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INTRODUCTION

The triterpenes are a class of naturally occurring
compounds forming that group of polyterpenes each member
of which contains thirty carbon atoms and the majority
containing a five-ring carbocyclic skeleton which,
theoretically, can be built up of isoprene units linked
regularly or irregularly.

Most triterpenes are obtained from plant sources,
often in association with phytosterols (1), where they
may occur in the free state or glycosidiecally linked with
sugars as savonins. A few triterpences are found in
animal organisms, where they occur with sterols, which
are structurally similar compounds.

Like the sterols, the triterpenes yield character-
istic, common dehydrogenation products, most of which
are homologues of naphthalene, indicating therefore a
common basic carbon skeleton.

Apart from the-pentacyclic triterpenes, which are
in the majovity, there are a few which contain a smaller
number of alicyclic rings. For example, the tetracycliec
lanostercl, agnosterol and euvuphol, the tricyclic ambrein
and the aliphatic squalene. Mono-, and diecyeclic tri-
terpenes are unknown.

Chemical investigation of the triterpenes over the



last twenty years has shown that for reasons of struct-
ural differences they can be divided into at least four
main sub-groups, viz,

1. +the p-amyrin/oleanolic acid group,

2. the a-amyrin group,

3. the lupeol group,

4. the tetracyclic triterpenes.
lMany of the compounds within these groups have been
interrelated and some compounds of different groups have
been converted into common intermediates. No compound
of the a-amyrin sub-group, however, has been related to
one of the P-amyrin sub-group.

The most abundant pentacyclic triterpenes are
probably the amyrins, which were first isolated by Hose
in 1839 (2) from ianila ilemi resin. tiesolution of the
G- and f-forms, which occur together, was carried out
later by Vesterberg (3).

The work described in this thesis was concerned
solely with the structures of f-amyrin and its derivatives,
and therefore in the general historical review, which
follows, emphasis has been laid almost entirely upon the
structures of the compounds of the F-amyrin/oleanolic
acid sub-group as revealed by the now classical work on

dehydrogenation, oxidative degradation etc., and also the



very recent work on stereochemistry. The historical
work pertaining directly to the author's own work is
described in the theoretical section of this thesis.

In view of the large and ever-increasing data which
is available concerning the structures of the triterpenes
it has been found impossible to give more than a brief,
generél historical outline of the subject in this thesis.

For descriptions of, and discussions on the whole
triterpene family of compounds, the reader's attention
is directed to the excellent reviews of Haworth (4,
Spring (5), Noller (6), Jeger (7), Birch (8) and also to

Elsevier's Encyclopaedia of Organic Chemistry (9).
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Clasgification of the triterpenes.

As stated earlier, the naturally occurring triter-
penes fall into a number of well-defined sub-groups which
differ from each other in certain important structural
respects. In this section of the "historical' part of
this thesis it is proposed to deal only with the three

sub-groups of the pentacyeclic triterpenes.

(i) The p-amyrin/oleanoclic acid group consists of the
compounds named in the Table below. The positions of
the functional groups in these compounds are listed and
formula (I) represents the presently accepted structure

of B-amyrin (or B-amyrenol).

29 (3¢

Ho

L

All the compounds in this group contain a hydroxyl
group at position Cg and all except &-amyrin, germanical
and morolic acid have a 12:13 ethylenic linkage. Of the
nineteen naturally occurring compounds in this series
only the basic structures of the soyasapogenols remain

in doubt.
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(ii) The G-amyrin group. This group comprisesg the
b P

naturally occurring triterpenes, listed in the following

Table, with the carbon skeleton (II) for u-amyrenol.

Toulle )
Triterpene bond Hydroxyl COOH Jource §
a-Amyrin 12:13 (2 - elilemi Resin
Uvaol 12:13(2.28(%2) - Lricacece
Arctostaphylos
Brein 12:13|2.21(or 22) - il.Blemi Resin
f-Boswellic acid {12:13|2 23(or 24) |¥rankinsence
Ursolic acid 12:13 |2 28(7) Apples and Pears%
Quinovic acid 12:13 |2 27 .28 Zygophyllium i
coccineum J

Ho

[¢18]
CHS an
Q1) (2

Again in this group, each member carries a hydroxyl
group at Cz end a 12:13 double bond. Quinovic acid was

only recently proved to be a group member (2b).
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(1ii) The lupeol group. This group of naturally occurring

pentacyclic triterpenes comprises the compounds, lupeol
(III, R=CHg), betulin (III, R=CHo0H) and betulic acid

(III, R=COOH). The compounds of this group differ from
the other triterpenes,listed above,in that they all contain
an exocyclic methylene group in an isopropyl group which is
attached to a five-membered ring » as shown in formula (Iil:.
Conversions of lupeol and its derivatives iﬁto f-amyrin
derivatives have been carried out (31, 32) thus proving
that the rings A, B, C and D skeleton is the same in both
groups. Associated with this group is the heterobetulin
group, consisting of heterobetulin (IV, (D*®-=Y or ANO =+,
taraxasterol, Y -taraxasterol, faradiol and arnidiol, the

precise structures of which are not yet fully established.

@ _cw,
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Transitions within the

‘riterpene Groups.

The inter-relation of individual triterpenes has

been an outstanding feature of research in this field

for many years and complete intra-group relationship

has now more or less been achieved.

The main trans-

itions within the p-amyrin group are given in the

following Table.
Germanicol Glycyrrhetic § -amyrin
\ acid /
Maniladiol ————> ﬁ-Amyrln u-Boswellic acid
/ ! / “
Genin A |Erythrodiol Gypsogenin Degradation
N\\ ‘Q§§b\‘ #/// \\\\‘éroducts
Echinocystic —— QOleanolic Hederagenin %
acid acid t
A A \ l
Degradation §
products ;
Quillaic acid Siaresinolic Sumaresinolic 2
acid acid

Most of these transitions were established by using

the method first developed by Ruzicka and Schellenberg

(26) in their conversion of oleanolic acid into f-amyrin
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and erythrodiol. Acetyloleanolic acid was converted
through its acid chloride to the corresponding aldehyde
by the Rosenmund method. The aldehyde was then reduced
by the Wolff-Kishner method (27) to yield a mixture of
p-amyrin and erythrodiol, as shown in the partial
formulae below:

HO.CaotaaCHg

AcO.C,gHs6COOH —-Ac0.CpeHyaCOCL > ACO.CpgHHy g CHO ~> f-amyrin
-+

Acetyloleanolic acid HO.Cgol, e Cli.0H
erythrodiol
The members of the a-amyrin group have likewise
been inter-related by this and other methods (28,2%,30)
and similar relationships have been egtablished between
the members of the lupeol group.
These inter-conversions within the groups have
proved that all the related compounds have the same
basic carbon skeletons and that they differ from one
another only in the nature and positions of the substit-
uents which are attached to the basic carbon skeleton.
Transitions between different groups of triterpenes
has proved & more difficult task and, as yet, no compound
of the u-amyrin group has been converted into one of the
B-amyrin group-. A number of transitions from lupeol and

its derivatives into f-amyrin derivatives, and other
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members of the f-amyrin group have been made (31,32, and
by this means the fact that the basic structural differ-
ence between the two groups lies only in ring X has been

established.

Nomenclature .

A rational nomenclature for the p-amyrin group of
triterpenes was proposed by Ruzicka in 1943 (74, cf.
Barton and Brooks, 84) based on the name oleanane =
1.1.8.8.16.18.19.22, octamethyl perhydropicene. Similar
names, ursane (97,98) and lupane for the a-amyrin and
lupeol series respedtively have also been used. The
trivial nomenclature, e.g. Pp-amyrin, oleanolic acid etec.,
etc., however, is in common usage and is used for well
known and well defined compounds in this thesis. Where
possible the rational nomenclature hasg been used for new
derivatives, and where this has proved impossible or

doubtful practice irrational nomenclature has been used.

e e e e am - -
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Detection of unctional Groups.

Owing to the generally inert nature of the functional
groups in the triterpenes and possibly to undeveloped
techniques of purification etc., the early workers were
beset with difficulties in their researches in this field.
With the advent of microanalysis, however, it was proved
that the triterpenes contained a thirty carbon atom
skeleton (10-17) and gradually methods for the detection
of the functional groups were perfected. Descriptions
of the methods employed for the detection of the various

functional groups are given below.

(i) ZEthylenic linkages. In the triterpenes of the

f-amyrin and u-amyrin groups the ethylenic linkages are
extremely inert and are not susceptible to catalytic
hydrogenation. The exocyclic double wond in the lupeol
series, however, can be hydrogenated (22,24). In the
- and P-amyrin series much use is now mnade of the tetra-
nitromethane colour test (henceforth designated T.N.IH.
test)(18) for isolated and conjugated double bonds. This
test is limited, however, as it fails when the double
bond is in conjugation with a carbonyl group (20,21,22).
Double bonds conjugated with carbonyl groups are also
often not susceptible to hydrogenation (18). The method

involving ultra-violet light absorption is much used
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qualitatively and quantitatively (19,33) but it also has
its limitations as the absorption caused by a double

bond is not gqualitatively reliable if there is any other
absorption at higher wavelengths in the ultra-violet. A
useful method for the detection of ethylenic linkages in
triterpene acids was discovered by Winterstein (10, who
found that well defined bromo-lactones were formed by

the action of bromine on triterpene acids such as
oleanolic acid and hederagenin, as shown below. Using
hydrobromic acid or hydrochloric scid (10,18,23), bromine
free lactones were formed and in both caseg the free acid
could be regenerated by the action of zinc and acetic

acid. Apart from providing a useful method for the

f Brg i i 3 1
c > 00 G
¥ H

13
U > --—.C
] f

CO0H Br Br CGOH Br 0—— CO

-Ca -

P
—C==C

t ¥

- -

¥
O
(¥

i

-

detection of double bonds in triterpene aecids this method
provided evidence that the double bonds in these compounds

were located in positions ¥-§ to the carboxyl groups.

(ii) Carboxyl groups. In many triterpene acids, e.g.

oleanolic acid, hederagenin, ursolic acid, the tertiary
nature of the carboxyl group is displayed in its non-
reactivity with comron esterifying reagents. wsterific-

ation can, however, be carried out using diazowmethane
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but the esters produced are hydrolysed only with
difficulty.

(1ii) Carbonyl groups in many derivatives show themselves

to be very unreactive to ordinary carbonyl reagents and
their presence can often only be established by spectro-

graphic analysis.

(iv) Hydroxyl groups. The ubigquitous secondary hydroxyl

group at position Cg in the triterpenes is quite reactive
and undergoes acylation and oxidation under normal

conditions.
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Dehydrogenation ixperiments.

An important coentribution to the eluecidation of
the structure of the pentacyclic triterpenes was made
ag a result of studies in the dehydrogenation of various
triterpenes with selenium, and palladium on charcoal.

In 1929 Ruzicka (22) isolated a hydrocarbon, C,isH, ;
called "sapotaline” from a number of different triter-
penes by dehydrogenation with selenium. This hydro-
carbon was later shown by Ruzicka and his co-workers to
be 1:2:7-trimethylnaphthalene (34),and a second nain
dehydrogenation product was shown to be 1l:2:f:i6-tetra-
methylnaphthalene (35). By using this method of
dehydrogenation on a large number of pentacyclic tri-
terpenes a number of common degradation products were

obtained. These products are listed in the following

Table.

Dehydrogenation Product ileference
1:2:7-trimethylnaphthalene 22,34 ,36
1:2:5:6-tetramethylnaphthalene : 35
6 -hydroxy-1:2:5-trimethylnaphthalene 37
217 -dimethylnaphthalene : 38
1l:8-dimethylpicene (V) 39,40,41
1:2:3:4-tetramethylbenzene 42,43




It was found that apart from yielding the products
listed above, a- and p-amyrenol yielded two new products,
2 -hydroxy-l:8-dimethylpicene (VI)} and a C;eH,s phenan-
threne derivative (20,39,40,44,45,46,47). Oleanolic
acid also yielded the products listed above with the '
exception of (VI) (22,47,48). Tupeol, however, yielded
neither sapotaline nor any of the picene derivatives on
dehydrogenation (22,49), its priancipal product being
1:2:5-trimethylnaphthalene (agathaline).

It was concluded, therefore, from this work that
all members of the a- and pf-amyrin groups had the same
basic carbocyclic skeleton and that the carbocyclic
skeleton of lupeol differed in that part of the molecule
from which sapotaline was produced on dehydrogenatioh.

As a result of the work on dehydrogenation the first
real attempts at formulation of the amyrins were made.

In 1932 Ruzicka éuggested a formula based on a hypothet-

ical pentacyclosqualene (sgualene VII). Ruzicka's
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formulation was only accepted for a short time, however,
and since then many modifications have been mude to
account for new dehydrogenation products and other new
information. Alternatives to Ruzicka's structure which
were suggested included those of Kitasato (80), Haworth
(4), Spring (51) and Xon (52). Of all the suggested

M, Mg

SOOx
SO
Ho M.

(W) R M (VH)

formulae that of Haworth (VIII, for the f-amyrin group
interprets most satisfactorily the dehydrogenation and
oxidation reactions of f-amyrenol and is consistent

with the isoprene rule. The dehydrogenation results

are readily explained if it is assumed that breaking of
ring C in (VIII) produces the naphthalene derivatives,
sapotaline being produced from rings D and k. The
production of 1:2:5:6-tetramethylnaphthalene and
l:2:3:4-tetramethylbenzene is explained on the assumption
of a retropinacoline rearrangement [ef. Ruzicka (46)]

thusg: -
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BOOSsesN v <2

Structure (VIII) represents the more important
members of the g-amyrin group, e.g. B-amyrenol (VIII,
=R'=Me); oleanolic acid (VIII; R=Me, R'=COOH);
erythrodiol (VIII; R=Me, R'=CH.QH); hederagenin (VIII;
R=CHgOH, R'=COOH); and gypsogenin (VIII; R=CHO, LR'=COOH).

g - -
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Oxidative Degradation.

Valuable information concerning the structure of
the PB-amyrin group of triterpenes has been obtained
from oxidative degradion experiments on the mronocarboxy-
lic acids, oleanolic acid and heteragenin and because
of the interrelationships existing in the p-amyrin group
the conclusions reached in this work apply equally to
g-amyrenol and the other members of the group. The
presence of the hydroxyl group in ring A and the centre
of unsaturation in ring C mekes two distinct types of

oxidative attack possible.

(i) oOxidation of ring A. HMost of the work on the

determination of the structure of this part of the
molecule was carried out on hederagenin (VIII; R=CligzOH,
R'=COOH) . Oxidation of hederagenin (VIII) with chromic
acid (53) resulted in the loss of a carbon atom and the
production of the C,g keto-acids (IX) and (X), further
oxidation of which with potassium hypobromite (54,55,56)
yielded the monomethyl esters of tricarboxylic =cids
(XI) and (XII) respectively. Pyrolysis of (XIII) which
was obtained from (XII) gave the keto-lactone (JXIV),
oxidation and esterification of which gave the trimethyl -
egter lactone (XV). The trimethyl ester lactone (XV)

was also obtained by oxidation of (XVI) (56,5%,5&). This
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series of reactions indicates a l:3-diol system in ring

A of hederagenin and the formation of (XV) excludes the

Host " o S
(90C Mol
ool (%) MgooC (Xv) © (Z¥)

possibility of a methyl gfoup at Ceg. The presence of
a methylene group at Cz was proved by the formation at
Csz of a formyl ester of an oleanolic acid derivative
(59) . The presence of a methylene group at C, was
established by oxidative work on betulin (lupeol group)
(60,61,62) in which ring A was oxidised to a cyclo-
pentanone derivative.

The conclusions derived from this work are summed

up in partial formula (XVII{ R=CHg; for p-amyrenol etc.)



for ring A of the f-~amyrin group of triterpenes. Although

Ho ; 3 (%)

R CHS
proof for the structure of ring 4 was thus provided, the

final proof of the structure of rings A and B was
provided by oxidative attack on the unsaturated centre

and this work will be described in the next seciion.

(ii) Oxidation of the unsaturated centre. The position

and environment of the unsatursted centre in the [-amyrin
group of triterpenes has been established by the extensive
researches of Spring and Ruzicka, and their respective
co-workers on oleanolic acid and its derivatives.
(Reviews 5,4,6,7,8 and 9).

Oxidation of acetyl oleanolic acid (XVIII), with
chromic acid; under mild conditions, was shown by Kitasato
(18) and Ruzicka (569,63,64) to yield ketoacetyloleanolic
acid lactone (XIX; and ketoacetyloleanolic acid (XX} as a
minor product. The keto-lactone (XIX) was shown to be
saturated and was clearly formed as a result of direct
attack on the double bond. The compound (XXI)} was shown
to be an intermediate in this reaction and was prepared
by a variety of nmethods (65,66,67). Oxidation of the

methyl ester of acetyloleanolic acid again yielded (IZX),
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ACO

Aca

ags its methyl ester, and also, the saturated keto-acid
(XXII) which was suhsequently obtained by other methods
(68,56,69,70,66,63). .

Under more drastic conditions it was found that
acetyloleanolic acid (XVIII) could be oxidised with
chromic acid to give the acetyl dicarboxylic acid lactone
(XHITI) (71) which was also obtained by oxidation of (LIX)
and (XXII) (71,40,64,72). The keto-dicarboxylic acid
(XXIV), which was formed from (XXIII)} (71) was pyrolysed
by Ruzicke and his co-workers (73,74) to yield ketonic
and non-ketonic fractions in almost equal amounts indicat-

ing that the molecule had been split into two halves. The



T
Wy

L) (57 Ry

)

products of this fission and their derivatives are
shown in formuwlae (XXV to XXX, above. The ketone
(XXV) was clearly derived from rings A and B of the
parent compound (XVIII) and its structure was proved
by its conversion to (XXVII) by the steps shown. The
non-ketonic fragments (XXVIII) and (XXIX) clearly had
their origin in rings D and ¥ as was shown by their
dehydrogenation to 2:17-dimethylnaphthalene (XXij.

To generalise on these reactions, it may be said
that they proved conclusively that the unsaturated

centre in oleanolic acid, and therefore in the whole
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f-amyrin group lies in riang C, and that the products
obtained corroborated the conclusions drawn from the
dehydrogenation experiments deseribed above.

It is of interest to note here that this method of
pyrolysis has been used with great}success in the
G-amyrin and lupeol groups for structural elucidation,
and one notable example of the use of this method was
in the correlation of the f-asmyrin group with aubdrein
(X.171) through a common degradation product of the latter
and of oleanolic acid (75,76). These experiments
provided the final proof of the structure of rings A and
B in the p-amyrin group, and inéidentally the stereo-
chemistry (see later section) of ring A and B, since the
constitution of ambrein had been established by inter-
~-relationship with the diterpene abietic acid (XXIII)

and the bicyelic manool group.

Ho

KX
HoeC (5%5) (K1)
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3tereochemistry of the B-imyrin Group of Triterpenes.

Previous to the elegant researches of D.H.R. Barton,
and E.R.H. Jones and, to a lesser degree, certain other
~workers, little was known about the stereochemistry of
the pentacyelic triterpenes. The problem has now been
almost completely elucidated as far as the f-amyrin and
lupeol groups are concerned, and a brief outline of the
work involved is given below. |

In 1949 Barton showed that vigorous oxidation of
abietic acid (XXXII, produced a C,, acid which, he con-
cluded, had the structure represented by (XXXKIV) (78],
and in view of the reletionship existing between abietic
acid and other diterpenoids on one hand, and abietic
acid and the triterpenoids on the other (76,7) he con-
cluded that rings A and B in oleanolic acid must be

trans-fused.

Ho
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Prom an X-ray study of various members of the -
-amyrin group, Giaconello in 1938 had concluded that
all five rings were fused trans-enti-trans as shown in
(FXXV) (77) for p-amyrenol, and the spacial configur-
ation thus assigned to the C; hydroxyl group was tentat-
ively confirmed by Ruzicka (79). In 1951, however, a
study of the relative stabilities of B~ and epi-f-amyrin,
the relative degree of steric hindrance in the two
alcohols and elimination evidence, all considered in the
light of the theory of equatorial and vertical bonds
(81) enabled Barton (80) to show that the Cz-hydroxyl

group in the p-amyrin group has the opposite coanfiguration

to that assigned to it by CGiacanello and Iuzicka. The
Ce-hydroxyl group is therefore now regarded as "£" in

configuration and has the properties of an equatorial
hydroxyl group.

A study of the reactions of the carboxyl group at
Cis in oleanolic acid, the esters of which are difficult
1o hydrolyse and which easily lactonise, has led 3arton
(84,83) and Jones (85) to the conclusion that it is
vertical in the stereochemical sense. This stereochemical
configuration, however, still permits rings D and I to be
either cis- or trans-fused. Bilham and Kon (86) con-

cluded from reactions of quillaic acid, a2 member of the



f-aryrin group, that two forms of /0 linkins exist,
i.e. the less stable g¢is~- which can be converted to the
more stable trans~. From their evidence they argued
that the oleanolic acid D/E linksge must be cis-.  Con-
vinecing proof of the correctness of this argument has
been given by Barton (83) as shown in the following
series of reactions. It was found that methyl-1l:keto-

-oleanolate acetate (XXXVI, R=Ac) could be isomerised

—_—— CooMs,
\ 8
(XXX} (XXXix)

to (XXXVII) by either mineral acid (23) or alkali (83).
Corresponding isomerisations have been carried out on

p-amyrin and its derviatives (87,88,89,90). Catalytic
hydrogenation of (XXXVI) and (XXXVII) gave the isomers

(AXAVIIT) and (XXXIX) respectively. Both these iscners



- oy -

were oxidised to methyl dehydro-oleanclatle acebate (ML)
which had been previously prepared by Ruzicka et 21.(91).

The epimerisation at C,g in oleanolic acid yroves
that the configuration at that point is the unstable one
and the D/E ring Junction must be cisge. Further proof
of this fact has been given by Barton (83) from a
consideration and comparison of the thermodynamic stab-
ilities of the lactones of oleanolic acid and those of
its 1&-iso form.

Proof that inversion does not occur at position
Cio in the above reactions is given by the conversion of
both (ZXXVI) and (XXXVII) to (XL) by sodium and alcohol
reduction (23) and further by the fact that the dienone
(XLI) cannot be isomerised by alkali (83). This proof

° N CooMg

~ Comy
of the non-inversion at C,¢ also implies that in oleanolic
acid and the other members of the f-amyrin group the
orientation at C,p, 18 the stable one and & convincing
proof is included in the theoretical section of this
thesis and by budzisrek et al. (89,92).



Thus the stereocheuwistry of rings 4 and 7, and
rings D and E in the f-amyrin group of triterpenes has
been established and the remaining centres to be con-
sidered are Cg, Cio, Ci1s and Ci,.

In 1951, Barton and Brooks (84) concluded that the
configuration at Cigs in morolic acid (XLII) was such
that the C-H bond was stereochemically "wvertical" and’
on the same side of the molecule as the carboxyl sgroup.
Zvidence that the configuration at C,z is the stable one

is given by the partial synthesis of morolic acid from

(Xt (XoW) \5&‘:’.)

dihydro-~-lg-ketosiaresinolic acid (XLIII;(93). The same
conclusion was reached by Barton and flolness (83) from
reactions on lZ-ketooleanolic acid (4LIV).

& consideration of the centres C,e and C, e with
respect to Cip, in the light of the theory of equatorial
and vertical bonds, has led Barton (83) to the conclusion
that rings C and D in the compounds of the f-amyrin group
are fused in the more stable trans-linkage. In this

work Barton found an analogy with the investigations of
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Lingtead (94) and Johnson (8E). In & comparison of the
hypothetical pairs of hydrocarbons (XLV) and (ILVI), and
(XLVII) and (XTVIII) these workers concluded that (ZIV)
would be more stable than (XLVI), and (ZLVII) more stable
than (ZLVIII).

=4 (o) ()

The analogy hetween these hypothetical hydrocarbons
and rings C, D and II in oleanolic acid is obvious and
in view of the evidence described above, the structure
of rings C, D and £ in the compounds of the f-amyrin

group can be summarised in partial formula (XLIX).

ol

" ()

The nature of the linking of rings B and C has not yet
been proved conclusively, but it has been shown by Barton
(83) that the substituent at C,, in oleanolic =zcid must

lie on the opposite side of the plane to the substituents
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at C,ps and Cyiq.
In view of the above evidence it would appear that
only two structures, (L) and (LI), are possible for the

p-amnyrin group of triterpenes. No distinction between

these two compounds has so far been attainable on
chenmical grounds, but on the basis of molecular rotation
ergunents of Klyne (96) a decision in favour of structure
(L) has been made. This decision has been coatfiimed by
the work of Carlisle and (iiiss) Adb E1 Rehin (Frersonal
communication to Dr. D.I.R. Barton - see ref.82) who
carried out'an X-ray investigation of the structure of
methyl oleanolate lodoacetate and chose conformation

(LII) as being the correct one for that compound.
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SECTION I

g -Amyradiendionyl acetate (1l2:19-diketo-oleana-
-10:13(18) -dienyl acetate) was reduced to oleana-
-10:13(18) -dien-2:19~diol with lithium aluminium
hydride. The mono- and diacetates of this compound
yielded oleana-10:13(18)-dienyl acetate on catalytic
hydrogenolysis. By a stepwise series of reductions,
p-amyradiendionyl acetate was converted into oleana-
-10-en-2:192a-diol, the monoacetate of which gave
oleana-10:18-dienyl acetate on dehydration. Oleana-
-10:13(18) - and oleana-10:18-dienyl acetates were
isomerised by mineral acid to oleana-11:13(18)-dienyl
acetate (pf-amyradienyl-II acetate).

- e W - - -
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The experiments described in this section were
undertaken with the object of preparing the unconjugated
dienyl acetates, oleana-10:13(18)-, ocleana-10:18- and
oleana-1l:18-dienyl acetates, which were required for
comparison with two unconjugated dienyl acetates, the
preparation of which from iso-p-amyradienonyl acetate
is described in the third section of the theoretical
part of this thesis. A method for the preparation of
oleana-l11l:18-dienyl acetate has not yet been discovered
but methods for the preparation of the oleana-10:18-
and the oleana-10:13(18)~dienyl acetates are described
below.

A number of alternative methods for the preparation
of B-amyradiendionyl acetate (1l2:19-diketo-oleana-
-10:13(18) -dienyl acetate) (II) from B-amyrin acetate or
its derivatives are known (103,104,105,84,102,92) but
the best is undoubtedly that in which B-amyrin acetate

(I) is oxidised in dioxan by selenium dioxide in an

n
Aco )\><““;‘ . (1)
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sutoclave at 200° to give [p-amyradiendionyl acetate in
75% yield. The diendione chromophore of this compound
is characterised by its ultraviolet light absorption:
Maximum at 2780 K (€ = 12,000).

In the course of a study of the action of reducing
and hydrogenating reagents on fp-amyradiendionyl acetate,
it was treated with lithium aluminium hydride in ether
solution. then carried out at room temperature, the
reaction yielded only an uncrystallisable gum but when
the reaction mixture was refluxed, a CgoHae0. diendiol
was obtained in approximately 507 yield. The reaction
clearly involved the replacement of the Cgz acetoxyl
group with hydrogen, the normal reduction of one of the
two carbonyl groups to a secondary hydroxyl, and sur-
prisingly, the reduction or hydrogenolysis of the second
carbonyl group to a methylene. Treatment of this
CooHag0y diol with acetic anhydride and pyridine at room
temperature gave a CzHgoOp diol-monoacetate and more
drastic treatment with the same reagents gave a CzaHsz0s
diol -diacetate, thus indicating that the lithium
aluminium hydride product did in fact possess two
secondary hydroxyl groups and that one of them was
sterically hindered to a certain degree. The diol,

diol-monoacetate and the diol-diacetate all gave a strong
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yellow colour with tetranitromethane in chloroform and
showed uwltra-violet light absorptions characteristic
of unconjugated double bonds as is shown in the follow-

ing Table A of physical constants.

TABLE A

Compound [alp | max. [§z100 |tziso ifzeoo Eg??j
Diol +58° | 20904 |12000 {10000 ! 6300 1200 |
Diol -monoacetate | +75° | 21004 |10000 | 8500 5600 2600
 Diol-diacetate +60° | 21004 |11800 | 6900 6000 3200
Oleana-10:13(18) - o !
dienyl scetate +59° | 21304 - | 8300 ;8000 3100,
Oleana-10:18-dienyl o : ; ; ; |
acetate | %99° [ 20904 | 3100 ; 1250 | 280 J - J

Catalytic hydrogenation of both the monoacetate and the
diacetate yielded a CgzgHpo0p acetate in very high yield
which gave a strong yellow colour with tetranitromethane
in chloroform and showed a light absorption in the
region 21003 to 22502 similar to that of the diol, the
diol-monocacetate and the diol diacetate, as shown in
Table A. The acetate was readily converted into B-
-amyradienyl-II acetate (VI) by treatment with hydro-
chloric acid in acetic acid, and was thereby shown to be
a dienyl acetate. The intense absorption of light

[&]
between 2100 and 2250A shown by this compound together
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with its method of preparation suggested that one of
its double bonds was between C;5 and Cig, that is, a
>c = ¢ type of ethylenic linkage (33,19). This
acetate was also shown to be identical with one of the
two compounds obtained from the catalytic hydrogenation
of p-amyradiendionyl acetate (II) (106 and in view of
the methods of preparation of this cowmpound,its
reactions and characteristics described above, it was
concluded to be oleana-10:13(18)-dienyl acetate (V).

The position of the double bonds in the lithium
aluminium hydride product of p-amyradiendionyl acetate
was therefore established ag -10:11- and -13(18)-, and
in order to decide between the two structures possible
for the monocacetate of this compound, oleana-1C:13(18) -

~-dien-2:19-diol-2-~acetate (III, R=H) and oleana-10:13(18j -



- 36 -

-dien-2:12-diol-2-~acetate (IV, R=H) an attempt was made
to oxidise it to the corresponding ketone, (VII) or
(VIII), either of which would have been readily dis-

tinguishable from the other. The ketone was not

o S I
i o | ] A
rd : '%\\/2
N T W@ N g

obtained, however, and using chromic acid, equivalent

to one atom of oxygen, at room temperature, the mono-
acetate was oxidised to yield a mixture from which
p-amyradiendionyl acetate (II) and unchanged diol-
-monoacetate were separated. Using an excess of oxid-
ising agent, again at room temperature, f-amyradien-
dionyl acetate was isolated as sole prcduct in good yield
Treatment of the diol diacetate (III, R=Ac) or (IV,

R=Ac) with chromic anhydride in acetic acid also gave
p-~amyradiendionyl acetate.

Treatment of the monoacetate with mineral acid in
acetic acid converted it, in good yield, into oleana-
-10:12:18-trienyl acetate (p-amyratrienyl acetate)(IX)
(107), the reaction probably involving an anionatropic
rearrangenent and dehydration. The triene was also

found as a by-product in the above lithium aluminium
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hydride reduction of f-amyradiendionyl acetate anc
considering the ease with which it can be converted
into p-amyradiendionyl acetate (102) it seemsklikely
that it was an intermediate in the above oxidations of
the mono- and diacetates of the lithium aluminium
hydride reduction product of P-amyradiendionyl acetate.
in attempt to oxidise the diol-monoacetate in acetone
solution with manganese dioxide (108,109,110) also gave
the triene in very high yield.

Although all the experiments, described above,
failed to produce compounds which would have led to a
decision between structures (III) and (IV) for the
lithium aluminium hydride prcduct of H-amyradiendionyl
acetate, a decision was reached as a result of the work
described below.

The reduction of P-amyradiendionyl acetate (II)
with zinc dust and acetic acid (106) gave, among other
products, l2-keto-oleana-10:13(18)-dienyl acetate (IX)
which was reduced by lithium aluminium hydride to
oleana-10:13(18)-dienyl acetate (V). In this reaction,
therefore, there is another example of a carbonyl group
being reduced to a methylene groupxwith lithium
aluminium hydride, and the analogy with the lithium

aluminium hydride reduction of B-amyradiendionyl acetate
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is obvious. It seems probable, therefore, that the
carbonyl group involved in each case wag the one at
Cig, and if this is true, then the diol-monoacetate
obtained from B-amyradiendionyl acetate by reduction
with lithium aluminium hydride, followed by partial
acetylation was oleana-10:13(18)-dien-2:19-diol -2~
-acetate (III, R=H). Additional, though less couviac-
ing evidence in favour of this decision is found in the
known relative difficulty of acetylation of C,g-hydroxyl
groups in the f-amyrin group (see below and ¢f.123).
Attention was next directed to the preparation of
oleana-10:18-dienyl acetate. Barton, Holness, Overton
and Rosenfelder (111) obsexrved that methyl-12:19-diketo-~
-10:13(18)-dienolate acetate (X) is reduced to methyl-
-12:19-diketo-olean-10-enolate acetate (XI) by zinec

dust and acetic acid. Using their conditions, McKean
(106) found that the reduction of the related 12:19-
-diketo-oleana-10:13(18) -dienyl acetate (f-amyradien-

dionyl acetate) (II) was a complex reaction giving
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(a) oleana-10:13(18)~dienyl acetate (V) (see also above),
(b) 12-keto-oleana-10:13(18)-dienyl acetate (VIII, (see
above) and (c,) an acetate, CgzzgHyg04 which was also
obtained in excellent yield by the reduction of B-
-amyradiendionyl acetate with zinc dust in ethanol.

This acetate was probably identical with a CzgH,g04
acetate obtained by Ruzicka and Jeger (103) by tﬂe
catalytiec hydrogenation of P-amyradiendionyl acetate and
for which the structure, 12:19-diketo-olean-13(18)-enyl
acetate was congidered and re jected. It was also
suggested that the compound contained a secondary
hydroxyl group, produced by the reduction of a carbonyl
group. Barton, Holness, Overton and Rosenfelder (112),
however, preferred to regard the reduction product as
12:19-diketo-olean-10-enyl acetate (XII),which is
undoubtedly correct in view of the failure of the
compound to be further acetylated or oxidised under con-
ditionsg in which a secondary hydroxyl group would react.
The presence of an ap-unsaturated carbonyl grouping in
this compound was established by'its ultraviolet
absorption spectrum, maximum at 2460 X (& = 12,500), and
the presence of a second {isolated) carbonyl group was
established by its conversion into 19-keto-olean-10-enyl
acetate (XIV) by hydrogenolysis, as described below.
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Consequently, the formation of the acetate, CzzHyg04
(12:19-diketo-olean-10-enyl acetate) (XII) from B-
-amyradiendionyl acetate involved the reduction of the
-13(18) -ethylenic linkage with hydrogen as in the
analogous case of the reduction of methyl-12:19-~diketo-
-0leana-10:13(18) -dienolate acetate (X).

.»‘/){l
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Hydrogenolysis of 12:19-diketo-oclean-10-enyl acetate
(XII), using platinum catalyst in acetic acid at room
temperature, gave 19-keto-olean-10-enyl acetate (XIV),
identical with one of the two products obtained by
catalytic hydrogenation of {-amyradiendionyl acetate
(106). It gave a yellow colour with tetranitromethane,
indicative of an isolated double bond, confirmed by its
light absorption (see Table B) which also showed the

presence of an isolated carbonyl group. Oxidation of
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19-keto-olean-10-enyl acetate (XIV) with selenium dioxide
gave the parent p-amyradiendionyl acetate in good yield.
Treatment of 12:19-diketo-olean-10-enyl acetate
(XII) with strong ethanolic caustic potash gave the
isomeric 12:19-diketo-~-l8u-plean-10-enyl acetate (XIII)
which had similar characteristics to those of (XII).
The presence of an igolated carbonyl group in (XIII)
was established by its hydrogenolysis to 19-keto-18a-
-olean-10-enyl acetate (X.V), a transition which was
considerably more difficult to effect than the analogous
hydrogenolysis of (XII) to (XIV), due no doubt to the
changed stereo-conformation of the molecule brought
about by the epimerisation at Cig-. A similar epimer-
isation to the one described above was achieved by the
conversion of l9-keto-olean-1l0-enyl acetate (XIV) to

the isomer 19-keto-18u-olean~l0O-enyl acetate (XV).

TABLE B.

~ Compound [alp N\ max. € maex.
12:19-diketo-olean- o
-l0-enyl acetate +132° 24604 12,400
12:19-diketo-18a- o
-olean-10-enyl acetate| +92° 24304 11,700
19 -keto-olean-10~ ° °
-enyl acetate +117° | 20604330204 2,900;45
1l9-keto-l8u-olean- o o
-10-enyl acetate +139° | 2060A3;2980A 3,300;62
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The above reactions prove that 19-keto-olean-10-
-enyl acetate (XIV) and its alkali stable isomer (XV)
have the same configuration at C,z, that they differ
solely in orientation at C,s and that a similar
relationship exists between 12:19-diketo-olean-10-enyl
acetate (XII) and its alkali stable isomer (XIII).

The physical characteristics of‘these four compounds
are compared in Table B.

Reduction of 19-keto-olean-1l0-enyl acetate (XIV)
with lithiuwm aluminium hydride yielded olean-10-en-
-2:19u-diol which was readily converted into its mono-
acetate (XVI) by partial acetylation. This indicated
that the C,¢-hydroxyl group was sterically hindered
(the analogous 19p-hydroxyl group described by Beaton
et al. (106) was similarly hindered) and an analogy
between it and the secondary hydroxyl group in the
monoacetate of the lithium aluminium hydride product
of p-amyradiendionyl acetate can be drawn. Oxidation
of the monoacetate (XVI} with chromic anhydride in
acetic acid at room temperature, gave the parent ketone
(XIV). Dehydration of the monoacetate (XVI) with
phosphorous oxychloride in pyridine gave a high yield
of the required oleana-10:18-dienyl acetate (XVIII),
which had the ultraviolet light absorption shown in
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Table A, gave a yellow colour with tetranitromethane

in chloroform and on treatment with hydrochloric acid

4, 1 1 $ CooH
;-— m,ﬂ\ﬁ_l - - .
(7‘.\_}.!‘. D) \\ xx)

in acetic acid gave opleana-11:13(18)-dienyl acetate
(p-amyradienyl-1II acetate) (VI). Reduction of 19-
-keto-l8a-olean-l0~enyl acetate (ZV) with lithium
aluminium hydride (106) gave 1l8a-olean-l0-en-2:19f-diol
which was readily converted into its monoacetate (XVII).
Dehydration of this monoacetate with phosphorous oxy-
chloride in pyridine again gave oleana-l0:1l8-dienyl
acetate (XVIII;.

The conversions of 19-keto-olean-10-enyl acetate
and its alkali stable isomer into oleana-10:18-dienyl
acetate again prove that they have the same configur-
ation at Cig. The configurations assigned to the 19-

-hydroxyl groups in olean-10-en-2:19-diol-2-acetate
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(XVI) end its l8c-igomer (XVII) follow from the ease
of dehydration with phosphorous oxychloride which
requires a trans-arrangement of the hydrogen attached -
to C.s and the hydroxyl attached to C,s in each case.
The conversion of 19-keto-l8a-olean-l0-enyl
acetate into l8u-oleana-2:19p-diol proves that the con-
figuration at C,s in 19-keto-olean-10-enyl acetate,
12:1¢9-diketo-olean-10-enyl acetate and its alkali stable
isomer is the same (fp) as that in morolic acid (XIX)
({83,84) and it follows that 12:19-diketo-olean-l0-enyl
acetate has the 13(f):18(f)-configuration shown in (XII)
and that its alkali-stable isomer has the 13(f):18(w)-
~configuration shown in (XIII). Thus the zinc dust
reduction of f~amyradiendionyl acetate involves cisg-
-addition of hydrogen to the 13:18 double bond, as
assumed by Barton et al. (loc.cit.), for the reduction
of the analogous methyl 12:19-diketo-oleana-10:13(18) -
-dienolate acetate (X). The first case of such a cis-
~addition of hydrogen 1o an ene-l:4-dione was reported
by Barton et al.(loc.cit.) who showed that reduction of
methyl 12:19-diketc-olean-13(18) -enolate acetate gave
methyl 12:19~diketo-oleanolate acetate and a similar
cig-addition of hydrogen to a stercid ene-l:4-dione has

subsequently been reported by Budziarek and Spring (113).
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Recently, the experiments of Barnes and Barton (114)
have led to the generalisation that selenium dioxide
oxidation of ane-diones of the type -CO-éH-éH—CO~ to
the ene-dione -CO-C=C-CO- requires a cis-arrangement
of the hydrogen atoms in the former.  In agreement
with this generalisation and with the stereochemical
relationships deduced above, 1l2:19-diketo-olean-10-
-enyl acetate (XII) was readily oxidised to f-amyra-
diendionyl acetate (Il1) with selenium dioxide while the
18(a) isomer (XI1I) was recovered unchanged after the

same treatment.
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SECTION 2

The reactions of the enol acetate of iso-pf-amyr-
enonyl acetate showed that the parent ap-unsaturated
ketone is correctly formulated as 2-acetoxyolean-10-
-en-l12-one. iso-B-Amyrin derived from iso-pf-amyren-
onyl acetate by catalytic or Clemmensen reduction was
shown to be 2-acetoxyolean-10-ene and it was concluded
that the locking of rings B/C in F-amyrin corresponds
to the more stable configuration. The chromic acid
oxidation of B-amyrin acetate to ﬁroduce acetone (90)
wasg repeated and verified and the preparation of 11-
-keto-1l8a-olean-l2-enyl acetate and its reactions are

reported.




- 47 -

Oxidation of p-amyrin acetate (I) with hydrogen
peroxide in acetic aecid (115,116) or better, with
hydrogen peroxide in formic acid and ethyl acetate,
gives the saturated ketone p-amyranonyl acetate (2-
-acetoxyoleanan-12-one) (XX). Treatment of the satur-
ated ketone with bromine gives bromo-p-amyranonyl
acetate which readily looses hydrogen bromide to give
iso-p-amyrenonyl acetate (116,117) for which the alter-
native structures (XXI) and (XXII) have been considered

(5,118) .

Aco {L

%) bh)

4 decision in favour of the latter has been made since
reduction of iso-P-amyrenonyl acetate with sodium and
aleohol, followed by itreatment of the product with
acetic anhydride, gives p-amyradienyl-I acetate (XXIII)

which contains a homoannular diene system and which is
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identical with the product obtained by similar treat-
ment of P-amyrenonyl acetete (XXIV) (87,119).

O, >

~ (T ey V)

Catalytic hydrogenation (120) and Clemmensen
reduction of iso-f-amyrenonyl acetate (XXII) gave an
isomer of P-amyrin acetate which contained a’>CmCH~
ethylenic linkage since it was oxidised by hydrogen
peroxide to a saturated ketone (120) isomeric with
p-amyranonyl acetate (XX). The isomeric p-amyrin
acetate has been formulated as 2-acetoxyolean-l0-ene
(XXV) (120). This structure did not appear to be
rigidly established, however, since hydrogenation of
(XXII) could have proceeded by the reduction of the
ethylenic linkage and the simultaneous or consecutive
reduction of the carbonyl group, followed by dehydration
to give an isomeric (-amyrin acetate (XUVII), differing
only in the configuration of the hydrogen atom at Cie
in p-amyrin acetate (ZXVI) (cf. the catalytic hydrogen-
ation of P-amyranonyl acetate to B-amyrin acetate (103).
Of the alternative structures (XXV) and (XXVII) for the

isomeric p-amyrin ascetate the former has been established
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by Wolff-Kishner reduction of the derived isomeric
p-amyranonyl acetate to a product which, after acetyl-
ation, gave P-amyranyl acetate (XXVIII), identical

with the compound obtained by a similar reduction of
p-amyranonyl acetate (XX) (103). The isomeric B~
-amyranonyl acetate is therefore 2-acetoxyoleanan-1l-one

(XXIX) .

pi
N N
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An interesting point concerning the nature of the
locking of rings B/C in the B-amyrin group of triter-
penes emerges from the series of changes described
above. The conversion of f-amyrin acetate into 11-
-keto-f-amyranyl acetate (IZXIX) and thence into P-amyr-
anyl acetate (XXVIII) by Wolff-Kishner reduction proves
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that rings B/C are locked in the more stable conform-
ation since the introduction of a carbonyl group at Ci,
and its subsequent elimination would permit a change
from a less to a more stable conformation. since no
such isomerisation takes place it is concluded that the
more stable B/C locking exists in B-amyrin and therefore
in the other members of the P-amyrin group. An addit-
ional interesting point arising from these reactions is
that in the investigations involving epimerisation of
the hydrogen atom at C,s in various compounds (87,88,89)
there was a possibility that the changes brought about
at C,s were accompanied by epimerisation at Ciq- The
above reactions confirm that no inversion has occurred
at Cio-

In an attempt to characterise further iso-f-amyr-
enonyl acetate by the formation of its benzoate, it was
treated with benzoyl chloride and pyridine. The product
proved to be an enol-dibenzoate (XXX, R=Ba) which gave
a brown-colour with tetranitromethane in chloroform and
exhibited selective light absorpticn in the ultraviolet
with maxime at 2300 A (&= 31,000;, attributable to the
two benzoyl groups, and 27v50 2 (& =11,000) due to the
homoannular diene system. Ireatment of iso-p~-amyrenonyl

acetate with acetic anhydride and sodium acetate gave
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an enol acetate (XXX, R=4c), which gave a brown colour
with tetranitromethane and had a light absorption

[+]
meximum at 2780 A (& = 8,500) attributable to the homo-

ennular diene system. The enocl acetate was extremely
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readily hydrolysed back to iso-p-amyrenonyl acetate
(activated alumina) and thus the gtruciture (XXII) for
igo-P-amyrenonyl acetate was counfirmed.

The structure (XXX, R=Ae) Tfor the enol acetate of
igo-B-amyrenonyl acetate was further supported by its
oxidation with hydrogen peroxide in acetic acid, the
10:11-ethylenic linkage of (XXX, R=ic) beiung oxidised,
to yileld the enol acetate of 11l:12-diketo-p-amyranyl
acetate (XIXAIL} which was previously obtained by Ruzicksa
and Jeger (103, by the chromic acid oxidation of the
enol acetate of [i-amyranonyl acetate {(XailIl).

Two other oxidation products were obtained from
the enol acetate (XXX, R=dac). Oxidation with selenium

dioxide in acetic acid gave iso-f-amyradienonyl acetate
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(XXXVIII) and treatment with N-bromosueccinimide gave
B~amyradiendionyl acetate (II). The production of
iso-B-amyradienonyl acetate (IXIVIII) from the enol
acetate can be readily explained on the assumption that
the enol acetate was flrst converted in situ, into the
parent ap-unsaturated ketone (ZXII) which is known +to

be oxidised to iso-P-amyradienonyl scetate (118} with
selenium dioxide (see also section 3 of this thecretical
review) .

In view of the fact that the enol acetate of iso-
-p~amyrenonyl acetate yielded f-amyradiendionyl acetate
on treatment with N-bromosuccinimide, the parent of -
-ungaturated ketone was treated with the same resgent.
Starting material was, however, recovered guantitatively.
Oxidation of olean-l0-enyl acetate (igo-f-amyrin acetate)
(XXV) with seleniuum dioxide, however, yielded f-amyra-
diendionyl acetate, analogously to B-amyrin acetate.
Attempts to brominate the enol acetates of (XXX, R=Ac)
and (XXXII) failed, and starting material was recovered

nearly guantitatively.
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The generally accepted structure ascribed to the
fe-amyrin oleanolic acid group of triterpenes, exempli-
fied by that of P-amyrin acetate (I) is supporied by a
very large amount of evidernce which has been amassed
during the last twently years. The structure assigned
t¢ the G-amyrin ursclic acid group is illustrated by
that of ¢-amyrin acetate (IHEV In 1949 it was
reported that the chromic acid oxidation of highly
purified f-amyrin acetate gives an appreciable yield
(8%) of acetone whereas sinilar oxidation of a-amyrin
acetabe does not give acetone (90). If (I) is the
true structure of P-uuyrin acetate the acetone obtained
srovebly origlnates in the geminal dimethyl group in
ring . The natural inference is, however, ithat
B-amyrin acetats contains an isopropyl group as in
lupenyl acetabe (ZXXXIV). The chromic acid oxidation
of P-anyrin acetate was respeated, and verified, and in
order to test the hypothesis that lupeol and g-amyrin
have the same carxrbon skeleton, the preparation of
isoneric saturated alcohols of the f-amyrin group was
undertaken, ia crder to compare them with lupanocl (89,
90) . In the course of this work, ll-keto-18a-olean-
~12-enyl ascetate (¥XXVII) was prepared by the slages

illugtrated below, in which f-amyrin benzoate (I, R=COPh)
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was oxidised to f-amyrenonyl benzoate (XXXVI), treat-
ment of whiech with strong alkali followed by acetyl-
ation yielded 1l-keto-18a-plean-12-enyl acetate
(XXXVII). An attempt to brominste this compound, and
an attempt to form its enol acetate with acetie
anhydride and sodium acetate gave unchanged starting
material.

As stated earlier, reduction of f-amyrenonyl acetate
(ZXIV) with sodium and alcohol, followed by scetylation,
yields p-emyradienyl-I acetate (UXIIT) (87,119). It is
interesting to note that the reduction of 1ll-keto-18a-
-olean-12-enyl acetate under exactly the same conditions,
repeatedly yielded a mixed crystal, which defied all
attenpts at separation, but which by virtue of the red-
~brown colour it gave with tetranitromethane in chloro-

form and also its uwltraviolet light absorption: llaxima




o

at 2420 ( £ = 19,000), 2510 (€ = 22,000) and 2600 4
(£ = 15,100), is thought to have consisted mainly of
B-amyradienyl-II acetate. The ninor constituent of
the mixed ecrystal was probably the 18(a)-isomer of

£ ~amyradienyl-I acetate.

A - b - "> -
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SECTION 3.

iso-p-Amyradienonyl acetate was reduced with lithium
aluminium hydride to a diol which was rearranged to a
new triene (p-amyratrienyl-II acetate, a structure for
which is suggested. The preparation of an isomer of
B-amyrin acetate, named neo-p-utmyrin acetate is described
and formulations for its structure are suggested. The
preparation and reactions of two new unconjugated dienyl
acetates from ligo-f-amyradienonyl acetalte are described
and the conversion of these derivatives to knowa f-amyrin
derivatives is reported.

Oxidation of iso-p-amyradienonyl acetate with
various oxidising agents produced an oxide, the reactions
of which and other oxidations of iso-B-amyradienonyl

acetate are desecribed and discussed.

-, n -
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iso~-p-Amyrenonyl acetate (XXII) contains half the
chromophore of (-amyradiendionyl acetate (II) and
accordingly, Green, liower, Picard and Spring (118)
attempted to correlate these two compounds by oxidation
of the former with selenium dioxide in the expectation
that p-amyradiendlionyl acetate would result. Ingtead,
the reaction gave igo~-f-amyradienonyl acetate which shows
abgsorption maxima at 2090 X (g = 3,000) and 2450 X (¢ =
10,000), and unlike igo-B-amyrenonyl acetate gives a
yellow colour with tetranitromethane.  iso-p-Amyradien-
onyl acetate was also obtained by the action of bromine
on iso-p-amyrenonyl acetate by the same workers and by
Jeger and Ruzicka (99); iso-B-amyradienonyl acetate can
also be obtained directly from f-amyranonyl acetate by
bromination (92). Green, liower, Ficard and Spring (loc.
cit.) suggested the structure (VIII) for iso-B-amyradien-
onyl acetate, but in view of the recent synthesis of this
compound (106), which has shown it to be different from
iso-pf-amyradienonyl acetate, their suggestion must be

re jected.

0
TS

(f.xx\lm‘}
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In 1945 Jeger and Ruzicka proposed structure
XXXVIII) in which it is represented as formed from
igo-p-amyrenonyl acetate by the migration of an angular
methyl group from C(l&) to C(ip) with simultaneous
introduection of a 1l4:15-double bond. More recently
lieisels, Jeger and kuzicka (120) have oxidised iso-B-
-amyradienonyl acetate {to & hyaroxy-diketo-acid formul-
ated as (ZUXIX) the methyl ester of which on pyrolysis
gave an acidic fraction represented as the hydroxy-
-diketone (XL). The hydroxy diketone was characterised
by methylation and acetylation which gave two isomeric
compounds formulated as (XLI) and (XLII) and identical
with two compounds obtained by, in all essential
features, the same route starting from G-amyrin. These
reactions cannot be construed as procf of migration of
the angular methyl group during conversion of iso-p-
~amyrenonyl acetate into iso-p-amyradienonyl acetate,
and the work deseribed below was initiated with a view
to proving whether the methyl group migration had taken
place and also with a view to studying the general
reactions of the compound.
In the course of a study of the action of reducing

agents on iso-P-amyradienonyl acetate il was reduced by

lithium aluminium hydride in ether to a diol, characterised
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by the formation of its diacetate which gave a yellow
colour with tetranitromethane in bhloroform and
exhibited strong light absorption between 2100-2250 Z
indicative of unconjugated double bonds. Treatmnent

of iso-B-amyradienonyl aoeﬁate with sodium methoxide in
an autoclave at 200°, followed by acetylation ;ielded
the same diacetate ia good yield. To interpret these
two reductions it is reasonable %o suppose, on the basis
of structure (XXAVIII) for iso-f-amyradiencnyl zcetate,
that the C;; earbonyl group was reduced to a secondary
hydroxyl group with the double bonds remaining at
positions 10:11 and 14:15. Ine diacetate nmay <therefore
be represented ag (XLILI, R=hic) with an acebtoxyl group

at Cg. Treatment of the diacetate with hydrochloric
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acid in acetic acid resulted in the elimination of the
eleuents of acetic acid to give a conjugated trienyl
acetate, diffaring from f-amyratrienyl acetate (IX)
which has a light absorption maximum at 3100 A (g =
14,500) and which was the only known conjugated triene
in the B-amyrin group. The new triene, P-amyratrienyl-
-II acetate, had light absorption maxima at 2280 (¢ =
18,500), 2820 (£ = 16,000) and 2940 3 (€= 12,520) which
suggegsted that the triene chromophore was cross-conjug-
ated rather than continuously conjugated as in (IX).
Analogous light absoxption is exhibvited by a cross-~
~gcenjugated steroid triene recently reported by T.aubach,
Schreiber, ignello, Lightfoot and Prunuings (1£l), and
in view of thisg analogy and also the rewsctions described
below, structure (ZLV, is proposed for [ -amyratrienyl-II
acetate. A plausible mechanism for the formation of
this compound can be Found it 1t is assumed that the

rearyangeuwent of the diacetate (ZLIII, X=ic) proceeds
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via the carbonium ion (XLIV, gtabilisation of which is
brought about by the nmigration of the methyl group from
Cis to Cig and the subsequent introduction of a double
bond at 13:18 with the conjugation of the 10:11 bond.
Hydrogenation of S-amyratrienyliacetate, with platinum
catalyst in acetic acid proceeded with the exiremely
rapid absorption of two molecular equivalents of hydrogen,
to yield a Cgefls,05 acetate. Neo-f-amyrin acetate (as
this compound is now called after being xregorted as
iso-p-amyradienyl acetate by Budziarek et al. (92) gave
an orange-red colour with tetranitromethane and had a
light absorption which is shown in Table C together with
those of f-amyrin acetate,; iso-P-amyrin acetate and & -
~anyrin acetate (oleana-13(18)-enyl acetate) (LVI). The
comparison of light &bsorpiicns in Table C established
definitely that ihe type of double bond present in neo-

~

-f-awyrin is the {ype /UEC:: present in  § ~amyrin

acetate rather than the :cxcn- type present in B-amyrin
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TABLE C
Compound [ AmaxJtmexJe siooft s1m [£2z00 | € 2260 |
(4]
b-amyrin acetate 20804 13,200 {3,000 1,560 56520, 190

¢}
iso-p-amyrin acetate (20704 3,100 (2,200 850 260 18b

[4]
$-amyrin acetate 21104 {6,900 - 6,10013,500]1,800

Neo-f-amyrin acetate§2110§;5,000§ - '4,450%3,100}1,800
e v e e [ i. i

acetate or iso-pf-amyrin acetate. On the basis of
structure (XLV) for p-amyratrienyl-II acetate, therefore,
three possible structures (XLVI), (XLVII) and (XLVIII)

for neo~p-amyrin acetate suggested themselves. Oxidation
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of neo-pB-amyrin acetate with chromic anhydride oxr pot-
assium permanganate ylelded a Cz.Hg.0ps oxide (incidentally
proving that neo~p-amyrin acetate contains only one
ethylenic linkage, in spite of its colour reaction with
tetranitromethane, see above, which gave no colour with
tetranitromethane in chloroform and showed no selective
light absorption in the ultraviolet. The oxide, which
on the basis of the above possible structures for neo-
-f~amyrin acetate may be represented by (XLIX), (L) or
(LI), rearranged with hydrochloric acid to a hetero-
~annular diene, characterised by its light absorption,
maximum at 2580 2 (£= 21,000). Of the four possibilities
for this hetero-annular diene, (LII), (LIII), (LIV, and
(LV), the structure (LII) can be immediately excluded
because of the inconsistency of the intensity of the
light absorption of this hetero-annular diene with that
of known ciseoid-hetero-annular dienes (cf. Barton and
Brooks (84)). Treatment of neo-f-amyrin acetate with
bromine and selenium dioxide showed the compound to be
extremely reactive and only by treatment with N-bromo-
succinimide could any other derivative of neo-f-amyrin
acetate be obtained. This reaction gave an amorphous
material which could not be purified, but which showed

light absorption maxima at 2620 (&£ = 13,000), 2600
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(& = 12,500) and 35704 (€ = 10,000) and gave a dark-brown
colour with tetranitromethane in chloroform.

In spite of the fact that no chemical evidence
which would enable a decision to be made between the
above three structures is available, a tentative decision
in favour of structure (XLVI) for neo-f-amyrin acetate,
and therefore (XLIX) for its oxide and (LIII) for the
hetero-annular diene, has been made for the following
reason. Catalytic hydrogenation of P-amyradienyl-IT
acetate (VI) gives 5-amyrin acetate (LVI) by the

o N _
(V1) (1)
reduction of the 11l:12-double bond, the bridgehead 13:18
double bond being inert to hydrogenation (105). The

) ~y

13:18 double bond in l2-keto-oleana-10:13(18)-dienyl

acetate (VIII) is also not hydrogenated in the conversion
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of (VIII) to (VII) (106). It is reasonable to assume,
therefore, that in the catalytic hydrogenation of
p-amyratrienyl -I1 acetate (XLV) the 13:18 ( & -amyrin)
double bond remains inert while the 11:12 and 14:15
double bonds are saturated.

neo-p-Amyrin acetate was also found to be the
produet of direct catalytic hydrogenation of the diacetate
(XLIII, HE=Ac¢), iso-B-amyradienonyl acetate (Z:ZXVIII),
iso-p-amyradiendionyl acetate (LVII) from the selenium
dioxide oxidation of iso-f-amyradienonyl acetate (99),
and also by hydrogenation of the oxide of isc-f-amyra-
dienonyl acetate (LVIII) (see below).

In each case attempted hydrogenation in neutrsl solution
with platinum catalyst failed, and with platinum in
acetic acid was either very slow and incomplete, or did
not proceed at all. With the addition of a trace of
hyérochloric acid fto the acetic acid sclutions, however,
the resctions were cutalysed and the hydrogenations

proceeded very rapidly to give neo-f-auyrin acetate in




- 66 -

good yileld. The inference drawn from this phenomenon
is that before or during these hydrogenations an intra-
molecular rearrangement takes place, poésibly due to a
trace of hydrogen ion in the solution, to give a common
intermediate which is then hydrogenated to neo-B-amyrin
acetate. From a consideration of the mode of formation
of P-amyratrienyl-II acetate (ALV), and the extreme ease
with which it is hydrogenated to neo-f-amyrin acetate,
it seems probable that it is the intermediate compound

in all the above routes to neo-f-amyrin acetate.

Attention was next turned to the reduction of 1iso-
-pf-amyradienonyl acetate (XXXVIII) by the method of
Wolff and Kishner. Reduction with sodium methoxide and
hydrazine in an autoclave at 200° followed by acetylation
gave a mixture of two isomeric CgzpHse0, acetates, which
ﬁere separated by fractional crystallisation, and each
of which gave a yellow colour with tetranitromethane.
The physical constants of these two acetates are compared
in Table D.

TABLE D

e =y
B Compound B m p- [C‘-]D \max *Emaxji.zlso Ezaaoo 62%0 Yleld :

- -

Fro e e e e

CszHs004 acetate 351° -9° ;alZOA 4970, 4180 1700 520 50%

;L CaxHsoOp acetate 2os°.-95 2lOOA 5900 /3700 1460 430, 25%
S, &. oy
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The acetate, m.p.231°, which was obtained in about 50%
yield was characterised by hydrolysis to the corres-
ponding alcohol which gave the parent acetate on
reacetylation. On treatment with hydrochloric acid in
acetic acid, the acetate, m.p.231°, was converted into
E-amyradienyl -I acetate (XXIII) in good yield. Similar
treatment of the acetate, m.p.203°, converted it into
B-amyradienyl-II acetate (V) also in good yield. In
consequence of these two transitions into well known and
defined dienyl acetates (XXIII) and (V), which undoubt-
edly possess the same basic structure as f-amyrin, and
in consideration of the mode of formation of the two
acetates, m.p.231° and m.p.203°, the structures (LIX)

and (LX, are respectively proposed for them. The

L X
(Lix) (&)
hydrochloric acid rearrangement, the ultraviolet absorp-
tion spectra and the colour reaction with tetranitro-

methane egtablished that these acetates were bvoth

unconjugated dienes and it should be noted that they were
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both different from oleana-10:13(18)-dienyl acetate (V)
and oleana-10:18-dienyl acetate (XVIII). Furthernore

the ready conversion of the acetate, m.p.231°, into
oleana-10:12-~dienyl acetate (p-amyradienyl-l acetate)
(XXIII) showed that it was not the unknown oleana-11:18-
-dienyl acetate since in analogy with oleana-10:18-dienyl
acetate, oleana-l11:18-dienyl acetate would be expected

to yield the stable olean-11:13(18)-dienyl acetate on
treatment with mineral acid. Thus as the acetate,
m.p.231° is not one of the three possible non-conjugated
dienes in the oleanane series in which the double bonds
are located in the Cp0-Cie system (10:13(18), 10318, 11:18)
it is probable that it is not a simple oleanane derivative
and that it has a different carbon skeleton from that of
p-amyrin, i.e. that of iso-p-amyradienonyl acetate.

The VWolff-Kishner reduction of iso-p-amyradienonyl
acetate is therefore thought to have proceeded simultan-
eously in two waysy; firstly, by the reduction of the
Cig carbonyl group to & methylene with an accompanying
shift of the 10:11 double bond to the 11:12 position to
give the acetate, m.p.231° (LIX) (For similar double bond
migration in volff-Kishner reductions ef. 124, 125), and
secondly, by the normel reduction of the Ci, carbonyl

group to give the acetate, m.p.203° (LX).
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If the structures (LIX) and (LX) are correct then
treatment with mineral acid in each case causes a
migration of ﬁhe methyl group at Cpg te C ¢ and a move-
ment of the 14:15 double bond to the most stable position.
The following mecheanism for the isomerisation of the

acetate, m.p.231° (LIX) is suggested.

(XXX

As stated above the minor product of the Wolff-Kishner
reduction of iso~B-amyradienonyl acetate, the acetate,
m.p.203°.(LX) was isomerised to P-amyradienyl-II acetate,
and a suggested mechanism for the transformation is

given below.

o " ) f
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It is noteworthy that although both non-conjugated
dienes obtained from iso-f-amyradienonyl acetate were
susceptible to mineral acid rearrangement, the parent
iso-f-amyradienonyl acetate resisted all attenpts at
isomerisation with mineral acid. Thus the presence of
a carbonyl at C,p inhibits the carbonium ion reactions
depicted above for the two dienyl acetatez. It is also
gsignificant thatv the conversion of the non-conjugated
dienyl acetate, w.p.231°, into oleana-10:12-dienyl
acetate (unstable configuration at Crg) shows that C.g
is not involved in the conversion of iso-p-amyrenonyl
acetate (l2-keto-olean-lC-enyl acetate) (XXII) into
iso~-p-amyradienonyl acetate.

Treatment of (LIX) with perbengzoic acid (1 mol.)
yielded a Cgygilso0p acetate, formulated as (LXV), which
gave a brown colour with tetranitromethane in chloroform
and had an ultraviolet light absorption maximum at 282OK
(& = 9,100) indicative of a homo-annular diene chromo-
phére and exactly similar to that of f-amyradieayl-I
acetate (XXIII). This compound was shown to possess a
secondayry hydroxyl group by its oxidation with chromic
annydride av room temperature to the corrvespoading ketone
(LXVI) which had a light absorption maxipum at zezoK

( &= 8,700) . In the light of the above infornation,
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it is suggested that the perbenzoic acid oxidation
proceeded by the oxidation of the 14:15 double bond in
(LIX) to give an unstable oxlde (LXI) a figsion of
which occurred either in the reaction solution (chloro-
form) or in the working up to give the intermediates

(LXII), (LXIII) and (LXIV) which led to the product
(LXV).

~ oM
(G) oM oo (V) ()
~K
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The assumption that the molecule has reverted to the
original f-anyrin structure is borne out by the com-

parison of the physical constants in Table 1 below.

TABLE E
T.N.M. !
Compound [u]p |Amax. igégjggﬁqgfmi
p-amyradienyl -I acetate (XXIII)|+337° 28292 QOOdiBrown %
The alcohol (LXV) +293°| 28204 glooéBrown i
The ketone (LXVI) +253°| 28204 |8700 | Brown E

Oxidation of the acetate, m.p.231° {LIX) with selenium
dioxide in acetic acid gave f-amyradiendionyl acetate
(I1) in good yield, and in view of the fact that
g-amyradienyl-I acetate is kaown to be oxidised to the
diendione (II) with seleanium dioxide (104) it is assumed
that in the conditions of the reaction the acetate,
m.p.231° (LIX) first rearranged to P-amyradienyl-I
acetate (IXIII) which was then oxidised to (II).

Attempts which were made to hydrogenate the uncon-
jugated dienes (LIX) and (LX) with platinum in acetic
acid resulted in the guantitative recovery of starting
material .

Lnother conversion of iso-f-anyradienonyl acetate

inte 2 known f-amyrin devivative was achieved when it
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was reduced by the Clemmensen method to B-amyradienyl-II
acetate (V) in 507 yield. An intramolecular rearrange-
ment obviously took place under the sitrong acid
conditions of this reaction and it is possible that the
acetate, m.p.203°, formulated as (LX) was intermediate
in the conversion.

Reagents which failed to react with iso-f-amyra-
dienonyl acetate were zinc dust in acetic acid, ethanolic
caustic potash and conecentrated hydrochloric acid in
acetic acid.

To summarise this work: the study of the action
of reducing agents on iso-pf-amyradienonyl acetate would
seen to substantiate Ruzicka's postulation (99) that
igo-B-amyradienonyl acetate dces not have the sawe basic
carbon skeleton as f-anyrin. The failure to convert
neo-f-anyrin acetate into any known f-amyrin derivative
suggestes that in ggg~ﬁ~amyrin acetate the molecule has
adopted a very stable counformation, possible formulat-
ions for which have been suggested, and 1t seems likely
hat the difference between the P-amyrin and the neo-f-
~amyrin structures lies in the placing ol the wethyl
group which was originally at Cp, rather than any more
profound molecunlar difference.

The production of the uvnconjugated dienes (LIX)
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and (LX) by the Volff-Kishner reduction of iso-f-smyra-
dienonyl acetate, the fact that they are different from
the known unconjugated diene derivatives of p-amyrin
(see sectlon 1 of the theoretical part of this thesis),
and theilr conversion into known conjugated dienes
possessing the P-azmyrin sitructure alsc tend, in the
aunthor's opinion, to support the view that in lhe pre-
paration of iso-B-amyradienonyl acetate a methyl group
migrates from Cre to Cig. It is also apparent Ffrom
the above work that the methyl group at C. g in 1iso-f-
~amyradienonyl acetate is only stable in that position
as long @s a carbonyl group is present at Crp, and it
would appear frow the above reactions that when the
carbonyl group ls converted directly into & methylene
at Cig (e.g. Wolff-Kishner reduction and presumably
Clemmensen reduction; potential f-~amyrin derivatives
are produced, but when the carbonyl group is reduced to
a secondary hydroxyl group {(e.g. lithiun aluminium
hydride reduction and presumably catalytic hydrogenation)
further rearrangements take place and neo-p-amyrin or
potential neo~f-auyrin compounds (e.g. P-amyratrienyl-II

acetate) are formed.
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As a second approach to the problem, a study of
the action of oxidising agents on iso-f-amyradienonyl
acetate was undertaken.

Oxidation of iso-f-amyradienonyl acetate (XIXVIII)
with perbenzoic acid in chloroform gave a CzgHyeO4
acetate, which unlike the starting material gave no
colour with tetranitromethane in chloroform and showed
an ultraviolet light absorption maximum at 2400 K (¢ =
10,800) indicating that the ap-unsaturated ketone group-
ing was unaffected by the oxidation. In view of the
above facts and also the behaviour of the compound with
acidic reagents (see below) it was concluded that it is
an oxide of igo-p-amyradienonyl acetate and it is

formulated as (LVIII). This oxide was also prepared,

()

in good yield, by the oxidation of iso-P-amyradienonyl
acetate with potassium permanganate in stabilised
glacial acetic acid at room temperature (956% yield) and
by oxidation with chromic anhydride in stabilised

glacial acetic acid at 60°. Hydrolysis of the oxide




-6 -

with ethanolic caustic potash gave the corresponding
alcohol which was reacetylated to the parent oxide
acetate (LVIII).

Oxidation of iso-P-amyradienonyl acetate with
hydrogen peroxide in unstabilised glacial acetic acid
gave a mixture of two products which were easily
separated by chromatography. The main product was a
Cs2Hyeg0, acetate, m.p.318° which gave no colour with
tetranitromethane in chloroform and showed a light
absorption maximum at 2360 E (& =13,400). The minor
product was an acetate, m.p.226° which showed no light
absorption in the region 2000-4000 Z and gave no colour
with tetranitromethane in chloroform or with ferric
chloride in ethanol or dioxan. Starting material was
recovered quantitatively from an attempted acetylation
of this material. The major product, the acetate,
m.p.318°, was shown to contain a secondary hydroxyl
group by oxidation to the corresponding CgpHyeO4 ketone,
m.p.315°, and also by acetylation to the corresponding
CseHso0s diacetate, m.p.196°.  Hydrolysis of the
acetate, m.p.318°, gave the CgoHyeOp diol as expected,
and acetylation of this diol gave the CgeHgo0s diacetate,
m.p.196° also obtained as stated above.

The CgeHaeOs ketone, m.p.315°, was also obtained
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by chromic acid oxidation of the oxide of iso-f-amyra-
dienonyl acetate (LVIII) in stabilised glacial acetic
acid at 100° and by the chromic acid oxidation of iso-
-p~amyradienonyl acetate in boiling acetic acid. The
ketone was hydrolysed to the corresponding alcohol with
ethanolic caustic potash and the alcohol was acetylated
to the parent ketone acetate.

Ireatment of the oxide of iso-B-amyradienonyl
acetate (LVIII) with concentrated hydrochloric acid in
acetic acid, brought about a fission of the oxide
linkage to give a compound containing one atom of chlorine,
analysing for CzgHgs05C1l and showing a light absorption
maximum at 2360 Z (& =11,000). Alkaline hydrolysis of
the chloro-compound gave a chlorine-free diol identical
with the diol obtained, as stated above, from the
hydrolysis of the acetate, m.p.318°, from the hydrogen
peroxide oxidation of iso-f-amyradienonyl acetate.
Treatment of the chloro-compound with activated zinc in
acetic acid effected a replacement of the chlorine atom
by an acetoxyl group to give the diacetate, m.p.196°,
which was previously obtained, as stated above, by
acetylation of the acetate, m.p.318°.

Finally, in this series of reactions, the chlorine

atom in the chloro-compound was replaced with hydrogen
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by treatment with activated zinc dust in ether and

methanol and by unactivated zinc dust in acetic acid,

to give a CyzuH,s05 acetate, m.p.275°.

of all the above products are compared

The constants

in Table ¥.

TABLE P
Compound MePe falp |[Amax.|§ max.
iso-f-Amyradienonyl o
acetate 220-221° | -40° |24504]10,100
Oxide of iso-p-amyr- o
dienonyl acetate 280-281° -12.5°/24004110,800
Alcohol of oxide 249-250° | -26° |24204|14,000
J}L.Cﬁetate, C;;;aHg..eOQ o
from Hp;0, oxidation 318-319° | +1656° |2360413,400
Diol from hydrolysis o T
of the acetate 200-291° | +167° |23604,12,500
Diacetate from 04
acetylation of the acetate {194-194.5° +141° H 23604;11,500
Ketone from Crlg o
oxidation of the acetate 314-316° | +94° |23604]/13,000
(o]
Alcohol from the ketone 2908-299° | +71° [23604}{13,000
Chloro-compound 227-228° | +117° 1 23604]11,100
CsaHi 0y acetate from o
the chloro-compound 274-2756° | +130° | 23404 11,50(-)___1

For reasons which will become obvious, the formul-

ation of the above oxidation products of iso-f-amyra-

dienonyl acetate is very difficult, but at this juncture
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the tentative formulations given below give a reasonable
interpretation of the modes of formation and the
reactions of the above compounds.

From a comparison of the physical constants of the
compounds listed in Table F it was coneluded that they
all had the same basic structure and that they differéd
only in the nature of a substituent piaced at é certain
point, probably C,s, in the molecule. fExaminztion of
the rodes of formation of these compounds makes it clear
that each oxidation probably proceeds firstly with the
formation of the oxide (LVIII, and secondly by oxidative

fission of the oxide. The key to the modus operandi

of the above oxidations clearly lies, then, in fission
of the oxide linkage and this has been exemplified by
fission with hydrochloric acid in acetic acid to give
the chloro-compound. The intermediate in this reaction
is thought to be an unstable irans-chlorohydrin (LXVII)
which proceeds through the carbonium ion (LXVIII) to
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give the chloro-compound, tentatively formulated as
(LXIX, R=Cl) or (IXX, R=Cl), the merits of which are
discussed below.

On the basis of structures (LXIX, R=Cl) or (ILXX,
R=Cl) for the chloro-compound, therefore, the acetate,
m.p.318° can be tentatively formulated as (LXIX, R=OH)
or (TXX, R=OH), the ketone, m.p.315° as (LXIX, R=0) or
(Lmi, R=0) and the Cgz.H,e0s acetate from the zinc/ether,
/methanol reduction of the chloro-compound as (LXIX,
R=H) or (IXX, R=H).

A furthesr reaction of the chloro-compound which is
pertinent to note at this stage, is that on treatment
with collidine in a sealed tube at 200° it was dehydro-
chlorinated to give & CzgH,e0ps acetate which gave a
yellow colour with tetranitromethane and had light
ebgorption maxina at 2090 (&t = 3,000) and 2320 A (g =
12,500). On the basis of structures (LXIX) and (LXX)
it is formulated as (LXXI) or (LXXII). It is signif-
icant that the isolated double bond present in this
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compound, presumably at 15:1€ did not conjugate with
ths remainder of the chromophore on treatment with
nydrochlorie acid in acetic acid, starting material
being recovered unchanged.

Reduction of the CzzHye0s acetate (LXIX, R=H) or
(LXX, R=H) by the olff-Xishner method yielded a
CagHsoOg acetate, m.p.230°, which gave a yellow colour
with tetranitromethane in chloroform and had the light
absorption shown in Table G. Treatment of this acetate
with hydrochloric acid in acetic acid gave p-amyradienyl -
-II acetate (VI and it was recovered unchanged after
attempted hydrogenation with platinum catalyst in acetic
acid. On the basis of the ahove formulations this
CoxHse0, acetate, m.p.230°, may therefore he represented

by (LEXITI) or (TXXIV).
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The rearrangement of the acetate, (ILXXIII) or
(LXXIV), to p-amyradienyl-I1 acetate has therefore
involved the breaking of the postulated cyclopropane
bridge to produce a double bond in the stable 13:18

position with the simultaneous reproduction of the
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methyl group which reverted to its former C . position,
and the coajugation of the 10:11 double bond. It may
also be stated here that the non-hydrogenability of

this compound is8 consigtent with the kXnown inert nature
of the 10:11 double bond and also with the properties

of a eyelopropane bridge. The aoétate, Mmep.230°
(TLXXTII) or (TXXIV) was also produced as one of the two
products of catalytic hydrogenation of the ketone, m.p.
316°, from the chromic acld oxidation of iso-B-amyra-
dienonyl acetate (LXIX, R=0) or (LXX, R=0) and the

second product was a CgzuHs.0, acetate, isomeriec with f-
-~amyrin acetate, formulated as (LXXV). This compound
was recoveréd unchanged after treatment with hydrochloric
acid in acetic acid and the non-hydrogenability of the
first product (see above), the CuzgHgo0. acetate, m.».230°
(TLXXIII) or (IXXIV) proves that the hydrogenation of the
ketone acetate, m.p.315° (LXIX, R=0) or (LXX, 1=0) was

a bilateral reaction and that the first product was not
a precurser of the second (IXXV).

In ordef to find whether a cyclopropane bridge did
exist in the acetate, m.p.230° (TXXIII) or (LXXIV), it
was treated with perbenzoic acid. This reaction yielded
a compound which analysed for CggHsoOs, one atom of

oxygen more than the starting material, gave no tetra-
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nitromethane colour reaction and showed no light
absorption in the region 2000-4000 2. This compound
is formulated as (LXXVI) or (LXXVII). These facts are
consistent with a structure containing one ethylenic
linkage and one cyclopropane bridge because if the
compound had contained two ethylenic linkages then either
they would both have been oxidised, in which case the
analysis would have shown the oxidation product to contain
four atoms of oxygen and not three, or if only one of the
double bonds had been attacked the other would still have
given a yellow colour with tetranitromethane in chloro-
form. As already stated, the compound (LXXVI) or (T.XXVII)
gives no colour reaction with tetranitromethane and it
is therefore assumed that it does contain a cyclopropane
bridge together with an oxide linkage and, therefore, the
starting material, the acetate, m.p.230° contains a cyclo-
propane bridge and one ethylenic linkage.

A final reaction which was carried out in this series
was the reduction of the acetate (LXIX, R=0) or (LXX,
R=0) by the Wolff-Xishner method. The product from
this reaction was a CzpH,e05 acetate which gave a yellow
colour with tetranitromethane in chloroform, had light
absorption shown in Table G and was recovered unchanged
after treatment with hydrochloric acid in acetic acid.

The compound may be formulated as (LIXVIII) or (LXXIX).
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CXXVin Exxix
TABLE G
Compound [a]p [\max. EHAX L 2200 [fxi50 |fuwoo |zeE0
. . . (8]
iso-p-amyrin acetate | +77°{20704|3,100{2,200! 850| 260185
CseHsoOp acetate, o
mep.230° +87 ©| 20804 | 3,000/ 2, 800 | LECO| 860|320 !
Jecond product (LakV; ‘ o i
of Hydrogenation of +13°120604{1,620/1,070] 650! 560:280 !
ketone, mep.B315° | {
we=i. product of o i §
ketone, m.p.315° -2° {20904]3,400{ - 2000 1100; ssoj

Although the weight of evidence provided by the

above work seems to be in favour of the existence of a

cyclopropane bridge in the oxidation products of iso-B-

-amyradienonyl acetate two experiments were carried out

which could be taken as evidence against such a

structure. These were, the treatment of the acetate,




CaeHaegls (LXIX, R=H) or (LXX, R=H) with hydrochloric
acid in acetic acid under the strongest possible
conditions and the treatment of the acetute, m.p.3156°,
with sulphuric acid in acetic acid. In both cases,
starting material was recovered unchanged. How, cyelo-
propane bridges would be expected to break under the
influence of strong protein denoting reagents to produce
an ethylenic linkage and tﬁeoretically a rearrangement
would be expecied, under these conditions, in compounds
with structures (LXIX) or (LXX). In this case, however,
it may be true to say that when the cyclopropane bridge
ig in conjugation with a carbonyl group as in (LXIX)
the bridge is stable to acid and whenever tihe carbonyl
group is removed, as in the acetate (LIXIII) or (LXXIV)
rearrangement takes place under the influence of a strong
acid.

| Other structures which havebeen considered for the

oxidation products are (VIII, R=H) and (LXZX).

\_\-

)
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Structure (VIII) (see section 1) had to be rejected
because its ultraviolet light absorption with maxima
at 2060, 2600 and 2950 2 was different from the common
light absorption (maximum at 2360 2) shown by the
oxidation products of igo-p-amyradienonyl acetate des-
cribed above. "

No such sound argument can be found against
Structure'(LXKX} at present although if the cyclopropane
bridge is considered to have, to a certain extent, the
properties ol a double bond, then the wavelength at which
maximum light absorption took place should have been
increased from 2450 2 as in iso-f-amyradienonyl acetate
rather than decreased to 2360 2 as in the oxidatlion
products of iso-f-amyradienonyl acetate. vThe chromo -
phore of (LXXX) in faet bears some resemblance to that

of p-amyradienonyl acetate (LiLXI; which shows maximum

[¢]
light absorption at 2800 A. . The cyelopropane bridge

i,

4"’Y
) [ \1
n _
|
. ., //

“-\; & i
R

: (C3x%N)




-8y -

in (LXXX) would also seem to be very susceptible to
hydrogen ion rearrengement which, if true, would pre-
clude its formation by the hydrogen chloride fission of
the oxide (LVIII,.

The structure (LXXXII) was also considered but in
view of the fact that oxidation of the chloro-compound
(LXXXII, R=Cl) with ozone, under conditions which would
have given formaldehyde from an exocyelic methylene
group, and also its non-hydrogenability in neutral
solution, both of which resulted in the complete recovery
of starting material, the formulation (ILZXXII) was
re jected.

By a process of elimination, thereiore, ravher than
any weight of direct chemical evidence it is concluded
that the oxidation products of iso-p-amyradiencnyl
acetate possess cyclopropane bridges and the bdusic
structures which best fit the reactions oi ithese compounds
are (LXIX) and (LXX). On the chemical evidence available
no decision between these sitructures can be made but a
tentative decision can perhaps be made from a consider-
ation of the light absorption of these compounds.

The loecation of the maximum lightv absorptiion of the
oxidation products (Llable ¥) at 23603 inaicates that the

introduction of a cyclopropane bridge into the molecule
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caused a decrease of 900& in the location of the waximum
shown by the ap-unsaturated ketone group of liso-B-
-amyradienonyl acetate and it would therefore appear
that the cyclopropane bridge must be in conjugation
with the af-unsaturated ketone chromophore as in (ILXIX)
rather than out of conjugation as in (LXX).

Treatment of the oxide (LVIII) with sulphuric acid
in acetic acid yielded a CgoHpo0s diacetate which was
hydrolysed to the corresponding diol, acetylation of
which produced the parent diacetate. The diacetate
gave no colour with tetranitromethane in chloxroform and
had a lighi absorption maximum at 2500 i (% =15,500).

An attenpt to oxidise this rearrangement product
of the oxide with selenium dioxide resulted in the
guantitative recovery of starting material but catalytie
hydrogenation yielded a Cg.Heo0. acetute in &0 yield,
which gave a yellow colour with tetranitromethune and
had the light absorption shown in Table H. This
compound was reccvered unchanged alter treatment with
hydrochloric acid in zcetic aecid. The figsion of the
oxide linkage by sulphuric acld is assumed tc¢ have
sroceeded via an unstable intermediate ({LXXFI1T) as in
the case o1 the aydrocnloric acid Lission reuaction

deseribed above in wnich the unstable luntermnediate
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stabilised itself by the loss of the elements of water.
The hydroxyl group at Cis in this compound was

obviously acetylated in situ.

(Lixxuq

Two alternative structures each containing a
cyclopropane bridge for the oxidation products and the
hydrochloric acid fission product of the oxide of iso-
-B-amyradienonyl acetate have been suggested. As mno
definite choice between the two structures for the
oxidation products can be made at this juncture and in
view of the similarity between the modes of forumation
of the hydrochloric acid fission product and the sul-
phuric acid fission product of the oxide of iso-fF-amyra-
dienonyl acetate, it is suggested that the latter product
mey also contain a cyclopropane bridge and may possess
one of the two structures (ILXIX, R=Ohdc) or (LXX, R=Okc)
suggested for the oxidation products of 1iso-f-ayradienonyl

[EER

acevgvave.
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The product of catalytic hydrogenation of the sulphuric
acid fission product, the Cy,Hs.0, acetate is assumed
to have been produced by the hydrogenolysis of the Cig
carbonyl group to a methylene and this is borne out by
its light absorption and colour reaction with tetra-
nitromethane (see Table H).

Finally, in this series of reactions, the oxide
of iso-Pf-amyradienonyl acetate (LVIII) was treated
with boron trifluoride etherate in benzene, and from
this reaction itwo isomeric C,.Hgig0, acetates, easily
separated by fractional crystallisation, were produced.
The first, and minor product, m.p.314°, gave no colour
with tetranitromethane and showed a light absorption
maximum at 2380 2 (€ =11,700) and the second, m.p.253°,
also gave no colour with tetranitromethane in chloroform,
but had a light absorption maximum at 2500 Z (&€ =13,500).
The constants of these and other compounds are compared
in Table H.

Infra-red light absorption of these compounds
showed that neither contained a hydroxyl group and this

was confirmed by their non-acylability and resistance

to chromie acid oxidation.
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TABLE H
Compound [alp A\ max. § max.
‘ =]
Hz 30, rearrangement product -78° 26004 13,500
Hydrogenation product of " e
H;30, product «~30° 2070A . 1,200
Acetate, m.p.253° from : o
BFz; rearrangement ‘ -76° . 25004 13,500
Acetate, n.p.314° from ) ;
BFs rearrangement -180° 23804 {11,700
SRS S

Although there is a similarity in ultraviolet light
absorption between the main product of this boron tri-
fluoride rearrangement and the sulphuric rearrangeunent
product on one hand, and between the minor product and
the hydrochloric acid rearrangement product on the other,
not enough data concerning these boron trifluoride

rearrangement products is available to formulate them.

To summarise this work, and to conclude the third
section of the theoretical part of this thesis, it may
be said that the exceedingly complex reactions of iso-
-B-amyradienonyl acetate with oxidising and reducing
agents have shown that it does not possess the same basic
structure as f-amyrin, because many of the reactions
described above defy interpretation on the basis of the

f-amyrin structure, and it seems likely, in the author's




view, that the structure (X¥XAVIII) proposed by Ruzicka
for this compound is correect in every respect. The |
extraordinary migration and back migration of the
methyl group between C,z and C,, would now appear to be
an established fact, and the further migration of the
methyl group, as in the formation of neo-f-amyrin
acetate, and the formation of cyclopropane bridges, as
postulated in the above pages, would seem, from hypo-
thetical mechanistic and factual consgiderations, to be
the property of the eight carbon system (LXXXVIII)

which is present in iso-f-amyradienonyl acetate.

lol CH3 ’}\

n.\l/

c , D (LXXX\'N\)

W o b sy "
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Melting points are uncorreected.

"(K)" denotes Kofler melting point apparatus.

Specifie rotations were determined in chloroform
solution in a 1 dm. tube at room temperature.

"Stablilised acetic acid" denotes acetic acid
which has been refluxed over and distilled from
chromic anhydride.

Ultraviolet absorption spectra were measured in
absolute ethanol solution with a Unicam SP.500
gspectrophotometer.

The analysts were Dr. A. C. Syme and Mr. Wm.
McCorkindale of The Royal Technical College, Glasgow.

D o -
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Isolation of f-amyrin from lanila Slepmi kesin.- Blemi

resin (5 kiloes), from which the steam-volatile constit-
uents had been previously removed, was stirred for 4
hours with 80% aqueous methylated spirit (12 1.). After
standing overnight at room temperature, the suspension
was filtered and the residue was washed with agueous
methylated spirit and dried at 80°. The melting point
of the crude mixed amyrins at this stage was 155-167°.
The crude mixed zmyrins (1800 g.) wereidissolved in
pyridine (1 1.) at 10C° and benzoyl chloride (1.2 1.) was
added slowly during one hour. The solution was then
heated on the steam-bath for a further 6 hours, cooled
and diluted with chloroform (4 l.). The chloroform
extract was washed with 5% hydrochloric acid solution,
5% potassium hydroxide solution, 2¢% sodium chloride
solution, water, and was concentrated to approximately

2 litres. Addition of hot methanol (1.5 l.) and stand-
ing overnight yielded crystals of mixed amyrin benzoates
(900 g.). Concentration of the mother liguors yielded
a further gquantity (550 g.) of mixed benzoates. The
combined crops were then washed with ether until a
clearing point of 214° was reached. The residue (600 g.)
of crude p-amyrin benzoate was then crystallised from

‘ehloroform/methanol to yield prismatic needles of P-amyrin
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benzoate (318 g.), m.p.232-234°. Concentration of
mother liquors yielded solid material (260 g.), Mep.190-
-195°.

B-Amyrin Acetate.- p-Amyrin benzoate (100 g., m.p.232-
-234°) in benzene (700 c.c.) and ethanolic potassium
hydroxide (ethanol, 2000 c.c.; water, 150 c.c.;
potassium hydroxide, 90 g.) was refluxed for 8 hours.
Concentration and cooling of the solution yielded long
needles of f-amyrin (87 g.), m.p.186-187°. The F-amyrin
was then dissolved in pyridine (25C c.c.), acetic
anhydride (90 c.c.), and heated on the steam-bath for 2
hours. The solution was then allowed to cool and the
erystalline product which separated was filtered and
washed with cold methanol 1o yleld prismatic needles of

B~amyrin acetate (77 g.), m.p.240-241°, [a]D +17° (¢,2.1).

p-Amyradiendionyl fcetate.~ P-émyrin acetate (30 g.)

and selenium dioxide (48 g.) were hested with purified
dioxan (%00 c.c.) in an autoclave Tor 22 hours at 200-
-210°. The crude mixture was treated with water, ether
extracted and the extract was washed with water, dried
(NagS0e), shaken with charcoal, filtered and evaporated.
The crude product was then treated with light petroleum

(40-60°) in which the selenium was preferentially



dissolved and the solid residue was crystallised from
ether/light petroleum (40-60°) to yield P-amyradien-
dionyl acetate as square plates (24 g.), M.pP.236-238°.
Two recrystallisations from agueous methanol yielded
gquare plates, m.p.240-241°, [u]D -95"7 (e, 2-0f- No
colour with T.W.k. in chloroform. Light absorption in
ethanol: DMaximum at 2780 2 (€ =12,5600). No depression
in melting point on admixture with an authentic sample

of p-amyradiendionyl acetate.

Reduction of P-Amyradiendionyl icetate with Lithium

Aluminium Hydride.- A solution of fi-amyradiendionyl

acetate (2 g.) in dry ether (250 c.c.) was added to =a
suspension of lithium aluminium hydride (3 g.) in ether
(400 c.c.) and the mixture heated under reflux for 4
hours. The product was isolated in the usual manner,
avoiding mineral acid. A solution of the produet in
pyridine (50 c.c.) and acetic anhydride (25 c.c.) was
kept overnight at room temperature and then heated on
the water-bath for one hdéur. The crude product was
prébably contaminated with f-amyratrienyl acetate gince
it gave a red-brown colour with tetranitromethane and a
broad absorption maximum at 3110 Z (& =1100). Seven

erystallisations of the acetylated product from methanol
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gave olean-10:13(18)-dien-2:19-diol 2-acetate as needles,

m.p.223-224°; the [aJD +76° (e, 0.7), did not change
during the last three crystallisations.
Found: ¢€,79.35; H,10.4.
CagHgo0s requires: (,79.6; - H,10.4%.
It gave a yellow colour with tetranitromethane in chloro-
form and dld not selectively absorb in the ultraviolet
above 2200 A.
A solution of the monoacetate (300 mg.) in pyridine
(10 e.c.) and acetic anhydride (10 c.c.) was kept at
room temperature for 6 days. Crystalliaation of the
product from methanol gave olean-10:13(18)-dien-2:19-diol
diascetate as needles, m.p.231-231.5°, [a]D +60° (e, 0.8).
Found: C,77.6; H,10.1l.
Csals0a requires: C,77.8; H,10.0%.
Light absorption: &€ gi00 = 11,800, £a.i50 = 8900, &gopoo =
6000, § zeso = 3200, &.seo = 1100. Uhe diacetate gave

a8 yellow colour with tetranitromethane.

Qleana-10:13(18) -dien-2:19-diol.~ A solution of the diol
diacetate (200 mg.) in dry ether (200 c.c.) was treated
with lithium aluminium hydride (200 mg.). After one
hour the product was isolated (avoiding the use of mineral
acid) and crystallised from agueous methanol from which

oleana-lO:l&(lE)7g§g§—2=19~diol separated as plates,
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m.D.240-243°. Purification by recrystallisation from
the same solvent was accompanisd by a drop in m.p. to
250-231° unaltered by further recrystallisation or by
drying in a vaouum, [a]D +58° (e, Oub, 0.6).
Found: C,81.5, H,11.8.

CgoHasly requires: C,8l.8; H,11.0%.
Light absorption: £ goee = 12,500, € z1se = 10,000,
Eazoo = 6300, Egoso0 = 1200.

Oleans-10:12:18-trienyl acetate from Olean~10:13(18) -

-dien~2:19~diol 2-Acetate.- (a) A solution of the nmono-

acetate (210 mg.) in acetic acid (25 c.c.) was treated
with 3 drops of concentrated hydrochloric acid and the
solution kept at room temperuture for 16 ﬁours. It was
then heated on a steam bath for 30 minutes. The product
wag isolated by means of ether and crystallised from
chloroform-methanol to yield oleana-l0:il2:l8-trienyl
acetate (175 mg.) as plates, m.p.180-181°, [a]D +670°
(e, 1.0); it gives a deep brown colour with T.N.M. in
chleoroform. Light absorption: Ilaximum at 3100 X (¢ =
i4,800). Newbold and Spring (102) give m.p.184-185°,
[«],, +660°, maximum at 3100 A (€ = 14,000).

(b) The monoacetate (310 mg.) in acetone (100 c.c.) was
shaken with freshly prepared manganese dioxide (10 g.)

for ¢ hours. The product isolated in the usual manner
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was crystallised from methanol to give oleana-10:12:18-
~trienyl acetate (198 ng.), m.p.179-183° and 180-181.5°
after recrystallisation from the same solvent; I
+645° (¢, 1.5); maximum at 3100 X (¢ =14,000); a
mixture with an authentic specimen was undepressed in

melting point.

Catalytic Hydrogenolysis of Olean-10:13(18)-dien-2:19-

-diol diacetate.- A solution of the diacetate (160 mg.)

in glacial acetic acid (50 c.c.) was added to a suspension
of platinum (from 100 mg. Pt0z) in glaclial acetic acid
(20 c.c.) and the mixture shaken with hydrogen for 18
hours. The product crystaellised from chloroform-
-methanol to yield oleana-10:13(18)-dienyl acetate
(100 mg.) as plates, m.p.199-200°, [a], +68°, +69° (c,0.8,
0u6) .
Found: C,82.2; H,10.9.
CseHsoOp requires: C,82.3; H,10.8%.

Light absorption: tazieo = 6200, E&uuoo = 5600, {.uso =
- 3300, £ 2a00 = 950. A mixture with a specimen prepared
by the hydrogenolysis of P-amyradiendionyl acetate was
undepressed in melting point.

Similar hydrogenolysis of olean-10:13(18)-dien-2:19-
-diol 2-acetate gavé oleana-10:13(18)~dienyl acetate as

plates from chloroform-methancl, m.p.198-200°, [Q]D +59 ©
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(¢, 1.2) undepressed in m.p. when mixed with an authentic

specimen.

Conversion of Oleana-10:13(18)-dienyl Acetate into

Oleana«llils(la)-dieqz; Acetate.- A4 solution of oleana-

-10:13(18) -dienyl acetate (87 mg.) in acetic acid (15 c.c.)
containing concentrated hydrochloric acid (1.5 c.c.) was
heated for 3 hours on the steam bath. The product,
isolated by means of ether, was treated with acetie
anhydride (1 c.c.) and pyridine (1 c.c.). Crystallisation
of fhe acetylated product from methanol-chloroform gave
oleana-11:13(18)-dienyl acetate (50 mg.) as plates, m.p.
223-226°, [a]D -63° (¢, 1.2) undepressed in m.p. when
mixed with an authentic specimen Light absorption:
Maxima at 2420 (& = 23,500), 25C0 (£ = 27,000) and 2600

A (€ =17,600).

Oxidation of Oleana-10:13(18)-2:19-diol 2-Acetate with

Chromic Acid.~ (&) The diol monoacetate (500 mg.) in

glacial acetic acid (100 c.c.) was treated with chromic
aeid (77 mg.) in water (1 c.c.) and acetie acid (24 c.c.)
at room temperature and the solution kept at room tempera-
ture for 16 hours. It was heated on the water-bath for
15 minutes and the product isolated in the usual manner.

Crystallisation from methanol gave a less-soluble fraction



- 101 -

(210 mg.) as needles, m.p.215-218°, recrystallisation of
which gave the diol monoacetate, m.p.221-223°, [a]y +70°
(e, 1.3) undepressed in m.p. when mixed with starting
material. A more-soluble fraction (160 mg.) separated
as plates, m.p.222-225°, [a]D -62° recryaetallisation of
which gave B-amyradiendionyl acetate, m.p.234-236°
undepressed when mixed with an authentic speéimen and
showing an absorption maximum at 2800 E (¢ =10,000).
(b} Repetition of the experiment using chromic anhydride
equivalent to 4 0 gave p-amyradiendionyl acetate, m.; .239-
-240°, [a]p -86° (c, 1.8), maximum at 2780 A (€= 12,000)
in nearly quantitative yield

A similar oxidation of olean-10:13(18)-2:19-diol
diacetate (325 mg.) using chromic acid equivalent to 2 O
in acetic acid at room tempersture gave a mixture which
was separated by chromatography on alumina into unchanged
diol diacetate (23 mg.), needles from methanol, m.p.218-
-224° undepressed when mixed with starting material  and
the more strongly absorbed P-amyradiendionyl acetate
(260 mg.) which separated from agqueous methanol as plates,
m.p.236-238°, [a]D -87° (¢, 0.9). Light absorption:
Maximum at 2760 A(EL= 12,600} & mixture with an auth-

entic specimen was undepressed in m.p.
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Reduection of p-dmyradiendionyl Acetate with Zine Dust

in Ethanol.- A solution of f-amyradiendionyl acetate
(m;p.240524l°, 5 &.) in boiling ethanol (500 c.c.) was
refluxed with freshly asctivated zinc dust (256 g.) for
5 hours. The product was crysiallised from chloroform/
/methanol to yield 12:19-diketo-blean-lo-eny1 acetate as
blades, m.p.287-290° (decomp.), [al} +1356° (c, 1.4). No
colour with T.N.M. in chloroform. Three recrystallis-
ations from chloroform/methanol yielded plates, m.p.285-
-287°, [a]; +132° (e, 1.0).
Found: ¢C,77.6; H,9.9.

CaeHes0s requires: C,77.4; H,9.7%.
Light absorption in ethanol: IHaximum at 2460 X (t =
12,400) .

g{drogenolysis of 12:19-Diketo-olean-10-enyl Acetate.-

A solution of 12:19-diketo-olean~lO-enyl acetate (537 mg.)
in acetic acid (200 c.c.) was shaken with hydrogen and
platinum (from 190 mg. Pt0.).  Absorption of hydrogen
was slow and ceased after 21 hours. The product was
erystallised from chloroform-methanol to give 19-keto-
-oléan-lG-enyl acetate (413 mg.) as plates, m.p.256-258°,
[alp +117°, +116° (c, 1.4, 0.8).

Found: C,79.6; H,10.4;

ngHsoOg reguires: 0,79-6; H,10.4%.
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It gave a yellow coloration with T.N.!'. Light absorption:

Eu0e0 = 2900, 2100 = 2200, E€au1s0 = 1100, frwoo = 280.

Oxidation of lQ-Kefo—olean-lo—ggxl Acetate with Selenium
Dioxide.- The acetate (83 mg.) in glacial acetic acid was
refluxed with selenium dioxide (83 mg.) for 8 hours. The
product was isolated by means of ether and treated with

me thanol. A relatively insoluble fraction (12 mg.),
me.p.283-286°, [a]D +97° (¢, 0.4) was not investigated
further.  The mother liquor was evaporated to dryness

and the residue crystallised from light petroleum from
which Beamyradiendionyl acetate (30 mg.) separated as
prisms, m..,.232-234°. Recrystallised from agueous
methanol it separated as plates, m.p.236-238°, undepressed
when mixed with an authentic specimen; [a]D -91° (c, 0.5).

9]
Light absorption: lMaximum at 2780 A { T = 11,000).

12:19-Diketo-18a-~-olean-10-enyl Acetate.~ A solution of

12:19-diketo-olean-l0~-enyl acetate (4CC mg.) in 10%
methanolic potassium hydroxide was refluxed for 3 hours.
The product was acetylated using acetic anhydride and

pyridine and the acetate crystallised from methanol to

yield 12:19~diketo—18a—olean-10—enyl acetate as plates,
m.p.279-2681°, [a]y +91°, +92°, +89.5° (¢, 0.6, 1.2, 1.5).
Found: C,77.65 H,9.7.

CagH4aOg= requires: 0,77-4; H,Qo”%.
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Q

Light absorption: lNaximum at 2430 4 (& = 11,700).

19-Keto-1l8a-plean-10-enyl Acetate.- (a) A solution of

19-keto-olean-10-enyl acetate (1.3 g.) in 10% ethanolic
potassium hydroxide (500 c.c.) was heated under reflux
for 3 hours. The product was isolated by means of ether
and acetylated using pyridine and acetic anhydride.
Crystallisation of the acetylated product from methanol-

~chloroform gave 19-keto~l8a-plean~10-enyl acetate

(1.14 g.) as blades or needles, m.p.254-266°, [0.]D +139 °
(e, 1.2).
Found: ¢C,79.8; H,10.4.

CegHs005 requires: C,79.6; H,10.49%.
(b) The catalytic hydrogenolysis of 12:19-diketo-l8a-
-olean-10-enyl acetate was more difficult to effect than
that of the corresponding 1l8F-isomer. A solution of the
l8a.-diketone (1 g.) in glacial acetic acid (150 c.c.) was
shaken with hydrogen and platinum (from 0.5 g. Pt0.) for
48 hours. The filtered solution was added to freshly
prepared platinum (from C.25 g. Pt0,) in glacial acetic
acid (20 c.c.) and shaken with hydrogen for 24 hours. The
product obtained by filtration and evaporation of the
solution gave a pale yellow colour with T.N.M. in chloro-
form and showed absorption maxima at 2070 (& = 2100) and
2440 2 (¢ = 3700). A solution of the reaction product
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in light petroleum-benzene (£:1, 150 c.c.) was chroma-
tographed on a column of alumina (Grade II/III, 15 x

2 cm.). The same solvent mixture (250 c.c.) eluted a
80lid (260 mg.) crystallisation of which from chloroform-
-methancl yielded 19-keto-l8a-olean-lC-enyl acetate as
blades, m.p.257-259°, undepressed when mixed with the
specimen described under (a); [a]D +136° (¢, 1.2).

Light absorption: & poe0 = 3300, £ z1co = 2200, £g150 =
670. It gives a yellow coloration with the T N .
reagent. Continued washing of_the alumina column with
the same solvent mixture (200 c.c.) gave intermediate
fractions (total, 250 mg.) of 19-keto-l8a-olean-10-enyl
acetate of decreasing purity, whereafter benzene-ether
(1:1, 100 c.c.) eluted a fraction (360 mg.) crystallis-
atlon of which ffom chloroform-methanol yielded 12:19-~
-diketo-18a-0lean-l0-enyl acetate as plates, MeP.282-284°,
[a]D +86° (c, 2.2) showing an absorption maximum at

2440 X (€ = 9800) and undepressed in m.y. when mixed

with the starting material.

Reduction of 19-Keto-olean-10-enyl Acetate with Lithium
Aluminium Hydride.- The ketone (0.5 g.) in dry ether

(200 c.c.) was treated with lithium aluminium hydride
(0.5 g.) in ether (200 c.c.) and the mixture kept at
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room temperature for 4 hours. The product was isolated
(avoiding mineral acid) and crystallised from agueous
‘methanol from which glean-10-en-2:19u-digl ‘separated as
prismatic needles or plates according to the concentra-
tion, m.p.204-205°, [a]y, +78°, +79° (c, 0.7; 1.3).
. Found: C,81.3; H,11.5.

CsoHso0z requires: C,8l.4; H,11.4%.
Light absorption: € ;.00 = 2000, € z1s0 = 1400, £ ggoo =
470. It gives a pale yellow colour with the T.N.M.
reagent.

Partial acetylation of the diol (125 mg.) using
acetic anhydride (2 c.c.) and pyridine (2 c.c.) at room
temperature for 16 hours yielded olean-l0O-en-2:19a-diol
2-acetate separating as prismatic needles from chloroform-
-me thanol, m.p.262-263°, [a], +88°, +89° (c, 1.5, 0%9).

Found: C,79.1; H,10.9.
CoxHs20s requires: C,79.3; H,10.8%.
Light absorption: £zoeo = 2000, f£g1s50 ~ 820, { ugoo =
200; it gave a pale yellow colour with the T.N.i.
reagent.

Olean-10-en-2:19a-diol 2-acetate (160 mg.) in
glacial acetic acid (50 c.c.) was treated at room temp-
eratur§ ﬁith chromic anhydride (= 1.2 0) in acetic acid

(11.5 c¢.c.) added dropwise over 30 minutes and the
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solution was kept at room lemperature for 20 hours.

The product was isolated in the usual manner and
crystallised from chloroform-methanol to yield 19-keto-
-olean-l0-enyl acetate as plates, m.p.253-256°, [a]D
+118° (e, 0.8) undepressed in m.p. when mixed with an
authentic sample; & mixture with 19-keto-l8a-olean-10-

-enyl acetate, m.p.204-256°, [u]D +139° had m.p.232-238°.

Oleana-10:18-dienyl Acetate.- A solution of olean-1C-

-en-2:119a-diol 2-acetate (m.p.263-264°, 1.37 g£.) in
pyridine (75 c.c.) and phosphorous oxychloride (25 c.c.)
was heated on the steam bath for % hours. LAfter stand-
ing overnight at room temperature the product was
carefully precipitated with water, filtered, dissolved
in ehloroform (3CGC c.c.) and the soluiion dried (Ney30.) .
Evaporation yielded a solid residue which crystallised
from chloroform/methanol as plates (1 £.), m.».266-258°.
Concentration of the mother liquors yielded plates
(150 mg.), m.p.247-261°. Three recrystallisations of
the first crop yielded plutes, m.p.2566-257°, [a]D +99°
(c; 2.8) giving & yellow colour with T.N.M. in chloroform.
Tight absorption in ethanol: L go00 = 3200, £a.s0 = 1250;
Earoo = 280.

Found: €,82.59; H,10.99.

CyeHso0; requires: C,82.34; H,10.80%.
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Oxidation of 12:1¢v-diketo-olean-li-enyl iLcetate with

Selenium Dioxide.- 12:19-Diketo-olean-l0-enyl acetate

(mep.292-294°, 250 mg.) was refluxed with selenium dioxide
(2560 mg.) and stabilised glacial acetic acid (100 c.c.)
for 5 hours. The pale yellow solution was filtered,
poured into water, treated with ether and the extract was
washed with sodium bicarbonate sclution, water and dried
(Nag3Q,) . The extract was then treated with charcoal,
and evaporated to yield a solid residue which crystallised
from agueous methanol as square plates (170 mg.ﬁ, Liep.235 -
-238°. Concentration of the mother liquors yielded a
second crop of plates (50 mg.), m.p.225-232°. The first
crop recrystallised from agueous methanol as square
plates, m.p.237-239°, [c] -87°, showing no colour with
T.N.M. in chloroform. Tisht absorption in ethanol:
maxinum at 2800 Z (€ = 11,200). No depression in m.p.

on admixture with an authentic specimen §f ﬁ-’ &radien~

dionyl acetate.

Oxidation of 12:19-diketo-18a-olean-10-enyl Acetate with

Selenium Dioxide.- 12:19-Diketo-18u-olean-10-enyl acetate

(m.p.284-286°, 250 mg.) was refluxed with selenium
dioxide (250 mg.) and stabilised glacial acetic acid for

5 hours. Treatment of 1he solution in the mannep
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described in the previous experiuent yielded a solid

which crystallised from chloroform/methanol as plates

(196 mg.), m.p.282-285°, Concentration of the mother
liquors yielded a second crop of plates (30 mg.), M.p.
276-281°. The first crop recrystallised from chloro-
form/methancl as plates, m.p.283-285°, [a]D +81° (e, 1.5)
showing no colour with T.N.M. in chloroform.  Light
absorption in ethanol: iaximum at 2440 Z (¢t = 10,500).
There was no depression in m.p. on admixture with starting
material. |

- . - o
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F-Anyranonyl Acetate.- (a) f-Amyrin scetate (20 g., Iieyge.
240-241°) in glacial acetic acid (1800 c.c.) was treated
at 100° with a mixture of hydrogen peroxide (100 vol.;
150 c.c.) in glacial acetic acid (150 c.c.) added drop-
wige during 30 minutes with stirring. 3tirring was
continued for 2 hours at 100° and the solution again
treated with hydrogen peroxide (100 vol.; 50 c.c.) in
acetic acid (50 c.c.) during 16 minutes. The solution
was then kept at 95° for one hour and hot water was added
until it became faintly opalescent. The crystalline
solid which separafed on standing overnight at room
temperature was collected by filtration (m.p.288-291°;
8.7 &.). The mother liquor was heated to 100° then
treated with hot water until opalescent, and a second
erop of crystals (m.p.286-287°; 2.0 g.) was isolated.

The two crops were combined, dissolved in light petroleum
(bep.60-807) ~benzgene (1l:2; 300 c.c.), and chromatographed
on a column of activated alumina (Grade I/II, 42 x 3.5cm.).
Washing with the same solvent mixture (3450 c.c.) gave an
eluate (7.056 g.) which when crystallised from chloroform-
-methanol yielded P-amyranonyl acetate as plates, m.p.300-
-301° (K) (299-300° in an open capillary), [a]p -15°,

(¢, 2.82, 5.83). Light absorption in ethanol: Naximum
at 2780 A (£ # 280).
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Found: C,79.0; H,10.7.
Cale. for CsgHsg0s: C€,79.3; H,10.8%.
Continued washing of the column with light petroleum
(60-80) ~bengene (1l:4; 600 c.c.), benzene (600 c.c.),
and benzene-ether (19:1; 200 c.c.) yielded material
(total 1.3 g.) which on crystallisation from chloroform-
-methanol gave f-amyranonyl acetate as plates, m.p.299-
-300°, [a]D -15° (550 mge) .
(b) p-Amyrin acetate (m.p.240-241°, 3 g.) in ethyl
acetate (175 c.c.) at 54° was treated with a solution of
hydrogen peroxide (1C0 vol ; 5 c.c.) in formic acid (98-
100%, 25 c.c.) added dropwise during three hours at 54°
with stirring. Stirring at 54° was continued for 36
hours and the solution was concentrated to 30 c.c. On
eooling, plates df f-amyranonyl acetate (2.20 g.),
m.p.298-300°, [e]; -12° (e, 1.4) separated.
Concentration of the mother liquor yielded an

amorphous material.

| Reerystallisation of the above crystals from chloro-
form-methanol yielded plates, m.p.299-301°, [a]D ~14°
(e, 1.0) showing no colour with T.N.K., and no depression
in melting point on admixture with authentic p-amyranonyl

acetate.

Note. In using this method on a large scale (20 g.
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P-amyrin acetate) it was found necessary to use four
times as much hydrogen peroxide as in the above method
in order to ensure complete oxidation. The temperature
at which the preparation is carried out is not eritical

and six hours is sufficient for complete reaction.

iso-B-Am&renényl Acetate.- B-Amyranonyl acetate (m.p.299-
-300°; 5 g.) in glacial acetic acid (450 c.ec.) wés
treated, at 45-50°, with a solution of bromine (2 g.,
1.2 mols.) in glacial acetic acid (27 c.c.) added drop-
wige during 30 minutes with stirring. Stirring at 45~
~50° was continued for a further iwo hours and the
solution was allowed to stand overnight at room tempera-
ture . It was then heatedbto 80° and hot water was added
until it became faintly opalescent. The crystalline
golid (m.p.288-289°, 2.92 g.) which separated on cooling
was collected by filtration and more water was added to
the hot mother liquor until a faint opalescence appeared.
On cooling, a second crop of crystalline material (m.p.
281-283°, 1.0 g.) was deposited and a third crop (m.p.240-
-260°, 0.2 g.) was obtained in a similar manner.
Becrystallisétion of the combined first and second
erops yielded hexagonal plates of iso-B-amyrenonyl acetate,
m.p.290-291° (K), [alp +62° (¢, 1.9). Other preparations
had m.p.289-290°, [a]y +61° (c, 1.2); m.p.287-289°,
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[a],, +60° (e, 2.2). Light absorption in ethanol:
Meximm at 2450 4 (€ = 10,000).
‘ Found: C,79.6; H,10.6.
Calec. for CagHgoOy: C,79.6; H,10.45%.

iso-B-Amyrin Acetate.- Following the method of Jeger and

Ruzicka (99), iso-B-amyrenonyl acetate (m.p.288-289°,
1.3 g.) in stabilised glacial acetic acid (200 c.c.) was
added to platinum catalyst (from 0.2 g. Ptbg} in acetic
acid (10 c.c.). Shaking in hydrogen was then carried
out for 48 hours at slightly greater than atmospheric
pressure. The solution was warmed, filtered and poured
into water (500 c.c.j. The ether extract was neutral -
ised with sodium bicarbonate solution, dried (Nap,S0, )
and evaporated. The crystalline residue was recrystal-
lised from chloroform/methanol to yield plates, m.p.250-
-251°, [“]D +77° (¢, 1.6, (0.83 g.). Yellow colour with
TeiNeiii+ in chloroform. Light absorption in ethanol:

9
Maximum at 2070 A (& = 3,500).

iso~p-Amyrin Acetate.- iso-f-Amyrenonyl acetate (m.p.288-

-289°, 0.3 g.) in acetic acid (15 c.c.) containing con-
centrated hydrochloric acid (15 c.c.) was added to
amalgamated zine (9 g.) and maintained at 100° for 6 hours.

During this period additions of concentirated hydrochloric
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acid (5 c.c.) were made at intervals of two hours. The
hot solution was decanted into water, and the precipit-
ated solid was collected, washed, dried and crystallised
from methanol/chloroform to yield plates, m.p.240-255°
(166 mg.). This product was readily separated by
chromatography of a light petroleum (60-80)~benzene
solution (4:1, 50 c.c.)on activated alumina (Grade 1T,
14 x 1.5 cm.) into a fraction I (94 mg.) eluted by light
petroleua (60-80)-benzene (4:1, 200 c.c.), and a fraction
IT (53 mg.) eluted by benzene (15C c.c.). Crystallis-
ation of fraction I from chloroform/methanocl gave
plates, m.p.250-261°, [a]D +17° (e, 0.3). Yellow colour
with T.N.M. in chloroform. Light absorption in ethanol:
Ruore = 3,200, € ai00 = 2,200, E€ais0 = 850, E.p00 = 260,
Teese = 185,
Found: C,82.1; H,11.4.
| Calc. for CazHeeOw: C,82.0; H,11.2%.
Admixture with an suthentic specimen of iso-p-amyrin
acetate prepared by the catalytic hydrogenation of iso-
~-B-amyrenonyl acetate produced no depression in melting
point.
Crystallisation of fraction II from chloroform/
/methanol gave iso-p-amyrenonyl acetate as plates,

m.p.266-286°. Light absorption in ethanol: IHaximunm
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o]
at 245C A (%= 9,500). No depression in melting point

on admixture with starting material and no colour with

T.N.M.

11 Keto-p-Amyranyl Acetate.- Following the method of

Jeger and Buzicka (99), iso-P-amyrin acetate (m.p.250-
~251°, 0.7 g.) was dissolved in glacial acetic acid

(100 c.c.) at 110° and while refluxing gently, a solution
of hydrbgen‘peroxide (100 vols., 7 c.c.) in glacial

acetic acid (7 c.c.) was added dropwise during 10 minutes.
The solution was then refluxed gently for one hour and a
further quantity (10 c.c.) of hydrogen peroxide solution
in glacial acetic acid was added. The solution was then
refluxed for a further two hours and on cooling the
product crystallised as plates, w.p.327-332° (decomp.)
(02 go)- Reerystallisation from chloroform/methanol
yielded plates, m.p.338-339° (in vacuo), [a]; +6.4° (¢,0.3).
Light absorption in ethanol: Naximum at 2800 A (T % 230).
Negative T.N.M. test.  Addition of water to the hot
mother liquor yielded a second crop of plates (0.04 g.),

mop-ZSlO “515 0.

p-Amyranyl Acetate.- Following the method of Jeger and

Ruzicka (100), B-amyranonyl acetate (m.p.299-300°, 0.2 g.),
hydrazine hydrate (100%, 2 c.c.) and sodium amylate (5%,
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10 c.c.) were heuted in an autoclave for 18 hours atb

200°. The crude product was treated with water and
extracted with ether. The extract was washed with

water, dried (NayS0,.) and evaporated. The residue was
dissolved in pyridine (3 c.c.) and acetic anhydride

(3 c.cs) and allowed to stand at 20° for 48 hours. The
solution was worked up in the usual manner and yielded

& residual gum which crystallised from chloroform/methanol
as plates (0.1 g.), mep.276-279°.

Recrystallisation from chloroform/methanol yielded
plates, m.p.283-284°, [a]ﬂ +24° (¢, 0.5). The product
showed no selective light absorption in the region 2000-
-4000 E and showed no colour reaction with T.N.il. in

chloroforn.

B-~Amyranyl Acetate.- ll-Keto-f-amyranyl acetate (m.p.338-

-339°, 0.25 g.), hydrazine hydrate (100%, 2¢.c.) and
sodium ethoxide (7.5%, 10 c.c.) were heated in an auto-
clave for 16 hours at 200-210°.  The ether extract of
the crude product was washed with 2% hydrochloric acid,
water, dried (NapS0,) and evaporated. The residue was
acetylatéd with acetic anhydride and pyridine and the
erude acetylated product (185 mg.) was dissolved in a

mixture of light petroleum (60-80°)-benzene (2:1, 50 c.c.)
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and chromatographed on a coluwmn of activated alumina
(Grade II, 10 x 1.25 cm.). Elution with the same
solvent mixture gave a fraction I (30 mg.), crystallis-
ation of which from chloroform/methancl yielded plates,
M.p.282-284°, [u]D +24° (¢, 0.46) showing no selective
light absorption in the region 2000-4000 E, and no
colour reaction with T.N.H. in chloroform. Admixture
with an authentic sample of f-amyranyl acetate produced
no depression in melting point. Further elution with
the same solvent mixture gave a fraction II (40 mg.)
which crystallised from chloroform/methanol as plates,
m.p.297-303° (decomp.), undepressed in melting point on

admixture with starting material .

Enol icetate of iso-p-imyrenonyl iscetate.- A solution of

iso-f-amyrenonyl acetate (m.p.289-290°, 1 g.) in acetic
anhydride (60 c.c.), containing freshly fused sodium
acetate (0.5 g.) was refluxed for 80 hours. The reaction
mixture was treated with water and extracted with ether.
Tﬁe extract was washed with water, shaken with charcoal,
filtered, dried (NapS0,) and evaporated. The residue
crystallised from chloroform/methanol to give the enol

acetate of iso-p-amyrenonyl acetate as long prismatic

needles (0.85 g.), m.p.216.5-217°, [alp +201° (e, 1.6)
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Tight absorption in ethanol: laximunm &t 2780 X (&=
8,500). The enol acetate gave a brown colour with
I.N.lM. in chloroform.
Found: C,77.5; H,9.9.
CasHsg04 requires: C,77.8; H,9.9%.
Attempted purification of the enol acetate by chromato-
graphy on alumina yielded iso=-f~amyrenonyl acetate

quantitatively.

Enol Acetate of P-Amyranonyl Acetate.-~ Following the

method of HRuzicka and Jeger (100), a solution of P-amyr-
anonyl acetate (m.p.299-300°, 1 g.) in acetic anhydride
(40 c.c.) containing freshly fused sodium acetate (1 g.)
was refluxed for 48 hours. The reaction nixture was
treated with water and extracted with ether. The extract
was washed with water, shaken with charcoal, filtered,
dried (Na,50.) and evaporated. “he regidue crystallised
from chloroform/methanol to give the enol acetate of
p-amyranonyl acetate as needles,(0.7.g.), M.p.232-233°,
[a]D +60° (¢, 1e3). Yellow colouxr with T.N.li. in chl:ro-
form. Light absorption in ethanol: HNeximum at 2080 A .
(t=2,600).

Enol Acetate of 1l:lz-Diketo-p-Amyranyl. Acetate.- Following

the method of huzicka and Jeger (100), the enol zacetate
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of f-amyranonyl ucetate (m.p.L£32-235°, 0.15 g.) in
acetic acld (6 c.c.), benzene (20 c.c.) and concentrated
sulphuric aecid (0.1 c.c.) was treated with a solution of
chromic oxide (0.1 g.) in acetic acid (5 c.c., 90%)
during 30 minutes at 20°. After standing at room
temperature overnight the solution was treated with
water and ether, and the ether extract was washed with
saturated sodium bicarbonute solution, water, dried
(NagS04) and evaporated.  The residue crystallised from
chloroform/methanol as flat prismatic needles (0.1 g.),
m.p,233-234° (K), [a]D +78° (e, 1.2). No colour with
7.N.ii. in ehloroform. Light absorption in ethanol:

o]
Laximum at 2550 4 (& = 11,200).

Enol Acetate of 1l:l2-Diketo-f-imyranyl Acetate.- A

solution of the enol acetate of iso-f-amyrenonyl acetate
(m.ep.216-217°, 0.3 g.) in acetic acid (20 c.c.) was
treated with a solution of hydrogen peroxide (100 vols.;,
25 c.c.) in acetic acid (25 c.c.) during 30 minutes at
100° with stirring. sfter one hour a second addition
of the hydrogen peroxide-acetic acid mixture (20 c.c.)
was made and stirring was continued for two hours, when
the remainder of the peroxide solution was added. After

a further hour the solution was diluted with water, the
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solid precipitate collected, dried and crystallised from
chloroform/methanol to yield the enol acetate of 11:12-
-diketo-p-amyranyl acetate as flat prismatic needles,
m.p,228-229°, [G]D +80° (e, 1.5). Negative T.W.M. test.
Light absorption in ethanol: Maximum at 2650 X (€ =
1C,900). This product was undepressed in melting point
on admixture with an authentic specimen of the enol
acetate of 1ll:12-diketo-f-emyranyl acetate as prepared

above.

Acid Hydrolysis of the lnol Acetate of B-Amyranonyl

Acetate. - The enol acetate of P-amyranonyl acetate
(m.p.232-233°, 0.15 g.) was refluxed for two hours in
methanol -hydrochloric acid solution (19:1, 30 c.c.). A
further quantity of methanol-hydrochloric solution

(20 c.c.) was then added and refluxing was carried out
for a further 3 hours. The solution was treated with
water and ether, and the ether extract was washed with
dilute sodium bicarbonate, water, dried (NegS0.), and
evaporated. The residue was dissolved in pyridine

(4 ¢.c.), acetic anhydride (6 c.c.), heated on the steam-
-bath for two hours, and the acetylating solution worked
up in the usual manner. The residue crystallised from

chloroform/methanol as plates (90 mg.), m.p.295-296°,



- 121 -

[a]y -14° (c, 0.5), negative T.W.k. test, and was
undepressed in melting point on admixture with p-amyran-
onyl acetate. A second erop of platez, m.p.294-296°
(30 mg.), also undepressed in melting point on admixture
with B-amyranonyl acetate, was obtained by concentration

of the mother liquors.

Attempted Bromination of the Lnol Acetate of £-am,ran-

onyl Acetate.f The enol acetate of p-amyranonyl acetate
(mep.233-234°, 0.35 g.) in glacial acetic aecid (50 c.c.)
was treated, at 60° and constant stirring, with two drops
of aqueous 48% HBr solution immediately followed by the
dropwise addition of a solution of bromine in acetic acid
(4.8 c.co, 2.5%, 1.1 mols.). Stirring was continued for
two hours at 60° and the solution was allowed to stand at
room temperature for a further five hours. It was then
heated to 80° and hot water was added until it became
opalescent. The product which separated was recrystal-
lised from chloroform/methenol to yield needles (D.14 g.),
m.p.233-234°, [a]lp +60° (c, 0.33). Yellow colour with
TP.N.M. in ehloroform. Admixture of the product with
starting materisl produced no depression in melting point.

Concentration of the mother liquors yielded an uncrystal -

lisable gum.
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Attempted Bromination of the ZLnol /cetate of iso-f-Amyr-

enonyl Acetate.- The enol acetate of iso-B-amyrenonyl

acetate (m.p,216-217°, 0.3 g.) in glacial acetic acid
(125 c.c.) was treated at 60° with a solution of bromine
in acetie acid (2.4 c.c., 5%, 1.1 mols.) added dropwise
during 15 minutes with stirring. Stirring wasg continued
at 60° for two hours, during which the bromine colour
disappeared and the solution became pale yellow in colour.
After standing for five hours the solution was heated to
80° and hot water was added until a faint opalescence
appeared. On cooling, crystalline material separated
and filtration yielded prismatic needles, m.p.213-215°9,
[a]D +180° (¢, 1.1) (0.21 g.), which gave & brown colour
with T.N.M. in chloroform. Light absorption in ethanol:
Meximum at 2800 A (¢ = 8,000). Aadmixture with starting
material produced no depression in melting point.

Further investigation of the mother liguors produced only

low melting amorphous material.

Treatment of the Enol Acetate of iso-f-Amyrenonyl Acetate

with N-Bromosuccinimide.- A solution of the enol acetate

of iso-B-amyrenonyl acetate (0.4 g.) and N-bromosucecin-
imide (0.5 g.) in carbon tetrachloride (100 c.c.) was
refluxed for 8 hours during which the solution became

deep yellow in colour and hydrogen bromide was evolved.
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The filtered solution was evaporated to dryness under
vacuum and the residue was twice recrystallised from
aqueous methanol to yleld square plates, m.p.237-238°

(K), [a]y -85° (c, 0.25), negative T.N.M. reaction, and
showing a light absorption meximum at 2780 K (€ = 10,000).
When mixed with e gpecimen of P-amyradiendionyl acetate
from the selenium dioxide oxidation of E-amyrin acetate,

there was no depression in melting point.

Oxidation of iso-f-Amyrin Acetate with Selenium Dioxide.-

iso-P-Amyrin acetate (m.p.250-261°, 0.4 g.) was refluxed
in acetic acid (30 c.c.) with selenium dioxide (0.4 g.)
for 40 hours. The solution was filtered, poured into
water, ether extracted and the extract was washed with
sodium bicarbonate solution, dried (NayS04) and evapor-
ated. The residue was dissolved in benzene (50 c.c.)
and filtered through a short column of activated alumina
(Grede II, 5 x 1.8 cm.) to remove the most of the
colloidal selenium. The residue obtained on evaporation
of the benzene (0.3 g.) crystallised from chloroform/
/methanol as plates (0.2 g.), m.p.248-249°, [a]lp +76°
(e, 0.5), yellow colour with IT.N.M. in chloroform. There
was no depression in melting point on admixture with
starting material. The residue obtained by evaporation

of the mother liguor crystallised from agueous methanol
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as square plates, m.p.285-234° (K), [a]y -87° (c, 0.33).
Light absorption in ethanol: WNaximum at 2780 i (¢ =
10,700). Negative T.N.il. reaction. Admixture with a
sample of f-amyradiendionyl acetate from the selenium
dioxide oxidation of f-amyrin acetate produced no

depression in melting point.

Treatment of iso-f-Amyrenonyl Acetate with N-Bromosuccin-

imide.- iso-P-Amyrenonyl acetate (m.p.290-291°, C.3 g.)

and M-bromosuccinimide (C.5 g.) were refluxed in carbon
tetrachloride (100 c.c.) for 6 hours. The solution was
filtered and the filtrate was washed with sodium thio-
sulphate solution, water, dried (Na_.30,) and evaporated
under vecuwn. The residue crystallised from chloroform/
/methanol as plates (0.2 g.), m.p,284-286°, showing no
depregsion in melting point on admixture with starting
material. Concentration of the mother liguors produced
a second crop of plates (0.05 g.), m.p.279-282°, also
showing no depression in melting point on admixture with

starting material.

Treatment of iso-p-Amyrenonyl Acetate with Aqueous
Ethanolic Caustic Potash.- iso-f-Amyrenonyl acetate (m.p.

290-291°, 0.67 g.) was refluxed in 156%aqueous ethanolic

caustic potash solution (130 c.c. ethanol, 20 c.c. water,



22.5 &. potassium hydroxide, for %0 hours. The solution
was treated with water and ether, and the ether extract
was washed with water, dried (Na,50,) and evaporated

The residue was dissolved in pyridine (6 c.c.) and acetic
anhydride (10 c.c.) and after heating on the steam-bath
for 3 hours the sclution was worked up in the normal
manner. Crystallisation from chloroform/methanol yielded
plates (0.43 g.), m.p.288-290°. There was no depression
in melting point on admixture with starting material-.
Concentration of the mother liguors yielded plates (0.15g.)
m.p.287-289°. No depression in melting point on

admixture with starting material.

Ireatment of F-Amyranonyl Acetate with agqueous Zthanolic

Caustic Potash.- f-Amyranonyl scetate (m.p.299-300°,

0«2 g.) was refluxed in an agueous ethanolic solution of
potassium hydroxide (25 c.c. 15%) for 60 hours. The
solution was treated with water and ether, and the ether
extract was washed with water, dried (WagzS04) and evapor-
ated. The residue was acetylated on the steam-bath with
pyridine and acetic anhydride and the acetylating solution
was worked up in the usual manner. The residue (0.16 g.)
was dissolved in light petroleum (b.p.60-80°)-benzene

4:1, 25 c.c;) mixture and chromatographed on a column of

activated alumina (Grade II, 14 x 1.5 cm.j.
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Fractions Eluant : Wt MePo
1-2 Light~Pet¥2}i?m/Benzene 50 c.ee . - ‘ -
3-10- - do. - . 200 - 04100 g. 255-265°

11-14 . = do. - - 100 - 0.008 -
156-18 © Light Petro%eum/Benzene 100 0.002 -
19-20  Light Peté?ii&m/Benzene 50 0.024 274 -277
21-22 Béiéi;e 60 0.029 284 -287

R3-24 - do. 50 . - -

Fractions (3-10) were combined and twice recrystallised
from chloroform/methanol to give flat needles, m.p.269-
-271° which on further recrystallisation gave plates,
m.p.269-271°, [a]y +92° (c, 1.28). No colour with T.N.M.
in chloroform. Depression of 30-35° in melting point on
admixture with B-amyranonyl acetate.
Pound: C,77.64; H,10.15.

CpaHs.0, requires: C,77.72; H,10.32%.
Practions (11-22) were combined and crystallised from
chloroform as plates, m.p.296-298°. No depression in

melting point on admixture with starting material .

Chromic Aeid Oxidation of E-Amyrin Acetate.- f-Amyrin

acetate (m.p.240-241°, 10 g.) was dissolved in hot stabil-
ised glacial acetic acid (650 c.c.). The solutlion was

gently boiled to effect slow distillation, and a solution
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of chromic oxide (3C g.) in aqueous stabilised acetic
acid (100 c.c.; 80%) was added dropwise.  The distillate
was collected in 40 c.c. fractions, each being neutral-
ised with caustic soda solution (30%) and redistilled.
The first 10 c.c. of the redistillate from each fraction
was treated with a solution cf 2:4-dinitrophenyl hydrazine
in agueous hydrochloric acid and the yellow 2:4-dinitro-
phenyl hydrazone was collected. After eight such dis-
tillations the reaction mixture was diluted with stabil-
ised glacial acetic acid (100 c.c.) and a golution of
chromic oxide (10 g.) in water (10 c.c.) and aéetic acid
(20 c.c.) was added. A total of twelve fractions was
taken and the 2:4-dinitrophenyl hydrazone (80 mg.),
m.p.122-124°, was collected. The product was recryst-
allised twice from methanol to yield yellow needles,
m.p.l24-126°, undepressed in melting point én édmixture

with authentic acetone 2:i:4-dinitrophenylhydrazone.

Chromic Aecid Oxidation of f-Amyrin Benzoate.- Following

the method of Ruzicka, Miller aand 3chellenberg (101),
p-amyrin benzoate (m.p.231-233°, 30 g.) in acetic acid
(1800 c.c.) at 100° was treated with a solution of
chromic oxide (30 g.) in acetic acid (200 c.c.) and water

(10 c.c.), added dropwise during one hour and the solution
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was refluxed for a further hour. Vater was then added
until a faint opalescence appeared and on cooling,

plates (11.4 g.), m.p.261-264°, geparated. Recrystellis-
ation from chloroform/methanol gave f-amyrenonyl benzoate
ea plates, m.p.271-272°, [G]D +113° (¢, 2.9) showing no
colour with T.N.}M. in chloroform and exhibiting light
absorption maxima in ethanol at 2300 K (&= 21,500) and
2520 A (€ = 13,800).

Epimerisation of f-Amyrenonyl Benzoate.- Following the

method of fuzicka et al. (10l), B-amyranonyl benzoate
(m.p.271-272°, 7.4 g.) was dissolved in ethanolic
potassium hydroxide sclution (600 c.c., 16%) and refluxing
was carried out for 70 hours. The sgolution was then
treated with water, filtered and the dried product was
acetylated on the steam-bath with pyridine and acetic
anhydride . The product was isolated in the usual manner
and was crystallised from chloroform/methancl as prismatie
plates of 18-iso-P-amyrenonyl acetate (3 g.), m.p.276-278°,
[alp +73° (e, 0.75), undepressed in melting point on
admixture with an ;ﬁthentic sample of 18-is¢-B-amyreaonyl

acetate -

Attempted Bromination of 18-iso-f-Amyrenonyl Acetate.-

187iso-ﬁ-ﬂmyrenonyl acetate (m.p.275-277°, 0.6 g.) in
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glacial acetic acid (200 c.c.) was treated at 60°, first
with a few drops of aqueous hydrogen bromide solution
(48%) and then with a solution of bromine in acetic acid
(4.4 c.c.j 1.2 mols., 2.5%) added dropwise with stirring.
Stirring was continued for three hours at 60° and after
standing overnight at room temperature the solution was
heated to 80° and water was added until faint opalescence
appeared. On cooling, nlates (C.4 g.), m.p.273-275°,
separated and showed no depression in melting point on
admixture with starting material. A second crop of
plates, m.p.269-272°, (0.05 g.) was obtained from the
mother liquors in the same way and this crop was also
undepressed in melting point on admixture with starting

material.

Attempted Formation of the Lnol Acetate of 18-iso-p-

-Amyrenonyl Acetate.- 18-igo-p-Amyrenonyl acetate (m.p.

276-278°, 0.5 g.) in acetic anhydride (50 c.c.) was
treated with freshly fused sodium acetate (1 g.) and
refluxing was carried out for 8C hours. The solution
was filtered, treated with water and ether, and the
extract was washed with water, dried (NapSO,) and decol-
orised with charcoal. The residue obtained on evapor-
ation of the ether crystallised from chloroform/methanol

as plates (0.3 g.), m.p.276-277°. Concentration yielded
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a second crop of plates (0.14 g.), m.p.270-273°. Neither
crop was depressed in melting point on admixture with

starting material.

Sedium/Amyl Alcohol Reduction of 18-igo=-B-Amyrenonyl

scetate.- lBiiggaﬁ-Amyrenonyl acetate (m.p.276-278°,

[a]p +79°, 500 mg.) in boiling amyl alcohol (20 c.c.)

was treated with sodium metal (900 mg.) added in small
amounts with frequent shaking during one houf. The
solution was then refluxed for a further hour, cooled

and steam-distilled to yield a white solid which gave a
yellow colour with T.N.ﬁ. in chloroform. Light
absorption in ethanol: Iaxima at 2080 (& = 1,200),

2450 Z (€= 350). The product was heated for 15 hours
on the steam-bath with freshly fused sodium acetate

(0.5 g.) in acetic anhydride (10 c.c.). The product
erystallised from chloroform/methanol as plates, m.p.213-
-216° (370 nmg.). Red~brown colour with T.N.MH. in
chloroform. Light absorption in ethanol: Iaxima at
2420 ( £ = 19,000), £510 ( &= 22,000) and 2600 R (€ =15,100).
Pour recrystallisations from the same solvent, using
various erystallisation techniques yielded plates, m.p.
216-217°, [a]p +21° (c, 1.1). Red-brown colour with
T.M.l%. and no depression in melting point on admixture

with p-amyradienyl-II acetate, m.,.227-229°, [Q}D -63°.
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¥ractional crystallisation, hydrolysis and double
chromatography all failed to purify the f-amyradienyl-II
aoe‘ﬁate which appeared to have formed a mixed crystal
with some other compound, possibly 18-igo-p-amyradienyl-I

acetate.

e e . i o
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iso-f-Amyradienonyl Acetate.- igso-f-imyrenonyl scetate

(m.p.290-291°, 15 g.) was refluxed in glacial acetic

acid (500 c.c.) with selenium dioxide (16 g.) for 48
hours. The solution was treated with water and ether
and the ether extract was washed with potassium cyanide
solution (5%), water, and dried (Na.30.). The extract
was then treated with charcoal, filtered and evaporated
to yield a solid residue which was dissolved in benzene
(100 c.c.) and filtered through a column of activated
alumina (Grade II, 14 x 3 cm.). The pale yellow residue
erystallised from chloroform/methanocl as prisms (8 g.),
m.p.222-223°, [a]D ~-38° (¢, 2.6) and gave a yellow colour
with 7.N.M. in chloroform. Light absorption in ethanol:
Naxime at 2090 (§ = 3,000, and 2450 & (£ = 10,000) .
Admixture with an authentic specimen of iso-f-amyradien-

onyl acetate produced no depression in melting point.

Oxidation of the Inol sicetate of iso-~f-iAmyrenonyl Acetate

with Selenium Dioxide.- The enol acetate (m.p.216-217°,

0.45 g.) was refluxed in stabilised glacial acetic acid
(100 c.c.) with selenium dioxide (0.45 g.) for 72 hours.
Solid selenium was removed by filtration and the solution
was worked up as described in the previous experiment to
yield a residue (0.43 g.) which was fractionally crystal-

lised from chloroform-methanol. The first two crops
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(C.34 g.) separated as needles, =.p.215-216°, undepressed
when mixed with the enol acetate of iso-f-amyrenonyl
acetate. The third erop (0.06 g.) separated as needles,
m.p.190-196°, and it was thrice recrystallised from the
same solvent to give prisms, m.p.218-219°, [a], -39°

(e, C.7), yellow colour with T.N.}M. in chloroform. ILight
absorption in ethenol: Maxima at 2000 ({ = 2,000) and
2450 K (& =11,200). It was depressed to m.p.180-196°
when mixed with the enol acetate of iso-f-amyrenonyl
acetate, and undepressed when mixed with a specimen of
iso-p-amyradienonyl acetate prepared by the method

described above.

Clemmensen Reduction of iso-p-amyradienonyl Acetate.-~ A

hot solution of iso-B-amyradienonyl acetate (m.p.220-221°,
0.6 g.) in stabilised acetic acid (50 c.c.) was treated
with concentrated hydrochloric acid (10 c.c.) and added

to freshly amalgamated zine (from 15 g. of zinc). The
solution was refluxed for two hours, filtered, treated
with water and ether, and the exiract was washed with
dilute sodium bicarbonate solution, water, dried (Na,.S04)
and evaporated. The residue crystallised from chloroform-
-methanol as plates (C.15 g.), m.p.216-218°, showing a
red-brown colour with T.N.Ii. in chloroform. Six re-

erystallisations from the same solvent gave plates,
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m.p.230.56-231.5°, [a]D -65° (¢, 1.1). Light absorption
in ethanol: Maxima at 2430 (& = 23,600), 2610 (& =
28,000) and 2600 A (& =17,400). .
Found: C,82.1; H,10.8.
Cale. for CgaHs,0,: €,82.3; H,10.8%.
There was no depression in melting point on admixture
with authentic f-amyradienyl-II acetate.

A second crop of plates (0.1 g.), m.p.222-2256°,
giving a red-brown colour with T.N.M. in chloroform and
showing no depression in melting point on admixture with
B~amyradienyl -II acetate was obtained by concentration

of the mother liguors of the first crop.

Lithium Aluminium Hydride Leduction of iso-f-Amyradien-

onyl Acetate.- A solution of iso-f-amyradienonyl acetate

(m.p.220-221°, C.4 g.) in dry ether (860 c.c.) was added
dropwise to lithium aluminium hydride (0.3 g.) in dry
ether (40 c.c.). The mixture was refluxed for four
hours, treated with water, acidified with dilute sulphuric
acid and ether extracted. The ethereal solution was
washed with water, dried (NazS04) and evaporated. The
product was acetylated by heating with pyridine (3 c.c.)
and acetic anhydride (3 c.c.) on the steam-bath for three
hours and the solution was worked up in the usual manner.

Crystallisation of the produet from methanol gave a
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diacetate as square plates (J.36 go), m.p.l67-168°,

[a]lp +26° (e, 1.0) which produced a yellow colour with
T.N.IM. in ehloroform.

Leoeo = 9,800, & ais0

- 280.

Light absorption in ethanol:

Found:

CoelsC4 requires ;

= 5,800, tgzoo = 2,300,

€esoe =

C,78.0; H,10.05.

C,77.8; H,10.0%.

Ireatment of iso-f-Amyradienonyl Acetate with Sodium

Methoxide.- isg-f-amyradienonyl acetate (m.p.221-222°,

1l g.) was heated with sodium methoxide (1.25 g. sodium

in 15 c¢.c. methanol) for 6 hours at 200°.

The crude

product was treated with water and ether, and the extract

was washed with water, dried (Nag30gq) and evaporated. The

residue was heated on the steam-~bath for one hour with

pyridine and acetic anhydride and the solution was worked

up in the usuel manner to yield a residue (0.95 g.) which

was dissolved in light petroleum (60-80C°

(60 c.c.) and

chromatographed on & column of activated alumina (Grade

II; 18 x 2 em.).

Practions

1-18
19-22
23-24
£5-29
30~-31
32 -36
3738

Bluant

L.P.
L.P./B.(9:1)
] (4;1)
" (3:2)
no (2:3]
Benzene
B/E(5:2)

Volume Veight
900 c.c. 486 ng.
200 c.c. 82 mg.
100 e.ec. 58 mg-.
250 c.e. 121 mg.
100 c.c. 28 mg.
250 ¢c.c. &6 mg.
100 c.c. 19 ng.

Solid from IieCH
Gum.
1"
S0lid from lMeQH
Gum .
Solid from LieQH
Gum
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Fractions (1-18) and (25-27) were combined and crystal-
lised from methanol as square plates (400 mg.), m.p.l65-
-167°, [a], +24° (e, 1.4) showing a yellow colour with
T.N.M. in chloeroform. Light absorption in ethanol:

L aoee = 9,000, &zi1s0 = 5,200, Lgpoo = 1,400, € geso =
320. There was no depression in melting point on
admixture with the product of the 1ithium aluminium
hydride reduction of igo-f-amyradienonyl acetate.
Fractions (32%~36) were combined and acetylated on the
steam-bath with acetic anhydride and pyridine to yield
square plates from methanol (55 mg.), m.p.163-165°,

{a]D +22° (¢, 0.5) giving a yellow colour with T.N.M.

in chloroform. Admixture with the product obtained
from fractions (1518} and (25-27) produced no depression

in melting point.

Attempted Zinc/Acetic Acid Reduction of iso-f-Amyra-

dienonyl Acetate.- iso-B-Amyradienonyl acetate (m.p.220-

-222°, 1 g.) in stabilised acetic acid (100 c.c.) was
treated with freshly activated zinc (1.8 g.) and the
solution was refluxed for two hours. A further quantity
of zine (1 g.) was then added and refluxing was continued
for a further fouf hours. The solution was filtered,
poured into water and extracted with ether. The residue

from the ether solution crystallised from chloroform/
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/methanol as prisms (0.55 g.), m.p.219-222°, giving a
yellow colour with T N.M. in chloroform. Light
absorption in ethanol: Maxima at 2090 (% = 3,700) and
2440 A (£ = 10,500). There was no depression in

melting poinﬁ on admixture with starting meterial.
Concentration of the mother liguors yielded prisms

(0.3 g.), m.p.217-220° and a third crop of prisms (0.08 g.)
m.p.190-210°. Both these crops gave a yellow colour

with T.N.M. in chloroform and were undepressed in melting

point on admixture with sterting material.

iso-p-Amyradiendionyl icetate.- Following the method of

Jeger and Ruzicka (99), iso~-P-amyradienonyl acetate
(mep.221-222°, 2.4 g.) was heated in a sealed tube with
dioxan (160 c.c.) and selenium dioxide (8 g.) for 24
hours at 200°. The solution was treated with water and
ether, and the ether extract was washed with potassium
cyanide solution (10%), water, dried (iapS0,) and evap-
orated. The residue was dissolved in light petroleum
(60-80°) -benzene (1:1, 100 c.c.) and filtered through a
short column of activated alumina (Grade II, 30 g.).

The residue erystallised from chloroform/methanol to give
needles of ggg-ﬁ-amyradiendionyl acetate (0.7 g.), mep.
266-2569°, Concentration of the mother liquors yielded

a gecond crop of needles (0.14 g.), m.p.247-257°.
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Repeated recrystallisation of the first crop guve
needles, m.p.261.5-262° (K), (aly -122° (e, 1.2), which
produced no colour with T.N.M. in chloroform.  Light
abgsorption in ethanol: Illaximum at 2520 X (L =17,300).
Found: C,77.7; H,9.4.
Cale. for CszHus04: C,77.5; H,9.5%.

Treatment of iso-B-amyradienonyl Acetate with Ethanolic

Caustic Potash Solution.- igso-pB-Amyradienonyl acetate

(m.p.218-221°, 0.5 g.) was refluxed for 40 hours in
ethanol potassium hydroxide solution (18 g. KOH, 20 c.c.
water, 100 c.c. ethanol). The solution was treated

with water and ether and worked up in the usual manner

to yield a residue which was acetylated with acetice
enhydride and pyridine on the steam bath. The acetylated
product crystallised from chloroform/methanol as prismatic
needles (0.38 g.), m.p.217-220°. Two recrystallisations
from the same solvent yielded prisms, m.p.220-221°,

[a]lp -36° (c, 3.1), giving a yellow colour with T.N.M.

in chloroform and showing no depression in melting point
when mixed with starting materiasl.

Concentration of the mother liquors yielded amorphous

material (0.06 g.).
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Neo-p-Amyrin scetate.- (a) From iso-f-imyradienonyl

Acetate. A solution of iso-f-amyradienonyl acetate
(m.p.220-221°, 1 g.) in stabilised glacial acetic acid
(160 c.c.) was added to a suspension of platinum (from
0.6 g. Pt0g) in glacial acetic acid (10 ec.c.) and the
solution was shaken in hydrogen for 48 hours with an
apparent absorption of approx. 3 molg. of hydrogen. The
solution was filtered and treated with water and ether.
The extract was washed with sodium bicarbonate solution,
water, dried (Na,.30,) and evaporated. The regidue
erystallised from chloroform-methanol as blades (0.6 g.),
m.p.222-224°. After three recrystallisations from the
same solvent, neo-p-amyrin acetate was obtained as blades,
m.p.226-226°, [a]; +6° (c, 2.0) showing an orange-red
colour with T.N.M. in chloroform. Light absorption in
ethanol: MNaximum at 2140 4 (€ = 3,500).
Found: (,82.0; H,11.2.
CaeHsz0u requires: C,82.0; H,11.2%.

(b) From iso-B-Amyradiendionyl icetate. A solution of

iso-p-amyradiendionyl acetate (m.p.261-262°, 0.2 g.) in
stabilised glacial acetic acid (50 c.c.) was added to a
suspension of platinum (from 0.2 g. of Pt0g) in acetic

acid (10 c.c.) and the mixture was shaken in hydrogen at

room temperature for 12 hours. The solution was



filtered, treated with water and ether, and the ether
extract was washed with sodium bicarbonate solution,
water, dried (NagSO,) and evaporated. The residue was
dissolved in light petroleum (60-80°, 50 c.c.) and
chromatographed on a column of sctivated alumina (Grade
II, 12 x 1.5 em.). Elution with light petroleum (60~
~-80°) -benzene (9:1; 100 c.c.) gave a major fraction I
(0.093 g.) and further elution with the same eluant gave
a fraction II (0.044 z.). FPraction I crystallised from
chloroform-methancl as blades, m.p.222-224°. Three
recrystallisations from the same solvent yielded blades,
m.p.224-226° (K), [al; +6° (c, 1.5) showing an orange-red
colour with T.N.ii. in chloroform. Light absorption in
ethanol: € ;1.0 = 5,000, &..s0 = 4450, £:p00 = 3,100,
€ess0 = 1,800, Egseo = 650. No depression in melting
point on admixture with neo~-pB-amyrin acetate obtained by
the catalytie hydrogenation of igo-p-amyradienonyl
acetate.
Found: C,8l.8; H,11.2.
CegHsz0g requires: C,82.0; H,11.2%.

(e) TFrom the Oxide of iso-f-Amyradienonyl Acetate. A

solution of the oxide of iso-f-amyradienonyl acetate
(m.p.279-281°, 1 g.) in stabilised glacial acetic acid

(200 c.c.) was added to a suspension of platinum (from
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0.5 g. of Pt0g) in glacial acetic acid (10 c.c.) and the
mixture was shaken in hydrogen at room temperature for
40 hours. The solution was worked up in the manner
described in the previous experiment to yield a residue
whieh crystallised from chloroform-methanol as needles
(0.35 g.}, m.p.215-221°. Concentration of the mother
liquors yielded a second crop of needles (0.2 g.), mep.
209-214°. Both crops gave an orange-red colour with
T.N.K. in chloroform. 3ix recrystallisations of the
first erop from chloroform-methanol produced blades,
m«p.RR6-227°, [a]D +65° (c, 2.0). Light absorption in
ethanol: Maximum at 2140 ; (t=3,600). There was no
depression in melting point with a sample of neo-p-amyrin
acetate prepared by the above two methcds.
Pound: (,81.9; H,11.5.
CaeHs20s requires: ¢,82.0; H,11.2%.

Chromic Acid Oxidation of neo-f-Amyrin Acetate.- neo-p-

-Amyrin acetate (m.p.223-225°, 0.55 g.) in stabilised
acetic acid (50 c.c.) was treated at 100° with a solution
of chromic oxide (0.25 g.; 2.5 atoms 0) in stabilised
acetic acid (80 c.c.) and water (5 c.c.), added dropwise
during 30 minutes. The solution was heated on the steam-
-bath for 90 minutes and treated with methanol, water and

filtered. The regidue was dissolved in ether and washed
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with an agqueous solution of sodiunm hydroxide (50 c.c.,
5%). Acidification of the alkaline solution produced
no acid fraction. The ether extract was then washed
with water, dried (NayS0,), and evaporated to yield a
regidue which was dissolved in light petroleum (60-80°)-
-benzene (6:2; 70 c.c.) and chromatographed on a column
of activated alumina (CGrade II, 15 x 2 cm.). Elution:
with light petroleum (60-80°)-benzene (3:2; 200 c.c.)
gave a main fraction (0.175 g.) which crystallised from
methanol as prismatic needles, m.p.203-206° and after
five recrystallisations from the same solvent, m.p.203.5-
-204.5° (K), [a]p ~4° (c, 1.0), giving no colour with
T.N.M. in chloroform. There was no light absorption
in the region 2000-40C00 2.

Found: C,79.4; #¥,10.9.

CoxHs30s requires: C,79.3; 1,10.8%.

Oxidation of neo-f-Amyrin Acetate with Potassium

Permanganate .~ neo-f-Amyrin acetate (m.p.225-227°, 0.4 g.)

in stabilised glacial acetic acid (150 c.c.) was treated
with a solution of potassium permanganate (100 mg. 110,
in 25 c.c. of acetic secid) in acetic acid, added drop-
wise during 30 minutes at room temperature. The solution
was stirred for one hour and the excess permanganate was

destroyed with 10% bisulphite solution. The solution was
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then worked up through water and ether in the usual
manner to yield a residue which crystallised from
methanol as prisms (0.22 g.), m.p.1l97-204°.. Concen-
tration of the mother liquors yielded a second crop of
prisms (0.056 g.), m.p.190-202°. Pive recrystallisations
of the first crop yielded prisms, m.p.207-208°, [a]y -6°
(e, 1.5), showing no light absorption in the region 2000-
~-4000 K and no colour with T.N.M. in chloroform.
Found: ¢€,79.3; H,1ll.2.

CogHsz0s reguires: C,79.3; #,10.8%.
Admixture with the chromic acid oxidation product of
gggus—amyrin acetate produced no depression in melting

point.

Treatment of neo-f-Amyrin Acetate with N-Bromosucecinimide.-
neo-p-Amyrin acetate (0;3 g+) in dry carboh tetrachloride
(50 c.c.) was treated with N-bromosuccinimide (1 g.; 95%)
and the solution was refluxed gently for one hour. The
solution became red in colour immediately after the
addition of the N-bromosuccinimide and hydrogen bromide

was evolved during the reaction. After being filtered,
washed with water, and dried (NayS0.), the solution was
evaporated under vacuum to yield a brown gum which was

dissolved in light petroleum (60-80°, 50 c.c.) and



chromatograghed on a column of activated alumina (CGrade
II, 14 x 1.75 em.). Elution with light-petroleum (60-
~80°) -benzene (4:1; 250 c.c.) produced a mein fraction
(0.25 g.) which was deposited from agueous methanol as
& semi-crystalline material which was extremely soluble
in all the normel crystallisation reagents. After two
such crystallisations the material had m.p.205-210°,
[alp -28° (+2) (c, 0.9) and showed a deep red-brown
colouxr with T.N.M. in chloroform. - Light absorption in
ethanol: inflection at 2250 &, raxima at 2520 ( € = 13,000),
2600 (& = 12,500) and 3570 E ( L= 10,000).

Attempted Catalytic Hydrogenation of iso-p-Amyradienonyl

Acetate in Neutral Solution.- iso-p-Amyradiencnyl acetate

(m.p.219-221°, 0.25 g.) in ethyl acetate (250 c.c.) was
added to platinum catalyst (from 100 mg. Pt0.) in ethyl
acetate (25 c.c.) and shaking in hydrogen was carried

out for 12 hours. Platinun oxide (100 mg.) was then
added to the solution and shaking in hydrogen was carried
out for a further 60 hours. The solution was filtered,
evaporated to dryness, and the residue crystallised from
methanol as plates (0.19 g.), m.p.212-215°. Recrystallis-
ation from methanol yielded prismatic rods, m.p.218-221°,

[a]lp -36° (¢, 1.2) giving a yellow colour with T.N.i. in



chloroform. Light absorption in ethanol: Maxima at
2090 (% = 3,100) and 2450 A (¢t = 10,000).

There was no depression in melting point on
admixture with starting material.

Concentration of the mother liquors yielded a
further erop of iso-B-amyradienonyl acetate (0.04 g.),

m.p.210-—215°.

Wolff -Kishner Reduction of iso-f-Amyradienonyl Aeetate,-

iso~f-Amyradienonyl acetate (m.p.221-<22°, 2 g.) was
heated with sodium methoxide (2 g. sodium in 25 c.c.
methanol) and hydrazine hydrate (10 c.c., 100%) in an
autoclave at 200° for 13 hours. The crude product was
acetylated with pyridine (20 c.c.) and acetic anhydride
(20 c.c.) on the steam-bath for 2 hours and the solution
was worked up in the usual manner to yield a solid
regidue. The residue crystallised from chloroform-
-methanol as plates (1.0 g.), m.p.228-231°. Four
recrystallisations from the same solvent yielded plates,
m.p.230.5-231°, [a]p ~9° (¢, 2.0) giving a yellow colour
with T.N.M. in chloroform. Light absorption in ethanol:
feigo = 4,970, faiso = 4,180, Lgpoo = 1,700, fLewso =
320.
Found: C,82.2§ H,10.9.
CsuHs00: requires: C,82.3; H,10.8%.
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Concentration of the mother liquors yielded a second
erop of plates (0.5 g.), m.p.175-195° which after two
recrystallisations yielded plates (0.16 g.), m.p.230-
-231° showing no depression in melting point on admixture
with the first crop. Concentration of the mother
liguors of the second crop yielded plates (0.27 g.),
m.p.180-186° which, after five recrystallisations from
the same solvent, yielded a second compound as plates,
m.§.202—203°, [alp -95°, -93° (e, 1.0, 0.75) giving a
yellow colour with T.N.M. in chloroform. Light absorp-
tion in ethanol: £ gi00 = 5,900, € .1s0 = 3,700, funoo =
1,460, & ogs0 = 430. |
Pound: C,82.6; H,10.8.
CasHpo0p requires: C,82.3; H,10.8%.

Hydrolysis of the CggHso0. Acetate (m.p.230°) from the
Wolff -Kishner Reduction of iso-f-Amyradienonyl Acetate.-

The acetate (m.p.230-231°, 0.2 g.) was refluxed in
ethanolic potassium hydroxide solution (3%, 15 c.c.) for
3 hours and the solution was poured into water and worked
up through ether in the usual way. The residue crystal-
lised from methanol as needles, m.p.193-195°. Four
recrystallisations from the same solvent yielded needles,
m.p.195-196°, [a]p -12°, -12° (c, 0.8, 0.8) giving a

yellow colour with T.!T.M. in chloroform. Light absorption



in ethanol: Maximum at 2110 A (& = 4,500).
Found: C,84.8; H,11.4.

CsoHya0 requires: €,84.8; H,11.4%.
The above alcohol (m.p.195-196°, 100 me.) was acetylated
on the steam-bath with pyridine (3 c.c.) and acetie
anhydride (3 c.c.) and the solution was worked up in the
usual manner to yield plates from chloroform/methancl,
m.p.229-231°. Four recrystallisations from the same
solvent yielded plates, m.;.230.5-231°, [aly, -8° (c¢,2.5).
This material showed no depression in melting point on
adnixture with the CsuHs,0; acetate (m.p.230°) from which

the reacetylated alcohol was obtained.

Treatment of the CggHs(Oy iAcetate (m.p.2307) with

Hydrochloric Acid.- The acetate (m.»p.230°, 0.15 g.) in

stabilised glacial acetic acid (25 c.c.) and concentrated
hydrochloric acid (1 c.c.) was heated on the steam-bath
for four hours. The solution was treated with water and
ether, and the ether extract was washed with sodium
biearbonate solution, water, dried (Nap30,) and evapor-
ated. The resgidue was heated with pyridine (5 e.c.)

and acetic anhydride (5 c.c.) on the steam-bath for one
hour and the solution was worked up in the usual manner
to yield & residue which crystallised from chloroform/

/methanol as needles, m.p.214-217°. Pive recrystallis-
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ations from the same solvent yielded fine needles,
m.p.219,5-280°, [a]p +337° (e, 1.5), giving a brown
colour with T.N.M. in chloroform. . Light absorption in
ethancl: Maximum at 2820 Z'(€.= 9,000).
Found: ¢(,82.6; H,11l.1.
CszHps00. requires: C,82.3; H,10.8%.
Admixture of this product with R-amyradienyl-I acetate

produced no depression in melting point.

Ireatment of the CsuHsoOe icetate (m.p.203°) with

Hydrochloric Acid.- The acetate (m.p.203°, 0.06 g.) in

stabilised glacial acetic acid (50 c.c.) and concentrated
hydrochloric acid (1 c.c.} was heated on the steam~-bath
for seven hours. The yellow solution was poured into
water, ether extracted, and the ether extract was washed
with sodium bicarbonate solution, water, dried (NagSQ04)
and evaporated to yield a solid residue which gave a red-
~brown colour with T.N.li. in chloroform and showed light
absorption maxima at 2430, 2500 and 2600 X. Crystallis-
ation from chloroform/methancl yielded plates (0.035 g.)
M.p.223-255°. Two recrystallisations from the same
solvent yielded plates, m.p.2e7-228°, [a]lp -62° (¢, 0.6)
giving a red-brown colour with T.N.i. in chloroform.
Light absorption in ethanol: lNaxima at 2420 ( £ = 22,000),
2510 (t = 27,200) and 2600 E (&= 17,000) . There was no



depression in melting point on admixture with f-amyra-

dienyl-II ecetate.

Selenium Dioxide Oxidation of the CagHsgOp Acetate

(m.p.230°) .~ The acetate (m.p.230-831%, 0.5 g.) in
stabilised glacial acetic acid (100 c.c.) was refluxed
with selenium dioxide (0.5 g.) for 24 hours. The deep
red solution was filtered, poured into water, ether
extracted, and the extract was washed with sodium
bicarbonate scolution, water, dried (Hay304) and evapor-
ated. The residue was dissolved in benzene and filtered
through a short column of activated alumina. The residue
obtained on evaporation of the benzene crystallised from
chloroform-methanol &g plates (0.C5 g.) m.p.2265-227°.
T™wo recrystallisations from the same solvent yielded
plates, m.p.230-231°, undepressed in melting point on
admixture with starting material.

The mother liguors were evaporated to dryness and
the residue crystallised from light-petroleum (60-80°)
as prisms (0.2 g.), m.p.239-242°. Two recrystallisations
from aqueous methenol yielded square plates, m.p.240-241°,
[a]p -91° (¢, 1.5) giving no colour with T.N.M. in
ehlorofornm. Light absorption in ethanol: Maximum at

emg0 A (L = 11,700). Admixture of this product with
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p-amyradiendionyl acetate produced no depression in

melting point.

OXidation gi the ngHsoOg scetate (m.p.QSOO) with

Perbenzoic Acid.~ fhe acetate (i.p.228-230°, 0.75 g.)

in chloroform (35 c.c.) was treated wilh perbenzoie acid
in chloroform (4.6 c.c., 1.3 mols.) at 0° and the solution
was kept at 0° for four deys. It was then washed with
godium bicarbonate solution, water, dried (NagS50s) and
evaporated 1o yield a gum which was dissolved in light
petroleum (60-80°)-benzene (3:1, 120 c.c.) and chromato-

graphed on a column of activated alumina (Grade I, 14 x

2 om.).

Fractions Zluant Volume veight
1-10 Lp/B (3:1) 500 c.c. 187 mg. Gum
11-13 " (g:4) 150 Trace Gum
14-16 u (3:2) 150 65 mg. Solid
17-19 v (9:7) 150 53 "
20-28 " (1:1) 450 119 "
29-30 " " 100 9 "
31L-33 " (2:3) 150 12 "
34-35 " (1:4) 100 17 "
36 -38 Bengzene 150 14 "
39 -40 B/E (9:1) 100 110 Gum
41 -44 " (3:2) 200 30 "
45 ~46 Ether 100 on
4% =50 Acetone 200 -

Fraetions 14-38 were combined and crystallised from light
petroleum (60-80°) to give plates, m.p.2567-260° giving a

red-brown colour with T.N.Ili. in chloroform. Five
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recrystallisations from agueous methanol gave plates,
m.p.R70-270.8°, [a]p +R93° ¢, 0.5) giving a brown
colour with T.N.¥. in chloroform. Light absorption in
ethenol: Maximum at 2820 A (€ = 9,1005. | |
| Found: O,ﬁ9;6; H,10.5.
CeeHs603 reguires: C,79.6; H,10.4%.

Chromic Aeid Oxidation of the Perbenzoic Acid Froduct

of the CgagHeo0y icetate (m.p.230°).- The perbenzoic acid
oxidation product of the acetate (m.p.230°) (m.p.269-271°,
0.1 g.) in stabilised glacial acetic acid (50 c.c.) was
treated at room temperature with a solution of chromic
oxidé in acetic acid (12.5 c.c.; 15.4 mg. Cr05; 1.1 atoms
of 0) added dropwise during 30 minutes. After standing
at room tempersture for two hours the green solution was
poured into water, extracted with ether, and the extract
was washed with sodium bicarbonate solution, water, dried
(Naz50,) and evaporated. The residue crystallised from
agueous methanol as prismatic needles (0.033 €e), MspDo
246-248°, giving 2 red-brown colour With I.N.}. in chloro-
form. Six recrystallisations from the same solvent
yielded prismatic needles, m.p.249-260°, [a]p +2562°,

+253° (c, 0.5, 0.6) giving a red-brown colour with T.N.I.
in chloroform- Tight absorption in ethanol: Naximum

(]
at 2820 A (L = 8,700).



Found: C,79.9; H,10.3.
ngHeaOg requirea: 0,79.95; H,lOol%. .

Aftémgtéd'Catélytic Hydrogenation of the CzgHgoOp Acetate
(m.p.230°) .- The acetate (m.p.229~230°,‘0.25 g.) in
gtabilised glacial acetic acid (156 c.c{) Qaé added to

a suspension of platinum (from G.bAg. Ptosf in acetic
acid (20 c.c.) and shaking in hydrogen was carried out
for 48 hours. Yhe solution was filtered and evaporated
to dryness. The residue crystallised from chloroform/
/methanol as plates (0.19 g.), m.p.226-228°, [alp -6°

(e, 1.5) giving a yellow colour with T.N.i. in chloroform.
Concentration of the mother liguors yielded a second crop
. of plates (0.03 g.), m.p.224-227° giving a yellow colour
with T.N.l. in chloroform. Neither crop was depressed

in melting point on admixture with starting material.

Attempted Catalytic Hydrogenation of the CzpoHso0p Acetate

(m.p;205°) from the holff-{ishner keduction of iso-p-

-Amyradienonyl acetate.- The acetate (m.p.205-204°, 0.15 g.)

in stabilised glacial acetic acid (100 c.c.) was added to
a sugpension of platinum (from 6.25 g+ of Pt0gz) in acetic
acid (10 c.c.) and shaking in hydrogen was carried out at
room temperature for 48 hours. The solution was filtered

and evaporated to dryness to yield a residue which
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crystallised frou chloroform/methanol as blades (0.1 g.),
m.p.200-202°, [a]D -89° (¢, 1.0) which produced a yellow
colour with T.N M. in chloroform. Concentration of the
mother liquors produced a second crop as blades (0.025 g.),
m.p.197-202° glving a yellow éoloﬁr with T.N.M. in
ehloroform. | |

Neither crop was depressed in mélting point on

admixture with starting material.

Oxide of iso=-p-imyradienonyl Acetate.- (&) iso-p-Amyra-

dienonyl acetate (m.p.221-222°, 1 g.) in dry chloroform
(10 c.c.) at 0° was treated with a2 solution of perbenzoiec
aeid in chloroform (9 c.c.; 1.2 mols.) also at 0°. The
solution was kept at this temperature for 8 days, treated
with ether (100 c.c.) and washed with sodium bicarbonate
solution, water, dried (Na,;S50,) and evaporated.  The
residue crystallised from chloroform/methanol as plates
(0.64 g.), M.p.277-279° giving no colour with T.N.M. in
chloroform. Four recrystallisations from the same
éolvent yielded plates, m.p.280-281° (K); [a]D -12° (c,4.9)
giving no colour with T.N.}. in chloroform. Light
absorption in ethanol: Maximum at 2400 X (t= 10,800) .
Found: C,77.3; H,9.9.
CscHae0s requires: C,77.4; H,9.7%.

Concentration of the mother liquors produced a second crop
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of plates (0.1 g.), m.p.273-276°, showing no colour with
I.N.M. in chloroform and undepressed in melting point on
admixture with the first crop.

(b) iso-B-Amyradienonyl acetate (m.p.221-222°, 1 g.) in
atabilised glacial acetic aeid (150 c.c.) was treated
with a solution of potassium permanganate (0.75 g.) in
water (76 c.c.) added dropwise with stirring at room
temperature during 30 minutes. Stirring was continued
for two hours and the solution was treated with sodium
metabisulphite solution (10%), water and ether. The
extract was washed with sodium bicarbonate solution,
water, dried (NayS0,) and evaporated. The residue
crystallised from methanol as rhombic plates (0.95 g.),
m.p.276-280°, producing no colour with T.N.M. in chloro-
form. FPour recrystallisations from the same solvent
yielded rhombic plates, m.p.281-282°, [a]lp -12.5° (c,2.1).
Light absorption in ethanol: Neximum at 2420 X (& =
10,600).  Admixture with the product from the perbenzoic
acid oxidation of iso-f-amyradienonyl acetate produced no

depression in melting point.

(¢) iso-p-Amyradienonyl acetate (mep.221-222°, 1 g.) in
stabilised glacial acetic acid (80 c.c.) at 60° was

treated with a solution of chromic oxide in stabilised

glacial acetic acid (16 c.c., 1.5 atoms O) added dropwise
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with stirring at 60° during one hour. Stirring waes
continued for a further 30 minutes and the solution was
poured into water and extracted with ether. The extract
was washed with sodium bicarbonate solution, water, dried
(Nag30,.) and evaporated, to yield rhombic plates (0.56 g.),
Bm.p.270-274° from chloroform/methanol. Concentration of
the mother liguors yielded plates (0.21 g.), m.p.257-264°,
and further concentration yielded a third crop of plates
(0.085 g.), m.p.225-234°. Four recrystallisations of

the first crop from the same solvent gave rhombic plstes,
m.p.280-281°, [alp -12° (¢, 1.0) showing no colour with
T.N.M. in ehloroform. Light absorption in ethanol:
Maximum at 2400 2 (L= 10,500). Admixture of this
product with the perbenzoic acid and permanganate oxid-
ation products of igo-Pf-amyradienonyl acetate produced no

depression in melting point.

Oxide of iso-Pf-Amyradienonol.- The oxide of iso-p-amyra-

dienonyl acetate (m.p.280-281°, 0.1 g.) was refluxed in
aqueous ethanolic potassium hydroxide solution (5 c.c., 3%)
for three hours. The solution was treated with water and
ether, and the extract was washed with water, dried
(NagS0,), and evaporated. The residue crystallised from
methanol as prismatic rods, m.p.244-246°. Three recryst-

allisations from the same solvent yielded prismatic needles,
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m.p.249.5-250°, [u]D -26° (c, 1.4) giving no colour with
T.N.M. in chloroform. Light absorption in ethanol:
Maximum at 2420 A (£ = 14,000) .
Found: C,79.15; H,10.1.

CsoHeeOs reguires: C,79.2; H,10.2%.
The alcohol obtained by the above hydrolysis (14 mg.) was
heated on the steam-bath with pyridine (0.5 e¢.c.) and
acetic anhydride (0.5 c¢.c.) for two hours. The solution
wasg worked up through water and ether in the usual manner
and the residue crystallised from methanol as rhombic
plates, m.p.275-277°.  Admixture of this material with
the original acetate (oxide of iso-f-amyradienonyl

acetate, produced no depression in melting point.

Oxidation of iso-P-amyradienonyl Acetate with Hydrogen

Peroxide.- iso-f-Amyradienonyl acetate (m.p.220-222°, 1lg.)
in unstabilised glacial acetic acid (150 c.c.) was treated
with a solution of hydrogen peroxide (100 vols.) in acetie
acid (1:1, 200 c¢.c.) added dropwise during two hours at
956° with stirring. The solution was stirred at this
temperature for a further three hours, poured into water,
and ether extracted. The extract was washed with sodium
biearbonate solution, water, dried (Na,50,) and evaporated
to yield a residue which was dissolved in light petroleum

(60-80°) -benzene (7:3, 100 c.c.) and chromatographed on
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activated alumina (Grade II, 14 x 1.75 cm.).

Fractions
l1-2
3-6
7-12

13-14
15-16
17-18
19-20
21-23
24

Eluant
LP/B (7:3)
LP/B (3:2)

Benzene
B/E (9:1)
B/E (4:1)
B/E (1:1)

Ether

Methanol

Volume

100 e.c.

200
300
100

100

100
100

E/Methanol(1:1) 150

50

Weight
6% ng.

317

284

31

P
55
38
180
34

Solid

"

"
"t

1

Fraetions 1-14 were combined (0.69 g.), dissolved in light

petroleum (60-80°)-benzene (4:5, 1356 c¢.c.) and rechromato-

graphed on neutral activated alumina (Grade II, 18 x 2 cm.).

FPractions
1-6
- 7-12
13-16
17-18
19-20
£1-25
26 -37
38-41

Eluant
LP/B (4:5)
LP/B (2:3)
LP/B (1:2)
LP/B (1:3)
LP/B (1i4)

Bengene

B/E (9:1)

B/E (1:1)

Volume

300 e¢.c.

300
200
100
100
250
606
200

Weight

107 mg.
27
Trace

5 mg.

238 mg.
19 mg.

So0lid

solid

n
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Fractions 7-16 were combined and crystallised from
chloroform-methanol as plates (0.08 g.), m.p.213-220°,
giving no colour with T.N.M. in chloroform. Five re-
crystallisations from the same solvent yielded plates,
m.p.225-286°, [a]D +78° (e, 0.7) giving no colour with
T.F.¥. in chloroform and no light absorption in the region
2200-4000 X,
Found: C,74.4; H,10.2.
CagHeg0s requires: C€,74.4; H,10.1%.
CagHs00s requires: C,74.7; H, 9.8%.
Fractions 26-37 were combined and crystallised from
methanol as plates, m.p.318-319°, [a]l; +1656° (e, 1.3)
giving no colour with T.N.¥. in chloroform. Light
absorption in ethanol: Maximum at 2360 A (€ =13,400).
Found: C,77.7; H,9.9.
CegHee0s requires: C,77.4; H,9.7%.

Hydrolysis of the Acetate (m.p.318°) from the Hydrogen

Peroxide Oxidation of iso-B-Amyradienonyl Acetate.- The

acetate (m.p.318-319°, 0.1 g.) was refluxed in aqueous
ethanolic potassium hydroxide (3%, 16 c.c.) for four hours.
The solution was poured into water, treated with ether,

and the extract was washed with water, dried (NagzS0,) and
evaporated. Crystallisation of the residue from agueous

methanol, yielded needles, m.p.264-270°. Five recryst-

-
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allisations from the same solvent yielded prisms, m.p.
290-291°, [a]p +167° (¢, 1.0) giving no colour with
T.N.M. in chloroform. Light absorption in ethanol:
Max. at 2360 A (€ = 12,5600).
Found: C,79.4; H,10.4
CspHaeOs requires: ¢€,79.2; H,10.2%.

Acetylation of the scetate (m.p.318°) from the Hydrogen

Peroxide Oxidation of iso-f-Amyradienonyl Acetate.- The

acetate (m.p.318-319°, 0.1 g.) in pyridine (20 c.c.) and
acetic anhydride (10 c.c.) was heated on the steam-bath
for two hours. The solution was worked up through water
and ether in the usual manner to yield a resgidue which
erystallised from agueous methanol as needles (0.08 g.),
m.p.190-193°. Four recrystallisations from the same
golvent yielded needles, m.p.194-194.5°, [a]lp +141° (c,0.6)
giving no colour with T.N.M. in chloroform. Light absorp-
tion in ethanol: Max. at 2560 4 (€ = 11,500).
Found: C,75.7; H,9.6
CoeHs00s requires: C,75.8, H,9.4%.

Chromic Acid Oxidation of the acetate (m.p.318°) from

the Hydrogen Peroxide Oxidation of iso-f-Amyradienonyl

Acetate.- The acetate (m.p.318°%, 0.12 g.) in stabilised
glacial acetic acid (40 c.c.) was treated with a solution

of chromic anhydride in water and acetic acid (10 c.c.,
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1.3 atoms of 0) added dropwise at room temperature
during 30 minutes. The solution was allowed to stand
overnight at room temperature, and then heated on the
steam-bath for 30 minutes. It was poured into water,
treated with ether, and the extract was washed with
sodium bicarbonate solution, water, dried (Na,S0.) and
evaporated. The residue crystallised from chloroform-
-methanol as needles (0.09 g.), m.p.308-314°. Five
recrystallisations from the same solvent yielded needles,
m.p.314-3156°, [a]lp +94° (¢, 1.0) giving no colour with
| T.N.M. in chloroform. Light absorption in ethanol:
Nex. at 2360 A (L =13,000).

Found: C,78.0; H,9.6.

033H430¢ reqUireS: C,rir/ 0‘73 H,9-4%.

Attempted Acetylation of the Acetate (m.p.226°) from

the Hydrogen Peroxide Oxidation of iso-f-Amyradienonyl

Acetate .- The acetate (m.p.226-228°, 0.15 g.) in pyridine
(5 c.c.) and acetic anhydride (5 c.c.) was heated on the
gteam-bath for two hours. The solution was worked up in
the usual way to yield a residue which crystallised from
chloroform-methanol as plates (0.13 g.), m.p.287-229°,
[a]p +76° (e, 1.5) giving no colour with T.N.M. in chloro-
form. Concentration of the mother liguors yielded a

gecond crop of plates (0.015 g.), m.p.215-221°, giving no
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colour with T.N.l. in chloroform. Neither crop was
depressed in melting point on admixture with the

starting material.

Oxidation of iso~p-Amyradienonyl sicetate with Chromic

Aeid.- A gently refluxing solution of iso-p-amyradienonyl
acetate (m.p.RR1-222°, 6 g.) in stabilised glacial acetie
acid (400 c.c.) was treated with a solution of chromic
oxide (5 g.) in stabilised glacial acetic acid (150 c.c.)
added dropwise during one hour. The solution was then
refluxed for a further two hours, poured into water and
ether extracted. The extract was washed with sodium
hydroxide solution (5%), water, dried (Na,SO,) and
evaporated. Acidification of the alkali washings yielded
an acid fraction (0.26 g.) which was not investigated
further. The residue obtained by evaporation of the
ether, crystallised from chloroform-methanol as needles
(2.1 g.), m.p.293-298° Concentration yielded a second
erop (0.2 g.), m.p.267-275°. Five recrystallisations of
the first crop from the same solvent yielded needles,
m.p.316-316°, [alp +87° (e, 2.0} giving no colour with
T.N.M. in chloroform. Light absorption in ethanol: Max.
at 2360 A (& =12,000). Admixture with the product from
the chromic acid oxidation of the acetate (m.p.318°) from

the hydrogen peroxide oxidation of iso-B-amyradienonyl
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acetate produced no depression in melting point.

Chromic Acid Oxidation of the Oxide of iso-B-Amyradien-

onyl Acetate.- (a) The oxide of iso-f-amyradienonyl
acetate (m.p.278-280°, 0.5 g.) in stabilised glacial
acetic acid (100 c.c.; at 80° was treated with a solution
of chromic oxide (0.1 g., 1.5 mols.) in stabilised glacial
acetic acid (20 c.c.) and a few drops of water, added
dropwise with stirring during two hours. The sclution
was then stirred at 80° for a further 30 minutes, poured
into water and ether extracted. The extract was washed
with sodium hydroxide solution (3%) (acidification
produced no acid fraction), water, dried (Na,S0,) and
evaporated. The residue crystallised from chloroform-
-methanol as a mixture of plates and needles (0.35 g.),
[a]p +33° (e, 1.0). Concentration produced a second
crop of mixed plates and needles (0.056 g.).

{(b) The oxide of iso~-f-amyradienonyl =zcetate (m.p.278-
-280°, 0.5 g.) in stabilised glacial acetic acid (100 c.c.)
at 80° was treated with a solution of chromic oxide in
acetic acid and water (22 c.c., 2.5 mols.) added dropwise
during four hours with stirring. The solution was then
stirred at 80° for a further one hour, poured into water
and ether extracted. The extract was worked up in the

ugsual manner to yield a residue which crystallised from
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chloroform-methanol as needles (0.35 g.), m.p.313-316°,
[a]p +68° (e, 1.0) giving no colour with T.N.M. in
chloroform. Light absorption in ethanol: Max. at

2860 A (& = 11,900).  Admixture with the chromic acid
oxidation product of iso-f-amyradienonyl acetate produced

no depression in melting point.

Alkaline Hydrolysis of the Chromic Acid Oxidation Product

of iso-p-Amyradienonyl iscetate.- The chromic acid oxidation

product (m.p.312-314°, 0.15 g., was refluxed in agueous
ethanolic potassium hydroxide solution (3%, 15 c.c.) for
three hours. The solution was poured into water,
treated with ether, and the extract was washed with water,
dried (NagSO.) and evaporated. The residue crystalliged
from chloroform-methanol as long needles, m.p.293-297°.
Four recrystallisations from methanol yielded long needles,
m.p.298-299°, [a]lp +71° (¢, 0.5) giving no colour with
T.N.¥. in chloroform. Light absorption in ethanol:
Mex. at 2360 A (& = 13,000) .
Found: C€,79.8; H,9.9.
CsoHaesOp reguires: 0,79.6; H,9.8%.

Acetylation.- The above alcohol (m.p.297-298°, 0.056 g.)

in pyridine (2 c.c.) and acetic anhydride (2 c.c.) was
heated on the steam-bath for one hour. The solution,

which was worked up in the usual manner yielded a residue
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which crystallised from chloroform-methanol as needles,
m.p,311-313°. Three recrystallisations from the same
solvent yielded needles, m.p.313-314°, [a]y +90° (¢,0.06)
giving no colour with T.N.¥. in chloroform. Light
absorption in ethanol: Max. at 2360 X (& =13,000).
There was no depression in melting point on admixture
with the chromic acid oxidation products ([a]p +67°) of
ispo-p-amyradienonyl acetate and the oxide of iso-p-amyra-
dienonyl acetate nor the chromic acid oxidation product
([a]y +94°) of the acetate (m.p.318°) from the hydrogen

peroxide oxidation of iso-f-amyradienonyl acetate.

Aeid Hydrolysis of the Chromic Acid Oxidation Product

of iso-B-Amyradienonyl Acetate.- A solution of the chromic

acid oxidation product (m.p.312-314°, [a]D +68°, 0.256 g.)
in ethanol (60 c.c.) and concentrated hydrochloric acid
(8 ¢c.c.) was refluxed for three hours, poured into water
and ether extracted. The extract was washed with sodium
bicarbonate solution, water, dried (Na,30,) and evapor-
ated. The residue crystallised frowm chloroform-methanol
as needles, m.p.296-300°. Three recrystallisations from
the seame solvent yielded long needles, 1.p.298-299°, [a]D
+71° (¢, 0.7) giving no colour with T.N.M. in chloroform.
Light ebsorption in ethanol: Mex. at 2360 A (t=12,200).
Admixture with the alcohol from the alkaline hydrolysis
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of the chromic acid oxidation product of iso-f-amyra-

dienonyl acetate produced no depression in melting point.

Wolff-Kishner Reduction of the Chromic Acid Oxidation

Produet ([a]p +90°) of iso-P-Amyradienonyl Acetate.-

Chromic acid oxidation product (m.p.313-314°, [a]p +90°,
1 g.) was heated with sodium methoxide (30 c.c. methanol;
2.5 g. scdium) and hydrszine hydrate (100%, 10 c.c.) in
an autoclave at 200° for 16 hours. The crude product
was treated with water and ether, and the extract was
wasghed with water, dried (Na.30,) and evaporated. The
residue was heated with pyridine (10 c.c.) and acetie
anhydride (10 c.c.) on the steam-bath for one hour and
the solution was worked up in the usual manner. The
residual gum was dissolved in light petroleum (60-80°,
50 c.c.) and chromatographed on & column of activated

alumina (Grade II/III, 14 x 2 em.).

Fraction Eiuant Volume Weight

1-7 LP (60-80°) 3560 c.c. -

8-11 LP/B (9:1) 200 47 mg. solid
12-15 " (17:3) 200 127 o
16-17 v (3:1) 100 8l "
18-24 " (1:1) 350 324 "

Further elution with benzene ylielded gum.
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Fractions (10-22) were combined and crystallised from
chloroform-methanol to yield plates and prisms (0.26 g.), .
m.p.223-235°.

Five recrystallisations from methanol yielded plates,
m.p.227-229°, [a]ly -2.5°, -2° (c, 2.0, 2.8) giving a
yellow colour with T.N.M. in chloroform. Light absorp-
tion in ethanol: £ s080 = 3,400, % 2180 = 2,000, £ goo0e =
1,100, €g2¢s0 = 550.

Found: C,%79.6; H,10.1.
CsgHeeOps requires: C,79.95; H,10.1%.

Treatment of the Tolff-Kishner Product of the Chromic

Acid Oxidation Product of iso-P-Amyradienonyl Acetete

with Hydrochloric Acid.- The VWolff-Kishner product

(m.p.226-227°, 0.05 g.) in stabilised glacial acetic acid
(25 c.c.) and concentrated hydrochloric acid (3.5 c.c.)
was heated on the steam-bath for 3 hours. On working up
through water and ether in the usual manner the solution
yielded a residue which was dissolved in pyridine (2 c.c.)
and acetic anhydride (1 c.c.) and the solution was heated
on the steam-bath for one hour. On working up in the
usual manner, & residue which crystallised from methanol
as plates (0.038 g.), m.p.221-224° was obtained. Recryst-
allisation from the same solvent yielded plates, m.p.223-

-225°, [a]p -B° (¢, 0.5) giving a yellow colour with T.N.M.
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in chloroform.

Admixture with starting material produced no
depression in melting point.

Concentration of the mother liguors gave an

uncrystallisable brown gunm.

Treatment of the Chromic Acid Cxidation Product of

iso-p-Amyraldienonyl Acetate with Sulphurie Acid.- The

chromic acid oxidation product (m.p.313-314°, [a]p +90°,
0.25 g.) in acetic acid (200 c.c.) and sulphuric acid
(16N, 15 c.c.) was heated on the steam-bath for 6 hours.
The yellow solution was treated with water and ether,
and the extract was washed with sodium bicarbomate
golution, water, dried (Na,30,) and evaporated. The
residue crystallised from chloroform-methanol as needles
(0.16 g.), m.p.310-314°, [a]ly +87°. Recrystallisation
from the same solvent yielded needles, m.p.312-3156°, [a]D
+90° (¢, 1.3). Light absorption in ethaneol: MNax. at
2380 E (t=12,500). Admixture with starting material
produced no depression in melting point. Concentration
of the mother liquors yielded needles (0.043 g.), m.p.
308-312°, [a]lp +856° (e, 0.5). Admixture with starting

material produced no depression in melting point.
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Catalytic Hydrogenation of the Chromic Acid Oxidation

Product of iso-f-imyradienonyl Acetate.- The chromic

aeld oxidation product (m.p.313-315°, [a]y +90°, 1.6 g.)
in stabilised glacial acetic acid (250 c.c.) was added
to platinum catalyst (from 0.5 g. of Pt0z) in acetic
acid (20 c.c.) and shaking in hydrogen was carried out
for 48 hours. The solution was then filtered and the
filtrate was added to fresh platinum catalyst (from

0.25 g. of Pt0g) and shaking in hydrogen was carried out
for a further 24 hours. The solution was then filtered
and evaporated to dryness. The residue was dissolved
in light petroleum (60-80°)-benzene (2:1, 180 c.e.) and

chromatographed (alumina - Grade II/III, 14 x 2 em.).

Fractions Eluant Volunme Weight
1-8 LP/B (2:1) 400 c.c. 1.34 g. solid
9-10 " " 100 -
11-17 Benzene 350 0.106 solid

18-19 Ether 100 0.073 gum

Fractions (1-8) were dissolved in light petroleum (60-80°)
but an attempt which was made to separate the components
by rechromatography failed. Crystallisation of the
eombined fractions (1-8) from methanol-ether yielded

plates (0.25 g.), m.p.220-230°, giving a yellow colour
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with T.N.M. in chloroform. Four recrystallisations
from chloroform-methanol yielded hexagonal plates,
R.p.231-232°, [a3D +86°, +87° (¢, 1.0, 1.5) giving a
yellow colour with T.N.M. in chloroform. Light
absorption in ethanol: £ 050 = 3,000; £2100 = 2,800;
Ealso = 1,800; %2200 = 860; E£ges0 = 320. |
Found: C,82.5; H,10.8.
CsgHso0g Trequires: C,82.3; H,10.8%.
Concentration of the mother liguors yielded fime needles,
(0.6 g.), m.p.164-166°. Four recrystallisations from
methanol gavé fine needles, m.p.168-170°, [u]p +12°,
‘+15° (e, 1.3, 1.3) giving a yellow colour with T.N.HM.
in ehloroférm. Light absorption in ethanol: €:pee =
1,620, €.100 = 1,070; L o150 = 650, Egge0 = 560,
‘iazao = 280, £aso0 = 140.
Found: C,81.95; H,11.4.
CagHs:0, requires: C,82.0; H,11.2%.

Practions (11-17) were not investigated further.

Treatment of the CguHeoOr Acetate (m.p.230°) from the

Catalytic Hydrogenation of the Chromic Aeid Oxidation

Product with Hydrochlorie Acid. - The acetate (m.p.227-

-229°, 0.066 g.) in acetic acid (35 c.c.) and concen-
trated hydrochloric acid (3 c.c.) was heated on the

steam-bath for 5 hours. The solution was then allowed
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to stand overnight at room temperature, treated with
water énd ether, and the extract was washed with sodium
bicarbonate solution, water, dried (Nay30,) and
evaporated. The residue was dissolved in pyridine

(6 e.c.) and acetic anhydride (3 c.c.) and heated on the
steam-bath for one hour. The solution was worked up in
the usual manner and the residue crystallised from
chleroform-methanol as plates (0.038 g.), m.p.224-226°,
g€iving a red-brown colour with T.N.M. in chloroform.
Reerystallisation from the same solvent yielded plates,
m.p.226-228°, [a]; -61° (c, 0.7) giving a red-brown
colour with T.N.l. in chloroform. Light absorption in
ethanol: Max. at 2430 (L = 26,000), 25610 ( £ = 28,000),
and 2600 A (&= 20,000). Admixture with a sample of
B-amyradienyl-II acetate produced no depression in

melting point.

Treatment of the CzpHez0z Acetate (m.p.170°) from the

Catalytic Hydrogenation with Hydrochloric Acid. - The

acetate (m.p.168-170°, 0.12 g.} in acetic aecid (50 c.c.)
and concentrated hydrochloric acid (3 c.c.) wag heated
on the steam-bath for 4 hours. The solution was worked
up in the usual manner to yileld a residue which was
dissolved in pyridine (2 c.c.) and acetic anhydride

(2 ¢.c.) and heated on the steam-bath for one hour. The
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resgidue from the acetylation crystallised‘from agueous
methanol as fine needles (0.026 g.), m.p.165-165°.
Reerystallisation from the same solvent gave fine
needles, m.p.163-167° giving a yellow colour with T.N.M.
in ehloroform. Admixture with the starting material
produced no depression in melting point. Concentration

of the mother liquors gave an uncrystallisable brown

gum.

Attempted Catalytic Hydrogenation of the Acetate (m.p.

230°) from the Hydrogenation of the Chromic Acid

Oxidation Product. - The acetate (m.p.227-229°, 0.15 g.)

in stabilised glacial acetic acid (150 c.c.) was added
to freshly prepared platinum catalyst (from 0.25 g. of
Pt0Og) and shaking in hydrogen was carried out for 24
hours. The solution was filtered, evaporated to dryness,
and the residue crystallised from chloroform-methanol as
plates (0.12 g.)., m.p.223-226°, [a]lp +82° (e, 0.5) giving
a yellow colour with T.N.M. in chloroform.

Concentration of the mother liquors yielded plates
(0.02 g.), m.p.220-223°, giving a yellow colour with
T.N.M. in ehloroform. Neither crop waa depressed in

melting point on admixture with the starting material.
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Oxidation of the Acetate (m.p.230°) from the Hydrogen-

ation of the Chromic Acid Oxidation Zroduct with

Perbenzoic Acid. - The acetate (m.p.227-228°; 0.34 g.)

in chloroform (25 c.c.) at 0° was treated with perbenzoic
acid in chloroform (2 e¢.c.; 106 mg./c.c.; 2.1 mols.)

and the solution was allowed to stand at 0° for 4 days.
It was then treated with ether and washed with sodium
bicarbonate solution, water, dried (NapyS0,) and evapor-
ated. The residue crystallised from chloroform-methanol
as pates (0.1 g.), m.p.219-223°, giving a yellow colour
with T.N.M. in chloroform.

Reerystallisation from chloroform-methanol yielded
hexsgonal plates, m.p.225-227°, [a]; +81° (e, 1.5)
giving no depression in melting point on admixiure with
starting material .

Concentration of the original mother liquors yielded
plates (0.11 g.), m.p.176-186°. Six reerystallisations
from the same solvent yielded plates, m.p.194-195°,

[a]D +23° (¢, 1.0), giving no colour with T.N.M. in
chloroform and showing no light absorptibn in {the region
2000-4000 A- |
Pound: C€,79.4; H,10.7..
CosHsoOp Tequires: C,79.6; H,10.4%.
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Treatment of the Oxide of iso-f-amyradienonyl Acetate

with Hydrochloric Acid. - The oxide (m.p.279-280°)(1.2 g.)

was heated at 60° for 2 hours in chloroform (20 c.c.),
acetic acid (50 c.c.) and concentrated hydrochloric acid
(6. c.c.). The greenish-yellow solution was treated
with water and ether and the extract was washed with
godium bicarbonate solution, water, dried (NazS0e¢) and
evaporated. The residue crystallised from chloroform-
-methanol as needles (0.6 g.), m.p.220-223°. Pive
recrystallisations from the same solvent gave needles,
m.p.227-228° (decomp., acid vapours evolved; (m.p.218-
-219°, in vacuo), fa], +117°, +118° (e, 1.3, 0.7) giving
no colour reaction with 7.N.M. in chloroform. Positive
'Beilstein' test for halogen. Light absorption in
ethanol: Max. at 2360 A (©=11,000).
Found: C,74.8; H,9.3; Cl1,6.5.
CazHyr05CL requifes: Cc,74.6, H,9.2; Cl1,6.9%.

Hydrolysis of the Chloro-compound (m.p.227°) from the

Hydrochloric Acid I'ission of the Oxide of iso-p-Amyra-

dienonyl Acetate. - The chloro-compound (m.p.226-227°,

0.15 g.) was dissolved in aqueous ethanolic potassium
hydroxide (1 g. of KOH; & c.c. of water; 26 c.c. of
ethanol) and refluxing was carried out for four'hours.

The solution was worked up through weter end ether in
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ﬁhe normal manner and the residue crystallised from
squeous methanol as needles, m.p.287-290°, [a]; +165°

(¢, 0.6). Two recrystallisations from the same solvent
yielded prisms, m.p.289.5-291°, [u]D +167° (¢, 0.7).
Light absorption in ethanol: Max. at 2380 Z (&= 13,500).
Admixture of this product with the alcohol obtained by
hydrolysis of the acetate {(m.p.318°), from the hydrogen
peroxide oxidation of iso-f-amyradienonyl acetate,

produced no depression in melting point.

Treatment of the Chloro-Compound with Activated Zinc in

Acetic Acid. - The chloro-compound (m.p.227-229°, 0.25 g.)

in stabilised glacial acetic acid (70 c.c.) was refluxed
with freshly activated zinec (1.5 g.,) for five hours.

The solution was filtered, poured into water, extracted
with ether and the extract was washed with sodium
bicarbonate solution, water, dried (NayS04) and evaporated.
The residual gum crystallised from light petroleum (40-60°)
a8 prisms (0.1 g.), m.p.194-196°. Three recrystallis-
ations from the same solvent yielded prisms, m.p.197-198°,
[elp +134° (¢, 0.5) giving no colour with T.N.M. in
chloroform and a negative 'Beilstein' test. Light

| absorption in ethanol: MNax. at 2360 X (&€= 12,800).

Found: C,75.8; H,9.7.

CgeHso0s requires: C,75.8; H,9.4%.
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Admixture with the diacetate obtained by acetylation of
"the acetate (m.p.318°) from the hydrogen peroxide
oxidation product of iso-B-amyradienonyl acetate

produced no depression in melting point.

Ireatment of the Chloro-Compound with Unactivated Zine

in Acetic Aecid. - The chloro-compound (m.p.227-229°,

1l g.) in stabilised glacial acetic acid (300 c.c.) was
refluxed with unaciivated zinc (6 g.) for 5 hours. The
solution was filtered and when worked up through water
and ether in the usual manner gave a residue which was
digsolved in light petroleum (60-80°)-benzene (3:2;

60 c.c.) and chromatographed. (Alumina, grade II,

l4 x 2 em.).

Fractions Eluant Volume Weight
1-11 LP/B (3:2) 550 e.c. 361 mg.
12-13 LP/B (2:3) 100 33
14-19 Benzene 300 110
20-23  B/E (1:1) 200 170

Combined fractions (1-19) crystallised from aqueous
aeetona’as prismatic needles, m.p.265-272°. Five re-
erystallisations from the same solvent ylelded prismatic
needles, m.p.274-2756°, [a]D +13° (¢, 1.4) giving no

colour with T.N.M. in chloroform. Light absorption in
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Q
ethanol: Max. at 2340 A (¢ = 11,500).
Found: C,79.6; H,10.3.
CoeHssOs Trequires: C,79.95; H,10.1%.

Fractions (20-23) were not investigated further.

Treatment of the Chloro-Compound with Activated Zinc

in Ether and lethanol. -~ The chloro-compound (m.p.226-

-228°, 0.5 g.) in ether (75 c.c.) and methanol (75 c.c.)
was refluxed with activated zinc (5 g.) for 5 hours.

The solution was filtered and when worked up through
water and ether in the usual way yielded a residue which
wag dissolved in light petroleum(60-80°)-benzene (2:3,
60 c.c.) and chromatographed on neutral alumina (Grade

I, 9 x2 cm.).

Fraetions Eluant Volume Weight

1-9 LP/B (2:3) 450 c.c. 175 mg.
10-15 Lp/B (1:2) 300 63
l6-18 Lp/B (1:5) 150 30
19-38 Benzene 1000 166
39-41 Ether 150 106

Combined fractions (1-38) crystallised from aqueous
acetone as prismatic needles, m.p.268-271°. Two re-
erystallisations from the same solvent gave prismatic

needles, m.p.273-276°, [ulp +139° (e, 1.1) having no
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colour reaction with T.N.M. in chloroform and a negative
'Beilstein' test. Light absorption in ethanol: MNax.
at 2350 A (¢ = 11,900) .

There was no depression in melting point on admixture
with the acetate (m.p.275°) from the unactivated zinec/

/acetic acid reduction of the chloro-compound.

Attempted Rearrangement of the Product of the Unactivated

Zinc/Acetic Acid Reduction of the Chloro-Compound. - The

acetate (m,p.270-272°, ¢.1 g.) was dissolved in stabilised
glacial acetic acid (35 c.c.) and concentrated hydro-
ehloric acid (10 c.c.) and the solution was heated on
the steam-bath for 24 hours and allowed to stand overnight.
The solution was worked up through water and ether in the
usual way and the residue was dissolved in pyridine
(6 ¢.c.) and acetic anhydride (5 c.c.) and heated on the
gteam-bath for one hour. The material obtained from
the acetylating solution crystallised from agueous acetone
as needles (0.073 g.), m.p.268-271° giving no colour with
T?.N.M. in chloroform. Light absorption in ethanol:
Mex. at 2370 A (&= 10,300).

Concentration of the mother ligquors yielded a second
crop of needles (0.015 g.), m.p.262-266°, giving no
colour with T.N.M. in chloroform. Neither erop was

depressed in melting point on admixture with starting

material.
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Wolff-K{ishner Reduction of the Unactivated Zinc/Acetic

Acid Reduction of the Chloro-Compound. - The acetate

(m.p.270-272°, 0.5 g.) was heated with sodium methoxide
(2 g. of sodium, 25 c.c. of methanol) and hydrazine
hydrate (100%, 5 c.c.) in an autoclave at 200° for 10
hours. The crude product was trezated with water and
ether and the ether extract was washed with water, dried
(NazS0,) and evaporated. The residue was dissolved in
pyridine (10 c.c.) and acetic anhydride (10 c¢.c.) and
the solution was heated on the steam-bath for one hour.
The residue, which wasg obtained on working up the acetyl-
ating solution in the usual manner, was dissolved in
light petroleum (60-80°, 50 c.c.) and chromatographed on

a column of activated alumina (Grade II, 14 x 2 cm.).

Fractions Eluant Volume Weight
1-10 L.P.(60-80°) 500 c.c. 239 mg.
11-13 Benzene 150 30

l4-16 Ether 150 lé6

Combined fractions (1-10) crystallised from chleoroform-
-methanol as plates (0.2 g.), m.p.220-224°, giving a
yellow colour with T.N.M. in ehloroform. Three recryst-
‘allisations from chloroform-methanol yielded plates,
n.p.226-228°, [a]lp +84° (c, 1.0) giving a yellow colour

with T.N.M. in chloroform. Light absorption in ethancl:
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ter00 = 2,600, E€gsis0 = 2,000, Egeoo = 850, E€apse = 110.
There was no depression in melting point on admixture
with the acetate (m.p.230°) from the catalytic hydrogen-
ation of the chromic acid oxidation product of iso-B-

-amyradienconyl acetate.

Ireatment of the Chloro-Compound with Collidine - The

chloro-compound (m.p.LR6-228°, C.25 g.) was heated with
redistilled collidine (25 c.c.) in an autoclave at 200°
for 3 hours. The crude product was treated with water,
extracted with ether, and the extract was washed with
dilute hydrochloric acid (5N), water, sodium bicarbonate
solution, water, dried (Na,S504), and evaporated. The
residue crystallised from chloroform-methanol as plates
(0.15 g.), m.p.278-281°, giving a yellow colour with
T.N.M. in chloroform, and a negative 'Beilstein' test.
Five recrystallisations from the same solvent yielded
plates, m.p.286-287°, [alp +117° (e, 1.25) which gave a
yellow colbur with T.N.M. in chloroform and a negative
'Beilstein' test for halogen. Light absorption in
ethanol: Max. at 2090 ( t= 3,000, and 2380 2 (€ =12,800).
Found: C,82.3; H,9.9.
CaeHeeOp Trequires: C,82.3; H,9.7%.
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Attempted Rearrangement of the Product of Collidine

Ireatment of the Chloro-Compound. - The eollidine

dehydrochlorination product (m.p.284-286°, 0.03 g.) was
dissolved in dry benzene (3 c.c.), stabilised glacial
agetic aeid (10 c.c.; and concentrated hydrochlorie

acid (0.5 c.c.), and the solution was allowed to stand
at room temperature for five days and was heated at 60°
for three hours. After being worked up through water
and ether in the usual manner, the residue crystallised
from chloroform-methanol as plates (0.0256 g.), m.p.270-
-278°. Recrystallisation from the same solvent yielded
plates, m.p.283-286°, [a]p +115° (¢, 0.5) which gave a
yellow colour with T.N.M. in chloroform. Admixture
with starting material produced no depression in melting

point.

Attempted Catalytic Hydrogenation of the Chloro-Compound

in Ethyl Acetate. - The chloro-compound (m.p.226-228°,

1 g.) in ethyl acetate (200 c.c., was added to freshly
prepared platinum catalyst (from 0.35 g. of Pt0,) in
ethyl acetate (25 c.c.) and shaking in hydrogen was
carried out for 24 hours. The solution was filtered

and evaporated to dryness to yield a residue which cryst-

allised from chloroform-methanol as needles (0.66 g.),
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m.p.228-230°, [a]lp +118° (¢, 2.0). Light absorption
in ethanol: Max. at 2360 A ( &= 10,500) .

Concentration of the mother liguors yielded a second
erop of needles (0.2 g.), m.p.224-227°. Light absorption
in ethanol: Max. at 2360 A (t=10,000). Neither crop
was depressed in melting point on admixture with

starting material.

Attempted Ozonolysis of the Chloro-Compound. - The

chloro-compound (m.p.226-228°, 1 g.) in purified chloro-
form (50 c.c.) was treated with a stream of ozone in
oxygen (approx. 7%) passed at 0° for three hours. The
blue solution was then evaporated to dryneass under
vacuun at 25° and the solid residue was treated with
distilled water (25 c.c.) and slowly heated to 100°
during one hour. The water was then distilled until
only 5 c.c. remained and the distillate was collected in
a saturated solution of dimedene (10 c.c.). The
dimedone solution was heated on the steam-bath for 10
minutes and then allowed to stand at 0° for 24 hours.

Ko dimedene derivative crystallised. The residue from
the distillation was dissolved in chlorcoform, dried
(NagS80,), and crystallised from chloroform-methancl to
yield needles (0.82 g.), m.p.224-227°%, [a]py +114° (e¢,1.7).

Concentration of the mother liguors yielded a second crop
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of needles (0.11 g.), m.p.221-225°. Neither crop was
depressed in melting peoint on admixture with starting

material.

ireatment of the Uxide of iso-B-Amyradienonyl Acetate

with Boron Iriiluoride. - The oxide (m.p.280-281°,

2.5 g.) in dry bvenzene (250 c.c.) was treated with
freshly distilled boron trifluoride etnerate (4 c.c.)
and the solution was allowed to stand at room tempera-
ture for 60 hours. The greenish-yellow solution was
then treated with water and ether, and the ether-benzene
solution was washed with sodium bicarbonate solution,
water, dried (Na;S50,) and evaporated. The residue
erystallised from chloroform-methanol as needles (0.43g.)
R.p.308-312°. Four recrystallisations from the same
solvent yielded needles, m.p.314-315°, [a]D -180° (c,O;V)
giving no colour with T.N.M. in chloroform. Light
absorption in ethanol: Max. at 2380 2 (&€= 11,700).
Found: C,77.2; H,10.0.
CszHes0a requires: C,77.4; H,9.7%.
Infra-red spectroscopic investigation showed that the
compound did not contain a hydroxyl group.
Concentration of the mother liquors yielded a second
product as small cubes (1.3 g.), m.p.237-2456°. Six
recrystallisations from methanol gave prisms, m.p.253-

-2563.5°%, [a]p -76° (c, 1.2) giving no colour with T.N.H.
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in chloroform. Liight absorption in ethanol: Max. at
2500 A (& = 13,500) .
Found: C,"7.3; H,9.7.
CagHeeOs requires: C,77.4; H,9.7%.
Infra-red spectroscopic investigation showed that the

compound did not contain a hydroxyl group.

Attempted Acetylation of the Acetate (m.p.253°) from

the Boron Trifluoride learrangement of the Oxide of

iso-p-Amyradienonyl Acetate. - The acetate (m.p.260-252°,

0.1 g.) in pyridine (5 c.c.) and acetic anhydride (6 c.c.)
wag heated on the steam-bath for 3& hours. The golution
was worked up in the usual manner to give a residue
which crystallised from methanol as cubes (0.06 g.),
m.p.248-261°, [a]p -72° (¢, 0.5) giving no colour with
T.N.M. in chloroform. Light absorption in ethanol:
Mex. at 2500 A (§ = 12,000). Recrystallisation from the
game solvent yielded cubes, m.p.261-2562.5°, [alp -74°.
Concentration of the mother liguors gave a second
erop of cubes (0.02 g.), m.p.246-249°.
Neither crop was depresged in melting point on

admixture with the starting material.

Attempted Chromic Acid Oxidation of the Acetate (m.p.253°)

from the Boron Trifluoride iearrangement of the Oxide. -

The acetate (m.p.250-262°, 0.25 g.)} in stabilised glacial



- 184 -

acetic acid (200 c.e.) was treated, at room temperature,
with a solution of chromic anhydride (1.25 atoms 0), in
acetic acid (15 c.c.) added dropwise. The solution
was allowed to stand at room temperature overnight and
was heated at 80° for 5 hours. The solution was worked
up in the usual way, giving no acid fraction, and the
residue obtained crystallised from methanocl as cubes
(0.17 g+), mep.248-251°, [alp -20° (c, 1.0) giving no
colour with T.N.}. in chloroform and showing no depression
in melting point on adnixture with starting material.

Concentration of the mother liquors yielded amorphous

material (0.025 g.).

Ireatment of the Oxide of iso-B-Amyradienonyl Acetate

with Sulphuric Acid. - The oxide (m.p.279-281°, 0.8 g.)

in glacial acetic acid (500 e¢.c.) and dilute sulphuric
acid (12N, 20 e.c.) was heated on the steam~-bath for
four hours. The solution was treated with water and
ether, and the extract was washed with sodium Eicarbonate
solution, water, dried (Na,304) and evaporated. The
residue was dissolved in light petroleum (60-80°)-benzene
(1:1; 60 e¢.c.) and chromatographed on activated alumina
(Grade II, 14 x 1.25 om.).
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Fractions Elvant Volume Weight

1 LP/B (1:1) 50 c.c. -

8-9 " (114) 400 465 mg.
10-12 | Benzene 160 27
13-15 B/E (9:1) 150 89
16-17 " (1:1) 100 20
18-19 Ether 100 5
20-21  H/Methanol 100 126

22 e thanol 50 -

Combined fractions (2-9) crystallised from light petroleum
as prismatic needles, m.p.241-246°. Six recrystallis-
ations from the same solvent gave prismatic needles,
m.p.261.5-252°, [a]D -78° (¢, 1.1), giving no colour with
T.N.M. in chloroform. Light absorption in ethanol:
Max. at 2500 4 (£ = 13,500) .
Found: C,75.9; H,9.65; Acetoxyl, 16.9.
CaeHeo0s requires: C,75.8; H,9.4; 2(Acetoxyl),1l7.5%.

Practions (13-22) yielded uncrystallisable gums.

Alkaline Hydrolysis of the Product from the Sulphuric

Acid Treatment of the COxide of iso-p-Amyradienonyl

Acetate. - The sulphuric acid product (m.p.263-254°,
0.5 g.) was dissolved in aqueous ethanolic potassium

hydroxide (3%; 30 c.c.) and the solution was refluxed
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for 3 hours. The regidue obtaeined by working up the
solution through water and ether in the wusual manner,
erystallised from aqueous acetone as needles (0.39 £+),
Rn.p.285-288°. Four recrysitallisations from the same
solvent yielded needles, m.p.288-289°, [a]lp -110° (¢,1.0)
giving no colour with T.N.M. in chloroform. Light
absorption in ethanol: Max. at 2500 Z (¢ =14,080).
Found: C,79.0; H,10.2.

CaoHeaOp requires: €,79.2; H,10.2%.
The alcohol (m.p.286-288°, 0.1 g.) was dissolved in
pyridine (5 c.c.) and acetic anhydride (5 c.c.) and the
solution was heated on the steam-bath for two hours.
The residue which was obtained after working up the
gsolution in the usual manner crystallised from light
petroleum (60-80°}) as prismatic needles, m.p.249-252°.
Recrystallisation from the same solventi gave prismetic
needles, m.p.261-265%, [a]y -76° (¢, 1.4). Light
absorption in ethanol: Max. at 2500 2 (¢=13,600).
Admixture with the diacetate from which the aleohol
(m.p.289°) was obtained produced no depression in melting

point.

Treatment of the Sulphuric Acid Product with Selenium
Dioxide. - The sulphuric acid product (m.p.261-253°,
0.5 g.) in stabilised glacial acetic acid (100 c.c.) was

refluxed with selenium dioxide (0.5 g.) for 24 hours.
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The yellow solution was filtered, poured into water and
extracted with ether. The extract was washed with
sodium bicarbonate solution, water, dried (NagSQ4) and
evaporated to yield a residue which crystallised from
light petroleum (60-80°) as needles (0.3 g.), m.p.246-
-248°. Light avsorption in ethanol: iax. at 2500 X
(T = 14,200). Concentration of the mother liguors
yielded a second crop of prismatic needles (0.12 g.),
m.p.244-2561°. Recrystallisation of the second crop
from the same solvent yielded prismatic needles, m.p.
249-252°. Neither crop was depressed in melting point

on admixture with starting material.

Catalytic Hydrogenation of the Julphuric Acid Fission

Product of the Oxide of iso-p-Amyradienonyl Acetate. -

The sulphuric acid fission product (m.p.260-251°,

0.76 g.) in stabilised glacial acetic acid (100 c.c.)

was added to freshly prepared platinum catalyst (from
0.5 g. of Pt0z) in acetic acid (20 c.c.) and shaking in
hydrogen was carried out for 24 hours. The solution
was filtered and evaporated to dryness to yield a residue
whieh crystallised from chloroform-methanol as needles
(0.7 g.), m.p.248-254°, giving a yellow colour with
T.N.M. in chloroform. Concentiration of the mother

liquors yielded a secoad crop of needles (0.1 g.), m.p.
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m.p.245-250°, giving a yellow colour with T.N.M. in
chloroform. Six reerystallisations of the first crop
from chloroform-methanol yielded needles, m.p.251-263°,
(ue]p -29°, -30° (¢, 1.0, 1.2} giving a yellow colour
with T.N.l. in ehloroform. Light absorption in ethanol:
.iaove = 1,200, &zi00 = 980, Tgi1s0 = 440, € gzoo = 75.

| Found: C,77.5; H,10.5.

Cealsz0s4 reguires: C,v7.8; H,10.0%.

ggﬁﬁigggggiggi?he Catalytic Hydrogenation Product with

Hydrochloric Acid. - The catalytic hydrogenation product

(m.p.250-253°, 0.26 g.) in glacial acetic acid (100 c.c.)
and eoncentrated hydrochloric acid (3 c.c.) was heated
on the steam-bath for 4 hours. The solution was poured
into water and worked up through ether in +the usual
manner. The residue waé dissolved in pyridine and
acetic anhydride and the solution was heated on the
steam-bath for one hour. The acetylating solution
yielded a gum which crystallised frou chloroform-methanol
as needles (0.09 g.), m.p.230-240°.  Recrystallisation
from the same solvent gave needles, m.p.249-2562°, yellow
colour with Z.N.M. ian chloroform and showing no depression
in melting point on adnixture with starting material.
Concentration of the mother liquors yielded amorphous
material and gum which showed no light absorptioa in

(]
ethanol in the region 2200-4000 A.
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