STUDIES ON TRITERPENOIDS

A

by
James C, Orr

A Thesis Submitted to the
University of Glasgow in Partial Fulfillment of
The Requirements for the Degree of
DOCTOR OF PHILOSOPHY



ProQuest Number: 13850686

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 13850686

Published by ProQuest LLC(2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



ACKNOWLEDGMENTS

The author wishes to thank Professors D. H., R, Barton
and P. de Mayo for their inspiring guidance and patient en-

couragement of the work reported in this thesis,






TABLE OF CONTENTS

INTRODUCTION
REVIEW OF LITERATURE
Biogenesis of Tritermenoids
Biochemical studies
Structural correlations
Elucidation of Structures of Some Triterpenolds
Tetracycllic triterpenolds
Pentacycllc triterpenoids

Zeorin - vrevious work

DISCUSSION
‘ Zeorin - The Present Work
Degradative studies

Attempted interrelationships of zeorin with
known triterpencids

Blogenesis of Zeorin
The Lantadenes

EXPERIMENTAL
Zeorin

The Lantadenes

REFERENCES

v



INTRODUCTION

The tervenoids are a class of organic compounds widely
distribgted in the plant kingdom, and to a lesser extent in
animals, The best definition® of a terpenoid is that it is
a compound whose carbon skeleton is either (a) theoretically
constructed from isoprenoid units, or (b) at some stage in its
blogenesis had a carbon skeleton so constructed.

The terpenoids may be subdivided into major classes de-
pending on the number of carbon atoms they contain,

The lower terpenoids: monoterpenoids (ten carbon atoms
per molecule) and diterpenoids (twenty carbon atoms) have been
reviewed comprehensively by Simonsena, and by de MhyoB’u.
Speclalized topics within the field have been reviewedl’5 in
greater detall,

The triterpenoidsu, containing thirty, or exceptionally
thirty one carbon atoms may be subdivided according to the num-
ber of rings in the molecule.

Only two triterpenolds having less than four rings are
known: these are squalene (1) and ambrein (2), They are un-
usual in that they are of animal origin, squalene was first

1solated6

from shark liver oil, and ambrein from ambergris.
The importance of squalene in the biogenesis of steroids and
triterrvenoids will be discussed later,

The tetracrclic and more vparticularly the pentac; clic

triterpencids are the subject of this thesls, and will be con-



sidered in more detail, The existence of a hexa-carbocyclic
triterpenoid, phyllanthol, which has a cyclo-propane ring, but
lacks a double bond, has been proved7;

Of the still higher terpenoids, the carotenoids (forty

carbon atoms) are frequently_symmetrical branched chain poly-

8

enes having few carbon rings, One Gug-po;yterpene, solanesol

has been isolated from flue-cured tobacco,




REVIEW OF LITERATURE
The Bilogenesis of Triterpenolds

The biogenesis of triterpenoi@s has been receiving con-
slderable atteption, and provides a convenient starting polint
in this survey., It not only presents a loglcal framework for
the diverse structures to be met among the known triterpenoids,
but also accommodates the skeleton of the ‘(-onocerin series
to which it is considered that zeorin belongs. The mechanism
of blogenesis of triterpenoids is being studied in two differ-
ent ways, which are being developed notably by Ruzicka, and by
Bloch,

Ruzicka?~1l has studied the carbon skeletons of the var-
ious groups of naturally occurring triterpenoids, and has pro-
posed a. scheme in which, by ionic cyclisation of squalene to
a tetracyclic carbonium ion, followed by stereospecific carbon-
ium ion rearrangements, the skeletons of the various triter-
penold groups can be obtained,

The second method involves the study of the blochemical
steps in the conyersion of simpler molecules to tgrpenoids and
steroids in vivo, or with enzyme systems in vitro. In this the

use of 1isotopic tracers has been invaluable.

Blochemlical studies

It is now established that acetic acid is converted in
animals to mevalonic acid (3), 1sopentenyl pyrophosphate (li),
farnesyl pyrophosphate (5), and thence to squalene (1), lanoster-

ol (6) b,.:l;:dimethylcholesta-ez2h-dien-3(3-01,(7) and cholesterol
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(8). Although it appears likely that a simllar serles of trans-
formations from acetic acid to squalene takes place in plant
systems; the considerably greater practical difficulites have
prevented rigorous proof of this,

The conversion of acetic acid to cholesterol was first
clearly established in 1945 by Bloch and Rittenberglz. Acetic
acld labelled with 013 at both the carboxyl and methyl carbons,
and with deuterium ylelded, in mice, cholesterol contalning
both isotopic carbon and deuterium in amounts which indicate
that acqtic acid is a major source of carbon atoms for chol-
esterol, Incorporation of acetic acid into cholesterol was not
depressed by addition of ethanol, acetoacetic acid, or leucine
to the diet, although these molecules could themselves be in-
corporated into cholesterol, probably by degradation first to
acetate,

Cholesterol biosynthesized from l-Clh;acetate and from
2-Clh;acetate showed radioactivity corresponding in both cases
to a slightly greater utilization of metnyl carbon atoms (M)
than carboxyl carbons (C)., The ratio 1.75:1 is that of 15 carbon
atoms of cholesterol of methyl origin, and 12 of carboxyl origin,
As a result of many degradations of labelled cholesterol; the
labelling pattern (8) has been established, A concise review13 of
these degradations has recently been published.

As the pattern of distribution of the two carbon atoms
of acetate was being revealed, evidence was accumulating which

indicated that the conversion of acetate to cholesterol is not
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necessarily direct, An early experiment with denteriup lab-
ellinglu showed that the isoprene-like isovaleric acid, but
not ;ggputyric acid, can serve as a precursor for cholesterol
in rats, Experiments with isotopic carbon showed that the
methyl groups of isovaleric acid are incorporated into cholest-
erol five timps more efficiently than 1s the methyl group of
acetlc acidlg. Cholesterol from methyl-labelled isovalerate
has the label more or less evenly distributed in the molecule
and not solely in the side chainlé.

The distribution of acetate methyl and carboxyl carbons
in the side chain of cholesterol (8) was found to conform to
the pattern postuluted17 for a polylsoprene chain and led to

speculationl8

as to a possible blogenetic relationship between
the terpenoids, for which an isoprenoid precursor had long been
suggested, and the sterols, In particular, the speculationl9
that squalene is a precursor of cholesterol was revived. In
agreement with this it had been found that addition of squalene
to the diet lead to an increase in liver cholesterol in ratszo.
Strong support for the squalene hypothesis was obtained
by Langdon and Bloch21, who demonstrated the presence of labelled
squalene in rat liver, shortly after feeding 1-Clu or Z-Glu
acetate to the rat., The biosynthetic C-lh squalene was effici-

22, although squalqne

ently converted to cholesterol in mice
regenerated from the hydrochloride cannot be metabolized, Re-
generated squalene has been shown to contain some cis-double

bonds and methylene double bonds C=CH,, while the natural mat-
erial is all tran323.
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Popjékzh confirmed the biosynthesis of squalene from acet-
ate and together with Cornforth25 established the distribution
(1) of methyl and carboxyl-derived carbons in squalene biosyn-
thesized from acetate,

Although 1t 1is possible that the blosynthesis of the penta-
cyclic triterpenolds and euphol type tetracyclic triterpenolds
differs from.that of the lanosterol group and the sterolds at
some point in the sequence earlier than squalene, it appears
likely that they do not. In the cyclisation step from squalene
to a tetracyclic intermediate the two series must diverge and the
re;ults of the investigations of the sequence from squalene to
cholesterol are of uncertain value in considering the blogenesis
of the larger class of triterpenoids, The squalene to cholest-
erol series will therefore be‘described only briefly and the

earlier stages in more detaill,

Squalene to cholesterol

Two schemes of cyclisation of squalene to cholesterol
have been proposed. In 193l Robinson2® suggested a cyclisation
of squalene folded as shown in (9). This scheme was in agree-
ment with the acetate distribution pattern of cholesterol to
the extent that it had been revealed in 1953, Work on the
structure of 1anosterol22 now showed that 1t was related to
the steroids on the one hand and to the triterpenoids on the
other., In particular the lj-gem-dimethyl group of lanosterol
(6) could not satisfactorily be explained by Robinsont's eyeli-



sation scheme., Woodward and Bloch28 therefore proposed an
alternative scheme for cyclisation of squalene with the chain
folded as shown in (1) to give lanosterol, which by demethy-
lation, migrafion of the nuclear double bond, and saturation
of the side chain would give cholesterol.

The two schemes called for different arrangements of
acetate carbon atoms at C(7), C(12) and C(13). By degradation
of cholesterol derived from methyl labelled acetate, Woodward

and Bloch28

showed that either C(10) or C(1l3) originated from
acetate methyl. Their theory predicts that C(13) should be
derived from methyl carbon, whereas Robinsonts cyclisation scheme
sug-ests that both ¢(10) and ¢(13) are of caéboxyl carbon ori-
gin, The cholesterol degradation completed by Cornfortht!s
group, leading to the labelling pattern (8) are in agreeﬁent
only with the qudward~Bloch cyclisation scheme.

The postulated biogenetlc relationship of lanosterol to
squnrlene and cholesterol was confirmed by biosynthesis of lan-
osterol from labelled acetat929 and its conversion to cholester-

ol in rat liver tissueBo.
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The mechanism of cyclisation of squalene to lanosterol
was examined in detail b Bloch?l. Hog liver homogenate in a
deterium oxide medium converts squalene to lanosterol without
incorporation of deuterium in the product; in H2018 no 018
was found at the lanosterol 3-vosition, If the cyclisation
is carried out in ordinary woter with an 0218 atmospheve, the
labelled oxygen is then incorporated31. The cvclisation and
rearrangement of squalene to lanosterol therefore does not in-
volve addition of protons from the water at any stage, although
hydroxylation of a carbonium lon and subsequent clexvage of
the C-0 bond is not ruled out.

The rearrangement of the two central methyl groups of
squrlene to (finally) the postions at C(13) and C(1l.) of lan-
osterol can take place either by two 1:2 shifts of the methyl
groups (10) or a 1:3 shift of the methyl group at the position
8 (steroid mumbering) to position .13, while the methyl at C(1ly)
would remain in place (11)., In order to decide between the two
mechanisms Bloch32 synthesized squalene doubly labelled with
¢13 in the two migrating methyl grtups and the carbon atoms
to which they were attached in all three combinations in which

the labelled atoms are not both in the same half of the squalene
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molecule., Enzymatic conversion of the labelled squel ene to
lanosterol and extraction of the angular methyl groups as acetic
acid by Kuhn-Roth oxidation gave some acetic acid shown to con-
tain two €13 atoms in the same molecule., This could not occur
if the C(8) angular methyl group had moved to the completely
unlabelled position (13) and could occur only if the partly
labelled C(8) angular methyl group had moved to the partly lab-
elled C(1l) angular position, by the double 1:2 shift mechanism
(10).

_ Further suppoft for mechanism (10) was provided by Corn-
forth33 who showed that in the conversion of squalene (1) to
cholesterol (8) the C(18) angular methyl group remaining at
€(13) in cholesterol has come from the same isopentane unit as
the C(13) carbon atom., This he did by mixing mevalonic acid
labelled at both the 3’ and l positions (3) with completely un-
labelled mevalonic acid and converting the mixture to cholesterol.
C(13) of cholesterol is then the only partly labelled carbon atom
to which is attached a methyl group. If mechanism (10) is
correct, then whenever the C(13) atom is labelled, 1t would be
predicted that the angular methyl group attached to 1t would
also be labelled, Were the 1:3 shift mechanism (11) correct
then the occurrence or non-occurrence of a labelled methyl group
attached to a labelled position, C(13), would depend on the
origin of the adjacent mevalonic acid unit, whether it came from
unlabelled or doubly labelled mevalonic acid. Kuhn-Roth oxi-
dation of the cholesterol yielded acetic acid derived from inter

alia C(13) and its attached methyl group, C(18). Part of ti s



was subjected to mass spectrometry to determine the proportions
of doubly labelled acetic acid (mass 62) to singly labelled
(mass_él) and unlabelled acetic acid (mass 60), Combustion

of a portion of the acetic acid gave the total proportion of
unlabelled carbon, while the femainder on oxidation with bro-
nine gave the provortion of carboxyl labelled acetic acid. The
variation in the proportion of mass 62 acetic acid with vary-
ing proportions of doubly labelled mevalonic acid in the start-
ing material fully supported mechanism (10), In practice the
labelled mevalonlc acld contalned singly as well as doubly lab-
elled molecules, This, while altering the calculations, in

no way decreases the validity of thelr conclusion,

The Cornforth experiment is complementary to that of
Bloch in that it deals with the migration of different methyl
groups, and 1t has the advantage that it also rules out the
possibility of intermolecular methyl shifts.

The conversion of lanosterol to cholesterol involves re-
moval of the C(1l) angular methyl group, migration of the nucle-
ar double bond to the S5-position, and the li-gem-dimethyl group
and saturation of the side chain, There is conslderable evidence
that the sequence of conversions occurs in the ordey described,

Injection of Clu acetate to rats and killing them within
a few minutes yielded the expected labelled lanosterol and chol-
esterol together with a third substance " "Bh, which could be
separated from lanosterol only with difficulty. The minute

yield made handling of X. alone impossible, but by mixing it

1
with unlabelled lanosterol it was possible to investigate 1t,

The diluted Xy could be cleaved to yleld radioactive acetone
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from the side chain. The retropinacol reaction and cleavage
also ylelded radiocactive acetone, so both the isopropylidine
group of the side chain and the li-gem-dimethyl group were still
present. The possibility that the lli-methyl group alone had
been lost was Investigated by conversion of Xl, together with
its inactive lanosterol carrier, to cholesterol., In the con-
version of methyl labelled lanosterol to cholesterol, the three
methyl groups lost appear as labelled carbon dioxide. Conversion
of the X; and the carrier to cholesterol yielded only two thirds
of the usual amount of labelled carbon dioxlde relative to the
labelled cholesterol oroducéd. Xl must therefore contalin only
two oxidisable methyl groups which are known to be at the l-
positioth.

There remained the question of the position of the nuc-~
lear double bond in Xj3. On mechanistic grounds it was consider-
ed possible that the double bond might have shifted to the
8(1ly) position during removal of the CG(1ll) methyl group as the
corresponding carboxylic acid. A mixture of labelled dlhydro
Xy and synthetic l:lj-dimethyl cholest - 8(1l) en-3-ol clearly
separated on recrystallisation. Separation of dihydro Xl and
li:li-dimethyl cholest-7-en-3-o0l was less marked, while wlth the
double bond at 8(9) still less separation was observed, By
conversion of the dilhydro X; and lisly-dimethyl cholest-7-en-3-

ol carrier to the corresnonding 7:8-glycol and cleavage to the
keto aldehyde, chromatography clearly showed that the radio-

active material separates from the carrier, proving their non-
identity. On similar cleavage of the dihydro X, plus h:l-di-

methyl-cholest-8(9)-en-BF-ol, however, the intensity of radio-
activity orecisely followed the weight of the carrier in the



17

chromatographic fractions. X, 1s therefore l:l-dimethyl-chol-
est-8:2h—dien—3?—ol(7)35. ‘

Two substances have been proposed as intermediates be-
tween h:h-dimethyl-cholest-B:2h-dien-3g—ol and cholesterol.
The first, zymosterol is synthesized from acetate by yeast and
contains the rare double bond pattern of lanosterol, but lacks
the three methyl groups at lj,li, and 1. The second, demosterol
(cholesta-S:ah—dien-3§-ol), is synthesized from acetate by
chick embryosBé. Both zymosterol and desmosterol are readily
converted to cholesterol by rat liver.

Of the triterpenoids having more than thirty carbon atoms,
only one has so far been investigated, Eburicoic acid (12)

has been blosynthesized by allowing Polyporus sulphureué to

grow in a medium containing 1-clu-acetate. By stepwlse degrad-
ation, Dauben has shown that, as in the case of cholesterol,
c(l), ¢(11) and c(12) are labelled and that C(21), c(28), C(30)
and C(31) are not labelled’'. Using methyl labelled (2-c1)
acetate iIn a similar synthesis and degradation, it was found
that ¢(21), C(30) and ¢(31) become 1abelled38, but the "“extra!
carbon atom at C(28) remains unlabelled. Formate was found
to be an efficient source of 0(28)39’u0. It appears probable
that the same squalene cyclisation path is involved here as in
the biosynthesis of lanosterol. It 1s particularly interesting
that C(11) and C(12) are both derived from carboxyl carbon, since
this is a necessary requirement 1f squalene is to be utilised
as an intact molecule coiled as in (1) in the manner proposed

by Woodward and Bloch2J,
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Acetic acid to squalene

The search for intermediates in the conversion of acetlc
acid to squalene in vivo met with little success until 1956
when Folkers and his g:c'oup,"'1 at Merck 1solated mevalonlec acld
(MvA) (3) from "distillers solubles™ while searching for"vita-
min Bl3“h2. The acid was recognised as an acetate-replaéing
growth factor for certain lactobacilli,

As the structure of mevalonic acid (3) was becoming evi-
dent from degradations, 1its relationship to the isoprenoid
hydroxymethylglutaric acid led another Merck group""3 to inves-
tigate 1ts blosynthetic activity in cholesterol synthesis.
Racemic mevalonic acld was converted in h3% yileld to cholesterol,
almost quantitative conversion of the (+) isomerhh}

Mevalonic acid labelled at the carboxyl group (l-Glh
mevalonie acid) on incubation with cell-free rat liver homo-
genates ylelded unlabelled cholesterol, the radiocactivity being
accounted for iIn the liberated carbon dimxide; 2-Clhbmevalonic
acid, on the other hand, gave the incorporation of five radio-
active carbon atoms into the cholesterol. 1In the complete ab-
sence of oxygen the conversion of 2-Clh-mevalonic acid was block-
ed at the squalene stage with incorporation of six labelled
carbon atoms per molecule., The positions of the labels in the
squaleneus’u6, and cholesterolu7 indicate that the farnesyl
chains (see (5)) are formed by linkage of C(5) of one mevalonate
unit to C(2) of the next. The two central carbon atoms of squal-
ene, which alone are converted to the methylene groups of suc-

cinic acid on ozonolysis by Bloch's techniqueh7, originate in
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C(2) of mevalonate, showing that squalene here contains a C(2)
to C(2) linkage of mevalonate units,

In a unique study of pentacyclic triterpenoid blogenesils,
Arigoniug showed that 2-Clh-mevalonic acld is converted by soya
bean seedlings to the soyasapogenols., Partial degradation
of soyasapogenol A(see p.3%®) has shown that two of the methyl
groups are labelled as would be predicted by the squalene hypo-
thesis, Of particular interest 1s the finding that the labelled
soyasapogenol D(partial formula 13) contains a negligible pro-
portion of the labelling at the hP-hydroxymethylene group C(24),
which must therefore originate from the 0(3’) methyl group of
mevalonic acid (3), Positions 2- and 3'-'of mevalonic acid
therefore do not become equiv:ilent at any stage. of the conver-
sion to soyasapogenol D. In agreement with tHis, the diterpen-
old rosenonolactone, biosynthesized from 2-Clu—mevalonate con-
tains ol o the lik-methyl group equivalent to C(23) of the
pentacyclic triterpenoids, while the hp-lactone group equivalent
to C(2l4) does not50s51,

' The formation of mevalonic acid from acetlic acld is not
yet completely understood, but the most probable sequencesz
is the conversion of acetyl co-enzyme A(acetyl CoA) to aceto=-
acetyl CoA, whish then reacts with a further molecule of acetyl
CoA to glve hydroxymethyl glutaric acid CoA(ll). This is re-
duced either directly, or through the 5-aldehyde stage, mevaldic
acid (15) to the 5-alcohol, mevalonic acid (3).

The possibllity that the incorporatlion of mevalonic acid

In tervenoids took place via mevaldic acid (15) has been con-
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sidered for some time., Mevaldic acid is incorporated into
terpenoids at the same rate, (within experimental error), as
mevalonic acid itself; mevalonic acid, however, depresses the
incorporation of mevaldic acid to a greater extent than the
reverse, The incorporation of labelled mevalonic acid into
terpenoids 1s only slightly reduced by the presence of large
quantities of the S5-aldehyde.

More convincing support for the direct incorporation of
mevalonic acid has recently been described. Mevalonic acid,
doubly labelled with deuterium at the S5-position (3) 1s con-
verted into squalene with incorporation of 9 to 10 of the 12
deuterium atomsha. An oxidative step at C(5) would have pre-
vented incorporation of at least half of the deuterium into
the squalene,

By conversion of unlabelled mevalonic aclid to squalene,
in a deuterium oxide medium, and degradation of the product,
the exchange of hydrogen with the aqueous solution has been
shown to be connected with the coupling of the two farnesyl
chains to form the central link of the squalene molecule, and
with the formatlon of the gem-dimethyl terminal groupings. The
head to tail couplings, C(2) to C(5) in the formation of the
farnesyl residues take place without exchange, and hence with-
out incorporation of deuterium in the laevulinic acid moiety on
ozonolysis of the squalene.formedus.

The conversion of mevalonic acid to squalene could, in
principle, proceed either by building up multiples of the 06

unite of mevaloniec acid to carboxylated long chain intermediates,
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with subsequent decarboxylation, or by first decarboxylation
to a Cg unit which would then polymerise. That the latter is
indeed the case has been demonstrated botk by Bloch.s3 and by
Lwnensh.

The formation of squalene from mevalonic acid was found
to require the presence of a yeast or liver enzyme, adenosine
triphosphate (ATP), a divalent metal cation and either reduced
di- or triphosphopyridine nucleotides (DPNH or TPNH). In the
55

absence of the reducing agent, Tchen isolated the S5-mono-
phosphate of mevalonic acid and confirmed its identity by syn-
thesis,

The monophosphate, on further incubation with a yeast
enzyme fraction, ATP and the mangunese cation, ylelded a di-
phosphate, mevalonic acid-5-pyronhosnhate which again required
phosphorylating conditions (enzyme, ATP, and a divalent cation)
for conversion to yet another productsh’56.

The third product was shown by Lynensu to be 1sopentenyl
pyrovhosvohate (lj) and confirmed both by degradation and by
synthesis. Lynen further converted the lsopentenyl pyrophos-
phate to farnesyl ovrophosthate (5) using only a yeast enzyme
and the magnesium cation., In the presence of a reducing agent
(TPNH or DPNH) as well as the cation and enzyme, all of the
above precursors were efficiently converted to squalene,

In a later study, Bloch53 showed that the decarboxylation
of mevalonie acid-S5-pyronhosrhate to isopentenyl pyrophosphate
requires the participation of ATP and that the four products,
isopentenyl »rrorhosphate, adenosine diphosphate (ADP), carbon

dloxide and orthophosnhate are formed at the same rate and with-
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out an observable time lag. The two phosphorus atoms of mevalonic
acid pyrophosphate are retained in the isopentenyl pyrophos-

phate as shown by incubating a P32 doubly labelled pyrophos-

phate and unlabelled ATP, when the inorganic phosphate produced
was alone unlabelled.

The mechanism of conversion proposed by Bloch.’*8 and by
LynenSu involves phosphorylation of the tertiary hydroxyl group
of mevalonic acid pnyrovhosphate, followed by concerted decar-
boxylation and elimination of the tertiary 3-orthonhosphate
group. LynenEh further proposes that in the conversion of 1so-
pentenyl pyrophosphate to farnesyl pyrophosphate, the first
gtep is migration of the double bond into the trisubstituted
position followed by cleavage of the C-0 bond to yleld pyrophos-
phate and an allylic carbonium lon which reacts with a second
molecule of lsopentenyl pyrophosphate to give directly geranyl
pyrophosphate, Thls mechanlsm, although supnorted by Bloch's
I‘:I.ndingl"8 that conversion of mevalonic acid to squalene in a
deuterium oxide medium causes uptake of two deuterium atoms,
presumhbly during migration of the double bond, is in accord
with Arigoni's 1:@31111;51’"’9 (see p.!9) only if the free allylie
carbonium ion is not invoked, as this would cause racemisation
at the mevalonic acid 3-position, This difficulty is readily
overcome by postulating either that the carbonium ion remains
firmly attached to the enzyme surface until it reacts, or that
the cleavage of the C-phosnhate bond is simultaneous with nuc-
leophilic attack by the double bond of a second molecule of

isoventenyl vyrophosphate,
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Geranyl pyrophosphate, although postulatedsh as an inter-
mediate, has not yet been identiflied among the reaction products,

The recent discovery of the C,¢-farnesol carboxylic acid
(16)57 produced by incubation of 2-Clh-mevalonic acid with rat
liver enzyme in the absence of microsomes, is not in accord with
BXoch's conclusion that the decarboxylation precedes the joining
of the lsoprenold fragments. Since over 60% of the labelled
mevalonic acid is converted to the 016-acid, it cannot be on a
side path un-connected with sterol formation, The acid, however,
1s only poorly converted to sterols on incubatlion with rat liver
homogenates, To explain this, Og11v1957 suggests that the true
intermediate is converted to (16) during the extraction pro-
cess, Formation of (16) from unlabelled mevalonic acid in the
presence of clhoz does not cause incorporation of labelling, so
the carboxylation does not take place at the farnesol stage, but
must be due to lncorporation of a mevalonlc acid unit without
prior loss of its carboxyl group.

The only sbage remaining to be discussed is the conversion
of farnesyl pyrophosvhate (5) to squalene (1), This step re=-
quires TPNH, a metal cation (Mgt or Mn*™), water insoluble
yeast or liver fractions (eg. cell wall material) and an enzyme5h*58
The coupling takes place with exchange of two hydrogen atoms
between the aqueous medimm and the two carbon atoms which be-
come linked to form the central bond of squalene, If the coupling
is conducted in a medium of deuterium oxide, two deuterium atoms
are incorporated. On ozonolysis of ®qualene so formed, the

deuterium is found only in the succinic acid fragment arising
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from the central four carbon atomshﬂ. It is not yet kmown 1if
the two methylene groups of the succinic acid each have one
deuterium substituént, or if one methylene group has both. At
least, coupling mechanisms such as (17) involving the double
bonds of the farnesyl chains, can be ruled out, as they require
incorporation of deuterium at positions other than the two cen-
tral carbon atoms,

Although the general pathway of steroid biosynthesis i1s
now known, much remains to be investigated. Bloch58 has esti-
mated that there are at least twenty additlonal steps, as yet

unknown, between mevalonic acid and cholesterol.

Structural correllation

Such of the above results as were then avallable were used
by Buzicka9‘11 in his comprehensive scheme for the biogenesis
of triterpenoids, Ruzicka first considers the formatlon of the
symmetrical tetracyclosqualene (18) and the tricyclic aleohol
ambrein (2) by separate proton attack on the two ends of the
coiled molecule. By oxldative attack, this mechanism explains
the formation of x-onocerin (19). Ruzicka's original proposal
of 0H®as the initiator must be modified in view of Bloch!'s
demonstration31 that oxygen activated by an enzyme, rathef than
water, causes the cyclisation.

Stork and Burghstahler'59 point oub a fundamental distinc-
tion in the cyclisation of monocyelic dienes such as (20) and
acyclic trienes such as (21), Ring closure of the monoc&clic

diene by concerted trans attack on the cyelic double bond by
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a proton and by the nucleophilic carbon atom of the second
double bond should lead to a cis decalin derivative (22).
Concerted cyclisation of the triene (21), on the other hand,
could lead to a prans decalin (23).

On treatment of farnesic acld with mild acid in vitro,
three crystalline bircyclic carboxylic aclds were obtalned 59.
The trans conflguration of the ring junction in all three pro-
ducts has been establishedéoz they differ only in the posi-
tion of the double bond, and the orientation of the carboxyl
group, One of the acids, on reduction of the earboxyl group,
gave racemic drimenol (2&)61.

Both the known trans fusion of rings A, B, and C of pen-
tacyclic triterpenoids, and the finding that there is no ex-
change of hydrogen between squalene and the aqueous medium
during in vivo cyclisation suggest that it 1s a fully concerted
process,

Ruzickalo’ll

lists four assumptions on which his bilogene-
sis scheme is based.

1, The squalene molecule shall react with the four central
double bonds in the trans-configuration.

2. The cyclisation shall take place with the squalene molecule
already folded into the conformations of the boat and chair
rings about to be formed.

3. The cyclisations shall occur in the usual trans addition
manner,

k. Wagner-Meerwein rearrangements and 1:2 eliminations shall

occur only when this is permitted by the stereochemistry of the

system,
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For the sake of simplicity, carbonium ions are shown in
the diagrams, although Ruzlcka throughout his papers uses the
more probable carbonium ion-double bond Tr-complexes which also
1mpl& retention of configuration at the "carbonium ion" shown,

Both Ruzickalo’11 and Stork59 recognlised that different
cyclisatlon paths are necessary to arrive at the pentacyclic
and euphol- and dammar-type tetracyclic triterpenoids on the
one hand, and the lanosterol group and steroids on the other,

The former groups are obtained by cyclisation of squalene
with the first four potential rings in the chalr conformation
to give the tetracyclic carbonium ion (25).

Direct addition of OHY to (25) gives the dammarene diols62
(26); by stereospecific migrations of hydride and methyl groups
with removal of a proton from C(9), the lon (25) 1s converted
to euphol.

Ring expansion of (25) to (27) and further cyclisation
lead to the lupeol group exemplified by lupeol (29) itself.

Rather than lose a proton, the pentacyclic precursor (28)
of lupeol may undergo ring expansion to (30). Removal of tﬁe
06(18) proton gives directly germanicol, while by a series of
h&dride silfts terminated by removal of the C(12) proton, V—
amyrin (31) is formed. A more extended series of stereospecific
hydrlide and methyl shifts leads to the unusual skeletons of
taraxerol, alnusenone, and ultimately friedelin (32)., Tarax-
~asterol (33) can be obtained from (30) by migration of the

C(29) methyl group to the C(19) carbbmifm ion, and removal
of a proton from G(30).
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The pathway to the o~amyrin group originates in (27)
or (28) which, by cyclisation or ring enlargement respeétifely,
givé (3@). Methyl migration from C(19) then gives the correct
skeleﬁon and the carbonium ion propérly placed for hydride
migration to leave the double bond in the common 12-position
(35).

Cyclisation of squalene in an alternative conformation
provides the intermediate carbonium ion (36) from which lan-
osterol and the sterols are derived . It 1s of interest that
formation of (36) requires that both the potential rings B
and D be in the boat form in squalene before the all-trans
eyclisation begins,

The diversity of known triterpenoids is caused by later
oxidation at various points on the skeleton. A most common
site for oxidatlon in pentacyclic triterpenes is the C(27)
angular carbon atom which is found in all states of oxidation,
methyl, alcohol, aldehyde, and, frequently, carboxylic acid.
Djerassi63 has observed that in cactus triterpenes, oxygenation
of the skeleton other that at C(3) 1s confined to rings C,

D, and E. No exception to this'has yet been discovered,
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Elucidation of Structures of Some Triterpenolds

Tetracyclic triterpenoids

Lanosterol (0305500) and agnosterol (CBOHhBO)'

The elucidation of the structure of lanosterol has been
surveyved by Halsalléh, Barton65, and Gascoigneéé.

The early work by Wieland, Windaus, Marker and their
co-workers established the presence of a secondary hydroxyl group
and two double bonds, only one of which could be hydrogenated;
lanosterol is therefore tetracyclic. Oxidative fission of the
reducible double bond ytelded acetone, establlishing the pre-
sence of a lsopropylidine group. Ruzicka, Jeger, and their
co-workers began work on the problem in 19lli; they found that
the main product on selenium dehydgggion of the natural mixture
of lanosterol and its di-hydro - and dehydro-derivatives 1s
1:2:8-trimethyl phenanthrene (37). The formatlon of this hydro-
carbon 1s in contrast to the formation of naphthalene and picene
derivatives by the dehydrogenation of pentacvcllic triterpenoids.
Dehydrogenation to (37) was subsequently found to be character-
istic of the tetracyclic tritermenoids, and provided valuable
evidence for the ring structure of lanosterol and other members
of the group., The close relation of agnosterol (38) to lanosterol
(6, R=H) was revealed by the oxidation of dihydrd-lanosterol
to dihydro-agnoster0167. Both agnosterol and its dihydro com-
pound exhibit ultra-violet absorption at ) max. 214.3m/u, indicat-
ing the presence of a heterocannular conjugated diene, Agnoster-

ol, like lanosterol, yields acetone on ozonolysis,
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The presence of the common 3(3-hydroxy—u:h-dimethyl
system in ring A was established by the standard reaction
sequence of phosphorous pentachloride rearrangement of 2l -di-
hydrolanosterol to (39), cleavage of the double bond by ozone,
or by hydroxylation with osmium tetroxide followed by cleavage
with lead tetra-acetate yielding acetone and a trisnor ketone
(4,0) which showed the infra-red absorption of a cyclopentanone,
Oxidation of the original alcohol gave a ketone shown by 1ts
infra-red spectrum to be in a six-membered ring.

Oxidation of 2li-dihydrolanosteryl acetate with chromie
acld gives a yellow diketo derivative (ul)bcontaining the group-~
ing - CO -C=C -CO0 -~ in the fully transoid arrangementéa.
Further oxidation with selenium dioxide affords successively
(42) ana (43) (R=ae).

 The relationship between the secondary hydroxyl group and
the unsaturated system of (AB) was demonstrated by the fact
that the phosphorous pentachloride rearrangement of the alcohol
((43), R=H) affords a compound (4li) in which the conjugation
ﬁas been extended., Cleavage of the o -diketone in this com-
pound gave a dicarboxylic acid, the ultraviolet absorption of
which is consistent with the chromovhore (l5).

Considering the evidence thus far presénted, together
with the apparent absence of a replacable o =hydrogen atom in
(43), the partial formula (j6) for lanosterol could be deduced.

The nature of the secondary octyl side chain was first demon-

strated by stepwise degradation of the trisnor-acid (I47), and

confirmed b7 the isolation of 6-methyl-heptan-2-one from chromie
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acid oxidation of lanostenyl acetateég. On degrading the
diphenyl diene (4j8) via the methyl ketone to (L49), infra

red evidence suggested that the ring D of lanosterol was
five-membered7o. This was confirmed71 by vigorous chromic
acld oxidation of 3:7:11 - triacetoxy lanostane and lsolation
of 3:7:11 triacetoxylanan -17 -one (50),

Evidence for the attachment of the side chain at the
¢(17) non-isoprenoid position was proved by degradative72 and
X-ray73 studies, Barton having previously shown that the attach-
ment was at either C(15) or C(17) rather than C(16) since the
ketone group in (50) is flanked by only one CH, groupég.

Barton, Woodward, and their collaborators7lL have reported
the conversion of cholesterol to lanosterol and agnosterol.
Taken in conjunction with the total synthesis of cholesterol75,
this constitutes the formal total synthesis of lanosterol and
agnosterol, The stereochemistry of lanosterol (6) was deduced
from molecular rotation considerations and from the high degree
of steric hindrance shown by an axial hydroxyl at C(11), and
is confirmed by the X-ray analysis73 of lanosteryl lodoacétate
and by the total sgmthesis'™

Onocerin (C3OH5002).

The structure (19) has been assignnd76 to d«-onocerin
( X-onoceradiene diol) on the following evidence,

Ozonolysis of X-onocerin yielded a bisnordiketone which
on reductlion and selenium dehydrogenation yielded 1:5 dimethyl

naphthalene. - Selenium dehydrogenation of onocerin itself gave
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1:2:5 trimethyl naphthalene in good yield,

Hydrogenation of the vinylidene groups followed by oxida-
tion led to a diketone shown by bromination to have four re-
placeable hydrogen atoms, Dehydrobromination of the tetrabromo
diketone (51) afforded a bigs-monobromo-enone (52) whiech had a
characteristic ultra-violet absorption, The presence of two
of the normal triterpenoid ring A groupings was shown by the
formation of a bis - retro pinacol product (53) from bisnor -
onocerane dione diol.

Removal of either of the hydroxyl groups of onocerin
affords the same deoxy compound, and demonstrates the unigue
symmetry of the molecule,

Treatment of of=-onocerin (19) with acid gives first ﬁ-
onocerin (5l, R=0H) and under more forcing conditions Y-onocerin
(55, R=0H), both of which are isomeric with « -onocerin.

“' Y-Onocerin reacts with hydrogen peroxide in acetlc acid
to glve a monoketone (56), saturated to tetranitromethane and
showing infra red absorptlon characteristic of a cyclo-hexanone.
The presence of only one double bond in x-onoceriﬁ indicates
that it 1s pentacyclic, -The rate of oxidatlion of the double
bond is similar to that of G—amyrin, and the derived ketones
are similar in their resistance to mild Wolff-Kishner reduction,
although both can be reduced under forcing conditions,

Bromination of dihydroxy -Y-onoceran - 1l - one (56)
followed by dehydrobromination yields a conjugated enone (57)
similar in its ultra-violet spectrum to the ring C enones‘of'ths
amyrins, The ring C enone in the oprosite sense was obtained

by oxidation of T-onocerin diacetate (55, R-0Ac) with chromium
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trioxide, and subsequent hydrolysls of the acetate groups. The
enones obtained by the two methods were found to be identical,
showing that the symmetry observed in d-onocerin is retained
in the - series76.

The enone, on reduction to the allylic alcohol and de-
hydration gives a conjugated homoannular diene (58), having
an ultra-violet chromophore (7 max. 281~7u) characterlistic of
the ring C homoannular dienes of the amyrins,

The symmetr; of the ~~onocerane skeleton requires that
the 8 and 1l methyl groups should be anti with respect to each
other, The strong positive rotation of the homoannular dilene
( EX}D+227°) is normal for ring C dienes in the « - and G-amwrin
éerieé, and implies a similar stercochemical environment, i.e.
8(3- and 1y« -methyl groups. The 8:1li - diketone (53) derived
from X -onocerin does not invert at position 9, even with rigor-
ous alkaline treatment, so the stereochemistry at the 9 position
must be as shown (19).

The absolute cénfigurations of the o ~onocerin at positions

3, 5, and 10 have been established77 by degradation of both

abietic acid (59) of known absolute stereochemistry, and G-onocer-

adiene (5}, R=H) to a cmmmon monocyclic dicarboxylic acid (60).
The 3 - hydroxyl group was shown to be trans to the 5 - hydrogen
by the ready formation of the dilactone (61).

F—Onoceradiene (5L, R=H) has been‘syhthesized78 by electro-

lytic coupling of two bicyclic fragments (62) followed by dehy-
dration, m



3%a




36

G-Onoceradiene has been converted to (~onocerene (55, R=H),
constituting the first total syntheses of these two compounds,

< ~-Onocerin is the first lmown representative of a class
of pentacyclic triterpenoids predicbted by Ruzickall. It!'s
carbon skeleton and configuration in rings A to D 1is the'same
as in the major classes of pentacyclic triterpenoids; the occur-
rence of an oxygenated substituent at C(21) is unusual, only
three other examples, machaerinic acid79, treleasegenic acidﬁo,

and aescigenin81 being known,

Pentacyclic Triterpenoids.

In this review the cyclopropane compounds cycloartenol,
cyclolaudenol, and cycloencalenol have not :been included because
of fheir close relationship to the tetracyclic group.

The better lknown pentacyclic triterpenoids, grouped accord-
ing toxtheir carbon skeletons, are listed in Tables 1 to l.

Whereas Jegeraa, in 1950 was able to cléssify the penta-
eyclic triterpenoids of known structure into three major groups,
the rapid advance in knowledge is 1llustrated by the fact that
we now recognise nine groups - derivatives of oleanane (63),
ursane (6l.), lupane (65), taraxastane (66), taraxerane (67),
bauverane (68), alnusane (69), friedelane (70), and hopahe (71,
R=R'=0H). Hydroxyhopanone (71, R=0, R'=0H) and zeorin (72)
beléng to a family related more closelj to the artefactuxgonocer-
ane (73), than to any of the natural classes,

In elucidating the structures of pentacyclic triterpenoids,
a number of techniques have found wide application., Of these,

the type most important is dehydrogenation with selenium or
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palladised charcoal. Unfortunately, pentacyclic triterpenocid
molecules have a strong tendency to undergo rupture into two
main fragments, when submitted to dehydrogenation, and only
minor gquantities of aromatic products characteristic of the
whole carbon skeleton are formed. The main dehydrogenation
products have been found to be 1:2:3:lL - tetramethyl benzene
(7l4), 2:7 - dimethylnaphthalene (75), 1l:2:7 = trimethylnaphthal-
ene (sapotalene) (76), 1:2:5:6 - tetramethylnaphthalene (77),
1:5:6 - trimethyl-2-naphthol (78), all of which arise from
rupture of the molecule, and 1:8 - dimethylpicene (79, R=H)
which represents the original pentacyclic system. The more
important data are summarised86 in Table 5,

In the formulae (5l) to(59) inclusive, the origin of the
dehydrogenation products is 1ndicated by lettering the rings
from A to E., The formation of (7l) and (77) from rings A and
B of the triterpenoid skeleton is considered to take nlace by
a pebbopinacolic rearrangement involving loss of the ubiquitous
C{3) hydroxyl. This hydroxyl is preserved unchanged in the naph-
thol (78). A very important dehydrogenation product is 2-Hydroxy=
1:8-dimethylpicene (79, R=0H) as this preserves the pentacyclic
ring system as well as the hydroxyl at C(3).

The oxygen funection in ring A is usually present as a
3 B -hydroxyl with a gem -~ dimethyl group at l, (80)s ILess
comunon is a 3-ketone, or a 34& -hydroxyl group. ﬂDehydration of
the 3-hydroxyl group follows one of two paths, depending on the
stereochemlistry at the 3 position.



Table 1.
Compound
Alcohols
@-amyrin
S-amyrin
germanicol
maniladiol
erythrodiol
soyasapogenol C
soyasapogenol B
primulagenin A
longispinogenin
chichipegenin
aescligenin%
soyasapogehol A
barringtogenol

Aq-barrigenol

Acids
X-boswellic
oleanolic (7l)
morolic

sumaresinolice

Oleanane derivatives,

-0H

36

3¢

o
3@:16@
36:28
3@=2h
3@:16:2u
3@:11«:28
3?:16?:28

3@:166:22:28
3@:22?:2&:28
3v:21:22:2u
2«:%3:23:28
3:15«:166:27:28

3%
3
3
e

echinocystic (98) 1?16K

cochalie
siaresinolic

machaerinic

Ferbe
3&19&
Faf

*16:21 ~ether.

Cc=C

12
13(18)
18

12:15
12
12

12
12
12
12
12

-002H =0

28
28
28
28
28

28

38

References

82,87

88

82

82, 89,90
82

91

91. .
82,90

. 90,92

93
81

0

94,101
95

82,96
82,89

97

82,98
82,89,90
99

82,89

79



# lactonised to 15
' angelate ester,

Xy

33k ~dimethacrylate ester,

~hydroxyl.

Compound -0H =C
Acids (Continued)
hederagenin 3%23 12
queretaroic 3?30 12
arjunolic 2:3:23 or 2l 12
dumortierigenin 3@1%#22@ 12

- treleasegenic 36:216:30 12
myrtillogenic 3@:16@:28 12 -
entagenic 3:15:16 or 12

3:21:22
bassic 1:3:23 or 2k 5(2):12
terminolic 2«:36:66:23 12
medicagenic 29:%} 12
barringtogenic 2«:%? 12
Ketones and aldehydes
oleanolic aldehyde 3 12
glyeyrrhetic acid 3? 12
machaeric acid 3@ 12
gypsogenin 3@ 12
gummosogenin 3?:166 12
quillaic acid 3@:16« 12
%antadene A 22@' 12
rehmannic acid)

1antadehe B ' 22R:=¢ 12
icterogenin .ggetggu 12
gratiogenin

3?19«:29 or 30 12

39

-002H =0 References

28 82,96
28 100
28 101
28 102
28 8o
29 103
28 104
28 82
28 101,105
23:28 106
23:28 9h,101
28 107
30 11 82,108
28 21 19
28 23 82,96
28 92
28 23 82,109
28 3 110,111
28 3 112
28 3 113
21 114



Table 2, Ursane derivatives.

Compound -0H 6=C
A=amyrin 3% 12
brein 3%, 21 or 22 or 16Q 12
uvaol 3@,28
@-boswellic acid 34 12
ursolic acid 3? 12
ursonic acid 12
asiatic acid 2&,3@,2& 12
quinovic acid 3G 12
phyllanthol 3@ 13:27=-
‘ cyclo

Table 3. Lupane derivatives,

Compound -0H Cc=C
lupeol 3% 20(29)
betulin 3@:28 20(29)
betulic acld 3@ 20(29)
thurberogenin 3%:19 ' 20(29)
stellatogenin 3@:19:20

melaleucic acid 3P 20(29)

# 19(28) 1act§nes.

27,28

Co H

28
28%
28%
25:28

1o

References
115

116

117

118

117

119

106
120,221
117,122

References
123

82,123
82,123

12l

125

126



Table L. Other Natural Triterpenoids.

Compound References
taraxzasterol ‘127
*-taraxasterol 127
}-taraxastane a1sl 128
taraxerol 129
taraxerene 130
calendenol 131
bauerenol 132
friedelin 133,134
cerin 135
hydroxyhopanone 83,84,85

oxyallobetul-2-&nf 136




Triterpenoid

ol- and -
amyrins

quinovic acid

friedelin

gypsogenin

hederagenin

leucotylin

oleanolic acid

siaresinolic aecid

sumaresinolic acid

ursolic acid

zeorin

Table 5.

Dehydrogenation products.

(7h), (75) (76),(77),(78),
(79, R=H)

(79’ R=H)
(76), (79, R=H)
(75)’(76)9(78)9(79’ R’H)

(7l4), (75),(76), (78),
(79, R=H)

)s (75) (76),(78),
79, R=H)

)s (76),(77), (78),
J rem)

), (75), (76),(77),
(7%), (79, R=H)

(7

{73,
(7l
(79

(75), (76),(79, R=H)

Other products,

( 79’ R=OH)

Coetag or Caghizg
mp 167°
allyleyclohexene

1:2:8-trimethyl
phenanthrene,

mp 117-118°

1:2:6-trimethyl
phenanthrene,

1:2:5=-trimethyl
naphthalene.

OpgHy), mp 143°

CZSHéh,mp 1h3°

1:2:5=-trimethyl
naphthalene,
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Treatment of BE-hydroxy-h:h-dimethyl triterpenoids (80)
with phosphorous pentachloride in inert solvents causes dehydra-
tion with rearrangement as shown in (80) to (82). Cleavage of
the double bond by conventional methods gives acetone and a
Coop ketone showing infra red absorption at about 1740 em™!
characteristic of a cyclopentanone, This method has success-
fully been applied to a Of-amyrin (as -amyradienone), lupanol,
oleanolic acid 18-iggflactone, and quinovic acid dimethyl ester
notably by Ruzicka and his co-workerslBe.

3o{=-hydroxy-l :li-dimethyl triterpenoids, having a ZP(axiali-
hydrogen atom trans to the 3Q(axial) hydroxyl group, do not ”
rearrange on dehydration, and merely glve a dimethyl cyclohexene
derivative (83),

To determine the configuration of hydroxyl groups at other
positions in triterpenoids, use can be made of the fact that in
reduction of ketones by dissolving metels, comnonly by sodium
and isopropanol, the thermodynamically more stable (equatorial)
alcohol 1is obtainedlBB. Reduction of unhindered ketones by
lithium aluminium hydride gives the equatorial alcohols; highly
hindered ketones are reduced to the axial alcoholslBg. Hindered
axial alcohols are oxidised more rapidly than unhindered equator-
1al ones by chromium trioxide in acetic acidluo, and are ester-
ified, or the esters hydrolysed, less readily87.

Mention will be made later of the use of the method of

molecular ortation differences. In essence it depends on the
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observation that the changes in molecular rotation of a serles
of derivatives of a group in a molecule are characteristic of
the immediate dnvironment of the group. The derivatives most
cormonly employed are alcohol, acetate, benzoate and ketone,
This method has been of considerahle value in determining the

absolute configuration of the triterpenoidslhl.
The Oleanane Group. (see Table 1.)

Since the appearance of the recent series of papers on

63,106,

cactus triterpenoids by Djerassi the oleanane, or @-amw-
rin group, already the largest, has lncreased to forty three
naturally occurring compounds., The remaining groups together
contain only twenty six members of known structure,

The elucidation of structures in the oleanane group was
done by inter-relation of the members, and degradation where
there was a functional group in a sultable position for entry
into the carbon skeleton., Tables of the inter-relations have
been presented by Bartonsé.

The ethylenic linkage present in the oleanane group of
triterpenoids is resistant to hydrogenation., Its presence has
been shown by titration with peracids, by the colour with tetra-
nitromethane, and by the ready lactonisation of those members
of the group which bear a carboxyl group in the 17-position,
This ease of lactonisation has been employed to proteet the
ethylenic linkage in ring C of the skeleton while carrying out

oxldative degradations in rings A and B. Such degradations have
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been of importance in proving the structures of these two rings

in the oleanane and ursane groups.
Oleanolic acid.

The chemistry of oleanolic acid (8l) occupies a position
of special importance in the formulation of triterpenolds of the
oleanane group. This 1s because of the relative ease with
which it has been possible to degrade the molecule into two
halves,

Oleanolic acid 0305'1!_803 was first extracted from adlive
leaveslhz, and has since been isolated from a variety of sources,
Under mild conditlons acetylation of oleanolic acld gives a
monoacetate, The presence of a carboxyl group 1ls shown by
methylation with dlazomethane. The methyl ester cannot readily
by hydrolysed, showing that the carboxyl group 1s hindered,
Oleanolic acld gives a yellow colour with tetranitromethane
showing it to be unsaturated., Titration with perbenzolc acid
gives a saturated monoepoxide. The presence of a single double
bond was confirmed by the formation of a saturated lactone on
treating oleanolic acid with acid, To explain the ready forma-
tion of the lactone the double bond must be (Zr-or ré - to the
carboxyl group., From infra red evidence, thé lactone 18'r;

The original double bond was shown to be resistant to catalytic
hydrogenation, Oleanolic acid is thus a monohydroxy acid con-

taining one double bond, and must therefore be pentacyclic,
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The eludication of the ring structurse began with the
dehydrogenation studieg carried out by Ruzlcka and his co~workers..
selenium dehydrogenation ylelded the aromatic compounds;ﬁimﬁ
to (79, R=H). The same products, with the exception of the
tetramethylnaphthalene (7l) were obtained by palladium dehydro~-
zenation; it was therefore probable that oleanolic acid has: a.
reduced picene skeleton.

Oxidation of the acetate of oleanolic acid (8l) with chromfie
acid leads to the formation of a lactone dicarboxylic acid (185,
R=0OAc, R'=H) in which ring C has been splitlu3. Conversiion to
the 3-ketone-12-monomethyl ester (85, Re0, R'=Ms) followed by
pyrolysis gave a C1),Hy,0 ketone (86). Reduction to the corres-
ponding hydrocarbon and dehydrogenation furnished 1:6-dimethyl-
naphthalene (77). The other half of the molecule was found
as the unsaturated methyl ester (88) which was hydrolysed and
dehydrogenated to 2:7-dimethylnaphthalene (75). A hydrocarben
(79) wes also produced in the reaction, and gave 2:7-dimebhyle-
naphthalene on dehydrogenation,

Pyrolvsis of the dimethyl ester corresponding to. (85, ReQ)
furnished, among other products a keto-acid methyl ester (90.)
which wns reduced to the corresponding saturated acld methyl
ester (91), This saturated acid was also obtained by degradation
of awbrein (2). Since this in turn has been correlated with
manool, which has been related to dehydroabietic acid (92) this
constitutes a proof of the structure of rings A and B in olean-
olic¢ acid (8ly), and thus in the group of terpenoids related to

oleanclic acid,
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Ruzickalhh'also examined the non-ketonic fraction produced
in the pyrolysis of the dimethyl ester of (85, R=0). This
consisted of a mixture of mono- and di-unsaturated esters, hydro=-
lysed by alcoholic potassium hydroxide to a mixture of acids
which, on selenium dehydrogenation zave a mixture of 2:7-di-
methyl naphthalene (75) and the lmown trimethyl tetralin (93).
Palladised charcoal dehydrogenation of the mixture of esters
referred to above afforded, after hydrolysis, the acid (9&),
which has not yet been synthesized, The ultra-violet spectrum
corresponds very closely to that of 2:3:6-trimethylbenzoic acid.

The relative positions of the ethylenic linkage and the
carboxyl group were decided mainly on the basis of the following
evidence. Oxlidation of the methyl ester acetate of oleanolic
acid (8l) with selenium dioxide gave a substance analysing as

C33Hh6°6’ for which the formula (95, R=CO,Me) was proposedlus.

2
The structure was substantiatedlu6 by stepwlse introduction of
the keto groups and double bonds, In agreement, the acld pro-
duced by alkaline hydrolysis lost carbon dioxide on heating to
give (95, R=H), which was capable of forming a pyridazine de-
rivative on treatment with hydrazine, The ready formation of this:
derivative implies a 1l:lj-arrangement of the two keto groups.
Further oxidation of the diene dione (95, R=002M9) by chromic
acid furnished an oxido compound formulated as (96), for, on
drastic alkaline hydrolysis, a nor-acid containing a 1:3 diketone
grouping (97) is obtained.

| The formation of the diene-dione grouping, as in (95)

oy selenium dioxide oxidation is characteristic of the olean-
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13(18)-ene double bond environment, or of substances which can
readily be rearranged to olean-13(18)-ene derivatives. Ursane
derivatives cannot be oxidised to diene-diones of this type,
and since the characteristic ultra-violet triple maximum makes
its detection easy, this is a con?eni;nt way of distinguishing
between ursane and aleanane skeletons,

The stereochemistry of rings A and B in oleanolic acid
follow from its degradation to the ester (91) as described on
De 4L, and from the retro-pinacol reaction p.4* ., Barton and
Holness®? showed that the :ia':'iomeiriation of methyl-1l-keto-olean-
olate acetate (98) could be brought about by alkali as well as
by acid, and that it involved inversion at C(18) by enolisation,.
The possibility that the isomerisation had taken place at C(9)
could be excluded since it had been shownl""7 that the €¢(11)-
carboxyl group of the degradation orpduct (85, R-AcO) is ?-
equatorial and hence the B/C ring junction'is trans., This 1is
supported by the observation that the dilenone (99) could not be
isomerised under the conditions used by Barton and Holness.
Both (98) and its C(18) epimer could be reduced by sodium in
alcohols to the same diene (100). This and other evidence sup-
ports the conelusion that rings D and E must be cis fused in
oleanolic acid, Formation of the lactone of oleanolic acid is
accompanted by inversion at C(18)89. The conclusions of Bartonsg,
and Klynelhl enabled configurétions to be assigned to all the
asymanetric centred of oleanolic acid (8&). An X-ray investiga-

tlon of methyl oleanolate iodoacetate has also been carried outlus’

and supports the structure (8l).
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Icterogenin,

Barton and de Mayoll3 have summarised the literature on
icterogenin, the physioclogically active compound isolated from

Lippia rehmanni and responsible for jaundice and photo-sensi-

tivity in sheep. They showed that icterogenins A, B and C are
merely different crystalline or solvated forms, and hence ren-
dered unnecessary these distinguishing letters,

Icterogenin (101), 03555206’ was shown to contain a carboxyl
group, a reactive carbonyl group and a hydroxyl group. The two
remaining oxygen atoms are contained in an Cie-unsaturated lac-
tone or ester as was shown by the ultra violet maximum at 212?w-.
Hydrogenation using palladium saturated only the double bond
conjugated with the ester carbonyl. With platinum in acetie
acid, the benzene ring of the methyl ester benzoate, and the
carbonyl group were also reduced. Perbenzoic acid titration
of this showed that one double bond remained.

The relative positions of the carbonyl group and the free
hydroxyl were shown by treatment of icterogenin and its deriva-
tives with cold alkali, when formaldehyde was eliminated. This
was shown to be analogous to the behaviour of methyl hederagon-
ate (102) which forms methyl hedragonate (103) on similar base
treaément. Furthermore, the colour given by icterogenin in the
Zimmermann test was identical with that given by hederagonic
acid and its derivatives, The keto group was therefore probably
at C(3) and the presence of the grouping ~CHp~-C0-C-CHo0H was

indicated., This was subsequently confirmed.
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Vigorous alkaline hydrolysis of icterogenin afforded tiglic
acid, but on pyrolysis angelic acid was 1solated, indicating
that this acid was present in the original unsaturated ester
grouping, but was isomerised by the alkall, Chromic acid oxlda-
tion of the non-volatile hydrolysis product (10l) yielded an
unstable diketo acid which lost carbon dioxide on warning in
benzene solution to give a dkketone C28Huh92‘ This indicates
that the secondary hydroxyl group freed by hydrolysis 1s @'to
the carboxyl group. The methyl ester of the diketo acid forms
an isomeric, and more stanble diketone GZBHLLOZ on treatment with
alkalli, Neither of these diketones is identical with the com-
pound (105) obtained from quillaic acid, and hence the angel-
oyloxy‘group must be present at C(22) rather thanC(16)., Its
configuration is considered to be 22€-axia1 because of 1ts marked
resistance to hydrolysis and the resistance of the corresponding
hydroxyl group to acetylation. The diketones CZBHﬁhpz are pre=-
sumably isomeric at C(17) which can therefore have no more than
one hydrogen atom. The carboxyl group must therefore have been
tertiary. This is confirmed by the resistance of the methyl
ester to hydrolysis. The formation of a bromolactone (106)
showed the relative positions of the carboxyl group and the double
bond,

The remainder of the constitution of icterogenin (101)
was demonstrated by hydrogenatiop of the compound C3°Hhh93 |
obtained by elimination of formaldehyde and angelic acid from
lcterogenin methyl ester, which gave methyl hedragonate (103),

This est2blished the structure of icterogenin excevt for C(u).
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The configuration at C(l) was determined by pyrolysis
of icterogenin methyl ester benzoate, hydrogenation and re-
oxidation which gave a hexahydrobenzoate differing from the
corresponding derivative of methyl hederagonate, although both
formed methyl hedragonate on treatment with alkali., Molecular
rdtation differences also support a G(axial) configuration

for the hydroxymethyl group at C(L.).
Rehmannic acid.

In the extraction of icterogenin from Lipplia rehmanni,
Barton and de Mayoll3 isolated a second substance which they
named rehmannic acid (107, Reangeloyloxy). The identity of
this substance with the previously known Lantadene A1h9 forms
the second part of this thesislll.

Rehmannic acidllo 0383'5,205 was shown to be a keto acid
similar in infra-red spectrum to icterogenin, Pyrolysis of the
methyl ester ylelded angelic acid and an unsaturated compound
which could be hydrogenated to methyl oleanonate. This estab-
lishes that the original ketone is at C(3) and the carboxyl at
C(28) on an oleanane skeleton,

Vigorous alkaline hydrolysis of rehmannic acid afforded
a hydroxy acid (107, R=0H) which on oxidation to the diketo acid
readlly lost carbon dioxide, indicating that the hydroxyl group
had been G- to the carboxyl, and therefore at either G(16)
or G(22), The hydroxyl group could not be at position 16 be-
cause the derived nor-diketone was not identical with any of

the nor-diketones derived from echinocystic acid (108) in which
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the original hydroxyl group was known to be at 16, Further,

~ the diketo acid (107, R=0) derived from rehmannic acid gave

a methyl ester different from the corresponding diketo acid methyl
ester from echinoeystic acid (108). The ester grouping in
rehmannic acid must therefore be attached to C(22). Its con-
figuration (G:, axial) is based on comparisons of molecular

rotations with the icterogenin series,
Lantadene B,

This compound, from lantana camara 1s devold of the photo-

sensitising activity of lantadene A and icterogenin. Following
the work on the latter compound, its structure has been elucidatedllz

as (107, R=0.CO.CH=CMe After careful chromatographic puri-

2)0

fication it analysed for C and is therefore isomerlc

357%52%?
with rehmannic acid, Hydrolysis yielded 22(3-hydroxYoleanonic
acid (107, R=0H), The steam volatile fragment was identified
as(}e -dimethylacrylic acid. Thils acld was also eliminated

on pyrolysis indicating that lantadene B is (107, R =Ff-dimethy1-

acryloyloxy).
The ursane Group. (see Table 2.)

The reactions of the ursane group of triterpenoids are
in many cases similar to those observed in the oleanane group,
The ubiquitous 12 - double bond is, however, more sterically

hindered and considerably less reactive than the 12 - double bond
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in the oleanane gseries, This may be illustrated by methods of
preparing the corresponding oxides. Olean -12-ene derivatives,
on treatment with perbenzoic acid at room temperature give the
oxide, while urs-l2-ene remains unattgcked. The epoxidation
can be brought about by ozone. The saturated hydrocarbon,
oleanane, can be obtalned by Wolff-Kishner reduction of the
12-ketone; ursan-l2-one, on the other hand, cannot be reduced
to the hydrocarbon, nor can ketone derivatives be made. Ursane

150

itself has only recently been prepared by an indirect route
involving ursan-ll-one, The ursane and oleanane groups have the
same constitution in rings A, B, C and D, Reactions of the

groups involving only rings A and B are very similarlgl.

o/~Amyrin. (urs-lz-en-3€ -ol).

The structure of d-amyrin (109% has been established

only recentlyll5 152

s although it had been provosed , without
specification of stereochemistry in ring E, in 19,9,

The degradation of o -amyrin followed closely the methods
used on oleanolic acid. Preliminary reactions demonstrated
that o-amyrin, C3OH§OO’ is a mono-unsaturated alcohol, and
is therefore pentacvelic, The environment of the hydroxyl group
(109) was shown by the standard reaction sequence following the
fetré-pinacol reaction (80) - (82),

Cleavage of ring C was attained by nitric acid oxidation
of 3(§-acetoxy-ursan-12-one to the 11:12 seco-1ll:12-dicarboxylic

acid (110, R-AcO). Pyrolysis of the dimethyl ester of the
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corresponding ketone (110, R=0) gave a mixture of mono-unsat-
urated keto acid methyl esters which on hydrogenation and re-
oxidation furnished the keto-ester (90) identical with that '
derived in a similar manner from oleanolic acid. These experi-
. ments constitute a proof that rings A and B in the ursanol and
oleanol skeletons are identical, and that the A/B ring fusion
is trans. The non-ketonlc pyrolysis products, which must be
derived from rings D and E after catalytic hydrogenation, fur-
nished a methyl ester, which gave 1l:2:7-trimethylnaphthalene
(76) on selenium dehydrogenation.

| The size of ring C could not be decided from the above
experiments, but the infra-red spectra of the ll-ketone, the
12-ketone, and the conjugated enone, 1l keto « -amyrin (cf 98),
are consistent only with ring C being six-membered.

Spring and his collaborators153 drew attention to the
lack of knowledge of the stereoche iistry of X-amyrin derivatives
except in rings A and B. They showed that the configurationat
C(9) must be the more stable one, being unaffected by treatment
of fhe ll-ketone with alkali, and regenerated on hydrolysis of
the 9. (11)-en-11-yl acetate. They explained the fact that an
ll-keto-urs-12-ene derivative, unlike the correspording olean-
ene derivative (98) did not suffer inversion at C(18) with alkali
as being due to the stability of the configuration at §(18).
This they demonstrated by acid isomerisation of urs-13(18)-en-

3 @-yl-acetate to o -amyrin acetate proving that cx-amyrin has

the more stable configuration at C(18), and that, in contrast to
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the oleanene series, urs-l12-ene is more stable than urs-13(18)-
ene., Furthermore they showed that ursa-9(1ll):12-dienyl acetate,
ursa-11:13(18)-dienyl acetate and ursa-9(11):13(18)-dienyl
acetate are all converted by acid to olea-11:13(18)-dienyl
acetate, Better ylelds were later obtained with ursa 9(11):12-
diene-3-onel§h. Thus they concluded that the configurations

at ¢(8), ¢(9), c(1ly), and C(17) are the same as in oleanane,
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Jeger had reached the same conclusions about the configura-
tion of C(9) by comparison of the rotation changes in the ﬁr-
sane and oleanane series when the asymmetry at C(9) is destroyed,
on The bagis of similan ~aovianaements of the CUW)

and at C(1ly),methyl group in both series. Spring's establishment
that the methyl group on C(17) is (3 , together with the argu-
ment3156’157 in favour of a E-hydrogen at C(18) demonstrates
that the D/E junction is cis.

Consideration of the reason for the stubility of the D/E
cis ring junction, together with the pronounced hindrance of
the 12-double bond and the 12-keto group, and the fact that ring
E must differ from an oleanane skeleton, but be capable of re-
arranging to an oleanane trpe, led Spring153 to propose a five-
membered ring E with an attached i#opropyl group (111),

Jeger and Ruzickal58 pointed out that the transformation
of the ursadienes to an oleadiene could equally be explained
on the basis of the six-membered ring E (109) for o -amyrin,
and drew attention to the analagous acid-catalysed isomerisation
of lupene I. They also published detalls of the degradation to
(113) of the methyl ester (112) obtained by pyrolysis of an

159

% -aryrin derivative, previously reported in a thesis .
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The methyl ester of (113) was shown to yield iodoform from the
methyl group attached to C(19) and an acid which formed the
trimethyl ester (11lt). These degradation products could not
be explained on the basis of Spring's formula (111)., Infra-
red evidence both for160 and againstl61 Spring's formula was
published.

By comparison of derivatives of the ursane series with the
corresponding oleanane and 18« -oleanane compounds, Corey162
concluded that ursane resembles the oleanane (D/E cis) rather
than the 18 X -oleanane (D/E trans) series in its vehaviour and
hence must be cis, The greater stabllity of the c¢cis structure
could be explained if both the methyl groups on C(19) and C(20)
were equatorial (19‘3, 20 , 109), Isomerisation would then
require these groups‘to be forced into the unfavourable axial
configuration. It was also pointed out162 that a five-membered
ring E would inhibit the formation of ursolic lactone owing to
the increased strain which would be present in a trans pentalene
system, The fact that ursolic lactone 1ls even less strained than
oleanolic lactone and 18 X ~oleanolic lactone is shown by their
infra-red absorptionslél.

Conclusive evidence for the six-membered ring E structure
was provided by Jegerlls. The o -aayrin derivative (115) was
heated to 320° when scission of ring D occurred, probably by
a reverse Diels Alder reaction to give a monocyclic trimethyl

c¢yclohexene, Epoxidation and isomerisation with boron triflu-

oride yielded a laevorotatory trimethyl cyclohexanone (116) in
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which only C(20) of the original skeleton certainly retained
its original stereochemistry. Pulegone (117) of known absolute
stereochemistry was converted to the same optical isomer of
(116) establishing that ring E of ®-amyrin is six-membered
and that the 30-methyl group is K , as suggested by Corey162 (109).
Recently Corey163 has converted an oleanane derivative,d
glycyrrhetic acid to o-amyrin in such a way as to prove that
both the C(29) and C(30) are in the more thermodynamically stable

configurations as in (109),
Tupeol.

Interrelation of lupene and oleanane derivatives was
achieved by Jones and his collaboratorsléu, who showed that
1lup-20(29)-en-3-one (118, R=0) could be isomerised by 15% sul-
phuric acid in acetic acid to a compound which is 1dentida1 with
the acid isomerisation product of olean-l2-en-3-one (119),
Reduction of the latter with lithium aluminum hydride afforded
the kmown 5-a.myrenol (olean-13(18)-en—3(3-ol). This indicates
that rings A, B, C and D in lupene and oleanane are identlcal,
except perhaps for configuration at C(18),

Further confirmation of this was obtalned by the conver-
sion of methyl betulonate (120) to a saturated keto-lactone (121)
which was reduced by lithium aluminium hydride to a triol (122),
The latter with boron trifluoride and acetic anhydride, afforded
moradiol diacetate (123) demonstrating in addition, that the
stereochemical configuration at C¢(13) in lupane and oleanane are

identical.



Further study of the triol (122) showed that the hydroxyl
group at C(19) is axial, that the hydrogen at C(18) is trans
to it, and hence axial, while the hydroxymethyl.at c(17) must
be cis to it, and hence also axial, Rings D and E are there-
fore trans fused, Moradiol was found to have the hydrogen at
C(13) cis to the hydroxymethylene group at C(17), and, this
must also be true in the triol, and hence in lupeol 1tself.
Thus lupeol could only be revresented as (118, R ‘FOH), the
configuration of the 1isopropenyl group not having been established,

Dehydrochlorination of lupeol hydrochloride with silver
acetate in ethanol afforded lupeol, and, on heating in lonising
solvents, germanicol (12lt). Reduction of lupeol hydrochloride
however,‘gielded 18<*-olean-3F -0l, These reactions were inter-
preted by Jones, on the basis of lupeol hydrochloride being 19-
% -chloro-18« -olean-3 3 -ol, and the trans D/E fusion was con-
firmed. The above evidence shows that the isopropenyl group is
trans to the methyl on C(17), and hence « , as in (119, R=(30H).
Siﬁilar results were obtéinéd on treatment of lupeél derivatiﬁés

with formic acid,
Hydroxyhopanone,

This triterpenoid, (71), is of particular relevance to
this thesis, as its carbon skeleton 1s the same as that proposed
for zeorin (72). Hydroxyhopanone was isolated.ll9 from gum dammar,
which is also ths source of the tetracyclic triterpenolds having
the squalenoid dammane skeleton.
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Hydroxyhopanone was found to be a saturated pentacyclic

ketol, C The ketone was shown to be relatively unhin-

H. O_e
3075072
dered, as the oxime and dinitrophenylhydrazone could readily be

1 showed that

made. The infra-red absorption band at 1706 cm,”
the ketone was contained in a six-membered ring. The hydroxyl
group could not easily be acetylated, but was readily dehydrated
by acids, and is therefore tertiary.

The investigation of the structure of hydroxyhopanone was
taken up by Jones and his collaboratorsaB’Bu’BS. The ease of
reaction of the carbonyl group, and the presence of at least
one o -methylene group, as shown by the Zimiermann test, made
it appear probable that the ketone was at the common 3-position.
Dehydration of the hindered hydroxyl group, and reduction with
lithium aluminium hydride and then with catalytlic hydrogen yleld-
ed a saturated alcohol (125) in which the hydroxyl group corres-
ponded to the original ketone. Dehydration of this with phos-
phorus pentachloride gave the familiar retro-pinacol product
(126) which on ozonolysis gave acetone. The retro-pinacol reac-
tion is characteristic of BC ~-hydroxy triterpenoids, so the
position of the ketone is confirmed,

Attention was now directed to the hydroxyl group. After
removal of the ketone, the hydroxyl group was dehydrated with
phosphorous oxychloride to give hopene, a mixture of isopropenyl
and isopropylidine compounds (127). Ozonolysis of the mixture
gave both formaldehyde and acetone, Chromatography of the non-
volatile fragments ylelded trisnorketohopane (128) which was
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shown by bromination and deuteration to have three replacabile:
hydrogens. The infra-red spectrum of the ketone has a band at
1738 cm."l characteristic of a gyclopentanone. From rotatory
dispersion measurements, it was concluded that environment of

the ketone i1s similar to that of 3-keto-A-norcholanic acid (129),
but since this represents the more stable form of attachment

of a five-membered to a six-membered ring, it cannot be assumed
that the cig-junction is present in hydroxyhovanone itself,

Treatment of the mixture hopene (127), with osmium tetrox-
ide, followed by acetylation yielded a diol (130) and a diol
monoacetate (131) which could be separated by chromatography.

The diol (130) was cleaved by lead tetraacetate to trisnorketo-
hopane (128), These results prove the presence of a hydroxy-
1soprovyl group attaéhed to a five-membered ring.

Hydrogenation of hopene (12%), and destruction of all
remaining unsaturated material yilelded a saturated hydrocarbon
which is provisionally called hopane, although the configuration
of the isopropyl group may not be the same as 1in hydroxyhopanone.
Hopane has physical constants differing signifieantly from those
of luvane and zeorinane, Hopane cannot be a stereoisomer of
lupane with the isopropyl group in the (3-configuration, since
trisnorketohopane is not identical with the 027-ketone from
lupeollZB. v

From the foregoing results, the structure (71) was suggested,
and this was confirmed by conversion of both hydﬁoxyhopanone

and Y -onocerin to common intermediates (132) and’(l33)165.



L&

o

My

Reo




65

From hopene (127), the intermediates were readily prepared
by simply treating with acid to give hopene I (132) and hydrox-

ylation of this to (133).

76

Reduction of the known 3:21-diacetoxy- y-onoceran-ll-

Q;g). On wellux: ny this "witw a suspention of manaanesd

one (13l.) under forcing conditions gave ~~onocerane dio%:bxide
in chloroform, oxidation to the monoketone (136) took place in
good yield., Wolff-Kishner reduction then yielded -~-onoceranol
(137). On dehydrating the alcohol with kieselguhr and benton-
ite, rearrangement took place. Isomerisation of the double
bond with mild acid gave a substance (132), identical with
hopene I, Hydroxylation of (132) from onocerin led to a diol
(133) indistinguishable from the hopene diol.
| The only remaining uncertanties in the structure of hydrox-
yhopanone are the configurations at C(17) and c(21). Joneses
has shown that the D/E ring fusion 1s trans, and hence the 17
hydrogen is (3 .

Some fﬁrther reactions of hydroxyhopanone are of interest
because of their analogy to zeorin degradationslll. Treatment
of elther hydroxyhopane or hopene I (132) with strong acid causes
methyl migration and formation of hopene II (138).

Hopene II, on oxidation with sodium dichromate in acetie
acld yielded two products.

The less.polar, C30H, 805 obtained in 40% yield had maximal
ultraviolet absorbtion at Zélﬁy\(€]3,900) indicative of a
fully substituted 0'\(4 -ungaturated ketone with the double bond
exocyclic to two rings (c.f. l:li-dimethyl-15-oxocholest 8(1ly)
en-BG -0l: N max. 261f7Aﬁ lh,70027). Its infra-red spectrum
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had bands at 1697 and 1615 cm.-l, the latter being only s%}ghtly

co““b.e

the less intense., The band at 1697 em.”% indicates anﬁetone

in a five-membered ring, and the high intensity of the 1615 em, "1
band that the d?—unsaturated ketone is S-cis (cisoid). These
data are appropriate to structure (139).

The more polar product, CBOHl;8°2’ obtained in 20% yield
gave no colour with tetranitromethane and showed no seiective
light absorption between 220 and 260w, . Its infra-red band
at 1706 em,”l is characteristic of a /_c_Lc_l_ghexanone; weak bands
at 910, 890, 870, and 820 cm.'1 are characteristic of an epoxide,
and indicate the structure (1L0).

As in the gzeorinin series to be described later, hydroxyla-
tion of hopene X (132) with osmium tetroxide, followed by lead
tetraacetate cléavage of the diol ylelded a seco-diketone,

An interesting reaction not attempted in the zeorinin series
is the oxidation of hopene I (132) with sodium dichromate in
acetic acid / benzene, The main product is a conjugated cyclo-
pentenone to which the structure (1)1) is ascribed. A second
product, isomeric with (1l1), but saturated to tetranitromethane,

111 sugzests that this con-

is obtained in lower yield. Jones
tains a cyclopropane ring; the ketone group is present in the

five-membered ring.

Zeorin - previous work.

Zeorin was first isolated by Patern0166’167 from the lichen

lecanora (Zeora) sordida. During the course of their extensive
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investigations on the constituents of lichens, Zopf168 and

169

Hesse reported its presence in many other lichens, but neither

worker prepared any oure derivatives,
For many years the chemistry of zeorin received no atten-

170-172

tion until in 1938 and 1940, Asahina re-1solated it,

together with atranorin and leucotylin from Parmelia leucoty-

liza Nz .
On the basis of evidence which will be described, Asahina

showed that zeorin, C 02, is a saturated diol, and is there-

30752
fore pentacyclic, He suggested that zeorin is probably a tri-
terpenold, since on dehydrogenation with selenium, 1:2:5-trimethyl
naphthalene 18 formed. Leucotylin he considers to be a hydroxy
zeorin because of a similarity in the dehydration reactions of

the two.

On acetylation under mild conditions, zeorin forms a mono-
acetate which 1s resistant to oxidation by chromium trioxide.
Zeorin can itself be oxidised to a monoketone zeorinone, which
cannot be acetylated. A secondary hydroxyl group 1s therefore
taking part in both reactions, leaving a tertiary hydroxyl group
unaffected.s The infra-red peak at 1706 cm.-l in zeorinonel !>
is indicativekof a keto group in a six-membered ring.

After suiltable protection of the secondary hydroxyl, usu-
ally as the acetate, the tertiary hydroxyl can readily be removed
by dehydrating agents. Treatment of zeorin acetate with phos-
phorus oxychloride in pyridine leads to a strongly dextrorotating

anhydro-compound, isozeorinin acetate which was further character-

ised by hydrolysis to isozeorinin and by benzoylation of this,



Similar dehydration of zeorinone leads to isozeorininone. The
infra-red spectrum a& isozeorinin acetate shows a strong band
at 88l em.” L indicative of a methylidine grouping ('7C=CHé)173.

On treatment of isozedrinin derivatives with concentrated
hydrochloric acid in ethanol under reflux, isomerisation takes
place to zeorinin derivatives in which the infra-red band at
88y em. ™% 1is no longer present., Zeorinin derivatives can also
be made by direct acid catalysed dehydration of zeorin derivatives,
The "anhydrozeorin acetate" prepared by Asahina and Yosiokalll
by réfluxing zeorin with acetic acid is probably somewhat impure
isozeorinin acetatel >,

Although Asahina and Yosioka claimed that zeorinin acetate
could be hydrogenated to a deoxyzeorin acetate with a palladium
178

catalyst, neither Barton and Bruun nor the present author

were able to repeat this, even on using a variety of more vig-
orou$ conditions, including high pressure. Isozeorinin acetate,

on the other hand was smoothtj hydrogenated to deoxyzeorlin acetate,
Direct hydrogenolysis of the tertiary hydroxyl group could be
effected by Barton and Bruunl73, but not by the present author,
Deoxyzeorin acetate was further characterised by hydrolysis

to the alcohol, and by conversion of this to the benzoate., The
deoxyzeorin series prepared by Barton and Bruun, and by the |

present author is not identical with the compounds prepared by

Asahina171. Chromic acid oxidation of deoxyzeorin affords

deoxyzeorinone,
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From the above information; Barton and Brﬁunl73 deduced
that zeorin contains the group -C Me(0H) - which first dehydrates
to G:CHé and can then be isomerised by acid to a more stable
double-bond position 1n zeorinin, Treatment of zeorinin acetate

171

with hydrogen peroxide in acetic acid or with perbenzolc acld

in chloroforml7l, or with ozonel7h

merely causes epoxidation to
the saturated zeorinin acetate oxide. The benzoate oxide was
prepared in a similar manner, and, on treatment with hydrochloric
acid in refluxing éthanol, was similarly dehydrated to dehydro-
zeorinin benzoate, This was ldentified as a conjugated heter-
oannular diene by its ultra-violet absorption maximum at 252ty, o

The carbonyl group in zebrinone, and deoxyzeorinone cannot
be situated in the usual C(3) position as in (1&2), because it
1s resistant to carbonyl reagents and to Wolff-Kishner and
Clemmensen reductions, even under such vigorous conditions as
those used in the preparation of lanostan968’175.

The vigorous Clemmensen conditions caused partial isomer-
isation to a further isomer, neozeorininone, in which the double
bond and keto group still had not moved into conjugation.,

The ready acetylation of zeorin, zeorinin, isozeorinin
and deoxygzeorin, together with the high degree of steriec hindrance
of the corresponding carbonyl compounds must be explalned, on the
basis of a six-membered ring, by the secondary hydroxyl group
of zeorin being equatoria187. This was confirmed by lithium
aluminium hydride reduction of deoxyzeorinone to ggideoxyzeorin89,
The epi-alcohol was smoothy§y oxidised back to deoxyzeorinone by

chromium trioxide, but it resisted benzoylation under conditions
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adequate for the benzoylation of deoxyzeorin. Added confirmation
came from the reduction of zeorininone to zeorinin by sodium
and n-propanol.

At this stage, Barton and Bruun noted the similarity in
properties and molecular rotation differences of zeorin
( 31334-5h°), isozeorinin ( (7 +78°), and zeorinin ( [h +59°)
on the one hand, and of *- taraxastane d101128 ( Kb -119),
taraxasteroll76 ( (07 +91%), and \{/- taraxasteroll77 ( &% *L;.?o)
on the other., Thus the series (139), (10) and (141) might
have been adequate partial formulae for the above :nentioned
relations in both series of compounds, and the parent saturated
hydrocarbons could have been identical.

Zeorinane could not be obtained by direct removal of the
secondary oxygen function (as a carbonyl group). By dehydration
of deoxyzeorin by toluene -p-sulphonyl chloride in boiling pyrid-
ine, a mixture of monoethylenic hydrocarbons was obtained.
Hydrogenation of this gave a mixture of saturated and unsaturated
hydrocarbons from which zeorinane was obtained in a vpure state
by destfuction of unsaturated hydrocarbon with hot concentrated
sulphurie acidl78. The mixture of monoethylenic hydrocarbons
could also be prepared by pyrolysis of deoxyzeorin acetate or
benzoate,

Zeorinane has m,pe 186.5 - 187.5° (o +12°%, closely re-
sembling taraxastane, m.p. 186 - 188°, («J+ 119, but they are
not identical since there was a prbnounced melting point depression
on admixture. Zeorinane appears to be a new fundamental hydro-

carbon of the triterpenoid series.
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These indirect methods of formation of zeorinane were
formulated by Barton in terms of the partial formulae (146)
for deoxyzeorin to (150) for zeorinane., There is analogy for
the pyrolysis reaction in the behaviour of T7-benzoyloxy groups
in the cholestane seriesl79.

In spite of the apparent similarity of reactions in the
zeorin and \?- taraxastane diol series, there are at least two
major chemical differences, Firstly, +-taraxasteryl acetate 1s
readily hydrogenatedlao, whereas zeorinin acetate is not. Sec-
ondly, taraxasteryl acetate is readily isomerised by hydrochlorie
acid in acetic acid to lupenyl - I - acetate, whereas under the
same conditions, isozeorinin acetate is isomerised to zeorinin
acetate, but not further.

All attempts by Barton and Bruun to move the double bond
and carbonyl group of neozeorininone into conjugation and to
isomerise the doubly unsaturated zeorinane mixture to a conjugated
diene were unsuccessful, and these authors conclude that the
two hydroxyl grouvs in zeorin are either not close together,
or are separated by fully substituted centres,

By oxidation of zeorin with chromium trioxide in acetic

181 have recently obtalned

acid at 559, Rayabinin and Matyukhina
a diketo acid 027Hﬁ202, further characterised as the methyl ester
and semicarbazone. The diketo acid, which we formulate as (151)
enabled the Russian workers to deduce the presence in zeoriﬁ of
an hydroxyisopropyl group attached to a five membered ring,

though the assumption that it is necessarily terminal is unwar-

ranted, These authors, however, formulate zeorinin as a ring
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expanded product (152), a view in no way compatible with our
results, On ozonolysis of zeorinin acetate at room temperature,
they obtain "a stable ozonide", whilst in the present work,

ozonolysis at -60° gave only the kmnown zeorinin acetate oxide.

Leucotylin,

170

This compound, C3OH§203’ was isolated together with

zeorin from parmelia leucolyliza Nyl.; it has not beenviso-
170

lated in recent years from cladonia deformis Hoff,

173

nephroma articum L. .

s or from

Leucotylin is a triol, saturated to tetranitromethane.
On mild acetylation, a diacetate is formed. The remaining
hydroxyl group is readily dehydrated, and probably corresponds
to the tertiary hydroxyl group of zeorin, Hydrogenation of the
dehydrated diacetate leads to a deoxyleucotylin diacetate:ﬁhich
was further characterised as the diol, deoxyleucotylin, Selenium
dehydrogenation of leucotylin gives 1l:2:5-trimethyl naphthalene;

it is probably = hydroxyzeorinl7o. |




h
DISCUSSION

Zeorin: The Present Work

From the present study'of the chemistry of zeorin, the
structure (72, R=H) has been deduéedlll and it is convenient

to discuss the reactions to be presented in terms of this structure.

Degradative studies

The two hydroxyl groups of zeorin are sufficiently sep-
arated in the molecule that functions derlived from them have
nhever been brought into conjugation: for example, zeorinone,
the corresponding hydroxy ketone, on treatment with strong acid,
dehydrates to give the rearranged, but non-conjugated enone
gggzeorininonel73, which cannot be lsomerised by acid. The
environments of the two hydroxyl groups were therefore studied

separately,
The enviromment of the tertiary hydroxyl group.

The ready dehydration of the tertiary hydroxyl group of
zeorin afforded an easy means of entry into the skeleton, and
this region of the molecule was first investigated., Barton and
Bruun'’3 had dehydrated zeorin acetate (72, R=A@) with phos-
Phofus oxychloride and obtained a mixture from which they isolated
1

isozeorinin acetate, which has an infra-red band at 887 em.”

characteristic of a methylene group ( )C=CH2). The presence




75

;;;;;;;



76
of this group was now confirmed by ozonolysis of the crude
dehydration product to give a nor-ketone (153) which gave a
positive Zimmermann test and readily forméd a‘2:h-dinitrophen-
ylhydrazone. By bromine titration, the ketone was shown to
contain at least four replaceable hydrogen atoms,

The crude dehydration product on ozonolysis yielded acetone,
characterised as the 2:u-dinitrophgnylhydrzaone, showing that if
isozedrinin acetate is represented as (15)), the isopropylidine
isomer (155) must also have been present, Although the latter
compound was not obtained pure, 1lts presence was confirmed by
ozonolysis of the crude dehydration product and oxidation with
peroxytrifluoracetic acid, when the crystalline lactone (156)
was obtained. The infra-red bands at 1735 and 128 em, "t
(acetate) and 1750 cm."l ( § -lactone) in carbon tetrachloride
show that the lactone must be derived from a cyclopentanone (157).
The structure of zeorin in this reglon must therefore contain
a hydroxyisopropyl group attached to a five-membered ring.

At the time this work was being carried out, stellatogenin125
(158) was the only triterpenoid in which this grouping was known
to occur., More recently, the structure of hydroxyhopanoneBB’eh"’85
(71) has been elucidated, and proved to be more closely related
to Zeorin.

It could readily be shown that zeorin did not have a struc-
ture (159) analagéus to that of stellatogenin, since 1isozeorinin
would then be represented by (160) which would be analagous to
lupeol (118, R=0H). The behaviour of the two groupings on treat-
ment with acid is quite dissimilar. Lupeol undergoes a skeletal

Tearrangement to give a six-membered ring Eléu, whereas acid
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isomerisation of isozeorinin gives zeorinin, in which the skele-
ton is unchanged, but the double bond.has migrated to a tetra-
substituted vosition in the five-membered ring, as is shown

by the degradations described later,

Nor-keto isozeorinin acetate (153) readily gave a 2:l-
dinitrophenylhydrazone, in contrast to the nor-ketone (161) from
lupeol, which could not be converﬁed to the oximelea. The
difference in reactions of lupeol and isozeorinin could have
been due to a difference in stereochemistry at the various pos-
itions in this region, but the likelihood of this is decreased
by the fact that on neither the lupane nor oleanane skeleton
in this region could there be a trans diene having the )\ maximum

at 252 mp, and capable of giving on hydroxylation and dehydration,

an S-trand (transoid) conjugated enone in which the ketone 1is

in a six-membered ring, as 1s required by the reactions to be
described 1ater;

On the basis of the blogenetic scheme (see p,25) the most
likely alternative hypobhests for the structure of zeorin in this
region is (72), analogous to that obtained by a retropinacol
reaction on the regular 3?3-hydroxy-u:h-dimethyl triterpene
grouping, the interma'diate. carbonium ion capturing a hydroxyl
group rather than losing a proton as in the in vitro reaction,-

Since there was available a considerable quaptity of iso-
1anostenel83 (162), this was first considered as a model,

The double bond in zeorinin was known to be hindered, since
on ozonisation at room temperature the unsaturation could be

detected even after four hours, while equivalent amounts of other
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unsaturated compounds could be ozonised within ten minutes,

The only product isolated from ozonisation of zeorinin acetate
is the epoxide. From this a diene, dehydrozeorinin "\ max. 252 mpm
(€22,030) was formed by refluxing with aqueous ethanolic hydro-
chloric acid,

On treatment of isolanostene (162) with hydrochloric acid
under the conditions used in the preparation of zeorinin acetate,
isomerisation took place. The expected analogy of the product
to zeorinin was not confirmed by the behaviour of the double
bonds on oxidation, Whereas zeorinin acetate on ozonisation
was converted to a crystalline epoxide, the isomerised 1solanost-
ene gave, in the neutral fraction, a non crystalline product
which was not purified, but had an infra-red band at 1707 cm.'l
in carbon tetrachloride, characteristic of a cyclohexanone or
acyclic ketone. The bands at 1026 and 885 cm."1 of the starting
material had disavpeared. A search for a corresponding ketonic
substance in the mother liquors of the zeorinin acetate mxide
showed that there was none,

The position of the double bond in the isomerised 1so-
lanostens is not clear. The infra-red band at 885 cm. * suggests
the presence of a methylene group) C=CH,, but it is unlikely that
this should be formed during, or survive, the acid treatment of
isolanostens,

Reaction of the isomerised isolanostene with osmium tetrox-
l1de and working up with hydrogen sulphide leads to two products,

which could be separated by chromatography on alumina, The first
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compound to be eluted was present in insufficient quantity for
determination of all the necessary physical constants, but was
recrystallised to constant melting point 145-147°, and has a
carbonyl band at 1700 cm.-l (chloroform) in the infra-red,

The second compound was shown to be a diol by its infra-
red spectrum (3350 cm.-l, no carbonyl absorption in Nujol),
and by its anélysis. Treatment of the diol with acid cauéed
dehydration to the carbonyl compound m.p. 145-147°.

If the double bond in the isomerised lsolanostene is in
the }(23) position as a methylene group, then the compound m.p.
145-147° 1s the aldehyde (163)., The infra-red spectrum shows

1, although this band is often

no aldehyde band near 2700 cm.
weak, and may have been missed; the band observed at 1700 cm.-l
is unusually low for an aldehyde.

If the isomerised 1solanostene has a double bond at 5,
then the carbonyl compound is the 6-ketone (16l;) which is in
better agreement with the infra-red spectrum, and is the more
probable assignment. This conclusion is difficult to.reconcile
with the observationls3 that the isolated double bond in the
isolanostatriene (165) did not move into conjugation on treatment
with hydrogen chloride in dry chloroform, although the ene-dione
(166) wlth hydrochloric acid/acetic acid reflux gave the conjugated

£f;isomer in accordance with the present coneclusions.

The partial dehrvdration of the 5:6-diol during the working
up process is probably due to hydrochloric acid entrained in the
hydrogen sulphide from the Kipp generator., This trouble could

be avoided by adding a trace of pyridine to the solution of the

osmium complex before passing in the hydrogen sulphide,
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Since it is knownlOls»185,186

that a 3(5)-double bond is
in the position stable to mild acid in the enviromment (167)

of pentacyclic triterpenoids, the stable position depends on
the absence or presence of an 8(%-methyl group., It has been
noted187’188 that introduction of a 7-double bond in the lanos-
tanone skeleton causes irregularities in the reactions of the
3-ketone.

The difference in behaviour of the double bonds in the
isomerised isolanostene and zeorinin made it necessary to select
a more exact model, For this, lupanol was chosen as the start-
ing material, since it is one of the few saturated 3 F-hydroxy-
Li:i-dimethyl triterpenes available in quantity. Treatment of
the alcohol with phosphorous pentachloride in dry petrol caused
the expectéd dehydration with rearrange:ient to the known 'r-lu-
peneleh (168). The infra-red spectrum of the crude product con-
tained a band at 888 cm."l due to the presence of some of the
isopropenyl isomer of (168) which could be removed only by
repeated crystallisation. Both isomers, however, on treatment
with acid were converted to the stable iso- Y -lupene (169),
the physical constants of which are in excellent agreement with
those given by Nowak, Jeger and Ruzickalau.

The environment of the double bond in iso-y -lupene (169)
has been establishedlah, and appears to be very similar to that
in zeorinin. The tetranitromethane test on both is strongly
positive, giving a deep brown colour. Epoxidation of iggr-(-lu-
Pene could be effected either at 0° in carbon tetrachléride with
O0zone or by hydrogen peroxide in acetic acid at 100°. The prod-

ucts from both routes were identical in infra-red spectrum, and
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the mixed melting polnt did not depress, The melting point,
179-187° was lower, and of a wider range than that (190-191°)

18],

quoted by Ruzicka who used perbenzolc acid for the epoxida-
tion, but our value was unchanged on recrystallisation. The
optical rotations are in good agreement, and both microanalyses
are close to the required wvalues.,

By ozonisation of iso- Yy -lupene in carbon tetrachloride at
0°, RuzickalBh obtained a stable ozonide. In our case; the
epoxide was the only crystalline product.

On refluxing the ;gg-x ~-lupene epoxide in aqueous ethan-
olic hydrochloric acid, a crystalline diene was obtained in
(Ao 252 m.. € 22,500) 's almosT identical with That of dehydrogeorinin
excellent yield, The ultra-violet spectrum of this,( A max, 252;%’
€ 22,030), and strongly sugsests that the environments of the
two dienes are closely similar,

Hydrogenation of dehydrozeorinin in neutral solution
regenerates zeorinin171. It is therefore probable that dehydro-
zeorinin contains an unhindered double bond in conjugation with
the original hindered double bond of zeorinin (170, R=H), as
shown in (171, R=H).

Dehydrozeorinin acetate (171, R=Ac) was reacted with ex-
actly one equivalent of osmium tetroxide, and worked up by the
hydrogen sulphide method. Instead of the expected ene-triol
monoacetate (172, R=Ac) there was obtained an acetoxy conjugated
enone, “Amax. 230w (€10,800) 1.R. . 1660 em.”%, 1710 +1253 em, "1,

The band at 1660 cm.~l is characteristic of cyclohexenones;

the absence of intense double bond absorption near 1610 em, "1

indicating that the chromaephore is S-trans rather than S-cislB9.
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The structure (173) is proposed for the enone. The ultra-violet
spectra of alternative enone chromophores in this framework, the
2-keto- A’“)(Bmax. 210 7«,510,000)186, and 6-keto-/-\“s> (7 max,
260m,£11, 500)170 are signigicantly different. No precise analogy
for the present chromophore is known, In the lanosterol series,
the enone (171;)183 has a maximum at 2h1ty\(5 9,500), but bhe
absence of the 8ﬂ -methyl group is known to cause other irregul-
arities (see above)., The enone (178) from terminolic acid101’105
absorbs at 233m(€11,000), a butyrospermol derivativel?l (176)
at 235,7“(5 1l1,000) while the 1l & -methyl- A3 gomer absorbs
at 238vy,\(€ 15,000), The position of the ultra-violet maximum
in thls, as in other triterpenoid chromophores, apnears to vary
considerably with small changes in the stereochemlstry,
The enone (173) was recovered unchanged after refluxing
for 30 minutes in ethanolic hydrochloric acld.
By osmylation of dehydrozeorinin benzoate and éleavage
of the osmate with lithium aluminium hydride, a mﬂxbpre of the
desired triol (172, R=H) and its monobenzoate (172, R=CO,Ph) was
obtained. The'products were readily separable on alumina,
Cleavage of the osmate ester from dehydrozeorinin acetate
with hydrogen sulphide in the presence of pyridine led to a
mixture of the enone (173) and the triol monoacetate (172, R=Ac),
Mild acid treatment of the zeorinin triol monoacetate
(172, R=Ac) at room temperature in dioxan caused partial dehydra-
tion to a diene diol monoacetate (A max. 250'74 , £21,600). TUnder
more severe conditions further dehydration took place: zeorinin

triol, on refluxing in chloroform with concentrated hydrochloric
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acid gave a trienol (2 max. 295.7,8,18,800, 283-7.4,8116,500)..
No dehydration to the enone (173) was observed, although dilute.
hydrochloric acid 1in dioxan at room temperature is similar to
the conditions of work-up of the osmate ester in dioxan using
hydrogen sulphide,

The positions of the double bonds in the dienol and triene
chromophores were not investigated. Using the Fieser-Woodward

13, the diene (177) would be expected to absorb 249w,

rules
while (178) should absorb at 239»y«. For the triene, only the
chromophore (179), whieh has a calculated absorrtion maximum at
308§7Mis near thé observed value of ZQS;W e In his discuasion
of the rules, Fieserl3 notes that the dlenonel’2 (180) partly
contained in a five-membered ring is of lower wavelength than

the predicted value by 12:y4. A similar effect may be ooccurring

here, although the discrepancy lies in the opposite direction.
The neo series,

By treatment of zeorininone with hydrochloric acid in

173

dioxan under reflux, Barton and Bruun caused isomerisation

to neozeorininone, GBOHABO’ in which the double bond is even more

hindered than in zeorininone. Attempted hydrogenation with plat-

inum oxide catalyst in acetic acid containing perchloric acild

gave back the starting material. After one month with osmium

tetroxide in dioxan and pyridine, neozeorininone remained unchanged.
The preparation of neozeorininone was conveniently effected

bY using perchloric acid in acetic acid at 100°. Mo isomerisation

beyona neozeorininone was observed under these conditlions, although
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after one hour at 100°, the yield of neozeorininone decreased
slowly.

Oxidation of neozeorininone with chromium trioxide in
acetic acid at room temperature leads to three produsss, separable
by chromatography on alumina, In all three, the infra-red
band due to the original cyclohexanone was unchanged,

The first compound to be eluted, CBOHL6°2 has the ultra-
violet ( Mmax, 259w , € 12,870) and infra-red (1697 composite
band, 1610 cm.'1 strong) spectra of an S-cis- M:(3-unsaturated
cyclopentanone,

The second product, CBOHﬁ603 showed only the ultra-violet
spectrum of a simple ketone (“Amax. 288ﬁ7A,E"108). Infra-red
showed the absence of hydroxyl absorption near 3600 cm.-l. The
two atoms of oxygen introduced are as an &: e-epoxy crclohexanane
(1703 cm.-l in the infra-red due to both carbonyl groups). The
0\36 -8POXY ketoﬁe was reduced in excellent yield by chromous
chloride193 to the corresponding o(:(3-unsaturated cyclohexanone
(A max, 255~ ,& 8,1100). The infra-red spectrum has bands at
1703 em, "t (cyclohexanone), 1670 cm, "1 CK:F ~unsaturated cyclo-
hexanone and 1612 cm.-1 strong, which is characteristie of C=C
stretch in an S-cis conjugated enon9189.

The last substance to be eluted from the eolumn was a
yellow ene-trione C3oﬂhh93 isolated in only two percent yleld.,
The ultra-violet spectrum () max. 3757\ » € 160, 2637« »&€ 9,200)
and infra-red spectrum (1724 em.~! shoulder, 1717 em.~Y, 1707 em.~1
shoulder, 164l cm,~1) characterise the chromophore as a 2 -ene-

l:li-dione,



88

Formation of the above derivatives requires that the
double bond of neozeorininone be exocyclic to a five-membered and
a six-membered ring, in each of which there is a methylene group
which can be oxldised to the ketone, to give an S-cis enone,
This last conditlon eliminates the possibility that the double
bond is in the trisubstituted condition, and that rearrangement
occurs during the chromium trioxide oxidationls. On this model
the of: @-unsaturated cyclopentanone cannot be formulated, The
formation of the conjugated ene-dione also supports this view;
the double bond position must therefore be as in (181, R=CHM62)
when the various derivatives are as shown (182, R=CHMe, to 18,
R=CHMe,) .

By chromium trioxide oxidation of «-ergostenyl acetate
(18%, R:09H19), Stavely and Bollenbacklgh obtained a similar
éeries of products (182, R=Cqﬂi9 to 18, R=09Hi9), together with
the 8:1li-epoxi-15~ketone which was not isolated in the neozeorin-
inone reaction. It is interesting that in neilther case was the
x ¢ e-unsaturated c "clohexanone (185) obtained in the oxidation.

The ultra-violet absorption spectra are in general agreement with

model compounds derived from ergosterol.

Chromophore neoZeorinane Ergostanyl acetate
(183) 263§ 9,200 255w € 5,001 259, €11, 300195
(181y) 259,12, 870 25974,€13,300191* 259mu € 15, 700198
(185) 255mn€ 8,400 262 9,800 9 2627 € 10, 700195

Oh heating to the melting point, neozeorinin epoxy-dione
(182) was converted to a compound which did not melt below 350°,
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The physical constants (see experimental) could not be reconciled
with any probable structure,

The epoxy-dione, on refluxing with hydrochloric acid in
ethanol, was converted to an isomer in which the epoxy group
had been converted to a ketone, The ultra-violet and infra-red
spectra of the product are in agreement with its formulation as
a triketone with the newly formed keto group in the five-membered
ring as in (188). In view of a similar allylic shift which will
be discussed later, it 1s probable that the reaction proceeds
by way of the allylic alcohol (186-188) as shown.

On treatment of zeorinin acetate (170, R=Ac) with per-
chloric acid in acetic acid under the conditions in which the
ketone 1s converted to neozeorininone, a mon-conjugated diene
OBOHh8 was obtailned instead of thexpected monounsaturated
acetate, This was not investigated further.

Oxidation of neozeorininone (189) with 1.2 moles of selen-
ium dioxide in dioxan in a senled tube at 140° gave rise to a
conjugated heteroannular neozeorinadienone (190) in high yield.
The newly introduced double bond is somewhat hindered, slnce
it could not be hydrogenated by palladium in hydrochloric and
acetic acids; introduction of Adams catalyst, however, caused
uptake of hydéogen, giving neozeorininone.

- The neo-dienone (190) was hydroxylated by osmium tetroxide
to a keto-ene-diol (191) which could not be Purther hydroxylated.
The diol readily yielded a diacetate under mild conditions, in-

dicating that it is di-secondary.



90
Cleavage of the glycol (191) with lead tetraacetate in

benzene was rapid and quantitative. The dialdehyde (192) was
not isolated, the aldol addition product (193) being formed
spontaneously. This shows no ultra-violet absorption, and has
infra-red bands in carbon tetrachloride at 3353 cm. * (hydrogen
bonded hydroxyl) 2720 cm.”h (aldehyde) 1708 cm,”% (cyclohexanone)
and 1695 cm, T (hydrogen bonded aldehyde). The isolated ketone

group in neozeorininone (189) absorbs at 1713 em. "t

in the same
solvent. Three other possible formulations (194-196) of the
aldol were dismissed as follows. The infra-red spectrum of the
aldol shows that the aldehyde rather than the ketone is hydrogen
bonded to the hydroxyl. This and the stability of the aldol to
base treatment during the work up, and to solution in acetic acid
during the cleavage reaction argue against (194) which would be
expected readily to dehydrate to a conjugated dienone only.

Pyrolysis of the aldol at 220° in a stream of nitrogen
readily caused dehydration to a conjugated diene (Amax, 266 mu).
It was shown that the diene chromophore was not further conjugated
with a carbonyl group, since on reduction of the pyrolysis product
with lithium aluminum hydride in refluxing dioxan, the oily pro-
duct showed only the 266 mp maximum of the original diene. The
infra-red spectrum of the reduction product confirmed the absence
of a carbonyl group. Both the pyrolysis product (197) and its

reduction product (198), on treatment with & drop of concentrated
hydrochloric acid, rapidly changed in ultra-violet maximum from
266 my to 259 mp. The formation of the diene requires that the
aldol be an allylic alcohol, and the dehydration product be

blocked from conjugation with the aldehyde group. This is possible
only in (193); the pyrolytic dehydration probably procedes by a

Cyclic transition state .
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The ultra-violet spectrum of the diene (197), A max. 266w ,
is of considerably longer wavelength than is expected, thus
ergosterol B3, which has a 7:1li-diene chromophore absorbs at
2LL2~7,\, and is close to the value of 2l wmpredicted by the
Woodward-Fieser ruleslB. The acid isomerisation product, Amax.
259hyA, is also exceptional, since the calculated value for the
diene (199) is also Quutyﬂ. This cannot be due to interaction
through space with the aldehyde, or conjugation with the secondary
ketone, since on reduction of both carbonyl groups to the diol
the chromophores absorb at the same wavelength ad before.

The ene-diol (191) could be dehydrated stepwise to glve
first a dienol, and then a triene., The first step was wonven-
lently carried out in a concentrated dioxan solution of the ene-
diol containing 5% of concentrated hylrochloric acid, when the
dienol crystallised out on standing, and was not further dehydrated.
The dienol readily dehydrated, even in neutral hot methanol sol-
ution, and recrystallisation could only be carried out by removal
of methanol under reduced pressure.

The dienol showed an ultra-violet triple maximum 26l, 25l
and 26w, similar to the 11:13(18)-diene of (3-amyradienyl
156

acetate (260, 250, and zuztya), and is also remarkably similar
to.that of the parent diene (190);X} max. 265,255, and 2LTwm ,
and it is probable that the initial dehydration product (200)

has spontaneocusly undergone an allylic shift to the allyliec |
aleohol (201), In agreement with this, chrpmium trioxide in
Pyridine oxidised the dienol to a dienone ") max. 301w, € 18, 000,
Similar to the 6:8(1l.)-dien-15-one chromophore N maxe 297 ame,

€ 20,400 of an ergosterol derivativel95 (202). The dienone
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which would be derived from (200) is expected to absorb in the
dame region of the ultra-violet as the of-amyradienone chromo-
phorel90 (203), Nmax. 28lipm, € 11,200, supoorting the formil-
ation of the dienol as (201) rather than (200),

The triene, Nmax. 29&:7\,5 29,000, obtained by dehydra-
tion of both the dienol (201) and the ene-diol (191) with acid
is probably (20l). The exceptionally intense absorption speaks
for an extended chromophore, and the position of the maximum is
closer to that of the triene (205), Nmex, 281M*, & 36,000,
than to that of the alternative S-cis triene®?’ (206) O max.
319%,5 16,000, |

In both cases where the S-ciswdiene (197) and (200) 1s
formed, it readily isomerises to a trans-diene on treatment with
acid. This is surprising in view of the stability to acid of

ergosterol B3, a 7:1l-diene,
Removal of ring E.

Although it was known that ring E of zeorin is five-membered,
the degree of substitution of C(20) was not known, This was
determined as follows,

Treatment of zeorinin acetate (170, R=Ac) with osmium
tetroxide, and cleavage of the osmaté complex with hydrogen
sulphide yielded a triol monoacetate (207, R=Ac), from which the
triol (207, R=H) was obtained by reduction with lithium aluminium
hydride. The osmate complex was also reduced directly to (207,
R=H) bv lithium 2luminium hydride. The acetoxy glycol was re-

covered unchanged after treatment with acetic anhydride in pyri-
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dine, indicating that the glycol is ditertiary.

Cleavage of the glycol (203, R=Ac) was rapidly effected
either by lead tetraacetate, dr by chromium trioxide in pyridine
or in acetic acid. 1In all cases, the product was an acetoxy-
seco-diketone (208) which showed infra-red bands at 1712+ 1250
cm."l of the acetate and a band at 1700 em. =1 of the two un-
strained keto groups. The absence of aldehyde absorption near
2700 em.~1 confirms that the glycol is ditertiary. The cleavage
of a ditertiary glycol to a diketone by chromlum trioxide 1is
not comson, but has been observed to occur with the ditertiary
cis-glycol derived from F-onoberin76. In the absence of hydro-
gen on the oxygenated carbon atoms, the oxidation probably pro-
ceeds by the cyelic mechanismlll (209).

Since the cleaved ring E is known to be five-membered, it
was considered that the diketone (208) should undergo a reverse
Michael reaction, as has been effected in the degradation of
ring D seco diketones from (3-ergostenyl acetatelge’lgg, cholest-

299 and isoeuphenyl acetateZOI.

Uj-enyl acetate

Purified diethylene glycol, on refluxing either alone, or
with potassium hydroxide, in a strean of nitrogen, continuously
evolves acetaldshyde which was identified as the 2:&-din1tro~
phenylhydrozone; ethylene glycol behaves similarly. These con-
ditions, although consequently unsuitable for isolation of the
volatile ketonic fragment, methyl isopropyl ketone, were excel-
lent for obtaining the CZLI- fragment.

Addition of the acetoxy seco-dione (208) to potassium

hydroxide in refluxing diethylene glycol caused evolution of
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a ketonic substance in addition to the steadily evolved acetal-
dehyde, as judged by the rate of appearance of a precipitate on
passing the gas stream through 2:lj~dinitrophenylhydrzaine re-
agent, After forty minutes, the excess evolution of volatile
ketone had ceased, and the diethylene glycol was worked up to
yield an oily, water insoluble substance which could not be
crystallised. Acetylation followed by chromatography yielded
two diacetates 028Hh60u (210, R=0Ac) isomeric at C(17), which
on reduction with lithium aluwminium hydride gave the corres-
ponding non-crystalline diols, both of which were oxidised by
chromium trioxide in pyridine to the same diketone (211), The
stability of (211) to acid demonstrates that the «-methyl group
at C(18) is probably equatorial, Isomerisation is unlikely to
have occurred during the oxidation, so it 1s probable that the
methyl group is already equatorial in the diacetates (210, R=0Aec).
This 1s not surprising in view of the fact that the revcrse
Michael reaction proceeds by way of the enol (see arrows in 208),
although the most stable conformation 1s not necessarily formed
in the protonation of an enolate anlon.

The diketone (211) was reduced by sodium in isopropanol
to the diequatorial diol, agaein non-crystalline, which on acetyl-
ation gave the "Czh diacetate II" (210, R=equatroial OAc)s The
original secondéry hy roxyl group of zeorin is knownl?3 to be
equatorial, The order of elution of the two dlacetates from
the chromatogram is in agreement with the above more rigorous
assignment of configuration; 1in general, equatorial acetoxy
groups cause less ready elution than do the more hindered axial

acetoxy groupszoz.
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The reduction of the initial cleavage product, the Czh
ketol, to the two diols (210, R=0H) has analogy in reverse
Michael cleavage of the isoeurhenyl acetate derivative201 (212)
by base in refluxing diethylene glycol, when the non-volatile
fraction contained both the ketol (213, R=0) and its reduétion
product, the diol, (213, R= QH,O‘OH). The base catalysed reduc-
tion of ketones by alcohols, in this case diethylene glycol, is
well known, however here there is yet another reducing agent
present, As will be discussed presently, C(19) is liberated,
presumably as formaldehyde, and this could undergo a Cannizzaro
disproportionation with the C(17) ketone to give the alcohols
(210, R=0OH) and formic acid., The apnarently complete reduction
of the C(17) ketone, however, does not supportthis hypothesis,
as at least part of the formaldehyde would be expected to be
removed by the stream of nitrogen. No formaldehyde dinitro-
phenylhydrazone was isolated. |

Since it proved difficult to separate the volatile ketonw®
dinitrophenylhydrazone from the acetaldehyde derivative, the
conditions of the reverse lichael reaction were altered,

Diphenyl ether was purified by distillation from lithium
aluminium hydride, and refluxed with potassium hydroxide. A
Stream of nitrogen was passed through the two phase liquid sys-
tem. The vapour pressure of the diphenyl ether was sufficlently
high that a considerable quantity was carried in the nitrogen
Stream, and on bubbling it into dinitrophenylhydrazine reagent
2 dark red crystalline complex was formed. The same complex
could be produced by addition of ethanolic diphenyl ether to the

Teagent,
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When the seco-dione (208) was introduced into the reflux-
ing diphenyl ether and base, a volatile ketone was rapidly evol-
ved in the nitrogen stream, The dinitrophenylhydrazone of this
volatile ketone was readily separated from the diphenyl ether=~
dinitrophenylhvdrazine complex by chromatpgraphy, and proved to
be methyl isopropyl ketone dinitrophenylhydrazone., The semi-
carbazone was similarly prepared. |

As in the case of the cleavage of the euphol derivativ9201
(212), the original reaction generates an alkyl vinyl ketone
which undergoes the reverse aldol reaction to give formaldehyde,
which was not isolated, and the corresponding alkyl methyl ketone,

The above degradation demonstrates that the hydroxy-iso-
propyl group of zeorin is joingd to a terminal five-membered
ring. If the relationship between zeorininone (170, keto instead
of OR) and neozeorininone (189) postulated above be accepted,
the dégradations so far described prove that zeorin must have
the partial structure (21l).

The isomerisation of zeorininone or zeorinone to neozeorin-
inone (189) and not farther is, at first sight, surprising.
Treatment of ursenol (109) with strong acid causes the familiar
contraction of ring A, followed by a serles of hydride and methyl
migrations, with retention of the orientation of the migrating
groups to give 1l-« -amyradiene (215)203.

The analogy of the intermediate 1n the zeorinone rearrange-
ment with the ring A contracted ursene carbonium ion 1s, however,

not complete. The presence of the 1l2-double bond in ursenol

causes the rearranged ursene molecule 13-carbonium lon to be
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allylic, and hence more stable. If this is the cause of the
difference in migrations, it implies th:t the rearrangement is
reversible., No rearrangement in the opposite direction has been
observed in vitro, The presence of the 12-double bond in ursenol
may exert its influence on the reaction path merely by altering
the conformation of rings B, C, and D.

It is of interest that while the tetrol diacetate (216,
R:D\H,(SOH) and triol diacetate (216, R=H,) rearrange to (217,
RﬂxH,ﬁ OAc) and (217, R=H2) respectively ih acid, the correspond-
ing keto triol diacetate (216, R=0) does not rearrangezoh. The
keto group of neozeorininone (189) is similarly placed with
respect to the potentially migrating C(8) methyl group and may
inhibit 1ts migration by reducing the electron avuilablility
at the methyl group which 1s consequently less ready to undergo
migration as the anionzou.

Westphalen's diol, obtained by acld t;eatment of 36:6 -

20 '

diacetoxy cholesﬁan-Sd.-ol has been shown to be a rearrange-

ment product (218) similar to neozeorininone,

The environment of the secondary hydroxyl group.

Previous investigation173 indicated that the secondary
hydroxyl group of zeorin cannot be in a terminal ring. In terms
of the partial structure (21ly), the secondary hydroxyl gromp must
be in ring B, This was confirmed in the following way.

Deoxyzeorin was dehydrated‘by toluene'p- sulphonyl chlor-
ide in pyridine to give a mixture of mono-unsaturated hydro-

carbonsl73. From hydrogenation evidence, the main component (219)
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is sufficiently hindered that it cannot be reduced while the
minor component (220) is readily hydrogenated using Adams catal-
. yst.

Treatment of the mixture of unsaturated hydrocarbons with
chromlum trioxide in acetic acid yielded, in the neutral fraction,
a conjugated enone (221) which had an infra-red band at 1650

-1

cn, characteristic of a cyclohexenone, and showed ultra-violet

absorption at 2393M very close to that (23877«) of a derivativei’t
(222) of butyrospermyl acetate. The enone (221) was stable to
Gigorous treatment with bromine or selenium dioxide 1in acetice

acld in agreement with the lack of replaceable hydrogens. Re-
duction of the enone with lithium aluminium hydride gave not

the expected allylic alcohol, but a saturated ketone. The

neutral fraction contained, as a minor constituent, a mono-unsat-
urated hydrocarbon CBOHBO which was not investigated.

171 obtained 1:2:5-

By dehydrogenation of zeorin, Asahina
trimethyl naphthalene which can most plausibly be derived from
rings A and B of zeorin (72, R=H).

In order to explain the formation of the trimethyl naph-
thalene from rings D and E, it would be necessary to postulate
removal of the tertiar+ hydroxyl group followed by ring expan-
slon of the 22-carbonium ion to give a six-membered ring E,
Although this path is not impossible at the higher temperature
of selenium dehydrogenation, it does not occur with acid cat-
alysts at the boiling point of acetic acid, when the product
1s of the zeorinin series (170).

On the assumption that the trimethyl naphthalene is de-
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rived from rings A and B, the partial structure (223) ean be
written for this reglon of the zeorin molecule, In agreement
with this, the rotatory dispersion of zeorinone has been found206
to be of a type characteristic of 6-keto-pentacyclic triterpen-
oids.

In view of the considerable body of evidence indicating
that triterpenoids are formed by cyclisation of squalene, it
1s reasonable to combine the martial structures (21l) and (223)

in the modified <-onocerane skeleton as already implied in

formula (72, R=H),

Attempted interrelations of zeorin with known triterpenolds.

Correlation of zeorin (72, R=H) with triterpenoids of
known structure which contain six cyclohexane rings would in-
volve either expansion of ring E of zeorin to a six-membered
ring, or contraction of a six-membered ring of a known triter-
penoid. Both methods were attempted but neither was successful.

Since it was known that expansion of ring E did not occur
during acid dehydration of the tertiary hydroxyl group of zeorin
(72, R=H), and that this cannot be due to steteochemistry of
the tertiary hydroxvyl group, enlargement of this ring could be
brought about only through a ring cleavage product. For this,
the 8eco-dione (208) appeared to be promising; aldol formation
could proceed bj reaction of an anion either at C(l) or at C(6)
with the other ketone group to give respectively the 7 -onocerane

Skeleton (22l;) which was the object of the synthesis, or the
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abnormal skeleton (22§)., Treatment of the acetoxy seco-dione
(208) with ethanolic pétassium hydroxide gave an acetoxy-ketol

in low yield. Considerable improvement was obtained by addi-

tion of water to the solution, when the acetoxy ketol crystallised
slowly, disturbing the eguilibrium which otherwise lies 1:k

in favour of the acetoxy seco-dione,

Dehydration of the tertlary hydroxyl group of the acetoxy
ketol was attempted uming thionyl chloride in pvyridine, and
rhosphorous oxychloride in pyridine under various conditions,
but in no case was a double bond formed, and only the starting
material or its precursor, the acetoxy dione (208), could be
iselated.

In order to prevent reversal of the cyclisation, the ace-
toxy kétol was reduced with lithium aluminium hydride and re-
acetylated to glve a mixture readily separable on alumina into
an anhydro-diacetate C3uﬂgh°h and a saturated triacetate,

The anhydro-diacetate was oxidised by chromium trioxide
under the conditions used in the preparation of the ring B enone
(221), If the anhvdro-diacetate were (226, R=H,) it was anti-
cipated that the product would be an enone (226, R=0) with ultra-
violet absorption in the region 230-2h0fya. In the event, there
was no neutral product, and the 2cidic fraction absorbed weakly
(£1,000) at 266¢w~. The anhydro-diacetate is therefore probably
(227), the position of the double bond being uncertain.

. Attempted crelisation of the acetoxy seco-dlone (208)
¥ith hydrocHoric acid in acetic acid207 and with boron trifluor-

ide etnera=te yielded only the starting material or the acetoxy

ketol (223),
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The formation of the abnormal skeleton (225) finds anal-
ogy in the formation of (228) by treatment of the model compound
(229) with phenyl magnesium bromidezoa. The intermediate ketone
ﬁndergoes an aldol condensation by the only path open to it
without formation of a cyclobutane ring. In the case of the
seco-dione (208) derived from zeorin, the direction of cycli-
sation is presumably defined by the more ready formation of the
secondary C(16) anion rather than the tertiary C(22) anion. The
enol lactone (cf. 229) derived from cholesterol, on treatment
with methyl magnesium iodide, eyelyses to give cholest-li-enone,
The intermediate diketone cyclyses to give the cholestane skele-
ton rather than a bridged ring system analegous to (228) be-
cause of the ready formation of the primary C(l.) anion.

Attention was now directed to an alternative method of
correlation involving conversion of 3:22-dihydroxy=- Y-onoceran-
1l-one76 (230 R=R'=H) and zeorin to the common intermediate
(231),
| The ll-keto group of (230, R:R'=H) could not be removed
by the usual Huang Minlon méthod, buﬁ by using more forcing
conditions, and prolonging the reaction to six days, the product,
dihydroxy- v -onocerane (232, R=R'=H) was formed in good yield,
~and was acetylated to the diacetate.

3:22-Diacetoxy-Y =onocerane (232, R=R'=0Ac) in aqueous
dloxan was treated with one equivalsht of adueous potassium
hydroxide in an attempt to cause half hydrolysis76 to the mono-
acetate, Owing to the low solubility of the diacetate in dioxan,

the conditions used in the half hydrolysis of the diacetate of
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d-onocerin76 (19), could not be followed. Using a larger
quantity of dioxan it was possible to dissolve the diacetate
completely, but on addition of the aqueous potassium hydroxide,
if formed a lower layer which corroded the glass of the flask,
but left the dlacetate virtually untouched, with formation of
a small amount of the diol monoacetate (232, R=0H, R!'=0Ac),
which was oxidised to the ketol acetate (232, R=0, R!=0Ac) and
reduced to ~=-onoeeranol (232, R<H, R'=0H). In the absence
of water, potassium hydroxide did not dissolve in the dioxan.
It was noWw considered advisable to carry out the half hy-
drolysis at the «~-onocerin stage, before conversion to the
Y-onocerin series. A disadvantage of this 1s the necessity
of working with mixture of 9(1ll)- and 12-double bond isomers
and their derivatives after cyélisation to the Y-series, until
the ring C functional groups, and hence the asymmetry, has been
removed,

& =Onocerin diacetate (233, R=R'=0Ac) was converted to
the acetoxy ketone76 (233, R;d, R':OAc’. Cyclisation of this
with acid yielded the 'x-onocerinnacetoxy-ketone mixture (23l,
R=0, R*=0Ac) in 10% yield under the most favourable conditions,

in the ‘{-ondcerin series, conversion of the ring C double
bond to the corresponding ketone is effected by ozone. Ozon-
isation of the Y -onocerin acetoxy ketone mixture (234, R=0,
R'=0Ac) led only to acidlc material and the startiﬂg material,
Tﬁat the keto group was involved in the conversion to aclds was
shewn when lupanone, under the same conditions of ozonisation,

Was also converted to acidic material,
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In order to avoid this side reaction, Y -onocerin acetoxy
ketone mixture (23, R=0, R'z0Ac) was reduced by the simple
Wolff-Kishner method to the”mixture of Y -onoceranols (23&;

R=H, R'=0H) which, on ozonisation and reduction by the'prolonged
forcing Wolff-Kishner method previously described, yielded

Y -onoceranol (232, R=H, R'=0H), identical with that obtained
by the other route, ‘

Up to this stage, all the substances described had been
fully characterised, and the I. R. spectra are completely in
accord with the formulations. There remalned three stages to be
completed to arrive at the desired diol (231), and there was
avallable only 17 mg. of pure Y-onoceranol, so characterisation
of all the stages was not attempted.

Dehydration of yp-onoceranol (232, R=H, R'=OH) with phos-
phorus pentachloride caused the familiar retro-pinacol reaction
to glve the ring contracted oroduct which was crystalline, but
not characterised, Treatment of this with hydrochloric acid
in ethanol caused @ouble bond migration, as in the lupanol
caselBh’ to give (235), which was characterised. A total of
10 mg. of this hydrocarbon was obtained crystalline, Hydroxy-
lation of this with osmium tetroxide yielded a crystalline prod-
uct, presumably the diol (231) in insufficient yield for charac-
terisation. The m.p., 205-209°, is in falr agreement with the
value 218-219° found by Jeger and his co-worker9165 in their
Synthesis of the diol (231) from X -onocerin., The crucial step
in their synthesis is the half oxidation of < ~-onocerane diol

Wwith manganese dioxide in refluxing chloroform, which glves the
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corresponding ketol (232, R=0, R'=0H) in 10% yield, the remain-
der being starting material whicﬁ can be reéycled.

Since the diol (231) had been fully charactcrised by Jeger,
no attempt was made to repeat our synthesis on a larger scale.,

The conversion of zeorin to the intermediate diol (231)
also presented difficulties which were not surmounted in the
time at our disposal.

Zeorinin (170, R=H) was dehydrated by pyrolysis of the
acetate to yleld a mixture of di-unsaturated hydrocarbons,
Hydrogenation of this mixture czave the diene (236) which cannot
by hydrogenated under normal conditions, together with the mono-
unsaturated hydrocarbon (237). It was hoped that hydroxylation
of this mixture with osmium tetroxide would glve a mixture of
the desired diol (231) and the tetrol (238), In fact, the tri-
substituted double bond of (236) was resistant to hydroxylation,
so the product was a mixture of the dlol (231) and the ene-diol
(239) which could not be separated by chromatography. Ozonisa-
fion of the mixture in an attempt to convert (239) to an acid
gave, as the only isolable product, a saturated compound con-
taining three oxygen atoms, Since the infra-red spectrum showed

the absence of ketone, it is 1likely that this is an epoxy-diol.

Stereochemistry.

No further attempt at correlation of the two series was
made., Since they were not correlated, little can be said about
the stereochemistry of zeorin., The virtual identity of the

ultra-violet spectra of dehydrozeorinin (171, R=H) and of the
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~ -lupané diene (24,0) make it probable that the environments
of the chromophores are similar, and that rings D and E of
zeorin have the stereochemistry shown, or its optical antipode.
Analysls of molecular rotation differences in the series
zeorinin (170), zeorinane triol (207), the seco-dione (208) and
dehydrozeorinin (171), and the corresponding differences in the
Y -lupane seriaslll’18u, oleanolic lactone serieslaé, and Y~ono-
cerane seriesl65 (see table 6) indicate that the environment
and absolute configuration of rings D and E are similar to those
of the ring contracted rings A and B of the commnon pentacyclic
triterpenes., Jones85 has arrived at a simllar conclusion by
éxamination of‘molecular rotations 1ln the hopanone and zeorinone
series. He sugpests that C(13), C(14), and C(18) probably have
the same stereochenistry in gzeorin and hydroxyhopane, and points
out that the observed differences are compatible with variations

at C(17) and ¢(21).

Table b,
Skeleton A_\H B’Ls 9ﬁ1 > IB-A B-C B-D
Jesfacysd=c;
Zeorin'll 42520 +141°  -—- +336%111° ---  -195°
georin acetatelll  [+328° +266° +160° +34,9°-62° +106° -189°
Y-lupanelll +53° -101°  --- +1229-154°  ---  -223°
oleanolic lactonels6 +206°  +61°  -8,° --- [45° +145°  ---
Y-onoceranel65 #201° +53°  oem —ma -11;8o -~ -
ifggnol acetatedd e #113% 32 —-- | --- +145° -
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The Biogenesls of Zeorin,

The structure (72, R=H) for zeorin is in accord with
the biogenetic acheme outlined on p.2%, A number of differ-
ent routes of cyclisation can be envisaged,

In the preferred scheme, protonation takes place at C(3)
of (2441) as in the formation of ambrein (2) and cyclisation
proceeds in the usual manner through the first four pobébntial
rings A to D, giving the tetracyclic carbonium ion (2/j2). Ring
expansion of this, followed by cyclisation of the remaining
potential ring in the Markownikoff sense to (2l43), and hydroxy-
lation would give (72).- The cyclisations could also be comp=-
letely concerted (241 to 2l13).

Since it appears that cyclisation of squalene 1s most
commonly initiated by a positive, oxygen-contalning speciles,
the atternative cyclisation deptcted by (2lly) must be considered.
In this scheme there is initial oxidative attack at the terminal
double bond in a non-Markownikoff sense, followed by cyclisation
through to the far end of the squalene chaln, This leaves a
carbonium lon or equivalent at C(3) which must be removed re-
ductively, The first scheme, (2li1), therefore appears to be
the simpler. The introduction of the secondary hydroxyl group
at ¢(6) probably occurs later, and is not involved in the cycli=-
sation,

In general, triterpenes have a marker at the site of
initiation of cyclisation, usually a C(3) oxygen function and

8t or near the site of the final cyclisation., It 1s noteworthy
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130, both lichen triterpenes, do not

that zeorin and taraxerene
have markers at the points at which cyclisation begins,

It is conceivable that the five-membered ring of zeorin
may have been a modification of a six-membered ring originally
of the 36 -hydroxy-l:li-dimethyl type. The in vitro equivalent

of this reaction is well known (see p.43).
Lantadene A

The polsening of cattle by Lantana camara is sufficiently

serious to be of economic importance in Australia, India, and
South Africazoa. From South African lantana, Louw209 isolated
two 035 triterpenoid esters which he named lantadene A and
Lantadene B; the former he showed to be physiologicnlly active
in cattle.

In an examination of South African lantana, Bartonll2
isolated only lantadene B, and showed it to have the constitution
(107, R=8.C0.CH C.Mez). It is thus closely related to lcterogen-
1113 (101) and rehmannic acialt? (107, Reangeloyloxy).

An investigation of Australian Lantana camara was now

undertakenlll. In the batch used, lantadene A was shown to be .
the major triterpenoid constituént. A very minor quantity of
lantadene B was found to be present by chromatography of the
methyl esters.
The authenticity of the isolated lantadene A was confirmed
by comparison of the triterpenoid and its 2:lj-dinitrophenylhydra-
209

zone derivative with the original compounds obtained by Luow  °,

and kindly forwarded to us by Dr. 0. Jeger of Zurilch.
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From an examination of the physical constants of lantadene
A and its derivatives (see table 7), it appeared 1likely that
it is identical with rehmammic acid, The mixed melting points
of the two compounds and thelr corresponding derivatives did not
depress, and the infra-red spectra were virtually identical.
Although these criteria are normally sufficient to establish
identity, it had been noted that, in this series, mixed melting
point devressions are not always obtained between closely related
compoundsllz. The infra-red spectra of lantadene A and lantadene
B differ only slightly in the fingerprint region and not notice-
ably in the carbonyl region. It was therefore considered advis-
able to repeat on lantadene A the degradations which had already
been carried out on rehmannic acidllo.

Hydrolysis of lantadene A with ethanoliec potassium hydrox-
ide yielded a crvstalline hydroxyketone carboxylic acid proved
by mixed melting point and rotation to be 22(5' -hydroxyoleanonic
acid (107, R=0H). The identity was confirmed by methylation to
give ﬁethyl -22G ~hydroxyoleanonate identified by rotation and
mixed melting point with authentic material obtained from lanta-
dene B,

Pyrolysis of lantadene A methyl ester yielded a volatile
acld identified as angelic acld. The triterpenoid fraction was
ah oil separated by chromatography into a colourless oil and
erystalline starting material, lantadene A methyl ester,

Hydrogenation of the oily fractions and acetylation yielded
methyl oleanolate acetate (21,5, R=Ac). Hydrolysis of this gave

the crystalline alcohol ester (2I15, R=H) which was converted
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to the benzoate (2,5, R=C0.Ph). The three derivatives were
compared with authentic compounds, and showed satisfactory agree-
ment of rotations and no depression of the appropriate mixed
melting points,

The results confirm beyond doubt that lantadene A and
rehmannic acid are the same compound (107, R=angeloyloxy). The
acetate of lantadene A obtained by Louw209 is probably a mixed

anhydride of the same type as had been prepared from lantadene
B112,209

WQJ' R

Table 7.
Lantadene A Rehmannic acid|Lantadene B
Louw this investigation

M.P. b MePe (o3 m,pPe. s MePe %

Acid 276-2807 +81°| 282-286° +89°  |282-287° +8° [293-294° +85g
282~ 287 3 )

Me ester |125° - | 137-139° +86°  |140° +86° |234-236° *89§
2:4-DNP | 268° 4359 271-272° +358°  [273-27L° +27° |26l-265° +u8%
%

g

-

#after several recrystallisatlons

The triterpenoid content of Lantana camara appears to vary

considerably, A specimen of South African origin which was later
éxamined yielded only traces of crystalline triterpenoid, In

& second batch of Australian Lantana camarsa, neither lantadene A

nor lantadene B could be isolated. There was obtained a triter-
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venoid acid which was given the neme lantadene C., Hethylation

yielded a monomethyl ester, The microanalyses of the aecid and

1ts methyl ester are consistent either with C3gHs 0y or 030H’-|-6Q"h.80hé
2

The first formula is also that of lantadenes A and B.
Attempts to obtain a volatile acid fragment by hydrolysis,
as was done successfully with rehmannic acidllo (lantadene A)

yielded, on titration, less than 10% of the expected volatile

=2 RO N s e o S B e E

acid. The tritervenoid product of ﬁhe base and acid treatment
was no langer lantadene C, but an acid, lantadene D, probably
isomeric with lantadene C. Lantadene D could also be obtained
'by acid treatment of the glycogidic fraction of the crude Lantana
camara extract,

The infra-red spectra of lantadenes C and D showed the
presence of a hydroxyl and carbonyl group in both. The methyl

ester could readily be made, but attempted acetylation and ben-

zoylation of lantadene D methyl ester yielded only starting
material, A band at 885 cm.-l, present in the infra-red spectrum 1
of lantadene C, and possibly due to an unsaturated methylene
group, is no longer present in lantadene D. The Zimmermann

test. on both lantadenes C and D is negative,

I AR WD
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EXPERIMENTAL
Zeorin

Rotatioﬁé ﬁere determined in chloroform solution, Ultra-
violet absorption spectra were taken in 95% ethyl aleohol solu-
tion with the Unicam SP 500 spectrophotomeﬁer. Intra-red spectra
were kindly determined by Dr, &. Eglinton and his assoclates,

and microanalyses by Mr., J. Cameron,

22-Keto-23-norisozeorinin acetate (153).

The mixture of unsaturated compounds obtained from the
dehydration of zeorin acetate (70ng.) with phosphorous oxy-
chloride in pyridine, was dissolved in chloroform, cooled to
-600, and ozone passed in till the solution no longer gave a
colour with tetranitromethane, The product was extracted, washed,
end chromatographed on alumina. Elution with benzene: petrol
(7:3) gave keto-norimozeorinin acetate (250mg.); crystallised
from methanol,m.p. 232-238° (dec.), ﬁaD+th: (¢,0.93). Found
C78.89%, H 10.53%; C31Hy00, requires 079.10%, H 10.71%. Zimmer-
mann test is positive. 2:l-Dinitrophenylhydrazone m.p. 239-21;0°,

found N 8.6%; C37H‘5)+06Nh_ requires N 8.61%.

acid

Bromination of keto-nordgozeorinin acetate.
| The nor-ketone (38.6mg.) was dissolved in acetic,(10ml,)
containing approximately 100 mg. of bromine. A solution of
pregnenolone (l45.3mg.), and a blank, were made up similarly.
The absorption of bromine was followed by tibemation; the nor-
ketone toak up li.li molecules of bromine and pregnenolone l,12

molecules indicating that the nor-ketone has four hydrogen atoms
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o - to the ketone,

Isolation of acetone dinitrovhenylhydrazone.

Zeorin acetate (500mg.) was dehydrated and ozonised as
before, Water (2ml.) was added and the solution refluxed on
steam for 5 minutes, Distillation of the solution into 2:4
dinitrophenylhydrazine reagent, extraction with chloroform iand
filtration through a bentonite-kieselguhr column ylelded acetone
dinitrophenylhydrazone (30mg.) m.p. 120-123° undepressed on

mixing with an authentic apecimen,

Zeorin trispor lactone acetate (156).

Zeorin acetate (3g.) was dehydrated and ozonised as before,

the product, filtered through alumina in benzene, was an oil
(1.75g.).

| The oil (1.75g.) in methylene dichloride (30ml.) with
sodium phosphate (1.5g. anhydrous) and peroxytrifluoracetic

acid (approximately 1lg.) was refluxed for 15 minutes. The
solution was worked up as before, hydrolysed, re-acetylated, and
chromatographed on alumina, HEiIution with methanol:acetic acid
(9:1) gave a solid (350mg.) chmystallised from aqueous methanol
mp. 282-285° (dec.);(oT +13°(c,1.00); found C75.75%, H 10.05%;
C29H,60), requires 075.95%, H 10.1% I.R. in 0CL1735 1218 cm, ~1-
OAe, 1750 cm.~1l. §=-lactone.

Zeorinin acetate Oxide.

Zeorinin acetate (300mg.) in chloroform was ozonised at

-60%,  The crude product was filtered through alumina in benzene:
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ether (9:1). Crystallisation from ethanol yielded zeorinin
acetate oxide m,p. ZMS-ZSIO,YdTD*77° (c;o.hh) undepressed in

m.p. on mixing with authentic material.l73

zggpanost-s-ene.

Isolanost-3-ene (3g.) in chloroform (50ml.) was treated
with dry hydrogen chloride for 1 hour. The product.crystallised
from methanol as needles m.p. 870, depressed on mixing with
starting material, [él +73° (e, 2.06) found G 87.32%, H 12.56%,
930352 requires C 87.30%, H 12.70%.

Ozonisation of isolanost-5-ana,

Isolanost-5-ene (207mg.) m.p. 87° in chloroform at -60°
was ozonised for 65 minutes, when the tetranitromethane test
became negative. Activated zinc (300mg.) and acetic acid (lml,)
were added, and the solution warmed to room temperature, Extrac-
tlon and washing gave an oil. The infra-red spectrum in carbon
tetrachloride showed a single carbonyl peak at 1707 cm.-l. Peaks
at 1026 and 885 cm."l, present in the starting material, were

now absent,

dsolanostane-5€:66-cls diol.
iso-Lanost-5-ene (327mg.) in dioxan was left 12 days in

the dark with osmium tetroxide (300mg, 1.5 equivalents). Work-
ing up by H>S and chromatograph&, and crystallisation from

methanol yielded iso-lanostane-58:68-diol as plates m.p. 146-146,50
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{or ] +39° (c,1.73), found C 80.84%, H 11.99%; CBOHfo requires
c81. oz/, H 11.79%, I.R, (rujol) 3350 cm.~1 -0H, no carbonyl
absorption. Earlier fractions from the chromatogram yielded

a small quantity of a second compound m.p. 143-14/i° from methanol.
Tetranitromethane test negative. This proved to be the 6-ketone

(16lL); see below.

isolanostan-6-one (16l).

isoLanostane diol (10mg.) in chloroform (10ml.) with con-
centrated hydrochloric acid (1 drop) was refluxed for 10 minutes.
The product was extracted and crystallised from methanol I.R.
(CHCl3) 1720 em,~1, m.p. th-lh?o depressed on mixing with the
diol, undepressed on mixing with the second byproduct m.p.lhB-lhhp

from the osmylation.

X ~Lup-3(5)-ene.

Lupénol (35hmg,) in dry petrol (lOml,) with phosphorous
pentachloride (l0dmg.) was left at 0°C for one hour. The product
was extracted, filtéred through alumina (10g. activity III)
and crystallised from methanol as thick - . needles m.p.’17u-
184°, Beilstein's test negative. The I.R. (nujol) peak at
888 cm.”! is reduced on crystallisation indicating, the removal
of the iggpropenyl isomer, Ruzicka, Jeger and Huber, Helv. Chim.
Acta, 1945, 28, 942, obtain m.p. 212-213° corr. for the pure
1sopropylidene compound. Isomerisation of the mixture of hydro-
carbons (200mg,) by refluxing in ethanol (300ml.) with concentratéd
hydrochloric acid (50ml,) for 35 minutes, and crystallisation

from méthanol, gave Y -1up-3(5)-ene m.p. 135-136° (X}, +13°
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(c, 2.875) as shining plates, yield 130mg. after four recrystal-
lisations. Found C 87.95%, H 12.17%; CygHy, Tequires C 87.73%,
H 12.27%. | '

Y -Lupane-3:5-epoxide.

\

1) Y-Lup-3(5)-ene (163mg.) in methylene dichloride {10ml,)
at 0° was treated with ozone until the solution gave no coiour
with tetranitromethand (2% hrs.). The non-crystalline product
in petrol was chromatogravhed on alumina (8g. activity III).
Petrol eluted the epoxide crystallised from acetone as piates
(28mg.) m.p. 179-187°, (XL+5° (e, 1.2l), found ¢ 84.L0%, E 11.77%;
C30H500 requires C, 8l4.4l#, H 11.81%, The I.R. shows the absence
of carbonyl absorption. |

2) Y-Lup-3(5)-ene (282mg.) in acetic acld (50ml.) at
100° was mixed with hydrogen peroxide (1 ml. of 30%). Tests
With tetranitromethane showed that the double bond was absent
after 5 to 7 minutes, Extraction and chromatography yielded
the epoxide (2limg. ) as the only crystalline product, m.p. 179-187o

undepressed on mixing with the product obtalned by the other route,

Y~Lupane-3(5):6-diene.

Y-Lupane-B:S epoxide (2lmg.) in ethanol (20ml.) with
concentrated hydrochloric acid (2ml.) was refluxed for 1% hours
at 82° with the minimum amount of chloroform (0.5ml.) to prevent
the separation of an oil. Extraction and filtration in petrol
through alumina (1g. activity I) yielded the diene as plates
from acetone, m.p. 111-112° [x% +30° (c, 0.58, 2 dm. tube).
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Found C 87.78%, H 11,72%, cBOHh8 requires C 88,164, H 11. 8L4%.
The U=V spectrum has a éingle maximum at 252:7.(821 500). |

Dehydrozeorinin (171, R=H).

Dehydrozeorinin benzoate (171, R=C0.Ph) (268mg.) in dioxan
(15ml,) was refluxed with lithium aluminium hydrtde (300mg, )
for 5 mins, Extraction with ethyl acetate yielded dehydrozeorinin
mepe 174-183° as short blades from methanol. ®%9° (e, 1.707,

2 dm,). Found C 8L.82%, H 11.23%; G308 g0 requires ¢ Bl.8l%,
H 11.39%. Asahina and Yosioka (Ber. 19L0,73,7.2) prepared de-
hydrozedrinin mep. 183-185,5° by acid dehydration of zeorinin-
oxide,

Acétylation of dehydrozeorinin (171, R=H) (100mg.) in
pyridine (5ml.) and acetic anhydride (5 ml.,) on the steam bath
for 6 hours gave the acetate (171, R=Ac) as prisms m.p. 213-222°,
capillary m.,p, 222-223°,{0Jp+75° (¢, 1.885, 2 dm.). Found C
82.16%, H 10.80%, C3pHz0 requires © 82.34%, H 10.80%.

.Dehydrozeorinin acetate was also preﬁared by adid catalysed
dehydration of zeorinin acetate oxide., Asahina and Ybsiokal71

obtained dehydrozeorinin acetate as prisms m.p. 223-22%°,

6‘A°etoxy-zeorin-l?en-lS-one (173).
Dehydrozeorinin acetate, (171, R=Ac) (89Lmg.) and osmium

tetroxide ()85mg., 1.00 equivalent) in dioxan solution (25ml.,)

were left for four déys at poom temperature in the dark; Hydro-
gen sulphide was passed in from a Kipr generator and the osmium
triswlphide filtered off. Chromatography of the product in

carbon tetrachloride on alumina (17g. activity III) and elution
With 2% to 50% ether in benzene yielded the conjugated enone (173),
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crystallised from aqueous methanol as needles m.p. 141-142°,
(oY +76° (e, 0.658, 2 dm,). Found C 76.85%, H 10.30%;
C32Hz005, HpO requires C 76.75%, H 10,474, I.R. (nujol) 1710+
1253 cm.'l - acetate, 1660 cm."‘1 -conjugéted enone, U=-v,
fmax. 230 ~m (€£10,800).

The enone was recovered unchanged (mixed m.p. and u.-v.)
after refluxing for 30 minutes in ethanol ( S5ml.) containing

hydrochloric acid (1 drop).

Zeorinin-6:15:16-triol (172, R=-H) and its 6-monobenzoate (172,R=CO,Ph

Dehydrozeorinin benzoate (171, R=C0.Ph) (187mg.) in dloxan
(8ml.) wos left with osmium tetroxide (95mg. 1.1 equivalents) in
the dark for 5 days. Addition of lithium aluminium hydride (200mg. )
in ether (3ml.) and extraction with ethyl acetate ylelded a crys-
talline solid, Chromatography on alumina (bg. neutral deactivated)
Yielded two products,

1) 2% to 10% benzene in carbon tetrachloride eluted zeorin-
in-6:15:16-triol-b-monobenzoate (172, R=C0.Ph) crystallised from
methanol or vetrol as needles (Tmg.) mep. 227-241°, [«)+55°
(¢, 0,571, 2 dm.). Found G 78.82%, H 10.08%; C37Hy),0) requires
O 78.96%, H 9.67%. U.-v. X\ max. 27h~m €905), 232 ~ (€14,000).
I.R, (nﬁjol) 3380 cm.~1 -hydroxyl, 1687+1288+1597+158u;71u cm, =1 -

benzoate, I.R. (carbon tetrachloride) 1703 eme~Y,  The carbonyl

)

absorption is at a lower frequency thahn usual (1719 cm.”

2) Benzene to 10% ether in benzene eluted from the'column
zeorinin-6:15:16-triol (172, R=H), recrystallised from methanol
as prisms (l3mg.) m.p. 235-252°, ((]435° (e, 1.36, 2 dm.).
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Found C 78.32%, H 11.L,0%; 03033003 requires C 78.55%, H 10.99%.
I.R. (nujol) 3555+3u15+j3u0+cm.-1 ~-hydroxyl, no carbonyl ab- |

sorption. The tetranitromethane test gives no colour,

Zoorinin-6:15:16-triol-b-monoacetate (172, R=Ac).

Dehydrozeorinin acetate (171, R=4c) (338mg.) in dioxan/
pyridine (10:1, 6 ml.) with osmium tetroxide (189mg., 1.03
equivalents) was left for 10 days at room temperature. Work-
ing up by addition of HéS, evaporation of the solvents, addition
of ethyl acetate and filtration wielded a colourless solution,.
Evaporation and chromatography on alumina (9g. acitiviby III)
yielded, in order of elution, dehydrozeorinin acetate (171, R=Ac)
(30mg. ), the enone acetate (173) (53mg.), and the triol mono-
acetate (172, R=Ac) (173mg.), m.p. 201-212° expetrol, [¥Tr+59°
(¢, 1.19, 2 dm.). Found C 76.45%, H 10.01%; CBZHfZOh requires
C 76.75%, H 10.47%., The ultra-violet spectrum showed only end

absorption,

Acid dehyvdration of the triol monoacetate (172, R=Ac).

The zeorinin triol monoacetate (172, R-Ac) (21mg.) in dioxan
(5ml.) and concentrated hydrochloric acid (0,10ml,) was left at
foom temperature for three days. On working up by addition of
Wwater and extraction, the diene diol monoacetate was obtained
838 needles, recrystallised from methanol containing one drop of
Pyridine to 213-222°, U.-v. N max. 250ﬁ7h(521,6oo). Found
C 79.63%, H 10.55%; C35Hgo04 requires C 79.62%, H 10.&&%. o?
refluxing the dlene diol monoacetate with concentrated hydrochloric

acid in chloroform, the ultra-violet maximum at 250m. disappeared
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while a maximum at 286tyAappeared.

Acid dehydration of the triol (172, R=H).

Zeorinin triol (172, R=H) (10 mg.) in chloroform (3ml.)
and ethanolic hydrogen chloride (2ml.) was refluxed forABO min-
utes. Removal of the chloroform and addition of more ethanol
yielded, on cooling, needles of the trienol (ef. 179) recrystal-
lised from chloroform-petrol to m.p. 320-326°,X}%-17° (e, 0.376,
2 dme)s TU.-v.NAmax. 295wm (€£18,800) and 283»74(516,500).
Found C 8l4.66%, H 10.143%; CoH) 40 requires C 85.24%, H 10.97%.

Neozeorininone (ef, 181).

Zeorinone (1.29g.) in acetic acid (100ml,) at 100° was
mixed with Analar perchloric acid (6.5ml.) (72%). The solution
became dark red within two ninutes, and the neo-ketone began
to erystallise out after seven minutes. After [j0 minutes on the
steam bath, the solution was poured into water, extracted, and
the product crystallised from petrol as prisms (1.05g.) m.p.
225-234° undepressed on mixing with authentic neozeorininone
m.p. 225-230° (literature m.p. 238-21;0° presumably not taken on
the Kofler,)

Chromium trioxide oxidation of neozeorininone.

Neozeorininone (1.620g.) in acetic acid (1 litre Analar)
with chromium trioxide in acetic acid (20m1.1.08 N 1,e. 3.0
&ﬂper molecule) was left overnight at‘room temperature, Dilu-
tion, extraction and reduction with sulphur dioxide yielded

colourless crystals, Chromatography in carbon tetrachloride on
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alumina (35g. activity V) yielded three substances,

1) Carbon tetrachloride eluted from the column a con-
jugated enone (cf. 185) cerystallised from ethanol as plates
(853mg.) m.p. 278-282°, [x1,439° (e, 1.67). Found C 82.28%,
H10.81%; C30M) 00, requires C 82.13%, H 10.57%, U.-v. ) max,
259»7,(512,870). I.R.(chloroform) 1697 cm.'l.(cyclohexanone
eyclopentenons) and 1610 cm.” T (strong band characteristic of
an S-cis enons),

2) Carbon tetrachloride to 50% benzene in carbon tetra-
chloride eluted an epoxy ketone (cf..182) crystallised from petrol
as prisms (398 mg.) m.p. in both cases 272-350° with recrystal-
lisation at 220°, ‘This was unchanged on repeated crystallisation,
00+91° (¢, 1.05), U.-v. 288wsu(€108). Found C 79.13%, H 10.11%
GBOHh603 requires'C 79.25%, H 10,20%. I.R. (nujol) 1703 cm, =1 |
cyclohexanone, The tetranitromethane test is negative.

The wide melting range of the epoxy compound is due to
conversion to a higher melting compound, The epoxy-ketone (10mg.)
was heated to 280° for five minutes in a Woods metal bathe. The
substance appeared to recrystallise with partial sublimation,

The product crystallised from methanol as felted needles (5mg.),
Mm.p. greater than 350°, Found C 79.93%, H 10.59%. The u.-v,
Shows no significant absorption. I.R.v(nujol) 1718 cm.~1,

1697 cm.‘1+1677 cm.”l shoulder. The tetranitromethane test 1is
negative,

3) 1% to 25% ether in benzene eluted from the column
a conjugated ene-dione (cf.183) erystallised from methandd as

vellow plates (27mge.) m.p. 281-290° [Ty +31° (c, 0.89, 2 dm.)e
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Found C 79.58%, H 9,69%; 030Hﬁhp3 requires C 79.60%, H 9.80%.

U.-vA i max. .375M/M (€h60), 263mm (€9,200). I.R. (mijol) 1767 om. "1

1 1.R. (carbon tetrachloride) 172l em."t shoul-

der, 1717 em.”L, 1707 om. > shoulder+16l) cm.” L,

(broad) 1630 cm.

peoZeorinin-6:12-dione.

The epoxy-dione (ef. 182) (106bmg., 0.233 m. mole) in acetone
(15ml.) was mixed at room temperature with ethanolic chromous
chloride reagent193 (3ml. 0,63NW). The solution became graen
immediately. On addition of further 6 ml, of the reagent a
permanent blue colour was visible, After fifty minutes, the
product was worked up by dilution and extraction., Chromatography
on alumina showed it to be homogeneous. Crystallisation from
petrol yielded_gggzeorinin—ﬁ:lZ—dione as needles (95mg.) m.pe
266-268° with a sharp change from needles to prisms at 235-236°,
54539 (¢, 1.20,2 dm.). Found ¢ 81.94%, H 10.19%; C30H),60
requires C 82.13%, H 10.57%. U.-v. JHmax. 2559»(5‘8&00)-

I.R. (nujol) 1700 em.~t (eyclohexanone) 1670 em. ™t (cyclohexen-

one) 1603 cm,~l (high intensity C=C stretch of an S=-cis enone),

neaZeorinane-6:12:19-trione.

The epoxydione (ef. 182) (150mg.) in ethanol (18ml.) and
concentrated hydrochloric acid (L ml.,) was refluxed for 20 hours.
Evaporation and orystallisation»from ethanol yielded the tri-
ketone (188) as hexagonalnplates m.p. 280-285° (depressed to
265-268° on admixture with the starting material m.p. 274-350°),

Ty, 55°, (e, 1.75, 2 dm.). Found C 79.42%, H 10.35%;
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G308, (05 Tequires C 79.24%, H 10,20%. The u.-v. spectrum shows
only the isolated ketone peak at 295«7M(EL 150). I.R.(mffol)

3350 cm."1 very weak, 1740 1703 cm, "t cyclopentanone and cyclo-

hexanone,

negzeorinane diene.

' Zeorinin acetate (805mg.) in acetic acid (50m1,) at 100°
was treated with perchloric acid (2 ml. of 72%). After l minutes
white crirstal clusters apneared, The product crystallised from
ethanol as needles m.p. 177-179°%, [of,+ 50° (e, 2.13), found
C 88,16%4, H 11.924%, 030%3 requires C 88.16%, H 11,84%, U.-v. A
max, 206»7« (€20,000). |

hegZeorina-11:13(18)-dien-6-one (190).

ngoZeorininone (189) (L2lmg., 1.00 m mole) and selenium

dloxide (133mg., 1.20 m.mole) in dioxan (2 ml.) in a sealed tube
were kept at 1u0° for 1 hour. The crude product was dissolved
in chloroform and the insoluble black selenium filtered off.
Chromatography of the product on alumina (15g. activity I) and
elution with carbon tetrachloride to SO% benzene in carbon
tetrachloride yielded the dienons, crvsﬁallised from ethanol .as
plates m.p, 255-256°, [x],+30°, (c, 1.3, 2 dm.). Found C 85.51%,
85.11%, B 10.76%, 11.21%; O30 reauires G 85.24%, H 10.97%. '
Uo-v, A max, 2653,,\(520,600), 2557(829,000). and 2h7n74~(£
26,100), I.R., (nujol) 1703 cm.~%1 (eyclohexanone), 858+800+753
em, =1,

Attempted hydrogenation of the dienone (31lmg.) in cyclo-
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hexane/&loxan/acetic acid (1:5:2, 10ml.) with palladium black
(10mg.), caused no uptake of hydrogen, even after addition of
concentrated hydrochloric acid (1 drop).

On introduction of Adam's catalyst, hydrogenation took
place. The product erystallised from ethanol as rods m.p. 232-
2370, uﬁdepressed on mixing with authentic neozeorininone,

mepe 233-237°. The I.R. spectra (nujol) were also identical.

11:12-¢is-Dihydroxy-neazeorinin-b-one (191).

neoZeorina-11:13(18)-dien-6-one (110mg.) and osmium tetroxide
(200mg.) in pyridine (1ml.) and dioxan (5ml.) were left in the
dark at room temperature for twelve days., Working up by hydrogen
sulphide and crystallisation from petro: ylelded the diol (191)
as needles m.p. 21-221°, (3+33° (1.2}, 2 dm.). Found C 78,80%,
H 10.99%; 030Hﬁ803 requires C 78.89%, H 10,59%4. The u.-v. specé
trum shows only end absorption., Chromatography indicated that
the product was homogeneous.,

neoZeorininone was refovered unchanged in good yield after

treatment for one and a half months with osmium tetroxide under

the same conditions,

Cleavage of the diol (191).

Titration of the diol (191) (23.3mg., 0.102 m.mole) and of
cholestane Sof -6 -diol (20.7mg., 0.100 memole) with lead tetra-
acetate as described by Criegee (Ber.,1931,6l,26l) indicated the
°1°avage in less than five minutés of respecfivel& 1.00 and 0,99

glycols,
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The product (193) of cleavage of dihydroxy-neozeorininone

was worked up by extraction, and erystallised from petrol as

needles m.p. 173-181°,[x} -119° (¢, 1.1, 2 dam.). Found C
4 00 l o i 0. i ° * Y -4:

76.71%, H 10.29% GBOHLLBOZ requires ¢ 78 89%, H 10 59% The

only maximum in the u.-v, spectrum is at 300f7‘2160° I.R.

-

e gt e

(carbon tetrachloride dilute solution, all fregquenciest 1 cm.-'1

)

iymuar,

3553 cm,~% H- bonded hydroxyl, 2720 cm.-'1 (aldehyde), 1708+
1695 em.~! (aldehyde (?)+cyclohexanone),

The iéolated 16-ketone in neozeorininone absorbs at 1713 cm.'11

Pyrolysis of the peo-aldehyde (193).

The aldehyde (193) (36mg.) was heated in a stream of nitro-
gen at 0,15 mm, pressure and the vapour passed through a tube at

220°, The product (197) condensed and errstallised just outside

the heated zone. Chromatography on alumina (2g., activity III)
and elution with 3% benzene in carbon tetrachloride to pure
benzene vielded prisms (17mg.) from methanol, m,p. 172-1770,

{c G o

Lodp-3° (C, 0.9, 2 dm.). Found C 85.45%, H 10.99%; 030%60
requires C 85,24%, H 10.97% u.-v. A max. 266ty\(€13,100) I.R.

AR N AR o T UOE S ERRSUY SR

- -1 -
(nujol) 2706 cm. * (aldehyde) 1700 cm. ~ 805 cm. 1 (strong).

PR

Reduction of the pyrolysils product (197) (75mg.) in dioxan
(bml,) with 1ithium aluminium hyiride (3ml. of saturated solution i
in ether) by evaporation until the solution bolldd at 100°, ;
followed b7 dilution with water and extraction, yielded a non-
erystalline solid (198), u.-v. A\ max, 265 nya (€12,000).

Ghromatography on alumina (2g. deactivated) did not produce

any crystalline fraction. The méjor portion, eluted with carbon
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tetrachloride had ) max. 261»7m(£ll,000). I.R. (carbon tetra-
chloride) 3580 cm.-l-hydroxyl, no significant carbonyl absorp-
tion.

On refluxing either the original amorphous solid, or the
chromatographed product above with 1 drop of conc. HCl in the
5 ml. of spectroscopic ethanol solution, the position of the
U, -V, maximum was changed to 259774(513,000) and 259?710513,500)
respectively. The original aldehyde ( Amax. 2667y\,€13,100),

on similar acid btreatment, showed a similar shift to 259wa (£13,800).
va

Dehydration of 11:12-dihydroxy pegrzeorininone,

| The diol (Lb6bmg.) in dioxan (1 ml,) with concentrated
hydrochloric acid (1 drop) was left at room temperature for two
hours, when crystallisation of the product as colourless needles
appeared to be complete. Recrystallisation from methylene di-
chloride/methanol in the cold under reduced pressure yielded
the partial dehydration product, the dienolone (201), mepe. 180-
199° with recrystallisation to rectangles at 185-1959, [/], +25°,
(¢ 0.965, 2 am.). Found & 285;5'1;5“%7&“}01)};9;%%, C Of. ¢0, requires

C 82.13%, H 10.57%, U.-v. XA max. 26h{y5g.R. (nujol) 3350 cm.”

(weak) + 1697 cm,”L, + 1135+1086+ 80l em. 1,

1

GegZeorinane-1(2):9(10):11(12) -triene-16-one (20L).

On refluxing the dienolone (201) in ethanol alone, or more

rapidly on addition of concentrated hydrochloric acid, further
dehydration took place giving neozeorinane~§1:13(18):19-trien-
b-one as colourless needles from petrol m.p. 24&-2&7°,B{L-+259°

S e iz
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(e, 0,809, 2 dm,). TFound ¢ 85.58%, H 10.244%, 03031,40 requires
C 85.65%, H 10.54%, U.-v. )\max. 28&:7\(229,000). I.R. (nujol)
1703 cm;‘l (cyclohexanone), 1630 (weak but sharp)+ 906+790+721

em. "1,

Zeorinane triol monocacetate (207, R=Ac).

Zeorinin acetate (817mg.) in dioxan (7ml.,) with osmium
tetroxide (6L3mg., 1.3 equivalents) was left at room temperature
in the dark for 1l days. Working up by H,S gave the triol mono-
acetate which was shown to be homorgeneous by careful chromato-

' graphy oq@lumina, and crystallised from petrol, m.p. 248-25&0,

[o5+53° (¢, 2.37); found C.76.71%, H 10.71; C requires

f 32°5 )
C 76.44%, H 10.83%, The triol monoacetate was recovered unchanged
in 80% yield after refluxing with HC1l/chloroform under conditions
which converted iso lanostane-5:6-dlol to the ketone. Attempted
acetylation of the triol monoacetate (207, R=Ac) with acetlc

anhydride in pyridine at room temperature for three days ylelded

only starting material,

Zeorinane-triol (207, R=H).

The triol monoscetate (50mg.) in dioxan (lml.) with lithium
aluminium hydride (50mg.) was refluxed for 30 minutes, Extraction,
washing and crystallisation from petrol yielded the triol (37mg.)
Mepe 255-270°, not improved by repeated crystallisation from
methanol or petrol. [®3p+31° (¢, 2.10). Found C 78.09%, H 11.52%,
c3035203 requires C 78.02%,~H 11.38%. I.R. (nujol) péaks at
3350 em,=1 and 3130 em.-1, no carboﬁyl absorption,
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The triol was also obtained by direct reduction of the

osmate ester from zeorinin acetate,

b-Acetoxy-17: 21-diketo-A-gecazeorinane (208).

1) The triol monoacetate (207, R:=Ac) (25.1 mg.) in Analar
benzene, and lead tetra-acetate in Analar acetic acid (3.00mi1.,
.0500K) was diluted with Analar benzene to 10.00ml, Withdrawal
of 2.00 ml. aliquots after 10 and 20 minutes and titration with
iodide/thiosulvhate in the presence of sodium acetate buffer
showed that éxidation was complete (10 mins, 1.12[dlpermmole-
cule, 20 mins., 1.1000]). Extraction yielded the acetoxy seco-
dione (208) m.p. 12&-1250 undepressed on mixing with the product
obtained by the other routes.

2) ' Zeorinane triol monoacetate (3l3mg.) in benzene (25ml,)
wlth lead tetra-acetate (500mgel.li equivalents) in acetic acid
(20ml.) was left at room temperature for 10 minutes. Addition
of ethylene glycol (5 drops), dilution with water and extraction
Yielded the acetoxy-seco-dione, crystallised from methanol as
felted needles (315mg.) m.p. 125—1280,[Pdp+32° (c, 3.33), found
C 76.68%, H 10.584%. CBZHEZOA requires C 76.75%, H 10.li7%. 1I.R.
(nuj°1)Al712+1250»cm."1 -acetate 1700 cm.-1 3- and 5- ketones,
| 3) Zeorinane triol monoacetate (30mg.) in acetic acid
(20m1.) with chromium trioxide in acetic acid (5ml. .056N) was
ﬁllowed to stand at room temperature for 80 minutes. Dilution
with water and extraction yielded the acetoxy seco-dione m.pe.

122-12),0 undepressed on mixing with the lead tetra-acetate product,
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lt) Zeorinane triol monoacetate (70mg.) in pyridine (lm1l.)
was mixed with chromium trioxide (100mg.) in pyridine., After
1 day at room temmerature the product was worked up by sulphur
dioxlde and extraction, crystallised from methanol as the felted
needles characteristic of the acetoxy seco-dione &fh*32° (e,
1.24) m.p. 124~126°, undepressed on mixing with an authentic
sample,

The triol monoacetate was recovered unchanged in good

vield after attempted cleavage with excess periodic acid in

dioxan at room temperature for two days.

Reverse lichael reaction on zeorinane-é-acetoxy~17:21-§ggg-12:21-
dione (208).

, Diethylene glycol (20ml., twlce distilled from lithium
aluminium hydride) was rekluxed, and a stream of nitrogen bub-
bled through., The evloved gas was passed into 2:li-dinitbophenyl
hydrazine solution in dilute sulphuric acid, when a crystalline
derivative rapidly formed. Crystallisation from methanol yielded
acetaldehyde dinitrophenylhydrazone m.p. 163-165o undepressed on
mixing with an authentic specimen, Addition of pobassium hydrox-
1de (1g.) to the refluxing solution did not decrease the evolution
of acetaldehyde., After refluxing for 2l hrs., acetaldehyde was
still being given off at approximately the same rate.

Diphenyl ether (15ml.), which had been distilled from
lithium aluminium hydride, was refluxed in a stream of nitrogen.
On Passing the gas into a solution of dinitrophenylhydrazine,

dark req needles formed at the rite of about 10 mg. per hour,
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Addition of potassium hydroxide (1lg.) did not retard the form-
atlon of the red compound. The same compound could be prepared
in good yield by mixing an alcoholic solution of the pure di-
phenyl ether with aqueous dinitrophenylhydrazine reagent.,

The acetoxy-seco-dione (118mg.) was added to the refluxing
mixture of diphenyl ether and potassium hydroxide, when the
nitrogen stream immediately gave a light yellow precipitate on
passing it into the dinitrophenylhydrazine reagent., After L5
minutes, the evolution of carbonyl compound ceased, The product
was extracted and chromatographed on bentonite: kieselguhr (300
mg., 1l:1 by volume) in carbon tetrachloride. The dark red
diphenyl ether adduct passed straight through the column., Benz-
ene eluted methyl isopropyl ketone dinitrophenylhydrazone (1l
mg., 21% of theoretical vield) m.p. 121-1220, undepressed on
mixing with an authentic specimen. Found C 50,17%, H 5.35%, N
20.9%; Op1Hy) 0N, requires C L9.624, H 5.30%, N 21.0%.

| The ketone evolved from 127 mg. of the acetoxy-seco-dione
was passed into semiearbazide hydrochloride solution. Extraction
with chloroform and crystallisation from petrol yilelded methyl
l§2pr0py1 ketone semlcarbazone as needles (2mg., 5% of theoreti-
cal yield) m.p. 112-113°, undepressed on mixing with authentie
material m.p., 114-115°,

Diethylene glucol (15ml,) and potassium hydroxide (0.5g)
were refluxed‘in a streaﬁ of nitrogen. The acetoxy-ggggfdioné
(7h2mg.) in an open tube was dropped into the solution, and
fefluxing continued for lj0 minutes. The solution was cooled

under nitrogen, diluted and extr:cted with ethyl acetate giving
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a red gum. Chromatography on alumina (12g. neutral deactivated)
ylelded no crystalline fraction, |

Acetylatibn of the combined hydroxylic fractions (eluted
with 15% benzene in carbon tetrachloride to ether, I13mg.) with
acetic anhydride énd pyridine for three days, followed by chrom-
atography on alumina (15g. activity III) yielded two isomeric
diacetates,

1) Carbon tetrachloride to 25% benzene in carbon tetra-
chloride eluted the "Czu-diacetate I" (c¢f.210) crystallised from
methenol as plates (30mg.) m.p. 194—195°,E¥k*83° (e, 1.2l, 2
dm.). Found C 75.27%, H 10.25%; CogH),40), Tequires ¢ 75.29%,

H 10.38%. I.R. (carbon tetrachloride) 1727 em, ~1 -acetate; no
cyclohexanone or hydroxyl.

2) Benzene eluted the "Cpl~diacetate II" (ef. 210) crys-
tallised from methanol or petrol as needles m.p. 213-2150,[0(33 +
41° (e, 1.16, 2 am.). Found C 75.55%, H 10.43%, C,gH,60), Tequires
C 75.29%, H 10.38%. TI.R. (carbon tetrachloride) 1727 cm.~l

-acetate; no cyclohexanone or hydroxyl.

The "Cpj,-dione™ (211),
| "Gp)-dlacetate II" (25mg.) in dloxan (1 ml.) with 1ithium
aluminium hydride (ljOmg.) in ether (1 ml.) was heated until all
the ether had been removed, then refluxed for 15 minutes, The
Pfoduct, worked up by extraction and washing as usual,. was the
Non-erystalline diol.
Oxidation of the diol (25mg.) with chromium trioxide (30mg.)

In pyridine (2ml,), and working up merely by addition of ether,
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filtration and washing with water, yielded the "Cau-dione"
(211) (15mg.) as rods from methanol mep. 212-216°, [&lpt159

(e, 0.347, 2 dm,). Found C 80.3L#%, H 10.7L%; C,),H3g0, requires
C 80.39%, H 10.68%,

Similar treétment of "Czh-diacetate I" (27mg.) ylelded
the dione (12mg.) m.p. 211-217° undepressed on mixing with
"Czu-dinne" above, The I.R. spectra (nujol) were identical in
the fingerﬁrint region. The carbonyl region shows a single
strong band at 1703 cm,” Y.

On treatment of the "Czu-dione" with concentrated hydro-
chloric acid (lp drops) and chloroform (Lml.) at the reflux

temperature for 30 minutes, the starting material was recovered

unchanged, m.p. 208-21@0, undepressed on mixing with "Ezh-dione".

Reduction of the "czu-dione" (211).

The “Cgh-dione" (10mg., from "qu-diacetate I") in dry
benzene (3ml,) and drv isopropanol (2.5ml.) was refluxed while
Sodium (1.0g.) was added in small piéces during | hours. Ex-
traction with ethyl acetate and acetylation with acetlc anhydride
and pyridine for li days at room temperature yielded the "024-
diacetate II", crystallised from methanol as needles (8mg.),
{}y + 370 (e, 0,31, 2 dm.), m.p. 215-217°, recrystallised at
216-2200, second m.p. 221-2230. The product was undepressed on
mixing with an authentic specimen which showed the same double
W.p. The I.R. spectrum was also identical with that of “Cth
diacetate II",

TS &4
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Zeorinane enone (221),

Zeorin acetate (lL.168g.) was dehydrated with phosphorous
oxychloride and hydrogenated as describedl73, yielding impure
deoxyzeorin acetate., On reduction of the ester with lithium
aluminium hydride and dehydration of the secondary alecohol with
toluene p-sulphonyl chloride and vpyridine as before, a mixture
of unsaturated hydrocarbons was obtained as a white, readily
crystalline solid. (1.737g.).

Oxidation of the unsaturated hydrocarbon mixture (1.737g.)
with chromium trioxide (2g.) in refluxing acetic (80ml.) for
20 minutes, followed by chromatography and crystallisation from
methanol, yielded zeorinane enone, (195mg.) m.p. 186-7°,[«T,we51°
(e, 1.51), M max. 239v)M(£l2,1OO), I.R. (nujol) peaks at 1650,
1610, and 1292 cm.~t no. -0H. Found C 85.18%, H 11.50%, C30-
Hhao requires ¢ 84.8L%, H 11.39%. | |

The first two ffactions of the chromatogram yielded a
minor product (35mg.) from ethanol m.p. 162-163°,(dh -)2° (e,
2,09, 2 dm.,). Found C 88.01%, H 12.30%; CBOHEO requires C

87.73%, H 12.27% . U.-v. no absorption in the region 330-210mu

Zeorinane 7-kebone.

Zeorinane enone (221) (8mg.) in dry ether (2ml.) with
lithium aluminium hydride (10mg.) was allowed to stand over-
night at room temperature. The product was extracted with
6thyl acetate and benzene, washéd quickly with dilute hydro-
chloric acid and with water, and the product crystallised from
methanol as needles (5mg.) m.p. 155-158°, Rotation and analysis
Were not teken, The product has no selective absorvtion in

the u,-v, region apart from the saturated ketone band (£75) at
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285&7“ The I.R. spectrum in nujol shows 1700 cm.'l (cyclo-

hexanone); no hydroxyl.

Zeorinane enone attempted bromination.

Zeorinane enone (221) (21.2mg.) 0,050 m-mole) in Analar
acetic acid (5.00ml,) was mixed with a solution of bromine and
hydrogen bromide in acetic acid (20ml. .0123 WBr,. i.e. 0.123
m.mole) and left for 36 hours at room temperature. On extrac-
tion and crystallisation from methanol, starting material was
recovered in 80% yield, m.p. 187°, undepressed on nmixing with
zeorinane enone.m.p. 187.5°. The Beilstein test showed the

absence of bromine,

Zeorinane enone stability to selenium dioxide.

Zeorinane enone (221) (155mg,) in acetic acid (3ml,) with
selenium dioxide (100mg.) was refluxed for 16 hrs, The product
(bmg.) crystallised from methanol m.p. 186-186.5° undepressed

on mixing with the starting material.

Zeorinane enone attempted borohydride reduction.

The enone (221) (2lmg.) and sodium borohydride (30mg.,)
in dioxan:methanol (5ml., 1:1) was left over night at room temp-
erature. The product crystallised from methanol [} -49° (e,
1.70) proved to be starting material m.p. 183-185°, mixed m.p.

With starting material undepressed,

b e i B B A ST BB
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The ring-A-expanded keto diol monoacetate,

The seco-dione (208) (112mg.) was dissolved in warm ethan-
ol (2ml.) and ethanolic potassium hydroxide (20ml. of S5%) added.
Water (approx. 5ml.) was added with shaking so that a permaneht
precinitate was just avoided. The solution was seeded with the
cyclised product (0.lmg. finely powdered) and allowed to stand
at room temperature for four hours, when the product crvstaliised
out as short needles (90mg.). A second crop (8mg.) of the same
substance later separated., The product was crystallised from
petrol m.p. 184-187°, (14 60° (e, 2.1l), found C 76.94%, H 10.21%,
032}15401L requires C 76.75%, H 10.47%. I.R. {nujol) 3450 eme ™t
-0H, 1727+1252 em, "t -OAc; 1700 em.~t cyclohexanone., Attempted
cyclisation using potassium tert-butoxide at room temperature for
1 hr. and 16 hrs., and at the reflux temperature for 15 mins.,

1% hrs., and 16 hrs,, led only to tar formation,

Attempted dehydration of the cyclised product with thionyl
chloride in dry pyridine at 0° and at room temperature for vary-
ing lengths of time (30 mins. to 18 hrs.) yielded only the stabt-
ing material or the écetoxy geco dione precursor (appropriate
mixed m,p.s undepressed.) '

Attempted dehvdration of the cyclised product (27mg.) with
phosphorous oxychloride (3 drops) in dry pyridine (3ml,) also
vielded only the starting material (13mg.) m.p. 179-184° unde-

pressed on mixing with authentic material,
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Lithium aluminium hydrode reduction of the cyclised product.

The cyelised product (903mg.) was refluxed for 4O mins.
with lithium aluminium hydride (lg.) in dioxan (20ml.). Ex-
traction, acetylation (3 days at room temperature0 and chroma-
tography on alumina (30g. activity III) yielded two products,
both colourless to tetranitromethane., 1) Petrol eluted an
anhydro-diacetate crystallised from methanol as thick plates
(65mg.) m.p. 209-215°, {«l+95° (¢, 1.59), found C 77.19%, H
10,.33%, acetyl CO.CHB 15,70%; the pentacyclic monounsaturated
dlacetate Cy) iy 0 requires C 77.52%, H 10.33#, 0ACH3 16.70%;
the tetracyclic monounsaturated flacetate C3hﬂﬁéoh requires
¢ 77.22%, H 10.67%, COMe 16.69%; I.R. (nujol) 1727+1232 em,~1
-0Ac, nd ~0H, |

The anhydro-diacetate (17,7mg.) in acetic acid with chrom-
imm trioxide (1 ml. 1,07 W. i.e. 6[0]per molecule) was heated
on steam for 35 minutes as in the vrevaration of the ring D
enone (221), The non-crystaliine product was found to contain
no neutral fraction; and had u.-v. Amax, 266~n (£1,015).

2) The benzene eluate from the column yiélded a tri-acetate

as needles from methanol m.p. 160-1630,[M19h60 (e, 2.107),

found ¢ 73,72%, H 10.39%, COMe 22.16%, the pentacyclic triacetate
03635806 requires ¢ 73.68%, H 9.96%,-COMB 22.0%, the tetracyclic
triacetate requires ¢ 73.&3%, H 10.27%, COMe 22.0%. I.R. (nujol)
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v -Onocerane-3:21-diol (232, R:R'=0H).

3:21-diacetozy-~(-onoceran—ll-one (230, R=R'=Ac) (788mg.)
was reduced under forcing Wolff-Kishner conditions with'anhydrous
hydrazine and sodium in diethylene glycol soi;tion. The solu-
tion was kept at 180° for 3 days, and at 210° for 3 days. It
was found that two days at each temperature were not sufficient.
Extraction and crystallisation from chloroform petrol ylelded
N -onocerane diol (620mg.) as plates m.p. 380° (sealed capil-
lary) 0%+35°, (¢, 0.917, 2 dm.), found C 81.26%, H 11.58%,
C30Hz,0, requires C 81.02%, H 11.79%. The u.-v. spectrum shows
no selective absorption, |

Acetylation of the diol (20lmg.) with acetic anhydride and
pyridine at 100° for 30 minutes yielded the diacetate (232,
ReR'=0Ac) (190mg.), crystallised as small plates from methanol,
m.p; 3&7—3&80 (evac. capillary), &ﬂ»+35°, (c, 0.825, 2 am.),

found € 77.29, H 10.37; O3)Hge0) requires C 77.22%, H 10437%;

I.R. (nujol) 172341254 cm."1 -acetate,

Y -Onocerane-3:21-dione (232, R=R'=0).

Oxidation of the diol (232, R:R':0H) (1l3mg.) with chrom-
lum trioxide (300mg.) in pyridine (7m1.) ylelded ~\-onocerane-
3:21-dione, crystallised as blades (86mg.) from petrol, m.p.

332-333°, [ 1x+72° (¢, 1.7l4), found C 81.50%, H 11.03%, C30H),80,
1

i

requires C 81.76%, H 10.98%4, I.R. (ndjol) 1700 cm.”™™ cyclohexanone, i
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~-Onocerane (232, R=R'=H),

Sodium (200mg.) was dissolved in diethylene glycol (10mil.),
and hydrazine (2ml.) and { -onocerane-3:21-dione (225mg, ) were
then added and the solution kept at 180° overnight. oOn diluting
the cold solution the hydrocarbon readily precipitate@ and was
filtered off, Filtration of the product in petrol through al-
umina (5g. activity I) followed by crystallisation from ethanol
yielded y-onocerane as rods m.p. 302-305°, {75+ 40°, (e, 0.287,

2 dm,) on the second recrystallisation; m.p. 302-3050,[}034290,
'(c, 0.330, 2 dm,) (!) on the third recrystallisation. Found

¢ 87.31%, H 12.60%, CyoH, requires C 87.30%, H 12.70%

Half hydrolvsis of 3:21-diaéetoxy-yr—onooerane.
{

Diacetoxy-"(-onocerane (189mg. ) in dioxan (50ml.) was
refluxed with potassium hydroxide in l0% aqueous dioxan (6,66ml,
0.503 N i.e. 90% of the theoretical for the hydrolysis of one
ester groun), The product was poured into water, filtered off,
and chromatographed on alumina (10g. activity I) in chloroform:
carbon tetrachloride (1:9). Starting material (160mg,) was
recovered (mixed m,p. and I.R.). Later fractions from the col-
wmn (20% to 50% ether in chloroform) yielded impure ‘<y-onocerane-
3:21-diol monoacetate (232, R=0H, R'=0Ac) (20mg.), m.p. 320°
(sublimed), which was not purified.A The fiask was found to be

torroded, accounting for the small extent of hydrolysis.
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220(-Acetoxy--{—onoceran-B-one (232, R=0, R'=0Ac).

The impure T-onocerane-3:21-diol monoacetate (20mg.)
was oxidised by chromium trioxlide in pyridine to the 3 -acet-
oxy-2l-ketone, needle clusters from petrol, m.p. 281-2830 (sub-
1imed), (o(L,+48° (¢, 1.11), found C 78.00%, 77.85%, H 11.15%,
11.11%, 32H52 37 2CH30H requires C 77.99%, H 10. 86%. I.R.
(nugol) 3455 cm, “1 _ nethanol (), 1721+1253 cm, l-acetate,

1700 cm.-1~cyclohexanone.

¥ -Onoceranol (232, R=H, R'=0H).

Reduction of the 2l-acetoxy-3-ketone (1l5mg.) with hydra-
zine (1 ml.) and sodium ethoxide (300mg.) in ethanol (5ml.)
at 190o for 20 hrs. in a sealed tube, and chromatography of the
product yielded y-onoceranol as plates (10mg.) from methanol,
mop. 281-292°, (x+17° (c, 0.93), found ¢ 8h.21%, H 12.,20%,
BOHBZO requires C 8l..05%, H 12,23%. |

21 X -~Acetoxy-y -onocer-=9(11)-en-3-one and 21« -acetoxy= Y -onocer-

12-en-3=one mixture (23l, R=0, R'=0Ac).

21 -Acetoxy=- o(-onoceradien-3-one (2,01hg.) in Analar
" acetic acid (50ml.) was heated %o 100° and perchloric acid
(2.0ml. 72%) added. After 8 minutes, the red solution was poured
into watergvextracted, and the_‘T—onocerin acetoxy-ketone mixture
crystallised as plates (205mg.) from petrol, m.p. 28hs287°.
Found ¢ 79.33%, H 10. 71%; C30 5003 requires G 79.62%, H 10.li%.

On treatlng o¢-onocerin acetoxy ketone (2. 010g.) as before,

but leaving the acid solution on the steam bath for only 2 minutes,

st

o
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the product was 216X-acetoxy—(3vonoceradiene-3—one, (120mg. ),
needles from petrol m.p. 169-1720,EiLy+1h80 (c, 1.545). Found
¢ 79.57%, H 10.81% C32Hgo0, requires C 79.62%, H 10.4L#%. The
tetranitromethane test gave a strong yellow colour, in contrast

to the faint colour given by compounds of the 'Y—onocerin Series.

Ozonisation of the ~y-onocerin acetoxy ketone :mixture (234, R=0,

L

R!'=0Ac).

” The mixture (106mg.) of 21X -acetoxy=- Y -onocer=9(11)-en-
3-one with its 12-double bond imomer in methylene dichdoride
(Bml.) and carbon tetrachloride (8ml.) was treated with ozone
for 5 hrs, at room temperature. Chromatography of the product
on alumina (2g, activity III) in benzene and elution with beng-
ene to ether yielded the non-acidic portion (37m.g) which crys-
tallised as plates from methanol; m.p.s of the various fractions

were ebout 297-310°9, tetranitromethane test positive,

Ozonisation of lupanone.

Lupan-3-one (121lmg.) in methylene dichloride (5ml.) and
carbon tetrachloride (10ml.) was treated with ozome for 5 hours
at room temperature., The pfoduct (120mg.) in benzene was fll-
tered through alumina (2.5g. activity III),. Benzene to ether
efuted a total of 1l mg., of non-crystalline material, Lupanone

itself is readily eluted with benzene under these conditions.
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Y-Onocer—g(ll)-en-B\(S—ol and 7;onocer-12;en-3{3 -0l mixture

TN

(23L, R=H, R'=0H).

Y -Onocerin acetory ketone mixture (9bmg.) with sodium
ethoxide (80mg.) and hydrazine (1 ml.) in ethanol (lml.) was
left'at 200° for 18 hrs, in a sealed tube. The product, a mixture
of \(-onocer-9(ll)-en-3<§ -0l and the Alz isomer, was extracted
and crystallised from ethanol as small plates (71lmg,) m.p. 283~
284° (constant) Gig+78o (e, 1.355). Found C 83.93%, H 12.05%;
C30Hgo0 requires C 8l.Ll#, H 11.81%, | |

Acetylation of the Y-onocerenol nixture (60mg.) with
acetic anhydride (Lml.) and pyridine (Lml.) at 100° for 1 hre,
followed by chromatogranhy, yielded the acetate (23l, R=H, R'=0Ac)
as plates from vetrol, m.p. 26&-2680,5533+88°, (e, 1.163),

Found ¢ 81.85%, # 11. 03%’, 03211520 requires ¢ 81.99%, H 11. 18%

I.R. (nunol) 1723+1?52 cm, l—acetate.

3R ~Acetoxy-~ ~onoceran-1l-one and3€ -acetoxy-7 -onoceran-12-
\ A

one mixture,

Y -Onocerenyl acetate mixture (200mg.) in Analar carbon
tetrachloride (20ml,.,) was ozonised for 6 hrs. at room temperature.
The product was filtered through alumina (5g. activity III)
in benzene, and crystallised from methanol as plates, m;p. 265-
285°, [y+36° (o, 1. h75), [#5p+32° (e, 1.005). Found C 79. 327,

H 10.83%; 032H5203 requires C 79.28%, H 10. 81%, I.R. (nﬂﬂol)
17274125, cm,=1 -acetate, 1697 cm. -1 -cyclohexanone. The tetra-

nigromethane test is negative.



Y -Onoceranol (232, R=H, R' OH).

AY

The acetoxy-‘(-onoceranone mixture (150mg.) was treated
by the forcing Wolff-Kishner method for a total of 6 days, as
described in the vreparation of Y -onocerane-3:21-diol on p.l4o ,
The product crvstallised from petrol as needles (l5mg.) m.p.
294-298°, ©+34° (e, 2.54);{#38° (¢, 1.775). Found G 8l.22%,
H 12.15%; C,oHy,0 requires C 8l.0h%, H 12.23%, L.R. (mujol)
3350 cm.'l-hydroxyl; no carbonyl absorption. The product did
not depress on mixing with Y -onoceranol obtained by the other
route via 3(5 -acetoxy-“(—onoceran-2l—one.

Ring contraction of vy-onoceranol.
I\

7 -Onoceranocl (17mg.) in Analar benzene (5ml.) was cooled

to 0° and phosphorous pentachloride (20mg.) added., After 35
mins., ice (5g.) was added and the benzene solution washed
thoroughly with sodium bicarbonate solution and water as usual,
but not with acid, The product in sodium-dried petrol was fil-
tered through alumina (lg. activity I) and erystallised from
ethanol as needles (9mg.) m.p. 147-154° (not recrystallised to

constant m.p.).

Acid isomerisation of the ring A-contracted Y\-onocerene.

The retro-pinacol nroduct (8.8mg.) in ethanol (5ml.) with
concentrated hrdrochloric acid (1 ml.) was refluxed for 10 mins.

Extraction and crystallisation from ethanol yielded plates

(bmg.) m.p. 151-155° (constant), ((h+750+10° (e, 0.148, 2 dm.).
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The product (235) depressed (to m.p. 142-17%°)on mixing with

the starting material m.,p. 17-154° above,

Hydroxylation of the hvdrocarbon (235),

The hydrocarbon (30Omg.) from two dehydrations and isomer-
isations, in dioxan (lml,) was left in the dark for 17 days
with osmium tetroxide (20mg,). Addltion of lithium aluminium
hydride (LOmg.) in ether (0.5ml.) and extraction with ethyl
acetate vielded a gum (9mg.). Chromatpgranrhy of this in petrol
on alumina (0.3g. activity I), and elution with ether gave blades
from acetone (0.5mg.) m.p. 199-207° (recrystallised once), m.p.
205-2090 (recrystallised twice), m.p. 20L|_-207o (recrystallised
a third time as needles from petrol). The product m.p. 205-209°
was depressed to 19&-2020 on mixing with the zeorinane-3:5-diol
m.p. 238-241° described on p.'4®, On repeating the mixed m.p.
with the extremely small sample of the third recrystallisation

o
material, m.p. 20@-2070, the mixture melted at 20l -228~,

X =-Onoceradienone (233, R=H, R'=0).

X-Onoceradienol (2.2g.) in pvridine (30ml,) was left at
room temperature overnight with chromium trioxide (2g.) in pyri-
dine ¢3ml.). The product was worked up by sulphur dioxide and
extraction. The ketone crrstallised from petrol as needles
(1.73g.) mep. 193-195°, @Iyt 14° (e, 1.482). Found 0 84.75%,

H 11,63%; G30f) g0 requires C 8l.84%, H 11. 39%. I.R.(nujol)
1705 em, -1 -cyclohexanone, 1643 em.=l ¢=CH,. The tetranitro-

methane test and Zimmermann test are both strongly positive.
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Cyclisation of & -onoceradienone,

1) Perchloric acid (1.0ml1.72%) was added to a solution
of o« -onoceradienone (393mg.) in Analar acetic acid (25ml,) at
1000. After 20 mins., the solution was poured into water,
worked up by extraction, and crystallised from methanol as the
small insoluble plates (hzmg.) characteristic of the Y~ serles,

2) X -Onoceradienone (625mg.) in Analar benzene (5ml.)
and concentrated sulphuric acid: Analathetic acid (15.85, 50ml,)
was kept at room temperature overnisht as described by Barton
and Overton76. Crystallisation from petrol ylelded needles
(2hmg.) m.p. 166-169°, [«1p+182°, (e, 0.695, 2 dm.). Found
¢ 81.77%, H 10.76%, Tetranitromethane test strongly positive.
The high rotation.and strong tetranitromethane colour reaction
are characteristic of the E-onocerin serles; the product 1s
pfobably‘ @-onoceradienone.

Since the yield is so poor, this route was not further

studied,

Attempted preparation of zeorinane 17:22-diol (231).

Zeorinin acetate (219mg.) was pyrolysed at SAOO/lmm.
under the conditions described by Barton and de MayollB. vTitra-
tion of the acetic acid produced showed that 90% elimination
had taken place in the first pass, and a further 7% on the
Second pass, Hydrogenation on Adams catalyst of the triterpen-
oid product (75.mg.) in n-butanol:gyclohexaqe (2:1, 5ml.)
containing hyirochloric acid (1 drop) showed the uptake of 1.L46

m. of hydrogen (39% of 1 double bond). A second quantity of



18

the pyrolysis product took up L43% of 1 double bond,

The hydrogenated mixture of hydrocarbons (267mg.) in dioxan
(lml.) with osmium tetroxide (450mg.) in dioxan (5ml.) was left
in the derk for 1l days. The osmate ester was decomposed with
excess lithium aluminium hydride and worked up by extraction.

The product gave a strong yellow colour with tetranitromethane.
Ozonisation for 30 minutes at -70o in methylene dichloride did
Knot diminish the tetranitromethane colour, but treatment with
ozone for 1% hrs. at 25° gave a white tar, colourless with
tetranitromethane, Chromatography on alumina, and elution with
carbon tetrachloride to benzene giave needles from methanol

mep. 2443-251°0%, -24° (e, 0.622) (constant, 2.lmg. at the

fourth recrystallisation). Found C 78.31%, H 10,62%; C30H5004
requires C 78,55%, H 10.99%; G300, requires C 81.02%, H 11.79%

The tetranitromeﬁhane test is negative.

The Lantadenes.

Rotations were determined in CHCl3 solution, Ultrawviolet
absorption spectra were taken in EtOH solution with the Unicam
S. P, 500 Spectrophotometer. Inkra-red spectra were kindly
determined by Dr. G. Eglinton and his associates. Silica gel
for chromatography was obtained from Messrs. Hopkin and Williams
Ltd. Light petroleum of b. p. LLO-60o was used throughout unless
stated to the contrary. The m.p.s of lantadene A and rehmannic

acid were determined as follows: the sample was inserted at
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220° and heated at about 1 -. degree ver 3,5 sec. to 260° and

then at one degree ver 15 see. until melted,

Examination of Australian “Lantana camara®,

The material examined (C.S.I.R.O. sémple number 538l.) was
worked up essentially according to the directions of Louwalo.
The powdered leaves and terminal branchlets (1. Tkg.) were ex-
tracted with methanol (7. 1.) at room temperature (occasional stir-
ring) for 2 days. The green solution was filtered and concen-
trated in vacuo to 3.1. Chlorovhyll was removed by stirring
with charcoal (3 x 25 g.), and the resultant brown solution
evaporated to dryness, on a steam bath, in ¥acuo., The residue
was dissolved in hot ::ethanol (200ml.), diluted with benzene
(1.5 1.),and left for 2 davs at room temnerature. The benzene
éolution was decanted from vrecipitated tar (water-soluble
glycosides), and evaporated to dryness, on a steam bath, in
Yacuo. Bengene (3 x 100 ml.) was added and renoved in the same
way to ensure that no methanol remained. The residue was taken
up in bengene (200ml.) and chromatographed over silica gel (230g.).
Elution with benzene-ether with pronortions of ether increasing
. 'Up to 100% gave 13 fractions of crystalline (from benzene or
methanol) material with m.p.s ranging from 224-2&40 to 267-270°,
The highest-melting fractions were combined and recrystallised
from chloroform-methanol to constant m.p., to furnish lantadene A
(prisms; 1.52.), m.De 282-286°, [¥B+89° (e, 1.41), Mhmax, 209
and 280ﬁyk(£13,9oo and 130 respectively) (Found: C, 75.9; H,
%45, C35H,,05 requires C, 76,05; H, 9.5%)- The homogeneity
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of this material was established by extensive crystallisation
and by further chromatography over silicsa gel. Lantadene A
crystallises in two forms, prisms (see above) and needles. The
two forms have identical physical constants and can be inter-
converﬁed by seeding.

Lantadene A was undepressed on admixture with authentic
lantadene A, m.p. 276-2800, provided by Dr., Louw, and with reh-
mannic acid, m,p. 282-287°, Since the m.p.S var: so much, it
is recommended that all comparative m.p.s should be taken simul-
taneously. Lantadene A was, however, slightly denressed in
m.p. on admixture with lantadene B, Authentic lantadene A,
lantadene A as deseribed in the present work, and rehmannic acid,
all had ildentical infra-red spectra in Nujol,

Methylation with diazomethane gave "lantadene A methyl
ester, m,p. (solvated needles from methanol) 137-139%ﬁ{k*66°
(¢, 2.18) (Found: C, 75.7; H, 10.15. C3685),0gs #CH O requires
c, 75.25; H, 9.7%). A non-solvated form, m.p. 149-150°, was
obtained by crystallisation from benzene-light petroleum; further
recrystallisation from methanol gave the solvated form.

In order to confirm the homogenelty of lantadene A, mater-
1al (m.p. 280-282°) (256mg.) was methylated with diazomethane
and chromatographed over alumine (20g.) in light petroleum.
Elution with light petroleum-benzene mixtures up to 100% benzene
content (19 fractions) gave only lantadene A methyl ester.
Elution with 1:9 ether-benzene furnished lantadene B methyl

ester (m.p, and mixed m.p.; 3mg.). Lantadene A methyl ester

Was undepressed in m.p. (solvated form) on admixture with methyl
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rehmannate,

Lantadene A was converted into its 2:h-dinitrophenylhydra—
zone in the usual way, Recrystallised from methanol this had
mp. 271-272°%, [o05+35° (c, 1.07) (Found: ¢, 67.45; H, 7.55; W,
7.3. Cale. for G B 00N : C, 67.2; H, T.7; N, 7.65%). It
was undevressed in m,p. on admixture with authentie material,
m.p. 268°, [&+35° (¢, 0,23), from Dr. Louw and with rehmamnic
acld 2:li-dinitrovhenylhvdrazone, m.p. 273-274°, [@3+27° (c,0434),
The authentic 2:u-dinitrophenylhydrazone, that from lantadene A
as described in the present work, and the corresponding rehman-
nic acid derivative, had identical infra-red svectra ih Nujol.

1 .
Lantadene B-2:li-dinitrophenylhydrazone 12 had (o], 48° (¢,0.42).

Pyrolysis of Lantadene A lethyl Ester.

The methyl ester (89,2mg.) was pvrolrsed at 5300/0.15 mm,
under the conditions used by Barton and de Mayollo. The acid
eliminated (0.87 mol.,) was identified as angelic acid by m.p.
and mixed m.p. (liquefied on admixture with tiglic acid), The
neutral portion of the pyrolvsate was chromatographed over al-
umina (lg.) in light petroleum. Elution with 1:1 benzene-light
petroleum gave oils (46.bmg.). Elution with benzene afforded
unchanged lantadene A methyl ester (m.p. and mixed m.p.). The
oily fractions, on hydrogenation in "AnalR" acetic acid over
pPlatinum for 20 hr, (uptake, 2 mols.kof hydrogen), and acety-
lation with prridine-acetic anhydride overnight at room temper-
ature, gave methyl oleanolate acetate (m.p., mixed m.p., and

Potation), The identity was confirmed by alkaline hydrolysis
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to methyl oleanolate (m.p., mixed m.p.,, and rotation) and by
penzoylation (pyridine-benzoyl chloride over night at room
temperature) to methyl oleanolate benzoate (m.p., mixed m.p.,

and rotation).

Hydrolysis of ILantadene A,

Lantadene A (127mg.) was refluxed for 8 hrs. with ethanolic
potassium hydroxide (4%; 10ml.,). Chromatography of the product
over silica gel (5g.) in 1:1 benzene-light petroleum (b.p. 60-
80°%) gave (13 fractions), on elution with 1:1 benzene-ether,
22(3-hydroxydleanonic acid (m.p. and mixed m.p.). The identity
was confirmed by methylation to give methyl 2%? ~hydroxyoleanon-

ate (m.p., mixed m.p., and rotation).

Lantadene C.

The bag of Lantana camara from which lantadene C was ob-

tained was one of the same batch of six (C.S.I.R.0. No. 538l)
from which lantadene A was extracted, as described above. The
leaves and branchlets (2.lkg.) were treated exactly as described
previously for the lantadene A extraction. Chromatography

of the benzene soluble fraction on silica, and elution with

50% ether in bengzene yielded a partly crvstalline fraction (total
weight 17.88g.) which on recrystallinationtthree times from
chloroform/benzene and three times froum chloroform/ethanol gave
pure lantadene C (2.5g., 0.1% yield) m.p. 281-286",[0‘3*930

(e, 0.13 in chloroform). Found C, 76.27% 76.09%, 75.61%; 75.84%,
B, 9.584, 9.56%, 9.26%, 9.3%; average G, 15.95% H, 9.46%;
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Cot-H*, 0 - requires C 75.77$, H 9%Ql/& requires C 76 .011S,
~"H 5 ’ 33505 om0

H 9*W3$, G3QHiL8% requires C 76.22$, H 10.2ij.$, ~ 0~ 6* requires
c 76.550, H 9.85;5. i.r. (nujol) 3350+1692+161j5+885 cm.-1.
U.mazx . 279 M~ 10l)and 208»*(£3,39°). The Zimmermann test

is negative. Lantadene G depressed in melting point on mixing

with authentic lantadene A and with lantadene B.

Lantadene C methyl ester.

Lantadene C (51png. ) in dioxan (2ml.) was left for 1 hour
at room temperature with excess etheral diazomethane. The sol-
vents were removed under reduced pressure with heating, and the
product crystallised from chloroform petrol to constant m.p.
197-202°, *80° (¢, 2.2 in chloroform) . Pound C 75.91$* H
10.138; *3£)Hg8"5 requires G 78»7k$> H 10.21j.$, requires

C 76.01$, H 9.92%, * * 0% recluir0S c 76.50$, H 10.36S$.

Lantadene D.

The methanol-soluble, benzene-insoluble glycosidic frac-
tion of the Lantana camara extract was dissolved in methanol
(I litre) and hydrochloric acid (250ml.Concentrated and 750ml.
of water) added. The mixture was refluxed for five hours, and
on cooling was found to consist of a dark brown solution over
a black granular solid (200g.). This was filtered off, extracted
with chloroform, and the chloroform partly removed. Addition of
methanol and further evaporation yielded a brown crystalline
solid. Charcoaling and recrstallisation from chloroform/methanol
yielded pure lantadene D m.p. 322-329°, fr*3>+106°, (c, 0.18 in

chloroform) . Pound C 76.01%, H 9*57$* I.R* (nujol) 3300-*-1722+
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Lantadene D methyl ester.

Lantadene D (60mg.) was methylated with diaaomethane as
above to give the methyl ester crystallised from chloroform
methanol to constant m.p. 169-170° 0*Vv88°, (¢, 1.67 in chloro-
form). Found c 77.00~, H 9-92* c3i'\8% récluirés G 76*81S8»

H 9*98S5. Lantadene D methyl ester was recovered unchanged

on attempted acet'"rlation and benzoylation.

Hydrolysis of lantadene C.

Lantadene G (289mg.) was refluxed for 6 hours with ethaa-
olic potassium hydroxide (19ml. ,1j.$)¢ The solution was evaporated
to about 3 ml., water (15ml.) added and the solution re-evapor-
ated to 3ml- On cooling, a white sticky solid separated, and
was filtered off and washed with water. The combined filtrate!
were acidified with dilute sulphuric acid and distilled. The
distillate was collected in 10 ml. fractions and titrated with
H/100 sodium hydroxide solution using phenolphthalein indicator.
Successive distillates gave the following titration results
(in ml. of N/100 NaOH): 2.8, 0.75, 0.30, 0.25: total ij., 10 ml.
N/100. The quantity of acid expected on the basis of one vola-
tile acid molecule per triterpenoid molecule is 55 ml. The acid
evolved is therefore negligible*

In case the volatile acid had remained in the white solid
described above, this was now acidified and distilled, but the
first 10 ml. of distillate consumed only 0*15 ml. of N/100 sodium

hydroxide. A volatile acid was therefore not hydrolysed under
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these conditions, from the lantadene C molecule,

The white solid was chromatographed and crystallised from
methanol to m.p. 318-32&0, undepressed on mixing with lantadene
D m.p. 322-327°% Methylation of the product and chromatography
yielded lsntadene D methyl ester m.p. 165-166%[«T, +86° (c,

0.l in chloroform), The melting point was undepressed on mix-

ing with 2uthentic material,

Examination of South African "Lantana camara',

The powdered leaves and branchlets (1.52 kg.) were ex-
tracted and processed as described above, However, even re-
peated chromatography afforded no crystalline ketonie (to the

Zimmermann reagent) fraction,
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