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ABSTRACT
In Part I, previous chemical work on vanguerolic

acid and tomentosolic acid, triterpene acids of

Vangueria tomentosa, is discussed. Unequivocal

confirmation is then presented for the structure of
tomentosolic acid as 19,20-dehydroursolic acid. This
has been obtained by correlating tomentosolic acid with
ursolic acid by hydrogenation of a derivative of the
former. A 18,19-dehydroursolic acid structure for
vanguerolic acid is proposed, and evidence is presented
for a B configuration of the methyl group at position
20. The reactions of vanguerolic acid are rationalised,
and a plausible biogenetic scheme for vanguerolic and
tomentosolic acids is suggested.

Part II comuences with a review of the chemistry of
diterpenoid bitter principles in general, and of clerodin

from Clerodendron infortunatum in particular. The

previously postulated relative position between the
spiro epoxide and the 1,3 diol system in clerodin has
been fully confirmed by a detailed investigation of
"elerodin diketone'. The partial structure for the
dihydrofuran moiety of clerodin has been extended. In

particular, the "inert" oxygen atom has been chemically



(ii)

shown to be joined to the same carbon as that to which
the oxygen of the dihydrofuran system was attached.
Chemical and nuclear magnetic resonance spectral
evidence, combined with blogenetic considerations have
led to a structure (LIII) for clerodin, which is the

same as that determined independently by X~ray methods.
The absolute configuration of clerodin, and the chemistry
of some interesting degradative products are discussed.

A minor plant constituent has been isolated, and its

relationship to clerodin elucidated.
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INTRODUCTTION

The "terpenes'" or '"terpenoids" are a widely
distributed class of organic natural products, found
mainly in the vegetable kingdomn. They may be considered
as compounds possessing carbon skeletons built up of
units of isoprene (e.g. see (I)). The concept is known
as the "isoprene rule".

The terpenes are conveniently classified according
to the number of carbon atoms present in the molecule.
Terpenes with ten, fiftecen, or twenty carbon atouws in
their respective. molecules are known as monoterpenes,
sesqulterpenes, and diterpenes respectively. The
triterpenesl possess skeletons of thirty, and in
exceptional cases thirty one carbon atoms.

Terpenes deviating from the isoprene rule are not
unknown, an example being the wool fat triterpene lanosterol
(11)'. In the triterpene field in particular, these
apparent anomalies are now well accounted for by the

elegant biogenetic hypothesis proposed by Ruzicka and

HO

(1) (I1)
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his colleagues? According to this hypothesis, tri-
terpenes are formed from squalene (III) by stereospecific
and concerted trans cyclisations and frans 1,2 shifts of
hydrogen atoms and methyl groups. Squalene takes part
in the cyclisation in the all frans configuration, which
is folded into the requisite conformation of the rings

to be formed. The transformation, once initiated (by

a cation), proceeds in a synchronous manner to give the
final stable product without formation of stabilised
intermediates.

For illustration, reproduced here (Chart 1) is the
biogenetic scheme for some pentacyclic triterpenes which
are relevant to the work to be described. These tri-
terpenes are visualised to result from cyclisation of
all-trans-squalene in the chair-chair-chair-boat
conformation (IIIa)?

From the first intermediate cation (IVF® would be
derived certain tetracyclic
triterpenes. This same ion, by
rearrangenent and further
cyclisation would yield (V), the

parent cation of the lupeol group.

(V), By ring expeansion would give
A= V4 (VI), from which, by trans 1,2
(I11a) shifts of hydrogen and loss of a

proton, B-amyrin could be derived.

" . . .
Carbonium ions are shown here instead of the non-
classical lons used by Ruzicka et_al.



3 Tetracyclic
triterpenes

Squelene
(I11)

“
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The migration of a methyl group in (VI) would give (VII),
the parent ion of the tarasterols. From (VII) was
also derived o-~amyrin.

By postulating further 1,2 shifts and cyclisations
of squalene in other conformations, Ruzicka gg_gl.g
was able to account for the biogenesis of all seventeen
basic triterpene skeleton types then known. So far
experimental support for the hypothesis has come from
biosynthetic work on squalene? Lanosterol% cholesterol%
and the 051 triterpenes soyasapogenol Aﬁsand eburicoic

acid§a
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THE TRITERPENES QF VANGUERIA TOMENTOSA

PREVIOUS CHEMICAL INVESTIGATION

It is when viewed in the context of the biogenetic
theory of Ruzicka et _al. that the triterpenes of

Vangueria tomentosa to be described in this work acquire

a special interest. These compocunds, as will be shown,
are derived from a carbon skeleton with one double-bond
equivalent more than the number (six) in squalene, or in
the basic triterpenc skeletons. To account for their
biogenesis, a modification of Ruzicka's scheme would be
necessary.

In 1939, lMerz and Tschubel7 reported the isolation

from Vangueria tomentosa of a sapogenin called

vanguerigenin to which the molecular formula CBOH4603
was assigned. It had one hydroxyl and one carboxylic
acid group and was characterised by simple derivatives
(see Table 1). Treatment with hydrochloric acid in
acetic acid gave a lactonec acetate CB2H4804’ while
pyrolysis resulted in loss of carbon dioxide to give a
compound 029H46O called vanguerol. Dehydrogenation |
yielded 1,2,7-trimethylnaphthalene (sapotalene).
Further work on the problem was carried out by
Professor D.H.R. Barton in collaboration with Drs. K.G.

Lewis and P.J.L. Daniels. Barton and Lewis8 were able
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to separate .the triterpene acids of Vangueria tomentosa,

by conversion to their methyl ester acetate derivatives,
into two isomeric hydroxy acids of molecular formula
C5OH4603° The acid with a high dextro-rotation was
called vanguerolic acid, and that of lower rotation,
tomentosolic acid. A comparison of the physical
constants of vanguerigenin with those of vanguerolic
and tomentosolic acids and their respective derivatives
. (see Table 1) indicated that vanguerigenin consisted

of a mixture of vanguerolic and tomentosolic acids,
while its simple derivatives were substantially those of
tomentosolic acid. The lactone obtained on acid-

treatment and vanguerol were pure compounds (see below).

Table 1
1 Vangueri- Vanguerolic  Tomentosolic |
. genin acid acid
COMPOUND

m.p. [a]D m.p. [a]D m.p. [a]D
Acid 266° +191° 272-3° +306° 285-6° 4+18°
Methyl ester 195° - 161-3° +308° 205-7° +15°
Acetate 295° - 180-2° +270° 318-23° . &°
Methyl ester o) o] 234—60 o)
cectate : 248 - 188-91° +277° {246_80 + 9
Vanguerol 207° - \196—80 +108° ,

0 - ¥A_cO
Lactone acetate |34°, 25° - m.p. %30-5
Lactone 281° - m.p. 278-80°




Vanguerol

An interesting reaction of vanguerolic acid, first
observed by Merz and Tschubel'7 in the case of
vanguerigenin, was the decarboxylation at its melting
point (272-3%)to give the alcohol vanguerol,029H460.
Acetylation gave vangueryl acetate. The ultraviolet
spectra and specific rotation of vanguerol and vangueryl
acetate were strikingly similar to those of the isomeric
transoid heteroannular dienes noroleana-12,18(17,-dienol
(VITI, R=H)? and norursa-12,18(17)-dienol (IX, R=H) and
their respective acetates (see Table 2). A new and
convenient way of preparing these diene acetates for
comparison was by pyrolysis of the acid chloride acetate

of oleanolic acid (X%Ban%bursolic acid (XI) respectively?

(VIII)

(X1) (IX)
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Table 2
Compound _ [a]D Kmax.and (in parenthesif?
Vanguerol +108° 237, 245, 25% my
(17,000, 18,300, 11,600)
Vangueryl acectate +116° 237, 245, 25% my
(19,000, 20,300, 12,900)
Noroleanadienol + 790 257, 244 252 my
(18,000, 19,600, 1%,400)
Noroleanadienyl o
acetate + 66 237, 244, 252 mu
(17,000, 18,600, 13%,300)
Norursadienyl acetate| + 79° 238, 246, 254 myu
(18,700, 20,700, 14,100)
8

A comparison was then made~ of the infrared spectra
of these diene acetates in the region characteristic of
methyl and methylene groups (13%00-1500 cm.” 1), Vangueryl
acetate showed bands almost identical with those of
norursadienyl acetate (IX, R=Ac), but different from

those of noroleanadienyl acetate (VIL, R=Ac). It was

consideredlo

that vangueryl acetate was possibly a
stereoisomer of ndrursadienyl acetate, differing only in

the configuration of the methyl groups in ring E.

Correlation between Vanguerol and Ursoclic Acid

On this premise, & correlation between vanguerol
and norursadienol would be obtained if ring £ in either
compound was aromatised. This was achieved by Barton

and Danielsll

as follows. Norursa-12,18(17)-dienyl
acetate (IX, R=Ac), on reaction with one mol. of

monoperphthalic acid, followed by treatment with boron
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trifluoride yielded norursa-11,13(18),17(22)-trienyl
acetate (xI1)i°
at 280, 292, and %06 mp (e 22,700, 32,000, 25,000) was
12,13

The ultraviolet absorption of the triene
in agreement with the proposed itransoid triene
structure. Conversion of the triene (XII) to an

aromatic compound was carried out by heating with

¢
|

(IX,R=4c)

AcO

(XII) (XI1I)

palladium-charcoal in molten naphthalene at 1950. The
major product obtained (XIII, R=Ac) had ultraviolet
absorption at 212 and 24% mp (e 25,700, 10,800) and

1

showed a strong infrared band at 810 cm. Both

spectral data were compatible with a "styrene'" chromo-

14,15

phore as proposed for the product. The nuclear

magnetic resonance spectrum showed a quartet at tv 3.15
(3 = 7.8) indicative of two ortho aromatic protonsi®

The minor product was norursadienyl acetate, thus
indicating that the process involved was a disproportion~

ation.

The above series of reactions was then carried out
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on vangueryl acetate. The intermediate tricne acetate

had an ultraviolet spectrum (A 278, 289, and 302 mu;

max.
e 25,000, 34,600, 25,100) similar to that of the
analogous compound norursatrienyl acetate (XII).
Treatment with palladium-charcoal in molten naphthalene
gave a tetraene acetate which was purified by conversion
to the benzoate. The latter compound was identical in
all respects to the tetraene benzoate (XIII, R=Bz)
obtained from norursadienyl acetate}l
A possibility existed that the tetraene from
vanguerol was formed, during the dehydrogenation experiment,
by a 1,2 shift of one of the gem dimethyl groups in
ring E of an oleanane derivative. Noroleana-11,13(18),
17(22)~trienyl acetate (XIV) prepared from the diene
(VIII) was hence similarly heated with palladium-charcoal.

No styrene or diene chromophore could be detected in the

product.
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Structure of Tomentosolic Acid

Tomentosolic acid possessed only terminal absorption
in the ultraviolet region. With excess monoperphthalic
acid, its methyl ester acetate afforded a monoepoxide
which gave a strong yellow colour with tetranitromethane.
Methyl tomentosolate acetate was very sensitive to
oxidising conditions (see below) thus suggesting the
presence of a system such as (XV). ’This was supported
by an examination of the proton magnetic resonance
spectrum of methyl tomentosolate acetate which showed
besides bands due to one vinyl proton (t 4.55) and two
methyl groups on double bond (r 8.52, 8.36), a signal
at v 7.13 consistent with one di-allylic proton.

Attempts to conjugate the isolated double bonds were
unsuccessful. Thus with hydrochloric acid in hot
acetic acid, tomentosolic acid or its methyl or acetyl
derivatives gave instcad a lactone acetate. Under
similar conditions, vanguerolic acid (or its methyl or
acetyl derivatives) gave an identical lactone acetate,
undoubtedly the same as that obtairned by Merz and
Tschubel7. Tomentosolic and vanguerolic acidsymust be

closely related§

A~

(Xv)
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With due consideration for the known relation between
vanguerol and norursa-12,18(17)-dienol, structure (XVI,
R=R'=H) for tomentosolic acid was considered by Barton
and Daniels?‘l The presence in methyl tomentosolate
acetate (as XVI, R=Me,R'=Ac) of two methyl groups on one
double bond was shown by the cleavage of this bond to
give, via. the diol (as XVII), the dimethyl ketone (as
XVIII). The ketone siowed in the nuclear magnetic
resonance spectrum signals at v 7.96, 7.77, 7.92 (two
methyl ketone groups and one acetate), and 4.28 (one

vinyl proton) in agreement16with the assigned structure

(XVIII).

COzMe 02M8

(XVII)

Confirmation of the structure (XVI, R=R'=H) of
tomentosolic acid wes obtained in a simple manner}l
On hydrogenation, the 12(13)-double bond in tomentosolic
acid, by analogy with that in the a- and B-amyrin
triterpenes, would remain unattacked. Addition of

hydrogen across the 19(20-double bond would occur

nainly cis. However, also formed might be small
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amounts of trans addition products, one of which would
have the stereochemistry of ursolic acid GCD}7’18 In the
event, prolonged hydrogenation of methyl tomentosolate
acetate in acetic acid over Adams' catalyst resulted in
uptake of one mol. of hydrogen, but no homogeneous
product could be isolated. The difficulty was overcome
by the use of radiochemical technigues. Methyl tomento-
solate 1'—14C~acetate of known specific activity was
hydrogenated, and the product diluted with a known ratio
of inactive methyl ursolate acetate. Methyl ursolate
acetate from the mixture was crystallised to constant
specific adtivity. Calculation showed that 10.595 of
methyl ursolate acetaté was formed in the hydrogenation
experiment. Structure (XVI, R=R'=H) for tomentosolic

acid was thus established:>

Vanguerolic Acid

Methyl vanguerolate acetate reacted with monoperph-
thalic acid to give a monoepoxide which was stable to
excess peracid, and gave a faint yellow colour with
tetranitromethane? Vanguerolic acid thus contained at
least one ethylenic linkage. Vanguerolic acid and its
simple derivatives showed an interesting broad absorption
peak at 225 mp (e ca. 7,500). This ultraviolet
absorption must be associated with the conjugation of an

ethylenic linkage with some other functional group.
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Conjugation with the carboxylic group was excluded, since
reduction of methyl vanguerolate acetate with lithium
aluminium hydride furnished a diol, the diacetate of

max. 227.5 mu,

e 9,900) similar to, though sharper than that of

which exhibited an absorption peak (A

vanguerolic acid. Examples of triterpenes (see XXII)
with a vinyl cyclopgopane systen (XIX) are known to
absorb near 225 mu,a and the presence of such a system
was considered. Two partial structures (XX) and (XXI)
incorporating the system would explain the formation of

a conjugated diene on pyrolysis (XX and XXI, arrows),

N ]

(XIX) (XX) (XXT)
1
|
/ ”~
<. CHZR R )‘max. €
Oxc 224 mpn 8,100
260 (XXI) H 225 m/u, 4,30
and of a lactone on acid-treatment. However, no

complete structure for vanguerolic acid could be

deduced.
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Formation of Tactones

As mentioned previously, vanguerolic and tomentosolic
acids and their methyl ester acetates, when treated with

hydrochloric acid in hot acetic acid, formed the same

lactone acetate?

assignedllfor the following reasons. The nuclear

To the product structure (XXIII) was

magnetic resonance spectrum did not show the presence of
a vinyl proton or of a proton attached to a carbon
bearing oxygen (other than that at 03). The lactone
acetate and its deacetylated derivative exhibited

unusual ultraviolet absorption at 209 and 228 mp (g 9,000
and 5,000) which was unlikely to be due to normal
conjugation of unsaturated grOupiné.f];’:5 A model of the

proposed structure (XXIII) showed that the lactone

AcO

\\ (XKIV)

carbon-oxygen double-bond and the 13(18)-double bond

(XXIII)

were almost collinear, with C about 2.28 from the

18
carbonyl carbon atom. The anomalous light absorption

could be attributed to absorption25 resulting from
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attenuated conjugation as indicated in the resonance

structure (XXIV). The infrared carbonyl absorption of

the lactone acetate (1750 c:m.—1

1

in carbon tetrachloride,
1725 cm.” " in Nujol) did not favour a y-lactone
formulation. However, a lowering in the frequency of
the absorption band was not incompatible with a contribution
from structure (XXIV).

Methyl tomcntosolate acetate monoepoxide had one
vinyl proton (nuclear magnetic resonance spectrum) and
was thus represented by (XXV). On treatment with hydro-
chloric acid in acetic acid, it yielded a dehydrolactone
acetate 032H46O4 with ultraviolet absorption at 252, 260,
and 269 mp (e 23,100, 28,300, 19,800). It was
formulated as (XXVI) since on hydrogenation it afforded
the known lactone acetate (XXIT). The bathochromic

shift of 9 mp relative to absorption maxima in model

N max. (TR) €
244 26,000
251 29,000

260 18,400
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compounds such as (XXVII)%‘L and the relatively low
infrered carbonyl absorption frequency (1735 c:m."l in
Nujol) could similarly be due to interaction between the
carbonyl group and the carbon-carbon double bond:.Ll
Treatment of methyl vanguerolate acetate monoepoxide
with boron trifluoride or acid gave products which, for

convenience, will be discussed in a later section.

Oxidation of Methyl Tomentosolate Acetate

Oxidation of methyl tomentosolate acetate with
selenium dioxide at room temperature took place with
extreme ease to give a mixture of poly-enes which on
treatment with acid gave the dehydrolactone acetate
(XXVI). dith cold chromic acid it gave, beside a
mixture of unsaturated ketones, a hydroxy compound

055H5OO5 to which structure (XXVIII) was assigned}l
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DISCUSSION

As a result of the work to be described, the structure
of tomentosolic acid has been unequivocally confirmed,
and the constitution and stereochemistry of vanguerolic

acid elucidated.

Tomentosolic Acid

There are two possible sources of error in the result
of the radiochemical experiment (see above) on which the
structure of tomentosolic acid rests. These are
firstly, the presence of methyl ursolate acetate as an
impurity in the sample of methyl tomentosolate acetate
hydrogenated, and secondly, the contamination by radio-
active material of the methyl ursolate acetate isolated
after dilution of the hydrogenation product. Both have
now been removed by two experiments: a radiodilution
analysis of the content of methyl ursolate in methyl
tomentosolate, and an actual isolation of the ursolate

after the hydrogenation experiment.

Content of liethyl Ursolate in lMethyl Tomentosolate

In the present radiochemical experiment, methyl
tomentosolate 2'~14C—acetate was prepared by treatment

of methyl tomentosolate with anhydrous sodium
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5 14

C-acetate in the presence of toluene-p-sulphonyl
chloride in pyridine at 50.25 Control experiments using
inactive sodium acetate showed that under such
conditions, methyl tomentosolate and methyl ursolate
gave comparable yields of their respective acetates.

A sample of labelled methyl tomentosolate acetate of
known activity (24.9 uc./g.) was diluted with a known
ratio (4.8:1) of inactive methyl ursolate acetate.
Separation of these compcunds by chromatography and
fractional crystallisation was attempted, but in vain.
However, by treating the mixture with chromium trioxide
in refluxing aqueous 8596 acetic acid for %0 minutes,
methyl tomentosolate acetate was oxidised completely to
acidic material (see above), and by chromatographing the
. neutral material, methyl ursolate acetate was isolated

as the known methyl ll-ketoursolate acetate (XXIX).26

The specific activity of the ll-keto compound found was

CQﬂe

(XX1X)
0.027 uc./g. Possible reduction of activity during

chromic oxidation due to exchange of acetate was excluded
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by performing a blank experiment, in which labelled
methyl ursolate acetate was oxidised to give the 1l-
ketone of unchanged specific activity. The content of
methyl ursolate in methyl tomentosolate was, by this
method, found to be 0.56%. This compares with a 10.5%
yield of methyl ursolate acetate obtained on hydrogenation
of methyl tomentosolate acetate, as calculated from
results of the previous radiochemical experiment.ll
The specific activity of methyl ll-ketoursolate
acetate obtained in the separation experiment was not
lowered on a further treatment with hot chromic acid.
The non-negligible content (0.5696)of methyl ursolate in
methyl tomentosolate is therefore genuine. This ig not
highly surprising in view of the close structural and
biogenetic relationship (see below) of the two series,

and the known difficulty in separation by conventional

methods (see above).

Hydrogenation of liethyl Tomentosolate Acetate

Hydrogenation of methyl tomentosolate acetate with
the aim of isolating the ursolate was carried out on the
same sample as that from which methyl tomentosolate used
in the radiochemicel experiment was derived. The
experiment was carried out in acetic acid over Adams'
catalyst for 20 hours. As was found by Barton and

Daniels],'l the product was difficult to separate. It
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was then converted by mild alkaline hydrolysis and
benzoylation to the methyl ester benzoate. Chromatography
followed by fractional crystallisation afforded two major
products (see below). By a further fractional
crystallisation of fractions of intermediate solubility,
there was obtained a crop (1.9% overall yield) which,
after recrystallisation, was identical with authentic
methyl ursolate benzoate. Combined with the results of
radiochemical experiments, conclusive proof that methyl
ursolate acetate was formed on hydrogenating methyl
tomentosolate acetate was secured. This established

the complete structure and stereochemistry of tomentosolic
acid (XVI, R=R'=H), including the stereochemical detail

of a cis fusion of D/E rings.

The Major Hydrogenation Products

One methyl ester benzoate obtained in 1596 yield in
the above experiment was, surprisingly, a tetrahydro-
derivative of tomentosolic acid., This was indicated by
elemental analyses of it, of the parent hydroxy acid
(050H5005), and of the acid acetate. Neither the methyl
ester benzoate nor the hydroxy acid gave a yellow colour
with tetranitromethane, and the acid acetate did not show
strong terminel absorption in the ultraviolet. The

nuclear magnetic resonance spectrum of the methyl ester
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benzoate did not show the presence of any vinylic hydrogen
or methyl. The saturated structure (XXX) for the

hydroxy acid is consistent with the above data. It is
substantiated by observations that treatment of the methyl
ester benzoate with chromium trioxide in hot acetic acid
did not give a product with the spectroscopic properties

of an af-unsaturated ketone, while pyrolysis of the acid
chloride acetate failed to yield a conjugated diene.

This contrasts with the behaviour, under similar conditions,
of corresponding ursolic acid derivatives in which a

12(13)-double bond is present (see above).

(XxX) (XXA(1)

The 12(1%)-double bond in the a~ and P-amyrin tri-
terpenes is known to be very resistant to hydrogenation.
In fact, no example of such an occurrence has been
observed} The inertness of the 12(13%3)-double bond is
attributed to hindrance to a~approach of catalyst by the
"folding" of the cis-fused D/E rings, and to B-attack
by axial groups at 017 and Cg (see XXXI). In o~amyrin
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triterpenes, the additional hindrance due to the B methyl
group at 019 results in non-reactivity even to peracids.
EFxamination of a model of methyl tomentosolate shows

that in this molecule the 12(13)-double bond is similarly
inaccessible to cis addition. It seecms likely that any
complete hydrogenation of methyl tomentosolate acetate
takes place after double bond migration to give a
structure in which the ethyleniq linkages are less
hindered. Under the conditions employed (platinum in
acetic acid) isomerisation is unlikely to be a major |
proce§Z:28and the yield (1396) of the tetrahydro-compound
isolated is not incompatible with expectations.

The most abundant (26% overall yield) methyl ester
benzoate isolated is a dihydro-derivative of tomentosolic
acid. It gave a yellow colour with tetranitromethane.
The corresponding hydroxy acid 050H4805’ called
dihydrotomentosolic acid, was characterised as the
acetate. The acid is formulated as (XXXII, R=R'=H)
since its chemical behaviour is similar to that of
ursolic and oleanolic acids. Thus the presence of a
12(13)~-double bond was indicated by smooth allylic
oxidation of the methyl ester benzoate by chromium
trioxide in refluxing acetic acid to the ap-unsaturated
ketone (XXXIII, R'=Bz). Furthermore, when the acid
chloride acetate (XXXIV) was pyrolysed under the same

condition as that required for the formation of
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norursa-12,18(17)-dienyl acetate and noroleanadienyl
acetate (see above), a diene (XXXV) was obtained. This
had ultraviolet absorption at 239, 246, and 254 mu

(e 17,000, 18,500, 14,700) characteristic of a

nor-12,18(17)-diene (coupare Table 2Xp.9).The molecular

CO_R ~COQMe

(XXXII) (XXXIII)
v | coct \/@
' !
ACO
(XXXIV) (XXXV)

rotation differencegg’BO(Table 3), though not conclusive,
suggested that in dihydrotomentosolic acid derivatives,
the D/E fusion has, as expected, remained cis (see

XXXTII). A direct comparison showed that the nordiene
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(XXXV), called nordihydrotomentosadienyl acetate, was not
identical to vangueryl acetate. Discussion of the
configuration at positions 19 and 20 of derivatives of

dihydrotomentosolic acid is referred to a later section.

Table 3
[M]D z;[M]D
Compound — —— U S . :
Acid Acetate Methyl |Acid — Acid -

ester acetate methyl

ben- ester

zoate benzoate
Dihydro- +460°  +429°  4575° | - 31° 4115°
tomento- + Oy (+ 0 + oy ¢+ 0 + 0
solic acid (= 207) (= 207) (= 20°) (= 407) (= 407)
a- and B- o o
Amyrin_ . - - -~ + 6 +145
groupse
18 a-Olean- o
ane - - - + 55 -
seriesao ®
Tetrahydro- + 50°  +140° +185° | + 90° + 95°
ggg‘f_go‘ (£ 10%) (£ 10°) (% 10°)|(F 20°) (% 20°)
acid™ (XXX)

3€Average values. *Inserted for comparison.

Structure of Vanguerolic Acid

During the present investigation, an examination of
the nuclear magnetic resonance spectrum of methyl
vanguerolate acetate showed that in addition to bands

due to an acetate, a methyl ester, and one vinyl proton,
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there was a singlet equivelent to 3 protons at 1 8.31l.

This was almost surely due to a methyl group attached to

a double bond}6

Only one structure of wvanguerolic acid,

namely (XXXVI), is in agreement with this spectral data

as well as other properties of vanguerolic acid.

Structure (XXXVI) incorporatess a cisoid heteroannular

19
12
COH
|
[
HO
(XXXVI)
O,k
|
R'O
(XXXVII)

diene system, which is expected
to have ultraviolet absorption
at a wave-length 10 mp higher
than the value 225 mp found

for wvanguerolic acid. For
instance, analogous dienes
(XXXVII) and (XXXVIII) of the
B-amyrin and lupeol groups
absorb near 235 mp (e ca.

10,000) (see Table 4).

CH,R

(XXXVIII)



Table 4
Compound Refer- A £ [a]
ence nax. D
(XXXVII, R=lie, R'=H) 9 237 mu 10,200 +214°
(XXXVII, R=le, R'=Ac) 9 - - +209°
(XXXVIII, R=H) 22 224 m 9,500 +260°
(XXXVIII, R=0OAc) 21 234 mp 9,400 +219°

Examination of a model shows that in the molecule (XXXVI),
there is a serious interaction between 012 and the methyl
group at 019, so that the conjugated double bonds are bent
out of plane, resulting in a decreased orbital overlap.
Herein must lie the explanation for the unusual ultre-
violet spectrum of vanguerolic acid. bxamples of
conjugated dienes which show hypsochromic shift due to
such a situation are known, of which may be cited
photosantonic acid (XXXIX) (A___ 210 mp, ¢ 6,700)32:3%

and zierol (XL) (Km 207, 226, 233 mp; ¢ 9,500, 5,000,

a
4,300).35 It is of interest to note that the high rotation
of vanguerolic acid is well matched by that of the analogous

dienes tabulated in Table 4.

HOOC

° "
( XXXIX) '
(XL)
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The chemical reactions of vanguerolic acid are well
rationalised in terms of structure (XXXVI). The
formation of the same lactone acetate (XXIII) from
tomentosolic acid and vanguerolic acid (and their ester
acetates) may be explained thus. Treatment of the
tomentosolate with strong acid caused the migration of a
double bond into conjugation giving the vanguerolate
which then lactonises (see XLI, arrows). Alternatively,
both the tomentosolate and the vanguerolate isomerise to
the 13(18),19-diene before lactonisation.

In structure (XXXVI) of vanguerolic acid, there is
one double bond B,y to the carboxylic group. This
structural feature is in harmony56with the observed ease
of decarboxylation of vanguerolic acid. That decarboxyl-
ation of B,y-unsaturated acids oecurs through the formation

of a cyclic transition state is well established.??»20»37

In the case of vanguerolic acid, such a process (see
XLII, arrows) would lead to the attachment of a hydrogen

atom to the B-side of 019; namely, to an a-configuration



(XLII) (XLIII)

for the 019 methyl group in the product vanguerol
(XLIII).

Stereochemigstry at Position 20 of Vanguerolic Acid

An aspect of the stereochemistry of vanguerolic acid
which remains to be clarified is the configuration at
position 20. A decision on this point may be obtained
indirectly by considering the stercochemistry of
dihydrotomentosolic acid as follows.

Inspection of & model shows clearly that in methyl
tomentosolate acetate, the 19(20)-double bond is well
protected from a-~attack of cis-addition reagents. This
is due to the "folding'" of the cis-fused D/E rings, and
the shilelding provided by the methyl group at position
14 (see XLIV). B-Approach, on the other hand, is
strikingly unobstructed. It is certain that approach
of any such reagent will be from the p-face.

Several cis-addition reactions have been carried out
on the 19(20)-double bond of methyl tomentosolate acetate,

the 12(13)~double bond being relatively inert (see above).
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The first was the action of monoperphthalic acid which
undoubtedly led to a 19,20-cpoxide (see XXV, above)Tt
with a B configuration as shown in (XLV). The second
was a hydroxylation experiment performed by Barton and
Danielsll using osmium tetroxide (see above). As in
the case of peracids, this rcagent attacks in a cis
manner, and from the less hindered side of the

38

unsaturated moleculcs The product from methyl

(XLIV) (XLV)

tomentosolate acetate is expected to have a cis B glycol
structure (XLVI)}l This assignment of stereochemistry
is strikingly confirmed by the following observation of
Barton and Danielsil Under very mild conditions (e.g.
with acetic anhydride and pyridine at room temperature,
with acetic acid at lOOO, or with hydrogen chloride in
chloroform for 3 minutes), the diol methyl ester (XLVI)

underwent elimination of the elements of methanol to

give a hydroxy lactone acectate 052H4805 with combined
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lactone and acetate infrared absorption at 1725 cm._l

Now, in the diol molecule (see XLVI) there is a severe
interaction between the methyl groups at positions 14 and
19. If, to relieve strain, ring D takes up a boat
conformation%9 the PB-hydroxy group at position 20 (or 19,
depending on the conformation of ring E) and the
carbomethoxy group will be brought very close together.
This accounts for the ready formation of the hydroxy
lactone, which will then be represented by (XLVII). A

y-lactone formulation (IXVIII) is, of course, not excluded.

(XILvI) ( ALVIT (XLVIID

The stereochemistry of dihydrotomentosolic acid
will now be considered. In catalytic hydrogenation,
the hydrogen adds in a c¢is manner to the side of the
unsaturated molecule as that adsorbed on the catalyst
surface%7’48 In the case of methyl tomentosolate acetate,
this is certainly the PB-surface, the a-face being

unusually shielded. Dihydrotomentosolic acid, derived

from the major product isolated (scec zbove), must then
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have a 19a,200 -configuration as shown in (XLIX).

(ZLIX)

An apparent objection to the assignment comes from
the following observation. Methyl 1ll-keto-
dihydrotomentosolate benzoate (L) (see above) was recovered
unchanged after treatment either with 50%6 hydrogen
bromide in acetic acid at room temperature for 4 days,
or with N potassium t-butoxide in t-butanol at 550 for
%0 minutes. Under comparable conditions, methyl
ll-keto-oleanolate acetoate (LI) epimerised at position 18
to give a product with the thermodynamically more stable

40*
In the case of the ll-keto-

D/E trans configuration.
dihydrotomentosolate (L), the proximity of the methyl
groups at positions 14 and 19 would have been expected to

provide an additional driving force for the epimerisation.

®The other enolisable centre 09 has a stable configur-

ation.



(I) (LI)
It is unlikely that epimerisation had tzken place during

formation of the 1ll-ketone under acidic conditions, for
the molecular rotation difference on allylic oxidation of
methyl dihydrotomentosolate benzoate (+16OO) is comparable
£6 that (+137°) observed for 18B-ursane and 18B-oleanane
compounds (Table 5). In contrast, é&[M]D between methyl
oleanolate acetate and the corresponding 1ll-ketone of the

18u0-0leanane series is +8OO.

Table 5%
T [M], in degrees Allid ]
COMPOUND Parent 11-ketone
conmpound
Methyl dihydrotomento- +575 +735 +160
solate benzoate
Methyl ursolate benzoate +402 +542 +140 )
(pyridine) )
ate )
Methyl ursolate acetate +298 +4-37 +159)Average
Ethyl ursolate acetate +324 +459 +135 )
Methyl oleanolate +362 +480 +118% = 137
acetate )
B-Amyrin acetate +375 | +526 +151 )

*Yalues of [a]D are taken from this work, or from

reference 46,
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Failure to epimerise the ll-keto-dihydrotomentosolate

(L) can be attributed to the reluctance in forming the

al
steriq@y unfavourable intermediate enol. A similar

situation may partly be responsible for the  known
stability of methyl ll-ketoursolate acetate (XXIX) to

o . < 40
acidic and basic conditions.

(LIV)

From the above discussion, dihydrotomentosolic acid
has the «,x configuration at positions 19 and 20 (see
XLIX). Identical configuration at these centres will be
possessed by the derived nordihydrotomentosa-12,18(17)-
dienyl acetate which can now be.represented by (LIII).
Now (LIII) is one of the two alternative stereochemical
representations (LIITI) and (LIV) of vangueryl acetate
(see XLIII above). As vangueryl acetate is different
from nordihydrotomentosadienyl acetate (see above),
vangueryl acetate can be assigned the remaining stereo-
chemistry (LIV) in which the methyl groups at positions
12 and 20 are respectively o and B. In the formation
of vanguerol the configuration at position 20 is not

altered. Vanguerolic acid therefore possesses a
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B methyl group at position 20 as shown in (IV).

Vanguerolic Acid (LV)

Miscellaneous Reactions

Some reactions of derivatives of vanguerolic acid
having no direct bearing on the structure of vanguerolic
acid will now be described.

Pyrolytic decomposition41

of the acid chloride of
vanguerolic -acid acetate took place readily at 180° under
vacuum to give a mixture of poly-enes of which two were
obtained pure. The major product isolated C5lH4602

had ultraviolet absorption (Km 273, 278-80 mpu

ax.
(e 350, 310):; & 12,200 at 220 mp) characteristic of a
benzenoid compound. The proton magnetic resonance
spectrum showed signals for two aromatic methyl groups

(v 7.83) and two aromatic protons (1 3.33). The product
is assigned the structure (ILVI). The conclusion was

confirmed by selective hydrogenation of the corresponding

styrene, norursa-12,17,19,21-tetraenyl acetate (XIII,
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R=Ac) (see above), when an identical benzenoid compound
was isolated. The second product of the pyrolytic
reaction was norursa-12,17,19,21-tetraenyl acetate
(XIII, R=Ac) itself, shown by conversion to the corres-
ponding benzoate. The tetraene héd possibly been formed

by disproportionation of an intermediate triene such as

(LVI) (LVII)
(LVII). In confirmation, a considerable amount of a sub-
stance with spectroscopic properties of vangueryl acetate
was found on chromatographic separation of the pyrolysis
mixture. The above reaction thus confirms the relation
between vanguerolic and ursolic acids.

Pyrolysis of the mixed anhydride of acetic and acetyl
vanguerolic acids (LVIII) under anhydrous conditions at
5450 gave chiefly vangueryl acetate and an unsaturated
hydrocarbon (LIX). In agreement with the assigned
structure, the latter compound 029H44 had ultraviolet
absorption at 238, 246, and 254 mp (e 18,400, 19,700,
12,500) characteristic of the 12,18(17-diene chromophore(c.f.
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p.9, Table 2), and showed signals due to three vinyl
protons (v 4.5-4.65) in the nuclear magnetic resonance
spectrun. The decomposition of the anhydride moiety to
give vangueryl acetate possibly took place with loss of
carbene (LVIII, arrows) as in the vapour phase

decomposition of acetic anhydride%2 The

(LVIII) (LIX)

further elimination of a molecule of acetic acid45

to yield the hydrocarbon (LIX) is likely to occur through
a cyclic transition state™ as shown (LVIII, arrows).

The monoepoxide of methyl vanguerolate acetate
contains one vinyl proton in the molecule (nuclear
magnetic resonance spectrum), and can be assigned the
structure (LX) (apart from stereochemistry). Barton and
Danielsllobserved that treatment of the epoxide with
sulphuric acid in refluxing dioxane yielded an '"isodehydro-

lactone acetate 052H46O4 having infrared absorption (in

1

Nujol), for lactone carbonyl at 1750 cm.”, and ultra-

violet absorption at 245, 250, end 257 mps (€ 20,900, 27,000, 18,800).
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Structure (LXI) was assigned%l This has now been supported

by an examination of the nuclear magnetic resonance
spectrum which shows clearly the presence of a system
-CH=CH- (AB system, T 4.35, 3.81), and which exhibits a
signal at 1 8.42 which, though falling in a lower field
than expected, may be assigned to the methyl group
attached to the carbon (020) to which the lactone oxygen
is joined. Treatment of the epoxide (IX) with boron

trifluoride resulted in isomerisation to give a product

AcO

(LX)
with only terminal absorption in the ultraviolet and
which showed & sharp infrared band at 1725 cm.”% (in Nujol
or carbon tetrachloride). It was stable under strongly
basic conditions. The constitution of this product is
not obvious. However, structure (LXII) with a
2,5-dihydrofuran ring is in agreement with the spectral

properties, and the formation of it from the epoxide (LX)
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is not without precedent Thus carotenoid epoxides such
as (ILXIII) readily undergo rearrangement in acid to give

"furanoid oxides" such as (LXIV)?O In (IX) and (ILXII),

& X} A — )
Q
(LXIII) (LXIV)

the carbon-oxygen bond at position 19 is written as «,
since a formulation of the 2,5-dihydrofuran compound with
this bond B would require ring E to be in the unfavourable
boat conformation. Formation of the 3-lactone (LXI)
from the epoxide (IX) can be considered to occur by
formation of (IXII), then ring opening to give the

allylic alcohol (ILXV), lactonisation, and finally

migration of double bonds as shown below.

(LXV)

Methyl Tomentosonate Acetate

During the course of the present work, a third
triterpene acid was isolated in low yield from the

plant as its methyl ester. This analysed for
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.HEO, had specific rotation of + 450, and showed

Cz1H4603
1

in the infrared spectrum a band at 1705 cm. ~ besides
those assigned to a methyl ester. The suspicion that it
was the 3%-ketone (IXVI) corresponding to methyl
tomentosolate was confirmed on reducing the compound with

sodium borohydride. The product obtained in good

yield was identical to methyl tomentosolate. Co-existence

(LXVI) (IXVII)

in the plant of a triterpene 3-ketone with the 3-alcohol

is not without precedent. An instance is the alcohol
taraxerol (LXVII) and the corresponding 3-ketone taraxerone

(skimmione)%5

Biogenesis of Vanguerolic and Tomentosolic Acids

Vanguerolic acid and tomentosolic acid are (apart
from configuration at 020) respectively 18,19- and
19,20-dehydroursolic acid. They are thus of higher
oxidation state than the normal triterpene hydroxy acid,
such as ursolic acid, which is postulated to be formed

by cyclisation of squalene?
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It was noted by Rizicka g;_gl% that in pentacyclic
triterpenes, the configuration at the D/E ring junction
is trans if the double bond remains in ring E.

Examples of such triterpenes are lupeol and the
taraxasterols (see Chart 1) (p.4 ). On the other hand,
if the double bond migrates to ring D,C,B, or A, the

D/E ring junction is necessarily cis, as in taraxerol
(LXVII), a-amyrin, and B-emyrin (see Chart 1). In
tomentosolic acid, a c¢is D/E ring junction is present,
so that the 12(13)-double bond (in ring C) is expected
to have been formed by the normal biogenetic route?
Introduction of the double bond in ring £ of either
vanguerolic or tomentosolic acid is likely to occur in a
later stage in the biogenesis. The most direct route
by which the ring E double bond is introduced to give
products of the correct configuration is as follows.

A CEO carbonium ion (IXVIII) is formed from ursolic acid,
either by hydride abstraction, or by oxidation to give
the 20-alcohol followed by dehydration. Simple loss of
a proton from 019 results in tomentosolic acid, while
by trans 1,2-shifts of hydrogen atoms (LXIX, arrows)

vanguerolic acid is obtained.



COH

In conclusion, it is noted here that neither methyl
vanguerola%gtgg} methyl tomentosolate acetate can be
isomerised by concentrated hydrochloric acid in
refluxing ethanol, the condition under which the
triterpene acids are obtained from the parent saponin.
Both vanguerolic acid and tomentosolic acid (in the
form of their glycosides) must then be genuine plant

constituents.
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EXPERIMENTAL

Unless otherwise stated, melting points were deter-
mined on the Kofgler blocky; specific rotations were
measured in chloroform solution at 20—500; ultraviolet
absorption spectra were determined in ethanol on the
Unicam SP 500 or 8P 700 spectrophotometer; and
infrared spectra were taken on the Perkin-Zlmer 13%7 or
the Unicam SP 20C instrument. Nuclear magnetic
resonance spectral measurements were made at 21° on
approximately 1096 w/v solution in carbon tetrachloride
using a Varian Associates J3pectrometer (56.4 Lc./sec.).
Tetramethylsilane was employed as an internal standard,
and spectra were calibrated by the sideband technique.
Light petroleum refers to the fraction of b.p. 60-80°
unless stated to the contrary. Unless specified
otherwise, washing and drying of organic solutions were

with respectively water and anhydrous sodium sulphate.

Isolation of the triterpene mixture from Vangueria

tomentosa root

The roughly ground whole root (14 Kg.) was extracted,
in batches of 0.9 Kg., by refluxing with 95% ethanol
(60 1.) for three hours. The residue after decantation,
was similarly re-extracted a further three times. The

combined alcoholic extracts were concentrated to 6 1.,



any mannitol deposited (ca. 200 g.) being removed by
filtration. The concentrated extracts were then
hydrolysed by being heated under reflux with concentrated
hydrochloric acid (80C ml.) for 15 minutes. The
solution was neutralised with sodium hydroxide and
concentrated to 2 1. The solid which deposited was
dissolved by the addition of excess hot aqueous sodium
hydroxide, and the alkaline solution (6 1.) was then
extracted with ether (6 1.). The alkaline layer was
acidified with concentrated hydrochloric acid, and the
crude acids which were precipitated were taken into

in ether (5 1.). Evaporation of the dried ether
solution afforded the crude acids in the form of a gum -
(140 g.).

The crude acids were treated with excess
diazomethane in ether - methanol, and the product was
separated into neutral and acidic fractions. The
dried neutral product (56 g.) was acetylated by treatment
with acetic anhydride (80 ml.) in pyridine (450 ml.)
at room temperature. After 18 hours the solution was
diluted with water, acidified, and extracted with ether.
The washed (sodium bicarbonate, hydrochloric acid and
water) etherecal solution was evaporated. The residue
(59.5 g.), on being chromatographed over alumina

(grade ITI)(1.3 Kg.) and eluted with benzene - light
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petroleum mixtures, furnished firstly a series of
crystalline fractions (15 g.), and then methyl
tomentosonate (0.94 g.) (see below). The former was
fractionally crystallised from chloroform - methanol

to yield two fractions described below.

liethyl tomentosolate acetate, the less soluble methyl

ester acetate, separated as needles from chloroform -
methanol (7.4 g.), m.p. 233-6° (cap.), [a]D + 8°

(¢ 1.2), (Barton and Lewis? reported m.p. 23%1-3°,

[al, +9°). 7: #4.55 (one vinyl H), 5.56 (> CH-0-),
6.43 (CHBO-CO), 8.03 (CHBCO'O), 8.36 and 8.52 (2 methyl
on C=C).

Methyl vanguerolate acetate, the more soluble ester

acetate, crystallised as plates (4.2 g.), m.p. 183-4°
(cap.), [a]D + 22203‘E (Barton and Lewis? reported

m.p. 188-91°, [aly + 277°).

7 (on a sample [a]D + 2779):  4.6-4.8 (one vinyl H),
5.65-5.85 (> CH-0-), 6.44 (CHBO-CO), 8.03 (CHBCO-O),
8.31 (one methyl on C=C).

*0wing to the difficulty in obtaining pure methyl
vanguerolate acetate, this sample of 809@ purity was used
in reactions described here. Samples of similar

purity were used by Barton and Daniels].‘l
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lethyl tomentosolate

Methyl tomentosolate acetate (1.00 g.), m.p.23%-6°
(cap.), was refluxed with 2% potassium hydroxide in
dioxane - methanol (40 ml.) for 1.5 hours. The
solution was neutralised, concentrated and extracted
with ether. From the washed ether solution was
obtained methyl tomentosolate (825 ung., 903@) as needles

from methanol, m.p. 200-3° (cap.).

Methyl tomentosonate

Methyl tomentosonate isolated frow the plant

crystallised from chloroform -methanol as plates,
m.p. 212-4°, [ady + 45° (¢ 0.50);
Vm(0014): 1725 (CO,ke), 1705 (ketone), 1200 (ester C-O)
-1
cn.,

Found: C, 76.95; H, 9.76%.
C51H,605-Hy0 requires: C, 76.81; H, 9.98%.

Reductio

of methyl tomentosonate

Methyl tomentosonate (24 ng.) in tetrahydrofuran -
methanol was treated with excess sodium borohydride at
room temperature for two hours. The product, worked up
as usual, crystallised from methanol as prisms of
methyl tomentosolate (18mg.), m.p. 199-202°, mixed m.p.
with authentic sample (m.p. 200—50), 199-203°. The

infrared spectra of the two samples were identical.
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Acetylation®Zof methyl ursolate

To a mixture of anhydrous sodium acetate (21 mg.)
and toluene-p-sulphonyl chloride (52 mg.) in pyridine
(2 ml.) at 5° was added methyl ursolate (70 mg.). After
18 hours at 50 the mixture was poured into water,
acidified and extracted with ether. The residue
obtained on evaporation of the washed (sodium hydroxide
and water) ether solution was chromatographed over
alumina (grade III) (3 g.). Elution with benzene - light
petroleum afforded, first methyl ursolate acetate (20 mg.
2696), needles fromn ether - methanol, n.p. 242—60; and

then unchanged methyl ursolate (21 mg.).

Acetylation of methyl tomentosolate

Methyl tomentosolate (71 mg.) was acetylated as
described above. Yield of methyl tomentosolate acetate

isolated after chromatographic separation was 22 mg.

(28%).

Acetylation of methyl tomentosolate using sodiuum
Q:Efgragﬁﬁ,ig

To a suspension of anhydrous sodium 2—14C—acetate
(62 mg., 0.01 mc.) in pyridine (3 ml.) at 5° was added
toluene-p-sulphonyl chloride (140 ng.), and then methyl
tomentosolate (200 mg., m.p. 200-3%(cap.)). After

being left at 50 for 18 hours, the mixture was poured
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into water. The solution was acidified and extracted
with ether. ivaporation of the washed (sodium
hydroxide and water) ether solution furnished a gum
which was filtered through alumina (grade III) (7 g.).
Flution with benzene - light petroleum (1:5) yielded

qu—acetate (135 ug., 62%

methyl tomentosolate 2'-
yield) which, recrystallised from chloroform - methanol,
had m.p. 233-6°(cap.), specific activity 24.9 uc./g.
Further elution with benzene - light petroleum
(1:3) afforded methyl tomentosolate tosylate (57 mg.,
2236), plates froi chloroform - methanol, m.p. 129—130O
(dec.), [aly + 4°, Moy, 224 mu (s 13,700), 3y (CCL,)
1725 (COLie), 1185, 1175 (80,0) cm.”™  Wo satisfactory

analysis was obtained.

Attempted separation of methyl ursolate acetate and

0 _acetate

methyl tomentosolate 2'-

Methyl ursolate acetate (61 ng.) was added to
methyl tomentosolate 21 o acetate (31 mg.), and the
mixture, dissolved coupletely in light petroleum, was
filtered through alumina (grade III) (10 g.). Elution
with benzene - light petroleum (1:10) afforded various
fractions froa each of which needles, m.p. ca.235-8°,
could be obtained. The activity, which was not
substantially reduced by recrystallisation, indicated
that the content of labelled product in the crystals

was about 25%6.
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Chromic acid oxidation of a mixturs of methyl ursolate
éggﬂaxgnayg;mgtnxl.ﬁgymgxpaglgﬁehﬁlrfigzégetats

To a mixture of methyl ursolate (135 mg.) and

140—acetate (28 wug.) (specific

methyl tomentosolate 2'-
activity 24.9 uc./g.) was added a solution of chromium
tirioxide (150 mg.) in 8596 aqueous acetic acid (1.5 ml.).
After being refluxed for 30 minutes, the solution, to
which excess agueous sodium sulphite was added, was
extracted witu ether. From the ether solutiocn, by
extraction with sodium hydroxide, was obtained a non-
crystalline acidic product (4C mg.).  The neutral
material remaining was chromatographed over alumina
(grade III) (4 g.). On elution with benzene - light
petroleum (1:%) there was obtained methyl ll-ketoursolate
acetate (52 mg., 5796)88needles from methanol,

m.p. 247-9%( specific activity, 0.027 nc./g.);

Kmax, : 250 mp (e 11,000);

vm (CCl4): 1725 (methyl ester and acetate C=0), 1665
(conjugated C=0), 1625 (conjugated C=C),

1245 (C=0) om.”t
., 26 - -
(Lit.“°: m.p. 243-5°, [aly + 86°, Mgy, 250 mi
(e 10,500))
Chromic acid oxidation of methyl ursolate 1'-T'C-acetate

liethyl ursolzte l'nlqc—acetate (55 mg., specific
activity 0.1l nc./g) was heated under reflux for 30
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ninutes in a solution of chrowium trioxide (60 mg.) in
85% agueous acetic acid (0.6 ml.). The product, worked
up as in the previous experiment, afforded wethyl

14

ll-ketoursolate 1'-" C-azcetate (28 ug., 49%), m.p. 2477.9°%,

specific activity 0.09 uc./g.

Hydrogenation of methyl tomentesolate acetate and

separation of benzoates

Methyl tomentosolate acetate (1.99 g.) (m.p. 23%-6°
(cap.), [a]D + 8°) in glacial acetic scid (450 ml.) was
shaken with Adams' catalyst (175 mg.) in an atmosphere
of hydrogen under atmospheric pressure for 20 hours.
After removal of the catalyst, the acetic acid solution
was diluted with benzene, and then washed with water,
agueous sodium bicarbonate, and water. Bveporation of
the benzene solution afforded the crude hydrogenation
product. This was hydrolysed by being heated under
reflux in 1% methanolic potassium hydroxide (150 ml.)
for one hour. The crude deacetylated product, isolated
in the usual manner, was treated at room temperature
with benzoyl chloride (3.0 ml.) in pyridine (37 ml.) for
18 hours. Yater was added, and the mixture made acid.
On extraction with ether, and evaporation of the washed
(sodium hydroxide and water) ether extract, there was
obtained the crude benzoate which was chromatographed

over alumina (grade III) (60 g.). Elution with
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benzene - light petroleum (1:3) yielded a mixture of
triterpene benzoates. On fractional crystallisation
from ether - methanol and then from chloroform - methanol,
three products were isolated. These are described

below.

Methyl dihydrotomentosolats _benzoate, the least soluble

benzoate was obtained as plates (630 mg., 26% overall

yield) m.p. 193%.5-195.5°, [ady + 100° (¢ 0.89);

Kmax : 229 mp (e 15,000);
in(CCl4): 1720 (methyl ester and benzoate C=0), 1270
(¢-0) cm.”}

Found: C, 79.60; H, 9.38%.
C3gHs, 0, Tequires: C, 79.40; H, 9.47%.

Methyl tetrahydrotomentosolate benzoate, the most soluble

product crystallised as small needles (310 mg., 13%)
m.p. 213-4°, [aly + 32° (¢ 0.71);

S : 229 mu (g 17,000);
V_(CC1,): 1720 (methyl ester and benzoate C=0), 1270
(C-0) cm.” 1
|
T : 1.9-2.6 (5 aromatic H), 5.3% (-CH-0-), 6.36
CH_,0-CO).
(CHz0-C )

Found: €, 79.14; H, 9.68%.

Cgllsg0, requires: C, 79.12; H, 9.79%

It did not give a yellow colour with tetranitromethane.
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The third benzoate was obtained as needles (45 ng.,
1.9%), u.p. 195—90, raised to 208-9° (21 ng. , 0.9%) on
recrystallisation. On repeated crystallisation fron
chloroform - methanol it was obtained as plates,

n.p. 211—50 with change of form and remelting at 255-SO;
nixed m.p. with authentic methyl ursolate benzoate
(m.p. 214-5°, 233-5°), 211-3°, 235-6°; [aly + r1°

(¢ 0.37 in pyridine) (Lit.49

n.p. 212-3°%, 235-6°;

[a]D + 70° (pyridine));

Mpog. ¢ 229 mu (e 14,500);

-pm(0014): 1720 (methyl ester and benzoate C=0), 1270
(C-0) em. T

The ultraviolet and infrared spectra were identical to

those of an authentic sample.

Tetrahvdrotomentosolic acid

liethyl tetrshydrotomentosolate benzoate (195 mg.)
was heated at 1'70O in a solution of potassium hydroxide
(4 g.) in diethylene glycol (18 ml.) for 18 hours.
The mixture was diluted with ether and water, and the
precipitated sodium salt was filtered. The acid was
gencrated by acidification and extracted into ether.
EIvaporation of the washed ether solution gave

tetrahydrotomentosolic acid (149 mg., 96%) as plates

from ethanol, m.p. 294—50, [a]D + 11° (c 0.38);
V_(Wujol): 3330 (OH), 1690 (CO,H) cm.™™
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Found: C, 78.54; H, 10.90%.
CyoHgo05 requires: C, 78.55; H, 10.99%.

It did not give a yellow colour with tetranitromethane.

Tetrahydrotomentosolic acid acetate

Tetrahydrotomentosolic acid (138 mg,) was treated

with acetic amhydride (150 mg.) in pyridine (5 ml.) at

roon tempercature for 10 hours. The wixture was added
to water, and extracted with ether. bvaporation of the

washed solution afforded tetrahydrotomentosolic acid

acetate (108 ug., 72%) as small prisms from ethanol,

m.p. 290-3°, [aly + 28° (¢ 0.31); & at 220 mp < 1,000;

‘Qm(CH613): 3500 (OH), 1715 (acetete), 1690 (CO,H) cm.”t
Found: C, 76.85; H, 10.39%,.

032H5204 requires: C, 76.75; H, 10.4796.

Pyrolysis of tetrahydrotomentogsolyl chloride acetate

Tetrahydrotomentosolic acid acetate (100 mg.) in
dry benzene (2 ml.) was treated with oxalyl chloride
(0.15 ml.) at room temperature for 6 hours. Removal
of benzene and oxalyl chloride in_vacuo afforded the
crystalline acid chloride acetate. Samples were heated
in an evacuated tube for 10 minutes at temperatures
ranging fron 2350 to 2750, The products showed strong
ultravioclet terminal absorption, but only weak absorption

(e < 700) at about 250 myu.
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Attenpted oxidation of methyl tetrahydrotomentosolate

benzoate

The benzoate (8 mg.) was heated under reflux in a
solution of chromium trioxide in 8536 aqueous acetic
acid. The product (oily) worked up as usual did not

show strong infrared absorption near 1660 cm._1

Dihydrotomentosolic acid

liethyl dihydrotomentosolate acetate (353 mg.) was
heated at 160-180° in a solution of potassium hydroxide
(7.5 g.) in diethylene glycol (25 ml.) for 18 hours.
The mixture was worked up as in the preparation of

tetrahydrotomentosolic acid to give dihydrotomentosolic

acid (202 mg., 68%) as needles from 95% ethanol,

m.p. 286-9, oy + 101° (¢ 0.22);

'an(CH015): 3415 (OH), 1685 (H-bonded COH) cm.”!
Found: C, 76.56; H, 10.82%,.

C}OH4805'H20 requires: C, 75.90; H, 10.6296.

Dihydrotomentosolic acid acetate

Dihydrotomentosolic acid (80 mg.) was treated with
acetic anhydride and pyridine at room temperature over-
night. The product isolated crystallised from 9596

ethanol to give necdles (80 mg.) of dihydrotomentosolic

acid acetate, m.p. 286-90°, [aly + 86° (¢ 0.24);
Y, (CHC1;): 1715 (acetate), 1690 (COLH) cm.™t
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Found: C, 77.56; H, 10.27%.
052H5OO4 requires: C, 77.06; H, 10.1196.

Pyrolysis of dihydrotomentosolyl chloride acetate

Dihydrotomentosolic acid acetate (80 mg.) in benzene
(3 ml.) wes trected with oxalyl chloride (0.3 mg.) at
room temperature for 6 hours., Evaporation of the
mixture in vacuo gave the crude acid chloride acetate
which was heated at 255—2450 under nitrogen for 15 minutes.
The product was chromatograpuicd over alumina (grade III).
Elution with cyclohexane and crystallisation fron

methanol furnished nordihvdrotomentosa-12,18(17)-dienyl

acetate as plates, m.p. 186-92° (markedly depressed by

vangueryl acetate), [a]D + 42° (c 0.48);

Mo . 239, 246, and 254 mp (e 17,000, 18,500,
14,700)

¥, (CC1,): 1735, 1250 (acetate) em.”t

Found: C, 82.31; H, 10.56%.

C31Hyg0p requires: C, 82.24; H, 10.69%.

Chromic_acid oxidation of methyl dihydrotcomentosolate

lethyl dihydrotomentosolate benzoate (98 mg.) was
heated under reflux for one hour in a solution of chromium

trioxide (80 mg.) in 85% agqueous acetic acid (4 ml.).
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The mixture was diluted with water, neutralised, and
extracted with ether. The residue obtained on
evaporation of the washed ether solution was filtered
through alumina (grade III) (3.5 g.). Elution with
benzene - light petroleum (1:1) furnished methyl

ll-keto-dihydrotomentosolate benzoate (36 mg., 5696) as

needles from methanol, m.p. 222—30, [a]D + 125°

(¢ 0.26);
Kmax. : 237 mu (e 14,000), 250 mp (shoulder)
(e 10,800);
'9H1(0014): 1715 (methyl ester and benzoate), 1650
(conjugated €C=0), 1620 (conjugated C=C),
1270 (C-0) cum.” T
Found: €, 77.78; H, 8.87%.

C3gH5,05 requires: C, 77.51; H, 8.90%,.

Chromic acid oxidation of methyl ursolate henzoate

Oxidation of methyl ursolate benzoate (130 mg.) as

in the previous cxperiment gave methyl ll-ketoursolate

benzoate (70 wg.) as prisms from chloroform -~ methanol,
m.p. 140-30, solidifying and remelting at 256—80,
[aly + 92° (¢ 0.44);
Mo : 232, 250 mp (e 18,700, 16,700);
‘9n1(0014): 1715 (methyl ester and benzoate), 1665
(conjugated €=0), 1625 (conjugated C=C),

1275 (C-0) cm. t
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Found: C, 77.76; H, 8.84%..
058H52O5 requires: C, 77.51y; H, 8.9096.

Attempted epimerisation of methyl ll-keto-

dihydromentosolate benzoate

(1) The ketone (30 nmg.) was treated with 0.9 N potassiunm
t-butoxide in t-butanol (2 ml.) at 50-60° and under dry,
oxygen~free nitrogen for 30 minutes. The mixture was
diluted with water, acidified, and extracted with ether.
The residue, obtained on evaporation of the washed

(sodium bicarbonate and water) and dried ether solution,
was treated with benzoyl chloride (0.035 ml.) in

pyridine (1 ml.) at room temperature for 2 hours, and

at 5O for 18 hours. The product was poured into water,
acidicied, and extracted with ether. The washed

(sodium hydroxide and water) ether solution was evaporated,
and the residue was chromatographed over alumina (grade
III) (2.5 g.). Elution with benzene - light petroleum
furnished methyl ll-keto-dihydrotomentosolate benzoate

(19 mg.) identiczel (mixed m.p. and infrared) to an
authentic sample.

(2) The ketone (20 mg.) was left in 50% hydrogen bromide
in acetic acid (0.5 ml.) for 4 days at room temperature.
The product was poured into water and basified.

Extraction with ether and evaporation of the washed

ether solution gave a residue (15 mg.) which was
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chromatographed twice over alumina (grade III) to give
crystals (4 ng.) identical (mixed m.p. and infrared spectra)

with the starting material.

Vanguerolic acid

(1) Methyl vanguerolate acetate (470 mg.) was hydrolysed
by being heated with potassium hydroxide (5 mg.) in
ethanol (25 ml.) and water (3.7 ml.) in a Carius tube

for 18 hours at 190°. The solution was acidified and
extracted with ether. Bvaporation of the washed ether
solution afforded vanguerolic acid which crystallised

as needles (300 mg.) from methanol.

(2) Hethyl vanguerolate acetate (1.695 g.) was heated
for 20 hours at 170O in a solution of potassium hydroxide
(30 mg.) in diethylene glycol (130 ml.). Working up

as above yielded needles of vanguerolic acid (820 mg.).

Vanguerolic acid acetate

Vanguerolic acid (803 mg.) was treated with acetic
anhydride (1 ml.) in pyridine (15 ml.) at room tempera-
ture for 18 hours. The mixture was diluted with water,
acidified, and extracted with ether. From the
concentrated ether solution, sodium vanguerolate acetate
was precipitated by the addition of 6N sodium hydroxide.
The salt was filtered. Acidification regenerated the

free acid which was taken into ether. Vanguerolic
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acid acetate (685 mg., 7696) crystallised from light
petroleum as plates, m.p. 180-2° (dec.) (cap.), [oc]D + 270°;
A e : 230 mu (e 7,200);

\Dm (CC14>: 2300-3300 (COEH), 1735 (acetate), 1695 (COEH>,
1250, 1240 (C-0) cm.”
Found: C, 77.18; H, 9.86%.

N . - : o)
C;gﬂqgoq requires: C, 77.37; H, 9.74/.

Vanguerolyl chloride acetate

(1) Vanguerolic acid acetate (%360 mg.) was refluxed in
thionyl chloride (3 ml.) for 30 minutes. The brown
regidue left on removal of excess thionyl chloride

in vacuo crystallised from dried light petroleum to give
needles of vanguerolyl chloride acetate (310 mg., 8596),
m.p. 192-3° (dec.) (cap.),"Dm(Nujol), 1780 cm, ™t

(2) Vanguerolic acid acetate (480 ug.) in benzene (5 ml,)
was treated with oxalyl chloride at room temperature

for 5 hours. Evaporation of the mixture in vacuo and
crystallisation from light petroleum gave vanguerolyl

chloride acetate (345 mg.).

Pyrolysis of vanguerolyl chloride acetate

Vanguerolyl chloride acetate (%65 mg.) in four
portions was heated in an evacuated tube (at < 1 mm. Hg)
at 180-200° for two minutes. The product was

chromatographed repeatedly over alumina (Woehm neutral,
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grade III). Elution with cyclohexane or with light
petroleum afforded, in order of elution, the following
products:

(a) A substance®which was not isolated in a pure state,
and which had high intensity ultraviolet absorption at
280, 290, and 302 myu.

(b) Norursa-12,17,15,21-tetraenyl acetate (32 mg., 11%),
m.p. 221-3°, Apax, 216, 245 mp (e 24,200, 10,350).

(¢) DNorursa-17.1%.21-trienyl acetate (50 mg., 1696) as

needles from methanol, m.p. 170-1°, [a]D + 70° (¢ 0.30);
Aax. (cyélohexan@: 273 and 278-280 mu (e 350, 310);
e = 12,200 at 220 mp,

Yo (0014) : 1725, 1245 (acetate) cm._l;
T ¢ 3.33 (2 aromatic H), 7.85 (2 methyl on aromatic ring),

8.03 (CHZCO.O—).

F;und: C, 82.60y H, 10.42%.

Cy1H,0p Teuuires: C, 82.61; H, 16.29%.

It was identical @ixed m.p., infrared and ultraviolet
spectra) with an authentic sample prepared by hydro-

genation of norursa-12,17,19,21-tetraenyl acetate (sce

below).

®*Dhis is probably norursa-11,13(18),17(22)~trienyl

acetate.
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Negrursa-12,17,19,21~tetraenyl benzoate

Norursa-12,17,19,21-tetraenyl acetate (15 umg.)
obtained from the previous experiment was hydrolysed by
being heated under reflux in 296 agueous ethanolic
potassium hydroxide (4 ml., 1:1). The product isolated
was treated with benzoyl chloride (0.1 ml.) in pyridine
at room temperature overnight. On working up and
crystallising from methanol, there was obtained
ncrursa-12,17,19,21-tetraenyl benzoate (14 mg.) as
plates, m.p. 227-230°, [aly + 111° % 5° (¢ 0.16),

Amax. 218, 232 mu (e 18,600, 13,800); Yo (0014) 1715

and 1275 cm._l (benzoate) (Barton and Danielsllredorded:
m.p. 227-30°, [aly + 114° £ 3°, A 215, 231-3 mu
(e 19,600, 12,700).

mnax.

Hydrogenation of norursa-12.,17.19.21-tetraenyl acetate

Authentic norursa-12,17,19,21-tetraenyl acetate
(15 mg.) in acetic acid (2 ml.) was hydrogenated at room
temperature and atmospheric pressure in the presence of
Adams' catalyst (10 mg.). The product, worked up
after 20 minutes, was filtered through alumina (grade
CIID (2 s.). Elution with light petroleum and
crystallisation from methanol afforded needles (4 mg.)

of nsrursa-17,19,21~-trienyl acetate, m.p. 167—90.
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Pyrolysis of the mixed anhydride of acetic and acetyl

vanguerolic acids

Vanguerolic acid (583 mg.) was treated with acetic
anhydride (10 ml.) and pyridine (0.1 ml.) at room
temperature for 6 hours. Removal of acetic anhydride
in vacuo gave the mixed anhydride acetate -which was
heated under nitrogen at 510—5450 for 30 minutes. The
product was chromatographed over alumina (grade III)
(10 g.) to give, on elution with cyclohexane, the
following two products.

(a) Vangueryl acetate (55 mg.), m.p. 181-3°, Amax. 237,
245, 252 my (e 18,700, 19,800, 12,400), identical
(mixed m.p. and infrared spectra) with authentic
material.

(b) The hydrocarbon (LIX) (20 ug.), m.p. 188-90°,

[aly + 207° (c 0.04);

Mpas.: 238, 246, 254 my (e 18,400, 19,700, 12,500);

T s 4.52-4.36, 4.59, 4.66 (% vinyl H).

Found: C, 77.06; H, 10.91%.

Cogly, Tequires: C, 77.70; H, 11.3%0%.

lMethyl vanguerolate acetate monoepoxide

Methyl vanguerolate acetate (200 mg.) in ether
(10 ml.) was treated with perbenzoic acid (ca. 0.4 m.mol.)

in chloroform (4 ml.). The solution, after being kept
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at room temperature and in the dark for 7/ days, was
diluted with ether, and shaken with aqueous sodium
bicarbonate and water. Eveporation of the organic
solution and crystallisation from methanol gave needles
of the monoepoxide, m.p. 184-9°, v 4.45 (1 vinyl H),
5.47 (> CH-0-), 6.40 (CHBO-CO) and 8.02 (CHBCO-O).

Formation of the isodehydrolactone acetate (ILXI)

Crude methyl vanguerolate acetate monocpoxide
(150 mg.) was heated under reflux in a solution of
sulphuric acid (2.5 ml.) in water (15 ml.) and dioxane
(50 ml.) for 40 minutes. The product, worked up as
usual, was chromatographed over alumina (grade III)
(5 g.) to give, on clutionwithbenzene - light petroleum
(1:4) and crystallisation from methanol, needles of the
isodehydrolactone acetate (IXI) (15 mg.), m.p. 285-95°
(dec.), T 4.35, 3.81 (-CH=CH-), 5.61 (> CH-0-), 8.03

(CH,C0.0-), and 8.42 (CHB—C—O-CO—).

5
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DITERPENE BITTER PRINCIPLES

Introduction

The term 'plant bitter principles" is applied to an
ill-defined group of organic compounds, containing oxygen
but no nitrogen or sulphur, which occurs in plants, and
which possesses the common property of bitterness to
taste. Whilst alkalecids, steroids, cardiac glycosides
and colouring matters are excluded, the term nevertheless

1

covers a wide structural range of compounds™, ranging

from relatively simple products such as gentiopicrin (1)2’150
to highly complex molecules well exemplified by the
triterpenoid limonin (II)B. Many examples, such as
santonin and picrotoxin, were early known to chemists in

connection with usages in medicine.

Gluc.O 0
(1)

Little is known of the correlation between bitterness

(I1)

and chemical constitution. While lactonic and keto
functions are found in most bitter principles encountered,
these groupings, however, are not essential to cause the
sensation. Of bitter substances without such functions,
one may cite countless exémples in the alkaloid famiiy,

while from bitter principles themselves, is to be found



- 69 -

the diterpenoid clerodin (see below).

Examples of bitter principles now known to be
diterpenoid have been studied for over a century.
However, it was not until 1952, with the publication of

the work of Cocker and his co-workersg’lo

on marrubiin,
that the constitution of a diterpene bitter principle
was elucidated. This work has since been followed by

46

establishment of the structure of columbin -, and more

20,51

recently, by structural proposals for andrographolide

and quassin6o. Though reviews of bitter principles1 and

of diterpenes in generalla

are known, no special review
of diterpene bitter principles has yet been published.
In connection with the discussion in this work of the
chemistry of clerodin, a brief review of this class of

compounds is presented in the following pages.

liarrubiin
The bitter principle of the horehound (Marrubium
vulgare), marrubiin (III), Coologlys was first isolated
as early as 18424. Its structural elucidation was
facilitated by the discovery of the presence of a seco-
pimarane skeleton (IV). This was early postulated5’6
as a result of dehydrogenation experiments which afforded
1,2,5-trimethylnaphthalene, and was later confirmed by
15,17

correlation with ambreinoliide (V), a degradation

product of ambrein.
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Marrubiin contains a y-lactone ring (Vm 1785 cm."l)l4,
a tertiary hydroxy group, and an inert oxygen5’6.
Hydrogenation gave a tetrahydro—derivative5’6. Existence

of a B-substituted furan ring attached to the bicyclic
system as shown in (III) was shown by chromic oxidation?’8
to the di-lactone (VI)9’lO, and later confirmed by an
Alder-Richert degradationlg.

0

OH

(I11) (1Iv)

(V) (vI)

)
)
;!

O
Ozonisation’'® of anhydromarrubiin (VII) furnished,

with loss of the side chain, a lactone containing a
hindered keto group (VIII)9’10. The corresponding
hydroxy acid was not a f-keto acid, so that structures

for marrubiin were limited to (IIT) and (IX)?°1C.  That
(III) was correct was established by the following
experiments. First, an enol lactone (X) was preparedg’lo
which, if derived from (IX), would constitute an infringe-

20,21

ment of Bredt's rule Secondly, an enedione (XI)
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could be obtained, the ultraviolet absorption of which

at 242 mp (e 10,000) was consistent with a cisoid

arrangement of the chromophore14’16.

The stereochemistry of marrubiin, apart from those
aspects defined by the correlation with ambreinolide (V),

is still unsettledll’12’15’17’18.

- 0
| —/
(VII) —2> %j (VIII)

g 0

"'_\

:::./
OH
O .

(1x) (A1)
HO2C

Andrographolide.

Andrographolide, C2OH5005, was first isolated fron

22,23

Andrographis paniculata by Gorter who showed the

presence of a lactone, three hydroxyl groups, and two
double bonds. Little further progress was madegq’25
until 1S851. The labile nature of one hydroxyl group
was then demonstrated by the observattionz7 that

andrographolide or its triacetyl derivative underwent

hydrogenolysis to yield desoxytetrahydro compounds.
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Ozonolysis gave formaldehyde, indicating an exomethylenec

26’27. Andrographolide contained an aB-unsaturated

26,27

group

lactone ring This was shown by the ultraviolet

absorption (kmax 223 mp (e 12,300)), and by the

formation of a pyrazoline derivative (XII) with

26

diazomethane™~, a reaction typical of ap-unsaturated

esters.

26

Selenium dehydrogenation afforded 1,2,5,6~

tetramethylnaphthalene and naphthalene-1,2,5,6-

tetracarboxylic acid, a result which led Karrer and his

26

co-workers to propose for andrographolide the carbon

skeleton (XIII).

o
/Uﬁﬁsé"/ ~o
N | l

1

C
\\Cﬁ/ ~

) EO
(411) (ALII)

28,29 of either

Permanganate oxidation
triacetylandrographolide or diacetyldesoxyandrographolide,
followed by methylation, yielded a product which was

formulated26

as the methyl ester diacetate of a 014 keto-

acid. Dehydrogenation of this gave 1,5-dimethyl-2-

naphthol. Formulation of the keto-acid was corrected

to CqcH,,0- by Cava and Weinstein?° who proposed for it
15°°24~5

and for andrographolide the structures (XIV, R=RiH) and

(XVa) respectively.



- 73 -

R — l 0 (XVa)
CH.R

# R _ | 0 (XVh)
20U \ -CH(OH)~
0

Evidence for a 1,3 diol system in andrographolide

was obtained as follows. Treatment of andrographolide
with trityl chloride gave an anhydro-monotrityl ether
(XVI). The remaining free hydroxy group was oxidised,
and the product (XVII) on acid hydrolysis afforded

formaldehyde by a retroaldol cleavage (XVIII, arrows)ao

o’
v (341{302 /CnO cno

HO 0~

HZOCPh 2OCPh

3 CH __..0__}1

(xVI) ' (XVII) (AVIIT)
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Objection to the formulation of the af-unsaturatcd
y-lactone residue as in (XVa) was raised by Chan, Haynes
and Johnson51 who advanced the alternative structure
(XVb). This was supported by proton magnetic resonince
data, and by other spectral evidence.

Andrographolide was consideredBO to possess a con--
figuration enantiomorphic to that of the steroids, since
the keto-ester (XIV, R=Ac, R'=Me) showed a positive
Cotton effect. This assignment cannot be accepted
since, in addition to the assumption being made of a
trans fusion of rings, the configuration (and hence
contribution to the rotation32’35) of the -CH2002Me chain,

which is only o to the keto group, is not known (see XIX).

2
{ N OIRC
. 0 90 2[ ie
) CH o=

e
—————
— 0

01,00, Jie tie \

Ac

Colombo Root Bitter Principles

The root of Jatrorrhiza palmata (Colowbo root) con-

tains a number of related bitter principles of which
columbin was the first to0 receive structural elucidation.

The extensive and apparently confusing experimental

40-45

work of Wessely54_39 and Feist and their respective
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co-workers on columbin, 020H2206’ was rationalised by

Barton and Elad46

in terms of the two structural units
(X¥X) and (XXI), containing two lactones, A and B
respectively. Thus the decarboxylation products of
columbin and isocolumbin (differing in configuration

a- Lo lactone B carbonyl) could be represented partially
as (XXII), and those from isocolumbin acetate and from
O-methylisocolumbin as (XXIII, R=Ac) and (XXIII, R=le)
respectively. Spectral data of these products supported

a six-membered ring in partial structures (XXII) and

(XXIII). Selective hydrogenation of

c‘:.o.co.c':H
ll l| o
2 .
0 OK
(XX11)

(&r) (XXI) (XKII1)

the double bond in (XX) gave a dihydro-derivative which
did not decarboxylate. Further uptake of hydrogen
resulted, with hydrogenolysis of lactone B, in an
octahydro-acid (octahydrocolumbinic acid). The
structural unit (XXI) was confirmed by spectral evidence,
and by ozonisation of dihydrocolumbin to the acids

(XXIV) and (XXV). Later, an Alder-Rickert degradation

on the P-substituted furan was carried out47.

| | \ i
HO.C.C.0.C0.CH HO,.C.CO.C.0.C0.CH
27 { 2 f |

(XXIV) (XXV)
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A bicyclic skeleton in columbin was indicated by

41’45’45. Among

the degradative studies of Feist gt al.
the products was 1,2,5-trimethylnaphthalene, obtained
by zinc dust distillation of columbin or isocolumbin.
By dehydrogenation of various columbin derivatives, it

was shown by Barton and Elad46

that the 5-methyl in the
1,2,5-trimethylnaphthalene resulted from migration frou

a quaternary position, and that the 5- and 2- positions
of the trimethylnaphthalene markéd the points of attach-
ment of the lactones A and B respectively. After

taking into account the results of C-methyl determination
and degradation, structure (XXVI) was proposed for
columbin46.

A special feature of the stereochemistry of columbin
(c.f. ref.48) is the cis fusion of the decalin systom 2.
This was indicated by the formation from
octahydroisocolumbinic acid (but not from(x i)
octahydrocolumbinic acid) of an "iso—lactoné" in which
a lactonic link was formed between C1 and 08 (for
numbering see (XXIX)), and which was converted in steps

to the enedione (XXVIII).
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Application of Hudson-Klyne rule to the saturated lactone
in columbin determined the absolute configuration at

C This and other considerations led to(XXIX) being

12-°
favoured as the absolute configuration of columbin49.
14 15
/
0
COzMe

(XXVIII) (XKTX)

Occurring with columbin, and closely related in

structure to it2°

, are chasmanthin and jateorin. These
compounds are isomeric (C2OH22O7) and differ from each
other in the configuration at 012. Epimerisation of
chasmanthin and jateorin at 08 gives respectively
palamarin and isojateorinBO. The 'chasmanthin" isolated

36, 37,39,41,43,44

with palmarin by eardier workers
actually a mixturc of Jjateorin and chasmanthin.
Complete structures of these congeners of columbin have

not yet been published.

Quassin and Neoguassin

Though bitter principles were obtained from gquassia

wood (Quassia amara and Aeschrion excelsa) as long ago

as 1855,51’52 it was only with the advance of

chromatographic techniques that two pure components
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were separated55’54. By the extensive work of Robertson

and his co-worker354_8

, these products, quassin,
CEOH2204(OCH3)2, and neoquassin, 620H2404(OCH5)2, were
shown to bear a lactone-hemiacetal relationship to ecach

other (see Figure 1).

| !
-—C-H —— C—=H

|
—_C
| Cro. l A0 ” H l
773 2
=0 CHOH z:% > CH

N/ NV N,/ \O/ ¢

Quassin Neoguassin Anhydroneoguessin Desoxyquessin

~—— Ch

Figure 1

255 mu,

g 11,650) results from superimposition of two diosphenol

The ultraviolet absorption of quassin (xmax.
methyl ether chromophores56. ¥i1ld acid treatuent
hydrolysed one of the diosphenol ethers to give
norquassin, reconverted to quassin on methylation.
Norquassin behaved as a diosphenol, and underwent a
benzilic acld rearrangement to give norquassinic acid.
Vigorous acid hydrolysis of norquassinic acid then
afforded another diosphenol?®.

Selenium dehydrdgenation of neoquassin gave
3,4 ,5-trimethylguaiacol (XXX)BB, while
1,2,8-trimethylphenanthrene (XXXI) was obtained from

the Clemmensen reduction product of neoquassinBB.
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OH
0330 = |
(ix4) z X (XX41)
_n =

The recent work of Valenta et _al. has resulted in
a structural proposal for quassin (XXXII)59’6O.
Nuclear magnetic resonance spectroscopy ilndicated the
presence of one vinyl proton, and of four C-methyl
groups of which two are tertiary, one vinylic, and one
secondary and allylic. The size of ring A (see XXXII)
was established by the formation of a five-membered
ketone from desoxynorguassinic acia® (partial structure,

XXXIIT). The relationship between the two diosphenol

ether groups followed inter alia from the formation

from norquassinic acid (partial structure, XXXIII) of

an enol-lactone (XXXIV)(Vm 1770 cm.'l) on acetylation.

3
COsH
HO 2
A020 AcO
}
P nmmr—-
OL-
Quasain (£asIl) (AAATII) (AnAIV)

%For the notation desoxy~ sce figure 1.
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The relation between the lactone and a diosphenol
ether system was obtained on treatment with base of the
hydroxy-lactone (XXLV). This resulted in a loss of
C50, to give a non-lactonic product (IXXVI), the formation
of which was considered to take place as shown (XXXV,

arrows)59’6o.

(KZW) (AL4VT)

Two alternative structures (XXXII) or (KXXVII) for

quassin were considered which differed in the attachment

of a methyl group (at either 09 or 06)60,

ol

The former,

also favoured by Carman and Ward on proton magnetic

resonance evidence, was supported by degradation to a

phenolic compound (XXXVIII) which possessed two methyl

groups attached to an aromatic nucleus6o. An

interesting argument in favour of ({ZXII) came from the
biogenetic consideration that such a skeleton may arise

63

from oxidative coupling of two identical Clo—units

(xxxTx) 0,



CHO

(XX4VIII)
R

0

RO -
HO
.CHO
(XXXIX)
Grayanotoxins

In view of the high oxygen content, the grayanotoxins
merit being discussed with the diterpene bitter principles.
These physiologically active substances occur widely in

the Ericaceae particularly in Leucothoe grayana and in

Rhododendron spp,62-7. The three grayanotoxins are

related62’68 to each other as shown below.

Grayanotoxin-1 Grayanotoxin-TII[ Grayano boxdn-
._T)_ ___a

020H3305(0Ac) OH 020H3305(OH) -Hy 020H3205

(andromedotoxin65) (andromedol63’64)

70,71

Recent work by Japanese workers has resulted in
structural proposals for these compounds. Selenium
dehydrogenation of grayanotoxin-IIT furnished a product

to which an alkylanthracene structure was ascribed69’7o.
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Working on grayanotoxins -1 and -I1II, Kakisawa gﬁwal.7o
inter-related the hydroxyl groups and put forward the
structure (XLIX). Independently, Iwasa gﬁ_gl?l carried
out degradation on grayanotoxin-II, and proposed
structure (L) for it. Biogenetically, the grayanotoxins
were postulated to result from a precursor with the

phyllocladene skeleton by a bond migration (II, arrow)7o.

EO
N 0)
/G
031
Grayanotoxin-I, R=Ac

Grayanotoxin-III, R=H (L) Grayanotoxin-II

+ .
(L1) (LII)
Enmein and Isodonin

From Isodon Jjaponicus and I, trichocarpus was
72,73

(ALIX)

isolated a bitter substance enmein, C2OH28(26)O6
It contains two hydroxyl groups, an exomethylene double
bond conjugated to a ketorein a five-membered ring,

72,73

and a &6-, or bigger ring lactone The remaining
oxygen atom remained undefined. Retene was isolated

on selenium dehydrogenation of the lithium aluminium
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hydride reduction product of dihydroenmein, while dry

distillation of the barium salt of enmein gave the

compound (LII)VQ.

a’t,

A phyllocladene skeleton was
postulate
Isodonin, CEOH26O6’ from I. trichocarpus is probably
closely related to enmein. It has been considered to
contain two hydroxyl groups, a saturated lactone ring

78

(1745 cm.—l), and an apf-unsaturated lactone’~.

Tinosporine

Tizﬂ-osporine75 from Tinospora cordifolia analysed
either for CEOHEEO6 or 021}12407° Dehydrogenation of
its lithium aluminiuwi hydride reduction product gave
1,2,5~trimethylnaphthalene. It was regarded to contain
two hydroxyl groups, two lactones, and a B-substituted

furan ring.

Cagsalpinia Bitter irinciples
Three bitter principles of probable diterpenoid
nature were found in Caesalpinia bopducella.’®
a—-Caesalpin (CEEHBEOB (?)) gave on alkaline hydrolysis
. . o s 5 .
acetic acid and P-caesalpin (018H2605 (?)), which also
occurred in nature. The third substance y-caesalpin
was amorphous, and yielded on hydrolysis a product
CEOHBOO6’ together with acetic and myristic acids. All
three principles showed ultraviolet absorption at

215-216 my (e ca. 8,000). Based on this data, and on

colour reactions, a furan ring was believed to be present.
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Cedronine and Cedronyline

Two bitter substances were recently isolated from
§;g§bgwpeg;og77, The first, cedronine, probably
022H2808’ contained hydroxyl groups, an opf-unsaturated
ketone, and a y-lactone. Cedronyline, CEEHBOOB’
contained four hydroxyl groups and a y-lactone. It
formed a triacetate. Treatment with acid gave an
anhydro-compound having ultraviolet absorption at 230 mp
(e 23,000). Further acid treatment resulted in hydrolysis
to give glycerol and a product 019H2205 possessing only

end-absorption in the ultraviolet.

Bitter Principles of the Simaroubaceae

Besides quassin discussed previously, several bitter

substances derived from 020 polyhydroxy compounds have

78a

been found in the Simaroubaceae. Simarolide from

Simarouba amara is the monoacetate of a substance of

~t

composition C2OHBOO6° Glaucarubin from S. glauca is the
o-methyl-o-hydroxybutyric ester of glaucarubol, C2OH2808’
a hexahydroxy lactone78b. The latter occurs also in
Castela nicholsoni together with chaparrin, C2OH2807’ a
pentahydroxy 6—lactone780. With acid, chaparrin lost
two molecules of water to give a product with a spectrum

reminiscent of that of 6-methyl-1,2,3,4-tetrahydronaphthalene
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CHEMISTRY OF CLERODIN AND RELATED BITTER PRINCIPLES

TNTRODUCTION
Isolation of a bitter principle, clerodin, from the

Indian Bhat tree (Clerodendron infortunatum, family

Verbenaceae) was first reported by Banerjee79’80 in 1936.
As a result of preliminary work, it was concluded that81’82
clerodin had the molecular formula C15H1803’ and contained
a hydroxy group, an acetate, and an ethylenic linkage.
Wwork on clerodin was resumed in 1951 by Chaudhury

and Dutta85’84

who found that Banerjee's results were not
reproducible. These workers put forward instead the
formula C28H4008’ and accounted for the oxygen atoms as
being present in four hydroxyl groups, one acetate, and

two ether linkages. The existence of at least one acetate
was shown by the isolation of acetic acid, characterised
as acetamide, from acid-catalysed hydrolysis of clerodin85,
On hydrolysis in aqueous methanolic potassium hydroxide,

a hydroxy compound desacetylclerodin, m.p. 242—50, was
isolated. Treatment of clerodin with hot acetic anhydride
and sodium acetate resulted in "acetylclerodin", m.p.

83
2050 . The same compound was obtained by similarly

"acetylating' desacetylclerodin. Later Work85’86 has

shown that it is not a simple O-acetate of clerodin. It
is of note that the weakness of the hydroxyl stretching
absorption shown by clerodin in the infrared spectrum

84

published by Chaudhury and Dutta rules out any
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possibility of clerodin being a tetra-hydroxy compound,
the view held by these workers. As will be seen in the
sequel, clerodin in fact contains no free hydroxyl group .
The complete constitution and relative
stereochemistry of clerodin has recently been established
as (LIII) (or its enantiomer). This results from an
X-ray crystallographic study of the bromo-y-lactone (LIV)
(or its enantiomer) carried out by Professor J. Ii.
Robertson, Dr. G. A. Sim and their collaborators at the

University of Glasgow87.

- -H

(L1V)

CH
O\n@'2@m
17 QAc

For the past few years chemical investigation of the

bitter principles of Clerodendron infortunatum has been

pursued at Glasgow University and Imperial College by
Professor D.H.R. Barton, in collaboration with

Dr. li. Martin-Smith, Dr. A. D. Cross and the author.

In the following pages is given an account of the
chemical work carried out in these laboratories and of
the conclusions which can be drawn. An attempt is then

made, based on chemical evidence taken in conjunction
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with nuclear magnetic resonance studies, to arrive
independently at the structure of clerodin and hence
of its congeners.

Recently our attention has been drawn to a preliminary

88 in which a structure was suggested

publication by Bose
for clerodin. Since no experimental details are avail-
able, this work, which in general is inexplicable in

terms of structure (LIII), will not be discussed here.

RECENT CHEMICAL INVESTIGATION OF CLERODIN

85,86

In their work, Barton and Martin-Smith isolated

besides clerodin (m.p.164-5°, Lol ~47°  in good agree-
ment with figures reported by previous workers79—84), a
second bitter principle in comparable yield. This
compound, 024H3608’ m.p. 179-1810, [a]D -36°, was
eventually shown to bear a simple relationship to
clerodin (see below).

As a result of analyses carried out on clerodin
and a number of its derivatives, the molecular formula
021H3006 was assigned to clerodin by Barton and
Martin—Smith85. This was adopted by Barton and Cross
and by the writer in the first part ofthis work.
However, X-ray crystallographic wor1<:87 has revealed that
clerodin is in fact 024H34O7. This formula has since

been confirmed by a mass spectrometric determination of

¥*
the molecular weight, and will be used in all subsequent

%W¥e are indebted to Dr. R. I. Reed, University of Glasgow,

for the determination.
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discussions.

Acetyl and Zeisel determinations on clerodin showed
the presence of two acetates but no methoxyl group.
Clerodin contained two C-methyl groups (Kuhn-Roth) besides
those present in the two acetates. It was not attacked
by acetic anhydride in pyridine even at 1000, and the
infrared spectrum showed no trace of hydroxyl absorption.

Thus in contradiction to the claims of both groups of

previous Workers79'84, no hydroxyl group was found in
clerodin.
Clerodin gave a strong yellow colour with

tetranitromethane indicating the presence of at least
one carbon-carbon double bond. This was confirmed by
the ultraviolet end-absorption (e 4,500 at 208 mp)
exhibited by clerodin, and by the presence of absorption
bands at 1615 and 740 em.”t in its infrared spectrun.
Hydrogenation of clerodin over palladium-on-charcoal
resulted in the rapid uptake of one mole of hydrogen.
The product 024H5607’ m.p. 169—1'70O (Banerjee82 reported
m.p. 115° for his 'dihydroclerodin"), was designated
dihydroclerodin-l?‘ It was a fully saturated compound,
for it gave no colour with tetranitromethane, had

no ultraviolet absorpbtion, and showed neither the 1615 cm.” t

1

nor the 740 cm. ~ band in the infrared.

#The series I refers to compound in which the double

bond in clerodin has been hydrogenated.
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The presence of bands at 1725, 1250, and 1245
(shoulder) cm.” % in the infrared spectrum confirmed the
existence of acetate groups im clerodin. By treating
clerodin with hot methanolic potassium hydroxide,

85,86 obtained deacetylclerodin,

83

Barton and liartin-Smith
CEOHBOOB’ probably the same as Chaudhury and Dutta's
desmcetylclerodin. That the acyl groups removed were
indeed acetates were confirmed by reconverting
deacetylclerodin to clerodin by treatment with acetic
anhydride and pyridine. Deacetylclerodin showed strong
hydroxyl absorption but no carbonyl groups other than
those in the acetates. These and other simple

transformations are summarised in Figure 2.

Clerodin Pa/c Dihydroclerodin-I

ety
020H2803(0A0)2 Hy CEOHBOOB<OAC)2
OH™ Ac,0/py OH™ Ac,0/py
Deacetylclerodin Pd/c Deacetyldihydroclerodin-I
C20H28O3<OH)2 H2 CEOHBOOB(OH)E

Figure 2

In considering the nature of the ethylenic linkage
in clerodin, it was pointed out by Barton and Martin-

Smith85 that a vinyl ether was indicated by the
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relatively low freguency and strong intensity of the
1615 cm.”Ll infrared band, the rapidity of hydrogenation,
and the sensitivity of clerodin towards mineral acids
(giving rise to amorphous solids). This was confirmed
in the following manrer. Under anhydrous conditions,
acetic acid or propionic acid at room temperature added
to the olefinic link of clerodin. Treatment of the
acetic acid adduct 026H5809’ designated clerodin
hemiacetal acetate, with aqueous acetic acid at room
temperature afforded a compound CE4H5608 which proved
identical to the second principle isolated from the
plant. The product showed the properties of a
hemiacetal. Thus it reduced Fehling's solution and
showed an infrared band for hydroxyl at 3420 cm, "L,

Full confirmation was obtained on chromic oxidation of
this hemiacetal, (hereafter called clerodin hemiacetal).
The product had carbonyl stretching absorption at

1775 em, L (in Nujol and in chloroform), showing clearly
that it was a y-lactone. It will hercafter be referred
to as clerodin y-lactone. It followed that the wvinyl
ether grouping in clerodin was part of a 2,3-dihydrofuran

ring. The infrared absorption band at 740 em. L

present
in all clerodin derivatives in which the vinyl ether

grouping was preserved was consistent with that shown by
a cis disubstituted double bond?%:?L,  The substitution

pattern of the vinyl ether must therefore be as written
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in partial structure (LV). The transformations

described above are shown in Figure 3.
| - t

H
(L¥) Clerodin | | _mosg l | () clerodin
c CnOAC hemiacetsl ecetste
s {~No”- " E 2o~ '
lHOAc/H2O
| I
— ¢ ——CH CH
| l2 e 0r 0, o l l 2
(LVIil) o po Ac ciog (LVID) Clerodin
Glerodin 7 ("' N0 “ \ e hemiacetel
Y-1lzactone
Figure 3%

Chaudhury and Dutta85 prepared so called
"ascetylclerodin", m.p. 205°, by the action of acetic
anhydride and sodium acetate on clerodin at 100°
followed by dilution of the mixture with water.

Repetition of this reaction by Barton and Martin-Smith®>:80
furnished two products, clerodin hemiacetal (LVII) and
clerodin hemiacetal acetate (LVI), m.p. 208-210°.  The
latter was undoubtedly the same as '"acetylclerodin" of
Chaudhury and Dutta.

In agreement with the formulation of clerodin as
(LV), ozonolysis followed by hydrolysis with hot water
afforded formic acid. The other product of the reaction,
which was amorphous, showed ultraviolet absorption at

242 mu (e 3,200 for M.W. of 420)85. A similar oily

product (with Kmax 241 mu, € 3,300) was obtained by



Barton and Cr05589 by treatment of clercdin with osmium
tetroxide, followed by cleavage of the 1,2-diol fcrmed
with periodic acid. The product from the latter reaction
gave positive tests for an aldehyde and yielded an

394 mpu

(e 18,200). The formation of this unsaturated aldehyde

orange 2,4-dinitrophenylhydrazone which had xmax

suggested the presence of a hydrogen atom at the allylic
position of the vinyl ether (see LIX, below).

¥
— ‘>—CHO

'f i —_ ;
1] | | —:’Ut

- ( —— -3 —C — CHO
o — — o
—~C G~ -C—=0— B
| =0~ | CHO Yo S
=0 = ¢ ¢ 0o
(LIX)
C.__OH

The Fpoxide Ring

A weak band at 3045 cm.” !

in the infrared spectra

(in carbon disulphide solutions) of certain derivatives

of clerodin pointed %o the presence of an epoxide91—95.
That this was a spiro epoxide (as in LX) was

shown86’89

in the following manner. Reduction of
dihydroclerodin-I (vinyl ether hydrogenated) with lithium
aluminium hydride afforded a triol 020H5405, named
deacetyltetrahydroclerodin. With acetic anhydride and

pyridine it yieldcd a diacetate C24H5807’ called
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tetrahydroclerodin. Tetrahydroclerodin retained a
hydroxyl group (infrared band at 3530 cm,_l) which was
resistont to chromic acid and was therefore tertiary.
That a new C-methyl group was simultaneously produced in
the reduction experiment was clearly shown by the
generation of a singlet equivalent to three protons at

T 8.58 (CHB.C.O—)94 in the proton magnetic resonance
spectrum of deacetyltetrahydroclerodin. This result
was explicable only in terms of the reductive cleavage
of a spiro epoxide (with simultaneous reduction of

acetates) by lithium aluminium hydride as is shown below:

[ -0Ac -0l
-Q4Ac -0H
LAl I3
<N\ ’,1 e \C/O
C
s .
(L) | \CH2 Gl (La1)

A similar reduction of clerodin itself furnished
deacetyldihydroclerodin—llX which could be readily
acetylated to a diacetate, dihydroclerodin-IT. The
above and some other reactions are sumrarised in Figure

4.

3 . . . . . .
Series II refers to derivatives of clerodin in which

the epoxide has been cleaved reductively.
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It is notable that only two natural products,
95 96

and o©oleandomycin”~, have hitherto been

97

fumagillin

shown to incorporate the spiro epoxide system

The Hydroxyl Groups_in Deacetylated Derivatives
86,89

Barton and Cross next turned their attention

to the nature of the hydroxyl groups in deacetylated

derivatives of clerodin. It followed from the conversion

of deacetylclerodin to clerodin by acetylation that the
hydroxyl groups were either primary, or secondary and
unhindered. That they were in a 1,3-diol relationship

was shown as follows. Heating an intimate mixture of

afforded formaldehyde in a yield comparable to that
obtained from hederagenin methyl ester (LXII, R=H) under
identical conditions. Thus there was present in
deacetyltetrahydroclerodin a system —CH(OH&é—CHgoH
(IXIII) which was the same as that in hederagenin methyl
ester, and which with copper-bronze gave a hydroxy
ketone moiety (IXIV) suitable for occurrence of the

retro-aldol reaction (see LXIV, arrows).

Next, esterification reactions were studied, again

using hederagenin methyl ester as a model compound.
When treated with ethyl chloroformate in pyridine99
deacetyldihydroclerodin (partial structure LXIIT)

yielded unexpectedly a cyclic carbonate (see IXV). This

o8
deacetyltetrahydroclerodin with copper-bronze at 270—5000
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Clerodin LAE Dencetyldihydro- 2.0 Dinydroclerodin-IT
., H. in- > L
2073275
n2 1 h2 HQ

Di:h,)rdroclerodin—.[ ., DLeccetyltetre~ 1c.0 Tetrehydro-

(,2 4h’5607 - i;;ydfoc(l)erodin 2 ) clerodin

: L201134 5 624113607
Cigure 4

H | H
| I . (}_

— =0 —(0~—0 —» — (—0(— i—0H
top y 2
Ok H 0

(LXIII) (LXIV)
\/
\\EE” \\352
~
I
0
(LXV)

o 0
0 —CHy =0 \Rr—f

(LaVI) (LAVII) (LAVIII)
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had infrared carbonyl absorption at 1740 cm."1 indicative
of a six-membered ring, and must have been derived from
a 1,3-diol. S8imilarly a cyclic carbonate (band at

1735 cm._l) was obtained from deacetyltetrahydroclerodin.
On thz other hand, under the same conditions hederagenin
methyl ester gave a 'dicathylate” (LXII, R=CO,Et).  The
discrepancy must arise from a difference in
stereochemistry of the two 1,3-diol systems. In
hederagenin methyl ester, the secondary hydroxyl and
-CH,0H groups are both equatorial (see LXVI) and thus
very easily cathylated. It secmed likely that in
deacetylated clerodin compounds the secondary hydroxyl
was more hindered, but was well placed relative to the
cathylated primary hydroxyl group to yield a cyclic
carbonate (e.g. LXVII or LXVIII) by elimination.

Relationship Between the 1,3-Diol and the 1.2-FEpoxide —

Clerodin Diketone

160
A study of the molecular rotation difference

on deacetylation of clerodin derivatives (Table 1)

showed that 4 [M]D was positive for clerodin and
dihydroclerodin-I, but was negative for dihydroclerodin-II
and tetrahydroclerodin, compounds in which the epoxide

has been cleaved reductively. It was likely that
proximity of the epoxide with one or both of the acetates

was responsible.
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COMPOUND el ol

Clerodin -206°
o +48°
Deacetylclerodin -158
Dihydroclerodin-I -87° o
Deacetyldihydroclerodin-I -18° +69
Dihydroclerodin-II ~140° o
Deacetyldihydroclerodin-II  -197°  ~27
Tetrahydroclerodin -26° o
Deacetyltetrahydroclerodin -53° —-27
Table 1

This conclusion was confirmed and extended by the

86’89. Treatment of

following series of transformations
deacetyltetrahydroclerodin (partial structure LXIII) with
toluene-p-sulphonyl chloride and pyridine at 0° gave a

monosylate 027H4OO7S (A 225 mp, € 13,000) in which

max.,
the primary hydroxyl group was tosylated. With chromic
acid, the secondary hydroxyl in bdhe monotosylate was
oxidised giving the corresponding ketone 027H5807S which
showed in the infrared spectrum an absorption band at
1700 cm. L (six-membered or bigger ring ketone) besides
that for a hydroxyl (tertiary hydroxyl from reduction

of epoxide). The ketone-tosylate was very unstable and

could not be purified. On passage through alumina, or



- 98 -

»

on treatment with aqueous alcoholic alkali, it underwent
elimination with rearrangement to give a diketone, named
clerodin diketone. Clerodin diketone absorbed in the
ultraviolet region at 275 mp (g,120), and showed in the
infrared a band at 1700 cm. 1 (six-membered or bigger
ring ketone, and acyclic ketone) but no sbsorption for
hydroxyl or for ethylenic linkages. It formed a
dioxime and a yellow bis-2,4-dinitrophenylhydrazone

(A 366 mu, £ 46,%00) the analyses of which pointed

max,

. . ‘1 ) )
to the formula C20ﬂ5004 for clerodin diketone. It gave
a positive Zimmermann test indicating a CHECO— or a

—CHgCO— groupinglOI”log.

The nuclear magnetic resonance

spectrum showed a singlet equivalent to three protons

at 1 7.86, clearly indicating & methyl ketone group94
Formation of clerodin diketone was a key reaction in

the chemistry of clerodin, since & correct interpretation

of it would establish the relationship between the

1,3-diol system and the spiro epoxide. It was con-

cluded by Barton and Cross86’89 that partial structure

(ILXIX) was present in deacetyltetrahydroclerodin.

The monotosylate and ketone-tosylate would be (LXX)

and (ILXXI) respectively. The mechanism suggested for

the formation of clerodin diketone (L¥XXI — ILXXIII)

involved the elimination of tosylate with C - C bond

breaking to give as an intermediate, a conjugated
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methylene-diketone (ILXXII), which underwent internal
Michael addition to yield clerodin diketone (IXXIII).

Support for the proposed mechanism was obtained on
studying the action of alkali on the monotosylate (ILXX)
itself. The product (oily) showed infrared absorption
at 3610, 3470 (hydroxyl), 1710 (ketone), 1645 (C=C),

1 This was obviously the

and 900 (C=CH2) cm.
exomethylene compound (LXXIV) which corresponded to the
intermediate (IXXII) in the previous reaction.

It followed from the above discussion that the partial

86’89. This can

structure (ILXXV) is present in clerodin
be further extended to (ILXXVI) in which C5X is written
as fully substituted as the result of nuclear magnetic
resonance studies which will be presented fully in a

later section.

Seleni Dehydrogenation

Dehydrogenation of clerodin by selenium gave
1,2,5-trimethylnaphthalene, the identity of which was
established by direct comparison of its picrate and of
its btrinitrobenzene adduct with those of authentic

material§5’86’89

*The numbering system used here corresponds to that

given in (LIII).
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DISCUSSION
As in the work of previous investigators in these
laboratories, chemical studies to be described in the sequel
may be broadly divided into two divisions, namely those on
the dihydrofuran moiety, and those related to the epoxide-

diol system. Aspects of the latter are described first.

Clerodin Diketone

The relation between the spiro epoxide and the 1,3-diol
as is expressed by the partial structure (LXXVI) rests solely
on the mechanism proposed for the formation of clerodin
diketone. Naturally it was felt necessary to establish
fully the partial structure (LXXIII) of clerodin diketone.
Confirmation of the presence of a methyl ketone was obtained
from hypohalite oxidation experiments. Thus treatment of
gclerodin diketone in agueous dioxane with an alkaline
solution of iodine and potassium iodide yielded iodoform.

The other product of the haloform reaction could be isolated
by oxidation with alkaline hypochlorite solution (less than

the theoretical quantity) at 100° for a short period. The

keto-acid 019H28O5 (LXXVII) obtained absorbed as expected

in the infrared(in Nujol) at 1725 (carboxylic acid) and

1705 (six-membered or bigger ring ketone) cm. "t

Further characterisation of the two ketone groups
in clerodin diketone was given by borohydride reduction
experiments. On treatment with excess sodium borohydride
in methanol at room temperature, clerodin diketone

afforded the corresponding diol 020H54O4 (ILXXIX) the
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infrared spectrum (in Nujol) of which showed a strong
band (at 3330 cm._l) for hydroxy groups but none for
carbonyl groups. A partially reduced product was
obtained by reacting the diketone with borohydride
(equivalent to 1.3 C=0) in methanol at 0° for 20 minutes.
In addition to clerodin diketone and the diol, a keto-
alcohol, 020H5204 was isolated which had infrared
absorption bands (in Nujol) at 3485 (hydroxyl) and 1705
cm._l The nuclear magnetic resonance spectrum showed

a singlet equivalent to three protons at T 7.87. This

indicated that the methyl ketone grouping is still present

in the keto-alcohol, which must be represented by

(LXXVIII).
C C C C ¢ C
! N I éBH & l |
(r* —CH;— CH 0 ———> — ' —CH,— CH — CH
CO-CH CO-CH Ol
(LXALII) el E (LXAVIII)
¢
¢ C C
i | ! (i i (i i )
___(I;_CHZ_CH-——C —=> —(;J—CHZ-—— CH—gIT
0,1 ?HOH E
(LXAVII) Cii ’ (LXXIX)

The mode of formation of clerodin diketone reguires
the two keto groups to be in a 1,5-relationship. It
seened likely that it would undergo aldol condensation
under strongly basic and anhydrous conditions. In
the event, treatment of clerodin diketone with a N

solution of potassium t-butoxide in t-butanol, at 50-60°
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under nitrogen, gave in good yield a single product

which analysed for the loss of one molecule of water

(CopHpg0s). Tt was assigned the partial structure (LXXX),

the product of condensation between the 6-keto group

and the side chain methyl. In support, in the infrared
spectrum (in Nujol) were found bands at 1665 and 1625 cm.
which were expected for a conjugated cyclohexenone.

The proton magnetic resonance spectrum showed that only
one vinyl proton was present (singlet at <t 5.95)?4 The
wave length of the ultraviolet absorption maximum, |
249 mp (e 10,400), is in fair agreement with the
calculated105'5figure, 244 my. The alternative struc-
ture (LXXXI) involving condensation between the acyclic
carbonyl and a methylene a to the other ketone is to be
rejected, since no signal for a methyl group in a vinyl
position was found in the nuclear magnetic resonance
spectrum,

In the presence of palladium-on-charcoal catalyst,
~the cyclohexenone (IXXX) smoothly took up one mole of
hydrogen to give the corresponding cyclohexanone (ILXXXII)

Cool 30 5,\) 1710 cm. 1 (in carbon tetrachloride). It
did not show high intensity absorption in the ultra-

violet.

-1
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The Carbocyclic System in Clerodin

It is necessary at this stage to discuss the nature
of the carbocyclic rings in clerodin. Dehydrogenation
of clerodin yielded 1,2,5-trimethylnaphthalene. This
strongly suggests the presence of an appropriately
substituted decalin or perhydroazulene system, though a
medium-ring compound which gives rise to 1,2,5-
trimethylnaphthalene by transannular rearrangement, or a
bridged or spiro structure cannot be totally dismissed.

In +this discussion the assumption will be taken that

clerodin does consist of either a decalin or a
perhydroazulene system.

It is highly probable that the partial structure
(LXXVI) (reproduced below) is a part of this bicyclic

C C
I | |7
¢F— (b (5— f— g
AT T
d O-—Cn2 %};2 Ac
(LX:VI) Okc
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system. Two facts concerning (LXXVI) emerge. Pirstly,
the way in which clerodin diketone is formed indicates
that when the C, - 05 bond is broken (see LXXI —> LXXII)
C5 nevertheless remains connected to 05. Thus 05’ C4
and 05 form part of a cyclic systen. One may also
conclude that 05, 06 and 07 are part of a ring. This
follows from a consideration of the result of Baeyer-
Villiger oxidation of clerodin diketone to be described
later, In this series of reactions, the splitting of
the 05 - 06 link does not cause cleavage of the whole

molecule,

A possibility exists that rings C3 - C4 - 05 oo C5

and 05 - 06 - 07 con 05 are one and the same ring,
namely 05 and 07 are linked through a carbon chain [C]

as in (ILXXXIII). Condensation of clerodin diketone

(as LXXXIV) would result in a cyclohexenone (as ILXXXV)

the structure of which comstitutes a violation of

106,107

Bredt's rule unless n > 4. Hence a carbogyclic

ring which is nine-membered or bigger would exist in

clerodin.
(c), ¢’ @ ! () ¢’
n n
c |7 LT
5, s s 5 - s 5 [s I
—CH /c\ ¢>—— (B -'c—ﬂmz—cﬁ——co — CP—GF—CH ﬁ
l
0—CHy (|3H2 OAc 4'00 4!;0 eemessorasmam. CH
O4c CH,
(LXXXIII) (LXXXIV)
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It is more likely that the quaternary carbon atom
05 forms one ring junction of a decalin or a
perhydroazulene system. Three alternative extended
partial structures (IXXXVI to LXXXVIII) can then be

derived all of which offer no contradiction to the result

of selenium dehydrogenation experiment. The difference
0
CH
2
oks O4c
(LXAXVI) (LXXAVIL) (LXRXVIIL)

between these lies in the size of the two carbocyclic
rings which are designated A and B as shown. As will

be shown in the following paragraphs, the decalin system
(LXXXVI) proves to be correct. It will, for convenience,
be adopted in partial formulae accompanying the following

discussion on the size of the two rings.

Size of Rings A and B

Among derivatives of clerodin so far encountered,
there are two which have a keto group on ring B. These
are the unstable ketone-tosylate (ILXXI) and clerodin
diketone (now written as (XCII)). These did not show
infrared carbonyl absorption of frequency above

1

1710 cm.” Ring B must therefore be six-membered or

bigger. This conclusion was supported by the
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preparation of another compound with a keto group on
ring B, Deacetyldihydroclerodin (partial structure
IXXXIX) on treatment with toluene-p-sulphonyl chloride

*®
and pyridine at 0° gave a monotosylate 027H58O7S (XC)

<xmax L[]
3520 (hydroxyl), 1600 (aromatic C=C), 1190 and 1175

225.5 mp, € 9,400; infrared bands (in Nujol) at

(8020) cm.-l). Oxidation with sodium dichromate in
acetic acid afforded the corresponding ketone-tosylate
(XCI). The infrared carbonyl absorption of this ketone

was at 1715 cm.'1

Ck‘z

Ciip
OTos ! 0

: (LXXXIX) (XC) OTos  (xc1)

The nuclear magnetic resonance spectrum of the
ketone-tosylate showed signals due to two protons on a
carbon atom oo to a carbonyl group. The ketone must
then have an a-methylene group as is written in (XCI).

Information was next sought on the size of ring A.
This was obtained via. a Baeyer-Villiger oxidation of
clerodin diketone. Clerodin diketone (XCII) when left
standing at room temperature in a solution of

monoperphthalic acid in ether-chloroform consumed 1.3

mole of the peracid during 33 hours. On working up

*In one tosylation experiment, a minor tosylate of
unknown constitution was also obtained (see experimental

section).
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there was obtained, besides small amounts of unreacted
diketone, a product CEOH5005 having one oxygen atom more
than clerodin diketone, and which absorbed in the
infrared (in carbon tetrachloride) at 1735 and 1720 cm. %
It retained a methyl ketone group for it gave a positive
iodoform test, and showed in the proton magngiig?%%g%trum
a singlet equivalent to three protons at T 7.9%4.

Alkaline hydrolysis gave a product (oily) which behaved
as a carboxylic acid. The attack of peracid must
therefore have taken place preferentially on the cyclic
ketone group, giving rise to a seven-membered lactone
(band at 1735 cm.”).

The generally accepted mechanism108

for peracid
oxidation of ketones and aldehydes is as summarised

below. In the second step, the aptitude of the group: R'

. R O—H a
N, _HOoR! N . /e ~
i/ E NG 2 | T ror®
R’ \)(\)——OR"
to migrate increases with its capacity for electron
releaselog. For alkyl groups, the order is tertiary >
secondary > primary. In the oxidation of clerodin

diketone, the product will then be (XCIII), the insertion
of oxygen taking place between the cyclic keto group

and C5,the more fully substituted a-carbon atom. The
carboxylic acid obtained on hydrolysis consumed one

oxygen atom on chromic oxidation, giving rise to a
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ef// (4CII)

CH,.

EH 0
(£CI1I)

diketo-acid (oily) (XCIV, R=H) which showed infrared
absorption (in carbon tetrachloride) at 1710 and 1690
(shoulder) cu.”t (ketones and carboxylic acid). The
corresponding methyl ester (XCIV, R = Me) showed
infrared bands (in carbon tetrachloride) at 1740, 1720,
and 1690 cm.”t A comparison of the spectra of the
diketo-acid and of its methyl ester shows that the

1

1740 cm. — band in the latter is due to the ester

grouping, so that the 1720 and 1690 cm. ™t

bands are to
be attributed to the methyl ketone and the ketone in
ring A' (see XCIV). Ring A' must then be six-membered
or bigger. The size of ring A in clerodin itself
follows.

Evidence now having been obtained for characteris-

ation of both ring A and ring B as six-membered or bigger,

clerodin must have a decalin system as shown in (LXXXVI).
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It will be appropriate to discuss here the
preferential attack of sodium borohydride (see above)
and of monoperphthalic acid on the cyclic keto group of
clerodin diketone. The rates of reduction of
cyclanones by sodium borohydride had been studiedllo,
Cyclobutanone and cyclohexanone are by far more reactive

than cyclopentanone, the seven-, eight-, and higher-

membered ring ketones, or open-chain ketones. This

relative order of reactivity (see Table 2) is in accord

with the concept of Brownlll

relating to I-strain
(internal strain) as the determining factor in the
reactions of cyclic compounds of various sizes. In
borohydride reduction of cyclic ketones, the reactivity
depends on the change in I-strain accompanying the

formation of a tetrahedral carbon from a trigonal one.
; / -t
>(h:0 = \\C
/N OBH;
In the case of Baeyer-Villiger oxidation of cyclanones,

[

as the first and in general rate-determining step is the
addition of peracid (trigonal carbon to quaternary), an
identical order of reactivity is expected. This has
been found to be essentially true, cyclohexanone reacting
significantly faster than the other cyclanones studied112

(see Table 2). The high reactivity to borohydride and

peracid of the cyclic keto group in clerodin diketone
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Table 2. Rate of Reaction of Cyclanones with Sodium
Borohydridello and with Perbenzoic Acidllg.
: R;ng ; k2 X 1O4
f Size E (1 mole—lsec.—l)
' % with NaBH,®  with PhCO,H*™
| e :
5 | 7.0 13
6 -E 16l 95
7 1.0
8 0.08 2
9 0.03
10 ! 0.01
11 0.02
12 0.18
13 0.19
15 0.42
17 0.59
!(Di—g-—hexyl ket‘one) 0.45

B -

®p4 0° in isopropyl alcohol.
¥t 26.65° in dry chloroform.

(as compared with the methyl ketone group) would seem
then to be compatible with the previous finding of a

six-membered ring B in clerodin. It must be pointed
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out, however, that in a cyclic system such as clerodin
diketone, a considerable difference as regards I-strain
would be expected when a comparison is made with the
simple cyclic model.

Some further experiments on clerodin diketone, which
it is more convenient to describe later, provided
evidence that in clerodin diketone the carbon atom (05)
bearing the methyl ketone group also bears a proton.

It follows that in clerodin itself, C, is a methylene

5
(c.f. formation of clerodin diketone, (IXIX) — (LXXIII)).
The partial structure for clerodin may then be extended

to (XCv). \ 7 \ /
VAN YN

The Dihydrofuran Ring
Confirmation of the presence in clerodin of a
dihydrofuran ring substituted as in (LIX) was obtained
through three series of experiments.x
The first of these was designed primarily to yield

clerodin derivatives bearing heavy atoms which would be

®Some ozonisation experiments are also described in

the experimental section.
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suitable for determination of structure by X-ray
crystallographic methods. Treatment of a solution of
clerodin in ether with  bromine water furnished the
bromohydrin 024H55083r (XCVI) (infrared bands (in Nujol)
at 3300 (hydroxyl), 1730, 1725 (acetates), 1250

_1)°

(acetates) cm. Oxidation with sodium dichromate

in acetic acid afforded a bromo-y-lactone C24HBBOBBT
(XCVII) which (in chloroform) had infrared bands at

1785 (y-lactone) and 1725 (acetates) cm. 1

A sample of
the bromo-y-lactone was employed in the crystallographic
structural determination mentioned previously. Another
bromine-containing derivative was obtained by the action
on clerodin of bromine and acetic acid in the presence
of anhydrous sodium acetate. The product, 026H5709Br,
was a bromohydrin acetate (XCVIII) and absorbed in the
infrared at 1750, 1730, 1260 and 1230 (acetates) cm. 1

The facile addition reactions described above find their
analogy in the addition of the elements of methyl hypobromite

across the enol ether ethylenic link of aucubin hexaacetate

(xc1x) 112,

=i CH L, TCETCHBr e CEBr Tk CEbr
D
_ H 2 - _CEHOE - (60] -C ~ LCrOAC
?\\O (N o” o~ { O’/
(LIk) ()(CVI) (£CVI1) (XCVIII)
OAc Qpc Br
NS 31‘, QOine
(X610) 0 t.eOk 0
CHzoAC ) CHoD Ac L.
006h605Ac4 O6n605Ac4
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The second reaction which has a bearing on the
dihydrofuran moiety is the conversion of natural
clerodin hemiacetal (LVII) to dihydroclerodin-I (CI)
which was needed for further degradations. Attempts
by previous Worker585 to convert the hemiacetal to
clerodin had been unsuccessful. Thus, though
anhydroneoquassin with a dihydropyran ring (CIII) could
be obtained by treatment of neoquassin (partial structure

CII) with hot acetic anhydride, attempts at dehydration

CE Y CE

— CH™CH — Cii

2 2 2
‘ ' l —> ‘ | e ( l
_C\O/mw —%\o/mws ?\ o
(LVII) (C) (C1)
hot //
HOAC
(CII (0111

of clerodin hemiacetal did not result in any crystalline
product85. A different approach to the problem was
therefore adopted. It was reasoned that though the
tosylate of clerodin hemiacetal (C) would be too unstable
to be isolated, it could be reduced in situ by sodium
borohydride through attack on the derived oxonium ion

to yield dihydroclerodin-I. After a number of trials,
an experimental procedure was found which consistently
afforded dihydroclerodin-I in yields of 2536, accom-

panied by 10-20% of recovered clerodin hemiacetal.



- 115 -

Finally will be mentioned some experiments utilising

the hydroboration reaotion].'14

By passing excess diborane
gas into a solution of clerodin in tetrahydrofuran,
and by treating the reaction mixture with aqueous sodium
hydroxide and hydrogen peroxide at room temperature, a
product 020H3206 could be isolated which did not absorb
in the ultraviolet region. The infrared spectrum (in
Nugol) showed strong hydroxyl absorption, and no
absorption for acetates. This deacetylated product is
formulated partially as (CIV), the newly added hydroxyl
group being placed B to the ethereal oxygen. That
the epoxide was intact, a fact suggested by the
analytical result, was confirmed by the quantitative
recovery of dihydroclerodin-I after treatment with
diborane. This observation is in contradiction with
that of Brown and Rao115 that styrene oxide and
propylene oxide each consumed one mole of hydride under
hydroboration conditions. Acetylation of the
deacetylated product (CIV) gave an acetate (oily) which
showed no hydroxyl absorption, and was not identical
to clerodin hemiacetal acetate (IVI). This confirmed
the position of the newly added hydroxyl group, and the
conclusion that the epoxide was intact.

T CHT  CHOH

—C CH CIV
'\o/ 2 ( )



- 116 -

Extention of the Dihydrofuran Partial Structure

So far in this work there has been no indication
of participation in any reaction of the seventh oxygen
atom in clerodin. Clerodin also contains one double-
bond equivalent more than those represented in the two
partial structures (LIX) and (XCV). It is reasonable
to consider that an additional cyclic ether is present.

The position of this inert oxygen atom has now been
located in an interesting way. The sodium salt of the
hydroxy-acid obtained by alkaline cleavage of the lactone
ring in clerodin y-lactone (CV) reverts readily to
clerodin y-lactone with acid. However a permanent
opening of the y-lactone ring was effected by the action
of liquid ammonia in methanol. The resulting hydroxy-
amide (CVI) had infrared bands (in Nujol) at 3535 (OH
and NH2), 1740 (acetate), 1715 (acetate) and 1690 (amide-I)
cm._l, and owing to its labile character (see below)
could not be obtained well crystalline. Attempted
oxidation of the hydroxy-amide either with sodium
dichromate in acetic acid or with chromic oxide and
pyridine afforded a crystalline product. This was
actually formed by acid- or base-catalysed dehydration
of the hydroxy-amide. Thus with acetic acid at room

temperature, the hydroxy-amide (CVI) afforded the same
product, 024H5507N, having infrared bands at 3345 (NH),
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H+ 2 - T -
(CVII) (CvIi1)
1735 (acetates), and 1705 (y-lactam) cm.” T It is

assigned the y-lactam partial structure (CVIII). The
facile formation of the y-lactam under wnild acidic
conditions provides strong evidence for the presence of

group in the
a hemiacetal or hemiketal;hydroxy—amide (see CVII -

\

CVIII). This reguires the presence of an acetal or
ketal carbon in clerodin as shown in the extended

partial structure (CIX). Full confirmation is obtained

from nuclear magnetic resonance studies.

Application of Nuclear lMagnetic Resonance Spectroscopy

to_the Chemistry of Clerodin

Extensive use of nuclear magnetic resonance
spectroscopy has been made throughout the latter part

of the investigation of clerodin in these laboratories.
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Collected in Table 3 are the T values and coupling
constants (in brackets) of signals to which assignments
have been given. Table 3 includes many compounds first
prepared and studied by Dr. A. D. Cross, and also sone
which will be described later in this work. In the
Tahle, as well as in the discussion which follows, the
numnbering of the carbon atoms is, for convenience, that
eventually assigned to clerodin (see LIII). It must

be emphasised that the interpretation has been due
mainly to Dr. L. M. Jackman of this Department.

C-Methyl groups. Intensity measurements on the nuclear

resonance . ) . .
magnetic/spectra of clerodin and eight of its derivatives

established the presence of two C-methyl groups other
than those present in the two acetyls. In the spectra
of most compounds the signals overlap to give a band at

T ca. 9.0, but in some such as that of dihydroclerodin-II
they appear as a sharp line (CHB-é-) and a broad band
<CH57¢H>“ In the spectra of clefodin diketone and the

]
-CH becones a well

derived cyclohexenone the band for CH5
]

resolved doublet.

The_epoxide. Absorption due to two protons in the
region T 7.2 - 7.6 typical of epoxidcs is shown by all
compounds in which the epoxide is intact (clerodin,

dihydroclerodin-I, deacetyldihydroclerodin-I, clerodin
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Table 3 (to be continued)

a—————— -

- ———ner v — % — e

—

: 1
ASSTIGNMENT ' CH,-C- CH_-CH CH,-C-0D
i 3 5 3 \
No CARBON NULBE | Cyg Cog 17
—-"«Fﬁ,_“. R R SR TSRSy =
|
P 1 Clerodin L 9.05 §.05 -
2 { Dihydroclerodin-I ?
| (CIX,, R=R'zAg)_ [ 207 9.7 -
3 5Deacetyldihydroclero—f
din-I (deuterated) 9.13 9.13 -
(CLX, _ R=R' =H) .
4 | Dihydroclerodin-II
| (deuterated) (CIXI , 8.96 9.08 8.69
! R=Ac) e e e e ]
5 | Deacetyldihydro-
X clerodin-II (deuter- 9.04 9.04 8.55
ated) (CIXI.,. R=H) -
6 | Tetrahydroclerodin
(deuterated) (CLXII, P 8.97 8.97 8.69
R=R'=Ac) q ]
| 7 | Deacetyltetrahydro-
! clerodin (deuterated) 9.07 9.07 8.58
| | (CIXII. R=R'=H) . ! . B .
8 {Clerodin y-lactone 2
MG ;905 9.05 -
9 |Ketone tosylate from i
; deacetyldihydroclero-~ 9.05 .16 -
din-I_(CXXXI) - TS I
. . .16,9.01 _
10 {Clerodin diketone ”§;85 (7, 7.8)
11 {The keto-alcohol
(IXXVID) 5__3. o4 9.13 -
12 {The keto-lactone :
; 9.10,8.97
13 £g§L§ clohexenong | 9.29 (J, %.6) -
14 1Clerodin hemiacetal !
anhydride ( CXXXV) _ 9:90 99 -
15 {The unsaturated acid |
t_w (CLIII) 915 9.1 "
& {The cyclobutanone 7 8.99,8.86
i 1(CIVII?) ! 9:29 (3778.9) -
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Table 3 (continued)

|

2 CH,-CO-0- CH

g

-co-¢c ¢l |

|
Vo 2 0 07 "H ‘i H
No.| _.___- 17 519 C15. 11
1] 8.15.7.98 _ 7.1° - c8.6.1% |
2| 8.14,7.98 - 7.2P 6.15°  ¢p.5.82
3 - - 7.65" 6.15°  c¢a.5.82
4 C
7-98,7-90 - - - 08.6.1
g - - - - ca.6.1%
6 C a
7.98,7.91 - - 6.15° c5.5.8
4 - - - 6.150 ca 5-8a
81 8.07,7.01 - a - 5.9°
9
- - 7.6°
10 - 7.86 - 6.15° 5,8°
11 _ ). 87 _
12 - .04 - 6.15° ca.6.02
15 - - - 6.1°
* 1 8.05,7.89 - 7.,1P -
15 _ _ _
16 _ ] _
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Table 3 (continued)

-
CH-OD  JCH-Ohc  -CHy-0D  -OHy-Ohe K P
ol % % ___Gs _ Cs C14
., ‘ e gy .
1 -~ a - (J, 12.8) a
a 775217
2 - 2.3 - 057712748 -
>l e 5.95,5.67
’ - (7, 12.5) - -
* 5.49,5.13 5.16
- ca.5.5 - (7,127.8) (37°2.5)
5 8
e, 6.2 - 5.56 - (J?é?B)
6 5. 08 5.42.5,02
- L£a.0 - (7, 12.8) -
7
6.2 - 5.62 - -
8 — 5.64,5. 14
- e T (3. 1504y =
2 - _ _ - _
10 - - _ _ T
11 _ _ _ _ _
2] _ - -
13 _ _ B _ _ ]
i _ ] ] ] ]
15 _ _ ] _
6 - - _ - _




- 122 -

Table 3 (concluded)

-CH = ¢Z

;%\o’££
C

15 ¢

17

4.6§l3;95
(J, 6.4)

————— —— . — o —_t o~ ——r" smm———————¥ " % et e

4,43 4,33
(3,5.0)

4,474, 35
(J, 5.0)

4,02,3.89
(J, 5.6)

4,34 4,26 _
(3, 4.8)

4 ,50,4,27
(3. 5.0)

4.39,4.30
(3, 5.0)

4,36,4.26
(J,.5.2)

13

4,35 ,4,26
(J, 5.0)

14 |

i

4.%6,4.27

o]
(J,5.1) 4'5,_

N5

4.35,4.27
Jont.6)

e ¢ 0

16]

|
a

b
c

4,37 ,4,28
(J, 5.0)

overlapping other absorption
partially resolved AB systen
complex multiplet
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y-lactone, and the ketone-tosylate (XCI)). In the
spectra of dihydroclerodin-II, desacetyldihydroclerodin-II,
tetrahydroclerodin, and deacetyltetrahydroclerodin,

this absorption is absent, but is replaced by a shafp
signal equivalent to three protons at v 8.6 which is
characteristic of a C-methyl group attached to a carbomn
bearing a tertiary hydroxyl. The formation of these
compounds can be explained only in terms of the
transformation (CX) = (CXI). The same method was

independently used by Tarbell and his co—workegg in
\ / \ /

C c
AV

o — CH HO CH
7.2-9.6 8.8

(Cx) (CXI)

establishing the presence of a spiro epoxide in fumagillin.

The acetates. In clerodin and many compounds containing

the acetates or the 1,3-diol, the absorption for the
methylene protons in the —CHEOAC or —CHEOH group consists
of an AB spin system at 1 ¢a.5.5 with J=12-13 ¢/s, a
value characteristic of the coupling in an acyclic
methylene group. The nmethylene protdns attain
accidental equivalence in the spectra of certain
compounds (deacetyldihydroclerodin-II and
deacetyltetrahydroclerodin), and a single line results.
These observations show that the carbon (05) to which

the -CH,0Ac group is attached is quaternary (cf. p. 100).
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The dihydrofuran ring. The spectra of clerodin and of

compounds containing the dihydrofuran ring
(dihydroclerodin--II, deacetyldihydroclerodin-II) exhibit
a triplet (J 2.5), eguivalent to one proton, near

T 3.6, This is ascsigned to the o-proton of the enol
ether (see CXII) since in derivatives in which the
double bond is hydrogenated (CXIII), this is replaced by
a band at v 6.0 - 6.3 (—CHQ—O-). A second triplet at

v 5.2 (J 2.5) is assigned to the P-proton of the enol
ether (see CXII). Confirmation is provided by the
spectrum of 2,3-dihydrofuran (CXIV), the olefinic absorp-
tion of which consists of two symmetric quartets

(J, 3.1) at © 3.77 and 5.14.

517.4 , H&.1
H 5.2
15 1 .5 . U
16 i
15 M .
NG H 3.6 ~~ N g 6.0—6.)
0 1 0 (J 2.5) 0 i 0
Q-4 <=4,
(J g.8—6,£) (J ﬁ.g~%.g)

A very distinct doublet equivalent to one proton
is shown by c¢lerodin and all of its derivatives
examined. It occurs in the region v 4.0 - 4.1
(J, 6.,0-6.4) in the case of clerodin and of those
derivatives which possess the enol ether group. In
the spectra of hydrogenated derivatives, it is shifted
to v 4.3 - 4.5 (J, 4.8 - 5,0), while in clerodin
vy-lactone it falls at 1 3.96 (J, 5.6) (see CXV).
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This doublet can be assigned to a single proton attached
td the acetal carbon 016’ the de-shieldipg associated
with the double bond and the lactone carbonyl being
consistent with electron withdrawal from the adjacent
oxygen atom, In good agreement, the anomeric hydrogen

of acetylated aldopyranoses (e.g. CXVI) absorbs at

3.9 - 4,110 i
.1
| 22540
H3.77
0 (J 3.1) \O H 0 0
2,3-Dihydrofursn 3.96 (J 5.6)
(CXIV) (Ccxv)
S
H=C-H C —mee.”
13 14
h E i
(CXVI) (CXVII)

That the splitting is due to coupling with a single
proton at 013 (see CXII) is proved conclusively by
double irradiation experiments developed by Dr. D. W.
Turner].'17 This shows that the proton coupled to that
at Cl6 resonates at 7.4 (allylic methine) in clerodin
(see CXII), and at 8.1 (aliphatic methine) in
tetrahydroclerodin (see CXIII).
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Extention of partial structure. Information on the
other point of attachment of the second ethereal oxygen
in clerodin is obtained as follows. In the spectrum
of clerodin diketone, besides that due to the proton at
015, a band of t 5.8 equivalent to one proton, can be
resolved into a double doublet. This is assigned to a
proton attached to the carbon atom (Cll) (see CXVII)
which forms the other end of atbtachment of the second
ethereal oxygen. That this multiplet is in fact the

X band of an ABX system follows from the observation
that separation of the inner and outer pairs of lines
are field-dependent. Cll must then be Jjoined to a
quaternary carbon atom and to a methylene grouping.

Partial structure (CXVII) can be derived for clerodin.

Clerodin Hexol and its Cathylation Products

Partial structure (CXVII) is well supported by the
results of some experiments carried out by Barton and
Cross§6’89 It was found that on prolonged treatment
with lithium aluminium hydride in dioxane under reflux,
clerodin hemiacetal afforded a product which analysed
for C2OH3806‘ Acetylation gave a penta-acetate
CBOH48011 which contained one hydroxyl group (band at
3570 cm._l) which was not attacked by chromic acid.
This hydroxyl must then be tertiary, and is presumably

the one formed on reduction of the spiro epoxide. The
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nature of the other five hydroxyl groups in the hexol
was shown as follows. On treatment with ethyl
chloroformate99 the hexol gave a product analysing for
a cyclic carbonate dicathylate (027H44011), and on
further treatment, a cyclic carbonate tricathylate
(CBOH48015)' On reaction with chromic acid, the
carbonate dicathylate consumed one oxygen atom, the
carbonate tricathylate none. By analogy with the
formation of a cyclic carbonate from deacetyldihydro-
clerodin-I and from deacetyltetrahydroclerodin, the
cyclic carbonate moiety in these products is considered
to result from the same 1,3%-diol grouping as that in
deacetylated clerodin derivatives. Of the three
remaining hydroxyl groups formed by cleavage of the two
ether rings, two, since easiiy cathylated, must be
either primary, or secondary and unhindered?9 The last
hydroxyl, which was only cathylated with difficulty to
give the carbonate tricathylate, and which on chromic
oxidation consumed one oxygen etom, is secondary and
hindered.

On the basis of partial structures (XCV) and
(CXVII) for clerodin, partial structure (CLVIII) can be
allotted to the hexol. The carbonate dicathylate will
then be (CXIX, R=H), and the carbonate tricathylate
(CXIX, R=CO,EL). These formulations are in complete
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harmony with the chemical results cited above. In
particular, the presence in the dicathylate of a
secondary hydroxyl group in a neopentyl position as is
written in (CXIZ, R=H), is in good agreement with
chemical observations, and provides support for the
partial structure (CXVII) for clerodin.

A conclusion which can be recached from the formation
of the hexol is that in clerodin the second ethereal
oxygen atom (that between Cqq and 016) must form part of
a cyclic systen. This also follows from the observed
stability to acid of derivatives of dihydroclerodin-TI,

a fact which shows that the acetal grouping in these

compounds is in a fused ring system.

CHp '-'cllr—cii2
H 0 ‘ b
H Ny T f'c“\oza "‘[‘2 ”f*z
_ CH
EO 2 & OH OH
Chy = 8O0 o)

OE

ChH &
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The Constitution of Clerodin

An attempt is now made to derive a structure or
alternate structures for clerodin based on the chemical
and spectroscopic results so far obtained. Any
structure proposed for clerodin must satisfy the
following requirements:

(a) It will have the molecular formula 024H34O7 and
will satisfy the number of double-bond equivaclents
(eight) implicit in the formula.

(b) It will incorporate the two partial structures
(XCV) and (CXVII) (reproduced below).

(¢) It will contain two C-methyl groups, one attached
to a quaternary carbon atom, and the other to a tertiary
carbon.

(d) It will account for the result of selenium dehydro-
genation experiment in which 1,2,5-trimethylnaphthalene
was obtained.

(e) It will preferably be biogenetically favourable.

A \‘/\“/\ /. (C;) (C)\? E
l T H—G-H g———
ﬁ;,rc\ AN N ('C) 1 ' ']
Q CF‘?H/\OAC (c).-'c/f\o/ct No N
(xoV) Ok (©) i (CXVIT)

It will be observed that between them (XCV) and

(CXVII) account for 2% carbon atoms (other than those
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in brackets). Since none of these can be either one of
the two C-methyl carbon atoms still to be added, at
least one must be common to both partial structures.
Clerodin should also contain one ring more than those
shown in (XCV) and (CXVII). As has been shown, this is
undoubtedly associated with the second ethereal oxygen
atom in (CXVII). Examination of (XCV) will show that
the part of the molecule represented by it will, on
dehydrogenation yield the 5-methyl group (as well as the
naphthalene nucleus) of 1,2,5-trimethylnaphthalene, the
angular —CHEOAC being lost in the process. The 1- and
2-methyl groups in the dehydrogenation product must come
from the part of the wmolecule represented by (CXVII)

and/or the two C-methyl groups. With these points in mind,
only four structures (CXX) to (CXXIII) can be derived which

ﬁHz O4Ac

Ose

(CXIIT)
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satisfy the requirements (a) to (d) outlined previously.
Of these (CXX) and (CXXI) can readily be excluded

on the following grounds. Based on these as the
structure of clerodin, clerodin diketone would contain

an oxygen function which is B to the cyclic keto group
and is thus readily eliminated (CXXIV, arrows). However
it was found experimentally that clerodin diketone did

not develop an ultraviolet absorption characteristic of
gy

l
<

(CAXIV)

CH..CO g
3 0

an op-unsaturated ketone undér mild basic conditions.
Furthermore, in the cases 0f the two ketone-tosylates
(XCI) and (XCl, epoxide reduced) which would also possess
a B-oxygen function, no evidence of any participation

in reactions of the seventh (ethereal) oxygen atom could
be observed.

Either of the remaining two structures (CXXII) and
(CXXIII) contains an unusual side chain consisting of a
2',3"':2,5-furofuran skeleton. Support for the existence
of such a side chain may be derived from the results
of mass spectrometric studies% In the mass spectrum
of dihydroclerodin-I the most abundant ion, undoubtedly

118

lost from a quaternary centre; has ¥/e=113%, and may

®We are indebted to Dr. R. I. Read of the University of
Glasgow for determination of mass spectra and for his

interpretation of results.
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readily be identified as the saturated side chain (CXXV).
113
\" . -

LAk

0
(CLaV) (CARVI)

Also detected is an ion of M/e=308, corresponding to the
removal of 11% + 15 units. As there is no evidence for
the loss of 15 units from the molecular ion, the
elimination of 15 units must have taken place concurrently
with the removal of the 11% units. The most likely

group corresponding to 15 units is a methyl, and the
partial structure (CXXVI) may be derived.

Of the two alternative structures for clerodin,
(CXXIII) is more attractive biogenetically. It possesses
the same carbon skeleton as that of columbin&6 and may
arise from a regular isoprenoid precursor by two 1,2 methyl
shifts. This point will be further discussed in the
next section.

(CXXIII) has in fact been established as the
constitution of clerodin by the X-ray crystallographic

87

work previously mentioned. The same work also deter-
mined the relative stereochemnistry of clerodin as that

shown below,

o/‘“:q
31 >—— -H
Yl

‘ Clerodin

Ch
0 : |20AC

OAc
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Biogenesis of Clerodin

Clerodin is non-isoprenoid. However, bilogenetically
it may be derived from an aliphatic precursor with a
regular tetra-isoprene chain as follows. Cyclisation119
of genanylgeraniol (CXXVII) (or of genanyl-linal8ol)
yields a product (such as CXXVIII) with the manool

skeleton. From this by concerted and stereospecific

Jiig
|
119,120
shifts of methyl groups and hydrogen atoms (CXXIX-—

CXXX), may be obtained a skeleton which is identical
structurally and stereochemically to that of clerodin.
The route involving two methyl migrations was first

postulated by Barton and Elad*® for columbin,

H ('cxx;;)
re (A

As a result of examination of the optical rotatory

Absolute Configuration of Clerodin

. . ¥ . .
dispersion curves™ of certain ketones derived from

¥Determined by courtesy of Professor W. Klyne, Westfield

College, London,
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clerodin, (LIII) is favoured as the sbsolute configuration
of clerodin. The ketone-tosylate (CXXXI) (relative
configuration) shows a positive Cotton effect of pro-
nounced amplitude (a + 221 x 102).X A 1-keto steroid

is not a suitable reference compound, since it is known
that contribution of the part of the molecule remote

from the keto group has given rise to a curve of unusual
shape?a’121 However, by comparing with trans-9-methyl-1-
decalone (CXXXII) which exhibits a positive Cotton effect

(a + 3% x 10°),122

the conclusion can be reached that
the absolute configuration of the ketone-tosylate is as
written in (CXXXI). A similar result is obtained by
application of the octant ruleag’aa(see CXXXIII and

CIXXIV). .
Y

-1 L

(CXxXI) (CAAXII)

C.4.0 + \ -
g8 9 10 1 2

by st —
1 e T
0 . - - + 5 _
Y 5
[ < 7 : ’LCHZOTOS
0 % Cx,0Tos - . +
2 1
(CA2ATII) (C}\'KXIV)
XExpressed as molecular rotation @ = Lol x Wi

100
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A Minor Constituent of Clerodendron infortunatum -

Clerodin Hemiacetal Anhydride

In the course of the present investigation, a third
plant constituent has been isolated during chromato-
graphic separation of the two major constituents,
clerodin and clerodin hemiacetal. This minor
constituent crystallises as prisms (m.p. 210—50) from
ether-light petroleum, but as a benzene-adduct (needles,
m.p.1%6-142°) from benzene-light petroleum. Analyses
on both crystalline species and a molecular weight
determination (Rast) suggested a formula 048H70015 for
the unsolvated compound. The absence of methoxyl
group was shown by a Zeisel determination, and
substantiated by examination of the nuclear magnetic
resonance spectrum. The unsolvated compound did not
absorb in the ultraviolet region, and had infrared bands
(in Nujol) at 1735, 1250, and 1225 (acetates) cm.” ™
Reduction with lithium aluminium hydride furnished a
polyhydroxy compound (strong band at %355 cm.—l)
analysing for C4OH66011“

~ The first indication of its close relationship to
clerodin was obtained on treatment of the minor
constituent with sodium dichromate in acetic acid.

The product turned out to be identical with clerodin

v-lactone. The y-lactone was in fact the oxidation
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product of clerodin hemiacetal formed by acid-catalysed
hydrolysis. This was shown by treatment of the minor
constituent with agueous acetic acid at room temperature
when clerodin hemiacetal was isolated in 8596 yield.

The obvious conclusion is that this minor constituent
consists of two units of clerodin hemiacetal condensed
at the hemiacetal positions and hence has structure
(CXXXV) (excluding stereochemical implications). The
ease of acid-catalysed hydrol¥gis of the minor
constituent is analogous to clerodin hemiacetal acetate

and clerodin hemiacetal propionate (see CXXXVI, arrows).

i
i 15l )
1 .~ ﬁ'
A 0. . 0~d
n 1510
}1 b il
|
fi
t Cx
O R Ok (CARAV)

OAc
This structure of "clerodin hemiacetal anhydride'l,
as the minor constituent is named, was substantiated
by the proton magnetic resonance spectrui. This showed
signals for four acetate units (v 8.05, 7.89), a
further four C-methyl groups (9.05), two epoxides (7.1),

and a doublet at Tt 4.3 (J, 5.1) characteristic of two
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acetal units (CXXXVII) similar to those in clerodin
derivatives. In addition, a multiplet e, uivalent to
two protons was found at 4.5, which can be attributed

to another two acetal units.

— -

. ] ..’\l 16 I 15‘
{ 0 /C?ﬁ \o/f\o/ \O/i\o/
(CK}Q{VI) . H
(CXA)WII) (CAJ;KVIEL)

Complete confirmation of the structure was obtained
by conversion of clerodin hemiacetal to clerodin
hemiacetal anhydride. By slow removal of acetic acid
(and any wat=r foried) frow a molten wnixture of clerodin
hemiacetal and glacial acetic acid at 115° and under s
gradually reduced pressure, a mixture was obtainecd which
on chromatographic separation afforded in 8%6 yield
clerodin hemiscetal anhydride identical to the natural
product. Also found in the wmixture were clerodin
(2%6 yield), clerodin hemiacetal acetate (9%6), and
recovered clerodin hemiacetsl (1496). %hile no proof
is available, one may speculate that in clerodin
hemiacetal anhydride the configurations at positions
15 and 15' are as written in (CXLXV). Derivatives
of clerodin hemiacetal have most likely an «
configuration at 015, as this is the much less hindered

orientation. This is probably true in clerodin



hemiacetal anhydride as well. lioreover, in the proton
magnetic resonance spectrum, the eguivalence of
corresponding signals from both halves of the molecule
would indicate the presence in the anhydride of a two-
fold rotation axis as in onocerin.122a
The extraordinary arrangement of four acetal
groupings in a row in the hemiacetal anhydride (CXXXV)
calls for special note. It is doubtful if any similar
system has ever been encountered among natural products.
The analogous compound di(tetrahydro-2-pyranyl) cther
(CXXXIX) had been obtained as a by-product of acid-
catalysed hydration of 2,5—dihydropyran}25 The corres-

ponding furan analogue (CIL) was isolated‘during pyrolytic

SYSIRwS

(CaXXIX) (CZL)

dehydration of tetrahydrofuryl alcohol, the major product

being 2,3~ dlhydrofuran124

Structure and Stereochemistry of the Gryclohexenone

In concluding this discussion of the chemistry of
clerodin, two groups of experiments will be described
which, though not having any direct bearing on the
structure of clerodin, are of interest chemically,
besides offering additional support for the structure

of clerodin.
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The cyclohexenone resulting from aldol condensation
of clerodin diketone may now be repfesented as (CXLI).
The unusual and previously unrecorded fused ring
system present is subject to considecrable steric
strain. In view of the strongly basic conditions
under which it was formed from clerodin diketone, it
was deemed necessary to obtain evidence that no
skeletal rearrangement had occurred. Though attempts
to re-convert it to clerodin diketone by acid- or
base-catalysed reverse-aldol reaction were fruitless,
the necessary proof was obtained as follows. Ozonolysis
in acetic acid/ethyl acetate at 0°, followed by
oxidative work-up using hydrogen peroxide in dilute
acetic acid gave a keto-acid Cl9H2805 (infrared bands
in Nujol at 3535 (carboxylic OH), 1725 (CO2H), and
1690 (cyclohexanone) cm._l) which was assigned the

structure (CXLII). The formation of this keto-acid

R

; | AL GF

(CXLI) (OXLII) . €0 -“——--\\\_,2”

(CALIII)
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probably involved the decomposition of an hydrated
ozonide (CXLIII, arrows) as suggested by Barton and

Seoane}26

The keto-acid was found by direct comparison
to be different from the keto-acid of the same
structural formula previously obtained by oxidation of
clerodin diketone with alkaline hypochlorite.

The difference between the two keto-acids lies in
the stereochemistry. As clerodin diketone was formed
under alkaline conditions by cleavage of ring A, and
reclosure to form a new ring (ring "A'), it is expected
to adopt the most stable configuration possible. The
most likely configuration is as shown in (CXLIV) with
rings A' and B in chair form and trans-fused, and with
an equatorial methyl ketone grouping. The keto-acid
resulting from oxidation of clerodin diketone by alkaline
hypochlorite will similarly be A'/B-trans and with the
carboxylic group equatorial (CYLV).

An examination of a model shows that a structure of
the cyclohexenone with A' and B rings trans-fused is not
possible. Epimerisation at 05 must have occurred under
the strongly basic reaction conditions to give an
A'/B-gis systemn. Furthermore, with both hydrogen atoms
at the A'/B-ring junction o, the methyl ketone side
chain must have epimerised also to a B and axial configuration

favourable for condensation with the 6-keto group. The
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configuration of the hexenone is thus as shown in
(CXLVI). The conformation adopted by the two rings

A' and B may both be chair, in which case the bulky
side chain consisting of the two fused tetrahydrofuran
rings will be axial (CXLVIII), in contrast to the
equatorial orientation adopted in clerodin. Alter-
natively one of the rings A' or B may exist in the boat
form.

The keto-acid obtained by ozonolysis of the
cyclohexenone will then be expected to be A'/B-cis, and
with the carboxylic group B as in (CXLVII). However
it was recovered unchanged on treatment either with
aqueous alcoholic alkali or with potassium t-butoxide.
It must then be trans fused (as in CXLIX), the
epimerisation at C5 having taken place under the acidic
conditions (aqueous acetic acid) of the working-up.

The correctness of assignment of stereochemistry to the
ébove compounds was shown as follows. The keto-acid
obtained from ozonolysis of the cyclohexenone was treated
with diazomethane yielding the methyl ester C2OH5005

(CL) having infrared bands (in Nujol) at 1725 (CO2CH5)

1 Treatment of the ester

and 1700 (cyclohexanone) cm.
with N potassium t-butoxide in t-butanocl at 55° and
saponification of the product gave the A'/B-trans

equatorial acid (CXLV) identical to that obtained from
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LHBCO -
Clerodin ! g (CALVI)
diketone (CaLIv) |. . 1)0,
4001 2):0, /it

(CALVII)

- H 7
\
' -
Jo 1
=N :
1l
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clerodin diketone by oxidation with hypochlorite. This
established that the two keto-acids (CXLIX) and (CXLV)
from the cyclohexenone and the diketone respectively
differ only in the configuration of the carboxylic group,
being axial in the former and equatorial in the latter®
In addition, this series of reactions provided evidence
for the presence of an enolizable proton at C5 in
clerodin diketone, a fact which had been made use of in

the derivation of partial structure (XCV) of clerodin

(p.112).

ase-Treatment of Ketone-Togyvlate from

As an interesting rearrangement occurred on
treatment with base of the ketone-tosylate obtained from
deacetyltetrahydroclerodin, resulting in the formatiocn
of clerodin diketone, a similar treatment of the
corresponding ketone-tosylate with the epoxide intact
(CLI) was undertaken. The ketone—fosylate was heated
under reflux with aqueous ethanolic potassium hydroxide
(2.596) for two hours. Extraction of the aqueous
solution before and after acidification gave respectively

a neutral and an acidic product.

L

*The identity of stereochemistry at 05 is also shown by
the near identity of the optical rotatory dispersion

curves of the two keto-acids (see experimental).
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The acidic product obtained in 5096 yield analysed
for CEOHBOOB'%HEO' The presence of a double bond was
indicated by the high ultraviolet end absorption
(e = 9,350 at 207.5 mu), and by a weak band in the
infrared spectrum (in Nujol) at 1630 cm._l;A other bands
were found at 3570-3470 (hydroxyl), 1715 (CO2H), 1280,
1240 (C-0) and 965 (carboxylic OH out-of-plane deformation)
cm.—l The nuclear magnetic resonance spectrum showed
no signals for vinyl protons, showing that the double
bond was tetra-substituted, a view substantiated by the
observation that the double bond could be hydrogenated
neither on palladium-on-charcoal catalyst noron Adamg'
catalyst. The existence of the fused tetrahydrofuran
rings molety was shown by the appearance in the proton
magnetic resonance spectrum of a doublet at v 4.36, 4.27
characteristic of the acetal proton at 016‘

Acetylation afforded a monoacetate C22H5206 with
ultraviolet end absorption (e = 5,900 at 211 mp), and
having infrared bands (in Nujol) at 3400-2500 (H-bonded
hydroxyl), 17%0 (acetate), 1715 (COeH), 1240, and 1230

(¢=0) cm.” !

The unsaturated acid therefore contains

a primary or secondary hydroxyl group. That this is in
fact primary and allylic was shown by the ready
oxidation of the compound by manganese dioxidel27 to an

acidic af-unsaturated aldehyde. This reduced Fehling's



- ]_1'.}.5 -

solution, and had ultraviolet absorption maximun at

254 mu (e 14,700), a figure compatible with an oaf-
unsaturated aldehyde with the double bond fully
substituted and exocyclic to a ring;].‘o5 In the infrared
spectrum (in carbon tetrachloride) bands were found at
1710 (Cogﬁ), 1670 (conjugated C=0), and 1620 tconjugated

C=C) em,”t

It is proposed that the acidic product
resulting from base-treatwent of the ketone-tosylate
(CLI) has the structure (CLIII), its acetate and the
op-unsaturated aldehyde being (CLIV) and (CLV)

respectively.
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CEO Ci1, O Ac
(CLV) (CLIV)

The formation of (CLIII) can be considered to proceed

by & nucleophilic attack of a 07 anion on the 018
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methylene, with elimination of tosylate (see CLI, arrows)
to give the intermediate cyclobutanone (CLII). Turther
nucleophilic attack on the carbonyl will, with concerted
opening of the cyclobutanone and the epoxide, result in the
acid (CIIII).

The neutral product obtained (in 28%, yield) on
base-treatment of the ketone-tosylate (CLI) analysed for

C It had no high intensity ultraviolet

2OH5005'
absorption. In the infrared, it showed bands in Nujol
at 3450 (0#), 1760 and 1000 em.” Y The frequencies when
measured in carbon tetrachloride were 3%40C, 1775, and

1010 cu.”*

The nuclear magnetic resonance spectrun
showed a doublet at 1 4.3%5, 4.27 characteristic of the
acetal proton at 016° Thus the fused tetrahydrofuran
rings moiety is still present. The presence of one
acetylatable and one non-acetylatable hydroxyl groups
was established by treat.ent with acetic anhydride and
pyridine to give an agsfﬁ;ﬁnggich showed infrared bands
(in carbon tetrachloride)/(5400 cm._l) and acetate

(175¢ cm.™ ) in addition to a band at 1775 cm.”t  Tour
of the five oxygen atoms in the neutral product are thus
accounted for as follows: +two in the fused tetrahydrofuran
rings, and two in the two hydroxyl groups. This leaves

one oxygen atom associated with the 1775 cm._l band.

The same conclusion is reached by considering the product
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obtained on oxidation of the neutral dihydroxy compound
with sodium dichromate in acetic acid. This analysed
consistently for Cl9H26O4; nauely a loss of CH4O
occurred in the oxidation. It had infrared bands (in

1 The four

carbon tetrachloride) at 1785 and 1720 cm.
oxygen atous in this oxidation prcduct can be
accommodated thus: two in the two tetrashydrofuran rings,

one giving rise to the 172C cm._l band, and one to the

1785 cm. T 1

band. The band at ca. 1780 cm. -~ for both
the compound 020H5005 and of its oxidation product
Cl9H26O4 must then be attributed to a saturated ketone
90,91,112

group in a small ring.

The loss of CH4O on chromic oxidation is significant.
A system which will explain the results of acetylation
and oxidation is the diol (CLVI) which may result from

hydrolytic fission of the epoxide in clerodin.

N\ s
ol amadtgs N/ N/

C

Lo /@ \ P

L0 CLi2CH 0 Cpm—0 ¢ C0Z0 A lc!
(CLVI)
A structure (CLVII) is tentatively suggested for
the compound CEOH5005' A serious objection is that the
compound CEOHBOOB was attacked neither by agueous
alcoholic acid, nor agueous alcoholic alkali, nor even
potassium t-butoxide. Cleavage of the cyclobutanone
ring (CLVIII, arrows) to give the unsaturated acid
(CLIITI) would have been expected.
It is unfortunate that it has not been possible to

investigate further this interesting product.



- 148 -
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APPENDIX

For reference purposes, collected helow are the
structures of those clerodin derivatives which have been
discussed but which have not been given complete

struc tural representation in the preceding pages.

O/: O/_
O,>&- v

J “Tz OH (CLI%)
OH OR!
. s vihydroclerodin-I (R=R'=4c)
begcetylelerodin Descetyldin droclerodin-I ( R=R'=H)

Dezcetyldihydroclerodin-I monotosylate( k=11 R'=Tos)

Deecetyldihrdroclerodin-I cyclic cerbonate
(Ri'=-0.00.0-)

Of:
H—->—-—-H H—>—-—-H
OBiL .; 0\21

I‘i\/

’I
HO CH
: ! R (CLaT) 5 ”Ez OR  (CLAII)
R'
Tetreiiydrocleredin (B=R'=Ac)
Jihydroclerodin-Ii (R=it) veecetyltetrahydroclerodin(fe=2'=H)

Deecetyldihydroclerodin-Ii(f=H) Herccetyltetraiydroclerodin monotosylecte
('i;'-"; 1'=Tos)
Dercetyltetrruydroclerodin cyveclic
carbonate (Ri'= -0.C0.0-)
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EXPERIMENTAT

General experimental procedures ars as given in
resonance
Part I except that nuclear magnetic/spectra were deter-
mined on deuterochloroform solutions. Optical rotatory
dispersion curves were measured in methanol at a

concentration of 0.05 - 0.10.

Extraction of Clerodendron infortunatum

Dry ground leaves and twigs of the shrub (3.5 Kg.)
were immersed in ether (14 1.) at room temperature for
5 days with occasional agitation. The filtered
ethereal extract was boiled twice with animal charcoal
to remove chlorophyll. The resulting yellow solution
was concentrated in wvacuo at < 40° %o 3200 ml. Light
petroleun (b.p. 40-60°)(150 ml.) was added slowly and
the solution left at 0° for over 24 hours when a white
solid was deposited. This was filtered, and washed
with ether - light petroleum (b.p. 40-60°) to remove
any waxy substance. The filtrate and washings were
concentrated and again treated with light petroleum
(b.p. 40—600) and cooled. The process was repeated
until no more crude solid was obtained. Total yield

of solid was 10 - 20 g.
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Chromatographic separation of plant constituents

The crude solid (120 g.) in benzene (250 ml.) was
chromatographed over alumina (Brockmann prade III)

(2.5 kg.). Elution with benzene-chloroform mixtures
gave successively a wax (5 g.), clerodin (25 g.), oily
material (10 g.), clerodin hemiacetal anhydride (0.8 g.),
further oily material (40 g.), and clerodin hemiacetal
(30 g.).

Certain oily fractions (6 g.) (from 200 g. of crude
solid) were re-chromatographed over alumina (grade III)
(300 g.) to give further quantities (2.0 g.) of hemiacetal
anhydride.

Clerodin hemiacetal anhydride (CXXXV)

Clerodin hemiacetal anhydride, when recrystallised

finally from ether-light petroleum (b.p. 40-60°) deposited
prisms, m.p. 210-5°, lady -67° (¢ 1.69);
gm(Nujol): 1735 (acetates C=0), 1250, 1225 (acetates
c-0) cm.”1
Found: C, 64.59; H, 7.70; OMe, 0%; M.West) 863.

C,gHnoO15 Tequires: C, 64.99; H, 7.96%; M.W., 887.

It formed a golvate with benzene when recrystallised
from benzene-light petroleum ssneedles, m.p. 156-1420, with
loss of benzene and remelting at 218—2280;

A max. : 250, 255, 260 mp (e 270, 300, 240); 1640;

€210mu
€205 my 5350 (benzene absorption);
vm(Nujol): 1725 (acetates C=0), 1225, 1230 (acetates C¢-0),

690 (benzene C-H) em. ™1



Found: C, 66.97; H, 7.87%.
C,gHn015:Collg Tequires: C, 67.205 H, 7.94%.

Acid catalysed hydrolysis of clerodin hemiacetal anhydride

Clerodin hemiacetal anhydride (45 mg.) was dissolved
in a mixture of acetic acid and water (0.6 ml. each).
After 18 hours at room temperature, water was added and
the solution, after neutralisation (sodium carbonate),
was extracted with chloroform. The solvent was evaporated
from the washed solution. The residue on crystallisation
from ether-light petroleun (b.p. 40-60°) afforded small
needles (39 mg., 85% vield) of clerodin hemiacetal
(CLXIII, R=H) which when recrystallised had m.p. 178-80°,
mixed m.p. with an authentic sample isolated from the
plant (m.p. 175-7°) 175-80, [a]D -31° (Barton and Hartin-
Smit§5 recorded [aly -36°).  The infrared absorption
spectrum (in Nujol) was identical to that of an authentic

sample.

Chromic oxidation of clerodin hemiacetal anhydride

Clerodin hemiacetal anhydride (45 mg.) was treated
with sodium dichromate dihydrate (66.5 mg.) in glacial
acetic acid (5 ml.) for 5 hours at room temperature.
After reduction of excess oxidising agent with aqueous
sodium bisulphite, the solution was neutralised (sodium
carbonate) and extracted with chloroform. The residue

obtained on removal of chloroform from the washed
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solution crystallised from ether-light petroleum

(b.p. 40—600) giving prisms (2% mg.) of clerodin y-lactone
which, when recrystallised from acetone-light petroleum,
had m.p. and mixed m.p. with an authentic sample

(m.p. 188—1910) 187—19103 [a]D -28° (Barton and Cr05587
recorded [a]D -250). The infrared spectrum (in Nujol)

was identical to that of an authentic sample.

=]
ct

eduction of clerodin hemiacetal anhydride with lithium

|

aluminium hydride

To a suspension of lithium aluminium hydride (0.8 g.)
in refluxing anhydrous ether (25 ml.) was added a solution
of clerodin hemiacetal anhydride (200 mg.) in anhydrous
ether (75 ml.). The mixture was kept refluxing for
18 hours, and after removal of excess lithium aluminiun
hydride and addition of aqueous Rochelle salt, was
extracted with cold chloroform. On evaporation of the
washed chloroform solution, and crystallisation from
ethyl acetate-ether there was obtained needles (100 mg.)
of a hexol which, recrystallised from chloroform-light
petroleun (b.p. 40-60°) and from ethyl acetate-light
petroleum (b.p. 4#0-60°), had m.p. 201-9°, [aly -76° (g 0.45)
V_(Nujol): 3355 (OH) cm.”?.

Found: C, 66.10; H, 9.02%; M.W.(Rast), 527.

CyoHgglpy Teauires: C, 66.463 H, 9.20%; ii.7., 723.
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Conversion of clerodin hemiacetal to its_anhydride.

Clerodin hemiacetal (583 mg.) moistened with glacial
acetic acid (0.3 ml.) was heated under nitrogen at 120°
for 5 minutes when it liquefied. Acetic acid (plus
any water formed) was then slowly distilled at 110-125°
under a gradually decreased pressure (10 cm. Hg to
1 mm. Hg) during 35 minutes. To the residue were added
chloroform and aqueous sodium hydroxide. Evaporation
of the washed chloroform layer gave & gum which on
crystallisation from ether-light petroleum (b.p. 40-60°)
yielded prisms of clerodin hemiacetal acetate (35 mg.).
The rest of the gum on being chromatographed over alumina
(Woehm neutral, grade III)(25 g.) gave, in order of
elution: clerodin (10 ng., 2% yield), clerodin hemi-
acetal acetate (20 mg., total yield 9%6), clerodin
hemiacetal anhydride (43 ng., 8%6), and recovered clerodin
hemiacetal (77 mg., 14%).

In another experiment performed under similar
conditions, only clerodin hemiacetal anhydride (7%6
vield) and recovered clerodin hemiacetal (16%) were

obtained.

Action of bromine water on clerodin.

A solution of bromine in water was added in small
portions to a stirred solution of clerodin (515 mg.) in
ether (50 ml.) until it was present in excess, as shown

by the generation of a yellow colour in the ethereal
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layer. The ether solution was separated, washed with
aqueous sodium bicarbonate and then with water.
Evaporation of the solution géve on crystallisation from
benzene-1light petroleum, needles of a bromohydrin
(CLXXVIII, R=H)(480 mg., 78% yield), m.p. 186-7° (dec.),
[aly -13° (¢ 1.16);
Qm(Nujol): 3300 (w)(0H), 1730 (acetate C=0), 1725

(shoulder)(acetate C=0), 1250 (acetates

C=0) en. 1

Found: ¢C, 53.59; H, 6.32%.

CoyH;0gBr requires: C, 54.24; H, 6.64°%.

The bromohydrin acetate (CLXXVIII, R=Ac)
To clerodin (212 mg.) in acetic acid (8 ml.) were
added bromine (140 mg.) in acetic acid (4 ml.), and
anhydrous sodium acetate (6.5 g.). After one hour atg
room temperature, the mixture was poured into excess
aqueous sodium carbonate, and extracted at once with
chloroform. The washed chloroform solution was

evaporated and the residue crystallised from ether to

give needles of the bromohydrin acetate (150 ng.,

53% yield). Repeated recrystallisations from ether-

light petroleum (b.p. 40-60°) gave needles, nm.p. 186-7°

(dec.), [aly +9°(c 0.69);

vm(Nujol): 1750 (hemiacetal acetate C=0), 1730 (acetates
Cw0), 1260, 1230 (acetates C-0) cm. +
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Found: C, 54.59; H, 6.85%.
C, 54.89; H, 6.697%.
. . ne . o
026H57O9Br requires: C, 54.45; H, 6.507/,
The presence of bromine in the molecule was shown

by positive sodium-fusion and Beilstein tests.

Chromic oxidation of the bromohydrin

Py the bromohydrin (103 mg.) was added a solution
of sodium dichromate dihydrate (49 mg.) in glacial acetic
acid (5 ml.). Iodometric titrations indicated that
after 50 minutes at room temperature, the total consumption
of the oxidising agent remained constant at two equivalents
per mole of the 5romohydrin. After a further 40 minutes,
water was added, followed by excess sodium bisulphite.
After neutralisation with sodium carbonate, the solution
was extracted with chloroform. Removal of solvent from

the washed chloroform solution gave a bromo-y-lactone

(LIV) which crystallised from benzene-light petroleum as

prisms (82 mg., 80% yield), m.p. 168-9°, [alg -37°

(c 0.48);

Vm(Nujol): 1780 (y-lactone with o-bromine), 1745, 1710
(acetates C=0) cm. ™t .

Found: C, 54.49; H, 6.28; Br, 15.8%.

CoyHzz0gBr requires: C, S4.44; H, 6.28; Br, 15.1%.

Ring cleavage of clerodin y-lactone (CLXIV) by methanolic
ammonia
Clerodin y-lactone (1 g.) was added to a solution

of liquid ammonia (50 ml.) in methanol (75 ml.) at-70%.
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The mixture was shaken at intervals for one hour, and
was then allowed to come to room temperature overnight.
Removal of ammonia and methanol in vacuo at below 4.0°
yielded a hydroxy-amide (CVI) as a colourless gumn. On
evaporation of an ethereal solution a white powder was
deposited which absorbed in the infrared (Wujol) at
3535 (OH and NHE)’ 1740 (acetate C=0), 1715 (acetate
Cm0), and 1690 (amide-I) cm.” T, and which failed to
reduce Fehling's solution (see below). Owing to its

labile character (see below) it was not obtained in a

purer form.

Acid catalysed lactamisation of the hydroxy-amide

The hydroxy-amide (obtained from l.64 g. of
clerodin y-lactone) was left dissolved in glacial acetic
acid (20 ml.) containing traces of water (0.2 ml.) for
30 minutes. Evaporation of the solution in vacuo at
< 500 and crystallisation from chloroform-light petroleum
(b.p. 40-60°) gave a y-lactam (CLXXX)(1.04 g.) which,
when recrystallised from chloroform-methanol, had
m.p. 265-280° (dec.), o] -6° (c 0.81);
vm(Nujol): 3340 (NH), 1740 (acetates C=0), 1710 (y-
lactam) cm. t
Found: C, 64.40; H, 8.09; N, 3.13%.
CoyllzgOoN requires: C, €4.72; H, 7.85; W, 3.12%.
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Attempted oxidation of the hydroxy-amide

To chromic oxide (109 mg.) in dry pyridine (2 ml.)
at 0° was added an ice-cold solution of the hydroxy-amide
(96 mg.) in dry pyridine (2 ml.). The mixture was
allowed to warm up to room temperature overnight.

Dilute hydrochloric acid and sodium bisulphite were
added, and the solution was extracted with chloroform.
The chloroform solution wasz washed with hydrochloric
acid, aqueous sodium bicarbonate and water, and then
evaporated to give prisms which proved identical

(m.p. and infrared spectrum) to the y-lactan.

Hydroboration of clerodin

Excess dibcrane gas (generated in an atmosphere of
dry oxygen-free nitrogen by the addition of boron
triflnoride ethylate to lithium aluminium hydride in
anhydrous ether) was passed into a solution of clerodin
(120 mg.) in dry tetrahydrofuran (10 ml.) during one
hour. After the addition of water (15 ml.)(to decompose
excess diborane), of sodium hydroxide (0.5 g.), and of
hydrogen peroxide (5 ml. of 3036 solution)(to oxidise
the organoborane formed), the mixture was stirred for
30 minutes. Ether (25 ml.) was added, and the washed
organic layer was evaporatcd to yield a non-crystalline
gun (55 ng.). Further extraction of the aqueous layer
with chloroform gave a gunm (40 mg.) which oh crystallis-

ation from acetone-light petroleum (b.p. 40—600) afforded
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needles (12 mg.) of l4-hydroxy-deacetyldihydroclerodin-I
(CLXXIX). Chromatographic separation of the non-
crystalline material over alumina (grade III) and elution
with benzene-chloroform (2:1) resulted in a further
quantity of the product (10 mg.). Total yield was 25%.
Recrystallised from acetone-light petroleum (b.p. 40—600),
it had m.p. 198-9°, [al., -6° (¢ 0.70), and V_(Nujol)
3300 cm. T

Found: C, 65.10; H, 8.79%.
Coollzp0g requires: C, 65.19; H, 8.75%.

Atterpted reduction of dihydroclerodin-I with diborane

Excess diborane gas was passed into a solution of
dihydroclerodin-I (30 mg.) in anhydrous ether (10 ml.)
during one hour. After a further 30 minutes, the
diluted ethereal solution was shaken twice with dilute
aqueous acetic acid and washed with water,. On removal
of solvent and crystallisation of the residue (30 mg.)
from ether, crystals were obtained having an infrared
spectrum (in CC14) identical to that of the starting

material.

Deacetyldihydroclerodin-IT (CLXI, R=H)

To a stirred mixture of lithium aluminium hydride
(1.5 g.) in anhydrous ether (10 ml.) was slowly added
a solution of clerodin (440 mg.) in anhydrous ether

(40 ml.). The mixture was stirred at room temperature
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for 4 hours and was then left for 18 hours. After the
cautious addition of excess ethyl acetate to remove
unreacted hydride, the organic solvent was removed

in vacuo at room temperaturc, and aqueous Rochelle salt

(5 g.) was added. Continuous extraction of the resulting
aqueous suspension with ether for 24 hours afforded, on
concentration of the ethereal solution, prisms of

deacetyldihydroclerodin-II (160 mg.) m.p. 225-231°,

Dihydroclerodin-II (CLXI, R=Ac)
A solution of deacetyldihydroclerodin-II (60 mg.)

and of acetic anhydride (0.5 ml.) in dry pyridine

(3 ml.) was left at room temperature for 18 hours.

Crystals of dihydroclerodin-ITI (31 ug.) obtained on

pouring the solution into water were filtered and

crystallised from ether-light petroleum (b.p. 40—600) to

give prisms mp. 145-150°.

Ozonisation experiments

A stream of oxygen containing ozone was passed
into a solution of clerodin (403 mg.) in a mixture of
chloroform (8 ml.) and methanol (10 ml.) at -70°.
After 35 minutes, when the rcaction solution no longer
gave a distinct yellow colouration with tetranitromethane,
passage of ozone was stopped. The solution, maintainecd
at —700, was then shaken with Raney nickel and under

hydrogen at atmospheric pressure for 45 minutes. After
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filtration, the solvent was evaporated in_vacuo at below
40° leaving a pale yellow gum (450 mg.) which did not
exhibit ultraviolet absorption between 210 mp and 310 mu.
It absorbed in the infrared region (in CH015) at %600,
1730, 1260 cm. T

The product (400 mg.) was chromatographed over
alumina (Woehm neutral, grade III)(9 g.). Elution with
a benzene-chloroform mixture afforded a low yield of an
unsaturated aldehyde, crystallising as prisms from ether,
m.p. 152-4°, Moy, 267 mu (e 8,400 calc, on a Ii.W. of 438),
“dm(in CHCl5 with calcium fluoride prisms) 3600 (OH),
2720 (aldehyde C-H), 1720 (acetates) 1660 (conjugated

¢=0), and 1610 (conjugated CmC) cm. T

A gample heated
to ca. 100° developed an ultraviolet absorption peak at
244 my (e 6,300, calc. on a M.W. of 420).

Various attempts at increasing the yields of products
with these characteristic ultraviolet absorption spectra
were unsuccessful. By ozonising in chloroform-methanol
or in tetrahydrofuran, working up with hydrogen and Raney
nickel, and treating the product with acid, heat, or
alumina under various conditions resulted in products with

xmax. ca. 265 mp (g < 1,500) or xmax. ca. 242 my
(e < 1,000).

Experiments in which clerodin was under- or over-
ozonised, or in which deacetyldihydroclerodin-II or

dihydroclerodin-IT was recacted were equally fruitless.
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Dihydroclerodin-I (CLX, R=R'=Ac)

(1) Hydrogenation of clerodin. Clerodin (4.91 g.) in

ethyl acetate (100 ml.) was shaken with 5% palladium-on-
charcoal catalyst (500 mg.) under hydrogen at room
temperature and atmcspheric pressure. The uptake of
hydrogen, which was almost complete within 15 minutes,
was 260 ml. (calculated = 263 ml.) after one hour. The
filtered solution was evaporated to give a colourless
gum, which on crystallisation from ether-light petroleun
(b.p. 40-60°) afforded prisms (4.70 g., 95% yield) of
dihydroclerodin-I, m.p. 165—80° An analytically pure
sample, m.p. 167-70° was found by the mass spectrometric
method to have a molecular weight of 436 <C24H56O7
requires 4%6.5).

(2) Conversion from glerodin hemiacetal. To a solution

of clerodin hemiacetal (20 g.) in a mixture of
triethylamine (distilled over sodium hydroxide)(100 ml.)
and diglyme (distilled over sodium)(150 ml.) at 0° was
added toluene-p-sulphonyl chloride (10 g.). After

45 minutes at 0° the clear solution was cooled to -25°
t0-35° and a solution of sodium borohydride (4.17 g.)

in diglrme (50 ml.) at room temperature was added. The
resulting suspension was shaken at —250 to —550 for two
hours. Water (15C ml.) and 6 N sulphuric acid (250 ml.)
were then added with cooling. The solution was

extracted with chloroform (4 x 100 ml.), and the
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chloroform solution washed with aqueous 2 N sodium
hydroxide (300 ml.) and with water (200 ml.). The gum
obtained on removal of chloroform was carefully chromato-
graphed over alumina (grade III, 550 g.). Elution with
benzene-chloroform (2:1) and with chloroform-methanol
(20:1) gave respectively crystals of dihydroclerodin-I
(3.80 g., 20% yield) identical (m.p., mixed m.p., and
infrared spectra) %o an authentic sample,and of recovered
hemiacetal (4.32 g., 22%).

In another experiment carried out under similar
conditions but on a 200 mg. scale, 2696 and 1196 yields

of dihydroclerodin-I and hemiacetal were obtained.

Deacetyltetrahydroclerodin (CLXII, R=R'aH)
Dihydroclerodin-I (3.72 g.) in anhydrous ether (200 ml;

was added to a refluxing suspension of lithium aluminium

hydride (3.5 g.) in anhydrous ether (100 ml.) during

30 mins. After the solution had been refluxed for

24 hours, excess lithium aluminium hydride was decomposed

by cautious addition of ethyl acetate. Organic solvents

were then evaporated, and aqueous Rochelle salt (20 g.

in 200 ml.) added. The resulting suspension was con-

tinually extracted witih hot chloroform for 90 hours to

give, on removal of chloroform and crystallisation from

ether-light petroleum (b.p. 40-60°), prisms of

deacetyltetrahydroclerodin (2.58 g., 86% yield),

m.p. 170-171.5°,



- 165 -

Deacetyltetrahydroclerodin monotosylate (CLXII, R:H,RnTos)

A solution of deacetyltetrshydroclerodin (1.45 g.)
and of toluene-p-sulphonyl chloride (7 g.) in dry ice-
cold pyridine (20 ml.) was allowed to stand at 0° for
24 hours. The solution was then poured into water (% 1.)
and the white precipitate of the tosylate (1.96 g.) was
filtered off and washed after 24 hours. Extraction of
the aqueous filtrate and washings with chloroform gave a
further quantity (50 mg.) of the tosylate. The combined
product was crystallised from benzene-light petroleun
giving needles of deacetyltetrahydroclerodin monotosylate

(1.9% g., 94% yield).

Oxidation of deacetyltetrahydroclerodin monotogylate

To the monotosylate (3.01 g.) in glacial acetic acid
(130 ml.) was added solid sodium dichromate dihydrate
(1.77 g.). The colourless prisms which then deposited
redissolved completely when the mixture was shaken for
5 hours, during which the consumption of the oxidising
agent, as shown by iodometric titrations, reached two
equivalents per mole of the tosylate. Water and excess
sodium bisulphite were added, and the solution, after
neutralisation with sodium hydroxide and sodium carbonate,
was extracted with chloroform. Evaporation of the
‘washed chloroform solution gave the corresponding ketone

tosylate as a colourless gun.
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Clerodin diketone

The crude ketone tosylate from the above experiment
was heated under reflux with 996 aqueous sodium hydroxide
(20 ml.) and methanol (100 ml.) for two hours. After
removal of methanol in vacuco, the solution, on standing
overnight deposited needles of clerodin diketone (1.13 g.),
m.p. 182—70, which were filtered and washed. Extraction
of the neutralised filtrate and washings with chloroform,
and crystallisation from ether-light petroleum (b.p. 40-60°)
yielded a further quantity (245 mg.) of the diketone.
Finally, chromatographic purification of the mother
liquors over alumina (grade III) afforded another crop
(137 mg.). Total yield was 1.41 g. (71% from the
monotosylate).
RD: [9lggq + 500°, [01354 = 100°, [0l5;5 + 600°,

(93000 - 800°, [elogg - 600°,

Oxidation of clerodin diketone by alkaline sodium

hvpochlorite

An alkaline solution of sodium hypochlorite was pre-
pared by passing chlorine (8 g.) into a mixture of ice
(75 g.) and of aqueous sodium hydroxide (11 g. in 30 ml.).
This solution (0.25 ml., containing 0.35 m.mol. of sodium
hypochlorite) was added to a solution of the diketone
(64 mg., 0.19 m.mol.) in methanol (3 ml.). The

solution was refluxed for 15 minutes, and was then treated
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with excess sodium metabisulphite. Extraction with
chloroform gave recovered diketone (30 mg.). Acidifi-
cation of the alkaline solution and then extractiocn
with chloroform afforded, on removal of solvent, a gum
(30 mg.) which crystallised from ether-light petroleum

(b.p. 40-60°) to give prisms of the trans-A/B-squatorial

acid (CXLV) (14 mg.). Recrystallised from ethyl acetate-
light petroleunm (b.p. 40-60°) it had m.p. 210-222°

(dgec.), [aly + 4° (¢ 0.51);

@ (Wujol): 2700-3500 (H-bonded OH), 1725 (CO,H), 1705

(cyclohexanone C=0) em. 1

(o] O (o]
(9150, - 120°.
Found: C, 67.89; H, 8.19%.
C1gHpgOg requires: G, 67.83; H, 8.39%.

Sodium borohydride reduction of clerodin diketone to

the diol (CLXXVI)

To the diketone (30 mg.) in methanol (3 ml.) was
added sodium borohydride (12 mg.). After 45 minutes at
room temperature, excess borohydride was removed by the
addition of hydrochloric acid, and methanol was distilled
off in_ wvacuo. Extraction of the residual aqueous
solution with chloroform gave, on removal of solvent from
the washed chloroform solution and crystallisation from
ether-light petroleum (b.p.‘40—60°), the corresponding

diol (20 mg.) as needles. Recrystallised from benzene-
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light petroleum it had m.p. 163-5°, resolidifying and
remelting at 172-3°, [aly + 20° (¢ 0.28); / _(Wujol):
3330 (OH) cm.”t A sample sublimed at 13%5-150° and
10 mm. Hg was analysed.

Found: C, 70.86; H, 9.87%.

Copilz 0y Tequires: C, 70.97; H, 10.13%.

Selective sodium borohydride reduction of clerodin diketon

To the diketone (80 mg., 0.24 m.mol.) in methanol (4 ml.)
at 0° was added sodium borohydride (3.0 mg., 0.62 m.eq.)
in methanol (% ml.) at 0°. After 20 minutes at the same
temperature the product was worked up as in the previous
reduction experiment. The crude gummy product obtained
was separated by chromatographing over alumina (grade III)
(4 g.) into, in order of elution, recovered diketone
(8 mg.), a keto-alcohol (41 mg.) (CLXXV) and the diol
(CLXXVI) (7 mg.). The keto-alcohol crystallised from
ether-light petroleum (b.p. 40-600) in plates, m.p. 151—40,
[aly + 16° (¢ 0.52); Y (Nujol): 3485 (OH), 1705
(acyclic ketone C=0) cm.” T

Found: C, 71.69; H, 9.87%.

C2OH52O4 requires: C, 71.39; H, 9.5996.

It gave a positive Zimmermann test.

Baayer-Villiger oxidation of clerodin diketone.
An ethereal solution of monoperphthalic acid con-
taining 0.238 m.mol. per ml. was prepared by the method

128
of Payne. A solution of the diketone (83 mg., 0.25 mmol.)
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and of monoperphthalic acid (1.19 m.mol.) in a mixture
of ether (5 ml.) and chloroform (5 ml.,) was kept in the
dark and at room temperature. Oxidation was followed
by iodometric titration of 0.1 ml. eliquots of the reaction
mixture and of a blank solution at time intervals. After
3% hours during which 0.33 m. mol. of peracid was consumed,
the reaction solution was diluted with ether, washed with
aqueous sodium bicarbonate and with water, and dried.
Removal of the solvent, and crystallisation from

ether-light petroleum (b.p. 40-60°) gave in the first crop
prisms of unreacted diketone (7 mg., 89b), and in the
second and third crops needles of a keto-lactone (CLIXVII)
(43 ng., 5036 yield) which when recrystallised had
m.p. 143—50, [a]D -6° (¢ C.47); Vo (0014): 1735 (seven-
membered lactone C=0), 1720 (acylic ketone C=0), 1240,
1185, cm. !

Found: C, 68.34; H, 9.22%.
Coolzo05 requires: C, 68.54; I, 8.63%.

=

odoform tests on clerodin diketone and the keto-lactone
(CLXXVII)
129
Fieser's procedure was adopted. To a solution of

the compound to be tested (5-9 mg.) in dioxane (0.4 ml.)
was added 1095 aqueous sodium hydroxide (0.4 ml.) and a
solution of iodine (0.075 g.) and of potassium iodide

(0.125 g.) in water (0.6 ml.). The mixture was diluted
with water (2 ml.) and allowed to stand at room tempera-

ture for 30 minutes. Any iodoform formed was filtered,
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dried, weighed, and sublimed (at 100° under 5 cm. Hg
pressure). The results of tests on clerodin diketone,
the keto-lactone (CLXXVII), as well as on certain com-

pounds (as controls) are tabulated below:

Compound Weight of Yield of m.p. of
tested compound iodoform  lodoform
(sublimed)
None Nil Nil -
Deacetyltetrahydroclerodin 7.8 mg. Mil -
Deacetyldihydroclerodin-I 5.8 mg. Nil -
Acetophenone 117—1250
Clerodin diketone 9.0 mg. 3% 115-120°
Keto-lactone 7.5 ng. 8% 115-120°
Conversion of the keto-lactone (CLXXVII) to the diketo-

ter (XCIV, R=lie)

l®

The keto-lactone (130 mg.) was heated under reflux
with ethanol (5 ml.) and 5%6 aqueous potassium hydroxide
(5 ml.) for one hour. Any non-acidic material was removed
by extraction with chlorofori. The alkaline solution
was then acidified and extracted with chloroform to givé,
on evaporation of the washed solution, a hydroxy-acid
(110 ng.) which could not be obtained crystalline.

On oxidation with sodiu.. dichromate dihydrate in
acetic acid,the crude hydroxy-acid consumed two equivalents
of the oxidant, and gave, on usual working-up, a diketo-
acid (¥CIV, R=H) (60 mg.) which could not be obtained
crystalline even after chromatographic purification over
silica gel. It showed (in 0014) ﬂm at 1710 and 1690

(six-membered, and acyclic ketone) em, T
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Methylation with diazomethane in ether gave the
diketo-ester (XCIV, R=Me) (45 mg.) which did not
crystallise. After being purified by chromatography
over alumina, it showed (in 0014)1}m at 1740 (CO, le),

1725 and 1690 (six-membered and acyclic ketone) cm._l

Ireatment of clerodin diketone with potassium t-butoxide
The diketone (187 mg.) was added to a solution of
N potassium t-butoxide in t-butanol (11 ml.) kept under
dry oxygen-free nitrogen. The mixture was waried at
50—600 for one hour. Ultraviolet absorption measurement
on a withdrawn sample showed that the product had
Kmax. 249 nmu (e ¢a.8.,000), The wmixture was poured into
water (100 ml.) and the resulting suspension, after
being neutralised with acetic acid, was extracted with
chloroform. The washed chloroforu solution was
evaporated to give a yellow gumn. On chromatography over

alumina (grade V), and elution with a benzene-light

petroleum mixture (1:3), a c¢yclohexenone (CXLI) (140 mg.,

79% yield) was obtained, m.p. 177-9°, [aly -206° (g 0.72);

Kmax. : 248.5 mp (e 10,400);
Vm(Nujol): 1665 (conjugated C=0), 1625 (conjugated C=C)
-1
cm.
. 0 o) o)
RD : [¢]5oo -1400", [wJBGO -3500", [¢]52o -1600",

o
[¢]505 -24007.

Found: C, 75.96; H, 9.1696°

c, 76.20; H, 9.04%.

C2OH2865 requires: C, 75.91; H, 8.92%.
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Catalytic hydrogenation of the cyclohexenone (CXLI)

1096 Palladium-on-charcoal catalyst (5 mg.) in ethyl
acetate (10 mi.) was shaken under hydrogen at room
temperature and atmospheric pressure until 1t was
saturated. The hexenone (49 mg.) was then introduced,
and the shaking continued for 95 mins. during which the
volume of hydrogen absorbed became stationary (4.5 ml.,
cale. uptake = 3.9 ml.). The catalyst was filtered.
Evaporation of the filtrate in vacuo mave a cyclohexanone
which crystallised from ethyl acetate as prisms, and
from benzene-light petroleum as plates, m.p. 173—50,

[alp +57° (¢ 1.07);
$n50014): 1710 (cyclohexanone C=0) em. "t
RD : [9lggg -600°, (o130 +1400°, [9] 90 ~1200°,
(9], g0 =700°.
Found: C, 75.50; H, 9.23%:; u.W.(Rast), 319.
C, 75.58; H, 9.50%.
CooHz005 requires: C, 75.43; H, 9.50%; M.%., 318.5.

Ozonisation of the cyclohexenong (CXLI)
A strean of ozone in oxygen was p~°ssed into a
solution of the cyclohexenone (53C mg.) in ethyl acetate-
acetic acid (22.5 ml. each) at 0° for 42 minutes when the
ultraviolet absorption maximum at 249 mp was completely
removed. The product (in the original solvent) was

added to a solution of hydrogen peroxide (1 ml,,3096)

in water (100 ml.). After standing overnight at room
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temperature the solution was extracted with chloroform,
and the chloroform solution shaken with aqueous sodium
bicarbonate. Acidification cf the alkaline solution,
and then extraction with chlorofori. gave on removal of
solvent a gum (445 mg.) from which the A/B-trans-axial
acid (CXLIX) (190 mg.) was obtained on crystallisation
from ether-light petroleum (b.p. 40-6C°). The mother
liquors were evaporated. On standing the residue in
aqueous hydrogen peroxide (0.5 ml. of 50%6 solution in
20 ml. water) in the presence of acetic acid (2 ml.) for
5 days, crystals (75 mg.) of the trans-axial acid were
deposited. Extraction yielded a further 75 mg. of the
acid. Total yield was 340 mg. (57%).

Recrystaliised from chloroform-light petroleum (b.p.
40-60°), the acid had m.p. 197-211° (dec.), [aly +12°
(¢ 0.3);
Vm(Nujol): 3335 (0H), 1735 (COBH); 1685 (cyclohexanone

c=0) cm.”%
Vm(CHCIB’ concentrated solution): 2700-3500 (H-bonded OH),
1730 (shoulder) (COEH), 1700 (cyclohexanone

C=0) cm, "1

Y (CHC1,, dilute solution): 3535 (OH), 1740 (CO,H),

5')
1710 (cyclohexanore C=0) em.” 1

-900°.



- 174 -

The analytical sample was sublimed at 160-180° and
5 x 1072 mm. Hg.
Found: C, 67.5%; H, 2.29%.

019H2805 requires: C, 67.8%; H, 8.3%39%.

Atteppted epimerisation of the trans-axial acid (CXLIZ)

(1) The acid (55 mg.) in a mixture of methanol (2 ml.)
and of 59@ aqueous sodium hydroxide (2 ml.) was
heated under reflux for one hour. The acidified
(sulphuric acid) solution was extracted with
chloroform to yield, after removal of solvent
from the washed chloroform solution, crystals of

the starting material.

(2) The acid (50 mg.) was warmed in a N solution of
potassium t-butoxide in t-butanol (5 ml.) at 559
and under nitrogen for 30 minutes. Hater (5 ml.)
was then added, and the solution heated under
reflux for 2 hours. sorking up as above resulted

again in crystals of the starting material.

Methylation of the trans-axial acid (CXLIX)

The trans-axial acid (80 mg.) was treated with
excess diazomethane in ether for 40 minutes. Ixcess
diazomethane and ether were then removed at room temper-
ature. A solution of the residue in ether was shaken

with agueous sodium bicarbonate, washed with water, and
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evaporated to give on crystallisation from ether-light

petroleun (b.p. 40-600) needles of the methyl ester (CL)

(47 wg.), m.p. 130-4°, [alg +14° (¢ 0.56);

V_(Nujol): 1725 (CO,CH,) and 1700 (cyclohexanone C=0)
cm. "t
Found: C, 68.05; H, 8.28%.

CooHzo05 requires: C, 68.54; H, 8.63%.

Epimerisation of the trapns-axial ester (CL)

The ester (25 mg.) was heated in a N solution of
potassium t-butoxide in t-butanol (3 ml.) at 55-60° and
under nitrogen for %0 minutes. After the addition of
water (6 ml.), the product was then refluxed for 90 minutes.
Extraction of the acidified solution with chloroform gave,
on removal of solvent from the washed solution and
crystallisation from ether-light petroleum (b.p. 40-600),
needles of an acid (15 ug.). Recrystallised from ethyl
acetate-light petroleum (b.p. #0-60°) it had m.p. 209-225°
(dec.), [a]D +2°% (¢ 0.31), and an infrared spectrum (in
Nujol) identical te that of the trans-equatorial acid
(CXLV). The mixed m.p. with the trans-equatorial acid
(m.p. 207-218° (dec.)) was 208-223° (dec.).

Deacetyldihydroclerodin-I (CLX, R=R'=H)

Dihydroclerodin-I (4.50 g.) was heated under reflux
with a mixture of dioxane (140 ml.) and 5% aqueous
potassium hydroxide (140 ml.) for 2% hours. The solution,

neutralised with acetic acid, was concentrated to 50 ml.,
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and extracted repeatedly with chloroforuw. The washed
and dried chloroform solution, on evaporation and
crystallisation from ether, afforded prisms of

deacetyldihydroclerodin-I (3.44 g., 95% yield).

Deacetyldihydroclerodin-I monotosylate (CLX, R=H, R'=Tos)

=, ) was added to

o

Toluene-p-sulphonyl chloride (11
deacetyldihydroclerodin-I (2.8 g.) in dried pyridine
(30 ml.) at 0°. After standing for 18 hours at 0%, the
reaction mixture was poured into water (500 ml.). The
precipitated pink solid was filtered and washed after
24 hours. A solution of it in benzene was filtered
through a short column of alumina (grade III) to give on
crystallisation from benzene-light petroleum

deacetyldihydroclerodin-I monotosylate as clusters of

needles (1.82 g.). Extraction of the aqueous filtrate
and washings with chloroform gave 0.8 g. of recovered
deacetyldihydroclerodin-1T. Repeated treatment of this
with toluene-p-sulphonyl chloride in pyridine yielded a
further quantity (1.04 g.) of the monotosylate. Total
vield was 7196.

Recrystallisation from benzZene-light petroleum gave
the pure monotosylate as clusters of fine needles,

m.p. 149-151°, [aly +35° (¢ 1.41);
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M pasc : 225.5 mu (e 9,400);

Vﬁ(Nujolm 2520 (OH), 1600 (aromatic C=C), 1190,

1175 (80,0) cm.”*
RD : [o] 0°, [0)320 +10,300°, [0l pns -11,800°,

-11,700°.

589

E@]27O
Found: C, 63.73; H, 7.74%.

Cpolizg0nS requires: C, 64.01; H, 7.56%.

Minor tosylate from deacegtyldihydroclerodin-1
In one tosylation experiment on deacetyldihydroclerodin-.

(590 mg.) the crude tosylate was separated by solubility
differences into deacetyldihydroclerodin-I monotosylate

(350 mg.) which is very soluble in benzene, and a_minor
tosylate (110 mg.) which is only sparingly soluble.
The latter crystallised from chloroform-benzene as needles,
m.p. 188-190° (dec.), [a]ypy ~7° (¢ 0.74);

max.

Qm(Nujol): 3500, 3400 (0i), 1595 (aromatic C=C)., 1190,
1

A : 225.5 mu (¢ 9,900, calc. on 025 formula)

1175 (80,0) om.”
Found: C, 58.63; H, 6.92; 5, 6.11%.
C, 58.43; H, 7.03%.
Calc. for CpgHzOgS: C, 58.57; H, 6.94; &, 6.26%.
Cale. for CocH,g048: C, 59.30; H, 7.27; 8, 6.08%.

Chromic oxidation of the minor tosylate
A mixture of the minor tosylate (47 mg., C.09 m.mol.)
and sodium dichromate dihydrate (26.6 mg., 0.54 m.eq.)

in glacial acetic acid (2 ml.) was shaken at room
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temperature for 3 hours during which 0.16 m.eq. of
dichromate was consumed. After dilution with water
(10 ml.), excess sodium bisulphite was added to remove
unreacted dichromate, and the mixture was neutralised
with sodium carbonate. Extraction with chloroform,
removal of chloroform frox the washed solution, and
crystallisation from ether-light petroleun (b.p. 40-600)
gave the corresponding ketone as prisms (26 mg.),
m.p. 132.5-134°, [aly +49° (¢ 0.44);
xmax. : 225 mp (e, 9,800 calc. on 025 formula).
‘Qm(0014): 3485 (0H), 1695 (six-membered or bigger ring
ketone), 1590 (aromatic C=C), 1190, 1180
(80,0) cm.”*
The analytical samples were dried at rcom temperature
at 1077 ma. Hg for 48 hours.
C, 59.99; H, 7.69; S, 5.61%.
¢, 59 <3 H, 7.55%
Cale. for CpoHz,O0g8.C H100: C, 59.57; H 7.59; 8, 5.48%.
C,

Found:

Calc. for CpgHy00S.CyuH) 0 60.18; H, 7.75; S, 5.84%.

When recrystallised from benzene-light petroleum, the
ketone was obtained as needles, m.p. 129-132° (dec.).
A sample was dried at room temperature at 10_5 mnm. Hg.
Found: C, 59.43%; H, 7.267 S, 5.97%.

C, 59.57; H, 7.19%.
Cale. for CyeHy 0g3: C, 58.81; H, 6.71; 8, 6.27%.
C

Cale. for CpeHzc0g3: C, 59.53; H, 6.92; 8, 6.10%.
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Chromic oxidation of deacetyldihydroclerodin-I
monotosylate (CLX, R=H, R'=Tos)
Deacetyldihydroclerodin-I monotosylate (372 mg.)

was added to a solution of sodium dichromate dihydrate
(596 ug.) in glacial acetic acid (50 ml.). After 38
hours at roon temperature when iodometric titrations
showed the consumption of 2.4 equivalents of the
oxidising agent per mole of the tosylate, excess dichromate
was removed with aqueous sodium bisulphite. The
solution was neutralised with sodium hydroxide and sodium
carbonate, and was extracted with chloroform. The
crude product obtained on removal of solvent from the
washed chloroform solution was curomatographed over
alumina (Wéehm neutral, grade V) (7 g.). Llution with
a benzene-light petroleum mixture (2:1) gave the Ketone-
tosylate (CI1) (180 mg., 49% yield). It crystallised
from benzene-light petroleum in two crystalline forms
which were interconvertible - prisms, m.p. 152-1550, and
needles, m.p. 106-110°. The former had [a]D +75°
(¢ 0.63);
Kmax. : 225.5 mu (e 12,100);
\Jm(Nujol): 1715 (cyclohexanone), 1590 (aromatic C=C),

1190, 1180 (30,0) cm.”*
Found . C, 64.57; H, 7.67%.

c, 64.0%3; H, 7.71%.

C, 64.13; H, 7.70%.
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Conllz0nS requires: C, 64.27; H, 7.19%.

The ketone-tosylate gave a negative Zimmermann test.

=

reatment_of the ketone-tosylate from deacetyldihydro-

clerodin-I (CLI) with agueous ethanolic potassium
hydroxide

The ketone-tosylate (420 umg.) and potassium hydroxide
(2.5 g.) in a water-ethanol mixture (50 ml. each) were
heated under reflux for two hours. Ethanol was then
renoved fro:a the mixture by evaporation in _vacuo.
Extraction of the residual alkaline solution with
chloroform, and evaporatiocn of the washed chloroform

solution gave, on crystallisation from benzene-light

petroleum, a pneutral product (CLVII?) (80 ng., 28%,

yield) as needles, m.p. 146-7°, laly +85% (¢ 0.69);

% (Nujol): 3450 (OH), 1760, 1000, cm. T,

¥ (C0L,) : 3400, 1775, 1010 .t
It did not show high intensity absorption in the ultra-
violet region.
Found: C, 68.48; H, 8.61%.
c, 68.17; H, 8.98%.

C2OH5005 requires: C, 68.54; H, 806596.

The alkaline solution, after recmoval of the neutral
product, was acidified with dilute hydrochloric acid.

Subsequent extraction with chloroform yielded an
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unsaturated acid (CLIII) (150 mg., 50% yield) which
crystallised as needles from mixtures of light petroleun
(b.p. 40—600) with either chloroform, methanol, acetone,
or ether, m.p. 185—1950, raised to 205—2050 after having
been dried at 70° under vacuum; [a]D +55° (¢ 0.45);
M ax. : 207.5 mu (e 9,350),
vm(Nujol): 3570-3470 (OH), 1715 (carboxylic C=0), 1630
(C=C), 1280, 1240 (C-0), 965 (carboxylic OH
out-of-plane deformation) cm.
The analytical sample was dried to constant weight at 700.
Found: C, 67.3%7; 1, 8.81%.
CEOHBOOS'%HQO requires: C, 66.8%; H, 8.69%.

Attenpted hydrogenation of the unsaturated acid.
(1) The acid (63 mg.) in ethyl acetate (10 ml.) was
shaken with 596 palladium-on-charcoal catalyst (5 mg.)
in an atmosphere of hydrogen at room temperature
and pressure. No absorption of hydrogen was
observed during 3% hours. The starting material,
m.,pP. 190—70, was recoverad.
(2) The acid (46 mg.) in ethyl acetate (10 ml.) was
similarly shaken in hydrogen in the presence of
Adams' catalyst (3 mg.) for 2 hours. Crystalline

starting material was recovered, Km < 207 mp

a
(e 9,000).
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Acetylation of the unsaturated acid (CLIII)

The unsaturated acid (27 mg.) was treated with
acetic anhydride (0.2 ml.) and pyridine (2 ml.) overnight
at room temperature. The mixture was poured into water,
acidified, and extracted with chloroformn. Evaporation
of the washed chloroform solution gave, on crystallisation
from ether-light petroleum (b.p. 40-60°), prisms of the
acetate (23 ug.), m.p. 128-9°, [aly +58° (¢ 0.61);
Apax. : 211 mp (e 5,900);
Y&(Nujol): 3400-2500 (H-bonded OH), 173C (acetate C=0),

1715 (CO,H), 1240, 1230 (C-0) cm.”*

Found: C, 67.51; H, 8.52%.

022H5206 requires: C, 67.32; &K, 8.22%.

Oxidation of the unsaturated acid with manganese dioxide

The unsaturated acid (22 mg.) and dehydrated
manganese dioxide (42 mg.) in chloroform (dried by
azeotropic distillaﬁion)(5 ml.) and under nitrogen, were
shaken overnight. Evaporation of the filtrate after
removal of manganese dioxide gave, on crystallisation
from chloroform-light petroleum or from ether-light
petroleun (b.p. 40-600) prisms of an af-unsaturated
aldehyde, m.p. 207-211°, [a]D +95° (¢ 0.1);

Ao : 254 muy (e 14,700);
vm(0014): 1710 (COeH), 1670 (conjugated C=0), 1620
1

(conjugated C=C) cm.”

It reduced Fehling's solution after 5-10 minutes at 100°.
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Chromic oxidation of the neutral product 02035095 (CLVII?)

——t ot ia T Ao er——— T ey — [

To the neutral product 020H5005 (50 mg., C.14% m.mdL)
was added a solution of sodium dichromate dihydrate
(57 mg.) in glacial acetic acid (5 ml.). After 3 hours
at room temperature when 2.2 [0] (0.63 m.eqg. of
dichromate) wers consumed, the mixture was treated with
water and sodium bisulphite, neutralised with sodium
carbonate, and extracted with chloroform to give the
ether-light petroleum (b.p. #0-60°) as prisms, m.p. 123%-5°,
[ady +77° (g 0.57)3
"Qm(CCl4): 1785, 1720 (six-membered or bigger ring ketone)
cm. 1
Found: C, 71.80; H, 8.30%.
C, 71.94; H, 8.37°%.
C1gHpg0, Tequires: C, 71.67; H, 8.23%.

Acetylation of the neutral product C2OH5005

The neutral product (8 mg.) was treated with acetic
anhydride (0.2 ml.) and pyridine (2 ml.) at room
temperature for 24 hours. The reaction mixture was
diluted with water, acidified, and extracted with
chloroform. Evaporation of the washed chloroform
solution gave the acetate (8 mg.) as needles from ether,
m.pP. 157—610. The sample for infrared spectrum was

dried in wacuoc at 500.

P,(CC1,): 3400 (OH), 1775, 1750 (acetate) cm.™?



- 184 -

Atbempted conversion of the neutral product 020H5005 to

the unsaturated acid (CLIII)

(1) The neutral product (18 mg.) was heated under reflux
in ethanol (2.5 ml.) and 12% aqueous potassium
hydroxide (2.5 ml.) for 2% hours. Working up as
usual gave no acidic product. The starting material
was quantitatively recovered.

(2) The neutral product (1% mg.) was warmed at 70-80°
for 20 mins. in a solution of N potassium F-butoxide
in t-butanol (2 ml.) kept under nitrogen. Water
(2 ml.) was then added, and after one hour's reflux,
the product was worked up to give the starting
material (10 mg.).

(3) The neutral product (10 mg.) was heated under reflux
with N sulphuric acid (1 ml.) and ethanol (1 ml.)
for % hours. Working up resulted in recovered

starting material (8 ng.).

Atterpted conversion _ of the unsaturated acid (CLIII) _to

the neutral product 020H3005

The unsaturated acid (4 mg.) was heated under reflux
for 2 hours with a nixture of ethanol and 596 aqueous
potassium hydroxide. On working up the acid was
recovered in crystalline form (3% mg. ). The infrared
spectrum of the product showed no development of

absorption in the 1760-1780 cm. * region.
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