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SUMMARY

The constitution and stereochemistry of €-caesalpin, a
furanoid diterpenoid from Caesalpinia bonducells, has been derived
from chemical and spectroscopic evidence. The proposed structure
was verified by x-ray analysis of a p- bromobenzoate derivative,
which in addition provided the absolute configuration. An attempt
to determine the absolute configuration of ot~-, f#-, and O -
caesalpins by direct correlation with € - caesalpin was unsuccessful,
This research revealed several inconsistencies in the results of
previous workers on the stereochemistry of these compounds, and
evidence is presented which defines unambiguously the stereochemistry
of the ring B substituents of ¢~ (and hence g - and - ) caesalpin,
The structures of six of the minor constituents of Caesalpinia
bonducella are discussed.

Extraction of the whole plant Andrographis paniculata afforded,
in addition the known compounds andrographolide and neoandrographolide,
three diterpenoid lactones which had not been previously isolated. The
structures of these have been deduced from chemical and spectral data.

The mass spectra of some andrographolide derivatives are discussed.
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The study of natural products in gensral, and terpenoids in
particular, has long been a subject of fascination for organic chemists,
The wealth of information derived from studying the diverge structural
types and biosynthetic pathways hss played a si
development of gensral chemical concents. In the syathetic ficlad

p i j 2
natural products have provided a stimilus and challenge which hac led to
p g
the undertaking of syntnetic routes to molecules of awesome proportions
1

and stereochemical complexity,

Structural elucidation, with its inherent tendency to divergs, has
b o} (SRR ]

jede
o

provided many interesting inroads into the chemistry of alicyclic compounds
2

-

- . * i3 . ¢
in general. Despite the vituperative asssrtions of Cookson,  this typs

of research will continue to be pursuszd with undiminished vigour, owing

to Nature's unique ability to fabricate new structures of the most bizarre

'

0

and exotic quality. If one also considers the physical organic chemists

exploitation of the terpenoid framework as & tool in the study of both
carbonium ion3 and photochezlca]+ reactlons, one may appreciate the
general influence which these giructures have had on thé evolution of
modern organic chemical theory.

the terpenoids hagz been subjected

ko

Although the biogenetic orizin o
to intense scrutiny since the last cantury,s it was not unvil 1921 that

Ruzicka crystallised contemporary ideas in ths publicztion of the Isoprens

Ruale, This recognissd a fundamental undsriying unilty in the mods of
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formation of even the nmost complax terpene struchures, since each conld

be composed of isoprene units joined din a 'head to tail! fashion.

However, the following years of extensive reseérch unearthad several

nonncopformist carbon skeletons, and eventually culiinazbed in the

formulation of the celebrated Biogenetic Isovrene Rule, This ruls

rationalised the blosynthesis of the most aberrant terpenoids as proceeding

via mechanistically feasible rearrangenments of the 'regular' polyisouvrenoids.
A conmprehensive review of terpenoid biosynthesis wonld be beyond the

scope of this thesis, besides which this has already been summarised on

7

several occasions. It should suffice for our purposes to discuss bri={ly
the accepted biogenesis of the diterpenoids, particularly with reference Vo
the labdanes and cassanes.

The recognition of acetic acid, in the fora of acetyl coenzyme A, as
the fundamental biogenetic progenitor of all terpenoids is now well
established. By a sequence of Claisen-like condensations, acetyl cosnzyne
A (1) gives rise to mevalonic acid (2)8 -~ the immediate precursor of the
isoprene unit (scheme (1) ). Subsequent condensations of the "active
visoprenes"9 isopentenyl pyrophosphate (3) and dimethylallyl pyrophosphate

(4) form the corresponding pyrophosphates of geraniol (5), farnesol (6)
and geranyl geraniol (n.
The cyclisation of geranyl geraniol to the diterpencids prebably
10

conforms with the stereochemical postulates of Eschenmoser et al. These

were originally applied to triterpenoids, but in principle can be
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extrapolated to the obther polyiscprencids.,  The main conclusions derivable
from Egchenmoser's work axe
(1) The acyclic precursor is folded at the enzyme surface into
a specific conformation.
(ii> Cencerted cyclisation occurs by trans-planar additions to
the double bonds.
(iii) All subsequent rearrange wenus and/or elimina ulons proceed in

accordance with optimal stereoelsctronic regquirements, i.e.

the affected groups are irans -~ antiparallel.

Cyclisation of geranyl geraniol or the isomer geranyl linalool can
concur with the above demands to form the antipodal bicyclic alcohols (9)
or (10). The accepted transformation of (9) into the tri- and tetracyclic
diterpenes is indicated in schenme (2). It is notaworthy that the
face-protonated "nortricyclonium" ion intermediate (12), originally
proposed by Wenkert, 11 is now regarded with suspicion by some workers,
in view of the evidence in favour of an edge-provonated intermediate in
norbornyl rearrangements,l3

The great majority of naturally occurring labdanes are based on the
bieyclic alconol (9) with a traas-anii backbene and the absolute
stereochemistry as written. There is, however, a small group of compounds

of the enanticmeric series, that is, with the 10, 55 configuration

rather than 108, 5 . (table (1) ). Prominent in this group are the
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diterpenoid lactone androgvarholide (18) and its congenscs, the chemistry
= & o 7 o

o

of which is discussed in secbion 2 of this thesis,

The biogenesis of andrographolide can be considered to proceed from
the 10c, 58 Ybicyclic alcohol (10), Although the origzin of the lactons
ring in terpenes has never been completely elucidated by tracer studies,
it is generally assumed that its mode of formation is similar to that of
the furan, for which bilogenetic specﬁlations have been advanced by

14 15 Autoxidation of furans is known14’16 to give

Fetizon™ " and Wenkert.
unsaturated | -lactones, and such a process is counceivably operative in
the biosynthesis of andrographolide. A plausible alternative mechanisn
involves enzymic oxidation of the side chain of the bicyelic alecohol (10)
followed by lactonisation, eventually leading to andrographolide via an
intermediate epoxide (21).

Support for this mechanism is derived from the fact that
Wdedxyéndrﬁgrapholide (22) has now been isolated from the same plant source
(see section 2).

The cassane group of diterpenoids is in prineiple derived by
" rearrangement of the cation (17) (zcheme (2) ). The most extensively
studied member of this group is cassaic acid (24), readily cbtained by

mild acid hydrolysis of the alkaloid cassaine (25).17 In a recent

review of the Eryvthrovhlaun alkaloids,18 the structural and stereochemical

elucidation of cassiac acid is presented, together with its correlation



O

17

(CH3) 5

HO

25

with the other members of this series : cassaidic acid (26), cassamic

acid (27), erythrophlamic acid (28), and 6o~ hydroxy - cassamic acid (29).

O2H
~Z ~H
26
HO H

COECH

3

The structure of the first member of the furanoid cassanes,

vinhaticoic acid (30), appeared



and wag closely followsd by the 0(4) iscmeric vouvacapenic

in 1953,%7

. 20 . . , . ,
acid (31). The gencration of the furen ring of these and related

30, R=CHy, R=CO,H
31 = =
31, R=CO,H, R=CH,

\\l
R R

]
compounds has been postulatedl4’*5 to proceed by dehydration of the

intermediate epoxide (33), formed by oxidation of the ) -unsaturated

aldehyde (32).

H H (0

o)
H
—_—
. , 3
32 | 3
H
O
\\ H
.é___.
35 34

Support for this mechanism is obtained from the in.zitgg studies by

Fetizon14 on the formation of menthofuran (38) from pulegone (37).
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The seeds of Caesalpinia bonducella have yielded several furanoid

diterpenes, the structures of which have been investigated by Canonica
et al.22 (page_pq ). The chemistry of these, and related compounds

isolated in this laboratory, is discussed in Section 1.



TABIE 1.

LOPOUND REFERZICE
EPERUANEDIOL 23
EPERUENEDIOL 24
EPERUANETRIOL B 23
13-EPI-ENANTIO-MANOYL OXIDE 25
19-0H-13-EPI-ENANTIO~-MANOYL OXIDE 24
EPERUIC ACID 26
15-0H-EPERUENOIC ACID 27
DIHYDROXYEPERUENOIC ACID 23
COPALIC ACID 28
ZANZIBARIC ACID 29
19-CARBOXY=13-EPI-ENANTIO-MANOYL OXIDE 24
EPERUENEDIOIC ACID 27
0ZIC ACID 30
DANIELLIC ACID 31
POLYALTHIC ACID 32
LACTONE 27
ANDROGRAPHOLIDE 33
DEOXYANDROGRAPHOLIDE 34
11-KETO-DEOXYANDROGRAPHOLI DB 34

ANHYTROANDROGRAPHOLIDE

34
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SIY OF E-CiRSATPIN,
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1 .
The seeds of Caesalvinia bonducella have been subjected to intense

. . . . . 2 . . .
chenical investigation by szveral research groups since the first

d out by &li

O

successful extraction of the bitter constituents was carri
. 23 . . s

and Khuda in 1960. Cancnica et al in 1966 published a long and

impressively detailesd ssries of papers reporting the isolation and

structural eludication of x-, § -, Y -, and § -caesalpins. (1 - A)Ze

H
OH R
R
1, R=Ac 3, 2R=Ac, R=myristate
2, R=H 4’ R=H

During the course of the present investigation a new furanoid
-diterpene, ¢ -caesalpin, was isolated from the same source and is
formulated as § (or enantiomer) on chemical and gpectroscopic evidence.
Analytical and mass spectral data indicated the molecular formula
Cpyfl3y0; for g-caesalpin, m.p. 191-194°, ( « )p + 2°.  The n.m.r.
spectrum shows signals attributable to a 2, 3 disubstituted furan riag
( T 2.77 and 3.61 ; both doublets, J = 2Hz), two secondary acetates

(T8.10, 7.94 (2_0_33000-) ; 4.76, doublet and 4.7, mltiplet (2-CACic))




. . (
and four tertiary C-msthyl grouns \

. \ o CC1 e ,
i.r. spectrum has acetate and hydroxyl sbsorntion ( V m,%L 1758, 1745,
i X

=] . . a7 ey .
3596 cm ). There does non appesr o be any Cii O resonance in ths
n.m,r, spectrum of § =-caesalpin, but tuo sharp -G-0d sign

and 8.35 disappear on exchange with devubterium oxide., The above evidencs

L

suggests that € -~caesalpin has two tertiary hydroxyl groups in addilition
to two secondary acetates and a furan ring and is thcrefo:e tricarbocyclic,

The presence of a 2, 3 disubstitubed furan and four tertiary C~methyl

W

groups infers a normal or rearranged vouvacapane” skeleton with a btertiary

hydroxyl at C(]_/)'
+

bl—l

s
I

.

-

cocvm
o
! it
3>:J__33
inon
] I%’

Treatment of € -caesalpin with lithium aluminium hydride in ether
yielded the crystalline tetraol 6, m.p. 194-196° and the corresponding
anhydro - derivative 7, m,p. 183-1850, also characterised as the
monoacetate 8, m.p. 203-205°, (T 4.89, 5.09, diffuse singlets hZ_C \

disappearance of ong C-methyl signal), The ultraviolet spectrun




-

of 8 in ethsnol soluticn hzd baonds av nm, (€8, 600) and 213 nm

c_
N
OV
o

b 2394 .t

( & 9,500), which have btesn shown o b2 characteristic of a {mwvan
¢ )

-

ring conjuzated with anothsr double doad, This evidence, coupled with
the infra red absorption of 8 at 902 cm.nl, establishes the part
structure a for this compound and confirms the placing of one tertiary
- hydroxyl of £ ~c¢aesalypin at10(14).

H

e a

» B
Under normal acetylation conditions the tetraol § was transformed

into the mcnoacetate 9 m.p. 195—1970, \ CHC13 3590, 3478 cm’l

mex
(hydroxyl), 1737 cm-l (acetate). The vicinal nature of the acetate and
hydroxyl groups was demonstrated by doubie irradiation experiménts on fhe
n.m.r. spectrum of 9. The >CH Oic proton resonates as a double quartet
(3 =12, 5, 2 Hz) at T 4.74 and collapses to a clean quartet (J = 12, 5
Hz) on irradiation of the >>CH OH resonancef{doublet, J = 2Hz) at T 6.30.
In the reverse experiment, irradiation at T 4.74 causes the >CHd OH
signal to collapse to a sharp singlet. The multiplicity of the >CH 04,
prpton requires the presence of an adjacent methylene group.‘ Double
irradiation studies show that the axial methylene proton appears as a
partially obscured‘triplet (7 =13, 12 Hz) at 7T 7.98 and the equatorial
proton as a clean quartet (J = 13, 5 Hz) at T 8.63. Since these protons

are not further coupled, the above evidence leads to part structure b, a



HO
OHC
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~ _
g 15

p
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Scheme 1




sequence which can be accommodated in two possible ways only in ring A

of a vouacapane skeleton,

In an attempt to distinguish between the two possibilities 10 and 11
(scheme (1) ) and in order to demonstrate chemicallyAthe vicinal
relationship»of the two secondary oxygen fuactions, the tetraol 6 was
cleaved with sodium meta-periodate in aqueous methanol, affording a
mixture of the epimeric hemiacetal aldehydes 12 or 13 () 25213 3604,
3468 om.”% (hydroxyl), 1711 cn.”t (aldehyde) 3 T = 4.50 (multiplet,
hemiacetal proton), -0.1 (singlet, -CH = 0) ). All attempts to oxidise
this mixture of epimers to the corresponding Y - lactons-acid 14 or 15
were thwarted by the extremely facile dehydration and subsequent
rearrangement in ring C of these compounds (vide infgg). It had been
anticipated that the expected decarboxylaticn of this acid to the olefin
16 or 17 would allow differentiation between the two possibilities for

€ -caesalpin,

It was discovered that £ -caesalpin, on standing in chloroform for
several days, was transformed into two products, which can be assignzd
structures 18 and 19. The dihydrobenzofuran 18, 024H3206’ m.P. 210-211°

still retained an. intramolecularly bonded tertiary hydroxyl group

CC1 B |
(Vv mﬁx4 3591 cm ~), In the n.m.r. it had signals at T 3.61 (sinclet



arometic proten), 7.93 (singlet, ierEB), 5,45 and 6.87 (matvally coupled

@]
Ac

l\
ACO\ N

Ac

H
18

20

triplets, J = 9 Hz, dihydrofuran methylenes), It is envisaged that 18
arises from the initially formed dehydration product, the exomeilhylene
diacetate 20,by acid catalysed rearrangement. This was supported by the
treatment of § -caesalpin with a strongly acidic reagent (viz., HC1 in
chloroform) which resulted in its conversion to the dihydrobenzofuran in
quantitative yield., Under less acidic conditions the main product of
the reaction was the benzofuran 19, m.p. 191~192o ( A max 251 nm.

( £ 7500), 282 nm. ( £ 2700), 292 nm. ( £ 2800) ), which presumably

arises by dehydrogenation of an intermediate such as 21 or 22

Ac

H 21

A perusal of the literature indicated several mechanistic
possibilities for this dehydrogenation, These are:
(a) A reaction involving molecular oxygen end proceeding via a

radical mechanism as described by Bromberg et a16 for



dihydrophenanthrene (PHE)' It was found that the rsaction was
PH, + O — PH- <+ HO,_*
T2 T T2 2

PH. 02 — P + HO,*

first order with respect to both PH2 and 02.

(b) A reaction involving thermel elimination of hydrogen from the 1,

3 diene system in ring C of 21 to give the benzofuran,
(¢) Thermel elimination of hydrogen from the 1, 4 diene system of 22.

A decision between these possibilities in fawveour of the lstter
mechanism was made in the following meanner, If molecular oxygen were
involved, then any change in the oxygen concentration should be reflscted
in the product distribution between 18 and 19. However it was found
that carrying out the acid treatment reaction both in the presence znd in
’the absence of oxygen did not alter the relative yields of the two
products. Thus mechanism (a) can not be operative,

Path (b) could be eliminated by consideration of the pertinent
vliterature.‘ It has been shown by the group theoretical approach of
Longuet-Higgins and Abrahamson7 that concerted elimination of genersl type

A is only allowable when k is an odd integer. VWhen k is even or zero,

R~ CH, - (CH=CH). - CH - = CH_ - = OH). .- = Ck
o= ( )k H,-R —> CH, = CH, (cH H)k_l CH = CH,

+ R2

A



concerted elimination is predicited %o occur by way of a lrang-

nechenism which nay be extremely difficult if k is small, The validity
of thegse theoreiical considerztions has been conveniently demonstrated
by the pyrolysis of 1, 4 - cyclohexadiene and 1, 3- cyclohexadiene, The

former compound (k=1 svsteM/ undergees & smooth unimoleculer conversion
to benzene and hydrogen in a process of low activation energy, The 1,
3 diene (k = 2 system) only forms these products at high temperatures

oy . . . . . s Lo . s S
(ca. 500-600") in a reaction in which redical intermediztes are implicated.

This evidence leads to the conclusion that the benzofuran 19 is formed by

H H
H
¢ H’J H
H ‘ (CH:CH)2
= : k: 2

a thermally induced dehydrogenation of the dihydrobenzofuran intermediate
22.
In the n.m.r. spectra of the aromatic compounds 18 and 19, one of the

>CHOAc protons resonates as a doublet (J = QEZ) at T 4.13. This
value represents a deshielding of 0.64 T (relative to £ -caesalpin)
owing to the introduction of the bernzene ring. An inspection of models
suggests that only the C(l) - 3 proton lies in the plane of the aromatic
ring and would experience this effect. This provides a convenient way

of deciding in favour of the 1, 2 - oxygensted ring & for € -caesalpin 5,



Cleavage of the triol 24, m.p. 263~2650, with sodimm meta-periodate
yielded the hemlacetal-aldehyde 25, m.n. 197~l99o (T = -0,03, singlet,
(=CHO), 4.49 triplet (hemiacetal proton) ), which was oxidised with
Jones reagent to the corresponding § - lactone 26, m.p. 289~292°
(v Sgiﬁ 1778 cm._l). This finally confirms the attachment of the
remaining tertiary hydroxyl to C<5), and the evidence taken in tobtg with
the assumption of a trans AB ring junction leads to structure 5 (or

enantiomer) for € -caesalpin.

HOOHS OHG O
; 2§







s

‘,, v

The P =~ bromobenzoate derivative 27 derived from € - caesalpin
crystallises in the monoclinic space group\PZl, as determined uniquely

from systematic absences., The unit cell contains tuo moleculss of

027H3306 Br and has dimensions a=6,563, b=12,999, c=14.809 A° ; B =
94,50°.  From equi-inclinatination Welssenberg photographssl2 taken
along the a and b crystallographic axes with Cu Kox radiation some 3000

reflections were obtained., The structure was solved by the heavy aton
method 13 and refined by block~diagonal least squares methods to an R =
factor of 12.3%. Anomalous dispersion calculations allowed the
absolute configuration shoun in 27 1o be determined from observed
differences in intensities of 17 Bijvoet pairs14 of reflections in an
(h k 1) precession photograph taken with Mo K& radiation.

Figure (1) gives a view of the molecule down the b-axis andshous
the molecular geometry, Rings A, B and C are fused in a trans-anti-
trans manner with A and B in chair and C in half-chair conformations.,
The hydfogen of the 0(5) axial Hydroxyl is involved in an
intramolecular bond (2,65 A°) with the axial hydroxyl group attached

to C(l) °
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THE STEREOCHIMISTEY OF G =, fB_ =, 24D & .~ CLESALPINS AND THE
ATTHAPT =D CORRFLATION WITH € - CATSALPIN,

With the publicationll of a totally unambiguous structure
determination for € =caesalpin, including the relative and absolute
configuration(s) as derived from an x-ray analysis, several possibilities
presented themselves for elucidation of the remaining stereochemical
ampiguities in the other ca»esalpins.2e A viable prbspect appeared to
be the direct structural correlaﬁion of & -~ and £ - caesalpin, which,
if successful, would fulfil the dual role of solving the absoiute
stereochemistry of o =~caesalpin as well as providing an interesting

~academic exercise,

The method chosen for the inter-relation was the apparently
innocuous one of converting both compounds to the intermediate 30 as
shown in scheme (2). This project was undertaken in conjunction with
Prof. L. Canonica at Milan, the intention being that each research
group should approach the common intermediate 3Q from its appropriate
naturally occurring precursor 1 orlﬁ, Work in both directions rapidly
came to grief, however, with the production of intractable mixtures at
stages 28 — 29 and 2 — 30, owing to the facile dehydration.and
rearrangement previously discussed. It was obvious at this point that
some method had to be found which would circumvent this problem by
eliminating any possibility of rearrangement in ring C. Accordinzly,

the tetraol 6 was dehydrated uider mild conditions by stirring,in
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wwlphate,  The resnliing

acetone s

1

exxexomethylene compound [/, MeDe 183m185o ( Aoy 232 nm. ( & <9000),

217 , . . o . C s
213 nm. ( € 9200) ) was hydrogenated in ethanol solution with a trace

of triethylamine to the C(lA) epimeric mixture of triocls 31, The

constituent epimers here are present in the ratio 50 : 50 as determined

H
R
H
.. 31 R=H
: 32 R=Tos

from ths 0(15)-3 n.m.r. signal, This ratic is as expected from
examination of a molecular model of 7, which doss not suggest
preferential hydrogenation from any particular face.

Formation of the tosylate 32 was accomplisned in the usual way
without any difficulty, but the attempted hydrogenolysis to 33
encountsred some problems, It hsd been anticipated that during the
hydrogenolysis, which is known to require fairly strong conditions,l5
a certain amount of tosylate elimination might take place to the ring-

contracted product 34.

33 34 R=H



The molecular geomebtry of 3

el

=
s

exactly trans = antiparallel to the C(

tosylate, The systen is therefore steredchesically set np for a
16,17
3

[0]

pinacol Utype rearrangement and the products of the hydrogenolysis

would depend on the relative activation energies of the two competing
reactions., In ths event, the only products isolated from treatment of
32 with lithiwn alwainium hydride in ether were the triol 31, resulting
18 . . .
from S = O cleavage™ rather than the more commonly encountered C = ©
. o .
cleavage, and the A - nor primary alcohol 34, mep. 158-160"., The
structure of 34 was readily diagnosed from the n.m,r. spectrum, which
had an AB quartet centred at T 6,37 (JAQ = 12Hz) shouwing a small
waald

additional coupling with a multiplet at T 8,10. These signals were
attributed to the hydroxymetnylene group coupling with the 0(2) methine
proton, an analysis which was confirmed by the downfield shift
(Ca.0.65 T ) of the quartet on formation of the primary acetate 35,

In retrospect, a parallel was found for these results in the work

. 19 ; ot .

of Buchi et al,”” who attempted the synthesis of the sesquiterpene

alcohol epi-mazaliol 36 by metal hydride reducticn of the glycol

monotosylate 37.

36 37
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Thelr efforts were similarly revsrded with the production of one

Pr A

rearranged compound 33, and cne resulting from S - O clsavaze 39.

Clearly, then, an alternatively means had to be found to remove
the offending C(z)—hydroxyl. The first movement in this direction was
an effort to prevent develorment of the oxy-anion AQ during the tosylate
hydrogenolysis by protecting the C(l) hydroxyl as the tetrahydropyranyl

~

ether.zJ The choice of this derivative was based on its known stability
towards metal hydride reduction,24 together with the fact that the
alcohol can be regenerated by mild acid treatment.zB(a) This approach
Wwas abandoned, however, owing to the sterically hindered nature of the
C(l) axial hydroxyl, which precluded formation of the desired

tetrahydropyranyl ether 4l.

Tos | '
Tos



rough litersture search vo find

cecific removal of oxyged

functions,

PhCHZS OH

H H
42 43

The first of these tried wes the transformation of the tosylate
into the benzyl thioether A2,the principle being that the powerfully
nucleophilic.benzyl mercaptide might reacv, albeit in minor account,
by direcﬁ substitution of the tosylate group. Raney nickel
desulphurisation of the derived thicether 42 would thea furnish the
desired desoxy caesalpin, Although it was anticipated that ring
contraction would be the major competing reaction in the attempt to
form A2, it was hoped that a minor amount of direct substitution
product would be formed. The only isolable compound had an infra red
spectrum showing carbonyl absorption at 1740 cm.*l, and was preswned
to be the ring contracted aldehyde 43.

The next general approach selscted was pyrolysis of & suitable
derivative of the triol 31. The mechanism of pyrolysis of esters,

‘

. 26 27 .
particularly xanthates”™ and carbonates, ~, has bsen shown to require

. . 28 . 2
a cis - configuration of the participating groups. Later studies
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deaonstrated by consideration of activation entropies, that the resction

involved a concerved cyclic process wibth a hig

¥ ordered fransition
state. Application of the above gensrsl princioles to the pyrolysis
of a.caesalpin derivative of type 44 suggested that the reaction could
lead either to the allylic alcohol 45 or to the enol form of the 1 --
ketone 46. Molecular mcdels indic;ted that the 0(2) O - oxygen

subgtituent of 44 wes symmetrically disposed between the f ~ hydrogen

atoms at C(l) and 0(3)’ and thus the reaction should be able to procesd

in both directions. The carbonate 44, formed from the triol 31 using

—_

g H

RO

H

. ' H

44 R=Et 45 46
redistilled ethyl chloroformate and pyridine, was vacuun sealed into a
pyrex tube and maintained at 250° in a heating block for one hour,
The infra-red spectrum of the product, which was virvually homogeneous
by t.l.c., still indicated the prcsence of a carbonyl group ( M CHCl3
1797 em.”l).  One distinct possibility for the structure of this
compound is the cyclic carbonate 47, which would certainly have carnonyl

30

absorption in this region of th’ spectrum,” and could be easily forwed



1
OH
44 ‘ 47
this remained unconfirmed, since lack of both time and mater 1al
prevented complete characterisation,
Meanwhile, in Milan, out Italian colleagues were experiencing
similar tribulations in their attempts to synthesize ths intermediate

46 from deoxy ~ = caesalpin 51, The 6, 7 diol system had shown

e

51, R=0OH
46,R=H

#  Stevens and Ric‘m.ond29 have reported the analogous pyrolysis

of the mono - S = msthyl xanthate of 2; ;3 butanediol 48. The major
produch after extendsd heating was the cyclic thionocarbonate L9,

but this was accompanied by some methyl ketone derived from thsz enol 50.

CH3('ZH—(12H CH3 . CHS(‘;:H—(;:H CHy 4 CH3C':=CH CH,
OH C}EES(:HB (ltjﬂ) OH
il '
S S 50

48 49
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great reluctance to form ths cyelie thionncarhonate 5

31 .
Thus the proposed conversion to 44 by

by Corey and Winter,
treatment with triethyl phosphite followed by hydrozsnation of the
resultant 6, 7 double bond could not be realised. Another route,

which involved hydrogenolysis of the epoxy-mesylate 53 had also been

abandoned, for reasons which will be discussed later.

33

Simultansous with the work on the caesalpin inter-relation, worik
was progressing in this laboratory which showsd conclusively that o« =
caesalpin 1 and 1, 6, 7 triacetoxy - § = caesalpin 54 could be smoothly
transformed to benzofurans with concomitant loss of the 0(7) oxygen

subgtituent,

55, R=0




This raised
19 and 55 (or 56) to relat
to the benzofuran intermediate 57. This route would not necessarily
sirplify removal of the C( 2) oxygen function from g - csesalpin, but
it could expedite the synthesis of 57 from the other direction, since

5

this only reguired removal of the 0(6) substituent from the benzofuran

&
L

Thus it was decided to pursue this scheme despite the obvious

disadvantaze of the loss of assyumetric centres,

el

A survey of the literature unearthed several promising examples

7

wn

of de-acetoxylation reactions of ¢x- ketol acetates with a wide
variety of reare itss Woodward and his collaborators accompliched the
de~acetoxylation of trans — 1 - acetoxy - 2 - keto - 10 - methyl —‘A3’6
hexahydronaphthalene by refluxing with zinc in acetic anhydride or

3 .
xylene.’z These authors proposed the mechanism:

1£QAC

C}'C"‘ —_— +—CI:2C—.
Zn \rVO ZI'I'-Q" I

This was later supported by the work of Rosenfeld and Gallagher,33 who



Y 4n 2ddition thot awial aeete
found in addition that axial acetzios were revoved more easily than
cily the
) /
1 1At~ ISR SN : my. s ke e .
their equatorial epimers.””  This latbter point struck an omirous note
1

n otha maced wen et ae P . a A - .
for the proposed reaction scheme, which included reductive removal of

the 2 &~ (equatorial) acetate from the keto-acetate &0,

The benzofuran 19 was treated with lithium aluminium hydride in
ether, affording in good yield the triol 58, which was transformed in
acetic anhydride/pyridine into the monoacetate 59, m.p. 210-211°
( T =5.45 (broad singlet, >CH - OH), 4.59 (double quartet, J =12,
5, 2 Hz, >CH OAc) ). The keto-acetate £Q, m.p. 174=178° vas

obtained in low yield (Ca.27%) by Jones oxidation of 59, the Sarett
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reacelon naving previously proved ineffective, The constitubiocn of

vithdrawal by the adjacent carbonyl group.

The mass spectrum of £0 is also conmpatible with the postulated

w
Y
fnad
|

structure,  The base peak occur 214, and can be attributed to

the ion a arising by cleavage of the C(l) - C(lO) ang C<4) - C(S)

bonds. ]t 0 7*
N -
_—
o HO

This fragmentation has previously been observed in the specira of 1 -
ca s . 70
ketones with ring C aromatic,

The keto-acetate 60, on treatment with zinc in refluxing acetic
acid yielded an intractable mixture of products, Similar resulits were
obtained when 60 was treated with a 2-mole excess of calcium in liquid
ammonia, a method which had been eminently successful in de-acetoxylation

3 ) 1 + 37’38 A 3 a] f"-' 1t d
reactions reported by Chapman et al . final effort was made
using a modification of the chremous chloride reduction procedure
described by Rosencranz and Djerassi.39 Under these milder conditions,

the product comprised mainly returned starting material, but was

accompenied by a small amount of the o - ketol &l.



W
D

o>

B T Y S A e s 43 :
Luo-acetave, on treatment with mild base

] <o TmvrAdviaTl vre s - B St a3 s

or acid, is hydrolysed to the corresnonding e ketol, which can then
3 AT o A A tha rn At ~a S Ty

ieonerige under the reacbion conditione, This suggested a method of

rerwoving oxygenation from the 2 - positicn by a Mozingo reaction on

60, R=Ac 64 R=Tos
61, R=H
Treatment of the keto-acetate 60 with mild base, however, did not give
the expected @ - ketol 61 or 62, but instead provided a compound whose
i.r. spectrum showed, in addition to nydroxyl absorption at 3560 cm.—l,
-1
a strong band at 1784 cm, ~.  The possibility that this compound is the
Y = lactone 63 gains support from the conspicuous absence of the sharp,
-
characteristic \ (C-H) around 3590 cm. — normally associated with the
C
(5) hydroxyl. o o
Acid hydrolysis of 6Q afforded only the ketol 6, m.p. 175-177° (N "4

1720 em,”t) distinguished from the other possible isomer 62 by n.m.r.

_(
|

= 5,04 (quartet, J =11, 7 Hz, >CH-OH) ). This compound was
stable to scid under the conditions of its formation, and isomerisation

to the desired ketol 62 could not be effected.
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The recalcitrant oxyzen funcilon wss ultisately removed by

. [ R L a4 R, i A LIRS N . =~ .

treatwment of the keto-tosylate &4 with chrowous chlovide in relfluxing
b o

"

39 c
acetone, An attempt to obtain the keto-los

57

oxidation of the hydroxy compound 65 proved unstccessful, but it was
eventuslly derived by treatment of the ketol 61 with p - toluene -
sulphonyl chloride in pyridine, The resultant tosylate 64 ( \ Zgié
3568, 3480 cm.“l(hydroxyl), 1740 cm.-l (carbonyl),* 1188, 1178 cm.ﬁl
(S =0) ) was submitted without further purification to the chromous
chloride reduction, It was most gratifying to be able to isolate from

this reaction, in addition to starting material, a low yield of the

elusive dasoxy-caesalpin 57, m.p. 172-175°, (CL)D - 2,8° (chloroform) ;

* It is noteworthy that the carbonyl frequency of 1740 cm.:l is
significantly higher than the expected value of 1720 cm. ~ for
a normal, strain free chair cyclohexanone. This value is
also obgerved for the keto-acetate 60, and can be atiributed
to a direct dipolar interaction between the carbonyl group and
the adjacent equatorislly situated oxygen substituent, (Ref.40).

Y
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frequency of 3529 cm.,  is interestingz, since 21l other compouads in

this geries having a tertiary hydroxyl at 6(5) display characteristically
sharp absorption below 3595 en. l. This indicates that in these
compounds the ~0H is strongly intramolecularly bonded., The molecular
geometry of 57 rules out any possibility of intra~-bonding: thus the C(5>
hydroxyl is ffree' (apari from the less gtrong ;gﬁggmolecular'association)
and should exhibit the observed increase in stretching frequency. The
unexpected polarity of the ketone 57 (which is more polar than the keto-
tosylate 64) may also be rationalised on this basis, since the free
hydroxyl may ‘oond! to ths silica, with a resultant reduction in Rf
value going from 64 —» 57.

The salient féatures of the n.m.r, spectrum are at T = 9.07, 8,79,

{
8.50 (singlets,3CH, ~ C- ), 7.56 (singlet, Ar - 03_3), 7.2 (miltiplet,

3
C(Z) methylens), 3.22 (singlet, aromatic proton). The chemical shift
of the aromatic proton compares favourably with that of T 3,17 observed
for the diketone 66, subseguently obtained from 1, 6, 7 triacetoxy - §

- caesalpin,
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The bage peak of
. PRI C s o . . 42 s e
is well establiched in the spectrs of cyclic ketones, and arises
by concerted bond rupture of the initislly formed Cx- cleavage product
a (scheme (3) ). The primary fragmentation leading to the other major

peaks in the spectrum involves cleavage of the C(l) - C(lO) and 0(4)—

O(5y bonds, with formation of the ion b at 2214.70




It has already b
triacetate 54 of & - caceelpin resulted in the formetion, via the

exomethylene 67, of the benzofuren 56. The publication by Canonicz

HoR)
Ac Ac X3
‘ Ac
, H AcO / H Ac
Ac Ac
54 67

2e . X . s . '
et al™~ of the conversicn of the hydroxy diacetate €8 into the

corresponding 5 & , 6 ¢ - epoxide §9 provided what was thought to bs

a reliable means of removing the functicnality at the 6-position of 56,

HQ AcQ

68 69
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The mathod ueed by Cenonlcesz, kaoun a2s the Serind

of subliming the acetate £8 from zine dust, vhereunon the epoxide 69
vas produced in low .yield. Thie would appss
for this reaction, since it has been shown™
mechanisn involves initial acyl migration to the tertiary hydroxyl,

followed by pinacol rearrangement with stereospscific hydrogen transfer

to give a ketcne:

1,40

The Serini reaction, however, doss not appear to be completely general,
and the epoxide 69 could conceivably result if the b-acetate of the

‘starting material 68 had the p - configuration,

In principle, the same reaction, if applied to the benzofursn 56,
should furnish the epoxide 7Q. Metal hydride reduction ofa 5¢¢, 6 ¢ =
&7

epoxide is known™ to give mainly the tertiary alcohol, by preferential

atteck at the secondary carbon atom, Thus it seemed that our synthetic



[

goal covld be readily abiained, ae the ahove reaction sequence would

yield, ag a precurscr
:

OH
7 57

A pure sample of the benzofuran 5§ wes mixed with ten times its

welght of zinc powder, and heated in a sublimation tube atb 2200/0.3 T,
The products sublimed to the cold area of the tube, and were examined
by tel.c. None of the desired epoxide 70 was obtained, Anzlysis and
mess spectroscopy of the main product, after chromatographic separation,
indicated the molecular formula 022H2604° The infra-red spectrum,
however, showed a strong absorption at 171/ cm.-l, in addition to the
exkpected acetate band at 1747 cm.'l. Identification of this compound
as the A/B ¢ cis~-fused 6 - ketone 72 was made from the n.m,r, spectrun,
whﬂch boasted a 3H singlet at T 9.69. .This can cnly be due to a

methyl group which has penetrated the diamagnetic shielding zone of the

benzene ring.







The Fleser model of 72 shous

s
ni

sole conformational mobility,

.

i PR RS - .
eagible gituations, both with ring A in a chair and

L)

but the two nmost

o

ring B in a half chair form, cen be repregented by a and b (Fig. 2),

-

It can be readily seen that conformation a will be desbabilised
relative to b because of the strong 1, 3 disxisl interaction between the
4 B~ and 10 - methyls, Also, the 4 v -methyl of b is well within the

shielding cone of the aromatic ring, thus alleowing definitive assignmuent

D
5

of the high field three proton singlet, Oth eatures of the n.m.r,

o

T

¢

spectrum which are compatible with formulation b are the following:—
(1) a sharp singlet (2H) at T 6,43 can be ascribed to

the magnetically equivalent hydrogens of the 0(7) methylene,

(ii) The>CHOAc proton now resonates as a pair of doublets
(T =12, 4 Hz) at T 5.10. This represents an upfield
shift of Ca. 0.78 p.p.m. with respect to the equivalent
proton of the benzofuran 56, and demonstrates that the

. C(l)-H bond hes moved out of the plane of the aromatic

ring. The change in the signal from a broad singlet to
a pair of doublets lends support to the positioning of
the C(l) hydrogen in a quasi - axial situaticn,

(iii) The 1) aromatic proton is deshielded by 1.02 T relative
to the equivalent proton of 56, indicating its close

proximity to the carbonyl of the C(l) acetate,
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This conformationzl anslysis lends additional weight to the
(o ooy, AS L9 . P
findings of Febizon™ and Wenkert™ , who respectively shudied the

structurally related ring C arcmatic compounds 73 and T4.

The mass spectrum of the 6 - ketone 72 has a base peak at = 213,
2] ®
which arises by McLaffertyVrearrangement,5o followed by cleavage of

the allylic C(l) - C(lO) bond.

W/

m
‘5-213

HO+

This can be adduced as confirmatory evidence of an A/B cis-fused ring



junction, sincs 1t is known”™ that the prevalent cleavage in the brs

==

case iuvolves migration of the C( & -~ hydrogen, The mass gpecibrum

5)

does not have any significent pesks corresponding to this

H

fragmantatios, rft Qt)+\

It was subsequertly discovered that 72 uﬁderwent spontaneous
aerobic oxidation to a product formulated as the o« - diketone 75
(ef. ref. 54). The nem.r., spectrum of 75, although similar tc that
of 72, showed several structurally significant differences. In
particular, the 2H singlet representing the 0(7} methylene was
noticeakly absent, and the 0(14)—methyl was deshielded relatively by
0.44 p.peme The obvious conclusion that oxidabtion of 72 had occurred

at the doubly activated 0(7) position was verified by analysis and mass

spectroscdpy.
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It seemz irst wnustsl Shat this compound should exist wholly
in the di~keto form 74 (i.r. hands 2t 1750, 1222 cm,“l (acetate),

- “l 4 Ve o £k “1 Ia) 4 1 2
1730 ca, (C(é)m ketone), 1659 i, (U(7)— Lelone) = no hydroxyl
sbsorption), However an anzlogous situstion has been observed for

52,56

3*
the tricyclic diterpene zanthoperol 76 , the complete suppression
of enolisation being attributed53 to the strongly unfavourable non-
bonded interaclion bebween the equatorisl C(,)~ methyl and the C(6)

/_{'

hydroxyl (arrows, 76 a).

3
H

76

76a

2 ' . . .
®*  Bredenberg has reported5 that xanthoperol is only isolated as an
artefact, and proposes, as a possible precursor, a compound having part

structure 79. H . H L\

79 80
i H
H
This hypothesis has never been verified, and in view of the facility
of benzylic oxidetion of 6 - ketones as previously discussed,
compound 80 (6 -~ keto = 5 - iso = ferrugincl) could be regarded as
a more likely prospect for the naturally occurring precursor.



52

-
By contrast, the related compounds 7777 and 2559

s in which there
can be no peri-interaction, have been shown to exis?t in ths enclic

forms.,

NC

Ne

78 OH
Meanwhile our Italian colleagues had also been\examining the Serini

reaction on the benzofuran 56. They reachsd a similar conclusion that

the main product was the cig~fused 6 - ketone 72 and not the epoxide 70.

From their previous results in the non-aromatic series (see page43)

they were convinced that the 0(6) oxygen function had the f3 —configuration

in ¢ - and § - caesalpin, and hence in the benzofuran 56. In order

to explain the formation of the main Serini preduct, they proposed a

mechanism which invoked pyrolytic elimination of the C(S) hydroxyl,

57 o

1S

followed by loss of ketene and equilibration to the more stable

ring junction,

This must be regarded with some considerable scepticism, since



Scheme 4



the primary steo is cls~olimination of watsr Yo form an enol acetate &1

vhich would experience a strong destabilisizg influence ouing Lo the
eri-effect (cf, pagedd). On the other hand if the 6 = substituent
of 56 had the €t~ orientation, the 'normal! Serini mechanisnm would

furnish the observed product 72.

At the same time as this work was progressing, a complementary
line of resesarch was being investigated which had also started with the
basic premise that Canonical's original assignment of a 6 8 - acetate
wasvreliable. This research was directed towards synthesis of the
benzofuran intermediate 57 via the hydroxy tosylate 83 (scheme (4) ),
Hydrogenolysis of the tosjlate grouping should provide the diol 71l,which
could then be oxidised to the desired intermediate 57. Whether or not
the hydrogenolysis proceeded through the epoxide 84 was irmaterial,
since the net result would be retention of the ¢ - configuration at
%(5)°

The triol 82 was obtained by lithium aluminium hydride reduction

of the diacetate 56, and was allowed to stand overnight with p -



tolusnesulphonyl cilorids in pyridine.  Tuo products were foruied from
Tthis reaction, one of which had irfre-ved bends abt 3570, 3480, 1177,
118 - ~1 LR . $s a L0 5 1 : )

1187 cm, = disgnostic of the expected hydroxv-tosylate £3. On

reaction product with elimination of P - toluenesuvlphonic acid.* This
was ostensibly the epoxide 2, G, H, 0, ; CCLy, 3594, P (hydrozyl)
4737 max ! ’
1044, 1144 cm.'l.(ether or oxids linkage), Since the n.m,r,.svectrum
was also in accord with the structure presernted, lithivm aluminiovm
hydride reduction was carried out and proceeded smoothly with the
production of a white crystalline solid, m.p. 201-203° presumed to be
the diol 71l. Analytical and mass spectral data confirmed the expected
molecular formula CZOH2603 for this compound. The n.m.r, spectrum
showed the usual methyl signals at 7T 8,95, 8.95, 8,71 and 7,62, while
a complex system of multiplets around 7T 7.0 was presumed to be an AB
type system abtributeble to the protons attached to 0(6) and 0(7). The
appearance of the >CH OH signal as a diffuse doublet(J = 5 Hz) at
T 5,76 rather than the normal broad -singlet was only mildly

disturbing.

The first inkling of anything being amlss in the above reaction
scheme came with the discovery that acetylation of 7L in refluxing

acetic anhydride/sodium acetate gave a compound which had two secondary

c}'

# ' This process could be facilitated vy of the hydroxy

trzatne
tosylate, in ethanol solution, with mild bas



8,06 (=inglets, 2CL,000-), 5,00(doublet,

reconversion to the parent compound on treatment with lithinm

"

aluminium hydride in ether. The unexpected formation of this diacetave
raised several problems, not least of which was the positioning of the

"migsing! =CH OH proton in the n.m.r. spectrum of the diol 7L. The

—
B ]

possibility that hydride attack on the epoxide £4 had given the

secondary alcohol 85 rather than 7L was considered, This was later
discounted on the grounds that reduction of the epoxide 86, which would
appsar to be a much more probable candidate for tertiary attack, had

gy

only provided the corresponding 0(5) Cv = hydroxy compound 52.59

>

R & R 1O
86 87

The above observations, together with the production of a cis-

—_—

fused A/B ring junction from the Serini reaction, necessitated a
complete re-appraisal of the stereochemistry of O - caesalpin,

To this end, o - caesalpin 1 was transformed into & - caesalpin

2e

4 by metal-hydride reduction, The resulting highly crysitalline



The‘monoacetate 88 displayed n.m.r. signals which were entirely
consistent with the assignment of 6 &« - , 78 = orientations to
the ring B substituents, The >CH OAc proton resonated as a
goublst (J = 10 Hz) at T 4.3, while the >CHOH proton appeared
as a clean triplet (J = 10 Hz) at 7T 5.70. Ianspection of models
of the various possible spatial arrangements of these two functional
groups clearly indicated structure 88, with ring B in a slightly
flattened chair, as a most likely prospect., The flattening effect

referred to could be explained by a desire to alleviate, or at least

\Jt



resn bthe 7 - hydroxyl and

the 14 f  -substibusnt, which may be congidershle if both are in

g
The Italian workers pointed outs” that the observed coupling

constants could also bs reconciled with the dihedral angles involved

in a ring B boat conformation with the oxyzen substitusnts 6 8 and

o
L

7o o It seens unlikely, houever, that this is the case, in view o

L

the large "sten to stern" interaction involving the C(WO) f ~ methyl

9%

which would result, Ve therefore consider that the monoacetate 82

!

(and hence ¢ = and & - caesalpin) has the 6 ¢ , 713
stereochemistry, Conszequently the configuration of the 6 - oxygen
subsbtituent of the benzofuran diacetate 56 and tosylate 83, previously

presumed to be f§ , should now be reversed,

56, R=R
83, R=H R'=Tos

These stereochemical considerations led to the d€nouement
which would rationalise all of the anomalous experimental observations,
On re-investigating the possible transformation products of the

hydroxy-tosylate 83 (now with the 6 <« = config ration) it was

concluded that a pinacol type rearrangement must have occurred, in







accord with the

and 0(6) - 0 bonds., This would yield initially the cis-fused A-houo,
B . U T . o) 60 I . . L Lo T S N 4 =
- nor kebone 90. he infra-red specbrum of this compound does

not show any absorptiocn in the carbonyl region, and it must therefore

o
pun
[§
s

exist mainly in the hemi-kebal form 91, Inspechion of models indic

el

that the 1 o ~hydroxyl is suitably oriented for participation in

; . cf.b .
transannular hemi-ketal formation * (scheme (5) ). The A/B cis-
fusion is demanded by the nature of the rearrvangement, which is knoun

to proceed with greater facility if the four reacting centres lie in
one plane.61’62 This requirement, together with a concerted electron
shift, resuits in the f =configuration of the bridgehead proton,

Thus the hemi-ketsl 9l was the true transformation product of the
tosylate, and not the Yred herring" epoxide 84. This is supported in
retrospect by the n,m.r, spectrum, since the C(l)- H signal (diffuse
dbqblet, J=5Hz) at T 5.76 is more in agreement with the hemi-ketal
formulation, Lithium aluminium hydride reduction of 9L presumably
occurred via the equilibrium amount of ketone 20, ultimately furnishing
the diol 92. A model of this compound, which displays congiderable
conformational mobility, allows solution of the case of the 'missing'
proton (see page 54 ) if the 0(5) hydroxyl has the f3-configuration.
The model indicated that this molecule should be able to exist

comforvably in a conformation in which the C(S) O - hydrogen penetrates

the diamagnetic shielding cone of the benzene ring., Consequently in



the benzylic hydrogens, Fven the sxtremely lax

(cae 2T ) of this resonance on acstylation to

)

be explained, since it is known thal changes i
cloheptane rings can cause drastic changes i
&L o <

is also in accord with the flexibility of =ubs

63

observed in pernydroazulenes.

The foregoing argument raised doubts as t

Re

epoxide structure 69 assigned by Cancnica = to

N

the Serini reaction on the & -~ caesalpin der

H Ac

Ac
68

#*
A careful examination of the n,m,r. spectrum
indicated that a more likely structure was the

irradiation studies had sheown that the >CIZ0A

resonated as a pair of doublets (J = 8, 4 lz),

*  Supplied by Dr. E, Ghisalberti, University

s downlisld shif

. 6D -
n conformation, This

.

tituted cycloheptane:

2]

124

o the validity of the
one of ths products of

ivabive 68 (see page 43 ).

69

of thes supposed epoxide

heri~ketal 94, Double

e proton, which

a

a2t T 3.589, was coupled

CMilan,



1 K]

head hydrogen.
observed coupling constants (J =8, 4 Hz.) for the >ClI0Ac proton

can be admirably correlated with the required dinsdral angles o
=

o

o4

. . . 1
according to the Karplus equatlon.7

jo

From mechanistic considerations it might have been anticipate
that the main product of a Serini reaction on 62 would be, by anology
with the results in the aromatic series, the cis-fuged kstons 5. In

this respect it should be noted that the yield quoted for the only

95



| ‘Scheme 6_




3 . N . * . R . 9 ()
isolated product ig lov (o, 200, and 30 iz dlstinetly poszsibls that

95 was preoduced but naver isolsted from ths reaction mixture, The
. - ] E S | . RIS . K
logical extension of this arpument is that a ring empanded product

}

analogous to 94 shouwld have bsen formed during the Serini reachion on
the benzofuran 56. Accordingly, the reaction wae repeated, aad
careful chromatographic separation of the products yielded a small

amount of a compound having spectra 1 cheracueristics which would be

i

- \ ; CCLl, .. - -1
expected of the A - homo, B - nor ketone 94 : Y P;xé 1740, 1230 cnm,

(acetate), 1723 em~t (ketone) 3 T = 8.87,8.73, 8,62 (singlets,

tertiary methyls), 8,21 (singl 53 00~ ), 7.68 (singlet, ir - 933),

450 (giffuse doublet, J = 4 Hz., >CH OAc), 2.85 (singlet, Ar - H),
Lack of tims precluded complete characterisation of this product., The
conclusion may be reached, therefore, that the Serini reaction can
occur by a pinacol-type rearrangenent both before and after acyl
transfer (scheme (6) ).

The assignment of structure 94 to Canonica's "epoxide" (69)
necessitates the re-intervretation of a numbsr of reactions, since he
used this material as the starting point for the reaction sequence
shown in scheme (7)., The physical constants reported for these compounds
agree much better with their counterparts in scheme (8), e.g, the infra-red
spectrum of compound € has bands at 1739 end 1724 cm.-l, waich are

obviously more in agreement with the alternative formulation C



Scheme 8
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All of these diversions, interssiin

centributing towards the realisalion of our oviginal objective, viz.

the chemicel dnter-relation of ¢ = end g€ - caesalpin, One last

despairing effort was made to relzate the two coipounds by a route vhich

envisaged removal of the 0(6) orygen function from the triol &2 by
cxicdation to the 6 - ketone 97, folleowed by Reney nickel hydrogenolysis

of the corresponding thicketal 98 (scheme (9) ).

Jones oxidation of the triol 82 afforded a 40 60 reulo of the
6 - ketone 97 and the 1, 6 diketone 93. The yield of the desired
monoketone was subsequently increased by employing the Sarett reagent,
vhich appeared to oxidise selectively the 6 - hydroxyl. Preliminary
experiments directed towards formation of the thicketel 93 in ethsne ¢
dithiol/BF mixtures were extremely discouraging, since no pure product
could be isolated,

An attempt to determine the absolute configuration of ¢ - caesalpin
despite the catalectic chemical inter-reclation described above was made

by comparing thé 0.R.D, curve of thé bengofuran 55 with that of the

intermediate 57 derived from € - caesalpin. (Fig. 3)




However this comparison. proved inconclusivs,

assignment of abs

20

101

olute configuration can be

and as yet no definite
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(1) & - caesalpin was isolated in low yield from the Nigerian

o

seeds of Ceesalvinis bonducella, and its identity established by

comparison of ite physical data with those published by Canonica et

2e (. . . s .
al.”™  (See experimentel section). Some additional support for the
promilgated structure (excluding stereochenmictry) can be gleaned from
the mass spectrum, the bage pesk of which occurs at % 155, This peak
is not observed to any significant extent in the spectra of the cther
compounds of this series, and can be attributed to Mclafferiy

reagrrangement involving the C(l) carbonyl and the 0(11) equatorial

hydrogen, followed by cleavage of the allylie C(S) - C(6) bond.,.

m
7;155
H

"It has already been mentioned that treatment of x - caesalpin
with a solution of hydrochloric acid gas in chloroform resulted in
formation of the benzofuran 55, m.p. 176«17805 A nax 251 nm,

( & 7800), 280 nm, ( € 2800), 290 nm. ( € 2850). The n.m,.r.
spectrum revealed the loss of the 0(7)— acetate, since the benzylic

methylene could now be seen as the AB part of an ABX system at T 6,98,



O
'

- Scheme 10



with the X part resonating as a quartet at T . 4.40 (Jobs.: 9, 7 Hz.,
>CHOAc) |

Confirmatory evidence of acetic acid loss was derived from the
mess .spectrum, which displayed a parent pesk at % 370 (02272605 requires
¥' =370). Prominent ions were also observed at 3 310, 237, 212, 211
(base peak), 184, 183 and 169, lYost of these may be rationslised by
the breakdown pattera shown in scheme (10), .

The postulated loss of carbon monoxide froﬁ the fragment ion g has
precedent in the work of Aczel and Lumplkin on the mass spectra of
65

phenols, Their propcsal that the main fragmentation was associated

with loss of 28 mass units was later vindicatsd by exact mass

67

The expulsion

68

of carbon monoxide from phenol itself has been demonstrated

66 . . .
measurements  as well as deuberium labelling gtudies.

to
proceed through a cyclohexadienone intermediate J to give the

cyclopentadienyl cation %k, i.e. a process similar to g — £

on PR



(2) A hydroxy-diacetate, m.p., 178-179°, which was eluted directly

-after & =-caesslpin has been formilated as a mixture of the C(l)

epimers of structure 100 on the following evidence,

HO 100,R=Ac  HQ 4, R=H
!

101, R=H
v

i R dH }
HOR OR -
Analysis indicated the molecular formula 094H3408’ and this

X

R

togethervwith the infra-red spectrum ( N ggi4 3603, 3549 em
(hydroxyl), 1754 cm.-'l (acetate) ) was initially suggestive of a
dihydro-derivative of ¢ - caesalpin., The n.m.r. spectrum was almost
directly superposable on that of the diacetate g9, m.p. 148-1500, which
had previously been obtained by acetylation of & - caesalpin A.

There was a slight difference, however, in the peak width at half-height
of the = CHOH signal (Wi =10 Hz for 100, as opposed to 7 Hz for 89).
The work of Canonica et alze has shown that the diacetate 89 has a
trans- A/B ring junction, and in adéition that the C(1) hydroxyl hes
the ¢« - configuration., Thus the original supposition was made that
the naturally occurring diagetate 100 probably hed the 1 g - orientation,
which would explain the observed broadening of the >CH OH signal,

However, an attempt to obtain this compound by sodium borohydride

reduction of ¢ ~ caesalpin resulted in the formation of ancther



[z

hydroxy-diacetate, m.p. 198—1,90, whose spectral characteristics co-
incided exsctly with those of 100. This difference of 20° in the
melting points of two otherwise identical compounds may be rationalised
if bqth are mixtures of C(l) epimers, All attempts to distinguish
between these epimers by chromatozraphic methods (including G,L.C. on
two columns) met with failure.

The above borohydride reductioﬁ product (m.p. 198-199°) wes
subjected to further reduction with lithium aluminium hydride. The
pentaol préduced (101), although homogeneous by telece, melted over

the range 207-211° (cf. & - caesalpin A, which melts sharply st 251°).

(3) The structural elucidation of 7 = hydroxy — £ -~ caessalpin 102 e

186—1880, was accomplished fairly readily by the combined techniques of
n.m,r, and mass spectroscopy. The likelihood that the compound wasg a
derivative of € - caesalpin was first seen from the acetate pattern
in the n.m.r. spectrun ( T = 4.74 (double quartet, J =12, 5, 2 Hz.,

>CHOAc), 4.80 (doublet, J =2 Hz., >CHOLe) ). A >CHOH signal
et T 5.91 (double quartet, J =10, 5, 2 Hz).was ascribed to the proton
attached to 0(7), since this is the only carbon having the three
adjacent hydrogens required for such a multiplicity.

The mase spectral breakdown psttern of 102 was in general very

similar to that of & - caesalpin, but the peaks above % 200 occurred

at two mass units less for the former compound, owing to the additional
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loss of water from the parent ion (scheme (11) ). The lower mass
region was exactly the same for both compounds, the only noteworthy
. . m X . m \

ions occurring at € 145, 131, 91 and 43. The ion at g 131 (b) may

be attributed to retro Diels Alder cleavsge of the P = 36 ion (a).

Ac
ACO\

The fragment at % 145 is cormon to the mass spectra of all compounds
in this series which have a tertiary hydroxyl at C(lA)’ and is probably

due bo the highly stabilised tropylium derivative 69 ().



(4) The monoacetate 103, 022H3205, oD 1670, was eluted from the

column using 10% chloroform/benzens, The infra-red Spectrum of this
+ ) ] . CHCL .

compound showed acetate and hydroxyl absorption ( V e 3 3591, 3579,

a -1 . v s
1739.cme )e  The n.m.,r. spectrum confirmed the presence of an acetbate

( T =7.97 (singlet, CH,CO0 = ), 5,1 (broad singlet, >CHOAe) ) and

3
in addition showed thal one of the hydroxyl groups must be secondary
( T =5,85 (double triplet, J =11, 6 Hz,, >CHOH) ), The appearance

of only thres tertiary methyl sinclets ( T = 8.97, 8.93, £.90)

suggested thelt a secondary methyl group was present at 0(14) as in most
of the naturally occurring cassanes,72 with the remaining tertiary

hydroxyl at G,.y. This was supported by the stability of this compound
(5) v P

Ac

--O

103
OH H |
to treatment with mild acid under conditions which would have effected
dehydration of any tertiary hydroxyi at 0(14).

The positioning of the secondary acetate at C(l) is based solely
on énalogy with the n.m.r, spectra of the other C(l) acetates of this
series, all of which display broad singlets around T 5.15.
Assignment of the secondary hydroxyl to the 0(7) position follows from
the multiplicity of the >CHOH signal, which requires three adjacent

hydrogens., In addition, the observed coupling constants of this
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resonance can best be correlated with the appropriete dihedral anglegs
of a chair ring B in which the 0(7) hydroxyl is p - oriented.

The most significant ions in the mass spectrum of 103 are atb

o3

316, 134, 133 and 108, and are presuned to arise as shown in scheme

3 - . L] 1 L3 m ~oo
(12). The retro-Diels Alder cleavage leading to the ion at § 105 has
. . . 0
previously been observed by Feﬁlzon5 ~in the spectrum of meth Jl

voucapenate 104,

104

C%f:kb

(5) Also isolated from the extract was a benzofuran monoacetate,
o . . .
022Hé805’ m,pe 209-211", which is assigned structure 105 on

spectroscopic evidence,

The ultraviolet spectrum displayed the typical benzofuran
absorption bands at 250 m. ( € 7,500), 281 mms ( € 2700) and
291.nm. ( € 2900), This was confifmed by the n.m.r. spsctrum
( T =32.27, 2.45 (doublets, J = 2 Hz, furan protons), 7.64 (singlet,

e

Ar - CEB), 2,95 (singl et, Ar - E) ), vhich also revealed the presence



of one secondary acetate ( T = 3,08 (singlet, G200 - )5 4435 brosd
singlet,>CHOAc) ) and a secondery hydroxyl ( T = 5,50 (triplet, J =
8 Hz, — CHOH) ). The chemical shift of the > CZDAc proton compares
favourably with that of T 4.32 observed for the C(l) acetate vroton
of the benzofuran 56, suggesting thst the acetate of 105 is also
situated at the 1 - position, Double irradiation studies showed that
the CHOH proton resonated as the X-part of an ABX system inv&lving the
benzylic 0(7) hydrogens, thus confirming the placing of the secondary
hydroxyl av C(é)'

| It is most probable that this compound is an artefact arising from

a non-arormatic precursor such as 106.

AN
J

106, R=H,OH or OAc

(6) From one of the more polar fractions of the extract was obtained
a very small amount of a compound, m.p. 193-1950, which appeared to
contain a cyclopropane ring, Analysis and mass spectroscopy indicated
the molecular formula 020H3402’ yhile the n.m,r., spectrum showed the
présence of four tertiary methyl groups ( T = 9,28, 9,22, 9,17 and
8,82 (singlets, each 3H) ) two secondary hydroxyls ( T = 6,80

(triplet, J = 10 Hz.), 6.22 (double triplet, J =10, 5, 2 Hz, 2>CHOH)



and a cyclopropane ring ( T = 9,74, 9.47 (multiplets, each 1H). As

yet the structure of this compdund has not been established.

~3
O



(5]
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EXPEPTMENTLL

All melting points were recorded on a KoZler hot-stage apparatus
and are uncorrected, Routine infra-red spectra (carbon tetrachloride
or chloroform solutions) were recorded on abPerkin—Elmer 257 instrument,
and high resolution gpectra were obtsined usirz a Unicam S.P,100 double
beam spectrometer equirped with an S5,P. 130 sodium chloride prism grating
monochromator operated under vacuun, ‘ :

Ultraviolet absorption spectra were measured. in ethanol solution
using a Unicam S,P., 800 Spectrometer,

Nuclear magnetic resonance specﬁra were obtained on Perkin FElmer
R - 10, Varian T - 60 or Varian HA 100 ingtruments, using
tetramethylsilane as an internsl reference in deuterochloroform unless
otherwise stated.

Mass spectra were routinely determined on an A.E,J, - M,S, 12
spectrometer high resolution,spectra being obtained on a G,E.C. - £.E.I,
M.S. 9 instrunent,

Chromatographic separations were. effected using commercial 'Woelm!
alumina for column separations and Merck's 'Kieselgel G!', deactivated
according to the Broclran scale,26 for thin and thick layer chromatoplates.

Light petroleum refers to the fraction boiling between 60~20°,



The seed kernels of Cassalninis bonducella (Fleming) (2.47 ¥z.)

were ground to a fine powder and left to stand in light pebtrolsum (51)
for 3 days at 20°,  The slurry was filtered, washed with light
petroleun, and the defatted seed kernels extracted with ethyl zcetate
(51.5 for 50 hours, Filtration, followed by evaporation of ths solvents
in vacuo gave a dark-brown viscous oil (51g.), which gradually
solidified, | |

The totsl extract was dissolved in a minizum volume of benzene
and chronmatographed on neutral "Woelm! alumina (grade V, 1,5 kg.) using
the technique of gradient elution, Light petroleum was used initially
to remove any residual fats, and the polarity of the eluting solvent was
increased gradually through benzene and chloroform to 5% methanol/
chloroform for the most polar fractions,

After characterisation of each fraction by analytical t.l.c., the
‘appropriate fractions were combined, and a seguence of preparative t.l.c,
separations was carried oub to purify the individual components of the

extract,

€~ caesalpin 5

€ - caesslpin crystallised from ether as very fine needles MeDe
191-1946; (o), + 2° (chloroform); ) ﬁg}l{a 3596 (hydroxyl), 1758, 1745
(acetates) cm.-l; A max 215 nm (€ 7,800) ;
(Found ¢ ©C, 66,60 ; H, 7.90% ; 024H34O7 requires
C, 66,35 5 H, 7.90% )



¢~ casesalpin 1

Recrystallisation from ethyl acetate/ether afforded ox — caesalpin

as white needles, M.Po 1590 (reportedze 1600) 5 ( CK)D =+ 3/ (eunAAOW)

) .
(rep0ﬂupd + 350) \ CC“A 3597, (hydroxyl), 1758 (acetate) 1720,
(ketone) em™ 5 A .0 216 nm, (€ 8600); T = 8.83, 856, 851, 8.43

1 .
(singlets 4 ch ~C- ), 8402, 7.93 (singlets, 2 CH,C00 = ), 2.84, 3.70

3
(doublets, each 1H, furan protons) 4.50, 4.51 (multiplets, each 17,
2 >CHOAc)

(Found : C, 64.05 requires

e

H, 7.35% 3% 0241{3208

C, 64430 H, 7.20% )

~e

1, 6, 7 triacetoxy & - caesalpin 54.

The amorphous triscetate of O = caesalpin was purified by
preparative t,l.c. followed by precipitation from ether solution by
dropwise addition of light petroleum, The powdery compound thus

N CHCJa 3587 (hydroryl), 1748, 1742, 1250 (acetates),

obtained had

cm."l;AKmaX 218 nm. ( € 6000); T = 8.51, 8.74, 8.85, 8.85 (singlets,
t

4 CHy - 0 =), 7:97, 7.97, 8.07 (singlets, 3 CHy = €00 -), 5.21

(broad slnglpu, > u(l)JOAc) 441 (28 multiplet, 25CHOAc)

(Found ; C, 63.40 ;3 H, 7.50% ; 26‘36 9 requires

C, 63.40 3 H, 7.40% )



o
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Hydroxy - diacetate 100

Two recrystallisations from ethyl acetate/light petroleun afforded

L) 3603, 3549

(hydroxyl), 1754 (acetate), cm,Tl ( Ct)D = + 35° (chloroforn) ;

pure white needles of the diacetate, mep. 178-179°,

1
= 8,37, 8.82, 8.80, 8,47 (singlets,'4CH3 - C =), 8.01, 7.93 (singlets

2q33000 =) 4ol8, 450 (multiplets, 2 >CHOAc), 6,35 (broad singlet,
> CHOH) , )

(Found : ©C, 63.90 ; H, 7.70% ; 24H31+08 requires

C, 64,00 3 H, 7.60%)

Monoacetate 103 :

. . 8] s s . .
White prisms m.p. 167, containing water of crystallisation were

obtained on recrystallisation of the monoacetate 103 from aqueous

1
N CHCl

methanol, 3 3591 3579 (hydroxyl), 1739 (acetate), em. —

(Found : ©, 68.50 ; H, 8.,55% ; 022H3205. TH, O requires

C, 68,60 ; H, 8,65%)

7 - hydroxy - € =~ caesalpin 102

- . )
This compound was obtained as colourless needles m,p, 186-187",

N CCl

from ethyl acetate/ether, e 3585 (hydroxyl), 1758, 1746

(acetates) cm.—l



(Foungd : C? 64.30 3 H, 7.50% CEAHBAOS réquires
Cy, 64,00 ; H, 7.60% )

Benzofuran monocacetate 105

The Benzofuran monoacetate 105 was obtained as prisms, m.Dp.

8] 1 2 0 ’ 1 ‘;1 o2
209-211" from ether/light petroleum and was identified from the n.m.r.

spectrum (page 77). :l;lcz, 3590, 3512 (hydroxyl), 1742 (acetate)cm._l
(Found : C, 71,10 ; H, 7.80% ; 022H2805 requires

C, 70,95 ; H, 7.60% )

Lithinm Aliminium Hydride Reduetion of € - cassalnin,

A solution of & - caesalpin (330 mg.) in anhydrous ether (15 ml.)
was heated under reflux for two hours with lithium aluminium hydride
(150 mg.). A saturated solution of sodium sulphate was added dropuise
to the cooled reaction mixture, until evolution of h&drogen had ceased
and a white precipitate had formed, Filtration through celite 535 and
removal of the solvent gave a crystalline mixture of two products which
were separated by preparative t.l.c. using 5% methanol in chloroform as
eluting solvent,

The main component (198 mg.) was the tetraol & m.p. l94~l960

(ethyl acetate),



(@8]
\ I

(Found : C, 68,30 ; H, 8420% ; CzOHBOOS requires
C, 68.55 ; H, 8,5,% )
- The minor product from the reaction was the exomethylene
compound 7 (75 mg.), recrystallised from ether/ethyl acetate as nzedles
m.p. 183-185% A 232 nm. (€ 8600) 213 nm (€ %00); ¥ %3
3553, 3470 (hydroxyl), 1643 (furan) 1600, 902 (exonethylene) cm.”
(Found ¢ €, 72,40 ; H, 8.75% ; 020‘12804 requires
C, 72,25 ; H, 8,50%).

Acetylation of tetraol §

A solution of the tetraol 6 (50 mg.) in pyridine (1 ml.) and acstic
anhydride (0.5 ml,) was allowed to stand at room temperature overnight.
Addition of methanol and removal of ihe solvent after about ten minutes
yielded the monoacetate 9 as a gum (56 mg.), which crystallised from

CHC
N 1

agueous methanol as prisms, m.p. 195~197 max 3 3990, 3478

(hydroxyl), 1737 (acetate), 1642 cm.-l;
(Found ¢ C, 67.50 ; H, 8.30% ; 022H3 O, Tequires

C, 67.30 ; H, 8.20%)

Acetylation of exomethylene triol 7

The exomsthylene compound 7 (47 mg.) was acetylated as above and

the resultant monoacetate 8 was recrystallised from ether/llgh*



o
L2

petroleum as needles m,p. 203-205° 3 A nex 232 nm., ( € 8600) ;

CG : -
V 50 3598, 3515 (nyavozyl), 1746 (acetate), em.™t
~(Found : ©C, 70.90 ; H, 8.25% ; 022H3005 requires

C, 70,55 ; H, 8.10% ).

Sodium meta-periodate cleevaze of tetracl 6

To 2 solution of the tetraol & (100 mg.) in methanol (5 ml,) was
added sodium meta~periodate (85 mg.) in water (1.5 ml.) and the mixture
left at 20° for one hour, The reaction mixture was diluted with wzter,
thoroughly extracted with chloroform, the combined extracts being
washed several times with brine, dried and evaporated to give a mixture
of the epimeric hemiacetal aldehydes 12. Preparative t.l.c. gave one

epimer as needles (m.p. 158-159°, 24 mg.) and the other as a gum (16 mg.).

-y CHCL
\Jmax

T = 9.07, 8.89, 8.85, 8,65 (singlets, 4 CﬁB - ? - ), 450

3 (both epimers) 3604, 3468 (hydroxyl), 1711 (al@ehyde) cm. -
t
(multiplet, = CH-OH), - 0.1 (singlet, - CHO).

Attenpted oxidation of hemiacetsl 12

A solution of the mixture of epimers 12 (5 mg.) in acetone at 0°

wes treated with Jones reagent (2 drops). Normal work-up procedure

afforded only acidic products, resulting probably by oxidative cleavage



of the furan ring. Further small-scale attempts to obtain the desired
lactone acid 14 using methods described by Sarett,zo Snatzke,Zl and

F‘iller?'2 were similarly unsuccessful.

Acid Treatment of & = caesslpin,

A solution of hydrochloric acid in chloroform was prepargd by
bubbling HCL gas from a generator through chloroform (10 ml,) for three
minutes. The resulting solution was used in each of the following
reactions,

(1) € - caesalpin 5 (181 mg.) in chloroform (5 ml.) was treated
with ten drops of the above solution and the mixture left at 20° for
thirty minutes., Following the reaction by t.l.c. at five minute
intervals showed that the initial product was the exomethylene compownd
20, which on standing formed the bénzofuran 19 and the dihydrobenzofuran
18. Evaporation of the chloroform and preparative t.l.c. of the
product (20% light petroleum/chloroform) gave the benzofuran 19 (98 mg.),
which crystallised from ether/lighﬁ petroleum as needles, m.p. 191—19205

’Anmx 251 nm, ( € 7,500), 282 ne, ( € 2,700), 292 nm, ( € 2800)5;

N ggiA 3591 (hydroxyl), 1755, 1750 (acetates), 1605 (aromastic ring)cm."l
(Found : C, 69.30 ; H, 7.20% ; C,,H,0 requires

2473076
C, 69.55 ; H, 7.30%)



The dihydrobenzofuran 18 (47 mg.) was obtained as colourless
needles from ethyl acetate/ether, m,p, 210-211° ; K gy 225 nm.
( € 7000), 267 nm. ( & 4800), 291 mm { £ 5000)°; fi‘j;g 3591
(hydroxyl), 1755, 1748 (acetates) an~t

(Found : C, 69.00 ; H, 8.00% 0y requires

H C24H32
C, 69.2 3 H, 7755 ).

(2)  The acid reagent (3 ml.) was added rapidly to a solution of g-
caesalpin (1 mg.) in chloroform (l ml,.), Removal of the solvent

in vacuo after ten minutes afforded, virtually in quantitative yield,
the dihydrobenzofu:an 18, which was decolourised and recrystallised to
give a pure sample identical (i.r., m.p.) with that prepared in (1)

above,

(3) The acid treatment of € - caesalpin was carried out as in (1),
except that the reaction mixture was maintained under an oxygen
atmosphere while bubbling oxygen through the solution., All solvents
were flushed with oxygen before use. After removal of solvent, the
yields of the two products were found to be exactly the same as in psr
(1). An anslogous procedure using nitrogen rather than oxygen caused

no alteration in the product distribution.

M
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D,D,Q. Oxidation of dihvdrobenzofuran 18.

The dihydrobenzofuran 18 (75 mg.) was dissolved in benzene (5 ml.)
and heated under reflux for 60 hours with 2, 3 ~ dichloro = 5, 6 -
dicyano ~ p - benzoquinone (70 mg.). The cooled reaction mixture was
filtered through celite 535, evaporated and chromatographed in 20%
light petroleum/chloroform, furnishing the benzofursn 19 (18 mg., 24%)
as well as starting materizl (22 mg.) and obther unidentified products.,
The benzofuran thus prepared was identical (t.i;c., i.r., n.m,r.) with

an authentic specimen,

Lithium aluninium hvdride reduction of dihvdrobenzofuran,

A solution of the dihydrobenzofuran 18, (25 mg.) in anhydrous
ether was stirred at 20° for one hour with lithium aluminium hydride
(20 mg.). Excess reagent was destroyed by dropwise addition of
sodium sulphate solution, the resultant precipitate was removed by
filtration and ths ethereal solvent was evaporated. This gave the
triol 24 (21 mg.) which crystallised from ethyl acetate ss small prisms,

CC 1
N 1

m.p, 263-265°, none 3580, 3500 (hydroxyl) em.” 5 T = 8.73, 8.85,
1

8.88 (singlets, 3 QﬂB

(triplets, J = 9 Hz., dihydrofuran methylenes), 5.62 (doublet, J = 2 Hz

- C =), 7.86 (singlet, Ar - Q§3), 6486, 5.45
]

>C(1) HOH), 5.82 (double quartet, J =12, 5, 2 Hz., 30(2) HoH),

1



N
)

(Found : C, 71.95 3 H, 8.20 ; C2OH2804 requires

C, 72.25 ; E, 8,50 )0

Sodivm meta-periodate cleavaze of triol 24.

The triol 24 (72 mg.) in methanol (4 ml.) was allowed to stand

for three hours with sodium meta—pefiodate (65 mg.) in water (1.5 ml.).
The reaction mixture was diluted with water and the products extracted
into ethyl acetate, The extracts were washed, dried and evaporated
in the usual way to leave a residual gum (59 mg.) which contained the
tvo epimers of the hemiacetal 25. Chromatographic separation of these
epimers proved extremsly difficult, snd consequently the recorded
physical data are for a mixture of the two components: m.p. 197-199°
N CCl

ma 3605 (hydroxyl), 2710, 1?19 (aldenhyde) e, ™t 3

T = 8,82, 8,60, 8,99 (singlets, 3 CH

(ether) ;

3
6.93, 5.51 (triplets, J = 9 Hz., dihydrofuran methylenes), 3.8%

- C =), 7.8, (singlet, Ar-CiS),
1

(singlet, Ar-3), -0.03 (singlet, -CHO), 4.49 (triplet, J = 6 Hz, = CH-0H),

(Foung : ¢C, 73.65 s H, 7.75% Coollag0, Teuires

C, 72.70 H, 7.95%).

“e

Jones Oxidation of hemiacetsl 25.

8N, Jones reagent was added dropwise to a stirred ice cold solution



of the mixture of hemiacetal epimers 25 (44 mg.) in acetone (4 ml,)
untll a permanent orange coloured solution was obtained, Water was
added and the mixbture extracted with ethyl acetate, the extracts being

washed with brine, dried snd the solvent removsd to furnish the

crystalline Y - lactons 26 (37 mg.), m.p. 289-292° decomp.

N9

(ethylacetate/ether) ; V) ggiA 1773 (lactone), 1717 (aldehyde) o ;
Lt ’ .
T = 8452, 8,74, 8.88 (sinzlets, 3 C:rIB - C'} - \), 7.8, (singlet, Ar‘giB)’

6.89, 5.46 (triplets, J = 9 Hz,, dihydrofuran methylenes) 3.88 (singlet,
Ar-H), 0.08 (singlet, -CHO).

(Found : C, 73.05 ; H, 7.55% ; 020H2404 requires

C, 73.15 ; H, 7.4% ).

caesalnin,

Dehydration of &

A solution of € - caesalpin (50 mg.) in dry Analar acetone
(10 ml.) was stirred at room temperature for 35 minutes with anhydrous
copper sulphate (220 mg.). Filtration and evaporation of the solvent

under reduced pressure at 20° afforded a gum, comprising mainly the

exomethylene compound 20, A 232 nm, ( € 8500), 212 nm. (€ 9000),

m"f

which refused to crystallise and could not be purified by normal
chromatographic procedures, Analytical t.l.c. indicated the tendency

of this compound to undergo rapid aerobic dehydrogenation to the



D
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benzofuran 18, Accordingly, the physical data presented are only

representative of a crude sample,

CHCL
V

mex 2 3590 (hydroxyl), 1758, 1745 (acetates), 895 (exomethylene)

+
em.™" 5 mass spectrun ¢ M =428 (0 H 00 requires M = 428).

p-Bromobenzoate 27 of £ - caesalpin.

To a solution of the tetraol § (35 mg.) in dry pyridine (1.5 ml.)
was added recrystallised‘ p —broﬁdbenzoyl chloride (40 mg.) in
pyridine (1 ml,) and the mixture set aside overnight. The reaction
was diluved with water, extracted with ethyl acetate and the combined
extracts thoroughiy washed with dilute mineral acid, bicarbonate, and
brine. Drying and eveporation of the solvent gave a non crystaliine

solid containing two t.l.c. spots in the ratio 70 ¢ 30, The minor

spot corresponded in Rf value to the unreacted tetraol 6, while the

major product was shown, after preparative t.l.c. in 5% methanol/
chloroforn, to be the p -bromobenzoate 27, oblained as colourless

needles, m.p. 169~170°, from ethyl acetate/ether,

t

T = 8,50, 8.84, 8.78, 8.65 (singlets, 4 CH, =~ C =), 6.06

=3
1
(doublet, J =2 Hz, >CHOH), 4.48 (double quartet, J =12, 5, 2 Hz

>CHOCO, Pa.Br), 2,20 (A,B, quartet, aromatic protons) .

(Founa ¢ C, 61,05 ; H, 6,50% 3 Og Br  requires

Corflag

C, 60.80 ; H, 6,255 ).



O
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In order to obtazin crystals which would be amenable to X-ray
analysis, a pure specimen of the bromobenzoate was crystallised in
a flat bottomed vessel by controlled evaporation of solvent (acetones
ether,»50 : 50), By this method the derivative was deposited'as'

carystals belonging to the monoclinic space group PQl.

Tosylation of tetraol A. .

Recrystellised p - toluenesulphonyl chloride (29 mg, 0,016
m.moles) was added to a solution of the tetrsol 6 (43 mg., 0,012
m.moles) in anhydrous pyridine (1.5 ml.) and the reaction mixture was
set aside for five days at room temperature, Ethyl acetate and wetér
were added and the organic layer was washed with dilute minerel acid,
bicarbonate, brine then dried and the solvent removed to give a gummy
residue which after chromotography in 1% methanol/ chloroform yielded
the desired tosylate 28 (44 mg.). Crystallisation from ether/light

° + N %3 3580, 3485

petroleun provided needles, m,p. 126-128
(hydroxyl), 1189, 1177 (S = 0) cm. -t
(Found : ©, 64.05 3 H, 7.25% ; 0,08  requires

C, 64.25 ; H, 7.2%),

Lithinm aluminivm hvdride reduction of tosvlate 28,

-_—

The tosylate 28 (27 mg.) in anhydrous ether (4 ml.) was heated



urder reflux with excess lithium aluminiun hydride (21 mg.) for 2 hours.
The cooled réacﬁion mixture was worked up in the usual way to give a
mixture of products which could not be separated by preparative t.l.c.
The ultraviolet spectrum of the crude mixture had bands at 232, 250,
280 and 290 nm,, showing that most of the producté hsd resulted fron

aromatisation of ring C.

Bydrogenation of exomethyvlene triol 7. S

The exomethylene triol 7 (55 mg.) was hydrogenated in ethanol

solution with a trace of triethylamine by shaking with 10% palladium/
charcoal (40 mg.) undsr hydrogen at one atmosphere pressure. After

twenty minutes, uptake of hydrogen had ceased, and the solution was °*
filtered through celite 535 and evaporated in vacuo affording a

. . . . RSN ; o
quantitative yield of the triol 31. Colourless needles, m.,p. 196,

were obtained from ethyl acetate/light petroleun,
VIR 3550, 3470 (hyarow1) em ™ A 214 mm. (£ 7500) 5
1

T =9.02 (6H), 8.94(34) (singlets, 3 CH, - C =), 5.40 (diffuse
1

, 3
doublet, J =2 Hz, > CHOH) 5.04 (double quartet, J =12, 5, 2 Ha.,

NCHOH), 2,80 (doublet, J = 2 Hz, 0(16)'5)’ 3,83 (pair of doublets, each

J = ZHZ, 0(15)- E_ ‘).

(Found ¢ ©C, 71.80 ; H, 8,90% ; CzOHBOOA requires

C, 71.8 3 H, 9.0%).



Tosylate of triol 31.

To a solution of the triol 31 (40 mg.) in dry pyridine (1 ml.)
was added recrystallised p-toluenesulphonyl chloride (34 mg.) in
pyridine (0,5 ml,) and the mixture allowed to stand at 20° for thres
days., Normal work-up procedure afforded the highly crystelline
tosylate 32 (51 mg., &6%) which crystallised as fine needles, m.p.
168-170° from ethyl acetate/lisht petroleum,

CHCL
N

Cooh3 3560, 3480 (hydroxyl), 1170 (S = 0)ems™ 5 T = 2442
(Asz quartet, JAB = 8 Hz, aromatic protons), 5.13 (double quartet,

=12, 5, 2 Hz,, > CH0Tos), 6,32 (diffuse doublet, J = 2 Hz, “CHCH),
(Found 2 0, 66,55 3 H, 7.50% ; 627H36068 requires

C, 66.4 5 H, 7.45%).

Attempted Hydrogenolvsis of tosylate 32.

Excess lithium aluminium hydride (25 mg.) was added to a stirred
solution of the tosylate 32, (26 mg,) in anhydrous ether (5 nl,) and
the stirring continued for a further two hours., The usual work up
for hydride reductions afforded a crude product (19 mg.) which on
telec. analysis contained three compounds in the ratio 3 ¢ 2 : 1.
Preparative scale chromatography (0.25 mm. plate) in 2% methanol/
chloroform gave returned starting material (8 mg.), the triol 31

(3 mg.), and the ring contracted primary alcohol 34 (5 mg.).



Crystallisation of the latter compound from ether gave colourless

PTisms, MePe 158-160°,
t

T =8,97 (3H), 8,87 (6H) (singlets, 3 Cd, = © ), 6.37 (4B
1

quartet, J,, = 12 Hz, >C§20H).
(Found : C, 75.55 ; H, 9.55% ; CZOHBOOB reguires
C, 75.45 5 H, 9.50% ).

Acetylation of 34 in acetic anhydride/pyridine gave the primsry

T -' ) N . —1
N 03 3589 (nyaronyl), 1722 (sostate) ana™"

T= 8,03 (singlet Qgscoo—), 5.68 (AB quartet, J,,

+ +
mass spectrum : M = 360 (02?H3904 requires ¥ = 360),

acetate 35 as a gun :

= 12.HZ,>CE20AC) ;

~

A
Tetrahydropyranyl ether 3 of toesvlats 32

A solution of the tosylate 32 (15 mg.) in freshly distilled
dihydrooyran (0.5 ml.) was allowed to stand overnight with one smell

drop of FOCL - Ether and water were added and the orgsnic layer was

30
washed several times with water, dried and evaporated., The product
was shown by te.l.c. and ir. spectrum to contain mainly returned

starting meterial,

Benzyl Thiosther > of tosylate 32.

Sodium metal (5 mg,) was added to benzyl mercapten (0,12 ml,)

and the mixbure allowed to stand until the sodiuvm had dissolved,



The solution was tsken up in dry dimethylformamide (DJ&.F.,O;S ml.)
and added to a solution of the tosylate 32 (15 mg,) in DM,F, (1 m=1,).
The reaction mixture was heated under dry nitrogen in an oil bath at
20 ~for 8ix hours, water wzs added and the products extracted into
ether. The combined extracts were washed répeatedly with water, dried
and the solvent removed, furnishing an oily product, The only
component which could be isolatsd‘by preparative t,l.c. was'a gum

.VCGl

mg.)s yaroxy carbonyl), presumed to be the
(5 mg.); V4 359 (b 1), 1740 (carbonyl), p a

ring contracted aldshyde 43.

Carbonate27 of triol 32.

The triol 32 (14 mg.) in pyridine (1 ml.) was treated with ethyl
chloroformate (0.2 ml.) and the mixture allowed to stand overnight.
Normal work-up followed by preparative t.l.c. gave a product (7 mg.)
which had infra-red bands corresponding to the expected carbonate 4.

(G CHClB 3590, 3480 (hydroxyl), 1740 (C = 0) em, ™

) Without
further purification this sample was vacuum sealed into a pyrex tube
and heated to 250—2600 in a sublimation block for one hour, The
‘brownish pyrolysis product, which was predominantly one compound by

t.l.c., had a strong absorption at 1797 cm.-l, and was thought to be

the cyclic carbonate 47,



Lithium Aluminium hydride reduction of benzofuran HQ.

The benzofuran 19 (135 mg.) in anhydrous ether (12 ml,) we
stirred with lithium aluminium hydride (80 mz,) for twernty minutes
at room temperature, llormal work-up for mebal hydride reductions
gave the triol 58 (102 mg.), which crystallised from di-isopropyl

N CHCL

e 3 3584, 3476 (hydroxyl)cm,

ether as needles, m.p. 227-230° -1

Mass spectrum M+ = 330 (020H2604 requires M+ = 330).

A sample of ths triol 58 (68 mg.) was acetylated overnight in
acetic anhydride/pyridine, Preparative t.1l.,c. of the product after
work-up gave 67 mg., of the monoacetate 59, obiained as small prisss,
CH0L3 3595, 3503

C00 -), 4.59

m.p. 210-211°, from ether/light petroleum : Y ¢

(hydroxyl), 171 (acetate)cm, ™t ;5 T =17.93 (singlet, C

(double quartet, J =12, 5, 2 Hz., >CHOAc), 5.45 (diffuse doublet,
J = 2 Hz.,, >CI0H).

(Found : ©, 70.50 ; H, 7.75% 3 C

’

22h2805 Tequires

C, 70.95 3 H, 7.6%).

Sarett oxidationzo of monoacetate 59.

The Sarett reagent was prepared by dissolving chromium trioxide
(30 mg.) in dry pyridine (1 ml.) at 0°, To this was added a solubtion
of the moroacetate 59 (10 mg.) in pyridine (0.5 ml.) and the mixture

was stirred at 0° for thirty minutes, then allowed to stand for



sixteen hours abt room temperature., Addition of ice and normel ethyl
acetate/water work-up gave only returned starting meterial (8 mg.),

identified by t.l.c. and i.r. spectrum,

Jones oxidation of monoacetate 59.

The benzofuran monoacetate 53’(45 mg.) in acetone (3 ml:) at 0°
vas oxidised by dropwise addition of 8N Jones~reagent until a
permanent orange colourstion was observed, The reaction was worked
up as described previously and furnished an amorphous solid (37 mg.)
which contained several components by t.l.c. Preparative scale
chromatography gave the desired keto-acetate 60 (12 mg.) as well as |
starting materisl 59 (16 mg.). The keto-acetate 60 crystallised from
di-isopropyl ether as needles, m.p. 174-178° 5 N 52213 3590, 3470

(hydroxyl) 1740-1730 (acetate, ketone) cm.-l.

(Foung ¢ ¢, 71.05 3 H, 7.05% ; 022H2605 requires
C, 71035 3 H, 7-1%)0 :

Attemnted reductive cleavage of the keto-acetate 60.

(1) With zinc and acetic acid.

To a sbirred solution of the keto-azcetate 60 (3 mg.) in acetic

acid (2 ml,) wasz added zinc dust (80 mg,), end the mixture was heated



under reflux for 19 hours. The reaction mixture wag diluted with

D)

ch
)

ethyl acetate and water, filtered and the organic layer washsc wi

bicarbonate, brine, then dried and evaporated. Analytical t.l.c.

j o7

of the gunmy residue showsd that an arvay of about nine products had

been formed, with none present in a major amount,

(2) With calcium in liquid  ammonia. 37,38

—ln

A solution of the keto-acetate 60 (13 mg .) in dry toluene (2 m
‘was added dropwise with vigorous stirring to caleium turnings (4 mz 2.)

1 Was made

S’
3
5
(0]
[o}}
Qs
[N
<ot
[

in freshly distilled liquid ammonia (5 ml.).
in two minutes, the mixture was stirred for a further three minutzs
and excess reagent was destroyed by addition of bromobenzene (5 drops).
Water (10 ml.) wvas added and the products were extracted into ethyl

acetate, Washing with brine, drying and removal of solvent gave a

crude product which was a mixture of five compounds,

(3) With chromous chloride.

39

A modification of the procedure of Rosencranz and Djerassi”’ was
eﬁployed.

Amalgamated zinc dust was prepared by shaking vigorously 10g. of
zinc dust, 0.8g2. of mercuric chloride, 10 ml, of water and 0.5 ml,
concentrated HCL for five minutes, The supernatant liguid was

decanted, and a further 20 ml, water and 2 ml, conc., HCL were added ©o



the solid residue. Chromic chloride (5¢.) was then added portionuise
with stirring under a nitrogen atmosphsre, Tha resultant dark blue
solution of chromous chloride was kept undsr nitrogen until ready for
use,

The keto-acetate 60 (5 mg.) in acetone (5 ml,) wss treated with
the above solution of chromous chloride (2 ml,), the addition being
carried out with stirring under a nitrogen abtmosphere, The.mixture
was then heated under reflux for 14 hours, brine was added to the
cooled solution, and normal extraction/washing procedure produced a
semi-crystalline solid (4 mg.). t.l.c. indicated two components, one

of which corresponded in value to the starting keto-acetate 40, and

R
£
the other was subsequently shown to be the ov=- ketol 6L, The i.r,.’
spectra of these two compounds were identical with those of authentic

samples,

Base hydrolysis of keto-acetate 60.

To a solution of the keto-acetate 60 (3 mg.) in ethanol (2 ml,)
was added 10 drops of 1N potassium hydroxide, and the mixture heated
gently on a steam bath for 1% hours, The reaction was diluted with
water, extracted with chlorofornm and the products worked up to give a
gun (2 mg.):‘9§§213 3560 (hydrozyl), 1784 (carbonyl) em ™" Thus

none of the desired ketol 62 was produced,

e



™o

Acid hydrolvsis of ksbo-acetate 60,

The keto-acetate 80 (34 mg.) in methanol (3 ml,) was treated with
5N hydrochloric acid solution (10 drops), and the mixbure was set aside
‘o )
at 207 for three days. FEthyl acetate and water were added, the organic

layer was separated, washed with brine, and the dried solvent removed

to provide the crystalline x=ketol 61 (28 ng.). rystallisation from
di-isopropyl ether gave colourless needles, m.p. 175-177° ¢+ N gfi/

3575, 3495 (nydroxyl), 1720 (ketone)cm,” * T = 8,85, 8,59, 8,21 (singlets,
1

3%, - ? =), 7.6L (singlet, Ar - 0_53), 5,04 (quartet, J = 7,11 Hz,

NCHOH)

Mass spectrum ¢ M* =328 (C requires u” = 328),

0"24 4

Keto~Tosylate b4,

Recrystallised p-toluene sulphoﬁyl chloride (21 mg.) was added to
a,soiution of the ketol 61 (27 mg.) in dry pyridine (1 ml.) and the
reaction mixture was allowed to sband at 20° for thres days., Water
was added and the usual ethyl acetate/water work-up gave an oily product
(30 mg.), homogeneous by t.l.c., which proved to be the keto-tosylate 64

vV Cm/,, 3568, 3480 (hydroxyl), 1188, 1173 (S = 0) em. L,

The crude sample thus prepared was dissolved in acetone (4 ml,)
and refluxed under a nitrogen atmosphere for 20 hours with chromous
chloride solution (prepared as previously descrihed), The cooled

blue-green reaction mixture was diluted with water and extracted with



chloroform, the combinad extracts being washed with brine, dried and
the solvent evaporated to furnish a viscous gum (19 mg.). t.l.c,.
examination showed two constitvuents, one of which corresponded to the
keto~tosylate 64. The other mors polar component, isolated as a
erystalline solid (9 mg.) after preparative t.l.c,, was identified as
the desired ring A-desoxy caesalpin 57. This compound crystallised
as clusters of fine white needles, m.p. 172-1750, from di-isopropyl

0L, 3629 (nydroxyl), 1712

ether; (O()D —2.80 (ehloroform) RN -

(ketone) cm,~l.
(Found : C, 76,55 3 H, 7.80% 3 C20H2403 requires

C, 76.9 ; H, 7.75%).

Tosylate 65 of benzofuran triol 58.

Tosylation of the benzofuran triol 58 (75 mg.) was carried out in
the usual way and afforded the hydroxy-tosylate 65 (82 mg.). Two
recrystallisations from di-isopropyl ethsr provided small colourless

prisms, m.p. 171-172%; N g§§13 3580, 3480 (hydrowyl), 1170 (S = O)em.

(PFound ¢ ©C, 67.20 ; H, 6.70% ; 027H32o6s requires

C, 66.9 s H, 6.65%).

A sample of the above hydroxy-tosylate 65 (60 mz.) in acetone
(4 ml,) was oxidised with Jonss reagent according to the method

previously described, in the hope of obtainins directly the kebto tosylats



6L. However the only products obtained were starting msterial

(16 mg.), and several more polar compounds vhich were not identified.

Acid treatment of 1. 6, 7 = triscetoxy - & ~ cassalvin 54,

The triascetate 54 (320 mg.) in chloroform (5 ml.) was treated with
0.5 ml, of a solution of HCL in chloroform, The resulting deep pink
solution was evaporated under reduced pressure after five minutes,
providing a semi-crystalline mass which was purified by t.l.c. (20%
light petroleun/chloroform).  Crystallisation from di-isopropyl ether
gave the benzofursn 56 (192 mg.), as prisms, m.p. 220°; V) EgiA 3588
(hydroxyl), 1742 (acetates) cm.-l; R e 251 1 ( € 7800), 281 nm
'( € 2700), 291 nm ( € 2800). |

T="7.68 (singlet, Ar - 033), 2,94 (singlet, Ar - H), 7.86, 8.10
(singlets, 2 CH,
(Founda ¢ C, 69.50 ; H, 7.30% ; 024H3006 requires

CO0 - ).
C, 69.55 ; H, 7.3%).

Exomethvlene triacetate 67.

A solution of 1, 6, 7 - triacetoxy - 8 - caesalpin 54 (140 mg.)
in dry acetone (8 ml,) was stirred for 20 minutes with anhydrous
copper sulphate (1g.). The mixture was filtered through a celite

pad and evaporated to dryness at room temperature. This afforded



the amorphous exomethylene compound 67 (129 mg.), which was unstadle

at 20° and tended to form the benmofuran 56 on standing. A freshly

V C{Cl

prepared sample of 47 had < 2 3587 (hydroxyl), 1740-1735

(acetates) ; K o 232 T (€ 9000), 210 mn. (& 10,000),
T ="7.9%, 7.96, 8.06 (singlets, 3 CEB
>CHOAc), 4.49 (multiplet, 2H, 2 >CHOAc), 4.98, 5.11 (singlets,

CO0 = ), 5.16 (broad singlet,

@, = ¢<).
Mass spectrum @ MY = 474 (026 34 Oy requires\M+ = L74).

4345

Serini reaction on benzofuran diacetate 56.

A mixture of powdered zinc (400 mg.) and the benzofuran 56
(40 mg,) was placed in a sublimation tube and the temperature increased
to 2200, the pressure being maintained at 0,3 mm. After one hour the
sublimed product was taken up in chloroform and chromatographed on a
0.5 mm, plate run in 30% light petrolewn/chloroform. The major
product was the cis-fused 6 - ketone 72 (13 mgz.), crystallised from

cal

ether as small prisms, m.p. 192-194°; V macs  YTAT, 1235 (acetate),

1714 (xetone) cm."l.

(Found : C, 74455 3 H, 7.40% ; 022H26o4 rTequires
Cy, 7he55 3 H, T.43).
Also isolated from the plate was ths 6, 7 - diketone 75 (13 mz.).

Recrystallisation from di~isopropyl ether afforded long yellow needles,



\V) 0014 1750, 1228 (c.cetate) 1730 (0(6)

ketone), 1689 (C() ketons) en, “h 5 4, 215 mm. (€ 17,000), 251 nm.

mep. 184-190°(decomp,) ;

max
(& 13000), 311 nm, (€ 4000).

(Found ¢ C, 71,75 ; H, 6,655 ; 022}12405 requires

C, 71.75 3 H, 6.55%),

The third product obtained from this reaction was a gum (4 mg.),

CCl

which is presumed to be the A - homo- B - nor ketons 96 : 'V L 1740,

1230 (acetate), 1723 (ketone) cm.-l.

Lithium slominium hvdride reduction of banzofuran 55.

The benzofuran 556 (50 mg.) in anhydrous ether (8 ml,) was stirred
o . ' s . e g . ‘
at 207 with excess (35 mg,) lithium aluminium hydride for 20 minutes,

Rormal work-up for metal-hydride reductions gave, as the sole product,

100

the crystallins triol 82 (39 mg,), m.p. 201-203° (ether/light petroleun);

\)CHClg 3575, 3480 (hydroxyl) em.™5; T = 5.56 (brosd singlet, SCHOH),

5.46 (multiplet, >CHOH),

(Found : ©, 72,70 ; H, 7.90% ; H,,0

020 2691, requires

C, 72,7 3 H, 7.9%).

Tosylate of triol 82.

Tosylation of the triol 82 (35 mg.) was carried out in the usual
manner with excess p -~toluenesulphonyl chloride in pyridine for two
days. Work-up afforded an oily product containing two components which

°



”)O?;

were separat:zdi on a 0,5 mm, chromatoplste run in 10% light petroleum/

ceL,
V

chloroform, This gave ths tosylate 83 (20 mg,) as a gum @ -
il

3570, 3480 (hydroxyl), 1177, 1187 (S = 0) ; T= 5.53 (broad singlet,
NCHOH), 4o4b (triplet, J = 8 Hz., MI0Tos), 2.34 gh B, quartet, J),
= 8 Hz., aromatic protons).
The tosylate was unstable at room temperature and eliminated
p-toluenesulphonic acid to form the hamiketal QL. This compound

(13 mg.) was also isolated as the minor product of the above tosylation,

Crystallisation from anhydrous et1e“ gave colourless prisms, m.pe 181—1830;

Vgily 3594 (hydroxyl), 1044, 1144 (C-0) cm, 1.

+
Mass spectrum @ M =312 (C requires M = 312).

20° 21 3
Conversion of the tosylate into ths hemiketal was facilitated by
treatment of £3, in ethanol solution, with a few drops of 1% ethanolic

KoH,

Lithium aluminium hvdride reduction of hemiketal 91.

Lithium aluminium hydride (é mz.) was added to a stirred solution
of the hemiketal 91 (10 mg.) in dry ether (3 ml.). After two hours,
excess reagent was destroyed and the filtered solution was evaporated
to yield the diol 92 (8 me.), m.p. 201-203°(ether) 5 N Sorh 3566, 3429
(hyaroxyl) em.™ 5 T = 8.96, 8.95, 8.71 (singlets, 3CI; - c-), 7.62

(singlet, Ar - 033), 5.76 (diffuse doublet, J = 5 Haz., wl-oﬁ)



. 1r+ . ' v . +
Mass spectrum : M = 314 (CZOH%O3 requires = 314).

(Found ¢ C, 76.35 ; H, 8,35% ; 020H 603 requires

C, 76,40 5 H, 8,35%).

Acetvlation of diol 92,

A solution of the diol 92 (13 mg.) in acetic anhydride (2 nl.)
was heated under reflux for 3 hours with anhydrous sodium acetate
(10 mg.). The reaction was worked up by extraction with ethyl acetats,

the acetic anhydride being removed by thorough washing with 5% sodium

bicarbonate solution and brine, Removal of the dried solvent gave

2

substantially ons product - the diacetate 23 (11 mg.) which crystallised
' 1
from di-isopropyl ether as fine needles, m.p. l74~178°; Y 52;4 1738,
1229 (acetates)cm."l - no hydroxyl absorption,
+ +

zot t M = guires M = .
Mass spzctrum ¢ M = 398 (024}13005 requires M = 398)

Treatment of the diacetete 93 with lithium aluminium hydride in

ether gave a product which was identical (t.l,c., i.r., n.n.r.) with

the parent diol 2.

Oxidstion of benzofuran triol &2,

A stirred, ice cold solution of the triol £ (38 mg.) in acetone
(3 m1,) was treated with 8N Jones reagent dropwise until a permanent

orange colouration was observed. The reaction mixture was diluted



10

with water and worked up, affording a 60 : 40 mixture of two compounds
(by telec.). Preparative scale chrowatography in 5% 1i

chloroform geve the main product, the 1, 6 di-ketone 99 (17 ng,) as &

CC
V 1

gun sl 3498 (hydroxyl), 1730-1720 et (carbonyls) ema ™t
t

- C =), 7.60 (singlet Ar-Ci.),

T = 9.20, 9.10, 8.80 (singlets 3¢ CZ,)

3
1 .
6.20 (sharp ginglet, 2H, 0(7) methylene), 3.17 (sinzlet Ar-H),

co
I‘nr

"‘1 l—'

The other component wag the 6 = ketone 97 (8 mz.); M /. 3570,

Lz

3560 (hydroxyl), 1720 (ketone) cm.'l 5 T = 8.63 (61), 8.1 (37)
H

(singlets, 3 G, - C =), 7.56 (singlet Ar - Cil, ), 6.24 (4B quartet,
1

=3

J,n = 19 Hz., 0(7) methylene), 5.24 (broad singlet, > CHOH),

AB

Oxidation of the benzofuran tricl 82 in CrOB/pyridinezo affordsd

only the mono-ketone 97, (58% yield).

Attempted formation of thioketal 98.

A solution of the 6 — ketone 97 (15 mg.) in ethane dithiol
‘(0.5 ml,) with one drop of acetic aci& added, was allowed to stand at
20° for four days with freshly distilled BF 3 etherate (2 droos) The
solution was diluted with ether, washed repeatedly with saturafed

sodium bicarbonate solution and brine, then dried and evaporated. The



oily residue was chromatographed on a 0,25 rrn, plate run in 25% licsht
petroleum/chloroform. The only isolable material was a compound
(5 mg.) of doubtful purity which was less polar than the starting ketone

but still showed carbonyl absorption in the i,r. spectrum (

.
CC*4
max

H.

1720 cm.

&~ caesalpin 4.

A solution of the naturally oceurring 1, 6, 7 - triacetoxy - S -
caesalpin 54 (1.3g) in ethanol (25 ml,) was heated under reflux with
_5% ethanolic potassium hydroxide (10 ml,) for fifteen minutes. Most
of the solvent was evaporated under reduced pressure and the
precipitate formed on addition of Qater (10 m1,) to the residue was
filtered, washed and recrystallised from agueous methanol, affording

S - caesalpln (450 mg.) as very fine needles, m.p. 2510(sharp),
(reported2e 2510). Fxtraction of the filtrate several times with
ethyl acetate gave, after work-up, a further 330 mg. of $ - ceesalnin,
(Found ¢ G, 65.25 ; H, 8,20% ; C H) 0, requires

C, 65.55 ; H, 8.2% ).

LY

'®]



Under normal acetylation conditions, viz. acetic anhydride/
pyridine overnight, O - crmesalpin (50 mg.) yielded a 50 : 50 mixture
of two hydroxy-acetates which were separated by prepasrative t.l.c.
(3% methanol/chloroform). The more polar component was the

monoacetate 88 (24 mg.), obtained as a gum which tended to form

several compounds on standing., A freshly prepsred sarple had T =
!
8.92 (6H), 8,90, 8,56 (singlets, 4 qu - C =), 7.88 (singlet, QEBCOO-)
. 1

6.37 (broad singlet, > C( HOH) 5,70 (triplet, J = 10 Hz., >.c(7)503),

1)
463 (doublet, J = 10 Hz,, > CH Oic),

The faster running component, the diacetate 89 (21 mg.)
crystallised from ether as needles, m.p. lAS—lSOO(reportedze 148—1500);
( Cl)D + 30°% (chloroform) ; \)Eﬁiﬁ 3608, 3548 (hydroxyl), 1756
(acetates) an.™ 5 T = 8.04, 7.97 (singlets, 2 GH,000-), huth, 4ot
(multiplets, 2 > CHOAc), 6.34 (broad singlet, SCHOH).

(Founda: C, 64,10 ; H, 7.75% ; 02453408 requires

.

C, 64.00 ; H, 7.6%).

Reduction of Ct— caesalpin 1.

To a stirred solution of C¢ - caesalpin 1 (100 mg.) in aqueous
methanol (1 : 3, 12 ml.) was added portionwise sodivm borohydride

(70 mg.). The mixture was stirred for one hour, diluted with water



and worked up without acidification to give a crudelpfoduct (87 mg.)
which had m.p. l92~l98°, increasing to 198-199° on recrystallisation
from ether, The analylical and spectral dataz of this compound
(i.r., n.m.r;) wvere idertical with those of the naturally occurring
hydroxy-diacetate 100, m.p. 178-179° (see discussion).,

The product from the sbove borohydride reduction was dissolved
in dry T.H.F. and stirred for 30 minutes with lithium aluminium
hydride (40 mg.,). Hormal ethyl acetate/watef‘work up gave the pentaol
101 (55 mg.), which after twe recrystallisations from aqueous methanol

had m.p. 207-211°, (reportedze for pure &- caesalpin 251° (sharp) ).

Acid treatment of Ot~ caesgsalnin 1.

=

C-caeselpin 1 (28 mz.) in chloroform (5 ml.) was smoothly
converted to the benzofuran 55 by treatment with a solution of HCL in
chloroform, The product (17 mg, after t.,l.c.) crystallised from di-

iospropyl ether as prisms, m.p. 176-178°; A 125t nm, ( € 7800),
' val

/, 3587 (hydroxyl), 1720

280 nm. ( € 2800), 290 nm, ( €& 2850) 5 N _

(ketone), 1745 (acetate) cm._l.
(Found : C, 71.05 ; H, 6.,90% 3 Conflog0s requires

C, 71.35 ; H, 7.1 %).



Acid treatment of monoacetate 103,

The monoacetate 103 (3 mg,) in chloroform (1 ml.,) was treated
with acid as above, and the solvent removed after 30 minutes to leszve
a crystalline residue which was identical in all respects with the

starting material,
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Introduction

The plant Androzrcavhis waniculsta (Wees) is indigencus to the plains

of India and the West Indies, Its extremely bitter leaves have Dbeen
credited with prophylacvic gualities against a plethora of diseasss,
including such diverse afflicliions as snake bites and infantile diarzicsa.
The main crystalline bitter constituent of the plant, andrcgrapholide,
5 .
was first isolated by Gorter,” and has been the subject of nunerous

7

chemical invastigations.3— Soms of the pertinent esarly worx showed
that andrographolide was a bicyclic diterpenoid containing three hydroxyl
groups and an Q- unsailurated lactone function, However it was not

until the advent of n.m.r, specitrosc that the first definitive

opy
27
structural assigument was attempted..

Acetylation of andrographolide with acsvic anhydride and zinc
chloride afforded the correspoading triacetate, the n.m.r. spac
which provided evidence of the substitution and immediate environment of
the (xg-unsaturated lactone functicn., 4 signal at T 4.09 vwas presumed
to be characteristic of an allylic =CdlAc proton, while a triplet

(5= 6Hz) at T 3.03 was ascribed to the f- proton of the unsaturated

lactone. This interpretation led to the part structure l.



The infra-red specirun of androzrapholide in IMujol and K2z shows
. . -1 Vs
carbonyl absorption around 1727 cam. ~, and this was taken by Hlezipco
£ oor 27 L
as proof of an xfj- unsaturated Y - lactone. Cava et al®' found that
the spectrum in acetonitrile solution had a corresponding band at 1754
-1
cm. , which was claimed to be in better agreement with such a syste:
This, together with the above n.m.r. data, led to part structure 2 for
the lactone moiety.
Chemical degradation studies had elucidated the nature of the

bicarbocyclic nucleus as 3, and consequently led to the promulgation of

structure 4 for andrographolide.

3 4 5 6
@)

. 4 O/ [ .
g H

B ! SO

~ . H

Fi HO H HO \
Ol ’ - }
2 - CH20H CH,OH H

This was later amended to 5 Qn the basis of a re-interpretation of
the n,m.r. spectra.

Studies in the model compound 2 ~ butenolide 6 showed that the
coupling constant between the [ - proton (T2.37) and the adjacent
methylene group (T5.08) was 1.7 Hz. In the spectrum of
triscetylandrographolide, the signal representing the [~ proton ol the

lactone system (7‘3.03, tripl ct) has a coupling constant of 69/A



Tris is more in agreement with the exocyclic

The stercochemical assi

.

Hydroxylation of triacetyl androzrapholide

clezvage of the resulting dicl furnished

curve was an exact mirror image of that
derived from labdanolic acid, indicating

to enanticmeric series.,

7 8
AcO |
L
i
AcO” Y &
CHzOAc
som 16,28 s X
In later publications v Cava and

conclusive evidence of a cis-relationship between the hydroxyl and
hydroxy-methyl functions at 0(3\ and C(4), since the benzylidine

derivative § could be formed from a transformation product of

andrographolide., Assignment of the -

groups followed from a report by Venkert

shown

that

COzCH3

orientation to both these

15

oxygenated methylenes display n.m.r. signals

fieid when the function has the axial rather

configuration. Thus dehydroabietyl acet

(equatorial methylene) while a value of T 5.84 is rccorded for C-me

ate has an AB quartet at €.16 7T

@

the keto ester g

the two compounds belong

e o o

nis collavorators presented

that the protons of
at significantly lo

e equatorial



podocarpyl acetete (axial methylers), The correspondin
the n.m.r. spectra of seven androgrepholids derivatives appezrs in the
range T5.65-5.76, consequently confirming the axial ()
configuration for the 0(4) acetoxymethyl group.

The above stercochemical assignments were subseguently confirmed

.
29

by stereoselective synthesis of ths - unsaturated lactone 10 which
y ‘ e

had previously been obtained by degradation of aridro_-_;rapholide.l6

10 o 11

Andrographolide is thus a diterpene analogue of the sesquiterpene

iresin 11.

N



DISCILSICH

The tigsue cultures of Androsraphis peniculata have been found to

9

synthesise the three sesquiterpenoid lactones, paniculides &, B and C.
An investigation of the whole plant was deemed appropriate, therefore,
to determine whether these sesquiferpenes, or reclated compounds, were

present among the minor constituents.

R R
A H OH
OH OH

C OH 8-Ketone

After extraction of the powdered wnole plant and chromatography of
the extract, the only compounds obtained were andrographolide 3,
neoandrographolide 12, (sese later) and three crystalline substances
which were shown by combustion analysis and mass s?ectroscopy to be
diterpenoids. The three do not appear to have been previously isolated
from thz plant, but from spectral data are closely related to
andrographolide.

The first compound, C . H, O, m.p; 98-1000, (CX)D-IBOIO, was shown

2072875

to be 11 - keto - deoxyandrographolide 13.

=D

i



The i.r. spectrum (UCL, solution) displayed bands which vierc

4

readily assigned to hydx oAgl ( V L2608, 3500 om-l), lactone (1766 cm"l)
and exomethylene groups (1647, 902 ca 1). A4 strong absorption at

1721 cm“1 was attributed to a cyclohexanone cr an acyclic xetone, That
the carbonyl frequency at 1766 cm— represents en xf} - uusaturated § -~
‘lactbne function can be deduced empirically by comparison with the
spectra of the known andrographolide transformation products 14 and 15.
This is further subgtantiated by the ultrsviolet anOrPE cn of 13 at

227 nm. ( £ 9000) -~ a value which has been shown by Dorfmanlo to be

characteristic of unsaturated | - lactones substituted in the x-

position.

13 R=H 14 15

@)
17 R=Ac l\ [

The n.m.r, spectrum of ii showed, inter alis, signals for two
tertiary methyls (T 9.02, 8,80 singlets, 3H), one primary and one
secondary hydroxyl (T 6.28 (4B quartet, J., = 120z - 03201—1), 6,50
(mﬁltiplet, :>C§QH)). Another AB quartet centred at T 6.57
('IAB = 18Hz) was subsequently ascribed to the 0(12) methylene protons.
It has been demonstrated by Ceva et all1 that two mubtually coupled
doublets at T 2.49 (1H) and 5.15 (2H, J = 1.8Hz) are consistent with

the presence of an endocyclic double bond ccnjazated to the lactons
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16

R

Further evidence in support of pert structure 16 is obtained from
solvent shlft stuu;es on the amor hous diacevate ;1.1> The spectzum of
17 in CDCl3 shows considerable complexity between 5-6'7 . ~ﬁowaver,
dropwise addition of benzene to the n.m.r. tube makcs this region nore.
emenzble to analysis (Fig.l.) by causing incremental upfield shifts of

a doublet (J = 1.8Hz) at 5.15 T - Consideration of the empirical
13,14

rules normally used to rationalise solvent shifis supports the
bassignment of this doublet to the lactone terminus methylene. This
spectrum also allows confirmation of the pressnce of a primary and a
secondary hydroxyl in the isclated compound, since the —CEQOH and

>CHOH resonances of 13 at T 6.28 and 6,50 have suffered downfield
shifts of 0.54 and 1.07 p.p.m. respectively on formation of the acetate
17.

The positional and stercochemical assignment of these two oxygen
functions rests on the following evidence, First, the n.m.r. spectra
of andrographolide 5 and its acetate 18 exhibit extremely similar
chzracteristics to those of 13 and 17. This, togethsr with the co-
occurrence of the comgounds is intuitively suggestive that they contain

the same part structure 19.
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19 | 18 R=Ac
RO” \\H \ H
' CH2O CH OR

Secondly, it is known that the methylene protons of‘C(4) acetoxy-methyl

groups resonate at a lower field (~T 5.7) wnen the function has the

15

axlal rather than the equatorial orientation. The corresponding
protons in 17 appear as an AB quartet centred at T 5.74, consistent
with the presence of an axial -CHZOAC

| Finally, treatment of 13 with benzaldehyde in the presence of zinc

17 '

resulted in the formation of the benzylidine derivative 20.

chloride

HO’, /) H()’
CHZOH ' CHzOH

20 13 21

Consequently the two hydroxyls must have a cis-relationship, with the
0(3)-05 also in the Q¢ - orientation.
The above evidence eliminates all but two possiblz structures,

13 or 21, for the isolated compound. A decision between these in
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34 26

Ac AcO

CH A CHOAC

Scheme .1



favour of 13 was reached by a detailed analysis of the n.m.r. and nass

gspectra, and confirmed chemically by formation of the [} — diketone 26,

(Scheme (1) ).

In the n,

m,r, spectra of both 13 and 17 the 0(14) olefinic proton

resonates as a doublet ( F = 1,8Hz) around T 2.50. The obther compounds

of this seri

equivalent res

deshielding of

s which contain an p - unsaturated ¥ - lactone havs the

onance occurring within the range T 2,80 - 2,98, This

>0,37T could be accounted for by placing the carbonyl

group in the 11 - position, where it would be éuitably disposed to

influence the

chemical shift of the C(l/) hydrogen, In the alternabive
£

formulation 11, inspection of models indicates that a 0(6) carbonyl

would be too

ar awvay to have any appreciable deshielding. effect,

Additional evidence in support of this can be adduced in the form

of double irradiation experiments performed on the lactone diacetate 17.

From these it
the methylene
coupling with

be feasible vi

L

is evident that the AB quartet at T 6.56 - attributable to
protons adjacent to the ketone - shows a small allylic
the proton attached to C(ll)' Tnis coupling would only

b

th structure 13 for the isolated product.

Treatment of the acetate 17 with sodium borohydride in aqueous

methanol afior
and 23. The

24 34
1720 cn. -1 (ke

reduction of ti

ded a1 ¢ 1 ratio of two products, assigned structures 22

faster running product was the saturated lactone 22,

_ -1
0, \)Sﬁiﬁ 1783 on. ™" (¥ -lactone), 1742 en.”™" (acetate).

tone), 900 am T (exomethylene). This suggested that only

he double bond of the unsaturated lactone moiety had

occurred, without affecting the remainder of the gross structure.

Ny
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Confirmation of this was obtainsd from the n.m.r. specirum, which lacked
the characteristic signals for the btutenolide system.

The more polar product was the saturated lactol 23,m.p. 120—1230,
CHCL
‘max
formulation as 23 was supported by anslyticel and mass spectral data, and

-] -
3 3610, 3440 cm. — (hydroxyl), 1730 ca, 1 (acetate), Its

by acetylation in acetic anhydride/pyridine to the gummy tetra-acetate 24
(T =8.02 (singlet, 12, 4 C2;000-); M= 522 Cpall)20q Tequires ut
= 522). In addition, 13 could be transformed by Jones oxidation into the
saturated keto-lactone 22.

The production of 22 and 23 as the only isolable compounds from this
borohydride reduction raises one or two interesting mechanistic points
about thz reaction, It hsas been observedl8 that the exocyclic double
" bond of the oy~ unsaturated I-1lactons iresin 28 is reduced by
borohydride ion giving the corresponding saturated lactone dihydroiresin
29. On the other hand the endocyclic system of the naturally occurring

19

butenolides is unaffected by borohydride under normal conditions,

27 R=Ac ) ]
28 R=H ‘ -
. Rd/ \\ HO” \

CH,OR CH_OH

Cava and his collaborators have noted the analogous transformation

of andrographolide triacetate 1& to deoxyan&rographolide diacetate 14

\No}



which is stable to sodium borohydride under the conditions of its

formation.
AcO” N
! rol
! { s
AcO™” o
\ AcO \
Ckkf)Ac tﬁt;)Ac
18 14

. . . . . 8 .
The mechanism postulated to rationalise these observations™ is
one involving a cyclic intermediate favoured by the cisoid
unsaturated carbonyl system 30. This has precedsnt in the mechanism

proposed by Iutz and GillesPieQO to explain the results of their

- ??f*‘b
30
investigations into the reduction of unsaturated 1, 4 diketonss with
lithium aluminium hydride. .
In view of the stability of endocyclic double bonds to reduction
(vide supra), the formaticn of 22 and 23 must inyoive, as a first step,
the isomerisation of 17 to the exocyclic siructure 31 (Soheme (2) ).

Normal reduction could then prcceed as posiulated above to give the
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23

22

O '
o -7 '
H =7
H B

2N R

.Scheme 2
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enolate (é), which would lead to the saturated keto-lactone 22,
probably via the diene - diolate (b). This route explains the
isolation of 22 even after the reaction has been carried out with a
large excess of borohydride and stirring con#inued for one hour,
The mode of formaticn of the lactol 23 must invcize hydrolysis
of the initially formed enolate (g) by the aquscus methenol medium
before working up the reazcticn,  The expected rapid reduction of

the C(ll) carbonyl could then be followsd by an intra-molecular

hydride transfer to the lactone (g). Thi; would furnish an
intermediate of tyre (g) which on acid hydrolysis leads to the observed
lactol 23. The mechénism postulated is the one which best explains
the apparently anomalous result that no 'cross-over' products, i.e.

32 or 33 could be isolated from the reaction.

H
H ”
//A\\ /\CCT'C{/
32 33 2 34

Hydroxylation of the keto-lactone 22  with osmiwa tetroxide in
benzene afforded thz diol 25 as an oil which was cleaved without

further purification by sodium meta~-psriodate to the fp-diketone 26;
CCl - , -1 o ~1
‘vmax v 4 1778 ci 1 (lactone), 1743 cn (acecatas), 1712 cn

(ketones). High resolution mass spectroscopy confirmped the molescular



formula 02333208 and in addition revealed the mein fragmentation
pattera (see page 142).-
Our original assignment, on n.m,r. evidence, of structure 13
to the naturally occurring diol is reinforced by the u.v, spectrum
of 26. The alternative formulatiocn 34 can be discounted on the basis
of the well documented w.v, spectra of 'flexible'! and 'trans-fixed'
3 21 n 3 : 331 4Ny LY > <4 H : s
f} - diketones. Por alicyclic diketones, the situations obtaining

. . \ ‘ 22
in different solvents can be summarised as follovis.

| ---H-OR
- H

"Plexible" case ‘ ' '

Hydroxylic Solvent hydrocarbon solvent

e

"Trans-fixed" case

Hydroxylic Solvsnt hydrocarbon solvent

In ethanol solution, 26 exists wholly in the diketone -~ form,

suggesting that it is in the category of 'flexible' f- diketones,

+3
5
e
w
[83)

rgumsnt confirams the placing of the ketonic carbonyl group at C(ll .
: /



The other itwo new crystalline components obtained from the extract
were eluted from the column by the samz solvent system. Fractional
crystallisation failed to promote zny effective separaticn and recourse
was eventually made to repeated chromatography on plates impregnated with
silver nitrate.23‘

The major component of the mixture, 020H2804’ n.p. 203.5 —.204.50,
had strong ultraviolet absorption at 248nm. (€ 11,000) indicating the
presenca of a new conjugated double bond, The n.m.r, Spectr;m revealed
the typical bicyclic nucleus with wo tertiaéy nzthyls, one primary and

one seconaary hydrozyl, an ezomethylene group, and the familiar -

endocyclic unsaturated lactone system. It also showed that the new

double bond was disubstituted, since two additicnal vinyl protons could

be observed at T 3.28 {quartet, J = 16, 10Hz, 1H) and T 4.07 )
(doublet, J = 16, 1H). The appropriate decoupling experiments
suggested thet this compound was anhydroandrographolide 35.

An obvious method of confirming this structure lay in ths report
by Cava and co—workers16 that acetylation of andrographolide 5

proceeded with loss of acetic acid to give the diacetate 15. In our

\

\

CHOR (\:1—120R CH.OA:
R H 5 35
R Ac 18 15 36
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hends, acsiylation of 5 under normal conditions gzave mainly the enol

o]
m
(@]
cr
Q
=
©

12

CHS -
s 2.ps 139-142° ( ‘QmaxVJ 13 1780 cn 1 (1actone carbonyl) ),

.

with the desired diacefate 26 constituting only a small amount (Ca 5%)

of the totzl yield, Pr“auﬂaﬂly the strenger conditions used by the

previous workers, viz rafluxing sodium ace te/"cetic anhydride, had
isomerised the initially formed enol lactone 36 to the thermodynamically
more stable transoid enore system of 15. This isomerisation was shown

to occur by repeating the acetylation,of androzrapholide using refluxing
acetic anhydride and pyridine his resulted in the formation only of
the diacetate 15, which was shown to be identicel in a2ll respects with
the acetate derived from natural anhydroandrograplolide‘;j.

Analytical and mass spectral data on the third new compound
'obtained from the extract indicated the molecular Tormula CQOH3OO4.
Its n.m.r. spectrum displayed similar features to those of ité congener
35, with the exception of the vinyl signals representing the
disuvbstituted double bond. Thnis evidence together with the lack of
any appreciable ultraviolet absorption, strongly favoured assignment
of structure 37 to this compoﬁnd.

Diacetyldeoxyandrographolide 14 has been reportedly obtained
from. triacetylandrograpnholide 18 by treatment with sodium borohydride
in aqueous methanol.16 4 sample of 14 from this source was identical
by melting point and spectral comparison with the acetate derived from

thus confirming that the isolated ccumpound is deoxyandrographolide.
’ (=] p
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Mass Spectra of Androgranholide Derivabives,

Compleﬁe interpretation of the mass spectra of the compounds
13 - 37 is hindered in some cases by a pattern of oxygenation and
unsaturation which can allow several equally probable breakdown
sequences., This can lead to simultaneous productvion from one compound
of ions of the same molecular weight but of different structures, or,
alternatively, ions of the same structure but arising by different
mechanisms,  Houever, some order can be seen in the chaos by
observing the peak displacements caused by altering the substitution
pattern, and by careful consideration of previous work in this

fialdg 30

The ion assignments which result from this are obviously
open to question since definitive labelling studies were not carried

out to verify the fragmentation patterns, Nevertneless, useful and




~ Scheme 3
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significant resulis can be obtained which, together with ths other
physical data, provide conclusive evidence for the structures of the
=

conpounds investigated.

The mass spectra of 1l- ketodeoxyandrographolide and its

derivatives are shown in Figs. 2-4, The primary fragmentation of
these compounds is the facile x- clesvage initiated by the carbonyl
3
group. 4
. v 1 . I T
se to the base peak at % 125 in the spectrum

e

Thus path a gives r
of the benzylidine compound 20, and alsc furnishes a prominent ion in
the breakdown of 13, 17, 22 and 26. Vhen the lactone is unsaturated,

s . m
the ion A cazn lose carbon monocxide to form the fragment B at 7 97, a

‘s . . n
transition which is supgported by a metastable peak at S 75.3.
The ion C, formed by cleavage of the C(ll) - 0(12) bond, may

1

undergo further fissicns, the products depending on the subsiituents
present. Thus, in the spsctrum of 11- kstodeoxyandrographolide 13,

C cen react by eliminetion of water, methanol, carbon monoxide, or any
combination of these to give the fragments shown in scheme (3).

The frequent occurrence of a pezk at % 145 in these spectra may be
due to elimination of ethylene from F, or to removal of a three carbon
fragment from the icn E at % 187. The appearance of a metastable peak
at % 112.5 favours the latter route. It is noteworthy that the ion at
% 189 in the spsctrum of the [ - diketone 26 is markedly less abundant
than the corresponding ion E in Schene (3). This is an accord with the

expected destabilising influence of a carbonyl group & to the

carbonium ion.
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The work of Biemann3l has shown that a favoured reaction for
bicyclic diterpenoids of this type involves allylic cleavage of the
c - C and C - C bonds witnh formation of an ion of type G.
(9) ~ “(10) (6) = (1) _ P
This ion is also characteristic of tricarbocyclic diterpenes with a
32 . .
C - C double bond and can eliminate water or methanol t¢
(8) ~ 7(14) ! |

give hydrocarbon fragments of mass 133 and 119.

Py e

+
——— ‘
Ho” ns” K QI
CH,OH CHOH
o ) )
l < —_—
\ "
CH,OH
H2 m
133 G = 119
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A similar fragmentaticn can procezed by lclafferty rearrangement

involving the C ) carbonyl, resulting in retention of charge by the

(11

larger fragment. Substantial support for this lies in the presence

s m . .
of the ion H at g 180 in the spectra of 13, 17 and 20, while the
corresponding fragments of the keto-lactone 22 and the p-diketone 26

n . . . . . s
occur at t 182 and 184 raspectively. The enhanced intensity of this

o

peax in the latter spesctrum is no doubt due to the presence of the C(S)

ketone, which can facilitate production of the ion H by a double

Mclafferty rearrangement,

+
+
—_—
- H
AcO P
(]42§)Ac l
» +
HO H
N
H

Confirmation of this is derived frou high resolution messs analysis
of the ion H, which indicates a molecular weight of 184.0734.
C H QO requires 184.0735
The parent ioan of the C(ll)- keto derivatives may also fragment at

the 0(9) - C(ll) bond with concerted transfer of an actiyated 0(12)

I~
N



hydrogen to the exomethylene group. A sequence of this typs is knovm
to result in formation of the ion K during the breakdown of Daniellic

33 @_’+

acid.

K
* +
_—
CXD2H -CI%¥4 " CI%EH

A similar cleavage in 11 - ke uodboxjaudrogr;nn lide could give rise,

\ . m .
after elimination of the substituents, to fragments at 7 191, 173 and 159.

H K
HGS ~ HGS ; : HS™ ; :
| CH.OH ~ CH,OH / |
m m
—e—173 <— —é‘191 _%1159
K— 36 'K-18 K~50

The fragmentation of deoxyandrograpnolide 37 does not have any
major directing influence, and consequently its mass spectrum has a
more random distribution of ions than those previously discussed,
There are, however, indications that most of the above rearrangements

1. b} m :
are taking place to some extent, The bass peax occurs at § 121, an

ion which is not greatly significant in the other spectra, and can
=) o S . i b
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probably be attributed in pzrt to retro Diels-Alder cleavage of the
jion L.
Formation of L from the parsnt ion involves & 1, 2 hydrogen shift,

since this would increase the stability of the product.

0
_
H e

ChOH | CHOH

J/ HO
\6 ¢ L ‘
=219

CHOH

L) "
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Neoandrogzrapnolide.

Neoandrographolide, a ditzrpeneglucoside, was first isolated from

6

Andrographis paniculata by Kleipool in 1952. He advanced the

molecular formula.CZ3H3808, and deduced the presence of an xfi-
unsaturated § - lactone from solubility experiments and a positive
Legal test. In a recent re-examination of this problem by Chan
O a
8 ., . . : e ,
et al,  chemical and spectroscopic evidence is adduced in support of

structure 12 for neoandrographolide. This formulation has now been

confirmed by results obtained independently in this laboratory.

JEE

12 R =Glu
38 R ==(}hnkq4

/

/
F{OCH2

The glucoside 12, m.p. 167-168 (reported8167-l68°) was isolated
in low yield from the methanol extiract of the powdered whole plant by
column chromatography on silica gel, followed by preparative t.l.c. in
1055 methanol/chloroform. Because of ivs extremely low solubiliﬁykin
most organic solvents, the strictural determination of the compound was

facilitated by formation of the tetra-acetate 38



144,

n.p. 156-157° (zeported® 155-157°).

=8

C C
347487120
Subtraction of ths glucose residue from the molecular formula
leaves an agluccone which nas one oxygen less than deoxyandrograpnclide

37. It is evident from the n.m.r. spectrum that the molecule contains

an endocyclic ef3~ unsaturated |}

lactone system:

T= 2,88 (narrow mltiple, W3 = 4 Hz, 0(14) -H);

5.26 (doublet, J = 1.8z, 0(15) methylene).

(]

The 'missing' oxygen of neoandrographolide must therefors have been

m

removed from either the C,,y or € ) position. The remainder of the

(3) (19

n.m.r, spectrum allowed uneguivocal distinction betwezen these two
possibili ies, sincs only two terularj methyls were observed
(T 9.34, 9.08 (singlets, 3H) ), along with an AB quartet ( T 6.44,

J = 9 Hz) attridvutabls to the protons of the C
¢

AB ) methylene.  Othex

(19

features of the spsctrum which are coapatible with the defined struciure
38 for neoandrographolide acetate are a pair of singlets at T 5.15

and 5.41 (each 1H) which can bs ascrived to the exomethylene group, and

.

a doublet (J = 74z) at 7T 5.61 characteristic of the anomeric proton
-of a p- glucoside.23
The main peaks in the mass spectrum of 38 occur at % 331, 169, 109

‘and 43 (base peak), a sequence which is well documented in the

30

carbohydrate field”~ and represents the breakdown of a tetra-acetyl

glucoside as snown in Schene (4).




m
= 331 L
AcOCH, . AcO HZ +
\ H \y—H
. é
m
7;109 “‘169

Scheme 4 ’ _
Neoandrographolide itself does not exhibit a parent ion in the

mass spectrum (Fig., 5 ) owing to the very facile cleavage of the

glycosidic bond to give the aglucone a at % 318, The presence of a

primary hydroxyl grouping in a is shown by loss of 18 (H20) and 31

B (~CH,~CH) mass units,l?

~H0 |
27, D300

H,OH
m
a 7? 318

l-CHOH

m
= 287
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Fig 5 Mass Spectrum of MNeoaudrogravholide

121 ,
153 =205 287
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Many of the other significant ions can be assigned structures by
analogy with the previously discussed breakdown of andrographolide

derivatives. Thus, the peaks at % 153, 135 ahd 121 can arise after

cleavage of the allylic 0(9) - C(1O) and 0(6) - 0(7) bonds .

3FE§)H |

OH
m
- CHBOH e 183 \Hgo

m
2121 e 1B

Fragmentation may also occur at the otner allylie bonds in the

molecule, i.e. )y - C(ll) or C(ll) - 0(12)’ with the formation of the

°(9
ions at — 175 and 205.

- CHLOH Y
— =175

é : .
____EE; e 205
HOH HOH




by a six-membered ring

The hydrogen transfer from C,.y to C
YOLOSSH BXARSIET Xom T(g) P2 ¥(14)
mechanism has previously been observad in the spectrum of the
35,36 |

unsaturated ester 39.

’ l
| COLCH,

39




EAPERTNEND:

The material required for this investigation was obtained from the

dried powdered whole plant Androzrsphis paniculata (Hees) by extraction

m

first with ethyl acetate in a Soxhlet appsratus, then with hot methanol,

(U

to obtain the more polar constituents of the plant,

w

‘The two extracts were chromatographed separately on neutral alumina
(grade IV) using the 'gradient elution' technique. The solvent used
initially was benzéne, the polarity being graduallynincrsased_through
chloroform to 20;% methanol/chloroform for the most polar fractions.

The appropriate fractions (as determined from analytical t.l.c. plates)

were combined and, where necegsary, re-chronatcgraphed on thick layer

(0.5 mm.) plates to give pure samples of ths compounds shown in Table 1.

COL‘LPOUN D Rf *
andrographolide 5 0.22
neoandrographolide 12 0.09
11-keto-deoxyandrographolide 13 0.41
anhydroandrographolide 35 0.47
deoxyandrographolide 37 0.47

# R values were measured in 5% methanol/chloroform,

\ 1

Y
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TABIE 2. NM.R. SPECTRA OF ANDROGRAPHOLIDE DERTVATIVES.
COMPOUND H-3 H-11 H-12 H-14 H-15 H-17 H-19 Me CH,,C00
13 6.50m - 6.57a | 2.49b | 5,15b { 5.57s | 6.28¢c | 9.02s
5.168 8,80s
14 5.35n - 2.90b ! 5.25b | 5.10s | 5.77¢ | 9.30s |8.89s
5.37s 9.00s | (6H)
15 5.3m |  3.024 | 3.84e | 2.80b | 5.21b | 5.20s | 5.75¢ { 9.12s {7.98
5.37s 8.99s | (6H)
17 5.43m 6.56a | 2.50b | 5.15b | 5.54s | 5.74c i 9.00s 17.98
5.07s 8.90s | (6H)
18 ' 5.40m 2.92f | 4.02m | 5.6m | 5.06s | 5.72¢ | 9.21s 17.94(6.H)
Se.44s 8.94s | 7.87
. 22 5.40m 5.603 5.76¢ 9.05s 18.01
5.19s 8.95s | (6H)
23 5.51m | 6.40m 5.60s | 5.77¢ | 9.04s |8.02 |
5.178 8.94s | (6H)
24 5.42m 5.8m m.QOm 5.78m 9.0s |8.00
5.17s 8.91s | (12H)




i
N

COMPOUND mlu, H-11 H-12 H-14 H-15 H-17 H-19 Me omwooo
26 5.30m 5.68 8.88s | T.91
8.77s | (6H)
36 5.38m 3.3%h 3.864 3.02j 5.10s 5.72¢ 9.15s 1 7.92
5.52s 8.91s | (6H)
5.669 8,938
31 6.5m 2.87b 5.25b 5.11s 6.26¢ 9.34 -
5.40s 8.76 _
¢ AB quartet, uhw = 18Hz. h : triplet, J = 8 Hz.
¢ doublet, J = 1,8Hz. i : doublet, J = 4 Hz,
s AB quarted, ubw = 12Hz, j : doublet, Wy = 6 Hz,
2
: quartet, J = 16, 10 Hz. m : multiplet
: doublet, J = 16 Hz. 8 ¢ singlet
: double triplet J = 8, 2 Hz,
: = ,WmNt

AB quartet, hww




Anhydroandrographolide 35 and deoxyandrographolide 37 have the
same R.f value and were eluted in the seme fractions, Separation of

these two compounds was only achieved by repeated chromatography on

23

plates impregnated with silver nitrate.

Ahdrograoholide 5 was recrystallised from ethanol as plates, m.p.
Nujol

230-231° (reported® 227.5%); A 223 m (€ 12,300): Y ool

max .
3448, 3390-3280 (hydroxyl), 1727 (lactone), 1647, 906 (exomethylene)cm.-l

Mass spectrum: M = 3503 Coflyg0s Tequires M = 350,

11-keto-deoxyandrogranholide 13 was obtained as needles, m.p. 98-100°

from cgloroform/ether: ( CL)D -13.1°%; ¢«
N 0614
max

902 (exomethylene)cm.-l

nax 227 D (£ 9000) ;

3608, 3500 (hydroxyl), 1766 (lactone), 1720 (ketone), 1642.

Mass spectrum: ut = 348 3 020H2805 requires M= 348,

(Foundg: C, 68,65 ; H, 8.30% ; 020H2805 requires
C, 68,95 ; H, 8,10% )

Anhydroandrographolide 35 crystallised from ether as fine needles,
m.p. 203.5 = 204.5° ; *Jma§H013 3608, 3500 (hydroxyl), 1758 (lactone),
1643, 880 (exomethylene) an.”t

+
Mass spectrum: M= 332 020H2804 requires M =332
(Found : ©, 72,50 ; H, 8.65% 020H2804 requires

C, 72.25 ; H, 8.50% )



o iy maal . P N < -0
Deoxyandrozravholide 37 recrystalliszed as colourless needles, m.p.l1l7%

(reported27’16 170~1710) {fren ether/light petroleumn: A nax 214nn,
CHC e N -
(€9,300) ;3 V Y3 3608, 3500 (nydroxyl), 1759 (lactone),
1645, 902 (exomethylene) cm.'-1
+ . +
Iﬂa t i H I¢ = : H 1 5l = 3
ss.spectrumn 1 334 3 C20H3OO4 requlrés ol 334

.

(Found : ©C, 71.90 ; H, 9.00% ; Coot300,

C, 71.80 ; H, 9.05% ).

requires

Acetylation of Androzrapholide

(i) A solution of andrographolidé 5 (190 mg.) in pyridine (2ml.) and
acetic anhydride (1 ml.) was left to stand at 20° for sixteen hours,
lethanol was added, and after ten minuw.es the solvent was removed

in vacuo to give a gum which was shown by t.l.c. to contain two products
in the approximate ratio 3:1. Preparative scale chromatography in 5%

light petroleum/chloroform afforded the faster running component - the

enol lactone 36 - as a gum (126 mg., 57/5) and the slover
anhydroandrographolide dizcetate 15 as white necedies (40 mg., 187%).

The enol lactone 36 was recrystallised from chloroform/ether as

needles, m.p. 139-142°; Amax 299am. ( € 7300), 224 nm. ( € 70CO) ;

\Lax“ﬂﬂl3 1780(lactone), 1730, 1245 (acetate), 1648, 900

(exomethylene) cm."l

(Founa : C, 69,00 4, 7.85% 3 C,H Og requires

24 32

-e

¢, 69.20 1, 7.75% )

-e
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cnlokofora/etler as fine n=zedles, m.p. 134-135
137 r'o\ A P A . 2 onny . s A Lo A '

37.57), fnmax 246 nn. (€ 13,200),and icentified by t.k.é. and
spectral comparison with an au

of the diol. 35.

(ii) A solution of androzrapholide (60 mg.) in pyridine (2 ml.)
and acetic anhydride was heated under reflux for 2% hours. The
reacticon mixture was left at room temperature for a further fifteen
hours, diluted with water and extracted thoroughly with ethyl acetate.
The conbined extracts were washed with 4N hydrochloric acid, saturated
sodiun bicarbonete soluticn, brine and then dried over anhydrous
sodium sulphate.

A t.l.c. examination of the crude products (58 ng. ) showed that
only a trace of the enol lactone 36 was present, the major component

being the anhydroandrographolide diacetate 15.

Triacetylandrogranholide7 18.

A mixture of andrographolide 5 (160 mg.) acetic anhydride (1 ml.)
and freshly fused, powdered zinc chloride was heated gently for five
minutes until the solution became homogensous, The reaction mixture
vas diluted with water, extracted with chloroform, and the extracts washed
with bicarbonate, brine and dried over sodium sulphate., Renmoval of

solvent under reduced pressure furnished triacetyl andrographolide 18

——



(198 ng., 907) recrysivallised froa ethanol as silky needles, m.p.
0 v} ( ~
128-129 (reported7 1287 )4N T 1784 (lactone),1742 (acetate)

900 (exomebthylene) om "t

( ?ound : C, 65.45 ; H, 7.60% 026H3608 reguires
' Cy 65.55 3 H, T.60% )

Anhydroandrographolide diacetate from 18 '

A solution of triacetylandrographolide 18 (15 mg.) in anhydrous
pyridine (1.5 ml.) was heated under reflux for fourbeen hours, Tater
was added,rand the resulting solution extracted thoroughly with ethyi
acetate. The combined extracts were washed successively with 4 N
hydrochloric acid, bicarbonate, brine, then dried and evaporated to gdive
anhydroandrographolide diacetate 15 (12 mg.), identified with an;
authentic sample by melting point, mixed melting point and infra-red

spectrun,

Sodium borohydride reduction of 18.

6

The reduction was carried out according to the method of Cava et al}
" by which a solution of triacetylandrozrapholide 18 (55 mzg.) in methanol
(5 ml1.) was treated with an excess (40 mz.) of sodium borohydride and

the mixbure stirred at 20° for thirty minutes. The reaction mixture

was diluted with water, acidified with dilute hydrochloric acid and

extracted repeatedly with chloroform. The organic laysr was washed in

The usual way, dried and evaporated to give crude deoxyandrographiolide



AT

acetete 12 (47mz.).

Two recrystallisations from ether
m.p. 118—1190 (reported™ 120 }. Therse was no depression of tha
nelting point on admixture with an authentic sample prepared by
acetylation of deoxyandrogzrapholide,

17‘

Benzgylidine derivative of ll-ketodeoxyandrosyravholide.

.

A solution of 1l1- xetodeoxyandrogrspholide 13 (40mz. ) in freshly
distiiled benzaldehyde {3 ml.) was shaken for fourteen hours at 20°
with freshly fused, powdersd zinc chloride (60 mg.). After addition
of ethyl acetate (20 ml.) the excess benzaldehyde was removed by
extracting several times with 207 sodium bisulphite soluticn,  Vashing

with water, drying and evaporation of solvent in vacuo yielded the

desired benzylidine derivaiive 20 (3¢ mg.) as a gun which failed to
crystallise after preparative tv.l.c. (530 1ight petroleum/chloroform as
eluting solvent\. An analytical sample was prepared by sublimation at

180°/0.02 ma.

N Cb14 1767 (lactone), 1720 (ketone) cm.”
max N N
Mass Spectrum : M =436 3 C_.H. . O. requires M = 436

277325

( Found = C, 74.05

e

H, 7.407 ; C27H3205 requires

C, 74.30 B, 7.40% )

e

+1- xetodeoxvandrosrapholide scevats 17.

To a solution of 1ll-ketodeoxyandrogrzpholide 13 (50 ng.) in pyridine



(1 ml.) was addezd acetic arhydricde (1 ml.) and the mixture vas allowed

4
i

. o .
to stand overnight at 207, Jethnanol was added, ths solvent removed

1 Y 3. IR o s - N B 4
under reduced pressure and the product chromstographed in 1. methanol/

&

chloroform, affording the dizcetate 17 (51mz., 89&). This compound

resisted all attempts at crystallisation and was purified by sublimation

at 1800/0.1 min
CCl
\

o 4 1766 (1lactone), 1740-1720 (acetate, ketone).

900 (exomethylene) cm.“1 ' o

T+ = . ' 1 7T+ o=
M o= 432 024H3207 requires i =432

Mass Spectrum :

(Found : C, 66,05 ; H, T.45% 3 reguires

C24H3207
C, 66.65 ; H, T.45% )

Borohydride reducticn of diacetate 17.

. 1l-ketodeoxyandrographolide acetate 17 (91 mg.) in agueous methanol
(1:4, 6 nl.) was stirred for 30 minutes with excess sodium borohydwide
(65 mg.). TWater was added and thé solution extrected several times
with chloroform. Vashing of the extrzcts with water, followed by
érying and evaporationvof solvent, furnished an amorphous.produot (84 mg.),
wnich was shown to contain two components in the ratio 70:3C by t.l.c,
on silver nitrate impregnated plates.,
The less polar constituent of the mixture (major product) proved to

be the saturated keto-lactone 22 obtained &s a glass after preparative

h) 3 h /'ul > . / A}
scale chromotography in 570 lizht petroleum/chloroform,



CC1 - , ) _
vmax 4 1783 (laccone), 1740, 1225 (acetate), 1720 (ketone) cm.
Yass Spectrum : L = 434; C. H..0 cuires W = 432
0 I UL . L = 404 H 2‘11’134\}7 re\.iu.llbu Ul = 4_) T e

llised from ether ss

€

The pinor product was the Jzctol 23, recryst

needles, m.p. 120-123° ;

HC | -1
\Lﬁ; 13 3610, 3440 (hydroxyl), 1730 (acetate) 900 (exomethylene) cm. :
liass Spectrum ¥ o= 438 3 024H3807 requires ut o= 438

(Founda : C, 65.50 ; H, 8,705 024H38O7 requires

Cy 65.75 5 H, 8.75% )

- Jones Oxidation of lactol 23

To a stirred, ice-cold solution of the lactol 23 (10 ng.) in
acetone (2 ml.) were added two drops of Jones reagent. After fifteen
minutes methanol was added (0.5 ml.) followed by water (10 ml.) and the
reaction mixture extracted three times with ethyl acetate., Normal
wbrk-up procedure yielded a product, homogeneous by t.l.c., which was

identical with the keto-lactone 22 (%t.l.c., i.r. spectrum).

Tactol Acetate 24

The lactol 23 (15 mg.) was acetylated in the usual way by allowing
to stand overnight in pyridine (0.5 ml.) and acetic anhydride (0.5 ml.).

This provided the crude tetra-acetate 24 (18 mg.) which was purified

by preparatvive t.l.c. and sublimaticn at 1909/0.2 mil,



Cf‘l A -~ -~ -
vma; 4 1745, 1230 (acetate), 165G, 902 (exomethylene) Clile !

. o+ P . . ey
Kass Spectrum ¢ M = 522 C,6J42O9 requires I = 522

Anhydroandrozrapholide Diacetate 15

A golution of annydroandrographolide 35 (20 mg.) in pyridine

. e ) . '

(0.5 ml.) and acetic anhydride (0.5 ml.) was left at 20" overnight,
working up the reaction in the usual way afforded the crystalline

diecetate 15 (21 mz.), m.p. 134-135° (reportea’® 136.5-137.5%) 5 A max
N CHC1

max

246 nm. ( £ 13,000) ; 3 1754(lactone), 1730 (acgtate) 902

(exomethylene) em.

(Found : C, 69,25 3 H, 7.80% : 024H32O6 requires
C, 69.20 ; H, T.75% ) .

Deoxyandrographolide acestate 14 '

Deoxyandrographolide 37 (15 mg.) was acetylated in acetic anhydride/
pyridine as above and worked up to give the diacetate 14 (16 mg.)
recrystallised from ether as needles, m.p. 118-120° (reported27 1180, 1200);

Amax 214 nm (g 9,300), 220 nm. (€ &,500), 230 nu (€ 4,400).
\0§§§13 1754 {lactone), 1730 (acetate), 1647, 907 (exomethylene) em. ™1
4

¥ N ¢« X - >, a1 T '€+_ d
Mass Spectrum : M = 416 024H3406 requires M = 418

'4

(Found : C, 69.00 ; H, 8,307 ; 024H3406 requires

C, 68.90 ; H, 8,205 )



Osmium Tetroxide/Sodiun lebta-vericdats Cleavace of 22

Osmiunm tetroxide (30 mz,) in benzsne (1 wl.) was added dropwise
to a soluticn of the keto-lactone 22 (54 mg.) in benzene (3 ml.) and
. the mixture was left to stand at rcom temperature overnight with ten
drops of pyridine. The osmate was decomposed by bubbling hydrogen
sulphide through the dark-browm solution for fifteen minutes.
Filtration thlou~q Celite 535 followed by removal of solvent ;uxnlched
the diol 25 (50 mz.) &s a viscous oil which was used for the cleavage
reaction without further purification,

A solution of the above diol 25 in methanol (3 ml.) was left for
sixteen hours with sodium mete periodate (40 mg) in water (2 ml.).

The reaction mixture was diluted with water, extracted with

—

chloroform and worked up to give as the main product the _fJ- diketone 26

1(36 mg.) as a glass which was purified by preparative t.l.c. and |
sublimation &t 190°/0. 2mm. \)igiz; 1778 (lactone) 1743, 1233 (acetate),
1712 (ketones) cm."l

Amax (w1th one drop Na CH) 309 nm, (€ 7500)

Mass Analysis : M = 436.2095 H

= 436,2097.

023H3208 requires

Neocandrographolide 12

Neoandrographolide6’8 12, m.p. 167-168° (reported8 167-168°) was



AL
157

isolated in low yield from the methanol extract of Androsraphis

paniculata by column chromatography on Silica gel, using 1055 methanol/
chloroform as eluting solvent. The compound was characterised as the
, - 50 8.cc 0 .

tetra-acetate 38 m.p. 156-157 (reported 155-157 ), prspered by allowing
a soluticn of neoandrographolide in pyridire and acetic anhydride to
stand at room temperature overnight., Addition of methanol and removal
of sclvent in vacuo afforded the desired acetate 38 virtually in
-quantitative yield.

A gy 205 nm (€ 10,500) ;

m
CHC1

/% 3 1750-1740 (lactone, acetate) 1629, 909 (exomethylene) em, L

+

Mass Spectrum : M 648 ; requires i = 648

®34%46%12
.(FoundA : c?‘62.83 s H, 7.40% C34H48012 requires
C, 62,95 ; H, 7.45% )
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