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SUMHARY,

The oven chain dipeptides, L-phenylalanyl-L~serine aud
L=seryl-L-phenylalanine were synthesised, radioactively labelled
with 140 and 3H. Both precursors were poorly incorporated into

gliotoxin, produced by Trichoderma viride. The isotope ratio

measured in gliotoxin was different from those of the precursors
which suggested that the precursors were cleaved by the fungus
to their constituent amino-acids. It is believed that the anino-
acids were then incorporated separately into gliotoxin.

The stereoisomers of cyclo»(pheﬁylalanyl-seryi) were synthesised,

14

labelled with ~'C. A high incorporation of the LL-stereoisomer

into gliotoxin was cbserved but the other stereoisomers were
poorly incorperated. cyclo-(L-Phenylalanyl-I~seryl), doubly labelled
with 140 and 3H, was incorporated into glictoxin with essentially
no chenge in the isotopic ratio, which susgested that the
precursor was incorporated intact. Degradation studies, carried
out on doubly labelled gliotoxin from this experiment, demonstrated

14

that the C label was in the expected position in the gliotoxin

skeleton. Doubly labelled gliotoxin was converted to arnhydro-
desthiogliotoxin with no change in either the specific activity

or the isotopic ratlo, which substantiated the radiochemical purity
of the sample. Methylamine, derived from the N-methyl group of
gliotoxin, was shown to be non-radiocactive.

14

J~Phenylalanine, labelled with C, was fed to Trichoderma

1.4

viride and C labelled gyclo—(L~phenylalanyl—L«seryl) was

isolated in an intermediate trapning exwerimant. The fungus was



-

éhown, thus, to be capable of synthesising gzg;gf(Luphenylalanylm

L-seryl). .
glglgg(L#Phenylalanylﬁﬁ-methyluL-seryl) %as synthesised,

labelled with 140. The precursor was poorly incorporated into

- gliotoxin.

The cyclic dipeptides mentioned sbove were fed to a

Hyalodendron spccies. Only cyclo-(L-phenylalanyl-L-seryl) was

incorporated significantly into hyalodendrin and bisdethiodi—
(methylthio)hyalodendrin,. cvélgf(L-Phenylalanyl-L«seryl),
doubly labelled with 140 and 3H,was incorporated into the metabolites

with essentially no change in the isotopic ratio.

PUBLICATION.

Some of the work described in this thesis has been published

in the following paper:v

G.¥. Kirby, D.J. Robins, and G.L. Patrick, "cyclo-
(LwPhenylalanylnL—seryl) as an Intermediate in the Biosynthesis

of Gliotoxin', J. Chem. Soc. Perkin I, 1978, 1336.
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NOTE ON NOMENCLATURE.,

The following abbreviations are used in the text:

-

A .- Bengyloxycarbonyl ‘ Phe Phenylalanine
But t=Butyl | Ser Serine

Boc Butyloxycarbonyl Als Alanine

Dcce Dicyclohexylcarbodiimide Trp Tryptophan
bcr Dicyclohexylurea Pro Proline

NBS N-Bromosuccinimide - - Leu Leucine

Bz Benz&l Ile Isoleuvecine

p-TsOH  p-Toluenesulphonic acid

pts p~-Toluencsulphonate

Amino-acids which are mono-siubstituted on the amino and/or

the acidic group are represented as showny

RI—L~Ser-OR2

&



ix

Amino~acids which are disubstituted on the amino group

-

and/or substituted on a side group are represented as showng

[
Q=0

— OH

1t

. CH,OR

I{l—L—Ser(NRZ, or> )=0H

i)



CHAPTER 1 CLIOTOXIN

1l.7 Introduction

The first indication that a biologically active compound

wag produced by the fungus Trichoderma viride appeaved in 1931,

when T.viride was found to prevent the dacay of wood by

. 1 R .z .
Coniophora cerebella.” In.1932 Weindling~ observed an antagonism

of T.viride against the soil fungus Rhigocionia solani, and in

g3

193 he isolated an active compound, unstakble to light or basic

solution, which was later named gliotoxin (1). The compound vas

4

subsequently isolated from cultures of Gliocladium fimbriatum

R s q - .- . 6
(later identified as'i.v1v1de),5 Asvergillus fumigatus,

Penicillium terllkowsk117, Penicillium obscurum  (later identified

9

as P.terlikowskii7), Penicillium cinerascens”, Aspergilluc

. .10 . 11 . . . 12
chevallerll ; Aspergillus terreus —, end Aspergillus H0-10."°
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1.2 Bioclogical Activity.

@liotoxin was found to inhibit the growth of a wide range

13

of organisms. It was found ~ to have bacteriostatic propcrties
which were stronger than those of penicillin, gramicidin,
actinonycin, streptothricin, aad pyocyanasé, and fungicidal
properties which were comparable to those of actinomycin. The
growth of a wrange of pathpgenic organisms was found to be halted
by a gliotoxin level of 10 pg mlnl and some organismns were
inhibited by as little as 0.2-0.3 pg m1~ .4 Antiviral
properties were also observedl4 against RNA viruses such as
policvirus, herpes and Asian influenza viruses. Gliotoxin is
toxic to aphids, rabbits, rats, mice, and other mammals.

The mode of gliotoxin's biological action is unclear.
Certainly the disulphide bridee is crucial to its activity since
all analogues and degradation products of gliotoxin withoui the
disuvlphide bridge are inactive. Furthermore, the simple
‘epidithiodioxopiperazine (2) has itself been found to have some
bioloéical activityls. The discovery16 of small quantities of
thiépurines and thiopyrimidines in ribonucleic acids and their
ready reaction with disulphides has led to the suggestion that

gliotoxin reacts at these centres to play some biological role

as yet unknown.

1¢3. Structure and Stereochemistry of Gliotoxin.

The structure of gliotoxin was elucidated by chemical



.
PN o
el

3 -
o)ﬁ/NMe
CH.
3
(4)
O ;
S .
(6)



methods and the study of degradation products. This work has
17-20

been covered in several TGViGWS. and is merely summarised
here. The basic skeleton of the molecule was established by
degradation of glictoxin to three separate products (3)-(5)

whose structures were proven_by chemical synthesis. The synthesis
of the thiohydantoin (6) from gliotoxin suggested that the sulphur
atoms werc linked-to the noncarbonyl carhon atoms of the
dioxopiperazine ring. The position of thw secondary hydroxyl

group in gliotoxin was established by degradation of gliotoxin to
(7)s whilst the primery hydroxyl group was iocated by the u.v,

and n.m.r. spectrocscopic data of other degradation products,

‘ X;ray crystallographic analysi321 confirmed the structure,
established the absolute configuration and showed that the strained
disulphide bridge has a twisted conformation, with a dihedrPI
angle about C-S-5-C of 12°. The sulphur atoms lie closer %o the

carbonyl groups of the dioxopiperazine ring than to the nitrogen

atomé}22

i.4 éynthesis of Gliotoxin.

A total synthesis of gliotoxin was achieved in 1976 by Kishi
and oo—worker523 (Figure 1). Starting from glycine sarcosine
anhydride (8), the dithiol (9) was synthesised in four steps.
Formation of the thioacetal (10) from ($) gave a mixture of
dlastereoners. Kishi‘and co—workers24 had already shcwn that the
thioacetzl was a useful protected precursor for the disulphide

bond of the epidithiodioxopiperszine structure and had already
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devised syntheses for dehydmogliotoxin (11)25, sporidesmin A

26 . . T o
(12)°", @nd sporidesmin B (13)2{ from related intermediates.

H
O c
OH 4 He
3 _~NMe Ole 5, - Nie
1
CH,O0H ) Me
(11) (12) X= OH
(13) x= H

Removel of the methoxymethyl protecting group of (10) gave a
mixture of diastercomers (14) which wes separated by
chromatography of the N-benzoyl derivatives. The thiocecetal (14)
was obtained‘after eminolysis in 30% overall yield from (8) with
the aromatic residue anti to the NH group. Coupling of (14) with
the benzene oxide (15) was achieved by a ncvel, solvent dependent
Micheel reaction to yield a 1:1 mixture of two products (16)

and (17) of which the latter had the required stereochemistry.
The alcohol (17) was converted into the chloride (18) in seven
steps.23 The benzylgliotoxin adduct (19) was obtained in 45% yield
ty alkylation of (18) (Figure 1). The benzyl protecting group

was removed %o yield the gliotoxin anisaldehyde adduct {20) in
50% yield. Finally, the cisulphide bridge wes formed by oxidation
to the sulphoxids followed by perchloric acid treatment which

resulted iz a facile carbon-sulphur bond fission. The resulting



carbonium ion experienced resonance stabilisation from the.
Pp-methoxybenzene ring. With the loss of anisalcehyde,the disulphide

bridge formed spontaneously to yield g,1l-gliotoxin,

1.5 Biosynthesis of Gliotoxin.

The biosynthesis of gliotoxin and related metabolites hes
18,28

-

here to place the author's own studies in context.

29-32

been reviewed recently. Only a brief summary will be given

Labelling studies revezled that gliotoxin is derived
from the amino-acids L-phenylalanine (21) and T~serine (22) and
that the N-isthyl carbon is provided by L-methionine (23).

A high incorporation of m—-tyrosine into gliotoxinreported

30

5

by Winstead and Subadolnik led to the proposal that m-tyrosine

ié an Ilntermediate in the biosynthetic pathway to gliotoxin,

This result, however, could not be confirmed by other workers33_35

and rigorous labelling experiments showed that m—-tyrosine could

"not be an obligatory intermediate. The most likely explanation

for the incorporation observed by Winstead aad Suhadolnik is

that their m-tyrosine had been contaminated with I-phenylalanine.
The dioxopiperazine, cyclo—(I-phenylalanyl-L-seryl) (24),

36

was studied by MacDonald and Slater” as a possible biosynthetic
intermediate for gliotoxin. They observei only a low incorporation
of Egclo~(L—[1-l4Q]phenylalanyl—L—seryl) into gliotoxin produced

by Penicillium terlikowskii, even though the precursor was taken

up inte the mycelium, and concluded that the cyclic dipeptids

37

vas not a free intermediste. Bu'lLock and Leigh”', on the otker

hand, observed a high incorporstion (21%) of a mizture of cyclo-



(L'[££f33]Phenylalanyl—L-[1-14Q]seryl) and cyclo-(I- Ar—3ﬂj

phenylalanylnb—[1—14C]seryl) into gliotoxin produced by

0.3y or

Trichoderme viride. Furthermore the isotope ratics
the precursor mixture and gliotoxin were thc same within
experimental error, implying that the precursor had been

H incorporated inﬁact. It was suggested37 that the high levels

of (24) fed to the cultures by MacDonald and Slater had resultied

in misleading results.

PhCH, H
W 0
+ 445
Hy €0, _ NH
£ 07 %
H' 3 H CH,OH
(21) &R= CH,Ph (24)

(22) R= CH,OH

(23) R= cH CH,SMe

2

Little research has been carried out into the later stages
of the biosynthesis. At least three further steps are required;
H-methylation, oxidative cyclisation on to the aromatic ring,
and incorporation of the disulphide bridge. N~Methylation has
been shown already to involve methionine but it is not known
at what stage it occurs. Oxidative ring closure is thought to
involve a benzene oxide~oxepin intermediate which may 2lso be

» . 38,39 , . \
invclved in the biosynthesis of aranot1n3 239 \25) (Figure2).



-] O

Ozxidation

; I N HN//\\\CO

Gliotoxin (25) R= H

- ' (26) R= Ac

Figure 2. Postulated Mechanism for Oxidative Ring Closure.
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It may be significant that both gliotoxin &nd acetylaranotin (26)

were isolateﬁll from cultures of the same organism. Aspergillus

terreus. .
.L-[Bﬁs]ﬁethicnihe was incdrpora%ed into gliotoxin but when

‘inactive I~cysteine was added, the incorporation &roppéd ana the

amount of gliotoxin obiained incressed. This suggested thet I-

cysteine was a beiter sulphur source for gliotoxin than L--methionine.,3
Olefinic derivatives such as (28) were chown not to be

obligatory intermediates-}or gliotoxin by ggggg.g§_§1.4o

Stereoselectively deuteriated and tritiated (3R)- and (35)-

phenylalanines’ were fed to T.viride and, although steresospecific

lass of the (}E)uproton wag observed in gliotoxin, the loss was

not guantitetive signifying that the observed loss was asszociated
q [ y &

with oxtensive transaminztion of I-phenylalanine.

R
* o W
BN _CO, ]\/
3 \/Y/ 2 Ry N O

E "’CHZSH . W./'

(27) (28)

To conclude, &t the outset of this work, phenylalanine and
serine had besn established as the basic biosynthetic precursors
for gliotoxin but the status of cyclo-(IL-phenylalanyl-L-seryl)
was confused by conflicting results. It was proposed, therefore.
to study the various stereoisomers of Ezglgf(phonylalanylwseryl)

as mossible intermediates for gliotoxin and this work is doscribed



-] 2

in Chapter 4. No experiments using open chain dineptides of
phenylalanine and serine as nrecursors of gliotoxin have been
published. The synthesis and results of feeding these compounds
is the subject of Chapter 3. A study of gzglgf(L~pheny1alanyl~
N-methyl-L-seryl) (29) as a possible biosynthetic intermedizte
- for gliotoxin is recorded in Chapter 6.

Pinally, a biosynthetic study of hyslodendrin (30), a
Tungal metabolite closely relsied to gliotoxin, is described
in Chapter 7. This metab;iité differs from gliotoxin in that
the disulphide bridge has the opposite absglute configuration
and botl nitrogen atoms are methylated. It was intersesting

therefore to investigate whether gliotoxin and hyalodendrin

share common bicsynthetic intermediates.
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CHAPTER 2 DIOXOPIPERAZINES AS BIOSYNTHETIC INTERMEDIATES.

Since cyclo-(I-Phe-L-Ser) (24) has been proposed as a key
intermediate in gliotoxin biosynthesis, it is relevant to review
cases where other simple dioxopiperaszines have been identified

or proposed as biosynthetic intermediates for natural products.

2.1 Echinulin and Related Compounds.

Simple dioxopiperazines have been established as biosynthetic
intermediates for such metabolites as echinulin (31), neoechinulin A
(32), and brevianamide A (33)48.

2.1.1 Echinulin and Neoechinulin. Echinulin (31), isolated from

X . . o 4
Aspergillus amstelodaml, was shown to be derived from tryptophan’l,

42

alanine ¢ and nmevalonic aoid»43 Slater et §1644 subseguently

fed, to this organism, gzglgg(L—alanyle-[3'~I4C]tryptophyl)
(34) which was incorporated into echinulin, thus demonstrating
that isoprenylation ig a 1late step in the bicsynthetic pathway.
Further evidence supporting {34) as an intermediate was provided
by.Allen45 who was able %o isoléte a partially purified ensyme
from A.amstelodemi, cepable of transferring the isoprene unit
from 3-methyl-2-butenyl-l-pyrophosvhate {(35) to the cyclic
dipeptide‘(34). No +treansfer ﬁas chserved with tryptophan or
either of the open chein diveptides of wvryptoprhan and alanine.
The product of the enzymc mediated isoprenyletion of (34) was

identified as preechinulin (36), a metabolite isolated from an

o . . A6
echinulin-yroducing culture of A,gggxglig££.4 A sample of



~14~

-preechinulin,'preparéd ;s above and doubly labelled wiih 140
and 3H,was incorporated into echinulin without any change in the
isotope ratio,thus establishing it and the dioxopiperaszine
precursor (34) as intermediates.47
Neoechinulin (32) is a metabolite closely related to
echinulin, Marchelli gilgl.4glhave shown‘that Elglgf(L—[ﬁ~l4C]
AlaéL—[597—3Hé]Trp) was incﬁrporaﬁed,'without changz in the
140:3H1ra$i0, into meoechinulin A (32) énd related metabolites,

-

2.Y.2 Brovianzmides and Austamides. A large range of metabolites,

5 . A - . . t:
shown to be derived from proline, tryptophan, and mevalonic acid, -

have been isolated from FPenicillium brevicompacium and Aspergillus

ustus. These metabolites; the brevianamides &nd austamides, all
contain an isoprene unit at position 2 of the indole nucleus,
oo dioxonineras re 3 14,
The simple dioxopiperazine, gyclo—(I~[5~"H]prolyl-I~[3~""Cjtryptophyl)
(37) was incorporated intact into brevianamide A (33) and wes
-

also identified as a metabolite of.gebrevicompactum.)"

2.)e3 . Funitremorgen and Verrucologen. Several matabolites related

t0 breviznamide have been isolaied from Aspergillus fumigatus,

| =g =«
Penicillium verruculosum, and Aspergillus caesnitocus’), for

example fumitremorgen 353 (38) (also known as 1anosulin52) and

£
verruculogen TR1)4 (39). These compounds are interesting in that

the indole nitrogen is isoprenylated since N-isoprenylated
49

intermediates have been proposed for the brévianamides.

cyclo-
(L~Pro-1~-Trp) (37) is presumably en intermediate to these compounds

but this has still to be proved.



15~

N
E H \\ H /\\ 0
(31) (32)
‘ i
-0 ‘
?‘ l — NH
geeco N uwikSY
B N _I
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(38) (39)

2.T.4 Roguefortine and Oxaline. Roguefortine (40), isolated
56

, has been found tc-have neurotoxic

frem Penicillium rogueforti

propertiesBl and is related to oxaline (41), an unusual alkaloid

from Penicillium oxalium.58 Mevalonic acid, tryptophan, and

histidine were incorporated into roquefortin959 but cyclo-(L-

histidyl-L-tcyptophyl) (42) remains to be tested.

2,2 Bicyclomycin.

Bicyclomycin (43), a metabolite of Streptomyces sapporonensis,

is an antibiotic active against Gram-negative bacteriz. It has

been suggestedl9 that it might arise Ifrom czclo—(L-leucyl—L-
isoleﬁcyl) (44) vut biosynthetic studies are still to be carried

out.

2.3 Dibromophakellin.

It has been suggested that cyclo-(I-prolyl-I-prolyl) (45)
might be an intermediate Ffor dibromophalkellin (46) isolated

from the marine sponge, Phakellia flabollata but research into
19

the biosynthesis remains to be carried out.
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2.4 Hydroxypyrazine Derivatives.

2¢4.1 Aspergillic Acid and Related Compounds. Biosynthetic
studies on these compounds have been carvied out by MacDoﬁald

and his collaborators. Experiments6o-with Aspergillus sclerotiorum

revealed that L—{1~14C]1eucine and [%4C]flavacol (49) were
incorporated into neoaspergillic acid (48). Similar experiments
showed that leucine and isoleucine were incorporated into

aspergillic acid (47) isolated from Aspergillus flavus°61

Deoxyaspergillic acid (50) was incorporated into aspergillic

]
acid when fed to.g.sclerctiorum.6“ Labelling experiments with

cyclo-(Im[*4¢] Lou-L-Lou) (51) and cyclo-(L-Leu-I-[4c]iie) (24)
were not so successful however, and low irncorporations into’
neoaspergillic acid and aspergillic acid respectively wvere
obéerved.sg MacDonald and Slater36 sugeested that the gimple
dioxopiperazine was not an intermediate and that a linear dipeptide
was formed on an enzyme complex then modified before cyclisation.
However the amount of substrate fed was similar to the amount

cf meﬁabolite isolated., This may have resulted in the suppression
of eguilibretion with exogenous materizl as suggested by Bu'Lock
and Leigh37 in the case of the cyclic dipeptide precursor of

gliotoxin,

2.4.2 Pulcherriminic Acid. Pulcherriminic acid (52) is an

effective chelating agent and may have a function in jlature as

an iron chelate. It was isolated from Candida pulcherrima and

. 63
was showa to be derived from two molecules of I-leucine. 2



Radioactively labelled cyclo~(I~Leu-I-Leu) (51) was also isolated
from this experiment and a high incorporation of gyclo-(L~[14C]

. s . 63
Leu-L-Leu) into pulcherriminic acid wes observed. -

2.4.3 Mycelianamide. Mycelisnamide (53) is a mstzbolite of

Penicillium griseofulvin., Labelling studies have established

-

mevalonic aci664’07 and tyrosine66 as precursors. cyclo—(I-
Alanyl—L~{}4C]tyrosyl) (54) and gxg;gf(L~a1anyl~D~]?4C]tyr09yl)

36 but the

were not incorporated very well into mycelianamide
dose levels were high with respect to the amount of metabolite
isclated and the axguments put forward by Bu'Lock and Leigh37

may apply as discussed previously.

2.5 Epidithiodioxopiperazines

2:5.1 Gliotoxin and Hyalodendrin. The biosynthesié of thesa

metabolites has been discussed in Chapter 1.

2.5.2 Aranotin and Epicorzzine. cyclo—(I~Phenylalanyl-I—

phenylalenyl) (55) hes been suggested as the intermediate for
aranotin (25) and epicorazine A (56). The dioxopiperazine (55)

has been isolated from epicoragzgine-~producing cultures67_of

Epicocoum nicrum but biosynthetic studies remain to be carried out.

2.5.3 Sporidesmins.  Sporidesmin (57) and related metabolites. are

thought to be derived from cyslo-(I-alanyl-I-tryptophyl) (34).
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Kirby and T.’e.rley68 fed _(_:y_g_lg_-—(lf—[B-BH]Ald-L-— [3n14C]Trp) to

Pithomyces chartarum and observed a good incorporation (2.05%

14 3,14

based on ~"C) into sporidesmin. The C ratio was 51% of that'
of the precursor however, which suggested that either the
precursor wvas being degraded to its constituent amino acids or
that a dehydroalanyl derivative was involved in the biosynthetic

pathway.

(55) (56)

(s57)



2.5.4 Other Upidithiodicxopiperazines. Chaetocin (58) and

chetomin (59) may be derived from ‘cyclo—(L~seryl-L-tryptophyl) -
(60) as might the verticillins e.g. verticillin B (61). The
newly discovered sirodesmins, e.g. sirodesmin A (62) may be

: *
derived from cyclo-(L~seryl-L~tyrosyl) (63).

2.6 Conclusion.

Simple dioxopiperazines have been shown to be biosynthetic
intermediates for a variety of natural products containing a
dioxopiperazine nucleus as well as being natural products in
their own right. However, much research still reguires to beg
done on a number of natural products for which simple -
dioxopiperazines have been proposcd as likely intermediates.

Me ,0
N -/

ma— —~82»—7——-CH OH
c;q 2 ‘ I/// l é' Me

. i o

N (/’0
H 5 ]
‘ =)
0
CHZQH EM9>
CHQOH

(58) (59)

" % Tyrosine has recently been shown to be a precursor for the

sirodesmins, J.D.Bu'lock, pcrsonal communication to G.W.Kirby.
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CHAPTER 3 L-PHENYLALANYL-L-SERINE AND L-SERYL-L-PHENYLATLANTNR

AS POSSIBLE BIOSYNTHETIC PRECURSORS FOR GLIOTOXIN. -

Introduction.

L-Phenylalanine (21) and L~serine (22) have been established

O
29~-32 It seesned

ag blosynthetic precursors for gliotoxin (1).
feasible that an open chain dipeptide derived from these two
amino-acids might be a biosynthetic intermediate and therefore
the synthesis of the two possible combinations, L-phenylalanyl-
L-serine (64) and L—seryl—L~phenyla1anine (65), doubly

radicactively labelled with 140 and 3

E&was planned. Feeding
sxperiments and comparison of the incorporations cf each prscursor

into gliotoxin would then be carried out.

3.1 Synthesis of L-Jeryl-L-phenylalanine (65).

H-L-Ser-L-Phe~CH (65) was synthesised by Miyoshi gj.ﬁi.69
by three different routes. The most convenient route is shown

in Figure 3.

3.1.1 IL-Phenylalanine Benzyl Ester Hydrochloride (66). The

ester hydrochloride (66) was synthesised by tbe method of
70

Patel and Price'", by heating phenylalanine in benzyl alcobol
in the presence of thionyl chloride. High yields (90%) were

obtained of the crude product (66). However, the recovery from



L-Ser —-“~—;fﬁb Z-L-Ser-0H
DCC

22 |
(22) (67) . —r—> Z-I-Ser-I-Phe-0Bs,
L-Phe —————> H-I-Phe-0Bz.HCl 31 (68)
(21) (66) 22
g,
~To57Fayg>  H-L-Ser-I-Phe-OH

(65)

Figure 3 Synthesis of H-L-Ser-I—Phe-OH (65).

. . . R 70
crystallisation, carried out in ethanol rather than ethanol-ether! 9

was low (ca. 60%) and crystallisation of the mother liguors was

usually necessary. Although the melting point was consistently

70

low, the i.r. spectrum was in accord with the literature'  and

- . . !
the n.m.r. spectrum was consistent with the structure \06).

3.1.2 N-Benzyloxyearbonyl-I-serine (67). Z-~L-Ser-OH (67) was
7L

" by stirring

synjhesised by the method of Guttman a2nd Boissonas
2 solution of L-serine (22) in aqueous sodium bicaibonate with
benzyloxycarbonyl chloride (igure 3). The ScLotten-Baumann
conditions72 involving sodium hydroxirfe as base could not be

used in this case since a mixture of (67) »nd N-benzyloxycarbonyl-

73

O-benzyloxycarbonyl-I—serine (69) was obteined.'~ High yields

were obtained as long as the soluticn was vigorously stirred.
The optical rotation and welting point agreed with literature

values. I.r. and n.d.r. spectra were in accord with the structure (67),



J2.1.3 _Coupling Procedure. The two protected amino-acids (66)
and (67) were coupled by the DCC method (Figure 3) to give the

protected dipeptide (68). The major contaminant was DCU (70).

) 0
PhCH, 0N — OH -
2Nt { )— N— by

hzO%OCHZPh
0

(69) . (70)

This was removed by precipitation from a solution of (68) in
acetone, by crystallisation, and by ether trituration of solid
(68). The melting point and opticael rotation of the protected
dipeptide (68) agreed with literature values,69 The i.r. spechrum
was consistent with the proposed structure. The n.m.r. spectirum
was complicated, but several signals sharpened afte¥ addition

of DZO to the solution thus allowing the assignments shown in

Tigure 4 to be made. Complication of the signals arises from the

4.35-4J10 4.99~4.68
ABX o, ABX

O

|
C— 0~—CH—Pn*

. H
—N H
\\E/ 5.07 s

a T.42-6.88 m, e 4 11-3.47 T 3.28-2.70
7.30 s CH, Tamx %Mo T oamx
b 6.90-6.80 m 1O \ PR
5.80-5.60 br d 2.70-1.00
br s

Figure 4 N.m.r. Spectrum of (68) in CDC1, (§ values).
T - =)




fact that the methylene protons adjscent to & chiral centre are

not in identical environments and are therefore diastereotopic.

Of the two AB mathylene multiplets, the one at lower field is

most lixely to arise from the methylene group adjacent to the

bydroxyl group. Confirmation of *his was provided by the sharpening

of this multiplet when the hydroxyl proton was exchanged for

deutexium., The methine signals were assigned on the basis of

decoupling experiments and comparison of vicinal coupling

constants measured after(the sample was shalien wi£h D20.
The mass spectrum of (68) was dominated by fragmentation

of the benzyloxycarbonyl group (Figure 5). The parent ion was

weak and the base peak was due to the tropylium ion at g/g 91.

| o I
Ph—- CH2—1:- 0 —+—C——NR
o
7 g1 +H
{\ 108
79465

Figure 5 Fragmentation of the Benzylbxycarbonyl Grous.

3,1.4 TFormation of Linesr Dipeptide (65). Both protecting

groups were efficiently removed by hydrogenolysis (Figure 3)
as long as the solvent ratio of ethanol to water was 2:1. With
any other ccmposition, either starting material or product was

found to crystallise out and coat the catalyst, thus stopping

the reaction. The triturated linear dipeptide (6%5) was identical



with é sample crystallised from methanol-water (1:1), T.l.c. gave
one spot when developed in three differentvsolvent systoms.

The optical rotation,[}x]D +51.0? was comparable with the
literature value of +53.8°.71 The i.r.spectrum was characteristic
of a awitterion and closely resembled a literature spectrum of
L-alanyl-L-phenylalanine (71). Fragmentations observed in the
mass spectrum are cutlined in Figure 6. The base peak at g/g 60
resulted from a well known amine fragmentation route. A
MacLafferty rearrangement to give a peak at g/g 222 was observed
but this was weak as was that of the parent ion. The n.m.r.
spectrum of (65) was assigned as shown in Figure 7. Aséignments
were based on the sha;pening of signals observed when DZO was

added to the sample and on decoupling experiments.,

Q0 H Q
P P
HN~ H -1 Q0
3\!‘/ \V )
CH3 | CHZPh
(11)

3,2 Bynthesisg of HmLﬁﬁi«ldG]Ser-Lm[4?~3H]Phe~OH.

It was decided to label both halves cf the dipeptide (65),
using 140 and 3H9 s0 that 2ny hydrolysis of the dipeptige by
the Pfungus would he detected by a change in the isotopic ratic

. ) . - T 1431
measured in gliotoxin. The synthesis, starting from um[3~ ¢

serine and L~[§‘n3ﬁ]phnnylalanine, was carried out on a 1 mmol
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o ‘
? j'+ 1 +
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Pigure 6 Mass Spectrum of H-L~Ser-I-Phe-0H (65).
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Figure 7 Nem.r. Spectrum of H-I~Ser-I-Phe-OH (65) in CF.COH.
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(5 veluos).




~30~

scale. H~L«[4‘3H]~Phe~OBz.HCl and Z-Lm[§~14C]Ser~OH were synthesised
in high yield as previously descyibed (Figure 3) and coupled

to give the protected dipeptide (68) in 569 yield with 140 and
3H specific activities sessentially uhchanged. Only one band was
observed on Panax scanning and autoradiography of an analytical
t.l.c. plate. Hydrogenolysis of doubly 1abe119a'(68) gave the
linear dipeptide (65) in 86% yield with unchanged specific activity.,
Panax scanning and autoradiography of t.l.c. plates run in five
different solvent systems eétablished that neiﬁhe£ cyclo—(L~Phe-
L-Ser) (24) nor any other contaminani wes present. However,

this did not reveal vwhether epimerisation had occurred since
H-L~Ser~D-Phe-OH (73) was found tu have the same R, value as

the LL-isomer in all solvent systems tried. Dilution énalysis

veas cerried out to test for possible epimerisation by diluting

a small quantity of labelled dipepfide (65) (usvally lmg) with
unlabelled carrier (usually 50mg) and crystallising to constent
activity. The results (Table 1) show that the radiochemical

purity was not less than 96% and that not mors than Oa2%

HeL-Ser-D-Phe—0H {73) or H-D-Ser-L-Phe-CH (74) was present.

3.3 Synthesis of L-Seryl-D-phenylalanine (73) and D~Seryie

L-phenylalanine (74)e

The linear dipeptides (73) and (74), roquired for dilution

analysis (see above), were synthesised as described for the LL-

isomer (65) (Figure 3).
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Je3.1 N-Benzyloxycarbonyl-D-seryl-L—vhenylalanine Benzyl Ester

(75) 20d its Enantiomer (76). Z-D-Ser—-OI (77); synthesised from

D-serine (78) in 90% yield, wes coupled with H-L~Phe-OBRz,H(IL (66).
to form Z-D-Ser-L-Phe-OBz (75) in 54%4 yield, The i.r. and mass
spectra were very similar to those of the LL-isomer (68) and
the n.m.r, spectrum of the benzyl ester was consistent with the
structure (75).

The LD-isomer (76).Was gimilarly synthesised fr&m Z~1~Sepr-0OH
(67) and H-D-Phe~0Bz.HC1 (79) in 49% yield and had'identical

physical properties to (75) with the exception of optical rotation.

3.3.2 Formation of Linear Dineptides. Hydrogenolysis of

Z-L~Ser~D-Phe-0Bz (76) gave H-L-Ser-D-Phe~OH (73) in 44% yield
after recrystallisation. The i.,r. and mass. spectra were
virtually identical to thosz of the LL-diastereomer (6%). The
n.m.r. spectrum of (73) wes similar to that of (65). Multiplets
due tc methine protons were again assigned by decoupling
experiments.

H-D-Ser-L-Phe~0OH (74) was "synthesised in the same fashion
in better yield (61%) and had identical physical propsrties to
those of (73) except For cpiical rotation, BX]D~+25'80 compaTed

with -29.3° for the cnantiomer (73),

3.4 Synthesis of L-Phenylalanyl-L~serine:— Literature Routes.,

The only reported synthesis of H-L-Phe-L-Ser—OH (64) was

carried out by Suzuvki et gl.75 and is shown in Figure 8. The



w3 Dmm

acid (80) (Figure 8) was also synthesised by Bodanzky end

76,77

coworkers as shown in Figure 9. Both routes were carried

-2

out to compare yields and applicebility to small scale synthesisg.’

2-C1

L-Phe __“ ,  Z-L-Phe~OH 9
(21)  HelH (81) BtOCCL o Phe-I-Ser—ON
_ . ~Ser-0Me
TRt
001 | 3 (82)
L-Ser T2 H-L-Ser-OMe . HC1 CH,C1,
(22) MeOH (83)
NaOH Z~L~Phe-L-Ser—0H H, H-L—-Phe~L~Sor—OH

Fisure 8 Synthesis of H~L-Phe-L-Ser—OH (64).77

Zel~Phe-OF ~_ZTTHIFOPRONOL g p pre-0-( o )-NO,

(85)_

»

L-serine ZmI~Pho—-I~Ser-QIl

S

CSHSN—HZO . (80)

6 .
Figure 9 Synthesis of Z-I-Phe-L-Ser-0H (23).7 s 7T

3.4.1 Benzylozycarbonyl-L-phenylalanine (81) Z-L-Phe-OH (81)

2]
was synthesised by the Schotten-Baumann procedure7° (Figure 8)

with certain modifications. It was found that batier yields were



obtained if che recgents were added dropwise over the recuired
time period rather than in vportions. In addition, the solutiom
was acidified to pH 1 since acidification to Congo Red72 had

resulted in precipitation of (81l) contaminated with its sodium

78

salt. With vigorous stirring yields of 90% or more were achieved.

\

3.4.2 Benzyloxycorbonyl-L-vhenylalanyl-L~serine Methyl Ester.(82).

(82). I-Serine (22) was converted into H-I-Ser-OMe.HC1 (83)

in high yield by the method of Brenmner and Huber79‘(FigLre 8).
The ester (83) was coupled with Z-L-Phe~OH (81) by the mixed
anhydride method described by Nicolaides and De Wald8l (Figare 8)
to give the protected dipevptide (82) in 704 yield. The ma jor
absorptions in the i.r. spectrum were due to the primary
hydroxyl group with bands at 3310 snd 1060 cm-l; the
noncsubstituted aromatic rings with bands at 750 and 700 cm_lg
and amide, urethane and ester carbonyl stretching aﬁsorptions.
The n.m.T.spoctrum was comsistent with the structure (82). The
mass spectrum wag again dominated by fragmentation of the
benzyloxycarbonyl group. -

75

3.4.3 Removal of the Ester Grouvn. Suzuki et 2l.'” saponified

the methyl ester (82) with 1.1 equivalents of base in aqueous
methanol and achieved a 62% yield of the acid (80) (Figure 8).
Since the ;elease of an acidic group during the reaction should
account for 1 egquivelent of base, the reaction waszs tried with
2 eyuivalents of base. The orude yield was high (91.4%) but the

product was found on t.l.c. to consist of 2 compounds,presumably



rosulting from epimerisatiocn. The recovery from cryztallisation
was poor and the optical rotation of the product (80) was very -
low compared with the literature valuen75 However, the melting
point and spectroscopic data were in accord with the structure
(80). The possibility exisis that the reported75 optical rotation
was a mistake since Bodanzky gi.gl.76 reported.a low optical
rotation for the same compound closer to our .observed figures.

A variety of reaction conditions, including those Tollowed
by Suzuki giﬂg;.7z were tried but epimerisation still occurred
to some extent and crystallisation was inefficient,

Some attenpts were nade to cleave the ester engymatically.
Walton‘gi‘gl.82 had succeedsd in nydrolysing the ester of
benzyloxycarbonyl-L-valine~L-tyrosine methyl ester (84) using
 chymotrypsin, without cleaving the amide bond. Unfortunately
the procedure failed with Z-L-Phe-L-Ser-OMe (82) since
chymotryvsin is selective with repect to the substrate and prefe;s
amino-acids with en aromatic side chain. In the case of (82) the
aromatic residue ig too far away from the ester groups The
same procedure was tried with a pig liver esterase but no reaction
was obsexrved.
| An atterpt to remove the benzyloxycarboryl group of (82)
in methanclic hydrogen chloride, such that the resulting anine
salt éould be treated with the enzyme, was unsuccessful. Several
spots were, observed on t.l.c. after hydrogeaolysis of (82) and
it was presumed that side reactions, involving the chloride anion'
and the seryl moiety of the starting meterial (82), were occurring.

Hydrogenolysis in methanol could nct be used since some



dioxopiperazine was formed,

H H 0
"PhCH 0('~————-' 7 N
00 N\!/C N\'/C —0Me
CH(Me)E S
NN og
(84)

3eded Synlthesis of Z~IL-Phe-IL~-Sec~-0H (80).76 Attention was

switched to the procedure employed by Bodanzky.g§-§1.76, to
synthesise the acid (80) (Figuxe 9). The p-nitrophenyl ester

(85) of Z-L—Phe-OH Wasvsynthesised as described by Bodanzky and
Vignoaud77 in 71% yield, then coupled with L-serire by +the
literature method.76 The success of the coupling reaction
depended crucially on maintaining the ph at 8.7 by the controlled
addition of sodium hydroxide. It was found that the 2ddition

was best doné automatically buﬁ.this presented practical
difficulties when the reaction was carried out on a smsll scalse.
The gynthesis was attempted on 3.75 mmel of starting‘matefial but
the reaction mixture failed to go clear after 16h as described76,
and remained cloudy after 4Oh. A final yisld of 42% was obtained,
76

20% below the literature yield. The product was impure,

failing to give a satisfactory analysis or well resolved spectra.



3.5 Synthesis of I-Phenylalanyl-L-serine (64)

Neither of the literature rout9375’76 were considered
suitable for a small scale radiocactive synthesis due to
epimerisation in one caese and the need for rigid pH conirols
in the other. It was decided therefore, to synthesise the
dipeptide (64) in a similar fashion to that adopted for
H-L-Ser-I~Phe-0H (65) (Figure 3), namely via Z-L-Phe-L-Ser~0Bz

(86) (Migure 10).

BzOH R Z=1~Phe-0H

L~-Serine ~>Hé~L-Ser~OBz.pt; *EEE-——-> "Z=I~Phe-I~Ser-0Bgz :
(22)  PTeOH (87) e, (86)
C CH2012
H2
Ta/C H-L-~Phe~L~Ser—-0H
(64)

Pigure 10 Synthesis of I~Phenylalanyl-L-serine (64).

3.5;1 L-Serine Bonzyl Ester p-Toluenesulphonate (87). The ester

salt (87) (Pigure 10) wos synthesised by the method of Foelsch83,
modified to & 1 mmol scale. The procecdure involved heating a
sclution of the amino-acid and p-toluenssulphonic acid in benzyl
alcohol ana azeotroping off the water formed with carbon
tetrachloride. gyTAluenesulphonic acid was required both as a

catalyst and as a means of dissolving the amino-acid. The reaction



depended crucially on dissolving the reagents conpletely and
keeping them dissolved during the addition of carbon tetrachloride.
More solvent was required than veported (for benzenssulphonic
acid)83 for total dissolution. The amount of carbon

tetrachloride initially added was also crucial., If too much was added
the starting materials were precipitated but if too little was
added then the water was not ageotroped off efficiently. It was
discovered that refluxing the carbon tetrachloride through a
Soxhlet apparatus containing molecular sieves washa far more
afficient procedure on small scale than continuous distillation.
After soveral minutes reflux, more carbon tetrachloride could

be added without risk of precipitation. Applying these conditions
on a 1 mmol scale, the cster (87) was obtained in 79% yield with

a satisfactory nem.». spectrum. It failed o ciystallise from the
recommended solvent due to the presence of small guantities

of dibenzylated serine derivative (88).83

O -
Me —~§—-—o 3'31; H 8 —OCH,Ph
OCE,,PH

: (88)

3.5.,2 Coupling Procedure The protected amino-acids Z-L~Phe-0H

(81) and H-L-Ser-0Bz.pts (87) were coupled by the DCC procedure

(Pigure 10) to give a crude product contaminated with DCU and
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one other impurity. This impurity, purified by preperative telecuy
was believed to be benzyloxycarbonyl-I-phonylalanyli-C~benzyl- .,
L-serine benzyl ester (89) on the basis of {the NemeT. spectrum.
Both impurities were efficiently removed in solution by filtration
after cooling a suspension of the crude product in ether for
several days. The final yield (43%) was low coﬁpared with the
crude yield (89%) but further product couid be obtained by
preparative t.l.c. of the ether filtrote, A sample of Z~J~Phef,
1~-Ser-0Bz (86) was crystallised and fully characterised. The i.T.
spectrum, outwith the fingerprint region, was similar to that
of Z-I-Ser~L-Phe~0Bz (68) with characteristic hydroxyl, carbenyl
and aromatic absorptions. The n.m.r. spectrum (Figure 11) .
contained a complicated multiplet due to hoth methiné protons,
Doublets due to the methylene protons were ocbserved rather than
the ABX patterns observed in spectra of similar compounds (68),
{75), an2 (76). These patterns were altered when D,0 was added
but no conclusions could be made. No parent ion was observed in
the mass spectrum cf (86) due to rapid debydration and loss
of the benzyloxycarbonyl group:

The product (86) showed unusual melting properties. When
the orystals were warmed quickly ithe melting point was 116~119°C.
However on slow heating a mixture of needles, m.p. 136-13800,
and prisms, m.p. 21000, were formed. Possibly decomposition of

(86) occurred on slow heating before the m,p. was reached.
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Figure 11 Nom.r. Spectrum of Z-I—Phe-L-Ser-0Bz (186) in CDCL.
. . - -

L6 values). ’

3¢5+.3. Formation of Linear Dipeptide Hydrogenolysis (Figure 10)

rapidly cleaved the proteciing groups of Z-L-Phe-L~Ser—0Bz (86)
and H~IL-Phe-L-Ser-OH (64) was obtained as a white solid (t.l.c.
showed a single svot) which failed to cryétallise. The melting
point and optical rotation of (64) agreed with those of the

75

literature. The solid did not analyse correctly but the resulis

which were obtained were more in line with & monohydrate, in
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agreement with the results obtained by Suzuki gi_gl.YS The i.r,
spectrum showed chdracteristic absorptions of a zwitterion and
the nem.r. spectrum was consistent with the structure (64). Yo
perent ion was observed in the mass spectrum due to rapid
dehydration. The amine fragmentation described previously (Figure 6

was observed again, giving a fragment ion peak at 2[3‘120

which was also the base peak,

3,6 Synthesis of H~L~[ﬁ'~3H]Phe~L—[3—14C]Sor«OH.H29;

H—L—[3f14C]Ser—OBz.pts was synthesised in 66% yield and
coupled with an equivalent of Z~L—[ﬁ'~3H]Phe~OH Wﬁich had beeu
synthesised in 90 % yield (Figure 10). Z—L-[4'n3HJPhe—L~[3-1403-
Ser—~{Bz was obtained in good yield (82%). Panax scans and
autoradiography of an analytical t.l.c. plate revealeﬁ the
presence of a small gquantity of dibenzylated derivafive (89).
Hydrogenolysis (Figure 10) gave H~L~E4'M3H]PhewL~[3~14C]Ser—OH.
H.,O in 97% yield. The overall yield from Ieserine was 527 compared

2
- with an overall yield of 72% from L-phanylalanine. The 14

C

specific activity was 88% of the original velwe when dilutions

were taken into account, whilst the specific activity of 3H was
89% of the originel value, The radioschemical purity was checked

by scanning aond autoradiography of t.l.c. plates which had a single
radioactive band oorrespoﬁding to (64). The extent of
epimerisation wes estimated by dilution analysis since H-L-Phe-
D-Ser-OH (30) (see below) hod the same R, value as that of the

product in all solvent systems tried. The results of the




dilution analysis (Table 2) showed that contamination by
H-L-Phe~-D-Ser~OH (90) and H~D-Phe-I-Ser-OH (91) wae not more -

than 0.3 and 0.2% respectively.

3+7 Synthesis of I-Phenylalanyl-D-serire end its Enentiomer.,

3.7+1s Benzyloxycarbonyl-D-phenylalapyi-T-serine Benzyl Lstsy -

(92) and its Enantiomer (93) The protected dipeptides (92)

and (93) were synthesised from their resyective,proteétéd amino-
aclds as described for Z-L-Phe-~I-Ser-0Bu (86) (Figure 10). Yields
of 41-47% were obtained ard samples were purified by prepsrative
telsce and crystellisation for analysis. Bands, characteristiec

of the primary hydroxyl groups the ester, amide; and urethzne
carbonyls, and the aromatie ring; were okserved in the i.r.
spectrum. The n.m.r. specirum of (92) is shown in Figure 12. Both
emide protons excharged very slowly with deuterium when the
sample was shaken with DZO‘ The mﬁltiplets due to the methine
protons overlapped and could not be distinguiched. The multiplets
due to the methylere groups ad}acent to a methine group were

more complicated than the simple ABX system and could not be

analysed. Fragmentation of the benzyloxycerbonyl protecting group

agein dominated the mass spectra of (92) and (93).

3.7.2 Pormation of Linear Dipeptides (90) and (91). Due to

the insclubility of the protected dipeptides (92) and (93) in
ethanol-water, hydrogenolysis was carried out overnight on a

suspension of the reactent. H-L-Phe-D-Ser~OH (90) and H-D-Phe-




Carrier ‘ ,Il?* LD | DL
Isotope 14, 3q id 3 | 44 3
S.A¥ Initial | 0.91 | 11.21 | 0.76 G.34 | 0.78 9455
s.a. 1%%%411 | 0.91 | 11.59 5.25x1070 | 0.11 | 1.98x107%| 0.27
Su8. 2%%411 | 0.93 | 11.53 undetected 4,00x1077 | 0.02
Table 1 Dilution Analysis Results for

H»L—[3-14CJSer~L~L4{;iHJPhe_OH.

*HN
Carrier . LD DL
Taotope 140 3E 140 3H
S.A¥ Initial 0.7L 9,84 0.56 7.79
s.4. 1%%x411 0.02 0,26 0.03 0.56
. . ~nd -3 : -3
s.a. 2%%t11 1,13x10 0.08 1,23x10 0.06
s.a. 3%%+11 1.9x10™2 0.06 undetected
Table 2 Dilution Analysis Results for

H-I- [4 1 ..3 H] Phe~-]- r3-—l4C] Ser-CH, HZ'(‘)".

e e e o s

. -1
#  Specific activity (mCi mmol ™).
#* The configurations(L: or D) of components are given in the

order, Ser—~Fha. . = o
*%% Phe configurations (L or D) of components are given in the

order, Phe-Ser,
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I~Ser-CH (91) were obtained in ca, 75% yield after crystallisation.
The melting points of (90) and (91) were broed znd, as meliing ..
took place, needles were formed which in turn decomposed over

& large tempersiure range. Possibly the dipeptides were cyclising

in the molten state to the dioxopiperazine which decomposes at

258-268°C (page 136). The i.r. spectra of (90) and (91) showed bands

0 o 0
b cg ] 4 T0~ I o b
PRCH,0C —X 4.30 m C-—OCH,>-Ph
H
CH, 3.20-2.98 EHZ 4,00-3,57 m
\ m : :
b
Ph’ OH 1.95-1.70 m

8 6.78»—6;49 my 5.50-5.30 m. b. T.29 s, . T,21 s.
c. 5.15 8, 5.05 s ' '

-

Pigure 12 N.m.r. Spectrun of Z-D-Phe-L-Ser-OBz (92) in CDCL,
>

g § values )

characteristic for a zwitterion. The n.m.r. spectra of (90)and
(91) were consistent with the structures and the mass spectra

were closely similar to that of the Ll-isomer (64).




3.8 TFeeding Exveriments.

~ The doubly lebelled dipeptides, I-phenylalanyl-I~serine (64),
and L-seryl-L-phenylalanine (65), were fed in agueous etvhanol to
cne day old cultures of T.viride at a concentration of 6-14 mg 11,
The cultures were grown for a further three days then werked up
as described in the Experimental Section. Incorporations of
radioactivity into the total chloroform .extract and the ecrude,
crystalline gliotoxin obtained from the extracts gy trituration
with methanol, are recorded in Tables 3 and 4. The letter figures
are more accurate as a measure of precursor incorporations into
gliotoxin since the specific activity of the c¢rude crystalline
gliotoxin remained reasonably constant after severél crystallisations,

Neither of the labelled dipewtides were incorporated very
well into gliﬁto%in and the isotopic ratio (3H:140) in glictoxin
was quite different from that of the dipevtide precﬁrsor in all
the experiments carried out, These results strongly suggest that
the dipeptide precursors were cleaved by the fungus into their
constituent amino-acids. It would be rezsonable to assume that
the pool sizes of L-phenylalanine and L-serine would be‘different»‘
Therefore, the efficiency of uptake of the two amino-acids into
gliotovin would be different. This wonld result in a different
isotops fatio in gliotoxin compared with that of the precursor,
which would account for the results obtained.

H_L_|ﬁ1-3ﬂ]phe_L-[3_14C]Ser~OH (64) was also fed to two day
and three day old cultures, The cultures were grown for four days

in all as above, then worked up in the normal manner. The rusults
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Incorporation (%)

Age of Culiure whenrfed 1 day 1. day
Concentration (mg 1“1) li 6
Isotope L4c : 33 140 3H
Chloroform Extract © 2423 5.40 5.80 15.8
Triturated Extract 0.86 - 4445 1.20 6.4
Aqueous (Exiracted) 12,6 35,2 16.0 30.0
Hycelium (Calculated) 85.2 594 78.2 5442
Teble 3  Feeding of H-I-[3-"%clSer-1~[4'~>H]1Phe-oH
Incocporation (%)
Age of Culture when fed 1 day 2.days 3 days
Concentration (mg lﬁl) 14 14 14
Tsotope Mo | 3g | M |31 | 4% | 3w
Chloroform Extract 3,40 8360 6.90 | 6,50 | 8,80 | 7.10
Triturated Extract 0.60 | 3:10| 2.90 | 3.90 | 4.40 | 4.90
Aqueous (kxtracted) 0.00 | 42,0 0.0C | 38.0 ' 9.30 | 40.8
Mycslium (Calculated) 96.6 | 48.4] 93.1 | 55.5 | 8l.2| 52.1

| »
Tablo 4 Feeding of Hol-[4'= H1Phe-I~[3- 4c]ser-0M.E 0.
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(Table 4) indicate that cleavege of the Precursor was ocourring
as cxplained above; However, it is interesting that +the isotopic -
ratio in gliotoxin was almost the same asg that of the precursor,
and the incorporation wvslue for 140 was greater, when the diveptide
was fed %o a three day old culture, These results could be
accounted for by variation éf the podl sizes bf L-phenylalanine

and L-serine with the age of the culture, Another possibility

is that some incorporation of the linear dipeptide into gliotoxin

is taking place, and that this incorporation occurs more readily

with increasing age of the culture,

3,9 Conclusiom,

Clear evidence for the involvement of liﬁear dipeptides
in the biosynthesis ¢f glioftoxin could not be obtain;d..In fabt,
the results obtained suggesgt that the dipeptides wére cleaved
by the fungus to their constituent amino-acids, which were then
incorporated separately into gliotoxin. It is poséible ligear
dipeptides are enzyme bound biosynthetic intermediates for
gliotoxin, Therefore, equilibration between these intermediates

and added linear dipeptides may be prevented.
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CHAPTER 4 THE ROIE OF CYCLIC DIPEPPIDES

I _GLIOTOXN BIOSTUTHESIS.

Introduction.

As described in Chapter 1, the status of cyclo-(I~Phe—I~

Ser) (24) as a biosynthetic intermediate for gliotoxin had

been piaced in doubt by the results of MacDonald and Slater.36

The incorporation into gliotoxin obtzined by Bu'liock and
Leigh37 on feeding cyclo~(L~[Ar_3H]Phe»DL—[3-14C]Ser) to

Trichoderma viride could have been partly the result of

incorporation of gyclo-(I-rhe-D-Ser) (94). It was decided to
synthesise and feed the Tour possible stereoisomers of cyclo-
(Phe-Ser) to settle the issue. The laebelled structures selected
viere glglgf(L-[Uél4CJPhe»L-Ser), gigigf(L—LU—14C]Phe-D—Ser),
ggg;gf(L~[4'~3H]Phe-L-[3m14C]Ser), and gzg}m:(DmPhe-DLw[3-14C]
Ser). The 1as£ compound was a mixture of two diastereomers, one
of which was the DD-isomer;.This isomer could not be'syntheéised
separately since neither radio;ctively labelled D-phenylalanine
nor D-serine was commercially available and so it was plaﬁned .

14 .
to synthesise the mixture from DL~ [3- 4C]serlne and to separate

the two diastereomers if necessary.

4.1 Synthesis of cyclo-(I-Phenylslanyl-T-seryl) (24) and cyclo-

(D-Phenylalanyl=D-seryl) (95),
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The syrthesis of cyclo~(L~Phe-I~3ex) (24} and the DD-
enantiomer (95) was carried out as-showm in Pigure 13 and wasg
basically the same route used by HMacDonald and Slater.36 The
only deviation from their procedure was the final step where

ammoniacal methanol was used to encourage cyclisation.

MeCOH
I-Phe -'—g'o-c:r—-? H-1wPhe-COla HC1
2
(21) (97) DCeC
’ ———3 7] —SeT-]~Phe-0Hs
: ' Z~C1 ‘ NEt, T (96)
——— o ™ e C T
I~-Ser éﬁaEze Z~=L=3er=-0H H2012
(22) (67)
H,,,I /CHZPh'
NH /-O
H, H-I~Ser-Ii-Phe~Olle 3 HN

Pa/C ’ (98) TieOH ~ o%\<NH (24)

MeOB-HOAC g CH,OH

FPigure 13 Synthesis of cyclo-(I~Phe~L-Ser) (24).

4.1,1 N-Bengyloxycaerbonyl-l-geryl~L-phenyiclanine Methyl Ester (96),

H~L-Phe-CMe.HC1 (97) was synthesised in good yield by the methkod
of Brenner and Huber79 and was coupled with Z-I-Ser~CH (€7) as

6b
described by MacDonald and Slater3

(Figure 13) to give the
protected dipeptide ($6) as an oil contaminated with ICU. A sample
was purified for arnalysis DYy preparative toleou-and crystalliéationa
The l.rs spectrum was closely similar to that of Z-L-Phe-L-Ser-

OBz (86). It was not possibls to anelyse coupletely the n.m.T.

spectrum run at 60 MHz., However signals due to the aromatic,

methyl ester and Lensyloxycarbonyl groups were clear. Fragmentation
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of the benzyloxycarbonyl group wes the dominant feature of the

mass spectrum,.

Z-D~Ser-D~Phe~OMe (97) was similarly synthesised.

4.1.2 Deprotection and Cyélisation Procedure. Normally the

crude protected dipeptide (96)was used for the next step in the
synthesis, namely hydrogenolysis of the benzyloxycarbonyl group
(Figure 13). Hydvogenolysis was superior %o treatment with 45%
HBr/HOAc since it was fouad that side reéotions involving
acetylation and elimination of the hydroxyl function occurred
by the latter method. This behaviour of serine derivatives has

85

been recorded in the literature. An oil was obtained after
hydrogenolysis and was shown by t.l.c. znd n.m.r. spectroscopy
to be a mixzture of (24) and the open chain methyl ester (98),
Acetic acid was also present in the product and it was concluded
that the acid had protonated the amino group of (98) thus
halting cyclisation which should have occurred readily in the
absence of acid.36b Several methods were tried to induce
cyclisation, the best being tréatment of the crude product with
ammoniacal methanol., There was an added advantage in that the
cyclised product crystallised from thie solution. The crystals
were contaminated with DCU but this cculd be removed by .-
thoroughly washing the crystals with ether, Crystallisation from
methanol usually resulted in a recovery of 65% but more product
could be ogtained fron the mother liguors. The overall yield
from I-phenylalanine was in the order of 30-40%, Coupling was

the stage with the lowest yield in the synthesis.



50

cyclo-(L-Phe-L-Ser) (24) dia 10t show up on t.l.c, undesr
U.v. light or with iodine and required a rultiple spray procedure,
(see Experimental Section) for detoction. The optical rotation
( [=<]; -105°) was high, five timos the reported value36b, and
melting was observed to occur with decomposition at a lower
temperature than that reoorded.36b Névertheless‘the product
analysed correctly and the spectral results coufirmed that the
correct product had been obtainedg

The i.r. spectrum contained absorptions characteristic of
the dioxopiperazine ring. Amide N-H stretching was at 3200 omul,
shifted to lower frequency compared with the normal Irens value
of 3300 cm-l.86 Carbonyl stretching gave 2 band at 1670 cm -
which wes at higher frequency than the normél absorption of ca
1650 omt for trans amideseg6 The amide II absorption at 1550
cmfl, characteristic of trans amidest, was absent in the spectrum
of (24).

Due to the complicated multivlets obszerved in the nem.r.
spectrum of (24), spectra were run in three different .solvent
systems. Cyclic diveptides containing an aromatic side chain
generally prefer the dioxopiperazine ring in a boat conformation
with the arométic ring hanging over the boat,19 This conformation
is thought to be the result of dipole induced dipole interactions
between the aromatic ring and the amide groups of the .
dioxopiperazine ring. One result of this comformation is thatb
pfotons in the axial position at the opposite end of the boat
from the aromatic residue experience a shielding effect from

tho aromatic ring curront. Thercfore in cyclo-(L-Phe-L-Ser) (24)
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the methylene protons adjacent to the hydroxyl group might be
expected to be at higher field in the n.m.r. spectrun than -2
normal. This was found %o be the case in (CD3)2SO where a widely
spread ABX multiplet was observed for these protons (Figure 14).

" When the sample was shaken with DQO this multlplet sharpened
appr801ably due to the exchange of the hydroxyl proton with
deuterium. The methine protons were assigned on the basis of

decoupling experiments,

7.40."'7»02 . . 7. .
m : L.
y 3.38-2,72 ABX
JOH 4.82 %
, H//,,C/
3.08-2.99  HC | e
m
8.10"‘7.75 n
//// 0 H \\\‘H
H N__ u
4,20 ¢ : 3.80-3.58 n
3.95 m g Y »

8,10-7.75 m )

Figure 14 N.m.r. Spectrum of cyclo-(L-Phe-L-Ser) (24) in (CD,) S0

(§ values).

When tho spectrum was run in CDBOD,hyperfine splitting
(J= 1Hz) of the multiplets due to the methine protons wes observed .

This splitting was the rosult of long range couplxng betwaen the



that this splitting wes observed suggests thot there

significant double bond character in the amide bonds

K

3

methine protons analagous to homoallylic coupling a8

The fact

is

hat ]

and that

the molecule exists more as & flattened boat in order to satisfy

\ R . . 88
the stereochemical requirements for homoallylic coupling.

Three characteristic fragmentations have been obzerved for

simple dioxopiperazines in their mass spectra.lg One of theso

was observed in ‘the mass spectrum of g¢yclo~(I~Phe-L-Ser) (24)

(Pathway 1, Figure 15).

cyclo~(D-Phe-D~Ser) (95) was synthesised in a similar fashion

and had identical physical properties to (24) except for an

optical rotation of [«]D + 104° compared with [o{ln -105° for 124).

1 H+

N 1

g R
H

R

2

v
1 +
NG
Rl CH,Ph n/e 120
R's CH,OH - m/g €0

n/e 77
>

n/e 63

’ 7

- _JEI/E 91

n/e 115
|
n/e 113

=G0
n/e 85

2
—_—

CI~12PI‘1 Bk

/l 0
i \f
TH
O L)

H\O /ﬂcH2

l m¥* 178

CH,Ph 7 F
Ve 0

n/e 206

Pigure 15 Mess Svectrum of cyclo~(L-Phe-I~Ser) (24).
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4.2 Synthesis of cyclo-(I-Phenylalanyl-D-seryl) (94) =

———— i

Enantiomer (99).

The procedure described earlier was used to synthesise
Z-L-Ser-D-Phe~OMe (100) and its enantiomer (101) as oils.
sa@ple of (100) was purified by preparative t.l.c., for analysis.
Hydrogenolysis and cyclisation of the protected dipeptides
was successfully carried out as described for the LL-stereoisomer
(Pigure 13). Samples obtained by trituration of éhe crude product
and by recrystallisation were compared but no difference in vurity
was observed. The cyclic dipeptides (94) and {99) had the =ame
Rf value on t.l.c. as that of the LlL-stereoisomer (24) in all
the solvent systems itried, This is probably nét too suprising
since (24) and (94) both exist in a boat conformation with the
aromatic ring over the dioxopiperazine ring and a h&drcxyl aToup
presumably spending most of its time exo to the rihg. The i.7v.
‘spectrum was characteristic of the dicxopiperazine ring. The
n.m.r. spectrum of (94) »un in CF3COZH is shown in Pigure 16,

3

The multiplet due to the methine proton derived from serine is
f£42d upfi=ld by 1.1 p.p.m., compared with the same szignal for
the Li~stersoisomer, Assignments were made on the bagis of
decoupling exverimenits and comparison with spectra run in
different solvents. The mogs gpectrum was virtually identical
to that of the LL-stereonisomer.
The DI~iszomer (99) showed the same spectral cheracteristics

ays those of (94) except for an optical rotation of{¢<]. -10,2

compared with +11.2° for (94).
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Figure 16 N.m,r. Spectrum of cyclo—(L--Phe-D=Ser) (94) in

CF}COAH { § values).

4.3 Synthesis of Radiocactively Labelled Precursors.

140]

cyclo=(L~{ U~ Phe-I-Ser) was synthesised by *he route

descrihad shove [Misira 13) with ona evaention. TTmT.—rTT-lq'(ﬂmw_

cyclo=(L=[ U-""C] Phe~I~Ser) was synthesised by the route

14,

described sbove (Fisure 13) with one exception. H«L—[Un ]Phe~

Qe ,ECL (97) was synthesiséd by the method of Rache189 by
concentrated hydrochlorie  acid. This method was more convenient

for small scale synthesis. The cyclised product was obtained

in 33% overall yield based on L-phenylalanine with a specific
activity 85% of the original specific activity. One radioactive
band was ohserved by Panax scanning and autoradiography of t.1l.c.
plates Tun iﬁ two different solvent systems. Dilutiocun analysis
Showed that the LD- and DL-isomers were present in not more than

0.3% (Table 5).
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Sggﬂiy{lwﬁbFl4C]Phe~D~Ser) Wwas synthesised in 30% overall
yield with a specific activity of 90% of the original wvalue and
found to contain not more than 0.5% éf the Lsttereoisomei (Tablelﬁa
ggglg~(D~Phe~DL~[3~14C]Ser) was synthesised in 15% overall yield
from DL~[3~14C]serine, The mixture was found to have a DL:DD
ratio of '68:28 and to contain less thau 0.1% of *he LI~isomer
(Table 5). The specific activity was 87% of the original.

Z—L—[3-14C]Ser~OH, synthesised from L~[3—14C]sarine in 919
yield, with a snecific activity 97% of the theorefical value,
was coupled with HaL—EiLBH]PhewOMe.HCl and converted into the
cyclic dipeptide in 28.6% overall yield with the 144 specific
activity 98% and the 3g specific activity 97% of the expected
velue. Dilution analysis (Table 5) showed the presence of not
more than 0,2% of the LD- and DL-isomers.

All the radiolabelled samples were shown to contein 2 éingla
radioactive compound by Panax scanning and autoradiography of

ToleCo pla.tes.

4.4 Peeding Experiments with Cyclic Dipeptides.

The radiolabelled cyclic dipeptides, normally‘16 mg (3 pCi)

1"1, were added in dimethyl sulphoxide (Iml) to 1 day old, shake
‘cultures of T,viride, The cultures were incubated for a further
thtee days, thep - worked up as describéd in the Experimental
Section. ggg}gf(L~ﬁﬁ;3H]Phe~Lw[3~l4C]Ser) was fed a3 a separatin

experiment but all the other precursors were fed in parallel

with cyclow(L-[ledC]Phe«L—Sor) as reference, The mesults (Table 6)



Composition (%)

Precursor - by Radiodilution Analysis.

-
¢y 6Lo=(Tm[U=7C] Pho~L-Ser) 109 LL*, 0.3 DL, 0.3 LD

ceyelo=(L~ [I.T-—lllC]Ph@-Dc-Ser) 7 109 LD, 0.5 LL

oy clo( D-Pho~DL- [2-4¢] Ser) 68 DL, 28 DD, 0.1 LL

cvelo~(L- [4'-3H] PhewL~ [3—-140]3@1«) 100 1L, 0.2 Dh, 0.2 1D

‘* ‘The configurations (L‘or D) of components are given im the

order, Phe-Ser,

Table 5 Dilution Analysis on Radiolabolled Cyclic Dipentides.

chorpofation
A

. - a . /
Bxp. No. Precursor ¢ (%) in

. 14
hlcroforn |S.A. ¢ . .
Extract Glictomin s,t.

1 cyclo-(l~ [u-14¢]PhomL-Ser) 40 6.19 1,530 7

2 gzg&g«(Lm[Uml4C]PhemD—Ser) 0,43 0.06 1.2:10
(3 gyg}_q~~-=(L~[U*~»14C.]Phc-~L-Ser) 58 7,17 1A
(4 c,iv'c_:gq»-—(L-[Uw14C__§]?he~D-Ser) 0.43 0,03 #.3210

f 5 cvolom(l- [1=2c ] he-I-Ser) 49 11.7 26210

w1
(6 oy 9-]:‘9_( TP D._l 40] Ser) 1.1 0.06 1.2x10

2

. 1, L
T SJY(:]_ (3.~=( Te=]40 “H] Thewle ;[3“' 4C] Ser 59 3.13 1. -)“‘*E'O

[

& Ineubations bieecketed were conducted in pavallel.

Specific . gpecific hctivity (Gliotoxin)/Specific Activity (Frecursor)
T acorporaktion *

. gL
¢ S.A.= Specific Activity {# Ci mmol )

Tavls 6 Fonding Resuits for the Cyelic Diventides.




shoﬁed that only cyclo-(L~Phe-L-Ser) (24) wes incorporated into
gliotoxin significantly. Incorporations of 40m50% of the radio-
activity fed in the form of the Ll-cyclic dipeptide were ohserved
in the crudc chloroform extract, double the incorporation
observed by Bu'l,ock and Leigh.37 Radioscanning and autoradiography
of t.l.cs plates run in four different solvent systems revealed
that the vast majority of the activity was present in glictoxin.
Gliotoxin, after crystallisation to constant zctivity, norwmally
had a specific activity of 6-12 ¥Ci mmol™F. In contrast, poor
incorporations (0.4-1.1%) of the other isomers were observed |
into the crude chloroform extract and the specific activity of
the orystallised gliotoxin was very low, 0.03-0,0% MCi mm01"15
less than 1% of the specific activity of crystallised gliotoxin
from & parallel LL-cyclic dipevtide feeding.

A more accurate 1ncorporat10n figure for an LL-cycllc
dlnep+1de feeding was obtained in the following manner. A sample
of the mother liquors from the erystsllisation of gliotoxin was
diluted with insctive gliotoxin by a factor of‘fourteen and the
mizxture crystallised to constant activity. From this figure it
.Was possible to calculate how much labelled gliotoxin was present

M

in the sample taken and hence in the total sample, This procecure
was alsc carried out for the mother liguors obtainad from the
trituration of crude gliotoxin. In this way it was shown that
at least 43% of 0L~}0~(L—EU- C]Phe-L—oer) had been incorporated

into gliotoxin in the e experiment tested, and that very little

gliotoxin was lost Guring trituration.



Having established that cyelo~(I-Phe-L-Ser) (24) wag
incorporated efficienﬁly into gliotoxin, we needed to show that -
the incorporation observed was not due to cleavage of the cyclic
dipeptide by the fungus into its constitient amino-acids,
which would then»be incorporated separately. To surmount this
prcblem, the LL-cyclic dipeptide was fed, doubly labelled, with
3H in the phenylalanyl meoiety and 140 in the seryl moiety, and
the derived gliotoxin was corysinllised to constant activity as
bofore, Tt was found that tho SHs 4C ratio in gliotoxin (11.1)
was essentially the same as in the precursor (10.9). This is
good evidence that the precursor was net cleaved to its
constituent amino-acids, since it is unlikely that both amino-
acids would then vwe taken up into gliotoxin with the same
efficiency. The pool éizes of I~phenylalanine and L-serine would
be expected o be guite different. This assumption wés supnorted
by the resulits obtained from feeding doubly 1abelleﬁ open chain

’n

dipeptides, where cleavage did appear to occur and the 140:
ratio did change (Chapter 3),

This experiment did not disyrove the possibility that the~
cyclic dipeptide was an unnatural precursor which was coaveried by
fhe fungus into the true intermediate. This possibility waes
tested by means of an ‘intermediate trapping! experiment. Non
radioactive IL-cyclic dipeptide was incubated with T.viride and,

2 houra later, Ln[U;14C]phenyla1anine was added to the medinm, Aftay
a further 2 hours, the organism was hervested and the culture Tiltre

was extracted with chloroform to remove gliotoxin, and then was

extracted continuously with ethyl acetate to give the cyclic



dipeptide (24). This was diluted with un”.abelled (24) and the
mixture was crystallised to constant activity. The residual |
activity in (24) corresponded to 1.3% of that administered as
L_[U~14C]pheny1a1anine¢ This demonstrated that the fungus had
indeed converted some of the fed phenylalanine into (24) under
normal, conditions of groirth.

A further check was carried out whereby the doubly labelled
gliotexin obtained above was degraded to prove that the 140 label
was in the expected position. Details of this and'other

degradation experiments are given in Chapter 5,

4.5 .Conclusione.

cyclo~(I~Phenylalenyl-T~seryl) (24) was shown to be a

biosynthetic intermediate for gliotoxzin (1). Incorporations of
labelled glglgé(L-Phe—B—Ser) into gliotoxin were high, Doubly
labelled cyolo-(L-Phe-L-Ser) was incorperated into:gliotoxin
with the isotopic ratio (140:3H) unchanged, It was shown by

an Yintermediate trapping' experiment that the fungus was capable
of synthesising the cyclic dipeptide (24) from L-phenylalanine.
The other stercoisomers of glglgr(phenylalanyl~seryl) were

poorly incorporated into gliotoxin.



-60--

CHAPIER 5 DEGRADATION STUDIES ON GLIOTOXTN.

Introduction.

The incorporation of czclo—(L-[4f—3H]Phe~n—[3~14C]Ser) into

3H:14C ratio, backed by

gliotéxin with an essentially unchangéd
the intermediate trapping experiment described in the previous
Chapter, provided strong evidence that the LL~cyclic dipeptide

is. a true intermediate for gliotoxin, It was decided to strengthe:
the case further by degrading the gliotoxin derived bio-
synthetically from cyclo-(L-[4'~>H]Phe-I-[3-14¢]Ser). The
degradations were aimed at finding out a)‘whether the N-methyl

14

group was labelled with 140 and b) whether the C label was

completcly located as expected in the hydroxymethylene unit.

5.1 Degradation Studies to Isolate the N-~-Methyl Group.

The possibility that the Ll~cyclic dipeptide (24) was
degraded by the organism to ifg constituent aminc-acids, followad
by uptake of the latter into gliotoxin, had aiready been shown.
to be unlikely since the isotope ratios in precursor and metabolite
were identical. However there remained the oujside possibility
that both amino-acids were incorporated with exactly the
game efficiency. This possibility could be ruled out if the N-
14c

methyl unit in gliotoxin was shown to be free from , for

the following reasons. It is well known that serine ond glycine



are biosynthetically interconvertable und that, in this précsss,
the C-3 of serine (the position labelled in the cyclic dipevtide),
enters the one-carbon pool. This same pool supplies the S-methyl
group of L-methionine which in turn has been shownBO to be a
good precursor for the N-methyl group in gliotoxin, Bvidence

of this biosynthetic process was supplied by Wihstead and
Suhadolnik-" who, by feeding [3m140]serine to Trichoderma

viride, demonstrated that 25% of the radioactivity incorporated
was contained in the N~methyl group. They hydroly;ed gliotoxin
with sodium hydroxide thus generating methylamine, derived

from the N-methyl unit, waich was trapped in hydrochloric acid
and counted as the salt, This procedure was modified for the
degradation of doubly lebelled gliotozin on account df the small
scale employed. A sample of the labelled gliotoxin was diluted
with inactive gliotoxin and methylamine was generated and trapped
as described.Bo The basic solution was then steam distilled to-
ensure that all generated methylemine had passed into the traps.
The methylamine hydrochloride obtained (gg 3.5mg) contained only
1.16% of the original radioactivity. The hydrochloride'salt was
convérted into the phenylisothiourea derivative of methylanine

by treatment ﬁith phenylisothiccyanate under basic conditionse.
The derivative was purified by preparative t.l.c. Very little
radioactivity was observed in the derivative, and it was |
calculated that the specviiic 27iivity was not more than 0,10 ——
of the original specific activity of the diluted gliotoxin.

Thus it was shown conclusively that degradation of the precursor

(24) to its constituent amino-acids was nol occurring,
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5.2 The Location of the 140 Label in Doubly Labelled Gliotoxin =—

vart 1.
Having shown fhat the 14C label was not in the N-methyl

group we needed still to prove its location.The expected positicn

for the label was the hydroxymethylene group of glictoxin (Figure

17) which, it was planned, could be isolated by conversion of

gliotoxin into anhydrodesthiogliotoxin (3) follewed by ozonolysi

of (3) to produce formaldshyde which éould be trapped and

counted as its dimedone derivative (103 ).

Alumina —-__1-

e ? . 0
Benzene 35/’ \\‘q
7 //,NM@
!
*
CH2
- (3)
- o q
¢ * Dimedone \ *
> - CH5
3 TCH . =\
‘ ' 0H  H

(103)

Figure 17 Degration Scheme.



B3

Ds2.1 Synthesis and Ozonolysis of Anhydrodesthiocliotoxin (3).

Anhydrodesthiogliotoxin was synthesised by a method of Johns90
uging a modified work uv procedure. The yields obtained were not
vory gocd and varied considerably (10-25%). The melting point

and i.r. and mass spectra agreed with the literature.90 The Nem.T-
spectrum was closely similar to that of the 1iterature9o except

for the N-methyl singlet which was at § 3.45 (1it.,9o § 4.00).

5.2;2 Degradation of Gliotoxin-l, Samples of doubly labelled

gliotoxin were converted into anhydrodesthiogliotoxin (3) as
deccribed abové, with essentially unchanged specific éctivity
(105-109%) and isotope ratio (10.7~3il.5) as expected., This
result further confirms the radiochemical purity of the gliotoxin
isolated. The olafin (3) was ogzonised and the product worked
up vwith zinc 4o produce formaldehyde, trapped as its dimedone
derivative, which was crystallised to constant activity. The
results were suprising since the specific activity was less than
half of the expectad value. Variation of the temperature and time
of ozonolysis made little differenne to this result. A different
work up procedure involving dimethyl sulphide resulted in lower
specific activities since it was found that formaldehyde was
being generated from dimethyl sulphide itself. -

Two explanations for the results obtained were pcssible; 1)
the label had been scrambled within the molecule or 2)
formaldehyde‘was being generated from another part of (3),

diluting the labelled formaldebyde and thus lowering the specific

activity,



The lacter explanation seemed more likely and of all the
carbon atoms present only that in the N-methyl group was at the

correct oxidation level to generate formaldehyde,

5.2.3 Degradation of Gliotoxin-2. 14C~Labelled gliotoxin derived

biosynthetically from nglg~(L—fU—14C]Phe—L~Ser) was converted
into anhydrodesthiogliotoxin (3). The product was ozonised

and the reaction mixture treated with dimethyl sulphide. to .
give unlabelled formaldehyde (Figure 18). This is gn accord with
the above theory since none of the carbons in the uvper half of
gliotoxin should be capable of generating formaldehyds. However;
the yield of dimedone derivati%e obtained from this experiment
was poor and could in fact have been derived from dimethyl

sulphide.

03
—=—> CEQ
(inactive):

(1) - (3)

Figure 18 Degradation Scheme,

-

5.3 The Location of the 14¢ Lavel in Gliotoxin-vart 2.

It would have been extremely informative if the trioxopiperazint
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: (5) could have boen isolated from the ozonolysis described above,
since it should have contained °H buk a0 Y4¢ if this latter label -
was confined to 3a-carbon, However, due to the scale of the reaction
‘and the suspected break up of the molecule, this isolation was nol
attempted,

A search of the literature revealed *hat (5) and another
trioxopiperazine (7) had been synthesised from gliotoxin. These
syntheses were st&died to see whether they were suitgble for

small scale degradation of .gliotoxin.

(s) - ‘(7)

5.3.1 Synthesis of the Trioxopiperazine (7). Compound (7) had
been synthesised by Taylor and co-worker891 by the route shown

in PMigure 19. Gliotoxin was dehydrogenated to give dehydroglioctoxin
(11) in 69% vield. Acetylation of (11) gave an uncharzcterised
acetate in 55% yield, which was coaverted into the phenol (104)

in 85% yield, Finally oxidation of (104) gave (7) via the glycol
(105) in 23% yield. This route was impracticable due to the low
yields obtained during acetylation and oxidation. A modified route

was planned (Figure 20) whereby it was hoped that treatment of
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dehydrogliotoxin (11) with HOAG/A020 would give the phenol (104)

directly in better yield and that chromic scid oxidation of (104) -
would give the trioxopiperazine (7) in an analsgous fashion to |
the chromic acic oxidation of anhydrodestliiogliotoxin (3) described

1ater;

54302 Dohydrogliotoxin (11). Gliotoxin was dehydrogenated to

dehydrogliotoxin (11) with 2y 3~dichloro~5,6-dicyano~ly 4~
benzoguinons (106) (Figure 20) in an improved yield of 81%.
Unreacted gliotoxin (7%) was recovered by chromatography. The i.r.
spectrum contained absorptions characteristic of the dioxopiperazine
ring and of the aromatic and hydroxyl groups. The parent ion peak
in the mass spectrum of (11) was weak due %o the rapid‘loss of

the disulphide bridge and subsequent dehydration to an ion of

m/e 242 which gave the base peake.

5.3.3 fhe Phenol (104). Dshydrogliotoxin was converted into the

phenol (104) (Figure 20) in 60% yield after preparative t.l.e.

and crystallisation, an improvement on the 47% yield from the
original two step process.91 The i.r. spectrum corresponded closely
with that reported91 showing the absence of the hydroxyl group

end the presence of the cig-amide carbonyls in conjugation with

double bonds. Since the base peak in thes mass spectrum of

‘dehydrogliotoxin corresponded with the composition of (104) it

was expected that the spectra of both compounds would be clcsely

similar and this was found to be the case. The n.m.r. spectrum of

. . )1
(104) agreed exactly with that of the llterature.9
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CH Nife
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Ficure 19 Synthesis of Trioxopiperazine (7).
HOAo/Ac?O% Cz04 \
Gliotoxin s (11) ———= (104) ———==—> (7)
CI~
c1” CN:
. 0
(106)
Figure 20 Planned Synthesis of Trioxopiperazine (7).
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5.3.4 Oxidation of the Phenol {104). The phenol (104) was oxidised
with chromic acid by the method of Ali gi‘gl.92 However, the product
‘obtained was a black golid which could not be characterised and it
was concluded that the phenol had been tos reactive and that it
had been degraded.

In, an attempt to reduce this reactivity a sample was acetylated
as described by Ali et a1.92 and treated with chromic acid as above
but again no simple product could be deteqted and so tﬁis‘approach

was discontinued,

5.3.5 Synthesis of the Trioxopiperazine (5). The trioxopiperazine

(5) had orlginally been obtzined by treating gliotoxin with
selenium?3ﬂowever, the yield was very low. More recently (5) was
synthesised from anhydrodesthiogliotoxin (3) by several routes

. . . . . 2
(Figure 21), the best of which involved oxidation with chromic 301d.9

| Yield
‘ 1. OSO4 .
| 5THS > (5)  13.4%
0 - Hy
= 3, PTSA.

0 e »

1. OsO
CH, —-é-——-ﬁ‘é—l}-——é (5) <240.0%

. 2 -
(3) 3. NalO,
cx0,

) > (50 85.0%

Figure 21, Syntheses of Trioxopiverazine (5).
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This procedure was carried out on & sample of doubly labelled
anhydrodesthiogliotoxin, synthesised from doubly lebelled zliosoxin>
as before with unchanged 3H:M'C ratio and specific activity. The
isolated trioxopiperazine was crystallised *o constant specific
activity and found to be identical (103%) in 3H content to the
14 '

original, diluted gliotoxin. No ~'C activity could be detected at

all proving that it must have been totally in the 3a-position
The melting point and the i.r. znd mass spectrg of the

crystallised product correspoﬁded clesely with those of the

9

literature. 2 In the mass spectrum, a peak at §/g 83 with an
accompanying metastable ion at E/Q 67.3 was observed, whoreas fhe

peak zat Q/g 89, the literature value, was relatively wezk. A metastable
ion at m/e 92,5 was also observed rather then at m/e 91;5 72 put

the former value fits fhe fragmentation mfe 143 to m/e I15 much

better and the literature value was considered to be a misprint.

5.4 Analogue Synthesis — 1,

The results obtained above demonstrated that the anomalous
ozonolysis must have involwved generation of fofmaldehyde from
another part of (3) which, as already stated, was most likely to
be the N-metayl group. It was decided to synthesise an anzlogue
of (3) ﬁaving the structure shown in Figure 22, with the N-methyl
éroup labelled in order to detect if this group could form formaldehyde

on ozonolysis,.
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Figure 22 Analogue Structure.

An attempt to synthesise the analogue (107) was made following

‘the route shown in Figure 23. Glycine anhydride (108) was

ethylene
glycol c Ac
2 x Glycing ———————> ~> \V/ANAO

(108); (109)
CE,0 0 “om.1 )
M2) e g IR AoN/ﬁ\\rﬁ
Rofu NH Na
Bu%OH 07 N 0PN e
CH, CH,
(110) (107)

-

Figure 23 Planned Synthesis of Analosue (107).

synthesised in 74% yield by the method of Schott‘g£‘§;.94 I.r. and
ﬁass gpectra were characteiistic of the diox0piperazine structurs.
Acetylation of the anhydride yielded the di-acetylated product
(109) in 84% ¢ yield. It wes planned to condense (109) with
formaldehyde to give (110) which could then be methylated with

radioactively labelled iodomethane. It Lad been shown that (109)
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Dl X Rl

could be dialiylated with aromatic aldehydes and monoalkylated
with aliphatic aldehydes.9j The mechanism (Figure 24) frees a lcme

pair on nitrogen which reduces the slectron vithdrawing powsr

of the neighhouring carbonyl group making dialkylation possible
only with reactive aldehydes. If formaldehyds could be condensed
with {109), it would then be possible to label the desired amide
nitrogen as shown (Figure 23). Unfortunatsly,all attempts to -
synthesise (110) following the litarature‘prooeduregs were
unsuccessful, the only prcduct being a plastic like-film showing

several spots on t.l.c. It was decided therefore to abandon this

apprcach,.

0 0 0 0
L= L Rk L — 20

Tisure 24 Mechanism of Alkylation,

5.5 Analogue Synthesis-—— 2,

Following the failure of the a2bove synthesis it was decided to
synthesise the literature compounds (111) and (112), ozonise both,and
compare the yields of formaldehyde generated. If the N-methyl group
was Deing conve;ted into formaldehyde then a greater yield might be
expected from (ill). It-was also proposed to label (111) radiocactively
96

in the N-methyl group. The literature synthesis”  was employed for hoth

compounds with slight variations (Figure 25).
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L~Proline  =————rewmeed H-L~Pro-0Me. —3
- pyruvic
(113) | HC1 - acid
~ NEt3

LY
CP CO H

— sy — 3 25
Me “OH CH,
(115) R= Me (111) B= ke
(116) R= 3 (112) r= |

Pigure 25 Analogue Synthesis - 2,

56501 g}Pyrﬁvoyl-L:groline Methyl Ester (114). I~Proline was

methylated as its hydrochloride salt by the method of Brenner
and Huber.77 The product was an oil which failed to crystallise
and was coupled to pyruvic acid by the DCC method to give an
oil, heavily contaminated with DCU. Fracitioral distillation gave
(114) but the recovery was low due to decomposition or
polymerisation of the product in the distillation flask. The
optical rotation of (114) was suprisingly high, almost twenty

26b

However, the i.r.

96b

degrees hipher than the literature values
and n.m.r spsctra were identical with reporied specira. The
NeMeTe spectrum wae interesting in that two singlets were observed

for ‘each methyl group due to _bhindered rotation about the amide bond,



The mass speetrum, which was not reported96b, shovwed a very weak
parent ion peek, the base peak being at ﬁlg 128 with other strong

peaks at g/g 70 and g/g 43, A fragmentation scheme is given in

Figure 26,

n
/
| \‘,//o | O’H

X E— N
+ Ole
n/e 128 - m/e 70

a n/e 140 b ufe 43

Figure 26 Mass Spectrum of N-~Pyruvoyl-I-proline Methyl Ester (63).

5.5.2 Cyclisation with Methylamine. Cyslisation of (114) with

methylamine wes carried out as described by Lee 96b to give the
dioxopiperazine (115). The yield was half of that expected and
the melting point was low, The elemental analysis was correct
however and the ontical rotation and nem.T. gpectral data were
identical to literature valueslgéb The i.r. and mass spectra,
which Weré not reported, were &also consistent with the stiructure
(115). The hydroxyl group wes revealsd in the i.r.spectrum by
0--H stretching and C-0 stretching bands. Two carbonyl absorptions
were present. The parent ion psak in the mass spectrum was weak

due o rapid dehydration, Fragmentations, characteristic of the

dioxopiperazine and proline rings, wers present (Figure 27).
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Pigure 27 Mass Svectrum of Dioxopiperazine (115).
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56543 Dehydiation Procedure, Dehydration of the dioxopiperazine

(115) in triflaoroacetic acid was followed by n.m.T. spectroscopy
and found to be complete within a few minutes. The olefin (ILT)

obtained failed to crystallise and decomposed after a few hours.

5.5.4 Cyeclisation with Ammoria. The dioxopiperazine (116) (Figure

25) was synthesised by treating (114) with ammonia in dimethoxyethane
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as described by Lee to give prisms with a decouwposition point,
20°C hicher the . . 96b

C higher than the reported melting point. However, the .
elemental analysis wes correct and the optical rotation was

identical to the reported value.96b

The n.m,r. spectrum was
- L ,96b

similar to that reported and the i.r.spectram showed the

characteristic absorptions for a dioxopiperazine ring.

Fragmentation pathways, analagous to those for the methylated

compound (115) were also present in the.mass spectrum of (116).

5:5.4 Dehydration Procedure, Dehydration of the dioxopiperaszine -

96b

(116) was carried out as described by Lee to give the olefin
(112) which anelysed correctly and gave i.r. and mass spectra
which were consistent with the structure (112). The mass spectrum

was closely similar to that of the reactant as expected, since

dehydration of the latter was an imporiant process.

5.6 Ozonolysis Experiments.,

5.6,1 Ozonclysis of methylated dioxopiperazine (111). Due to

the instability of the dehydrated dioxopiporézine (111), ozonolysis
was carried out as soon as the product (111) had been freed of
trifinoroccetic acid. The same reaction conditions were used as

for the ozonolysis of anhydvodesthiogliotoxin (3). A dimethyl
sulphide work up was used to generate formcldehyde which was

trapped in dimedone solution. The yield varied from 45-54%.
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5.6.2 Omonolysis of Diovopinerazine (112). The same conditions

were applied to the unmethylated dioxopiperazins (112) using -
ethyl acetate as solvent since (112) was insoluble in ethyl |
chloride., The yield of dimedone‘derivative cbtained was 48%.

The yields were essentially the same but this does no% disprowve
the theory that the N-methyl group was contributing to the
recovered formaldehyde tp some extent.

.

5,7 Radiolabelled Synthesis of the Analogue (111).

More detailed studies were pursued on the cyclisation reaction
to produce the methylated diozopiperazine (115) with methylamine,
since it was proposed to introduce the radioactive label at this
stage with [14C]methylamine. This, in turn, had to bte generated
frem [}4C]methylamine hydrochloride., In order to get as high -
an incorporatioﬁ of radiocactivity into the product as possible
it was necessary, ideaily, to treat the reactant with one
equivalent of methyliamine. The reaction was studied to see if
this was possible with walabelled methylamine hydrochloride.

It was found that methylamine could he generated by refluxing ths
salt in sodium hydroxide sgolution and could then boe passed in

- a slow stream of nitrogen into the reaction flask which was cooled
to «-40 to »“OGC to ensure efficient trapping of the gas. Usually
‘5~8h was required for the process.

The amouﬁt of methylamine hydrochloride used and the'reaction
times were varied.lﬂeaction solutions were evapcrated to dryness

and studied by n.m.r. spectroscopy in CDKOD.
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Using one equivalent of metlylamine, thé’reaction failed
to go to completion since some methyl estef was s5till in
oevidence in the n.m.r. spectrum. It wae calculated that the yieldf
vas 66%. With two équivalents of methylamine the reaction went
to completion but, as with the previous experiment, two products
were present on t.l.c. and two N-methyl singlets were present
in ths n.m.r.spectrum. The singlet of lower intensity was due to
the desired product and the other, presumably, was due to ths
25, 5S-diastoreomer.. It was estimated th;t the 23,5R:23,53 ratio
was 1:3, When more than two equivalents ol methylamine
hydrochloride were used a s0lid was obtained with theVZS,5R:ZS,5S
ratio nearer 1:1. These results inplied thet the 25,55-diasterecmer
vas formed kinetically and was then equilibrated in the presence
of excess base to a 1:1 mixture of the itwo forms. This was a2t
odds with the results obtained by Bycroft and Lee96 and it must
be concluded that the methylemine was not sufficiently dried by
the potassium‘hydroxide and soda lime coclumns incliuded in the
apparatus. Bycroft and Leegé reporied thet 1:1 mixtures of the
itwo dizstereomers were obtained in protic solvents. Bigger drying
colﬁmns were impracticable and s=o it was decided to carry out
the radioiabelled synthesis as foliows, J-FPyruvoyl-L—-prolino
methyl ester (114) would be treated with one eguivalent of [L%ﬂ
methylemine at 0°c for two days to produce a non-zuantitative
mixture of the two diastereomers, mostly 25,53. Ten equivalents
of unlabclied methylamine would then be added to aquilibrate tae

mizture, Before this procedare was attempted it was necessary

to show that equilibration did not release methylamine. This
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was demonstrated by treating a solution of a 1:1 mixture of the
diastexreomers with ammonia, generdted by refluxing an ammonia 4
solution. If equilibration required the loss of methylamine then
ammonia would take its place resulting in the loss of the -

methyl singlets in %he n.m.r, spectrum. This was not observed.

‘The radiolabelled synthesis was carried through by the method
described to give a diastereomeric mixture of 25,55:2S,5R (ratio
5:3) containing 68.5% of the radiolabelled methylamine added.
Crystallisation of the mixture yielded 36mg (185%).01‘ the 2S,5R-~
diastereomer and a further 9% was obtained by diluting tiae mother
liguors with unlabelled product (115) and recrystallising,

Panex scanning and autoradiography of t.l.c. platesof (115) run in
three different solvent systems showed the pressnce of a small
quantity of the 2S,55-diastereomem. Dilution analysis of a sample
of the labelled product, with unlabelled product as carrier,
showed that the product was 94.4% pure and it was decided not
to purify further since both diastereomefs would yield the same
product on dehydration.

Dehydration of labelled (115) was followed by nem.r.
spectroscopy and the crude product (111) was osonised. The
ozonide was worked up as before. Formaldehyde dimgdone was obtained
in 51% yield with a negligible specific activity corresponding
t0 0.12 — 0.4% of the original value.

It appears that the N-methyl group in this particular
molecule (111) does not form formaldehyde on ozonolysis. This

result cannot, however, rule out the possibility of this occurring
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with anhydrodesthiogliotoxin (3) and it may be that the indole
double bond has some important funciion to play. .
'The obvious experiment to try is an ozonolysis of
anhydrodesthiogliotoxin labelled specifically in the N-methyl
group. However, the synthesis of this derivative would not be

straightforwvard.

5.8 Conclusion,. .

14 '
"4C label in doubly labelled gliotoxin,

The position of the
derived biosynthetically from gzglgu(Lu[ﬁ'-BH]Phe—L-[é;IACISer),
was shown to be at carbon-3a by degradation of gliotoxin to the
trioxopiperazine (5). The N-methyl group of gliotoxinﬁwas shown

4C label

to be inactive. These results demonstrate that the 1
was not scrambled within the molecule durirg incorporation of
the cyclic dipeptide. ’ . |

Doubly labelled gliotoxin was converted to anhydrodesthio-

gliotoxin with essentially the same isotope ratio and -specific

activity. Ozonolysis of the latter gompound gave formaldshyde

B
oL

with less than half of the expested specific»activity in 0.
Since the label has not been scrambled, formaldehyde is being
formed from another part of anhydrodesihiogliotoxin apart from

%he exo methylene group. The H-methyl group iz the most likely
contributer. However,this has still to be proved since experiments

with modei compounds &id not show that formaldehyde is generated

from N-methyl groups of the model compounds on ozonolysis.
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CHAPTER 6 TiE ROLE OF PYCLO~(L~PHMQYL LANYL ~H-ME TR L~L,~STRYL)

——r o —n

AS A POSSIBLE BIOSYNTHAETIC INTERUEDIATE FOR GLIOTOXIN,"’

Introduction,

Following the confirmation of cyclo —(L—phenylaluvamL—
seryl) (24) as a biosynthetic intermedizte for gllotoxin (Chapter
4), attention was turned to other possiﬁle intermediates., At
least three further stages are required to convert gxglgm(L~Phe-

I-Ser) into gliotoxin: N-methylation, incorporation of the

disulphide bridge, and ring closure to form the dihyarourcmatic
system, The order of these sieps is unknown but several possible
intermediates éan e formulated, The most accessibie intermediate
in terms of synthesis is gzg;gy(Lmﬂhenylmland -J~mcthy1~L~s,“*l)
(29), vhich could be formed in the biosynthetic pathway by N-
methylation of cyclo~(I=Phe-L~Ser),

Specific methylation of gyclo-(L~Phe-I~Ser) did not seenm

Tfeasible since oxperiments with cyclo~(I~Phe-L-4lz) (117) had

given the [I-dimethylated cyclic dipevntide with no svidence of

o

-

the mono-subsiituted product,; even when less than one equivaient
of methylating agent was used. Racemisetion, O-methylation, and
elimination might also ocour on the I~seryl vortion of cyclo-
(I~Phe-I~Ser) and so it wus decided to synthesise (29) by
coupling an ester derivative of N-methyl--Tms sorine with Z-TePho--OI |
(81) such that hydfogonolysis of the protecting group would

release a primary amino group necassary for subseguent cyclisation.
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Barlier work had shown that secondary amino groups d4id not cyeclise

91

readily. -
Attempts to methylate Z-L-Ser-OH (67) to give I~
benzyloxycarbonyl-N-methyl-L~serine methyl ester (118), which
could then be hydrogenolysed ito the desired H-methyl-L-serine
methyl ester (119), were unsuccessful. Using iodomethane aund

[2]
[
9 at room temperature, a mixzture

silver oxide in dimethylformamide
of the unsaturated derivative (120} end the serine derivative
(121) was obtained in a ratio of 1:2 in agreement with the

literature.99 The same result was obtained a2t OOC;

o
(29) BY= He RB%= CHAH (118) B= 2
(117) %= H R%= Me 3 (129) B= H
0
Me ﬂ He 1l
cm, CH,Ote

(120) : (121)



A recent paper hy Cheung and Benoitonloo reviewed several
methods of N-methylating amino-acid derivatives. The method
involving least racemisation was the treatment of N~
benzyloxycarbonyl or N-it-butyloxycarbonyl derivatives of amino-
acids with eight equivalents of iodomethane and three equivalents
o sodium hydride in tetrahydrofursan with or wifhoﬁt
dimethylformamide. In the absence of dimethylformamide the acid
group was not methylated. These workers glso reportedloo that
the serine derivatives (122) and (123) underwent elimination
unider thess conditions at room temperatﬁre, but by reducing the

o] . . . .
temperature to 5 C and increasing the reaction time teo threo

days, the N-methylated products were obtained in high ylield.

(122) R'= 2, B%= OBu
(123) R'= Boe, R°= OBz

It was decidad to synthesise N-benzylexycarbonyl-0—-t-butyl-
IL-serine {122) rather than the O-bengylated compound (123) since
the t-butyl group could be retained untii the final stage of the
synthetic Toute to (29). The benzyl protecting grouv, which was
difficult to introduce, would te lost during hydrogenolysis.

The planned synthesis is shown in Pigure 28, including the known

literaturc woute to (122).



B3

HeOH 7-C1
L-Serine ““s‘a*ﬁ‘:') H-L~3er-0ils . BC1 'WZQ L Ser-Qlile
(22) - (83) . ~ (124)
isobutene % MeOH %
> s o e o]y -
cona. > Z~L-Ser(0Bu’)-OMe g7 Z-L-Ser(0Bu’)-0H
H2804 (125) (122)
NaH % CH ZNQ .
o 2-L-Ser(OBu’,illie )-OH > Z-L-Ser(0Bu",Nilc )-OMe
? ) )
(128) (130)
H, 4 Z=L=Phe~OH .
T Me-L-Ser(0Bu )-Clie —3z5™ > Z-L~Phe~L~Sex(OBu *, lle )0t
(129) CH,C1, (1356)
H, .
N Tu - . P " - '41 . >
5376 Toke H-L-Phe-I~Ser(0Bu " ,NMe )-Ole :
(137),

€10~ (I~Phe~L-Ser( oBu’ ,JiMe)) ———>  cyclo—(L-Phe-L~Ser(Fis))
(138) (29)

Mienre23 Synthesis of uyclo~(L—PhenyﬂalanylnﬂwmethyleNSGryll,

e i o s




6,1 Synthesis and N-Hethylation of N-Benzylovycarbonyl-O-t~butyl

—

Li~gserine (122), ‘ 7

6.1l.1 N-Benzyloxycarbonyl-L-serine Methyl Estér (124).

H-L-Ser-OMe.HC1 (83) was converted into Z-L-Ser—-OMe (124) in

good yield (80%) by the method of Guttman and Boissonas |- (Pigure
28). The product failed to crystallise due to the presence of
benzyl chloride as an impurity. The success of the reaction
depended onAneutralisation of the hydrochloride sélt with ice
cold sodium bicarbonate solution and vigorous stirring throughout
the reaction. A sample of the oil was purified by wvacuum
distillation for enalysis. The i.r.spectrum showed absorptions,
characteristic of the urethane,ester, aromatic, and hydroxyl
groups. The presence df the benzyloxycarbonyl group wés clearly

indicated by the n.m.T. and mass spectra of (124).

6,1,2 N-Methyvlation of L-Serine Ester Derivatives. The substrates

used by Cheung and Benoitonloo for N-methylation were free acids
and therefore it would be necessary to hydrolyse the methyl ester
of (125) to obtain the same starting material. Since, however,

fhe methyl ester group would have to be reformed afterwards,
attempts wers made to N-methylate the metbyl ester (125) directly,
usingbthe renction conditions of Cheung and Benoiton.Ioo
N-Methylation did take place but so did elimiuation of

t-butancl and hydrolysis of the ester, Al -EOOC, H-methylation
failed to procced but hydrolysis was still found to occur. Similar

experiments with_ﬂ—benzyloxycarbonyl~§~t—butyle—serino t--butyl



5.

= , , 101
ezter (120), prepared by the methed of Callahen et al,” —, were

equally unsucoessful, and a yield of 57p was obtained of the -
o)
unsaturated product {(127) at 5 C.
These results showed that the methinsz proton of the serine

ester derivatives wes too acidic to 2llow selective N-methylation

and that the free acid had to be synthesised.

0 . 0
zg g zée t— oBy®
\\\\é//// \\\\C/f//'
o n
HéOBu CH2

(126) | , (127)

.
WY e
ysis

6.,1,4 HN-Benzyloxycarbonyl=C-t-butyl--I-=serine (122), Hydrol
of the methjl ester (125) was carried out by the melhod of Callshan
101 o S . . R s

(Figure 28) to give the zcid (1722) as zn oil, which

et al, 2
was purified by preparative t.l.c. The optical rotation was less
N PR ] 4101 o tem s s
than half of the reported value s implying that racemisaiion
had ceccurred. Pacemisation was reduced by replacing methasnol as
gsolvent with ethenol, by iucreasing the wratersetbanol ratio ag

much as possible within ths limits of solubility, and by decroasing

the reaction time. The scid (122) was obtained as & solid in

-

YAy

° P - o 7
bettor yield (85¢ 2) with no more thon 10% racemisation, Only 0.8%
of ihe starting materisl was recovered showing that hydrolysis

was virtuelly completce. The melting noint was broad dus to partisl



racenisation, The i.r. spectrum showed ithe charccteristic brosd
acid O-H stretching'absorption as well as absorptions due to the _,
acid and urethane carbonyl and C-0 stretching vibrations. The
n.M.T. Spectrum was noticeable for the ABX multiplet due to the
seryl methylene group. Benzyloxycarbonyl and t-butyl
fragnentations domineted the mass spectrum;

Unsuccessful attempts were made to remove ithe methyl ester
of (125) using other procedures 8.8, lithium iodide in
dimethylformamidelo3, and sodium thiomethoxide in £examethyl—
phosphoramide.lo4 A different approach using the t-butylL ester
(126) was tried whereby selective removalvof the t=butyl ester

was attempted with benzene and p~toluenesulphonic agid. However,

both ester and ether t-tuiyl groups were removed.

6.1.5 N-Methylation Procedure. N-lethylation of the free acid
(122) was carried cut as described by Cheung and Benoitont°
(Figure 28). However, it was observed thet a certain amount of
elimination (11~15%) was still taking place and that the reaction
proceeded better at 0°C with né elimination. Furthermore it was
discoversd that the reaction.failéd to go to completion if more
than five mmol of starting material was used. Under the revised
conditions the N-methylated compound‘(128) was obtained in high
yield (94~-98%), as an oil which showed onz spot on t.l.c. and )
enalysed correctly. Since the urethene group was tertiary, no

urethane II absorption was observed in the i.r. spectrum. Both

monomer and hydrogen bonded dimer; acid carbonyl stretching
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abgorptions were seen. The multiplet due to the methine proton

in the n.m.r. spectrum was shifted downfield by ca. 0.25 p.p:m. .
compared with that of the reactant. Benzyloxycarbonyl and t—butyi
fragmentations were agein the dominant features of the mass

sPéctrum.

6.2 Synthesis of Q=t-Butyl-N-methyl-I-serine Methyl Ester (129).

Two steps were required to convert the acia (i28)’into the
desired methyl ester (129), namely, formation of the methyl ester
and hydrogenolysis»of the benzyloxycarbonyl group. Since these
steps could be carried out in either order (Figure 29), the two
alternatives were tried and compared with respect to yield and

eage of synthesis,

Me-L~Ser(OBut)~OH

a}//? (132) \\\g)

Z-I-Ser(OBu" ,Nle )~O0H - Ne-L-Ser(0Bu®)-OMe

(128) g}\\‘ ' ///:) (129)

Z-L-Sez(0Bu®,NMe )-OMe |
(130)

a) Hyy Pa/c b) CHN,

Figure 29 Synthesis of Methyl Ester (129).

6.2.1 N—Banzyloxycarbonyljgft—butylfgfmethyl—L~serine Methyl

Ester (130). The methyl ester (130) was formed quantitatively




by treating the acid (128) with & slight excess of diazcmethane.
The ester was a slightly hyzrosccopic oil which showed a single
spot-on t.l.c. and analysed correctiy. Bvidence for the methyl
ester group was clearly secen in the i.r. 2nd n.m.r.spectra,

One interesting feature in the n.m.r. spectrum {Figure 30)
was the extremsly broad singlet chserved due to the estew methyl
group, caused by hindered rotation about the urethane hond. Tho
same situation was found with l-benzyloxycarbonyl-N-methyl-
glycine methyl ester (131), which at +35°C showed ﬁroad doublets
in the n.m.r. gpectrun duc to the meihylene and ester‘methyl
groups and broad singlets for the phenyl and z2djzcent methyiene
groups.105 At +6OOC, rotation wes rapid and every signal was a
sharp singlet whilst at —3000 the methyl ester;phenyl;,and

glycyl methylene groups skowed doublets due %0 hindered rotation.105

|z ]
PBCE0— C— 1«:\ ¢ Glfe
CH,
(131) -

The‘mass spectrum was dominated by benzyloxycarbonyl and
'tebufyl fragmentations as expected. Other peakes of significance
were at m/g 162, 146, and 102 which might be produced as shown

in Pigure 31.
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Pigure 30 N.m.r. Spectrum of Z»L—Ser(oau#3NMe)-oMb (130) in

CDC1. (§ values).
. (o

Me + Me+ ' Me+
HO,_C~N CO_H HO,CN CO Me BN CC Me
2 2 2 2 2
Q§§>C///’ , <§§\C/// - \\\\c
| . I I
CH20H . H H
m/e 162 , mn/e 146 n/e 102

Pigure 31 Possible Ions in the Mass Spectrum of the Ester (130).

622.2 O-t-Butyl-N-methyl-L-serine Methyl Ester (129),
Z*LwSer(OBut9NHe)-GMe (130) was easily converted into Me~L—Ser(OBu?F
| Olle (129) by hydrogenolysis (Pigure 29). An o0il, giving a single
spot on t.l.c,was obtained in high yield. After several days at

room tempe;ature, the compound was found to have decomposed slightly
and was therefors best stored at OOC. Absorptione due to the

methyl ester and t-butyl other groups were clearly seen in the
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i.r. spectrum. A sharp singlet was observed in the n.m.T. spectrum
(Figure 32) due to the ester methyl group. The multiplet due to
the methine proton and the singlet due to the N-methyl group had
shifted significantly upfield comparcd with the equivalent signals

in the nem.r. spectrum of the reactant (130),

2.45 8

: IiIe
2,05 H——§_ o°1273.20m

———0—MNo 3.95 8
br s .

/
\

3.75-3.20 0 |
m t

0Bua 1015 8

Figure 32 Nom.r. Spectrum of Me-I-Ser(OBu®)-0Ms (129) in CDCI

_(_§ value §_).& .

3..-»

6.2.3 gfﬁwBu%ylfﬁ«methylmDEmserine (132). The alternative
route was attempted wherebj the acid (128) was hydrogeholysed
(Figure 29). The amino-acid (132) was obtaincd as a solid in 85%
yield. The i.r. spectrum revealed that the product existed as a
zwitterion. The t-butyl group was obvious in the n.m.r. and mass

spectra,

6.2.4 HMethylation of the Aminc-acid (132). The amino acid

(132) was treated with diazomethane (Figure 29) but the reaction
failed to go to completion., The previcus route where esterification

preceded bydrogenolysis (Fignre 29) was thercfore favoured.
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6.3 Synthesis of cyclo»(L—Phenylalanylﬁﬂmmcthy1~L~servlD,(29).

——a

6.3.1 Couvling Procedure, HeuLmSeT{OBut)-OHe (128) and

Z-L~-Phe-OH (81) were coupled by the DCC method (Figure 28) for
twenty four hours rather-tﬁan five hours since coupling was slower.
This was presumably due to steric hindrance from the H-methyl
group. Triethylemine was not required since the free base (129)
was used. In fact, the ﬁresence of triethylamine resulted in the
formation ofan impurity; identified hy n,m.T. Speciroscopy
(Figure 33), as the N~acyl urea (133) of Z~L~Phe-OH present at

a ratio of 34 with respact to the desired vroduct. E}Hydroiy—
succinimide (134), known to inhibit the formation of N-acyl
derivatives, was found to be very effeclive in e¢liminating
formation of (133). However, the active ester (135) which it
formed with Z=I~Phe=0H was not sufficieantly reactive to rcaét
completely with Me«L»Ser(OBut)AOMe (129). After twenty four hours
a mixture of the product to active ester of 3:7 was obtaimed.

In the absence of itriethylamine and N-hydroxysuccinimide,,

a high yisld (88%) of the crude prolduct, benzyloxycarbonyl-L-

phenylalanyl-g-t~butyl-N-me thyl-I~serine methyl ester (136).

was obtained, contaminated slightly with DCU. A sample was purified
by preparative t.l.c. and analysed. The LD-isomer, Z-I—Phe-D-
Ser(OBut,NMe)—OMe, had the same Rf value as that of the LL-
isomer and the only indication of its presence was a small
shoulder on the singlet due to the t-butyl group in the n.m.r.

spectrum.
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6.3.2 Hydrogenolysis of ithe Protected Dipeptide (136). The

benzyloxycarbonyl group of the protected dipeptide (136) was
removed guantitatively by hydrogenolysis (FPisure 28) to give
L-phenylalanyl-0-t-butyl-N-methyl-I-serine methyl ester (137),
vhich cyclised spontaneously once residual acetic acid had been
renoved comnletely, Two impurities were obssrved on t.l.c.,

one of which was DCU., Purification by erystaliisation,



preparative t.l.c., and column chromatography gave cyelo-
(L«phenylaianylﬁg~thutylfg~mcthyl-L_seryl) (138) and the -
impurity, cyclo-(L-phenylalanyl~O-t-butyl-H-methyl-D-seryl) (139).
Both compounds were recrystallised and analysed.

The optical rotations for both compounds were large and.
negative. The i.r. spectra of both compounds showed absorptions
characteristic of the dioxopiperazine structure. The-amide IT
absorption was absent and the absorptions due to the secondary
amide C=0 stretching modes were at high frequency (ca. 1680 cm-l)
compared with the normal trans-value (ea. 1650 S
absorption due to the tertiary amide C=0 stretching mode was

£

vresent at ca. 1650 em — in both spectra. The n.m.r. spectrum.

of the Ll-isomex (138) run in CD3OD (Figure 34) was compared

with that of cyclo—(L-~Phe-l-Ser) (Figure 14). The ABX multiplet
due to the methylene group derived from serine was again widely
snread and shifted upfield due to the influence of the aromatie
ring. However, both the shift and the svread of the multiplet

was not so great as observed with gzglgr(L-Phe-L~Ser) which implies
that the boat might be flatter thus decreasing the influence of
the aromatic ring on the methylene group. The n.m.r. spectrum

of the LI~isomer (138) was also run in CD013 and compared with

the n.m.r. spectrum of the LD-isomer (139) (Figure 35). The
multiplet due to the methine proton -derived from serine was
shifted ca. 1.2 p.p.m. upfield in the n.m.r.spectrum of the
LD-isonmer (139) compared with the equivalent signal in the speétrum

of the LI-isomor (138). An extremely large combined vicinal
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splitting'was also observed in the foruer spectrum for this multivlet.
The fragmentatlons observed in the mass spectra of (138) and

(139) are shown in Pigure 36, Fragmentations whereby the charge
resided in the dioxopiperazine ring were fevoured for the ILL-

isomer (138), whereas the strongest ions resulting from the LD~
isomer (139) contained the charge on the side gfoups.

6.3.3 Deprotection Procadurc. cheral,methods of removing the

t~butyl protecting group from gzglgf(L~Phe—L—Ser(dBut,NMe)) (138)
were attempted. Refluxing (138) in benzere with Brtoluenesulphonic~
acid, heating with trifluoroacetic acid or chloroform-hydrochloric
acid had ne effect, and starting materiel was recovered in every
case, Refluxing (138) in benzens-concentrated sulphuric acid
resuited in degradatioh, leading to many spots on t.l.c. The only
method which worked was treatment with 45% HBr—HOAc. The acetyl
derivative (140) of gyclo-(L~Phe-L~Ser(NMe)) was also formed
as a by-product but the extent of this reaction was reduced by
short reaction times. Deprotecition waé virtually complete but
unfortunately, the crude produdt required to be puriiied by
preparative t.l.¢. and the recovery of cycla~(L-Phe-I~Ser(NMe))
(29); was not éood. The overall yield after crysitallisation wes
37%. The asetyl derivative was obtained in 5% vield when the
reaction mixture was allowed to stand for thirty minutes.

The i.r. spectrum of (29) contained absorptions, characteristic
of the hydroxyl group, the dioxopiperazing ring, and the tertiéry

amide group. The base peak (m/e 218) in the mess spectrum of (29)
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‘FPigure 36 Mass Spectra of cyclo-(LwPhe-L—Ser(@But,m-@e)I) (138)

and cyclo—(L-Phe—E—Ser(GBut,NMQ)) (239).
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PhCH H

\<NM9

CH OAc

(140)

corresponded to a Mclafferty rearrangement and an ‘associated

metastable ion peak at m/e 191.5 was observed. The remainder of
the spectrum was similar to that of the reactant (I38). Two new
reaks were observed and these were thought to be due *+to the ions

shown in Figure 37. The n.m.r. spectrum run in (CDI)QSO was

o*
I CH,,0H " CE,,0H CH20H
m/e 248 ~——— HN 5> [f/
NM NMe __TMe
pucE) ( | O *
0 0 0
m/e 129 mn/e I0I

Pioure 37 Possible Derivation of Tons in the Mass Spectrum of

{L-Phe-L-Ser(WMe)) (29).

complicated but several multiplets sharpened after the solution
was shaken w1th D 0 and assignments were made as shown in Pigure
38, The ABX multiplet due %o 2® and Hd was again widely spread

and shifted upfield although not so much as the equivalent
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multiplet in the n.m.r. spectrum of cyclo-(L-The-L-Ser) (24).

The acetyl derivative (140) had a large negative opiical .
rotation., Strong absorptions 4duve to the ester group were present
in the i.r. spectrum and thorve was no O-H siretching absorption.
The maess snectrum contained many of the ion peaks discussed

already. A peak at g/g 230 was either the result of elimination

or a Melatferty rearrangement. The n.m.r. spectrum is shown in

3

at lower field

due to the incrsased electron withdrawing influence of the acetyl

Figure 39. The multiplet due to HC and HS wa

3]

group., An ABX multiplet, thought to be due to B was suprisingly

shifted upfield and experienced large vicinal coupling.

6.3.4 cyclgf(L«PhenylalanyluN-meﬁgyl—Dnseryll_(141\3- eyelo-

(L~Phe-D-Ser(1Me)) (141) was synthesised from the protected

cyclic diveptide (139) as above. The reaction proceeded cleanly

&

with 1ittle evidence of the acetyl impurity. The recovery from '

2
k)

preparative t.l.c. was sgain poor and the final yield was 9.5%.
it was found that the melting points of ths 1L~ and LD-isomers,

(29) and (141), were viritually ideatical and that boch compounds

=

had the same RT velue on %.l.c. The mass spectrum of (141) was
very similax fo that of {29) but there were differences in tlhe
i.r. spectra. The Nem.r. spectrum of (141) was confused by solvent
peaks but it was clear that the methine proton of the seryl moiety

had been shifted upfield as expected.
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6.4 Syntheais of oyolc-(*-£U~140]Phe_-l,--sexjmze)).

-3
The discovery that the dizsterecomers (29) and (141) had similar

Rf values on t.l.c. presented a problem in the radiolabelled

synthesis. Since recovery of the protested and free cyclic

dipeptides from preparative t.l.c. had been poor, it had been

hoped that the LD-diastereomer (141) could have been saparsted

from the product by preparative t.l.c. after the final step,

Separation of the diastereomer had been achieved t6 some exient

by eluting four times with ethyl acetate-methznols 10:z1 but the

separation was still quite small. It was decided, theiefore, tc

carry out a total synthesis on a one mwol scale in order to see

whether crystallisation of the final product was sufficient to

remove the ID-diastercomer.

6.4.1 Trial Synthesis. Coupling of Me~L~5er(OBu )NON@ (1239)

with Z-L-Phe-OH (81) was achieved in 81% vleld (Figure 28) snd
hydrogenclysis gave a crude c¢il which was estimated »y n.m.r.
spectroscopy o consist of a 9:1 ratio of LL : LD dlastereomers,
The crude product took longer to dissolve in 45% HBr/HOAc than

the pure compound but the rest of the deprotection procedure

was carried out as normal to give the recrystallised product

in 24% overall yield from Z-L~FPhe-0H (81). There was no evidence
of the LD-diastersomer from t.l.c. and it wes concluded, thereifore,
that one crystallisation had been effective in removing the

impurity.
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6,4,2 Radiolabelled Synthesis. The radioclabelled synthesis

was carried out as above, L«(U~14GIPhenylalanine was converted iwto
Z-L-[0-4c]Phe-0F 4n 97% yield with 87% of the +otal .
radioactivity »etained. The product was coupled with Me-I-Ser
(OBut)—OMe (129), then hydrogenclysis and deprotection gave
gxgigf(L—UU~14C]Phe~L~Ser(NMe)) in 16% overallyyield with a
specific activity 98.8% of the expected value., Only one

" radiocactive band was observed on t.l.c.; carried cut in three
different solveat systems. Multiple elution revealed the absence

of the LD-diastereomer (141) as did diluiion analysis, carried

out with (29) ag diluent, Dilution analysis revealed’a radio-

chemical purity of 98.2%.

6.5 Feeding of cyclo—(i=— [U-»"‘40]Phen,ylalarwl-—}f—-methvl‘-lwsezyl}

+t0 Trichoderma Viride,

cxclo~(L~[U-14Q]Phe-E~Ser(NMe)) was fed, in dimethyl
' 4
sulphoxice, in parallel with gyolgu(L—[E;l'C]PhewL—Ser) at a

l; to a one day old culture of

level of 11 &g 170, 2pCi 17
T.viride. The culture was grown a further four days and worked
up as degoribed in the Experimental Seciion.

A significant quantity of radiocactivity was incorporated
into the crude chloroform extracts from both precursors but it
wos shown.by radioscanning and autoradiography of t.leCo plates

of the crude extracts that, whereas most of the radioactivity

incorporated from feeding gzg;gr(L—Phe«L~Ser) resided in gliotoxin,
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1‘

Precursor 144 Incorporation (%) into g S,é% of
Chloroform | Triturated Pure
, Extract Extract Gliotoxin
5010~ (1~ [U-1"C) Pho-L-Ser) 84 55 2,91
cyclo=(L~ EU~=-14C] Phe-L~Ser(NMe) ) 22 3.7 1 ,8:;1073

& S.A. = Specific activity (M

Ci mmolul).

Table 7 Feeding of cyclo—CL—[Um14C]?he«L-Ser(NMe)).
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the wvast majority of +the radloactivity present from foeding
oyelo-(L-Phe~I-Ser(MMe)) was in recovered precursor. Auto- -
radiography showed.that a very small esmount of radiocactivity,

too small to bz detected by radioscanning, had been incorporated
into glioctoxin and other metabolites.

After trituration of the residue Prom the éhloroform extract
with methanol, the radicactive incorporation dropped drematically
to 3.7% due to: the loss of msst of the N-methylated precursor.
Similar treatment carried out on the extract from the reference
feeding Tesulted in a drop of radicactive incorporation to
55% (Table 7). Purthermore, after repeated crystallisations, the
specific activity of gliotoxin isolated from the N-methylated precursor
feeding dvopped sharply fo level off at 2 very low velue of
0,002 pCi mmol”l. In contrast, the specific activity of gliotoxin
Prom the reference feeding rose slightiy tn a constant value
of 2.91 #Ci mmol™l. The ratio of specific activities was ca.

1500, Thus, the N~methylated precursor had been incorporated

~

into gliotoxin with less than 0.,1% the efficiency of 0yclo={L-
Phe-L-Ser). ’

These results, hoﬁever, canrot be takenito prove that the
N-methylated precursor is not a biosynthetic intermediate since
other faciors such as cell wall permeability or presence of the

N—methylated cyclic dipeptide as an enzyme-bound intermediate

may have prevented incorporation.
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CHAPTER 7 HYALODENDRIN AND
BISDETHIONI(MATHYLTHTIO ) HYALODSNDRIN. "7
Introduction.
106 107 -

Hyalodendrin (30) and the related fungal metabolite
(142) are closely similar to gliotoxin. They appear to be derived
from phenylalanine and serine aﬁd both nitrogen atoms of the
epldithiodioxopiperazine ring are methylated. Ring closure to

the dihydroaromatic systcﬁ has not occurred but it is not known
whether this is due to thes lack of the necessary enzyme rvequired
for this step or whether both nitrogen atoms are methylated
before ring closure has a chance to occur.'

It seemed likely that cyclo-(Phe-Scr) would prove to be an
intermediate for thesé metabolites and it was decided to study
hyalodendrin specifically, since the disulphide bridge was of tﬁa
opposite steréochemistry to that of gliotoxin. There existed,
therefore the possibility that cyclo~(D-Phe-D-Ser) was the

”

intermediate rather than cyclo-(I-Phe-L-Ser).

7.1 ' Bisdethiodi{methylthic)hyalodendrin (143),

106
The conditions of growth used by Strunz at al. were
followed but it was not possible, with the facilities then availzable,
to grow the culture at the required 20—2100, the lowest possible

temperature being 25°C. At this temperature bisdethiodi(methylthio)-
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.. 108
hyalodendrin (143) was produced in greater quantities than
hyalodendrin. This compound (143) is, most likely, & degradatiom
product of hyalodendrin, analégous to bisdethiodi(methylthio)-

gliotoxin (144).which has been shown109

to be derived from gliotoxin.
The fect that (143) also erystallised much more easily than
hyalodendrin made it a more attractive compound to study. Chemical
correlation with hyalodendrin had been achieved by Strunsz 22‘21.108
by treating hyalodendrin with sodium borohydride in the presence
of methyl iodide and pyridine at 0% to produce (144). Therefore, -
any results obtained from studying (144) shoula also hold true

for hyalodendrin.

7.2 _Feeding of cyclo-(Phenylalanyl-seryl) Diastéreomers;

Growth conditions for the Hyalodengron species and the work

up procedure are described in the Experimental Section. The
Precursors listed in Table 8, dissolved in dimethylsulphoxide,
- were fed‘at a level of 8~10 mg 1‘1, 140 actiVit&méfglglO}lCi I—l

6f médium.-The results are summarised in Table 8.

7.2.1 Feeding of cyclo-(1-[U-"4c]Phe--Ser). On feeding the
radiolabelled LlI-cyclic dipeptide (24),20% of the radioactivity
fed‘was incorporated into the chloroform extract. Radioscanning
and autoradiography of t.l.c. plates Trun in three different
solvent systems sho%edfthat the majority of this activity was
presént in (143), whilst a smaller quantity was present in

hyalodendrin.
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g Incorporation (%)
into

' ., b c d
Chloroform  Metabolite Selle $.I :

Exp.No,” FPrecursor Bxtract (143) (143) v
1 cyolo~(L-[U-14c] Phe-T-Ser) 20 10 3,00 | 3.6x107°
2 ( cyclo(1-[I-14C] Phe-1-Ser) 63 28 7.95 | l.2x107t
cyclo-( D~Phe-DL=[3-14C] ser) 2,2 0.36 0.05 | 8.0x1074
' - ")
3 cyclo-(L- [4'=>Hl Phe-L-[3-14c]ser) 63 42 7,60 | 8.3x3072
4 (cyclo-(Im [U=>C]Phe~I-Sex) 44 33 3.30 | 3.8x107°
oyolo-(L- =10 1pne-Tser(me))  12° 3.0x107  j6x107 T.1x1078

a Incubations bracketed were conducted in parallel.

b The metabolite was bisdethiodi(methylthio)hyalodendrin.

¢ Specific activity (NCi znol™l) of purified metabolite (142).
a gretic o Spocific Activity(ietabolite®)/ Specific Activity

(Precursor)

Table 8 Foeding Results of Cyclic Diveptides to Hyalodendr.-n

Species (FSC-601).
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Me

HeS CH,,0H

(143)

"' SMe

GHEOH

(144)

The extract was‘purified by preparative t.l.c. and the S-

methyl derivative was found to contain 10% of the radicactivity

fed, On repeated crystallisation the specific activity of the

metabolite soon reached a constant value eof 3.04C1 mmol-1 and

it was shown by radioscanning and autoradiocgravhy of t.l.c. plates

run in different solvent systems, that the metabolite was radio-

chemically pure. The physical properties of (143) were identical

to the literature values.

7.2.2 TFeeding of cyclo—(DmPhe—DLm[3~140389r). The radiolabelled

mixture of DD- and DI-diastereomers wers fed in parallel with
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ggg;grﬁLmﬁU—IAC]Phe—L-Ser). The latter was incorporated efficiently
whereas the former. mixture was noorly incorporated into the .,
Semethyl metabolite, The specific activity of the pure metabolite
was 0.6% of that wvalue measured for the reference feeding.
Measurement of the radioactivity of the agqueous broth demonstrated
that ca. 20% of +the rédioactivity fed as the.diastereomeric
mixfure had pfobably been incorvorated into the mycelium.

It was concluded that ggglg«(L—PhefL—Ser) and not ovelo-
{D-Phe-D-Ser) or cyclo-(D-Phe-L-Ser) was the biosynthetic

intermediate for bisdethiodi(methylthio)hyalodendrin and therefore.

also for hyalodendrin,

Te?2.3 Feeding with Doubly Labelled cyclogifwPhe-L-Serl.

gxg;gf(b—[ﬁ'u3HjEﬁe—L~[}~l4CJSer) was incorporated extremely
woll (ca. 42%) into the S-methyl metabolite (143) and the isotope
ratio of the crystallised ﬁetabolite (11.1) was essentially
unchanged from that of the precursor (10.9). This result, as
explained in Chapter 4,demonstrates that the precursor was not
degraded into its constitvent amino~azcids which mighi then have
beeﬁ incorporated into the metabolite.

An attempt wus made to isolate hyalodendrin itself by feeding
the precursor to a five day old culture and working up itwo days
later. The chlcroform extract contained 28% of the radicactivity
fed with the isotopic ratio (11.2) relatively unchenged from
thét of the precursor (10.9). Radioscanning showed that the
activity was aimost evenly divided between hyalodendrin and the

dimetbylthio metabolite (143). Preparative t.l.c. gave a small
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guantity of both combounds as solids. Hyzledendrin had a 140
activity of 16.3}1Ci mmolﬁl and = 3H:14C rotio of 11.2 while

the corresponding figures for bisdethiodi(methylthio)nyalodendrin
were 16.1 vCi mmol“1 and 10,6, In both cases the isotope ratio
was essentially unchanged and the 140 activities were virtually

: idgntical, as expected. Unfortunatglyy there was insufficient

metabolite for further crystallisations to constent activity.

7o3 Fecding of gyelo-(L-TU-1C]Phenyialanyl-Henethyl-I-ceryl).

, gxglgf(L—[U_14C]Phe~L~Ser(HMe))AWas fed in parallel with lahelled
gxglgr(LnPheuL-Ser) on the same gcale described above. Incorporation
of the former precursor into the dimethylthic metabolite proved
to be extremely small, and the radioactivily measured in the
chloroform extract ﬁas due to unchanged precursor. Only 0.003%

- of the asctivity fed was present in bisdethiodi(methylthio)-
hyalodendrin after preparative t.l.c. From the radioactivity

of the agueous broth after chloroform extraction it was concluded
that 22.916% of the radioactivity fed was probably incorporated

into the mycelium.

13

7.4 Biosynthetic Studies with ~“C.

Degradative studies require to be carried out on doubly
labellead bisdethiodi(methylthio)hyalodendfin, derived from
cxclm—(L-[ﬂ'm3ﬂjPhe-L~[3—14C]Ser), to prove thot the labels are

in the expected positions. As an alternative o chemical



degradation it was proposed +¢ synthesiss and feed cyelo-
(L-Phe—DL-[3~13CJSer). The dimothylthio metzbolite isolated from
such a feeding would then be ctudied by 130 n,m.¥. spectrogcopy
which should demonsfrate whether the 1abe1 was in the expected
positibn:

cyclo-(L~Phe=~DL- [3-13C]Ser) was synthesised from DL—[3-13GJ
serine by the method described in Chapter 4. However, t.l.c.
showed two compounds in the final product and it was concluded
that the impurity wes gzglgf(glycyl~L—phenylalanyi) on the basis
of 1H n.m.r.spectroscopy and t.l.c.. A sample of_DL~[3~I3C]ssrine
was checked for purity by lH n.n,r. spectroscopy end found to
contain glycine. Several unexplained peaks were also present in
the n.m.r. spectrum. Due to the difficulties involved in purifying

the final mixture of products thisz resezarch was terminaied,

7.5 Conclusion.

Since cyclo-{I~Fhe-L-Ser) appears tc be the biosynthetic
intermediaie for bigdethiodi(méthylthio)hyalcdendrin rather than
cyclo~{D~Phe-D-Ser), inversion of the chiral centres of the cyclic
dipeptide must occur during biosynthesis, This is contrary to
the situation in gliotoxin biosynthesis where the chirality of
the LlL-cyclic dipeptide is retained in gliotoxin,.

Invecsion would most likely take vlace during the incorporation
of the disul@hide bridge. A reaction scheme {Fizure 40) for the

s

- - . L
incorporation of sulphur was sugsesied by Kirby and Robins .
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in their discuésion concerning gliotoxin biosynthesis. Structure
(145) might be common to both gliotoxin and hyalodendrin
biosynthesis. The Opposing stereochemistry of the disulphide
bridge in these metabolites would then arise from the sulphur

source attacking opposite sides of the structure (145).
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CHAPITR 8 EXPERIMENTAL

8.1 Ceneral Notes'

Melting points are corrscted and were measured with a Kofler,
hot stage apparatus, Infra red spectra were recorded for KBr discs,
unless otherwise stated, with Perkin-Elmer 157,257 or 580 Infra
red Spectrophotomelers or a Perkin-Elmer 225 Grating Infra red
Spectrophotometer. NuclearﬂagneticResonanceSpectravmrez@oordedibr
CDCI3 solutions;unless otherwise stated, with Varian T-60, Perkin-
Elmer R32, or Varién XI~100 spectrometers., Tetramethylsilane was
used as internal standard. lMass spectra were obtained with an
ART MS 12 spectrometier. inalytical t;l.c. separations were carried
out on precoated, silica GF254 plates and preparative separations
on GF254 (type 60) plates. Oven chain dipeptidesm were detected
with & ninhydrin sprey. Cyclic dipeptides were detected by the
following procedure. The plate was sprayed wilh bleach then allowed
to stend for thirty minutes before spraying with sbsolute ethanol.
After ten minutes, tle plate was sprayed with a 1:1 mixture of
1% potassium iodide solution and a 2% solution of o-toluidine

117
in 10% acetic acid in water. A1l conceutrations were carried
out by rotary evaporation under reduced pressure. Organic solutions
were dried over magiesium sul@hate or sodium sulphate and s6lid
samples were Adried over phosphorus pentozide in vacuo.

The following t.l.c. systems arc referred to in the text

: . A . L. .
and are quoted a2s superscrivis (Rf )+ A) n~outanol-acetic acid-
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water; 4:1:1 B) n-butenol-acetic acid-pyridine-water; 15:10:3:2
C) methanol-water; Y:3 D) toluene—-acetone; 2:1 E) ethyl acetate-
chloroform—diethylamines 1:1:0.1 F) ethyl acetate-petrol ether
(40-60°C )-acetic acid; 1:1:0.1 @) di-isopropyl ether—chloroform—
acetic acids 6:3:1 H) chloroform-acetic acidy 3:1 I) methanol-
- ethyl acetate; 1:1 J) toluene-zcetone; $:2 K) ethyl acetate-
methenols 10:1 L) chloroform-methanols 15:1 M) chloroform—
methanols 15:2 N) ethyl acetate~methanol; 6:1 0) toluene—acetones
9436. |

The following'abbreviations are used in the text: pet. ether
(petrol ether 40-60°C)s br (broad); § (delta value in p.Dem.

for n.m.r.)s exch. (exchanged),

8.2 Radiochemical Methods.

140 and 3H sctivities were measured with a Philips liquid
scintillation analyser using toluene-methanol solutions. Open
ﬁhain‘dipeptides were measured using methanol-triton X100-toluene
(0.06:1.0:2.0) solutions. A Panax Thin Leyer Scenner RTLS-1A

was used for the radioscenning of t.l.c. plates and Ilford Red

Seal 100 FW X-ray film was used for autoradiography.

8.3 INermertation Conditions

1Trjchoderma viride! (Gliocladium delioucscens, strain ro.
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1828 NRRL) was maintained on potato dextrose agar and grown in
shake—-culture at pH 3.0-3.5 in a defined medium4 at 24°C.

Precursors were added to 1 dey old cultures of T.viride through

a sterile syringe. After 4 deys, the mycelium was filtered off

and treated with methanol. The filtrate was neutralised with

sodium hydroxide, saturated with sodium chloride, and extracted

(x6) with chloroform (10% by volume). The extracts were dried

and evaporated. Gliotoxin (ca. 100mg 171 o mediﬁm) was crystallised
from'methanol‘

Hyalodendron sp. (FSC-601) was grovm as a shake culture at

25°C ag described by Stillwell 33_51.106 Radiolabelled precursors
(ca. 8-10 mg 1“1, 144 activity 2.8-3.0 #Ci 1“1) dissolved in
dimethylsulphoxide (1ml) were fed to 5 day old cultureg'and growth
continued for a further 9 days. Mycelia were filtered aﬁd killed

- with methenol. The aqueous filtrate was extracted (x6) wifh
chloroform (10% by volume) and the organic extracts were dried
andvevaporated. The residue was taken up‘in chkloroform and washed
twice with watervthen dried, filtered and concentrated to a solid.
Bisdethiodi(methylthio)hyalodendrin was purified by preparative
t.leCe (toluene—acefone; 94:6) and crystallised from methylene
chloride—cyclohexané to give needles, usually 50 mg 1~l of medium,
m.p. 139-140%¢ (1it.,1%® 140-140.5%), [<><]D24 +63.5% (e, 2.5, CHCL,)

(lit.,lo8 + 640). Mass, n.m.T. and i.r. spectra were in agreement
‘with the literature.los
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8.4 Experimental for Chapter 3,

L-Phenylalanine Benzyl lister Hydrochloride (66) ~ Thionyl

chloride (20 mi, 278 mmol) wag added dropwise over 20 min to a
stirred suspeﬁsion of L-phenylalanine (3.3 g, 20 mmol) in henzyl

- alcohol (125 ml) at 5 %°C., After heating on 2 steam bath for 5 h,
the solution was dried and filtered before dry ether was added

to turbidity. On cooling overnight a solid corystallised which
was filtered and dried, (5.22 g, 89.5%), m.p. 188-191 °c,
Recrystallisation from e%hanpl gave (66) (3.07 g) m.p. 195-196,5
°¢ (1it.,10 202 °¢)y Viop.3 300 = 2 500, 1 754, 1 490, 1 230,

750 = 740, and 697 om t; & [(cD,),50] (60 1iz) 9.30 - 8.55 (37,

my §H3), 7.35 (58, s; Ph), 7.25 (54, s, Ph), 5.15 (2H, =, oquph),
4.50 - 4,10 (1H, m, qgcaz), and 3.40 - 3.C0 (2H, m, CHQEZ).
Recrystallisation of the mother liguor yielded more (66) (1.08 g),

m.p. 191-192 °c,

N-Benzyloxycarbonyl-L-seryl-L-phenylalanine Benzyl Ester (68) -

« LaPhenylalanine benzyl ester hydrochloride (66) (2.91 g, 10

mmol) was dissolved in methylene chloride (50 ml) at 0 °C by the
addition of triethylamine (1.8 ml, 12.5 mmol)., N-Benzyloxycarbonyl-
L-serine (67) (2.39 g, 10 mmol) was added followed by DCC (2.38 g,
11 mmol) and the mixture allowed to stand in the dark for 5 h.

DCU was removed by filtration through a Celite pad and wasihed

wifh methylene chloride. The filtrate was washed with 1M hydro-
chloric acid, water, saturated gsodium hydrogen carbonate solution

and water, then dried, filtered and concentrated to an oil,
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The residue was dissolved in a small voliume of acetohe and
the precipitate removed by filtration. The filtrate was
concentrated to give (68) (3.384 g, 71.1%). Crystallisation

from ethyl acetate — petroleum ether (3:1) and further washing

wWith ether. gave needles (2.36 g, 50%), m.p. 128 - 130 °¢ (11t.,69
129—130 00),[9(]:[)25 - 70310 (_9' 2.34’ T‘KOQNCHO) (1it.,69 - 8.20),

19 o) F .
Ea]D - 13.9° (¢ 1.8, QﬁC13), Ry 0.47; vmax'(CHCIB) 1 750 -
1700, 1 680, and 1 500 cm™ 3§ 7.42 ~ 6.88, 7.30 (15H, m, 3 x Ph),

6,90 - 6,80 (1H, m, D0 exch., WH), 5.80 — 5.60 (1H, br a4, J 7 Hz,

2

D0 exch., NWH), 5.14 (2H, br s, oquph), 5.07 (2H, s, ocgzPh),

4,99 -~ 4.68 (1H, m, alters on D 0 shake to br t, J & Hz, QECHZPh),

2

4435 - 4.10 (1, m, sharpens on D,0 shake to ABX, J,, + Jyo 9.5

Hz, CHCH,OH), 4.11 - 3.47 (2, ABX, J,; 11.5 Hz, J,. 4.0 Hz, Jo.

6.0 Hz, sharpens on D0 shake, CH,0H), 3.28 - 2.87 (2H, ABX, J,

B

0 exch,,

2

14 Hz; T,y = Jpy 6 Hz, qggph), 2.70 - 1,00 (1H, br my D

AX 2
OH)3 n/e 476 (weak, M), 120 (15%, PhCH2CH=NH2), 108 (26, PhCH20H),

107 (17, PhCH0), 91 (100), 79 (38), 77 (25), 65 (16).

Y

N—Benzyloxycarbonyl—L—seriﬁé (67) - N-Benzyloxycarbonyl-
L~éerine (67) was synthesised from L-serine by>the method of
Guttman and Doissonas as crystals (86%), m.p. 116-118 °C (1it.,71
119.5 °c),[an20 + 5.2° (c, 1.04, AcOH) (;it.,71 + 5.6°), Ry 0.13

(ethyl acetate — pet. ether — acetic acid; 20:20:1)3 vmax.(ijol)

3 550 — 2 400, 3 340 — 3 320, 1 690, 1 520, 745 - 725, and 695 om

pery
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IS RCD3)2so] (60 MHz) 7.45 (54, s, Ph), 5.10 (2H, s, OCH_Ph),

-2
4.30 - 3.95 (1H, m, CHCH,), 3.90 - 3.60 (28, m, CHCH,) .

L-Seryl-L-phenvlalanine (65) - Water (16 ml), followed by

acetic acid (0.4 ml), was added dropwise at room temperature to

a stirred solution of N-benzyloxycarhonyl-L-seryl-L-phenylalanine
benzyl ester (68) (269.5 mg, 0.57.mmol) in ethanol (32 ml).

The solution was hydrogenated Tor 3 h over 10% palladium on
charcoal catalyst (30 mg). The catalyst was removed by filtefing
through a Celite pad which was then washed with water (3 x).

The combined filtrates were concentrated to yield a solid (149 ng)
which was triturated with chloroform and ether t¢ give (65) (125.4
mg, 88%), m.p. 218-225 °c (1it.,%9 226_227 0y, [, 20 4 51.04°

(c. 2.4, AcOH) (1it.,69 + 53.8%, » Ao, 40, RP 0.56, RF 0.78;

F
(Found: C, 57.005 H, 6.665 N, 10.90. € H; M, 0, Tequires C, 57.14;
H, 6.325; N, 11,11%); Voax, 3 600 - 2 200, 3 200, 3 070, 1 680,

1 570, 1 500, 1 405, 1 075, 745, and T15 -~ 700 cm'l; I3 (CF COOH)
7.82 (1H, br d, J 7.5 Hz, D0 exch,, amide ¥H), 7.53 (3H, br s,
D0 exch., Nh ), 7.50 -.7.10 (58, m, Ph), 5.30 - 4.90 (1H, m,
CHCH,Ph), 4.82 - 4.45 (1H, m, CHCHL,0H), 4.60 - 4.12 (2H, m, |
sharpens on DéO exchange, QgZOH), 3.60 - 3.00 (2H, ABX, Iax

6 Hz, I, 8 Bz, J,, 15 Hz, CHPh);n/e 252 (weak, M), 222 (5%,
M—CHZO), 120 (13, PhCH Cﬂ_th), 91 (30), 77 (6}, 65 (7), and 60

(100, H N:CHCHon).

2
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43
L-[4-"H] Phenylalanire Benzyl Ester Hydrochloride — An

agueous solution of L—[4L3H]pheny1alanine ( 5001Ci) was added

to L-phenylalanine (165.5 mg, 1 mmol). The reéultant solution
was concerntrated slowly and dried in vacuo overnight. The

's0lid was suspended in benzyl alcohol (7 ml), cooled to 5 °C

and thionyl chloride (1 ml) was added over 20 min, The reaction
mixture was maintained at 95 °¢ for 5 h, Subsequent work-up |
was as described for (66) yielding crystals (264 mg, 91%),

3q activity 448.2 uCi mmol™ ",

Q;Benzyloxycarbonyl—L~[3—1403serine - L—[3—14C]Serine

(50.pCi) was diluted with L-serine (105 mg, 1 mmol) and converted
as described earlier to Z—L—[3—14CJSer, 196 mg, (824), 144 activity

50.1 pCi mmol’l.

N—Benzyloxycarbonyl—Lm|3—14C]serYl—L—f4L3H]phenylalanine

Bengzyl Ester - EfBenzyloxycarbonyl—L—[3—14C]serine (239 mg,

1 mmol, 41.1 uCi mmolml) was coupled with L—[4;3ﬂjphenylalanine
benzyl ester hydrochloride (291.5 mg, 1 mmol, 405.9 uCi mmol—l)
in the presence of DCC (228 mg, 1.1 mmol) and triethylamine
(0.18 ml) as described above to give, after crystallisation
and washing, a white solid (268.3 mg, 56.6%), 14q activity
39.3 uCi mmolnl, 3H:m'C 12.1, showing one radioactive band

. 0.27 (%t04c - CHC13 ~ Bt,NH; 7.5:7.5:0.6) by Panax

scanning and autoradidgraphy.

on tlcy R
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14 7 '
L-[3— 4C]Seryl—L_[ﬁ—BHTphenylalanino ~ H~Benzyloxycarbonyl-

14 :
L-[3~ C]seryl—L-[4—3H]phenyla1anine benzyl ester (268.3 mg,
0.56 mmol, 39,3 pCi mmol—l) was hydrogenated and worked up as
described earlier to yield a solid, (121 mg, 85.7%), 144 activity

. 1031
38.72 pCi mmo1™Y, 3m:t4¢ 12,3, R," 0.40, R, 0.56, Ry

O. 785
‘H . - .

RF 0.00. A single radioactive product was observed by Panax

scanning and autoradiography of tlec plates. Dilution analysis

with H-L-Ser-L-Phe-OH (65), E-L-Ser-D-Phe—0H (73) and H-D-Ser—

1-Phe-OH (74) showed that the radiochemical purity was not less

than 96% and that nct more than 0,24 .E~L-Ser-D-Phe-OH (73) or

H-D~Ser-L-Phe-OE (74) was present.

N—Benzyloxycarbonyl-D-serine (717) - I-Benzyloxycarbonyl-

D-serine (77) was synthesised from D-serine (78) in 90% yield
following the same procedure degscribed for the L-enatiomer,
Physical properties were identical to Z-L-Ser-OH except for

optical rotation,BX]D20 - 4.3° (¢ 1.0° 4cOm) (Lit., % - 5.6°)

D-Phenylalanine Benzyl Tister Hydrochloride (79) -

D-Phenylalanine benzyl cster hydrochloride was synthesised
in a similar fashion to the L-enantiomer (66) yielding light

silvery crystals (95%) which were recrystallised from ethanol

(47%) m.p. 191 - 154 °C.

N-Benzyloxycarbonyl-L-seryl-D-phenylalanine Benzyl Tster

(716) - The protected dipeptide (76) was synthesised or an 18
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mmol scale in the same manner described for the enantiomer (75)
to give, after recrystallisation, a solid (4.17 g, 48.7%),
having identical physical properties to its enantiomer with the

exception of optical rotation,<*]D20 - 2.82° (g, 4.6, CHCl3).

N-Bengyloxycarbonyl-D-seryl-L-phenylalanine Benzyl Ester

(75) ~ N-Benzyloxycarbonyl--D-serine (77) (4.302 g, 18 mmol)
was coupled with L-phenylalenine benzyl ester hydrochloride
(66) (5.247 gy 18 mmol) by the DCC procedure described above

to give the protected dipeptide (75) (4.663 g, 54.4%), m.p. 116~

o} 10 1
119 "¢, RF O,44,Dx]D ? + 1.90 (g, 4.8, CHClz}; (Found: ¢, 67.82;

H, 5.80; N, 5.88. 027

Ve, 3 600 = 3150, 1740, 1 695, 1 655, 1 550 - 1 530, 1 020,

H,gl,0¢ Tequires G, 68,07; H, 5.88; N,5.88%) 3

760 - 730, and 700 om Y3 § 7.50 - 6.7C, 7.30 (16H, m, 3 x Ph and
NH), 5.90 - 5.60 (1, br d, J 8 Hz, D0 exch., NH), 5.13 (2n, 4,
J 2 Hz, OCE,Ph), 5.08 (2H, s, OCH,Ph), 4.97 - 4.75 (1H, m,
sharpens on D0 sheke, CEQHZPh), 4.33 - 4.08 (1H, m, sharpens

0 shake,

on D0 shake, CHOH,OH), 4.05 - 3.48 (2H, ABX, sharpens on D,

Jyx 5.5 oy Jop 3.4 Hz, J)5 12 Tz, CH,OH), 3.07 (2H, dr 4, qggph),
and 2,75 ~ 2.25 (1H, br m, D0 exch,, OH); m/e 476 (weak, M),

120 (169, PhCIL,

79 (77)5 17 (55), 65 (25).

CH<VE,), 108 (55), 107 (43), 92 (22), 91 (100),

L-Seryl-D-vhenylalanine (73) - E—Benzyloxycarbonyl—Lmsefyl—

D-phenylalanine benzyl ester (76) (2.8 g, 5.88 mmol) was
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hydrogenated for 3 h and worked up as described earlier for the
LL dipeptide (65) to giwe a slightly yellow solid, (1.068 g,

72%). Crystallisation from methanol — water (2:1) gave the

dipeptide (73) as prisms, (652 mg, 44%), m.p. 249 ~ 252 OC,GX]Dzo

0 ) . H F
- 29.34° (g 2.9, 4cOH), R," 0.40, RFB 0.56, By’ 0.78, R, 0.00

(Found: C, 57.013 H, 6.58; N, 10.7. 012H10N204 requires C, 57.14;
H, 6.35; W, 11,1%); Viax, > 200 = 2 250, 3 330, 3 090, 2 130,

1 685, 1 570 — 1 500, 1 410, 1 050, 760 and 710 om 3 & (cr,C00R)

-+
7.84 (1H, br d, NH), 7.32 (m, §H,, Ph), 5.40 - 5.02 (1H, m,

3

sharpens on D,0 shake to ABX, J 14 Hz, CHCH,Ph), 4.77 -

2 ax t I
4.40. (14, m, QECHZOH), 4.30 - 3.72 (2H, ABX, J,p 12.5 Hz, J,. 4.0

Hzy Jo0 6.5 Hz, sharpens on D, 0 shake, QQZOH), 3.70 = 2.92 (28,

2

ABX, JAB 14.5 Hz, JAX 9.0 Hz, JBK 5.0 Hz, sharpens on D0 shake,

2
quPh); m/e 252 (weak, M), 222 (5%, M—CHZO), 120 (13), 91 (20),

77 (6), 65 (7), 60 (100).

D-Seryl-L-phenylalanine (74) - D-Seryl-L-phenylalanine was
synthesised as above on a 2.12 mmol scale to give’a triturated
yield of 75% ané a recrystallised yield of 61%, m.p. 251-253 oC,
E&QDzo + 25.8o (3, 2.2, AcOH) having identical spectroscopic

properties to its enantiomer (73).

Benzyloxycarbonyl-L-phenylalanine (811 - A solution of

L-phenylalanine (8.275 g, 50 mmol) in freshly prepared 2H sodium

hydroxide (32.5 ml, 65 mmol) was cooled to O °C and stirred
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vigorously. Benzyloxycarbonyl chloride (90%; T.5 ml) and 4M
sodium hydroride solution (12,5 ml, 50 mmol) were added

dropwise over a period of 30 min and stirring continued far

a further 10 min, Excess benzyloxycarbonyl chloride was removed
by .ether extraction (3 x). The aqueous solution was cooled

and acidified to pH 1 with concentrated hydrcchloric acid. A
white solid'was precipita?ed which was filtered,; washed and dried
(L4.2 g5 95%). Recrystallisation frem methylene chloride - pet.
ether gave.(81) as'needles (13.4 g, 90%) m.p. 85-87 °¢ (l:’Lt.,?8
87-89 °c),ExﬂD21 + 6.23° (c 2.6, BHOH) (1it.,70 5.1°)3 Vimax.

3 460 - 2 400, 3 317, 1 705, 1 695, 1 530, 1 270, 740, and 700

1

em. 3 § 9.55 - 9.10 (1H, m, D0 exch., COOH), 7.40 — 7.00 (5H,

2
m, csoﬂzgg), 7.28 (5H, s, OCHEEE), 5.35 - 5,10 (1H, m, D,0 ezch.,
ﬁH), 5.06 (2H, s, ocgePh), 4,80 - 4.50 (1H, m, QECHZ), 3,20 —
2.90 (2H, m, CH.Ph). '
Benzyloxycarbenyl-D-phenylalanine #as similarly prepared in 90%

yield,

L-Scrine Methyl Ister Hydrochloride (83) - L-Serine (5.25 g,
19 4o

50 mmol) was converted by the method of Brenner and Huber
‘ [o]
the methyl ester hydrochloride (83),(7.05 g, 91%) m.p. 161-165 C
(1it.,80 165-166 °C); Voo (Nujol) 3 350, 1 740, 1 590, 1 505,
' e +
1 250, 1 040, cm‘l; é (CF3COOH) (60 MHz) T7.70 (3H, m, NH3), 4.70 -

4.50 (48, m, QQQEZ), and 4.00 (3H, s, OCH3).
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Benzyloxycarbonyl-L-phenylalanyl-L-serine Methyl Beter (82)

- Benzyloxycarbonyl»L~pheny1alanyl~L¥serine methyl ester (82) was

synthesised as described by HicolaidesBl in 70% yield, m,p. 120-

) . 81
122 °¢ (1it., -~ 122-123 °C) (Found: C, 63.28: H, 6.20; N, 6.88.
021H24N206 requires C, 63,005 H, 6,00; N, 7.00%)3 Viax, 3 600 -

3 150, 3 310, 1 745, 1 700, 1 660, 1 540, 1 060, 750 and 700 om *

§ 7.50 - 7.00 (1H, m, WH), 7.22 (54, s, Ph), T7.17 (5H, s, Ph),

5.86 (17, br 4, J 8.0 Hz, FH), 5.13 - 4.82 (2H, AB, Jyp 12.5 -

14.5 Hz, OCHPh), 4.75 - 4.40 (21, m, 2 x CH), 3.95 - 3.75 (28,

m, CH,OH) 3.67 (3H, s, OCH3), 2.50 - 2,25 (1, br s, D.O exch.,

2 2
CH), 3.30 - 2,80 (21, ABX, Ty 6.0 Hz, Tox 8.0 Hz, J,p 14 Hz,

CH,Ph); n/e 400 (weak, M), 120 (10%, PhCH,CH=NH,), 92 (16), 91

2
(100), 79,(10), 77 (12), and 65 (16).

Benzyloxycarbonyl-L-phenylalanyl-L-serine (80) by

Saponification -~ Benzyloxycarbonyl-L-phenylalanyl-L-serine methyl

ester (82) (1 g, 2.5 mmol) was shaken with 2 sodium hydroxide

(2,52 ml, 5.0 mmol) in methanol (20 ml) for 15 min then acidified

with acetic acid., The solvent was removed by evaporation and
the residue was dissolved in sodium hydrogen carbonate solution
and washed with ether to remove starting material, The aqueous
solution was cooled, acidified with concentrated hydrochloric
acid and cxtracted with methylene chloride. The combined

organic extracts were dried, filtercd and concentrated to give

(80) (862 mg, 91.4%). Crystallisation from eihyl acetate — ether

. ] o
gave a gltone colourcd solid (80) (88 mg, 9%), m.p. 147-151.5 C

°

?
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(1it.,” 147-149 % ana’® 155.156 °c),EXJD22 r 0.2° (c 2.1,

. .. 15 6
MezNCHO) (Lit., ' + 44.8° and © - 2,6°); Viax, 3 100 - 2 400,
1 710, 1 665, 1 535, 1 055, 745 and 700 cm"ljé[(CD3)Zco] (60 1liHz)

7.30 (10 H, s, Ar), 6.70 - 6,20 (1H, m, D0 exch., W), 5.50 —

2
4.80 (31, D0 exch,, COOH,O0H,NH), 5.60 (2H, s, oquPh), 4.90 ~
4.40 (2, my2CH), 4.20 - 3.60 (2H, m, Q§20H), 3.15 = 2,85 (21,

CH=NH,), 92, 91

m, quph); m/e 386 (weak, M), 148, 120 (PhCH2

(100%), 79, 77, and G5. .

Recrystallisation of the mother liquor yielded a further
crop (239 mg, 24.4%), m.p. 142-148 °C,EXJD22 -1.1°% (¢ 2.3,
MeZNCHO), The mother liguor was concentrated to a sticky solid

(555 mg), m.p. 59-61 °C,EXJD22 ~ 15.8° (¢ 2.0, He JHCHO) ,

Benzyloxycarbonyl-L-phenylalanine p-Nitrophenyl Zster (85)

~ Benzyloxycarbonyl-L-phenylalanine-p-nitrophenyl ester (85) was
synthesised as described by Rodanzky and Vignoaud77 in 71 %
yield, m.p. 124.5-126.5 °C (1lit., ! 126-126.5 °c), Vo 3 360,
1760, 1 697, 1 617, 1 595, 1 528, 1 490, 1 350, and 700 om

& (60 MIz) 8.30, €.15, T.80 ~ 6.90 (141, m, Ar), 5.50 - 5.10
(1H; m, ¥H), 5.15 (21, s, ocgzph), 5.00 ~ 4.70 (1H, m, CgCHZPh),

3.15 (24, br 4, J 6.5 Hz, quph).

Benzyloxycarbonyl-L-phenylalanyl-L-serine (80) - Benzyloxy-

carbonyl-L-phenylananine p-nitrophenyl ester (85)(1.575 g, 3.75 mmol )

was coupled with L-serine (392.5 mg, 3.74 mmol) as described by
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Bodanzky gj_g£.76, reacting for 40 h rather than 16 h., An
off white solid was obtained, (610 mg, 42%), m.p. 150 =154 °C

(1it.,7° 155-156 °c, 154 °C sin‘b.),[m]D2o - 3.3% (¢ 2.5, He NCHO)

2
(lito ,76 - 2060)0

L-Serine Benzyl Ester p-Toluenesulphonate (87) ~ L-Serine

(165 mg, 1 mmol) and p-toluenesulphonic acid (209 mg, 1.1

@mol) were heated at 100 °c with stirring in benzyl alcohol

(4 ml) until dissolved. Dry carhon tetrachloride (7 ml) was
added drobwise and the reaction apparatué set up for reflux
through a Soxhlet apparatus containing molecular sieves., A
slight cloudiness developed which disaospeared after a few minutes
boiling. The solution was refluxed for 6 h during which more CCl4
{5 'ml) was.added, afier:cooling dry ether was.added. Cooling for 16 h
gave an. 011(289 mg, 79%);5,(CD3OD) (60 MHz) T.75, T.60, T.25, 7.1C
(Aromatic), 7.32 (s, Ph), 5.20 (s, CH,Ph), 4.25 - 3.80 (m, CHCE,),
2.35 (sy; Me). Crystallisation from i-propanol - ether was
unsuccessful.,

D-Serine benzyl ester ﬁ;toluenesulphonaie was similarly prepared.

Bénzyloxycarbonyl-L-phenylalanyl-L-serine Benzyl Ester (86) -

Crude l—serine benzyl ester p-toluenesulphonate (87) (1.768 g,
4.82 mmol) was coupled with benzyloxycarbonyl—mehenylalanine
(1.441 g, 4.82 mmol) in the presence of DCC (1.099 g, 5.3 muol)

and triethylamine (0.915 ml) by the procedure described



previously for (65). The product was itrcated with acetone to give
a yellow oil (2,044 g, 89%) which was taken up in ether and

cooled for several days to give the protectcd dipeptide (86)

as needles, (986 ug, 43%), RFF 0.40. A sample was recrystallised
from ethyl acetate — pet. ether (3:1) to give needles, m,p. 115-
118 °c,BxﬂD20‘+ 17.3° (¢ 1.16, CHC13) (Found: C, 67.905 H, 5.92;
N,y 5.67. Corlog 206 requires C, 68.07; H, 5.88; N, 5.88%); Vo,
3 600 - 3 150, 3 310, 17737, 1 695, 1 645, 1 540, 1 045, 745, and
699 cn™Y5 § 7.28, 7.23, 7.14 (15H, s, Ar), 7.10 - 6,78 (1H, m,
D0 exch., NH), 5.60 - 5.40 (11, br 4, J 8.0 Hz, D,
5.14 (2H, s, OCH,Ph), 4.99 (2, s, OCH,Ph), 4.75 - 4.30 (2K, m,

0 exch,, NH),

2 x CH), 4.00 ~ 3,78 (24, br 4, QEQOH), 3.15 - 2,95 (2H, m,

CHquph), 3.10 - 2.50 (1H, br m, D,0 ezch., OH)s m/e 458 (weak,

2
H-H,0), 120 (10%), 108 (11), 107 (9), 92 (19), 91 (100), 79 (23),

7T (23), and 65 (27).

L-Phenylalanyl-L—serine (64) -~ 4ater (28 ml) and acetic

acid- (0.8 ml) were added dropwise to é stirred solution of
benzyloxycarboayl-L~phenylalanyl-L-serine benzyl ester (86)
(400 mg, 0.84 mmol) in ethanol (56 ml). The solution was
hydrogenated over 10% palladium on charcoal (40 mg) for 30 min.
The catalyst was removed by filtration, then washed and the
filtrate concentrated to an oil at SO - 40 °C. Residual acetic
acid was removed by azeotfoping with ethanol and the residue

was triturated with chloroform to yield (64) as a solid (233 ﬁg,



102%), m.p. 121-125 % (1it.,75 116-125 Oc),BXano + 34.8° (c

B _c
0.65, Bn 0.62,

H
Ry 0,00, (Found: ¢, 53.86; H, 6.79; I, 10.25. 012Hi6M204 - L0

2.3, water) (1it.,75 + 30,1%), RFR 0.38, By

requires G, 53.33; H, 6.67; ¥, 10.37%); 3 700 - 2 300,

ma:z .

1675, 1 605, 1525, 1 390, 750, and 70O cm’l; S (CF3COOH) 8.35

+
(14, br d, J 7 Hz, amide NH), 7.37 (84, br s, Ph, HE ), 5.60 —
4.60 (2H, my, 2 x CH), 4.60 ~ 4.10 (2H, m, CI S0H I}, 3.70 - 3.15
(24, m, qgeph); n/e 234 (weak, Muﬁzﬂ} 120 (109%), 103 (25), 91

(73)5 77 (16)5 73 (45), 65 (16), and 60 (14).

1 . . , 14
I—[3~ 4C]Ser1ne Benzy Zster p-Toluenesnlphonaic - L—[}- 4@@

Serine (131.2 mg, 1.25 mmol, 40 uCi mmol—l) was dissolved
with p-toluenesulphonic acid (261.5 mg) in benzyl zlcohsl (5 ml)
at iOO OC.' The procedure describsd earlier was followed to give

(87) as an oil, (302-mg, 66%).

rd 1 L4
Benzyloxycarbonyl-L— [{—"H]phenvlzlanine - L-Eﬂ—SH]Phenyl—

alanine (165 mg, 1.0 mmol, 500 uCi — ) was reacted with
benzyloxycarbonyl chloride as déscribped earlier to give (81),

(270.0 mg, 90.3%, 34 activity 554 pCi mmol-l).

Benzyloxycarbonyl—L—[413H]ﬁhcnylalany1—h—[3-14C]serine

Benzyl Lster ~ L—[3—14C]Serine benzyl ester p-toluenesulphonaie

(330 mg) was coupled with.benzyloxycarbonyl—h—[ﬁLBE]phenylalanine
(270.0 mg, 0.9 mmol, 554 pCi mm@l“lﬁ zz Cescribed previously

to give, after crystallisation from elhsry ihe protected



dipeptide (86) (350.5 mg, 82%), RFF 0.40. Panax scanning and
autoradiography was carried out on the above tlc plate revealing

one major radioactive signal at BF 0.40 and one minor band at

RF 0.60.

4 -
L—[4-3H]Phenﬁlalauyl—L—[3—14C1serine Monohydrate -

Hydrogenation of the protected dipeptide, benzyloxycarbonyl-L-
[4:—3H]phenyla,lanyl—L— [3-14CJserine benzyl ester (350 mg) was

carried out as described earlier to give the product (64) after
trituration (192 mg, 96.7%, “4C activity 32.10 uCi mmol™Y, 887,
3,34 b oo.38, m 0.65, 7C

single radioactive band was observed on tlc by Panax scanning

¢, 13.92), Ry 0.62, RFH 6.00. 4
and autoradiography. Stereochemiczl purity was corfirmed by
dilution analyeis with L-phenylalanyl-D-serine (90) and D-phenyl-—
alanyl-L-serine (91). The results showed maximom impurities of

0.3% and 0.2% of the LD- and DL-dipeptides respectively.

Bengzyloxycarbonyl-D—-phenylalanyl-L-serine Benzyl Ester (22)

— L-Serine benzyi ester p-toluenesulphonate (87) (1.712 g, 4.66
mmol) was coupled with benzyloxycarbonyl—D—phenylalanine (1.393 ng,
4.66 mmol) by the DCC method described earlier. A solid product
was obtained which was triturated thourcusghly with ether leaving

7 ..
the protected dipeptide (92) (1.04 g, 47%) R, 0.45 containing

. . F . os .
a minor impurity at R, 0.65. 4 sample was purified for analysis
FA

by preparative tlc and crystallisation from ethyl acetate — pet,



ether (l:1), m.p. 139-141 OC,DmJD15 + 20.7° (¢ 0.80, CHO1, )
(Pound: C, 68.10; H, 5.92; N, 6.12. o ll,gll,0, Tequires C,
68.10; 1, 5.88; N, 5.88%); Viaz, 3 4705 3 200, 1 735, 1 715,

1 695, 1 650, 1 540, 1 C46, 750, 732, and 695 cm‘ls & 7.29,
7.21 (15H, s, Ar), 6.78 - 6.49 (1H, m, NI), 5.50 - 5.30 (1H,

br d, J 7 Hz, FH), 5.15 (2H, s, oquPh), 5.05 (2H, s, oquPh),
4.70 - 4.30 (28, my 2 x CH), 4.00 - 3.57 (2H, m, QEZOH), 3.20 -
0 exch., OH);.m e

2.98 (2H, m, CH Ph), 1.95 — 1,70 (1H, m, D

2 2
476 (weaks M), 210 (10%), 92 (15), 91 (100), 79 (8), 77 (8),

65 (13), 39 (10).

Benzyloxycarbonyl-L-phenylalanyl-D-serine Benzyl Zster

Lg_l —~ The synthesis of benzyloxycarbonyl~L-phenylalanyl-D-gserins
benzyl ester (93) was carried out as described for the DL-enantiomer
to yield a crude product in 41% yield, Purification of a sample

by tlc and crystallisation, as described earlier for (92), gave
solid (93), m.p. 136.5-140 °C,B%HD15 - 17.9° (g 0.34, CHOL,).

The i.r., n.m.r., and mass spectra were identical to (92), (Found:
Cy 67.825 H, 6,023 W, 6.02. Corlogl,0g Toquizes C,68.105 K,

5.88; W; 5.88%).

L-Phenylalanyl-D-serine (90) - Acetic acid (0.6 ml) and

10% palladium on charcoal (50 mg) were added to a suspension
of benzyloxycartonyl-L-phenylalanyl-D~serine benzyl ester (93)

(504 mg, 1.059 mmol)-in ethenol - water (2:1; 100 ml) and



w1 30

hydrogenated overnight, The catalyst was removed by filtration,
then washed with water. The filtrate was concentrated to give
a solid (279 mg), which was triturated with chloroform and

crystallised from water - acetone to give the dipeptide (90)

(200 mg, 75%), m.p. 215 - 225 °C (with formation of ncedles,

©mp. 230 - 252 °C, dee.),fx1 %0 ¢ 49.80° (o 1.96, cF,co0m),

3
A ) .
RS 0.38, R 0.65, R, 0.62, R, 0,00, (Pounds C, 57.29; H,6.46;

¥, 11,03, 012H16N204 requires C, 57f14‘ 4, 6.35; N, 11.11%);

Yiax, 3 100 = 2 400, 3 270, 3 070, 1 688, 1 625, 1 545, 1 522,
1 422, 1 382, 1 048, 1 032, 750 and 700 cm Y5 & (CF,C00H) 8,32

+
(br &, 3 7 H3), T.94 (br 4, J 7 Hz), 7.70 - 7.20 (8H, m, Ph, NH3),

5.05 — 4,55 (2H, m, 2 x CH), 4.50 - 3.91 (2H, ABX, J,. 12 Hz, J

AB

4 Hay Jo0 3 Haz, C§2OH), 3.41 (2H, br 4, J 8 Hz, Q§2Ph); n/e 254

AX

(weak, M~H20), 143 (44%, M~H20~C7H7), 120 (76), 91 (100), 83 (22),

and 77 (20).

D-Phenylalanyl-L-serine (91) -~ D-Phenylalanyl-L-serine (91)

was synthesised in the same manner as its LD-enantiomer (90)

having identical physical properties with the exception of optical

!

rotation.
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Attempted Enzymic Hydrolsis of the Ester (80) — The ester

(80) was treated with chymotrypsin as described by Walton 23_51.82

The starting material failed to dissolve and was Tecovered. The
seme procedure was followed with pig liver esterase but again

starting material was recovered.

Attempted Hydrogenation of the Ester (80) — The estex

(80) (100 mg) was dissolved in methanolic hydrochloric acid and
hydrogenated as described previously. The product showed several )

~ spots on t.l.c.



8.5 Expsrimental for Chapter 4.

L-Phenylalanine liethyl Zster Hydrochloride (97) - L-Phenyl-
alanine methyl ester hydrochloride wasusynthesised from L-phenyl-
alanine in 90% yield by the method of Brenner and Huber79 as

needles, m.p. 152-154 °c’(1it.,8

4 159-161 °c),EX1D19 + 34.4°
\(3”4.6, CFBCOOH), + 35.6° (¢ 4.0, EtOH); vmax'(nujol) 1 750,
1 585, 1495, 1 232, 730, and 690 om‘l; S (CFBCOOH) (60 MHz) 7.40
(8H, m, Ph, §H3), 4.65 (1H, m, CH), 4.05 (3H, s, OMe), and 3.55

(2H, m, quPh).

D-Phenylalanine Methyl Ester Iydrochloride - D~Phenylalanine

methyl ester hydrochloride was synthesised as above in 93%
yield with identical physical properties with the exception

of optical rotation,.

N-Dengzyloxycarbonyl~L-seryl-L—phenylalanine Hethyl Zsier

(96) - N-Benzyloxycarbonyl-L-serinc (67) (239 mg, 1 mmol) was

coupled with L-phenylalanine methyl ester hydrochloride (215.5 mg,

\ 36b

1 mmol) by the DCC method described by HacDonald and Slater to

givé an oil (353 mg, 88%). A sample was purified for analysis

by preparative tlc, RF 0.26 (Zt0Ac — Pet. ether — HOAcy 20:20:1)
followed by crystallisation from acetone - pet. ether to give (96)
‘as needles, m.p. 75-77 OC;E*]DIS v 15.4° (¢ 1.18, MeOH) (Found:

C, 63,235 H, 5.99; N, 6.90. 021H24N206 requires C, 63.00; H, 6.00;

-

N, 7.00%) v 3 600 - 3 150, 1 745, 1 690, 1 660, 1 550, 1 060,

aXe

760 — 745, and 705 om T3 & (60 MHz) 7.50 - 6.80, 7.35 (104, m,
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Ar), 5.90 (1H, br d, J 7 Hz, D0 exch., 1), 5.10 (2H, s, OGEQPh),

2
5.10 = 4,65 (1H, m; CH), 4.50 - 3.35 (3, m, CH, CH,0H), 3.70

(3H, s, OCH,) 3.50 ~ 3.20 (1H, m, D_O exch., OH), 3.20 — 2.80

)
3 2
(28, m, quph); m/e 400 (weak, 1), 162 (12%, PhCH=CHCOOHe), 131
(5 PhCH=CHCO), 120 (5, PhCHZCHzﬁﬂg), 92 (10),91 (100), 79 (6),

77 (8) and 65 (14).

-

.g;BenzyloxycarbonquDaseryl—?—phenylalanine Hethyl Zgier
(98) — The dipeptide (98) was synihesised as described zbove

as a crude oil which was not cheracterised.

cyclo-(L-Phenylalanyl-l—seryl) (24) - L-Phenylalanine methyl

éster hydrochloride (2.155 g, 10 mmol) was coupled with H-benzyl-
oxycarbonyl-L-serine (2,290 g5 10 mmol) by the DCC method
previously described to give an 0il (2.685 g). The oil, dissolved
in methenol (90 ml), was hydrogenated for 5h in the presence of
10% palladium on charcoal (240 mg) end acetic zcid (0.1 ml).

The cé%alyst was removed by filtering through a Celite pad which
was washed with methanol. The filtrate and weshings were combined
and concentrated to an 0il which was dissolved in a small volume
of methanol and saturated with ammonia at O °c. Onm standing at
room teméerature overnight, a solidvseparated which was filtered
and washed thouroughly with ether to give (24), (814 mg, 35%»basmden

H-L-Phe-Ole,HCL), m.p. 237-240 °6,[61 % = 95.6° (o, 1.0, mir¥),



showing one spot on tic. Recrystallisation from methanol gave

(24) (527 mg)y m.p. 235-240 °C (decomp.) (1its, 0P 244-246 °C)
6b

20
edy ™ - 105° (¢ 1.0, D¥F) (1it.,-°P - 20.1°), (Found: C, 61.3;

H, 6.1; n, 11.8. 012H14N203 requires C, 61.5; H, 6.05 N, 12.0%)

RFH 0.30, RFI 0.58; v 3 405, 3 200, 1 670, 1 460, 1 345,

max,

1

1 075, 761y and 705 om 3 § [(¢D;),50] 8.10 ~ 7.75 (2H, m, DO

exch., 2 x KH), 7.40 - 7.02 (5H, m, Ph), 4.82 (14, t, J 6 Hz,

DZO exch., OH), 4.20 -~ 3.95 (1H, m, sharpens on D20 shake to

broad t, J Jpy 11 Hz, CHCH Ph), 3.80 - 3.58 (1H, m, qgcazoﬁ),

AX B 22
-0 - + ) - -
3.38 - 2,72 (2H, ABZ, Jyp 11 Hz, J,, 3.5 Hz, Jo 6.0 Hz, sharpens

on D0 shake, ngoﬂ), 3,08 - 2,99 (2H, g, Ty 6 Yz, Joy 5 Hz,

ngPh); $ (CFBCOOH) 8.45 - 8,00 (2, m, 2 x NH), 7.50 — 7.10 (5,
m, Ph), 4.90 - 4.60 (1H, m, CECHZPh), 4,56 - 4.32 (1B, m, Q&CHzOH),
3.81 ~ 3.05 (QH, ABK, 9,5 12 Hz, J o 4 Hz, T 6 Hz, qgQOH),

3.34 (2H, 8, J 5.5 Hz, CEQPh); 5 (CDBOD) 7.29 (5%, m, Ph), 4,32 -

4,20 (1H, m, J 11 Hz, J,, 1 Hz, QECHzPh), 3.94 - 3.82

ax t Inx

.5 Hz, J., 1 Hz, Q§CH20H), 3.57 - 2.82 (2u, AZZ,

Jax t Ipx 7 CX

J,p 13.0 Hzy T4 3.5 Hyy Jpy 6.0 Haz, QQZOH), 3.26 - 3.16 (25, g,

T 6.5 Hz, Jn 5.0 Hz, quph); n/e 234 (174, 1), 204 (21, H—CHZO),

(lHy dq,

143 (9, M—C7H7), 120 {9, PhCHZCH=NH2), 115 (14), 113 (17}, 92 (22),
91 (100), 85 (22), 77 (1), 65 (12), and 60 (6). Crystallisation
of the mother liquors gave a further crop (100 mg), m.p. 233-240

°¢ (decomp.).
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cyclo—(D-Phenylalanyl-D-seryl) (95) = cyclo—(D-Phe-D-Ser)

(95) was synthesised as described above on a 10 mmol scale

to give a solid (666 mg, 28,54 from I~D-Phe-OMe.HCl) after
trituration with ether, Recrystallisation from methanol‘and
recrystallisation of the mother liquors from methanol gave (95)
(454 mg), m.p. 235 - 241 °c,&x]D20 + 104° (¢ 1.00, DWF), having
identical spectroscopic and chromatographic properties to (24).

N~Benzyloxycarbonyl—L-seryl—D»phenylalanine HMethyl Tster

(101) ~ N-Benzyloxycarbonyl-L-serine (67) (2.39 g, 10 mmol)
was coupled with D-phenylalanine methyl ester (2.155 g, 10 mmol)
by the normal DCC procedvre to give a sticky solid, (2.56 g, 64%)

a sample of which was purified bty preparative tlc, R, 0,30

F
(Bt0Ac — Pet ether — AcOH; 20:20:1), to give the protected
dipeptide, m.p. 108 - 112 Oc,Bx1315 - 35.4° (c 1.0, CHCL, )

s (60 MHz) 7.35 (5L, s, ggoazo),'7.55 - 6.80 (6H, m, NH, EECHZCH),
5.90 (111, br 4, J T Hz, NH), 5.10 (2H, s, Phquo), 5.10 = 4.65
(1H, m, CHCH,), 4.50 - 3.40 (48, m, CH, CH,0H), 3.70 (3H, s,

Olie), 3.25 — 2.90 (2H, m, CE,Ph); m/e 400 (i), 162 (49%,

PhCH=CHCOOMe), 131 (20, PhCH=CHCO), 108 (51), 107 (41), 91 (100),

79 (74), 77 (68), 65 (26).

cyclo—(L-Phenylalanyl-D-seryl) (94) - N-Benzyloxycarbonyl-

D-serine (2.39 g, 10 mmol) and L-phenylalanine methyl ester

hydrochloride (97) (2.155 g, 10 mmol) were coupled in the normal



fashion to give the crude protected dipeptide (2.558 g, 64%) which
was hydrogenated and cyclised ag for the LL-diasteceomer, The
crude solid product was washed thoroughly with ether to give (94)
(721.6 mg, 31% from H~L-Phe-0lie,HC1l) which was recrystallised

from methanol to give cyclo-(L—phenylalanyl-D-seryl) (94) as

needles (529 mg, 23%), m.p. 258-268 °c, UV] 20 4 11.2° (¢ 1.0,
DIF), R 1o, 39, Rﬂ 0.62; (Found: C, 61.7; H, 5.9; N, 12.0.

012H14 O3 requires C, 61 55 H, 6.03 I, 12,0%)s v
3 200, 1 685, 1 670, 1 338, 1 108, 1 093, 769, 722, and TO7 cm’l;

3 480,

maxe

0 exch., NH), T7.75 (1H, br s, DZO

0 exch., 0OH),

$ [(CD ),50] 8.04 (1H, br s, D,

egch., yH), 7.21 (54, s, Ph), 4.92 (1H, %, J 5.5 Hz, D,

4.26-4.09 (1H, my Ity 9 Ez, QECHZPh), 2.80-3,35 (2H, m, D0 gives

ABXy T, 01105, 3,54, Joo

$ (CFBCOOH) 8.11 (2, br s, 2 x NH), 7.50 - 7.10 (5H, m, PL),

3 Haz, Q§20H), 3.30~-2,80 (3H, m, CH,Ph, QECHZOH);

4,90 - 4.65 (1H, m, QECHEPh), 4.32 -~ 3,93 (2H, ABX, Jyp 12 Hz,

ax 3+5 Hz, Jpp 3.5 Hzy CH, 0d), 3.53 = 3.14 (34, m, CHCH,OH and
CH Ph); n/e 234 (11%, i), 204 (20, M—CHZO), 143 (6, M-c H ),
115 (8), 113 (9), 92 (15), 91 (100), 85 (22), 77 (9), 65 (18).

Crystallisation of the mother liquor gave a further cro» (83 mg)

m.p. 257-264 °C.

oyclo—(D-Phenylananyl-L-seryl) (100) - cyclo—(D-Phenylalanyl-

L-seryl) (100) was synthesised as above and the product had
identical physical properties with the exception of optical

rotation,BA]DZO - 10.2° (¢ 1.0, DNF).
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E§3}9~(L—[U-14C]Phenylalang}—J—seryl)-n L—[§~14Ql?henyl—
alanine (165 mg, 1 wmol, 100 uCi mmolnl) waé guspended in
freshly distilled 2,2-dimethoxypropane (10 ml). Concentrated
hydrochloric acia (1.0 ml) was added dropwise with swirling and
the solution was stored at room temperature for 24 h, The
brown solution was concentrated at 30-40 °c to give a brown
residue, The residue was‘triturated with ether to yield theA
methyl ester hydrochloride (97) (214.1 mg, 99%), m.p. 155-157 OC.
(lit.,84 159-161 OC), which was coupled in the previously
described manner with N-benzyloxycarbonyl-L-serine (239 mg, 1
mmol) to give a sticky solid (320 mg). Hydrogenation and
cyclisation gave an off white solid which was washed thoroughly
with ether fo give the product (78.3 mg, 33.5% from L-phenyl-

alanine, 14q activity, 84.74 uCi mmol"l) Ry 0.10 (cHC1
. _

B—ACDH;

9:1), RF 0.65; Panax sgcanning and autoradiography of tlec plates
and dilution analysié with inactive stereomecrs showed that the
product contained no more than 0.3% of either the LD- or DL-cyclic
dipeptides (94) and (100).

-1
cyclo-(L—D3~14C]Phenylalanyl—D-seryl) - cyclo—(L~[U~ 40]

| Phenylalanyl-D-seryl) was synthesised as above to give affer
, ' . : . 14
trituration, a solid; (71 mg, 30% from L-phenylalanine) C

- i1 I v .
activity, 45.01 pCi mmol 1; RF 0.33, B, 0.60. Radioscanning
and autoradiography of tlc plates showed that there was only one

radioactive band. Dilution analysis revealed that not more than
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0.5% of the LlL-diasteriomer (24) was present.

cyclo~(D—PhenylalanylnD,Lw[3~14C]seryl) - D,L—[3—14C]Serine

(116 mg, 1.1 mmol, 100 uCi mmol—l) was converted as previously
described to Egbenzyloxycarbony1~D,L—[3—14C]serine (190 mg, 72%).
Tﬁe sample was diluted to 1 mmol with inactive material and
converted in the usual manner to the product (49.1 mg, 15% from
DyL—-serine, 1aq activity, 62.64 pCi mmol™, Radioscanning and
;utoradiography of tlc plates was carried out as above, dilution
analysis showed that the DL:DD ratio was 68:28 and that not more

than 0.1% of the LL-isomer was present in the mixture.

cyclo—(L—[4:3H]Phenylalany1—L~[3~14C]seryl) - L-[3-14c]

Serine (110.6 mg, 1.05 mmol, 100 uCi mmol™") was converted

o N-benzyloxycarbonyl-L-[3- C]serine as before (230 mg, 91.4%,
146 activity, 92.27 uCi mmol™, 97.2% of original specific
activity).

L-[4L3H]Phenylalanine (166.0 mg, 1 mmol; 1 mCi mmol—l)
was converted %o L—[ZLBH]phsnylalanyl methyl ester hydrochloride
as before (228 mg, 100%).

2-1- [3-14C]Ser-0H was diluted to 1 mmol with inactive
compound and coupled with H—L—{ﬁ;3ﬁjPhe-OMe.HCl as before to
give a yellow solid (311 mg) which was hydrogenated and cyclised
to give an off white solid after trituration, (66.8 mg, 28.6%

A - . -1
based on H-L-Phe-OH, g activity, 90.405 uCi mmol ~, 98% of
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reactant’s specific activity), Radiochemical purity was checked
by the methods already described. Not more than 0.2% of the

DL- or LD-isomers, (94) and (100) were prescn%.

Intermediate Trapping Txperiment — cyclo-(L-Phenylalanyl-

L-seryl) (24) (80 mg) was added, in dimethyl sulphoxide (4 ml)

t0 a one day o0ld sheke culture (1 1) of Trichoderma viride.

L-[6-24] Phenylalanine (25 uCi) was fed 2 h later. Afber o
further 2 h, the normal vork up procedure was carried out.
The agueous solution, after extraotiﬁn with chlorofgrm, was extracted
conﬁinuously with ethyl acetate for 3 days. The organic extract
was dried, filtered, and concentrated to a browm solid (34 mg,
0.763 pCi). Unlabelled cyclo—(L-Phe-L--Ser) (48.0 mg) wes added
to a sample of the residue (11 mg)c The mixture was triturated
with chloroformthen crystallised to constant activity (0.33 uCi
mmol-l) with methanol., The activity present in the total
ethyliacetate extract as gzglgg(L—[U—14C]Phe—L—Ser) was calculated
4o be. 0.202 pCi (0.80%).

The aqueoﬁs solution was extracted with ethyl acetate for
a further 3 days and the procedure described above was repeated.
cyolo(L-[U-+4¢] Pre-1-Ser) (0.12 uCi) (0.5%) was present in the

extract.



8.6 Experimental for Chapter 5.

Degradation of Glictoxin by Basic Hydrolysis — Gliotoxin

(23.2 mg, 140 activity 0.762 uCi mmol_l) was hoated at reflux
in 10% sodium hydroxide (7 mi) for 1 h under a stream of
nitrogen, which, after passage through the apparatus, wag bubbled
through 2K hydrochloric acid, Steam distillation was carried
oﬁt,for 10 min, and the distillate was collected in hydrochloric
acid. The combined acid .solutiong were coﬁcentrated t0 a yellow
film which was solidified by precipitation from methanol- ethyl
acetate, to give a yellow solid (3.5 mg) Ry 0.55 (MeOH ~ Pet.
ether — AcOH; 1:1:0.1), g activity 0.012 uCi mmol ™t (1.16%)
~The hydrochloride salt was dissclved in a minimum of water
and phenylisothiocyanate (0.02 ml) was added, followed by
concentrated sodium hydroxide solution (1 drop). The mixture
was cooled for 3 days by which time crystals had formed. The
solvent was removed by evaporétion-and the residue dissolved
iﬁ methanol - chloroform and applied to preparative tlc wvwhich
was eluted with EtOAc - Pet. ether (2:5). The product was

obtained as an oil which was solidified by scratching, (6 mg,

1
514 from gliotoxin), m.p. 109 - 113 °¢ (1it., 0 113 °c),

: . |
Ry 0.20 (Et0Ac ~ pet. ether; 2:5), 14, activity 2.131 nCi mmol

(0.07%); & (60 MHz) 7.35 (m, Ph) and 3.1 (s, Me).

Anhydrodesthiogliotoxin (3) ~ Gliotoxin (46.6 mg, 0.143

mmol) was suspended in dry benzene (10 ml) and stirred
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overnight at room temperature with grade II neutral alumina
(2.03 g). The alumina W;S removed by filtration and washed
with hot chloroform (6 x). The combined filtrates were |
concentrated to give a light yellow solid (26 mg) which was
'purified Yy preparative tlc and crystallisaiion from methanol
to give (3) as slightlyyellow crystals (8 mg, 23%) m.p. 158-160
°a (1it¢,9o 160-161 °¢) Rp 0.5 (toluene — acetone; 9:1); Vinax.

(CHCL.) 1 710, 1 675, 1 605, 1 395, 1 355 om ~; & (60 MHz)

3) |
8.60 (1H, &, J 7,7 Iz, indole CH), 7.80 - 7.25 (4H, m, Ar), 6.15
(18, 4, J 1.5 Hz, olefinic H), 5.25 (1H, 4, J 1.5 Hz, olefinic
H), 3.45 (3H, s, NHe); m/e 227, 226, 199, 198, 197, 170, 169,

144, 143, 130, 129, 116, 115, 114, 89, 88, 55, and 54.

Degradation of Gliotoxin to Anhydrodesthiogliofoxin (3)

. . 1 e
and subsequent Ozonolysis (a) - Gliotoxin (52.4 mg, 4C activiiy,

1.1 uCi mmolﬂl, 3m: Y4 11.1) was convertcd tu (3) as
. 1 ‘s .
described previously, (10 mg, 27.5%, 4¢ acivity, 1.21 uCi

mmol'~1

, 108%, “H:4c 11.2.

The product, dissoived in ethyl acetate, was ozonised for
30 min at - 25 OC. The solvent was evaporated slowly at room
temperature to give the ozonide which was broken down by steam
~distillation in the presence of zine. The agqueous distillate

was collected in dimedone solution aﬁd allowed to stand overnight

resulting in the crystallisation of the dimedone derivative of
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111

formaldekyde (11.32 mg, 88%) m.p. 189-190 °¢ (1it.,” 190-191 °C)

140 activity 0,53 uCi mmol_l. The derivative was recrystallisecd
from ethanol - water to give (5.9 mg, 43%) m.p. 190 - 191.5 OC,
RF 0.72 (&t04Ac - Pet. ether; 1:1), 140 activity 0.580 uCi‘mmol"l
(48%), 3 activity 0.0 uCi mmol™t,

, ibl — The degradation of gliotoxin was repeated to give
anhydrodegthiogliotoxin (10%), 140 activity 0.955 uCi mmol ™t
(165%) , 3H:14C 10.7, which was ozonised for 2 min aﬁd worked
u§ as above to yield the dimedane derivative (44%), m.p. 190-

191 OC, 14q activity 0.408 uCi mmo1 ™ (43%) .

igl —~ Anhydrodesthicgliotoxin (4.9 mg, 140 activity 0.49
uCi mmol_l; 3H:14C 1i,5) dissolved in ethyl chloride was
oéonised for lO'min at -~ 25 OC. After the golution had been
flushed with nitrogen, dimethyl sulphide (0.02 ml) was added
and the solution was alliowed to stand at - 25 ¢ for 1 h, The
temperature was allowed to rise to O °c whereupon water was added
and tﬁe Tlask was allowed to stand at this temperature for 45
min before standing overnight at room temperature. Steam
distillation wés carried out and the dimedonz derivative was
obtained as before (5.5 mg, 87%) and crystallised to constant
14

' .. . -1
activity (2.7 mg) m.p. 192-193 OC, ¢ activity 0,18 pCi mmol

(37%) .

Degradation of Gljotoxin derived from cyclo-(L—fU—l4C]Phe—

.. . -1
L-Ser) - Gliotoxin (50.72 mg, 144 activity 0.57 wCi mmol™ ~)
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derived from the feeding of Ezglgm(L—[U—l4C]Phe—L—Ser), was
converted as above to anhydrodesthiogliotoxin (3.8 mg, 11%,
1 - - .
4 activity 0,570 puCi mmol 19 100%) .
Ozonolysis was carried out at - 25 °¢ for 5 min and dimethyl

- sulphide used for the work up to give the dimedone derivative of

' ' q. 14 s b =1
formaldehyde (0,5 mg, 10%, ~'C activity 5.0 x 1077 uCi mmol™ ")
which was recrystallised (0.15.mg,.140 activity 1.2 x 10"4‘uCi

mmol-l). .

Dehydrogliotoxin (11) ~ A solution of gliotoxin (207 mg,

0.635 mmol) in chloroform was heated at reflux in the presence

of 2,3-dichloro-l,4~benzoquinone (DDQ) for 6 h; The resulting
phenolic precipitate was filtered and the filtraﬁe concentrated

to give a resi&ue vhich was crystallised from chlorcform —

methanol giving (11) as brown ncedles (148 mg, 72%) m.p. 134-185.5

°¢ (1it.,7" 185-186 °c); V... 3490, 1 €70, 1 610, 3 400, 1 060, 725,
and 760 cm“l; n/e 324 (weak, M) 260 (60%, masz), 243 (35), 242
(100,'M~S2~H20), 230 (30, m—sngHZO), 214 (15, m-sz-ﬁzo-co), 185

(13, m-sz-qzo—cﬁBNco), 160 (30), 159 (100), 131 (36), 103 (43),

76 (40, c6H4), 64 (45), 56 (35, CH,=C=NHCH,), with metastable

jons at m/e 225, 189.5, 108, 81, and 56.

1,2,3,4-Tetrahydro-b6-hydroxy—2-methvl-3--methylene~1,4-

dioxcpyperazino[l,2~alindole (104) — A solution of dehydrogliotoxin

(11) (52.5 mg, 0.162 mmol) in acetiv acid (5 ml) and acetic
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anhydride (0.164 ml) was heated at reflux for 3 h., The solvent
was removed by evaporation and the residus aﬁplied to
preparative chromatography to give the product (104) (42 mg)
which was crystallised from ethanocl - chlorofarﬁ giving yellow
needles (24 mg, 61.1%), m.p. 217-219 °¢ (1it., ' 218-219 °c);
Voax, L 680, 1595, 1580, 1 417 - 1 410, 1 380 - 1 350, 1 185,
775, and T30 cm‘l; n/e 242 (1004, 11}, 214 (11, m-cm}, 185 (13,
B~CH,NCO), 159 (100), 145 (25), 131 (50), 103 (70}, 102 (15},
‘ 76 (80), 75 (20), 55 (8o, CH2=C=MHEH3), 55 (35, CH2=G=HUH3), 54
(35, CH,=C=0=0), with metastzble ioms ai ufe 183, 108, 81, and 56;
$ (60 #Hz) 10.7 (1H. s, 0H), 7.54 {1¥, s, indole H), 7.36 —
6.95 (3H, m, Ar), 6,25 (1%, &, J 1.5 Hz, CH), 5.35 (1H, 4, J

1.5 Hz, CH), and 3.42 (3, s, ).

[7—3EJ1,2,3,4~Tetrah§dra-2-maﬁhyl—1w},4~$rioxupyraﬁin@—

[1,22]-indole (5) — Gliotoxin (102.1 mg, T°C activity 1.07 uGi

mmo —1, S M 13.8) was convertcé to anhydrodesthiogiioctoxin

(3) a= described earlier to give yellow needles (11.2 mg, 16%),
m.p. 153-156 °c, 146 sotivity 0.982 pCi mmol {91.5%), 3g, Mg
13.6.

The preduct (3), in aceiic acid (15 ml), was stirred at
room temperature overnight with ckromic aniydride solution
(0.44 nl) from = stock solution of chromic anhydride (260 mg)

in water (10 ml). The reaction was worked uwp as described by
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Ali gj_gi?z to yield a crude residue which wasciriturated with
methanol then crystallised (3 x) from methanol — chloroform(1:1)
to give (5) as an off white solid (2 mg, 18%), m.p. 262-264 °C
(1it., 2 262-263 °¢), Y4¢ activity 0.0 uci amol™Y, 3H activity
15.3 uCi mmol ™Y (103%) 3 Viax, L 135 1 690, 1 400, 1 350, 740
cm'l; m/e 228 (39%, 1), 143 (100), 115 (65), 88 (22), with

metastable ions at 92.5 and 67.3.

Glycine Anhydride (108) - Clycine (50 g, 670 mmol) was

converted by the method of Schott gi.gl.94 $0 glycine anhydride
(27.81 g, T4%), m.p. 285-300 °C (decomp.) (1it., Y2 311-312 ¢,

decomp., rapid heating); v 3 195 - 3 165, 3 050, 1 707 - 1 6830,

ma]fi.
1 470, 1 445, 1 3403 cm’l; m/e 114 (62%, 1), 86 (10, ¥-CO),

71 (43, B-HNCO), 56 (10, H—CH2NCO), 43 (42, 13HCO).

HH-Diacetyl CGlycine Anhydride (109) - Glycine anhydride

(1.018 g, 8.93 mmol) was heated at 100 °C in acetic anhydride

(5 m15 for 3 h then cooled to O °¢ and pourcd onto ice (250 ml).
An o0il separated which solidified on stirring and scratching.
The ice-solid mixture was filtered, collected and the ice
melted to Fform a solution which was neutralised with sodium
hydroxide solution. The solution was exiracted with chloroform
several times and the combined organic exitracis were dried,
filtered and concentrated to give a solid which was crystaliised

from ether — pet., ether {60-20 °¢) to zive the product (109)
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(1.48 g, 84%) m.p. 101-102 °C (1it.,*%3 102 °0)s v (nujol)
MaXe

-] i
1730 - 1700, em ~; & (60 1Hz) 4.65 (45, s, 2 x CHZ),2.65 (64, s,
exile)s w/e 198 (18%, 1), 170 (33, u -C0), 156 (21, M+H-CH300), 114

(26, M+H2~?CHBCO), and 43 (100, CH3C0).

L-Proline Methyl Ester Hydrochloride — L-Proline (14.4 g,

0.125 mol) was converted into its methyl ester hydrcchloride
by the method of Brenner and tuber 4o give an oil (19.6 g,
95%) , 5_(CD30D) 4.65 - 4,15 (1H, m, CH), 3.85 (3H, s, OCH3),

3.60 - 3,05 (2H, m, HCHZ), and 2,70 - 1,75 (44, m, 2 x CHZ).

N-Pyruvoyl-L-proline ilethyl Zster (ii4) - Trietizylamine

(2.4 ml) was added to a suspension of L-proline methyl ester
hydrochloride (3.3 g, 20 mmol) in methylenc chloride (80 ml)

at 0 °c. Pyruvic acid (1.76 g, 20 mmol) and DCC (4.12 g, 20
mmol) were added and the mixture stocd at room temperature over-
overnight. The DCU was filtered off through a Celite pad which
was washed with 1l hydrochloric acid (2 %), water, saturated
sodi&m hydarogen carbonate solution (2 %) and water, then dried,
filtered and concentrated to giﬁe a vellow oil (3.397 g, 84.5%).
Fractional distillation gave a clear oil (79 mg, 184). b.p.

72 °c/0.06 mm Hg (lit.,96b 321 °c/0.1 mm Hg),B>QD15 - 87.3°

(¢ 1.1, chloroform) (1it.,96b - 69%); v . (#hin film) 1 744,

max

1 725, 1 640, 1 350, cm’1; & (60 ¥ilz) 5.10 - 4.35 (18, m, CH),

4,05 - 3.50 (2H, m, HCH,), 3.80, 3.78 (3H, two s, 0CH,), 2.45
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and 2.43 (3H, two s, ca3co), 2.60 -~ 1.65 (44, m, qugzqu);

n/e 199 (weak, M), 156 (38%, H—CH3CO), 140 (25, M-CHjoco), 128

(100, B-CH,COCO), and 70 (91). -

3

. {28,58)~4,5-Dimethyl-3,6-dioxo~5-hydroxy—1,2—trimethylene—

piperazine (115) — A solution of distilled H-pyruvoyl-L-proline

methyl ester (114) (209 mg, 1.05 mmol) was cyclised with
methylamine as described by Lee96h to give necedles (894 mg,

138%), m.p. 135-137 % (1it.,9%% 145-148 °c),[=d.%° - 147.6°
(¢ 0.5, ciely) (1i%.,7%% — 146°) (Found: C, 54.67; H, 6.91;

N, 13.98. 09H14E203 requirss C, 54.54; H, 7.07; ¥, 14.14%);

Voo, 3280, 1672 - 1 660, 1 640, 1 100 er}; § 5.01 (1H, br

s, DO exch., OH), 4.45 - 4.18 (1%, m, CH), 3.70 - 3.34 (28, m,

2

HCHZ), 3.01 (3H, s, Hie), 2.55 — 1.60 (4H, m, CHqggqgg), 1.73
(38, s, ¥e); nfe 198 (weax, i), 180 (24, ﬁ+ﬂ20), 152 (11, B-H,0

—c0), 151 (11), 124 (62, ﬁ—H20~2CO), 95 (13), 74 (11, cns(os)

C=NleH), T0(65), 69 (19), 68 (20}, 58 (14), 56 (31), 55 (100),
and 54 (46).

(25,58)~T4—"4] Hethyl-3,6-dioxo-5-hydroxy-5-methyl-1,2—

t»imethylensepiperazine - Sodium hydroxide (40 mg, 1 mmol)

1 .
was added to an agueous solution of [ 4C] methylamine
| i -1,
hydrochloride (67.5 mg, 1 mmol, 250 Ci mmol ~ in 2.5 ml water).
The solution was hezated at reflux for 8 h, and the methylamine

generated was carried in a siream of nitrogen into 2 flask
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containing a solution of gfpyruvoyl—prroline methyl ester (114)
(199 mg, 1 mmol) in dry dimethoxyethane (10 ml}, cooled to ~50
°C. The reaction flask was stored at 0 °¢ for 48 h., Methyl—
-amine (10 mmol) was passed intc the reaction flask by the same
pr&cedure and the mixture was left at 0 °C for 5 days. EIxcess
methylemine was removed Uy passing a stream of nitrogen through
the-reaction gixture and into a trap of hydrochloric‘acid.
Cchentration of the reaction mixture gave a solid residue
which was crystallised from ethanol - pet.'ether tc give needles
(36.3 mg, 18%), 14g activity 171.2 uCi mmol ™ (68.5%), Rp 0.46
(Acetone —~ toluene; 2:1), Ry 0.37 (Et04c ~ MeOH3 6:1), Rp 0.47
(aéetone). ; |

Unlabelléd product (115) (40 mg) was added to the mother
liquor and its crystallisation was{repeatea to yield a further
crop of (115) (35 mg, e activity 95.3 pci mmol™Y. Radiochemical
purity of the first crop was tested by Panax scanning, auto-
radiography and dilution analysis and found to be 94.4%. The

SyS-diastereomer was the only impurity, RF 0.43 (acetone — toluenes

2:1), 0.26 (Zt0Ac — MeOH; 6:1), 0.38 (acetone).

(25)-3,6-Dioxo—4-methyl-5-methylene—1,2-trimethylenepiperazine

111) - The hydroxydioxopiperazine (115) (50 mg) was ireated
with anhydrous trifluorocacetic acid (0.5-w1) for 1 min resulﬁing

in quantitative conversion to the dehydrated product (111);
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5 (cp cooH) (60 MHz) 5,90 (1M, d, J 2 Hz, exo methylene) 5,15 (1H,
d, J 2 Iz, eco methylene), 4. 65—4 15 (11, m, CH), 4«05—3;65 (em,
m,Nm%),3J5 BH,S,NM%)QamiZJB«L9O(4H,m,CHQ%&b)

(28,5R)=3,6=Dioxo~5~hydroxy ~5-methyl-l, 2-trimethylene—

piperazine (116) - N-Pyruvoyl-L-prolinc methyl esier (114)

(500 mg, 2.5 mgol) was c¢ycligsed in the presence of ammonia as

Q
described by Lee’6b to give plates (234 mg, 51%), m.p. 194 — 198

96b

0 -
¢ (decomp.) (11t.,”°° 177 %0),B<1 *0 - 147.7° (¢ 0.10, cHeL,)
- 2

(1it.,7%P = 144%) (Found: €, 52.15; H, 6.705 X, 14.98. C g, 0,

requires C, 52,173 H, 6.52; ¥, 15.22%) Vies (Nujol) 3 200,
3070, 1 670 - 1 645, cn™ >3 & [(cn,),50] 8.77 (1, br s, DO

exch.), 6.43 (1H, br s, D0 exch.), 4.40 — 4.05 (1H, m, CH),

2
3.60 - 3.10 (2H, m, NCHZ), 2.30 - 1.60 (44, m, CHCH CHZ), and 1.4
(3H, s, ¥e); m/e 184 (3%, M), 166 (30, E—HZO), 138 (18, ¥-H,0
-C0), 110 (55, ﬂ—H20~200), 97 (18), 70 (100), 69 (32), 68 (30),

(28)-3,6-Dioxo-5-methylene—1,2-trimethylenepiverazine

{112) — The preceding compound (116) (250 mg, 1.36 mmol) was
tfeated with anhydrous trifluoroacetic acid as describedgsb

to yield (112) (87 mg, 38.5%), m.p. slow decomposition (li‘!:.,96b
240 °¢) (Found: C, 57.66; H, 6.20; N, 16.71. CgH, 1,0, C; 57.83;
H, 6.02; N, 16.87%) v___ (tujol) 3 200, 3 080, 1 675, 1 630 em ™1
m/e 166 (80%, W), 138 (36, 1-C0), 137 (17), 110 (100, 1~2C0),

82 (16), 70 (29), 69 (12) and 68 (17).
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Ozonolysis of (28)-3,6-Dioxo-5-methylene-1,2-trimethylene~

piperazine (112) — A solution of (112) (11;8 mg, 0.071 mmol)

in ethyl acetate (5 ml) was ozonised and worked up with
dimethyl sulphide as described previously to give the dimedone of

formaldehyde (10.0 mg, 48%), m.p. 191-192.°%C.

Ozonolysis of (23)—3,6—Dioxo-[4—140]methyl:ﬁ-methylene-l,2—

trimethylenepiperazine (111) - (25,5R)- [4-1403Methy1-3,_6-dioxo-

S5-hydroxy-5-methyl-1,2-trimethylenepiperazine (24.25 mg, 2.79

N Ci mmol-l) was dissolved in trifluoroacetic acid and shaken for
5 min. The solvent was removed under vacuum. The residue (111) was
dissolved in ethyl chloride, ozonised,and worked up.with dimethyl
sulphide as described previously to give the dimedone éerivative
of formaldehyde (19.3 mg, 54% 0.02 ¥Ci mmol™'). Recrystallisation
from methanol-ether gave needles (11.5 mg), MaPe 191—191.500,

146 activity 0.01 pCi mmol™t.

Attempted Oxidation of the Phenol (104) - The phenol (104)

. . 2
(10 mg) was treated with chromic acid as described by Ali gj.gl.g

A black solid was obtained which could not be characterised.
The phenol (10 mg) was acetylated as described by Ali 33_31.92

and treated with chromic acid as above. No simple product could

be detected. -

Attempted Alkylation of WN-Discetyl Glycine Anhydride (109)-

The diacetylated anhydride (109) was treated with formaldehyde

by fhe method of Gallina ang Liberatori95. A plastic film was

obtained which showed several spots on t.l.c.
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8.7 Experimental for Chapter 6.

§~Benzyloxycafbonyl—L—serine Methyl Zster (124) - L-Serine
methyl ester hydrochloride was converted into»Efbenzyloxycarbonyl—
L~serine methyl ester by the method of Gutitman and BoisSonas71
in 80% yield as an oil. A sample was purified by vacuum
distillation (;55 °C, 0.1 mm ngﬁmﬂD15 + 5.75’(3 2.0, chloroform),

[d,' - 10.9° (g 1.6, methanol) (1it., %

- 13.29); Voo, (hin
£ilm} 3 680 - 3 140, 1 760 - 1 680, 1 560 - 1 490, 1 065, 745,
and 705 om Y3 & (60 Mz) 7.40 (5H, s, Ph), 6.20 - 5.65 (1, m,
D0 exch., NH), 5.15 (2H, s,.PhCEEO), 4.70 — 4.30 (1H, m, qgoﬁ2),
4.05 - 3.80 (2H, br d, J 4 Hz, CH,0H), 3.75 (3H, s, OCHB), 2.75

(1H, br s, D,0 exch., OH); m/e 253 (weak, M), 162 (M-C7H7), 150,

2
108, 107, 92, 92, 79, 77, and 65.
N-Benzyloxycarbonyl-Di-serine methyl ester was similarly

prepared in 87% yield.

E~Beﬁzyloxycarbonylfg-tnbutylmL—serino Methyl Ester (125)
—~ The t-butyl ester (125) was synthesised from gfbenzyloxy—\ |
carbonyl-L-serine methyl ester (124) by the method of Callahan
33(21.101 to give an oil which was taken up in pet. ether (80-
100 OC) with slight warming and decanted from an insoluble oil.
The‘solvént wag removed by evaporation'and the residual oil
was taken up again in a minimum of pet, ether (80-100 oC) a’h
room temperature. The solution was cooled overnight to give
crystals which were recrysiallised as ucedles (125) (53%), m.o.

41-43 °c (1:‘Lt.,115 42-44 OCZEx]Dll + 4.6°(c 1.4, TtOH) (Lit., 0t
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- (o] 11 »
+ 6.0 ),[odD x 4.0° (¢ 1.2, 1e0H) (1it., ™ + 4.0%); v

mai.

3 480,~- 3 300, 1 750, 1 730, 1 510, 1 395, 1 365, 1 205, 740,
-1 .

andl 700 cm "3 & (60 MHz) 7.35 (5H, s, Ph), 5.65 - 5,40 (1H,

br 4, NH), 5.15 (2H, s, Phquo), 4,60 - 4.25 (1H, m, QgCHZ),

3.95 — 3:40 (2H, ABX, Jpx 40 Hzy Jop 3.0 Hz, J,5 9.5 Hz, CHQ§2),

AB
end 3.75 (3H, s, OMe), 1.10 (9%, s, Bu'); w/e 309 (weak, M),
223 (22%), 162 (28), 108 (10), 107 (10), 92 (11), 91 (100), 79
(15), 77 (10), 65 (12), 57 (37). ‘
N--Benzyloxycarbonyl-O-t-butyl-DL-serine methyl ester was

similarly prepared in T4% yield, m.p. 77-79 °C (lit,;l14 78.5-

79 °c).

N-Benzyloxycarbonyl-O-t~butyl-L-serine (122) - A solution
of H-benzyloxycarbonyl-O-t-butyl-L-serine methyl ester (10.64 g,
3444 mmol) in 2M sodium hydroxide (34.4 ml) and ethanol (34.4 ml)
was shaken for 10 min. Acetic acid vas added to neutrality and
after removal of ethanol by evaporation, the residue was taken up
into a mixture of methylene chloride and water. The aquedus
layer %as separated and extrdcted with methyleneychloride (2 x).
The combined extrscts were dried, filtered and concentrated.
The residue was then taken up in 10% sodium hydrogen carbonate
solution.(ISO ml). After washing twice with ether (20 ml), the
aqueous solution was cooled and acidified with concentrated
ﬁydrochloric acid, then extracted with etber (4 x). The organic

extracts were dried, filtered and concentrated to an 0il which
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solidified after several hours under vacuum (9.472 g, 93%).

Crystallisation from cyclohexane gave nesedles (8.65 g, 85.2%),

m.p. 81-86 °C (1it.,%01

87-87.5 °¢); Ry 0.5 (pot. ether - F4OAc-
AcOH; 2;1:0.1),&&]D18 + 18,0° (c 2.4, EtOH) (111;.,101 + 22.7°);
Viax, 3 435, 3 300 - 2 800, 1 750, 1 730, 1 665, 1 530, 1 385,
1365, 1 210, 1 080, 730, and 695 cm“l; & 11.40 - 11.20 (1H, br
sy D0 exch., COOH), 7.37 (54, s, Ph), 5.90 — 5.55 (1H, m, D0
e#ch., NH), 5.15 (2H, s, PhQEZO), 4,70 - 4.30 (1H, m, Q§CH2),

4.05 = 3.45 (2, ABX, J, 9.5 Hz, J,. 4.0 Hz, Jo 3.0 Hz, qgeogut),

t ; ,
1.15 (9H, s, Bu); m/e 295 (weak, M), 209 (6%, M+H~CH OBut), 148

2
(1), 108 (5), 107 (9), 92 (11), 91 (100), 90 (11), 79 (9), 77 (13),
65 (25), 59 (15) and 57 (50). '

N-Benzyloxycarbonyl-0-t-butyl-DL-serine was also synthesised

by the ahove procedure yielding an oil (86%).

EfBenzyloxycarbonylfg—t—butylfﬁ-methyl—L—serine (128) ;
Methyl iodide (2.5 ml) and sodium hydride (660 mg, 27.5 mmol)
. were added to a stirred, ice cold solution of H-benzyloxycarbonyl-—
th—butyl—L—seriﬁe (122) (1.475 g, 5 mmol) in dry tetrahydrofuran
(20 ml). Stirring was continued for 3 deys &t 0 °C. The solution
was decanted from cxcess sodium hydride and then ethyl acetate
followed by 2 few drops of water, were added {to the solution to
destroy suspended sodium hydroxide and hydride., The solvent was
removed by evaporation and the residue was taken up in a mixturc

of water (100 ml) and ether (30 ml). The orgenic phasc was



separated and extracted with sodium»hydrogen carbonate solution,
The combined aqueous cxiracts were cooled, zcidified to Il 3-4
with citric aéid and éxtracted with ethyl‘adetate. The organic
exiracts were washed with water, dried, filteved aﬁd concentrated
to give (128) as an oil (1.51 g, 98%) which showed one spot on
tle, Ry 0.3 (pet. ether — EtOic - AcOIH; 2:1:0,1),@dD15 + 4.8°

(e 1.5, CH013),(Found} c,‘62,25; H, 7.203 ¥, 4.54. cléﬂg‘mo_

. 375
requires C, 62,133 H, 7.445 N, 4.53%); Vo (CHCI3) 3 300 -

2 800, 1 770, 1 T30 = 1 69C, 1 395, 1 365, em '3 & (60 WHz) 9.65

-~ 9.25 (1H, br s, DO exch., COOH), 7.35 (5H, s, Ph), 5.15 (2H,

2
sy PhCE,0), 5.00 - 4.55 (1H, m, CHCH,), 3.95 - 3.60 (2H, m,

CH OBu?), 3.03 (3", s, NHe), and 1.15 (94, s, But); n/e 309 (weak,

2
- 4 : 7
H), 223 (9%, MeH-CH,CBu’), 148 (8), 92 (15), 91 (100), 77 (9), &5
(19), and 57 (36).
N-Benzyloxycarbonyl-O~t-butyl-l-methyl-DL-serine was

similarly prepared as an oil (87%).

H}Benzyloxycarbonylfg—tnbutylig—methyl—L—serine Methyl Es%er
{130) - ErBeﬁzyloxycarbony1~9—t-buty11§~methyl—L—serine (128)
(3.68 g, 11.9 ﬁmol) was dissolved in ether and a solution of
diazomethanellé in ether was added until a yellow solution ﬁas
observed., The solution was stood overnight and washed with sodium
hydrogen carbonate solution, dried, filtered, and concentrated-
to a yellow oil, (3.624 g, 94%), Ry 0.45 (pet. ether — EtOAc;‘4:l).

A& sample was purified by preparative tlc 1o give the methyl ester
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(130) as a clear oil,[°<]D2L - 7.6° (¢ 2.7; CHC1.), (Found:
J .

¢, 63.00; 1, 8.01; N, 4.31.

I3 res .103 K
17 ?,JO requires C, €3.163% 1,

TeTds Ny 4.33%)5 v (thin film) 3 700 -~ 3 100, 1 740, 1 695,

male

1 395, 1 360, 735 and 695 om—lg 5 (60 1Hz) T7.40 (5H, s, Ph),

5.20 (28, =, PhQEQO)y 4.95 - 4.50 (1H, m, CECHz), 3.90 — 3,50

(2H, m, CH OBut), 3.75 (31, br g, COOMe), 3.05 (3H, s, Wie),

>
and 1.15 (95, s, Pu'); m/e 323 (wesk, W), 237 (204, V;HMCH,OEut)

9

162 (16), 146 (20), 102.(25), 92 (14), 91 (100), 65 (10),
(10), 57 (35).

Ont ﬁu{yluﬂ-m‘th r1-L-sorine Hethyl Ester (129) - 4 solution

of H-benzyloxycarbonyl-O-~t-butyl-N-methyl-L-serine metiyl ester

(130) (3.454 g, 10.7 mmol) in methanol (100 ml) was

bﬂ
o
4
¥
)
o]
(@01
(O]
n
W
L—L
e
oy

over 10% palladium on charcoal for 40 min. The catolyst was

removed by filtration through a Celite pad., The filtr=te vas
0 O &

O

concentrated to give the amino ester (129) (1.9 g, 74%), Ry O.

(CHCL, - 1eOH — Bt 10:1:0,01) (Found: C, 57.1: H, 10.23;

W, T.29. CgH) g0, requires G, 57.145 I, 10.05; T,

(thin film) 3 600 -~ 3 200, 2 800, 1 740, 1 390, 1 360, and

r—«

T.435)

ma:: °

1 085 cm‘l; & (60 miz) 3.95 (3H, s, Olle), 3.75 - 3.20 (3H, m,

CHCH,), 2.45 (3H, s, Hie), 2.05 (1H, br s, D0 exch,, L), and

5)
1.15 (9, s, Bu').

Benzyloxycarbonrl-L~ohenylalonyl-0O-t-butyl-il-m

serine Mothyl Ester (136) —~ DCC (228 mz, 1.1 mmol) was addsd -




_156~

to an ice cold solution of benzylozycarbonyl—L—phenylalanine (81)
(299 mg, 1 mmol) and the methyl ester (129) (189 mg, 1 mmol)

in methylene chloride (10 ml), then the rcaction was allowed to
stand overnight at room temperature. DCU was removed by
filtration through a Celite pad and the latter wvas washed with
methylene chloride., The filirate was washed with 1M hydrochloric
acid, watér, sodium hydfogen carbonato solution and water, then
driedy, filtered and conéentrated to an oil., The oil was taken
up in a2 minimum of acetone and a further precipitaﬁe of DCU

was removéd by filtration., ILvaporation of the sclvent left an
0il (414 mg, 88%) showing one major sooi on tlc corrssponding

to the product {136), Ry 0.60 (pet., ether - 7t04c — AcOH; 12:6:1)
and one minor spot corresponding to DCU, RF 0.95).

A sample of the 0il was purified by preparaitive tlc for

. . 1 -
analysis o give the protected diveptide (136), &x]D 5 + 6,75°

(c 1.14, CHClS) (Found: C, 66.223 4, 7.08; N, 5.80, 026H34H206
requires C, 66,385 H, 7.23; N, 5.96%); v___ (CHCl3) 3 430,

1 740, 1 720,‘1 650, 1 500, 1 395, and 1 365 cm—l; $ (60 HHz)
7.35 (5H, s, Ph), 7.25 (54, s, Ph), 5;85 - 5.55 (18, m, NH), 5.10
(2H, br =, PhQ§2O), 5,20 - 4,60 (2H,’m, 2 x ca), 3.85 - 3.55 (24,
m, Q§2OBut), 3,70 (3H, s, COOMe), 3.05 (3H, s, Hie), 3.20 - 2.80

; t
(2H, m, CHPu), 1.15 (9, s, Bu’).

2

cvclo~(L-Phenylalanyl-O-t—butyl-l-methrl-L-geryl) (138) -

L solution of henzyloxycarhonyl-~L-phenylalanyl-0-t-buiyl-L-



methyl-L~serine methyl ester (128) (2.185 g, 4.65 mmol) in
methanol (100 ml) was hydrogenated for 5 h in +he presence of
10% palladium on charcoal (220 mg) end zcetic zcid (6 mi).

The catalyst was removed by filtration throush a Celite pad,
vhich was washed with hot methanol and the filtrate was .
concentrated to an 0il, Residual acetic zcidé was removed by
azeotroping with methanol and the resulting oil was tzken up in
acetone — pet, ether and ecoled. Crysizals wers filtered off
and washed with ethyl acetate then ether. Recrystallisation

from ethyl acetate yizlded cveclo—{L—vhenylalanyl-0-t-buivl-ll-

methyl-D-seryl) (139) as cubes (120.2 mg, 8.5%), m.». 213-215

o F ~ T ’ by
C, Rp 0.45 (Found: G, 67.303 H, 8.05; H, 9.39. 017.ﬁ4m203
1 20

regquires ¢, 67.10; H, 7.89; W, 9.21%),[« - 123.8° (¢ 1.0,

CHGl3); v 3 270, 1 688, 1 645, 1 100, 760 — 750, and T05

max,

cm“lg $ 7.25 (5H, m, Ph), 5.88 (1%, br s, HH), 4.45 — 4.28 (15,

ABX, J,. 13.5 Hz, CHCHPh), 3.90 — 3.47 (42, m, 2 x CH,},

Ix
2,96 (3H, s, Hle), 2.95 - 2.62 (14, 4BZ, Ty * Ipx 25 Bz,

) t 14 o =
CHCHZOBut), and 1.12 (9H, s, Bu )5 m/e 304 {weak, m), 218 (35%,

M+H~CFZOBu. , 127 (50), 99 (16, CH=CHOB="), 91 (100}, 65 (20},

57 (100}, 56 (25).

The mother liguor, taken up in ethyl zcetate — pei, ether
(1:1), was separated by column chromaiograchy on alumina o (60 g).
Elution with ethyl acetate - pet. ether (1:1) g=ve fractions
containing a solid which was crystal]ised from zcetene - pet{

ether to zive the cyclo-diveptide (138), {442 mz, 31.3%), m.p.




n O 20 ;
133-138 °¢, L%~ 149.7° (¢ 1.4, cac1,) RFP 0.25, (Founds

c, 67325 H, 8.09; W, 9.32. reguires C, 67,103 H,

0171124 7 203

7.89; W, 9.21%); v 3 350, 3 235, 1 680, 1 650, 1 390, 1 365,

maile.
1 095, 750, and 700 om Y3  7.41 - 7.14 (5%, m, Ph), 5.85 -
5.75 (1H, br s, WH), 4.20 - 3.88 (28, m, 2 z CH), 3.80 - 3.70
(28, m, ngPh), 3.55 - 2.98 (21, ABX, I,y 11 By T 3.5 Ha,
+ |
Jyp 13 Hz, CH0Bu )s 2.99 (3B, s, Hie), znd 1,20 (94, s, But);
I3 (CDBOD) 7.29 (58, m, Ph}, 4.14 (1€, br t, J 7 Hz, qggﬁzph),

4.02 (1, t, J 3 Hz, GHOH,0H), 3.81 - 3.31 (2H, ABK, J,, 3 Hz,

2

Iz 3 Hzy 3,5 10 Hz, c§203u‘), 2.24 (28, vr 4, J 7 Hz, CHPH),

4Bt

3.01 (3H, s, lHe), and 1.22 (94, s, Fut); n/e 304 {(weak, ¥),
SRS N

218 {90%, M+H-CE,0Bu"), 127 (100), 99 (20), 91 (32), 57 (57),

and 56 (7).

cyclo—{ L—Phemrlalanylwﬂum@th:ﬂ-h—zs =1) (29) ~ erclo-

(L-Phe—L—(ﬂMe,OBut)Ser) (138) (99 mg, 0.33 mmol) was dissolved
in 45% HBr — AcOH (1-2 ml) over a period of 10 min, Dry cther
(ca. 50 ml) was 2dded and the conbenis were: mired and cooled
overnight to precipiiste a2 white solid which was Iriturated
with ether., On exposure to zir an oil {160 mg) was formed
vhich was applied to preperative tle. The product (29) was
obtained as an oil which was solidified by slow evaporation
from ethyl acetate, then recrystallised from othyl acctate to

give fan-like crysials (30 WE s 37’%% m.p. 164.5~165 QG, [«% 3@2] -
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[¢]
- 127.6° (c,1.0, MeOH); Ry 0.15 (chloroform — methanol -
diethylamine; 15:1:0.1); (Found: G, 62.605 H,. 6.49; N, 11.50.

€3l gN,05 requires C, 62,905 H, 6.45, N, 11.29%); v 3 300,

1 665, 1 650, 1 090, 750, and 705 cm”l; I3 KCDS)OSO] 7.92 (1H,

max.,

br. s, D,0 exch,, WH), 7.50 - 7.05 (5H, m, Ph), 5.18 (1H, br t,

2

J 6 Hz, D0 exch., OH), 4.04 (1H, m, sharpens on D0 shake to

2

br t, J 6.5 Hz, QECHZPh), 3.81 (11, m, sharpens on DZO shake

1o br t, J 3.5 Hz, Q@CHQOH), 3.72 - 3.15 (2H, m, sharpens on
D0 shake to ABX, J
(eH, br 4, J 6 Hy, CH

ax = Jpx 3¢5 Hz, J,5 12 Hz, QQZOH), 3.07

2Ph), 2,86 (3H, s, WHe)s m/e 248 (6%, u),

218 (100, H—CHZO), 189 (20), 157 (13, H»C7H7), 129 (23, M-PhCI,CH=ITI),
127 (63, M—C7H7-CH20), 120 (12), 99 (25), 91 (64), and 65 (14)

with metastabvle ion at 191.5.

cyclo-(L—Phenylalanylfg-acetylﬁ§~methyl—L-seryl) (140) -

The previous experiment was allowed to stand fobf 30 min, then
worked up as usual. The acetyl derivative was obtained from
prepafa%ive tlc. ag an oil which was solidified by slow evanoration
from acetonc. The solid was triturated then crystaliised from

acetone, to give the acetyl nroduct (140), (5 mg, 6.0%), m.p.

172 -177 °CyE&dD24 - 141.7° (g 0.6, MeOH), Ry 0,35 (chlovoform —
methanol — diethylamine; 15:1: .1}, (Found: C, 61.75; H, 6.03;
N, 9.46. 015H18N204 requires ¢, 62,073 Hf 6.215 N, 9.65%); Ve,

3 250, 1 750, 1 685, 1 640, 1 230, 755, and 710 cm—l; S (CDéOD)
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7.35 (54, br s, Ph), 4.40 - 3,95 {3H, m, CHL,0Ac, QgCHZPh), 3,63~
3.41 (1H, ABX, Tyx + Jpy 195 Hz, QECHZOAG), 3.25-3.05 (2H, m,
ngPh), 3.05 (3H, s, NHe), 2.05 (3H, s, Olle);- m/e 290 (8%, M),
230 (64, M—CH3COOH), 157 (37), 127 (24, M_CTHY—CHOOAC), 111 (29),
91 (100), and 65 (30).

qyclo~(L«Phenylalanyl—ﬂmmethyluD«seryl) (141) - cyclo-(L~

Phenylalanyl~O-t-butyl-N-methyl-D-seryl)(129) (80 mg, 0.263
mmol) was converted as described for (138) into the cyclic

dipeptide (141), (15 mg), m.p. 159-166.5 °C and recrystallised

from methanol - ether — pet. ether (6.3 mg, 9.5%) m.p. 163.5-
165 °c,BxlD?2 - 47.8° (c 2.8, MeOH), (Found: C, 62.63; H, 6.35;

N, 11,14, ¢ 1, N,0, Tequires C, 62.90: H, 6.45; W, 11.29%);

13

Vioax, 3 3805 3 260, 1 690, 1 645 - 1 630, onty & (cD40D) 7.20

5H, s, Ph), 4,38 (1H, br ¥, J 5 Hz, qgcngPh), 3.85 (2H, 4, J

2.5 Hz, CH,0H), 3.50 - 3.08 (m, CHCH_OH, CH,Ph), 2,83 (3H, s,

2 2
NMe)s m/e 248 (168, 1), 218 (96, M-CH,0), 188 (28), 157 (20,
M—07H7)? 129 (30, M~PhCH20H=NH), 127 (75, M—C7H?— CHZO), 120

(18), 99 (25), 91 (100).

qyclo—(L4fU-l4CﬂPhenylalanyl:ﬁ»methyl-L—seryl) - L—CU-14C]

Phenylalanine (165.5 mg, 100 pCi mmol_l) was converited as
previously described into benzyloxycarbcnyl~L—[U—l4C]phenylalanine
(97%, L4q activity, 83.8 uCi mmol"l),thén-coupled with O-t-Dbutyl-
F-methyl-L-serine methyl ester (129) (1 mmol) to give an 0il

(87%). Hydrogenation was carried oulb as normel to give an oil



The 0il was dissolved in 45% HBr/AcOH over & 30 min period and
worked up as usual to give, after prepérative tlc and crystallisation
the product (29) as cubes (39 mg, 16% frogm Z~L;Phe—0H), m.p.

164 - 165 °a, g activity 82.78 pCiAmmol—l (o8.8%).

The presence of only one radicactive product wes established

by radioscanniné and autoradicgraphy of tlec plates rum in 3

solvent systems and by dilution analysis with unlabelled cycle-—

(L-Phe-L~(HNile)Ser) as dildent.,

N-Benzyloxycarbonyi—-O-t~butyl-L-serine t-Butyl Ester {126)

~ N-Bengyloxycarbonyl-L-serine (4,78 g, 20 mmol) was converted

101
to (126) by the method of Callahan et 2l. to give an oil (5.23 g,

T5%)s v . (£film) 3 490 - 3 250, 1 760 - 1 690, 1 500, 1 390,

max
1 360, 735, and 695 cm“l; & (60 Miz) 7.35 (5H; sy Ph), 5.80 ~

5,40 (iH, m, NH), 5.15 (2H, s, Phcgz), 4.55 - 4.15 (1H, m, CH),
£4,00-3.40 (2H, m, quonut}, 1.65 (SH, s, COOBu') amd 1.10 (9H,

s, CH0Bu'); m/e 351 (weak, 1), 209 (35%), 148 (25), 91 (100),

2
57 (68).

O—t-Futyl-N-methyl-DL—serine (132) - A solution of H-benzyl-

oxy carbonyl-0—t-butyl-N-methyl-Dl-serine (535 mg, 1.79 mmol) in
methanol (20 ml) and acetic acid (0.1 ml) was hydrogenated for
2 h over 10% palladium on charcozl (50 mg). The solution was

filtcred and evaporated to give a solid which was crysiallised

from methanol — ether to yield the amino-zcid (132) (271 mg,
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86%), m.p. 191-198 °C (sublimation), (Found: C, 54.805 H, 9.563
N, 7.93. C gl NO, requires C, 54,865 H, 9.71; N, 8.00%); Y
(Fujol) 3 600 — 2 200, 1 650 — 1 590,- cm’l; s (CDBOD) (60 ﬁsz)
4.20 - 3.25 (3H, m, CHCHZ), 2.75 (3H, s, Nie), 1.25 (9H, s, But);
m/e 176 (week, M+l), 175 (weak, M), 102 (45%, M-OBut), 89 (100,
1‘1+H-01{203ut), 88 (45, IvI—CHZOBut), 74 (64), 57 (100), and 56 (44).

Attempted Hydrolysis of the Ester (125) — The ester (125)

was treated with lithium iodide in dimethylformamide103 and with

104

sodiur thiomethoxide in hexamethylphosphoramide. Starting
material was recovered in both experiments and there was no

evidence for hydrolysis.

Attempted Hydrolysis of the Ester (126) - The ester (126)

was treated with benzene and p-toluenesulnhonic acid. The product
was studied by t.l.¢. and n.m.r. spectroscopy and found to be
& mixture of the sitarting material and two other products of which

Z~1~Ser-OH was predominent.

Attempted Deprotection of the Butyl Ether (138)~ The butyl

ether (138) was treated, in turn, with benzene and p-toluene-
sulphonic acid under reflux, trifluoroacetic acid, and chloroform-
hydrochloric acid. Starting material was Tecovered in all these
‘experiments. The ether (138) was treated with benzene-goncentrated
| sulphuric acid under reflux.’The product showed several spots on

t,l.c.
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