzyloxy-3-
melhoxyphenethyl)-3-(3,4-dihydroxy-5-methoxyphenyl) [2_U C]
propionamide had m.p. 160-162° (from methanol) (Found: 
C, 68·6; H, 6·5. Cu H .. NO.,O·25HsO requires C, 68'5; H, 
6'5%) (this compound was prepared by treatment of the 
corresponding diphenylmethylenedioxy-derivative with hot 
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aqueous acetic acid 11). N-(4-Benzyloxy-3-melhoxyphen
ethyl) -3-( 3, 4-dibenzyloxy-5-methoxyphenyl) [2-u C]propion
amide had m.p. 107'5-108'5° (from ethyl acetate-ether) 
(Found: C, 75'8; H, 6·6 . . CIOH"NO. requires C, 76·1; 
H, 6'5) (prepared by standard O-benzylation of the fore
going diphenolic amide). N -( 4-Benzyloxy-3-methoxyphen
ethyl)-3-phenylpropionamide had m .p. 112° [from ethyl 
acetate- light petroleum (b.p. 60-80°)] (Found: C, 76·9; 
H, 7·0; N, 3·6. C16H 17NOa requires C, 77·1; H, 7·0; N, 
3·6%). N-(4-Benzyloxy-3-melhoxyphenethyl)-3-(4-benzyloxy-
3,5-dimethoxyphenyl)propionamide had m.p. 108-109° [from 
ethyl acetate-light petroleum (b.p. 60-80°)] (Found: C, 
73·2; H, 6·8; N, 2·6. Cu H 17NO, requires C, 73·5; H, 6·7; 
N,2·5%). 

Preparation of 3,4-Dihydro-l-[a.-u C]phenethylisoquinolines. 
-The following case illustrates the standard procedure. 

7-Benzyloxy-l-(3-benzyloxy.-4,5-dimethoxy[a.-uC]phenethyl)-
3, 4-dihydro-6-methoxy-2-methylisoquinolinium iodide. A 
solution of the corresponding amide (10·2 g) in toluene 
(250 ml) was dried by azeotropic distillation of part of the 
solvent, heated at 100° for 2 h with phosphoryl chloride 
(7 ml), and then evaporated. The residue was dissolved in 
ethyl acetate (100 ml) and mixed with 2N-sodium hydroxide 
(100 ml) (vigorous agitation with nitrogen). After 15 min, 
the organic phase was washed with water and dried, and the 
volume was adjusted to 150 ml before addition of methyl 
iodide (15 ml) at 0°. The crystalline isoquinolinium iodide 
was collected after 16 h; yield 9'9 g, m.p. 158-160° (from 
acetone-ethyl acetate) (Found: C, 60·4; H, 5", 
C"HuINO"HsO requires C, 60·2; H, 5'8%); Vrnax. 162/1 
cm-I; ~x. 246 (log c: 4'22),307 (3'91), and 352 nm (3·93); 
T 3'16,3·57, and 3·62 (each IH, s, ArH), 4'88 and 4·94 (both 
2H, s, O·CH.Ph), 6·06 (3H, s, OMe), 6·22 (6H, s, 2 X OMe) , 

and 6·40 (3H, s, NMe). The labelled sample was prepare~ 
in a similar way on a small scale. 

7-Benzyloxy-l-(4-benzyloxy-3-methoxy[ a.-U C]phenethyl)-3, 4-
dihydro-6-methoxy-2-melhylisoquinolinium iodide had m·P· 
132-136° (from dichloromethane-ethyl acetate) (Found : 
C, 62'7; H, 5·6. C"H •• INO, requires C, 62·9; H, 1S·6%)· 
7 -Benzyloxy-l-(3-benzyloxy-4-methoxy[ a.-uC]phenethyl) -3, 4-
dihydro-6-melhoxy-2-methylisoquinolinium iodide had m·P· 
204° (from methanol-ether) (Found: C, 62·0; H, IS'" 
C"H .. INO"O·5H,O requires C, 62·0; H, 5.7%). ,
B enzyloxy-l- ( 4-benzyloxy[ a.-uc]phenethyl) -3, 4-dihydro-6-
nuthoxy-2-melhylisoquinolinium iodide had m.p. 168° (frOm 
propan-2-01) (Found: C, 63'7; H,5'5; N,2·2. CasH .. nol'O, 
requires C, 64·0; H, 5'5; N, 2·3%). 7-Benzyloxy-l-(3,4-
dibenzyloxy-5-melhoxy[a.-u C]phenethyl)-3,4-dihydro-6-
melhoxy-2-methylisoquinolinium iodide had m.p. 141--
143° (from acetone-ether) (Found: C, 64·2; H, 5·/1· 
Cu H u INO"O'5HsO requires C, 64'4; H, 5'7%) ,
Benzyloxy-l- ( 4-benzyloxy-3, 5-dimelhoxy[ a.-uC]phenelhyl) -3, 4-
dihydro-6-methoxy-2-methylisoquinolinium iodide had m.P: 
104-106° (from dichloromethane-ether) (Found: C, 61J' 
H,5'7; N,2·0. C"H .. INO, requires C, 61·9; H,5·6; , 
2·0%). 

Preparation of O-Benzylated 1,2,3,4-Tetrahydro-1-
[a.-uC]phenelhylisoquinolines.-All the reductions were 
carried out as follows. f 

(RS)-OO-Dibenzyl[9-uC]autumnaline . A suspension 0 

the corresponding isoquinoline methiodide (3·4 g) in .drY 
methanol (50 ml) was treated in portions at 0° with sodluJTl 

borohydride (250 mg). When the yellow colour had beeO 
discharged (ca. 1 h) a slight excess of 2N-hydrochloric acid was 

t 11 
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added and the methanol was evaporated off. The aqueous 
SOlution was made basic and extracted with dichloro
methane to yield the tetrahydroisoquinoline (2'7 g). m.p. 
86-870 (from aqueous methanol) (Found: C. 76'8; H. 
7'3; N. 2'6. CuH,.NO, requires C. 76·9; H. 7·1; N. 
2'6%); \.u. 242 and 282 nm; T 3·43 and 3·68 (both 2H. s. 
4 X ArH). 4'93 (4H. s. 2 X O·CH.Ph). 6'11 (9H. s. 3 X 
OMe). and 7'67 (3H. s. NMe). 

{RS)-7-Benzyloxy-I-{4-benzyloxy-3-methoxy[ot-u C]phen
ethYl)_I. 2. 3. 4-tetrahydro-6-methoxy-2-methylisoquinoline had 
~.p . 70-71 0 (from ether-<:yclohexane) (Found: C. 78·0; 

• 7'3; N.2·7. C"H17NO, requires C. 78·0; H. 7'1; N. 
2'7%). {RS)-7-Benzyloxy-I-{3-benzyloxy-4-methoxy[ot-u C]-
thenethYl)-I. 2. 3. 4-tetrahydro-6-methoxy-2-methylisoquinoline 
Had m.p. 104-1050 (from methanol) (Found: C. 77·9; 

• 7'1; N.2·6. C"H17NO, requires C. 78'0; H. 7'1; N. 
2'7%). . {RS) -7-Benzyloxy-I-{3.4-dibenzyloxy-5-methoxy-
[1l·~'C]Phenethyl)-1.2.3.4-tetrahydro-6-methoxy-2-methylis0-
qUInoline was characterised as the oxalate. m.p. 140° [from 
~tone-light petroleum (b.p. 40-60°)] (Found: C. 71'9; 
1. 6'1; N.2·0. C"HuNO, requires C. 71·6; H.6·3; N. 
'9%). {RS)-7-Benzyloxy-I.2.3.4-tetrahydro-6-methoxy-2-

;:thYI-1-Phenethylisoquinoline was characterised as the 
»crate• m .p. 1900 (from methanol) {Found: C. 62·2; H.5·2; 
(li 8'9. CIIHIIN,O. requires C. 62·3; H. 5·2; N. 9'1%). 
1 2S)-7 -B enzyloxy-l- ( 4-benzyloxy-3. 5-dimethoxyphenethyl)-
h .3.4-tetrahydro-6-methoxy-2-methylisoquinoline was 

C aracterised as the picrolonate. m.p. 166-168° (from 
~ethanol. then ethyl acetate) {Found: C. 65·8; H . 5·8; 
(R 8'4. CuH"N,OlO requires C. 66·1; H.5·7; N.8·6%) . 
th S)-OO-Dibenzyl-N-norautumnaline was characterised as 
6t5~ ~icrolonate. m.p. 150-153° (from ethanol) (Found: C. 
t5'6~' H. 5·6; N. 8·5. C"HUN&OJO requires C. 65'7; H. 

• N.8·7%). 
PhCata~ytic O-Debenzylation of Labelled Substances to yield 
traenol~c Precursors.-The standard method used is illus
ch ted 10 the following example; the resultant phenols were 
Se ~racterised as crystalline bases or salts. In the [uC]
d fles. complete removal of the O-benzyl groups was 
ernonstrated by n.m.r. analysis. 

Co (RS)-[9-uC]Autumnaline [as (3)]. A solution of the 
(11 rresponding OO-dibenzyl ether (196 mg) in methanol 
sh ~l) and concentrated hydrochloric acid (0·04 ml) was 

a en with hydrogen and 10% palladium-<:harcoal (20 

J .C.S. Perkin I 

mg). When uptake of hydrogen was complete (better than 
±10% of theoretical). the solution was filtered and evapor
ated to yield (RS)-autumnaline hydrochloride. m.p. 235° 
(from methanol-ether) (Found: C. 61 ' 7; H. 6·9; N. 3·7. 
CIlHuCINO, requires C. 61'5; H. 6·9; N.3·4%). Standard 
recovery of the free base gave (RS)-autumnaline. m.p. 
170-172° (from ethyl acetate) (Found: C. 67·3; H. 7·4; 
N. 3·8. CIlH I7NO, requires C. 67'5; H. 7·3; N.3·8%) ; 
vmu. 3550 cm-l ; ~L 285 nm (log £ 3'59); T 3·31 and 3'43 
(both IH. s. isoquinoline H-5 and H-8). 3·54 and 3·68 (both 
IH. d. ] 1 Hz. phenyl H-2 and H-6). 5'Obr (2H. 2 X OH) • 
6·13 (9H. s. 3 X OMe). and 7'53 (3H. s. NMe). 

(RS)-1.2. 3.4-Tetrahydro-7 -hydroxy-l-( 4-hydroxy-3-
methoxy[ot-u C]phenethyl)-6-methoxy-2-methylisoquinoline (23) 
was characterised as the bisphenylurethane derivative. m.p . 
148-150° (from aqueous ethanol) (Found: C. 70·1; H. 6·0; 
N. 7·4. C"H16N,O. requires C. 70·2; H. 6·1; N. 7·2%). 
{RS)-1.2.3.4-Tetrahydro-7 -hydroxy-l- (4-hydroxy[ ot-uC]phen
ethy/)-6-methoxy-2-methylisoquinoline (20) showed a double 
m .p.. 98-100° then 150° (from chloroform-benzene) 
(Found: C. 72·6; H. 7·4. CuHIINO. requires C. 72·8; 
H. 7'4%) . (RS)-I-{3.5-Dimethoxy-4-hydroxyphenethyl)-
1.2.3. 4-tetrahydro-7 -hydroxy-6-methoxy-2-methylisoquinoline 
(14) was characterised as the picrate. m.p. 132-135° (from 
methanol-ethyl acetate) (Found : C.57·4; H.6·8 ; N.I0·2. 
CIlH n N,OlO.0·5EtOAc requires C. 57'8; H. 5'8; N. 
10'3%). The presence of 'ethyl acetate of crystallisation 
was confirmed by n .m .r . spectroscopy. 

Tritium labelling of the phenols (13). (14) . and (19) was 
carried out in the standard way 11 by exchange with 
tritiated water. using a solution of the phenolic base in 
dimethylformamide. 
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1-Phenethylisoquinoline Alkaloids. Part IV.l,2 Isolation, Structural 
Elucidation, and Synthesis of c-Homoaporphines 
By Alan R. Battersby:t Robert B. Bradbury, Richard B. Herbert, Murray H. G, Munro, and Robert 

Ramage,The Robert Robinson Laboratories. University of Liverpool. Liverpool L69 3BX 

Extraction of Kreysigia mu/tif/ora has yielded six alkaloids, three not having previously been found. (RS) -Kreysigine, 
(-) -floramultine, and (- )-multifloramine are shown to have the novel c-homoaporphine structures (11 )-(13). bY 
spectroscopic study and by synthesis. The (R) -configuration is established for (-) -multifloramine by carrYing 
out the synthesis with resolved materials. Kreysiginone, a trace alkaloid, is shown in a similar way to be the 
benzo[de]quinoline-7-spirocyclohexadienone (21). Comment is made on the surprising stereochemical relation
ships among the various alkaloids. 

RECENT studies 1-4 have shown that the I-phenethyliso
quinoline skeleton (I) is the central core of an important, 
new class of alkaloids of many types isolated from plants 
of the Liliaceae family. This relationship of a parent 
to numerous sons and daughters is reminiscent of the 
vast group of I-benzylisoquinoline alkaloids found in 
plants of the Papaveraceae. As an example in the 
I-phenethylisoquinoline series, it is now known 4 that 
colchicine is derived in vivo from (S)-autumnaline (2) by 
way of O-methylandrocymbine (3). The existence of 
(S)-autumnaline was first indicated by tracer experiments 
but later it was isolated from Colchicum cornigerum.3d 

At the time of these studies, it was known that morphine 
is biosynthesised from (R)-reticuline 5,6 (7) and that 

t p,.csent add,.ess: University Chemical Laboratory, Lensfield 
Road, Cambridge CB2 l E W. 

1 Part IlI, A. R. Battersby, R. D. Heroort, L. Pijewska, 
F. Santavy, and P . Sedmera, ].C.S. Pe,.hin I, 1972, 1736. 

I Prelirnina.ry reports : A. R. Battersby, R. B. Bradbury, R. B. 
Herbert, M. H . G. Munro, and R. Ramage, Chem . Comm., 1967, 
460; A. R. Battersby. E. McDonald, M. H . G. Munro, and R. 
Ramage, ibid., p. 934. 

3 (a) A. R. Battersby, R. B. Herbert, L. Mo, and F. Santavy, 
]. Chem. Soc . (C), 1967, 1739; (b) A. R. Battersby, M. H. G. 
lI{unro, R. B. Bradbury, and F. Santavy, Chem. Comm., 1968, 
(l05; J . Fredrichsons, M. F. Mackay, and A. McL. Lathieson, 
Telrahed,.on L ette,.s, 1968,2887; N. K Hart, S. R. Johns, J . A. 
Lamberton, and J . K. Saunders, ibid., p. 2891; A. F. Beecham, 
N. K. Hart, S. R. Johns, and J . A. Lamberton, Austral. ]' Chem., 
1968, 21, 2829; (c) S. R. J ohns, C. Kowala, J . A. Lamberton, 
A. A. Sioumis, and J . A. Wunderlich, Cllem . Comm., 1968, 1102; 
S. R. J ohns, J. A. Lamberton, and A. A. Sioumis, Austral. ]. 
Chem., 1969, 22, 2219 ; W. Langlois, B. C. Das, P . Potier, and 
L . Lacombe, Bull. Soc. chim. Fmncc, 1970, 3635; (d) A. R. 
Battersby, R . Ramage, A. F. Camerson, C. Hannaway, and F. 
Santavy, ]. Chem . Soc . (C) , 1971,3514. 

(+ )-salutaridine 5 (8) is an important intermediat~. 
Directly one compares (2) with (7) and (3) with (8), it 15 

clear that parallel biosynthetic processes are operating. 
This suggested that an alternative mode of phe~oI 
coupling,? established in the I-benzylisoquinoline serIes 
for the biosynthesis of isothebaine 8 (9) and illustrated 
in the Scheme, might take place on a suitable I-phen-
ethylisoquinoline to produce homoaporphines [based on 
(10)]; accordingly, compounds of this type were sought. 

A phenethylisoquinoline has a C17 skeleton; with the 
advice of Professor F. Santavy (Olomouc), whose help W: 
gratefully acknowledge, it was found that the alkaloids. 
of Kreysigia multijlora Reichb. (Liliaceae) matched tIllS 
requirement. A full investigation of this plant s~b
stantiated our hypothesis and allowed the homoaporph~ne 
framework (10) to be established for the three majOr 
alkaloids produced by this species. . t 

Modification of the extract ion procedure used earlier 
on K. multijlora yielded the alkaloids (-)-floramultine, 

, (a) A. R. Battersby, R. B. Herbcrt, E. McDonald, ~i 
Ramagc, and J . H. Clements, J .C.S. Perhin 1,1972,1741 ; (d 
A. C. Barker, A. R. Battersby, E. McDonald, R. Ramage, all 
J . H. Clements, Chem. Comm., 1967,390. s 

5 D . H. R. Barton, G. W . Kirby, W. Steglich, G. M. ThoJll3 , 
A. R. Battersby, T. A. Dobson, and H. Ramuz, J . Chetn. 50&·, 
1966, 2423 and references therein. 

• A. R. Battersby, D . M. Foulkes, and R. Binks, J. Chetn. SOG., 
1966, 3323 and references therein. 7' 

? D. H. R. Barton and T. Cohen, Festsch,.. A. Stall, 1957, )IF' 
A. R. Battersby in ' Oxidative Coupling of Phenols,' eds. A. 67' 
Battersby and W. 1. Taylor, Marce1 Dekker, New York, 19 ' 
p . 119. '" 

• A. R. Battersby, T. J. Brocksom, and R. Ramage, CM . 
Comm., 1969, 464 and references therein. 6 

t G. M. Badger and R . B. Bradbury, J. Chem. Soc., 1960,44 . 
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(RS)-kreysigine, and ( + )-kreysiginine previously isolated, 
toge~her with a new base named (- )-multifloramine and 

~ 

MeO I 

o 

(9) 
SCHEME 

Several minor alkaloids. Two efficient methods for 
separation of the crude basic material from K . multijlora 
~e~e found to be: (a) partition chromatography on 
ehte between ethyl acetate-light petroleum (1 : 1) and 
p~ 7 a.queous buffer, and (b) preliminary separation into f. enohc and non-phenolic (or very weakly acidic) por
bons followed by further fractionation of each portion 
/ COunter-current distribution between ethyl acetate 
wnd pR 7 aqueous buffer. When the rhizomes and foliage 
t ~te examined separately it was found that both con
f a1ned on average ca. 1 % of alkaloids, though the yield 
';~tn f?liage varied from 0·5 to 2'0% (different batches). 
d'ff d~stribution of the various bases was also found to 
~ er In that (RS)-kreysigine and (-)-floramultine were 
t ?st abundant in the rhizomes whereas the foliage con
aalned a wider spectrum of alkaloids with multifloramine 
• s the major one. Counter-current distribution of the 
d~on-Phenolic ' alkaloids allowed the isolation of a new 
C~no~~. kreysiginone, and deacetylcolchicine (5). 
al chlctne (4) and N-formyldeacetylcolchicine (6) have 
thSO been found 10 in K. tmtltijlora and the occurrence of 
Wi~l tropolones (4) - (6) is of considerable interest; this 
hi be brought out in the following paper 11 where 
OAto'SbYnthetic studies on the homoaporphines are de-
~ led. . 

di~ethYlation of multifloramine and floramultine with 
anJ°tnethane gave in each case a mixture of kreysigine 
~re ?-~etbylkreysjgine; the latter was formed from 
thi;Slgtne by extended treatment with diazomethane. In 
clos 7ay, the three alkaloids were immediately shown to be 
kte e Y ~elated ; the structural argument best starts with 
A.n~Sl~ne, C22H27N01) (confirmed by mass spectrometry). 
lllethYs1s of the n.m.r. spectrum showed that one N
with yl and four O-methyl groups are present together 

10 two aromatic protons giving rise to singlets at T 3·41 
11 ~. Santavy, Expericntia, 1967, 23, 273. 

fOlloWi ~ R Battersby, P. B6hler, M. H . G. Munro, and R. Ramage, 
g paper . 
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and 3·46. The region T 6·5-8·1 contained unresolved 
signals corresponding to nine protons. Confirmation 
that the fifth oxygen atom occurs in a phenolic hydroxy
group came from the i.r. and u.v. spectra; the latter 
underwent a bathochromic shift in alkaline solution. 
These data and arithmetic show that the parent skeleton 
of kreysigine (all functional groups replaced by hydrogen 
atoms) has the composition C17H17N and contains two 
aromatic rings; it is therefore tetracyclic, corresponding 
exactly to a didehydro derivative of I-phenethyliso
quinoline [e.g. (1O)J. 

The u.v. spectrum of kreysigine indicated significant 
conjugation of the two aromatic nuclei and so supported 
the homoaporphine structure. In addition, one meth
oxy-group was shielded (T 6·41) relative to the others 

III 

MeO~1 __ N ........ 
H 

MeO ~ 'R 
MeO '/ ~ 

- 0 
OMe 

(4) R-Ac 

(5) R-H 

(6)R=CHO t 
Meo~/' I NMe 

OH " 
~ 

MeO 0 

le) 

(two at T 6·14 and one at 6·17). This phenomenon is 
well known in the aporphine series 12 where a methoxy
group at C-l or C-ll [see (9)] of the twisted biphenyl 
system is shielded by the adjacent aromatic ring. 
Accordingly, structure (11) was proposed for (RS)
kreysigine; the oxygenation and methylation patterns 
were largely selected on biogenetic grounds with the 
structure of autumn aline (2), the precursor of the 
Colchicum alkaloids,' in mind. 

(- )-Multifioramine, C21H25NO/i' and (-)-fioramultine, 
also C21H25NO/i (the earlier molecular formula 8 was 
revised in the light of mass spectral data), are both 
de-O-methyl derivatives of kreysigine; this follows from 

11 E .g. W . H . Baaschers, R. R. Arndt, K. Pachler, J. A. 
Weisbach, and B . Doug\as, ] . e lm n. Soc. , 1964,4778. 
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the molecular formulae and the O-methylation studies 
mentioned earlier. Both show one O-methyl signal at 
high field in their n.m.r. spectra. In addition, OO-di
acetylfloramultine on partial hydrolysis yielded a mona
a-acetyl derivative which by O-methylation and subse
quent hydrolysis yielded (-)-kreysigine. So on ' the 
basis of structure (11) for kreysigine, the tentative struc
tures (12) and (13) were assigned to (-)-multiflorainine 
and (- )~floramultine, not necessarily respectively. 

OH 

(16) R- Ac 

(17) R ... H 

(10) 

(12) 

( 14) 

MeO 

MeO 

(11) 

(13 ) 

( 15) 

(18 ) 

Scarcity of the natural materials precluded extensive 
degradations and the structural problem was solved by 
the synthetic approach. The selected route was based 
on the known synthetic and biosynthetic relationships in 
the I-benzylisoquinoline series depicted in the Scheme. 

The (RS)-diphenol [as (14)], synthesised as in earlier 
work,4.4 was oxidised by alkaline ferricyanide to yield the 
racemic dienone [as (15)] in the high yield of 49%. This 
product exhibited Lr. maxima at 3550, 1660, and 1621 
cm-l and n.m.r. signals consistent with the structure at 
T 7·60 (N-Me), 6'50, 6·43, and 6·29 (O-Me) , 4·22 and 
4·07 (each] 2 Hz, olefinic H), and 3·54 (aromatic H). 
The small coupling of the olefinic signals arises from 

J .C.S. Perk in I 

transannular interaction.13 Dienone-phenol rearrange
ment involving aryl migration was effected by concen
trated sulphuric acid to yield (RS)-multifloramine [as 
(13)] identical with the natural product except for optical 
activity. In view of the O-methylation studies de
scribed above, this also constitutes a formal synthesis of 
(RS)-kreysigine. Though a complete study was not 
carried out, there is good evidence for the alternative 
alkyl migration having occurred in the dienone-phenol 
rearrangement when acetic anhydride-sulphuric acid 
was used. In this case, the rearrangement must proceed 
from the O-acetyl dienone in which the migratory 
aptitude of the aryl group would be expected to be 
decreased relative to that of the free phenol. The n.m.r. 
spectrum of the O,O-diacetate so produced showed the 
absence of a shielded methoxy-group of the type dis
cussed already in relation to kreysigine; the spectrum is, 
however, consistent with structure (16). Also, the 
diphenol (17) isolated after hydrolysis was spectroscopic
ally distinguishable from multifloramine (13). 

Resolution of the OO-diacetate of the base (14 and 
enantiomer) with the (RR)- and (SS)-forms of 00-
ditoluoyltartaric acid followed by hydrolysis gave the 
two enantiomers of the diphenol (14), isolated as the 
hydrochloride salts. The (-)-hydrochloride was carried 
through the sequence of pheJ;lol coupling and' dienone
phenol rearrangement and the product was identical with 
natural (- )-multifloramine. The absolute configuration 
of (S)-autumnaline (2) had been established in earli~r 
work 4b by o.r.d. measurements and its hydrochloride is 
dextrorotatory [conditions of measurement identical 
with those used for the (-)-hydrochloride above]. Since 
autumnaline differs from the diphenol (14) only by the 
interchange of two nuclear substituents at a site remote 
from the chiral centre, the absolute R-configuration (14) , 
can be assigned to the base yielding the laevorotatory 
hydrochloride. It follows that (-)-multifloramine haS 
the R-configuration illustrated in structure (13) in agree
ment with research carried out simultan,.eously elsewhere 
and referred to below. 

As a consequence of structure (13) being settled fof 
( - )-multifloramine, (- )-floramultine has the stnict?re 

(12); our only evidence for the absolute configuration 
in this case is comparison with (-)-multifloramine (see 
later). Further, (RS)-kreysigine, which is so weakl'y 
acidic that it is very difficult to extract from organIC 
solvents into alkali, can be confirmed as having structure 
(11). In this, the phenolic hydroxy-group is sever~l~ 
hindered in the twisted biphenyl system. The part~a 
methylation work and acetylation- de acetylation studies 
already outlined are also in clear support of the assigned 
position for the phenolic hydroxy-group in (RS)-krey
sigine (Il). 

It is of interest that alkaloid CC-24 from ColchiCll1)11 

cornigerum has been shown 3d to have structure (IS I 

13 W. von Philipsborn. Habilitationsschrift, University ~~ 
Zurich, 1962 ; see also A. R. Battersby, J. H. elements, and 1'. L. 
Brown, J. Chem. Soc., 1965. 4550 ; a':ld L. J. Haynes. K(C), 
Stuart. D . H. R. Barton. and G. W . Klrby. J. Chem. Soc. 
11)66. 1676. 



1974 

representing the only remaining monophenolic variation 
on ring D. 

. Our preliminary communication 2 stimulated interest 
In this area by other researchers. Thus, it was shown 14 

by c.d. measurements that (-)-floramultine (12) belongs 
to the R-series. Also, Brossi and his co-workers 15 

applied our synthetic sequence in both R- and S-series 
to establish independently the absolute configuration 
(13) for (-)-multifloramine. Finally, Kametani's group 
has. carried out extensive synthetic work on structures 
~envable by oxidative coupling of I-phenethylisoquino
Ines, or by related processes. I6 

T~e stereochemistry of the alkaloids from Kreysigia 
multi flora has surprising features. Kreysigine (11) is 
~ompI~tely racemic yet its close relatives (- )-multi-
or~mme (13) and (- )-floramultine (12) are optically 

actIve with the R-configuration. In contrast, the co
oCcurring base (+ )-kreysiginine has the S-configuration 
at the corresponding chiral centre marked with an 
~sterisk on structure (19); this also represents the abso
ute .configuration.ab In biosynthetic terms, structure 
¥~) IS closely related to the homoaporphines (11)-(13). 

e foregoing facts emphasise the impressive stereo
ch~mical selectivity of the plant's biosynthetic activities. 
k he spectroscopic data of the very minor alkaloid 
t reysiginone indicated that it might have a structure of 
~~e (21). Accordingly, the diphenol 4a (20) was oxidised 

lth alkaline ferricyanide to afford a separable mixture 

MeO 

MeO 

( 20 1 

l'leo~ 
. Hoy ,,(NMe 

M:;jO 
12: ) (22) 

~~ two. diastereoisomeric dienones (21) differing in con
Qi Urahon at the spiro-centre; they will be called . 
(~none-I (transition at 155°, m.p. 194°) and dienone-II 
we'P' 202°). All the spectroscopic data for both dienones 
fo;e Consistent with structure (21) and dienone-I was 
kte n~ ~o be identical, apart from optical activity, with 
llI/SlgInone. Accompanying kreysiginone in the 

I 
nts, and separable from it with difficulty, was a trace 
I A.. 

tOil A ' F. Beecham, N. K. Hart, S. R J ohns, and J. A. Lamber
I, A..lIst . J. Chem., 1968, 21, 2829. 

~2, 678' Brossi, J. O'Brien, and S. TeiteI, Helv. Chim. Acta, 1969, 
I, . 

trJ'otolJer alia T. Kametani, F . Satoh, H . Yagi, and K . Fuku-
1'. l{am' Orc. Chcm ., 1968, 33, 690;]. Chem . Soc. (C). 1970. 382; 
~oto c~tani, T. Sugahara, H. Sugi. S. Shibuya, and K. Fuku
;'\. F~k em. Comm., 1971. 724; T. Kamctani, Y. Satoh. and 
In. Umoto, ].C.S. Perkin I, 1972, 2160 and references there-
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of an alkaloid with spectroscopic properties corresponding 
to the dihydrokreysiginone structure (22). The amount 
available was too small for rigorous work. However, 
such a co-occurrence of a cross-conjugated dienone and 
the corresponding enone has been met before in P. 
orientale. I7 

Oxidative conversion of base (20) into the two dienones 
has been carried out independently by Kametani et al.18 

The novel structures of the alkaloids of K . multi flora 
and their unusual stereochemical relations heightened 
interest in their biosynthesis; tracer studies in these 
plants on the homoaporphine system are described in the 
following paper.ll 

EXPERIMENTAL 
General directions are given in reI. 19. In several cases, 

it was necessary to measure specific rotations on small 
samples; for these, correspondingly large error limits are 
recorded. 

Extraction of Kreysigia multifiora.-The dry plant 
material was separated into rhizomes (761 g) and foliage 
(1435 g). AIl batches were ground to powders which were 
extracted at 20° first with ethanol (10 I) and then with 
1 % citric acid in 1 : 1 water- ethanol (20 I) ; the two extracts 
were treated separately as follows . The solvent was 
evaporated off and the residue was partitioned between 
water and chloroform (1 1 of each). After the aqueous 
phase had been basified with potassium carbonate, it was 
extracted thrice with chloroform (solution A) . The original 
chloroformic layer was extracted several times with 2N
sulphuric acid (filter emulsions), and the acidic solution 
was basified and extracted with chloroform (solution B). 
The residue from evaporation of the aqueous ethanolic citric 
acid extract was dissolved in water, filtered, basified with 
potassium carbonate and extracted thrice with chloroform 
(solution C) . Evaporation of the combined solutions 
A-C yielded crude alkaloid. 7·4 g from rhizomes and 
7·2 g from foliage. Where separation of phenols from non
phenols (or weakly acidic phenols) was carried out, it was 
done by partition between chloroform and N-sodium hydr
oxide in the usual way . 

Isolation of the Alkaloids.-(a) By partition chromato
graphy. The column was prepared from Celite (500 g) 
impregnated with phosphate-citrate buffer (250 ml) which 
had previously been equilibrated with the organic eluting 
phase [1 : 1 v/v ethyl acetate- light petroleum (b.p. 60- 80°)]' 
The buffer was a mixture of O'IM-citric acid and 0·2M
disodium hydrogen phosphate (3'53: 16·47 v/v). The 
alkaloids (3'15 g) from rhizomes gave the following in order 
of elution: (RS)-kreysigine (110 mg), (- )-fioramultine 
(1·24 g), and a mixture of fioramultine, kreysiginone, and 
deacetylcolchicille. 

The foliage bases (4'53 g) similarly gave (RS)-kreysigine 
(160 mg), (-)-fioramultine (950 mg), and a fraction con
taining more polar alkaloids. Rechromatography of the 
latter afforded (- )-multifioramine (435 mg), which moved 
more slowly than floramultine . 

(b) By counter-current distribution. The phenolic alkal
oids (2·2 g) were partitioned (10 ml phases) between ethyl 
acetate and the same pH 7 buffer used in (a). After 90 

17 A. R. Battersby and T. H. Brown, Chem . Comm .• 1966. 170. 
18 T. K~metani, F. Satoh. H. Yagi, and K Fukumoto. J . 

Chem. Soc. (Cl. 1968. 1003 and references therein. 
it A. R. Battersby. E. S. Hall, and R. Southgate, J. Chem. 

Soc. (C), 1969, 721. 
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transfers, a good separation of the following had been 
achieved (partition ratio, K, is quoted) : (RS)-kreysigine 
(170 mg; K 1'25), (-)-fioramultine (500 mg, K 0'56); 
(- )-multifioramine \113 mg, K 0·37),. and (+ )-kreysiginine 
(267 mg; K 0·17). The last appears in the' phenolic' 
fraction . 

Similar partition of the' non-phenolic' alkaloids (805 mg) 
allowed the separation of a fraction rich in kreysiginone. 
P.l.c. of this on silica (10% methanol in chloroform) afforded 
kreysiginone and dihydrokreysiginone in admixture and 
pure deacetylcolchicine, which was identified by full spec
troscopic and chromatographic comparison with authentic 
material. Dihydrokreysiginone was separated from krey
siginone by crystallisation from ethyl acetate; p.l.c. as 
before of the material in the mother liquors gave pure 
kreysiginone. 

Physical Data for the Isolated Alkaloids.-(RS)-Kreysig
ine (11) (2, 9, 10.11-tetramethoxy-c-homo-6a;~-aporphin- l-ol) : 
m .p . 187- 189° (from ethanol); Ymar. (CCl,) 3500, 3400, 
1600, and 1128 cm-I; Amar. 221 (53.900), 260 (15,600), and 
293 nm (6600), shifted in base to 321 nm; 't' 3'41 (IH, s, 
ArH) 3·44 (lH. s, ArH) , 6·14 (3H, OMe), 6·17 (3H. OMe), 
6·41 (3H, OMe) , and 7·64 (3H, NMe); mle 385 (M+, 50% ), 
370 (24), and 368 (100) . 

(- )-Floramultine (12) (2, 10, ll-trimethoxy-c-homo-6a;~
aporphine-1,9-diol): m.p. 230-231° (from ethanol), [a;)n 
_77° ± 3° (CHCla); Ymax. (CHCla) 31150, 3400, 1600, and 
1120 cm-I; Amar. 225 (45,100), 258 (13,400), and 295 (6500) 
nm, shifted in base to 286 nm; 't' 3·46 (IH, s, ArH), 3·41 (IH, 
S, ArH) , 6·11 (3H, OMe), 6ol6 (3H, OMe), 6·45 (3H, OMe), 
and 7·70 (3H, NMe); mle 371 (M+, 56%), 356 (33), and 354 
(100). 

(- )-Multijloramine (13) (2,9, ll-trimethoxy-c-1tomo-6a;~
aporphine-l, 10-diol): m .p . 209-212° (from ethanol) (Found: 
C,67'2; H,6·9. C'IH2SNO&,0'5EtOH requires C, 67'0; H, 
7·1 %), [a;)DU _108° ± 3° (CHCla); Ymar. (CCI,) 3560, 1618, 
1488, and 1124 cm-I; Amar. 221 (22,000) 261, (5560), and 
295 nm (3710), shifted in base to 318 nm (5350); 't' 3·38 
(lH, s, ArH), 3·45 (IH, S, ArH), 6·13 (6H, OMe), 6·46 (3H, 
OMe), and 7·74 (3H, NMe); mle 371 (M+, 50%) and 354 
(100) . 

Kreysiginone (21) (1 ,2,3 ,8, 9,9a-hexahydro-6-hydroxy-
3' ,5-dimethoxy-1-methyl-7H-benzo[de)quinoline-7-spiro
cyclohexa-2',5'-dien-4'-one): m .p . 193-194° (from benz
ene); vmax. (CHCla) 3500, 1659, 1633, and 1614 cm-I; Amax. 
214 (34,000), 243infl (14,200), and 287 (6000) nm; mle 341 
(M+) ; identified by direct comparison with synthetic 
material (see later). 

Dihydrokreysiginone (?): m.p. 217- 222° (from benzene); 
Ymax. (CHCla) 3500, 1678, 1635, and 1610 cm-I; Amar. 220 and 
269 nm, shifted in base to 288 nm; 't' 3·46 (lH, s, ArH) , 
4·26 (1H, olefinic), 6·16 (3H, OMe). 6,46 (3H. OMe). and 
7·43 (3H, NMe). 

Conversion of (- )-Floramultine into (- )-Kreysigine.-A 
solution of (- )-floramultine (95 mg) in pyridine (1 ml) and 
acetic anhydride (1 ml) was kept at 20° for 1 day and then 
evaporated to give OO-diacetylftoramultine. homogeneous 
by t.1 .c., Ymax. 1760 p.nd 1610 cm-I; 't' 3·24 and 3·32 (each 
IH. s, ArH), 6'18, 6·22, and 6'56 (each 3H, OMe), 7·61 (3H. 
NMe) , and 7'72 a.p6 7·97 (each 3H, Ac); mle 455 (M+, 10%). 
412 (20), 396 (100). and 354 (15) . 

2N-Sodium hydroxide (1 drop) was added at 20° to a 
solution of the above diacetate in methanol (4 ml). After 
16 h. the solvent was evaporated off and the residue was 
extracted with chloroform to yield mono-O-acetylflora-
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multine, homogeneous by t.l.c., Ymar. 3520 and 1750 cm-I; 
3·28 and 3·48 (each IH. s, ArH) , 6·10, 6'21, and 6·58 (each 
3H, OMe), 7·64 (3H, NMe), and 7·97 (3H, Ac); mle 413 
(M+, 14%), 398 (5), 370 (22),354 (lOO), and 338 (11). 

The monoacetate was treated in methanol with an excess 
of diazomethane for 2 days and the product from evapora
tion was hydrolysed as above with an excess of 2N-Sodium 
hydroxide in methanol. Recovery of the basic product as 
usual afforded (- )-kreysigine, identical, apart from optical 
activity, with (RS)-kreysigine by full spectroscopic and 
chromatographic comparison, [a;)D -59° ± 10° (CHCla)· . 

O-Methylation of (-)-Floramultine (12) and (_)_Mult,
jloramine (13).-(- )-Floramultine (83 mg) in methanol was 
treated at 4° with an excess of diazomethane for 2 dayS. 
Chromatography of the product on activity IV alumina 
(elution with benzene-ethyl acetate mixtures) gave 00-
dimethylfloramultine (20 mg) and the mono-O-methyl ether 
(37 mg) , m .p. 108-110° (from propan-2-01). The latter 
was identical with the foregoing product and was further 
identified by t.l.c . and Lr. comparison with (RS)-kreysigine. 

The dimethyl ether was further purified by p.l.c. on silica 
with 10% methanol in chloroform to yield a homogeneouS 
gum. YOlJ\x. 1598, 1470, and 1120 cm-I; 't' 3·27 and 3·50 (each 
IH, s, ArH), 6·14 (9H, OMe). 6·41 (3H, OMe). 6·50 (3f1. 
OMe). and 7·62 (NMe). It yielded a crystalline hydro
bromide, m .p. 243° (decomp.) (Found : C,56'3; H,6'3; oMe, 
32·0. C,aHaoBrN06,0'5H,O requires C. 56'5 ; H , 5·95; 
OMe.32·7%) . . 

Methylation of (- )-multifloramine under the same condi
tions gave the same two products, identified by comparison 
with those above. 

Resolution of the 1-Phenethylisoquinoline [as (14)) ._A 
solution of the racemic diphenolic base '4 (3'1 g) in Anala~ 
chloroform (20 ml) was stirred vigorously for 0·5 h at 20 
with anhydrous sodium carbonate (4 g) and acetic anhydride 
(5 ml) . Water (10 ml) and sodium carbonate (1 g) were 
then added and the organic layer was washed, dried, and 
evaporated to yield the OO-diacetate as a gum, homogeneoUS 
by t .l.c. ; Ymar. 1755 and 1600 cm-I. 

This total product in warm methanol (10 ml) was treated 
with OO-ditoluoyl-L-tartaric acid (3 g). The salt wIDen 
gradually separated was collected (1·96 g) and the mother 
liquors were evaporated to allow recovery of the OO-diacetyl 
base by partition between chloroform and aqueous sodiuttl 
carbonate. This product (2·2 g) was treated in warln 

methanol (6 ml) with OO-ditoluoyl-D-tartaric acid (~ gJ 
to yield crystalline sa lt (2'02 g). Both salts so obtalne 
were recrysta\lised twice from methanol; the rotation of the 
salt at this point was the same as after five recrystallisations. 

The OO-ditoluoyl-L-tartrate salt (1'56 g) of the (S)-ba~ 
showed m .p . 177- 178° (decomp.). [a;)D'O +40.5°:1: 2 
(CHels)' 

The OO-ditoluoyl-D-tartrate salt (1·38 g) of the (R)-base 
showed m .p . 178-179° (decomp.), [a;)pIO -39° ± 2° (CBC.Is)· 

2N-Sodium hydroxide (3 ml) was added to the foregoll1g 

salt (732 mg) of the (R)-base in methanol (10 ml) and tne 

solution was first warmed and then left at 20° for ~ hci 
After addition of water (70 ml). the mixture was acid die 
with 2N-hydrochloric acid, then basified with sodiuttl 
hydrogen carbonate, and finally extracted with chloroCor)11 ' 

Concentrated hydrochloric acid (1 drop) was added to the 
chloroformic solution followed by methanol (5 011) and the 
solvents were evaporated off to leave the (R)-base hydrO
chloride (444 O1g), [a;)D28 -30·5° ± 2° (in MeOH) . 

Sy nthesi s of Race1nic and Optically Active Dienone [as (1 5)) ' 
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-The (RS)-diphenol hydrochloride [as (14)] (0·93 g) was 
shaken with a mixture of AnalaR chlorofonn (40 ml) and 
freshly prepared saturated aqueous sodium hydrogen carbon
ate (20 ml) until a solution was obtained. Freshly ground 
potassium ferricyanide (1·495 g) was added and the mixture 
Was shaken for 1 h. The separated aqueous layer was 
extracted four times with chloroform; these extracts were 
added to the main chloroformic solution and the whole was 
evaporated. The residue was fractionated on activity IV 
alumina (40 g) in 3 : 7 (v/v) chloroform-benzene to yield the 
racemic 1,2,3,8,9, 9a-hexahydro-6-hydroxy-3,5,5' -trimethoxy-
1 :methyl-7H -benzo[ de ] qui noli ne-7 -spirocyclohexa-2',5' -dien
~one (375 mg), m.p. 176-178° (from ethyl acetate) 
C oUnd: C, 66·25; H, 7·0. Cu H u N06,0'5EtOAc requires 

,66'5; H, 7'0%); "max. (CHCla) 3550, 1660, and 1621 cm-1 

(
(and 1725 cm-1 from EtOAc of crystallisation); AmaL 227 
40,000) and 278 nm (13,000); or 3·54 (IH, s, ArH) , 4·07 

and 4'22 (each IH, d, ] 2 Hz, olefinic), 6'29, 6'43, and 6'50 
~ach 3H, OMe) , and 7·60 (3H, NMe) (signals also from 

tOAc); mle 37l (M+), 370, 360, and 349 (100%). 
(1 nepetition of the foregoing sequence on the (R)-diphenol 

4) gave the (-)-dienone, [aJo2& _54° ± 4° (in MeOH). 
Synthesis of Racemic and of (-)- and (+ )-Multifloramine. 

;-A solution of the racemic dienone (234 mg) in concentra-
e~ sulphuric acid (6 ml) was kept at 20° for 16 h, then was 
~J)ced :vith ice (20 g), adjusted to pH ca. 3 with 2N-sodium 
Idroxl~e, and basified with sodium hydrogen carbonate. 
filxtract~on with chlorofonn gave a gum (196 mg), which was 
I tered In chloroform through a short column of activity IV 

a Umina, and the product was purified by p .l.c . on silica. 
i!Sl-Multifloramine crystallised from ethanol [m.p. 190-
a 2 .. (decomp.)] and was identical, apart from optical 
~hvlty, with the natural alkaloid (i.r., 11.V., n.m.r., and 
li ass spectrometric and t.l.c. comparison) (Found: C, 68·1; 

, 6'6. C21H 26N06 requires C, 67·9; H, 6·8%) . 
(l~epetition of the above rearrangement using (- )-dienone 
~ ) gave (- )-multifloramine, m.p. 214- 210° (from ethanol), 
Il]o - 98° ± 10°, indistinguishable from the natural alkaloid. 
th A small quantity of (+ )-multifloramine was prepared by re; foregoing sequence for study of its c.d. behaviour (cf. 
\v 'i 5); the measurements were kindly made by Professor 
flo~ I~ne and Dr. M. Scopes (Westfield College): (+ )-multi-

amIne (in methanol): A (6€) 299 (-7·85m), 259 
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(-19'6m) , 231 (-3·27m), and 208 (+47'01); (-)-multi
floramine (in methanol): A (6£) 299 (+ 8·2m), 258 ( + 20·0m), 
229 (+4·25m), and 215 (-44·3!). 

Synthesis of Racemic Kreysiginone and of Dienone-II .
The diphenol fa (20) (3·18 g) was distributed between 
chlorofonn (60 ml) and freshly prepared saturated sodium 
hydrogen carbonate solution (30 ml) then potassium ferri
cyanide (6·32 g) was added. After being shaken for 1 h, 
the chloroformic solution was separated and the aqueous 
layer was extracted with chloroform (3 X 20 ml). The 
combined extracts were washed with water, dried, and 
evaporated to give a gum (2·1 g) which was chromatographed 
on activity IV alumina. Elution with 35% chloroform in 
benzene gave a mixture (1·25 g) of dienones and starting 
material. The phenols were removed by extraction of a . 
chloroformic solution with 2N-sodium hydroxide to give the 
two dienones (0·965 g), which on crystallisation from 
benzene-methylene chloride and then from acetonitrile
ether 'afforded dienone-I (311 mg), m .p . 193-194° (transi
tion at 155°). Dienone-II (435 mg), m.p. 200-202°, 
separated .on concentration of the mother liquors and was 
purified by further recrystallisation from acetonitrile-ether. 
Dienone-I was shown by full spectroscopic and t .l.c. com
parison to be identical, apart from optical activity, with 
natural kreysiginone. It showed "maL 3550, 1059, 1633, 
and 1614 cm-1 ; Amax. 214 (34,000), 243infl (14,200), and 287 
nm (6000); mle 341 (M+); or 3·48 (IH, s, ArH) , 4·05 and 
3·72 (each IH, d, ] 10 Hz, olefinic), 3·17 (IH, dd, ] 3 and 10 
Hz, olefinic), 6·24 (3H, OMe), 6·46 (3H, OMe) , and 7'55 
(3H, NMe) (Found: M+, 341·1600. CaoH2sN02 requires 
M, 341-1627). Dienone-II showed "mar. 3500, 1661, 1635, 
and 1609 cm-1 ; ~x. 215 (34,400), 243infl (13,000), and 287 
nm (5900); mle 341 (M+) and 312 (100%); or 3·49 (IH, s, 
ArH), 4·23 and 3·80 (each IH, d, ] 10 Hz, olefinic), 3·04 
(IH, dd, ] 3 and 10 Hz, olefinic), 6·20 (3H, OMe), 6·41 (3H, 
OMe), and 7'59 (3H, NMe) (Found: C, 69·7; H, 7·0; N, 
4·25%; M+, 341·1003. C2oHuNOa requires C, 70·35; H, 
0·8; N,4'1%; M,341·1027). 

We thank the S.R.C. and Roche Products Limited for 
financial support, Professor F. Santary, Palacky University, 
for his help, and our colleague Dr. A. C. Barker for a gift of 
deacetyJcoJchicine. 
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Biosynthesis. Part XX.l,2 Biosynthesis of c-Homoaporphines in KrBY
sigia multiflora 
By Alan R. Battersby,Ot Peter Bohler, Murray H. G. Munro, and Robert Ramage, The Robert Robinson 

Laboratories, University of Liverpool, Liverpool L69 3BX 

Specifically 14C-labelled 1-phenethylisoquinolines are administered to Kreyslgia multit/ora plants and the isolated 
alkaloids are degraded by an unambiguous sequence. The results show that the c-homoaporphine skeleton (1) 
is built from autumnaline (20), probably by ortho-para phenol coupling. Comment is made on the taxonomic 
interest of these findings in relation to the biosynthesis of colchicine (3) in Colchicum autumnale. 

~~GENETIC arguments which suggested the existence of phine skeleton (1) were outlined in the preceding paper.s 
stances with structures based upon the homoapor- These compared the established biosynthetic pathway to 

nJa:r~ent address,' University Chemical Laboratory, Lensfield morphine with the knowledge 4 that colchicine (3) is 
. l.p ambridge CB2 lEW. . 3 A. R. Battersby, R B. Bradbnry, R. B. Herbert, M. H : G. 
J .C.S apt X.IX, A. R. Battersby, D . G. Laing, and R. Ramage, Munro, and R. Ha mage, preceding paper. 

a:p e:rk!n I, 1972, 2743. 4 A. R. Battersby, R. B. Herbert, E . McDonald, R. Ramage, M.» ~hmmary publication, A. R. Battersby, P. Bohler, and] . H. Clements, ].C.S. Pcrkin I', ]972, 1741, and references 
. . Munro, and R. Ramage, Chem. Cornm., 1969, 1066. therein . 
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biosynthesised by subtle modification of the I-phenethyl
isoquinoline skeleton (2) and that the dienone (6) is a 
key intermediate. The predictions were substantiated 

(1 ) ( 2 ) 

MtO~1 -NHR 
MeO ~ 

MeO r" 
- ° 

OMe 

(3 J R: Ac 

(4) R = H 

( 5) R = CHO 

/ -~NM~a :-'" NMe Ra:.:-... I NMe 

~ H H 
~ MeO_ MeO_ 

Mea 

,~-', M89°?' I MeaY/ 3 

a R'O ~ /, MeO ~ I 
OR 2 MeO 

(6) (7)R'=Me,R 2=H (9JR=H 
(S)R'=H ,R2 : Me (10JR= Me 

when it was found 3 that (R)-floramultine, (R)-multi
fioramine, and (RS)-kreysigine from Kreysigia muitijlora 
are homoaporphines with the structures (7)-(9), respec
tively. 

J .C.S. Perkin I 

trast, bulbocapnine 6 (15) and related systems 'I. are built 
by direct coupling of reticuline (12), whilst glaucine (16) 
and its relatives are formed in Dicentra eximia 8 from 
norprotosinomenine (17), presumably via the dienone 
(18). 

On this basis, it was decided to test couplings (a) and 
(b), as indicated on structure (2), for the biosynthesis of 
homoaporphines. Already our synthetic work in this 
series 3 had used the coupling (a) [(19) ~ (21)] followed 
by rearrangement of dienone (21) to give (RS)-multi
floramine [as (8)]. Also, a possible pointer to coupling 
(a) being the natural one came from the occurrence of 
very small amounts of kreysiginone (22) in our plants.3 

The following [3-14C]diphenols were therefore syn
thesised for this work by standard methods 8: (RS)
autumnaline (20), and the (RS)-isoquinolines (19) and 
(23) . They were administered as aqueous solutions of 
the hydrochlorides to Kreysigia multijlora plants which 
after 2 weeks were worked up for alkaloids. The crude 
product was diluted with (RS)-multifloramine [as (8)] 
and then methylated with diazomethane to give (RS)-O
methylkreysigine (10). It was known that all thr~e 
alkaloids (7)-(9) yield O-methylkreysigine (10) on 
methylation 3 and in this way a difficult separation on.a 
minute scale was avoided. Rigorous chromatographlC 
fractionation of base (10) followed by further purification 
via the picrate and picrolonate salts gave radiochemicallY 

Me;gt;/" I 
HO :-... /NMe 

MeO /" 
~ 

o 

Ill) RI: Me,R 2: H 
(12) RI: H I R 2: Me 

(13) (14 ) 

<027 Me027 HO~ o ~ I NMe MeO:--" I NMe MeO ~ I NH 

HO ;/" I ;/" I HO /' I 
MeO :--.. MeO :--.. MeO ~ 

OMe 

( 15) 1161 

Our planning of tracer studies on the homoaporphines 
was influenced by what was known about the biosynthesis 
of aporphines. Three different pathways to these sub
stances have been recognised, all involving phenol 
coupling. Isothebaine (14) is formed 6 from orientaline 
(U) via thedienone (13) by dienol- benzene rearrangement 
of the dienol corresponding to the base (13). In con-

• There was a slight change in the low activity of the alkaloid 
from the isoquinoline (19) but this is of no importance since (19) 
is clearly not a precursor of the homoaporphines. 

, A. R. Battersby, R. T . Brown, J. H. Clements, and G. G. 
Iverach, Chem. Comm., 1966, 230; A. R. Battersby and T. H . 
Brown, ibid., 1966, 170. • 

• G. Blaschke. Arch. Pharm., 1970,808, S119. 

( 17) (1 B ) 

pure O-methylkreysigine in each case. This was estab
lished by conversion of some of the base into its meth
iodide without change in molar activity.. Use of the 
picrate alone did not lead to radiochemically pure 
material. The incorporations achieved are listed in tbe 
Table. Autumnaline (20) is an efficient precursor where
as the base (19) is almost ineffective; the intermediate 
level of incorporation of tl-e base (23) results presumably 

7 E . Brochmann-Hanssen, C.-H. Chen, H .-C. Chiang, and 1<; 
McMurtrey, ].C.S. Chem. Comm., 1972, 1269, and reference 
therein. d 

• A. R. Battersby, J. L. McHugh. J. Staunton. and M. "fod ' 
Chem. Comm ., 1971 , 986. 
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from its conversion into autumnaline as happens 
Colchicf'm autumnale plants.' 

in apparent that additional radioinactive formaldehyde 

Meo ~ 

HO :::-... 

OR2 

(19) R'=H,R2 =Me 
(20) R' = Me,R2 = H 

o 

(21) R =OMe 
(22) R = H 

( 23) 

OH 

was being formed in the cleavage process (probably from 
an N-methyl group), so causing dilution of the radio
active product. The source of at least part of this 
dilution was determined by treating radioinactive 0-
methylkreysigine with [14C]methyl iodide; the product 
was carried through the degradative sequence (24) --. 
(25) --. (27) ~ formaldehyde having molar activity 
equivalent to ca. 5% of that of the original methiodide. 
With the fact in mind that the methine (25) carries two 
equivalent N-methyl groups only one of which is labelled, 
an approximate correction can be applied to the re
sult obtained earlier in the biosynthetic work. The 

OH final outcome is that the methiodide (24) carries at the 
indicated position 97% of the total activity, by difference, 

N or at least 86% by isolation of the relevant carbon atom 
Me2 (with approximate correction for dilution). 

(24) 

MeO 

(25) R = CH=~H2 
(26) R = CHO 

MeO 

(27 I 

d Specific degradation of the labelled O-methylkreysigine 
lIenved from [3-14C]autumnaline (20) was carried out by a 

afmann elimination on the corresponding methiodide 

Tracer experiments on K. multi flora 

~~cOrporation (%) 
MethYlkreysigine (10); 
total activity 

O'Meth I " O'M Y reyslgme (10) 
ethylkreysigine 

M rnethiodide (24) 
F cthine (25) 
~~aldehYde 

IInedone deriv. 

Precursor. total activity fed. and 
specific activity of products (disint. 

per 100 s per mmol) 
(RS)

Autumnaline 
(20) 

6·84 X 107 

disint. per 
100 s 
1·8 

],08 X 10' 
disint. per 

lOOs 
4·81 X ]0' 
4·93 X 10' 

(4·25 X 106). 

3·68 X 10' 

(RS)-Base 
(23) 

1·98 X 10· 
disint. per 

100 s 
0·21 

4·24 X 105 

disint . per 
100 s 

2·70 X 10' 
2·84 X 10' 

(RS)-Base 
(19) 

]·33 X 10' 
disint. per 

100 s 
< 0·014 
]·8 X 10' 

disint. per 
lOOs 

1·44 X 10' 
1·07 X 10' 

a ;~inimum value since the amorphous methine was weighed as 
rn . 

~24). The resultant methine had structure (25) as shown 
s y th~ presence in its n.m.r. spectrum of signals corre
landing to three olefinic protons with the typical split
clng pattern for a vinyl residue. Osmium tetraoxide 
:;verted the methine into the c.prresponding diol (27), 
is llCh was cleaved (period ate) to give formaldehyde, 
afa ated as its dimedone derivative. The molar activity 
or' ~he formaldehyde corresponded to 77% of that 
th~glna~ly present in the O-methylkreysigine (10), yet 
ret ~a]or basic fragment, presumably of structure (26), 
Co alned only 2'5% of the original activity, which 
10~r~sPonds to ca. 97% of the original activity being 

: ed at the indicated position [see (27)]. It was 
10 F. Santavy. Experientia. 1967.23. 273. 

and f ·J· Barker. A. R. Battersby. E . McDonald. R. Ramage, 
. . elements, Chetn . Camm., 1067. 390. 

Our results show that autumnaline (20) is incorporated 
specifically into the homoaporphine system and the 
simplest view is that a direct ortho-para mode of phenol 
coupling is operating. These basic findings lead to 
further interesting work on homoaporphines which we 
hope will be taken up by others. 

There is considerable biosynthetic and taxonomic 
interest in the finding that the c-homoaporphine system 
is constructed from autumnaline (20). This base was 
first highlighted as the precursor of colchicine' (3) in 
Colchicum autumnale, and in K. multijlora (also in the 
Liliaceae family) one finds the tropolone alkaloids (3)
(5) co-occurring 3.11 with the homoaporphines. Whereas 
with high probability the homoaporphines arise by ortho
para coupling, it is certain 10 that para-para coupling is 
involved for the tropolones. Our results also indicate 
that the occurrence 3 of small amounts of kreysiginone 
(22) in IC mt,Uijlora is not connected with the main path
way to the homoaporphines. 

EXPERIMENTAL 
For general chemical and radiochemical directions see 

ref. 11. 
Administration of Labelled Precursors to Kreysigia multi

fiora .-Each phenolic isoquinoline was dissolved as its 
hydrochloride in a minimal volume of water and 8 young 
shoots of K. multifiora were cut and immediately transferred 
to the solution. More water was added as uptake occurred 
until all the labelled material had been absorbed. The 
shoots were maintained in water for a total of 2 weeks . 

Isolation and Purification of Radioactive O-Methyl
kreysigine.-The shoots were macerated in a blender in 
ethanol and the suspended plant material was extracted 
exhaustively in a column with cold ethanol. Removal of 
the solvent followed by partition of the residue between 
light petroleum and weakly acidic water (pH 3) gave an 
aqueous alkaloidal extract. This was basified (K1C03) and 
extracted with chloroform, the extracts being dried and 
evaporated to give a gum (typically 50 mg). After addi
tion of syn'thetic (RS)-multifioramine (20-50 mg), the 
mixture in methanol (2 ml) was treated with an excess of 
ethereal diazomethane for I day at 20°. This afforded 
crude O-methylkreysigine which was purified by p .l.c. on 

11 P . G. Strange. J. Staunton. H . R. Wiltshire. A. R . Battersby, 
K. R. Hanson. and E . A. Havir. ].C.S. Perkin I, 1072.2364. 
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silica using 10% methanol in chlorofonn and the product 
was converted in ethanol into the picrate. m.p. 176-180°. 
Passage of a chloroformic solution of the picrate over a 
short column of alumina gave the free base which ,was 
fractionated by p .l.c. on silica using 5% diethylamine in 
acetone. The base was then converted into the picrolonate. 
m .p . 217-220° (from ethyl acetate-ether) (Found : C.59·5; 
H.5·9; N. 10·6. C33H81N6010 requires C. 59'7; H.5·6; N. 
10'55% ). For counting. accurately weighed samples of the 
picrate and picrolonate derivatives were passed in chloro
form solution through alumina and the percolate was 
evaporated to dryness. The resultant free base was 
counted in the normal way. 

Detection of Alkaloids on T.l .c. by Cerium(Iv) Sulphate.
The alkaloids give different colour reactions on t.l.c. with a 
spray reagent made by treating (dropwise) a slurry of 
cerium(lv) sulphate (1 g) in water (65 ml) with concentrated 
sulphuric acid (35 ml) . The colours are as follows: 

After 16 h After several 
Immediate drying in air days in air 

Kreysigine (9) Pale blue Colourless Colourless 
Floram u I ti ne Pale green. Green with Green with 

(7) purple outer pink outer pink outer 
zone zone zone 

Multifioramine Dark green. Purple Red-grey with 
(8) red outer green outer 

zone zone 
Kreysi ginine 11 Blue Colourless Colourless 

O-M ethylkreysigine Methiodide (24) .-O-Methylkreysigine 
(382 mg) in methanol (5 ml) and an excess of methyl iodide 
(500 mg) was kept at 20° for 16 h. Addition of ether pre
cipitated the methiodide (334 mg). m.p . 247-248° (from 
methanol-ether) (Found: C. 53·05; H. 5·8; N. 2'75. 
Cu HnIN06 requires C. 53·2; H. 5'9; N. 2·6%). . 

[N-methy P4CJ-0-M ethyllmysigine M ethiodide [as (24}).
O-Methylkreysigine picrolonate (105'8 mg) gave the free 
base (76 mg) by Chromatography over alumina . (3 g) in 
chloroform . The base was treated with [l&CJmethyl iodide 
in ethyl acetate (0'5 ml) and after 30 min radioinactive 
methyl iodide (200 mg) was added. The radioactive 
methiodide which crysta llised from solution over several 
hours was collected (61·8 mg) ; activity 1220 disint. per 100 s 
per mg. This product was diluted with radioinactive 
methiod ide (202·8 mg) and recrys tallised to constan t acti vi ty. 
379 disint. per 100 s per mg (244 mg). 

Hofm ann Degradation ofO-M ethylkreysigine Methiodide. 
Moist silver oxjde [from silver nitrate (600 mg) and sodium 
hydroxide (225 mg)) was added to a solution of the methio
dide (300 mg) in 1 : 1 water-ethanol (30 ml) and the mixture 
was shaken for 1·25 h . After filtration (Celite). the solution 
was treated with sodium hydroxide (150 mg) and evap
orated . The residue was heated at 100°C for 3 h and then 
extracted with ether to afford a gum which was purified by 
p .l.c. on silica using 10% methanol in chloroform. The 
resultant methine (25) (7-dimethylamino-6.7-dihydro-
1.2.3. 10. I I-pentamethoxy-8-vinyl-5H-dibenzo[a.cJcyclo
heptene) (208 mg) showed .. 7·91 (6H. NMea). 6'57 (3H. 
OMe). 6·37 (3H, OMe). 6·11 (6H. 20Me). 6·09 (SH. OMe). 
4·96 (IH. dd. ] 2 and 10 Hz. olefinic). 4·63 (IH. dd. ] 2 and 
17 Hz. olefinic). 3·52 (IH. ArH). 2·98 (IH. ArH). and 2·01 

J,e.s. Perkin· r 
(IH. dd. ] 10 and 17 Hz. olefinic). The methine methiodide. 
prepared as usual from the methine and methyl iodide. had 
m .p. 232-236° (from methanol-ethyl acetate) (Found : C. 
54·1; H. 6'05; N. 2'5. C25Hs,IN06 requires C. 54·05; H. 
6·1; N.2·5%) . 

Hydroxylation of the Hofmann Product (25} .-To a solution 
of the methine (500 mg) in ether (10 ml) was added osmium 
tetraoxide (450 mg) in ether (9 ml) containing pyridine 
(0·45 ml). There was an immediate precipitate and the 
mixture was kept for 16 h at 20°. The solid complex was 
collected. washed with ether (3 X 10 ml). and dried to givt' 
the osmate ester (1'00 g). , 

A solution of the complex 200 mg) in ethanol (15 inl) was 
mixed under nitrogen with a solution of sodium sulphite 
(0'8 g) in water (3 ml). The mixture was heated under 
reflux for 3 h. cooled. and filtered (Celite). and the filtrate 
was evaporated. Partition of the residue between ether 
(200 ml) and water (5 ml) and extraction of the aqueOUS 
layer with ether- chloroform (3: 1;100 ml) gave the crude 
diol (100 mg) from the combined organic solutions. In the 
radioactive series. this product was not purified further but 
in the trial runs it was separated into two components bY' 
p.l.c. over silica using 10% methanol-chloroform. The 
major product was the expected 8-(I.2-dihydroxyethyl)-7· 
dimethylami no-6.7 -dihydro-I. 2.3.1 0. II-pentamethoxy-5H - , 
dibenzo[a.cJcycloheptene (27) (Found: M+. 447·2245; U'" 
-HP. 429·2140. CuHsaNO? requires M. 447·2257; U 
-HP. 429·2151); Ymax. 3600 and 3450 cm-I; .. 7·75 (3f!. 
NMe). 7·68 (3H. NMe). 6·48 (3H. OMe). 6·32 (3H. OMe). 
6·08 (6H. 20Me). 3·45 (IH. ArH). and 3·15 (IH. ArH). . 

The minor product was not fully examined but it IS 

probably the N-formyl-N-methyl analogue of the diol (27) 
since it lacks one N -methyl signal in its n .m .r. spectrum. 

Periodate Cleavage of the Diol (27).-The diol (230 mg) 
was suspended in 0'2M-acetate buffer. pH 5 (13 ml). and 
sodium period ate (214 mg) in acetate buffer (5 ml) was 
added in three portions over 1·5 h with shaking. The 
mixture was poured into saturated aqueous arsenic(IIl) 
oxide (50 ml) and the solution at pH 5 was distilled directly 
into a solution of dimedone [210 mg in ethanol (5 ml) 
containing 2N-hydrochloric acid (1 drop)) . The dimedone 

solution was evaporat ed. the residue was extracted with 
chloroform. and the extract was purified by p .l.c. on silica 
using 10% methanol in chloroform to give fonnaldehyde 

dimedone derivative (32 mg; 22%). which wasrecrystaIlise~ 
to constant radioactivity from aqueous ethanol; m.p. 191 
(lit .• 188°), identical with authentic material. 

We are indebted to Mr. K Mair (Royal Botanic Gardens; 
Sydney) and Sir George Taylor (Kew) for .the supply 0 
K. multiflora plants. to Mr. K. Hulme (Ness Botanic Garden) 
for cultivation of the plants. and to Dr. A. Brossi (~ . 
Hoffmann-La Roche. Nutley. U.S.A.) for a gift of synthetl~ 
multifloramine. We al~o thank Roche Products Ltd. an 
the s.R.e. for financial support. 

[3/2483 Received. 4111 December, 1973] 

11 A. R. Battersbv. M. H. G. Munro. R. B . Bradbury. and f · 
SantavY. Cliem . Cotnm .. 1968. 695. 
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A New Synthetic Route to (±}-Lysergic Acid 

V.W. Armstrong,S. Coulton and R. Ramage 

The Robert Robinson Laboratories, University of Liverpool, Liverpool L6938X. 

(Received in UK 13 September 1976; accepted for publication 2 October 1976) 

Our approach to the synthesis of lysergic acid (1) is related to the intriguing epimerisation of (I) 

Qnd isolysergic acid (2) which is accompanied by racemisation. 1 In order to reconcile these processes 

W 
Oodward proposed2 a mechanism involving ring opening to (3}3 which is devoid of chirality and has the 

cQPability of cyclisation to (t)-(l) and (:t-)- (2). Paspalic acid (4) would be another cyclisation 

PrOduct but this is thermodynamically less stable4 than (1) or (2). If this hypothesis is correct then 

cOrl$truCtion of (3), followed by spontaneous cycl isation, would afford a synthesis of (I) and (2). In 

Order to circumvent difficulties due to indole-naphthalene tautomerism in (3) it was decided to aim for 

the Illodified target (5) which has the masked indolic system employed in both previous synthesis 5,6 of 

("')'1 
' . ysergic acid (l). 

RI ,R2 

7 

1 RI = COOH, R2= H 

2 RI = H, R2 = COOH 

eOOH 

The known aldehyde (8)5 was reacted with (9}7 (benzene/ButOH, reflux, 4 days) to give the 
di ester 8 0 0 

, m.p. 162-164 which was converted (900/0 TFA, 25 , 2 hr) into the corresponding acid (6), 

IIl·
P
• 176-178° in 70% yield from (8). This substance (6) exhibited, inter alia: ir(CHCI3) 1710, 

1646 C 'I 
III ; UV(C2H50H} 254 nm (4.43); NMR(CDCI3} 8 2.40(2H,m), 3.45(2H,s},3.74(3H,s)A.40(lH,m) 

3"Q(2 
H,m}, 6.04( 1 H, br .d}, 6.70-7. 70(9H, m), 9. 80( 1 H,s). The stereochemistry of the acycl ic 

d Oobl e b 
cnd may be assigned by NMR comparison of model systems with particular reference to the 

B12 
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acyclic vinyl H resonance.7,9 Curtius degradation of (6) to the primary amine (7) was achieved in SOOA> 

yield by (i) Ph2POCI/N-methylmorpholine/CH2CIz!-200/20 min., (ii) tetramethylguanidinium 

azideIO/CH3CN/OO/1.5 hr., (iii) benzene/reflux/1 hr., (jv) p-toluenesulphonic acid monohydrate/ 

ether-benzene/250/16 hr. This produced the p-toluenesulphonate of (7), m.p. 166-170°; ir(KBr) 

2700-3300, 1730, 1640 cm-I; UV(C2H50H) 234(4.23), 255 nm (4.27); NMR(TFA) 52.90(2H,m),2.42 

(3H,s), 4. 05( 5H,m), 4.03(3H,s), 6.05(1 H, br .d), 6.26(1 H, br.s), 6. 90-S. 20( ISH, m). 

CHO 

5 R = NH.CH3 

6 R= COOH 

S 

~
COOCH3 

P,\P 
COOBut 

9 

Although (7) did not cycl ise spontaneously it was anticipated that N-alkylation would greatly 

facilitate this process. Indeed it was found that methylation (HCHO-HCOOH/IOOo/3 hr.) did not 

proceed to the tertiary amine but instead the secondary amine (5) cyclised to give a 62% yield of (10), 

(11) and (14) (9:3:2 respectively). Fractional crystallisation gave (11), m.p. 149-153°; ir(CHCI3) 

1733, 1633 cm-I; UV(C2H50H) 242(4.30), 305nm(3.67); NMR(CDCI3)5 2.3S(3H,s), 3.73(3H,s), 

6.19(1H,br.s,W~6Hz), 6.90-7.60(SH,m). The mixture of (10) and (14) was separated by TLC (silied/ 

7% CH30H-CHCI3) to give (10), m.p. 165-16So; ir(CHCI3) 172S, 1632 cm-I; UV(C2H50H) 253(4. 59), 

307 nm (3.S9); NMR(CDCla)5 2.4S(3H,s), 3.73(3H,s), 6.52(lH,br.s,W~ 6Hz),6.S0-7.70(SH,m)dl1d 

(14),m.p. 152-7°; Ir(CHCla) 170S, 1635 cm-I; UV(C2H50H) 220, 292 nm; NMR(CDCI3)5 2.44(3H,s), 

3. 73(3H,s), 6.90-7.70 (sti, m) which was contaminated with (11) due to rearrangement on sil iea. 

Hydrogenation of the mixture (10)/(11) ,a Ye a dihydro product confirming the presence of only one 

olefinic double bond and hence the tetracycl ic nature of these compounds. The stereochemical assignme"t 

at C-S in (10) and (11) follows from the greater thermodynamic stability of the equatorial ~_COOCH3 

in the lysergic series. 11 In (10) and (11) the cis configuration at C-3 and C-5 may be attributed the 

maximal resonance delocalisation of the styrene chromophore in contrast to the situation prevalent with 

the corresponding trans configuration. 12 
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10 RI = COOCH3, R2 = H, RJ = PhCO 

11 RI = H, R2 = COOCH3, RJ = PhCO 

12 RI = COOCH3, R2 = H, RJ = H 

13 Rl = H,R2 = COOCH3, RJ = H 

Methanolysis (CH30H,/HCl/reflux/6 hr.) of (10) or (10)/( 11) afforded the same product, 

lII.p. 157-161
0 

which proved to be identical with the synthetic intermediate (12) used in the first 

synthesis
5 

of (:t)-Iysergic acid. Comparison was made by mass spectroscopy, ir, uv, NMR and 

chromatographic studies using nc and HPLC (corasil 11/10% isoPrOH-CH30H). NMR and HPLC 

shOWed both samples to be an epimeric mixture of (12) and (13) (3:1 respectively) which could not 

ha 
Ve been observed in 1953. Thus we have formally synthesised (t)-Iysergic acid (1) by a route 

which lends support to Woodward's proposal for the racemisation of lysergic acid and also helps to 

ellplaln the greater thermal and photochemical stability of the 9, 10-dihydro series of lysergic acid 

derlvat' Ives. 

~. 
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REARRANGEMENT OF SPIROBENZYLISOQUINOLINE 
TO PROTOBERBERINE SYSTEMS 

A COMPARISON OF BASE INDUCED AND PHOTOCHEMICAL PROCESSES 
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Abstract-It has been found that the spirobenzylisoquinoline ketones (14 and 17) rearrange to the corresponding 
dihydroprotoberberin-8-ones (21 and 22) on treatment with strong base. A mechanism is proposed for the process 
which involves an aziridinol intermediate. The complementary photochemical rearrangement of 17 has been studied 
under neutral and acid conditions which produce 24 and 25 respectively. 

In recent years there has been much interest in the 
rearrangement of l3-methyl and l3-oxoprotoberberinium 
metho salts to spirobenzylisoquinolines which may be 
~xemplified by the processes (1-2-3)1 and (4-5-6).2 The 
Itkely intermediate S in the second example has the 
requisite enolate and imonium systems for such a 
cyclisation incorporated into an azatriene which, at the 
S~me time, has the potential for cyclisation to the enolate 
o 4. The elegant studies by KametanP utilising 1-

1, R = H 
26, R = CH3 

4 

x 

x 

OCH 1 

OCH, 

7 

927 

benzocyclobutenylisoquinolinium salts (7) as a source of 
the azatriene system,S analogous to 2, show Ihe delicate 
balance between concerted cyclisation to the protober
berine system (9) or a spirobenzylisoquinoline (10). 
Photocyclisation of enamides, e.g. 11 has been employed 
to synthesise 8-oxopalmatine (13) via cyclisation of the 
azatriene system (12) implicit in the enamide structure: 

Due to the facile synthesis5 of spirobenzylisoquinolines 
of the type 14 from the corresponding phenethylamine 

2, R = H 
8, R = CH3 

5 

CHP 

CHP 

RO 

CHP 

OCHs 

RO OCHJ 

3, R = H 
10, R- CH, 

OCH 1 CHP 

CHP 6 

X 

9 

Bl3 

r-
I 
I 
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and indan-I,2-dione it was decided to investigate the use 
of spirobenzylisoquinoline ketones as precursors of 
protoberberine systems. The substrate chosen for re
arrangement studies was 17 which was synthesised from 
the readily accessible 14j by the sequence 14-15-16-17. 
This procedure proved to be very efficient and avoided the 
more direct route from 14 to 17 by CH2Nl treatment which 
is accompanied by N-methylation leading to 18.6 

This unusual N-methylation of 17 by CH2N2 is probably 
due to stereoelectronic factors resulting from the 
proximity of the NH to the CO group in the rigid 
structure. It was considered that this would favour the 
formation of aziridinol intermediates 19 and 20 from 14 
and 17 respectively. These aziridinols, or more accurately 
the anions derived therefrom, could reasonably be 
expected to fragment under strongly basic conditions to 
the dihydroprotoberberin - 8 - ones (21 and 22) since this 
process would involve the generation of an intermediate 
having a lactam function and a stabilised carbanion which 
would subsequently be protonated.7 In the case of simple 
analogues, in which the carbanion is not stabilised, 
cleavage of Iithio derivatives of aziridinols derived from 
aziridinones and RLi affords the alternative mode of 
fission leading to amino ketonic products." Shamma and 
Nugent9 have proposed the intermediacy of 27 in the 
rearrangement of the dihydroprotoberberine salt (26) to 
the dibenzocyclopent[bjazepine (28). In this case the 
aziridinium bond cleavage is dictated by the relationship 
of the charged centres of 27 in the drive towards 

11 

14, R, = Rl = H 

neutrality in the next intermediate along the reaction path. 
Treatment of 17 with strong base. (KOBu'-DMSO) 

afforded the lactam 22 both under anhydrous conditions 
and in the presence of H20 as recommended by 
Gassman'o for the cleavage of non-enolisable ketones. 
The ketones 14 and 17 used in this study are, of course, 
capable of enolisation, although this would occur at the 
exp'ense of aromatic stabilisation. A small amount of the 
dehydro compound (24) was observed from UV and NMR 
spectroscopic examination during isolation of 22, which 
may be due to aerial oxidation of 22 or the interm,ediate 
carbanion. This occurence was more serious with the 
phenolic analogue (14) which gave the desired lactam (21) 
in lower yield. TLC and NMR examination of the crude 
material from this reaction indicated a mixture of 21 and 
23. It could easily be shown that 21 was susceptible to 
facile out oxidation in solution. The analogue 18 gave no 
discernible products on treatment with KOBu'-DMSO 
which may be explained by N-substitution which would 
preclude formation of an aziridinol intermediate. 

Irie et al.6 have shown that irradiation of 17 (high 
pressure Hg lamp-THF) yields a mixture of 24 (minor 
component) and the protoberberine (25) which wa.s 
characterised as the NaBH. reduction product. Thus It 
would appear that basic and photochemical methods of 
rearrangement of spirobenzylisoquinoline ketones, such 
as 17, could be complementary and lead specifically to 
systems like 22, 24 and 25. It was therefore decided to 
investigate the photolysis conditions necessary for 

12 13 

15, R, = H,R2 = CHO CH,O 
16, R, = CHJ, R2 = CHO 

RO 

CHP 

17/ R, = CHJ, R2 = H 
18, R, z RI = CHl 

21, R = H 
22, R,. CHl 

23, R = H 
24, R· CH, 



Rearrangement of spirobenzylisoquinoline to protoberberine systems 929 

CHp 
CHp 

25 

o 
CHP 

HO~ NCH J 
CHJO CH J 

OCH 3 

OCH 3 

28 

CHP -:?' 

CHP 

27 

29 30 

CH 3 

~o~rolled production of 24 and 25. Irradiation of 17 under 
li 1 atmosphere in EtlO using a medium pressure 
U g vapour lamp and a quartz apparatus afforded the 
thnsaturated lactam 24 in 30% overall yield. Comparison of 
d e Spectral data of 22 and 24 clearly showed the effects 
~e !o .the 13, 14 double bond in the latter. Then the 
th adlatton was performed on 17 in EhO-MeOH (5: 1) in 
a e.presence of excess HCI the major product (28%) was 
xSSlgned the protoberberine hydroxide structure (29; 
in ::: OH) which was strongly supported by the UV spectra 
I(~eutral and basic solution."·12 On treatment with conc 
24 H ~5 disproportionated into the dihydroberberine and 
S which could be identified by its characteristic UV 
o~e{~rum. Thus the generation of the photolysis products 
Se fie et al.6 may be greatly influenced by pH. It would 
ne~m reasonable that the photochemical reaction of 17 in 
le t~al solution proceeds via a Norrish type I process 
spading to the azatriene system (29) which would cyclise 
di~ntaneouslY to 24 by analogy with the researches 
Pr cUssed earlier. On the other hand the photochemical 
in~cess .which occurs in acid solution requires the 
fOI~rmedlate (30) resulting from Norrish-type I cleavage 

OWed by a 1,5 hydrogen transfer. 

A. EXPERIMENTAL 
lJni~1 m.ps are uncorrected. IR spectra were determined using a 
Spectam SP200 and UV speclra determined using a Unicam SP800 

. MS~~~eter. Mass spectra were obtained from A.E.!. MSI2 and 
SPect Instruments (the latter with on-line computer). NMR 
trorn ra Were obtained using Varian A-60 or HA 100 spec

eters 6 . 
lelrah HY~roxy - 7 - melhoxy . N - formyl - 1,2,3,4 -
indan~drolsoquinOline - 1 - spiro - 2' - (4',5' - dimelhoxy - I' -

lie), 15. Ac,O (5.4 ml. 48 mmole) was added dropwise 10 a 

ltr V 
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soln of 14' (3 g, 9 mmole) in 98% HCOOH (16.8 ml, 0.42 mole) kept 
at <50°. The soln was heated at 50° for 15 min, then stirred at room 
temp. for 4 hr whereupon the mixture was poured into ice-water. 
The ppt was filtered off and washed (H,O) to give the crude 
product which was crystallised from Et,O-EtOAc-CHCI, to give 
IS (2.7 g, 85%) m.p. 215°, "m" (CHCI,) 3520,1710,1662 cm- '; Am .. 
(EtOH) 286 (13,740), 232 nm (E 18,340); NMR (CDCU 8 3.0-3.9 
(m, 4H), 3.48 (s, 3H), 3.62 (s, 2H), 3.92 (s, 3H), 3.98 (s, 3H), 5.02 
(brs, H), 6.15 (s , H), 6.66 (s. H), 7.02 (d, H, J = 8 Hz), 7.60 (d, H, 
J = 8 Hz), 8.20 (s, H); m/e 383,355 (P-CO). (Found: C, 65.60; H, 
5.36; N, 3.74. C"H"NO. requires: C, 65.80; H, 5.48 ; N, 3.65%). 

6,7 - Dimethoxy - N - formyl - 1,2,3,4 - lelrahydroisoqllinoline - I 
- spiro - 2' - (4',5' - dimelhoxy - I' - indanone), 16. A soln of IS 
(2.7 g, 7 mmole), and Me,SO. (4.7 g, 37 mmole) in dry acetone 
(200 ml) together with K,CO, (5 g, 36 mmole) was stirred under 
reflux for 5 hr. The mixture was filtered and the filtrate 
concentrated ill vacuo to give a residue which was dissolved in 
CHCI" washed with NaHCO, aq, H,O then dried (Na,SO.). 
Removal of the solvent in vacuo gave a crude product which was 
crystallised from EtOAc-Et,O to give 16 (2.1 g, 80%) m.p. 178°, 
"m" (CHCI,) 1720, 1660 cm- '; Am" (EtOH) 287 (12, 140), 228 nm 
(E 14,7(0); NMR (CDC") 8 3.8-4.0 (m, 4H), 3.49 (s, 3H), 3.66 (s, 
2H), 3.82 (s, 3H). 3.92 (s, 3H). 3.98 (s, 3H), 6.20 (s, H), 6.68 (s, H), 
7.05 (d, H, J = 8 Hz), 7.60 (d, H, J = 8 Hz), 8.22 (s, H); m/e 397, 369 
(P-CO). (Found: C, 66.56; H, 5.78; N, 3.74. C"H 23NO. requires: 
C, 66.49; H, 5.79; N, 3.53%). 

6,7 - Dimelhoxy - 1,2,3,4 - lelrahydroisoquinoline - 1 - spiro - 2' -
(4',5' - dimelhoxy - l' - illdanone), 17. The N-formyl derivative 16 
(1.8 g, 4.5 mmole) in H,O-MeOH-conc HCI (2: 2: I) was healed 
under reflux for 5 hr. After cooling, the soln was neutralised with 
sat NaHCO, aq and extracted with CHCI,. The CHC" soln was 
washed (H,O), dried (Na,SO.) then concentrated in vacuo to give 
a gum (1.62 g) which was chromatographed on grade III alumina 
(45 g). Elution with benzene-EtOAc (3: 1) afforded 17 as a very 
viscous oil (I.52g, 90%). "m" (CHCI,) 1690, 159Ocm- l

; Am .. 
(EtOH) 288 (15.680). 226 nm (f 17.140); NMR(CDCI,) 8 2.60-3.35 
(m, 5H), 3.48 (s. 2H), 3.59 (s. 3H). 3.84 (s, 3H), 3.91 (s, 3H). 3.99 (s. 
3H), 6.14 (s, H), 6.63 (s, H), 7.07 (d, H, J = 8 Hz), 7.67 (d, H, 
J = 8 Hz); m/e 369.1573 (C"H23NO, requires: 369.1576). 354.1335 
(C,oH,oNO, requires: 354.1341), 341.1608 (C,oH23NO. requires : 
341.1626). 340.1208 (C,.H,.NO, requires: 340.1184). 310.1461 
(C,.H,oNO, requires: 310.1443); HCI salt m.p. 151-2"; picrate m.p. 
125-6° (lit." m.p. 123-4°). 

6.7 - Dimelhoxy - N - melhyl- 1,2.3,4 - lelrahydroisoquinoline - 1 
- spiro - 2' - (4'.5' - dimelhoxy - I' - indanone), 18. A soln of 17 
(2.19 g. 5.3 mmole) in 98% HCOOH (10.56 ml. 0.28 mole) and 37% 
HCHO (10.56 ml. 0.17 mole) was stirred at 95° for 4 hr. After 
cooling, H,O (50 ml) was added and the soln neutralised with 0.88 
NH, followed by extraction with CHCI,. The CHCI, soln was 
worked up as described in the previous experiment to give a gum 
which was chromalographed over grade III alumina (60 g). Elution 
with benzene-EIOAc (3: I) afforded 18 as a viscous oil (1.95 g, 
86%); "m .. (CHC") 1695, 1595 cm- '; Am .. (EtOH) 282 (17,000). 
221 nm (E 15.000); NMR (CDCI,) 6 2.36 (s. 3H), 2.7-3.2 (m, 3H), 
3.40-3.60 (s + m, 6H), 3.88 (s, 3H), 4.00 (s, 3H), 4.05 (s, 3H), 6.20 (s, 
H), 6.70 (s, H), 7.12 (d, H, J = 8 Hz), 7.70 (d, H, J = 8 Hz); m/e 
383.1726 (C"H"NO, requires: 383.1732), 368.1489 (C"H"NO, 
requires: 368.1497), 354.1725 (C 2I H,.NO. requires : 354.1705), 
340.1543 (C,oH" NO. requires: 340.1548); picrate m.p. 137-8°. 

2,3,11,12· Telramelhoxy . 13,14· dihydroproloberberin ·8 - one, 
22. To a soln of 17 (478 mg, 1.3 mmole) in dry DMSO (10 ml) under 
a N, atmosphere was added H,O (50 ILl) followed by careful 
addition of freshly sublimed KOBu' (1.13 g, 10 mmole). The 
mixture was stirred for I hr under a N, atmosphere then diluted 
with H,O (20 ml). A white solid was filtered and crystallised from 
EtOAc to give 22 (115 mg). Evaporation of the mother liquors in 
vacuo gave a pale yellow gum (155 mg) . 

The aqueous filtrate of the mixture was extracted with Et,O 
then EtOAc and the combined extracts washed with H20 then 
dried (Na,SO.). Removal of the solvent in vacuo gave a gum 
which was combined with the above 155 mg and chromatographed 
over grade III alumina (12 g). Elution with benzene-CHCI, (5: 2) 
yielded a viscous oil (112 mg) which was crystallised from EtOAc 
to give 22 (80 mg; total yield 195 mg, 41%). m.p. 179-180°; "m .. 
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(CHCl l ) 1620, 1580 cm- '; Am .. (EtOH) 359 (3 ,000), 350 (4,300), 330 
(4,000), 264 (18,600), 220 nm (E20,600); NMR (CDCl l ) S 2.5-3.0 
(m, 4H), 3.56 (q, H, J = 4 Hz), 3.80 (s, 3H), 3.88 (s, 3H), 3.90 (s, 
6H), 4.71 (q, H, J = 4 Hz), 4.94 (q, H, J = 4 Hz), 6.67 (s, H), 6.74 (s, 
H), 6.91 (d, H, J = 8 Hz), 7.91 (d, H, J = 8 Hz). (Found: C, 68.50; H, 
5.99; N, 3.90. C" HuNO, requires: C, 68.29; H, 6.23; N, 3.79%). 

Repeat of the above experiment without the addition of H,O 
gave identical results. When 18 was used in this reaction only 
starting material was recovered. 

3 - Hydroxy - 2,11,12 -/rime/hoxy - 13,14 - dihydroprotoberberin 
- 8 - one, 21. The above reaction was repeated using 14 (1.2 g, 
34 mmole), H,O (140 ILl), KOBu' (3.24 g, 46.1 mmole) in DMSO 
(31 ml). After 1.5 hr at room temp. under a N, atmosphere, H,O 
(40 ml) was added and the pH adjusted to 7. The mixture was 
worked up as above to give a crude product (941 mg) which was 
chromatograpbed over grade 1II alumina (75 g). Elution with 
benzene-EtOAc (3 : 2) yielded a pale yellow oil (540 mg). The 
NMR spectrum indicated a mixture of 21 and 23 which was again 
subjected to chromatography (grade 1II alumina, 25 g) to afford a 
viscous oil (311 mg) on elution with benzene-EtOAc (2: I). 
Crystallisation from EtOAc-Et,O gave 21 (242 mg, 20%) m.p. 
169"; I'm .. (CHCl l ) 3500,1635,1600 cm- ' ; Am .. (EtOH) 360 (3,300), 
352 (6,250). 340 (5,675), 264 (15,630), 224 nm (t 18,320); NMR 
(CDCI,) S 2.82 (m, 4H), 3.78 (s, 3H), 3.88 (s, 3H), 3.95 (s, 3H) 4.75 
(m, 2H), 6.78 (s, 2H), 6.94 (d, H, J = 8 Hz), 7.95 (d, H, J = 8 Hz). 
(Found: C, 67.66; H, 6.25 ; N, 3.85. C20H" NO, requires: C, 67.59; 
H, 5.96; N, 3.94%). 

Solns of 21 in organic solvents were found to be readily 
susceptible to aerial oxidation to mixtures of 21 and 23. 

2,3,11,12-Tetramethoxyprotoberberin-8-one, 24. Et,O (300 ml) 
was added to a soln of 17 (350 mg, 0.95 mmole) in a minimum of 
EtOAc. The degassed soln was irradiated using a medium pressure 
Hg vapour lamp with a quartz photolysis tube. After 24 hr the soln 
was evaporated in vacuo to give a residue which was 
chromatographed (grade 1II alumina, 35 g). Elution with benzene
CHCI, (3 : 1) and crystallisation from EtOAc gave 24 (58 mg, 30% 
overall yield) m.p. 184° (lit.··· 184°, 189") I'm .. (CHCI,) 1638, 1600, 
1590cm- '; Am .. (EtOH); 358 (sh, 17,500), 348 (23,400), 235 
(22,750),264 (27,270), 244 (20,390), 225 nm (21.700); NMR (CDC),) 
S 2.82 (t, 2H, J = 6 Hz); 3.82 (s, 3H), 3.86 (s, 3H), 3.87 (s, 3H), 3.89 
(5, 3H), 4.23 (t, 2H, J = 6 Hz), 6.64 (s, H), 6.98 (d, H, J = 8.5 Hz), 
7.03 (5. H), 7.24 (5, H), 8.09 (d, H, J = 8.5 Hz). (Found: C, 68.37; H, 
5.81; N, 3.70. C"H"NO, requires: C, 68.65 ; H, 5.76; N, 3.81%). 

Continued elution with benzene-CHCI, (2: I) afforded 17 
(159 mg). 

2,3.II ,12-Tetramethoxyprotoberberine hydroxide, 25 (X = OH). 
Et,O (500 ml) and cone HCI (6.75 ml) were added to a soln of 17 

(1.2 g, 3.3 mmole) in MeOH (100 ml). The degassed soln was then 
irradiated as in the previous experiment. Removal of the solvent in 
vacuo gave a brown residue which was dissolved in CHCI,. The 
CHCI, soln was washed with sat NaHCO l aq (2X). H,O then dried 
(Na,SO.). Removal of the solvent gave a gum (1.2 g) which was 
chromatographed (grade III alum in a, lOO g). Elution with ben
zene-EtOAc (3 : I) gave 17 (726 mg). 

Elution with EtOAc/MeOH (9 : I) gave a gum (184 mg) which 
crystallised from CHCI,-EtOAc to give 25 as yellow crystals 
(130 mg, 28% overall yield) m.p. 209-210°; I'm .. (CHC)') 3400, 
1628, 16OOcm- '; Am .. (EtOH) 330 (15,540), 294 (15,920), 247 
(14,200),229 nm (t 12,070), (alkaline soln) Am .. 357, 274, 223 nm; 
NMR (CDCl l ) S 3.30 (t, 3H, J = 6 Hz), 4.02 (s, 3H), 4.07 (s, 3H). 
4.13 (5, 3H), 4.18 (s. 3H), 5.26 (t, 2H, J = 6 Hz), 6.96 (s, H), 7.43 (s, 
H), 7.60 (d, H, J = 9 Hz), 8.42 (s, H), 8.63 (d, H, J = 9 Hz), 11.26 
(br.s, H); mle 352.1531 (P-OH, C"H" NO. requires: 352.1528), 
338.1381 (C,oH,oNO. requires: 338.1392), 337.1312 (C,oH,.NO. 
requires 337.1313), 336.1251 (C,oH,.NO. requires: 336.1236), 
322.1073 (C,.H,.NO. requires: 322.1079) 205.0739 (C"H"NO, 
requires: 205.0738). 
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A NEW SYNTHETIC ROUTE TO 
(± ) LYSERGIC ACID! 

R. RAMAGEt*, v. W. ARMSTRONG and S. COULTON 
The Robert Robinson Laboratories. University of Liverpool, Liverpool L693BX, England 

(Received ill U K 24 Jllly 1980) 

Abstract- A route to the synthesis of lysergic acid, I is described based on a mechanism proposed for the 
racemisation of lysergic acid and related compounds. The strategy involves cyclisation of the aminodienoic 
esters 19 and 22 to produce tetrahydropyridine systems. A modified Curtius degradation sequence is 
described. 

~~gO~ is the product of the filamentous fungus 
av/ceps purpurea (Fries) Tulasne which grows 

parasitically on the rye plant and as early as the 
seventeenth century it was established 2- 4 that ergot 
~~s reSPonsible for epidemics known as SI. Anthony's 
o tr~ From historical survey it became clear that 
seUt reaks of such epidemics followed wet and barren 
usasons When the flour of rye, infested by ergot, was 
di ed for bread manufacture. Of the two forms of the 
c sea se convulsive ergotism caused twitching and 
c~nvulsions whilst gangrenous ergotism was 
Wh~r~cterised by violent burning pains in the limb 
ad tc often resulted in amputation. Although the 
alkV:rs.e results of the pharmacological activity of ergot 
rec otds have long been known, as well as the more 
lys ent. recognition of the hallucinatory properties of 
rc~~gtc acid diethylamide: 5 it is . important to 
uSef tt bcr that ergot alkalotds exhtblt a broad and 
Po .u spectrum of pharmacological properties. The 
alk~I:t~e pharmacological importance of ergot 
andalolds was first recognised during the Middle Ages 
into cd to Introduction of crude preparations of ergot 
Cant rn~dlcal practice for induction of uterine 

ractlOns. 
str~Uring the twentieth century isolation and 
led ~tural ~lucid ation of the components of ergot have 
alkalo .the Identification of two main classes of ergot 
lYse ~lds,6:7 one of which is based on the structure of 
the r~le ael? 18

-
10 and is constituted of amides having 

ergO Oll?wll1g representative structures: ergine 2, 
the novlIle 3, and a series of peptide alkaloids having 
alkalg~neral formula 5. The naturally occurring 
in th Otds are known in isomeric pairs which differ only 
be a e stereochemistry at C- S. This epimerisation may 
Signi~eornpli shed by either acid or alkali and it is of 
OPtic. canee that the constituents of fresh ergot are 
aCti ally act/vc and belong to the pharmacologically 
also

ve ~fJ-~eries: The acidity of the C- H bon.d at C- S 
Stabil~ ays an Important role III the chemistry and 
Stere~~r of lyse rgic acid and its derivatives. Careful 
StUdies ~7~lial arguments based on hydrogenation 
lysCr .' as well as the transformation of both 
into ~~e and isolysergic acids by hot acetic anhydride 

e same lactam to,9 showed that isolysergic acid 
~ tDcdi ---------------
wUs ba ~ated to the latc Prof. R. B. Woodward with whom it 
re:ea rCI: a privilege and a pleasure to be associated in 

A. Prcse 
,vl&nch nt address: Department of Chemistry, UMIST, 

ester M60 I QD 
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6 is epimeric at C- 8 but retains the same configuration 
at C- 5 as in lysergic acid I. The absolute 
configurations of the two acids were elucidated by 
both optical rotary dispersion 13 and degradative 
methods. 14 In 1974 the conjugated acid, 8, was 
isolated t 5 from saprophytic cultures of a strain of 
C/aviceps paspa/i (Stevens and Hall) whereupon it was 
established 16 that this isomer could be transformed 
easily by alkaline treatment into lysergic acid I in 
which the olefinic bond is preferentially conjugated 
with the indole system rather than the carbonyl 
function . From a biosynthetic standpoint 17 it is 
interesting to note that free lysergic acid I is never 
found in large quantities whereas paspalic acid 8 
occurs abundantly in certain C/aviceps strains. 

The retrosynthetic planning which controlled our 
approach to the synthesis of racemic lysergic acid I was 
founded upon the observation 18 that both (+)
lysergic acid I and (+ )-isolysergic acid 6 could be 
converted into racemic lysergic acid I by barium 
hydroxide in aqueous solution at high temperatures. 
Further evidence of the stereochcmical lability of the 
lysergic system is to be found in the formation of the 
racemic: hydrazide 7 by hydrazine treatment of the 
natural alkaloids having the general structure 5. 19 

These two observations involve loss of stereochemical 
integrity at both the C-5 and C-S positions which is at 
first sight surprising since only the carboxyl function at 
C-S would be expected to undergo the epimerisation 
which relates I and 6. In order to rationalise the 
epimerisation at the apparently unactivated C5 
position Woodward proposed 2o that the racemisation 
process proceeded through the achiral tricyclic 
intermediate 9 which could be formed by retro
Michael fragmentation of I, 6 or 8. Since the 
postulated intermediate 9 is achiral, any subsequent 
cyclisation of the amino function by Michael addition 
to the dienoic acid system to form ring D must produce 
racemic products which would be epimeric at C-S. It 
has to be assumed that the isolation of (± )-Iysergic 
acid I and the (± )-hydrazide 7 is due to the equilibria 
in these reactions being displaced by the greater 
insolubility of the p- and IX- epimers of these 
compounds respectively under the reaction conditions 
employed. The failure to isolate (± )-paspalic acid 8 
from the cyclisation of intermediate 9 can be explained 
by the aforementioned facile equilibration of 8 to 
lysergic acid I as a consequence of their relative 
thermodynamic stabilities. A major consideration in 
favour of the intermediacy of 9 is that slIch a strllcture 

B14 
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would be chemically stable towards hydrolytic 
cleavage under the alkaline reaction conditions. 
Alternative mechanisms involving imonium inter
mediates would be expected to yield hydrolysis 
products during the prolonged alkaline treatment 
leading to racemisation. It is significant to note, in the 
context of the racemisation mechanism proposed by 
Woodward, that the alternative mode of cleavage of 
ring D in lysergic acid I is responsible for the 
formation ofthechiral methylene lactam to from I and 
6 on treatment 9 with acetic anhydride by a path which 
probably proceeds via the chiral intermediate 11. 

Thus if the elegant explanation put forward by 
Woodward for the facile racemisation of lysergic acid I 
is correct then it follows that synthesis of the 
intermediate 9 would, in fact, produce (± )-Iysergic 
acid I by spontaneous cyclisation. In order to 
circumvent the anticipated problems associated with 
indole-naphthalene tautomerism in 9 it was decided to 
aim for the modified target 19 which has the masked 
indolic system employed in the two preceding 
synthesis ll .

n of ( ± )-Iysergic acid I in which ihe fin al 
stage involves oxidation of the indoline system of 30. 
The first 21 total synthesis of this important substance 
was achieved in 1955 by a collaboration of Woodward 
and the Eli Lilly group. In the course of this classical 
work a route to the aldehyde 12 was developed, which 

1, R'c(XX)H, R'-H 

6, R'-H, R2
00C00H 

2 
7, R'-H, R c(X).~ 

10 

8 

we have optimised to a!low satisfactory production of 
this key intermediate for the synthesis of 19. After 
abortive attempts to synthesise a phosphorane capable 
of reacting with 12 to give 19 directly it was decided to 
utilise the readily accessible reagent 132 2 a.nd 
introduce the amino function later by selective 
degradation of a carboxylic acid group using the 
Curtius degradative procedure. 

The stereochemistry of the olefinic double bond 
formed in the Wittig reaction involving the 
phosphorane 13 should lead to the E-configurati?n 
required for the projected synthesis by analogy with 
the work ofHouse24 who showed that Wittig reactions 
involving resonance stabilised ylides afford the 
predominant stereoisomer having the carbonyl 
function Irans to the larger group at the p_position. 
Reaction of 13 with benzaldehyde afforded 34 as ~he 
sole isolated product, the N M R spectrum of WhiCh 
exhibited a I H resonance at 7.38 b consistant with that 
expected 25 for the p-proton deshielded by the adjac~nt 
cis ester function. Furthermore reaction of 12 with 
carbomethoxymethylenetriphenylphosphorane gave 
the dienoic ester 35 in which the acyclic proton p- 10 
the ester function was found in the N M R spectrum to 
be deshielded into the aromatic region in accordance 
with the E- configuration shown. The complementa~y 
part of the A B system (.I = 16 Hz) due to the acycliC 

1, R=OH 

2, R=~ 

3, R=NH.Oi(Me) .Cl~OH 

4, R=NH.Oi(Et) .00000H 

RI Hq .n 
S,R:- NH--~0t" ..... ~, 

oJ- N0 o 
H R2 

9 

11 
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CHO 

C'H'~ 
12 

14; R=aXlBut 

15; R=O:OH 

16; R=<Xl'I3 

17/ R--N:O 

13 

18; R=H 

HR 191 R=f.1e 

20, R=OX:F
3 

21; R=<l:Q.Ie 

22/ R=a!O 

23; R'~,R2=H, R'=Me 

24; R'=H, R2=<n::r-1e,R'=Me 

NR
3 

25; R'=CXl:Ma,R
2
=R' =H 

26; R'=R'=H, R
2
=<n::r-1e 

27; R'-<XXl-Ie, R'=QD R2=H 

28; R'=H, R'-<XXl-Ie, R'=CI-K) 

PrOto 
apPr n. IX to the ester group can be observed 
the ~Xill~ately 1.2 ppm upfield at 6.35 () together with 
fOr ~ e~ntc proton of the tricyclic system. As expected 
1.2:e. a diene, 35 reacted smoothly with 4-phenyl
in ~I trtazoline_3, 5-dione to give a Diels Alder adduct 
in th~Ost.quantitative yield. Two isomers were formed 
to th ~alto of9: 1 and these were easily separated due 
of III ellOSolUbility of the minor isomer. Consideration 
SClec~' eeular models and the Woodward HoITmann 2

1> 

has thon rUles strongly indicate that the major isomer 
atisin e relative stereochemistry represented in 36 
face gf from attack of the azo-dienophile from the IX

Ilellt~e th.e diene system. This allows ring D of the 
cnabl' Yehe structure to adopt a boat conformation 
StYre~ng maximum overlap of the n-orbitals in the 
bOnd e system which is a consequence of the C- H 
s&llle S at C-3 and C-5 being ds and quasi axial. The 
rCsear argument has been invoked by the Sandoz 
2.3'di~hers2 7 in the course of structural assignment of 
Produ Ydrolysergic acid (+ )-butanolamide, which is 
cOrres ced b~ Zn/ HCl reduction of the indole ring in the 
these ~on~lOg lysergic acid derivative 4. As a result of 
to the ~~slderations we would assign the struct ure 37 
~hat th~nor Diels Alder product. It can readily be seen 
Intcres(,IS synthetic approach could lead to the 
Of the a~ng 7-aza-ly.sergic system with judi~ious choice 

o-dlenophIle component for reaction with 35. 

29 

2 , 
30; R'~,R =H,R =Me 

2 , 
31; R'=H, R =OXl<Ie, R =Me 

32, R'..a:;a.Ie, R2=R'cH 

331 R'=R'=H, R2=a;o.te 

The reaction between 12 and 13 was found to be slow 
but could be induced to give the required diester 14 in 
79 % yield using benzene/t-butanol (1: 1) as solvent at 
reflux for 4 days. Only one isomer, as indicated by 
NMR, hp1c and tic analysis was isolated in which the 
acyclic olefinic double bond may be assigned the E
configuration, since the acyclic olefinic proton 
resonance was observed together with the aromatic 
protons in the region 6.7- 7.8 () in accord with the 
chemical shifts quoted for the reference compounds 34 
and 35. With the diester 14 in hand the next task was to 
effect the transformation to the intermediate 19 
required for the crucial cyclisation to the tetracyclic 
products 23, 24 and 29. After acidolytic cleavage of the 
t-butyl ester function produced the corresponding acid 
15, the introduction of the amino function was 
accomplished by the Curtius degradation procedure in 
overall yield of 80 %. This optimisation was the result 
of many preliminary experiments in which the acid 
azide formation was investigated using carboxyl 
activation as the acid chloride or carbonic mixed 
anhydride with either sodium azide or tetramethyl
guanidinium azide,2B or directly using diphenyl
phosphonic azide,29 Tne sele ted conditions employed 
tetramethylguanidinium azide and the diphenyl
phosphinic mixed anhydride 30 in CH 2Clz. Thermal 
rearrangement of the acid azide 16 to the isocyanate 17 
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proceeded smoothly in reftuxing benzene, however it 
was anticipated that hydration of the isocyanate and 
decarboxylation of the resulting carbamic acid under 
the usual aqueous acid conditions would cause 
untoward hydrolytic side reactions. In order to avoid 
this occurring, it was decided to effect the acid 
catalysted hydration using p- toluenesulphonic acid 
monohydrate in anhydrous medium on the premise 
that the reatent contains sufficient water for hydration 
and that the subsequent decarboxylation step would 
be driven by formation of the amine salt. This result 
was realised by performing the reaction in 
benzene/ether as solvent, whereupon the p
toluenesulphonate of 18 crystallised from the reaction 
mixture. 

The free amine 18 was found to be exceedingly 
reluctant to cyclise to the tetracyclic compounds, 
however this result did not cause undue anxiety that 
the corresponding secondary amine 19 might also be 
recalcitrant when called upon to cyclise since the work 
of Harley- Mason3 1 on the oxidative cyclisation of a 
series of substituted dopamines 38 to the bicyclic 
quinones 39 showed the secondary amines to be vastly 
superior in this respect. Indeed it was possible to 
prepare derivatives of the amine 18 such as the 
triftuoroacetamide 20 and the urethane 21 which were 
also found to ex ist as the tricyclic st ructures in which 
the N- H IR absorption was particularly diagnostic. If 
the Woodward hypothesis is a correct representation 
of the mechanism of lysergic acid racemisation then it 
follows that any methylation method which produces 
the secondary amine 19, however transiently, should 
afford the 2,3-dihydrolysergic system as a result of 
spontaneous cyclisation. The method selected for the 
purpose was the Eschweiler- Clarke reaction using 

H 

~OOCH3 
I8J ~OOBut 

34 

36 

t 
HO~R 
HOt,QJ N~R2 

~H 
R' 

38 

HCOOH/HCHO involving hydride reduction of the 
intermediate imonium species. Although this woul? 
normally be expected to give the dimethylated amin~ It 
was found that the intermediate secondary amtne 
preferred to cyclise rather than undergo the second 
methylation step. This reaction gave 62 % yield of three 
tetracyclic isomers in the ratio 9: 3: 2 which were 
assigned the structures 23, 24 and 29 respectiv~IY, 
Hydrogenation of these compounds in methanol uSIng 
10 % Pd/C indicated that only one olefinic double 
bond was present and, therefore, that the productS 
were tetracyclic. A combination of crystallisation and 
chromatography allowed a separation of the 
components of the mixture, although the minor isomer 
29 could not be isolated in pure form due to 
contamination with 24 as a result of rearrangement 
induced by silica chromatography. The major 
products 23 and 24 exhibited IR CO absorption band~ 
corresponding to saturated ester functions and the U 
spectra were in agreement with that expected for ~he 
2,3-dihydrolysergic system.27 Although both majOr 

. isomers clearly incorporated an olefinic proton, a; 
indicated by the NM R spectra, it was noteworth~ that 
the signals in 23 (6.S2 () and 24 (6.19 (5) were conslste~ 
with known lysergic and isolysergic analogues. T e 
relative stereochemical assignments at C-8 were 
clarified by equilibration . studies using condition; 
which are known to favour methyl Iysergate ov~ 
methyl isolysergate. 16 It was found that 24 could d r 
epimerised to 23 in refluxing MeOH whereas, un .ee 
the same conditions, 23 was unchanged. The relat.lv 
configuration at C-3 and C-S are determined dUfl~~ 
the cyclisation of 13, and, under thermody~art1~, 
control, it is to be expected that the developing he 
overlap between the 9, 10 double bond and t 

35 

) 

39 
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arOmatic ring should be the dominant factor in 
~Oduct development. This would result in the C-3 and 
S·s C- H bonds being cis as represented in 23 and 24. 
tadler et al.27 have used the same argument for the 

~~Iative stereochemistry at C-3 and C-5 in the 2,3-
thYdrolysergic system; in their case the C-3 Sp3 

stereochemistry was introduced relative to CoS. 
19 The .m.inor product 29 arising from the cyclisation of 

exhlbtted the expected lR absorption at 170S cm - 1 

at.tributed to the conjugated ester function compared 
~Ith 23 (I72S cm - 1 ) and methyl Iysergate 
( 728 cm - I). The assignment of the d M.9 double bond 
~as also supported by comparison of the UV spectra, 
C~ NMR signal due to the 9-H deshielded by the 
U OMe group to 7.37 b, and the finding that 29 
l"~~erwent facile rearrangement to the d 9.10 isomer 24. 
p ts latter observation is consistent with the known 
/~ensity 16 of paspalic acid 8 to rearrange to lysergic 
2~1 . I. The relative stereochemistry at C-3 and C-5 in 
at ~ the ~ame as in 23 and 24, however, the assignment 

·10 IS not certain. 
M The mixture of 23 and 24 was treated with HCI in 
di~OH to afford a mixture of methyl 2,3-
s1~olysergate. 30 and the Sex-epimer, 31 in the ratio 
se' ethanolyslS of the N-benzoyl group of 23 or 24 
w~arately gave the same mixture of 30 and 31 which 
Us ~f?Und to be identical in all respects with material 
th~ htn the first synthesis of lysergic acid l. 21 Although 
Ill!S ad been thought to be solely the SfJ-epimer 30, the 
an~ture of epimers cou~d be detected ~nly by NMR, 
rese hplc; two techlllques not aVailable to the 
o archers in 1955. Accurate mass fragmentation data 
re~p23 ~nq 30/31 exhibited an important ion cor
rCtr ond.tng to P-C2HsN which would result from 
inteo.Dle.ls Alder fragmentation of ring D. Since the 
wit~ll1edlate methyl 2,3-dihydrolysergate 30 together 
tran the Sex-epimer 31 have previously been 
the sformed into lysergic acid I by Kornfeld et (/1.21 
SYnt~O~te described above not only constitutes a 
WO ~SIS of lysergic acid but also lends support to 
Illec~ , W.ard's proposal about the racemisation 
great anlsm and, additionally, helps to rationalise the 
g,IO.~~ thermal and photochemical stability of the 

In Ihydro series of lysergic acid derivatives, 
cYclj o~der to extend this synthetic route based on 
18 sallon of 19 other derivatives of the parent amine 
trinuwere prepared. As stated previously the 
CYclj Oroacetamide 20 and the urethane 21 did not 
~ow:e to tetracyclic structures analoguous to 23, 
rorn/er formylation of the primary amine 18 using 
iSOllllc- acetic mixed anhydride gave the mixture of 
rracts 27 and 28 which could be separated by 
Prod~nal crystallisation. The tetracyclic nature of the 
10 :% ~ts Was substantiated by hydrogenation with 
he ~o d/C to an'ord dihydro compounds which could 
hYdro Il1par~d readily with the product derived by 
StrllCtgenallon and formylation of 18. Support for the 
lacketes 27 and 28 was afforded by the I R data which 
'liQUid the NH absorption expected for 22, which 
~I, but b~ a tricyclic product of similar type to 20 and 
t~e Sat did exhibit an absorption at 1725 cm - 1 due to 
NM~ united ester functions of cyclised products. The 
~isPla spectrum of the epimeric mixture of 27 and 28 
and {~d sin~lets due to the formyl protons at S.16 
reSQna' I t5 111 addition to the important olefinic 
C'9 in ~hes at 6.28 and 6.50 b due to the vinyl proton at 

e two epimers. The absence of signals due to 

the N- H proton and the associated characteristic 2 H 
doublet at 4.2 b of the methylene protons adjacent to 
the non-indoline nitrogen in tricyclic structures such 
as 20 and 21 further supports the tetracyclic structure 
as opposed to 22. Further evidence for the structures 
27 and 28 was given by the UV maxima at 251 and 
304 nm which are consistant with that expected for the 
2,3-dihydrolysergic system. 1 h Having obtained the 
tetracyclic N-formyl derivatives it was hoped to 
methanolyse selectively the formamide function to give 
both epimeric secondary amines 25/26 which would 
then allow structural modification specifically at 
N- 6.32 Unfortunately this could only be accomplished 
in low yield; the major product being the his
secondary amine as a mixture of 8ex and Sfi epimers 32 
and 33 which were isolated as the mixture of bis
hydrochlorides. This route to the lysergic system 
through N-formylation and cyclisation of inter
mediates derived from 18 has great potential for 
producing a range of N-alkylated derivatives of 
lysergic acid which would be of considerable 
pharmacological interest. 

EXPERIMENTAL 

All m.ps are uncorrected. I R spectra were determined using 
a Unicam SP200 and UV spectra obtained using a Unicam 
SPSOO spectrometer. Mass spectra were obtained from 
AEI MSI2 and MS902 instruments (the latter with an on-line 
computer). NMR spectra were measured using Varian 
HAIOO, XLlOO spectrometers. Hplc was carried out using a 
Waters ALC204 machine with a Model 440 UV dctector and 
M660 solvent gradient system. 

I-Bellzoyl-5~/ormyl-1.2,21/.3-1('lrC/hrdrobell= [cd Jillllolez 
I • 

12. To MeCN (320ml) at 58° were added the Na salt of 1-
benzoyl-5-carboxymethyl-C!, 5-cpox y-1.2,2a.3.4.5- hexa
hydrobenz [cd Jindolezl (16.0 g. 44.S mmole) and pyridinium 
hydrobromide perbromide (14.4 g. 45 mmole). The stirred 
mixture was illuminated for 15 min with a 750 watt lamp. and 
then cooled to 40" without illumination. A soln of 
semicarbazide HCI (14.9S g, 134.3 mmole) and NaOAc.3H zO 
(7.39 g, 54.33 mmole) in HzO (30 ml) was added then the 
mixture stirred at 40° for 3 hr. The solvent was removcd ill 
VI/CI/O followed by addition of HzO (350 ml) and filtration. 
The crude solid product was washe'd with H20 then digested 
with hot MeOH, EtzO and dried to give the scmicarbazone of 
12 (12.2g. 79 %), m.p. 227- 9° (Iit. z1 m.p.23t - 2 '). 

The semicarbazone of 12 (26.5 g, 76.6I11molc) was 
suspended in CHCl j (332ml) and on addition of freshly 
distilled MeCO.COOH (102.5 g. t.16mmolc) and p
toluenesulphonic acid H zO (0.265 g, 1.39mmole) soln was 
attained. After addition of HzO (26.5ml) the soln was stirrcd 
at 25° for 18 hr. The precipitated solid was filtered and washed 
with CHCl j , then the CHCI., filtrate was washed with HzO 
(3x), sat. NaHCO j and dried (MgSO.). Rcmoval of the 
solvent ill vacl/o atforded the crude aldehyde 12 which was 
digested with hot MeOH, filtcrcd then washed with McOH, 
EtzO and dried to give 12 (20.7 g, 94 ;:,) m.p. 177- 179" (Iit. zl. 
179.5- ISO.5°) which was idcntical with authentic material. 

I-Bl/ly l-3-melhoxycC/r/JolI.l'/-4-phell.l'/-3-pl'Ol'<'/lC/lc. 34. 
Distilled PhCHO (0.41 g. 3.87 mmole) was added to 132J 
(2.0g, 4.46mmole) in dry t.BuOH under Nz atmosphere. 
After 48 h reflux the solvent was removed ill roe I/o leaving 
crude product which was chromatographcd on grade III 
alumina (60 g). Elution with bcnzene- 40/60 petrolcum ether 
(4: I) gave the diester which crystallised from hexanc (0.97 g, 
87 ;:,) m.p. 55- 6°; l'm .. (CHCI .d 1700. 1720. 1640cm - l ; 
i.", .. (EtOH) 267nm (I; 15.S00); IH NMR (CDCI.d (j 1.48 (s. 
9H) 3.47 (s, 2H), 3.79 (s, 3H), 7.32 (s, 5H). 7.83 (s, I H) 
(Found : C, 69.77; H, 7.54.C1(, H2UO. Requires: C, 69.54 ; H. 
7.33 %). 
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I-Benzoy l-I ,2,2a,3-lel rahydro-5-(2 ' -m elhoxycarbonyl
elllylene)bellz rcdlillllo le, 35. A soln of 12 (l5.0g, 52mmole) 
and methoxycarbonylmethylenetriphenylphosphoranc 
(17.37 g, 52 mmole) in dry benzene (1.3 I) was relluxed under 
N2 for 18 hr. The soln was concentrated to 30 ml ;n vacllo then 
chromatographed on grade 1Il alumina (I kg). Elution with 
benzene gave the product 35 which was crystallised from 
EtOAc- 60/80 petroleum ether (7 .50g;42 %); m.p. 131 - 3° ; 
I'",", (CHCI]) 1705, 1635, 1615cm - l ; ),",,,,(EtOH) 250nm (I: 
29,(00); 1 H NMR (CDCI J) b 7.0- 7.8 (9 H, m), 6.2- 6.5 (2 H, 
m), 4.41 (I H, m), 3.75 (3 Hs), 3.3- 3.9 (2 H, m) 2.0- 2.9 (2 H, 
m) ; m/ e 345.1362 - C22H'9NOJ (-Ippm), 
286.1208- C2oHI6NO (-8 ppm), 240.1017- ClsHI4N02 
( -3 ppm) (Found : C, 76.49; H, 5.47; N, 4.18. C 22 H I9 NOJ 
Requires: C, 76.50; H, 5.55; N, 4.06 %). 

4-Phenyl-I,2,4-lria:0Iine-3,5-dione addllcls, 36/37. The 
ester 35 (6.0 g, 17.4 mmole) and 4-phenyl-l , 2,4-triazo line-3,5-
dione (3.05 g, 17.4 mmole) were dissolved in dry acetone (11) 
and the soln relluxed under N 2 for 2 hr. During this time the 
deep red soln became colourless and the solvent was removed 
ill vac/lo to give a white solid which was digested in EtOAc 
and filtered to alTord two isomeric adducts (8.28 g, 92 ~,) in the 
ratio 9: I. Crystallisation from EtOAc etTected separation of 
the soluble isomer 36, m.p. 263- 6°, "",",(CHCI J) 1775, 1750, 
1720, 1640, 1610, 1595 cm - I; Am.,(EtOH) 228 (1:24550), 245 
(/: 23, 443),305 (I; 4898) nm; IH NMR (CDCI 3) b 7.0- 7.8 
(13H,m),6.35(1 H, dd , J = 5),5.26(1 H,dd, J = 5),4.45 (2H, 
m), 3.77 (3 H, sI, \.2 - 3.9 (4 H, m). (Found: C, 68.89; H, 4.52 ; 
N, 10.46. CJo H24 N.Os Requires : C, 69.22; H, 4.65; N, 
10.76 %). The leas t soluble isomer was extremely insoluble 
hence a comparable spectral analysis could not be obtained 
for 37, m.p. 295°; "m.,(Nujol) 1762, 1735, 1700, 1642, 
1590cm - ' ; m/e 520 - CJoH24N.Os. 

I-Benzoy l-I ,2,2a,3-lelrahydro-5-(2' -melhoxycarbollyl-2'-
1- b IIl y l ox yca rb o llylmel IIyl el hyl elle )be n z [cd l
indole, 14. A soln of J3 (56.0 g, 12.5 mmole) in dry 
benzene/ t-DuOH (I: I ; 480 ml) was added to a suspension of 
12 (24.2 g, 8.35 mmole) in dry benzene/t-DuOH (1 : .1; 300 ml) 
and the mixture relluxed under N2 for4days. After removal of 
the solvent ill vaCllO the residue was dissolved in benzenc and 
washed wi th 2 N HCI, H20, sat. NaHCO] then dried 
(MgSO.). Conccntration of the solution ill vacuo followcd 
by chromatography on si lica (2 kg). Eluti on wi th 
benzene/ EtOAc (9 : I) gave an oil which crystallised from 
EtOAc- 60/80 petroleum ether to alTord 14 (26.11 g, 79 %l 
m.p. 162- 4°; I'm", (CHCI J) 1710, 1640, 1620, 1600cm - ' ; 
},,,,,,(EtOH) 235 (I: 26, 303), 254 (e 26, 9 15)nm; 'H NMR 
(CDCI J ) b 6.7- 7.7 (9H, m), 6.05 (1 H, br. d), 4.4 (I H, m), 
3.4- 3.9 (2 H, m), 3.80 (3 H, sI, 3.34 (2 H, sI, 2.0- 2.9 (2 H, m), 
1.44 (9 H, sI; m/e 459.2067- C2HH2QNOs (+ 5 ppm), 
403 .1433- C24 H 2INO s (+3ppm), 105.0342- C 7 H sO 
(+ 2 ppm) (Found: C, 73 .00, H, 6.28; N, 3.08. C2sH29NOs 
Rcquires: C, 73. 18; H, 6.36; N, 3.05 %). 

I-Dell: oyl-I ,2,21/,3-1('1 rahydro-5-(2' -lIIel/lOxyCl/r/)(J/lyl-2'
car/lOxymel/lylel/I)'/elle)benz[cd)illdole, 15. The diester 14 
(10.0g, 24.8 mmole) in 90 % TFA ( IOOm l) was allowed to 
stand for 2 hI' at 25° then diluted with benzem: (100 ml). After 
rcmoval of the solvent ill vac llo thc crude product was 
azeo tropcd with benzene (3x) then dissolved in benzene and 
eXlracted wilh sa t.NaHCOJ (2x). The aqueous eXl racts werc 
combined, washed with benzene and acidified with 2 N HCI. 
After extraction of thc product with CHCIJ (2x), the organic 
solution was dried (MgSO.) and evaporated ill vacllo to givc a 
crude producI which on crystallisation from MeOAc/ Et20 
(1: 1) afforded 15 (7.73g, 88 %) m.p. 175- 7"; "m.,(CHCIJ) 
2500- 3500,1710,1610, 1590cm - l ; ),,,,., (EtOH) 254 (I: 26, 
915) nm; 1 H NMR (CDCIJ)b 9.80 (I H, br.s), 6.7- 7.7 (9 Hm). 
6.04 ( I H, br. d), 4.40 (I 1-1 , br. m), 3.5- 3.9 (2 H, m), 3.74 (3 1-1 , 
sI, 3.45 (21-1, s), .2.0- 2.8 (2H, m) ; 1JC NMR b 28.4 (t), 33.8, 
33.9 (I), 52.2 (q). 58.7 (t), 11 8.1 (d), 127.2, 127.4, 128.5, 129.5, 
130.5,130.8, 131.3, 132.7(s). 138.9(d), 140.7 (s), 167.2 (s), 168.9 
(s), 175.0 (s); m/e 403 . 1438-C2.H2INO~ (+4ppm), 
385.1298- C 2. 1-1 19NO. ( - 4ppm), 372. 1 259-C2J I-I,~N04 
(+6ppm), 358.1472- C 2J I-I2oNO, (+8ppm), 344. 1254-

C 22 I-1 IS NO J (-IOppm) (Found; C, 71.57 ; H, 5.40, N, 3.53. 
C241-121NOs Requires : C, 71.45 ; H, 5.25; N, 3.47 %). 

p-Tolllelleslllpironale sail of I-benzoyl-I ,2,2a,3-lelra /lydr~-) 
5-(2-melhoxycarbonyl-2' -amil1omelhylel hylene )benz (c. 
indole 18. The acid 15 (4.0g, 9.94 mmol) was dissolved . I~ 
CH 2CI 2 (250ml) and cooled to -20°. N_methylmorpholrn 

(1.02 g, 9.94 mmole) and diphenylphosphinyl chloride (2.56 g, 
10.82 mmole) were added to the mixture which was t~en 
stirred at - 20° for 30 min: Tetramethylguanidinium aZI~e 
(1.86 g, 11.76 mmole) in dry CHJCN (20 ml) was added ~o t e 
mixture which was then stirred at 0° for 90min. The r.lIxture 

was then poured on to ice-water and the organiC l ay~r 
separated and dried (MgS04 ) . Removal of the solvent ~ 
vacuo at 25° gave 16 as a yellow oil, Vma' (film) 2150, 171 , 
1640cm - l. . d 

The acid azide was dissolved in dry benzene (50 ml) an 0 

relluxed under N 2 for I hr. Removal of the solvent in vac~'1 
afforded 17 as a yellow oil, "m" (film) 2250,1705, 1640crn I) 

The isocyanate was then dissolved in dry benzene (200rnc 
and stirred at 25° for 16 hr with a soln of p-toluenesuIP~O:ly 
acid. H20 (1.90g, 10mmole) in a minimum volume 0 ~n 
Et 20. During this time the product crystallised from the SO p 
to give the p-toluenesulphonate of 18 (4.30g, 8P %)' ~' I : 
166- 170vm .. , (KDr) 2700- 3300, 1730, 1640, 1620, l~oocrn~lIi 
),,,,., (EIOH) 234 (e 16,982),255 (f; 18,621) nm; H N d) 
(TFA) b 6.9- 8.2 (15 H, m), 6.26 ( 11-1 , br. sI, 6.05 (I H, br' rni 
4.03 (3 H, sI, 3.6- 4.5 (5 H, m), 2.42 (3 H, s), 2.6- 3.2 (2 H? s. 
(Found : C, 65.54; 1-1, 5.64, N, 4.96. CJoI-IJON206S Require · 
C, 65.92; H, 5.53, N, 5.12 %). I 1'-

I-Benzoyl-I ,2,2a,3-lelrahydro-5-(2 ' -melhoxycarbollY -d J 
I ri/Ill 0 r 0 ace I a III i d 0 /11 e I h y I e I Ir y I e 11 e ) b e 11 z [c g 
indole, 20. The p-tolue~esulp~onate of 18 (275~li 
0.50 mmole) was dissolved In pyrrdme/ benzene ( I : I. 2~ 'de 
and stirred a t 25° for 3 days with trilluoroacetic an.hY r~"o 
(1.49 mg, 0.71 mmole). After removal of the solvent /11 vG ' I~ 
the residual oi l was dissolved in CH 2CI 2 and washed w; in 
2N.I-ICI, 1-1 20 then dried (MgSO.). Removal of the solven AC, 
vaCIIO, followed by crystallisat ion of the residue from Et~20. 
gave 20 (127 mg, 54 %), m.p. 200- 3° ; "n"" (CI-ICI.d 3450

0)1 om ; 
1640,1602,1540. I 500 cm - 1 ; Am"> (EtOI-l) 253 (e 21, 38 612 
I H NMR (CDCl 3) ,) 6.8- 7.8 (8 1-1, m), 6.73 (I 1-1, d, J "" 8)i_4.6 
(11-1, br. d, J = 6).5.03 (I 1-1 , m), 4.32 (21-1, d, J = 6).4 .. life 
(I H, m), 3.84 (3 H, s), 3.3- 4.0 (21-1 , m), 2.0- 3.0 (2 H, rn)~ 0 
470. 1447- C251-12IN20.F3 (-Ippm), 105.0299- C7. \ 
( - 39 ppm), H PLC (Corsasi l 11-500 p.s.i., 2 ml/rn~ l"l. 
100 % CHCl l ) Rt = 18.4min. (Found: C, 63.35 ; H, 4.2

5
'r,J 

6.04, C 2s H 21 N 20 4 F J Requires: C, 63.83; H, 4.50, N, 5.9 1;1-
I-Benzoyl-I ,2,2a,3-1('1 rairydro-5-(2' -lIIel IrO xycarb{lld J

N -me l fro xycarbo lly l- 2' -amillOlllel /I y lel fr y lene )bellI (~g. 
illdole, 21. The isocyanate 17, prepared from 15 (I sml) 
2.49mmole) as previously described, in dry benzene (1~5mg. 
was treated with p-tolucnesu lphonic acid 1-1 20 (4 Iveot 
2.5 mmole) in MeOI-l (10 ml). After 16 hr at 25° the sO d 00 

was removed in vacuo and the residue chromatographe d 21 
silica (30 g). Elution with benzene/ EtOAc (4: I ) yielderroJ1l 
(561 mg, 52 %) m.p. 139- 140° (crystallised I~ 
EtOAc/ hcxane) ; "",", (CI-ICI J) 3440, 171 5, 1630, N~~ 
1570cm - ' ; ),""" (EtOH) 255 (I: 29, 512) nm; 'H tI br· 
(CDCIJ)b 6.9- 7.7 (81-1, m), 6.74 (I H,d, J = 7),6.l g( 1 3~'S) 
s). 5.30 (I H. br. s),4. 10 (21-1, d, .1 = 6) 3.78 (3 H, sI, 3.56 (698-" 
3.3- 4.6 (31-1, m) 2.0- 3.0 (2 H, m); 111/e 432.1 (1') 
C251-124N20S (+ 3 ppm), 358. 1445-C231-12oN~{ 10 % 
ppm); 1-1 PLC (M icroporasil 2000 p.s.i., 2.5 ml. mln H' 5.55; 
Me CN in CH 2C12) R = 1.9 min . (Found: C, 69.61; 48 %~ 
N. 6.70. CBH24N20s ReqUires: C, 69.43; H, 5.59; N. 6., ,/_1-

M el iry/-I-/Jell zoyl-2,3-diiryd rolysergal(' 23, 1II e~/~drtr 
bellzoyl-2.3-dihydroisolyserl(ate 25 and l-benzoyl-2,3-dl i~eoe-
6-lIIellryl-8-car!Jo/llelhoxy-t,.···'-ergo/ill e. 29. The r-tOved iO 
sulphonate salt of 18 (4.0 g, 7.31 mmole) was dissol/"l Cb 
CH 2CI2 (250 ml) and stirred with K 2C03 soln . The C SO.) 
layer was separated, washed with H 20 and dried (MS noil, 
followed by removal of the solvent ill vac llo to give 18 aS ~tlO 
which was dissolved in H.COOI-I (98 ;' .. 200 ml) and H., I~e 
so ln (40 /:" 40ml) and heated for 3 hr. After coohng, 
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~olvent was removed ill vacuo and the residue partitioned 
w:t~cen CH 2CI 2 and 4 N NaOH. The CH 2CI 2 layer was 
sol ed with H20 then dried (MgS04). Removal of the 

vent III vaCI/O afTorded an oil which was chromatographed 
(;.e; grade 111 ~Iumina (80g). Elution with benzene- EtOAc 
to' ) gave an 011 which was crystallised from EtOAc- hexane 
cryg~v~la mixture (1.76 g, 62 %) ofB. 24 and 29 (9: 3 :2). Slow 
149~~5Isoa.tlon of this mixture from EtOAc gave 24, m.p. 
24'( 13 , ".,,,, (CHCI.,) 1733, 1633, 1610, 1580cm - ' ; ).",'" 
(8H r. 9,953), 305 (1: 4, 766)nm; 'H NMR (COCI,)cj 6.9- 7.6 
s) 3'Om), 6.19 (1 H, br.s W! 6Hz), 4.2- 4.6 (2H; m), 3.73 (3 H, 
hp' I . (-C3.7 (5 H, m), 2.38 (3 H, s), 1.8- 2.9 (2 H. m); m/l' 388; 

c orasllll 1000 . 10 . - I 10"/ ' P OH' CH Cl '. O.S.I.. . m. mm , / 0 1- r III 
und2 2) Rt = 10.5 mill . A soln of2411l MeOH was refluxed 
tivc

cr 
N2 ~or2hr. HPLC and NMR indicated quantita-

CPlmensatlOn to 23. 
pr~he total mixture of 23 and 29 (1.5 g) was separated by 
m. p~ratlVe TLC (7 % MeOH in CHCI3; silica) to give 23, 
16~i 165- 168 (crystallised from EtOAc); "m", (CHCI3) 1728, 
(e 7 76~~4, 1590, 1578 cm - I; )'max (EtOH) 253 (e 38, 900),307 
br ~ W nm; 'H NMR (COCI3) (5 6.8- 7.7 (8 H, m), 6.52 (I H, 
mi i 4S 6 Hz), 4.1-4.5 (1 H, br. m), 3.73 (3 H, s), 2.4-3.7 (7 H, 
C 'H ~3 H, s), 1.2- 1.6 (I H, q, J = 9 Hz), m/e 388.1756-
329.1620203 (-8 ppm), 345.1375- C22H,qN03 (+ 3 ppm), 
~+22 -~22H2IN20 (+ 10ppm), . 105.0363~C7HsO 
I'ProlTm), HPLC (Coraslll1, 1000 p.s.!., 1.0 ml mlll - I, 10 % 
N, 7.20. ~ CH 2CI 2 ) Rt = 10.5 min. (Found: C, 74.09; H,6.1l; 

The t1JtH24N203 ReqUires: C, 74.21; H, 6.23; N. 7.21 %). 
Prepa .'. -ergoline isomer 29. which was isolated by 
trans/allve tic, could not be obtained completely pure due to 
Chara~t:mallon on silica to 24, exhibited the following 
(CHCI )nsllcs m.p. 152- 7° (crystallised EtOAc-hexane); I'",,,, 

292nm3. 11708~ 1635, 1607,1598, 1576cm - ' J max (EtOH)220, 
3.73 (3'H H NMR (COCI,) cS 6.9- 7.7 (8 H, m), 7.37 (1 H, d), 
388.1791' s), 2.44 (3 H, s), 1.50 (I H. t, J = 8 Hz); m/e 
C1lH - C 24 H24 N20, (+1 ppm), 373.1536-
329.I~N20, ( - 4 ppm), 345.1366- C22 H,9 NO, (0 ppm). 
P,s. i. 10 - C22 H21 N 20 (-3 ppm); HPLC (Corasil 11, 1000 

Ii~d' ml mill - I, 10 % i-PrOH in CH 2CI 2) Rt = 6.0min. 
(l(lOrn r~genatlon of the mixture of isomers 23. 24, and 29 
dihYdrg In MeOH (50ml) using 10 % Pd/C (50mg) gave a 
( ' 7p:~troduct (I00mg), 111/ 1' 390.1917- C24Hu ,N20, 

Melhvl' 
dihMr: . 2,3-dihydrvlyserf:llll', 311 alld me/hyl 2,3-
(500 ;'~olysel'gate, 31. The epimeric mixture of 13 and 24 
cOntai g, 1.29 mmole) was dissolved in dry MeOH (55ml) 
fOr 6 ~Inf conc.HCI (5 ml) and the soln refluxed under N2 
rcsiduc~ 011 owed by removal of the solvent ill vacl/o. The 
In dry M asdned ill VIIC I/O over P20 S for 16 hr. then dissolved 
61llmole eOH (20 ml) and a 2 M soln of HCi/MeOH (3.0 ml. 
rClllovei After 24 hr stIrring under N 2 .the solvent was 
Cl11CI 1/1 vacl/o and the reSidue partitioned between 
reqUired ~nd the minimum volume of sat. K2C03 soln 
'the CH ~r neutralisation whilst maintaining the soln at 0". 
fOlIoWCd1 b 12 layer was washed with H20 and dried (MgS04) 
Which c Y evaporation ill vacl/o to give the crude product 
ratio 5.istalllsed from Et 20 to give a mixture ofJO, 31 in the 
1730, 161~203mg, 55 ;;,) m.p. 157- 161 °; l'ma, (CHCI J ) 3500, 
.11 N M R ( 1600 cm - I ; } .... ax 243 (I: 25. 704), 318 (I: 2, 291 ) nm; 
-',I 3.74 (11 ~DCI,)b 7.01 (2 H, m), 6.49 (2 H, m), singlets (3 H) 
~Inglcts (3 OOMe) and 3.71 (I1-COOMe), 2.5- 3.7 (9 H, m), 
,..,84.1554 H) at 2.53 and 2.50, 1.1 - 1.6 (I H, m); m/e 
\. I ~ H N'QC17H20 N202 (+ 10 ppm), 241.1098 -
182.0964 2 (- 2 ppm). 225.1378 - C ,s H' 7Nl (-6 ppm), 
P,s.i.25 IJHI2N (-3 ppm); HPLC (Microporasil, 2000 
(llIillor· islllllllin.- I, 15 % MeCN in CH 2C1 2 ) Rt = 7.6 min. 
, this pomcr ) and R = 9.0 min. (major isomer). 
UUthenti rOeluct was identical in every respect with an 
PrcParcdc ~ample kindly supplied by Or. E.C. Kornfeld and 
I E:Pi!lier ' Y the first route 21 to lysergic aCid. 

I
llelhoy) .'e n.'iXII/I'I' of' l-ben=oyl-2,3-dih l'drn-6-for/llyl-8-8 .. 'e C/rbo I A 9 I" . . . 
'" ,derived f lIy -u' -ergolil1es, 27 and 28. The free amine 

Us trCnted rOm the p-toluenesulphonate (1.2 g, 2.20 mmole), 
Wtlh a soln ofH.COOH (60ml)and AC20 (21 ml) 

which had been precooled to 00. After I hr at 0" followed by 16 
hr at 25" the reaction was quenched by the addition of iced 
water (120ml) and concentrated ill vacl/o to yield an oil. 
Crystallisation from EtOAc- hexane gave the pure mixture 
(I: I) of 27 and 28 (768 mg. 87 ;;,), m.p. 236- 239°; 
l'm",(CHCl J ) 1725, 1670, 1655, 1610. 1595 cm - I ; i. m" (EtOH) 
251 (£22.909),304 (d, 129) nm; I H NMR (CDCI,) cS singlets 
at 8.16 and 8.21 (I H), 6.9- 7.7 (8 H, m) doublets at 6.50 and 
6.28 (I H, J = 6),4.54- 5.00 (I H, m). singlets at 3.72 and 3.74 
(3 H), 3.1 - 4.5 (6 H, m), 1.6- 2.6 (2 H, m); III /e 402.1'558-
C24H12N204 (+ 5 ppm), 105.0345 - C7HsO (+ 5 ppm); 
HPLC (Corasil 11, 1000 p.s.i., 1.5 mlmin - 1, 3 % i-PrOH in 
CH lCl 2) Rt = 5.1 min. (Found: C, 71.46; H, 5.46; N, 6.94. 
C24H22N204 Requires: C, 71.62; H, 5.51; N, 6.9 %). The two 
epimers could be separated by fractional crystallisation from 
CH 2CI 2/ EtOAc. The most soluble epimer exhibited m.p. 
208- 233"; I H NMR (CDCI J )() 8.16 (1 H, s), 6.9- 7.7 (8 H, m), 
6.28 (I H, d, J = 6 Hz). 4.71 (I H, t. J = 10 Hz) ; 4.07- 4.57 
(I H, m), 3.96 (I H, d, J = 15 Hz), 3.74 (3 H, s), 3.23- 3.85 (4 H, 
m), 1.7- 2.5 (2 H, m). 

The epimeric mixture 27/28 (500mg, 1.24mmole) in dry 
DMF (125 ml) was hydrogenated using 10 % Pd- C (135mg). 
After filtration and evaporation of the solvent ill vacuo the 
residue was chromatographed over grade III alumina. 
Elution with CH 2CI 2 gave a colourless oil which crystallised 
from EtOAc to give a mixture (3: 3: I) of 3 isomers of 1-
benzoyl-2,3-dihydro-6-formyl-8-methoxYC;lrbonylergoline 
(352mg, 70 %) m.p. 214- 6"; ""w, (CHCI .d 1735, 1655. 1610, 
1595cm - ' ;i.m", (EtOH)261 (I: 13.490),290(1:8, 709)nm; 'H 
NMR (CDCl3) cS singlets at 8.45. 8.25 (minor) and 8. I3 (I H); 
m/e 404.1762 - Cl4Hl4N204 (+6 ppm), 260.1069 -
C IH HI4NO (-2 ppm), 149.0240 - CHHsO J (I ppm) 
(Found : C, 71.26; H, 6.13; N, 6.84. C14H24N204 Requires: C, 
71.27; H, 5.98. N, 6.93 %). 

Bishydl'och/ol'ide sail of 2,3-dihydro-8-ml'lhoxycarbollyl
tJ,9.I O-ergolinl', 32/33. The epimeric mixture of 27 and 28 
(800 mg. 2.0 mmole) was dissolved in dry MeOH (88 ml) and 
conc. HCI (8ml) and the soln refluxed under N2 for 2 hr. The 
solvent was then removed ill I'l/CI/O and the residue crystallised 
from MeOH - Et 20 to give the di-HCI salt of 32/33 (400 mg). 
A further quantity of product was obtained by esterification 
(MeOH - HCI) of the mother liquors to give a tot al yield of 
560mg (82 ;;,) m.p. > 205"; l'ma, (KBr) 2300- 3000.1730, 
1595, 1580cm - l ; ;'ma, (EtOH) 253 (I: 10.000),322 (I: 1.778) 
nm; I H NM R (TFA) c~ 9.25 (2 H. br.)7.56 (3 H.m), singlets at 
6.86and 6.52 (I H). 3.93 (3 H, s), 3.5- 4.8 (7 H, m). 1.9- 3.1 (2 H. 
m); 111/ 1' (of free diamine) 270.1358- C ' oH I H N20 2 ( - 4 ppm), 
241.1104 - CIsHISN02 (Oppm), 211.1246 - C'41-115N2 
(+5 ppm) (Found: C, 54.78; 1-1, 6.08; N, R.19; Cl. 20.17. 
CI"H20N202CI2.0.5H20 Requires: C, 54.55; H. 6.01; N, 
7.95; Cl, 20.13 %). 
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Thermal Isomerisation of a Hexatriene System: Synthesis and Rearran~emet1t 
of 2-Methyl-3-(cis, cis-penta-l,3-dienyl)cyclohex-2-en-l-one 

By R. RAMAGE· and A. SATTAR 

(The Robert Robinson Laboratories, University of Liverpool, Liverpool L69 3BX) 

Summary A stereospecific non-concerted cyclisation of a 
triene system leading to a synthesis of Al,lO-trans-4,5-
dimethyl-6-decalone is reported. 

THE eis-4,5-dimethyldecalin ring system (I) is found in 
numerous sesqui -, di-, and tri-terpenoid natural products. 
Until recentlyl introduction of the two methyl groups with 
a eis-rela tionship represented a considerable synthetic 
challenge. Our approach was to make use of the predictive 
puwers uf the VI'oodward- Hoffmann rules~ governing the 
sten.·ochernistry of electrocyclic reactions of the hexatri ene 

system. The first objective was a synthesis of the eis,eis' 
trienone (VII) which, on cyclisation, would give an in.te:~ 
mediate having the correct functionality for conversion 111 
several terpenes of the eremophilone type. " 

Reaction of the enol ether' (I1) with the Grignard de~ 
vative of (Ill) [h.p. 85°/15 mm, Vmax 3300 and 2140 cm.-.~ 
and subsequent acid tre~tment, afforded the acetylell1

d 
alcohol (IV) [55% ; h .p . 140% '02 mm; Vmax 3400,2230, an) 
1660 cm.-I ; '\max 277 nm (E 16,400); Tt 8'73(d, 3H, ] 6·5 f{2: I 

8·12 (s, 3H) 6·80 (s, IH), and 6·06 (m, IH) ; semicarbazOll~ 
m.p. ] 62°]. Dchydration of (IV) (POCI 3- pyridinc, foJloWe 

i '\ ·". r. spectra measured in eCI. solution and all new compou nrl ~ have satisfactory analytical data, 
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b~ treatment with Oediger's base) gave a 60% yield of a 4: 1 
Illlxture of olefins (V) and (VI). The trans-isomer (VI) was 
rn~ch less stable than (V) and the percentage of (VI) in the 
ilxture decreased rapidly on storage at 0°. The eis-isomer 
V) [m.p. 33° ; 'oImax 2160, 1660, and 1590 cm- I; Amax 220 

:M: 
~ 

~:O. 
Me (11 

Me 

Y'~~ OH I 
Me 

(NI 

H 

o 

H~ 
H~Mey 

R' 0 
I~) R' = H:R2 = Me 
(iIIl,R' = Me:R2 = H 

Mt~ 
Mey 

(XI 0 

OBUI 

(IT) (m) 

(YI R' = Hb: R2 = Me 
(~I R' = Me:R2 = Hb 

M'4 
(IX) 

,~ R~ 
(DIR' = HiR2 = Me 
(xnIR' = Me:R2 = H 

0" Mc 

~ ....:: Mc 

(XDl:J 

M.~ 
o 

COlI) 

(XIX) 

(f'18oo It, J ) and 310 nm (16,500); T 8·20 (m, 6H), 4·45 (d.q ., 
10" ab 10'4 Hz, J(CH. -Ha) 1-5 Hz), 4·10 (d .q .. H b, Jab 
(~ llz, J(CHa-Hb) 6'5 Hz)] and the tratls-isomer (VI) 

'I' 8,;~ 2160, 1660, and 1590 cm.-l ; Amax 220 and 310 nm ; 
(m, 6H), 4'42 [d .q., Ho.. Jab 15·2 Hz, ] (CH,- H a) 

t l{ ' 
Indly supplied by Professor H. M. Coates. 
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]·5 Hz] 3·9 (d.q., Hb. Jab 15·2 Hz, ] (CH.-Hb) 6·3 Hz]} 
were separated by g.l.c. (11 ft . X • in. 10% Carbowax on 
Chromosorb P at 210° with nitrogen 18Ib./in.I ). It was 
essential to determine whether the known geometry of the 
terminal double bond in (V) would be stable to subsequent 
reaction conditions, thus (V) was treated with Lindlar's 
catalyst and also heated to 275° and in both cases was 
re-isolated unchanged. 

Partial hydrogenation of the eis-isomer (V), using 
Lindlar's catalyst and heptane as solvent, yielded a mixture' 
containing 70% all-eis-trienone (VII) [Ymu 1660 and 
159Ocm-1 ; Amax 230 and 295 nm] which was not separated 
from 20% starting acetylene (V) and 10% over-reduction 
product (IX) . This mixture was used in the subsequent 
thermal rearrangements. The all-cis-trienone (VII) was 
found to be transformed efficiently to the all-trans-trienone 
(X) [h.p. 97%,3 mm; Vmax 1660 cm-1 ; ~ax 320 nm 
(E 17,600); T 8·30 (s, 3H), 8·21 (d. 3H. ] 6 Hz), .·05 (m. 
4H)] by irradiation at 250. 310, and 350 nm. 

Thermal cyclisation of the all-eis-trienone (VII) should 
be a disrotatory process' leading to (XI) since only the 
orbital symmetry of the 1T-electrons participating in the 
bond-forming reaction need be considered. Thus, the 
carbonyl function can be ignored when considering the 
stereochemistry of a concerted thermal cyclisation in (VII). 
Heating (VII) [70% pure. from hydrogenation of M) at 
276° for 50 sec. afforded the unexpected cyclised product 
(XII) [70% (based on % (VII) present in mixture being 
cyclised); b .p. 58%,1 mm; Vmax 1706 and 1690cm-1 ; 

Amax 21S0, 260. 270. and 275 nm (E 3600); 'T 9·2 (d. 3H. ] 
7 Hz). 8·85 (s. IH). 4·3 (m. 3H)) which was checked for 
homogeneity on a number of g.l.c. systems (Carbowax IS, 
20%; SE30 5,20%). The same cyclisation product was 
obtained from (VIII). The stereochemistry of the two 
methyl substituents in the cyclisation product was proved 
by hydrogenation of (XII), using Lindlar catalyst, to the 
dihydro-derivative (XIII) [80%; m.p. 45°; b.p. 80%,5 mm; 
Vmax 1705 cm.-1 ; T 9·19 (d, 3H.] 6·65 Hz), 8·78 (s. 3H) •• ·72 
(m, H)) which was identical in g.l.c. behaviour and spect:ro
scopic properties with an authentic sample of (XIII): 
whose structure has been established.' Chlorotris(tri
phenylphosphine)rhodium(I) failed to reduce the diene 
system of (XII) and may offer a method of reduction of 
isolated double bonds, in the presence of such conjugated 
systems. 

Explanation of the abnormal stereochemistry of the 
product (XII) may be derived from considerations of steric 
and electronic effects. In the disrotatory process (VII) -+ 

(XI). the two methyl substituents of the hexatriene system 
experience severe steric interactions and would be expected 
to raise the energy required for cyclisation. A similar 
effect has been noted in the thermal isomerisation of all-eis
octatetraene' (XIV). Also. cyclisation of (VII) by a non
concerted radical pathway should be rendered energetically 
more favourable by the presence of the adjacent carbonyl 
function. and would lead to the trans-relationship of the two 
methyl substituents in (XII). 

Reduction of (IV) (Lindlar catalyst) quantitatively 
afforded the dienone (XV) [Vmax 3400. 1660, 1650, and 1610 
cm-1 ; Amax 263 nm (£ 8300); T 8·89 (d. 3H.] ab 5 Hz). 8·33 
(s. 3H), 6·60 (s. IH), 6·20 (m. IH), 4·33 (d .t .• lH. J 7·5 and 
12 Hz). and 3·9 (d. IH. J 12 Hz); semicarbazone m.p. 114°]. 
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Irradiation of (XV) a t 250 nm produced the tralls-dienone 
[Amax 283 nm (£ 13'(00) ; 'T 8·85 (d, 3H, .] 6'5 Hz), 8·20 
(s, 3H), 6·30 (s, IH), 6·20 (m, IH), 3·83 (d.t ., IH, ] 15 a nd 
7 Hz), and 3·40 (d, IH,] 15 Hz)). Conversion of (XV) into 
carbonate (XVI) followed by pyrolysis at 3250 for 55 sec., 
resulted in elimination t o give a mixture of (VII) and (VIII), 
which cyclised spontaneously to (XII). Prolonged pyro
lysis of the carbona te (XVI) at 3250 afforded a new product 
['\max 320 nm; Vmax 1660 cm- I] , which on attempted isolation 
was quantitatively transformed into 6-ethyltetralone 
(XVII) [vmax 1680 and 1610 cm-I; '\max 220 (f 10,500), 252 
(10,050), and 300 nm (3500); 'T 8·90 (t,3H, ] 7 Hz) , 7·95 
(m, 2H), 7·50 (q, 2H, ] 7 Hz, superposed on m, 2H), 7-18 
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(t. 2H, ] (j H z), 3·20 (d, Ill, ] 8 Hz), 2·86 (q, IH, ] 8 and 
2 1-1 7.), and 2·30 (d, IH, ] 2 Hz) ]. H eating (XII) a t 325

0 

also yielded 6-ethyltetralone (XVII), the forma tion of 
which must firstly involve ring opening t o the trienone 
(VIII) which can undergo a [1,7]sigma tropic rearrange-
ment2 to give (XVIII). Cyc1isation of (XVIII) would then 
lead to the primary product (XIX) which would be expected 
to undergo ready oxidation to 6-ethyltetra lone (XVII). 

We thank M . J enkins and J. Ro berts for skilled assistanCe 
with g.l.c. and The Colombo Plan Organisation for a 
maintenance award to A.S. 

(Received, December 18th, 1969; Com. 1904.) 
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BIOGENETIC RELATIONSHIPS OF THE VE'rIVER SESQUITERPENES 

D.F. MacSweeney, R. Ramage and A. Sattar 

The Robert Robinson Laboratories, University of Liverpool 

(Received in UK 5 January 1970; accepted for publication 16 January 1970) 

The co-occurrence of the tricyclic vetiver sesquiterpenes, tricyclovetivene
1 

(I, R;CHa ), tricyclovetivenol
2 0, R=CH

2
0H) and zizanoic aCid

2
,3 0, R=COOH) wi. th 

a~vetivone4 (<l) and ~-vetivone5 (3a) leads us to postulate a close biogenetic 

relationship between these widely differing structural types. Experiments to 
tost 

tnve 

Vet! 

the following biogenetic pathway to these structures is under current 

stigation and h as, indeed, led to an in vitro synthesis of the tricyclo-

vane skeleton wh ich will be published shortly. 

o~ 
~ 

R • 
I 2 3a; R=O 

3b; R=H2 

A POssible progenitor of these cou ld belong to the eudesmane class since 

hinesol ( ) 6 
4 and ~-eudesmol (il) have boLh been isolated from Atractylodes 

J.Jlnonicu 0 7 
~. ne of the two pr'edicted in vivo cyclisation processes involving 
lrans~ , 

turnesol (6) would yiold, after double bond migration, the cyclodeca-l:G
~<l1en 

e clerivaLive whicli eould exist in Lwo forms (7) and (8) . The ~-configur
at.ion Of 

the isopropylol gr'oup is assumed since the majori ty of eudesmane 
Seaq , 

U1terpenes h 8 I' I' , aye this stereochemistry . Furtler Intramolecular cye Isatlon 
0[' 

(7) and (8) to give LIH) t.rans docalin system would yield int.ermediates of the 
typo ( 

9) Hnrt (IO) respectjvely. The t ormer on deprotonation would produce a, ~, 
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C2 



558 

1 9 
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and ~-eud esmol which have b ee n isolated
9 

fro m Callistris col umellaris. A 1-2 

hYdride shift would rearrange (9) a nd (IO ) to the tertiary carbonium ions (11 ) 

and (12) respectively. Loss of a protoll would then resul t in tile formation of 

the 
corresponding d,6 eudesmols (IJ) and (14) . 

If it is allowed tllat all further rearrangements of (lJ ) and (I4) in the 

Vetiver plant tl l' t'tl' t j' 1 'b]' 't' t d b occur on . le a- ace o · . /c III ermel la ;es, POSSl .. y 1nl la e y 

protonation at the 6~ position by an intramolecular process involving the 

hYdroXYl g roup, then all tIle complex stereochemical a nd structural relationships 

Of the vetl'ver b I' dId dIll I' t" sesquiterpenes can e rationa lse. n ee . lomoa y l C par l ClP-
ation of the double bond in the displacement of the tertiary hydroxyl group in 

(14), With the formation of a cyc lopropane ring, could initiate migration of the 
C-I O 1 0 

methyl group to C-G leading to the sesqlliterpene, calarene (15). 

Mlgr at' 
IOn of the C-JO met hyl gro llp of (I ll ) t.o C-5 followed by deprotonation 

WOUld Yield (IG ) whi c h on furt.her elabor'aLion s hould give a-vetivone (2). On 
the 

other hand in (IJ) mi gratio n of C-9 t.o C- i:') with concomi tant deprotonation 
WOUld 

reSult in rillg co ntract.io n with format.ion of hinesol ( /1) , correct in 
Ster 

eoc hemi ca l detajl. lIillosol ( ,I ) is an obvi,ous pre c ursor of ~-vetivene (Jb) 
and ~ 

-Vet ivone (3a ) . 

Intcraction of t.he double bond of hillosol ( /1) with the tertiary hydroxyl 

on.!y lead to the carbonium iOIl (17); tho other alternative (l t3) bei n g 

on steric grollnds. 'l'h e a- alcohol ( 19 ) form ed by nu c l eo phili c attack on 

has tile e orrecl, 
(19 ) 

t.rans eo plan,H' O1,"r'lIIgelllellt. reqll .i.rod for 1.I1 e rearrangement of 

to Lhe tertiary c arbonilllll ion (20); rlcprotonal.ion 0(' wlli c h would lead to 
Lrte ' 

YC loveUv e ne ( L) lIavin g tire correc l. slereot:llcrnistry. ,[,lie feasibility 0(' tllis 
rOUt'r , 

a ngc mellt. OCClIf'r'ill" ill vivo is slIpported hy t.ll e soLvoLysis of !.lIe mesy lat e 
(21) , b 

Ll HI r'ofluxing p~'f'idjn e/ I , r.iel.llylallline ( :.!:] ) 1, 0 g iv (J t.lle Iwlonc ( :.!:.! ) possessin g 
le t I"i 

cYc lovol..ivall e rill g sl.rllcture.!{ Fllll d e l.ails 01' tllis in vitro I.r01llsJ01'III -
fltjon I 

eading 1' 0 a s),lIl1lesis of tile Iri C'ye ,li e vo1.ivor sosqllitorpenos will be 
l'opO\" t 

cri shortly. 

~ 

o ~Q C () III 1 ' 
j11~' b , Y another g l'f)IIP lIas a'lso I"eporl.ed I.llis Irallsfonllill iOIl ill a s Yllth os is 0(' 

" \)IOj( , i11'id , F. "i.do, 11. llda nlld i\. Yosllil;oslli, Cilolll. COIIIIII., 101j ~), I J ~I". 
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Another biogenetic route to this class of tricyclic sesquiterpenes has 

been proposed
2 

,3 , however this invoked intermediates of the acorane and cedrane 
11 A 

classes ,neither of which have so far been shown to occur in vetiver oil. 
12 

more important criticism of the earlier proposal is that the tricycli c 

vetiver sesquiterpenes are not related stereochemically to the cedrane c lasS 

of sesquiterpenes. 

Acknowl edgment: D.F. MacS. and A.S. wish to thank The University of Liverpool 

and The Colombo Plan Organisation, respectively, for maintenance awards. 
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THERMAL AND PHOTOCHEMICAL CYCLISATION OF 2 -METHYL- 3 -(PENT-

4 -ENYL )- CYCLOHEX- 2 - EN- 1 - 0 NE 

R. Ha mage a nd A. Sattar 

The Robert Robinson Laboratories , University 01 Liver pool. 

(Received in UK 30 December 1970 ; accepted f or publ icati on 19 January 1971) 

D ' 1 Ur1 n g t h e course 01 othe r thermolysis stud ies , we chos e to apply the 
eleg 2 

ant cycli sat ion procedure 01 Conia towards th e synthesis 01 4 , 5 -dimethyl-

(jec I /\ 1 1 0 /\ 9 1 0 
a -6- one ( 1 ) s y stem, bearing a L.:J..' or L.:J..' doubl e bond. Thermolysis 

Of ( ) 
2 at 3500 c in the gas phase has been s hown, by Conia , to afl0rd a stereo -

tS Olller1' c mix ture 01 the cis and trans 4 , 5 -d i methyl h ydrindanon es ( 3 ) and (4 ) by 

""al' Of the int e rmediate e nol ( 5 ). Application of t hi s cyclisation method to 

2' lIle th 
Yl- 3 -(pe nt-4 - enyl )- cycloh ex- 2 - en - 1-on e (6 ) produced interesting diverg-

ell ce 
S b e tween t h ermal reactions carri e d out in t h e gas and liqu id phases . 

Reaction of the Grignard reagent derived lrom 1 - b romop ent - 4-e n e with t h e 

ts obUtYI 3 
e nol ether ( 7 ) 01 2 -methylcyclohexan- 1 , ~ - dione gave the required 

CO li jUg f -1 
ated ketone ( 6 ) h.p. 1 300 / 20 mm.; -.l max 1670 , 1630 , 920 c m. ; A maX 

244 IIrn 
C. 9 , 4 00 ; N.M.H. C B. 31 ( s , 311), 4.0- 5 . 3 (m, 311); g .l. c . carbowax 

COa t e d 
C Capillary , 50 ft., 175°C , 1 2 psi Ht 5 . 10 min .; Found, C, BO.9B ; 11, 1 0. 05 · 

, 2 Ii, 8 0 ] 
requires C, BO . B5 ; H, 10.1B% .. 

Depending on the direction of e nolisation in ( 6 ), the intermediate e nol 
wOUld 

(8) 
h ave the .illl!!Q. cyclic ( B ) or ~ cyclic ( 9 ) double bond . Cyclisation via 

dimethyldeca lones ( 1 0 ) a nd ( 11 ). In the event, wOuld alford the know; ,~ 
the t' 

lIlolYSis 01 ( 6 ) i n the gas phase at 3 2 50 ( sealed tube ) yield e d four main 
Ill-Od Ucts A, n, c , 0 in addition to reco v ered star ting materi a l. 
Ill-edo . 

rn1nated in the gas phase experi ment a n d waS assi gn e d s tructure ( 11 ), on 

Compon en t B 

the 
basis of -1 -

the following datn ( V max 1710 cm . ; A lII aX nil; N. M. H. "t 9 . ;>0 

J " 7cps. , 3 H), 8 . 74 ( s , 3 H), 4. 37 (m, 1-1). M8 SS s p e ctral fragme ntation 
(~+ 

), 163 (M-1 5 ), 1 5 0 (M- ?8 ), 149 (M - 29 ), 1 35 ( M- L. 3 ). 

649 

Accul"nt e maSS 17B . 

C3 

''''''""'"-



650 No.7 

1 . 2 . 3 . R1 =Me,R2 =H 5· 6 . 

4. R1 =H, 1\ =M e 

0:9 
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7. 8. 9. 10 . R1 =Me ,1\ =H 12. R, =Me, ~"tl 

H 
I Me 

W .)Q ~ 
0 0 

14 . 1 5 · 16 . 17· 18. 

---
~H 

~ ~ H 

19 · 20 . 21 . 
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135758. ) It was found that B was not identical with either (10) or (11) by 

N.M.R. and g.l.c. (SE 30 , 20%, 25 ft., 200o C, 25 psi), hence the endocyclic 

iSomer (8) must have been involved in the cyclisation. The choice between (12) 

and (1 3 ) was made by showing the identity of the hydrogenation product of B 

With (14), derived from the known decalone (11). Component C was found to be 

Unstable and could not be purified satisfactorily. The ~ dimethyl decalone 

(1 2 ), although an expected product, could not be isolated from the thermolysis 

mixture. 

Thermolysis of (6) in the liquid phase at 3500 C for 2.5 hr. gave a mixture 

ConSisting of mainly A and D, in which D predominated. Small amounts of Band 

C were detected by g.l .c. Compon e nts A and D were isolated by prepatative 

g.l.c. [ carbowax 10% on chromasorb P, 11 ft. , 2 10o C, 30 psiJ Component A 

(\l 
max 1680, 1630 cm. _1; >- 245 nm E. 7,500 ; N.M.H. r 8.15 (s, 3 H) 8.33 max 

(s, 3H), no olefinic H. Mass spectral accurate mass 1 24 . 08906 . 

reqUires 1 24 . 08881 ) was shown to be identical with 2 , 3 -dimethylcyclohex-2 -en-

1~o ( 
ne 15), prepared by reaction of MeMgBr on (7). An analogy for this 

fragmentation (16), may be found in 

thermOlYSis of (17). 

2 
the work of Coni a who isolated (18) from 

The major product, D, from the liquid phase reaction was assigned structure 

(1<) [ _1 
from the following data _\ 1670, 1630 cm. ; A. 247 nm. E. 11, 000 

~ max max 

(based on M.W. 178); N.M.R. r 9 . 0 1 (d, J =5 cps, 3H), 8.32 (s, 3 H), no olefinic 

1-1. M ] , ass spectral accurate mass 178.1 36114. C12 H18 0 requires 178.1 35758 . 

COmponent ( ) D (19) could arise by an alternative mode of cyclisation, e.g. 20 , 

Of the enol derivative (8). This may be visualised as proceeding intermolecul

arl" 
J as Shown; a situation favoured by liquid phase in contrast to the intra-

hlOle 
cUlar process of the gaseous reaction. 

In order to determine whether the enone (6) could be induced to enolise by 

Phot 
Ochemical excitation, it was irradiated in methanol, or benzene at 310 nm. 

(liest ' 
~nghouse FS 20 sunlamp ). The product was isolated by preparative g.l .c. 

(carbowax, 10%, 11 ft., 200o C, 30 psi.) and found to be a mixture of two isomers 
in t 

h e ratio 8:1, neither of which were produced in the th ermolysis reactions. 
Stru 5 

cture ( 21) is favoured ror the photoch e mical product, based on a nalogy and 



No .7 

s p e ctral charact e ri s tic s (-y 1700 cm. -, ; ;x. • nil; N.M.H. l' 9 . 08 ( s . 3H). 
ma x max 

no ol e finic H; mass spe ctral accurate mass 178 . 136150 . C, 2 H, sO requires 178. 

135758 ). 
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Abstract- The total syntheses of zizanoic and isozizanoic acids, Sa and 37a respectively ha ve been achieved 
starting from D( + )-camphor and utilising rearrangement of a tricycJo [6.2.1 .0 ' .6] undecane system to form 
the desired tricyclo [6.2.1.0" 5] undecane skeleton of the tricyclovetivane class of sesquiterpenes. An inter
mediate (33) has also been synthesised which can be transformed into epizizanoic acid (36a). 

OIL OF vetiver contains sesquiterpenes of varied structural type, e.g. cx-vetivone (1),1 
P-vetivone (2)2 and tricyclovetivene (3). 3 A consideration of the kinship of these and 
their possible biogenesis led us to propose that the tricyclovetivane skeleton could be 
formed by rearrangement of the tricyclo[6.2.1N ' 6]undecane derivative 4. In order to 
test the credibility of such a scheme, it was decided to synthesise zizanoic acid (5a)* by 
a route, which utilised a similar rearrangement to construct the novel ring system of 
the tricyclic vetiver sesquiterpenes. For ease of synthesis the key intermediate chosen 
Was the diol 6. rather than 4, since it would be expected tha t 6 could be induced to 
U~dergo a modified pinacol-type rearra ngement to the ketone 32 having the 
tncYclo[6.2.1.0 1

• 5]undecane system of zizanoic acid (Sa). 

2 

RJO 

Cb"" /~"R : ___ . __ .1 
R, 2 

3 R , = Me; R 2 = H ; R J = CH 2 
5 R, = COOMe; R2 = H ; RJ = C H2 

32 R, = COOMe ; R2 = H ; RJ = 0 
33 R, = H ; R2 = COOMe; RJ = O 
36 R, - H ; R2 = COO Mc; R.l = C H2 
38 R , = C H20H ; R2 = H ; R J = CH 2 

4 6 R, = COOMe ; R2 = H ; R" = H 7 
27 R, = H ; R2 = CO O Me: R) = H 
34 R, = COOMe; R2 = H ; R.l = MeS0 2-
35 R, = H ; R2 = COOMe; RJ = MeS02-

• SUffix a represents the corresponding acid. 

148 1 

C4 
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D( + )-camphor (7) was chosen as startmg material because of its ready availability 
and also, because it was hoped that subsequent rearrangement would afford the 
bicyclo-[2.2.l]-heptyl system present in 6, correct in stereochemical detail. Reaction 
of the Grignard derivative of 3-bromo-4-methoxytoluene with 7 gave a mixture of 
epimeric alcohols 9 and 10, in which the former predominated. Although it had been 
shown 5 that 9 rearranged smoothly to 11, on treatment with silica, it was found that 
separation of the epimeric mixture was unnecessary. Silica chromatography of the 
crude Grignard product gave the arylcamphene 11 in 30% yield starting from D( + )
camphor (7). The low yield from the Grignard step is due to competitive enolisation 
of 7 preventing nucleophilic attack at the carbonyl group.6 

8 

Mo y-( 
~ 

COOMe 

12 

16 

9 RI =OH;R 2 = Ar 

IOR I = Ar ; R2 = OH 

13 RI = COOMe ; R2 = Hx 
14 RI = Hx ; R2 = COOMe 

~
; 

H 1111 

! : 
0'-------' 

17 

11 

IS 

18 

Having found an efficient route to 11, methods were sought to transform this, 
initially, to the diketo-ester 12 and thence to the tricyclo[ 6.2.1.0 I . 6]undecane system 
of 13 and 14. Birch reduction using Li in liquid NH 3, in the presence of isopropanol, 
converted the arylcamphene 11 to an inseparable 1 : 1 mixture of the desired product 
IS and the over-reduced material 16. This was evident from the hydrolysis of the 
mixture of 15 and 16, which gave the corresponding saturated and unsaturated 
ketones 17 and 18, having m/e 246 and 244 respectively. 

The first stage in metal-NH 3 reductions is thought 7 to be electron capture by the 
anisole ring system to give a radical-anion, which has maximum separation of the 
non-bonding electrons in the least substituted 2 and 5 positions of the ring system. 
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This is followed by protonation at the position r::J..- to the OMe grouping to give a 
radical, which then proceeds to take up another electron to produce a carbanion, 
e.g. 19, which is the case here. Over reduction during the Birch reaction is a consequence 
of both steric and electronic factors involved in the final protonation of 19 leading to 
the non-conjugated cyclohexadiene system 15. It would not be surprising, therefore, 
to expect steric hindranoe to protonation at C-3 in 19 due to the adjacent bulky 
bicyclo[2.2.1 ]heptyl system and, to a lesser extent, the CH 3 substituent at C-4. The 
alternative position of proton at ion, C-5, would lead to the conjugated cyclohexadiene 
20, which would be liable to further reduction to 16 by the metal-NH3 system. 
Analogous cases8 • 9 have been found where compounds, which are reduced with 
difficulty under Birch conditions due to steric effects, give rise to over-reduced 
products. 

19 

'T---f", 
~ o 0 

" ~- -- ~ --I 

22 

20 21 

H-O 

24 

If steric and electronic factors are important influences on protonation of 19 and 
s~ produce undesirable side reactions, it was decided to circumvent this by directing 
t e Position of proton at ion by an intramolecular proton transfer. Since the exo
methylene grouping in 11 must eventually be oxidatively cleaved to yield 12, this step 
w;s advanced to precede the reduction ofthe aromatic ring. OsO 4 -NaIO 4 treatment 1 0 

o .H afforded the camphenilone 21, which showed absorption at 1732 cm - 1 and no 
~Vld~nce for an exo-methylene grouping in the IR. Ozonolysis of 11 also gave 21, 

ut In poor yield and accompanied by other products, which is not surprising since 
~~onolysis of camphene 22 is not a simple process. 1 

1 Birch reduction of the 
~rYlcamphenilone 21 gave an almost quantitative yield of23, with no attendant over

~~ uction .. Assuming rapid reduction of the carbonyl function to the exo-aIcohol,12 
i e reductIon can be envisaged as involving protonation of the intermediate 24 by an 
nt:amolecular process, greatly facilitated by a six-membered transition state. 

\\' n order to convert the dihydrobenzene system in 23 to the acyclic residue of 12, it 
a as necessary to rearrange 23 to the conjugated diene 25. The isomerisation was 
C ccomplished using (Ph 3 PhRhCI 13 as catalyst in refluxing CHCI 3, under carefully 
e O~trol1ed conditions. Transformation of 23 to 25 was supported by spectroscopic 
N~ ence, most important of which was the appearance of two olefinic protons in the 

R of the product (25) compared with the sole olefinic proton of the starting 
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material (23). Due to the facile aereal oxidation of 23 and 25, neither of these com
pounds were submitted to rigorous purification. Ozonolysis of25 in EtOAc solution 
gave 26, which afforded the desired diketo-ester (12) after Jones oxidation.14 The 
overall yield of the cumulative steps from 21 to 12 was 40%. The NMR spectrum of 12 
suggested the presence of two epimers at C-l, as evidenced by two Me-CO
resonances at 7·84-7·85 r. This is predictable, since there is no stereospecificity 
expected in the rearrangement of 23 to 25. 

Base catalysed cyclisation of 12 gave a mixture of 13 and 14 in the ratio 2 :3. This 
epimeric mixture could be conveniently separated by column chromatography on 
silica to give 14 as a crystalline compound m.p. 95° and 13as an oil. The IR absorptions 
of both epimers at 1725 and 1660 cm -1 are consistent with structures 13 and 14, 
as is the UV maximum at A. 245 nm (e, 9000) exhibited by these cyclised products. 
Stereochemical assignment of structures 13 and 14 was possible from a consideration 
of the NMR spectra. If the molecule is conformationally rigid, due to the planar 
con.iugated enone system then, in 14, Hx is un symmetrically disposed with respect 
to HA and HB. The protons at C-2 and C-3 would thus constitute a complex ABX 
system in the NMR spectrum of 14. By contrast, the protons at C-2 and C-3 in 13 
should give rise to an AA 1 X system due to a symmetrical arrangement of HA and HB 
with respect to HX. This proved to be the case on both counts. The NMR spectrum 
of the crystalline isomer 14 contained a complex pattern between 6·5 and 7·7 r, whereas 
the oil 13 showed a triplet at 7·0 r (Hx; J = 3·5 H2) and a doublet at 7·6 r (HA, HB; 
J = 3·5 cps). Equilibration of 13 with t-BuOK in relluxing t-BuOH gave a mixture 
of 13 and 14 in the ratio 2: 3. A similar result was obtained by base treatment of 14 
and gives a method for the epimerisation of the cx-carbomethoxy group to the more 
useful ~-series corresponding to zizanoic acid (Sa). 

In order to convert 13 to 6 or 14 to 27 it was necessary to remove the ketonic 
function prior to hydroxylation. This was effected by formation of the thioketals 28 
and 29 in both series using ethanedithiol in the presence of BF 3 ' Et20. Treatment of 
28 and 29 with Raney-Ni in relluxing EtOH led to the smooth formation of the 
desired olefins 30 and 31 respectively. Hydroxylation of 30 and 31 with OS04 in 
relluxing ether, containing pyridine, resulted in the cis diols 6 and 27 required for the 
rearrangement to the tricyclo[6.2.1.0 I, 5]undecan-6-ones 32 and 33. For such a 
rearrangement to take place in a concerted manner, bonds a and b in structures 6 and 
27 should be trans and coplanar. Dreiding models show that this is so for either the 
~-diol system or the cx-diol, hence the choice of OS04 as hydroxylating agent. The 
approach of such a bulky reagent would be expected to be from the least hindered 
exo-face producing the ~-diol systems 6 and 27. 

26 28 RI = COOMe ; R2 = fI 
29 RI = H ; R2 = cooMe 
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In order to facilitate the rearrangement to 32 and 33, the diols were converted to 
the mesylates 34 and 35. The conditions required for this transformation were a 
matter of some concern due to the fact that the products 32 and 33 have two 
epimerisable centres at C-2 and C-5. Concerted rearrangement of 34 and 35 would 
cause inversion at the site vacated by the departing methane sulphonate ion and, in 
fact, set up the correct stereochemistry at C-5 in 32 and 33. It was therefore important 
to protect the stereochemical integrity of the products 32 and 33 from post
rearrangement epimerisation by using mild basic reaction conditions. It was found 
that 35 rearranged smoothly in triethylamirie- pyridine during 1·5 hr under reflux to 
give the keto-ester 33 and that prolonged exposure to these conditions did not cause 
epimerisations. The keto ester 33 exhibited the expected IR absorptions at 1725 
~ester) and 1700 (ketone) cm - \ together with an ORD positive Cotton effect 15 

Indicating a trans A/B ring juncture. Independent work by Yoshikoshj16 and 
coWorkers on the transformation of 35 to 33, in which strong base (t-BuOK) was 
~sed, substantiated our fears of epimerisation. Nevertheless, these workers were able to 
Isolate and convert 33 to epizizanoic acid 36a, thus our synthesis of 33 from 11 
constitutes a stereospecific synthesis of epizizanoic acid (36a). 

30 RI = COOMe; R2 = H 
31 RI = H; R2 = COOMe 

m-i··OH 

Ill/ 

I I 
I I 

~-------: 
COOMe 

39 

~aving accomplished the rearrangement of 35 we turned to the more rewarding 
ep~mer 34 which has the correct stereochemistry at C-2 corresponding to zizanoic 
aCId (Sa), isozizanoic acid (37a) khusimol (38)17 and tricyclovetivene (3). Treatment 
of 34 with pyridine-triethylamine (7 hr at reflux temperature) gave the desired 
product (32). The slower rate being due, presumably, to steric hindrance by the 
P~carbomethoxy grouping since in 34 all three functional groupings in ring A are 
CIS to each other. Comparison of the rearrangement product (32) with authentic 
~aterial, prepared by degradation 18 of the Me ester of zizanoic acid (5), showed these 
to be identical in every respect confirming the stereochemistry at C-5 in 32. Predictably, 
reatment of 32 with t-BuOK afforded a mixture of products by glc analysis . 
. Thus, the desired tricyclo[6.2.1.01.5Jundecane ring system had been synthesised 

~Ith complete control of stereochemistry and the final stage was the introduction of 
t e last substituent at C-6. Before this could be attempted the ester had to be converted 
o the carboxylic acid to prevent subsequent reaction at this centre or epimerisation 
~\~-2. The transformation of32 to the acid (32a) was effected by reduction with LAH 
sO OWed by lones oxidation. A check on epimerisation at C-2 and C-5 during this 
:quence was made by conversion to (32) using CH 2N 2 followed by comparison 
(8~~ authentic material by JR, NMR and glc. The keto acid (32a) was efficiently 
Al ~) converted to the hydroxy-acid (39a) by reaction with MeMgBr in ether. 

tough exo attack by the Grignard reagent would be expected as shown, the 
7£ 
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stereochemistry at C-6 is of little moment since the final stage will remove any 
asymmetry at this centre. The direct conversion of 32a to Sa by means of a Wittig 
reaction failed in our hands, presumably due to steric hindrance to attack at C-6. 
In the synthesis of epizizanoic acid (36a), however, Yoshikoshi reported 16 a successful 
Wittig reaction on 33a, albeit in low yield. 

Dehydration of 39a by means of silica (Grace, 200-300 mesh) in refluxing C6H6 

gave a quantitative yield of isozizanoi9 acid (37a). CH2N 2 treatment gave 37, which 
was identical in all respects with the Me ester of naturally occurring isozizanoic acid 
(37a).19 POCI 3 in pyridine at 86° converted 39 to a 3: 2 mixture of 37 and S, which 
were separated by chromatography over silica impregnated with 40% AgN03• 

Both dehydration products were identical in all respects with methylisozizanoate (37) 
and methyl zizanoate (S) obtained from naturally occurring materials. Since S has 
been converted into khusimol (38)18 and tricycJovetivene (3),3 this also constitutes a 
total stereospecific synthesis of these tricyclic vetiver sesquiterpenes. We are presently 
actively engaged on the synthesis and rearrangement of 4 with a view to testing our 
biogenetic proposals. 4 

EXPERIMENTAL 

All m.p.s are uncorrected. UV spectra were measured in EtOH on a Unicam SP 800 spectrometer. 
IR spectra were determined using a Unicam SP 200 spectrometer. Reference NMR spectra were taken on 
Varian A56-60A or HA-lOO spectrometers (TMS) and routine spectra on a Perkin-Elmer R. 12 machine. 
Mass spectra were determined on an AEI MS 9 spectrometer. Analytical glc was carried out with a Perkin
Elmer F. 11 gas chromatograph. Optical rotation measurements are for CHCI3 solutions using a Bendix
Ericsson ETL-NPL automatic polarimeter type 143 A. 

The silica gel used for column chromatography was Grace 200-300 mesh and Merck (kiesel gel) 70--325 
mesh. The alumina used was Merck neutral. Petroleum ether refers to the fraction b.p. 4O-60°e. o( +)
Camphor was supplied by B.D.H. Ltd. 

1-{2-Methoxy-5-methylphenyl)camphene (11). A solution of 3-bromo+methoxytoluene (80 g) in anhyd. 
ether (lOO ml) was added slowly with stirring to Mg filings (9'8 g) covered with anhyd. ether (100 m1). 
After the addition. and subsequent reflux for 1·5 hr to complete the formation of the Grignard reagent. 
the solution was cooled to 0°. 0( + )-Camphor (61 g) in ether (100 ml) was added slowly to the ice-cooled 
Grignard reagent, and the mixture refluxed for 1·5 hr. The complex was decomposed at 0° by a saturated 
NH4 Claq. The ethereal layer was separated. dried over Na1 S04 and the solvent removed in vacuo to give 
an oil (107 g) as crude product. Steam distillation of this material gave a viscous oil (42'5 g) as the non
steam volatile fraction. 

Chromatography of the viscous oil (42·5 g) over silica (I kg. Grace), on elution with 40% C6H6 in 
petroleum ether. gave the I-arylcamphene (11)$ (30 g) m.p. 66-67°. crystallised from MeOH. 

Birch reduction of 1-{2-methoxy-5-methylphenyI)camphene (11). To a solution of Li (1'5 g, 0·21 g atom) in 
liquid NH3 (ISO ml) was added H2-methoxy-5-methylphenyl)camphene (11) (1 '0 g. 4 m.mole) in anhyd. 
THF (5 ml). After I hr anhyd. t-BuOH (IS ml) was added. followed immediatdy by Li metal (1'0 g. (}14 g 
atom). After 1·5 hr at - 33°C. the mixture became white and the NH3 was removed at o°e. Saturated 
NH 4 Claq and ether were added carefully to the residue and stirred for 30 min at room temperature. The 
organic layer was separated. dried (Na1S04 ) followed by removal of the solvent In vacuo to give an oil 
(1·0 g) which showed IR absorption at 1657 (double bond) and 890 (exomethylene) cm -I but no absorptions 
attributable to an aromatic ring. 

Hydrolysis of the crude reduction product (1'0 g) was effected in ether (75 mll-aqueous oxalic acid 
(2M. 60 ml) for 22 hr with vigorous stirring at room temperature under N 1 . The ethereal layer was washed 
with NaHC03• H20 then dried (Na2S0.). Removal of solvent gave crude product (1 '0 g). IR Vm .. 1710. 
1650cm - I . Base catalysed (tBuOK) isomerisation gavea mixture of two compounds IR Vm .. 1710. 1680cm- l

• 

Mass spectral parent ions observed at mle 244 and 246. 
1-(2-Methoxy-5-methylphenyl)camphenilone (21). Method (a): 1-{2-Methoxy-5-methylphenyl)camphene 

(11)(1 '0 g) in dry MeOH (45 ml) and CH2Cl1 (30 ml) was ozonised at -70°C for 70 min. Nl was then bubbled 
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through the solution for 15 min, then triethylphosphite (1'5 ml) was added at -70° and the mixture stirred 
for 10 min before allowing to warm to room temperature. Removal of the solvent in vacuo 40° gave a crude 
product which was dissolved in pentane washed with H20, and the organic layer dried (Na2S04)' Removal 
of the solvent, followed by chromatography of the residue on grade III neutral alumina (30 g), on elution 
with 25% C6H6 in petroleum ether, afforded the arylcamphenilone (21) (362 mg; 39%) m.p. 94°C (crystallised 
from EtOH) [oc]f,° + 61 ° (C. 5%); IR Vm .. 1732 cm-I; NMR (CCI4) ,6·4 (s, 3H), 7·75 (s, 3H), 8·85 (s, 3H), 
8'95 (s, 3H). Mass spectral parent ion at mle 258. (Found: C. 78'96; H, 8'69; C I7 H 220 2 requires C, 79 '03; 
li,8·58%). 

Method (b): To arylcamphene(II)(15 g) in ether (75 ml), 80% AcOH aq (30 ml) was added OS04 (300mg). 
After stirring at room temperature for 30 min, NaI04 (21 g) dissolved in 70% AcOH aq (450 ml) was added 
slowly to the reaction mixture, which was stirred at room temperature for 14 days. NaI was filtered and the 
Solvent removed in vacuo. The crude product was dissolved in ether and H2S passed through the solution 
for 30 min. After filtration, the ethereal solution was washed with H20 and dried (Na2S04). Removal of 
solvent afforded crude product, which was chromatographed on Grade III neutral alumina (450 g) and 
eluted with 25% C6H6 in petroleum ether to give the aryICamphenilone (21) (12'2 g; 81 %). fully characterised 
as the required product of ozonolysis of 11. 
li1-Carbomethoxy-3-oxobutyl)-camphenilone (12). A solution of the arylcamphenilone (21) (10 g) in a 

mixture of isopropanol (150 ml) and ether (120 ml) was added to anhyd.liquid NH 3 (1 litre) cooled to - 70°C, 
The Solution was rendered homogeneous by addition of more ether (130 ml). Li metal (15 g), as thin strips, 
Was added to the well stirred reaction mixture. After the blue colour had been discharged, the NH 3 was 
distilled off at 0°. Distilled H20 was added to the residue and the whole stirred. under N 2, for 20 min. 
The organic layer was separated and the aqueous layer extracted. with ether (2 x 100 ml). The combined 
ethereal solutions were dried (Na2S04). Removal of the solvent in vacuo yielded the crude reduced product 
(23)(10 g). (IR Vmax 3500, 1665 cm - I ; NMR (CHCI 3) ,4·62 (m, H olefinic), 6'55 (s, 3H), 7,1- 7-4 (m, 4H allylic), 
8'35 (d, J = Icps, 3H), 9·02 (s, 3H), 9·08 (s, 3H). 

This material was dissolved in AR CHCI 3 (500 ml) and tristriphenylphosphinerhodium chloride (250 mg) 
added. After refluxing the solution under 02-free N2 for 25 min, the solvent was removed in vacuo to give 
crude (25) (l0 g) as an oil IR Vma• 3500, 1658, 1612 cm - I; NMR (CHCI3) ,4·5 (m, H olefinic) 4·97 (m. H 
olefinic), 6'45 (s, 3H); ; ,5- 7,9 (m, 3H allylic), 8·25 (d, J = Icps, 3H). 9·06 (s. 3H), 9·14 (s. 34). Am .. 276 nm. 
4 The conjugated diene 2S was immediately dissolved in dry MeOH (100 ml) and treated with ozone for 

hr at -70°. After most of the MeOH had been removed in vacuo 50% AcOHaq (50 ml) was added to 
the residue and this mixture stirred at room temperature for 2 hr. The solvent was then removed in vacuo 
and the residue taken up in ether, which was then washed with H20 and dried (Na2S04)' Removal of the 
~olvent gave a residue which was dissolved in acetone (50 ml) and to this well-stirred solution was added 
Ones reagent l4 (15 ml). After 10 min at room temperature, the solvent was removed in vacuo and the crude 

prOduct of oxidation dissolved in ether. washed with H20, then dried (Na2S04). After removal of the 
S~lvent the residue was esterified with ethereal CH 2N 2, followed by decomposition of the excess reagent 
~It~ ethereal AcOH. Removal of solvent gave an oil, which after chromatography over kieselgel (300 g) on 
~;hon with 20% EtOAc in C6H6 afforded the diketoester (26) (4'5 g; 43%) m.p. 118- 120° (from heptane). 

v"'a. 1":'20 cm - I NMR (CHCI3) r 6·3 (s, broad, 3H), 7-85 (2s. 3H). 8·95 (s. 6H), 6·6-7-4 (m, 3H). Mass 
spectral parent ion at mle 266. (Found: C, 67'82; H, 8·37. Cl sH 220 4 requires C. 67'64; H, 8'33%). 
(8 .~P- and 2a-Carbomethoxy-7: 7-dimethyl-4-oxotricyclo[6.2.1.01

• 6] undec-5 :6-ene (13) and (14). t-BuOK 
nti g) was added to a solution of the diketo-ester (26) (4'2 g) in dry t-BuOH (350 ml) and the reaction 
Th xture refluxed for 5·5 hr under N 2. The solvent was removed in vacuo and H20 added to the residue. 
an e mixture was neutralised with 4N HCI and extracted with ether. The ethereal layer was dried (Na2S0~) 

d the solvent removed in vacuo. The crude product was reacted wllh excess ethereal CH 2N2 for 15 mm 
:~ room temperature. After decomposition of the excess CH 2N 2 with ethereal AcOH, the solvent was 
~Or~ted t.o give a crude product (4·0 g), which was carefully chromatographed over kieselgel (150 g). 

(c uhon WIth 20% EtOAc in C6H6 gave the 2a-epimer (14) (1'56 g ; 40%) m.p. 95° (from hexane) [oc]l,° 
6'304'6%) + 204° ; IR (CHCI 3) Vma• 1725, 1660 cm - I UV Am •• 243 nm (9650) ; NMR (CCI4) r 4·4 (5, H), 
Pa le (S, 3H~, 6·93 (m, H), 7·55 (q, 2H), 8·85 (5. 6H). Mass spectral parent ion at mle 248; glc (carbowax 
Lt c

8 
ed capillary 25 ft , 20% 30 psi, 220°) R,49'4 min. (Found : C. 72'61; H. 8·18 Cl sH200 3 requires C. 72-55 ; 

'1., '12%). 

+ ~~r~~er elution with 20% EtOAc in C6H6 afforded the 2p-epimer (13) (HO g) as an oil. [oc]l,° (C. 4·8%) 
7'00 (8 . IR (CHCI3) Vm .. 1725, 1660 cm - I; UV Am •• 246 nm (9070); NMR (CCI4) ,4·45 (s. H), 6·40 (s. 3H), 

t. J = 3'5 cps, H). 7-60 (d, J = 5 cps, 2H), 8·85 (s. 3H). 8·90 (s, 3H) ; glc (carbowax packed capillary. 
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20% 25 ft, 30 psi, 220°) R, 53·5 min. Accurate mass : found 248'142021; CI5H200J requires 248·141235. 
Ethylene thioketal (29). To a solution of2a-carbomethoxy-7,7-dimethyltricyc10 [6.2.1.0 1• 6]undec-5-en-4-

one (14) (416 mg) in ether (10 ml) was added ethanedithiol (2 ml) followed by freshly distilled BFJEt20 
etherate (2 ml). The reaction mixture was stirred at room temperature for 1 hr. After removal of solvent, the 
residue was chromatographed twice over kieselgel (15 g). Elution with 20% EtOAc in C6H6 afforded the 
thioketal (29) (512 mg, 94%) m.p. 120-125° (EtOHaq). IR Vm .. (CHCIJ) 1723 cm-I. NMR (CCI4) T 4·7 
(s. H). 6·33 (s. 3H). 6·62 (m. 4H). 8·95 (s. 6H). Mass spectral parent ion at m/e 324. (Found: C. 62'94; H. 7·27; 
s. 19·63. C17H2402S2 requires C. 62'95; H. 7'46; s. 19'73). 

Ethylene thioketal (28). Prepared as above from 2~-carbomethoxy-7, 7-dimethyltricyclo[ 6.2.1.0 1
• 6]undec-

5-en-4-one (13) (9·4 g). BFJ .Et20 (15 ml). ethanedithiol (15 ml) in ether (100 ml). This gave the desired 
thioketal (28) (7'0 g; 60%) as a viscous oil IR vm .. 1735 cm -I; NMR (CCI.) f 4·55 (s, H). 6·40 (s. 3H). 6·75 
(s. 4H). 8·93 (s. 3H) 8·98 (s. 3H). Accurate mass of parent ion at m/e 324'122126; CI,H2402S2 requires 
324'121766. 

2a-Carbomethoxy-7.7-dimethyltricyclo[6.2.1.01.6]undec-5-ene (31). The ethylene thioketal (29) (512 mg) 
in absolute EtOH (50 ml) was reflexed under N2 for 15 min. Raney Ni W.2 slurry (4 ml) was added and 
the mixture refluxed with continuous stirring under N2 for 1·5 hr. The solution was filtered and solvent 
removed to give a crude product. which was chromatographed over kieselgel (15 g). Elution with 10% 
EtOAc in C6H6 gave the olefine (31) (332 mg. 90%) as an oil b.p. ",0% '01 mm; m.p. 30° ; IR (CHCI l ) 

1722 cm - I; NMR (CCI,) T 4·78 (t, J = 3 cps, H). 6·35 (s, 3H), 8·98 (s. 6H). Accurate mass of parent ion 
at m/e ~34 ' 160009 ; CI5H2202 requires 234·161971. (Found : C. 76'58 ; H. 9·46. C I5H220 2 requires C. 76'88 ; 
H,9·46%). 
2~-Carbomethoxy-7.7-dimethyltricycIo[6 .2. 1 .01 . 6]undec-5-ene (30). Prepared as above from thioketal (28) 

(6·0 g). Raney Ni W.2 slurry (40 ml) in abs. EtOH (300 ml). This gave the olefine (30) (3'7 g, 90%) as an 
oil b.p. 180% '07 mm. IR (CHCI J) Vm .. 1727 cm- I; NMR (CCI,) T 4'75 (t, J = 3'5, H), 6·40 (s, 3H), 7·30 
(t. J = 3·5 cps. H). 8·97 (s. 3H) 9·00 (s, 3H). Accurate mass of parent ion at m/e 234·162199 C I5 H120l 
requires 234·161917. 

2a-Carbomethoxy-5,6-dihydroxy-7,7-dimethyltricyclo[6.2.1 .01.6]undecane (27). 0s04 (400 mg) was 
added to a solution of the olefine (31) (380 mg) in ether (50 ml). After addition of pyridine (0·6 ml), the 
solution was refluxed gently for 80 hr. The solvent was removed and a solution containing pyridine (6 ml). 
H20 (8 ml) and sodium metabisulphite (150 g) was added. After stirring for 2 hr at room temperature H20 
was added and the reaction mixture ex traced with ether. The ether layer was dried (Na2S04) and the 
solvent removed to give a crude product. chromatographed over kiese1gel. Elution with 50% EtOAc in 
C6H6 gave the diol (27) (344 mg. 86%) IR (CHCIJ) Vm .. 3570 (broad). 1720 cm -I ; NMR (CCI.) T 5·80 
(m. H). 6·38 (s. 3H). 6·92 (m. H). 7-60 (broad s, 2H removed by 0 20). 8·92 (s. 3H), 9·00 (s, 3H). Mass spectral 
parent ion at m/e 268. (Found : C. 67'29 ; H, 9·23. CI5H2404 requires C, 67·13 ; H, 9'02%). 

The diol (27) (28 mg) in pyridine (6 ml) and triethylamine (3 ml) was treated with methanesulphonyl 
chloride (460 mg). After 72 hr at room temperature under N2• the solvent was removed and H20 added. 
The ether extract was washed with H20 and dried (Na2S04). Removal of the solvent afforded a crude 
mesylate. which was chromatographed over kieselgel (15 g). Elution with 20% EtOAc in C6H6 yielded the 
mesylate (35)(304 mg, 84%) m.p. 114-116° (hexane) which proved to be fairly unstable. IR (CHXIl) vm .. 3500, 
1722. 1365. /185 cm - I; NMR(CDCI l l f4·66 (m. H). 6'30(s, 3H). 6·92(s. 3H), 7·72(s. H removed by 0 20). 
8·87 (s, 3H). 8·94 (s. 3H). Mass spectrum did not give a parent ion at m/e 346 but an ion at m/e 250, 
corresponding to loss of the methanesulphonyl group. (Found : C, 55'15; H. 7'75 ; CI6H2606S requires 
C. 55'48 ; H. 7'57%). 
2~-Carbethoxy-5.6-dihydroxy-7 ,7-dlmethyltricyc/o[6.2. 1.01 . 6]undecane (6). Prepared as above from the 

olefine (30) (3 '7 g) using OS04 (4'2 g). pyridine (8 ml) in ether (200 ml). After 80 hr reflux the complex 
was decomposed by water (80 ml). pyridine (50 ml) containing sodium metabisulphite (11 g). Isolation of the 
product as for 27 afforded the required diol (6) (3'3 g, 80%) m.p. 111- 112° (hexane) IR (CHCI) Vm .. 3550, 
1725 cm - I ; NMR (CDCI) T 6·35 (s. 3H). 7·65 (s. 3H removed by 0 20). 8·80 (s, 3H). 9·05 (s. 3H). Mass 
spectral parent ion at m/e 268. (Found: C. 67'39; H, 9·23. CI5H2404 requires C, 67-13; H, 9'02%). 

The diol (6) (3.3 g) was converted into the mesylate (34) on treatment with methanesulphonyl chloride 
in pyridine (50 ml) and triethylamine (25 ml) at room temperature. Isolation of the product. as for 35, 
afforded the required monomesylate 34 (3.60 g. 85%). IR (CHCll) Vm .. 3600 ; 1723, 1375. 1175 cm - I; 
NMR (CDCI)l T 4·97 (m. H). 6·35 (s. 3H). 6·95 (s. 3H). 7·37 (m. H), ',·85 (s. H. removed by 0 20). 8·80 (s. 3H). 
9·03 (s, 3H). Mass spectrum did not give a parent ion at m/e 346 but an ion at m/e 250, corresponding 
to loss of the methanesulphoDyl group. 
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2a.-Carbomethoxy-7,7-dimethyltricyclo[6.2.1.0 1. 6]undecan-6-one (33). A solution of the mesylate (35) 
(65 mg) in a mixture of pyridine (3 ml) and triethylamine (1'5 ml) was refluxed under N2 for 1·5 hr. The 
solvent was removed and the residue extracted with ether, washed with H20 then dried (Na2S04). Removal 
of solvent followed by chromatography of the residue over kieselgel (15 g) and elution with 5% EtOAc in 
C6H6 gave the rearranged ketone 33 (44 mg, 93%) m.p. 85° (sub!.) [IX ]20 (C, 2'7%}-47°, ORD in diethyl 
ether (C 0.1 %) [<1>])14 +5250°, [<1>]259 -6874' ; I.R. (CHCl) vma.I725, 1700 cm - I; NMR (COCl,) 
t6'36(s, 3H), 7·14-7·52 (m, 2H), 8·85 (s, 3H), 8·93 (s, 3H); Mass spectral parent ion at m/e 250; glc (carbowax 
packed capillary 20%, 25 ft, 30 psi, 220°) R, 27·08 min. (Found: C, 71'96%; H, 8·85. C I3 H n O) requires 
C, 71'97; H, 8'86%). Lit.,16.20 m.p. 78-78'5° ; ORD <I> 314 + 6925°, <1>139 - 9425° ; IR (KBr) Vmax 1737, 
1713 cm-I; NMR (CCI4) r6·38 (s, 3H), 8·82 (s, 3H), 9·00 (s, 3H). 

Base treatment of 33, using t-BuOK in refluxing t-BuOH, afforded a mixture consisting of four main 
products by glc analysis (carbowax packed capillary, 20%, 25 ft, 30 psi, 220°) R, 23·5 (32), 26·7 (33), 50·0 
and 54'5 min. . 

2~-Carbomethoxy-7,7-dimethyltricyclo[6.2.1.01. 3]undecan-6-one (32). The mesylate (34) (440 mg) was 
rearranged in refluxing pyridine (10 ml) and triethylamine (5 ml) for 7 hr under N 2. The solvent was removed 
and H20 added. Ether extraction followed by chromatography of the crude product over kieselgel (30 g) 
gave: on elution with 5% EtOAc in C6 H 6 , the desired ketone (32)(290 mg, 91 %) m.p. 100-102° (from hexane); 
[IX]~O (C. 5'6%) + 126° ; ORD in diethyl ether (C. 1%) [<1>]313 + 7750°, [<1>]27) - 5500°. a + 132·5. 
[I/l])03-)08 + 5625 (sh.). [t/J]230 + 870° ; IR (CHCl,) vmax 1720, 1703 cm-I; NMR (CDCl) r 6·28 (s, 3H) 
6'87 (m. H). 7·30 (m. H). 8·82 (s. 3H). 8·96 (s. 3H); Mass spectral parent ion at m/e 250; glc (carbowax packed 
capillary 20%, 25 ft, 30 psi. 220°) R, 23'75 min. (Found: C. 72'18; H. 9·08. C I3 Hn O, requires C. 71'97; 
H,8·86%). 

This synthetic product was identical in every respect with authentic material, prepared from zizanoic 
[Cid (Sa) kindly supplied by Dr. E. Klein. DRAGOCO, Holzminden, W. Germany. [Lit.. 18 m.p. 103° 
IX]~O (dioxane, c. 1%) + 129'8° ; ORD [t/J]312'3 + 7200°, [t/J]27)'3 - 6100°. a + 133.] 

Base treatment of 32, using t-BuOK in refluxing t-BuOH. afforded a mixture consisting of four main 
products by glc analysis (carbowax packed capillary, 20%. 25 ft, 30 psi. 220°) R, 23·6 (32), 2704 (33), 49·4 
and 52'8 min. . 

2~-Carboxy-7.7-dimethyltricyc/o[6.2.1.01 . 3]undecan-6-one (32a). LAH (231 mg) was added to a solution 
of (32) (157 mg) in anhyd. ether (30 ml) and the reaction mixture stirred at room temperature for 4 hr. 
~ saturated aqueous solution of sodium potassium tartrate (30 ml) was carefully added then the mixture 
~lter~d through celite. The ethereal extract was dried (Na2S04) and solvent removed to give the required 
(g-dlmethyl-2P-hYdrOXymethyltriCYclo[6.2.1.Q1. 3]undecan-6-01. IR (CHCl) Vmax 3650. 3470 cm - I. NMR 

DCI) r 6'10--6'70 (m. 3H), 8·13 (s. 2H removed by D 20), 8·97 (s, 3H), 9·07 (s, 3H). 
ArThis cru~e diol was dissolved in acetone (10 ml) and Jones' reagent (0·9 ml) added rapidly with stirring . 

. ter 15 mm the solvent was removed and H20 added to the residue. The aqueous solution was extracted 
\V~h EtOAc and the organic layer dried (Na2S04)' Removal of solvent gave crude product, was taken up in 
~h .er and ~xtracted with saturated NaHCO)aq. The extracts were combined and acidified with 2N HCI. 

lIS solutIOn was extracted with EtOAc. After washing with H20, drying (Na2S04) and removal of 
~o vent, afforded the desired acid (32a) (132 mg, 96%). IR (CH Cl) Vmax 1700 cm - I ; NMR (CDCI,) r - 1·25 
s, H~ 6'85 (m, H). 7-25 (m, H), 8·80 (s. 3H). 8·95 (s, 3H); mass spectral parent ion at m/e 236. 
'd A Portion of this acid was esterified with ethereal CH2N 2 to give the corresponding ester, which was 
let' . n Icalm all respect to authentic 32. 
(3 2P-Carbo~y-6P-7.7-trimethyltricyc/o[6.2 . 1.0l.3]undecan-6Cl-01 (39a). A solution of MeMgBr in ether 
th 1111) ~rs prepared from Mg (200 mg) and Mel (0'4 ml). To this solution, at room temperature, was added 
r ~ aCId 32a (95 mg) in ether (3 ml). After the initial exothermic. the mixture was stirred for 12 hr under 
t~ Ux. The complex was decomposed, at 0°, by saturated NH.Claq. The organic layer was separated, 
(Ne aqueous layer acidified and extracted with EtOAc. The organic extracts were combined and dried 
N a2S0.). Removal of solvent gave a crude product. taken up in ether and extracted with saturated 
a ~:CO,. The extracts were combined and acidified, followed by EtOAc extraction, yielding the desired 
(sct

3 
(39a) (85 mg. 85%). IR (CHCI,) Vmax 3500.1700 cm-I; NMR (CDCI,}t HO (m, H), 8·95 (s. 3H). 9·03 

'MA), 9'?8 (s, 3H). Accurate mass of parent ion at m/e 252'173045; C I3 H240, requires 252'172534. 
th elhyl,sozizanoate (37). To a solution of 39a (45 mg) in C6H6 (20 ml) was added silica (10 g, Grace) and 
If e Slurry stirred under reflux for 5 hr. The silica was filtered, washed with EtOAc. Removal of the solvent 
~1Il the combined filtrates afforded a crude product (41 mg), which was esterified using ethereal CH 2N 2. 

e crude ester was purified by chromatography over kieselge1 to give methylisozizanoate (37) (40 mg. 
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95%) [IX]~O (C. 3-8%) + 37'5° ; IR (CHCI 3) Vma• 1720 cm-I; NMR (CDCI3) r 6·38 (s, 3H), 7·29 (m, H), 
8·53 (t, 3H), 9·00 (s, 3H), 9·01 (s, 3H); glc (carbowax coated capillary 50 ft, 15 psi, 150°) R, 11·52 min, 
(SE 30 packed capillary, 25 ft, 5%, 30 psi, 220°) R, 21·04 min. This synthetic product proved to be identical 
in all respects with authentic methyl isozizanoate (37)19 prepared from methyl zizanoate (5) by acid 
treatment. 21 

Methyl zizanoate (5). The acid 39a (169 mg) was esterified using ethereal CH 2N 2. To a solution of the 
ester 39 in pyridine (5 ml) was added POCl3 (I ml). The reaction mixture was heated at 86° for 24 hr and 
decomposed with ice. The ether extracts were combined and the solvent removed. The crude product was 
chromatographed over silica impregnated with 30% w/w AgN03 nitrate (30 g). Elution with C6H6 gave 
methyl isozizanoate (58 mg, 37%) identical with authentic material. Further elution with C6H6 afforded 
methyl zizanoate (5) (40 mg, 26%) [IX]~O (C. 2'1%) + 47°; IR (CHCI 3) Vmax 1720, 912 (exo methylene) cm -I; 
NMR (CDCI 3) r 5·27 (t, H), 5-40 (t, H), 6'33 (s, 3H), 7-36 (m, 2H) 8·94 (s, 3H), 8·95 (s, 3H); glc (carbowax 
coated capillary, 50 ft, 15 psi, 150°) R, 14·08 min; (SE 30 packed capillary, 25 ft, 5%, 30 psi, 220°) R, 
22'48 min. This synthetic product proved to be identical in all respects with authentic methyl zizanoate (5) 
prepared from zizanoic acid (5a) and CH2N 2. 
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~bstract-Direct irradiation of 7,II -dimethyldodeca-I ,6,10-trien-3-one (13) has been shown to give the 
Isomeric bicyclo[2.2.I]hexanes (24) and bicyclo[3 .2.0]heptanes (14). The reduced ketone (22) was isolated 
when the irradiation was performed in pentane solution . 

INTRAMOLECULAR cyclisation of an isolated double bond with a suitably placed , 
photochemically excited conjugated diene system has provided new and ingenious 
routes to ring systems of great synthetic potential. Crowley found that irradiation of 
myrcene (1) produced the cyclobutene 2 and, in smaller amount ~-pinene (3). I 
Another minor product was shown to be the bicyc10[2.2.1 ]hexane 4, resulting from 
an alternative mode of interaction of the diene chromophore with the isolated double 
bOnd. 2 Hammond 3 found that 4 is the main product of the sensitised irradiation of 
myrcene (1); a process thought to involve a discrete 1.4-diradical intermediate (5), 
which cyclises specifically to form a five membered ring. 

Subsequent extension of this work to the photolysis of ~-farnesene (6) had greater 
synthetic potential. since the analogous photoproduct to ~-pinene (3), namely 7. has 
the structure assigned to the naturally occurring sesquiterpene bergamotene. 
U~fortunately, two groups of workers were unable to achieve this transformation.4

• 5 

blrect irradiation of ~-farnesene (6) produced a mixture containing the cyc10butene 
9 and the bicyc10[3.2.0]heptane 10. Also, sensitised irradiation gave results analogous 
t
1
0 the myrcene case in that the main products were the isomeric hicyclo[2.1 .1 ]hexanes 
1 and 12. 
We sought to introduce greater selectivity into the cyc1isation leading to structures 

~uCh as 7 and 8 by using the trienone 13 as the substrate for irradiation. rather than . 
~-farnesene (6). Since the non· transition of a conjugated ketone occurs at ",, 320 nm 
~t should be possible to selectively excite this portion of the trienone (13) without 
Interfering with the two isolated double bonds. The definitive work of Corey6 would 
seem to support the formation of structures 7, 8 and 14 by an intramolecular photo
c~ernical process. In the synthesis of 13 it was decided to have the trans configuration 
Of the £\6,7 double bond. hoping that this would be reflected in the stereochemistry 
o the photo products. 

SYnthesis of7,11-dimethyldodeca-l ,6,1O-trien-3-one (13) 
PI The desire to preserve the trans configuration of the central double bond in 13 
Chaced certain restrictions on the synthetic methods to be used. Geraniol (15) was 

osen as the obvious precursor of such a synthesis. but in order to activate the 
1'491 

cs 
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geranyl unit for subsequent elaboration it was necessary to prepare geranyl chloride 
(16). Although 16 cannot be formed free from isomers by thionyl chloride treatment 
of geraniol (15), we were able to achieve this transformation using Ph 3P/CCI4 under 
carefully controlled conditions to give 16, which was pure by glc analysis. Pure 
geranyl chloride (16) has recently been made by Corey 7 and StorkS by other methods. 

The next step in the sequence was the conversion of geranyl chloride (16) to the 
aldehyde 17, using the method of Wittig. 9 This involved alkylation of the lithio salt 
of the imine 18 derived from acetaldehyde and cyclohexylamine followed by mild 
acid hydrolysis of the alkylated imine. Purification of the aldehyde 17 was effected by 
chromatography over silica rather than alumina, which caused it to undergo aldol 
condensation. 

Reaction of17 with ethynylmonomagnesium bromide in THF gave the correspond
ing propargyl alcohol (19), which was reduced to the vinyl alcohol (20) by LAH. 
Oxidation of 20 with Mn02 or Jones reagent afforded the required trienone (13), 
which had the expected spectral properties for such a structure. Although 13 is a 
vinyl ketone it was found to be stable at room temperature for several days. 
Chromatography over neutral alumina, however, gave a polymeric product, which 
showed strong carbonyl absorption at 1705 in the IR corresponding to a saturated 
carbonyl group. 

Ultraviolet irradiation of trienone (13) 
Irradiations of the trienone 13 were performed in a number of solvents (Et20 , 

pentane. C 6 H 6 ) at various wavelengths (250, 310 and 350), with and without benzo
phenone as sensitiser. As expected, the most useful conditions were 310 nm, 0·1% 
solution in pentane or C6H 6 , without added sensitiser. This implies the intermediacy 
of the n-7t* transition of the enone system in 13. The progress of the photolysis was 
followed by glc and the irradiation stopped when the trienone (13) had been 
completely transformed into ten volatile products. Chromatography of the crude 
product allowed the isolation of three main constituents A (3%), B (2~~) , C (5%), to 
which structures could be assigned on spectroscopic evidence. 

Component A exhibited IR absorption at 1730 cm - 1 and important NMR peaks at 
5 t (H, broad, olefinic), 8·32 (S, 3H), 8·39 (S, 3H), 8·73 (S, 3H). The NMR data indicated 
the presence of an isopropylidene residue and a Me group attached to a saturated 
centre and the IR absorption is in good agreement with the carbonyl absorption of 
(21), which was found at 1735 cm - 1.10 This evidence would be consistent with 
structure 14 for A, which was supported by a study ofthe mass spectral fragmentation. 
The mass spectrum contained the molecular ion expected for 14at 206·17093 (C I4H 220 
requires 206'16706). Major fragmentations were observed at 191'14115. 15H 1019, 
149'13317, 137'09674, 81·06976 (base peak), all of which can be rationalised on the 
basis of the following fragmentations. (Scheme 1). 
A (14) arises from fnteraction of the I~/" 7 double bond with the enone chromophore 
in an analogous fashion to that involved in the formation of 10 from p-farnesene (6). 

The second component. B, isolated showed IR absorption at 1705 cm - I and the 
NMR of B indicated the presence of two olefinic protons, an isopropylidene and Et 
group. This evidence together with the accurate mass of the parent ion at 208'18260 
(C 14H 240 requires 208·18271) suggested that the enone (13) had abstracted hydrogen 
from the pentane solvent during irradiation to give the saturated ketone 23. ThiS 

( 
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SCHEME 1 

mle required 

c 
(C l1 H,,) + 149-13302 

-L. (C9 H 130 ) + 137'09664 

Base peak (22) (C6 H9 ) + 81 ·07042 

1493 

product was not observed when C6H6 was used as solvent. Structure 23 was supported 
by the following fragmentations at m/e 193'16111 , 179'14168, 151-14766, 139·11171, 
137'13004 and 57·03222. 

o 

23 

SCHEME 2 

mic required 

_ a_ (C1J H 21 0) + 193 '15923 

_ b_ 

d 

(C l1 H 19) + 151 '14867 

(C9 H 1SO) + 139-11228 

~ (C' OH. 7 ) + 137' 13302 l Base peak (CJHsO) + 57·03404 

I_The third volatile compqnent from the photolysis, C exhibited IR absorption at . 
9./05 cm - I and the NMR spectrum 5't' (H. broad, olefinic), 8·33 (S, 3H), 8·40 (S. 3H). 

4 (S, 3H), suggested the presence of one olefinic proton, an isopropylidene and a Me 
~;oup attached to a saturated carbon centre. By analogy with nopinone (24) [vmax 

,05 cm- I; NMR 8·68't' (S. 3H), 9·17 (S. 3H)]; this spectral evidence is consistent 
~th structure 25 for C. In support of this was the accurate mass of the parent ion at 
196'16538 (C 14H 22 0 requires 206'16706) and the following fragmentations at m/e 

1'14451 , 137'09620, 123·08060 and 93,07050. The formation of the photolysis 
Product C (24) is analogous to the production of p-pinene (3) on irradiation of 
~Yrcene (1). Thus, both modes of interaction of the fl,6. 7 double bond with the enone 
sistelll are operable during irradiation of the trienone (13). Although C (25).has a 

ructure which could be elaborated to trans or cis bergamotene (7 or 8), this was not 



1494 C. B. HUNT, D. F. MACSWEENEY and R . RAMAGE 

SCHEME 3 

o m/e required 

c:- __ ___ _ 
-', 

-"b 

2S 

_a_ (C'3H I90 ) + 191.14358 

~ (C9 H' 30) + 137·09664 

__ C_ (CsHlIO) + 123·08099 

Base peak (C7H9) + ' 93·07042 

possible due to the low yield and difficult isolation of products resulting from the 
photolysis. 

R, = R2 = Me 

6 RI = --CH2 .C H 2 Me 

R2= Me ~ 

R~ Mo 

3 RI = R2 = Me 4 RI = R2 = Me 

7 RI = CH 2 ·CH 2 Me 

R2 = Mc ~Me 
11 RI = CH2 .CH2 Me 

R2 = Me -----=-< Me 

8 R, = Me 12 RI = Me 

R2 = C H 2 ·CH 2 Me 

~Me 
R2 = CH 2CH2 Me 

~<Me 

o 

S 
10 13 
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IS R = OH 

16 R = Cl 

OH 
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22 
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20 
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~ 

24 
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21 

W UV spectra were measured for EtOH solutions with a Unicam S.P. SOO spectrophotometer. IR spectra 
o~re. deter~ined (liquid films) with' a Unicam S.P. 200 spectrophotometer. NMR spectra (CDCI3) were 
Fltaln~ wIth a Varian HA-lOO or A-6(l spectrometer. Analytical glc was carried out with a Perkin- Elmer 
hi I USing a 25 ft x 0·03 in packed capillary of 10"10 carbowax 20 M on chromosorb W. Mass spectra were 
c easured on AEI MS 902 or MS 12. Complete high resolution accurate mass listings and elemental 
(~IllPosition listings were produced by a MS 902/Argus SOO system. Chromotography was over kieselgel 
~rck 70-325 mesh) or alumina (Merck neutral) deactivated with the requisite amount of water. 

l'h eraniol was supplied by Bush-Boake Allan Ltd. Petroleum ether refers to the fraction bp 40-60°C. 
3~ photolyses were carried out using an Hanovia medium pressure mercury vapour lamp (254, 265. 297. 
Sol ~Ill) enclosed in a pyrex jacket. The lamp was water-cooled and placed in the centre of the reaction 

uhon. 

C~eranYI chloride (16). A solution of geraniol (IS) (92 '4 g) and triphenylphosphine (157'2 g) in dry "Analar" 
be' 4 (300 Illl) was carefully heated with continuous stirring for 2 hr; the temperature of the water bath 
cx;n

g 
Carefully controlled within the range 75- S0°C. The solvent was then removed in vacuo and the residue 

dis:.~~ted with petroleum ether and filtered through celite. The filtrate was concentrated in vacuo and 
84Q'6ed under N2 to give geranyl chloride (56·4 g, 54%) an almost colourless liquid b.p. 6So/o-S; Vmox 1665. 
glc ~h 60 CIll - 1 

; NMR T 4'60 (H, t, olefinic), 4·95 (H. m, olefinic), 5·95 (2H. d), 7·93 (4H). S'3a-SAI (9H. m); 
C 69 OWed one peak on 50 in p.e.g.s. column lOO C. 15 psi. (Found: C. 69·40 ; H, 9·6S. C JO H 17CI requires 

, '53; H. 9'92%). 
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Ethylidene cyclohexylamine (18). Ice-cold acetaldehyde (33 '0 g) was added dropwise to cyclohexylamine 
(74'2 g) at 0° (gentle stirring). After 0·5 hr the solution was warmed to room temperature. KOH (40 g) 
added and the solution allowed to stand for I hr. The water which had separated out was absorbed by the 
addition ofanhyd Na2S04 and the decanted liquid was distilled (N 2 ) to give a colourless liquid (62·0 g. 66%) 
b.p. 51 - 54°/ 18 mm; Vmax 1660cm- I 

5.9-Dimethyldeca-4.8-dienal (17). An ether solution of MeLi (0'174 moles; 184 ml 0·948 g) was added 
slowly to a solution of diisopropylamine (17'6 g) in dry ether (100 ml) at 0°. After standing for 0·25 hr at 
0°, the solution was cooled to _15°, freshly distilled ethylidene cyclohexylamine (21'7 g) added and the 
solution allowed to attain room temperature. To this was added geranyl chloride (30·0 g) and the solution 
stirred continuously for 20 hr. A solution of oxalic acid (60 g) in H20 (300 ml) was then added and the 
two-phase system stirred for 75 min. The ethereal layer was separated. washed several times with H20 
and dried over anhyd Na2S04' After filtration the ether was removed in vacuo to give the crude reaction 
product (32'8 g). 

This was chromatographed over silica (500 g). Elution with 5% ether in petroleum ether afforded an oil, 
which was distilled to give the pure aldehyde (17) (11'3 g. 36%) as a volatile colourless liquid b.p. 80--82°/ 
0·66 mm; Vm .. 2690. 1715 cm - I ; NMR r 0·20 (H. CHO). 4·88 (2H. broad). 7·57 (4H) 7·99 (4H). 8·37 (9H); 
glc showed one peak on 50' S.E. 30 170°. 15 psi. Mass spectral parent ion at m/e 180. (Found: C, 79·75; 
H. 11·26. C I2 H200 req*es C. 79·94 ; H. 11 '18%). 

7.II-Dimethyldodeca-6.10-dien-I-yn-3-ol (19). A solution of EtMgBr was prepared from clean, dry Mg 
turnings (4·68 g). dry EtBr(21'2 g) and dry THF(390 ml). Ory THF (950 ml) was saturated with dry, acetone
free acetylene and the EtMgBr solution added dropwise over 5 hr ; the slow passage of acetylene through the 
solution being maintained throughout. To the resulting orange homogeneous solution was addod 5.9-
dimethyldeca-4.8-dienal (12'0 g) in dry THF (100 ml) over I hr. After stirring for 16 hr the Grignard complex 
was destroyed on addition of saturated NH40H aq and the organic layer separated. The bulk of the solvent 
was removed in vacuo and the residue extracted with ether. This ethereal extract was washed with H20 
and dried over anhyd. Na2S04' Removal of the solvent afforded the crude ethynyl alcohol which was 
distilled to give 18 (12'0 g. 94%) as a colourless oil b.p. 108% '55 mm. Vm .. 3330. 3290, 2100. 1660. 840cm-

l
; 

NMR r 4·85 (2H. m). 5·60 (H, m). 7·53 (H. d). 7-70--7-95 (7H. multiplet 6H on 0 20 shake). 8'05-8'38 (IIH. 
complex) ; Mass spectral parent ion at m/e 206 (Found : C. 81 ·36; H. 10·65. C I4H 220 requires C. 81·50; 
H. 10'75%). 

7.1I-Dimethyldodeca-1.6.IO-trien-3-ol (20). LAH (0·88 g) was slowly added to the ethynyl alcohol 19 
(4'80 g) in ether (50 ml) and the solution stood 16 hr at room temperature. The complex was decomposed by 
saturated aqueous Rochelle salt. the solution extracted several times with ether and the combined ether 
extracts dried (Na2S04). Removal of solvent and distillation under N2 afforded the vinyl alcohol 10 
(3 '1 g. 65%) as a colourless oil b.p. 103- 105% '5 mm: Vm .. 3300. 925 cm - I; NMR r 4·18 (H, octet). 4·90 
(4H. m). 5-90 (H, q). 8·00 (6H. broad). 8·34 (12H. broad -+ 11 H on 0 20 shake); Mass spectral parent ion at 
m/e 208: glc showed one peak on carbowax at 120°.20 psi. (Found: C. 80'39; H. 11 ·84. C I4H240 requires 
C. 80'71; H. 11 '61 %). 

7.II-Dimethyldodeca-1.6,IO-trien-3-one (13). Method (a); The vinyl alcohol (20) (1'2 g) in pentane (70 ml) 
was stirred with freshly prepared Mn02 (12'0 g) for 2 hr. The Mn02 was removed by filtration and the 
solvent concentrated in·vacuo to yield the vinyl ketone 13 (0'86 g. 72%) as a pale yellow oil. Vmax 1680 cm -I; 
NMR r 3-78 (2H, m), 4·23 (H. m), 4·93 (2H, broad). 7-33- 7,95 (8H, complex). 8·33 (9H); Am .. 225 nm e 9000; 
glc showed one peak in carbowax at 130°. 20 psi. Mass spectral parent ion at m/e 206 (Found: C. 81·53; 
H. 11·00. CI4HnO requires C. 81 '50; H. 10'75%). 

Method (b); lones reagent (2'5 ml) was added to a rapidly stirred solution of the vinyl alcohol 20 (1·04 g) 
in acetone (10 ml). After 10 min the solvent was removed in vacuo and H20 added. Ether extraction followed 
by washing with H20 and drying (Na 2S04) afforded the vinyl ketone 13 (955 mg, 92%). 

Irradiation of7.II-dimethyldodeca-I,6,10-trien-3-one (13). The vinyl ketone 13 (600 mg) was dissolved in 
pentane (600 ml) and 02-free N2 passed through the solution for 0·5 hr. Irradiation was then commenced 
at room temperature and a slow stream of gas passed through the solution throughout the photolysis. 
The reaction was monitored by glc and completed by distillation of solvent in vacuo to give the crude 
product (500 mg) which was chromatographed aver kieselgel (50 g) and the individual fractions rechromato
graphed under the same conditions. Elution with 5% EtOAc in C6H6 gave A (20 mg. 3%) as an oil. v .... 
(CHCI)) 1730 cm - I : Am .. nil : NMR 5·0(H. m). 8·32 (S. 3H). 8·39 (S. 3H). 8·73 (S. 3H); glc on carbowax at 
130°. 20 psi showed two peaks R, 3·8 and 5·0 min; Mass spectral parent ion at m/e 206·17093. fragmentation 
pattern showed on Scheme t. 
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Further elution with 5% EtOAc in C6H6 afforded B (13 mg. 2~·,,). Vm .. (CHCI)) 1705 cm - 1 ; Amax nil; 
NMR r 5·0 (2H. m). 8·33 (3H. S). 8·4 (3H. S). 8·94 (3H. t = 7. cps); glc showed one peak on carbowax 
at 130". 20 psi. R, 8·0 min; Mass spectral parent ion at m/e 208·18160. fragmentation pattern shown on 
Scheme 2. 

Further elution with 5% EtOAc in C6H6 gave C (29 mg. 5%) as an oil Vmax (CHCI 3) 1705 cm - 1 ; Am .. 

nil; NMR r 5'0(H. m). 8·33 (3H. S). g·40(3H. S). 9·40(S. 3H) ;glc on carbo wax at 130°. 20psi showed one peak 
R,9'1 min; Mass spectral parent ion at 206' 16538. fragmentation pattern shown on Scheme 3. 

Finally. elution with EtOAc gave a visCQUS gum (400 mg) Vmnx (CHCI 3) 3450.1705 cm-I; NMR r 5·0 
(2H. m). 8'32 (3H. S). 8·39 (S. 3H). 
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Abstract- Chromatography of some aryl alcohols, (11 , 18, 2~) derived from Grignard react ions on 
D( + )-camphor (10) , carvone--camphor (20) , and nopinone (24), has been shown to give product.:, fo rmed 
by migration of bond (b) or cleavage of bond (a). The reactions are stereospecific and selective, avoiding 
the complex mixtures, formed by normal acid-catalysed rearrangement of such systems. Alumina treatment 
has been found to give mixtures, in which the normal product of dehydration predominates. 

REARRANGEMENT of the bornane and pinane ring systems often gives rise to many 
prOducts and has provided excellent means of studying steric and electronic effects 
I~ rearrangements of bridged ring systems. I Paradoxically, these interesting mecha
nistic complexities pose a synthetic challenge to find conditions for selective re
arrangements of these monoterpene ring systems. 

Dehydration of 2-phenylisoborneol (1), with potassium hydrogen sulphate was 
fo~nd2 to give I-phenylcamphene (2), but further investigation 3 by Deno showed 
thiS to produce three components. This is not surprising since the intermediate 
carbonium ion, produced by protonation of 1, can deprotonate in two ways to give 
2-phenylbornene (3) or, with rearrangement followed by proton-loss affording 
l-phenylcamphene (2). The situation is further complicated by the possibility of acid
~atalys~d equilibration of the norbornene with the phenyltricyclene (4).4 Later work 
Y KlelOfelter 5 clarified the acid-catalysed equilibration of bicyclo[2; 2: I ]heptyl 

sYstems and confirmed the presence of camphene, bornene and tricyclene types. It 
was found that the proportions of each varied with the substituents at positions 2 
an.d 3 of the isoborneol. Especially pertinent at this point, are the results obtained on 
~cld-catalysed dehydration of 2-phenylisoborneol (1), which gave 60~;' 2-phenyl
(4)~nene (3), 40~;, I-phenyIcamphene (2) together with l ~;, of the tricyclene derivative 

6 In the pinane series, it is known 6 that both cis- and trans-methylnopinols, (5 and 
~) respectively, rearrange on treatment with acetic anhydride to give a mixture of 
e~c~Yl acetate (7), bornyl acetate (8) and terpenyl acetate (9). Similar products are 

o. tamed on hydrogen chloride treatment of 5 and 6 showing the propensity of the 
Plnanols to rearrangement and ring-cleavage. 
b We sought to find a method of introducing some selectivity into the reactions of 
b Orneols and nopinols and chose the aryl-substituted derivatives as substrates 
(I~)ause of their possible future synthetic utility and greater reactivity. D( + )-Camphor 
Ill ' Was treated with 2-methoxy-5 -methylphenylmagnesium bromide to give a 
inlXtu~e of products (11 and 12), from endo and exo attack of the Grignard reagent, 

Which the former largely predominated8 due to the presence of the 7 -syn Me 

2247 

C6 
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substituent of camphor (10). Crystallisation afforded the 2-arylisoborneol (11), in 
which the 7 -syn M e group experiences deshielding in the NMR spectrum9 due to the 
proximity of the exo OH fundion and is observed at 8'75 r c0l'1pared with thc other 
Me substituents at C -7 and C-l, which were found at 9'13 r. ThL minor product. the 
2-arylborneol (12). showed three M e resonances between 9'00 and l) '1O r. As expected 
from previous work. acid treatment of 11 gave a mixture of hydrucarbons, which 
could not be satisfactorily separated. 

Adsorption catalysis on various types of surface e.g. c1ays, IO or alumina-silica 
mixture II have been used to rearrange ex-pinene (13) and norbornene derivatives. 
Passage of the 2-arylisoborneol (11) through Woelm grade I neutral alumina 
produced the 2-arylbornene (14) and the I -arylcamphene (15) in the ratio 3 :2. The 
2-arylbornene (14) was also prepared by phosphorus oxychloride dehydration of 11 
a!1d showed the expected low field proton doublet at 4'22 r. Chromatography of the 
2-.. ryli suLJorneol (11) over silica gave the alternative product of rearrangement, 
I -a rylcamphene (15) almost exclusively (90~{, yield). The NMR spectrum showed the 
exo-methylene protons at 5'55 and 5'85 r and this st ructural feature was corroborated 
by IR absorption a t 890 cm - I. 

Chromatography over silica of the mixture of 11 and 12, iso la ted from the Grignard 
react ion. gave the l-ary lcamphene (15) followed by the pure 2-arylborneol (12), 
which was subsequently shown to be recovered substantially unchanged on further 
silica treatment. although a little (5~:' ) of the 2-arylbornene (14) was produced from 
12. Thus chromatography 0Ver si lica proved to be a selective method of producing 
the camphene system. Further, the silica-catalysed reaction showed : emarkable 
stereospeci fi city in that only the exo alcohol rearranged; a situation analogous to 

the greater reactivity of isoborneol (16) compared with borneol (17) found in solution 
reactions. 12 

In order to investiga te the effects of ring strain on these adsorption reactions, the 
a ryl alcohols (18 a nd 19) were prepared from carvone-camphor (20). The ra tio of 
endo to exo attack by the Grignard reagent was 3 :2, as indicated by NMR. The 
cyclobutane ring in carbone-camphor (20) obviously eases the steric hindrance by 
the syn Me substituent towards exo attack at the CO function. Crystallisation gave 
the exo-3-a ryl -2,6-dimethyltricyclo[3.2, I ,02

• 6]octa n-3-01 (18) showing M e resonances 

Rtb 
4. R = Ph 

I. R = Ph 
11. R = Ar 
16. R = H 

";Q 
'-.. --' 

2. R = Ph 
15. R = Ar 

~H 
5. R = Mc 

Rib 
3. R = Ph 

14. R = Ar 

6. R = Me 
25. R = Ar 
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~ 8'70 and 8'85 r compared with the endo isomer (19), which had the corresponding 
MR values at 8'97 and 9' 17 r. 

I Chromatography of the exo-alcohol (18) over silica afforded a small amount of 
~hefinic material and as the major product, a crystalline tertiary alcohol, which 
a oW~d no olefinic protons in the NMR spectrum. Apart from the Me substituents 
~OClated with the aryl moiety, two other Me groups were observed at 8'58 and 8'55 r . 
th e rorm~r is in agreement with a Me substituent on a carbon bearing oxygen and 

e latter IS assigned to a vinyl Me group. Structure 21 is postulated for the rearrange-
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ment product. although the stereochemistry of the OH functi(!)n is unknown at 
present. The relatively high field of the vinyl Me in the NMR spectrum can be 
explained by shielding from the aryl moiety if the styrene chromophure were non 
planar. Support for this is given by the relatively low extinction of the styrene 
absorption in the UV at 282 nm (2,800). Thus rearrangement involves cleavage of 
bond (a) in contrast to the previous example of silica catalysed rearrangement of the 
2-arylisoborneol (11). A close analogy for the formation of 21 is the conversion of 
carvone- camphor (20) to isocarvone- camphor (22) by the action of highly active 
alumina. 13 No products of migration of bond (b) could be identified from the silica 
treatment of 18, possibly due to the increased strain in the product (23) of such a 
rearrange men t. 

Since there were great differences in the reactivity of the 2-arylisoborneol (11) and 
the 2-arylborneol (12) towards rearrangement on silica, the endo alcohol (19) was 
also chromatographed over silica and found to be unreactive. The differing reactivities 
of the 2-arylisoborneol (H) and the 2-arylborneol (12) can be explained in terms of 
the favoured trans co planar disposition of the migrating bond and the departing 
oxygen function . However. in the tricyclo[3.2.1.0 2 •6]octyl series the observation was 
that the departing oxygen function is cis to the bond undergoing fission. 

Only one epimer could be isolated from the reaction of the aryl Grignard reagent 
with nopinone (24) and this was assigned structure 25, since nopinone is normally 
attacked by nucleophilic rearrangements from the less hindered cx-face. 7 . 14 Silica 
chromatography of 25 afforded analogous results to those obtained in the tricyclo 
[3.2.1.02

.
6]octyl series; a small amount of olefine and a tertiary alcohol as the major 

product. The structure 26 assigned to the latter is consistent with the NMR spectrum. 
which indicated two equivalent Me groups at 8'85 , and an olefinic proton at 4'41 , . 
The UV absorption at 281 nm (2.600) supported the presence of a styrene chromo
phore. Thus the major product (26). which was found to be resistant to dehydration 
on further silica treatment, results from cleavage of bond (a), which is cis to the 
departing oxygen function. followed by nucleophilic attack at the electron deficient 
centre formed. No products arising from migration of bond (b) were observed. nor 
those derived by cleavage of bond (b)--an unlikely process. since this would formally 
require a primary carbonium ion intermediate. 

Chromatography of 25 on Woelm (I) neutral alumina resulted in the formation of 
two olefins of which the normal dehydration product (27) predominated. in close 
agreement with the behaviour of the 2-arylisoborneol (11). The aryl nopinene (27) 
was isolated from phosphorus oxychloride dehydration of 26 under mild conditions 
and it is of interest to note that. under these conditions. (18) failed to dehydrate and 
was recovered unchanged. 

The variation in the reaction on silica of 18 compared with II can be explained by 
the fact that formation of the cyclobutane ring distorts the molecule (18) so that 
bond (b) and the OH function are not perfectly trans coplanar. prerequisite for facile 
bond migration. Also. migration of bond (b) in 18 would lead to a highly strained 
ring system. again a consequence of the cyclobutane ring of carvone- camphor (20). 
In the case of 25. bond (b) is not co planar to the OH substituent and this again 
precludes rearrangement. When concerted rearrangement is not possible. bond 
cleavage occurs if a tertiary carbonium ion intermediate is possible and. in the cases 
so far investigated. if the bond broken is cis to the departing oxygen function. 



Silica and alumina catalysed reactions of some monoterpene derivatives 2251 

EXPERIMENTAL 

All m.ps and b.ps are uncorrected. UV spectra were measured in EtOH soln on a Unicam SP 800 
spectrometer. IR spectra were determined using a Unicam SP 200 spectrometer. NMR spectra were taken 
on a Varian A56-60A spectrometer, using TMS as an internal standard. Analytical GLC was carried out 
with a Perkin-Elmer F.II gas chromatograph. Optical rotation measurements are for CHCI 3 solns using 
a Bendix- Ericsson ETL- NPL automatic polarimeter type 143.A. 

Starting materials. Nopinone was kindly supplied by Dr. D. Whittaker, carbone-camphor was prepared 
by photolysis of carvone according to pu blished procedures.15 Light petroleum refers to the fraction bp 
40°_60°. Silica was supplied by Silica Gel Ltd. (Grace). 

2-{2-Methoxy-5-methylphenyl) isoborneol (11). A soln of 3-brom04-methoxytoluene I6 (80 g, 0'4 m) in 
anhydrous ether (lOO ml) was added slowly with stirring to Mg filings (9'8 g, 0'4 g atom) covered with anhyd 
ether (lOO ml). After the addition. and subsequent reflux for 1'5 hr to complete the formation of the Grignard 
~eagent. the soln was cooled to 0°. o( + I-Camphor (6\ g. 0'4 m) in ether (lOO ml) was added slowly to the 
tce-cooled Grignard reagent. and the mixture refluxed for 1'5 hr. The complex was deo4lillPosed at 0° by a 
Saturated aqueous solution ofNH~CI. The ethereal layer was separated. dried over NaSO. and the solvent 
removed in vacuo to give an oil (107 g) as crude product. 

Steam distillation of this material gave a viscous oil (42 '5 g) as the non-steam volatile fraction which 
crystallised on standing. Low temperature crystallisation from light petroleum afforded 11 (30 g. 28~~ ) 
m.p. 56° ; [a]~O -3r (CHCI 3• c 4 ' 5 ~~ ); IR (melt) v 3520 cm - I; NMR (CCI4) T 5'\5 (S. H. disappears on 
°20 shake), 6'20 (S. 3H). 7"7 (S. 3H) 8'75 (S. 3H). 915 (S. 6H). 3- 3-5 (M. 3H aryl). (Found: C. 7877 ; H. 
9-48. Calc. for C Is H 260 2. C. 78'79; H. 9·55~:, ). 

Alumina treatment or 11. ~-Arylisoborncol 11 (4'0 g) was adsorbed on alumina (110 g Woelm Grade I 
neutral). Elution with benzene-light petroleum (Ill) afforded a hydrocarbon fraclion (3 ' 1 g. 83 ~;,). which 
was shown by NMR 10 be a 3:2 mixture of 14 and 15. 
C 2-Arylbornelle (14). 2-Arylisoborneol II (2'0 g) in pyridine (3 ml) was trealed with POCl 3 (0'75 g) al 0° 
Or 72 hr. Pentane (20 ml) was added followed by water (15 ml). After extraction the organic layer was 

Washed with dil HClthen water and NaHC03 aq. Further washing with water and drying with Na2S04 
~ave. on removal of the solvent. a colourless oil (1'6 g. 86~:.l b.p. 193°;1 5 mm; UV Am .. 286 nm (e 3300); 
C MR (CCI 4) T 422 (d. J = 3 c/s. H). 628 (S. 3H). 774 (S. 3H). 907 (S. 3H). 913 (S. 3H). 919 (S. 3H). (Found: 

.8447; H. 972. Calc. for C Is H 240. C. 84'32; H. 9"44~:,). 
2-(2-Methoxy-5-methylplJeIlYl) bomeol (12). The mother liqu ors from crystallisation of II were chromato

~raphed on silica (360 g. Grace silica. 200-300 mesh). After elution of less polar materials with benzcne-
19ht petroleum mixtures. the endo alcohol 12 was eluted with EtOAc as a viscous oil (5 g. 4 · 5 ~; ,). whi .;;h 
~rystallised from light petroleum in prisms m.p. 94-95° ; [a]5° _12° (CHCI 3, c 5~:.l; IR (nujol) v 3490. 
(~~O cm - I; NMR (CCI4) T 5'35 (S. H. disappears on 0 20 shake). 630 (S. 3H). 7"73 (S. 3H). 900 to 9'10 

,9H). (Found : 79' 10; H, 9'73. Calc. for Cl SH 260 2. C. 78'79; H. 9'55%). 
f Chromatography of 12 over silica (Grace. 200-300 mesh) gave no rearrangement and led to the recovery 

o Starting material. 

G 1-(2-Methoxy-5-metlJylphenyl) camphelle (15). The 2-arylisoborneol (88 mg) was adsorbed on silica (11 g. 
race. 200-300 mesh). Elution 40~:. benzene in light petroleum afforded 15 (84 mg ; 96~:. ) as a crystalline 

SolId m.p. 66-67° which crystallised from MeOH; [a ]5° +46° (CHCl l • c 5~:, ) ; IR (melt) v 890 cm - I (exo
:cthYlene); NMR (COCI 3) r 555 (S. H). 585 (S. H). 630 (S. 3H. 7"70 (S. 3H). 890 (S. 6H). 3- 35 (M. 3H 

rYI). (Found: C. 8405; H. 953. Calc. for CIsHi40. C. 84'32; H. 944%). 
w eXO-3-(2-Met/lOxy-5-metlJylpJrellyl) 2.6-dimetJryl-tricyc/o[3.2. L0 2 • b]OCtall-3-ol (18). The Grignard soln 
c as prepared. as before. from 3-bromo-4-methoxytoluene (6'30 g) and Mg (0'80 g) in ether (15 ml). Carvone
t~rnPhor (4'0 g) in ether (15 ml) was added slowly to the ice-cold Grignard soln. After the initial reaction. 
rn c rnlXture was refluxed for 2 hr and the crude product isolated as in the preparation of 11. The crude 
d aterial (5'5 g). after steam distillation. was a mixture of elldo and exo alcohols (18 and \9) in the ratio 3 :2. 
p~terrnined by NMR. Crystallisation from light petroleum- ether alTorded exo 3-{2-methoxy-5-methyl
(C~nYI)2,6-dimethYI-tricyclo[3.2.1.02. 6]octan-3-01 (25 g. 35~;',l m.p. 135° ; [a]~4 -243° (CHCI). 5%); IR 
ar 1)0)) v 3500 cm - I; NMR (COCl l ) r 618 (S. 3H~ 776 (S. 3H). 870 (S. 3H). 8'88 (S, 3H). 3- 35 (M. 3H 

Y . (Found: C. 79' 11 ; H. 887. Calc. for ClsH2402' C. 7937; H. 8 · 88~;,). 
al C~dO-3-(2 -Met /lOxy -5-methYlpheIlYI)-2.6-dimethYltriCyclo[3.2.1.02.6]octall-3-ol (19). The crude elldo
Si~o 01 19 was isolated from the mother liquors of the crystallisation of I1 and chromatographed on 
\9 ea (100 g. Grace. 200-300 mesh). Elution with 4O~;, benzene in light petroleum gave pure elldo-alcohol 

as a Viscous oil (I ·Og. 14~{, ). [aW _40° (CHCl l • c 5~;, ); IR (film) v 3.550cm - ' ; NMR (CCI 4) r 628 

r 
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(S. 3H). 7·78 (S. 3H), 9·02 (S, 3H). 9·22 (S. 3H). 3- 3'50 (M, 3H a ryl). (Found : C, 79·54 ; H. 9·08. ('a le. tor 

ClsHz40Z' C. 79'37 ; H. 888~:. ). 
Chromatography of 19 over silica (Grace. 200-300 mesh) gave no rearrangement and led to the quanti

tative recovery of starting material. 
3-(2-Methoxy-4-methylphenyl)-2.6-dimethylbicyclo[3.2.1 Joctan -6-ol (21). The exo-alcohol 18 (1 '0 g) was 

chromatographed on si lica (30 g. Grace. 200-300 mesh). Elution with light petroleum afforded a hydro
carbon (80 mg). which was shown 'by GLC (50 ft 15~;' carbowax capillary at 195°) to be essentially one 
product R, 220 min) with a second minor constituent (R, 1'87 min); IR (film) 890 cm - I (exomethylene); 
NMR (CCI4) r 6'38 (S, 3H). 780 (S. 3H). 858 (m. 3H) 506, 5'19 m.H, exo-methylene). 3- 3'5 (m. 3H aryl). 
Mass spectrum showed a parent ion at 254' 16762 (C,sHnO requires 254'16706). 

Elution with 10 'Y., EtOAc in benzene gave crystalline 21 (350 mg, 31 %) m.p. 102- \05°, which crystal
li sed from light petroleum; [ClJ~7 -24° ; IR (CHCI)) 3550 cm - I; NMR (r) 6'30 (S. 3H) 7'75 (S. 3H). 8'5 
(M. 6H). 3- 35 (M. 3H ary l) ; UV )' m" 280 nm (e 2850). (Found: C. 79'39; H. 8'88. Calc. for C 1s Hz40z' 
C. 7937 ; H. 888~:J 

The rea rranged alcohol 21 failed ' to give the above hydrocarbon fraction on repeated silica chromato 
graphy. 

trans -2-(2 -Met/lOxy -5-methylphenyl)-nopin-2-01 (25). Nopinone (4'0 g) in ether (5 ml) was added to the 
Grignard reagent from 3-bromo-4-methoxytolllene (703 g) and Mg (0845 g) in ether (30 ml). After 3'5 hr 
renux and work lip as before. the alcohol 25 (47 g. 62~:,) m.p. 82- 84° (pentane) ; [Cl J~7 + 15° (CHCI 3 c 5~;' ) . 
IR (CHCI 3) 3500 cm - I . NMR (CCI 4 ) r 633 (S. 3H)' 778 (S. 3H). 8'72 (S. 3H). 8'80 (S. 3H. 3- 35 (m. 3H 
ary l). (Found: C. 7838; H. 932. Calc. for C 17 H Z40 Z' C. 7842; H. 9 ·29~;' ) . 

Silica rearrangement of25. Chromatography of 25 (1 '5 g) on silica (30 g. Grace 200-300mesh) afforded 
an early o lefine fraction (300 mg) then. on elution with EtOAc. the major product 26 (870 mg. 61 %) b.p. 
146°10'08 mm ; [Cl ]~7 _ 16° (CHCI 3 c 5~:, ); IR (film) 3450 cm - I. UV Am" 282 nm (e 2820); NMR r 4'40 
(m. H). 6·35 (S, 3H). HO (S, 3H), g·85 (S, 6H), 3·0-3·5 (M, 3H aryl), (Found : C, 78'12 ; H, 9-45. Calc. for 
C 17 H Z40 Z' C. 7842; H. 929~;J 

The tertiary alcohol 26 was stable to further silica treatment. 
Phosphorus oxychloride dehydration of 25. The arylnopinol 25 (500 mg) in pyridine (2 ml) was treated 

with POct) (2 '0 g). After work up as for the preparation of 14. the o lefine 27 (450 mg, 94~;.l was obtained; 
[ClW 26° (CHCI) c 05~:.l; UV A 287 nm (e 3450); NMR 4'48 (M, H). 630 (S. 3H). 7"75 (S, 3H)' 868 (S, 3H), 
903 (S. 3H). 3'0-3 '50 (M. 3H aryl). (Found: C. 84' 12; H, 8'95. Calc. for C 17 H n O . C. 84'25; H. 9'15%). 

AlulllirJa treatment of 25. The arylnopinol (1 '0 g) chromatographed on alumina (30 g. Woelm Grade 1 
neutral). Elution with light petroleum- benzene (I : 1) afforded a hydrocarbon fraction (750 mg. 7 ~;,). 
containing two components as shown by GLC on carbowax capillary (50 ft. temp 200°. Nz carrier gas 
30 Ibs/in 2

). The main (84~:.l product was the normal dehydration product 27 and the minor product shown 
by GLC to be identical with the product of phosphorus oxychloride dehydration of 26. 
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Biosynthesis. Part XIX. t 1 Concerning the Biosynthesis of (-) -Camphor 
and (-)-Borneol in Ss/vis officinslis 

By A. R. aatter.by,· D. G. Lalng, and R. Ramage, The Robert Robinson Laboratories, University of Liverpool 
and the University Chemical Laboratory, Lensfield Road, Cambridge CB2 1 EW 

Sa/via officinalis is selected after extractions and tracer experiments as a suitable species for biosynthetic work on 
bicyclic monoterpenes. [2-uC]Geraniol is synthesised and is shown to be incorporated specifically by ~. 
officina/is plants into camphor and borneol by unambiguous degradation of the isolated terpenes. Comment IS 
made on results which emphasise the dangers of reliance on g.l.c. purification of terpenes for radio-tracer work. 

THE present studies are concerned with the classical 
monoterpenes camphor (10) and borneol (8). Our 
present chemical understanding owes much to the 
extensive research on these bicyclic systems carried out 
from the mid-nineteenth century to the present day.2 
Yet despite their great chemical interest, virtually 
nothing was known at the outset of our work (1967) 
about the biosynthesis of camphor and borneoJ.3 Attrac
tive biosynthetic schemes for monoterpenes had been 
suggested,4 however, in 1953. Scheme 1 brings these 
speculations up to date by incorporating firm knowledge 
of the early stages leading from structure (1) via (2) and 
(3) to geranyl (4) and neryl (6) pyrophosphates.1i The 
proven formation 8 of the neryl from the geranyl system t 
is also included. 

The planning of the current work took into account 
our wish to determine at a later stage the stereochemical 
changes which occur as the cage structures (8) and (10) 
are formed. This will involve regiospecific and stereo
specific labelling of suitable precursor(s) with tritium; 7 

t Earlier parts of this series have appeared under the general 
title' Alkaloid Biosynthesis.' 

t Scheme 1 is not intended to imply a direct conversion 
(4)-..(6). 

I Part XVIII, A. R. Battersby, R. B. Herbert, E . McDonald, 
and R. Ramage, J.C.S. Perkin I, 1972,1741. 

I J. L. Simonsen and L. N. Owen, 'The Terpenes,' 2nd edn .• 
Cambridge University Press, 1949, vol. 11; A. Pelter and S. H. 
Harper in . Rodd's Chemistry of Carbon Compounds,' 2nd edn., 
cd. S. Coffey, E1sevier, Amsterdam 1969. vol. IIC .• p. 136; 
J. A. Berson in 'Molecular Rearrangements,' cd. P. de Mayo, 
Interscience, New York, 1963, vol. I, p. Ill. 

I W . D. Loomis, in ' Terpenoids in Plants,' ed. J. B. Pridham. 
Academic Press, New York, 1967, p. 69. 

, L . Ruzicka, Experientia. 1963, 9, 367. 

geraniol (5) and nerol (7) were selected for this purpose. 
The first step was thus to establish the incorporation of 

POXe 

HO;! l.opop 

{ll 

S!o~2-~ 
{61 X : POP ~OR 
C7IX:H (SIR:H ' 

\ " '" R 'A, L ~ 

e' ~O 
"OX W 

~OPOP 
/ (21)--. 

\..:OPO~ I 141 X : POP , 
(31 (51 X : H {lOI 

P = phosphate. POP = pyrophosphate 
SCHEME 1 Hypothetical pathway to camphor and borneol 

14C-Iabelled geraniol or nerol into the monoterpenes (S) 
and (10) without randomisation of the label. 

• J. H. Richards and J. B. Hendrickson •. Biosynthesis of 
Steroids, Terpe~es and Acetogenins,' Benja~lin, New York. 196t 
p. 173; G. PopJak and J. W. Corn forth. Blochem. J., 1966,10. I 
663. and references therein; G. P. Moss, Chem. Soc. Specialld Periodical Reports, Terpenoids and Steroids, 1971, 1. 221. an 
references therein. .1 

• M. J. O. Francis. D: V. Banthorpe, and G. N. J. Le Patoure
S

: 
Nature. 1970,228.1006, cf. A. R. Battersby, J. C. Byrne, R . 
Kapil. J. A. Martin, T. G. Payne, D. Arigoni. and P. Loe'~' 
Chem. Comm .• 1968,961. 

7 A. R. Battersby. Accounts Chem. Res., 1972,5. 148. 
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A major problem a in studying monoterpene bio
~ynthesis in higher plants is the difficulty of achieving 
Incorporations of precursor into product which are high 
enough to allow proper degradative work. This problem 
probably arises because of barriers in the living organism 
which largely prevent exogenous labelled materials 
reaching the site where biosynthesis occurs (compart
mentalisation). The selection of a co-operative plant is 
thus of decisive importance. Accordingly, the steam
volatile oils from a set of thirteen plants were screened 
by g.l.c. for their content of camphor, borneol, and 
bornyl acetate. On the basis of the results (Table I), 

j.e.s. Perk in I 

bornyl acetate) are present in these species. It is note
worthy that between the harvesting dates of June 3rd 
and 20th (Tables 1 and 2, respectively) the proportion of 
borneol in the oil from Salvia officinalis increased con
siderably relative to that of camphor, and this wa: 
particularly evident on the analytical g.l.c. trace. An 
even more dramatic change occurred in the composition 
of oil from Rosmarinus officinalis when extracted from 
plants at different times in the growing season (cf. refs. 3 
and 20). The oil (June harvest) did not hold promise for 
the current work nor did it contain even traces of the 
substance which appeared as the major component in 

TABLE 1 

Examination of plants for monoterpenes by g.l.c. 

Reported content and sign of rotation ... Found in our specimens • 
Plant 

Picea mariana nana I 

P~cea pungence glauca • 
Plcea albertiana nana ' 
Picea sitchensis 10 

Lavandula spica 11 

A rtemesia cali/ornica 11 

Thuja occidentalis 13 

Thuja orientalis u 
Thuja standishii 16 

Salvia officinalis 11 

Camphor 
(±) 1% 
Major 
Major 
(+) 17% 
0---4% 
(+) 
(-) 2'11% 
11·6% 

8·2% 

Borneol 

Minor 
Minor 
(+) Minor 
2·3-3-8% 

(-) 17·1% 
(-) 
6·6% 

Bornyl acetate 
37% 
Minor 
Minor 
(+) Minor 

(-) 11'9% 

Present 
1·7% 

Camphor Borneol Bornyl acetate 
d d Present? 

Large Minor Large 
Large' Minor' Large' 

d Minor d 
Trace Minor d 
Major Minor Minor 
Minor Trace Minor 
Trace Major d 
Trace Minor d 
Large Large Trace 

(Variegated) 
C~amaecyparus lawsonia 17 (+) 0·11% (+) 11 % (+) 2-3% Trace Major d 
P'nus sylvestris It (±) (±) and (-) Present Trace Minor d 
Rosmarinus officinalis It Present Present Minor Absent d 

• Percentages refer to total oil obtained from the plant. 6 Many other terpenoids usually present in addition to the th.:ee below. 
• Harvested 3rd June. d Not detected. • Our specimen was Picea albertiana conica. 

the following four plants were chosen for preparative 
extraction and for the preliminary tracer studies: 
A.rtemesia californica, Picea albertiana conica, Picea 

TABLE 2 
Preparative separation of some monoterpenes 

Bornyl 
Camphor Borneol acetate 

Hotn . Rotn. Rotn. 
Fresh and wt. and wt. and wt. 

Plant. wt. (g) (m g) 6 (mg) 6 (mg) 6 

~~temesia cali/ornica 88 Trace Trace ( +) 13 
let a albertiana 120 (+) 29 Trace (+) 36 

p .coniea 
S lCea pungence glal4ca 300 ( -) 111 Trace ( -) 30 

alvla officinalis 200 (-) 3 (-) 8 Trace 
• Harvest ed 20th June. 6 Minimum values; trial runs 

shOwed some loss due to incomplete trapping from the g.l.c. 
gas stream. 

t~ngence glauca, and Salvia officinalis . Table 2 shows 
at workable quantities of camphor and borneol (or 

• A C • . . Shaw. Canad. J . Res .. 19110. 28B. 268. 
10 M. V. Schauntz. Planta Med .• 19611.13.369. 
It E. von Rudloff. Can ad. J. Chem .. 1964. 42. 10117. 

lIeg t PI: Rovesti. Riv . ital. essentel pro/umi piante offic. olii 
I~ a I saponi. 19116. 38. 341. 

lri63~' V. Banthorpe and D. Baxendale. Chem. Comm .. 1968. 
la A J. Chem. Soc. (C). 1970. 2694. 
I, v' C. Shaw: Canad. J.. Chem .. 19113. 31. 277. 

l"d ' . N. Vashlst. M. C. Nlgam. K. L. Handa. and G. N. Gupta. 
IG'an Oil Soap J .. 1963. 29. 411. 

8'7. 4~6 Nakatsuka and Y. Hirose. J. Japan Forestry Soc .• 19116. 
11 • 

21. C. H. Brieskorn and E. Wenger. Arch. Pharm .• 1960. 293. 

oil extracted from plants harvested in August. This 
material was isolated, was found by analysis and mass 
spectrometry to be of composition C10Hl&O, and was 
identified as verbenone (pin-2-en-4-one) (11) by direct 
comparison with authentic material. This ketone occurs 
in frankincense from Boswellia carte,ii i1 and in Spanish 
verbena oil,22 but it had not previously been isolated 
from Rosmarinus officinalis. Other workers have re
cently reported its presence in this plant.23 

[P4C]Geraniol was prepared by the Wittig method" 
from [P4C]bromoacetic acid and it was administered as 
an aqueous emulsion to shoots of the four plants listed 
in Table 2. Batches of shoots were harvested after 
6, 11, 24, and 48 h and were worked up separately for 
camphor, borneol, and bornyl acetate with addition of 
the appropriate radio-inactive enantiomers of each as 
carrier materials. The terpenoid oils were then frac
tionated by preparative g.l.c. and strict precautions were 

11 G. Kritchevsky and A. B. Anderson. J. Amer. Pharm . 
A ssoc .. 1961i. 44. 1i311. 

11 1. 1. Bardyshev and R. I. Livshitz. Zhur. priklad. Khim .• 
19112.25.1289. 

1. G. Pellini. Ann. Chim. Applicata. 1923. 18.97. 
10 D. V. Banthorpe and A. Wirz-Justice. J. Chem. Soc. (C). 

1969. 1i41. 
11 E. Guenther • • The Essential Oils,' Van Nostrand. New 

York. 1948. 
.. M. Kerschbaum. Ber .. 1900.33.8811. 
U .R. Granger. J. Passett. G. Arbousset. and J. P. Girard. 

Compt . rend .. 1970. 270D. 209. 
It C/. . A. R. Battersby. R. T. Brown. J. A. Knight. J. A. 

Martin. and A. O. Plunkctt. Chem . Comm .. 1966. 346. 
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taken to avoid radioactive cross contamination of one 
fraction by another. At this stage, the monoterpenes 
(8)-(10) were chemically pure as judged by analytical 
g.l.c. and they were all encouragingly radioactive. 
They were, however, far from radiochemically pure; 
comment will be made later on this important aspect. 
Each monoterpene was converted into a crystalline 
derivative, the oxime or semicarbazone for camphor and 
the phenylurethane for borneol which was isolated 
directly or had been obtained by hydrolysis of the 
acetate. Purification of these products caused a sharp 
fall in radioactivity in all cases. Thus, the specific 
activity of bornyl phenylurethane as first prepared from 
bornyl acetate isolated from Picea albertiana conica was 
6460 counts per 100 s mmol-1, which had fallen to zero 
after three recrystallisations. Similarly, camphor from 
Picea pungence glauca initially gave a semicarbazone of 
activity 5760 counts per 100 s mmol-1, which figure was 
reduced to 455 by recrystallisation. Only camphor and 
borneol from Salvia officinalis retained a satisfactory 
activity after rigorous purification of the crystalline 
derivatives (see Table 3), though the results for A rtemesia 
californica indicated that further work with this plant 
was justified. No major differences were observed in 
the incorporations of activity into the purified derivatives 
obtained from 6 or 48 h feeding periods with S. officinalis, 
so harvesting after 29 h was adopted for the large-scale 
work. 

(11) t OH 

I (12) 

1151 

1171 (161 1161 

Table 3 shows the results obtained by feeding 0·39 
mCi of [2-u C]geraniol to S. officinalis plants followed 
by isolation of the monoterpenes (g.l.c.) and conversion 
of these materials into crystalline derivatives. Com
parison of the apparent and true incorporation values 
again shows the dangers of reliance on g.l.c. purification 
for radio-tracer work in this field. Results similar to 
those in Table 3 have been obtained 26 with other mono-

to A. R. Battersby. R. Ramage. and D. A. Rowlands. in 
prepara tion . 

11 Cf.. R. S. Davidson . W . H . GOnther. B. Lythgoe. and 
M. Waddington-Feather. J. Chem. Soc .• 1964.4907. 

., A. R. Battersby and R. J . Parry. unpublished work. 
to N. C. Deno . J . J . Jaruzelzki. and A. Schriescheim. J. Amer. 

Che", . Soc .. 19611. 77. 3044; D. Bernstein. Annalen. 1967. 710. 
98 . 
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terpenes extensively purified by adsorption chromato
graphy and preparative t.l.c.; clearly, reliable incorpora
tion values and degradative work can only be based on 
crystalline derivatives purified to constant activity. 

TABLE 3 

Tracer experiments on S. officina lis and A. californica 

Apparent incorporation • True incorporation • 

Camphor 
('Yo) ( 'Yo ) 

Borneol Camphor 
1 x 10-3 

Borneol 
3 x lOos 

Precursor 
[PIC]

Geraniol' 
[2_uC]

Geraniol' 
[2_uC]

Geraniol· 

2·6 x lO-s 120 x lOos 0·6 x lO-s 3·3 X lOos 

4·7 X 10-1 3·6 X 10-1 • Virtually 
radio

inactive 

Radio
inactive 

• Determined on preparative g.l.c. fractions. • Determined 
on crystalline derivatives at constant specific activity. • Fe.d 
to S . officinalis. • Fed to A. californica . • From hydrolySIS 
of hornyl acetate. 

A similar experiment in which 0·39 mCi of [2-14C]
geraniol was fed to A. californica plants showed this 
species to be valueless for the current project (Table 3). 
Banthorpe and Baxendale 12 have found. however, that 
plants of this species will incorporate [2-14C]mevalonic 
acid [cJ. (1)] to form radioactive (+ )-camphor [0·002-
0·032% incorp. ; enantiomer of (10)] which was largelY 
labelled at C-6 (73-83% of total). 

The [2-14C]geraniol used was prepared as earlier 24 

from [2-14(]bromoacetic acid with the modification that 
the intermediate methyl geranate was reduced by lithium 
aluminium monoethoxyhydride.26 This yielded a purer 
product by appreciably lowering the amount of 
citronellol (3.7-dimethyloct-6-en-l-01) (12) formed 11 

when the reduction was carried out with lithium alumin
ium hydride. 

With radiochemically pure (-}-[14C]camphor (10) and 
(- )_[14C]borneol (8) available, it was necessary to 
develop an unambiguous method for the isolation from 
these terpenes of the carbon atom at position 2, the 
expected site of labelling. The following routes were 
studied. 

(a) via 2-Phenylborneol (13}.-This alcohol is ob
tained 28 possibly together with some of its C-2 epimer It 
when camphor reacts with phenylmagnesium bromide, 
and it was hoped to obtain benzoic acid from it bY 
oxidation.so Many experiments with permanganate 
under a wide range of alkaline conditions left compound 
(13) unchanged, and it could be recovered as such Of 
largely as 2-phenylcamphene 28 (15) if the reaction 
mixture was acidified during work-up. 

Since several ways for degradation of 2-phenylbornene 
(14) can be envisaged. dehydration of (13) to (14) ovef 
alumina and thermally in dimethyl sulphoxide 31 was 
studied. Both methods under the best conditionS 

It Cf. D. F. MacSweeney and R . Ramage. Tetrahedron . 1971. 
27. 1481. 

so A. R. Battersby. M. Hirst. D. J . McCaldin. R. South gate • 
and J. Staunton. J. Chem . Soc. (C) . 1968. 2163. d 

11 V. J. Traynelis. W . L. Hergenrother. H. T. Hanson. all 
J . A. Valicenti. J. Org. Chem .. 1964. 29. 123. 
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afforded a mixture of compounds (15) and (14) in pro
POrtions ca. 60: 40, respectively (by n.m.r.). Heating 
compound (13) in dimethylformamide gave mainly (14) 
but in low yield. 

(b) via a.-Campholenic Aldehyde (2,2,3-Trimethylcyclo
Pent-3-enylacetaldehyde) (16).-Photolysis of camphor is 
known 32 to yield the aldehyde (16) in yields >70%. 
However, treatment of the product (16) with phenyl
magnesium bromide did not yield the desired material. 

(c) via a.-Campholenic Nitrile (2,2,3-Trimethylcyclo
pent-3-enylacetonitrile) (20).-A satisfactory degradative 
route (Scheme 2) was developed from this nitrile,33 

1-\- Camphor (101 

~ 
drN

-
OH 

dJN - e:Jj0-Ph 
/(201 /(211 

~ + H02CPh 
Ci"CHCI2 

(191 (221 

SCHEME 2 Degradation of camphor 

Which is available by abnormal Beckmann rearrangement 
of camphor oxime (19) with hot phosphoric oxide 34 or, 
cohnveniently for small-scale work as here, with acetyl 
c l~ride . The nitrile was converted by phenylmag
neslum bromide into the ketone (21), which is fully 
~Ubstituted a. to the carbonyl group and carries two a.'
bYdrogen atoms. It was thus expected to be cleaved 
Y treatment with base and carbon tetrachloride just as 

camphor is converted 35 under these conditions into the 
aC~d (17). This expectation was realised and benzoic 
~~Id Was isolated; we have not attempted to characterise 

e other fragment, presumably (22). 
[2 i he radioactive (- )-camphor obtained by feeding 
s - 4C]geraniol to S . officinalis was taken through the 
ceq~ence in Scheme 2; the benzoic acid so obtained t rned (on a molar basis) 95% of the original activity. 
i ones oxidation of the (- )-borneol from the same feed
gng experiment afforded (- )-camphor, which was de
brade~ in the same way. The activity of the final 
i;nzolc acid corresponded in this case to S2% of that 
s~h.e camphor oxime which had been purified to constant 
av ~Ific activity. The amounts of camphor and borneol 
rn allable for degradation did not allow the counting of 
, ~ny replicate samples and so a • mean value' and a 
~ andard deviation from the mean ' cannot be quoted. 
ot~we~er. experience of the errors involved in counting 
val er l~w-Ievel' samples indicate that the foregoing 

.rs wIll probably hold within ±1O%. 
Pi hese experiments demonstrate that S. officinalis 
caants specifically incorporate [2-14C]geraniol into (-)

:Phor (10) and (- )-borneol (S) such that the tracer 
~tein~~IJrinivasan , J. A mer. Clum. Soc ., 1959, 81, 2604; J. 
ARost and R. A. Chapman. IbId .• 1968. 90. 3218 ; W. C. 

aa .; and D. K. Herron. ibid .• p. 7025. 
• ae ~i SNto and H. Obase. Tetrahedron Letters. 1967. 1633. 

l\aritn'll aZIr. Naeemuddin. 1. Ahmed. M. K. Bhatty. and 
U ah, Pakistan J. Sci. [nd. Res .. 1967. 10. 13. 
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is largely located at C-2 of both monoterpenes. This is 
in accord with Scheme 1. The way is now open for 
stereochemical studies of the biochemical ring-closure 
reactions leading to (10) and (8). 

The incorporation has also been reported of labelled 
geranyl pyrophosphate (4) into cineole (IS) without 
randomisation of the label in Rosmarinus officinalis 
plants 36 and into the monoterpenes of Tanacetum ,20 
Degradations to determine the site(s) of labelling in the 
latter cases should afford results of considerable interest. 
In contrast to the sparse information available so far 
about the biosynthesis of the monoterpenes considered 
here, there is extensive knowledge of the biochemical 
pathway leading to the cyclopentane 1l10noterpenes 37 

and especially to loganin (23). 

EXPERIMENTAL 

Most of the general chemical and radiochemical directions 
are given in ref. 38. In addition, i.r. spectra were recorded 
for liquid films unless otherwise stated; material on t .1.c. 
plates was detected by exposure to iodine vapour or by 
spraying with ethanolic phosphomolybdic acid followed by 
heating at 100°. 

Analytical g.l.c. was carried out on a Perkin-Elmer Fl1 
instrument with nitrogen as carrier gas and glass columns 
containing Carbowax 20M (5-10% w/w) on Chromosorb W 
(70-80 mesh) . Perkin-Elmer F21 and Pye 105 instruments 
were used for preparative work. the Carbowax 20M being 
increased to 20-30% w/w. 

Screening of Plants for Terpenes.-The plant material 
(30-80 g fresh wt.) was macerated for 2-3 min with 
methanol in a Waring blender; the suspension was filtered 
(Celite) and the filtrate was concentrated . Steam distilla
tion of the residual solution. extraction of the distillate with 
methylene chloride, and evaporation of the extract gave an 
oil which was analysed by g.l .c. (Table 1). 

Preparative Separation of Terpenes.-Plant material 
(100-300 g fresh wt.) was finely ground with liquid nitrogen 
and was then transferred frozen into a Soxhlet thimble and 
extracted with ether for 15 h . The extract, without con
centration, was steam distilled for 2·5 h and the collected 
ether was used to extract the aqueous phase. The latter 
was then extracted thrice with fresh ether. Evaporation 
of the combined. dried ethereal solution through a column 
(6 X i in, beads or helices) left an oil which was fractionated 
by preparative g .l.c. (Table 2) . 

The oil thus obtained from Rosmarinus officinalis har
vested in August gave as the main component. verbenone 
(pin-2-en-4-one) (Il) , vnlt\x. 1680 and 1610 cm-I; m/~ 150 
(M +); 't' 9·0 (3H. s), 8' 5 (3H. s), 8,0 (3H, d). and 4'3 (\H, m). 
identical (g.l.c ., i.r. and n.m .r . spectra) with authentic 
material. 

Reduction of Methyl [2- u C]Geranate.- A solution of an
hydrous ethanol (0·045 ml) in ether (5 ml) was added drop
wise to a stirred suspension of lithium aluminium hydride 
(0'5 g) in ether (25 ml). After effervescence ceased. part of 
this solution (0'5 ml) at 5° was added to a stirred solution of 
methyl [2-u C]geranate u (H)5 mCi; 109 mg) in ether 

3. C. Y. Meyers. A. M. "[alte. and \V. S. :\[athews. j. Amtr. 
Chem. Soc .. 1969. 91. 7510. 

se B. Achilladelis and J . R. Hanson. Phylochem .. 1968.7. 1317. 
37 Reviewed by A. R. Battersby. Chcl1I. Soc. Spt'Ciaiist Periodi

cal Reports. The A lkaloids. 1971.1.31, and references therein . 
38 P. G. Strange, j. Staunton. H. H. Wiltshire. A. R. Battersby, 

K. R. Hanson, and E. A. Huvir, j .C.S. Pcrkill I. 1972. 2364. 
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(10 ml) at 6°. Further portions of the reducing agent 
(0'6 ml) were added hourly. and after 4 h the mixture was 
cooled to -60° and treated successively with ca. 0·3 m1 
each of methyl acetate. water. and finally saturated aqueous 
ammonium chloride. The mixture was warmed to 20°. 
diluted with water (50 ml). and extracted with ether; the 
combined extracts were washed with saturated brine. dried. 
and evaporated to yield [2-u C)geraniol (0'78 mCi). G.l .c. 
showed 90% of geraniol with less than 4 and 6%. respec
tively. of citronellol and nero!. 

Administration of Labelled Precursors.-The foregoing 
product (0·39 mCi) was dispersed in 1 % aqueous Tween 80 
solution (20 ml) containing adenosine triphosphate a. (ATP) 
(0'1 mg ml-l) and the clear solution was divided equally 
among 40 glass test tubes (1·2 X 0·75 cm). A vigorous 
shoot (ca. 3 in long) was cut in June from a specimen of 
Salvis officinalis. the cut end was immediately immersed in 
distilled water and. after 1 min, the lower 0·5 cm of the shoot 
was cut off and rejected . The cut end of the shoot was then 
transferred rapidly into the solution in the feeding tube. 
When the shoot had absorbed almost all of the solution, the 
remainder was ' washed in ' with aqueous ATP (0·1 mg ml-l ; 
2 X 0·1 ml) and the shoot was then transferred to aqueous 
ATP (10 ml) until harvested 29 h later; 100 shoots were 
treated in this way. The feeding tubes finally contained 
8% of the original He activity. 

The extraction of (- )-camphor and (- )-borneol from 
the shoots was carried out as under' Preparative Separation 
of Terpenes' save that radio-inactive (- )-camphor (155 
mg) and (-)-borneol (153 mg) were added with the ground 
plant material to the Soxhlet thimble; yields of fractions 
from preparative g.l.c . : (- )-camphor 43 mg, (- )-borneol 
130 mg. 

Part of the borneol (27 mg) in light petroleum (b .p. 100-
120°) was treated at 20° with phenyl isocyanate (0'16 g). 
The flask was sealed and kept at 20° for 8 h, then at 0° for 
48 h, and finally the suspension was heated to 80-90°. 
Filtration removed the insoluble diphenylurea and the 
bornyl phenylurethane crystallised from the filtrate; it 
was recrysta,lIised from light petroleum to constant specific 
activity (Table 3); m.p . 136° (Found for radio-inactive 
material: C, 74'9; H, 8·2; N, 5' 1. Calc. for C17HUNO,: 
C,74'7; H,8'5; N,5·1%). 

Half of the (- )-[14C)camphor (21'0 mg) was mixed in 
ethanol (4 ml) with radio-inactive (-)-camphor (180 mg), 
and hydroxylamine hydrochloride (0·2 g) and pyridine ('0·3 
ml) were added. After the solution had been heated under 
reflux for 3 h, g.l.c. showed that ca. 1 % of the original 
camphor remained . The residue from evaporation of the 
ethanol was washed with water (2 X 2 ml) and dried, and 
the oxime was dissolved in ether (filtration removed traces 
of hydroxylamine hydrochloride) . Evaporation of the 
filtrate and recrystallisation of the residue to constant 
specific activity (Table 3) from aqueous ethanol gave (-)
camphor oxime, m.p . 118- 120° (Found for radio-inactive 
material : C, 71·6; H, 10·1; N, 8·3. Calc. for C1oH 17NO: 
C, 71·8; H, 10·2; N, 8·4%). 

The various exploratory tracer experiments on other 
plants (see main text) were carried out in a similar way. 
For Artemesia californica, 123 shoots were used (20- 30 cm 
long; fresh wt . 98 g) and [2-u C)geraniol (0·39 mCi) was 
administered to them in July as before. The terpenes were 
i50lated after 45 h as for S . officinalis but with the addition 

3t D. V. Banthorpe and le W. Turnl>ull, Chem. Comm., 1966, 
177. 
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of radio-inactive (+ )-camphor (274 mg) and (+ )-bornyl 
acetate (216 mg) as carriers to yield (+ )-camphor (423 O1g) 
and (+ )-bornyl acetate (145 mg) by preparative g.l.c, The 
oxime of the former was virtually radio-inactive after three 
recrystallisations (400 counts per 100 s mmol-1). 

All the foregoing (+ )-bomyl acetate, diluted with in
active (+ )-bornyl acetate (239 mg), was dissolved in light 
petroleum (5 ml) and stirred vigorously with aqueouS K

sodium hydroxide for 4 h; complete hydrolysis to (+)
borneol occurred (g.1.c.). The borneol (270 mg) was oxidised 
as described later to (+ )-camphor, which was purified by 
preparative g.!.c. (yield 92 mg) and then converted as earlier 
into (+ )-camphor oxime. Recrystallisation thrice frolll 
aqueous ethanol gave radio-inactive oxime. 

The inactive (+ )-bornyl acetate used was prepared by 
reduction of (+ )-camphor with lithium aluminium hydride
aluminium chloride, co chromatography of the products,~l 
and acetylation of the (+ )-borneol so obtained with acetiC 
anhydride and pyridine. The product was purified by 
preparative g.!.c. 

Dehydration of 2-Phenylborneol u (13).-(a) On alum-ina. 
The alcohol (0'2 g) was transferred in benzene to a column 
of Woelm neutral alumina (activity I), and after 30 O1in the 
column was eluted with benzene to give a mixture (ca . 
40 : 60) of 2-phenylbornene (14) and 2-phenylcamphene (15) 
(t.!.c. and n .m .r . analysis). 

(b) In hot dimethyl sulphoxide. A solution of 2-phenyl
borneol (0·2 g) in dimethyl sulphoxide (0·6 g) was heated at 
160-180° for 18 h, then cooled, diluted with water (20011), 
and extracted with light petroleum (b .p. 40-60°). The 
extracted material was almost identical with the mixture 
from methanol (a). 

(c) In hot dimethylformamide . Part of the alcohol (0·2 g) 
was unchanged after being heated at 130-140° in dimethyl
formamide (1 ml) for 96 h; the hydrocarbon fraction con
tained mainly the olefin (14), but (15) was also present 
(t.J.c .) . 

Degradation of ( - )-Camphor.-(a) Rearrangement. 
Acetyl chloride (8 ml) was added at 0° during 10 min to 
(- )-camphor oxime (6'4 g), and the mixture was stirred as 
it warmed to room temperature. The temperature of the 
mixture then rose spontaneously to 80°; when it had faJlefl 
again the product was poured into ice-water (100 g) a~d 
extracted with benzene . The extracts were washed WIth 
saturated sodium hydrogen carbonate solution, then with 
saturated brine, dried, and evaporated . Chromatogra~hY 
of the residue in n-pentane on Woelm neutral alu01If1.a 
(activity I; 45 g) gave a-campholenic nitrile (2,2,3-tn-
methylcyclopent-3-enylacetonitrile) (3,85 g), hOmogeneo~S 
by g.!.c.; vmar. 2240 and 1650 cm-I; 't' 9·2 (3H, s), 8·98 (3 ' 
s), 8·42 (3H, d), 7·78 (ca. 4H, m), and 4·78 (IH, m) (cf. ref. 
33). 

The conditions were modified for (- )-[14C]camphor oxime 
(160 mg; 4·8 x 1()3 disint. per 100 s mmol-I) because of the 
smaIJ scale. After addition of acetyl chloride (0·21 mJ) 
at 20°, the mixture was heated at 35° for 10 min and w~s 
then worked up as before to give radioactive a_campholenlc 
nitrile in n-pentane. This solution was concentrated readY 
for direct reaction with phenylmagnesium bromide. 

(b) 2,2,3-Trimethylcyclopent-3-enylmethyl phenyl keWIJ 

(21). a-Campholenic nitrile (2'3 g) in ether (25 011) waS 
added during 15 min to a boiling solution of pheny101ag: 
nesium bromide [from magnesium (0'6 g) and bromobentenC 

•• E. L. Eliel and D. Nasipuri, ]. Org. Chem., 1965, 80, 3809. 
Cl B. Gastambide, Ann. Chim. (France) , 1954,9,257. 
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(, g)) in ether (31S ml). The mixture was heated under reflux 
for "IS h, cooled to ISo, and treated in portions with aqueous 
ammonium chloride (2 g in 6 ml). After the ether had been 
evaporated, the mixture was stirred at ISO-60° for 1 h, 
then at 20° for 16 h, and finally was extracted with ether. 
The oil recovered from the ether was fractionated on alumina, 
1i~st in n-pentane and then with 1 : 1 n-pentane-ether to 
gIVe 2,2,3-trimethylcyclopent-3-enylmethyl phenyl ketone (1·98 
g) . Final purification was achieved by preparative g.l.c. 
[6 X 1 in column of Carbowax 20M (20% wjw) on Chromo
sorb p (60-80 mesh); T 210°]; mje 228 (M+), 108, 105, 
93, and 77 m* 80 (108 -- 93)' v 1685 cm-I. or 9·17 
( 

, ----......-' maL ' 
3H, s), 9,0 (3H, s), 8·4 (3H, d), 7·7 and 7·1 (ca. 5H, centres 

of m). 4,78 (lH, m), and 2,55 and 2·1 (5H, centres of m, 
arOmatics) . 

The foregoing ketone was converted into its oxime 
eSSentially as for the preparation of camphor oxime; 
~'P. 117-118° (from ethanol) (Found: C, 79,1; H, 8,7; 

,5'6. ClIH u NO requires C, 79·0; H, 8,7; N,5·8%) . 
Reaction in the laC-series was carried out similarly by 

adding the nitrile in n-pentane plus ether (1,5 ml) to phenyl-
mbeagneSium bromide [from magnesium (37,5 mg) and bromo

nzene (0.26 g)]. 
~C) Cleavage of the ketone (21). A solution of all the fore

g~lng P'C]ketone in t-butyl alcohol (0·5 ml), carbon tetra
~oloride (1 ml), and water (0·1 ml) was stirred vigorously at 

as powdered potassium hydroxide (0·8 g) was added in 
~ne portion, and stirring was continued for 5 min at 5°. 
~e mixture was then placed in a preheated oil-bath at 52°, 

Stirred for 30 min, cooled, and extracted four times with 
~ther.' The aqueous phase was acidified at 0° with 6N
ldrochloric acid and extracted four times with ether. 

iter the combined extracts had been washed with satu
rated brine, they were dried and evaporated. Extraction 

j.c.s. Perkin I 

of the residue with hot water gave benzoic acid, which was 
recrystallised from water to constant specific activity of 
4·6 X IOS disint . per 100 s mmol-1 . 

Degradation of (- )-Borneol.-The remaining (- )-[1&C]
borneol (103 mg) was diluted (to 250 mg) and then was dis
solved in glacial acetic acid (0,19 ml). To this stirred 
solution was added, during 8 h, a solution of chromium 
trioxide (0,45 g) in water (0·26 ml) and glacial acetic acid 
(0,45 ml) . After being stirred for a further 36 h, the mixture 
was diluted with water (4 ml) and extracted with ether, and 
the combined extracts were washed with water and saturated 
aqueous sodium hydrogen carbonate. Most of the ether 
was removed at low temperature and the residue was frac
tionated by preparative g .l.c. to give (- )-camphor (70 mg; 
28%) . Trial runs on inactive material gave >60% yields 
of camphor before g.l ,c.; the subsequent loss is due to in
complete trapping from the gas stream. 

The (- )-[1&C]camphor was converted as earlier into its 
oxime and diluted with inactive (- )-camphor oxime (124 
mg) before recrystallisation from aqueous ethanol to 
constarlt specific activity of 3·4 X 103 disint. per 100 s 
mmol-1 . This was converted by way of the nitrile (20) 
into the ketone (21), which was cleaved as before to yield 
benzoic acid; after four crystallisations this reached 
constant activity of 2,8 X lOS disint. per 100 s mmol-1 • 

We thank Messrs. Bush, Boake, AlIen Ltd. for gifts 
of monoterpenes and the S.R.C. for financial support. We 
also thank Dr. D. V. Banthorpe (University College, London) 
for exchange of information and Mr. J. K. Hulme (Ness 
Botanic Garden) and Mr. J. Simons (University Botanic 
Garden, Cambridge) for provision of plant materials. 
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Stereospecific Sy~thesis of (- )-m-Acorenol and (+ )-~-Acorenol 

By IAN G. GUEST, CLIFFORD R . HUGHES, ROBERT RAMAGE,· and ABDUL SATTAR 

(The Robert Robinson Laboratories, University of Liverpool, Liverpool L69 3BX) 

Summary Acetals (9) and (10) were synthesised from (+)
(3R)-methylcyclohexanone and the utility of these inter
mediates in sesquiterpene synthesis is illustrated by their 
conversion into IX-acorenol (1) and f3-acorenol (3). 

SESQUITERPENES having spiro[5,4,O]decane structures have 
been invoked l as intermediates in the biosynthesis of the 
cedrane and tricyclovetivane classes of sesquiterpenes. In 
order to test these proposals in vivo and in vitro it was 
decided to develop a stereospecific route to IX-acorenol (1)1 
and f3-acorenoI3 (3) which was capable of extension into the 
enantiomeric series. The acid-catalysed transformation of 
IX-acorenol (1) into (- )-IX-cedrene (2) has already been 
accomplished l ,& and proves the stereochemistry of the 
former. 

ffi" &~ ~ 
M~ 

Me 

, ' .. :;"" ~e I Me 
i ...-: Me 

I Me 
(1\ 

Me 
121 (3) 

( + )-(3R)-Methylcyclohexanone was protected at C-6 by 
formylationt and subsequent formation of the N-methyl
anilino-derivative (4), m.p. 33°; [IX]» _80° (c 2·0, CHCI.); 
Amu (EtOH) 247 nm (t: 2],800). Cyanoethylation using 
Triton B in ButOH followed by basic hydrolysis then 
esterification gave the keto-diester (5), [IX]» - 22° (c 2'0, 
CHCl.) in 22% yield from (+ )-(3R)-methylcyclohexanone. 
Dieckmann cyclisation of (5) using sodium sand in refiuxing 
benzene gave the f3-keto-ester (6) , Amax (EtOH) 255 nm 
(t: 5200), Amu (EtOH-OH- ) 285 nm (t: 8800), which was 

demethoxycarbonylated by LiI,HaO in refiuxing dimetbyJ' 
formamide to the diketone (7), [IX]D - 25° (c 2·0, ClICl

t
' 

A selective Wittig reaction using molar equivalents of (J) 
and PhaP= CH. in ButOH afforded the ketone (8), [~/) 
_22° (c 2·0, CH CIa) in 55% yield from (5). Reaction of ( 
with ethylene glycol in refiuxing benzene using toluene-Ss 
sulphonic acid as catalyst gave a mixture (3: 2) of acet e 
in 97% yield. Chromatography on AgNO.-alumina gllj . 
the major component (9), [IX]D -48·6° (c 2·5, ClICI ; 
[~t:]1l0 (MeOH) -1·63; 8 (CCl,) 0·99 (::;CH·CH. d, ] 7}J1 
and (10), m .p . 49-50°; [IX]D -13·5° (c 2·0, CHCl.); [A~'l~ 
(MeOH) + 1·00; 8 (CCl,) 0'95 (::;CH ·CH., d, ] 7 p~ e 
Consideration of both the c.d. and n.m.r. data for tJ1 
diastereoisomers (9) and (10) suggested the assignment gi~1 
The stereochemistry at the spiro-centre was subsequen d 
verified by transformation of (9) into IX-acorenol (1) Illl 
(- )-IX-cedrene (2). 

P.h 

$' 
I 
I 

Me 

14\ (51 

~ 1 
R ~I 

(6\ R': OJ R2: cOt 

17) R':O.Rl:H 
(8) R':CH2.R2:~ 

'd iP 
Deacetalisation of (9) with toluene-p-sulphonic aCl O.~ 

refiuxing acetone gave the parent ketone (11),8 (CCI,) cJiI 
(=CH·CH., d, ] 9 Hz) without migration of the endoCY 

rf 
t The regiospecificity of formylation was checked by oxidation to (+)-p-methyladipic acid, m.p. 85°; [at]D +9'4°. All new cO 

pounds gave satisfactory elemental analyses and spectral data. 
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~~uble ~nd which would effectively destroy the chirality 
Pe the spI.ro-centre. Oximation of (11) with trityl-lithium
k ntyl nitrite in dimethoxyethane gave the ot-oximino
C~one (12) (65% ), m .p . 127- 128°, [IX]D -102° (c 2·5, 
292Cla); '\max (E tOH) 235 nm (e 8960), '\max (EtOH- OH-) 
g' nm (e 13,890) which was treated with chloramine to 
'Awe the ot-diazo-ketone (13), Vmax 2100 and 1630 cm-1; 
k~lX (EtOH) 295 nm. P hotolysis: of the crude ot-diazo
lu

C 
one (13) in a solution of NaHCOs in aqueous tetrahydro

a;an fOlIowed by esterification of the acidic product 
O' 8~rded the ester (14), [ot]D -104° (c 4·5, CHCIs); D (CCl,) 
It (:::CH'CHs, d, ] 7 Hz) and 3·48 (OMe, s) , in 55% yield 
"" °lll (12). Attempted epimerisation of (14) with KOBu t 

C~ unsUccessful ami indicates a trans-relationship of the 
Cy ~ethYl group a nd the methoxycarbonyl function in the a; opentane unit. This stereochemica l assignment is in 
illd eement with the earlier studies by Corey' and Lawton,6 
tac eed, the latter synthesised (14) and (18) as a mixture of 
acaernates. Treatment of (14) with MeLi produced (- )-ot
SYn~eno~ (I) , [ot]D - 16·5° (e 1·6, CHCIs) in 95% yield. The 
Sea ~ebc and natura l ma teria l were identical spect ro
.... 3~I.C~ny but the optical rotation differed (lit.,2 [ot]D 
Confi 1). The integrity of the synthetic m ateria l was 
[~l titled by formic acid cydisation to (- )-ot-cedrene, 
rh- 86° (e 1'2, CHCIs) (lit ., [IX]D -!W) in 96% yield . 

PtOd e above synthetic route, s ta rting from acetal (10), 
Corn uCed the intermedia t es (15), (16), (17), and (18) . 
O'8larison of the n .m .r. data of (14) and (18) [D (CCl,) 
&teat ()C~.CH3 d, ] 7 Hz) and 3·57 (OMe, s)] indicates 
ill (I er shielding of the O-methyl group by the clou ble bond 
Stet 4) thus corroborating the earlier assignment of the 
~el?chemistry at the spiro-centre . Reaction of (18) with 

I gave (+ )-,B-acorenol (3), [ot]D+ 2'7° (c 1'7, CBCla), (lit.,3 

t 41S0 W low-pressure Hanovia lamp (water cooled, quartz filter). 
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[IX]D ± 0°) identical spectroscopicaUy with the natura l 
product. Formic acid treatment of (+ )-,B-acorenol (3) gave 
a complex mixture of hydrocarbons which con ta ined < 5% 
IX-cedrene (2) . 

0) R 

<:GM' t=t)'M' . 
\DM' Me I Me 

Me Me 111,) 
(9) (11) R=H2 

(12) R = NOH 

ckS 
1t3) R = N2 

b6'M' R 

(DM' ; /.: Me 
Me h Me 

Me (18) 
(10) Me 

(15) R = H2 
(16) R = NOH 
(17) R: N2 
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~~act-The IH NMR spectra of 2-exo-hydroxymethyl-3-endo
been ylnorbornene and the corresponding 2-endo-3-exo isomer have 
enablc~mpletely assigned with the aid of lanthanide reagents. This 
ll1eth e

l 
a full analysis of the unusual spectrum of 2-exo-hydroxy

prop~ -3-endo-methylnorbornene to be undertaken , confirming the 
endo_ sed structure. The ~Eu values for 2-exo-hydroxymethyl-3-
Used ~ethYlnorbornene and the 2-endo-3-exo-isomer have been 
Pseud 0 test the effect of rotatiollal averaging on the calculated 
ll1odetcontact shifts. Good agreement is obtained for a dynamic 
OXy e In which the Eu atom exchanges between two sites on the 
riu~ ~ atom of the OH bond, and in which the rotational equilib-

Out the CH- CH.OH bond is explicitly considered. 

'l'lill 
dien SYNTHESIS and properties of 2, 3 dimethylnorborna-
jecte~ (5) are of considerable current interest. A pro
cYcl synthesis of this elusive compound was from 
Ald~pentadiene and crotonaldehyde involving the Diels 
dien r rea~tion of trans-crotonaldehyde and cyclopenta
!'lane to give a mixture of aldehydes 1 and 2 which , with 
alcOh~i' afforded the primary alcohols 3 and 4. Whilst 
Co III 4 gave the expected IH spectrum, that of the 
tec/O~nd We thought to be 3 was not immediately 
nOt gnlsable. In particular, the spectrum (Fig. I) did 
first P?Ssess the expected C-3 methyl doublet, but at 
cOnfi SIght merely a single peak at 0 I-I. In order to 
fUll arm the identity of this and the related alcohol 4 a 
cOIll ~alysis of the spectrum was undertaken, and also a 
ShiftP ete structural study of both 3 and 4 using lanthanide 

lh reagents. 
equat~ general validity of the McConneIl-Robertson 
satur~~nl for pseudo contact shifts of all IH nuclei in 
CJk~d alcohols, except the OH and possibly the 
11)08t 1-1 protons, is now well accepted. 2 •3 However, 
by thprevlOus determinations of molecular geometry 

IS method have assumed a rigid shift reagent-

~ lit • 
~~t~<len <It 

In ~o~n Limited. 
ern Ireland . 

(2) 

(l) 

CHO 

CHs 

(4) 
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substrate complex without consideration of possible 
rotational isomerism both in the substrate and in the 
complex, though the necessity of averaging the equation 
over all populated rotamers has been stressed4 and 
recently some attempts have been made to include this 
averaging. 5•6 Compounds 3 and 4 provide ideal examples 
for testing this procedure in that the rigid bicyclo [2.2.1]
heptyl skeleton is attached to the conformationally 
mobile CH20H group. 

We shall show that when rotational averaging is 
included, the lanthanide induced shift (US) study gives 
both structural and configurational information on 3 
and 4. 

RESULTS AND DISCUSSION 

The identification of aldehydes 1 and 2, and thus of 
alcohols 3 and 4, was based on their NMR spectra 
and in particular on the well known shielding of the endo 
substituents (Ca-Me in 2 and C2-CHO in 1) compared 
to the analogous exo substituents (Ca-Me in 1 and 
C2-CHO in 2).7- 0 

Compound 3 

The 1 H spectrum of 3 was assigned partly on the basis 
of the chemical shifts and coupling constants and com
pleted (Table I) by the US using Eu(dpm)3' The plots 
of shift reagent-substrate molar ratio vs induced shift 
were strictly linear except for the hydrogen atoms 
adjacent to the co-ordination site at low Eu(dpm)3 
concentrations. lO The Eu shifted spectra were first 
order for 0·2 mol Eu(dpm)3 per mol of 3 and enabled a 
complete assignment to be made with the aid of 

C9 \ 
I 
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I I I I I I I 

FIG. 1. The observed (lower) and calculated (C,- H, Ca- H, C.-CHI> C,- Me, upper) 100 MHz 'H spectrum of 2-endo
hydroxymethyl-3-exo-methylnorbornene (3) in CCI, solution . 

l'~aL£ 1 1 
. H CHEMICAL SHIFTS «(1)& AND COUPLINGS (Hz) IN BlCYCLO-

"--- [2.2.1 )HEPT-5-ENES 

'--- (1) (2) (3) (4) 
C, .... ;----______ ______ _ 

C ..... li 6·03 5·90 

6·10 
2·30 
2·79 
1·63 

6·13 
5 ·95 )6'16 

2·98 
2·71 

C' .... li 6·24 
C ..... h ) C q 3'11 

I Cl'exo H 
Cl .... elldo H 
C1'exo H 
c''elldo H 
Cl .to Me 
(--elldo Me 
,,' .... ex 
'1-..e 0 CH.- OH 
' Of.{ lido CH,- OH 
C" li 
CI'e 

1'21 

1'52 Cl ...... . to CHO 

~O 9'~ 

2·38 

0·95 

9 ·82 

0 ·91 

1·08 

3'32,3'14 
3·39 
1'44 

)2'58 

1·01 
1·52 

0 ·84 
3·50 

3·04 
1·38 

t~ Il1POUnd 
t 1')6'9. }3); ' .I(CH,) - 10'3; "J(CH-CH,) 6 '5, 9 '0 ; "J(CH-
COll1pou' 2. 4'4; J,., 2'6; J ... 2'2; J.o 5·6 Hz. 
!ia) 7 '0~d (4); 'J(CH.) - 10'8; "J(CH- CH,) 6'2,8·8; 'J(CH-
, ' J I8 2'7' J ., 8 J 56 J 84 l'MS . ' <l6 - ' , oil • , 7 117 s •• 

d as Internal standard. 
eCO ll • 

th Phng e . I' ere Wa xperrments . It was a so established that 
Of Shift s no significant change in couplings with addition 
Il)ent :.~~gent and the couplings obtained were in agree
~PParen~ . the known values in this skeleton. 1l The 
6n the Eusln~le peak of the Ca-Me became transformed 
'9 IiZ) d-shlfted spectra to a first order doublet (1 = 

( 'With ' thue to deshielding of the Ca-H. 
&obtained e values of the couplings and chemical shifts 
:Stell) a f by extrapolation) of this closely coupled AB!! 
c as Pet" ull computer analysis could be initiated . This 
on ' 'ormed ' fi . SIStin In two stages. The ve Spin system 

g of C 2-H, C 3-H and C 3- Me was first 

analysed (using LAOCN 3)12 and then the four spin 
system C 2-H, C3-H and C2- CH 2• The combination 
of these two calculations is shown in Fig. I and com
parison with the observed spectrum confirms the original 
assumptions made. A small long range coupling of the 
Cs- H possibly with the C7-syn proton13 •14 could explain 
the observed extra broadening of this multiplet. 

Some time ago Anet considered the effect of additional 
couplings in the CH-CH3 system and stressed that this 
can produce a distorted methyl pattern. IS This is an 
additional example in which a closely coupled ABa 
system with the A nucleus to high field of the methyl 
group considerably distorts the normal first order doublet. 

The ~Eu values for all the protons in 3, defined as the 
induced downfield shift for a reagent-substrate molar 
ratio of unity'S (Table 2), may now be used to provide 
detailed conformational information. We assume, as 
usual,2.a the colinearity of the O- Eu bond w.it.h the 
principal axis of t he complex and define the POSition of 
the Eu atom in terms of r, the 02o- Eu24 distance; 0, 
the C1u- 02o- Eu24 angle and cp the C8-CI9-020-Eu~ '1 
dihedral angle using the notation of the computer study 
shown below. 

H", 

H"C" 

H,. 
H 

H·,-C 
/' \. 

H,. \ 
0 20 

" .......... 
(d ) E

' H.. (3) 
pm a U •• 
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TABLE 2. OBSERVED ~Eu VALUES FOR (3) AND (4) 

Nomenclature 
Computer 
notation IUPAC 

10 C,-lInti H 
11 C,-syn H 
12 C .-H 
13 C ,,-H 
14 C,-H 
15 C,-H 
16 Cs-H 
17 C ,-Me 
18 C.-H 
2 1/22 C.-CH. 
23 OH 

Observed ~Eu 
(3) (4) 

5-60 9·30 
3·75 5-40 
4·55 3·00 
5·35 7·15 

13 ·35 14·95 
1'55 4·60 
9·70 (el/do) 13 '55 (exo) 
5·10 (exo) 6-40 (el/do) 

15 ·60 (exo) 19·80 (el/do) 
24·50 (el/do) 30·65 (exo) 
59·90 

The possible rotamers of tbe complex must now be 
considered. Rotation about the Cs- Ca bond can be 
deduced from the 3J(HH) coupling!> in the CH- CH2 
fragment of 6·5 and 9·0 Hz (Table I). The couplings in 
the C 1- C2 fragment of cyclohexanol in the fro zen out 
conformations 17 provide reasonable analogies for the 
couplings in the poss ible rota mers 3A, 3B and 3C and, 
using these values combined with the observed couplings, 
the percentages of these rota mers may be estimated. 
The percentage of 3B is essentially zero: the other two 
rota mers contribute 33 % and 67 %. respectively. al
though due to the ambiguity in the assignments of the 
two methylene protons this rat io can be reversed. 

H ' 3 

H, s / 

Hu~02o 

c~/f"c. 

(3A) 

(3C) 

Rotation of the OH function about the C
JO

- 0
20 

bond 
must a lso be considered . A key observation here is that 
although the methylene protons show sepa rate signals, 
there was no differential shift of the signals on addition 

60 

50 Observed ~ Eu 

40 

30 

... 
20 

10 

of Eu(dpm)3' Thus, the Eu atom may be considered to 
be 'effectively' in the plane bisecting these two proton.s, 
This gives rise to two possibilities; a static model I.n 
which the Eu atom is fixed in this plane (6) or a dynamIC 
model in which it equilibrates between two positions ?t1 
either side of the plane (7,8). 'The first model in prac~I~: : 
restricts the Eu atom to cp = 180° as the other po~slb d 
alternative of cp = 0° is untenable, giving an echP~ I 
C- C- O-Eu conformation. The dynamic mo e 
considers the Eu atom as equilibrating between the tW~ 
rotamers shown, i.e. with cp equal ± 120° and wit? eqlla

o 
popula tions of the two. (This is essential to achIeve n 
shift separation of H2I and H22') 

Eu 

C. C. 

(6) (7) 

E~" . .. ~ ···2, H···· H22 

H,:! 

C. 

(8) 

d fof 
The factor (3 cos2 (I> i - 1)/1':1 was then compute ye 

all the protons in the molecule and for each of the ab~~e I 
rotamers, duly weighted, giving thus the average. va of I I 

for each proton in 3 for the pa rticular configurattO~~es 
the E u atom . Correlation of the observed ~Eu V\est 
(Table 2) with the appropriate factor gave the c/ 
values for the Eu- O distance I' of 3·2 A and the del 
O- Eu a ngle 0 of 130°. Furthermore, the static mO

the 
was found to give much poorer agreement than bct. 
dynamic model and will not be considered fllr\wo 
The dynamic model involves averaging both thd aod 
equally populated rotamers about the C-O bon. the 0 
the rotamers 3A and 3C about the CS--C ID bond In ti 
ratio of 2: I either way. JlOt 

Agreement was obtained with 3A: 3C of 2: I. ant tIed 
vice versa. The observed ~Eu values are shown P °l~e' 
against the calculated averaged (3 cos2 <I>, _ 1)/1'3 va 
in Fig. 2. 

° 21/22 

O~~~ __ ~ __ ~ __ ~ __ ~~ __ ~ __ ~~~~~~--~--
0.02 0.04 0.06 0 .08 0.1 0.12 0.14 0.16 0 .18 0.2 

FIG. 2. Observed t.Eu values vs (3 cos' <I>, - 1){,." for compound 3. 



The 1 H NM R spectra of some norbornene derivatives, a LlS study 661 

Compound 4 

An exactly analogous procedure was adopted for 
£ornp?und 4. Again, extensive decoupling studies on the 
U shIfted spectrum allowed the determination of all the 

~O~~ling constants and confirmed the assignment of the 
rlglOal spectrum. 

\' Tn the calculation of the ~Eu values, we used the same 
3 alues of the r, 0 parameters to define the Eu atom as for 

I and likewise compared the fit with the different models 
and rotamers. 
\' ~gain the static model gave a poorer fit to the observed 
~ Ues and was discarded in favour of the dynamic 
'W Ode\. The rotamer situation about the CS-CID bond 
o~s ~ssentially as for 3, but in this case the best fit was 
Ih lalned for rotamers 4A and 4C in the ratio of I : 2, 
Ih e reVerse of that for 3. The final agreement between 
(3e Observed ~Eu values and the calculated averaged 

Cos2 <l> ; - 1)/r3 values is shown in Fig. 3. 

DlscussrON 

(I}he agreement of the observed and calculated results 
Iis~gs. 2 and 3) compares favourably with simi lar pub
deft e~ studies on large molecules,2 and serves to provide 
SIr nlte and unequivocal evidence for the assignment of 
IheU~ture to compounds 3 and 4. It also demonstrates 
Sh'flrnportance of a full rotational averaging in such Eu 
fo; t studies . Molecular models provide further support 
are the preferred conformations 3A and 4C, in that these 
11101 the least sterically crowded conformations for both 

l ecules as would be expected . 
\ViI~~erestingly, in a very recent paper Chadwick and ,I addi~~rns18 found that the IH sh ifts produced by the 

I 0nl IOn of Pr(dpm):1 to 4-t-butylcyclohexanone could 
, bra{ be explained by a model in which the Pr atom equili
I Strik~d on either side of the carbonyl oxygen, in very 

. I thei 109 agreement with the present results. Although 
~ I bel~ res~lts can also be interpreted as due to averaging 

O ...... een I.dentical nuclei in this symmetric molecule, the 
Orbit ~ Interaction . involving the non bonding 2pu 

Oua of the carbonyl oxygen appears reasonable. 
nrrn tt fi~dings with the alcohol substrates 3 and 4 con
Of th he Importance of the stereoelectronic requirements 

It I liOn. e nonbonding orbitals involved in complex forma-

d 

60 

50 Observed A Eu 

.40 

30 . 21/22 

EXPERIMENTAL 

Instrumentation, materials and methods 

IR spectra were recorded as liquid films with a Unicam sr-200 
spectrometer. NMR spectra were obtained on a Varian HA-lOO 
spectrometer in dilute CC!. solutions. Analytical GLC was carried 
out with a rerkin-Elmer F-II, using the columns specified. Pre
parative GLC separations were obtained using a modified Pye 105 
instrument. Mass spectra were measured on AEI MS-902 or MS-12. 
Accurate mass listings and elemental compositions were obtained 
with a MS-902/Argus 500 system. 

2-Formyl-3-methylbicyclo[2.2.l]hept-5 el/e (1,2) 
Freshly distilled crotonaldehyde (\38 g, J ·98 M) and pure 

cyclopentadiene monomer (120 g, J'44 M) obtained by thermally 
cracking dicyclopentadiene, were heated, together with a trace of 
quinol, in an autoclave at 100 °C for J 6 h. Excess 'crotonaldehyde 
was removed by fractional distillation under reduced pressure and 
under nitrogen, when the residue was chromatographed over Grace 
silica 200 to 300 mesh (2000 g). Elution with distilled light pet
roleum (b.p. 40 to 60 0C) gave recombined cyclopentadiene dimer; 
further elution. with diethyl ether, afforded the crude mixture of 
isomeric norbornene aldehydes. which was distilled under nitrogen 
to give the pure a ldehyde mixture (1,2) (68 ·70 g. 27·5 %) as a 
colourless liquid, having an extremely irritant vapour. b.p. 66 to 
70 °C/12mm (Lit. 19 b.p . 80 °C/15mm); l'max 2800, 2700 (CHO). 
1712 (CHO), 725 (C= C) cm- I; GLC 25 ft 10 % carbowax 20 M. 
170 °C, 25 p.s.i. No RI = 17·2 min (49 %) (2), RI = 19 '2 min (51 %) 
(I). 

Preparative GLC separatioll of the two isomeric 1I0rbomelle 
aldehydes (I, 2) 

This separation was successfully achieved using II modified rye 
105 preparative gas-liq uid chromatograph. with injections of the 
mixture as a solution in toluene. The conditions giving the separa
tion involved the use of a 7 ft stainless steel column. l in. o.d., 
packed with J 5 % carbowax 20 M on Chromosorb W. with column 
temperature at 140 °C and the carrier gas pressure at 4 p.s.i. No. 
Under these conditions the two components 2 and I had retention 
times of 60 min and 70 min. respectively (NMR see Table I). 

Redllct iOIl {)f2-exo~/iJl'll/yl- 3-endo-metllylbicycl(} [2.2 ./]IIept-5-elle(2). 
To a stirred solution of 2 (0 ' 110 g. 0·805 mmol) in dry ethanol 

(10 ml) was added a suspension of sodium borohydride (0 ·200~ • 
5·3 mmol) in the same solvent (5011) . On completion of the addi
tion the mixture was stirred for 16 h at room temperature. The 
solvent was then largely removed ill Vf/CI/O. when water was added 
and the solution extracted with ether. The ethereal extracts were 
washed with water and then dried over anhydrous sodium su lphate. 
when removal of the solvent ill vacuo afforded the norbornene 
alcohol (4) (0 '078 g. 70'2 %) as a colourless oil. GLC 25 ft 10 % 
carbowax, 170 °C . 25 p.s.i. N. RI = 46·0 min. 

Reductioll of 2-endo~F)/,/l/yl-3-exo-metllylbi{'ycl() [2.2 . /]IIept-5-elle ( I ). 
To a stirred solution of 1(0' 140 g. 1·02 111mol) in dry ethanol (10 

Slope 311. 27 

20 
18 

" 14 . 16 

13" " 10 
11 · ' 17 (3 cos7 (T'j - Tl/ r' 
. 15 
12 

10 

0.02 0.04 0.06 0.08 0 .1 0.12 0 .1. 0.16 0.18 

FIG . 3. Observed t.Eu va lues vs (3 cos· (I.>, - 1)/1''' for compound 4. 
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ml) was added a suspension of NaBH.\ (0'200 g. 5·3 mmol) in the 
same solvent (5 ml) . Continued reaction as before and work-up in 
the established fashion gave the expected norbornene alcohol (3) 
(0'053 g, 37'5 %); GLC 25' 10% carbowax. 170 °C, 25 p.s.i. N., 
R , = 41 ·5 min. 

2-HydroxYlllethyl-3-methylbicyclo [2.2./lhept-5-ene (3, 4) 
The distilled mixture of isomeric aldehydes (1,2) (10'54 g. 

0·0775 M) was stirred at room temperature in dry distilled ethanol 
(100 ml). when a suspension of sodium borohydride (3 '5 g. 
0·092 M) in ethanol (50 ml) was added during 10 min. Stirring was 
continued for 16 h . when work-up as before and fractional distil
lation of the crude product obtained gave the required mixture of 
isomeric alcohols (3,4) (7'97 g. 74·5 %) as a colourless liquid. b.p. 
68 to 69 °ql 'O mm; Vmax 3310 (OH) 1050 (C- O) cm- 1 (C. 78 ' 12; 
H, 10·22 . C.H"O requires C, 78 '21; H. 10·21 %). 

Preparative GLC separation of 'he two isomeric lIorbomel/e 
IIICO/lOls (3, 4) 

Separation was carried out using a modified Pye 105 instrument 
as before, using a 7 ft stainless steel column. g. in . o .d .• packed with 
15 % carbowax 20 M on Chromosorb W. For a column tempera
ture of 145 °C, under a pressure of 6 p.s .i. N •• the isomers 3 and 4 
gave retention times of 36 min and 40 min. respectively . 

2-endo-HydroxYlllethyl-3-exo-methy lbicyclo [2.2 ./lhept-5-ene (3) 
NMR (Table I ); GLC 25 ft 10 % carbowax, 170 °C. 25 p.s. i. N2 • 

R, = 41·75 min (94 %); Accurate mass. Parent ion C. H I4O /II/e 
138 ' 10503 Base peak C. Ho mle 66·04801. 

2-exo-H ydroxYlllethyl-3-endo-methylbicyclo [2 .2. /]/let,I-5-ene (4) 
NM R (Table I); GLC 25 ft 10 % carbowax, 170 C. 25 p.s.i. N •. 

R, = 46,25 min (94 %); Accurate Mass . Parent ion CoH"O m/e 
138 ' 10526. Base Peak C. Ho lIl/e 66·04727. 

AckI/OIvledxeml'ms- We thank Mr T. M. Siverns for the computa
tional results and acknowledge an S.R.C. grant towa rds the 
purchase of the HA-lOO spectrometer and a maintenance award (to 
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STEREOCHEMICAL STUDIES OF 
TRICYCLO[6.2.1.0. 1

'
6]UNDECANES-I 

THE STEREOCHEMISTRY OF INTERMEDIATES INVOLVED IN THE 
SYNTHESIS OF TRICYCLOVETIV ANE SESQUITERPENES 
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Ahstract-The stereospecificity of addition to the double bond of 2-substituted bicyclo[6.2.1.0'·6]undec - 5 - enes 
has been studied and shown to be influenced mainly by the bicycloheptyl moiety in the case of epoxidation and 
hydroboration. These reactions proceed to give predominantly products of endo attack on the double bond. However 
for osmylation the important effect is the stereochemistry of the C2-substituent due to steric interactions involved in 
the cyclic osmate ester intermediate. This results in attack by OsO. on the double bond trans to the C2-substituent. 

A key step in our synthesis of zizanoic acid (8) involved 
r(earrangement of the monomesylate derived from the diol 
4 or 6) produced by OsO. reaction with tlS

•
6 

- tricyclo
[6,2.1.0t

.
6jundecene (1). Although the stereochemistry of 

the rearrangement product (7) could be assigned by direct 
c,omparison with authentic material obtained by degrada
~~on of methyl zizanoate (9), the stereochemistry of the diol 

Or 6) could only be tentatively assigned the f3-diol 
~~ructure (6) on the basis of preferential exo -attack on the 
, tCYclo[2.2.1jheptyl system incorporated in 1. A similar 
tterpretation was made by Yoshikoshi2t and ourselves 
o~ the oxymylation product (13) derived from the 

epImeric ester (10), however in our hands this reaction 
~as less stereospecific than for the f3-COOMe epimer and 
T~' to a minor diol for which we ascribe the structure 15. 
h IS stereochemical argument based on exo -attack, 
Cowever, neglected the steric effect of the substituent at 
e 2. Comparison of the NMR spectra of the epimeric 
(~ers (l and 10) indicated that the f3-COOMe was axial 

, <5 2-69; AA' Xt, J = 4 Hz) and the a-COOMe 
~,qUatorial (H, cS 2·50; AA'Xt, J = 12, 3 Hz). Conforma
~onal change to the half-boat form of 1 would place the 
~/.{3 substituent in a pseudo-equatorial conformation but 
8U~UI~ at the same time, introduce eclipsing of the C2-f3 
(3..CShtuent with the Ct I methylene group, If the axial 

OOMe group in I hindered the approach of OsO. and, 

~------------------------
th:~e thank Professor Yoshikoshi for comparison of samples of 
th dlol (13) and the keto ester (16) produced by rearrangement of 
re e Illonomesylate. Production of the corresponding 5,B-H epimer 
(I~~rted previously was probably derived from the minor diol 
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most importantly, the development of the cyclic osmate 
ester then the a-diol (4) would be expected. Rearrange
ment of the monomesylate (5) by a concerted process 
involving inversion of configuration at Cs would lead to 
the 5f3-H ketone (7) which was indeed the product having 
the important stereochemical features of the zizane or 
tricYclovetivane sesquiterpenes. 

The earlier conclusion that rearrangement of 6 with 
inversion of configuration at Cs would lead to 7 was in 
error. An analogy3 for the rearrangement of 5 to 7 is to be 
found in the kinetically controlled conversion of 17 to 18. 

In order to settle the stereochemical problems outlined 
above it was decided to use X-ray methods to elucidate 
the structures of the diols formed by osmylation of the 
olefins I and 10. Since this latter case was not 
stereospecific the major isomer was selected and con
verted into the monochloroacetate (14) in order to 
produce suitable crystals for X-ray analysis by direct 
methods. Crystallisation of the diol (4) afforded suitable 
crystals without the necessity of derivatisation. Full 
details of the analyses and molecular geometrics have 
been reported' elsewhere. 

The X-ray data revealed that osmylation of I and 10 
was directed by the stereochemistry of the COO Me group 
at C2 i.e. trans to that substituent. From Dreiding models 
this can be rationalised by considering the steric 
interactions involved in the intermediate osmate esters in 
which the cyclohexane ring assumes a boat conformation 
in order to accommodate the cis fused 5-membered 
osmate ester. In the case of the f3-COOMe substituent the 
cyclic osmate corresponding to the f3-diol (6) would 
involve interactions between the OsO. moiety and the 

CIa 
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f3-COOMe group whereas these interactions are absent in 
the corresponding intermediate from which the a-diol (4) 
was derived. The same considerations applied to the 
intermediates produced by osmylation of 10 would favour 
the f3-diol (13) found by X-ray analysis. 

Osmylation of the olefin (12) gave similar results to that 
found in the case of the corresponding ester (10) in that 
two diols (19 and 20) were formed . It has been reported' 
that when OH and Me groups have a 1-3 diaxial 
relationship the Me is de shielded by 0·10-0·15 ppm. Thus 
the minor diol could be assigned the structure 20 in which 
the secondary Cl-Me and the tertiary OH are 1-3 diaxial 
and exhibits the expected 0·15 ppm deshielding of the 
secondary Me relative to the major diol (19). The change 
from COOMe to Me for the Cl substituent in 10 and 11 
does not affect the stereochemistry of osmylation. 

In order to probe more deeply into the factors 
influencing the stereochemistry of addition reactions in 
the tricyclo[6.2.1.016)undec - 5 - ene system, it was 
decided to investigate reactions involving 3 or 4-
membered intermediates i.e. expoxidation and hydrobora
tion. Further, in order to ascertain whether the effect of 
the Cl substituent was general or specific to the COOMe 
group a parallel series of reactions were carried out on the 
corresponding olefins (3 and 12) having a Cl-Me sub
stituent. These were synthesised from the enone esters 
(21 and 22) by reduction (LAH/AICh) to the alcohols (2 
and 11) which were converted into the corresponding 
mesylates and further reduced (LA H). 

Treatment of the f3-Me olefin (3) with m-chloroper
benzoic acid in EhO afforded a single epoxide (23/24). 

15 16 

Acid catalysed rearrangement (BF3, Et,O) produced a 
ketone (20%) and an alcohol (60%). The ketone (ZS) 
[vmax (CCI.) 17l2cm- l

] was the product of kinetic 
control since it could be transformed into the C6 epimer 
(26) [vmax (CCI.) 1700 cm-I] on acid treatment. Consider
ation of the CD spectra of the ketones (25 and 26) in the 
light of the octant rule6 for cyclic ketones indicated the 
stereochemistry shown. Provided that the cyc!ohexanone 
moiety in 25 and 26 adopts a chair conformation we can 
consider the octant diagrams (25 and 26) for theSe 
respectively (Fig I). The octant rule would predict that the 
ketone having the f3-ring function (25) should exhibit a 
negative Cotton effect, whereas the ketone having the 
a-ring junction (26) would show a positive Cotton effect. 
Thus the epoxide produced from the f3-Me olefin has the 
structure 24 resulting from epoxidation at the a-face trans 

to the f3-Me substitute at Cl. 
The alcohol, which was the major rearrangement 

product of the epoxide (24) had spectral data suggestive OJ 
the alcohol (27) which was confirmed by controlle 
oxidative degradation to methyl ketopinate (30) via the 
ketone (28) which was converted into the furfuryli~e~~ 
derivative then ozonised to give an olefinic dlaC1 

resistant to 0 3 even under moderately forcing conditionSj 
The diester (29) was oxidised (K Mn04/Na 104) to methr 
ketopinate (30) which was identical with authen~lc 
material. This series of reactions is consistant WI~ 
structure 27 in which the stereochemistry of the -0 
substituent may be assigned from its derivation from the 
a-epoxide (24). 

The production of 25 and 27 can be explained bY 

\ 
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~FI·EtlO fission of the oxirane ring in 24 to a carbonium 
~on ':Vhich may subsequently be neutralised by a 1-2 
. Ydnde shift provided this is stereochemically favourable 
~e. the C-H bond broken should be coplanar with the 
A~cant p-orbital of the incipient carbonium ion (38).7.8 
d ternatively bond migration may occur followed by 
r epr?tonation to give the rearranged skeleton 27. The cis 
~Iabonship of the migrating alkyl substituent and the 
t -0 b?nd cleaved in this rearrangement clearly indicates 
ihat this transformation is not concerted and involves an 
~~rmediate with high degree of carbonium ion character. 
is ;s fin.ding has important consequences in the reaction of 
f ~I on~lfolene epoxide which will be discussed in the 
o OWing paper. 

su Exam!nation of Dreiding models of an extreme form of 
to ch an Intermediate (38) in which the epoxide has opened 
sh the C6 carbonium ion in the half-chair conformation 
n Ows that the C-H bond involved in formation of 25 does 
c~tbha~e maximal overlap with the vacant p-orbital of the 
c r b on~um ion. Better overlap is observed between the 
r~ omum ion and the 1-10 bond involved in the rear-

ngement to 27. 
ti R.eduction (LAH) of the a-epoxide (24) afforded the ter
ti~Y alcohol (32) which was identical with the alcohol de

ed from epoxidation of 1 followed reduction (LA H), to 

t'I" V 01. J I. No. 7-{; 

318, mesylation and further reduction (LAH). Thus epoxi
dation of the f3-Me and f3-COOMe C2-substituted series 
have the same high stereospecificity as osmylation. 

Hydroboration of the olefin (3) gave a secondary al
cohol (36) which could be oxidised, under non-epimerising 
conditions, to the thermodynamically more stable ketone 
(26) identical to that produced by equilibration of the acid
catalysed rearrangement product of the a-epoxide (24). 
Again stereospecific a-attack of the C2 f3-substituted 
series was found to occur during hydroboration as in the 
case of osmylation and epoxidation. 

Epoxidation of the C2 a-Me olefin (12), in contrast to 
the f3-series gave an inseparable mixture of epoxides (39 
and 40) in which one predominated (80%). Acid-catalysed 
rearrangement of the epoxide mixture afforded the rear
ranged alcohol (27) together with a separable mixture of 
ketones 41 [lImax (CC I.) 1712 cm-I) and 42 [lImax (CCI.) 
1695 cm-I]. The configuration of the OH group in 27 pro
duced in this reaction showed that the a-epoxide (40) was 
the progenitor. For comparison the epimeric alcohol (28) 
was prepared by oxidation-reduction and was clearly dis
tinguishable from 27. The stereochemistry of the ketones 
(41 and 42) was assigned on the basis of the octant rule 
from consideration of the octant diagrams (Fig I). Equilib
ration of these ketones led to a 1 : I mixture due to the gre-
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ater stability of the 5a-H ring junction in 42 being offset 
by forcing the Cz a-Me into an axial conformation. Con
formational change to the boat form to release the C2 a
Me from the axial conformation would be destabilised by 
eclipsing of the CrMe substituent with the C,o-methylene 

group. In the case of the efficient transformation of 2S int~ 
26 both factors favour 26 having an equatorial Cz-Me a~ 
the 5a-H ring junction. The isolation of the major act -
catalysed rearrangement products 27 and 41 (not equilib
rated under the reaction conditions) would indicate that 
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~e a-epoxide (40) predominates in epoxidation of the 
la-Me olefin (12). Rearrangement of 40 to 27 and 41 

can be explained exactly as in the case of the Cl~-Me 
~poxide (24). However, rearrangement of the minor epox
Ide (39) must only have produced the ketone (42) since 
~one of the predicted rearrangement product could be 
Identified in the products. Consideration of the Dreiding 
(odel of the carbonium ion intermediate (43) derived 
rOm 39 reveals that the C-H bond involved in production 

of the ketone (42) has good overlap with the developing 
carbonium ion centre. In this situation the 1-2 hydride 
fhift. is strongly preferred to the rearrangement process 
eadlng to 28. 

Reduction (LAH) of the epoxide (40) gave a tertiary al
~?h~l (34) in which the Cl-Me and the OH group are 1-3 
laxlal with the consequence that the secondary Me reso
~nce Was deshielded by 0·15 ppm relative to the epimer 
d 2) .. Epoxidation of the Cl a -COOMe (10) followed by re
(LClton (LAH) to 35, mesylation and further reduction 

AH) afforded the same tertiary alcohol (34). Thus 
r~racid attacks 10 mainly from the a-face in contrast to 
p e results discussed earlier for OsO. reaction which led 
redOminantly to 13 resulting from exo -attack. 

b HYdroboration of the C2 a-Me olefin (12) was found to 
e e :ess stereospecific than the ~ series following the gen
t ra ~attern. The major product was oxidised (CrOJ/EhO) 
: .glve. 42 [vmax (CC I.) 1695 cm-I ) under conditions 
t' hlch did not equilibrate the product. From the configura
IOn of the ring junction it could be discerned that B1H6 

P·.racid/B H 000 -- .. . 
~ - c • Bubst1tuon end 0 endo 

(l), ()} ( .tare ecHio) --Cl - C • aUbBti tuen endo 8%0 

(10), (12) (major p oduot o) 

Fig2 

preferentially attacks the olefin from the a-face to give 37. 
The stereochemical results of osmylation, epoxidation 

and hydroboration of the 6.5
.
6 tricyclo[6.2.1.01

'
6
)

undecenes (1, 3, 10 and 12) are shown in Fig 2. It can be 
seen that the steric effect of the Cl-~ substituent supports 
the tendency for this ring system to react with B2H6 and 
peracid by endo attack whereas in the C2-a series both 
effects are in opposition. In the case of osmylation the 
steric situation in the cyclic osmate ester must be consi
dered and in the Cra series the interactions involved in 
this intermediate disfavour endo attack and lead to the 
exo product. 

EXPERIMENTAL 

All m.ps are uncorrecled, UV speclra wrere measured in Et OH 
using a Unicam SP 800 spectrometer. IR spectra were determined 
in soln (CHCI, or CC!. as stated) using Unicam SP 200 or 
Perkin-Elmer 125 machines. NMR spectra were measured using 
Varian HA 100 spectrometer and TMS as internal standard. Mass 
spectra were obtained from A.E.I MS 12 And MS 902 instruments 
(the latter with on-line computer). Analytical GLC was carried out 
using a Perkin-Elmer F 11 chromatograph. Optical rotation 
measurements are for CHCI, solns using a Bendix-Ericsson 
ETL-NPL automatic polarimeter type 143A. CO measurements 
were carried out by Or P. Scopes at Westfie ld College. 

The sil ica for chromatography was Merck Kieselgel 
70--325 mesh. Light petroleum refers to the fraction b.p. 40--60°. 

2a - CarbometllOxy - 5{3 - eh/oroaeetoxy - 6{3 - hydroxy - 7,7 -
dimethyitricycio [6.2 .1.0'·6j ulldeculle (14). To a stirred soln con
taining 13 (104 mg, 0·39 mmole) and chloroacetyl chloride (55 mg, 
0·49 mmole) in dry benzene (2 ml) was added dropwise a soln of 
pyridine (35 mg, 0·44 mmole) in dry benzene (I ml). The mixture 
was stirred at room temp for 22 h, diluted with ether and washed 
with H,O and brine. The ethereal soln was dried (MgSO.) and the 
solvent removed ill vacuo to give the crude product which was 
chromatographed over silica (10 g). Elution with 20% EtOAc in 
benzene afforded the pure 14 (1 23 mg, 91 %) crystalli sed from 
hexane-MeOAc, m.p. 159-160°, vmax (CHCI,) 3610, 1720 cm- ', 
NMR (COC!,) 0 0·92 (3H.S), 1·04 (3H,S) 3·10 (H,m), 3-62 (3H,S), 
4·00 (2H.S), 5·36 (H,m). (Found ; C, 59·28 H, 7·53; Cl, 10·16. 
C17H" O, Cl requires: C, 59·21; H, 7·31 ; Cl, 10·29%). 

2a - Carbomethoxy - Sa - 6 - oxo - 7,7 - dimethyitricycio
[6 .2. 1.0' 6jundecane (16). Dry Et,N (4 ml) was added dropwise, 
with stirring, to an ice-cold soln containing recrystallised IS m.p. 
111_112° (184 mg, 0·69 mmole) and MeSO, Cl (63 mg, 0·55 mmole) 
in dry pyridine (8 ml). The deep red soln was stirred at room temp 
for 42 h and the solvent removed in vaCllo at < 35°. The residue 
was azeotroped 3X with benzene-heptane (I: I) followed by 
Et,O/H,O extraction . The aqueous layer was ex tracted with Et,O 
and the combined Et,O layer dried (MgSO.) and concentrated ill 
vacuo. Chromatography over silica (20 g) and elution with 20% 
EtOAc in benzene provided the pure mesylate (1% mg) which was 
di ssolved in pyridine (9 ml) and Et,N (4·5 ml) and refluxed 4~ . The 
solvent was removed ill vacllo and partitioned Et,O/H,O. After 
the usual work up and chromatography over silica (12 g) the 
rearrangement product 16 (109 mg, 78%) was obtai ned on elut ion 
with 10% EtOAc in benzene followed by crystalli sation from 
hexane, m.p. 94 ·5-95·5° [a ];; - 78° (2 ·3% CHCI,). This product 
was found to be identical with the sample of 16 provided by Prof. 
A. Yoshikoshi. 

2a - Hydroxymethyi - 7,7 - dimetllyitrieycio [6.2.1.0'61- IIl1dec -
5 - ene (t 1). A soln of LAH-AICI, was prepared by careful addi
tion of a soln of LAH (600 mg, 15 ·8 mmole) in anhyd Et,O (30 ml) 
to a soln of AICI, (6' 2 g, 46·6 mmole) in Et,O (30 ml) . The enone 22 
(1·68 g, 0·68 mmole) in Et,O (20 ml) was added to this soln. The 



684 C. W. GREENGRASS et al. 

mixture was stirred at reflux 1-5 h then cooled to room temp. 
Water was carefully added to decompose excess hydride followed 
by 2N H,SO •. The aqueous layer was extracted with Et,O and the 
combined Et,O soln washed with brine, NaHCO, aq, brine then 
dried (MgSO.). Removal of the solvent afforded the crude alcohol 
which was chromatographed over silica (50 g). Elution with 30% 
Et,O in light petroleum yielded 12 (0·91 g, 65%) as a viscous oil, 
b.p. 120°/0.5 mm; vmax (CHCI,) 3600, 3450 cm- I; NMR (CCI.) 6 
0·99 (3H,S), 1·03 (3H,S), 3041 (H,q; J = 8, 10 Hz), 3-66 (H,q; J = 6, 
10 Hz), 5· 14 (H,t ; J = 3 Hz). (Found C, 81 '51, H, 11·03. C14H"O 
requires: C, 81'50; H, 10·75%). 

2(3 - Hydroxymethyl - 7,7 - dimethyltricyclo [6.2. 1.0j"6 - undec -
5 - we (2). General directions as for 12. The reagent was prepared 
by the addition of LAH (1·0 g, 26·3 mmole) in Et,O (35 ml) to 
AICI, (10'5 g, 79 mmole) in Et,O (45 ml). The enone 21 (4·0 g, 
16 mmole) was added in Et,O (25 ml) and the mixture stirred under 
reflux for 1·5 h. Isolation as above afforded 2 which crystallised 
from hexane, m.p. 74-75°; vmax (CHCI,) 3600, 3420 cm- I; NMR 
(CC I.) 6 0·98 (3H,S), 1·04 (3H,S), 3037 (H,q; J = 8, 1I Hz), 3·55 
(H,q; J = 6,11 Hz), 5·13 (H,t, J = 4 Hz). (Found C, 81 ·62; H, 10·94. 
C .. H"O requires: 81·50; H 10·75%). 

2a - Methyl - 7,7 - dimethyltricyclo[6.2.1.0' ·
6 j- undec - 5 - ene 

(12). To an ice-cold stirred soln of 11 (600 mg, 2·91 mmole) in 
CH,CI, (20 ml) containing Et,N, (700 mg; 6· 12 mmole) was added 
MeSO,CI (700 mg, 6·12 mmole) in CH,CI, (3 ml). The mixture was 
stirred at 0° for 0·5 h then diluted with Et,O and washed with H,O, 
IN Hel, NaHCO, aq and brine. After drying (MgSO.) and re
moval of the solvent the crude mesylate (950 mg) was obtained as 
a colourless oil which was used directly for reduction, vmax 
(CHCI,) 1180,990, 970cm- l

; NMR (CCI.) 6 1·01 (3H,S), 1·04 
(3H,S), 2-89 (3H,S), 4·03 (H,q; J = 8, 10 Hz), 4·23 (H,q; J = 6, 
10 Hz), 5·20 (H,t; J = 3 Hz). Accurate mass m le 284·1413 (30% 
W), C"H,.O,S (+1 ppm); 188·1585 (18), C .. H,o (+11); 173·\323 
(31), CIlH" (-4); 145·1022 (100), C"H Il (+13). 

The above mesylate (900 mg) in Et,O (25 ml) was added to a stir
red refluxing soln of LAH (1·0 g, 26 mmole) in Et,O (30 ml). After 
6 h reflux and 16 h at room temp the excess hydride was decom
posed using sat. Rochelle salt soln. The ppt was removed by filtra
tion through celite and the soln dried (MgSO.). Removal of the sol
vent afforded 12 (1 ·7 g, 95%), b.p. 86°/12 mm; [a I~ + 170° (1·2% 
CHCI,); vmax (CHCI,) 1678 cm- I (weak); NMR (CCI.) 6 0·96 
(3H, d; J = 7 Hz), 1·01 (3H, S), 1·05 (3H,S) 5· 15 (H,t; J = 3 Hz); 
GLC (IS', 5% OV 17, 150°, IS psi) Rt 22 min. (Found: C, 88·28; H, 
11·48. C .. Hll requires: C, 88·36; H, I J.64%). 

2{3 - Methyl - 7,7 - dimethyltrlcyclo[6.2 .1.0'·
61- undec - 5 - ene 

(3). To an ice-cold stirred soln of 2 (1·0 g, 4085 mmole) in CH,C)' 
(30ml) containing Et,N (3ml) was added MeSO,CI (1·1 g, 
9·7 mmole) in CH,CI, (3 ml) . The soln was stirred at 0° for 0·5 h. 
Work up as for 11 afforded the crude mesylate (I ·52 g) which crys
tallised on standing, vmax (CHCI, )1360, 970, 855cm- ' ; NMR 
(CC I,) 6 0·99 (3H,S), 1·03 (3H,S), 2-86 (3H,S), 3088 (H,q; J = 8, 
10 Hz), 4· 11 (H,q ; J = 7, 10 Hz), 5·13 (H,t; J = 4 Hz). Accurate 
mass 284·1435 (4%, W), C"H,.O,S (-4 ppm); 188·1554 (20), 
C .. H,o (- 6); 173·1331 (38), C"H 17(0); 145·1011 (l00),C"H,,(-4). 

A soln of the crude mesylate (1·4 g) in Et,O was added dropwise 
with stirring to a refluxing soln of LAH (I, 2 g, 31· 5 mmole) in Et,O 
(40 ml) . The mixture was refluxed for 5 h and worked up as previ
ously described for' 11 to give 3 (850 mg, 92%), b.p. 100°/0'1 mm; 
[a] ;: +150° (1·25% CHCI,); vmax (CHCI,) 1680 cm- I (weak); 
NMR (CC I,) 6 0·86 (3H,d; J = 7 Hz), 0·96 (3H,S), 1·02 (3H,S), 5·12 
(H,t , J = 4Hz); GLC (15',15% OV 17, 150°, 15 psi) Rt 22 min. 
(Found: C, 88·06; H, 11·45. C"H" requires : C, 88·35 ; H, 11 ·65%). 

2a - Metiryl - Sa - hydroxy - 6aH - 7,7 - dimethyltricyclo
[6.2.1.0"·1 - ulldecane (37). A soln of BF, ·Et,O (0·45 ml, 
4· I mmole) in anhyd THF (4 ml) was added during I h to a stirred 
soln of \2 (100 mg, 0·53 mmole) and NaBH. (lOO mg, 2-6 mmole) in 
anhyd THF (3 ml) under N,. After 2 h, excess hydride was decom-

posed with H,O. 3N NaOH (0·8 ml) was added followed by 30% 
H,O, (0·8 ml, 8 mmole) and the mixture was saturated with NaCI 
and extracted with Et,O. The Et,O was washed with brine and 
dried (MgSO.). Removal of the solvent followed by chromatog
raphy of the residue over silica (5 g). Elution with 20% Et,O in 
light petroleum gave a mixture of alcohols. The major epimer (37) 
m.p. 105·5-106·5° was obtained by recrystallisation from hexane, 
[a)~ + 12·7° (1·27% CHCI,); vmax (CHCI,) 3610, 3480 cm- '; NMR 
(CC I.) 6 0·95 (3H, d; J = 6 Hz), 1·04 (3H,S), 1·11 (3H,S) 3 ·42 (H,m) 
0·92 (H,S exchanges with 0,0); GLC (10', 10% carbowax, 190" 
20 psi) Rt 15·75 (major) 13·75 (minor) min. (Found: C, 80·42; H, 
11·58. C .. H,.O requires: C, 80·71; H, 11·61%). 

2(3 - Methyl - Sa - hydroxy - 6a H - 7,7 - dimethyltricyclo
[6.2.1.0"6) - undecane (36). A soln of I MB,H6 in THF (10 ml, 
10 mmole) was added to a soln of 3 (1·08 g, 5·7 mmole) in anhyd 
THF (10 ml) and the reactants stirred at room temp for 18 h. Ex
cess hydride was cautiously decomposed with H,O and 3N NaOH 
(10 ml) added followed by 30% H,O, (5 ml, 50 mmole). After work 
up as for 37 the crude product was chromatographed over silica 
(40 g). Elution with 20% Et,O in pentane afforded 36 (1·05; 90%) 
crystallised from pentane, m.p. 81-82° [a)ii +78° (1 ,04%, CHCI,); 
vmax (CC I.) 3580, 3470 cm- I; NMR (CCI.) 6 0·80 (3H,d; J'" 
7 Hz); 1·00 (3H,S); 1·03 (3H,S)3'30 (H,m); GLC (9', 7% carbcwax 
150°,20 psi) Rt 18·5 min. (Found: C, 80·83; H, 11·55. C,.H,.O re
quires: C, 80·71; H, 11·61%). 

2a - Methyl - 5 - oxo - 6a H - 7,7 - dimethyltricyclo[6.2. \.0
,
.
6

)

undecane (42). I M aqueous chromic acid (0·15 ml, 50% excess) 
was added to a soln of 37 (30 mg, 0·144 mmole) in Et,O (I ml). The 
mixture was stirred at room temp, diluted with Et,O and washed 
with NaHCO, and brine then dried (MgSO.). Removal of the sol
vent followed by silica chromatography (eluate 20% Et,O in pen
tane) gave 42. b.p. 120°/0·1 mm; m.p. 30° [aJ~' + 143° (0·93% 
CHCI,); vmax (CCI.) 1695 cm-I; NMR (CCI.) 6 0·93 (3H,S), 0.9

5
8 

(3H,d; J=7Hz), 1·15 (3H,S) 2·16 (2H, m); GLC (20', 20% OEG 
+2% bentonite 200° 30 psi) Rt 17·5 min; CO (0·1 13% MeOH) AE", 
0, AE,., +0,46, AE,., +0·65 (Found: C, 81·79; H, 10·90. C .. H"O 
requires: C, 81·50; H, 10·75%). • 

2(3 - Methyl - 5 - oxo - 6aH - 7,7 - dimethyltricyclo[6.2.\.0' · )
undecane (26). To a soln of 36 (943 mg, 4·54 mmole) in ether 
(12 ml) was added I M aqueous chromic acid. (3·34 MI, 10% eX
cess). The heterogeneous mixture was gently stirred at room temp 
for 2·25 h then diluted with H,O. The ether layer was washed wit~ 
NaHCO, aq, brine and dried (MgSO.). Removal of the solvent an 
silica chromatography (eluate 10% Et,O in pentane) afforded 26, 
b.p. 124°/0·15mm; m.p. 30° [a)~' +142" (1·01% CHCI,); vmaX 
(CCI.) 1700 cm- '; NMR (CC I.) 6 0·96 (3H,S), 0·98 (3H,d, J '" 
6 Hz), 1·17 (3H,S); CD (0·114% MeOH) AEm -0'03, AE,o, +0.1:, 
AE197 +0'15, AE'40 0, AE,,, +0·55 (Found: C, 81 ·74; H, 10·7 · 
C .. H" requires : C, 81·50; H, 10·75%). • 

2a - Methyl - 5,6al(3 epoxy - 7,7 - dimethyltricyclo[6.2.\.0' · j
undecane (39) and (40). A soln of 12 (250 mg, 1·32 mmole) in Et,~ 
(8 ml) was cooled to 0° and a soln of m-chloroperbenzoic aCid 
(295 mg, 1·72 mmole) in Et,O (8 ml) added. After IS h at room 
temp in the absence of light the excess peracid was decompos~~ 
by 10% NaHSO, aq. The Et,O layer was washed Wit 
NaHCO, aq, brine, and dried (MgSO.). Removal of the solve~t 
gave the crude epoxide mixture (39 and 40) as a colourless Ol~ 
vmax (CCI.) 925, 945, 970 cm- I; NMR (CC I.) 6 0·75 (3H,S) 3' I 

(H, broad s) ; minor isomer (&Hl 2·08 (H,m). Ratio of epoxides 

from NMR 4: I; Mass Spec mle 206 (M· ). I'. _ 
2(3 - Methyl - 5,6a - epoxy - 7,7 - dimethyltricyclo - [6.2.1.0 j 

undecane (24). In the way described for epoxidation of 12, 24 was 
prepared from 3 (250 mg, 1·32 mmole) in Et,O (5 ml) and Ill
chloroperbenzoic acid (290 mg, 1·69 mmole) in Et,O (5 ml) as; 
colourless oil (277 mg), b.p. 95", 0·4 mm; [a It' + 11° (0·64.,' 
CHCI,); vmax (CC I.) 1000,965,930 cm- I; NMR (CCI.) 6 0·79 (In, 
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d J = 7 Hz), 0·72 (3H,S), 0·86 (3H,S) 2-95 (H,d J = 5 Hz). Mass 
spec. ml-e 206·1667 (85%, M+), C"H"O (-2ppm); 191 ·1443 
(63)C"H,.0 (4); 162· 1122 (lOO), CllH"O (-I). (Found; C, 81 ·58 H, 
10'89. C"H"O requires: C, 81 ·50; H, 10·75%). 
. Rearrangement of epoxide (24); 2{3 - Methyl - 5 - oxo - 6{3 - 7,7 -

d1methyltricyclo [6.2. 1.0' ·°]- undecane (25) and 20' - hydroxy - 5 -
methyl - 11,11 - dimethyltricyclo[6.2.1.0' ·6]- undec - 5 - ene (27). 
BP,'Et,O (0·2 ml, 1·6 mmole) was added to a soln of 24 (215 mg, 
1'04 mmole) in anhyd Et,O (4 ml). The reactants were mixed and 
allowed to stand at room temp for 23 h and the soln was then di
luted with Et,O, washed with NaHCO, aq, brine and dried 
(MgSO.). The solvent was removed and the crude product 
chromatographed over silica (10 g). Elution with 10% Et,O in pen
tane gave 25 (42mg, 19%), b.p. 70'/0,1 mm; m.p. 26-31'; [a]~ 
-9'3' (0,75% CHC!,); vmax 1712 cm- '; NMR (CC I.) ~ 0·98 
(3H,S), 1· 16 (3H,d J = 7 Hz), 1·20 (3H,S); CO (0·038% MeOH) 
AE'30 0, AE'96 -0'56, AE". O. (Found: C, 81 ·79; H, 10·65. C,.H"O 
requires: C, 81 ·50, H, 10·75%). Elution with 20% Et,O in pentane 
~ave 27 (l30mg, 6%), m.p. 76-77 (hexane); [a];: -157' (1 ·96% 
( HC!,); vmax (CCI.) 3480, 3600 cm- ' 0·77 (3H,S), 1·05 (3H,S) 1·49 
ciH,S), 1·20 (H,S-exchanges with 0,0), HO (H,q; J = 4 11 Hz); 
2 LC 10', 10% carbowax, 150°, 30 psi Rt 26 min; Mass spec. m le 
106'1660 (29% W), C,.H" O (-5 ppm); 188·1560 (23), C,.H,o (-2); 
4~'1024 (lOO), Cll H,,(5). (Found: C, 81·56; H, 10·74. C"H" O re

qUires: C, 81·50; H, 10·75%). 
(t Equilibration of ketone (25) to 60' -isomer (26). The ketone 25 
o mg) vmax 1712 cm- ' was dissolved in CCI. (I ml) and 70% 

HCIO. aq (2 drops) added. After 2 h stirring at room temp the soln 
w~s diluted with pentane and washed with NaHCO, aq, brine and 
drl:d (MgS04). Removal of the solvent gave a colourless oil (8 mg) 
~Ch was identical by IR to 26, /lmax (CCI.) 1700 cm- '; GLC 10' 

I 
0 carbowax, 180° 25 psi Rt 12 min (26, 86%), 10·75 min (25, 

4%). 
2 - Oxo - 5 - methyl- 11,11 - dimethyltricyclo [6.2. 1.0' ·6]undec -

tile (29). I M Chromic acid (0·95 ml. 0·95 mmole) was added to a 
:~In Of.27 (236 mg, 1·14 mmole) in Et,O (6 m!). After 2-25 h stirring 

e mixture was diluted with Et,O and washed with H,O, 
NaHCO, aq, brine and dried (MgSO.). The solvent was removed 
and chromatography over silica (20 g) (eluate 10% Et,O in light 
~!rOleum) afforded 29 (230 mg, 98%) as a colourless oil, b.p. 
N 10'01 mm; [a]:; +72° (0,89% CHC!,); vmax (CHC!,) 1690 cm- '; 
~R (CC I.) ~ 0·86 (3H,S), 1·12 (3H,S), 1·63 (3H,S), Mass spec. 

III t 204· 1515 (88%, M+), C,.H,oO (0 ppm); 189· 1275 (12), 
~8H'70 (-2); 161 ·0962 (72) CllH"O (-3); 125-0956 (lOO), C.H"O 
821' GlC 10', 10% carbowax 180',20 psi, Rt 12 min. (Found: C, 

. 9; H, 9·93 C,4H,oO requires: C, 82·30; 9·87%). 
M Methyl ketopinate (31). Furfuraldehyde (94 mg, 0·98 mmole) in 
(t eOH was added to a soln of 29 (IOOmg, 0·49 mmole) in MeOH 
10101).40% KOH aq (0·5 m!) was then added and the mixture al
t~Wed. to stand in the dark for 20 h under N,. Brine was added and 
the mixture was extracted with Et,O which was washed with brine 
then dried (MgSO.). Removal of the solvent and crystallisation of 
(% residue from hexane-ether gave the pure furfurylidene ketone 
(0'7mg, 70%) as pale yellow rods, m.p. 166-166.5°; [a]:;' -W 
( 7%, CHC!,); vmax (CHC!,) 1670 cm- '; Amax (EtOH) 327 nm 
(~t050), NMR (CCl.) ~ 0·84 (3H,S), 1 ·25 (3H,S), 1 ·71 (3H,S), 3-36 
M ,broad m), 6·45 (H,m), 6·57 (H,m), 7·25 (H,m), 7·52 (H,m); 
(9;)sS spec. mle 282·1628 (71%, M+), C'9H" O, (3 ppm); 267·1270 
80'6 ~18H,.O, (-6); 239· 1068. (100), C,oH"O, (-2). (Found: C, 

0, H, 8· 10. C'9H" O, reqUires: C, 80·81; H, 7·85%). 
(2~e furfurylidene ketone (60 mg, 0·213 mmole) in CH,CI, 
Cv 101) Was cooled to -70° and ozonised until blue. Excess 0, was 
du aporated under N, and the soln warmed to room temp then re
an~ed in volume to ca 10 ml. 50% HJO. aq (0·3 ml), HOAc (10 ml) 
Sti Water (3 ml) were added and the resulting homogeneous soln 
w;red at room temp for 20 h. Brine was added and Et,O extract 

shed with NaHCO, aq. The alkaline layer was acidified and ex-

tracted with Et,O. Removal of the Et,O gave crude acidic material 
which was converted into the methyl esters (58'mg) by 
CH,N,/Et,O. Chromatography over silica (3 g) and elution with 
20% Et,O in pentane gave 30 (40 mg), NMR (CCI.) ~ 1 ·03 (3H,S), 
1·29 (3H,S), 1-60 (3H,S) HO (2H,S allylic), HI (3H,S), H3 
(3H,S). 

The diester 30 (40 mg) in t-BuOH (10 m!) was treated with a soln 
of NaIO. (0·17 g), K2CO, (0·04 g) and KM nO. (0·04 g) in H,O 
(10 ml). The mixture was warmed at 60' for 3 h followed by re
moval of t-BuOH in vacuo and acidification with 6N HC!. Na,SO. 
was added and the resulting clear soln extracted with Et,O. The 
Et,O was washed with NaHCO" brine and dried (MgSO.). Re
moval of the solvent and preparative TLC allowed the isolation of 
pure methyl ketopinate (5·2 mg) which was identical to authentic 
material by comparison of TLC, NMR, JR, Mass spec and GLC 
TLC (pentane-ether 7:3) RI 0·34; /lmax (CHC!,) 1748 cm- '; 
1723 cm- '; NMR (CCl.), 5 1·06 (3H,S), 1·15 (3H,S), H9 (3H,S) 
GLC 10', 10% carbowax 200°, 20 psi Rt 9·25 min, mass spec mle 
196 (M+), 168, 165. 

Reductioll of 2 - oxo - 5 - methyl - 11,11 ' dimethyltricyclo
[6.2.1.0" °] - undec - 5 - ene (29). A mixture (35 mg) containing 
37% 27 and 63% 29 was reduced by NaBH4 (150 mg, 4 mmole) in 
MeOH at room temp for I h then heated under reflux for I h. The 
soln was cooled, diluted with brine and extracted with Et ,O which 
was dried (MgSO,). Removal of the solvent gave a mixture of 27 
(56%) and 28 (44%); vmax (CHCh) 3480, 3620 cm- '; GLC 10' , 10% 
carbowax, 150°, 30 psi, Rt (27),27·5 min ; (28) 21 min; NMR (CCI,) 
50·97 (3H,S), 1·03 (3H,S), 1·56 (3H,S) in addition to Me signals of 
27. 

Rearrallgemellt of epoxide mixture 39/40; 20' - methyl - 5 -
oxo - 60' I {3 - 7,7 - dimethyltricyclo [6.2. 1.0'6]undecalle 41/42 IInd 
20' - hydroxy - 5 - methyl - 11,11 - dimethyitricycio[6.2 . I .0]lIl1dec -
5 - elle (27). BF,·Et,O (0·1 ml, 0·8mmole) was added to the total 
mixture 39/40 (300 mg, 1·46 mmole) in dry Et,O. After 19 h at 
room temp the soln was diluted with Et,O, washed NaHCO" brine 
and dried (MgSO.). Removal of the solvent gave a crude product 
which was chromatographed over silica (15 g). Elution with 10% 
Et,O in pentane afforded 41 and 42 (95 mg, 35% based on olefin). 
The major epimer 41 was obtained from early chromatographic 
fractions as an oil, b.p. 120°/0.1 mm; ral:~- 16° (0·84%, CHCI,); 
vmax (CC I.) 1712cm- ' NMR (CC I.) 5 1·00 (3H.S), 1·22 (3H,S), 
0·99 (3H,d, J=7Hz); Mass spec mle 206·1669 (74%, M+), 
C14H" O (-I ppm); 191 · 1437 (37). C13 H,.O (0); 177· 1287 (100), 
C"H 170 (4), CD (0,098% MeOH) AE"o O. AE'94 - 0·73, AEm O. 
(Found: C, 81 ·43 H, 10·55 C,.H"O requires: C, 81 ·50; H, 10·75%) . 

The minor ketone was shown to be 42 by IR NMR, and GLC 
comparison. 

Further elution with 20% Et,O in pentane gave rearranged 27 
(68 mg, 35% based on olefin) identical to that obtained via rear
rangement of 24. 

The epimer 28 was not detected by GLC analysis of the crude 
product of rearrangement of the mixture 39 and 40. 

Equilibratioll oJ ketones 41 and 42. A mixture (10 mg) of the 
ketones 41 and 42 in ratio 2: 1 dissolved in CCI. (I ml) containing 2 
drops 70% HCIO. aq. After 2 h the soln was diluted with pentane 
and washed with NaHCO, aq, brine and dried (MgSO.). Removal 
of the solvent gave a mixture (9 mg) of 41 and 42 in the ratio I : I by 
GLC analysis. A similar epimerisation of 41 and 42 in ratio 2: 3 
gave the same I: 1 equilibrium ratio of 41 and 42. 

2cx - Methyl - 5{3,6{3 - dillydroxy - 7.7 - dimethyitricyclo
[6.2. 1.0' 6]lUldecane (19). OsO. (300 mg, 1·18 mmole) was added to 
12 (200 mg, 1·05 mmole) in dry Et,O (10 ml). Pyridine (0·5 ml) was 
then added and the mixture was stirred with a soln of sodium 
metabisulphite (750 mg) in H,O (6 ml)/pyridine (4·5 ml) for 2·5 h. 
The solvent was then removed in vacuo and the residue extracted 
with Et,O, washed with H,O and dried (MgSO.). Removal of the 
solvent followed by chromatography over silica (15 g) gave a mix-
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ture of diols, 19 was obtained by recrystallisation from hexane, 
m.p. 122-123°; IImax (CHCI,) 3570cm- ' ; NMR (CCI.) 8 0·85 
(3H,d J = 7 Hz), 1·01 (3H,S), 1·10 (3H,S), 4·10 (H,m); mass spec 
mle 224 ·1767 (7%, W), C,.H" O, (- 4 ppm); 206·1667 (100) , 
C,.H" O (- 2). (Found: C, 75 ·26; H, 10·74 C"H,.O, requires : 
74 ·95 ; H, 10·78%). The minor diol 20 was obtained from an early 
fraction from the chromatography; NMR (CCI.) 8 0·91 (3H,S), 
1·01 (3H,d J = 7 Hz), 1·14 (3H,S), HO (H,m). 

2a - Methyl - 6a - hydroxy - 7,7 - dimethyltricyclo
[6.2. I.O' ·6)ltndecane (34) 

(a) From olefin 12. The mixture of 39140 (300 mg, 1·46 mmole) 
in anhyd Et,O (8 ml) was added to a soln of LAH (400 mg, 
10·5 mmole) in anhyd Et,O (15 ml) . The mixture was stirred under 
reflux for 2·5 h then cooled to room temp. Excess hydride was 
carefully decomposed by sat Rochelle salt and the inorganic ppt 
was removed by filtration through celite. The Et,O soln was dried 
(MgSO.) and the solvent removed followed by chromatography 
over silica (12 g). Elution with 10% Et,O in pentane gave 34 to
gether with 20% of the 6{3 epimer by GLC analysis. recrystallisa
tion from pentane afforded the pure 6a alcohol 34, m.p. 79-80° 
[aJ~ - 1304 (1 ·76%, CHC!,), IImax (CHC!,) 3650cm- ' ; NMR 
(CC I.) 8 0·87 (3H,S), 0·91 (3H,S), 1·02 (3H,d J = 7), mass spec mle 
208·1823 (27%, M+) C,.H" O (- 2 ppm); 193·1596 (21), C"H2IO (2) ; 
190·1724 (13), C,.H" (I) ; 165·1269 (60), C"H I7O (-6); 147·1167 
(60), C"H " (- 5) ; 125 ,0%1 (100), C.H IlO (- 4); GLC 9', 7% car
bowax, 150°, 20 psi, Rt 9 min (6{30H) 9·75 min (6aOH). (at higher 
temp small amounts of dehydration products detected) (Found: C, 
80·61; H, 11 ·48. C,.H" O requires : C, 80·71 ; H, 11 ·61 %). 

(b) From ti,e olefinic ester 10 via diol 35. m-Chloroperbenzoic 
acid (153 mg, 0·89 mmole) in Et,O was added to an ice-cold soln of 
10 (l60mg, 0·68 mmole) in Et ,O. After 24h at room temp in the 
dark the reaction was worked up as for above epoxidation . A mix
ture of epoxides (170 mg) was obtained; NMR (CCI.) major isomer 

OS' 8 0·84 (3H ,S), 1·00 (3H,S) 3·16 (H,m CYH ), HO (3H, ); mInor 

isomer 8 0·91 (3H , S),0'98 (3H, S),3-05 (H, m 8tH ),3'60(3H, SI ; 
II,",,(CCI. ) 1735cm- ' ; mass spec mle 250 (M ' ). 

The epoxide mixture (160 mg, 0·64 mmole) in Et,O (5 ml) was 
added to a soln of LAH (160 mg, 4·2 mmole) in anhyd Et,O and the 
mixture stirred under reflux for 3·5 h and worked lip as described 
for 34. The crude product contained 26% of the minor isomer by 
G LC. Chromatography over silica (8 g) and elution with 30% Et,O 
in pentane gave 35 plus the 6{3 epimer. Recrystallisation from 
pentane- Et,O of fractions rich in the major diol (35) provided pure 
material, m.p. 158-158·5°; [a 1;; _ 12-6° (0,52% CHC!,); II max 3620 
(weak) 3400cm- '; NMR (CC I.) 8 0·95 (3H,S), 0·98 (3H,S), 3·03 
(2H,S exch. D,O), 3·76 (2H,m) ; mass spec mle 224·1771 (12% 
M' ), C,.H,.O, (- 2 ppm) ; 206·1663 (20), C"H210 (- 4); 193·1594 
(34) , C"H" O (I) ; 69·0712 (100), C,H" (11); GLC 10', 10% car
bowax, 220°, 40 psi Rt 18 min (minor), 20 min (major). (Found: C, 
74 ·66; H, 10·70. C,.H,.O, requires: C, 74·95 ; H, 10·78%). 

To the homogeneous diol 35 (60 mg, 0·27 mmole) in CH,Ch 
(4 ml)IEt ,N (0·4 ml) was added CH,SO,CI (lOO mg, 0·88 mmole» 
in CH,CI, at 0° with stirring. After I h the soln was diluted with 
Et ,O and washed with 0·5 NHCI, NaHCO, aq, brine then dried 
(MgSO.). Removal of the solvent gave an oil (95 mg) IImax 
(CHC!,) 3580, 1360, 1185 , 990, 960 cm- '; NMR (CCI.), 8 0·89 
(3H,S), 0·94 (3H ,S), 2·85 (3H,S), 4·47 (H ,t: J = 10 Hz), 4·14 (H,q; 
J '" 4, 10 Hz). 

The crude mesylate (70 mg, 0·23 mmole) in Et,O (5 ml) was 
added to a stirred refluxing soln of LAH (lOO mg, 2·63 mmole) in 
anhyd Et,O (10 ml). After 5 h refiux and 10 h at room temp the 
reaction was worked up as in method (a) for (34) to give a tert al-

cohol (42 mg, 90%) identical with 34 produced from 12 by JR, 
NMR, MS, and GLe. 

2{3 - Methyl - 6a - hydroxy - 7,7 - dimethyltricyc/o -
[6.2 .1.0' ·6)undecane (32) 

(a) From olefin (3). Following the procedure described for the 
a -Me series (34), epoxide 24 (270 mg, 1·31 mmole) in anhyd Et,O 
(8 ml) was added to LAH (200 mg, 5·27 mmole) in anhyd Et,O 
(10 ml). After 2·25 h refiux, the reaction was worked up as for 34 to 
give an oil which was chromatographed on silica (20 g) to yield 
starting epoxide (80 mg, 30%), eluted with 5% Et,O in pentane fol
lowed by the tert alcohol 32 (124 mg, 46%) eluted with 10% Et,O in 
pentane. Recrystallisation from pentane at low temp gave 32, m.p· 
48'5-49'5°; [a)~ 46·7° (1·91% CHC!,) ; IImax 3620, 3480cm- ' ; 
NMR (CC I.) 8 0·91 (6H,S), 0·87 (3H,d J = 6 Hz); mass spec 
208·1824 (23%, M+), C,.H210 (-2 ppm); 193·1597 (15), C"H" O 
(2); 190·1718 (11), C,.H" (-2); 125·0%3 (100), C.H"O (- 3) ; GLC 
10' 10% carbowax, 180°,20 psi Rt 15 ·5 min. (Found: C, 80·78; H, 
11 ·61 C,.H,.O requires : C, 80·71; H, 11 ·61 %). 

(b) From the olefinic ester 1 via diol 33. m-Chloroperbenzoic 
acid (310 mg, 1·8 mmole) in Et,O (6 ml) was added to 1 (320 mg, 
1·37 mmole) in EhO (6 ml) at 0°. After 16 h at room temp the reac
tion was worked up as for 35 to give the epoxy ester (325 mg); 
IImax (CC I.) 1735 cm- '; NMR (CCI.) 8 0·75 (3H,S, 0·94 (m,S), 
3·07 (H,d; J = 5 Hz) ; 3·59 (3H,S); mass spec mle 250·1558 (65% 
M+), C"H"O, (-4 ppm); 235 ·1332 (46), C,.H,.O, (- 5); 232·1468 
(55), C"H,oO, (2); 221·1182 (95), C"H I7O, (2); 91 ·0549 (100), C7H7 
(I). 

The crude epoxy ester (275 mg, 1·1 mmole) in anhyd EhO 
(10 ml) was added to a soln of LAH (300 mg, 7·9 mmole) in anhyd 
Et,O (5 ml). After 2 h reflux the reaction was worked up as for 35 
and the crude product chromatographed over silica (10 g). Elution 
with 50% EtOAc in benzene afforded the pure 33 (129 mg, 53%), 
m.p. 142-143° (Et,O) ; [al~ +51° (0,65% CHC!,); vmax (CHC!') 
3620, 3480 cm - '; NMR (CDC!,) 8 0·95 (6H,S) 1·30 (3H, S exch. 
D,O), HO (H,q; J = 8, 11 Hz), H4 (H,q J = 4, 11 Hz); mass spec 
mle 224·1780 (13%), C,.H,.O, (2ppm) ; 206·1675 (25) , C,.H" O 
(2); 141 ·0906 (100), C.H"O, (-7). (Found: C, 74-84; H, 10'73. 
C,.H,.O, requires: C, 74·95; H, 10·78%). 

A soln of CH,SO,CI (77 mg, 0·67 mmole) in CH,C1, (I ml) was 
added to 33 (75 mg, 0·336 mmole) in CH,C1, (4 ml) as 0-5°. Afte.r 
30 min the product was isolated as in the case of 35, as an 011 
(95 mg, 94%); vmax (CHC!,) 3600 (weak), 1360, 960, 980 cm- ' ; 
NMR (CCI.) 8 0·93 (6H,S), 2-87 (3H,s), 3-95 (H,q ; J = 2, 10 Hz), 
4·28 (H,q, J = 4, 10 Hz). 

The crude mesylate (70 mg, 0·232 mmole) in anhyd Et,O (5 ml) 
was added to a stirred refluxing soln of LAH (120 mg, 3·16 mmole) 
in anhyd Et,O (10 ml). The mixture was stirred under reflux for 5 h 
and worked up as for the preparation of 34 by method (b) to give a 
crude product which was chromatographed over silica (5 g). Elu
tion with 10% Et,O in pentane gave 32 (28 mg, 58%) identical with 
material prepared from 3. 
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STEREOCHEMISTRY OF ISOLONGIFOLENE EPOXIDE 
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Abstract-The stereochemistry of epoxidation and hydroboration of isolongifolene has been elucidated by 
comparison with the chemistry of the C,-desmethyl epoxides and their transformation products, The main factors 
controlling the stereochemistry of epoxidation of isolongifolene are the bicyc10heptyl moiety and the C-2{3 methyl 
substituent. 

~cid-catalysed isomerisation of the sesquiterpene lon
~Ifo.lene (I) produces partially racemic isolongifolene (2) 
h avtng the tricyclo[6,2,LO. t6]undecane skeleton, t There 
as been considerable controversy concerning the 

stereochemistry of isolongifolene epoxide and subsequent 

(
rearrangement products. The original f3-epoxide structure 
3) Was derived mainly on the basis of the acid-catalysed 
rearrangement to the olefinic alcohol (4) since it was 
aSSUmed that the rearrangement would be concerted and 
req~ire a trans relationship of the groups involved. This 
aSsignment was contested) on the basis of NMR chemical 
shift data of epimeric alcohols (8 and 9) produced by the 
rOUte shown in Scheme I. The question of isolongifolene 
ep . 

OXide has now been settled in favour of 5 by X-ray 
~~Ystallography.5 Our stereochemical studies of tricyclo
th:2.1.0. t6]undecane derivatives independently support 
141s assignment since we have shown that olefins 10 and 
f Undergo preferential elldo epoxidation and that, 
i~rther, acid-catalysed rearrangement of the elldo epox
f es gave the analogous rearrangement product 13 to that 
dOund in the case of isolongifolene epoxide. In the 
t1~smethYI series the final deprotonation proceeds to give 
r e tetrasubstituted double bond which is precluded in 
r:rrr.angement of isolongifolene epoxide (5). Thus the cis 
III altonship of the groups participating in the rearrange
duent can be explained by a non-concerted process and is 0/ to stereoelectronic factors involving overlap of the 
b Ig~ating group with the vacant p-orbital of the car
o~nl~m ion in the intermediate (17) produced by cleavage 
ob t e epoxide ring. An analogous rearrangement was 
aqSerVed when isolongifolene (2) was treated with NBS in 

Ueous dimethoxyethane (DME). The product (19) was 

-----------------------------------
&rJIt has ~een shown" that the esters 11 and IS have the COOMe 
CYC~Ph aXial and equatorial respectively indicating that the 
Co ~ eXCne ring has the half-chair conformation in both. 
SUb

n ~rmational change to the half-boat form would place the C,-{3 
intr S~tuent in a pseudo-equatorial conformation but would 

o Uce eclipsing of the C,.{3 group with the C-II methylene. 

689 

the result of elldo attack by Br+ on the olefin followed 
by rearrangement of the postulated intermediate (18). 

Other approaches to the problem of isolongifolene 
epoxide stereochemistry utilised reactions, and hence the 
stereochemistry, of the ketone [lImax (CCI.) 1710cm-t] 
produced by kinetically controlled acid-catalysed rear
rangement of the epoxide. This ketone could be epimer
ised to the more thermodynamically stable ketone [lImax 
(CCI.) 1695 cm- t] which could also be prepared by 
hydroboration of isolongifolene (2) followed by oxidation 
under conditions which would not epimerise the ketone 
produced. Previous work6 in the tricyclo
[6.2.1.0, t6]undecane series suggested that B2H6 would 
attack isolongifolene from the elldo face to give the 
alcohol (20) and then the ketone (21). Thus the kinetic 
product should have the structure 6 consistent with 
rearrangement of elldo epoxide. These alternative struc
tures 6 and 21 could be differentiated by comparison of 
the NMR and IR data of the partially racemic isolon
gifolene ketones with the optically active ketones (23-26) 
belonging to the desmethyl series derived from the olefins 
(10 and 14). 

Comparison of the NMR of the Me signals of the 
des methyl series (10 and 14) with isolongifolene (2) using 
the easily identifiable secondary Me resonances as a 
probe allows an assignment to be made of the two 
quaternary 2a-Me and 2f3-Me groups in siolongifolene. 
(Table I). The C,a and C,f3 quaternary Me groups may be 
differentiated tentatively on the basis that the elldo-Me 
group of the bicyclo[2.2. J]heptyl system should experi
ence a slight shielding effect relative to the corresponding 
exo-Me group.' An important requirement for this 
comparison is that the cyclohexene ring has the same 
conformation in all three olefins. t Table 2 shows the NMR 
and IR data of the desmethylisolongifolene ketones of 
known absolute stereochemistry and the two ketones 
derived from isolongifolene epoxide. The IR CO fre
quency of the 5f3-H ketones (24,26) is found at 1712 cm-I 
whereas the 5a-H ketones (23,25) have a CO frequency 

Cll 
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Me 

M} 
~"'Me 

Me Me 

2 3 

OH 

Me Me 

4 

Me 

Scheme 1. 

Me 

10; R = Me 
11; R = COOMe 

16 Me 

o 

---+ 

12 

x 
= 

, , , , , 
- 1 ____ ' 

Me 

17; X=OH 
18; X = Br 

Me 

at 1700 and 1695 cm- I respectively. These CO frequencies 
compare well with those found for the kinetic and 
thermodynamic products. In the NMR of the 5a-H 
ketones (23,25) the 7f3-Me, which is in the deshielding 

OH 

Me ~e 

19 

Me 

13 

j 
3·74 

H Me 

Me 

7 

14; R= Me 
IS; R=COOMe 

20 

zone of the CO group, should be deshielded relative to 
7a-Me whereas the reverse holds for the 5f3-H series 
(24,26). Comparison of the Me resonances of 23 with 24 
and 25 with 26 shows this deshielding effect to be 
0·22 ppm. Epimerisation of 24 to 23 is accompanied by !I.n 
upfield shift of the Cr f3 Me resonance. This etTect IS 

observed on equilibration of the ketone produced fro~ 
isolongifolene epoxide under kinetically controlled condd tions supporting structure 6 for the less stable epimer an 
the endo epoxide structure 5 for isolongifo\.ene epoxide. 

Further evidence for the endo epoxide came from 
consideration of the NMR of the Me signals of the tertiarY 
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Table I. 

Me resonance (ppm) 
C2~ C,a C7a/C7~ 

Me 
1IIII

Me 0·86 0·96/1·02 
(d, ] = 7 Hz) 

10 

Me 

0·96 1·01/1·05 

Me"\"'" 
, (d, ] = 7 Hz) , . 

,- ---, 

14 

Me 

0·83 0·95 0·95/1 ·03 , 
/ ~ ~ : 

Me Me'----· 

2 

alcohol 29 derived from isolongifolene epoxide along with 
the tertiary alcohols 27 and 28 (Table 3). Comparison of 27 
and 28 shows the effect of cis \-3 diaxial relationship of 
Me and OH groups on the Me resonance. Because of the 
secondary Me (d, 7 Hz) this deshielding (0·\5 ppm) can be 

clearly observed. The NMR of the Me signals found for 
the tertiary alcohol 29 derived from isolongifolene 
epoxide was in very good agreement with the data 
predicted for structure 29 by comparison of the NMR 
signals for 27 and 28. 

Te rt 0lcohol5 
2a-H 

Me 8 Eu 
7a 

r-------...I...,..---~-------I.c---4-------....,I·O 

0-8 

06 

004 

0 -2 

r--------------*--\,-~---------,I-O 

r----~----------4~-*-4_-~---------1 0 

W
? H Me 

" 
"1. _ Me 

Me Me 29 

ppm 

Fig I. 

0 -8 

0 -6 

0-4 

0 -2 
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Table 2. 

CH, resonance (ppm) 

1·17 0·98 0·96 
(d, J = 7 Hz) 

,J3-Me ,J3-Me ,a-Me 

1·15 0·98 0·93 

Carbonyl IR 
frequency (cm- I) 

1700 

25 
(d, J = 7 Hz) 

,fJ-Me ,a-Me ,a-Me 1695 

H 

Me 

21 
1·19 0·98 0·92 0·92 

,J3-Me ,a -Me ,a/J3-Me 1695 

Thermodynamic Product 

0 
Me 

1·20 1·16 0·98 
24 (d, J = 7 Hz) 

,a-Me ,J3-Me 

Me 

0 
Me 

26 1·22 1·00 

,a -Me , J3-Me 

0 
Me 

6 

1·20 1·20 
,J3-Me ,a-Me 

Kinetic Product 

The stereochemical assignment for 29 and the close 
relationship with 28 was confirmed by NMR spectra 
shifted by four different concentrations of tris -
(111 ,22,33- heptaflour - 7,7 - dimethyloctane - 4,6 -
dionato) - europium 111 [Eu(FOD)3] up to a maximum 
ratio of shift reagent to alcohol of 0·75: I. The chemical 
shifts of the resolved resonances were plotted against the 
ratio of shift reagent to alcohol. Extrapolation to 

,J3-Me 1712 

0·99 
(d, J = Hz) 

,a -Me 1712 

1·02 0·98 
,J3-Me ,J3-Me 1710 

equimolar ratios of shift reagent to alcohol gave 8 Bp 
values for the Me groups (Fig I). In the case of the .Cl;O 
Me tertiary alcohol 27 the axial C2-a His cis 1-3 diaxlal s 
the OH which complexes with the shift reagent and shO~e 
a large li Eu value (9·1 ppm) not observed for the C2-a '\1 

tertiary alcohol 28. The C2-a H was assigned by Spl e 
decoupling on irradiation at the frequency of the Crf3 M" 
group. In the qualitative application of the McConne 
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Table 3. 

C,a Me C,al{3 Me C,{3 Me 

27 

28 

29 

0·91/0·91 

1·02 0·91/0·87 
d, J = 7 

1·02 0·91/0·87 

0·98 

Predicted 

0·91/0·88 
Found 

0·87 
d, J = 7 

0·87 

0·85 

------------------------------------------
A8 (C,a-Me-C,{3-Me) = 0·15 ppm. 

~~I.~tionship 11 describing dipolar pseudocontact lanthanide 
b t ted NMR spectra the dominant term is the distance 
C etW~en the Eu atom and the group whose shift is under 
Eonslderation. This would predict the magnitude of the 8 
2~ values for the Me resonances in the series 27, 28 and 
re to be 7 a > 2a > 7 [3 > 2[3. As before the doublet Me 
S' son~nces of the 2a-Me and 2[3-Me groups in 27 and 28 
s~II1Phfy the spectral assignments. From Fig 1 it may be 
g en that the three Me groups in 29 which have the 
theatest 8 Eu values are in very good agreement with 
in o;e ?bserved in the C2-a Me series (28)_ The fourth Me 
Ih 9 IS therefore the C2-[3 Me and, as expected, suffers 
al e smallest induced shift. In the case of the Cl -[3 Me 
Wh~hol (27) the absence of 1-3 diaxial interaction of Me 
Co the OH results in more efficient complex formation 
th ~ared with 28 and 29 as evidenced by greater shifts of 
e; a and 7 [3 -Me signals. As before the C2-[3 Me is leas t 
Cloected by the shift reagent and exhibits a 8 Eu value 

Se to that found in 29. 
Wi~uS the good correlation of (a) isolongifolene ketones 
alc hthe known desmethyl analogues and (b) the tertiary 
Wit~ 01 formed by reduction of isolongifolene epoxide 
iSol t~e known desmethyl alcohol (28) clearly shows 
endonglfolene epoxide to be 5 resulting from preferred 

o attack by peracid. 

EXPERIMENTAL 

pr~e general experimental conditions are as reported in the 
IDUS publication. Isolongifolene, isolongifolene epoxide and 

isolongifolene ketones (6 and 21) were supplied by Bush Boake 
Alien Ltd. Tris (111 ,22,33 - heptafluor - 7,7 - dimethyloctane - 4,6 -
dianato) - europium III [Eu(FOOh] was supplied by Fluorochem 
Ltd. 

5 - Oxo - 6a H - isolongifolane (21) 
(a) Via hydroboration. Reac tion carried out under N,. I MB,H. 

in THF (2 ml , 2 mmole) was added to 2 (300 mg, 1·4 mmole) in 
anhyd THF (6 ml) . The soln was stirred at room temp for 16 h then 
the excess hydride was decomposed by H,O. 3N NaOH (2 ml) was 
added followed by slow addition of 30% H,O, (I ml) and the 
mixture was stirred 2 h before being diluted with brine . The 
aqueous layer was extracted wi th Et,O after which the combined 
organic layer was washed with brine and dried (MgSO.). Removal 
of the solvent followed by chromatography over silica (10 g) gave 
20 (243 mg, 72%) on elution with 20% Et,O in petrol , vmax 
(CHCI,) 3600, 3450 cm- ' (NMR (CCI.) 0 0·85 (3H, S), 0·89 (3H,S), 
1·02 (3H,S), 1·08 (3H,S), HO (H,m). 

The alcohol 20 (107 mg, 0·46 mmole) in Et ,O (4 ml) was stirred 
for 2·5 h with I M chromic acid (0 ·3 ml) then diluted with Et,O. 
The Et,O layer was washed with NaHCO, aq, brine and dried 
(MgSO.). Removal of the solvent followed by chromatography 
over silica (5 g) gave the known 21 (75 mg, 70%) on elut ion wi th 
10% Et,O in petrol. The product was identical with authentic 
material by JR, NMR and GLC comparison, vmax (CC I.) 
1695 cm- ', NMR (CC I.) 0 0·92 (6H,S), 0·98 (3H,S), 1·19 (3H,S), 
GLC 10, 10% carbowax, 200', 25 psi, Rt 9 min. 

(b) Via epimerisa tioll of 6. 70% Hc!O. aq (2 drops) was added 
to 6 (20 mg) in CC!. (I ml) and st irred for 2 h then the soln was 
diluted with pentane, washed NaHCO, aq and brine. The soln was 
dried (MgSO.) and the solvent removed to give 21 (20 mg). GLC 
analysis indicated 5% of the starting 6{3 H epimer 6. 

6a-Hydroxyisolongifolane (29). Isolongifolene epoxide 5 
(728 mg, 3·3 mmole) in anhyd Et,O (10 ml) was added to a st irred 
soln of LAH (400 mg, 10·5 mmole) in anhyd Et,O (15 ml). The soln 
was stirred under reflux for 4·5 h then cooled to room temp and 
the excess hydride decomposed using saturated Rochelle salt soln. 
The Et,O soln was filtered through celite and dried (MgSO.). 
Removal of the solvent followed by chromatography of the crude 
product over si lica (40 g) gave, on elution with 10% Et,O in 
pentane, the tert alcohol 29 (400 mg, 55%). Recrystalli sation from 
pentane gave 29 as colourless plates, m.p. 68·5-69·5' ; vmax 
(CHCI,) 3600, 3450cm- ' ; NMR (CC!.) 0 0·85 (3H ,S), 0·88 (3 H,S). 
0·91 (3H,S), 0·98 (3H,S); mass spec mle 222 (W), 208, 204 ; GLC 
9,7% carbowax, 150',20 psi Rt 8 min. (Found C, 81·19; H, 11 ·86. 
C"H,.O requires: C, 81·02; H, 11 ·79%). 

2a - Bromo - 5,5 - dimethyl - 11 ,11 - dim ethyltricyclo
[6.2 .1.0' 6jundec - 6 - ell e (19) NBS (360 mg, 2-02 mmole) was 
added over 15 min to a stirred soln of 2 (408 mg, 2 mmole) in OME 
(4'5 ml)/H,O (0·6 ml) . The mixture was stirred under N, for 19 h in 
the dark. Brine and Et,O were added and the Et,O layer was 
washed with brine and dried (MgSO.). Removal of the solvent 
gave a partially crystalline residue which was tritu rated with 
pentane and filtered . The filtrate concentrated ill vacllo to give a 
yellow oil (630 mg) which was chromatographed over silica (15 g). 
Elution with petrol gave a colourless oi l (425 mg, 75%) which was 
identified as the rearranged bromide, b.p. 11 0'10'1 mm ; vmax 
(CHCI,) 1000,970,950,900,880,860, 840cm- '; NM R (CCI.) 0 
0·83 (3H,S), 0·94 (3H,S), 1·04 (3H,S), 1·09 (3H,S), 4·24 (H, q; J = R. 
8·5 Hz), HO (H, d J = 3·5 Hz); mass spec m le 288·0902 (2·7%, 
M+), C"H" " Br (-22) ; 282-0924 (1·8), C"H,,'9Br (-2 1) 203 ·1842 
(100). C"H" (-20). (Found C, 63·42; H, 8·36. C"H" Br required 
C, 63 ·70; H, 8·18%). 

Acknowledgemellts-We wish to thank S. R. C. for a postgraduate 
award to C. W. G. and are indebted to Or. P. Scopes. West fie ld 



694 C. W. GREENGRASS and R. RAMAGE 

College for C. D. measurements. We also thank Mr. A. J. Curtis 
and Dr. R. Ansari (Bush Boake Alien Ltd.) for samples and 
exchange spectral data. . 

REFERENCES 

'R. Ranganathan, V. R. Nayak, S. T. Santhanakrishnan and Sukh 
Dev, Tetrahedron 26.621 (1970) 

2L. K. Lala, 1. Org. Chem. 36 2560 (1971) 
'E. H. Eshinasi, G. W. Shaffer and A. P. Bartels, Tetrahedron 
Letters 3523 (1970) 

'G. Mehta and S. K. Kapoor. Ibid. 497 (1973) 
'1. A. McMillan. J. C. Paul, V. R. NAyak and Sukh Dev, Ibid. 419 
(1974) 

·C. W. Greengreass. R. Ramage. A. F. Cameron and H. 1. Hair, 
Tetrahedron 31 , 679 (1975) . 

' L. M. Jackman and S. Stern hell , Applications of Nuclear 
Magnetic Resonances Spectroscopy in Organic Chemistry (2nd 
Ed.) p. 78. Pergamon Press, Braunschweig (1969) 

"D. F. MacSweeney and R. Ramage, Tetrahedron 27. 1481 (1971) 
9L. M. Jackman and S. Sternhell , Applications of Nuclear 
Magnetic Resonance Spectroscopy in Organic Chemistry (2nd 
Ed) p. 88. Pergamon Press. Braunschweig (1969) 

,oR. F. Zurcher, Helv. Chim. Acta 46, 2054 (1963) 
"H. M. McConnell , R. E. Robertson. 1. Chem. Phys. 29, 1361 

(1958) 



Tetrahedron Letters No. 12, pp 1025 - 1028, 1975. Pergamon Press. Printed in Great Britain. 

SYNTHESIS OF LYCOPERSENE-2.3-EPOXIDE AND 

LYCOPERSENE-2.3:30.31-DIEPOXIDE 

Najmul H. Chishti. Stephen M. Coppell and Robert Ramage 

(The Robert Robinson Laboratories. University of Liverpool) 

(Reoeived in UK 23 January 19751 aooepted for pub1ioation 12 February 1975) 

The close parallel in the initial stages of triterpenoid and carotenoid 
bi 1 

OSYnthesis is now known to extend as far as presqualene alcohol (5b) and 

prephytoene alcohol (5c). 2 Al though the <; 0 analogue of squalene (1) namely 

~o J Persene (3) was early postulated to be involved in the biosynthesis of 

the 
carotenoids. the natural occurence of lycopersene (3) was questioned by 

lat , 
er careful investigations which failed to identify it as a natural 

PrOet 5 [H:1 Uct. Furthermore. use of 2- Cj-MVA as a substrate in the presence of 

<liph 
enYlamine (inhibitor of carotenogenesis) resulted in accummulation of 

Ph},t A 1 6 • 17 
oene ( ~ lycopersene) without detection of lycopersene (3). Recently 

there h 6 ( 
as been a claim that 3) is an intermediate in carotenoid biosynthesis. 

hOlfe 
~er the current balance of opinion 

1'ir 
st-formed 

would support phytoene as being the 
'1 

acyclic tetraterpene. Goodwin and Britton have isolated a number 
01' 

epoXides of acyclic carotenoids from tomatoes but of particular relevance 

1, th A 16 .1'1 
e occurence of phytoene-2.3-epoxide (~ lycopersene-2.3-epoxide) in 

"hich "'= 8. 9 
AM vivO cyclisations of the type undergone by squalene-2.3-epoxide 

(2) 
are precluded by the central double bond. 

It was thus decided to synthesise lycopersene-2.3-epoxide (4) and the 
tOr 

responding bis-terminal epoxide in order to compare them with the squalene 
'11,,1. 

l~l:o 
ogues under both in vitro and in vivo cyclisation conditions. 

Persene-2.3-epoxide (4) has the correct alignment of trisubstituted double 
bOllets 

requisite for cyclisation 

' ltllhol. -ing 

to the carbonium ion (6c) having the apo-

~ system whereas acid treatment of squalene-2.3-epoxide (2) has 
b'ell 1 0 

Shown to afford products derived from the malabaracane ion (7b). 

( 
All ~-geranylgeraniol (8) was transformed into the chloride 

CC~ 
-~P). without affecting the configuration of the double bonds. followed 

1025 

---~ 

C12 
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I~R 
HO')(CF . HO~ 

6 7 

b:R= ~ c:R=~ 

9 

11 

~OH 
8 

" 

13 

10 

12 
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by Wurtz coupling (Li-THF/10~C) to give all ~ lycopersene (3) in 25% 

Yield after purification via the thiourea clathrate. N.M.R. distinguishes 

the 8 Me groups ~ to the olefinic H (1.5ppm) from the 2 Me groups ~ 

to the olefinic H (1.65ppm). Treatment of all ~-lycopersene (3) with 

~s in 12 aqueous glyme gave 2-hydroxy-3-bromo-lycopersene 

1027 

1 1 

[).te2 C(OH~-6H, s ;1. 28ppm] and the bisbromohydrin resulting from attack at both 

terminal double bonds [Me2C(OH)-12H,s;1.28ppm]. These were separately 

ConVerted (IS C~ -MeOH) into lycopersene-2,3-epoxide (4) and 

lYcope rsene-2,3:30,31-diepoxide whose structures were assigned from N.M.R., 

high resolution mass spectral data and comparison with the corresponding 

SqUalene epoxides. 

13 
Cyclisation (picric acid-nitromethane) of lycopersene-2,3-epoxide (4) 

"lid Squalene-2,3-epoxide (2) in parallel gave a similar range of products by 

'1'Lc 
comparison. Preparative TLC (Si02 ,5% EtOH in benzene) effected a separation 

Of the 5 major isomeric acid transformation products of (4), C, 01\6 O. The 

lellst polar compound (6%) was a ketone (~max 1713cm1, no - OH) and assigned 
the , 

structure (9) on the basis of mass spectral fragmentation and N.M.R., 

Ifhi h 
C clearly showed a (C~)2 CH- grouping together with the expected signals 

1111 
e to the polyisoprene system. The second compound (7%) was neither an 

a ketone, and was assigned the bicyclic ether structure (10) 
It 

of N.M.R. and mass spectrometry ,using accurate mass of the 

on 

ft' 
IIgment ions, which showed the loss of the bicyclic moiety in addition to 

llt'og 
ressive fragmentation of allylic bonds. IR, NMR and mass spectral data 

811" "llorted the assignment of structures (11) and (12) to the two major 
1I1cOh 

ols obtained in 2% and 9% respectively. In the case of bicyclic alcohol 
(11 ) 

, loss of the intact bicyclic moiety (mle 207) was observed together with 
ft'1I 

gmentation of successive isoprene units. A complication in the case of the 

1I1cOhol 
products, in contrast to (9) and (10),was the elimination of ~O 

tOllo~ed by an analogous fragmentation pattern, or retro Diels-Alder cleavage 
~t 

t'ing A. With the alcohol (12) a fragment due to the tricyclic system was 

~--------------------------------------------k 

Significant m8SS spectral fragmentatiofts are indicated olt the 
formulae. 

- .. ---- ------
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observed together wi th an intense ion due to loss of t .he side chain and ~ O. 

The third alcohol obtained in 1% yield was assigned the structure (13) on tne ' 

basis of IR and mass spectral data which exhibited a very intense ion at 

m/e 315 due to loss of the side chain and also a fragmentation involving 

loss of the side chain plus 39 mass units characteristic of C17 substituted 

steriods, although it wa s not possible to assign unambiguously the position 

of the double bond produced in the cyclisation process by deprotonation of 

(6c). 

Further detailed examination of the cyclisation of lycopersene-2 ,3-

epoxide leading to isolation of p~ycyclic tetraterpenes could prove 

valuable in an attempt to isolate lycopersene-derived tetraterpenes from 

natural sources. 
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Stereospecific Synthesis of (- )-Agarospirol and (- )-(3-Vetivone 

By MERVYN DEIGHTON, CLIFFORD R. HUGHES, and RODERT RAMAGE* 

(The Robert Robinson Laboratories, University of Liverpool, Liverpool L69 3BX) 

Summary The acetal (1) was converted into (- )-agaro
spirol (3) and subsequently into (- )-,9-vetivone. thus 
establishing the absolute stereochemistry of (3) . 

THE utility of acetals (1) and (2) in the stereospecific 
synthesis of spiro[4,6]decane sesquiterpenes has been 
exemplified previously by the synthesis of (- )-a-acorenol 
and (+ )-,9-acorenol.l We now report the synthesis of 
(- )-agarospirol (3) and (-)-,9-vetivone (4) from (1) . 
(- )-Agarospirol (3) was the first recognised' member of the 
spirovetivanes family of sesquiterpenes. In recent years 
thert} has been a considerable effort directed towards the 
synthesis' of racemic spirovetivane sesquiterpenes. including 
( ± ) -agarospirol. & 

Ozonolysis of (1) followed by reductive cleavage (Me,S) of 
the intermediate ozonide afforded the keto-aldehyde (5) 
which was cyclised (5% KOH; 80 °C) to the a,9-unsaturated 
ketone (6). [a]':: - 56'8° (e 4·0, CHCla); Vmax 1665 and 
1626 cm-to The alternative mode of intramolecular cyclisa
tion could be eliminated by spectral analysis of (6) . Hydro
genation (Pd, C) produced the mixture of ketones (7) which 
were converted (Bra, NaOH) into the corresponding acids 
(8). Esterification (CHaN,) followed by acidolytic cleavage 
(3N HCI, dimethoxyethane) of the acetal grouping gave the 
keto-esters (9), [a]~ - 27'8° (e 8'2, CHCla) and (10), [a)~G 
- 11'6° (e 8·0, CHCla) which were separable by alumina 
chromatography. Stereochemical assignment of (9) and 
(10) could be derived from equilibration studies (KOMe) 
which afforded (9): (10) in the ratio 7: 3. Consideration of 
interactions in these keto-esters favoured the epimer (9) . 

Wittig reaction (PhaP=CH,) with (9) gave the expected 
product (11), [a]14 - 29·8° (c 4'8, CHCla). which smoothly 
rearranged (toluene-p-sulphonic acid. benzene. reflux) to 
the endocyclic olefin (12). [a]~ - 18'6° (C 7·3. CHCla). 
Comparison of the n.m.r . data of (11) and (12) eliminated the 
possibility of undesired migration of the spiro-centre 
adjacent to the developing carbonium ion during the acid 
treatment. Analogous treatment of (10) gave the same 
products (11) and (12) owing to epimerisation during the 
Wittig reaction, for which there is analogy.- Thus. the 
aforementioned separation of (9) and (10) could be dispensed 
with for this particular series of reactions. Equilibration 
studies (KOMe) failed to epimerise (12) to any significant 
extent «6%). Comparison of steric interactions in (12) 
and (13) indicate the former to be more stable, in accord 
wi~h the results of Yamada.7 Treatment of (12) with 
MeLi afforded (- )-agarospirol (3), [a)~ - 10° (e 6'4, 
CHCl.). (lit.,a - 5'9°); (, (CCI,) 0·91 (::CHMe. d, J 7 Hz), 
1·16 (::CMe, s),1 '65 [=C(Me)- ), and 5'18 (HC=. br). Reversal 
of assignment of the epimeric esters (12) and (13) would 
have produced the tertiary alcohol (14). enantiomeric with 
( - )-hinesol. [a)o - 48°. The physical data of synthetic 
(- )-(3) agreed closely with natural (- )-agarospirol; how
ever in our opinion the natural material was slightly con
taminated. Epoxidation of ' ( - )-(3) (m-chloroperbenzoic 

acid. CHCla) gave epoxyagarospirol. m.p. 106-108°C; 
[a]~8 + 38'4° (e 1·1. CHCIs), (lit.,s m .p. 109- 110°, [a]il + 

(1) 

:) 

Me 

(4) 

(2) (3)R l zH. ~:Hz 
(15) R' :COMe,~:Hl 
(16) R' : COMe, R2: 0 

O~ O~ 
~CHO ~ - ~ a I 

:~O Me Me 0 

IS) (6) 

(7) R .COMe 
(8) R :COzH 

(9) RI=H, RZ:COzMe 
(10) R2:H, R': COl Me 

~ 
,-(Me M\fMe 

~H .H 
(12) R2 : COzMe, RI:H 
(13) RZ: H, RI:C01Me 

(14) 

44'8°). Acetylation of (-)-(3) (NaOAc, AcaO) gave (15). 
[a]!: + 1·22° (e 9·3, CHCI.). (lit.,a [a]» + 11-3); 8 (CC1'J 
0·94 (::CHMe, d, ] 7 Hz). 1'46 and 1-48 (::CMe •. 2s), 1.91 . !la. (MeCO., s), and 5·24 (=C(H)- ). The complex n.m.r. slg 1 
in the C-methyl region quoted for the acetate of natura. 
( - )-agarospirol is due to contamination and therefore 
inadmissible as stereochemical evidence. 

Following the route delineated by Marshall,' the sy!l' 
thetic (- )-agarospirol acetate (15) was oxidised (Na.CrO: 
HOAc.AcaO) to the a,9-unsaturated ketone (16). [oc):f 0 
14·3 (e 5'2, CHCI.) , and then treated with BF.,E~ ~ 
followed by chromatography (AgNOa. alumina). to glV 
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(-)-,8-vetivone (4). [1X]~6 - 23·6° (c 1'0. CHCla). (lit .• ' 
~ClJD - 24°). The identity of synthetic and natural 
-Vetivone was established by g.l.c .. and i.r .. u.v .. n.m.r .• and 

~ass.spectral comparison and by conversion into the same 
,4-dmitrophenylhydrazone derivative, m.p. 182-184°C. 

We are grateful to Drs. A. F. Thomas and B. Maurer 
(Firmenich) for a sample of natural ,8-vetivone and to Bush 
Boake AIlen Ltd. and the S.R.C. for awards to M.D. and 
C.R.H. 

(Received, 11th June 1975; Corn. 659 .) 
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~EL FILTRATION OF PROTECTED PEPTIDES ON SEPHADEX G-50 IN 
EXAMETHYLPHOSPHORAMIDE CONTAINING 5 % WATER 

I. J. GALPIN, G . W. KENNER, S. R. OHLSEN and R. RAMAGE 

The Robert Robinsoll Laboratories, The University of Liverpool, Liverpool L69 3BX (Great Britain) 

(Received September 6th, 1974) 

----------------------------------------------------------------

W Gel permeation chromatography on G-50 and G-75 Sephadex gels, using 5 % 
t ater in hexamethylphosphoramide (phosphoric trisdimethylamide) has been applied 
r
O 

the purification of large protected peptides which are outside the molecular weight 
ange of the Sephadex LH-20- dimethylformamide system. 

------.. --------- ---------- ---------

Sat" One of the advantages in synthesis of polypeptides by the fragment conden
te/on. approach is that the intermediates are capable of purification and charac
sidlsatJo~. However, when the synthetic strategy involves maximal protection of 
th e~haln functional groups, the normal processes of purification often fail due to 
pr

e 
t Ydrophobic and insoluble nature of the peptide fragments. Ostensibly, large 

a: ected peptides which have been synthesised by fragment coupling would be 
be ~na.ble to purification by gel permeation chromatography, since the product could 

eSlgned to differ greatly from the starting materials in molecular weight. 
wei h The G-series of Sephadex gels is effective over a wide range of molecular 
tect

g 
d ts (~W), but they are normally used with aqueous buffers in which fully pro

Of ~_2peptldes are usually insoluble. Sephadex LH-20 is a hydroxypropylated derivative 
dim h5 (ref. I) and has proved to be useful in gel filtration of protected peptides using 
it ca

et 
ylformamide (DM F) and other organic solvents2,3. From a number of examples 

sYSt n be seen (Fig. I) that the exclusion limit is between MW 2500 and 3000 for this 
tion

e?,. In OUr experience arginine-containing peptides in which the guanidine func
been IS protonated cannot generally be purified by this method. The M W range has 
corn eXt~nded by hydroxypropylating G-50 to produce LH-60. This gel is not yet 
Puri~e.rclally available, but LH-60-DM F has been used by Zeiger and Anfinsen to 
Unsa;' a synthetic sequence of Staphylococcal nuclease after LH-20 had proved to be 

Isf aetory4. 

Series We, therefore, decided to study the swelling characteristics of the available G 
Prote of gels in solvent mixtures, which had been found to be compatible with la rge 
(Phoscted ~eptides during the course of synthetic work . Hexamethylphosphoramide 

phone trisdimethylamide)( H M PA) containing 5 % water was found to be suitable 

D 1 
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Fig. 1. Gel filtration of protected peptides on LH-20 Sephadex lIsing DMF as solvent. 

for gel filtration of synthetic peptides which were either insoluble in OMF or toO 
large for LH-20 purification. In water, G-50 and G-75 Sephadex gels have effective 
MW limits of 30,000 and 70,000, respectivelys. Even if the effect of HMPA as the 
mobile phase were to reduce this range to 30% of these values, these gels together 
with LH-20 would still cover the selection of peptides and enzymes currently Con' 
sidered to be targets for synthesis. 

EXPERIMENTAL 

Materials ' 
Blue dextran 2000, Sephadex G-series and LH-20 were purchased from phar' 

macia, London (Great Britain). The glass columns (2.5 and 5.0 cm 1.0., resp.) were 
fitted with a porosity 3 sinter. OMF and HMPA were dried and distilled at 0.1 mm J-Ig. 

Procedures f 
The swelling characteristics were determined by placing a known quantity ~ 

the appropriate Sephadex in a measuring cylinder and dispersing the beads in t : 
solvent. After 24-h equilibration with occasional shaking the volume of the gel wa 

measured. . te' 
For chromatographic use, the Sephadex gels were swollen in the appropna rf\ 

solvent mixture at 50° for 16 h, then degassed. The G-50 columns, 2.5 and 5.0 Cp. 
1.0., were packed with flow-rates of 7.5 ml/h and 20 ml/h, respectively. The 2.5-1. d 
G-IO column in OMF was eluted at a flow-rate of 15-30 mlJh.Elution was monitOre 

b'y ultraviolet ~UV) absorption at 280 nm. using ~n LKB Uvicord. . lite 
'. The v~ld volume,. VD, was determined uSing the co~pletely excluded SO\oe 

Blu.e dextran 20bO, ·. modIfied by the method of Gut and Clmrova2
• The dark b 

f '.' I ' f · • 
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~aterial obtained from reaction of Blue dextran 2000 with CICOOC2Hs was soluble 
In DMF and HMPA. 

. The total bed volume, VI> of the gel was determined by calibrating the column 
WIth measured volumes of water prior to packing. The elution volume, Ve , of partially 
excluded solutes was characterised as the volume of eluent collected up to the point 
of maximal UV absorbance. The distribution coefficient, Kav> was given by the 
eXpressions 

K _ Ve - Vo 
av - VI - Vo 

The C0Detants for the columns used are given in Table I. 

TABLE I 

COLUMN PARAMETERS ---C ___ o~rnn--------------l-.D-.-(-Cm-)----v.-o-(m--~---v.-r-(-m-~--

------------------------~---------g-;o, RMPA-5% water 2.5 27.0 103.5 
G- 0, HMPA-5% water 5.0 122.0 475.0 

-10, DMF 2.5 126.0 367.0 
-----------------------------------------
RESULTS AND DISCUSSION 

BM The total bed volumes of G-50 Sephadex when swollen in DMF-water and 
p . ~A-water are shown in Fig. 2. The swelling of the gel was found to be pro
~ OrtIonal to the water content over the range 2.5-15% water. A similar result was 
:und by Bush and Jones6 for G-25 in dioxane- water systems over the range 0-60% 
rn ater. It was also found that G-75, G-IOO and G-200 gels behaved in a similar 

g anner when treated with a HMPA-water mixture. In all cases the swelling was 
reat . . 

er In the HMPA-water than in the DMF-water systems. This may be due to 

'4 

'3 

'2 

" 
'0 

5 '0 15 
J;'ig. 2. Percentage of water 
( x: -. ~~~el1mg characteristics of G-50 Sephadex in HMPA- water (0-0) and DMF- water 

Il:r-----
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the high solvating power of HMPA, which is well fitted for H-bonding through the 
hydroxyl groups of the Sephadex gel. 

After preliminary swelling experiments, it was decided that G-SO would be 
most suitable for the MW range of protected peptides available. In order to obtain 
maximum solubility of the compounds the water content was kept at S %. Lower 
proportions (2.S %) of water gave poorer separations. Removal of HMPA after gel 
permeation chromatography poses a problem in that, unlike OMF, HMPA is not 
removed by evaporation in vacuo at 30°. The protected peptide can be isolated after 
precipitation with brine, but this is not always satisfactory. Alternatively the solute 
can be separated from H M PA by gel filtration using a column packed with G-~O 
Sephadex and eluted with OM F. Large peptides would be expected to be eluted (n 
OMF close to Vo whereas HMPA would be eluted at V" It was found that manY 
protected peptides, even those which were not very soluble in DM F, could be isolated 
by this method. I 

The compounds chromatographed on G-SO Sephadex are given in Table I 
and the graph of Ka. againstIOlog(MW) is shown in Fig. 3. It was found that the large 
peptides having an M W 'greater than SOOO were eluted near the void volume (VO/V, :;::; 
0.27 for G-SO in HMPA- S% water). In order to extend the method, G-7S SephadeJ( 

TABLE 11 

PROTECTED PEPTIDES PURIFIED BY GEL FILTRATION ON SEPHADEX G-50 IN 
HMPA- 5% WATER 
----------------------------------------------------------~ 
No. Compound MW K., V.I V, 

--------------------------------------------------------~ 
Bpoc-Cys(Acml-Asn-lle-Pro-Cys(Acml-Ala-Ala-Leu-Nva-

Ser(Bu')-Gly-OPh 1560 0.43 0.56 
2 Bpoc-Phe-Asn-Thr(Bu')-Gln-Ala-Thr(Bu')-Asn-Orn(Adoc)-

Asn-Thr(Bu')-Glu(OBu')-Gly-OH 1951 0.44 0.58 
3 Bpoc- Leu-Leu-G In-Ile-Asn-Ser( Bu' )-Orn(Adoc)-Trp-Trp-

Cys(Acm)-Ala-Asp(OBu')-Gly-OPh 2197 0.44 0.58 
4 Bpoc-Cys(Acm)-Asn-lle-Pro-Cys(Acm)-Ala-Ala-Leu-Nva-

Ser( Bu' )-G ly-Asp(O Bu' )-lle-Thr( Bu' )-A la-Ser( Au')-Va 1-
Gly-OPh 2373 0.43 0.58 

5 Adoc-Lys(Adoc)-Val-Phe-Gly-Orn(Adoc)-Cys(Acm)-Glu(OBu')-
Leu-A:a-Ala-Ala-Nle-Lys(Adoc)-Ala-Leu-Gly-OPh 2521 0.45 0.60 

6 Bpoc.-Leu-Ala-Gly-Tyr(Bu')-Arg(H +TosO- )-G Iy-
Tyr( Bu' )Ser( Bu')- Leu-G Iy-Asn-Trp-N va-Cys( Acm)-A la-
Ala-Lys(Adoc)-Phe-Glu(OBu')-Ser( Bu')-Gly-OPh 3265 0,31 0.49 

7 Bpoc-Ser( Bu')-Thr( Bu' )-Asp(OBu')-Tyr( Bu' )-G Iy-Leu-Leu-
G In-Ile-Asn-Ser( Bu' )-Orn( Adoc)-Trp-Trp-Cys( Acm)-Ala
Asp(OBu')-G Iy-Orn( Adoc)-Thr( Bu')- Pro-G Iy-Ser( Bu' )-A la-
Asn-Gly-OPh 3930 0.29 0.48 

8 Z-Lys(Z)-Val-Phe-Gly-Orn(Adoc)-Cys(Acm)-Glu(OBu')-Leu-
Ala-Ala-Ala-Nle-Lys(Adoc)-Ala-Leu-Gly-Leu-Ala-Gly
Tyr(Bu' )-Arg( H +TosO- )-Gly-Tyr(Bu')-Ser(Bu')-Leu-Gly
Asn-Trp-N va-Cys(Acm)-Ala-A la-Lys( Adoc)-Phe-G lu(OBu')-
Ser(Bu')-Gly-OPh 5358 0.14 0.37 

9 Bpoc-Phe-Asn-Thr( Bu' )-G In-Ala-Thr( Bu' )-Asn-Orn(Adoc)-
Asn-Thr( Bu' )-G lu(OBu' )-G Iy-Ser( Bu')-Thr( Bu' )-Asp(O Bu')
Tyr( Bu' )-G Iy-Leu-Leu-G In-Ile-Asn-Ser( Bu' )-Orn(Adoc)
Tri>-Ttp-Cys( Acm )-A la-Asp(OBu' )-G Iy-Orn( Adoc)-
Thr(Bu')-Pro-Gly-Scr(Bu')-Ala-Asn-Gly-OPh 5625 0.095 ~ 
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F" 
C~~~ 3: ~el filtration of protected peptides as listed in Table 11 on G-50 Sephadex using HMPA 

atntng 5 % water as solvent. 

dS Used with HMPA-5% water resulting in approx. 12 mllg swelling. Compound 9 
th able 11) was found to have a Vel V, ratio of 0.46 compared with a ratio of 0.32 for 

e G·SO system. 
o I The method of G-50 gel permeation chromatography has proved useful not 
d~ Y for purification of protected peptides, but also for isolation of pure materials 
~rectly from fragment coupling reactions carried out in HM PA solution. The isolated 
chaterials were all shown to be homogeneous by amino acid analysis, thin-layer 
'W rOll1atography and, in some cases, electrophoresis of the deprotected peptides. It 
lIsa~found that the Kav value obtained from the G-50 Sephadex column was a further 
or; ul parameter for characterisation of a particular protected peptide since it was 
its ~ Possible to assess the expected Ve of the coupled product from a knowledge of 

W. 
du' We hope to extend this method further into the MW range of 5,000-20,000 

f1ng the Course of an approach to synthesize lysozyme analogues. 
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80. A New Reagent for Polypeptide Synthesis: ,u-Oxo-bis
[tris-(dimethylamino)-phosphonium]-bis-tetrafluoroborate 

by Arnold J. Bates, lan J. Galpin, Allan Hallett, Derek Hudson, 
Geor~e W. Kenner, Robert Rama~e 

The Robert Robinson Laboratories, University of Liverpool, England 

and by Robert C. Sheppard 
MRC Laboratory of Molecular Biology, Cambridge, England 

(13. I. 75) 

h Summary. The products 1 and 2 (X = OTs) have been isolated from the reaction between 
el(amethylphosphortriamide and p-toluene sulfonic anhydride and the latter converted into 

~-Ol(~-bis-[tris-{dimcthylaminO)-phoSPhoniumJ-bis-tetrafluoroboratc 2 (X = BF4). This is a 
o ractlcal reagent for the formation of the peptide link. Where racemisation is possible via 
lClCazolone formation this can be decreased by the addition of I-hydroxybenzotriazole or N-hydro
p~S~ccinimide. These additives may a lso increase the efficiency of condensation at glycine and 

ohne residues. 

Some years ago, two of us published data, together with another author [1], 
PUrporting to substantiate Scheme 1 (1 -+ 2 -+ 3 -+ 4) for peptide synthesis. In sub
sequent studies there emerged serious defects in the experimental work on which 

Scheme 1 

(Me2N)3~-O-SOcQ~e -~ 
1 

n'-NH-S02-0-Me 

7 

R-coo-l 

R-CO-O-socOMe 

6 

[ 
R- CO-NH-R'-

4 

+ + 
(Me2N)3P-O-P(NMe2)3 

2 

R-coo-l 

2X-

+ 
R-CO-O-P(NMc2)3 

X-
3 

R-CO~j 
R-CO-O-CO- R 

5 

th 
N_~e Conclusions were based [2] . The first disquieting feature was the amount of 
thi -toluene sulfonyl derivative 7 of the amine R'NH2 isolated as a by-product using 

S lhethod. This could readily be explained by incomplete formation of 2 (X = OTs) 

o 2 
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resulting in reaction of RCOO- with 1 (X = OTs) to give the unsymmetrical an
hYdride 6 which could afford both the desired amide 4 and the N-p-toluene sulfonyl 
derivative 7 by nucleophilic attack of R'-NH2 . Secondly, the claims concerning low 
racemisation during coupling could not be substantiated. 

In a complete reinvestigation of the matter [3J we have indeed isolated the 
P?~tulated intermediates 1 (X = OTs) and 2 (X = OTs), although the reaction con
dlhons had to be more vigorous than those reported earlier. Moreover, we wish to 
report the preparation of a new crystalline reagentl), ,u-oxo-bis-[tris-(dimethyl
alllino)-phosphoniumJ-bis-tetrafluoroborate 2 (X = BF4)' 

(1I Addition of p-toluene sulfonic anhydride to hexamethylphosphortriamide 
MPT) at 20° afforded a new crystalline precipitate within 5-20 minutes under 

anhYdrous conditions. This proved to be salt 1 (X = OTs), m. p. 76-78°, which is 
~l{ceedingly sensitive to moisture. Because of this, 1 (X = OTs) is not normally 
~Solated but rather converted in situ by furth er reaction with HMPT at 55° for 3 h 
~~to the desired intermediate 2 (X = OTs), m. p. 115- 117°. During this latter process 
llSSOlution of the first prec~pitate of 1 (X = OTs) was fol.lowed ~y crystallisation ~f 

(X = OTs). In order to CIrcumvent the problems associated wIth the hygroscoplc 
~.ature of 1 (X = OTs) and 2 (X = OTs), the anion was exchanged for BF~ by reac-
IOn of these salts with NaBF4 in acetonitrile, affording p-toluene sulfonyl-[tris(di

lllethYlamino)-phosphoniumJ-tetrafluoroborate 1 (X = BF4), m. p. 115- 120° and 
,4-0xo-bis-[tris-(dimethylamino)-phosphoniumJ-bis-tetrafluoroborate 2 (X = BF4), 
~'P.194-204°' respectively having satisfactory analytical and NMR. data (Table 1). 
c le double decomposition leading to 1 (X = BF4) and 2 (X = BF4) was possible be
t aU~e of the insolubility of sodium p-toluenesulfonate relative to NaBF4 in ace
Onltrile. 

Table 1. NM R. data of HM P T derivatives 

----------------------------------------------------------
3IP-NMR. (IH-noise
decoupled) a) 

II-I-NMR. b) 

----(Mea}{)a P-=- 0--------24-.-7---------2- .-57-(M- e--N-,-d-, -J-=-9-}-cl-z)----

(Mea}{) P -0 a -0-S02 ~ A- Me - 33.6 2. 77 (Me-N, 18 H, d, J = 11 I-Iz) 
131'(-

(Mea}{)aP-O_P(NMe ) 
2131' _ 2 3 

( 

- 29.6 

2.42 (Me-Ar, 3 H, s) 
7 .70 (H- Ar, 4 H) 

2.83 (Me-N, J = 11 Hz) d) 

(Me }{) + 
1:> a aP-O-P(O) (NMe2)2 C) -27.0 2.53 (Me-N, 12H, d, J = 10.7 I-Iz) 

h.13-
___ -10.2 2.37 (Me-N , 18 H, d, J = 10.8 Hz) 

') ~-------------------------------
b) C~ectra measured in CHaCN/CDaCN, signa ls in ppm relat ive to H aP04 external reference. 
C) n aCN solution, signals in ppm relative t o Me4Si standard . 
Q) n ata from MaccMa et al. [4] using CDCl

3 
solutions. .-

an~ ~o P----P coupling the Mc splitting becomes cha racteristic of an X3AA I X~ system [13] 
~hus not a simple doublet. 
~---------------------------------------------

Mark t 44 e ed by Fluka AG. as Bates' Reagent (11595) . 
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Bates' reagent 2 (X = BF4) is a white crystalline solid which is insoluble in Et20, 
EtOAc, THF, CH2Cl2, and CHCI3 but soluble in MeCN, DMF and some~hat less 
soluble in HMPT. Although the reagent reacts with water it does not appear to be 
very hygroscopic,' and it can be manipulated without the precautions required for 
the corresponding di-p-toluenesulfonate 2 (X = OTs) . The reagent 2 (X = BF4) haS 
been used in stepwise peptide synthesis in MeCN, DMF or HMPT as solvent at 
room temperature, using 2 (X = BF4), N-methylmorpholine (NMM) , Z, BOC- or 
Bpoc-amino acid and amino component in the molar ratios 1.5 : 2: 1: 1. The protected 
pentapeptides 8 and 9 were conveniently synthesised in this way. 

Bpoc-Ser(But)- Thr(But)-Asp(OBut)-Tyr(But)-Gly- OPh 

8 

Z-Ala-Leu- Nva- Ser(But)-Gly- OPh 

9 

According to Scheme 1 the activated carboxylic acid derivative involved in amide 
formation could be either the acyloxyphosphonium salt 3 (X = BF4) or the sym
metrical anhydride 5. However, in spite of considerable efforts using 3IP_NMR., .~o 
evidence could be obtained for the intermediacy of 3 (X = BF4) in the nucleophIll~ 
attack by R'-NH2 • A low temperature 31P-NMR. study of the reaction of Bates 
reagent 2 (X = BF4) with Z-Gly- OH in the presence of NMM in DMF showed nO 
apparent reaction at - 40°, but at + 3° HMPT was liberated over 1.5 h. There was 
no evidence for another phosphorus-containing species such as 3 (X = BF4)' In orde~ 
to probe this more deeply, [P3C] and [2-13C] -Z-Gly- OH were used to give the adde 

dimension of l3C_3IP spin-spin coupling in the search for activated carboxyl inter
mediates. After 11 minutes signals were observed which could be assigned to tl~e 
symmetrical anhydride 10 2). This was checked by comparison with authentlC 
material prepared from the appropriately labelled Z- Gly-OH and DCCr [5]. After 
48 hours the symmetrical anhydride 10 was found to have rearranged partly to 
N,N'-bis(benzyloxycarbonyl)-glycylglycine 11, which was identified by comparison 
with authentic material produced on refluxing 10 in benzene [6J. 

(Z-NH - CHcCOhO 

10 

Z-NH-CH2- CO-N(Z)-CHcCOOH 

11 

Thus, although acyloxyphosphonium salts of the type 3 have been postulated ~s 
active intermediates in amide formation using a variety of phosphorus compoun 5 

[7J [8], there is no conclusive evidence to support this. It must be admitted, however, 
that anhydride formation using Bates' reagent 2 (X = BF4) in the absence of the 
nucleophile R'- NH2 does not exclude participation of the fugitive acyloXyph~r 
phonium salt 3 (X = BF4) in the presence of R'-NH2 • which is a better nucleopl1l e 
than H.- COO-. 

When Bates' reagent was employed in the I zumiya test [9J (Z- Gly- Ala-OfI .""'" 
Z-Gly- Ala- Leu-OBzl) it was found that the degree of racemisation varied accordl)J~ , 
to the strength of the base used [EtaN (43%) , NMM (16%), poly Hunig base (9~ le 
This strongly suggested the intermediacy of the oxazolone 12 as being responslD 

Castro & Dormoy (7) ha ve also prepared anhydrides by analogous use of phosphonium sa 
ItS. 

i ' 
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for racemisation. Treatment of Z-Gly-Ala-OH in MeCN with Bates' reagent followed 
by 0.5 equivalents of Amberlyst A21, a weakly basic macroreticular anion exchange 
resin, gave IR. evidence (1832 cm-I) for 12. In DCCI coupling reactions this source 
of racemisation has been drastically reduced by the addition of N -hydroxysuccinimide 
(IIONSu) [lOJ or 1-hydroxybenzotriazole (HOBt) [l1J, which rapidly form activated 
esters of the carboxyl component not prone to racemisation or side reactions to 
Which oxazolones are susceptible. Addition of HOBt to the I zumiya test involving 
Bates' reagent brought about a marked reduction in racemisation [NMM (3%), poly 
llunig base (1 %)J due to the participation of 13. 

N-t'H Z-NH-CH2-< CH3 

0-
~o 

12 

In Our current programme involving the synthesis of an analogue of lysozyme 
~e have tested Bates' reagent + HONSu for fragment couplings where racemisation 
IS not a problem, in order to minimise deleterious side reactions occasioned by the 
aC~ive 4-position of oxazolone intermediates. The method has been used for cou
Phng of fragments 14 + 15, 16 + 17, and 18 + 19, indicated 3), and the results are 
~ery favourable in comparison with established methods, particularly with respect 
f 0 ease of purification of the products. The problem of removal of dicyclohexylurea 
o~orn insoluble .protected peptides is obviated by using Bates' reagen~. In the c~se 

the octapeptIde Bpoc(14 + 15)OPh the DCer + HOBt product reqUIred extensIve 
~urification, whereas Bates' reagent alone afforded a product which could be isolated 
y crystallisation. 

Bpoc-Orn(Adoc)-Thr(But)-Pro-Gly-OH 

14 

H-Ser(But)-Ala- Asn-Gly-OPh 

15 
13poc C - YS(Acm)-Asn- Ile-Pro-OH HCys(Acm)-Ala-Ala- Leu- Nva- Ser(But)-Gly-OPh 

17 16 

Bpoc-Cys(Acm)-Asn-Ile-Pro-Cys(Acm)-Ala-Ala-Leu- Nva-Ser(But)-Gly-OH 

18 

H-Asp(OBut)-Ile- Thr(But)-Ala-Scr(But) - Val-Gly-OPh 

19 

Experimental Part 
seal ~.p. were determined using a I{ojler Block except for salts 1 and 2, which were examined in 
taine d CaPillaries. Ill. spectra were recorded on a Pye-Unicam SP. 200 . NMR. spectra were ob
wcr e USing Varian Associates HA. 100 or XL. 100 instruments. Optical rotation measurements 
catt~ made on a Thorn Bendi,-,: ETL-NPL-143A automatic polarimeter. Amino acid analyses were 
~ed Out by a f eol ]LC-5AH automatic analyser with digital integrator unit. 
') =-----:. 

~he fragments used were synthesised by standard methods and have satisfactory analytical 
ata. A full description of this work will be published separately. 

l 
I , :--, -- _ 
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Gel filtration was carried out usi ng Sephadex LH20 swollen in distilled DMF and monitored 
by LKB Uvicord UV (280 nm) and Thorn Bendix Automatic Polarimeter 143D at 546 nm using 
a 2 mm x 28 mm flow cell. 

Thin iayer chromatograms (TLC.) were run on silica gel (Merch Kieselguhr GF 254) usually 
with the addition of starch (10% by weight). Visualisation of the product spots was achieved by 
one of the following methods: (i) UV. light (254 nrn); (ii) ninhydrin 0.5% in butanol spray followed 
by heat; (iii) f1uorescamine 1 % in acetone spray followed by UV. light (360 nm); (iv) 12 vapour; 
(v) C12/C102 followed by 1 % w/v aqueous KI. 

The following solvent systems served as eluants: 
A) CHCla/MeOH 19:1; B) CHCls/MeOH 9: 1; C) CHCls/MeOH 3:1; D) CHCla/PriOH 9:1; B) 
BuOH/HOAc-H20 4: 1: 5 upper phase; M) MeCN/H20 9: 1; N) MeC02Et/benzene1: 1 ; R) MeC02Et/ 
benzene 2: 1. 

1. p- Toluenes~/lfonyl-[tris-(dimethylamino- )PhosphoniumJtetrafluoroborate (I. X = BF4)' p-Tolu
ene sulfonic acid anhydride') (7.8 g. 24 mmol) was dissolved in HMPT (24 ml) and stirred at room 
t emperature. After about 5 min the reaction mixture became cloudy and the p-toluene sulfonate 
1 (X = OTs) precipitated slowly. After a further 15 min the solid was filtered off (dry box. Ng 

atmosphere) and washed with ether to give p-toluenesulfonyl[tris-(dimethylamino-)phoSphO
niumJp-toluenesulfonate (I) (X = OTs). m.p. 76- 78°. 

C2oHa2NaOoPS2 Cale. C 47 .51 H 6.38 N 8.31 % 
(505 .6) Found .. 47.41 .. 6.75 .. 7.95% 

The mono-p-toluene sulfonate (4.43 g. 8.85 mmol) was dissolved in dry acetonitrile (25 ml) 
and NaBF4 (0.962 g. 8.85 mmol) then added; the suspension was stirred vigorously for 16 h. The 
sodium p-toluene sulfonate was removed by filtration and dry ether was added to the filtr~te 
to precipitate the monotetrafiuoroborate 1 (X = BF4) which was filtered off and washed wltb 
ether (dry box. N2 atmosphere) to give p-toluene sulfonyl-[tris(dimethylamino)-phosphoniurnl
tetrafluoroborate (I) (X = BF4). m. p. 115- 120°. 

C13H25BF4NaOaPS Calc. C 37.07 H 5.98 B 2.57 F 18.04 
(421.2) N9.98 011.40 P7.35 S7.61% 

Found 5) C 36.70 
C 37.06 

H 5.83 
H6.03 

N9.67% 
N 9.95 011.22% (0- % by difference) 

B 2.61 F 18.01 P 7.40 S 7.72% 

2. fl -Oxo-bis-[tris-(dimethylamino-)phosphoniumJbis-tetrafluoroborate (2) (X = BF4)' p_Toluene 

sulfonic anhydride (35 g. 0.11 mol) was dissolved in HMPT (150 ml) and stirred at room terni 
peraturc. Precipitation of thc mono-p-toluene su)(onate 1 (X = OTs) commenced after sever~ 
minutes. The reaction mixture was stirred at room temperature for 1.5 h and then at 55° for 3 1 

during which time conversion to th e bis-p-toluene sultonate was observed. After 16 h at roo; 
t emperature the reaction mixture was cooled to - 30° for 3 h. then filtered (dry boX. 2) 
atmosphere) to give /.t-oxo-bis-[tris- (dimethylamino-)phosphoniumJ-bis-p-toluene sulfonate ( 
(X = OTs) as a hygroscopic solid (44.3 g. 60%). m.p. 115- 117°. 

C26H50No07P2 S2 Cale. C 45.60 H 7.36 N 12.27% 
(684.8) Found .. 44.92 .. 7.50 .. 11.89% 

The bis-p-toluene sulfonate 2 (X = OTs) (25 .7 g. 36.5 mmol) in acetonitrile (125 ml) was 
treated with NaBF4 (8.1 g. 73.0 mmol) and the suspension vigorously stirred for 16 h. After 
filtration of t he sod ium p-toluene sulfonate. dry ether was added to the filtrate to precipitate tbl~ 
product which was filtered off. washed with dry ether and dried to give fl-Oxo-bis-[tris-(dimethY 
amino-)phosphoniumJbis-tetrafluoroborate (2) (X = BF,) (15 .2 g. 80%). m.p. 194-204°. 

C12HaoB2FsNoOP2 Cale. C 27 .93 ' H 7.03 B 4.19 F 29.45 N 16.29 03.10 P 1~01 ~ 
(516.1) Found .. 27.73 .. 7.00 .. 15.88 - 0/< 

5) .. 27.89 .. 7.20 .. 4.25 .. 29.49 .. 16.19 .. 3.068) .. 11.92 0 

8) As difference. 

4) Prepared by the method of Field [12] must be of good quality for this work. 
5) Analysis carried out by DOl'nis & Rolbe. Miilheim (Ruhr). 

J ' , 
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3. Synthesis of Bpoc-Ser(B'ut)-Thr(But)-AsP(OBut)-Tyr(But)-Gly-OPh (8) . - 3.1. Z-Tyr(Bul)
GI~-OPh . Z-Tyr(But)-OH. DeI-LA salt (6.0 g, 11 mmol) was converted to the corresponding free 
aCid by 20 % citric acid. Extraction into ethyl acetate, drying and evaporation in vacuo yielded 
an oil (3.7 g, 10 mmol) which was dissolved in DMF (20 ml). Solutions of HBr.HGly-OPh (2.32 g, 
1(0 mmol) and Bates' reagent (7.74 g, 15 mmol) each in DMF (30 ml) were added followed by NMM 
3.03 g, 30 mmol). After 16 h the solvent was removed in vacuo at 30°. Th e resulting oil was 

partitioned between water and ethyl acet a te and the orga nic phase washed with 5% NaHC03-

solution, 10% citric acid solution, water and brine. After drying (MgS04) a nd evaporation of the 
solvent in vacuo, the product was purified by precipitation from ethyl acetate by petroleum ether 
to . ° give Z-Tyr(Bul)-Gly-OPh (3.48 g, 69 % ). m.p. 83- 86°, [(J(]I; = + 10.2° (c = I, CHCI3); TLC . 

. 6 (N), 0.7 (A) 

C2oH32N206 (504.6) Calc. C 69.03 H 6.39 N 5.55 % Found C 68.95 H 6.46 N 5.33 % 

3.2. Z-AsP(OBut)-Tyr(Bul) -Gly -OPh. A solution of Z-Tyr(Bul)-Gly-OPh (2.83 g, 5.61 mmol) 
~nd p-toluene sulfonie acid monohydrate (1.07 g, 5_61 mmol) in DMF (40 ml.) was hydrogenated 
In the presence of Pd/C (10%) (280 mg) for 6 h, then filtered through celitc. 

Z-Asp(OBut)-OH (1.81 g, 5.61 mmol) and Bates' reagent (4.34 g, 8.4 mmol) in a minimum 
volume of DMF were added to th e above solution foll owed by NMM (1.7 g, 16.8 mmol) and the 
reaction mixture stirred for 16 h a t room t emperature. After the usual work-up the product was 
crystallised from ethyl acetate/hexane to give Z-Asp(OBul)-Tyr(Bul)-Gl y-OPh (3.01 g, 80%), 
Ill·P.125- 127°; [(J(]I; = -12.6° (c = 2, CHCla); TLC. 0.8 (B), 0.5 (A), 0.6 (N) . 

CS7H4sNaOo (675.8) Cale. C 65.76 H 6.71 N 6.22% Found C 65.75 H 6.76 N 630% 

o 3.3. Z- Thr(But)-AsP(OBut)- Tyr(But)-Gly-OPh . The fully protected tripeptide (338 mg, 
(i~ommOI) described above, p-toluene sulfonic ac id monohydra te (95 mg, 0.5 mmol) and Pd/C 
s Yo ) were hydrogenated for 5 h in DMF (5 ml). This reaction had t o be monitored by TLC. as a 
econd product was observed if the hydrogenolysis was prolonged . 

w Filtration of the hydrogenation mixture through celite gave a colourless solution to which 
~~ added Z-Thr(But)-OH (338 mg, 0.55 mmol) a nd Bates' reagent (4.25 mg, 0.83 mmol) then 
the M (166 mg, 1.65 mmol). After 16 h stirring at roo~ t emperature followed by the usual work-.up, 
{13 prOduct was Isolated and punfted b y crystallIsatIOn from ethyl acet a te/h exane to give Z-lhr
c~t)-ASp(OBut)-Tyr(Bul)-Gly-OPh (253 mg., 66%), m.p. 106- 107°; [(J(]I; = - 6.7° (c = 1.5, 

CIa); TLC. 0.6 (B). 0.5 (A) , 0.6 (N). 

C4sH6IN,OI2 (850.0) Cale. C 64.89 H 7.26 N 6.73 % Found C 64. 77 H 7.27 N 6 .66% 

tet 3.4. Bpoc-Ser(Bul)-Thr(But)-AsP(OBul)-Tyr(Bul)-Gly-OPh (8). A solution of th e a bove 
n~~peptide (167 mg, 0.2 mmol) and p-toluene sulfonic acid monohydrate (38 mg, 0.2 mlT!0I) in 
Sol . (1 ml) was hydrogenated for 6 hover Pd/C (10 % ). Filtration through celite gave a colourless 
(l5~tlon to which was added Bpoc-Ser(Bul)-OH (81 mg, 0.2 mmol) in DMF (0.5 ml) , Bates ' reagent 
th . mg, 0.3 mmol) in DMF (1 ml) ancl NMM (61 mg, 0.3 mmol) . After 16 h a t room t emperature 
l'h~ prodUct was isolat ed in the usual wa y and purified by precipitation from ether by hexane. 
to I~ material (154 mg) was further purified by gel filtra tion using LH20 with DMF as eluent 

give 8 (97 mg, 49%), m .p. 108- 109°, [(J(]I; = + 8.8 (c = I , DMF). TLC. 0.6 (B). 0.6 (H) . 

C6oHslNsOla' H 20 Cale . C 65 .61 H 7.62 N 6.38% 
(1098.4) Found .. 65.64 .. 7.56 .. 6.68 % 

'ty Amino acid analysis. Acid h ydrolysis (6N HCI, 24 h, 110°) : Ser 0.77, Thr 0.89, Asp 0.98, 
Se: ~91, Gly LOO, Ser 1.04, Thr 1.03, Asp 0.98, Tyr 0.97, Gly 1.00 (correc ted for destruction of 

, hr by extra polation from h ydrolysis at 18, 24 a nd 48 h). 

(1.6; ' Synthesis of Z-A la-Leu-Nva-Ser(Bu l)-Gly-OPh (9). - 4 .1. Z-Ser(But)-Gly-OPh. Z-Ser(Bul)OH 
wer g,.4.35 mmol), HBr·H-Gly-OPh (1.01 g, 4 .35 mmol) and Bates' reagent (3.36 g, 6. 5 mmol) 
turee Il1lxed with NMM in acetonitrile (1.43 ml, 13.0 mmol) . After 13 h stirring at room t empera
crYst:~~ product was isolated in the usua l way to give Z-Ser(Bul)-Gl y-OPh (1.43 g, 77 % ). After 
l'lC hsation from ethyl acetate/petrolellm ether, m. p. 100°, [(J(]I; = + 0.90 (c = I, DMF); 

. 0.8 (M) . 

C2aB:28N206 (428 .5) Calc. C 64.47 H 6.59 N 6.54% Found C 64. 76 H 6.54 N 6.68% 

" t j ~ "'-r-
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4.2 Z-Nva-Ser(But)-Gly-OPh. The above protected dipeptide (7.34 g, 17.13 mmol) was hydro
genated in DMF solution using Pd/C (10%) in the presence of 1.1 equiv. HC!. Methanol was added 
and, after. filtration from the catalyst, the solution evaporated in vac~lO. 

Z-Nva-OH (5.03 g, 20 mmol), Bates' reagent (12.9 g, 25 mmol) were dissolved in DMF (30 ml) 
then NMM (2.2 ml, 20 mmol) was added to the stirred solution at room temperature. After 10 min 
the above hydrogenolysis product in DMF (20 ml) was added followed by NMM (3.74 ml, 34 mmol). 
The reaction was stirred 4.5 h at room temperature. After the usual work-up the product waS 
crystallised from ethyl acetate/petroleum ether to give Z-Nva-Ser(But)-Gly-OPh (6.99 g, 770/0), 
m.p. 121-122°, [cx]f:: = - 0.5° (c = I, DMF); TLC. 0.7 (D). 

C2sHs7Ns07 (527.6) Calc. C 63.74 H 7.07 N 7.96% Found C 63.95 H 7.14 N 7.970/0 

4.3 Z-Leu-Nva-Ser(But)-Gly-OPh. The above protected tripeptide (0.916 g, 1.74 mmol) waS 
hydrogenated as before and reacted with Bates' reagent (1.16 g, 2.25 mmol), Z-Leu-OH (0.46 g, 
1.7 mmol) in a mixture of acetonitrile (40 ml) and DMF (10 ml) to which NMM was slowly added 
(0.52 ml, 4.76 mmol). After the usual work-up the product was purified by crystallisation from 
ethyl acetate/petroleum ether to give Z-Leu-Nva-Ser(But)-Gly-OPh (775 mg, 80%), m.p.198-199°, 
[cxm = _11.7° (c = I, DMF); TLC. 0.4 (B) 0.8 (M), 0.6 (D) . 

Cs4H,sN40 S (640.8) Calc. C 63.73 H 7.55 N 8.74% Found C 63.60 H 7.50 . N 8.70% 

4.4. Z-Ala-Leu-Nva-Ser(But) -Gly-O Ph (9). The above protected tetrapeptide (481 mg, 0.75 
mmol) was hydrogenated in the usual way and reacted with Bates' reagent (426 mg, 0.83 mmo!), 
Z-A!a-OH and NMM (0.25 m!, 2,25 mmol) in DMF (10 ml) . Isolation of the product by precipita
tion with satd. NaHCOa-solution and filtration gave 9 (420 mg, 80%). m.p. 238- 241°, [cx)f: <== 

-23.3° (c = I, DMF); TLC. 0.7 (D) 0.7 (M). 
CS5H6SN600 (711.9) Calc. C 62.43 H 7.50 N 9.84% 

Amino acid analysis: acid hydrolysis (6N HCl, 24 h. 
Gly 0.98, Ser 0.90. 

Found C 62.34 H 7.36 N 9.57% 

110°): Ala 0.95, Leu 0.99, Nva 1.08, 

5. Benzyloxycarbonylglycine anhydride (10). Z-Gly-OH (209 mg, 1 mmol) Bates' reagent 
(774 mg, 1.5 mmol) and NMM (202 mg, 2 mmol) were dissolved in dry acetonitrile (10 ml) and the 
resulting solution stirred 16 h at room temperature. After removal of the solvent the residue was 
partitioned between water and ethyl acetate. The organic phase was washed with 2N HC!, Sl;l.td j 
NaHCOs-solution, water and brine. The solution was dried (MgSO,) and concentrated to sJllal. 
volume whereupon 10 crystallised: (123 mg, 62%). m.p. 117- 118° (ethyl acetate/petroleum etherk 
v max. (nujol) 1820, 1750, 1690 cm- l , identical to authentic material prepared from Z-GIY-O 
using DCCI [5). 

A solution of DCCI (2.06 g, 10 mmol) in acetonitrile (20 ml) was added to Z-G!y-OH (2.09 g, 
10 mmol) in acetonitrile (50 ml) at - 5° and the solution was stirred 16 h at room temperature. 
The solution was cooled, then filtered and the filtrate worked up as above to give 10 (1.14 g, 57%)' 
m.p. 114-117° (literature [5) m.p. 115-116°). 

6. N, N' -Bis(benzyloxycarhonyl)glycylglycine (11). The anhydride 10 (1.6 g, 4 mmol) an~ 
Z-Gly-OH (0.8 g, 3.8 mmol) in benzene (20 ml) were refluxed for 4 h. After removal of the solven

h in vacuo, the residual oil was dissolved in methanol (10 ml) and water (20 ml) added . After 16 
the solid was filtered off and washed with ether. Recrystallisation from ether/methanol/petroleuIJl 

ether 100: 5 : 25 yielded 11 (708 mg, 43%), m.p. 133- 136° (literature [6): m.p. 135-136°). 
7. [T_lSC) and [2-13C) Z-Gly-OH. The [lsC)-glycine (100 mg, 1.33 mmol) was dissolved in water 

(0.6 ml) and dioxan (0 .2 ml). The solution was cooled to 5° and 4N NaOH (0.37 ml) was added to 
give pH 10.5. Benzyloxycarbonyl chloride (0.22 ml, 2.1 mmol) was added, and the pH of the 
solution maintained at 10.5 over 4 h by the addition of 4N NaOH (0.39 ml). The solution \Va~ 
cooled to - 5° and acidified to pH 2.5 with 6N HCl then left for 12 h at _10°. Centrifugation an

o. 

washing with water afforded the [lsC) -Z-Gly-OH. [P3C)-Z-Gly-OH (179 mg, 62%), m.p . 114-116 s' 
. 5 a 

[2_13C)-Z-Gly-OH (198 mg, 70%), m.p. 112-116°. Both compounds have the same propertle 

authentic Z-Gly-OH. . 
'de 

8. Bpoc-Orn(Adoc)-Thr(Bul)-Pro-Gly-Ser(Bul)-Ala-A sn-Gly-OPh. The protected peptl e 
Z(15)OPh (3.60 g, 5.8 mmol) was hydrogenated in DMF (100 ml) in the presence of p_toluens 
sulfonic acid monohydrate (1.11 g, 5.8 mmol) and 1 g Pd/C (5%). After 4 h the suspension \VI! 
filtered and the solution concentrated in vacuo to ca. 20 m!. 

J ' 
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BJ:loC (14) OH (5.0 g. 5.8 mmol) was added to the stirred solution followed by Bates ' reagent 
(4:5 g) and diisopropylamine (2.25 g. 17.5 mmol). After stirring for 16 h the mixture was diluted 
W( Ith water. The precipitated crude product was crystallised from ethyl acetate to give Bpoc i4 + I5)-OPh-(4.85 g. 65%). m .p. 165- 167°. [1J(l5' = -17.1° (c = 1. DMF); TLC. 0.2 (D); 

li20/DMF single peak ve/vt 0.41. 

C69H96NlO016 . H 20 
(1339.6) 

Cale. C 61.87 
Found .. 62.00 

H 7.37 
.. 7.60 

P Amino acid analysis : acid hydrolysis (6 N H CI. 18 h. 110°); 
1'0 0.98. Gly 2.01. Ala 1.00. Om 0.98. 

N 10.46% 
.. 10.48% 

Asp 1.02. Thr 0.94. Ser 0.89. 

(
2 9. Bpoc-Cys(A cm)-A sn-Ile-Pro-Cys(A cm)-A la-A la-Leu-Nva-Ser(But) -Gly-OPh . Bpoc(I7)-OPh 
.l~ g. 2 mmol) was dissolved In acetic acid/formic acid/water 7: 1: 2 (50 ml) containing dimethyl

sUlflde(DMS) (6 ml.. 80 mmol) and stirred for 2 h . The solvent was evaporated in vacuo and the 
~SUlting solid treated with 0.05 M HCI in dioxan (80 ml. 4 mmol) conta ining DMS (6 ml. 80 mmol) . 

iter evaporation of the solvent in vacuo. the a nion exchange was repeated and the solid obtained 
;ashed with ether and dried. It was then dissolved in HMPT (15 ml) conta ining NMM (0.22 ml. 
(lImmOI). This required 0.5 h stirring. Bpoc-(I6)OH (2.23 g. 3 mmol). N-hydroxysuccinimide 
d ONSu) (0.69 g. 6 mmol). Bates' reagent (2.32 g. 4 .5 mmol) and NMM (0.99 ml. 9 mmol) were 

a
l 

ded and the reaction stirred for 16 h. The solution was applied to a Sephadex LH-20 column and 
~ uted with DMF. The fractions conta ining th e product. ve/vt 0.41. were combined and concen
or~ted in vacuo to give Bpoc(I6 + I7)OPh (1.94 g. 62%). [IJ(]fi = - 28.8° (c = 2. DMF); TLC . 
. (C) . 0.3 (H). 0.5 (M) . 

C76HllON1401SS2 . 2H20 Ca lc. C 56.45 H 7.20 N 12.29% 
(1595.9) Found .. 56.35 .. 7.21 .. 12.34% 

AJ Amino acid analysis : acid hydrolysis (6N H CI. 18 h 110°): Asp 0.95. Ser 0.89. Pro 0.97. Gly1 .00. 
a 2.12 6

). Nva 0.93. Ile 0.98. Leu 1.04. 

(11 10. Bpoc-Cys(A cm)-A sn-Ile-Pro-Cys(A ctn)-A la-A la-Leu-Nva-Ser( But) -Gly-A sP(But)-Ile-Thr
d' Ut)-Ala-Ser(But)_ Val-Gly-OPh Bpoc(I8 + 19)OPh. Bpoc(I8) OPh (265 mg. 0.17 mmol) was 
a~S.SOlved DMF (7 ml) then water (1.2 ml) a nd DMS (0 .62 ml. 8.5 mmol) added . The pH was 
re IU~ted to 10.5 with O.lN NaOH using a pH stat . 1 equivalent of H 20 2 was added and the steady 
Wi~~t!on was complete in 0.5 h with base uptake 1.85 m!. The solution was cooled to - 5°. acidified 
W 5% Citric acid solution to pH 3.5 and poured into brine (15 ml). After filtration. Bpoc(I8)OH 

as obtained (233 mg. 93 % ) ; TLC. 0.2 (B). 0.1 (H). 0.1 (M). 

wa Z~(I9)-OPh (208 mg. 0.2 mmol) and p -toluene sulfonic acid monohydrat e (38 mg. 0.2 mmol) 
Ai: dls.Solved in DMF (7 ml) and hydrogenated for 16 h in the presence of SO mg Pd/C (10 % ). 
Wa er filtration and evaporation of the solvent in vacuo. the p-t oluene sulfonate of H-(I9)OPh 

S ~btained (196 mg. 91 %); .TLC. 0.6 (C). 0.7 (M). 
lION POC(I8)OH (111 mg. 0.075 mmol). H(I9)OPh p-toluene sulfonat e (54 mg. 0.050 mmol). 
(2 I Su (17 mg. 0.15 mmol) and Bates' reagent (58 mg. 0.112 mmol) were dissolved in HMPT 
rootn ). hI NMM in DMF (0.28 ml. 0.28 mmol) was then added and the reaction stirred 16 h at 
\Vatnh temperature. The solution was poured into brine (10 ml) and the precipitate filtered off. 

S ed 't] 1\ .WI 1 water. propan-2-01. ether and dried to give Bpoc-(I8 + 19)-OPh (98 mg. 83 % ). 
Pro 0 tnlUO acid a nalysis : acid hydrolysis (6 N H CI. 18 h. 110°) : Asp 2.04. Thr 0.96. Ser 1.84 • 

.97. Gly 2.03. Ala 3.23. Va l 1.13. Nva 0.92. lie 1.95. Leu LOO. 

CIUHl8lN21024S2 ·5HzO Calc. C 55.57 H 7.81 N 11 .94% 
(2464.0) Found .. 55 .80 .. 7.82 .. 11.61 % 

We . 
11 l'l Wish to th ank I.C.I . Ltd. and S .R.C. for support. also Mrs. 1(, M. Cheetham a nd Mrs. 

. obinson for t echnical a ssistance. 
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We have recently shown! that large fully protected peptides can be purified by 
gel filtration on Sephadex G-50 using 5 % water in hexamethylphosphoramide 
(~MPA). The routine application of this method is limited by the difficult removal 
OD BMPA requiring subsequent gel filtration on Sephadex G-IO- dimethylformamide 
( .MF) when precipitation methods of isolation are not feasible. Another more wor
~tng feature, however, is the large-scale manipulation of HMPA, which has recently 
een exposed as a potential carcinogen2.3. Ouring our continuing search for systems 

~~pable of coping with gel filtration of large-molecular-weight compounds our atten
I~n Was drawn to the reported use4 of N-methyl-2-pyrrolidone (NMP) as eluent in 
~e filtration with a polystyrene resin cross-linked with divinylbenzene. In addition the 
s~nthetic gel filtration matrix Enzacryl K2 has been developed by Epton et al.5•6 and 
el own to be compatible with water, chloroform and tetrahydrofuran (THF) as 
/ents. The correlation of logarithm of molecular weight versus distribution coeffi
K~nt, ka, was close to ideal for polyethylene glycols and polysaccharides. Enzacryl 
el has been used7 for thin-layer gel filtration of proteins using buffered aqueous 
o~ents. It was therefore decided to examine the utility of Enzacryl K2 in gel filtration 

Protected peptides using OM F and NMP as e1uents. 

EXPERIMENTAL 

Materials 

Pu Blue dextran 2000, Sephadex G series gels and 2.5 x 100 cm columns were 
(fi~c~ased from Pharmacia (London, Great Britain). Enzacryl K2, bead size 40-70,um 
and

e 
, Was supplied by Koch-Light (Colnbrook, Great Britain)8. The columns (3.9 

DM~·2 cm 1.0.) were fitted with porous PTFE discs on machined PTFE end pieces. 
and NMP were dried and distilled at 0.1 mmHg. 

i'roc d e ures 

cOnd ' .The gels were swollen in either OMF or NMP at 50° for 16 h under degassed 
load lh~ns. The columns were packed under maximum gravity flow and the samples 
fOil ed 10 various mixtures of OMF, NMP, dimethylacetamide (OMA) and HMPA 
(tJ~)wed by elution at flow-rates between 10 and 40 ml/h monitored by ultraviolet 

absorption (280 nm) and optical rotation (546 nm). 

o 3 
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The void volume, Vo, was determined using modified Blue dextran 2000. Both 
the total bed volume, Vr, and elution volume, Ve, were determined as described 
previously and these parameters were used to determine the distribution coefficient, 
K •• , given by the expression: 

K = Ve - Vo 
o. V, - Vo 

The parameters for the columns used in gel filtration of the protected peptides are 
given in Table I. 

TABLE I 

COLUMN PARAMETERS 

Column Diameter (cm) Vo (ml) V, (ml) 
------------------
Enzacryl K2-DMF 
Enzacryl K2-DMF 
Enzacryl K2-NMP 
Enzacryl K2-NMP 
Sepbadex G-75-NMP 

2.5 166 440 
5.2 785 2050 
2.5 122 450 
3.9 230 952 
2.5 136 464 

RESULTS AND DISCUSSION 

From Table JI it can be seen that the swelling characteristics of Enzacryl KZ 
and the Sephadex G series gels were found to be superior in NMP compared with 
DMF. The complete range of Sephadex G series gels may be employed for gel filtra
tion provided the solute is soluble in NMP, a problem arises, however, when the 
solute is dissolved in NMP-HMPA prior to application. It has been found that such 
mixtures cause shrinkage of the gel with ensuing reduction in flow-rate. For this reason 
we have favoured the Enzacryl K2- NMP system in which shrinkage problems are 
not serious when the sample is applied in mixed solvent systems containing HMPA. 
The Sephadex G-75-NMP system has been used, nevertheless, to purify ,the protec
ted nonadecapeptide fragment of human big gastrin 10 (ref. 9). After chromatograph~ 
the NMP may be removed in vacuo at 30°. Co-solvents such as HMPA are elute 
close to the total bed volume. 

TABLE II 
. ' 

SWELLING OF ENZACRYL K2 AND SEPHADEX G SERIES IN DMF AND NMP 

Gel type Observed swelling (mllg) 

DMF NMP 

Enzacryl K2 4.0 4.2 
S.~phadex G-IO 2.5 1.8 
Sepbadex G-50 4.0 
Sephadex G~ 75 ' 5.8 
Sephitdex G-100 -'- 7.2 
Scphpdex G-200 18.0 

I 
'I 
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It is important to our continuing programme of peptide synthesis to extend the 
Use of gel filtration beyond the molecular weight limit of 3000 encountered when 
Using Sephadex LH-20- DM F. A selection of protected peptide fragments, srluble in 
D.MF, are illustrated in Table Ill. These were chromatographed on Enzacryl K2 and 
FIg. I shows the relationship of distribution coefficient, Kov against 10glO M.W. 
Extrapolation of these results gives a molecular weight limit for this gel filtration sys
tem of approx. 10,000; at this molecular size, however, it would be expected that 
solubility in DMF would be a limiting factor. From Fig. I it can be seen that the Kov 
values for the carboxylic acids 5 and 9 are anomalous. We are currently investigating 
the remarkable retention of carboxylic acids on Enzacryl K2, compared with the cor
responding esters, as a means of purifying hydrolysis products. 

TABLE III 

~~?TECTED PEPTIDES PURIFIED BY GEL FILTRATION ON ENZACRYL K2 WITH 
,,"F AS ELUENT ---No c ------------------------------------------------------------
• Oll/poulld M. W. /Og10 K •• 

M.W. 
-------------------------------------------------------------------
I Bpoc-Phe-Asn-Thr(Bu')-G In-Ala-Thr(Bu')-Asn-Orn(Adoc)-Asn-

Thr(Bu')-Glu(OBu')-Gly-OPh 

2 Bpoc-Ser(Bu')-Thr(Bu')-Asp(OBu')-Tyr(Bu')-G Iy-Leu-Leu-Gln
lIe-Asn-Ser( Bu ')-Orn(Adoc)-Trp-Trp-Cys(Acm)-Ala-Asp( OBu 1)_ 
Gly-Orn(Adoc)-Thr(Bu')-Pro-Gly-Ser(Bu')-Ala-Asn-Gly-OPh 

3 Bpoc-Phe-Asn-Thr(Bu')-Gln~Ala-Thr(Bu')-Asn-Orn(Adoc)-Asn-
Thr(Bu I)_G lu( 0 Bu I )-G ly-Ser(Bu 1)_ Thr(Bu I )-Asp(OBu 1)_ Tyr(Bu 1)_ 
G Iy-Leu-Leu-G In-Ile-Asn-Ser(Bu ')-Orn(Adoc)-Trp-Trp-Cys(Acm)-
Ala-Asp( 0 Bu I )-G ly-Orn(Adoc)-Thr(Bu 1)_ Pro-G ly-Ser(Bu ')_Ala_ 
Asn-Gly-OPh 

2027 

3930 

5625 

4 BPOC-Nle-Asn-Ala-Trp-Val-Ala-Trp-Orn(Adoc)-Asn-Arg(Adoc)2- 4290 
Cys(Acm)-Lys(Adoc )-G ly-Ser(Bu ')-Asp(O Bu 1)_ Val-Ser(Bu ')-Ala_ 
Trp-Val-Orn(Adoc)-Gly-Cys(Acm)-Gly-Leu-OBu' 

1869 5 BpOC-Cys(Acm)-A la-Lys(Adoc)-Lys(Adoc )-lIe-Val-Ser(But 1)_ 
Asp(OBu')-Gly-Asn-Gly-OH 

6 Bpoc-Cys(Acm)-Ala-Lys(Adoc)-Lys(Adoc)-Ile-Val-Ser(Bu')- 5902 
ASp(OBu')-Gly-Asn-G Iy-Nle-Asn-Ala-Trp-Val-Ala-Trp-Orn(Adoc)
ASn-Arg(Adoc)2-Cys(Acm)-Lys(Adoc)-Gly-Ser(Bu')-Asp(OBu1)_ 
Val-Ser(Bu')_Ala_ Trp-Val-Orn(Adoc )-G ly-Cys(Acm)-G Iy-Leu-O Bu I 

7 Bpoc-Cys(Acm)-Asn-Ile-Pro-Cys(Acm)-Ala-Ala-Leu-Nva-Ser(Bu')- 7942 
GlY-Asp(OBu 1)_lIe_ Thr(Bu ')-Ala-Ser(Bu 1)_ Val-G ly-Cys(Acm)-Ala
lYS(Adoc)_ Lys(Adoc)-lle-Val-Ser(Bu ')-Asp(O Bu I)_G Iy-Asn-G Iy-
Nle-Asn_Ala_ Trp-Val-Ala-Trp-Orn(Adoc)-Asn-Arg(Adoc h-Cys 
~ACrn)-Lys(Adoc )-G ly-Ser(Bu')-Asp(OBu')-Val-Ser(Bu 1)_ Ala-Trp-

a al-Orn(Adoc)-Gly-Cys(Acm)Gly-Leu-OBu' 
GIP-Leu-Gly-Leu-Gln-Gly-His-Pro-Leu-Leu-Val-Ala-Asp(OBu' )- 2441 

9 Pro-Ala-Lys(Adoc)-Lys(Adoc)-Gln-Gly-OPh 

GIP-Leu-GlY-Leu-Gln-Gly-His-Pro-Leu-Leu-Val-Ala-Asp(OBu')- 2365 
10 Pro-Ala-Lys(Adoc)-Lys(Adoc)-Gln-Gly-OH 

3.307 0.29 

3.594 0.25 

3.750 0.15 

3.623 0.27 

3.272 0.79 

3.772 0.15 

3.900 0~1O 

3.388 0.25 

3.374 0.71 

3.403 0.25 ~p-Leu-GlY-PrO-Gln-dIY-His-pro-Ser(BU')-LeU-Val-Ala-ASP(OBUl) 2527 

~S(AdOC)_-G_In_-G_I_y-_O_P_h _____________________ _ 

./ 1 
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Fig. I. Gel filtration on Enzacryl K2. + = DMF; 0 = NMP. 

NOTES 

This problem of solubility can be obviated by utilising the Enzacryl K2-NMP 
system in which the solvating power of the mobile phase permits highly insoluble 
fragments to be chromatographed. In this system HMPA can be tolerated during 
sample application of large peptides. Table IV illustrates examples of fragmentS 
which have been satisfactorily purified by this method. The relationship of K.v against 
10glO M.W. for these protected peptides is shown in Fig. I which suggests a molecular 
weight limit of approximately 15,000. Fig. 2 shows typical chromatographic traces 
obtained during purification of fragments 13 and 14 and illustrates the separation to 
be expected from typical condensations of large protected peptide fragments. 

K 
IV 0.2 

" I \ 
I \ 

I \ 
I \ 

\ 
\ 

0.7 

Fig. 2. Gel filtration on Enzacryl K2- NMP. Col~:nn, 2.5 cm LD. monitored by UV (280 om)· 
-- = Fragment 14; - - - = fra ]ment 13. 

i 
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TABLE IV 

~~AGMENTS OF AN ANALOGUE OF LYSOZYME PURIFIED BY GEL FILTRATION ON 
~L K2 WITH NMP AS ELUENT 
No C ------------------------------------------------

. ompound M. W. /OglO K •• 
_ MW 
I ----~-------------------------------------------------- - -----
I Adoc-Lys(Adoc)_ Val-Phe-Gly-Orn(Adoc)-Cys(Acm)-Glu(OBu')- 2521 3.402 

leu-Ala-Ala-Ala-Nle-Lys(Adoc)-Ala-Leu-Gly-OPh 
0.33 

12 Bpoc-Leu-A la-Gly-Tyr(Bu ')-Orn(Adoc )-G Iy-Tyr(Bu ')-Ser(Bu ')
Leu-GlY-Asn-Trp-Nva-Cys(Acm)-Ala-Ala-Lys(Adoc)-Phe-Glu 
(OBu')-Ser(Bu')-Gly-OPh 

13 

14 

15 

(Adoc )Lys(Adoc)-Val-Phe-G ly-Orn(Adoc )-Cys(Acm)-G lu(OBu ')-
Leu-Ala-Ala-Ala-Nle-Lys(Adoc)-Ala-Leu-Gly-Leu-Ala-Gly-Tyr 
(Bu')-Orn(Adoc)-Gly-Tyr(Bu')-Ser(Bu')-Leu-Gly-Asn-Trp-Nva
CyS(Acm)-Ala-Ala-Lys(Adoc)-Phe-Glu(OBu')-Ser(Bu')-Gly-OPh 

(Adoc )Lys(Adoc)-Val-Phe-G ly-Orn(Adoc )-Cys(Acm)-G lu(OBu')-
Leu-Ala-Ala-Ala-N le-Lys(Adoc )-Ala-Leu-G Iy-Leu-Ala-G Iy-Tyr 
(Bu')-Orn(Adoc )-G Iy-Tyr(Bu')-Ser(Bu ')-Leu-G Iy-Asn-Trp-N va
Cys(Acm)-Ala-Ala-Lys(Adoc)-Phe-Glu(OBu')-Ser(Bu')-Gly-Phe
AS[ -Thr(Bu')-Gln-Ala-Thr(Bu')-Asn-Orn(Adoc)-Asn-Thr(Bu')
Glu(OBu')-Gly-Ser(Bu')-Thr(Bu')-Asp(OBu')-Tyr(Bu')-Gly-Leu-
leu-G In-Ile-Asn-Ser(Bu ')-Orn(Adoc)-Trp-Trp-Cys(Acm)-Ala
Asp(OBu')-Gly-Orn(Adoc)-Thr(Bu')-Pro-Gly-Ser(Bu')-Ala-Asn-
GlY-OPh 

3229 

5418 

10711 

Bpoc-Cys(Acm)-Asn-I1e-Pro-Cys(Acm)-Ala-Ala-Leu-Nva-Ser(Bu')-
GlY-Asp(OBu')-I1e-Thr(Bu')-Ala-Ser(Bu')-Val-Gly-OPh 2373 

16 
Bpoc-Ser(Bu')-Asp(OBu')-Val-Ser(Bu')-Ala-Trp-Val-Orn(Adoc)- 1919 

-_~)-GlY-LeU-OBu' 

3.509 0.24 

3.734 0.29 

4.031 0.18 

3.375 0.25 

3.283 0.40 

Po We have used Enzacryl K2-NMP or DMF for the isolation of pure com
by unds directly from reaction mixtures. The purity of the protected peptides isolated 
ex th.ese techniques was checked by the usual analytical techniques. From the 
1ll~lenence gained so far, it is now feasible to purify protected fragments having 
the ecular weight up to 15,000 by the gel filtration method and this may help to extend 
pept:an~e of the chemist engaged on the synthesis of large physiologically active 

Ides. 
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PHOSPHINAMIDES - A NEW CLASS OF AMINO PROTECTING GROUPS IN PEPTIDE CHEMISTRY 

G. W. Kenner, G. A. Moore and R. Ramage 
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(Received in UK 22 July 1976; accepted for publication 16 Auguat 1976) 

Both classical and solid phase methods of peptide synthesis make extensive use of acid labile urethane 

Protect! 1 2 
ng groups for amino functions e. g. Boc (1), Bpec (2), which generate relatively stable 

torbonlum Ions on aCidolytic cleavage. These highly reactive species may modify the side chain 

rUnttlonallity of tryptophan, tyrosine, methionine and cysteine, thus necessitating the presence of 

lCovengers, e.g. anisole, thiols, during deprotection. The concluding stage in the synthesis of a small 

protein I 
Cou d involve the fission of ca. 50 such protecting groups. It would, therefore, be useful to 

develop another series of protecting groups having similar selectivity to those exploited so effectively In 

the synthesis of insulin3 by the CIBA-GEIGY group, but which would not require the trapping of highly 

rtQctlve • 
Intermediates. 

R' 
.CMe2• O.CO. NH.CHR.COOH '(I H R' N::t

R 
R'/' \ 

o 0 
R'::: -Me 3 R' = Ph 

2 RI:::-©-@ 4 R' = Ph 

Our approach to this problem has been to utilise the remarkable acid lability of phosphinamides e.g., 

Ph2PO N 
• H2, which is considered"s to involve initial N-protonation followed by solvent attack via an Al 

Or A .. 
~m~h • 6 anlsm, depending on the nature of the substrates. X-ray studies of Ph2PO. NMe2 and 

Ph2PO 
.NMe.CH2.CH2.Ph 7 show the nitrogen geometry to be a flattened tetrahedron in which the lone 

PQlr on N . 
IS almost in the N-P-O plane, whereas in the amide bond the lone pair of electrons on the 

Irl QoIlQ I . 
N IS orthogonal to the N-C-O plane. This stereoelectronic difference must be reflected In the 

tolollv 
e rates of acid hydrolysis of phosphinamides and amides. 

Ph2PO.CI is readily available' and was selected as the reagent for initial studies of the synthesis and 

PtOperti es f 
o Dpp amino acid derivative (3). The 2,4,5-trichlorophenyl ester, Ph2PO.OTcp m.p. 115-
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TABLE 1 

-- I --------------------------------------------------------------
Dpp derivative (crystallisation salvent) M.p. 

-----------------------------------------------------------------------
Dpp- GI y- OMe 

Dpp-Gly-OH 

Dpp-Ala-OMe 

Dpp-Ala-OH 

Dpp-Val-OMe 

Dpp-Val-OH 

Dpp- Leu- OBz 1 

Dpp-Leu-OH 

Dpp-lIe-OBz 1 

Dpp-lIe-OH 

( DpphLys-OMe 

Dpp-Lys(Z)-OH 

Dpp-Met-OMe 

Dpp-Met-OH 

Dpp-T rp- OMe 

Dpp-Trp-OH 

Dpp- Pro- OBz 1 

Dpp-Pro-OH 

Dpp-Phe- OBz 1 

Dpp-Phe-OH 

Et OH/H7 0 

EtOAc/cyclohexane 

EtOAc/cyclohexane 

EtOAc/cyclohexane 

EtOAc/cyclohexane 

Et20 

Et20/petrol (40-60) 

EtOAc/hexane 

EtOAc/cyclohexane 

EtOAc/hexane 

EtOAc/Et20 

(DCHA salt) 

Et20 

EtOAc/petrol (40-60) 

EtOAc 

EtOAc/petrol (40-60) 

Et20/hexane 

MeOH/Et20 

EtOAc/petrol (40-60) 

MeOH/EtOAc/petrol (40-60) 

118° 

132° 

114-5° 

152-3° 

119-124° 

103° 

102° 

131-4° 

105-8° 

113-4° 

152-3° 

153-4° 

93-4° 

141-2° 

147-9° 

165-9° 

81-2° 

170-3° 

158° 

133° 

+12.2° 

_21.4° 

-32.fJ 

_15.2° 

_27.8° 

_20.0° 

-30. fJ 
_ 7.2° 

+ 5.8° 

+13.3° 

_35 .8° 

_14.0° 

_48.5° 

_60.5° 

I 
I 
I 
1 

I 
_46.1° I 
_40.1° ____ I 

----------------------------------------------------------------

SCHEME 1 

/' 
u 

Dpp OH H 

Trp Met Asp OB t Phe 

NH2 

DCCI/HONSu t 

Dpp 
VOBu 

1-t-OH H 
VOBu

t 

Dpp 

0 

NH7 
M.p. 171-3 

( 73%) 

N~ ( 78%) 

DCCI/HONSu OBut 

/' Dpp N~ 
M.~ . 184~vote) 
(C CI 3 so 

OBut 
(58%) 

H NH7 ( 78%) 

I 
I 
l~ 
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11]0 proved to be less useful. Although it has not proved feasible to prepare (3) directly, these 

. I cOmpoundss (Table 1) may be prepared from the correspanding methyl or benzyl esters using Ph2PO.CI/N

lllethylrnorpholine (NMM) followed by mild alkaline hydrolysis or hydrogenolysis, respectively. The 

d' he 
Ip nylphosphinamide (Dpp) group is also stable during hydra~inolysis of esters. 

Investigation of cleavage conditions (room temperature) for Ph2PO. NH.CH2CH2Ph, m.p. 140-142°, 

'howed Incomplete cleavage in 80% HOAc (3 days) whereas HOAc/HCOOH/H20 (7/1/2) gave 

cOlllplete cleavage (24 hr) indicating that Dpp is slightly more acid labile than Boc. 2 80% TFA, OAM 

liclln 90% trifluoroethanol, 2 eq. p-toluenesulphonic acid in H20/MeOH 011 proved to be satisfactory 

deprotection conditions for peptide derivatives; the choice depending on ease of separation of the product 

frorn Ph2POOH or Ph2PO. OR. Dpp-Gly-Gly-OBut , m.p. 88-90°, was synthesised (DCCI) and found 

tOllnderga selective cleavage of the Dpp group in 15% TFA/CDCI3 using NMR os the probe. Dpp-lys(Z)

GIY-OMe, m.p. 112-1130, was prepared (pivalic mixed anhydride) and deprotection [2N HCI in dioxan/ 

~O (2/1) for 2.5 h~ was found to be selective for Dpp in the presence of!-Z protection. 9 

DpP-lIe-Gly-OBu
t
, m.p. 92-94°, was synthesised (DCCI) and was shown to contain no allo-lIe by 

0111' 
Ino acid analysis suggesting that the Dpp group was comparable to urethane protection in preserving the 

chlralltyof the derivativ6 during activation. As 0 further test, Dpp-leu-Ala-OBzl was prepared by the 

fOlio • 
Wing methods: (i) pivalic mixed anhydride, (ii) DCCI, (iii) DCCI/HONSu (NMM os base) and the 

!.ell-AI 10 
a produced after deprotection was analysed according to tv\onning and Moore. less than 1 % 

roce 
rnlsotion was found for Dpp-leu-OH and Z-leu-OH in parallel experiments. Thus Dpp amino acid 

derlvQtl 
ves (3) do not have the disadvantage of the analogous benzoyl derivatives, PhCO. NH.CHR.COOH, 

Which suffer racemisotion during activation due to formation of on oxazolone intermediate. From the 

Ilereoelectronic considerations mentioned earl ier the enolic form of the P-analogue of on oxazolone (4) 

~uld not be expected to enjoy stabilisotion through 1T -delocalisotion. 

In order to test the compatability of Dpp cleavage with Trp and Met residues, in the absence of 

!cOy 
engers, it was decided to synthesis the partially protected C-terminal tetrapeptide of gostrin (Scheme 1). 

~-Me t t ° t-Asp(OBu )-Phe.OPh, m.p. 168-9°, and Dpp-Trp-Met-Asp(OBu )-Phe-OPh, m.p. 188-190 

were I 
Q so synthesised successfully by the some route whereas difficulty hod been encountered previously in 

QI\QI 
ogues having Bpoc or Nps-~ protection. Cleavage of Nc(-Dpp protection in the presence of 



-Asp ( OBu
t
)_ requires careful experimentation and work is now in progress to develop a range of 

phosphinamide protecting groups of varying degrees of acid lability. 

Acknowledgements 

We thank S.R.C. for an award to G.A.M. and A.J. Nelson for preliminary studies in this area of 

research. 

References 

1. F.C. McKayand N.F. Albertson, J. Amer. Chem. Soc., 79,4686 (1975); L.A. Carpino, 

J. Amer. Chem. Soc., 79, 98 (1957). 

2. P. SieberandB.lselin, Helv. Chim. Acta,~, 622 (1968). 

3. P. Sieber, B. Kamber, A. Hartmann, A. Johl, B. Riniker and W. Rittel, Helv. Chim. Acta, 57, 

2617 (1974); 

4. T. Koizumi and P. Hoake, J. Amer. Chem. Soc., 95, 8073 (1973); D.A. Tyssee, L.P. Bousher 

and P. Haake, J. Amer. Chem. Soc., 95, 8066 (1973). 

5. G. Tomashewski and G. Kjjhn, J. pract. Chem., 38,222 (1968). 

6. M. HaqueandC.N. Caughlan, J.C.S. Chem. Commun., 921 (1966). 

7. A.F. Cameron, private communication. 

8. All new compounds have sotisfactory analytical data. 

9. B.W. &ickson and R.B. f.Aerrifield, Chemistry and Biology of Peptides, Proc. 3rd Amer. Peptide 

Symposium Boston 1972; Ann Arbor Science Publ., 191 (1972). 

10. J.M. Manning and S. Moore, J. BioI. Chem., 243, 5591 (1968) 



Tetrah d e ron Letters No. 40, pp 36~7 - 3630, 1976. Pergamon Press. Printed inGreat Britain. 

ACTIVATION OF CARBOXYLIC ACIDS AS DIPHENYLPHOSPHINIC MIXED ANHYDRIDES: 
APPLICATION TO PEPTIDE CHEMISTRY 

A.G. Jackson, G.W. Kenner, G.A. ~ore, R. RamageandW.D. Thorpe 

The Robert Robinson Laboratories, University of Liverpool, Liverpool L69 3BX 

(Received in m{ ~2 July 1976; accepted for pUblication 16 Augunt 1976) 

Mixed anhydrides of the type (1) are widely used! in peptide chemistry to form an amide bond, but 

IUffer from a tendency towards disproportionation2 to symmetrical anhydrides. This problem is generally 

overcOme by using low temperatures in the reaction, however another problem is the regiospecificity of 

~\IcleOPhilic attack which may occur by path ~ (desired) or ~ (source of impurities and decrease in yield). 

Z.NH.CHR.CO.O.CO.X 

t t 
~ b 

Z.NH.CHR . CO. O. POPh2 

2 

Z. NH . CHR.CO.O.P( OR') 

3 

We sought, therefore, to devise a class of mixed anhydrides which would be stable towards 

dlsprOportionation, react with nucleophiles specifically by path ~ and also, if possible, be isolable 

ctyttalline compounds. Our initial studies have used Ph2PO.CI as a readily available3 reagent for 

preParation of the mixed anhydride (2). Analogous anhydrides (3) derived from 0, o-dialkyl and 

O'~diarYlphosphOriC acids have previously been employed for this purpose!'· but have not received 

I ~ne I 
ra application. The recently introduced5 reagent (PhOhPO. N3 may be considered to proceed via 

\ 3 
, R::: Ph) to the acid azide. 

C:arboxyliC-phosphinic anhydrides have not received much study, however some information concerning 
\ t~ 

e c}'clic: system (4) is available. 6 There is an important change in regiospec:ificity depending on the 

Il<llure of the nucleophile in that aminolysis follows poth ~ whereas alcoholysis occurs by attack at P. 

R, ...-:0 
p;.o 

( 'OH 

L CONHR' 

b 

R JO 

Q 
a/' 0 

4 
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R'OH 

R, 0 
P~ 

(' 'OR' 

LCOOH 

o 5 
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Table 1 

Peptide (t indic:ates point of c:oupling) m.p. (o<J25 Yield % 
D 

------Z-Orn (Adoc:)-Gly-OPh 109-110° -12.1° 60 
t 

Z-Val-Orn(Adoc:)-Gly-OPh 138-139° _ 9.1° 64 
t 

t Z-Tyr(Bu )-Orn(Adoc:)-Gly-OPh 101° -11.8° 81 

t 
t Z-Ser( Bu )-Leu-Gly-OPh 99° -12.6° 73 

f 
t t 194-19~ -13.2° 55 Z-Tyr(Bu )-Ser(Bu )-Leu-Gly-OPh 

t 
Bpoc:-Leu-Ala-Gly-OPh 92-95° -29.1° 63 

t 
t Z-Ser( Bu )-Ala-OPh 115-116° -28.9° 75 

t 
t Z-Val-Ser(Bu )-Ala-OPh 

t 
164-165° -23.1° 72 

Bpoc:-Pro-Trp-Leu-OPh 83-85° -42.5° 88 

t 
Z-Asn-Gly-OPh 

t 
172-174° - 6.8° 21 
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These results give general support to our thesis concerning anhydrides (2) with respect to 

reglospecificity. Further indication of some degree of thermal stability was obtained from the propertieJ of 

CH3CO. O. POPh2 (prepared from Ph2PO. OH/Ac20 at 6OOc). 7 As a test of the relative merits of pivalic 

and diphenylphosphinic (Dpp) mixed anhydrides, it was decided' to form (5) which would give a measure 

af tendency towards nucleophilic attack by path b. In the event (5) m .p. 131-1330 was preparedB 

..-/ (Ph2POONa/Bu
t
CO.CI/THF, 2 hr) and found to react with,tJ-phenethylamine to give (6) , m.p. 84-50 

el(cluslvely • 

t 
Bu . CO. O. POPh2 

5 6 

In an attempt to assess the relative reactivity of anhydrides (1) and (2) the Izumiya test sequence9 

(Z-GIY~Ala-OH + H-Leu-OBzl) was appl ied using pivalic and Dpp mixed anhydrides. Since this test is 

a meaSure of racemisotion derived from an oxazolone intermediate it gives a measure of the electron 

density of the terminal peptide carbonyl group . The degrees of racemisation found for Dpp (5.7%) and 

P1vallc (2.6%) mixed anhydrides indicate a greater activation in (2) compared with (1). 

Table 1 illustrates the use of Dpp-mixed anhydrides in stepwise peptide synthesis . Initial formation 

of the mixed anhydride is effected at -200 in CH2CI2 or EtOAc using N-methylmorpholine as base. After 

20 
rnln the amino component is added and the reaction mixture allowed to reach room temperature. The 

Yields of crystalline products and ease of purification were generally superior to parallel reactions using 

ollhYdrides (1) except in the case of Z-Asn-OH where the pivalic mixed anhydride method Is the method 

of chOice. There is an added advantage in large scale reactions in that the Ph2PO. OH by-product may be 

IlOlat6..J 
~, allowing subsequent recycling to the reagent Ph2PO.CI. 
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DIPHENYLPHOSPHINAMIDES : SYNTHESIS OF SECONDARY 

AMINES AND N-METHYLAMINOACID DERIVATIVES 

S. Coulton, G.A. Moore and R. Ramage 

The Robert Robinson Laboratories, University of Liverpool,Liverpool L693BX 

(Received in UK 6 September 1976; accepted for publicution 16 September 1976) 

Recently we have investigated) the use of phosphinamide protection of amino groups due to the facile 

QC'd 
I hYdrolysis of Dpp.NH.R (1) which is initiated by N-protonation. 2,3 Another aspect of the 

chernistry of phosphinamides is the cleavage of the N-H bond with subsequent alkylation to give 

DpP.NMe.R (2) which may be compared with the well known alkylation of Ph.S02.NH.R to 

Ph.S02• NMe. R. Further reaction of PhS02. NMe. R to give the secondary amine is not an easy process 

Que to ,the stability of aryl sulphonamides, however the corresponding phosphinamides (2) are acid labile 

Qnd, therefore, may be transformed into the salt of the secondary amine (3) under relatively mild 

cond'r 
I IonS. Hendrickson has investigated phenacylsulphonamides4 and triflamides5 as a means of 

cire 
urnYenting the difficult deprotection of arylsulphonamides. 

Ph2PO.NH.R 

(1) 

Ph2PO. NMe. R 

(2) 

Earl ier studies6,7 on the preparation of Dpp derivatives of primary amines and the reactivity of the 

POtassium salt of Dpp.NH . Ph encouraged us to employ phosphinamides as synthetic intermediates to 

seeo 
ndory amines via crystall ine intermediates of the type (1). These were prepared from R. NH2 using 

Ph2PO.CI8/N_methylmorpholine or Et3N in CH2CI2. Table 1 9 gives some examples of the method in 

~Iieh th 
e anion derived from (1) could be formed by NaH in THF or THF/HMPA (9/1) or DMF at room 

lelll 
Perature followed by treatment with Mel. Deprotection of (2) to (3) may be accomplished by mild 

QCid 
treatment using p-toluenesulphonic acid in MeOH, p-toluenesulphonic acid. H20 in benzene/ether, 

~C:I • 
In 50% aqueous dioxane 95% TFA produces rapid cleavage but TFA in the absence of water 

Qenera 
tes by-products which are probably due to the formation of CF3.CO.O.PO.Ph2. In the case of the 

Ij005 

o 6 
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Table 1 

R Ph2PO. NH. R (1) P~PO.NMe.R ( 2) 
+ -) 

R. N~.Me TosO (3 

m. p. (Yield) m.p. (Yield) m.p. ( Yield) 

------
PhCH2. 111-2° ( 77%) 82-3° ( 76%) 159-161° (96%) 

PhCH2'C~, 140-2° ( 70%) 63-5° (60%) 82- 3° (96%) 

0- 199-200° ( 71%) 119-120° (85%) 135-~ ( 91%) 

n.C6H13· 70-2° ( 78%) oil ( 100%) 105° (89%) 

-----

Table 2 

Dpp-Amino Acid (7) Dpp-N-Me-Amino Acid (8) fxJg of (8) rol.]2S of N-Me 
m.p. (Yield) [o(Hj + 10 6N HCI '*' ~irPo Acid t 

(Iiteratu~ 

Dpp-Gly-OH 147-9° (71%) 

Dpp-Ala-OH 148-9° (89%) -29.6° +11.0° +11.5° 

Dpp-Leu-OH 161-3° (81%) -14.3° +28.5° +31.8° 

Dpp-lie-OH 150-2° (90%) -12 . 3° +42.0° +47.7° 

Dpp-Met-OH 145-1550 (52%) -24.0° +21.0° 

Dpp-Phe-OH 182-4° (69%) -87.1° +25.6° +26.6° 

Dpp-Val-OH 150-1° (74%) -26 . 1° +36 .0° +33. 1° 

~ 
T C = 1 in MeOH t C = 1 in 6N HCI 

! 
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Dpp derivative of tryptamine it was found that monomethylation gave (4), m. p. 88-90° as a result of 

, falter reaction at the indolic N-H. Dimethylation afforded (5), m.p. 106-8° which may be cleaved to 

giVe the corresponding dimethyltryptamine (picrate, m.p. 172-6°). The methylated compounds (2) 

e~hibit the expected 3lp_lH coupling in the NMR signal of the N-Me group (J, 11 Hz). 

NH.Dpp NMe.Dpp 

N~-monomethylamino acids occur in nature as constituents of peptide and depsipeptide antibiotics, 

however sUitably crystalline derivatives incorporating acid-labile protecting groups are not readily 

available, N.... -methylamino acids can be prepared from N-tosylamino acidslO (with subsequent 

dir~c I . 
11 ty 10 removal of the N-tosyl group) and N-benzylamino acids. 11 The most important derivatives 

i~ Cll 
rrent use are (6) which have been studied thoroughly by Benoitonl2 who found that they can be 

PrePared from Z-amino acids using NaH/MeI in THF without appreciable esterification. This is important 

li~ce 
,./ saPOnification of methyl esters of (6) is thought to lead to partially racemised products. 

PhCH 0 2 ,CO. NMe.CHR.COOH P~PO. NH.CHR.COOH Ph2PO. NMe,CHR.COOH 

( 6) ( 7) (8) 

It Was thus decided to extend the synthetic utility of phasphinamide alkylation to the synthesis of 

I ~-derivatives of NO(-methylamino acids (8) from the corresponding Dpp-amino acids (7) reported 
! Pre • 

/'" VIOllsly,l Using the conditions recommended by Benoitonl2t13 (8 eq. Mel, 3 eq. NaH in THF) it has 

~en . 
Possible to prepare the derivatives (8) shown in Table 2, except for methionine where 1 eq. Mel 

"'alII 
sed to prevent S-methylation. Tryptophan was found to methylate faster at the indolic N-H in 

QQre 
eil'lent with the tryptamine case discussed earlier. All of the derivatives (8) (Table 2) are highly 

ttystalllne and exhibit better crystallisation properties than the corresponding Z-series (6). Treatment 
or the 

DpP-N-methylamino acids with 6N HCI afforded Ph2POOH which was filtered to give solutions of 
t~e 

corresponding N-methylamino acids having optical rotations in close agreement with literature values 
(tabl 

e 2). An investigation of the stereochemical integrity and synthetic utility of these acid labile 
dtt• 'Vat' 

IVes of N-methylamino acids is being undertaken. 
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THE ACTIVATION OF N-HYDROXY COMPOUNDS 
BY p,-OXO-BIS-[TRIS-(DIMETHYLAMINO)-PHOSPHONIUM] 

BIS-TETRAFLUOROBORATE 

I. 1. GALPIN, P. F. GORDON, R. RAMAGE* and W, O. THORPE 
The Robert Robinson Laboratories, The University of Liverpool, L69 3BX, England 

(Received in the UK 22 January 1976; Accepted for publication 17 May 1976) 

Abstract-A study is made of the effect of I-hydroxybenzotriazole on !L -oxo-bis-[tris(dimethylamino)
phosphoniuml-bis-tetraftuoroborate I during amide bond formation . The reagent I is used to activate phenylhydrox
amic acid towards a Lossen-type rearrangement and bring about Beckmann rearrangement of ketoximes under mild 
conditions. Both syn- and anti-benzaldoxime give benzonitrile by elimination. 

The reagent, JAo-oxo-bis[tris-(dimethylamino)-phos
phonium]-bis-tetraftuoroborate 1, derived from hexa
rnethylphosphoric triamide (HMPA), was developed t for 
~ctivation of the carboxyl function and subsequent amide 
ond formation during peptide synthesis. Although the 

e)(~ct ~ature of the intermediate responsible for the 
~cbvabon is not certain, it is reasonable to postulate the 
Intermediacy of 2 and 3. Scheme I is lent support by 

----+ 

Me,N .. + ........ NMe, 
<?, -:::-0 

Me,N O-C, 
BF.- R 
3 

Scheme I. 

2 

~~cent ~ork2 identifying ligand exchange, via phos
d ~rane IOtermediates, in reactions of phosphonium salts 
le~I~~~ from tris-(dimethylamino)-phosphine. Nuc
re P 1!IC attack on either 2 or 3 by RNH2 or RCOO- would 
OfS~t 10 amide or anhydride formation with the expulsion 

llMPA. 
I.~n the COurse of this work it was found that addition of 
VOIY~roXYbenzotrialOle (HOBt) to coupling reactions in
rn Vlng 1 markedly reduced the degree of racemisation, as 

easUred by the stringent Izumiya tese (Scheme 2), due 

Z.Gly.(ljAla.OH + H.(L)Leu.OBzl .... Z.Gly.(oL)Ala.(L)Leu.OBzl 

/ 
Gly.(oL)Ala.(L)Leu 

Scheme 2. 
to th ' 
an e Intermediacy of the active ester of Z.G1y.Ala.OH 
ga~ HOBt. It was therefore thought desirable to investi
rn' e the reactivity of HOBt towards 1 in order to deter
d~~~ Whether the salt 4 would have a beneficial or 
la Ilrnental effect with respect to racemisation, Equimo
s~ q,uantities of 1 and HOBt were reacted in MeCN 
a bUhon in the presence of diethylaminoethylpolystyrene 
S ase to give the stable, crystalline salt 4 (m.p. 129-131°) 

2417 

which proved to be soluble in MeCN and OMF, Recently 
other workers have described the hexaftuorophosphate of 
44 and several O-sulphonyl derivatives of HOBt e.g. 6.s 

From Table I it can be seen that reagents 4 and 6 cannot 
be used in racemisation-prone peptide couplings due to 
unacceptable degrees of racemisation (Izumiya test) 
under realistic experimental conditions for coupling of 
protected polypeptide fragments. 

Reagents 4 and 6 gave results (Table I) which are 

Reagent 

4 
6 

I+HOBt 

Table I. 

ntR . . DL x lOO 
70 acem1sahon DL + LL 

29.1 
20.7 
< I' 

typical of reactions which involve aminolysis of anhyd
ride or oxazolone type intermediates and thus suggest that 
nucleophilic attack of RCOO- in the activating step takes 
place predominately at pG) in 4 and S02 in 6 to give 3 and 7 
respectively. From this study it is now probable that the 
low racemisation (1%) process follows the sequence 
1 ~ 3 ~ 5 ~ amide, i.e. initial attack by RCOO- in prefer
ence to HOBt, on I. 

Due to the ready reaction of HOBt with I it was decided 
to investigate the possibility of activating other N
hydroxyl functional groups namely hydroxamic acids, 
oximes and aldoximes (Table 2). These would be expected 
to give intermediates of the type 9 and 15, respectively, 
which should have the capability of undergoing Lossen 
and Beckmann-type rearrangements or nitrile formation 
in the case of aldoximes. 

Rearrangement of phenylhydroxamic acid 8 via 9 
should produce phenylisocyanate 10 or products derived 
therefrom. In the event, reaction of 8 and 1 in refluxing 
MeCN for 2 h in the presence of EhN or polymeric base, 
followed by addition of H20 with further 10 min reflux 
gave diphenylurea 11 which is the usual product of 
hydrolysis of 10. Although no IR evidence could be 
obtained for the presence of 10 in the initial MeCN 
reaction mixture, an unstable intermediate could be iso
lated which gave 11 on treatment with H20 , This 
intermediate was also isolated from the same reaction 
performed in MeOH making the isocyanate an unlikely 
intermediate since under these conditions the correspond-

o 7 
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Oxide 

Ph ........ OH 
"-N 

Ph""""'-

Ph 
"-N 

Me""""'- 'OH 

ON ........ 
OH 

Ph ........ OH 
"-N 

H""""'-

Ph,,-
.........-N 

H 'OH 

I. J. GALPIN et al. 

3 (RCOQ- + N:,... 
(Me,N),P-O-N .... "N 

BF.- >=< 
<0 

4 
5 

MeSO, · O-N ..... N:::.N 

16 

17 

18 

19 

20 

b MeSO,·O·COR 

6 

Table 2. 

Beckmann 
rearrangement 

product 

HMPA' 

86 27 

7S 17 

20 

Scheme 3. 
7 

Dehydration 
product 

HMPA' 

migration, or 10 as shown in Scheme 4. Although this latter 
route has analogy in the dehydration of aldoximes by 
isocyanates via 13,6 the lack of evidence for 10 in the . 
reaction mixture makes this alternative less attractive. In 
the normal Lossen rearrangement the type of bimolecular 
reaction outlined in Scheme 4 is precluded due to prior 
esterification of the N -hydroxyl function. 

89 92 

92 99 

In recent years HMPA has been shown' to activate 
ketoximes and aldoximes through probable formation of 
14 to produce amides and nitriles respectively, however 
the high temperatures required to achieve these processes 
might be expected to lessen the utility of the method. It 
was thought that activation of oximes by I would be more 
facile than by HMP A alone and give an intermediate 15 
susceptible to rearrangement or elimination under overall 
more mild conditions. Reaction of the ketoximes 16, 17 
and 18 with 1 in refluxing MeCN and subsequent addition · 
of H20 gave the expected products (Table 2). Thus under 
these relatively mild conditions these ketoximes rearrange 
more efficiently than by using HMP A at high temperature. 
(> 200°C). The effective dehydration of both syn and an~ 
isomers 19 and 20 proceeded smoothly in refluxing DM 
to afford benzonitrile in accord with the results obtaine~ 
using HMP A/220°C which suggests either ionisation 0 
the N-O bond prior to deprotonation or thermal intercon-
version of the syn and anti forms. . 

ing methyl urethane would be the expected major product. 
Structure Il may tentatively be assigned to this inter
mediate which could be formed by nucleophilic attack by 
another molecule of 8, either on 9 with concomitant phenyl 

These results show that p, -oxo-bis-[trIS 

(dimethylamino)-phosphoniumJ-bis-tetrafluoroborate 1 
is capable of activating N -hydroxy compounds under 
relatively mild neutral conditions. It is intended to studY 

Ph, ........ NH·OH 

g 
8 

Ph·NHCONH·Ph -

11 

PhN==C= O 
10 

R, ........ O-J>(NMe ')' 
C=N " 

R, ........ O-P(NMe '») 
C=N 

R' ........ 0 R'........ BF; 

14 15 

Scheme 4. 
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the reactivity of this reagent towards other hydroxyl 
functions. 

EXPERIMENTAL 
U ~11 m.ps are uncorrected. IR spectra were determined using 

mcam SPlOOO or Unicam SP200 spectrometers. Mass spectra 
~ere ob~ained from A.E.1. MS 12 and MS 902 instruments (the 
~:ter with on-line computer). Separation of diastereoisomeric 

Y.Ala.Leu was achieved using a Jeol JLC-5AH automatic 
analyser with digital integrator unit. . 

~tarting materials. Phenylhydroxamic acid, acetophenone 
~xl?le , benzophenone oxime, syn and anti benzaldoximes and 
ahel.r respective rearrangement products were either commercially 
vailable or prepared by standard literature procedures. All reag

~nts ';Ye~e purified before use by crystallisation or drying followed 

f
y distillation. Diethylaminomethylpolystyrene was purchased 
rom Fluka. 

/i
Benzotriazoyl - N - oxy[tris - (dimethylamino) - phosphonium] 
uoroborate (4) 
IL - Oxo - bis - [tris - (dimethylamino) - phosphonium] - bis -

~traftuoroborate I (1.54 g, 3.0 mmole) was dissolved in anhydrous 
6 eeN (15 ml) . Diethylaminomethylpolystyrene (2.00 g, 
d~ mmole) and I-hydroxybenzotriazole (0.41 g, 3.0 mmole) were 
~ ed and ~he mixture ~as st~rred at room temperature for 48 h. 

fter filtenng the reaction mixture the MeCN was removed in 
~~c~o and anhydrous ether was added to the residue. The solid 
p tamed was filtered, dried and crystallised from MeCN
setroleum ether to give 4 (0.82g, 71%), m.p. 129-131°. Mass 
s~:.trum m/e 297 (W-HBF. requires 297). (Found: C, 38.00; H, 
2'188' N, 21.73. C" H22N.OPBF, requires: C, 37.53; H, 5.77 ; N, 

. %). 
a ~Zumiya test using 4 and 6. Z.Gly.Ala.OH (155 mg, 0.55 mmole) 
in 4 (120 mg, 0.56 mmole) were dissolved in DMF (I m)) contain
s~f ~ -methylmorpholine (NMM) (0.06 ml, 0.56 mmole) and the 
Os Ulaon stirred for 0.5 h at 0_5°. Tos-H2 + LeuOBzl (198 mg, 
W mmole) in DMF (2 m!) containing NMM (0.06 ml, 0.5 mmole) 
thas added to the above solution. After 16 h at room temperature 
be~ SolVent was removed in vacuo and the residue was partitioned 
Cit ,:"een.EtOAc and H20 . The EtOAc layer was washed with 10% 
b ,rlc aCid solution (x 3), 3% NaHCO, solution (x 3), H20 (x 3), 
v~ne (x I) followed by drying (Na2S0,). Removal of EtOAc in 
Z ~uo afforlled a white solid (255 mg). A portion of this 
lQ,r,ly.Ala.Leu.OBzl (50 mg) in HOAc (4.5 ml) was treated with 
sOlo Pd/C (lOO mg) and hydrogenated for 16 h. After filtering the 
bu;ent Was removed in vacuo and the residue dissolved in citrate 
to 3er (pH 2.2,10 ml). An aliquot (I m)) of this solution was diluted 
sh ml and applied to the Jeol JLC-5AH automatic analyser
fo~rt colUmn, pH 3.28, ftow rate 50 ml/h at 57°. Racemisation 
lIle nd for amide bond formation using 4 was 29.1 %. This experi
~ repeated for reagent 6 and the racemisation was 20.7%. 

re t.An aliquot (0.4 ml) was removed and evaporated in vacuo. The 
to sl~ue Was triturated with ether then the ether removed in vacuo 
Co gl~e an oil. Neither this oil nor the original MeCN solution 
to ~~~In~d phenylisocyanate from the IR spectra. Addition of H20 

IS mtermediate gave 11. 

Reaction of phenylhydroxamic acid B with I. A solution of B 
(lOO mg, 0.73 mmole), I (413 mg, 0.8 mmole) in anhydrous MeCN 
(5 m)) containing Et,N (0.22 ml , 2.2 mmole) was reftuxed for 
2.25 ht then H20 (0.5 m)) added and the solution reftuxed for 
7 min. After concentrating the reaction mixture in vacuo the 
residue was partitioned between Et,O and H20 . The Et20 layer 
was washed with H20 dried (MgSO,) and evaporated to yield 
diphenylurea 11 (54 mg, 70%) m.p. 238-240° which was identical 
with authentic material by IR and mixed m.p. 

Rearrangement of 16 and 17. A soln of 16 (0.5 g, 2.5 mmole) and 
I (2.2 g, 4.25 mmole) in anhydrous MeCN (15 m)) was reftuxed for 
4.5 h then H20 (10 ml) was added. The mixture was concentrated 
to ca. 5 ml and H20 (5 m)) was added followed by 20 min reftux. 
The solid was filtered and recrystallised from EtOH-H20 to give 
benzanilide (0.43 g, 86%) m.p. 162-163°, identical to authentic 
material by IR, mass spectra and mixed m.p. 

Rearrangement of 17 was carried out under identical conditions 
to give acetanilide (0.19 g, 75%) m.p. 114_116°, identical with 
authentic material. 

Rearrangement of lB. A soln of IB (0.5 g, 4.1 mmole) and I 
(4.0 g, 7.7 mmole) in anhydrous MeCN (20 m)) was reftuxed for 
20 h, after which H20 (10 ml) was added and the mixture was 
warmed at 60° for 10 min. The solvent was concentrated in vacuo 
and the residue extracted with CHCI,. The CHCt, layer was dried 
(MgSO,) and the CHCI, removed in vacuo to give a crude product 
which was purified by preparative TLC silica gel PF2,. (Merck) 
(EtOAc-Et20, 4: I). f-Caprolactam (0.1 g, 20%) m.p. 70° was 
isolated, crystallised from petroleum ether and shown to be 
identical with authentic material. 

Rearrangement of 17 and lB. A soln of syn benzaldoxime 9 
(0.3 g, 2.5 mmole) and I (2.1 g, 4,,\ mmole) in DMF (7 m)) was 
reftuxed for 4.5 h. The mixture was fractionated to give benzonit
rile (229 mg, 89%) b.p. 67-72°/10 mm identical with authentic 
material by IR and mass spectra. The anti benzaldoxime 20 gave 
benzonitrile (232 mg, 92%) under these conditions. 
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PURIFICATION OF PROTECTED PEPTIDES BY GPC 

IA.N J 
STA.N· ~ALPIN, BALRAJ K. HANDA, GEORGE W. KENNER, 

LEY MOORE and ROBERT RAMAGE 

Ihe RObert Robinson Laboratories, University of Liverpool , U.K. 

~p~~r research programmes involve the synthesis of fully protected 
trat~des: Purification has been effected routinely by ge l fil -
eVe 10n In N, N-dimethylformamide (DMF) using Sephadex LH20. How
of ~h~e were restricted by the finding that the exclusion limit 
side lS. matrix was about 3000 for compounds of the type und er con 
and ~atl0n [1]. This led us to develop new means of purification, 
~me 0 e~ploit fully th e newer matrix Enzacryl Ge l K2, which be-

avaIlable during the course of our work [2]. 

In' 
e lUti~~ia~IY we utilized a method employing G- series Sephadex ge ls 
[1]. W~th hexamethylphosphoramide (HMPA) containing 5% wat er 
that HM ThIS methcd was found to be useful, but limited by the fact 
h nic [PA was difficult to remove and later found to be carcino
Illa t er' 3]. We decided to try Enzacryl Ge l K2, a ge l permeation 
this ~al ?eveloped by Epton et aL [4]. It had been found tha t 
In Pa a~rlX could be used with a var i ety of organic solvents. 
PrOte~tlc~lar it had been used for thin l ayer gel filtration of 
~r n~~~ In buffered systems [5]. At the same time it came to 

(fUlly lCe that N-methylpyrrolidone (N~IP) could be used success-
a POl y

as an elUant in the gel filtration of protected peptides on 
stYrene resin cross -linked with divinylbenzenc [6]. 

EXPERIMENTAL METHODS 

The 
or eo colUmns employed were either purchased from Pharmacia, U.K., 
~ere nStrUcted in our work shops; all parts exposed to solvents 
was slllade of teflon or glass. Enzacryl Gel K2 , bead s ize 40-70\J, 

uPPlied by Koch-Light, U.K. Enzacryl Gel K2 was swollen in 

o 8 



332 Purification of Protected Pep tides by GPe [Ch I 
DMF and NMP (dri ed and distilled at 0.1 mm) at 50°C over 16 h. t eS 
The columns were packed under gravity flow. Elution at f low r~ ~ 
ranging from 10-40 cm 3h- 1 was monitored by UV absorbance at 28 I 
and by change in optical ~otation at 546 nm. I 

d' fied 
The void volume, Vo ' of the columns was measured using mo Id 

Blue Dextran 2000 [7]. This was used a long with the t~tal ~et~ 
volume, Vt , and the e lution volume, Ve , in the calculat10n 0 f 
Laurent and Killander distribution coefficient,Kav ' by means 0 

the equation . 

The column parameters are presented in Table 1. 

Columr.. Packing/Solvent 

Enzacryl Gel K2/DMF 

Enzacry l Gel K2/m1F 

Enzacryl Gel K2/NMP 

TABLE 1 
Co lumn Parameters 

Diameter 
(cm) 

2.5 

5.2 

2.5 

3.9 

V 
(cm~) 

166 

785 

122 

230 

~ 

Vt 
(0/11

3 ) 

-----440 

2050 

450 I 

~I 
-------------------,-----H~lPA, I 

The compounds were applied to the columns 1n DMF, NMP, order, 

Enzacryl Gel K2/NMP 

dimethylacetamide (DMA) , or mixtures of these solvents. ~nd 
to maximise yields, reaction mixtures were frequent ly applle I 
directly to the co lumns. I 

RESULTS 
I 

'IlS I 
Some of the protected peptides which have been purified u71 ure' 

Enzacryl Gel K2 with DMF as e luant are shown in Tabl e 2. F~~trr 
1 shows the plot of log MW versus K v for these compounds: ' of 
polation of the plot gives a molecu~ar weight exclusion llml~y , 
about 10,000 for this system. The limiting factor is usual url" 
found to be solubility for this size of molecule and we ha~e ~e q 
fied the more insoluble compounds (Table 3) using NMP. Flg~ I 
shows the plot of log MW versus Kav for these compounds, an, oIl 
from this it may be deduced that the molecular weight exclU~lGel I 
limit is slightly higher (ca. 15,000) in the system EnzacrY 
K2/NMP. I 

I 
I 
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TABLE 2 

\ -Cl> 

Protected Peptides Purified byGel Filtration on Enzacryl Gel K2 with DMF as Eluent 

No. Compound 

1. Bpoc . Phe ;Asn. Thr( But). Gln .Ala. Thr( But) .Asn. Qn(Adoc) . Asn . Thr(But ) . 
Glu ( OBut ) . Gly. 0Ph 

2. Bpoc. Ser( But). Thr( But) . Asp( OBut). Tyr( But). Gly. Leu. Leu. Gln.lle.Asn . 
Ser( But) . Orn(Adoc) . Trp. Trp.Cys(Acm) .Ala . Asp( OBut) . Gly. Orn(Adoc). 
Thr( But). Pro. Gly.Ser( But) .Ala .Asn . Gly. OPh 

3. Bpoc. Phe .Asn. Thr( But). Gln.Ala. Thr( But) .Asn. Orn( Adoc) . Asn. TIY( But) . 
Glu( OBut ) .Gly.Ser( But). Thr( But) . Asp ( OBut). Tyr( But) .Gly . Leu. Leu. 
Gin . lIe.Asn. Ser( But). Qn(Adoc). Trp. Trp.Cys(Acm) .Ala.Asp( OBut). 
Gly. Orn(Adoc). Thr( But) .Pro . Gly.Ser( But) .Ala.Asn . Gly. 0Ph 

4. Bpoc. Nle.Asn.Ala. Trp . Val.Ala. Trp. Orn(Adoc) . Asn . Arg(Adoch.Cys(Acm). 
Lys(Adoc) .Gly. Ser( But) .Asp( OBut)Val.Ser( But) .Ala. Trp . Val.Orn(Adoc) . 
Gly.Cys(Acm). Gly. Leu. OBut 

5. Bpoc.Cys(Acm) . Ala.Lys( Adoc) . Lys(Adoc) . lIe. Val.Ser( But) • Asp ( OBu'). 
Gly.Asn . Gly . OH 

6. Bpoc.Cys(Acm) . Ala.Lys( Adoc) . Lys(Adoc) .lIe . Val.Ser( But) . Asp ( OBu
t
) . 

Gly.Asn. Gly. Nle.Asn.Ala. Trp. Val.Ala. Trp. Orn( Adoc) .Asn.Arg( Adoch 
Cys( Acm). Lys( Adoc). Gly. Ser (But).Asp (OBut ) . Val. Ser( But) .Ala. Trp . 
Val. Orn(Adoc). Gly .Cys(Acm) . Gly . Leu . OBut 

M. W. 

2027 

3930 

5625 

4290 

1869 

5902 

K 
av 

logloM.W. 

3.307 0 . 29 

3.594 0.25 

3.750 0.15 

3.623 0.27 

3.272 0.79 

3.m 0 . 15 

Cont i nued/ 

<I> 
0.. ." '" a ~ 

b: 

m = N ., 
n 

'3.. 
C'l a. 
~ 
N 

~. 
e-
1::1 ::: ..., ., 
'" m 
C-a 

w 
w 
w 



TABLE 2 (continued l 

No. C~nd M.W. 

7 . Bpoc.Cys(Acm) .Asn.lle . Pro .Cys(Acm) .Alo.Ala . Leu. Nvo.Ser( But). Gly . 
Asp ( OBut> . lIe.Thr( But) .Ala.Sed But). Vol. Gly.Cys (Acm) .Alo . Lys(Adoc). 
Lys(Adoc) .lIe . Vol.Ser( But) . Asp ( OBut). Gly . Asn . Gly. Nle.Asn.Ala.Trp. 
Val.Alo. Trp. Orn(Adoc) .Asn.Arg(Adoch.Cys(Acm). Lys(Adoc) . Gly. 
Ser(But) • Asp ( OBut) . Vol.Ser( But) .Ala. Trp. Val. o-n(Adoc) . Gly.Cys(Acm) Gly. 
Leu. OBut 7942 

8. Gip. Leu. Gly.Leu. Gin. Gly. His. Pro. Leu. Leu . VaI.Ala .Asp( OBu
t
) . Pra.Ala. 

Lys(Adoc). Lys(Adoc) .Gln . Gly . 0Ph 2441 

9. Gip. Leu. Gly. Leu. Gin. Gly . His. Pro. Leu. Leu. Val.Ala.Asp( OBu
t
) .Pro.Ala. 

Lys(Adoc). Lys(Adoc) . Gln. Gly.OH 2365 

10. Glp.Leu. Gly.Pro. Gin. Gly. His. Pro. Ser( But). Leu . VoI.Ala.Asp( OBu
t
) Pro. 

Ser ( But). Lys( Adoc) . Lys( Adoc). Gin. Gly. OPh 2527 

/ :z~ .,.., 

10910 M.W. K 
av 

3 . 900 0 . 10 

3. 388 0.25 

3 .374 0.71 

3.403 0 .25 

w 
w 
.j>. 

"I:j 
~ 
:!. 
:l 
(") 

~ o· 
::I 
Q -"I:j .. 
~ 
'" ~ 
'" c:>-
"I:j 

'" ~ 
Q: 
~ 
r: 
'< 
Cl 
"I:j 
(') 

c=; 
"'" 
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for protected peptides on Enzacryl Gel K2 in 



TABLE 3 
Fragments of an Analogue of Lysozyme Purified on Enzacryl Gel K2 with N M P as Eluent 

No . Compound M.W. 

ll. Adoc. Lys(Adoc). Vol.Ph.. . Gly. Orn(Adoc) .Cys(Acm). Glu( 0Bu1
) .Leu.Ala . 

Ala .Ala. Nle.Lys(Adoc) .Ala.Leu. Gly. 0Ph 2521 . 
I I I 

12. 8poc.Leu.Ala . Gly . Tyr( Bu ) . Orn(Adoc) . Gly. Tyr( Bu ) .Ser~ Bu ) .Leu. Gly. 
Asn. Trp. Nva.Cys(Acm) .A1o.Ala.Lys(Adoc) .Ph... Glu( OBu ) . Ser(Bul ) .Gly. 0Ph 3229 

13. (Adoc)Lys(Adoc). Val.Ph... Gly. Orn(Adoc) .Cys(Acm). Glu( OBul ) .Leu.Ala . 
Ala .Ala. Nle.Lys( Adoc) .Ala. Leu. Gly. Leu.Ala. Gly . Tyr{ Bu') . Orn (Adoc). Gly 
Tyr( Bu') .Ser( Bu') . Leu . Gly.Asn. Trp. Nva.Cys (Acm) .Ala.Ala.Lys(Adoc) .Phe. 
Glu(OBu') . Ser{Bu').Gly . OPh 5418 

14. (Adoc)Lys(Adoc) . Val.Ph... Gly. Orn(Adoc) .Cys(Acm) .Glu( OBu'). Leu.Ala . 
Ala .Ala. Nle. Lys( Adoc) .Ala.Leu . Gly .Leu.Ala. Gly. Tyr{ Bu'). Orn (Adoc). 
Gly.Tyr(Bu') . Ser( Bu') .Leu . Gly .Asn . Trp. Nva.Cys(Acm) .Ala.Ala.Lys(Adoc). 
Phe. Glu (0Bu') . Ser{ Bu'). Gly. Ph...Asn. Thr{ Bu') . Gln .Ala. Thr( Bu') .Asn. 
Orn( Adoc) .Asn. Thr{ Bu'). Glu( OBu'). Gly.Ser( BuI)Thr( Bu') Asp ( OBu l ) . Tyr( Bu'). 
Gly. Lev.Lev. Gln.lle.Asn.Ser{ Bu'). Orn(Adoc) . Trp. Trp.Cys(Acm) .Ala.Asp( OBu'). 
Gly. Orn(Adoc). Thr(Bu') .Pro. Gly.Ser( Bu') .Ala.Asn . Gly . OPh 10711 

15. 8poc.Cys(Acm) .Asn.lle.Pro.Cys(Acm) .Ala .Ala.Leu. Nva.Ser(Bul). Gly. 
Asp ( 0Bu'). IIe.Thr( Bu') .Ala.Ser( Bu'). Val. Gly. 0Ph 2373 

16. 8poc. Ser( Bu') . Asp ( OBu') .Val.Ser( Bu') .Ala. Trp. Val. Orn(Adoc) . Gly. 
Cys (Acm) • Gly .Leu. 0Bu' 1919 

10910 M.W. K 
av 

3.402 0.33 

3.509 0.24 

3.734 0 . 29 

4.031 0 . 18 

3.375 0.25 

3.283 0.40 

w 
w 
0-. 

." 
s:: .. 
~ 
~ o· 
::: 
o -. 
." 
Cl 
S 
() 

S 
Q. 

." .. 
"S. 
5: 
~ 
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Compound 13 

Compo und 14 

0·2 0·5 0·6 
Kav 

Ge l fi lt ra t ion using Enzacry l Ge l K2 / NMP . Vt 

Compound 6 

a546nm 
-------------

Compoun d 7 

- -,---,----- - - ------

0·0 0·2 0·3 0·4 0·5 
K a v 

Ge l filtra t ion using Enzacryl Gel K2/m'IF . Vt 2050 cm3 
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Analytical scal e runs fo r Compounds 13 a nd 14 ar e shown in. 
Figure 3. Preparative scal e runs carried out on crude reactl~O. 
mixtures containing Compounds 6 and 7 ar e shown in Figure 4. IB • 
application of mat eria l isol a t ed in this way gave a symmetri ca e \ 
distribution curve. Under the conditions of our experiments W~S I 
found that compounds with a f r ee carboxylate group, e.g. compo~ I 

5 and 9, and the f r ee acid corresponding to Compound IS.behavB 

somewhat anomolous ly. In these cases the elution volumes WB~ e 
rather unpredict able and showed an unusually large var iation 10 

duplicat e experiments. 

CONCLUSIONS AND SUMMARY 

ro' 
We have f ound that ge l permeation chromatography of fullY ~F 

tected peptides may be carried out on Enzacryl Ge l K2 us i ng ~ ht 
or NMP as e luant. The compounds studied had a mol ecular lI'el~at 
of up to 11,000 and from the appropri at e study it was found t a~ 
the molecular weight exclusion limit using DMF was ca . 10,000 

that this could be extended to ca . 15,000 when NMP was used '~~Og 
e luant. 'fhe l att er solvent also had the advant age of proV ).]. i 
a great er so lvating power . 

. st5 
Our experiments demonstrate tha t a reliable method noli' eXlhed 

for the purification of relatively l arge fu lly protected synt 
peptides . 
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Note 

------------------------------------------------------------------
Illlproved method of gel filtration of protected peptides using Sephadex 
LH-60 

~ J. GALPIN, A. G. JACKSON, G. W. KENNER, P. NOBLE and R. RAM AGE 

'he Robert RobillSOIl Laboratories, The Ullivzrsity of Liverpool, Liverpool L69 3BX (Great Britaill) 
(Rec . 

elved June 22nd, 1977) 

c' Recentlyl -J we have investigated the application of gel filtration for the purifi
Eallon of large fully protected peptides. From our earlier work it emerged that 
I;~YI ~2 may be used to purify protected peptides of molecular weight up to 
el' uSing N,N-dimethylformamide (DMF) or N-methylpyrrolidone (NMP) as 
P Uents. Further use of Enzacryl K2 has shown this gel to have variable resolving 

OWer, particularly with sparingly soluble peptides. 
fo Although Sephadex LH-20 has proved satisfactory as a gel filtration matrix 
111 r Irelatively low-molecular-weight peptides, the resolution is variably reduced in the 
L~_ecular weight (MW) band 2000-3000. Recently a ~igher homologue of Sephadex 
by h20 has become commercially available. This matrix, Sephadex LH-60, is formed 
Pr Yd~oxypropylation of Sephadex G-50 and has both hydrop!lilic and lipophilic 
w Opertles. Since the beads are known to swell in a wide variety of organic solvents4, 

P: t:sted some of these solvents and others as eluents for the purification of protected 
PlIdes. 

Ll-J An early application of Sephadex LH-60- DM F on trial batches of Sephadex 
Sy -~Os. showed the suitability of this gel filtration system for purification of a large 
D~ Fetlc fragment of staphylococcal nuclease; however, it was to be anticipated that 

would not be useful for sparingly soluble protected peptides. 

I:.xPER - IMENTAL 

in tI Sephadex LH-60, supplied by Pharmacia, London, Great Britain, was swollen 
gel 1e appropriate dry, distilled solvent at 50° for 3 h under de gassed conditions. The 
Sey was packed into the column under gravity flow and then allowed to equilibrate for 
betal hours under now conditions. Two total bed volumes of eluent were collected 
(rcl?re checking the homogeneity of the column with modified dextran blue 2000 
IV'IS' I). About 1.2 total bed volumes of solvent were collected during each run. Elution 
P;e ~nonitored by UV adsorption (280 nm) and optical rot<!,tion (546 nm) as described 

YIOUslyl. The values or Vu, V,., V, and K". , were determined in the usual manner. 

RESU 
LTS AND DtSCUSSION 

<Ire . From Table I it can be seen that many of the solvents used in peptide synthesis 
sUllabl I' . . , e or use wIth Sephadcx LH-60. In 0111' studIes DMF and NMP have proved 

o 9 



TABLE I 

SWELLING CHARACTERISTICS OF SEPHADEX LH-60 
~------------------------B-ed--~-l-un-l-e-(-Cn-l-J/-g)----
-----~--------------------------------------~,N-D~methYlformamide (DMF) 13 
N,N-D1methYlacetamide (DMA) 14 
H -Methylpyrrolidone (NM P) 11 
2 ;xamethYlphosPhoramide (HMPA) 16 
2' ,2-Trifluoroethanol (TFE) 20 

M urea in DMF 13 
--------------------------------------------

- TABLE IJ 

425 

COLUMN PARAMETERS 
~ ---------------------------------------------------

Diameter (cm) VI (cmJ) Vo (cm J
) Optimum /Iow-rate (cmJ

/ ,,) 

~----------------------------------------------
DMF' 2.5 469 117 20--25 
NMp 5.2 2025 501 75- 90 
TFE 2.5 415 lOO 20--25 
2 M 1.0 54 16 4- 6 
___ urea in DMF 2.5 451 104 16- 20 ------ ---------------- ---------

~~hbe m~st genera lly applicable and can be removed in vacuo at 30°. 2,2,2-Trifluoro
t anollS easily removed, provides excellent solubility properties and good chroma
vographic results but is expensive for large-scale work and may cause deprotection of 
ery aCid-labile protecting groups. 

TABLE III 
J>ROT 
DMF ECTED PEPTIDES PURIFIED BY GEL FILTRATION ON SEPHADEX LH-60 WITH 

AS ELUENT 
ACln "" . nu' acetamldomethyl ; Adoc = adamantyloxycarbonyl; Bpoc = p-Biphenylisopropoxycarbonyl; 
~utYI; OBu' = tert.-butoxy; OPh = phenoxy 
!VD. C ---------- - ------- -----------

~--------------------- .!:'W log MW ~_ 
P~c-CyS(Acm)-Ala-Lys(Adoc)-LyS(Adoc)-lle-Val-Ser(Bu')-Asp«OBlI')-

2 B IY-Asn-Gly-OH 1869 3.272 0.55 
POc- Phe-Asn-Th r( Bu' )-G I n-A la-Thr(BlI' )-Asn-Orn(Adoc )-A sn-

B Thr(Bu')-Glu(OBu')-Gly-OPh 2027 3.307 0.52 
POC-Ser(Bu')-Thr(Bu' )-Asp(O Bu')-Tyr(Bu')-G Iy-Leu-Leu-G In-I le-

4 B ASn-Ser(Bu')-Orn(Adoc)-Trp-Trp-Cys(Acm)-Ala-Asp(OBu')-GIy-OH 2866 3.457 0.56 
APOc-Ser(Bu')-Thr(Bu' )-Asp(OBu')-Tyr(Bu')-G Iy-Leu-Leu-G In-I le-
B sn-Ser(Bu')-Orn(Adoc)-Trp-Trp-Cys(Acm)-Ala-Asp(OBu')-GIy-OPh 2942 3.468 0. 11 

POC-Ser(Bu')-Thr(Bu')-Asp(OBu')-Tyr(Bu')-Gly-Lell-Leu-GIn-Ile
(';n-Ser(BU')-Orn(AdOe)-Trp-Trp-CYS(Aem)-Ala-ASp(OBU')-GIy-Orn 

6 B doe)-Thr(BU')-Pro-Gly-Ser(Bu')-Ala-Asn-Gly-OPh 3930 3.594 0.37 
P~C-N le-Asn-Ala_ Trp-Val-Ala-Trp-Orn(Adoc)-Asn-Arg(Adoeh
TYS(Aem)-Lys(Adoe)-Gly-Ser(Bul)-Asp(OBu')-Val-Ser(BlIl)-Ala-

7 B rp-Val-Orn(Adoe)-G1y-Cys(Acm)-Gly-Leu-OBu' 4290 3.622 0.37 
p~~-Cys(Acm)-Ala-Lys(AdOC)-LYS(AdoC)-lle-Val-Ser(Bu')-Asp(OBu' )-
( Y-Asn-Gly-Nle-Asn-Ala -Trp-Val-Ala-Trp-Orn(Adoe)-Asn-Arg 
A~doc h-Cys(Acm)- Lys(A doe )-G ly-Ser(Bu I )-Asp( 0 Bu 1)_ Val-Ser( Bu')-
~Trp-Val-Orn(Adoe)-Gly-Cys(Acl1l)-GIY-Leu-OBu' 5902 3.772 0.44 - --- ---------- ----- -- - ---- -- ----------
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Table 11 gives the column parameters and shows Vo to be approximately! of 
V,. It was found that the gel performed well at relatively high flow-rates with good 
resolution. 

The strategy of peptide synthesis by fragment coupling relies on effective 
purification of fully protected peptide fragments. Thus we compared Sephadex UI· 
60 with Enzacryl K2 which had been used previously for this purpose but was found 
in later applications to give only moderate resolution. Tables III and IV show the 
protected peptides employed in this study using DMF and NMP, respectively, as 
eluents. It was found that crude fragment 6 on application at Sephadex LH-6Q-DHf 
gave two sharp well resolved peaks. Reapplication of the first peak showed it to be 
homogeneous (Fig. 1). Amino acid analysis, deprotection followed by· paper electro· 
phoresis at pH 2.1, c(ul.firmed the purity of fragment 6 isolated after Sephadex LH-60-
DMF gel filtration . 

TABLE IV 

PROTECTED PEPTIDES PURIFIED BY GEL FILTRATION ON SEPHADEX LH-60 wJTfJ 
NMP AS ELUENT 

No. Compound 

8 Adoc-Lys(Adoc)-Val-Phe-Gly-Orn(Adoc)-Cys(Acm)-Glu(OBu1)
Leu-Ala-Ala-Ala-Nle-Lys(Adoc)-Ala-Leu-Gly-OPh 

3 Bpoc-Ser(Bu1)-Thr(Bu1)-Asp(OBu1)-Tyr(Bu1)-Gly-Leu-Leu-Gln
lle-Asn-Ser(Bu1)-Om(Adoc)-Trp-Trp-Cys(Acm)-Ala-Asp(OBu1)

,Gly-OH 
9 Bpoc-Leu-Ala-G Iy-Tyr(Bu1)-Om(Adoc )-G Iy-Tyr(Bu1)-Ser(Bu 1)_ Leu-G Iy

Asn-Trp-Nva-Cys(Acm)-Ala-Ala-Lys(Adoc)-Phe-Glu(OBu1)-Ser(Bu1)
Gly-OPh 

10 (Adoc)Lys(Adoc)-Val-Phe-Gly-Orn(Adoc)-Cys(Acm)-G lu(OBu1)-
Leu-A la-Ala-Ala-N le-Lys(Adoc )-A la-Leu-G Iy-Leu-Ala-G Iy-Tyr(Bu 1)_ 
Orn(Adoc )-G Iy-Tyr(Bu1)-Ser(Bu 1)_ Leu-G Iy-Asn-Trp-N va-Cys(Acm)
Ala-Ala-Lys(Adoc)-Phe-Glu(OBu1)-Ser(Bu1)-Gly-OPh 

MW 

2521 

2866 

3229 

5418 

-logMW~ 

3.402 0.49 

3.457 0.56 

3.509 0.43 

3.734 0.30 -
Although the majority of protected peptides studied chromatographed 

satisfactorily on Sephadex LH-60, in some cases there was evidence for aggregation, 
which is well known for free proteins but not norma\1y observed for protected pep' 
tides. No indication of such aggregation was observed using Sephadex LH-20 t~ 
purify smaller protected peptides. In several cases gel filtration on Sephadex LH-6 
showed a peak at, or close to, the void volume. In the example shown in Fig. 2, a 
crude reaction 'mixture obtained by coupling of fragment 8 (after cleavage of OPh) 
with fragment 9 (after cleavage of Bpoc) afforded fragment 10 from peak (b). HOW; 
ever, reapplication of this material gave fragment 10 together with a small second 
peak (a) close to the void volume. Deprotection of the material from peaks (a) an 
(b) followed by electrophoresis at pH 2.1 and amino acid analysis showed both (~) 
and (b) to contain the same compound. It would appear that Sephadex LH-60 ~s 
capable of promoting aggregation unlike Enzacryl K2. One explanation for thIS 
behaviour may be that Sephadex LH-60 is highly hydrophobic with few sites foc 
hydrogen bonding and can not compete effectively with solute-solute int&ractions. 1(1 
the case of Enzasryl K2 the amide functions within the gel could interact with the 
peptide solute by hydrogen bonding. 
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...... _-------------

\;------------------~r_~~--<rn>-----------------0.37 0.49 0.59 

F' 
C~~: 1. Gel filtration of fragment 6 on Sephadex LH-60- DMF. ---, First elution; - - -, reappli

Ion. Monitored by UV (280 nm). 

a In order to circumvent this problem it was decided to use 2 M urea in DMF 
i~ eluent in order to disrupt the hydrogen bonds in the solute-solute interactions. This 
a e~ found support when fragment 7 was applied to Sephadex LH-60. With this eluent 
us~~nglc symmetrical peak was observed (Kav • = 0.44) in contrast to the experience 
cle g DMF alone when a peak was found at the void volume followed by other less 
agarly d.efined peaks. 2,2,2-Trifluoroethanol is a solvent which is known to di srupt 
Se g~egatlOn; thus it was decided to use this eluent for gel filtration of fragment 7 on 
ga~o~~ex LH-60. As predicted a single peak was found with little indication of aggre-

the Fig. 3 illustrates a reasonable linear relationship between log MW and Kov. for 
Se ~ompounds cited in Tables III and IV. By extrapolation the exclusion limit of 
PO~ a~ex LH-60 was found to be ca. 15,000 in DMF or NMP, indicating the great 
bei enllal for purification of the matrix for the range of protected peptides presently 

ng Contemplated. 

b 

\ 
\ 
\ 
\ 
\ 

..... _-------
F' 0.30 0.43 

Ig·2 
Cation' ~I filtration of fragment lOon Sephadex LH-60- N M P. ---, First elution; - - - , Reappli

. Onitored by UV (280 nm). 
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Fig. 3. Gel filtration on Sephadex LH-60. x = NMP; • = DMF. 

NOTES 

From our studies it appears that Sephadex LH-60 affords better resolutioO 
than Enzacryl K2 although suffering from aggregation of large peptide solutes. 111 
addition to using Sephadex LH-60 for purifkation of precipitated l?roducts, we have 
also used the method for isolation of protected peptides from reaction mixtures 
directly applied to the columns in a variety of solvents. It is important that th~ 
viscosity of the applied solution should be similar to that of the eluent. If this is .110 

controIIed then violent contraction of the bed may occur and prevent further e1utlOo. 
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Inlgastrin: Corrected Structure and Synthesis 

ROderic A. GREGORY, Hilda J. TRACY , J. leuan HARRIS -r and Michael J. RUNSWICK 

Depa 
p rtment of Physiology , Un iversity of Livcrpool and MRC Laboratory of Molecular Biology , University 
OstgradUate Medical School, Camb ridge, England , and 

Stanley MOORE, George W. KENN ERt and Robert RAMAGE * 

Department of Organic Chemistry, Universit y of Liverpool, Liverpool, England 
(R.ece· 

IVed II September 1978) 

Summary. E 'd' d I .. . is th . ~I ence IS presente t lat ml11lgastrl11 
and e C-terml11al tetradecapeptide amide of gastrin 
rep not the tridecapeptide amide as previously 
seq orted. Synthesis of the tetradecapeptide amide 
_A.su~;ce, Trp-Leu-[Glu 15 -Ala-Tyr-Gly-Trp-Met
me~t he -N~2' was achieved by a series of frag
dicy ICOuPlIngs which were mediated by the 
of e '~hohexYlcarbodiimide procedure in presence 

I er N-hydroxysuccinimide or I-hydroxy-

benzotriazole . Purification of all intermediate 
fragments , and of the final protected tetradeca
peptide amide. was by Sephadex LH-20 chroma
tography. Removal of the protecting grou ps was 
effected by treatment with 90% trifluoroacetic 
acid in the presence of a large excess of scaven
gers. Purification by ion-exchange chromatography 
afforded the pure tetradecapeptide amide . This 
material had full physiological activity. 

Minigast . 
rln: Berichtigung der Stnlktur und Sy nthese 

~~~a~rnenfassung: Es wird gezeigt , daB Mini-
Gas:l~ d~s C-terminale Tetradecapeptidamid des 
l'tid~lns 1St, .nicht, wie fruher berichtet, das 
pepti~ape.Pltdamid . Die Synthese der Tetradeca
-l'rp-M atnld-Sequenz Trp-Leu-[Gluls -Ala-Tyr-Gly
vOn Fr:t-Asp-Phe-NH2 wurde durch eine Reihe 
Wend agll1ent-Kupplungen erreicht unter Ver
binduung V?n DicyclohexylcarbodUmid (in Ver
droxy~g 1111t ~-Hydroxysuccinimid oder mit I-Hy-

el1Zotnazo l) vorgenommen. Die Reinigung 

aller Zwischenfragmente und des geschiitzten 
Tetradecapeptidamids geschah durch Chromato
graphie an Sephadex LH-20. Die Entfernung der 
Schutzgruppen wurde durch Behandlung mit 
Trifluoressigsaure in Gegenwart von "Scavengern" 
vorgenommen. Reinigung durch lonen austausch
Chromatographie lieferte dann das reine Tetradeca
peptidamid . Dieses Material zeigte volle physiolo
gische Aktivitat. 

key ~ ------

vOrds: Correction , structure , minigast r in. synthesis. 

~------------------------------
loc" t, IOns: DCC! = dicyclohcxy lcarbod iimidc; HOB I = I-hydroxybcnzotriazolc; HONSu = N-hydroxy sll ccinimide; 
11hel\Y I Crt-butYloxycarbonyl; Dns = dansyl ; Nps = o-nitrophcnylthio ; OPh = phenyl ester; OPhCI3 = 2.4,5- lr ichloro-

ester' Z b • ~ , = enzyloxycarbonyl. 
resell t . d I 

t D ,\ ( ress : UMIST, P.O. Box 88, Manch ester, England. 
ccc;ISCd. 

0018-4888/79/0360-0073 $02 .00 
© Copyright by WaIter de Gruyter & Co . Berlin ' New York 

o 10 



74 R.A. Gregory, H.I. Tracy, I. Harris, M.I. Runswick, S. Moore, G. W. Kenner and R. Ramage Bd. 360 ~ 

Gregory and Tracyl I I reported the isolation from 
a hepatic metastasis obtained from a case of the 
Zollinger-ElIison syndrome of small amounts of 
a pair of pep tides ('minigastrins') which were 
potent stimulants of gastric acid secretion, and 
evidently represen ted a new form of the antral 
hormone gastrin. Quantitative amino acid analy
ses of t,he peptides were made for us following 
acid hydrolysis by the method of Liu and 
Chang!21, which was believed to give complete 
recovery of tryptophan . These analyses indicated 
that the amino acid composition of the two 
peptides was identical and was : Leul Glus Alal 
Tyrl GlYI TrPI Met l ASPI Phel ' In one of the 
peptides the single tyrosine residue was shown 
by alkaline hydrolysis to be sulphated; in the 
other it was not. An attempt to determine the 
C-terminal residue by hydrazinolysis was unsuc
cessful, indicating that the C-terminal residue was 
blocked . 

The amino acid analysis indicated that the peptides 
corresponded to the C-terminal tridecapeptide 
sequence of the heptadecapeptide ami des Of'lit
tle gastrins' (sulphated and unsulphated) which 
are the predominant form of the hormone in 
antral mucosa and gastrinoma tissue; both were 
potent stimulants of gastric acid secretion. 

The unsulphated tridecapeptide amide ('mini
gastrin 1') was kindly synthesised for us by 
Dr. J. S. Mor/ey of ICI Pharmaceuticals Ltd., 
Alderley Park, Cheshire, England. However a 
comparison of the potency for stimulation of 
acid secre tion of this material and of natural 
'minigastrin' by Dr. Morton Grossman revealed 
that the potency of the synthetic material was 
about twice that of the 'natural material, and it 
was suggested that this discrepancy might be due 
to an error in the presumed structure of mini
gastrin, two tryptophan residlles instead of one 
being present. 

It is the general custom to dispense small amounts 
of pure gastrin peptides on the basis of the ab
sorption at 280 nm of an aqueous solution, calcu
lating the quantity present from the molar extinc
tion coefficient, which depends on the tryptophan 
and tyrosine content (largely the former) of the 
peptide, Thus if naturalminigastrin contained 
two tryptophan residlles, while the synthetic ma-

terial contained only one residue , the amount of 
natural material taken on the basis of equal ab' f 
sorption at 280 nm would be only about on'e-hal 
that of synthetic material, hence the apparent. 
discrepancy in potency of natural and synthetiC I 

minigastrin . In view of this evidence, a study w.as 

made of the NH2 -terminal residue of minigastrln, 

Amino-terminal sequence analysis 
Minigastrin 11 (S nmole) was reacted with dansyl 
chloride as described by Grayl31 . The resu1ti~g 
Ons-peptide was hydrolysed in vacuo at 105 C 
for 3 h in 6N HCI containing 2% (v/v) thioglycol-
lic acid. The hydrolysate was taken to dryneSS 
and analysed for Ons-amino acids by two-dimen· I 

sional thin-layer chromatography on polyamide 
sheetsl4 1 using three different solvent systems: 

a) 1.5 % (v/v)' formic acid in the first direction, 
b) 90 % (v/v) bcnzene/ lO % (v/v) ace tic acid in the 1/ 

second direction , followed by ethyl ace tate/methano 
acetic acid (10: 1 : 1 by vol) in the same direction. 

The dried polyamide sheet was viewed with ultcr 
violet light and Ons-Trp was identified as the on ~ 
significant fluorescent spot, indicating tryptoP,ha 

to be the NH2 -terminal residue of natural minl
gastrin . 

In a second experiment, a sample of natural mini
gastrin II (3 nmol) was subjected to one cycle of 
Edman degradation so as to release the amino-
terminal residue in the form of its phenylthiohY
dantoin derivative lsl . The residual peptide was 
then reacted with dansyl chloride and the new 
aminoterminal residue was shown to be leucine, 

This establishes the amino-terminal sequence of 
natural minigastrin to be Trp-Leu. In a parallel 
experiment, the amino-terminal residue of the 
putative synthetic minigastrin was identified as 
leucine . 

It is thus evident that the correct sequence of t~e 

SI 

n 
z 
SI 

PI 
(E 

1'1 
IV. 
Z. 
Iti 
IVi 

minigastrins must be : Trp-Leu-[Gluls -Ala-Wc- oCI 
-Gly-Trp-Met-Asp-Phe-NH2, i.e. they are the C- lli 
terminal tetradecapeptide fragments of the Iittl~i C Ihi: 
gastrins, presumably resulting from the enzyJ11~ _ '1't 
cleavage during biosynthesis up to or at the N? uSiJ 
terminal side of the Trp residue in position 4 0 I e salt 
the heptadecapeptide amide (little gastrin), or \~, Pep 
equivalent position in a larger precursor molecll 
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Figia e, SYnthesis route, 

SYntheses HONSu procedure* followed by purification by 
SasY~thesiS of the tetradecapeptide amide sequence Sephadex LH-20 chromatography. Cleavage of 

Slg the Nps-group from Nps-Trp-Met-Asp(O~ut)-Phe-
SI ned to minigastrin was undertaken using the -NH 21 111 was achieved using aqueous thlOglycol-
n~~~:g~~f ~r~gment COUPlding~ det~i~ed in the lic acid, and cleavage of the phenyl ester from the 
Z'AI' e II1ltlal protecte tnpep I ~ sequence protected decapeptide Boc-( I- I O)-OPh was ef- . 
sle a~TYr(But)_Gly_OPh was syntheSISed 111 a fected by hydrogen-peroxide-catalysed hydrolysIs 
P' PWIse manner from H-Gly-OPh by successive ) OH 

Ivalic ' . . . . T at pH 10.5 Coupling of fragments Boc-(J - IO-(n\)r)O~lxed anhydnde coupll11gs with Z- yr- and H-(J 1- 14)-NH2 using the DCCI/HOBt proce-
lh and Z-Ala-OH . dure l121 afforded the tetradecapeptide Boc-
wa~ ~rotect~d pentapeptide , Z-[Glu(OBut))5 -OPh (1 - 14 )-NH2, which was purified by Se.phadex 
Z'GI Yntheslsed by a stepwise procedure USl11g LH-20 chromatography. All the protect1l1g groups 
Irich~(OBut)-OH. However in all cases the 2,4,5- were removed from the molecul.e by a sing~e . 
Wilh orophenyl active ester was used l61 , together treatment with 90% aqueous tnfluoroacet lc aCid 
cin ' ~ -hYdroxybenzotriazole and N-hydroxysuc- in the presence 'of a large excess of 2-mercapto-
Wh:~de , e~cept for the tripep.tide .formation, . ethanol and anisole . Under these deprotection 
to reqUired ·the faster pivahc mixed anhydnde conditions there was no evidence for tert-butyla-
co~VOid diketopiperazine formation in the amino tion of Tr~ and Tyr residues as shown by NM R 
pen~~o~en,t. For the synthesis of the tetra- al~d. . studies of deprotecte.d pep tides at 220 MHz. , 
was P pt Ides 4- 7 and 3- 7 ,N-hydroxysuccl111111Ide Purification USl11g aml11oethyl-cellulose chromatog-
Call 1I1~ed as additive in the active ester coupling. raphy (column I x 10 cm) with a linear gradient 
IiO~slng of the two fragments by the DCCI/ of triethylammonium carbonate (0,05M to 0 ,5 M) 
acta 1I ~rocedurel7 ,8,*1 gave the protected gave the product , Trp-Leu-[Glu]s Ala-Tyr-Gly-L!i .r~PtJde which, after purification by Sephadex 
thi chromatography I 10\ , was homogeneous on . , 
.'1- n-Iayer cl h TI d' I'd B c- * Ex tensive experience of thiS valuable method with 
I ~P 'lell_ 1rOmatograp ~' 1e Ipep I e ~ subsequent enzyme digestion has ~hown that , und,er . 

USing B OH Was syntheSised b~ a salt coupl~ng these conditions, coupllllgs are ef1 ected without r,lceml-
Salt of oC-~rp-ONSu and the tnethylammol1lum sat ion within the limits of detection b~ a~l~o aCid analy-
PCPti lellctne. Formation of the protected deca- sis. ThiS IS supp'0rtcd by the resultsJ~/\~n analogous 

de Boc_( I_ I O)-OPh employed the DCCI/ co uplll1g by Wunsch and cowo rkers 
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-Trp-Met-Asp-PheNH2 which was homogeneous 
on paper electrophoresis (pH 6.5) and has the 
appropriate amino acid composition. 

Tests of the product in consciolls dogs provided 
with a gastric fistula for collection of gastric juice 
showed it to be of similar potency in stimulating 
gastric acid secretion to natural human little 
gastrin (G 17, heptadecapeptide amide), and this 
has been confirmed by the more extensive study 
of Carter, Taylor, Elashoffand Grossmanl1 31 . 
Natural human little gastrin was used for com
parison because at the present time no further 
supplies of natural human minigastrin are 
available. 

Experimental 

All evaporations were under redu ced pressure. Thin-layer 
chromatograms were run in the following systems: 
TLC-I, I-butanol/ace tic acid/water 3: I : I; TLC-2, 
chloroform/methanol 19: I: TLC-3, chloroform/meth
anol6 : 1; TLC-4, I-butanol/pyridine/acetic acid/water 
60: 20: 6: 4; TLC-5, amyl alcohol/pyridine/water 35 : 35: 
30; TLC-6, chloroform/methanol/acetic acid/water 
60: 18: 2: 3; TLC-7, chloroform/2-propanoI9 : I ;TLC-8, 
ethyl ace tate/pyridine/ace tic ac id/wate r 120: 20: 6: 11. 

Elect rophore tic mobilities arc given as distances (cm) 
migrated from the origin towards the anode. Amino 
ac id rat ios were determined by hydrolysi s of peptides 
in redistilled6M HCI for 18 h and analysis on a leol lLC
SAil amino acid analyser. The phrase "washed ncutral 
in the usual manner" refers to treatment with 10 % citric 
acid, water, saturated sod ium hydrogencarbonate, water 
and sa turated sodium chloride solution. I'eptides, after 
gel filtration on Sephadex LH-20, werc detected by 
monitoring the optical rotation of the solution using an 
NPL automatic polarime ter and the UV absorption of 
the solution at 280 nm using an LKB Uvico rd 11. Optical 
rotations were measured on a Bend ix-Ericsso n ETL-NPL 
instrumen t using a 10-mm ce ll. 

N·Benzyloxycarbollyl·'Y·tert·lJ/Jtyl·L·glutamic acid 
phenyl ester 

Z·Glu(OBut;'OH (15 .97 g, 47.34 mmol) was dissolved 
in ethyl ace tate (90 ml) and th e solution cooled to O°C. 
Phenol (4.46 g, 47 .34 mmol) was added , fo llowed by 
DCCI (9.87 g, 47 .81 mmol) and 4-dimethylaminopyridine 
(5.77 g, 47 .34 mmol) . The reaction was stirred for 1 hat 
o °c, then for 24 h at room temperat ure. Dicylohexylurea 
was removed by filtration and the filtrate diluted to ap
proximately 250 m/. The solution was washed neutral in 
the usunlmanner, dried and evaporated. Recrystallisa-

tion from ethyl acetate/light petroleum (60 - 80 °C) 
afforded the crystalline derivative (17.01 g, 87 %); m·P· 
6l °c, I~ 155: - 30 .6°, (c = 1, in dimethylformamidc), 
TLC-l RF 0 .70 . 

C23H27N06 (413.5) 
Calcd. C 66.8 I 
round C 66 .55 

H 6.58 
H 6 .59 

N 3.39 
N 3.65 

N·Benzyloxycarbonyi-"j-tert·butyl.L.glutamyi-"j·tert' 
butyl·L·glutamic acid phenyl ester 

d 'n Z·Glu(OBut;'OPh (IS g, 36 mmol) was hydrogenate l e. 
dimethylformamide (120 m/) in the presence of p_to luen 

sulphonic acid (6.9 g, 36 mmol) over 10 % Pd/C (2.5 g) 
at room tempera ture and pressure. 

The resulting amino acid derivative p.toluenesulphonat~ 
wa s dissolved in dimethylformamide (70 m/) and coolc 

to 0 0c. Z.Glu(OBut).OPhCI3 (19.67 g, 33.1 mmol) was 
added, followed by I-hydroxybenzotriazole (4.47g, I) 
33.1 mmol). N ·Methylmorpholine (3.71 m/, 33.1 mmo 

was added to the reaction mixture and the reaction stlf' 
red for 1 h at 0 °c, then for 24 h at room temperature. od 
The solution was concentrated, then poured into watera 
extracted with ethyl acetate (3 x 150 ml). The coOl' 
bined organic phases were washed neutra l in the n1 
usual manner, dried and evaporated . Crystallisation frO 
ethyl acetate/light petroleum (60 - 80 °C) afforded tli~. 
pro tected dipeptide (14 g, 71 %), m.p. 76 - 77 °c, lalo7). 
- 21.5°, (c = I , in dimethylformamide), TLC-l Rf O. 
0.73. 

C32 H42N209'1.5 H20 (625 .7) 
Calcd. C61.43 H7 .25 
round C 61.37 H 6 .78 

N 4.47 
N 4.77 

N·Benzyloxycarbonyl.'Y.tert.!Jutyl.L.glutamyl·'Y·tert· 
!Jutyl·L·glutamy l·'Y·fert·bufy l·L·glutQ/nic acid phenyl 
ester 

The dipeptide derivative, Z·IGlu(OBut)l2·0Ph (9 .1 g, 
15 .2 mmol), was hydrogenated in dimethylformamide 
(lOO m/) in the prcsence of p·toluencsulphonic acid 111' 
(2.89 g, 15 .2mmol) over 10 % Pd/C (1.0 g) at room te 
perature and pressure. 

Z·Glu(OBut;'O/J (10 .1 g, 30 mmol) was dissolved in 11' 
dichloromethane (60 ml) and coo led to - IS 0c. N-Mct d 
ylmorpholine was added (3.36 m/, 30 mmol) foll owc C' 

by pivaloyl chloride (3 .28 m/, 26 .6 mmol) and the re~op 
tion stirred at - IS QC for 20 min. A pre-cooled solu(l 
of the dipeptide tosylat e sa lt in dimethylformamidCf I' 
(30 ml) was added to the mixed anhydride solution 0 

lowed by N·mcthylmorpholine (1.7 m/). After stirring 
overnight a t room temperature , the reactio n mixturc d 
was concentrated, then poured into water (500 ml) a~c6 
extracted with e thyl acetate (3 x· lOO m/) . The combl 

organic phase wa s washed neutral in the usual manner, 
dried and evaporated. The tripeptidc derivative was rC' 

d 

C 
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crYstall ' d f (60' Ise rom ethyl ace ta te/ light pe troleum 
~ 1 ;8~ OC) , (7 .75 g, 65 %), m.p. 149 - 150 °C, 10<155: 
083 .0 C, (c = I, in dimethylformamide) , TLC-I R F 
C· , TlC-2 R F 0 .66 . 

41CHS7N3012' 0 .5 H20 (792 .9) 
alcd. C62 . 11 H7.37 N5.30 

POund C62 .09 H7 .27 N5 .57 

/V'Ben I 
b zy oxycarbony l--y-tert-buty l-L-glutamyl--y-tert-

UtYI_L I L .g utamy l--y-tert-butyl-L-glutamy l--y-tert-buty l-
'gll/tam ' . ... IC aCid phenyl ester 

'he tr · . . 
IO. 21IPCPtlde derivative, Z-I Glu(OBu t) lJ-OPh (8.0 g, 
(80 mmol) was hydrogenated in dime thy lformamide 
(( 9~/) In the presence o f p-toluenesulphonic acid 
te~ g, 10.21 mmol) over 10 % Pd/ C ( l.Og) at room 
l Perature and pressure. 

he res I . 
in d' u tIng p-toluenesulphonate sa lt was di ssolved 
2'G~:e thYlformamide (40 ml) and cooled to O°C. 
fOll0 (OBut)OPhCIJ (6 .04 g, 10.21 mmol) was added , 
and ;_Cd by N-hyd roxysuccinimide (1.18 g, 10.21 mmo l) 
Stirrcd methylmorpholine (1.14 m/), and the reaction 
tUre for 48 h a t room temperature. The react ion mix
ethy~~aS POured into water (400 m/) and extracted with 
\Vas ace tate (3 x lOO m/). The combined organic p hase 

Washed' . cVap neutral m the u sual manner , dr ied and 
lised 7ated. The te trapeptide deriva tive was rec rysta l
(7.6 rOm e thyl ace ta te/ light pe troleum (60 - 80 °C) 
dime

g
, 77 %); m.p. 153 °C, 10< 165 : - 23 .6°, (c = I , in 

C HthYlfo rmamide), Tl.C-2 R F 0.59 , TLC-6 RF 0. 85. 
So N 

C 72 401S' I H20 (987.1) 
paled. C60.84 H7.S6 N5 .68 

oUnd C 60.81 H 7.58 N 5.92 

N'B enzYlo 
blitYI'L x ycarbony l--y-t ert-bu t y l- L-glu ta m yl- -y-tert-
L'CI 'glll t a myl--y-terl-bu I y 1- L-glu lamy l--Y-Ier t -bu t y l-

IIlam I 
PrOt Y --Y-Ierl-buty l-L-glutamic acid phenyl ester 

(6 g,e~t~d tetrapeptide de rivative, Z-I Glu(OBI/) 14-0Ph 
amide' 9 mmol) was hydrogena ted in dime thylform
aCid 0 (60 m/), in the presence of p-toluenesulpho nic 
room t·I 8 g, 6.19 mmo l), over 10 % Pd/ C (400 mg) a t 
2 GI emperature and pressu re fo r 16 h th en filt e red. 

d ;me~~OBlIr) -OH (3.24 g. 6.19 mmo l) was di sso lved in 
and th Ylfo rmamide (7 m/) , the solutio n cooled to O°C, 

e So l . 
added. N utlOn o r the above p -to luc nesulphonate salt 
l)Cq (} -HYdroxysuccinimide (1 .71 g. 14.86 mmo l) and 
N'tneth .53 g, 7.43 mmol) were add ed, fo llo wed by 

fa r 72 {Imorpholine (0.69 m/), and th e reac tion stirred 
und the j?t rOOI11 tempera ture. The so lution was filt e red 
(90 ~ 10 Iltratc applied to a Sephadex lH-20 column 
now r Cm) and eluted w ith dime thyl formamide a t a 
at a "a;~ of 112 ml/h. The desired product was eluted 
CiP it a~. t value o f 0.43 . F inally the produ ct was pre
dry d ic~ from dime th y lfo rmamide by th e additio n o f 

et lyl e ther (4 .8 g, 66 %) ; m.p. 202 QC, l e> 165 : 

- 20.8° (c = I , in dim ethylfo rmamide, TLC-6 R F 0.80 , 
TLC-7 R F 0.75 . 

CS9HS7NS01S' 0.5 H20 (116 3.4) 
Calcd . C60.91 H7 .62 N6 .02 
Found C60.73 H 7.61 N6.43 

The proton magne tic resonance spectrum was consistent 
with the structure of the pentapeptide deriva tive. 

N-Benzy loxy carbonyl-O-tert-buty l-L-ty rosy l-g/y cine 
pheny l ester 

Z-Tyr(But)-OH derived from the dicyclohexylammo
nium sa lt (46.2 g, 80 mmol) was di ssolved in freshly dis
tilled me thylene chloride (250 ml) and the solution 
cooled to - IS QC. Diisopropylamine (10.3'4 g, 80 mmol) 
was added , foll owed by pivaloyl chloride (9 .65 g, 
80 mmol) and the reactio n stirred a t - 10 °C for 10 min. 
A pre-cooled solution of H-Gly-OPh • HBr (18 .57 g, 
80 mmol) in dime thylformamide (80 ml) was added 
slowly to the a bove mixed anhydride so lution . This was 
followed by dii so propyle thy lamine (10 .24 g. 80 mmol) 
and the reac tio n stirred overnight a t room temperature. 

The solution was evapora ted to an oil and the oil par
titioned between e thyl ace tate and wa ter. On separa
tion , the organic phase was washed neutral in the u sual 
manner, dried a nd evapora ted. The residual oil was solid
ified by tritura tio n und er hexane (29.4 g, 73 %); m.p. 
84 - 86 °C,1 0< 15S: - 4.4° , (c = l. in dime thylformamide), 
T LC-7 R F 0.52 , TLC-8 RF 0.85 . 

N-Bellzyloxycarbolly l-L-alany l-O-tert-buly l-L-ty rosyl
glycine pheny l ester 
Z-Tyr(But) -G/y-OPh (15 . 16 g, 30 mmo1) was hydro
genated in dimeth ylfo rmamide (50 m/) in the presence 
of p-to lu enesulpho nic acid (5 .71 g, 30 mmol) over 10 % 
Pd/C (1 .5 g) at room temperature and pressure. Z-Ala
-OH (10 .05 g, 45 mmo l) was di sso lved in dic hlo ro me th
ane (30 m/) and cooled to - IS 0c. Diisopropyle thyl
amine was added (5 .8 g, 45 mmo l) , followe d by piva lo yl 
chlo ride (4.55 g, 37 mmo l) and th e solutio n stirred at 
- 10 °c ro r 10 min . A pre-cooled so lutio n o f the dipep
tide p -toluenesulph onate in dime thylformamid e (50 ml) 
was added , fo llowed by dii so pro pylcthy lamine (3. 87 g, 
30 mmol) and the reac tio n stirred overnight a t room 

tempe ra ture. 

T he reac tion mixture was concentrat ed , th en poured 
into wa ter (750 m/) and extra c ted with e thyl ace ta te 
(3 x 150 m/). The combin ed o rga nic phase was washed 
neutral in the usual m anner, dried and evaporated. The 
tripeptide deriva tive was recrys talli sed from ethyl ace
ta te/cyclo hcxanc (6.6 g, 38 %), m .p. 138 °C , 10< I 'f:p : 
- 22° , (c = I , in dime thylfo rmamide), TLC-8 R F 0 .86 , 

TLC-4 R F 0 .8 1; Amino ac id analy sis; A1ao .96TYT1.00 

Gly 1.05 ; 
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C32H37N307 (575 .7) 
Ca lcd. C66.77 
Fo und C 66.49 

H6.4 8 
H 6.44 

N 7.30 
N 7.23 

N-Ben zyloxycarbonyl--y-tert-buty l-L-glutamy l--y- tert
bu t yl-L-glu tam yl--y- t ert-bu t y l- L-glu ta my l--y-t ert -bu ty l
L-glutamyl--y-tert-buty l-L-glutamic acid 

Protec ted pentapeptide phenyl ester Z -[ Glu(OBu t) 15-
-OPh (3 .8 g, 3.29 mmol) was dissolved in dim ethylform
amide (14 m!) and th e pH adjusted to 10.5 with I M 

aqueous NaOH. Dimethylsulphide (9.6 m/) was added, 
fo llowed by hydroge n perox ide (100 vol., 0.33 rn/) , and 
th e pH maintained at 10.5 by the pH-s tat-controlled 
ad ditio n of I M NaOH. After 30 min the pH was adju sted 
to 6 with 10 % citric ac id and the so lution evaporat t>d . 
The residue wa s triturated under 10 % citric ac id and fil
tered, washed copiously with water and dried (3 .45 g, 
97%). m.p. 170 °C, 10- Ilr - 18.0° (c = I , in dimethyl
formamid e), TLC-l , R F 0.95, TLC-3 R F 0.74. 

CS3HS3 NS OtS (1078.3 ) 
Ca lcd. C59.04 H7.76 
Fo und C 58.83 H 7.87 

N 6.49 
N 6.46 

The proton magnetic reso nance spec trum was co nsistent 
with the structure of the pro tec ted pentapeptide free acid 
(Lit. [141 m.p. 169 - 171 °C). 

L-A lany l-O-tert-bllty l-L-tyrosyl-glycine ph eny l ester
p-to luenesulphonate 

Pro tected tripeptide (3 .0 g, 5.2 1 mmol) was hydro
genated in dimethyl fo rm amide (80 m/) in the presence 
of p-lolu enesulphonic acid (0.99 g, 5.24 mm ol), over 
10% Pd /C (300 mg) at roo m lempera ture and pressurl) 
for 16 h. The cata lys t was filt ered off and the filtrate 
evaporated. Trituration of th e residu e und er dry di
eth yl eth er afforded a whit e solid (2 .94 g, 9 2%). TLC-8 
R F 0.33 , m.p. 154- 15 7 QC. Thi s material was used 
without furth er characteri za tion. 

N- Benzyloxycarbo ny l- -y- tert-buty l-L-glutam y l--y- tert
bu t y l-L-glu tamy l--y-tert-bu ty l-L-gllltamy l- -y-tert-bll tyl
L-glu tamy l--y- tert-buty l-L-glu tamy l· L-alany l-O-t ert 
bu ty l-L-ty rosyl-glycine pheny l ester 

The penta peptide free ac id Z- I Glu(OBu r) Is-OH (2.3 g. 
2. 13 mmol) was disso lved in dimeth ylformamide (5 m/)' 
and coo led to O°c. N-Hydro xysuccinimid e (0.53 g, 
5. 11 mmol) was ad ded. foll owed by DCCI (0.05 3 g, 
2.56 mm ol), and th e reaction stirred for 10 min at O°c. 
The tri pep tide p-tolu enesulph onate (1 .3 1 g, 2. 13 mmol) 
was disso lved in dimcth ylformamide (5 m!) and. aft er 
cooling to 0 °C. added to th e above reac tion mixture. 
N-Meth ylm orph oline (0.24 m/) was add ed and the reac
tion sti rred at room tempera ture for 48 h. The reac tion 
was coo led to 0 QC and a furth er portion of N-hydroxy
succinim ide (0.29 g. 2.52 mm ol) and DCC I (0.26 g. 

1.26 mmol) was added. After stirring for a further 48 h 
the reaction was filtered and the filtrate applied to an 1-
LH·20 column (10 x 90 cm) and eluted with dlmethY 
form amide at a flow rate of ISO ml/h . The desired d-
product was eluted at a Ve/ Vt of 0.41. Finally the pro , 
uct was precipitated from dimethylformamide With d~Y 
diethyl ether (2.0 g. 63 %); m.p. 240 QC, [0- 15S: - 16.1 , 
(c = I , in dim ethylformamide); Amino ac id analysis; 
Glu4.91Ala \.07Tyr\.ooGly \.oo ; TLC-7 . R F 0.55. 
TLC-4. R F 0.84 . TLC-I . R F 0.83. 

C77Hl12NS022 (1501.8 ) 
Caicd . C61.58 H7.52 N7.46 
Found C61.09 H7.40 N7.51 

Ntert-Buty loxycarbonyl-L-tryptophy l-L-Ieucine 
. hyl-

L-L eucine (1 .31 g, 10mmol) was suspended in dlmet 
fo rmamide (2 0 m/) and cooled to 0 QC. Trie thylamine 
was added ( 1.4 m/, 10 mmol) followed by Boc-rrp- I h 
-ONSu (4.0 I g, 10 mmol) and the reaction stirred for 
at 0 QC. then 16 h at room temperature. The solvent \Vas , 

evaporated and th e resulting o il partitioned between TI C 

ethyl ace tate ( IOOm/) and 10 % citric acid (lOOm/). I 

aqu eous phase was washed with ethyl ace tate (60 mll 
and the orga nic phases were combined, washed with ' s 
water (3 x 75 m/) . dried and evaporated. The residue \VU 

recrys talli sed from ethyl ace tate/light petro leum 0 

(60 - 80
Q
C) (2 .0 g. 48 %); m.p. 71 QC. [0- 156 : - 22.58 _I 

(c = 8.5. in dim eth ylfo rmamide). TLC-3 R F 0.53 . n e 
R F 0.95 ; 

C22H3tN30s·1 H20 (435 .5) 
Ca lcd. C 60.6 7 H 7.64 
Foun d C 60.80 H 7.52 

N 9.65 
N 9.52 

N -tert-Buty IOxYCarbo ny l-L-try ptoPhy l-L-leUcyl--y-tert 
buty l-L-glutamy l--y-tert-buty l-L-glutamy l--y-tert-bl/ty · 
L-Klu tamy l- -y- tert-bu ty l- L-glll tamy l- -y-tert-bu ty l-L- I 
gllltamy l-L-alany l-O-tert-bu ty l-L-ty rosyl-gly cille p/le11Y 
eUer . 

.d In 
Pro tec ted octapeptide (0.6 g, 0.4 mmol) was disso lve 
dimcth ylform3micle (40 m/) and hydrogenated in the IJ 
presence of p-to luenesulphonic ac id (76 mg, 0.40 mlnO 
over 10 % Pd /C (6 0 mg) fo r 16 h at r00111 temperature nd 
ancl pressure. The catalys t was removed by filt ration a 
th e so lution concentrated to approx imately 2 mt. Soc' 

d · dl' 
-Trp-L eu -OH (33 0 mg. 0.7 9 mmol) was dissolve In 'Y' 
meth ylfo rmamide (2 1111) and cooled to 0 QC. I-H ydro: a 
benzo triazole (1 30 mg, 0.96 mmol) was add ed, follOW 
by DCCI (100 mg. 0.4 8 mmol). After 5 min the abOV~ 
so lution of the amino component was added fo!loWc cl 
by N-meth ylmorpholine (45 /1/) and th e reac tion s tirr~ 
for 48 h at room temperature. The reactio n waS coolCle 
to 0 QC and furth er portions of l-hyclroxy benzotrtatOru 
(65 mg. 0.48 mmol) and DCCI (50 mg. 0.24 111 mol) ,;Ch. 
added. The react ion was then stirred for a furth er 7 
filt ered. and the filtrat e applied to an LH-20 column 
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~;.s x 90 cm) and eluted with N,N.dimethylformamide 
at a flow rate of 9.6 ml/h. The desired product was eluted 
r a Ve/Vt of 0.36. Finally the product was precipitated 
e:~m dimethylformamide by the addition of dry diethyl 

er (300 mg 41 01 ) . ')56 °C ,[ 126 , _ 11 3° ( = 1 in d' , 10 ,m.p. - ,e< D ' . , c , 
A .lmethYlformamide), TLC-I RF 0.95, TLC-5 RFO.78; 
"mina a 'd ' 
TYr Cl analySIS: Trp I.OSLeuO.92G lu4.96Ala 1.04-
C 1.04Gly 1.03 · 

9IH13SNll 024 (1785.2) 
Caled. C61.23 H 7.74 N 8.63 
Found C 61.03 H 7.67 N 8.49 

!V'len B 
b . ulyloxycarbonyl.L.lryplophyl.L.leucyl--y.lerl. 
Ulyl·L I 

gl .g U lamyl·-y·lerl·bu Iyl- L·glu tamyl·-y·lerl·bu ty l· L· 
IIlam I 

l Y ·-Y·lert·butyl·L·glu lamyl·-y·lerl·butyl·L-glulamyl· 
'ala I T ny ·O·lerl.bulyl.L.lyrosyl.glycine 
he ab 

0,06 OVe decapeplide phenyl eSler ( I 10 mg, 
eth 3 mmol) was dissolved in 90 % aqucous tritluoro
andanol (2.0 m/) . Dimethylsulphide (0.25 m/) was added 
Per the pH adj usted to 10.5 with 0.1 M NaOH. Hydrogcn 
a r OXide (I 10 vol., 0.01 ml) was addcd. and after 20 min 

lirther p t' f " of 30 ' or Ion (0.0 I ml). A tcr a total reaction time 
and mm the pH was adjustcd to 4 with 10 % citric acid 
trit the reaction mixture evapora ted . The residue was 

Urated ' 
n1.p 2 ° With water, filtered and dr ied (93 mg, 99 %); 
aill'd OB C, 10<166 : - 24.2° (c = I, in dimethylform-

I e, TLC-I RF 0.B7. ' 

lV'lerlE 
bill I ' Ulyloxycarbonyl-L-lryplophyl.L-leucyl.-y-lerl

Y'LgI glUlam ' Ulamyl--Y·lerl·bulyl-L-g!ulamyl--y-lerl-bulyl·L· 
l. I YI·-Y-Ierl-bulyl.L.glulamyl--Y.lerl.butyl-L-glutamyl. 

aanYIO 
tnel/' . -tert·buty l.L.tyrosyl-glycyl.L-lryptophyl-L. 

IIOlIy l " ' . Th ·,.,·tert-butyl-L-aspartyl-L-phenylalallllle amide 
C deca ' 

diSsolve peptide free acid ( 165 mg, 0. 117 mmol) was 
O°C. I. cl In cltmethylacetam id e (1.0 ml) and cooled to 
and DC HYclroxybenzotriazole (31.6 mg, 0.234 mmol) 
Aft Cl (29 mg, 0.14 mmol) were added. 

Cr 10 ' 
0.l 17 mln H·Trp-Met·Asp(OBI/j·Phe-NH2 (76.4mg, 
tCillp mmol) was added and the reaction stirred at room 
al)d rcrature for 48 h. T he rcat.:lion was coo led to O°C 
0.l2 Urther Portions of I-h ydroxybenzotr ia zo le (16 mg, 

and t~mOI) and DCCI ( 15 mg, 0.07 mmol) were added 
Pcrat creactlon stirred for a further 72 h at room tem
apPliu~e. The volume was di luted to 5 ml, filtered, and 
l'hc ~(I to an LH-20 Sephadcx col umn (2.5 x 90 cm). 
nolV 0 llinll was elut ed with climethy lrormamicie a t a 
J;~/J;rate of 15.2 ml/h. T hc desired material elut cd at a 
t<t tccllrvalue of 0.31. Fina ll y the produ c t was precipi
dic thytom dim eth ylrormamide by th e addition of dry 
' 31,4 ct~er (134 mg , 65 %); m.p. 242 - 246 QC; le< 166 : 
allaly ,' (C - 0.1 , in dimet hy lro rm amide; Amino ac id 

sls 'Trp 
. 1.8sAsPO.98GItIS.04Gly 1.02 Ala 1.06 Mct LOt 

LeuO .94Tyr I.0IPh eo.94; TLC-l RF 0.95, TLC-5 RF 
0.79. 

Minigastrin 

Thc above protected tetradecapeptide (60 mg, 
0.026 mmol) was dissolvcd in 90 % aqueous tritluoro
acetic acid (2 ml) contai ning an isole (0 .1 ml) and 2-
mercaptoethanol (0.1 m/). The reaction mixture was 
contained in a foil-wrapped ccntrifuge tube under nitro
gen for 2.5 h at room temperature. Diethyl ether was 
addcd and the precipitated peptide was centrifugcd, 
washed with dry diethyl etherl to 1 and finally dried un
der high vacuum. 

An aminocthyl-cellulose column (I x 10.0 cm ) was 
equilibrated with 0.05M triethylammonium carbonate 
buffcr (pH 6.3). The above peptide was dissolved in this 
buffer (7 m/), then diluted to 45 ml with distilled water 
to lower the ionic strength and bring the pH to 5.7 - 5.B. 
This so lution was pumped onto the co lumn. The column 
was elutcd on a gradient of 0.05M to 0.5M triethyl
ammonium carbona te (pH 7.4) at a tlow rate of 5.2 ml/h. 
The major pcak was pooled and lyophilised and the 
powdcr dissolved in the 0.05M buffer and the co lumn 
procedure repeated; (30.6 mg, 64 %). Paper elec tropho
rcsis: pH 6.5 - RF 0.68; TLC-I RF 0. 11 ; TLC-5 RF 
0.88. Amino acid analysis: Glus.o I LeuO.94 AsPO.9S
G IYI.00Al a l.06M ctO.9SPheO.94 ' The UV spect rum was 

in accordance with the structure. 1e< 164 : - 29.6° (c = 0 .5 , 
in 2 % ammon ium hydroxide). 
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N-Terminal Sequence of Porcine Big Gastrin: Sequence, 
Synthesis, and Immunochemical Studies 
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K. L. RAMACHANDRAN, AND R. RAMAGE2 

The Robert Robinson Laboratories, University oJ Liverpool. England 

Received April 9. 1979 

The synthesis of fragments corresponding to the N-terminal region of porcine big gastrin is 
described. Radioimmunoassay using synthetic peptides supports the revised structure for the 
hormone. 

INTRODUCTION 

After the isolation (1) of porcine big gastrin in sulfated and unsulfated form, the 
sequence (I) was assigned (2) to the unsulfated peptide. Continuing our interest in the 
sYnthesis of gastrointestinal hormones (3) we decided to verify the structure (l) by syn
thesis using a strategy which would provide N-terminal fragments suitable for immuno
chemical studies (4). This decision was vindicated in an unexpected and instructive way. 
Although the natural and synthetic pG34 peptides3 were found to have equal immuno
reactivity with C-terminal specific antisera, the synthetic pG34 exhibited drastically 
reduced immunochemical potency compared with natural porcine big gastrin with an 
antiserum raised to the natural peptide 'and specific for the N-terminal section of the 
molecule. Tryptic cleavage of natural pG 34 afforded an N-terminal fragment having the 
same potency as intact natural pG34 in inhibiting the binding of 12sI-labeled natural 
PG34 to an antiserum raised against natural pG34 and specific to the N-terminal 
S~quence. The error in the assigned sequence (I) could be placed in the 1-19 region 
Since the synthetic peptide (I, R = OH) did not bind to the antibody. 
t In order to localize the error further the N-terminal dodecapeptide (3) was tested and 
OU.nd to have low immunoreactivity. The dodecapeptide (4), corresponding to the 
r~VIsed structure (2) for pG34, was found to have full immunoreactivity compared with 
teN-terminal tryptic fragment of natural pG34. The deprotected synthetic peptides 

G1P-LeU-GIY-LeU-Gln-GlY-His-Pro-prO-L eu-val-Ala-Asp-Leu-Ala-Lys-Lys-Gln-Gly-R (I) 

----------------------- -Pro-----His------------------------------------------ (2) 

R • Pro-Trp-Met-[Glu]5-Ala-Tyr-Gly-Trp-Met-Asp-Phe-NH2 

FIG. I 
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SYnthesis of this series will be reported in a subsequent publication. 
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472 CHOUDHURY ET AL. 

corresponding to fragments (10), (12), (S), and (6)3 exhibited low immunoreactivity 
and, in particular, comparison of (12) with (4) shows the selectivity of the N-terminal 
specific antiserum for the 7-12 region of pG 34. In support of the revised structure (2) 
for pG34 the synthetic peptide (2, R = OH) exhibited full immunoreactivity with the N· 
terminal specific antisera. 

TABLE 1 
IMMUNOCHEMICAL POTENCY AND PEPTIDE STRUCTURE 

Peptide 

pG34 
Natural 
Trypsinized 

H- Leu-Gly-Leu- Gln-Gly- OH 
(12) 
!4-Prol (12) (3) 
(3) 
(4) 
(5) 
(6)h 
(I, R = OH) 
(2, R = OH) 

Immunochemical potency· 
(x JOl) 

1000 
780 
Nil 
Nil 
Nil 

1.5 
730 

0.3 
Nil 

3.4 
1000 

• Immunochemical potency (4) = molar ratios relative to natural 
pG34ns in inhibiting binding of Illl -pG34 to L33. (Nil represents 
a value <0.1.) 

h Synthesis of this series will be reported in a subsequent 
publication. 

Thus the combination of synthesis and immunochemical methods (Table 1) supports 
the revised structure (2) for natural porcine big gastrin. 

Glp-Leu-Gly-Leu-Gln-Gly-His-Pro-Pro-Leu-Val-Ala-OH (3) 

- - --- -- - ----- ---- --- - ---Pro-----Hi s --- - - ------ --- - (4) 

----------- ---- - - --------- - - - -- -Ser-- ------------- (5) 

- -- ---------P r o- - ---- -- ---- ----- ------------------ (6) 

FIG. 2 

DISCUSSION OF SYNTHETIC METHODS 

The 1-6 fragment was synthesized by the standard stepwise strategy starting frofll 
H- Gly-OPh using pivalic mixed anhydride couplings until the penultimate Z
LeuONSu and final Glp-OPcp stages as shown in Scheme 1. The intermediate Z
peptides were cleaved by hydrogenolysis (H 2/Pd) prior to coupling. 

The 7- 12 fragments Z-His-Pro-Pro-Leu- Val- Ala-OPh (l7, Scheme 2a) and Z
Pro-Pro-His-Leu-Val-Ala-OPh (19, Scheme 2b) were synthesized from H-Ala-OPl! 
using pivalic mixed anhydride coupling to give Z-Leu-Val-Ala-OPh (IS). Botl! 
proline residues were added as Z-Pro-Pro-OH (14) and Z-His-N3 was used to add 
the histidine residue. 
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GIp - Leu - Gly - Leu - GIn - Gly 

Z OPh (7) 74% 

7. OPh (8) 56% 

Z OPh (9) 95% 

Z OPh (l0) 93% 

OPIl (11) 92% 

OH (12) 68% 

SCHEME 1 

His - Pro - Pro - Leu - Val - Ala - OPh 

Z foNSu Z 

Z 01{l4) 
70% 

z 
Z 

z 
SCHEME 2a 

SCHEME 2b 

OPh (13) 60% 

OPh (15) 73% 

OPh (16) 49% 

OPh (17) 68% 

- OPh 

OPh 

OPh 

OPIl 

(15 ) 

(18) 

(19) 

49% 

43% 

473 

The 13-19 fragment was constructed (Scheme 3) by the pivalic mixed anhydride 
Illethod until the tetrapeptide stage; then the DCCI/HONSu method (5) was employed 
to ~dd the alanine unit. The final two residues were added as the N-hydroxysuccinimide 
active esters. 

OBu t Adoc Adoc 

I I I 
Asp - Leu - Ala - Lys - Lys - GIn - Gly 

z OPh (7) 

z OPh (20) 85% 

z OPh (21) 76% 

z OPh (22) 70% 

Z OPh (23) 64% 

z OPh (24) 61% 

SCHEME 3 
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For immunological studies the dodecapeptides (3), (4), (5), and (6)3 were synthesized 
from the corresponding hexapeptide acids (12) and the [4-Prol analog (3) by the 
DCCI/HOBt method (6) of coupling with the amines corresponding to (17),( 19), and 
the [3-Ser(Bu t)) analog (3) of (17). Cleavage of the intermediate phenyl ester (7) 
function to give the dodecapeptides was effected at pH 10.5 followed by purification by 
gel filtration on LH20/DMF (8). In the case of (5) a further deprotection using trifluoro
acetic acid was required to cleave the t-butyl ether. 

The peptides (1, R = OH) and (2, R = OH), encompassing the entire sequence of the 
N-terminal tryptic fragment, were synthesized by coupling the peptide acids (3) and (4) 
with the amino component derived from removal of the Z-protection of (24). After 
purification of the phenyl esters (1, R = OPh) and (2, R = OPh) using LH20/DMF gel 
filtration, the esters were hydrolyzed at pH 10.5 followed by final deprotection using 
trifluoroacetic acid. 

EXPERIMENT AL 

Melting points are reported uncorrected. Thin-layer chromatograms (silica gel, 
Merck) were developed with the following solvent systems: 1, acetonitrile-water (9: 1); 
2, chloroform-methanol (6: 1); 3, n-butanol- pyridine-acetic acid-water 
(60: 20: 6: 24); 4, chloroform-i-propanol (6: I); 5, n-butanol-acetic 3cid- water 
(3 : 1 : 1); 6, ethyl acetate-pyridine-acetic acid- water (120: 20 : 60: 11); 7, chloroforrn
methanol-33% ammonia (19: 17: 3); 8, chloroform-methanol-acetic acid-water 
(60: 18: 2: 3); 9, chloroform-methanol (9: I); 10, chloroform-i-propanol (3: 1); 11, 
chloroform-methanol (4: 1); 12, n-butanol-pyridine-acetic acid-water (70: 6 : 20 : 6); 
13, acetic acid-i-propanol-acetic acid-water (3: I : 1 : 1), 14, n-butanol-pyridine- acetiC 
acid-water (3: 1: 1: 1); 15, i-propanol-acetic acid-water (5: 1: I); 16, i-butanol-3% 
ammonia (3: 7). For amino acid analysis, samples were hydrolyzed with redistilIed 6 M 
hydrochloric acid for 18 hr and analyzed on a JEOL JLC -5AH instrument. Peptides 

after gel filtration on Sephadex LH20 were detected by monitoring the optical rotation 
of the solution using a NPL automatic polarimeter and also uv absorption at 280 ntO 
using an LKB Uvicord n. Optical rotations were measured using a Bendix- Ericcson 

ETL-NPL instrument. 
N-Benzyloxycarbonyl-L-glutaminylglycine phenyl ester (7). N-Benzyloxycarbonyl-L

glutamine (49.8 g, 170 mM) was dissolved in DMF4 (340 ml) and cooled to _15°C. 
NMM (19.08 ml) was added followed by pivaloyl chloride (19.88 ml, 163 mM) and the 
reaction stirred at -10°C for 20 min. A precooled solution of glycine phenyl ester 
hydrobromide (33 g, 142 mM) in DMF (280 ml) was added followed by NMM (15.9 

ml). The reaction was stirred overnight at room temperature and evaporated, and the 
residue triturated in water. After filtration the crude dipeptide derivative was washed 
neutral in the usual manner and dried. Yield : 52 g, 74%; mp 182°C; tic-I , RfJ·69; 
[al~7 - 16.75° (c = 1, DMF); amino acid analysis Glul.o3GlYo.97' 

Anal. Calcd for C21Hn N306: C, 61.01; H, 5.61; N, 10.16. Found: C, 61.22; H, 5.60; 
N,IO.36. 

4 Abbreviations used: DMF, dimethylformamide; NMM , N-methylmorpholine; DCCI, dicyclohe){yl
carbodiimide; DMS, methylsulfide; TFA, triftuoroacetic acid. 
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N-Benzyloxycarbonyl-L-leucyl-L-glutaminylglycine phenyl ester (8). Protected dipep
tide (7) (8.26 g, 20 mM) was dissolved in DMF (80 ml) and hydrogenated in the 
presence of p-toluenesulfonic acid (3.8 g, 20 mM) over 10% palladium on charcoal (1.5 
g) at room temperature and pressure overnight. After filtration the filtrate was cooled to 
-lOoc. 

N-Benzyloxycarbonyl-L-leucine (9.58 g, 36 mM) was dissolved in CH2Cl2 (180 ml) 
and cooled to -20°C. NMM (3.96 ml, 36 mM) and pivaloyl chloride (4.25 ml, 34.5 
mM) were added and the reaction mixture was stirred for 20 min. After this time the 
precooled solution of Tos- HiGln-Gly-OPh was added followed by NMM (2.2 ml, 20 
mM). The reaction was stirred overnight at room temperature and then the solvent 
evaporated to give an oil which was triturated under 5% NaHC03 when a white solid 
Was produced. The product was filtered and washed neutral in the usual manner, then 
dried. Yield: 5.8 g, 56%; mp 193-196°C; [al~' - 17.9° (c = 1, DMF); tlc-2, RI 0.59; 
tIC-3, Rf O.86; amino acid analysis Gluo.9sGly l.02Leul.OO' 

Anal. Calcd for C2,H3.N.O,: C, 61.58; H, 6.51; N, 10.64. Found: C, 61.15; H, 6.51; 
N, 10.30. 

N-Benzyloxycarbonyl-glycyl-L-leucyl-L-glutaminylglycine phenyl ester (9). Protected 
tripeptide (8) (5.93 g, 11.2 mM) was dissolved in DMF (60 ml) and hydrogenated in the 
presence of p-toluenesulfonic acid (2.15 g, 11.2 mM) over 10% palladium on charcoal 
(0.75 g) at room temperature and pressure overnight. After filtration the solution was 
Cooled to -20°C. 
N N-Benzyloxycarbonyl-glycine (4.23 g, 20.25 mM) in CH2Cl2 was cooled to -20°C. 

MM (2.23 ml, 20.25 mM) and pivaloyl chloride (2.4 ml, 19.5 mM) were 
added and the reaction was stirred for 20 min. After this time the above pre-cooled 
;OIUtion of Tos- HiLeu-Glu-Gly-OPh was added followed by NMM (1.35 rill, 

1.2 mM) and the solution stirred overnight at room temperature. The solution was 
eVaporated and the residue triturated under 5% sodium bicarbonate, filtered, and 
7ashed neutral in the usual manner, then dried. Yield: 5.95 g, 95%; [al~ - 22.9° 
~ ::::: I, DMF); mp 188-191°C; tlc-2, Rf 0.55; tIc-4, Rf 0.17; amino acid analysis 

IUo.98Leu l.02Gly 2.00' 
N Anal. Calcd for C 29H 37NP8: C, 58.97; H, 6.32; N, 11.86. Found: C, 58.96; H, 6.31; 

,11.76. 

P N-Benzyloxycarbonyl-L-leucylglycyl-L-leucyl-L-glutaminylglycine phenyl ester (10). 
rotected tetrapeptide (9) (5.83 g, 10 mM) was dissolved in DMF (50 ml) and hydro

genated in the presence of p-toluenesulfonic acid (1.9 g, 10 mM) over 10% palladium 
on charcoal (0.7 g) at room temperature and pressure overnight. After filtration the 
Sol t' u Ion was cooled to ooC. 

N-Benzyloxycarbonyl-L-Ieucine-N-hydroxysuccinimide ester (9) (3.98 g, 11 mM) 
W~s added to the above solution followed by NMM (1.1 ml, 10 mM) and the reaction 
tnlxture stirred for 1 hr at O°C. After this time the solution was allowed to warm to 
~~om temperature and stirred for 48 hr. After evaporation of solvent the residue was 
tturated with water, washed neutral, and dried. Finally the product was reprecipitated 
(~o: IDMF by the addition of Et20. Yield: 6.~ g, 9~%; mp 2.22-225°C; [al~ - 24.3° 

, DMF); tlc-2, R,O.64; t1c-3, Rf O.84; ammo aCId analysIs Leul.OoGlu2.ooGlY2.oo' 
59 Anal. Calcd for C)5H4sN 60 9 • 0.5HP: C, 59.56; H, 7.00; N, 11.91. Found: C, 

.68; H, 7.40; N, 11.61. 
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L -Pyroglutamyl-L-leucylglycyl-L-leucyl-L-glutaminylglycine phenyl ester (J 1). Protected 
pentapeptide (10) (0.35 g, 0.5 mM) was dissolved in DMF (10 ml) and hydrogenated in 
the presence of p-toluenesulfonic acid (85 mg, 0.5 mM) over 10% palladium on 
charcoal (40 mg) at room temperature and pressure overnight. After filtration the 
filtrate was cooled to O°C. 

L-Pyroglutamic acid pentachlorophenyl ester (198 mg, 0.525 mM) was added to the 
above solution followed by I-hydroxybenzotriazole (l0) (67.5 mg) and NMM (55 ,Lti). 
The reaction was stirred overnight at room temperature. The reaction mixture was 
concentrated to approximately 3 ml and a large excess of diethyl ether added. After 
filtration the white solid was washed thoroughly with Etp, then petroleum ether (40-
60°C), and finally dried. Yield: 0·31 g, 92%; mp 215-218°C; [al~2 - 21.3° (c = I, 
DMF); tlc-2, Rf O.57; tlc-5, Rf O.70; amino acid analysis Glul.o3GlYo.93Leul.02' 

Anal. Calcd for CnH4,N,09·1HP: C, 55.57; H, 7.09; N, 14.18. Found: C, 55.21; 
H, 6.78; N, 13.93. 

L-Pyroglutamyl-L-leucylglycyl-L-leucyl-L-glutaminylglycine (12). The hexapeptide 
phenyl ester (11) (3.1 g, 4.60 mM) was dissolved in 85% aqueous DMF (70 ml) and 
DMS (15.2 ml). The pH was adjusted to 10.5 with 1 M N aOH and H20 2 (100 vol, 0.65 
ml) added. A pH of 10.5 was maintained during controlled addition of 1 M NaOH. 
After 1 hr an additional aliquot of H20 2 (0.3 ml) was added and the reaction stirred for 
a further 30 min. HCL, 1 M, was added until a pH of 6.5 was obtained. The solution 
was evaporated to a small volume, MeOH (200 ml) added, and the solid material 
filtered after prolonged stirring and washed with Et20. Yield: 1.5 g, 68%; mp 225-
229°C (dec.); [alii - 17.4° (c = I, DMF); tlc-5, Rf 0.49; tlc-6, Rf 0.10; amino acid 
analysis Glu2.o2Gly 2.ooLeu 1.98' 

Anal. Calcd for C 26H43N,09' 0.5HP: C, 51.49; H, 7.26; N, 16.16. Found: C, 
51.46; H, 7.66; N, 16.14. 

N-Benzyloxycarbonyl-L-valyl-L-alantne phenyl ester (13). N-Benzyloxycarbonyl-L
valine (30.10 g, 120 mM) was dissolved in freshly distilled CH2CI2 (250 ml) and tri
ethylamine (16.80 ml, 120 mM)) added. The solution was cooled to -15°C, pivaloyl 
chloride added (13.86 ml, 115 mM), and the reaction stirred for 20 min at -10°C. 

A precooled solution of L-alanine phenyl ester p-toluenesulfonate (33.7 g, 100 mM) 
in DMF (250 ml) was added followed by triethylamine (14.0 ml. lOO mM). The 
reaction mixture was stirred overnight at room temperature. After evaporation of the 
solvent the residue was triturated with 5% NaHCO), filtered, and washed neutral in the 
usual manner, then dried and recrystallized from ethyl acetate-petrn1e1Jm ether (60-
80°C). Yield: 24.0 g, 60%; mp 173-1 74°C; [al~ - 42.1 ° (c = I, DMF); tlc-7, Rf 

0.90; tlc-8, R,O.86; amino acid analysis Vall.o.Alao.96' 
Anal. Calcd for CUH26N203: C, 66.33; H, 6.53; N, 7.03. Found: C, 66.43; H, 6.44; 

N,7.07. 
N-Benzyloxycarbonyl-L-prolyl-L-proline (14). L-Proline (3.7 g, 32 mM) was dissolved 

in water (20 ml)/DMF (120 ml). The solution was cooled to O°C and triethylamine 
added (4.5 ml), followed by N-benzyloxycarbonyl-L-proline-N-hydroxysuccinimide 

ester (10.0 g, 32 mM), and the solution was stirred at room temperature for 36 hr. N,N
Dimethylaminopropylamine (1.0 ml) was added and the reaction stirred for 2 hr. The 
solution was evaporated and treated with 5% NaHC03 solution (120 ml). This 
aqueous solution was washed with diethyl ether, the pH adjusted to 2 with concen-
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trated hydrochloric acid, and the solution extracted with ethyl acetate (3 x 100 m!). The 
combined extracts were washed with brine, dried, and evaporated. The residue was 
crystallized from ethyl acetate-petroleum ether (60-80° C). Yield: 8.9 g, 80%; mp 
187°C (J 1); [a]o - 65.3° (c = 1, DMF); tlc-2, Rf O.33; tlc-8, Rf O.53. 

Anal. Calcd for C 1sH 22Nps·0.5H20: C, 60.86; H, 6.53; N, 7.89. Found: C, 60.74; 
li, 6.23; N, 7.76. 

N-Benzyloxycarbonyl-L-leucyl-L-valyl-L-alanine phenyl ester (I5). Protected dipeptide 
04.0 g, 35.1 mM) was hydrogenated in DMF (100 m!) in the presence of p-toluene
sulfonic acid (6.69 g), over 10% palladium on charcoal (1.0 g) at room temperature and 
pressure overnight. After filtration the filtrate was concentrated to a volume of approxi
mately 60 m!. 

N-Benzyloxycarbonyl-L-leucine (12.72 g, 47.4 mM) was dissolved in CH2CI2 (100 m!) 
and cooled to -IS QC. NMM (5.31 m\) was added, followed by pivaloyl chloride (5.69 
~I), and the reaction stirred at -IS ° C for 20 min. The precooled solution of the 
dipeptide p-toluenesulfonate was added followed by NMM (3.93 m\). After stirring 
OVernight at room temperature the reaction mixture was concentrated, then poured into 
~ater. The resulting crude tripeptide derivative was filtered and the solid washed neutral 
10 the usual manner, then dried. Yield: 13.1 g, 73%; mp 186°C; [£Xli: - 45.1 ° (c = I, 
DMF); tlc-4, RfO. 75; tlc-8, Rf O.81; amino acid analysis LeuJ.02 Valo.99Alao.99' 
N Anal. Calcd for C 28H 37NP6: C, 65.75; H, 7.24; N, 8.22. Found: C, 65.77; H, 7.40; 

,8.35. 

P N-Benzyloxycarbonyl-L-prolyl-L-prolyl-L-leucyl-L-valyl-L-alanine phenyl ester (16). 
rotected tripeptide (15) (1.0 g, 1.96 mM) was dissolved in DMF (25 m\) and hydro

genated in the presence of p-toluenesulfonic acid (0.37 g, 1.96 mM) over 10% 
~~lIadium on charcoal (150 mg) at room temperature and pressure overnight. After 

tration the filtrate was evaporated. 
N-Benzyloxycarbonyl-L-prolyl-L-proline (0.68 g, 1.96 mM) was dissolved in DMF (5 

~I) and the solution cooled to OOC. I-Hydroxybenzotriazole (0.53 g, 3.92 mM) and 
l' CCI (0.48 g, 2.35 mM) were added and the solution was stirred at O°C for 10 min. 

he p-toluenesulfonate produced by the above hydrogenation was dissolved in DMF (4 
1l1~) and added to the above solution, followed by NMM (0.22 m!), and the reaction was 
~brred at room temperature for 48 hr. The solution was filtered and applied to a 
o ephadex LH20 column. The desired material eluted at a Ve/Vt value of 0.49. Yield: 
.6? g, 49%; mp 142-143°C; [a]~6 - 80.2° (c = I, DMF); tlc-2, Rf O.86; tIc-8, Rf O.89; 

amino acid analysis Pr0J.96LeuJ.o3Vall .ooAlaJ.ol' 
li Anal. Calcd for C3sHSINsOs' 2.5HP: C, 63.48; H, 7.85; N, 9.74. Found: C, 63.62; 

,7.39; N, 9.90. 

N-Benzyloxycarbonyl-L-histidyl-L-prolyl-L-prolyl-L-leucyl-L-valyl-L-alanine phenyl 
:sler (17). Protected pentapeptide (16) (1.0 g, 1.41 mM) was dissolved in DMF (10 m\) 
I nd hydrogenated in the presence of p-toluenesulfonic acid (0.27 g, 1.41 mM) over 
A.~ palladium on charcoal (100 mg) at room temperature and pressure overnight. 

I
ter filtration the filtrate was concentrated to approximately 3 ml and cooled to 

- SoC. 

D:-SenZYIOxYCarbOnyl-L-histidine hydrazide (0.98 g, 32 mM) was suspended in 
add F (IO ml) and cooled to -20°C; then 3.8 M HCI in dioxane (2.28 ml, 8.7 mM) was 

ed and the reaction allowed to warm to - 15°C. t-Butyl nitrite (0.48 m\) was added 
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and the reaction stirred for 10 min at -IODC. The solution of p-toluenesulfonate was 
added, followed by ethyldiisopropylamine (1.14 ml, 10.31 mM), and the reaction was 
stirred for 3.5 days at 0-4 DC. After filtration the filtrate was applied to a Sephadex 
LH20 column. The desired material eluted at a Ve/Vt value of 0.49. The solvent was 
evaporated and the residue taken up in ethyl acetate. The solution was extracted with 2 
M citric acid, the citric acid solution neutralized to pH 6.5 with solid NaHCO), and the 
separated oil taken up in n-butanol. The n-butanol solution was washed with brine, 
dried, and evaporated, and the residue was triturated with dry diethyl ether, then 
filtered. Yield: 0.8 g, 68%; mp 138-140DC; [al~6 - 65.1 ° (c = 1, DMF); tlc-4, RI O.3 1; 
tlc-5, RI O.74; amino acid analysis Hiso.99 Pro0.02Alao.94VaII.OILeuI.04' . 

Anal. Calcd for C44H5sNs09' 2H 20: C, 60.12; H, 7.11; N, 12.75. Found: C, 59.48; 
H, 7.35; N, 13.39. 

N-Benzyloxycarbonyl-L-hystidyl-L-leucyl-L-valyl-L-alanine phenyl ester (18). The pro
tected tripeptide (IS) (1.0 g, 2.0 mM) was dissolved in DMF (20 ml) and hydrogenated 
in the presence of p -toluenesulfonic acid (0.38 g, 2.0 mM) over 10% palladium on 
charcoal (0.10 g) at room temperature overnight. After filtration the filtrate waS 
evaporated in vacuo and the residue dissolved in CHCl) (15 ml)' then cooled to -5 DC. 

N-Benzyloxycarbonyl-L-histidine hydrazide (0.60 g, 2 mM) was dissolved in 0.24 N 
HCI (20 ml) and cooled to ODC. To this solution was added NaN0 2 (0.25 g, 3.60 mM) 
and the reaction mixture was stirred for 5 min at ODC followed by addition of the above 
CHCI) solution of the amino component and Et)N (0.55 ml, 4.0 mM). After stirring the 
mixture at ODC for 2 hr CHCI) (50 ml) was added. An emulsion formed which was 
passed through Celite and the CHCl) layer was separated. The Celite was washed with 
DMF and the combined organic phase concentrated to 10 ml. This solution waS 
subjected to gel filtration using LH20/DMF. The material Ve/Vt = 0.51 was obtained 
by evaporation of the DMF followed by trituration with EtOAc. Yield: 0.64 g, 49%; 
[aJ;: - 52.40 0 (c = 1, DMF); tlc-9, RI 0.40; tlc-lO, RI 0.37; amino acid analysis 
Hiso.96Alal.o4 VaII.03Leuo.95· 

Anal. Calcd for C34H44N607' H 20: C, 61.26; H, 6.90; N, 12.61. Found: C, 60.94; 
H, 6.62; N, 12.48. 

Carbobenzyloxy-L-prolyl-L -prolyl-L -his t idyl-L -leucyl-L -valyl-L -ala nine phenyl es le' 
(19). The protected tetrapeptide (I8) (1.0 g, 1.54 mM) was dissolved in DMF (20011) 
and hydrogenated in the presence of p-toluenesulfonic acid (0.58 g, 3.08 mM) over 10% 
palladium on charcoal at room temperature and pressure overnight. After filtration the 
filtrate was concentrated to 10 ml. 

The carbobenzyloxydipeptide acid (14) (0.60 g, 1. 74 mM) was dissolved in DMf 
(12 ml) and HONSu (0.20 g, 1.74 mM) added. After cooling the mixture to ODC, Dee! 
(0.35 g, 1.74 mM) was added and stirred for 10 min when the above solution of the 
tetrapeptide component was added followed by NMM (0.34 ml, 3.08 mM). The reactioll 
mixture was stirred at ODe for 2 hr, then at room temperature for 72 hr, whereupon the 
urea was filtered and the filtrate submitted to gel filtration using LH20/DMF. The 
product eluted at Ve/Vl = 0.47 and was isolated by evaporation of DMF and 
trituration with Et20. Yield: 0.60 g, 42.8%; mp 112-116 D C; [al~6 - 82.9 0 (c :::: 

0.55, DMF); tlc- lO, RI 0.25; tlc-l 1, RI 0.52; amino acid analysIS 

Hisl.ooProl.93Alao.97 Val l.o6Leu 1.06' 

I 
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Anal. Caled for C44H58Ns09' HzO: C, 61.39; H, 6.97; N, 13.02. Found: C, 61.49; 
Ii, 7.09; N, 13.27. 

L-Pyroglutamyl-L -leucylglycyl-L -leucyl-L-glutaminylglycl-L -prolyl-L-prolyl- L-histidyl
L-leucyl-L-valyl-L-alanine (4). The protected hexapeptide (19) (0.50 g, 0.61 mM) in 
DMF (20 mI) was hydrogenated in the presence of p-toluenesulfonic acid (0.23 g, 1.22 
IllM) Over 10% palladium on charcoal (50 mg) at room temperature and pressure 
Overnight. After filtration the filtrate was reduced to 3 ml. 

The hexapeptide acid (12) (0.36 g, 0.61 mM) and I-hydroxybenzotriazole (0.09 g, 
0.67 mM) were dissolved in DMF (10 m!) and cooled to O°C, then DCCI (0.14 g, 0.67 
mM) was added. After stirring for 10 min the above solution of amino component was 
added to the reaction mixture followed by NMM (0.13 ml, 1.22 mM). The reaction was 
stirred at O°C for 2 hr, then for 72 hr at room temperature, then filtered to give a filtrate 
Which was subjected to gel filtration on LH20/DMF. The phenyl ester of (4) Vel VI = 
0.41 was obtained by evaporation of DMF followed by trituration with EtzO. Yield: 
~~O g, 38%; tlc-12, R f 0.4 7; tle-13, Rf 0.51; amino acid analysis Hiso.96Gluz.ozProz.17-

Y 1.95Alao.97 VaIO.89LeuJ.ll' 
Anal. Caled for C 61 H91N 15015' 3HzD: C, 55.16; H, 7.30; N, 15.85. Found: C, 

55.06; H, 7.52; N, 16.07. 
The phenyl ester (0.30 g, 0.23 mM) was dissolved in 90% aqueous DMF (5 m!) 

COntaining DMS (0.87 ml, 11.9 mM). After adjusting the pH to 10.5,0.4 M NaOH and 
100 vol HzOz (23 .ul, 0.23 mM) were added. The reaction mixture was maintained at 
~Ii 10.5 throughout the hydrolysis and after 0.5 hr more HzOz (12.5 .u!) was added. 

fter 1 hr tlc examination showed the reaction to be completed. The solution was 
aCidified to pH 6.5 with 0.1 M Hel and the solvent removed in vacuo to give a residue 
~hich was sUbjected to gel filtration using LH20/DMF. The dodecapeptide free acid 
o e/Vt :::: 0040 was isolated in the usual manner and found to be very hygroscopic. Yield: 

.24 g, 86%; [aliji - 58.4° (c = 0.5, DMF); tlc-l3, Rf O.26; tlc-14, Rf O.27; amino acid 
analYsis Hiso.98Gluz.o8Proz.2JGly 2.0 IAlao.98 Valo.89Leuz.85' 
CAnal. Calcd for C55H87N lP15 ' 6HzD: requires: C, 50.57; H, 7.58; N, 16.09. Found: 

,50.39; H, 8.10; N, 16.76. 
L-PyroglUlamyl-L -leucylglycyl-L -Ieucyl-L -glulaminylglycyl-L -histidyl-L-prolyl- L-prolyl

~-leucYl-L-valYl-L-alanine (3). The dodecapeptide (3) was synthesized by the method 
t:scribed in detail for (4) from the protected hexapeptide (17) (0.60 g, 1.47 mM) and 
L~ hexapeptide (12) (0.46 g, 1.54 mM). The intermediate phenyl ester was isolated by 
60.~~/DMF gel filtration at Ve/VI = 0.41. Yield : .807 mg, 43%~ mp l84- 186°C; [al~
Al (c == 1, DMF); tlc-5, Rf 0.53; ammo aCid analysIs HISl.ooGlu2.07Pro2.04GlY2.oo
N aO•99 Valo.96Leuz.96· Hydrolysis of the phenyl ester was achieved at pH 10.5 using 1 M 
95~Ii/H202 as described for (4) to give the required dodecapeptide (3). Yield: 98 mg, 
li' ; rnp 184-188°C; [al~2 - 44.5° (c = 1, DMF); tlc-5, Rf O.67; amino acid analysis 

ISl.olGlu 1.9sProl.ooGly 2.oJAla l.ol Valo.9sLeu2.98· 
I L-PyrogIUlamyl-deucylglycyl-deucyl-L -glutaminylg lycyl-L -histidyl-L -prolyl-L -seryl-L

dee~CY~- L-valyl-t.-alanine (5). The dodecapeptide (5) was synthesized by the method 
th C~lbed in detail for (4) from the [3-Ser(Bu t)j analog of (17) (0.180 g, 0.21 mM) and by\ exapeptide (12) (0.126 g, 0.21 mM). The intermediate phenyl ester was isolated 

l-I20/DMF gel filtration at Vel VI = 0.41. Yield: 182 mg, 68%; amino acid analysis 



480 CHOUDHURY ET AL. 

His 1.00Ser 0.89Glu 1.98Pro I.l9Gly 2.00Ala 1.03 Val1.01 Leu2.98. Hydrolysis of the phenyl ester 
was achieved at pH 10.5 as described for (4) to give the corresponding acid as a white 
solid (85 mg. 85%) after LH20/DMF purification. This material (42 mg). tlc-8. Rf 0.4 1• 
was treated with 90% TF A (3.5 ml) in the presence of anisole (100 mg) and mercapto
ethanol (100 mg) at room temperature for 3 hr. Evaporation of the solvent in vacUo 
followed by Etp treatment gave the desired dodecapeptide (5) as a white solid (38 mg)· 

Amino acid analysis Hiso.97GluI.98Pr01.00Gly I.97Ala1.07 Va11.06Leu2.89Ser 0.87' 
N-B enzy loxycarbonyl-N' -adamantyloxycarbonyl-L -lysyl-L -g lutaminylg lycine phenyl 

ester (20). N-Benzyloxycarbonyl-L-glutaminylglycine phenyl ester (12.0 g, 24.2 mM) 
was dissolved in DMF (75 ml) and hydrogenated in the presence of p-toluenesulfonic 
acid (4.6 g. 24.2 mM) over 10% palladium on charcoal (1.0 g) at room temperature 
and pressure overnight. After filtration the filtrate was evaporated to give the p-toluene-
sulfonate salt. 

N-Benzyloxycarbonyl-N'-admantyloxycarbonyl-L-Iysine (16.68 g. 36.3 mM) waS 
dissolved in CH2CI2 (4.0 ml)/DMF (4 ml) and cooled to -15°C. NMM (4.07 ml) and 
pivaloyl chloride (4.32 ml, 35.1 mM) were added and the reaction was stirred for 20 
min at - 10°C. A precooled solution of p-toluenesulfonate in DMF (50 ml) was added 
followed by NMM (2.71 ml) and the reaction stirred overnight at room temperature. 
The solvent was evaporated and the residue triturated under 5% NaHC03, then filtered. 
The solid material was washed neutral in the usual manner and dried. Yield: 14.85 g. 
85%; mp 180°C; [al&6 - 14.1 ° (c = 1, DMF); tlc-5, Rf O.72; tlc-3, RI O.87; amino acid 

analysis Lys 1.00Glu 1.00Gly 1.01' 
Anal. Calcd for C3sH49NSOg: C, 63.40; H, 6.86; N, 9.73. Found: C, 63,65; H. 6.B4; 

N,9.93. 
N-B enzyloxycarbonyl-N '-adamantyloxycarbony/-L -/ysy/-N' -adamanty/oxycarbonyl

L-iysyl-L-glutaminylglycine phenyl ester (21). Protected tripeptide (14.4 g, 19.98 m~) 
was dissolved in DMF (60 ml) and hydrogenated in the presence of p-toluenesulfon1c 

acid (3.B g) over 10% palladium on charcoal (1.0 g) at room temperature and pressure 
overnight. After filtration the filtrate was concentrated to approximately 40 mt. 

N-Benzyloxycarbonyl-N'-adamantyloxycarbonyl-L-Iysine (13.73 g, 29.97 mM) W8~ 
dissolved in CH 2CI2 (50 mt) and cooled to -15°C. NMM (3.36 ml) was add~ 
followed by pivaloyl chloride (3 .54 ml) and the solution stirred at -10°C for 20 mill. 

The above precooled solution of p -toluenesulfonate was added followed by NMM (2.24 

ml) and the reaction was stirred overnight at room temperature. The solvent W8J 
evaporated in vacuo and the residue triturated under 5% NaHCO. filtered, washe 0 

neutral in the usual manner, and dried. Yield: 15.5 g. 76%, mp 20BoC; lal&, - 16.0 
(c = I, DMF); tlc-3, RI O.92; tlc-5, RI O.B3; amino acid analysis Lys1.94Glu1.03GlY1.03· . 

Anal. Calcd for C ssH74N,012' 0.5Hp: C, 63.93; H, 7.31; N, 9.49. Found: C, 63.66, 
H, 7.50; N, 9.86. 

N -Benzyloxycarbonyl-L -alanyl -N'-adamantyloxycarbonyl-L - lysYI-N'-adamantyloXY~ 
carbonyl-L-lysyl-L-glutaminylglycine phenyl ester (22). Protected tetrapeptide (21) (5. 
g, 4.87 mM) was dissolved in DMF (75 ml) and hydrogenated in the presence ofp-toh.l
enesulfonic acid (0.93 g, 4.87 mM) over 10% palladium on charcoal (200 mg) at roolll 
temperature and pressure for 7 hr. After filtration the filtrate was evaporated and tltll 

residue dissolved in DMF (20 ml) and cooled to O°C. N-BenzYloxycarbonYI-L-alanin~ I 
(1.09 g, 4.88 mM), N-hydroxysuccinimide (1.34 g, 11.7 mM), and DCCI (1.21 g. 5.8 
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mM) were added followed by NMM (0.55 m\). The reaction was stirred for 48 hr at 
room temperature. After filtration the filtrate was poured into water (I liter) and 
extracted with EtOAc (3 x 200 m\). The organic phase was washed neutral in the usual 
manner, dried, and evaporated, and the residue was recrystallized from EtOAc
petroleum ether (60-80°C). Yield: 3.75 g, 70%; mp 190-192°C; [ai~6 - 10.4° (c = I, 
DMF); tlc-5, R, 0.69; tlc-8, R ,0.59; amino acid analysis LYSl.S9Glul.01Gly 1.02Alal.07' 

Anal. Calcd for C5sHsoNs013' IH 20: C, 62.46; H, 7.41; N, 10.05. Found: C, 62.64; 
H, 7.61; N, 10.38. 

N -Benzyloxycarbonyl- L -leucyl-L -a lanyl-NE -adamantyloxycarbonyl- L -lysyl-NE -ada
mantyloxycarbonyl-L-lysyl-L-glutaminyl-glycine phenyl ester (23). Protected penta
peptide (22) (4.5 g, 4.1 mM) was dissolved in DMF (75 m\) and hydrogenated in the 
presence of p-toluenesulfonic acid (0.75 g, 4.1 mM) over 10% palladium on charcoal 
(200 mg) at room temperature and pressure overnight. After filtration the filtrate was 
eVaporated and the residue taken up in DMF (l0 ml) and cooled to O°C. N-Benzyloxy
Carbonyl-L-Ieucine-N-hydroxysuccinimide ester (1.49 g, 4.1 mM) was added followed 
by NMM (0.44 m\) and the reaction stirred for 48 hr at room temperature. The solution 
Was loaded directly onto Sephadex LH20 and the desired material was eluted at Ve/Vt 
:::::. 0.46. Finally the product was reprecipitated from DMF by the addition of Etp. 
Yield: 3.2 g, 64%; mp 228-230°C; [al~2 - 14.8° (c = I, DMF); tlc-3, R,0.89; tlc-8,R, 
0.83; amino acid analysis Leul.03Alao.9sLysI.94GluI.03GIYI.02' 

Anal. Calcd for C64H91N9014·1.5HP: C, 62.11; H, 7.66; N, 10.19. Found: C, 
61.90; H, 7.90; N, 10.57. 

N-Benzyloxycarbonyl-{l-t-butyl-L-aspartyl-L-leucyl-L-alanyl-NE-adamantyloxycarbon
Yl-L-Iysyl-NE-adamantyloxycarbonyl-L-lysyl-L-glutaminylglycine phenyl ester (24). 
~rotected hexapeptide (23) (2.7 g, 2.23 mM) was dissolved in DMF (45 ml) and 
Ydrogenated in the presence of p-toluenesulfonic acid (0.42 g, 2.23 mM) over 10% 

~al1adium on charcoal (150 mg) at room temperature and pressure. After filtration the 
nitrate was evaporated and the residue taken up in DMF (10 m!) and cooled to O°C. N-
2 enzyloxycarbonyl-{l-t-butyl-L-aspartic acid-N-hydroxysuccinimide ester (J 2) (1.17 g, 
.78 mM) was added followed by NMM (0.25 m!) and the reaction stirred for 72 hr at 

room temperature. The solution was loaded directly onto a Sephadex LH20 column and 
t~e. desired material eluted at a Ve/Vt value of 0.39. Finally the product was repre
[1~ltated from DMF by the addition of Et20. Yield: 1.88 g, 61%; mp 234-236°C; 
: 'fi === 16.6° (c = I, DMF); tlc-8, R, 0.94; tlc-5, R, 0.38; amino acid analysis 

SPO.94LeU 1.06Alao.9sLys2.05Gluo.99Gly 1.02' 
61 Ana1. Calcd for CnH,04NI0017·IH20: C, 61.78; H, 7.63; N, 10.01. Found: C, 

.46; H, 7.77; N, 10. 16. 
L -Pyroglut amyl-L -leucylg lycyl-L -leucyl-L -g lulami nylglycyl-L -prolyl-L -prolyl- L-his I idyl

L-1eucyl_ L -valyl-L -alanyl-{l-t -buty 1-L-aspartyl-L -Ieucyl-L -a lanyl-N E-adamantyloxycarbon
Yl-L-lysyl-NE-adamanty/oxycarbonyl-L-lysyl-L-g/utaminy/g/ycine (2, R = OH). The 
:rotected heptapeptide (24) (0.217 g, 0.15 mM) in DMF (15 ml) was hydrogen
p~~d ~n the presence of p-toluenesulfonic acid (29.6 mg, 0.15 mM) and 10% 
c ladlum on charcoal (21 mg). After filtration the filtrate was concentrated to 3 m1 and 
Ooled to 00C. 

h !he dodecapeptide acid (4) (0.188 g, 0. 15 mM) was dissolved in DMF (5 m\) and 1-
Y rOxybenzotriazole (23.0 mg, 0.17 mM) was added. After cooling the solution to O°C, 
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DCCI (35.0 mg, 0.17 mM) was added, then stirring continued for 5 min, whereupon 
the above cooled solution of amino component was added followed by NMM (17.1 )il, 
0.15 mM). After stirring at O°C for 2 hr the reaction was stirred at room temperature 
for 72 hr, then filtered. The filtrate was subjected to gel filtration using LH20/DMF to 
afford the protected phenyl ester Ve/Vt = 0.37. Yield: 192 mg, 50.5%; mp 205°C (d); 
[al~6 - 46.4° (c = 1, DMF); tlc-3, Rf 0.75; tlc-15, Rf 0.48; amino acid hydrolysis 

Lys2.ooHis l.02AsP l.ooGlu3.o4Pr02.26Gly 2.94Ala1.97 Valo.97Leu3.93· 
Anal. Calcd for Cll9H183N2!029·3HP: C, 57.60; H, 7.62; N, 14.11. Found: C, 

57.89; H, 7.99; N, 14.25. 
The protected phenyl ester (lOO mg, 0.04 mM) in 90% aqueous DMF (3 rnl) 

containing DMS (0.15 ml, 2.03 mM) was hydrolyzed with 0.1 M NaOH at a constant 
pH of 10.5 in the presence of 100 vols H 20 2 (4.1 ,u I, 0.04 .mM). After 45 min an 
additional aliquot of HP2 (2 ,ul, 0.02 mM) was added and the hydrolysis was found to 
be complete after 1.5 hr. The pH was adjusted to 6.5 with 10% citric acid and the 
solution evaporated in vacuo whereupon the residue was purified by LH20/DMF gel fil
tration to give the protected peptide acid Ve/Vt = 0.38 after evaporation of the eluant 
and trituration with EtOAc. The solid product was washed with i-propanol and dried in 
vacuo. Yield: 77 mg, 97%; mp > 2500C(d); [al~6 - 36.2° (c = 0.5, DMF); amino acid 

analysis Lys 1.93Hisl.ooAsPl.03Glu3.lOProl.I7Gly 3.o6Ala1.96 Valo.93Leu4.2o· C 
Anal. Calcd for CI13H179N2!029·5Hp: C, 55.93; H, 7.82; N, 14.10. Found: , 

56.17; H, 7.80; N, 14.08. 
Deprotection to give (2, R = OH). The above protected peptide acid (20 mg, 8.4 

,uM), in a centrifuge tube containing anisole (0.41 ml, 4.16 mM) and mercaptoethanol 

(0.41 ml, 5.76 mM) under a N2 atmosphere, was treated with 90% aqueous TFA (4.0 
mJ). After 3.5 hr anhydrous Etp was added and the precipitated material separated by 
centrifugation, washed with EtP, then dissolved in distilled HP (0.5 mO. This solution 
was applied to a column of CM-Sephadex CM50 equilibrated with 0.1 MNH40Ac. The 
nonadecapeptide (2, R = OH) (4.0 mg) was eluted after a volume of 30 ml on a 
gradient of 0.1 to 0.5 M NH40Ac using a 100-ml mixing vessel. Amino acid analysis 
LysJ.86Hisl.OIAsPJ.ooGlu3.J3Pro1.98Gly 2.90Alao.93 Valo.93Leu4.32' This material was subrnit
ted to Dr. G . J. Dockray for radioimmunoassay and found to be fully active with 
respect to porcine G34. 

L -Pyrog lutamyl -L -leucylglycyl -L- leucyl-L-glutaminylglycyl-L -h is t idyl-L-prolyl- L-prolyl-
L -leucyl -L -va/yl-L -alanyl-p-t-butyl-L -aspartyl-L -Ieucyl-L -alany 1-N'-adamantyloxycarbon-
y/-L-Iysyl-N'-adamantyloxycarbonyl-L-lysy/-L-g/utaminylglycine (J, R = OH). The 
nonadecapeptide (1, R = OH) was synthesized by the method described in detail for 
(2, R = OH) from the protected heptapeptide (24) (lOO mg, 0.08 mM) and the do
decapeptide acid (3) (97 mg, 0.08 mM). The intermediate phenyl ester was isolated 
by LH20/DMF gel filtration at Ve/Vt = 0.36. Yield: 82 mg, 42%; mp 230°C; tlc-8, RI 
0.54; tlc-16, Rf 0.38; amino acid analysis Glu3.IlLeu4.o!GIY3.3IHiso.7.Pr°J.90Valo.9'- I 
Ala2.ooAsPl.06Lys 1.88' 

Hydrolysis of the phenyl ester (50 mg, 0.02 mM) at pH 10.5 in the presence of I-Ipz 
(0.02 mM) and DMS (0.10 mJ) followed by LH20/DMF gel filtration gave the desired 
protected peptide acid at Ve/Vt = 0.37. Yield: 26 mg, 53%; mp 218°C; tlc-8, Rf 0.35. I 
This material was treated with 90% TF A (2 mO in the presence of anisole (100 mg) and 
mercaptoethanol (lOO mg). The desired nonadecapeptide (1, R = OH) was isolated bY 

I 
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the procedures described for (2, R = OH). Amino acid hydrolysis Lys1.99Hiso.90-
ASPl.o9Glu3.ooPro2.o3Gly 3.o3AlaI.9) Val) .o3Leu4.o4' 
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THE USE OF PHENYL ESTERS IN PEPTIDE SYNTHESIS 
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Abstract-Phenyl esters of N-terminal amino-protected peptides are valuable intermediates in synthesis of polypep
tides. The phenyl ester function is stable during the customary manipulations of chain extension, and it can be 
removed selectively by treatment with one equivalent of hydrogen peroxide at pH 10.5 in a variety of solvents such 
as 80% acetone, dimethyiformamide, hexamethylphosphoramide or triftuoroethanol. The method has always been 
satisfactory providing that dimethyl sulphide is used as a scavenger. 

;:ot~ction of amino-groups during peptide synthesis has 
sycehve~ much attention since the modern age of peptide 
~t eSIS Was ushered in by Max Bergmann and Leoni
ti Zervas.2 An authoritative review! describes 145 dis
e~ct procedures often involving notable ingenuity, how
UtU! many of them lack clear demonstration of practical 
pro~ty .. In contrast, the companion problem of carboxyl 
Ced eCllon has been almost neglected, although 33 pro
We Ures are described.4 Whilst tertiary-butyl esters are 
tio 11 established for protection of the side-chain func
estns of residues of aspartic and glutamic acids, methyl 
Po ers are generally considered to be adequate for "tem
du~ary" protection of C-terminal carboxyl functions 
the ng construction of the polypeptide chain. In our view 

adequacy of methyl ester protection is doubtful. 
rn~th~ugh the alkaline hydrolysis of C-terminal peptide 
3'2S~YI esters is facilitated by the relatively low pK.(ca. 
hYd o~ the corresponding carboxy function, the 
sid rolYtlc conditions required may still cause undesired 
aspe.r~actions . It has been clearly shown that residues of 
eycrlC. acid' and asparagine6 are very susceptible to 
in ~shllon to imides. Even earlier, similar observations 
ded' ~ the aspartic and glutamic series had been re cor
dtast' ut the conditions of those reactions were more 
Part. IC. It appears that the risk of rearrangement is 
chailcularly high when benzyl esters are used for side
liOn n protection.8 Moreover other intolerable side-reac
dUe: Can obviously result from alkaline attack on resi
led" of cysteine, serine, and threonine, be they "protec
~ept'~r not. This point was made at the second European 
stqUI e SYmposium held in Munich in 1958, and sub
teee e~t1y the use of phenyl esters was proposed.9 More 
Solv nt ,y we returned to the problem and were able to 
trac: tt, through a serendipitous observation based on 

(}uS of peroxide in a sample of dioxan. 
SUllic~ pre!iminary communication of these results JO gave 

\ 

PePti~ent tnformation for those skilled in the art of the 
l~ti e synthesis, and we refrained from detailed pub
e~Pe ~n until we had accumulated much further 

. \ Ihestence. Our two major projects, namely total syn
I ~an analogue of lysozyme having a sequence of 

~~eased, 2S June 1978. 
~il1t ~rrespondence to: Department of Chemistry, UMIST, Sack

treet, Manchester. 

129 residues and synthesis of compounds related to big 
gastrin (34 residues) are firmly based on the phenyl ester 
principle. 

We believe that the method has stood us in good 
stead ll and subsequent papers will clearly demonstrate 
the successful application of this form of carboxyl pro
tection, though here we will only present the essence of 
the method. 

Preparation of amino-acid phenyl esters is not difficult. 
Direct esterification is, of course, precluded, but N
protected amino-acids are easily converted into their 
phenyl esters. The comprehensive investigations by 
many workers into the use of aryl esters in carboxyl 
activation, in contrast to protection, during peptide syn
thesis l2 showed that diaryl sulphites and triaryl phos
phites are both effective reagents for conversion of car
boxylic acids into aryl esters. 

Also recently the use of phosphonium salts, viz. the 
"BOP" reagent ll has been introduced for the preparation 
of aryl esters.14 In our work we have used these 
methods, but eventually we found that activation of the 
N-protected amino-acid by N,W-dicyclohexyJcarbodi
imide sometimes with the addition of pyridine gave con
sistently high yields of the corresponding phenyl ester. 
The preparations of Z-Ala-OPh (1) and Z-Phe-OPh (2) 
are given in the experimental section as samples of 
phenyl ester preparation. 

The protective benzyloxycarbonyl group can be 
removed either by hydrogen bromide in acetic acid 
[Br- H2 + -Phe-OPh (3)) or by hydrogenolysis in the 
presence of p-toluenesulphonic acid [TosO- H2 + -Ala
OPh (4»). Further examples of phenyl esters which have 
been prepared in the course of out research are given in 
Table I. Obviously amino-acid phenyl esters are more 
susceptible to dioxopiperazine formation, than are 
methyl esters, and therefore masking of the liberated 
amino-group by protonation is essential. 

The above mentioned susceptibility of phenyl esters 
to nucleophilic attack necessitates some care in handling 
intermediates, although we have never encountered 
serious difficulties provided the following precautions are 
observed. Methanolic solvents should be avoided during 
recrystallisation and chromatography in order to eli
minate the possibility of transesterification. Isopropyl al
cohol is an acceptible alternative, but we have regularly 
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Table I. Phenyl ester derivatives. Method of preparation: (a) OCC/PhOH. (b) H2• Pd/C 10% on Z-derivative. 
(c) OCCI/phOH/Py. (d) HBr/HOAc2h on Z-derivative. (e) H2Pd/C 5% on Z-derivative. (0 5 M HCl/dioxane 

40 min on Boc-derivative. 

!yield mp aD CHN requires found 

Z.Ala.OPha 86"7. 94 - 96° 
24 

[alO =-48.2 (C=2). EtOH C17H17N04 C.68.21;H.5.73;N.4.68 C. 68. 25;H. 5. 63;N. 4. 81 

- + ) 
TosO H 2.Ala.OPh 80 "7. 158-160° 21 [al O =+6.7° (C=2. MeOH) C16H19N05S C. 56. 97;H. 5. 68;N. 4. 15 C. 56. 62;H. 5. 67;N. 4. 33 

Z.Arg(Adocl2·OPh
c 

80"7. 75 -77" [a)~0=_6. 5° (C=l. OMF) C42H52N908. 0.5 
H2O C. 67. 27;H. 7.12;N. 7. 47 C. 67. S4;H. 7. 31;N. 7. 73 

Z.Gly.OPhc 887. 67 -68° rnp. 67 -680 27 

- + d 
Br H2 .Gly.OPh 957. 221-226° mp. 2300 28 

Z.Leu.OPhc 9470 oil 

- + b 
TosO H2 .LeuOPh 80% 172.5-175' [al~4=+5. 6°(C=2. OMF) C19H25N05S c. 60. 14;H. 6. 64;N. 3. 69 C.59.89;H.G.63;N.3.79 

Boc.Met.OPha 427. 73-75° [aj~1=-48. 4°(C=1. MeOH) C16H23N04S C. 59. 06;H. 7. 13;N. 4. 31 C. 59. 06;H. 7. 27;N. 4. 35 

Z.Phe.OPhc 777. 105-108° [al~3=-18. 9°(C=1. EtOH) C23H21N04 C. 73. 58;H. 5. 64;N. 3. 73 C. 73. 55;H. 5. 64;N. 4. 00 

- + d 
86"7. 232-233° [al~7=+13; 7°(C=1. H

2
O) C15H16N02Br C.55.90;H.5.00;N.4.34 C. 55. 70;H. 5. 20;N. 4. 10 Br H2 .Phe.OPh 

Br. 24. 80 Br. 24.71 

- + t 
TosO H2 .Ser(Bu) 

[a]~4=_28. 3° (C=2. CHCI
3

) OPhe 8270 158.5-159° C20H27N06S C. 58. 66;H. 6. 65;N. 3. 42 C. 58. 51;H. 6. 63;N. 3. 26 

Boc.Trp.OPhc 
5670 154-155° [al~4=-19. 8°(C=1. OMF) C22H24;'i1U4 C. 69. 54;H. 6. 36;N. 7. 36 C. 69. 34;H. 6. 59.'~. 7. 26 

- + f 
Cl H2 .Trp.OPh 99"7. 210° (d) [al~4=+34. 5° (C=I. OMF) Cl 7H1 7 ClN 202 C, 64. 45;H, 5. 41;N, 8. 84 C, 63. 80.H, 5. 61;N, 8. 60 
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Used dimethylformamide, aqueous hexamethyl
PfilhosPhoramideU and N-methylpyrrolidine l6 in gel 

teration. 
The cardinal principle in protection of functional 

groups is that, while the protective group survives un
scathed through all the preceding stages of synthesis, it 
can be removed efficiently without damage to the 
remainder of the molecule when it has served its pur
Pose. In polypeptide synthesis, where a protective group 
may have to survive a hundred or more stages, these 
requirements are extraordinarily stringent. Our earlier 
stUdies I' showed clearly that, in alkaline saponification 
of C-terminal peptide phenyl esters, while the rates had 
:~e eXpected superiority over those of alkyl esters, (half-

e ca. 20 min, depending on structure, at pH 10.5 in 30% 
acetone/70% water), they were inadequate for practical 
use because severe racemisation of the C-terminal chiral 
centre ensued (e.g. 34% of racemate from Z-Gly-L-Phe
OPh). Initially we were forced to conclude that the 
~ethod was limited to structures having C-terminal gly
cIne unless the racemisation problem could be solved. 
M In ~ detailed re-investigation, the elegant method of 
l' armtng and Moore l8 was used for following racemisa-
10? by separation of diasterioisomers on ion-exchange 
~~~m~s using a standard amino-acid analyser. (Jeol 
s . ' Column 0.6 x 60 cm, eluted at 57° with 0.2 M 
sOdS IUm citrate buffer pH 4.25 using a flow rate of 

ml/hr.) 
o The results of an initial study of the racemisation 
~served during the hydrolysis of some benzyloxycar
~.YI dipeptide methyl esters by one equivalent of 
be.lum hydroxide are shown in Table 2, the solvent 

109 75% acetone, 25% water. 
th having carefully checked the optical homogeneity of 
a e starting compounds it was clear that a significant 
s!"ount of racemisation was occurring during the hydroly
~s, an~ that the chance of racemisation was highest for 
c Omatlc amino-acids. In the literature only isolated 
cases. of such racemisation have been found 19 involving 
orstetne derivatives. Thus the question of the suitability 
du !"ethyl ester protection for the carbonyl terminus 
l'h nng peptide synthesis must certainly be raised. 
h e solution to the problem of racemisation . during 
o~dtolYSis of peptide phenyl esters came when, purely to 
w etcome a solubility difficulty, a dioxan/water mixture 
enas SUbstituted for acetone/water resulting in an 
tio hanced rate of hydrolysis and reduction of racemisa
an n. Th.e discrepancy was traced to the age of dioxan 
~ attnbuted to the presence of peroxide impurities. 

OPh Table 3 the extent of racemisation of Z-AJa-Phe
(9) dUring alkaline hydrolysis at pH 10.5 in the 

/0 
R-C 

"""<>Ph 

presence of one equivalent of hydrogen peroxide is 
indicated. 

From Table 3 it can be seen that a range of organic 
solvents could be used in the test case, also that the 
reaction was complete in a very short time, ca. 10 min. In 
addition it was clear that without the addition of 
hydrogen peroxide cleavage could be achieved but that 
racemisation was observed. 

In kinetic studies it was found that the initial rate was 
rapid, the hydrolysis being about 95% complete in five 
minutes when 1.09 equivalents of hydrogen peroxide 
were used, and that the rate then levels off giving com
plete hydrolysis at about 20-25 min. With lower concen
trations of hydrogen peroxide the initial rate was slower 
and total hydrolysis was not achieved. However, total 
hydrolysis was achieved when the hydrogen peroxide 
concentration rose above 0.82 equivalents indicating that 
the function of the peroxide must be to some extent 
catalytic. 

The rapidity of attack by peroxide anion on aryl esters 
was already well documented in the elegant work of 
Jencks and Gilchrist,20 and it is, of course, an example of 
the well-known "a-affect". Presumably the initially 
formed per-carboxylic acid (Scheme I, summarising the 
process) is susceptible to relatively rapid hydrolysis, 
regenerating peroxide anion. There is rather little in-

Table 2. Racemisation of methyl esters during hydrolysis 

Compound % Racemisntion 

Z-Leu-Ala-OMe (~) O.B 

Z-Leu-Leu-OMe (~) 1.0 

Z-Ala-Phe-OMe (2) 2.6 

Z-Ala -Tyr-OMe (~) 1.6 

Table 3. Alkaline hydrolysis of Z-A1a-Phe-OPh(9) 

solventa time(min) % racemisation 

dioxan 10 0 

dioxan 13 2.2b 

acetone 6 0 

DMF 10 0 

(a) Solvent 60% organic solvent 40% water 
(b) Without addilion of H20 2 

° R-C~ ' 
............ 0-

Scheme 1. 

Tti' ~QI.1J No, l l-O 



2580 I. J. GALPIN et al. 

formation about the stability of per-carboxylic acids 
under such conditions,21 but there is some evidence that 
instability increases as the pK. of the related carboxylic 
acid is reduced; the normal pKa of a C-terminal peptide 
carboxy group lies around 3.2 compared with about 4.8 
for normal aliphatic acids. 

A very important question is the integrity of the a
amino-acids sequence when f3- and 'Y-carboxyl functions 
of aspartic and glutamic acid are protected as alkyl 
esters.' The two protected dipeptides Z-Asp(OBu')-Gly
OPh (10) and Z-Glu(OBu')-Gly)-OPh (11) were sub
jected to phenyl ester cleavage in 80% aqueous acetone 
at pH 10.5 in the presence of 1 equivalent of H202. Mter 
base uptake had ceased (about 10 min) the free acids 
were isolated and treated with 90% triftuoroacetic acid 
and finally hydrogenolysed over 10% Pd/C. The resulting 
free dipeptides were run on the amino-acid analyser and 
showed no trace of a -+ f3 or a -+ 'Y peptide rearrange
ment. In the absence of H20 2 the aspartyl dipeptide took 
2 hr for complete cleavage at pH 10.5 and showed 1% 
a -+ {3 rearrangement. 

In addition to the question of side-reactions arising 
from rearrangement we examined the fate of methionine, 
S-acetamidomethyl cysteine and tryptophan as these 
residues are all sensitive to oxidative conditions. The 
results are summarised in Table 4. In all examples the 
cleavage was rapid, the rate being independent of the 
presence of dimethylsulphide which acted as a 
scavenger. Clearly the presence of such a scavanger is 
required for such amino-acids and in practice generally a 
fifty fold excess is used; 

Whereas mixtures of acetone, acetonitrile, dioxan, etc. 
and water could be used in the preliminary work, more 
polar solvents are required for tackling current problems 
at the frontiers of peptide synthesis. We found that 10% 
was the minimum concentration of water for efficient 
cleavage in dimethylformamide or hexamethyl
phosphoramide; dimethyl-sulphoxide gave poor results. 
An alternative solvent, much favoured in difficult cases, 
is 2,2,2-triftuoroethanol, which automatically buffers at 
an apparent 'pH about 10.5 as it has a pK. of 12.4.22 
When dimethylformamide or hexamethylphosphoramide 
is used, the pH is maintained by an auto-titrator which 
provides a convenient record of the course of reaction. 

The rate of phenyl ester cleavage naturally depends on 
the structure of the substrate, normally between 5 and 
20 min are sufficient for completion, even in the case of a 
relatively large peptide such as the 1-16 portion of our 
Lysozyme analogue which is cleaved in under 20 min 
when 90% triftuoroethanol is used as solvent. It should 
be emphasised that for larger peptides the rate is to some 
extent solvent dependent and follows the order DMF == 
NMP < HMP A < TFE. The water content should not fall 

ourside the range 10-20%, as lesser proportions of water 
slow the hydrolysi~ down appreciably and higher pro
portions of water often cause precipitation of substrate. 

That our conditions for the removal of the phenyl ester 
function do not disturb other protecting groups can ~ 
seen from the large number of examples provid~d III 
following papers in this series. It is clear that the phenyl 
ester group is fully compatible with t-butyl based side
chain protection and that providing a . scavanger 
(dimethylsulphide) is used methionine, . , S
acetamidomethylcysteine and tryptophan are .i' ~I 
unaffected by the cleavage conditions. . 

One fear about incorporation of C-terminal phenyl 
esters into peptide structures concerned us initiallY, but 
it proved to be illusory. If a sequence is constructed bY 
step wise addition from the C-terminus-the BodanskY 
tactic-there is a risk of dioxopiperazine formation 
during addition of the third residue. Although we initiallY 
used a 2+ 1 azide coupling to bypass this stage, manY 
subsequent experiments have shown that the mixed 
anhydride method eliminates any problems that migb~ 
exist. Also it is worth pointing out that when phenY 
esters are used in the presence of hydroxy-benzotriazole 
no activation of the ester function is observed.23 

The general reactivity of phenyl esters towardS 
nucleophiles may, however, be turned to synthetic ad
vantage. Thus phenyl esters may be readily hydraz
inolysed to afford entry to the azide coupling of frag
ments; this has been employed in our big gastrin pro
gramme.14 Also aminolysis of phenyl esters has ~en 
used to prepare peptide amides from the correspondIng 
phenyl esters, for example C-terminal gastrin fragmenJ 
Nps-Trp-Met-Asp(OBu')-Phe-NH2 has been prepare 
by this method?' 

To sum up, we regard the phenyl ester method as a 
versatile, powerful tool in polypeptide synthesis. It ~ 
enabled us to construct some of the largest polypeptld~ 
structures of varied sequence yet synthesised, 1 1 and It 
can be employed in the solid-phase technique by means 
of suitable phenolic resins?6 

EXPERIMENT AL II 
The majority of abbreviations are those in common usage, 

and all amino-acids are of the L-configuration. The abbreviatiO~S 
not in standard use are as follows: OCCI,N.NI-dicycJohe~Y: 
carbodiimide; OCU,N,NI-dicycJohexylurea; TEA, triethylamlAt 
!BC. isobutylchloroformate; HOCp. 2,4,5-trichlorophenyl. 
solutions were dried over MgSO. and evaporated in vacuO at the 
minimum temp. possible. an oil pump being used 10 remove 
~R . 

Z-Ala-OPh (I). Z-Ala-OH (22.3 g. 0.1 M) was dissolved lP 
CH2Ch (200 ml) and the soln cooled 10 -20". Phenol (9.4 g, 0.1 td) 
was added to the stirred soln followed by OCCI (22.7 g. O. tI td), 

Table 4. Effect of phenyl ester cleavage conditions on derivatives of sensitive amino-acids 

Compound Hydrolysis/timea % recoveryb 

Boc-Met-OPh ([2) 20 l2 c 100d 
vr 

Boc-Ala-Cys(Acm)-Gly-OPh (~) 15 5c lood 

Z-Trp-Gly - OPh ([4) 5 69c 96d 
~ 

(a) Time for complete hydrolysis at pH 10.5 in 80% aqueous dioxan (min) 
(b) Estimated by running the deprotected peptide on the amino-acid analyser 
(c) H~/NaOH 
(d) H20 2/NaOH/30 equivalents (CH)hS. 
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id the mixture allowed to warm to room temp. overnight. Three 
rops of glacial AcOH were added and after 0.5 hr the OCU was 
~emoved by filtration. The filtrate was evaporated and dissolved 
~~ Et?~c (200 ml), the soln was then washed with 5% NaHCOl, 

CItric acid and water. After drying the product (1) was 
crYstallised by the addition of petroleum ether to give (25.7 g, 86%, 
N·P. 94-96, [alb'-48.2° (c = 2, EtOH), (Found: C, 68.25; H, 5.63; 

,;.81. C17H17NO, requires: C, 68.21; H, 5.73; N, 4.68%). 
-Phe.-OPh (2). Z-Phe-OH (7.5 g, 25 mM), pyridine (1.94 ml , 

~smM) and phenol (2.7 g, 25 mM) were dissolved in EtOAc 
t m9 and cooled to -200. OCCI (5.4 g, 26 mM) was added and 
dhe shrred soln allowed to attain room temp. overnight. A few 
raps of glacial AcOH were then added and after 0.5 hr the OCU 
~as removed by filtration. The filtrate was washed with 5% 

. aHeOl , 5% citric acid and water. The soln was dried and 
eVaPOrated to give an oil which was crystallised from EtOAc 
rtroleum ether yielding 2 (6.4 g, 68%) m.p. 105-IOSo, [all?-18.9" 
re., .1, EtOH), (Found: C, 73.55; H, 5.64: N, 4.00. C2JHzINO, 
Ctutres: C, 73.58; H, 5.64; N, 3.73%. 

r-Hz+-Phe-OPh (3). Z-Phe-OPh (28.2g, 75 mM) was sus
~nde.d in glacial AcOH (25 ml) and treated with a 50% soln of 
c Br . I~ glacial AcOH (50 ml). After stirring under anhydrous 
a~n~l.hons for 2 hr at room temp. 3 was precipated by the 
[ f:~lon of EtzO and drying was (20.8 g, 86%), m.p. 232-233°, 
~" + 13.7°(c = I, HIO), (Found: C, 55.70; H, 5.20; N, 4.10; Br, 
B '241. CllHI6NOIBr requires: C, 55.90; H, 5.00; N, 4.34; 

r, .80%). 
p.iOsO-H2+-Ala-OPh (4). Compound I (3.0g, 10mM) and 
SOIOlue~esulphOnic acid monohydrate (1.9g, 10mM) were dis
'!'b~ed to a mixture of glacial AcOH (40 ml) and water (5 ml). 
Pd;~ soln was hydrogenolysed overnight after the addition of 
an 10% catalyst (0.3 g). The soln was filtered through celite 
~ evaporated, the residue being dissolved in MeOH and crys
IS~ed by the addition of EIzO giving (4) (3.0g, 80%), m.p. 
N, 4 ;60", [al~ +6.7°(c =~, MeOH), (Found: C, 56.62; H, 5.67; 

Tb 3. Cl6HI9NO,S reqUIres: C, 56.97; H, 5.68; N, 4.15%). 
z.. e esters 5 to 8 were prepared by coupling Z-Leu-OH or 
i so~a-OH with the appropriate methyl ester hydrochloride using 
79% UtYI-chloroformate, with TEA as base. Compound 5 yield 
[Q ~ m.p. 94-96°, [aH} - 37.5"(c = I, EtOH), lit.29 m.p. 95-96°, 
[Ql~ -38.00(c = I, EtOH); Comroound 6 yield 88%, m.p. 95-96°, 
I 0 - 39.00(c = 5.3. MeOH), lit . m.p. 95-96°, [a ll? - 39.6° (c = 
(; ~fOH): Compound 7 yield 76%, m.p. 101-103°, [a H: - 13.9" 
Co , MeOH), lit.l ' m.p. 99-IOr, [alii-14.9" (c = I, MeOH); 
litl~POund8 yield 84%, m.p. 119-121°, [am + 22.6°(c = I, HOAc), 
·z m.p. 121-122°, [am + 22.2° (c = 1.95, HOAc). 

10 -Ala-Plte-OPh (9). Z-Ala-OH (2.2 g, 10 mM) and TEA (1 .4 ml 
10 ~~) were dissolved in EtOAc (20 ml) and cooled to - 200. IBC( 1.3 
of J ) Was added and the soln stirred for 10 min. A soln 
add (3.28, 10 mM) and TEA (1.4 ml. 10 mM) in DMF (20 ml) was 
'!'beCd and the mixture allowed to attain room temp. overnight. 
'!'bis soln Was evaporated and the residue dissolved in EtOAc. 
then S~I~ Was washed with 5% NaHCOl 5% citric acid and water 
I:tO" fled . Evaporation gave an oil which crystallised from 
[Q]14 C-petroleum ether giving 9 (\.1 g, 81%) m.p. 118-1200, 
C16~ +~.7°(c = 2: EtOH), (Found: C, 69.81; H, 5.90; N, 6.50. 

Z A !O, requires: C, 69.94; H, 5.87; N, 6.27%). 
~rep- SP(O~U'}-Gly-OPh (10). Z-Asp(OBu'}-OH (30 mM), 
Itton~red dIrectly from the corresponding dicyc1ohexylam
and ~um salt (15 .1 g, 30 mM), was dissolved in EtOAc (100 ml) 
IBC (~Ied to - 20°. TEA (4.2 ml), 30 mM) was added followed by 
%-op8 ml, 30 mM). After 10 min activation a soln of Br- HI +
was h (9.7 g, 30 mM) and TEA (4.2 ml, 30 mM) in DMF (75 ml) 
I!vap add~d and the mixture stirred overnight at room temp. 
was ~rahon gave an oil which was dissolved in EtOAc. This soln 
petrolorked up in the usual way and 10 crystallised from EtzO
(c ., t~ ether giving (1l.2g, 68%), m.p. 93-94°, [alb'- 32.r 
reqUir~s . ~F), (Found: C, 68.29; H, 6.30; N, 5.18. ClIH)4NI0 7 

Z 01 ' ,68.1\ H, 6.27; N, 5.\3%). 
10 mM U(OBu'}-Gly_OPh (Il). Z..{llu(OBu'}-OCp (5.2 g, 
IQ mM)' Br-Hz+ ..{lly-OPh (2.3 g, 10 mM) and TEA (1.4 ml, 
room l Were dissolved in DMF (25 ml) and stirred for 2 days at 
SOlVed ~mp. The solvent was evaporated and the residue dis-

In EtOAc, this soln was worked up by the same method as 

that used for 9. This gave the crystalline 11 (4.1 g, 86%), m.p. 
75-77°, [aHl -13.2° (c = I, DMF), (Found: C, 63.65; H, 6.51 ; N, 
5.94. Cl,HJON1~ requires: C, 63.81; H, 6.43; N, 5.95%). 

Boc-Met-OPh (12). Boc-Met-OH dicyclohexylammonium 
salt (1.4 g, 3.2 mM) was suspended in EtOAc (50 ml) and washed 
with 50% citric acid (20 ml). The organic phase was washed with 
water (x2) and dried. Evaporation gave a pale yellow oil which 
was dissolved in CH2Ch (15 ml) and cooled to -20°. Phenol 
(0.3 g, 3.2 mM) and OCCI (0.7 g, 3.6 mM) were added and the 
stirred mixture allowed to attain room temp. overnight. The urea 
was filtered and the filtrate washed with 5% NaHCOl, 5% citric 
acid and water. After drying evaporation yielded an oil which 
was crystallised from EtOAc-petroleum ether yielding 12 (0.45 g, 
42%), m.p. 73-75°, [aW -48.4° (c = I, MeOH), (Found: C, 59.06, 
H, 7.30; N,4.40. CI6HnNO.S requires: C,56.06; H, 7.13; N,4.31%). 

Boc-Ala-Cys(Acm}-Gly-OPh (13). Boc-Cys(Acm}-OH 
(1.77 g, 6. mM) was dissolved in CHICh (25 ml) and cooled to 
-200. TEA (O.84ml, 6mM) and IBC (O.78ml, 6mM) were con
secutively added and 10 min allowed for activation. A soln of 
Br-H2+..{lly-OPh (l.40g, 6mM) and TEA (O.84ml, 6mM) in 
DMF (60 ml) was added and the mixture stirred overnight. This 
soln was evaporated and the residue dissolved in EtOAc. This 
soln was washed with 5% NaHCOl, 5% citric acid and water. 
After drying and evaporation an oil was obtained which could 
not be crystallised. This oil was dissolved in anhydrous 
triftuoroacetic acid and allowed to stand for 40 min at room temp. 
under Nz. Evaporation and trituration of the residue gave the 
corresponding triftuoroacetate (2.54 g, 5.7 mM) as an oil. 

Boc-A1a-OH (1.08 g, 5.7 mM) was dissolved in DMF (25 ml) 
and cooled to -20°. TEA (0.80 ml, 5.7 mM) was added followed 
by IBC (0.74 ml, 5.7 mM) leaving 10 min for formation of the 
mixed anhydride. The above triftuoroacetate and TEA (0.8 ml, 
5.7 mM) were dissolved in DMF (50 ml) and added to the mixed 
anhydride soln. This was stirred overnight and allowed to attain 
room temp. Evaporation gave oil which was worked up in the 
usual way by washing with 5% NaHCOl and 5% citric acid. The 
resulting oil was re crystallised twice from EtOAc- petroleum 
ether yielding the required protected tripeptide 13 (1.74 g, 68%), 
m.p. 114-117°, [aHf - 53.0 (c = 2, MeOH), (Found: C, 52.92; H, 
6.70; N, 11.00. C22H)2N,07S requires: C, 53.22; H, 6.50; N, 
11.28%), Amino-acid analysis: 6 M HCl/llOO/24 hr Glyl.oo A1al.oo; 
APM, Cys(Acmlo.99 GIYl.ol Alal.oo. 

Z-Trp-OPh 14. Z-Trp-OH (3.4g, 10mM) was suspended in 
CH2Ch (60 ml) and TEA 1.4 ml, 10 mM) added. The soln was 
cooled to -200, IBC (1.2 ml, 10 mM) added and 10 min allowed 
for activation. A soln of Br-Ht ..{lly-OPh (2.3 g, 10 mM) and 
TEA (1.4 ml, 10 mM) in DMF (25 ml) was added and the stirred 
mixture allowed to attain room temp. overnight. Evaporation gave 
an oil which was dissolved in EtOAc, this soln was processed 
in an identical manner to that used for 9 to give the required 14 
(2.8 g, 59%), m.p. 124-127°, [aW-17.6° (c = 2, MeOH) (Found: C, 
68.90; H, 5.60; N, 8.89. C17H 21NlO, requires: C, 68.78 ; H, 5.34; 
N,8.91%). 
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Abstract- A plan for synthesis of a small protein by fragment condensation with side-chain protection 
by t-butyl , adamantyloxycarbonyl and acetamidomethyl groups is discussed . 

'Ibe aim of synthesising proteins has been a goal of 
~ganic chemists since the days of Emil Fischer.4 

any efforts have been described , some achieving Co . 
nSlderable success.s Nevertheless the problem re-

~ains unsolved, despite achievements in the Insulin 
I.eld, culminating in a brilliant synthesis of crystal
~ne human zinc insulin.6 Insulin is indeed a protein, 
d?d One whose synthesis posed extraordinary 
elftieulties, and yet the conjunction of two chains 
lil(t~nd.ing to only 21 and 30 residues respectively 
stilts ,.ts relevance to the general problem . At this 
thage. In the development of bio-organic chemistry 
ore aim must be efficient synthesis, to the standards 
e molecular science rather than of biological sci
d nee, of peptide chains comprising 100-300 resi
loue~. If this could be achieved, we could begin to 
s 0 forward to the more exciting prospect of 
o~nthesising still more valuable proteins, an order 

~agnitude greater in molecular size . 
un~ltherto the greatest success in this area has 
hi Oubtedly been achieved by R. B. Merrifield and 
III S cOllaborators by means of the solid-phase 
shethod.7 The excellent work on ribonuclease-A8 
be

ows t?e power of this method, and yet one may 
leadforgtven for doubting that this approach will 
lin eVentually to the goal of synthesising crystal-

; Small enzymes. 
Of t~~ programme described in subsequent papers 
~h'n' ts series arose from discussion with D. C. 
or \ IpS of the problem of defining the mechanism 
the Y~ozYme action . Much is already known from 
and ~loneer X-ray analysis of the hens egg enzyme 
Illod Its e~m~lex9 with an inhibitor and from related 
che e.1 bUildIng. But the power of synthetic organic 
tivemlstry offers the hope of providing more defini
tein answers by making available tailor-made pro
fUn S ,POssessing different binding sites and reactive 
Pal cltons: We therefore set out to synthesise a 
enirepltde comprising 129 residues, closely mod
cha~ on. hens egg lysozyme but possessing 28 
cOrr ges In the sequence. IO Five of these changes 
Iyso eSpond to those in human leukaemic 
~ 11 The rationale for these changes was to 

t Deceased, 25.6.1978. 

alleviate the difficulty of synthesis, e.g. by removing 
residues of arginine, histidine, and methionine, 
without destroying the intrinsic propensity of the 
chain to fold in the manner necessary to facilitate 
formation of the essential disulphide links at 6- 127, 
30-115 , 64-80, and 76-94. These changes, despite 
being devised after careful examination of the 
molecular model, carry the risk that folding will be 
directed in another course and hence the product 
from dehydrogenation of the octa-sulphhydryl 129 
chain will not yield a synthetic enzyme. That would 
be disappointing, but it is not relevant to the sub
stance of this paper and its immediate congeners. 

The real question is whether a polypeptide chain 
of more than 100 residues can be satisfactorily 
constructed to acceptable standards. We believe 
that it can, and we hope to demonstrate this in the 
subsequent papers in this series. The purpose of 
this introductory paper is to set the scene for 
detailed account of the experimental work carried 
out during the last seven years by our group. 

We decided to adopt the strategy of fragment 
condensation and the tactics of "permanent" side
chain protection by t-Bu groups, as employed with 
such outstanding success by the CIBA (now CIBA
GEIGY) group in their numerous hormone synthe
ses. Fragment condensation is, in our view, the only 
discernible way of achieving the purification of 
intermediates which is a cardinal requirement in 
organic synthesis. The target sequence could be 
divided into 12 fragments all C-terminating in 
glycine. This offered the opportunity of fragment 
condensations without risk of racemisation at that 
chiral centre labilised in activation of the C
terminal carboxyl group. It was our intention to 
construct all these fragments by the stepwise 
Bodanszky technique, which is itself essentially free 
of racemisation risk. In practice this strategy had to 
be modified, and the next paper in these series 
shows, for instance, how the 1-16 sequence is more 
effectively constructed by union of 1-10 and 11-16, 
instead of 1-4 and 5-16 as originally planned. 
Nevertheless the original strategy has proved its 
worth . 

As for the t-butyl tactic, we early on decided to 

r" .. v 
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A~ M~ 

Lys-Val-Phe-GI y-Orn-Cys-Glu-Leu -Ala-Ala-Ala-Nle-Lys 

1 5 10 

Arg-His Asp-Asn ~rg 

Ala- Leu-Gly-Leu-Ala-G Iy-Tyr-Orn -G Iy-Tyr-Ser-Leu -Gly-
15 20 ~ 

Val Asn 
Asn-Trp-Nva -Cys-Ala -Ala-Lys-Phe-Glu -Ser-Gly-Phe-Asn-

30 35 

Arg Asp 

Thr-Gln-Ala-Thr-Asn-Orn-Asn-Thr-Glu-Gly-Ser-Thr-Asp-
40 45 50 

lie Arg Asn 
Tyr-G Iy-Leu-Leu-Gln -lIe-Asn -Ser-Orn -Trp-Trp-Cys-Ala-

55 60 65 
Arg Arg ·Leu 

Asp-Gly-Orn -Thr-Pro-Gly-Ser-Ala -Asn-G I y-Cys-Asn -lIe-
70 75 

Ser Leu Ser 
Pro-Cys-Ala-Ala-Leu-Nva~Ser-Gly-Asp-I1e-Thr-Ala-Ser-

80 85 90 

Asn 
Val-Gly-Cys-Ala -Lys-Lys-I1e-Val-Ser-Asp-Gly-Asn-Gly-

95 100 

M~ A~ 
Nle-Asn-Ala-Trp-Val-Ala -Trp-Orn -Asn -Arg-Cys-Lys-G Iy-

105 110 115 

Thr GIn I1e-Arg Arg 
Ser-Asp-Val-Ser-Ala-Trp-Val-Orn-Gly-Cys-Gly-Leu 

120 125 129 

Fig. 1. Sequence of lysozyme analogue being synthesized in Liverpool. Superimposed residues at 
positions 5, 12, 14, 15, 18, 19, 21,29,37,45,48, 55,61,65,68,73, 75,82,84,86,93, 105,112, 118, 

121, 124, 125, and 128 show sequence of hens egg lysozyme. 

mOdify this by employing adamantyloxycarbonyl 
protection 12 for the e-amino-group of lysine and 
the 8-amino-group of ornithine. Soc groups have, 
of course, been used many times for such purposes, 
but the synthesis which we have undertaken im-

poses stringent requirements of stability in th.e 
"permanent" protecting groups, and some prelimi
nary experiments indicated partial loss of sid~
chain Soc groups. We also firmly adhered to mal(\' 
mal protection of phenolic and alcoholic hydrolCyl 

1-16 17- 26 27-37 38-49 

S~lT TJ" 87-93 94-104 

U 
17-37 

T 

50-75 76-86 

38-75 

I T 
I I 

l-I~'_5 ______________ ~ _______________ 76~112' 
1~129 

Fig. 2. Scheme for synthesis of target sequence 

105-117 118-129 

I !Os! '" I 

T' 
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g.roups; we regard the attractive possibility of omit
hng this protection as a snare. IO On the other hand 
We have not employed protection of amide side
chains, and perhaps that was an error which should 
be corrected in subsequent syntheses. Side-chain 
~arboxyl groups were all protected as t-butyl esters 
In the usual way. 

The choice of S-protection for the eight cysteine 
residues is central to design of the synthesis. The 
b~nzyl group has been popular, ever since the 
Pioneering studies of du Vigneaud on glutathione l3 

and oxytocin. 14 Nevertheless it is widely recognised 
that removal with sodium in liquid ammonia can 
cause side-reactions. These may be acceptable in a 
peptide with 10 residues, but be intolerable with 
100 residues. We therefore chose the acetamido
methyl group, introduced by the Merck group. IS In 
practice this has proved to be unexpectedly advan
tageous in conferring increased solubility in dipolar 
~protic solvents, such as dimethylformamide. An 
Important potential advantage of the acetamido
methyl group is that it survives the acidolytic cleav
age of t-Bu and adamantyloxycarbonyl groups . 
~ere is thus the attractive possibility of purifying 
!. oroughly the octa-S-acetamidomethyl polypep
~de of 129 residues, before setting free the sulph-

YdrYl groups. 
. The choice of "temporary" protecting groups, 
I.e. those for the amino and carboxyl functions which 
~e to be incorporated in the chain, is also vital to 
cl e ~trategy. Wherever possible we have used the 
b aSSlcal, still unsurpassed benzyloxycarbonyl ("car
Wbenzoxy") group of Bergmann and Zervas. 16 

~en this was precluded by presence of cysteine 
resldues, we resorted to the biphenylisopropyloxy
Carbonyl group of the CIBA laboratories 17 which 
f~n ~ow be removed so smoothly at constant "pH" 
ad trtftuoroethanol. 18 For carboxyl protection we 
a OPted the phenyl ester group, for reasons which 

Sre. fulJy discussed in the preceding paper of this 
erles. 1 

o We believe that the subsequent papers will dem
thOstrate the essential soundness of this strategy and 
d e~e tactics. Nevertheless it is easy to see the 
Ijeslrability of improvements, IO and it is our inten-

On .to develop them. 
o Without anticipating the detailed discussion of 
b~[ experimental work, it is appropriate to list 
8ch Ow the sequence under attack and the outline 

erne of fragment condensation. 
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SYNTHESIS OF THE 1-16 FRAGMENT OF A LYSOZYME ANALOGUE 

l. J. GALPIN, F. E. HANCOCK, B. K. HANDA, A. G. JACKSON, G. W. KENNERt, R. RAMAGE*, 

and B. SINGH 

The Robert Robinson Laboratories, University of Liverpool, P.O. Box 147, Liverpool, England 

(Received in the UK 8 May 1979) 

Abstract-The synthesis of the 1-16 fragment of a lysozyme analogue is described. Three protected 
subfragments 1-4, 5-10 and 11-16 were combined using the N, N'-dicyc1ohexylcarbodiimide/N
hydroxysuccinimide method. The fully protected hexadecapeptide was purified by gel filtration on 
Sephadex LH-60 eluting with N-methylpyrrolidone. 

The aims and objectives of the synthesis of a 
lYSOZyme analogue have been described in the pre
ceding paper. I Here we describe the present 'best 
~o.u~e' to the 1-16 fragment of the analogue. The 
\nlhal scheme proposed for the synthesis of the 
-16 fragment was found to be unsuitable and was 

considerably modified in the light of 

Lys.VaI.Phe.Gly.Orn .Cys.Glu.Leu . 
1 5 

Ala.A1a.Ala.Nle.Lys.Ala.Leu.Gly2 
10 16 

el(P~rience together with the advent of improved 
punfication methods. It should be emphasised that 
;n a project of this complexity it is not possible ever 
bO say that the ultimate method of synthesis has 
tneen arrived at, because developments in 
c ethodology may rapidly outdate a previously ac-
eptable synthesis . 

w When the synthesis was originally designed, it 
t as unfortunately true that fragment coupling had 
e~. b~ carried out at glycine or proline in order to 
h Itnlnate the possibility of racemisation. It would 
i aYe been possible to use the azide fragment coupl
sng tnethod , but that brings its own problems. Sub
t~que~t publications, on racemisation whilst using 
n e aZide method, have shown that the method is 
bar as free of racemisation as had earlier been 
be leved.3

•
4 In the early stages of the programme it 

c eC~tn:. clear that the use of N, N'-dicyclohexyl
har odnmide (DCCI) with the addition of N
bYdroxYSuccinimide (HONSu)s or 1-H-N-hydroxy
frenzotriazole (HOBt)6 provided a route whereby 
acagtnents could be joined at many residues with an 
tn ceptable risk of racemisation. These new 
to ethods allowed us to modify the original strategy t cOnsiderable extent. 
an ~itially, we set out to prepare the enzyme 
be a Ogue with lysine-1 protected as its bis

nzyloxycarbonyl derivative7
• This had the disad-

-------------------------------!~eceased, 25.6.1978. 
Sack r.esent address: Chemistry Department, UMIST, 

vllle Street, Manchester. 

vantage that final de protection would have to be 
carried out by treatment with anhydrous HF and 
studies within our group8 had shown that reoxida
tion of HF-treated reduced Hen Egg White 
Lysozyme gave very low yields of active enzyme. In 
spite of this potential problem we decided to pur
sue the synthesis using bis-benzyloxycarbonyllysine 
at resid ue-l. 

The first syntheses of the Z(1-16)OPh fragment 
was achieved by using a (1-4)+(5-16) or (1-6)+ 
(7-16) approach . However, it soon became clear 
that this tactic had its drawbacks in that, although 
fragments (1-4) and (1-6) were reasonably soluble 
in dimethylformamide (DMF), the fragments (5-
16) and (7-16) were rather insoluble. A consequ
ence of the use of either of these routes was the 
hydrogenolysis of the benzyloxycarbonyl group on 
residue-7 . This required passing hydrogen through 
a suspension of 10% palladium on carbon catalyst 
in a hexamethylphosphoramide (HMP A)/DMF sol
ution of the decapeptide for one week. An alterna
tive method of synthesis rapidly evolved, utilizing a 
(1-10) + (11-16) approach since both of these frag
ments have good solubility in DMF. The (1-10) 
sequence was constructed by either a (1-4) + (5-10) 
or (1-6)+(7-10) strategy. 

These methods enabled us to synthesise the Z(1-
16)OPh fragment. Unfortunately, it was im
mediately clear that, in its current form, the frag
ment was unacceptably insoluble, as it could be 
dissolved only in hot DMF or warm HMPA. At this 
stage we replaced the two benzyloxyJcarbonyl 
groups on Iysine-l by two adamantyloxycarbonyl 
groups, in the belief that the increasing lipophilic 
character of the protecting group would enhance 
solubility in the solvents commonly employed in 
peptide synthesis, and that the final stage of depro
tection would be significantly improved. 

Following the experience gained with the Z(1-
16)OPh fragment, we chose the (1-10)+(11-16) 
method of fragment combination for the Adoc(1-
16)OPh, constructing the decapeptide fragment by 
a (1-5)+(6-10) approach . The resulting Adoc (1-
16)OPh (23) fragment was indeed found to have 
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improved solubility over the corresponding 
benzyloxycarbonyl compound; however, it was 
clear that this part of the lysozyme sequence pos
sessed inherent insolubility, at least in its fully 
protected form. 

The (1-4) tetrapeptide was constructed by step
wise addition of protected amino-acids as shown in 
Scheme 1. 

Lys 

L~dOC 
-"-OH Adoc 

( 3) 

Adoc 

-L~NP Adoc 

Adoc 
/dOC 

Adoc I/
AdOC 

2 
Val 

z- -OCp 

z 

(4) 

(5) 

3 
Phe 

- ,. 

4 
Gly 

z-I-OH CIH2- - OMe 

z (1) OMe 

(2) 
OMe 

OMe 

OH 

Scheme 1. Synthesis of the protected (1-4) tetrapeptide (5). 

The protected dipeptide (1) was obtained in high 
yield by (DCCI) coupling. (The 'H proton NMR 
spectra of the vast majority of the compounds 
prepared have been recorded at 220, 100 or 
60 MHz although the details of the assignmenls are 
not included in the experimental section. Although 
the NMR spectra of such compounds are complex 
and frequently difficlilt to interpret fully, it is im
portant to realise that the information obtained 
often furnishes the bes,t check of the integrity of the 
protecting groups which give simple, clear signals 
which are easy to integrate) . The hydrogenolysis of 
(1) was effected by the general method, using hyd
rogen passed through a solution of the appropriate 
peptide in the presence of Pd/C catalyst and p
toluene sulphonic acid monohydrate. The use of 
this acid is preferred because it can be accurately 
weighed into the reaction vessel and does not suffer 
froM the disadvantages often encountered with 
other acids. In addition, when required, highly crys
talline sa lts may readily be isolated. The active 
ester coupling to yield the tripeptide (2)~ was 
straightforward, using a slight excess (1.1 equivs) of 
active ester to decrease the possibility of 
diketopiperzine formation. The excess active ester 
was removed · by using N, N-dimethylaminopropyl
amine.9 Bisadamantyloxycarbonyl lysine (3) , was 
prepared by treating lysine monohydrate with 2.2 
equivalents of adamantylchloroformate 10 at pH 
11.0 the product could not be crystallised, and it 

was obtained in an amorphous form. Frequently we 
found that although the presence of the adamantyl
oxycarbonyl group considerably enhanced solubility 
in organic solvents, it had an adverse effect on 
crystallinity. Conversion of the lysine derivative (3) 
to the corresponding p-nitrophenylester did not 
improve the crystallinity. Hence the active ester 
was coupled directly with the p-toluenesulphonate 
of the tripeptide (2)' to yield the fully protected 
tetrapeptide (4). The methyl ester was hydrolysed 
in dioxan/water (4/1) at pH 12.0, 4 h being re
quired to complete the cleavage. 

In the synthesis of the (1-4) fragment the methyl 
ester function has been used in ,place of the phenyl 
ester for carboxyl protection. This change in our 
normal strategy" was brought about after initial 
experiments indicated that the hydrogenolysis of 
,the protected dipeptide (Z.Phe.Gly.OPh) did not 
produce a sin'gle product. The reason for the for
mation of byproducts in this reaction is not irn
mediately clear, although it is possible that cyclis~
tion may be enhanced in this particular case. ThiS 
would agree' with the observed lack " of side
reactions in the case' of the methyl ester as phenox-
id,e is a better leaving group than methoxide and 
this would facilitate cyclisation in the phenyl ester 
case. It should be added at this point that this is the 
only occasion on which we have encountered such a 
side-reaction whilst using phenyl esters: ' 

The (5-10) fragment (Scheme 2) was prepared by 
coupling the '(5-6) dipeptide to the (7-10) tetra
peptide (8) which was assembled in high yield by a 
stepwise procedure using an lsobutyloxycarbonyl 
mixed anhydride for the introduction of Leucine-B. 
Hydrogenolysis in the presence of 10% Pd/C was 
used for the removal of benzyloxycarbonyl groups. 
When fragments with , phenyl ester for C-terminal 
protection are hydrogenolysed it is usually prefera
ble to ' use DMF as solvent since . alcoholic solventS, 
e .g. , methanol, involve the risk of transesteri
fication. Glacial acetic acid may be used if require~, 
as the phenyl ester is known to be stable to th~S 
reagent. N-Adamantyloxycarbonyl ornithine hern l -

hydrate (9) was obtained by treating the copper(Il) 
complex of ,ornithine with adamantylchloro-
formate'O at pH 10, the free zwitterion being liber
ated from its copper(II) complex by the action of 
hydrogen sulphide. As the overall reaction seqU
ence consisted of three distinct steps the relatively 
low yield was considered to be acceptable. The N
p-biphenylylisopropoxycarbonyl derivative (10) 
was prepared by reacting the zwitterion (9) with the 
p-bi-phenylylisopropoxycarbonyl azide' 2 in the pr~
sence of N,N,N,'N' -tetramethylguanidine (TMO)· 
During the work up, 40% Triton B in methanol 
was added, as this prevented the protected amino! 
acid anion from moving into the organic phase. J 
this precaution was omitted, appreciable amounts 
of the TMG salt were to be found in the etM! 
washings; this is believed to be due to the ratM! 
lipophilic nature of the compound (10). The crystal-. 
line 2,4,5-trichlorophenyl ester (11) was subse
quently prepared in high yield by treatment witl! 
the corresponding phenol and DCCI. This active 
ester was coupled for two days with S-acetoamido' 
methylcysteine hydrochloride 13 in the presence of 
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Scheme 2. Synthesis of the protected (5-10) hexapeptide (13). 
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l'MG to give the rather amorphous protected di- amino-acid 2,4,5-trichlorophenyl active esters with 
P~Ptide acid (12). The p-toluenesulphonate ob- the exception of alanine-14 which was coupled as 
tamed from a 15 hr hydrogenolysis of the protected its isobutyloxycarbonyl mixed anhydride in order to 
~trapeptide (8) was coupled with (12) by the avoid diketopiperazine formation. The e-amino 
t ~CI/HONSu method. A high yield could be ob- group of lysine was protected by an adamantyloxy
tal~ed by a washing procedure followed by recrys- carbonyl group. This was introduced by treatment 
.alhsation from ethyl acetate . Often, however, trace of the copper complex with adamantylchloro
IIllPUrities remained which were best removed by formate 10 under conditions similar to those de-
~l filtration on Sephadex LH20 eluting with scribed earlier for the corresponding ornithine de-

Mpl4 (VeNt) = 0.39). rivative (9). In this case however the disodium salt 
l'he remaining (11-16) hexapeptide fragment of ethylene diamine tetra-acetic acid was used to 

~as assembled in a stepwise manner by the route break up the copper complex . The free zwitterion 
S own in Scheme 3 by the addition of protected was converted to the N-benzyloxycarbonyl active 
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Scheme 3. Synthesis of the protected (11-16) fragment (21). 
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ester (18) by routine methods. Although the hex
apeptide could be recrystallised from ethyl acetate 
often it was simpler to purify the coupling mixture 
directly on Sephadex LH20 eluting with DMF.14 
Assembly of the 1-16 fragment was then accom
plished by the route shown in Scheme 4. 

The N-protecting group was cleaved from the 
hexapeptide (13) by a 2 hr treatment with a mixture 
of acetic acid, formic acid and water (7: 1 : 2).12.15 
Dimethyl sulphide was added to act as a scavenger 
for carbonium ions thus preventing side-reactions 
with the S-acetamidomethylcysteine residue. The 
free peptide was isolated as its hydrochloride (13a) 
after a double treatment with 2.5 equivalents of 
0.05 M HCl in DMF. Coupling to the protected 
peptide acid (5) was effected by the DCCI/HONSu 
method, with a second addition of reagents at 
24 hr. After a total of 3 days reaction time the 
Adoc (1-10) OPh fragment (22) was isolated by gel 
filtration on Sephadex LH20, eluting with DMF 
«VeNt) = 0040). The phenyl ester function was 
then removed by treatment with 2 M NaOH in the 
presence of one equivalent of 100 volume hyd
rogen peroxide. I I Dimethylsulphide was again used 
as a scavenger, this time preventing oxidative side
reactions. The solvent of choice for this cleavage 
was ultimately found to be 2,2,2,trifiuoroethanol 
(TFE) which superseded the use of HMPA as it gave 
a higher yield, was easier to remove and as far as is 
known does not have toxic properties; it is, how
ever, expensive. The resu lting acid (22s) was 
coupled with the p-toluenesulphonate (21a) ob
tained by hydrogenolysis of peptide (21). The 
DCCI/HONSu method was used employing a mix
ture of HMPA and DMF (5: 3) solvent. The crude 
product was obtained by precipitation after 4 days 
reaction. Originally purification was carried out by 

Adoc(1-4)OH 
(5) 

Adoc( I- I O)OPh 
(11) 

gel filtration on Sephadex 050 eluting with 
HMPA/H20 (19: 1) the HMPA being removed by 
a further passage through Sephadex 010 eluting 
with DMF.14 A considerable improvement was 
then brought about by using N-methyl~yrrolidone 
(NMP) as eluant, initially Enzacryl K2 6 was used 

. as the support but the best purification at present 
may be achieved using Sephadex LH60. 17 

The product (23) from this coupling was isolated in 
reasonably high yield (75%). Homogeneity has 
been demonstrated by tic, electrophoresis, iso
electric focussing, amino-acid analysis and combuS
tion analysis. The amino-acid analysis was carried 
out by acid hydrolysis and by digestion of the 
de protected peptide with pronase and aminO
peptidase. The latter method indicated that within 
the constraints of the analytical technique the pep
tide was optically pure. Thus no racemisation had 
occurred whilst fragment couplings at positions 6 
and 10 were being carried out. 

EXPERIMENTAL 

Abbreviations not in common use or not previous1,Y 
defined are as follows: TEA-triethylamine, DCU-N,N
dicyclohexylurea, DCHA-dicyclohexylamine, JBC-iso
butylchJoroformate, Triton-B benzyltrimethylammO~
ium methoxide, HOCp-2.3,5-trichlorophenol, DMS-d~
methylsulphide, Z.CI-benzylchloroformate, DPP.Cl-dl -

phenylphosphinyl chloride. DMA-N,N-dimethylacet
amide, NMM-N-methylmorpholine. Tic was carried oul 

on silicagel GF2S4 using Merck prepared plates in the, 
following systems: (1) CHCl)/Me2CO 2/1, (2) CHel) 
MeOH 9/1, (3) "BuOH/Py/AcOH/H20 60/20/6/24. 
(4) CHCl)/iprOH/AcOH 90/10/1, (5) EIOAc, (6») 
EIOAc/benzene 3/7, (7) CHCI3/MeOH 311, (8) 
CHCl)/MeOH 19/1, (9) CHCllPrOH 9/1, (10 
EtOAc/benzene 2/3, (11) CHCI3/MeOH 4/1, (12) 

Bpoc(5-10)OPh 
(13) 

CI- H;(5-IO)OPh 
(13s) 

Z(11-16)OPh 
(21) 

Adoc(1-10)OH TosO- H; (11-16)OPh 

IL..(_21_S_) ________ .-_______ --'1 (21s) 

Adoc(l-16)OPh 
(13) 

Scheme 4. Synthesis of the fully protected (1-16) fragment (13). The protecting groups are as shown 
in Schemes 1-3. 
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~HCI3/MeOH/AcOH 90/9/1, (13) CHCI3/MeOH/33% 
H3 90/17/3, (14) ' BuOH/3% NH3 3/1, (15) 

c( HCI3/'PrOH 6/1, (16) CHCI3/;PrOH/AcOH 19/10/1, 
17) CH3CN/H20 9/1, (18) CHCl3MeOH 5/1, (19) 

gHCllPrOH 19/1, (20) EtOAc/benzene 2/1, (21) 
n HCI3/'PrOH 5/1, (22) CHCIlPrOH 3/1, (23) 
BUOH/AcOH/H20 3/1/1, (24) benzene/MeOH/AcOH 

10/2/1, (25), CHCI3/MeOH 6/1, (26) benzene/EtOAc 
~/1, (27) CHCI/;PrOH 7/1 , (28) EtOAc/Py/AcOH/H20 
C~20/6/1, (29) CHCl,/MeOH/TFE 90/5/10. (30) 
P CI3/MeOH/AcOH/H20 60/18/2/3, (31) "BuOH/ 

. Y/AcOH/H20 30/24/6/20. 
f CO~pounds were visualised by one or more of the 
~IJOWtng methods: Iodine vapour, chlorine/starch/KI ls• 
nln~Ydrin or fluorescamine 19 for peptides with free N 
a,mmo group and UV absorption at 254 nm. Deprotec
hOns were carried out using 90% trifluoroacetic acid 
~TFA) with mercaptoethanol and anisole as scavengers. 

ree peptides were subject to high voltage paper electro
Phoresis using a refrigerated Pherograph instrument20 and 
to. flat-bed isoelectric focussing on polyacrylamide gels 
USing an LKB 2117 multiphore. Amino-acid analyses 
~ere determined on a Jeol 5 AH or 6 AH with integrator 
~ ter hydrolysis (a) by sealed tube hydrolysis with 6 M 
(2 Cl at 110° for 24 hr or (b) by digestion with pronase 
. 4 hr) folJowed by amino-peptidase M (24 hr) in 0.1 
Phosphate buffer at pH 7.5 at 37°. All evaporations were 
~~ vacuo at the minimum possible temp. DMF and other 

Igh boiling solvents being removed at 20° under an oil 
~U~P vacuum. A radiometer autotitrator was used for the 

amtenance of constant pH. M.ps are uncorrected. The 
~ep.arations given are typical rather than those giving 
s aXllmum yield and are not necessarily on the largest 
ca e studied. 

SCheme 1 

40Z-Phe-Gly-OMe (1). A soln of Z-Phe-OH (12.4 g. 
40 mM) and glycine methyl ester hydrochloride (5.0 g. 
(S mM) in CH2Cl2 (60 ml) was cooled to -10°. TEA 
th'S ~l. 40 mM) and DCCI (9.0 g. 44 mM) were added to 
A~ Shrred mixture which was maintained at _10° for 2 hr. 
glat~r Warming to room temp overnight a few drops of 
D~lal AcOH were added and after a further 0.5 hr the 
w U ppt was removed by filtration. The organic phase 
g:S washed with water dried and evaporated to yield a 
(1~ which crystallised from EtOAc-petroleum ether 
meo g, 88%), m.p. 120-121°, [aFo-16S (c=l, 
7.73 H), R,(1) - 0.6, (~ound: C, 64.57; H. 5.93; N, 

Z' C2oH22N20 S requues: C, 64.85 ; H, 5.99; N, 7.56) . 
(11 -Val-Phe-Gly-OMe (2). The protected dipeptide (1) 
di .1 g, 30 mM) and Tos.OH.H20 (5.7 g, 30 mM) were 
adS~Olved in DMF (20 ml), Pd/C (10%) catalyst (1.5 g) was 
Tb ed and hydrogen passed through the soln overnight. 
wh~ Catalyst was removed and evaporation yielded a gum 
33 1ch Was dissolved in DMF (75 ml). Z-Val-OCp (14.4 g, 
m' mM) and TEA (4.2 ml, 30 mM) were added and the 
relXture stirred for 48 hr at room temp. The solvent was 
N ~ov~d and the residue dissolved in MeOH (40 ml). 
th' -dlmethylaminopropylamineg (0.6 ml) was added and 
w:t sOln stirred for 0.5 hr. The mixture was poured into 
wat' th~ ppt filtered off, washed with 5% HCI , and 
fro er until neutral. Recrystallisation of the dried solid 
20':. MeOH gave (2) (12.0 g, 82%), m.p. 182-3°. [afoO-

'Ph (c = I, DMF), R,(l)-0.7, Rt(2)-0.75. Val
Coo H el.ooGIYt.oo, (Found: C, 63.74 ; H, 6.63; N, 8.72. 

lA 3106N3 requires: C. 63.95; H, 6.65; N. 8.95. 
mo doc -Lys(Adoc)_OH (3). A suspension of lysine 
PH ;ohYdrochlOride (7.3 g, 40 mM) at 0° was brought to 
fOr 1.0 with 1 M NaOH. A soln of adamantyl chloro
and mate 10 08.2 g, 88 mM) was dissolved in dioxan (50 ml) 
!he add~d to the above vigorously stirred suspension in 
the por~l?ns over 1 hr the pH being maintained at 11.0 by 

addition of 1 M NaOH. Et20 (lOO ml) was added and 

stirring continued at 0° for a further 2 hr. After warming 
to room temp overnight the soln was washed with E~O 
and acidified to pH 3 with solid citric acid. The soln was 
extracted with EtOAc (3 x 100 ml) and the combined 
extracts washed with water, dried and evaporated to give 
a. gum. This gum could not be crystallised but was sol
idified under n-pentane at 0° giving (13.4 g, 67%), m.p. 
65°, [ani - 0.9° (c = I, DMF), R,(3)0.65, R,(4)0.65 , 
(Found: C, 66.94; H, 8.62; N, 5.50. C2sH4206N2 re
quires: C 66.90; H, 8.42 ; N, 5.57%). 

Adoc-Lys(Adoc)- Val-Phe-Gly-OMe (4) . The tripep
tide derivative (2) (2.2 g, 4.9 mM) was hydrogenolysed in 
the usual way overnight in the presence of Tos.OH.H20 
(0.93 g, 4.9 mM) and 10% Pd/C (0.6 g). Filtration and 
evaporation yielded the corresponding p-toluene
sulphonate (1.9 g, 3.8 mM). Adoc-Lys(Adoc)-OH (3) 
2.0 g, 4.0 mM) was dissolved in EtOAc (5 ml) and p
nitrophenol (0.68 g, 4.8 mM) and DCCI (0.85 g, 4.0 mM) 
added whilst stirring at 0°. After stirring for 2 hr at 0° and 
overnight at room temp a few drops of glacial AcOH 
were added and the reaction stirred for a further 3 hr. The 
mixture was then cooled to 0°, filtered and the soln evapo
rated to give a non-crystallisable oil (2.4 g, 100%), 
homogeneous R,(2) - 0.8. The p-toluenesulphonate and 
p-nitrophenyl ester were dissolved in DMF (5 ml), TEA 
(0.39 g, 3.8 mM) was added and the mixture stirred at 
room temp for 3 days. Evaporation gave a residue which 
was dissolved in EtOAc (250 ml), washed with 5% citric 
acid (100 ml), 0.5 M NH40H until free of p-nitrophenol, 
5% citric acid (3 x 100 ml) and water. The soln was dried 
and evaporation gave a gum which was crystallised from 
EtOAc-petroleum ether giving the protected tetrapeptide 
(4) (1.9 g, 65%), m.p. 118°, [a:Fri -16.9° (c = I, DMF), 
R,(5) - 0.8. Rf(6) - 0.3, LYSO.96Glyl.OS Val u )4Pheo.9s ' 
(Found: C, 66 .10; H, 8.06; N, 8.84. C4sH6SNSOg 
requires: C, 65.91; H, 7.99; N, 8.54%). 

Adoc-Lys(Adoc)-Val-Phe-Gly-OH (5). The protected 
tetrapeptide ester (4) (0.82 g, 1 mM) was dissolved in 
dioxan/water (4: 1,30 ml) and the pH brought to 12.0 by 
the addition of 1 M NaOH. The pH was maintained for 
4 hr by the addition of 1 M NaOH, the soln was then 
poured into 5% citric acid (500 ml). The ppt was washed 
with water, dried, redissolved in MeOH (1 ml) and pre
cipitated with ether, filtration gave the protected peptide 
acid (5)(0.6 g, 76%), m.p. 120°, [aFo - 18.1° (c = I, DMF), 
R,(7) - 0.5, (Found: C, 62.53; H, 8.01; N, 8.40. 
C44H63NsOg.2H20 requires : C, 62.76; H, 8.02; N, 
8.32%). 

Scheme 2 

Z-Ala-Ala-OPh (6). Z-Ala-OPh II (18 .0 g, 60 mM) in 
DMF (100 ml) was hydrogenolysed overnight in the pres
ence of Tos.OH.H20 (11.4 g. 60 mM) and 10% Pd/C 
(3.0 g). Removal of the catalyst and evaporation gave a 
residue which was redissolved DMF (75 ml). Z-Ala-OCp 
(26.2 g, 65 mM) and NMM (6.6 ml. 60 mM) were added 
and the reaction mixture stirred for 2 days at room temp. 
The solvent was evaporated and the residue dissolved in 
EtOAc, washed with 5% NaHCO,. 5% citric acid and 
water. The dried soln was evaporated to give a white solid 
which was crystallised from EtOAc-petroleum ether giv
ing the required product (16.7 g. 75%), m.p. 126-r, 
[a]ii- 44.6° (c = 2, DMF), R,(8)-0.45, (Found : C, 
64.62; H. 5.75; N, 7.37. C2oH22N20 5 requires: C. 64.85; 
H, 5.99; N. 7.56%). 

Z-Leu-Ala-Ala-OPh (7). Compound (6) (16.7 g, 
45 mM) in DMF (75 ml) was hydrogenolysed overnight in 
the presence of Tos.OH.H20 (8.6 g, 45 mM) and 10% 
Pd/C (2.7 g). Filtration and evaporation produced a crys
talline material which was dissolved in DMF (20 ml) . Z
Leu-Oh [obtained from Z-Leu-OH.DCHA (22.3 g, 
50 mM) by liberation with 10% citric acid and extracting 
into EtOAc] was dissolved in CH2Cl2 (75 ml) and cooled 
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to -20°, NMM (5 .5 ml,. 50 mM) and IBC (6.5 mM) were 
added allowing 15 min . for activation at - 20°. The DMF 
soln and NMM (4.95 ml, 45 mM) were then added and the 
mixture allowed ·to attain room temp over 24 hr. Evap
oration of the solvents gave a residue which was dissolved 
in warm EtOAc; washing with water, drying and evapora
tion crystallised from EtOAc (16.8 g, 78%) , m.p. 179°, 
[a]~ - 50.2° (c = 0.5, DMF), R,(9)-0.73 , R (10)-0.22, 
Leul.ooAla2.o4' (Found: C, 64.62; H, 6.8~; N, 8.95 . 
C26H33N30 6 requires: C, 64.58; H, 6.88; N, 8.69%). 

Z-Glu(OBu')-Leu-Ala-Ala-POh (8). The protected 
tripeptide 7 (9.7 g, 20 mM) was hydrogenolysed overnight 
in the presence of Tos.OH.H20 (3 .8 g, 20 mM) and 10% 
Pd/C (1.0 g). Work up in the usual way gave a residue 
which was dissolved in ' DMF (50 ml) along with Z
G1u(OBu')OCp (11.3 g, 22 mM) and NMM (2.2 ml, 
20 mM). The sol was stirred for 3 days and the solvent 
evaporated to give a residue which was dissolved in warm 
EtOAc (750 mt) , washed with water and dried . Evapora
tion gave the solid product which was crystallised from 
EtOAc (14.8g, 80%), m.p. 160°, [albo- 53.8° (c = 0.5, 
DMF), R,(1) - 0.5, R,(2) - 0.6, Glul.oOAlaI.9.Leul.Oo, 
(Found : C, 61.94 ; H, 7.34; N, 8.05. 
C3sH4sN40 9.0.5H20 requires: C, ' 62.02; H, 7.29 ; N, 
8.26%). 

H-Orn(Adoc)- OH (9). Ornithine hydrochloride 
(84.3 g, 0.5 M) was dissolved in 1 M NaOH (11) and a soln 
of CuS04.5H20 (62.5 g, 0.25 M) in water (750 ml) added. 
After stirring for 15 min, the soln was cooled to 0° and a 
soln of Adoc.CI in dioxan added (1 I. containing 0.55 M). 
Solid Na2C03 (159.0 g, 1.5 M) was added as required to 
maintain the pH at approximately 10. The sol was main
tained at 0° for 2 hr then allowed to warm to room temp 
overnight. The resulting blue suspension was diluted with 
water (2 I.) and filtered. The solid was washed with water 
until the washings were colourless, then washed with ice 
cold EtOH and Et20 to remove un reacted Adoc.CI. The 
finely powered copper complex (94.0 g, 138 mM) was 
suspended in a mixture of water (3 I.), AcOH (60 m!) and 
MeOH (1 I. ) and H2S passed through the vigorously stir
red suspension for 4 hr. Air was passed through the 
suspension to remove excess H2S, which was then 
warmed to near boiling and filtered using a double fluted 
filter paper. The volume of the filtrate was then reduced 
by evaporation in vacuo until the crystalline product was 
obtained , this was then washed with cold water yielding (9) 
(59 .7 g, 39%); recrystallisation may be carried out using 
MeOH-Et20, m.p. 214-216°, [al~4-7.8° (c = 1, 
MeOH), RP3) - 0.4, R,(31) - 0.6, (Found: C, 59.85; li, 
8.40 ; N, 8.53 C16H26N20 •. 0.5H20 requires: C, 60.15; 
H. 8.52 : N, 8.77%). 

Bpoc ~ Orn(Adoc)-OH (10) . A soln of (9) (6.2 g, 20 mM), 
TMG (4 .9 ml, 40 mM) and Bpoc.N312 )(6.8 g, 24 mM) in 
DMF (50 ml) was stirred for 2 days. The DMF was 
evaporated and the residue partitioned between water 
and Et20 after the addition of 40% Triton B in MeOH 
(10 ml). A further extraction with Et20 was carried out 
and the aqueous phase acidified with 10% citric acid. The 
resulting oil was extracted into EtOAc, washed with 
water, dried and the solvent evaporated to give a foam 
which was solidified by trituration with Et20-petroleum 
e ther (1/3) giving (9.3g, 75%), m.p. 110-112°, [a]~+ 
8.6° (c = 0.5, DMF), R,(11) - 0.44, R,( 12) - 0.50, (Found : 
C, 70.30; H, 7.22; N, 5.35. C32H40N206 requires : C, · 
70.04 ; H, 7.34; N, 5.10%). 

Bpoc-Orn(Adoc)-OCp (11). The acid (10) (5.5 g, 
10 mM), HOCp (2.0 g, 10 mM) and DCCI (2.3 g, 11 mM) 
were dissolved in EtOAc (100 mt) at 0°. The mixture was 
stirred for 2 hr at 0° and at room temp overnight. The 
resulting DCU was filtered and the solvent evaporated to 
give a residue which was crystallised from benzene
petroleum ether giving (11) (6.7 g, 90%), m.p. 95-98°, 

[a]~-21.3° (c=l, DMF), R,{l)-0.45 , R,(2)-0.8, 
(Found: C, 62.44; H , 5.51; N, 3.77. C38H41N206CI, 
requires: C, 62.68 ; H, 5.67; N, 3.84%). 

Bpoc-Orn(Adoc)-Cys(Acm)-OH (12). Cl H;Cys
(Acm)OH (2.3 g, 10 mM) was dissolved in warm DMF 
(15 mt), Bpoc-Orn(Adoc)-OCp(11}{6.7 g, 9mM)andTMO 
(2.48 ml,- 20 mM) were added and the mixture stirred for 
2 days. The solvent was evaporated and water (250 mt) 
added, this soln was acidified to pH 3 with 10% icecold 
citric acid, extracted with EtOAc (3 x 150 ml) and the 
combined organic phases backwashed with water. Drying 
and evaporation produced a dry foam which was solidified 
by treatment with petroleum ether. This solid was washed 
with ipr20 to remove unreacted active ester leaving ,the 
pure (12) (6.0 g, 92%), m.p. 105°, [al~+4.3° (c = 1, DMf'), 
RJ (7) - 0.65, RJ(12) - 0.4, R,(13) - 0.3, R,{l4) - 0.:, 
(Found: C, 63.14; H, 7.18; N, 7.54; S, 4.3'7· 
C3sHsoN40sS requires: C, 63.14; H, 6.97; N, 7.70; Si 
4.44%) . 

Bpoc-Orn(Adoc)-Cys(Acm)-Glu(OBu')-Leu-Ala
Ala-OPh (13). The protected tetrapeptide (8) (3.0 g, 
4.5 mM) in DMF (25 ml) was hydrogenolysed for 15 hr in 
the presence of Tos.0H.H20 (0.61 g, 3.2 mM) and 10% 
Pd/C (0.25 g). Filtration and evaporation gave a gum 
which was solidified by trituration with water. Filtration 
and drying over P20 S gave the p-toluenesulphonate salt 
(3.0 g, 94%), R f (7)-0 .3. The protected dipeptide acid (1%) 
(0.56 g, 0.78 mM) · and the abo.ve p-toluenesulphonate 
(0.5 g, 0.71 mM) were dissolved in DMF (3 mM) and a 
2% soln of NMM in DMF were added (3.75 ml, 0.71 mM) 
and the mixture was allowed to warm at room temp· 
After stirring for 48 hr the DCU was filtered and the 
solvent evaporated, precipitation with water gave a solid 
which was washed with 5% ice-cold citric acid, 5% 
NaHC03 water ipr20. The resulting solid was re crystal
lised from EtOAct giving the required product (13) 
(0.83 g, 93%), m.p. 155°, [am - 28.8° (c = 1, DMF), 
R,{l5) - 0.5, . R,(16) - 0.55, Orn l.ooGlu I.OOAla2.1 sLeuO.99 
(trace of cystine appears as shoulder on Ala), (Found: C, 
62.18; H, 7.27; N, 9.06. C6sH90Ns014S.H20 requires: C, 
62.08; H, 7.29; N, 8.91%). 

Scheme 3 

Z-Leu-Gly-OPh (14). Z-Leu-OCp (67.0 g, 150 mM), 
Br- H; -Gly-OPh (32.5 g, 140 mM) and TEA (19.0 ml, 
140 mM) were dissolved in DMF (200 ml) and the result
ing soln stirred for 2 days. Evaporation of the solvent gave 
a residue which was dissolved in EtOAc (750 mt) , the solO 
was washed with 5% NaHC03, 5% citric acid and water, 
then dried and evaported. The resulting residue was crys
tallised from EtOAc-petroleum ether giving the required 
(14) (31.0g, 71%), m.p. 124-125°, [ap~-39.1° (c""l, 
DMF), R,(l) - 0.8, R,(2)-0 .6, (Found: C, 66 .3.3; fJ: 
6.61; N, 7.23. C22H26N20 S requires: C, 66.31; H, 6.78, 
N,7 .03%). 

Z-Ala-Leu-Gly-OPh (15). The protected dipeptide 
(14) (27.9 g, 70mM) in DMF (100 ml) was hydrogenolysed 
overnight in the presence of Tos.OH.H20 (13.3 g, 
70 mM). After warming to room temp overnight the so!(1 
gave an oil. Z-Ala-OH (16.7 g, 75 mM) was dissolved . In 
CH2CI2 (50 mt) and cooled to -20°, TEA (10.5 (lII, 
75 mM) and lBC (9.8 ml, 75 mM) were added allowing 
15 min for activation. The oil from the above was dissol
ved in DMF (30 m!) and added, followed by TEA (9.2 (lI1 , 
70 mM). After warming to room temp overnight the soln 
was evaporated and the residue dissolved in war(1l 
EtOAc. This soln was washed with water, dried and evapo
rated to give a residue which was crystallised from EtOA" 

-------------------------------------~ 
t On some occasions the mixture was applied direcilY 

to an LH-20/DMF column to effect purification (VeNt),'" 
0.39. 

t 
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yielding (27.0 g, 82%), m.p. 161-163°, [a]~-41.6° 
(c =: ,1, DMF), R,(l) - 0.5, R,(2) - 0.55 , Ala1.03-
~euO.99GlYO.97' (Found: C, 63.86; H, 6.78; N, 9.12. 

2sli31N306 requires: C, 63 .94; H, 6.68; N, 8.95%). 
HcLys(Adoc)-OH (16). Lysine hydrochloride (91.3 g, 

0.5M)' was reacted with Adoc.CI IO (0.55 M) under identi
c~1 COnditions to those used for the preparation of (9) 
Yielding the copper complex (100 .0 g, 141 mM). The 
finely powered complex was added to a boiling soln of 
EPTA.2Na (142.0 g) in water (3.61) and stirred until 
dissolved. The soln was allowed to cool to room temp and 
the product crystallised. After cooling to 0° for 2 hr to 
Complete crystallisation the crystals were filtered and 
~a~he~ with ice-water yielding (16) (65.0 g, 40%), recrys
alhsatlOn may be carried out from MeOH-Et20, m.p. 

227-229°, [a]i:-1.3° (c = I, MeOH), R,(23)-0.4, 
~,(31)-0.65, (Found: C: 61.28; H, 8.75; N, 8.58. 
817H281'h04.0.5H2P reqUires: C, 61.23; H, 8.76; N, 
.40%). 
,Z-Lys(Adoc)-OH (17). 1 M NaOH (90 ml) was added 

l~ an ice cold suspension of (16) (29.2 g, 90 mM) in water 
1 Q ml). Z.Cl (15 .0 ml, 110 mM) and 4 M NaOH (25 .0 ml, 

?O mM) were added dropwise over 1 hr and the mixture 
shrred for a further 1 hr at 0°. After stirring overnight the 
sOln Was extracted with EIzO (2 x 150 ml) and the aqueous 
P~ase aCidified to pH 3 with 20% citric acid. The resulting 
~1l Was extrated into EtOAc and washed with water, 

rYing and evaporation of the organic phase gave the 
r.roduct as a gum which resisted all attempts at crystallisa
I~on (39.0 g, 95%), R,(7)-0.7. The DCHA salt crystal
~~~~ with difficulty from acetone -Et20 m.p. 112°, [a]~+ 
Q (c = 1, DMF), (Found: C, 68.92; H, 8.91; N, 6.64. 

37H57N306 requires:C, 69.45; H, 8.98; N, 6.57%). 
76 Z-LYS(Adoc)-OCp (18) . Z-Lys(Adoc)-OH (17) (35.0 g, 
84.4 mM), HOCp (15.0 g, 76.4 mM) and DCCI (17.3 g, 

St' mM) Were dissolved in EtOAc (110 ml) at 0°. After Ir . 
r flng for 1 hr at 0° and overnight at room temp the 
:Sulting DCU was removed by filtration and the filtrate 
d ~shed with 1 M NaHC03 , 2 N citric acid and water. The 
r rl~d Organic phase was evaporated to give an oil which 
;S(ISted all attempts at crystallisation, (45.8 g, 94%), 
(1~6)-0 . 6, R (2)-0.75, R,(9)-0.7, R,'26)-0.7, NMR 
7.28 MHz), c5(CDCl3: 7.47 and 7.09, (2H, 2xs, C6H2CI3); 
Ph ' (5H, s, C6HS) ; 5.78 OH, d, xNH); 5.09, (2H, s, 
2 9CH2- l ; 4.74 (IH, t, NH); 4.3-4.7 (lH, complex, x CH) ; 
c' ~~.2 (2H, broad, CH2); 1.4-2.2 (2-H, complex, 

IZOIS+3 XCH2)' 
(09 -LYS(Adoc)-Ala-Leu-Gly-OPh (19) . A soln of (15) 
15 h4~, 2 mM) in DMF (10 ml) was hydrogenolysed for 
\00/ In the presence of TosOH.H20 (0.38 g, 2 mM) and 
re .0 Pd/C (0.1 g). Processing in the usual way gave a 
l $!due which was dissolved in DMF (25 ml). Z-
2 ~(Adoc)-OCp (18) (1.67 g, 2.0 mM) and NMM (0.28 ml, 
l::v M) Were added and the mixture stirred for 48 hr. 
tr'taPOration of the solvent gave a residue which was 
cri urat~d with water and EtzO, the resultin~ solid w~s 
(lY~talhsed from IPA to give (19) as a gelatmous solId 
~'(2~g, 65%), m.p. 175°, [a)~) - 18.6° (c=1, DMF), 
~u - 0.7, R,(9) - 0.6, R,(l7) - 0.8, Lyso.94Alalo3-
C Iio3Glhol), (Found: C, 64.13 ; H, 7.25; N, 8.90. 
&:9~2. s7Ns0 6.0.5H20 requires: C, 64.26; H, 7.45; N, 

(l~-(Me-LYS(AdOC)-Ala-LeU-GlY-OPh (20). A soln of 
fOr 1 15.5 g, 20 mM) in DMF (25 mI) was hydrogenolysed 
and 5 hr in the presence of TosOH.H20 (3.8 g, 20 mM) 
rCS 'd 10% Pd/C (1.0 g). Work up in the usual'way gave a Oc Ue which was dissolved in DMF (lOO ml). Z-Nleadl (9.9 g, 22.5 mM) and NMM (2.2 ml; 20 mM) were 
Was ed to this soln and the mixture stirred for 48 hr. The soln 
tesutoured into a mixture of water and Et20 and the 
l'h hn~ ppt. filtered off, washed with Et20 and dried aft: sOI.ld .was dissolved in CHCl3 and excess IPA added, 

r SlIrnng overnight at 00 the required (20) was filtered 

off giving .(14.4g, 81%), m.p. 224-2270, [a]~-27.2° 
(c = I , DMF), R,(2)-0.4, NleloILyso.9sAlal.(}3Leulol
GlYO.99' (Found: C, 64.04; H, 7.71; N, 9.35 . C4sH6SN6-
O 100.5H20 requires: C, 64.19; H, 7.74; N, 9.36. 

Z-Ala-Nle-Lys(Adoc)-Ala-Leu-Gly-OPh (21) . Hyd
rogenolysis of (20) (14.0 g. 16 mM) in DMF (20 rnI) in the 
presence of TosOH.H20 (3 .0 g, 16 mM) and 10% Pd/C 
(1.0 g) for 16 hr and subsequent work up gave a residue 
which was dissolved in DMF (lOO ml). Z-Ala-OCp (7 .1 g, 
17.6mM) and NMM (1.76ml, 16mM) were added to 
the soln which was stirred for 48 hr. The mixture was 
poured into a mixture of wate~ and Et20 to give a white 
solid which was washed with Et2 0 and dried. Recrystalli 
sation from IPA t gave the protected hexapeptide (21) 
(14.5 g, 94%), m.p. 210-ZW, [a]~- 25.0° (c = 1, DMF), 
R,(2) - 0.55, LysO.9SLeu l.o2Ala 1.97Nlel.osGIYlo2' (Found: 
C, 62.32; H, 7.49; N, 10.17. CSJH73N7011.H20 requires: 
C, 62.62; H, 7.73; N, 10.02%) . 

Scheme 4 
Adoc(1-lO)OPh (22). The protected hexapeptide (13) 

(2.44 g, 2.0 mM) was dissolved in AcOH: H.C02H: H20 
(7: 1: 2) (44 ml) in the presence of DMS (4.1 ml). The soln 
was stirred for 2 hr evaporated and the residue dissolved 
in DMF containing 2.5 equivs of 0.05 M HC!. The solvent 
was evaporated and the residue ret.reated with a 
2.5 equivs of HCI in DMF, evaporation gave a product 
which solidified on trituration with Et20 . Filtration ·and 
drying over P20 S gave (12&) (1.75 g, 86%), R,(7)-0.2. 
This hydrochloride and the protected tetrapeptide acid (5) 
(1.63 g, 2.0 mM) were dissolved in DMF : HMPA (1: 1) 
(6ml) and cooled to -20°. HONSu (0.47 g, 4.05 mM), 
DCCI(0.5 g, 2.43 mM) and a 1% soln of NMM in DMF 
(1.7 m( 1.6 mM) were added and the mixture stirred for 
24 hr at room temp. The mixture was again cooled, 
HONSu (0.12 g, 1.0 mM) and DCCI (0.13 g, 0.6 mM) 
added and then stirred for a further 48 hr at room temp. 
The mixture was diluted with DMF (15 ml) and applied 
dirt<ctly to an LH20 column eluting with DMF. The 
protected decapeptide (22) had (Ve/Vt) "" 0.40 and ",:as 
isolated by precipitation with water and washing With 
ether giving (1.55 g, 55%), m.p. 250°, [aTh~ - 33S 
(c = 0.5, HMPA), R,(7)-O.4, R,(29)-0.45, Lys/Ornz.ol-
Glul.ooGlYI .oIAla2.02 Vall.ooLeul .ooPhel.tJO' (Pronase/ 
APM) Lys/Orn 1.90Cys(Acm)+CysO.9SGluo.9sGly l.o4Ala2.14-
Vall.osLeuo.93Phel.oO' (Found: C, 61.51; H, 7.79; N, 
9.94. C93Hl37NJ3020S.H20 requires: C, 61.80; H, 7.75; 
N, 10.08%). 

Adoc(1-16)OPh (23). The phenyl ester may be cleaved 
from (22) by two alternative methods. (a) Adoc(1-10)OPh 
(22) (0.8 g, 0.45 mM) and DMS (5 ml) were dissolved 
in HMPA (15 ml) and a mixture of HMPA: water (2: 1) 
(15 ml) added . The pH was brought to 10.5 by the 
addition of 1 M NaOH, 100 vol H20 2 (0.05 ml) was 
added and the pH maintained at 10.5 by the addition of 
1 M NaOH (0.45 ml) for 30 min by which time consump
tion of base had ceased . The pH was then brought to 3 by 
the addition of 1 M HCI, causing precipitation of the 
product. Sat NaCl was added and the product filt~r~d , 
washed with water and Et20 then dried over P20 S glvmg 
22& (0.77 g, 86%), R,(7) -0.4, [anf -10.40 (c = 0.5, 
HMPA). 

(b) The phenyl ester (22) (0.6 g, 0.34 mM) and DMS 
(3 ml) were dissolved in TFE (10 ml), the pH was adjusted 
to 10.5 with 2 M NaOH (0.4 ml) and water (1.6 ml) 
added. 100 vol H 20 2 (0.1 ml) was added and the pH 
maintained at 10.5 for 30 min. The pH was then brought 
to 3 and the solvent volume reduced to a minimum, 
working up as in (a) above gave (2211) (0.55 g, 96%), Ff (7)-
0.4, [am) - 10.9° (c = 0.5, DMF). 

t The compound sometimes required further purifica
tion by gel filtration on LH20 in DMF (Ve/Vt) = 0.46. 
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The protected hexapeptide (2) (0.96 g, 1 mM) was hydro
genolysed in DMF (10 ml) over 10% Pd/C (0.2 g) for 
15 hr in the presence of TosOH.H20 (0.19 g, 1 mM). 
Filtration and evaporation gave a residue which was tritu
rated with water and Et20 then dried over P20 S yielding 
(2la) (0.88 g, 89%), Rr(7)-0.35 . 

The p-toluenesulphonate (21a) (0.38 g, 0.38 mM) and 
the protected peptide acid (22a) (0.50 g, 0.29 mM) were 
dissolved in HMP A: DMF (5 ml : 3 ml). After cooling to 
0° HONSu (68 mg, 0.6 mM), DCCI (74 mg, 0.36 mM) and 
a 20% soln of NMM in DMF (0.19 ml) were added and the 
soln ' stirred overnight at room temp. The mixture was 
recooled to 0°, HONSu (20 mg) and DCCI (19 mg) added 
and then allowed to warm to room temp. After 3 days the 
solvent volume was reduced to a minimum and brine 
added to precipitate the crude product, this was washed 
with water and Et20 then dried over P20 S ' The crude 
material was initially purified by gel filtration on 
Sephadex G50 eluting with HMPA:H20 (19: I), 
(Ve!Vt) = 0.6, the HMPA being removed by rapid gel 
filtration on Sephadex GI0 eluting with DMF, (Ve!Vt) = 
0.36. Some improvement was achieved by using Enzacryl 
K2 eluting with NMP, (Ve!Vt) = 0.54 although the best 
purification was ultimately brought about by the use of 
Sephadex LH60 eluting with NMP, (Ve!Vt) = 0.61. In all 
cases the product was precipitated with water after evap
oration giving (0,56 g, 75%), m.p. 250°, [am + 2.6° 
(c = 0.5, HMPA), Rf (7) - 0.85, Rf(18) - 0.6, Lys/Orn2.89-
G lu I.Ot;GIY2.01 Ala3 .91 Valn.99Leu2.07Nleo.94Phel .03' (pro
nase/ APM) LYS/Orn2.H9Cys(Acm) l.osGlu l.osGly l.99Ala3.80-
Val\.OILeu2.12Nle\.osPhe\.13' (Found: C, 60.24;. H, 7.86; 
N, 10.69. C' 30H19SN20028S.4H20 requires: C, 60.21; 
H, 8.00; N, to.80. 
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SYNTHESIS OF THE 17-26 FRAGMENT OF A LYSOZYME ANALOGUE 
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R. RAMAGE*, B. SINGH and R. G. TYSON 

The Robert Robinson Laboratories, University of Liverpool, P.O. Box 147, Liverpool , England 

(Received in the UK 8 May 1979) 

Abstract-The fully protected 17-26 fragment of a lysozyme analogue has been synthesised . A 
fragment condensation approach has ·been employed using the protected subfragments 17-19, 20-22 
and 23-26. In the synthesis of the subfragments the use of the diphenylphosphinyl mixed anhydride 
method has been demonstrated . 

~~ des~ribed in a previous paper I our aim is to 
l theslse an analogue of Hen Egg White 
e~Sozyme ~HEL). The ge~eral tactics and strategy 
ea f.lo~ed In thIs synthesIs have been described 0; ler and here we describe our synthesis of the 
ca -26) subfragment. The sequence of the de-

PeptIde (17-26) is shown below: 

Leu. Ala. Gly. Tyr. Orn. Gly. Tyr. Ser. Leu. Gly:j: 

17 20 23 26 

~~8~he synthetic analogue the aspartylasparagine 
li 19) sequence of HEL (aspartylglycine in 
byUlllan Leukaemic Lysozyme2

) has been replaced 
Of alanylglycine in order to eliminate the possibility 
du Q- to f3- peptide rearrangement .3 As these resi
zy~S ~re found on the surface of the natural en
cha e, We believe that this and other similar 
in ~ge~ are less likely to cause significant changes 
ar . e~tIary structure. Also we have replaced the 
1ll:~nIn~ 21 by ornithine, this change was initially 
Ille e In order to facilitate purification, as frag
Chrnts Carrying a guanidinium group often do not 
Oth Olllatograph well on Sephadex LH20. On the 
adaer hand, recent preliminary studies using bis
retelll~ntYloxycarbonyl arginine have shown that 
nOt nhon of the protected arginine residue would 

rn~~use any major synthetic upheaval. 
Plor hall~ the synthesis of Z(17-26) OPh was ex
Illin ed WIth a view to coupling at the amino ter
con~s . T~is would allow a (1-26) plus (27-37) 
mOl ensahon forming the (1-37) portion of the 
the e~Ule . In the event it proved better to follow 
lipo a ttnative route of phenyl ester cleavage of 
(27_~7)17-26) OPh followed by coupling to the 

fragment, providing Bpoc (17-37) OPh 

~------------------------* p eceased, 25 .6.1978. 
SCien~ese nt address: University of Manchester Institute of 
land . e and Technology, P.O. Box 88, Manchester, Eng-

. tA.ll . . 
nOrnen I ammo-aclds are of the L-configuration, and 
QCids c ature follows Specialist Periodical Reports Amino-
4, ChaP~PlIdes and proteins (Edited by G. T. Young) Vo!. 

Per 5, Chemical Society, London (1972). 
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which could be combined with the (1-16) portion 
to form the (1-37) sequence. Here we describe the 
route to the Bpoc (17-26) .0Ph fragment (32). 

The protected tripeptide Bpoc (17-19) OPh was 
synthesised by the route outlined in Scheme 1 
which commenced with the protected dipeptide 
(24) which was obtained in excellent yield by 
active-ester coupling. A 12 h. hydrogenolysis car
ried out in the manner described previousl/ gave 
the p-toluenesulphonate as a white solid which was 
then coupled to p-biphenylylisopropoxycarbonyl
leucine6 using the isobutyloxycarbonyl mixed 
anhydride to give a good yield of protected tripep
tide (25) . 

The heptapeptide portion of the (17-26) frag
ment was synthesised by the route shown in 
Scheme 2. Synthesis of the protected dipeptide (14) 
by the active ester method has been described in 
the previous paper in the this series.5 A rather 
extended hydrogenolysis (20 hr) under the normal 
conditions gave the p-toluenesulphonate as a gum. 
Activation of N-benzyloxycarbonvl-O-t-butylserine 
to give (26) was best achieved by reaction with 
diphenylphosphinyl chloride 7 giving the protected 
tripeptide in 73% yield, in contrast to the 43% 
yield obtained by activation with isobutyloxy
carbonyl chloride. Intermediate mixed anhydrides 
of the type shown below have never in our experi
ence given products associated with nucleophilic 

attack at phosphorus. Attack at the CO is exclu
sive7 giving only the required acylated amino
component. The relative yields and purity of the 
products are notably high when the R group is 
large, as demonstrated by this and further examples 
in this paper. A simple steric effect might apply 
whereby the large R group and the two aromatic 
rings interact in such a way as to expose the CO 
function. However, it is more likely that the nature 

o 15 
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Bpoc 

Bpoc 

17 

Leu 

OH 

z 

Z 

18 

Ala 

J 

(25) 

OCp 

(24) 

Br- H; 

19 

Gly 

OPh 

OPh 

OPh 

Scheme 1. Synthesis of the protected (17-19) tripeptide (25). 

of the transItIOn state is the dominant feature in 
determining the site of attack. The CO group will 
of course give a tetrahedral intermediate on nuc
leophilic attack whereas the phosphinic acid group
ing wiIl be in a five co-ordinate trigonal bi
pyramidal environment. Thus it would be expected 
that attack at the CO function would provide the 
easier course of reaction. In the earlier work within 
our group the Izumiya testS showed (5.7%) racem
isation for activation by diphenylphosphinyl 
chloride in contrast to (2.6%) when using pivaloyl 
chloride. As expected, however, there was no sign 
of racemisation when the diphenylphosphinyl 
anhydride of a benzyloxycarbonyl amino-acid was 
used. 

The protected tripeptide (26) was then hydro
genolysed in the usual way and coupled to N
benzyloxycarbonyl-O-t-butyItyrosine by the 
diphenylphosphinyl mixed anhydride method. A 
55% yield was obtained giving a cleaner product 
than the comparable trichlorophenyl active ester 

z 

20 
Tyr 

Bu' 

~OH -

Bu' 

21 

Orn 

22 
Gly 

Adoc 

z-~~H Br- H; - f--OPh 

/AdOC 
Z OPh 

(29) 

method, thus the synthesis of the protected tetra-
peptide (27) was completed . • 

N° -Benzyloxycarbonyl-N8 -adamantyloxyca!
bonylornithine was prepared by treating N
adamantyloxycarbonylornithineS with excess 
benzyJchloroformate at 00 for 4 hr. The oily free 
acid obtained could be used directly or converted 
to its cystalline dicycJohexylammonium saIt in 77% 
overaIl yield. The free acid was activated by reac
tion with diphenylphosphinyl chloride in the pr~S
ence of N-methylmorpholine, 20 min at -200 beIng 
all owed for completion of activation. The mixed 
anhydride was coupled to glycine phenyl e~ter 
hydrobromide9 overnight, work up and crystal\Jsa
tion give the pure dipeptide (29) in 60% yield. In an 
alternative synthesis using pivaloyl chloride for ac
tivation, a yield of 49% was obtained again dem~~
strating the advantage of using the phosphlnl~ 
mixed anhydride method. The benZYloxycarbO~ 
group was removed by hydrogenolysis and -
benzyloxycarbonyl-O-t-butyltyrosine coupled bY 

23 
Tyr 

Bu' 

24 
Ser 

Bu' 

z-LOH 

Bu' 

25 
Leu 

z-I-OCp 

Z 

26 

Gly 

Br- H; - -
.. 

(14) 

/AdOC l/ OPh z-~OH Z V' 
(26) 

z 
(30) 

Bu' VAdOC Bu' Bu' 
l/' OH Z V' / 

(30a) (27) 
z 

Bu' 
V

AdOC Bu' Bu' 
/' l/ ' / z 

(31) 

Scheme 2. Synthesis of Ihe protected (20-26) heptapeptide (31). 
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Synthesis of the 17-26 fragment of a lysozyme analogue 2781 

the diphenylphosphinic mixed anhydride method 
e!Uploying 20 min activation at -20° to give 81% 
Yield of homogeneous crystalline protected tri
~epti?e (30). The phenyl ester was then cleaved in 
o mm at pH 10.5 by treatment with 1M NaOH in 

~~e p~esence of hydrogen peroxide. The phenol 
Iberated in the cleavage was removed by 
~~romatography on silica gel eluting first with 
lethylether and subsequently with methanol. AI

te!natively gel filtration on Sephadex LH20, eluting 
WI.th DMF, may be used for purification, although 
this method is time consuming for large quantities 
of material. 
b The protected tripeptide acid (308) was coupled 
,y the DCCI/HONSu method to the p-toluene
~UIPhonate obtained by hydrogenolysis of the pro-
ected tetrapeptide (27). After 3 days the mixture 

was filtered and evaporated to give a solid which 
~ts t~iturated with water and diisopropylether. Gel 
t tratlon on Sephadex LH20 eluting with DMF 
VelVt == 0.41) provided the final purification giving 

ta.n
d 

?Verall yield of 67% of the protected heptapep
I e (31). 

s The Bpoc (17-26) OPh fragment was then as
t~mbled from the tripeptide (25) and the heptapep
~de (~1). The protected tripeptide phenyl ester (25) 
ma~ dl~solved in 65% aqueous dioxan and the pH 
h alnta~ned at 10.5 by the addition of 1M sodium 
~droxlde solution for 30 min, hydrogen peroxide 
I a~ added in the usual way to catalyse the hydro
:a~I.S. After removal ~f the liberated phenol acidifi
ph IOn gave the acid (258) in 83% yield. In this 
to enyl ester cleavage and many others it is useful 
a'm check the degree of cleavage by measuring the 
es OU~t of liberated phenol by UV spectroscopy 
esieClalIy When dealing with the cleavage of phenyl 
Oper groups from large peptides. The Z (20-26) 
2 S ~ fragment (31) was readily hydrogenolysed in 
I~I r by the standard method giving the p
fra uenesulphonate (31a) in quantitative yield. The 
D~tents (25a) and (31a) were combined by the 
li}yf I/liONSu method employing a mixture of 
lio }lA and DMF as solvent. After overnight reac
lio n the mixture had become gelatinous and addi-
10 ~al. ~MPA and DMF had to be added in order 
1\ f aClIitate further addition of DCCI and HONSu. 
SOl U:th~r 2 days reaction produced a highly viscous 
DMtI?n which was diluted with more HMPA and 
Ll{2~ then chromatographed directly on Sephadex 
(32) eluting with DMF. The required product 
by elu.te.d with (Ve/Vt) = 0.38 and was obtained 
66~recIPltation with water in an overall yield of 
fiemo. The homogeneity of the product was con
elec~d by tic in three solvent systems and by 
tally rophoresis and isoelectric focussing of the to
dem deprotected fragment. Homogeneity was also 
Phe Onstrated for a sample of [he protected peptide 
l'};~YI est~r (32) which had been treated with 90% 
eltp leavmg the C-terminal protection intact; as 
teCte~ted, this phenyl ester and the totally depro
trop~ pe~tide showed the same migration on elec
the f Ores)S at pH 2.2. The aminoacid analyses of 
diges~agment confirm its structure and the enzyme 
race ,re~uIts show clearly that no observable 
liOn m~satlon has taken place during the construc-

o the fragment. This was a particularly reas-

suring result as the diphenylphosphinyl mixed 
anhydride method was used extensively in this 
synthesis. 

EXPERIMENTAL 
The abbreviations, tic systems and general experimental 

methods are detailed in the preceding paper.5 

Scheme 1. 
Z-Ala-Gly-OPh (24). Z-Ala-OCp (29.0 g, 72.8 mM) 

Br- H; -Gly-OPh (16.9 g, 72.8 mM) and TEA (10.2 ml , 
72.8 mM) were dissolved in DMF (200 ml) and stirred for 
3 days . The solvent was evaporated and the residue taken 
up in EtOAc (200 ml), this soln was filtered , washed with 
water, dried and evaporated. The resulting solid was 
crystallised from EtOAc-petroleum ether yielding the 
protected dipeptide (24) (24.2 g, 93%), m.p. 118-119°, 
[a]g - 12.6°(c = 4, DMF), Rr<19)-0.45 , R[(26)-0.4, 
(Found: C, 63.78; H, 5.75; N, 7.71. C19H20N205 re
quires: C, 64.03; H, 5.66; N, 7.86. 

Bpoc-Leu-Ala-Gly-OPh (25). A soln of (24) (12.5 g, 
35 mM) in DMF (200 ml) was hydrogenolysed for 12 hr in 
the presence of Tos.OH.H20 (7.3 g, 38 mM) and 10% 
Pd/C (2.0 g). Filtration and evaporation yielded a residue 
which on trituration with Et20 gave the corresponding p
toluenesulphonate as a white solid (14.2 g, 100%). Bpoc
Leu-OH6 was dissolved in CH2Cl2 (100 ml) and cooled to 
-20°, TEA (4.9 ml, 35 ml) and IBC (4.4 ml, 34 mM) 
were added and 15 min allowed for activation. The p
toluene-sulphonate and TEA (5.0 ml, 35 mM) were dis
solved in CH2Cl2 (50 ml), cooled and added to the soln of 
the mixed anhydride. The mixture was stirred at-20° for 
1 hr and then allowed to warm to room temp overnight. 
The solvent was evaporated and the residue dissolved in 
EtOAc (250 ml). This soln was washed and dried in the 
usual way, evaporation gave a gum which was crystallised 
from EtOAc-petroleum ether giving the required (25) 
(13.3 g, 68%), m.p. 127-129°, [a]g- 30.4° (c = 2, DMF), 
Rf (2)-0.5, R,(26)-0.3, Glyl.oO Alao97Leul.~3' (Found: C, 
68.84; H, 6.72; N, 7.13. C33H39N306 reqUIres: C, 69 .09; 
H, 6.85; N, 7.32. 

Scheme 2 

The synthesis of Z-Leu-Gly-OPh (14) was described in 
the previous paper of this series.5 

Z-Ser(Bu')-Leu-Gly-OPh (26). A soln of the pro
tected dipeptide (14) (16.7 g, 42 mM) and Tos.OH.H20 
(8.0 g, 42 mM) in DMF (lOO mJ) was hydrogenolysed over 
10% Pd/C (2.5 g) for 20 hr. Work up in the usual way 
gave a gum which was dissolved in DMF (120 mJ) . Z
Ser(Bu')-OH (15.7 g, 55 mM) obtained from the DCHA 
salt by the usual procedure was dissolved in CH2CI2 
(120 ml) and cooled to -20°. NMM (5 .36 g, 53 mM) and 
DPP.Cl (12.53 g, 53 mM) were added and the mixture 
stirred for 15 min'. The DMF soln from above was added 
followed by NMM (5.55 g, 55 mM) and the soln allowed 
to reach room temp overnight. The mixture was dissolved 
in EtOAc and washed with acid and base in the usual 
way. This soln was washed with water, dried and cvapo
rated to yield the protected tripeptide (26) which was 
crystallised from EtOAc-petroleum ether (19 .8 g, 73%), 
m.p. 99°, [am -12.6° (c = 1, DMF), Rf (19)-0.6, R[(20)-
0.5, SerO,9 1 GIYl.o2Leuo.9s, (Found: C, 64.21; H, 7.22; N, 
7.86. ~9 H39N307 requires: C, 64.31; H, 7.26; N, 7.76 . 
IBC may be used for activation but the yield obtained was 
43%. 

Z- Tyr(Bu') -Ser(Bu')-Lell- Gly-OPh (27). Compound 
(26) (6.4 g, 11.8 mM) in DMF (25 ml) was hydrogenolysed 
overnight in the presence of Tos.OH.H20 (2.2 g, 
11.8 mM) and 10% Pd/C (0.65 g). Work up in the usual 
way gave a 'gum which was dissolved in the minimum 
volume of CH2Cl2. Z-Tyr(Bu')-OH obtained from the 
corresponding DCHA salt (7.75 g, 14 mM) was dissolved 
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in the minimum volume of CH2Cl2 and cooled to -20°, 
NMM (1.42 g, 14 mM) and DPP.Cl (3.3 g, 14 mM) were 
added and 15 min allowed for activation. The CH2CI2 
soln of the salt of the amino-component was added fol
lowed by NMM (1.2 g, 11.8 mM). After warming to room 
temp . overnight the usual work up procedure gave the 
required (27) on crystallisation from hot EtOAc (4.2 g, 
55%), m.p. 194-I9r, [a]~ -13.2° (c = 1, DMF), R,(19)-
0.6, R{(20)-O.4, Sero.86GlYI.03Leul.oITyro.9s, (Found: C, 
66 .09; H, 7.35 ; N, 7.29 . C42Hs6N409 requires : C, 66.30; 
H, 7.42; N, 7.35. An active ester coupling with Z
Tyr(But)-OCp gave 50% yield. 

Z-Orn(Adoc)-OH.DCHA (28). A suspension of (9)5 
(31.0 g, 0.1 M) in water (150 ml) was treated with 1 M 
NaOH (160 ml, 0.16 M), and cooled to 0°. 2 M NaOH 
soln (100 ml) and Z-CI (21.2 ml, 0.15 M) were simultane
ously added dropwise with constant stirring maintaining 
the soln at pH 10. After stirring for 4 hr at 0°, water 
(1.5 \) was added and the soln extracted with Et20. 
Acidification of the aqueous phase with 10% aqueous 
citric acid to pH 2.5-3.0 gave an oil which was extracted 
into EtOAc (3 x 150 ml). The organic phase was back
washed with water and brine then dried and evaporated. 
The free acid thus obtained (39.2 g, 88%) was dissolved 
in anhyd Et20 and DC HA (16.0 g, 88 mM) added . The 
pure crystalline salt (28) was then filtered (48.8, 77%), m.p. 
136-138°, [a]~+ 7.6° (c = I , DMF), R (17)-0.4, R,(30)-
0.8, (Found: C, 69.00; H, 8.54; N, 6.81. C36HssN30 6 
requires : C, 69.09; H, 8.86; N, 6.71. 

Z-Orn(Adoc)-Gly-OPh (29). Z-Orn(Adoc)-OH (11.1 
g, 25 mM) obtained from salt (28) in the usual way was 
dissolved in CH2CI2 (150 ml) and cooled to -20°. NMM 
(2.5 g, 25 mM) and DPP.Cl (5.4 g, 23 mM) were added 
and 20 min. allowed for activation. A soln of Br- Hr -Gly
OPh9 (6.4 g, 27.5 mM) and NMM (2.78 g, 27.5 mM) in 
CH2CI2 (50 ml) was added and the mixture allowed to 
warm to room temp. overnight. The solvent was evapo
rated and the resulting gum dissolved in EtOAc. This soln 
was washed with 5% NaHC03, 10% citric acid and water 
then dried and evaporated. Crystallisation of the gum 
obtained from EtOAc-petroleum ether gave the protected 
(29) (7.8g, 60%), m.p. 109-UO°, [a]g-8.4°, (c = I, DMF), 
R[(21)-0.6 , R,(22)- 0.8, OrnO.99 GlYI.OI' (Found: C, 
66.56; H, 6.84; N, 7.39. C32H39N307 requires: C, 66.53; 
H, 6.80; N, 7.27%). Using a mixed anhydride formed 
with PivCI a 49% yield was obtained. 

Z- Tyr(Bu')-Orn(Adoc)-Gly-OPh (30) . The protected 
dipeptide (29) (7.8 g, 13.6 mM) in DMF (50 ml) was hydro
genolysed for 4 hr in the presence of Tos .OH.H20 (2.6 g, 
13.6 mM) and 10% Pd/C (0.8 g). Work up in the usual 
way gave a gum R,(21)-0.7, which was dissolved in 
CH,2Cl2 (20 m\). Z-Tyr(But)- OH obtained from the cor
responding DCHA salt (9.0 g, 16.3 mM) was dissolved in 
CH2Cl2 (150 m\) and cooled to - 20°. DPP.Cl (3.8 g, 
16.2 mM) and NMM (1 .63 g, 16.2 mM) were added con
secutively. After 20 min the soln of the product from the 
hydrogenolysis was added followed by NMM (1.37 g, 
13.6 mM) . The soln was allowed to attain room temp and 
stirred overnight, the solvent was evaporated and the 
residue dissolved in EtOAc. This soln was washed with 
5% NaHC03 , 10% citric acid and water, then dried 
and evaporated. The resulting (30) was crystallised from 
EtOAc-petroleum ether giving (8.8 g, 81%), m.p. 
101°, [am - L1.8°, (c = 1, DMF), R,(9)-0.6, R,(20)-0.5 , 
OrnO.99 GlYI.02Tyro.99' (Found: C, 67.50; H, 7.26; N, 
7.23 . C45Hs6N409 requires: C, 67.82; H, 7.08 ; N, 7.03. 

Z- Tyr(Bu')- Orn(Adoc)- Gly -Tyr(Bu')-Ser(Bu')-Leu
Gly-OPh (31). The protected peptide phenyl ester (30) 
(6.0 g, 7.5 mM) was dissolved in dioxan (90 ml) and water 
(40 ml). The pH was brought to 10.5 with 1 M NaOH and 
100 vol H20 2 (0.75 ml, 7.5 mM) added. After maintain
ing the pH at this value for 1 hr with 1 M NaOH, it was 
adjusted to 7 and the solvent evaporated. The residue was 

dissolved in EtOAc and washed with 10% citric acid a~d 
water. Evaporation gave a residue which was dissolved In 
benzene and chromatographed on silica gel, the colum~ 
was prepared in CH C13, initially eluting with Et20 ani 
finally with MeOH. The pure gum, R,(23)-0.7, was so
idified under petroleum ether in the fridge giving (3oa) 
(4.5 g, 75%). Alternatively the crude hydrolysate may; 
purified by chromatography on LH20 eluting with D 
(Ve/Vt) = 0.47 . 

Compound (27) (5.0 g, 6.6 mM) and Tos.OH.HP 
(1.24 g, 6.6 mM) were dissolved in DMF (25 m\) ~nd 
hydrogenolysed over 10% Pd/C (0.5 g) 5 hr. Filtration 
and evaporation gave a residue which was solidifi~d ~y 
trituration with water; after drying over P20 S the whl)te 
amorphous product . was obtained (5.2 g, 100%) R,(9-
0.5). t. • 

The tripeptide acid (308) (4.5 g, 5.6 mM) in DMF (25 mJ) 
was cooled to -10°, DCCI (1.28 g, 6.2 mM), HONSu 
(1.43 g, 12.4 mM), the amorphous p-toluenesulphonat~ 
(4.55 g, 5.6 mM) and NMM (0.56 g, 5.5 mM) were adde 
in the order indicated and the mixture allowed to reach 
room temp. overnight. After recooling HONSu, (0.28 g, 
2.4 mM) and DCCI (0.25 g, 1.2 mM) were added, the 
reaction was. then stirred for 2 days at room temp. Th~ 
resulting DCU was removed by filtration and the solv~nh 
evaporated to give a residue which was triturated Wit 
water and ipr20 . After drying over P20 S this material ~a~ 
purified by gel filtration on LH20 eluting w~t 
DMF(Ve/Vt) = 0.41, the product was precipitated With 
water and washed with E~O giving (31) (5.0 g, 67%), m.~ · 
225°, [a]~ - 5.3°, (c = 1, DMF), Rr<4)-0.5, 'R,(21)-?iI: 
Orn~.99Sero.8sGlY2.os Leul.ooTyr2.o9' (Found; C,.65.45'50; 
7.73, N, 8.36. C73HIOONsOIS.0.5H20 reqUires. C, 65. 
H, 7.60; N, 8.37. 

Bpoc(17-26)OPh 

Bpoc(17-19}Oh (2!11o). The peptide phenyl ester (:1.5; 
(2.87 g, 5 mM) was dissolved in dioxan (30 ml) and wat~ 
(16 ml) added. The pH was brought to 10.5 with 1 e 
NaOH and maintained at this figure for 0.5 hr. after ~11 s 
addition of 100vol H20 2 (0.5 ml, 5 mM). The soln w~: 
brought to pH 7 using 0.5 M HCI and the solvent evap d 
rated, dissolving in water and washing with Et20 remove , 
phenolic material. After cooling in ice the pH w~s 
brought to 4 and the free acid extracted into EtOAc, f~e 
soln was washed with water, dried and evaporated.. e 
resulting oil solidified under petroleum ether in the frl~ . 
giving the tripeptide acid (250) (2.07 g, 83%), R,(23)-OJ1) 

TosO -+ H2(2D-26) OPh (3la). Z(2D-26)OPh (~) 
(2.34 g, 1.76 mM) and Tos.OH.H20 (0.335 g, 1.76 m d
were dissolved in DMF (75 m\). This soln was hy C 
rogenolysed for 2.5 hr in the presence of 10% . pdi s 
(1.2 g) and then filtered and evaporated. The residue ~ar 
triturated with water, washed with 'Pr20 and drie':o~. 
24 hr over P20~ giving (310) (2.45 g, 100%), R,(9) . 

Bpoc(17-26)OPh (32) . The tripeptide acid (250) (1.1 ~ 
2.2 mM) was dissolved in a mixture 'of HMPA (5 ml)~) 
DMF (5 ml) and cooled to 0°. HONSu (0 .5 g, 4.4 m .;. 
DCCI .(0.45 g, 22 mM), (31o) (2.45 g, 1.76 mM) and a 10 d 
so In of NMM in DMF (1.78 ml, 1.76 mM) were adde I' 
and the mixture allowed to attain room temp. overnig~ ~ 
During this period the mixture became a thick gel~. ' 
additional HMPA (5 ml) and DMF (2.5 ml) were adde u 
After cooling to 0° additional portions of HONSc 
(0.051 g, 0.44 mM) and DCCr (0 .045 g, 0.22 mM) we! 
added, the mixture was then allowed to reach room tertl~ 
and stirred for a further 48 hr. The mixture was Ih~e 
diluted with HMPA (10 ml) and DMF (10 ml) and ~ ~ 
resulting soln applied dir'ectly to an LH20 column, whl~8 
was eluted with DMF. The product with (Ve/Vt) '" 0: 
was precipitated with water and washed with ether giv~f 
(32) (1.9 g, 66%), m.p. 250°, [a]g- 0.9° (c = 1, HMP , 
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PEPTIDES-XXXVI 

SYNTHESIS OF THE 27-37 FRAGMENT OF A LYSOZYME ANALOGUE 

I. J. GALPIN, G . W. KENNERt, S . R. OHLSEN, R. RAMAGE*, R. C. SHEPPARO+, 

and R. G. TYSON 

The Robert Robinson Laboratories, University of Liverpool, P.O. Box 147, Liverpool, England 

(Received in the UK 9 May 1979) 

~b~trad-Two syntheses of the fully protected 27-37 fragment have been carried out. The results 
tndlcate that coupling of the 27-32 and 33-37 fragments is superior to the alternative 27-29 plus 
30-37 approach. 

~:re we describe the synthesis of the (27-37) 
Of g~ent of our lysozyme analogue , I the sequence 

thIs fragment being given below. 

A.sn.Trp.Nva.Cys.Ala.Ala.Lys.Phe.Glu.Ser.Gly. 
27 30 33 37 

US;dhe strategy of maximal protection has been 
lined ~nd the overall methodology follows that out
a I~ a pr~vious paper. I 

th y inspectIOn of the fragment it is clear that 
ere are .. f . . fra no racemlsatlOn ree couplIng pomts for 

SYn~rne~t condensation and in the initial mode of 
by res IS it was decided to construct the molecule 
aCt rag~ent coupling at norvaline. This tri- plus 
VOlapephde route could be criticised since it in
tapved. the stepwise build up of the (30-37) oc
&enephde. Whilst this is by no means impossible, in 
SYn~al we have found it best to restrict stepwise 
as y' ~ses to approximately the hexapeptide, level, 
Whe le ds a~d reaction times are often unacceptable 
1'~ Wo.rkmg on fragments over this size. 

rOUt tnpeptide fragment was synthesised by the 
e Outlined in Scheme 1. 

27 

Asn 

OH 

OSu 

z 

28 

Trp 

OCp H 

29 
Nva 

OH 

Z--l_-------li--OH 
(33) 

coupling, the protected dipeptide acid (33) was 
obtained in virtually quantitative yield although a 
trace of the phenol remained after work up . A 
small sample was purified further for total charac
terisation and the remainder taken through to the 
next step in the slightly impure form . Hyd
rogenolysis for 7 hr in a mixture of methanol and 
10% aqueous acetic acid over 5% Pd/C catalyst 
gave the crystalline dipeptide acetate in 95% yield . 
If the corresponding 10% catalyst was used in this 
reaction, it was found that several minor impurities 
were observed; this may be attributed to side
reactions involving tryptophan. The dipeptide ace
tate was coupled to p-biphenylylisopropoxycar
bonylasparagine N-hydroxy-succinimide ester in 
the presence of triethylamine, and the protected 
tripeptide acid (34) was obtained in 57% yield. The 
active ester used in this reaction was prepared, as a 
dry foam, by a 3 hr reaction at 0° immediately 
before use. This was done in order to minimise any 
decomposition of the active ester as we found that 
during a longer reaction time, or prolonged storage, 
significant quantities of the cyclic imide shown 
below were formed. The route to the pro~ected 

----------~-----------L-OH 
SChe . (34) (30-37) sequence is shown in Scheme 2 starting 

Ille l. Synthesis of the protected (27-29) tripeptide (34). with the coupling of a-2,4,5-tri-chlorophenyl 'Y- t-
N-Se b.uty~ be~zyloxycarbonylglutamate. to the serine d~-

PhenYl nzyloxycarbonyltryptophan 2,3,5-trichloro- T1vahve Illustrated. As the resultmg protected dI
ester was coupled with norvaline by a salt peptide (35) was contaminated with 2',4,5-trichl-

-;--.. o.rphenol it was converted to the hydrazide (35.) 
~ ~receased , 25.6.1978 . without (urther purification. The hydrazide (35.) 

SCie esent address : University of Manchester Institute of was treated with t-butyl nitrite under standard con
landnce and Technology, P.O. Box 88, Manchester, Eng- ditions and the resulting azide coupled to glycine * Pr phenyl ester hydrobromide to yield the protected 
niOlog~se~t add~ess: M. R. C. Laboratory of Molecular tripeptide (36) . Residues 31 to 34 were then intro-

, ambndge . duced as their 2,4,5-trichlorophenyl esters; the 

2785 
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30 

Cys 

31 

Ala 

32 
Ala 

33 
Lys 

34 

Phe 

35 

Glu 

36 
Ser 

. 37 

Gly 

OBu' Bu' 

z- V~CPCI-H; LaMe 

OBu' Bu' 
/ /' Z OMe 

(35) 

OBu' /..Bu' 
Z / N2H3Br H; f--

(358) 
OBu' Bu' 

Z-r-OCp Z / / 
(36) 

OBu' 

OPh 

OPh 

V
AdOC /Bu' 

Z -oCpZ V' 
(37) 

OPh 
(18) 

/AdOC OBu' Bu' 

Z-1--0CpZ 1/ / OPh 
(38) 

/dOC OBu' Bu' 

Z ""'Cp Z / /' OPh 
(39) 

Acm /AdOC OBu' /Bu' 
- ~OH Z / OPh Bpoc 

(41) (40) 

V
Acm /doc OBu' Bu' 

I / i/ Bpoc OPh 
(42) 

Scheme 2. Synthesis of the protected (30-37) octapeptide (42) . 

yield at each step being in the 80-90% region. 
acetamidometh-N-p-Biphenylylisopropoxycarbonyl
S-yl-cysteine (41) was prepared by treatment of S
acetamidomethyl cysteine hydrochloride with p-bi
phenylyloxycarbonyl azide in the presence of tetra
methylguanidine. The cysteine derivative (41) was 
then coupled to the p-toluenesulphonate of the 
dydrogenolysed heptapeptide (40) using the N,N'
dicyclohexylcarbodiimide method incorporating N
hydroxysuccinimide as an additive. The final pro
duct (42) being obtained as a white glassy solid 
after purification by chromatography on silica gel 
eluting with chloroform/isopropanol (9/1). 

The N° -protecting group was then removed from 
the fragment (42) by a 2 hr treatment with a mix
ture of formic acid, acetic acid and water (7: 1: 2). 
The resulting formate was converted to the corres
ponding hydrochloride by treatment with hydrogen 
chloride in DMF in order to avoid any possibility of 
formylation in the subsequent coupling step. This 
hydrochloride was then coupled with the protected 
tripeptide acid (34) by the N,N'-dicyclohexylcar
bodiimide method with N-hydroxysuccinimide as 
additive. The crude undecapeptide (43) was ob
tained in 97% yield but could not readily be 
purified by gel filtration on Sephadex LH20 eluting 
with DMF. The only successful purification was 

' achieved by chromatography on silica gel eluting 
with chloroform/isopropanol (5/1), unfortunately 
heavy losses were encountered and an overall yield 
of only 33% was achieved. 

In order to circumvent this problem we reconsi
dered the strategy of synthesis, reasoning that a 

hexa- plus pentapeptide coupling might result in a 
product 'which could be purified more easily. The 
marginal disadvantage of this route was that, as 
envisaged, it involved two fragment couplings at 
points which were susceptible to racemisatiOn 

whereas the former route' only involved one such 
coupling. '" . 

The protected (27-32) fragment was synthesised 
by the route shown in Scheme 3 below, utilising the 
previously synthesised fragment (34). . 

The protected dipeptide (44), prepared by the 
active ester shown in 86% yield, was hydrogenol-
ysed in the usual way and coupled with N-t
butyloxycarbonyl-S-acetamido-methyIcysteine4 bY 
the pivaloyl mixed anhyride. The resulting pro
tected tripeptide (45) was obtained in 85% yield bY 
crystallisation from ethyl acetate/petroleum ether 
after removal of non-neutral materials by washing· 
The t-butyloxycarbonyl group was then removed bY 
treatment with 2 M hydrogen chloride in dio~aI1 
using anisole as a scavenger- the hydrochlOrIde 
(45.) crystallising from the reaction mixture. Po 
slight excess of the protected tripeptide acid (34l 
was then coupled with the hydrochloride (45' 
by the N,N' -dicyclohexylcarbodiimide/N-hydroXY
succinimide method using N-methylmorpholine liS 
base. After 2 days the mixture was filtered and !he 

filtrate applied directly to Sephadex LH20 elUtJn~ 
with DMF. The product (46) eluted with Ve/VI '" 
0.44 and was obtained in 53% yield by precipiW 
tion with water. 

The phenyl ester was removed by treating an 
aqueous DMF solution of (46) with 1 M NaOH in the 
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Spoc 

Spoc 

27 

Asn 

-

(34) 

Trp 
29 

Nva 

OH 

30 

Cys 

BOC-
L~cm 
"--OH 

BOC 
/Acm 

Cl-Hr V
Acm 

/Acm 

(45) 

(458) 

31 

Ala 

32 
Ala 

z-r- OCpTosO- Hr- - OPh 

Z OPh 
(44) 

OPh 

OPh 

OPh 
(46) 

Scheme 3. Synthesis of the protected (27-32) fragment (45). 

Bpoc.Asn.Trp.Nva.Cys(Acm).Ala.Ala .Lys(Adoc).Phe.Glu(OBut).Ser(But).Gly.OPh 

(43) 

~tesence of hydrogen peroxide.8 At pH 10.5 the 
tI eavage was complete in 15 min as evidenced by 
d~ and base uptake. During the cleavage 
t~lllethYlsulphide was present in order to prevent 
"Tb possibility of oxidation of the cysteinyl peptide. 
c e crystalline protected hexapeptide acid was then 
(~~Pled to the p-toluenesulphonate obtained from 
b .. (see Scheme 2) by the N,N'-dicyclohexylcar-
1ll0d~lllide/N-hydrOxysuCCinimide method using N
tu et ylmorpholine as base. After 2 days the mix
a re was filtered and the filtrate applied directly to 
recol~mn of. Sephadex LH20 eluting with DMF, the 
68~lre.d undecapeptide (43) being obtained in 

10 Yield. 
lat f the two routes are compared it may be calcu
do e~ that the second route gives approximately 
Illa~ le the yield found in the first instance. The 
fro JOr Contribution to this improvement comes 
PH III the improved yield in the final fragment cou
tio ng. As may be seen from the experimental sec
then, the physical properties of the products from 
Of tW? routes are identical. An important indicator 
of ~~hcal purity IS provided by the close agreement 
two e Optical rotations (-24.6° and -25 .3° for the 
agr rOutes respectively) as it is unlikely that such 
iSat~ement would be obtained if significant racem
CO

U
IO? has occurred during any of the fragment 

cap~h~gs. The optical purity of the protected unde
conrtltde (43) synthesised by the second route was 
aCet r~ed by enzymic digestion of the S
hOrn amldomethyl fully de protected peptide . The 
confiogeneity of the deprotected peptide was also 
6.5 rmed by paper electrophoresis at pH 2.8 and 
gels.and by isoelectric focussing on polyacrylamide 

~ EXPEREMENTAL 
'ne abb " Illethod reVlatlOns. tic systems and general experimental 

s are detailed in a preceding paperY 

Scheme 1 
Z-Trp-Nva-OH (33). A soln of Z-Trp-OCp (50.6g, 

98 mM) in DMF (75 mI) was added to a soln of H-Nva
OH (11.0 g. 93 mM) in water (25 ml) and the resulting 
soln stirred for 4 days. The solvent was evaporated and 
the residue dissolved in EtOAc (200 mI). this soln was 
treated with 3-dimethylaminopropylamin~ (2.0 ml. 
16.7 mM) for 30 min. This soln was washed with 10% 
citric acid. water and sat NaCI aq; drying and evaporation 
gave a foam which was crystallised from EtOAc
petroleum ether. A quantitative yield was achieved. how
ever tic indicated the presence of very slight traces of 
HOCp R,(17) - 0.7. The bulk of this material was used 
directly in the subsequent coupling and a purified sample. 
obtained by repeated recrystallisation from EtOAc 
petroleum-ether, was used for the determination of 
analytical data; m.p. 116-117°. [am - 21.4° 
(c = 2. DMF). R,(17) - 0.6, R,(23)- 0.8, R1(24) - 0.6, 
(Found ; C, 64.66; H, 6.44; N, 9.06. C24H27N)Os.0.5H20 
requires: 'C, 64.56; H, 6.32; N, 9.41%). 

Bpoc-Asn-Trp-Nva-OH (34) . The slightly impure 
protected dipeptide acid (33) (10.0 g, 23 mM) was dissolved 
in MeOH (45 ml), 10% aqueous AcOH (30 ml) and 5% 
Pd/C (1.5 g) were added and the solution hydrogenolysed 
for 7 hr. Filtration and evaporation yielded an oil which 
crystallised on trituration with Et20 giving (8 .0 g, 95%), 
m.p. 262° (dec), Rf (23) - 0.55. The dipeptide acetate was 
dissolved in DMF (100 mI) and added to Bpoc-Asn
ONSu (11.7 g, 25 mM). TEA (6.2 ml. 44 mM) was then 
added and the soln stirred for 20 hr. Bpoc-Asn-ONSu 
was prepared as a dry foam by reacting Bpoc-Asn-OH 
(13.9 g, 37.5 mM) with HONSu (4 .6 g, 40 mM) and DCCI 
(9.1 g, 44 mM) in DMF (60 ml) at 0° for 3 hr. The mixture 
was filtered and evaporated, the resulting oil being dissol
ved in EtOAc (60 ml) and cooled to -60° for 10 min. 
Filtration and evaporation yielded the rather unstable 
active ester (17 .5 g, 100%). The solvent was evaported 
and the residue dissolved in EtOAc, this soln was par
titioned with 5% citric acid, washed with water and sat 
NaCI aq then dried. Evaporation gave a crystalline pro
duct which was recrystallised from EtOAc pelroleum-ether 
yielding (8.2 g, 57%), m.p. 139°, [a ]::'1 - 28.9° 
(c = ~ . DMF), Rf (17) - 0.4, Rf (14) - 0.55, APM digest (3 
days) Asnl.QITrpl.2oNvaO.99 a blank accounted for the 
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observed high Trp, (Found: C, 65.10; H, 6 .60; N, 10.35. 
C36H4INs07.0.5H20 requires : C, 65.04; 6.37; N, 
10.54%). 

Scheme 2 
Z-Glu(OBu')-Ser(Bu')-N2H 3 (358). Z-Glu(OBu')-

OCp (28.5 g, 55 mM), C1- H; -Ser(Bu')-OMe (11.6 g, 
55 mM) and TEA (7.7 ml, 55 mM) were dissolved in 
DMF (200 ml) and stirred for 4 days. Evaporation gave 
an oil which was dissolved in EtOAc (500 ml), this soln 
was washed in the usual way, dried and evaporated to 
yield a yellow oil (59.0 g) . The nmr spectrum and tic 
Rf (26) - 0.65, 0.57 showed this oil to be a mixture of 
HOCp and (35) in the approximate ratio 2: 5 . This mix
ture, ca 5 mM of (35) in MeOH (25 ml) was treated with 
hydrazine hydrate (1.0 ml, 21 mM) for 12 hr. Evaporation 
of the solvent and excess hydrazine gave a gum which was 
crystallised from a mixture of EtOAc and petroleum
ether giving (35a) (1.7 g, 69% based on Cl- Hr -Ser(Bu')
OMe), m.p. 133-134°, [a]~ + 5.3° (c= 3, DMF), Rf (25)-
0.6, (Found : C, 58 .21; H, 7.68; N, 11 .3 1. C24H3SN407 
requires: C, 58.28 ; H, 7.74; N, 11.33%). 

Z-Glu(OBu')-Ser(BI4')-Gly-OPh (36) . A soln of 
8.6 M HCI in dioxan (0.93 ml, 8 mM) was added to a 
soln of (35a) (0.99 g, 2 mM) in DMF (8 ml) at - 300. The 
temp was raised to - 25° and t-butyl nitrite (0.93 ml, 
8.1 mM) added, after stirring ' for 15 min the temp was 
lowered to - 30° prior to the addition of TEA (1.1 ml, 
8 mM). A precooled soln of Br- Hr -Gly-OPh (0.49 g, 
2.1 mM) and TEA (0 .3 ml, 2.1 mM) in DMF (7 ml) was 
added and the reaction stirred at 0° for 3 days. After 
filtration, evaporation gave a residue which was dissolved 
in EtOAc. Washing in the usual way, drying and eval'0ra
tion give a solid which was crystallised from EtOAc and 
petroleum-ether yielding 36 (1.0 g, 82%), m.p. 121-122°, 
[a]if- 1.1° (c = 3, DMF), R[(26) - 0.4, Sero.79Gluo.9s
GIYl.OCl' (Found: C, 62.67; H, 6 .87; N, 6 .98. C32H43-
N309 requires: C, 62.62; H, 7.06; N, 6 .85%). 

Z-Phe-Glu(OBu')-Ser(Bu')-Gly-OPh (37). A soln 
of (37) (14.1 g, 23 mM) in DMF (400 ml) was hydrogenol
ysed for 12 hr in the presence of 8.1 M HCI) in dioxan 
(3.4 ml), 27 .5 mM) and iO% Pd/C (2.0 g) . Work up in the 
usual way yielded the corresponding hydrochloride 
Rf (25) - 0.6 . The hydrochloride was dissolved in DMF 
(100 ml), Z-Phe-OCp (12.2 g, 25.5 mM) and TEA 
(3 .22 ml, 23 mM) added, and the mixture stirred for 3 
days. Evaporation gave a residue which was dissolved in 
CHCI3 (50 ml). Washing in the usual way, drying and 
evaporation produced a residue which was crystallised 
from EtOAc and , petroleum-ether giving (37) (16.0 g, 
91%), m.p. 160-161°, [a]fJ - 5.9° (c = 3, DMF), R,(26)-
0.3, Rf (27) - 0.8, Sero.97+Glul.ooGIYl.ooPhel.oo +corrected 
for decomposition by extrapolation, (Found: C, 64 .36; H, 
6 .97; N, 7.53. C4tHnN40tO requires: C, 64.72 ; H, 6.89; 
N,7.36%). 

Z- Lys(Adoc)- Phe- Glu( OBu ')-Ser(Bu ')- Gly- OPh (38). 
The tetrapeptide derivative (37) (14.5 g, 18 mM) dis
solved in DMF (400 ml) was hydrogenolysed for 14 hr in 
the presence of 8.8 M HCI in dioxan (2.5 ml, 22 mM) and 
10% Pd/C (1.8 g). The corresponding hydrochloride, 
R,(25) -0.75, was obtained by work up in the usual way. 
This salt (18) (16 .0 g, 25 mM) and TEA (2.66 ml, 19 mM) 
were dissolved In DMF (100 ml) and the resulting soln 
stirred for 4 days. Evaporation gave a residue which was 
dissolved in CHCI3 (400 ml), this soln was washed and 
dried in the usual way . A solid was obtained by evapora-

• tion, and this was recrystallised from EtOAc and 
petroleum-ether affording (38) (18.3 g. 90%), m.p. 190-
191°, [aJi,I-17.2° (c = 2DMF), R,(2)-O.7. R,(27}-
0.7, Lyso.93Sero.8sGlul.o2GIYl.o4Phel.llt (Found: C, 65 .21 ; 
H, 7.30 ; N, 8.09. CSSH78N6013 requires : C, 65.27; H, 
7.37; N, 7.88%). 

Z-Ala-Lys(Adoc)-Phe-Glu(OBu')-Ser(Bu')-Gly-OPh 

(39) . The protected pentapeptide (38) (17.1 g, 
16mM) was dissolved in DMF (350ml) containing 5.0M 
HCI in dioxan (3 .8 ml, 19 mM) and hydrogenolysed for 
12 hr over 10% Pd/C catalyst (1.6 g). Filtration and evap
oration yielded the corresponding hydrochloride as a 
white solid, this was dissolved in DMF (80 ml) and z-Ala
OCp (7.7 g, 19 mM) added along with TEA (2.24 ml), 
16 mM). After stirring at 20° for 3 days the solvent w~s 
evaporated and the residue disssolved in CHCI3, thtS 
soln was subjected to an acidic and basic washing in the 
usual way then dried . Evaporation, followed by trituration 
with Et20 gave (39) as an amorphous solid (16.1 g, 88%), 
m.p. 195-197°, [am - 19.3° (c = 2, DMF), Rf (2) - 0.8, 
Lyso.93Sero.9s,Glul.o4GIYl.o3Alal.o2Phel.o2 +corrected for 
decomposition by extrapolation, (Found, C, 64 .15; 1-1, 
7.43; N, 8.74. C6tH830t4N7 requires : C, 64.35; H, 7.35; 
N,8 .61%). 

Z-Ala .-Ala-Lys(Adoc)-Phe-Glu(OBu')-Ser(Bu')-Gly
OPh (40). A soln of (39) (15.4 g, 13.5 mM) in DMf 
(300 ml) was hydrogenolysed for 16 hr in the presence of 
5.0 M HCI in dioxan (3.2 ml, 16 mM) and 10% Pd/C 
catalyst (1.4 g). Work up in the usual way gave a 
homogeneous white solid Rf (2) - 0.42 which was dissol~ 
ved in DMF (IOOml) . Z-Ala-OCp (6.4g, 16mM) a~d 
TEA (1.89 ml, 13.5 mM) were added and the soln sur
red for 4 days. At this stage the mixture still showed a 
ninhydrin positive spot on tic; the volume of the solo 
was reduced to 60 ml and additional quantities of Z-Ala
OCp (3.12 g, 8 mM) and TEA (0.38 ml, 2.7 mM) added. 
After a further 2 days the reaction was complete. 
Work up in a similar manner to compound (39) g~v.e 
a white amorphous solid which was slowly repreclpt
tated from MeOH with Et20 yielding (40) (13 .6 g, 
83%) m.p. 226-228°, [a]~ - 11.7° (c = 1.5, DMf), 
Rf (2) - 0.7, Rf (25) - 0 .7, LysO.94Ser o.95'Glu l.osGly 1.00-

Ala2.ot Pheo.98 +corrected for decomposition by extrapola
tion , (Found: C, 63.48; H, 7.25; N, 9 .25 . C64HssOtsl'is 
requires: C, 63 .56; H, 7.33, N, 9.27%). 

N-p-Biphenylylisopropoxycarbonyl-S-acetamidomethyl
cysteine (41). p-Biphenylyloxycarbonyl azide (15.4 g, 
55 mM) and tetramethylguanidine (9.6 g, 84 mM) were 
added to a soln of S-acetamidomethylcysteine hydroch
loride (9.6 g, 42 mM) in DMF (150 ml) and stirred for ,2 
days. Evaporation of the solvent gave an oil which was 
dissolved in water and extracted with Et20. The aqueOUS 
phase was cooled to 0° and acidified with ice-cold 10o/~ 
citric acid. The resulting oil was extracted into EtOAC, 
this soln was then washed with water, dried and evapO
rated to yi-eld a dry foam (13.8 g, 76%), (this dry foaJII 
may be converted into an amorphous powder by dissolv
ing in EtOAc and slowly adding this soln to rapidlY 
stirred petroleum-ether) m.p. 39-40°, [a]:1 - 36.0° (c '" 2, 
DMF), R,(3) - 0.3, Rf (17) - 0.3. The compound wa~ 
further characterised as the dicyclohexyl-ammonium sal~ 
compound (41) (4.4 g, 10 mM) was dissolved in MeD. 
(25 ml) and DCHA (1.9 g, 10 mM) added. Afier 20 rn tO 

the solvent was evaporated and the salt crystallised bY 
trituration with petroleum-ether giving (5 .5 g, 86%), rn·P-
93-98°, (Found: C, 66.70; H, 8.12; N, 6.60. 
C34 H49N305S requires: C, 66.74 ; H, 8.07; N, 6 .87%)")_ 

Bpoc-Cys(Acm)-Ala-Ala-Lys(Adoc)-Phe-Glu(OBI4 
Ser(Bu')-Gly-OPlt (42) . The derivative (40) (5.2~ 
4.3 mM) was dissolved in DMF (120 ml) containing 4.7 r 
HCI in dioxan (1 ml, 4.7 mM) and hydrogenolysed f~ 
15 hr in the presence of 10% Pd/C (0.25 g) . Work uP. to 
the normal way gave the hydrochloride in quantitatiVe 
yield. This hydrochloride, Bpoc-Cys(Acm)-OH (41) (2.3~' 
5.3 mM) and NMM (0.48 g, 4 .3 mM) were dissolved ,0 

DMF (25 m)) and cooled to - 20°. HONSu (1.28' 
106 mM) and DCCI (1.2 g, 5.6 mM) were added and tlt

e 

mixture stirred for 5 days after attaining room te~P 
during the first 2 hr. Filtration followed by evaporattOO 

yielded an oil which on trituration with EtOAc gave' 
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P~le yellow solid. This was purified by chromatography on 
Silica gel 60 eluting with CHCIlPrOH (9/1), evaporation 
of appropriate fractions and reprecipitation from 
DMF/H20 gave the protected octapeptide (42) (2.8 g. 
45%), m.p. 234° (dec), [a]~-17.3° (c = I, DMF), R,(2)
~6, R,(25)-0.7, R,(27)-0.5 , LysO.9ISerO.ssGluI.04-

IY.,00Ala2.00PheI.0I' (Found: C, 62.24; H, 7.27; N, 
9.44; S, 2.20. C7sHI06017N IOS.H20 requires: C, 62.21; 
li, 7.23; N, 9.30; S, 2.15%). 

SCheme 3 
Z-Ala-A/a-OPh (44). A soln of Z-Ala-OCp (64.4 g, 

160 mM), TosO- Hi -Ala-OPh (54.0 g, 160 mM) and 
l'EA (22.4 ml, 160 mM) in DMF (300 ml) was stirred for 
3. days. The solvent was evaporated and the residue 
~ISsolved in EtOAc (500 ml). This soln was washed in 
he usual way, dried and evaporated to yield the crude 

prOduct. Recrystallisation from EtOAc petroleum-ether f::e (44) (51.2g, 86%), m.p. 126-127°, [aRi-~5 . 2° 
6 4, DMF), R,(25)-0.7, R,(26)-0.4, (Found. C, 
li4.73 ; H, 5.65; N, 7.79. C20H22N20S requires: C, 64.85; 

15.99; N, 7.56%). 
BOC-Cys(Acm)-A/a-A/a-OPh (45). Z-Ala2-OPh (44) 

(12.9 g, 35 mM) in DMF (350 ml) was hydrogenolysed 
OVernight in the presence of Tos.OH.H20 (6.7 g, 35 mM) 
~nd 10% Pd/C (1.7 g) . After checking that the cleavage 

as COmplete by the R,(23)-0.6 the soln was filtered 
(fd the filtrate reduced to 200 m\. BOC-Cys(Acm)-OH 
(8~·8 g, 40 mM) was dissolved in 50% CH2C\2/DMF 
l'E ml) and cooled to -10°, Piv. Cl (4.6 g, 40 mM) and 

.A (5.7 ml, 40 mM) were added and 15 min allowed for 
aC!tvation. The DMF soln from the hydrogenolysis was 
~.dded together with TEA (4.9 ml, 35 mM) and the reac-
1.0n allowed to attain room temp overnight. Evaporation 
i~~lded a residue which was dissolved in. ~tOA.c; the 
s n was washed with 5% NaHC03, 5% cltnc aCId and 
e~t NaClaq. After drying, an equal volume of petroleum
(4~r was added to bring about crystallisation, this yielded 
DM (15.1 g, 85°/0), m.p. 173-174°, [afr;-48S (c = 2, 
6.67~1 R,(25) - 0.6, R/27) - 0.50, (F?U"d: C, 54.06; H, 
671' N, 10.67 . C23H 34N407S requIres: C, 54.10; H, 
. B; N, 10.97%). 

1'b Poc-Asn_ Trp-Nva-Cys(Acm)-A/a-A/a-OPh. (46). 
ill e protected tripeptide (45) (2.6 g, 5 mM) ~a.s dlsso.lved 
(2; 2 M HCI in dioxan soln (25 ml) contamm~ anisole 
th' rnl). Nter stirring for 1 hr, (45a) had crystalhsed out, 
Yi:1J?ln Was filtered and the product washed with E~O 
'\ Ing (2 .3 g, 100%), R,(17)-0.3, R,(23)-0.3, 
ac·~25)-0.2. A soln of (45a) (2.3 g. 5 mM), the tripeptide 
CO~I (34) (3 .6 g, 5.4 mM) and NMM (0.55 ml, 5 mM) was 
(13 ed to - 20°; HONSu (1.3 g, 10.8 mM) and DCCI 
da' g, 6.3 mM) were added and the soln stirred for 2 
S/~ After filtration the mixture was applied directly to 
V~Vadex LH20 eluting with DMF. The product, having 
alld t"" 0:44, was obtained by precipitation with water 
18o.::washtng with E~O yielding (46) (2.8 g. 53%) m.p. 
~(2J82°' [a]~-4.2° (c=2, DMF), R,(17)-0.65, 
C: S9);~·5, R,(27)-0.2, ASPo.9sAla2.07NvaI.00, (Found: 
qui . 5, H, 6.24; N, 11.51. CS4H6SN9011S.2H20 re-

res: C, 59.81; H, 6.41; N, 11.63%). 

13 
~(27-37)OPh 

tect"SI roule-C/- H i (30-37)OPh (42a). The fully pro
Withed Octapeptide (42) (1.5 g, 1 mM) was treated for 2 hr 
was ACOH/H.C02H/H20 (7/1/2) (25 ml) .. The solv~nt 
l:!tO evaporated and the residue thoroughly tnturated wIth 
""ith Ac and Et20. The resulting white solid was treated 
the 0.046 M HCI in DMF (SO ml, 2.3 mM) for 10 min 
Ilal~ eV~porated and the exchange process repeated. ~i
am y tnturation with Et20 yielded (42a) as a whIte 

arphous solid (1.2 g, 92%), R,(25) - 0.4. 
POC(27-37)OPh (43). A mIxture of (42a) (0.44 g, 

0.34 mM), the protected tripeptide acid (34) (0.33 g, 
0.5 mM) and TEA (0.5 ml, 0.35 mM) in DMF (8 ml) was 
treated with HONSu (0.12 g, 1 mM) and DCCI (0.11 g, 
0.55 mM) at -20° for 1 hr, then at 20° for 3 days. Further 
portions of (34) (0.11 g, 0.16 mM), HONSu (30 mg, 
0.35 mM) and DCCI (35 mg, 0.17 mM) had to be added 
in order to ensure complete reaction. Filtration and evap
oration gave a residue which was triturated with Et20 and 
EtOAc, giving the crude (43) (0.63 g, 97%) as a pale 
yellow solid . Purification by chromatography on silica gel 
60 with CHCI3

iprOH (5/1) gave the pure (43) (0.165 g, 
33%), m.p. 255° dec, [a]i?-24.6° (c = I, DMSO), 
R,(25) - 0.6, R,(27) - 0.25, LysO.97AspO.93SerO.89G\uO.99-
GlYl.o2Ala2.00Nvao.9IPheI.0I ' (Found: C, 61.58; H, 6.90; 
N, 10.74. C9SHI3I02INISS.H20 requires : C, 61.78; H, 
7.04; N, 11.03%). 

Second route-Bpoc(27- 32)OH (46_). Compound 46 
(0.79 g, 0.75 mM) was dissolved in DMF (24 m\) and 
water (6 ml); DMS 0 .5 m\) was added , and the pH 
brought to 10.5 with 1 M NaOH. 100 Volume H20 2 
(0.08 ml, 0.8 mM) was added and the pH maintained at 
the above value for 15 min with 1 M NaOH. The pH was 
then brought to 3.5-4.0 by the addition of ice cold 5% 
citric acid and the solon volume reduced by evaporation. 
Pouring into sat NaCI aq gave a ppt which was washed 
with water and ether, then dried giving (46a) (0.64 g, 88%), 
m.p. 148-150°, [a]t'-14.7° (c = 1, HMPA), R,(17) -
0.1, (Found: C, 57 .36; H, 6.33; N, 12.37. 
C4sH61N9011S.2H20 requires: C, 57 .18 ; H, 6.50; N, 
12.51%). 

Tos.O - H;(33-37)OPh (38a). A soln containing (38) 
(5 .3 g, 5 mM), Tos .OR.H20 (1 g, 5.3 mM) and 10% Pd/C 
(0.5 g), was hydrogenolysed for 12 hr. Filtration and evap
oration gave a residue which was solidified by trituration 
with E~O, filtration and drying gave (38a) (5.6 g, 100%). 
m.p. 173-174°, [a]~ +6.3° (c = 2, DMF), R,(25)-0.7. 

Bpoc(27-37)OPh (43). The protected hexapeptide acid 
(46a) (0.99 g, 1 mM) , the p-toluenesulphonate (38a) 1.11 g, 
1 mM) and NMM (0.11 ml, 1 mM) were dissolved 
in DMF (14 ml) and cooled to -20°. HONSu (0.25 g, 
1.2 mM) and DCCI (0.25 g, 1.2 mM) were added and the 
mixture stirred for 2 days. After filtration the crude 
mixture was applied directly to a column of Sephadex 
LH20 eluting with DMF. The product, having VeNt = 
0.38, was obtained by precipitation with water and wash
ing with E~O, yielding (43) (1.3 g, 68%), m.p. amorph 
chars at 255°, [am - 25 .3° (c= 1, DMSO), R,(25) - 0.6, 
R,(27) - 0.25, Lyso.96Aspo.99Sero.8sGlu l.osGly I.oJAla1.97-
Nvao.96Phe 1.02' (Pronasel APM) TrPo.s7 LYSO.94-
Cys(Acm)0.9IAsn/Ser2.Q7Glu 1.11 Gly 1.00Ala 1.96Nva 1.00-
Phel.04' (Found: C, 61.25; H, 7.17 ; N, 10.68 . 
C98HI3INIS02IS.2H20 requires : C, 61.20; H, 7.08; N, 
10.92%) . 
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SYNTHESIS OF THE 1-37 FRAGMENT OF A LYSOZYME ANALOGUE 

I. J. GALPIN , F. E. HANCOCK, B. K. HANDA, A. G. JACKSON, G. W. KENNERt, 

R. RAMAGE* and B. SINGH 

The Robert Robinson Laboratories, University of Liverpool, P.D. Box 147, Liverpool, England 

(Received in the UK 9 May 1979) 

Abstract-Combination of the protected peptide fragments 1-16, 17-26 and 27-37 to yield the 1-37 
por~i?n of a lysozyme analogue is described. ,The fragments were combined using DCCI with the 
addition of HDNSu, and the products purified mainly by gel filtration. 

The first major subfragment of our lysozyme 
a~~logue2 spans the residues 1-37, the sequence of 
W Ich is shown below: 

LtVal.Phe.Gly.Orn.Cys.Glu.Leu. 

Ala .Ala.Ala.Nle.Lys.Ala.Leu .Gly. 
10 16 

Leu.Ala.Gly.Tyr.Orn.Gly.Tyr.Ser. 
17 20 

Leu.Gly.Asn.Trp.Nva.Cys.Ala:Ala. 
26 27 30 

Lys.Phe.Glu.Ser.Gly. 
37 

pe1n. the early stages of planning the 37 residue 
d Phde was broken into three subfragments as 
a etermined by the strategy and tactics outlined in 
In lea;lier paper2 in which the constituent fragments 
C~ 6 , 17-264 and 27-37 1 each has glycine at the 
t' -terminus eliminating any concern over racemisa-
IOn d . . h f I' Th th unng t e ragment coup mg steps. us as 

Ci e~e constituent fragments have been shown to be 
. Phcally pure by enzyme digestionJ·4.' no optical 
~nh?mogeneity should be introduced during combi-

atlOn of these 'fragments. 
u/he first preliminary synthesis was carried out 
·CI~ng .. Z(1-16)OH which was combined with 
ti 1I2 (l7-26)OPh containing free arginine at posi
Cion 21. The Z(1-16)OH obtained by phenyl ester 
cueava~e s was subjected to purification by counter 
n' Trent distribution (CHCIJ : CCI4: MeOH: pyridi
a~U~. acetate O.lM, pH7 3:1:3:1) with the 
h glnlne present as its p-toluenesulphonate, 
n OWever, it was found that the carboxyl corn pothnt Was difficult to remove completely from 
W e product. Coupling to Cl- H; (27-37)OPh 
~rried out on Z(l-16)OH in the hope 

! ~eceased, 25.6 .1978. 
SCie resent address: University of Manchester Institute of 
lalldllce and Technology, P.D. Box 88, Manchester, Eng-

that the Z(1-37)OPh would be easier to purify. 
These hopes were not realised as this compound 
also proved difficult to purify using the same 
counter current system. Purification by gel filtration 
on Sephadex LH20 eluting with DMF initially ap
peared to be useful but the 37 residue peptide 
eluted virtually at the void volume6 thus preventing 
significant purification. Some broadening of the 
peaks was also observed, due to the presence of the 
arginine p-toluenesulphonate. The amino-acid 
analysis of the final material (Lys/OrnJ.ss
ArgO.7SAsP I.02Ser 1.46 Glu 2.oo GlY 6. ,oAla7.o3 Va11.l 2-
Nvao.9sLeu4.46NleI.22Tyrl.73PheI.74), although not 
totally acceptable; does indicate that a consider
able degree of caution must be exercised when inter
preting amino-acid analyses of relatively large 
synthetic peptides. When this product was de
protected and examined by electrophoresis at 
pH 2.2 and 6.S it was found to be rather more 
heterogeneous than the above amino-acid analysis 
might suggest. 

The problems of purification and the knowledge 
that the ultimate deprotection would have to emp
loy anhydrous . HF (to remove the N-Z group) 
prompted several changes to be made . These in
cluded changing the N-terminal protecting group to 
adamantyloxycarbonyl and replacing Arg- 21 by 
N3 -adamantyloxycarbonylornithine . . The synthesis 
of the constituent subfragments Adoc(1-16)OPh 
(23), Bpoc(17-26)OPh (32) and Bpoc(27-37)OPh 
(43) has been described in the preceding papers.

3 
••• 

1 

Initially we considered the same approach as had 
been used for our earlier trial experiments. This 
would give Adoc(1- 26)OH which would be 
coupled to a suitably deprotected 27-37 fragment. 
In the light of our general experience at this time 
we changed our method of attack, preferring to 
synthesise the 17-37 fragment first, and to finally 
couple this to the , 1-16 portion . This change was 
made in an attempt to obtain products which would 
be more amenable to purification by gel filtration 
methods. 

The final, most satisfactory route to Adoc(1-
37)OPh (48) is shown in Scheme 1. Phenyl ester 

2791 
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Bpoc(17-26)OPh BPOC(27-

1

37)OPh 

I (32) (43) 

Bpoc(17-26)OH CI- H;(27-37)OPh 

' 1L-'_(3_2_8)--,r--_----I1 (43.) 

1 
Bpoc(17-37)OPh 

(47) 
Adoc(1-16)OPh I, (23) 

Adoc(l-16)OH Cl- H;<i7-37)OPh 

IL_(_23_8_) _____ -.1 __ :--"'_-:--_-'1 (478) 

Adoc(l-37)OPh 
(48) 

Scheme 1. Synthesis of Adoc(1-37)OPh (48) . 
'I· 

cleavage of the fully protected decapeptide 
Bpoc(17-26)OPh (32) was best effected by treat
ment of a solution of the peptide in TFE/H20 
(9 : 1) with hydrogen peroxide at pH. 10 .5 ~ . After 
15 min the mixture was adjusted to pH 3 by the 
addition of 10% citric acid . It should be noted that 
the use of stronger acids or acidification to a lower 
pH must be avoided as the Bpoc group is cleaved 
particularly rapidly when this solvent system is 
used. 7 The free acid (32a) was obtained in 97% 
yield after washing with ipr20 and Et20 to remove 
phenolic impurities. Our original method of phenyl 
ester cleavage for this peptide employed 50% 
aqueous N,NI-dimethylacetamide as solvent but, 
although the method was satisfactory, the cleavage 
took 90 min. to reach completion and gave a 
slightly lower yield (91%). . 

Removal of the a -amino protecting group from 
Bpoc (27- 37)OPh (43) by treatment of the com
pound with 0.05 M HCI in TFE/H20 (9: 1) 
afforded the hydrochloride (43a). The Bpoc(17-
26)OH (32a) was then coupled to the free amine 
derived from hydrochloride (43a) by the 
DCCr/HOBt method using DMF/HMPA (1: 1) as 
solvent. After allowing 2 days for complete reac
tion the crude product was precipitated with water, 
washed with Et20 and dried to give the crude 
product (47) which was dissolved in NMP/HMPA 
(l: 1) and purified by gel filtration on Sephadex 
LH60 eluting with NMP.8 Although the major 
proportion of the product eluted at (Ve/Vt) = 0.55 
giving an isolated yield of 35% it was found that 
some of the material, ca 5%, was present as an 
aggregate and eluted close to the void volume. This 
material showed a strong positive optical rotation 
suggesting some form of ordered secondary struc
ture which could be disaggregated by treatment 
with urea in DMF. Furthermore when deprotected 
both the aggregate and normal material (eluting at 
(Ve/Vt) = 0.55) behaved in a similar manner when 
subjected to electrophoresis. The homogeneity of 
the product (47) was demonstrated by tic and by 
electrophoresis and isoelectric focusing of the de
protected peptide. 

In this coupling the diagnostic residues are Leu 

and Tyr (found exclusively in the carboxyl compo
nent) and Asp, Glu, Nva and Phe (found exclu
,sively i~ the amino component). The ratio of these 
residues given in the Table 1 below are correct t.o 
within experimental error thus providing substanti-
ation of the identity of the product. ' 

Table 1. Diagnostic ratios for amino-acids contained in 
Bpoc(17-37)OPh (47) 

---------------------------------------
amino component ---Carboxyl Asp Glu Nva Phe IaminO 

component 0.96 1.05 0.98 1.02 4 .01 ---Tyr 1.96 2.04 1.87 2.00 1.92 
(2) (2) (2) (2) ---Leu 2.03 2.11 1.93 2.07 1.99 
(2) (2) ' (2) (2) 

1.00 (1) Icarboxrl . 3.99 
, 

---
In the earlier preparations of (47) we carried out 

purification by gel filtration Enzacryl K29, the pro
duct eluted at (Ve/Vt) = 0.43 as a rather broad 
peak giving a yield of 60%. The isolated material 
appeared to be a single spot on tic in sever~1 
solvent systems and gave a good amino-acid 
analysis (Lys/Orn, .99Aspl.o4Serl .6oGlul ,osGIY4.o,
Ala3.ooNval.o4Leu2.oo Tyr 1.96Pheo,99) however eleC
trophoresis, after deprotection, showed the pres
ence of several minor impurities. Material obtained 
by this route was used initially but the advent of 
Sephadex LH60 allowed pure material to be ob
tained, albeit in lower yield . The . hydrochloride 
(47a) was obtained from Bpoc(17-37)OPh (47) bY 
acidolysis with 0.1 M HCI in TFE/H20 (9/1) at pfl 
0.5. This cleavage, carried out in the presence of 
DMS, was complete .in 1 h. giving 90% yield. 

The phenyl ester group was cleaved frolll 
Adoc(1-16)OPh (23) using TFE/H20 (9: U as sol
vent.s Hydrogen peroxide was added to the solU
tion maintained at pH 10.5 in the presence of DtvfS 
which acted as a scavenger. The cleavage was colll
plete in 30 min. giving the acid (23a) in 91 % yield, 
Coupling of the two fragments (23a) and (47a) by the 
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DCCI/HONSu method was effected using a mix
lure of HMP A and DMF as solvent. A second 
addition of DCC! and HONSu was carried out 
afler 1 day, and the components allowed to react 1 
day more before precipitating with water to give 
Ihe crude product which was best purified by gel 
filtration on Sephadex LH60 eluting with NMP.8 

As with Bpoc(17-37) OPh (47) aggregation was 
again observed with some material being eluted 
C.lose to the void volume, however the major por
lIOn of the required product was eluted at 
(VeNt) = 0.30 in a yield of 43%. In earlier work 
We had used the gel Enzacryl K29 giving (VeNt) = 
0.45 and obtained 55% yield, but the quality of the 
~o~pound (48) was again inferior to that obtained 
USing Sephadex LH60. 

~doC.LYS(AdOc).val.Phe .GIY.Orn(AdOC). 
YS(Acm).Glu(OBu').Leu.Ala.Ala.Ala.N1e. 

~S(AdOc).Ala.Leu.GlY~Leu.Ala. Gly.Tyr(Bu'). 
Nrn(Adoc).Gly.Tyr(Bu').Ser(Bu').Leu.Gly.Asn.Trp. 

G
va,Cys(Acm).Ala.Ala.Lys(Adoc).Phe.Phe. 
IU(OBu').Ser(Bu').Gly.OPh 

(48) 

f 'fhe diagnostic ratios for the material isolated 

'f
rOm Ihe Sephadex LH60 purification are given in 
able 2. 
The values appearing in the Table support the 

rOposed structure ; the value obtained for tyrosine 
1.78 (2) must be due to loss on acid hydrolysis of 
he. large fragment since the Bpoc(17-37)OPh (47) 
:h~ch had been used in the preparation had given a 
alIsfactory value for tyrosine . 

A As a check on the purity of the fully protected 
b doc(1-37)OPh we have removed the phenyl ester 
I Y the usual methodS using TFE/H20 (9: 1) and 
'f~n totally de protected the peptide using aqueous 
f A. By monitoring the cleavage using isoelectric 
C OCUsing (using a 5% polyacrylamide gel with 3% 
rOS~linking in the presence of pH 9-11 am
~~Ollne) , it became clear that a 3 hr deprotection 
o Ilh 90% TFA was required to give a homogene
IrUS product (isoelectric point-lO.5). Less concen
sated TFA or shorter cleavage time resulted in 
~eral partially cleaved products being observed. 
81 e purity of the deprotected 1-37 peptide was 
8 S~ Checked by paper electrophoresis at pH 2.2 
Cn 6.5 and by chromatography on Sephadex 

M2S eluting on a gradient from NH40Ac (0.1 M) 

Table 2. Diagnostic ratios for amino-acids con
tained in Adoc(1-37)OPh (48). 

-------------------------------------
amino components 

Carboxyl Asp Nva Tyr lamino 
cOmponent 0.99 1.05 l.78 3.82 -Val 1.02 1.03 0.97 0.57 -- (1) (1) (0 .5) 

Nle 0.96 0.97 0.92 0.54 - (1) (1) (0.5) 

I.carboxyl 1.98 0.52 -- (0.5) 

pH 6.5 to "(NH4)2C03" (0.4 M pH) 8.5 which 
showed one major peak. The majority of the syn
thetic material (48) was conserved for use in further 
synthesis. 

EXPERIMENTAL 

The general experimental methods, chromatographic 
systems and abbreviations are described in an earlier 
paper in this series.3 

Scheme 1 
Bpoc(I7-37)OPh (47). Bpoc(17-26)OPh (32) (1.0 g, 

0.6 mM) as dissolved in a mixture of HMPA (5 mll and 
DMA (5 ml). A 50% aqueous soln of DMA (1 ml) was 
added and the pH brought to 10.5 with 1 M NaOH. 100 
vol H20 2 (0.06 ml) was added and the pH maintained at 
the above value for 90 min [consumed 1 M NaOH 
(0.58 ml)). The pH was adjusted to 3 with 10% citric acid 
causing the precipitation of the product, this was com
pleted by the addition of sat NaCl. The ppt was . washed 
with wate r, ;Pr20 and Et20 and dried over P20 S giving 
(328) (0.85 g, 91 %), Rf (7)-O.45. The cleavage may also be 
carried out using 90% aqueous TFE as solvent, in this 
case no further addition of 1 M NaOH was required after 
reaching pH 10.5 and the reaction was complete in 
15 min. Acidification must be carried out with caution as 
the buffering action of the TFE makes it easy to over
shoot the pH 3 endpoint. The yield using the latter 
method was (0.93 g, 97%); the product being identical to 
that obtained above. 

Bpoc(27-37)OPh (43) (1.0 g, 0.5 mM) was dissolved in 
90% aqueous TFE (10 ml) containing DMS (0.5 ml) . The 
pH was brought to 0.5 and maintained at this value for 
45 min by the addition of 0.05 M HCI in 90% TFE. The 
soln was evaporated when acid consumption had ceased 
and' the residue triturated with Et20, filtered, washed 
with Et20 and dried giving (438) (0.85 g, 100%), Rf (7)-
0.4. 

The protected peptide acid (328) (1.28 g, 0.8 mM) and 
the hydrochloride (438) (1.56 g, 0.92 mM) were dissolved 
in a mixture of HMPA (8 ml) and DMF (8 ml) . After 
cooling to 0° HONSu (221 mg, 1.92 mM) and DCCI 
(198 mg, 0.96 mM) were added along with a 10% soln of 
NMM in DMF (0.95 ml, 0.94 mM). The reaction was 
allowed to reach room temp over 24 hr, then cooled again 
to 0° and further portions of HONSu (110 mg, 0.96 mM) 
and DCCI (94 mg, 0.48 mM) added. After stirring had 
been continued for a further 3 days at room temp the 
solve nt volume was reduced to a minimum and water 
added . The resulting solid was filtered washed with E~O 
and dried . The crude solid was purified by gel filtration on 
Sephadex LH60 eluting with NMP, the product (47) 
having (VeNt) = 0.55 was precipitated with water and 
washed with E~O producing the purified product (1.05 g, 
35%), m.p. 250° charred. [a]f.i-2. lo (c = l , HMPA). 
Rf ( 12) - 0.30, Rf {l 8) - 0.7, Rf (23 ) - 0.9, Lys/Orn2.03-
ASPO.96Ser l .n9Glu l.osGIY4.1I2Ala3.12NvaO.9H Leu2.03 Tyr 1.96 -

Phe1.o2' (Found: C, 61.51; H , 7.46; N, 11.20. 
C16HH23g036N26S, 2H20 requires: C, 6 1.78; H , 7;47 ; N, 
11.15%). A small amount of aggregated mateTlal was 
eluted at the void volume (150 mg, 5%). 

Adoc(1-37)OPII (48). Adoc(l-16)OPh (23) (0.5 g, 
0.2 mM) was dissolved in TFE (16 ml) in the presence of 
DMS (2.5 ml) and the pH adjusted to 10.5 by the addition 
of 2 M NaOH (2.5 ml) . Water (2.0 m1) was added to bring 
the total water content to 25%, and 100 volume H20 2 
(0 .05 ml) added. After 30 min at pH 10.5 the pH was 
lowered to 3 by the addition of 10% citric acid and the 
solvent evaporated . The residue was triturated with water, 
washed with water and Et20 then dried giving (238) 
(0.46g, 95%), R f (7) - O.4, R f (1 8)-0. 15. No trace of un
hydrolysed ester was found . However if the hydrolysis 
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was carried out in an aqueous solution of HMPA and 
DMA in a similar manner the yield was (87%) and the 
trace of uncleaved phenyl ester remains, even after 1.5 hr. 

Bpoc(17-37)OPh (47) (0.33 g, 0.1 mM) was dissolved in 
90% TFE (25 ml) in the presence of DMS (1 ml). The pH 
was brought to 0.5 by the addition of 0.1 M HCI in 90% 
TFE, and maintained at this value until the consumption 
of acid had ceased (1 hr). The solvent was evaporated and 
the residue triturated with Et20, filtered and dried to give 
(47a) (0.31 g, 90%), R,(18)-0.3. 

The protected peptide acid (23a) (243 mg, 0.099 mM) 
and the hydrochloride (47a) (275 mg, 0.091 mM) were 
dissolved in a mixture of HMPA (3 ml) and DMF (3 ml) 
and cooled to 0°. HONSu (28 mg, 0.24 mM) and DCCI 
(24 mg, 0.12 mM) were added followed by a 2% soln of 
NMM in DMF (0.46 ml, 0.091 mM). The mixture was 
stirred for 24 hr at room temp then cooled again to 0° 
when HONSu (15 mg) and DCCI (12 mg) were added. 
After stirring for a further 3 days at room temp. the 
solvent volume was reduced to a minimum by evaporation 
and the product precipitated with . water. This material 
was washed with Et20 and dried, then purified by gel 
filtration on Sephadex LH60 eluting with NMP. A very 
small quantity of product was isolated as an aggre
gate eluting at the void volume. The product (48) 
with (Ve/Vt) = 0.30 was obtained by precipitation with 
water and washing with Et20 yielded (212 mg, 43%), m.p. 
250° (charred), [a]~4 +9.0° (c = I, TFE), R,(12)-0.4, 
R,(18) - 0.7, Rf (23) - 0.9, Lys/Orns.osAsPO.99Ser l.S7-

Glu2, 16Gly 5.92Ala7.o2 Val ,.o2Nva ,.osNleo.96 Tyr 1.7sPhe2,o4' 
(Found: C, 59.99; H, 7.64; N, 11.91. C276H416061N46S2' 
5H20 requires: C; 60.18; H, 7.79; N, 11.70%). 
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PEPTIDES- XXXVIII 

SYNTHESIS OF THE 38- 49 FRAGMENT OF A LYSOZYME ANALOGUE 

L J. GALPIN, G. W. KENNERt and R . RAMAGEi 
The Robert Robinson Laboratories, University of Liverpool, PO Box 147, Liverpool, L69 3BX, England 

(Received ill tile U K 28 February 1980) 

Abstract- The synthesis of the fully protected (38- 49) fragment of a lysozyme analogue was successfully 
achieved. The two protected subfragments (38- 42) and (43- 49) were assembled by a stepwise approach in 
which the IX-amino protection was afforded by the benzyloxycarbonyl function and the terminal ca rboxyl 
protection by the phenyl ester. These two subfragments were coupled by the DCCI/ HONSu method and 
purification was accomplished by gel filtration on Sephadex LH20. 

Jhe preceding five papers in this series 1 -5 have 
I escnbed the general strategy for the synthesis of a 
rozyme analogue and the assembly of the 1- 37 
.r~grnent of this sequence. This work represents the 
tnItial phase in the preparation of the fragments 
~nstituting the second major portion (38- 75) of the 
thOlecule. Construction of the 38- 49 subfragment of 
ob~ a~alogue represented a challenging syn thetic 

~ecltve in its own right. 

Phe,Asn .Thr.Gln.Ala.Thr.Asn.Orn.Asn.Thr.Glu.Gly 
38 42 45 49 

it Although from inspection of the fragment sequence 
ta rna~ be seen that there are no points at which 
n cernlsation free coupling might be carried out, it was 
d e~ertheless, decided to construct the protected 
pO ecapeptide by the fragment condensation ap-

rOach. The less hindered alanine-42 was chosen as the 
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coupling point with the rematntng heptapeptide 
ultimately being assembled by the stepwise method 
after a tri-plus tetrapeptide approach had been 
investigated. 

The protected 38- 42 pentapeptide was synthesised 
by the route outlined in Scheme 1 in which the 
dipeptide 49 was prepared by the pivalic mixed 
anhydride method, using an equivalent of pyridine6 in 
addition to the one equivalent of triethylamine 
required to form the carboxylate anion. The 
compound numbering sequence follows that estab
lished in earlier papers in this series. 2 

- 5 The amino
protecting group was removed by hydrogenolysis and 
the resulting p-toluenesulphonate coupled to N
benzyloxycarbonyl-O-tert-butylthreonine by the pi
valic mixed anhydride method. The resulting tri
peptide 50 was subjected to hydrogenolysis in order to 
remove the benzyloxycarbonyl function and the 
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---- Scheme I. Synthesis of the protected (38- 42) pentapeptide 52 
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resulting salt again coupled using the pivalic mixed 
anhydride method. The rather insoluble tetrapeptide 
51 which was obtained in high yield was readily 
purified by reprecipitation. Hydrogenolysis of this 
material gave a p-toluene-sulphonate salt which was 
coupled with N-p-biphenylisopropoxycarbonyl
phenylalanine. Two methods of coupling were 
examined. The first, Bates reagent 7 gave a reasonable 
yield (51 '%,,) of pure material, however, the pentapeptide 
52 was best prepared in 60 ';~ yield by the pivalic an
hydride method followed by purification of the product 
first by precipitation and subsequently by chromato
graphy on Sephadex LH20 eluting with DMF. 

The synthesis of the 43- 49 he pta peptide was 
initially planned as a 3 + 4 fragment coupling in which 
the 43- 45 fragment would be synthesised by a salt 
coupling approach using N-hydroxysuccinimide es
ters and the fully protected 46- 49 fragment would be 
assembled by a stepwise approach. However, low 
yields and impurities were encountered in the salt 
coupling preparation of the tripeptide and ultimately 
the total stepwise synthesis of the heptapeptide shown 
in Scheme 2. was adopted. 

The protected dipeptide 548 was converted into the 
corresponding p-toluenesulphonate by hydrogenoly
sis and coupled with N-benzyloxycarbonyl-O-t-butyl
threonine via the pivalic mixed anhydride method to 
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give the crystalline tripeptide 55. In an analoguo US 

manner, the peptide chain was elongated using N
benzyloxycarbonylasparagine to give the tetrapeptide 
56 after purification by careful reprecipitation frorn 
DMF with water. The protected tetrapeptide 56 was 
then converted to its p-toluene-sulphonate in the usual 
way, however coupling with N~-adamantyloxY
carbonyl-N"-benzyloxycarbonylornithine J by the 
pivalic mixed anhydride method gave a low yield of the 
required product 58. It appeared that this coupling was 
rather slow and thus allowed time for partial 
decomposition of the mixed anhydride. An alternative 
approach using the corresponding N-hydroXY' 
succinimide active ester 57 was considerably more 
successful yielding a 67 % yield of the product 58 after 
gel filtration on Sephadex LH20 eluting with DMf. 
Unfortunately the active ester 57 could only be 
obtained as a dry foam although the starting 
carboxylic acid had been obtained in analytically pure 
form.3 Hydrogenolysis of the protected peptide 58 
gave the corresponding p-toluene-sulphonate which 
was successfully coupled with benzyloxycarbOny~ 
asparagine by the pivalic mixed anhydride metho 
giving an excellent yield of the' required hexapeptide 

59. After removal of the benzyloxycarbonyl protectin~ 
group by hydrogenolysis the hexapeptide was couple 
to the threonine derivative shown in Scheme 2, using 
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Scheme 2. Synthesis of the projected 43- 49 heptapeptide 60 
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th~ N -hydroxysuccinimide ester9 rather than a 
11l1xed anhydride as the reaction appeared to be quite 
slow. Under these acylation conditions an 80 % yield 
of the required heptapeptide 60 was obtained after 
gl filtration on Sephadex LH20 eluting with 

MF. 
The efficient synthesis of the penta 52 and he pta 60 

peptides thus provided the subfragments required for 
completion of the protected 38- 49 fragment 61. The 
Phenyl ester function was cleaved from the fully 
protected pentapeptide 52 by the usual hydrogen 
peroxide catalysed reactionS at pH 10.5, between 25 
an.d 30 minutes being required for total cleavage. In 
t?ts particular example the cleavage to the pentapep
h~e acid 53 was carried out in aqueous DMF solution 
Wt~hout the addition of a scavenger as all the amino 
aCIds in the sequence were known to be unaffected by 
t~e cleavage conditions. The p-toluene-sulphonate of 
t e heptapeptide 60 was obtained by hydrogenolysis. 
~ number of trial couplings to give the fully. protecte? 
d.8- 49 ) sequence 61 were carned out uSlllg N-N
thcYclohexylcarbodiimide (DCCI) in the presence of 
fo ree different N -hydroxy co~poun?s commonly u~ed 
. r the Suppresston Cif racemlsatlon In DCCI couplIng 
t~ peptide synthesis. In this fragment coupling the best 
~~e,I,d obtained using N-hydroxybenzotriazole lo was 
b % and using N-hydroxy-5-norbornene-2, 3-dicar-
oX~midell it was 20 %, whereas when N-hydroxy

sUCct.nimide 12 was employed a yield of up to 75 % was 
~b.talned on one occasion with a yield of around 60 % 
Clng typical. 
The optimum coupling conditions adopted for the 

~reparation of the dodecapeptide 61 utilised slight 
hXcesses of the carboxyl compound 53, DCCI and N
~droxYSuccin i mide (all 20 y', excess). The reaction 
g \Xture was precipitated after 4 days and subjected to 
Re filtration in DM Fusing LH20 as the matrix gave a 
g~~~ recovery of the required peptide. The homo
el City of the product was confirmed by TLC and 
d;ctroPhoresis or the deprotected peptide, by stan
Su rd amino acid analysis, combustion analysis and 
~ bstantiated by I H NM Rat 220 M Hz although a full 
d~~lgl~ment could not quite be achieved. The synthesis 
Pr cnbed therefore provides a route to the fully 
uso~ected fragment 61 which was subsequently to be 
e~e In the preparation of the 38- 75 portion of the 

zYllle analogue. 

from DMF/water and subsequently from DMF/Et 20 
yielding the pure protecled dipeptide 49 (43.0 g. 56",,), m. p. 
185- 188°, [lXnS - 39.2° (c = 2, DMF), Rr(2) - 0.4, 
Rr(32) - O.S, Glul.osAlllo .9 7' (Found: C, 61.63; H, 5.98; N, 
9.76. C"H 2sN 30 6 requires : C, 61.S2; H, 5.90; N, 9.S3 '1cJ 

z-Thr(Bu')- Gln- Ala- OPh 50. The protected dipeptide 49 
(34.2g, SOmM) and Tos.OH.H 20 (15.3g, 80mM) were 
dissolved in DMF (200 ml). 10 "{, PdjC (4.0 g) was added and 
hydrogen passed through the solution for S hours. The 
catalyst was removed by filtration and the solution vol,ume 
reduced to a minimum. Z- Thr(Bu')O - OCHA + (49.0 g, 
lOO mM) was converted to the corresponding acid by 
treatment with to :%; citric acid and extraction into EtOAc. 
After backwashing with water and drying, the solution was 
evaporated and the residue dissolved in CH 2Ci 2 (150 ml). The 
mixed anhydride was formed in the usual way using pivaloyl 
chloride (11.Og, 92mM) and TEA (IO.lg, 100mM) with a 
15 min activation. The OM F solution from the hydrogenoly
sis was cooled and added along with TEA (S.I g, 80 mM) and 
the reaction mixture stirred overnight. The reaction mixture 
was filtered and the filtrate carefully reduced in volume, water 
was then added to precipitate the product. Washing with acid 
and base followed by reprecipitation from DMF/water and 
OMFj Et 20 gave the pure product 50 (21.8g, 47 ;:,), m.p. 
ISO- IS3°, [IXJ55 - 7.9° (c = 2. OMF), Rr(2) - 0.3, 
Rr(32) - O.S, Thro.9 ,Glul.oJAlao,9s, (Found: C. 61.37; H, 
6.S3; N, 9.64. CJoH4oN40s requires: C. 61. 63; H, 6.S9; N, 
9.5S %.) 

Z - Asll- 77I1'(Bu')- Gln- Ala- OPh 51. A solution of com
pound 50 (16.7g, 37mM) in DMF (30ml) was hy
drogenolysed for 4 hours in the presence of Tos.OH.H 20 
(5.5g, 37mM) over 10 % PdjC (1.75 g). After filtration the 
solution was set on one side for use in the mixed anhydride 
coupling. The anhydride was formed from Z- Asn - OH (7.6 g, 
35mM), TEA (2.8g, 35mM), pyridine (2. 3g, 35mM) and 
pivaloyl chloride (3.4 g, 35 mM) in the usual way allowing 20 
minutes for activation. The cooled solution from the 
hydrogenolysis was then added followed by TEA (2.8 g, 
35 mM) and the reaction mixture stirred overnight. The 
solution volume was reduced and water added to precipitate 
the product, washing with acid and base in the usual way and 
precipitation from DM Fjwater followed by washing with 
Et 20 gave the pure product 51 (20.Sg, S5"{,).1ll.p, 216 - 219°, 
[ :xJ~/ - 23.1 ° (c = 2, DMF), R,(33) - 0.1, R,(4) - O.S, 
ASP09Q Thro.,() Glul.os Alao,9s , (Found: C, 58.15; H, 6.59; N, 
11.73. CJ.H 4"N"O,o requires: C, 5S.44; H, 6.63; N, 12.02 ~%;J. 

Bpoc- Phe- AslI- Thr(Bu') - GIII - Ala- OPh 52. A solution of 
compound 51 (6.98g, 10mM) and Tos.OH.H 20 (1.90g, 
10 mM) in OMF (80 ml) was then hydrogenolysed for 6 hours 
in the presence of I O ~;, PdjC (0.5 g). The reaction mixture was 
filtered and the filtrate used directly in the suhsequ~nt 

coupling reaction. 

Bpoc. Phe.Asn.Thr( Bu' ).G In.Ala.Thr(Bu' ).Asn.Orn(Adoc ).Asn.Thr( Bu').Glu(O Bu' ).G ly.O Ph . 

EXPERIMENTAL 
Thclbb . . . metl ' revlaltons, TLC systems and general expenmenlal 

excc IOds are those detailed in an ea rlier paper in this series2 

and ~;I~lg the TLC systems: (32) BuOHjaeetonej H20 2:2: I 
2- C) BuOHjAeOH j H20 10:1 :3. 

1 80tn ~1-A la-OPh 49. A solution of Z- Gln - OH (50.Sg, 
(2s) ) In DMF (3OOml) was cooled to _ 10°, TEA 
ad'd~~~I, 180mM) and pyridine (14.4ml, ISOmM) were 
allow, 011 owed by pivaloyl chloride (21.7 ml, ISO mM). After 
1'0S~I~g ~ 5 min for activation a precooled solution of 
180 tn H2. - Ala- OPh (62.2g, 183mM) and TEA (25.21111, 
mixtu 1\1) In DMF (Iooml) was added and the reaction 
SOIUti~e allowed to attain room temperature overnight. The 
lVith W~l Was concentrated and the product precipitated 
"lId w,ater. After washmg With I M NaHC03, I M AcOH 

ater the white solid product was reprecipitated first 

61 ____________________________________ __ 

Bpoc- Phe- OH (4.83g, 12mM) was dissolved in C H2CI2 

(40 ml) and the mixed anhydride formed in the usual way 
from pivaloyl chloride (1.44 g, 11.9 m M) and TEA (1 .21 ml, 
12 mM). After 20 minutes activation the solution of the 
amino-component was added followed by TEA (1.01 g, 
10mM). The reaction mixture was stirred at room 
temperature overnight then reduced in volume and 
precipitated with I M NaHCOJ solution. The precipitated 
crude product was washed alternately with I M AcOH and 
I M NaHCO) solutions then dried and chromatographcd on 
Sephadex LH 20 eluting with DM F. The purified product 52 
had Ve/Vt = 0.46 and was isolated by evaporation of the 
appropriate fractions followed by precipitation with water 
giving (5.6Sg, 60';;' ), m.p. 212- 2W, [IXJ I2/ - 19.2° (c = I, 
DMF), RI(23) - 0.75, R,(2S) - 0.9, Aspo ""Thr",9' 
Glul.04 Ala" 01 . (Found: C. 63.08, H, 6.67; N, 10.14. 
C" H(,) N70" . H 20 requires : C, 63.27; H. 6.7S; N, 10.13 % ). 
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Bpoc- Phe- AslI- rhr(Bu')- GIII- Ala- OH 53. The full y 
protected peptide phenyl cster 52 (0.95g, I mM) was 
dissolved in a mixture ofDM F (20 ml ) and HM PA (3 ml) and 
water added until the solution became slightly turbid (1.5 ml). 
lOO Volume H20 Z (0.1 ml, I mM) was then added and the pH 
brought to 10.5 with 1 M NaOH solution. The pH was 
maintained at 10.5 for 25 minutcs by the addition of I M 
NaOH solution (Iotal volume added 1.2 ml ) also water (5ml) 
was gradually added as cleavage was more rapid in the 
presence of up to 20 % water. The pale brown solution (d ue to 
phenolic oxidation products) was acidified to pH 3 with ice 
cold 10 % citric acid, preci pitating the acid 53 as a white solid. 
Filhation followed by washing with water and Et 20 gave the 
pure free acid 53 (0.8 1 g, 93 ~{. ) , m.p. 235- 238°, [0(1,~5 - 26. 1° 
(c = 0.8, DMF) Rf (23) - 0.65, Rf (14) - 0.35, (Found : C, 
59.36; H, 6.67; N, 11.10. C4sHs9 N70 11. 2HzO requires: C, 
59.36; H, 6.97; N, 10.77 ;',). 

Z - Glll (OBr/)- Gly- OPh 54. The preparation of this 
compound in 86 % yield by the trichlorophenyl active ester 
method has been described in an earlier paper in this se ries.s 

Z- T llr(Br/ )- GII/ (OBII' )- Gly- OPh 55. The protected dip
eptide 53 (14.2 g, 30.2 m M) was subjected to hyd rogenolysis 
in the usual way in the presence of Tos. OH .H20 (5.75 g, 
30.2 mM ) and 10';:' Pd/C (1.5 g) with DMF (350ml ) as 
solvent. After hydrogenolysis (16 h) the solution was fi ltercd 
and evaporated to give an oil , which was solidified by the 
addition of Et20 giving the di peptide p-tolucne-sulphonate 
sa lt in quantitative yield. Z- Thr(Ou')O - DCHA + (1 9.2g, 
39 mM ) was converted to the free acid in the usual way and 
dissolved in CH2Clz (1 00 ml). The mi xed anh ydride was 
gcnerated by thc cstablished method usi ng pivaloyl chloride 
(4.50 g. 37.5 niM ) and T EA (3. 75g. 37.5mM ) all owing 15 
minutcs for activa tion. The salt from the hydrogenolysis was 
dissolved in DM F (1 00 ml ) and added to the mixed anhydride 
solution followed by TEA (3.03 g, 30 mM ). After stirring 
overnight at room temperature the reaction mixture was 
evaporated to give an oil which was dissolved in EtOAc. This 
solution was washed with water and dried. Evaporat ion 
produced an oil which was crystallised from Et20 / petroleum 
ether giving the required product 55 (13.4 g, 71 %), m.p. 
11 8- 120°, [O(J~s + 9.6° (c = 2, DMF), Rr (2 ) - 0. 75, 
Rr(26 ) - 0.5, Thro.s9G lul.osGIYLoo· (Found : C, 63.02 ; H, 
7.16; N. 6.70. CJJ H4S NJ09 requires: C, 63. 14 ; H, 7.23; N, 
6.69 ;',). 

Z - Asn- Tilr (Bu' )- GIII (O BI/')- Gly- OPh 56. Compound 55 
(12.54 g, 20 mM ) and Tos.OH .HzO (3.8g, 20mM) were 
dissolved in DM F (100 ml) 10 % Pd/C (1.0 g) was added and 
hydrogenolys is ca rried out in the usual way. After 
hyd rogenolysis (4 h) the reaction mi xture was filtered and 
used directly in the co uplin g reaction. Z- Asn- O H (6.65 g, 
25 mM) was d issolved in DM F (50ml ) and the mixed 
anh yd ridc formed in the usual way using pivaloy l chloride 
(3.0g, 25 mM ), TEA (2.53g, 25 mM ) and pyridine (1.97g, 
25 mM ) allowing 15 minutes for activati on. The solution of 
the amino-component was added foll owed by TEA (2.02 g, 
20 mM) and the reaction mixture stirred ove rnight to 
complete reaction. The so lvent was eva pora ted and the 
residual oil solidified by addition of I M NaHCOJ solution, 
alternate washin g with I M NaHCO J and I M AcO H and 
reprecipit ation from DM F/HzO ga ve the homogenous 
rroduct 56 (1 3.2 g, 89 ";: ). m.p. 156- 159°, [0( W - 1.9° (c = 2. 
DM F ), R,(2) - 0.4, R,( 23 ) - 0. 7, Aspo.99Thro.soG lu, .oo 
GIYt.o .,' (Found: C, 59.98: H, 6.93; N, 9.23. CJ7 H" NsO I, 
requi res C, 59.9 1: H. 6.93: N. 9.44'%J 

Z --Om( Adoc) - A.m- T hr(BII' )- GIII (OBu' )- GI)'- OPh 58. 
The additi on of the ornithine residue was achieved by the N
hydroxysuccinimide acti ve ester method. The acti ve es ter 57, 
which cou ld not be obtained in analytica lly pure form was 
rrepared as foll ows. Z- O rn (Adoc)- O H (31.8 g, 72 mM ) 
obtained from the DCHA sa lt 28 J in the usual way and 
HO NSu (9.94 g, 86 m M) were dissolved in di melh oxyethane 
(80 ml) : aft er cooling to _ 10° a solution of DCCI (17.8g, 
86 mM) in dimethoxyethane (40ml ) was added and the 
reac tion mixture sti rred overnight. The reaction mi xture was 

then cooled to - 20° for I h and filtered to remove DCU, 
evaporation gave a pale yellow oil. This was dissolved in 
EtOAe and rapidly washed with I M NaHCO J solution, the 
organic phase was dried and eva porated giving the active 
ester 57 as a white dry foam (28.4 g, 88 %). The I R spectrum 
showed the characteristic peaks associated with N
hydroxysuccinimide esters and TLC showed one major 
spot in addition to several minor impurities which could not 
readily be removed. The dry foam was consequently used 
directly in the formation of the pentapeptide. 

The protected tetrapeptide 56 (!S.75 g, 11.8 mM ) and 
Tos.OH.H zO (2.24g, 11.8 mM ) Were dissolved in DM F 
(IOOml ), 10 % Pd/C (O.6g) was added and the reaction 
mi xture hydrogenolysed overnight. Filtration gave a clear 
colourless solution to which was added Z- O rn (Adoc)O NSU 
(7.35 g, 13.8 mM ) and NMM (l.2 g, 11.8 mM ). The solution 
was stirred for three days until flu oroescamine-negati ve and 
then evaporated to a small volume and preci pitated with I ~ 
NaHCO J solution. The resulting white solid (12.0 1 g, 97/. 
crude yield) was washed with EtzO and dried, fu rther 
purifica tion being achieved by gel fi ltra tion on Sephade~ 
LH20 eluting with DM F, Ve/ Vt = 0.46. After precipitatiOn 
with water the homogeneous product 58 was obtained (8.2g, 
67 ';:' ), m.p. 175- 178°, [IXW - 4.9° (c = I, DMF), 
R,( 2) - 0.4, R,(7) - 0.6, Orn ll . ')RAsp l. o~Thro . q,G lul . oJ 
GIYLoo. (Found : C, 60.26; H, 7.1 5; N, 9.06. C3s H7S
N70 14. HzO requires: C, 60.40; H, 7.30; N, 9.34 "{,). 

Z - AslI - Orn( Adoc )- As /I - 77I1'(B II' )- GIII(O Bt/' )_Gly- OP/i 
59. Hyd rogenolysis ovcrnight of a solution of the protected 
pentapeptide 58 (4.84 g, 4.7mM). Tos .OH . H ~O (0.89g· 
4.7 mM) and 10 /:, Pd/C (0.24 g) in DM F (25 ml) by the usual 
method ga ve a solution of the amino-component which wa~ 
used directly in the coupling reaci ion. The mi xed anhydride ~ 
Z- Asn- OH (1.56 g, 5.9 mM ) with pivaloyl chloride (0.6 , 
5.4 mM) was formed in 20 minutes under standard conditiM) 
using TEA (0.59g, 5.8 mM) and pyridine (0.46g, 5.8 m 
employing DMF (IOml) as solvent. The amino_component 
from the hydrogenolysis was then added followed by TEA 
(0.47 g, 4.7 mM) and the reaction mi xture stir red overnight . 
I M NaHCOJ soluti on was then added to precipitate th~ 
product which was washed alternately with I M AcOH an 
I M NaHCO) solutions. The crude product was repre-
cipitated from DM F/HzO and DM F/ EtzO giving th; 
required amorphous prod uct 59 (4.87 g, 91 %), m.p. 210- 223

8
, 

[0(1~5 - 20.6° (c = 1.4, DM F), Rr(25) - 0.6. Rr(23) - 0j.!' 
Orn o.<lsAsPl.qqThro.<.6Gh' I.(I ,Glyl.oo , (Found : C, 58.9 1; H' 
7.20; N, 10.71. CS7 HsI N90 Ifi. HzO requires: C, 58.70; , 
7.17 ; N, 10.81 ";,). 

1- Titr(BII' )- Asn- Orn(Ado" )- AslI - Titr(BII' )- GIII (O Bu' )d" 
Gly- OPh 60. The hexapeptide 59 (2.0 1 g. 1.75 mM ) aJl

f Tos.O H.H20 (0.34g. 1.75 mM ) werc d isso lved in D~ 11 

(I Oml). 10 ~{. Pd/C (88 mg) was added and the reaC\lOr 
mi xture hydrogenolysed for 18 hours. Filt ration gave a deal 
soluti on of the corresponding p- toluene-sul phonate to whl~ 
was added Z- Thr(Ou')- O NSu" (0.93 g. 2.3 mM ) and NM 1 

(0.18 g. 1.75 mM ). The solution was stirred for 5 days at rOO I~ 
tem perature then concent ra ted to a small vo lume and t ~ 
crude product (2.18 g) precipitated by the addition of I. g 
NaHCO .1 so lut ion. Gel filtration on Scrhadex LH 20 elutJ~ I 
with DM F was then ca rried out . the product 60 eluted J'c 
Ve/ Vt = 0.43 and was precipitat ed aft er concentration oft I 

fract ions, by thc addi tion of water giving (1.74 g, 80 '::, ). J11 ' ~' 
233- 235°, [iXJG5 - 4.0° (c = 1.5. DM F). R, (17) - O. , 
R.(23) - 0.8, O rno.'l sAsr 2.o.,Thr, .'l ,G IUl.o4G IYH·ob 
(Found: C. 58.41 ; H. 7.20 ; N, 10.5 1. C"s H9{, N,oO".2 I 

req uires: C. 58. 18; H, 7. 15: N, 10.44",, ). /1 

B(1oc - Pit /' - A.m - T hr(BII' )- GIII - A la- T h!"( 13 11 ') - !lS /I - O:I. 
(Ai/oc) - AslI- T h!"( Bu' )- GIII( 0 13I1' )- Gly- O Ph d 
B(1oc(38- 49 )O Ph. The heptar cptide 60 (0.65 g, 0.5 I11M ) <1

11
1) 

Tos .OH.H zO (95 mg, O.5 mM) were dissolved in DMF ( 5 ~d 
and 10 ':" Pd/C (25 mg) added . Hydrogcnolys is was Cllrr l ~e 
out overnight giving a prod uct which showed a sings. 
tluorescaminc-posi tive spot on TLC in two solvent syste)1l s 
Filt ra tion and eva pora tion gave a clea r oil which Wll 
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dissolved in DM F (20 ml) along with Bpoc(38- 42)OH 53 
(0.52 g. 0.6 m M). 
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SYNTHESIS OF THE 50- 67 FRAGMENT OF 
A LYSOZYME ANALOGUE 

I. J. GALPIN, B. K. HANDA, G. W. KENNERt, s. R. OHLSEN and R. RAMAGEt 
The Robert Robinson Laboratories, University of Liverpool, L39 3BX, England 

(Received ill 1"1' UK 28 February 1980) 

Abstract- The synthesis of the fully protected octadecapeptide fragment (50- 67) was achieved by 
combination of the subfragments 50- 54, 55- 60and 61 - 67. Single routes to two of these fragments are described 
but the fragment (55- 60) was prepared by two different approaches. In this case salt-coupling techniques 
alleviated serious solubility problems. Fragment couplings were achieved using DCCI/ HONSu. 

tl Continuance of our general aim of synthesis of a 
t~Sozyme analogue we wish to describe the synthesis of 

e (50- 67) portion of the (38- 75) fragment of the tar
jet molecule employing the general tactics and strategy 
i eVeloped in earlier papers of this series .. I - 5 Two 
o~dependent routes have been used for the preparation 
5 the (50- 75) fragment, and one of these uses the 

~ 0- 67) subfragment as a major component whilst the 
(~~ond route utilises coupling of the (50- 60) and 
sUb- 75) fragments which will be described in a 

sequent paper. 
is The amino acid sequence of the (50- 67) subfragment 

Ser. 
50 

Asn. 

Thr. Asp. TYr. Gly. 
54 

Lcu. Lcu. GIn . lie 

Ser. Orn. Trp. Trp. Cys. Ala. Asp. Gly. 
W ~ 

!~is . sub,rragment may be dissected into 3 major 
th:ltons 10 order to facilitate synthesis by maximising 

Use of stepwise procedures and also making use of 

50 
Ser 

51 
Thr 

Gly-54 in a subsequent fragment condensation step. 
The (50- 54) pentapeptide was synthesised using the 
route shown in Scheme 1. All the coupling reactions 
were achieved using the pivalic mixed anhydride 
method; benzyloxycarbonyl groups being removed 
prior to amide formation by catalytic hydrogenolysis in 
the presence of p-toluene-sulphonic acid. It was found 
however, that prolonged hydrogenolysis of the 
protected tripeptide 63 or tetrapeptide 64 led to the 
formation of troublesome by-products although 
purification of both of these compounds could be 
achieved readily by gel filtration on LH20 Sephadex 
eluting with DMF.6 The compound numbering 
sequence follows that established in certain papers in 
this series. I - 5 During optimisation of the synthesis of 
66 Bates reagent 7 was evaluated as the coupling reagent 
but was found to be less convenient. The products 
obtained from both synthetic routes were shown to be 
identical by a variety of techniques including gel 
filtration, NMR at 220 MHz and by electrophoresis of 
the fully deprotected pentapeptide. Hydrolysis of the 

52 
Asp 

53 
Tyr 

54 
Gly 

- + Br H2 Orh 

-t''----:-------t-OPh 
( 62) 

-F------I"------t- OPh 

-¥~---------r-----------f.-----------;-OPh 

&poe -f"-----------f"-----------f'-----------f'------------t-OPh 

&poe --1:::....-_____ ~ _____ ~ ____ ___ltL-____ __I- OH 

_______ Scheme I. Synthesis of the protected (50- 54) pentapeptide (66). 

~----------------------
tDece tp ased, 25 June t978. 

. resent · dd . 
VI lie Stre a ress: ChemIstry Department, U M 1ST. Sack-

ct. Manchester. 
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fully protected pentapeptide phenyl ester65 was readily 
achieved under our standard conditions 8 employing 
hydrogen peroxide at pH 10.5, the cleavage being 
rapidly achieved using acetone as a solvent to give the 
protected pen tapeptide acid 66 which was then 
subsequently used in the preparation of the larger 
fragment. 

Two alternative schemes were tested for the 
preparation of the (55- 60) hexapeptide. In the first of 
these, being shown in Scheme 2. the required aspara
gine and isoleucine derivatives were added to O-tert
butyl-serine phenyl ester-p-toluene-sulphonate giving 
the dipeptide 67 and tripeptide 68 respectively. After 
hydrogenolysis of the tripeptide 68 in the usua l way 
Bpoc.Gln.OCp was coupled to yield the sparingly 
soluble tetrapeptide 70. This lack of solubility was 
manifested during the coupling reaction by precipi
tation of the product from the DMF solution and led to 
problems during hydrogenolysis of 70 which had to be 
performed in a mixture of HMPA and DMF (\.6:1) 
using a Vibromixer for 3 days in order to achieve 

55 
Leu 

56 
Leu 

57 
Gin 

58 
lie 

complete removal of the N -protecting group. Acylation 
of the p-toluene-sulphonate derived from the tet~a
peptide 70 gave the even more insoluble pentapepllde 
71 which required seven days for complete hyd.r0 -

genolysis using an HMPA/DMF mi xture, again ustng 
the Vibromixer. Acylation of this pentapeptide 

derivative with Bpoc.Leu.OCp 72 gave the slightly 
more soluble product 73 which could be purified by gel 
filtration on Sephadex LH20 eluting with OM F. Due to 
the difficulties encountered using this approach, the 
alternative synthetic procedure shown in Scheme 3 was 
explored in which the protected tripeptide fragme~t 7~ 
was then coupled to the p-toluene-sulphonate denve 
from the tripeptide 68 which was ava il able by the route 
shown in Scheme 2. In this approach both tripeptide 
fragments and the resulting hexapeptide 73 could be 
purified by gel filtration on Sephadex LH20 in the usual 
way. The identity of the product 73 obtained from both 
routes was demonstrated by TLC in a variety ofsysternS 

and by electrophoretic examination of the free peptide 
at pH 6.5. 

59 
Asn 

z- -OH 

60 
Ser 

- + TosO H2 - / 
Bul 

OPh 

Z~H Z / 
Bu

l 

OPh 

Bpoc -

Bpoc 

(67) 

Z- rOCp Z 

( 69) ( 68) 

Z- OCp Z 

(70) 

OCp Z 

, 72) (Zl,l 

( 73) 

Scheme 2. Synthes is or the protected (55- 60) hexapeptide (73). 

Bpo 

Bpo 

Bpo 

Bpo 

Bpo 

Bpo 

55 
leu 

c- -OH 

c- OCp 
(72) 

(~ 
c 

c 

c 

56 
Lcu 

OH 

.{'}Su 

(75) 

57 
Gin 

OH . Z 

( 73) 

58 
lie 

59 
Asn 

( 68) 

60 
Ser 

I 

/ 

/ 

/ 

/ 

~ 

Su' 
O~h 
Bu 
OPh 

Scheme 3. Sa lt coupli ng rou te to the protected (55- 60) hexapept ide (73). 

Bu l 

OPh 

Bul 

OPh 

Bul 

OPh 

Su' 

OPn 
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The remaining (61 - 67) heptapeptide fragment was 
assembled by the 3 + 4 fragment coupling approach 
whIch is shown in Scheme 4. The dipeptide 76 was 
synthesised using the isobutyl chloroformate mixed 
anhydride method and then hydrogenolysed in the 
presence of p-toluene-sulphonic acid to give the 
Corresponding p-toluene-sulphonate which was sub
sequentlycoupled with Z.Ala.OH using the same mixed 
anhydride method to afford the tripeptide 77 as a 
C(Z'stalline solid. After hydrogenolysis, Bpoc.Cys-

cm).OH 41 was condensed using the DCCI/HONSu 
~ethod to give the tetrapeptide 78 which was purified 
y c~romatography on Sephadex LH20. The tetra

peptIde 78 has also been prepared using Bates reagent 
~rnPloying a step-wise approach. Again. the product 
ISolated from both synthetic routes was identical. When 
th~ addition ofthe cysteine derivative 41 was attempted 
~Slng N-hydroxybenzotriazole (HOBt) as the additive 
10 placeofHONSu it was noted that substantially more 
Illlpurities were produced suggesting that the HOBt 
~as responsible for the partial removal of the acid-la bile 
b -protecting group in accordance with the observation 
l:b~Udinger9 who observed partial cleavage of the acid 

lie ONps group in the presence of HOBt employed 
~ an additive in coupling reactions. The tripeptide acid 
eft c~rresponding to the (61 - 63) sequence was most 

ectIvely synthesised using successive salt couplings 
:lllploYing hydroxysuccinimide active esters for 
t chvation. This approach was employed as it gave rise 
po a pUrer product than was obtained when C-terminal 
rotection was used. The Bpoc protecting group was 

61 
Orn 

Adoc 

62 
Trp 

8,ooc--I----+-

63 
Trp 

64 
C 

initially removed from the amino-terminus of the 
tetrapeptide 78 using 0.05 molar HCl in dichloro
methane. However, the method developed by Ciba
GeigylO employing 0.05 molar HCl in 90 % trifluoro
ethanol was subsequently found to be more satis
factory. Coupling of the resulting tetrapeptide hydro
chloride to the tripeptide acid 80 by the DCCI/HONSu 
method gave the crystalline heptapeptide 81 which was 
isolated by gel filtration on Sephadex LH20. 

The synthesis of the (50- 54), (55- 60) and (61 - 67) 
fragments thus provided the components of the (50- 67) 
fragment which were to be assembled according to the 
sequence shown in Scheme 5. In our earlier synthesis a 
mixture of acetic acid, formic acid and water (7: I: 2). in 
the presence of dimethylsulphide was used to remove 
the amino-protecting group from the fully protected 
fragment 81 . However, this was latersuperceded byO.05 
molar HCl in trifluoroethanol (90 %) to remove the 
protecting group. Attempts at the cleavage using 0.05 
molar HCI in DMF were unsuccessful as the cleavage 
was incomplete even after 4 hours. The phenyl ester 
group was removed from the Bpoc.(55- 60).OPh frag
ment 73 by hydrolysis under the standard conditions 
using 20 % aqueous HMPA as solvent leading to 
complete hydrolysis after 15 minutes. I nterestingly the 
protected hexapeptide acid was found to have much 
better solubility properties than the corresponding 
phenyl ester. The (55- 60) and (61 - 67) fragments were 
then combined using the DCCI/ HONSu method and 
the resulting tridecapeptide 82 was isolated by gel 
filtration on Sephadex LH20. Cleavage of the amino 

z 
Acm 

65 
Ala 

H 

66 67 
Gly 

OPh 

,~~-...,....,.,..----I--o,Ph 

OH z-t-----f-----I--oPh 
(i!.) 

~---r_-~~_+----+--OPh 

~~~~--~--~----L---~---~~---~-~Ph 

(~) 

Scheme 4. Synthesis o f the protected (61 - 67) hcptapcptidc (81). 

8poc. (55-60 ) .OP" Bpoc. (61-67) . CPh 

1~ ____ (7_5} ______ ,, ________ ~r~} 
Bpoc. (50-54) . OH 8poc. ( 55-67) .OPh 

~I ___ (6_6) ______ ~--------~~1(82) 
I 

8pac. ( 50-67) .OPh 
(~) 

Scheme 5. Synthesis of the protected (50- 67) octadecareptide (83). 
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protecting group 82 was efTected by treatment with 0.05 
molar HCI in trifluoroethanol (90 ~{, ). The resulting 
hydrochloride was then coupled with the Bpoc.(50-
54 ).OH 66 using the DCCI/ HONSu method to give the 
Bpoc. (50- 67). OPh fragment 83 which was purified by 
gel filtration on Sephadex LH 20 eluting with OMt-"o In 
contrast to the component subfragments the peptide 83 
had much better solubility properties, which may be 
due to the additional four tert-butyl side chain 
protecting groups which had been added in the 
fragment 66. Electrophoresis and isoelectric focusing of 
the fully deprotected material obtained from the 
protected fragment 83 by treatment with 90 % tri
t1uoroacetic acid in the presence of mercaptoethanol 
showed the fra gment to be homogeneous. 

EXPERIMENTAL 

The abbreviations, TLC systems a nd general experimental 
methods a re those detailed in a n earlier pa per2 in thi s se ries 
except for the TLC sys tem (34)CHCI )/ MeOH/TFE (45:5: 10). 

L.Tyr(Bu').Gly.OP/I 62. A solution o f Z- Tyr(Bu')- OH 
(12.25 g, 33 mM) in TH F (100 ml) was cooled to - 18° and 
NMM (3.34g,33 mM)in THF (5 ml) added . Piva loyl chloride 
(3.62 g, 30 mM) in THF (8 ml) was added dropwise over 5 min 
(lnd a further 5 minutes allowed for completion of activa tion. A 
pre-cooled solution of Br - H i - Gly- OPh (6.96g, 30mM) in 
IJMF (IOml) was added followed by NMM (3.04 g, 30mM), 
a nd the reaction mixture gradua lly a llowed to warm to room 
temperature overnight. The so lvents were evaporated and the 
resulting oi l dissolved in EIOAc; thi s solutio n being washed 
with I M Na HCO) solutio n and I M HOAc solutio n. Drying 
a nd eva pora tio n yielded a gel which was crystallised from 
EtOA c/ hexa ne giving 62 (14.14g. 9]":' ), m.p. 82- 84° : 
[ :< l ~)4 + 9.7° (e == 2, C HC I)), R 1'(8) - 0.6, R ,(20) - 0.6, 
GlhooTyr) OI' (Foulld : C, 68.89; H, 6.33; N, 5.56. C 19 H)1-
N, O " requires: C, 69.03: H, 6.39: N, 5.55"';'. ) 

L - As/1(OBI/)' - 7)T(BI/')- Gly- OPIr 63. Compound 62 
(14.13g, 28 mM) and Tos.OH.H 20 (5.33g, 28mM) were 
di sso lved in OM F (60 ml) and the so lution subjected to 
hyd rogeno lysis for 6 h in the presence of 10 % Pd/C (1.41 g). 
F ilt ra tio n thro ugh Celite and evapora tion yielded the sa lt as 
an o il which was used directly in the coupling. Z- Asp
(OBu') - OH (10.02g,31 mM) a nd NMM (3.14 g,31 mM)were 
di sso lved in THF (75ml) a nd cooled to _ 18°. Pivaloyl 
ch lo ride (3.38 g, 28 mM) was then added dropwise a nd a total 
of 10 min a llowed for formation of the mixed anhydride. A pre
cooled so lutio n of the sa lt of the amino component in DMF 
(15 ml) was added along with NMM (2.83 g, 28 mM) and the 
reaction mi xture warmed to room temperature overnight. 
Evapora tion gave an oil which was dissolved in EtOAc then 
washed with acid and base. Evapora tion of the dried so lution 
gave a ge l which was crystallised from EtOAc/ hexane giving 
63, (9.2 g, 49 "{,), m.p. 126 - 127°, [tllb" - 11.6° (c == 2, C HC I)), 
R ,( R) - 0.7, R ,(20) - 0.6, Asp)o,Gly, .oo Tyrl.oo, (Found: C, 
65.7]: H. 6.78; N . 6.1 3. C)1 H 4~ N .\09 requires: C. 65.76; H, 
6.71 ; N, 6.22 ~~.) 

Z - Thr(BlI')- Asp(OBII')- Tyr - (BII')- Gly- OPh64. The pro
lected tripeptide 62 (9.13 g, 13.5 mM) a nd Tos.OH.H 20 
(2.55g, 13.5m M) were di sso lved in DMF (50ml) and 
hydrogeno lysed for 4 h in the presence of 10 ~{, Pd/C (1 .0 g) in 
the usua l way. This reaction req uired careful checking by TLC 
as a second unidentified prod uct was formed on prolonged 
reac lion. The reaction mi xture was filt ered through Celite and 
used dircctl y in the coupling. Z- Thr(Bu')- OH (4.49 g, 
14.5 mM) and NMM (1.50g. 14.5 mM)weredisso lved in THF 
(50ml) and the so lution cooled to _ 18°. Pivaloyl chloride 
(1 .62 g, 13.5 mM) was slowly added a nd a total of 10 min . 
a ll owed for activa tio n. The {i-toluene-sulphonate of the 
a mino-componen t was then added fo llowed by NMM (1.49 g, 
IJ5m Ml a nd the reactio n warmed gradua lly to room 
lempera lure ove rnighl. The so lutio n was evaporated a nd 

purified in the us ual way to give an oil which was crystalliSC~ 
fro m EtOAc/ hexane giving 64 (8.33 g. 74 " ,,). m.p. 106- 108. 
[tlll.4 - 6.3° (c == 2, CHCI)), R,(2) - U.5, Rr(20) - 0.6. ASPI .o l 
Thro'<'9* Glyl.oo Tyrl.oo, (Found : C, 64.68; H , 7.54 ; N, 6.~S. 
C4 ,H 61 N40 12 requires : C, 64.1l9; H, 7.26; N, 6.73 ",, )(*amtnO 

acid a nalysis corrected for degradation). 
Bpoc- Ser(BII')- Thr(BII') - As!,(OBII')- Tyr(BII') - Gly- OPIr 

65. The tetrapeptide {i-toluene-sulphona te was prepared by 
hydrogenolysis for 6 h in the usual way using 64 (8.33.g, 
W mM)and Tos.OH.H 20 (1.90g, 10 mM) in DMF (4Sml)tn 
the presence of 10 % Pd/C (850 mg). A solution of 
Bpoc- Ser(Bu')- OH (4.41 g, II mM) and NMM (1.1 1 g, 
II mM)inTHF(50ml)wascooledto -20° and activated over 
10 minutes with pivaloyl chloride (1.21 g, 10mM). The pre
cooled DMF solution from hydrogenolysis was added 
followed by NMM (1 .02 g, 10 mM) the reaction mixture being 
left to warm to room tempera ture overnighl. Work up in the 
manner used in preparations of 62- 64 gave a yello~ foarn 
(9.73 g) which was impure by TLC. Final purification waS 
achieved by gel filtration on Sephadex LH20 eluting with 
OM F. The product 65 eluted with (Ve/ Vt) == 0.46 giving 5.23g,; 
48 ':',, ). m.p. 108- 109°, [tl lr)4 + 6.8° (c == I. CHCI)), [tl l~4 + 8. 
(c == I. DMF), Rr(2) - 0.6, R,(20) - 0.6, ASPl.OOSert .99 
Thrt.oo Glyl.oo Tyrl.oo, (*corrected fo r degradation), mat-
e ri a l deprotected with 90 /;,. TFA, E U 1.3 single spotl 

. . D~~ N 
ninhydrin . (Found : C, 65.89, H, 7.57 ; N, 6.67. C 6o H81 5 

01.l·H 10 requires: C, 65.61: H. 7.62; N, 6.31l ,/". l 
B/1oc- (50- 54 I- OH 66. The protected phenyl ester 65 (4.3 g, 

4mM) was di ssolved in acetone (48ml) a nd water (12 rnl) 
added dropwise to the stirred so lution. The pH was then 
brought to 10.5 with NaOH I M a nd IDOvo!. H20 2 (O.4 rn!) 
added. The hydrolysis was complete in 5 min, with the upta"~ 
of N aOH I M being 4.3 ml a nd the so lution was cooled to ~ 
a nd brought to pH4 by the addition of 10 % citric aCI.d 

solution. The solid product was extracted into EtOAc and thl; 
organic solution washed four times with water. Drying all 
evaporation yielded a white foa m which was crystallised frorn 
CHCI)/ petroleum ether giving the protected pentapepude 
acid 66 (3.88g, 97 %), m.p. 150- IW, [tllb4 - 27.1° (c '" I: 
DMF), R ,(7) - 0.4. R ,(30) - 0.7. (Found : C. 63.28; H. 7:6~: 
N, 7.25. C'4Hl1N,OI)' H20 requIres : C, 63.45; H. 7.59, 
6.1l5 %.) 

Z - As/I- Ser(Bu')- OPh67. A solution ofZ- Asn- OH (3.67 g, 
\3.8 m M), pyridine (1.09 g, 13.8 m M) and N M M (1.40 g, 
13.8 mM) in DMF was cooled to - 20° a nd pivaloyl chloride 
(1.58g, 13.1 mM) added. After 10 minutes activatio l1 .

a 

so lution of TosO - H t - Ser(Bu')- OPh8 (5 .38g, 13.1 mM) In 
DMF (IOml)wasadded followed by NMM (1.33 g, 13.1 mM~ 
The reaction was allowed to attain room tempera ture and 
stirred overnight, work up in the usual manner an 
crystallisation from EtOAc/ hexane gave 67 (5.2 1 g, 82 j.,), ~.~. 
135°, [tlll.4 - 10.6° (c == 2, DMF), R r(2) - 0.4, R,(20) - 6S: 
ASPl.ooSerl.oo, (Found: C , 62.00; H, 6.51 ; N, 8. 
C 2,H)IN)01 requires: C, 61.84; H, 6.44; N, 8.66 %.) 48 

Z - /le- As/I- Ser(Bu')- OPh 68. Compound 67 (17 .. ~ 
40mM) a nd Tos.OH.H 2 0 (7 .61 g, 40mM) were dissolved ~n 
DMF (50 rnl) and hydrogenolysed fo r 6 h in the usual wa~~ 
the presence of 10 ,/;,. Pd/C (1.74 g). 2 --11 OH (11. 1 f 
42mM) a nd NMM (4.25g, 42mM) were di sso lved in D~e 
(60 ml) a nd cooled to - 20°. A solution of piva loyl chlofl}O 
(4.82g, 40mM) in DMF (IOml) was then added. After he 
minutes the cooled solution of the {i-toluene-sulphonat,:oft as 
amino-component obtained from the hydrogenolysl ~ wre 
added along with NM M (4.00 g. 40 mM). the reaction mlx.tOht. 
then being allowed to warm to room temperature overnlgter 
The volume of the reaction mixture was reduced and w~ t.4 
added to preci pita te the product which was wa~hed With !11 

NaHCO) a nd I M HOAc solutions, then crysta llised rr)li 
DMF/H 20 yielding 68 (14.39 g, 60 'Yo ), m.p. 212- 215°, [et 0, 

- 11.4° (c == 2, DMF), R r(7) - 0.6, R ,(20) - 0.2, AsP,lt 
Serl.ooIleo.91' (Found: C, 62.15; H, 6.93; N, 9 .16. C)I PAI 

N4 0 8 requires: C, 62.19; H, 7.07 ; N, 9.36 X,. 45-
Z - G//I - OC/1 69. Z- Gln- OH (7.06 g, 25 m M) and 2'Jf 

trichlorophenol (6.17 g, 32 mM) were dissolved in D 
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(30 ml) and cooled to _ ISo. A solution of DCC I (5.76g. 
27.S mM) in DM F (25 ml) was added dropwise and the 
reaction mixture stirred at room temperature overnight. The 
reaction mixture was cooled to O° and 2 drops of glacial HOAc 
added. Filtrat ion and evaporation yielded an oil which was 
disso lved in EtOAc. after washing with acid and base the 
So lution was concentrated. Spontaneous crys tallisa tion 
~ccurrcd giving the required activc ester 69 (8.80 g. 77 ~:,). m.p. 
C7I.S- 172°. [et l ~' - 17S (c = I.DM FlR,(2l - 0.3. (Found : 

1-1
, 49.86; H, 3. 76; N, 6.03. C l qH ' 7 N 2 C1 JO ~ requires: C. 49.64, 
, 3.73. N. 6.09 ";,. ) 

. Z - GIII- lIe- AslI - Ser(BII') - OPh 70. The protectcd tripep
tide 69 (I1.49g, 19 mM) and Tos.OH.H 20 (3.65 g, 19mM) 
were dissolved in DMF (160 ml) and hydrogcnolysed for 12 h 
~n the presence of I O "~ Pd/C (1 ,15 g). The solution was filt ered 
:Ind the active ester 69 (1 2.20g, 19.2mM) and di 
ISOpropylethylamine '(2.48g. 19.2 mM) was added. The 
reaclion mi xture was stirred for 4 h at 37° and for 2 days at 
ro0':l temperature, during which time the peptide began to 
preciPitate from solution. The resulting suspension was 
~~ured into a mixture of Et20 / H20 (1:1 ) and the precipitated 
E It e solid collected and washed thoroughly with IPA and 
(lt20 . The product was recrystallised from DM F/ H 20 giving 
R iSI g, 89 %), m.p. 270° (dec), [etl~4 - 25.3° (c = I, H M PAl, 
1-1' l4) -0.6,Aspl.oIGlul.o2GIYI.oo lleo.96· (Found :C, 59. 13; 

11' S·97 ; N,11.36. C36Hs oN601 0 requi res : C, 59.49; H,6.93; N, 
. 6%.) 

Pe Z~Lell- GIII- lIe- Asn-Ser(Bu')-OP!J 71. The protected 
Iltlde 70 (1 2.50g, 17.2 mM) and Tos.OH .H20 (3.28g. (I; mM) were dissolved in HMPA (1 60 ml) and 10 ;', Pd/C 
u ·' g) added. Hydrogenolysis was carried out over 3 days 
a Sl~g a Vibromixer. Addition of an equal volume of MeOH 
P~o l filt ra tion through Celite gave a clear solution of the 
add uene-sulphonat e. A mi xture of water and ethe.r was 
and Cd to preCipitate the Ilocculent product which was hltered 
Co dned. A microanalys is for sulphur confirmed the 
rorrnplelion of the hydrogenolysis. (Found : 4.25 %, calculated 
170~he IHoluene-sulphonate 4.18 %. ) This salt (13.01 g, 
(9 'IS mM ) was dissolved in DM F (75 ml) and Z- Leu- OCp 

17 01 g, 20.6 m M) and di-isopropylethylamine (2.21 g, 
t e~ mM ) added. The reaction mixture was stirred at room 
Wa Perature and after a bout 30 min the formation of a solid 
int~ Observed. After 4 days the reaction mixture was poured 
Solid a mixture of Et20 / H20 to complete precipita tion. The 
DM Fwas washed with IPA and Et20 then crystalli sed from 
280_!8HJO giving the product 71 (1 2.94g, 91 %), m.p. 
Asp S (dec), [etlf)4 - 25.3° (c = I, HMPA), R r(34) - 0.6, 
dati ,.ooSero.oq*G lul.o 3Leul.o,lleo.o7 (·corrected for degra
() O~). (Found : C, 58.95; H. 7.20 : N, 11.42. C42H61 N7 

18, 20 requires : C, 5iU 9; H, 7.40 ; N. 11.43 /" .) 
2,4 toc~Leu-OCp I 2 72. Bpoc- Leu- OH (7.70 g, 21 mM) and 
Et6~nChlorophenol (4.34 g, 22 mM) were dissolved in 
orDC~(40 ml). The solution was cooled to - 5° and asolution 
Arte I (4.54g,22 mM)in EtOAc (20 ml) added over 10min. 
the fi, SlIrnng overnight the reaction mixture was filtered and 
Petr Itrate evapora ted to give an o il which was triturated with 
to gO eUln ethe r then crystalli sed from Et20 / petroleum ether 
[~ )l ~VC Ihe active ester 72 (I LO g. 82 'X,l m.p. 109- 110°. 
H, 5.3; 30.0° (c = 2, CHCI3), R ,(2) - .0.8. (Found : C, 61.39 : 
N, 2.SS:, N, 2.56. C 1s H2H NCIP . req uires : C, 61.29 ; H, 5. 14 ; 

B %.) 
Poc- L _ L 6O).OPJ ~ II- ell- Gln- lIe- Asn- Ser(BII')- OPh, 81'0('. (55-

and T 173. The protected pentapcptide 71 (13.40 g, 16 mM) 
or I-Hv~~OH . H 20 (3.04 g, 16 mM) were disso lved in a mixture 
uddcd A (200 ml) and DMF (100 ml). 10 % Pd/C (1.5 g) was 
Vibro and the compound. hydrogen olysed for 7 days with a 
(0.8 g)mlxer provldll1g ethclent mIXIng, additional cata lyst 
Partj ' t as added after 2 days. Filtra tion through Celite and 
whic~ evaporation of solvent gave an H M PA/ DM F solution 
Bpoc_L~as used directly in the subsequent coupling. 
SOluti eU- OCp72 (10. 12 g, 18.5 mM) was added to the above 
(1.94; " rollowed by a solution of di-isoproylethylamine 
Stirred'fl SmM) in DMF (5ml). The reaction mixture was 

Or 4 days at room temperatu re and at 37° for 12 h. The 

reaction mix tu re was poured into a mi xture ofEt20 / H 20 (I : I ) 
giving the crude product (13.2 1 g). T his material was 
chromatographed on Sephadex LH 20 eluting with DM F 
giving the purified 73 with (Vc/ VI) = 0.44 (9.6 1 g. 6 1 "ul. 
m.p. 230° (dec), [etl~' - 16.4° (c = 0.5, H M PAl. R ,(34 ) - 0.5, 
Asp, .ooSero.9.," Glu 1.0 I Leu2.oo lleo .99 (·corrected for de
gradation). the full y de protected material showed a single spot 
on electrophorcsis E:;;,~ . L'" 1.1. (Found: C. 61.95 : H. 7.80 : N. 
10.2 1. C~" H H() N H OI 2' 2H20 requires: C. 6 1. 52; H. 7.74 ; N. 
10.15" ".1 

8poc- Lell - Lell - O /-/74. Leucine (S.99 g, 68. 5 m M) and T EA 
(6.94 g, 68.5mM ) were dissolved in DM F (250 ml) and 
Bpoc- Leu- OCp 72 (30.0 g. 54.5 mM) and HONSu (6.29g. 
55 mM) added. The reac tion was stirred overnight at room 
temperature then excess leucine removed by filtrati on. 
Evaporation of the solvent yielded a gum which was dissolved 
in EtOAc and this solution was washed with 10 ".:, citric acid 
and four times with water, then dried and evaporat ed. The 
resulting oil was crys tallised from E OAc/petroleum ether 
giving 74 (22.0 g, 84 'X,), m.p. 98- 100°, [et l52 - 35.5° (c = 1.1. 
CHCIJ ). R r(30) - 0.6. (Found : C. 69.68: H. 7.8 1; N. 5.9 1. 
C28H3S N20 S requires: C. 69.68 ; H. 7.94; N, 5.81 ";,.l 

Bpoc- Lell- Lell- GI'I- Of-! 75. Compound 74 (13.0 g. 
27 mM) was dissolved in dimethoxycthane (500 ml ) and 
cooled to - 20°. HONSu (6.25 g. 54 mM) and DCCI (5.63 g. 
27 mM) were added and the reaction sti rred at 0° for 2 h then at 
room temperature overnight. The DCU was removed by 
filtra tion and the solvent evaporated to give an oil. This o il was 
dissolved in DM F (500ml) and the solution cooled to 0°. A 
suspension of glutamine (3 .9 g. 27 mM) in DM F (250 ml) was 
then added along with I M NaO H (27 ml). the reaction 
mixture was then stirred for 2 days at room temperature. The 
reaction mixture was fi ltered and 3-dimethylam inopropyl
amine (2 ml ) added. the resulting solut io n being stirred for 2 h. 
The DM F was eva porated and the resulting so lid washed with 
water and dissolved in EtO Ac. This solution was washed with 
10 % citric acid, wa ter, and brine. and was thcn dried and 
evaporated. The result ing white foa m (1 6.25 g) was shown to 
contain a minor impurity by TLC, thus the whole of the 
product was chromatographed on Sephadex LH 20. the pure 
product 75 eluted (DM F) with (Vc/VI) = 0.5 1. isolation gave 
the product as a dry foam (11 .6 g. 70.5 ";,',). R ,( 2) - 0.6. m.p. of 
DCHA salt) 122- 124° [et]G2 (ofD CHA sa lt) - 27.0° (e = 3.4. 
CHCl3). (Found : C. 66.54; H. 8.54 ; N. !U7. C~~ H "" N ~ 
0 7.H20 (IJCHA salt) requires: C. 66.71; H. !UD; N, ~.65" ... ) 

Bpoc.(55- 60).oPh 73 ; (seco/ld rolll e). The protected 
tripeptide 68 (IO.ll g, 17mMl and Tos.O H.t-I 20 (3.22g. 
17 mM) were dissolved in DM F (200 ml ). IO ~:' Pd/C (2 g) was 
added and the mixture hydrogenolysed for 12 h, the reaction 
mixture then being filt ered to give a solution which was 
evaporated and the resulting oil used directly in the subseq uent 
coupling. The carboxyl component, 75 (1 0. 14 g. 17 m M) and 
HONSu (3.78 g, 33 mM)weredissolved in DM F/ HM PA (1 :1) 
(80ml) and the solut ion cooled to _ 20°. DCC I (3.41 g. 
17 mM) and di-isopropy lethylaminc were then added and the 
reaction mi xtu re sti rred for 2 days at room temperature. The 
resulting viscous solution was added to water and the 
precipitate which formed was washed with wa rm IPA. The 
material was chromatographed on Sephadex LH 20 eluting 
with DMF giving the product (Vc/ Vt) = 0.45 (1 0.36 g, 60 ~I.,). 
m.p.229° (decl. raw - 18.00 (c = 0.5. HMPA). R ,(34) - 0.5. 
Asp, n <Se r~ ... "G lu ' .11 2 LClII "'H lien.'''' (·corrected fur d.:gra
dation). (Fo und: C. 6~.36: H. 7.49 : N. 10.70. C,,, HA,, 

NSO I2.H20 reqllires: C. 62.S5 ; H. 7.67: N, 10.42" ... .> 

Z - Asp(OBII')- Gly- OPh 76. T his protected dipeptide was 
prepared by the isobutoxycarbonyl mi xed anhydride m ethod 
by the proced ure described in the earlier paper in thiS series. 

Z - Ala- Asp(B/I')- Gly- OPh 77. Compound 76 (11.59 g. 
25.4 mM) and Tos.OH.H 20 (4.81 g. 25.4 mM ) were dissolved 
in DM r (50 ml). 10 ;', Pd/C (1.16 g) was added and the mi xturc 
was hydrogenolysed for 4 h. Filtra tion and evaporatIO n ga~e a 
yellow oil which was used directl y in the coupling reactIO n. 
Z- Ala- OH (6.23 g, 28 mM ) and NMM (2.7 g, 27 mM) were 
dissolved in DM F (30ml) and cooled to _ 20°. IBC (3 .64g. 
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27m M) was added dropwise and 10min were allowed for 
ac ti va tion. The above p-toluenc-sulphonate (12.51 g, 25 mM) 
was dissolved in DMF (35 ml) and the cooled solution added 
to the soluti on of the mixed anhydride, followed by NM M 
(2.57 g, 25 mM). After warming to room temperature thc 
solvent was removed ill vac/lo and the res idue dissolved in 
EtOAc. Washing. dry ing and eva poration in the usual way 
gave a ye llow oi l which was crystallised twice from 
EtOAc/hexane giving thc product 77 (8.81 g, 66 '~ ). m.p. 
125.5- 126°, [o:l l~) - 30.3° (c = 2. MeO H), R r(2) - 0.7, 
R r(22) - 0.3, ASPl.ooGlYl. ooAlal.oo, (Found: C. 61.24; H. 
6.38; N. 7.99. C27 H j)N 30 ~ requires: C, 61.47 ; H. 6.31 ; N, 
7.97 "{..) 

Bpoc- Cys(Acm)- Ala- Asp(OB/I')- Gly- OPh 78. The pro
tected peptide 77 (9.25 g. 17.5 mM) and Tos.OH.H 20 (3.33 g, 
17.5 mM ) were dissolved in DM F (60 ml)and hydrogenolysed 
in the presence of 10 ':{. Pd/C (0.9 g) for 6 h. Work-up gave the 
sa lt as a crystalline solid (8.75 g, 94":' ). m.p. 160.5- 161°. 
Bpoc- Cys- (Acm)- OH (6.33 g. 14.7mM) and the p-toluene
sulphonate (8.32 g. 14.7 mM) were dissolved in DMF (50 ml) 
and cooled to - 20°. NMM (1.49 g. 14.7mM) and HONSu 
(1 .86 g. 16.2 mM) were added along with a pre-cooled solution 
of DCCI (3.64 g. 17 .6 mM) in DMF (25 ml) and the reacti on 
was permitted to warm to room tem peratu re overnight. The 
solvent was removed and the residue was dissolved in EtOAc 
and DCU was removed by filtration. Drying and evaporation 
yielded a yel low solid which was crystallised from 
EtOAc/ hexane giv ing 78 (IO.Og, 84"{. ). m.p. 132.5- \33.5°. 
R ,(2 ) - 0.5. R 1'(22) - 0.2. (Found: C. 60.37 ; H, 6.45 ; N, 8.52. 
C4I Hs,N ,O ,o.! H10 requires: C, 60.42; H. 6.43; N. 8.59'/" .) 

Bpoc- OI'll (Adoc)- Trp- OH 79. Tryptophan (5.7 1 g. 28 mM) 
was dissolved in a mixtu re of I M NaOH soluti on (28 ml) and 
DMF (30m l) and a soluti on of Bpoc- Orn(Adoc)- ONSu 
(18. 12 g, 28 mM )in DM F (50 ml) added. The pH dropped from 
9.5to 6.5 during the 12 h react ion period. The pH was adjusted 
to 4 by the addition of 2 M HCI and the DM F evaporated to 
yield a white foam which was dissolved in EtOAc. washed with 
water. dried and evaporated to yield a white foam which was 
triturated wi th petroleum et her to produce 79 as a white 
powder (16.8g, 82 '.~ ).m.p. 98.5- 100° (dec). [o:l~4 + 22.2° (c 
= 2. EtOAc), R r(7) - 0.6. R ,( 13) - 0.3. 01'11 1.00 Trpo.99' 
(Found: C. 69.31 . H. 7.01; N. 6.96. C4, HsoN407.! H10 
requires: C. 69.43; H. 6.90; N. 7.53 ';;'.) 

Bpoc- Orl1(Adoc)- Trp- Trp- OH 80. Compound 79 (16.8 g. 
23m M) was dissolved in dimethoxyethanc (150 ml) and 
cooled to - 18°. HONSu (5.3 g. 46 mM ) in DM F (10 ml) and 
DCCI (5.6 g. 27 mM) were then added and the soluti on 
a llowed to reach room tempera ture overnight. The reaction 
mixture was filtered and evaporated. the resulting oil being 
dissolved in EtOAc. Thissolution was was hed rapidly with ice
co ld I :;:' NaHCO J and wa ter then dried an d evapo rated to 
yie ld a pale yellow foam (19.3 g. 97 ":' ). This active es ter (I 8.6 g. 
22mM) in DMF (50 ml) was then added to a solution of 
tryptophan (4.1 g. 20m M) in I M NaO H (20ml) and DM F 
(201111) and the reaction mixture stirred for 24 h. The pH was 
reduced to 6.5 and t he solvent evaporated to produce a residue 
which was suspended in EtOAc; this suspension (the sodiu m 
salt) was fi ltered and was hed with EtOAc and Et,O. The free 
acid was then obtai ned by part iti oning the sa lt between ice
cold 10 ":, minera l acid and EtOAc ,Ind the orga nic phase 
containin g the product was washed wi th water and dried. 
Eva poration gave the protected tri peptide ac id 811 as a white 
amorphous powder (15.6 g. ~5 "~ , ) . m.p. 151- 154°. [0: It,4 
_ 13.1" (c = 2. EtOAc). R,(7) - 0.6. Rd\3) - 0.6. Ornl.oo 
Trpl. g7. (Found: C. 6~.69 ; H. 6.72; N. 9.23. Cs4H,gN,,0 •. 
H, O requires: C. 69.13 ; H. 6.55; N. !!.95·";,.) 

Bpuc.(6 1- 6 7).0 Ph 81. The protect ed tetrapeptide 78 (!l.0 I g. 
10 mM) and DMS (20 ml) were dissolved in Ch2C1, (300 ml). 
IOmM) and DMS (20 ml) were dissolved in (, H2C1 , (300 ml). 
stirred at room temperature for 20 min. Eva poration gave the 
corresponding hydroch loride sa lt of the tetrapeptide as a white 
solid (6.0 g. 9S ':{. ). This hydrochloride (4.2 g. 7 mM) and the 
tripeptide acid (6.78 g. SmM) were dissolved in DM F (40 ml) 
and coo led to - 20°. Dry nitrogen was bubbled through the 

stirred solution. when HONSu (I.S g. 16mM) and NMM 
(70Smg. 7 mM) were added followed by a solution of DCCl 
(1.9S g. 9.6 mM) in DMF (10 ml). The reaction was allowed to 
attain room temperature and was then stirred for a further 4 
days. The solution was then cooled and the DCU removed by 
filtration; evaporation gave a residue which was purified 
initially by crystallisation from EtOAc/acetone/hexane 

(3: I : 2) and subsequently by gel filtration on Sephadex LH2~ 
eluting with DMF. The product 81 had (Ve/ Vt) = 0.40 an 
iso lat ion gave (6.15g.60";' ).m.p. 198- 201°. [o:lf,3 - 22.9° (e 
= 2. DMF). R,(2) - 0.40. R,(20 ) - 0.2. Ornl.OI Trpl.97 
Aspl.ooGIYl.ooAlal.oo. electrophoresis of the totally depro: 
tected material gavea single spot E~,sr . LY' 1.1. (Found: C. 63.~~: 
H. 6.67; N. 10.13. C79Hg )N 1101 SS.2 H20 reqUIres : C. 63. • 
H. 6.50; N. 10.23 /~ ). Material obtained by an alt ernat ive r~ut~ 
using intermediate phenyl ester protection in the syntheSIS Od 
811 had m.p. 197- 200°, [lXl~J - 22.So (c = I. DMF) an 
(Ve/ VI) (LH20/DMF) = 0.40. 

Bpoc·.(55- 67).OPh 82. (a) Bpoc cleavage from 81 (5.8 f; 
4 mM) and DMS (S ml), dissolved in TFE/H,O (9:1) (50111 
and the pH adjusted toO.5 with 0.05 M HCI in 90 'X; TFE.gave 

the hydrochloride (4.9 g. 97 ~{, ) after I h (solvent was 
eva porated and the resulting solid washed with Et20). . 

(b) Phenyl ester cleavage from 73 (3.38 g. 3.2 m M). dissolved 
in HM PA (80 ml) at 37° and water (20 ml) added, the pH was 
then brought to 10.5 by the addition of I M NaO H. by H,O) 
100 vol (0.35 ml) and addition of I M NaO H to maintain ~he 
pH at 10.5. After 15 min. base uptake ceased and the solutl?n 
was cooled to 0° and thepH brought to 3.5with 10 X,ci tric acld. 
The product precipitated as a fine solid and was isolatcd bY 
centrifugation; washing with water and drying gave the 
peptide acid (2.92 g. 93 ~{, ) . 

(c) Bpoc.(55- 60).OH (3.92g. 4mM ) and CI - Ht.(6 Ir 67).OPh (4.61 g, 3.6mM) were dissolved in a mixture ~ 
HMPA (30ml)and DMF (25 ml)and cooled to _ ISO. NM d 
(36Smg. 3.6mM) and HONSu (920mg. SmM) were addef 
followed by a solution of DCCl (S66 mg. 4.2 m M) in DM 
(6ml). The reaction wa rmed to room temperature overni g~t. 
and was cooled to - ISO for a second addition of HON ~ 
(460 mg. 4 mM)and DCCI (433 mg, 2.1 mM). After a further d 
days at room temperat ure the mixture was cooled to - 10° an 
the DCU removed by f1itration. Thefl ltratewas then applied t~ 
Sephadex LH20 eluting with DMF, the product 82 h~) 
(Ve/ Vt) = 0.39 and gave (5.01 g. 58 X»). m.p. > 340°, [Oc]D 

Icc' - 50.So (c = 2. DMF), R r(34) - 0.6, R,(7) - 0.7, e le 
trophoresis of the fully deprotected peptide showed a sing 
spot E~;,lp.LY ' 1.2. Orn 1. 0 I Trp I m AsP2.0JSerl: .q .plu! . ~l; 
GIYo.,)"Ala l.oo lleo.,). Leu 2.o 2 (· corrected for degradat~ 0 
(Found: C. 59.S8 : H. 7. \3 ; N. 11.66. C II JH I ~ ,N I 90 24S.4 1 

requires: C. 59.82; H. 7.28; N. 11.73"{,.) 5 
Bpoc.(50- 67).OPh 83. (a) The protected peptide 112 (3. .ri 

1.6 mM) and DMS (3 ml) were dissolved 111 TFE/ H,O (9i, 
(25 ml) and the pH was adjusted to. and maint ai ned at. 0.5 ; 
the addition ofO.OS M HCI in 90 ":. TFE. After I h the so l v~:~1 
was evaporated to give a white solid. This was triturated W\ c 
Et 20. and dried giving (3.2 g. 99 ':{. ) and used directly 111 t 1 

cou pling reaction. ~e 
(b) The peptide acid 66 (3.2g. 3.2mM) and .t il 

hyd rochloride from (a) (3.2 g. 1.6 mM) were dissolved In 0 

mixture of HMPA (20 ml) and DMF (30ml) and cooled ts 
- 10°. NMM (162 mg. 1.6 mM) and HO NSu (368 111

8
: 

3.2 m M) were added followed by a solution of DCCI (660 (ll~c 
3.2 mM) in DM F (3ml). After 2 h at 1'00m tempera ture t g 
solution was cooled and further portions of HONSu (368 n~~ 
3.2m M) and DCCl (330mg. 1.6m M) added. the rcaC\l el1 
mixture being stirred for4 days. The reaction mixture was t :hl 
direct ly applied to Scphadex LH20 and elut ed with DM f •. re 
fractions correspond ing to the pea k at (Ve/ VI) = 0.35 ~~" 
eva porated giving the product 83 (3 .0 g. 65 'X,). m.p. ;- 301. 
r0:1 1," - 27.4° (c = l. HMPAl. R,04 1- 0.6. R,(3) -', 
Rr123) - ~.7. Ornl . n l .Trpl:)hASP 2.97~hrll . 7 .<Se~, . 4 7 ~i~I '~ 
Gly 1. ')4A la ,.oq llco.'>7 L~U 2 . 01l r yr 0 . "4' (Found . . (, 60. 60 IS; 
7.25; N, II.I S. C I ~I H2I4N '40 .'4S.4H,O requires: C. . 
H. 7.42; N. 11.1 5 "w ) 
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SYNTHESIS OF THE 68- 75 FRAGMENT OF 
A LYSOZYME ANALOGUE 
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(Received ill the U K 28 Febuary 1980) 

Abstract- The 68- 75 subfragment has been prepared by a 4 +4 fragment condensation using DCCI/ HOBt. 
,The constituent 68- 71 and 72- 75 fragments being prepared stepwise by the pivalic mixed anhydride method. 
The octapeptide prepared by this approach was shown to be identical with that synthesised by a solid phase 
method using a phenolic polymer as the support. 

~ehwork described in this paper relates to the synthesis 
a t .e 6~-75 fragment of our lysozyme analogue l by 
e~~~lcatlon of the general methodology described in an 
th~ ler paper in this series. 2 The amino acid sequence of 

IS fragment is 

Orn Th P I 68 ' r. ro. G y. Ser. Ala. Asn. Gly. 
71 75 

IW SYnthesis of the fragment has been accomplished by 
sOI~ totally independent methods. The first, involving 
Ih I~Phase synthesis utilised a phenolic polymer with 
de~ ,Poc group for N-terminal protection, has been 
Bp~nbed previously. ~ In th~ solid phase synthesis3 the 
rea c.-gIYcme phenolic resm ester was prepared by 
deactlng the caesium salt of Bpoc- glycine with 
Bo cYlated resin. After acetylation Boc- Asn- OH, 
USic- Ala- OH and Bpoc- Ser (Bu')- OH were added 
reang. DeCI to achieve the successive coupling 
Ihe~tlons. The remaining amino acids were added as 
aCi~ IBP?C derivatives because of the presence of the 
Oct - abl~e side chain protection on Ser-72. When the 
CararPtlde had been assembled, the peptide resin was 
cle: ulIy washed and dried and the phenyl ester 

Vage was then effected in the presence of hydrogen 

68 
Orn 

69 
Thr 

peroxide using a dioxan/water (9 : 1) mixture, whilsl 
maintaining the pH at 10.5 by the addition of 1 molar 
tetramethylguanidine. After the cleavage was complete 
(50 minutes) as evidenced by cessation of base uptake,4 
acidification to pH 3.5 with potassium hydrogen 
sulphate gave the crude protected octapeptide 91. The 
numbering of compounds follows from the sequence 
used in earlier papers. The trace impurities were 
removed by gel filtration on Sephadex LH20 in DM F, 
the required producte1utingwith a (VejVt) ratio ofO.39. 
Isolation of the purified peptide by precipitation from 
DMF/water gave the product as a white powdery 
material. 

For large scale synthesis we have also prepared this 
fragment by a 4 + 4 fragment coupling involving union 
at theGly-71 residue to avoid racemisation. The (68- 71 ) 
and (72- 75) tetrapeptides required for the fragment 
condensation synthesis of the (68- 75) fragment were 
prepared in a stepwise manner. Z- Pro- OH was 
coupled to glycine phenyl ester hydrobromide by the 
pivalic mixed anhydride method as shown in Scheme 1, 
giving the crystalline dipeptide 84 in 68 % yield. This 
peptide was then de protected by catalytic hydro
genolysis in the presence of p-toluenesulphonic acid (0 

z 

z 

70 
Pro 

71 
Gly 

0" "-"'lo'h 
, (84) I 

OPh 

/Bu 

/Ado, 2-+

I
-
B
-
U

,--(-8S-)-+I-----iO
'h 

Bpoc --+VL--A- d-O-C- ---!'I/-B-U-'-"'7"( 8'6) 1--------'I-OPh 

Bpoc----~--~--------~----~~~----------~~OH 

Adoc 
Spoc ----1'-- OH 

( 87) 

Scheme \. Synthesis of Ihe protected (68- 7.1) fragment (87) 

~------------------------
: Preccased 25th June 1978. 
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n 
Ser 

-
But 

73 
Ala 

z- I-OH 

74 
Asn 

75 
Gly 

z-I-OH Br-H/-L-

Z -( BB) 

OPh 

OPh 

z ~H Z 
( B~) 

OPh 

VBu
t 

z 
( 90) OPh 

Scheme 2. Synthesis of the protected (72- 75) fragment (90) 

give the corresponding salt as a gum. Z- Thr (Bul )- OH 
(obtained from the DCHA salt) was again coupled by 
the pivalic mixed anhydride method giving the 
tripeptide 85 as an oil in 84 % yield. Unfortunately all 
attempts at crystallization were unsuccessful. however 
TLC showed that this material was sufficiently pure for 
use in the next stage of the synthesis. The salt resulting 
from hydrogenolysis of the protected tripeptide 85 was 
coupled with Bpoc- Orn (Adoc)- OH s by the pivalic 
mixed anhydride method and the final fully protected 
peptide was subjected to gel filtration on Sephadex 
LH20 in DMF. The phenyl ester of the protected 
peptide 86 was rapidly cleaved by treatment with 
sodium hydroxide in the presence of hydrogen peroxide 
at pH 10.5 using acetone/water (4: 1) as the solvent. The 
homogeneous tetrapeptide acid 87 was obtained as a 
white powder in 89'1;'. yield. 

The (72- 75) subfragment (see Scheme 2) was then 
assembled by stepwise addition of Z- Asn- OH, 
Z- Ala- OH, and Z- Ser (Bul)- OH employing in each 
case, the pivalic mixed anhydride procedure using 
NMM as base. The crude protected tetrapeptide 90 was 
sufficiently pure after reprecipitation from DMF with 
water to be utilized in the subsequent fragment 
coupling. 

The benzyloxycarbonyl function was then removed 
from Z.(72- 75).OPh by catalytic hydrogenolysis in the 
usual way to give the resultingp-toluenesulphonate salt 
which was then coupled with the tetrapeptide acid 87 by 
the DCCI/HOBt method. 6 ln this particular example it 
was found that HOBt was superior to HONSu and that 
no cleavage of the Bpoc protecting group was observed. 
The resulting octapeptide 91 was purified by gel 
filtration on Sephadex LH20 eluting with DM F to give 
a yield of 69 %. The product 91 was shown to be 
homogeneous by the usual criteria and by elec
trophoresis at pH 2.1 of the fully deprotected 
octapeptide. 

The identity of the peptide 91 produced by the solid 
phase method and the solution method was readily 
ascertained and clearly demonstrates the potential of 

the phenolic polymer in peptide synthesis; ~he 
advantage over many of the obvious alternatives beIOg 
that the protected peptide may be removed from the 
resin and purified without loss of the main-chain a~d 
side-chain amino-protecting groups. The resulting aCI~ 
(or hydrazide which would result from hydrazinolysIS 

of the peptide phenyl ester linkage) could then be used 
to build up larger fragments either in solution or on the 
polymeric support. 

EXPERIMENTAL 

The abbreviations, TLC systems and general experimel~tal 
methods are those described in earlier papers in this sened Z - Pro- G/y- OPh 84. Z- Pro- OH (24.9 g, 100 mM) an 
NMM (1O.1g. 100mM) were dissolved in CH 2CI 2 (loom!) 
and the solution cooled to _10°. Pivaloyl chloride (12.0~ 
100 mM) was added and after activation (20 min) a preeool:, 
solution of Br- Hi' - Gly- OPh (23.2 g, 100mM) and NMIY' 
(\0.1 g, 100 mM) were added. The reaction mixture was stirred 
overnight at room temperature then evaporated and the 
residue dissolved in EtOAc. This solution was washed wIth 
acid and base then dried and evaporated. The product 84 waS 
crystallised from EtOAc/petroleum ether giving (25.8 g, 68 %J' 
m.p. 74- 75°, [IXJI~4 - 63.6° (e = I. DMF). ~[(24) -.ON: 
R r(l8) - 0.6, Proo.9 ,GlhoJ' (Found. C. 66.22. H. 5.94. 
7.63. C21H22N 20~ requires: C. 65.96; H. 5.80; N. 7.33 %) 

Z- Thr(BII')- PI'O- Gly- OPh 85. The dipeptide 84 (24.9.g· 
65 mM) and Tos.OH.H ,O (12.4 g. 65 mM) were dissolved In 
OMF (50 ml) and hydrogenolysed over 10% Pd/C (3.25 g) for 
4 h. then worked up in the usual way to give a gum. Z- TI1~ 
(Su' }-OH.OCHA (33.1 g. 65 mM) was converted in the usud way to the free acid which was dissolved in EtOAc (I 00 ml)a'd cooled to - 10°. NMM (6.58 g. 65 mM) and pivaloyl eh Ion ~ 
(7.8 g. 65 mM) were added and the solution stirred for 2 r 
minutes. A precooled Solulion of the p-toluene-sulphollateO 
the amino-component in OM F (50 ml) was added followed b~ 
NMM (6.58 g. 65 mM) and the reaction stirred overnight a 
room temperature. Removal of the solvent and work up in t~o 
lIsual manner gave a homogeneous oil which defied ~) 
attempts at crystallisation (29.4 g. 84 %) R [(2) - 0.5. R r(2 
- 0.3. Tluo·R, Pro, .o4Gly, .oo· . 0' 

BpOC- OI'lI(Adoc)- Thr(Bu' }-- PI'O- Gly- OPh 86. The prO 
tected tripeptide 85 (29.4 g. 54.6mM) and Tos.OH.HJ 

Bpec(cB-71)OH Z(72-75)OPh 

~·----'-I -----11 
Bpec (cB-75) OPh 

(~) 

Scheme 3. Synthesis of Spoc (68- 75) OPh (9\). 
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(IO.4g, 54.6 mM) were dissolved in DMF (Iooml) a nd 
~drogenolysed for 4 h in the presence of 10% Pd/C (2.75 g). 
( ork up in the usual way gave the sa lt as an o il. Bpoc- Orn 
Adoc)- OH (34.0g, 62mM) and NMM (6.2g, 61 mM) were 

dissolved in EtOAc (IOOml) and cooled to - 10°. Pivaloyl 
~hloride (7.3g, 61 mM) was added and 20 min allowed for 
aClIvation, A precooled solution o f the p-t oluene-sulphonate 

. In DMF (50ml) was added fo llowed by NMM (5.5 g, 54mM) 
~nd the reaction mixture stirred overnight at room 
emperature. The solvent was evaporated and the residue 
applied directly to a column of Sephadex LH20 and eluted 
~~th DMF. The product was isolated by combination of 
tgcllons with (Ve/Vt) = 0.44 to afford 86 (38.5 g, 77 % ), m.p. 

5- 107°, [1X1~4 - 25S (c = I, DMF), R r(22) - 0.4, Rr(9) 
?z0.?, Orn O' 94 Thr, .os Proo'94G IY, ,06' (Found: C, 66.73; H, 
~'. 7, N, 7.66. C s3 H69N 50 , o. H , 0 reqlllres : C, 66.72; H, 7.S0; 
", 7.34 %.) -

9 Bpoc. (68- 71 ).01-1 87. The peptide phenyl ester 86 (8.9 g, 
.~ mM) was dissolved in acetone/ H 20 (4: I) (50 ml) and the k brought up to 10.S by the addition of I M NaOH. lOO vol 

101?2 (l.Oml, IOmM) was added and the pH maintained at 
r' ,by the addition of I M NaOH .(a total of 10.0 ml was 
ceqUlred), after IS min base uptake ceased indicating 
t~rnpletion of the hydrC'lysis. Theacetone was evaporated and 
a e Solution diluted with water and washed with Et 20 . The 
lri~eo~s phase was cooled to J00 and acidified to pH 3.S with 
an? Cltncacid to give a solid which was extracted into EtOAc 
tv the. solution was washed with water . and dried. 
tritapOralIon gave the pure tetrapeplIde aCid 87 after 
R.r(~~at~n with water and drying (8:3 g, 89 %!, m.p. I ~8- 121 0, 

C H) 0.9, R r(31) - 0.8,(Found .C, 63.62 , H, 7.S3 , N,8.08. 
·2 6INSOIQ. l t H20 requires: C, 63.64 ; H, 7.56; N, 7.90%.) 

(8 ~Asn-GIY-OPh 88. Z- Asn- OH (26.6, lOO mM), pyridine 
D rn ,loomM)and NMM (10.1 g,loomM) were dissolved in 
an~F (7S ml) and cooled to - 10°. Piva loyl chloride was added 
Bt - ~~ min allowed for activation. A precooled solution of 
add 2 - Gly- OPh (23.2g, lOOmM) 111 DMF (7Sml) was 
Pe ed fOllowed by NMM (10.1 g, loomM) and the reaction 
ga~mltted .to reach room tempera ture overnight. Evaporation 
Na~ an Oily res idue which was solidified by addition of I M 
ah C03 solutio n. The solid was washed on the sinter 
lVi~hnately with I M AcOH and I M Na HCO, then fina lly 
(330 Et20. Drying ill V(lCUO gave the req uired product 88 
R. (17g, 83% ), m.p. 171 - IW, [1X1~" - 10S (c = I, DMF), 
NrI0) - 0.7, R r(23)-0.8. (Found: C,S9.84; H, 5.31; 
N'10·60. C'o H " N ,06 requires: C,60. 14; H,S.30; 

, .52"/ ) - - . 
2 / 0 ' 

and ;..4 la- AslI - Gly- OPh 89. Com pound 88 (32.0 g, 80 mM) 
(lOO oS.OH.H 20 (IS.2g, 80 mM) were dissolved in DMF 
(4.0 rnl) a nd hydrogenolysed overnight over 10% Pd/C 
Z'A~!' Work up in the usual way gave the salt as a gum. 
dissola- OH (17.9 g, 80 mM) and NM M (8.09 g, 80 mM) were 
chl orived In C H ,CI2 (I00ml) a nd cooled to - 10°. Pivaloyl 
UCtiv . de (9.6 g, 80 m M) was added a nd 20 min a llowcd for 
all1i alIon. A solutio n of the p-tolucne-sulpho na te of the 
und ~~-COmponcn t from abovc was dissolved in DM F (75ml) 
(8.1 U ded to the solution of the mixed anhydride with NMM 
tell1~ &0 mM) and the reaction mixture stirred a t room 
resid rature overn igh t. The solvent was eva po rated and the 
base Ue SolIdified o n addition of brine. Washing with acid a nd 
50 '/:. )on the sinter gave the protected tripeptide 89 (18.7 g, 
R. r (28t~P. > 250°, [IX l ~" - 5.8° (c = I. DM F), R r( 17) - 0.6, 

0.9, Asp"o,GIY, .o,Ala""'8' (Found: C,58.42; 

~ val. l6 No. IS-G 

H,5.S0; N, 11.9S. C23H26N407 req uires : C,58.72 ; H,5.S7 ; 
N, 11.91 /.',.) 

Z - Ser(Bu' )-A III- Asn- Gly- OPh90. The tripeptide 89 (15.1 g) 
32.1 mM) andTos. OH.H 20(6.1 g,32. 1 mM)weredissolved in 
DMF (250 ml) and hydrogenolysed fo r 4 h in the presence of 
10% Pd/C (1.6 g). Filtration and removal ol'solvent gave a gum 
which was used in the coupling reaction. Z- Ser (Bu')- OH 
(10.2 g, 34.6 mM) and NMM (3.5 g,34.6 mM )were dissolved in 
EtOAc (70 ml) and cooled to - 10°. Pivaloyl chloride (4.2 g, 
34.6 mM) was added and the solution stirred for 20 min . A 
precooled solution of the p-toluene-sulphonate of the amino
component in DMF (150ml) was added a long with NMM 
(3.2g, 31.5mM) a nd the reaction allowed to reach room 
temperature overnight. Remova l of solvent gave a solid 
which was triturated with 10 % citric ac id, I M NaHC03 
solution and water, then reprecipitated from DMF by the 
addition of water giving 90 (12.0g, 64 %), m.p. 198- 201°, 
[lXl&4_ 4.30° .{C = I, DMF), R,(22) - 0.6, Rr(28) - 0.9, 
Asp, .0 ,Sero'8 ,GIYo'97Ala "os' (Found: C, 58.11; H, 6.29 ; 
N, 11.48. C30H39Ns09' t H 20 requires : C, 57.87: H, 6.48; 
N,11.25 %. ) 

Bpoc.(68- 75).OPh91 .The protected tetrapeptide 90 (11.2 g, 
18.3 mM)andTos.OH.H 20(3.S g, 18.3 mM)were dissolvedin 
DMF (200 ml) a nd hydrogenolysed over 10% Pd/C (1.0 g) for 
5 h. Filtration and evaporation gave the corresponding 
p-toluene-sulphonate as a gum. This gum was dissolved in 
DMF (lOO ml) and the peptide acid 87 (3.3 g, 3.8 mM) added. 
After cooling to _ 5° HOBt (l.Og, 7.7mM), DCCI (790mg, 
3.8 mM) and NMM (388 mg, 3.8 mM) were added and the 
reaction mixture stirred overnight. The reaction mixture was 
then cooled to - 5° and additional portions ofHOBt (207 mg, 
1.5 mM) and DCCI (158 mg, O.77mM) added. After stirring 
fora further 2 days the solution was purified by gel filtration on 
Sephadex LH20 eluting with DMF. The required product 91 
eluted with (Ve/Vt) = 0.41 , isolation gave (3.SI g, 69 % ), m.p. 
128- 131 °, [1X1~4 - 12.7° (c = I, DMF,R r(22)- 0.7,R r(23) 
- 0.8, Orno.9sAsp,, 03Thro'96 Sero '93 Pro, ,04GIY 2-06Ala , ,04' 
(Found : C, 59.S3; H, 7.IS; N, 10.22. C69Hq6 N, 00'6' 2}H 20 
requires: C,59.6 1; H, 7.45 ; N,10.25 %. ) 
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Abstract- Two routes to the 38- 75 fragment of a lysozyme analogue are reported. The two syntheses use the 
protected peptide fragments 38- 49, 50- 54, 55- 60, 61 - 67 and 68- 75; the routes differ in the order offragment 
combination with the DCCI/HONSu method being the preferred means of linking the fragments. Sephadex 
LH 60 proved to be a particularly useful matrix for the gel filtration of the large fragments involved in the 
synthesis. 

'fh,e second major subfragment of the lysozyme 
:nalogue 1 under investigation as a target for synthesis 
hPans the region from residue - 38 to residue - 75 and 

as the sequence shown below : 

during the early stages of this work it rapidly became 
apparent that the DCCI/HONSu method 3 and the 
DCCI/ HOBt method4 were suitable alternatives to 
the azide procedure for achieving racemisation free 

PheAsn.Thr.GlnAla.Thr.Asn.OrnAsn.Thr.Glu.Gly. 
38 49 

Ser.ThrAsp.Tyr.Gly.Leu.Leu.Gln.lleAsn.Ser.Orn. 
54 60 

Trp.Trp.Cys.Ala.Asp.Gly.Orn.Thr.Pro.Gly.SerAlaAsn.Gly. 
67 75 

se In accordance with our initial strategy,2 it may be 
pren . that of the four glycine residues, three would 
re~vlde adequate fragmentation points to enable 
fouso~able size fragments to be assembled and the 
ter rt. at residue - 75 would form the carboxyl
ra rnl~Us of the whole (38- 75) fragment ready for 
rn~~rnlsation-free incorporation into the (1 - t 29) 
thJor . fragment. The position of the glycine residues 
(38 s tlctated that the fragments synthesised should be 
eve~ 9), (50- 54), (55- 67) and (68- 75). However, in t~e 
ord t the (56- 67) fragment was severed at senne - 60111 
11)0 er to el~able the (55- 67) fragment to be assembled 
thisre readily. It is of in terest to reflect that at the time 
ava 'lsynthetic route was devised, few methods were 

I able for racemisation-free coupling, although 

coupling. Notwithstanding these important develop
ments in peptide methodology we would still favour C
terminal glycine in the coupling of large fragments. 

Preceding papers in this series have described the 
synthesis of the (38- 49),5 (50- 54),6 (55- 60),6 (61 - 67)6 
and (68- 75)7 fragments. The second paper in this 
group described the synthetic route to Bpoc. 
(50- 67).OPh 83. The compound numbering sequence 
follows that established in earlier parts of this series. 
This intermediate fragment was constructed by 
combination of the (50- 54) portion with the (55- 67) 
fragment which had itself been obtained by coupling at 
residue - 60. 

Our first synthesis (see Scheme I) of 
Bpoc.(38- 75).OPh 93 used the fragment 83 as one of 

Bpoc. (50-67)DPh Bpoc. (68-75j.OPh 

(83)!l.-___ .--____ J (~) 
I 

Bpoc. (38-~ 9) .OPh Bpoc. (50-75) .OPh 

(~) L ___ -r _____ J (92) 

I 
Bpoc. (38-75) .OPh 

( 93) 

Scheme I. The firsl route to the protected 38- 75 fragment (93). ---- . 
i~eceased, 25th June 1978. 

S<lCk:~slent address: Chemistry Department, UMIST, 
C Slreet , Manchester. 
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its major constituents. The phenyl ester function M was 
hydrolysed in 8 minutes by treatment with hydroge n 
peroxide at pH 10.5 using HMPA/water as solvent 
with dimethyl sulphide present to prevent untowa rd 
oxidation of the peptide. More recently, we have used 
trifluoroethano Jjwa ter (9 : I) as a solvent for this 
cleavage as it aids the isolation of the product and it is 
readily removed by evapora tion. A comparable yield 
was obtained in both cases. The hyd rochloride of the 
(68- 75) fragment was obtained by removing the Bpoc 
function from peptide 91 by trea tment with 0.05 molar 
HCI in 90% trifluoroethanol 9

. Coupling of these two 
fragments was effected by DCCI/ HONSu using 
HMPA and DMF as a mixed solvent system and 
required 4 days to reach com pletion. Although 
purification was achieved initially by gel filtration 
chromatography on Sephadex LH20, separation of the 
(50- 67) fragment from the product was difficult since 
both compounds eluted close to the void volume of the 
column. More recently, the use of Sephadex LH 60 
eluting with DMF 10 has allowed us to achieve a much 
better separation of these two peptides. The 
Bpoc.(50- 75 ).OPh 92 obtained by this ro ute was then 
subsequently used in the formation of the (38- 75) 
fragment. 

The Bpoc.(38- 49 ).0 Ph 61 which had been obtained 
by the route outlined in an ea rlier paper5 was subjected 
to phenyl ester cleavage using HM PA/water as 
solvent. The pH being adjusted to 10.5 by the add ition 
of I M NaOH and the cleavage being carried out in the 
presence of IOOvol. hydrogen peroxide. After 3min 
uptake of base ceased indica ting rapid hydrolysis. The 
solution was then cooled and the pH adjusted to 3.5 
with ci tri c acid, thus ca using the precipitation of thc 
corresponding free acid. In this case 90% 
trilluoroethanol could not be used in the reaction 
medi um as the so lvent system was sufTicientl y acid ic to 
ca use sli gh t cleavage of the Bpoc protecting fun ction 
on residue - 38. The hydrochl oride of the 150- 75) 
port ion was obta ined by acidolysis of the correspond
ing Bpoc com pound 92 : the cleavage being achieved 
using HCI in trifluoroethanol. It should be noted that 
the rather inso luble peptide 92 required 5 hours for 
complete dissolution at 37° when using trifluoro
ethanol as the so lvent, however, on addition of the acid 
on ly 20 min were req uired for complete cleavage of the 
I:Jpoc group. The two fragments were then linked using 
OCCI/HONSu as the coupling agent in H M PA/ OM F 

Ilpoc. ( 50-54 ). OH Bpoc.{ 55-60) ,OPh 

( 66) 1'---__ -.-__ --1, (73) 

I 
Bpoc . ( 50-60). OPh 

(94) l _ ____ -. 
I 

as solven t mixture to achieve maximum concentration 
of reactants. This coupling required 5 days to reach 
completion as indicated by the absence of a 
fluorescamine positive spot on TLC. In our ea rlier 
prepara tions we used Sephadex G75 swollen in 
H M PA/water (95 : 5 )11 in order to achieve the 
purification of this fragment whereupon a 50% yield 
was obtained after rechromatogra phy of the approp
riate fractions on Sephadex G 10. An improved 
separation was ultimately achieved using Sephadex 
LH 60 eluting with N-mcth ylpyrrolidine (NM p). I D In 
this way we achieved our first synthesis of the fully 
protccted Bpoc.(38- 75) fragment 93. Clea rly, however, 
many difficulties were encountered in the purification 
of intcrmediate peptides, and it was for this reason that 
we embarked on an alternative synthes is using the 
same fragments although combining them in a 
differen t manner. 

The second approach, which is outlined in Scheme 2, 
again used the fragment (50- 75), however, in this case 
it is constructed by combination of the approximately 
eq ual sized fragments (50- 60) and the (61 - 75) which 
necessi tated coupling with the racemisation-prone 
residue, se rine-60. 

Bpoc cleavage from the ava ilable fragme l~t 
Bpoc.(55- 60).OPh 73was achieved usingO.1 M HClln 
90% aq ueous trifluoroethanol the cleavage being 
complete in 30 minutes. The hyd rochloride thuS 
obtained was coupled with the Bpoc.(SO- S4).OH 66 by 
the DCCI/ HONSu method using HMPA/DMF as a 
solvent over a period of 3 days which was required to 
bring about complete coupling. In this case gel 
filtration on Sephadex LH20 affo rded adeq uate 
sepa ration of starting materials and products and led 
to the isolation of Bpoc.(SO- 60).OPh 94. The 
flpoc.(61 - 75 ).OPh 95, was obtained by linking the 
already available fra gments 81 and 91 . The free acid of 
the formcr compound was obtained by phenyl ester 
cleavage in 90 % trifluoroethanol in the usual way, and 
the hyd rochloride 01' 91 was ob ta ined by Bpoc cleavage 
in 90% aq ueous trifluoroethanol. The two fragmentS 
were linked using DCCI/ HONSu as the coupling 
method employ ing only OMF as the solvent and the 
co upling required a total of S days to reach 
complet ion. Gel filtrati on on Scphadex LH 60 eluting 
with OM F permitted the iso lation of the fullY 
protected fragment 95 in reasonable yield, th~n 
the Bpoc protection was removed by acidolysis in 90 % 

Bpoc . ( 61-(7). OPh Bpoc. (68-75) . CP! , 

(~) <-I ---.-- - ...... 1 (~) 
I 

Bpoc.{61- 75 ).CPh 
-.J (95) 

Bpoc . (38-49). OPh Bpoc. (50-75 ). OPh 

(~) l ___ .----.-____ --II (92) 

Bpoc. ( 38-75) . OPh 

( 93) 

Scheme 2. The seco nd ro ute to the pro tected J 8 75 fragmen t (93). 
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aqueous TFE III the usual way to give the 
hydrochloride which was used directly in the 
preparation of 92. The phenyl ester function at 
the Ser(Bu') terminus was cleaved from 
~pOc.(50-60).OPh 94 in I hour using 90 ~<, aqueous 
nftuoroethanol as solvent at pH 10.3. The acid 
~btai~ed was then coupled with the hydrochloride 
escrtbed above by the OCCI /HONSu method using 
~M PA/ OM F (I: I ) as the solvent. A 6 day coupling 
~~d . a subsequent purification on Sephadex LH 60 

utl~lg wtth OM F gave the required fully protected 
~Pttd~ Bpoc.(50- 75).OPh 92, again in reasonable 
yteld.ln this casc the product 92 was well resolved from 
any of the starting materials; in contrast to thc 
~Urtfication experienced in the route outlined in 
eheme I. Clearly then, the route shown in Scheme 2 is 

a Superior method of preparing the fragment 92. 
COupling between the (38- 49) and (50- 75) frag

;ent~ was then carried out in a manner similar to that 
escrtbed in Scheme I. In this case, however, the 

~roduct was immediately chromatographed on 
ephadex LH 60 and elutcd with NMP; the required 

product being well resolvcd once again from any ofthc 
~arttng materials. We have thus synthesised thc 
, pOC.(38- 75 ).OPh fragmcnt 93 by two separate 
approachcs and it was immediately reassuring to find 
that the material from either route had similar physical 
ir?perties, The melting point. optical rotation and 
hll1layer chromatographic behaviour was similar for 
~OO1pounds prepared by either method. In addition, 
Otal deprotection of the material prepared by thc 
~eeond route. followed by chromatography on 
ep~adex G25 eluting with 50% acetic acid gave a 

PePtIde which had Cl highly satisfactory amino-acid 
analysis. The Bpoc.(38- 75 ).OPh fragment 93 was thus 
irepa'red ready for use in the final stages of our long
er01 plan for thc synthesis of a lysozyme analogue. 

EXPF.I~IMENTAL 

te ~he abbrev iations. TLC systems and general experimental 
seC' illques have been reported in an earlier papcr in this 
(9~ICS, except for TLC system (35) CHct.,/ McOH/AcOH/ Py 

.30:5: 5). 
(2gpoc.(50 - 75).OPh 92 (Il) Phellyl ester d eapag£' ji'OIll 83. 
(20 4g, ImM) dissolved in HMPA (40ml) to which water 
(4 ml) was then addcd, employed dimcthylsulphidc (OMS) 
1001). at pH 10.5 (arrived at with I M NaOH solution) and 
Co Vol H,02 (O.llml). The cleavage was allowed to run to 
PHnPlclion (S minutes ) with I M NaOH being added from a 
3 S stat. The solution was cooled to O° and the pH adjusted to 
f) 'lt with 10 ~(. citric acid to precipitate thc peptide which was 
\V~red and washed with I PA and Et p giving (2.S6 g, 100 '/;' ). 
of 9CI~, the cleavage was carried out in TFE/ H ,0 (9: I) a yield 

2:;;; was obtalllcd. 
3~b) B(Jo(' cleavage ji'om 9I.Bp&.(68- 75JOPh 91 (197 g. 
)0 M) Was dissolved 111 0.05 M HClIll OMF (120ml). After 
:a~lln TLC indicated that removal or"the amino-protection 
SOl'deol11plcte. and the solvent was evaporated. The resulting 
Co I Was triturated with Et, O and EtOAc giving the 
al rresponding hydrochl oride (3.30 g. 99 :%,,). This cleavage has 
l'~~ been carried out in <)2"" yidd using 0.05 M HCI In 

1.;/ 1-1 ,0 (9: I). 
ab (e) Fraglllellt cOllplil1g. The peptide acid obtained from (a) 
2 OVe (2.86g. ImM) and the hydrochloride from (b) (~.25g. 
D~M) Were dissolved in a mixturc of H M PA (20 ml) and 
D F (6ml) and cooled to _ 8°. NMM (203mg. 2mM) in 
w~F (Iml) and HONSu (230mg, 2 mM) in DMF (1.5ml) 

ere <ldded foll owed by a solution of DCC I (226mg. 1.1 mM) 

in DMF (1.5 ml). After 2 h at room temperature the reaction 
was cooled and further portions of DCCI (115mg) and 
HONSu (113 mg) were added. The reaction was stirred at 
room temperature for 4 days and then the reaction mixture 
applied directly to Sephadex LH 20 eluting with DMF. The 
required product eluted with (Ve/Vt) = 0.31 although 
separation from the (50- 67) fragment was not ideal. Isolation 
of the product 92 gave (3.12 g, 79 1{,). m.p. > 340°, 
[~] ,')'J + 0.6° (e = 1.5. HMPA). R,(3) - 0.7. R,(35) - 0.9. 
Orn '.0' Trp, .,,,AsP3. 93 Thr , .96Ser 2.94Glu, .00 Proo.99Gly 4.00 
AlaI. 99"eo.9R Leu 2.ooTyro.9R · (Found: C. 57.03: H, 7.61: N, 
12.00,CI 9R H''JoN 3.0.7S.12H10 requires: C. 57.34; H, 7.63: 
N. 11.48 /;,). An improvement in separation from the (50- 67) 
fragment was achieved if the material from the LH 20 
purifica tion was rechromatographed on Sephadex LH60 
elutin!! with OM F. The product 92 in this case eluted at 
(Ve/Vt) = 0.52 and has the amino acid analysis : Ornl.91 
Asp • . o~ Thrl. R' Ser2." Glu, .o,> Prol.o ~ GIY.,.Q, Ala, .o" 
li e" .". Leul."" Tyro.R7 ' 

BI'"c.(38- 75).OPh 93. (a) Phl' IIyl l'ster c/e(lI'(/ge {i'O/ll 61. 
Bpoc.(38- 49).OPh 61 (1.22g. 0.6 mM) was dissolved in 

H M PA (24 ml) and water (6 ml) carefully added. The pH was 
brought to 10.5 with I M NaOH and IOOvol. H ,0, (0.1 ml) 
added, base uptake was rapid and after 3 min no nlore I M 
NaOH was consumed. The solution was cooled and the pH 
adjusted to 3.5 by the addition of ice-cold saturated citric acid 
solution. The precipitated free acid was washed with water. 
IPA and Et 10 giving (1.12g, 95 /;, 1. 

(b) Bpoc c/ /!{wuge ji'olll 92. Bpoe.(50- 75).OPh 92 (l.00g. 
0.25 mM) was dissolved in TFE (25 ml) over 5 h at 37°. The 
solution was cooled to 20° and DMS (I ml) and 0.3 M HCl in 
TF E (5mll was added. The cleavage was complete after 
20 min as indicated by TLC whereupon the solution was 
evaporated and the residue triturated with Et20 giving the 
corresponding hydrochloride (919 mg. 96% ). 

(c) Fragmellt cOllplillg. Bpoc.(3S- 491.0H from (a) (976 mg. 
0.5mM) and the hydrochloride from (b) (919mg. 0.25mM) 
were dissolved in HMPA (60ml). Six hours at 35° was 
required to obtain a clea r solution. This solution was cooled 
to 0° and NMM (25.5 mg. 0.25 mM) in DMF (IOml), 
HONSu (90mg, 0.7SmM) in DMF (1.5ml) and DCCI 
(107mg. 0.52 mM) in DMF (2ml) added. After 2h the 
reaction mixture was rccooled and further portions of 
HONSu (45mg) and DCC I (53 mg) added. Mtcr 5 days brine 
was added to precipitate the crude product. this was then 
washed with IPA and dried. Gel filtration on Sephadex G75 
in HMPA/ H, O (95:5) gave the purified fragment eluting 
with (Vc/ VI) = 0.46 followed by isolation by chromato
graphy on Sephadex GIO in DMF gave 93 (700mg. 50 / ,,). 
m.p. > 340°. [Cl],'," - 58.4° (c = l. HMPAI. Rr!3I) - 0.5. 
Rrf7) - 0,8, Orn3 .4oTrp - Asp 7. o2Thr4.57Serl,26Glu3.,1 
Proo.96Gly • . ARAla , .Q7 "eo.qq Leut ... R Tyr n.H4Phe, .o1' (Found: 
C. 57.114: H. 7. 72 : N. 12.23. C27 MH., ,, N,,07,,S.91·110 
requires: C. 57.67: H. 7.6 1: N. 12.34 ..... ) An il11pru v<.!d 
separation was achicwd using Sephadex LI-I60 eluting with 
NMP. the product eluting with Ve!Vt) = 0.41. 

HI'()c .(50 6010P/I94. (a) BI'''c c/('(I/ '(/g c/i'o /ll BI"" ·.155- (0). 

OPII. Bpoe.(55- 60).OPh 73 (1.50g. 1.4111M) was dissolved 
in TFE/ H20 (9:1) (1501111). The pH of the hazy solution 
was adjusted to 0.5 with 0.1 M HCI in 90 "" TFE and 
TLC showed that after 30 l11inutes the cleavage was complete. 
The solvent was evaporated and the residue triturated with 
Et 10 and dried yielding the corrcsponding homogeneo us 
hydrochloride (1.08g, 94 / ,,). 

(b) Fraglllellt cOllpling. Bpoc.(SO- 54).OH 66 (1.52 g. 
1.5 m M) and the hydrochl oride from (a ) (1.0S g. U5 III M) 
were dissolved in H M PA/ DM F (3: 2) (25 1111). 1-I0NSu 
(305mg. 2.6mM) was added and the solution eookd to - 20°. 
DCC I (322mg. 1.56mM) and NMM (0.1I5ml. 1.35mM) 
wcrc addedand the reactionl11ixture stirred for 24 h at room 
temperature. Further portions of DeCI (1.53mg. O.7S mM 1 
and HONSu (1 53 mg. 1.3mM) wen: added at - 20°. After 3 
days at roomtelllperature the rcactioll was applied directly to 
Scphadex LH 20 and eluted with OM F. Thc product 94 
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eluted with (Ve/Vt) = 0.38, isolation yielding (1.19 g, 66 % ), 
m.p. 260- 265° (dec), [a]I~4 - 43.0° (c = I, HMPA), 
Rr(12) - 0.6, Rr(7) - 0.7, ASPl.96 Thro.80Ser 1.43GluO.97 
GlYO.94I1eI.03Leu2.loTyrO.9S ' (Found: C, 61.58; H, 7.88; 
N, 10.27. C94HI41 N 13022.1tH20 requires C, 61.62; H, 7.92; 
N,9.94%. ) 

Bpoc.(6 1- 75).oPh 95. (a) Pllel1yl ester cleavage from 
Bpoc.(61 - 67).oPh. Bpoc.(61 - 67).OPh 81 (2.43 g, 1.6 mM) 
was dissolved in TFE/H20 (9: I) (50 ml) together 
with DMS (8 ml) and lOOvo!. H20 2 (0.5 ml). The pH was 
brought to and maintained at 10.5 for 30min by the addi
tion of I M NaOH, at this stage TLC indicated the cleavage 
to be complete. The pH was then carefully adjusted to 4 with 
10% citric acid and the solvent evaporated. The residue was 
triturated with water and ether, then dried giving the free acid 
(1.90 g, 82% ). 

(b) Bpoc cleavage from Bpoc.(68- 75).OPh. The protected 
fragment 91 (2.0 g, 1.5 mM) was dissolved in TFE/H20 (9 : I) 
(30 ml), DMS (I ml) added and the pH brought to 0.5 by the 
addition of 0.1 M HCI in 90% aqueous TFE. After 30min 
TLC indicated the cleavage to be complete, and the solvent 
was evaporated to give a residue which was triturated with 
Et 20 and dried to give the hydrochloride (1.62 g, 99%). 

(C) Fragment couplil1g. 8poc.(61 - 67).OH (I.76g, 
1.25 mM), C1 - H;'(67- 75).OPh (1.29g, 1.15mM) and 
HONSu (278mg, 2.4mM) were dissolved in DMF (IOml) 
and cooled to - 20°. DCCI (308 mg, 1.5 mM) and NMM 
(0.12 ml, 1.2 mM) were added and the reaction mixture stirred 
at room temperature for 24 h. Further portions of DCCI 
(150 mg) and HONSu (150 mg) were added to the recooled 
solution and the reaction allowed to continue for 4 days at 
room temperature, The reaction mixture was filtered and 
concentrated to (5 ml) then applied directly to a Sephadex 
LH 60 column eluting with OM F and gave the product 95 
(1.61 g, 57 % ), m.p. 166- 170°, [a]~4 - 20.0° (c = 1.9, DMF), 
Rr(23) - 0.9, Rr(7) - 0.7, OrnI.86AsP2 .04Thro.9sSero.97 
Proo.99GIY2.97AlaI.99' (Found : C, 59.68; H, 6.85; N, 
11.84. C'2hH",N2,02RS.4H20 requires C, 59.77; H. 7.12 ; 
N. 11.62 ":,. ) 

Bl'oc.(50-75).OPh 92. (a) Phenyl ester cleavage Ji'om 
Bpoc.(50-60).oPh . 8poc.(50-60).OPh (1.88 g, I mM) was 
dissolved in TFE/H20 (9 : I) (20ml), IOOvo!. H20 2 (0.16ml) 
and DMS (1.0 ml) were added and the pH taken to 10.3 with 
I M NaOH. After I h TLC indicated the reaction to be 
complete and the pH was brought to 7 with 10% citric acid. 
The solvent was evaporated and the residue triturated with 
10% citric acid, washing with water and Et 20 gave the free 
acid (I.74g, 81 %). 

(b) Bpoc cleavage Ji'om I1poc.(6 1- 75 ).OPh. The fully 
protected peptide 95 (1.4g, 0.6mM) was dissolved in 
TFE/H20 (9 : 1) (15ml). DMS (1.8ml) was add!!d and the 
solution taken to pH 0.5 with 0.1 M HCI in 90% aqueous 
TFE. After 1 hour the solvent was evaporated and the residue 
triturated with Et 20, filtration gave the required hydrochlo
ride (1.26g, 96%). 

(c) Fragmenr coupling. 8poc.(50- 60).OH (1.05 g, 0.6 mM) 
and C1 - H;'(61 - 75).OPh (1.I4g, 0.5mM) were dissolved in 
HMPA/DMF (1 : 1) (16ml) and cooled to _ 15°. HONSu 
(141 mg, 1.22mM), DCCI (125mg, 0.6mM) and NMM 
(0.056 ml, 0.5 mM) were added and the reaction mixture 
stirred at room temperature for 24 h. Additional portions of 
DCCI (81 mg) and HONSu (81 mg) were added to the 
recooled solution and the reaction continued for 6 days at 
room temperature. The product was precipitated with water, 

washed with Et 20 and dried. This material was purified on 
Sephadex LH 60 eluting with DMF, the required product 92 
had (Ve/Vt) = 0.52; isolation gave (804 mg, 
41 %)m.p. > 340°, [a]bS 

- 18°. (c = I, TFE), R,(3) - 0.7" 
Rr(35) - 0.9, OrnI.94AsP3 .89ThrI.89Ser2,2oGluI.09Pr01.04 
Gly 4.osAlal.91 I1eI.OOLeu2.09 Tyr 0.98' (Found : C, 58.57; ~' 
7.55; N, 11.93. C1 98 H290N34047S.7H20 reqUires: C,58.5 , 
H, 7.60; N, 11.73 %. ) 

Bpoc.(38- 75).OPh 93. Bpoc.(38- 49).OH 61 (143 mg, 
0.07mM) and C1 - H;'(50- 75).OPh (220mg, 0.06mM) were 
dissolved in HMPA/DMF (3: I) (2 ml) and HONSu (15 mg, 
0.13 mM) added. The solution was cooled to - 15° and DCCI 
(15mg, 0.07mM) added along with NMM (6jJl, 0.06 mM). 
The reaction mixture was stirred for 24 h then recooled to 
_15° and further portions of DCCI (lOmg) and HONSu 
(lOmg) added. After 10 days the product was precipitated by 
the addition of water. The solid was washed with Etp and 
chromatographed on Sephadex LH 60 eluting with NMP, the 
required product had (Ve/Vt) = 0.41. Isolation by evapora
tion of the appropriate fractions gave 93 (206 mg, 
61 % )m.p. > 340°, [a]~4 - 56.4° (c = I, HMPA), Rr(3!) 
-0.5, Rr(7) - 0.8. Orn3 .41 Trp- Asp7.0 I Thr 4.40Ser 1.99 
GIU ).1 H Proo.95Gly 5,02AlaJ .03 lie 1.0 I Leu 2,2 5 Tyro. 7R Phel .o I' 
De-protection or a sample of this material by phenyl ester 
cleavage and treatment with TFA gave a product which 
eluted as a single peak on Sephadex G25 when eluted with 
50% HOAc (Ve/Vt) = 0.46 and gave the following amino
acid analysis Orn2.94AsP6.6S Thr J.50Ser 1.31 Glu3 .,3Pr01.10 
Gly S.I sAla2.R 211e I .03Leu 2.2 3 Tyr I.OS Pheo.92 (30 hour 
hydrolysis). 
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~unlJnary: The previously assigned structure of 
. urnan big gastrin is revised as a result of sequenc-
109 and immunological studies on synthetic 
ieptides. A nonadecapeptide has been synthesi-
ed and found to have full immunochemical 
~otency compared with natural human G34 in 

t radioimmunoassay which is specific for the N
errn' SinaI sequence. 
t~ntheses of the peptides were achieved using 

e stepwise procedure with benzyloxycarbonyl-

D' 

amino acids and fragment couplings mediated 
mainly by the dicyclohexylcarbodiimide proce
dure in the presence of either N-hydroxysuccini
mide or I-hydroxybenzotriazole. Purification of 
the peptide fragments was by Sephadex LH-20 
chromatography and removal of protecting 
groups was effected using 90% trifluoroacetic 
acid in the presence of scavengers. Purification 
of the nonadecapeptide was achieved by high 
performance liquid chromatography. 

S le N-terminale Sequenz des Human-Big-Gastrins: 
eqUenz_, synthetische und immunologische Untersuchungen 

ZUsa 
illl rnmenfassung: Aufgrund von Sequenz- und 
bi ~UnologiSchen Untersuchungen , wurde die 
G~ e~ angenommene Struktur des Human-Big
lic~tnns geandert. fm Vergleich mit dem natiir
nad en Human-G34, hatte ein synthetisches No
ns eca?eptid im Radioimmunoassay, der spezi
illlCh fur die N-terminale Sequenz ist , die volle 

IllUnologische Wirksamkeit. 

Die Synthese der Peptide erfolgte durch schritt
weise Kupplung von Benzyloxycarbonyl-Amino
sauren mit Fragmenten mittels der Dicyclohexyl
carbodiimid-Methode in Verbindung mit N
Hydroxysuccinimid oder I-Hydroxybenzotria
zol. Die Peptidfragmente wurden durch Chroma
tographie an Sephadex LH-20 gereinigt. Die 
Schutzgruppen wurden durch Behandlung mit 

~---------------------------------------------------------
p nzytne · 
hogl . 

4bb U.tamyl aminopeptidase, L-pyroglutamyl-peptide hydrolase (EC 3.4.11 .8). 
A.dore~la1ions: 
bUt,,~ - Adamantyloxycarbonyl, DCCI = dicyclohexylcarbodiimide, HONSu = N-hydroxysuccinimide, OBut = /. 
OPh ester; 
hCl7 : phenyl ester, OPhCls pentachlorophenyl ester, Dns = dansy l, Z = benzyloxycarbonyl ; 
hC34 = hUman gastrin (heptadecapeptide), 
PC34 = human big gastrin (tet ratriacontapeptide), 
• P - pOrcine big gastrin. 

resent dd tD a ress: UMIST, PO Box 88, Manchester. England . 
eCCased. 

0018-4888/80/0361-1719$02.00 
© Copyright by Waiter de Gruyter & Co . Berlin' New York 
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Trifluoressigsaure in Gegenwart von "Scaven
gem" entfernt. Die Reinigung der Nonadeca-

peptide wurde durch Hochdruckfltissigkeits-
Chromatographie erreicht. . 

Key words: Correction, structure, human big gastrin, radioimmunoassay, sequence, synthesis. 

Several years after the isolation I 11 of the he pta
decapeptide, gastrin (hG 17), from human sour
ces bioassay of fractions from gel filtration on 
Sephadex G-50 of partially purified antral ex
tracts revealed a larger gastrin peptide12l . Using 
radioimmunoassay, Berson and Yalow investi
gated131 the serum from patients having the 
Zollinger-Ellison syndrome or pernicious anaemia. 
It was shown that in such sera, having high
circulating levels of gastrin activity , the main 
gastrin peptide was larger and less acidic than 
hG17. 

This large gastrin peptide was termed big gastrin 
since it could be cleaved to hG 17 when sera con
taining it were briefly treated with trypsin. Fol
lowing the isolation of big gastrin, in both the 
unsulphated (I) and sulphated (11) forms analo
gous to hG17- 1 and hGI7- 1I, amino acid analy
sis and N-terminus determination by the dansyl 
method indicated that human big gastrin was a 
tetratriacontapeptide, hG34, having a pyro
glutamyl residue at position 1141. Tryptic digestion 
caused cleavage between (20 %) or on the car
boxyl side (80 %) of a Lys-Lys sequence to give 
lysine and hG 17. 

In order to remove the N-terminal pyroglutamyl 
residue and release the a-NH 2 group of the penul
timate amino acid for subsequent sequencing, a 
sample of big gastrin was digested with pyro
glutamyl aminopeptidase which was kindly 
donated by Dr. R . F. Doolittle (San Diego)lsl. 

Dialysed pyroglutamyl aminopeptidase solution 
(25 pl, 8.36 U) was added to big gastria (490 
nmol) and the mixture kept at 30°C for 16 h. 
The pep tides produced were separated by gel 
filtration on Sephadex G-50 equilibrated with d 
50mM NH4HC03 . The major product represente 
hG34 minus one residue of pyroglutamic acid 
and was shown to contain N-terminal leucine 
which was identified as Dns-Leu. On the basis of 
the above observations together with sequence 
determination l41 , by both the dansyl-Edman l61 

and solid phase Edman degradation l71 , it was 
proposed that hG34 be assigned the structure 
I (Fig. I). 

With the structure of big gastrin available a col
laborative programme of synthesis of hG34 waS I 
embarked upon both in Liverpool and MunichlS . 
The strategy adopted was dictated by the requi
rement that the N-terminal fragments emanating 
from the synthetic task should be available for 
immunological studies designed to probe the re
lationships within the gastrin family of peptides. 

In parallel with these studies the Wiinsch groUP 
synthesized hG34 1 independently in a series of 
elegant and thorough studies. * In the event the 
synthetic material corresponding to sequence 1 
was readily shown to be identical with natural 

* Full details of independent work by the Munich grOUP 
have now appearedl9 - 12 1. 

D 4 7 9 14 15 
( 1) Glu-Leu-Gly-Pro-Gln-Gly-His-Pro-Ser-Leu-Val-Ala-Asp-Pro-Ser- Lys-Lys-Gln-Gly-R' 

(2) Pro - His-------------------------

(3 ) ------Leu----- Pro -His --------Leu-Ala --------- R" 

R' = Pro-Trp-Leu-I Gluls-Ala-Tyr-Gly-Trp-Met-Asp-Phe-NH2 

R" = --Met - -----------------------

Fig. I. 
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Qlu-Leu-Gly-Pro-Gln-Gly-H~-P~o-S:r-Leu-Val-Ala-OH (4) 

--------------------- Pro (5) 

---------------Pro - His (6) 

-------------- Ser -His (7) 

----- ------Pro-Ser-His (8) 

Fig. 2. 

hG34 by chromatographic analysis, and acid 
secretory properties; a discrepancy in structure 
~~ly -I?erged with the production of antiserum 
b 3 raIsed against pG34- 1I. This antiserum has 
een shown to be highly specific' 131 for the N

~erminal region of the big gastrin peptide and has 
een used in the structural revision1t4,t5 I of 

Porcine G34 3. 

~hen synthetic peptide 1 was tested by radio
IllIll.Unoassay using antiserum L33 it was im
~edlately obvious that there was an error in as
sIgnment within the N-terminal heptadecapeptide 
o~hence in 1. Because of the limited quantities 
st G34 available it was decided to attack the 
ter~ct~ral revision by resequencing, using micro 
thC ~Iques, in addition to a combination of syn
Chests and radioimmunoassay. The sequences 
Fi osen for this latter study are those shown in 

g. 2 together with 1 (R'=OH) and 2 (R'=OH). 

r-

Leu Gly Pro 

t ~ I ~ I f\ -5 10 15 5 10 15 5 10 

His Ala Val 

I I 

'--~ ~ .t-vl'-
5 10 15 5 10 15 5 10 

Cycfe no . .... 

Sequence studies 
The human G34 peptide was first treated with 
pyroglutamyl aminopeptidase (Boehringer-Mann
heim GmbH) to remove the cyclised N-terminal 
residue and the remaining polypeptide was then 
subjected to an automated Beckman 890B se
quenator that had been modified as described by 
Hunkapiller and Hood1 14, t61. The amino acid 
phenylthiohydantoin residues derived from the 
sequenator were identified by high-pressure li
quid chromatographyll?1 and the yields of each 
amino acid derivative obtained at each cycle 
are presented in Fig. 3 in which the predominant 
residue at each cycle is denoted by a triangle. 

The sequence 2 resulting from these studies in
dicates the errors in the previous structure 1 to 
be at positions 7 and 9, and, furthermore , that 
the only difference in the critical (1 - 12) se
quence with respect to L33 of hG34 and pG34 

I 

15 

I 

15 

GIn 

I 

~ 
5 10 15 

Fig. 3. Identi fi cation of residues 2- 12 
4 (native) as the phenyl-of human G3 

thiohydantoi n derivatives using a modi-
890 B sequenator( 161. fied Beckman 

Aliquot porti ons of each cycle were 
analysed by h igh pressure chromatog

Pont Zorbax Cyanopropyl
gradient of methanol/ace

raphy on Du 
silane with a 
tonitrile 17: 3 in sodium ace tate buffer, 
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3 is Leu(4) in the latter. It is noteworthy that, 
in the earlier sequence determination l4 ], His and 
Pro phenylthiohydantoins were both identified 
at position 6 during Edman degradation of the 
(2- 34) peptide i.e. residue 7 of hG34. Further 
ambiguity arose with the assignment of Ser(9) 
in 1 by the solution Edman method which could 
not be corroborated by the solid-phase Edman 
technique. 

Syntheses of pep tides for immunological studies 
The strategy adopted for the synthesis of big ga
strin was directed towards producing fragments 
of the N-terminal sequence in order to use these 
for development of a radioimmunoassay for 
gastrin pep tides, which would be specific for a 
region of big gastrin and big big gastrin lacking 
the acid secretory properties typical of little 
gastrin, hG 17, and minigastrin, hG 14. Thus in 
the collaborative research with the Munich 
group!81 we synthesized the nonadecapeptide 
1 (R'=OH) using the following sequence of frag
ment couplings. 

1- 6 
I 

7- 12 
I 

13- 19 

I 
1- 19 

The same approach was chosen in this study 
directed towards the synthesis of analogues of 
the ( 1- 12) and (1 - 19) region of hG34 for im
munochemical investigation. Each of the three 
subfragments was constructed in a stepwise 
manner from N-benzyloxycarbonyl protected 
amino acids. The side chain functionalities of 

fGlu Leu Gly Pro 

I 

Z 

Z 

Z 

Z 

Scheme 1 

Gin 

serine and aspartic acid were protected as the 
t-butyl ether and ester respectively and the 
e-NH2-function of lysine was protected as the 
adamantyloxyurethane. 

The (1 -6) fragment was synthesized by stepwise 

pivalic mixed anhydride couplings from H-Gln
-Gly-OPh using Z-amino acids until the final ad
dition ofl(;lu- OPhCl s which was accomplished 
in the presence of N-hydroxybenzotriazole I18 ]. 

The intermediate benzyloxycarbonyl peptides in 
Scheme 1 were cleaved by hydrogenolysis (H2! 
Pd) prior to coupling. 

For the synthesis of the series of dodecapeptides 
4-8 (Fig. 2) the hexapeptide derivatives 15,16, 
20,23 and 25 (Fig. 4) were required. The first 
two intermediates 15 and 16 were available frorn 
our earlier work on the structural and synthetiC 
investigations in the porcine series! 1 5 I. The (7 _ 12) 
fragment Z-His-Pro-Ser(But)-Leu-Val-Ala-OPh 20 
was synthesized (Scheme 2a) from the tripeptide 
H-Leu-Val-Ala-OPh by successive pivalic mixed 

Z-His-Pro-Pro-Leu-Val-Ala-OPh 

Z-Pro-Pro-His-Leu-Val-Ala-OPh 

But , 
Z-His-Pro-Ser-Leu-Val-Ala-OPh 

But , 
Z-Ser-Pro-His-Leu-Val-Ala-OPh 

But 
I 

Z-Pro-Ser -His-Leu-Val-Ala-OPh 

Fig. 4. 

Gly 

OPh ( 9) 

OPh 

OPh 

OPh 

OPh 

OH 

(10) 

(11) 

(12) 

(13) 

(14) 

53 % 

62 % 

46 % 

92 % 

84% 

(15) 

(16) 

(20) 

(23) 

(25) 
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anhydride couplings until the histidine residue 
Which was added by the azide procedure, The 
synthesis of the remaining two sequences 23 and 
2S utilised the available tetrapeptide Z-His-Leu
Val-Ala-OPh[ 1 5 1 as shown in Schemes 2 band 2 c 
respectively in which the remaining residues were 
added in the dipeptide form using N,N-dicyclo
hexylcarbodiimide in the presence of N-hydroxy
SUccinimide.l 19,201 

~,or the synthesis of the (1 - 19) region of human 
Ig gastrin the protected heptapeptide 29 was 

inthesised (Scheme 3) from the tetrapeptide 
·Lys(Adoc )-Lys(Adoc )-Gln-Gly-OPh 261 15 I, 

lhe serine was added using the pivalic mixed 
anhYdride method but the remaining residues 
were added as the active esters derived from 

But 

I 
His Pro Ser Leu 

z 

z 
z 

z 
Scheme 2a 

But 

I 
Ser Pro His Leu 

I OH;~~I I 
Z 

z 

Scheme 2b 

But 

I 
Pro Ser His Leu 

:: I I OH;~~I I 
Scheme 2c 

HONSu- in the case of proline this was formed 
in situ, 

For the immunological studies the dodecapeptides 
4,5,6,7 and 8 were synthesized from the hexa
peptide 14 and the corresponding amino com
ponents 15[ 15 1, 16[ 15 1, 20, 23 and 25, 

The optimum fragment coupling methods for 
the peptides 1 (R'=OH), 2 (R'=OH), 4-8 were 
as follows: 

1 (R'=OH)-azide; 2 (R'=OH), 4, 7, 8 - DCCI/ 
HONSu II9,2o l; 5, 6 - DCCI/HOBt[ 18 I, 

With the exception of dodecapeptide 4 required 
for the synthesis of 1 (R'=OH), the intermediate 
phenyl esters were hydrolysed at pH 10,5 followed 
by purification on LH-20/dimethylformamideI21I, 

Val Ala 

Val Ala 

I I 

Val Ala 

I I 

OPh (17) 

OPh 

OPh 

OPh 

OPh 

OPh 

OPh 

OPh 

(18) 

(19) 

(20) 

(21) 

(23) 

(21) 

(25) 

69 % 

61 % 

85 % 

40 % 

44 % 

-~ I 
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OBut But Adoc Adoc 
I I I I 

Asp Pro Ser Lys Lys 

z 
z 

z 
z 
Scheme 3 

In the cases of the pep tides containing serine the (
butyl ether protection was cleaved using tritluoro
acetic acid. The sole azide coupling to give 1 
(R'=OH) serves to illustrate the versatile nature of 
phenyl ester protection in peptide synthesis since 
the intermediate phenyl ester can be transformed 
easily into the corresponding hydrazide for sub
sequent conversion to the acid azide. 

The peptides 1 (R'=OH) corresponding to the 
N-terminal section of an earlier sequence of hu
man big gastrin , and 2 (R'=OH), relating to the 
revised sequence of the hormone, were synthesi
zed by coupling the acid fragments 4 and 6 
respectively, with the C-terminal amino compo
nent derived by removal of the Z-protection 
from 29 . The intermediate phenyl esters were 

100 

Gin Gly 

OPh (26) 

OPh 

OPh 

OPh 

(27) 

(28) 

(29) 

68 % 

64 % 

60 % 

purified using LH-20jdimethylformamide gel 
filtration then the ester functions were hydroly
sed at pH 10.5 followed by the final deprotec
tion using tritluoroacetic acid. 

Immunochemical properties of synthetic 
peptides 
The immunochemical properties of peptides 
generated during the foregoing synthetic studies 
were examined in a radioimmunoassay system 
employing an antiserum previously shown to 
be specific for the (4- 9) region of porcine 
G34hl 13, 14 1. This antiserum was raised to natural 
porcine G34 and has approximately 50-fold 
lower affinity for human G34, indicating the 
importance of the substitution of Leu for Pro 
in position 4.1221 

Fig. 5. Inhibition of binding of 
12SI-labelled natural porcine 
G34 to antiserum L33 (1 : 3000) 
by addition of graded concen
trations of unlabelled natural 
human G34113 , 141 and syn
thetic nonadecapeptides and 
dodecapeptides with the origi-

t'" ~\ 
~60 \\\ 

~ +'\., \- '-'2 hG34 
7 8 9 

nal (His-Pro-Ser ) and revised 
7 8 9 

(Pro-Peo-His ) sequences. 
Natural porcine G34 was 
iodinated by the chloramine T 
technique, and incubations were 
performed at 4 °C for 48 h in 
2.0 ml 0.02M sodium barbital 
buffer pH 8.4. Inhibition of 

i 40 / \ \ (Pro',ProB
,Hi!1) 

:§ 1- 19 hG34 ~ .~ 
(Pro' ProB Hi!1)' \';. • 

20 " ~ 

+ \:"':""Natural hG34 
Jr'72-----,'7J ----~O~.------~,.------~'6~----~'I~--~'6 
ill ill ill ill ill ill ill 

Cone. [pmol/lj ..... 

binding is expressed as percent of the ratio of antibody bound to free labelled peptide (B/F) in the absence of 
competing concentrations of unlabelled peptide. Antibody bound and free label were separated by the addition 
of 20 mg of dextran-coated charcoal and centrifuging (2000 x gllO min). 
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Table. Potency* of fragments of human G34 and related peptides in inhibiting binding of 
I 25 I-labelled natural human G34 to antiserum. 

Peptide Relative immunochemical 
potency 

Natural human G34 1.00 
synthetic 1- 19 (His7, Pr08 ,Ser9 ) hG34 (l , R'=OH) 0.00001 
synthetic 1- 19 (Pro 7 ,Pro8 ,His9 ) hG34 (2,R'=OH) 1.1 
synthetic 1- 12 (Pro 7,Pr0 8 ,His9 ) hG34 (6) 0.4 
synthetic 1- 12 (His7,Pro8 , Ser9 ) h(;34 (4) 0 .00045 
sy nthetic 1-12 (His 7, Pro 8 ,Pro9 ) hG34 (5) 0.00060 
synthetic 1-12 (Ser 7, Pr08 , His9 ) hG34 (7) 0.000 65 
syn thetie 1- 12 (Pro 7, Ser8 ,His 9 ) hG 34 (8) 0.01 

* Potencies based on the relative concentra tions of peptide and of natural human G34 
needed to inhibit by 50 % the binding of I 2 SI-labelled porcine G34 to antiserum. 

~nthe.tic nonadecapeptide 2 (R'=OH) of human 
34 WIth the revised sequence had full immuno

~;emical potency compared with natural human 
th 4, a~d the N-terminal dodecapeptide 6 with 

.e reVised sequence was also highly active , 
~lth a re.lative immunochemical potency about 
th4 relahve to the natural peptide . In contrast 
.. / dOdecapeptide and nonadecapeptide prepared 
lelth th~ original sequences were about 1000 times 
d Ss active than the natural peptide (Fig. 5). The 
P od.e~apeptide analogues with substitutions in 
i~Slttons 7- 9 also exhibited markedly reduced 
n rnunochemical activities compared with the 
in~~ral peptide (Table). Together the results 
Pe I~ate that the synthetic nona- and dC?-deca
chPh~es with the revised sequences have immuno
Pe e~lcal activities comparable with the natural 
StrPhde, whereas peptides with the original 
cleUcture and several related analogues exhibit 
froarly different immunochemical activities 

rn natural human G34. 

E"p . etImental 
M~lting . 
chra pOints are reported uncorrec ted. Thin-layer 
the /nlatograms (silica gel. Merck) were developed with 
lVa le a laWlJlg solvent systems: T LC-I . ace tonitrile/ 
but/ 9 : 1; TLC-2, chloroform/methanol 6 : I , TLC-3 , 
Chla~~l/pyridine/ ace ti c acid/water 60 : 20 : 6 : 24 ; TLC-4, 
aCid I orm/2-propanol 6: I , TLC-5, butanol/acetic 
aCidtater 3 : I : I , TLC-6, ethyl ace tate/pyridine/ace tic 
33 91 Water 120 : 20 : 60 : 11 , TLC-7, chloroform/methanol / 

o amm . 
aCe tic a . OOla 19: 17 : 3; TLC-8, chloroform/methanol/ 

cId/water 60 : I B: 2: 3; TLC-9 , chloroform/ 

methanol 9 : I ; T LC-I 0, chloroform/2-propanol 3 : I; 
TLC- II , chloroform/methanol 4 : I; TLC-12, butanol/ 
pyridine/ace tic acid/water 70 : 6 : 20 : 6 ; TLC-13 , ace tic 
aCid/2-propanol/aee tic ac id /water 3: I : I : I ; T LC-14, 
butanol/pyridine/ace tic acid/water 3: I : I : I ; TLC-IS , 
2-propanol/acc tic ac id/water 5 : I : I ; TLC- 16, 2-butanol/ 
3% ammonia, 3 : I ; TLC-17 , amyl alcohol/pyridine/ 
water 35 : 35 : 30; TLC-IB , ethyl aceta te/pyridine/ace tic 
acid/water 60 : 20: 6 : 11 ; TLC-1 9, chloroform/tri
tluoroethanol 2: 1; TLC-20, chloroform/m ethanol/ 
tritluoroethanol 45 : 5 : 10 ; TLC-2 I , chloroform/metha
nol 7: 3; TLC-2 2, chloroform/2-propano l 7 : 3; TLC-23, 
chloroform/2-propanol 7 : I ; TLC-24, chloroform/2-
propanol 4: I; TLC-2S , butanol/pyridine/formic ac id / 
water 44 : 24: 2 : 20 . 

For amino acid analysis, samples were hydrolysed with 
redistilled 6M hydrochloric acid for I B h and analy sed 
on a Jeol JLC-SAH instrument. Peptides after gel filtra
tion on Sephadex LH-20 were detec ted by monitoring 
the optical rotation of the solution using a NPL auto
matic po larimeter and also the UV absorption at 2BO nm 
using an LKB Uvico rd 11. Opti cal rotations were measured 
using a Bendix-Ericsso n ETL-NPL instrument. 

N-Benzy loxycarbonyl-L-proly l-L-glutaminy l-glycine 
phelly l ester (lO) 

The dipeptide derivative 9 (51.44 g, 124 mmol) was 
dissolved in dimethyl formamide (200 ml) and hydro
genated , in the presence of p-toluenesulphonic ac id 
(23.67 g, 124mmol) over 10 % Pd/C (7.0 g) overnight 
at room temperature and pressure. Filtration and evapo
ration o f the filtrate gave the dipeptide p-tolucnesul
phonate as a white solid . 

N-Benzy loxycarbonyl-L-proline (3B.64 g, 155 mmol) 
was dissolved in freshly distilled CH2CI2 (250 ml) and 
N-methylmorpholine (17.05 ml, 155 mmol) added, then 
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the solution cooled to - 20 DC. Pivaloyl chloride (18.15 g. 
150 mmol) was added and the solution stirred for 20 min 
at - 20 DC. A cooled solution of the above p-toluenesul
phonate in dimethylformamide (200 ml) was added fol
lowed by N-methylrnorpholine (13 .16 ml). The reaction 
was stirred overnight at room temperature. After con
centrating in vacuo, the product was precipiated by the 
addition of 5 % NaHC03, filtered and washed neutral in 
the usual manner, and dried (32.1 g, 53 %); m.p. 
155 - 157 DC; la 1f,5: - 41.40 

(c = I in dimethylformami
de); TLC-4, RF 0 .75; TLC-I, RF 0.62; Amino acid 
analysis : Pro 1.03 GluO.99 GlYO.9S· 

C26H30N407 (510.6) 
Calcd. C 61.17 
Found C 60.91 

H 5.92 
H 5.76 

N 10.97 
N 10.84 

N-Benzyloxycarbonyl-glycyl-L-prolyl-L-glutaminyl
glycine phenyl ester (11) 

Protected tripeptide 10 (33.88 g, 66.36 mmol) was 
dissolved in dimethylformamide (250 ml) and hydro
genated, in the presen ce of p-toluenesulphonic acid 
(12_16 g 66.36 mmol) over 10% PdlC (3.5 g) at room 
temperature and pressure overnight. Filtration and 
evaporation of the filtrate gave the p-toluenesulphonate 
as a colourless oil. 

N-Benzy/oxycarbonyl-glycine (16.95 g, 81 mmol) was 
dissolved in freshly distilled CH2CI2 (150 m/) and 
cooled to - 20 DC. N-Methylmorpholine (8.91 m/, 
81 mmol) was added followed by pivaloyl chlorid e 
(9.68 g, 80 mmol) and the reaction stirred for 20 min 
at - 10 Dc. A precooled solution of the p-toluenesul
phonate in dimethylformamide (120 ml) was added 
followed by N-methylmorpholine (6 .86 ml) and the 
reaction stirred overnight at room temperature. The 
solvent was evaporated and the residue triturated under 
5 % NaHC0 3, filtered, washed neutral in the usual man
ner and dried (21.95 g, 62 %); m.p. 180 - 182 DC; lalf,4: 
- 54.90 

(c = I in dimethylformamide); TLC-I, R F 0.55; 
TLC-3, R F 0.80; Amino acid analysis: Pro 1.02 Glu 1.0 I 

Gly 1.96 ' 

C2sH33NSOS '0.5 H20 (576 .6) 
Calcd . C 58 .33 11 5.94 N 12.15 
Found C 58.09 H 5 .69 N 12 .27 

N-Benzyloxycarbony/-L-Ieucyl-glycyl-L-prolyl-L
glutaminyl-glycine phenyl ester (12) 

Protected tetrapeptide 11 (21 .22 g. 37.4 mmol) was 
di~solved in dimethylformamide (250 m/) and hydro
genated. in the presence of p-toluenesulphonic acid 
(7 . 11 g. 37.4 mmol) over 5 % Pd/C (2 .0 g) at room 
temperature and pressure overnight. Filtration and 
evaporation of the filtrate gave the p-toluenesulphona
te. 

N-Benzy/oxycarbony/-L-/eucine (12.87 g, 48.5 mmo)) 
was dissolved in freshly distilled CH2Ci2 (100 ml) and 
cooled to - 20 Dc. N-Methylmorpholine (5.3 m/, 
48.55 mmol) was added followed by pivaloyl chloride 
(5.81 g. 48.00 mmol) and the solution stirred for 25 rnin 
at - 10 Dc. A precooled solution of the p-tolucncsul
phonate (21.8 g, 36.00 mmol) in dimethylformamide 
(75 m/) was added and the reaction stirred overnight at 
room temperature. After evaporation of the solvent the 
resulting residue was dissolved in ethyl acetate and this 
solution was washed neutral in the usual manner, dried, 
and evaporated. Recrystallisation from ethyl acetate/ 
chloroform/petroleum ether (60 - 80 DC) afforded the 
pentapeptide derivative 12; m.p. 185 - 186 DC; lalf,5 : 
- 55.40 (c = 0.5 in dimethylformamide); TLC-3, RF 
0.77; TLC-7, R F 0.47; Amino acid analysis: Leu 1.01 

Pro 1.03 GIUO.95 GlY2.04· 

C34H44N609 (680.8) 
Calcd. C 59.99 
Found C 60.16 

H 6.51 
H 6.64 

N 12.34 
N 12.37 

L-Pyroglutamyl,L-leucyl-glycyl-L-prolyl-L-glutaminyl
glycine phenyl ester (13) 

Protected pentapeptide 12 (11.26 g, 16.54 mmol) was 
dissolved in dimethylformamide (J 30 ml) and hydro
genated in the presence of p-toluenesulphonic acid 
(3.15 g. 16.54 mmol), over 5 % Pd/C (1.0 g) at rOOrn 
temperature and pressure overnight. After filtration 
the filtrate was concentrated to approximately 80 ml 
and then cooled to 0 DC. 

L-Pyrog/utamic acid pentachlorophenyl ester (7.55 g. I) 
20.0 mmol), I-hydroxybenzotriazole (2.70 g, 20.0 mrno 

and N-methylmorpholine (1.80 ml, 16.33 mmol) were 
added and the reaction mixture stirred at room tempera
ture for 48 h. After removal of the solvent the crude 
product was purified by application to a Sephadex Ltl-
20 column (90.0 x 10.0 cm) and elution with N-methyl
morpholine. The desired product was eluted at a vel ft 
value of 0.51 (J0.Og,92 %),m.p.107 - IIO DC; lal[,: 
- 61.60 

(c = I in dimethylformamide); TLC-3, R f 
0.65; TLC-7, RF 0.36; Amino acid analysis: LeuLOI 

Pro 1.01 Glu2.01 Gly 1.96 ' 

C31H43N709' H20 (675.8) 
Calcd. C55.10 H6.71 
Found C 55.24 H 7.02 

N 14.51 
N 14.53 

L-Pyroglutamyl-L-Ieucyl-glycyl-L-prolyl-L-glutaminyl
glycine (14) 

The hexapeptide phenyl ester 13 (2.46 g. 3.74 mmol) 
was dissolved in 85 % aqueous dimethylformamide 

(18.0 m/) and dimethylsulphide (11.0 mt) added. TIle 
pH was adjusted to 10.5 with IM NaOH and H20 2 
(100 vol, 0.4 m/) was added and the pH maintained 
at 10.5 by the pH-stat-controlled addition of IM . 
NaOH. After 90 min the solution was cooled to 0 DC 

I 
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and the pH adjusted to 3.5 with I M HCI. The solvent 
Was evaporated and the residue recrystallised from 
rncthanol/chloroform/die thyl ether (1.8 g, 84 %); m.p. 
170- 173 °C; la 155 : - 54 .7° (c = I in dimethylform
arnide); TLC-16, RIO 0.10; TLC-7, RF 0.59; Amino 
aCid analysis: LeUI.Ol Pro 1.05 Glul.91 GlY1.98' 

C2sH39N709' 1.5 H20 (608.7) 

Caled. C 49.33 H 6.96 N 16.11 
Found C 49.51 H 7.02 N 15.69 

""BenzYloxycarbonyl-O-t-butyl- L-seryl- L-leucyl· L
vaIY/-L-alanine phenyl ester (18) 

:rOlected tripeptide 17 (22 .8 g, 44 .57 mmol) was hy-
rogcnated in dimethylformamide (150 m/) , in the 

Presence of p-toluenesulphonic acid (8.48 g, 44.57 mmo!) 
oVer 10% Pd/C (1.5 g) overnight at room temperature 
:~fd pressure. Filtration and evaporation of the filtrate 

orded the p-toluenesulphonate sa lt (23.56 g, 96 %). 

"'.BenzYloxycarbonyl-O_t_butyl_ L-serine (16.45 g, 55.7 
10

1001) Was disso lved in CH2Cl2 (100 ml) and cooled to 

a' 20 QC. N-Methylmorpholine (6.13 m/, 55.73 mmol) 
Od . 

a PlValoyl chloride (6.66 g, 55.0 mmol) were added 
o~d the reaction stirred at - 10 °C for 20 min . A preco-
~ Cd So lution of the p-toluenesu lphonate in dimethyl
:rrnamide (50 m/) was added followed by N-methyl
/~Pholine (4.81 m/). The reaction was stirred over-
s~~ t at rOom temperature. Afte r evapo ration of the 
an~cnt the res idue was triturated under 5 % NaHC0 3 
Us the Solid filtered and then washed neutral in the 
c; Ual manner and dried. Finally the mater ial was re
(t~stalJised from chloroform/ pe troleum ether (60 - 80 °C) 
in d·35 g, 69 %); m.p. 215 - 2i7 °C, la 156 : - 44.4° (c = I 
O.8;~cthYlformamide); TLC-7, RF 0.85; TLC-8, RIO 
t\la ,Amino acid analysis: SerO.79 Leu t .O t Valt .03 

0.96· 

C3 sHSoN408 (654.8) 
Calcd . C 64.20 
FOund C 64 .00 

H 7.70 
H 7 .86 

N 8.56 
N 8.79 

""Ben 
/e zY/Oxycarbonyl-L-prolyl-O-t-butyl-L-seryl-L-

II cY/_L . 
p -valyl-L-alanme phenyl ester (19) 
rOlect d 

diss I e tetrapeptide 18 (16.9 1 g, 25 .82 mmo!) was 
dro 

0 
Ved In dimethylformamide ( 15 .0 m/) and hy-

genat d . aCid ( e In the presence of p-toluenesu lphonic 
roo 4.91 g, 25.82 mmol) , over 10% Pd/C (1.5 g) at 
and rn ternperature and pressure overnight. Filtration 
!Ulp~vaporation of the filtrate afforded the p -toluene
N'B Dnate salt (17.4 g, 97 %). 

enzYI dis
solv 

~xycarbonyl-L-proline (8 . 1 g. 325 mmol) was 
htCth ed 111 CH 2Ci 2 (60 m/) and cooled to - 20 QC. N
ch lo Ylmorpholine (3.58 m/, 32.5 mmol) and pivaloyl 

ride (3 7 lion . . 5 g, 31 mmol) were added and the so lu-
tiOn s~rred for 20 min at - 10 °C. A precoo led so lu-

o P-toluenesulphonate salt in dimethylformamide 

(50 rnI) was added followed by N-Methylmorpho-
line (2.84 m/) and the reac tion stirred overnight at room 
temperature. After evaporation of the so lvent the residue 
was triturated under 5 % NaHC03, filtered and the 
solid material washed neutral in the usual manner 
and finally dried. The pentapeptide was finally purified 
by Sephadex LH-20/dimethylformamide gel filtration. 
The des ired material eluted at a V ~/ Vt value of 0.49 
(11.43 g, 6i %); m.p. 211 - 213 °c la156: - 58. 1° (c = i 
in dimethylformamide); TLC-7, RIO 0.5 4; TLC-8, R F 
0.73; Amino acid analysis: Prol.OO SerO.77 Leul.OO 
Vall.02 Alao.9 7· 

C40Hs 7N509' 0.5 H20 (760.94) 
Calcd. C 63 . 14 H 7.68 
Found C 63.27 H 7.89 

N 9.20 
N 9.47 

N-Benzyloxycarbonyl-L-II iSI idyl- L-proly I-O-t-but y I· 
L-seryl-L-Ieucyl-L-valyl-L-alanine phenyl ester (20) 

Protected pelllapeptide 19 (3.47 g, 4 .62 mmol) was 
dissolved in dimethylformamide (40 m/) and hydrogena
ted, in the presence of p-toluenesulphonic acid (0.88 g), 
over 10% Pd/C (300 mg) at room temperature and 
pressure overnight. Filtration and evaporation of the 
filtrate gave the p-toluenesulphonate as a white so lid 
(3.56 g, 98 %). 

N·Benzyloxycarbonyl-L-histidine hydrazide (1.33 g, 
4.37 mmo!) was dissolved in I M HCI (13 . 10 ml, 
i3.1 mmol) at 0 °C, and precooled ethyl acetate (14 m/) 
added. A precoo led solution of NaN02 (0.32 g, 4 .66 
mmol) in water (0.5 m/) was added, and the so lution 
stirred at 0 °c for 5 min. A 50% ice-cold so lution of 
KHC0 3 (4.88 m/) was added and the e thyl acetate 
layer separated . The aqueous phase was ex tracted with 
ethyl ace tate (2 x 10 m/) at 0 QC. The combined organic 
phase was dried with Na2S04, and concentrated to a 
volume of 12 ml at 0 °c. This solution was added to a 
precooled so lution of the p-toluenesulphonate (1.8 g, 
2.23 mmol) in dimethylformamide (16 m/) , followed 
by N-methylmorpholine (0.25 m/, 2.27 mmo!) . The 
solution was stirred at 0° _ 4 °C for 3 d. After evapora
tion of the so lvent the residue was disso lved in dimethyl
formamide (10 m/) and applied to a Sephadex LH-20 
column (90 x 10 cm). The desired material eluted at a 
Vel VI value of 0.48. This material was dissolved in 
e thyl acetate (150 m/) and washed with 2M citric acid 
(3 x 100 m/). The acid solution was neutralized to pH 
6.5 with NaHC03 and extracted with butanol (3 x 
100 mi) which was then washed with water (3 x 
100 m/) , brine (I x 50 ml) dried and evaporated. This 
gave the hexapeptide as a white solid (1.69 g, 85 %); 
m.p. 133 - 136 °c la157: - 32.9° (c = 1 in dimethyl
formamid e); TLC-3, R F 0.65; TLC-8, RIO 0.75; Amino 
acid analysis: Hisl.03 SerO.79 ProO.9 5 AlaO.99 Leul.05 
Va11.03 · 

.~-,~' 
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C46H64NsOI0-1.5H20 (916.1) 
Calcd . C 60.3 1 H 7.37 
Found C 60.29 H 7.44 

N 12.23 
N 12.44 

N-Benzyloxycarbonyl-O-t-butyl-L-seryl-L-proline 
cyclohexy/amine salt (22, C6H I 3N salt ) 

N-Benzyloxycarbonyl-O-t-butyl-L-serine (2.35 g, 
7 _96 mmol) was dissolved in dry CH2CI2 (25 m/) and 
cooled with stirring to - 15 QC in a cardice-acetone bath. 
N-Methylmorpholine (0.87 m/) was added followed 
by pivaloyl chloride (0.95 ml, 7.19 mmol). The reaction 
mixture was stirred at - 15 QC for 20 min and proline 
methyl ester hydrochloride (1.32 g, 7.96 mmol) was 
added followed by N-methylmorpholine (0.87 m/). The 
reaction mixture was stirred at - IS QC for I h and then 
allowed to warm to room temperature and stirred over
night. It was diluted with CH2CI2 (20 m/), the solution 
washed in the usual manner, dried (MgS04) and so l
vents evaporated to dryness to yield an oil (2.50 g, 
77 %); TLC-21, RF 0.56. 

The above ester (2.20 g) was hydrolysed to the acid in 
methanol (25 m/) with IM NaOH (7.0 m/) and st irred 
for 1 h. The acid was isolated in the usual manner as 
an oil, (1.80 g, 86 %); TLC-ll, R F 0.48; TLC-22 RF 
0.62. The above oil was taken up in dry diethyl ether 
(15 ml) and cyclohexylamine (1 .5 m/) was added and 
petroleum ether (40 - 60 QC) was added to turbidity. 
The crystallised product was filtered , washed well with 
diethyl ether/petroleum ether (40 - 60 QC) 1 : I and 
dried, (1.13 g, 60%) ; m.p. 134- 1.36 QC, [alir - 45.50

Q 

(c = 1 in dimethylformamidc). 

C26H4 1N306 (491.6) 
Ca lcd. C 63.52 
Found C 63.43 

H 8.41 
H 8.47 

N 8.55 
N 8.68 

N-Benzyloxycarbonyl-O-t-butyl-L-seryl-L-prolyl-L
histidyl-L-Ieucyl-L-valyl-L-alanine phenyl ester (23) 

The protected tetrapeptide 21 (0.50 g, 0.77 mmol) was 
dissolved in dimethylformamide (20 m/) and hydroge
nated in the presence of p-toluenesulphonic acid 
(0.294 g, 1.54 mmol) and 10% Pd/C (50 mg) at room 
temperature and pressure for 15 h. The catalyst was 
filtered off and the volume of the filtrate reduced to 
10 m/. 

The dipeptide free acid 22 (0.30 g, 0.77 mmol) was 
taken up in dimethylformamide (3.0 m/) and cooled to 
o QC before the addition of N-hydroxysuccinimide 
(0.1.05 g, 0.91 mmol) and stirred for 10 min. TIle amino 
component obtained above was then added and the 
so lution neutralised with N-methylmorpholine (0.17 m/). 
The reaction mixture was stirred for 48 h, the urea 
filtered off and the product purified on LH-20/dimethyl
formamide (VeWt = 0.50); (0.275 g, 40 %); m.p. 110-
112 QC; [all?: - 49.58

Q 
(c = 1 in dimethylformamide); 

TLC-23, RF 0.37; TLC-9 RF 0.32; Amino acid analysis: 

Hiso.85 Ser0.42 Pro 1.03 Ala 1.05 Val1.05 Leu 1.00' 

C46H640JONs - 0.5 H20 (898.1) 

Calcd. C 61.52 H 7.30 
Found C 61.39 H 7. 26 

N 12.48 
N 12.46 

N.Benzyloxycarbony[-L-pro[yl-O-t-butyl-L-serine cyclO
hexylamine salt (24, C6H 13N sa lt) 

O-t-Butyl-L-serine (0.93 g, 5.77 mmol) was dissolved in 
90 % aqueous dimethylformamide (15 m/) and coo led to 
o QC in an ice-salt bath. N-Methylmorpholine (0.63 011) was 
added, followed by Z-Pro-ONSu active ester (2.0 g, ' . I 

5.78 mmol) and stirred for 24 h at room temperature. 3-01
-

methylaminopropylamine (0.5 m/) was added and stirred 
for a further 1 h. The solvents were evaporated completelY, 
the residue taken up in ethyl acetate (50 m/) and 
washed with 10% citric acid (4 x 20 m/) and then to 
neutrality with water. The organic layer was dried 
(MgS04), evaporated to give an oil. This oil was taken 
up in dry diethyl ether (20 m/) and cyclohexyla01 ine 

(2 ml) was added followed by petroleum ether 
(40 - 60 QC) to turbidity. The crysta llised product waS 
filtered, washed well with diethyl ether/petroleum etherae
(40 - 60 QC), 1 : 1 and dried (2.0 g, 60 %); m.p. 141 - 143 ' 
[alir - 19.7

Q 
(c = 1, dimethylformamide IC6H13N 

salt D. 
C26H41 N306 (491.6) 

Calcd. C 63.52 
Found C 63.40 

H 8.41 
H 8.26 

N 8.55 
N 8.73 

N-Benzyloxycarbonyl-L-prolyl-O-t-butyl-L-seryl-L
histidyl-L-Ieucyl-L-valyl-L-alanine phenyl ester (25) 

The protected tetrapeptide 21 (0.50 g, 0.77 mmol) was 
dissolved in dimethylformamide (20 m/) and hydrogena
ted in the presence of p-toluenesulphonic acid (0.294 g'e 
1.54 mmol) and 10 % Pd/C (50 mg) at room temperat~r 
and pressure for 16 h. The catalyst was filtered off an 
the volume of the filtrate reduced to 10 ml by evapora
tion under reduced pressure. 

The dipeptide free acid 24 (0.30 g, 0.77 mmol) was QC 
taken up in dimethylformamide (3 .0 m/) cooled to 0 
before the addition of N-hydroxysuccinimide (0.105 ~' 
0.91 mmol) and DCCI (0.17 g, 0.84 mmol) and stirre I
for 10 min. The amino component was then added fo 
lowed by N-methylmorpholine (0.17 m/) and the reac-, 
tion allowed to proceed at room temperature for 48 ~i 
the urea filtered off and the filtrate purified on LH-2 
dimethylformamide. The product el uting at VelVt" B 

0 .50 was collected, dimethylformamide evaporated .to 
small volume and dry diethyl ether added. The preCI
pitate was filtered off, washed with ether and driedo ' 

under high vacuum; (0.30 g, 44 %); m.p. 192 - 194 C, 
la 1ft - 57.72Q (c = 1 in dimethylformamide); TL~-
24, R F 0.40; TLC-9, R F 0.45; Amino acid analYSIS. 
Hisl.OO SerO.47 ProJ.02 Alao.95 ValJ.OO Leu\.o2· 
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C46H64NSO 10· H20 
Caled. C 60.91 
Found C 61.08 

(907.1 ) 
H 7.3 3 
H 7.2 7 

N 12.35 
N 12.56 

N·Benzyloxycarbonyl.O.t.butyl.L.seryl.N€.adamantyl. 
oXYcarbonyl.L·lysyl.N€-adamantyloxycarbonyl.L. 
IY$YI.L.glutaminyl.glycine phenyl ester (27) 

T~eprotected tetrapeptide 26 (8.9 g, 7.87 mmol) was 
dissolved in dimethylformamide (65 ml) and hydroge
nated, in the presence of p-toluenesulphonic ac id 
(I.49 g) over 10% Pd/C (0.5 g) at room temperature and 
pressure overnight. After filtration the filtrate was 
eVapOrated to give the protec ted te trapeptide p-tolu
enesulphonate. 

~'BenZYloxYCarbOnYI.o.t.butYI'L.serine (2.79 g, 
.44 mmol) was disso lved in CH2Cl2 (20 ml) and 
~oled to - 15 °C. Triethylamine (1.32 m/) was added 
t?llowed by pivaloyl chloride (l.l1 m/) and the reac-
I~n stirred a t - 10 °C for 20 min . The p-toluenesul-

p Onate was dissolved in dimethylformamide (15 ml) 
COoled to - 10 °C and added to the mixed anhydride 
~lution . This was followed by the addition of trie thyl
r nUne (1.1 m/) and the reaction stirred overnight at 
rO~rn temperature. The solvent was evaporated and the 
neSldue triturated with 5 % NaHC03 , filtered, washed 
/utral in the usual manner and dried . This material was 
t ISsolved in dimethylformamide (20 ml) and applied 
e~ a Sephadex LH-20 column. The desired material 
I~ed at a Ve/Vt value of 0.43; (4.8 g, 68 %); m.p. 
110. - 192 °C; la<lrt - 19. 1° (c = I in dimethylform-

an 
Ide); TLC-5, RF 0.64; TLC-3, RF 0.88; Amino acid 

aly . 
C SIS: SerO.6S LYS\.97 Glu\.OI GlY\.02· 

6~HSsNsOI4 (1169.4) 
alcd. C 63.68 H 7.59 

Found C 63.33 H 7.67 
N 9.58 
N 9.86 

~~!enZYloxYCarbOnYl'L.prOIYI.o.t.butYI'L.serYI'N€' 
b tnantyloxycarbonyl.L-lysyl-N€.adamantyloxycar. 
T~nYI'L'IYSYI.glutaminYI.gIYCine phenyl ester (28) 

di e profected pentapeptide 27 (4 .0 g, 4.3 mmol) wa s 
ge~SOlved in dimethylformamide (5.0 m/) and hydro
(0 sated, in the presence of p-toluenesulphonic acid 
te~ 1 g, 4.3 mmol) , over 5 % Pd/C (250 mg) at room 
the ~.erature and pressure overnight. After filtration 
Th Iltrate was evaporated to dryness. 

Ille~habove p-toluenesulphonate was dissolved in di
O' C Ylfonnamide (8 m/) and the so lution cooled to 

N'lle 
was nZyloxycarbonyl-L.proline (1.59 g, 6.45 mmol) 
12 Sadded followed by N-hydroxysuccinimide (1.47 g, 
t\ll~ rnmol) and nccl (1.32 g, 6.45 mmol). Thep-
\If N~nesulphonate salt was neutralised by the addition 
Itirrc:ethYlmorpholine (0.48 m/) and the reaction 

at room temperature for 4 d. After filtration 

the filtrate was applied to a Sephadex LH-20 column 
(90 x \0 cm) which was eluted with dimethylform
amide. The desired material e luted at a Ve/Vt value of 
0.44, and after isolation, recrystallised from 2-propanol; 
(3.4 g, 64 %); m.p. 197 °C; 10! 1l>6: - 25.9° (c = 1 in 
dimethylformamid e); TLC-3, R F 0.47; TLC-5, R F 0.94; 
Amino acid analysis: Pro \.04 SerO.77 LysJ.S7 Glu \.04 
Gly 1.04' 

C67H9SN901S·4 H20 (1338.6) 
Calcd. C60.12 1-17.76 N9.42 
Found C 60.34 H 7.68 N 9.53 

N· Benzyloxycarbonyl·(J-t ·bu t yl· L-aspart yl· L·prolyl-O·t
butyl-L·seryl·Nl'·adamanty/oxycarbonyl·L·lysy l·Nl'· 
adamantyloxycarbonyl·L·lysyl·L·glutaminyl·glycine 
phenyl ester (29) 

The protected hexapeptide 28 (9 .0 g, 7. 1 mmol) was 
dissolved in dimethylformamide (75 ml) and hydrogena
ted in the presence of p-toluenesulphonic acid ( 1.35 g, 
7.1 mmol), over 10% Pd/C (400 mg) at room tempera
ture and pressure overnight. After filtration the filtrate 
was evaporated and the resid ue dissolved in dimethyl
formamide (12.5 m/) and the so lution cooled to 0 °C. 

N·Benzyloxycarbollyl-(J·t·butyl-L-aspartic acid N·!zy· 
droxysuccinimide ester (3.0 g, 7.1 mmol) was added 
followed by N-methylmorpholine (0.8 ml) and the 
reaction sti rred at room temperature for 72 h. The solu
tion was evaporated and the oily residue triturated under 
water, filtered, washed neutral in the usual manner and 
dried. This material was further purified by Sephadex 
LH-20 gel filtration and was e luted at a Ve/Vt value of 
0.43. rinally the protec ted heptapeptide was repreci
pitated from dimethylformamide by the addition of 
dry die thyl ether (5.6 g, 60 %); m.p. 156 - 158 °C; 
10!1l>6: - 16. 2° (c = 1 in dimethylformamide); Amino 
acid analys is: ASPO.96 Pro)'04 Sero.SS LYSl.S9 Glu\.os 
GlyI.OS · 

C7SHIOSNIO01S (1437.8) 
Calcd . C 62.66 H 7.57 
Found C 62.23 H 7.79 

N 9.74 
N 9 .77 

L.Pyroglutamyl·L.leucyl·glycyl.L·prolyl·L-glutaminyl
glycyl- L·pro/yl- L-proly l-L·histidyl· L-Ieucy/- L·va/yl· L
alanine (6) 

The protected hexapeptide 16 (0.18 g, 0.22 11111101) was 
disso lved in dimethylformamide (10 ml) and hydrogenatell 
in the presence of p-toluenesu lphonic acid (84 mg, 0.44 
mmol) over 10 % Pd/C (20 mg) at room temperature and 
pressure for 16 h. After filtration of the ca talyst over 
celite, the filtrate was concentrated to 3 m/. 

The hexapeptide free acid 14 (0.13 g, 0.22 mmol) was 
dissolved in dimethylformamide (2.0 m/) and coo led 
to 0 °c before the addition of J -hydroxybenzotriazole 
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(33 mg, 0.244 mmo!) and DCC[ (50 mg. 0.242 mmo!) 
and the reac tion stirred for [0 min. Then the above 
solution of amino component was added followed by 
N-methylmorpholine (48 .7 pl) and the reaction 
stirred at room temperature for 72 h. The urea was 
filtered off. the filtrate was applied to a co lumn of LH-
20/dimethylformamide and the desired compound was 
eluted at a Ve/Vt value of 0.40 then precipitated with 
ether. filtered and dried (87 mg. 32 %); m.p. 170- 176 °c 
(dec); 1001bO: - 84.8° (c = 0.5 in dimethylformamide); 
TLC-3; R F 0.54; TLC-21. R F 0.15; Amino acid analysis; 

Hiso.90 Glu2.06 Pro3 . 18 GlY3.18 Ala 1.02 Va lO.98 
Leu 1.98. 

C6IH89NISOIS·4H20 (1344 .6) 
Calcd . C 54.49 H 7.27 N 15.63 
Found C 54.45 H 7.25 N 16.03 

The dodecapeptide phenyl ester (81 mg, 0.065 mmol) 
was dissolved in 90 % aqueous dimethylformamide 
(1.0 m/) and dimethylsulphid e (0.23 m/. 3.26 mmol) 
was added. The pH of the so lution was adjusted to 10.5 
by the addition of 0.05M NaOH. Hydrogen perox ide 
(100 vol. 6.52 Ill) was added and the pH was main
tained at 10.5 by the pH-stat-controlled addition of 
0.05M NaOH. After 30 min, H202 (3.20 Ill) was added 
and titration continued. After 90 min, when no more start
ing material was visible on thin-layer chromatography 
examination, the pH was adjusted to 6.5 with 0.1 M 
HCl and the so lulion evaporated. The residue was dis
solved in dimethylformamid e (2 m/) and the product 
purified on LH-20/dimet hylformamide with Ve/VI = 
0.39; (49 mg, 64.5 %); m.p. 194 - 200 °c (dec); 1001bO: 
- 80.4° (c = 0.5 in dimethylformamide); TLC-3, R F 
0.21; Amino acid analysis; Hiso.90 GIU2.00 Pr03. 19 
GlY2.0S Alao.96 Va10.92 Leu2 .00· 

Cs s H8s N I S0l 5. 3 H20 (1250.4) 
Calcd . C 52.83 H 7.34 
Found C 52.73 H 7.29 

N 16.80 
N 16.95 

L·Pyroglutamyl· L·leucyl-glycyl- L-prolyl- L-glu ta miny 1-
glycyl· L·hist idyl-L·prolyl· L-prolyl· L·leucyl· L-valyl
alanine (5) 

The dodecapeptide 5 was prepared on the same scale by 
the same method used for 6 using the fragments 14 and 
15 to give initially the phenyl ester of 5 which was 
purified by LH-20/dimethylformamide gel filtration 

Ve/V! = 0.4 J. Amino acid analysis Glu 1.93 Leu2 . 11 
GlYl.96 Pro2 .96 His l.02 Vall.02 AlaI.OO· 

The protected dodecapeptide (50 mg. 0.04 mmol) was 
hydrolysed in 90 % aqueous dimethylformamide as for 
6 and the crude product (48 mg) purified by LH -20/ 
dimethylformamide gel filtration; Ve/Vt = 0.44 to give 
the dodecapeptide 5 (33 mg). Amino acid analysis; 

Glu2 .07 Leu 1.97 GlY2.00 Pro2 .99 Hiso.9 1 Vall.02 
Leu 1.97 Ala 1.05· 

L-Pyroglu ta myl- L-Ieucyl·glycyl· L-proly 1- L-glu t a millyl· 
glycyl- L·seryl-L· prolyl-L·h ist idyl· L-Ieucyl- L-valyl-L

alanine (7) 

Protected hexapeptide 23 (0.20 g, 0.22 mmo!) was 
dissolved in dimethylformamide (12 m/) and hydroge
nated in the presence of p-toluen esulphonic acid (85 mg, 
0.44 mmol) and 10% Pd/C (20 mg) at room temperature 
and pressure for 16 h. The catalyst was filtered off over 
celite. the filtrate evaporated to a volume of 3 m/. 
The hexapeptide free acid 14 (0.13 g. 0.22 mmol) was 
dissolved in dimethylformamide (2.5 m/) and cooled to 
o °c before the addition of N-hydroxysuccinimide (28 mg, 
0.24 mmol) and DCCI (51 mg, 0.24 mmol) and st irred 
for 10 min. The amino component was added followed 
by N-methylmorpholine (49.5 Ill) and the reac tion was 
allowed to warm to room temperature and proceed for 
72 h. The urea was filtered off. the filtrate was loaded 
on a column of LH-20/dimethylformamide and the 
product was eluted at a Ve/V! of 0.43. This was isolated 
by evaporation and precipitated wilh ethyl acetate 
(117 mg, 40 %); m.p. 174 - 178 °C; 10<1b2 : - 52 .66° 
(c = 0.5 in dimethylformamide); TLC-3 RF 0.58; TLC-
21, R F 0.22 ; Amino acid analysis; Hisl.13 Sero.S2 
GIU2.02 Pro 1.49 Gly 1.94 Alao.9 4 Vall.OS Leu2.17· 

C6311 9S N I 50 16' 1.5 H20 (1345.6) 
Calcd. C 56.24 H 7.34 
Found C 56.28 H 7.38 

N 15.61 
N 15.78 

The dodecapeptide phenyl ester (100 mg, 0.076 mmo!) n 
was disso lved in aqueous 90% dimethylformamide (1.0 fll

d
_ 

and dimethylsulphide (0.16 m/) was added. The pH was~_ 
justed to 10.5 with 0.1 M NaOH and H202 (7 .6 Ill) was a ItJ 
ded . The pH was maintain ed at 10.5 by the addition ofO. 
NaOH and the reaction was complete in 60 min (thin- . 
layer chromatography) . The reaction mixture was acidI
fied to pH 6.5 with 10% citric acid. volatile so lvents e~a: 
porated and the resid ue taken up in dimethylfonnaml'd: 
(3.0 m/) . This was loaded on LH-20/d imethylformanll d 
and the product eluting at a Ve/V! of 0.45 was collecte 

by evaporation of dimethylformamid e, precipitation 
with e thyl aceta te , filtration and high vacuum dried 
(55 mg. 58%); m.p . 186- 190 °C; 10<1b2 : - 53.6° (c" 
0.5 in dimethylformamide); TLC-3 , R F 0.24; TLC-5, 
R F 0.40; Amino ac id analysis: His 1.07 SerO.71 Glu 1.91 

GlY2 . 14 Ala 1.00 Va10.92 Leu2 . 14· cd 
The free acid (30 mg, 32 .2 mmol) was taken in a COVC;cd 
centrifuge tube and 1 ,2-ethanedithiol ( 108 Ill) was ad 
and flu shed with nitrogen before the addition of 90% 
aqueous trifluoroacetic acid (5.0 m/) . The reac tion was 
allowed to proceed at room temperature for 3 h. the 
product was precipitated with anhydrous diethyl e t~C~ 
and isolated by centrifugation, then washed twice \Vlt 
ether and dried under high vacuum. The residue was 
purified on LH-20/dimethylformamide to give the 00 'C 
product at Ve/VI = 0.46; (24 mg, 85 %); m.p. 197 - 2 
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~dec); TLC-25 , RF 0.32; Amino acid ana lysis: Hiso.92 
lcrO.36 GIU2 .02 Pro2.02 GlY2.1 0 Ala \.02 Va10.96 
eU1.91 · 

CS3H83NISOI6·3 H20 
Calcd. C 5 \.32 
Found C 51.20 

(1340.4 ) 
H 7.23 
H 6.89 

N 16 .94 
N 17.55 

L.Pyroglutamyl. L·leucyl·glycyl· L·prolyl· L·glutaminyl· 
glYcyl. L·prolyl. L.seryl· L·h ist id yl· L·leucyl· L· va Iyl· 
alanine (8) 

The dOdecapeptide 8 was prepared on the same scale 
~nd by the same method as for 7 using the fragments 
4 and 2S to give initially the protected dodecapeptide 
~hich was purified by LH-20/dimethylformamide gel 
111t~ation with VeWt; ( 130 mg, 45 %); m.p. 206 - 208 °C; 
R.~ld : - 80.40 (c = 0 .5, dimethylformamide); TLC·3; 
LJ~ 0.54; TLC-21. R F 0 .36; Amino acid analysis: 
IllS S 
Va(OS erO.S8 Glu2 .00 Pro \.97 Gly \.97 AlaO.94 
C 1.00 Leu2.0S · 

63H9SN ISO 16.2 Oimethylformamide (1464.8) 
Calcd . C 56.58 H 7.50 N 16.26 
Found C 56.16 H 7.27 N 16.40 

The PhenYl ester was hydrolysed in 90% aqueous di
~ethYlformamide as for 7 and the crude prod uct puri· 
61;~ by LH-20/gel fiitration with VeWt 0.44; (60 mg, 
d' 10); rn .p. 196 - 200 °C; 10<152: - 66.60° (c = 0.46 in 
O~~e.thYlformamide) ; TLC-3, RF 0.31; TLC-5, RF 
Pro' Arnmo acid analysis: His 1.0 I Ser0.48 Glul.98 
C 1.92 GIY2 .01 Ala\.OI Val\.OI Leu2.03· 

S~H9INISOI6' 2.5 H20 (1287.5) 
alcd. C 53.18 H 7.52 N 16.32 

Found C53.15 H7.47 N16.28 

~~~ dOdecapeptide acid (30 mg. 32 .2 ).Imo!) was treated 
ne 190% aqueous trifluoroacetic acid in the same man
)I ~~S for 7 to afford, after LH-20 gel filtration at 
me t 0.46; the free dodecapeptide 8 (22 mg, 78.5 %) 
fa:' 200 - 203 °C ; 10< 152 : - 50.20° (c = 0.35 in dimethyl· 
aCi::rnldC); TLC·26, R F 0.26; TLC-3, RI-' 0.27; Amino 
A.la nalYsls; 1·lIso.96 Ser0.42 Glu2 .0S Pro2.00 GIY2 .00 
C 1.03 Va10.98 Leu2.0/ · 

S~H83NIsOI6'2 H20 ( 1222.4) 
alcd. C 52.08 H 7. 17 N 17 . 19 

Found C 52 . 12 H 7.08 N 17 .30 

L.Py 
gl roglutamyl. L·leucyl·glycyl· L·prolyl· L·glutaminyl· 
Qtc~l. L·histidyl. L·prolyl· L·seryl· L·leucyl· L·valyl· L· 

an/ne (4) 
l'he d 
and 80decapeptide 4 was preparcd as for examples 7 
165 to give initially the protected peptide; m.p. 
ami;I~7 °c; [0< 156 : _ 27.7° (c = 1 in dimethylform
anal e), TLC-5, RF 0.23; TLC·6 , RF 0.27; Amino acid 

l'SIS' I·/, S G G A.lal ' 151.04 erO.79 IUl.94 Pro2 .08 IYl.96 
·04 Vall.OO Leu\.96' 

C63H9SN ISO 16. 3 H20 (1372 .6) 
Calcd. C55. 13 H7.42 N 15.31 
Found C 55.41 H 7.93 N 14.89 

The phenyl ester was hydrolysed as for 7 and 8 to give 
the acid; m.p. 192- 195 °c which was treated, as before, 
with aqueous trifluoroacetic acid to give the free peptide 
4 after purification by LH-20/dimethylformamide gel 
filtration. Amino acid ana lysis: Hiso.91 SerO.96 Glu2.00 
Pro2.03 GlYl.98 Alal.04 Vall.OS Leu\.99 · 

L·Pyroglu ta my I· L·leu cyl·glycy I· L·proly I· L·glu ta miny I· 
glycyl· L·proly 1- L·proly I· L·" ist idy I· L·leucy I· L· val y l· L· 

alanyl·L·aspartyl-L·prolyl·L·seryl·L·lysyl-L·lysyl-L· 
glutaminyl-glycine (2, R'=OH) 

Protected heptapeptide 29 (50 mg, 34.70 ).Imo!) was 
disso lved in dimethylformamide (2 m/) and hydrogena' 
ted in the presence of p-toluenesulphonic acid (7 .0 mg, 
36.7 ).Imo!) and 10% Pd/C (5 .0 mg) at room temperature 
and pressure for 15 h. The catalyst was filtered off and 
the filtrate concentrated to ca. 1.0 m/. 

The dodecapeptide 6 (43.60 mg, 34.7 ).Imo!) was dis
solved in 0.5 ml of dimethylformamide and cooled. 
To this solution was added N·hydroxysuccinimide 
(8.0 mg, 69.5 ).Imo!) and OCCI (8.0 mg, 38 ).Imo!) and 
stirred for 15 min. The above amino component was 
added followed by N'methylmorpholine (8.l ).1/) then 
stirred for 72 h, and the reaction mixture cooled and 
N-hydroxysuccinimide (4.0 rng) and OCCI (4.00 mg) 
were added and stirred for another 72 h. The reaction 
solut ion was filtered to remove urea, and the filtrate 
applied to LH·20/dimethylformamide. The desired 
compound was eluted at Ve/Vt 0.36, the dimethylform
amide was evaporated to near dryness and ethy l acetate 
added to precipitate the product which was filtered, 
washed with ethyl acetate and dried. 111e solid was redis
solved in 0.5 ml of dimethylformamide and reprecipitated 
with acetone (30 mg, 32.70 %); m.p. 240 - 245 °c (dec); 
[0< 152 : - 59.73° (c = 0.5 in dimethylformamide); TLC-3, R F 

0.4 7; TLC-15. R F 0.43; Amino acid analysis: Lys 1.83 

HisO.93 Asp 1.00 SerO.46 Glu3. 10 Pro4.20 GIY3 .00 
Ala /.03 Va10.96 Leu2.06· 

C I22H/88N2S030 '3 H20 (2536.1) 
Calcd . C 57.78 H 7.59 N 13.81 
Found C 57.75 H 8.09 N 13.61 

The nonadecapeptide phenyl ester ( 15.0 mg, 6.1 ).Imo!) 
was dissolved in 90 % aqueous dimethylformamide 
(0.5 m/) and dimethylsulphide (22.26 ).11) was introduced. 

The pH of the so lution was maintained at 10.5 with 
manual addition of 0 .05M NaOH. After 45 min another 
half equivalent of H202 (3.2 IJ/) was added and titra
tion continued. At the end of 90 min, thin·layer chroma
togram showed the absence of the phenyl ester. The 
pH was adjusted to 6.5 with 10% citr ic acid, solvents 
evapora ted completely and the resid ue washed in a 
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centrifuge tube with water, then with acetone and dried 
under high vacuum (13.0 mg, 89 %); TLC-3, RF 0.29; 
TLC- 15; RF 0.20; Amino acid analys is; LYS2.25 His1.06 

ASP1.06 SerO.7S GIU3.00 Pro3.87 GlY2.99 Ala1.06 
Va10.94 Leu 1.93· 

To the nonadecapeptide free acid (13 .0 mg, 5.40 jJmol) 
in a centrifuge tube, was added 1,2-ethanedithiol 
(26.55 jJ/). The tube was flushed with nitrogen and 
90 % aqueous trifluoroacetic acid (4.50 m/) was added 
and kept in the dark for 4.5 h. The product was preci
pitated with dry ether, washed with ether and high 
vacuum dried. 

The deprotected nonadecapeptide was purified by high 
performance liquid chromatography using a column 
250 mm x 4 mm packed at 40000 kPa in CCI4 with 
Whatman Partisil ODS 10 through which was pumped 
at 1.7 ml/min and approx 10000 kPa a gradient of 
methanol 10 to 80 % (v/v) containing O.OIM ammonium 
acetate pH 7.0 . Application to the column was approx . 
0.5 mg dissolved in 0.8 ml starting solution using a 
Rheodyne Model 7120 on-line injector. The effluent 
was monitored at 206 nm using a Cecil 212 UV spec
trophotometer with flow through microcell and effluent 
fractions were collected at I-min intervals in a LKB 
REDIRAC fraction collector. There emerged in a posi
tion corresponding to approx. 37 % methanol a single 
sharp peak. The corresponding fractions were dried in 
vacuo over P20S and NaOH and in the presence of 
gra nular charcoal. The residue was dissolved in water 
and a measured aliquot portion taken for amino acid 

analy sis; LYS2.1 0 HisO.97 ASPO.99 SerO.S3 GIU2.88 
Pro3.97 G lY3.10 Ala1.06 Va10 .96 Leu1.93 ' F rom the 
analy sis the amo unt (jJmol) of peptide present in the 
sample was calculated. This value was used to calculate 
the quantitative immunoreactivity of the synthet ic 
peptide relative to native human G34 (see the table and 
Fig. 4). 

L-Pyrogluta myl- L-Ieucyl-glycyl- L-prolyl- L-glll ta minyl
glycyl-L-histidyl-L-prolyl-L-seryl-L-Ieucyl-L-valyl-L
alanyl-L-aspartyl-L-prolyl-L-seryl-L-Iysyl-L-Iysyl-L
glutaminyl-glycine (1, R'=OH) 

Protected heptapeptide 29 (1.0 g, 0.7 mmol) was dis
solved in dimethylformamide (10 m/) and hydrogenated, 
in the presence of p-toluenesulphonic acid (0.13 g, 0 .7 
mmol), over [0 % Pd/C (lOO mg) at room temperature 
and pressure for 6.5 h. Filt ration and evapo ration of 
the filtrate afforded a colourless oi l which solidified 
upon trituration with dry diethyl ether (1.03 g, 100%). 

The dodecapeptide phenyl ester 4 (1 .34 g, 0.95 mmol) 
was dissolved in absolute methanol (8 m/) and anhy
drous hydrazine (122 jJ/, 3.80 mmol) was added. The 
reaction mixture was stirred for 48 h at room tempera
ture. Diethyl ether was added and the precipitate f iltered 
and dried to give the dodccapeptide hydrazide (1.14 g, 

89 %);m.p.190- 195 °C;10I156: - 46.3° (c= 1 in 
dimethylformamide); TLC-16, R F 0 .17; TLC-17, RF 

0.17; Amino acid analysis: Hiso.9S SerO.92 GIU2.00 
Pro2.10 Gly 1.95 Ala 1.03 Leu2 .0 1 VaI0.96· 

CS7H93NJ70 IS·3 H20 (1310.5) 
Ca lcd . C 52.24 H 7.61 
Found C 52.05 H 7.62 

N 18.17 
N 18.03 

The dodecapeptide hydrazide (950 mg, 0.17 mmol) waS 
dissolved in dimethylformamide (2.5 m/), coo led to 
- 20 °C, and 3.35M HCI/dioxan (0.59 m/, 1.97 mmol) 
added. The solution was a llowed to warm - 15 °C and 
t-butyl nitrite (0.11 m/, 0.89 mmol) added and the reao
tion stirred, at - 15°C, for 20min. A precooled solu
tion of the p-toluenesulphonate (0.8 g, 0.54 mmol) in 
dimethylformamide (6 m/) was added followed by 
ethyldiisopropy lamine (0 .33 ml, 2.5 mmol). The reaC
tion was stirred at 0- 4 °c for 3 d. After evaporation of 
the solvent the residue was redissolved in dimethylform-
amide (5.0 m/) and applied to a Sephadex LH-20 column. 
The desired material eluted at a Ve/VI value of 0.37, 
(0. 79 g, 56%), m.p. 210°C (dec); [01156 : - 34.6° (c" 
0.69 in dimethylformamide); TLC-6, RF 0.32; TLC-8, 
RF 0.65; Amino acid analysis: LYS1.82 Hiso.97 Sef) .S7 
Glu3.08 Pro3.J9 GlY2.97 Ala1.03 Va10.92 LeUI.9S· 

C124H191N2S031·3 H20 (2582.1) 
Calcd . C 57.68 H 7.69 N 13.56 
Found C 57 .75 H 7.74 N 13.38 

The phenyl ester (280 mg, 0.11 mmol) was dissolved 
in dimethylformamide (15 m/) then water (0.8 ml) 
and dimethylsulphide (0.82 m/) were added. The pH 
was adjusted to 10.6 with 0.1 M NaOH and afte r the 
addition of hydrogen peroxide (100 vol, 0.05 m/) the 
pH was maintained by the pH-controlled addition of 
0.1 M NaOH. After 1.5 h the pH of the solution was t 
adjusted to 7 by the addition of IM HCI and the solven 
evaporated . The residue was triturated under I M HCI~ d 
brine and the solid separ:ted by centrifugat ion and dr~_8, 
(180 mg, 66 %); m.p. 200 C (dec); TLC-6, R F 0.20; TL 
RF 0.58; Amino acid analysis; Lys 1.91 His 1.03 GIU2. S9 

Vall.08 ASPl.08 Scrl.88 Pr03 .09 GlY2.92 AlaO.96 
Leu2.07· 

Sequence studies 

Removal of the N-terminal pyroglutamic acid was ef
fected by incubation of 5 nmol natural hG34 with 
0.5 mg calf liver pyroglutamyl aminopeptidase (Boeh
ringer Mannheim GmbH) in 1.5 ml 0.05M ammonium 
hydrogencarbonate (37 °C, 2 h). The reaction mixtUre 
was briefly boiled and centrifuged then the super
natant fract ion ated on Sephadex G-50 superfine (I " 
100 cm) in 0.05M triethylamine carbonate, pH 7.5, 
at 4 °C. The product, corresponding to 2- 34 hG34, 
was identified by radioimmunoassay using carboxyl
terminal specific antisera and was lyophilized . The 
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amino acid sequence ana lysis and the determination 
of the phenylthiohydantoin derivatives of the amino 
acids were carried out in the established mannerl161 

giving the results illustrated in Fig. 3. 

Irnmuno chemical studies 

~C34 was isolated from Zollingcr-Ellison tumourl231 . 
. he sUlphated form of pG34 was used for immuniza

:.'on and the unsulphated form was used for radiolabel
Ing in radioimmunoassays and as a radioimmunoassay 
standard in a system that employed 12sl-labelled pG34 
and l3 ~ anti serum specific for the N-terminal region 
of PG34113, 141. A population of carboxyl-terminal 
specific antibodies present in the original antiserum was 
remOved by affinity immunoadsorption to G 17 conju
gated to Sepharose. Unsulphated pG34 was labelled 
With 1251 by the chloramine T method and purified 

~~ DE-Cellulose. The immunochemical potencies of 
r 34 and synthetic peptides in this system were ini-
1;lJy expressed as the molar ratio of concentratio ns 
~O !he tcst peptide and natural pG34 needed to produce 
Th% Inhibition of binding of 11251 I pG34 to antiserum. 
W' e results of this study are shown in the table and Fig. 4 

Ith reference to hG34. 
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The synthesis of the tetracontapeptide corresponding to a revised sequence for porcine 
big gastrin is described. Both the synthetic and natural material were identical by 
radioimmunoassay using L33 antiserum, which is specific for the N-terminal region of the 
sequence. 

INTRODUCTION 

Porcine big gastrin is present in hog antral mucosa as two peptides differing only 
in the presence or absence of sulphation at Tyr-29. Earlier studies (I, 2), using a 
combination of sequencing, synthesis, and radioimmunoassay, resulted in struc
tural elucidation of the N-terminal nonadecapeptide (I,R OH) and hence the 
entire sequence of pG34 as (I) . 

Glp-Leu-Gly-Leu-Gln-GlY-Pro-Pro-His-Leu
Val-Ala-Asp-Leu-Ala-Lys-Lys-Gln-Gly-R 

- - - - - -7His- - -llJ>ro- - - - - - - - - - -

[1] 

[2] 

R = Pro-Trp-Met-[Glu]5-Ala-Tyr-Gly-Trp-Met-Asp-Phe-NH2 
Glp-Leu-Gly-Letl-Gln-Gly-Pro-Pro-His-Leu-Val-Ala-Asp(OBu t)-Leu- [3] 

Ala-Lys(Adoc)-Lys(Adoc)-Gln-Gly-OH 

Bpoc-Pro-Trp-Met-[Glu(OBut)]5-Ala-Tyr(But)-

Gly-Trp-Met-Asp(OBut)-Phe-NH2 
[4] 

It was important, therefore, to extend these researches to complete the synthesis 
of pG34 and compare the synthetic material with natural pG34 by immunochemi
cal analysis using antiserum L33, since the biological activity of pG34, as 
evidenced by acid secretion in the conscious dog, is determined by the C-terminal 
tetrapeptide sequence. 

1 Deceased June 25, 1978. 
2 Present address: University of Manchester Institute of Science and Technology, P.O. Box 88, 

Manchester. England. 
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Sequence Studies 

The pG34 peptide was first treated with pyrrolidone decarboxylase to remove 
the cyclized N-terminal residue and then applied to an automated Beckman 890B 
sequenator that had been modified as described by Hunkapiller and Hood (3). The 
Pth amino acid residues derived from the sequenator were identified by high
pressure liquid chromatography (4); and the yields of each amino acid derivative 
obtained at each cycle are presented in Fig. 1, in which the predominant residue at 
each cycle is denoted by a triangle. The sequence (1) resulting from these studies 

. indicates the errors in the previous (5) structure (2) to be at positions 7 and 9. 

DISCUSSION OF SYNTHETIC METHODS 

The strategy of fragment coupling was designed to make use of fragments 
emanating from our earlier studies (2, 6) on the synthesis of gastrointestinal 
honnones. In particular the required nonadecapeptide (3) was a key substrate for 
the immunological studies leading to the structural assignment of the N-terminal 
region of porcine G34 (1). Fragment (4) was synthesized as the N,,-Bpoc3 
protected peptide in order to aUow preferential acidolytic cleavage of N" 
protection in the presence of the t-butyl side chain protecting groups . Since the 
suitably protected octapeptide (7) and tetrapeptide (9) required for the construc
tion of (4) were available from previous research (12), the only new fragment to be 
synthesized was Bpoc-Pro-Trp-Met-OH (6). This was accomplished according 
to Scheme 1, using N-hydroxysuccinimide active ester couplings. 

Pro-Tro - Met 

Boc_ 00Su 

Boc -t---t---oo (7U) (5 ) 

..J.-_..L-_-L-_oo (66S) (6) 

SCH EME 1 

After reductive deprotection of the N ,,-Z protection in (7), the amino component 
Was coupled to the preformed N-hydroxysuccinimide active ester of (6), Hydro
lysis (7, 12) of the protected undecapeptide (8), using alkaline hydrogen peroxide 
at pH 10.5 in aqueous triftuoroethanol in the presence of a scavenger (DMS) to 
aVoid oxidation on the tryptophan and methionine residues , afforded the free acid 
(8.R H). This was coupled to the C-terminal tetrapeptide fragment (9) using 

3 Abbreviations used: DMF, dimethylformamide; NMM, N-methylmorpholine; DCCI, dicyc1ohexyl
carbodiimide; DMS, dimethylsulfide; TFA, triftuoroacetic acid; HONSu, N-hydroxysuccinimide; 
HOBt, I-hydroxybenzotriazole; Bpoc, biphenylisopropyloxycarbonyl; Adoc, adamantyloxycarbonyl; 
HMPA, hexamethylphosphortriamide; NMP, N-methylmorpholine; BGI, unsulfated big gastrin; AE, 
ammoethyl. 
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FIG. 1. Identification of residues 2-12 of porcine G34 (native) as Pth derivatives using a modified 
Beckman 890B sequenator. Aliquots of each cycle were analyzed by high-pressure chromatography 
on Du Pont Zorbar Cyanopropylsilane with a gradient of methanol-acetonitrile (17:3) in sodium 
acetate buffer. pH 5.4 

Z-[G1U(OBUt)]5-Ala-Tyr(But)-Gly-OPh 

Bpoc-Pro-Trp-Met-[Glu(OBu t
) ]5-Ala-Tyr(But)-Gly-OR 

H-Trp-Met-Asp(OBu t)-Phe-NH2 

[7] 

[8] 

[9] 

DCCI/HOBt (8) to give the desired fragment (4) after LH20/DMF purification 
(9). Careful acidolytic cleavage of (4) in aqueous trifluoroethanol containing DMS 
at pH 0.5 afforded the amino component, which was coupled with the nonadeca
peptide free acid (3) (2) in HMPA-NMP using DCCI/HONSu (10) in the presence 
ofNMM as base. After initial purification of the protected product by LH20/DMF 
gel filtration the side chain functionality of the hormone was revealed by 
acidolytic cleavage of the I-butyl protecting groups. This was smoothly ef
fected by TFA in the presence of 1,2-ethanedithiol as a scavenger for the 
intermediate t-butyl carbonium ions. After chromatography (G50; 0.4% 
N~HC03) the peptide was further purified by gradient elution from ami
noethyl-cellulose (AE, Whatman). The product was tested by subcutaneous 
injection into a conscious dog provided with a gastric fistula and was shown to 
stimulate gastric acid secretion with a time course and potency comparable 
with that of natural porcine BG!. Comparison of the synthetic product with 
natural material by high-pressure liquid chromatography showed these to have 
identical chromatographic properties on Whatman Partisil ODS 10 using a 
gradient of 10-80% (v/v) methanol containing 0.01 M ammonium acetate (pH 
7.0). 
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The alternative sequence corresponding to the earlier structure (2) was synthe
sized according to the same method as described above for (1) by employing the 
[7-His, 9-Pro] analog of (3) (2) and the amino component derived from (4). 

IMMUNOREACTIVITY OF SYNTHETIC pG34 

The immunochemical properties of synthetic peptides were studied in a 
radioimmunoassay system according to published methods using an antiserum 
previously shown to be specific for the 4-9 region of G34 (I, /1). Synthetic 
porcine G34 and its NH2-terminal nonadecapeptide were virtually equipotent with 
natural porcine G34 in inhibiting the binding of 125I-labeled porcine G34 to 
antiserum (Fig. 2). Thus the synthetic porcine G34 prepared in this study 
according to the revised sequence (1) is indistinguishable from the natural porcine 
peptide in its immunochemical properties, whereas the peptide prepared accord
ing to the earlier reported sequence (2) was found to be 1000 times less active. On 
the basis of these results we conclude that the properties of the newly prepared 
porcine G34 are compatible with the revised but not the original sequence. 

EXPERIMENTAL 

Melting points are reported uncorrected. Thin-layer chromatograms (silica gel, 
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FIG . 2. Inhibition of binding of 12l1I-labeled natural porcine G34 to antiserum L33 (I :3000) by addition 
of graded concentrations of unlabeled synthetic porcine G34 prepared in the present study with the 
revised sequence (Pr07, Pros, HiS8) and prepared earlier with the originally reported sequence (His7, 

Pr08, Proe), compared with natural porcine G34 and the synthetic NH2-terminal nonadecapeptide of 
~34 with the revised structure. Natural porcine G34 was iodinated by the chloramine-T technique, and 
rncubations were performed at 4°C for 48 hr in 2.0 ml sodium barbitone buffer, pH 8.4, 0.02 M. 
Inhibition of binding is expressed as percentage ofthe ratio of antibody bound to free labeled peptide in 
the absence of competing concentrations of unlabeled peptide. Antibody bound and free label were 
separated by the addition of 20 mg of dextran-coated charcoal and centrifuging (2000 g, 10 min). 

,----
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Merck) were developed with the solvent systems I, acetonitrile-water 
(9: 1); 2, chloroform-methanol (6: 1); 3, n-butanol-pyridine-acetic acid-water 
(60: 20: 6: 24); 4, chloroform-i-propanol (6: 1); 5, n-butanol-acetic acid-water 
(3: 1: 1); 6, ethyl acetate-pyridine-acetic acid-water (120: 20: 60: 11); 7, chloro
form-methanol-33% ammonia (19: 17: 3); 8, chloroform-methanol-acetic acid
water (60: 18: 2: 3); 9, chloroform-methanol (9: 1); 10, chloroform-i-propanol 
(3: 1); 11, chloroform-methanol (4: 1); 12, n-butanol-pyridine-acetic acid-water 
(70: 6: 20: 6); 13, acetic acid-i-propanol-acetic acid-water (3: 1: 1 : 1); 14, n
butanol-pyridine-acetic acid-water (3 : 1 : 1: 1); 15, i-propanol-acetic acid-water 
(5: I: I); 16, i-butanol-3% ammonia (3: 7); 17, amyl alcohol-pyridine-water 
(35: 35: 30); 18, ethyl acetate-pyridine-acetic acid-water (60: 20: 6: 11); 19, 
chloroform-triftuoroethanol (2: 1); 20, chloroform-methanol-trifiuoroethanol 
(45: 5: 10); 21, chloroform-methanol (7: 3); 22, chloroform-i-propanol (7: 3); 23, 
chloroform-i-propanol (7: 1); 24, chloroform-i-propanol (4: 1); 25, n-butanol
pyridine-formic acid-water (44: 24: 2: 20). For amino acid analysis, samples 
were hydrolyzed with redistilled 6M hydrochloric acid for 18 hr and analyzed on a 
Jeol JLC-5AH instrument. Peptides after gel filtration on Sephadex LH20 were 
detected by monitoring the optical rotation of the solution using a NPL automatic 
polarimeter and also the uv absorption at 280 nm using an LKB Uvicord 11. 
Optical rotations were measured using a Bendix-Ericcson ETL-NPL instrument. 

N-t-Butyloxycarbonyl-L-tryptophanyl-L-methionine (5). L-Methionine (1.86 g, 
12.46 mM) was dissolved in water (10 ml)/DMF (60 ml), triethylamine (1.74 ml) 
added, and the solution cooled to O"C. N-t-Butyloxycarbonyl-L-tryptophan-N
hydroxysuccinimide ester (5 g, 12.46 mM) was added and the reaction stirred at 
room temperature for 48 hr. The solution was evaporated and the residue taken up 
in 5% NaHC0:J solution (200 ml) and the solution washed with ethyl acetate (2 x 
100 ml). The pH of the solution was adjusted to approximately 2 with solid citric 
acid and the solution extracted with ethyl acetate (3 x 100 ml). The combined 
organic phase was washed neutral in the usual manner, dried, and evaporated to 
an oily residue. This residue was reprecipitated from ethyl acetate by the addition 
of petroleum ether (6O-80°C). 

Yield: 3.85 g, 71%; mp 74-75°C; [a)D24 -13.6° (c I, DMF); TLC-21, R,0.75; 
TLC-5, R,0.91. Found: C,57.42; H,6.84; N ,9.77. 41H290:JNsS requires C,57 .91; 
H,6.71; N,9.65. 

N - /- (4 - Biphenylyl)- /- methylethoxycarbonyl- L- prolyl- L- tryptophanyl- L

methionine (6). Protected dipeptide (5) (6.75 g, 15.5 mM) was dissolved in 90% 
aqueous TFA (25 ml) containing anisole (1.5 ml) and 2-mercaptoethanol (1.5 
mt) and the reaction stirred for 90 min at room temperature. The mixture was 
evaporated and the residual oil dissolved in propan-2-01 and poured into vigor
ously stirred anhydrous diethyl ether (2 liters).The precipitate was collected by 
filtration and dried under vacuum. 

Yield: 5.9 g, 86%; TLC-8, R,O.32, TLC-3, R,O.68. 
The above dipeptide trifiuoroacetate salt (2.24 g, 5.00 mM) was dissolved in 

DMF (40 ml) and cooled to O"C. N-l-(4-Biphenylyl)-1-methylethoxycarbonyl-L
proline-N-hydroxysuccinimide ester (2.25 g, 5.00 mM) and triethylamine (1.40 ml, 
10.00 mM) were added and the reaction stirred at O"C for 72 hr. The solution was 
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concentrated to approximately 10 ml and applied to a Sephadex LH20 column. 
The desired material eluted at a Ve/Vt value of O.4S. Finally the tripeptide was 
re precipitated from ethyl acetate by the addition of petroleum ether (60-SO"C). 

Yield: 1.91 g, 57%, mp 66°C; [a]o24 -2.4° (c 0.25, DMF); TLC-S, R,O.72. Amino 
acid analysis: Pr01.02Trpo.97Met1.01' Found: C,64.04; H,6.76; N,S.63. 
C:17H.2N406· H20 requires C,64.51; H,6.44; N,S.16. 

N - 1- (4 - Biphenylyl)- 1- methylethoxycarbonyl- L- prolyl- L- tryptophanyl- L

methionyl - y - t - butyl - L - glutamyl - y - t - butyl - L - glutamyl -
y-t-butyl- L-glu tamyl-y-t-butyl- L-glu tamyl- y-t-butyl- L-glu tamyl-L-analyl
O-t-butyl-L-tyrosylglycine phenyl ester (8, R = Ph). Protected octapeptide (7) 
(0.91 g, 0.61 mM) was dissolved in DMF (30 ml) and hydrogenated in the 
presence of p-toluenesulfonic acid (0.12 g, 0.61 mM) over 10% palladium on 
charcoal (lOO mg) overnight at room temperature and pressure. After filtration 
the filtrate was evaporated and the residue dissolved in DMF (2 ml) and 
cooled to O"C. Protected tripeptide (6) (0.41 g, 0.61 mM) was dissolved in 
DMF (1.5 ml) and cooled to O"C. N-Hydroxysuccinimide (0.14 g, 1.21 mM) 
and DCCI (0.15 g, 0.72 mM) were added and the reaction stirred for 4 min. 
The precooled solution of amino component was added foUowed by NMM (70 
ILl) and the reaction stirred for 4S hr at room temperature. The solution was 
applied to a Sephadex LH20 column and the desired material eluted at a Ve/Vt 
value of 0.3S. Finally the product was reprecipitated from DMF by the addi
tion of dry diethyl ether. 

Yield: 660 mg, 52%; mp 24S-250°C; [a]o24 - lSS (c 1, DMF); TLC-5, R, 
0.79; TLC-3, R, 0.73; Amino acid analysis: ProO.96 Trpo.96Meto.96Gl~.96 
Alat.oaTyrt.1oG1Yo.99' Found: C,62.43; H,7.57; N,S.30. C106H146N12025S' 1 H20 
requires C,62.46; H,7.32; N,S.25. 

N - 1- (4- Biphenylyl)-I- methylethoxycarbonyl-L- prolyl- L- tryptophanyl- L

methionyl-y- t- butyl- L- glutamyl-y- t - butyl- L- glutamyl-y- t - butyl- L- glut
amyl- y - t -butyl-L-glutamyl-y-t-butyl-L-glutamyl-L-alanyl-O-t - butyl- L - tyro
syl-glycine (8, R = H). The undecapeptide phenyl ester (8, R = Ph) (350 mg, 
O.IS mM) was dissolved in 90% aqueous trifluoroethanol (5 ml). DMS (0.4 ml) 
Was added and the pH adjusted to 10.2 with 1 M NaOH, H20 2 (lOO vol, 10 
ILl) was added and the reaction stirred for 30 min when a further aliquot of 
H20 2 (10 ILl) was added. After 30 min the pH was adjusted to 4.5 with 10% 
citric acid solution and the free acid completely precipitated by the addition of 
Water. The precipitate was collected by filtration and washed with a large 
volume of water then dried. 

Yield: 280 mg, 82%; mp 24SOC; [a]()24 -45.6° (c 0.25, DMF); TLC-5, R,O.SO; 
l'LC-6, R, 0.60. Found: C,59.37; H,7.32; N,S.64. ClOoHI42NI2025 S' 3 H20 
requires C,60.10; H,7.47; N,S.41. 

N - 1- (4 - Biphenylyl)- 1- methylethoxycarbonyl- L- prolyl- L- tryptophanyl- L

methionyl-y-t-butyl- L-glutamyl-y-t-butyl- L-glutamyl-y-t-butyl- L-glutamyl-y-t
butyl- L-glu tamyl-y-t-butyl-L-glu tamyl-L-alanyl-O- t-butyl- L-tyrosylglycyl-L
tryptophanyl-L-methionyl-{3-t-butyl- L-aspartyl-L-phenylalanine amide (4). The 
preceding undecapeptide (8, R = H) (270 mg,0.14 mM) was dissolved in DMF 
(3 .0 ml) and cooled to O"C. HOBt (37.5 mg, 0.2S mM) and DCCI (34.5 mg, 0.17 
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mM) were added and the reaction stirred for 10 min. The C-terminal tetrapeptide 
amide free base (9) (92 mg, 0.14 mM) was added and the reaction stirred for 72 hr. 
The reaction was diluted with HMPA, filtered, and loaded onto a Sephadex LH20 
column. The desired material eluted at a Ve/V/ value of 0.37 and was precipitated 
from DMF by the addition of dry diethyl ether. 

Yield: 245 mg, 68%; mp 250-254°C; [a]D22 -58.4° (c 0.5, DMF); TLC-5, R, 
0.91; TLC-8, R, 0.66. Amino acid analysis (13): ASP1.020Iu5.05Pro1.060IY1.Jl 
Alal.1oMet2.05Tyr1.JlPhe1.ooTrp1.94' Found: C,60.71; H,7.47; N,9.62. CI33HI84NI8 
030S2 . 4 H20 requires C,60.25; H,7.30; N,9.51. 

L - Prolyl - L - tryptophanyl - L - methionyl - 'Y - t - butyl - L - glutamyl - 'Y -
t - butyl - L - glutamyl - 'Y - t - butyl - L - glutamyl - 'Y - t - butyl - L - glu -
tamyl - 'Y - t - butyl - L - glutamyl - L - alanyl - 0 - t - butyl - L - tyrosylglycyl -
L - tryptophanyl - L - methionyl - ~ - t - butyl - L - aspartyl - L - phenyl 
alanine amide hydrochloride. The pentadecapeptide (4) (95 mg, 0.04 mM) was 
dissolved in 90% aqueous trifluoroethanol (2 ml) and DMS added (0.1 ml). The 
solution was taken to pH 0.5 by the pH stat controlled addition of 0.05 M HCI 
in 90% aqueous trifluoroethanol. After 2 hr acid consumption had ceased. The 
solution was evaporated, triturated under dry diethyl ether, filtered, and dried. 

Yield: 73 mg, 78%; TLC-5, R, 0.10; TLC-19, R, 0.28; TLC-20, R, 0.34. 
This material was used directly in the subsequent acylation. 
L - Pyroglutamyl - L - leucylglycyl - L - leucyl - L - glutaminylglycyl - L -

prolyl - L - prolyl - L - histidyl - L - leucyl - L - valyl - L - alanyl - L - aspartyl -
L - leucyl - L - alanyl - L - lysyl - L - lysyl - L - glutaminylglycyl - L - prolyl - L

tryptophanyl- L-methionyl- L- glutamyl- L- glut amyl- L- glutamyl- L- glutamyl
L - glutamyl - L - alanyl - L - tyrosylglycyl - L - tryptophanyl - L - metMonyl - L

aspartyl-L-phenylalanine amide (1). The nonadecapeptide free acid (3) (93 mg, 
39.5 J-LM) and the above pentadecapeptide hydrochloride (93 mg, 39.5 J-LM) 
were dissolved in a mixture (J: 1) of HMPA and NMP 0.0 ml} and cooled to 
OOC. HONSu (9.1 mg, 79.1 IJ-M) and DCCI (8.1 mg, 39.5 IJ-M) were added 
followed by NMM (47.6 IJ-I, 39.6 IJ-M) and the reaction mixture stirred for 48 
hr. After cooling to O°C, further aliquots of HONSu (4.5 mg) and DCCI (4.0 
mg) were added and the reaction allowed to continue for another 48 hr. 
Diluted with DMF (2 ml) the reaction mixture was loaded onto a column of 
LH20/DMF. The material eluting at a Ve/V/ value of 0.33 was collected, 
evaporated to 0.5 ml and the product precipitated with ethyl acetate, washed 
well with ethyl acetate, and dried under high vacuum. 

Yield: 30 mg; 16.2%; TLC-3, R, 0.80. Amino acid analysis: LYS!.88 
Hiso.88AsP2 .000 IU8.150 I Y 4 .11 AI~ .oo VaI0.96Metl.80Leu3.92 Tyr 1.07Phel.OOPrO:! .11 Trpo.50, 

The protected tetratriacontapeptide (23 mg, 4.80 IJ-M) was treated with 90% 
aqueous TFA (4.0 ml) in the presence of 1,2-ethanedithiol (22.5 J-Ll). The solution 
was kept in the dark under nitrogen for 4.5 hr, then excess diethyl ether was added 
and the precipitated product was separated by centrifugation, washed with diethyl 
ether, and dried under high vacuum. This solid was dissolved in 0.4% NaHC03 
and the solution applied to a column of 050 (2.5 x 55 cm) and eluted with the same 
buffer. The desired material was eluted at a volume of 129.5 ml and the solvent 
removed by careful evaporation under vacuum. 
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TLC-25, R, 0.21. Amino acid analysis: Lys1.81Hiso.92AsPl.84Glus.zoPrO:J.36GIY4.zo 
Al~ .04 V alo.96Metl.16Le~ .00 Tyro.96Pheo.96' 

The material was further purified by gradient elution from aminoethyl-cellulose. 
A column (1 x 10 cm) was prepared from material precycled as recommended by 
the makers and equilibrated overnight at 4°C with the starting buffer which was 
0.05 M triethylamine (redistilled) which had been gassed with CO2 to constant pH 
6.3-6.4 at room temperature. The sample was dissolved in 0.025 M triethylamine 
and the solution gassed to constant pH (6.0-6.1) at room temperature . The 
conductivity was measured to confirm that it was lower than the starting buffer. 
The sample was then applied to the column, followed by starting buffer pumped 
overnight at 8 ml/hr through a magnetically stirred closing mixing flask volume 
350 ml, monitoring the effluent at 280 m and 206 nm using a LKB Uvicord III 
spectrophotometer. 

The reservoir was then changed to 0.5 M triethylamine which had been gassed at 
room temperature with CO2 to constant pH (7.3-7.4) and fractions collected at 10-
min intervals. A major peak, biologically active, emerged in a position character
istic for porcine BG in this system between fractions 84-102; two minor peaks , 
constituting not more than 10% of the major peak, emerged respectively before 
and after the latter. The fractions comprising the major peak were pooled. The BG 
content was calculated from the absorption at 280 nm and the molar extinction 
coefficient (12261). 

Amino acid analysis of this material gave: Lys2.23Hisl.otAsp1.95Glu1.11PrO:J .31 
GlY3 .95AI~ . 13 Valo.99Metl .11Leu3.98 Tyro.98Phe1 .00. 

The preparation was also compared with natural porcine BG by hplc, using a 
column 250 x 4 mm packed with Whatman Partisil ODS 10 through which was 
pumped at 1.7 ml/min and approximately 100 bars a gradient of 10-80% (v/v) 
methanol containing 0.01 M ammonium acetate, pH 7.0. Synthetic porcine BG 
(tOO JLg) was mixed with natural porcine BGI (lOO JLg) and applied to the column 
(stopped-flow septum injection). The effluent was recorded at 280 nm with a Cecil 
212 UV monitor. The mixture of synthetic and natural BG emerged at a position in 
the gradient corresponding to approximately 40% MeOH as a single symmetrical 
peak, and no other components of significance were observed. 

L - Pyroglutamyl - L - leucylglycyl - L - leucyl - L - glutaminylglycyl - L -

his tidyl - L - prolyl - L - prolyl - L - leucyl - L - valyl - L - alallyl - L - aspartyl -
L - leucyl - L - alanyl - L - lysyl - L - Iysyl - L - glutaminylglycyl - L - prolyl -
L - tryptophanyl - L - methionyl - L - glutamyl - L - glutamyl - L - glutamyl - L -

glutamyl - L - glutamyl - L - alanyl - L - tyrosylglycyl - L - tryptophanyl - L -

methionyl-L-aspartyl-L-phenylalanine amide (2). The coupling reaction was 
effected using the same conditions stated for the above method from the [7-
His,9-Pro] analog of (3) (93 mg) and the pentadecapeptide hydrochloride (93 
mg) derived from (4). The protected tetracontapeptide (65 mg, 35%) was 
isolated using LH20/DMF gel filtration. 

Amino acid analysis: Lys2.uHisl.olAsP2.ooGlus.24Proa.50GIY3.66Ala2.84 VaIO.19Met2.19 
Leu3.4S Tyrl.loPhel.o , 

The protected peptide (41 mg) was de protected as in the preparation of (1). The 
crude product was first purified by chromatography on Sephadex G50 (0.4% 
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N~HC03) then the relevant fractions lyophilized to give material which was then 
subjected to AE-cellulose chromatography eluting with a gradient of 0.05 to 0.5 M 
triethylammonium carbonate at a rate of 12.0 m1/hr. The major peak was 
lyophilized to give (2) (12 mg, 37%). 

Amino acid analysis: Lys2.0oHiso.ssAsP2.15Glus.12Pr02.61GlYa.94Alaa.46 Vall.osMet1.9o 
Leua.S2 Tyr1.03Phe1.05' 
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SYNTHESIS OF THE 76-93 FRAGMENT OF A LYSOZYME ANALOGUE 

I. 1. GALPIN, A. HALLETI, G. W. KENNER, ~ P. NOBLE, R. RAMAGE* and 1. H. SEELY 
The Robert Robinson Laboratories, University of Liverpool, p.a. Box 147, Liverpool L69 3BX, England 

(Received in the U.K. 26 March 1981) 

Abstract-The synthesis of the (76-93) fragment of a lysozyme analogue was achieved using a fragment 
condensation approach employing the proteoted subfragments (76-79), (80-86), and (87-93). The utility of Bates' 
reagent in conjunction with N -hydroxysuccinimide was examined for the linking of fragments. The resulting 
protected peptide (76-93) was found to be one of the most insoluble encountered in this whole programme directed 
towards the synthesis of a lysozyme analogue. 

S;veral preceding papers have described. the preparation 
~ two of the major fragments (1-37)1 and (38-7W of a 
YsozYme analogue. The series of papers now presented 
relate to the preparation of the fragments constituting the 
~em~ining (76-129) portion of the analogue employing 
~Chcs which were outlined at the onset of the resear

C ~S .3 We now describe the preparation of the (76-93) 
SU -fragment having the sequence shown below. 

Cys. Asn. lie. Pro. Cys. Ala. Ala. Leu. Nva. SeT. 
76 79 80 82 83 

Gly. Asp. lie. Thr. Ala. Ser. Val. Gly. 
86 87 93 

f Proline-79 and glycine-86 were chosen as the main 
;agmentation points, as coupling at these residues would 
in~t. be subject to the risk of racemisation. Although 
talhany it might appear that the (80-86) (87-93) hep
mPephdes would both require preparation by the frag
P en~ coupling method, in the event only the former 
p~Phde was so prepared; the latter heptapeptide being 

epared by stepwise elongation from the C-terminus. 

-----------------------------------
~neceased, June 1978. 

Ma resent address: Department of Chemistry, University of 
Ma nChhester Institute of Science & Technology, Sackville Street, 

t~C ester M60IQD, England. 
in e h: compound numbering sequence follows that established 

arher papers in this series. 

~s 

Aan 

77 

Initial attempts at the synthesis of the (76-79) tetra
peptide were made using the phenyl ester group4 for 
protection of the proline-79 carboxyl function. Coupling 
with Z-isoleucine using the hydroxysuccinimide ester,S 
the isobutylchloroformate mixed anhydride method6 or 
the Bates reagenf were not entirely successful as proline 
phenyl ester tends to cyclise to the dixopiperazine quite 
rapidly when it is liberated from the salt. Similarly, when 
coupling of Z-asparagine to isoleucylproline phenyl ester 
was attempted, cyclisation of the dipeptide phenyl ester 
was a major side reaction. 

The use of proline benzyl ester8 was then investigated as 
an alternative. Although better results were obtained , 
problems again were found due to the propensity towards 
dioxopiperazine formation. In addition, during mixed 
anhydride coupling, non regiospecific opening of the 
isobutylchloroformate mixed anhydride was observed. 
These findings, which are in agreement with those of 
other workers,9 led us to consider a salt coupling ap
proach as coupling of Boc-isoleucine hydroxysuc
cinimide ester with a sodium salt of proline had been 
found to give a high yield of the protected dipeptide 
acid .9 The successful synthetic route to the protected 
(76-79) tetrapeptide acid is shown in Scheme I. 

Z-Isoleucine-N -hydroxysuccinimide ester was cou
pled with proline (20% excess) employing DMF as the 
solvent and triethylamine as the base. The resulting 
crystalline acid (96)t being obtained in 82% yield. After 
hydrogenolysis of compound (96) in the presence of 
p-toluenesulphonic acid, coupling was attempted with 

78 7 9 
Ile Pro 

z-f-. ONsu 1-1- - OH 

~ /01-1 T z---r- OCp z 01-1 
(41) (96) 

~----~S~ z OH 
(98) (97) 

Aan 

n. / -- 01-1 
(99) 

Scheme I. Synthesis of the protected (76-79) tetrapeptide (99). 

3017 

o 24 
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Z-asparagine using the 2,4,5-trichlorophenyl es ter lO or 
the hydroxysucccinimide ester. " The yields using these 
two ac tive esters were 65% and 72% respective ly, 
however, the latter ester required much more careful 
handling due to its ease of decomposition to the cor
responding imide. The trichlorophenyl ester method was 
therefore preferred as the ester was easier to prepare and 
the product (97) was easier to isolate even though the 
yield was slightl y lower . 

Hyd rogenolysis gave the free tripeptide which was 
then coupled to the cysteine active ester (98) which had 
in turn been prepared from Bpoc-ace tamidomethyl
cysteine (41)' ~ using DCCI and hydroxysuccinimide. 
Coupling proceeded smoothly using triethylamine as the 
base giving a 79% yield of the protected tetrapeptide 
(99). after gel filtration on Sephadex LH-20 with DMF as 
eluant: 

The synthesis of the (80-86) fragment was first in
vestigated using a stepwise ap proach, however solubility 
problems were encountered at the tetrapeptide stage. It 
was for this reason that the alternative fragment con
densation approach was examined. In this case either a 
2 + 5 or 3 + 4 route was feasible using the materials which 
had already accumulated in the stepwise approach. In the 
event the 3 + 4 route was preferred, and Scheme 2 below 
illustrates the synthesis using this route . 

Initiall y the preparation of Z-alanylalanine was envis
aged a the first stage in a salt coupling approach to the 
(80-82) tripeptide. However, it was found that, when 
Z-alanine hydroxysuccinimide ester was coupled with 

80 8 I 

C'js Ala 

82 

Ala 
I 

alanine in the prese nce of triethylamine, some tripeptide 
was also generated. This was proven using mass s pe~
troscopy which showed the presence of the tripeptide 10 

the reaction product. Such a side reaction is probably t~e 
res ult of a reaction treatment similar to that shown iO 

Scheme 3. 
As a result of this finding an alternative approach was 

chosen in which Z-alanine was coupled to alanine benzyl 
ester by the pivalic mixed anhydride method . The resul
ting fully protected dipeptide (100) was then hydro
genolysed and coupled with the cysteine active ester (98) 
to give the protected tripeptide acid (101). 

An alternative synthesis employing phenyl ester prot~C
tion was abandoned as it was found that the peroxide 
catalysed cleavage of the protected (80-82) tripeptid.e 
phenyl ester gave two components. The impurity in thiS 
case derived from oxidation of the acetamidomethY!
cysteine residue. This is the only occasion of which thl~ 
type of side reaction has been encountered and mode 
building suggests that in this case it may be due to the 
proximity of the carboxylate group to the sulphur atom 
providing some catalytic effect. Certainly, at later stage.s 
in the synthesis of the (76-93) fragment no further eVI
dence for this type of oxidation was found. 

The synthesis of the dipeptide (102) could be achieved 
in two ways: either by active ester coupling using t~e 
2,4,S-trichlorophenyl active ester or by using the pivahc 
mixed anhydride method. The latter method proved to be 
superior in giving higher yields of the product and not 
requiring the isolation of an intermediate active ester. 

8 J 84 

Leu Nva 

Z--+-oH 

8 5 86 

Ser Gly 

But 

Z-LOH H - -+--OPh 

But 

z;- - rV-- ' ---+---OPh 
(102) Z---II--OH H--r-OBZl 

A~ ;rut 

/ oosu Z .- /' Bp::Jc- --+'- ------1I---<OBz1 Z -OH Z· --+----·-1'''------t--O~l?h 

(98) ACl1l (100) (~) But 

Bp::Jc---t<'/ - ---t--- -+-.-orIlIH Z - - - --+--- - -tV"---.--+---oCl?h 

(101) (104) 

~ But 

Bp::Jc--~~----~----~----~----~-----~~--.--~~AiPh 
(.!,Q2) 

Scheme 2. Synlhesis of Ihe protected (80--86) heptapep tide (105). 

Z, NIL ~ :;~ CO)' ONSu ' ___ ~Z' Al a\ 

) 0 + H.Al aO-~ + 

/ 

?Ala.Ala.O 

Z. Ala . A1a .0- Z.Ala.Ala Z. Ala. Al a . Al a . 0 

Scheme 3. Formation of tripeptide during sa lt coupling. 
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HYdrogenolysis of the protected dipeptide (102) followed 
by cOupling to Z·norvaline was aga in most satisfactorily 
achieved using the pivalic mixed anhydride method . 
E.xte~sion to the tetrapeptide was carried out using the 
Ptvahc mixed anhydride of Z·leucine which gave a com· 
parable yield to that obtained via the active ester method 
but did not require isolation of intermediates. The required 
(80-86) heptapept ide (105) was then obta ined by 
DCCI/hydroxysuccinimide coupling using gel filtration on 
Sephadex LH·20 eluting with DMF as a means of 
PUrification . The product which was obtained in 70% yield 
gave onl y one product when subjected to phenyl ester 
~e~vage conditions using hydrogen peroxide as catalyst. 

hiS acted to confirm that the (80-82) tripeptide was 
especially susceptible to oxidation as clearly no analogous 
OXidation was observed for the whole (80-86) fragment. 

The (87-93) heptapeptide was prepared by stepwise 
app~oach without complications according to the plan 
O~thned in Scheme 4.Z-Valine was condensed with gly
c~ne phenyl ester to give a 68% yield of the protected 
dipeptide (106) which was coupled after hydrogenolysis 
to ,z-O-tert-butyl serine using the mixed anhydride 
denved from isobutyl chloroform ate. Using this ap
proach a 69% yield was obtained and no diketopiperazine 
w~s observed in the reaction mixture as the amino ter
Ill.tnus was rapidly acylated. Hydrogenolysis of the 
tnpeptide (107) followed by active ester coupling gave 
the .tetrapeptide (108). Extension to the pentape ptide was 
ag.aln best achieved using the isobutyl chloroformate 
~Ixed anhydride which gave an 87% yield of the pen
apeptide (109). Addition of isoleucine-88 and tert-butyl 

aspartic acid-87 were achieved by the co mbination of 
~YldrogenOlysis and active es ter couplings to produce the 
U Iy protected heptapeptide (Ill) in 92% yield after 

crYstallisation. 
Having assembled the three constituent fragments the 

Illethod of fragment condensation must be considered. It 
~OUld be poss ible to combine the (76-79) fragment wit h 

e (80-86) fragment and then to couple the (87-93) 

87 

Asp 
88 
Ile 

89 
Thr 

90 

Ala 

portion or to form the 86/87 bond and then to sub
sequently couple the (76-79) fragment to the resulting 
(80-93) portion. Trial experiments indicated that the for
mer method would be most satisfactory. 
DCCIIhydroxysuccinimide coupling of the (80-86) 
fragment with the (87-93) portion gave a 45% yield of a 
product which was totally insoluble in DMF. However, 
the alternative successful approach outlined in Scheme 5 
gave an intermediate fragment which could more eas il y 
be purified. 

A variety of coupling methods were st udied using the 
tetrapeptide free ac id (99) and the hydrochloride of the 
(80-86) fragment (l05a). This hydrochloride was obtained 
by Bpoc cleavage using 0.5 M hydrogen chloride in DMF 
or by treatment with acetic acid/formic acid/wa ter 
(7: I : 2). although the latter method gave a purer product 
after the anion had been exchanged to hydrochloride 
prior to coupling. The coupling conditions explored are 
shown in Table I, showing that coupling proceeds more 
efficientl y when a large excess of the ca rboxyl com
ponent is present. Although the table indica tes that the 
diphenylphosphinic mixed anhydride method gives the 
highest yield, the method was not used in the fina l 
preparation as a trace of impurity was present in the final 
product (112) and at this time the use of this reage nt had 
not been firmly established. It was found that the most 
successful method of combination was to use the Bates 
reagenf in the presence of N -hydroxysuccinimide as an 
additive. using a 50% excess of the carboxyl component. 
This gave the protected undecapeptide (112) in a yield of 
62%. 

Removal of the phenyl ester protecting group at gly
cine-86 was readily achieved in 30 min using the standard 
hydrogen peroxide catalysed base cleavage, which gave 
the free acid (1I2a). Hydrogenolysis of the benzyloxy
carbonyl function of the protected heptapeptide (1 11 ) 
gave the p-toluenesulphonate (Ilia) whereupon the 
coupling between these two fragments was then 
examined using the DCCI/hydroxysuccinimide method 

n 

9 I 
Ser 

But 
I H 

[,But 

92 
Val 

r... -. H 

(106) 

93 

Gly 

-ilPh 

Ph 

'7. :.rrn ? -ilph -. 
(107) 

!,.But )3Ut 
H Z-- OPh 

t OOS ) 
;But ;Bu-

n -OPh -. 
;But (l09) t ~t 

7_ ~'Y'n n APh -. 
(l!.Q.) 

z ;But ;But ;But . A Ph 

(.!.!..!.) 

Scheme 4. Synthesis of the protected (87-93) heptapeplide (111). 



3020 I. J. GALPIN et al. 

Bpoc. (80-86) .OPh 

(105) 

T 
Bpoc. (76-79).OH Cl-H2+. (80-86).OPh 

(99) (105a) 

T __ -.--__ ----'T 
I 

Bpoc. (76-86) .OPh 
I 

(.!,g) 

1 
Bpoc. (76-86) .OH 

(1l2a) 

T 
I 

Z. (87-93) .OPh 

(.!!!.) 

1 
Tbs O-H

2
+. (87-93).OPh 

I (llla) 

Bpoc. (76-93) .OPh 

(ill) 

1 
Bpoc. (76-93) .OH 

(1l3a) 

Scheme 5. Fragment combination route to Bpoc.(76-93).OH (Jl3a). 

and the Sates/hydroxysuccinimide method. The latter 
method was preferred as the by-products appeared to be 
more easily removed and the resulting phenyl ester (113) 
was found to be highly insoluble even in warm DMF. 
Purification could only be achieved by gel filtration using 
Sephadex G-25 eluting with hexamethylphosphoramide 
containing 5% water:) However, it appeared that wash
ing the product on a sinter with a variety of solvents 
gave a comparable product in 83% yield. The highly 
insoluble Bpoc. (76-93). OPh (113) was then subjected to 
phenyl ester cleavage. In this case triftuoroethanol con
taining a little water had to be used in order to maintain 
solubility during hydrolysis. It was found that the resul
ting protected peptide acid (1I3a) was slightly more 
soluble than the parent phenyl ester and could be purified 
by gel filtration on Sephadex LH-60 providing that N
methyl pyrrolidone was used as eluant.'· The homo
geneity of the resulting Spoc. (76-93). OH (1I3a) was 
demonstrated by thin layer chromatography and by 

polyacrylamide gel electrophoresis of the totally depro· 
tected peptide. 

The preparation of this highly insoluble fragm~nt 
demonstrates the way in which the order of combina!l~n 
of fragments may be chosen to circumvent solublht~ 
problems which would prejudice the purification 0 

products. 

EXPERIMENTAL 
The general experimental techniques, abbreviations. and TL.C 

systems are those which have been described in earlier papers 6 
this series except for the TLC system (36) EtOAc/Py/HOAc/l-h 
(60:20:6: 11). M) 

Z-/le·Pro-OH (96). A solution of Z-lIe-ONSu (24.6 g, 68 nt I) 
proline (9.4 g, 81 mM) and TEA (11.4 ml . 81 mM) in DMF (80 nt 
was stirred for 3 days at room temperature. The solvent was 
removed and the resulting oil dissolved in water (200 ntl) c~· 
taining NaHCO] (8 g). The solution was extracted with EtO. c 
then acidified to pH I with 3 M hydrochloric acid. Extract!On 
with Et20 and backwashing with water and saturated sod.ufll 

Table I. 

OlupUnq ~t Excess carlxDcyl , Yield , 

1XXI/lDISu 10 43 
DOCI,103t 20 43 
plval.oyl dllor1de 50 54 
Bates 20 40 
Bates 200 59 
n>PCl 200 74 
Bates/llN3u 20 50 

Bates/lDlSu 50 62 
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chloride solution followed by evaporation of the ethereal solution 
r;ve an oil which crystallised on standing for I week giving (96) 

0.3 g. 82%). m.p. 96-97°. [all>2 - 61.8° (c = 2. DMF). RI (l4) 
6- 0.4 (Found: C. 62.70; H. 7.36; N. 7.93 ; CI9H26N20S requires : C. 
2.97; H. 7.23; N. 7.73%). 
Z·Asn·lle·Pro·OH (97). Compound (96) (14.5 g. 40 mM) and 

Tos.OH.H20 (7.6 g. 40 mM) were dissolved in DMF (150 ml) and 
hYdrogenolysed in the presence of 10% Pd/C (1.3 g) for 4 hr. 
Work up in the usual way gave a solution which was evaporated 
to 100 ml. Z·Asn.OCp (18.7 g. 42 mM) and TEA (11 .2 ml. 80 mM) 
were added and the solution stirred for 3 days. Evaporation gave 
ah oil which was dissolved in CHCll• the resulting solution being 
s aken with 10% citric acid then dried. The aqueous phase was 
r~rther extracted with butan·l·ol. and the organic phases corn· 
~Ined and evaporated. The resulting oil was dissolved in warm 

tOAc and dicyclohexylamine (9 ml. 45 mM) added. The salt 
~cipitated and was recrystallised from EtOAc giving (97 as 
I.! HA salt) (16.3 g. 62%). m.p. 107-108°. [all>s - 59.2° (c = 2. 
C eOH). RI (36) - 0.7. RI (23) - 0.4. ASPO.9gPrOlo2I1eUlO· (Found: 
61 61.67; H. 8.47; N. 10.48; ClsHssNs07' 1.5 H20 requires: C. 

.38; H. 8.54; N. 10.23%). 
29 Bpoc·Cys(Acm).ONSu (98). Bpoc·Cys·(Acm)·OH (41) (12.6 g. 
d' mM) and HONSu (5.1 g. 44.5 mM) were dissolved in 1.2· 
;methoxyethane (50 ml). After cooling to 0° a precooled solution 

~ OCC! (6.7 g. 32 mM) in 1.2·dimethoxyethane (25 ml) was ad· 
p~d a~d the solution stirred overnight at room temperature. 
EI~atlOn and evaporation gave an oil which was dissolved in 
t t Ac. after further cooling a small amount of DCU was 
5~mo~e~ by filtration and the resulting solution was washed with 
DO .Cltnc acid water. 5% NaHCOl solution. water and brine. 
v tYing and evaporation gave (98) as a dry foam under high 
(pcuum. (15.4g, 98%), m.p. 5(}"51°. lall>l -40.1° (c=2, DMF), 
re oU.nd : C, 58.16; H. 5.94; N. 7.73. C26H29N)07S, 0.5 H20 

qUires : C, 58.20; H, 5.64; N. 7.83%). 
(I

O
Bpoc,CYS(Acm).Asn./Ie.Pro.OH (99). The DCHA salt of (97) 

s .9 g, 16.0 mM) and Tos.OH.H20 (6.3 g, 33.2 mM) were dis· 
I:Cd in DMF (100 ml) and hydrogenolysed in the presence of 
so o. Pd/C (I g) for 16 hr. The catalyst was removed and the 
181~hon concentrated to 60 ml. Bpoc·Cys(Acm)·ONSu (98) (9.6 g, 
ti~ m~f) and TEA (4.6 ml. 33.2 mM) were added and the reac· 
te n ~hrred for 3 days. The solvent was evaporated and the 
so;UI~lOg oil dissolved in the minimum volume of acetone. This 
te uh?n was poured into ice cold citrate buffer (pH 3.5) and the 
(~sultlOg solution extracted with CHCI) (x 3) and butan·l·ol 
an I): Combination of the organic phases and evaporation gave 
el ~Il which was purified by gel filtration on Sephadex LH·20 
o~hng with DMF. The fractions containing product (Ve!Vt) = 
r; 8 were pooled and concentrated. addition of ether yielding the 
D~Facid (99) (9.7g, 79%). m.p. 77_78°. [all>s -51.9° (c = 2, 

Z ), RI (36) -0.3. RI (14) -0.5. ASPIOOProO.98I1eIOI ' 
(48 ·Ala·Ala·OBzl (100). Z·Ala·OH (7.61 g. 34.1 mM), and TEA 
-'2;1. 3~.1 mM) were dissolved in CH2CI2 (50 ml) and cooled to 
Illi . Plvaloyl chloride (4.1 ml. 33.8 mM) was added and 15 
ch~u~es allowed for activation. alanine benzyl ester hydro· 
andonde (6 .69 g. 31 mM) and TEA (3.34 ml. 31 mM) were added 
l'h the reaction mixture stirred overnight at room temperature. 
EtO~Olvent was evaporated and the resulting oil dissolved in 
Nalicc, this solution being washed with 5% citric acid. water. 5% 
wa 0) solution, water and brine. After drying the solution was 
tantmed to about 60° and hot petroleum ether added. Spon· 
(1~~uS crystallisation took place to give the required product 
1/,(2) (~902 g, 83%), ~ .p. 139-1~0°. la 1l>2 . - 20.9° (~ = 2. CHCh), 
tequ ' .7. (Found. C. 65.55 , H, 6.27. N, 7.14, C21H2.N20S 
14I o.lres : C, 65.61; H, 6.29; N. 7.29%). (lit. m.p.IS 138°, m.p.16 
- 32om.p .17 109°), [all>s -1.7° (c = I, CHCIl); (m.p.lg 113°), lal&O 
B (c = 2. CHCll). 

U&:f)°C ,Cys(Acm).Ala.Ala.OH (101). The protected dipeptide 
diss (3.84 g, 10 mM) and Tos.OH.H20 (1.90 g, 10 mM) were 
~tesOlved in DMF (25 ml) and hydrogenolysed for 6 hr in the 
to 2~nce of 10% Pd/C (0.5 g). After filtration and concentration 
(5.80 ml TEA (1.8 ml, 20 mM) and Bpoc.Cys(Acm).ONSu (98) 
Eva g, I ~ m M) were added and the solution stirred for 3 days. 
sha:oratlOn gave an oil which was dissolved in acetone and 

cn with ice cold citrate buffer (pH 3.5). The product was 

extracted into CHCI) ( x 3) and n·BuOH (x I) and the combined 
organic phases evaporated. the resulting oil being chromato· 
graphed on Sephadex LH·20 eluting with DMF. The product 
(101) eluted with (Ve!Vt) = 0.50, concentration of the combined 
fractions and precipitation with Et20 gave (4.85 g, 83%), m.p. 
55-57° [all>l -24.0° (c = 2, DMF), RI (l4) -0.2, RI (l7) -0.3, 
(Found: C. 56.61; H. 7.18; N, 10.05; C2gH)6N407S.H20 requires: 
C. 56.93; H, 6.49; N, 9.48%). 

Z·Ser(Bu')·Gly·OPh (102). Z·Ser(Bu')·OH (49.0 g. 157.5 mM) 
and NMM (17.3 ml , 157.5 mM) were dissolved in CH2CI2 (300 ml) 
and cooled to - 20°. Pivaloyl chloride (19.0 ml, 154.5 mM) was 
added and 15 min allowed for activation after which time a 
solution of Br-H2+.Gly.OPh (34.8 g. 150 mM) and NMM (16.5 ml, 
150 mM) in DMF (100 ml) was also added. After stirring over· 
night the solvents were evaporated and the product dissolved in 
EtOAc. This solution was washed with 5% citric acid, water. 5% 
NaHCOl• water and brine then dried and concentrated to ISO ml. 
Addition of hot petroleum ether (750 ml) gave the product (102) 
as a white crystalline solid (53.1 g, 83%), m.p. 98-99°, la lbs + 0.7° 
(c = 2, DMF) RI (2) - 0.7, SerO.97 (corrected) Glyl.OO' (Found: C, 
64.49; H. 6.79; N, 6.39; C21H28N206 requires: C, 64.47; H, 6.59; 
N.6.54%). 

Z·Nva·Ser(Bu')·Gly·OPh (103). The protected dipeptide (102) 
(53.1 g, 124 mM) and Tos.OH.H20 (33.6 g, 124 mM) were dis· 
solved in DMF (200 ml) and hydrogenolysed overnight in the 
presence of 10% Pd/C (6 g), then filtered and concentrated to 
100 ml. Z·Nva·OH (37.4 g, 149 mM) was dissolved in CH2CI2 
(170 ml) and NMM (16.4 ml, 149 mM) added. After cooling to 
- 20° pivaloyl chloride (17.8 ml, 145 mM) was added and the 
solution stirred for 20 min before the precooled DMF 
solution from above was added. Following the addition of 
NMM (13.6 ml. 124 mM) the reaction was stirred at - 20° for 3 hr 
then maintained at room temperature overnight. The solution was 
evaporated and the product dissolved in EtOAc; washing with 
acid and base in the usual way followed by crystallisation from 
EtOAc/petroleum ether yielded (103) (53.1 g, 81%), m.p. 122-
l22S. [aJ6l -1.6° (c = 2, DMF). RI (2) - 0.7, Serl.Ol (corrected) 
GIYLooNvao.9H· (Found: C. 63.36; H. 7.09; N, 8.00. C28HJ7NJ07 
requires: C, 63.74; H. 7.07; N. 7.96%). 

Z·Leu·Nva·Ser(Bu')·Gly·OPh (104). Compound (103) (31.6 g, 
60 mM) and Tos.OH.H20 (11 .4 g. 60 mM) were dissolved in DMF 
(100 ml) and hydrogenolysed overnight in the presence of 10% 
Pd/C (3 g) then worked up in the usual way. Z·Leu·OH was 
liberated from its DCHA salt (35.7 g, 80 mM) by the standard 
method, the resulting oil was dissolved in CH2CI2 (300 ml) then 
cooled to - 20° and NMM (8.8 ml, 80 mM) and pivaloyl chloride 
(8.9 ml, 72 mM) added. After 20 minutes activation the amino 
component from above was added in DMF (100 ml) along with 
NMM (6.6 ml. 60 mM). Following evaporation the residual oil 
was dissolved in CHr.IJ/EtOAc (3: I) (400 ml) and washed with 
acid and base in the usual way. Gradual evaporation gave the 
crystalline product (104) (33.4 g, 87%), m.p. 226-228°. [a lbJ -
10.7° (c = 2, DMF). RI (2) - 0.7. Sero.g9GlYo.99Leul.oINvao.94· 
(Found: C. 63.42; H. 7.58; N. 8.74. Cl4H.8N40g requires : C, 
63.73; H, 7.55; N. 8.74%). 

Bpoc·Cys(Acm)·Ala ·Ala·Leu·Nva·Ser(Bu')·Gly·OPh (105). 
The protected tetrapeptide (104) (2.44 g, 3.8 mM) and 
Tos.OH.H20 (0.73 g. 3.8 mM) were dissolved in DMF (15 ml) and 
hydrogenolysed overnight in the presence of 10% Pd/C (0.2 g). 
After filtration the solution volume was reduced to 7 ml and the 
tripeptide acid (101) (2.21 g. 4.2 mM) added. The solution was 
cooled to - WO and HONSu (0.88 g, 7.6 mM), DCC! (0.94 g, 
4.6 mM) and NMM (0.42 ml. 3.8 mM) added . After stirring at 
room temperature for 24 hr the solution was re cooled and ad· 
ditional portions of HONSu (0.44 g, 3.8 mM) and DCC! (0.47 g, 
2.3 mM) added. A further 2 days reaction was allowed at room 
temperature before the reaction mixture was concentrated and 
applied to Sephadex LH·20 for elution with DMF. The fractions 
eluting at (Ve/Vt) = 0.45 were combined and concentrated, ad· 
dition of Et20.giving the required product (105) (2.8 g. 70%), m.p. 
chars at 250°, laW-28.r (c= I, DMF), RI (2)-M, RI (9) - OJ, 
RI (I 4) - 0.75. Serl.oo (corrected) GlYo.98Ala2.IOLeul.ooNvao.9s· 
(Found: C. 60.36; H, 7.36; N. IQ.42; CS.H76NgOI2S.0.5 DMF 
requires: C, 60.72; H. 7.30; N. 10.84%). 
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Z- VIl/-Gly-OPh (106). Z-Val-OCp (21.5 g, 50 mM) and 
Br-H1 +.Gly.OPh (11 .6 g, 50 mM) were dissolved in DMF (100 ml) 
along with TEA (7 ml , 50 mM). After stirting for 3 days the 
solution was evaporated and the residue taken up in CHCIJ. This 
solution was washed with acid and base then evaporated to give 
an oil which was crysta llised from EtOAc/petroleum ether 
yielding the product (12.8 g. 68%), m.p. 164-167°, la Jl,1 - 14.4' 
(e = 2, DMF), RI (2) - 0.4. GIYI.D1Valo99· (Found: C. 65.80; H. 
6.53; N. 7.23; C21H24N20l tequires: C, 65.61; H. 6.29; N. 7.29%). 

Z-Ser(Bu/)- Val-Gly-OPh (107). The protected dipeptide (106) 
(9.6 g, 25 mM) was dissolved in DMF (125 ml) and 10% Pd/C (I g) 
was added along with 8.3 M HCI in dioxan 3.9 ml. 32 mM). After 
hydrogenolysis overnight the reaction mixture was processed in 
the standard way. Z-Ser(Bu')-OH obtained from the DCHA salt 
(1.92 g. 25 mM) in the usual way was dissolved in CH2CI2 (lOO ml) 
and cooled to - 20'. TEA (3.5 ml, 25 mM) and IBC (3.2 ml, 
25 mM) were added and 10 min allowed for activation. The amino 
component from the above hydrogenolysis in DMF (100 ml) was 
added followed by TEA (3.5 ml, 25 mM). After stirring overnight 
the solution was evaporated and the resulting oil dissolved in 
EtOAc. Work up in the usual way followed by crystallisation 
from EtOAc/petroleum ether gave (7 .8 g, 69%), m.p. 159-160', 
[aJ!,1 - 4.8' (e = 2, DMF). RI (2) - 0.7. SerO.94 (corrected) 
GIY,,02VaI0.9K· (Found: C. 63.96; H, 7.26; N, 7.95. C2sHn N]07 
requires: C. 63.74; H. 7.07; N. 7.97%). 

Z-Ala-Ser(Bu/)- Val -G1y-OPh (108). Compound (107) (7.2 g. 
13.7 mM) in DMF (75 ml) was hydrogenolysed overnight in the 
prmnce of 10% Pd /C (0.8 g) and 5 M HCI in dioxan (3.1 ml . 
15 mM). The solution was filtered and evaporated in the usual 
way, the residual oil being dissolved in DMF (40 ml). Z-A la-OCp 
(6.05 g, 15 mM) and TEA (1.82 ml. 13.5 mM) were added and the 
reaction stirred for 3 days at room temperature. Evaporation 
gave a gel which was di ssolved in CHCIJ/EtOAc and processed 
in the usual way. Crystallisation from EtOAc gave (7.0 g, 85%). 
m.p. 197-202' . la 162 - 3.86' (c = 2. DMF), RI (2) - 0.6. 
Sero.71G IYo99Alal ,ooVall.ol> (Found : C, 61.93; H. 7.11 : N. 9.40; 
C],H4lN40s requires: C. 62.19; H. 7.07: N. 9.36%). 

Z-Thr(BII/)-A la-Ser(BII/)- Val -Gly-OPh (109. The compound 
(108) (6.6 g. 11 mM) was dissolved in DMF (100 ml). 10% Pd/C 
(0.6 g) and 5 M HCI in dioxan (2.4 ml. 12 mM) added and the 
mixture hydrogenolysed overnight. Work up in the usual way 
gave the salt as an oil Z-Thr(Bu')-OH prepared from the nitro
benzyl es ter (6.7 g. 15 mM) was dissolved in CH1Ci2 (30 ml). TEA 
(1.7 ml , 12 mM) added and after cooling (1.6 ml, 12 mM) of IBC 
added. After 15 min activation a cooled solution of the amino 
component from ahove in DMF (80 ml) was added along with 
TEA (1.6 ml . 11 .6 mM). After overnight reaction the solvents 
were evaporated and the solution worked up in the usual way. 
Trituration with Et20 gave the product (109) (7.6 g, 87%), m.p . 
203- 206' , la J62 + 3.86° (c = 2, DMF), RI (2) - 0.7. 
Sero.9sThro,RoGIYo.9RAla l.ooVal 1.01 ' (Found: C, 61.87; H. 7.79; N, 
9.27; CJ9H 57N501O requires: C. 61.96; H, 7.60; N. 9.27%). 

Z·lIe-Thr(Bu') -Ala-Ser(Bu/)-Val-Gly-OPh (110). The pre
ceding protected peptide (109) (6.0 g. 8 mM) was dissolved in 
DMF (200 ml) and hydrogenolysed in the presence of 10% Pd/C 
(0.6 g) and 5 M HCI in dioxan (1.8 ml, 9 mM) for 16 hr. Work up 
by the standard procedure gave an oil which was dissolved in 
DMF (80 ml) . Z-lIe-OCp (3.9 g, 8 mM) and TEA (1.11 ml, 
7.95 mM) were added and the mixture stirred for 2 days at 40'. A 
further portion of the active ester (1. 1 g, 2.4 mM) and TEA 
(0.22 ml. 1.6 mM) were added and stirring continued for 3 days at 
40'. Evaporation gave a so lid which was worked up in the usual 
way and crystallised from EtOAc/petroleum ether giving (110) 
(6.0 g' 86%), m.p. 235-240' , la 161 + 3.7' (c = 2, DMF), RI (2) 
- 0.7, S~ro94Thro.87G I Yl.oJA l al.olVa l o.9RJleo.9l . (Found: C. 61.03; 
H. 7.75; N. 9.40. C'lH68 N601l.H20 requires : C. 60.93; H, 7.95; N. 
9.48%). 

Z-A.!p(Bu')-lIe- Thr(Bu/)-Ala-Ser(Bu/)- Val-Gly -OP" (Ill) . 
The above hexapeptide (110) (5.3 g. 6 mM) was dissolved in DMF 
(75 rnl) and 10% Pd/C (0.5 g) and 5 M HCI in dioxan (1.4 ml. 
7 mM) added. After hydrogenolysis overnight the mixture was 
worked lip in the ' usual way. The sa lt was dissolved in DMF 
(75 rnl) and Z-Asp(Bu')-OCp (4 .0 g, 8 mM) and TEA (0.84 ml. 
6 mM) added. After stirring for 2 days at 45° the reaction mixture 

had thickened , to such an extent that an additional portion of 
DMF (25 ml) was added to facilitate stirring, After a further 2 
days the reaction mixture was worked up using the usual acid/base 
washing procedure with the product being crystallised from CHCh 
giving (5.8 g, 92%), m.p. 260-262', la m -6.8' (c = 2, DMF), 
RI (2) - 0.8, ASPI.OJSert.02 Thrt.02GIYo.9sAlaI.0, VaI0 9s ll eo.~,(* .cor-
rected), (Found: C, 60.75; H, 71.83; N, 9.71. CnHs, N)014 reqUires: 
C, 61.19; H, 7.85; N, 9.43%). ' 

Bpoc.(76-86).OPh (112). Bpoc.(80-86). OPh (105) (2.12,; 
2 mM) was disso lved in AcOH/H.C02H/H20 (7 : I : 2) (50 m 
containing DMS ' (6 ml, 80 mM) and stirred for 2 hr. The solve~t 
was evaporated and the residue treated with 0.05 M HCI m 
dioxan (80 ml, '4 mM) containing DMS (6 ml, 80 mM). After 
evaporation of the solver.t the anion exchange was repeated. T~e 
resulting solid was washed with Et20 and dried, then dissolved.ln 

HMP A (15 ml) containing NMM (0.22 ml, 2 mM) over 30 mm· 
Bpoc.(76-79).OH (99) (2.22 g, 3 mM), HONSu (0.69 ml , 6 mM). 
Bates reagent (2.32 g, 4.5 mM) and NMM (0.99 ml, 9 mM) were 
added and the reaction stirred overnight. The solution was ~Ph 
plied directly to the column of Sephadex LH-20 and eluted WIt 
DMF. The product (112) eluted with (Ve/Vt) = 0.41 . and after 
combination of the appropriate fractions evaporation and pr)
cipitation with Et20 gave (1.94 g. 62%), m.p. 178' (amorph6' 
[all'! -28.8' (c = 2. DMF) RI (23) -0.3. RI (17) - 0.5, RI (7) ~OC: 
ASPo.9sSero.s9Prop.97GIYI .ooAla2.12Nv30.9JIIeo.9sLeul.04' (Found. C 
56.35; H, 7.21; N, 12.34. C75HIIONI40ISS2; 2H20 requires: ' 
56.45; H, 7.20; N, 12.29%). 6--

Bpoc.(76-93).OPh (113). (a) Phenyl ester cleavage. Bpoc. (7 I) 
86).OPh (112) (265 mg, 0.17 mM) was dissolved in DMF (7 m 
and water (1 .2 ml). DMS (0.62 ml, 8.5 mM) was added and the p~ 
adjusted to 10.5 with 0.1 M NaOH solution. One equivalent °5 
100 vol.H20 2 was added and the solution maintained at pH 10. 
by ihe addition of 0.1 M NaOH solution from a pH stat. After 
30 minutes base uptake was complete, the solution was c~ole~ t~ 
- 5' and acidified with 5% citric acid to pH 3.5. On pouring Int . 
brine the free ac id (1I2a) was precipitated , the resulting solid ~) 
washed with ether and water then dried giving (233 mg. 93 ~ , 
RI (2) - 0.2, RI (23) - 0.1, RI (14) - 0.3. 

(b) Benzyloxycarbonyl cleavage. Z. (87-93) .OPh (11 J) (208 m~~ 
0.2 mM) and Tos.OH.H20 (38 mg, 0.2 mM) were dissolved 1 f 
DMF (7 ml) and hydrogenolysed overnight in the presence De 
10% Pd/C (50 mg). The reaction mixture was then filtered and tha 
solvent evaporated giving a solid which was triturated with Etl 
to yield (Ilia) 196 mg, (9 1%), R,(7) - 0.6. R,(l7) - 0.7 . M) 

(c) Coupling. Bpoc.(76-86).OH (l12a) (110 mg, 0.075 mNS~ 
TosO-Ht. (87-93). OPh (ilia) (54 mg, 0.05 mM), HO 's' 
(17 mg. 0.15 mM) and Bates reagent (58 mg. 11 2 mM) were d~fJ 
solved in HMPA (2 ml). I M NMM in DMF (0.28 ml, 0.28 m r
was added and the reaction stirred at room temperature. o.vett night. The sol ution was poured into brine and the preclPlt~ d 
filtered. washed with water. propan-2-01 and Et20 then dflR 
giving (98 mg. 83%). m.p. 239-245', [a 1&2 - 24.8' (c = I, TF£). cl 
(TFE on alumina) - 0.7, compound would not run in any ot~ 
solvent system, ASP2.04 Thro,%SerI.S4ProomGIY2.o]A la).1J va2": 
NvaomIlel.9jLeul.oo' Found: C. 55.92; H. 7.84; N, 11.63; JI 

HI79N21029S2.4H20 requires: C. 56.03; H, 7.71: N, 12.04%)· OPh 
Bpoc.(76-93).OH (lI3a). A solution of Bpoc. (76-93). 'th 

(98 mg. 0.042 mM) in TFE (1.7 ml) was adjusted to pH 9 WM) 
0.5 M NaOH solution; water (OJ ml) and DMS (0 .2 ml. 2.74 m r.l 
were added and the pH carefully raised to 10.5 with ~.5 m as 
NaOH solution. H202 (0.42 ml of a 1% solution in TFE) I\e 
adde~ and the sol ution stirred for 35 minutes by which t.iffirh 
reactIOn was shown to be complete by tic on alumma Wlt~ 'ct 
as eluant. The reaction mixture was acidified to pH 3.5 Wlt~ :he 
co ld 5% citric ac id then poured into water to precipitate ~e 
product (IBa). Filtration. washing with water and Et10 g~pil 
(80mg, 83%), m.p. 230' . [all,° - 48.4° (c = 0.59, TFE). RI . yl 
systems silica 0,0). RI (TFE on alumina) 0.0 ef. 0.7 for the phc

61. 
ester. (Found: C, 54.21: H. 7.76; N, 12~). 
CIORHI7lN21029S2.5H10 requires : C, 54.37: H, 7.82 ; N, 12.33 

~. 
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SYNTHESIS OF THE 94-104 FRAGMENT OF A LYSOZYME ANALOGUE 

1.1. GALPIN, D. HUDSON, G. W. KENNER, ~ P. NOBLE and R. RAMAGE* 
The Robert Robinson Laboratories, University of Liverpool, P.D. Box 147, Liverpool L69 3BX, England 

(Received in the UK 26 March 1981) 

Abstract-The synthesis of the (94-104) fragment of a lysozyme analogue is reported by union of the protected 
(94-98) and (99-104) subfragments using the N-hydroxysuccinimide active ester of the (94-98) fragment. This 
choice of coupling method was made on the basis of a study employing a range of established methods using the 
criteria of yield and minimum racemisation. 

This paper describes the synthesis of the (94-104) frag
lIlent of our lysozyme analogue,1 in accord with the 
~eneral methodology described previously.2 From the 
IhQuence of this fragment shown below it may be seen 
c at t.here are no obvious points at which a fragment 
i~;Phng may be carried out. Preliminary work clearly 
I I~ated that stepwise addition from the C-terminal 

rnyclne was feasible up to residue 99 but that extension 
a stepwise manner past this point was unsatisfactory. 

Cys.Ala.Lys.Lys.lle.VaI.Ser.Asp.Gly.Asn.Gly. 
~ % ~ 

w Various coupling points for fragment condensation 
ti~re Considered but as the synthesis of the (99-104) por
abt" c~uld be achieved in a stepwise manner in reason
stite Yield, it was decided that this portion should con
ap Ute one of the fragments in a fragment condensation 
friroach. Thus, the final coupling would be a 5 + 6 
bl glllent coupling and, therefore, the method of assemIi: of the pentapeptide portion and the fragment coup--h would be the main points of concern. 
Sch e (102-104) protected tripeptide fragment (114) (see 
drideme I) was assembled using the pivalic mixed anhy
bee e method for both couplings. The dipeptide (88) had 
(68-~;ynthesised on a previous occasion as part of the 
gen ) ,Portion of the lysozyme analogue.) After hydro
Z J\OIYSIS, the tripeptide fragment (114) was coupled with 
h~d SP(OBut

) N-hydroxysuccinimide active ester which 
the In turn been prepared by the standard procedure.4 

gen ~et~apePtide was then further extended after hydro
pro~ YSIS by the addition of the seryl residue as its 
proyected nitrophenyl ester.6 This nitrophenyl ester 
purifid .to be rather difficult to crystallise but after 
enablcahon gave the active ester in good yield which 
final ed ~s to prepare the (100-104) pentapeptide. The 
N'h vahne residue of this portion was added as its 
was Ydroxysuccinimide active ester and in this case it 
videJound that crystallisation of the product (117) pro
filtrar an adequate means of purification rendering gel 

Tb IOn unnecessary. 
e (94-98) pentapeptide was assembled from two 

~-------~---------------
.p Deceased June 1978. 

~an~esent address: Department of Chemistry, University of 
~anc~ester Institute of Science & Technology, Sackville Street, 
t~ ester M60 IQD, England. 

leuciau)o - isoleucine = allo - isoleucine/(allo - isoleucine + 
ne x 100. 

subfragments (see Scheme 2). Z. Lys(Adoc).OH (17)6 
was activated by a reaction with DCCI and HONSu in 
demethoxyethane to give the corresponding active ester 
as a red oil which defied all attempts at crystallisation. 
This active ester was then used to prepare the dipeptide 
acid (118) by a salt coupling procedure using the 
triethylamonium salt of isoleucine; the required product 
being obtained in 75% yield as a dry foam. Hydro
genolysis of this compound (118) gave incomplete 
cleavage of the benzyloxycarbonyl function after 24 hr 
when DMF was Ilsed as the solvent, however, a clean 
deprotection was achieved in 16 hr when the solvent was 
changed to a mixture of acetic acid and DMF. A further 
coupling with the lysine hydroxysuccinimide ester des
cribed above gave the protected tripeptide acid (119) in 
85% yield after gel filtration on Sephadex LH20. 

The synthesis of the dipeptide (120) was approached in 
a similar manner using the hydroxysuccinimide ester 
(98).7 This active ester was coupled with the sodium salt 
of alanine giving the dipeptide as an impure oil which 
was chromatographed on Sephadex LH20 in order to 
isolate the dipeptide acid in 81% yield. Treatment of this 
acid with DCCI/HONSu gave the dipeptide active ester 
(120) as a dry foam. The benzyloxycarbonyl group was 
then removed from the tripeptide (119) by a 3 hr hydro
genolysis in 90% acetic acid. If the hydrogenolysis was 
carried out with DMF as solvent a low yield of an impure 
product was obtained. The free tripeptide was then cou
pled with the dipeptide active ester (120), using diiso
propylethylamine as the base in order to reduce the 
possibility of racemisation to give the product (121) in 
64% yield after purification by gel filtration on Sephadex 
LH20. . 

Although the amino acid analysis of this protected 
pentapeptide (121) showed the constituent amino-acids to 
be present in the correct ratios, 1.7% allo-isoleucinet was 
observed during amino acid analysis. Further in
vestigations confirmed the optical purity of the isoleucine 
used in the synthesis and that the allo-isoleucine was not 
present in the dipeptide (118) or tripeptide (119). The 
racemisation must therefore have taken place during the 
hydrolysis associated . with the amino acid analysis, 
which was supported by the fact that when isoleucine 
itself was exposed to acid hydrolysis 0.5% allo-isoleucine 
was detected. 

The assembly of the complete (94-104) portion was 
then investigated using the pentapeptide acid (121) and 
the p-toluenesulphonate salt (1170) (see Scheme 3) which 
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Scheme I. Synthesis of the protected (99-104) hexapeptide (117). 
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Scheme 2. Synthesis of the protected (94-98) pentapeptide acid (121). 

was obtained by hydrogenolysis of the corresponding 
benzyloxycarbonyl peptide (117) for 16 hr in the 
presence of palladium charcoal catalyst and p
toluenesulphonic ac id in the normal way. In line with the 
standard strategy employed throughout our synthetic 
work2 we first examined coupling using the 
DCCI/HONSu methodS employing DMF as solvent and 
NMM to liberate the amino function. A 4 day reaction 
followed by purification on Sephadex LH20 gave only a 
16% yield of the required fragment (122) which contained 
10% allo-isoleucine. The low yie ld and detected dias
teroisomer of isoleucine from conditions which should 
not give racemisation caused us to examine the coupling 
in much greater detai l. Clearly this isoleucine to valine 
coupling is highly hindered and approach of nucleophiles 
is restricted. One must assume that the O-acylurea can 
form reasonably readily but gives rise to a peptide 

oxazolone rather than being attacked by N-hyd~O~:; 
succinimide to give the active ester. In order to optllllled 
the coupling a wide variety of conditions were emploY 
giv ing rise to the results shown in Table I. ~t 

Retaining the coupling method (F) and reducing :~e 
activation temperature to - WO whilst increas ing an 
concentrat ion threefold (H) produced as expected ~e 
increased yield and a slight decrease in racemisation. ~ht 
conditions of this experiment would tend to shorten Ihe 
life of the reactive intermediates but accessibility to 50 
carboxyl group appea r still to be sufficiently restricted~~s 
as to prevent rapid attack by N -hydroxysuccinimide t of 
giving rise to relatively high race misation. Chan~e thl 
solvent to HMPA (D) produced dramatic increase III bIt I 
detected allo-isoleucine (18%) indicating a cons ide~a'i1I 
solvent effect. A further change to a "non-race l1l1SIIll' I 
solvent" such as dichloromethane in which the cO . 

I' 
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Bpoc.,(94-98)PH 

\ (.!l!) 

Z.(St9-104)DPh I (.!.!2) 

- + 
Bpoc.(94-98).ONSu 

~21a) 
TosO 1-1

2 
,(99-104).OPh I (1l7a) 

---'-1 ---------' 
Bpoc.(94-104 ),OPh 

(122) 

Scheme 3. The preparation of the protected (94--104) fragment (122). 

Ponents were readily soluble was made in experiment (P) 
~s well as a change to the hindered polymeric Hiinig 
h ase.

9 
A drop in racemisation was observed to 2.2%, 

thwever since the yield was still low at 23% the base was 
en replaced with di-isopropylethylamine (0) giving 

~nl~ a slight increase in the measured allo-isoleucine. 
C~tvation of the carboxyl component by the DPP mixed 

an Ydride method lO (B and C) gave low yields and 
~xtensi~e racemisation as did the addition of hydroxy
u enzotnazole to the DCCI reaction when the solvent 
C sed .was HMPA (A). The level of racemisation dropped 
s~ffislgerablY on using DMF as solvent (E) but again was 

Clently high (11%) to be unacceptable. The use of 
hOIYHiinig base in DCCI/HOBt" reaction (G) reduced 
!~th t~e yield and the detected racemate (7.9%). In order 
ch minimise the problems encountered with di
D~romethane in combination with polyHiinig base , 
act' A ~K) and DMF (L) were substituted employing an 
si lyatlOn temperature of - 20°. After an 18 hr reaction 
w mllar yields and considerably reduced racemisation 
peere again found . The importance of the low tem
s! rature in the initial stages of this reaction is demon
thrated. by comparing experiment (L) with (I) in which 
ore aChvation is carried out a! 0° giving a greater degree 

-racemisation (5 .9%). 
aCt' he results show that it is certainly necessary to 
SOllvate at a low temperature and that non-racemising 
am Vents should be used. Also the use of the minimum 
giv OUnt of base and N -hydroxysuccinimide as additive 

l~ the best results as far as racemisation is concerned. 
mi ~as found that the highest yield and lowest race
Co S~hon were brought about using a 2-stage fragment 
ac~ ensation, i.e. pre-activation to give the peptide 
po~ve ester followed by addition of the amino com
(M ~nt. From the Table it can be seen that experiments 
the o. S) all give reasonably low levels of allo-isoleucine, 
highYleld being optimal in experiment (R) in which the 
or est c.oncentration of reagents is used . The conditions 
tio~xpenment (R) giving 60% yield and 1.9% racemisa
whi ~ere those used in the final preparative experiments 
gel 61 re ~ ulted in preparation of (122) in 44% yield after 
aCid trahon chromatography on Sephadex LH20. Amino 
iSOI a~alysis indicated the presence of 2.2% allo
sho eUCtne. It is interesting to note that the active ester 
fra Ws 7% of allo-isoleucine but that when used in a 
indfment coupling only 2.2% was detected. This again 
hYd~a:es. a variable degree of racemisation during acid 
dete 0 ~SIS. The purity of the final product (122) was 
elec[mlned by TLC in 3 solvent systems , by paper 
anal rophoresis, by combustion analysis and amino acid 
peplJls. Enzymic digestion of the fully deprotected 
expel .e gave a satisfactory analysis although the 
5% f1mental variation was somewhat greater than the 

normally associated with ac id hydrolysis. 

EXPERIMENTAL 
The general experimental methods, abbreviations. and TLC are 

those described in earlier papers in this series. 
Z-Gly-Asn-Gly-OPh (114) . Z-Asn-Gly-OPh (88)2 (40.0 g. 

IOOmM) and Tos.OH.H20 (19.1 g, lOOmM) were dissolved in 
DMF (250 ml) and hydrogenolysed overnight in the presence of 
5% Pd/C (5 g). The suspension was filtered and concentrated to 
lOO ml and se t on one side for use in the coupling. Z-Gly
OH(2.20 g, 105 mM) was dissolved in THF (220 ml) containing 
TEA (1.47 ml, 105 mM). After cooling to - 10° pivaloyl chloride 
(12.6 g, 105 mM) was added and 10 min allowed for activation. 
The cooled amino-component from above was then added fol
lowed by TEA (14.0 ml, lOO mM) and the reaction stirred over
night slowly warming to room temperature. The so lvent was 
evaporated and water added to precipitate the product washing 
with 5% NaHCO) solution, t M AcOH and reprecipitation from 
DMF/HlO gave the required tripeptide (114) (34.7 g, 76%); m.p. 
200-203' , [alfi2 - 15.7° (c = 0.98, DMF), RI (25) - 0.4, RI {l7) 
- 0.7, ASPI.04 GIY2oo, (Found: C, 58.05; H, 5.42; N, 12.09; 
Cn H24N40; requires: C, 57.89; H, 5.30; N, 12.27%). 

Z-Asp(OBu'}-Gly-Asn-Gly-OPh (115). The protected tripep
tide (114) (34.7 g, 76 mM) and Tos.OH.H20 (14.5 g, 76 mM) were 
dissolved in DMF (250 ml) and hydrogenolysed in the presence 
of 5% Pd/C (5 g). After 5 h the cleavage was complete and the 
solution filtered and concentrated to lOO ml. Z-Asp(OBu'}-ONSu 
(36.9 g, 88 mM) was added along with D1PEA (9.9 g, 76 m M). The 
reaction mixture set solid after I h but was allowed to stand 
overnight before work up. Triluration with EtOAc followed by 
recrystallisation from DMF/H20 gave the required prod uct 
(36.0g, 66%) m.p. 184--188°, [alfi2 - 22.2° (c = 1.04, DMF), RI (7) 
- 0.6, RI (l7) - 0.5, ASP2.02 GIYI.98' (Found: C, 55 .84; H, 5.82; N, 
10.90; C)OH )lNIOIO' H20 requires : C, 55.81; H, 6.09; N .10.85%). 

Z-Ser(Bu'}-Asp(OBu'}-Gly-Asn-Gly-OPh (116). The preced
ing protected tetrapeptide (115) (29.6 g, 46 mM) was dissolved in 
DMF (300 ml) and hydrogenolysed in the presence of 
Tos ·OH·H20 (9.0g, 46mM) and 5% Pd/C (6g) for Bh. The 
reaction mixture was filtered and concentrated to ca 120ml and 
Z-Ser(But}-ONp (23.5 g, 57.5 mM) and D1PEA (5.93 g, 46 mM) 
added . After 24 h ninhydrin showed the reaction to be complete 
and Et20 was added to precipitate the crude product. This 
material was triturated with Et20 then crystallised from 
DMF/H20 giving (116) (26.5 g, 73%), m.p. 169- 175' , la Hi - 17.1 ' 
(c = I, DMF), R/(28) - 0.85, R/(7) - 0.8, ASP2oJSero.R9GIYloo, 
(Found : C, 56.41; H, 6.30; N, 10.73. CJ1H1oN60'2' H20 requires: 
C, 56.33; H, 6.64; N, 10.65%). 

Z-Val-Ser(Bu'}-Asp(OBu'}-Gly-Asn-Gly-OPh (117). The 
protected pentapeptide (116) (26.4 g, 33.5 mM) and Tos·OH· H20 
(6.4 g, 33.5 mM) were dissolved in DMF 250 ml and 5% Pd/C 
(20 g) added . After overnight hydrogenolysis Ihe reac tion mixture 
was filtered and the filtrate concentrated to ca. 80 ml. Z-Val
ONSu (17.5 g, 50 mM) and DIPEA (4.4 g, 33.5 mM) were added to 
the stirred solution which set solid overnight (ninhydrin nega
tive). The solid was triturated with Et20 then recrystallised from 
DMF/H20 yielding (117) (23.3 g, 78%), m.p. 198-202°, [a m -
13.2', (c = I, DMF), RI (28) - 0.85, ASP1.OI Ser019 GlYl.98 Val092 
(14 h hydrolys is), ASP200 Ser060 GlY2.ol Valo.9. (48 h hydrolys is) , 
(Found: C, 56.79; H, 6.88; N, 11.22; C42HI9Nl0,)' H20 requires: 
C, 56.81; H, 6.93; N, 11.04%). 

Z-Lys(Adoc}-lle-OH (118). Z-Lys-(Adoc}-OH (17) (68.0 g, 
148 mM) was di ssolved in DMF (300 mll and cooled to - 5°. 
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Table I. Coupling conditions used to prepare Bpoc.(94-I04)·OPh (122) 

O:q>llng Itrthcd Base Solvent ~ature React1cn Time Q:lncentraUcn Yield Allo-Ile' 
h l1M,oinl 

A IXX:IjlI)Bt DIPEA lH'A - 5 18 0.1 53 34 

B DPl'CI mixed anhydride ~ rH' 0 18 0.033 13 33 

C IPPCI mixed anhydride ~ IH' -20 18 0.036 6 25 

o IXX:I;"laSl ~ HMPA - 5 96 0.1 10 18 

E IXX:I;1PBt 1MoI rH' -10 18 0. 1 60 11 

F IXX:IjlI:NSu ~ rH' 0 96 0. 03 16 10 ~ 

G IXX:I/lPBt Polylllln1g ~c~ 0 72 0.1 . 40 7.9 "-

Cl 
H IXX:I,IlDISu 1MoI rH' -10 96 0.1 35 7 > .... ... 
I IXX:I/llEt PolyHOnig rH' 0 18 0. 1 60 5.9 Z 

J IXX:I/llEt ~ IH' 0 18 0.33 72 5.3 ~ ., 
K IXX:I;1PBt Pol yIlIln1g rw. -20 18 0.1 48 4. 6 

:--

L IXx:I/lDlt PolyHOnig rH' -20 18 0.15 46 4.2 

M It:NSU active ester DIPEA. ~/CliH' - 5 24 0.14 47 3.6 

N It:NSU active ester DIPEA ~~ - 5 48 0.14 52 3.5 

o IXX:I,I\I:NSu DIPEA ~~ -10 96 0.1 16 3. 3 

p IXX:I,IlDISu Po1yH!ln1g ~Cl2 - 10 96 0. 1 23 2.2 

o IOGl active ester DIPEA ~Cl0W - 5 48 0.1 31 2.2 

R IOGl active ester DIPEA. ~Cl2/1Jo1F - 5 24 0.66 60 1.9 

S IOGl active ester DIPEA ClI2Cl0W - 5 18 0.33 49 1.7 
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HONSu (21.0 g, 177 mM) and DCCI (37.0 g, 170 mM) were added 
~nd the solution stirred for 18 h at room temperature. A few 
ropsof glacial AcOH were added and the precipitated DCU 

:!tered after 2 h. The filtrate was evaporated and the residue 
~s~olved in Et20 , this solution being washed with ice cold 5% 

C.ltnc acid, 5% NaHCO), water and brine. Drying and evapora
~on gave an oil (67.0g, 81%). This active ester (24.0 g, 43 mM), 
. 'lIe'OH (9.0 g, 69 mM) and TEA (9 ml, 60 mM) were dissolved 
In DMF (80 ml) then left overnight. The solvent was evaporated 
and water added, the pH being adjusted to pH8 with 5% 
NaHCO). The aqueous layer was cooled to 0°, then acidified to 
~H3 with 5% citric acid. The resulting oil was rxtracted into 

.t20, washed with water and brine then dried and evaporated to 
giVe the required dipeptide acid (I1S) as a dry foam (18.3 g, 46%), 
~'P . 72-W, [a l~ + 3.5° (c = I, DMF), R,(2) - 0.2, R,(l7) - 0.6, 

YSD;97I1e, .04, (Found: C, 64.85; H, 7.98; N, 7.47. C)IH4lN)O, 
re~res : C, 65.13; H, 7.93; N, 7.35%). 
d' LYs(Adoc)-Lys(Adoc)-lIe-OH (119). A solution of the 
~peptide (liS) (18.0 g, 32 mM) in DMF (250 ml)/MeOH 

(fO ml)/HOAc (I ml) was hydrogenolysed for 16 h in the presence 
o 10% Pd/C (1 .6 g). Filtration and evaporation gave the product 
~ a g~m (12.1 g, 87%). A portion of this gum (9.5 g, 21.8 mM) 
(I~s dissolved in DMF (50 ml) along with Z-Lys(Adoc)-ONSu 
t .9 g, 25 mm) and TEA (3.1 ml, 21 .8 m M). After 2 days at room 
t~t~perature the solvent was evaporated and the residue par
Illoned between EtOAc and ice cold 5% citric acid. The organic 
eaYer was washed with water and brine then dried and 
wvapOrated to give the crude product (17.0 g, 94%). Purification 
D~ achieved by gel filtration on Sephadex LH20 eluting with 
85o/,F (Ve!Vt) = 0.47 giving the required product (119) (15.3 g, 
_00), m.p. lW, [al~ -3.9° (c = I, DMF), R,(2) -0.4, R,(l7) 
C ~' LYS2.00 lie 1.00, (Found: C, 65.66; H, 7.97; N, 8.05. B 71NlOID requires: C, 65.65; H, 8.15; N, 7.98%). 
(98 POC-Cys(Acm)-Ala-ONSu (120). Bpoc-Cys(Acm)-ONSu 
5' W5.6 g, 48 mM) was dissolved in dioxan (90 ml) and cooled to 
a~d . Ala'OH (6.4 g, 72 mM) in 2 M NaOH (36.2 ml) was added 
w'th the solution stirred for 24 h prior to acidification to pH 3.5 
thl I~ citric acid . The reaction mixture was evaporated and 
See hesldue taken up in DMF, gel filtration of this solution on 
81~)adex LH20 gave the product (Ve!Vt) = 0.53 as an oil (20.7 g, 
Dcci This oil (20.7 g, 41 mM), HONSu (9.6 g, 81.9 mM) and 
and (10.2 g, 49.8 mM) were dissolved in DCM (180 ml) at - 5° 
Wa th~ resulting solution stirred for 2 days. The reaction mixture 
Was ~duted with EtOAc and the DCU removed by filtration. 
lowShlng the combined organic phase with water and brine fol
(20 ~d by evaporation gave the active ester (120) as a dry foam 
~O.2g, 65%). m.p. 40-45°, [am -27.1° (c=I, DMF), R,(2) 
CH' R,(8) - 0.2, (Found: C, 55 .16; H, 5.85; N, 8.67, 
B l4N40 gS'2H20 requires: C, 54.87; H, 6.03; N, 8.83%). 

ThePoc-CYS(Acm)-Ala-Lys(Adoc)-Lys(AdocHle-OH (121). 
dis protected tripeptide acid (119) (14.7 g, 16.7 mM) was 
preSOlved in aq.90% HOAc (200 ml) and hydrogenolysed in the 
gavsence ~f 10% Pd/C (0.85 g) for 3 h. Filtration and evaporation 
giVie a reSidue which was triturated with water, filtered and dried 
com

ng 
(I 1.2 g, 91 %) of the protected (96-98) fragment. This 

16rn~und (lO.4g, 14 mM) and the active ester (120) (9.6g, 
16 rn ). were dissolved in DMF (25 ml) and DIPEA (2.1 g, 
was M) In DMF (40 ml) added . After 2 days the reaction mixture 
ice e~apOrated and the residue partitioned between EtOAc and 
eva~o d ~% citric acid. The organic phase was washed and dried; 
achi Orallon then gave (18.0 g, 100%). Purification was then 
the eYed by gel filtration on Sephcrdex LH20 eluting with DMF, 

Product (121) was isolated after evaporation and precipitation 

with ether giving (11.0 g, 64%), m.p. 133°, [al~ -14.7° (c = I, 
DMF), R,(7) - 0.8, R,(28) - 0.8, LYSl.98 Alao.98 lIel.D), (Found: C, 
61.76; H, 7.91; N, 9.16. C6lH94N80tlS ·2H20 requires: C, 61.79; 
H, 7.82; N, 8.87%). 

Bpoc(94-104)OPh. (a) Bpoc(94-98)ONSu (121a). A solution of 
DCM (6 ml) containing (121) (1 .84 g, 1.5 mM) and HONSu (OJ4 g, 
3 mM) was cooled to - 5° and DCCI (0.46 g, 1.25 mM) added . 
After 18 h stirring at room temperature the mixture was filtered 
and the solvent evaporated. The residue was redissolved in 
EtOAc and cooled to - 10', then after standing refiltered and the 
solution evaporated giving the active ester (12Ia) (1.75 g, 88%), 
m.p. 112-116', R,(l1) - 0.6, R,(2) - 0.5, R,(20) - 0.7 . This com
pound being used without further purification. 

(b) TosO- H2+·(99-104)·OPh (lI7a), Z·(99-104)·OPh (117) 
(0.95 g, 1.08 mM) and TosOH·H20 (0.21 g, 1.08 mM) were dis
solved in DMF (20 ml) and hydrogenolysed in the presence of 
10% Pd/C (0.05 g) for 16 h. After filtration, evaporation gave a 
residue which was triturated with Et20 to give the salt (1I7a) 
(0.96 g, 92%), m.p. 118-122', [a l~ - 5.8° (c = I, DMF), R,(7) 
-0.2, R,(l7) -0.4, (Found: C, 50.82; H, 6.97; N, 10.71. 
C41H61N,014S'3H20 requires: C, 51.18; H, 7.02; N, 10.20%). 

(c) Coupling. The active ester (12Ia) (1.75 g, 1.33 mM) and the 
salt (117a) (0.9 g, 1.00 mM) were dissolved in DMF (4 ml) and 
DIPEA (0.14 g, 1.08 mM) added. Within 15 min the reaction mix
ture set to a hard gel which could not be agitated. After 18 h at 
room temperature the reaction mixture was diluted with DMF 
and purified by gel filtration on Sephadex LH20 (Ve!Vt) = OJ6 
eluting with DMF giving (0.92g, 46%), m.p. 230°, [al~ -17.5' 
(c = I, DMF), R,(7) -0.6, R,(l5) -0.2, R,(l8) -OJ, LYSl.88 
ASP2.08 SerO.80 GIY2.o2 Alal.08 Valo.96 lIeo.8' (allo-lIe 2.2%), 
pronase/APM, LYS2.06 Cys(Acm)O.9l ASPl.ol Asn/Serl.84 GlYl.81 
Alao.91 Vall.o, lIeu2 another preparation gave LYSl.97 ASPO.96 
Cys{Acm)O.77 Asn/Serl.8l GIY2.o2 Alao.77 Vall.04 lIel.D!> (Found: C, 
59.54; H, 7.50; N, 11.00; C99HI4lNIl02)S'3H20 requires C, 59.47; 
H, 7.61; N, 10.51%). 
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SYNTHESIS OF THE 105-117 FRAGMENT OF A LYSOZYME ANALOGUE 
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(Received ill the UK. 26 March 1981) 

Abstract-The synthesis of the (105-117) fragment of a Lysozyme analogue is described. This sequence was 
assembled by DCCI/HONSu fragment coupling of the (105-111) and (112-117) subfragments which were both 
constructed by the fragment coupling method . The arginine residue at position 114 was initiall y unprotec ted bill 
ultimately protection was afforded by the use of the adamantyloxycarbonyl group. 

!he (105-117) fragment of the lysozyme ana logue I which 
~s t~e. subject of our programme of synthesis, contains an 
rglnlne residue at position-I 14. This arginine residue 
~a.s considered to be essential to lysozyme activity since 
:h IS known to have a role in substrate binding,2 and 
S erefore could not be omitted from the analogue 
bequen~e .. All the other arginine residues were replaced 
fY orOlthme. The amino acid sequence of the (105-117) 
ragment is given below. 

~!~ . Asn. Ala. Trp. Val. Ala. Trp. 
108 I11 

Orn. Asn. Arg. Cys. Lys. Gly. 
112 114 

orJhe norleucine residue-105 has replaced methionine in 
a t to simplify the synthetic procedures and to provide 
PU ~agnostic ratio for assessing coupling efficiency and 
Us my of products in a similar way to that which was 
Se ed earlier in the 1-16 fragment at residue-I2.) From the 
ra que~ce it is clear that there are no points at which 

cemtsation free coupling could be carried out. There-

-----------------------------------~~eceased June 1978. 
Man resent Address : Department of Chemistry, University of 
Man chhester Institute of Science & Technology, Sackville Street. 

C ester M60 IQD, England. 

112 
Om 

III 
Asn 
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'1_ / 

Adoc 
/ - + 

(i1) Br H2 

Adoc 
Do / 
"T' 

(124) 

fore. it was decided to construct the molecule by frag
ment coupli ng involving he pta- and hexapeptides be
tween tryptophan-Ill and ornithine-112 as this would 
allow the maximum use of gel filtration chromatography 
for purification. Both the constituent pep tid es were 
themselves assembled by a fragment condensation pro
cedure; the heptapeptide by a 4 + 3 fragment conden
sation and the hexapeptide by a 3 + 3 coupling. 

The first synthesis of the (112-114) tripeptide was 
carried out with the arginine side-chain unprotec ted 
(Scheme I) with the intention of producing intermediates 
with a polar handle which could be purified by counter 
current distribution. The dipeptide (l23t was prepared 
by active ester coupling using the appropriate asparagine 
N -hydroxysuccinimide active ester.4 The protected 
dipeptide acid (123) was deprotected by treatment with 
HBr in glacial acetic acid. This led to the free dipeptide 
dihydrobromide which was then condensed with the 
ornithine active ester (11).3 This coupling gave a high 
yield of the crude tripeptide (124) (88%), which was 
eventually purified by counter current distribution giving 
a final yield of 55%. 

The next stage in the synthesis involved coupling of 
this fragment to the (115-117) tripeptide. Initial trial 
experiments using the DCCI/HONSu5 coupling method 
showed that many side products were produced and 
purification by counter current distribution was found to 
be extremely difficult. Following this finding it was 

I 1 ~ 

Arg 

Mbh 

NSu H 

Mbh 

II 
(123) 

+ -H2Br 
/ r. H 

OH 

Scheme I. First route to the (112-114) tripeptide. 
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(127) 
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11 ~ 
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"H 

Moc2 
1 ..()H 
(125) 

J\dOC2 
1 h 
(126) 

J\doc2 
I1 "Ph 

J\doc2 
1/ " Ph 

Scheme 2. Second route to the (112-114) tripeptide . 

decided to abandon the route in favour of one involving 
complete protection of the arginine residue (Scheme 2), 
accepting that this would necessitate changing from 
counter current distribution to gel filtration as the main 
means of purification. In order to maintain consistency 
with other side-chain protection used in the synthesis the 
adamantyloxycarbonyl group was utilised for the pro
tection of the guanidine function of arginine in the form 
of N° NI; -bis adamantyloxycarbonylarginine.6 Although 
the compound (125) is a known compound we 
experienced considerable difficulty in its preparation. 
Firstly, the benzyloxycarbonylarginine used for the pre
paration of this derivative must be absolutely pure and 
preparation is best achieved using careful pH control 
maintaining the pH at 9.4 during the introduction of the 
benzyloxycarbonyl function. Four equivalents of freshly 
prepared adamantylchloroformate7 were used in the 
preparation of .the derivative (125) and providing the 
work up procedure is rigorously adhered to a yield of 
derivative in the 5(}..60% region was generally attained. 
Reaction of the derivative (125) with phenol in the 
presence of DCCI and pyridine gave an 80% yield of the 
corresponding phenyl ester (126). The N" -protection 
was then removed by hydrogenolysis in the presence of 
p-toluenesulphonic acid and the resulting salt was cou
pled with Z.Asn.OH by the pivaloyl mixed anhydride 
method to afford the fully protected dipeptide (127). 

112 
Om 

I/~ 
(.!!.) -. 

lI
Moc 

" 

Hydrogenolysis of this dipeptide and subsequent coUP
ling with the ornithine active ester (II? in the presence 
of hydroxybenzotriazole8 led to the crude fully protected 
tripeptide (128). Adequate purification could not be 
achieved using gel filtration on Sephadex LH20 although 
the product from this chromatography was clearly 
mainly the required protected tripeptide (128). 

The alternative of a salt coupling approach was then 
investigated (Scheme 3) in which case the N"-protection 
was removed from the derivative (125) by hydro-
genolysis in 90% glacial acetic acid. This gave the ap
propriate protected arginine zwitterion which could bi 
coupled with Z.Asn.OCp,9 in this case one equivalent 0 

HOBt being added to catalyse the reaction. The resulting 
dipeptide (129) was readily purified and the benzyloxt 
carbonyl function was easily removed by hydrogenoly.slS 
using a mixture of DMF and 90% acetic acid (I : I) giVing 
complete cleavage in 2 hr. If DMF alone were used as a 
solvent for the hydrogenolysis the reaction was found t~ 
be incomplete even after 8 hr. Coupling with the or.nl" 
thine trichlorophenyl active ester (11)3 was then carne~ 
out, again in the presence of HOBt. The tripeptide (130 
was purified effectively by gel filtration in a yield of 78%, 
thus a salt coupling approach was that selected for the 
final synthesis. 

The (115-117) tripeptide fragment was assembled .bY 
the route shown (Scheme 4). The dipeptide (131) berng 
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Scheme 3. Third route to the (112-114) tripeptide. 
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Scheme 4. Synthesis of the protected (115-117) fragment (132). 

for!l1ed by pivalic mixed anhydride coupling between the 
?Stn~ derivative (17)3 and glycine phenyl ester hydro-
rOmtde.1O The amino-protecting group was removed 

from the dipeptide (131) by hydrogenolysis in the usual 
ma~ner. The resulting salt was coupled to the cysteine 
dertvative (41)11 once again using the pivalic mixed 
~~hYdr.ide method. Purification of the fully protected 
S'tpephde (132) was best achieved using gel filtration on 
ep~adex LH20 eluting with DMF, which gave the 

rej,Utred tripeptide (132) in pure form in a yield of 80%. 
he synthesis of the (lOS-Ill) heptapeptide was then 

:mbarked upon using the 4 + 3 fragment condensation 
t Pproach (Scheme 5). Z.VaI.Ala.N2H/2 was converted ° the corresponding azide and coupled with tryptophan 
rh~nYI ester hydrochloride;o giving the tripeptide (133) 
in S% yield. The (105-\08) tetrapeptide assembly also 
ZVOlved the use of the azide method, thus 
h . Asn.~la .OMeI3 was converted to the corresponding 
:.taZtde (134) in almost quantitative yield by treatment 
lOll h hYdrazine hydrate. This hydrazide being converted 
I I e corresponding azide prior to coupling with tryp-
1~.Phan phenyl ester hydrochloride 10 to give the protected 

Ipeptide (135). After hydrogenolysis of the N°-amino 
rhotecting group, the norleucine residue was added using 
ae hYdroxysuccinimide ester shown in Scheme 5. This hve the required tetrapeptide (136) in quantitative yield. 

DMrotected tripeptide (133) was hydrogenolysed in 
Pd In the presence of 5% Pd/C and HCI as use of 10% 
du /C for this reaction gave an inferior product, probably 
Pe e .to side reactions involving tryptophan. The tetra-

Phde acid (1368) was prepared. by phenyl ester 

105 106 107 

Nle Jlsn Ala 
- + H Cl H2-t-CMe 

'7 ~ 

cleavage of the ester (136) using our standard con
ditions.1O The cleavage which was complete in 30 min 
gave an 80% yield of the tetrapeptide acid (136a). Coup
ling of these two components was then carried out by the 
DCCI/HONSu method, the reaction being allowed to 
proceed for 3 days. The required heptapeptide (137) was 
then isolated after gel filtration on Sephadex LH20, being 
obtained in 60% yield. 

The final assembly of the (105-117) fragment was then 
carried out by the route shown (Scheme 6). The (112-
117) protected hexapeptide (138) was initially assembled 
from the tripeptides (130) and (132a). The tripeptide (132) 
was converted to its corresponding hydrochloride (132a) 
by treatment with HCI in dichloromethane. The cleavage 
of a Bpoc group from N-terminal cysteine appears to be 
particularly facile which we attribute to intramolecular 
participation in the cleavage by the sulphur atom in the 
cysteine side-chain. The resulting hydrochloride (132a) 
was homogeneous and was used directly in coupling with 
the (112-114) tripeptide acid (130). On this occasion the 
coupling was carried out using the DCCI/HONSu 
method over a period of 3 days. The required hexapep
tide (138) was isolated after LH20 chromatography in 
69% yield. The Bpoc protecting group was then removed 
from the protected hexapeptide (138), whilst maintaining 
the pH at 0.5. These conditions gave rapid cleavage of 
the protecting group producing the peptide hydrochloride 
(138a) in high yield within 35 min. The heptapeptide acid 
(137a) was prepared by carrying out ester cleavage on 
the protected heptapeptide phenyl ester (137). Cleavage 
using DMF IH20 (1: 2) as the solvent was complete 
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Scheme 5. Synthesis of the protected (lOS-Ill) fragment (137) . 
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Scheme 6. Synthesis of the fully protected (105- 117) fragment (139). 

within I hr when the pH was maintained at 10.5, DMF 
and hydrogen peroxide being added in accordance with 
our general cleavage conditions.lo 

Coupling of the two fragments (l37a) and (138a) by the 
DCCI/HONSu method was effected using DMF as 
solvent and NMM as base. A second addition of DCCl 
and HONSu being made after 24 hr. After a total reac
tion time of 3 days the reaction mixture was filtered and 
applied directly to Sephadex LH20 and eluted with 
DMF. The tridecapeptide (139) was isolated by pooling 
the appropriate fractions from the peak with a (Ve/Vt) 
ratio of 0.37, rechromatography being carried out in 
order to obtain absolutely pure material which could be 
used subsequently for the assembly of larger fragments . 
The protected (105-117) fragment thus obtained was 
homogeneous in three TLC systems and by electro
phoresis of the completely deprotected material at pH 
2. 1. The amino acid analysis of the fragment was satis
factory showing the diagnostic amino acids arginine and 
norleucine to be present in their correct ratios. 

EXPERIMENTAL 

The general experimental methods, abbreviations, and TLC 
sys tems are those described in earlier papers in this series. 
Z-Asn(Mbh)-Arg-OH (123). A solution containing 
CI-H2+. Arg.OH (17.6 g, 84 mM) in IM NaOH (84 ml) was slowly 
added to a solution containing Z- Asn(Mbh)-ONSu in OMF 
(350 ml). After stirring for 4 days the resulting suspension was 
poured into H20 (3.51) and the precipitated product filtered, 
washed with water and dried giving the required product (123) 
(42.8 g, 77%), m.p. 184-185', [am + 1.5' (c = 1.5, DMF), 
Rf(9t O.2 , ArgLooAsPLO()O (Found: C, 59.61; H. 6.42; N, 12.35; 
C))H40N60S' H20 requires: C. 59.45; H, 6.35; N. 12.60%). 
Bpoc-Orn(Adoc)-Asn- Arg-OH (124). Z-Asn(Mbh)-Arg-OH 
(123) (6.45 g. 10 mM) was dissolved in glacial HOAc (150 ml) and 
anisole (12 ml) and HBr in glacial HOAc (45% w/v, 80 ml) added . 
After 6 hr at room temperature Et20 was added to precipitate the 
product. trituration with Et20 and drying gave the hygroscopic 
dihydrobromide (4.74 g. 100%). Rf(23}--O.1. This hydro bromide. 
NMM (2.2 ml, 20 mM) and pyridine (1.6 ml. 20 mM) were dis
solved in OMF (60 ml) followed by the active ester (11) (7 .64 g, 
10.5 mM) and the reaction mixture stirred for 3 days. N,N
Oimethylaminopropylamine (1.26 ml. 10.5 mM) was added . and 
after 30 min the reaction concentrated and poured into ice cold 
citric acid (400 ml). The aqueous solution was washed with Et20 
then extracted into CHCI); evaporation of this solution gave a 
yellow oil which was dissolved in MeOH (20 ml) and precipitated 
with Et20 (500 ml). The product was filtered, washed with Et20 

and dried giving the crude tripeptide (124) (7.1 g. 88~)· 
Purification was ac hieved by counter current distribution I~ 
CHCI)/CCI,/MeOH/0.2 M aq.NH,OAc (pH7); 7: 3: 10 : 4. 35 
transfers, K = 0.69. The purified material was precipitated bY 
addition of Et20 after evaporation giving (124) (4.4 g, 55%) m·P, 
152'. [an° + 1.4' (c = 2. OMF). Rf(23)-O.5. Rf(28)-O.8. 
Ornl.o)ArBo.97 Aspl.oo. (Found: C. 58.43; H, 7.38; N. 13.42; 
C'2HlSNs09.2.5H20 requires : C. 58.39; H. 7.35; N, 12.97%). B 

Z-Arg(AdoclJ-OH (125). A solution containing Z-Arg-O 
(20.7 g, 62.7 mM) in dioxan (40 ml) and 2M NaOH (134 ml) w~s 
cooled to 6-8' . Freshly prepared Adoc.CI (57.4 g, 268 mM) iO 
dioxan (50 ml) and 2M NaOH (200 ml) were then consecutivel~ 
added over a period of I hr and the reaction maintained at 6--8 
for 2 hr. The mixture was centrifuged and the residue triturate~ 
and washed with Et20 . The Et20 washings were evaporated an 
the residue triturated with petroleum ether (60-80'). filt.e~edi 
washed with petroleum ether and recombined with the ongl~ah 
re sidue. The combined residues were again washed w.'l 
petroleum ether and then suspended in H20 prior to acidification 
with 0.5 M citric acid (pH 2.5). The resulting suspension was 
extracted into Et20 and evaporated to yield a residue which was 
crystallised from MeOH/H20 giving the required derivative (1~) 
(22.0g, 53%). m.p. 120'. laJ~ - 0 .8' (c = I. OMF). RI(2) - O·O 
Rf(23) - 0.9. (Found : C, 63.25 ; H. 7.28; N, 8.30; C)6H'8N,OMJI1 . 
requires : C, 63.32; H, 7.38; N. 8.21 %); lit.l m.p. 120-122' dec, 
[al~ + 20.8' (c = I.CHCI) . ) 

Z-Arg(Adoch-OPh (126). The protected amino-acid (1~ 
(1.0 g, 1.5 mM) and phenol (0.15 g. 1.58 mM) were dissolved I~ 
EtOAc (4 ml) and cooled to - 5' . Pyridine (0.12 ml . 1.5 mM) an 
OCCI (0.37 g. 1.80 mM) were dissolved in EtOAc (0.5 ml) an~ 
added to the cooled solution. After 18 hr the OCU was remove 
by filtration, and the filtrate evaporated to given an oil which wr 
crystallised from IPA/H20 yielding (126) (0.9 g, 80%), m.p. 7;' 
77' , laJ~ - 6.5' (c = I, DMF). Rf(19) - 0.7. Rf(26) - 0.9. (Fou~1 : 
C, 67.54; H. 7.31 ; N. 7.78; C42Hl2N,OgO.5 H20 requires: C. 67. ' 
H, 7.12; N. 7.47%). z6) 

Z-Asn-Arg(Adoch-OPh (127). The preceding derivative (I d 
(0.32 g. 0.5 mM) and Tos.OH.H20 (0.1 g. 0.5 mM) were dissolve f 
in DMF (4 ml) and hydrogenolysed for 6 hr in the presence Os 
10% Pd/C (25 mg). Work up in the usual way gave the sail as e 
gum. Rf(2) - 0.4. Z-Asn-OH was dissolved in OMF (2 ml) an~ ~he 
solution cooled to -20'. NMM (0.7 m!, 0.6 mM) and pyndl~) 
(0.5 ml . 0.58 mM) were added, followed by Piv.CI (0.7 g, 0.58 (11 's 
in OMF (0.5 ml). After 20 min the salt from the hydrOgenoIY~) 
above was dissolved in OMF (I ml) and NMM (0.6 ml. 0.5 (11 • 

added, this solution being added to the mixed anhydride p~. 
viously prepared. After 2 hr at - 20' and 18 hr at room le 0 
perature the reaction mixture was evaporated and 2M Naf/~~l 
added to precipitate the product. This was washed with 'The 
HOAc and 2M NaHCO) alternately. then finally with water. 
dried solid was reprecipitated from IPA/H20 giving (127) (0. J3 S· 
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~O%) m.p. 139-142°. fa lb' - II.So (c = I. DMF). Rr(25) - 0.6. 
Cr(8) - OJ. Arllll.9JAsPl.o7. (Found: C, 63036; H. 7.18; N. 9.96; 

46HssN6010' H20 requires: C, 63.29; H. 6.93; N. 9.69%). 
. Bpoc-Orn(Adoc)-Asn-Arg(Adoch-OPh (128). The protected 

dipeptide (127) (96 mg. 0.11 mM) and Tos.OH .H20 (21 mg. 
~.II mM) were disso lved in DMF (4 ml) and hydrogenolysed for 

hr in the presence of 10% Pd/C (6 mg). The usual work up gave 
a .residue Rr(:!5) - OJ which was dissolved in DMF (I ml) along 
With the active ester (11) (60 mg. 0.11 mM). HOBt (15 mg, 
0.11 mM) and NMM (0.013 ml, 0.11 mM). After IS hr the solvent 
~as evaporated and the residue partitioned between EtOAc and 

. 2~ . The organic layer being washed with 2M NaHCOJ, 5% 
cltnc acid and water. then dried and evaporated . The resulting 
g~m was subjected to purification on Sephadex LH20 eluting 
With DMF (Ve/Vt) = 0.43, the material isolated (62 mg. 45%). 
~r(25) - 0.5 (major) and 0.6 appeared to be mainly the required 
128) by NMR but was clearly not homogeneous and did not give 

an acceptable amino acid analysis. Further purification of the 
product was not successful. 
(J Z-Asn-Arg(Adoch-OH (129). The arginine derivative (125) 

9.9 g, 30 mM) was dissolved in aq. 90% HOAc (70 ml) and 
h¥drogenolysed for 3 hr in the presence of 10% Pd/C (1.51 g). 
Filtration and evaporation of the filtrate gave a product which 
~as crystallised from MeOH/Et20 giving (12.0 g. 75%). Rr(2) 
i~' This zwitterion. (2.2 g. 4.1 mM). Z-Asn-OCp (I.S g. 4.0 mM). 
o A (0.56 ml. 4 mM) and HOBt (0.5 g. 4 mM) were dissolved in 
~F (20 ml) and stirred for IS hr. Evaporation gave a residue to 

IV Ich 2M NaHCOJ was added. the resulting precipitate was 
W~shed with Et10 and ice-cold 5% citric acid then again washed 
With water and Et20 . Crystallisation from EtOAc/petroleum 
~ther. ~ave the crude dipeptide (129) which was further purified 
Y sl.hca gel chromatography eluting with CHCIJ/MeOH (9 : I) 
r~!dlng the purified material (1.8 g. 57%). m.p. 142- 144°, fa 11:' + 
C (c ::: I. DMF). Rr(2) - OJ. Rr(2l) - 0.5. Argl.oJAsPUKh (Found: 
6ci:0:71 ; H. 7.09; N. 10.59; C40Hs4N601O' 0.5 H20 requires: C, 

. 8, H, 7.04; N, 10.67%). 
d' Bpoc-Orn(Adoc)-Asn- Arg(Adoch-OH. (130). The protected 
~Ptide (129) (4.4 g. 5.6 mM) was dissolved in DMF (8 ml) and 
10% HOAc (8 ml) and hydrogenolysed for 2 hr in the presence of 
W ~ Pd/C (0.28 g). Work up in the usual way gave a residue 
(l~)ch was dissolved in DMF (18 ml); the ornithine active ester 
W (3.6 g. 5 mM). HOBt (0.7 g, 5 mM) and TEA (0.7011. 5 mM) 
m~re added and the solution stirred for 18 hr. The reaction 
fil:Xture was then poured into 2M NaHCOJ and the precipitate 
cered. This material was partitioned between EtOAc and ice 
bO

•ld 5% citric acid, the organic phase was washed with water and 
D~e then evaporated to yield a residue which was dissolved in 
OM: and chromatographed on Sephadex LH20 and eluted with 
ad" The required tripeptide (130) eluted with (Ve/Vt) = 0.44 
O~~solation gave (4.6g. 78%). m.p. 145- 146°, falbo+ IS (c = I. 
633 ), Rr(2) - 0.1. Rf(l7) - 0.4, Orno9MArg,ooAsPloo. (Found: C. 
7 .49~; H. 7.54; N. 9.06; C64Hs6NsOn. 2H20 requires: C, 63.45; H, 
. ,N. 9.25%). 
8S7~Lys(Adoc)-Gly-OPh (131). Z-Lys(Adoc)-OH (17) (39.0 g. 
N mM) was dissolved in DCM (180011) and cooled to - 10°. 
coMM (9.4 ml . 85 mM) and pivaloyl chloride (10.1 g. 84 mM) were 
(70nsecutivelr added an.d 20 min allowed for activation. A DMF 
NM~) solulton contammg Br-H2+-Gly-OPh (21.1 g, 91 mM) and 
m' (\O.O ml. 91 mM) was cooled and added then the reaction 
s;t'~re permitted to reach room temperature overnight. The 
SOIUt~on was evaporated and the residue dissolved in EtOAc. this 
andUho.n being washed with O.IM NaOH. 5% citric acid. water 
IVa bnnc. This solution was evaporated to give a residue which 
7~)crys ta lli sed from EtOAc/cyclohexane yielding (131) (35.2 g. 
OMF m.p. 119_121 °. Rr(7) - 0.8. Rf(9) - 0.7. [all) - 15.6° (c= I, 
Cl Ii)' Lyso9sGlyl.oo. (Found: C. 66.72; H. 6.87; N. 7.01; n 41NJ07 req uires: C. 66.99; H. 6.98; N. 7.10%). 
(J31~oC-Cys(Acml-Lys(Adoc)-Gly-OPh (132). The dipeptide 
sOlv (5:9 g. 10 mM) and Tos.OH.H)O (1.9 g. 10 mM) were dis
Pre cd In DMF (50 ml) and hydrogenolysed for 5 hr in the 
andsence of 10% Pd/C (0.5 g). The reaction mixture was filtered 
(41 the solution volume reduced to 15 ml. Bpoc-Cys(Acm)-OH 
of ~~2 g. 10 mM) was dissolved in DMF (15 ml) and a solution 

M (1.1 ml. 10 mM) in DMF (3 ml) added. After cooling to 

-20° pivaloyl chloride (1.4 ml. 10 mM) was added and 20 min 
allowed for activation. The solution of the am ino-component was 
added followed by NMM (1.1ml, 10 mM) and the solution stir
red, gradually warming to room temperature overnight. 
Evaporation gave a residue which was partitioned between 
EtOAc and H20. The solution was washed with 2M NaHCOJ. 
5% citric ac id. water and brine then dried and evaporated . The 
residue was dissolved in DMF and chromatographed on 
Sephadex LH20 eluting with DMF. The product eluted with 
(Ve/Vt) = 0.52 and on work up gave (132) (6.9 g, 80%), m.p . 
90-93°; [a 11:' - 22.0° (c = 0.75 . DMF). Rr(25) - 0.4, Rr(21) - 003, 
Lyso.9sGIYI.Oj. (Found: C. 64.62; H. 7.09, N. 7.88; C'7HS9NS09S 
requires: C. 64.88; H. 6.83; N. 8.05%). 

Z-Val-Ala-Trp-OPh (133). Z-Val-Ala-N2NJ" (16.8 g. 50 mM) 
was suspended in DMF (125 ml) and after cooling to - 20° He l in 
dioxan (4.92M. 40.65011. 200 mM) added. Freshly distill ed lerl 
butyl nitrite (5 .75 ml , 50 mM) was added and after 10 min the 
solution was cooled to -60° and TEA (28.0 ml , 200 mM) added. 
followed by a slurry of C1-H/-Trp-OPh (15 .8 g, 50 mM) in DMF 
(70 ml) and additional TEA (7.0 ml . 50 mM). The solution was 
warmed to - 20° and maintained at this temperature for I hr then 
kept at - 10° for 70 hr. The reaction mixture was then poured into 
rapidly stirred H20 (21) and the resulting suspension filtered and 
washed with 2M NaHCOJ • 5% citric acid and water. Reprecipi
tation from DMF/EtOH gave (133) (24.8 g. 85%). m.p. 210-212°. 
[aHj- 1.6° (c = 1.5, DMF). Rr(2) - 0.8. Alao97Val,oJ. (Found: C. 
67.50; H. 6.24; N. 9.51; CJJ HJ6N.O. requires: C. 67.79; H. 6.21 ; 
N.9.58%). 

Z-Asn-Ala-N2HJ (134). Z-Asn- Ala-OMe '2 (22.5 g, 64 mM) 
was dissolved in warm DMF (500 ml). hydrazine hydrate (32 ml . 
640 mM) added and th e solution stirred at room temperat ure for 
18 hr. The resulting suspension was concentrated to ap
proximately (100 ml) and EtOH (600 ml) added . After cooling the 
thick suspension was filtered giving the required hydrazide (134). 
(21.9 g, 97%). m.p. 220-223°. [a ll) too inso luble for measurement. 
Rr(2)-0.2. (Found: C, 51.25; H. 6.05 ; N. 20.06; CIlH21NsOj 
requires: C. 51.28; H, 6.02; N. 19.93%). 

Z-Asn-Ala-Trp-OPh (135) . The hydrazide (134) (17.5 g, 
50 mM) was suspended in DMF (300 ml) and cooled to - 20°. A 
solution of HCI in dioxan (4.92M, 40.6 ml, 200 mM) was added 
and stirred until the hydrazide had dissolved (approx. 5min). 
Freshly distilled lerl-butyl nitrite (5.75 ml, 50 mM) was added and 
after 10 min the solution was cooled to - 60°. TEA (28.0011. 
200 mM) was added followed by C1-H2 +-Trp-OPh (15 .8 g, 
50 mM) in DMF (70 ml). A further portion of TEA (7.0 ml. 
50 mM) was added and the reaction mixture stirred for 3 days at 
- 10°. The resulting suspension was poured into water and the 
precipitated product filtered. washed with 2M NaHCOJ. 5% citric 
acid and water. After further washings the product was dried 
giving (135) (27.7 g. 92%). m.p. 199-203°. fa 1[;' - 9.9° (c = 1.5. 
DMF). Rr(2) - 0.2. Amino acid analysis (3M Tos.OH. tryptamine, 
108°.) Trpo97AsPl.ooAlal.ol' (Found: C. 62.38; H. 5.58; N. 11.14 ; 
C12HnNs07.H20 requires: C. 62.23; H. 5.71 ; N. 11.34%). 

Bpoc-Nle-Asn-Ala-Trp-OPh (136). The protected tripep tide 
(135) (15.0 g. 24 mM) was dissolved in DMF (l 50 ml) and 5% 
Pd/C (2.5 g) added. A solution of HCI in EtOAc (3J M. 8 ml. 
26.4 mM) was added and hydrogenolysis carried out for 3.5 hr. 
Filtration and evaporation of the filtrate gave an ofT -white solid 
(l1.6g. 96%). This so lid (1.0g. 2 mM) and NMM (202I11g. 2 mM ) 
were dissolved in DMF (2 OIl). After cooling to 0° Bpoc- Nle
ONSu (1.07 g. 2J mM) was added and the solution stirred at 
room temperature for 3 days. The reac tion mixture wa ~ 
evaporated and the residue dissolved in EtOAc. Et20 being 
added to give the required product (136) (1.6g. 95%). m.p . 
122-123°. f a l~ - 18.0° (c = 1.5. DMF). Rr(3) - 0.8. 
ASPl.ooAlao.98Nlel.oo. (Found: C. 65 .98; H. 6.61 ; N. 10.28 ; 
C46H12N60S.H20 requires : C. 66.17: H. 6.52; N. 10.06%). 

Bpoc( 105-III).OPh (137). (a) C1-H ~ ' .( I09- III ).OPh (133a). 
The protected tripeptide (133) (2.3 g. 4 mM) was dissolved in 
DMF (30 ml) and 5% Pd/C (200 mg) added. A solution of HCI in 
dioxan (4.nM. 0.88 ml. 4.32 mM) was added and the solution 
hydrogenolysed for 3 hr. Filtration and evaporation of the filtra te 
gave a residue which was reprecipitated from MeOH/Et20 yield
ing the sa lt (133a) (1.77 g. 88%). m.p. 208- 212°, [lrl l{ +6.3° (c = 
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1.5, DMF), Rr<7)- 0.4, (Found: C, 59.80; H, 6.66; N, 10.96; 
C2lHlIN404C1.H20 requires : C, 59.46; H, 6.59; N, 11.09%). 

(b) Bpoc(l05-108).OH (I36a). The peptide phenyl ester (12.9 g, 
16.5 mM) was dissolved in DMF (150 ml) and water (50 ml) 
slowly added in a way such as to avoid precipitation of the ester. 
DMS (36 ml) was added, followed by 100 vol.H10 2 (1.6 ml, 
16 mM). The pH of the solution was adjusted to 10.5 with 2M 
NaOH and maintained at this pH for 30 min. During this period 
100 vol.H20 2 (1.6 ml, 16 mM) was twice added. The pH was then 
brought to 7 with ice-cold 5% citric acid and the solution volume 
reduced to approx. 50 ml. Further 5% citric acid was added to 
bring the pH to 4 and brine added to precipitate the product, 
filtration and drying gave the required peptide acid (I36a) (9.6 g, 
SO%), m.p. 120', [aJiJi+ 16.7°, Rr(28)-0.7, Rr(3)-0.7, (Found: C, 
63.30; H, 7.25; N, 11.09; C4QH4SN60S.H20 requires: C, 63031; H, 
6.64; N, 11.07%). 

(c) Coupling. Bpoc(105-108).OH (136a) (9.3 g, 12.3 mM), 
CI-H2+ (I09-III)OPh (133a) (6.1 g, 12.1 mM), HONSu (2.9 g, 
25 mM) and NMM (1.3 g, 12.5 mM) were dissolved in DMF 
(60 ml) and the solution cooled to -15°, DCCI (2.8 g, 13.5 mM) 
was added and the solution stirred at room temperature for 3 
days. The reaction mixture was filtered and the filtrate concen
trated to approx. 40 ml. The product was precipitated by the 
addition of brine, the crude product was dried and dissolved in 
DMF then purified by gel filtration on Sephadex LH20 eluting 
with DMF. The purified product with (Ve/Vt) = 0.42, was pre
cipitated by the addition of water to the concentrated fractions 
giving (137) (8.65g, 60%), m.p. 300°, [al~+28.0' (c= I, DMF), 
Rr(l4) - 0.8, Aspl.0IAlal9NalulONlel.01 (Found: C, 65.25; H, 6.50; 
N, 11.54; C6sHl6NIOOII.H20 requires: C, 65.52; H, 6.60; N, 
11.76%). 

Bpoc(l 12-1 17)OPh (138). The protected tripeptide (132) (7.0 g, 
0.8 mM) in DCM (135 ml) was treated with HCI in DCM (3.78 ml, 
5.45M). After 30 min the solvent was evaporated and the resul
ting residue dissolved in DCM and added dropwise to Et20. 
Filtration gave (I32a) (4.7 g, 88%), Rr(2) - 0.4. The tripeptide acid 
(130) (1.18 g, 1.0 mM) and the hydrochloride (132a) (0.67 g, 
1.0 mM) were dissolved in DMF (10 ml). NMM (0.11 ml, 1.0 mM) 
and HONSu (0.23 g, 2 mM) were added and the solution cooled 
to - 5' prior to the addition of DCCI (0.28 g, 1.25 mM). After 
24 hr at room temperature the solution was recooled and further 
portions of HONSu (0.115g. 1.0 mM) and DCCI (0.14g, 
0.625 mM) added . The reaction was stirred for 3 days then 
filtered and the filtrate applied directly to Sephadex LH20 being 
eluted with DMF. The product having (Ve/Vt) = 0.41 was pre
cipitated after concentration of the appropriate fractions by the 
addition of H20 yielding (138) (1.25 g, 69%), m.p. 138', 
raJ~ - 13.8° (c = I, DMF), Rr(lI}O.6, Rr(l7)-0.7 
Lys/Ornl.90Argl.o2AsPO,99GIYI.06, (Found: C. 62.13; H, 7.39; N, 
9.96; C9sH129NIlOl9So3H20 requires : C, 61.90; H, 7.38; N, 
9.88%). 

Bpoc(l05-I17)OPh (139). (a) CI-H2+(1 12-1 17)OPh (I38a). The 
protected hexapeptide (138) (2.0g, 1.12 mM) and DMS (4.1 ml, 
56 mM) were dissolved in TFE (9 ml) and H20 (I ml) added . The 
pH was adjusted to 0.5 with O.IM HCI in TFE/H20 (9: I) and 
maintained at this value for 35 min . The solvent was evaporated 
and the hydrochloride (138a) precipitated with Et20 giving (1.7 g, 
95%). Rr(l7) - 0.6. 

(b) Bpoc(l05-III)OH (137a). Bpoc(l05-III)OPh (137) (LOg, 
0.83 mM) was dissolved in DMF (8 ml), DMF/H20 (I :2) (6 mll 

and DMS (3.0 ml, 41.5 mM) were added and the pH brought to 
10.5 using 0.5M NaOH. 100 vol.H20 2 (0.083 ml, 0.S3 mM) was 
added and the pH maintained at 10.5 for I hr. The pH was 
reduced to 4.0 with 5% citric acid and the product precipitated by 
pouring into H20. Filtration and drying gave (137a) (0.83 g, 92%), 
m.p. 224°, [aJ~-24.8° (c= I, DMF), Rr(lI)-O.3, (Found: C, 
62.23; H, 6.98; N, 12.48; CS9HnNIOOII.2H20 requires: C, 62.53; 
H, 6.76; N, 12.36%). 

(c) Coupling. The peptide acid (137a) (1.1 g, 1.0 mM) and the 
hydrochloride (138a) (1.59 g, 1.0 mM) were dissolved in DMF 
together with NMM (0.11 ml, 1.0 mM) and HONSu (0.23 g, 
2 mM). After cooling to -5° DCCl (0.28 g, 1.25 mM) was added 
and the solution stirred at room temperature overnight. The 
solution was re cooled and further portions of HONSu (0.115 g) 
and OCCl (0.14 g) were added. After allowing 3 days for COOl' 

pletion of the reaction the reaction mixture was applied directly 
to Sephadex LH20 being eluted with DMF. The product w~th 
(Ve/Vt) = 0.36 was isolated by evaporation and precipitation wJlh 
water giving Bpoc(105-117)OPh (139) (1.5 g, 57%), m.p. > 230', 
[al~-II.7° (c= I, DMF), Rr(2)-003, Rr(l2)-003, Rr(26)-0.4, 
Lys/Orn 1.9lArg I.04AsP2.olGly 1.0lAla 1.94 Valo,9sNleo,98, (Found: C, 
60.63; H, 7.03; N, 12.09;CIl8H,ssN2l02lS.5H20 requires: C, 
60.93; H, 7.22; N, 11.84%). 
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SYNTHESIS OF THE 118-129 FRAGMENT OF A LYSOZYME ANALOGUE 
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The Robert Robinson Laboratorie~. University of Liverpool , PO Box 147, Liverpool , L69. 3BX. England 

(Received ill the UK 26 March 1981) 

Abstract-The synthesis of the (118-129) fragment of a Lysozyme analogue was achieved by the fragment coupling 
approach. The fragments were assembled using the DCCI/HONSu method and the (118-122). (123-126) and 
(127-129) subfragments were each built up in a stepwise manner. At several stages the diphenylphosphinic mixed 
anhydride method was found to be superior to the pivalic mixed anhydride method . 

The (J 18-129) fragment represents the C-terminal dode
capeptide of the target lysozyme analogue. I The 
. sequence of this dodecapeptide is shown below: 

~~~ . Asp. Val. Ser. Ala. Trp. Val. Orn. Gly. Cys. Gly. Leu. 
122 126 129 

b In accordance with our general tactics2 fragments have 
Oee~ assembled by combination of smaller subfragments. 

n .inspection it may be seen that glycine-126 is a con
Venient point of fragmentation and that there are no 
~ther obvious fragmentation points. In order to have the 
I~as t hindered carboxyl component in a fragment coup
ilng, the (118-126) sequence was severed at alanine-122 
t~ the retrosynthetic planning so that the protected pep
tl es (141), (144) and (148) were the initial synthetic 
argets required for the final assembly of (ISO). The 
~rotecting groups were those that we have routinely 
o rnploYed with the exception of t-butyl-ester protection 
b n the C-terminal leucine residue. This protection has 
teee~ Used in this case since the terminal carboxyl pro-

cltng group has to remain intact until the final depro-

'----------------------------------
~ Deceased June 1978. 

Ma resent address: Department of Chemistry. University of 
Ma nehhester Institute of Science & Technology. Sack vi lie Street. 

ne ester M60 IQD. England. 
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tection, unlike the intermediate ester protections which 
are removed at various stages during the synthesis . 

The protected (127-129) fragment was synthesised by 
the route shown in Scheme I·. Z.Leu.OBu'3 was hydro
genolysed in the presence of p-toluenesulphonic acid to 
give the corresponding salt which was coupled with 
Z.Gly.OH by the pivalic mixed anhydride method to give 
the dipeptide (140). The dipeptide produced was 
obtained as a white solid but required further purification 
by chromatography on silica gel. Hydrogenolysis of the 
amino protecting group in the presence of p-toluenesul
phonic acid gave the dipeptide salt as an oil. This was 
coupled with the cysteine derivative (41)4 again using 
the pivalic mixed anhydride method. On isolation 
of the product, thin layer chromatography showed 
several impurities which were removed by gel filtration 
on Sephadex LH20 eluting with DMF. The required 
tripeptide (141) eluted with (Ve/Vt) ratio of 0.49 in a 
yield of 44%. 

The (123-126) tetrapeptide was assembled in a step
wise manner using the general route shown in Scheme 2. 
In the initial synthesis the dipeptide (142) was prepared 
by pivalic mixed anhydride coupling between the orni
thine derivative (2W and glycine phenyl ester hydro
bromide.6 The product required silica gel chromato
graphy for purifi::ation giving a relatively low yield . The 
coupling was then repeated using the diphenylphosphinic 

128 

Gly 
flH 

,., 

(140) 

12 9 
l.eu 

But fll 

But . A' 

(!!!.) 

Scheme I. Synthesis of the (127-129) tripeptide. 
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.., -OH .., 

Bpoc "H " 

125 

Orn 
Moc 

v"H Br-H+ 
(28) 2 

~oc 

Adoc(142) / -

126 

Gly 

.()] ph 

.n' Ph 

Ph 0 
(143) Adoc 

Bpoc ./ OPh 
(~) 

Scheme 2. Synthesis of the (123-126) tetrapeptide. 

mixed anhydride method.7 Using a slight excess of the 
amino component and N-methylmorpholine as a base a 
58% yield of the dipeptide (142) was obtained after 
crystallisation. The unusual approach of using an excess 
of the amino component was chosen as removal of 
unreacted Z.Orn(Adoc).OH is difficult since the sodium 
salt is insoluble in water. 

A trial overnight hydrogenolysis in the pesence of 
p-toluenesulphonic acid showed the presence of a low 
running ninhydrin negative spot on TLC in addition 
to the required product. Careful hydrogenolysis 
over 4 hr. however. gave only the required mat
erial. It is believed that the low running spot on this 
occasion was due to the dioxopiperazine which may be 
particularly readily formed in this case due to the steric 
constraints imposed by the bulky Adoc group permitting 
the amino terminus to come into close proximity with the 
phenyl ester. This reaction is unusual in that it proceeds 
even in the presence of p-toluenesulphonic acid which 
would normally be expected to protonate the free (1'

amino function and thus prevent any side reaction. The 
addition of Z.VaI.OH was initially attempted by the 
pivalic mixed anhydride method. however using the 
diphenylphosphinic mixed anhydride method a higher 
yield was achieved. This coupling gave the tripeptide 
(143) in 64% yield after silica gel chromatography. The 
benzyloxycarbonyl function was then removed by 

liB 11 9 120 

Ser Val 

11 

OBut 

" ~{ '7_ 

But OBut 

/.nH " V Bpoc 

But OBut 

V V Bpoc 
(148) 

hydrogenolysis in the presence of p-toluenesulphonic 
acid over 5.5 hr to afford the required salt as a colourless 
oil. Bpoc.Trp.OH8 was then added. but on this occasi.on 
the pivalic mixed anhydride was the method of cho t: e 
giving the required fully protected tetrapeptide (144). 10 
57% yield after gel filtration on Sephadex LH20 elullng 
with DMF. 

The pentapeptide (118-122) was synthesised in a 
stepwise manner using the route shown in Scheme 3: ~n 
the assembly of this fragment the diphenylphosphtnlC 

mixed anhydride method again proved to be valuab!e. 
Both the dipeptide (145) and tripeptide (146) were .In
itially synthesised by the pivalic mixed anhydrld~ 
method. The yields for the two peptides being 52 ani 
64% respectively. However. when the diphe~Y
phosphinic mixed anhydride method was IIsed the Yield 
improved to 75% for the dipeptide and 72% for the 
tripeptide. On this occasion the hydrogenolysis of th~ 
benzyloxycarbonyl function from the protecte. 
dipeptide (145) in the presence of p-toluenesulphon1c 
acid gave rise to no dioxopiperazine. Catalytic hydro
genolysis of the tripeptide for 5.5 hr in the usual w~Y 
gave the corresponding salt which was then coupled ~It~ 
the aspartic acid derivative shown by the pivalic mlx~ 
anhydride method giving the tetrapeptide (147) as a white 
crystalline solid in excellent yield . 

A 5 hr hydrogenolysis in the presence of p-

1 2 1 1 22 
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But 

" V"1l 'IbSO-H; 
But 

Ph 

V 
'" Ph 
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But -

V '" Ph 
(14 6) 

But-

V '" Ph 

(.!il) But 

V '" Ph 

Scheme 3. Synthesis of the (118-1 22) pentapeplide. 
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toluenesulphonic acid gave the tetrapeptide salt which 
~as .initially coupled with Bpoc. Ser(Bu').OH by the 
rtaltc; mixed anhydride method giving the pentapeptide 

48) In 22% yield after purification on Sephadex LH20 
eluting with DMF. The coupling was then repeated using Bres' reagent9 as the activating reagent in the presence ° HONSu to give a yield of 78% after crystallisation. 

The assembly of the (118-129) dodecapeptide was then 
(ommenced using the three constituent subfragments 
t~ee Scheme 4). The Bpoc protection was removed from 

e peptide (141) by treatment with 0.05 M HCI in di
chlor.omethane,1O although later experiments used 0.05 M 
~CI In 90% trifluoroethanol " with equal effectiveness. In 
oth cases, however. a 50-fold excess of dimethyl

~UIPhide was added to act as a carbonium ion scavenger 
C~us protecting the Cys(Acm) from electrophilic attack. 
t .eavage was achieved and after 45 min the protected 
T~eptide hydrochloride (141a) was isolated in 79% yield. 
I e p~enYI ester protection was removed from the (123-
/~) tnpeptide (144) using standard cleavage conditions6 

en DMF/water (6: I) as the solvent. Again a 50-fold 
t~cess of dimethyl sulphide was added in water to protect 
le try~tophan from oxidation. The cleavage was com
~4~e ~tthin I hr giving the pure tripeptide acid (144a) in 

o Yield. 
a ~OuPling of the tri- and tetrapeptide fragments (I41a) 
mn (I44a) was best achieved using the DCCI/HONSu 
b;thod,'2 the resulting heptapeptide (149) being isolated 
ih gel filtration on Sephadex LH20 on eluting with DMF. 
~"t~ N-a-protecting group was removed by treatment 
di 0.05 M HCI in 90% trifluoroethanol at pH 0.5" with 
hemethYISulphide present as the scavenger. The resulting 
e/tapeptide hydrochloride (149a) was obtained in 
th cellent yield. Cleavage of the phenyl ester group from 
CU~ protected pentapeptide (148) appeared to be part i
Ca a~ly sensitive to solvent. When the cleavage was 
DM"led out under the standard conditions~ using 
to F/water as the solvent the reaction did not proceed 
Co COmpletion. However. this problem was readily over
estme by Using dioxan/water as the solvent for the phenyl 

er cleavage. 
weihe peptide acid (I48a) and the hydrochloride (149a) 
It ~e then combined using the DCCI/HONSu method. '2 

as found that a mixture of HMPA and DMF were 

required to maintain solubility throughout the course of 
the reaction. Work up of the reaction mixture by direct 
application to Sephadex LH20 eluting with DMF gave 
the required dodecapeptide (150) in 43% yield. This 
product was homogeneous by all the normal physical 
criteria. 

EXPERIMENTAL 

The abbrevialions. TLC systems and general experimental 
methods are detailed in earlier papers in this series. 
Z-Gly-Leu-OBu' (140). Z.Leu.OBu' (61.0 g. 190 mM) and 
Tos.OH.H20 (35.0 g, 190 mM) were dissolved in DMF (300 ml) 
and hydrogenolysed in the presence of 10% Pd/C (9.6 g) for 
20 hr. Filtration and evaporation gave the salt as a white solid 
after trituration with dry Et10 (43.0 g, 64%), m.p. 133-134' , 
Rr(2) - 0.7. Z.Gly.OH (23.0g, 110 mM) and NMM (12.1 ml, 
110 mM) were dissolved in DCM (150 ml) and cooled to - 20' . 
Pivaloyl chloride (13.3 g, 110 mM) was added and 25 min allowed 
for activation. A cooled solution of the above salt (25 .8 g, 
110 mM) in DMF (100 ml) was added followed by NMM (11.0 ml, 
100 mM) and the reaction mixture stirred at room temperature 
overnight. Evaporation of the solvent gave a residue which was 
dissolved in EtOAc, this solution was washed with acid and base 
in the usual way then dried and evaporated. The resulting yellow 
oil was purified by chromatography on silica gel (650 g) eluting 
with CHCll/EtOAc 2: I the product (140) being crystallised from 
EtOAc/petroleum ether giving (27.6 g, 66%). m.p. 54-55.5'. 
[al&6-22.9 (c= I, DMF). Rr(23) - 0.7, Rr(22) - 0.6, 
GIY"ooLeuo,99. (Found: C, 63.25; H.S.05; N, 7.42; C1oH)oN10 j 

requires: C, 63.47; H, 7.99; N, 7.40%). 
Bpoc-Cys(Acm)-Gly-Leu-OBu' (141). The dipeptide ester 

(140) (5.6 g, 14.S mM) and Tos.OH.H10 (2.8 g. 14.S mM) were 
dissolved in DMF (100 ml) and hydrogenolysed for 6 hr in the 
presence of 5% Pd/C (I g). Work up in the usual way gave the 
salt of the dipeptide as an oil. Bpoc.Cys(Acm).OH (41) (7.0 g, 
16.3 mM) and NMM (I.S ml, 16.3 mM) were dissolved in DCM 
(SO ml) and cooled to - 20'. After cooling to - 20' , pivaloyl 
chloride (1.9 g, 15.S mM) was added and 20 min allowed for 
activation. The salt from the hydrogenolysis above was dissolved 
in DMF (50 ml) and cooled to 0'. This solution was then added to 
the mixed anhydride solution followed by NMM (1.7 ml, 
15.4 mM). The reaction mixture was stirred at room temperature 
overnight and the solvent evaporated. The residue was dissolved 
in EtOAc and this solution washed with acid base in the normal 
way. After drying the solution was evaporated and the crude 
product dissolved in DMF prior to chromatography on 
Sephadex LH20. The required tripeptide (141) eluted with 
(VeNt) = 0.49 and work up of the appropriate fractions gave 

Bpoc. (123-126).OPh 
<w.) 

Bpoc. (127-1 29 ).Onut 

(.!.!!.) 

- + t Bpoc. (123-126) .Oll Cl H
2

• (127-129) .OBu 

I...'_(_14_4_a_) __ ,--____ -', (141a) 

Bpoc (118 122) OPh Bpoc. (12,l129)oout . 1 . I(~) 

- + t Bpoc. (118-122) .OH Cl H
2

• (123-129) .OBu 

11... _(1_4_8a_) ___ -r-_______ l (149a) 

I t 
Bpoc. (118-1 29).OBu 

(150) 

ttr V 
01. 37. No. 17- 0 

Scheme 4. Fragment condensation giving the (IIS-129) dodacepeptide. 
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(4.3g, 44%), m.p. 72-74", [al&5 -37.8 (c= I, DMF), Rr(2) -0.8, 
Rr(9) - 0.5, GIYIOOL.euI.I10. (Found: C, 60.62; H, 7.56; N, 8.04; 
CJ4H48N.07S.H20 requires : C, 60.51; H. 7.47 ; N. 8.30%). 

Z-Om(Adoc)-Gly-OPh (142). Z.Orn(Adoc).OH (28.5 g. 
64 mM) [prepared from Ihe DCHA sail (28) in the usual way] was 
dissolved in DCM and the solution cooled to - 20°. NMM (7.0 ml. 
64 mM) and diphenylpl,osphinic chloride (14.7 g. 62 mM) were 
added and the solution stirred at - 20° for 15 min. A cooled solution 
conlaining Br- H2 +.Gly.OPh (16.3 g. 70 mM) and NMM (7.7 ml. 
70 mM) in DMF (250 ml) was added and the reaction mixture 
warmed to room temperature overnight. The so lvent was 
evaporated and the residue dissolved in EtOAc. this solution being 
washed with acid and base in the usual way. Drying and evapora
tion gave a yellow oil which was crystallised from EtOAc and 
petroleum ether yielding (142) (20.7 g. 58%), m.p. 109_110°. [a 1&6 
- 8.4° (c = I. DMF). Rr(IO) - 0.2. Rr(22) - 0.8. Orno96GIYI04. 
(Found: C. 66.42; H. 6.81; N. 7.33 ; Cl2HJ9NJ07 requires: C. 66.53. 
H. 6.81; N. 7.27%). 

Z- Val-Orn(Adoc)-G/y-OPh (143). The protected dipeptide 
(142) (15.2 g. 26.4 mM) and Tos.OH.H20 (5.0 g. 26 mM) were 
dissolved in DMF (110 ml) and 5% Pd/C (3.0 g) added. After 4 hr 
hydrogenolysis the reaction mixture was worked up in the usual 
way giving the corresponding sail as an oil Rr(l7) -0.6. 
Z.VaI.OH (8.5 g. 33.8 mM) was dissolved in DCM (100 ml) and 
cooled to - 20°. NMM (3.7 ml, 33.8 mM) and diphenylphosphinic 
chloride (7.7 g. 32.5 mM) were added and 10 min allowed for 
act ivation. A cooled solution of the dipeptide salt (16.0 g. 
26 mM) in DMF (80 ml) was added followed by NMM (2.9 ml. 
26 mM). After overnight reaction at room temperature the solu
tion was evaporated and the residue dissolved in EtOAc. This 
solution was washed with acid and base then dried and 
evaporated to yield a white solid. This solid was purified by 
chromatography on silica gel (600 g) eluting with CHCIJ/IPA 
20: I, the homogenous product (143) being cryslallised from a 
mixture of EtOAc, CHCIJ and petroleum ether giving (11.3 g, 
64%), m.p. 138-139°, [an° -9.1° (c = I, DMF), Rr(8) -0.5, 
Rr(22) - 0.8, Orno97GIYl.o5Valo.98, (Found: C, 64.55; H, 7.13; N, 
8.10; CJ7 H.8N.08.0.5 H20 requires: C, 64.80; H, 7.20; N, 8.17%). 
Bpoc- Trp- Val-Om(Adoc)-Gly-OPh (144). Compound (143) 
(15.5 g, 22.8 mM) and Tos.OH.H20 (4.4 h, 22.8 mM) were dis
solved in DMF (110 ml) and hydrogenolysed for 5.5 hr in the 
presence of 10% Pd/C (1.5 g). Filtration and evaporation gave the 
corresponding sail as an oil Rr(l7) - 0.6.Bpoc.Trp .O H (11.7 g, 
26.5 mM) in DCM (120 ml) was cooled to - 20° and treated with 
NMM (3.0 ml , 17.3 mM) and pivaloyl chloride (3.2 g. 26 mM) 
allowing 20 min for activation. The above sail (15.7 g, 22 mM) in 
DMF (90 ml) was added along with NMM (1.5 ml , 22.7 mM) and 
the reaction mixture permitted to warm to room temperature 
overnight. Filtration and evaporation gave a residue which was 
chromatographed on Sephadex LH20 eluting with DMF. The 
product (144) eluted wilh (Ve/Vt) = 0.47. evaporation and tri 
turation of the residue with Et20 gave homogeneous (144) 
(l2.0g, 57%), m.p. 134-135", [a l,~5 - 13 .so (c = l, DMF), Rr(2) 
- 0.6, Rr(3) - 0.8, Valo.9.0rn098G IYI.09, (Found: C, 69.36; H, 7.01; 
N, 8.51; C56H66N609 requires: C, 69.54; H, 6.88; N. 8.69%). 
Z-Ser(Bu')-Ala-OPh (145). Z.Ser(Bu').OH (19.6 g, 64 mM) was 
dissolved in DCM (l50ml) and cooled to -20°. NMM (7.1 ml, 
64 mM) and pivaloyl chloride (7.8 g, 64 mM) were added and 
25 min allowed for activation. A solution containing 
TosO- H2 '.Ala.OPh (20.6 g, 58.3 mM) and NMM (6.4 ml, 58 mM) 
was added and the reaction mixture stirred at room temperature 
overnight. The solvent was removed and the resulting residue 
dissolved in EtOAc. Work up in the usual way and crystallisation 
from EtOAc and petroleum ether gave the required dipeptide 
(145) (I3.5g, 52%). m.p. 116-117°, raMs - 28.9° (c = 1, DMF), 
Rr(lO) - 0.7, Rr(2) -0.8. Sero.79Alal.oo, (Found: C, 65.36; H, 6.81; 
N, 6.56; C2.HJON20 6 requires: C, 65.14 ; H, 6.83; N. 6.33%). 
Z- Val-Ser(Bu')-AIII-OPh (146). The prolected dipeptide (145) 
(4.5 g, 10.2 mM) and Tos.OH.H20 (1.9 g. 10.2 mM) were dissolved 
in DMF (130 ml). 10% Pd/C (0.75 g) was added and the reaction 
mixture hydrogenol ysed overnight. Work up in the usual way 
gave an oil which was used directly in the coupling reaction. 
Z.VaI.OH (2.8 g. 11.3 mM) was dissolved in DCM (40 ml), after 
cooling to - 20°. NMM (1.3 ml . 11.8 mM) and diphenylphosphinic 

chloride (2.6 g, 10.9 mM) were added and 20 min allowed for 
activation. A solution of the sa il in DMF (35 ml) was added 
followed by NMM (1.2 ml, 10.5 mM). Work up in the usual waY 
after overnight reaction and crystallisation from 
EtOAc/petroleum ether afforded the required tripeptide deriv~; 
tive (146) as a white solid (3.9 g, 72%), m.p. 164-164°, [aJ~ 
- 23.1° (c= I. DMF), Rr(l9) - 0.6. Rr(2) -0'4: 
Sero.8IAlao.98Vall.o2, (Found: C, 64.31; H, 7.19; N. 7.5, 
C29HJ9NJ07 requires: C, 64.31; H, 7.26; N, 7.76%). d 
Z-Asp(OBu')- Val-Ser(Bu')-Ala-OPh (147). The protecte 
tripeptide (146) (7.4 g, 13.6 mM) and Tos.OH.H20 (2.6g, 
13.6 mM) were dissolved in DMF (90 ml) and 10% Pd/C (I g) 
added. Following hydrogenolysis for 5.5 hr the reaction mixture 
was worked up to yield the sal t as a colourless oil (6.5~, 
11.2 mM). Z.Asp(OBu').OH(4.0 g, 12.2 mM) was dissolved I~ 
DCM and cooled to - 20°. NMM (1.4 ml, 12.7 mM) was ad de 
followed by pivaloyl chloride (1.5 g, 12.1 mM) and 20 min allowed 
for activation. A solution of the above salt in DMF (40 ml) wa; 
added followed by NMM (1.3 ml , 11.8 mM). After overnigh 

reaction the reaction mixture was processed in the usual w~ 
giving the protected tetrapeptide (147) (7 .6g, 96%), m.p. 15

9 160°, [albb -23.5° (c = I. DMF), Rr(19) - 0.7. Rr(13) -0'5: 
ASPl.o2Sero.8 IAlao.99Valo.99, (Found: C, 62.63; H, 7.65 ; N, 8.1 , 
CJ7HnN401O requires: C, 62.34; H, 7.35 ; N, 7.86%). ) 
Bpoc-Ser(Bu')-Asp(OBu')-Val-Ser(Bu')-Ala-OPh (148 · 
Compound (147) (3.8 g, 5.4 mM) and Tos.OH.H20 (1.0 g. 5A O1~) 
were dissolved in DMF (50 ml) and hydrogenolysed in t e 
presence of 10% Pd/C (0.4 g) for 5 hr. Work up in the usual wa~ 
gave the sa lt as an oil. Bpoc.Ser(Bu').OH (1.5 g, 6.2 mM), B~~ 
reagent9 (3.7 g, 7.2 mM), HONSu (1.7 g. 14.4 mM) and N 
(1.6 ml, 14.4 mM) were dissolved in DMF (60 ml) and cooled I~ 
- 5°. A cooled solution of the salt in DMF (30 ml) was added an 
after the addition of NMM (0.5 ml, 4.7 mM) the reaction wa~ 
stirred at room temperature overnight. The so lvent was re01o~e 0 
giving a residue which was dissolved in EtOAc. This sol~IiO ' 1 
being washed in the usual way to yield a colourless oil. ThiS 01 

was crystallised from Et20/petroleum ether giving the full y rr~ 
tect~d pentapeptide (148) (3.6g, 78%), m.p. 147_150°, [al~0.8 , 
26.6 (c = I. DMF), Rr(2) - 0.7, Rr(l3) 50; 
ASPI.OJSerI.78AI, .o2Valo.96, (Found: C. 64.39; H, 7.56; N, 7. 
CnHnNs0I2.0.5H20 requires: C, 64.44; H, 7.70; N, 7.23%)· I ) 
Bpoc(l23-129)OBu' (149). (a)CI -H2+(127-129)OBII' (14 9~j 
Bpoc(l27-129).OBu' (141) (1.6 g, 4 mM) was dissolved in D5Ctvl 
(10 ml) and DMS (14.6 ml , 200 mM) added.HCI in dioxan (5.4 h~ 
1.5 ml, 8.18 mM) was diluted with DCM (139 ml) and adde~ to t BI 
above solution and the resulting reaction mixture mai ntaJOed d 
room temperature for 45 min. The solution was concentrat.ed °rd 
added to Et20 to produce an off white solid. filtration of thiS SO I 
gave (l4Ia) (lA g, 79%). m.p. 95-97°, Rr(2) - 0.5. I 
(b) Bpoc(l23- 126).OH (l44a). The protecled Iripeptide pheoY 

ester (144) od 
(3.9 g. 4.0 mM) was dissolved in DMF (120 ml), H20 (20011) \h 
DMS (14.1 ml, 193 mM) added and the pH adjusted to 10.6 w:o. 
I M NaOH 100 vol.H20 z (0.4 ml) was added and the pH 010 he 
tained at 10.6 for I hr. The pH was then ad justed to 7 bY \0 
addition of citrate buffer (pH 3.5) and the solvent evaporat~d le 
give a residue which was partitioned between EtOAc and. CltrBod 
buffer. The organic phase was washed ( x 4) with H20. dr.,ed 0 br 
evaporaled to give a white solid. which was further punfiedThe 
gel filtration on Sephadex LH20 eluting with DMF. 'Ih 
required acid (l44a) was isolated from the peak elu ting ~16' 
(Ve/Vt) =0.46 giving (2.5g, 68%). m.p. 120- 121°, [a Jbs - 11 ' 

V 9l' (c = I, DMF), Rr(3) - 0.5, RrO!) - 0.7, OrnoRlGIYIOl. a~·C, 
(Found: C. 65.03; H. 7.18; N, 9.31; CloH~2N609.2H20 req Uires. 
64.78; H. 7.18; N, 9.07%). thl 

(c) Coupling. The peptide ac id (l44a) (1.02 g. 1.1 mM), od 
protected tripept ide hydrochloride (l4Ia) (0.46 g. 1.0 mM)d~hl 
HONSu (0.26 g. 2.26 mM) were dissolved in DMF (10 011) an 2011, 
solution cooled to - 20°. DCC! (0.25 g, 1.2 mM) and NMM (0.1 uti 
1.07 mM) were added and the so lution sti rred at room temperal31' 
for 45 hours . Afler cooling to 0° further portions of HONSu (~. llu(l 
1.1 mM) and DCC! (O.l3g. O.6mM) were added and the rnlxli~ 
st irred for a further 48 hours. The reaction mixture was apP' r~ 
directly to Sephadex LH20 eluting with DMF. The reQul 
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~~~apePtide (149) eluted with (Ve!Vt) = 0.41 , work up giving 
R' 13g~73%), m.p. 170-172' , [a m -16.9' (c = I, DMF) Rr(2) - 0.8, 
d35~ 0.5, Trp_Orn l.02GlYI.91CYL Valo.99Leul.o!, (Found : C, 
744' ,H, 7.50; N, 10.84. C68H94N IOOIlS.2H20 reqUires : C. 61.52 ; H. 
. ; N, 10.56%). 

BpoC(lI8-129)OBu' (1S0). (a) C1-H2+.(I23-129)OBu' (149a). The 
~eeted heptapeptide (149) (0.92 g, 0.7 mM) was dissolved in 
addo aqueous triftuoroethanol (2 ml) and DMS (3.65 ml , 50 mM) 

ed. The pH was adjusted to 0.5 with 0.05 MHCI in 90% 
~~ueous triftuoroethanol and maintained at this value for 45 min. 
(J4~ solvent was evaporated and Et20 added to yield the salt 

a) as a white solid (0.72 g, 82%), Rr(2) - 0.7. 
(3~) Bpoc(l18-122)OH (l48a). The protected subfragment (148) 
add g, 3.3 mM) was dissolved in DMF (35 ml) and H20 (5 ml) 
t . ed. The pH was brought to 10.6 with I M NaOH and main
(~I~ed at this value for I hr after the addition of 100 vol.H20 2 
a ' 3 ml). The pH was adjusted to 7 with citrate (pH. 3.5) buffer 
t~d the solvent evaporated, the residue being partitioned be
d e~n EtOAc and water. After washing with H20 ( x 4) and 
D~~g the solution was evaporated and the residue dissolved in 
rand chromatographed on Sephadex LH20. The required 
~.~~eeted peptide acid (l48a) was obtained from the fractions 

\ te!Vt) = 0.46 giving (1.8 g, 62%), m.p. 117-121' , Rr(2) - 0.6. 
te C COupling. The peptide acid (l48a) (0.82 g, 0.93 mM), pro
Ii~~d heptapeptide hydrochloride (149a) (0.72 g. 0.57 mM) and 
sol .Su Were dissolved in DMF (6 ml) and cooled to - 20' . A 
(O~hon of OCCI (0.21 g, 1.02 mM) in HMPA (4 ml) and NMM 
Ait 8 ml, 0.69 mM) were added and the solution stirred for 54 hr. 
o 4:r reeooling to - 20' further portions of DCCI (1 .0 g. 
r~a '!lM) and HONSu (0.1 g, 0.87 mM) were added and the 
ap ~!Ion ~ixture stirred for a further 24 hr. The solution was 
th: led ~Irectly to Sephadex LH20 and eluted with DMF giving 
peakequlred protected dodecapeptide (ISO) after work up of the 
[Q)26 eluting with (Ve!Vt) = 0.38 (0.54 g, 49%), m.p. 1900 dec, 
TrpD 0- 22.00 (c = 0.5, OM F), Rr(7) - 0.8, Rr(2) - OJ, Rr(29) - 0.5, 

- rno.96AsPI .ooSerIJlGlY2.IlCys-Alao.91 VaI1.92Leuu16' 

(Found: C, 60.52; H, 7.66; N, 10.77; C98 HI 47 Nl 1021S.HzO 
requires: C. 60.76; H, 7.75; N, 10.84%). 
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Abstract-The previously synthesised (1-37), (38-75), (76-93), (94-104), (105-117) and (118-129) fragments of the 
analogue were combined making extensive use of the DCCI/HDNSu method. The final coupling involved the (1-75) 
and (76-129) sub-fragments. Aggregation of the latter fragment caused problems in purification by routine gel 
filtration methods employing Enzacryl K2 or Sephadex LH60. The fully protected (1-129) product was partially 
purified by washing, then deprotected and purified by gel filtration and ion exchange chromatography. Satisfactory 
removal of the acetamidomethyl group used for cysteine protection could not be achieved. 

~t~foughout the preceding series of papers we have 
be empted to show that large polypeptide fragments may 
PU .assembled by total synthesis to the standards of 
etrftty acceptable to organic chemists. Certainly much 
lic °rt was directed towards obtaining full sets of analy
ha a data for the peptide fragments which frequently 
as Ve molecular weights up to about 5000. The six 
gi sembled fragments were those which had been or i
ly~allY envisaged for the synthesis of the hen egg-white 
le °t·zYme analogue l

•
2 shown below complete with pro-

c Ing groups. 
l'he first step in the sequence of events shown in the 

~-----------------------------
fpDeceased June, 1978. 

Man resent address, Department of Chemistry, University of 
Man chhester Institute of Science & Technology, Sackville Street, 

c ester M60 IQD. 

first paper of this series2 leading to the synthesis of the 
1-75 fragment, requires combination of the protected 
(1_37)3 and (38-7W fragments. The intermediate stages 
in this assembly are shown in Scheme 1. 

The Adoc. (I-37)·OPh (48) was subjected to phenyl 
ester cleavage under our standard conditions employing 
triftuoroethanol as the solvent. S In the presence of 
dimethylsulphide at pH of 10.5 the addition of hydrogen 
peroxide brought about cleavage in I h, acidification 
yielding the required Adoc. (I-37)·OH (48a). In this case 
thin layer chromatography adequately showed the 
difference between the starting phenyl ester and the 
corresponding acid. 

The N-a-protecting group was removed from Bpoc. 
(38-75)·OPh (93) under the standard conditions6 which 
employ 0.05 M HCI in 90% triftuoroethanol to bring 
about the cleavage of the Bpoc protecting group, using 

Table I. -------------------------------------------------------------
1.0.. ¥CC hb: Aan 09J. t hb: Bf't 
'''CJC) ~ T.. 1 I I I 

~l"8 - Va1- Pile -(;1y - Om - Cys - Glu - I.eu - Ala - Ala - Ala - Nle - Lys - Ala - I.eu - G1y - tsu-Ala-G1y - '!'yr-
• 5 10 15 20 

I\doc But 9J. t Aan J\doc 00u t 9J. t 9J. t 
I I I I 1 I I I 

Otn - G1y- 'lYr -Ser - lAil1' - Gly - IISn - TIp - Nva - Lys - Ala' - Ala - Lys - PIle - G1u - Ser - G1y-Phe-1ISn - 'llu:-
25 SO ss ~o 

But NJI)(! OBut But 9J.t onut But But 
G 1 I 1 1 I 1 I 
1n - Ala- 'Ihr -iISn - am - IISn - '11lr - G1u - G1y - Ser - 'lbr - IISp - 'lYr - G1y - Leu - I.eu - Gln-Ile-1ISn - Ser-

_5 so 55 60 

Adoc Aan J\doc But But Aan Aan 
I 1 "T" I I I I 

ern - TIp- TIp ooCjs - Na - IISp - G1y - Om - 'lbr - iW - G1y - Ser - Ala - IISn - VtY - Cis - IISn-Ile-Pro - <j-)'s 

~t ~t ~t ~t rrn ~ ~ Eft 
Ala - Ala- I.eu -Nw - Ser - G1y - IISp - Ile - 'lbr - Ala - Ser - Val - Gly - Cys - Ala - IJ.,'s - Lys-Ile-Val - Ser 

85 '0 '5 100 

Qeut J\doc (J\doc) Aan J\doc But y:;t 
I I I 2 1 1 1 
Asp - G1y- IISn -(;ly - N1e - IISn - Ala - TIp - Va1 - Ala - TIp - Om - IISn - l\rg - CVS - Lys - Gly-Ser- - Val 

105 110 ' 115 120 

llut J\doc AQn 
I 1 I t 

Ser - Ala- TIp -Va1 - Om - G1y - Cys - G1y - I.eu - 0Bu 
~ 125 12' 

3043 

o 28 
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NJDc . (1-37) . 0Ph 
(4 8 ) 

13poc. (38-75) .0Ph 
(93) 

Moc. (1-37) .OH CI-H;. (38-75) .0Ph 

~1_(4_8_a_) ____ -'r-________ ~1 (93, 1 

I 
Mx. (1-75 ) . 0Ph 

(l?l.) 

Scheme I. Synthesis of the fully protec ted Adoc ·(l-75)·OPh fragment (lSl)t 

dimethylsulphide as a scavenger to prevent side reac
tion s. Purity of the product could aga in be assessed 
from thin layer chromatography and an approximate 
estimation of the extent of cleavage was made by check
ing the UV absorbance of the ether washings at 2S8 nm. 

The peptide acid (48a) and the hydrochloride (93a) 
were coupled by the DCCI/HONSu method. On this 
occasion a mixture of HMPA,DMF and DMA were used 
as so lvent with N -methylmorpholine being used as the 
base . During the reaction the physical consistency of the 
reaction changed dramatically by changing from a mobile 
so lution at the beginning of the reaction to a rather 
gelatinous consistency after 24 h. After a further 4 days 
reaction the product was purified by gel filtration 
chromatography using Enzacryl K2 eluting with NMP.7 

Although the crude product had a reasonably acceptable 
amino acid analysis, the gel filtration purification could 
clearly be seen to improve some of the am ino-acid ratio s. 
A portion of the Adoc. (1-7S) 'OPh (1St) was then 
deprotected using 90% TFA containing mercaptoethanol 
and anisole. The resulting product was chromatographed 
on Sephadex GSO eluting with 50% acetic acid. Ion 
exchange chromatography of the material iso lated from 
the Sephadex GSO column showed a single component 
with a highly sa tisfactory amino ac id analysis. 

The second portion of the lysozyme analogue span
ned the sequence (76-129), and the method of assemblY 
is shown in Scheme 2. 

8poc·(I0S-II7)·OH (139a) was prepared from the co/
re sponding phenyl ester (13W by phenyl ester c1eavaX~ 
under the standard conditions5 using DMF as solvent. d 
pH 10.S the cleavage was complete after I h an 
acidification gave the required product in 93% yield. The 
hydrochloride of the protected (118-129) fragment (l50dl was prepared from the corresponding 8poc compoun 
by cleavage of the N -a-protecting group under the 
standard conditions6 at pHO.5. In this case the hydro
chloride was isolated in a yield of 81 %. t 

The peptide acid (l39a) and the hydrochloride sa~ 
(1S0a) were then coupled by the DCCI/HONSu methO 

using HMPA as solvent and N-methylmorpholine .as 

base , a second addition of DCCI and HONSu betng 
made after 24 h. After a total reaction period of 6 d~Yd 
the reaction mixture was diluted with DMF and applt.e r 
to an Enzacryl K2 column eluting with DMF. The maJog 
peak obtained centred around a (Ve/Vt) value of ~.40 
was rather broad and hence the peak was divided I~t 
four parts and the fractions evaporated se parate/' 
Amino acid analyses of these fractions and TLC tn~ 
dicated that a satisfactory purification had not bee 

Dp:>c. (105-117) .0Ph Bpoc. (11 8-129 ) _OBut I (139) I (1 50 ) 

Dpoc . (76- 93) . 0Ph 

I (lQ) 

Bpoc . (76- 93 ) . 01 1 

I (l13a ) 

Dp:>c. (10 5-117) .Ol! Cl-II;. (11 8-129 )OBut 

~1_(_1_39_a_) __ ~r-____ ~1 (~) 

Bpoc. (94-104) . OPh 

I (.!E.) 

I t Bpoc. (105-1 29 ). OBu 
(1 52 ) 

Dpoc. (94-104) . 0 11 Cl-Il;. (105 -:-1 29 ) . 0But 

~i_(_12_2_a_) ____ ~ ______ ~1 (1 52a ) 

Bpoc . (94J129 )0l3ut 

I (15 3) 

CI-H;. (94-129 ) . 0But 

___ _ .. J (1 53a) 

I -
Bpoc . (7 6-1 29 ). OBut 

(~) 

Scheme 2. Synthesis of the full y protected Bpoc·(76-129)·OBu' fragment (154). 
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aChieved. The fractions were therefore re~ombined and 
ap~lied to Sephadex LH60 eluting with NMP.IO The 
~a!or peak in this case eluted with a (Ve/Vt) ratio of 0.53 
gtVtng an isolated yield of 34%, however , a little material 
~ppeared to elute at the void volume. When the material 
~om the peak at (Ve/V t) 0.53 was reapplied a major peak 

\uted agai n at (Ve/Vt) 0.53 along with a small peak again 
~. th~ void volume. This observation was the fir st in-
tcatton that some aggregation of the protected peptides 
;a~ oCcurring. The homogeneity and identity of the two 
t ro ucts was demonstrated by TLC and by paper elec
:oPho.resis of the deprotec ted product. Amino acid 
/alysts aft er ac id hydrol ys is or enzymic digestion in
thcated a good degree of optical purity. The integrity of 
e e tryptophan res idues was also indicated from the 

nZYme digest result. 
(J~he hydrochloride of the protected (105-129) fragment 
t .a) was then obtained by removal of the Bpoc pro
T~.ltng group from the fully protected fragment (152). 
tr' ts was achieved by ac idolysis with 0.1 M HCI in 90% 
s~~u~roeth anol at pH 0.5 in the presence of dimethyl
y' fhtd e.6 Cleavage was complete in 45 min giving a 95% 
c~c d of the required hydrochloride (l52a). The carboxyl 
th mponent Bpoc'(94-104)'OH (l22a) was prepared from 
Phc corresponding phenyl es ter (122)11 by a standard 
as ~~YI ester cleavage using 98% aqueous trifluoroethanol 
bc' e SO lvent ,S hydrogen peroxide and dimethylsulphide 
35tn~ ad.d~d at pH 10.5. The cleavage was complete :n 
idemt.n gtVtng the ac id (l22a) in 90% yield . This ac id was 
hadnltcal with a sample of the decapeptide acid which 
lllcthbeen prepared by an abortive sa lt fragment coupling 
Sill od earlier in the work. It should be noted that a 
tec~!1 but perceptable cleavage of the Bpoc-N -a-pro
Iio 109 group from this fragment occurred at thi s stage. 
wh wever, this problem seems only to be appreciable 
les:n ~he amino-terminal res idue is cysteine. Neve rthe
of t' t e problem co uld be minimised by adjusting the pH 
ted he tr.tfluoroethanol to 9 whilst dissolving the protec-

Pepltde. 
Ch~O~Pling of the peptide acid (l22a) and the hydro
lllet fid e (l52a) was aga in effected by the DCCI/HONSu 
A shOd using a mixture of HMPA and DMF as so lvent. 
afteecond addition of DCCI and HONSu was carried out 
allo r 2 days and a total reaction period of 4 days was 
was~~d . At the end of thi s period the reac tion mixture 
then tluted with a mixture of OM F and H M P A and was 
DMF cl~romatographed on Sephadex LH60 eluting with 
aggr ' . As with the protected (105- 129) fragme nt , 
llluchgatton was aga in observed but , on this occasion, in 
obse greater amounts. Two widely separated peaks were 
an .rVed at (Ve/Vt) = 0.25 and 0.47 , the latt er peak gave 
whetsolated yield of the required fragment of 22% 
BOtheas the faster running peak gave a recovery of 76%. 
Peak r:nat.e rials when rechromatographed showed both 
both S/ndt~ating a re-equilibration of the aggregates. Also 
graph rac ttons when dissolved in HMPA and chromato
Urea ~d on Sephadex LH60 this time eluting with 2 M 
dica("tn DMF gave a single peak at (Ve/Vt) = 0.52, in
alllintng .that the aggregate had been disrupted . The 
enzy 0 aCt~ analysis of the product was sa tisfactory and 
tOPh me dt~est again confirmed the integrity of the tryp
cal ;n ~es tdue and indicate a reasonable degree of opti
bUStioUrtty . As with the (10~-1 29) fragment the com
Ihe le n analys is was satisfactory after an adjustment for 

l'h Vel o.f hydration of the peptide. 
relllo e aC id labile amino-protecting gro up was then 

ved from the fully protec ted (94- 129) fragment (15J) 

by a 45 min treatment with 0.1 M HCI in 90% trifluoro
ethanol at a pH of 0.56

, affording the free peptide 
hydrochloride in 91 % yield. Bpoc. (76-93)·OH (IBa) was 
obtained from the corresponding phenyl ester (113) by 
cleavage under standard conditions as indicated in our 
earlier paper. 12 We found that it was important to moni
tor this reaction carefully as so me cleavage of the Bpoc 
function from cysteine-76 was observed under the 
phenyl ester cleavage conditions in an analogous fa shion 
to the (94-104) fragment. After a detailed examination 
we found that the loss of a -amino protection could not 
be brought below 2.5%, and this level although undesir
able could be tolerated. Coupling of the two fragments 
(113a) and (153a) to give the second major fragment (154) 
was again brought about by the DCCI/HONSu method 
using a mixture of H M PAin DM F as so lvent , a second 
edition of DCCI and HONSu being carried out after 2 
days . During the complete reac tion period of 5 days the 
reaction changed in consistency from a mobile liquid to a 
rather rigid gel. Precipitation of the product at the end of 
this period with brine gave a 91 % yield of the crude 
product. As with the preceding large fragments, 
purification was attempted using Enzacryl K2 eluting 
with NMP.7 A major peak which eluted at (Ve/Vt) = 0.38 
gave a reasonable amino ac id analys is but TLC of the 
protected material and electrophoresis and isoe lectric 
focussing on the de protected peptide showed that the 
material was slightly impure and therefore would req uire 
further purification. This was achieved by chromato
graphy on Sephadex LH60 eluting with NMP. IO Indeed 
some aggregation was aga in observed but the bulk of the 
material eluted at a (Ve/Vt) ratio of 0.42 giving a 46% 
yield of the fragment Bpoc. (76-129). OBu' (154) which 
had a good amino acid analysis and was found to be 
homogeneous by TLC and isoelectric focussing of the 
deprotected material. Amino-acid analysis of material 
purified on Sephadex CM25 gave good ratios for the 
constituent amino ac id s. 

The routes shown in Schemes 1 and 2 thus provided us 
with the (1_75)13 and (76-129)14 fragments of the 
lysozyme analogue. Havi ng obtained both fragments in 
a reasonable state of purity and in good quantities we 
were able to contemplate the asse mbly of the fully 
protected target molec ule Adoc.(I-129)·OBu' (155). The 
final coupling has heen carried out on three occasions 
and the res ults from each experiment were found to be 
internally consistent although, as might be anticipated for 
a molecule of this size , abso lute reproducibility was 
impossible. The stages leading to the final coupling are 
indicated in Scheme 3. 

The Adoc·(I-75)·OH (1513) was obtained by standard 
phenyl ester cleavage~ on the corresponding phenyl ester 
(151). In this case the cleavage was carried out in 

Adoc. (1-75 ) . OPh Bpoc . (76-1 29 ) . OJ3u
t 

I (.!.?l) I (~) 
Adoc. (1-75 ) . OH Cl-lI;. (76-1 29 ) . OJ3u

t 

IL_(_1_51_a_) ____ ~----------~1 (~) 
I t 

Adoc. (1-1 29 ). OJ3u 
(155 ) 

Scheme 3. The fragment cOllpling rOllte to Adoc ·(t - t29) ·OBu' 
OS5l. 
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aqueous triftuoroethanol, the pH being adjusted to 10.5 
with 0.1 M sodium hydroxide. Dimethylsulphide was 
added in the usual way as a scavenger prior to the 
addition of hydrogen peroxide. Thin layer chromato
graphy indicated that the cleavage was complete within 
I h and work up gave a 91 % recovery of the required 
acid (I5Ia). On this occasion the phenol liberated was 
estimated by UV absorption and an 80% yield for the 
cleavage was indicated. 

Cleavage of the Bpoc function from the fully protected 
(76-129) fragment (154) was readily achieved in 90% 
triftuoroethanol solution by treatment with 0.05 M HCI at 
pH 0.5 with dimethyl sulphide as scavenger. The 
cleavage conditions were maintained for 1.25 h at which 
time workup gave a 98% yield of the corresponding 
hydrochloride (I54a). A UV estimation of this cleavage 
could only be estimated to ± 10% due to the scale of 
operations. 

The peptide acid (I51a) and the hydrochloride (I54a) 
were then combined once again by the DCCI/HONSu 
method, a (2: I) mixture of HMPA and DMF was used as 
solvent and N -methylmorpholine as base. A second ad
dition of DCCI and HONSu being made after 24 h and a 
total of 5 days was allowed for complete reaction. Once 
again a dramatic change in viscosity was observed during 
reaction period and after 5 days brine was added to 
precipitate the crude product (155) which was was hed 
with water. ether and isopropanol before drying. TLC of 
the isolated material was surprisingly good indicating one 
major ccmponent with a trace of ftuoroescamine positive 
material remaining at the origin in each system. The 
amino-acid analysis of the precipitated material was 
exceptionally encouraging and it gave satisfactory ratios 
for the majority of the amino-acids present even though 
little had been done to purify this product. In fact, due to 
its high insolubility in a range of solvents including 
triftuoroethanol, N -methylpyrrolidone and dimethyl
acetamide we concluded that our standard methods 
employing Enzacryl K27 would be unsatisfactory and 
that further purification would be best achieved after 
deprotection. 

The precipitated protected protein (155) was deprotec
ted by treatment with 90% triftuoroacetic acid under 
nitrogen using anisole and mercaptoethanol as 
scavengers. After a 3 h treatment which was shown to be 
optimal by polyacrylamide gel isoelectric focussing, the 
product was precipitated by the addition of ether. This 
product «(156) having the sequence set out in the first 
paper of this series, was then chromatographed on 
Sephadex 075 eluting with 0.4% ammonium bicarbonate 
whereupon peaks were observed at (Ve/Vt) values of 
0,33. 0.70 and 0.91 (see Fig. la). The peak at (Ve/Vt) = 
0.70 contained the majority of the product. the latter 
peak containing anisole and other small molecules. The 
UV spectlUm of materials contained in peaks (a) and (b) 
was compared and only peak (b) was found to resemble 
native hen egg white lysozyme. It was also found that 
octa-carbamidomethylated reduced hen egg white 
lysozyme (CHEL)'s was eluted at a (Ve/Vt) value of 0.66 
on the Sephadex 075 column. The material from peak (b) 
was then applied to Sephadex CM25 eluting on a gradient 
running from 0.1 M ammonium acetate pH to 0.4 M 
ammonium carbonate pH 8.5 . Two peaks were obtained 
as shown in Fig. I(b). The weight destribution in the two 
peaks (c) and (d) being 1.2 and 4.6 mg respectively after 
dialysis. The samples were then run on polyacrylamide 
gel isoelectric focussing in comparison with HEL and 

1a 

0 ·3 0 -4 0 ·5 o·e 0 '7 0'8 O·Q 1·0 

Sepha dex CM25 

1b 

pH 8'5 I"cre .tlng pH'"' 
pH 8 ·6 

o 1 M NH4+0AC' 04M (NH4)2C0 3 

Fig. I. Chromatography of octa-Acm (1-129) (156). 

CHEL. Sample (c) had a pI of approx. 10 whereas (d), 
HEL and CHEL showed a pI of approx. 10.5. Howevef, 
it should be borne in mind that this was rather close. I~ 
the limit of the gel. Sample (d) was subjected to arnlo 
ac id analysis and the majority of residues were found t~ 
give reasonably acceptable values; tyrosine, howev~s 
was noticeably low. Interestingly. a comparative analysl 
on CHEL again showed a low figure for tyrosine. CO~h 
parison of the UV profile of the material from (d) Wlto 
HEL and CH EL again showed a close similarity betWe:, 
the samples (see Fig. 2), thus supporting the fact t 8e tryptophan was present in the correct ratio and that th~ 
tyrosine was also present in the correct ratio even thOUS 
the amino acid analysis had indicated a low value. c' 

Although we considered that at this point the chara s 
terisation of the octa Acm(l-129) protein (156) w~o 
rather inadequate, we decided to proceed further and 
examine the removal of the Acm groups.'6 <If' 

A sample of the material (156) was dissolved in 5 of 
acetic acid and mercuric acetate added. After stirring fp . . 
70 min under nitrogen at room temperature rnerC80f . 
toethanol was added and the reaction mixture stirred fas 
a further 19 h. The whole of the reaction mixture ~t1I 
then applied to Sephadex G15. on this occasion ehJ[I~ 
with 0.1 M acetic acid . A sharp peak eluted at the vOer . 
volume along with several other components at lafBiO . 
elution volumes. Pooling of the fractions at the v~iS 
volume gave a yield of 53%. the UV profile of '11' 
material being the same as that before removal of 101 
Acm groups and identical with HEL. The thiol contell(," 
this product was then estimated using Ellman reage~1!I 
giving a value of 4.01 SH groups per molecule us~ng ft 
OD280 value to estimate the protein concentratlOIl;.ps 
repeat of this experiment gave a value of 4.16 SH grO o~ 
per molecule. As this value was only 50% of tha.t 811Ji 
cipated. we then repeated these experiments III i~ 
presence of 8 M urea in the hope that this would bf(~ 
about sufficient exposure of the Acm functions to 
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Fig. 2. Partial UV spectra for natural and synthetic materials at 
approximately the same concentrations. 

~~ag~nts . In this experiment values of 6.1 and 6.0 were 
th tatned after gel filtration indicating that indeed some of 
re e Acn:t groups were probably not accessible to the 
th agent In the earlier experiments. However, even under 
W ese ~onditions only 75% of the thiol groups present 
prere hberated. Even with this number of thiol groups 
W ese~t the chances of correct oxidation of the product 
inefe tncredibly small, nevertheless trial oxidations were 
re a.ct carried out under conditions identical with those 
th qUlred to oxidixe reduced hen egg white lysozyme at 
re e same concentration. '8 Although we could readily 
na~enerate the activity of hen egg white lysozyme using 
act~r.al reduced HEL we did not observe any lysozyme 
tha~Vtty for the synthetic material, thus we concluded 
sy the.re was just too small an amount of the octa. SH 
it nthehc protein present in our reaction product and that 
speW~s most likely that a narrow distribution of thiol 
wa Ctes containing approx. 6 SH groups per molecule 

)8 present in the final product. 
POln COnclusion therefore, we would claim that large 
be Ypeptides of the (1-75) or (76-129) size can certainly 
Co as.sembled, and that although the evidence is not fully 
re~~tncing we believed that a peptide chain of 129 
Iys· Ues (the linear sequence of the hen egg white 
thjozyme analogue) had been assembled. If this is true 
as S Would satisfy the first requirement of our activities, 
de stated by one of us (G.W.K.).I That is, that we should 
as~onstrate that a peptide of 129 residues can be 
l'h embled by the synthetic methods presently available. 
Il\a~ ~ajor disappointment, however, must be that no 
thi ertal with lysozyme activity was obtained although 
of ~hgoal was considered to be subsidiary rather than one 

It e main objectives. I 
Pro appears therefore that the majority of methods of 
tho techon are adequate for a peptide of this kind al
cle Ugh the introduction of protecting groups which on 
co:~age do not give electrophilic species would be a 

Stderable step forward. To this end protection based 

I. ' ' ''"__ 

on phosphorus compounds has been investigated in
tensively by members of our group.19 A very serious 
question, however, arises over the protection of cysteine 
residues Ifince the low recovery of cysteine after removal 
of the acetamido-methyl function may well be the major 
factor in preventing us from obtaining a satisfactory 
product. However, the low thiol values we encountered 
may in fact only be a reflection of the highly convoluted 
nature of the octa-Acm protein (155) although reoxida
tion experiments with native hen egg white lysozyme 
would suggest that this is not the case. We would there
fore conclude that some improvements in the protection 
of cysteine residues are urgently required. 

During the course of this work coupling methods have 
improved considerably with the DCCI/HONSu20 and 
DCCI/HOBt methods21 becoming common place. 
Nevertheless, we have developed two new coupling 
methods during the course of this programme, these 
being the Bates reagent22 and the triphenylphosphine
SO) reagent?) 

One of the major problems encountered in this 
research was the purification of large fully protected. 
rather hydrophobic peptides. In the main, for smaller 
peptides, LH20 chromatography eluting with DMF ser
ved us well ,24 however, during the programme we have 
developed the use of Enzacryl K27 and Sephadex 
LH60 '0 for the purification of large fully protected pep
tides. 

Finally, therefore, we would say that the assembly of 
polypeptide chains of this size (in the region of 129 
residues) is certainly possible but that clearly enormous 
resources must be brought to bear in order to complete 
such a project. 

EXPERIMENHL 
The general experimental techniques used, abbreviations and 

TLC systems are those which have been described in ea rlier 
papers in the series. In this paper theoretical amino·ac id ratios 
are shown as a subscript following the amino-acid in question. 

Adoc·(I-37)·OH (488). Adoc·(I-37)·OPh (48) (1 00 mg, 
0.018 mM) was dissolved in TFE and DMS (0.15 ml) added . The 
pH of the solution was adjusted to 10.5 with 2 M NaOH (1.14 ml), 
H20 (I ml) and H202 (20 ILl) added, and the solution stirred at 
that pH for 1 h. The pH was then brought to 3 by the addit ion of 
1 M HCI before evaporation of the solvent. The residue was 
triturated with water and Et20 then dried over P20 l giving 
(55 mg, 56%), Rf(ll) - 0.4, Rf(28) - 0.1, cf. Rf(28) - 0.6 for 
compound (48). 

C1-H2 +· (38-75)·OPh (938). Bpoc. (38-75)'OPh (93) (94.0 mg, 
0.017 mM) was dissolved in TFE (2.2 ml) and water (0.2 ml) 
added. DMS (60 ILl) was added and the pH brought to 0.5 wit h 
0.5 M HCI in 90% TFE (aq). After standing for 1 h the solve nt 
was evaporated and the residue triturated with Et20 giving the 
required hydrochloride (85 m g, 92%), Rf (23) - 0.2 cc. 0.9 for 
(93). An approximate UV estimation of cleavage coproducts 
absorbing a 258 nm gave the yield as 77%. 

Adoc·(I-75)·OPh (151). Adoc·(1-37)·OH (48a) (86 mg, 16!l M) 
and CI-H2+'(38-75)'OPh (93a) (85 mg, 161LM) were dissolved in 
a solvent mixture containing HMPA (I ml), DMF (0.5 ml) and 
DMA (0.2 m\). HONSu (5 mg, 48 mM) and a solution of NMM in 
DMF (0.16 ml) (solution contained 0.1 mM/ml NMM) were added 
and the solution cooled to - 5°. OCCI (5 mg, 241L M) was then 
added and the reaction mixture stirred overnight. After 24 h the 
reaction mixture had become gelatinous and thus a further por
tion of HMPA (0.2 m\) added . The solution was cooled and 
further portions of DCCI (5 mg) and HONSu (5 mg) added before 
stirring for a further 4 days. Brine was then added to prec ipitate 
the product. The white precipitate being washed several times 
with water, IPA and Et20 finally drying in vacuo over P20 j . The 
product obtained (130 mg, 79%), Rf (23) - 0.9 (streak extending 
0.7-0.9), RI (7) - 0.8 had amino acid analysis: Lys/OrnR7.63 
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ASPs7.53 Thrl3.42 Sers3.08 Glus5.1O Pro, 0.95 GIYII 11.8 AlalO 
10.50 Val. 1.02. Nva. 1.23 lie. 1.07 Leu6 6.50 Nle. 1.07 Tyr) 2.89 
Phe) 2.79. This material was then further purified by gel filtration 
on Enzacryl K2 eluting with NMP. The major peak eluted at K •• 
- 0.18 and thus could be separated from (48a) [K •• - 0.29 for the 
phenyl ester (48)) and (91a) [K •• - 0.10) for the Bpoc compound 
(93)1 although from the TLC data it was clear that no lIuores
camine positive material was present in the crude product 
isolated . The yield of purified (151) was (79 mg. 48%). R,(23) 
- 0.9. R/(7) 0.8. Lys/Orns 7.78 Asps 7.79 Thrs4J5 Sers4.63 Glus 
5.29 Pro, 0.80 GIYII 11.00 Ala.o 10.10 Val. 0.89 Nva. 1.20 lie. 1.12 
Leu6 6037 Nle. 0.96 Tyr) 3.04 Phe] 2.92. A portion of this product 
was totally de protected by treatment with 90% TFA (3 ml) con
taining mercaptoethanol (0.5 ml) and anisole (0.1 ml) and was 
chromatographed on Sephadex G50 eluting with 50% HOAc. The 
single peak (Ve/Vt) = 0.56 from this chromatography was rech
romatographed on Sephadex CM25 using a gradient elution from 
0.1 M ammonium acetate (pH 6.5) to 0.4 M ammonium carbonate 
(pH 8.5). The material contained in the single peak had amino 
acid analysis: Lys/Orns 8.53 Asps 7.73. Thrs 3.77 Sers 4.40 Glul 
5037 Pro. 0.95 GIYII 10.40 AlalO 9.94 Val. 1.14 Nva. 0.84 lie, 1.18 
Leu6 5.98 Nle. 1.10 Tyr] 2.78 Phe] 3.05. 

BJ:oc·(l05-II7)·OH (139a). Bpoc·(l05-117)·OPh (139) (877 mg. 
0033 mM) was dissolved in DMF (8 ml) and a mixture of 
DMF (2 ml) and H20 (4 ml) added dropwise followed by DMS 
(1.25 ml. 1.7 mM). The pH was adjusted to 10.5 with 0.5 M NaOH 
and 100 vo!. H20 2 (0.033 ml. 0033 mM) added. After I h base 
uptake had ceased and the pH was adjusted to 4 with ice cold 5% 
citric acid . Water was added and the precipitated product filtered. 
washed with more water. Et10 then dried giving the required 
peptide acid (l39a) (0.78 g.93%) RI (l7) - 0.2. R,(2) - 0.6. 

CI-H2+·( 1I8-129)·OBu' (l50a). Bpoc·(l18-129)·OBu' (ISO) 
(0.64 g.0.34 mM)wasdissolved inTFE(9 ml)and water (I ml)added. 
DMS (I ml) was then added and the pH brought to 0.5 with 
0.1 M HCI in 90% TFE (aq). After maintaining that pH for 45 min 
the solvent was evaporated and the residue triturated with Et10. 
The resulting so lid was washed with water and Et20 then dried. 
giv ing the required hydrochloride (0.48 g. 81%). m.p. > 230·, 
[a IW - 29.2" (c = DMF/HMPA I : I). R,(l1) - 0.6. RI (25) - 0.1. 
(Found: C. 54.83; H. 7.75; N. 11.93; CnHIl4NIl020SCI·4H20 
requires: C. 55.03; H. 7.97; N. 11.74%). 

Bpoc·(105-129)·OBu' (152). The peptide acid (l39a) (0.64 g. 
0.25 mM). the salt (l50a) (0.43 g. 0.25 mM) and NMM (2 .5 ml of 
0.1 mM/ml solution in DMF) in HMPA (10 ml) was cooled to o· 
and treated with HONSu (58 mg. 0.5 mM) and DCC! (65 mg. 
0031 mM). After 2 h at 0·, the solution was allowed to attain room 
lemperature for 24 h. then it was recooled and HONSu (29 mg. 
0.25 mM) and DCC! (33 mg. 0.16 mM) added . The reaction was 
allowed to proceed for 5 days. then the reaction mixture was 
diluted with DMF and applied directly to Enzacryl K2 eluting 
with DMF. The slightly impure product (0.78 g. 74%) eluted with 
(Ve/Vt) = 0.48 and was subsequently further purified by chroma
tography on Sephadex LH60. again eluting with DMF. The 
product (152) eluted with (Ve/Vt) = 0.52 and was precipitated 
with waler after pooling the appropriate fractions . After drying. 
the homogeneous product (152) was obtained in a yield of 0037 g 
(34%). with m.p. > 230·. la IW + 1.6· (c = 0.5. DMF). Rr(l\) 
- 0.8, Rr(25) - 0.4 Rr(l2) - 0.6, Lys/Orn) 2.85 Argl 0.98 Asp)2.99 
Ser2 1.76 Gly] 3.08 Ala) 2.98 Vah 3.10 Leu. 1.03 Nle. 1.04; 
(En7.yme digest pronase/APM) Trp) 3.02 Lys/Orn) 3.19 Argl 0.90 
Cys (ACM)+ CYS2 1.84 Asp. 1.00 Asn/Ser, 3.73 Gly) 2.92 Ala) 
2.89 Val) Leu. 1.13 Nle. 1.08 (Found: C, 58.48; H, 7.35 ; N, 12.50; 
C2 .,HlIlN)g046S2·9H20 requires: C. 58.69; H. 7.60; N. 12.15%). 

Bpoc·(94-104)·OH (122a). A solution containing the phenyl 
ester (122) (0.5 g. 0.26 mM) in TFE (8 ml) was adjusted to pH 9 
with 0.5 M NaOH. Water (2 ml) and DMS (1.0 ml, 13.9 mM) were 
added and the pH readjusted to 10.5. Following the addition of 
lOO vo!. H20 2 (0.026 ml. 0.2 mM) the cleavage was allowed to 
proceed for 35 min then the pH was brought to 3 with ice-cold 
5% citric acid. This solution was then poured into brine to 
precipitate the peptide acid (l22a). After washing with water and 
Et20 the homogeneous product was obtained (0.44 g. 90%). [al~ 
- 6.5" (c = I. DMF). Rr(II) - 0.2. Rr(25) - 0.1. Rr(23) - 0.8. This 
material was identical in most respects with the same peptide 

acid prepared by a sa lt fragment coupling method. This product 
having m.p. > 260". [ani -5.8· (c = I. DMF). Rr(ll) - 0.2. 
Rr(23) - 0.8. (Found: C. 57.97; H. 7.47 ; N. 10.70; 
C9)H'4,N,sOnS'4H20 requires: C. 57.54; H. 7.74; N. 10.82%). ) 

CI-H2+'(l05-129)OBu' (lSla). Bpoc·(l05-129)OBu' (152 
(00342 g. 0.081 mM) was dissolved in TFE (5.4 ml) and water 
(0.6 ml) added along with DMS (0.5 ml. 6.85 mM). The pH was 
brought to 0.5 by the addition of 0.1 M HCI in 90% TFE (aq) and 
maintained at this value for 45 min until TLC indicated the 
cleavage to be complete. The solvent was evaporated and the 
residue triturated with Et20 and washed with water and Et20 
giving the required hydrochloride (l52a) (00310 g. 95%). Rr(1!) 
- 003. Rr(22) - 003. 

Bpoc'(94-129)'OBu' (153). The peptide acid (I 22a) (0.16~. 
0.086 mM) and the salt (l52a) (0.20 g. 0.05 mM) were dissolved In 
HMPA (I ml) and the solution cooled to o· prior to the additiO~ 
of HONSu (20 mg. 0.172 mM). DCC! (22 mg.0.108 mM) and NM 
(0.5 ml of a 0.1 mM/ml solution in DMF). The reac tion mixture 
was stirred for 2 days then recooled to o· and further portions of 
HONSu (10 mg) and DCC! (11 mg) added. stirring was then con' 
tinued for 4 days. The reaction mixture was diluted with D~~ 
(3 ml) and HMPA (3 ml) and the resulting solu tion applle 
directly to Sephadex LH60 being eluted with DMF. The prod~ct 
was found to be located in two widely separated peaks haviOg 
(A) (Ve/Vt) = 0.25 and (B) 0.47. the isolated material being ide~' 
tical by TLC Rr(7) - 0.8. Rr(30) - 0.4 (see discuss ion of experl' 
mental above). Precipitation of the material contained in th: 
major peak (Ve/Vt) = 0.25 gave (152 mg. 54%). LYS/Ornl 4.9 
Arg, 1.02 Asps 5.08 Ser) 3.16 G1ys 5.14 Ala, 4.06 Val4 3.75 lie, 
0.87 Leu, 1.05 Nle, 1.05. The peak at (Ve/Vt) = 0.47 gave (62 mg. 
22%). Lys/Orns 5.21 Arg, 1.05 Asps 5.00 Ser) 2.88 Glys 4.97 Ala; 
4.02 Val, 3034 lie, 0.88 Leu, 1.02 Nle, 1.07. A sample of (~ 
(lOOmg) was dissolved in HMPA (2ml) and DMF (2ml). This 
solution was then applied to Sephadex LH60 and eluted with 2 ~ 
urea in DMF giving a single peak at (Ve/Vt) = 0.52. [A sample 0 

(B) similarly gave a single peak at (Ve/Vt) = 0.521. Aftc.r 
evaporation of the solvent and precipitation with brine the res~ 
due was washed with water. The hazy solution eventually yieldp 
(153) (25 mg. 25%). m.p. > 230·. [altf + 3.1· (c = I. HMPA/DM li 
4: I). [a Itf - 2.8· (c = 0.5. TFE). Rr(7) - 0.4. Rr(30) - 0.4. Rr{1 
- 0.5. Lys/Orns4.67 Arg, 1.02 Asps 4.96 Ser) 2.59 Glys 5.04 Ala. 
4.01 Val, 4.04 lie, 0.89 Leu. 1.04 Nle, 1.08. (promase/APM) Tr~ 
3.00 LYS/Ornl 5.15 Arg, 0.97 Cys(Acm) +Cys) 3.30 ASPl 2. 
Asn/Ser6+ 4.50 Glys+ 5.73 Ala, 4.02 Val, 4.18 lie, 1.18. Leu, 0.98 
Nle, 0.95 (+ error probably due to poor resolution). (Fo~nd.: ~. 
57.82; H. 7.43; N. 12.25; C29,H417Ns)066S) ' IIH20 req UIres .• 
57.98; H. 7.67; N. 12031 %). 3) 

CI-H1+'(94-129) 'OBu' (I 53a). Bpoc'(94-129)'OBu' (15 
(182 mg. 0.032 mM) was dissolved in TFE (3.6 ml) . water (0.4 rnl) 
and DMS (0.2 ml. 2.74 mM) added and the pH brought to 0.5 bb 
the addition of 0.1 M HCI in 90% TFE ("q). After 45 min TL 
indicated the cleavage to be complete and the so lvent was 
evaporated leaving a residue which was triturated with Etl~' 
This solid was washed with water and Et20 then dried giving t e 
required salt (l53a) (165 mg. 91 %). Rr(7) - 0.6. 

Bpoc·(76-129)·OBu' (154). Bpoc'(76-93) 'OH (113a)'1 (53 mS· 
0.023 mM) and the hydrochloride (IS3a) (120 mg. 0.023 mM) weri 
dissolved in HMPA (I ml) and DMF (0.5 ml). NMM [(0.23 ml) Od 
a 0.1 mM/ml solution in DMFJ was added and the solution cool~l 
to O· before treating with HONSu (5 mg. 0.046 mM) and DC 
(7 mg. 0.46 mM). After stirring for 2 days at room temperatur~ 
the reaction mixture was recooled to O· and further portions Od 
HONSu (3 mg) and DCC! (4 mg) added. The reaction mixture h~ ~ 
set to a thick gel after a further 3 days and was precipitated wl~e 
water. being washed with DMF. MeOH and Et20 to give t 
crude product (154) (165 mg. 91%). Lys/Orn.1 4.60 Arg, 1.00 AS~Z 
7.10 Thr, 1.12 Sers 4.19 Pro, 1.00 GlY7 6.94 Ala7 7.06 Vals 4.' 
Nva, 1.27 lie) 2.88 Leu2 2.18 Nle. 0.98 . . 

Purification was initially carried out on Enzacryl K2 elUtln: 
with NMP the required product being contained in the pea 
eluting with (Ve/Vt) = 0.38 giving LYS/Ornl 4.78 Arg, 1.03 Asr, 
7.26 Thr, 0.94 Sers 4.01 Pro, 1.03 GlY7 6.94 Ala7 7.21 Vals 4. d 
Nva. 1.10 lie) 2.71 Leu2 2.00 Nle, 1.29 TLC electrophoresis a~1 
isoelectric focussing showed that this material was slightly impu 



Peptides-XXXXVI 3049 

~~ therefore further purification was carried out by dissolving in 
NMPA and rechromatography on Sephadex LH60 eluting with 

P .. Some aggregation was observed, but the bulk of the 
~~enal eluted with (Ve/Vt) = 0.42, work up giving (154) (84 mg, 
I oil, Rr(7) - 0.8, Rr(23) - 0.6, Rr(3!) - 0.6, Lys/Orns 4.46 Arg, 
V I Asp, 7.12 Thr, 1.12 Sers 4.57 Pro, 1.01 Gly, 7.12 Ala, 7031 

a s ~.71 Nva, 1.14 Ile) 3.01 Leu2 2.01 Nle, 1.01; deprotected 
matenal run on Sephadex CM25 eluting with 0.1 M pyridinium 
ace!ate pH 6.5 (0.1 M wrt NaCI) running a gradient to 0.1 M 
~ndinium acetate pH 8.5 (I M wrt NaCI) gave Lys/Orns 5.05 
6 ~~' 0.98 Asp, 7.00 Thr, 0.90 Sers 4.67 Pro, 0.98 Gly, 7.15 Ala, 
. Vals 4.97 Nva, 1.05 Ile) 2.64 Leu2 2.18 Nle, 1.05. 
II~doc·(I-75)'OH (l5Ia). Adoc'(1-75)·OPh (151) (l20mg, 
(06 ILM) was dissolved in TFE (5.8 ml), HlO (0.6 ml) and DMS 
s . ~I) added and the pH adjusted to 10.5 with 0.1 M NaOH. A 
31utlOn .of H20 2 [0.1 ml of a solution containing 100 vol. H20 2 
~.I ml) In H20 (10 ml)] was added and the cleavage allowed to 
I rocee? ~or I h. The pH was then brought to 3.5 with ice cold 
s 0% Cltnc acid and concentrated prior to the addition of a 
:tu~ated ~olution of NaCI. The resulting precipitate was filtered , 
(I~~ ed With Et20 and dried giving the required peptide acid 
re a) ~107 mg, 91%), Rr(23) - 0.8, Rr(7) - 0.7 (cf. 0.9 and 0.8 
ti SpeChvely for the corresponding phenyl ester). A UV estima-
on of the phenol liberated indicated an 80% yield of phenol. 
13~I - Hl+'(76-129).OBU' (l54a). Bpoc'(76-129)'OBu'(154)(l11 mg, 
J)' ILM) was dissolved in TFE (9 ml), HlO (0.9 ml) and 
b MS (~.9 ml). At this stage the reaction mixture was very hazy 
r Ut . adjusting the pH to 0.5 with 0.05 M HCI in 90% TFE (aq) 
~P.ldly. brought about a clear solution. The reaction mixture was 
f aIntalned at pH 0.5 for 1.25 h then evaporated to give a dry 
R~~ Which was triturated with EtlO giving (154a) (105 mg, 96%). 
Bf ) - 0.2, Rr(23) - 0.4 [cf. 0.8 and 0.6 for the corresponding 
etoc derivative (154)]. A UV estimation indicated complete 

eavage. 
9 8~doc·(I-129).OBu' (155). Adoc·(I-75)·OH (15Ia) (105 mg, 
H ILM), C1-H2 +·(76-129)·OBu' (I 54a) (77 mg, 9.89 JLM) and 
(20NSu (4.6mg, 22JLM) were dissolved in a mixture of HMPA 
J)M~ and OMF (I ml). After cooling to 0° a solution of NMM in 
(46 (0.1 ml) was added (0.1 mlml NMM) along with OCCI 
ro' mg, 22 JLM) and the reaction mixture stirred overnight at 
tioOm temperature. The solution was recooled and further por
ri ns of OCCI (203 mg) and HONSu (203 mg) added before stir
inng .for a.n additional 4 days. The solution, which had incr~ased 
br' VISCOSity during the reaction period, was then poured into 
w .~~e to precipitate the product. The resulting solid was washed 
er' Water, Et20 and IPA before drying over P20S which gave the 
Il. ~~)e product (170 mg, 91%), Rr(3) - 0.8, Rr(l5)-streak to 0.6, 
Il\~ . - 0.8, Rr(l7) - 0.6, a trace of fluorescamine positive 
12 ~~nal remained at the origin in all systems. AAA: Lys/Orn,) 
208 Arg, 1.00 Asp,s 14.81 Thr6 5.50 SeriO 8.27 Glus 5.27 Pr02 
4'29 GIY'8 17.93 Ala17 16.98 Cyss 8.06 Val6 5.93 Nva2 2.51+ Ile. 
p; Leug 8.27 Nlel 2.04 Tyr) 2.94 Phe) 2.82 (carried out in the 
~senc~ of Nps·CI; + occurred at the buffer change). 

Va .he ISolated material was only slightly soluble in a wide 
NM~ty of solvents and trial gel filtration chromatography in TFE, 
tha Or OMA with Enzacryl K2 or Sephadex LH60 indicated 
Wo t Ideprotection of this material followed by further purification 
~ d be the best course of action. 

. tect~protection studies on Adoc·(1-129)·OBu' (155). The depro
ex 10~ experiments were run many times and therefore the 
Of~~lImental details which follow may be taken as representative 
(24 e Whole series of experiments. The precipitated protein (155) 
toet

mg, 1.7 JLM) was treated with anisole (003 ml) and mercap
in t~anol (OJ ml) then dissolved in 90% TFA (aq) (3 ml) under N2 
'l/h' h dark. After 3 h Et20 was added to precipitate the product 
N»C+ Was washed with Et20 then dried and dissolved in 0.4% 
COl 4 IiCO)- prior to being applied directly to a Sephadex G75 
O.9~~n . Peaks were observed at (Ve/Vt) (a) 0.33, (b) 0.70 and (c) 
Oth' Peak (a) contained 1.4 mg (b) 7.1 mg and (c) anisole and 
req e~ Small molecules present. Material from (a) did not have the 
nat~lred UV profile whereas the material in peak (b) resembled 
rete HEL. Also a marker, octa-S-carbamidomethylated
Col ueed HEL (CH EL) eluted at (Ve/Vt) = 0.66 on the G75 

umn. 

11 -

The material from peak (b) was then applied to Sephadex 
CM25 eluting on a gradient running from 0.1 M NH 40Ac (pH 6.5) 
to 0.4 M "(NH.jzCO)" (pH 8.5). The two peaks were obtained as 
indicated in the discussion section, the peak at lowest pH giving 
(c) (1.2 mg) and that at higher pH (d) (4.6 mg) after dialysis 
against distilled water and lyophilisa tion (see Fig. I). 

Samples were run on polyacrylamide gel isoelectric focuss ing 
being compared with HEL and CHEL being stained with 
Coomasie Blue. Sample (c) had a pi of 10 whereas (d). HEL and 
CHEL all showed a pi of 10.5, however. this was rather close to 
the limit of the gel. AAA (6 M HCI. 24 h, 110°) for (d) gave : 
Lys/Orn1313.33 Arg, 1.00 Asp,s 15.71 Thr6 6.19 SerlO 9.76 Glus 
5.26 Pro2 2.62 Gly,s 18.27 Ala17 16.96 Val6 6.45 Nva2 1.88 lIe4 4.91 
Leug 8.07 Nle2 2.19 Tyr) 1.69 Phe) 2.32. A parallel analysis on 
CHEL gave: LyS6 5.12 His, 1.12 Argll 11.22 Cys(CH2C02H)s 
7.18 ASP2' 19.69 Thr, 5.68 SerlO 7.08 Glus 5.61 Pro2 2.40 GIY'2 
12.00 Ala12 12.00 Val6 6.02 Met2 2.49 Ile6 5.54 Leu8 7.26 Tyr) 2.53 
Phe) 3.04. The UV profiles of material from (d). HEL and CH EL 
were virtually identical (see Fig. 2) supporting the integrity of the 
tryptophan side chain. 

Study of Acm removal frolll octa-Acm(I-129) (155). Similar 
material to that obtained above by gel filtration and ion exchange 
chromatography was used in the two following experiments. 

(a) The material (155) (10 mg) was dissolved in 50% HOAc and 
Hg(OAcjz (15.1 mg) in 50% HOAc (0.17 ml) added. After stirring 
under N2 for 70 min at room temperature mercaptoethanol 
(0.7 ml) was added and the reaction mixture stirred for 19 hours, 
during this time the reaction mixture became hazy. The whole 
reac tion mixture was then applied directly to Sephadex G 15 
eluting with 0.1 M HOAc. A sharp peak eluted at the void volume 
along with several other components with larger elution volumes. 
Pooling of the fractions at the void volume and UV estimation of 
protein at 280 nm indicated a yield of (53%). The UV profile of 
the material being the same as that before removal of the Acm 
groups and identical with HEL (see Fig. 2). 

The thiol content of the product was then estimated using the 
Ellman reagent giving a value of 4.0 I SH groups per molecule 
(using 00280 to estimate protein concentration using El8() = 37017 
calculated for the lysozyme analogue. HEL ElRO = 35712). A 
repeat of this experiment gave a value of 4.16 SH groups per 
molecule. 

(b) The experiment was then repeated in duplicate after adding 
urea to a concentration of 8 M. This brought the SH content to 
6.15 and 6.00 after gel filtration on Sephadex G 15 eluting with 
0.1 M HOAc. 
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The structures of the title compounds, the 6-monomesylates of which are used respectively in the 
stereospecific syntheses of the naturally occurring epimers zizanoic acid and epizizanoic acid, have been 
determined by single-crystal X-ray analyses from diffractometer data, and have been refined by least
squares calculation to final R values of 0·066 (for the dihydroxy compound) and 0·058 (for the chloro
acetoxy derivative). The absolute stereochemistries of both compounds have been inferred by compar
ison of unchanging centres with the known absolute stereochemistries of the natural zizanoic and 
epizizanoic acids. The analyses reveal that the osmylation of the tricyclic olefin precursors of the two 
compounds has proceeded by different stereochemical routes controlled, at least in part, by the 2P- and 
2a-orientations of the carbomethoxy groups. There are also small, but significant differences in the 
detailed geometries of the two molecules which probably result from the different spatial arrangements 
of substituents. Both bicyclo[2,2,I]heptyl residues exhibit twisting of the Synchro(- - ) type. 

Introduction OH 

:~ the course of a successful synthetic route to the 
S:YClovetivane sesquiterpene zizanoic acid (Mac
ar eeney & Ramage, 1971), a key step involved re
p/angement of the 6-monomesylate of the 5,6-diol 
steOduced by osmylation of the tricyclic olefin (I). The 
kn reochemistry of the rearrangement product (II) was 
pr~:n by direct comparison with authentic material 
eVe ~ced by degradation of methyl zizanoate. How
adJ,' .In order to elucidate the factors which influence 
sta Ihon reactions of the olefin (J), and also to under
llle nd the stereochemical consequences of the rearrange
llli nt process leading to (H), it was necessary to deter
rne~~ Unambiguously the stereochemistry of the inter
c late 5,6-diol. We therefore undertook a single
lll~~ta.l X-ray analysis of the 5,6-diol produced by os
(Ill abon of (I), and proved it to be the 5ex,6ex-isomer 
C(5~' .Hence by comparison of the stereochemistries at 
ran In (3) and (2), it may be inferred that the rear
IYtige~ent occurs with inversion at the site of solvo
conc c eavage of the mesylate ion. This would indicate a 

OH 

Cci
,CH3 

" ' CH 3 

I , , . , 

certed process analogous to an SN2 reaction. 

CH 3 

9;1 "'·CH 3 . 

I , , , . , 
1_ .......... 

CO,Me 

(I) 

\ ____ 1 

C0 2Me C0 2Me 

(Ill) (IV) 

- ~~:~, ~". 
, I ' 
I \- .. • _1 , 

C02Me 

R - CICH 2CO-

(V) 

Two features which would be expected to influence 
the direction of reagent-approach to the tricyclic sys
tem of (1), are the known preference of the bicyclo
[2,2,I]heptyl system for reaction from the exo face 
(Sauers, How & Feilich, 1965), and the stereochemistry 
of the bulky carQomethoxy group at C(2). The subtle 
interplay of these effects is evidenced by the high degree 
of stereospecificity in reactions of (I), in contrast to the 
markedly less selective reactions of the epimeric ester 
(IV). Since the 5,6-diol resulting from (IV) is used in an 
analogous synthetic route to epizizanoic acid (Kido, 

El 
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Uda & Yoshikoshi, 1972), we also undertook a single
crystal X-ray analysis of the 5-monochloroacetate of 
the major 5,6-diol* resulting from osmylation of (IV), 
and have shown that it possesses the structure and ab
solute stereochemistry (V). By comparing the stereo
chemistries of (Ill) and (V), it is apparent that the 
osmium tetroxide has preferentially approached the 
endo-face of (1) to produce (111), but has approached 
the exo-facc of (IV) to produce (V). 

In the present paper we present details of the anal
yses of (H I) and (V), and compare their molecular 
geometries. Application of the chemical and stereo
chemical principles emergent from these studies will be 
di scussed more fulIy elsewhere. 

Experimental 
Crystal data 
2fJ-Carbomethoxy-5oc, 6oc-dihydroxy-7, 7-dimethyl

tricyclo[6,2, 1,0··6]undecane (Ill), ClsH2404' 
M = 268·4. 
Monoclinic, a= 10·886 (3), b = 7·766 (4), c=8·591 
(2) A, fJ = 100·93 (2t, U= 713·1 AJ. 

Dm = 1·24 g cm-J (by flotation in aqueous KI), 
Z = 2, 

De= 1·25 g cm- 3, F(000) = 292. 
Space group P21 (q, No. 4). 
Linear absorption coefficient for X-rays (J. = 0· 7107 A), 

Il = 0·96 cm- I. 
2oc-Carbomethoxy-5fJ-chloroacetoxy-7,7-dimethyl

tricyclo[6,2, I ,01.6]undecan-6fJ-ol (V), C17H2sOsCI, 
M = 344·8. 

Orthorhombic, a = 14·270 (6), b = 7·541 (5), 
c = 15·824 (8) A, U = 1702·8 AJ. 

Dm = 1·33 g cm- J (by flotation in aqueous KI), 
Z = 4, 

De= 1·34 g cm- J
, F(000)=736. 

Space group P212121 (D~, No. 19). 
Linear absorption coefficient for X-rays (J. = 0·7107 A), 

/l = 2·50 cm-I. 

Crystallographic measurements 
The ceII parameters of both compounds were ini

tialIy determined from oscillation and Weissenberg pho
tographs taken with Cu Koc (J. = l' 5418 A) radiation, 
and from precession photographs taken with Mo Koc 
(J. = 0·7107 A) radiation, and were later refined by 
least-squares techniques immediately prior to the 
diffractometer data colIections. Both the systematic ab
sences in the X-ray spectra, and the known optical ac
tivity of the two molecules, uniquely defined the space 
groups as P21 [for (III)], and P2 12121 [for (V)] . 

Intensity measurements were made on a Hilger and 
Watts Y290 computer-controlIed diffractometer with 
Zr-fiItered Mo radiation, and the 20-scan technique 

• This material was kindly shown by Professor Yoshikoshi 
to be identical wilh the intermediate used in his synthesis of 
epizizanoic acid. 

in the range 20 ° -+56°. For (Ill) , a flat plate (0·6 x 0·2 
x 0'1 mm) mounted about b, produced 1240 indepen-

dent reflexions (/> 20'1; 0'1= VI+B1 + B2), while fodY), 
a plate (0·8 x 0·4 x 0·3 mm) also mounted about b, re
sulted in 2057 independent reflexions (/> 20'1)' Both 
sets of intensities were corrected for Lorentz and polad I 

ization factors , but absorption effects were considere 
negligible and ignored. 

Structure determinations 
Both structures were solved by application of non

centrosymmetric direct methods with programs devel
oped by Stewart (1967), and incorporated into the 
X-RA Y 70 suite programs. Table 1 lists the initial .as-
signment of phase values to several reflexions with hIgh 
IEI values. Trial sets of phases were then derived f~r) 
those 201 reflexions of (Ill) and 262 reflexions of (Y 
with IEI > 1·50 with the phase-refinement techniques of 
the tangent-formula reiteration procedure. E rnaps, 
computed with those trial sets of phases with lowes)t 
Karle R index (Karle & Karle, 1966) [0·17 for (Ill , 
0·19 for (V)] , completely revealed both structures. Irn
proved coordinates for use in the least-squares refiner 
ments were in each case obtained by two rounds 0 

structure-factor and electron-density calculations. A~ter 
each structure-factor calculation, in which overaJI lSd
tropic thermal parameters U. so = 0·05 A2 were assurn\ ' 
The two sets of data were placed on approximate a -
solute scales by equating k L:lFol and L:lFel. 

Table I. Origin-defining and variable reflexions 

(a) For (Ill) 

h k I 
1 0 - 40.0 . 
2 0 - I 0.0. 
7 5 -\ 0.0. 
I 4 - 6 Enantiomorph 
2 6 I Variable 

Phase 
o 
o 
o 

(11/4, 11/2, 311/4) 
(11/4, 311/4, 511/4, 
711/4) 

Correct solution: (£=311/4; V= 11/4) , R= O· 17. 

(b) For (V) 
h k I 
o 3 120.D. 
3 0 140.D. 

17 0 70.D. 
J 4 0 Enantiomorph 
9 3 5 Variable 

Phase 
11/2 
11 
11/2 
11/2 

(11/4, 311/4, 511/4, 
711/4) 

Correct solution: (£=11/2 ; V= 311/4), R=O·19. 

IEI 
3·31 
2·21 
2·86 
2·82 
2·91 

/£1 
3·56 
3.06 
2.80 
2·11 
3·\9 

Structure refinements 
The positional, vibrational and overalI-scale par;~: 

eters for both structures were refined initially by lIby 
matrix least-squares calculations and subsequen~IY of 
the block-diagonal approximation (on introductJOll

W 
anisotropic thermal parameters). For (III) the calcll od 
tions converged after 12 cycles when R was 0·066 se!' 
R' (= L:w,121L:wIFoI2) was 0·006, while for (V) coil" 00 
gence was reached after 15 cycles when R was 0·058 s 
R I was 0·005. 

(6 
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Difference syntheses, calculated after the preliminary Table 2 (conI.) 
cycles of both refinements, revealed all the hydrogen 
at~ms . In later cycles hydrogen-atom positions were 

H(42) 0·286 (6) 0'790 (11) 0·368 (9) 
H(5) 0·249 (6) 0'703 (11) 0·593 (9) 

re ned, although the assumed isotropic thermal par- H(8) 0·168 (7) 0·323 (11) 0·870 (9) 
~meters for the hydrogen atoms, U/ so = 0·05 A2, were H(91) 0·185 (7) 0·040 (\3) 0·743 (10) 

beld constant throughout. Also, in the latter stages of H(92) 0·333 (7) 0·081 (13) 0·834 (10) 

oth refinements, a weighting scheme of the form 
H(101) 0·374 (7) 0'133 ( 11 ) 0·581 (9) 
H(l02) 0·248 (7) 0·069 (12) 0·503 (10) 

Vw= I for lFol <p; Vw=p/lFol for lFol > p 
H(111) 0·071 (6) 0'292 (11) 0'582 (9) 
H(l12) 0'101 (7) 0'488 (11) 0·62 1 (9) 

w;s applied 0 the two sets of data, the optimum values H(121) 0'468 (7) 0·277 (12) 0'879 (10) 

o p being 10·0 for (Ill) and 20·0 for (V). 
H(l22) 0'421 (7) 0·363 (12) 1·014 (10) 

f On the convergence of both refinements, the calcula-
H(123) 0'503 (8) 0·473 (13) 0·915 (10) 
H(131) 0·204 (7) 0·645 (12) 0·835 ( 10) 

slon of electron-density distributions and difference H(132) 0·340 (7) 0·711 (13) 0'876 (10) 

/Rtheses revealed no errors in the structures, and the H(133) 0·295 (7) 0'569 (12) 0·990 (10) 

e Fnem~nts were considered complete. * H(151) 0·055 (7) 0·063 (13) 0·005 ( 11 ) 
H(152) 0' 136 (8) -0,058 (15) 0·026 (10) 

b hactlOnal coordinates and thermal parameters for H(l53) 0·059 (8) -0,067 (16) 0'162 (11) 
c~t ~ompounds are given in Table 2, while Table 3 
ne~ta .. ns all bond lengths, valency angles, and perti- (c) Anisotropic temperature factors (A') for (Ill) 

est't Intra- and intermolecular non-bonded distances; UII Un U3l 2U,l 2Ull 2U12 

Ve Imated standard deviations are derived from the in- 0(1) 0·0369 0·0411 0·0530 - 0'0103 0·0182 0·0194 

Ill~se.s of the respective least-squares normal-equation 0(2) 0·0537 0·0411 0·0453 - 0·0074 0·0047 -0'0306 

b tflces. For (Ill), the mean (J for C-O, C-C and C- H 
0(3) 0·0472 0·0821 0'1208 - 0·0544 0·0032 - 0·0322 

a~nlds ar~ 0'008, 0·008 and 0·08 A, while for valency 
0(4) 0·0697 0·0645 0'0502 - 0·0461 0·0155 -0'0315 
C(1) 0·0342 0·0312 0·0420 0'0156 0'0231 - 0'0065 

O.~~s (J IS 0'5°. The corresponding values for (V) are C(2) 0'0323 0·0408 0·0376 -0'0132 0·0121 - 0·0082 

reg ,0'005,0'06 A and 0'3°. These are probably best C(3) 0·0480 0'0528 0·0302 0·0121 0'0039 - 0'0165 

arded as minimum values. 
C(4) 0·0493 0·0372 0·0433 0·0127 0·0031 -0·0 112 
C(5) 0·0367 0·0371 0'0376 -0,0078 0·0192 -0'0065 

Br~ti~abl~s of structll~e factor.s have been deposited with the 
C(6) 0'0323 0·0350 0·0299 0'0110 0·0099 0'0245 
C(7) 0'0500 0·0484 0·0303 0·0057 0·0080 0'0058 

Catio N Library Lendmg DevlslOn as Supplementary Publi- C(8) 0·0573 0'0589 0'0415 0·0197 0·0502 - 0·00 15 

the ~ o. ~UP. 30227 (9 pp.). Copies may be obtained through C(9) 0·0796 0·0537 0·0630 0·0465 0·0344 0'0019 

logra ~ecutlve Secretary, International Union of Crystal- C( IO) 0·0605 0·0305 0'0504 - 0·0040 0·0042 0·0034 

p y, 13 White Friars, Chester CH I I NZ, England . C(ll) 0·0422 0·0433 0'0560 0·0014 0·0418 -0'0160 
C(12) 0·0782 0·0797 0·0390 0·0179 -0·0101 0·0364 

Table 2. A tomic parameters 
C(13) 0·0570 0·0676 0·0429 -0,0192 0·0303 0·0161 
C(14) 0'0521 0·0496 0·0477 -0,0336 0·0020 0'0001 

(a) F . C( 15) 0'1140 0·0615 0·0655 - 0·0439 - 0·0064 - 0·0669 
ractlOnal coordinates for (111) 

00) 
x/a y/b z/ c Average estimated standard deviations (A') 

0(2) 0'46561 (32) 0·42980· 0'59808 (46) Ull U
" 

Ull 2Ull 2UlI 2UIl 

0(3) 
0'42861 (37) 0·75708 (60) 0·63435 (47) 0 0·0023 0'0029 0'0028 0'0027 0'0020 0·0023 

0(4) 
0'01952 (43) 0'26161 (89) 0·25172 (78) C 0·0034 0'0036 0·0031 0·0028 0·0025 0·0031 

CO) 
0'18297 (44) 0·12790 (7 1) 0'18270 (53) 

C(2) 
0'24774 (45) 0'34228 (72) 0'52818 (61) (d) Fractional coordinates for (V) 

C(3) 0'22683 (45) 0·37112 (75) 0'34756 (60) 

C(4) 0'19064 (53) 0'55936 (87) 0'30453 (63) Cl - 0'08679 (8) -0·00146 (25) 0·25464 (10) 

C(S) 0'29815 (54) 0'67438 (80) 0·38202 (67) 0 (1) 0·27658 (16) -0'17258 (35) 0'49116 (14) 

C(6) 0'321 06 (47) 0·66119 (76) 0'56090 (61) 0(2) 0·1 5 173 (15) - 0'08406 (36) 0'36516 (15) 

C(7) 0'34301 (44) 0'47243 (72) 0·62216 (57) 0(3) o· 59195 (20) -0'20362 (56) 0'46862 (18) 

C(8) 0'32519 (51) 0·44800 (87) 0·80063 (60) 0(4) 0'58933 (18) - 0'14506 (40) 0'33049 (1 7) 

C(9) 0'21434 (57) 0·31333 (94) 0'77872 (68) 0(5) 0'11902 (20) 0'02863 (56) 0'23685 (18) 

COO) 
0'25751 (73) 0'13246 (98) 0'74297 (88) C( I) 0'40211 (70) - 0'0021 9 (48) 0'43480 (19) 

COl) 0'29133 (57) 0'15653 (79) 0'57683 (70) C(2) 0'4421 6 (23) - 0'17546 (52) 0·40110 (21) 

CO2) 
0'13759 (51) 0·36656 (86) 0·61628 (73) C(3) 0'40232 (25) - 0'21576 (5 7) 0'31226 (22) 

C(3) 0'44622 (69) 0·38072 (114) 0·90571 (74) C(4) 0·29420 (25) - 0'22127 (54) 0·31412 (23) 

C(4) 0·28540 (60) 0·60942 (1 01) 0'87832 (72) C(5) 0·25219 (21) -0·05394 (49) 0·35298 (21) 

COS) 
0'12992 (57) 0'24967 (91) 0·25812 (73) C(6) 0·29311 (21) - 0'01747 (49) 0'44038 (20) 

0'10004 (90) 0·00442 (115) 0·09193 (97) C(7) 0·26489 (24) 0·15870 (51) 0'48915 (23) 

~ 
C(8) 0·36205 (27) 0'23038 (58) 0'51780 (27) 

(b) • Value held constant. C(9) 0·41247 (30) 0'32254 (58) 0·44404 (34) 

~.atom fractional coordinates for (Ill) 
C(10) 0'43071 (25) 0'166 16 (53) 0·38143 (26) 

I' C(ll) 0'42268 (24) 0·06094 (56) 0'52572 (24) 

0 li(gg 0'494 (6) 0'349 (11) 0·615 (8) C(12) 0'20935 (30) 0·29051 (59) 0'43391 (31) 

(' 
!i(2) 0'462 (6) 0·800 (11) 0'561 (9) C(13) 0'J0479 (29) 0·11 901 (60) 0·56772 (27) 

d lie 0'310 (6) 0·352 (11) 0'315 (8) ':::(14) 0'54854 (24) -0,17531 (55) 0·40490 (24) 

!id~~ 0'180 (6) 0'573 (11) 0'185 (9) C(l5) 0·69091 (26) -0·13771 (60) 0·32852 (28) 

!i(41) 0'113 (6) 0'585 (11) 0'358 (9) C(16) 0·09445 (24) -0·03659 (56) 0'30242 (23) 
0'372 (6) 0'648 (11) 0·341 (9) C(17) - 0·00463 (25) - 0·08234 (72) 0'32937 (29) 
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Table 2 (cont.) 

(e) H-atom fractional coordinates for (V) 

H(OI) 0·2201 (40) -0,2194 (81) 0·4971 (34) 
H(2) 0'4263 (39) -0·2690 (81) 0·4424 (34) 
H(31) 0·4207 (38) -0'1411 (77) 0'2673 (35) 
H(32) 0·4279 (38) -0,3326 (77) 0·2899 (34) 
H(41) 0·2721 (39) -0'2594 (79) 0'2584 (33) 
H(42) 0·2767 (37) -0,3211 (80) 0·3482 (35) 
H(5) 0'2602 (38) 0'0557 (78) 0'3123 (34) 
H(8) 0'3556 (38) 0·2931 (82) 0'5800 (34) 
H(91) 0'4761 (40) 0·3724 (78) 0'4589 (35) 
H(92) 0·3718 (39) 0·4054 (75) 0'4136 (36) 
H( IOI) 0·4998 (35) 0'1526 (79) 0·3659 (36) 
H( \o2) 0·3946 (37) 0'1758 (81) 0·3298 (35) 
H( III) 0'3996 (35) -0·0149 (80) 0'5659 (34) 
H(112) 0'4953 (38) 0·0909 (78) 0'5390 (35) 
H(12\) 0·1387 (38) 0·2453 (80) 0·4255 (35) 
H(l22) 0·2404 (39) 0·3027 (82) 0'3861 (33) 
H(123) 0·2041 (40) 0'4113 (74) 0·4733 (34) 
H(131) 0·2408 (39) 0'0500 (78) 0·6099 (34) 
H(l32) 0'1416 (37) 0·0563 (78) 0'5529 (34) 
H(133) 0'1842 (38) 0·2479 (79) 0'5944 (33) 
H(151 ) 0'7057 (39) -0' 1056 (76) 0·2765 (35) 
H(152) 0·7188 (38) - 0·2674 (79) 0·3556 (34) 
H(153) 0·7091 (38) - 0,0990 (73) 0·3769 (34) 
H(171 ) - 0·0141 (36) - 0·2515 (80) 0'3326 (37) 
H( I72) - 0·0219 (36) - 0·0071 (81) 0·3790 (34) 

(/) Anisotropic temperature factors (A') for (V) 
Uu U22 Ull 2Ull 2UlI 2UIl 

CI(I ) 0·0334 0' 1055 0·1092 0·0396 - 0·0575 -0'0043 
0 (1) 0·0270 0·0394 0'0333 0'0136 0'0033 -0,0071 
0(2) 0'0230 0'0506 0'0354 0·0072 - 0'0055 - 0,0071 
0(3) 0'0344 0·1065 0·0440 0·0270 - 0'0078 0'0416 
0 (4) 0·0303 0·0571 0·0445 0·0115 0·0069 - 0'0008 
0(5) 0·0413 0' 1006 0·0411 0·0331 - 0,0176 0·0005 
C(\) 0·0207 0·0331 0·0302 0·0025 -0'0035 -0'0014 
C(2) 0·0270 0'0388 0·0320 0 '0006 0'0017 -0·0019 
C(3) 0'0313 0'0510 0·0333 -0·0197 0'0059 0·0025 
C(4) 0·0319 0·0447 0'0369 - 0·0226 - 0·0056 - 0·0037 
C(5) 0·0207 0·0394 0·0336 0'0009 - 0'0059 0·0018 
C(6) 0'0245 0·0353 0·0292 0'0023 - 0,0027 0·0017 
C(7) 0·0320 0·0353 0'0406 -0,0137 - 0,0028 0·0084 
C(8) 0·0329 0·0445 0·0576 - 0,0356 - 0,0027 - 0,0053 
C(9) 0'0422 0·0332 0·0882 - 0'0094 0·0077 - 0·0 I 05 
C(IO) 0·0330 0·0345 0'0558 0·0229 0·0063 - 0·0081 
C(ll ) 0·0300 0'0480 0·0409 - 0·0168 - 0,0120 0·0001 
C(12) 0·0466 0·0414 0·0657 -0·0061 - 0,0056 0·0320 
C(13) 0·0436 0·0543 0·0476 - 0,0227 0·0167 0'0144 
C(14) 0·0302 0'0401 0'0424 - 0·00 11 0·00\7 0·0117 
C(15) 0·0308 0'0528 0·0541 0·0091 0·0071 0·0016 
C(16) 0'0376 0·0492 0·0380 -0,0146 - 0,0\38 0'0106 
C(17) 0·0237 0·0761 0'0584 - 0·0062 - 0·0 141 0'0052 

Average estimated standard deviations (A') 
Uu U" Ul l 2Ull 2Ul I 2UIl 

Cl 0 ·0004 0·0011 0'0011 0·0021 0·0012 0'0014 
0 0'0012 0·0020 0·0013 0·0029 0·0022 0·0028 
C 0·0016 0·0021 0'0020 0·0036 0·0031 0·0033 

Details of least-sq uares planes calculated for various 
portions of the molecular frameworks are given in 
Table 4. The atomic numbering schemes are shown in 
Figs. 1 and 2, while Figs. 3 and 4 show projected views 
of both molecular packings. The absolute stereochemi
stries [with the exception of the stereochemistries at C(5) 
and C(6)] of both molecules were known prior to the 
X-ray analyses, and all formulae and diagrams refer to 
the correct stereochemistries. 

I I I I I 
o 2A 

Fig. I. A view of one molecule of (Ill), showing the atO(l1i~ 
numbering. Hydrogen atoms are numbered as the carbO 
and oxygen atoms to which they are bonded. 

C(15) 

I I I I I 
o 1 2A 

I 
I 
I I 

I I 

•• 
Fig. 2. A view of one molecule of (V), showing the atO~~ 

numbering. Hydrogen atoms are numbered as the cat P 
and oxygen atoms to which they are bonded. 
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Discussion 

Although a mechanistic problem provided the origina l 
~.ason for undertaking both analyses, it is evident that, 
a I~h the exception of the chloroacetoxy function, (Ill) 
th . (V) differ only in stereochemistry. Comparison of 

I elr detailed molecular geometries thus affords an 
Opportunity to examine the extent to which the dimen-

sions to the molecules may be influenced by the differ
ent spatial a rrangements of virtually the same substi
tuents. 

The molecules (Ill) and CV) may be regarded as pos
sessing similar bicyclo[2,2,I]heptyl skeletons fused in 
different ways to the cyclohexane rings, with corre
sponding reorientation of the other substituents. Al
though comparison of the mean C-C bond lengths 

Table 3. lnteratomic distances CA) and angles CO) with estimated standard deviations in parentheses 

(a) Bonded distances for both molecules 

0(1)- C(6) 
0(2)- C(5) 
0(3)- C(14) 
0(4)-C(14) 
0(4)- C(l5) 
C(1)-C(2) 
C(1)- C(6) 
C(\)- C(IO) 
C(1)- C(lI ) 
C(2)- C(3) 
C(2)-C(14) 
C(3)-C(4) 
C(4)- C(5) 

(Ill) 

1'428 (6) 
1·429 (7) 
1'196 (8) 
1·338 (8) 
1-441 (10) 
1·541 (7) 
1'559 (7) 
1'551 (8) 
1·546 (8) 
1'541 (9) 
1'512 (8) 
1·522 (8) 
1'513 (8) 

(V) 

1·439 (4) 
1'464 (4) 
1·203 (5) 
1'333 (5) 
1'451 (5) 
1'523 (5) 
1·562 (4) 
1'578 (5) 
1'544 (5) 
1·547 (5) 
1'519 (5) 
1'544 (5) 
1'526 (5) 

Average O- H 
Average C-H 

(b) I 
nterbond angles for both molecules 

(Ill) (V) 
C(14)- 0(4)- C(15) 116'7 (6) 117'5 (3) 
C(2)- C(l)- C(6) 111'6 (4) 109'3 (3) 
C(2)- C(1)-C(1O) 112·7 (5) 113 ·9 (3) 
C(2)- C(l)-C(11) 119·7 (4) 121'3 (3) 
C(6)- C(l)- C(IO) 108·9 (4) 110·3 (3) 
C(6)- C(1)_C(1l) 99 '7 (4) 99·2 (3) 
C(lO)-C(l)-C(11) 102·0 (4) 101-6 (3) 
C(l)- C(2)- C(3) 111 ·2 (4) 110·4 (3) 
C(l)- C(2)- C(14) 112·1 (5) 111 '1 (3) 
C(3)- C(2)- C(14) 110·4 (4) 113-8 (3) 
C(2)- C(3)- C(4) 108·2 (5) 110·8 (3) 
C(3)- C(4)-C(5) 111 '7 (5) 112·2 (3) 
O(2)- C(5)-C(4) 112·1 (4) 108·0 (3) 
O(2)- - C(5)- C(6) 106·3 (4) 106'5 (3) 
C(4)- C(5)- C(6) 113 ·0 (5) 111·3 (3) 
0(1)- C(6)- C(I) 108·8 (4) 104·8 (3) 
O(l)- C(6)- C(5) 104-9 (4) 107·3 (3) 
O(l)- C(6)-C(7) 11H (4) 111·5 (3) 
C(1)- C(6)- C(5) liB (4) 110·1 (3) 
C(I)- C(6)- C(7) 103·3 (4) 101'6 (3) 

( 
C(S)- C(6)-C(7) 11N (4) 119-6 (3) 

C(5)- C(6) 
C(6)- C(7) 
C(7)- C(8) 
C(7)- C(l2) 
C(7)-C(13) 
C(8)- C(9) 
C(8)-C(1l) 
C(9)- C(1O) 
C(16)- C(17) 
C(16)- 0(2) 
C(16)- 0 (5) 
C(17)- CI 

(Ill) 

1'561 (8) 
1'593 (7) 
1'581 (9) 
1'540 (9) 
1'552 (10) 
1·531 (10) 
1'541 (9) 
1'551 (10) 

(Ill) 
0'78 (8) 
0·98 (8) 

(V) 
0·89 (6) 
1·01 (6) 

C(6)- C(7)- C(8) 
C(6)- C(7)- C(12) 
C(6)- C(7)- C(13) 
C(8)- C(7)- C(12) 
C(8)- C(7)- C( 13) 
C(I2)-C(7)- C(13) 
C(7)- C(8)- C(9) 
C(9)- C(8)- C(11) 
C(6)- C(8)- C(11) 
C(8)- C(9)-C(10) 
C(1)- C(1O)-C(9) 
C( I)- C( 1l)- C(8) 
0(3)- - C(14)- 0(4) 
0(3)- -C(14)- C(2) 
0(4)--C(14)- C(2) 
C(5)- 0(2)-C(16) 
0(2)--C(16)- O(5) 
0(2)- C( 16)- C( 17) 
0(5)- C(16)-C(17) 
Cl---C( 17)-C( 16) 

(Ill) 

101 '2( 4) 
110·9 (4) 
114·9 (5) 
113 ·2 (6) 
108·8 (5) 
107-8 (5) 
112·0 (5) 
101'6(5) 
101 '5 (5) 
102'1 (5) 
104·3 (5) 
94·2 (4) 

123'7 (7) 
125·0 (6) 
111 ·3 (5) 

c) So 
me comparable intramolecular non-bonded distances for both molecules." 

0(1)' . ' 0(2) 
0(1)" ' C(3) 

(Ill) (V) 
HO 2'76 
H7 3·37 
2-83 

2'78 

1 
0(1) · · · C(IO) 
0(1) ' "C(II) 
0(1) " ' C(12) 2'72 
0(1) ·· ' C(13) 2'71 
0(3)' . . C(ll) 3'26 3·26 
0(4)' .. C(IO) 3'38 3'36 
C(I)' . . C(4) 2·96 2096 

C(2) " ' C(5) 
C(3)" 'C(6) 

1 
C(5) " ' C(1O) 
C(5) ' . . C(ll) 
C(5) " 'C(13) 
C(S)" ' C(12) 
C(6) " 'C(9) ' 
C(7) ·· 'C(lO) 
C(9)' . . C(12) 

(Ill) 

2·96 
2·99 

3·31 
2-86 

3·05 
2095 
2·97 

(V) 

1'526 (5) 
1'588 (5) 
1'556 (5) 
1·543 (6) 
1'540 (6) 
1·537 (7) 
1'548 (6) 
1'562 (6) 
1·517 (5) 
1·335 (4) 
1·201 (5) 
1'773 (5) 

(V) 

2'96 
2-96 
3·07 

2·96 
3'08 
2'29 
2·91 

(V) 
101·9 (3) 
113·2 (3) 
111 ·8 (3) 
113·5 (3) 
109·2 (3) 
107·3 (3) 
110·7 (3) 
103-6 (3) 
100·0 (3) 
101'6 (3) 
103'0 (3) 
94'2 (3) 

123·1 (3) 
123 '2 (3) 
113'7 (3) 
111'4 (3) 
125·0 (3) 
107'5 (3) 
127'5 (4) 
110·6 (3) 

• C(1)' .. C(8) 2·26 2·26 

Pairs~here the different stereochemistries require comparison of distances between different atoms, these are shown as success ive 
nd bracketed. . 
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Table 3 (cont.) 

(d) Intermolecular distances (Ill) 
0(1)" ' 0(21) 2·83 0(3)···· ' C(II'v) 3'79 
0(1) " 'C(41) 3·23 0(3)· ··· ·C(131.) 3·S0 
0(1)" ' C(SI) 3'S8 0(3)· ··· ·C(lSI.) 3'S4 
0(1) " ' C(lO") 3'72 0(4)·· ·· ' CWI) 3-83 
0(1)" ' H(021) 1'98 C(3) ·· · · . C(IS·II) 3·86 
0(2)" ' 0(\") 2·83 C(4)··· · ·C(IS·II) 3·92 
0(2)" 'C(2") 3·83 C(S)···· ·C( IO·II) 3·87 
0(2) " 'C(6") 3·99 C(8)·· ·· ·C(lS·II) 3·98 
0(2) " 'C(9 111 ) 3·67 C(9)· · ·· ·C(IS·II) 3-86 
0(2) ·· ·C(\OIIl) 3'44 H(02)" ' 0(\") 1·98 
0(2)' .. C(\ 0") HI 

Roman numerals as superscripts refer to the equivalent 
positions which should be applied to the coordinates of the 
second atom: 

l - x, - t+y,l -z v -x, t+y, -z 
ii I -x, t+y,l-z vi x, y, -I+z 
iii x, 1+ y, z vii x, y, 1 +z 
iv - x, -t+ y, I -z 

(e) lntermolecular distances (V) 
CI(I)·· ' 0(21) 3'79 0(2)· ··· '0(3 Iv) 
CI(I)· · 'O(S") 3'S8 0(3)· ··· ·OW) 
CI(I)' .. C(41) 3-80 0(3)' .... C(13·) 
CI(\) " 'C(12") 3-80 0(3)·· ·· 'H(OP) 
CI(I) ... C(lS"I) 3'S3 0(4)·· ·· ' C(IO. ' ) 
CI(I)" 'C(161) 3-62 O(S) · ·· · ' C(IP") 
CI(I)·· ' C(171) 3·67 O(S)·· ·· 'C(I7I) 
0(1)' . ' O(3h) 2·87 H(OI)" '0(31.) 
0(1)' .. C(I Si. ) 3-42 

3'20 
2·87 
3'S7 
1·99 
3-6S 
3-46 
3'S2 
1·99 

Roman numerals as superscripts refer to the equivalent 
positions which should be applied to the coordinates of the 
second atom: 

-x, t+y, t-z 
ii - x, - t+ y, t-z 
iii - I +x, y, z 
iv -t+x, -t- y, I -z 

v t-x, -t- y, I-z 
vi I- x, -t+ y, t-z 
vii t-x. -y, -t+z 

I I I I I 
o 1 2A 

Fig. 3. The molecular packing of (Ill) viewed down b. 

Table 4. Least-squares planes 

(i) Least-squares planes for (Ill) given in the form IX' + /11 Y'-I" 
nZ' = d, where X', Y' and Z' are coordinates in A. 

(a) Plane equations 
Plane (I): -0'0813X' +0'S867Y'-0'80S7Z'= -0'S378 
Plane (2): 0'940IX' -0'290S Y' -0'1 78SZ' = 0·9957 
Plane (3): - 0·9S39X'+0·266SY'-0·J38IZ' = -3'2033 
Plane (4): -0'2696X'-0'9S48Y'-0'12S0Z'= -3·7347 
Plane (S): - 0·679IX'+0·7337Y'-0·0212Z'= 0·0820 
plane (6): - 0·9319X'-0·2987Y'-0·2060Z' = -4·1196 

(b) Deviations of atoms (A) from planes (starred atoms pol 
used to define plane) 
Plane (I) : 0(3) 0'003. 0(4) 0'001, C(2) 0'003, C(14) _0.008, 

Plane (2): gm)o%g~,1 C(2) -0'003, C(3)* -0'739, C(4) 0·00), 
C(S) -0'003, C(6)* 0'SS8 1 

Plane (3) : C(I)* 0'830, C(6) 0'043, C(7) -0'043 , C(8)* 0·80" 
C(9) 0'044, C(lO) - 0'04S Q06 

Plane (4): C(l) -0'021. C(2) 0'014. C(8) 0'013, C(\n -0'015 
Plane (S): C(I) -O'OIS, C(6) 0'022, C(7) -0'021, C(8) O'()4Z 
Plane (6): C(I) 0'029, C(8) - 0'029, C(9) 0'042, C(lO) -0' 

(c) Dihedral angles between planes C) 
(1)- (4) 64'1, (2)- (3) 18'3, (2)-(4) 87'3, 
(2)- (6) 41 '2, (3)-(4) 88'9, (4)-(S) S9'0, 
(4)- (6) SS·8, (S)- (6) 6S'3 

(ii) Least-squares planes for (V) 
(a') Plane equations 

Plane (I): 0·01IOX'-0·9789Y'-0·2039Z'= 0'0785 
Plane (2): 0'389IX'+0'SI80Y'-0'7618Z'= _3·0413 
Plane (3): -0'S467X'+0'3792Y'-0'746SZ'= _7-4655 
Plane (4): 0'7704X'+0'SI03Y' - 0'3823Z'= 1·7362 
Plane (5): -0'023IX' +0'S632Y' -0·8260Z' = - 5·8669 
Plane (6): -0·8990X'+0·0728Y'-0·4319Z'= _8.0944 

Plane (7): 0'0668X' - 0·9053 Y' - 0'4194Z' = - 1·6920 

(b') Deviations of atoms (A) from planes (starred atomS nol 
lIsed to define plane) 
Plane (I): 0(3) 0'006, 0(4) 0'019, C(2) -0'008, C(14) -0·Q04, 

C(15) -0,013 24, 
Plane (2): C(I) 0'024, C(2) -0'024, C(3)* 0·668 C(4) 0·00 

C(5) -0,024 ,C(6)· -0'708 )' 
Plane (3): C(I)* -0'814, C(6) -0'073, C(7) 0'074, C(8 

-0'817, C(9) -0'076, C(10) 0·075 002, 
Plane (4): C(I) 0'046. C(2) 0'023, C(3) -0'033, C(8) -0' 

C(1 1) - 0·035 ()4Z, 
Plane (S): C(I) 0'042, C(6) -0'060, C(7) 0'060, C(8) -0' 

C(II)* -0'885 54 
Plane (6): C(I) -0'037, C(8) 0'038, C(9) -0'055, C(IO) 0·0 ' 

C(lI)* - 0·887 Sl 
Plane (7): CI(I) -0'071, 0(2) -0'013, 0(5) 0.038, C( 

-0'042, C(16) 0'02S, C(17) 0'064 

(c') Dihedral angles between planes C) 
(1)- (4) 65'6, (2)- (3) 56'5, (2)-(4) 31'4, 
(2)- (6) 89'0, (3)-(4) 86'7, (4)-(5) 54'2, 
(4)- (6) 60'6, (5)-(6) 65'3 

al 
Il] 

SI 
tk 
in 
w 
w, 
~ 
fa 
hI 

dO' ~ 
[1'557 (8) in (Ill); \·559 (5) A in (V)] and mean ello jO Sti 
cyclic valency angles [\0 1·4 (4t in (1Il); \0 1·0 ~3) 10' be 
(V)] suggests little difference between the two bl~Yc of 'le 
[2,2, J]heptyl residues, a more detailed examinaUO)1l re' I.: 
the torsion angles for these two systems (Table 5 lIC~ . SlI, 
veals the extent to which these residues differ frorn e t~e thl 
other and from the theoretical values calculated fot 
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~~rbornane skeleton (Altona & Sundaralingam, 1970). 
a e ~e.gative, non-zero values of the torsion angles b 
bndhb Indicate that the bicyclo[2,2,I]heptyl moieties of 
tot (II.I) and (V) exhibit twisting of the Synchro( - - ) leP7' I.t IS also evident that on average the most marked 

YlatlOns from the theoretical values, and also the 
~rfatest differences between the two molecules them-

I d: Yes, o~cur for those rings (L and B) which are most 
Mrectly Involved in the fusion to the cyclohexane ring. 
g oreover, the differences from theoretical values are 
[;~atest for (V), in which the cyclohexane-bicyclo-

, ,l]heptyl fusion is trans. 

Table 5. Comparison of skeletal twisting 

11 11 

b 7' c· _ _ 8 c 
",..-

b',. L R 9 9 
6"'~ -;;. - 1 b 

6 a 
10 10 

R: 
109 L: C(I), C(6), C(7), Ring B: C(I), C(6), C(7), 

R.ing R C(8), C(lI) C(8), C(9), C(lO). 
: C(I), C(IO), C(9), 

C(8), C(II). 

torsion angles C) Bornane (Ill) (Yl 

r 36 +39'2 +43'6 
b' 0 -3'4 -9'6 

Ring L c' 36 -33-8 -27-8 
d' 56 +57-8 +54'3 
e' 56 -59'4 -59,3 

r a 36 -29'1 -28,6 

R;"R U 0 -6,9 -8'7 
36 +40'9 +43·0 
56 -57,8 -60,0 
56 +52'5 +53-8 

R;,OB U 71 +75·6 +75-8 
71 -66,8 -65 '7 
71 -67-1 -62,5 

g' 71 +73·8 +78'5 

In p . 
angl b~rtlcular, the non-zero values for the torsion 
11101 e (T~ble 5), indicate that the twisting of the two 
StituCCUles IS such that complete eclipsing of the sub
that 7nts on C(6) and C(7) is avoided. It is remarkable 
in (I~~)both molecules the C(6)-C(7) bond [1'593 (7) A 
..... ise b ; 1'588 (5) A in CV)] is longer than might other
weU be expected for a C(spJ)-C(spJ) bond, and this may 
been e a genuine effect since similar lengthening has 
fOr C(oted in other bridged hydrocarbons, particularly 
btid Spl)_C(SpJ) bonds which either radiate from 
~ l<'g~head positions (Beisler, Silverton, Penttila, Horn 
Stitu: es, 1~71),. or which bear almost eclipsed sub
be as ntS(Gllardl,1972). However, our observation must 
'Iengt~essed in the context of several other apparently 
\'578 tned' bonds [1·581 (9~ A for C(7)-C(8) in ~III); 
slIch 5). A for CO)-C(lO) In (V)], where there IS no 
the O~bVlOUS correlation between molecular strain and 

served values. 

In addition to the small differences between the tor
sion angles of (Ill) and (V), differences are also ob
served between several corresponding valency angles. 
As one would expect, these differences are most marked 
for angles around C(6), since this is the site of the eis
and trans-fusion of the cyclohexane and bicyclo[2,2,1]
heptyl moieties in the two molecules . Thus the trans
fusion in (V) results in a value of 119·6 (3r for C(5) 
C(6) C(7), compared with 113·4 (4)" in (JIl), while the 
value of 108·8 (4r for 0(1) C(6) C(I) in (III) [104·8 (3)" 
in (V)] is consistent with a release of the potential steric 
crowding of the 61X-hydroxy group and the 1X-2-carbon 
bridge in ClIl). 

The carbomethoxy-bcaring cyclohexane rings of (m) 
and (V) are also somewhat different. Both adopt chair 
conformations, but whereas in (llJ) atoms C(I), C(2), 
C(4) and C(5) are closely coplanar with C(3) and C(6) 
respectively -0'739 and +0·558 A removed from this 
plane, in (V) the atoms C(I), C(2), C(4) and C(5) are 
slightly less planar, with C(3) and C(6) lying +0·668 
and - 0·708 A distant from the plane. [The reversal of 
the deviations of C(3) and C(6) results from the trans
fusion in (V) as opposed to the eis-fusion in (IU)]. It 
is also noticeable that the 0(1)· .. C(3) intramolecular 
separation in (Ill) is 0·3 A greater than in (V). 

The presence of the chloroacetate function in (V) 
also induces differences between the two molecules. 
Such effects are evidenced by the 0(1)· . ·0(2) intra
molecular separations [0·2 A greater in (V)], and also 
by the valency angles C(5)-C(6)-C(7) [119·6 (3r in (V); 
113·4 (4)" in (lIl)] , 0(\)- C(6)- C(5) [107·3 (3)" in (V); 
104·9 (4)" in (IH)] and 0(2)- C(5)-C(4) [\08'0 (3)" in 
CV); 112·1 (4)" in (JII)]. 

~t 
o~ 

J 

uw 
o 1 2A 

r 

-'rt-

Fig. 4. The molecular packing of (Y) viewed down b. 
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With the exception of those dimensions which have 
already been discussed, the remaining features of the 
molecules agree well with literature values for similar 
bond types. Examinations of the crystal-packing ar
rangements of (Ill) and (V) reveal O-H· . ·0 hydrogen 
bonding in both cases. For (IlI), a helix of hydrogen
bonded molecules [0···0 2·83 A, 0··· H 1·98 A, 
angle O-H· . ·0 173°] extends in the b direction, while 
for (V) there are two independent and unlinked helices 
[0···02·87 A. O···H 1·99 A, angle O-H···O 169°] 
extending in the a direction. 

We thank the Carnegie Trust for the Universities of 
Scotland, and the S.R.C. for postgraduate awards 
respectively to N.J.H. and C.W.G. 
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Structural Investigations of Ylides. Part VI. t Crystal and Molecular 
Structures of Two Resonance-stabilized Wittig Reagents 2-Carboxy-
1-methoxycarbonylethyltriphenylphosphorane and its t-Butyl Ester 
By A. Forb.a Cameron: Fergua D. Duncanaon. and Andrew A. Freer. Department of Chemistry. Uni

versity of Glasgow. Glasgow G12 saa 
Victor W. Armatrong and Robert Ramage. Department of Organic Chemistry. University of Liverpool. 

Liverpool L69 3BX 

The structures of the title compounds (3) and (4) have been determined by three-dimensional X-ray analyses by 
use of 3356 (3) and 2883 (4) independent reflexions measured by diffractometer. Crystals of both compounds 
are monoclinic. space group P2 1/n; for (3) Z :0 4. unit cell dimensions8 = 8.579(1). b = 13.893(4). c :0 16.768(3) 
A. ~ = 97.31 (3); for (4). Z = 4. cell dimensions 8 = 15.731 (5). b = 11.941 (2). c = 13.194(2) A. ~ = 97.22(1) '. 
'rhe structure of (3) was solved by the heavy-atom method. and of (4) by the symbolic addition method. Both 
structures have been refined by least-squares calculations to R 0.054 (3) and 0.076 (4) . The results show that the 
structures are stabilised in part by delocalisation of the formal negative charge on the P+-C- group into the carbo
methoxy-function. 

IN 1963, Hudson and Chopard 1 prepared the ylide (1) 
by reaction of triphenylphosphine with maleic an
hydride. Subsequent methanolysis of (1) produced a 
monomethyl ester which could plausibly be assigned 
either of the two structures (2) or (3), although the i.r. 
carbonyl absorptions exhibited by the product at 1730 
and 1620 cm-l were originally attributed to the carbo
methoxy and carboxylate functions present in (2). 
There is now, however, considerable evidence that the 
alternative structure (3) is the more appropriate of the two 
possibilities. Thus phosphoranes such as (5) exhibit i.r. 
absorption at 1 620 cm-l due to extensive delocalisation 
of the ester function with the ylide moiety. On this 
basis, consideration of the structure (3) would suggest 
that the 1730 cm-l absorption may be derived from a 
carboxy-function. Moreover, the corresponding diester 
(4), synthesised by standard methods, and for which a 
form comparable to (2) is not possible, also exhibits Lr. 
absorptions at 1 730 and 1 620 cm-l. 

(2 ) 

( 3 1 (41 

Further support for (3) as opposed to (2) derives from 
an analysis of the IH n.m.r. spectrum, which reveals a 
methylene group coupled to a ~_31P as a doublet (] 
15 Hz), whereas in (2) the methylene would be expected 

t Part V. A. F. Cameron and A. A. Freer. Acla Crysl .• 197'. 
B80.2696. 

1 R. F. Hudson and P. A. Chopard. HIlv. Cltim. Acta. 1963.48. 
2178. 

to show a more complex ABRX system resulting from 
coupling with both the a.-CH and ~_31 P of the type 
exhibited by the phosphonium salt (6). Moreover. the 
lH n.m.r. spectra of (3) and (4) are similar. which would 
not be expected from comparison of (2) and (4). Low
temperature IH n.m.r. studies also agree with earlier 

TABLE 1 

13C Chemical shifts and one-bond lBC-3lp nuclear spin 
couplings of the ylide carbon atoms 

Ylide J(CP) • anc· 
(1) 136 33.9 
(3) 90 39.0 
(4) 130 36.0 

• In Hz, accurate to ± 2.6 Hz. 6 In p .p .m. with respect to 
internal ["C]tetramethylsilane, accurate to ± O.l p.p.m. 

findings 2 of restricted rotation in resonance-stabilised 
Wittig reagents. which results from partial double-bond 
character between the ylide-carbon and the carbonyl
carbon [e.g. (7)+-+(8) ~(9)]. In the case of (4). the 
two rotameric isomers corresponding to (8) and (9) mar 
be resolved -- -30 °C. 

lSC N.m.r. spectra of the ylides (1). (3). and (4) 
(Table 1) show the ylide-carbon to be strongly shieldedi 
thus indicating carbanion character at this centre. 
Finally, in keeping with structure (3), the ylide reacted 
efficiently with benzaldehyde to afford the acid (10) by 3 
Wittig reaction. 

The foregoing spectroscopic and chemical evidence h~ 
been confirmed by three-dimensional X-ray analyses 0 

I H. J. Beltmal1n. G. Joachim. and I. Lengyel. T~lra",dro" 
LIII,rs. 1966. 3366, 

I G. A. Grey, J. Am,r. CIt,m, Sac .. 1973.915.6092. 

I 
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(3) and (4). These latter studies not only provide 
~etails of the molecular geometries which indicate that 
In both molecules there is considerable delocalisation 
from the ylide-carbon into the methoxycarbonyl 
fUnction, but also allow comparison of the same ylide 
system in two crystal environments. 

EXPERIMENTAL 

Synthetic and Spectroscopic .-J.H N.m.r. spectra were 
measured for CDCI3 solutions on a Varian HA lOO, and 
I3C n .m.r. spectra on a Varian XL 100 15FT with tetra
Illethylsilane as internal standard. 13C-IH couplings were 
~Iiminated by broad-band lH noise-modulated decoupling. 
Chemical shift data are quoted in p .p.m. down field from 
tetramethylsilane . 

Triphenylphosphoranylidenesuccinic Anhydride, (1) . This 
Was prcpared b y the method of ref.!. M.p. 169 °C; 13C 
n.m.T. (CDCIs) a 33.9 (d . .J 135 Hz), 37.0 (d, .J 13 Hz), 
124.3 (d, ] 93 Hz), 129.7 (d, ] 13 Hz), 133.7 (m), 168.0 (d, 
.1 10 Hz), and 175.2 (d, ] 10 Hz). 

2-C arboxy- I-methox) 'carbonyl ethyltripheny lph osphoYa/l(' . 
(3). This was prepared by thc method of ref. 1. :'If .p. 
144 °C; lH n .m.r. (CDCla) a 2.89 (2H; d, ] 15.5 Hz), 3.34 
(3R; S), 7.3·-7.9 (15H; m). 9.00 (H; hr s); l3C n.m.r . 
(CDCI3) a 31.0 (br s, IV. 10 Hz). 38.6 (d . ] 90 Hz). 123.4 
(d. ] 90 Hz). 129.8 (d • .J 13 Hz). 1:14.2 (m). 171.6 (cl. ] R H z) . 
and 174.0 (d . ] 7 Hz). 

1-A1 ethoxycarbonyl-2-t-bulox)'( a r/)rl1lylel It y llri phe 11 ylthos· 
Phorane, (4) . Butyl bromoa(ctate (3.9 g. 20 mmol) was 
added to a solution of (5) (13.36 g. 4.0 1111l1()1) in anhydrous 
ethyl acetate (150 ml) under lIitrn~ell . The solution was 
heated under retlux for 4 h, then cooled. Evaporation of 
~hc filtrate afforded (4) , '~ rystallised frolll et hyl ac('tatt~-

eXane as prism s, m .p . I ·H) ··· .. 14~ "C (li .7;,) g. 75% ): Vma", 

~CHCIs) 1730, I (\:W cm -I ; IH n.m .T. (('(leI3 ) Il 1.32 (UH: 
:lj., 2.89 (2H; d, J Ji Hz) , :1.:14 (:IH: ~) , 'i .50 (15H: m): 
re n,m.r. (CDC1,,) a :W.I) (s). 34.0 (d. J I:! Hz). :16.0 (d, 
j l~O Hz),49.6 (s), i9,2 (s). 128,1 (d, .I 90 Hz). 12!l.0 (d, 

),12 H z), 132. 1 (5). 1:14.3 (d,) 10Hz} . 171.:1 (s) , 175. 1 (s) 
('Ound' C ~,.) '} ~. }; 6 0 l' H 0 l' . n . 's t ' 7') '11' li . .., .. . .-),), . .n. :!1;!D 4 l( ~' ltllrl. , _ . t • 

,6,52% ). 
a'M ethOX)'CILrbunyl-4-phellylbut-3·/llloir: A cid. (10) .-Benz

~ldp.hYdp (0.4 g: H9 mmol) was added to a ~ollltion of (3) 
t34,8 g: 8!J mlllol) in anhydrous dimethyl sulphoxid l.."
t~trahydrofl\rall ( I : I . 280 1111) under nitrogen. and left at 

TO() n) tcmperat llre fOT 7 days. After dilution with water 
(I. I) itllll acidificatioll to pH 3, the solution was extrac ted 
\\lltlt ether. The ethereal sulution was extracted with 
:saturated sodiulll hvdrogen carbonate solution . The 
~tqUCUl\S solutiun was ~cid ifi ed then extracted with chloro
rOflll . After drying (anhydrous sodiulIl sulphate) the chloro
t~rlll was rellloved ill vawo to give an oil (~7 .5. g ) which was 

rOlllatographed over SIli ca (500 g). ElutIOn WIth 2% 
Illethanol in ch luro form gave the acid (10) (1 5. 1 g , 77 % ), 
crystallised from benzene- hexane as need les, m .p. 79 QC: 
v"\lI~. 2 500- 3 000, I 7~!) . 1 705, and 1 640 cm-]; I. x. 

~~?R), 269 nlll 0 (e: 14, 4(0):. IH n .m .r . (CDCIs) a 3A6 
It 0 ~), 3.80 (om ; S), 7.32 (5H ; S), 7.88 (H; S), 

.GG (H; S) (Found: C, 65.43; H , 5.45. CU H 120 , 
teq~lires C, 65.43; H, 5.48%). 
3\1 Cryst(tllographic. - Crystal Data, (a). C23H 21PO" .1I = 
i

6
2.4, Monoclinic, a = 8.579(1), b = 13.893(4), c = 

ft . 76~(3) A, ~ = 97.31(3) °, U = 1978.9 A3, Dm = 1.41 (by 
otatJon), Z = 4, Dc = 1.34. F(OOO) = 824. Space group 

1031 

P21/n (C~h) from systematic absences. Mo-](ex X-radiation, 
I. = 0.7107 A, ILlMo-Kex} = 1.71 cm-I. 

(4), C27H u PO., M = 448.5, Monoclinic, a = 15.731(5), 
b = 11.941(2) , c = 13.194(2} A, ~ = 97.22(W, U = 
2458.8 A3, Dm = 1.20 (by flotation), Z = 4, Do = 1.21, 
F(OOO) = 942. Space group P21/n (cgA) from systematic 
absences. IL(Mo-]{ex) = 1.47 cm-I. 

TABLE 2 
Atomic parameters 

(a) Fractional co·ordinates for (3) ( x 10' for P; :< 10' for other 
atoms) 

xla ylb z/c 
P 20565(13) 15535(8) 10 nO(6) 
0(1) 4861(4) - ;)150(2) I 632(2) 
0(2) 4 362(4) :130(2) 2713(2) 
0(3) 3 940(5) I 404(3) 143(2) 
0(4) :1180(4) 120(3) -588(2) 
Cl l) 2 732(5) 547(3) 1511(2) 
C(!!) 4028(5) 67!:!) 1 010!3) 
C(3) .'5936(7) 154 6) 3 101 4) 
C(4) 2105(5) 267(3) 65013) C(5) :l 212(6) 1171(3) 563) 
C(6) 956(5) 1 :lll(3) 2805(3) 
C(7) !l26(6) :180(4) :1 112(3) 
C(R) 147(0) 203(4) 3773(3) 
C(9) -- 591 (0) 947(5) 4 125!3) 
C(lO) - 591(0) 1 870(4) 3813 3) 
C(ll) 169(0) :J 065(4) 3143!3) 
C(12) 710(5) 2207(3) I 239 3) 
C(13) I 1!l5(7) 3030(4) 872(4) 
C(14) 170(9) :1495(5) 285(4) 
C(15) - I :144(8) :1 130(6) 75(4) 
C( 16) - 1824(7) 2304(5) 434(3) 
C(I7) -- 708(1l) I 844(4) 1020(3) 
C(IB) :1675(5) :! 347(3) 2348i3) 
C(HI) 3754(1l) :! 824(4) :I 0923) 
C(20) 5073(6) :] 382(4) 3366(3) 
C(2 1) 6301(6) 3440(4) 2908!4) 
C(!!2) 6222(6) 2978(4) 21763) 
C(!!3) 4920(6) 2423(4) 1894(3) 

(b) Anisotropic temperature factors • (A2 x 10') for (3) 

Un Uu U S3 Uu Uu Uu 
P 287 266 251 -6 34 -5 
0(1) III 6 381 432 117 195 -10 
0 (2) :194 476 312 ll6 22 -8 
0(3) !J68 IIlfi a87 -272 237 -50 
0(4) 554 518 :119 -37 ll2 -86 
C(1) 365 289 269 . - · 4 58 -23 
C(2) 402 309 326 - 12 123 18 
C(a) 440 I 174 546 242 -Il8 -ll 
C(4) 415 392 291 -47 71 -62 
C(6) 41:1 :171 262 IlB 15 19 
C(6) :105 365 276 - !l 45 -28 
C( i) 426 :17(1 :159 - 13 80 5 
C(8) 523 555 :19:1 - 62 89 97 
crn) 454 787 :lll - 34 UO 32 
C(IO) 42:1 670 42J ;0 102 -162 
er 11) :177 434 402 45 71 -72 
C(I2) :JR4 :141 29:1 54. 6 -125 
C(I:I) MO 484 fill7 - 6 ·- 41) 188 
C(14) R5:1 IH9 M2 !Ja -· 42 269 
C( I5) 721 805 4;10 :132 - 98 24 
C(11l) 447 7:li 441i 127 - 66 -109 
ClI7) :185 512 4:12 :15 - 6 -25 
C( I8) :l:lU 272 :151 - Hi 8 -9 
C(19) 426 487 :J7(1 - id 43 - 77 
C(20) 48:J 554 494 .. 98 8 - 141 
C(:!I) 387 487 1117 - 104 .. · 31 -92 
C(22) :184 530 591 - 110 126 -93 
C(23) 430 434 42:l - 911 107 - 104 

;\!can esti mated stantlard deviations (A' ,-: In') 

UIl '''22 TT" , l ' " "'3 / '11 
P .-, :, [) ;. .t 4 
0 24 :!o IK I t! Hi 15 
C 25 :!tl :!f, . ).) ~r, :!:! 
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T ABLE 2 (Continued) TABLE 2 (Continued) 

(c) Fractional co-ordinates for (4) (X 10' for P; X 10' for other 
(e) Hydrogen atom fractional co-ordinates for (:1) ( X I 03) 

atoms) x/a ylb lIe 

xla ylb ,'e H~4) 385(7) 29(5) - 83 (4! 

P 75 754(IJ) 85297(10) 3112(8) H 31) 552(7) 23(5) 29~(4 J 

0( 1) 6351(3) 11 320(3) -196(3) H(32) 602(7) 45(41 :171W 

0~2) 6268(3) 9 607(3) -927(3) H(33) (l56(7) 3:1(0) :.!~:1(4 ; 

0 3) 8 661 (3) 11 351(4) 71(3) H(7) 133(7) -- 14(41 :.!!l7i:I'. 

0(4) 8311(3l 12492(3) 1 307(3) H(8) 8(6) -54(4 / -lO:!(:l i 

C( l ) 7 279(4 9892(4) 482(3) H(9) - 139(6) 86(4/ 47(:1 , 

Cl2) H 609(4) H)-356(4) -206(4) H(lO) - 1:13(7) 234(4 , 407(:! , 

C 3) .~ 591 (7) 9971(8) - 1634(7) H(ll) 3(6) 281(4) :?81 (:I ; 

C(4) 7 734(4) 10609(4) I 258(4) H(13) 212(7) :13 1(0, ~7(4 i 

C(5) 8283(4) 11 526(4) 78~(4) 
H(14) 82(8) 4111(01 - 6(4 j 

C(II) 6 786(4) 7 479(4) 549(4) H(15) -195(8) :14915) -:1:?(4 ) 

C(7) /'i 947(4) 7 777(5) 607(4) H(16) - 275(7) 2004) 3:1(;1) 

C(8) 5359(4) 6977(6) 790(5) H(17) --123(6) 129(41 It9(:! ) 

C(9) 5587(5) 6 970~6) 934(6) H(19) 287(7) 27.'0;(4) :l4G(:11 

C(IO) 11422(5) 55625) 869(1\) H(20) 507(0) :176( 4) :1!)0(:l) 

C( ll ) 7017(11) 6 349(4) 674(5) H(21 ) 719(6) 383(4) :106(:1) 

C( 12) 8514(3) 8243(4) I 231(3) H(22) 722(6) :100(4) 181(:1) 

C( 13) 11 33/'i(4) 8475(5) 1 010(4) H(2:J) 501(7) 209(4) 135(41 

C( 14) 10023(5) 832 1((;) I 75fi(5) (f) H-atom fractional co-ordinates for (4) ( ', 103
) 

C( 15) 9891(5) 7 IJ67(5) 27 11(5) xla y/b rlc 
C(16) \)088(5) 7752(15) 2946(4) 
C(17) 8402(4) 7 893{4) 22HI(4) H(:Jl ) 559(4) I 077(7) -179(5) 

C( 18) 7 8115(4) 8260(4) -!W6(4) H(32) 1126(5) 968(7) -179(7) 

C(I9) 71\10(15) 7 282(6) - 1506(5) H(33) 15711(4) 945(6) -241(5) 

C(20) 7 806(5) 7 167(8) -2507(6) H(41) 732(5) 1 102(6) 169(6) 

C(2 I) 8219(5) 7985(7) - 2049(5) H(42) 820(5) 1030(6) 181(6) 

C(22) 8451(5) 8951(7) -:! 422(5) H(7) 577(4) 854(7) 57(5) 

C(23) 8203(15) 9092(5) - 1436(41 H(8) 482(51 714(6) 90(15) 

C(24) H !!47(4) la 442(5) 1 046(4) H(Il) 520(4) 520(0) 113(5) 

C(25) !I 763(6) 1:1097(X) I 192(8) 11(10) G61(4) 482(7) 88(51 

C(26) 8536(7) la 832(7) - 25 (1i) 
H(ll ) 757(5) 621(6) 64«(1) 

C(27) 8 61\4(51 14 :111(1) 1 82!l(fil 
H(l :l) 938(4) 870(6) 38(6) 
H(I4) 10.'12(5) 840(6) 154(5) 

(d) Anisotropic temperature factors • (All X 

H(15) 1 040(5) 789(6) 319(6) 

10·) for (4) H(16) 8IJ2(5) 751'i~6) 352(6) 

Vu Vn Us, Un VI. e., H(17) 791(5) 7806) 236(6) 

P 020 :134 345 52 62 
H(lO) 726(4) 671(6) -123(6) 

4 11 (20) 759(4) 046(6) -283(5) 

0~1) 1 20(1 691 750 -2~6 551 -:!i'i ~1 

02) 809 40H 49\1 -43 134 -1):1 
H(2I) 860(4) 793(0) -361(6) 

0(3) 1 171 31lt) 601) 2:12 71 HI 
H(2 2) 870(4) 947(6) -272(6l 

0(4) 88:1 475 4H4 86 - 70 Ifi 
H(2:1} 842(4) 979(6) -1079(5 

C( I ) 727 404 44:1 - 41 44 
H(251) 1016(5) 1370(6) 107(5) 

- 8 H(21)2) 1001(5) 1 281(7) 169(6) 
C(2) 767 6:J:1 471 70 14R - I 
C(3) 650 800· 677 - :14 22:1 /\; 

H(253) 1001(5) 1 27I~6) 63~6) 

C(4) 965 62R 742 -210 71 :!!J 
H(201) 796(5) 1 3~9 7) - 1( 6) 

C(5) 10315 42:1 SR4 -- 67 - :!4 ":1 
H(:W:!) R66(4) I 329~6 ) -68~6) 

C(f\) 827 42 1 836 :! (HI :l i 
1-1 (:!6:l i 8n(4) 1 457 7) - 95) 

C(7) 696 :1f17 380 18 78 Hi 
II (:!;!) 8!)9(4) 1404(6) 255(6) 
H(:!72 ) 897(4) 1498(7) 175(5) 

C(8) 722 688 484 1Ii :!O:I .,- H( ;? ;:I) -, 813(1i\ 1441(0) 174(6) 
C(9) 705 857 617 - 16 1:18 :W 
C(IO) 766 66 1 671 18 - ~4 2H 

• Thermal parameters are the values of V,} in the expression: 

C(Il) 949 58:1 406 34 109 \10 
eXP l - ~1t"(Vllh2a" -l_ VUk1b d + Vullc*' + 2Vn klb*'c* 4-

C( I 2) 77/\ 44(1 478 -- I I~O 71 
:?U, p lc*'a* -I- 2Vu hka··b*)J. 

C(I3) OM 509 397 108 72 - :10 
C(14) 961 6il 624 -75 166 - JU(i Crystallographic measurements. Cell parameters of coJTl' 
C(I5) 938 10:16 036 -43 100 -421J pounds were initially determined from oscillation a nd 
C(IO) 864 1 193 426 125 106 -175 
C( I7) 1 112 8 11 503 45 311 -21 Weissenberg photographs taken with Cu-K .. (A = 1.5418 A) 

C1 18) 1090 599 441 105 211 -24 radiation, and from precession photographs taken with 

C 19) 89 1 322 377 4 90 24 Mo-K .. (A = 0.7107 A) radiation, and w ere later refined bY 
C(2@) 820 418 424 27 161 - 20 least-squares techniqu es. 
C(21) 067 454 484 17 98 -57 
C(22) 866 473 508 - 8!J 64 -24 Intensity measurements were made on a Hilger and 

C(23) 822 908 1 140 28 185 -256 Watts Y 290 computer-controlled diffractometer witl1 

C(24) 1 :112 643 577 - lIi9 -Hl 73 Zirconium fi ltered Mo radiation, and the O- C') scan tech-
C(25) 871 467 635 -60 -34 -75 nique in the range 20 0-54°. Small crystals of bOth 
C(26) 802 367 427 - 10 168 50 
C(27) 1 300 705 854 77 -465 22 

compounds mounted abou t b p roduced 3356 for (3) al1d 

2883 independent r eflex ions for (4) [having I ~ 30(1)]-

Mean estimated s tandard deviations (A.I X 104) 
Both sets of intensities were corrected for Lorentz a od 

Vu Vu Un Vu Vu Vn 
polarisation factors, but absorption effect!; were coo -

p 8 6 6 6 5 5 
sidered small and were ignored. 

0 25 20 21 20 21 17 Structure determinations and refinements. The struCture 

C 30 27 22 23 21 20 of (3) was resolved by the conventional heavy-atom method, 
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using initially the phasing appropriate to the phosphorus 
position. The complete · structure was revealed in the 
course of two rounds of structure-factor and electron
density calculations. After each structure-factor calcu
lation, in which an overall isotropic thermal parameter 
(Uleo 0 .05 At) was assumed, data were placed on an approxi
lllate absolute scale by equating k LIFol and LIFel. 

The structure of (4) was resolved by application of the 
~ymbolic addition method, an initial E map based on 270 
reflexions with IEI ~ 1.79 clearly revealing the 20 non
hydrogen atoms of the triphenylphosphine group and the 
;I( \jacent carbon atom. A structure-factor and electron
<it'llsity calculation based on these 20 atomic positions then 
revealed the complete structure. 

TABLE 3 

rnteratumic distances (A) and angles (0) with estimated 
standard deviations in parentheses 

(a) Bonded distances 
(3) (4) 

P-C(l) 1. 732(4) 1.715(5) 
P-C(6) 1.813(4) 1.817(5) 
P-C(12) 1.818(5) 1.823(5) 
P-C(18) 1.821(4) 1.823(5) 
C(1)-C(2) 1.392(6) 1.415(7) 
C(1)-C(4) 1.509(6) 1.495(7) 
C(2)-O(I) 1. 24:l(6) 1.221 (6) 
C(2)-0(2) 1.388(5) 1.:166(6) 
C(3)-O(2) 1.442(7) 1.3\)4(11) 
C(4)-C(5) 1.512(6) 1.520(S) 
C(5)-0(3) 1.197(6) U98(7) 
C(5)-0(4) I.:I21 (5) 1.33S(6) 
C(24)-O(4) 1.4S0(7) 
C(24)-C(211) 1.4S9( 11) 
C(24)-C(26) l.lil0(1l) 
C(24)-C(27) 1.51S(S) 

Mean C-C for phenyl rings : 
(:1) (4) 

1.390(S) I.:JS2(!J) 
(b) Interbond angles 

(:l) (4) 
C(1)-r-C(6) I Hi.4 (2) 115.5(~l) 
C(J )-P-C(1t) 108.7(2) 107.5(2) 
C(I)-l'-C(IS) 111.1 (2) 112.9(2) 
C(6)-P-C( 1:!) 105.4(2) 105.7(2} 
C(6)-P-C(l8) 107.1(2) 106.5 (2) 
C(12)-P-C(IS) 108.8(2) 1011 .:1(3) 
P-C(I )- C(2) 117.7(2) 11 8.7(2) 
P-C(I)-C(4 ) 12:I.S(2) 124.4(3) 
C(2)-C( I )-C(4) 117 .U(3) JlG.7(:I) 
C( l )-C( ~)-O(l , 127.7(:1) 12:i .7(4) 
C(1)-C(2)-O(2) 113. 1(:1 ) Jl2 .7(3) 
0(1)-((2)-0(2) I HI . 2(:~) 12 Ul(3) 
C(2)-O(2)-C(3) 117.3(:1) 117.5(5) 
C(I)-C(4)-C(5) 11 a.R(:{) 112.7(3) 
C(4)-C(I»-0(:I) 120. I(a) 124.7(4) 
Q4)-C(/I)-0(4) 111.7(3) 110.8(4) 
0(3)-C(5)-O(4 ) 123.2(3) 124.5(4) 
C(5)-O(4)-C(24) 121.7(4) 
O(4)-C(24)-C(25) 109.2(5) 
O(4)-C(24)-C(26) 109.1(4) 
O(4)-C(24)-C(27) 101. 7(4) 
C(25)-C(24)-C(26) 113.7(6) 
C(25)-C(24)-((27) 111.3(5) 
C(26)-C(24)-C(27) 111.1(5) 
P-C(6)-C(7) 119.5(2) 12O'.S(3) 
P-C(O)-C( 11) 119.7(2) 120.9(3) 
P-C(12)-C(13) 120.7(2) 121.3(2) 
P-C( 12)-C( 17) 119.0(2) 119.3(3) 
P-C(IS)-C(19) 122.7\2) 122.4(3) 
P-C(IS)-C(23) 117.4 2) l1S.0(3) 

Mean C-C-C for phenyl rings: 
(3) (4) 

120.0(4) 120.0(5) 
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TABLE 3 (Continued) 

(c) Selected intramolecular non-bonded distances <: 3.S0 A 

p .. ·0(2) 
P···0(3) 
0(1) . . . C(4) 
0(1) ... C(5) 
C(6) ··· 0(2) 
e(6)··· C(2) 
C(7)···O(2) 
C(7) ... C(1) 
C(7) '" C(2) 
C(12) ... 0(3) 
C(12) . . . C(4) 
C(13) ... 0(3) 
C(17) . . . C(I) 
C(17) .. . C(4) 
C(18) ·· · 0(2) 
C(IS) ... C(2) 
C(19) ... 0(2) 
C(23) . ··0(2) 
C(2:1) ... 0(3) 
C(23) ... C(I) 
C(23) ... C(2) 

(3) (4) 
2.77 2.78 
3.65 3.S0 
2.S; 2.S!! 
3.30 3.16 
3.24 3.24 
3.63 :.1 .57 
3.10 3.06 
3 .27 3.30 
:1.56 3.46 
:1.6n > 4.00 
:1.l9 3.10 
:1.5!-l 3.71l 
:l.5:! 3.6\ . 
3.4R 3 .65 
2.91 2.97 
3.27 :1.41 
3.57 :1 .62 
:l.!!8 3.3:1 
:.1 .27 3.37 
3.!!:! 3.2fl 
3.3H 3.56 

(d) Intermoleclllar distances for (3) < 3.S0 A .. 
C(3) . .. C(91) 3.42 0(4) . .. C(6111) 
C(S) ... C(SI) 3.64 C(5) .. . C(5111) 

C(22) . .. C(I6l) 3.67 C(1O) .. · O(aIV) 
C(22) . . . C(171) 3.74 0(4) ... C(21V) 
C(22) ... C(lJI) 3.7S 0(4) ... C(20,,} 
C(21) . . . C(10l) 3.63 C(15) ... C(10V) 
0(4) ... C(1611) :3.58 C(14) . . . C(3VI) 
0(4) .. . C(1711) 3.43 C(22) ... C(8VI) 
0(1) . .. 0(3111) 3.47 C(21) ... C(7VI) 
0(1) . .. 0(4111 ) 2.64 C(20) • .• C(4VI) 
0(1) ... ((olIl) 3.46 C(20) .•. C(7VI) 
0(:1) ... o (41l1) 3 .26 C(IO) .. ·O(}VI) 
0(4) .. . 0(4111) 3.49 C(ll) .. ·O(lVI) 
0(4) ... C(!!TIl) 3 .47 0(1) ... C(21VII) 

3.30 
:1 .61 
3.3:3 
3.44 
3.65 
3.69 
3.77 
3.60 
3.00 
3.77 
3.74 
3.73 
3.33 
3.56 

.. Roman numeral superscripts refer to the following equiva
lent positions, relative to that of the reference molecule at 
X, y, z: 

T 1 -4- x, y,:: 
TI -x, -y, -;; 

III 1 - x , -y. - z 
IV -1 + x, ~ - )',t + Z 

v-t+x,t-y, -t+ z 
VI l - x, t + y, i - ! 

VII f - x, -i - y, i - z 

(e) Intermolecular distances for (4) < 3.90 A 
C(27) . .. C(I()1) 3.S9 C(4) ... C(IOlV) 3.85 
C(:!7) .. . C(l)lj 3.73 C(IO) ... C(lOIV) 3.S3 
C(9) . .. C(911 ) 3.56 C(27) .•. C(7IV) 3.S2 
C( 16) ... C(3III ) 3.74 0(1) .. . C(20V) 3.00 
0(1) ... C(16IV) 3.67 0(1) . . . C(21V) 3.29 
0(4) ... C(171V) 3.1\5 

.. Roman numeral superscripts refer to the following equiva
lent positions : 

I x. 1 + y, z 
II 1 - x, I - ,', - z 

T![ t + x, t - )'. t + z 

IV t - x, i + y, t - .r 
Yt-x,i+y,-l- z 

The positional, vibrational, and overall-sca.le parameters 
for both structures were refined by three-dimensional 
least-squares calculations, which for (3) converged after 
11 cycles ~hell R was 0.054 and R' (= LWAI/LwIFoll) was 
0.006. The introduction of anisotropic vibrational para
meters in cycle 5 necessitated the use of the block-diagonal 
approximation to the normal-equation matrix in this and 
subsequent cycles. A difference synthesis evaluated after 
the fourth cycle of refinement revealed all the hydrogen
atom positions, and contributions from these atoms were 
initially included without refinement from cycle 5 onwards, 
but were refined (constant Ulso 0 .05 AI) in the last two 
cycles. 
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Refinement of (4) converged after 16 cycles, when R was 
0 .076 and R' 0.012, the general refinement strategy parallel
ing that of (3). Hydrogen-atom positions were again 
located from difference syntheses evaluated after the 
isotropic refinement, and were included initially without 
refinement being refined (constant Uleo 0.05 AB) in the last 
five cycles. 

Fractional co-ordinates and thermal parameters for both 
compounds are given in Table 2, while Table 3 contains 
bond lengths, interbond angles, and pertinent intra- and 
inter-molecular non-bonded distances; estimated standard 
deviations are derived from the least-squares procedures 
and are best regarded as minimum values. For (3), the 
mean a for P-C, C-O, and C-C bonds are 0.004, 0 .006, and 

TABLE 4 
EC'Jllations o { least-squares planes in the {orlll IX + m Y -I

ilL = d, where X, Y, and Z are co-ordinates in A with 
respect to an orthogonalised axial system. Deviations 
(A) of relevant atoms from the plane~ are given in 
~C]uare brackets 

(a.) For (:1) 

Pla ne (1): (;(6) - (11) 

- 0.7684X' - 0.1991 Y' - - 0.6082Z' = - · 3.3561i 

:C(6) - 0.012, C(7) 0.005, C(S) 0.007. C(9) - o.on . C(JO) 
- 0.002. C(11) 0.012, P - 0.09SJ 

Plane (2): C( 12)- (17) 

- 0.4320X' + 0.5601iY' + 0.7064Z· = :J .02:12 

[C(12) 0.002, C(13) - 0.001. C( 14) -- 0004. ('(I.~) U.01l7. C(16) 
- 0.004, C(17) - 0.000. P - 0.077] 

Plane (:1) : C(IS)- (23) 

O.:176SX' - 0.S025 Y' + 0.46257.' ~ 0.18\17 

~C( 18) - 0.00:1. C(19) 0 .004 . C(20) .. 0.004, <:(21) 0.00:1 . q:?:l ) 
- 0.002. C(23) 0.002, P O. I 00) 

Plane (4): 1', C(I), C(2}, C(4} 

0.7162X' + 0.5056Y' - 0.:1667Z' = 1.0451 
[P 0.001. C(1) -0.067. C(2) 0 . 0~6. C(4) 0.O:!7, 0(2) -- O. llil, 

0(1) 0.23S) 

Dihedral angles (0) between planes : (1) - (21 11.12 . I. (1 )- (:1) 
114.:1. (2)- (:1) 106.H 
(b) For (4) 

Plane (1 ) : C(H)- -(II) 

- 0.1025X' - 0.156/iY' - fl . O~25Z' '-"" -· :1 .1702 
(C(6) - 0.00:1. C(7) - 0.004. ((I~) O.OOS. C(O) - 0.006. c(Ju) 

0.000. C(lI) 0.005. P -- O.O:III ! 

Pla ne (2): C( 12)-·( 17) 

- O. I 21 OX' -I- 0.9602 F ' -,- 0.281172' = S.2 173 

(C( I:!) - 0.009, C(13) 0.009. C( 14) - (l .OO:I. C( 15) - O.OO:! 
C(16) 0.001, C( 17) 0.004. PO. I :1:l] 

Pla ne (:1) : C( IS) - (2:l) 

- 0.84:1IX' -I- O.409i1" _. 0.:1484Z' .- ' - 6.05S2 

:C(IS) - 0.014. C(19) 0.005. C(20) 0.004. C(:.! I) -0.004. C(22 ) 
-- 0.000. C(23) 0.014. P O.OSIiJ 

Planc(4): P.C(I).C(2),C(4) 

0.7232X' + 0.2S07Y' - 0.6310Z' ~" 11 .1726 

[1' O.OJO. C( l) - 0.032, C(4) 0.011. C(2) 0.011, 0(2) 0.005, 0(1) 
0.031) 

Dihedral angles (0) between planes : (1)-(2) 1146, (1)- (3) Ill .4, 
(2} .. (3) 1l:!.1 

0 .008 A, while for valency angles a is 0 .3°. The corre
sponding values for (4) are 0.005, 0.007, and 0.009 A, and 
0.4°. 

j.c.s. Perkin II 

Details of least-squares planes calculated for various 
portions of the molecular framework are given in Table 4. 
The atomic numbering schemes are shown in Figures 1 and 2. 

C(9) 

-~C(10) 
a~'(A81) \ 

C(7) tjC(ll) n C!20) 

C(1~9 C(3)Q C(6) 
~O(2) 'r!tC118 Ci2') 

fr,' ~ ,~ C(22 ) 

~.:(~) -" OC(23) 
U O(1) CI.ll ~~\CIl2) 

Cll C(13) 

" 

~
( )C(4) C (l~~ C(4) 

CIS) ~0: 3) CIlS) 

01';) 

FIGURE lOne mulecule of (3) showi l1!-: the atom numbering 
system used. Hydrogen atoms arc numh('rcd ' a s the atoms to 
which they are bonded 

FIGURK:! One mulecule of (4) showing the atom Ilumbering 
system II sed. Hydrogen atoms are numbered as the atoms to 
which they are bonded 

DISCUSSION 

That the X-ray analy~is of :l-carboxy-l-methox~'
carbonylethyltriphenylphosphorane confirms the assign
ation of molecular structure (3) as opposed to (2), is 
evidenced by the location of the hydrogen atom bonded 
to 0(4) of the acid group, and by the hydrogen bonding 
between the acid grouping and the carbomethoxy moiety · 
of neighbouring molecules [0(4) .. ·0(1) 2.64 A]. This 
evidence is supported by the near-trigonal geometry of 
C(I), and by the dimensions of the acid group in which 
the lengths of the C(5)-0(3) [1.l97(6) AJ and C(5)-0(4) 
[1.321(5) AJ bonds are identical to the corresponding 
bonds [1.l98(7) and 1.338(6) A] in (4). 
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In addition to confinning the predictions of molecular 
structure made on the bases of spectroscopic and 
chemical evidence, the X-ray analyses of (3) and (4) 
together provide an opportunity to study in detail the 
molecular geometry of the class of stabilised ylide ,,+ -
:;:::P-CR-COzMe in different crystallographic environ-
ments. The most striking difference between them 
emerges from a comparison of their conformations. 
~xamination of their corresponding torsion angles 
(Table 5) reveals that whereas P-C(I)-C(2)-0(2) is 

TABLE 5 

Selected torsion angles (deg.) 

P-C(I)-C(2)-O(2) . 
P-C(I)-C(2)-o(I) 
C( 4)-C(l)-C(2)-o(I) 
C(4)-C(I)-C(2)-o(2) 
C(1)-C(4)-C(II)-o(3) 
C(1)-C(4)-C(II)-o(4) 
C(2)-C(l)-P-C(6) 
C(2)-C(1)-P-C(12) 
C(2)-C(l)-P-C(lS) 
C(4)-C(l)-P-C(6) 
C(4)-C(l)-P-C(12) 
C(4)-C(l)-P-C(IS) 
C(I)-P-C(6)-C(7) 
C(1)-P-C(6)-C(11) 
C(I)-P-C(12)-C(13) 
C(1)-P-C(12)-C(17) 
C(1)-P-C(IS)-C(19) 
C(1)-P-C(IS)-C(23) 

(3) 
14.7(11) 

-16U(4) 
3.3(7) 

-1711.9(4) 
-28.4(7) 

1112.11(4) 
-711.8(4) 
166.1(3) 
46.4(4) 

115.7(4) 
-2.11(4) 

-122.2(4) 
10.3(11) 

-170.9(4) 
-101.9(4) 

76.0(4) 
-139.S(4) 

311.8(4) 

(4) 
1.3(6) 

-177.11(4) 
-2.S)S) 

-1711.9(4) 
-34.4(7) 

147.S(4) 
-67.9(11) 
174.3(4) 

114.9(11) 
117.S(II) 

0.1(11) 
-119.3(4) 

14.9(11) 
-164.11(5) 

-S7.0(1I) 
S6.3(1I) 

-139.2(11) 
34.9(11) 

14.7(5)0 for (3), it is 1.3(6t in (4), while for the closely 
related torsion angle P-C(I)-C(2)-0(1), the respective 
v~lues are -165.9(4) and -177.5(4)°. Although it 
1111ght otherwise be expected that the group of atoms 
P+-C--C=O should be planar for efficient delocalisation, 
other examples containing this group of atoms also show 
Small deviations from planarity. Thus in (llb),' (llc),6 

1035 

result from the different packing environments, since 
the crystal structure of (3) exhibits considerably more 
intermolecular contacts <3.80 A than does (4). More
over, the crystal structure of (3) is also characterised by 
the previously mentioned 0(4) ... 0(1) hydrogen bond, 
which directly involves the carbonyl oxygen of the 
carbomethoxy-group. There is no parallel interaction 
in the crystal structure of (4). It is also plausible that 
the decreased lac and SIp coupling in (3) (Table 1) may 
have a root in the 14.7(5}0 torsion angle about its 
C(1)-C(2)-. 

With the exception of the conformational differences, 
other features of the molecular geometries of (3) and 
(4) are identical. Thus in both molecules the P+-C--C=O 
grouping adopts a trans-configuration about the C(I)-C(2) 
bond, the ylide-carbon C(1) possesses near-trigonal geo
metry, and the C(I)-C(2) bond [1.392(6) in (3), 1.415(7) A 
in (4)J is considerably shortened. The carbonyl bonds 
[C(2)-0(I)J of the stabilising carbomethoxy-groups are in 
both cases slightly longer [1.243(6) in (3), 1.221 (6) A in 
(4)] than the corresponding bonds [C(5)-Q(3)J of either 
the acid function of (3) [1.197(6) AJ or the t-butyl ester 
function of (4) [1.198(7) AJ. There are thus clear 
indications, in keeping with the spectroscopic evidence, 
of delocalisation of the formal negative charge on C(I) 
into the carbomethoxy-groups of the two molecules. 
Similar patterns of delocalisation are suggested by the. 
lengths of 1.361(20) and 1.441(9) A for the C--CO bonds 
of (Hc) and (12) respectively. In the case of (12) the 
length of the C-COzMe bond not adjacent to the tri
phenylphosphine moiety is 1.507(9) A, while the torsion 
angle for this bond is -69°. 

PhJP+_C/
X 

"-..y 

The lengths of the P-C(I) bonds in (3) [1.732(4) AJ 
and (4) [1.715(5) AJ may be compared with those for 
(Hc) [1.736(14) AJ, (lId) 7 [1.709(19) A], and (13) 8 

[1.726(2) A], which are considerably longer than for 
either (lla) 9 [1.662(8) AJ or (14) 10 [1.624 AJ. In the 

_ /C=N case of (Ha), there is no possibility of stabilisation 
N except by additional bonding between the phosphorus 

X Y 
Ph p+ ~yC6H4Ct-P and ylide-carbon atom, while for (14) there. is almost cer-

3 "C=-C~ tainly a high degree of T;-bond character m the central 
(11) Q) H H 

b, I COPh 
Me02C""""" "C02Me P-C bonds. Nevertheless, it seems likely that the 

( 12 ) lengths of the P+-C- bonds in (3),. (4), and similar 
stabilised molecules, are consistent WIth at least some 
degree of T;-bond character. Similar effects have been 
noted for the P+-N- bonds in stabilised ylides of the class 
?P+-N--R.ll 

c, Cl COPh 
d; H S02C6Hdoo1e 

Ph3P=C=PPh3 

( 14 ) 

and (12),8 the corresponding torsion angles are re
Spectively 12, 4.8, and 8°. It is possible that the 
Conformational differences between (3) and (4) may 

• F. S. Stephens, J. Cl",". Soc., 1965.6640. . 
, F. S. Stephens. J. Ch,m. Soc .• 1965. 6668. 
• R. D. Gilardi and I. L. Karle. Acla Cryst .• 1972.188, 3420. 
, P. J. Wheatley. J. Ch,m. Soc .• 1966.6786. 

10' F. K. ROil, W. C. Hamilton. and F. Ramirez. Acta Crysl., 
71, 127. 2831. 

Further features of the conformations of (3) and (4) 
are the approximately tetrahedral geometries of both 
phosphorus atoms. The three phosphorus-bonded 
phenyl rings are all planar, adopting the familiar 
, propeller' conformation, and the phosphorus atom lies 
slightly out of the plane of each ring. This effect has 
been noted for similar molecules.ll Other dimensions 
within the molecules are as expected, and apart from 

• J. C. J. Bart, J. Ch,m. Soc. (B). 1969.860. 
10 A. T . . Vincent and P. J. Wheatiey, Ch,,,.. Comm .• 1971. 682. 
11 A. F. Cameron. N. J. Hair. and D. G. Morria. Acta C".,Sl .• 

1974. BaO, 221. 
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those contacts already noted, there are no abnormally 
short intermolecular distances. 

We thank Dr. Roy Lapper for laC n.m.r. spectra, and the 
S.R.C. and Ell Lily for the provision of a CAPS studentship 
(to V. W. A.). CrystaUographic computations were per-

J.C.S. Perkin II 

formed on the Glasgow University KDF 9 using programs 
developed by the Glasgow group, and on the E.R.C.C. 
IBM 370/1158 by use of the f X-Ray '72 ' suite of programs.lI 

[4/1871 ReceilJed, 12th September, 1974] 
11 'X-Ray '72: University of Maryland Technical Report TR 

192, 1972. 
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A NEW BROMINATING REAGENT: 2 -CARBOXYETHYLTRIPHENYLPHOSPHONIUM PERBROMIDE 

Victor W. Armstrong, Najmu1 H. Chishti and Robert Ramage. 

(The Robert Robinson Laboratories, University. of Liverpool). 

(Reoeived in UK 5 December 19741 acoepted for publication 23 Deoember 1974) 

Selective bromination of C-H a to a ketonic carbonyl function can b e 
1 

effect e d by pyridinium hydrobromide perbromide , phenyltrime thylammonium 
2,3 , 

perbromide and pyrrolidone-2 -hydrotribromide with varying degre e s of 

selectivity in the pres e nc e of other functional groups r e active towards 

bromine. We have found that 2 -carboxyethyltriphe nylphosphonium p e rbromide 

( 2 ) is a more stabl e crystalline salt which can b e a d de d with advantag e to 

this class of selective brominating r e agent s . 

+ 
(Ph) PCHzCHzCOOH X 

3 

I X = Br 
2 X = Br3 

The perbromide ( 2 ) can b e conve ni ently prepa r e d by r eacting P~P, 
o 

acrYlic acid and 49% aque ous HBr at 100 C for 1 0 min. to produc e the 
b 5,6 

romide (1) which, on trea tm ent with Br'2/HOAc a fford s th e ora n ge 
o 

Perbromide l m.p. 139 (MeCN~. Although th ere is no n ee d to i s ola t e d th e 

int e rme di a t e salt (1) in this pre p a ration, it i s al s o u seful to r egen e r a te 

th e p e rbromide ( 2 ) from th e bromide (1) which is a by-product from bromi n ation 

r eact i ons involving ( 2 ). This me ans, in eff e ct, tha t th e salt ( 1 ) c a n b e 

cons ide r ed to b e a Br 2 transfe r agent • 

.373 

E3 
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those ( 
short il 

Wet 
s.R.e. : 
(to V. 

314 

Br( )COCH 2R 

7 R=H 
8 R=Br 

o 

CH, CH, 

11 R=H 
12 R=Br 

13 

~ ~;3 0lJ)H' 

15 

5 R= H 
6 R=Br 

r 
PhCH 2CHCOCH, 

9 R=H 
10 R =Br 

14 

No. 6 



No. 6 375 

On addition of the reagent (2) in THF to solutions of the ketones ( 3 ), 

(5) and (7) in THF at room temperature the initial orange-yellow solution 

Was decolourised in 0. 25-2.00h. After filtration of the insoluble bromide (1) 

the monobromo derivatives? (4), (6) and (8) were isolated in yields of 60-80%. 

These examples illustrate the selectivity of the reagent for bromination a 

to a ketonic carbonyl function in the present of an ole finic doubl e bond. 

In the case of the unsymmetrically substituted ketones (9) and (11) 

~-bromination occurred predominantly at the positions indicated leading to 

(10) and (12) due to preferred enolisation in that direction. Th e position of 

bromination in (11) was confirmed by conversion of the bromo-compound (12) 

into the 2,4-dinitrophenylhydrazone derivative (m.p.140-141
C
e) of ~2" 

menthenone (13) which could be differentiated clearly by NMR from the 

2,4-dinitrophenylhydrazone of pulegone (14). No reaction was observed in the 

case of the bicyclic ketone, camphor (15) or with esters under the above 

Conditions. 

EXPERIMENTAL 

~arboxyethYltriphenYlphOsphonium Perbromide ( 2 ). 

Method (a): Ph,P ( 26 . 2g , 0.1 mole), acrylic acid (7. 2g , 0.1 mole) and 49% 

ijBr (50ml) were stirred at room temperature until solution attained th e n 

h ° eated at 95-100 for 10 min. whereupon the mixture was cooled and glacial 

ijOAc ( 240ml) added. Bromine (9.8ml) was added slowly with stirring to this 

mixture at oOe. After 0.5h the product was filtered and crystallised from 

aCetonitrile to give 2 -carboxyethyltriphenylphosphonium perbromide (52.5g, 91%) 

m.p. 1 39-141° (e, 44.13; H, 3 .70; Br, 41.92% . e21~oBr,02P requires e, 43.87; 

ij, 3.47; Br, 41.70%). 

M 5 6 
ethod (b): via (1): 2-earboxyethyltriphenylphosphonium bromide (1) 

(15g, 0 . 36 mole) in glacial HOAc (95ml) was cooled to 5-10
0

e and bromine 

(3.68ml) was added slowly to the stirred mixture. After a further 0.5h the 

Perbromide (2) (18.0g, 87%) was isolated as before. 
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The monobromo derivatives were identical with authentic mat e rials. 

NMR clearly supported the bromine substitution at the positions indicated. 



Novel Synthesis of Thiophen-3-malonic Esters and their 
Selenophen Analol1ues 

. By J. PETER CLAYTON, ANGELA W. GUEST, and AN DREW W. TAYLOR· 

(Beecham Pharmaceuticals Research Division, Brockham Park, Betchworth, Su"ey RH3 7AJ) 

and ROBERT RAMAGE· 

(Department o/Chemistry, U.M.I.S.T., Manchester M60 lQD) 

Reprinted from 

Journal of The Chemical Society 

Chemical Communications 

1979 

The Chemical Society. Burlington House. London W1V OBN 

E4 , 

, 
I.' 

\ 



500 J.C.S. CHEM. COMM., 1979 

Novel Synthesis of Thiophen-3-malonic Esters and their 
Selenophen Analogues 

By J. PETER CLAYTON, ANGELA W. GUEST, and ANDREW W. TAYLOR· 

(Beecham Pharmaceuticals Research Division, Brockhan: Park, Betchworth, Surrey RH3 7AJ) 

and ROBERT RAMAGE· 

(Department of Chemistry, V .M.I.S .T., Manchester M60 lQD) 

Summary Condensation of 1.4-dichlorobut-3-en-2-one with 
malonic esters gives the corresponding Knoevenagel 
adducts which may be cyclised directly to thiophen-3-
malonic esters or their selenophen analogues. 

THlOPHEN-3-MALONIC ACID (la) has pharmaceutical impor
tance as the side-chain intermediate used in the production 

• 1~ of the semisynthetic {J-Iactam antibiotic ticarcillin (2)· { 
Currently, this intermediate is prepared by elaboration ~e 
preformed 3-substituted thiophens. 3 We now report t. 
first example known to us of a direct cyc1isation to dUO" 
phen-3-malonates. ~ 

It was thought that a suitable substrate for sucl1.eS 
cyc1isation would be a diene of type (3) . Such a spec1 

I 
I 
I 
I 
I 
I 
I 
j 

s· 
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COH 
\2 H H 

~CHCO'NH~~:: 
(S~ 0 . 

'C02H 

(-2) 

d CH(C02R)2 CI)=\O'. 
~ \ 
x 

/ °2R 

Cl 
(1) (3) 

a:RaH.X .. S a: R .. M~ 
b: R -M~,X=S b: R .. Et 
c : R=Et,X=S c : R .. PhCH2 
d:R-PhCH2,X=S 
~ : R .. Et, X .. S~ 

C)=o P=<~~) 
- °2M~ ~ 

Cl S 2 

(4 ) (5) 

dC"'co,., CIC~ 

I \ ~CHC02M~ 
S 

/ 
(6) Cl (7) 

;OUld possess, in its chlorine atoms, two reactive leaving 
ntoups which might be displaced by a single dibasic sulphur 
t~CleoPhile. The initial transient cyclic product should 
(l~undergo double bond migration to the desired thiophen 
at d). The diene diesters (3a-c) were prepared in two 

eps from chloroacetyl chloride. Typically, reaction of 
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chloroacetyl chloride with acetylene and aluminium chloride 
in dichloromethane gave, in improved yield (75%), 1,4-
dichlorobut-3-en-2-one,' predominantly as the trans-isomer 
(4). Although the chlorovinyl group of the ketone (4) is 
susceptible to nucleophilic attack,' Knoevenagel con
densations with malonic esters were successfully carried 
out by employing the method of Lehnert' (titanium tetra
chloride-pyridine). For example, condensation with 
dimethyl malonate (3 h, ambient temperature) afforded 
methyl-5-chloro-3-chloromethyl-2-methoxycarbonylpenta-
2,4-dienoate as the trans-isomer (3a) (m.p. 56°C; 48% 
yield). 

Cyclisation of the dienes (3a-c) to the thiophens (1 b-d) 
was carried out in several different ways:7 by treatment 
with hydrogen sulphide in the presence of base (KOH
EtOH, or NEta- CHaCla8); with sodium hydrogen sulphide 
in aqueous methanol; or preferably, with sodium sulphide. 
Thus, a solution of the dichloride (3a) in tetrahydrofuran, 
stirred for 16 h with sodium sulphide nonahydrate (1·4 
equiv.), gave dimethyl thiophen-3-malonate (lb) (b.p. 
93- 95 °C at 0·2 mmHg; 53% yield) . When this reaction 
was carried out using a deficiency of sodium sulphide, the 
symmetrical sulphide (5)8 was isolated in low yield after 
chromatogra phy on silica. This suggests that the initial 
attack of sodium sulphide in the above cyclisation occurs 
at the vinyl chloride group. 

Some broadening of the scope of this synthesis has been 
possible . Reaction of the dichloride (3b) with sodium 
selenide in the usual way afforded the corresponding 
selenophen (le) (b .p . 137- 138 °C at ImmHg; 47% yield) . 
Although the yields are inferior, the chloro-ketone (4) has 
a lso been ela borated to the thiophen-3-acetic ester (6) by 
reaction with methyl triphenY'lphosphoranylideneacetate 
(90° C; 16 h) to give methyl 5_chloro-:l-chloromethyl
penta-2,4-dienoate (7), which was subsequently cyclised 
(H.S-KOH- EtOH) to methyl thiophen-3-acetate (6).10 

We are grateful to Professor R. A. Raphael for helpful 
discussions concerning this work. 

(Received, 5th March 1979; Corn. 214 .) 
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Process for the preparation of alpha-substituted-thien-3-yl-acetic acid and derivatives thereof 

This invention relates to a chemical process for the preparation of 3-substituted thiophenes. 
which are useful as intermediates in the production of penicillins and cephalosporins. 

A number of important penicillins and cephalosporins .having a 3-thienyl group in the side-chain 
are well known. For example our British Patent No: 1.004,670 describes the penicillin 'ticarcillin' viz 0 ' -

5 carboxy-3-thienylmethyl-penicillin, whilst esters of that compound are disclosed in our British Patent 
Nos. 1,125,557 and 1,133,886. The 6a-methoxy substituted derivative of tricarcillin is disclosed in W. 
German Offenlegungsschrift No. 2,600,866. 

a-Carboxy-3-thienylmethylcephalosporin is disclosed as an antibacterial agent in U.K. Patent No. 
1,193,302. 

10 The most widely used method of preparation of this type of penicillin and cephalosporin is the 
process disclosed in British Patent No. 1,125,557 wherein the penicillins are prepared from a 3-
thienylmalonic ester itself synthesised from 3-thienylacetonitrile. The 3-thienylacetonitrile was 
prepared from 3-methylthiophene by the method of Campaigne et al (J. Amer. Chem. Soc. 1948, 70 
1553) which involves reaction with N-bromo-succinimide and treatment of the resulting 3-bromo-

'5 methylthiophene with sodium cyanide, However, this bromination gives the desired bromo-derivative in 
low yield and the 3-methylthiophene sterting material is unduly expensive, with the result that the final 
penicillin or cephalosporin is considerably more expensive than other penicillin and cephalosporin 
derivatives. 

We have now devised a process for the preparation of 3-substituted thiophenes which involves 
20 cyclisation of a novel intermediate to form the thiophene moiety. The process is applicable to a wide 

variety of 3-substituents. 
Accordingly t"e present invention provides a process for the preparation of a thiophene of formula 

(I) : 

25 1 

O
CH-R 

fl '\ I 
I R2 

S 

(I) 

30 wherein RI represents a carboxylic acid group or an ester or amide derivative thereof or a nitrile (-CN) 
group; and R2 represents hydrogen, a hydrocarbon or heterocyclic group, a carboxylic acid group or an 
ester or amide derivative thereof, or an acyl, nitrile, isonitrile (:-NC) or optionally substituted imine 
group of formula -CH=NZ or -N= CHZ (where Z represents hydrogen, alkyl or aryl). or S02Ra -SRa, 
-SO.Ra or -S020Ra group wherein Ra represents CI_6 alkyl, or aryl, which process comprises treating 

36 a compound of formula (11): 

40 
(11 ) 

wherein RI and R2 are as defined with respect to formula (I) above; X represents a halogen atom, a 
hydroxyl group or a functionalised hydroxyl group; and Y represents a halogen atom or a hydroxyl or 

45 alkoxy group; with a source of nucleophilic sulphur under basic conditions. 
This cyclisation process may be carried out in a wide range of solvents subject to the solubility of 

the source of nucleophilic sulphur. It is often convenient to use a polar solvent, preferably a 
water-miscible solvent such as, for example, tetrahydrofuran, acetone, dimethylformamide, 
dimethylsulphoxide, hexamethylphosphoramide, acetonitrile, dimethoxyethane, dioxan, or an alcohol 

60 such as methanol, ethanol, propanol, butanol, in particular ethanol. Preferred solvents include 
tetrahydrofuran and acetone. An organic solvent such as methylene dichloride may also be employed. 
The reaction may be carried out at ambient to elevated temperature depending on the particular 
reagents used and the values of X, Y, RI and R2. For example suitable temperatures for the process are 
from - 20°C to 100°C, preferably 10° to 50°C. 

55 It is necessary to use a source of nucleophilic sulphur in the process of this invention. It is thought 
that the initial step in the process is nucleophilic displacement of the group Y in compound (11) by a 
sulphur moiety, and the ability to displace a group Y is the criterion for choosing a compound suitable 
for providing the source of nucleophilic sulphur for the process of this invention. Basic conditions are 
required for the subsequent step, which is thought likely to be formation of an intermediate of formula 

60 (Ill): 
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(Ill ) 

5 

which then undergoes displacement of the group X by inte~nal nucleophilic attack by the sulphide, S-, 
in structure (1111. an hence cyclisation to give compound (I). 

Although it is usually most convenient to have the reaction under basic conditions when the 
10 source of nucleophilic sulphur is added to the compound (Ill. it is also possible to carry out the reaction 

in two steps, that is by firstly treating compound (11) with a source of nucleophilic sulphur and then sub
sequently completing the cyclisation reaction by addition of a base. 

One suitable source of nucleophilic sulphur is for example the bisulphide ion, HS-
The bisulphide ion for the process of this invention may be provided by using a salt of this ion, 

15 preferably an alkali metal salt for example sodium bisulphide NaSH, which may be prepared, optionally 
in situ in the reaction, from sodium sulphide Na2S and sodium bicarbonate. An alternative, and 
preferred, source of the bisulphide ion comprises hydrogen sulphide and a base, which again produces 
HS- in situ. 

This combination of reagents has the advantage that the base employed can be the same as that 
20 used for the cyclisation process itself. 

Suitable bases which may be employed to provide the basic conditions for the process of this 
invention include inorganic bases, such as alkali metal hydroxides, preferably potassium hydroxide, and 
alkali metal bicarbonates preferably sodium bicarbonate and organic basis such as substituted amines 
for example tri(C 1_ s)alkylamines such as trimethylamine or triethylamine. 

25 The bisulphide ion may also be generated in situ from sulphurated sodium borohydride, NaBH2S3· 
In some cases it is possible to employ a compound for providing the source of nucleophilic 

sulphur, which compound is also capable of providing the basic conditions for the cyclisation step. 
Alkali metal bisulphides, especially sodiumtJisulphide, are suitable such ~ompounds. Thus reaction of 
compound (11) with an alkali metal bisulphide produces an intermediate of formula (IV): 

30 

35 

X-CH2-C = 
I 
CH 

/'" 
HS-CH 

(IV) 

Addition of further bisulphide (or presence of excess initially) removes a proton to give structure (Ill) 
above which then cyclises. 

40 Another way of providing the basic conditions required for the process is to produce the 
intermediate ion of formula (Ill) directly which can then act as its own base for cYC;lisation. This may be 
achieved for example by treating compound (11) with an alkali metal sulphide, in particular sodium 
sulphide Na2S. Because the sulphur ion in such a compound has a double negative charge, S2- , the 
intermediate formed after nucleophilic attack on compound (Ill. is structure (Ill) rather than structure 

45 (IV). No further base need then be present to complete the cyclisation. This reaction is still under basic 
conditions by virtue of the presence of the ion (Ill) itself, or excess of the alkali metal sulphide; if the 
reaction medium became neutral or acidic, the sulphide ion in structure (Ill) would be protonated and 
the cyclisation would not proceed. 

The compounds of formula (11) are novel compounds and are the subject matter of copending 
50 European Patent Application No. 80105285.3, which is a divisional of the present application. 

In formula (11) the group X should be readily displaced by nucleophilic attack by sulphide ions. 
Such groups include chloride, bromine, hydroxyl, arylsulphonyloxy such as benzenesulphonyloxy, p
toluenesulphonyloxy, or p-nitrosulphonyloxy, alkylsulphonyloxy such as methanesulphonyloxy or C1_ S 

alkanoyloxy such as acetoxy, propionoxy or butyroxy. -
55 The group Y may be, for example, chlorine, bromine hydroxy or CI_6 alkoxy such as methoxy, 

ethoxy, or propoxy. Preferably both X and Y are halogen, especially chlorine. 
The radicals RI and R2 in compound (11) are chosen according to the requirements of the 

compound (I). For the preparation of penicillin and cephalosporin derivatives the group RI should be 
carboxylic acid group or a group which may be converted to a carboxylic acid group or a functional 

60 derivative thereof for acylation the amino group ohhe penicillin or cephalosporin nucleus. The R2 group 
is chosen to provide the required a-substituent, or a precursor thereof, for the side chain of a 
penicillin or cephalosporin. 

65 

The radical RI may be an ester group -C02R3 wherein R:I is an alkyl, cycloalkyl, alkenyl, alkynyl, 
aryl or heterocyclic group, any of which may be substituted. Suitable such R3 groups include: 

3 
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(a) alkyl especially C' _8 alkyl such as methyl, ethyl, n- and iso-propyl, n-, sec-, iso- and tert-butyl, and 
pentyl; 
(b) substituted C'_8 alkyl wherin the substituent is at least one of: chloro, bromo, fluoro, nitro, carbo 
(C'_8 alkoxy), C' _8 alkanoyl, C'_8 alkoxy, cyano, C'_8 alkylmercapto, C'_8 alkylsulfinyl, Cl _ 6 alkyl-

IS sulphonyl, 1-indanyl, 2-indanyl, furyl, pyridyl, 4-imidazolyl, phthalimido, 1-azetidinyl, 1-aziridinyl, 1-
pyrrolidinyl, piperidino, morpholino, thiomorpholino, 4-(C'_8 alkyl)-l-piperazinyl, 1-pyrrolyl, 1-
imidazolyl, 2-imidazolin-1-yl, 2,5-dimethyl-1-pyrrolidinyl, 1 ,4,5,6-tetrahydro-1-pyrimidinyl, 4-methyl
piperidino, 2,6-dimethylpiperidino, alkylamino, ' dialkylamino, alkanoylamino, N-alkylanilino, or 
substituted N-alkylanilino wherein the substituent in the benzene moiety is chloro, bromo, C'_8 alkyl or 

10 Cl _8 alkoxy; 
(c) cycloalkyl and (C'_8 alkyl) substituted cycloalkyl having from 3 to 7 carbon atoms in the cycloalkyl 
moiety; " 
(d) alkenyl having up to 8 carbon atoms; 
(e) alkynyl having up to 8 carbon atoms; 

16 (f) phenyl and substituted phenyl wherein the substituent is at least one of chloro, bromo, fluoro, Cl _ 6 

alkoxy, Cl - 8 alkanoyl, carbo-(C,_e) alkoxy, nitro, or di(C,_8) alkyl amino; 
(g) benzyl or substituted benzyl wherein the substituent in the benzene moiety is chloro, bromo, fluoro, 
C' _8 alkyl. C,_e alkoxy, C,_e alkanoyl, carbo-(C,_8)-alkoxy, nitro, or di(C,_8-alkyl) amino; . 
(h) a 5- or 6- membered hereocyclic group containing one or· more sulphur and/or nitrogen and/or 

20 oxygen atoms in the ring optionally fused to a second 5- and 6-membered hydrocarbyl or heterocyclic 
ring and which may be substituted with an alkyl group having 1 to 3 carbon atoms, for example thienyl, 
furyl quinolyl, methyl-substituted quinolyl, phenazinyl, pyridyl, methylpyridyl, phthalidyl, indanyl. 

Preferred groups for R3 include C,_e alkyl, benzyl. phthalidyl, indanyl, phenyl, mono- di-, and tri
(C,_e)-alkyl substituted phenyl such as 0-, m or p methylphenyl, ethylphenyl, n- or iso-propylphenyl, n-, 

26 sec-, iso- or butylphenyl. 
Suitable groups R2 include hydrogen, Cl _ 8 alkyl, such as methyl, ethyl, propyl, or butyl, benzyl. 

phenyl, alkyiphenyl, napthyl, a 5- or 6- membered heterocyclic group containing one or more sulphur 
and/or nitrogen and/or oxygen atoms in the ring and which may be substituted by an alkyl group having 
from 1 to 3 carbon atoms, for examplo thienyl, imidazolyl, thiadiazolyl, isoxazolyl, methyHsoxazolyl, 

30 tetrazolyl, methyltetrazolyl, pyrimidinyl, pyridyl, pyrazinyl, pyrrolidyl, piperidyl, morpholinyl, thiazinyl, 
furyl, or quinolyl: a carboxylic acid group, a carboxylic ester group -C02R3 as defined above, or a C, _6 
alkanoyl group. When both groups R' and R2 are ester radicals they may together form a cyclic ester 
group, for example isopropylidine of formula: 

36 

40 

CO.O 

/ '" 
For the preparation of a-carboxy-3-thienylpenicillins and cephalosporins, R' and R2 may con

veniently both be carboxylic acid or ester radicals. It is convenient to prepare a diester compound of for
mula (I), i.e. where R' and R2 both represent a group -C02R3, and then half-saponify in order to pro
duce the compound (I) wherein one of R' and R2 is a carboxylic acid group, suitable for coupling the 

46 penicillin or cephalosporin nucleus. ' 
Similarly for the preparation of an a -ester of an a-carboxy-3-thienyl penicillin or cephalosporin, 

the group R3 may be chosen according to the eventual penicillin or cephalosporin required. 
The compounds of formula (I) in which one of the groups R' and R2 represents a carboxylic acid 

function may be converted to a penicillin or cephalosporin by an method known per se, for example as 
50 described in 8ritish Patent Specification Nos. '1,004,670, 1,125,557, 1,133,886, 1,193,302, 

W. German OLS No. 2,600,866. 
The following Examples illustrate this invention. 

Example 1 . 
66 Preparation of diethyl thien-3-ylmalonate 

Potassium hydroxide (0.14 g, 2,0 mmol) in ethanol (50 ml) was saturated with hydrogen sulphide at 0° 
for one hour. To this was added 4-trans ethyl 2-ethoxycarbonyl-5-chloro-3-chloromethylpenta-2,4, 
dienoate (0.62 g, 2.45 mmol), and addition of hydrogen sulphide was continued for one hour at rool11 
temperature. The reaction mixture was stirred for a further four hours. Potassium hydroxide (0.20 g, 2.8 

60 mmol) was added and hydrogen sulphide passed for thirty minutes. The reaction mixture was stirred at . 
room temperature for sixteen hours, diluted with water (50 ml) and extracted with ether (3 x 50 rn\) · 
The extracts were washed with saturated brine, N sodium bicarbonate solution, saturated brine, dried 
(Na 2S04 ) and evaporated to give the title compound (78% yield) purified by distillation, b.~. 
119-127%.5 mm. 8 (CDCI3 ) 1.27 (6H, t, J 7Hz, CH 3 ), 4.20 (4H, q, J 7Hz, OCH 2 ), 4.75 (lH, s, CH, 

65 

4 
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7.20-7.43 (3H, m, thienyl protons). vma.(film) 1730 cm- 1, Ama. (ethanol) 234 nm. CllH1404S requires 
M, 242.0649. Found M+, 242.0609. , 

Example 2 
Preparation of diethyl thien-3-ylmalonate ' . 

4-trans Ethyl 2-ethoxycarbonyl-5-chloro-3-chloromethyl penta-2.4-dienoate (0.28 g, 1.0 mmol) 
in THF (5 ml) was treated with solid sodium sulphide nonahydrate (0.24 g, 1.0 mmol) and the mixture 
stirred at room temperature for sixteen hours. Ether (50 ml) was added; brine washing, drying 
(Na 2S04l. charcoal and evaporation gave the title product (66% yield). spectral details as in Example 1. 

I 

Example 3 " 
Preparation of diethyl thien-3-ylmalonate 

Sodium sulphide (Na 2S;9H 20) (12 g, 0.05 mol) was dissolved in water and the volume made up to 
35 ml. Sodium bicarbonate (4.2 g, 0.05 mol) was added with stirring. After dissolution, methanol 

15 30 ml) was added. After thirty minutes, sodium carbonate was filtered off, and the solids washed with 
methanol (15 ml). There is thus obtained a solution of sodium bisulphide (50 mmol) in aqueous 
methanol. 

4-trans Ethyl 2-ethoxycarbonyl-5-chloro-3-chloromethylpenta-2.4-dienoate (1.4 g, 5 mmol) in 
methanol (50 ml) was treated at 10°C, dropwise with sodium bisulphide solution (8 ml, 5 mmol). After 

20 two hours at room temperature, a further aliquot of sodium bisulphide solution (8 ml. 5 mmol) was 
added and the mixture stirred overnight. The solution was concentrated (ca 5 ml) and water (50 ml) 
added. Ether extraction (3 x 50 ml), brine washing (50 ml) drying (Na

2
S04). charcoal and evaporation 

gave the title product (68% yield), spectral details as in Example 1. 

25 Example 4 
Preparation of diethyl thien-3-ylmalonate 

4-trans Ethyl 2-ethoxycarbonyl-5-chloro-3-chloromethylpenta-2.4-dienoate (0.28 g, 1.0 mmoJ) in 
methylene dichloride (10 ml) at 0-5°C was treated with hydrogen sulphide for ten minutes. A solution 
of triethylamine (0.28 ml, 2.0 mmol) in methylene dichloride (5 ml) was added over five minutes, and 

30 the solution stirred at room temperature for forty-five minutes, diluted with methylene dichloride (25 
ml), washed with brine (25 ml) dried (Na2S04) and evaporated to give the title product (62% yieldl. 
spectral details as in Example 1. 

Example '5 
35 Preparation of diethyl thien-3-ylmalonate 

4-cis Ethyl 2-ethoxycarbonyl-5-chloro-3-chloromethyl penta-2.4-dienoate (0.84 g, 3.0 mmol) in tetra
hydrofuran (15 ml) was stirred with sodium sulphide nonahydrate (0.72 g, 3.0 mmol) at ' room 
temperature for sixteen hours. The reaction mixture was diluted with ether, washed with brine, dried 
(Na2S04), treated with charcoal, filtered and evaporated to give the title product (0.18 g, 28%). spectral 

40 details as in Example 1. 

Example 6 
Preparation of dimethyl thien-3-yl malonate. 

4-trans Methyl -2- methoxycarbonyl -5-chloro-3-chloromethyl penta-2.4-dienoate (1.25 g., 5.0 mmol). 
45 in THF (15 ml) was stirred for 18 hours with sodium sulphide nonahydrate (1.68 g., 7.0mmol.). The 

solution was diluted with ether, washed with water, dried (Na2 S04) and evaporated to give the reac~ion 
product, which, on filtration through coarse Fluorosil (Registered Trade Mark) (3.5 g.). gave decolonzed 
title compound (0.61 g., 57%). b.p. 96-98° (0.3 mml. Vma• (film) 1740 cm- 1, 8(CDCI3 ).3.77 (6H,s, 
2 x CH3 ), 4.82 (lH,s,-CH). 7.11-7.48 (3H, complex, thienyl protons). C9H100 4S reqUIres M,214. 

50 Found: M+, 214. 

Example 7 
Preparation of dibenzyl thien-3-ylmalonate. 

4-trans Benzyl 2- benzyloxycarbonyl -5-chloro-3-chloromethylpenta - 2, 4-dienoate was t.rea!ed 
55 with sodium sulphide as in Example 6 thus affording the title compound in 71 % yield. Recrystalhzatlon 

from toluene petrol gave prisms, m.p. 49-50°, Vmex (CH2CI2l. 1740 cm-1, c5(CDCI 3) 4.88 (lH,s, CH), 
5.18 (4H,s, 2CH2 ). 7.33 (13H, complex, aryl and thienyl protons). 

Example 8 
60 Preparation of ethyl 2 -thien-3'-yl-2-cyanoacetate. 

4-Trans ethyl 2- cyano-5-chloro-3- chloromethylpenta -2, 4-dienoate was treated with sodium sulphide 
nonahydrate as in Example 6 thus affording the title compound in 30% yield, {'ma. (CH2CI 2 ) 1720 cm- 1, 
8(CDCI

3
) 1.27 (3H,t.J 7 Hz, CH2 l. 4.80 (IH,s, CH). 7.2-7.6 (3H, complex, thienyl protons). 

65 
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Example 9 
Preparation of methyl thien-3-ylacetate. 

Potassium hydroxide (0.04 g., 0.6 mmql) in ethanol (10 ml) at 0° was saturated with H2S for 15 
minutes. 4-Trans methyl 5-chloro -3- chloromethylpenta-2, 4-dienoate (0.11 g., 0.56 mmol.) was 

6 added, and the solution stirred with continued H2S addition for 1 hour. Further potassium hydroxide 
(0.04 g., 0.6 mmol.) in ethanol (2 ml.) was added. The solution was stirred at room temperature for 18 
hours, diluted with water and extracted with ether, which was dried and evaporated to give the title 
compound (0.07 g.) vmax (CHCI3) 1730 cm-', 8(CDCI3) 3.71 (5H,s,-CH2- and -CH3). 7.0-7.6 (3H, 
complex, thienyl protons). Amax(EtoH) 224 (£ 4,560). 265 nm (£2.440). C7Hs0 2S requires M, 156 Found 

'0 :M~ 156. 
(This compound may also be prepared using pre-formed sodium bisulphide in place of H2S/KOH.) 

Example 10 
Preparation of dimethyl thien-3-ylmalonate. 

'6 Potassium hydroxide (0.14 g., 2.0 mmol.) in ethanol (50 ml) was saturated with hydrogen sulphide at 
O°C. To this was added methyl 2-methoxycarbonyl-5-chloro-3-chloromethylpenta-2, 4-dienoate (0.62 
g., 2.45 mmol.) and addition of hydrogen sulphide was continued for 1 hour at room temperature. The 
reaction mixture was stirred for a further 4 hours. Potassium hydroxide (0.20 g., 2.8 mmol.) was added 
and hydrogen sulphide passed for 0.5 hours. The reaction mixture was stirred at room temperature for 

20 16 hours, diluted with water and ether extracted. The extracts were washed with saturated brine, dried 
and evaporated to give the title compound (0.39 g., 74%). b.p. 96-98°C/O.3 mm. 8(CDCI3) 3.77 (6H, 
s, 2 x CH31. 4.82 (lH, s, CH) 7.11-7.48 (3H, m, thienyl protons). Vmax (film) 1740 cm-I C9H'004S 
requires M.214. Found: M+, 214. 

26 Claims 

1. A process for the preparation of a thiophene of formula (I): 

30 (I) 

wherein R' represents a carboxylic acid group or an ester or amide derivative thereof or a nitrile 
36 group; and R2 represents hydrogen, a hydrocarbon or heterocyclic group, a carboxylic acid group or an 

ester of amide derivative thereof, or an acyl, nitrile, isonitrile or optionally substituted imine group of 
formula -CH=NZ or -N=CHZ (where Z represents hydrogen, alkyl or aryl), or S02Ra -SRa, -SO.Ra 

' or -S020R- group wherein Ra represents C,_e alkyl, or aryl, characterised in that a compound of 
formula (11): 

40 

46 

X-CH2-C = C-R' 
11 
CH R2 

/' 
V-CH 

(11 ) 

wherein R' and R2 are as defined with respect to formula (I) above; X represents a halogen atom, a 
hydroxyl group or a functionalised hydroxyl group; Y represents a halogen atom, a hydroxyl group, or 
an alkoxy group; is treated with a source of nucleophilic sulphur under basic conditions. 

60 2. A process as claimed in claim 1 wherein the source of nucleophilic sulphur is the bisulphide ion. 
3. A process as claimed in claim 1 wherein the compound of the formula (11) is treated with an 

alkali metal sulphide. 
4. A process as claimed in claim 3 wherein the alkali metal sulphide is sodium sulphide. 
5. A process as claimed in anyone of claims 1 to 4 wherein X and Y are both halogen. 

55 6. A process as claimed in claim 5 wherein the X and Y are both chlorine. 
7. A process as claimed in anyone of claims 1 to 6 wherein R2 represents hydrogen, a carboxylic 

acid or ester group. 
8. A process as claimed in claim 7 wherein R2 is a carboxylic acid group or a carboxylic ester 

group of formula -C02R3, wherein R3 is C,_S alkyl, benzyl. phthalidyl, indanyl. phenyl, mono-, di-, or tri-
60 (C, _s)-alkyl substituted phenyl. 

65 

9. A process as claimed in anyone of claims 1 to 6 wherein R' and R2. both represent a carboxylic 
acid or ester group. 

6 
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Revendications 

1. Procede pour la preparation d'un thiophene de formule (I): 

/ITCH - R1 

/("p ~2 
S 

dans laquelle R' represente un groupe acide carboxylique ou 'un derive ester ou amide de celui-ci ou un 
'0 groupe nitrile; et R2 represente de j'hydrogene, un groupe hydrocarbone ou heterocyclique, un g~ou.pe 

acide carboxylique ou un derive ester ou amide de celui-ci; ou un groupe acyle, nitrile, isonitrile ou Imine 
eventuellement substitue de formule -CH=NZ ou -N=CHZ, ou Z represente de I'hydrogene, un alkyle 
ou un aryle, ou S02R8, -SR8, -SO.R8 ou -S02R8, ou Ra represente un alkyle en C' _6 ou un ~ryle , 
caracterise en ce qu'on traite un compose de formule (11): 

'5 

(11 ) 

20 

dans laquelle R' et R2 ont la me me signification que dans le cas de la formule (I) ci-dessus; X represente 
un atome d'halogene, un groupe hydroxy ou un groupe hydroxy fonctionnalise; Y represente un atome 

25 d'halogene, un gr.oupe hydroxy ou un groupe alcoxy avec une source de soufre nucleophile dans ces 
conditions basiques. 

2. Procede suivant la revendication 1, caracterise en ce que la source de soufre nucleophile est 
rion bisulfure. 

3. Procede suivant la revendication 1, caracterise en ce que le compose de formule ill) est traite 
30 avec un sulfure de metal alcalin. 

4. Procede suivant la revendication 3 , caracterise en ce que le sulfure de metal alcalin est le 
sulfure de sodium. 

5. Procede suivant rune quelconque des revendications 1 cl 4, caracterise en ce que X et Y sont 
tous deux un halogene. 

36 6. Procede suivant la revendication 5, caracterise en ce que X et Y sont tous deux du chlore. 
7. Procede suivant rune quelconque des revendications 1 cl 6, caracterise en ce que R2 represente 

de rhydrogene un groupe acide ou ester carboxylique. 
8. Procede suivant la revendication 7, caracterise en ce que R2 est un groupe acide carboxylique 

ou un groupe ester carboxylique de formule -C02R3, OU R3 est un groupe alkyle en C' _5' benzyle, 
40 phtalidyle, indanyle, phenyle, mono- di- ou tri- alkyl (C, _ 6) phenyle. 

9. Procede suivant rune quelconque des revendications 1 cl 6, caracterise en ce que R' et R2 
representent tous deux un groupe acide ou ester carboxylique. 

45 
Patentanspruche 

1. Verfahren zur Herstellung eines Thiophens der allgemeinen Formel (I) 

1 

O
CH-R 

I \ 12 
R 

S 

(I) 

in der R' eine Carboxylgruppe oder deren Ester- oder Amid-Derivat oder eine Nitrilgruppe darstellt und 
R2 ein Wasserstoffatom, ein Kohlenwasserstoffrest oder ein -heterocyclischer Rest, eine Carboxyl-

55 gruppe oder deren Ester- oder Amid-Derivat, ein Acylrest, eine Nitril- oder Isonitrilgruppe oder eine 
gegebenenfalls substituierte Iminogruppe der Formel - -CH= NZ oder -N= CHZ ist, wobei Zein 
Wasserstoffatom, einen Alkyl - odtlr Arylrest oder eine der Gruppen -S02R8, - SR8, - SO.Ra oder 
- S020R8 bedeutet, in denen R8 einen Alkylrest m,it 1 bis 6 Kohlenstoffatomen oder einen Arylrest dar
stellt. dadurch gekennzeichnet. daB eine Verbindung der allgemeinen Formel (11) 

60 

( 11) 
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in der R' und R2 im Hinblick auf die vorstehende allgemeine Formel (I) definiert sind, X ein Halogen
atom, eine Hydroxylgruppe oder eine in eine Hydroxylgruppe uberfuhrbare Gruppe ist und Y ein Halo
genatom, eine Hydroxylgruppe oder eine Alkoxygruppe bedeutet, unter basischen Bedingungen mit 
einer Quelle von nucleophilem Schwefel behandelt wird. 

IS 2. Verfahren nach Anspruch 1, wobei die Quelle von nucleophilem Schwefel ein Bisulfid-Ion ist. 
3. Verfahren nach Anspruch 1, wobei eine Verbindung der allgemeinen Formel (11) mit einem 

Alkalimetallsulfid behandelt wird. 
4. Verfahren nach Anspruch 3, wobei das Alkalimetallsulfid Natriumsulfid ist. 
5. Verfahren nach einem der Anspruche 1 bis 4, wobei X ~nd Y Halogenatome sind. 

'0 6. Verfahren nach Anspruch 5, wobei X und Y Chloroatome sind. 
7. Verfahren nach einem der Anspruche 1 bis 6, wobel R2 ein Wasserstoffatom, eine Carboxyl-

gruppe oder Estergruppe darstellen. . 
8. Verfahren nach Anspruch 7, wobei R2 eine Carboxylgruppe oder eine Estergruppe der 

allgemeinen Formel -C02R3 ist, in der R3 C, _e-Alkyl. Benzyl. Phthalidyl, Indanyl. Phenyl, mono-, di
'5 oder tri-(C,_e-AlkyJ)-substituiertes Phenyl ist. 

20 

21S 

30 

31S 

40 

41S 

ISO 
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9. Verfahren nach einem der Anspruche 1 bis 6, wobei beide Reste R' und R2 eine Carboxyl
gruppe oder Estergruppe darstellen. 

8 





15. BIOSYNTHESIS 

By R. Ramage 

(The Robert Robinson Laboratories, The University of Liverpool) 

As in previous years this report will be selective in that it will deal only with 
Publications most likely to interest organic chemists. Again there has been 
~uCh activity in the alkaloid field together with increasing interest .in the 
losYnthesis of iso prenoid s. 

Alkaloids.- Ben::ylisoquinoline F;roup. Full detail s have now a ppeared I 
concerning the pathway from salutaridine (I) to thebaine (2) in Papaver 
SOlltnijerum. In a thorough investigation both salutaridinol-I (3) and sal u
~ridinOI-1I (4) were synthesised and the stereochemistry at C-7 was determined. 
(~ has been proposed 2 that, in the conversion of salutaridinol into thebaine 
b)' the phenolic hydroxy-group should displace the oxygen function at C-7 
tYan SN2 1 mechanism. Salutaridinol-II (4) has the required stereochemistry3 
~r such a reaction; however salutaridinol-I (3) was found to be the most 

e ~ctive precursor of thebaine (2). One interesting possibility proposed is a 
~rl~r allylic rea rrangement of (3) to give the isomeric dienol (5) having the 
t eSlred stereochemistry for SN2 attack at C-5 by the phenolic group. One 
(~Ill~ining proble·m in this area of morphine biosynthesis is the synthesis of 

), In labelled form. possibly from thebaine (2). Two independent groups have 
n?W Shown, by use of specific labelling4 and [ 14C]carbon dioxide exposure tech
~I~ues, 5 that morphine (6) is formed from thebaine (2) via codeinone (7; 

JP == 0) and codeine (7; RI = H, R 2 = OH). The latter group have 
~~nfirrned, 6 by [ 14CJcarbon dioxide exposure, that reticuline (8) is a precursor 
PI the~aine (2) in P. somiferum L. Pure (- )-reticuline (8) was isolated from the 

ant, In contrast to ea rlier work 7.8 in which parti a lly racemic (8) was isolated. 
(Illn the biosynthesis of sinomenine (9) 'rom sinoacutine (10), isosinomenine 
IQ) has been shown 9 not to be involved. An alternative would be the inter
(I~diacy of the isomeric structure (12) which could yield (9) via the enol ether 

) as shown. 

Incorporation of (±)-[Me- 14C, 3H3Jcoclaurine (14; RI = OMe, R2 = H) 
I 

1 g. H. R. Barlon, D. S. Bhak uni. R. James, and G. W. Kirby, J. CllI!m. Soc. (C). 1967. 12K. 
I o· Stork. The Alkaloids: ed. Manske and Holmes, Academic Press. New York . 1960, p. 243. 
• . Slork and W. N. While. J . Amer. Chem. Soc .• 1956. 78. 4689. 
, ~. R.. Baltersby, E. Brochmann-Hanssen. and J. A. Martin. Chem. Comm., 1967,483. 
• R· Blaschke. H. I. Parker, andH. Rapoport. J. Amer. Chen .. Soc., 1967.89, 1540. 
, E· O. Martin, M. E. Warren. and H. Rapoport, Biochemistry, 1967. 6.2355. 
I",· Brochmann-H anssen and B. Nielson. Tetrahedron Letters. 1965. 1271. 

411e . R.. Batlersby. G. W. Evans, R. O . Martin. M. E. Warren, and H. Rapoport. Tetrahedran 
• 's, 1965, 1275. 

D. H. R. Ba rlon. Chem. ill Britain, 1967.3, 330. 

FI 
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I 
I 
I 

into crotonosine (15) in Croton linearis showed that ca. 70 % of the methoxy~ 
group activity was lost in the conversion. A full account has been published I 
of the incorporation of norcoclaurine (14; RI = R2 = H) and N-methyl
coclaurine (14; RI = H, R2 = Me) into mecambrine (16) and roemerine (17) 
in P. dubium. The isolation I1 of the dienol (18) from C. linearis must be of 
biosynthetic importance. I 

More elegant experiments l2 with mUltiply labelled reticuline (8) and 
scoulerine (19) have been designed to elucidate the final stages in the transforrna-
tion of stylopine (20) to chelidonine (21). Of particular interest is the non
specific removal of hydrogen at C-9 in (8) during the biosynthesis of (21); 
however in the conversion of scoulerine (19) into narcotine (22), hydroxylatiOJl I 

I 

M,~a 
I 

~ I 

QI 
MeO I 7 

3 ··o~ I 
H (4) I 

HO~ 
MeoV 

(5) 

(2) 

(6) 

OMe 

(9) 

(3) 

(7) 

o 
(10) 

10 D. H. R. Barton, D. S. Bhakuni. O. M. Chapman, and O. W. Kirby, J . Chem. Soc. (C). 19
67

, 
2134. 

11 L. 1. Hayncs, O. E. M. Husbands, and K. L. Stmlrt, J . Chem. Soc. (Cl, 1966, 1680. 6OZ. I' A. R. Batlersby, R. 1. Francis, M. Hirst, R. Southgate, and J. Sta unton, Chelll. COI/I/II ., 1961, 

I 
! 
I 
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MeO 

( 11) 

(14) 
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I12l 
(13) 

(15) (16) 

I 
1 

I 
I 
! I t6-t~ nitrogen at C-13 was stereospecific. Feeding experiments with (±)-

cl C, 6- JH 2]scoulerine showed that the JH-Ioss from C-6 (ca. 40 %) was 
chO~~ to that expected (50 %) for a stereospecific oxidation at C-6 en route to 
of e Ido.nine (21). Leete has also shown IJ that stylopine (20) is a progenitor 
In ~hehdonine (21) by feeding (±)-[6- 14C,14-3 H]stylopine to Chelidonium 

Q)us. 

(2~he theory 14 that the Erythrina alkaloids were derived from the diphenol 
C 11 has been tested in a beautiful and complete manner by the Imperial 
in~ ege group.9. 1 ~ The diphenol (23) was incorporated to a negligible extent 
er'

o erythratine (24; RI = OH, R2 = H) and erythraline (25) in Erythrina 
Of~~a-~al/i and E. rubrinervia, notwithstanding the very good in vitro conversion 
an e3h~to (± )-erysodienone (26). N-Norprolosimonenine (27) was found to be 
cia ~ficlent precursor of (24; RI = OH, R 2 = H) and (25), a result which 
Se sSlfies these compounds as benzylisoquinoline alkaloids. The suggested 
unquence from N-norprotosinomenine (27) to erysodienone (26) involves the 
Of ~ual dienone (28) and the biphenyl derivative (29). The ready oxidation 
Sin( 9) to erysodienone (26) makes (29) a credible biosynthetic intermediate. 
sin Ce er~sodienone (26) is optically active, one enantiomer of N-norproto
Ira Olllenlne (27) is probably the true precursor and the asymmetry is probably 

hslated from (27) to (26) via an optically active biphenyl derivative. An 

13 E 
I, r:) Leelo and 1. B. Murrell. Phytochemistry. 1967, 6,231. 
I'D' H. R. Barlon and T. Co hen. Feslschrift A. SlolI, Birkhauser A.-G ., Basle, 1957. p. 117 . 

. H. R. Barton. R. James, G . W. Kirby. and D. A. Widdowson. Chem. Cornm., 1967,267. 
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(29) (30) (31) 

~xcellent analogy seems to be the formation of ( + )-neodihydrothebaine (30) 
rom thebaine. 16 • 17 Whether or not both aryl rings in (29) do become truly 

equivalent can be checked by suitable specific labelling. Erythratinone (31), 

(
shOWn to be present in E. crysta-galli, was converted into [2-3H]erythratine 
24; RI = OH, R2 = H) and [2-3H]epierythratine (24; RI = H, R2 = OH). 
Jbe latter was transformed most efficiently into erythraline (25). Stereospecific 
lI-labeHing at C-9 of N-norprotosinomenine (27) would be invaluable in an 

eXamination of the dehydration step. 
r Phenethylisoquinoline alkaloids. Earlier work 18 indicated that (± )-autumna
.lne (32; RI = OH, R2 = OMe, R3 = OMe) was the key phenethylisoquino
~e pr.ecursor of colchicine (33; R = Ac) and demecolcine (33; R = Me) in 
It ~lchlcum autumnale and C. byzantinum; other intermediates were being (32; 
F "'= H, R2 = OH, R3 = H) and (33; RI = H, R2 = OH, R3 = OMe). 

Urther work 19 has shown the direction of coupling in autumnaline (32; RI 
"'" OH, R2 = OMe, R3 = OMe) to be para- para, unlike the ortho- para 
COUPling of reticuline (8) involved in the biosynthesis of morphine. O-Methyl
~ndrocymbine (34; R = H), earlier established as a precursor of colchicine, 
as recently been shown to be present in C. autumnale. 20 Predictably, (-)

~U:U~~aline, which has the same configuration at the asymmetric centre as 
AO ChlCIne (33; R = Ac), was the elTective precursor of colchicine. ( - )-[ 1_3 H] 
C Utumnaline gave colchicine which showed some loss of 3H-activity in 
p0tnparison with an internal 3H standard, but oxidation- reduction is less im
n °rtant in C. byzantinum than in P. somniferum. The N-methyl group of autum
d a !ne Was shown to be retained in demecolcine (33; R = Me) and [2-0M e-3H] 
p emecolcine and [2-0M e-3H]desacetylcolchicine (33 ; R = H) were found to be 
c~ecurso~s of colchicine (33; R = Ac). In order to elucidate the nature of the 
a ~nges Involved in the tropolone ring formation, the fate of the lables at C-3 
t n C-4 of autumnaline was investigated. Carbon 4 is derived from C-3 of 
Yrosine, and the specificity of incorporation of [3-1 4 C]tyrosine has been well 

16 

I, K. W. Bentley, J. Amer. Chem. Soc., 1967,89,2464. 
11 D. M. Hall and W. W. T. Manser, Chem. Comm., 1967, 112. 
1~ A.. R. Baltersby, R. B. Herbert, E. McDonald, R. Ramage, and J. H. Clements, Chem. Comm., 

1,,603. 

1967 ~. C. Barker, A. R. Battersby, E. McDonald, R. Ramage, and 1. H. Clements, Chem. Comm., I. 90. 
A.. R. Baltersby, D. R. Julian, and R. Ramage, unpublished work. 
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I 

I 
I 
I 

established. 21 (±)-[1-14C,4-3H]Autumnaline was incorporated into colchicine 
(33; R = Ac) with ca. 50 % loss of 3H-activity, which suggests a stereospecific 
reaction at C-3 of O-methylandrocymbine (34 ; R = H). A common reaction 
which occurs p to nitrogen in alkaloid biosynthesis is stereospecific hydroxyla" 
tion; it was therefore postulated that 3P-hydroxy-O-methylandrocymbine (34; 

J 

R = OH) was the precursor which underwent the tropolone-forming stef~ 
Alkaloid CC-12, which was isolated from C. cornigerum, has been shown. I 
to be 6-hydroxycolchicine; this is evidence for the presence of a p-oxidase In I 
the plant. (± )-[ 4- 14C]Autumnaline was incorporated poorly in a nonspecific I 
manner. It would be of considerable interest to know the oxidation level at 
C-2 in (34) at the tropolone-forming stage. To this end a study of the biosynthesis I 
of CC-5 23 (35; R = Me) and speciosinel 9 (35; R = O-hydroxybenzyl) is being I 
undertaken. The isolation24. 25 of a third group of phenethylisoquinoJine 

alkaloids, homoaporphines, ensures further biosynthetic effort in this area. ) I 
Amaryllidaceae alkaloids. The conversion of caranine (36; RI = R2 "" fI I 

into lycorine (36; RI = OH, R2 = H) has been studied 26 by feeding stereO" 
specifically labelled [2p-3H]caranine to Zephyranthes candida; this ga~e 
[2ex-3H]lycorine (36; RI = OH, R2 = H). The transformation occurred In 
good yield, ca. 7 %, but the interpretation possible is limited until doubly 
labelled caranine is administered to Z. candida. 

A start has been made27 on the biosynthesis of mesembrine (37) which occurs 
in several plants of the Aizoacea family. [SMe- 14C]Methionine was fed t~ 
Sceletium strictum L. Bol. ; it was found that only the methoxy- and N-met~y I 
groups became labelled. As in the Amaryllidaceae alkaloids, [3_14C]tyrostJIe I 

and phenylalanine (uniformly labelled with 14C in the aromatic ring) were I 
found to be nonequivalent; the phenylalanine was incorporated into the aro" I 
matic ring of mesembrine (37). 

Pyridine alkaloids. In a further study of the hemlock alkaloids 28 [ex_ 14CP" I 
coniceine (38) was incoporated well into coniine (39; R = H) and ljI_conhydrlne I 
(39 ; R = OH). Both conhydrine (40) and 'fl-conhydrine (39; R = OH) are 
further examples of stereospecific hydroxylation p to nitrogen. Unlike coniine I 
(39; R = H), which has been shown 29 to be derived from four acetate units, I~~ I 
piperidine alkaloids sedamine (41) and lobinaline (42) have been found 
to be constructed from lysine and phenylalanine. Phenylalanine provides the I 
aryl ring a nd the adjacent ex- and p-carbon atoms. 

I 
" A. R. Ilattersby and R. Il. Herbert, Proc. Chem. Soc., 1964, 260. 6 31. 
22 A. D. C ross, A. EI-Hamidi, L. Pijewska, and F. Santavy, Coli. Czech. Ch em. Comm., 196 , 

3~ • 
2J M. Saleh, S. EI-Gangihi, A. EI-Hamidi, and F. Santavy, Coli. Czech. Chem. Comm., 1963, 

34 13. ~, 
24 A. R. Ilatlersby, R. Il. Ilradbury, R. B. Herbert, M. H. G. Munro, and R. Ramage, Chem. Co 

1967,450 . 
• 2' A. R. Batlersby, E. McDonald, M. H. G. Munro, and R. Ramage, Chem. Comm., 1967,934. 

26 W. C. Wildman and W. E. Hcimer, J . Amer. Chem. Soc., 1967,89,5265. 
21 P. W. Jeffs, W. C. Archie, and D. S. Farrier, J. Amer. Chem. Soc., 1967.89,2509. 
,. E. Leete and N. Adityachandhury, Phytochemistry, 1967,6,219. 
29 E. Lcete,J. Amer. Chem. Soc., 1963,85,3523 ; 1964, 86,2509. 
'0 R. N. Gupla and I. D. Spencer, Canad. J . Chem., 1967,45,1275. 

I 
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OMe 
(32) (33) 

R 

OMe 

(34) (5) 

1 

~cG~ 
I 
I (6) 

o 

(37) 

I 

I ~ ex Me QyM' H OH 
(38) (39) (40) 

sh A. careful examination 31 of the origin of the nitrogen atoms of ricinine (43) 
[I~WS clearly the danger of interpreting 1 SN results based on feeding of 
PI N]ex-amino-acids, owing to transaminative equilibration with 14N in the 
s an~ systems. [ex- IS N]Glutamine and [ex-I SN]aspartic acid gave the same non-

I aPe~lfic incorporation as [ISN]ammonium nitrate; however [ 15 N]nicotin
clll1de (44; R = CONH 2) and [ISN]nicotinonitrile (44; R = CN) were in
p~??ra~ed specifically .into ricin.ine (43) in ~jcin~s ~omm~nis. L. An i~portant 
U hCatton 32 on the bIOsynthesIs of glutamiC aCid In Nlcotwna rust/ca L. by 

Se of [14C]carbon dioxide has done much to reconcile the labelling pattern 
I1 
I1 G. Wailer and K. S. Yang, Phytochemistry, 1967,6, 1637. 

L. C. Burns, R. M. O'Neal, and R. E. Koeppe, J. Amer. Che", . So/, ,, 1967.89. 393R. 
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in nicotine (45) from [14C]carbon dioxide33 with the specific, equal, labelling 
of C-2' and C-5' produced by incorporation of [2-14C]ornithine (46; R'" 
C0 2H) in N. giutinosa. 34 In an attempt to determine when equilibration of the 
label in [2-14C]ornithine took place, Leete J5 fed the organism with N-methyl~ 
L\1-[2- 14C]pyrrolinium chloride (47) and found that the nicotine (45) produce 

("] 9H 

l.N~Ph 
Me Cl 

(41) 

(47) 

OMe 

6: 
Me 

(43) 

(4R) (45) 

I ~ ~+ - Me 

4 It 

:0 
N 

~4) 

(46) 

Gt-~HQ (JQH02C N 
.-:-'\ eN +~ 
N Me N I 

H (4Q) H t 
was specifically labelled at C-2'. Thus the equilibration of label from [2YC) . 
ornithine (46; R = C02H) must have taken place via a symmetrical inte~; 
mediate such as putrescine (46; R = H) and not by tautomerism between (4. 
and (48). The absence of such a tautomerism is an important biosynthetlC 

result. One early finding 36 apparently inconsistent with the symmetrical inter' 
mediate hypothesis was the failure of [a- 15NJornithine (46; R = c02fI). to 
contribute 15N to nicotine (45) in contrast to a reasonable incorporauo~ 
into the pyrrolidine ring from [o- 15N]ornithine when fed to root cultures.

o
e 

N. tabacum. This result may be due to transamination as in the case of ricin1
:n 

(43). Further incorporation 37 of [2,3,7-14C]nicotinic acid (44; R = COlcJ 
into nicotine (45) confirmed earlier work38 and gave the expected [2,3-

1 

JJ A. A. Liebman, B. P. Mundy and H. Rapoport, J. Amer. Chem. Soc., 1967,89, 664. hY~ 
,. E. Leete, Chem.lnd., 1955,537 ; L. J. Dewey, R. U. Byerrum, and C. D. Ball, Biochim. BioP 

ACIa, 1955, 18,141. 
" E. Leete. American Chemical Society. 154th Meeting. Organic Section. p. 136. 
36 E. Leete, E. G . Gros. and T. 1. Gilbertson. Tetrahedron Letters. 1964. 587. 
J7 T. A. SCOtl and J. P. Glynn. Photochemistry. 1967.6.505. 
JI K. S. Vang, R. K. Gholson. and G . R. Wailer. J. Amer. Chem. Soc .• 1965. 87.4184. 
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nicotine. Previous work by Dawson39 had shown that [6-3H]nicotinic acid 
(44; R = C02H) was incorporated into nicotine with loss of 3H in contrast 
to the other [3H]nicotinic acids and indicating the intermediacy of 1,6-di
h~dronicotinic acid. The work of Dawson39 and Leets35 shows that the pyri
dUle ring and pyrrolidine ring of nicotine probably combine40 as shown (49). 

N.I.H. Shift. Of great importance was the discovery that, during enzymatic 
hYdroxylation of aromatic substrates, the substituent eH,3H,CI, or Br) dis
placed by the entering hydroxy-group migrates to an adjacent position in the 
aromatic ring. 41 Enzymatic hydroxylation of [S-3H]tryptophan gave 5-
hYdroxy[ 4-3H]tryptophan. Hydroxylation of a [2-3H} or [2-2H}phenol 
~~ ~ive a catechol results in the loss of the label.42 The N.I.H. shift is thus 
Imtted to the introduction of the first phenolic group in an aromatic ring. 

Isoprenoids.-Cyc!opentanoid monoterpenes. Following the classical work 
on ~lumeride43 (50) there has been a continued interest in this class of terpenes, 
mainly owing to their proven44 biosynthetic relationship to complex indole 

0 

Me £CH,OH 2. 
~ 3 I 

2 

6 
7 

10 I 8 9 
Me Me 

(SOl (51) 

O. Glucose 

1802i~' :I~cose 
9 I 

6 ~ h 1 

7 0 11
4
0 11 

(52) (54) 

3. 

1960 R. F. Dawson, D. R. Christmas, A. F. D'Adamo, M. L. So It, and A. F. Wolf, J. Amer. Ch em. Soc., 
<0' 82, 2628. 
<I R. F. Dawson, 'Science in Progress,' Yale Press, 1962, p. 117. 

~.leG: GurolT, C. Reifsnyder, and J. Daly, Biochem. Biophys. Res. Comm., 1966,24,720; G. G~rolT, 
1966 V1lt, J. Daly, and S. Udenfnend, ibid., 1966, 25, 253; G. GurolT, K. Kondo: ~nd J. Daly, Ibid., 
I) J' 25, 622; J. Rawson, J. Daly, M. Welssbach, B. WlIkop, and S. Udenfnend, IbId., 1966,25,504; 
J. "wcflna, J. Daly, W. Landis, and S. Udenfriend, J. Amer. Chem. Soc. , 1967,89, 3347; D. M. Jerina, 

<1 ' I}aly, and B. Witkop, ibid., 1967,89,5488. 
<3 A. I. Scott and M. Yalpani, Chem. Comm., 1967,945, and references cited. 
« D. A. Yeowell and H. Schmidt, Experienlia, 1964,20,250. 

890. A. R. Battersby, R. T. Brown, R. S. Kapil, J. A. Martin, and A. O. Plunkett, Chem. Comm., 1966, 
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labelling pattern in the ratios shown, which indicates randomisation of th~ 
terminal methyl groups of the C-I0 precursor, e.g. geraniol (51). Further

4 

feeding of [2- 14C]mevalonate to Verbena officinalis gave 0·27 % incorporation 
into verbenalin (52), with equal activity at C-3 and C-ll. The Sky tan thuS 
alkaloids have been shown46 to be isoprenoid by the specific incorporation of 
[2- 14C]mevalonate into ~-skytanthine (53) in Sky tan thus acutus M. By colll
parison with the biosynthesis of sedamine (41) in which the piperidine ring 
is lysine-derived, and coniine (39 ; R = H), acetate-derived, this work shows 
that a third pathway exists for the formation of piperidine rings. By use of 
1'3-year-old plants, equal labelling of C-3 and C-9 was obtained, whereas 
no randomisation occurred during feeding experiments with 3-year-old 

plants. It will be important to determine the stage of divergence in the pathway 
of the young and old plants. Gentiopicroside (54) may be considered to be de-. . e 
rived by cleavage of the C(7)---C(8) bond of a cyclopentanoid monoterpen 
skeleton, e.g. (52). [2- 14C]Mevalonate was fed47 to Swertia caroliniensis 1(., 
and 0·04-0·06 % incorporation into gentiopicroside (54) was obtaine~. 
Preliminary degradation again suggests randomisation of C-9 and C-ID In 
geraniol (51). 

Isoprenoid alkaloids.-Ergot alkaloids. 4-Dimethylallyltryptophan (55
1
: 

R = C0 2 H), 4-dimethylallyltryptamine (55; R = H), and dimethylaIly 
pyrophosphate were incorporated48 into agroclavine (56; R = H) and elyJIlO
clavi ne (56; R = OH). Recent careful studies49 showed chanoclavine-I (57), 
but not isochanoclavine-I (58), to be a precursor of agroclavine (56; R == }I), 
and [2-14C]mevalonate gave the specific incorporations shown. It was later 
shownso that the conversion of chanoclavine-I (57) into elymoclavine (56 ; 
R = OH) involved 100 % retention of 3H at C-lO and 92 % retention of 3}1 at 
C-9. In chanoclavine-I (57) the labelled methyl group, from [2-14C]mevalonate, 

.17 

(55) (56) (57) 

•• J. E. S. Hilni. H. Hiltebrand. H. Schmid. D. Groger. S. Johne. and K. Mothes, Ex perlentia, 1966-

12. 656. er ' 
•• H. Anda. H. R. Juneja. E. J. Eiscnbraun. G. R. Wailer, W. R. Kays, and H. H. Appel, J. AI!1 ' 

Chem. Soc., 1967,89, 2476. nd 
• 7 C. J. Coseia and R. Guarnaceia, J. Amer. Chem. Soc .• 1967, 89. 1280 ; H. Inouye, S. Ueda. a 

Y. Nakamura. Tetrahedron Letters. 1967. 3221. 
.H H. Plieninger, H. Immel. and A. Volkl, Annalen, 1967,706.223. .0 . 
•• T. Fehr, W. Acklin. and D. Arigoni. Chem. Comm .• 1966.801; D. Groger. D. Erge. and tI· 

Floss, Z. Naturforsch. 1966,216, 82 7. S 
•• B.-G . Floss, U. Hornemann, N. Schilling, D. Groger. and D. Erge, Ch em. Comm., 1967. 10 . 
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I Me 
i 
I 

(58) 
(60) 

is lrans to the olefinic hydrogen rather than cis as is more usual. This would be 
C?ected if the 4R-hydrogen was eliminated in the formation of the dimethyl
~~YI f~agment; however it has been established SI that the 4S-hydrogen is lost. 

~s 10 the formation of the tetracyclic ergot alkaloids, two cis- trans isomeri
~ahons take place. One possibility is that these isomerisations take place via 
~ntermediates of the type (59) and (60). Rotation of the single bond indicated, 
(~nowed by SN2' attack by a suitable nucleophile, would give chanoclavine-I 

7) and isochanoclavine-I (58). 
th IP~cacuanha alkaloids. The prooF4 that loganin (6\) is a key intermediate in s.; biosynthesis of the indole alkaloids and the structural elucidation of ipeco
Si e

S2 
(62) have allowed rapid progress to be made in elucidation of the bio

ynthesis of cephaelineH (63). [2- 14C]Geraniol (5\) was administered to 

O . Glucose 

(61) 

((i2) 

'I Ii -

(63,H'l OOH 
~ ~~ 

" ", ' G. Floss, Chelll . COIIII" .• 1967.804 
I. l w· R. 8attersby, B. Grcgory. H. Spencer. J. C. Turner. M.-M. Janot. P. Po tier, P. Francois, and 

" ..:salles• Chem. Comm .. 1961219 . 
. R. 8attersby and B. Grcgory, Chelll . ('um lll .. 196x. 134. 



522 R. Ramage 

(66) 

OH 

H 

I, 

I 
(67) 

I 
(68) 

Cephaelis ipecacuanha and cephaeline (63) and ipecoside (62) specificallY 
labelled as shown were obtained. [OM e-3 H, 2-14C]loganin was shown to be 
an efficient and specific precursor for ipecoside (62) and cephaeline (63). 

Indole alkaloids. Further work54 with [2-14C]loganin (61), derived fro(l\ 
[2-14C]geraniol administered to Menyanthes trifoliata, has shown una.J1l' 
biguously that it is a key intermediate for the biosynthesis of indole alkaloJd~· I 

[2-14C]Loganin was fed to Vinca rosea and found to be incorporated sp~CJ' 
fically into the following alkaloids: catharanthine (64), serpentine (65; rJ11f 
C aromatised), ajmalicine (65), vindoline (66; R = Ac), and perivine (67 . 
[1-3H]Loganin was found to be specifically incorporated into ajmaline (68) 
in Rauwolfia serpentina. . 

Higher Isoprenoids.- Sesterterpenes. Further workss , 56 on the biOSyntheS~ 
of the fungal metabolites ophiobolin-B (69) and ophiobolin-A (70) with 18 

has shown that the oxygen function at C:;-14 is derived from molecular OXyg~j 
and that the important oxygen at C-3 is supplied by the medium. [2,3 
Mevalonate was also administered 56 to Cochlivbus heterostrophus and tb~ 
expected 3H-activity was found at C-4 which was interpreted as meaning tba 

the 3-hydroxy-group had not exchanged with the medium via the anhydro-for(l\' 
Degradation of ophiobolin-B (69) and ophiobolin-A (70) indicated tha~ ~; 
27 % of 3H-activity at C-24 was lost in the transformation of ophiobohn ( 
(69) to ophiobolin-A (70). One very important finding from the feeding ~. 
[2-3H]mevalonate was that during the biosynthesis there is a hydrogen J1lIJ 
gration from C-8 to C-15. The stereochemical course of this 1,5-shift [see(7Z) 

,. A. R. Baltersby, R. S. Kapil, 1. A. Martin, and L. Mo, Chem. Comm., 1968, 133. 
55 S. Nozoe, M. Morisaki, K. Tsuda, and S. Okuda. Tetrahedron Lerters, 1967,3365. ,a' 
,. L. Canonica, A. Ficccbi. M. G . Kicnlc, B. M. Ranzi, A. Scalia, T. Salvatori, and E. Pella, f el 

hedron Letters, 1967,3371. 
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(70) 

~"'~ <: ON (11) (12) 

HI' 

HO~(73) 
~as studied57 by use of2S- and 2R-[2-3H 1]mevalonate. It was found that when 
h ~ former was fed there was no migration of 3H, which implies that the 8~
t: rogen does not migrate. When 2R[2-3H1]mevalonate was used, migration 
b 1~'15 from C-8 occurred. Present ideas57 on the biosynthesis of the ophio-0;:. system are given by (71) to (73). 
III Iterpenoids and steroids. Further fascinating work has been done on the 
[3~banism oflanosterol (74) biosynthesis from 2,3-epoxysqualene (75 ; X = 0). 
lan' 180]2,3-epoxysqualene was converted by rat liver microsomes into 
la Osterol (74) with retention of 180 in the 3~-hydroxy-group.58 Labelled 
2 ~os.terol (74) was not detected after incubation of 3H-labelled 2,3-dihydro
s~ -dlhYdroxysqualene, 2,3-dihydro-2-hydroxysqualene or 2,3 ;22,23-diepoxy
a Ualene. Anaerobic incubation 59 of 22,23-epoxy-2,3-dihydro-squalene (76 ; 
fo" Pr') and 22,23-epoxy-1,l/,2-trisnorsqualene (76; R = H) as substrates 
an~tbe .cyclase system led to the isolation of dihydrolanosterol (77; R = Pr l ) 

tio 6Jnsnorianosterol (77; R = H), respectively. Non-enzymatic cyclisa
an ~ .61,58 of squalene 2,3-epoxide under Lewis acid catalysis exhibited 
l'wllllportant diversion from the enzymatic conversion into lanosterol (74). 

I and
o 

lllajor products of the in vitro reaction were assigned structures (78) 

I 
(79). Both structures may be derived from (80). Non-enzymatic cyclisation 

" I 46Sll. Canonica, A. Fiecchi, M. G . Kienle, B. M. Ranzi, and A. Scalla, Tetrahedron Letters, 1967, 

" 
I .,~. E. Van Tamelen, 1. D. Willetl, and R. B. Claylon. J. Amer. Chem. Soc., 1967,89,3371. I C, SE. van Tamelen, K. B. Sharpless, 1. D. Willell, R. B. Claylon, and A. L. Burlingame, J . Amer. 

I 
'Q E oc., 1967, 89, 3920. 
'1 M ~~a~ Tamelen, 1. Willell, M. Schwarlz, and R. Nadeau, J. Amer. Chem. Soc., 1966,88,5937. I . "'Ishl, T. Kala, and Y. Kilahara, Chem. and Pharm. Bull. (Japan), 1967, 15, t071. 

I 
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of terpene terminal expoxides gives the 3-hydroxylated AB ring system, wi~h 
the correct stereochemistry, found in di- and tri-terpenes. 62 Thus, the maIn 
difference between enzymatic and non-enzymatic cyclisation of 2,3-epo lCt 
squalene (75; X = 0) is the polarisation of the 14,15-double bond. The in vitrO 
~eaction would. be ex~cted to. proceed via (80) on electronic gr~unds, wherea; 
In the enzymatlc reactton stenc factors would seem to be more Important ~n._ . 
to lead to the reverse polarisation of the 14,15-double bond, allowing parttCI 

pation of the 18,19-double bond in the cyclisation sequence which gives (Sl)j ' 
The formation of(79) from cation (80) is analogous to the migration of the rneth~ 
group from C-8 to C-14 with concomitant formation of the ~,9-doubie bon~ I~ 
the biosynthesis of lanosterol (74). Based on the results from the chemlca 

cyclisation, van Tamelen62 proposed an alternative possibility to (81) as the 
key intermediate in lanosterol (75) biosynthesis. This new intermediate haS 
the unusual structure (83), being derived from cation (80) via (82). 

The enzyme which effects the cyclisation of 2,3-epoxysqualene has beeJl 
separated from hog liver microsomes in water-soluble form and has been par
tially purified.63 (±)-2,3-Iminosqualene (75; X = NH) was found 64 to be an 
effective inhibitor for the enzyme 2,3-epoxysqualene cyclase. This can b~ 
explained by the greater basicity of (75; X = NH) in comparison with (75, 
X = 0) if the enzyme operates by acid-catalysis on the oxygen of 2,3-epO~Y" 
squalene. Decahydro-2,3-iminosqualene was less effective and 2,3-epitbIO-
squalene (75; X = S) was found to be a weak inhibitor. By utilising the inhibitorY 

20 

HO 

(74) 

HO 

(76) 

62 E. E. van Tamelen, M. A. Schwartz, E. J. Hessler, and A. Storni, Ch em. Comm., 1966,409. )OIA. 
63 P. D. G. Dean, P. R. O . de Montellano, K. Bloch, and E. J. Corey, J. Bioi. Chem. 1967, 14261 ,. . •• E. J. Corey, P. R. O. de Montellano, K. Lin, and P. D. G . Dean, J. Amer. Chem. Soc., 19 ' 

2797 
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RO HO 

(78) (79) 

RO 
H 

(80) (81) 

HO 

(82) (83) 

~:ect of (75; X = ~H) on the enzymatic conversion of (75; X = 0) into 
su~Osterol (74), it was possible to isolate 2,3-epoxysqualene by use of squalene as 

' in ttrate with rat liver homogluate. 2,3 ;22,23-Diepoxysqualene was isolated 
23 esser amount. ~-Amyrin (84) has been synthesised enzymatically from 
-rh -epoxy[14C]squalene6S by use of a cell-free homogenate of Pisum sativum. 
or; liarvard group has also effected the solubilsation and partial purification 
F,3-epoxysqualene-~-amyrin cyclase from Pisum sativum. 

a ,Urther work has been done on the formation of the ethyl side-chain of 
I n~~t~sterol (85) and stigmasterol (86). By administering [Me- 14C,3H]methio

in ; It.was earlier found 66 that only four hydrogen atoms of the ethyl sidechain 
!io -Sitosterol (85) were derived from methionine. This led to the sugges
!on

O 
t.hat the 24-ethylidene steroid (88) is an intermediate, formed by depro

bet alton of (87). In order to eliminate any error due to the large isotope effect 
\Veen protium and tritium, [Me-2H 3]methionine was fed 67 to the phyto-

'1 E 
" l ' J. Corey and P. R. O. de Montellano, l . Amer. Chem. Soc., 1967, 89, 3362. 
'1 "'. i Goad, A. S. A. Hamman, A. Dennis, and T. W. Goodwin, Nature, 1966, 210, 1322. 

. . H. Smith, L. J. Goad, T. W. Goodwin, and E. Lederer, Biochem. l., 1967,104, 56c. 



526 R. Ramage 

flagellate Ochromonas malhamensis which produces periferasterol (86; 24-
epimer of stigmasterol). As in the case of ~-sitosterol (85), only four hydr.og~~ 
atoms of methionine were transferred from the sterol. Lederer studied 
the incorporation of [Me- 2H 3]methionine into stigmast-22-en-3~-01 (86) in 
slime mould, Dictyoselium discoideum and found, by mass spectroscopy, that 
five hydrogen atoms had been transferred from [Me- 2H 3]methionine to tbe 
ethyl side-chain of (86). It would be interesting to know the fate of a tritiulll 

" " HO HO 

(R4) (85) 

y:y A ~ 
'-v-' '-v-' '-v-' 

(86) (87) (88) . 

21 

HO 
(89) (90) 

HO 

(91) (92) 

.8 M, Lenfant, E, Zissmann. and E, Lederer. Tetrahedrol! Lettfrs, 1967. 1049, 
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.~ 

(93) (94) 

label at C-23 during the formation of stigmasterol (86) in D. discoideum. There 
arpear, therefore, to be two alternative mechanisms for the neutralisation 
o cation (87). 

, 1wo groups have reported69 the incorporation of [4- 14C]cholesterol (89) 
;nto tomatidine (90; X = NH) in Lycopersicon pimpinellifolium and Solanium 
i;copersicum. In a very careful study 70 using [2_ 14C]- and [3- 14C]-mevalonate 
Itwas found that C-27 and C-26 were non-equivalent in tigogenin (90; X = 0). 
St wa.s concluded that cholesterol is not an intermediate in the biosynthesis of 

O e~oldal sapogenins and that previous incorporations69 were due to prior 
ltld . 

P ahon to ~24-cholesterol. [4-14C]Pregnenolone (91) was found 71 to be a 
recUrsor of digipurpurogenin (92) in Digitalis purpurea and 3~, 14~-dihydroxy

pregnan-20_one (93) was shown 72 to be a key intermediate during the bio-
SY~hesis of digitosigenin (94) in D. lanata. . . 
i arotenoids. The incorporation of 5R- and 5S-[2-14C,5-3H 1]mevalomc aCId 
a~~~ phytoene showed 73 that, in the oxidative combination of two molecules of 
In trans-geranylgeranyl pyrophosphate, two 5S-hydrogen atoms are lost. 
at eac~ dehydrogenation from phytoene (95) to Iycopene (96) one 5R-hydrogen 
V o~ IS lost. The biosynthesis of (X-carotene (97) and ~-carotene (98) was in
he~lgated by use of 4R-[2- 14C,4-3H1]mevalonic acid. There are eight 4R-
Y rogen atoms in phytoene74 but two 4R-hydrogen atoms were found 7s to 

(95) 

" 
lSJ 

l{ ' Ii~' lieftmann, E. R. Liebcr, and R. D. Bennett, Phytochemistry, 1967, 6, 837 ; R. Tschesche, a nd 
10 II.Pke, Z. Naturforsch., 1966,216,893. 
I, 11.' Ioly and Ch. Tamm, Tetrahedron Letters, 1967, 3535. 
'l 11. ' Tschesche and B. Brassat, Z. Naturforsch., 1967, 22b, 679. 
I, 11.. Tschesche, H. Hulpke, and H. Scholten, Z . Naturforsch., 1967, llb, M7. 
I, T' I. H. Williams, G . Britton, 1. M. Cha rlton, and T . W. G oodwin, BiociJel1l . l ., 1967. 104, 767. 
I, 11.' W. GOodwin and R. J. H. Willia ms, Biochel1l. l ., 1965, 94, 5c. 

, J. li. Williams, G . Britton, and T. W. Goodwin, Biochel1l, l., 1967. 105, 99. 
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l 
l 
I 
I 

(98) 

I 
I 
I 

{~ 
(99) I 

(100) 

I 
I 
I 
I 
I 

·n rJ: I 
be absent in p-carotene (98) and only one 4R-hydrogen atom absent I. d 
carotene (97). This eliminates the possibility of ex-carotene (97) being derive, I 

biosynthetically from p-carotene (98). The alternative possibility of ex-carote~c 
as precursor of p-carotene was disproved by feeding [2_14C,2-3H2]mevalof\~o 
acid. In this case ex-carotene (97) was found to have lost one tritium I.abe\~, 
comparison with p-carotene (98). The cyc1isation mechanism must Invo , 
cation (99) which can deprotonate in two ways to give either ex or p-carote~i~ 
Neurosporene (l (0) is thought to be the immediate pr :cursor of the eye 
carotenes. . n 

Sblkimate-derived Compounds.-Comparison of the relative incorporat'O 
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of 14C from [ 14C]carbon dioxide and [2- 14C]mevalonic acid suggested76 

~~t the isoprenoid portions of plastoquinone (101) and p-carotene (98) were 
( 10synthesised within the chloroplast, whereas the side-chain of ubiquinone 
102) was synthesised elsewhere within the cell. Further work showed 77 that 
un~formly labelled p-hydroxy[14C]benzoic acid was incorporated into the 
~UInonoid portion of ubiquinone (102), whereas plastoquinone (101) and cx
Oc[oPherol (103) from this substrate were unlabelled. Uniformly labelled 

L· 14C]tyrosine was found to be an effective precursor of ubiquinone (102) 
\ ~nd ~fplastoquinone (101). In the case of ubiquinone it was considered that the 

tos lOe was converted to p-hydroxybenzoic acid via p-coumaric acid. The 
~ansfo:mation of tyrosine to plastoquinone (101) is rendered more complex 
(l~ the IOcorporation of [3_14C]tyrosine into one of the ring methyl groups of 
of I), whereas the ~~iq~ino~e (102) i~olated was inactive. The inc~~p~rati~n 
. (±)-[1,2-14C]shlklmlc aCId and umformly labelled (+ )-[I4C]shlklmlc aCId 
Into lawsone (104) has been reinvestigated,78 and the aryl ring and one carbonyl 
group shown to be derived from shikimic acid. 
(loA stUdy 79 of the biosynthesis of the fungal metabolite 5-methoxybenzofuran 
d ~; R = OMe) and co-metabolites established that C-2 and C-3 are acetate
U e~lVed. Uniformly labelled [14C]phenylalanine was found to contribute a 'C7 

nn to [105; R = C(1')HOH 'C(2')HOH oC(3')H3] in which C-1' was labelled. 
th Th~ neoflavanoids have been reviewed80 and a start made to investigation of 

e bIosynthesis of this interesting class of natural products. 81 (± )-[3- 14C] 

MeO I 
MeO 

o 

o 

(Ion 

7 

(102) 
1, 

11 g. R. Thr~lfall. W. T. Griffiths. and T. W. Goodwin: Biochem. J .• 1967. 103.831. 
1, 1-1' R. Whlslance. D. R. Threlfall. and T. W. GoodwlD. Biochem. J .• 1967. 105. 145. 
1, J 'i). Zenk. and E. Leisner. Z . Naturforsch .• 1967. llb. 460. 
'n W . DU·Lock. A. T. Hudson. and B.Kaye. Chem. Comm .• 1967.814. 
'I G ' D. Olhs. Experienlia. 1966. 22. 77 7 . 

. i<.unesch and 1. Polonsky, Chem. Comm" 1967. 31 7. 
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o 

(104) (105) 

l 

\ 
I , 

o ! 
( 

(J06) 

j 

I 
I 
I 

Phenylalanine was administered to Calophyllum inophyllum and the cal~' I 
phyllolide (106) found to be specifically labelled at C-4. Phenylalanine I~ 
thought80 to be converted into cinnamyl pyrophosphate, which could c~J1I I 
bine with a C 6 -unit (Scheme) to give the dalbergiones and 4-phenylcoumanns. I 

rD'-H OOP) 

(O)O( f- (0)9,71 (0) I 
~ 'I G ~ 
(0) (0) 
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17 BIOSYNTHESIS 

By R. Ramage 

(The Robert Robinson Laboratories, The University o/Liverpool) 

, 'fifE major concentration of effort in this field during the last year was con
ee,rned with the genesis and interrelationships of the indole alkaloids together 
With studies of the mechanisms involved in higher terpenoid biosynthesis. 

s Alkal,olds._ There has been a rapid decrease in effort devoted to the bio
,Ynthesls of compounds derived from amino-acids with the exception of the 
Isoprenoid alkaloids which will be discussed separately. 

In an excel\ent review! it has been shown that the biosynthesis of aromatic 
~Ill.ino.acids is not regulated in the same way by all organisms. Two groups 
a~ve. stu~ied2, 3 the biosynthesis of capsaicin (1) and have showed that phenyl
t anlne IS the source of the benzylamine residue. The aliphatic moiety was 
tOun~ to be derived from valine. [u-!4C]Valine was incorporated into the 
ve;r.run~l isopentylene part of the molecule in accord with the suggestion4 that 
t a Ine IS a precursor of isobutyryl co enzyme A, which serves as a starter unit 
Or the production of even-numbered iso-fatty acids. 
a 'fhe unusual amino-acid, p-aminophenylalanine (2) has been shown to be 
IIIPtecursor of chloramphenicol (4; R = N02) produced by cultures of Strepto
i Yces species. [Cl_!4C, Cl-!SN]p-Aminophenylalanine (2) was incorporated 

l i rnt? the p-nitrophenylserinol moiety with only a small change in the !4C: I sN 
I (~tIO. Specific incorporation of DL-threo-p-aminophenyl[carboxy- 14C]serine 

I lat and the amino analogue of chloramphenicol (4 ; R = NH2) delineate the 
d e stages of the biosynthesis of chloramphenicol (4; R = N02) in considerable I etai1. 5 

~! ! ll~ stUdy6.7 of gliotoxin (5) biosynthesis in Trichoderma viride made use of 
al '.

14
C, and I sN as label1ing isotopes. Incorporation of [1_ '4C, I SN]phenyl

I thanlne indicated that phenylalanine only label1ed N-5 in gliotoxin (5) but 
h at transamination must also occur. [1_ '3C, 3-14C]Phenylalanine was, 

I ~~ever, incorporated with unchanged isotope dilution showing that the 
ni; on skeleton of phenylalanine remained intact. [I SN]Glycine labelled both 

r?gen atoms to different extents. 
F L' 

l 0 mgens, Angew Ch<m., 1968, 350. 
1 E' j, Bennelt and G. W. Kirby, J. Chem. Soc., 1968, 442. 
4 p' Leele and M. C. L. Loudcn. J . Am.r. Ch.m . Soc., I96R. 90.6837. 
, R' E. Kolaltukudy, Science, 1968. 159,498 . 
• A' McGrath, L, C. Vining, F. Scala, and D. W. S. Westlake, Canad. J. Biochem., 1968,.46, 587. 

I, SUh ci K. Bose, K. G. Das, P. T. Funke, I. KugaJevsky, O. p, Shukla. K, S. Khanchandam, and R. 
) ~ olnik, J. Amer, Chelll. Soc., 1968,90, 1038. 

lS9l, , K. Base, K, S. Khanchandani, T. Tavares, and P. T. Funke, J. Amer. Chem. Soc., 1968,90, 

F2 



578 R. Ramage 

Meo~~~Me 
HOV Me 

C0 2H 

CI1CH'CO'NH H 

H OH OH 

NH2 R (6) 

DL[CX_14C; 3,5-3H2]Tyrosine was fed to Twink' and 'Deanna Durb~lI~ 
daffodils in an attemptS to elucidate the relative stereochemistry of .i~ Vlr~ 
protonation and hydroxylation at C-2 in the biosynthesis of norpluvune 'd 
and lycorine (7; R = OH) respectively, As expected, the isolated a\ka\O~ s 
had lost half of the tritium fed but, more significantly, the biosynthetic lycOfl

lle 

(7; R = OH) had the same tritium content as norpluviine (6), This SUggests 
that both protonation and hydroxylation at C-2 are stereospecific and, further, I 
that the hydrogen removed on hydroxylation at C-2 is the same as that intr~; , 
duced in the formation of norpluviine (6), An intermediate in the bioSynthe~e I 
of \ycorine (7; R = OH) could conceivably be (8) which should yield ~ d. , ~ 
alkaloid by allylic rearrangement. This would also explain the result of Wl~ b I 
man9 who found that caranine (7 ; R = 3H), stereospecifically labelled ~llO I 
tritium at C-2, was incorporated into Iycorine (7; R = OH) with retenUO 

of tritium, I r 
Further work 10 on the biosynthesis of mesembrine (9), which has structU

r8 I 

HO/~::~~ HOII11'QjOH ifJO r 

<
0 -:;;" ",\ 0 -:;;" ",,,,\ MeO -:;;" \ 

o ~ I N <0 ~ I N MeO ~ I NMc I 
(8) 

• J. T. Bruce, and G. W. Kirby, Chem. Comm., 1968.207. 
• W. C. Wi1dman and N. E. Heimer. J. Amer. Chem. Soc .• 1967.89.5265. 

10 P. W. Jells. J.U .P.A.C. Meeting London. 1968. 

(9) I 
I 

1 

I 
I 
I 
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sirnil " ( arthes to the Amaryllidaceae alkaloids, showed that o-methylnorbelladine 
10; RI = OMe, R2 = OH) was not an intermediate. However the isomer 
~10; R2 = OH, R2 = OMe) was incorporated well into mesembrine (9) in 
celatium strictum implicating the intermediacy of the spiro-dienone (11) which 

would be expected to fragment in the manner shown. 

(tt) 

Me09Q 
MeO ~ I NMe 

HO I 

Me 
(12) 9 

Investigationsll •
12 into the biosynthesis of pellotine (12) in the peyote 

~ctu~ Lophophora williamsii have shown the difficulties involved in a detailed 
dxarnlnation of more primitive alkaloid structures. It was readily shown that 
h oparnine was incorporated into the tetrahydroisoquinoline ring system, 
1ll0wever the timing of the hydroxylation of the aromatic ring and the subsequent 
1a~h~lation still remains uncertain. Feeding of [2-14C]acetate led to equal 
C Ilhng of C-l and C-9 but [1- 14C]acetate was incorporated better into 
e' . (14C]Formic acid was a better precursor and again this produced almost 
2
Qu

a) labelling at C-l and C-9. The work failed to identify the source of the 
, I a~rb~n unit but indicated the problems involved in the early stages of 

alold biosynthesis. 

I 

I ~o OH 

;[~ 
I \A~,~ 

[ N C01H 

J I (13) 

[ 

) I 
I 

6.~1.14C]TrYPtoPhan was administered 13 to Nicotiana tabacum and the 
Ca ~droxYkynurenic acid (13) isolated was shown to have the label in the 
lll:d?Xy-group. The indolenine peroxide (14) was postulated as a likely inter
and late. The biosynthesis of psilocybin (15) was studied 14 in Psilocybecubensio 
Pen th~ results indicate that hydroxylation of N N -dimethyltryptamine is the 
cu ultullate step. N-Acetyltryptamine (16) has been shown 1S to be the pre-

rSOr of harman (17) in Passiflora edulis. 
11 

11 ~'t ... Baltersby, R. Binks and R. Huxlable, Tetrahedron Letters, 1968,6111. 
I) ~ undstrom and S. Agurell, Tetrahedron Letters, 1968,4437. 
I, S . Slay tor, L. Copeland, and P. K. Mac Nicol, Phytochemistry, 1968, 1779. 
IS M Agurell and J. L. G. Nilsson. Acta Ch~m. Scand., 1968,22.1210 . 

. Slay tor and I. J. McFarlane. Phyco('hemistry. 1968.605. 
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0 

00:) OQO CCN 

~ I NJl./Ph ~ ~ °rNH ~ /-N 
N 
H Me Me 

Me 
(16) (17) (18) 

o OH o:))OM< o:::~ ~CU I 6 td, ( ~ ~OMe NH2 NH2 RN" N 

(21) R (22) f Me OH 
(19) (20) I , 

Anthranilic acid and phenylalanine have been proven 16 to be the structural I 
units of aborine (18) in Glycosmis artorea. Further, [3HJanthranilic acid w;: I 
found to be the precursor of ring A in the acridine alkaloid, aborinine (11~ 
A study of quinazoline alkaloid formation in Peganum hamala reveale~ I 
that vasicine (20) was synthesised in vivo from anthranilic acid and put~eSCln~ I 
(21; R = H). lSN Studies showed that both the ex and Ii amino-functIOns. 

0 

ornithine (21; R = C02H) were incorporated to the same extent Suggesting I 
the symmetrical intermediate (21 ; R = H). 

c&o HO""I 

"",0 Glucose 

(23) (24) (25) 

N-Methylisopelletierine (22; R = Me) formation in Sedum sarmentOS~~ I 
has been found 18 to involve lysine. [6_ 14C; 4,5-3H2JLysine was utilised Wlb~ I 
the 3H : 14C ratio unchanged and specific incorporation of 14C into C-6 oft is 
alkaloid. This indicates a nonsymmetrical intermediate in the biosynth~S ~ , 
of N-methylisopelletierine (22; R = Me) unlike the deg~adation of ornithl~ 
to putrescine discussed earlier. [1-14CJAcetate was found 19 to be incorpoca:le' I 
into the 2-position of the side-chain in (22; R = Me). Dimerisation of p\~ I 

tierine (22; R = H) has been implicated20 in the biosynthesis of Iycopodt I 
' 0 D. Groger and S. Johne, Z. Naturforsch., 1968,236, 1072. 
11 D. Liljegren, Phytochemistry, 1968, 1299. 
'8 R. N. Gupta, and I. D. Spenser, Chem. Comm., 1968,85. 
,9 D. G. O'Donnovan and M. F. Keogh, Tetrahedron Letters, 1968,265. So'"' 
' 0 R. N. Gupta, M. Castillo, D. B. MacLean, I. D. Spenser, and J. T. Wrobel, J. An,"r. Chel7l· 

1968. 90. 1360. 

I 
I 
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\23) in Lycopodium flabelliforme. Incorporation of [2_14C]- and [6- 14C]-lysine 
Into Iycopodine (23) disposed of the idea that the lycopodium alkaloids are 
Polyketide in origin. If the lysine were transformed into a symmetrical inter
llIediate, the lycopodine would be labelled as shown, i.e., the carbonyl carbon 
~~Uld contain 25 % of the 14C activity. This was found to be the case, which 
IS Interesting in view of the specific incorporation of [6- 14C]lysine into N
llIethylisopelletierine (22; R = Me) discussed previously. 

Isoprenoid Alkaloids.- The discovery21 -23 that loganin (24) is a progenitor 
\ of the indole and ipecacuanha alkaloids has stimulated much effort in the 
I. ~ater stages of the biosynthesis of these classes of alkaloids. Loganin was, 

Je \ ~wever, never considered to be the actual unit which combined with trypta-
l. Illllle or dopamine. Further oxidative processes, namely cleavage of ring A 

I to giVe the aldehyde (25) would have to be involved before such a union could 
i be achieved in vivo or in vitro. Proof of this came as a result of both structural 

I I 
I 

I I 
; I 
I 

! I 
. \ 
I I 

I 
I 

(26a) 0 

(29) 

Me 

~ 

OH 

(26b) 0 

(28) 

1\ 
11 A. R. Battersby. R. S. Kapil. J. A. Martin. and Mrs. L. Mo. Chem. Comm., 1968, 133. 
13 P. loew and D. Arigoni, Chem. Comm., 1968, 137. 

A. R. Baltersby and B. Gregory. Chem. Comm .. 1968. 134. 

Me 
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elucidation of trace alkaloids and ultimately tracer methods. The E.T.H. groUP 
showed24 the glycoside foliamenthin ex. Menyanthes trifoliata to have the 
structure (26a) easily recognisable as a derivative of the elusive aldehyde 
(25). In keeping with this structure, [4_14C] geraniol was incorporated intO 
foliamenthin (26a) in M enyanthes trifoliata. Another important glycoside. 
menthiafolin was identified 2S as (26b) and [2-14Clgeraniol feeding produced 
menthiafolin (26b) in which the 14C label was incorporated into the ester an~ 
lactol moieties in the ratio 3: 1. Menthiafolin (26b) thus gave a source 0 , 

synthetic and biosynthetic secologanin (25) which was exploited 26 in an 
elegant synthesis of ipecoside (27). That secologanin (25) was indeed the 
building block of the indole alkaloids was shown by feeding [O-methyPfI} 
secologanin (25) to Vinca rosea. This afforded the following alkaloids with the 
corresponding incorporations of 14C:ajmalicine (28), 0'55% ; vindoline (29~ I 
0'12%; catharanthine (30), 0'16%; and perivine (31), 0'13%. The incorpOra- , 
tion27 of sweroside (32) into vindoline (29) in Vinca rosea and als028 reserpipe , 
and quinine probably proceeds by oxidation to secologanin (25). However, 
since the mechanism of the transformation of loganin (24) to secologanin (25) , 
is, as yet, unknown, this result may have some deeper significance. I 

t{ I 
Me 

(30) (31) 

The indole counterpart of ipecoside (27) would be expected to have structU~~ 
(33) which has been assigned, without stereochemical detail, to a new alkalol 

strictosidine isolated29 from Rhazia stricta and R. orilmtalis. [O_methyl.3f1~; 
Loganin (24) was incorporated 30 efficiently into strictosidine (33) showin~ I 
to be an important intermediate in indole alkaloid biosynthesis. CondensauO~ 
of [O-methyJ-3H]secologanin (25) with tryptamine afforded 31 the exp.ect~ 
~-carbolines (33) epimeric at position 5. This mixture was shown to be effiCIent Y \ 

14 P. Loew, Ch. V. Szczepanski, C. J. Coseia, and D. Arigoni, Chem. Comm., 1968, 1276. 11 
15 A. R. Battersby, A. R. Burnett, G. D. Know1es, and P. G. Parsons,·Chem. Comm., 1968, 12 . 
16 A. R. Battersby, A. R. Burnett, and P. G . Parsons, Chem. Comm., 1968, 1280. 
17 H. Inouye, S. Ueda, and Y. Takeda, Tetrahedron Leller.t, 1968, 3453. 
1. H. Inouye, S. Ueda and Y. Takeda, Tetrahedron Lellers, 1969,407. 
20 G. N. Smith, Chem. Comm., 1968,912. 
lO R. T. Brown, G. N. Smith, and K. S. J. Stapleford, T etrahedron Letters, 1968, 4349. 
" A. R. Battersby. A. R. Burnett. and P. G. Parsons, Chem. Comm., 1968, 1282. 
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incorporated into a ajmalicine (28), vindoline (29), catharanthine (30), and 
rrivine (31). With doubly labelled ~-carbolines (33) prepared from [O-methyl
lI]secologanin (25) and [3H]tryptamine, it was shown that biosynthesis 

oCCurred without a change in the 3H: 14C ratio. By dilution techniques it 
was shown that both ~-carbolines and secologanin are present in Vinca rosea. 

C0 2Me 

Another area of indole alkaloid biosynthesis which received much attention 
;as the genesis of the three structural types: corynanthe (34), aspidosperma 

5), and iboga (36). The ready isomerisation of the Aspidosperma alkaloid 
~ - )-tabersonine (37) to the Iboga alkaloid (± )-catharanthine (38) is thought32 

~ go via the intermediate (39) which could also be a transformation product 
o the alkaloid, stemmadenine (40). This led to stemmadenine (40) being 
rO~tulated32' 33 as a key intermediate for Aspidosperma and Iboga alkaloids. 
/ IS interesting to note that the alkaloids named secamines (41) isolated 34 

torn Rhazia stricta may be regarded as dimers of (39) or closely related struc
rure. There are plausible pathways for the formation of stemmadenine (40) 
~orn the Corynanthe alkaloid, geissoschizine (42). Acid-catalysed rearrange-

ent
35 

of (42) afforded catharanthine (30) together with pseudocatharanthine 

Me 

(37) (38) 

I 

i ~2 I C0 2Me Me 
HpHMe 

C0 2Me 

I (39) (40) 
Jl 
JJ A. A. Qureshi and A. \. SCOIt, Chem. Comm., 1968,945. 
J. J. P. Kutney, C. Ehret. V. R. Nelson, and D. C. Wiglield, J. Amer. Ch em. Soc., 1968, 90,5929. 
3, D. A. Evans, G . F. Smith, G. N. Smith, and K . S. J. Stapleford, Chem. Comm., 1968,859. 

A. A. Qureshi and A. \. Scon, Chem. Comm., 1968,947. 
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(42) 

(43). The latter can be considered to be derived from (44), an intermediate of 
the Strychnos alkaloid type. A novel approach36 to the elucidation of ~he 
late stages of indole alkaloid biosynthesis employed short-term germination 

(43) 

of Vin ca rosea seeds. The sequence of alkaloid formation was found to b: 
Corynanthe, Aspidosperma, and Iboga. [O-methyl-3H]Stemmadenine W~. 
incorporated well into catharanthine (30) and vindoline (29); similarlY [ 
methyl-3H]tabersonine was found to be efficiently transformed into catha~an' 
thine and vindoline. However, cathatanthine was not incorporated IntO 
vindoline thus showing the irreversible nature of the change from ASpidO; 
sperma to Iboga alkaloids. It was also found that specific incorporations. Og 
Corynanthe precursors in Vinca rosea were much higher in germinatln 

seedlings than in the whole plant. By usine 6-month old Vinca rosea pla.n~~ 
Kutney37 also found that labelled tabersonine (37) was incorporated 4~)-
catharanthine (30) and vindoline (29). The incorporation of DL-[3-

1 
t I 

tryptophan into vincadine (45) and vincadifformine (46) was studiedJJ ~\'el 
different time intervals and the results obtained indicate that there is no dlrec~ 
biosynthetic relationship between the two alkaloids, in spite of the senool 

in vitro conversion of (45) into (46). 

J 6 A. A. Qureshi and A. I. Scot!, Chem. Comm., 1968, 948. Alller. 
31 J. P . Kutney, w. J. Cretney, J. R. Hadfield, E. S. Hall, V. R. Nelson, and D. C. Wigfield, J. 

Chem. Soc .. 1968, 90, 3566. 
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Me Me 

C01Me C01Me 

(45) (46) 

Isoprenoids.-Monoterpenes. A study38 of the biosynthesis of (±)- and 
~~ )-camphor (47) by using [2-14C]mevalonate produced the interesting result 

~t all the 14C was incorporated into the 6 position of camphor. Normal 
~nlo~ of two C-S units would have led to additional labelling at positions 8 and 
[2 ~hls result agrees with earlier work 39 on thujone (48) biosynthesis where 

- 4CJmevalonate was incorporated specifically at the position shown . 

• 0 

Me Me 

9 o~ Me 

4 

(47) Me Me 

(48) 

I ~bv.ioUSlY more work . must be done on the initial stages of terpene for-

'

I i allIon in the higher plants. lsopentenyl pyrophosphate isomerase has been 
eSO ~~ed , from liver.40 It was found to be activated by Mn2+ ions and the 

I p~Ulhbnum between isopentenyl pyrophosphate and dimethylallyl pyro-
osphate favoured the latter. 

I I [~-14C]Mevalonate feeding41 to Santolina chamaecyparissus gave a very 
, I (~~ l~corporation into artemesia ketone (49). The biosynthesis of nepetlllactone I In Nepeta cataria L. was studied42 by using [2- 14C]mevalonate and it 

Me

lr0
Me r 9 Me 0 

! I Me 66:):' 0 2 
Me , ...-::. 3 

4 

:t Me8 
(49) 

(50) 

!, 
" D. V. Banlhorpe and D. Baxendale. Chem. Com", .• 1968. 1553. 
40 ~. V. Banthorpe and K, w. TUrnbulI, Chem. Comm., 1966, 177. 
4. . W. Holloway and G. Popjak, Biochem. J., 1968, 106, 835. 

~. 213, O. R. Wailer, G. M. Frost, D. Burleson. D, Brennon, and L. H. Zalkow. Phytochemistry. 1968. 
4, 

1". E, Regnier. G. R. Wailer. E. Z. Elsenbraun. and H. Anda. Ph ylochmlislry. 1968.7.221. 
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was found that positions 3, 8, 6, and 9 had 36, 17, 29, and 18 % of the activit~ 
respectively. This indicates considerable randomisation at the isopenteny 
stage. A cell-free system has been prepared43 from Mentha piperita which caP 
convert pulegone (51) to menthone (52) and isomenthone (53) in the presence I 

. oe 
of NADPH 2• [1- 14C]GeranyJ pyrophosphate was transformed44 into cme. 
(54) in Rosmarunus officinalis and degradation gave the expected equallabelllpg , 
so shown. 

Me 

MO~ 
(54) 

(51) (52) (53) 

Sesquiterpenes. In vitro acid-catalysed transformations4~ of the epoJ{i~e: 
(55) and (56) wlll undoubtedly have relevance to future biosynthetic studied 
in the endesmane and guaiane series. Rearrangement of (55) afforded (57). an ff 
(58) which is explicable in terms of a strict application of the MarkownlkO.c 
rule; the epoxide (56) however gave the guaiane-type (59) predicted on ste~ 
grounds. This delicate balance between steric and electronic effects ca~ s 
expected to play at least as important a role in sesquiterpene biOSynthesl~: 
in the biological transformations of 2,3-oxidosqualene leading to triterpenol ~ , 
The biosynthesis of santonin46 (60) in Artemesia maritima gave very 10 I 
incorporations of all precursors, including mevalonate and [1_3H]farneS~s' 
showing the great difficulty of transporting the precursor to the site of syntheS~~ 
Incorporation of the lactones (61) and its double-bond isomer indicate that t 
introduction of oxygen into ring A is a late step. 'fie' 

Diterpenes. [1-3H]Geraniol pyrophosphate was incorporated Sp~CIIOf 
ally47.48 into rosenonolactone (62) in Tricothecium roseum. AdministratiOn I 

?-h", Mo 

OH M I 

~) 
H~ 

Me Me 

(SS) (56) (57) 

., 1. Battail, A. J. Burbott, and W. D. Loomis. Phytochemistry, 1968, 1159 . 
•• B. Achilladelis and 1. R. Hanson, Phytochemistry, 1968. 1317 . 
• , E. D . Brown and 1. K. Sutherland, Chem. Comm., 1968 1060 . 
•• D. H . R. Barton, G. P . Moss, and J. A. Whittle. J . Chem. Soc. (C). 1968. 1813 . 
• 7 B. Achilladellis and J. R. Hanson. Phytochemistry, 1968. 589 . 
•• B. Achilladellis and 1. R. Hanson. T~trahedron Letters. 1968.4397. 

..... 1 

H r'\1 I 

(SS) 

I 
I 
I 



ck ao:rKM
' 

Me Me 

(59) 

Biosynthesis 

Me 

o,Cl. ,.Me 

;'Y6~ 
(60) 0 
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Me 

et) _,M, 

Y6~ 
o 

(61) 

4R~[ 4-3H, 2-14C]mevalonolactone alTorded (62) with an unchanged 3H: 14C 
~aho. Degradation placed the 3H labels as shown thus verifying the postu
~~ed49 hydrogen migration from C-9 to C-8 during biosynthesis and also 

e Ullinated the lactone formation via a ~S.IO rosadiene intermediate. A studySO 

(63) 

of the biosynthesis of viridin (63) showed that the furan carbon indicated was 
~ot labelled by [2- 14C]mevalonate and presumably arose by oxidation of a 

I t tt-Illethyl group. [7-3H]Kaur-16-en-19-oic acid (64; R = H) was found sl 

I sO be an elTective precursor of steviol (64; R = OH) in Stevia rebandiana 
i Uggesting bridgehead hydroxylation as the final biosynthetic step. In a further 

I testigationS2 into the biosynthesis of tetracyclic diterpenes the Sussex 
I I r~up fed 4R-[4-3H, 2- 14C]mevalonate to Gibberella fujikuroi and isolated 

la elled gibberellic acid (65) plus 4,18-dihydroxykaurenolide (66). The 3H 
I aabels in the biosynthetic diterpenes were shown to be at the positions indicated 

I 
nnd the ~-CH20H grouping in (66) found to be derived from [2- 14C]mevalo
(6~te .. Since 4R-[3H]mevalonate should give 3H at C-2 of gibberellic acid 

I h) In the ~-configuration it follows that hydroxylation at this centre must 
~l l Cave occurred with inversion. Retention of mevalonate-derived hydrogen at 

I I b -4b and C-lOa in (65) excludes the formation of either 4a, 4b- or 4a, lOa-double
.0 I r onds during loss of the angular methyl group and lactone formation. Also 

d~tention of the 3H at C-9 in (66) rules out any intermediacy of pimara-8,9-
llcne (67) during the biosynthesis of tetracyclic diterpenes of the kaurane type. 
n Order to determine whether pimara-7,8-diene was, in fact, involved, [2-3H 2. 

" So ~ J. Birch. R. W. Richards, H. Smith, A. Harris, and N. B. Whalley, Tetrahedron, 1968, 7,241. 
SI J . M. Blight, J. J. W. Cop pen, and J. F . Grove, Chem. Comm., 1968. 1117. 
S1 • R. Hanson and A. F . White. Phytochemistry. 1968. 59S. 

J. R. Hanson. A. Hough. and A. F. White. Chem. Comm .• 1968.467. 
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(66) (67) 

2- 14CJmevalonate was fed 53 to Gibbuellafujikuroi which should label position 
7 ofkaurene (68) nonstereospecifically with 3R. No loss of 3R from this positiOn 
was observed which eliminated pimara-7,8-diene as a precursor. Pimara-
8,14-diene was specifically incorporated into the tetracyclic diterpenes (65) 
and (66) although with low efficiency. In studies54• 55 designed to determine 
the oxidative sequence leading from a tetracyclic gibberane skeleton to gib
berellic acid (65), structure (69) and gibberellin A 14 (70) were found to be 

HO 

Me 
(68) 

Me 

~
' 

\ C0 2H 

C0 2 H 

(70) 

M~ 
C0 2RCHO 

(69) 

"0105 

\ 6Ac 
C0 2R 

(72) 

effective precursors of gibberellic acid (65) and gibberellin A 13 (71). The l~tt~J 
was found not to be an intermediate in the biosynthesis of gibberellic act 
(65). These workers also synthesised (69) by base treatment of (72). Beari~S 
in mind the oxygenation pattern of (66), which co-occurs with gibberetl~C 
acid (65), this transformation must be closely analogous to the biosynthetJc 

pathway. 

" J. R. Hanson and A. F. White, Chem. Comm., 1968, 1689. 
, . B. E. Cross, R. H. B. Gait, and K. Norton, T etrahedron , 1968, 24, 231. 
" B. E. Cross, K. Norton. and J. C. Stewart, J . Chem. Soc. (C), 1968, 1054. 
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Steroids and Triterpenes. Investigations into the reductive dimerisation 
of two CB units in the biosynthesis of squalene have shown that thiamine 
hyr~phosPhate is implicated56 in the formation of squalene. Stereoisomers 
aVlllg structure (73) assigned to an isolated intermediate in squalene bio

synthesis57 were synthesised 58 and shown to be different from the natural 
Illaterial. 

(73) 

o 

R R 

HO 

(77) 

c In order to elucidate details of substrate specificity of 2,3-epoxysqualene 
pYClase, unnatural epoxides (74) were treated with 100,000 g. supernatant 
reparation of rat liver microsomes. 59.60 Only the trans-oxide (74: RI = Me, 

I, 
I, G. E. Risinger and H. D. Durst, Tetrahedron Letters, 1968,3133. 
11 li. C. Rilling, J. Bioi. Chem., 1966,241, 3233. 
I. E. J. Corey, P. R. Ortiz de Montellano, Tetrahedron Letters, 1968,51 \3. 
'. It B. Clayton, E. E. van Tamelon, and R. G. Nadean, J. Amer. Chelll. Soc., 1968,90,820. 

E. 1. Corey, K. Lin, and M. Jantelar. J . Amer. CI,e,'" Sac .. 1968,90.2724. 
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R 2 = H) yielded the 4-desmethyllanosterol analogue (75 ; RI = Me, R 2 == Il)· 
[23-14CJ29,30-Bisnor-2,3-epoxysqualene (76 ; RI = H, R 2 = R 3 = Me) was 
treated with a particle-free solution of 2,3-epoxysqualene-amyrin cyclase froJ1l 
pea seedlings61 and gave 29,30-bisnoramyrin (77; R = H). Although the ion 
(78; R = Me) has been proposed62 as an intermediate in p-amyrin (77; R == Me) 
biogenesis, it would appear unlikely that the corresponding primary carboniuJ1l 
ion (78; R = H) would be involved in the bisnor series. In an attempt to separate 
the cyc\isation and rearrangement processes involved in sterol biosynthesis, tbe 
bisnor-2,3-epoxysqualene (76; RI = Me, R 2 = R 3 = H) was treated with tbe 
cyclase enzyme system.63 One ofthe important driving forces causing rearrangej 
ment of the primary cyclic intermediate (79; RI = R 2 = Me) to lanostero 

(75; RI = R 2 = Me) is the relief of repulsive interactions in ring B (twist boat) 

R 

(78) 

HO HO 
(79) (80) 

due to the methyl group at C-8. In the bisnor intermediate (79; RI = R 2 == JJ) 
no such interactions exist and, not surprisingly, the product of cyc\isation WIl

S 

found to be (80) formed by deprotonation of (79; RI = R 2 = H). Thus ~be 
important function ofthe enzyme is the cyclisation stage, after which the relat!V

e 

stabilities of carbonium ions control the product formation. Another interest~nS 
example which showed the importance of the C-8 methyl group in (79) cauSlnS 

or
rearrangement to the lanostane skeleton was given by treatment of 15·n 
2,3-epoxysqualene (76 ; R 2 = H, RI = R 3 = Me) with 2,3-ePOXysqualen~~ 
lanosterol cyclase.64 The product (75; RI = H, R 2 = Me) was shown not 

61 E. J. Corey and S. K. Gross, J . Amer. Chem. Soc., 1968, 90, 5045. 
6' A. Eschenmoser, L. Ruzicka, O . Jeger, and D. Arigoni, He/v. Chim. Acta, 1955, 38, 1890· 6254 . 
• 3 E. J. Corey, P. R. Ortiz de Montellano, and H. Yamamoto, J. Amer. Chem. Soc., 1968, 90, liP' 
•• E. E. van Tamlen, R. P. Hanzlik , K. B. Sharpless, R. B. Clayton, W. J. Richter, and A. L. But 

game, J . Amer. Chem. Soc., 1968, 90,3284. 

J 
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have incoporated 3H from the medium, hence cyclisation and subsequent 
rearrangement of the IS-nor series is identical to that occurring in 2,3-epoxy
squalene. 

!io'-

( 8)) o (82) (83) 

In a study6 ~ of the biosynthesis of the antibiotic, fusidic acid (81), in Fusidium 
~OCcineum it was shown that 2,3-epoxysqualene was incorporated intact, 
h~~fir~ing . the ea~lier work66 with [2- 14C]mevalonate. The forma~ion of 
3 voltc aCid (82) m Cephalosporium caerulens has been shown67 to mvolve 
t ~'hYdroXY-4-P-hydroxymethylfusida-17(20)[16,20-ciS ]24-diene (83). In the 
e~~n~formation of (83) to he1volic acid (82) the 4P-hydroxymethyl group is 
d Illltnated and thus gives a clue to the possible mechanism and sequence of 
;lllethYlation of 4 : 4-dimethyl sterols. An investigation68 designed to give 
Chore information on this problem revealed that 4p-methyl-4cx-hydroxymethyl
(8~.lestanol (84 ; RI = CH 20H, R 2 = Me) and 4cx-hydroxymethylcholestanol 
(84: RI == CH20H, R2 = H) were converted efficiently into cholestanol 
hi' RI == R 2 = H) by rat liver homogenates. However, in contrast to the 
C~ volic acid biosynthesis it was found that. 4cx-methyl-4p-hydroxymethyl
(840.lestanol (84 ; RI = Me, R 2 = CH 20H) was not transformed into cholestanol 
g . RI == R 2 = H). These results, indicating initial removal of the 4cx-methyl 
r r~up, should be compared with earlier work69 on the biosynthesis of choleste
n° from [2- 14C]mevalonate which suggested that the 4p-methyl group is the 
rst to be eliminated, as in the case of helvolic acid (82). 

a 'Ibe idea that cycloartenol (85) is the first product of cyc1isation and re
{;angement of 2,3-epoxysqualene is supported by the incorporation of 
• -epoxysqualene into cyc1oartenol (85) in a cell-free system from newly 

's 
Chelll ~. O. Godlfredsen. H. Lorck , E. E. van Tamelen, J. D. Willett, and C. B. Claylon. J . All/er. 

... oc., 1968, 90, 208. 
lince' ~ Arigoni, Conference on the Biogenesis of Natural Products, Academia Nazionale dei 

.,1, Orne, 1964. 
" I. Okuda, Y. Sato, T. Hattori, and H. Igarashi, Tetrahedron Letters, 1968, 4769. 

I . 01111 1<. B. Sharpless, T. E. Snyder, T. A. Spencer, K. K. Maheshwa ri, G . Guhn and R. B. Clayton, 
" e;. Chem. Soc., 1968,90, 6874. 

. L. Gaylor and C. V. Delwiche. Steroids. 1964. 4.207. 
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(ss) 

I 
I 

(S6) 
I 
I developed bean leaves. 7o The biosynthesis of (85) was studied 71 by usi~g I 

. 10 
4R[2_ 14C, 4-3H 1]mevalonate and it was found that the 3H : 14C ratiO 
cycloartenol (85) was the same as in the squalene isolated. This indicates 8 I 
hydrogen migration from C-9 to C-8 with concomitant cyclopropane-forlll~; 
tion; this eliminates lanosterol (86) as an intermediate in the biosyntheSI I 

I 0' of cycloartenol (85). 2,3-Epoxysqualene was shown to be a precursor of an I 
sterol (86) in yeast and thus the low turnover oflanostadiene (8,24) to lanostero I 
must be due to hydroxylation of an unnatural precursor. 72 be I 

The remarkable triterpene, tetrahymanol (87) which is a metabolite of tb I 
protozoan Tetrahymena pyricjormis, has been shown 73.74 to be produced ~ 
acid-catalysed cyclisation of squalene terminated by nucleophilic attack ~ I 
C-2I rather than from 2,3-epoxysqualene. Since deoxytetrahymanol has , 
symmetry both biosynthetic routes were possible. 's I 

Elimination of the 14cx-methyl group of lanosterol (86) in the biosynth~;, 
of sterols is accom panied by stereospecific removal of the 15cx-hydrogen.

7 
5 8' I 

4,4-Dimethyl-5cx-cholesta-8, 14-dien-3~-01 (88) produced by such a transforlll d I 
tion has been shown 78 to be an intermediate between lanosterol (86) an 

70 H. H. Rces. L. J. Goad. and T. W. Goodwin. Tetrahedron Lmers. 1968. 723. 
71 H. H. Rees. L. 1. Goad. and T. W. Goodwin. Biochem. J .• 1968.107. 417. 106

" 72 D. H. R. Barton. A. F. Gosdcn. G. Mellows. and D. A. Widdowson. Chem. Comm .• 1968. 
7J E. Cas pi. J. B. Greig. and 1. M. Zander. Biochem. J .• 1968. 109. 931. AIfII" 
74 E. Caspi. J. M. Zander. J. B. Greig. F. B. Mallory. R. L. Couner. and J. R. Landrey. J. 

Chelll . Soc .• 1968. 90. 3563. le!!L 
" L. Canonica. H. Fiecchi. M. G. Kienie. H. Scala. G. Gall i. E. G. Paoletti and R. paO 

J . Amer. Chem. Soc .• 1968. 90.3597. 
7. G. F. Gibbons. L. J. Goad. and T. W. Goodwin. Chem. Comm .• 1968. 1458. 
77 E. Caspi. J. B. Greig. P. 1. Ramm. and K. R. Yarna. Tetrahedron Letters. 1968. 3829. d ~ , 
7 8 L. Canonica. A. Fiecchi, M. Gallikiente. A. Scale. G. Galli. E. Grossi. E. G. Paoletli. aO 

Paoletti. J. Amer, Chem. Soc., 1968. 90. 6532. 
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OH 

H 

(87) (88) 

HO 

(89) 

cholesterol (89) using rat liver homogenates in the presence of oxygen. Under 

(~aerobic conditions the conversion of (88) is stopped at C-29-L'l8-sterols 
0; R = Me). The biological conversion of 5ex-cholest-8-en-3~-01 to 5ex

~holest-7-en_3~_01 during biosynthesis of cholesterol (89) has been shown to 
Involve elimination of the 7~-hydrogen. No migration of hydrogen from C-7 
~o C-9 was observed ;7 9 . 80 the hydrogen attached to C-9 in (91) being acquired 
.rom the medium. The remaining steps between (91) and cholesterol (89) 
I~VOlve introduction of a L'l S -double bond to give (92) followed by reduction 
Oh the L'l7 -double-bond. eis-Elimination of the 5ex- and 6ex-hydrogens have been 
s Own,81 - 83 to be involved in the formation of the L'ls-double-bond. In agree
ment with this the formation of the phytosterol, periferasterol (93), in Ochro
/IJonas malhamensis has been shown,84 by feeding 3R-[2- 14C, (5R)-R- 3 H 1J
~~valonate, to involve elimination of the 6ex-hydrogen and also the 23-pro-R
t:drogen. A study of the biological reduction of (92) to cholesterol revealed 
7 at the 8~-hydrogen in cholesterol was obtained from the medium and the 
b~-hYdrogen from NADH. The removal of the C-19 methyl group in the 
~Ological conversion of androsterone (94 ; R = Me) to oestrone (95) has been 

s own 8S to involve the 19-hydroxymethylandrosterone (94 ; R = CH 2 ' OH) 
and the 19-formylandrosterone (94; R = CHO). 

POlyketide-derived Compounds.-Bohlmann has studied the biosynthetic 
relationships of many natural acetylenes. The biosynthesis of phenylhep-

" 1>101 L. Canonica. A. Fiecchi. M. G allikienle. A. Scala. G . G all i. E. Grossi. E, G, Paolett i. a nd R, 
1;111. SterOids. 1968.287, 
It M. Akhtar a nd A. D , Rahimtala. Chem, Comm,. 1968. 259, 
12 M, Akhtar a nd S, Marsh. Biochem, J,. 1967.102. 462, 
11 S, Dewhurst a nd M. Akhtar. Biochem. J ,. 1967. 105. 11 87, 

I. A, M, Paliokes and G. J, Schroepfer. J , Bioi, Cltem .. 1968. 243. 453. 
I, A, R. H, Smith. L. J. Goad. a nd T. W, G oodwin. Cltem, Comm,. 1968. 1259. 

M, Akhta r and S, J, M, Skinner. Biochem, J .. 1968. 109. 318, 



594 

HO 

(90) 

R. Ramage 

(91) 

I 
I 

HO 

(92) 
HO 

(93) 

o 

I 
I 
I 
I 
I 
I 

(94) (95) I 
tatriyne (96) was investigated86 by feeding [2,3- 3H 2, 14-14C]tetradec-5-ell- I 
8,10,12-triyn-1-01 (97) to Coreopsis lanceolata L. A possible intermediate (9~) I 
would result in the loss of all 3H at C-3 but this is not observed. The origlll I 
of the thiomethyl grouping in (99) and (100) was studied 87 by using [3H, 3'5]
methionine which was administered to Anthemis tinctoria L. Isolated esters I 
(99) and (100) had a different 3H : 3'S ratio from the methionine fed hence tbC 

sulphur and methyl group were donated independently to matricaria est~r I 
(101) which was also shown to be a precursor of (99) and (100) in Anthe/1l~ I 
tinctoria. In order to investigate88 the formation of the highly unsaturatc

S
) 

hydrocarbons (102), (103) and (104) in Centaurea dilute L., the alcohol (10 
was fed and found to be incorporated into the hydrocarbons. This gives so!1lC 
idea of the sequence of triple-bond formation and it was suggested that t~~ 
terminal olefinic linkage is formed by breakdown of the ~_hydroxy-aCII 
intermediate (105). A start89 has been made in the isolation of the importall 

•• F. Bohlmann. H. Bonnet and K. Jente, Chem. Ber., 1968, 101, 855. 
87 F. Bohlmann and T. Burkhardt, Ch p.m. Ber., 1968, 101, 861. 101, 
88 F. Bohlmann, M. Wolschokowsky, J. Laser, C. Zdero, and K. D. Bach, Chem. Ber., 1968, 

2056. 
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e~zymes concerned with the biosynthesis of naturally occurring acetylenes 
With the conversion of oleic acid (106) into (107) with a cell-free system. Linoleic 
acid (109) had earlier90 been shown to be an intermediate in the biosynthesis 
of crepenynic acid (108). It was also proven that neither the diol nor epoxide was 
an intermediate in the conversion of (109) into (108). 

Ph[O=C]3Me 
(96) 

Me[O=Ch'CH 2'CH c CH'[CH2]3'CH2'OH 
(97) 

o [C~C]3Me 

(:CQ.H 
o 

(98) 

MeC==C'CH c CH'C=CH'CH~H'C02Me 

JMe 

(99) 

MeC==C 'CH ' CH·C=CH·CH= CH·C02Me 

JMe 
(100) 

Me[C==C] 3 ·CH=CH 'C02Me 

(101) 

MeCH=CH' [C==C] 2 . [CH= CH]2 'CH=CH2 
(102) 

MeCH= CH· [C= CJ 3' CH= CH' CH= CH 2 
(103) 

MeCH=CH· [O=C]4' CH=CH2 
(104) 

~~O 
Me:CH=CH' [C=="CJ2' [CH=CH]2'CH- CH2- C,,-

(105) (6H ~OH 
Me[CH2] , 'CH= CH' [CH 2],'C02H 

(106) 

89 
90 F. Bohlmann and H. Schulz. Tetrahedron Letters. 1968.4795. 

F. Bohlmann and H. Schulz. Terrahedrol! Lerk!rs. 1968. 1801. 
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Me[C=C]2'CH=~ 
(107) 

Me[CH2J4 'C==C'CH2 'CH=CH' [CH2J, 'C02H 
(108) 

Me[CH2J4' H~CH ·CH2CH=CH· [CH2J, 'C02H 
(109) 

~COIH 
~_ Me 

, 5 1 I 

8 •••• ~COltl 

Me 
11 

(110) OH 
(111) 

I 
I 
, 

(112) (113) 

I 
, 

I 
There has been a review91 of the prostaglandins and much work on tbe I 

biosynthesis of this important class of biologically active substances. 1'bc 

mechanism of the conversion of eicosa-8,11,14-trienoic acid (110) into pros~' I 
glandin El (111) and prostaglandin Fl(l (112) was studied92 with [13D)p, I 
3_14C]_ and [13L-3H, 3-1 4C]-eicosca-8,11,14-trienoic acid. The hydrogell I 
lost from C-13 was shown to have the L-configuration and (112) was shO~ 
not to have involved (111) as an intermediate. It is suggested that the loss ~ I 
hydrogen from C-13 leads to the intermediate (113) which can form the cych~ 
peroxide (114) by a concerted process. Reductive fission of the peroxide woul I 
yield prostaglandin F I (l (112) and oxidative cleavage would afford prost:; I 
glanding El (111). Additional evidence for the cyclic process was provided d 
by the biosynthesis of 12-hydroxyheptadeca-8,1O-dienoic acid (115) all I 
malondialdehyde from eicosa-8,11,14-trienoic acid The fragmentation IJl~Y 
be formally represented as a cyclic process. Biosynthesis of 8-isoprostaglandlll I 
El

94 (111, epimer at C-8) involves isomerisation of prostaglandin El (111). 
Earlier work 95 on the biosynthesis of glauconic acid (116) had shown tb: ) 

pathway involved dimerisation of (117). Further studies96 strongly suggest tb 
I 

. • , S. Bergstrom and B. Sammelsson, Science, 1968, 109 . 
• 2 M. Hamberg and B. Sammelsson. J. Bioi. Chem .• 1967.242.5336 . 
• ) M. Hamberg and B. Sammelsson. J. Bioi. Chem .• 1967.242.5344. h If' 
•• E. G. Daniels. W. C. Krueger. F. P. Kupiecki. J. E. Pike. and W. P. Schneider. J. Amer. C I 

Soc .• 1968.90.5894 . 
• , C. E. Moppett and 1. K. Sutherland. Ch pm. Comm .• 1966. 772 . 
•• 1. L. Bloomer. L. E. Moppett. and J. K. Sutherland. J. Chem. Soc. (q 1968,588. 
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~
C02H 

~---. - •. OH Me 

.---' " I COOH 
H 

(114) 
Me 

OH (115) 

I~;' 09 
Me 3 I 0 

7 6 8 
Me 

(116) om 

(118) 

~.-dicarboxYliC acid, oxalacetic acid, as the source of C-8, C-6, and C-7 in (117), 
~. e remainder being polyketide in origin. The aliphatic lichen acid, proto
~c~esterinic acid (118) has been shown97 to be derived from a C-16 polyketide 
nit together with a C-3 fragment from another source . 
. An investigation 98 of the synthesis of triacetic acid lactone (119 ; R = H) by 

p~geon liver fatty acid synthetase showed that (119; R = H) was formed in the 
~ sence ofTPNH but that palmitic acid was obtained in the presence ofTPNH. 
I~h~ugh methyltriacetic lactone (119; R = Me) is not incorporated into 

Stnpltatic acid (120) in P. Stipitatum, it has been found 99 that [14C] -formate is a 
~ource of C-1 units for both structures at the positions indicated. These results 
Ind' .Icate that the hydroxy-pyrones are free forms of enzyme-held polyketides, 
which are true tropolone precursors, and that addition of the C-1 unit occurs 
~t the polyketide level. By using [2-l3C] -, [l_l3C] -acetate and [1 3C] lormate 
~ stUdy the biosynthesis of sepedonin (121), it was found that formate labelled 

·8 Specifically in agreement with the previous example of stipitatic acid (120).100 
~ Studies of the biosynthesis of terreic acid (122) indicate lOI that it is formed 
rom 6-methy)salicyclic acid in Aspergillus terreus, the epoxide oxygen being 

" J " . L. Doomer. W. R. Eder. W. F. HofTmann. Ch em. Comm .• 1968.354. 
" J. E. Nixon. G. R. Puty. and J. W. Porter. J . Bioi. Ch.m .• 1968. 5471. 

I •• G. S. Marx and S. W. Tananbaum. J. Amer. Chem. Soc .• 1968.90.5302. . 
'., A. G. McInnes. D. G. Smith. L. C. Vining and J. L. C. Wright. Chem. Comm .• 1968. 1669. 

G. Read and L. C. Vining. Chem. Comm .. 1968.935. 
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OH 0 0 0 

6 {:fH HOt> I ~R ~ ~ 
Me 0 0 HO HO Me 

COOH 4 0 
(119) (120) (122) 

Me 

(121) 

derived from the atmosphere. The very remarkable natural product, giorosein 

(123), which prefers not to assume an aromatic structure, has been shown
l01 

to be produced by Gliocladium roseum via (124) and the quinone (125). 

:::6:.:, OH 

OMe 

HO ~ I Me 

CHO 

H°frM' 
HOYMe 

o o 
(123) (124) (125) 

Me 

~OH 
~CONHl 

OH OH OH OH 

(126) 

Early work 103 on the biosynthesis of tetracycline had shown that 6-methYj; 
pretetramid (126) was a precursor of 7-chlorotetracycline. Recent work 104-

1
. 

in this field employed mutants in order to identify the intermediates. In thIS 
way the anthraquinone (127) was isolated, however, on treatment with a 
tetracycline producing organism it was shown to be a shunt-product from the 
main pathway. Another such metabolite was (128) in which the 6-methyl groUP 
was introduced at an early stage before cyc1isation of the tetracene system was I 
complete. It is interesting to note that the oxygen at C-8 is already missing e"e~ I 
at this relatively early stage of the biosynthesis. The biosynthesisl07-109 0 

102 M. W. Steward and N. M. Packter, Bioch. m. J ., 1968, 109, I. 
10> J. R. D. McCormick, S. Johnson, and N. O. Sjolander, J. Amer. Ch em. Soc., 1963, 8~, 1692. 
10' J. R. D . McCormick and E. R. Jensen, J . Amcr. Chem. Soc., 1968,90, 71 26. ~ 
10' J. R. D. McCo rmick, E. R. Jensen, N. H. Arnold, M. S. Carey, H. H. Joachim, S. Johnso ' 

P. A. Miller, and N. O . Sjolander, J. Amer. Chem. Soc., 1968, 90, 7127. 968, 
106 J. R. D. McCormick, E. R. Jensen , S. Johnson, and N. O . SJolander, J. Alller. Chelll. Soc., 1 

90, 2201. 
10 7 M. Biollaz, G. Buch i. and G. Milne. J . Amer. Chelll . Soc .• 1968. 90.5017. 
10. M. Biollaz. G . Buchi. and G . Milne. J. Amer. Chem. Soc .• 1968. 90. 50 19. 
109 J. A. D unkerslott. D. P . H. Hsieh. and R. I. Matelas, J. Amt r. Chelll . Soc., 1968, 90,5020. 
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(127) 15 16 

Me OH o 

4 5 
(129) 

aflatoxin Bl (129) has been studied with [1_14C]_ and [2-14C]-acetate feedings 
~ Aspergillusjlavus. One fascinating result which emerged was that C-l1 and 

-14 are both derived from [2_14C] acetate. A very interesting biogenetic route 
~as proposed10 8 involving a tetracene (130; R = H or OH) similar to that 
I~volved in tetracycline biosynthesis. The closely related metabolite of Asper
~II/us versicolor sterigmatacystin (131; R = H) has also been shownllO to 
Involve head-to-head coupling of two acetate units. A mutant of Aspergillus 
(ersicolor produced by irradiation yielded 111 5-methoxysterigmatacystin 
.131 ; R = 0 Me). The co-occurrence ofversicolorin A (132) and sterigmatacystin 
~n certain strains of the organism suggest that the xanthone may be derived 
.rollla related anthraquinone which, in turn, could be produced via a tetracycline 
Interlllediate as suggested by Buchpo8 for the aflatoxin Bl biosynthesis. 

~ 
~ 

OH OH OH 

(130) 
o 

(01) 

11. 
III J. S. E. Holker and L. J. Mulheirn, Ch em. Comm. , 1968, 1576. 

J. S. E. Holker and S. A. Ka gal, Ch em. COmm., 1968, 1574. 

o o 

o 
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The role of aren-oxide-oxepin systems in the metabolism of aromatic systelJlS 
has assumed greater importance with the synthesis of (4-2H]3,4-epoxytoluenc 
(133) and its subsequent rearrangement to [3-2 H]-p-cresoI.112 From the meta
bolism of naphthalene l13 by rat-liver microsomes, 2,3-epoxynaphthalene (135) 
was isolated by dilution techniques and was found to be hydrated enzymatically 
to trans-l,2-dihydro-l,2-dihydroxynaphthalene (136). Acetylaranotin (137) is a 
naturally occurring substance recently isolated which contains the dihydro
oxepin system. 114 Baldwin has discussed the cleavage of aromatic rings in terlJlS 

Me 

'"Q OH 
(133) (134) 

(135) 

~
'.;: 

~
NS .... OAc 

Ac S N 

~ I o 
(J37) 

(136) 

I 

I 
I 
1 
I 
I 

1 

I 
) 

I 
I 
I 
I 

of enzymic generation of a species equivalent in its powers to singlet oxygen. lI~ I 
It was shown that 1,4-peroxides formed from aromatic rings may be trans-
formed by acid to cleavage products of the type found in biological systems. I 

112 D. M. Jcrina. J. W. Daly, and B. Wilkop, J . Alllcr. Chelll . Sot' .. 1968, 90,6523. er. 
II I D. M. Jcrina, J. w. Daly, B. Witkop, P. Zaltzman·Nircnberg, and S. Udenfriend, J . AI!1 

Ch em. Soc., 1968, 90, 6525. 
114 R. Nagarajan, N. Ncuss, and M. M. Marsh, J . Amer. ChP.m. Soc., 1968,90,65 19. 
11 ' J. E. Baldwin, H. H. Busson. and H . Krauss, Chen!. COn/m., 1968, 984. 
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Some Aspects of Terpene 
Biosynthesis* 
--
~ono- and sesquiterpenes can each be divided into two 
r~ad groups; those having a head-to-tail linkage of isoprene 

~nlts and those that, apparently, do not. Both groups were in 
Rct .embraced by the biogenetic isoprene rule proposed by 
I uZlcka,l who recognized that the exceptions resulted from 
s~tel modifications of the products of normal union. These 
el e eta I . rearrangements are mostly governed by stereo
i ec!ronlc factors and the relative stabilities of carbonium 
on Intermediates. 
t Although isoprene units are Cs, it is now well established 
s~at a C6 moiety is the key intermediate in terpene biosynthe
i:s, Mevalonolactone (1) was isolated by Folkers 2 in 1955 and 
i w~s SUbsequently shown 3 that only the R- form is utilized 
:'t~vo. The isoprene unit is produced by decarboxylation 
p I concomitant loss of the hydroxyl group to give iso
b entenyl pyrophosphate (2) in which C-2 of the mevalonate 
isecomes the terminal vinyl carbon.4 In the isomerization of 
(3)pentenYI pyrophosphate (2) to dimethylallyl pyrophosphate 
w ' ~he ~wo methyl groups retain their individuality. Tracer 
e o~ . . ~Ith [2_14C]- mevalonate (4)5.6.7 indicates that the 
i; 1:lbnu m favours the dimethylalIyl system and that there 
~ arge pool of this in the plant. 

in or.nforth and Popjak brought great subtlety to the 
T~eshgation of the precise mechanism of this rearrangement. 
we ey recognized that the hydrogen atoms at C-4 of mevalonate 
ch.re nOn-equivalent in an enzyme system. C-4 is thus a pro
polr.a~ centre, since if one of the hydrogen atoms at this 
be Slhon were substituted by deuterium then C-4 would 
th~Ome chiral and make a contribution to the asymmetry of 
the ~olecule. By stereospecific deuterium labelling of one of 
la!' Ydrogen atoms at C-4 ego 4S, it was shown the isomeri
thalton and subsequent deprotonation was highly specific in 
the only.the 4S-hydrogen was lost. 8 In rubber biosynthesis 
resu~~Pos.lte obtains,9 since it is the 4R-hydrogen which is lost 

W.hng In .the oppos!te stereochemistry of the double bond. 
unre Ith .the Isomenzatlon the system has converted a relatively 
alJYl~Chve. saturated pyrophosphate to the more reactive 
l11aklC derIvative. The next step of joining the two C6 units 
Ster es use of this differing reactivity, and is interesting from a 
the e~chemical point of view, since again the 4S-H is lost from 
alIyrlSopentenyl moiety in the process of displacing the 
con IC Pyrophosphate group8 (5). If the process were truly 
l'hucerted then the 4R-H would be predicted to be proton lost. 
Unk s, alth~ugh the exact details of the mechanism are as yet 
in w~~wn, It.appears that an intermediate (6) must be involved 

Ich X IS, presumably, enzyme derived and is the nucle-

~=~-------------------------------------F:~esented at the Symposium on Recent Advances in Terpenes and . 
19,eontlal Oils held at Liverpool Polytechnic, on February 4th-Sth, 

t . 
~I RL°bcrt Robinson Laboratories, University of Liverpool, Liver-

693BX. 
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philic residue participating in the stereospecific electrophilic 
attack on the double bond of isopentenyl pyrophosphate (2). 
Combination of two Cs units would give geranyl pyrophos
phate (7) having the stereochemistry shown. Nerol (8) having 
the opposite stereochemistry at the ~ 2. 3 double bond can be 
considered to be in equilibrium through the tertiary alIylic 
alcohol, linalool (9). This inter-relationship has many ill vitro 
analogies. 

Further attack of isopentenyl pyrophosphate (2) on 
geraniol pyrophosphate (7) would afford farnesyl pyrophos
phate (10) which is the precursor of the sesquiterpenes. Of 
considerable interest, therefore, is the stereochemistry of the 
displacement reaction (5). Again the enzyme system can 
differentiate between the hydrogen atoms on C-5 of the 
dimethylallyl pyrophosphate. If the very reactive pyrophos
phate group ionizes before attack by the 7t system of the 
isopentenyl pyrophosphate (2) i.e. SNI reaction, then stereo- , 
chemical randomization of the hydrogen atoms at C-5 would 
result. On the other hand if an SN2 process i.e. concerted 
reaction, is involved then there would be an inversion at the 
site of substitution. 

In order to test these alternatives, Cornforth and Popjak 10 

synthesized (5R)-[5D] mevalonate by enzymatic reduction of 
mevaldic acid (11) using (4R)-[4D] NADH which is known to 
deliver hydride from the 4~-position of the dihydropyridine 
system in a stereospecific fashion. The (5R)-[5D] mevalonate 
was biologically transformed into squalene (12), oxidative 
cleavage of which afforded R-mono deuteriosuccinic (13) 10 

acid whose configuration was proved by ORD measurements. 

THIS VERIFIED THE SECOND MECHANISM 
Nerol (8) geraniol (7) are susceptible to oxidation at the 
allylic methyl groups and the oxidized form of nerol (14) has 
been shown to be directly involved in the biosynthesis of 
monoterpene alkaloids. 11 The important intermediate is 
deoxyloganin (15). A beautiful example of the in vitro 
synthesis of cycJopentane monoterpenes along a biosynthetic 
route was devised by Sir Robert Robinson in the synthesis of 
iridodial (18) from citronellal (16).12 After prior protection 
of the reactive aldehyde group, aIlylic oxidation was selective 
at the trans terminal methyl group and afforded (J 7) which 
cyclized by intramolecular Michael addition to give the 
natural product, which we may represent in the cyclic form 
(l8a) order to show the resemblance with deoxyloganin (15). 
Further hydroxylation of (15) occurs to give loganin (19) and 
a second hydroxylation has been proposed,1 3 but not yet 
proved, to afford hydroxyloganin (20). Fragmentation, in the 
manner shown, would then give seco-Ioganin 14 (21) which is 
the key unit needed for combination with tryptamine (22) to 
yield the indole alkaloids. 

An alternative mode of cyclization of the C-lO system to 
give, initially, a six membered ring (23) is extremely common 

323 
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and commercially important. The carbonium ion (23) may -
be attacked by water to produce ex-terpineol (23a), with the 
position of the labels predicted on the basis of a [2_14C] 
mevalonate feeding. Thujone (25) may be considered to be 
derived from dipentene (24) by protonation on the ex-face 
of the exocyclic double bond with attack by the 7€ system to 
form the cyclopropane ring. The thujone (25) isolated 
contained all the radioactivity at the carbonyl group 15 
showing that the mevalonate-derived isopentenyl pyrophos
phate (2) undergoes no appreciable isomerization due to the 
large pool size of dimethylallyl pyrophosphate (3) in the plant. 
Cineole (26) has been shown 18 to be derived from geraniol (7) 
and must be produced by protonation of the double bond of 
ex-terpineol (23a) with subsequent attack by the tertiary 
hydroxyl function. 

Pinene (27) is of great biosynthetic interest being formed by 
cyclization of the tertiary carbonium ion (23) to give the 
electronically more favourable tertiary carbonium ion (28). 
Steric control over the cyclization would afford the more 
sterically favourable carbonium ion (29) of the camphor type. 
It is not known yet whether pinene (27) is an intermediate in 
the biosynthesis ofl7 camphor (30), but the direct cyclization of 
a menthane skeleton to the camphane ' type has recently been 
accomplished by Money 18 via the boron trifluoride catalyzed 
cyclization of the enolacetate (31) which afforded racemic 
camphor (30). 

Sesquiterpenes are a fascinating group of natural products 
exhibiting great diversity of structural type and subtle 
intricacy of stereochemistry. This has led to much speculation l9 

as to their derivation from farnesyl pyrophosphate (IO) but 
unfortunately, very little experimental corroborative evidence 
due to the great difficulties involved in such work. Recently, 
however, two groups 20.21 have initiated studies of the bio
synthesis of the picrotoxane group of sesquiterpenes, exempli
fied by coriamyrtin (32) and tutin (33), having great stereo
chemical complexity. The results from [2-14C] mevalonate 
feeding to Coriariajaponica were consistent with intermediates 
(34) and (35) being involved between farnesyl pyrophosphate 
and the picrotoxane sesquiterpenes. It is of interest to note 
that the tricyclic alcohol (34) has been isolated from Pinus 
silveslris. 22 There are at least two feasible routes to copabor
neol (34) from fa rnesy I pyrophosphate which cannot be 
differentiated on the basis of these mevalonate feedings. Two 
other features of more general interest emerged from this 
work. The first was the radiochemical equilibration of C-9 and 
C-lO and the second was the preferential labelling of two of the 
three C&-units in the farnesyl unit which has precedents in the 
monoterpene field. 15. 17 

For many years the mono- and sesquiterpenes played an 
important role in the teaching of natural product chemistr~. 
It is hoped that in the near future experiments will allow thiS 
class of compounds to take their proper place in the biosyn
thetic framework of natural products. 
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Mono- and Sesqui-Terpenes of the 
Essential Oils from. ArteltZisia 
japonica Thunb. and ArteltZisia 
apiacea Ranee 

Artemisia japonica Thunb. and Artemisia apiacea Hance 
(Otokoyomogi and Kawaraninjin in Japanese, respectively) 
grow wild all over Japan and belong to the Compositae 
family. The plants were used as a medicinal herb long ago. 
The constituents of the essential oils from A. japonica and A. 
apiacea have not been reported hitherto. 

The methods employed in separation and purification 
consist of column chromatography and gas chromatography. 
The major components were confirmed by comparing these 
infrared spectra to those published in the literature, and the 
remaining components were identified by comparing these 
retention times with those of the authentic samples measured 
with the polar and non polar liquid phase columns in gas 
chromatography. 

In this work reported here, the major eight components of 
the essential oil from A. japonica were confirmed by infrared 
spectra: copaene, farnesyl acetate, caryophyllene, tricycloveti
vene, ~-humulene, £-cadinene, 8-cadinene and y-cadinene. The 
remaining nine components were identified by the comparison 
with the retention time of the authentic samples: ex-pinene, 
camphene, ~-pinene, limonene, 1,8-cineole, artemisia ketone, 
ex-thujone, artemisia alcohol and ~-bourbonene. 

Next from A. apiacea, the major six components were 
confirmed by the infrared spectra: ~-bourbonene, farnesyl 
acetate, caryophyllene, ~-humulene, £-cadinene and 8-
cadinene. The remaining ten components were identified by 
the retention time of gas chromatography: et-pinene, camphene, 
~-pinene, limonene, 1,S-cineole, p-cymene, artemisia ketone, 
ex-thujone, copaene and y-cadinene. 

EXPERIMENTAL 
Essential 011 
A. japonica and A. apiacea used in the present investigation 
were harvested in the suburbs of Hiroshima city in July 1968. 
After the steam distillation of 62kg of the stalks and leaves of 
A. japonica, 15g (0.024 %) of the essential oil was obtained by 
the extraction of the distillate with ethyl ether (bp 32-34°C) 
and by the evaporation of the solvent under reduced pressure 
in nitrogen gas at room temperature. 

In the same way, from 60kg of A. apiacea, 1O.5g (0.018 %) of 
the oil was obtained. 

·Department of Chemistry, Fukuoka University of Education, 
Munakata-machi, Munakata-gun, Fukuoka, Japan. 
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I 
Column Chromatography I 
Ten grams of the essential oil were chromatographed on silica . 
gel (60g, 100-200 mesh, a glass tube of d=1.8 and 1= 47crn) I 
with n-hexane to elute the terpene hydrocarbons and ethyl 
acetate (85: 15 vol) to elute the oxygen-containing terpene I 
compounds. I 
Gas Chromatography . 
For identification of the minor components in the essential 011, 
Shimadzu GC-IC-type gas chromatograph was operated bY 
using two liquid phase columns (the copper tube of d=3~(11 
and 1= 3.75m) of 25 % polyethylene glycol 6,000 on Shimaltte 

(60-80) mesh at 160°C and 5 % SE-30 on Shimalite (60-80 

mesh) at 140°C, In both cases, helium gas was adopted as a 
carrier gas in the rate of 30ml/min. 

For purification of the major components, a column packed 
with polyethylene glycol 6,000 was used. 

Infrared Spectroscopy 
The infrared spectra were measured with Hitachi Grating 
Infrared Spectrometer EPI-G type in the liquid film and J{BC 
disk. 

RESULTS AND DISCUSSIONS 
Essential 011 from A. japonica 
The oil, nY 1.5060, d3l 0.9182, [dm -86.01·, was gas chro' 
matographed and its gas chromatogram is shown in Fig. 1. 

bV 

o 
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Fig. I. Gas chromatograph of the essential oil from A.japonica. 
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(From the Robert Robinson Laboratories, University of LinlrpooJ) 

Biosynthesis of Homoa,porphines 

By R. Ramage 

Recently it has been shown [1, 2] that the colchicine (I) belongs to a new class of naturally 
Occurring compounds having a fJ -phenethylisoquinoline skeleton (II). Moreover, the bio
synthetic pathway deduced for colchicine was shown to involve an intermediate dienone (IV), 
which has considerable structural similarity to salntaridine (V) belonging to the morphinan 
group of benzylisoquinolines (lII). 
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Figure 1. Some Phenethylisoquinoline Allmloids 
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The similarity of morphinc and colchicine biosynthesis, at least to an intermediate stage, 
suggested that there should be analogous p-phencthylisoquinoline alkaloids corresponding 
to the other important benzylisoquinoline alkaloids. Melanthiodine [3], schelhammcridine 
[4] and the homoaporphines [5, 6] are now recognised members of the class of naturally occur
ring p-phenethyUsoquinolines. A spectroscopic examination of the alkaloids from Kreysigia 
multiflora led to structures (VI), (VII), (VIII) and (IX) being proposed for floramultine, 
multifloramine, kreysigine and kreysiginone respectively., Alkaloid CC-24, isolated by Pro
fessor Santavy from Colchicum cornigerum, has been asSigned the structure (X) [7]. , The 
structures of multifloramine (VII), kreysigine (VIII) and kreysiginone (IX) were established 
by stereospecific synthesis and floramultine (VI) was distinguished from CC-24 (X) by con
sidt:lration of the mass spectral fragmentations and N. M. R. Spectrum. Both of these alka
loids were converted to kreysigine (VIII) on partial methylation. 

The synthetic r,oute to multifloramine (XI, XII, VII in fig . 2) is of interest because of the 
intermediacy of a dienone (XII) which is analogous to a proaporphine structure (XIII) and, 
indeed, kreysiginone (IX) is the homologue of orientalinone (XIII) ~solated from Papaver 
orientalis [8]. 

CH30 f CH30 CH30 

HO HO HO 
~ -CH30 CH30 CH30 

HO 0 HO 

CH30 CH.30 CH30 

.xI. W multifloram!ne ' (VII) 

Figl11'e 2. Synthes is of Mn itiflommine (VII) 

Thus the biosynthesis of the homoaporphines could take place by either of two alternative 
coupling mechanisms (a 01' b in II). The first would not only be identical to tho synthetiC 
routo but also analogous to the biosynthesis of the apol'phine structures so far studied. The 
other alterna,tive (b) would be morc direct and without need for the subsequent dienone
phenol rearrangement required by coupling mechanism a. 

In order to test these possibilities, the (3-H C)-diphenols (XI), (XIV) and (XV) were syn
thesised by standard routes and administered by cut-stem method to Kreysigia multiflora. 
The crude alkaloids were converted to methyl lueysigine (XVI) which was isolated by dilu
tion with inactive material. The relatively high degree of incorporation of diphenols (XIV) 
= 0.21 % and (XV) = 1.60% compared with the very low value for (XI) < 0.014% indicates 
a direct coupling according to b. 

The specificity of the incorporation of autumnaline (XV) was tested by conversion of the 
biosynthetic methylkreysigine (XVI) to the methiodide (XVII, R=CHa) and then to the 
methine (XVIII; R=CH3) by Hofmann elimination of the corresponding' 'hydroxide. The 
mcthine was fully characterised as the methiodide and a speotroscopic examination of (XVIII) 
eliminated the alternative struoture (XIX). Osmium tetroxide treatment fbllowed by perio
date cleavage of the resultant diol (XX, R=CHa) yielded formaldehyde isolated as the di
medone derivative. It was found that 85% of the radioactivity at C-3 of autumnaline (XV) 
was incorporated into methylkreysigine (XVI) at the position shown. The slightly low value 
of HC found at this position is due to dilution caused by formaldehyde formed during perio
'date cleavage of an N-methyl group in the diol (XX; R=CH3 ) . This has in fact been verified 
using radioactive methiodide (XVII; R = l1CHa). 
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Biosynt;hesis of Homoapol'phinos 
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The results of this investigation show that in Kreysigia multiflora autumnaline (XV) is a 
precursor of both the colchicine alkaloids and the homoapol'philles. Thus the important dif
ference in the biosynthetic pathways to th ese alkaloid types is the mode of phenol coupling. 
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Disknssion zum Vortrag Ram age 

Al'igoni: 

I wonder whether it is lmown what happens, when you feed precursors belonging to the 
benzylisoquinoline series to plants which normally produce. phenethylisoquinoline compounds 
and vice-versa 1 

ltamag e : 

r think, it is a very interesting idel\. but we have not done it t ill now. 
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I. Introduction 

There are dramatic differences between the chemistry of the tetraterpeoe: 
and that of the lower terpenoids described earlier. The carotenoids, by fa 
the predominant class of tetraterpenes, do not have the fascinating three' 
dimensional structures of triterpenes and steroids, with subtle differeoC~ ; 
in reactivity being explicable in conformational terms. This is a result? 
the most important hybridization in the carotenoid skeleton being Sp2, I~ 
the form of a polyene system. Although this simplifies one aspect of tb 
stereochemistry of these natural products, it introduces a major compJic:~ 
tion in terms of the vast numbers of possible geometric isomers. In fact t

S
). , 

double bonds exist mainly in the more stable trans-form (see Section V 
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I. INTRODUCTION 289 

. rhe high degree of unsaturation in carotenoids has rendered them heat and 
I~ht sensitive making carotenoids the most experimentally demanding group 
? terpenes. To compensate for this, the polyene chain is responsible for the 
I~tense colour of the carotenoids, which are pigments that occur in many 
P ant and animal sources. 
b The hydrocarbon carotene was the first member of the class to be isolated, 
t: Wackenroder in 1831 from carrot, as ruby red crystals, m.p. 168°C. It was 
loUght to be a single compound until a century later when Kuhn and 
p ederer (1931a) separated it into three isomers, (X-carotene (1), m.p. 188°C, 
o~ca~otene (2), m.p. 184°C, and y-carotene (3), m.p. 178°C using the technique 
int c rom~tography, which had been discovered by Tswett (1903). The re
Se rOductJ~n of this forgotten separatory method has had important con
o·QUences In the development of organic chemistry. Among the other tech
a~~ues ~sed during the structural phase of carotenoid chemistry ca. 1930, 
(I( hWhlch found widespread use in other fields, were microhydrogenation 
an~ n and MUlier, 1934) and the Kuhn-Roth C-methyl determination (Kuhn 
led Roth, 1933a). Also, the early work of Kuhn on model polyene systems 

ab to a greater understanding of the relationship of structure with light SOr . 
(1953 PtJon and led quite naturally to the more recent work of Bohlmann 
Ca ) and lones (1960) on poly-yne systems. The early structural phase of 

rote 'd Ze h n~1 Chemistry was dominated by the work of Karrer, Kuhn and 
theC tnelster. A summary of the literature belonging to this period is given in 

tnonograph by Karrer and lucker (1948). 

9 11 13 IS 

~ ~ "::: "::: "::: ~ 
1 s' 

(I) 

~ "::: 

(2) 

(3) 
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I 
I 

Following the classical structural elucidation studies, the synthesis of I 
fJ-carotene (2) and lycopene (4) in 1950(Karrer and Eugster, 1950a ; Inhoffe"; ( 
1950a,b,; Milas et al., 1950) gave new synthetic methods to the genera

f 
organic chemist and set new standards in synthesis. An excellent revieW 0 

this field has been given by Isler and Schudel (1963). 5 
Recent work has been directed to biosynthetic studies (Goodwin, 196 ) 

and also, using modern physical methods, to extending structural studies to 
rare carotenoids, principally by Weedon and Liaaen-Jensen. 

11. Carotenoid Nomenclature 

Those carotenoids which may be considered as basic structures, from whj~h) 
most others are derived, are (X-carotene (1), fJ-carotene (2), y-carotene { s' . a 
lycopene (4), b-carotene (5) and e-carotene (6). The numbering system IS d 
shown in (X-carotene (1) where the C-atoms of the main chain are numbereo 
1- 15, beginning at the carbons carrying the gem. methyl groups. When. t~ ~ 
different ring systems are present the fJ-ionone ring carries the unprJlll 0' Ci 

numbers, e.g. (X-carotene (1). In the case of fully unsaturated aliphatic card' ai 
tenoids, I and 11 are assigned to the same carbon atoms as in the correspo~ 0 C 
ing cyclic structures. The term retro-carotenoid is used to depict the situatJ~s, Ij, 

where both rings are joined to the polyene chain via exocyclic double boil . 
Se 

e.g. rhodoxanthin (7). PI 

(5) 

~ 

(6) 

Ca 

--_/~ 
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(7) 

Carotenoids have long been sub-divided into two main groups: hydro
. ~arbons (carotenes) and oxygen-containing derivatives (xanthophylls). The 
atter group are, however, in vivo transformation products of the parent 

carotenes and lend themselves to classification as such. 
Although most of the double bonds in carotenoids have the trans

~onfiguration, it is possible to set up an equilibrium between the cis and trans t rns . The term "stereoisomeric set" includes all the possible cis-trans 
orrns of a given carotenoid (Zechmeister, 1960). 

Ill. Distribution and Isolation 

A. OCCURRENCE 

1. Higher plants 
c l'he leaves of all green plants contain the same major carotenoids fJ
d~rotene (2), lutein (3,3'-dihydroxy-a-carotene) (8), violaxanthin (5,6,5 ',6'
c lepO~Y-3,3'-dihydroxY-fJ-carotene) (9), and neoxanthin (10). No acyclic 
a arotenoids are present in the photosynthetic tissues and the carotenoids 
~e lOcated in the grana of the chloroplast in the form of chromoproteins. 
Ii a.rotenoids are thought to occur as carotenoid-protein complexes in the 
s Yl1n g plant, since they are readily extracted after treatment with a polar 
p~ Yent, which would denature the protein moiety. Evidence for such com
e eXes is given by the difference in absorption spectra between the bound 
arotenoid and the isolated specimen. 

~ ~ ~ ~ ---

~ ~ ~ ~ 

(8) 

o 

OH 
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Carotenoids are also found in non-photosynthetic tissues of the fruit of 
some higher plants, e.g. Iycopene (4) from tomato and capsanthin (11) 
present in red peppers. Highly oxidized xanthophylls are characteristic of 
carotenoids isolated from yellow flowers, whilst deep orange flowers have 
large amounts of fJ-carotene (2) or Iycopene (4). Although carotene was first 
isolated from carrot, few roots contain significant amounts of carotenoids, 

of1 
HO 
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Since algae are photosynthetic they contain carotenoids in their chloro' 
plasts. The distribution amongst the various classes of algae has been su!l1' 
marised by Goodwin (1965). . 

Photosynthetic bacteria synthesize carotenoids mainly of the acyc(J~ 
type, whilst non-photosynthetic bacteria have been shown to produce nove 
C-50 carotenoids (Liaaen-Jensen, 1967). '0 

Characteristic fungal carotenoids are frequently acidic, e.g. torularhodl 

(12). The distribution of pigments can vary with the age of culture eJ 
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~hizoph/yctis rosea (Davies, 196Ia,b). Differential distribution can occur 
In the two sexual forms of certain Phycomycetes. The asexual and female 
p~ants of the aquatic fungus AlIomyces produce no carotenoids, whereas 
t e male form accumulates y-carotene (3) (Emerson and Fox, 1940). The + 
and . - forms of Blakes/ea trispora are approximately twenty times more 
e~clent at producing fJ-carotene (2) when grown in a mixed culture compared 
~Ith separate cultures. It has been found that trisporic-C acid (13) stimulates 

~ production of fJ-carotene (2) in cultures of single strains of Blakes/ea 
lrlspora (Caglioti et al., 1966). 

':::::: COOH 

OH 

. 0 
(13) 

B. ISOLATION 

as the carotenoids are isolated, by solvent extraction from natural sources 
ti/ complex mixture and preliminary separation may be effected by par
III IOn between two immiscible solvents such as petroleum ether and 90 % 
Ph ethanol. The carotenes and xanthophyll esters are soluble in the upper 
in a~e (epiphase) whereas the xanthophylls and carotenoid acids are soluble 
cp.

t 
e lower layer (hypo phase). This procedure can be repeated on the 

hyd~ase pigments after saponification, or in some cases lithium aluminium 
is e~d.e treatment, of the xanthophyll esters. Although this crude separation 
hYd clent with carotenoids having two or more hydroxyl groups, the mono
Pro roxy carotenoids tend to be distributed between the two phases. This 
\l;it~edure . can be greatly improved using counter-current distribution 

B a Cralg machine. 
car Y far the most important technique for separating, purifying and isolating 
tio~te~oids is that of column chromatography, mentioned earlier in connec

with Kuhn's separation of crude carotene into its constituent isomers. 
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The various types of chromatograms used in this field are summarized bY 
Davies (1965). Relatively recent chromatographic techniques such as paper 
chromatography and thin-layer chromatography provide an efficient means 
of analytical separation. A full spectroscopic analysis, i.e. ultra-violet! 
visible and infra-red absorption spectra coupled with n.m.r. spectra provide 
the best means of characterisation of carotenoids. Proof of identity is usuallY 
effected by mixed chromatogram with an authentic sample using thin-Ia.ye; 
or paper chromatography. This method is more reliable than the ciass1ca 

mixed melting point with the thermally labile carotenoids. 

IV. Biological Function 

Carotenoids are thought to be accessory pigments in photosynthesiS, 
which is basically the photoreduction of carbon dioxide to an organic for~ 
such as carbohydrate. [n green plants there is a concomitant liberation 0 

oxygen from water. 

However, in photosynthetic bacteria water is replaced by hydrogen, hydrog~O 
sulphide or H2R where R is an organic residue. The pigments which sensit~Ze 
these reactions are chlorophyll and bacteriochlorophyll or chloroviridl~i 
respectively. Excitation of the blue or red absorption band of chlorop~y 
produces the same fluorescent state from which energy, liberated on returnIng 
to the ground state, may be used in chemical reaction. . 
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I n vitro, carotenoids do not fluoresce but in vivo they are able to sensiUz.
e 
o Crt 

the fluorescence of chlorophyll in green plants. The accessory pigment~ 11 P1i: 
blue-green and red algae are the phycobilins. In the diatom Nitzchia, hgh

d 
ele' 

which would be predominantly absorbed by fucoxanthin (14) prodUced 10 I 
fluorescence of chlorophyll a with almost the same yield as light absorbe ao( 

001 

leo, 
sUs1 

by chlorophyll itself (Dutton et al., 1943). 
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Carotenoids may also be concerned with other functions , e.g. photo
~~SPonses such as phototropism in higher plants or phototaxis in algae. It is 
b Ought that carotenoids may be involved in reproduction of Zygomycetes 
I~t, as in the case of photoresponses, the evidence is inconclusive (Burnett, 
Ih 65). What seems to be better established is that carotenoids can protect 
s e ~ell from damage due to photo-oxidation catalysed by other light ab
orbIng pigments such as chlorophylls. This was tested by comparing normal 
~arotenoid-containing bacteria with mutants in which the carotenes are 
aeP.laced by the more saturated colourless, phytoene (15). The protective 
I Ch~n of carotenoids has also been indicated by inhibiting the normal caro-
1~~Old sy~thesis on addition of diphenylamine. This led to destruction of 

bactena on exposure to light and oxygen. 

geO (15) 
tize 
din, V S 
hyJI • tructural Elucidation 
liog 1\ C 

. LASSICAL CHEMICAL METHODS 

[tiZ
e cr~n. a highly unsaturated molecule such as /3-carotene (2) it was obviously 

s iO Plis~al to determine the numbers of double bonds present. This was accom
ig~t elev ed by Zechmeister (1928), who found that carotene C4o H s6 required 
)C

ed 10 ben ~oles of hydrogen for complete saturation and thus showed carotene 
rbe

d 
and e~~~YC1ic . From this came the microhydrogenation technique of Kuhn 
nOr oller (1934) which is now a standard analytical method. Although 
ten ~ally reliable, care must be exercised in interpreting results from caro-
8us~~ds . Containing aromatic rings, or highly activated oxygen functions 

tJ ~hble to hydrogenolysis. 
inl Sing oxidative methods the groups of Karrer and Kuhn gained insight 
P'co 

the structure of the carotenoid skeleton. Permanganate oxidation of 
. dirnarotene (2) afforded a mixture of 2: 2-dimethyl-glutaric acid, 2: 2-

lionethYlsuccinic acid , dimethylmalonic acid, acetic acid and a key degrada
\Vor~~oduct, geronic acid which was shown to have the structure (16). This 
con Y Karrer and his co-workers (1 929a, 1930, 1931a) had two important 

JA' I o~o sequences. Quantitative estimation of the geronic acid (16) produced on 
nO\Ysis of /3-carotene (2), and consideration of its structure, showed 
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) 

l 
'f 
r 

COH ~O Cc-),o 
o I 

(16) fl-ionone a-ionone I 
tJ-carotene (2) to have two tJ-ionone rings. Estimation of the acetic add 
produced indicated the presence of four groupings of the type 

H H 
I I 

~c""""c~C ........ 
I 

CH 3 

Kuhn and his co-workers (1929, 1931b, 1934) also used this oxidative method 
of C-methyl determination and evolved the present analytical procedU; 
which is used in so many modern biosynthetic studies. Karrer then propo 11 

the correct structure, with the more stable trans configuration of the dOub~ 
bonds based on the tail to tail union of two C-20 units, whose structures we 

ac 
ha 

~·c 
based on the isoprene rule. JI of 

Partial permanganate oxidation of tJ-carotene (2) (Karrer and Solmsse 0 

1937) yielded the apocarotenals (17) and (18), whereas chromic acid led~! car 
) (KuV' ~·c: ring cleavage to give semi fJ-carotenone (19) and fJ-carotenone (20 11 dOL 

and Brockmann, 1935). These latter degradation products have recent 
been isolated (Y okoyama and White 1968) from citrus plants. tho 

( 

~ CHO 

(19) 

CHO 

Cat( 
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gen. 
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(20) 

a ~)xidation of oc-carotene (1) gave isogeronic acid (21) in addition geronic 
hCld~16) and the other oxidation products of p-carotene (2). e-Carotene (6) 
as oth rings in the oc-ionone form. The absolute configuration at C-6 in 

Hooc0 
(21) 

~;C~~otene (1) has been established (Eugster, 1969) by chemical correlation 
car e enantiomers of oc-cyclogeranic acid with oc-ionone and hence oc
(x.c otene (1) by synthesis. In both permanganate and chromic acid oxidation, 
do:~~tene (1) is attacked preferentially at the electrophilic tetra-substituted 
tho e bond of the p-ionone residue. This leads to products isomeric with 
~e obtained from p-carotene (2). 

Cat ~onol~sis of lycopene (4) and estimation of the acetone produced indi-
193elbtwo lsopropylidene residues (Karrer, Bachmann, 1929b; Karrer et al., 
&en ). Succinic acid was also found to be produced by ozonolysis. Hydro
led ~hon and C-methyl determination together with this oxidative evidence 
the 0 the acyclic structure (4) being proposed (Karrer, 1931). Evidence for 
chr ce~tral polyene moiety of lycopene (4) came from partial oxidation with 
~U~IllIC ac~d which afforded 6-methylhept-5-en-2-one and lycopenal (22) . 

. via t~er o.xldation of (22) gave bixindialdehyde (23) which was converted, 
o 1932 e dloxime and dinitrile, to norbixin (24) (Kuhn and Grundmann, 

a; cf. Karrer and Jucker, 1948). 

(22) 
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OHC ~ 

HOOC ~ 

(24) 

I 
( 

II 
CBO a 

coo~ 1 ( 
r 
I 

Oxidation of the xanthophyll, zeaxanthin (25), with ozone and perman
ganate produced 2: 2-dimethyl succinic acid; obviously oxidation of the 
hydroxyl group substituted in the fJ-ionone ring caused extensive degradpa: 
dation so that large fragments could not be isolated as in the case of 'n 
carotene (2) (Karrer et ai" 1930). Partial oxidation oflutein (8) and zeaxanthl r 
(25) afforded mainly a-citraurin (26) and fJ-citraurin (27) respectively. (Karre 

et al., 1938.) 
Ph 
etc 
ca. 

~---

HO 
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Further evidence, of a more tenuous kind, for the carotenoid skelet~~ sy~ 
came from thermolysis studies by Kuhn and Winterstein (l933b).1t was fO~ 6' ther 
that thermal decomposition of p-carotene (2) led to the formation ~f 'd Place 
dimethyl naphthalene, a process which is thought to involve cyclizatJolI e 
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the central polyene fragment followed by cleavage of the terminal residues 
as shown: 

rr
ef Phl'~e identification of the functional groups in naturally occurring xantho

et/ Is fOIl~ws the usual procedures for aldehydes, ketones, alcohols, epoxides 
ca' and Will be discussed in Section VI dealing with the various classes of 

rotenoids. 

o~ B. ULTRA-VIOLET/VISIBLE LIGHT ABSORPTION 
1 . .4/1 

A. -trans conjugated systems 
the s Would be expected of molecules containing conjugated double bonds, 
Pol Ultra-violet or visible spectra give the best indication of the nature of the 
ca/ene system, and is of a paramount importance.in the analysis of the 
speOtenoids (Davies, 1965). There are three regions in carotenoid absorption 
int Ctra. These are designated the ..1.1 band in the visible region, which has 
na~nse absorption and gives rise to the characteristic colour of this class of 
the rl products, the ..1.2 band in the near ultra-violet (see Section B2), and 
\leak 3 .band in the ultra-violet region. The ..1.1 band usually consists of three 
in th s I~ ~he visible spectrum. The wa velengths of the three absorption bands 
In c e VISible spectrum increase with each extension to the conjugated system. 
"'av ~rotenoids containing two fJ-ionone residues, the band of shortest 
tYPi~ ~ngth is reduced to an inflection. More drastic modification to the 
&tou a .three-band spectrum occurs in the oxo-carotenoids when a carbonyl 
teplaP IS conjugated to the polyene system. In this case the spectrum is 
"'eak C~d by an almost symmetrical single band or a single band flanked by 

'Iv Inflections. 
SYStehen a .double bond is moved out of conjugation with the polyene 
thete~' as In the conversion of a fJ-ionone system to an <x-ionone system, 
Place IS the expected hypsochromic shift in the visible spectrum. This dis-

ment to shorter wavelengths is also observed on cyclization at either 
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end of the carotenoid skeleton, e.g. Iycopene (4), y-carotene (3), and {. ( 
carotene (2), indicating a reduced participation by the terminal cyclic dOU~ I 
bond in the conjugated polyene system. Another important hypsochr~ ... 
shift occurs on rearrangemen t of a 5,6 epoxide to the isomeric furanoid oXIdes-
A simple example of this is the acid-catalysed transformation of (X_carotent 

5,6-epoxide (28) to flavochrome (29). 

(28) Ne 
« 

ly: 
, I 

Spi 
I 

y·c 
(29) 

P'c 

A few selected examples of the variation of visible absorption speC~ ec(~ 
with carotenoid structure are given in Table 1. All spectra given are fr Can 
light petroleum or hexane solution. ~.~; 

J:'la\ 
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( 

I ~. ( TABLE I 
)ble I VISIBLE SPECTRA OF SELECTED CAROTENOIDS " ':1-- Polyene 
~ (numb" or ,onjugal'" Visible absorption 

____ double bonds) maxima (mll) Reference 

f ~hytoene (15) 275 285 296 Davies,196la 
~ ~ "'nju""d doubl' bond, 

ytofluene (30) 331 348 367 Davies, 1961a Se . (.c onjUgated double bonds 
arotene (31) 378 400 425 Da vies, 1965 7e . N onjugated double bonds 

eUrosporene (32) 416 440 470 Isler and Schudel, ge . 
f Ly onJUgated double bonds 1963b 

, ~fpen~ (4) 446 472 505 Isler and Schudel, 
Spir'lfonJugated double bonds 1963b 

I~ eOX~nthin (33) 468 499 534 Liaaen-lensen, 1962a 
y.C onjugated double bonds 

arotene (3) 437 462 494 Isler and Schudel, 
P'Ca 1963b 
Et . rotene 425 451 482 Goodwin, 1955 

~ hlnenone (34) 458 Davies, 1965 
~ froJ C (4'oxo-P-carotene) 

~~t~a~anthin (35) 466 Is1er and Schudel, 
~.C' -dloXo-P-carotene) 1963b 
F'la~~o~ene-5,6-epoxide (28) 442 471 Goodwin, 1955 

e rome (29) 422 450 Karrer and lucker, ---- 1948 

R = Me (33) R = H (37) 

(34) 
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(35) 

2. Stereomutation of the carotenoid skeleton d 
Gillam and El Ridi (1935,1936) found that fJ-carotene (2), after repeates 

absorption on alumina, was transformed into an isomeric mixture. It WII f 
subsequently shown, however, that the transformation was independent Os 
absorption processes (Zechmeister and Tuzson, 1938) and was spontaneoll f 
in solution. It was early realized that this was a cis ~ trans equilibration 0 J~ 
a double bond. ble of, 

e.g 
ru~ 

llliJ 

Wit 

Rearrangement of all-trans carotenoids does not equilibrate each doll s' , wh 
bond to give poly-cis forms, but yields mainly mono-cis and di-cis fO~~e ( 

Not all the double bonds of fJ-carotene (2), for example, are equally senslt 0-

to isomerization. Pauling (1939) proposed that the double bonds~n cafbe 
tenoids are divided into two types (cr. Fig. 1). A double bond is saId to 

W'---- ,.---., 
I " ' I 1\ \ 

, H ~ IH I 

" \ " " ', ... _-",'''', ... _-",'' 
" oJ FIG. I. Overlappmg of hydrogen atoms m - CH-CH=CH - CH-. and of hydroge 

methyl in -CH -CH=CH -qCH 3)- with cis configuration; from Pauling (1939). 
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'O~' sPe 
"unhindered" when there is little steric hindrance in the ciS-configurat~ri' ca/1 

i.e. between two hydrogen atoms, and "hindered" when there is severe S~rO' ( ban~ 
repulsions in the eis-form, for instance between a methyl group and a bY bil r aliph 
gen (cr. Fig. 1). Into this second category fall all the trisubstituted dO/3~) (~) 
bonds of the carotenoid skeleton as well as the 15,15' -double bond isomer ffe~ I Wi'th\\ 
which was the penultimate product in the synthesis of fJ-carotene (I~bo.ojl. Illay I 

et al., I 950c). On subjecting an all-trans carotenoid to stereoisome~lzal~~ I befo I 
there is competitive formation of both unhindered and hindered cis ISOJl1 r rl 

r 

I 
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:d ~ rrom steric considerations the former type predominate. Conversely, in 
as I ~ereOmutation of synthetic cis isomers the "hindered" double bonds are 
of Ost labile. 

'~~ \ l' Stereomutation of a carotenoid takes place on solution (Zechmeister and 
d uzson, 1938) but the process is usually slow at room temperature. The rate 

bit o~pends, markedly, on the structure of the carotenoid, for instance only 1- 2 % 
h'hrx-, /1-, a.nd y-carotene undergo stereomutation in 24 h at room temperature, 

liS, ' "ere 
iv' I e as, In the case of the acyclic carotenoids, the proportion is much greater, 

r~gb al,l-trans Iycopene (4) (10 %), spirilloxanthin (33) (23 %) and cx-bacterio
r:e Ill' enn (37)(42 % )(Zechmeister, 1962; Liaaen-Jensen, 1962b), An equilibrium 

w ,~~~re of geometrical isomers from all-trans carotenoids is usually prod uced 
lA In I h in refluxing benzene or hexane. 

of Ithough cis-trans isomerization can be achieved by irradiation with light 
all~avel~ngth close to the absorption band of the carotenoid, the most useful 
le !apld method of stereomutation involves exposure to light of a caro-i ld Solution in benzene, containing catalytic amounts of iodine. 
lh he geometrical configuration of a carotenoid has a marked effect on 
le;' chromatographic behaviour and stereomutation can be used to charac

\ Whl,ze carotenoids, since each gives rise to a characteristic mixture of isomers 
~~ ~~ can be compared by chromatographic techniques. 

) D ch Ith the formation of cis isomers, the colour intensity decreases and a 
Pe:~~~teristic new absorption in the ultra-violet region appears, The "cis-

jOP' SPect (A. 2) OCcurs 142 ± 2 m/i below the long wavelength band in the visible 
,I~, car rum, and is found between 320 and 380 m/i for normal, fully unsaturated 
i~rO' I bano~en?ids. Dale (1954) has analysed the empirical relationship of the minor 
I blc I aliph s, .lncluding the eis-peak, in polyene spectra and found that for an 
)(3~ (~) ~hc .polyene containing n conjugated double bonds, the minor band 
r ~e~ I Wil

h
Wl1I he close to the main absorption band of a corresponding polyene 

o'oP' Illay ~/s Conjugated double bonds. The configuration of normal carotenoids 
IUetl' ! befo e determined by the change in ultra-violet/visible absorption spectra 
rJ1 I re, and after, iodine-catalysed stereomutation (cf, Table 2). 

I 
I 
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TABLE 2 

CoNFIGURATIONAL TVPES OF NORMAL CAROTENOIDS AS INDICATED BV SPECTROSCOPIC 

CHANGES UPON TREATMENT WITH IODINE; FROM ZECHMEISTER (1960) 

Configuration 

Flat Increase Decrease 
High peak Decrease Increase 
Moderate peak Slight Increase 

increase 
Flat Increase Strong 

increase 

----
C. INFRA-RED SPECTROSCOPY 

o 
It 

b. 

Infra-red spectroscopy is extremely important in determining the naturle I atli 
d xy Wit of the ancillary functional groups present in xanthophylls, e.g. hy ro ~ b

ea carbonyl, allene or acetylene. This will be exemplified in Section VI, wher f 
appropriate. In the application of infra-red to configurational studies 3

0
p ca~ 

carotenoids, the important regions are ~ 7.25, ~ 10.0-10.6, and ,.., I I. rela 
(Zechmeister, 1960). The peak at 7.25 J.I. has been assigned to a methYe S 
substituted eis-double bond of the polyene chain, due to C-H in-plan -It} 

vibration . Out of plane vibrations of the C-H on vicinal carbons ofa trant; ~~d 
disubstituted double bond cause the band at 10.0-10.6 J.I., but this can be sP~. chai 
in the spectra of some eis-isomers (Lunde and Zechmeister, 1955). The co~eof V Il) 
ponding C-H out of plane vibrations of the central eis-double bon sleri, 
(36) gives rise to a strong absorption at 12.84 J.I. . force 

D. THE N.M.R. OF CAROTENOIDS 

Since the definitive work of Weedon, lackson and their collabor3t~~ 
(Barber et al. , 1960), n.m.r. has proved to be invaluable for structural 3.d! 

synthetic work in carotenoid chemistry. The protons of normal caroten~lllt I 
are of three types: methyl, methylene, and olefinic. The latter are foun (It I 
relatively low field (2.0-4.5.) and are of limited use in structural assignrn~~e . 
due to complex spin-spin coupling and overlap of the signals. AlthoUgh rIl' I 
methyl and methylene resonances occur in the same region of the spect

fll p' I 
the methyl groups are all on fully substituted carbon atoms or ~n .~gs 
hybridized carbons of the polyene chain. Thus there are no large sphttl I 

I 
I 

at 8.! 
In 

(;-1 , 

band 
Th 

.... ~ 

(' 
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of the methyl peaks due to spin-spin coupling with a C(arProton and the 
~ethYI resonances appear as single peaks, readily distinguishable from the 
road methylene resonances. It is, therefore, the methyl region ~ 8- 9" 

Which gives most information about the basic carotenoid skeleton. 
Methyl groups attached to non-terminal double bonds of the polyene 

Chain (38) are the most strongly de-shielded of the C-methyl groups and have 
~eaks in the region 7.95- 8.15,. Structural modification can lead to a difference 
In shielding of the various "in chain" methyl groups. A methyl group at a 

( P,POsition with respect to a triple bond in a conjugated system (39) gives 
( rl

h
se. to a peak at slightly lower field (7.87-7.95,) than those of the other "in 

\ C am" methyl groups. 
l (~t is found that methyl groups on terminal positions of polyene chains 
( r) are less deshielded than "in chain" groups and resonate ~ 8.20,. "End 

~ I Oh' chain" methyl groups on a carbon IXtO a carbonyl group (41), are de
s lelded to 7.98-8.130. 

Lycopene (4) has peaks at 8.38 and 8.31, attributed to the isopropylidene 
~rOUPing (42), showing the lower deshielding effect of an isolated double 

I a~nd. In spirilloxanthin (33), however, the terminal C-methyl groups are 
e w.tached to saturated carbon and are found at 8.83, ; a position consistent 
\, b~th. a paramagnetic shift due to the oxygen substituent on the methyl-
'e arlng carbon. 

,f c 'the /3end groups (43) associated with /3-carotene (2) and many other 
.t r ~ro~enoids gives rise to two peaks at 8.30 and 8.97, in the ratio (1 : 2). From 

5~ alive position and intensity, the 8.30, resonance is due to the olefinic 
a lllethyl group. This is relatively high field for an "end of chain" type (40) 
i~d close to the position for methyl groups on isolated double bonds, suggest-

ch& .tha. t the conjugation between the cyclic double bond and the polyene 
:5" aln of V B IS ~artial. There is evidence in the visible absorption spectra (Section 

SI ) which indicates that, in carotenoids having the /3end group (43), 
foerlc hindrance between the gem dimethyl grouping and the polyene chain 
atr~es th~ cyclic double bond out of the plane of the polyene chain. The peak 

1.970 IS due to two magnetically equivalent C-methyl groups. 
0(5 Coin the lXend group (44) of IX-carotene (1), however, the methyl groups at 
,!lO ba dare no longer equivalent and exhibit two peaks at 9.08 and 9.17,. The 

d ~h at 8.30, is obviously the olefinic methyl group. 
j S \ t e fi se ndings are summarized as follows: , at 

eot I 
t~e ' Me 

)JII; I · ·· ·~ 1 ..-
SPI ~. 
!IS' I (7,95- 8,15) (38) 

I 
I 

Me # .... 
.... ~ 

(7.87- 7.95) (39) 

Me 

.... ~ .... 

(8.20) (40) 
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Me Me Me 

.... ~ .... Me~"" 
o 

(7.98- 8.13) (41) (8 .38.8.3 1) (42) 

(8.97) (9.17,9.08) 

~ ... M~ .. 

(43) (44) 

~Me (8.30) V Me (8.30) I 
An instructive example ofthe application ofn.m.r. to carotenoid structures r 

is given in Fig. 2. A change of end-group dramatically alters the spectru~' 
Further examples of the use of n.m.r. spectroscopy will be given in Section V . 

E. MASS SPECTROSCOPY 

The instability, solvation and basic limitations of conventional micro; 
analysis, together with the very small quantities of material available fOr 
experimentation, made it difficult to deduce the correct molecular formula.fo. 
an unknown carotenoid. This has largely been circumvented by the applt.: . 
tion of mass spectrometry to the structural elucidation of carotenOI r 
Molecular composition is given by accurate mass determination. Furtbc. 
evidence about structure may be obtained by consideration of the fragmeJl 

tation processes, which occur on electron impact. d 
A study by Schwieter et al. (1965) showed that the isomeric carotenes a: 

Iycopene gave rise to M-92 and M-106 ions, which were thought to be pr'd 
duced by elimination of part of the central polyene chain of the caroteJlO~{ 
skeleton. The mechanism shown was invoked to account for the IO,sSelY' 
masses 92 and 106, corresponding to toluene and m-xylene respectJv 

[R,:Qf ~ [)r + b 
M-106 

[)or ~ 



eS 
11, 
ri, 

, 4' 
17~6 19 20 18 3' 

~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ 
3 ' , 

4 18 20' 19' 16 17 Lycopene (4) 

CH, 
19 ,1 9' 
20,20 ' 

CH, 
IB,IS'CH] 

16, 16:17,17' 
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~)II I~~ 
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r I 
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~9~~O, 
20 

CH, 
16, 17 

y- Carotene(3) 

a-Carotene ( I ) 

,B-Corotene(2) 

, 4' , 
17~6 19 20 18 3 

2 ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 /. 

3 I 18 20' 19' 16' 17' 
4 

CH3 18 

CH, 

4 ~~,3 
CH, 
3' ,4' 

)J J j t~ 

CH, 
16,17 

129 126118 109103979390 CPS 

18' 4' 
17~619 20 3' I , 
2 I -..;: -..:: -.;: " " .... ~ -.;: '<:: , 2, 
3 4 IB 20' 19' 16 17 

CH, 
19,20 
19:20' 

CH, 

~\~, 

~J I)~ 
62 M 50 liB 103 93 90 62 

F'IO,2 . 
~daJlled' Methyl and methylene regIon of the n.m.r. of Iycopene, Cl, p, a nd y-carotene at 60 Hz; 

from Schwieter et al. (1965). Solvent CDCI J • Chemical shifts in Hz. 
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An analogy for this is the isolation of toluene and xylene from the ther!I10; 
lysis of Iycopene (Kuhn and Winterstein, 1932). Later work has shown th~ Po, 
the ratio of M-92/M-I06 peaks varies with the number of double bonds: ~Yc 
the polyene chain and, in fact, decreases as the number of double bon s ra: 
increases from 9 to 13 (Enzell et al., 1968). In this context it is interesting6t~ :~~ 
compare the ratios for p-carotene and lycopene (Schwieter et al., 19. Jl 

which are 9 and 0.3 respectively, again indicating diminished conjugaUo . (M:. 
between the polyene chain and the terminal cyclic double bonds in p_carotene. ind 

Perhaps the most useful fragmentation processes involve the end groUP~ 
For example, the IX- end group (44) found in IX, (j and e-carotene show a pea. ( 
at mle 480 corresponding to M-56. A retro-Diels-Alder process was postlls ( 
lated (Schwieter et al., 1965). By contrast, the acyclic end group (42) undergOC rli( 

mic 538 

mic 480 

allylic fission to produce a M-69 peak at mle 467 observed in (j- and r 
carotene and, as expected, Iycopene. 

~ ~ ~ ~C"H'l 
mic 536 

1 

rY ~ ~ ~ ~ 
C 2o H 26 

+ 
C:H 2 H 2C mic 467 

l' 
iSdi 
e>:ce 
(196· 
fOlIo 
hYdr 
can 1 
ethel 
react 
carOt 
~t 

o>:id( 
3'hyc 
lenoil 
eta/ 
(49) ~ 
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Good examples of how such a fragmentation process can indicate the 
at PIOsitions of substituents in a carotenoid skeleton are the mass spectra of 
in Y ~ coxanthin (45) and lycophyll (46) (Cholnoky et al., 1968). In addition to 

o' 

ds ragments corresponding to the loss of one and two H20 in lycoxanthin (45) 
)t~ :nd IYcophyll (46) respectively, important peaks were found at 483 (M-69) td 467 (M-85) in the former but only at 483 (M-85) in the latter. The 
011 l'nM~69) fragment indicates a lycopene end group (42) and the (M85) fragment 
~e: d! cates a hydroxylated acyclic end group (42). 
pS. 
~~ 
(lI' 8.39, 

oes '
1

IiOCH
2 
~ 

6.00, 

R 

R=Me (45) R=CH 20H (46) 

isJ,he identification of tertiary hydroxyl functions in carotenoid structures 
ex !~cult due to the sluggishness with which they undergo esterification. An 
(t~~ lent technique has been devised by McCormick and Liaaen-Jensen 
faH 6) which involves trimethylsilylation of the tertiary hydroxyl group 
hYdowed by mass spectral measurement of the parent ion. Although other 
ca rOxyl groups, e.g. secondary also react to give trimethylsilyl ethers, these 
et~ be cleaved selectively due to the slow hydrolysis of tertiary trimethylsilyl 

d r teaer~. Thus any change in the parent ion, after hydrolysis, must be due to 
car Chon at the tertiary hydroxyl groupings present in the unknown 

Otenoid 

Olt~ass Sp~ctrometry offers a method of identifying the 3-hydroxy furanoid 
3'h ~ (48) end group which is formed by acid catalysed rearrangement of the 
len~ .~OXY-5,6-epoxy end group of neoxanthin (10) and other natural caro
era/ s. The end group (48) gives rise to ions of mle 181 and 221 (Baldas 
(49).,1966 ; Aitzetmuller et al., 1968) which have been attributed to structures 

and (50) respectively. 

HO~ 
(48) (49) 
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HO 

(50) 

VI. Structural Relationships 

A. ACYCLIC CAROTENOIDS 

By analogy with squalene (51), it was thought that lycopersene (5~ . 
would be the initial product oftail to tail union of two C-20 units. Karrera'~e 
Kramer (1944) synthesized lycopersene (52) from geranyl-geranyl brorn \[1 

(31 
be 
be 
(0 

-

and sodium, but, so far, it has not been isolated from natural sources, 
the in vivo cyclization of squalene 2: 3-epoxide (47) leading to tetra- and pe~ta~ 
cyclic structures, the central C-C bond must be saturated, thus if the ~1I1~ (Da 
of the two C-20 units is oxidative two observations can be explained. FIrst y~ by I 

the failure to isolate lycopersene (52) from natural sources, since phytOe;S' sho 
(15) would be the initially formed carotenoid; and, secondly, the l~, a ~nd 
double bond would preclude full participation of all the n-bonds III /I the 
cyclization process leading to polycyclic structures with a C-40 skel~t~r~ Chit 
Phytoene (15) has been assigned a 15,15'-cis structure on the basis of 111 I 
red (12.84 Jl) and its inability to complex with thiourea (Rabourn et .a;i I 
1954, 1956). Stereomutation of natural phytoene gave a product idell

l1C .-A 
to that synthesized by Weedon and his collaborators (Davis et al., 1966). 
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3 It now seems clear that phytoene (15) is oxidized, in vivo, to phytofluene 
~ ~), (-carotene (31), neurosporene (32) and Iycopene (4); the driving force 
being extension of conjugation in each case. AII-trans phytofluene (30) has 
(~en .synthesized by a Wittig reaction between (53) and the aldehyde (54) 

aVIS et al., 1966). The 15,15'cis isomer of (-carotene (31) was synthesised 

- + 
~ CH-PPh 3 

(53) 

OHC ~ 

(54) 

,ion (D . 
;t1Y, byav.IS et al., 1966) from (55), derived from farnesyl bromide, and (56) followed 
len~ sh CIS reduction bond using Lindlar's catalyst. The ultra-violet spectrum 
i,lS (\n~~ed a hypsochromic shift of 3 mtL, compared with the all-trans isomer, 
11 8 the ad the expected infra-red peak for a 15,15' -cis double bond. Moreover, 
tOll· Chi sYnthetic product was identical with (-carotene (31) isolated from 
IIfrl! Drel/a mutants. 

al., 
delll 

- + 
~ CH-PPh 3 (x 2) 

(55) 

~CHO 
I ~ I 

OHC~ 
(56) 

~ba;hl~roxanthin (57), isolated from a green mutant of the photosynthetic 
"rop~rla. Rhodopseudomonas spheroides, and rhodopin (58), ex protolitho
hdr~ ?acterium (Liaaen-Jensen, 1965; Aasen and Jensen, 1967a) represent 
1Yeo lion products at a terminal double bond of neurosporene (32) and 

~Yd Pene (4) respectively. It must be the terminal double bond which is 
-IIYeorated, since the absorption spectrum of rhodopin (58) is the same as 

Pene (4). Rhodopseudomonas spheroides is yellow-brown when grown 
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anaerobically but rapidly becomes red on exposure to oxygen due to the 
oxidation of spheroidene (59) to spheroidenone (60) (Barber et al., 1966). 

~ 

::::,... 
~ 

R 

(57) 

(58) 

R = H2 (59) 
R = 0 (60) 

J 

in 
Iy, 
tn 
ch 
of 
19 
tic 
hy 
Su 
0.( 
ale 
Plc 
no 
bo 
ba, 
Str 
Unl 

Addition of the elements of water or methanol to both terminal bondS~: 
lycopene (4), followed by the introduction of two further double ?O;3) 
affords cx-bacterioruberin (37) (Liaaen-Jensen, 1960) and spirilloxanthln (oY 
respectively. Spirilloxanthin (33) is the characteristic pigment of wa od OB 
purple photosynthetic bacteria and has been synthesized (Schneider a de 
Weedon, 1967) from reaction of the phosphorane (61) with the dialdehY 

(62). 

MeOJ I - + 
~CH-PPh3 ( x 2) 

(61) 

B. 

It 
the, 



he 
6). 

OHC ~ 
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~ CHO 

. Functionalization of the acyclic carotenoid skeleton may also be achieved 
/ ;n vivo by oxidation at the allylic methyl groups. Lycoxanthin (45) and 

/coPhyl\ (46) are oxidation products of lycopene (4). The absorption spec
~urn (in benzene) showed maxima at 521,487,458 indicating an undecaene 

c /ornophore. Mass spectra of the compounds indicated the likely positions 
~96hYdroXYlation (Cholnoky et al., 1968; Markham and Liaaen-Jensen, 
t' 8) (see Section V E). Both lycoxanthin (45) and lycophyll (46), on oxida
~on, showed no change in the visible spectrum. This indicated that the 
S Y~roxy~ functions were not allylic to the polyene chromophore, which was 

/ O~ s~antJated by the finding that neither (45) nor (46) were dehydrated by 
ai 1 % HCl in chloroform; a reagent specific for the dehydration of allylic 
Plco~Ols in the carotenoid field. The n.m.r. spectrum was unambiguous in 
n aClng the hydroxyl functions at the terminal positions. Oxidation at a 
b On-terminal methyl group of rhodopin (58) and isomerism of the double 
b~nd ~djacent to the carbonyl, occurs in photosynthetic purple sulphur 

. SI ctena (Aasen, and Liaaen-Jensen, 1967b) producing warmingone, for which 
u~Ucture (63) IS one possibility given; the position of oxidation being 

certain. 

( . CHO 

Is of 
)odS 

(33) 
laoY 
aod 0li 
lyde 

B' M 

(63) 

ONOCYCLIC CAROTENOIDS 
It · 

the IS t?ought that neurosporene (32), not lycopene (4), is the precursor of 
cychc carotenoids (Goodwin, 1963), but the evidence is not conclusive. 
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I pr~ 
I de~ 

~ ~ I ani 
Ofl 
19( 
Y'Ci 

, Tbl 
'nfl 

(64) 14111 
of t 

\ 
~ ~ ~ ~ ~ ~--- \ 

( 

(65) 

'I( Cyc\ization would yield (X-zeacarotene (64) and p-zeacarotene (65). Therei'o 
strong biosynthetic evidence that the (X- and p- end groups are not Id 
equilibrium (Williams et al., 1967). Oxidation of (X- and p-zeacarotene wo Ll 

afford o-carotene (5) and y-carotene (3), respectively. 3) R 
Most monocyclic carotenoids are oxidation products of y_carotene (lie 

Again functionalization of y-carotene follows the pattern of the acyc( a 
carotenoids with addition to the terminal double bond, introductio~.o (Is 

further double bond to extend conjugation, and oxidation at allylic POSltJ°
W 

Torulene (66) and torularhodin (12) represent examples of the latter t (I' 
processes in vivo. Hertzberg and Liaaen-Jensen (1967) isolated y-ca.rot~11 
(3) and 4-keto-y-carotene (67) from Mycobacterium phei together wIth 

(66) 
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" ~rOducts of hydration at the terminal non-conjugated double bond (68) and 
I eoxyftexixanthin (69) respectively. The IX-ketol , flexixanthin (70) (Aasen 
a~d liaaen-Jensen 1966a) isolated from flexibacteria is probably a product 
~/urther oxidation of (69), or saproxanthin (71) (Aasen and Liaaen-Jensen, 
y 66b). Pleixanthophyll (72) and 4-ketopleixanthophyll (73) are other / I ~arotene derivatives having formal addition at the terminal double bond. 
i re carbonyl grouping of (67) and (73) can be placed at the 4-position from 

\
4
n 

ra-r.ed carbonyl frequency at 6.03 J1 and also the hypsochromic shift of 
o~1! In the visible spectrum after lithium aluminium hydride reduction 

the carbonyl group (Leftwick and Weedon, 1966). 

~ ---

( 
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R = Hl (72) 
R = 0 (73) 

~ - --

OH 

" 

Rubixanthin (74) and gazaniaxanthin (75) have been postulated to.be 
isomeric about the 5',6' double bond (Brown and Weedon, 1968). Both give 
similar mixtures on iodine-catalysed stereomutation and the absence of a 
"eis-peak" in the visible spectrum of gazaniaxanthin (75) was attributed to 
slight stereochemical difference between the two double bond iSO!l1e:~ 
Perhaps the most salient feature to note at this stage, is the presence ~ h 
hydroxyl function at C-3 in saproxanthin (71) and rubixanthin (74), ~hICh~ 
although not an allylic position, is a very common site of oxidation In t.o 
bicyclic carotenoids. This end group gives rise to a strong M-18 peak I 
the mass spectrum. 

HO 

B. BICYCLIC CAROTENOIDS 

(trailS 5', 6') (74) 
(cis 5'. 6') (75) 

I. Carotenoids derived from et-carotene (I). , 
Hydroxylation of et-carotene (1) in the 3,3' positions gives lutein (8\, 

major carotenoid of all green plants. Treatment of(8) with 0.01 N methaJ1~,r 
hydrochloric acid at 40°C selectively afforded the allylic methyl et 
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~liaa~n-lensen, and Hertzberg, 1966). Carotenoids having a hydroxyl 
(~nctlOn allylic to the polyene chain are readily methylated by this reagent 

etracek and Zechmeister, 1956). Products from oxidation at the allylic 
~ethYI groups are also found in nature. Pyrenoxanthin (76) has been iso
(;ted from Chlorella pyrenoidosa (Yamamoto et al., 1969) and siphonaxanthin 

7) shown to be presen t in some siphonous green algae (Kleinig et al., 1969). 

~ ---

BO 

(76) 

~ ---

HO 
OH 

(77) 

tha~~tei~ (8) was converted to the 5,6-monoepoxide (78) with monoperph
be IC aCid by Karrer and lucker (1945), and (78) was subsequently found to 
chi a . nat~rally occurring carotenoid. Rearrangement with dilute hydro
at ~nc aCid in chloroform gave flavoxanthin (79), together with the epimer 

-S,chrysanthemaxanthin. 

~ ~ ~ ~ ---

HO 
OH 

~ ~ ~ 

(78) 
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~ ---

HO 

(79) 

The effect of this transformation on the mass spectrum and visible absOfP
C 

tion spectrum has been discussed in Section V. An alternative mode ~c 
neutralization of the intermediate carbonium ion would lead to the acetylenl 

carotenoid, monoadoxanthin (80), but this will be dealt with later in detail. 

OH 

(80) 

2. Carotenoids derived from p-carotene (2) , od 
In this series also the favoured positions of hydroxylation are 3,3 a pS 

4,4'-e.g. isozeaxanthin (81) and zeaxanthin (25). The 4,4'-hydroxyl gf?I\~ 
are differentiated by their greater reactivity towards hydrochloric aCId J11 

methanol (methyl ether formation) and hydrochloric acid in chlorofo;~e 
(dehydration). Oxidation of carotenoids having a hydroxyl group at JII 

4 or 4' positions produces a change in the visible absorption sp.ectf~ed 
(Table 1, Section V 8) since both carbonyl groups formed are conjUga e1 
with the polyene system. For this reason, the infra-red carbonyl freque~asl 
is at 6.03 J1.. In carotenoids having both rings hydroxylated, the symmetfl 

arrangement is most common. 

\ 

Sy 
in 
(2: 
Ph 
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OH 

(SI) 

Zeaxanthin (25) gives rhodoxanthin (7) on vigorous oxidation with man
~n.es~ dioxide (Entschel and Karrer, 1959) via the dihydrorhodoxanthin (82). 

his IS an analogous case to the oxidation of 1,4-diketones to enedione 

(S2) 

~~ste~s .. Conversely, reduction of rhodoxanthin (7) with zinc and acetic acid 
(2srYfldme affords (82) which on Ponndorf reduction gives (±) zeaxanthin 
ph . Rhodoxanthin (7) has been synthesized (Mayer et al., 1967) from the 

oSPhorane (83) and the dialdehyde (84). 

o 
- + 
CH-PPh J 

o 
(S3) 

OHC ~ ~ CHO 

(S4) 

ca;he ex-keto I end group of flexixanthin (70) is also found in the bicyclic 
cono~enoids, hydroxy-echinenone (85) and astaxanthin (86). Both may be 
res sld~red to be oxidation products of cryptoxanthin and zeaxanthin (25) 
andeChvely or alternatively formed by hydroxylation of echinenone (34) 
iSOI Canthaxanthin (35) respectively. 3-Hydroxyechinenone (85) has been 

ated from Adonis annua (Egger, 1965). Astaxanthin (86) is found in nature 

o 
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I 
I 
I 
I 

HO I 
I , 
I 
I 

(85) 

0 I C 
Of{ 

~ ---

HO 

(86) 

at 
in the free form, as an ester, or part of a protein complex (Karrer and Jucker, (8 
1948). Combination with the appropriate apoprotein from the lobst~r ar 
carapace, gives the characteristic blue colour (l 630 mJl) of cx_crustacyaJlIJl IS 
(Cheeseman et al., 1966). Attempts to isolate astaxanthin (86) often led to tb

e 
WI 
th 

~--- o 
O~ 

HO 
o 

(87) 

oxidation to astacene (87). Astacene (87) can be obtained by autoxidatiOJl6~~ 
canthaxanthin (35), and has been transformed (Leftwick and Weedon. 19 bY 
into astaxanthin (86) on reduction with potassium borohydride followed JI' 

selective allylic oxidation of the intermediate 3,4-diol system using. rIl~ar 
ganese dioxide. 3-Hydroxy-echinenone (85) has been synthesized by a Slrll

l 

route from echinenone (34), '0' ( 

Astaxanthin (86) has been postulated to be an intermediate in the bl in Ca 
synthesis of the animal carotenoids actinioerythrin (88) and violerYt~9~ an; 
(89). Actinioerythrin (88) is a red pigment. which on treatment with al 
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OAc 

o 

(88) 

~ ---

--i-_V-0 

o 

(89) 

~~~ aerial oxidation can be transformed into the blue pigment, violerythrin 
and' ~he structure proof depended heavily on physical methods (Hertzberg 
196 Llaaen-Jensen, 1968) and has been confirmed by synthesis (Holzel et al., 
Wh.9). Astacene is thought to be further oxidized to the 1,2,3-triketo system 
th Ich then suffers a benzylic acid rearrangement followed by oxidation of 

e rt-hydroxy acid intermediate. 

o o 

~
~ 

HO ~ 

HOOC 
o 

, bio' CaCa~Santhin (11) and capsorubin (90) have been isolated from red peppers, 
; t\1ri~ an:slcum annuum, and structure elucidation (Barber et al., 1961; Entschel 
a\k9~ i(arrer, 1960) showed them to have the novel ring-contracted structures. 
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8.02 8.02 

~ ---

, 
OH 

8.02 

(90) 

8.02 

I 
-C-Me 

I 

OH , 

9.02 
8.77 
8.65 

The visible spectra of capsanthin (474, 505 mJ.t) and capsorubin (444, 474, 
506 mJ.t) indicated a decaenone and nonaenedione chromophore respec
tively. Oxidation of capsanthin (11) by the Oppenauer method gave a strong 
band at 5.7 J.t in the infra-red suggesting the presence of a cyclopentanon~ 
moiety in the oxidation product. This gave the first clue to the existence 0 

the cyclopentane ring in these carotenoids. The n.m.r. spectra showed th~ 
peaks expected for "in-chain" methyl grou ps at 8.02. and in (11) the methJ 
resonances for the p- end group of zeaxanthin (25) at 8.95. (6H) and 8.3 ~ 
(3H). In addition, the spectra of (11) and (90) also showed methyl singlets 11 

9.02,8.77 and 8.65. which were assigned methyl groups on the cyclopenta~e 
ring on the basis of chemical shift. The absolute configuration of capsanthlll 
(11) and capsorubin (90) was determined by Faigle and Karrer (1961) b~ 
degrading these carotenoids to ( - )-camphoronic acid. It was then prove 
by Cooper et al., (1962) that the hydroxyl groups in the end groups are tr~; 
to the polyene chain. Thus the absolute stereochemistry is as sho~n ~ 
capsanthin (11) and capsorubin (90). The presence of antheraxanthtn (9 ) 
and violaxanthin (9) in Capsicum annuum led to the postulate that re
arrangement of these 5,6-epoxides was responsible for ring contraction to 
capsanthin (11) and capsorubin as shown. 

01"1 

HO 

(91) 

I ' 
\ 

I 
I c 

I ( 
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I Thus we have seen that the 5,6-epoxide group can lead to furanoid oxides, 
I egg. (7S) -+ (79) or, in vivo, to rearrangement with ring contraction, e.g. 
I (1) -+ (11). There is yet another important series of carotenoids which must 
I Surely require 5,6-epoxides intermediates for biosynthesis. These are the 

. ' 11 n~tu~alIy occurring alIenic or acetylenic carotenoids, e.g. (10) or (SO). The 
re atJonship between the 5,6-epoxides, allenes, and acetylenic compounds I may be depicted thus. 

'4, 
:c· 

ott 

I 
I 
I 1-10 

19~;e chief carotenoid of the flowers of Mimulus guttatus. (Nietsche et al., 
a" ), ~eepoxyneoxanthin (92) would therefore be produced from anther
re anthIn (91), the hypothetical precursor of capsanthin (11). Acid-catalysed 
da~~rangement of deepoxyneoxanthin (92) afforded diaxanthin (93) ; oxi
ct.k IOn of which in vivo would yield pectenolone (94) having the familiar 

etol system in one of the end groups (Cambell et al., 1967). Similar 

~ ---

---~·n 
OH OH (92) 

~;~r~ang~~~nts would be expected starting from the bis-ep.oxide violaxanthin 
Pho he Initial product would be neoxanthin (10), a major xanthophyll of 
Cat ~Osynthetic tissues (Donohue et al., 1966; Mallams et al., 1967). Acid-

a Ysed rearrangement of neoxanthin (10) (Egger et al., 1969) afforded 
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~---

T 
I 
I 

HO 

R 

---~ 

I 
I 

$:(yoH ,I 

(R=H 2) (93) (R=O) (94) 

diadinochrome (95), due to proton attack at both the 5,6-epoxy grouping 
and the allenic alcohol function. Diadinoxanthin (96), isolated from Euglena 
(Aitzetmuller et al., 1968) must be produced in vivo from reaction specificaIlY 

at the allenic function. A hypsochromic shift of 20 mJl was observed in the 
acid-catalysed rearrangement of diadinoxanthin to the furanoid oxide (~~) 
indicating the isomerization of one 5,6-epoxy grouping in the carotenoJ . 

~---

HO 

(95) 

~---

HO 

(96) 

dj, 
Further rearrangement of the 5,6-epoxy end group would lead to the be 
acetylenic structure (97) assigned to alloxan, isolated from flagellates of t e 
algal class Cryptophyceae (Mallams et al., 1967b). The monoacetylen ' 

I 
I 
I 

E 

r 
fl 
c 
a 
p 
(I 

0: 
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Illonadoxanthin (80) was also obtained from this source. The triple bond in 
al\oxan (97) gave a characteristic infra-red absorption at 4.63 J.I.. Cambell 
et ai, (1967) isolated pectenoxantbin from the giant scallop Pecten maximus 
and assigned the same structure as for alloxan (97). 

a*~--- IiIOH 
HO I *Y ---~ 

(97) 

b Fucoxanthin occurs in brown algae (Phaeophyceae) and is one of the most 
a undant carotenoids in nature. The structure of fucoxanthin (14) (Bonnett 
et al., 1969) showed it to be an oxidation product of neoxanthin (10). Infra
~ed absorption at 5.22 J.I. was attributed to the allene system. The mass spectral 
ragl11entation (M, M-18, M-I8-18, M-18-60, M-18-18-60) indicated the 
cOIllPOsition C42Hss06 and was consistent with two hydroxyl groups as well 
as a~ acetoxyl function being present in fucoxanthin (14). Zinc permanganate 
rl~hal oxidation gave fragments formed by thec\eavage indicated in structure 

). Oxidation of fucoxanthin by the Oppenauer method gave the C 31 

~arotenoid, paracentrone (98) which occurs in trace amounts in the sea urchin, 
o a~acentrolus lividus (Hora et al., 1970). The mechanism involves the prior 
X1dation of the secondary hydroxyl grouping followed by fragmentation 

:Ss:hown . The use of seaweed meal as a feed ingredient for poultry initiated 
of ' Udy of the fate of fucoxanthin (14) (Jensen, 1966) and led to the isolation 

ISo-fucoxanthin (99). 
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~---

o 
HO 

' I ' 

l 
I 
i 
I 
I 
I 

---~.~ i 
~OAC I 

OH 

OH 
(99) 

D. CAROTENOIDS WITH AROMATIC END GROUPS 

Aryl carotenoids have been isolated from the sea sponge, RenierajaponiC{l 
(Yal '.1aguchi, 1960), green, brown and purple photosynthetic sulphU~ 
bacteria (Liaaen-Jensen et al., 1964), (Liaaen-Jensen, 1965), (Aasen an I 
Liaaen-Jensen, 1967c). These carotenoids must be derived by rearrangelllend 
of the carotenoid skeleton since they have two unique end groups (lOO) an 

&21~/ .I I 
4~ 

(100) (101) 

I 
I 
I 

(101). Because of the methyl groups at C-2 and C-6, the aryl group (I,DO! 
cannot be coplanar with the polyene system. This is reminiscent of the SltO 

ation with the p end group (43), therefore (lOO) and (43) make the salll: 
contribution to the visible spectra of carotenoids. The end group (101~ d~~r 
not have the same steric inhibition to resonance and thus makes a SIIllI 11 

contribution to the visible spectrum as the acyclic end group (42). Chloro' 
bactene (102) is the major carotenoid of photosynthetic bacteria (Liaa~ll~ at 
Jensen et al., 1964) and was found to have the same visible absorpUo I Pi 
characteristics as ')I-carotene (3). To complicate matters further, no structur8

d 
aid could be obtained from the closely similar melting points and infra-re 
spectra. cl 

The n.m.r. proved to be the means of differentiating ')I-carotene (3) a,ll
r
. 

chlorobactene (102). The positions of the methyl peaks are shown, but pll s 
ticularly important are the positions and number of the aryl-methyl grOOP 

at 7.75 and 7.77r. 
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1 Ar-Me 
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7.75,7.77 (2: \) 

7.93 8.03 

(102) 8.03 

~ ---

8.03 

8.19 
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8.33 

8.39 

cll I 
Uf 

od 
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od 

. Photosynthetic brown bacteria contain isorenieratene (103) and [3-
ISOr . 
(10 enler.atene (lO4) with only traces of [3-carotene (2) and chlorobactene 

2), (Ltaaen-Jensen, 1965). The synthesis of these carotenoids, as well as 

~ ---

(103) 

~ ---

loeS 

j\a! Ar-Me 7.73,7.78 (2: I) 
)(0' (104) 

tell' 
lioll ;~hers in the series, involved reaction of the appropriately substituted benzyl 
Mal oSPhorane (105) with crocetindial (lO6), (Cooper et al., 1963). 
,red 

t::)(':H -PPh, 
( x 2) 

(105) 



328 6. CAROTENOID CHEMISTRY 

OHC ':::::: ':::::: ':::::: 
(106) 

CHO 

, 
, ( . 

I 
I 
i 
I 
I 

Carotenoids having the end group (101) are found in the purple photo· I 1 

synthetic sulphur bacteria. Okenone (l07) had a carbonyl frequency at I 
6.10 J1. and the visible spectrum confirmed extended conjugation to the I 
carbonyl group (375, (460) 484,516 mJ1.). The n.m.r. data, shown, indicated a 
spirilloxanthin end group and a tetrasubstituted aromatic ring, (Liaaen

d I Jensen, 1967a). Final proof of structure came from synthesis (Aasen an 
Liaaen-Jensen, 1967c). Renierapurpurin (108) and renieratene (109) alsO I 

7.94 8.0 

H 3.04 

Ar-CH3 7.70,7.79 (2:~) 

(107) 

8.0 8.0 

o 

---~OMe 
8.10 8.80 

c 
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I 
'I Possess the end group (101) (Yamaguchi, 1960), although renieratene is not 

sYmmetrical having examples of both known aryl end groups. 
/ . The derivation of end groups (100) and (101) in vivo is a matter for con

Jecture, but it seems likely that 1,2-methyl migration occurs in a p- end 
ghroup (43). If this occurs with the formation of the cyclohexadiene (110) 
t en oxidation would lead to end group (100). Since the intermediate (110) 

(43) (110) (100) 

~ a crosS-conjugated system, double bond migration leading to (111) should 
e faVoured from both steric and electronic standpoints. Ring opening of the 

~yclohexadiene (111) would give the hexatriene (112), which could undergo 
IS?merization to (l13)-possibly via a [1,7]-sigmatropic shift. Cyclization 
o (13) followed by oxidation would then produce the end group (101). 

(Ill) 

~ 1->(1011 

(113) 

B. C-45 AND C-50 CAROTENOIDS 

l'tt the present time, few carotenoids having > C-40 skeleton are known. 
C e C-45 carotenoid isolated by Norgard and Liaaen-Jensen (1969) from 
3 ~rY"ebacterium poinsettiae was assigned the structure, 2-isopentenyl
c~ -dehYdrorhodopin (114) largely on the basis of mass spectra of the 
(~otenoid and its trimethylsilyl ether. The important fragmentations 

-69, M-55) are shown as are the methyl resonances from n.m.r. studies. 
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8.02 8.02 

~ ~ ~ ~ 

, 
' I ' 

I 
I 
i 
I 
I 
I 
I 
I 
I 

~~ I 
I I 8.32, 8.39 

--- ~ 

8.02 8.02 
( 11 4) 

8.18 

A bacterial carotenoid having a C-50 skeleton was isolated by KeJly and 
Liaaen-Jensen (1967) and one of the possible structures proposed was (1t?) 
in which isoprenoid moieties have added to each end of the normal acycltc 

HO 
:::::--""'_-'" 

OH 
OH 

01-1 
(11 5) 

carotenoid skeleton. Another C-50 carotenoid, dehydrogenans P439, was 
found in the non-photosynthetic bacterium Flavobacterium dehydrOgenall)S 
Arnandi (Liaaen-Jensen, 1967b, Liaaen-Jensen and Hertzberg, 1968 . 
Ozonolysis showed the absence of an isopropylidene group and acetylatioJl 
indicated two hydroxyl groupings which were proved to be primary bY 
oxidation to a dialdehyde. The C-50 skeleton was deduced from con' 
sideration of the mass spectral fragmentation leading to M-140 (see sectiO~ 
V E for fragmentation of a- end groups). If this was due to the breakdown d 
an (X- end group, then the extra isoprenoid units must be attached to the 2 an 

a 
S 
1\ 

1\ 
o 
e. 
b 
S 
al 
in 
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2 Positions of e-carotene (6). This led to structure (116) being assigned to 
dehYdrogenans P439. The stereochemistry of the terminal double bonds was 
determined by comparing the chemical shift of the aldehyde proton (0.6,) 
of the oxidation product, with analogous systems. This showed the hydroxy
~ethYI grouping to be trans to the alkyl grouping. (Schwieter and Liaaen-
ensen, 1969), since the alternative configuration of the double bond would 

rlequire the aldehyde proton in the oxidation product to resonate at 
OWer field. 

~ ---

(116) 

VII, Vitamin A 

Vitamin A, (117) is necessary for normal growth and vision in animals and, 
~~ the structure suggests, may be considered to be a degraded carotenoid. 
\\! eenbock et al. (1921) showed that carotene isolated from plant sources 
\\!~s Vitamin A-active; a finding which was la ter confirmed by Moore (1929) 
of 0. sho~ed that the feeding of carotene to rats resulted in the appearance 
effl V~tamtn A in the liver. Other carotenoids exhibited varying degrees of 
b' C1ency as vitamin A precursors (Table 3) showing the great dependence of 
s~Ological activity on the {3- end group common to Vitamin A and {3-carotene. 
a~~ce.carotenoids are only synthesized de novo by higher plants and protista, 
in s~nce vitamin A is derived from carotenoids, then the vitamin A present 

;nlmals is ultimately derived from these sources. 
b Wo general mechanisms for degrading {3-carotene (2) to vitamin A have 
ft
een 

discussed by Goodwin (1963). The first step is stepwise degradation 
I\~rn one end to vitamin A-aldehyde (118) via the apocarotenals (17) and (18). 
al~etnatively, fission of the 15,15'-double bond would afford vitamin A 
ca ehYde (118) directly. Tracer evidence from feeding [15, 15 '-14C]-{3-
()X~~~ene (2) to rats seems to support the latter view. Wendler et al. (1950) 

IZed {3-carotene (2) in vitro, using hydrogen peroxide and osmium 
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TABLE 3 

CAROTENOID STRUCTIJRE AND 

VITAMIN A ACTIVITY 

Structure Activity 

IX-Carotene (I) 53% 
tJ-Carotene (2) 100% 
)I-Carotene (3) 43% 
Lycopene (4) 0 

tetroxide, and obtained vitamin A aldehyde (118). The discovery of vitamifl 
A has been covered by Moore (1957) and the successful syntheses foHow 
closely on the methods of carotenoid chemistry (lsler and Schudel, 1963a)· 

R = CH 20H (117) 
R = CHO (118) 

~ R 

(119) 

I 

I ' 
I 

I 
I 
I 
I 
I 
I 
I ~ 
I ~ 
I A 

8 

8 

8. 

8i 

81 
81 

8t Retinene, a sterioisomer of (118), is the prosthetic group of rhodopsin, ~~: 
photosensitive pigment for scotopic or dimlight vision (Wald, 1943) an hl{ 

formed in the retina by reduction of vitamin A by the enzyme ale? ~ 
dehydrogenase. It was found (Hubbard and Wald, 1953) all-trans vitarnIfI s 
aldehyde (118) would not combine with the protein, opsin unless it W~e :~ 
exposed to light. Irradiation, of course, caused stereomutation of the dOUh9t 
bonds. After careful work (See Morton and Piu, 1957) it was discov~red t tt Ca 
only the 11-cis isomer (119) would unite with opsin to give rhodopsIll (~Ia . 
et al., 1968, 1969). . 91 Cal 

It has been found recently that (Blatz et al., 1968, 1969) 5,6-dihydrore~IJl81 
after irradiation can combine with visual protein to give a new vISU d ~oc 

afl '-o( 
chromophore (..1.463 mJl). The stereoisomers involved were the 9-eis ' t~ Che 
ll-cis forms. B1atz et al. attempted to correlate structural variation WI 

opsin activity. in Che 
Vitamin A2 (120) occurs mainly in fresh water fish, but is also present fit Dal 

small amounts in marine fish. The corresponding retinene 2 is the cornpOJl~OJ g:~ 
of the visual pigments, porphyropsin, in fresh water fish. Vitamin Az (l't~ Dav 
can be prepared from vitamin AI by allylic bromination of the acetate ~J 
N-bromosuccinimide, followed by dehydrohalogenation and hydrolysIs. 
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Picolyl ester method of peptide synthesis 69 

homoargininel-bradykinin was synthesised in 16 days), but the isolation and characterisation of 
each protected intermediate (steps which could of course be omitted if desired) provide in the 
synthesis the all-important cumulative evidence for the structure of the final product . 

We are grateful to the Science Research Council and the Medical Research Council 
for support of th is work . 
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PHENYL ESTERS FOR C-TERMINAL PROTECTION 

D.HUDSON, G.W.KENNER, B.MASON, B.MORGAN, R.RAMAGE, 
B.SINGH, and R. TYSON 

The Robert Robinson Laboratories, University of Liverpool, 
ENGLAND 

The main features of the method, which we owe to the sharp 
observation of Dr. J.H. Seely, have been published recently 
(Kenner, ' 1972) and the purpose of this paper is to report selected 
examples of its use in synthesis in the lysozyme and gastrin series. 
To recapitulate, the essence of the method is the remarkable 
lability of C-terminal phenyl esters to cleavage by peroxid8 anion. 
The reaction is normally complete in about 15 minutes at 20 and 
pH 10.5 in an aqueous organic solvent, e.g. acetone or dimethyl
formamide. Presumably the initial product is the anion of the 
C-terminal per-acid, but the isolated product is the carboxylic acid. 
No racemisation has been detected in the peroxide cleavage, and the 
mild conditions do not disturb the Asp(OBut)-Gly sequence, which is 
especially prone to imide formation (Ondetti, 1968). 

The starting material for the phenyl ester method is either 
the benzyloxycarbonyl or t-butyloxycarbonyl derivative of the 
C-terminal amino-acid. This carboxylic acid is condensed with 
phenol by means of dicyclohexyl carbodiimide in methylene chloride 
containing one equivalent of pyridine; pyridine is not always 
necessary (e.g. in the cases of Gly, Ala, Phe). Alternatively the 
diphenyl sulphite and triphenyl phosphite methods (Iselin, 1957) are 
available. Acidolytic cleavage of the Z- or BOC- group or hydro
genolysis of the Z- group in presence of one equivalent of tosic 
acid yields a salt o f the amino-acid phenyl ester. 

Synthesis of the protected undecapeptide Bpoc-Asn-Trp-Nva-Cys ~ 
(Acm)-Ala-Ala-LYs(Adoc)-Phe-Glu(OBut)-Ser(But)-Gly-OPh is a good f>i l~ 
example of the method. BOC-Trp-OCP + CI-H~-Nva-OPh~ Z-Trp-Nva-OP/J 
~Cl-Ht-Trp-Nva-OPh + Bpoc-Asn-OSu (unstable to storage)~ Bpoc-ASP' 
Trp-Nva-OPh~Bpoc-Asn-Trp-Nva-OH, identical with sample f rom Bpoc' 
Asn-OSu + H-Trp-Nva-OH (ex Z-Trp-OCP and H-Nva-OH followed by hydrO' 
genolysis). Cleavage of Bpoc-Asn-Trp-Nva-OPh in presence of Me2S 
was complete in less than 6 minutes. Bpoc-Asn-Trp-Nva-OH was t), 
coupled by DCCI / HOSu with H-Cys(Acm)-Ala-Ala-Lys(Adoc)-Phe-Glu(OBU 
Ser(But)-Gly-OPh, obtained from its Bpoc- derivative. This octa
peptide sequence was built from Z-Glu(OBu t )-Ser(Bu t )-N 3 and H-Gly' 
OPh with subsequent elongation by Z-Phe-OCP, Z-Lys(Adoc)-OCP, Z-Ala' 
OCP, and finally Bpoc-Cys(Acm)-OSu. 

The protected decapeptide Z-Glu(OBut)-Leu-Ala-Ala-Ala-Nle-LYS 
(Adoc)-Ala-Leu-Gly-OPh was prepared by successive addition of single 
Z-amino-acid-OCP units, except that the dipeptide was elongated to 
tripeptide by a mixed anhydride. A protected dodecapeptide waS 
then prepared by hydrogenolysis of the Z- group and coupling 
(DCCI / HOSu) with Bpoc-Orn(Adoc)-Cys(Acm)-OH. This dipeptide unit JII) 
was prepared f rom Bpoc-Orn(Adoc)-OCP, either directly from H-Cys(AC t I -OH or more cleanly via BpoC-Orn(Adoc)-Cys(Acm)-OPh, which underweP l very rapid cleavage by 02H in presence of Me2S (30 equivalents). 
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Phenyl esters for C-terminal protection 71 

'T?- -,:?S tg- 7-/ f) tJ,.w~V/J 
In contr~"i to the foregoing examples bas7~on a¥tive esters, 

the two protecl~d tetrapeptides, Bpoc-Orn(Adoc)-Thr(Bu )-Pro-Gly-OPh 
and Z-Ser(But)-Ala-Asn-Gly-OPh, were prepared by pivalic mixed 
anhydride addition of single residues throughout. After peroxide 
~~eavage of the former tetrapeptide derivative and hydrogenolysis o~ :;,.c 

e latter, they were combined to form the protected octapeptide. -b~/~ 
T Synthesis of the protected hexapeptide Z-Asn-Ala-Trp-va~A~AcI J 
rp-~Ph started with BOC-Trp-OPh. It was cleaved to give '/to-- I 

~1-H2-Trp-OPh which was coupled with both Z-Asn-Ala-N3 and Z-Val-Ala-
3· Cleavage of Z-Asn-Ala-Trp-OPh was achieved in 17 minutes in B~L 

presence of Me2S but more than 3 equivalents of peroxide had to be . r 
~csed. The other tripeptide derivative was hydrogenolysed, and then 

CI/HOBt was used for combination of the tripeptide derivatives. 
u PeroXide removes an acetyl group from -Tyr(Ac)- residues ~ 
p~der the conditions for phenyl ester cleavage, and therefore the ~~ 
u enolic hydroxylic group of tyrosine can be protected by acetyl t3~j . 
Gntil a phenyl ester is cleaved. Thus, Z-Ala-Tyr-N3~Z-Ala-Tyr- .,~ 

[1Y-OPh~~-Ala-Tyr (Ac)-Gly-OPh~Tos. O-H;-Ala-Tyr (Ac)-Gly-OPh---7Z- -
LG1u(OButU 4-AJa-Ala-Tyr(Ac)-Gly-OPh (DCCI /HOSu)~Pyr-Gly-Pro-Trp
deU-[G1U(OBut)J4-Ala-Ala-Tyr(Ac)-Gly-OPh. The central pentapeptide 
o~~ivative was prepared from H-Ala-OPh by three steps of Z-Glu(OBu t )
Th and one of Z-Glu(OBut)-O-CO-OBu i (to form the tripeptide sequenc~. 
op~ N-terminal pentapeptide was made from Z-Gly-Pro-OH, H-Trp-Leu-

, and Pyr-OCP with a final peroxide/ Me2S cleavage (11 minutes). 
y The phenyl ester method has now been used in a reasonable 
ta~1ety of circumstances without undue difficulty. Care must be 1: en to avoid methanolysis of the phenyl ester group, but 
toOproPYl alcohol can be used in chromatography. It is too early 
ca generalise about its efficacy and problems may arise in other 

Ses, but the method seems to have practical value. 
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ON PEPTIDE SYNTHESES WITH 

N-(et,et-DIMETHYL-3,5-DIMETHOXYBENZYL)-oXYCARBONYL (Ddz) 

AMINO ACIDS. 

Christian Birr 
Max-Planck-Institut fUr medizinische Forschung, Abteilung Chemie, 

Heidelberg, GFR 

The a cid- a nd photo la bile et, cx-Dimethyl-3, 5-dimethoxybenzyl-oxy~arbonyl 
(Dd z -) protecting group - first presented at the 11th Peptide Symposium - has 
advantages both in classical and solid phase peptide synthesis methods, as re
ported here: 

The new protecting group possesses a considerably increased acid lability as 
compa red to the often used tert.butyloxycarbonyl (Boc-) residue (McKay et al. 
1957), but is only half as acid sens itive as the biphenylisopropyloxycarbonyl 
(Bpoc-) function (Sieber et a l., 1968) measured in 80 % acetic acid at 200 C 
(Birr et al. 1972). 

k(,.loti.) 

~HJ ~ 
Boe • H,t-~ -c-o-c --; 

CHJ 

Boe : Ddz Bpoe 1 : 1400 3000 

H,tO CH 0 

P-' J. 
Dd.. C-O-C - -, ' 

HJCO CHJ 

The a bility of 5 % trifluoroa cetic a cid in dry dichloromethane to remove th8 
Ddz -prote cting g roup with in 8 minutes at 200 C permits the use of the Boc- and 
trityl g r o ups (Armica rd e t a !. 1955) for protection of side chain functions and 
especia lly the use of amino a cid tert-butyl este rs in classical peptide syntheSes 
eve n in repeate d e longation of the pe ptide chain. 

As a n e xa m p le we synthesized s tepwise a well known linear decapeptide 
s e q ue nce of Tyr6 - a nta m a nide (Wiela nd et a l., 1972) by the mixed a nhydride 
m e thod (Wie la nd e t a l. 195 1) with isopropylchloroformate and N-methylmorphO', 
line us ing Ddz - a mino a cids a nd C-termina l tert-butyl ester protection excluSI"~e 
ly . Fo r this the a mine component wa s genera t e d f rom the respe ctive Ddz-peptldl' 
te rt-butyl este r by 5 % trifluoroa cetic a cid in dichloromethane without interrYle 

a te is ola tion. To quenc h the deprotecting rea ction after 8 minutes, the reactiOn 
mix ture was ne utra li zed with N-methylmorpholine a nd directly poured into the 
par a lle l pre pa r e d mixed a nhydride c omponent. By this synthetic technique - in' 
eluding Dd z -de protection - one needs only 30 minutes to form a peptide bond. -\i" 
Due to the new prote cting g roup a nd the C -termina l t e rt-butyl este r the liPophl 
c ity up to the decapeptide wa s s o domina nt tha t dichlorometha ne was the only 
s olve nt o f the s ynthes is . We o bta ined a ll Ddz -peptide tert-butyl esters with an 
a ve r age y ie ld of 81 %. 
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Reactions of su/feny/ halides 123 

tion of tryptopha n and cyste ine r es idues in peptides a nd prote ins 
(POnta na and Scoffone , 1969 ) . The r eaction have bcen s uc cessfully e~ 
Ployed f or the analytical det ermina tion of t h cs e amino acids , for 
stUdYing their functional importance in the biologica l prop ert ies of 
enzYmes a nd hormones a nd in facilitating the i s olation of trypt ophan 
Peptides by chromat ogr aphy (Fontana and Scoffone , 1972). 
f In the a ccompa nying scheme a r e r eported other us eful reac tions 

o these r eagents . Wh en a t hiol compound ( cys t e ine , cysteine methyl 
e~ter, glutathione ) (1) was rea ct ed with 0. 5 equivalents of 2- nitro
~ ,enYl sUlfenYl chloride (NPS- Cl) in 50% a cetic acid the corresponding 

, ~SUlfid es were obtained (reac tion A). The oxidation reaction i s ex 
~halne d by the int ermedi a t e formation of the mixed disulfide ( ~), 
f , lCh In turn i s clea ved by th e thiol f unct ion l eading to the di sul-
ld e ( 3 ) a nd the 2- nitrothiophenol ( 4) . The r eaction could be parti

CUlarly useful f or the intramolecular cycliza tion of thiol comp ounds . 
1 SUl fe ny l ha lides a r e known to react wi th unsymmetrica l thioethers 
teading to disul f ides among other products depending upon the struc
(~re of the thio e thers (rvloore and Port er , 196 0 ; Old a nd Kobayashi , 

C 970). The r eaction was usefully employed f or the r emova l of the a 
eturn' d ' ldomethyl group ( Veber e t a l ., 1972 ) f rom S- prot ec ted cyste ine 

i erlVat ives (react ion B) . Upon r eact ion with NPS - Cl a thiolsulfonium 
t~n i s formed (2) which decomp oses to the mixed di s ulfide 1l and to 
fr e carboniuITl ion 1. The thiol function i s then easily re gener a t ed 
C orn..§ by th e gene r a l procedure s of r eduction of di s ulfides by mer 
taptans ( ~ -mercaptoethanol, dithiotrei tol) used in peptide a nd pro -
eln chemis try (c f r. Morode r e t a I., these Pro ceedings ). 

g The r eac tion of sulfenyl halides with thioether s seems to be a 
c;neral pro cedure f or cleaving S- prot ecting groups at the l eve l of 
testel~e , provid ed that a s t a blc ca tion could be r e l eased by the in-

rtnedlat e thi os ulf onium ion 6 . 
hal ' A natur a lly occurring thio ether was a l s o cleaved by s ulfenyl -
th ldes ( reacti on C). The thioethe r bond be tw een the hem e group and 
coe cYste ine residues (~ ) in horse heart cytochrome c a nd in heme 
clntalning sequences of cytochrome c was r ap idly a nd quantitat ive ly 
feeaved by NPS - Cl and simi l a r a r y l sulfenyl ch l orides l ead i ng to S- s u1 

nYl derivatives . 
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Activation of Hexamethylphosphoramide in Peptide 

Synthesis : a Reinvestigation 

A.J.Bates, G.W.Kenner, R.Ramage, and R.C.Sheppard 

The Robert Robinson Laboratories, University of Liverpool, England 

Difficulties in the application of the hexamethylphosphor
amide-tosic anhydride method (Gawne, 1969,1971) of peptide synthesiS 
in our laboratory have prompted a thorough reinvestigation of thiS 
procedure. This has substantiated the existence of the dication 
ditosylate (11) and confirmed the utility of such dications in 
synthesis. It has also provided a new reagent (Ill) stable to 
storage. We have, however, found that the reaction between tosie 
anhydride and hexamethylphosphoramide to form (11) requires 
conditions more vigorous than those previously employed. More 
importantly, the earlier favourable results regarding racemisation 
have not been confirmed; the claim that racemisation is minimal 
under conditions described previously is unequivocally withdrawn. 

+ 
(Me2N)3 PO + Tos 20 ----) (Me2N)3 P-O. TosO. Tos 

J,(I) 
+ + 

(Me2N)3 P-O-P (NMe2)3 

(II) 2 O. Tos 

Addition of g-toluene sulphonic anhydride to hexamethyl
phosphoramide at 20 , afforded a precipitate within 5-20 minuteSj 
this is the monocation tosylate (I), which gives the expected 
C, H, N analysis. If the mixture is warmed to 550 the precipitate 
dissolves and another precipitate gradually formsj this is the 
analytically characterised , hygroscopic dication ditosylate (11). 
The ditosylate dissolves in dry acetonitrile and addition of the 
stoichiometric quantity of sodium tetrafluoroborate yields the 
crystalline di-tetrafluoroborate (Ill), analysio! correctly for 
C, H, N, B, F, P. The proton noise-decoupled ~ P n.m.r. spectru~ 
of this salt (III) (resonance at -29.9 p.p.m. in CH3CN/CDa CN fro~ 
Ha P0 4 external reference) distinguishes it from the crystalline 5) 
tetrafluoroborate (also analyses correctly for C, H, N, B, F, P, 
corresponding to the monocation tosylate (I) (resonance at -33.6 
p.p.m) and hexamethylphosphoramide (-24.7 p.p.m) (cf. data in 
Ramirez, 1965). 

The dication di-tetrafluoroborate (Ill) is a useful reagent 
in peptide synthesis, especially in an "Eintopf Verfahren" with 
an N-protected amino-acid (or peptide) and an amino-component witb 
addition of base,e.g. N-methylmorpholine in acetonitrile. The d 
yields are high, ca. 75% after recrystallisation, and the unwante 
products of reaction are readily removed. Two examples ar, (I) 
coupling of Bpoc-Orn(Adoc)-Thr(But)-Pro-Gly-OH and H-Ser(Bu )-Alat ), 
Asn-Gly-OPh, and (2) stepwise preparation of Z-Ala-Leu-Nva-Ser(BU

d6 Gly-OPh by successive addition of the four carbobenzoxy amino-aei 
to H-Gly-OPh. 

Unfortunately, in direct contrast to the former reports 
(Gawne, 1969,1971) racemisation is extensive where it is a hazardj 
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the Izumiya test shows that 16% of Z-Gly-D-Ala-L-Leu-OBzl is 
produced from Z-Gly-L-Ala-OH and H-Leu-OBzl in HMPA with N-methyl
~orpholine. That figure is reduced to 3% by addition of I-hydroxy-
enztriazole. Under other conditions, e.g. with triethylamine 

as base in acetonitrile, the % of D-L isomer can rise above 40%. 

+ + + 
(Me2N)3-p-0-P (NMe 2)3 ~ RCO-O-P (NMe2)3 + OP(NMe2)3 

RCo21 BF4 -

(RCO)20 + OP( NMe 2)3 

[ The n.m.r. investigations of reaction between , 
Z-Val-OH NEt 3) and the dication salt (Ill) in acetonitrile or 
hexamethylphosphoramide provide a clue to the cause of racemi-
sation. As the triethylammonium salt is added, the resonance 
at -29.9 p.p.m. disappears and one at -24.7 p.p.m. appears in 
accordance with the scheme above. There is no sign of a 
different resonance corresponding to the previously postulated 
~CYloxYPhOSPhonium cation, Z-val-0-p+(NMe2)3' Presumably this 

s an intermediate wi~h a brief life. I~ would be possible to 
detect it by13c _ 31p couplings between l~ _CO_0_ 31p_ if it had 

+1 
appreciable transient existence under any other experimental 
conditions. This n.m.r. technique may be usefully applied to 
(~her cases where acyloxylphosphonium salts have been postulated 

arst6w, 1971; Wieland, 1971; Yamada, 1971), and it is our 
intention to test this in the near future. The acyloxphosphonium 
~ation may be the active species which combines with the amine 

n the "Eintopf Verfahren", rather than the symmetrical 
anhYdride, but presumably it is prone to oxazolone formation. 
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GEWINNUNG VON S-ACETAMlOOMETHYL-L-CYSTJUN 

P . HERMANN UN D E. SCHREIER 
Physio l ov,isch- chemisches Insti tut , Martin- Luther-Uni versi hi.t , 

Hall e , DDR 

Unter lien i n let z-ce r Zeit uekCinnt gewordenen 3-0chutzgruppen in
teressierte un s die vom Arbeitskreis Hirschmann (Veber, 1968 , 1972) 
eingefUhrte Acetami domethy l - Gruppe besonders . Die Blockierung der 
SH-Funkti on erfolgt vorwiegend durch Umsetzunr, von L-Cystein mit 
Ac etamidomethanol in s a lzsaurer Lbsung bei pH 0 . 5 und RaumtemperS -

tur liber mehrere Taf, e . Wir konnten vor einiger Zeit nachweisen 
(Hermann , 1971 ), da B neben L-Cystin in gewissem Umfang auch L-This~ 
zolidinc arbonsaure- 4 a ls Nebenprodukt auftritt. Die Bildung dieseS 

Nebenprodukte s wird durch Reaktion von L-Cystein mit Formaldehyd , 
der durch Zerfall von Acetamidometha nol wahrend der l angen Reak
tionszeit ent steht, erklart. Die Aufarbei t ung von S- Acetamido
methy l - L-cystein aus dem waBrigen Reakti onsansatz geschieht nBch 
Veber et a l . durch Isolierung des Hydrochl orids unter wasserfr ei en 

Bedingungen in 52 proz . Ausbeut e . 

Nach e inem von uns entwickel ten Verfahren (Hermann, '197 '1) wird der 
salzsAure Reakti onsansat z (pH 0 . 5) von L-Cystein und Acetamido
methanol nach beendeter Umsetzung liber eine Saule mit stark saureW 

Kationenau stau scherharz i n der H+-Form filtriert . S-Acetamidome
thyl-L-c :ystein und die Neb enprodukte L-Cystin und L-Thiazolidin
carbonstiure-4 werden gebunden . Die Saule wird danach mit Wasser 
neutral gewasc hen . Neutrale und saure Bestandteile der Reaktions-
mi s chung werden dabei entfernt . Mit einer waBri gen Lbsung einer 
schwachen or ganischen Base, z. B. 1 M Pyridin, lassen sich S_Ac et-
amidomethyl-L-cystein und L- Thiazolidincarbonsaure- 4 vom Harz ver~ 

drangen . Beide Aminosauren erscheinen in e inem neutralen Eluat vor 
der Pyridinfront (Cystin fallt auf der Saul e aus und erscheint erst 
mit der Pyridinfraktion). Da s neutra le Eluat (der pH- Wert dieser 

Lbsung ent spri cht dem I. P. der gelbsten Aminosaure!) wird in der 
Art eines Titrationsprozesses mit der Lbsung eines schwachen oxY
dati onsmitt e l s , z . B. 0 . 1 N waBrig e KJ

3
-Lbsung , behandelt. Wir bst' 

ten gefunden , daB mit verdlinnt en waBrigen Lbsungen von schwachen 

Oxydationsmitteln L-Thiazolidincarbonsaure- 4 in Gegenwart von S
Acetamidomethyl-L-c:ystein selektiv und quanti tativ zu L-Cystin 
oxydiert wird. Durch Wiederholung der vorstehend geschilderten 
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to th!ahng the diverse structures of the known natural products belonging 

"se classes of secondary metabolites. An important corollary to these 
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classical studies was that all structures subsequently elucidated shuuld 0C 
explicable in terms of biosynthetic theory dictated by radioactive tracer 
studies. Thus, biosynthetic research has been of great use in structural work, 
very often giving a lead into the nature of the carbon skeleton which can be 
substantiated by modern physical methods of structure determination. In 
the terpene group there is a paucity of reliable tracer results, hence most of 
the biogenetic arguments used to support new structure proposals are not 
based on biosynthetic evidence put rather on known skeletal relationships. 

10.2 AROMATIC POLYKETIDES 

This class of natural products was the earliest to derive benefit from biosyn
thetic ideas based on the ingenuity of Collies and the application of Birch'. 
An excellent review'S of such structures clearly shows their genesis from 
polyacetate units. In spite of recent successes7• 8 in the synthesis of poly
ketides, for example (1) and the conversion to benzenoid structures, for 
example (2), there has been little success in the isolation of such precursors. 
The current interpretation is that the polyketide unit is enzyme-bound and 
not released until modification to the aromatic system. Lynen9 has recently 
isolated from the mould P. patulum, an enzyme which can synthesise 6-
!Uethylsalicyc1ic acid (3) from acetyl co-enzyme A. In the absence ofNADPH, 
It was observed that triacetic lactone (4) accumulated rather than the 
diphenol (5), inferring that in vivo the carbonyl (mal:ked *) in (6) is reduced 
prior to addition of the final malonate residue and subsequent cyclisation. 
During extensive work in the biosynthesis of the tetracyclines'O- 13 (7), it has 
been shown that the analogous elimination of oxygen at C-8 occurs at a very 
early stage by employing mutant strains which led to the isolation of shunt 
metabolites such as (8). 

O~R 
o 0 

(I) R = OMc 
(6) R = Enz 

HO~M~ 
YCOzR 

OH 
(2) R = Me 
(5) R = H 

~6H 
~CO'NHz 

OH 0 0 0 0 
HH 

(7) 

0 Me 

YCOzH 
OH 

(3) 

o 

(8) 

Subsequent degradation of aromatic polyketides has been invoked for 
biosynthesis of patulin'4• 15 (9), penicillic acid'6 (10) and the fungal tropolone, 
stipitatonic acid 17 (11). Recent work '9 with Aspergillus species indicates that 
Ullthraquinones may be progenitors of some naturally occurring xanthones 
such as sterigmatocystin (12). Early results20 from acetate and malonate 
fcedings indicated that sulochrin (13) was formed from two preformed poly-

. C ' 
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ketide chains but more direct evidence indicates that the anthraquinone 
questin (14) is the direct precursor of sulochrin (13). This may be the ill Viv~ 
pathway for anthraquinone -> xanthone transformation. 

R
o 

7" # 

° OH 
(9) 

o OH 

1I0~o 
o 
( 11) 

'I ---o-0MC 0 -o-oH 

HO f _ ' c- ~ J Me 

o 

HO®" , ~ Me 
. ~ .& 

OMc
O 

OH o 
(12) 

COOMc OH 

(13) (14) 

Many aromatic polyketides have structures explicable in terms of oxidative 
coupling of phenols3

• The most famous example is usnic acid (15) whose 
structure was confirmed by synthesis22 involving oxidative coupling of 
methylphloroacetophenone (16). Later studies23 vindicated the prediction 
that this was also the biological process. Phloroacetophenone (17) was not 
incorporated into usnic acid (15) indicating that methylation ofa polyketide 
precursor precedes cyclisation. 

Mycophenolic acid (18) is an example of mixed polyketide- isoprenoid 
origin which has been substantiated24.25 by incorporations ofmethylorsellinic 
acid (19) and the phthalide (21). Orsellinic acid «19) R = H) was not in. 
corporated, again suggesting that introduction of the extra methyl group 
occms at the acyclic polyketide stage. The side chain of mycophenolic acid 

COMe 
MeOC 
HO~Oyyo 
Me0---tv COMe 

H06,OH 
R ~ 

OH Me OH 

(15) 

OH 

(16) R = Mc 
(17) R = H 

R 

1I0CMe 

OH CO,H 

(19) . R = Mc 

(20) 

Me 

MeO('r. 

HOlC~O 
Me OH 0 

Me 

HO (Go 
OH 0 
(21) 

(18) 
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(18) is derived from farnesol since (20) has not only been isolated but shown 
to be converted in vivo to mycophenolic acid~18). 

10.3 SHII<IMATE METABOllTES 

The shikimic acid pathway is important for the production of the amino 
acids phenylalanine and tyrosine which are important starter units for the 
alkaloids. This aspect will be discussed later in Section 10.4; however, other 
secondary metabolites so derived are the ortlzo- and para-substituted 
hydroxy- and amino-benzoic acids. 

Biogenetic considerations and exemplary use of physical methods led to 
the structural elucidation26 of chor!smic acid (23), an important intermediate 
in the conversion of shikimic acid (22) to prephenic acid (24) and hence to 

HOOlC . Hb 
5 " H. 

HO'" : OH 

OH 
(22) 

COlH 

H06 
OH 

(25) 

(23) 

OH. ·H. 
o . OH 

OH 

(26) 

HOlC. CH~'CO 'C01H o 
OH 

(24) 

CO~H 

H060H 
OH 

(27) 

phenylalanine and tyrosine. The mechanism of the conversion of shikimic 
acid (22) to chorismic acid (23) has been studied27

•
28 using stereospecific 

labelling at C-2 revealing that Hb is lost in a stereospecific process. In the 
formation of protocatechuic acid (25) from 5-dehydroshikimic acid (26), Hb 
is again lost29

• 5-Dehydroshikimic acid has been shownJO to be the precursor 
of gallic acid (27) in higher plants. 

10.4 ALKALOIDS 

10.-1.1 Isoquinoline alkaloids 

The early proposal that ex-keto acids react in vivo ~ith phenethylamines to 
produce isoquinoline alkaloids has been supportedl1 by the detection of 
peyoruvic acid (28) in the extracts of the peyote cactus as well as a specific 
incorporation of [1_14C] peyoruvic acid (28) into the alkyl isoquinoline 
alkaloid, analonidine (29). An oxidative decarboxylation process is thought 
to be involved yielding, initially, 1,2-dehydroanalonidine. It is important to 
note that the ex-keto acid and phenethylamine moieties are derivable from 
the corresponding ex-amino acids. By far the most important group of 
isoquinoline alkaloids are those from tyrosine and phenylalanine by an 
analogous process to that outlined for analonidine (29). These are the 1-



McO~ 
MeO~NH 

Me R 

(28) R = eOOH 
(29) R = H 
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MeO~3 
HO~N'Me 
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HO 1P' 
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be . ' . . (30).. ~31) . 
R n~YhsoqutnoiIne alkalOIds such as retJcuiIne (30) or onentalme (31). 
CI~hlllson32 very early recognised the structural relationship between this 
dl·ass and the more sophisticated polycyclic systems which will now be 

sCUssed. 

70.4.7.7 Berberine and related allealoids 
I -

. s~~e ICI~se relationship between reticuline (30) and the berberine alkaloid 
Ba ~ erme (32) became obvious after the elegant feeding experiments of 
thct on

33 
and Battersby34 showed the berberine bridge (C-8) to originate in 

pri N-rn.ethyl group of the 1-benzylisoquinoline precursor, presumably via 
Sor OXidation to an imonium system. 

\Vit~bsequent tracer work revealed35 the close relationship of scoulerine (32) 
reat the phthalidc isoquinoline alkaloid, narcotine (33). Two interesting 

Ures to emerge from this study were the oxidative cleavage of the berberine 
MC() r ' HO 0 

. HQ ~ I N
6 > 

W "
IIC8 H '" 0 
13 .. """ 

1P' OH d I 
~ I OMc y ."p OMe 

o OMe 

brid . (~2) (33) (34) 

tion ge to gIVe the phthalide carbonyl group and the stereospecific hydroxyl a
Brou at. C-l3. Also of general importance is the formation of a methylenedioxy 

AI Plng fl:om an O-methoxyphenoJ36. 
by /ernattve fission between C-6 and N in the berberine skeleton followed 
Ilin;ng closure between C-6 and C-13 has been shown37.38 to afford chelido
imp (34~. The final stages of the biosynthesis of chelidoninc (34) are known in 

resSIVe detail37. . 

70'4•7•2 Aporphine class 

1bis I 
~Ob ' C ass of alkaloids have the skeleton (35) which was early recognised by 
Pro Inson' to be derived from the 1-benzylisoquinoline system. Barton's 
IlOt ~0~aI3 that the union of rings A and D is accomplished by phenol oxidation 
known Y explained many of the substitution patterns in rings A and D in the 
in t1/ aporphine alkaloids but greatly aided further structural elucidation 

IS area. Using the important I-benzyli'ioquinolines, reticuline (30) and 
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orientaline (31) as examples, it can be seen that the substitution pattern in 
ring A dictates that oxidative bond formation can only occur at positions 
4a and 8; the latter being important in normal aporphine biosynthesis. The 
situation in ring D is more complex in that reticuline (30) ofTers two sites 
capable of bonding to C-8. These positions are 10 and 14 which are ortha and 
para to the phenol group. Isoboldine (36) is the predicted product of the 
cOupling between C-8 and C-14. In the case of orientaline (31), direct forma
tion of the aporphine system is denied by the substitution pattern in ring D. 
The only possibility of oxidative coupling would lead39 ... o to the cross
conjugated dienone, orientalinone (37). 

(35) 

MeO ::::,.. 
OH 
(36) . 

o 
(37) 

. Some aporphines have structures that could require the intermediacy of 
d~et1Ones, such as orientalinone (37), which are subsequently converted by 
dlenone-phenol rearrangement to the more stable aporphine structure in 
which ring D is aromatic. Rearrangement of the aryl residue in (37) (path a) 
Would afTord isocorytubcrine (38), or (pa th b) to (39). Battersby41 has shown 

. that this plausible route is, however, not selected for the formation of 
corYdine (40), glaucine (41) and dicentrine (42) in Dicentra eximia. 

(3l!) R = 11 
(40) R = Me (39) R = H 

(41) R = Me 

o 

<0 

# 
OMe 

(42) 

. Careful studies showed the I-benzylisoquinoline to be N-norprotosinome
nine (43) and strongly suggests that corydine (40) is derived by rearrange
~ent of the dienone (44) and that (45) is the progenitor of glaucine (41) and 
d~centrine (42). Further utilisation of dienollcs such as (44) and (45) will be 
discussed later in connection with the Erythrina alkaloids. 

(43) 

o ~~ 0 

NR 

MeO 

(44) R = 11 or Mc 

MeO OH 

(45) R = H or Mc 
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m Other work on the biosynthesis of isothebaine (46) showed39 the involve
n ent of orientalinone (37) and the stereospecific dienol-benzcne rearrange
~cnt o~ one of the dienols (47) or (48). The stereochemistry at the spiro 
unntre 

In the orientalinone (37) used in the tracer studies is unique but 
re ~dnown, and is thought to control the dircction of migration of the aryl 

SI Ue. 

MeD f ;) 

H"'~H 
(46) (47) (48) 

m;urther e.xamples of the importance of such dienone-phcnol rearrange
(49)t8 and (henol- benzene rearrangemcnts arc the co-occurrence of glasiovine 
aCe and th.e aporphine (50) in Ocotea glasiovii42 , and pronuciferine (51) 

Ompanymg nuciferine (52) in N elumbo nucffera43• 

70.4.1.3 

o 
(49) R = H 
(51) R = Mc 

(50) 

Morpl,ine and rolated typos 

(52) 

o . 
ti~e of the earliest applications of biogenetic argument in structure elucida
SY8~ Was the recognition of the relationship of the I-benzylisoquinoline 
(53) e~, e.g. (30), and morphine which led to the correct structural proposaJ32. 44 

rati Or .the alkaloid. The later proposals by Barton and Cohen3 further 
tWe onahsed this structure (53) in terms of oxidative phenol coupling be
(54)el~POsitions 4a and 10 in reticuline (30) leading to the dienone, salutaridine 
mo' ~pport for the intermediacy of reticuline (30) in the biosynthesis of 
nle~rhm~ alkaloids came in a most emphatic manner45 from feeding experi
mentS With Papaver somniferum plants. No unexpected skeletal rearrange
theb s. or demethylation accompanied the incorporation of reticuline into 
dire alOe (35), hence the methylation pattern of the I-benzylisoquinoline (30) 

l'~ts the oxidative coupling. 
theb ~ key dienone, salutaridine (54), was ~repa~ed by. partial sy?t?e~is from 
from al~e (55) and subsequently found to be Identical wIth an alkalOId Isolated 
enti froton salutaris. This important and rapid structure proof was due 
lax~e y ~o parallel research in biosynthesis and isolation studies of a 
Sllee~lOmlC nature. 3H_ and 14C-labelled salutaridines were incorporated 

1fieally into morphine (53) codeine (56) and thebaine (55). Confirmation of 
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the participation of salutaridine (54) involving biosynthesis in P. sommiferum 
was given by dilution studies leading to the isolation of radioactive 
salutaridine (54). 

MeO I 
HO 

1-1' OH 

(57) 

(53) R = H 
(56) R = Me 

MeO 

Ho' H 
(58) 

o 
(54) 

(59) 

(SS) 

(60) 

In a beautiful study"6 of the conversion of salutaridine to thebaine (55), 
both salutaridinol-I (57) and salutaridinol-lI (58) were synthesised, then the 
stereochemistry at C-7 determined. It had been proposed47 that, in the con
version of salutaridinol into thebaine (55), the phenolic hydroxyl group 
should displace the oxygen junction at C-l by an SN2' mechanism. Contrary 
to expectation salutaridinol-I (57) was found to be the most effective pre
Cursor of thebaine (55). 

The conversion of thebaine (55) into codeine (56) by P. somlliferum has 
recently been studied4B in detail using 14C02 exposures. It was established 
that neopinone (59) and codeinone (60) are involved ill this transformation. 
~eopinone (59) would be the product expected from hydrolysis, with 
kmetic control, of the enol ether function of the thebaine (55). 

Sinomenine (61) is :.lI1 alkaloid isolated from Sillomenium actum and 
shown by Goto and his colleagues49 to have a gross enantiomeric relation
ship with the morphllle alkaloids. (± )-Rcticulinc (30) was shown50 to be a 
precursor of sinomenine (61) implying the intermediacy of the dienone (62) 
enantiomeric to salutaridine (54). Later feeding experiments were aided by 
the isolation of sinoacutine (62) form S. aClItum51 and shown to be the 
c~alltiomer of the known alkaloid, salutaridine (54). This allowed [1- 3H] 
Stnoacutine (62) to be prepared and, when fed to S. acutum, was found to be 

(6\) 
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I 
~c~rporated into sinomenine (61). Unfortunately the later stages are as yet 
n nOWn52 and await further study. 

I 
I ~O.4.7.4 Erythrina olkoloids 

11 ~~) broposaP that the Erythrina alkaloids were derived from the diphenol 
inc as b~en tested and rejected by 3arton52• 53, who found negligible 
Cri ~rpora~lOn of (63) into erythratine (64) and erythraline (65) in Er.vthrilla 
~e: .a-gall! and E. nlbrillervia, notwithstanding the very good ill dtro con
wa:l~n of (63) into (±)·erysodienone (66)54.55. N-Norprotosinomenine (43) 

I trYthO~lt1d to be. an efficient pr~curs~r o~ (64) and (65) which classifies the 
C Tina alkalOids as 1-benzyltsoqulllohnes . 

. was areful biosynthetic studies56 implicated the dienone «45), R = H) which 
Qpo sU.bsequ.ently shown to be involved in the biosynthesis of Dice/ltra 
the 1hll1es dIscussed earlier. Fragmentation of (45), as shown, would give 
was Iphenol (67) after reduction of the intermediate imonium system. This 
inter con~rmed by tracer feedings as was the symmetrical nature of the 
sUpp ll1edlate (67). The ready oxidation of (67) to erysodienone (66) lends 

Ort to the proposed ill vivo pathway. 

HO~ 
MeoV HN 

M~q 
. OH 

(63) 

o 
(66) 

6 7 

; 1I 
MeO'" '., 

R' 'R' 
(64) R' = Off; R' = H 
(69) R' = OH; R' = H 

o Q 

MeO OH 
(45) 

O~ <0 ~I ... ~ 
MeO' 

o 

(65) 

Is I . (68) 

XPe~·atlon and structure studies running concurrently with the biosynthetic 
he ;Illcnts did much to clarify the late stages in Erythrina biosynthesis. 
e ~-occurrence of erythratinone (68) with (66) shows that reduction of 

double bond of the enol ether system in a cross-conjugated dienone 
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system is a reasonable in vivo process. This analogy was subsequently used in 
structural studies in l-phenethylisoquinoline alkaloids to be discussed later. 
Erythratinone was converted into [2-3H] erythratine (64) and [2-3 H] 
epierythratine (69). The latter was transformed most efficiently into erythr
aline (65). 

10.4.2 Phenethylisoquinolino alkaloids 

70.4.2.7 f/omomorpliinans and colchicino 

The recent structural and biosynthetic researches undertaken at Liverpool 
illustrate at once the great dependence of biosynthetic studies on structure 
relationships and also the remarkable aid that such tracer experiments give 
to subsequent structure elucidation. 

At first glance, the structure of colchicine (69) would seem far removed 
from the biosynthetic pathways already discllssed in connection with 1-
benzylisoquinoline alkaloids. This assumption would be wrong, and indeed 
the spectral characteristics of reticuline (54) and erythratinone (68) proved 
to be of great importance in structure elucidation of alkaloids isolated from 
the Liliaceae. 

Androcymbine (70) occurs together with colchicine (69) in Anrlrocymbiutll 
melanthioides (Liliaceae) and its structure elucidation57 relied heavily on 
spectroscopic methods. Comparison of the data with that for salutaridine (54) 

MC09t)1 ,...R' '''N 
MeO:::'" 'R' 

Me If ~ 
~ 0 

OMe 
(69) R' = H; R2 = CO'Mc 
(72) R' = 11; R2 = Mc 

(73) R' =' 11. Rl = IP = Mc 
(86) R 2 = H, R' = R J = Me 

MeO ° (70) R: = H. R' ~ R' = Mc 
(71) R' = R' = R' = Mc. 

gave a rapid clue to the gross structure of (70) which was substantiated and 
extended by careful degradation experiments. It was quickly establishedsa 

that not only was O-methyl androcymbine (71) efficiently incorporated into 
Colchicine (69) and demecolcine (72) in Colchicum autumnale and C. byulI1-
~inu/)J (Liliaccae) but the predicted precursor of O-methylandrocymbine (71), 
I.e, I-phenethylisoquinolinc( - )autumnaline (73), was also incorporated 
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I te~l into these alkaloids. More sophisticated biosynthetic studies59 est ab-

I 
t~S cd much of the in vivo process from (74) to colchicine (69), however the 
~olone for~ing s!ep is not c1e~r1y define? as yet. .. . I (-) oncurrent IsolatIon work60 wIth C. corlllgerum led to the IdentIficatIOn of 

is tutumnaline (73) as a naturally occurring l-phenethylisoquinoline. Also 
o~. ate? was the dienone, CC-IO (75) which is the product of para-para 
1ll1~~hV~ coupling of ( + )autumnaline (73) and the enantiomer of the inter
III elate tn the biosynthetic scheme for colchicine (69). Androcymbine (70) 

ust therefore be a transmethylation product of the enantiomer of (75). 

~ 

OH 

HO~ MeO ~ I N'Me 
. MeO ~ 

~ 

Me 0 

(75) 

(74) 

Ill~re~siginine (76) was shown61 -63 to have a structure reminiscent of 
th/Ph.me ~53) and erythratinone (68). A key step in the structure proof was 
Ira O~ldatlOn to (77) which, in addition to simplifying the speclra, could be 
isofs ormed into O-methylandrocymbine (71). The alkaloid CC-2 (78) 
die atcd from C. cornigerllln60 shows a similar fate of the cross-conjugated 

none system to that of erythratinone (68). 

Meo~ MeO~ O~ ,. 0 I .. ." I lV\t " .:... •...• .. . ~ , .... ·N·Me ~ I ('" 'N'Me <0 ~ N'Me 
. MeO : 

o ~ 0 ~ MeO ~ 

MeO ''OH Med 0 MeO OH 

(76) (77) (78) 

rO'42 '.2 Homosporphines 

~; elUcidation of the biosynthesis of colchicine (69) and recognition of the 
con ortan~e of I-phenethylisoquinolines such as autumnaline (73) in the 
Phi~trucho~ of the CoJchicum alkaloids strongly suggested that homoap?r
in thes, 1~~Vtng the basIc skeleton (79), should be natural products occurnng 
Were ~ Llhaceae. Floramultine (80), multiOoramine (81) and kreysigine (82) 
sPec! ISolate? from Kreysigia multiflora. Biogenetic argument ~oupled w!th 
little ~OSCOPIC data allowed the structures to be deduced64 rapidly and wIth 
Pall estruction of these rare alkaloids. Confirmation came from synthesis6s 

(37) C{ned on the biosynthetic route to the aporphil1es via dienones such as 
1(. ~ n~eed, the corresponding homo-proaporphine (85) was isolated 65 from 
rerri ultifl,ora. Oxidation of the I-phenethylisoquinoline (86) with potassium 
lllUI~banlde afforded the spirodienonc (87), which rearranged in acid to 

I oramil1e (81). This, however, did not prove to be the case in villo 

• 
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(79) 

o (85) 

M~O (;'~j(""""""-l 

Ht>""'-I NMe 
RIO __ 

R20 ~ !J . 
RJO 

(80) RJ = H;RI = IF = Me 
(81) R2 = H: RI = RJ = Me 
(83) RI = R2 = RJ = Me 
(84) RI = 11: R2 = R J = Me 

where it was found b6 that autumnaline (73) was incorporated into the 
homoaporphines and (86) rejected by K. multiflora. It would appear that the 
homoaporphines are derived in vivo by direct coupling to give floramultine 
(80), followed by transmethylation to muItiflorarnine (81). The alternative 
homoaporphine CC-24 (84) has been identified in C. cornigerum, again 
biosynthetic considerations being of prime importance in the structure 
elucidation. 

10.4.3 Amaryllidaceae alkaloids 

The alkaloids present in the AmaryIIidaceae may be considered to be based 
upon the skeletons (88), (89) and (90) and could be derived from an N
benzylphenethylamine, norbeIIadine (91). The proposed 3.67 biosynthetic 
pathways to these parent skeletons involve oxidative coupling of suitably .1 

methylated norbeIIadine derivatives. 

(88) 

""ID (JlJ;> 
(89) (90) 

It was early discovered that tyrosine was incorporated into the C-6-C-2 
unit68 and phenylalanine the precursor of the C-6-C-J moiety69. 70 of Iycorlne 
(92). Barton showed71 that the N-bcllzylphcnethyJaminc (93) was incor
porated intact into Iycorine (92) and Battersby foumF2 specific incorporation 
of norbelladine (91), also into Iycorine (92). III vivo oxidation of O-methyl
norbclladine is thought to afford (94), which on reduction of the carbonyl 
function would produce norpJuviine (95). The subsequent hydroxylatioll 
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I ~f cafjranine (96) to lycorine (92) has been shown 73.74 to occur with retention of I on Iguration. 

I 
se Most of ~he recent work on Amaryllidaceae alkaloids has been with sub
Ihqu~nt oXldative metabolism of the crinane skeleton (89). Introduction of 

e ydroxyl function at C-ll to form haemanthamine (97) has been 

m
". OH 

I o ,;p 

<0 ~ I N 

M'O,Flon 
HOQr~ 

(92) (94) 

~
-IO"' I 

RIO ,;P 

R'O ~ I N 

(95) R = Mc 
(96) RI; R' = -CI-I,-

k~yed75'76 to take place with retention of configuration. The novel alkaloid 
(981~e (99) is derived77 by removal of the C-ll-C-12 bridge of oKocrinine 
foJ cl~d oxidative fission of the heterocyclic ring. Narciclasine (100)78 is 
cle od 10 several Amaryllidaceae plants and is another example of oxidative 
Iha~vage of the C-I1-C-12 bridge of the crinane skeleton. It was established7~ 
irn I'0-methylnorbelladine (93) was an early precursor and later workoo 

ab~ ;Cated vittatine (101) in the biosynthesis which gives evidence for the 
o ute configuration of narciclasine. 

~
OMe 

o ... .,- -OH \::Y . 11 \ 

o ~ I N\' 
(97) 

v9.
9HOH 

I 
o ,;P OH 

<0 ~ I NH 

10 4 '.4 Betalains 

o 
(100) (101) 

';pI 
~ 

I NH·Me 
CH 20H 

(99) 

~e!alains are red-violet and yellow alkaloids that occllr in plants belonging 
bet en families in the Order Centrospermae81 • The red-violet variety have the 

acyanin skeleton (102) and the yellow type, the betaxanthins, have the 

• 
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skeleton (103). In the presence of base and excess L-proline, betanin (104) 
afforded indicaxanthin (103). Tracer experiments indicated that dopa (105) 
was incorporated into betanin (104) and subsequent exchange with proline 
proved that 90 % of the radioactivity was located82 in the betalamic acid (106) 
section. It was shown83 that the carboxyl group of dopa (105) becomes the 

RO~ HO '~ I + ... H 

X
T" COO-

I 
19 

H02C... I 
H N COOH 

2' 

HO~1:? I ' COOH 
1 6 , NU 

HO 4'~ n2 ,. 
(105) 

H 
(I02)R = H 
(104) R = glucosyl 

o HC

61 O~COlH ~ . I I IIO( rJ .. H 
HOzC N C02H H02C NH2 HO~W" , 

H CHO H CO,H 

(106) (107) (108) 

~9-carboxyl of betanin (104). The mechanism of conversion of dopa (105) 
l~to betalamic acid (106) has been shown84 to invoivc fission of the catechol 
flng between the 41 and 51 positions, presumably to give (107) which could 
cyclise directly to betalamic acid (106) followed by condensation with either 
cyclodopa (108) or proline. 

10.5 MONOTERPENE-INDOLE ALKALOIDS 

10.5.1 Monoterpenes related to loganin 

'fhe structures of cyclopentanoid monoterpenes such as iridodial (109) and 
l~ganin (110) have recently assumed very great importa~ce as a result of 
blosynthetic studies on indole alkaloids. An ingenious synthesis8

$ ofiridodial 
(1.09) from citronellal (111) via an intramolecular Michael reaction of the 
dlaldehyde (112) was based on a biogenetic scheme for the formation of the 
bYelopentane ring. The structurally similar alkaloid, fJ-skytanthinc (113) has 

eell shown86 to be isoprenoid by the specific incorporation of [2-14C] 
lllcvalonate in Skytanthus acutlls. 

Me 

«::HO 
Mc 

(\09) 

HO... , .. Me 

~'.I~"O'GIU 
H '" 

Mc02C ~ O. 

(110) 

Me 
~CHO 

"-yR 
Me 

(Ill) R = "·Ie 
(112) R = CHO 

o~' 
rA~N'Me 

Me 
(1\3) 
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I 
kn~lthough some of the glucosides of cyclopentane monoterpenes have been 
stn Wn for over a century - verbenalin (114) was isolated in 183S~7 - the first 
SChlct~lral elucidation was not accomplished until 1958 when Halpern and I stUdlllld89 published the structure of plumieride f 115). This was followed by a 
[p1Co]f the biosynthesis69 of plumieridc (115) in P/umeria aculi/olia using 

I nat acetate and [2_ 14C] meva!onate which indicated the isoprenoid 
ace~rre of .cyclopentanoid portion and that carbons C-ll-C-14 were 
ralldllte-?en.ved. Labelling of C-3 and C-15 by [2_14C] mevalonate indicated 
e.g omIs~hon of the terminal methyl groups of the monoterpene precursor, 
rCl~ geraO\ol (116). It should be noted that thi~: work was done before the 
and Vt~nce of such structures to indole alkaloid biosynthesis was appreciated, 
sUr.h at .subsequent rapid. developments in the are~ leaned very heavily on 
, n :arher researches whIch have recently been revIewed90• 

indo~ause of the biosynthetic relationship91 between Ioganin (117) and the 
une e.alkaloids, it became imperative that the structure should be established 

qUIvocally and also a study made of the biosynthesis. Loganin was fi rst 

(117) R = 011 
(119) R = H 

13 

~II OH 

.0·Glu 

MeOOC 
1 S 

(115) 

Me 

~CHO 
OHC CI-IO 

(118) 

1iS::':~" 
"'" 0 

o 
, (121) 

.ri-CHlOH 
9~;-

Me R 

(116jR = Me 
(122) R = CII 20H 

Me COOH 

O "COOH 

(120) 

ISOlated92 . . . 
t/'ij( /' from Strychnos nux-vonllca III 1884 and later93 from Menyanthes 
R.a 

0 
late, but the structure remained in debate until 1961 when Sheth, 

Spernstad and Wolinsky94 proposed structure (117) based primarily upon 
l'h Ctroscopic data and analogy with known cyclopentane monoterpenes. 
bioc Illet~yl group was placed at C-3 by analogy with known structures and 
the genetIC argument. Three grotlps95-97 of workers independently proved 
Stru~tructure beYOl!d a~y doubt. Battersby ~nd hi£ co-worker,s correlated the 
\Vh tUre of loganm wIth that of verbenahn (114) of estabhshed structure, 
Yo~~:as Arigoni correlated it with the known nepetic acid (120). Inouye, 

~ .lda and Tobita proved the structure by synthesising loganin (117) 

'. 
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from asperuloside (121). In keeping with the structure, geraniol (116) and 
ncrol. the 2.3-cis isomer. were established as precursors of loganin (117). It 
was alsu SllOWii by carL,on-96 ":l~ ,p;ti .. ~-bbAl1;n(Y <' fu d ;p'~\I\I tha t th,. 10-
hydroxy derivatives (122) a're al;~ ~~'tj,;bi~;y~th~tic~pa~I;;ay, and fu;ther 
that th~y are incorporated with randomisation of label between C-9 and 
~-1O in logan in (117) suggesting98 the intermediacy of the trialdehyde (118) 
!I~ the biosynthesis, a situation reminiscent of the Robinson synthesis of 
Jrtdodial (109) discussed earlier. In a study of the biosynthesis'°o of verbenalin 
(114) from [2- '4CJmevalonate, a similar randomisation occurs but varies 
according to the age of the plant. There is evidence'O' for 5-dcoxyloganin 
(119) being an intermediate in loganin (l17) biosynthesis showing that the 
~-hYdroXYI function is introduced late to form loganin (117) and may indeed 

e a prelude to more extensive oxidation of the system. . 
. . Monoterpenes of the loganin type - collectively named iridoids due to the 
Irtdodial (109) skeleton - are progenitors of another series of monoterpene 
glucosides in which the cyelopentane ring has been cleaved between C-l 
and CoS. An important example of this class of seco-iridoids is sweroside 
(123) present in Swertia japonica. [2_14C] Mevalonate feedings to Swertia 
~lants suggest '02 the int.ermediacy of loganin (117) in thepathway to swero
S!dc. Loganin (117) has been shown'03 to serve as a precursor of gentiopicro
sIde (124) and studies'04 involving tritium-labelled 4-pro-R- and 4-pro-S
!Uevalonate indicate that the stereochemistry at C-2 in gentiopicroside (124) 
IS consistent with that at C-2 of loganin (117). Perhaps the most impor~ant 
stU.dies in this field, from a general biosynthetic standpoint, are those of 
Angoni'05 and BattersbylOl) who isolated foliamenthin '(125) and methiafolin 
(126) from Mellyantnes trifoliata. Although the structural elucidations were 

o 
(123) 

~
o 1'" 

I . . .. I~ .. O.Glu 

W 
MeOlC ~ 0 

(127) 

~ (:00oG!' 
o 

(124) 

~ . H 
R0yY'" ... O·Glu 

O~O 
o 

Me 

(125) R = 
~CH'O" 

Mc CO 

Me OH 

0(126) R . ~ 
Mc CO 

~stablished using chemical and spectral data. great use was made of support
Ing biosynthctic argument. Each group included confirmatory feeding 
r~sults using 14C-geraniol. It is of interest to note that the acid moieties of 
( 2?) and (126) both show oxidation at C-lO of the geranioJ-linalool precursor 
WhIch is necessary for further elaboration to the iridoid ring system. Dattersby 
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I ~ AI. ave shown that secologanin (127) is produced fromloganin (117) 
ring etyall/he.~ trifoliata and lillea rosea. At present, the mechanism of the 
(~dot eavage .IS not known. The incorporation of sweroside (123) into the 
Ithe e/lkaloldslo9.llo probab.ly occurs, via o~idation to secologani~ (1~7). 
tOUI; cat overlap between blOsynthetlc studies and structural elucidatIOn 
!legr. d not be better exemplified than by the work of Battersby'" who 
U!ili~ ~~ menthiafolin (126) to secologanin (127) and was therefore able to 

IS valuable seco-iridoid in further biosynthetic studies. 

10 G 2 
'. Indole-alkaloid inter-relationships 

~~~~~t ~iosynthetic researches have clarified thc inter-relationships of the 
tan b;n ole a~kaloid typcs, i.c. Corynanthe, Aspidosperma and Iboga, which 
rcspect~Xemphfied by ajmalicine (128) vindoline (129) and catharanthinc (130) 
for rn Ively. The origin of the non-tryptamine Cl 0 fragment remained obscure 
!rYPt:n~ years ~lthough Thomas lI2 and Wenkert ll3 did suggest that the non
Pene ;;:I?e. mOlcty might be derived from an iridoid cyclopentane monoter
lion ~f nklll~ confirmation of this hypothesis came from spccific incorpora
'the [2~~ranlOl (11~)1I4 and latcr loganin (117)115 into all three in?olc classes. 
Itninist CJ ioganm (117) used was derived from [2_ 14C] geranIOl (116) ad
(127) f~red to M ~ny(//~thes trij~liata. Af~er thc prcparatiOJ~ of secolo,ganin 
[O'rn~t~m tncntlllafohn (126), It was qUIckly shown" 6 by lI1corporatlOn of 
I1nca "R yJ.3H] sccologanin (127) into the three classes of alkaloids of 
conde OS~a that this is the key 10-carbon fragment required for in vivo 

It w nsatlon with tryptamine. 
P!i. 4.sat al~o found ll7 th~t se~ologanin (12?) c~ndcn.scs wit,h tr~p!amine at 
Ofthet n VUr? to afford vmcoslde (131) and Isovmcosldc (stnctosldme) (132). 

woeplmcrs, only vincoside (131) havinga 3/J-hydrogenll8 was found1l7 

~" HI 
P' 1 "'-

MeO ~ N , OAc 
I ; OH 

Me Me CO,Me 

(129) 

H" 
MeOOC ~ 0 

(131) R = 1I,3;S·1-/ 
(132) R = H, 3,, ·11 
(133) R = COOl!. 3d! 
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to be incorporated into t he three indole cJ{lSSCS (128), (129) and (130) in 
Vinca rosea, in spite of the detection of both epimcr:; (131) and (132) by 
radioactive dilution techniques. The mechanism of inversion at C-3 during 
!he biosynthesis of the Corynanthe alkaloid (128) is unknown at present. An 
Il1teresting combination of the biosynthetic and spectroscopic approaches to 
structural elucidation led to the identilication1l9 of 5tX-carboxystrictosidine 
(133) in Rhazya orientalis, showing that decarboxylation of tryptophan does 
not always take place prior to condensation with secologanin (127). 

Investigation of the biosynthetic path from vincoside (131) to the CorYIlQnthe, 
Aspidosperma and Jboga skeletons has led to the isolation of new alkaloids 
~nd a greater understanding of the chemistry of indole alkaloids. Scott12O has 
Introduced a novel approach to the problem by utilising young seedlings of 
Vin~a /'osea to follow the development of the constituent alkaloids by auto
r~dlOgraphy and radiochemical analysis. In this way it was hoped to dis
tinguish between the static and dynamic metabolites and provide evidence 
for the sequence of occurrence of the Vinca alkaloids. 

Mc (135) OH 

(134) 

OH 
(136) 

Under acid conditions, isovincoside (strictosidine) (132) is transformed into 
valIesiachotamine (134) by condensation of the amino function with one of 
the two potential aldehyde groups in (132). It is thought that the alternative 
ro~e of condensation occurs in the late stages of indole alkaloid biosynthesis 
eadlOg to (128), (129) and (130). Indeed, Scottl2O postulates the existence of 
~135) in Vinca /'osea seedlings which is an obvious precursor of geissoschizine 
136). The rates of formation of geissoschizine (136) and ajmalicine (128) 

\Vere found 120 to be quite different and indicated that geissoschizine (136) 
\Vas being rapidly metabolised. Supporting this was the incorporation121 of 
[O-tnethyl_3H, Ar-~HJgeissoschizine (138) into all three indole alkaloidal 
Classes. The incorporation122 of geissoschizine (136) into akuammicinc (137), 
and the realisation that (137) was probably a shunt metabolite, initiated a 
~earch for the intermediate preakuammicine (138) which was subsequently 
lsolated123 from Vinca rosea seedlings. The indoleninc structure (133) was 
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I( S~ported by speclroscopic data and the facile loss of formaldehyde to 
a .o:d akuammicine (137). Sodium borohydride reduction of preakuam

I InICIne ~138) gave stemmadenine (139) which is yet another proposed bio-
synthettc intermediate in this area. Stemmadenine was found '22 to be a 

I ~recursor of vindoline (129) and catharanthine (130), a finding which would 

I 
ae~rn to support (140) as being the branch point between the Aspidosperma 
n /boga types. 

I 

I 
(138) 

~(:QM' 
C01Me 

(140) 

(142) 

Q£<.\ . '~~e 
HOH1C C01Me 

(139) 

(141) R = -CH1CH1-NQ 

M? 

(143) 

; be~ n,ull1ber of alkaloids having the skeleton corresponding to (140) have 
. sec n .Isolated from Rhazia species'24• m. Presecamine (141) is a dimer of 
, suc~dIne (142) which is a dihydro derivative of(140). It is possible that dimers 

Cl a~ (141) may arise by tlon-enzymic dimcrisation of sccodine (142). 
, orr/cltsation of the acrylic ester (140) by a type of Diels Alder reaction 

andrs two possibilities, which are in fact tabersonine (143) (Aspidosperma) 
fOIe Catharanthine (130) (Iboga). On the basis of work by Scott'20, a dynamic 
(J29)IllUs~ be ascribed to tabersonine (143) in contrast to the case of vindoline 
the' Which steadily gains in radioactivity with time. This finds support '26 in 
(I3~).corporation of tabcrsonine (143) into vindoline (129) alld catharanthine 
Diel ' presumably the latter transformation occurs via (140) after a retro-

. s-Alder process. 

~S.3 Cinchona alkaloids 

led~ e.xtremely important alkaloid quinine (144) present in Cinchona 
er/ana has been shown127 to be a modified indole alkaloid. Earlier work 

• 
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had proved that quinine (144) is biosynthesised from tryptophanm , 
geraniol129.130 and loganin (117)131. Vincoside (131) and corynantheal (145) 
were found to be intermediates in quinine biosynthesis. Oxidation at C-5 il1 
(145) leading to fission between C-5 and N is thought to be a stereospecific 
process forming the aldehyde (146) but not the corresponding acid since 50% 

O)oHI~ MeO,:P' ~ 

""" I ~ z. N 

CHO 

H H 

(146) 

(144) (145) 

x 

Qc """ ~ 
(147) 

N H'" H 

(148) 

of the tritium at C-5 (derived from C-l of tryptamine) is retained at C-2' of 
cinchonidone (147). Ring enlargement to the quinoline system must surely 
involve cleavage of an indolcnine intermediate such as (148) and recyclisation 
involving the aldehyde function. 

10.6 IPECACUANHA ALI<ALOIDS 

The most important member of this class is the amoebicidal alkaloid emetine 
(149) which is found with cephaeline (150) and ipecoside (151) in Cephaelis 
ipecacuanha. The structures of emetine (149) and cephaeline (150) very early 
revealed a close structural and stereochemical relationship to the indole 
~lkaloids discussed earlier. This was largely confirmed as a result of the 
Isolation and structure determination132 of ipecoside (151). An x-ray study133 
assigned the stereochemistry at C-5 and showed it to be identical to that at 

(149) R = Me 
(ISO) R = H 

I 5 NR 
,:P' 
.. /1 
.... 0·G1u 

(1 51) R = COMe 
(1 52) R = 11 
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c. . (153) 

CiU3d In vincoside (l31). Acetylation of the nitrogen in (151) obviously pre
tno' es any interaction of the amine function with the highly reactive C-lO 
Allet~. A fl1onoterpenoid lactam, alangiside (153) has been isolatedl34 from 

ling/Uti! lamarckii. 
0e~~'1l1et~y~_3H, 6-3 H 2 ] secologanin (127) and desacetyl i~ecoside (152) 
Ipe adml1ustered to C. ipecacuanha and showed conclUSively that the 
Oftflac~anha alkaloids are biosynthcsised135 in a manner analogous to that 

e Indole alkaloids. 
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Alkaloid biosynthesis 

R. RAMAGE 

The Robert Robinson Laboratories, University of Liverpool, 
Liverpool, England 

1. Introduction 
d E~tensive researches performed over the last fifteen years leading to quite 
t etalled knowledge of the in vivo pathway to the alkaloids owe a great deal 
o~ the ea~ly hypotheses of Robinson (1935). The early structural elucidation, 
\V~lkalolds revealed close relationships and, in some cases, subtle variations 
c ch Were assumed to be indicative of the biosynthetic route used in their 
lionstruction. In fact the relationship between the I-benzyltetrahydroisoquino
rnne sY~tem (I) and morphine (11) led to the correct structural assignment for 
prorphme. Twenty years later the nature and generality ofthe crucial bonding 
(I~~ss leading to the morphine skeleton was brilliantly exposed by Barton 

. SUb 7~ Who proposed that the key step involved oxidative coupling of suitably 
Shtuted phenols. 

HO 

(I) (11) 

FIG. 1 

al~n ~rder to determine the mechanism and intermediates involved in 
Ira alold biosynthesis in plants extensive use has been made of radioactive 

, alI cer ~ethods. The usual isotopes used are carbon-14 and tritium which 
. of ~W SCmtillation counting to be used as a means of estimating the efficiency 

illl'lI Vivo transformation of a labelled precursor into an alkaloid. It is most 
iSI~ortant to preclude the possibility of in vivo degradation of the admin
llla red precursor into small units containing the radioactive isotope which 
~h~ then be incorporated randomly into the alkaloid under investigation. 
desl,S can be tested by degrading the isolated alkaloid in a precise manner 
rOlIlgn~d to ' isolate the site of radioactivity. Let us illustrate this by the 

OWing example. 

F9 
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MeO~ 
HO 

Precursor 

MeO~ 

HO 
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K . mulrtf/ora , Alkaloid 

FIG. 2 

--

MeO~ 

MeO 

If the alkaloid is found to be efficiently and specifically labelled, i.e. we 
isotope identified as being at the predicted position(s) like the above exaJ1lpl~~ 
then the precursor administered to the plant is likely to be on the biOsy~tb~e 
pathway. Using tritium it is possible to gain insight into changes In e 
oxidation level or deprotonations during biosynthesis, especially when ~4 ' 
tritium content of both precursor and alkaloid can be related to a carbon
label of known specificity. The following example shows the result of a ster~O' 
specific reaction in vivo at a non-stereospecifically labelled methylene grouPIng 

() Cl H3H) during biosynthesis . 

• He 1 
+ 8H 10 

Precursor c. aurum."l. " Alkaloid 

FIG. 3 
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thus alkaloid biosynthetic studies often have three stages which are 
1. Synthesis of labelled precursors 
2. Plant feeding 

l' 3. Degradative experiments to isolate the position(s) of radioactivity. 
he. last stage very often utilizes the results of research performed during 

I ea~lier structural studies on the alkaloid under investigation. It should be 
! PO.Inted out that there is considerable skill required to place the label at a 

I 
SUitable position in the precursor which can ultimately be picked out easily 
on chemical degradation of the alkaloid. 
I Other isotopes such as nitrogen-IS and carbon-13 have been used much 
~~IS but with the advent of carbon-13 NMR it is anticipated that more use 
al~ I be made of this isotope provided incorporations are sufficiently high to 
th o~ detection of the carbon-13 resonances. This method has the advantage 
I ~t I~ does not require degradation of the alkaloid; the position of carbon-13 
ja ~lhng being identified directly from the NMR spectrum of the alkaloid 
So ated from the plant. 

2. Pyrrolidine and tropane alkaloids 
or[2.uc, d.15N]Ornithine (Ill) has been shown to be a biosynthetic precursor 
alkthe .pyrrolidine alkaloids hygrine (VIII) cuskhygrine (IX) and the tropane 
fo alold hyoscyamine (X). d-N-methylormithine (IV) is thought to be trans-

e p r
th
llled into y-N-methylaminobutyraldehyde (VII) by either of the following 

a Way e s. 
4 ; 

)' . ~HS 
I~ 

~/ 
R·NH NHs , CO OH 

(Ill) R = H 
(IV) R = Me 

I 
Me ~ 

(V) 

/ 

QCOOH 
~HO 
Me 

(VI) 

FIO. 4 

QHO 
~e 
(VII) 

~~rarnOlecular condensation of the aminoaldehyde(VII) to afford the immo
I~ ~ system (XI) would be expected to be a favourable process having many 
te:/V? ~nalogjes. Furthermore the immonium species has the correct chemical 
f~rC~IVlty required for the addition of the biological equivalent of acetone to 

illsh alkaloids (Vlll) and (IX). In fact radioactivity labelled (XI, X= CI- ) 
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0 ~Me OJJJ N N N 

~e x- I I I 
Me Me Me 

(XI) (VIII) (IX) 

~ ~ ~ ~~ eft ~ .Me ~ I ~e O-CO-CH-Ph H/ 
I 
OH 

(X) (XII) (XIII) (XIV) 

FIO.5 

has been incorporated into nicotine (XII). Further evidence for the inv?IV
C
; 

ment of intermediates (V) and (VII) is the partially enzymic synth~SIS;e 
hygrine (VIII) from N-methylputrescine (V) and acetoacetic acid In eo 
presence of diaminoxidase at pH 7·6. Oxidation of amines is a commoll ~ I 

action in the biochemistry of alkaloids, however in this case it is followed 1 
hydrolysis of the imine produced to give the amino-aldehyde (VI). -da' 

Formation of the tropane alkaloid hyoscyamine (X) must occur via o~llal 
tion at C-4 of hygrine (VIII) to give (XIII) followed by intramolecUtbe 
cyclization to tropinone (XIV). The classical studies of Robinson led to -D' 
following synthesis of tropinone (XIV) from succinic aldehyde, methyl~J1l1~ 
and acetone dicarboxylic acid and follows remarkably closely the blOSJ~ 
thetic route to the tropane skeleton as indicated by modern tracer methO 

J:1HO 
NH.Me 

HOOC~COOH 
o 

QHO 

~
~ H Me 

O~ COOH 

~ 

FIG_ 6 
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3. Pyridine and piperidine alkaloids 
f The early suggestion by Robinson that the piperidine alkaloids are derived 
rom lysine (XV) has been substantiated in the case of the Sedum alkaloids 
~.methYlisopelletierine (XVI) and sed amine (XVII). [2-3H, 6-14C]Lysine was 
oUnd to be incorporated into sedamine without randomization of label or 

alteration of the 3H: 14C ratio invoking the intermediacy of the amino
aldehyde (XVIII) and the corresponding immonium ion (XIX). 

(XV) 

~o ,H 
Me 

(XVIII) 

FIG . 7 

r'I OH 

~N~Ph 
~e 

(XVIO 

o 
~ X-
Me 

(XIX) 

)1 • Ra~her surprisingly the Hemlock plant chooses another pathway to the 
~ ~Iperldine moiety in alkaloids related to coniine (XX). Although the details 
.~ l~e at present uncertain it is suggested that 5-ketooctanoic acid (XXI), and 
is. j e. corresponding aldehyde, are the key acyclic precursors which clearly 

pndlcates acetate rather than amino acid starting units. Nigrifactin (XXII), 
a fOduced by a Streptomyces species, has been shown to be derived from 
Celate. 

~, ~ o Me ~M' 
(xX) (XXI) (XXII) 

FIG. 8 

nj In ~h~ biosynthesis of nicotine (XXIV) and anabasine (XXV) I : 6-dihydro
~~hnlc acid (XXIII) combines with the cyclic immonium systems (XI) and 
at )() respectively followed by decarboxylation and oxidation to form the 
all~ll1atic pyridine ring. The normal pathway to nicotinic acid (XXVIII) in 

Ill1als is from tryptophan (XXVI) via kynurenine (XXVII) whereas it is 
8 
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~~ X- cY2COOH en 1P CO OH 1+ - 1P N - ~ N 
Me I I I 

.... """ h Me g Me 
'N N N 
~ (XXIV) 

(XXIII) 

1. -C02 
2. oxidn I 

FIG. 9 

derived from aspartic acid and glyceraldehyde in plants but the details oflb' 
latter process are not known in detail. r 

A further route to reduced pyridine ring systems has been elucidated f~~ 
the betalains which are the red-violet and yellow alkaloids that occur J 

plants belonging to ten families in the Centrospermae. The red-violet type! 

OcJ):
COOH 

... I I NH 
~ It I 

(XXVI) 

QC
1P I COOH 

NH. 
H 

(XXVIij 

FIG. 10 

a COOH 

I . 
~ 

(XXVIII) 

0, 

o· 

(X 
~'a 
of ; 
P-n 
~f f 
I~C( 

have the betacyanin skeleton (XXIX) and the yellow betaxanthins have. ~ ~ 111 
skeleton (XXX). Excess L-proline (XXXI) transforms betanin (XXIX) I~ ~ t 
indicaxanthin (XXX); a process which must involve the key intermed1a ~Ol 
betalainic acid (XXXII). It has been shown that dopa (XXXIII) is cle!!~, Clhel 
in vivo to (XXXIV) which is required structure for cyclization to betal!! 'oD as! 
acid (XXXII). The coloured alkaloids would then be formed by condensati 

of (XXXII) with either cyc1odopa (XXXV) or proline (XXXI). ~I 

4. Isoquinolioe aklaloids 1Uin 

The formation of I-substituted tetrahydroisoquinolines e.g. (XL) ~ ~Ill 
early predicted to involve initial condensation of a phenethylamine e· t 
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°w I ° ~ + N COO- ~COOH 
H I 

lIooc 
. .. ..... 

H N COOH 
H 

(XxIX) R = glucose 

HOOC, 
" 

H COOH 

H0X)kCOOH 

" I NH. 
HO " 

(XXXI) 

HO 

HO~COOH 
H 

~, (XXXII) (XXXIII) (XXXV) 

fOf 
jn 

f 

o COOH 

HO~I 
CHO 
(XXXIV) 

F IG. 11 

~VI) and an IX-keto acid as illustrated; both sub-units being derived from 
or ~In? acids by decarboxylation or transamination processes. CycIization 
P-1l1. e Imine (XXXVII) would be expected to be greatly facilitated by the 
or ethoxyl substituent. This pathway has been lent support by the detection 
intYoruvic acid (XXXVIII) in the extracts of the peyote cactus. The specific 

• tb' a III l'poration of peyoruvic acid into anhalomidine (XL) may be explained by 
'jrllO to ~ch~nism involving direct decarboxylation or oxidative decarboxylation 
di~~ ~o e Imine (XXXIX) followed by reduction. By far the most important 
1I\'~~hellp of I-substituted tetrahydroisoquinolines are those derived from 
1I~ ~la811ethYlamines and phenylpyruvic acids derived from tyrosine. To this 
ation S belong the I-benzyItetrahydroisoquinolines e.g. (XLI). 

~ BERBERINES AND PHTHALIDE TYPES 

. ~Uil\eti~uline (XLII) is perhaps the most important l-benzyltetrahydroiso
~ ~1ll011U~ and is a progenitor of the berberine alkaloid, scoulerine (XLIII). 

I e,t 1~8 Parlson of the two structures poses the question of the origin and mech
, It} of formation of the so-called berberine bridge. Labelling studies showed 
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co OH 
MCO~ . + R-C{' __ 
MCOV NHs ~ 

(XXXVI) 

MC9:1.AA)'J 
1\ H+ 

~ ~~ 
McO R- \ 

MCOCQ 
McO ~ 1 1'111 . 

R COOS 
COOH 

(XXXVII) 
R == ldc 

(XXXVIIO 

FIG. 12 

Me°x:Q1 
:::::,.. hN 

MeO 
Mc 

. 1 
Meocy 
MeO~ NH 

(XXXIX) 

(XLII) 

FIG. 13 

FIG. 14 

(XL) R = Me 
(XL) R = CH tAr 

(XLIII) 

-
! 

. ) 

I 

i 
: I 
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(XLIV) (XLVI) 

FIG,15 

~~~l C-S of scoulerine (XLIII) originated in the N-methyl of reticuJine 
inv /), M~st probably, then, cyclization to the tetracyclic berberine system 
ho 0 ves o~ldation to the immonium system as shown. It is of interest to note 
~ often In alkaloid biosynthesis imines and immonium salts are implicated. 

to ~efuI feeding experiments have shown that scoulerine (XLIII) is related 
inv \ e ph.thaJide tetrahydroisoquinoline, narcotine (XLIV). This would 
tha~ Ve oXldative cleavage of the berberine bridge in the reverse direction to 
C'13o,f formation. Also of importance is the stereospecific hydroxylation at 
sYnth l.~. p- to nitrogen, a process of general importance in alkaloid bio
corn eSls., The methylenedioxy grouping, present in narcotine (XLIV), is 
of man In alkaloids and has been shown to be derived in vivo by oxidation 
;.m~thoxy phenols. 

alte he l,nteresting alkaloid, chelidonine (XLVI) is the product from the 
als rnatI~e oxidative cleavage of the berberine skeleton between Nand C-6 
ww :~aln involving oxidation at C-I3, leading to the intermediate (XLV) 
che C , IS both an enamine and an aldehyde. Making use of the fundamental 
to ~lS~ry of these functional groups it is possible to explain the cyclization 

c ehdonine (XLVI). 

1 APORPHINES AND ERYTHRINA ALKALOIDS 

Ske: Was early recognized by Robinson that aporphines, alkaloids having the 
&ar:tO? (XLVII), may be derived from I-benzyltetrahydroisoquinoline. 
pro on ~ proposal that the formation of ring C results from an oxidative 
iso ce~s inVolving phenolic groups in rings A and D of the I-benzyltetrahydro
Ph~UI~oline precursor, may be looked upon as involving the coupling of two 
con ~ohc radicals at either the 0- or p-position as dictated by resonance 
it c Slderations. Using reticuline (XLII) and orientaJine (XLVIII) as examples 

~I . bon~n be seen that the substitution pattern in ring A dictates that oxidative 
ill r' formation can only occur at positions 4a and 8. However, the situation 
bon~,g D is more complex in that retictiJine (XLII) has two sites capable of 

109 to C-S. These are at C-lO and C-14 which are 0- and p- to the ring D 
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(XLV) 
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phenolic group. Isoboldine (XLIX) is the predicted product of coup!i~~ 
between C-8 and C-14. In the case of orientaline (XLVIII) the only posslb 
mode of oxidative coupling would lead to the cross-conjugated dienonc, 
orientalinone (L). f 

Some aporphines have structures that could require the intermediacy: . 
dienones, such as orientalinone (L), which are subsequently converted, ~ 
dienone-phenol or dienol-benzene rearrangement to the more stable aporpbI

O)' skeleton in which ring D is aromatic. In the biosynthesis of isothebaine (L e 
it has been shown that the dienol (L!), formed by reduction of orientaIino~d • 
(L), is a key intermediate. The importance of such rearrangements in alkaloid 
biosynthesis may be illustrated by the co-occurrence of glasiovine (LIII) ~lIg , 
the aporphine (LIV) in Ocotea glasiovii and pronuciferine (LV) accompanYIJI 
nuciferine (LVI) in Nelumbo nucifera. I, 

Another route to the aporphine skeleton (XLVII) makes use of the ben1n 
tetrahydroquinoline (LVII) which is thought to give the dienones (LVI , 

(I) (XLVII) 

Fm. 17 
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;r:d 
(UX) by oxidation of the phenolic groups. Corydine (LX) may be derived 

rna~ .(L ~III) by rearrangement as shown; the driving force being the aro
the IClty In ring A of corydine (LX). The dienone-phenol rearrangement is 
ati~~ollowed by secondary processes such as methylation and transmethyl-

th::e die?one (LIX) has been shown to be involved in the biosynthesis of 
Jle fro rythrma type, e.g. erythratinone (LXIV), having structures quite different 
lid · tin Ill. the aporphines previously discussed. Ring opening of the heterocyclic 
lid ~h~ In LIX (R= H) is thought to proceed by the fragmentation shown in 
JIg ca Ich protonation of the dienone would lead to an electron deficient species 

~~~ble of being neutralized by electron release from the basic nitrogen. This 
yl' \! d produce the immonium system (LXI) which must be reduced readily 

10 

o 
(UII) R = H 
(LV) R = Mc 

(LIV) (LVI) 

FIG. 19 
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(LVIII) 
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I 
(LIX) 

R - H 

x-

by NADH to the corresponding amine (LXII). Oxidative coupling of I~ 
amino function in (LXII) to the para-position in the phenolic ring w~\ 
afford the dienone (LXIII). Reduction of the enol ether double bon .~, 
(LXIII) to erythratinone (LXIV) is the first stage in the elaboration lea~tll 
to many related Erythrina alkaloids. Such a reduction of a dienone is fal %1 

common in alkaloid biosynthesis, as is the conversion of an ortho-IDelho 

phenol to the methylene dioxy grouping. 

o 
(LXIII) 

FIG. 21 

o 
(LXIV) 

I 
I 
j 

I 
J 

J 

MORPIDNE AND RELATED TYPES 'u 
As mentioned in the introduction, one of the earliest applications of ~~, I, 

genetic argument in structure elucidation was the recognition of the ~elal~, d 
ship of the I-benzyltetrahydroisoquinoline system (I), and morphIne 
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aar~~n (1957) rationalized this in terms oxidative phenol coupling between 
f~~bons 4a and 10 in reticuline (XLII) leading to the dienone, salutaridine 
su V) which was then transformed to morphine (II). This was completely 
al~o~ted by feeding experiments using He and sH-labelled reticuIine (XLII) 
su:lnlstered to Papaver somniferum plants. The key dienone (LXV) was 
ilI sequently found to be produced by the plant Croton salutaris which 
8t u~~rates the importance of parallel research in biosynthesis and isolation 

u les of a taxonomic character. 
(L~an effort to elucidate the stages after salutaridine (LXV). both dienols 
da I) and (LXVII) were synthesized and the stereo-chemistry of the secon
III ry alcohol determined. Feeding experiment showed that (LXVI) was the 
(L~t effective precursor of thebaine (LXVIII). The final stages from thebaine 
to' VIII) to codeine (LXXI) (morphine methyl ether) have been established 
intlnVolve neopinone (LXIX) and codeinone (LXX) as intermediates. It is of 
etherest to note the first formed product of hydrolysis in vivo of the dienol 
kiner, (LXVIII) is the ,By-unsaturated ketone (LXIX) which is the product of 
ket etic Control rather than thermodynamically more stable conjugated 

One (LXX). 

S. Phenethylisoquinoline alkaloids 

HOMOMORPHINANE DERIVATIVES 

th'the structure of colchicine (LXXII) would appear to be quite unrelated to 
re~ lllorP?ine types described previously; however biosynthetic studies have 
fro ealed Interesting correlations between the colchicum alkaloids isolated 
In t~ the Lilaceae and the morphine alkaloids found in the Papavaraceae. 
(l)(~ early stages of I -benzyltetrahydroisoquinoline biosynthesis two tyrosine 
on Ill) units are utilized whereas in construction of colchicine (LXXII) 

bW blo
e 

Phenylalanine (LXXIV) and one tyrosine (LXXIII) are the building 
iO~ to ~ks. I~ would therefore appear that in the LiIiaceae, as in the Amaryladacea 
'Ol} div e dIscussed later, tyrosine is not derived from phenylalanine. The 

ergence to these important amino acids must occur at an early stage in 
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(LXVIII) 

their own biosynthesis e.g. in the course of formation of shikimic acid (L)Q{V) 
and prephenic acid (LXXVI) which are carbohydrate derived. re 

The phenylalanine and tyrosine are modified in quite different ways bef~cb ' I 

combination to the I-phenethyltetrahydroisoquinoline (LXXVII), in Whl d, ~ 
the moiety containing the mono-oxygenated ring is phenylalanine 1111 

( 

OMc 
(LXXII) 

~COOH 

AJ NHs 
R 

(LXXIII) R = OH 
(LXXIV) R = H 

HOOC 

HOO~C""'O ~ 

I I 

OH 
(LXXVI) 

FIG. 24 

f COOIl 

HO\\\6.u~ :, 
'OH 

(LXXV) 
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MeO OH 

OH 

OMe 
(LXXVIII) 

FIG. 25 

;i~nall1ic acid derived. Feeding experiments have conclusively shown the 
sUbtern of hydroxyl at ion and methylation leading to autumnaline (LXXVIII), 
hYdsequent.ly found to be naturally occurring. The orientation of biological 
Ol( roxylatlon of the aromatic ring is directed by electron release of the 
su~-s~bs~ituent in the same way as in vitro processes of electrophilic aromatic 
sh SbtutJon. Oxidative coupling of the diphenol (LXXVIII) in the manner 

,V} linown ~ould be expected to give the dienone (LXXIX) by para-para coup-
an~' This ~nd other relatives have been isolated from various Colchicum 

ore (LXX I<.reyslgia species belonging to the Liliaceae. The ring expansion of 
iell deft X) to the tropolone ring system of colchicine (LXXII) is not clearly 
IJld Th ned as yet but does involve oxidation of the two carbon bridge shown. 

de~ first .metabolite after dienone (LXXX) to be established is N-formyl
fro ecolcme (LXXXI). Much careful work was required to clarify the steps 

. des
ltl 

(LXXXI) to colchicine (LXXII) involving demecolcine (LXXXII) and 
. aCetylcolchicine (LXXXIII). 

I ' 
OMe 

MeO 

(LXXXI) Rl = CHO. RI = Me 
(LXXXII) Rl = H. RI = Me 

(LXXXIII) Rl = RI H 

FIG. 26 

OMe 
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Kreysiginine (LXXXV) has a structure reminiscent of morphine (II) aJld 
erythratinone (LXIV) which implies the intermediacy of dienone (LXX"~ 
produced by ortho-para phenolic coupling of autumnaline (LXXVIII). ed 
the biosynthesis of kreysiginine (LXXXV) the dihydrofuran ring is fo1111 
at the dienone oxidation state unlike the case of morphine already discussed, 

HO MOAPORPHINES 

The biosynthetic studies on colchicum alkaloids leading to the recognitiO~ 
of the importance of I-phenethyl tetrahydroisoquinolines such as autuptJlB( 
line (LXXVII) strongly suggested the natural occurrence of homolo~es~ 
the aporphine alkaloids. Examples of the homoaporphine class were lod tiJle 
isolated from Kreysigia multiflora. Biosynthetic studies on ftoralllu1 ~ 
(LXXXVI), multiftoramine (LXXXVII) and kreysigine (LXXXVII) shO"'tbe 
that autumnaline (LXXVII) was the key progenitor of the class, that ~ 
coupling was direct as shown and that no dienone (LXXXIX) of the tIT ' 
(L) was involved. 

OH 
(LXXVIII) 

R.O 
(LXXXVO Ri ... Me, RI'" H 

(LXXXVII) Ri - H, RI - Me 
(LXXXVIII) Ri'" RI ... Me 

Flo. 28 
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6. Amaryllidaceae alkaloids 

ex The Amaryllidacea alkaloids belong to three main skeletal types (XC), 
th Cl) and (XCII). Tyrosine (LXXIII) was shown to be incorporated into 

e Ce-C2 unit whereas phenylalanine (LXXIV) was shown to be the 
pr~cursor of the CO-Cl moiety of lycorine (XC). This is a situation rem
InIScent of the Liliaceae alkaloids where again there was found a biosynthetic 
~on.equivalence of these two fundamental amino acids. Feeding experiments 
f aYe SUpported the early postulate of Barton and Cohen that these are derived 
;~m a common precursor, norbelladine (XCIII) as shown. The crucial step 
:~n~ . oxidative phenolic coupling directed by methylation of the non· 

P tIcI?atory phenolic group. 

a In VIVO oxidation of o-methylnorbelladine (XCIV) is thought to give (XCV) s the' .. 
t InItIal product which, on reduction of the carbonyl group, would lead 
~ norpluviine (XCVII). The relatively common biosynthetic reaction of 

ethylenedioxy formation (from ortho-methoxy phenols) to afford caranine 

OH 

RO HO~ 
.'().~ __ (O 

HO~H b 
(XCIII) R = H 
(XCIV) R = Me 

(XC) Lycorine 

~
OH 

Ro I 
~~ -
RO~NH 

_<0 
o 

OMe 

(XCI) Haemanthamine 

HO 

RO~R 
RO----V " 

OH 

--- -
MeO 

(XCII) Galanthamine 

Flo.29 
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MeO 
<0 

HO HO 
0 

(XCV) (XCVI) (XCVII) 

Flo.30 

(XCVII) followed by hydroxylation at the allyIic methylene group would 
finally give lycorine (XC). J 

An alternative mode of coupling leading to the haemanthamine (XC) 
typ~ would produce the dieone (XCVIII) as the first stage which has tbe 

possibility of intramolecular cycIization. of the amino function with :e 
enone system. Interestingly, although the dienone (XCVIII) is achiral, . e 
cyclization product (XCIX) is chiral. ~-Hydroxylation of haemanthaIll~' 
would produce haemanthidine (C) which is a carbinolamine and offers . e 
possibility of ring cleavage of the tetrahydroisoquinoline system to gIve 
eventually tazettine (Cl). Two intermediates (CII) and (CIII) prior. to 
tazettine (Cl) may be related by an intramolecular Cannizaro reactlOo 
(hydride transfer). 

Galanthamine (XCII) represents the third skeletal class derived fr~~ 
norbelladine (XCIII). In this case oxidation of a suitably methylated derivatlij' 
of (XCIII) is thought to produce the dienone (CIV) which, like (XCVII I ' 

° ° OM' 
01'1 

MeO 
<0 

HO HO ° 
(XCVIII) (XCIX) OH 

(C) 

o~ 
OMe 
OH 

<0 <0 ° \ 0 0 

(Cl) (CH) 
cm 

FlO.31 
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can be further cyclized by intramolecular attack of the phenolic groupc~ I 
the enone system to give narwedine (CV). Reduction of narwedine ( I 
would produce galanthamine (XCII). 

) 
7. Indole alkaloids . ) 

In recent years perhaps the most active area of biosynthetic research In 

alkaloids has been into the origin of the non-tryptamine fragment of the tb~ 
indole alkaloid types Corynanthe, Aspidosperma and Ihoga represented SS 
ajmalicine (CVI) , vindoline (CVII) and catharanthine (CVIII) as weJl 
clarification of the inter-relationships of these skeletal types. b1 

The terpenoid nature of the C-IO fragment was conclusively proved ) 
specific incorporation of geraniol (CVIX) and subsequently loganin (~. 
into all three indole classes. It has also been shown that loganin is t~ 
formed into secologanin (CXI) prior to combination with tryptamine CC J 
These stages properly belong to a discussion on terpene biosynthesis a~d ~ 
not be dealt with in detail in this treatment of the subject. condensat1~~ 
tryptamine in vitro at pH 4'5 afforded two epimers vincoside(CXIII-C 01 
and isovincoside (CXIII-CXIV) of which only vincoside was found t~ be.oI 
the biosynthetic pathway to the indole alkaloids. Whether the cycbZ8tl; 
involves direct electrophilic attack at the <x-position of the indole nucle~S bl 
shown, or prior attachment at the more reactive P-position followe tI!/ 
rearrangement, is unknown at present. Mention must also be made of 10) 
present ambiguity of assignment of the stereochemistry at C-3 in CC" 
and (CXIV). 

Me 

C--<--CHaOH 

M~C 
(CVIX) 

HO. ,Mc 

'~"H , "O-Glucose 

H'-
~ 0 

McOOC 
(CX) 

58
0 ~ 

.' "H"O_GIIIC~ 
H ~ 0 

McOOC 
(CXI) 

~~) H+ ~ ~N) hH. ~N))?O A~tV ~N) 
H H ~H H 

" P 'Glucose 
(CXII) H"-

~ 
McOOC MeOOC 

(CXIII) 3p·a 
(CXIV) 3/X·a 
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)0 I c 
I on~ersion of (CXIV) to corynantheine aldehyde (CXVII) requires only 

V) I en~nuc hydrolysis of the glucoside to reveal the aldehyde (CXV) which can 
cycltze to the immonium system (CXVI) with subsequent reduction to 

) ~~rynan~heine aldehyde (CXVII). The biosynthesis of ajmalicine (CVI) and 

l
e crucial alkaloid, geissoschizine (CXIX) require conjugation of the double 

~ 

~ 
b1 
SS 

(cxV) 

(CXVII) 

(CXVIIl) 

(CXVI) 

Me 

(CXX) 

1 

Me - (CVI) 

(CXIX) 

FIO.35 
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I 
bond in the immonium intermediate to (CXVIII) followed by cycliz~ti.OJl I 
and reduction to ajmalicine (CVI) or merely reduction to geissoschlZlJle J 

(CXIX). Enamines such as (CXX) are reduced in vivo prespmably via protO' 
nation affording the immonium salt as an intermediate. . I ) 

A novel approach to the problem of the relationships between the l?dOn~ J 
alkaloids was adopted by Scott who followed the development of constJ~ue 
alkaloids in Vinca rosea seedlings, using radioactive tracer techniques, In ~ I 
attempt to distinguish between static and dynamic metabolites an~ th~1 
provide evidence for the sequence of occurrence of the Vinca alkalold.s .. e 
was found that the rates of formation of geissoschizine (CXIX) and ajmabCIJls 
(CVI) were quite different which suggested that geissoschizine (CXIX) ~8d 
being rapidly metabolized. This was supported by incorporation of label e 
or geissoschizine (CXIX) into all three indole classes. Bya series ofrearrang; 
ments, not clearly defined at present, geissoschizine (CXIX) is thought to f I 
transformed into preakuammicine (CXXI), another dynamic constituentb~1 I 
Vinca rosea seedlings. This is the imine analogue of an ex._hydroxyrnet .~ 
ketone and would therefore be expected to give akuammicine (CxxII) W~eS I 
loss of formaldehyde. Ring fission of (CXXI) to the immonium specIJ)e 
(CXXIII) and then to stemmadenine (CXXIV) in the manner shown would'JlI I 
favoured since it is essentially an indolenine-indole conversion. Stemmadenl 

COOMe 

(CXXI) (CXXIl) 

1 
x-

--
(CXXIII) (CXXIV) 

Flo.36 
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: ~XXIV) was found to be a precursor of both vindoline (CVII) and catharan-

I 
ne (CVIII) indicating it to be the branch point between the Aspidosperma 

and Iboga types. 

I (c Rearrangement of the , double bond in stemmadenine (CXXIV) to give 
. w XXV) followed by the fragmentation-dehydration process illustrated , I a O:ld ~roduce dehydrosecodine (CXXVI) possessing an acrylic ester moiety 

: ·1 nCY~I~lhy.dropYridine ring both of which have great chemical reactivity. 
g' IzatlOn of (CXXVIa) or (CXXVIb) by an electrocycIic process would 
.(~~ tabersonine (CXXVII) -(Aspidosperma) and catharanthine (CVIII) 

e III oga), however the precise details are not known. The in vivo cycIizations 
J C.

ay 
be ionic and stepwise using the principles of enamine chemistry. The 

~ I (~~hona and Ipecacuanha alkaloids e.g. quinine (CXXVIII) and emetine 
alll' XIX) also incorporate a mevalonate-derived C-IO unit combined with an 

,e lIne such as tryptamine or phenethylamine. 
,f 

~I 
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Chapter 13 

The Sesquiferpenoids 

R. RAMAGE 

1. Introduction 

!ev
he 

lreview, which this article supplements, covered the period of rapid 
e aplll' . ROd
d
' ent In sesqUlterpene chemistry between 1953 and 1966 (R. Bryant, 

It W S Chemistry of Carbon Compounds, 2n.d Edn., Vo!. Il, pp. 256-336). 
had ~s stat.ed that in 1964 over 200 sesquiterpenes divisible into 40 types, 
natu een Isolated. The continued high degree of interest in this area of 
197~al pr?duct chemistry is evidenced by over 600 sesquiterpenes known in 
SUp i ThIs great increase of material cannot be covered entircJy by this 
Wh: elllent, thus areas covered in detail previously will be omitted except 

B~e recent work has shown earlier studies to bc in error. 
COt/~g~netic considerations still continue to play an important role in 
che e .atIng the many types of sesquiterpene skeletons. In this, stereo
tcvl·tnlcal details of structure arc essential and will be emphasised in this ew 

W· . 
sYnt~th. the advent of X-ray structure methods the original function of the 
the e~ls as a final proof of structure has been greatly diminished. However, 
in s:art~d skeletal types, coupled with complex oxygenation patterns, found 
"chi ;qultcrpenoids provide a challenge to modern synthetic methods and a 
Am:: for the development of novel organic reactions. The efforts of 
terp tlcan and] apanese chemists especially have enriched not only sesqui
~oss~~t chemistry but organic chemistry as a whole. Since it will not be 
~dic e to describe the syntheses chosen in detail, only the key steps will be 

ated: . 

[95 } 

FIO 
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2. Acyclic types 

(i) Hydrocarbons 
~-Farnesene (I) has been subjected to sensitised irradiation O. D. Who 

and D. N. Gupta, Tetrahedron, 1969,25: 3331) in. the at.tem.pted sYnthel~e 
of ~-bergamotene (1I). The products were the stereolsomenc blcyc1o[2:1 . SIS 

hexanes (Ill) and (IV), whereas direct irradiation produced V resulting f,l]. 
cyclisation of the butadiene moiety in I. r0ll'l 

R 

R= CH) 11 

VI R = CHO 

III IV V 

(ii) Oxygenated derivatives 
~-Sinensal (Vl), an important aromatic constituent of Citrus sinensis h 

been the subject of much synthetic work (G. Buchi and H. Wuest 1-1 I as 
1967, 50: 2440; E. Bertele and P. Schudel, ibid., 1967, SO: 2445: A

C 
v., , . F 

Thomas, ) . Amer. chem. Soc., 1969, 91: 3281). The key step in the f ' 
synthesis was the alkylation of the lithio-salt of enamine (VII) with I~t 
bromide (VIII) derived from rnyrcene (IX). t e 

(+ )-Davanone (X) has been .isolated from Artemesia pal/ens (G. Siprna and 
B. van cler Wal, Rec . Trav. chlm ., 1968. 87: 715) and represen ts the eye\' cl 
form of Xl which bears an obvious relationship to nerolidol (XII). The ~~st 
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~mpressive synthesis (P. Naegeli and G. Wcber, Tetrahedron Letters, 1970, 
59), has a high degree of stereochemical control. 

1 
A~temone (XIII) occurs in the essential oil of Artemesia pal/ens (Naegeli, 

,Khmes and Weber, ibid., 1970, 5021). 

~N~CH3 D-;O • 0 
~ 

I 
VII VIII X = Br X 

IX X=H 

XI XII XIII 

3, Monocyclic types 

~Q~S-'Y-MonocYclofarnesol (XIV) has been isolated (K. T . Suzuki, N. Suzuki 
pn .S. Nozoe, Chem. Comm., 1971, 527) and thought to be a precursor of 
reslccanochromenic acid (XV). 

o Farnesiferols B (XVI) and C (XVII) (L. Caglioti, H. Naef, D. Arigoni and 
fu' leger, Helv., 1959, 42 : 2557) may be considered to be products of 
A. rthcr oxidation of XIV. Similarly (- )-caparrapioxide (XVIII) (H. H. 
Sf,pcl, C. J. W. Brooks and M. M. Camp bell, Perfum. Essent. Oil Rec., 1967, 

, 776) may be the cyclised form of the nerolidol analogue of XIV. 
h Abscisic acid (XVIII) is the most important derivative of XIV and is a 
Corl11one found in many higher plant species. The synthetic route 0 . W. 
l~~n~orth, J. Draber, B. V. Milborrow and G. Ryback, Chem. Comm., 1967, 
to ) InVolved photo-oxidation of intermediate XIX. Metabolism of XVIII by 
Cbrnato shoots has been shown to afford metauolite C (XX), (Milborrow, 
pr e,? Com m., 1969, 966) which can cyclise easily to phaseic acid (XXI) 

eVIOUsly isolated from bean seeds, Pbaseolus multi/7oms. 
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R'~CH'OR' 

XIV RI = R2 = H 

XVI RI =OH 
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~CII'OCOR 

XVII 
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eOOH 
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OH 

o --9 eOOH 

XX 

13 

JUvabione (XXII) was isolated from Balsam fir (W. S. Bowers, H. M. Fales, 
M. J. Thomps and E. L. Uebel, Science, 1966, 154: 1020) and found to 
have important biological properties in that it selectively blocks the meta
morphosis or sexual maturation of Pyrrbocoris larvae and prevents hatching 
of the Pyrrbocoris eggs. The juvenile, hormone properties of juvabione 
(XXII) led to great synthetic activity in this area (A . Pawson, H. L. Cheung, 
S. Gurbaxani and G, Saucy, J . Amer. chem. Soc., 1970,92: 536j A. J. Birch, 
P. L. McDonald and V. H. Powell, ] . chem. Soc., C, 1970, 1496). In the 
latter synthesis the stereochemistry was cleverly controlled by construction 
and Subsequent fragmentation of XXIII. 
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~
Me 

III 

V'. ~ie---co· B'~j 
If : 

H 

XXII XXIII 

4. Cyclopcntylcyclohexanes 
(") 
I HYdrocarbons 

lifc~:u:~ne .(XXIV) has been isolated flom t.he seaweed Laurencia glandu
silica (r. Ine et al., .Tetrahedron, 1969, 25: 459) and found to rearrange on 
conf treatment, to lsolaurene (XXV). The structure of laurcne (XXIV) was 

A lrmed by conversion to Q-cuparenone (XXVI). 
the related hydrocarbon, trichodiene (XXVII) has been found in Tricbo
in/~~ rosel/1'Il (S . Nozoe an d Y. Machida, Tetrahedron Letters, 1970, 2671) 
pOSIC~tl11g m.ethyl migration as an alternative fate to aromatisation of the 

tu ated bIOgenetic intermediate XXVIlI. 

J)' ( }-
XXIV XXV XXVI 

Cl 

H:J-D 
XXVII XXVIII XXIX XXIXa 

(ii) 0 . ' . 
>cygenated derzvatlves 

catAt improved synthesis of Jj-cuparenone (XXIX) involves the acid
co~ysed cyclisation of XXIXa (P. T. Lansbury and F. R. Hilfiker, Chem. 
prio m., 1969, 619), in which there is scrambling of the methyl substituents 
Illet~ to cyclisation, possibly limiting more general application of the 
CUp Od. The alcohols corresponding to Q-cuparenone (XXVI) and 13-

arenone (XXIX) have been found to be constituents of Biota orientalis 
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(B . Tomita, Y. Hirose and T. Nakatsuka, Tetrahedron Letters, 1968, 843). 
Laurenisol (XXX) is a bromine-containi ng sesgui terpene found in 

Laurencia nipponica (T. Irie et al., Tetrahedron Letters, 1969, 1343) whose 
StruCture wa<; deduced from its n.m.r. spectrum and its conversion into 
debromoaplysin (XXXI). 

Trichodermin (XXXII) has been synthesised in a beautiful manner (E. W. 
~olvin, R. A. Raphael and ). S. Roberts, Chem. Comm., 1971, 858) 
Involving reduction and rearral)gement of XXXIII to construct the tricyclic 
skeleton stereospecifically. 

R-P-Br'CH OH 
QO-o 

xxx XXXI XXXII 

H H 

rt°'t"Y° 
~O 

XXXIII 

5. Bicyclo [4.1.0] hcptanes 

(j) Hydrocarbons 
. Sesquicarene (XXXIV) has been synthesised by routes involving carbene 
Insertion into a suitably placed double bond using intermediates such as 
X,XXV (E . ). Corey and K. Achiwa, Tetrahedron Letters, 1969, 1837) or the 
dlazo compound derived from XXXVI (idem, ibid., p. 3257). 

cJY; 
CH2 R 

XXXIV R = H 
XXXVII R = OH 

CH 2 R 
XXXV R = H 
XXXIX R = OMcs 

XXXVI 

HOj 
CH 2 0Mes 

XXXVIII 
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(ii) OX""g d d . . 
J. ellate erJvatlVes •. 

, ~irenin, the sperm attractant of the water mould Allomyces is biologically 

N
actlve at Conccnn'ations of 10- 10 M and has the structure XXXVII (W. H. 

U . . 
II ttlng, H. Rapoport and L. Machlis,]. Amer.chem. Sac" 1968,90: 6434), 
o;cause of its bi?logical importance, ,sirenin (XXXVII) has been the SU?j~ct 
19 mUch synthetIC work (Corey, Achl\.va and T, A. Katzenellenbogen, IbId., 
2869,91: 4319; H. T. Bhalerno,] . ]. Plattner and Rapoporr, ibid., 1970,26: 
e 01: P, A, Grieco, ibid., 1969, 91: 5660). The first of these involved the 
~~anlol intermed iate XXXVIII and its transformation to the diazoketone 
s X~X after which the synthetic route follows closely that employed for 
esqulcarene (XXXIV). 

6. Bicyclo [4.4.0] decanes 

(') 
I HYdrocarbons 

ac A.I! of the sesquiterpene hy&ocarbons having the skeleton XL can be 
an~Ol1nted for by variations in the position of double bonds centred on C(4) 
Cad' C( 10) as well as differences in stereochemistry at C( I) and C( 6)' The 
AI ,~~enes can thus be represented by XLI, except for the o-isomer having a 

double bond which destroys the asymmetry at C( I)' 

IS 

Qi 
£x-<:adinene ,:l4,5 ,:l9,IO , . 

9 ) , .... 
(j ,:l3,4 ,:l9,IO 

I~ 8 11 ,:l4,14 ,:l9,IO . .... 
H 12 ,:l3,4 ,:l 10,15 

li ,:l4,s ,:lI,IO 

f ,:l4,14 ,:lIO,IS 
XL XLI 

€'Bul 
Ita garene (XLII) (V. Herout et al., Tetrahedron Letters, 1968, 23) has a 
46;~ ring-junction whereas a-amorphene (N. H. Anderson, ibid., 1970, 
ch ) and 'Y-amorphene (0. Motl, M. Romanuk and Herout, ColI. Czech. 
1ll~ln. Comm., 1966, 31: 2025) have the cis-decalin ring system. The 
)(l~olenes e.g. XLIV have a cis ring-fusion, but, in common with structures 
hCd XLIII, retain the t3-isopropyl group (Y. Ohta and Y. Hirose, Tetra
ch ron Letters, 1969, 1601 ; A. Zabza, M. Romanuk and Herout. Ca ll. Czech . 

enl C 
2852 " amm., 1966, 31: 3373; L. Westfclt, Acta chem. Scand., 1966,20: 
all) ). Thus the tricyclic sesquirerpenes ylangene and copaene are related to 

orphcne and muurolcne respectively. 
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£fi £fi
: : .. 

, ~ , 
H H 

XLII XLIII 

~
I: .. 

" 

... ... 
H 

Q-muurolene 

f 

XLIV 

Q-amorphcne 6 9 . 10 

,14,5,19,10 

,14,5,110,15 

.14. 14.110.15 

13 

/3-Cubebene (XLV) isolated from the oil of cubeb has been synthesised (A. 
Tanaka, H. Uda and A. Yoshikoshi, Chem. Comm., 1969, 308; E. Piers, R . 
~. Britton and W. de Waal, Tetrahedron Letters, 1969, 1251) by a route 
Involving the diazoketone XLVI. Acid treatment of a-cubebene (XLV) and 
Q:-copaene (XLVII) both afforded o-cadinene (XLI) amongst other products, 
W?ereas Q:-ylangene (XLVIII) gave o-amorphene (XLIII) (Ohra, K. Ohara and 
Hlrose, ibid., 1968,4181). 

JGR
. ,: 
: ,/ 

0° : 

H 

XLV 

Q ,13,4 

f3 ,14,14 

£R
I,' 

I ,/,' 
H 

XLVII 

orjl 
~2Y 

XLVI 

XLVIII 

HYdrocarbons belonging to the selinane grou p (XLIX) arc essentially of two 
types differing in the stereochemistry at the tram-ring junction. For example 
(+ )-/3-sei inene (L) iso la ted from cele ry o il has the srereochemistry shown 
whereas vetiselinene (LI) iso lated fr om ve tiver oil (N. H. Andersen, M. S. 
Falcone and D. D. Syrdal, ibid., 1970, 17 59) has the tralls -decalin system of 
the 10-epi-series. This was confirm ed by acid-catalysed rea rrangement to 
(-)-5-selinene (LII) also found in vc river oil and enanriomeric to authentic 
(+ )-o-selincnc. 
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XLIX 
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(+ )-cl'-selinenc 

L 

(3 

'Y 

8 

LI LII 
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.:l3,4 t. II ,12 

· ·.:l4,14 .:ll 1,12 

.:l4,S .:l 11,12 

t.4 , S t.6 ,7 

One of the' If ' 'd" . I sknl most Important c asses 0 sesqulterpenol S, nav tng an Irregu ar 
'eton ' . 

(LIJI) ,IS that based on the eremo~hilane skeleton, . e.g. eremop?ilene 
Piers " The structure LIII recently assIgned on the basIs of synthetic (E. 
al 'b' fetrahedron Letters, 1968, 583) and spectroscopic work (HerOlIt et 
J?·'S\ Id. , 1968, 3315) has been confirmed by synthesis (R. M. Coates and J. 
Liv,law, J. org. Chem ., 1970, 35 : 2597) utilising the valuable intermediate 

illl
1he 

eremophilanes having stereochemistry depicted in LV are very 
'l'CiOhtant natural products, e.g. valencene, nootka tene (W. D. McLeod, 
Mo~a cdron Letters, 1965, 4779), aristolochene (1'. R. Govindachari, P. A. 
O'vet~Oled and P. C. Parthasarathy, Te trahedron, 1970, 26 : 615) and 
17591)enene (Andersen, Falcone and Syrdal, Tetrahedron Letters, 1970, 

the major sesquiterpene hydrocarbon of vetiver oil. 

~ W-COOM< 
L111 

12 

LV 

(ii) 0 

LlV 

va)encene 

aristolochene 

nootkatenc 

iJ-vetivenene 

o 

.:lI,IO t. U ,12 

t.9,IO t.1 1,12 

.:lI,2 .:l9,IO t. II , 12 

.:lI,2 .:l9,IO .17,11 

" ''(Ygena ted derivatives 
vale' 

1970 ~Ianol (LVI) has been synthesised (Coates and Shaw, J. org. Chem ., 
, 5: 2597) and converted by oxida tion and dehydration (F. Sorm et 
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aI" ColI, Czech, chem, Comm" 1969, 34: 593; H. Hikino, N. SUZIlki and T. 
Takemuto, Chem. Pharm. Bull., Tokyo, 1968, 16: 832) into (Y-vetivone 
(LVII) and nootkatone (LVIII). a-Vetivone (LVII) was the first of the 
vetiver sesquiterpene structures to be corrected (J. A. Marshal! and 
Andersen, Tetrahedron Leners, 1967,1611; K. Endo and P. de Mayo, Chem. 
pharm. BulL, Tokyo, 1969, 17: 1324). Nootkatone (LVIII) is a mildly 
pungent sesquiterpene ketone which makes a valuable contribution to the 
~avour of grapefruit. Synthesis of nootkatone (LVIII) is of great commercial 
Interest (Marshali, J. org. Chem., 1971, 36: 594). 

Ishwarone (UX) has been isobted from the roots of Aristolocbia indica 
~H. Fuhrer et al., Tetrahedron Letters, 1970, 26: 2371). During structural 
Investigations ishwarone (UX) was converted into isoishwaralle (LX) (A. K. 
~anguly et al., ibid., 1969, 133) whieh structure was confirmed by an 
Ingenious synthesis (R. B. KeIIy and J. Zamecnik, Chem. Comm., 1970, 
1102) involving intermediate LXI formed by photo-addition of aIIene to the 
appropriate o:,6-unsaturated ketone. Hvdration of the double bond if! LXI 
~ol~owed by retro-aldollaldol reaction; gave LXII which was converted into 
Isolshwarane. 

~II 
LVI 

LX 

0Wy0Wy 
,~ ,,# . . . . . . 

LVII 

dYe 
LXI 

LVIII 

(l('jyo 

YKg, 
LXII 

LlX 

~ukinone (LXIII) has the eremophilene (LIll) stereochemistry with the 
Interesting eis-relationship of the C( 10) hydrogen with the methyl substi
tuents (K. Naya et aI" Tetrahedron, 1968, 24: 5871). It has been synthesised 
by three groups (E. Piers and H. D, SmiIIie,]. org. Chem., 1970,35: 3997; 
M:lrshalI and G. M. Cohen, ibid ., 197], 36: 877; A. K. Torrencc and A. R. 
Pinder, Tetrahedron Letters, 197.l, 745). The novel struc ture of bakkenolide 
(LXV) isolated from Petasites japonicus (K. Shiraha ta, T. Kato and Y. 
Kitahara, Tetrahedron, 1969, 25: 4671) may be derived by ring contraction 
of a dihydroxyfukinone LXIV. 
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I d 0:- and J1-Rotundol (LXVI) are extremely interesting in that loss of hy
I I foxyl Could result in methyl migration with the formation of th e eremophi
I 1:~etSkeleton.(LV? In the event, how~v~r, dehydration of J1-rorundol (LXVI) 

I 
274 0 the splro-dlcnone LXVII (H. Hlklno et al., Tetrahedron Letters, 1969, 

1 ). 

\t(R~ 
R 

LXV 

°i::tl # 

~ 
LXVI 

, 7. Bieyclo [ 4.3.0] nonanes 

LXVII 

Fa . 
ph lIrInone (LXVIII) isolated from Valeriana genus (H. Hikino ~t al., Chem. 
ibi~T!n. Bull., Tokyo, 1968, 16: 1779) and eyperolone (LXIX) (Hikino et al., 
th " 1966, 14: 1439) are probably derived in vivo by ring contraction of 
eye Skeleton (XLIX). Cyperolone (LXIX) has been synthesised from (X-

~erone (LXX) (Hikino, N. Suzuki and Takemoto, ibid" 1966, 14: 1441). 
Mi plopanone (LXXl), isolated from Oplopanax japonicus (K. Takcda, H. 
Ol(i~at~ and M. lshikawa, Tetrahedron, Suppl., 1966, 7: 219), was stepwise 
elilll~tlv~ly degraded to the keto acid LXXII which underwent facile 

gro Inatlon of water, indicating the relative positions of the functional 
ups. 

,%Y H~ ofPy -91H 

o 
LXIX LXX LXXI mlI 

HOOC O~ 

LXXII 
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8. llicyclo[5.3.0]decanes 

(i) Hydrocarbons 

. The hydroazulene sesquiterpenes of general structure LXXIII belong to 
different stereochemical series, two examples of which, LXXIV and LXXV, 
are reminiscent of the differences in the hydronaphthalene series. 

(ii) Oxygenated derivatives ' 
Bulnesol (LXXVI) has been synthesised in an elegant and stereospecific 

~ay (J. A. Marshall and J. J. Partridge, J. Amer. chem, Soc., 1968, 90: 1090) 
Via solvolytic rearrangement of the intermediate LXXVII. 

15 
a-guaiene ~I.S ~1J.13 

~ 
~I . S ~7.1J 

3 'Y 
~1.5 ~6.7 

€ 
~1.S~7.8 

12 
a·bulnesene ~l.IO ~11.13 

~ 
~l.lO ~7.11 

LXXIII LXXIV 

LXXV LXXVI LXXVII 

(i) Hydrocarbons 
9. Spiro compounds 

O:-Chamigrene (LXXVIII) has been synthesised by two methods (A. 
Tanaka, H. Ude and A. Yoshikoshi, Chem. Comm., 1968, 58; S. Kanno, T. 
1<ato and Y. Kitahara. ibid ., 1967, 1257). The form er involved elaboration 
of the ketone LXXIX whereas the other was patterned 011 a biogenetic route 
to o:-chamigrene (LXXVIII) from LXXX. It was found that both the cis- and 
~he trans·isomers of LXXX afforded the same products on cyelisation with 
Iodine in benzene. 



9 
SPIRO COMPOUNDS 107 

LXXVIII LXXIX LXXX 

«-Vet' . 
VC. ISplrenc (LXXXI) and {3-vetispirene (LXXXII) are constituents of 

tIver ·1 (N . le 01 • 1-1 . Andersen, M. S. Falconc and D. D. Syrdal, fetrahedron 
trers, 1970, 1759). The structure proof rests mainly on n.m.r. studies. 

l'oCX-~coradiene (LXXXIII) has been isolated from Juniperus tJerginiana (B. 
i!lttnlta and Y. I-lirose, ibid., 1970, 143) and converted by acid treatment 
ccn~ CX-~edrene (LXXXIV) thus proving the stereochemistry at the spiro
!la .re In CX-acoradiene (LXXXIII) . ,l3-Acoradiene (LXXXV) has the alter-
19~~e configuration at the spiro-centre (Tom ita, T. Isono and Hirose, ibid., 
iSol ' 1371). From the leaf oil of Cbamaecyparis nootkatensis has been 
(l~~ed cx-alaskene == -y-acoradiene (LXXXVI) and ,l3-alaskene == o-acoradiene 

XVII) (Andersen and Syrdal, ibid., 1970, 2277). 

LXXXI LXXXII LXX X III LXXXIV 

LXXXV LXXXVI LXXXVII 

(ii) 0 
.tygenated deritJatives 

tt-A 
cC.o corenol (LXXXVIII) and J3-acorenol (LXXXIX) have been found to 

tcur with the hydrocarbons in Juniper species (Tomita and Hirose, 
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Tetrahedron Letters, 1970, 143; Tomita, Isono and Hirose, ibid., 1970, 
13 71). Hin ::sol has the re\'ised structu re XC (I. Yoshioka and T. Kimura, 
Chem. pharm. Bull., Tokyo, 1969, 17 : 856) which has been synthesised 
(Marshall and S. F. Brady, j . org. Chem., 1970,35 : 4068). 

The most notable achievement in this area has been the replacement of 
the long accepted strucrure XCI of ~-vetivone by the spiro system XCII 
(MarshaIJ , AnJersen and P. C. Johnson , ] . Arner. chem . Soc., 1967, 89: 
2748, 2750). The important vetivazulene degradation products of earlier 
Workers were presumably formed by aromatisation after rearrangement of 
the spiro system. The proof of strucrure was completed (Marsh all and 
]uhnson, ] . org. Chem., 1970, 35: 192) by a rational synthesis involving 
XCIV formed by acid treatment of the unsaturated ketone XCIII. 

~H 

YO 
LXXXVIII 

o 

~H 

YO 
LXXXIX 

XCII 

qpro:> . - 0 
.' OH 

, 
XC XCI 

XCIII XCIV 

10. Polycyclic systems 

(i) Hydrocarbons 
Tricyclovetivene - zizaene (XCV) is yet another vetiver constiruent to 

have its strucrure revised (R . Sakuma and A. Yoshikoshi, Chem. Comm., 
1968, 41) . Differing hypotheses concerning the biogenesis of this interesting 
skeletal type (N. H. Andersen and D. D. Syrdal, Chem. and Ind ., 1971,62; 
D. F. Macsweeney, R. Ramage and A. Sattar, Te trahedron Letters, 1970, 
557) will only be resolved by tracer studies. A post1llated intermediate in the 
form er scheme, prezizaene (XCVI) has been isolated fro m "etiver oil. 

Seychellene (XCVII) has been isolated from Seychelles patchouli oil and 
shown to be closely related to patch ouli alcohol (XCV Ill) (G. Wolff :md G. 
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OUrisso l ' t ,. ind. n, etralledron, 1969, 25: 4903). The polycyclIc character was 
ty Icated by the prese nce of only one double bond of the eJo -methylene 
t/~a a~d~onfirmed by elegant .degradative w~rk utilising t~e susceptibility 
(XC Se cleavage of th e non-enohsablc ketone XCIX. SynthesIs of seychcllene 
C VII) has been achievcd (E. Piers, R. W. Brirton and W. de Waal, Chem. 
X~~~;i'. 1969, 1069) by a route involving intramolecular cyclisation of C to 

cf;t 
I , , ' R ------, 

Xev 
ex 

eXI 

R = CH 3 
R = CH 20H 

R = CO OH 

c;iJ' , , 
t ______ : 

XCVI XCVII R = CHz 
XCIX R = 0 

TO~ 
tJ 

C 

XCVIII 

Sat' 
alld~ne (Cl.) .has been isolated from Helminthosporium sativum (P. d~ Mayo 
~. M . E. Wllltams,]. Amer. chem. Soc., 1965,87: 3275) and synthcslsed (J. 
'l'he C~urray, ibid., 1968, 90: 6821) via intramolecular cyclisation of CH . 
fOl!n~rl.CYclen.e analogue of sativene (Cl) is cyclosativene (CIlI) which is 
'l'etrah In Caltfornia red fir Abier magnifica (L. Smedma and E. Zavarin, 

Co edron Letters, 1968,3833). 
S}rllthPa.carnphene (Cl V) is a closely related structure whieh has bcen 
keto eSlsed by a rou te involving base-catalysed cyclisation of the epoxy
~ed ne . CV to give CVI after dehydration of the intermediate alcohol. 
!ativUctlon of CVI gave o!"oIy one isomer CVIl which could be transformed to 
%ic~nc (Cl), whereas reduction of CVlIl gave C1X as a mix.ture of epimers 
acid. Could be converted to copacamphene (CIV) and satlvene (Cl). The 
been Catal~scd interconversion of eopacarnphene (CIV) and sativene (Cl) has 
has t~tu~led in detail (McMurr:.y, ibid., 1970, 3735). Copacamphenc (Cl V) 
tearr e Isopropyl group in the axial configuration and undcrgoes facile 
IIlbst~ngernent to sativene (Cl) having the more stable equatorial isopropyl 

Ituent. 
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o 

~. 
Cl R = CH, 

CVII R = 0 
CIII CII CIV 

CIX R=H,OH 

CV CVI R =0 
CVIII R = H, OH 

(ii) Oxygenated derivatives 

TricycIovetivcnol (CX) has been subjected to X-ray analysis (R. M. Coates 
et al., Chem. Comm., 1969, 999) which established the stereochemistry 
shown. The oxidation product is zizanoic acid (CX!) isolated from vetiver oil 
(I. G. Nig:lIn and H. Komac,]. pharm . Sci., 1967, 56: 1299; F. Kido, H. Uda 
and A. Yoshikoshi, Tetrahedron Letters, 1967, 2815). Zizanoic acid has 
been synthesised by two groups (Kido, Uda and Yoshikoshi, Chem. Comm., 
1969, 13 3 5; MacSweeney and Ramage, Tetrahedron, 1971, 27 : 1481) in 
which the key step involved rearrangement of the mesylate CXli to the 
correc t tricyclic ring system CXIII with complete control of stereochemistry. 

Copacamphor (CXIV) and copaborneol (CXV) arc important sesqui
terpencs related to copacamphenc (CIV) (M. Kolbc-Haugwitz and L. 
Westfclt, Acta chcm. Scand., 1970, 24: 1623). I t is of interest that 
copacamphenc (CIV) can not be prepared from copaborneol (CXV) in 
COntrast to experience in the monoterpcnc series. 

Hydroxylated derivatives of th e longifolanc skeleton have been isolated. 
Culmorin is a mould metabolite iso lated from a strain of Fusarium cuI· 
mamm (D. H. R. llarton Jnd N. H. Werstiuk, ] . chcJ11. Soc., C, 1968, 148) 
a~d is probably a hydroxyiatio n product of (- )-!ongibornco! (CXVII) (S. C. 
Blsaraya and S. Dev, Tetrahedron Letters, 1 %4,3761. 



MACROCYCLlC SESQUll'ERPENES 

W. 
COOMc 

CXII 
CXIII CXIV R = 0 

CXV R = H, OJ-l/3 

(i) 
11. Macrocyclic sesquiterpenes 

111 

'pS,} 
R OH 

CXVI R = OH 
CXVll R = H 

HYdrocarbons 

(I\~-)-Ger~ac~ene A (CXVIII), isolated from gorgonian EUllicea mammosa 
~lu .J. Wemhelmer et aI., Tetrahedron Letters, 1970, 497) has been very 
cons~ve du~ to its facile conversion to (+ )-t3-eleme~e , (CXI~C). -r:he abs?~ute 
State ~ratlon of (- )-germacrenc A can be deduced If a quasI-chair transition 

G IS assumed for the Cope rearrangement. 

(N' ~~ll1acrene B (CXX) has been isolated from the peel oil of Citrus junos 
tra~ ; ll1ur

a, ibid., 1969, 3097). The stereochemical consequences of the 
SUt; orll1ation of CXX to ,),-elemene have been studied in detail (J. K. 
1967erland et aI., Chem. Comm., 1967, 111; F. H. AIlen and D. Rogers, ibid., 

,590) 
Gerll1a . . f ' f K d . . \Vh crene C (CXXI) was Isolated from the rults 0 a sura Japonica 

al}der~as germacrene D (CXXII) was found to be concentrated in the stems 
\Vh eaves (K. Morikawa and Hirose, Tetrahedron Letters, 1969, 1799). en h 
lte eated germacrene C (CXXI) affords cS-elemene (CXXIII) whereas 

atrnent with silica produces CXXIV and CXXV. 

CXX CXXI 

CXXIII CXXIV CXXV 
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Germacrene D (CXXII) is a compound isolated from PseudotS1lga japonica 
(K. Yoshihara et aI., ibid., 1969, 2263) . SIlica-catalysed cyc!is3tion produces 
a mixture of muurolenes (XLIV) , amorphenes (XLIII) and cadinenes (XLI). 
Irradiation of CXXII gives j3-bourbonel!e (CXXVI) with a-copaene (XLVII) 
as a minor product. An alternative synthesis of (:I-bourbonene (CXXVI) 
makes Use of the photoaddition of CXXVII to cyc!opent-2-en-one (J. D. 
White and D. N. Gupta, ] . Amer. cbem. Soc., 1968,90: 6171). · 

A critical investigation of the radical and the e1ecrrophile induced 
cycIisation of germacrene er. w. Sam and Sutherland, Chem. Comm., 1971, 
970) indicates that acid-catalysed cyclisation is a synchronous process. 

H 

Q=t( 
ex XVI 

A beautiful syntbesis of humulene (CXXVIII) (E. ]. Corey and E. 
Hamanaka,]. Amer. cbem. Soc., 1967,89: 2758) utilised the cyc!isation of 
CXXIX by means of nickel carbonyl. 

In addition to the well-known rearrangement products of caryophyllene 
(CXXX), such as c!ovene (CXXXI) and isoc!ovene (CXXXII), two others 
have been recognised (+)-pseudoclovene (CXXXIII) (G. F. Ferguson et aI., 
Chem. Comm., 1967, 1123) and neoc!ovene (CXXXIV) (W. Parker, R. A. 
RaphacJ and ] . S. Roberts, J. chem. Soc., C, 1969, 2634). The latter has 
?een synthesised in a most elegant manner by rearrangement of the 
Intermediate CXXXV. 

eXX V III eXXIX CXXX 
eXXXI 

CXXXII CXXXIII CXXXIV CXXXV 
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(ii) Oxygenated deriva tives . 

. The two isomeric germacrenc oxides CXXXVI and CXXXVII rearrange 
~lth acid to give different bicyclic ring systems (E. D. Brown and 
Uthcrland, Chem. Comm ., 196B, 1060). In the case of CXXXVI the 

~~dll;ts were CXXXVIlI and t he corresponding ,Cl4. 14 -olefin, whereas 
ex XXVII afforded CXXXIX toge ther with the ,ClI , I 0 -olefin. Pyrolysis of 
S' ~XVIJ again led to the hydroazu lenc skeleton (Brown, Sam and 

Ut lerland, Tetrahedron Letters, 1969, 5025). 

~ HO H 

CXXXVI CXXXVII CXXXVIII 

H ,pH 

Ho\=Q 
CXXXIX 
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SYNTHESIS OF HU~~ BIG GASTRIN-l 

A.M. CHOUDHURY, G.W. KENNER, S. MOORE, R. RAMAGE, P.M. RICHARDS 

and W.D. THORPE 

L. MORODER, G. WENDLBERGER and E. 't](JNSC rl 

the FOllowing the isolation of human big gastrins I and 11 [1] 
CM Rsequence was elucidated by J.I. Harris and M. Runswick 
pr~l:C: Laboratory of Molecular Biology, Cambridge) following 
Liv 1m1nary experiments by M. Barton and A.M. Choudhury in 
pat~rpoOI. Synthesis of this sequence.was underta~en ~y the 
and M 1~19 plus 20-34 as a collaboratIve venture In LIverpool 
tiv unIch. In parallel with this initial synthesis, alterna
~il~ ~outes have been explored in both laboratories and these 

e reported separately. 

HUMAN BIG GASTRIN I 

Cl P- Leu- Gly-Pro- Gl n- Gl y-H 1 s-Pl'o-Ser- Leu-Val-A Ia-Asp-Pl'o-Ser-Lys- Ly s-
I 5 10 15 

Gln-GlY-Pro-Trp-Leu-Glu-GlU-GIU~Glu-Glu-Ala-TYl'-GlY-Trp-Met-Asp-Phe-NH 2 
20 25 30 34 

SC!heme 1. 

GIp - Leu - GIy - Pro - GIn - Gly-OH } 
I 6 

But I_12

t Z-H1s - Pro - ~er - Lau - Va l - Ala-OPh . 
7 12 1 _ 19 

OBu t But Adoc Adoc 
I I I I 

Z-Asp - Pro - Sel' - Lys - Lys - GIn - Gly-OPh 
1 3 19 

S ' C!rteme. 2. 
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Fragment 1-6. Starting with H-Gly-OPh residues, 5,4,3 and 2 _ 
were added by pivalic mixed anhydride coupling from the correS 
ponding Z-amino-acids after successive deprotections (H 2/ Pd). 
A Glp-OCp coupling completed the assembly and the (1-6) OPh 
was purified by ge l filtration (LH20/DMF, Ye/Yt 0.52). The 
phenyl ester was cleaved at pH 10.5/H 20 2 in the presence of 
dimethyl sulfide (DMS) as a scavenger [2] to give (1-6)OH. 

Fragment 7-12. Starting from H-Ala-OPh, residue s 11, 10, 9 and 
8 were added by pivalic mixed anhydride coupling as for frag
ment 1-6. Z-His-N~ coupling completed the sequence which waS 
purified by gel filtration (LH20/DMF, Ye/Yt 0.48). 

Fr~gment 1-12. Coupling of (l.,.6)OH with H(7-12)OPh was achieved 
uS1ng DCC/HOSu [3] in 70% yield after purif i cation (LH20/DMF'l 
Ye/Yt 0.42) followed by crystallisation (DMF/ether). The phenY 
ester was hydrolyzed in the usual manner to give (1-1 2)OH. 

Fragment 13-19. The same mixed anhydride procedure was emplOye~d 
to give Z-Ser(But)-Lys(Adoc)-Lys(Adoc)-Gln-Gly-OPh then folloW 
two active ester couplings with Z-Pro-OSu and Z-Asp(OBut)-OSu, 

Fragment 1-19. Coupling of (1-1 2)OH with H(13-l9)OPh wa s eff~C~ 
ted by DCC/HOBt [4] and the product isolated by gel filtratl O 

(LH20/DMF, Ye/Yt 0.35) followed by cr i stallization from DMF/ 
ether. The yield in this reaction is vari able no doubt due to 
the interaction of the His residue with DCC/HOBt [5] . Phenyl 
ester cleavage was performed in DMF containing 20% H20 at pH 
10.5/H 20 2 in the presence of DMS as scavenger. 

Nps -Pro-Trp-Leu-OH 
20 22 

OBut 
I 

Nps-(GluhOH 
23-27 

But 
I 

Nps -Ala-Tyr-Gly-Trp-OH 

Scheme 3. 

28 31 

?Bu
t 

H-Met-Asp-Pho-NH2 

32 34 

20-34 

_23-34 

Fragment 28-34. The tripeptide , H-Met-Asp(OBu t J-Phe-NH 2 waS 
prepared from the known H-Asp(OBu t )-Phe-NH 2 [6] with MBY-Met-,_ 
OH [7] using a mixed anhydride coupling. Cleavage of the enaJlll 
ne protecting group (1 N HCl in MeOH) followed by neutraliza
tion gave 32-34. The tetrapeptide 28-31 was s ynthesi.zed 
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SUccess' and Ive salt couplings using Z-Gly-OSu. , Z-TvrC But)-OSu 
in 8~~S-~la-osu. Coupling to give Nps (28-34)NH 2 wa s effected 
in th YIeld using DCC/HOSu [3] • Cleavage of th e NPS group 
used 7 presence of Trp was achieved according to the procedure 

In the glucagon synthesis by the Munich group [8]. 

~nt 23-27. This was ass embled from H-Glu-OBut)-Glu(OBuC)
and ~, Successiv~ salt couplings using Z-Glu(OBut)-OSu (X2) 

pS-Glu(OBu )-OSu in overall 47% yield. 

~~~~ 23- ~ 4. Coupling of 23-27 by DCC/HOSu [3] (88 % yield) 
by Nps deprotection [8] gave Ht -(23-34)-NH 2. CI-. 

Fra 
&ly m~nt 20-34. Z-Pro-OSu was coupled to H-Trps-Leu-OH [6] to 
pre e ps 20-22)OH which was reacted with H(23-34)NH zin the 
Thisence ?f DCC/HOSu [3] then deprotected to afford 'H{ (2 0-34)NH 2.Cl
fro~ DSp,arlng ly soluble fragment was purified by precipitation 

,·,F/ether. 
Bu't 

Gl I 
1 P - Leu - Gly - Pro - GIn - Gly - His - Pro - Ser - Leu -

OBut But Adoc Adoc 
V I I I I 
al - Ala - Asp - Pro - Ser - Lys - Lys - GIn - Gly-OPh 

19 

Il OBu t Bu t OBu t 

pac-Pra - Trp - Leu -Cblul - Ala - ~yr - Gly - Trp - Met -lsp - Phe- NH2 
S 20 ~ 30 34 

C.heme 4: 

ach' The final coupling reaction to give (l-34)-NH 2 wa s best 
wa leYed using DCC/HOSu in DMF/HMPT and the crude product 

1 - 34 

~e~ deP:otected ( 2.5 hr) in 90% TFA in the presence of 2-
Se hYl-lndole and DMS. A partial purification was achieved on 
cerhadex G50 using 0.4% NH4HC0 3 ( Fig.l). This was followed by 
car~Ulose column electrophoresis elut i ng with triethylammonium 
C1~ Onate (pH 9.0) (Fig. 2) which led to the isol a t i on of 
pro34)-~H 2 having identical chroma tographic and biological 
~a,pertles to human big gastrin-I. Analyt i cal da ta f or the 
Tal~! i~agments and sYnthetic human big gastrin-I a r e given in 
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OD 
280_ 

.......... 

UltTROI"MOIt.I.1 

(11"9-0) 

F-<-gulLl!.. 2: Column elec.t!r.opholtef,-<-f, (pH 9.0) 06 f,!jnthet-<-c huma.11 
b-<-3 ga.f..t!r.-<-n-I. 

Amino Acid Analysis 

(l-12)OPh His 1.01(1) Ser 0.86(1) Glu 2.00(2) Pro 1.89(2) 

Gly 2.03(2) Ala 1.00(1) Val 0.96(1) Leu 1.98(2) 

( 1-19)OPh Lys 1.98(2) His 1.00(1) Asp 1. 04( 1) Ser 1.77(2) 

Glu 3.14(3) Pro 2.90(3) Gly 3.08(3) Ala 1.01(1) 

Val 1.02( 1) Leu 2.05(2) 

Asp 1.01 (1) Glu 5.10(5) Pro 0.96 (I) Gly 1.02(1) 

Ala 1.01 (1) Met 0.99(1) LeuO.96(1) Tyr O. 99( I) 

Phe 0.99(1) Trp - (2) 

(1-34)NH2 Lys 2.29(2) His 0.83(1) Asp 2.13(2) Ser 1. 59(2) 

Glu 8.03(8) Pro 3.90(4) Gly 4.10(4) Ala 1. 91(2) 

VaI0.98(1) Met 0.97(1) Leu 2.86(3) Tyr 0.94(1) 

Phe O. 94( 1) Trp - (2) 

Table J: Am-<-no-ac-<-d analyf,-<-f, 06 pltotected 6ltagmentf, and 
f,ynthet-<-c human b-<-g gaf,.t!r. -<-n- I. 

We are indebted to Professor R.A. Gregory (Liverpool) 
for invaluable aid with the purification of synthetic human 
big gastrin-I and also to him, in collaboration with Dr. G. 
Dockray (Liverpool) and Professor M. Grossman (Los Angeles) 
for biological studies on the synthetic material . We th ank 
Dr.J.I.Harris (Cambridge) for sequence data pri or to publica
tion and Hoffmann-La Roche for financial support. 
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STUDIES ON THE SYNTHESIS OF 1-75 FRAGMENT OF A LYSOZYME ANALOGUE 

I.J. GALPIN, B.K. HANDA, D. HUDSON, A.G. JACKSON, 
G.W. KENNER, S.R. OHLSEN, R. RAMAGE, B. SINGH and 

R.G. TYSON 

en T~e synthesis of an enzyme or, indeed, any molecule having 
sy~t~at~c activity represents a significant challenge to exist i ng 
Co ~tIC methodology and offers organic chemists a continuing 
Ye~trIb?tion to the frontiers of molecular biology. In recent 
[3 rs PIoneering work by Anfinsen [I] , Hirschmann [2]. Hofmann 
cuI and Merrifi e ld [4], concentrated upon the synthesis of mole
has es having staphylococcal nuclease and ribonuclease activity, 
Pal clea:ly defined the immense problems involved in constructing 
cerY~eptIdes having ca 100 residues. Although opinions vary con
th nIng the methodology required for attacking such problems, 
gr~re can be no doubt that the combined results of these research 
da~P~ serve as a sound base for future attempts on the most 

tIng problem in synthetic organic chemistry. 

ty Lysozy.me is an en~yme which possesses antibacterial activi
Thet~wards the gram-positive organism, Micnococcu~ ly~od eikticu~. 
link acterial cell wall is attacked and cleaved specifically at 
muc s between N-acetylmuramic acid and N-ac etylglucosamine in the 
seqOPolysaCCharide. Canfield [5 ] and Joll e s [6] have assigned the 
frouen~es of the 129 amino-acid residues in lysozymes isolated 
dimm d~fferent species. In 1965 Phillips[7] elucidated the three-
la ensIonal structure of hen egg-white lysozyme using X-ray crystal
sugraphy and followed this by a remarkable study of lysozyme-
an~ar c~mplexes which allowed assignment of the important binding 
sPe ~ctIve site s necessary for biological act i vity. Comparison of 
di CIes. variants showed these regions" to be constant. 
80:Ulphlde links may be cleaved and reformed with retention of 
fOr enzymic activity[B] . This last feature is a prerequisite 
ins t~e organic synthesis of lysozyme notwithstanding the brilliant 

Ulln synthesis performed by the CIBA-GEIGY Group [9]. 

Str Thus, not only is lysozyme an enzyme having well defined 
to bcture and biological activity but it may also be considered 
enz e a . useful probe to establish the minimal requirements for 
mOdrm~tIc processes. This aspect could be served by site-specific 
sat~fIcation by synthesis of analogues using the fragment conden
lys IOn method. Indeed, our initial t arget is not a natur a l 

OZyme but rather an analogue having all the important features 
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of the Phillips model with respect to intramolecular interacti~~S 
and intermolecular bonding to the substrate. The sequence of t 
initial analogue is shown in Scheme 1 which allows comparison 
with lysozyme sequences derived from hen and human sources. It n 
can be seen that there are 52 sequence differences between humB 

(HLL) and hen lysozymes (HEL), whereas only 27 substitutions 
in the hen lysozyme are required to give the analogue under. 
synthetic investigation and 5 of these changes are common Wlt~ 
the human analogue. Since 42 of the 52 changes between HLL ~n 
HEL are surface residues, it was thought important to miniml se 
any substitution of the internal residues. Only four such 
changes were made at residues 12,29,55 and 105 and these are ., 
compatible with the environment and conformation of their par t1 
cular regions. 

10 
Glu Atg Thr-Lou 

15 
Lou 

20 
Met Gly HLL 

HEL Lyo-Val-Ph.- GI y-Arg-Cyo-Glu- Lou-Ala-Ala-Ala-Met- Lyo-Atg-H 1 ,- Gly-Lou-Aop-Aon-T yr 

Analogue Om Nlo Ala Lou Ala Gly 

25 30 35 40 
HLL 110 Ala Met Lou Trp Gly-Tyr 

HEL 

Analoguo 

Arg- GI y-T yr-S.r-Lou- GI y-Aon-T rp-Val-Cyo-Alo-Alo- Lyo-Pho-Glu-Sor-Asn- Ph.-A,n-Thr 

Om ~ % 

45 50 55 60 
Atg Tyr Ala-Gly Atg Ph. HLL 

HEL Gln-Ala-Thr-Asn-Atg-Asn-Thr-Aop-GI y-Sor-Thr-Aop-T yr- Gly-Ilo-Lou- Gln-Ilo-Asn-Sor 

Analogue Om Glu Lou 

65 70 75 80 
HLl Tyr LYI Ala-Val Ala HI.- leu-Ser 

HEL Atg-T rp-T rp-Cyo-Asn-Aop- GI y-Atg-Thr- Pro- Cl y-Sor-Arg-Asn- Lou-Cy,-Asn-Ilo-Pro-CY' 

Anologuo Orn Ala Orn Alo Gly 

85 90 95 
HLL Gln-Aop-Asn Alo-Asp AI. Ala Atg_ 

100 
Atg 

HE L Sor-Ala-Lou-Lou -Sor-Sor~Aop-llo-Thr-Ala- Sor-Vol-Aon-Cy,-Alo-L)'I- L)'I-llo-Vol - Sor 

Analoguo Ala Nvo Gly Gly 

105 110 115 120 
HLL Pro-Gin 1I0-Atg Gin Asn-Atg 

HE L Asp- GI y-Asn- GI y-Met-Aon-Ala-T,,-V.I-Ala-T rp-Atg-Asn-Atg-C)'I- L)'I-CI y-Thr-Aop- Vol 

Analogu. Nlo Orn Sor 

125 129 
HLL Atg-Gln-Tyr-Val-Gln Gly-V.I 

HEL Gln-AI.-Trp-lIo-Atg-Gly-Cyo-Atg-Lou 

Analoguo Sor Val-Orn Gly 

S c.heme 1: S equenc. e~ 06 H LL. HEL a.nd the ly~ 0 z ym e a.na.log ue undeJl, 
c.on~tJtuc.t.Lon. 
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ado Maximal protection of side-chain functionality has been 
proited.for the synthesis in which the semi-permanent side-chain 
aCidectl~g groups chosen must be susceptible to relatively mild 
POl olyt~c cleavage (TFA) after assembly of the 1-129 protected 
wasyPeptlde. Following the work by the MERCK group[ 10], cysteine 
wis protected as the S-acetamidomethy1 derivative. In the step-
2 aedconstruction of intermediate fragments shown in Schemes 
lat~ 3 Z. or Bpoc [11] wer e used for No-amino protection, the 
Sis e~ belng adopted for fragments containing Cys(Acm). Hydroly-
Of 0 C~-methyl esters has been shown to give varying degrees 
Of racemlsation and rearrangement to the a -peptide in the case 
[13Protected Asp-G1y sequences [12]. This led Kenner and See1y 
hYd] to ~ev~lop phenyl esters for Ca-protection due to ~heir rapid 
racro~YS1S In alkaline hydrogen peroxide without concomItant 
met~mIsation or rearrangements. We have used the phenyl ester 
rat od extensively in this work and have found satisfactory 
PH ~~ of.hYdro1ysiS for protected polypeptide phenyl esters at 
Phid ).5 In the presence of a scavenger (anisole or dimethy1su1-

e for excess peroxide when Trp or Cys is present [14]. 

cedu Where the fragments were constructed by a stepwise pro
valore, active esters or mixed anhydride (normally using pi
tion

Y1 chloride) were used as coupling procedures. In racemisa
[Iij-prone couplings the DCCI-HONSu (HOBt) methods of Wilnsch 
the and Geiger [16] were employed. This of course requires 
furtharbo~Ylic acids of protected fragments for coupling an~ 

er dIctates the use of C-terminal phenyl ester protectIon. 

Want A1~hough the strategy of maximal protection reduces un
tion

ed S~de reactions it introduces problems in the purifica
redu of Inter~e~iate protected fragments which may. have grea~ly 
grouced solubIlIty properties due to the hydrophobIc protectIng 
largPs . We have developed methods for the purification of such 

e protected fragments using gel filtration techniques. 
K 

O h 

01 

.. 
0.' 

o. 

0 .3 

0.' 

01 
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o 

x 
o x 

) , 1 1, ' J. l 1 ~ . to 

L",- MW 

o 

o 

F· 
o{9tur.e ,: Get 6.i.t.tJr.a.t.i.on on Enzacltljt K2-Kav v~ 

NMP) • 
Log IW (X UMF 

10 
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It has been found [17] that LH20/dimethylformamide(DMF) sys~erns 
are satisfactory for fragments of MW 3000 depending on solubl~. 
lity. Using Enzacryl K2 with DMF or N-methyl-2 pyrro1idone CI~I'1P) 
for more insoluble fragments it is now possible to extend gel 
filtration to hydrophobic molecules in the MW range 5-10,000 
(Figures 1 and 2) [18]. 

k 
ov . 1 . 2 

", 
I \ 

I \ 
I \ 
I \ 
I \ 
I \ 

\ 
\ 
\ , 

.6 

Figu~e 2i Gel 6ilt~atioft on Eniae~yl K2/UMP 
- Adoc(1-15)OPh --- Adoe( 1-37)OPh 
(2.5 cm LV. Column) monito~ed by U.V. (280 nm). 

.7 

Schem~ 2 shows the protected fragments which were synthe
sized in a stepwise manner then coupled in sequence to give 
the 1-37 fragment. Synthetic work in this area proved to be 
very slow and difficult due to inherent insolubility of the 
1-16 region, which is a-helical in the natural enzyme. An 
early attempt at the stepwise synthesis of 1-16 failed at th~ n 
dodecapeptide due to insolubility of the fragment. An exceptIO 
to the use of C-termina1 phenyl ester protection was the 1-4 
fragment which w~s prepared as_the methyl ester due to unu~u~~_ 
instability of H2 Phe-Gly-OPh.X . In no other region were dlf 1 
culties encountered due to diketopiperazine formation, hOWeve~ed 
to minimize this the tripeptide formation was routinely effec • 
by a fast mixed anhydride coupling. Na-Deprotection was acc orn 
plished by standard procedures and was followed by thin laye~ e 
chromatography as were DCC/HOSu couplings using fluoresc~ID~~ll1 
to monitor unreacted amino fragments. Bpoc cleavage was inl tl 
performed using fiCl methylene chloricif~ or acetic acid/fornic 
acid/water (7:1:2) but this was later changed to HC) in 90% 
trifluoroethanol (TFE) at pH 0.5 (19) in the presence of a 
scavenger when necessary. Alkaline hydrolysis of the poorly 
soluble Adoc(1-16)OPh was best achieved in aqueous TFE at pH 
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~~.s although in this solvent uptake of base could not be moni
hored due to the buffering effect of the relatively acidic alco
Pr . The DCC/HOSu coupling of Adoc(1-16)OH with H(17-37) OPh 
ge~Ce~ded satisfactorily in DMF/HMPA(l:l) and was followed by 
analflltration (KZ/NMP) which afforded Adoc(1-37)OPh. Amino-acid 

yses for the fragments in Scheme Z are given in Table 1. 

Adoc Adoc Acm OBut 
Ad I I I 

oc-lys-Val-Phe-Gly_OMe Bpoc-Orn-Cys-OH Z-Glu-leu-Ala-Ala-OPh 
1 4 5 6 7 10 

Adoc 
Z-AI I 

1~-Nle-lys-Alo-Leu-Gly-OPh 

~-leu-Alo-Gly_OPh 
17 19 

~-Asn-Trp-Nvo-OH 
27 29 

But Adoc 
I I 

Z-Tyr-Orn-Gly-OPh 
20 22 

Acm 
I 

Boc-Cys-Alo-Alo-OPh 
30 32 

But But 
I I 

Z-Tyr-Ser-Leu-Gly-OPh 
23 26 

Adoc OBu t Bu t 
I I I 

Z-Lys-Phe-Glu-Ser-Gly-OPh 
33 - 37 

A~ tdoc Adoc Acm OBut Adoc 
"'OC-l (2' I I (1' I (3' I 

Y5-Val-Phe-Gly l::.L Orn-Cys l..:..L Glu-Leu-Ala-Alo l:::.L Alo-Nle-Lys-Alo-Leu-
1 10 

" (0\ But Adoc But But Acm 
"'I~~ (7' I I (6' I I (8' ill I 

leu-Alo-Gly 'L...L Tyr-Orn-Gly l:::.L Tyr-Ser-Leu-Gly ~ Asn-Trp-Nvo Cy'-
20 30 

~I ~doc OBut But 
Q-AI ill I I 

0- lys-Phe-Glu-Ser-Gly-OPh 
37 

Sc.h 
erne 2: FlLagmen.t~ and a~~emb.e.1J 06 Adoc.! 1-37)OPh. 
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Adoc.(1-4)O""" 

.... C' -lO)OPh 

Adoc:(1-IO)OPh 

lytO .96 (1). Glr 1.0.5(1). Vol1.o..(1), Ph. 0 . 95(1) 

Orn l.oo( ,), GI ... l.oo( 1). A'o 2. 18(2). L .... 0 . 99(1) 

lyt 1.13(1). Le ... 0 . 98(1). Alo 1.9<4(2), NI.a.99(I), 01)'0 . 95(1) 

lyt/Orn 2.01 (2). GI ... 1.00(1). Oly 1.01 ( I) , A'o 2.02 (2). 

Vat 1.00fl} . l~ I.oo ( I). f'he; 1.00( 1) 

l ys,lOrn 2. 98(3). Olu 1.06(1 ). Glr2 .01(2), AI03 . 91(4), 

Val 0.99(1) , le ... 2 .07(2). NI, 0 . 9<4(1). Ph. 1.03(1) 

8poc(17-19)OPh Glr I .ClOP)' 1.'00.97(1). le ... 1.03(1) 

Z(lO-22)OPh OrnO .9'(I), TyrO . 99(l), GI,1.02(1) 

Z(23-26)OPh T)I.0 . 95(1) , S..Q .86(l). Lev 1.01(1), Gll" 1.03(1) 

Z(20-26)OPh Orn 0 . 99 (1). s.. o .aS(I) , Glr 2.04(2), LIkI 1, 00(1). Tyr 2 .09(2) 

8poc (I 7. 26) OPh Orn O. 99( 1 l . Se, 0 , S4 (')' Glr 3 .0\ (J), Ala 1.00(1), l .... 2 .01 (2) 

Tyt2 .03(1) 

Ipoc(27-32)OPh A.p 0 .95(1), Ala 2 .06 (2) , Nyo 1.00(1) 

8poe(27-l7)0fIh LY'0 . 96(1). AtpO . 99(1). 5.,0 .88(1), GI ... 1.05(1), Olr 1.03(1). 

A'a 1.97(1), Nvo 0 . 96(1). Pt... 1.02(1) 

8poc(17-l7}QPt, LyVO ... 1.99(2). Alp 1.04 ( 1). S.r 1.6(2) , GI ... 1.05(1) , 

.... (I - ,,)OPh 

Gly04 .01(o4) , Alol .OO(J). Nval .G.c(I), L.u2.00( 2). Tyrl . 96(2). 

Ph. 0 , 99( ') 

Lyt/O ... 5 . 13(5) , Alp 1.00 (1). s., 1.58(2), Gill 2. IB(2). 

Gly 5. 96( 6) , Ala 7 .09(7) , Val 1 .Ol( I). Nvo 1.06(1). 

L .... 3.94(04) , NI. 0 .97(1) . Ty, 1.8(2). Pt.. 2 .06(2) 

Table 1: Am~no-ac~d analyt~cal data 06 the ~ub-6~agment~ 06 
Adoc(I-31)OPh. 

, t1 
The fragment (38-75) proved to have much better solubill 

properties and subsequently gave few problems in the purifica• 
tion of the intermediates illustrated in Scheme 3 which showS'n 
the sequence of assembly. Amino-acid analysis data are given 1 
Table 2. The possibility of transpeptidation in the Asp-Gly 
sequence was checked by hydrolysis of Z-Asp(OBut)-Gly-OPh and p~ 
the deprotected dipeptide subjected to amino-acid analysis at 
3.25/43°C long column (flow rate SO ml/h). The tripeptide ' ng 
Bpoc-Orn(Adoc) -Trp-Trp-OH, corresponding to an imnortant bind 1

• 
site in lysozyme, was synthesized from Bpoc-Orn(Adoc)OH by ~uc 
cessive OSu salt couplings with tryptophan. In the synthes15. 
of the pentapeptide Bpoc-Ser(But)-Thr(But)-Asp(OBut)-Tyr(BU ) 
G1y-OPh, corresponding to the active site SO-54 in lysozyme, 
unexpected problems arose at the hydrogenation step in depro;e 
tection of the intermediate Z tri- and tetrapeptldes but the t' 
difficulties could be overcome by carefully monitoring the coU 
se of the hydrogenation by thin layer chromatography. 



Su' 

8poc-Phe-Aan-~ht- Gln-Ala-OPh 

Bu' Adoc el} OBu' 
I I I I 

z- Thr-Asn-Qn-Aan-Thr-Glu-Gly-OPh 
38 .2 .3 .9 

aut But OBut 8u' 

8poc-~.r-{hr • ..Lp- j yr- GI y- Opt. 
so 501 

Su' , 
8poc -l.v- t.v- Gin-I t.-Asn-Ser- Opt, 

55 IIJ 

Ado< 

Bpoc-&n-Trp-Trp-OH 
61 63 

Acm 08u' , , 
Spoc-C,..-Ala--A.p-Gly-OPh 

601 67 

Adac: But 

8poc:-6rn-~hr-Pro-Gly-OPh 
Su' 
1 

Z-Ser-Ala-Aan-Gly-OPh 
68 71 72 75 

But But Adoc Bu' OBu t But 81.1' OSu' oeu' 
8poc-Phe-Asn-h,r-Gln-Alo ill ~r-Asn-&.n-A&n-~r-~'u-Gly ill ~.r-h~r-.t,,-r'yr-Gly ill 

38 ~ SO 

Bu' Adoc Acm 06u' Adoc Bu' 

l.u-l.u-Gln-II._Am_l., (1). b.n-T,p-Ttp ill ~,..-Ala-.l.",-Gly ill b,n-~h,-P,a-Gly {~ 

ru' 
S.r-Alo-Asn-Gly_OPh 

75 

IIJ ro 

Stheme 3: F~agment~ and a~~embty 06 Bpoc(38-75)OPh. 

8poc(38 -41) OF'tl 

Z(4J .... 9)0Ph 

apoc(38 .... 9)Of'h 

Spoc(61 -67)Of'h 

lpoc:(jO-67)OI'tl 

AI91.02(1) , TIw-O . ~(1) . GI ... 1.07(1). Alo 1.00(1). F'tMoI ,OO(1) 

OrnO . N(I). Alp 2 .02(2). rh, 1.90(2). 0 1 ... 1.03(1), Cl), 1.02(1) 

OrnO .98(1). Alp 2. 92(3) . TII.2. 76 (3). 01 ... 2.07 (2). GI11.0l (l). 

Alo O.98( I ). Ph. O. 99( t) 

s •• 0 .99(1) , rh. 1.00( I>. A., 1.00(1 ) , T", 1.ooP), C l" LOO! I) 

l.u 2.00(2). Glu 1.01 (1). 11. O. 99C I). Atop l.00( I). Se, 0 . 99 (1) 

Or" 1.01 (1). Trp 1.91(2). "'1(1 1.00(1) . ~ 1.00 ( 1) . GI" 1.00( 1) 

Or" 1.01 ( I). Y,p 1. 91e 2). Aap 2. 0l(2). Se, O. 99( I) . Glu 1.02(1) . 

GI"O . 99( I) , "'101.00(1). 11.0 98(1). l.u 2.02(2) 

Or" 1.01 (1) , Ttp 1.96(2). A.p 2. 91(3) . Yh, 0 . 1' ( I) . Se, 1. .. 1(2). 

Glu 1.02( I). C l" I. 94 (2) . Alu 1 .09( I). 11. 0 . 91( I) . Leu 2.00(2) , 

J",O .84(1) 

Or"O .98{1}, YhrO . 94(l). Pro 0 . 96( 1). Gly 2.01 (2). S., O. 98 ( I) . 

"'101.00(1). Atop 1.02(1) 

Or,.. 2.01(2). Trp 1.91(2). Aap 3 .93(",. Thf 1.96 (2) . Se, 2. 9"(3) , 

Glu I .ClO{l} . ProO .99{ I). GI" .. . oo("}. Alo 1. 99(2), 11.0.98(1) , 

L.u2 .00(2). T"rO. 98(1) 

l "vOr" 3. 40(3) . AlP 1. 02(1), Thr " .H ( 5), Ser 2. 26(3). 

GI ... 3. 22(3) , P,o 0 . 96( 1), GI)''' .83(5) , Alo 2. 91(3). 11. 0 . 99 ! I,. 
le1.l 1.98(2) . T"rO .Sot(I} . Ph.1.02(l) 

L".7 .«(8) , ....,8 ."(8) , Th''' . 57(5) , Hr .. . 52(5) .• G!u " . 91(5), 

Pro I 15(1), GI"I I.I( II) . AI09 ..... (l0), VoI0 .65 (1 ). 

N ... o 1.0(1). 11.1.5(1). L.u 6 . 13(6) , NI. 0.85( 1). T)" l .86 P }. 

253 

i .... 2.00(3) 

(~~te 2: Am~no-ac~d anaiyt~cat data 06 the ~ub-6~agment~ 06 Bpoc 
-75)OPh and Adoc(I-75)OPh. 
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Cleavage of Adoc (1-37)OPh to the required C-terminal ~ 
acid proceeded smoothly in aqueous TFE at pH 10.5 in the pre~~n 
of H20 2 and deprotection of Bpot (38-75)OPh uSing 90% TFE/O. 
HCl at pH 0.5 furnished both components for the coupling to SU 
give Adoc(1-75)OPh. Again the coupling was achieved by DCC/HO 
in HMPA/DMF (1:1) and the crude reaction mixture was purified 
by gel filtration (K2/NMP). Phenyl ester cleavage in aqueoUS 
TFE at pH 10.5 in the presence of H2..02 gave the fragment 
Adoc(1-75)OH which is required for the final coupling to give 
the fully protected 1-129 linear polypeptide. 

Although all the fragments in Schemes 2 and 3 have sati S ' 

factory analytical and chromatographic behaviour (gel filtra~ 
tion and thin layer chromatography) it is intended to inv~stl'r 
gate the optical purity of the major fragments, with partIcula 
reference to residues, 6,10,29,32,42,60,63, by tryptic and, 
chymotryptic digestion of the free peptides followed by amInO' 
peptidase hydrolysis of the resultant fragments. 

It is a pleasure to acknowledge the assistance of Dr. 
R.C. Sheppard in the initial planning stages of the project: n' 
We thank the Science Research Council and I.C.I. Ltd. for fln a 
cial support. 
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DISCUSSION 

ANDREATTA: 

RAMAGE 

RUEGG 

RAMAGE 

RYDON 

RAMAGE 

Ilave you any informa tion concerning the stability of 
the phenyl ester group as the C-terminal carboxyl
protection in a lcohols and alcohol containing 
solvents? Is this gro up stable under the condition 
employed for the removal of the Bpoc group (i.e. 
90% TFE- pH 0.5)? 

maY 
~e have indeed observed by tlc cllat phenyl esterS 
be exchanged by MeOH to a slight extent. Thus we 
have avoided the use of MeOH and EtOH in this work~ 
During the removal of the Bpoc group, we have neVe 
found any evidence so far of transesterification. 

Don't you think that the replacement of amino-acid~e 
can bring an incorrect folding of the final molecUhide 
and thus lead to the formation of incorrect di5Ulp 
bridges? 

logUe 
Our first concern is the construction of the ana he 
containing 129 residues. We are optimistic that t 
minimal changes made in the interior region will 
not destroy the lytic activity. 

During the hydrogenolysis of Z-derivatives of Me a~d 
Et esters, we used t-butyl alcohol to prevent es tC 
interchange. Have you tested this with the phenyl 
esters? 

We perform the hydrogenolysis of the Z-protected 
fragments terminating in OPh , in DMF to eliminate 
ester exchange. 
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Importance 
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Abstract The contributions made by Sir Robert Robinson to sesquiterpene chem
istry and to the development of the biogenetic isoprene rule are discussed. Exam
ples of the great utility of the Robinson Ring Annelation in synthetic organic 
chemistry are given with reference to steroid and sesquiterpene systems. Recent 
modifications to the original method are also mentioned. 

The close relationship of the eremophilane sesquiterpenes and the spiro sesqui
terpenes, which follows from the biogenetic derivation of eremophilone by Rob
inson, is the basis for the synthetic strategy under discussion leading to chiral spiro 
Sesquiterpenes. This approach makes use of chiral starting material coupled with 
Subsequent stereospecific processes leading to sesquiterpenes of stereochemical in
terest and complexity. 

~lthough sesquiterpene chemistry was not a major interest of Sir Robert Rob
lnson, his contribution in this area of natural products was fundamental to the 
SUbsequent development of structure determination and synthesis of sesqui
~erpenes. The structure of eremophilone (1) (Penfold & Simonsen 1939) was 
I Ue to his interpretation of the experimental results and the authors acknow
edge his contribution. 

~ c~ 
~ 3 c~ 

(1) ( 2 ) 

b'l'o reconcile the structure (1) with the isoprene rule Robinson postulated a 
logenetic route involving rearrangement of the alcohol (2). This proved to be 

• 
l' Present address: Department of Chemistry, University of Manchester Institute of Science and 

eChnology, Manchester. ' 
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a cornerstone of the biogenetic isoprene rule (Ruzicka 1959) which allowed that 
terpene structures could be derived in vivo from a regular isoprenoid system by 
skeletal rearrangement and 1 ,2-methyl migration in particular. This latter pro
cess was later recognized (Woodward & B10ch 1953) in the biosynthesis of the 
steroid nucleus from squalene. An earlier proposal by Robinson (1934) used 
squalene in such a manner that 1,2-methyl migrations were unnecessary. 

A major interest of Sir Robert was the construction of the steroid ring sys
tern. During the course of developing this theme he made a major contribution 
to the methods of synthetic organic chemistry in the form of the Robinson 

Ring Annelation process which is outlined in Scheme 1 and has been recently 
reviewed (Gawley 1976; lung 1976). 

cfi R' 
R2 

c:t\ ~ do ~ I :::,.. 0 
(50 ) 

+ -
R' r H3C 0 

mo CH3 
(3) (4) (5 0 / b ) 

(5b) ScHEME 1 

After preliminary studies with methyl vinyl ketone (Miller & Robinson 1934) 
and more stable enones (Rapson & Robinson 1935), it was decided to avoid me
thyl vinyl ketone because of its facile polymerization in the strongly basic con
ditions of the reaction sequence. This led to the introduction of the salt (7) (~~ 
Feu et al. 1937) and the corresponding 2-chloroethyl ketone (8) (Walker 193 
as substitutes for methyl vinyl ketone. It is a tribute to the method that it wa; 
used so widely in the synthesis of the non-aromatic steroids (Woodward et a· 

RCHI ·CHI ·CO.CH] 

(7) R=N EtIMeI-

(8) R=CI 

CHI=CH .COR 

(9) R = CHI· CH1 ·CO ·OCH] 

(10) R = CH1 ·CHp 

(14) R = CH I·CO·OCH] 

(15) R = CHI·O·CH] 

1951,1952; Cardwell et al. 1953; Sarett et al. 1952, 1953; Wilds et al. 1953; Wi~: 
land et al. 1953a-c; lohnson et al. 1956). In later work starting from 2-methY /. 
cyclopentane-l,3-dione the vinyl ketone (9) was developed (Velluz et a 
1960a,b) to give the potential for further cyclizations by subsequent modifica-
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tion of the carboxy function of(11). In a similar approach, Danishefsky & Mig
dalof(I969) used the enone (10) which incorporates the masked enone system 
o~ (8) and which was needed for bis-annelation of 2-methylcyclopentane-l ,3-
dlone to give (13) via the intermediate (12). Bis-annelations have been useful 

om 
HoocT 

(11) ( 12 ) (13) 

for the rapid construction of tricyclic and tetracyclic ring systems (Eschenmo
~r et al. 1953; Stork & McMurry 1967b; Stork & Ganem 1973; Ireland et al. 
d 75; Danishefsky et al. 1975). Although all these studies gave racemic pro
t~cts,.recent applications of the Robinson approach to steroid synthesis using 
(lie ~hlral reagents have given intermediates with a high degree of optical purity 
19 ajOs et al. 1968; Saucy et al. 1971; Saucy & Borer 1971a. b; Rosenberger et al. 

72; Eder et al. 1971; Hajos & Parrish 1974a. b). 
d More recently, other derivatives of methyl vinyl ketone have been intro
uced to extend the use of the annelation in natural product synthesis, e.g. the 

~~one ester (14) (Pelletier et al. 1968; Stork & Guthikonda 1972; Trost & Kunz 
74) and the enone ether (15) (Wenkert & Berges 1967; Ireland et al. 1970). 

,l'he difficult step in Scheme 1 is often the initial Michael reaction, owing to 
sow formation of the enolate of (3) when R I is an alkyl substituent. One 
~ethod developed for circumventing this problem was the substitution of an 
~ kYlation for the Michael reaction which led to introduction of the dichloro
I<.~tene (16) as alternative to methyl vinyl ketone (Wichterle 1947; Ireland & 
(~erstead 1966; Caine & Tuller 1969) and found application in steroid synthesis 

eHuz et al. 1960a.b, 1961a.b; Burcourt et al. 1963). The vigorous acid hydro-

:~SiS needed to convert the intermediate vinyl chloride into an intermediate of 
~ e tYpe (5) may be avoided by selecting the iodide (17) (Stork et al. 1974; Stork 
as ~ung 1974). The reagent (18) can also be used with alkylation as the first step 
a ~~ Contains the methyl ketone (needed for stage 11 in Scheme 1) masked as 
c ll11ethylisoxazole (Stork et al. 1967, 1971; Stork & McMurry 1967 a,b). A 
°tnplementary approach attempts to facilitate the Michael reaction by stabili-
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zing the enone function of methyl vinyl ketone in the reagent (19) (Stork & Ga
nem 1973; Stork & Singh 1974; Boeckman 1973, 1974). 

(20) (21) (22) (23) 

The first application of the Robinson Ring Annelation to the synthesis of 8 
'oS natural product was only partially successful (Adamson et al. 193:), .bet rt 

frustrated by the lack of stereochemical control in stages I and n. Str Robe ~ 
sought to synthesize cx-cyperone (23) by the route shown in Scheme 2, althOUg 
the nature of the ketol intermediate (22) was not elucidated until later w~ 
the stereochemical problems were solved and cx-cyperone finally sy~thest 5). 
(McQuillin 1951, 1955; Cardwell & McQuillin 1955; Howe & McQuilltn 195 s 
In the course of this work it was found that the use of strongly basic condition 
for dehydration of the alcohol (22) also caused epimerization of the angular rn~: 
thyl group, possibly via an intermediate such as (24). Later studies of the Ro 11 
inson Ring Annelation (Coates & Shaw 1968; Scanio & Starrett 1971; Mars~8 S 
et al. 1967; Marshall & Warne 1971) have established conditions for controllt~ 
the stereochemistry of stage I to give (6a) or (6b) selectively. In the process lea' 

(19) (24) 

(26) RI : CH:l. f?2 : H 
(27) Ft : H. Fi: CH:! 

(25} 

(28) 

ing to (6b), where RI = R2 = CH], it was postulated that the trans-stereoche~ 
istry results from cyclization of the intermediate triene (25) by a disrotatorY~ OS 

cess (Woodward & Hoffmann 1965, 1969). Consistent with these observ.atl°Uc 
was the finding that the trienones (26) and (27) both led to the same btcYc $ 
ketone (28) having the trans relationship of the two methyl groups (RatllSge 
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Sattar 1970}. Evidently steric demands in the transition state precluded stereo
~c.ific cyclization of (26). Notwithstanding the stereochemical problems, the 

h
Obtnson Ring Annelation has been the most widely used strategy for the syn-

t . 
M eSIS of (± }-et-vetivone (29) and (± }-nootkatone (30) (Marshall et al. 1967; 
h arshall & Ruden 1970; van der Gen 1971). A recent successful approach to 
t ese important sesquiterpenes does not use this strategy (Dastur 1974). 

0wY ' :::,.. CH) 

I CH:! CH:! 
CH) 

(29) 

O~CH' O~CH:J ru~ -'CH 
CO OH ) ~ CH2 

CH) CH) 

(30) (31) (32) 

~ 

~ 
?i:J 

?=\: q}CH) 
i OH % 00 CH) ¥ CH) ! 

(JJ) (34) CH:! CH) 
(3 5) 

a Our interest in sesquiterpene synthesis centred on the stereochemical 
I s:PeCts of the biogenetic isoprene rule. In particular we were fascinated by the 

i~reochemical relationships of the differing structural types of sesquiterpenes 
PI.~ated from the commercially-important oil of vetiver. These may be exem
c lied by (-)-et-vetivone (29), (-}-p-vetivone (31) and (+}-zizanoic acid (32). It 
a~n readily be seen that (29) and (31) may formally represent alternative re
ta;ngement products of a hypothetical intermediate (33), remarkably similar 
A. 2) Which was postulated by Sir Robert as a progenitor of eremophilone (1). 
ag Closely related sesquiterpene, agarospirol, had been isolated from infected 
afar WOod and assigned the structure (34) or the enantiomer. Comparison 
ca t~e structure of agarospirol with dihydroagarofuran (35) and biogenetic 
Ih nSlderations support the absolute stereochemistry illustrated in (34). AI
sp?Ugh We had postulated (MacSweeney et al. 1970) the intermediacy of such 

IroSesquiterpenes in the biogenesis of zizanoic acid (32) and synthesized 
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(32) by a route influenced by these considerations (MacSweeney & Ramag~ 
1971; Kido et al. 1969), there was an alternative hypothesis (Andersen & Syrd~ 
1970) which implicated the enantiomer of (+}-~-acorenol (36). Bot 
cx-acorenol (37) and ~-acorenol (36) have been isolated from Juniperus rigida 

~
c 3 

3 OH 

3 , 
% 

(36) (37) 

(Tom ita & Hirose 1970; Tomita et al. 1970). The biogenetic significance of 
cx-acorenol (37) may be illustrated by the facile in vitro acid-catalysed tranS

f 
formation of (37) into (-}-cx-cedrene (38). The stereochemical complexity. 0, 
spirosesquiterpenes such as (34) and (36)/(37) possessing three chr

r 
centres, one of which is at the inaccessible spiro centre, represents a 81 

challenge to the synthetic organic chemist, especially if the further con~ 
straint of chirality is added to the objectives. This must necessarily be dO~ 
because of the crucial stereochemical considerations involved in the bl

o
' 

genetic relationships of these sesquiterpenes. 
We decided to synthesize the two skeletal types-spirovetivanes ~nd ac~; 

ranes- using the strategy implicit in Scheme 3 involving the syntheSIS of t a 
two chiral diastereoisomers (39) and (40). Selective ring contraction of ringS f 
or b in the intermediates (39) and (40) should allow entry into both classes 0 

sesquiterpenes with control over the stereochemistry at the spiro centre. 

(-) -a-ocorenol (37) (+) -/1-ocorenol (36) 

~CH3 
I 

CH3 

~ (39) (40) 

(-l - ogorospirol (34) - (-) -/1- vetillone(31) 

The chiral nature of the intermediates and products was dictated bY ~~ 
choice of starting material for the project, namely (+)-(3R)-methYICycloh;t~~ 
none (42) which is readily available from pulegone (41). Consideration 0 e' 
primary objectives (39) and (40) with this in mind meant that the spiro-anJl 
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lation had to be directed to the less accessible 2-position of (42). To do this we 
~ad to protect the C-6 methylene group adjacent to the carbonyl function. Dur
tng the early work on construction of the steroid nucleus, methods were de
vised for protection of the ex-methylene before the angular methyl group is in
trOduced (Johnson 1943; Birch & Robinson 1944; Birch et al. 1945; Johnson & 

~o 
CH:! ~ePh 

(4;u) 

(43) R·Ar 
(44) R.~Ph 

(45) R·OPri 

(46) R· SBu 

Y::CH2COQRJ2 
I 

CH:! 
(48) 

Posvic 1947). This family of protecting groups (43), (44) and (45) was later ex
~ended to include the versatile thio-analogue (46) (Ireland & Marshall 1959, 
962). Preliminary studies of the applicability of these methods led us to select 

the crystalline N-methylanilino derivative (47). The regiospecificity of the for
IllYlation (90%) at the 6-position was proved by oxidation to (+)-~-methyladipic a . 
rCld and, furthermore, the by-product (47a) could be separated by crystalliza-
r'0n of (47). In practice it was later found that the subsequent products derived 
rom the small amount of (47a) could be removed at a later stage. 

The approach we adopted to convert (47) into the spiro-annelated products 
~sted on the well tried processes of cyanoethylation (Triton BlButOH), basic 
~drolYSiS (Woodward et al. 1952), then esterification to give the diester (48). 

leckmann cyclization of (48) to the ~-keto-ester (49) introduced, temporarily, 
~ mixture of diastereoisomers but this complication was removed during the 
l~nsformation (LiI/HCO~Me~) to the diketone (.50). A ~ittig reaction with a 
r 96 excess of Ph]P=CH2 In Bu OH afforded (51) In 55% Yield from (48). Reac
.Ion of (51) with ethylene glycol I p-toluenesulphonic acid gave the ketal der
~~atives (52) and (53) of the desired ketones (39) and (40), respectively. These 
\lla~tereoisomeric ketals could be separated by chromatography on AgNO]-al-
Illlna and evaluation of the c.d. and n.m.r. data allowed an assignment of 

~tereochemistry at the spiro centre which was later to be substantiated by trans
Orrnation of (52) into ex-acorenol (37) and (-)-ex-cedrene (38). 
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(49) R· COOCH) 
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(51) (52) 

The ketal protection was cleaved in mild conditions to give (39) and (40) 
without interconversion through protonation of the olefinic double bond which 
would effectively destroy the chirality at the spiro centre. Oximation of (39) 
with trityllithium/pentyl nitrite gave the <x-oximinoketone (54) which could be 
converted into the <x-diazoketone (55) on treatment with chloroamine. PhOto
lysis of (55) in alkaline solution, followed by esterification of the acidic pro
ducts, afforded the ester (56) which resisted attempts to epimerize the ester 

CH) 

(54) 

+ 

~c~ 
i 

CH) 

(55) (56) R', COOCH),R2• H 
(57) R' = H, R2, COOC~ 

function using strong base. Consideration of conformational analysis of (S6J 
and the epimeric ester (57) suggests the trans arrangement of the methyl ~11 I 
carbomethoxy groups to be more stable, as found in (56). This stereochernlc~1 
assignment agrees with other results in this area (Corey et al. 1969; crandll). 
& Lawton 1969). Treatment of the ester (56) with methyllithium produced (~ 11 
<x-acorenol (37) which could be converted into (-)-<x-cedrene in 96% yield wit 
formic acid. Repetition of this synthetic route starting from (40) produced (+). 
~-acorenol (36) so completing the first phase of the project (Guest et al. 1973)· 

Although in principle either of the ketals (52) or (53) could be used to s~l1~ 
thesize (+)-agarospirol (34) and (-)-~-vetivone (31) we decided to proceed wit 
the more abundant ketal (52). Ozonolysis of (52) followed by reductive cleavll~e 
of the ozonide gave the keto-aldehyde (58) which could be cyclized in ba~l~ 
conditions to the <x,~-unsaturated ketone (59) having spectroscopic propertle 
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entirely consistent with this mode of cyclization. Hydrogenation gave the ex
pected mixture of ketones (60) which were transformed to the corresponding 
acids Using the bromoform reaction. Esterification followed by cleavage of the 
ketal protecting group gave the mixture of esters (61) and (62) which were se-

~ ~~ cJb.-COCH3 
CHO 

&3 
...., ~ 

: 0 : 
CH3 CH3 

fi)e "':: 0 

(58) (59) (60) 

~~ ~ ~ I ~ • COOCH3 % I COOCH3 
CH) CH3 

(61)R' . COOC~~=H 
tl:!)~'H.~COOCH) (63) (64) 

Parable by chromatography over alumina. The stereochemical assignment of 
the ester function in (61) and (62) followed from steric considerations and 
eqUilibration studies which showed one epimer, namely (62), to be thermo
dYnamically more stable. The separation of(61) and (62) later proved to be un
necessary since both ketones underwent a Wittig reaction to give the same pro
dUct (63) which failed to epimerize to any appreciable extent ( < 5%) in basic 
conditions. Equilibration during the Wittig reaction is to be expected in the 
cOnditions used (McMurry & von Beroldingen 1974) and assignment of the 
~~nfiguration of the ester function in (63) agrees with other results in this area 
. amada et al. 1973). Treatment of (63) in carefully controlled acidic condi

tions produced the more stable endocyclic olefin (64) without undesired re
arrangement of the intermediate carbonium ion involving the adjacent spiro 
~entre. The last two carbon atoms were added by reaction of (64) with methyl
Ithium to give a product having analytical data in agreement with that 
PUblished for (-)-agarospirol (34) (Varma et al. 1965). This synthesis proves 
~he absolute configuration of (-)-agarospirol (34) which is therefore related to 
-)·a·vetivone (31). Following an established route (Marshall & Johnson 1970) 
we converted the synthetic (-)-agarospirol (34) into (-)-I3-vetivone (31) which 
\Vas identical with the natural sesquiterpene isolated from oil of vetiver 
(Deighton et al. 1975). Recently there have been two new routes tospirosesquiter
~nes involving elegant new spiro-annelation methods (Dauhen & Hart 1975; 

rost et al. 1975) but these do not have the advantages of chiral products. 
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The problem we are examining at present is how to transform the ketone (40) 
into the eremophilane sesquiterpenes which is our final objective in this area 
of natural product synthesis. 
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D' ISCUssion 

de:ak~r: We have isolated two new sesquiterpenes (65) and (66) from the first 
(WenSlve secretions of termites. The first, (65) (from Amitermes evuncifer) 
bee adhams et al. 1974), is an analogue of dihydroagarofuran (cf. [35]) and has 
~e n sYnthesized by an unambiguous route from (-)-carvone (Scheme 1) (Ba
th r ~t al. 1977). The annelation and the ring closure by oxymercuration are 
ra~ Illlportant steps and yield a product ([ex]D28 -22°), identical with the natu-
~ oCcurring material. 

to e were interested in this compound because of its insecticidal properties; 
e termites protect themselves by squirting this material at their predators, 
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.~ 
l~~ 

(65) • (i) 
ScHEME 1 (Baker): a, Zn-NaOH- EtOH- HP; b, (i) Hg(OAc)2-THF- H20 , Oi) alkaline NaBH., Cbiil 
NaH- THF, (ii) ClCH2·CH2·CO ·CH2·CH J; d, 0) cone. HCl- EtOH, (ii) LiAlH.-THF,. (iY) 
Acp- pyridine, (iv) Li- liq. NH J: (i) RI, R2 = 0 ; (ii) RI = H, R2 = OH; (jii) RI = H, R2 '" OAC, 
RI = Rl = H. 

ct>-o (66) 

ants. We do not yet know how insecticidal it is or the origin of its toxicity. 
The other sesquiterpene (66) is also a termite defensive secretion (froJ1l A'" 

cistrotermes cavithorax) and is possibly used for the protection against predators; 
Again we do not know how insecticidal it is and have not yet completed O~11 
synthesis of this material. We wonder whether insects accumulate with l 

themselves selective insecticides. tOI 
Barton: Dr Ramage, cyclization of (67) (cf. [58], p. 74) forms a stable ke 

(68). Can you explain that? 
Ramage: Scheme 2 depicts what we think happens. 

(40) - Wo --
• = 
~ c~ . CO · OCH3 
CHJ 

(67) 

WO __ 
i ~~. co .OCH] 
OiJ 

(70) 

@" 
~ &2·CO.OCHJ 
% 

tie) 

tt 
WO 

c~"""I::::,o 

(69) 
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Barton: Similar reactions often occur in the synthesis of the AB rings of ste
r~ids . Usually treatment of the ketol with NaOMe or NaOH in EtOH/H 20 
gives the cx~-unsaturated ketone. 

Ramage: Acid treatment of (68) gives what we believe is the lactone (69). 
Barton: Treatment of that with base and methyl iodide should give the 

Illethyl ester. 

t Ramage: My target is the enone (70) , in which the carbonyl carbon atom of 
khe ester will form the basis of the isopropyl group in the 3-position (cx- to the 
etone). We intend to generate a tricyclic system and then obtain the methyl 

group by ring fission. In this way we can usefully introduce another chiral 
centre. 

Birch: Dastur (1974) has implemented my suggestion for producing the cis
Illethyl groups. In Diels-Alder reactions on methylcyclohexadienes (see 
Scherne 3) the acrylic ester obviously attacks from the opposite side to the 

ScHEME 3 (Birch) 

~sYrnrn~tric methyl group. The adduct can be converted into a tertiary alcohol 
I Y a Gngnard reaction. On treatment of the alcohol with acid, the ring opens 
~~ giv.e the cx~-unsaturated ketone with two eis-methyl groups. To synthesize 
111 vellvone and nootkatone Dastur finally closed the required ring. This 

ethod is generally applicable. 
s Ramage: That is probably the best synthesis of the racemic eremophilane 
YStern to date, in terms of yield. 

Pe:Jones: In 1935 we succeeded by classical methods in making a sesquiter
n ne, dihydrocyperone, the first with an angular methyl group. Sir Robert, 
c OWever, stole our thunderby telling us that he hadjust the method for making 
~Perone itself by his ring annelation, and his group later synthesized it (Adam-

n et al. 1937). 

~ ~ew years later, Sir Robert told Heilbron about b-hexenolactone which had 
Pe ~ ISolated from mountain ash and which showed differential inhibitory pro
Sy Tiles on animal tissues (Medawar et al. 1943). Sir Robert had been trying to 

nthethize this for some time without any success. I suggested that we could 
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make it by taking advantage of our knowledge of the use of acetylenic co~
pounds in synthesis and , on Heilbron's advice, I wrote to Sir Robert. He replted 
expressing his interest ·and ended the letter by saying that he would 'be happY 
to test the product you obtain, if any'. Two weeks later he had IO g (Haynes 

& Jones 1946). 
Ramage: Sir Robert must have been inspired by the ring annelation because 

he subsequently produced a paper on steroid biosynthesis based on the anne-
lation. He must, therefore, have disregarded his previous ideas about squalene. 

Birch: I once congratulated Sir Robert on deriving steroids from squalen~ 
whereupon he laughed and replied that since then he had six other ideas an 1 

all of them could not be right. In fact, his route from squalene was incorteC 

in detail. 'I 
Todd: Sir Robert once confided to me that 'we all make mistakes; but I don 

make stupid mistakes'. k 
Prelog: During World War 11, before I became a stereochemist, Ruzic t 

suggested that I continue to work on alkaloids, but the only alkaloid avail~ e 
to me at that time was strychnine. Remembering my teacher in Prague, o~ 
tocek, who used to say that a newborn calf is not afraid of tigers, I started word 
on it. By that time Hermann Leuchs had written 122 papers, Sir Robert 41, and 
Heinrich Wieland 30 about the structure of Strychnos alkaloids. Sir Robert ~e 
deduced for strychnine the formula (71) which was generally accepted. 
were lucky to discover that this formula cannot be correct and we rashly pro~ 
posed formula (72) (Prelog & Szpilfogel 1945). Sir Robert was irritated that VI 

changed his formula and wrote (1946): 'If Prelog and Szpilfogel are able to pro
vide new evidence that ring E is six-membered the formula that must be con
sidered is III [= 73].' 

cx27, N ~I N ~I N "'" N ::::,.. N ::::,.. N 
I \ \ 

o 0 0 0 

( 71) (72) (73) 

After that it occurred to him that Strychnos and Cinchona alkaloids are b~~; 
genetically related, and he published (1947) the unlikely formula (74) 11 

strychnine. This may be a salutory example of how too much reliance 0 

biogenetic principles can lead to error. oact-
The correctness of 'formula Ill' (73) was soon proven by Professor W 

ward by a brilliant analysis of all known facts (Woodward & Brehm 19.48~~g 
When we found (Goutarel et al. 1950) that cinchonamine (75) is the IlllSS1 
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~
N 

~ I 
N ~ 

o 0 

(74) 

OH 

~ 
(75) 

b:ogenetic link between Strychnos and Cinchona alkaloids, Sir Robert was 
, ~ eased because this showed that although he was wrong he had not made a 

Stupid' mistake! 
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tHESIS OF THE 76-129 FRAGMENT OF A LYSOZYME ANALOGUE 

IJ G ' B' ALPIN. G,W. KENNER, R. RAMAGE, K.Y. CHU, A. HALLETT, D. HUDSON, 
T,A. MORGAN, p, NOBLE, }. SEELY and W.D. THORPE 

he Robert Robinson Laboratories, University of Liverpool, Liverpool, England 

lna~he objectives of this research programme aimed at the total synthesis of a close 
lions 8~e of h~n egg-white lysozyme have been discussed on two previous occa
tOcOI t 1 2]. The synthesis of the 76-129 fragment follows the same general pro
Itrlie as Was used in the synthesis of the 1-75 portion of the molecule reported 
it inc; [1]. However, as completion of the 76-129 fragment was slightly later 
fOllr U~es several recent modifications to our overall method of atta,ck. The fifty 
tillpI an~tno-acid sequence shown in Scheme 1 was prepared in fully protected form 

F.\, orl~8. ~ide-chain' protection which could be removed by treatment with 90% 
Ph With the exception of the acetamidotpethyl group [3] which was used for , 

~hen ~r protection. Intermediate carboxyl terminal protection was provided by . 
~i!/ esters [4], as deblocking of the ester function may be achieved under very 

Conditions with little risk of ra,cemisation. 
", 

Scheme 1. The 76-129 portion of an analogue of hen egg·white lysozyme 
, 

Cys.Asn-I1e.Pro.Cys·Ala·Ala-Leu-Nva-Ser.Gly-
76 , 80 85 

, Asp·I1e-Thr·Ala-Ser-Val-Gly-Cys-Ala-
90 I 95 

Lys-Lys-I1e.Val-Ser-Asp-Gly-A~n-Gly-Nle-Asn-Ala-
100 105 

Trp-Val-Ala-Trp-Orn-Asn-Arg-Cys-Lys-Gly-Ser-
110 115 

Asp-Val-Ser-Ala-Trp-Val-Orn-Gly-Cys-Gly-Leu-
120 125 129 

i 

the ' 
&th prot~~ted peptide was assembled by the fragment condensation approach 
~Ot e maJor subfragments 76-93, 94-104, 105-117 and 118-129. It should ' 

, ~d that each of these fragments has glycine as C-terminhs and 'hence permits 
, .f any 'method for joining the fragments as' the question of racemisati9rl does 
,fISe. · , '. I ' , ' 

I' 

Fl 4) 

\' 
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Assembly of Major Subfragments 
I 

Fragment 76-93 . .... 

l tem , ' ,,' 
Bpoc .Cys .Asn .lIe. Pro. OH ----------, 

76 79 

Aem 
I Bpoc.Cys.Ala.Ala. OH ------1 

80 82 

t 

Z .leu. Nva .~~r. Gly. OPh'_'_'_~ 
83 86 

80-86 

76-86 

9But ' Qu t &u t 

Z.Asp.1 le:thr.AI~.Ser. VaJ.Gly.OPh ;..,.. -----------;-

87 . 93 

Scheme 2, Assembly of the 76~93 fragment JitII 

The peptides 76-79 and 80-82 were synthesised stepwise by a salt CO;~1l.11 
procedure employing N-hydroxysu,ccinimide esters with the exception of 6 tP 
which was introduced as its trichlorophenyl ester. The tetrapeptide 83.-Sdtidel
also prepared by a stepwise route this time employing pivalic mixed anhY J. 
During the build up of these fragments N-benzyloxycarbonyl protection ~as step· 
hydrogenating in DMF over 10% Pd/C catalyst prior to the' next couph~~g I'l 
The fragments 80-82 and 83--86 were linked by a DCCI/HONSu COU? V~' ~ 
in DMF giving a 70% yield after gel filtration on Sephadex LlI20 ~:ture J 
The Bpoc N-terminal protection was removed by treatment with a. 1111 (V~S), 
CH3C02H:HC02H:H20 (7:1:2) [6] in the presence of dimethylsulph1de d to rJ1I 

The peptide was converted to the corresponding hydrochloride and couple ~ yi~~ 
76-79 tree a,:id using 'Bates' reagent [7] in the presence of HONSu, a 60 :et ~ 
was obtained after gel filtration (LH20/DMF).1 Cleavage of the phenyl eS

f 
V~ 8~ 

performed in DMF containing 20% H20 at pH 10.5/H20 2 in the presence 0 ep~ 
This free acid was condensed, with the 87- 93 fragment, which had been ~~lo6 pI 
stepwise by an active ester route, using 'Bates' reagent [7] with I the ,addi sepb" 
HONSu. T):te highly insoluble product was best purified by gel filtration on , ~ 
q'ex LH60 eluting with N-methylpyrrolidone (NMP) [8]. , he dj) 

, The 94-:-98 portion was built, up by the fragment c?upling approac111 t 9'Yt~ 
tripeptides being individually prepared by, salt coupling. Initially the 
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- fragment 94-104 

, Acm 
Bpo~.C~.Ala.OSu --..... 

. 94 95 

Adoc Adod 
Z.LkLYs.lle.OH -----' 

94-98----. 

96 98 
1---- 94-104 

t t 
~u OBu . 

Z. Val.~er.Asp.Gly.Asn.Gly. OH (OPh) ___ -"' 

. 99 104 

Scheme 3. Assembly of the 94--104 fragment 

~ttion ' 
~al Was prepared by a salt coupling route but ultimately phenyl ester protection 
Ptag used at the C-terminus and the fragment was assembled using active esters. 

t 66~en~ combination by DCCI/ HONSu and purification (LH20/DMF) gave 
10 Yield. 

~ c.Nle.Asn.Ala. Trp. OPh 

105 108 
105-111 ----, 

~ V r> • 
, al,Ala,Trp.OPh ____ -' 

109 Ill' 

105-117 

Adoc ' Adoc 
8 I 1 2 
Pot, Orn, Asn. Arg, OH ----, 

112 114 

Scheme 4. Assc!Db1y of the 105-117 fragment 
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. . i~ i 

~tepwi~e synthesis by pivalic mixed anh!dride provided . t?e subf,~a8m~nts ;p, 
the exceptton of the 112~114 fragment wh~h was prepared by salt coupltn8 heSil 
trichlorph~nyl active esters with the addition of HOBt [9]. An attempted syn:ss(~ 
of this fragment based on t~e use of Z-Arg(Adoc) 20Ph [10] was unsucc tlil 
givipg side-products during hydrogenation. The fragments were co,?bined b~f): 
DCCI/HONSu method, being purified at each stage by gel filtration (LlI20jD 
the yields being 105-111 (80%), 11 ~-117 (66% ) and 105-117 .(60%). 

Fragment 118-129 
t t 

Bu - OBu But 
I 

Bpoc • !er .lsp . 
118 

VaI.Ser.Ala.OPh ---------y 
122 

~doc 
.. 

Bpoc.Trp.Val.Orn.Gly . OPh -----, 

123 126 123-129 
\ , , 

. . Acm 
I I t 

Bpoc.Cys.Gly.Leu . OBu ___ .,..--.....J 

127 129 

' j 

I1 

~ 

So 

Er 

~c 

, Of 

Scheme S. Assembly of the 118-129 fragment ,e' o~ 

The subfragments were all prepared using the mixed anhydride method';:~i' I~ 
ver, in the couplings 123/124, 124/125 and 125/126 we used the diphenylp h_t ~ 
nyl mixed anhydride [11] rather than the more usual pivaloyl. We f~und \pbol' tic 
these couplings a higher yield and greater purity resulted when the dlpbell1 10 

phinyl anhydride was used. etb; Ice 
Fragment combinations were again carried out by the DCCI/HONSU .JTlfl ~ IQ 

purifying at each stage by gel filtration (LH20/DMF). The Bpoc protectl.
O ~~ ~i 

removed in the intermediate stages by treatment with 0.05M HCI at' pa O.~ III I 
TFE [12] in the presence of DMS. 

" <;ombination of the Major Subfragments t ~i~ ~h 
The BpOtC group was removed from the 118-129 fragment by treatme~loti~ 

0.05M HCI in 90,% TFE as describ~d above. T pe resulting insoluble hydrO~lo ' ~ro 
was

l 
coupled with Bpoc(105- 117)OH by the DCCI/HONSu me~hod,. ~ dtp 

a coupling time of 6 days. - Initiallr . gel filtration on Enzacryl K2 e1llt~~r ~ro 
. DMF [13] was used as the method of purifi~ation but this was supe!s~~~ d ~ I., 
use of Sephadex LH60 [8]. This gel gave a grc:.atly imprQved res<,>lution ;:OtJl 
permitted a higher recovery of product. The Bpoc 'group. was removed 
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aclllino terminus ready for coupling to the next fragment. The phenyl ester at the 
·ter . li, mInus. of th.e 94-104 fragment was removed by treatment with H 20 2 'at 
~ 10.5, thIs time 90% TFE was used as solvent and DMS as .scavenger. ·The 90% 
f FE, provides a 'buffered' medium whiCh allows the cleavage to proceed without 
lurther additian of base. The 94- 104 free'acid was coupled to the 105-=-129 
~YdrQChloride by the DCCI/HONSu method usi~g HMPA/ DMF as solvent over 

days. . 

Gel filtration on Sephadex LH60 eluting wi~ DMF showed the presence of 
:Ollle high molecular weight material eluting close to the void volume in addition 
h~ lIlaterial of the ,correct molecular weight. The very high optical rotation of the 
.:8h molecular weight material indicated that some form of aggregation or cross· 
th88regation was occurring: Addition 'of urea in increasing quantities discrupted 

9 "/ aggregation. However, we found that the best method of isolation was to purify 
a Ithout the additi.on of urea, the required monomeric component being removed I::' t~e aggregate reapplied after treatment with 2M urea in DMF. This was 
th.flClent to reestablish the equilibrium and allow isolation of more monomer, by 
"IS means an ov~rall yield of about 40% was obtained. The N·terminal Bpoc group 
a a~ removed using 0.05M HCl in 90% TFE ~t pH 0.5 giving a product which gave 

Single spot on tIc when sprayed with fluorescamine. ' 

101 the phenyl ester was cleaved from the 76.-93 fragment using 90% TFE as 
Ir Vent, the hydrolysis being complete in 30 minutes. The 76-93 and 94-129 
... a8\llents were coupled for 6 days using DCCI/HONSu with HMPA as the sol· 
o;nt. Gel filtration on Sephadex LH60 eluting with NMP [8] gave a final yield 
ob 40% of the fully protected 76-129 fragment, however aggregation was again 

lao' served. 

:~spbi' IUb~ sample of this material was deprotected by treatment with 90% TFA and • 
:h.1 ~ tle~te~ted to ' paper·electrophoresis at pH 2.5 and 6.5 and to polyacrylamide iso-
71pbol' to rlC focu~sing between pH 9.5 and 11.0. Both techniques showed the product I 

le be homogeneous. Chromatography on Sephadex CM25 in O.IM pyridinium 
lIet~ toetate between pH 6.5 and 8.5 with an NaCl salt gradient running from o.IM 

011 ' III ~M also showed the product to be essentially homogeneous. , The amino.ac~d 
11 ~~ ~~ YSes for the fully protected and deprotected material (ex CM25) are given in 

tll1e 6. 

,i~ 
~he 

me 6. Amino acid analyses (6M Hel, 110°, 24h uncorrected) for the 76--129 fragment 

pt 'Ill of the lysozyme analogue 
:hlor~ 

Lys/ Orn(5) Arg(l) Asp(7) Thr(1) Ser(5) 
110 . ~rotected 
18 ~ 4t 4.46 1.01 7.12 1.12 4.57 

~ Protected 5.05 0.98 7.00 0.90 4.67 
b1t1l to(I) , Gly(7) Ala(7) Val(5) Nva(l) Ile(3 ) Leu(2) Nle(1) 

lid \,01 
7.12 7.31 4.71 1.14 3.01 2.10 1.01 

0,98 
7.15 ' 6.93 4.97 1.05 2.64 2.18 1.05 

" 
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Recently we reported that synthetic porcine and human big gast~n~ 
(G34) with the sequences proposed by Harris 1 had immunocheml~ 
potencies several orders of magnitude lower than the correspondlO~ 
natural peptides with an antiserum (L33) raised to natural porcine 03 
and specific for the NH2-terminal region of G34. 2 -4 It was suggested tha~ 
there might be an error in the sequence of the NH 2-terminal region 0 

G34. In keeping with this Hood proposed an alternative sequen~e fO~ 
porcine G34 that differed from the original sequence in the inversion 0 

His 7 and Pr09 for Pro 7 and His9 (Fig. 1).4 Synthetic porcine G34 with th; 
revised sequence had full immunochemical potency with antiserum L~ 
and on this evidence it was suggested that the revised sequence be adopte . 
We report here similar studies on the immunochemical properties of natu' 
ral human G34 and synthetic NHrterminal fragments which lead US to 
propose a revision in the structure of this molecule. 

Four samples of natural human G34 which had been prepared 00 

different occasions from a single gastrinoma had 0.01 to 0.02 immu~O~ 
chemical potency relative to natural porcine G34. A fifth sample, wlU~ 
was believed to be of similar origin had been used in the earlier studies 
and had been found to be equally active with porcine G34;2 it is nOw 
regarded as having in fact been a mislabelled sample of porcine G34. Two 
additional lines of evidence support the conclusion that the true potencY 
of natural human G34 is about 0.02 that of porcine G34 with antiserum 
L33: (I) antiserum L33 gave estimates of the concentration of G34 in t~: 
original tumour extract from which the 4 samples (above) of human 0 

This study was supported by an MRC grant. rY 
Address requests for reprints to: Dr. G. J. Dockray, Physiological LaboratO , 

University of Liverpool, Brownlow Hill, P.O. Box 147, Liverpool L69 3BX, U.K. 
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PROPOSED STRUCTURES FOR THE NHT TERM I NAL REG IONS OF G34 

PORCINE: ORIGINAL 
(HARRIS) 1 5 10 15 
SEQUENCE: GLP-LEU-GLV-LEU-GLN-GLV-H IS-PRo-PRO-LEU-VAL -ALA-Asp-LEU-ALA-Lvs-Lvs- G17 

REVISED 
(HOOD) 
SEQUENCE: 

ORIGINAL 
(HARRIS) 

-PRO- -H IS-

SEQUENCE: GLP-LEU-GLV-PRO-GLN-GLV-H IS-PRo-SER-LEU-VAL -ALA-AsP-PRO-SER-Lvs-Lvs- G17 

REVI SED 
(HOOD) 
SEQUENCE: -PRO- -H I S-

G FIG. 1. Amino acid sequence of the NH 2-tenninal regions of human and porcine 
34 proposed by Harris (original sequences) and by Hood (revised sequences). 

Were known to have been purified, that were about 0.02 those obtained 
Using a COOH-terminal specific antiserum (1296) which cross-reacts 
equally with human and porcine G34's, and (2) the G34 concentration in 
~l(tracts of several human antral mucosal samples measured with antiserum 

33 was about 0.02 that with antiserum 1296. 
A revised sequence for human G34 has now been proposed by Hood 

(personal communication). This sequence (Fig. I) differs from the original 
~~e in ascribing proline to position 7 and histidine to position 9, instead of 

IS7 and Ser9. It is notable that the revised sequence agrees with the 
Original one in all other positions. In particular, proline is ascribed to 
~Osition 4, and thereby the NH 2-terminal region of human G34 is dis
~ngUished from its porcine counterpart which has leucine in this position. 
h 1i2-terminal dodecapeptides with the original and revised sequences of 
pUll1an G34, and several dodecapeptide analogues (Pr0 7Ser8His9

; Ser7 

.ro8His9; His 7Pr08Pr09
), were synthesized according to methods that 

either have been, S or will be published in detail elsewhere. The immuno
chell1ical properties of the synthetic peptides were studied in a radioim
Illunoassay system using antiserum L33 (I: 5000) and natural porcine 
G341abelled with 1251 by chloramine T. Antibody bound label was sepa~ 
rated from free label by the addition of dextran-charcoal. The immuno
chell1ical potencies of the fragments were derived from the ratios of molar 
Concentrations of synthetic peptide and natural porcine or human G34 
needed to inhibit binding of label to antibody by 50%. 
P Table I shows that the dodecapeptide with the revised sequence (Pro 7 

} ro8H:is9) had virtually full potency compared with natural human G34. 
n Contrast the dodecapeptide with the original sequence (His 7Pr08Ser9) 
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TABLE I. Relative immunochemical potencies of natural and synthetic G34 
and fragments 

Peptide 
Immunochemical potency relative to: 4 

natural porcine G34 natural human G3 
-------------------------------------------------------------
n p G34 
n hG34 
s 1- 12 p G34 (Leu4 , Pro 'Pro8 His9 ) 

s 1-12 h G34 (Pro4
, Pro'Pro8 His9 ) 

s 1-12 h G34 (Pro\ His'Pr08Ser9
) 

s 1-12 h G34 (Pro\ Ser'Pro8 His9 ) 

s 1-12 h G34 (Pro\ Pro'Ser8 His9
) 

s 1-12 h G34 (Pro4
, His'Pr08 Pr09 ) 

1.0 
0.02 
0.73 
0.012 
0.000 009 
0.000 013 
0.000 200 
0.000 012 

1.0 

0.6 
0.000 45 
0.000 65 
0.01 
0.000 60 

------------------------------------------------------------
n = natural 
s = synthetic 
p = porcine 
h = human 

was several orders of magnitude less active. Analogues with the sequences 
Ser7 Pro8 His9

, His7Pro8 Pro9 , and Pr07Ser8 His9 were all substantially lesS 
active than natural human G34. Thus the immunochemical properties of 
the peptide with the revised sequence (Pr07Pro8His9) correspond to thOSe 
of the natural peptide. In contrast the other peptides are clearly disti~' 
guishable from natural human G34 in immunochemical properties. On thIS 
evidence we are therefore able to select the revised sequence from several 
alternatives as being compatible with the structure of human G34. 

These results emphasise the importance ofa rigorous comparison oftbe 

properties of natural and synthetic molecules in structural studies of nat~· 
ral products. They also indicate the value of immunochemical methods 111 

structural studies of macromolecules. Immunochemical methods arc 
clearly of particular value when, as in the present study, the region under 
consideration does not directly influence the biological activity of tbe 
molecule. 
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~rganoPhosPhorus Reagents in the Synthesis of 
eptides 

R, RAMAGE 

I, Atn' 
1. Ca ~no protection, 511 
3, Re~ Ony) activation and amide formation, 518 

erences, 533 

OrganoPho h t" f I I' " 'f alllin sp orus reagents have [ound use u app IcatlOn In protectIOn 0 

I{hic~ fUnctions and activation of carboxylic acid groups in peptide synthesis 
can be expressed in simple terms as follows: 

RI R2 RI R2 

X-NH-CH-CO-Y + H2N-tH-COOR~ X-NH-CH-CONH-CH-COOR3 

(I) (2) (3) 

I Scheme I 
n add' , 
tive (3 lhon to the groups X and R 3 , which effectively direct the coupling to 
~l (to) ~X~lusively, the side-chain substituents of natural aminoacids, R land 
~ av ' n 10 a polypeptide), may contain functionality requiring protection 
~Otec~~d interference with the desired amide formation, The a-amino 
~in IOn, X, must be amenable to selective removal in the presence of side
l~ino~rote~ting groups to allow subsequent amide formation solely at the 
~hno errnlnus of (3), It is in this subtle interplay of protecting groups that 
~Ptid Phosphorus derivatives have much to offer in the development of 

e rnethodology,l 

I, ~Ill' 
Ino Protection 

~ell1 
V twoost cornmon amino protecting groups in peptide synthesis are urethanes 

general types (4) and (5) which differ in the conditions required for 

511 

F16 
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Rl 

ArCH
2

-O - CO - NH- CH- COOH 

(~) 

1 or Z 
deprotection. Urethanes of type (4a; Ar = Ph; benzyloxycarbony real 
protection) can be cleaved by hydrogenolysis, or HBr in acetic acid, wbe ~ 
(5a; R 2 = R 3 = R 4 = CH3 ; t-butoxycarbonyl or Boc protection~ rnah. 
de protected by mild acid and is stable to hydrogenation. SubstitUtJOn.~i~ 
by a biphenyl group produces increased acid lability of the urethane (5b, von} 
R 3 = CH 3 , R 4 = biphenyl; biphenylisopropoxycarbonyl or Bpoc ~roteCblcl ' 
Useful working dual combinations of (4), (5a), and (5b) are given Jfl Ta 

Table 1. Amino protecting groups ~ 

-------------------------------------
Protecting Cleavage Environment of 

group conditions amino function .-/ 
(4a) H2-Pd ex side chain side chain (5a) mild acid side chain ex 
(5b) v. mild acid 

a 

~ 

'O~ ~ 
Acid cleavage of urethanes based on (5) gives rise to intermediate car~n~O(' , t(I 

ions which may participate in side reactions with the side chains of SObP 0nl IYI 
containing aminoacids (methionine and cysteine) or aminoacids a H ~ 
aromatic ring systems which undergo ready electrophilic substitutiOn;~~nl Ph 
tryptophan and tyrosine. This necessitates the use of cation scavengers e I~ , 
acidolytic deprotection, but the presence of such scavengers can redo

c ~i. 
desired selectivity of cleavage. 2 i ~tl 

A most important consequence of the use of urethane protecting ~ration ~~ 
for the a-amino function is the suppression of racemization during aCU"(I) ~ Ihe 

prior to peptide bond formation (Scheme I). When X is acyl, i.e. whereoloJl' 
a polypeptide, neighbouring group participation may produce an oxa

z I~jnl ll 
(6) capable of facile racemization due to increased acidity of the a.r11eJlli~ 
bond whereas urethanes are found io couple without loss of stereoche 

integrity. 
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e/O SUmmarize, amino protecting groups for aminoacids should be stable 
ra cept, under specific mild cleavage conditions, and should not facilitate 
o cenUzation via oxazolone intermediates during the amide bond formation, 
thrg,anoPhosphorus reagents have great potential for amino protection due to 

elnherent acid lability of the P-N bond. 

I 

../ 

1 ' 
.1. Phosphoric Acid Derivatives 

:~aS3 i?vestigated the use of substituted dibenzyl and diaryl phosphor
the' d~tes In peptide synthesis. The phosphorochloridate reagents required for 

lbenzyl series could be prepared by the routes shown in Scheme 2.3.4 

IX-fQ\ NoI/HCI ~ PC/5 
~)-CH2-0)3 PO ~ IX-OCH2-0)2 PO-OH -

IX-@-CH2-0)2PO.CI 

(7) a, X = H 

b, X = N02 
c, X = Br 
d,X = I 

~ Scheme 2 

,eoi~~ c~:se reagents were found to react with esters of aminoacids to produce the 
Ilph~(! ' IYSe~SPonding dibenzyl phosphoryl aminoacid esters which could be hydro
baVln, date by alkali to the desired acids (8) without cleavage of the phosphorami-c,t fu 
~Sl,~ ~hen nction. The aminoacid derivatives from alanine, glycine, leucine, 
dll~~ A. Y~ala?ine, and tyrosine were prepared in this way. ' 
~ce ~i~:~IV~tJon of the acids (8) using dicyclohexyIcarbodiimide (DCCI) or the 

r tster dlPhenylphosphoric anhydride followed by reaction with an aminoacid 
gro~~ ~~r' aCCording to Scheme I, gave racemization-free coupling. The dipeptide 
j"a:I) ~ \~el\ (9~ Could be transformed into the hydrazide using hydrazine hydrate and 
re(IO~ I via an azide, into the co;responding anilide. 

l1et~~ I RI az
D 
'n' I 

heJ11l~ IX-@-CH2-0)2 PO-NH-tH-COOR2 

(8) R2= H 

CHICH312 
I 

CH3 CH2 

I X-@- CH2-0)2 PO- NH-tH-CONH -tH- COOCH3 

191 



514 

By this series of reactions Zervas showed that the phosphoramidateS ~;: 
relatively stable to alkaline hydrolysis, did not react adversely with ~ydr)a od, 
(therefore were compatible with the important azide coupling technique al!l~ 
furthermore, that the method of protection did not interfere with the 00\8' 
activation of the carboxylic acid function in (8). Deprotection of the de~~nd 
tives was effected by hydrogenolysis followed by cleavage of the p-N with 
at pH 4 or, alternatively, direct treatment of the phosphoramidates tage 
hydrogen bromide in chloroform. These conditions do not offer real ad van 
over the benzyloxycarbonyl protection (4a) mentioned earlier. (loa) 

In the diphenyl phosphoramidate series,5 hydrolysis of the ester 'laDt a 
using barium hydroxide solution at room temperature resulted in conco~lI~rl g 
hydrolysis of one phenoxy group to give (11). Hydrogenolysis of the d ire<! P 
ester (lOb) produced the cyclic anhydride (13) presumably via the e~8Y fr 
acid (12) which could not be isolated. Interconversion of (11) and (13) A 
be accomplished as shown in Scheme 3. tl 

11 I _ 

PhO-P-NH-CH-COO 
6- 802-

(11 ) (12) 

Scheme 3 

Cf 
in, 

Of! 

in 1 

~r 
aill 
lar 
rQo 

~eri 
and 
~Ol 

blY in' are 
It is noteworthy that the anhydrides (13) have not been thoroug close 

vestigated 6 as synthons for polypeptide synthesis notwithstanding thee had 
structural similarity with the N-carboxyanhydrides (14) whi~h ha

v 
nsy1l1' 

extensive application. An interesting approach 7 to the synthesIS of uesidot 
metrical cystine peptides involves selective cleavage of one benzyloxY ~Ioridt 
in (8) by sodium iodide to give (15) which could be coupled via the C a01illo ~! 
to another aminoacid ester to produce (16) in which both of the ~abl 
functions are protected in the alkyl phosphorodiamidate structure. 
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lere 
cloe 

,od, 0 N./(5' Y ~1 2 
m~ 2 ~-CH2-0-~-NH-CH-COOR 
iva' OH 
aod 
,l'itb 
tage 

(15) 

1.2. Phosphinic Acid Derivatives and Thio Analogues 

loa) ~~the~ ~pproach to amino protection takes advantage of the remarkable 
taD! ga~' labllIty of the P-N bond in phosphinamides (17),8 Mechanistic investi
p~yl Pr I~ns 9 .would indicate that acid-catalysed solvolysis of (17) involves initial 
iired fr: onatJon on nitrogen followed by nucleophilic attack and subsequent 
maY ~.~rnentation of the trigonal bipyramidal intermediate (Scheme 4), In this 

that Illechanism for the solvolysis no reactive intermediates are produced 
Illay react with typical side-chain functionality found in peptides. 

Scheme I. 

El(a • 
Cl{ llllltnation of the structures of Ph2PO.NMe2 and Ph2PO.NMe.CH2-

inc2 h by X-ray diffraction10 shows that the nitrogen geometry is non-planar 
Oft~ntrast to carboxylic acid amide structures. The diminished delocalization 
in the lone pair of electrons on nitrogen with the P= O bond must be reflected 
~~ e relative rates of acid hydrolysis of phosphinamides and amides, Com
arni~on ?f phosphoramidates (S) and (12) with the corresponding phosphinyl 
)ari ~aclds (IS) would suggest that, in the phosphinamide case, substituent 
lho:,hon should have a greater effect on the chemistry of the P-N bond. This 
~eri d. allow the development of a range of acid-labile phosphinamide 
and ~~hves comparable to that illustrated in Table 1 for the urethanes (Sa) 
~or b~. Indeed it has been found ll that, whereas the Ph2PO.NHR group is 

IY iO' ~ : aCI~-labile than ButO.CONHR, the corresponding Me2PO.NHR series 
close . 0 aCId-labile that they defy isolation in most cases. 

ad I 
: ~ i ,,2 1 

" j "\ R ,Syn I 3 
' d~' "2,..,P(O)-NH-CH-COOR 

-SI " 
,oride I (18) (19) (20) 

iPO l 
1111 \~ab~e series of stable crystalline diphenylphosphinyl aminoacids shown in 

e 2 Were preparedll by the action of diphenylphosphinyl chloride on the 

Dpp - Gly- Gly- OBut Dpp - Lys(Z)-Gly -OMe 
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Table 2. Diphenylphosphinoyl (Dpp) derivatives 
of aminoacids 

Derivative M.p. ("C) [a]25D (deg.) 

Dpp.Gly.OH 132 
Dpp.Ala.OH 152-153 -21 ·4 
Dpp.VaI.OH 103 -15·2 
Dpp. Leu.OH 131-134 -20·0 
Dpp.Ile.OH 113-114 -7·2 
Dpp.Lys(Z).OH 153-154 +13·3 
Dpp.Met.OH 141-142 -14·0 
Dpp.Trp.OH 165-169 -60·5 
Dpp.Pro.OH 170-173 -16.2 
Dpp.Phe.OH 133 -40.1 

ePol' 
corresponding methyl or benzyl ester followed by hydrolysis or hydr?S cid 
ysis respectively. As in the case of (9) the diphenylphosphinyl arntnO~Og. 
methyl esters may be converted into hydrazides for subsequent azide couP be 

Deprotection of the diphenylphosphinamide (Dpp) derivatives maYacid 
accomplished by mild acid faster than the Boc group (Sa). Furtherrnore, OpP 
treatment of the dipeptides (19) and (20) showed selective cleavage ofth~oOyl 
group in the presence of either a t-butyl ester or side-chain benzyloxycaf y. 
amino protection of great importance in solid-phase peptide methodoIOSdatB 

From the stereoelectronic considerations arising from the x-r~Y tiveS 
already discussed, it seems unlikely that activated Dpp aminoacid derlVa looc 
would suffer racemization via the phosphorus analogue (21) of an oJ(a~o siog 
(6). Confirmation of this came from the synthesis of Dpp-I1e-Gly-OB~ llacid 
DCCI to achieve the coupling of Dpp-lie-OH with H-Gly-OBu t

• Arnl~OtiOn 
analysis could not detect allo-lIe which would have resulted from racernlZliared 
via (21). As a further test, Dpp-Leu-Ala-OBzl and Z-Leu-Ala-OBzl pre~CI' 
by three coupling procedures (DCCI, pivalic mixed anhydride, V de
HONSu) both gave diastereoisomerically pure H-Leu-Ala-OfI after 
protection. 

I 

I 1 
l ~~i 
! ~ral 

l ~ul 
rOt 

witll ' ~Ul 
An excellent test of the compatibility of the Dpp group c1eavaSeteCted 1~1lt 

tryptophan and methionine side chains is the synthesis of the partly pr~.AsJ" ~etl 
C-terminal tetrapeptide of gastrin (22) by a stepwise synthesis froIll 
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~ol' 
laid 
iog· 
. b' 
acid 
DPP 
~oyl 
y. 
daIS 
liveS 
.\OOe 
Isiog 
acid , . 
IliOO 
IlIted 
~Cl' 
.I 

. de' 

~8U~)-Phe-NH2 using Dpp-Met-OH and Dpp-Trp-OH in successive 
r uP.hngs. The intermediate and final deprotection of the Dpp groups 
aeq~lred no carbenium ion scavengers. In this example the t-butoxycarbonyl 
t.~lno protection is not satisfactory owing to impurities derived from the 

Utyl carbenium ion intermediate produced during the deprotection stages. 

H- Trp- Met -Asp(OB ut )- Phe - NH 2 

, (22) 

Pt Similar approach12 to a-amino protection of aminoacids using diphenyl
tivOsPhinothioyl chloride to form the diphenylphosphinothioyl (Ppt) deriva
alkes .(23) has the advantage that derivatization may be effected in aqueous 
Of ~tne solution directly on the aminoacid without requiring the intermediacy 
Ph' e Corresponding esters as in the case of the phosphoramidates or phos-

Inamides, A list of Ppt derivatives of amino acids is given in Table 3. 

R' 

Ph2P(S)- NH-tH-cOOH 

(23) 

labia 3. Diphenylphosphinothioyl (Ppt) derivatives of 
arninoacids -

Derivative M.p. eC) [a]D (deg.) -
Ppt.Gly.OH 118-119 
Ppt.Ala.OH, DCHA salt 177-178 -3·7 
Ppt.Leu.OH, DCHA salt 137-138 -15·0 
PPt.VaI.OH, DCHA salt 149-151 -10·0 
Ppt.Phe.OH, DCHA salt 190- 191 +8·7 
Ppt.Pro.OH, DC HA salt 194-195 -40·0 
Ppt.Met.OH, DCHA salt 145-146 -1·2 
~Pt.CYS(Bzl)OH, DCHA salt 170-171 +22·5 

Pt.Asn.OH 163-164 -5·0 
PPt.Gln.OH, DCHA salt 172-174 +8·7 
Ppt.Trp.OH, DCHA salt 187- 191 +7·5 -

; \~~: Ppt derivatives are less acid-labile than the corresponding phosphin
~Ote s. but were still found to be cleaved faster than the Boc urethane 

1 ~~PI~ttng group (5a). No racemization could be observed in the hindered 
!rOt t~ng to give Ppt-L-Val-L-Val-OMe, in contrast with the situation found 

«it~ '~Uld e Coupling employing benzoyl-L-valine where oxazolone formation 
ec1eO ~Pe ~e expected to lead to racemization. Using Ppt protection the protected 
~AsP' ~ethPhde Ppt-Trp-Trp-Trp-OMe was synthesized 13 using the solid-phase 

Od Without being detrimental to the sensitive tryptophanyl residues. 
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Another aspect of the chemistry of diphenylphosphinyl aminoacids is ~ I 

base cleavage of the acidic N-H bond and subsequent methylatio~ to ~d' : 
diphenylphosphinyl-N-methyl aminoacids (24) (Table 4),14 Crystalhne, a~cr I 
labile derivatives of N-methyl aminoacids are not readily available by. o 't~ . 
methods. The corresponding tosyl-N-methyl aminoacids (25) have IU

IlI 
p. 

utility owing to the difficulty encountered in cleaving the sulphonamide gr
oU 

RI 
I 

Ph2PIOI-N(CH31- CH-COOH 

(241 

Alkylation of the N-H bond is dibenzylphosphoryl aminoacids (8) has.:~ 
been investigated for the preparation of N-methyl aminoacid derivall !o~ Ut 

However, the general synthetic procedure involving alkylation of t.he all b1 re 
derived from phosphoramidates has been investigated extensIvelY ~ 

Irl Savignac.15 

&t 

Table 4. Diphenylphosphinyl (Dpp) derivatives of an 
N-methyl aminoacids wl 

Derivative M.p. eC) [a]D (deg.) 

Dpp(Me)Gly.OH 147-149 
Dpp(Me)Ala.OH 148-149 -29·6 
Dpp(Me)Leu.OH 161-163 -14·3 
Dpp(Me)I1e.OH 150-152 -12·3 
Dpp(Me)Met.OH 145-155 -24·0 
Dpp(Me)Phe.OH 182-184 -87·1 

, ~ . 1 Dpp(Me)VaI.OH 150-151 -26·1 

I ~el 
I ~a' 
l ~i 

2. Carbonyl Activation and Amide Formation l l~e 
'de ~ 

Peptide synthesis is essentially concerned with the formation of the ~:of ~~~ 
bond. However, this simplistic view does not take into account the nu!11 pudc 1nl! 
amide linkages to be formed in the synthesis of a moderate-sized p~lypetjO~S ~a 
and hence the efficiency demanded for each step. Other crucial conslder~IO~e ~ , 
relate to the problems of racemization mentioned earlier in terms of O"~jlltCf' ~ 
intermediates and the presence of side-chain functionality capable 0 t {of ~O( 
ference with the crucial amide formation. In the continuing que~s jt!S l!ed 
reagents capable of meeting the stringent conditions of peptide syntheSIIl~IO~1 ~n 
not surprising that organophosphorus reagents have received much atte ( 
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i tb
e 

oSience the thermodynamic aspects of carbonyl activation in mixed anhydrides 
~I't th 
lcid- ShoU~dtYbPe (26). and s.ubsequent nucleophilic attack by an amine (Scheme 5) 
.~.r 0 e reglOspeclfic and favour amide formation with concomitant 
Ill" oener l' lit~ , a Ion of a new phosphorus-oxygen bond. 

oup· Ill-V Ill-V 

R-COOH _ R-CO-O-P_R-CO-NH-R1• o-p 
(261 ~LNH2 

Ill-V 
R-co6. R1-NH- P 

Scheme S. 
i 001 

live!' u:his sit~ation should be compared with the problems associated with the 
IllioO tea ~f mixed carboxylic anhydrides (27),16 particularly in slow coupling 
I b1 balCbons between hindered aminoacid residues, e.g. Val ... Val, where the 

tro~nce of regiospecificity in the nucleophilic attack by the amine is con
gro ed by steric and electronic effects at the two possible target carbonyl 
anhliPs . (Scheme 6). A serious difficulty with the use of mixed carboxylic 
Wh'Yhdrtdes is the facile thermal disproportionation to symmetrical structures 

le necessitates the reactions being operated at low temperatures ( - 10 0c). 

(RCOI20 1 
• _R-CO-O-CO-R 

(R1C0120 

Scheme 6. 

~,1 A 
~ ' nhydrides with Phosphoric Acid Derivatives 

I ~:~arch ~n this area was stimulated by an early hypothesis by Lipmann17 

~i ProtelO biosynthesis involved mixed carboxylic-phosphoric anhydrides. 
1 tne s l~d to Chantrenne16 and, later, Sheehan 19 studying the potentialities of 

JIIide ~Pa~ll(ed anhydrides (27) and (28) respectively. It was found that (28) was 
~t of ~b~s' le o~ acylating aminoacid esters at pH 7·4 and 37°C, i.e. approaching 
.pude Inh IOI?glcal conditions. In an alternative approach 20 it was found that the 
' tiO~S br/drlde (29) (formed from phenyl phosphorodichloridate and 2 equivalents 
~Iorte ~ n acyl aminoacid) suffered from rapid disproportionation to the symmetri
'illter- ~anh~drides. 
t f~r j~~aChOn of acylamino acids with the enol phosphate (30) was found to 

is iPS ~d ~ce the O,O-diethylphosphoric mixed anhydride (31) which could be 
~11'tiO~ 1 ~th In peptide synthesis.21 In this case disproportionation was not observed 
. OUgh the initial reaction occurred at 70°C. 
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RI 0 
111-

Z-NH-CH-CO-O-P-O 
I 
OPh 

(27) 

RI 
I 

(AcyINH - CH- CO-O)2 P(O)-OPh 

RI 
I 

(29) 

AcylNH -CH-CO-O-PO(OEt)2 

(31) 

©(
o RI 0 

O I 11 
N-CH- CO-O- i-OBzl 

o OBzl 
(28) 

OEt 

(EtO)2 P(O)-O ~H 

(30) COOEt 

RI 
I 

(BzIO)2 P(O)-NH-CH-CO-O-POIOPh)2 

(32) 

c 

le 

Zervas,3 in his study of phosphoramidate derivatives of aminoacids, u~ at 
diphenyl phosphorochloridate to form the mixed anhydride (32) which :el' at 
racemization-free coupling in the preparation of the dipeptides H-Met- bicb 
OH and H-Phe-Gly-OH. In the latter case there was a by-product W I ~ 
could be attributed to the alternative fission of the mixed anhydride (32; It 
CH2Ph). 23 '010 

Shiori and Yamada have introduced the reagents (33)22 and (34) ~itl1 I 
peptide methodology. Reaction of diphenyl phosphorochloridate soY I 
sodium azide in acetone gives diphenyl phosphorazidate (33). An M~~l1yl 
reaction between triethyl phosphite and cyanogen bromide gives die 
phosphorocyanidate (34). 

(PhO)2 P(O)-N 3 (EIO)2 P(O)-CN 

(33) (34) 

S or 
The coupling of acylaminoacids or acylpeptides with aminoacid ~ste~byl' I ~ 

peptide amino components can be effected using (33) at O°C in dl[1l~leJIIS I~n 
formamide containing 2 equivalents of triethylamine. No serious pro J1Iioc, ~e 
were encountered with functional side chains such as asparagine, gluta ever, r~e l 
serine, threonine, tyrosine, histidine, methionine, and tryptophan. ~o~biCb ~g) 
using (33) in the Young test,24 Le. the formation of Bz-Leu-Gly-OEt In bC B~ I~ , 
the oxazolone (6; Rl = CH2CHMe2, Xl = Ph) might be expected. to test" I~b~ 
intermediate, the optical purity of the product was 89%. The Izum1ya ell to 
involving condensation of Boc-Gly-Ala-OH with H-Leu-Resin was C?~s bBse I 
check the viability of the reagent in the coupling of fragments in sohd·r WSS I 
peptide synthesis. After deprotection to give H-Gly-Ala-Leu-OB % WBS I 
found that the extent of racemization, [D,L/(D,L + L,L)] x 100 o'J1Iit9' 

2'5% at 20°C and 2% at O°C. In the case of the reagent (34) even less rac~J1 I~e I 
tion was observed in the Young test 24 (96% optically pure) and ~jcl1JS 
Izumiya test 25 (extent of racemization 1 % at 20°C and 0·5% at O°C) W 
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~n excellent model for the true peptide coupling step. Encouraged by these 
~SUlt~ t~e Japanese workers synthesized 26 porcine motilin (35) using a 

Illblnatlon of solution and solid-phase methods with (33) and (34) for the 

I iotO 
witb 

,usoY ! 
ethYl 

H- Phe - Val- Pro- lie - Phe- Thr- Tyr - Gly - Glu - Leu - Gln

Arg- Met- Gln-Glu-Lys - Glu-Arg -Asn- Lys -Gly-Gln - OH 

(35) 

~~lin~ reactions. Consideration of yields and optical purity indicates that 
anJ IS shghtly superior to (33) in peptide synthesis. Although the reagents (33) 
(33) (~4) have been usefully applied, the mechanism of action, particularly of 
rea' IS. not certain (Scheme 7). It is not known whether the intermediate (36) 
acj~ts I.ntermolecularly with the amino component or dissociates to give the 
atta aZIde (37) which would be expected to undergo bimolecular nucleophilic 

ck to give the amide product. 

(33) 9-
R COOH ~ RCO-O-PIOAr)r""~ R-CO-N3 • 1 ArO)2PO.O"" , 

N3 

(36) (37) 

ot Scheme 7 

rS " I ~ 
tb~s ~n ~aChlorotriphosphatriazene (38), the trimer of phosphonitrilic chloride, 
1~ e !~e Used to activate carboxylic acids for amide formation (Scheme 8).27 
11~t: \~et~eage~t reacts with 2 equivalents of the carboxylic acid in the presence of 
:"-cb U9), ~alll1ne or N-methylmorpholine to give an intermediate postulated as 
)1la~ \~ c Ith~ugh the method is simple it does give some racemization and has 
~ t,j I~by~rnphcation that the side-chain amides of glutamine and asparagine are 
.S to rated to the corresponding nitriles. It is possible to use (38) for the 
Jl 
,ase I 
wD

s I 
VIas I 

ita' i 
~e I 
bls (38) 

N ........ CI 
CI2P1,/ ~PI '- OCOR R' NH 

- --;. .: RCONHR' ;. N'p::::oN --~~ 

/ \ 
Cl OCOR 

(39) 

Scheme 8 



522 

preparation of activated esters of protected aminoacids. 28 The phagoCytoSi~~ :~ 
stimulating tetrapeptide tuftsin (40) has been synthesized 29 using (38) ~I PY 
stepwise activation of the protected aminoacids and also by the o_nitropb

eo 
Qi, 

active ester procedure. I1 

H- Thr - Lys -Pro-Arg-OH 

(40) 

Perhaps the simplest case of formation of a mixed PhosPhoric-carbo~~li; 
anhydride would be the reaction of 3 moles of an N-acylaminoacid Wit '/I' 

mole of phosphorus oxychloride; but this approach was unsuccessful. B~ io 
ever, the monoanhydride (41) proved to be an effective acylating age~5'C 
anhydrous media provided that the reaction temperatures were kept at - ul~ I 

to prevent disproportionation.30 In this method the amino component shO
tbC tne 

be present during activation of the carboxylic acid since it was found tha~ to oQ 

mixed anhydride derived from Z-Gly-OH-POCI3 reacted with Z-Gly-Oftbe ~ 
d to lilU give Z-(Z-Gly)-Gly-OH (42) which is a known rearrangement pro UC 'tioO 

symmetrical anhydride of Z-Gly-OH. It is of interest that in the competitiOn 
between the carboxylate and amine for phosphorus oxychloride the ~orm~bod 
of the new P-O bond preferentially allows formation of (41). ThiS .me lity, 
requires protection of thiol and probably hydroxyl side-chain functlOllll 

R-CO-0-POCI 2 Z-NH-CH2 -rO 

Z-N-CH2cOOH ~ 

(41) (42) ~l 

Th 'd f I . d "'d . s with tb
e ~et e ami e groups 0 g utamme an asparagme give SI e reactIOn.. tbe ~, 

phosphorus oxychloride and correspondingly lower yields. In addIUOII'cte~ ~ 11 

method is only suitable for stepwise elongation using urethane-pro~llceO ~~~ 
aminoacids since coupling of Z-Phe-Val-OH with H-Phe-OHUt pro , ~ t 
considerable amounts of Z-Phe-D,L-Val-Phe-OBu t

•
31 

2.2. Anhydrides with Phosphinic Acid Derivatives re I 

In considering the choice of mixed anhydride for activation of a carbO;~~e l\l. 
acid the following factors must be considered: the formation of the anh:tbere \\ 
should be fast; the anhydride should, if possible, be thermally stableiudiOS 
should be no side reactions due to lack of regiospecificity in the cone I 

nucleophilic step to give the product. 43 80~ r; 
Comparison of the solvolysis data on phosphorochloridates ( ~lIfdS P 

phosphinyl chlorides (44) shows that the latter are more reactive to seS 9 d' 
oxygen nucleophiles. 32 The change from R = Me to R = oMe .c~ull' tbe I 

300-fold decrease in the rate of solvolysis in absolute alcohol. In ~ddltl~ellved 
mixed anhydrides (45) prepared from (44) should be more effectIvely C 
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)si5' bYn 
;) io of U~leophilic attack than (46) derived from phosphorochloridates, examples 
cnyl py which were discussed earlier, e.g. (32), since hydrolysis of tetra-alkyl 

di:I~PhosPhates is much slower than that of the corresponding anhydrides of 
at hYlphosPhinic acids. Furthermore, any nucleophilic substitution of RIO 
P osphorus in (46) is obviated in the phosphinic-carboxylic anhydride (45). 

(ytiC 

(0 I 
(RI 0)2 p(O)- Cl 

(43) 

(RI )2 P(O)-Cl 

(44) 

Iow' R-CO-0-POIOR1)2 
It iO 

I R-CO-0-PO(R)2 

(45) 

15'C (46) 

oul~ th;lth~ugh carboxylic-phosphinic anhydrides have not received much study, 
t tb' on ~~chc system (47) shows an interesting change in regiospecificity depending 
B to ~cOh e n~ture of the nucleophile, in that aminolysis produces (48) whereas 
fthe !it~ ?IYSlS favours the formation of a new P-O bond to give (49).33 This 
i(ioo allon is entirely compatible with peptide synthesis. 
l(iOo 

tbod 
a1i(Y' 

R 
I 

(

PO-OH 

CO-NHRI 

R 0 

• R' NH, Go R'OH. 

o 

R 
I I 

(

PO.OR 

COOH 

(48) (47) (49) 

~~ r~giospecificity of aminolysis is sustained even in the case of ButCOO
b (be ~ttt a In which the steric effect might be expected to counter the electronic 
I, (be ~ths .. A.. comparative study of the anhydrides (50) and (51) in peptide 
ec(e~ ~Ye ~SIS under standard conditions showed the latter to be more reactive, 
jllceO ~~tyeSS tendency towards disproportionation, and give improved product 

. ' especially in hindered couplings.34 

R-CO-O-CO-Sut R-CO-0-PO(Ph)2 

(50) (51) 

o~yliC ,ll 
Idri~ \L' A.nhYdrides with Phosphorous Acid Derivatives 
tbe I~' 

lldioS ~a~~n of acylaminoacids with diethyl chlorophosphite (52) results in the 
p I.on of the mixed carboxylic-phosphorous anhydride (53)35.36 which is 

) an~ le t~ble to aminolysis to give the dipeptide as shown in Scheme 9. An 
wardS ~tlng variant 37 of this procedure involves the prior reaction of the amino 
)ses B ~i nen~ with (52) to give the amidate (54) which may be converted into 
,(1, Ibe at~ephde on reaction with the acylaminoacid. In this process the drive 
lea~ed IVh' P-O bond formation probably produces an intermediate of the type 

Ich could decompose to the amide as indicated. 

I 
I 
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R / 

CI-P(OEt)2 

1 (52) 

I 
Ac-NH-CH-CO-O-P(OEt )2 

(53) 

.' 1 .' 
Ac-NH-CH-CONH-CH-COOR 3 

~ ~2 3 
(EtO)2P-NH-CH- COOR 

(5~) t 
Et07 R2 

[

Eto-r-NH - CH - COOR
3
] 

0\:0 

Rl_~H-NH-AC 
(55) ~I 

Scheme 9 ~ 

Later modifications 38-40 of this method led to the investigation off~: ~c 
. 'n410 Q~ phosphites (56)-(60) as superior reagents to (52). In an appbcatJo leot 

method to the synthesis of biologically active cyclic peptides, O~P?~IlY aod rea 
chlorophosphite was the preferred reagent because of access1b1h Y 1110l'e 

stability. Trimethyl phosphite or diethyl phosphite may be used to re l11iot. 
hydrogen chloride produced in the reaction instead of a tertiary a 

EtO- PCI2 

(57) 

(EtO)2P- 0 - P(OEt)2 

(59) 

©r
0' 0J§] o p-O-pl 0 
0

1 
'0 

(60) J 
. aOv 

For these reagents the side-chain functional groups of tyrosine, serlll~~nt to : 
threonine should be protected whereas protonation of arginine is SUffiCI 

avoid reaction at the guanidino function. d io B I 

An interesting combination of P{v) and P{m) activation may be ~oUllcid to I 
report42 on the use of the reagent (61) which reacts with a Z-aIllIIl~ 11 t~e I 
give the carboxylic-phosphoric anhydride (62) [cf. (31),(32)] ~~d t t:c~of , 
dipeptide by nucleophilic attack as shown in Scheme 10. The illlual at l11id91 j 
the carboxylate group on (61) obviously favours the trigonal biPY!~ (61) I 

intermediate whereas prior reaction of the amino component \\,1 eJ11eot 

afforded the intermediate (54) resulting from direct nucleophilic displa
C
sed jO I 

of the diethyl phosphate ion. As discussed previously (54) can be U I 
dipeptide formation by reaction with a Z-aminoacid. i 

I 
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Rl 
I 

IEtO)2PO -0- P I OEt) 2 

/ 
160 

Z- NH- CH-CO-0-POIOEt)2 
~ ~2 

IEtO)2P-NH -CH-COOR3 

(62) ~ 

Rl R2 

/' (54) 

Z-NH-CH-CONH-CH-COOR3 

Scheme 10 
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~~e Well established phosphorazo method of peptide synthesis shown in 
1lle;.llle 11 has mechanistic similarities to the above methods involving inter

,tbe ~Ollates of the type (54). Reaction of pure phosphorus trichloride with 2 
flbt ~intes.of amino component together with 3 moles of a tertiary base gives the 
11e~e 1tac~~IC intermediates (63)43 which must dissociate to the monomer (64) on 
a~d IOn with an acylaminoacid to produce an intermediate of the type (65); 

!lOve 
!line. 

R2 

R300C-CH-NH-P=N-CH-COOR3 

(64) ! R2 
1 I 3 

~ ~NH-CH-COOR 

AcyINH-CH-CO-O-P ....... 
'NH-CH-COOR3 

I 
(65) R2 

Scheme 11 
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cf. intermediate (55) in Scheme 9. A variant of the method 39 utilized e~~ ,~ 
phosphorodichloridate instead of phosphorus trichloride. IntraJJl~lec(66) ~ 
amide formation within (65) gives the desired dipeptide together wlt~frO!1l ~ 
which can react with a further mole of carboxyl component to give .(67 ftbO ~ 
which a second mole of dipeptide may be produced with the expulsion 0 (1; 

phosphorus by-product (H-P02)n' 't was Ih 
Although phosphorazo compounds react spontaneously with water, I tbad tol 

found 44 that Z-His(BzI)OH,0'5H20 was compatible with the ~~d in ~ 
although the pathway would surely have deviated from that outhn ou1d ~I 
Scheme 11. The sterically demanding coupling to give Z_Val_Val-OEt Cood' 
be achieved 45 in 85-90% yield by the phosphorazo method. Whereas s.e

c 
tbe 

ary amines such as piperidine react with phosphorus trichloride to glyeuoll' 
tris-amide of phosphorous acid, in the case of proline 46 steric effect~(68)' 
only 2 moles of the proline to react to give an intermediate assumed t~ e,g, 
The method is very useful for the preparation of proline pepudes, 
Z-Lys(Z)-Pro-OBzl (90%), but has found limited application. 

~COOR 
I 
P 

C(D'N 
COOR 
(68) (69) (70) 

2.4. Combination of Phosphorus(llI) Reagents with Amines s 
'date, 

In an attempt to circumvent side-reactions possible with phosphonochlofl 

~~ ~ 
2 (ROhPCI ~ (RO)3P + RO PCI2 'de ~ I 

Brenner 47 investigated the application of RPCl2 and R2PCI to ~~~d '~ 
synthesis. It was found that complete racemization occurred in the c~ IlsioS \~ 
of N-TFA-L-Pro-L-Val-OH to H-L-Pro-OMe in the Weygand t~Sn of ~ ~i 
RPCI2 (R = Et, Ph, p-CNC6H 4 ). However, it was found that reacu.o t prr ~~ 
aminoacids with imidazole-PCl3 in acetonitrile afforded an efficle~tion, p 
paration of the corresponding imidazolides (72). The degree of raceJJl~etl tbl ~ ~ 
as measured by the Anderson test,48 was found to be lower than :# ' datO~ 
imidazolides were prepared using carbonyldiimidazole. Addition ~f~J111 ro~e~ ~j 
to coupling reactions using tetraethyl pyrophosphite (59) resulted I~ 17~joO,' \; I 
efficiency possibly due to the intermediacy of (69) which defied ISO aepareC Q 

although the corresponding ethylene glycol derivative (70) could be pr ,~ 
and used for amide formation. ( 
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~~~ PliC~ndensation of N-acylaminoacids and aminoacid esters may be accom-
(66) ~/d effectively by imidazole and triphenyl phosphite, 50 Omission of 

froJll ~re azol~ results in diminished yields and requires higher reaction tempera
ftlle ~ s, It IS not certain whether the crucial reagent is (71), which may itself 
I (12 Vate the carboxyl component in two ways via (53), or the acylimidazole 
t was Ih;' APPlication of the Izumiya test 25 (H-Gly-Leu-Ala-OH) to the method 
.Ibad rOr wed ,racemization to be solvent-dependent [acetonitrile 2·1%, dimethyl
'd in Q\e:altll,de 3'7%, toluene 5·2%, ethyl acetate 5·7%, and pyridine 17·3%], The 
~Odld ~t ?d IS applicable to most aminoacids, with suitable side-chain protection, 
cond' Stves low yields generally with proline, asparagine, and glutamine. 

'c !bc 
1111011' 

: (68) 
eJ 

r~-p(OAr)2 
N=I 

RI 
F' I 
IN-CO-CH-NHAcyl 
Nd 

(71) (72) 

~:OS~horous acid and its esters react with pyridine in the presence of 
~ ~rtc chloride to give N-phosphonium salts of pyridine (73) which may be 

Or the preparation of simple peptides.51 

lh 

© N. 
HgCl2 _ I ,-OPh 

H- PO-(OPh)2 ~ O-P'::"'" 
Pyridine I OPh 

Cl 

p,. 
y 

I ,NHR 
6-P<"OPh 

I 
OPh 

'Y. 
~ I O- CO - I'< 

RCOO 6-r' OPh 

(73) OPh 

1 S~tPOs.tulated intermediate (73) may react with amines or carboxylic acids 
,epl~de,~ Uatlon reminiscent of Sc?eme 9-to give species .whic~ may be s~b
,llpIIOS'i d by carboxylate or ammo components respectively m a couphng 

ilsid \~n. Since the procedure involves adding both the amino and carboxyl 
1 of ~ ~i nents to a pyridine solution of (73) at 45°C it is likely that the first 
11 ptf ~I On Would involve formation of (74) which would be expected to suffer 
~tiOO' ~;ernent of pyridine to give (75) with subsequent rearrangement to the 
lCJl1flt ~~e (Scheme 12). Alternatively the carboxylic-phosphoric anhydride 
idlltO~~) ;nVolved either by decomposition of (74) or simply by formation from 
pro~e , ~n a GCI derived in situ from (73). 
,tioOid ~ ~l(tension of this research 52 showed that the oxidant mercuric chloride 
'eP9rt I na Ornitted from the reaction mixture. Amides and also active esters, 

~ds those derived from p-nitrophenol, can be prepared by this simplified I Ure which is considered to involve the intermediate (77). Decomposition 

I 
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Py· 
PhO" I -'P-O __ 
PhO--1 

O-CO-CH-NHZ 
RI 

(74) 

OPh RI R2 
PhO, __ ~_O _ ZNH-CH-CONH-CH-COOR3 

0/1 • 
I NH-CH-COOR3 IPhO)2 POOH 

O=C R2 
Rl-tH (75) 

1 
NHZ 

(PhO)2 PCrO-CO-CH-NHZ 
11 
R 

(76) 

TbJ 
~y •. 
(~; 
~i( 

fOtt 
Scheme 12 • 78) ~ 

of this trigonal bipyramidal intermedia-te could give the mixed anhydfldecleO' ~Ol 
which would yield the amide or ester depending on the nature of the nil l 
phile (Scheme 13). ~~ 

H Py· H 
H-POIOPh)2 R

1
COOH;o ---~-OPh -- PhO-P-0-CO-R1 

Pyridine HO""'" I 1 011 
O-CO-R 

(771 (78) 

Scheme 13. 

2.5. Activation Methods Based on R3 PO Formation 9) 
ter 

Following the preparation 53 of acid chlorides using Ph3P-CCI4 ~Cha~ceeSS 

~Pt 

this method of carboxyl activation was applied initially 54 with limltedh~cb JrI 
to peptide synthesis; however, Appel 55 has established conditions W/ atiOnl ~ I 
useful for stepwise elongation of Z-aminoacids. There are no comP ;c .0' 'l 
reported for serine, threonine, and tyrosine side-chains, and Z_Gln·G ~ple,e ~~ 
could be prepared in satisfactory yield. Of great significance was the COhatliS~ tJ! 
racemization found in the Young test 24 (Bz-Leu-Gly-OEt). The mec re9" ,'lIlit 
is thought to proceed via an acyloxyphosphonium salt (79) wh~ch m~:atOj(S 
to give the chloride or to give an amide by aminolysis. The domtnant

h 
itltef' 

in the sequence (Scheme 14) are the formation of a P-O bond in t ~t. I 
mediate and the generation of P + -0 - in the nucleophilic displaceme • 

+ + 
Ph3P • CC14 ~ Ph~:CCI3 __ Ph3~-0-CO-R • CHCI3 

Cl Cl 
1 
R~(79)\ 

R-CONH-Rl • Ph3PO R-CO-CI. Ph3PO 

Scheme 14 
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Iri ~n, analogous sequence of reactions has been investigated 56 incorporating 
nus Idllne~hYlamino )phosphine and carbon tetrachloride, In the absence of a 
~~reoPh"le the symmetrical anhydride is formed, possibly from the fugitive 

fnedlate acyloxyphosphonium salt: 

CCI 4 + (R2 NhP + RCOOH -+ (RCOhO + (R2 NhPO 

~sapproach has the advantage of facile removal of the phosphoric triamide 
(~~~~uct in contrast to tri~heny~phosphine oxide. A series of reagen~s 
Icit')3P+X PF6 - have been IOvestlgated,57 Where X = Br or CN, benzOIc 
fortn:ft'ords t.he anhyd,ride in ~O% yield, but when X = Na the acid azide is 

78) lace ?, ~eptlde couplIng mediated by (Me2NhP+CI CI04 - led to complete 
e ( ~on rnl~tJon (Young test 24) and so this reagent must be limited to stepwise 
IcleO' l gahon of Z-aminoacids. 

~ea~e?e~elopment of the oxidation-reduction method by Mukaiyama 58 has 
~Pl' sl~J\arities to the methods just discussed but has found much more 
~vo;cahon in peptide synthesis. The earliest procedure 59 (Scheme 15) 
~~n ved reaction of copper(n) salts of N-acylaminoacids and N-(2-nitro
~y Ylsu~Phenyl)aminoacid esters with triphenylphosphine. The mechanism 
~s a

b
gatn involve acyloxyphosphonium intermediates since racemization 

o served. 

ter 9) 
) 11 
1IcC' 
cb are Scheme 15 

'on~ ~ 
:a~stl \~Odification of the method using Z-aminoacids, aminoacid ester, tri-
I" lete ~he PhoSphine, a disulphide, and mercuric chloride as thiol scavenger 60 

J11~isJ1l (~~ 16) ,gave high yields with less racemization observed in the Young 
la eact ,'in ~ L-Isomer), Further refinement by the Japanese group led to the 
:a~orel ation of thiol scavengers by the careful selection of the disulphide 

, '!ltef' 
:1 I 
~t, I 

I 
I 
I 
I 
I 
I 
I 

2- Phe-OH + H-Gly-OEt + 

Z-Phe-Gly-OEt 

Scheme 16 
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Bz-L-Leu-OH + H-Gly-OEt + r0 r0 + Ph3P 
l.Y~s_sAY) 

! 
Bz-L-Leu-Gly-OEt + 2 ~ + Ph3PO 

N S 
H 

Scheme 17 

additive. 61 In this case (Scheme 17) the thiol tautomerizes to the thio
oe i~ ~, 

solution, and is effectively removed without the use of mercuric iOn\nique ftIlJ 

According to the Young test,24 racemization is low using this later tee . Iyol ~'Ii 
which has great potential in peptide synthesis, being applicable to a v~rle a~d ' U 
solvent systems. No difficulties were observed when methionine, Cyst~I~~bai~ 
tryptophan were the carboxyl components. The troublesome. sld t pto' 
functionality of serine, threonine, and tyrosine may be used wlthOll ppet' 
tection. Furthermore, asparagine and glutamine did not parti~ipa!e '~es. 
ciably in undesirable dehydration reactions to give the side-cham nltrlws tbe 

A combination of the principles embodied in Schemes 15 and 17 allo 

elongation of two peptide bonds as shown in Scheme 18. 

Nps-L-Leu-OH + H-Gly-OEI + ©l ~ 
~ N S-S N 

~ 

[NPs-L-Leu-GIY-OEt] Ph 3PO 

~ [Z-L-prO-OH + 2PhiP] + A. 

Z-L-Pro-L-Leu-Gly-OEt + Ph 3PO + ~ 02N~ • J!. 
N S-S~ 

Scheme 18 .o~~ el 
ductI o~ 

Acylaminoacid active esters may be prepared 62 by the oxidatio~-re steP as '<\ 
method and subsequently be incorporated into a peptide-forrnmg . I nd 
shown in Scheme 19. 'pbcOY' ~ 

Substitution of triphenylphosphine by the less nucleophilic tr:udY O(~t 
phosphite gives virtually optically pure Bz-Leu-GJy-OEt, and ~ s be ~11'at 
substituent effects 63 suggests that tri-(p-bromophenyl) phosphite IS t I I 

I 



~ag8 12 Peptide Synthesis 531 

R1 
1 

Z-NH-CH-COOH 

o 

• HO-N~ 
o ~ 

RI 0 

Z-NH-tH-CO-O-N~ 
o 

Scheme 19 
'n tea 

IIC 1 tea gent for the oxidation-reduction procedure. Further modifications of the 
, ue ~ents have been devised 64 to allow the non-peptide products to be 

111\1 ~'II oVed from the reaction by virtue of acid solubility. Since the method has 
ety nd _ Ibr~cetnization tendency, it is not likely that an acyloxyphosphonium salt 
:,' in e Intermediate. A feasible mechanism involves the intermediate (80), 
.ch' 
t Pto' n~ 
P~ O-C-R 

IP / \-
les, Ar3 P : ~u 
wsth' \' ~ H 'SiQJ 

~ (801 

~~lIkaiyama has applied his method to the solid-phase synthesis of such 
Ia~~nt peptides as LH-RH65 and ACTH(l-24),66 so showing the great 

~dijlty and enormous potential of organophosphorus methodology to 
In e synthesis. 

\ , another attempt 67 to activate carboxylic acids in the form of acyloxy
~:honium salts, the reagent (81) was prepared from hexamethylphosphor

balde (HMPT) and p-toluenesulphonic anhydride followed by anion 
~?ge with sodium tetrafiuoroborate, and used as shown in Scheme 20. 
l'~e:~n of (81) with Z-Gly-OH in dimethylformamide in the presence of 

Il yltnorpholine at 3°C gave a slow liberation of HMPT. Using [I_l3C]-
'e _13C]-Z_Gly_OH and 3lp n,m.r. to detect new phosphorus-containing 

Wction~o~S by l3C-3lp spin-spin coupling, it was not possible to identify the 
tcV .!~ . .\] )'phosphonium salt as an intermediate. When the Izumiya test 25 (Z-

S nd a-OH ~ Z-Gly-Ala-Leu-OBzl) was applied to the reagent (81) it was 
. ~eoY~ that the degree of racemization varied according to the base strength 
IPdy 0' ~t43%, N-methylmorpholine 16%, polymeric Hiinig base 9%), which 
'~e bP' aled the intermediacy of an oxazolone and was suggestive of a highly I ed carboxyl function such as an acyloxyphosphonium salt. 

I 
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IMe2N)3 PO + IMe@S02)20 - IMe2N)3P-O-T05 

T050-

li)HMPT .. 
(iil NaBF~ 

+ + - R-COOH .) 
nMe2N)3 P-O- PINMe

2
)3J 2BF~ .. R-CO-O-PI NM'2 3 

Base F-
(81) B, 

~ 
R- CONH-RI 

Scheme 20 

3, 

2, 

triato1e 
In an attempt to take advantage of the fact that I-hydroxyb~nzO bexyl' 

drastically reduces racemization in peptide coupling mediated by ~,cyc1~,,, ~ 3, 
carbodiimide,68, t~e reagent (81) was tr~nsformed into the derivat.,ve ~ pf,') 
BF4 - ).69 In a sImIlar approach essentIally the same reagent (82, X

h 
ieldSof 4, 

was conveniently prepared 70 as shown in Scheme 21. Although hig Y t nsivt l, 
peptides may be obtained using the hybrid reagent, unfortunatelY e~ e tbat 6, 

racemization again occurred in the Izumiya test, strongly Suggesttll~cti~e ;' 
nucleophilic attack of the carboxylate on (82) produces the highly ~e a~age ' 
and fugitive acyloxyphosphonium system. The alternative mode of c etroniC " , 
of (82) to give the desirable active ester (83) is precluded on stere?el~ie does 
grounds; however, use of (82) in the presence of I-hydroxybenzotrtaz I . 

0, i 

• (81l 

.... N:-,. 
R-CO-O-N "N 

@ 
(83) 

Scheme 21 

t 
,11., 
11,) 
ill" 

I
'll. S 
~, ~ 

I ~ 
ill, ~ 

I ~ 
f , ~ 
I ' 
l' lt 
' l, 

), 1', 
~ ~, 

1', 
l 't, 
'{ S, 
l ~' 

, . ~, 

I 
I 
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~ecrease the racemization observed in the lzumiya test, presumably by rapid 
porlllation of the active ester (83). Castro has utilized the reagent (82) to 
repare Na-protected aminoacid phenyl esters in high yields. 
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SYNTHETIC STUDIES DIRECTED TOWARDS 
THE SYNTHESIS OF A LYSOZYME ANALOG 

G.W. KENNER and I.J. GALPIN, The University 
of Liverpool, The Robert Robinson Laboratories, 
Liverpool L69 3BX, England; and R. RAMAGE, 

Department of Chemistry, UMIST, Manchester, England 

PI7 

b' The total synthesis of a protein is a daunting task and is the ultimate 
'0 ~ective for many peptide chemists. In order to be a target for total 
sYnthesis the protein must have an unequivocal primary structure and 
:referably a known three dimensional structure provided by X-ray 
pnalYSis, also it is highly advantageous if the biological activity of the 
rOtein is well understood. 

cThe initial objective of this work was to synthesise a protein 
'ponSisting of 129 residues analogous to hen egg white Lysozyme, this 

! c:rticular molecule being chosen for study as it is one of the most fully 
I' araterised proteins.' The ultimate purpose of the program was to shed 
~~ht on the mechanism of action of the enzyme and to examine the effects 

I k variations in structure on enzymic activity. Many Lysozymes are 
I /O:~n with varying degrees of sequence homology but throughout a very 
I c~rnllar tertiary structure is maintained. The target analogue which has 28 

"

0 anges in sequence is shown in Figure I. Residue changes were made in 
/der to alleviate synthetic difficulties which are often encountered in the 

I /esence of arginine, histidine and methionine and to introduce the 

I S I~gnostic residues norleucine and norvaline. All the changes were at 
~ ect.ed surface residues leaving the active-site region unaltered. 

I lldrnlttedly there is some possibility that the sequence changes would I w~~r the folding characteristics but one of the most important questions 
be lch may be posed is whether or not a polypeptide chain of this size can 

I 0 sYnthesised by solution methods to the normally accepted standards of 
I prganic chemistry. The project was also seen as a testing ground for new 
I grOtecting groups, coupling and purification methods which might be 

enerally useful in the synthesis of smaller molecules. 

j
l C ~he synthetic strategy employs maximal protection of side-chain 

UnCtions in order to minimize side-reactions. This tactic makes for I PrOtected intermediates which are soluble in organic solvent~ but 

I 
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'. 

Arg Met Arg.Hia A"p.Awn 
Lya.Val.Phe.Gly.Orn.Cyw.Glu.Leu.Ala.Ala.Ala.Nlo.Lya.A!a.Leu.Gly.I..tIu.AI".Gly. 
I 6 10 16 

Ars Val A.U\ 
Tyr.Om.Oly.Tyr.Ser.Leu.Oly.Aan.Trp.NvA,CYI.Ala.A!&.LYI.Phe.Olu.Ser.Gly.Phe. 
20 26 30 36 

Ars Aap lie 
Aam.Thr.Gln.A!a.Thr.Aan.Orn.Aan.Thr.Glu.Cly.Ser.Thr.Aap.Tyr.Oly.Leu·Leu·Gln· 

40 46 60 66 

Arg Aan Arg Arg Leu 
lle.Aan.SeI.Om.Trp.Trp.eya.Ala.Aap.Gly.Orn.Thr.Pro.Gly.Ser.Ala.Aan.Cly.eya. 

60 CUI '70 '76 

Ser Leu Ser Aan 
ASn.lle.Pro,CYI.AIa.A!&.Leu.Nva.Ser.Gly.Awp.ne.Thr.Ala.Ser.Val.Gly.Cya.Ala. 

80 86 eo 116 

Met . Arg 
LYI.Lya.lle.Val.Ser.Aap.Oly.Aan.Oly.Nle.A.U\.Ala.Trp,VI1.A!&.Trp·Orn.A.U\.Arg. 

100 1~ IW 

Thr GIn lIe.Arg Arg 
eyl.Ly •. Oly.Ser.Aap.Val.Ser.Ala.Trp.Val .Orn .Gly.Cya.Oly.Leu 
116 120 126 1211 

L Fig. I. Sequence of the Lysozyme analogue. Superimposed residues are those of hen egg white 
YIozYrne. _ 

' ~CCasionallY increased hydrophobicity led to the protected peptides 
, ~Coming very insoluble, this being particularly evident in the 1-37 region 

() the analogue. The protecting groups (as shown in Figure 2) have 
generally been well tested although the phenyl ester group 1 . ~ has only 
really become proven through its use in this synthesis. 

I; 

I 
r 
I 
I 
I 
I 

PROO'ECTING GROUPS 

-
-z -Bpoe ; (-BOC) - Adoe 

-
_OBu t -OPh 

.£yste1ne -Aem 
j 

Fig. 2. Protecting groups used in the synthesis. 
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Phenyl esters were chosen for carboxy protection in contrast to the 
Illore Widely used methyl esters as \ve believe that the use of the latter is 
Only marginally acceptable in terms of racemisation. The phenyl esters 
Ill~y readily be prepared by condensation of N-protected amino-acids 
~lth phenol using N, N'-dicyclohexylcarbodi-imide (DCC) in pyridine. 

ellloval is usually achieved in under 30 minutes in a wide range of 
S~lvents and racemisation has been shown to be zero when one equivalent 
~O hYdrogen peroxide is used at pH 10.5. The medium should ideally be 
o % aqueous and should contain 50 equivalents of dimethylsulphide in 
;de~ to prevent deleterious side-reactions with tryptophan or 

I ethlonine. 
c The coupling methods employed have in the main been 

: aO~Ventional, i.e. a variety of active esters, isobutyroyl or pivaloyl mixed 
hn Ydrides and DCC in the presence of N-hydroxybenzotriazole4 or N

I t~droxYSuccinimide.5 Two new methods have however evolved during 
litiS program. The first, "Bates reagent,,6 is formed by condensing two 

\ Pholes of hexamethylphosphoramide in the presence of p-toluenesul
\ c on~lanhydride. It gives some racemisation when used in fragment 

I pOIl~hng and thus is best restricted to use at glycine residues. In the 76-93 
r~rhon of the analogue several fragment couplings were effected with the 

I Co ge~t in the presence of N-hydroxysuccinimide which increased the 
I IIPhng yield. 
I Pr • A second new coupling method which has been developed during the 
an~ect. was the diphenylphosphinic mixed anhydrides. 7 These mixed 
I di ~dndes are formed by reaction of the N-protected amino-acid with 
\ cP e~ylphosphinyl chloride in the presence of N-methylmorpholine. I teO~Phngs with this reagent are particularly efficient with no loss of 
raglOs~ecificity in the opening of the activated intermediate; the levels of 
I an~rrl1~ation being similar to those encountered with other mixed 

Qs rnde methods. This means of coupling was found to be particularly 
hot Ul When hindered residues such as side-chain N-adamantyloxycar-

nYllysine or ornithine were being coupled. 

\ 
U~ .The chain was divided into twelve subfragments each terminating in 
an~lne. These subfragments were assembled using the protecting groups 
b". .coupling methods outlined above, to yield fragments spanning the 
ta~.halves of the protein 1-758 and 76-129.9 The fragment couplings were 

led out according to Schemes 1 and 2. 
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1-16 17-26 27-37 

U 
38-49 50-67 68-75 

~ 
1-37 38-75 

1- 5 
Scheme I. Fragment couplings used to prepare Adoc( 1-7S)OPh. 

87-93 94-104 105-117 118-129 

U 
105-129 

76-129 

Scheme 2. Fragment couplings used to prepare Bpoc(76-129)OBu'. 
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I S The purification of intermediate fragments was achieved using 
ephadex LH20 eluting with DMF.IO Unfortunately this matrix has a 

I mOlecular weight limit of approximately 3000 thus lhe larger fragments 
I ~.OUld not be purified in this way. During this work the polyacrylmorpho

Ide, Enzacryl K2 became available and using N-methylpyrrolidone 
~~MP) as solvent an improvement in purification was achieved in the 
t~gh(;i' molecular weight area. 11 A more significant advance occurred with 

. / .commercial availability of Sephadex LH60. Using this matrix and 
1 p U.hng with NMP considerable improvements were achieved. 12 Two 
s Olnts became apparent; firstly the fully protected 1-37 fragment which 

, a~erned to be homogeneous on Enzacryl K2 was in fact heterogeneous 
, c th~ugh several criteria had indicated to the contrary. Secondly that 
bO~Slderable aggregation of the protected peptides was occurring; this 

t. /Ing evidenced by material which eluted from the column at the void :IUme. Deprotection of this large molecular weight fraction gave a 
, t aterial which was identical by electrophoresis and isoelectric focusing 
~~~e monomeric product which eluted rather later. The Bpoc (94-129) 

Id' U Was particularly prone to aggregation but the aggregate could be 
i ul~.UPted considerably by the addition of urea to the eluant; 
~ ortunately this complicated the isolation procedure as the urea had to 

I removed after chromatography before the peptide could be isolated. 
~d !Jsing one or more of the above gel filtration methods the protected 
th Oc (l-75)OPh and Bpoc (76-129)OBu t fragments were isolated. One of 

1 di;fj major problems encountered in syntheses of this magnitude is the 
Iculty in characterising intermediates. 

1111 Generally we have checked homogeneity by tic of the protected 
puat.erial in several solvent systems and having established the degree of 
el rlty in this way the fragments were de protected and inspected by 
frectroPhoresis at two pHs and isoelectric focusing. The deprotected 
S:gments were also subjected to ion-exchange chromatography on 
(p~hadex CM25 on a gradient running from 0.1 M ammonium acetate 
an 6.5) to 0.4M "ammonium carbonate" (pH8.5). The amino-acid 
'h alyses of the protected and deprotected 1-75 and 76-129 portions are 
thOWn in Table 1. On assessing the available data we were satisfied that 
"e two halves of the molecule were sufficiently pure for us to consider 

Sernbly of the total linear sequence of the enzyme analogue. 
Ire The phenyl ester was removed from the Adoc( 1-75)OPh by 
di atrnent with hydrogen peroxide at pH 10.5 in the presen,ce of 
~~ethYISUlphide, using trifluoroethanol as solvent. The cleavage could 

allowed by tic and a qualitative check on the extent of cleavage made 
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Table I. Amino-acid analyses for 1-75 and 76-129 fragments. 

1-75 76-129 

Residue 
~ 

Protected Deprotected Protected Deprotected 

lys/Orn 7.78 8.53 (8) 4.46 5.05 (5) 
Arg 1.01 0.98 (1) 
Asp 7.79 7.73 (8) 7.12 7.00 (7) 
Thr 4.35 3.77 (5) 1.12 0.90 (1) 

Ser 4.63 4.40 (5) 4.57 4.67 (5) 
Glu 5.29 5.37 (5) 
.Pro 0.80 0.95 (1) 1.01 0.98 (1) 
Gly 11.00 10.40 (11 ) 7.12 7.15 (7) 
Ala 10.10 9.94 (10) 7.31 6.93 (7) 
Yal 0.89 1.14 (1 ) 4.71 4.97 (5) 
Nva 1.20 0.84 (1) 1.14 1.05 (1) 

j 

J 
lie 1.12 1.18 (1) 3.01 2.64 (3) 

I leu 6.37 5.98 (6) 2.10 2.18 (2) 
1 

j Nle 0.96 1.10 ( 1 ) 1.01 1.05 (1) 
iyr 3.04 2.78 (3) 
Phe 2.92 3.05 (3) 

Theoretical value show in parenthesis. no correction has been made for the partial destruction of 
serine and threonine. 

by UV estimation of the liberated phenol. Cleavage of the Bpoc function 
from Bpoc(76-129)OBu1 was rapidly achieved using 0.05M HC 1 in 90% 
aqueous trifluoroethanol, the cleavage again being monitored by tic and 
lJy. Coupling was carried out over 3 days using DCC/ N-
hYdroxysuccinimide (1.2 equivalents of DCC and 2 equivalents of N-
hYdroxysuccimide being added initially and a further 0.5 and 1 equivalent 
respectively after 24 hours) employing a mixture of hexamethylpho-
SPhoramide and DMF as solvent. The crude product was precipitated 
with water and washed with a variety of solvents. to give material having 
the amino acid analysis: LysjOrn 12.08 (13), Arg 1.00 (I), Asp 14.81 (15), 
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I ~r 5.50 (6), Ser 8.27 (10), Glu 5.27 (5). Pro 2.08 (2). Gly 17.93 (18), Ala 
· 8.98 (17), Cys 8.06 (8), Val 5.93 (6), Nva 2.51+ (2), lie 4.29 (4), Leu 8.27 
V,.Nle 2.04 (2), Tyr 2.94 (3), Phe 2.82 (3). (Carried out in the presence of 
nttrophenylsulphenylchloride with theoretical values in parenthesis; + 

occurs at the buffer change). 
90 This material was then deprotected under nitrogen by treatment with 
IS %triOuoroacetic acid for 3 hours using anisole and mercaptoethanol as 
; c~avengcrs. The deprotected product was precipitated with ether, then 
' Il! r?matographed on Sephadex G50 eluting with 50% acetic acid. The 
,re:Jor product (Ve/Vt 0.4) which represented a rather low overall 
d ov.ery was rechromatographed on Sephadex CM25 in the system 

, ~cnbe? earlier. Two peaks were observed the second of which gave the 
· p t am mo-acid analysis, again however the recovery was low. This 
· ~rOduet which was homogeneous by isoelectric focusing with an 

, a~eleetric point between 10.5 and 1I was then dissolved in 50% acetic 
' o~~ ~nd treated with mercuric acetate for 70 minutes, the free thiol being 
',Ch alned by treatment with mercaptoethanol and subsequent 
1 ~.~?matographY onSephadex G 15 eluting with 0.1 M acetic acid. An 
~ Ih~ lal figure of approximately four, (4.01,4.16) out of a possible eight. 
i1hlOl functions was obtained using the Ellinan reagent. The removal of 
j ur

e S'~eetamidomethyl function was then repeated in the presence of 8 M 
( ~U~~ ~nd the liberated thiol figure rose to approximately six (6.15, 6.00) 

. ,'IIa Sttll unacceptably short of the anticipated value. Although this figure 
,Ch: Considered to be too low for the oxidation to stand a reasonable 
l lttatnc~ of success, the oxidative final step was attempted. Using this 
I enal no Lysozyme activity was observed by the standard assay. 
fro From this work it is clear that the S-acetamidomethyl function is far 
recm adequate as a cysteine protecting group. Using mercuric acetate the 
Ihe~very of thiol was only about 75% of the expected figure, in addition 

j
'!e/ntegrity of tyrosine residues must be checked as mercuration can be a 

iOdl.OUS. side-reaction. Probably direct formation of disulphide using 
I ~~ne IS the best method for S-acetamidomethyl group removal although 
~ any pep tides including Lysozyme this is prevented by the presence of 
~r:top.han. Thus from our work it is clear that development of new S
I~n:eelt.ng g~oups is vital if large peptide and proteins are to be 
Ittet heslsed. The improvement of purification and characterisation 
~ro;Ods must also be a priority, this is particularly true for large fully 
far reeted fragments as there are a much wider range of methods available 

ree peptides. . . j 
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THE CORRECTED STRUCTURES AND SYNTHESIS 
OF MINIGASTRIN 

S. MOORE*, G.W. KENNER, R. RAM AGE, 
R.A. GREGORY, H.l. TRACY, I. HARRIS and 

M.l. RUNSWICK, Depts. of Or~anic Chemistry and 
Physiology, University of Liverpool, 

Liverpool L69 3BX and MRC Lab. of Molecular Biology. 
Medical School, Cambridge. England 

A pair of peptides, termed "Minigastrins", were isolated by Gregory 
and Tracy· from hepatic metastasis. Both peptides were shown to be 
Potent stimulators of gastric acid secretion. Amino acid analysis2 gave the 
result Leul.o Glu5.0 Alal.o Tyrl.o Glyl.o Trp •. o Metl.o Aspl.o Phel.o. Alkaline 
hYdrolysis indicated that one of the pep tides was sulphated on the 
tyrosine hydroxyl whilst the other was free tyrosine. Thus these two 
Illinigastrins were considered to be the C-terminal-tridecapeptides of 
Gastrins I and 11. 

Comparison of the relative potencies of synthetic unsulphated mini-
8astrin and the natural material indicated that the potency of the 
sYnthetic material was twice that of the natural material. It was suggested 
that this discrepancy may be due to the presence of an extra tryptophan 
residue. This observation was due to the fact that the dispensation of 
gastrin peptides is based on the UV absorption at 280 nm. 

. Dansylation3 of Minigastrin followed by hydrolysis and two 
dlrnensional thin layer chromatography on polyamide sheets4 indicated 
the presence of dansyl-tryptophan only. Minigastrin was taken through 
one cycle ofEdman degradationS followed by dansylation and hydrolysis. 
this time the amino terminal residue was shown to be leucine. Thus it 
WOuld seem that the correct sequence of the minigastrins must be Trp
leU-(Glu)s-Ala-Tyr-Gly-Trp-Met-Asp-Phe-NH2 i.e. the C-terminal 
tetradecapeptides of Gastrins I and 11. 

The synthesis of this new sequence was undertaken. The general 
S~nthesis is outlined in Figure I. Fragment couplings were mediated by 
either the nCC-HONSu6

,7 or nCC-HOSt8 procedure. 

ciresent address: Laboratory of Molecular Endocrinology. C.H.U.L.. 2705 Laurie~ Blvd:. Quebec. 
IV 4G2. Canada. 
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Boc 

Boc 

Boc 

Boc 

OBut OBut OBut OBut OBut But 
I I I I I I 

OBut 
I 

Trp Leu Glu Glu Glu Glu Glu Ala Tyr Gly Trp Met Asp Phe. 

Z OPh Z 
I 

Ph 

Z OH H ~Ph 

- I-- OH H npti 

iJPh Nps 

PH 

N 

Fig. I. General scheme of minigastrin synthesis. 

Individual fragments were synthesised in a stepwise manner. 
Temporary carboxyl protection was afforded by the phenyl ester (OPh) 
group,9 and the benzyloxycarbonyl group was utilised as temporary 
amine protection. In the case of the protected pentapeptide Z
[Glu(OBul)]s-OPh the major coupling procedure utilised was the active 
ester method using 2,4,5-trichlorophenyl active esters (OTcp)IO (Figure 
2). Tripeptide formation required the faster pivalic mixed anhydride 
procedure to avoid diketopiperazine formation. The fragment Z-Ala
Tyr(Bul)-Gly-OPh was synthesised by the procedure outlined in Figure 3. 

OBut 
I 

Z·Glu·OH 

DCC-
HONSu 

OBut 
I 

Z·Glu-OTcp 

Z 

OBut 
I 

Z·Glu·OH 

MA 

Z 

OBut , 
Z·Glu·OTcp 

z · 

OBut 
I 

Z·Glu·OPh 

OPh 

OPh 

OPh 

Z OPh 
r.ig. 2. Scheme of synthesis of Z-[Glu(OBu')]l-OPh. MA = Mixed pivalic anhydride 
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I 
I 
I 
J 

I 

Z··Ala··OH 

MA 

But 
I 

Z-'Tyr-OH 

MA 

H-Gly-OPh 

z OPh 

7 OPh 
Fig. 3. Scheme of synthesis of Z-Ala-Tyr(Bu'j-Gly-OPh. MA = Mixed pivalic anhydride 

The two fragments were coupled by the DCC-HONSu procedure.6
•
7 

. the resulting protected octapeptide was purified by Sephadex LH-20 
Chromatography. 11 Detection of the peptide was by UV absorption at 280 
nrn and the optical rotation of the solution. The dipeptide Boc-Trp-Leu
O~ Was synthesised by a salt coupling using Boc-Trp-ONSu and the 
tnethylammonium salt of leucine. Again formation of the protected 

, decapeptide was mediated by the DCC-HONSu coupling procedure 
and purification was by Sephadex LH-20 chromatography. Cleavage of 
the NPS-group from the C-terminal tetrapeptide NPS-Trp-Met-Asp
(OBul)-Phe-NH2 12 was achieved by treatment with aqueous thioglycollic 
acid. The C-terminal phenyl ester of Boc-[ I-I 0]-0 Ph was cleaved by 
hYdrogen peroxide catalysed hydrolysis at pH 10.5. The final fragment 
COUpling was performed using the DCC-HOBt procedure8 and the 
Product purified by Sephadex LH-20 chromatography. All the protecting 
groups were removed by a single treatment with 90% aqueous 
trifluoracetic acid in the presence of a large excess of 2-mercaptoethanol 
and anisole. Under these conditions there was no evidence for t
butylation of Trp and Tyr residues as shown by NM R studies of 
deprotected peptides at 220 M HZ. 

Purification achieved by aminoethyl-cellulose chromatography with 
a linear gradient oftriethylammonium carbonate (0.05M to 0.5M, pH 5.7 

, to 7.4) gave the product Trp-Leu-[Glu]5-Ala-Tyr-Gly-Trp-Met-Asp-Phe
, NI-h. This material was homogenous on thin layer chromatography and 
I Paper electrophoresis (pH 6.5) and had the appropriate amino acid com
I POsition i.e. Glus.ol, LeuO.94 ASPO.98 Glyl.oo Alal.o6 MetO.98 Pheo.94 

'fyrl.o2• The trV spectrum was in accordance with the structure. Bioassay 
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of this material showed that it had the same potency and activity as the 
natural material. 
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~epartment of Chemistry, The University of Manchester Institute of Science and 
echnology, Sackville Street, Manchester M60 IQD, England 

I Two crucial aspects of the stepwise synthesis of pepticles are 
I the temporary protection of a-amino functions and activation of 

J : Ca~boxylic acids to enable fa~.ile formation of amide bonds. The 
a~lno protecting groups should be stable,except under specific 
~lld cleavage conditions,and must not lead to diminished stereo
~h~mical integrity of the protected a-amino acid during activation. 
tlteria for the choice of activation procedure adopted for the 
~~rboXYlic acid function are no less stringent requiring rapid, 
llghly efficient amide formation during the repetitive steps 
eading to the synthesis of polypeptides. 

, One of the most successful classes of amino protecting groups 
l~ that based on the t-butyl urethane which may be cleaved by 

i ~lld acid. Structural variation gives rise to groups susceptible 
t~.deprotection over a range of acid conditions.A disadvantage of 
thIS type of protection is the formation of carbenium ions during 
f e deprotection process which can react with side chain 
lUnctionality of cysteine,methionine,tryptophan or tyrosine 
eading to alkylated products.Although this can be mitigated by 

uSe of scavengers it was thought desirable to design another 
8e~ies of protecting groups which have the same propensity towards 
:Cl~ cleavage,but which occasion no deleterious side reactions 
~tlng deprotection.lt was decided to investigate for this purpose 

, e uti lity of the remarkable acid lability of the P-N bond in 
:hosPhinamidates.lcareful mechanistic researches have led to 

, p~SUlts which would suggest that acid-catalysed solvolysis of 
, thOSphinamidates can proceed via trigonal bipyramidal intermedia~s 
I t Us producing no reactive intermediates capable of ent~ring side 

\ 
. . eactions. In order to maximise the effect of substituents it was 

:udged that phosphinamidates would be capable of a wider range of 
4 ~eactivity towards acid hydrolysis than phosphoramidates which 
, {OUld also suffer from the disadvantages of offering two modes of 
I stagmentation of the trigonal bipyramidal intermediate during 

It\0lvolysis.preliminary work1showed that the Ph 2PO.NHR group is 
a o~e acid-labile than ButO. CONHR, therefore a series of protected 
~lno acids were prepared using the readily accessible Ph 2PO.CI 
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and these have now been incorporated into a programme aimed 
towards the synthesis of prohormones.Recent researches directed 
to the application of phosphinamidates in this area have involved 
the mechanistic study of the acid-catalysed methanolysis of a 
series of phosphinamidates derived from B-phenylethyl amine 
incorporating substituents on phosphorus which were selected i~ 
order to define the optimum reagent for use in peptide synthes lS , 

R2P(O) .NHCH
2CHlh HCl/MeOH ~ R

2
P(O)OMe + H3~CH2CH2Ph Cl 

Kinetic results for a series of such reactions are given in Table 
I and show an interesting combination of steric and electronic 
effects of the substituent R.From X-ray diffraction data on 
Ph2P(O).N(Me)CH2CH2Ph it could be seen that the geometry of 
su5stituents at the nitrogen atom is non-planar and that only one 
phenyl ring was oriented to allow interaction with the P=O bond. 
Comparison of rate data in Table I for the phosphinamidates 
R2=Ph2,R2"'Me2 and R2=Me/Ph shows the latter to have the optimum'le 
balance of steric effect (Me) and electronic effect (Ph)for faCl 

hydrolysis.The rapid onset of steric retardation may be seen from~ 
comparison of the rates of hydrol.ysis of dimethylphosphinamidat 

with the higher dialkyl analogues.Unfortunately the dimethyl 
series proved too hygroscopic to be useful in peptide synthesis, 
however the diethylphosphinamides show promise for side-chai~. . 
amino protection which requires relatively greater acid stabl l1tY 

Carboxylic mixed anhydrides are very important for the he 
rapid synthesis of peptides by the stepwise procedure,however t, 
use of carboxylic mixed anhydrides,e.g.those derived from piV811~~ 
acid and a protected amino acid (I),suffers from two disadvant8~on 
Firstly,regiospecificity of attack at the desired carboxylfunctl 
is largely determined by steric effects and will not be 100% for 
all coupling reactions.Secondly,such mixed anhydrides have a hth , 
propensity towards disproportionation to symmetric anhydrides ~ t 
is highly undesirable in terms of reaction efficiency. This lat te 

process can be depressed by operation of the reaction at -15 OC, 
but with the concurrent decrease in reaction rate and,on large 
scale manufacture,increased costs. 

~2 ~2 
X.NII.CH.CO.O.conu t X.NH.CH.CO.O.P(O)R2 ~ 

~I 
(2) H

2
NCHCOOMe 

(3) 

2 RI 
~ 1 COOMe X. NU. CH. CONH. elL 

(I ) 

With these considerations in mind it was decided to 
investigate phosphinic-carboxylic mixed anhydrides in peptide cl 
methodology~.Mechanistic consideration of the reactants (2) an ~ 
(3) and products shown above would suggest regiospecific nucleo 

philic attack by the amine component due to the formation of. an 
amide bond with concomitant generation of a new p-o bond.As 10 
the study of phosophinllmidates discussed above,a series of 
phosphinic acids were selected for preparation of the mixed 
anhydrides (2) because of the intimate steric and electronic 
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Table 1 

Rate Constants (s-1 x 10 5 ) and Half-lives (min) for Acid 
Catalysed Methanolysis of Phosphinamidates R2P(O)NHCH2CH 2Ph 

R2 
25 0 30 0 37 0 45 0 

k Tl k 1'l,. k T j., k Tj., 
~ 'z 2 2 

(PhCH 2 )2 3. 1 373 4.0 287 5.9 197 8.0 144 

Et2 6.8 169 9.7 118 14.8 78 26 . 1 44 

n-Bu 
- 2 6.8 169 10.4 III 15.4 75 27.0 43 

Me 2 145.0 8 201.0 6 326.0 4 520.0 2 

Ph
2 41.0 28 53.6 21 68.7 17 94.7 12 

Q-9 36.0 32 52.8 22 88.0 13 153.5 8 

Me,Ph too fait to measurT by HPLC 
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Table 2 

Rate Constants (l.mol- 1 .s- 1 x 10 5 ) for the 

Disproportionation of 
Diphenylphosphinic-Amino Acid Anhydrides 

--Amino o 0 30 0 40 0 50 0 Time 
10% 

Acid (min.L-

Z-Gly 3.3 15.5 49.2 138 74 
Z-Ala 1.4 22.0 62.4 113 143 
Z-Leu 0.5 7.4 18. I 40 390 
Z-Phe 1.4 6.7 26.0 75 170 
Z-Val 11. 7 43.0 67.3 109 17 
Z-Ply - 52.2 135.0 248 56 ___ 

I 

~ I 
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Table 3 

Rate Constants (1.mol- 1 .s- 1 x 10 5 ) for the Disproportionation of 
Z-Valine-Phosphinic Acid Anhydrides 

Phosphinic o 0 30 0 40 0 50 0 60 0 Time 

acid 10 % 
(rnin) I 

Substituents 

Me 1.4 7.4 15.2 21.2 - 138 
Et 1.7 4.6 10.8 22.8 - 130 
n-lIu 0.7 5.6 17.0 20.1 - 240 
I-Bu 2.3 6.4 - 17.1 21. 1 85 
PhCH2 20.4 119.4 163.0 277.0 - 9 
Ph 11. 7 43.0 67.3 109.0 - 17 

Q-V 7.7 96.7 128.2 240.3 - 23 
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effects which substituent R on phosphorus can contribute directlY 
to reactivity towards nucleophilic attack at the P=O.Thus it waS 
decided to investigate the thermal disproportionation of the 
series of mixed anhydrides shown in Tables 2 and 3 in order to 
design the most appropriate reagent for peptide synthesis. . 
The kinetic study involved 31p NMR measurements on the anhydndes 

(2) in EtOAc/CDC13 (and also DMF/CDC1 3)solution at a range of 
temperatures.In tfie first study the phosphinic acid moiety was 
kept constant,where R=Ph,in order to evaulate the effect of 
varying the nature of the a-amino acid on the rate of 
disproportionation.With the exception of valine (Table 2) mixed 
diphenylphosphinic anhydrides showed good thermal stability and, 
indeed,all were completely regiospecific with respect to 
ammonolysis at the carbonyl group. Concurrently with this study, d 
rates of acylation were measured using the anhydrides (2,R=Ph)an 

from the data it could be concluded that the rates of 
disproportionation were insignificant from a preparative aspect 
compared with the desired amide formation at 0 °C.In order to 
evaluate the effect of the substituents R on phosphorus on the 
rate of disportionation it was decided to employ Z-valine as the 
protected a-amino acid because it is known to be sterically ~ 
hindered, and therefore a case where disproportionation could be 
serious competition to amide formation.From Table 3 it can be 
deduced that phosphinic acids having dialkyl substituents ar~ 
optimum for phosphinic-carboxylic mixed anhydride formation ln 
terms of thermal stability.This is a necessary requirement for 
mixed anhydride utilisation in solid phase peptide synthesis. 

A combination of phosphinamidate NH2-protection and 'ed 
phosphinic-carboxylic mixed anhydride activation has been ap~11 
to the synthesis of the C-terminal tetrapeptide (4) of gastr!n 
and interesting pentapeptide analogues of (Met)-enkephalin (5), 
These examples contain amino acid units which would preclude I 
either the use of hydrogenolysis to remove N-benzYIOxycarbon~d 
protecting groups or necessitate the use of scavengers if ae l 
labile protection of the t-butyloxycarbonyl type was used. 

Trp.Met.Asp.Phe.NH2 (4) 
Tyr.Gly.Gly.Phe.Met 

(5) 
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