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Introduction,

In 1851 en excmination 1 of Arbol c(-brea reein,

later ghown to be identical with Manila elemi reoin

from Canerium commune L, 2, led to the isolation of

four crystalline compounds, "amyrin" 3, brein,
breidin and bryoidin, "Amyrin" was later found to be
& mixture of two isomeric alcohols, CznHz,0, X-amyrin
end S-gmyrin, which can be separated by fractional
crystallisation of the derived acetates 4, Brein was
shown to be a dihydric alcohol, 050H5002, and it was
suggested on biogenetic grounds that it might prove
to be & hydroxy-amyrin 5. Broidin has not becn since
isolated and may have been a mixture, Bryoidin has
been chowvn to be a dihydric, sesquiterpenc alcobol,
¢15H3002 °

o{=Azmyrin, f-amyrin and breins are membors
of the group of naturally-occurring ccmpounds knovwn
as triterpenes, the molecules of which characteristicly
contain thirty carbon-atoms, Ae this thesis is
concerned with the chemistry of these three compounds.

this introduction takes the form of a description of

the triterpene group as a whols,



Classification of the Triterpenes

Apart from squalene (_'1:)7’8, which is
aliphatic, the tricyclic alcohol, amhmein.(zz)g'll.
and the tetracyclic diol, onocerin (I11)!2+13, a1l
known, naturally-occurring triterpenes have pentacycliec
or tetracyclic carbon-skeletons, the latter being

similar to the carbon-skeleton of the steroids,

The Pentacyclic Triterpenes

Kost naturally-occurring triterpenes are
pentacyclic and may bé classified into four groups,
Members of the same group differ, in general, in the
arrangemcnf of funcfional groups on a common carbon-
skeleton, and may be related by standard methods 3*17
to the simple monohydric alcohols on which the

classification is based,

1), The ot~amyrin group are derivatives of
the hydrocarbon, ursane (ZZ), and include

such compounds as ~amyrin (urs-1l2-en-38-o0l)
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(E)o uveol, brein, quinovic acid.ﬁ-boswaluc
acid, ursolic acid, and the hexacyclic
alcohol, phyllanthol (V1), which is easily

isomerised to oamyrin (V).

L1 1)

\=\

2). The /-amyrin group are derivatives

of the hydrocarbon olesnane (VII) and include
such compounds as Z-amyrin (V1I1), o(-boswellic
acid, oleanolic acid, maniladiol, glycyrrhetic
acid, soyasapogenols A, By and C, and numerous
cactus triterpenes, Also included in this
group are taraxerol (X), friedelin (XI),
cerin (XII) and alnusenone (XIII) which do

not posgess tﬁe oleanane skeleton but are

easily converted into oleanane derivatives,



3). The taraxasterol group are derivatives
of the hydrocarbon, taraxastane (XIV) and are

represented by the alcohol, taraxasterol (XV).

4), The lupeol group sare derivg&ives of the

bydrocarbon, lupane (XV1), and apart from



lupeol (XVI1) are isolated mainly from

cactil .,

.Two récently elucidated, naturally-occurring,
pentacyclioc triterpenes, hydroxyhopanone (XViii)i8-2l
and zeorin (ZiZ)zz'zﬁ cannot be included in this

"classification but appear to be members of a fifth

group, based on the hydrocarbon, hopane (XX)

Numoerous interconversions have been achieved

betwcen membors of the ssme groups., As an example the
conversions within the o(~amyrin group are illustrated

in table I, 1In addition inter=-relationship betwsen the
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four groups based on 4&amyrin,,8~amyr1n. ;upeol and
taraxasterol, has been achieved and has tended,
especially in view of tho conception of a common
biogenetic precursor to all triterpeneﬁ. to make the

classification into these groups appear artificial.

A =boswellic

acid.

g N
Ysa / acid.
” »
3

Phyllanthol,



The Tetracyclic Triterpenes,

Unlike the pentacyclic triterpenes which are
isolated from vegetable sources only, the tetracyclic
triterpenes have been isolated not only from vegotable
material but also from fungii and, in one case, from
sheep-wool fat, Nevertheless they may be classified
into two structural groups which are typified by
lanosterol (XXI) and euphol (XXI1l)s and to which

allocation is made by standard raactionsss.

1). The euphol group are isolated from
vegotable sources and include such compounde as
tirucallol, elemadienolic acid;, masticadienonic
acid, butyrospermal, and the tetracyclic

"dammar® triterpenes,

2). The lanosterol group includes agnosterol,
parkeol, dihydrolanosterol, dihydroagnosterol,
pinacolic acid Ay and the pentacyclic compounds,

cycloartenol and cyclooresterol, which contain



cyclopropane rings,

C(31)-Triterpenes,

A number of compounds have been isolated,from
similar sources as the tetracyclic triterpenes, which
contain thirty-one carbon atoms per molecule and yet
show structural similarity to the triterpenes, These
compounds, to which the term "triterpenoid" may be
applied, include such compounds as cyclolaudenol (XXIII),
eburicoic acid (XXIV), polyporenic acid A (XXV)»
polyporenic acid C (XXVI) and tumolosic agid (XXVI1)»
which are related to lanosterol (XXi), and euphorbol
(XXVI11) which is related to euphol (XX1i). These
C(31)-triterpenoids differ from the normal C(30)-
triterpenes in the constitution of the side-chain

attached to 0(17). which in the C(31)=-compounds is

similar to that found in ergosterol (XXIX).
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4o{-Jethyl-staroids

Recentiy a npmber of naturally-occurring
compounds have come to light which are intermediate
in structure to the steroids, in which there is |
no substitution at C(4)» and the triterpenes, which
have a gem-dimethyl group at this contre, These
compounds which contain a single methyl substituent
at C(4)» are cycloeucalenol (XXX), from the
heartwood of eucalyptus microcorlgav,and lophenol

(XXX1) from the gient cactuass. Citrostadienol®’

(XXXI1), from grapefruit, is a methyl derivative of
stigmasterol (XXXI1II), and although a C(30)-compound

is not structurally a triterpene,
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The Biogenesis of Triterpenes

It has been established that in certain
animal homogenates squalene (I) cyclises to lanosterol

(XX1) which is then oxidatively demethylated to

cholesterol (xxxxv)4°'45. It has been suggested that

squalene (I) may be an intermediate common to the

biosynthesis of all triterpenes®’ 2o,

Squalene (1) was first isolated from shark-

54

liver oil by Tsujimoto ° and has since been shown

to be widely distributed in both animal and vegetable

kingdomsss"ﬁz. Squalene exists naturally in the

all-trans configuration65 necessary to give the known

stergochemistry of the steroids and triterpenes on
cyclisation°4. It has been suggested that this
cyclisation leszds to two cations, one of which (XXXV)

gives lenosterol (XXI) by a series of tertiary group
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Table 11

The Cyclisation
of Squalene,




nigrations and loss of a proton at 0(9), whilo tho
second (X3XVI) leads to the euphol (XXIL) group by a
similar mechanism, or undergoes Wagner-licerwein type
ring eﬁlargement to give the lupanyl cation (XXXVII)s
the precursor of the pentacyclic triterpencs of the
K=gmyrin, g-amyrin, lupeol and taraxasterol groups. A
further mode of cyclisation has been postulated to
account for the formation of hydroxyhopanone (XVIilL)
and this involves the cation (XXXViil) which can be
stabilised by the addition of an hydroxy-(OH™ )-anion,
This mode of cyclisation could equally well be applied

to the bioganesig of zeorin (M). 49’52’53’18’0f0220

The cyclisation of squalene to lanosterol (XX1) is

an aerobic proceseﬁswhich is probably induced by the

attack of the cation OH*} derived from molecular oxygen,
on the double-bond at ona end of the squalene molecule
(I)» and it proceeds to completion without the formation
of stable 1ntermediateeﬁ5. A similer mechanism is

probable for the biogenesis of all triterpcnes in
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which tho initiating OH® cation appears as the
ubiquitous 3-oxygen substituent., The two Lnown,
naturally-oceurring, pentacyclic triterpenes in which
C(S) is not oxygenateds zeorin (Ziz) ana taraxerene
(IX)» mey be products of enzymic reduction after
cyclisétion has been completed, Migration of the
cationic centre in the lupanyl cation (XXXVii) could
lead to the numerous modifications in structure shown by
the pentacyclic group of triterpenes, Such ring
enlargements and tertiary group migrations have baen
amply demonstrated in, say, the isomerisation of
lupenone (XXIX) to S-cmyrenone (XL)%9, or the

— . mm—— 70’?1
dehydration of «smyrin (V) to l-«~amyradiene (XL1) .




1A

The C(31)-triterpenoids may also be mainly derived

from squalene (I)., It has been shown in experiment372°73

14C-labelled acetic acid that the molecule of

using
eburicoic acid (XXIV) is derived mainly from acatic
aclid and conforms in the distribution of isotopic
14carbon to the requirements of the squalene hypothesis,
The additional carbon atom of the side chain is derived
from formic acid74. This 18 analogous to the biosynthesis
of ergosterol (XXIX) in which C(28) is derived from

formic ac1d75 and is introduced by direct transfer of

the mothyl group in methionine into the ergosterol

molecule o', A ﬂioaynthetic mecheniem involving

the cyclisation of squalene (1) and subsequent methylation
of the side chain could be suggested for all the C(31)-

triterpenoids,

HOG. _~

It has recently been shown that the concentrations
of radio-carbon are approximatecly equal in the
sitosterol snd the soyasapogenols produced by a soya

bean plent which has been fed on 14c-labelled substrates,




l4c-methyl- and 14C~carboxyl-acetic acid, and

78

i,e,
2-14c-mevalonalactone. This might be taken to
indicate a common mode of biogenesis for triterpenes
and sterols, loreover, the distribution of radio-carbon
in a sample of soyasapogenol A, a derivative ofle-amyrin
(V111), produced in such a test, is in agreement with the
distribution forecast by the "squalene hypothesis",
This lends support to the extension of the "squalene
hypothesis" to the biogenesis of pentacyclic triterpenes
although further experimental evidence is required befores
the hypothesis can be considered to 59 established,?8

The *squalene hypothesis®™ for the biogenesis of
triterpenes provides not only an explanation of the
experimental results but also provides a means by which
the structure of naturally-occurring triterpenes may be
forecast and may thus facilitate the investigation of
new compounds, We do not intend to dicuss the biogenesgis
of triterpenes beyond the limited field of squalene
cyclisation, Regarding the biosynthesis of squalene (1),
we refer the reader to the investigations carried out on

acetic B°1d79’80alﬁohydroxyjﬁkmethyl glutaric acia®l*®2,

83,84 -
/378Ldimethy1 acrylic acid ’ » mavalonic ac1d85 94

and farnesgic acid95. The oxidative demethylation of

?

lanosterol (XXI) has been described by Stokes, Fish and
97

Hickeygb and Gautschi and Bloch
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The Structure of the Amyrins

In 1955, at the beginning of the period

98

covered by this research, the structure  of ﬂ-mrin

(VIlI) bad been established and the stereochemistry

elucidatedgg. The structure of o¢amyrin was at the

seme time in doubt, and four structures, (V) 100. (XLIT)

101,102 (77777) 193 and (XTiv) 194, had been proposed.
Evidence has since been pres'en'l;ed.ms'm8 in support

of structure (V), which has recently been established

unequivocally by a partial synthesis of oéamyrin (V)
from glycyrrhetic acidlog (XLEB




SECTION I : Some Hexacyclic Derivatives of «-Amyrin,
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Section I,

Some Hexacyclic Derivatives of of~Amyrin

Preface

As would be expected of compounds based on
such closely similar carbon-skeletons, the corrasponding
derivatives of «<~amyrin (V) and B-amyrin (VIil) are
frequently similar in physical and chemical properties,
We felt justified by thie similarity in using the
existing inowledge of the chemistry of S-amyrin in
this field in planning the course of our investigations,
This has latterly involved us in carrying out a few
experiments on/g-amyrin derivatives and these are
discussed wherever relevant and have not been

segregated into a saparatc section.

12-0xoisoursa=-9(11):14~-dien-38-yl Acetate and

12-0xoisooleana-9(11):14~dien-34-yl Acetate.

Many of the compounds described below are
oxidation products of 12-oxo;gguraa-9(11):14-dien-§l-y1

acetate (XLVIII) and show general rasemblence to the
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corresponding derivatives!ll of 12-oxoiscoleana=9(11):l4-
dien-38-yl acetate (ZEEZ). The chemical properties

of these two oxo-dienyl acetates, (XLViil) and (XLiX),

do differ, however, in one important respect., 12-Oxo-
isooleana~9(11):14-dien-3f-yl acetate (XLIX), which is
obtained by selenium dioxide oxidation of lz-oxoolean-
9(11)-en-q6-y1 acetate (3)112. is stable to mineral
acidlla. On the other hand, 12-oxoisoursa-9(11):14-

dicn-qﬁ-yl acetate (XLVlll)114 is easily icomerised

to 12-0x0-13:27-cyclours-9(11)-en-34-yl acetate (LZI) on
114,31

treatment with mineral acid

The diffeorence in stability of these two
oxo-dienyl acetates is difficult to explain, It




19,
may be that in 12-oxqgggprsa-9(ll):14-dien-qﬁ-yl
acetate (Ziiiii) interaction between the methyl groups,
C(g7) and 6(29), attached to C(13) ond 0‘19). constrains
the metbyl group; C(27)» into a position favorable to
cyclisation, In 12-oxoiscoleana=9(11):14-dien-3f-yl
acetata (XLIX), in which C()g) 1o uncubstituted, no such
interaction takes plecc and tho 0(13)-metny1 group mey
be accozmodated without constraint,

Thet some cuch interaction is present in
12-oxqggguraa-9(ll):14-d1en-§5-yl acetate (XLVill) is
implied by tho abnormally low wavelength (A . 2350 )
of the absorption due to the d96~unsaturated ketone
chromophore in this compound, conpared with the gbsorption
( Xmax‘ 2450 X) of the same chromophore in 12-oxoiso-
oleana-g(ll)sl4-d1en-qﬂ-y1 acetate (XLIX), This may be
dua to ring-strain in ring C of the c{-zayrin derivative,
which could be due to distortion of the bond angles at

C(13). R
(13) 12-0x01aoursa-Q(ll)14-dien-§5-yl acetate (XLVill)

is produced by oxidation of 12-oxnura-9(11)-en-§8~yl
acetate (L11l) with sclenium dioxide in acetic acid and
it is generally accompanied by varying smounts of
12=0x0-13327-cyclours-9(11)-en-34-y1 acetate (LL), from
which it is freed only with difficulty, In our
experience reduction of the reacticn time to one hour

reduces tho yield of impurity (II) and this can be
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then removed by crystalXieation.

We have confirmed the stability of
12-oxoisooleana-9( 11): 14-dien-3y6-yl acetate XLIX) to
mineral acid. Examination of the water-insoluble

product from the selenium dioxide oxidation of
12-oxoolean-9( 11 )-en-3.%-yl acetate (L) confirmed that it
consists entirely of 12-oxoisooleana-9(11l);l14-dien-**-yl
acetate (XLIX)» the only impurity isolated being a
small amount (less than 0.2”) of 12-acetoxy-ll-oxooleaa-
12-en-3,0-yl acetate (LII)>» which was probably derived
from traces of 12—oxooleanan—37A—yl acetate (LIV) in the

starting material.

12-0x0iB00lean-14-en-&:S-yl acetate was
found to be stable to mineral acid under conditions
which isomerise 12-oxoi sour s-1l4-en-3r*-yl acetate (LVXI)

to 12-0X0-13:27-cyclouraan-3/*-yl acetate (LVI)



The Ketoacetate, 032H4604; derived from <{~amyrin.

12-0xo;ggursa-9(11):14-dien-§8~y1 acetate
(XLVIII) is oxidised by chromic acid to a ketoacetata,
052H4604’ which is also produced by chromic acid oxidation
of either l2-oxours-9(ll)-en-§3Lyl acetate (LIII),
ursa-9(11):12-dien-34-yl acetate (ZE)}lgr 12-0x0=13:27=
gxg;gprs-g(ll)-en-ﬁngl acetate (zi); it is also formed,
with the igomeric 12:16-dioxoisoursa-9(11):14-dien-35-yl
acetate (IXI), by oxidation of 1l2-oxoisoursa-9(11):14-

dien-34-yl acetate (XLVIII) with selenium dioxidell7*116

The formation of the ketoacetate 032H4604
by oxidation of 12—oxo-13:2?-cgclour9-9(11)-en-9€-y1
acetate (LI) might be taken to indicate that the

ketoacetates~032H4604. is hexacyclic, i,e, containing a



cyclopropane ring (LIX)., However, while 12-oxo-
13:27-cyclours-9(11)-en-3p-yl acetate (II) is itself

stable to mineral acid, in the combined scidic and |
oxidative conditions of the chromic acid oxidation,
fission of the cyclopropane ring could take places
lea&ing to the formatior of a pentacyclic compound
(IXiI)» in which case tke molecular.formula of the

product would be C32H4804.
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Oxidation of 12-oxqiggoleana-9(ll):14-dien-§8-yl
acetate (XLIX) with chromic acid giveas a ketoacetate,
Caoly604s which 1o strikingly similar in physical
properties to the c¢{~amyrin analogue described above,
As experimental evidence appearéd to exclude the
presence of a cyclopropane ring in this 4-amyrin

111

derivative s this compound had been formulatedlll as

(IXI1I),(IXIV) or (IXV), which differ from the structure

(LIX) ascribed to the kotoacetate, CyoH4g04s derivad
from o~amyrin, in the size and location of the ring
superimposed upon the pentacyclic carbon skeletons. By
analogy, three further structures (IXVi), (IXVI1) and
(IXVIii) might be considered for the ketoacotate,
Caoligg04s derived from ofamyrin, although it is
difficult to discern a mechaniem which could lead to

these compounds in the oxidation of 12-0x0~13:27~

cyclours-9(11l)-en-34~-yl acetate (LI).
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Thus five structures, (LIX), (IXII),(IXVI),(I1XV1l)
and (IXVIil), could be proposed for the ketoacetate,
CaoHys040 derived from 12-oquggurea-9(ll)zl&-dien-ﬁ&hyl
acetate (XLVITT), and the experiments described below
were undertaken to differentiate between thece five

glternatives,




Synthesis of the Ketoacetate, Czol,,04s from 12-

Oxoisourga-9(11):14-dien-3 -yl Acetate, via a Keto-

diol Monoacetate

Oxidation of 12-oxoisourga-9(1l1)sld4-dien-
3B-yl acetate (XLViil) with hydrogen peroxide in acatic
scid gave a mixture of 14§:15§-epoxy-l2-oxq£ggurs-9(11)-
en-a@-yl acetatﬁlla(zzZZ) and a keto=-diol monoacetate,
CzoliggO4e The keto-diol monoacetatc, which was also
obtained by treatment of the epoxide (LXiX) with
mineral sascid, gave a diacetate on ascetylation and on
treatment with chromium trioxide in pyridine it gave
the ketoacetate, C3:Hy4s04. This behavior is analogous
te the corresponding reactions in the /6Lamyr1n
aerieslll.

This synthcsis of the ketoacetats, c52H4604.
makes the pentacyclic structure (IXIi) untenable., The
oxidation of 12-oxo£ggursa-9(11):14-dien-§£-yl acetate
(XLVIII) leads to the epoxide (LXiX) which under tho
acid conditions is converted to the cation (LXX) by
protonation of the epoxide linkage. This cation (LXX)
can be gtabilised by the formation of either a double=~
bond or a new cycloalkane ring. As thers is no

evidence for the formation of a double-bond in the

reaction, the keto-diol wonoacetate is probably



hexacyclic,

The acid induced isomerisation of l2-oxoisoursa-
9(11):14~-dien~-33-yl scetate (ff?fff) to 12-0x0-13:27~
cyclours-9(11)-en-3-yl acetate (ZI) wust be initiated
by protonation of the Av—:'° double-bond to give the
ion (IXX1I). This ion (IXXil) is similar to the ion
(IXX) which leads to the keto-diol monoacetate, and it
would be expected that both would stabilise by the
same mechaniem, In such a case the cation (IXX) would
lead to 12-020-13:27ﬁgzglgura-9(11)-ene-§5:15§-d101

3-monacetate (IXX1), which on oxidation would give

a gcyclopropanoid ketoacetate, Cz H,c0,, (LIX).
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Reduction of the Xetoacetate, C,_H,6 .0, , derived from

32 46 4
K-Lmyrin,

The gynthasis of the ketoacsetate, 032H4604’
derived from o¢amyrin, from 1l2-oxoigoursa=-9(1l1):14-
dien-&B-yl acetate (XLV1i1l) via the keto-diol monoacctate,
is entirely analogous to a synthesis of the ketoacctate,
Caolgg04s derived from ﬁ»&myrin, described by Johnston
and Springlll. As the experimental evidence regarding
the reduction products of the latter ketoacetate
apparently excluded a cyclopropenoid formulation for
this compound, it was decided to investigate the
reduction of the ketoacetato, Cxolly04» derived from
c{~-anyrin,

Catalytic hydrogenolysis of the ketoaceteate,
CaoHagO4» derived from o-amyrin, gave an ecetate,
CzoH50.5202 which is transparent to light in the yltra-
violot rogion above 2150 X. This acetate, 032H50,5202,
is not identical with any of the known mono=-othylenic

or unconjugated di-ethylenic derivatives of c¢lamyrin,
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Nor is it identical with 13:27-gxg£gura-9(Il)-en-qﬁ-yl
acetate, 032H50029(Tﬁffff) which had becn previously
' prepared by hydrogenolysis of 1l2-0x0=13:27~cyclours-
9(11)=en-34-yl ccotate (EI)}lgnd which we reprepared
by Wolff-Xishner reduction of the same compound (zi).
Under acidic conditions in which both 13:27-cyclours-
9(11)-en~§£-y1 acetate (TXX111)11® and isoursa~9(11):14-
dien-3A-yl acetate (IXXiV)!'® are isomerised to
uraa-9(11):12-dien-§5-yl acetate (LX)» the acetates
Caolpo.p5o0os 18 stable, Alkaline hydrolysis of the
acetate, C32H50-5262, gave a gummy alcohol from which -

the acetate was regenerated on acetylation,

L. XX}

Wolff-Kishner reduction of tha ketoacatats, 032H46°4’
derived from o{~amyrin, gave two products, an acetate
032H48-5003' and the acotate, CzgHgg.po0g» identical

"with the product of catalytic hydrogenolysis, The

acetate, 032H48-50°3’ vhich gives an orange colour with




tetranitromethane in chloroform, shows only end-
adsorption at 2070 A (& 5,000), and it is stable

to minersl acid, Alkaline hydrolysis of the acetate,
CazoHag.5003s gave an alcohols ChnHsq 49059 from which
the acetate, Casllyg.50030 is regenerated on acetylation,
The infra-red spectrum of the acetate,C, H 03.

32748=50
includes a band at 1692 cm™ ', allocated to the
unreduced carbonyl function,

In considering structures for these
reduction products it is pertinent to exemine the
corresponding derivatives of /g-amyrin described
by Johnston and Springlll. The ketoacetate, Cz l, c040
derived from/SLamyrin, gives two products on catalytic
hydrogenolysis, The first product is a hexacyclio,
mono-ethylenic acetate, 03235002. which gives oleana-
11:13(18)-dien-§g-y1 acetate (IXXV) on treatment with
mineral acid, The second product, an acetatej; Cyolgo05
is stable to mineral acidlao. Wolff-Xishner reduction
of the ketoacetate, 032H46°4’ derived froq/gzamvrin.
givos an acstato, 032H48°3’ showing noc absorption
in the ultra-violet region above 2100 K, but giving
an orange colour with toetranitromethane in chloroform,

111
The acetate, 652H48°3' is stable to mineral acid .
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The acetate, Cy L.y _-,0,» Obtained by catalytic
hydrogenolysis and by Wolff-Kishner reduction of the
ketoacetate, 032H46°4’ derived from cx-amyrin._in our
opinion, corresponds to the acid-stable acetate,
052H5202. obtained by catalytic hydrogenolysis of the
111
ketoacetate, °32H4604’ derived from /9-amyr1n .
Both these compounds must be produced by reductive
fission of the cycloalkane ring in the parent
ketoacotates, CsoH,.04. The acetate, CsoHgo05s derived
from /?-amyrin. is not identical with olean-9(11)~en-
qB-yl acetate (LXXVI)lal. By analogy, the acetate,
Canllgn.500os derived from o(~amyrin, which should now
be formulated as Calig 0,0 18 probably not urs-9(1ll)-
en-:sp-yl acetate (ILXVil), and is to be formulated as

elther lsqbura-Q(ll)-en-qg-yl acetate (LKXVIII), or

isours-g(ll)-en-éﬁ-yl acetate (IXXIX).




The acetate, C

3otag.5o0zs Obtained by Wolff-

Kishner reduction of the ketoacetate, 032H46°4’
derived from &(=-amyrin, mist be formed by the reduction
of the 12wket6ne group zince the ultrs=-violet
abzorption spectrum of the product no longer includes
absorption due to the @(:/?ounsaturated ketone
chromophors, If we assume that no rearrangement of
thae hexacyclic carbon-skoleton of the ketoacetate,
032H4664” takes place dﬁring its reduction to the
acetate, CyoH 0 _5003¢ thon the latter compound must be
formulated as (IXXX), if the gyclopropsnoid structure

(LIX) for the kstoacetatc, C 0,9 i3 correct,

32846
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The infra-red spectrum of the acetate, CioH,a_g5q0z¢
includes a band at 1692 cmil, which is ascribed to

the 15~-ketone group, This band is similar in location
to the ketonic band, at 1694 em;l, in the gpectrum

of 12-oxoursan-38-yl acetate(XLV)'22, and differs
eppreciably from the band, at 1681 cosl, in tho
spactrum of 12-0x0-13:27-cycloursan-34-yl ncetate
(LVIII)s in which the ketone group is conjugated with
ahcxclopropane ring. On this basis, é cyelopropancid
structure (ILXXX) seems unlikely for the acetate,

CzoH4a8-5003» and a pentacyclic structure, (IXXX1) or

(LELLL;), seems to warrant consideration,

L>XX!|

The ultra-violet gpectrum of the acetate,
032h48-5003’ supports the .view that this compound
does not contain a gyclopropane ring. Were the
cyclopropanoid structure (IXXX) for this compound

correct, the ultra-violet spectrum should chow high-
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intensity absorption near 2140 ﬁ, by analogy with

the absorption showm by 12-0x0-13:27-cycloursan-38-yl
acetate (IVIII)» A g5, 2140 A (€ 5250). The apparent
meximum at 2070 Z (E 5250) and the low intensity of
absorption at 2140 2 (€ 2900) in the spectrum of the
acetate, CioHyg.5003» are more in keeping with a
pontacyclic structure (IXXXL) or (TXXXI1).

The pentacyclic formulation for the
acetate (IXXX1) or (IXXXII), which should now be
formulated as CzoHga0zs 18 in agreement with the
pentacyclic structure,(IXXviil) or (IXX1X), which was

postulated above for the conascent acetate Ca. Hgo0..
The ability of the cyclopropane ring in the parcnt
ketoacetate, Ca/liy 049 derived from of~amyrin, to
undergo reductive fission in theso reactions, is
probably due to the activation of the ring by the
adjecent 12:15-carbonyl groups, A similar effoct

ic shown by the activation of the A8:® double-bond
in 7zll-dioxolanoet-B(Q)-en-qﬁ-yl acetate (ILXXXIi1I),
where it enables reduction of the otherwise unreactive

bond to take p1a°0123-125.
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The Structure of the Xetoacetate, C;.H,;,0,» derived
from o(-A_mxrin s Conclusion,

In our opinion the ketoacetate, 032H46°4'
obtained by oxidation of 12-oxoisoursa-9(11):l4-
dien-sﬂ-yl acetate (XLVIII) with chromic acid, is
correctly formulated as 12:15-dioxo0-13:27-cyclours-
9(11)-en=-3f-yl acetate (LIX).

Remarks Regarding the Ketoacetate, 03 2}! 460 4’ derived
fron 4-pmyrin,

As our conclusions regarding the structure

of the ketoacetate, 032H46°4’ derived from c&amyrin,
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arc different from those of Johnston and Springlll
regarding the structure of the corresponding
k‘etoacetate, 032H4604’ derived from A-amyrin, it
is pertinent to examine the evidence on which the

cyclopropanoid structure (LXXXIV) was excluded for

the lattsr compound,

l. The infra-red spectrum of the hexacyclic acetate,
032H5002, obtained by catalytic hydrogcnolysis of the
- 111
ketoacctate, C, H, 0,, derived from /9 amyrin (see
P. 29), does not show ths absorption band at 1000 cm,

1
expected in the spectra of compounds which contain a
cyclopropanc ring 9129  Tnig band is intense, but
it is difficult to deteect in oxygenated compound513°°
For comparison, we examined the specfrum of 13327~
gxg;gprs-Q(ll)-en-sﬁ-yl acetate (IXXIII) for this band.
The band appeared in the spectrum of this compound,
determined in nujol mull; and as a solution in

carbon disulphide and carbon tetrachloeride, as a

slight choulder on an adjacent band at 1024 cmil and .
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could have been overlooked in the spectrum of the

acetate, CzoHpo0o» described by Johnston and Spring ¥

2, The optical properties of the hexacyclic
derivatives of /Seamyrin show no evidence for the
presence of a cyclopropanc ring, It is now inown
that the ultra-violet absorption of the a{zﬂ -
unsaturated ketone in ring C experiences only a slight
hypsochromic shift on introduction of a cyclopropane
ring in conjugation with the 1l2-ketone and that

no soparate band occurs which cculd be ascribed to the
ketone in copjugation with the cyelopropane ring.
Thus 12-0x0-13:27-gcyclours-9(1l1)-en-3f-yl acetate (LI)
shows maximal absorption at 2360 A (E 11,000) only,
which is similar to the absorption &ue to this

chromophore in tha spectra of all other hexacyclic
111

derivatives of c{~amyrin and /@;amyrin




3. The acetate, 032H48°3’ obtained by Wolff-
Kishner reduction of the ketoacetate, 03234604’
derived from ,ékamyrin (see p.29), was assumed to be

hexacyolic, i,e, (IXXXV)s if the parent ketoacetate

were cyclopropanoid (IXXXIV). The acetate, Caollsa0z9
did not, however, show the characteristic absorption
in the ultra-violet region of a compound containing
a ketone in conjugation with a cyclopropane ring,

We are of the opinion that, by analogy to the
corresponding derivative of (~amyrin, (IXXXI) or
(IXXXII) (cef. pe32); this compound should be

formulated as CzoHgn0z and is,in fact, pentacyclic,

4, Treatment of 14:15-spoxy=-12-0xoisoolean-9(1ll)-
en-38-yl1 acetate (IXXXVI) with hydrochloric acid was
shown to give a chloro-acetate, C;5H;n0zCly which
contained the same hexacyclic carbon-skeleton as

the ketoacetate, CzoH,s04s derived from /3-amyr1n.
This chloro-acetate, Cs,H,;,05Cl, on treatment with
collidine, gives an acetate, 03234603' in which the
presence of an isolated double-bond is indicated by
ultra-~violet absorption, and by a yellow colour

with tetranitromethane in chloroform, If the

cyclopropanoid formulation (IXXXIV) for the ketoacetate,
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Cyotl 040 Were correot, the chloro-acetate, Caol4703Cly

should be formulated as (LXXXVIl), and the derived

acetate, G, H, 0.¢ a8 (
that the AM®*1% 4ouvle-bond in the last compound
[XXXV111) would be affected by the proximity of the

OKVIIL)e It might be expected

gyclopropane ring and would not have the optical
properties of an isolated double-bond, as is detected,
experimentally, in the acetate, 0321{4503.

=RV

In our opinion, this is not necessarily the case,
The ability of a gyclopropane ring to enter into
electronic interaction with adjacent,unsaturated groupings
is dependent on the stere¢ochemistry of the chromophore
as a whole, In relatively simple moleoules in _which the
adjacent groups are oapable of some movement relative to
the plane of the three-ring, a cyclopropane ring is
capable of both extending and transmitting electronic

effects from oontiguous unsaturated groupingsi=> +°°,



In more complex molecules in which-two carbon atoms of
the cyclopropane ring fﬁrm part of a larger cyclié
system and adjacent groups are restrained from movement
reletive to the three-ring, the ability of a cyclopropans
to transmit electronic effects is much impaired131’134.
That a cyclopropane ring is capable of entering into
.conjugation with an adjacent ethylenic bond when

both form part of a cyclohoxene ring system, is
undisputedas’sl’las’las, but we are of the opinion that
in the environment of the highly unsaturated, and
consequently rigid, decalin ring syctem, composing
rings C and D of the acetate, CsoH,s0; (IXXXVIII), the
abllity of the cyclopropane ring to enter into
conjugation with adjacent uncaturated groupings would
be at a minimum and possibly insufficient to affect the
properties of the &5‘16 double-bond perceptibly.

We are, therefore, of the opinion that it
is unnecessary to postulate structures (IXiii), (IXIV)
end (IXV), for the kectoacetate, CyoH, 50,0 derived from
/dg-amyrin, as this compound is adequately repressnted

by the cyclopropanoid structure (IXXXIV).
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The Oxidation of 12-Oxoisours-14-§gr5ple Acatata.

Concurrently with the work described above,; it was
decided to supplement our knowledge of the oxidafion of
the 1514315 double-bond in derivatives of o(-amyrin, by
examining the oxidation of 12-oxolggura-l4~en~3ﬂ-yl
acetate (IXXXIX) with various reagents,

Oxidation of 12-oxo£ggurs?14-en-3ﬁ*yl acetate
(IXXXIX) with hydrogen peroxide gave two products,
12-0xo-15a27fgzglgursan-3ﬁh15£4diol diacctate (XC), and
12-oxo-13=27~gzg}gursan-qﬁ:15§-diol 3-acetate (XCI). |
Acetylation of 12-oxo-13:27-gxglguraan-3ﬂ:lﬁg-diol
3-acetate (XCI) gave 12-oxo-13=27-Ezg£gursaq95ﬁxlﬁs-diol
diacetate (XC) in good yield.

Oxidation of 12-oxoisours-ld-en-3(-yl acetate
(IXXXIX)/.
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(IXXXIX) with perbenzoic acid gave 12-0x0-13:27-

cycloursan-33:158-diol 3-acetate (XCI), identical with
that produced in the hydrogen peroxide oxidation, and
14:15-epoxy~12-oxoigoursan-33-yl acetate (XCIi), which
on treatment with mineral scid gave 1l2~0x0-13:27~
‘ gxg;gprsan-aﬁalag-diol 3-acetate (XCi) in good yield.
Oxidation of lz-oxongurs-14-en-sp-y1 acstate
(IXXXIX) with potassium permanganate in acetic acid
gavo 14:15-epoxy~-12-oxoigoursan-33-yl acetate (XCII)

and 12:15-dioxo-13:27-gyclourean-5ﬂ~yl acetate (XCiil).
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12:15~Dioxo-13:27-cycloursan-3B~yl acetate (XClii) could
also be prepared by oxidation of 1l2-0x0-13:27-cycloursan-
qB:15§-diol 3~acetatc (XCi) with chromium trioxide in

pyridine,

No. Compound Amax. X! €

14: 15-0poxy-12-oxolgoursan~
3B-yl acetete 2020 | 1090

14:15~-epoxy~12~0x0igoursan=~
3paol 2020 960

XC |12-0x0~13:27-¢ycloursan-
3B:15§-diol diacetate 2100 | 5500

XCI 12-0x0~15:27~-cycloursan-
3B:15%-diol 3-acetate 2100 | 4500

AC111]|1R:15~diox0~13227~cycloursan~
38-yl acetate| 2150 | 5750

Table III; The ultra=-violet spectra of oxidaticn
products of 12-oxo;gguraél4~en-ze-yl acatate,

The ﬁltra-vioiéf spectra of these oxidation products
of 12-oxoisours-l4-en-3f-yl acetate (IXXXIX) are of
particular interest (Table III). 14:15-epoxy-12-
oxolggurs;n-sﬁ-yl acatate (XCII) shows only ketonic
end-adsorption, 12-oxo-13:27-gxgiguraan63ﬁs15§-d101
diacatatq (Z§) and 12-oxo-13:27-gxg;gnrsan-3ﬁs15§-diol
3-acetate (XCI) show absorption, at 2100_.3., -wh_ich‘can

be ascribed to the ketone in conjugation with a
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cyclopropane ring. The absorption is not due to an
isolated ethylenic bond as these compounds do not
give a colour with tetranitromethane in chloroform,
This absorption, in the spectra of 12-oxo-133:27~-gyclo-
uraan-afsusg-diu discetate (XC) and 12-0xq-13:27-
cycloursan-3R:16f~diol 3-acetate (XCI) is at a shorter
wavelength than the absorption due to the same
chromophore in 12-010-13:27-Mur9an-3‘3-y1 acetate
(EVIIT) s Aoy, 2240 & (€ 5500)°}* It ie known that
a hydroxyl or acetoxyl substituent ¥ to an X8~
unsaturated xetone, i.e, R in (XCiV), can exert a
considerable hypeochromic influence on the ultra-violet

absorption of the «sB-unsaturated ketone chromc:phorelm.

The anomolous absorption of 12-oxo-13327-gycloursan=
3116§-diol dimcetate ({T) and 12-o0x0-13:27-gycloursan=
Sﬁzlsg-diol 3-acetate (XCI) must be due to a similar
effect exerted by the l5-acetoxyl or 15~-hydroxyl
substituents on the absorption due to the o(:p ~gyclo~
propane ketone chromophore.

i

S Sr——
R
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AcO H



12: 15-Dioxo-13:27-9_19_1_qursan-:',8-yl acetate (XCII1)
contains two carbonyl groups adjacent to a gyelopropane
ring, This chromophore, however, shows maximal
ebsorption at 2150 &, which differs only slightly from
the absorption of a oingle ketone in conjugation with
tho cyclopropans ring in 12-oxo-1:5:27-glg_1_<_>ura.n-3{$-yl
acetate (IVITI)s A pax, 2140 A. In the absorption of
compounds containing an 0(3(3 -unsaturated ketone the
introduction of an adjacent F-ketone group (c.f.
(XCIV) ; R ) -substituent) effects a considerable
bathochromic shift, and that a similer effect is not
shown in the corresponding cyclopropanoid chromophore
must be due to inability of the cyclopropane ring in
12:15-dioxo-13=27-9_y_c&)uraan-3‘3-y1 acetate (XCIII) to
transmit conjugative effects botween the contiguous
ketone groups. (c.f. p. 38)

Conversely, in view of the thaoreticallal and
experinentall®® indications that the cyclopropane ring
in 12:15-dioxo-13zzv-m:urean-sﬁ-yl acetate (XCII1)
may, due to its environment, be incapable of transmitting
such conjugative effects, the maximum absorption at
2150 R shown by this compound can be taken as confirmation
of the cyclopropanoid formulation,

The synthesis of 12:15-dioxo-133:27-cycloursan=-3f-yl



AB
acetate (XC1ii) from 12-ox01§gurs-14-en-3ﬁ-yl acetate
(EEXIX) via 12-0x0-13:27-gyeloursan-3[%15§-diol
3-acetate (XC1), is analogous to the synthesis of
12:15-diox0=13:27-cyclours-9(11)-en-3B-y1l acetate (LIX)
from 12-oxo;ggursa-9(ll):14-dien-3ﬁ-yl acetate (XLVIll)
via the keto-diol monoacetate, l2-oxo~13:27-cyclours=-
9(11)-en-3ﬂ:15!'-diol 3-ncetate (IXX1) (see p.25); proof,
therefore, that the oxidation products in the former
reaction sequence are cyclopropanoid, can be taken to
support the cyclopropanoid structures prop¢sed for
the corresponding compounds in the latter series and,
in particular, it supports the formulation of the
ketoacetate, C;.H,.0,, derived from o{~anyrin, as
12:15-di0x0-13:27-cyclours-9(11)-en=3f-yl acetate (LIX).
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Some support for the extension of cyclopropanoid
structures to the hexescyclic derivatives of /S-amyrin
has boen forthcoming, 12-0x0-13:27-gcyclooleanan=9(11)-
en-5ﬂ:15§-diol 3-acetate (XTV)!!! on reduction with
lithium in liquid amrmonia gave a keto-diol, 1l2~oxo0-
13:27-cyclooleanan-3}: 16§-d101 (XCVI) which snows
maximal absorption at 2100 & (€ 5100). The similarity
of this abeorption to that shown by 12=-o0x0-13:27-
gxg;gursan-spzl5§fdiol 3-acetate (JCI) indicates that

both compounds contain the same cyclopropanoid

chromophore,

|
ﬂl




The Problem of the Chloro-gecetatess CzoHyg703Cl,
derived from «&-Amyrin and ﬁ-Mrin.

As mentioned above (p. 37)s Johnston and Springln

showed that treatment of -14:15-epoxy=-12-oxoiggolean-
9(11)~en-3B-yl acetate (LXXXVI) with concentrated
hydrochloric acid gives a chloro-acetate, 0323470301.
which we now formulate as 15-chloro=12-o0x0-13327~
g_gr_c!_J_.golean-Q(ll)-en-sﬁ-yl acetate (IX2XVil). Heduction
of this chloro-acetate (IXXXV1li) with activated zinc
in ether-methanol gives an acetate, 032114803. which
Johnston and Springluauggested would prove to be the_
/B ~amyrin analogue (XCVii) of l2-oxo-13327-cyclourse-
9(11)-en-3ﬁ-y1 acetate (E)al, the structure of which
was at that time unkmown., It was decided to undertaks

an investigation of the corresponding series of

reactions on «lamyrin derivatives.,
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Treatment of 14:l5-epoxy=-l2-oxoisQurs=-9(1l)-ene
3P-y1 acetate (IXIX) with concentrated hydrochloric
acid gave a chloro-acetates CyoHgn05Cly Meps 210°
and, in very low yield, a substance, m.b, 294°.

The substance, m.p. 294°. gives 12:15-dioxo~
13:2‘7~g;r_g_;_gurs-9(11)-en-:5p-yl acetate (IIX) on
treatment with activated zinc in ether-methanol, and
it ie considered to be a mixed crystal (2:11) of this
compound (LIX) and the chloro-acetate, m.p. 210°,
formed from 12:15-dioxo-13:27-cyclours=9(11)-en=3B-yl
acetate (LIX) present as an impurity in the starting
material (IXIX). 14:15-Epoxy-l12-oxoisours-9(ll)-en-
Sﬂ-yl acatate (IXIX) is obtainedl1® by oxidation of
12-oxoisourss=9(11):14-dien-3p-yl acetate (XIVIiI)
with potassium permanganate in acotic acid., As
described above (p. 41), similar oxidation of
12-ox01§9urs-14-en-3p-yl acetate (IXXXIX) @ives both
14:15-epoxy-12-0xo;ggursan-3ﬁ-y1 acetate (XCII) and
12:16-dioxo-13327-cycloursan=-3 =yl acetate (XCiII).
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reduction of the chloro-scetate, 032H470501.

M. Do 210°, which shows only one absorption band,
Amax, €390 £ (& 11,000), in the ultra=-violet region,
and which gives no colour with tetranitromethane in
chloroform, with activated zipc in ether-methanol,
produced an acetate, C,.ti,00y» m.p. 241°, A .. 2070 A
and 2400 A (€ 7300 and 10150), which gives a yellow
colour with tetranitromethane in chloroform. The
acetate, Czoliyq0xs mepe 241°. on treatment with
hydrochloric acid gives 12=0x0-13:27-cyclours=9(1l1)-
en-spoyl acotate, CyoH,q05 (II)» in good yield,

This sequence of reactions is not similar
to the reactions of the corresponding derivatives of
%3-@myr;n. described by Johnston and springlll, and
it was decided to reinveqtigate the resctions

described by these authorslll.
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Treatment of 14:15-apoxy-12-oxoiggolean-g(11)-en-3ﬂ-y1
acetate (IXXXVI) with hydrochloric acid gave, in our hands,
a chloro-acetate, CyoH,q05Cls m,p. 248° .[«]D +146°,

A pax. 2400 A, which differs considerably from the chloro-

)\max. 2360 z. isolated bty Johnston and -Springu1 from
the same reaction, Reduction of the latter chloro-acetate
(IXXXVIi), m.p. 227-228°, with zinc in ether methanol, is
reportedlll to give an acetate, 032H48°3’ W.De 274-2750.

[, +139° or +130°, N . 2350 &, which is unaffected by

m
treatment with mineral acid, and which, from its mode of
synthesis, must be formulated as (XCVII). A similar
reduction of the chloro-acetate, m,p. 248°, obtained by the
author, gave an acetates, CzoH 039 HeDe 207-209'. Eﬂn -19°.

M pax,

with tetranitromethane in chloroform, and which, on

2070 A and 2400 A, which gives a yellow colour

treatment with hydrochloric acid, gives an isomer, Cz,h.g03s

Be Do avs-zvs’.[«]n £170°, \ 2360 A, which gives no

max,
colour with tetranitromethane,

AW




The formation and reactions of the chloro-acetates,
ngﬁ 4,703,01. derived from K«amyrin and ﬂ-amyrin. are
illustrated in table IV (p. 52), from which it will be
seen that the results which we obtained in the ofamyrin
series of derivatives, correspond closely to the
results which we obtained on carrying out similar
reactions in the /?-amyrin series, but that they
differ from the results described by Johnston and
Springlll in the latter series, In view of this, it
seems probable that the chloro-acetate, nm,p, 210°.
derived from of-amyrin, corresponds in structure to the
chloro~acctate, m.p., 248°, derived from /3-amyrin, and
that the reduction products of these two chloro=-acetates
will also correspond in structure, This implies that
the acetate, CyoHsq0zs m.p. 275-276 [y +170°,
derived from /3-amyrin. must correspond in structure
to 12-0x0-13:27-cyclours=9(1l1)-en=3f5-yl acetate (LI),
and is, therefore, 12-ox0-13:27-gycloolean-9(11)-en=3f-yl
acetate (XCVII). This structure (XCV11) has
previously (see p, 47 and p., 50) been suggested for
the acetate, C,.H, 0. m.D. 274-275°.[00D +130° or +139°,
which was isolated by Johnston and Springlll. 1t
is pertinent to note, therefore, that Johnston and

111

Spring quote optical rotation values for two



032347°3°1~§§
mep. 227-228
[«1, #1185 |

A 2360 A.

max,

V'm.o,... |

CazHag0z,
m.p. 274-275°,

I<}p
A

max,

+139° or
+130%

2350 A,

vHﬁ-

Unchanged

Table IV- Formation and reactionf{ of the Chloro-acetates,

é% s Reported Ly Johnston and Spring

\

C32H4703C1.
m, p. 248° t 4
[«])p +146%

A 2400 £,

max,
-
F.%‘QCOH |

CaoliggO3,
m. p. 207-209. [ ]

E*]D -19°,

Q
A pasx, 2070 A
and 2400 Aﬁ
1;HC¢ |
Caotlyas
[ J
m.p. 275-276 »
[of}D +170° ,
)\m 2360 A.

'Y

T
Lm.

032}1470301.
m. p. 2ld [ ]

[«]D +122°
A 2390 £,

nax,

I;"“/Meou.

Ca2ly4g03,
W, Pe 24f 'Y
DXJ +0

D
(4
2070 A

Amu.
and 2400 £,
} Het
Cy ol 005 (LI)

32748
mep. 268-270°,

[o(]n +156° ,
A 2360 £,

max,

and ﬁ-myrin.

111.

(1L1)=12-0x0-13;27-cyclours-9(11)-en-3f-yl acetate,
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separate preparations of their acetate, m,p, 274-2750.
which differ beyond the limit of experiﬁental error,
and this acetate, m.p. 2?4-275'. may not have been a
pure substance, but may have bdeen a mixture of the
acetate, m.p, 276-276°s[*]; +170”, with small smounts
of the acetate m,p. 207-209",l%] D -19°,

It is difficult to postulate plausible structures
for the chloro-scetate, m,p, 210°,derived from X=amyrin,
the chloro-acetate, m,p. 248°. derived from Ig-amyr:l.n. |
and the acetates, m,p. 241° and 207-209°, obtained by
reduction of these compounds,

The acetate, m,p, 241‘. derived from cé~amyrin,
is pentacyclio, since on acid isomerisation it gives a
hexacyclic derivative (II) with the loss of a double-
bond, By analogy, the acetate, m.p. 207-209° derived
from ﬂ -gmyrin must also be pentacyclic, If we assume
that the pentacyclic skeleton in, say, the acetate,

M. Pe 2410. derived from X-amyrin, is either the




normel ursane skeleton (IV) or the "isoursane" skeleton
(XCV11l1), as exist in other pentacyclic derivatives

of oéamyrin, then the most probable formulation for

the acetate, m.p, 241°, is 12-oxoigoursa=9(11):156-
dien-33-yl acetate (XCIX). This formulation is, however,
unsatisfactory, as it is difficult to discern why the
1515316 double~bond in such environment should be
capable of isomerisation. It may be, however, that
the locking of rings C and D in this compound (XCIX)
is in an unstable configuration and, thus, provides

e driving forcec for the isomerisation,

Were tho formulation (XCIX) correct for the
acetate, m,p. 241°, derived from «~amyrin, then an
analogous structure, l2-oxoiggoleana=9(1l):15-dien=3 =yl
acetate ( C_ ) would need to be ascribed to the acetate,
m.p. 207-209°, derived from ﬁ-amyrin. The latter
compound isomerises under acid conditions to give a
hexacyclic derivative, 12-0x0-13:27-cycloolean-9(11)=-
en-Sﬂ-yl acetate LZ§§11). andyif the formulation ( T )
is correct, this isomecrisation would necessarily proceed
through 12-oxo;§goleana-9(11):14-dien-qﬂ-y1 acetate
(XTiIX)» a compound which is known to be stable under

acid conditions (see p.20). For these reasons we

consider that a normal pentacyclic carbon-skeleton is
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improbable for these compcunds, the acetate, m.p. 241°%

derived from ¢&emyrin, and the acetate, m.p. 207-209°,

derived from /Q—amyrin..

It is similarly difficult to formulats the
parent chloro-acetates, as it is not certain whether
these compounds are pentacyclic or hexacyclic., It is
possible that they are hexacyclic, and that reduction
of tune chloro-aocetates to pentacyclic products, e.g. the
reduction of the chloro-acetate.m.p.v210°. derived from
A-amyrin, to the acetate,m.p. 241°, may be accompanied
by fission of some part of the carbon-skeleton,

111

Johngton and Spring proved the chloro-acetate,
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m.p. 227-228°% 0o}, +1168°, which they obtained, to Ve
hexacyclic and, in view of our conclusions rcgarding
the structure of related hexacyclic derivatives of
ﬁ?-@myrin (see p. 39), this chloro=acetato, m.p.
227-228% must be formulated as cyclopropanoid (IZAXVI1).
We have indicated previously (p. 53) that the acetate,
m.p. 274-275°, obtained by Johnston and Springlll vy
reduction of the chloro-acetate, m.p. 227-228°,(IXXXVii)
with zinc in ether-methanol, could have been a mixturs,
Conceivably, therefore, the chloro-acetate, m,p. 227~
228°. may have also been not homogeneous, and it may,

in fact, have been partly composed of the chloro~acetate,
m.p. 248°, which we obtained in trying to repeat this
reaction, If thlis should be correct, the chloro=
acotate, m.p. 248°, could be formulated as (EZZZEEE)»
and reduction of this compound could lead to a
pentacyclio acetate, m,p. 207-209°, (CI),formed by
fission of the 0(13).0(14) bond in the cyclopropanoid
chloro-acetate (IXXXVII), and this reduction product
(CI) could isomerise under acid conditions to 12-oxo-
13:27-gxg;golean-9(11)-en-3ﬁ-yl acetate (XCVil) by
reformation of this bond, A similar structural sequence
could b§ formiated for the corresponding derivatives of
X-amyrin, giving the chloro-acetate, m.p. 210°. as
(CII) end the derived acetate, m.p, 241’ , as (TIZ1).
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We do not regard these formulations as wholly

satiefying cxplanations of our experimental results,
which constitute, in any case, only a preliminary
investigation of these compounds. The structural
elucidation of these chloro-acetates, derived from both
cl~amyrin and /[¢-amyrin, still presents many experimental

and theoretical problcms,



SECTION II : The Structure of Brein,
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Section 11

The Structure of Broin

Historical

Invesgtigations of the chemistry of the
triterpene diol, brein, have been continually hampered
by the difficulty of the isolation of the free diol

in reesonable quantity from lanila elemi resin, the

only known source, in which it occurs in close

association with maniladiol (QIY)138-142.

Vesterberg4'5 showed brein to be a dihydric,
triterpene alcohol, CzyHg5,05s & result which was later

143

confirmed by Rollett™", who also showed the two

hydroxyl groups to be secondary by preparation of a

dixetone, breindione.
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44 yemonstrated the

Mladenovic and Hoffmannl
presence of a hindered double-bond in brein by
ozonisation of brein diacetate, and they suggested that
the reactivity of this function is similar to that of
the double-bond in of{-amyrin. The presence of the
othylenic function was simultaneously demonstrated by
liorice and Simpsonlsa. who oxidised brein diacetate to

138 also

an o(:ﬂ -ungaturated ketons, These last authors
showed that lieerwein-Ponndorf reduction of breindione
gives two isomeric keto=-alcohols, 030H4802' which they
called breinonol~A and breinonol-B.

BEreinonol-B acetate was aubseqnently prepared by
chromic acid oxidation of e monoacetyl derivative of

145

brein » and it was reported that Wolff-Kishner

reduction of both breinonol-A acetate or breinonol-kE
acetate gives epi-C{Qamyrin}45 This indicated that

brein must be 3¢iX-dihydroxyurs-l2-ene, but it was
pointed out by Klyne and Stokesl47 that the molecular
rotation differences between various derivatives of brein,
and breinonol-X, in which, to account for its synthesis
by oxidation of brein monoacetate, the 3-hydroxyl group
must be in the pame configuration as in brein, =are more

in keeping with a qg-(equatorial)-hydroxyl group, They147
suggasted that the reduction of breinonol-B acetate to
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epi-ol~amyrin must have been due to epimerisation of the
S=hydroxyl group during the reduction, or to contamination
of the starting material with breinonol-~A acetate,
Laird32 has now confirmed this.suggestion Bince
reduction of breinonol-B acetate by the Wolff-Kishner
technique gave} in hnis hands, ~amyrin (Eﬂ only,

Laird®? also showed that reduction of breindione
with sodium borohydride gives breinonol-3B, énd,by the

general rulesl48

governing reduction of unhindered
ketones with metal hydrides, the 3-hydroxyl group
produced would be expected to be equatorial, The same
reduction also gave a monogcetyl derivative of brein,
brein monoacetate-1l, which must be the x-cpimer of the
brein monoacetate which had béen previously prepared by
Buchi, Jeger and Ruzicxal45. Comparieion of the
reactivities of the x-hydroxyl group in brein monoacetate

and brein monoacetate~11 led Laird32

to conclude that
the x-hydroxyl group in the former monoacetate, and

therefore in brein, is equatorially orisented,

‘ & emyrin (V)
(epi-ccamyrin : 3«=hydroxyl),
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kiorice and S:lmpsonl38 pointed out that as
breindione does not show the chromophoric piOperties of
an ol or a /g-dikatone. the x-hydroxyl'group in
brein cannot be located in ring A of the o{-amyrin (V)
skele}on. Buchi, Jeger and Ruzickal4® found that
breinonol-B acctate gives an o(~diketone on oxidation
with selenium dioxide, which indicates the presence of
e methylenec group adjacent to the ketone group in
breinonol-B., This «-~diketone gave no colour with
ferric chloridel49, implying that the carbon atoms
adjacent to the ©(-diketone function must be fully
substituted and, therefore, unable to donate the

hydrogen atom necessary for enolisation.

K RO&J
| n M
e
R" o] (o) Rw’ —_
cvi

The o{-diketone group in such an environment (CVI)
could only be located in ring D of tho X-amyrin molecule

- 146
(V)s i.c. at C and C It was later reportedf'

(15) (16) °
however, that a triketons, which may be prepared by
chromic acid oxidation of this of{~diketone, gave a

violet colour after standing with ferric chloride for



four months, Thio triketone, presumably formed by
oxidation of the allylic double-bond to an ;& -
unsaturated {1ll-)ketone, gives a dicarboxylic acid

on oxidation with hydrogen peroxide}%lt,was suggested
that the stability of this acid, which forms a stable

anhydride,146

is greoater than would be expected of a
vinylogous carboxylic acid, i.e. than of (CVii), if the
&K-diketone is (CVill) and the triketone (CIX).
Consequently, it waso 811{;338120(1146 that the o¢diketone
must be (CX) or (CX1), and, as the 6:7-diketone system
- as in ((X) — is knowm to enolise readily in comparable
compounds, the location of the e{~diketone function in

ring E (CX1) was considered the more probabls

formulation,
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Theoretical

In planning this investigation of the
chemistry of brein we assumed, due to the close natural
association of brein with maniladiol (CIV), that the
x~-hydroxyl group in brein would prove to be located at
C(16)* This assumption, which proved to be justified,
wes made purely on the basis of biogenetic simplicity,
and implies the formulation of brein as (CXiI) and of
breinonol-B as (CX1il).

Our first approach to the structural
elucidation of brein (CXii) was to attempt the
dehydration of breinonol~-B with methanesulphonyl
chioride. In connection with another problesm, we

had found that thermal decomposition of o{-amyrin
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methanesulphonate (QZI?)lggves *leolegmyradiene®,
55:8&:gg-trimatnyl-IOdggg!prsa-lax14-dione (ZLEJ. in
very high yleld, If breinonol-B (EXIil) could be
similarly dehydrated by decomposition of breinonol-h
methanesulphonate (CXV), it would be expected to give
5538«:qﬂ-trimethyl-IOuﬁgg!prea—izs14-dien-16-one (CXV1)»
which contains a conjugated dienone chromophore, which
is similar to the chromophore in Sa&hydfpzy-lz-oxo-
7:9(11)-choledienic acid (CXX1) >ogmax. 2400 and

2030 A (€ 3,700 and 12,900)149, ana waich could
therefore be detected by chromophoric exapination.

It had, in fact, been shown shortly before the
beginning of this work that dehydration of breinongg%gﬁ%)
with phosphorioc acid gives an uncrystallisible gum,
showing maximal absorption at 2400 A and 2030 A (&
4,950 and 9.100)?..2 and it was hoped to obtain the

pure conjugated dienone (CXVI) by this alteration of

the dehydrating agent,
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breinonol«B methanesulphonate (CXV) could not,

however, be obtained crystalline, and the:product
from repeated attempts to esterify breinonol-B (CX111)
with methancsulphonyl chloride in pyridine, was a gum,
which developed a deep brown colour on standing at
~room temperature, Chromatography of the gummy
"methanesulphonate* on alumina gave widely spread
fractions and it secms probable that the product was
decomposing at room temperature.

A freshly prepared sample of the gummy "methano-
sulphonate" obtained from breinonol-B, was heated at 861
whereupon it decomposed with the evolution of acidic
vapours, The decomposition product could not be
crystallised, even after chromatographic separation,
and showed continuous absorption in the ultra-violet
region from 2000 A to 3280 A, with maxima at 2070, 2400
and 2890 A (£ 7,000, 3,700 and 6,000) This ultra-

violet spectrum of the product is unaffected by
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treztment of the gum with mineral acid, Thus, if
the dienone (CXV1) is formed in this reaction, it is
formed in fairly low yield.

Our next approach to the problem was
based on a product which may be obtained by ozonisation
of brein diacetate (QZEIE)144. This product gives no
colour with tetranitromethane in chloroform, and shows
ketonic end-absorption (82040 £700) and a band at
2500 A (€= 190) in its ultra-violet spectrum, This
optical property is comparable with that of 1l2-0x0-1l3x-
ursan-38-yl acetate (CXViil), which is obtained by
ozonisation of <l-amyrin acetate (§ZIZ). and which shows
end-absorption (& 2030 thooo) and a similar unassigned
band at 2500 A (€ 350)."

The infra=-rod spectrum of the ozonisation product

LR NN N NN N NN NN N NN NN NN NN NN NN NN NN I RN NN NN NN AR NN N

** rhe sample of 12-0x0-130~ursan-35-yl acetate,prepared

by the author and on which these observations were made,
had m.p. 208 °,])p +114°, Allan, Spring and Stevensonl52
report m,p. 210-211° [=3p +115°, Ruzicka, Jeger, Redel and
Vol11i1l593 report m.p. 204-205 p +139°%; ,keye, Fieger and
Fiegerldl preport m,p. 201-203 ' EgJD +124°, for the same
compound., The last authors also comment on the
presence of an anomolous band at 2500 A in the ultra-
violet spectrum of their . product,
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from brein diacetate (CXV1l) includes a band at

1709 cm.® This band is similar in location to the band
at 1707 cm.' in the infra-red spectrum of 12=0x0-=l3 =
ursan-sﬂ-yl acetate (CXV11l)», in which it can be
ascribed to the l2-ketone function, V\ie are of the
opinion, therefore, that the ozonisation of brein
diacetate (CXVI1I) leads to the production of a

saturated l2-ketons group, and we formulate the

product as 12-oxo-13xbursan-q3=lqﬂ-diol diacetate (CXX).

In assigning this gstructure to the ozonisation
product from brein diacetate (CXV1l) we have ascribed
an o~configuration to the 1l3-hydrogen atom. The

infra-red spectrum of tho ozonisation product (CXX)
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supports this formulation, since the ketonic band at
1709 Cm.-l closely resembles tnerband » at 1707 cm:lo
allocated to the l2-ketone group in the spectrum of
12-oxo-13q@ursan-3ﬂ-yl acetate (CXV1i1),» but differs
from the ketonic band, at 1694 cm:;. in the spectrum of
the lsﬁ-isomer, l2-oxoursan-3@-yl acetate (XLV).
loreover, the change in optical rotation brought about
by the ozonisation of brein diacetate (EZEEE).E*]D +76°,
to the product (EZZ),DQ}D +132°, is comparable with the
change in optical rotation on oxidation of -~amyrin
acetate (@)-[ﬂn +8° 5, to 12-oxo-1so(-ursan-3ﬁ-y1
acetate (§Z§II§),E§3D41149, while the change from
o-amyrin acetate (CX1X) to 12-oxoursan-3#~yl acetate
(Ziﬁ)oﬁ*ﬂn +18°,152 is very differont.

It was decided to use this ozonisation
product, 12-o0xo-13%ursan-3p;: mﬂ-—diol diacetate (CXX),
ae starting material for an attempt to synthesise
3:12:16-trioxoisoursa-9(11):14-diene (CXX1V). Treatment
of 12-oxo-13x-ursan-3ﬂ-y1 acetate (CXViii) with bromine,
and subsequent dehydrobromination of the crude o¢-bromo-
ketone formed, by heating with mineral acid, is known
to give 12-oxoure°9(11)-en-3ﬁ-yl acetate (LI1l), which,

on oxidation with selenium dioxide, gives l2-oxoisoursa-

9(11):14-d1en~3@-y1 scetate (XLV1II). A similar sequence
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of reactions, starting from 12-oxo-134cursan-3ﬂ:lq3-
diol diacetate (ZXX), should give l2-oxoigoursa-9(1l1):14-

dien-Sﬁ:lGﬂ-diol diacetate,(CXXill), which on hydrolysis

and oxidation would give the triketone (CXXIV)
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The same triketone (CXX1iV) can be synthesised from
of~amyrin (¥) by an unambiguous route, 1l2-Oxopgoursa-
9(11):14-d1en-3ﬂ-y1 acetate (YLViii)» on oxidation with
selenium dioxide at high temperatures, gives 12:16~
dioxolagursa~9(ll)a14~dien-3p-y1 acetate (Exi)llq’
whichh on bydrolysis and oxidation should give the
triketone (Ciz.V). 1f the two triketones (CXXIV)»

derived by these syntheses, proved to be identical,
the location of the x-hydroxyl group of brein (EX11)

et C would be established,

16
e The projected synthesis of the triketone
(CoRI¥) frow 12-oxo-lsakuraan~3ﬁ:16 diol diacetate (TXh)
failed in the first stage, Treatment of 12~0x0-13¥~
ursanaﬁ@:lﬁp~diol diecetate (CXX) with bromine in acetis
scid gave the same uptake of bromina, as far as could be
judged by thg plegching of the brom;ne solution, as was
given by a contiol experiment on 12-oxo-lax=ursan~3p~yl
acetate (GXViil), but on heating to 109ﬂ to effect
dehydrobromination, a dark colour developed which did
not appesr in the control solution, On normal working
up,2 non-~crystalline gum wase obtained. The control
experiment gave 12-oxoure-9(11)-en-qﬁ-yl acetate (Lill)

in good yield. Cuaromatographic fractionation of the

gum produced in this experiment, gave & high yield of
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material, which showed maximal absorption at 2480 ﬁ
(€ 9,700), but which could not be obtained crystalline,
It scemed probable from these observations that
a considerabie amount of the desired 0(3/3 -unsaturated
ketone (CXXI1) was being produced in the reaction, but
that the product was so contaminated that it could not
be obtained crystalline, As it was conceivable that
this contamination occurred mainly in the:attempted
dehydrobromination of the intermediate q&bxomo-katbnes
it was decided to isolated the crude oi~bromo-ketone
and effect the dehydrobromination by refluxing with
pyridine, The product from this reaction had -
similar physical and chromophoric properties to the
gum obtained under acidic conditions, and, similarly,
could not be obtained crystalline,

Attempts to form the «:/4 -unsaturated ketone
(CXXII) from 12-oxo-13q?ursan-3ﬁ:lqg-diol diacetate
(CXX) were discontinued at this stage, but it ic of
interest to note that treatment of the latter compound
(CXX) with mineral acid gives rather anomolous results,
12-oxo-13uéursan-593lﬁﬁLdiol diacotate (CXX) was
treated with hydrochloric acid, under conditions which
igomerise 12-0xo-13x~ursan-3f-yl acetate (CXVI1I) to

12-oxoursan-3p-y1 acetate (XLV)151'153. and gave a



product, m,p, 192-199°,[X]  +85°, which, due to the
spread melting point, we took to be a mixture, although
we could not alter the physical propertiss by attempted
purification, On further acid treatment this product,
m.P. 192-1990. gave a neutral substance, m.p. 259~260°,
ExﬂD-+111°, which was transparent in the ultra-violet
region between 2000 and 4000 A. This product, m.p.
259-260°. appears to be richer in oxygen than the
starting material, . The infra-red spectrum of the
product, m,p, 259-260°, includes bands at 1786, 905,
886, 876 and 847 cm-l, which do not appear in the
spectrum of the starting material, The ketonic band,
at 1709 cm.Y, in the spectrum of the starting material

does not appear in the spectrum of the product.

A0

Under prolonged acid-treatment l2-oxo~ld=~ursan-
3f-yl acetate (CXV1il) is isomerised to l2-oxoursan-

3ﬁ-y1 acetate (XLV) and no further reaction takes
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place. The instability of 12-oxo~13xhurean-3ﬂzlqﬁt

diol diacetate (CXX) and its consequent déegradation to

a compound, m,p. 209-260°%, which, while we cannot
formulate a structure which accounts both for its

mode of formation and for its physical properties, is
probably produced by a breakdown of the pentacyclic
carbon-skeleton, must be due to some interaction between
the l6-acetoxyl group and the l2-ketone gfoup. it 18

32 obgervad

pertinent to note, therefore, that Laird
that the absorption of the double~-bond in breindione
(CXXV) and breinonol-B (CXill) in the ultra-violet
region, compared with the absorption of the same
chromophore in «=amyrin acetate (CXIX), indicates

that there is gcome interaction between the [}2‘13 double~
bond and the l6-ketone group in the brein derivatives.

A?.2:15

The reactivity of the doubls=bonds in brein

diacetate (CXV1i) and o(~amyrin acetate (CXIX) also
differ, the former being less rceactive than the latteraz,
and it is, therefore, possible that the chemical

properties of the reactive centre, )® in tho acid-

13
treatment of 12-oxo-13m@ursan-3ﬁ:16p-diol diacetate (CXX)s
are in some way affected by the presence of the 1l6-

acetoxyl substituent,
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The structure of brein (CXlil) was finally

established by the following method.
Wolff-Kishner reduction of 1l2-o0xoisours-l4-en-

Sﬁ-yl acetate (LXXXIX), which can be synthesised froum

& -amyrin by an unambiguous routeal, gives isours~14-
en-3B-y1 acetate (GXXV1)®%, The yield in this
reaction was found to be much improved on modifying tha
reaction technique, Oxidation of 1§9urs~14-en-3ﬁ-yl
acetate (CXXV1) with perbenzoic acid gives 145:155-

epoxy&ggursan-aﬂ-yl acetate (CXiVlI);z, which on

treatment with mineral acid gives urs-12—en-5ﬂ:15§-diol
3-acetate (CXXVIII)32. Oxidation of the last compound
(CZXVill) gives 15-oxours-12-en-3§-y1 acetate (CXXIX),

which yields of{-amyrin (V) on Wolff-Kishner reduction®2,
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Dehydration of ure~12-en-3ﬁ:l$§-diol J-acetate
(CXXVIIi) with phosphorus oxychloride gave ursa-12:;15-
dien-aﬂ-yl acetate (QEZZ) which proved to be identical
in n,p.» mixed m,p.» optical rotation, infra-red and
ultra=-violet absorption spectra, and analysis, with
the dienyl acetate, m,p. 228-9°.[9<]D +40° , prepared by
Laird®® by dehydration of brein monoacetate-11 (CXXX1)
Hydrogenation of ursa-12:15-dien-38-yl acetato (CXXX)
gave «-amyrin acetate (CXIX), proving that no

rearrangement of the carbon-skeleton took place during



the dehydration of urs-]r “en-3|?: Ih*-ci.ioi 5-acetate
(CXXV1 aj.)

As 15-oxour3"12~en-5|S-yl acetate (CXXIX3j is
not identical with breinonol-L acetate JjCXXX11l)9 the
x-oxygen function in brein derivatives cannot be
located at and must» to account for the
dehydration of brein rnonoacetate-1i (G20CXl) to ursa-
12: Ib-di en-3|S*yl acetate (CXXX j, be located at
As has been mentioned previously (p.60) Laird32 showed
the X-hydroxyl group in brein to be equatorial, and so
the structure of brein may be fuJ.ly expressed as

3|3: 11j|8-dihydroxyurs-12-cne (CXI1).

c xX'i»

CXXX//

C*O



EXPERIMENTAL
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lielting points were determined in capillary tubes
(1 mm. bore) using a standard N, ©. L. thermometer.

Specific rotations were measured in chloroform
solution in a 1 dm, tube at approximately 15°,

Ultra-violet spectra were determine in ethanol
solution, unless ctherwise stated.

lnfra~red spectra were determined in nujol mull,

The phrase ‘normal working up' implies, in general,
dilution with water, extraction with ether, washing
consecutively with aqueous hydrochloric acid (9k)s
water, saturated aqueous sodium bicarbonate, and water,
followed by drying of the ethereal extract with
snhydrous sodium sulphate, filtration, and evaporation
to dryness under reduced pressure,

The term ‘'petrol' signifies the light petroleum
fraction, boiling point 60-80°,

For chromatogrephy, Lrockman Grade 11 alumina
and solvents dried over sodium wire were used, except

where otherwise stated.
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Section 1
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Selenium Dioxide Oxidation of 12~-Oxours-9(11l)-
_gp_-:sp- 1 Acetate : 12-Oxoisoursa-9(11):ld-dien-38-yl
Acetate , - 12-Oxours-9(ll)-en~3f-yl acetate (42 g.)
in stabilised acetic acid (700 c.c.) was refluxed with
selenium dioxide (65 g.) for 1 hr, Normal working up
gave a solidywhich was dissolved in petrol-benzene
(9s1, 700 c.c.) and adsorbed on a column of alumina
(1.5 k¥g.). Elution with petrol-benzene (l:l, 2500 c.c.)
gave 12-oxo;ﬂguraa-§(ll):14~dien-3B-yl acetate (27 g.)
as needles (from chloroform-methanol), m.p. 220°.

[, £7.5° (e 1.7) ;)\)\max. 2100 & and 2360 X
(€ 7,000 and 12,000).
Literaturell4, 118 gives m,p. 221-222".[04]1) +7°, for

this compound,

12'OXOi800138n“14f22“3ﬁf21 « = 12-0xoisooleana-
9(11):14-dien-3ﬁ~yl acetate (2 g.) in ether (75 c.c.)
was added dropwise to a stirred solution of lithium
(600 mg,) in liquid ammonia (400 c.c.) over £ min.
and stirring was continued for a further 2 wmin,, when
acetone (17 c.c.) wes added. The ammonia was allowed

to evaporate overnight and normal working up gave a
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gun (2.1 g.) which was dissolved in boiling light
petroleum (b,p. 80-100°, 150 c.c.). The solid which
separated on cooling was crystalliaed'from aqueous
acetone to give lE-oxongolaan-14-en-qp-ol (755 mgs )
as needles.--m.p. "2‘85-2860.!.“]]) -43° (€s 0,9) 3
€ at 2040 A »5900 (Found : C, 81.6 ; H, 11,2 . Calc.
for CzoHeg0p : C» 81.8 3 H, 11,0%).

Literaturell® gives m.p. 276-278°,[od) =43°, for this

compound,

12-0x0isoolean-1l4-en-5 ~yl Acetate . - 1l2-Oxolsoolean

-l4-en-3p-ol (700 mg.) was heated on a steam bath for

1 hr, with acetic anhydride (7 c.c.) and pyridine (7 oc.c. ).
Normal working up gave a solid which crystallised from
chloroform-methanol to give l2-o0xoigoolean~-l4-en-3B-yl
acetate (670 mg.,) as needles, m.p. 297-300°.ﬁ§ﬂn -ug’
(s 1.1) ;£ at 2040 £ =4500.,

116

Literature!® gives m.p. 298-300°,[s); -30°, for thio

compound,

Treatment of 12-0xoiaoolean-14ﬁgg-§3ﬁ1;‘Acetate
with Hydrochloric Acid . - 1l2-0Oxolsoolean~-l4~en=3f=yl
acetate (200 mg.) in glacial acetic acid (50 c.c.) and
chliroform (10 c.,c.) was treated with a slow stream of

dry hydrogen chloride for 1 hr, and kept in a stoppered
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flask at room temperature for 3 days, Evaporation to
dryness under reduced pressure gave a solid (i&? mg. )
which crystallised from chloroform-methanol as
needles, m,p. 298°, undepressed in m.p. on admixture
with a sample of starting material, The ultra-violet
spectrum of the product was identical with that of

the starting material,

12:lS-Dioxo-lS:27-cyclog£§-9(ll)-gg-Sﬁ-yl Acetate
(Ketoacetates CzuHg,04) 3 (a) A refluxing solution of

lE—oxours-g(ll)-en-aﬁ-yl acetate (5 g.) in stabilised
acetic acid (600 c.c.) was treated dropwise over 30 min,
with chromium trioxide (5 g.) in stabilised acetic
acid (90 c,c.) and refluxed for a further 1 hr,
Normal working up gave a solid (4.6 g.) which
crystallised from chloroform-methanol to give 12;15-
dioxo~13:27-gxg;gurs—9(11)-en-3ﬁ-yl acetate as needles,
m.p. 320-321", [y +93° (g, 0.9)5 N\ ___ 2360 &
(€ 12,000) (Found : C 77.8 ; H, 9.6 . Calc. for
Caolyg04 8 Cr 77,7 5 Hy 9.4%).

Literature!l® gives m,p. 321-324°,[od) +103°, for

this compound,
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(b) A refluxing solution
of 12-oxo£ggprea-9(ll):14-dien-3ﬁ-y1 acetate (5 g.)
in ctabilised acetic acid (600 c.c.) was treated
dropwligse over 30 min, with a solution of chromium
trioxide (5 g.) in stabiliged acetic acid (45 c.c) and
water (5 c¢,c.), and refluxing continued for a further
30 min, . Normal working up gave a solid (4.5 g.) which
crystallised from chloroforﬁ-methanol to giye 12:15~
dioxo-13:27-gzglgurs-9(11)-en-3ﬁ-y1 acetate as nsedles,
m.p. end mixed m.p, 320-3%Z 'E?ﬂn'*gd (es L1)s A\

nax.
2360 A (& 11,500).

, (e) A refluxing solution of
12—oxo-13:27-gxglgprs-9(ll)-en-ﬁﬁ-yl acetate (7 g.) in
stebilised acetic acid (750 c.c.) was treated dropwisc
over 45 min. with a solution of chromium trioxide (7 g.)
in stebilised acetic acid (50 c.c.) and water (7 c.c,)
and refluxing was continued for a further 1 hr, Normal
working up gave a solid (6 g.) which crystallised from
chloroform~methanol to give 12:15~dioxo~13:27=-¢yclours-
9(11)-en-3ﬁﬁy1 acetate as needles; m,p. and mixed m,p.
s21-322°, [&] +89°, +92° (g» 0.8 1,0) ; N pax, 2360 A
(€ 11,700).
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12:15-Dioxo-13:27~cyclours=9(11)-en-3f-0L . -
12:15-Dioxo-15:27-gxg;gura-9(ll)-en-aﬂ-yl acetate (100 mg.)
in methanol (16 c.C.) was refluxed with potassium
hydroxide (100 mg.) for 2 hr, Normal working up gave
8 gum which crystallised from aqueous acetohe,to give
12:lsfgaggg-lsz27-cyclog;g-9(11)-§n-sﬂ-q; (86“mg.) as
needles, m.p. 233-234°,[«{]; +76°, +75° (g, 1.0, 1.1)
A 2360 A (£ 12,250) (Found : C, 79.9, 79,3 ;

max,
Hy 946y 10,0 . Cgzgligq0z requires C, 79.6 ; H, 9.8%)

12:15-Diox0-13:27-gyclours-9(11)~en-3B-ol (74 mg.)
wzs heated at 100° for 1 hr, with acetic anhydride
(7 coc.) and pyridine (7 c.c.). Normel working up
grve a solid which crystallised from chloroforme-methanol
to give 12:15-dioxo-13:27-cyelours-9(11)-en=3B-yl acetste
(€7 mg.) as needles, m,p, and mixed m,p. 321=-322°,
[dp +92° (c» 1.3) ; )\max. 2340 & (€ 12,250).

Oxidation of 12-Qxoisoursa-9(1l1): 14-@-3@—&

Acetate with Hydrogen Peroxide ; 12-~0x0-13:27~-cyclourge
9(11)-22-3ﬂ:15 -diol 3~Acetate (Xeto-diol monoace R
Cyolgg04) o = 12-oxoiLoursa-9(11)a14-d1en-3ﬁ-y1
acetate (2 g.) in glacial acetic acid (300 c.c,) was

treated at 95° over 2 hr, with hydrogen peroxide (200 c,c.)
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in glacial acetic acid (200 c.c.,) and the eoiution
stirred for a further 3 hr., at the same temperature.
Normal working up gave a gum which was dissolved in
benzene (50 c.c.) and adsorbed on a column of alumina
(170 g.). Elution with benzene (2700 c.c.) gave a
solid (500 mg,) which was dissolved in boiling
petroleum ether (b,p., 80-100 , 30 c.c.). The solid
which separated from this solution on cooling was
crystalliged from aqueous methanol to give 1l2-0xQ-
1:5:27-cyc10m-9(11)-gp_-3P:15§-d_i_g_], 3-acetate (130 mg.)
as needles, m.p. 262-265%[el) +156°, +155°(es 1,35 1.8)
5 \ 2360 A (£ 11,600) (Found : Cy 77.7 3 h 9.8 .
Csz“::g; requires C, 77.4 ; H 9,7%). This compound
gives no colour with tetranitromethane in chloroform,
The petroleum ether solution was adsorbed on a

column of alumina (7 g.). Flution with petrol-benzene
(332, 900 c.c.) gave a gum which crystallised from
methanol to give 1l4:15-epoxy-12-oxoisours-9(11)-en=-
3p-yl acetate as needles, m,p. 281-2830.[mﬂ£ +56°
(e 1.2)

Literaturell® gives m.p. 280-283°,E§3D'+56 s for

this compound,
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12-9;9-13:27-cyclog£g-9(11)-ggf3ﬁ=15§-g135
Diacetate . - 12-010-15:27-gxglgurs-9(ll)-en-3ﬁ315§-
diol 3-acetate (80 mg,) was heated on a steam-bath for
1 hr, with acetic anhydride (10 c,c.) and pyridine (10
CsCe). Normal working up through ether gave a solid
(62 mg,) which crystallised from chloroform-methanol
to give 12-ox0-13:27-cyclours-9(11)-en-3f:15E-diol
diacetate as needles, m,p. 1480.E¥]D +125°,‘+l23° (c»
1.2, 1.4) ;/\max 2360 A (€ 11,400) (Found : C, 75.65 ;

Hy 9.5 . C;,H .0, requires C, 75.8 ; Hy 9.4%),

Oxidation of 12-0xo-13327-cyclours-9(ll)-ggrSﬁ:lbg-

diol 3-Acetate with Chromium Trioxide : 12:15-Dioxo-

13:27-cyclours-9(11)-en-3f-yl Acetate . - 12-Oxo=
13:27-cyclours-9(11)-en-3B:15€-diol 3-acetate (148 mg.)
in pyridine (3 c,c.) was added to chromium trioxide
(150 mg.) = pyridine (1.5 c.c.) complex and the mixture
left at room temperature for 8 hr, Normal working up
gave a product (110 mg,) which crystallised from
chloroform-methanol to give 12:15-dioxo-13:27=-cyclours-
9(11)nen-3ﬁ-yl acetate as needles, m,p, and mixed m,p.
320-321°% [&¢]; +90.5° (¢, 1,1), identical in infra-red

spectrum with a sample prepared by the oxidation of
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12-oxo-13:27-cxclours-9(11)-en-3P-yl acetate with

chromic acid,

Catalytic Hydrogenolysis of 12:15-Diox0=-13:27-

cyclog;grg(ll)-_g-aﬁ-z; Acetate ; Acetate CzoHgg.5505.
- 12:15-Dioxo-13:27-gzglgurs-9(11)-en-35—y1 acetate
(400 mg,) in glacial acetic acid (100 c.c.) was

added to a suspension of platinum (from 260 ng,
platinum oxide) in acetic acid (20 c.c,) and the
mixture shaken with hydrogen at atmospheric pressure
for 36 hr, ZEvaporation of the filtered solution

to dryness under reduced pressure gave a solid,which
crystallised from chloroform-methanol to give an
acetate (230 mg.) as blades, m.p. 208-210",[«}; +35°,
+34°%, +33° (c» 1.6, 1,5 ,1,0) ; £ at 2080 A= 7,500
(Found : C, 82,1 ;‘H 11.0 . Ca,Hgn0, Trequires C, 82,3;
Hy 10.8 . Cz5H5,0, requires C, 82,0 3 H, 11.27).

This compound gives an orange colour with tetranitro-

methane in chloroform,

ireatment of the Acetate, C; Hgn_ 55059

m.p. 208=-210°, with Hydrochloric Acid . - The
acetate, m,p., 208-210°, (85 mg.) obtained in the
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previous experiment, in acetic acid (45 c.c.) was
treated with concentrated hydrochloric acid (3.8 c.c,)
end heated on a steam~bath for 5 ur, Normal working

up gave a gum which was dissolved in petrol (156 c.c.)
and adsorbed on a column of alumina (3.5 g.).

Elution with petrol (200 c.c.) gave a solid which
crystallised from chloroform-methanol as blades (45 wg.)
m.p. 207-210°, LO(-ID +34° (cy» 1.2), which showed no
depression in m,p. on admixture with a sampile of

starting material,

Attempted Lydrolysis of the Acetate, °32H59-52°z’

m.p. 208-210°, - Acetate, m,p. 208-210",(70 mg.) in
methanol (7 c.c.) and potassium hydroxide (70 mg,)
was refluxed for 1 hr, Normal iorking up gave a gum
(67 mg.) which could not be crystallised; even aftor
chromatography, but which on acetylation with acetic
anhydride (6 c¢.c.) and pyridine (5 c.c.) a3 100°gave

a solid which crystallised from chloroforl=-methanol as
blades, m.p. 207-210°, [X]) #33° (g, 0.7), which
showed no depression in n,p. on admixture witk a

sample of the starting material,
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Wolff-Kishner Reduction of 12-0x0~-13:27-cyclours-

9(11)-gp-sﬂLz} Acetate , - 12-0x0~13:27-cyclours-
9(11)-en-3f-yl acetate (1.6 g.) was added to a
solution of sodium (2 g.) in diethylene glycol (110 c.c.)
and the mixture heated to 180°. ‘Anhydrous hydrazine
was distilled into the mixture in a stream of nitrogen
until it refluxed gently at 180°and refluxing was
continued at this temperature for 18 hr, The mixturec
was distilled until the temperature rose to 215° and
refluxing was continued at this temperature for a
further 22 hr, Normal working up gave a gum which was
acetylated with acetic anhydride (15 ¢,c,) and
pyridine (15 c.c.) at room temperature overnight,
Normal working up of the acetylation gave a product
(1.2 g.) which wos dissolved in petrol-benzene (9:l,
110 c,c,) and adsorbed on a column of alumina (35 g.).
Elution with petrol-benzene (9:1, 600 c.c. 3 4:1,
500 c.c. 3 2:1, 1000 c¢.c,) gave a gum which crystallised
from chloroform-methanol to give 13:27-cyclours-9(11)-
en-aﬁ-yl scetate as blades, m.p. 250-251’.Exlﬁ +90°
(c» 1.0) § € at 2060 A 25,300 ,

Literaturell® gives m.p., 253-256°,[«), +88°, for

this compound,
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Wolff-Kirghner Reduction of 12:15-Diox0-13:%7-

cyclogggrQ(ll)-gg-Sﬁ-zl Acetate : Acetate C,. h, _.,0x.
- A solution of sodium (1,0 g.) in diethylene glycol
(50 c.c.) was heated to 180° and anhydrous hydrazine
added by distillation in a stream of nitrogen until
the mixture refluxed at this temperature, 12:15-Dioxo-
13:27-22252prs-9(11)-en-qﬁ-y1 acetate (650 mg.) was
added to the cooled solution which was then refluxed
for 18 hr, The solution was then distilled until the
boiling point rose to 218° and refluxed at this
temperature for a further 24 hr,

Norﬁal working up through chloroform-ether (Z:1)
gave a product (640 mg.) which was acetylated with
pyridine (10 c.c,) and acetic anhydride (10 c.c.) on a
steam-bath for 2 hr., Normal working up of the
acetylation gave a product which was dissolved in
petrol (120 c.c.) and adsorbed on a column of alumina
(16 8.). Tlution with petrol (600 c.c.) gave a gum
(203 mg.) which was dissolved in petrol and adsorbed
on a column of alumina (9 g.) from which elution with

the same solvent gave a solid (162 mg.) which

crystallised from chloroform-methanol to give an acetate



89,

as blades, m,.p. 210-212°, [O(]D +33° (s 1.1), undepressed
in melting point on admixture with a sample of tne
acetates C,li. . .0,» m.p. 208-210 , obtained by
hydrogenolysis of the starting material.

Elution of the original column with petrol
(40C c.c.) gave a solid which crystallised from
chloroform-methanol to give 12:15-dioxo~13:27-cyclours-
9(11)-en-3ﬂ-y1 acetate (40 mg.) as needles, m,p. and
mixed m,p. (with starting material) 320-322°,

Elution with petrol-benzene (9:1, 1500 c.c. 3 331,
800 c.c.) gave a solid (210 mg.) which was dissolved
in petrol (10 c.c.) and adsorbed on a column of
alumina (7 g.). Elution of this column with petrol-
benzene (4:1, 2000 c.c.) gave a solid which
crystallised from chloroform-methanol to give an acetate
as needles, m.p. 254-256°, [@(]D -7° (cs 1.1) 3
£ at 2070 A =5,250 ,(Found : C» 79.9 ; H, 10,4 .
CzoH 00, requires C, 79,95 3 Hy 10.1 . 032}[5005
requires C, 79,6 ; H, 10,4%). This compound gives an
~orange colour with tetranitromethane in chloroform,

Treatment of the Acetate, C 204~

32M48-50030 TP
256°. with Hydrochloric Acid . - The acetate, m.p.
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2b4-256°, obtained in the previous reaction (70 mg.),
in acetic acid (40 c.,c.) was treated with concentrated
hydrochloric acid (3,4 c.c.) and heated on a steam-
bath for 5 hr, The product, obtained by normal working
up, was dissolved in petrol and adsorbed on a column of
alumina (2 g.). Elution with petrol-benzene (l:l,

750 c.c.) gave a solid which crystallised from methanol
as needles (47 mwg.), m.p. 253-266°, undepréssed in m.p.

on admixture with starting material.

Hydrolyseis of the Acetate, C, li,g_,0zs m.p. 204~

256°, - The acetate, m,p. 254-256°,(67 mg.) was

refluxed with potassium hydroxide (70 mg.) in methanol
(45 c.c.) for 1 hr, Normal working up gave a gum

(60 mg,) which ecrystallised from petrol to give an
alcohol as needles, m,p. 197-198°.LN3D -13° (c» 0.7)
(Found :C, 82,05 ;H, 10,8 . CSOH46°2 requires C, 82,1 ;
Hy 10,6 . Cy H,q0, requires C, 81.8 ; H, 11.0%).

14:15-Epoxy-12-oxoisours-9(11)-en-3f-yl Acetate .
- 12-Oxoigoursa-9(1l):14-dien-3B-yl acetate (1 g.)
in stabilised acetic acid (300 c.c,) was treated at

room temperature over 30 min, with stirring with
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potassium permanganate (<70 mg, ) iﬁ ﬁéter (40 c.c.)
and stirring continued for a further 30 min, Normal
working up gave a solid whichcxyatallised from chloroform-
methanol to give 14:15-epoxy-12-ox6;§gura-9(ll)-en-sp-yl
acetate (810 mg.) as blades, m.p. 280-283°,[<(] +57°
(2! 0.9).

Literaturell® gives m.p. 280-283°, EQUD-+56°, for

this compound,

Treatment of 14:15-Epoxy-12-oxoisours-9(11)-en=-

Sﬂfz} Acetate with liineral Acid : (a) with liydrochloric
Acid in Methanol - 14:15-Dpoxy-l2-oxoisours-9(1l)-en-
Sﬂ—yl acetate (75 mg.) in methanol (4b c.c.) and
chloroform (20 c.c.) was treated with concentrated
hydrochloric acid (2 c.c.) and water (2 c.c.) and
allowed to stand at rooim temperature for 18 hr,
Evaporation to dryness under reduced pressure gave

a gum which crystallised from aqueous acetone~methanol
to give 12-0x0-13:27-cyclours-9(11)-en-3B:158-diol
3-acetate (45 mg.,) as needles, m,p. 262-263°,Euﬁ1)
+157° (cs 1o1)s undepressed in m,p. on admixture with
s sample of the same compound obtained by oxidation

of 12-oxo£ggursa-9(ll):14-dien-§5-yl acetate with



hydrogen peroxide,

(b) with concentrated

CUEEND EETEAEERE  SHEEEUTSUESSESY  GNSRENS—

Cyollyn05C1ls mep. 210°, - 14:15-Epoxy-12-0xolgours-
9(11)-0n-§ﬂ-y1 acetate (600 mg.) in stabilised acetic
acid (50 c.c.,) and chloroform (10 c.c.) was kept at
50~60° with concentrated hydrochloric acid (b CeCo)
for 2 hr, Normal working up through chloroform
gave a gum which was dissolved in boiling petrol (20 c.c.)
and the solution allowec to cool overnight., The
solid which separated out was crystallised from
chloroform-methanol to give a substance (65 mg.)
as needles, m,p. 294-29¢°, [%] +101° (e, 1.3) ;
Apax, 2360 £ (& 12,000) (Found : Cs 77,0 ; Hy 9.5 ;
Cls 2.3 o Cy H,q0,C1,2C5 H, 0, requires C, 76,65 ;
Hy 9,3 3 C1l, 2.4 %).

eee o ese o sev o ovee o ces o seo s ss0 o eee

HWB are of the opinion that this substance is a mixed-
crystal, ¢.,f. p.48,

Reduction of this substance, m.p. 294-296°,(350 mg.)
with activated zinc dust (4g.) in refluxing ether (50 c.c.)
-methanol (50 c.c,) for 5 hr.,, gave 12;:15-dioxo-13:27~-
cyclours-9(11)-en=-38-yl acetate (200 mg.) after normal

working up and crystalligaticn from chloroform-
methanol,
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The petrol solution was evaporated to dryness
under reduced pressure and gave a solid (370 mg.)
which crystallised from aqueous acetone-methanol to

give a chloro~-acetate as needles, m,p. 210°,[aﬂz)+d22°

(€» 1.0)5 XN 2390 A (E 11,000) (Found: C, 74.6 ;
Hy 9,25 ; Cl1 6,6 . C, H,70,C1 requires C, 74,6 3

Hy, 9.2 3 Cl, 6,9%), This compound gives no colour

vwith tetranitromethane in chloroform,

Treatment of the Chloro-acetata, C o H, 405Gl sm. pe

210°, with Activated Zinc™in Ether-methsnol . - The

chloro-acetate, m.p, 210°,(500 wg.) in ether (75 c.c.)
and methanol (75 c,c,) was refluxed with freshly
activated zinc dust (5 g,) for 34 hr,, allowed to cool
overnight, and filtered through kieselguhr, Norrmal
working up gave a solid (650 mg.) which was dissolved
in benzene (200 c.c.) and adsorbed on a column of
alumina (15 g.). TElution with benzene (800 c.c.)

o860 L cee o LK N ® 208 ® [ X J L] eaoe o e0e

-4

Activated zinc was propared by heating zinc dust
with aqueous ammonium chloride (10%7) on a steam=bath
for 30 min.,, followed by washing by decantation with
warm distilled water,



gave a gum (450 mg,) which crystallised from chloroform~
methanol to give an acetate'as needles, m,pe. 241-242°9
LDy £0°5 £0° (es 1.1, 1.6) sXN .. 2400 A and at

2070 & (£ 10,150 and 7,300)(Found Cs 79.9 3 Hs 10,4 .
CioH,sq0s Trequires C, 79.95 ; H» 10.1%). This compound
gives a yellow colour with tetranitromethane in
chlorofornm,

Concentration of the mother-liquors of this
crystallisation gave 12-ox0-13:27-cyclours~9(1ll)-en-
3ﬂ:l5§Ldiol 3-gcetate (€0 mg,), m.p. and mixed m,p.
261-264", [*] +157° (¢, 1.7). This compound gives a
large depression in m,p. when mixed with a sample of
12-oxo-13:277gxglgura-9(11)-en-35-y1 acetate, m,p.
269-271 , [] ) +157° ,111» 109.

Treatment of the Acetate, CsoH,q0zs m.p. 241-242°,

vith lilneral Acid . - Tnhe acetate (51 mg.).'m.p. 241~

242%,0btained in the provious experiment, in glacial
acetic acid (13 c.c.) and chloroform (3 c.c.) was
treated with o slow stream of dry hydrogen chloride
for 30 min, and kept in a stoppered flask for 60 hr,
Evaporation to dryness undsr reduced pressure gave a

solid which crystallised from chloroform-methanol to
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give 12-oxo-13:2?-gzg;gurs-9(ll)-en-qB-yl acetate (43 mg.)
as needles, m.p. and mixed m,p.{with an authentic
specimen) 268-269°, 00 +154° (co 1.4) 3 A . 2360 A

(€ 10,500), The product melted at 245-258 when mixed
with a sample of 12-0x0-13:27-gyclours-9(11)-en=3(: 15¢-

diol 3-acetate,

14:15-Epoxy-12-oxoi soolean-9(11)-en-34-yl Acetate .

- A stirred solution of 12-oxoisooleana=-9(11):l4-dien-
qﬂ-yl acetate (30 g.) in stabilised acetic acid (4.5 litre)
was treated dropwise over 30 min.at room temperature with
a solution of potassium permanganate (7.92 g.) in water
(500 c.c.) and stirring was continued for a further
30 min, Normal working up gave a solid which crystallised
from chloroform-methanol to give 1l4:15-epoxy-1l2~-oxoigoolean-
9(11)-en-3B-y1 acetate (24 g.) as blades, m.p. 280-283",
Cod -15° (e» 1.7).

Literaturelll gives m.p. 281-2820. E*]D -12.50. for

this compound,

Treatment of 14:15-Epoxy-12-0x0isoolean=-9(1l1)-en-

3P-y1 Acetate with Hydrochloric Acid : Chloro-acetatao,

CyoH,n05Clo mep. 2¢8°. - 14315-Epoxy-12-oxoiscolean-
9(11)-en-5ﬁ-yl acetate (15 g.) in chloroform (250 c.c.)
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and acetic acid (625 c.c.) was kept at 55-60° with
concentrated hydrochloric acid (62 c.c.) for 2 hr,
Normal working up gave a gum which crystallised from
chloroform-methanol to give a chloro-acetate as
needles, m.p. 248°, Lofd ) +146° (gp 2.5) 3 A
2400 & (€ 9,900)(Found : C, 74,8 ; Hy 9.5 ; Cl, 6.9 .
C3oHg702CL requires C, 74,6 3 Hs» 9.2 3 Cl, 6.9%).

This compound gives no colour with tetranitromethane

. in chloroform,

‘Treatment of the Chloro-acetate, 032h470301,

- The chloro-acetate (7 g.)s m.De 248%, obtained in
the previous experiment, in ether (500 c.c,) and
methanol (500 c.c.) was refluxed with activated zinec
(70 g.) for 5 hr, The reaction mixture was allowed to
| cool overnight and filtered through kieselguhr, Normal
working up gave a solid (9 g.) which was dissolved in
benzene (200 c.c,) and adsorbed on a column of alumina
(260 g.). Elution with benzene (1500 c.c.) gave a gum
(5.2 €.) which crystallised from chloroform-methanol

to give an acetatoc as plates, m,p. 207-209'.

"See page 93.
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[o]p -19°, -20° (c» 1.55 1.4) 5 AN o, 2400 £ and
at 2070 & (€ 9,700 and 6,200)(Found : Co 78,5 ;
Hy 9.8 . Czolag0s.4CHzOH requires C, 78.6 ; Hy 9.8%).
This compound gives & yellow colour with tetranitro-
methane in chloroform.

Concentration of the mother-liquori of the above
crystallisation gave 12-o0x0-13:27-cycloolean~9(1l)-
en-33:15%-diol 3-acetate, m.p. 316-319°, [} +156°
(s 1.3) 3 A paye, 2380 & (€ 10,800).

Literaturelll gives m.p., 318=319°,[o1p155°, for

this compound,

Treatment of the Acetate, CzoliggOzs m.p. 207~

209°, with Mineral Acid., - The acetate (200 mg,.)s

M, P 207-209°, obtained in the previous reaction, in
chloroform (10 c.e.) and glacial acetic acid (50 c.c.)
was treated with a slow stream of dry hydrogen
chloride for 45 min, and kept in a'etoppered flask
for 18 hr, Evaporation to dryness under reduced
pressure gave a gum which crystallised from
chloroform-methanol to give an acetate as needles,

m.p. 275-276°, [X]; +170%, +172° (g, 1.1, 1.3) 3
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X pax. 2360 & (€ 11,900)(Found : C, 79.8 ; H, 10.% .
CséH4805 requires C, 79,95 ; H, 10,1%)., This compound

gives no cblogr with tetranitromathane in chloroform,

Oxidation of 12-Oxoisours-l4-en-3f-yl Acetate :

(a) with Potagsiunm Permanganate - 12~0xoisours-1l4-

en-3B-y1 acetate (500 mg.) in stabilised acetic acid
(200 c.éi) was treated at room temperature with stirring
with a abiution of potassium permanganate (135 mg.) in
water (20 c.c.), added dropwise over 30 min,, and
stirring was continued fof a further 30 min, Normal
working up gave a solid which was digsolved in petrol-
benzene (4:1, 110 c.c,) end adsorbed on a column of
alumina (20 g.,). Tlution with the same aoivent nixture
gave a gum (300 mg.,) which crystallised from chloroform-
wethanol to give 14:15-52231-12-oxoisoursan-sﬁ-yl

acetate as needles, m,p, 239°.Eaal)+38°, +38°-'F37°
(2_0 0,95 1.3, 0.4) 3>\ma.x.
2020 A =1090 ;(Found : C, 77.0 3 H, 1044 o+ CyoHyo04

2800 A (€ 110), € at

requires ¢C, 77.1 3 H, 10.1%)
Elution with petrol-benzene (1:1, 500 c.ce }
1:2, 500 c.c., ;3 l:4, 250 c.c,) gave a solid (216 mg.)

which was dissolved in petrol-benzene (7:3, 25 c.C.)
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and adsorbed on a column of alumina (7 g.)s from

which tho came solvent mixture eluted a solid which
crystallised from aqueouo zcetone to give 12:10~-
gig§9-13=27-cyclog;gggr3ﬁﬁx; acetate as ngedles,

m.p, 347-349°, [] +40°,+40.5° (g, 1.0, 0.5) ;

A pax. 2150 A (€ 5,700) (Found : C» 77.4 ; Hy 10.0.
CzoH4g04 requires C, 77.4 3 Hy 9,8%). This compound

gives no colour with tetranitromethane in chloroform,

(b) with Hydrogen Peroxide - A stirred solution of

12-oxo0isours-l4-en-38-yl acetate (500 mg.) in
glacial acetic acid (75 c.c.) at 95° was treated
with a mixture of hydrogen peroxide (50 c.c.) and
glacial acetic acid (50 c.c,)» added dropwise over

2 hr., and the mixturo was stirred for a further 3 hr,
at the same temperature, Normal working up gave a
gun (350 mg,) which was dissolved in petrol-benzene
{1:1, 30 c.c,) and adsorbed on & column of elumins
(12 g.)s Elution with petrol-benzenre {1:1l, 900 ¢.C,)
gave a gum (78 mg,) which crystalliged from
chloroform-methanol to give 12-0x0-13:27-cycloursan=

-]
5F:15 -diol diacaotate as plates, m.p., 252-254 ,

o o °
[.o(']D +40° (e, 1.5) 3 ,\max 2800 A and 2100 A (€ 100



and 5,000)(Found : C, 75.8 3 Ly 9,7 . 034}15205 requires
Cy 75.5 3 Hy 9,7%). This compound gives no colour
with tetranitromethane in chloroform,
Elution with petrol-benzene (1l:4, 600 c.c.) gave
a gum (90 mg.) which crystallised from aqueoué acetone
to give 12-259-13:27-cyclog£§gg-3ﬂ:15 -diol 3-pcetate
as blades, m,p. 295°, [o(jD +53° (cr 2.4) ;->\max.
2100 A (€ 5,500)(Found : G, 77.3 3 Hy 10,1 . CxolgyO4
requires €, 77,1 ; H, 10,1%)., This compound gives
no colour with tetranitromethane in chloroform.
Elution with benzene, ether and methanol, gave

fractions (190 mg.) which could not be crystallised.

(c) with Peérbenzoic Acid - 12-0xoiaours~l4-en-3¢Lyl

acetate (650 mg.) was treated at room temperature
with a solution of perbenzoic acid (275 mg.) in
chloroform (256 c.,c,) for 24 hr, The solution was
washed with saturated aqueous sodium bicarbonate and
water and dried over anhydrous sodium sulphate.
Evaporation to dryness under reduced pressure gave
a solid which was dissolved in petrol-benzene (7:3,
100 c¢.,c,) and adsorbed on alumina (10 g.). Elution
with petrol-benzene (7:3, 150 c.c.3 l:l, 150 c.C.}

3:7, 150 c,c.,) gave a solid (200 mg.) which
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crystallised from chloroform-methanol as ncedles,
m.p. 219-220 .[O{]D -24° (¢s 1.1), undepressed in
m.p. on admixture with a specimen of starting material.
Elution with petrol-benzene (1:9, 150 c¢.c.) and
benzene (150 c.c.) gave a gum which crystallised from
chloroform-methanol to give 14:15-epoxy=-12~-0x0isoursan-
aﬁ-yl acetate as ncedles, m,p, and mixed m.p. (with a
sample from the potassium permangenate oiidation) 238°o
[051) +38° (ey 1.3).
Further elution with benzene (150 c.c.) gave a
gum (23 mg,) which crystallised from methanol to give
l2-oxo-13;27fgzglgursan-3F:lﬁgrdiol 3-acetate as blades,
m.p. end mixed m.p,(with a sample from the hydrogen

peroxide oxidation) 294°,

14:15-Epoxy-12~oxoisoursan-sﬁ-g; . - 14;15-

Epoxy-12-oxq1§gprean-§ﬂ-yl acetate (100 mg,) was

refluxed with methanolic potassium hydroxide (5%, 5 c.c.)
for 1 hr, Normal working up gave a gum wnicn;crystallised
from aqueous acetone to give 14:15-epoxy-lx=-oxo-
isqggggg-sﬁﬁg; (70 mg,) as needles, m,p. 228-230°,
[“ID*SO" (e» 0.9) ‘>\ma 2800 A (€ 100),

Ko

-]
€ at 2020 A=960 (Found : Cs 79.1 § H, 10.8 ,
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030H4803 requires Cy 78,9 3 Hy 10.6;:).

Acetylation of 14:15-epoxy-lz-oxq;ggpraan-aﬁ—ol
(25 mg,) with pyridine (1 c.¢.) and acetic anhydride
(1 c.c.) at 95 for 1 hr. gave 1l4;15-epoxy=-l1l2-0xo0igo-
ursan-45-y1 acetate as needles (from chloroform-
methanol), m.p. 238-239°, [o('_\D+:se° (Co 1.6)s
undepressed in m,p, on admixture with a sample of
the original acetate, while a mixture with 14:15-

epoxy-lz-oxolggursan-sﬁ-ol melt at 223°,

Treatment of 14315-Epo§1-12-oxoisoursan-Sﬂfxl

Acetate with Hydrochloric Acid . =~ A solution of
14:lﬁ-epoxy-lzwoxoisoursan-aﬁ-yl acetate (100 mg,)

in methanol (50 c.c.) and chloroform (20 c.cC.)
containing hydrychloric acid (2 c.c.,) and water

(2 coec.) was kept at room temperature for 18 hr,
Normal working up gave a gum (100 mg.) which was
dissolved in petrole-benzene (1l:1, 20 c.c.) and
adsorbed on a column of alumina (3 g8.). ZElution with
the came solvent mixture (160 c.c.) gave a solid

(17 mg.) which erystallised from agqueous acetone as
needles, m.p. 241-260 s £ at 2060 A =4,000 , which

were not further 1nveetigatéd.
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Elution with petrolebenzene (1l:3, 100 c.c.)
gave a solid (45 ﬁg;) vhich crygstalliced from chloroforn-
methanol to give 12-030-13:27-gigzgprsan~3ﬁ:15§~diol
J-acetate as nesdles, m,p, &nd mixed m,p,s 293-

295"y [o{] ) +52°(e, 1.0).

" Acetylation of 12-0x0-13:27-cyclourssn-3(k 15§ -
diocl 3=-Acetete 3 12-959-13:27-cyclog£§ggyaﬂu15§-
diol Discetate . =  12-0x0-13:27-gyclourean -3P:15f-
diol 3-acetate (45 rg.) was kept at room temporsture
with acetic anhydride (4 c.c.) and pyridine (4 c.c.)
for 18 hr, Normal working up through ethar
gave a gum which crystallised from chloroform-mcthanol
to give 12-axo~15=27-gzg;gursan-3ﬁz15§-diol diacetate
(27 mg.) as needless i.p. 250-252 » [Xij +39,5°
(c» le5)s undeprossed in m,p. on admixture with o
sample of the diacetatc obtaincd by oxidation of
12-ox01§gura-14~en-§ﬁ-y1 acetate with hydrcgen
peroxide,

Oxidation of 12-@-13:27-«:”1.:%-5‘6’;15§-
diol 3-Acetate with Chromium Trioxide 3;12315~
diox0=13:27=cycloursan=3 -‘l‘Acetéte e+ = 1l2-0x0~
13:27- _m_gursap-sl3zl5§-diol 3-acctate (45 Bg.) in
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pyridine (1 c¢.c.) was added to a complex of chromium
trioxide (90 mg.) and pyridine‘(o.Q c.c.) and the
mixture was allowed to stand at room température for
18 hr, The mixture was poured into water (70 ©.0.)
and extracted with chloroform-ether (1l:1), The extract
was washed consecutively with aqueous sodium hydroxide
(205%)s water, aqueous nydrochloric acid (5%),water, and
saturated aqueous sodium bicarbonate, dried over
anhydrous sodium sulphate and evaporated to dryness
under reduced pressura, The product (34 ng.)
crystallised from chloroform-methanol to give 12:15-
dioxo-lS:271gxg;§ursan-§8-yl acetate as needles, m,.p,.
347° (decomp.).[o(]D +42° (g, 0,9), undepressed in
m.P. on‘admixture with a sample of the same compound
obtained by potassium permanganate oxidation of 12-

oxoisours-l4-en-3 -yl acetate,

Reduction of 12«0x0-13:27-cycloolean-9(ll1)-
ngq£315§ﬂ2£2£ .O=Acetate with Lithium in Liguid
Avmonia . - 12-0xo-13:2v-m__1301ean-9(11)-en-§@=15§-
diol 3-acetats (850 mg.) in dry ether (120 c.c.) was

added over 2 min, to a stirred solution of lithium
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(300 mg.) in liquid ammonia (200 c.c,) and stirring
was continued for a further 3 min, Acctone (43 c.c.)
was added and the ammonia allowed to evaborate
overnight, Normal working up through etner-chloroformA
gave & gunm which crystallised from ether to give
121952-15;27-cyclooleanan-3fﬂ155:2l2$ (430 wg.) as
needles, m,p. 288-—2890. L‘ﬂD +46° (cy 0.0) 3

A max, 2100 A (€ 5,100) (Found : C» 79.1 ; K,
10.55 . CxoHyg03 requires Cp, 78.9 j; Hy 10.6%). This
compound gives no colour with tetranitromethane in

chloroform,
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o{-Amyrin Methanesulphonate . - o~Amyrin (5 g.)

in pyridine (30 c.c.) and methanesulphonyl chloride

(3 c.c.) was kept at room temperature overnight., The
solution was carefully dilutedwith water and extracted
with ether., The ethereal extract was washed with
aqueous hydrochloric acid (5%), water, saturated
aqueous sodium bicarbonate, and water, and concentrated
to small bulk, The warm ethercal solution was poured
into warm methanol (300 c,c.) and the mixture distilled
at atmospheric pressure until free of ether, On
cooling K-amyrin methanesulphonate (3.4 g.) separated
out as plates, m,p. 119, [«:(D +74°% (cy 1.4).

15

(-4
Literaturs 0 gives m.p. 116-118 for this compound,

Action of Heat on o~Amyrin Methanesulphonate .

- o=-Amyrin methanesulphonate (5 g.) was heated
at 87° in an air-oven for 12 min, The charred residue
was crystallised from acetone to give 1l- X-amyradiene
(5§:80 9B-trimethyl-10K-novursa-12: 15-diene)(4.25 g.)
as flattened needles, m,p. and mixed m.,p. (with an

authentic specimen) 192°.Ldjn -107° (cs 1,0).
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' 0
Literaturel®* gives m.p. 193-1940, &*]D -105 ,

for this compound,

Treatment of 16-Oxoura-12fgg-q3-ol (Breinonol-B)

with Methanesulphonyl Chloride . - 16-Oxours-l2-en-

sﬂ-ol (200 mg.) in pyridine (3 c.c.) and
methanesulphonyl chloride (0;5 c.C.) was kept at

room temperature for 17 hr, The mixture.was diluted
with water (150 c.c.) and extracted with ether, The
ethereal extract was washed consecutively with aqueous
hydrochloric acid (5%)s water, saturated aqueous
sodium bicarbonate and water,

(a) The extract was concentrated to small bulk
and poured into warm methanol, The mixture was
distilled until free from ether and allowed to cool
overnight, A gum separated out and was unchanged by
attempted crystallisations from methanol, agueous
methanol, aqueous acetone, ethanol and petrol,

(b) In a second preparation the ether extract
was dried over anhydrous sodium sulphate and evaporated
to dryness under 150. The residue was dissolved in

petrol (30 c.c.,) and sdsorbed on & column of alumina




(9 g8.). Elution with petrol, petrol-benzene, benzens,
ether and methanol, gave fractions which could not

be crystallised from normal golvents,

Note . The product was & colourless gum on attempted
crystallisation from ether-methanol but rapidly

developed a brown colour on standing at room temperaturc,

(¢) The effect of heat on the product of the
above reaction - lG-Oxours-lz-en-sﬁ-ol.(150 mg,) in
pyridine (2 c¢.c.) and methanesulphonyl chloride {(0.% €.C.;
was kept at room temperaturc overnight, Normal working
up gave a gum (140 mg,) which was heated at 856° for
15 min, The product was dissolved in petrol (12 c.c.)
and adsorbed on a ecolumn of alumina (6 g.). Elution
with petrol (150 c,c.) gave a gum (106 mg.) which
showed no absorption in the ultra-violet region above
2100 A, Zlution with petrol-benzenao (4:1, 200 c.c. )
gave a gum (34 mg,) which was dissolved in petrol-
benzene (9:1, 10 c,c,) and adsorbed on a column of
alumina (12 g,) from which the same solvent mixture
eluted a gum (33 mg.) which could not be crystallised,
The 1light absorption properties of this gum were,

AN

max, 2890 A, 2400 A and 2070 A (€ 6,000, 3,700
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and 7,000),

The gum (106 mg,)s eluted (above) with petrol,
was hested on a steam=bath with glacial acetic acid
(75 c.c,) and concentrated nydrocnlbric acid (2.5 c.c.)
for 2 hr,, when a furthoer addition of concentrated
hydrochloric acid (2.5 c.c.) was made and heating
continued for a further 2 hr. Evaporation to
dry;ess under reduced pressure gave a gum which was
identical in light absorption properties with the
starting mafériél. A similar treatment of the gum
which had been eluted with petrol-benzcne and
rechromatographed , effected no alteration in the

light absorption properties of the material,

Treatment of ﬁrs;lzﬁgE*Sﬁzlﬁp-diol Diacetate

(Brein Diacetate) with Ozone : 12~0xo-13dkursah-3ﬁ:lqﬁ-

didl Diacetate , - Urs-lz-ene-Sﬂ:1§5-diol diacetate

(1 g.) in carbon tetrachloride (50 c.c.) was treated
at room temperatute with a slcﬁ stream of ozonised
oxygen (containing circe 2% ozone) until the solution
no longer gave a yellow colour with tetranitromothane,
The solution was evaporated to drynass under reduced

prescure and the residue was refluxed with distilled
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water (200 e¢.c.) for 2 hr, The cooled mixture was
extracted with ether and the extract was washcd with
saturated aqueous sodium bicarbonate and water, dried
over anhydrous sodium sulphate and evaporated to
dryness under reduced pressure to give a gum (1,15 g.)e
The combined scdi;m bicarbonate and water washings
were scidified with dilute hydrochloric acid &nd
extracted with ether, Ivaporation of the extract to
dryness under reduced pressure gave a gum (35 ng, )
which was not further investigated,
The neutral product was dissolved in petrol
(7 c.c.) and mdsorbed on a column of alumina (35 g.).

Elution with petrol (1400 c.c.) gave only traces of
material which were not further investigated,

Elution with petrol-benzene (9:1, 1400 c.c.; 4:l,
1200 c.c.3 3:2, 1800 c.c.j 2:3, 1400 c.c.; l:4 600 c.c.)
gave a gum (860 mg,).

Elution with benzene (400 c.c.) and benzene-ether
(9:1, 1400 c;c.) gave a gum (150 c.c,) which could not
be crystallised and which was not further investigated,

The materiesl (860 mg,) eluted with petrol-
benzene mixturaes was dissolved in petrol (50 c.c.) and
adsorbed on a column of acid-washed®alumina (24 g.).

.
See overlesaf.



111,

Elution with petrol (600 c.c.) gave a gum (470 mg.)
which crystallised from methanol to give urs-l2-en-

-16ﬁ-d101 diacetate as priems, m,p. and mixed m.p.
(with a sample of starting material) 198°, [F(] +76°
(es 2.3).

Literature®! gives m,p. 197-1980. ["(]D + ’740:
for this compound,

Further elution with the same solvent (1400 c.c,)

gave a gum (375 mg,) which crystallised from aqueous

methanol to give lz-ggg-lﬁmFggggg-qﬂ:lﬁﬂ-diol diacetate
as needles, m.p. 206-208",[ ], +130 , +132", +132°
(c» 1.4» 1.0, 1.2) 5 A pax, 2500 A (€ 150),

£ at 2040 A =600 (Found : C, 75.1 ; H, 10,0 .
Cz4Hp405 requires C, 75.2 3 H, 10,0%). The infra-red
gpectrum of this compound includes a peak at 1709 cmy>
not included in the spectrum of the starting material.,
This compound gives no colour with tetranitromethane
in chloroforn,

144

Mladenovic and Hoffmann give m,p. 211° for an

"ozonide" prepared by ozonolysis of brein diacetate
in acotic.acid

Acid-washed alumina was prepared by shaking alumina
with 1 part aqueous acetic acid (10,") and 9 parts

petrol for 30 min, The alumina was washed with dry petrol
before use,
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Elution with ether (200 c.c.) gave a solid
(80 mg,) which crystallised from methanol with

considerable loss to give a substance as noedles,

m.p. 296-300° (decomp. )s [K] ) +30° (g 0.9)5 A 2480 A
(€ 10,000)(Found 3 C, 75.2 ; Hy 9.5 .  Cagligo0p
requires C, 75.5 ; H, 9.7%)., This compound gave

no colour with tetranitromethane in chloroform,

Mote ~ Under the same conditions «-amyrin acetate
(urs=12-en-34-yl acetate) on ozonisation gave
12-oxo~13dbursanosﬁ~y1 acetate, m,p. 206-2070»

[£1p +114° (e, 2.1) 5 A\ nax. 2600 A (€ 350, in

-]
. chloroform), € at 2030 A =1,000, which showed a peak

at 1707 em;' in its infra-red spectrum,

Attempted Bromination and Dehydrobromination

of 12-0xo-13dFursan-qﬁ:lgﬁ-diol Diacatate , -

(a) 12-0xo-15d-ursan~3¢ﬁlﬁ -diol diacetate (180 mg.)
in stabilised acetic acid (6 c.c.) containing a trace
of hydrobromic acid was treated dropwise at 60° over
10 min. with & solution of bromine in stabilised acetic
acid (4% by volume : 0.6 c.c.)s heated on a steam-bath

for 2 hr, and allowed tc cool overnight. Normal working
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up gave & gum which could not be crystallised from
normal solvents., The gum (190 mg.) was dissolved in
petrol (10 c¢.c.,) and adsorbed on a column of alumina
(6 g.). Tlution with petrol (250 c.c.) gave a solid
(17 mg.,) which crystallised from from methanol to
give a substance as blades, m.p. 258-259°.£ﬁﬂx>+119°

(cy» 0.6) 3 transparent to light between 2000 A and
4000 A.

Elution with petrol-benzene (2:1, 350 c.c. }
1:1, 500 c.c.) gave a gum (147 mg,) which could not be
crystallised and was dissolved in petrol (10 c.c,)
and adsorbed on a column of alumina (% g.) from which
elution with petrol-benzene (3:1, 600 c.C.) gave a
gum (125 mg.) which could not be crystallised, The
light absorption properties of this gum were, )\

max,
(-] o
2500 A (€ 7,000), € at 2050 A=6,000,

(b) To a solution of l2-oxo-15dkursan-qﬂ:lqﬂ-diol
diacetate (150 hg.) in stabilised acetic acid (4 c.c.)
was added & solution of hydrobromic acid in stabilised
acetic acid (12 Hir by volume, 1 c.c.) and the
mixture was treated at 60° with a solution of bromine

in stabiliged acetic acid (4% by volumo, 0,48 C.Ce)»
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added dropwise over 10 min, The solution was hesated
on a steam-bath for 14 hr, and worked up in the
normal manner to give a gum (145 mg.) which could not
be crystallised, The light absorption properties

of this gum were, A 2480 & (E 9,700); £ at

max,
2040 K='4000.

(¢) 12-0xo-13x-ursan-3B:164-diol diacetate (137 mg.)
in stabilised acetic acid (7.5 c.c.),containing a trace
of hydrobromic acid, was treated at 600 with a solution
of bromine in stabilised acetic acid (4% by volune,

0.44 c.c,) added dropwise over 10 min, The reaction
mixture was diluted with water (100 c.c,) and the
precipitate filtered off and washed with water ( 3 X

100 e.C.). This solid product was dissolved in pyridine
(20 ec.c.) and refluxed for 4 hr, Normal working up
goave a gum (125 mg,) which could not be crystallised.

The light absorption properties of this gum were,

AN gy 2480 A (£ 9,300), & at 2040 A = 3,500,

Note - Treatment of 1l2-oxo=-13cl~ursan=-38-yl acctate

as described ebove, (&) and (c), gave 1lZ2-oxours=9(1l)-
en-3)-yl acetate, m,p. 285°,£&ﬂ1)'r84° (c» 1.2), in

good yield. The compound shows maximal absorption at
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o
2480 A (€ 10,250),

Treatment of 12-Q§gr13ebursan-3fklgﬂ-diol

Diacetate with Mineral Acid . - 12-0x0-13X-ursan-

qgslqﬁ-diol discetate (150 mg.) in chloroform (1 c.c.)
and glac?gl acetié acid (2 c.c.).containing
concentrated hydrochloric acid (0.l c.c.) was kept
at 40° for 30 min, Normel working up gave a solid
which crystallised from aqueous methanol as nsedles,
m.p. 192-199°,[«1 +85° (¢, 2.1). The physical
properties of this substance were unchanged by
crystallisation from methaﬂol or ethanol, or by
chromatography on a column of alumina (5 g.)

The total product obtained sbove was dissclved
in chloroform (1 c¢.c,) 4 added to a solution
of concentrated hydrochloric acid (0.1 c.c,) in
glacial acetic acid (2 c.c.) end kept at 40° for a
further 4 hr, Water (75 c.c,) was added and the
product, which was recovered by filtration, was
cfystallised from aqueous acetone to give a

substance as needles, m,p. 259-260°, [o(]D + 11109 #'lllo

(29 1.0, 1.6)(F0und H Cp 73.1 H H’ 906 . C34H520°
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requires C, 73,3 3 H, 9.4 . 034H5406 requires

Cs 73.1 3 Hy 9,7%). This compound shows no absorption
in the ultra-violet region between 2000 A and 4000 A,
and it gives no colour with tetranitromethane in
chloroform, The infra-red spectrum of this compound
includes bands at 1786 cm>l (strong), 905 emy L (medium),
886 cmyl (medium), 876 cmIl (medium) and 847 cmZl
(medium), which are not present in the spectrum of the
starting material. The band at 1709 cm.l, in the
spectrum of the starting material, is not included in
the infra-red spectrum of this product, The m,p. of
this product is not depressed on admixture with a
sample of the material, m.p., 258=259 % [“]D +119°,
isolated from the attempted bromination and dehydro-
bromination of 12-oxo-13X-ursan-34:1¢S-diol diacetate

[siethod (a), psge 112] .

Wolff-Kishner Reduction of 12-Oxoisours-14-an-3ﬁﬁx;
Acetate , =~ Anhydrous hydrazine was distilled into
a solution of sodium (2 g,) in diethyleno glycol
(200 c.c,) at 180° until the mixture refluxed gently

at this temperature. 1l2-oxoisours-l4-sn-30-yl acstate
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(1.5 g.) was added to the cooled solution and the
pixture was refluxed for 20 hr, The solution wag
distilled until the temperature rose to 215 ° and
anhydrous hydrazine distilled into the reaction mixture
until it again refluxed at 180°. nefluxing was
continued at 180° for a further 18 hr,, the mixture
wae digtilled until the temperature rose to 220 ~ and
refluxing was continued at thig temperature for =
further 48 hr, All the above operations were carried out
in an atmosphere of nitrogen.

Normal working up gave a gum which was heated on
a steam=-bath with pyridine (25 c¢.c.) and acetic anhydride
(25 c.c.) for 1 hr, Normal working up of the
acetylation gave a gum which was dissolved in petrol
(35 ¢,0,) and adsorbed on a column of alumina (45 g.).
Elution with petrol (1500 c.c.) gave g solid (890 rmg.)
which crystzlliced from chloroform-methanol to give
iggprs-l4-en-3ﬁ-yl acetate (760 mg,) as plates, m,p,
214-215°, ["(]D +35° (e. 2.1), This compound was found
to vary in corystalline shape depending on the technique
of crystallisation, Crystallisation from a boiling
golution gives plateas , Crystallisation from a cool
solution gives fine needles,

Literature>® gives m,p., 214-216 %[y + 36°, for
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this compound,

Elution with petrol-benzene (9:1, 1000 c.c.)
gave a gum (419 mg.) which crystallised from
methanol as needles, m,p. 226-227'3 undepressed in
m,p. on admixture with a sample of the starting
material,

Zlution with benzene-methanol (1l:1, 1000 c.C.)

gave a gum (110 mg.) which could not be crystallised,

Urs-lzﬁgg-sﬁ:lﬁ ~-diol 3~-Acetate . - isoUrs~l4-

en-30-yl acetate (650 mg.) in chloroform (25 c.c.)
containing perbenzoic acid (275 mg, & 2 mol.) was
kept in darkness at 0° for 18 hr, The solution was
washed with ssturated aqueous sodium bicarbonate
solution and water, and evaporated to dryness under
reduced pressure. The residue was dissolved in
chloroform (100 ¢.c.) and methanol (100 e.c.), and
concentrated hydrochloric acid (12 c¢,c¢,) and water
(12 c.c.) added. The mixture was allowed to stand
at room temperature for 18 hr., when normel working
up gave a gum (605 mg.) which was dissolved in petrol-

benzena (9:1, 40 c¢.,c,) and adsorbed on a column of
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(21 g4}« Tlution with petrol~benzene (9:1,
2000 c.c.) gave a solid (165 mg,) which crystallised
from chloroform-methanol to give 14;15-epoxyisoursan=
Sﬁ-yl acetate as plates, m.p., 247-249°, [G(]D +58°
(e» 1.8). '

Literature®? gives m,p, 249-251°, [«]D +57°% for
this compound, |

Elution with petrol-benzene (l:i4, 1006 CeCo )

benzene (760 c.c.,) and benzene~ather (19:1, 1000 c.c.)
gave a gum (405 mg,) which was dissolved in petrol-
benzene (19:1, 20 c¢.c.) and adsorbed on a column of
alumina (16 g.), from which elution with the same
solvent mixture gave a little 14: J.S—epoxy_.’_t_s_guraan-a/ﬂ-yl
acetate, m,p, and mixed m,p. 248-249’. Elution with
petrol-benzene (1:9, 1250 c.c,) &nd benzene (1000 c.c.)
gave a gum (360 mg,) which crystallised from agueous
methenol to give urs-lz-en-aﬁs 15§-d101 3-acetate as
needles, m.p, 223-224°, [« +72° (¢, 1.6); € at
2040 f\ = 5,500 ,

Literature®® gives m.p, 223-225°, [«], +75°, for

this compound,
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Dehydration of Urs-12-en-3f:15{-di0l 3-acetate

with Phosphorus Oxychloride : Ursa-12: 15-g_1_gx_1_-:5[$-1;
Acetate , - Ura-lz-en-sﬁsmﬁ-aiol 3-acetate (2.1 g.)
in pyridine (30 c.,c.) was refluxed with phosphorus
oxychloride (30 c.e¢,) for 30 min, Normal working up
gave a gum which was dissolved in petrol (100 c.c.)
and adsorbed on a column of alumina (120 g.).
Ilution with petrol gave a gum which could not be
crystallised and was not further investigated,

Elution with petrol-benzene (9:1, 1200 c.C,} 331,
1700 c.c.) gave a gum (725 mg.).

Elution with bvenzene (2000 c.c.,) gave a gum
(240 mg.) which could not be crygtallised and which
was not further investigated. |

The fraction (725 mg.)» eluted with petrol-

benzene mixtures, was dissolved in petrol-benzene
(19:1, 300 c.c,) and adsorbed on a column of alumina
(40 g.). Elution with petrol-benzene (19:1, 1000 c.cC.;
12:1, 450 c.,ce3 931, 600 c,0,; 4:1, 450 c.,c,) gave a
gum (300 mg,) which on erystallisation from aqueous
methanol gave a gum which on standing in the mother-
liquor for 8 days depositted amorphous nodules of

solid, This solid was separated from the residual gunm
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by hand, washed with methanol and crystallised from
methanol and chlroform-methanol, with considerable
loss, to give ursa=12;16-dien-3f-yl acetate (60 mg,)
as needles, m,p. 229 » [« +42.5° (g, 1.1) 3
€ at 2040 A =4,000 (Found 3 C, 82.2 3 Hy 10,8 ,
Caolso0s2 requires C, 82.3 3 Hy 10,8%), This
product was undepressed in m,p. on admixture with
a sample of the dienyl acetats, m,p. 228-229°n L“JD +40°.
prepared by dehydration of brein monoacetate-Il
(urs-lz-en-sﬂzlsokdiol 3-acetate) with phosphorus
oxychloride in pyridine32. The infra~red speoctra
of the two dienyl acetates are also identiocal,
Elution of the column with petrol-benzene (7:3,
450 c.6.) gave a gum which on crystallisation from
acetone-methanol gave a substance (10 mg.) as plates,
m.p. 183 3 € at 2030 A =5500 (Found 3 C» 77.2 }

Hs 10.3%). This substance was not further investigated.

Note - In a second reaction under the same

conditions, urs-12-en-34:15€-diol 3-acetate (290 mg.)
gave ursa~12315-d1en-§5-y1 acetate (9 mg,) as necdles,

o
m.p. 225-225 4 [X]} +45° (g, 0.5).
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Treatment of Ursa-lZ:lﬁ-dien-aﬂ- 1 Acetate with

Hydrochloric Acid . - Ursa~12:15~dien-3ﬁ-yl acetate
(20 mg,) in chloroform (1 c.,c,) and stabilised acetic
acid (b c.c.)'was treated with a slow stream of dry
hydrogen chloride for 30 min, and kept in a stoppered
flask overnight., Evaporation tc dryness under reduced
pressure gave a so0lid which crystallised from
chloroform-methenol as needles (16 mg.)s m,pe 224-2270,
undepressed in m,p., on admixture with a sample of

starting material,

Hydrogenation gg_gggg-lzsl5fg$gg-5ﬁ-yl Acetate .

- Ursa-laalﬁ-dien-qﬂoyl acetate (30 mg,) in glacial
acetic acid (30 c.c.) containing platinum catalyst
(from 20 mg. PtOy) was shaken under an atmosphere of
bhydrogen for 30 hr, The filtered solution was
evaporated to dryness under reduced pressure, giving a
soiid which crystallised from chloroform-methanol to
give ofamyrin acetate (urs-lZ-en-Sﬁ-yl acetate,;(13 mg, )
as blades, m.p. and mixed m,p, (with an authentic

specimen) 224’,[0«!]]) +80° (es 0.7).
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