Thesis being presented in Two Parts:

PART It THE STRUCTURAL CHEMISTRY OF THE TRITERPENE B-AMYRIN.
PART IIt ROUTES TO 11-OXYGENATED STEROIDS PROM ERGOSTEROL.
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SUMMARY ,
PART I: The Structural Chemistry of the Triterpene R-Amyria,

The reactions of the enol acetate of iso-@-amyrenonyl
acetate show that the parent op-unsaturated ketone is correctly
formulated as 2-acetoxyolean-l0=en-l2-one, iso~-@e~Amyrin
acetate, derived from iso-@-amyrenonyl acetate by catalytic
or Clemmensen reduction, is shown to be 2-acetoxyolean-l0-ene
end it is concluded that the locking of rings B/C in G-amyrin
corresponds to the more steble configuration., Clemmensean
reduction of iso-P-amyradienonyl acetate gives p-amyradienyl-II
acetate which contains the same carbon skeleton as e-amyrin,

In contrest to the behaviour of isp-a-amyradienonyl acetate,
iso-p-amyradienonyl ccetate is reduced catalytically to
neo-p-amyrin acetate, a monoene, which differs from each of
the previously described isomers,

Treatment of p-amyrenoayl benzoate with strongalkali
gives 18-iso-p-amyrenosiol, Catalytic hydrogenation of
18-~iso~p-amyrenonyl acetate yields 18-iso-p-amyrin acetate,
oxidation of which with hydrogen neroxide yields a saturated
ketone, 18-iso-p-amyranonyl acetate, The orientation at 013
in the last comvound is shown to represeat the sterically
stable configuration, Bromo-18-iso-p-amyranonyl acetate is
considerably more stable than the isomeric bromo-p-amyranonyl
acetate, and yields the correspoading <bB-unsaturated ketone
on heating in pyridine, Reduction of 18-iso-pP-amyranonyl a
acetate by the Kishner-wolff procedure gives 18-iso-p-amyranol
which differs from the saturated pentacyclic triterpenocid
alcohols hitherto described,
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PART II: Routes to 1ll-Oxygenated Steroids from Ergosterol,

Ergosterol has been converted by various procedures into
lix-hydroxy and ll-keto-steroids, The action of oxidising
agents on ergosteryl-D acetate has been investigated: treatment
with chromic acid giving 3p-acetoxyergosta-9(11):22-dien-T-one
and 3p-acetoxyergosta-8:22-dien-T-one, with one mol, of per-
formic acid giving 3p-acetoxy-8a-ergosta-9(11):22-dien-T-one,
with two mols, of performic acid giving 3p-acetoxy-9a:lla-
epoxyergost-22-en-T-one, and with perbenzoic acid giving 9a:illu-
epoxyergosta-T7:22-dien-3p-yl acetate, By using mild alkaline
conditions, hydrolysis of the ketoxide is accompanied by rear-
rangement to give 3R:llx-dihydroxyergosta-8:22-dien-7-one,
whereas treatment with strong alkali also effects a rearrange-
ment, to give in this case, after acetylation, 7:1l-diketoergost-
22-en-3p=-yl acetate, Ja:lla=Epoxyergosta-7:22-dien-3p-yl
acetate has been converted into 3?-acetoxy-9u:lla~dihydroxy-
ergost-22-en-7-one characterised by its conversion into 3f:1lla-~
diacetoxyergosta-8:22-dien-7-one on treatment with strong alkali
followed by acetylation,

Oxidation of ergosteryl-D acetate 22:23-dibromide with one
mol, of perbenzoic acid gives 22:23-dibromo=3d:lla=~epoxyergost-
7-en-3R-yl acetate, whereas with two mols, z corresponding
75:85,9«:1la~dienoxide is obtained, Treztment of the former
compound with sulphuric acid gives 22:23-dibromo-7%:1lo=-
dihydroxyergost-8-en-3p-yl acetate, Oxidation of this diol
with chromic acid yields 22:23-dibromo-7:1l-diketoergost-8-en-
3p-yl acetate and 22:23-dibromo-8c:9x-epoxy-7:1l-diketoergostan~
3p-yl acetate, treatment of which with zinc and acetic acid
gives in each case T:ll-diketoergost-22-en-3p-yl acetate,

22:23-Dibromo-9d:llx-epoxyergost-7-en-3p~-yl acetate has been
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rearranged to 3p-acetoxy-22-23-dibromoergost-8-en-T7-one by
treatment with dilute hydrochloric acid and to 3p-acetoxy-22:23-
dibromoergost-8-en-ll-one by treatment with boron trifluoride,

Oxidation of 22:23-dibromoergosta-7:9(11l)-dien-3p-yl acet
-ate with performic acid gives 3B-acetoxy-22:23-dibromo=-9d:1l«~
epoxyergostan-7-one, debromination of which with zinc yields
3p~acetoxy-9a:lla~epoxyergost-22-en-T-one characterised by its
conversion by relatively mild alkaline hydrolysis followed by
scetylation into 3p:llx-aiacetoxyergosta-8:22-dien~-T7-one,
3p-Acetoxy-22:23~-dibromo-9«:llu-enoxyergostan-7-one is converted
by alkali into 22:23-dibromo-3p:llx~dihydroxyergost -8-en-7-one
and is isomerised by filtration of its benzene solution through
sluminea into 3p-acetoxy-22:23-dibromo-llu-hydroxyergost-8-en-
T-one, The last compound is smoothly oxidised by chromic
ecid to 22:23-dibromo-7:11-diketoergost-8-en-3b-yl acetate,
Catalytic reduction of 3p:lla-diascetosy-22:23-dibromoergost-
8-en-T7-one in the n»nresence of alkali is accompanied by
debromination to 3p:lla-dihydroxyergost-2¢-en-T-one,

Oxidation of 2ZZ:23-dibromo-75:ll«-dihydroxyergost-8-en~
3p-yl acetate with oerbenzoic acid gives 22:23-dibromo-8a:9x-
epoXxy-T&:lla=dihydroxyergostan-3p-yl acetate, which has been
converted ianto 22:23-dibromo~-8«:9a-epoxy-7:1li-diketoergostan-
3p-yl acetate by treatment with chromic acid and 22:23-dibromo-
9a:lla-dihydroxy-T-ket-ergostan-3@-yl,acetate with hydrogen
bromide, The behaviour of the last compound with alkali has
been examined, With dilute alkali simple hydrolysis of the
Jp-acetoxy group occurs, but, with stroger alkali, dehydration
also occurs with formation of 22:23-dibromo-3p:ll«-dihydroxy-
ergost-8-en-7-one, Oxidation of 22:23-dibromo-9«:llx-

dihydroxy-T7-ketoergostan-3p-yl acetate with chromium trioxide
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gives 22:23-dibromo-9u~hydroxy-7:1ll-diketoergostan-3p-yl
acetate, vigorous treatment of which vith alkali followed by
acetylation gives the known 22:23-dibromo-7:ll-diketoergost-
8-en-3p-yl acetate, Whereas treatment of the last commound
with zinc dust and acetic acid gives 7:ll-diketoergost-22-en-
3p-yl acetate, with zinc dust in ether-methanol it gives
7:11-diketo-Ba-ergost-22-en-3p-yl acetate, readily isomerised
to the more stable form on being heated with acetic acid,

The 8B8«-isomer is also obtained by treatment of 7:1l-diketo-
ergost-8:22-dien-3p-yl acetate , 22:23-dibromo-8e:9«-epoxy-
7:11-diketoergostan-3p~-yl acetate, or 8«:Jx~epoxy-T7:ll-diketo-
ergost-22-en-3 -yl acetate with zinc dust in a neutral solveat,
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Introduction.

The triterpene class of compounds consists of non-
-nitrogenous natural products containing basically thirty
carbon atoms, the fundamental skeleton of which consiats
of six isoprene (CHg:CH.CMe:CHz) units. On dehydrogen-
ation with selenium the triterpenes give a mixture of
aromatic hydrocarbons, particularly homologues of naphtha-
lene. This is in contrast to a somewhat similar class of
natural products, the sterocls, which give the character-
istic Diels hydrocarbon (3-methyl-l:2-cyclopentenophenan-
threne) on dehydrogenation.

The triterpenes are widely distributed in the plant
kingdom and may occur in all parts of the plant, free or
glycosidically linked with sugars as saponins. The most
abundant triterpenes are probably the smyrins which were
first isolated by Rose (1), in 1839, from lanile elemi
resin, and in 1887 separated into the a- and B-forms by
Vesterberg (2). Since then the amyrins have been found
in numerocus resins and saponins, the latex of many other
plants (3) and shea nut oil (4).

The triterpenes, like the steroids, are interesting
because of the complicated alicyelic structures $o which

they can give rise, which are not easily accessible by
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synthesis. The ease of forming complex unsaturated and
oxygenated systems depends on the presence of angular
methyl groups which prevent aromatisation, and on the
location of some of the double bonds which causes additions
%0 be hindered and allylie reactions to predominate.

Owing to the immense amount of work on the subject,
only fundemental advances and certain features of the
p~amyrin structure will be described in the historical
part, especially as excellent reviews of this field are
already available (5-10).

Evolution of the General Triterpene Formula.

Two methods have been widely employed for the
determination of the struciures of triterpenes, namely,
(a) dehydrogenation with selenium, and (b) oxidative
degradation.

In 1929 Ruzicka (11) subjected a mixture of o- and
Beamyrin to dehydrogenation with selenium at relatively
high temperatures (320 to 350°) and isolated various
homologues of naphthalene, regarded as {typical dehydrogen-
ation products of the pentacyeclic triterpenes. The
struetural problem resolved itself into the construction
of a triterpene skeleton consistent with the isoprene

rule and capable of aceounting for the products. The
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isolation of l:8-dimethylpicene led to the important
econcluslon that the pentacyelic system of the triterpenes
was & reduced picene nucleus (12).

Recently, increasing use has been made of the
pyrolysis of oxidation products in which one ring 1s open,
giving rise to fragments containing two or three rings
which are readily investigated. This procedure was also
originated by Luzicka (13) and was at first confined to
oleanolie acid (I; R = COgH) which has been finally
degraded to two sets of products representing rings A-B,
and D-E (14). The configuration of rings A and B have
been recently compared in different series of triterpenes
by examining the pyrolysis fraguents containing these
rings, and in all cases they have been found to be the
same . G-imyrin and f-amyrin have been degraded to common
produets containing rings A, B and C (15) which proves
gteric identity in this regilon.

The formulation of the skeleton of B-amyrin has been
modified many times to account for increasing knowledge,
but the modifications have usually been confined to rings
C, D and E, and particularly to the location of the two
methyl groups placed finally at C 4 and C.,. Structure
(I) suggested by Haworth in 1937 (5,6) is compatible with

the reactions of the members of P-amyrin group, and is now
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conaidered to be almost certainly correct.

Interconversion of Triterpenes.

Probably the most important advance in the field of
triterpene chemistry has been the establishment of the
suspected relationship between various individual compounds
and their assignment to different groups, so that the
reactions of each compound in a given group have a bearing
on the structure of all members in the group and the
complete determination of structure for one member will
establish the constitution of most wembers of the group.

The inter-relationships have, for the wmost part, been
determined by the application of a method developed by
Ruzicka in which monocarboxylic acid members of the group
are converted into the corresponding aldehyde by the
Rosenmund method (the hydroxyl group being protected, and
the aldehyde then reduced to the corresponding deoxocompound
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by the Volff-Iligshner method:

Cat. red.

. W-K
Rosenmund) RCHO ————> RCHQ""RGHQ OH

RCOLH —=2%12, grooc1 -

Polyeyelic triterpenes cen now be classified into at
least three different groups: +the p-amyrin group (I),
the a-amyrin group (II), and the lupeol group (III). The
first two groups have basic structures consisting of five
six-membered rings, while the third hes a structure

composed of four six-membered rings and one five-membered

ring.

(L) (W)

Ehe_mo-t important interconversions that have been
accomplished so far (cf. 7,10) indicate that not only heas
& relationship been established between the functional
groups of the different compounds within a group but that
all have the same carbon skeleton, that the unreactive
double bond occupies the same position in all, and that
the same stereochemical configurations exist about the

numerous asymmetric carbon atoms.



The Ethylenic Linkage and its Environment.

The location of the unsaturated centre of the B-amyrin
group in ring C (whieh is not revealed by catalytic
reduction) was indicated by pyrolysis experiments (14,16).
Further information was obtained by experiments on
oleanolic acid. Oxidation of acetyloleanolic acid (IV)
with chromic acid gives an ap-unsaturated ketone (V) and
& keto-lactone (VI) (16,17). The former compound can be
reduced by standard methods %o oleanolic acid, which
indicates the presence of a methylene group adjacent to
the ethylenic linkage. On the other hand, in the keto-
-lactone, the double-bond has been oxidised, so that the
carbonyl and the lactione groupings mark, therefore, the

position of this linkage.

COH

H

ACO ACO

(V) (¥) (Y1)

B-Amyrin benzoate (VII; R ='Bz) is likewise oxidised
to an apf-unsaturated ketone, P~amyrenonyl benzoate (VIII;
R = Be) formed by oxidation of the methylene group
immediately adjacent to the ethylenic linkage (18,19,20).
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Catalytic reduction of F~amyrenonyl benzoate (VIII; R = Bz)
led to complete reduction of the carbonyl group, the
ethenoid linkage being unaffected, with formation of
B-amyxrin benzoate (VII; R = Bz). Reduction of f-amyr-
enonol (VIII; R = H) with sodium and alcohol, followed by
acetylation, has led to valuable information concerning
the environment of the ethylenic linkage of F-amyrin. The
produet, P-amyradienyl-I acetate (IX), presumably formed
by reduction of the carbonyl group of P-amyrenoncl to a
secondary aleohol and dehydration of the latter, contains
& conjugated system of two ethylenic linkages located in

e single ring, as shown by the absorption spectrum.

— AcO
(v) (V) (IX)

AcO AcO
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Oxidation of P-amyrin acetate (VII; R = Ae) with
hydrogen peroxide (8l, cf. 22) gives a saturated ketone,
p-amyranonyl acetate (X). [This compound was previously
described as an oxide (21)]. Bromination of Pf-amyranonyl
acetate in acetic acid with one mol. of bromine yields an
up-unsaturated ketone, iso-f-amyrenonyl acetate (II),
reduction of which with sodium and alcohol, followed by
agetylation, yields f-azmyradienyl-I acetate (IX).

The nature of the unsaturated centre in f-amyrin was
further defined by ZFicard and Spring (23) who have shown
that p~-amyrenonyl esters are partially dehydrogenated
when treated with bromine to yield f-amyradienonyl esters
(XII), which contain a conjugated dienone system
«co-é=é-é=é- spectroscopically establighed. Treatment
of p-amyrin acetate with N-bromosuccinimide yields
p-amyratrienyl acetate (XIII) (24) containing a conjugated
triene chromophore.

RO AcO “

(Xi) (¥m)
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When f-amyrenonyl acetate (VIII; R = Ae) is reduced
to B-amyradienyl-I acetate (IX) there is also produced
&t the game time an isomerlic compound named by 2icard and
Spring (23) p-amyradienyl-II acetate, containing a con-
jugated diene gystem distributed between ftwo rings. This
compound had previously been obtained by Ruzicka and
co-workers (19, 25) by the oxidation of f-amyrin acetate
with selenium dioxide. Spring and co-workers (26, 27)
prepared later the same compound by treatment of §-amyr-
enonyl acetate (VIII; R = Ac) and [ -amyradienonyl acetate
(XII; R = Ac) with seleniwum dioxide. £-Amyradienyl-II
acetate was formerly (19, 23, 25-28) represented by
formula (XIV), although (XV) was not excluded. The
correaponding oleanolic acid-compound has been shown,
however, to have the structure (XV; R = COgH) by Barton
and Brooks (29), so that (XV; R = CHg) is now the accepted
atructure for B-amyradienyl-II acetate.

/

AcO AcO AcO

(¥v) (XV) (

&
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Both representations involve bond migration during their
formation from P-amyrenonyl acetate. Catalytic hydrogen-
ation of p-amyradienyl-II acetate yields a compound
isomeric with f-amyrin acetate, termed J -amyrin acetate
(XVI), containing a 13(18)-double bond.

A compound which has given much useful information
regarding the C-D-E portion of the B-amyrin molecule
(ef. 31) is p~amyradiendionyl acetate (XVII). This
compound (as an alcohol) was first prepared by Jacobs and
Fleck in 1930 (32) by a method involving treatment of
p-amyrin benzoate with sulphur, followed by saponification,
oxidation of the sulphur-compound with potassium permang-
anate and hydrolysis. Since then it has been prepared
by & number of other methods: Spring and co-workers (23,
34) prepared it by the action of selenium dioxide on
p-amyradienyl-I acetate (IX) and p-amyratrienyl acetate
(XI1I). BRuzicka and co-workers (25, 30) prepared it by
the treatment of f-amyrin acetate, p-amyradienyl-II

Oy

AcO AcO
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acetate (XV) and J-amyrin acetate (XVI) with selenium
dioxide. Jacob's compound was shown by Ruzicka and

Jeger (25,33) to be a hydroxy-dione containing —CO—b=é~CO—
grouping; on treatment with hydrazine it gave a pyridazine-
~derivative, formulated as (XVIII). The researches of

the last authors have provided much evidence in favour of
the structure (XVII) for [-amyradiendionyl acetate,

although it has been criticised (c¢f. 35) on the grounds

that 1t cannot fully account for the properties of certain
derivatives.

It hes not been possible to prepare B-amyradiendionyl
acetate by stepwise reaction from either P-amyrin acetate
or isg~p-amyrenonyl acetate (XI), although the latter
ecompound contains half of the chromophore of B-amyradien-
dionyl acetate (XVII). Barton and co-workers (31) put
forward a hypothesis that all the reactions leading to the
diketo-diene system proceed via the 10:12:18-triene (XIII)
(ef. 34).

Treatment of igo-f-amyrenonyl acetate (XI) with
gelenium dioxide gives 1so-f-amyradienonyl acetate (27),
originally formulated by Spring (27) as (XIX), and later
by Rumicka (46) as (XX), whiech involved the migration of
the angular methyl group from C;4 to C,g. Further treatment
of isg-f-amyradienonyl acetate with selenium dioxide gives
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AcO AcO

(XTX) (%XX) (1)

an isomeric p-amyradiendionyl acetaté, formulated by
Ruzieka and Jeger (46) as (XXI).

In view of various reactions performed on iso-p-
-amyyadienonyl acetate, the validity of the formulation
(XX) is questioned, and this, together with later work
earried out by Ruzieka and co-workers (15) having a
diyeet bearing on the problem, is further dlscussed in
the theoretical section of this thesis.




Stereochemistry

Giﬁcomello in 1938 (36) concluded from X-ray analysis
that the p-amyrin molecule was flat and the’asymmetric
oentres were in the alternating trans-configurations.

Recently Barton (37,38) has extended the concept of
equatorial and polar bonds (39) to the difficult problem
of the stereochemistry of the pentacyclic triterpenes of
the p-amyranol group. The basic assumption was made that
in the more stable configurations all five rings would
adopt chair conformations.

Rings A and B had been shown to be trans-fused from
the known relation (40) to the diterpene abietic aeid.
Rings D and E were shown to be cig-fused with the less
stable orientation at C,¢ (19,27,37,63), while the con-
figuration at Cyg in p-amyranol derivatives was shown 4o
be the more stable one and t¢o have the hydrogen on the
same side of the molecule as the C ,-methyl group (41).
Correlation with the stereochemistry of perhydrophenan-
threne (38) showed that rings C and D must be trans-fused,
and conclusive evidence has been produced (37,61) showing
that C,o has also the more stable configuration. The
configuration at C; i1s regarded as B (The symbols o and

B are used with the gsame significance as in steroid
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chemistry), on elimination evidence (38) and on sterie
properties which are those of an equatorial hydroxyl
group (37,39). The assignment of configuration at Cy
(hence the fusion of ring B to C) is on a less certain
basis. lMolecular rotation arguments (42) and .-ray
investigation (38) decided in favour of the stereochemical
representation (XXII), which requires B/C-trans (CgiCie-
-an%i)C/D-irans.
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SECTION I: iso-f-Amyrenonol and iso-f-Amyradienonol.

The work described in this section was commenced in
July, 1960, and had as its object the study of reactions
of certain derivatives of p-amyrin with particular
reference to iso-f-amyradienonol and the structural problem
of the latter compound.

Oxidation of B-amyrin acetate (2-acetoxyolean-l2-ene)
(I) with hydrogen peroxide gives the saturated ketone
B-amyranonyl acetate (2-acetoxyoleanan-l2-one) (II)(21,43).
The amorphous solid obtained from the reaction mixture
after the removal of p-amyranonyl acetate was chromato-
graphed on alumina, yielding a further quantity of f-amyra-
nonyl acetate and z new acetate, CzgHgeOf, which does not
exhibit selective absorption of high intensity in the
ultra-viclet region and does not show & colour with tetra-
nitromethane in chloroform or ferric chloride in alcohol.
It cannot be acetylated under normel conditions but is
hydrolysed by alkali to the corresponding alcohol CgoHeoOg-
The hydrolysed product does not precipitate on addition of
water to its alcoholic potassium hydroxide solution but
readlly separates when the diluted solution is acidified.
The alcohel was recovered unchanged after treatment with

diazomethane and dimethyl sulphate. 0f the structures
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(III) and (IV) which appear probable for this compound,
the former (III) was excluded since the acetate is stable
40 chromie anhydride at room temperature whereas (III)
should give the enol of 2-acetoxyocleanane-ll:12-dione

(V) first prepared by Ruzicka and Jeger by selenium
dioxide oxidation of P-amyranonyl acetate (44).

- O O
HO
_
AcO AcO AcO

(1) / l () / (1)
OAc OH
o 0 o
AcO AeO ACO
(M) (¥) (V)

Another structure (VII) has been considered for the
new acetate. This, however, seems unlikely as hydrolysis
with potassium hydroxide would give the salt of the acid
(VIII), whieh presumably would be insoluble in ether,

whereas the alecohol was recovered from alkaline media by
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ether extraction.

(IX)

Alkeline hydrolysis of R-amyranonyl acetate (II)
gave B -amyranonol. The acetate was further characterised
by the formation of its enol acetate (VI) using acetie
anhydride and sodium acetate (cf. 44).

Treatment of the saturated ketone (II) with bromine
in acetic acid gives bromo-p-amyranonyl acetate which
readily loses hydrogen bromide to give iso-~f-amyrenonyl
acetate (43,45; for which the alternative structures (X)
and (XI) have been considered (6,27). A deeision in
favour of the latter has been made since reduction of iso-
-g-amyrenonyl ecetate with sodium and alecohol, followed
by treatment of the product with acetie anhydride, gives
B-amyradienyl -I acetate (2-acetoxyoleane-l0:12-diene) (XII)
eontaining a conjugated diene system in a single ring and
identical with a product obtained by similar treatment of
B-amyrenonyl acetate (2-acetoxyolean-l2-en-ll-one) (XIII).
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Catalytic reduction of iso-f-amyrenonyl acetatle gives an

AcO AcO

ACO ACO

(xTi)

isomer of p-amyrin acetate which contains a >C=CH-
linkage since i% is oxidised by hydrogen peroxide to a
saturated ketone iscmeric with B-amyranonyl acetate.

The isomeric P-amyrin aceiate has been formulated as
2-acetoxyolean-10-ene (XIV) by Jeger and Ruzicka (46).
This structure did not appear to be rigidly established,
sinoe hydrogenation of iso-p-amyrenonyl acetate (XI)
could proceed by reduction of the ethylenic linkage and
simul taneous or consecutive reduction of the carbonyl

group to a secondery alcohol, followed by dehydration to
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give an isomeric f-amyrin acetate (XVI) differing from
f-amyrin (XV, solely in the orientation around G(;,fﬁ

[ef. the catalytic reduction of p-amyranonol to P-amyrin
deseribed by Ruzicka and Jegex (44)]. Of the alternative
structures (XIV) and (XVI) for the isomerdie P-amyrin
acetate, the former has been established by Volff-Kishner
reduction of the derived isomerie $-amyranonyl acstate to
a product which, after acetylation, gave f-amyranyl

acetate (XVII) identical with the compound obtained by

AcO

(Xiv) (XV) (XV1)
* The ccnfigurations‘shown in (XV) and (XVI) are for
the most part arbvitrary and sre used for comparative
purposes only. The gig-locking of rings D/E, however,
hag been established by Barton and Holness (37) [ef. Davy,
Helaall and Jones (47)].
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similar treatment of B-amyranonyl acetate (44). The
isomeric p-amyranonyl acetate is therefore 2-acetoxy-
oleanan-ll-one (XVIII,. An interesting point concerning
the nature of the locking of rings B/C in the B-amyrin
group of triterpenoids emerges from this series of changes.
The conversion of B-amyrin into 2-acetoxyoleanan-l1l-one
(XVIII) and thence into P-amyranyl acetate (XVII) proves
that these rings are locked in the more stable configur-
aetion since the introduction of a carbonyl group at the

1l -position and the subsequent treatment of this ketone

AcO AcO

(xv) (Xvm)

would permit the change from a less to & more stable con-
figuration at this Jjunction. Since no such isomerisation
ocours it is concluded that the more stable configuration
exlsts in g-amyrin. Whe ther the more stable configur-

ation is ¢ls or trans remeins to be established.

In an attempt to further characterise iso-pg-amyrenonol

by the formation of its benzoate, it was treated with
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benzoyl chloride in pyridine. The product proved to

be an enol dibenzoate which gives a brown colour with
tetranitromethane in chloroform and exhiblts selective
light absorption in the ultra-violet with maxima at

2300 A (&= 31,000), attributable to the two benzoyl
groups and at 2760 X (€= 11,000) attributable to a diene
system present in a single ring. The enol dibenzoate

is therefore (XIX; R = COCeHs), and the structure of iso-
-f-amyrenonyl acetate as 2-acetoxyolean-10-en-12-one (XI)
is confirmed. Ireatment of iso~-f-amyrenonyl acetate

OR OAc OAc

(X1X) (XX) (XX1)

tAXAR }

with acetic anhydride and sodlium acetate gives an enol
acetate (XIXy; R = Ac) which exhibits an absorption

maximum at 2780 K characteristic of a conjugated diene
system present in a single ring. The enol acetate

grouping 1s easily hydrolysed with the re-formation of
iso-p-amyrenonyl acetate. The structure (XIX; R = Ae)
was supported by oxidation of the l0-ethylenic linkage
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of the enol acetate with hydrogen peroxide, with formation
of 2-acetexyoleanene-ll:12-dione enol acetate (XX)
previously obtained by Ruzicke and Jeger (44) by chromie
acid oxidation of the enol acetate of p-amyranonyl

acetate (XII).

The interpretation of the complex reactions of
p-amyradienedionyl acetate and of analogous compounds
obtained from other members of the P-amyrin group of tri-
terpenoids by Ruzicka and Jeger has provided weighty
evidence in favour of part of the detail of the formula
(I) for p-amyrin acetate.

AcO AcO AcO

(Xx1) (Xxii) (¥x1v)

p-Amyradienedionyl acetate (XXII) is obtained by the
oxidation of P-amyrin acetate (I) (26), B-amyradienyl-I
acetate (XII) (23), P-amyradienyl-II acetate (XXIII)(35,41)
- and p-smyratrienyl acetate (XXIV)(34) with selenium dioxide.
Oxidation of iso-p-apyrin acetate (2-acetoxyolean-l0-ene)
(XIV) with selenium dioxide also gives P-amyradienedionyl
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acetate (XXII). It is found that Clemmensen reduction
of B-amyradienedionyl scetate gives p-amyradienyl-Il
acetate (XXIII).

ise-p-Amyrenonyl acetate (XI) conteins helf of the
ehromophore of p-amyradienedionyl acetete (XXII) and
accordingly Green, Mower, Picard and Spring (27) attempted
to correlate these two compounds by oxidation of the former
with selenium dioxide in the expectation that f-amyra-
dienedionyl acetate would result. Instead, the reaction
gave igo-B-amyradienonyl acetate which shows an absorption
maximum at 2450 K ( €= 11,000) and unlike iso-f-amyrenonyl
acetate gives a yellow colour with tetranitromethane in
chloroform. iso-f-Amyradienonyl acetate was also obtained
by the action of bromine on iso-p-amyrenonyl acetate by
the same workers and later by Jeger and Ruzicka (46). It
is found that iso~pf-amyradienonyl acetale can also be
obtained directly from B-amyranonyl acetate (II) by bromin-
ation. (Green, Mower, Picard and Spring (27) suggested

AcO

(xxvi)
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the structure (XXV) for iso-f-amyradienonyl acetate,
whereas Jeger and Ruzicka (46) proposed the structure
(XXVI) in which it is represented as formed from iso-f-
-amyrenonyl acetate by the migration of the angular methyl
group from C(ie) to Cras) With simul taneous introduction
of a 14:15-double bond. This formulation (XXVI) would
explain the light absorption, the colour with tetranitro-
methane and the formation of a new compound, isomeric with
Bp-amyradienedionyl acetate, by the action of selenium
dioxide on iso-B-amyradienonyl acetate (46). Jeger and
Ruzicka (46) suggested the structure (XXVII) for this new

o
o 0
COH
AcO HO
(XXv) (Xxvi)
isomerie p-amyradienedionyl acetate. More recently,

Meisels, Jeger and Ruzicka (48) have oxidised igo-f-amyra-
dienonyl ecetate to a hydroxy-diketo-acid formulated as
(XXVIII), the methyl ester of which on pyrolysis gave an
acidic fraction represented as the hydroxy-diketone (XXIX).
The hydroxy-diketone was characterised by methylation and
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acetylation which gave two isomeric compounds formulated
as (XXX) and (XiXI) and identical with two compounds
obtained by, in all essential features, the same rcute
starting from ¢-amyrin. These reactions, however, cannot
be construed as proof of migration of the angular methyl
group during conversion of igo-p-amyrenonyl acetate into

iso-f-amyradienonyl acetate.

o oS

(Xx1X) XXX (Xxx1)

In order to further investigete the structural
problem of iso-p-amyradienonyl acetate, it was prepared
by the selenium dioxide and bromine method previously
described (27,46) and also by direct bromination (2 mols)
of p-amyrenonyl acetate. Alkaline hydrolysis gives the
corresponding alcohol, imo-B-amyradienonol, acetylation
of whieh ylelds the parent acetate. Benzoylation of the
aloohol gives igo-B-amyradienonyl benzoate. DPure iso-B-
-amyradienonyl acetate crystellises in prisms melting

just over 220°, whereas the acetate was previously described
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ag forming plates melting below 210°. The plates can
readily be converted into prisms by further crystallis-
ation or by chromatography. It is found that Clemmensen
reduction of iso-f-amyradienonyl acetate gives P-amyra-
dienyl-II acetate (XXIII) which contains the same carbon
Bkeleton as f-anmyrin. In itself this reaction can be
reconciled with the structure (XXVI) for iso-f-amyradien-
onyl acetate by assuming that the strongly acid medium
induces a second migration of the angular methyl group

at C,¢ to its original position at C,4, thus giving the
dienone (XXV), Clemmensen reduction of which would yield
B-amyradienyl -II acetate. It was noted, however, that
iso~p-amyradienonyl acetate was recoversd unchanged after
prolonged treatment with hydrochloric acid in acetie aeid.
On the other hand, the conversion of iso-B-amyradienonyl
acetate into B-amyradienyl-II acetate could be considered
to be proof that the carbon skeleton of both compounds is
the same and that a methyl group has not changed its
place during the conversion of the one into the other. In
faveur of such a view are the following very substantial
faota: {fLirst, that isgo-a-amyrenonyl acetate is oxidised
by selenium dioxide to lsgea-amyradienonyl acetate which
when oxidlsed and pyrolysed gives & produet from which
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are isolated compounds (XXX) and (XXXI) identical with
those obtained from isg-p-amyradienonyl acetate; and,
gsecondly, that catalytic hydrogenation of iso-G-amyra-
dienonyl acetate in acetic acid at room temperature gives
iso -0 -amyrenonyl acetate. The latter obsexrvation proves
that isg-u-amyradienonyl acetate has the same cairbon
gkeleton as u-amyrin and that iso-¢-amyradienonyl acetate
does not carry a methyl group at C,3 (49). The conversion
of both iso-o-amyradienonyl acetate and iso-fF-amyradien-
onyl acetate into the compounds (XXX) and (XXXI, requires
that iso-f-amyradienonyl acetate likewise does not carry
such a methyl group. In marked contrast to the behaviour
of lsgo-a-amyradienonyl acetate, iso-f-amyradienonyl
acetate is reduced catalytically in acetic acid at room
temperature with absorption of three molecular proportions
of hydrogen and formation of a compound apparently con-
taining one ethylenic linkage. This compound, named
neo-p-amyrin acetate was previously reporied by sSudzlarek,
Johnston, Manson and Spring (61) as iso-f-amyradienyl
acetate. It differs from each of the previously discovered
isomers, does not show selective absorption of high
intensity above 2200 A (Maximum at 2140 4, & = 3500) and,

anomalously, gives an intense red colour with tetranitro-
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methane in chloroform. This is the first example of a
triterpene which does not contain a conjugated system

of ethylenie bonds giving an intense red or brown colour
with this reagent. This acetate is not isomerised by
mineral aeid. Catalytic hydrogenation of iso-f-amyra-
dienonol followed by acetylation also gives neo-f-amyrin
acetate.

The carbonyl group of iso~f-amyradienonyl acetate is
reduced by lithium aluminium hydride and the resulting
‘diene-diol is characterised as its diacetate (XXXII)
assuming the structure (XXVI) proposed by Jeger and
anieku.x Catalytie reduvetion of this diacetate gives
neo-p-amyrin acetate by hydrogenolysis of the acetoxy-group

OAc

AcO
(XxXxX1)
x

~ The structupres (XIXII)-(XXXIX) sre used provisionally
for comparative purposes only.
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in ring C and saturation of one double bond.

Proof that neo-B-amyrin acetate contains only one
ethylenie linkage was found later (51) by chromic acid
oxidation which gives a compound containing one atom of
oxygen more than neo-p-amyrin acetate. The oxidation
product does not exhibit light absorption of high
intensity in the region 2000-4000 Z and does not give a
colour with tetranitromethane in chloroform.

Oxidation of iso-B-amyradienonyl acetate wlth excess
chromic acid under rigorous conditions gives a compound,
CazHaeeO4, needles,; m.p.308-309°, [a]y +67°, which
exhibits an absorption maximum at 2350 K (€ =12,100)
and does not show a colour with tetranitromethane in
chloroform. Treatment of this compound with bromine in
acetic acid ylelds a bromo-compound, CggHgesC4Br, which
is recovered unchenged after prolonged heating in scetic
acid solution.

Oxidation of iso-B-amyradienonyl acetate with excess
hydrogen peroxide gives two products which are readily
separated by the chromatographic method. The minor
product, CygHee0s, m.p.225-227°, [alp +80° appears to be
formed by a simple addition of two atoms of oxygen to
iso-B-amyradienonyl acetate. It does not exhibit select-
ive light absorption of high intensity in the ultra-violet
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region and does not show a colour with tetranitromethane
in chloroform. The major product, CzzHyigOs (CazHieOs
not excluded), plates, m.p.308-309°, [a]D +179°, exhibits
selective absorption in the ultra-violet with maximum at
2380 2 (&¢=12,600), does not give a colour with tetra-
nitromethane and contains a secondary hydroxyl group as
shown later (51) by chromic acid oxidation to the compound,
CosHyeO4, needles, m...308-309°, [a] +567°, firet
obtained by chrorie acid oxidation of igo-f-amyradienonyl
acetate; +the plates and needles give practically no
depression of mixed meliing point. Treatment of the
hydrogen peroxide compound, m.p.308-309°, with hydro-
chloric acid in acetic acid yielded a new product con-
taining chlorine, exhibiting light absorption maximum at
2340 Z (&=13,000) and showing no colour with tetra-
nitromethane. |

Catalytic hydrogenation of the chrcmic acid cxidation
product of iso-p-amyradienonyl acetate gives three
distinet compounds separated by chromatography. The
first, CgeHso0z (CugHsz0g; not excluded), m.p.230.5-232°,
[a]p +B84°, does not exhibit light absorption of high
intensity above 2200 K, and shows a pale yellow colour
with tetranitromethane in chloroform. The second,

CazsHee0g, m.p.324-325.5°, [a]D -94°, does not exhibit
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gelective absorption in the ultra-violet region and
does not give a colour with tetranitromethane in
ohloroform. The third compound, CsgHpezOg, m.p.172-173°,
[a]p +4° does not exhibit light-intensity absorption
above 2200 K end gives a dark yellow colour with tetra-
nitromethane in chloroform. The compounds were not
obtained in sufficient amount to &llow a detailed
investigation of their structures.

This work was discontinued in June, 1981, and
further study of the oxidetion and reduetion products
described above was carried cut ian this laboratory by

J. D. Johnston (Ph.D. Thesls, 1963).
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.Conelusion

The conclusions from this work may be summarised
as follows. A series of well-defined reactions of the
- and B-amyrdin groups has been interpreted in terms of
the formulations (I) for f-amyrin acetate and (JLKVII)
for a-amyrin acetate, by the assumption of migration of
& methyl group in the conversion of iso-amyrenonocl to
iso-amyradienonol. In the o-amyrin series the postulated
migration is demonstrably incorrect since simple catalytic
reduction of isc-oc-amyradienonyl acetate yields the
parent 3gg-a-amyrenonyl acetate. In the B-amyrin series,
the postulated migration of e methyl group appears
unlikely (but not excluded) since iso-f-emyradienonol

can be converted by Clemmensen reduction into a well-known

(XXX

.
cO
)

(Xx¥1)
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derivative of f-amyrin which possesses the same carhon
skeleton as the latter. The conversion of the iso-a-
and the iso-f-amyradienonyl acetates into two common
degradation products which apparently include the rings
A-C of the triterpenes, suggests that in so far as these
ringe are concerned, the a- and f-amyradienonyl acetates
have identical carbon skeletons; since (XIXVIII) is not
an acceptable formulation for lgo~t-emyradienonyl acetate,
(XXVI) for iso-f-amyradienonyl acetate is suspect.

An attractive nypothesis to circumvent the anomalies
described above is that neither a- nor f-amyrin carries a
methyl group attachment at C,q [ef. Jeger, Ruegg, and
Ruziecke (50); in such an event the accommodation of the
displaced carbon atom becomes a matter for speculation.
The possibility that ring C ia 7-membered (B-amyrin =
XXXIX) [ef. Meyexr, Jeger, Frelog and Ruzicka (15)] has

HO

(XXXTX)
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been considered, together with alternative methods for
the accommodation of the carbon atom displaced from C,,.
Such speculations are premature since the views expressed
above are to a large measure dependent on the validity of
the interpretation of the reactions leading from the iso-
-emyradienonyl acetates to the compounds (XXX) and (XXXI)
and, in particular, on the validity of the structures

ascribed to the last two compounds.
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SECTION II: 18-iso-B-Amyranol.

The generally accepted structure ascribed to the
p-amyrin-oleanolic acid group of triterpenoids, exempli-
fied by thet of f-amyrin (I; R = H)*® has been supported
by a formidable and, in most cases, convinecing array of
evidence, much of which has emerged from the scholarly
researches of Ruzicka. The structure ascribed to the
a-gmyrin-ursolic acid group of triterpenoids is illustrated
by that of a-amyrin (II; R = H).

Oxidation of B-amyrin acetate with chromic anhydride
in acetic acid gives an 8% yield of acetone, isolated as
its 2:4-dinitrophenylhydrazone. Similar oxidation of
a-gnyrin acetate does not give acetone. The triterpenoid
acetates employed were purified to constant optical
rotation, and were rigorously dried; a common batch of
purified acetic acid was employed and the oxidations were
effected under as far as possible identical conditions.

If (I; R = H) is the true structure of p-amyrin, the
acetone obtained from p-amyrin acetate probably originates

in the geminal dimethyl group in ring E. While this has

® In order to avoid the use of high Roman numerals,
the formulae in this section are again numbered from (I)

upwarde.
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not been considered to be unlikely, & more natural infer-

ence was that f-amyrin containa an isopropyl group
attached %o ring E.

RO

L)

(W)

Ho HO
(M) (Vi)

The structures aseribed to the a- (IIj R = Ac¢c) and
the - (I} R = Ae) acetate differ only in the nature of
ring E, and there is evidence that they are sterically
identicel at Cy, Oy, Cy, Cro and possibly at% C,,. Ames,
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Halgall, and Jones (652) have shown that lupenyl acetate
(III; R = Ae), which contains an isgpropenyl group
attached to ring E, is isomerised by mineral acid to

§ -amyrin acetate (IV), itself obtained from B-amyrin
acetate by a two-stage process. It has been established
(Davy, Halsall, and Jones (47); Barton and Holness (37)
that rings D/E in lupeol (III; R = H) are trang-fused and
that the rings D/E in peamyrin (I; R = H) are cis-fused.
Consequently, structural differences apart, lupanol
(dihydrolupeol) (V) and B-amyranol (dihydro-f-amyrin)(VI)
differ in orientation around C.g. Before atteupting to
assess the significance of the formation of acetlone from
p-amyrin acetate (to test the hypothesis that both lupeol
and p-amyrin have the same carbon skeleton) it was con-
sidered essential to embark upon the preparation of the
isomeric saturated alcohol of the f-amyrin group, 18-iso-
-p-amyranel (VII) in order to compare it with lupanol and
other saturated pentacyclic triterpenoid alcohols.

A simple route to l8-igo-f-amyranol appearcd to be
availeble since indications existed in the literature
that epimerisation at C,¢ in p-amyrenonol (VIII; R = H)
could be achieved. Thus in a discussion concerning the

physieal constanis of P-amyrenonol and its esters,
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Ruzicka, Muller, and Schellenberg (19) reported that
treatment of B-amyrenonol (m.p.230-231°, [a]D +102°)

(VIII; R = H, R' = Me) for a prolonged period with 10%
alecoholic alkali gave an isomer, m.p.247-248°, [a]D +81.5°.
This isomerisatlon could involve elither C o or C e or

both centres simultaneously, but the faect that bromination
of p-amyrenonyl acetate (VIII; R = Ae, R' = Me) proceeds
smoothly to give p-amyradienonyl acetate [Picard and
Spring (23)] (IX; R = Ac, R' = Me) suggests that enolis-
atlon of B-amyrenonyl acetate involves C;g. Furthermore,
reduction of B-amyradienonyl acetate by sodium ethoxide
and hydrazine gave a complex mixture from which an alloe-

- -amyrenonyl acetate was obtained; this probably differs
from P-amyrenonyl acetate in the orientation around C,g
[Green, Mower, Picard and 3Spring (27)]. Kitasato (53)
hes shown that methyl acetylketo-oleanolate (VIII; K = Ac,
R' = COgMe) is isomerised by mineral acid to a Y -isomer;
that this isomerisation also involves Cig is indicated by
the faet that bromination of acetylketo-oleanolic acid
(VIII; R = Ae, R' = COgH) gives the conjugated acetylolean-
-12:18-dien-11 -onolic aeid (IX; R = Ac, R' = COgH)[Ruzicka,
Jeger, and VWinter (64)]. It was found (63, cf. 55) that

when melted, the dienone-acid loses carbon dioxide rapidly
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(o) (IX) X)

AcO

(1)

(X1) (xm) ( XIiL)

AcO

(™)
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to give nor-g-amyradienonyl acetate (X; R = Ac) identical
with the compound obtained originally by Ruzicka, Cohen,
Furter, and Sluys-Veer (56) by prolonged treatment of
acetylketo-oleanolic acid (VIIIj; R = Ac, R' = COgH) with
boiling quinoline. The ease of decarboxylation of the
dienone-acid indicates that it is a py-unsaturated acid
and that it is correctly formulated as (IX; R = 4c, R' =
= COgH]) . Barton and Holness (37) have recently reported
that the alkali isomerisation of methyl acetylketo-olean-
olate involves inversion at C,g-

It was found that treatment of f-amyrenonyl benzoate
with atrong alcoholic potassium hydroxide gives in high
yield an isomeric f-amyrenonol which shows the character-
igstic light-absorption properties of an ap-unsaturated
ketone and was characterised by the formation of its
acetate. The reactions described below established that
this ¢p-unsaturated keto-acetate is l8-iso-p-amyrenonyl
acetate (XI; & = Ae). 18-igo-P-Amyrenonyl acetate was
recovered unchanged after treatment with bromine in acetic
aeid under conditions which led to the conversion of
p-amyrenonyl acetate or acetylketo-oleanolic acid into the
corresponding conjugated dienones (IX). Catalytic reduction

of l8-igo-B-amyrenonyl acetate at room temperature gives
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in high yield an iscomeric p-amyrin acetate, the relation-
ship of which to f-amyrin acetate (I; R = Aec) was
established by its easy oxidaetion with selenium dioxide
to B-~amyradienyl-II acetate. Of the two possible
structures (XIII) end (XIV) previously considered for the
last compound, first prepared by Zuzicka, :Riller and
Schellenberg (19) by the oxidation of P-amyrin acetate
(I} R = Ae) with selenium dioxide, Barton and Brooks (41)
have shown that the former is correct. The formation of
p-amyradienyl -II acetate (XIII) by oxidation of both
p-amyrin acetate and the isomeric P-amyrin acctate
deseribed above proves that the last compound is 18-isgo-
-g-amyrin acetate (XII; R = Ac¢).

Oxidation of 18-iso-B-amyrin acetate (XII; R = Ac)
with hydrogen peroxide in acetic acid gives a saturated
ketone, 18-iso-f-amyranonyl acetate (XV; R = Ae), alkaline
hydrolysis of which gives the corresponding alcohol,
18-igo«p-amyranonocl (XVj R = H). 1g-is0-p-Amyranonyl
acetate (XV; R = Ac) is not isomerised by either mineral
aclid or strong alkali, and represents the sterically stable
igomer in so far as the orientation at C,g is concerned.
Ireatment of 18-igo~f-amyranonyl acetate with bromine

gives bromo-lE-iso-p-amyranonyl acetate (probably XVII).
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This is considerably more steble than the isomeric bromo-

-p-amyranonyl acetete, obtained by similar bromination of

AcO

(Xvit) (Xvin)

p-amyranonyl acetate, which readily loses hydrogen bromide
when wermed with acetic acid, giving igo-f~-amyrenonyl
acetete (45); Dbromo-18-iso-p-amyranonyl acetate is
recovered unchanged after prolonged heating in glacial
acetic meid. Slow dehydrobromination, however, takes
place on prolonged heating in pyridine, with the formation
of an ap-ketone ghowing a light-absorption maximum at
2410 X (XVIII).

BReduction of l8-igo-f-~amyranonyl acetate (XVy R =
Ae) by the Volff-Kishner method, followed by acetylation,
gives l8-iso-p-amyranyl acetate (XVIj R = Ac), hydrolysis
of which gives 18-isg -B-amyranol (XVI; R = H) which is
different from lupaneol and also from B-amyranol (XX)
prepared as described by Ruzicka by the steps (I) — (XIX)
— (XX) or by Budziarek, Johnston, Manson and Spring (61)
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by the steps (I) — (XIX) — (XXI) — (XXII) — (XXIII)
- (XX).

H H H
HaOp > w-K 5
RO RO HO
(1)

(XIX) (XX)
By
w-K
O H H H
(¢)
H 2 [Pt R H20q
RO RO RO

O (xxD) (xx1) (Xxt )

- The eonstants of p-amyrenol (44), lupanol (57), and
teraxastanol (heterolupanocl) (68) are shown below,

together with those of 18-iso-p-amyranol(this work).

Alechol Acetate
MmePe [a]D m.p- [a]D
p ~-Amyrenol 186-186,56° +18.5° 284.5-286° +21°
Lupanol 201 -20g -17.8 £46 - 246 -1.8
Teraxastanol - 218-280 +11 268 - 263  +23

18-is0-B-Amyrancl 220 -230 +36 280 - 282 +44
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The orientation at Ci g in the two isomers, B-amyranol
and 18-iso~B-amyranol, in each case represents the
sterically stable configuration since neither f-amyranol
nor 18-lso-B-amyranonol is isomerised at C,s under strongly
acid or alkaline conditions. There is furthermore a

gtrong prima facie case for a common C,g-configuration in

£ -~amyranol, 18-iso-f-amyranol, germanicol [ef. the convers-
ion of siaresinolic acid into morolic aecid [Barton, Brooks
eand Holnesgs (41)], and lupeol [cf. the coaversion of
betulin into moradiol diacetate by Davy, Halsall and Jones
(4717, This was later confirmed by Ames, Davy, Halsall,
Jones and Neakins (59) who obtained 18-iso~P-amyranol (VII)
from lupeol (III), and a further relationship between
B-emyrin and lupeol, confirming the stereochemistry of
rings D and E, is thus established.

Duerden, Heilbron, lecileeklng and Spring (60} describved
in 1939 the formation of a hydrochloride from lupeol and
its converslon into the acetate of an isomeric alcohol -
the so-called igo-lupeol. Re-investigation of this reaction
by Jones and his co-workers (69) has shown that iso-lupeol
is, in faet, germanicol (XXV); the hydrochloride can be
represented by (XXIV) from a consideration of the reactions

indicated in the chart. [Formic acid adds on to lupeol in
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the same manner as hydrogen chloride and the addition
product (XXVI) has been converted into lupenyl acetate
and germanicyl acetate (59). The infra-red spectrum
of the intermediate ketone (XXVIII) shows a band at
1700 em.~* characteristie of a carbonyl group on a six-
-membered ring. This proves that addition of formic
acid to lupeol is accompanied by ring enlargement
analogous to that postulated during the addition of

hydrogen chloxride].

Raney

HCl Ni/Ha

AgOAc

RO

(Im)

HCOOH POle Aelo
DLiAIH, H
KOH Aca0
Ac,0 2)POC), \
(XxVT) (xxvm) xxv)

This formulation (XXIV) for the hydrochloride implies
structure (VII) for its reduction product, which should
be 18-igo-f-amyranol provided f-~amyrin is (I). The
constaﬂfs of the alcohol and its ucetate were identical

with those reported by Budziarek, Manson, and Spring (63).
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Mixed m.p. determinations of 1l8-iso-f-amyranocl and its
acetate with the specimens supplied by “rofessor L.R.H.
Jones confirmed the identity of the compounds.  The
hydrogen atom at C,g in l8-iso-p-amyranol must therefore
be cig to the methyl group at C,, as in lupeol.

The method of formation of 18-iso-f-amyranol from
p-amyrin indicates a trans D/E ring fusion. Hence lupeol
hydroehloride and, in turn, lupeol, which can be regener-
ated from the hydrochloride, have a irans D/E ring
Juncetion, which confirms the conclusions reached by Davy,
Halsall and Jones (47). 4 consideration of the mechanism
of the formation of lupeol from its hydrochloride also
indicates that its is¢-propenyl group is trans to the
methyl group at Ciq.

The non-identity of 18-igo-B-amyranol and lupanol
leads Vo the conclusion that the acetone ebtained by oxid-
ation of Peamyrin acetate originates in the gem-dimethyl
group in ring E.

~==000 -~






Melting Points are corrected.

Specific rotations were determined in chloroform
solutions (unless otherwise stated) in a l.dm. tube at
room temperature.

Ultra-violet absorption spectra were measured in
absolute ethanol solution (except where otherwise stated)
with a Unicam SP. 500 spectrophotometer.

Miero~- analyses were by Dr. A.C. Syme and Nr. Wm.
MeCorkindale, to whom grateful acknowladgements are due.

For chromatography, activated alumina (supplied by
Sevory ang Moore), Grade II (except where stated) standar-

dised according to Brockmann, was employed.
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SECTION I.

Isolation of f-Amyrin Benzoate from ilanila Elemi Resgin.

The solid material obtained from [anila Elemi resin
(360 g.) after steam distillation to remove volatile oils,
was dried and dissolved in ether (1030 c.c.). This
ethereal solution was then washed with sodium hydroxide
golution (10%) until all the acids were removed, with
hydrochloric acid (10%), and finally with water. It was
dried over sodium sulphate. The solid residue obtained
efter removal of ether was crystallised once from ethanol,
dried at 100°, and finally powdered giving a crude mixture
of a- and B-amyrin (200 g.; m.p.1l60-170°).

The crude mixed amyrins (200 g.) were dissolved in
pyridine (120 c.c.) and benzoyl chloride (140 c.c.) was
added dropwise to the stirred solution over 30 minutes at
100°. After the addition, the reaction mixture was
heated on the steam bath with stirring for six hours. The
dark red mixture was cooled, diluted with benzene (6C0 c.c.;,
and washed twice with hydrochloric acid (6%), once with
sodium hydroxide (6%) and twice with salt solution (2%).
The benzene solution was then dried over sodium sulphate
and concentrated to 300 c.c. Hot ethanol was added to

the boiling solution until faintly turbid, and on cooling
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a crystalline solid separated. This was washed with cold
ethanol and dried at 100°.

The crude mixed benzoates were then extracted with
ether (four times) until the melting point of the
undissolved solid was above 210°. This residue, after
repeated crystallisation from methanol-chlorofoxrm gave
pure B-amyrin (30 g.) as plates, m.p.233-235°, [a]D +100°
{c, 2.5).

The ethereal washings, on evaporation to dryness,
gave a 80lid residue which after repeated crystallisations
from methanol -chloroform gave c-amyrin benzgoate (70 g.) as

prismatic needles, m.p.l95-196°, [a]D +95° (¢, 2.1).

B-Amyrin (2-Hydroxyolean-l2-ene].

A solution of B-amyrin benzoate (40 g.; m.p.230-232°)
in benzene (200 c.c.) and ethanolic potassium hydroxide
(4%; 1000 c.c.) was heated under reflux for 12 hours. It
was then concentrated until solid began to separate and
poured into water (2 1.). The crystalline solid was
collected, washed with water and dried (32 g.; fine needles,
®.p.184-187°). A sample was crystallised three times
from methanol -chloroform to give f-amyrin as prismatie
needles, m.p.197-198°, [a], +88° (a, 2.3).
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B-Amyrin Acetate (2-icetoxyolean-12-ene).

A solution of B-amyrin (32 g.; m.p.184-187°) in
pyridine (100 c.c.) and acetic anhydride (160 c.c.) was
heated on the steam bath for 2 hours during which time
the acetate separated as prismatic needles. The mixture
was cooled, the crystals collected, washed with methanol
and dried (32 g.; m.p.238-239°). Recrystallisation
from methanol ~-chloroform gave p-amyrin acetate as prismatic
needles, m.p.241-242°, [a]p +80° (c, 3.2). It gives a

yellow colour with tetranitromethane in chloroform.

B-Amyranonyl Acetate (2-icetoxyoleanan-l2-one).

A solution of f-amyrin acetate (30 g.; m.p.240-241°)
in glacial acetic acid (1500 c.c.) was treated at 100°
with a2 mixture of hydrogen peroxide (100 vol.; 200 c.c.)
in glacial acetic acid (200 c.c.) added dropwise during
30 minutes with stirring. Stirring was continued for 2
hours at 100° and the solution again treated with hydrogen
peroxide (100 vol.; 60 c.c.) in acetic acid (50 c.c.)
during 16 minutes. The solution was kept at 100° for 1
hour and then boiling water was added with vigorous stirring
until the mixture became opalescent. The crystalline
s0lid separating overnight was collected, washed with
methanol and dried (plates, m.p.293-294°; 15.5 g.). Two
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erystallisations from methanol-chloroform gave f-amyran-
onyl acetate as plates, m.p.299-300°, [a]p -16° (e, 1.3).
The mother-liquor was heated to 100°, then treated with
hot water until opalescent and a second crop isolated
(plates, m.p.280-282°; 4.0 g.). This was dissolved in
benzene (100 c.c.) and purified by chromatography on an
alumina column (Grade II, 10 x 2 cm.). Washing with the
same solvent (300 c.c.) gave an eluate (2.5 g.) which when
recrystallised from methanol-chloroform yielded B-amyran-
onyl acetate as plates, m.p.300~301° (K) (299-300° in an
open capillary), [a]y -15° (e, 2.2) (Found: C,79.2;
H,10.9. Calc. for CggHsz0s: C,79.3; H,10.8%). Light
absorption: laximum at 2900 2 (£=63; log & = 1.8).
It does not give a colour with tetranitromethane in

chloroform.

p-Amyranonol (2-Hydroxyoleanan-l2-gne).

A solution of B-amyranonyl acetate (840 mg.) in
benzene (10 c.c.) and alcoholic potassium hydroxide (3%;
26 c.c.) was refluxed for 5 hours. The solution was con-
centrated and the product precipitated with water. It was
collected (0.77 g.) and erystallised three times from
acetone giving f-amyranocl(500 mg.) as prisms, m.p.207-208°,
[a]p ~26° (¢, 2.8) (Found: C,81.3; H,11.6. Calc. for
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CaoHgo0g: 0,81-4; H,1104%)-
Reacetylation of the alcohol (400 mg.) using pyridine

(3 c.c.) and acetic anhydride (2 c.c.) at 100°, gave
p-amyranonyl acetate which crystallised from methanol -
-chloroform as plates (320 mg.), m.p.300-301°, [a]D ~-156.3°,
-16.1° (e, 5.8, 2.5).

Investigation of the zmorphous solid obtained from the

HoOg oxidation of p-amyrin acetate (Acetate, CyoHso04) -

After removal of the two crystalline crops of
p-amyranonyl acetate from the hydrogen peroxide oxidation
mixture, further dilution with water gave an amorphous
solid. The ligquor was poured into water and the solid
collected. Attempted cexrystallisation of this solid was
not successful. A golution of the dry amorphous solid
(12 g.; obtained from the oxidation of 50 g. of F-amyrin
acetate) in light petroleum (b.p. 60-80°)-benzene (3:l;
6500 c.c.) was filtered through a column of activated alumina
(Grade II/III, 40 x 3.5 cm.), and the column eluted with
light petroleum-benzene (3:l):
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Chromatogram I

Pr.  Solyent Eluate M.p.
1. pctro%;?;?ztnn, 400 e.c. 0.15g. eryst.solid 200-260
2. Bl 260 | B.44 " " 220-250
3. " 150 0.65 " " 220-246
4. o 160 0.38 " W 220-255
5. " 200 0.32 " " 220-240
8. " 200 0.32 " " 230-265
7. . 260 0.29 n " 230-245
8. * 260 0.26 " " 230-250
9. " 300 0.24 " W 232-245

10. . 450 0.19 " " 235-240

11. " 560 0.21 " " 226-236

ig. o 800 0.28 n " 200-220

13. (1:1) 400 0.24 " " 180-210

14. " 600 0.21 " " 180-200

15. " 600 0.17 " " 180-200

16. benzene 800 0.26 yellow resin

7. " 5§60 0.18 " "

18. n 600 0.09 " "

19. " 800 0.08 " "

20. " 800 _0.07 " "

7.91 g.
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Further elution of the column with benzene-ether,
ether, and ether-alechol gave a yellow resin which did
not erystallise,

Fraction 1 was diacarded.

Fragtion 2, thrice recrystallised from ethanol, gave

f-amyranonyl acetate (1.0 g.), m.p.290-292°, [a]D -156°

(e, 1.8), showing no depression of m.p. when mixed with an
authentic gpecimen. The mother liquors were evaporated
t0 dryneas and the so0lid re-chromatographed as described
under "Chromatogram II".

Fractions 3-6, crystallised individually from ethanol,

gave prismatic needles, m.p.270-275°. The crystals were
combined and recrystallised three times from methanol,
giving an acetate as prismatic needles (0.7 g.), m.p.289-
-290°, [a]p +29° (e, 0.6) (Found: C,76.5, 76.4; H,10.5,
10.4. CorHez0s requires C,76.75; H,10.5%). A mixture
with g-amyranonyl acetate had m.p.263-273°. This acetate
does not‘give & colour with tetranitromethane in chloroform
or with aqueous alcoholic ferric chloride. It does not
exhibit selective ébsorption of high intensity in the ultra-
-violet region above 2200 X.

The acetate was recovered unchanged after treatment

(a) with acetic acid - dry hydrogen bromide at room
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temperature for 3 days,
(b) in benzene-acetic acid (1:9) with chromic anhydride
(1.5 atoms of 0) in acetic acid for 20 hours at room
temperature, or
{e¢) with bromine in acetic acid at 80°.

Fractions 7-11, treated individually, crystallised

from ethanol as needles, m.p.240-260°. Further purifi-
cation by crystallisation was not successful. This was
re -chromatographed as described under "Chromatogram III".

FPractions 12-15 gave white amorphous solid from

methanol.
Attenpted purification of other fractions from the

chromatogram did not give homogeneous material.

Chromatogram II.

A solution of the dry solid (2.4 g.) from fraction 2

(after removal of p-amyranonyl acetate) in light petroleum-
-benzene (10:1; 100 c.c.) was filtered through a column
of activated alumina (Grade II; 20 x 2 e¢m.), the column

being eluted as followa:
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Fr. Solvent Eluate
1. lighs
petrol -bengene (1031) 200 c.e. 0.31 g. erystalline solid
2. " 260 0.22 " "
3. » 260 0.18 " "
4. " 260 0.06 " "
6. " 300 0.08 " "
6. n 300 0.1 " "
7. " 300 0.12 " "
8. " : 300 0.10 " "
9. " (3:t1) 280 = Q.18 " "
10. " | £50 0.0%, " "
3. . | 250 0.08 " "
12. bensens . 260 0.38 " "
13. " 250 0.11 " "
14. " | 260 0.04 " "
16. benzene-ethanol (1l0:1) 250 0,30 vellow ©resin
16. " 800 _0.10_ " n
2.31 g.

Irsctions 16 gave mixed crystals from ethanol (m.p.
198+806°) and were discarded.

Fractions 6-14 erystallised from methanol as needles,

m.p. < 280°. Two reerystallisations from methanol gave

prismatie needles, m.p.288-28¢°, showing no depression of
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m.p. when mixed with the acetate, m.p.289-200°, isolated
from chrometogram I.

FPractions 15 and 16 gave white amorphous solid from
methanol.

Chromatogram III1

The mother-liguors from fractions 3-6 were ecvaporated

to dryness and the solid combined with the mixed crystals
from fractions 7-11l. A solution of this material (1.8 g.)

in light petroleum-benzene (3:1; 150 c.c.) was filtered
through a column of activated alumina (Grade I/II;
£8 x 2.5 em.), the column being eluted as follows:

Fr. Solvent Eluate
146 light

petrol-benzene (3:1) 1500 e.c. Nil
6-18 " (1:1) 2300 Nil
13. bengene 300 Trace orystalline solid
14. " 300 0.02 g. " "
15. " 300 0.08 " "
16. . 300 0.09 " n
i%. oom 800 c.12 " "
18+ " 300 0.07 " "
1e. v " 300 0.08 0 "
20. " 300 0.06 . u "

21. " 300 0.03 " "
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Pr. Solvent Eluate
22. benzene 300 c.c. 0,02 g. erystalline solid

23. benzene ~ether (3:1) 300 ¢.c. 0.32 g. erystalline solid

24. o » 300 0.26 " "
25 . " 300 0.02 " "
l.lO &

Purther elution of the column with ether and ether-
-alochol gave & yellow resin which did not crystallise.
Fraections 14-22 crystallised from methanol as large,

prismatie needles, m.p.291-202°, undepressed in m.p. when
mixed with the acetate m.p.289-290° from chromatogram I.

Practions 23-25 gave mixed crystals from methanol,

m.p.236-240°, showing no colour with tetranitromethane in

chloroforn.

Aleohol, C30Hso0g5.

(a) A solution of the acetate m.p.288-289°, [u]D +29°
(200 mg.) in ethanolic potassium hydroxide (3%; 10 c.c.)
was refluxed for 3 hours. It was poured into water
(60 c.c.) but no prscipitate appeared. The product
separated from the solution on addition of a few drops
of dilute hydrochloric aeid. It was extracted with ether,
and the ethereal solution washed with water, dried (alkali

free NegzS0,) and ether removed. Crystallisation of the
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product from methanol gave prisms (170 mg.), m.p.247-249°,
which after two recrystallisations from the same solvent
had m.p.249-250°, [G]D +20° (e, 1.4) (Found: C,75.65;
76.7; H,11.3, 11.4. CsoHgo05.HgO requires C,75.65
H,11.0%. CgoHsoOp.MeOH requires C,78.9; H,11.1%). The
alecohol was sublimed at 180-200°, 10-® mm. press. (m.p.
249-260°) (Found: C,77.4, 77.55; H,11.3, 1ll.2.
CsoHso0s requires C,78.4; H,11.0%4). It was resublimed
twice at (a) 210-230°, 10"% mm. press., and (b) 220-240°,
10-® mm. press. (m.p.249-2560°) (Found: C,77.7; H,11.1.
CaoHsoOs requires C,7&.4; H,11.0%). When heated in open
capillary (at about 190°) or in a vacuum, the substance
digintegrates with loss of solvent which is complete only
after three sublimations). The salcohol does not exhibit
sslective absorption of high intensity in the uwltra-vioclet
region and does not show a colour with tetranitromethane
in ehloroform.

It does not dissolve in cold or hot aqueous potassium
hydroxide (20%). It dissolves in boiling aleoholie
potassium hydroxide (3%) but precipitates on addition of
water (m.p. being unchanged). The alcohol was recovered
unchanged after treatment (a) with diagomethane in ether
at room temperature for 2 hours, (b) with dimethyl sulphate
in alkaline solution.
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(b) A solution of the acetate (70 mg.) in ethanolic
potassium hydroxide (3%Z; 4 c.c.) was refluxed for 4
hours. It was poured into water (80 c.c.j no preecipit-
ate) and the clear alkaline solution extracted with ether
(4 times). The ethereal solution was washed with water,
dried (Na_;30,) and evaporated. The residue (25 ng.)
erystallised from methanol, giving the alcohol as prisms,
m.p.246-248°, undepressed in m.p. when mixed with the
aleohol m.p.249-260° from experiment (a). Working up
the aqueous solution as under (a) gave a further guantity
of the aleochol (30 ng.).

(e) A solution of the acetate (50 mg.) in ethanoliec
potassium hydroxide (3%; 3 c.c.) was boiled for 2 minutes.
On addition of water, a white precipitate appeared which
wag collected, washed and dried. Crystallisation from
methanol gave the alcohol as prisms, m.p.245-247°,
undepressed in m.p. when mixed with an suthentic specimen.

Reacetylation of the alcohol (50 mg.) uwsing pyridine

(0.5 e¢.c.) and acetic anhydride (0.5 ec.c.) (at 100°) gave
the acetate CzgHs0, as prismatic needles (40 mg.) (from
methanol), m.p.292-293°, [a]D +28° (¢, 1.5), undepressed
in m.p. when mixed with the acetate described above.

(Test for acid: The ethereal solution of the pure acetate

was shakentwice with sodium carbonate solution (3%), which
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was then acidified with dilute hydrochloric acid. No
precipitate was obtained).

iso~p-Amyrenonyl Acetate (2-Acetoxyolean-l10-ene-l2-one).

(a) A solution of p-amyranonyl acetate (3 g.) in
glaeiai acetic acid (250 c.c.) was treated with two drops
of 40% agueous hydrogen bromide and a mixture oi bromine
in glecial acetic acid (B%; 1.1 mols) added dropwise
during 15 minutes at 50° with stirring. Stirring was
continued for 2 hours at 50-60°, the wmixture was then
heated to ¢0° and hot water added (with stirring; until
a permanent separation of a crystalline solid occurred.

The crystalline solid which separated on cooling was
collected, washed with methanol ard dried (plates (2.2g.),
m.p.284-286°). Reerystallisation from acetone (or
methanol )gave iso-p-amyrenonyl acetate as hexagonal plates,
m.p.289-290°, [a]D +61°, +60° (e, 1.2, 2.2) (Found:
C,79.6; H,10.4. Calc. for CgzeHso0s: C,79.6; H,10.45%).
Light absorption: Maximum at 2470 K (£=10,600). It

does not show a colour with tetranitromethane in chloroform
and the m.p. is undepressed when mixed with pg-amyranonyl
scetate.

A solution of a sample of iso-f-amyrenonyl acetate

(1.0 g.) in light petroleum-benzene (2:1; 100 c.c.) was
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filtered through a column of activated alumina (Grade
IT; 2 x 12 cm.) and the column eluted with the same
mixture of solvents. Evaporation of the solvent
(350 c.c.) gave a crystalline solid (0.94 g.; m.p.289-290°)
whioch crystallised from acetone as hexagonal plates,
n.p.290-291°, [a]D +61° (¢, 2.3), undepressed in m.p. with
the sample described above.
(b) A solution of p-amyranonyl acetate (17 g.) in
glacial acetic acid (1.5 1.) was treated with a mixture
of bromine in acetic acid (8%; 1.2 mols.) added dropwise
during 30 minutes at 55-60° with stirring as before. The
solution was meintained at the same temperature for 4
hours. Working up gave bromo-B-amyranonyl acetate (13 g.),
m.p.270-272° (decomp.). The product was dissolved in
glacial acetic acid and heated on the steam bath for 3
hours with stirring, hydrogen bromide being evolved.
Working up as in experiment (a) gave iso-f~-amyrenonyl
acetate’(ll g+), M.P.289~-290°, [u]D +62° (¢, 1.4).
iso~p-Amyrenonyl acetate was recovered unchanged
after refluxing its solution in 15% ethanolic poiassium

hydroxide foxr 70 hours.

iso-f-Amyrenonol (2-Hydroxyolean-lO-ene-l2-one).
A solution of iso-B-amyrenonyl acetate (800 mg.) in
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benzene (5 c.c.) and ethanolic potassium hydroxide (3%;

30 c.c.) was heated under reflux for 5 hours. The solution
was concentrated and diluted with water. Isolation by
means of ether gave & product, which c¢rystallised from
methanol to give iso-B~-amyrenonol (660 mg.) as prisms,
m.p.249-260°, [a], +67° (¢, 1.6) (Found: C,82.25 H,10.7.
Cale. for CgoHseOz: C,B8L.75; H,11.0%). Light absorption:
Meaximum at 2460 X ( &£=10,000). It does not show a

colour with tetranitromethene in chloroform.

Acetylation of the aleohol (100 mg.) using pyridine

(1 c.c.) and acetic anhydride (0.5 e.c.) at 100° (2 hours)
geve iso-B-amyrenonyl acetate (100 mg.) as hexagonal

plates from acetone, m.p.200-291°, [a]D +61.5° (c, 1l.4).

Enol Acetate of p-Amyranonyl Acetate (Enol Acetate of

2-Acetoxyoleanan-l2-one).

Following the method of Ruzicka and Jeger (44), a
solution of P-amyranonyl acetate (500 mg.) in acetic
anhydride (25 c.c.) containing freshly fused sodium
acetete (500 mg.) was heated under reflux for 92 hours.
The reaction mixture was poured into water and extracted
with ether. The ethereal solution was washed with water
and dried (Na_SO.). Removal of the ether gave a cyrstal -
line solid, which crystallised from methenol -chloroform
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to give the enol acetate of B-amyranonyl acetate (450 mg.)
as needles, m.p.240-241°, [a]lp +68°, +60° (e, 0.8, 1l.4)
(Found: C,77.5; H,10.4. Calc. for CgeHgeOf: C,77.7;
H,10,3%) . It shows a yellow colour with tetranitromethane
in chloroform and does not exhibit light absorption of
high intensity above 2200 X.

Enol Acetate of iso-p-Amyrenonyl Acetate (Enol Acetate

of 2-Acetoxyolean-l0-ene-12-one).

4 solution of iso-p-amyrenonyl acetate (2.0 g.) in
acetic anhydride (100 c.c.) containing freshly fused
gsodium acetate (1 g.) was heated under reflux for 72 hours.
The reaction mixture was treated with water and extracted
with ether. The extract was washed with water and dried
(NagS0s) - After removal of the ether, the residue
erystallised from methanol-chloroform to give the enol
acetate of iso-p-amyrenonyl acetate (1.8 g.) as prismatic

needles, m.p.217-218°, [a]y +202° (c, 1.2) (Found: C,77.6;
H,9.9. CgeHsg0q requires C,77.8; H,9.9%). Light
absorption: Maximum at 2780 2 (& = 8600). The enol
acetate gives a red-brown colour with tetranitromethane
in ehloroform.

The enol ester group is easily hydrolysed, attempted

purification by chromatography on alumina giving
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iso-B-amyrenonyl acetate in guantitative yield.

Enol Benzoate of iso-B-Amyrenonyl Benzoate.

A solution of iso-f-amyrenonol (90 mg.) in pyridine
(1 c.c.) was treated with 3 drops of benzoyl chloride, and
the mixture heated at 100° for 4 hours. The product,
isolated by means of ether in the usual manner, crystallised
from acetone-methanol (1l:1) as plates (65 mg.), mMep.225.5-~
-227°. After four recrystallisations from methanol the

enol benzoate was obtained as plates, m.p.2356-235.5°,

[‘*]D +246° (C, 1.2) (Found: C,Bl-l; H,804- 054H530¢
requires C,8l.4; H,8.6%). Light absorption: Iliaxima at
2300 (€= 31,000) and 2750 A ( €= 11,000). The enol

benzoate gives a red-brown colour with tetranitromethane.

iso-p-Amyrin Acetate (2-Acetoxyolean-lC-enej.

Pollowing the method of Jeger and Ruzicka (46) a
solution of iso-f-amyrenonyl acetate (2.0 g., in stabilised
glacial acetic acid (300 c.c.) was added to a suspension
of freshly reduced platinum oxide catalyst (200 mg.) in
&lacial acetic acid (10 c.c.) and the mixture shaken with
hydrogen at 16° for 44 hours. The solution was filtered
and poured into water. The product, isolated by means of
ether, crystallised from methanol-chloroform as plates
(2.4 g.), m.p.25G-251°, [aly +77° (¢, 1.6) (Found: C,fz.l,
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H,llo4- Cale. for CBQHGZOB: 0,8200§ H,ll.?%)- Light
absorption: Meximum at 2070 A (& = 3600). It gives &

yellow colour with tetranitromethane in chloroform.

iso-p-Amyranonyl Acetate (2-Acetoxyoleanan-ll-one).

Following the method of Jeger and Ruzicka (46) a
solution of iso-B-amyrin acetate (0.7 g.) in glacial
acetic acid (100 c.c.) was heated under reflux and treated
with a solution of hydrogen peroxide (7 c.c.; 100 vols.)
in glacial acetic acid (7 c.c.; added dropwise during 10
minutes. The solution was then refluxed gently for 1
hour when a further guantity of hydrogen peroxide-acetic
acid solution (10 c.c.) was added. The solution was
refluxed for a further 2 hours and on cooling the product
crystallised from the solution as plates (0.25 g.), m.p.
327-332°. Recrystallisation from methanol-chloroform
gave plates, m.p.338-339°, [a}D +7° (¢, 1.3) (Found:
¢,79.0; H,10.7. Calc. for CagHsz0s: C,79.3; H,10.8%).
Light absorption: Maximum at 2800 X (¢ = 200). It does

not show & colour with tetranitromethsne in chloroform.

B-Amyranyl Acetate (2-Acetoxyoleanan). (With J.D. Johnston)

A solution of iso-p-amyranonyl acetate (260 mg.) and
hydrazine hydrate (100%; 2 c.c.) in ethanolic sodium
ethoxide (7.5%; 10 c.c.) was kept at 200-210° for 18 hours



in an autoclave. The acetylated reaction product (85 nmg..
was dissolved in light petroleum (b.p. 60~-80°)-benzene
(2:1; 50 c.c.) and filtered through a column of activated
alumina (Grade II, 10 x 1.256 em.). Washing with the same
solvent mixture (50 c.c.) gave a fraction (30 mg.),
cryatallisation of which from methanol-chloroform ylelded
f-amyranyl acetate as plates, m.p.282-284°, [a]D +24°

(e, 0.5), undepressed when mixed with a specimen prepared
by Wolff-Kishner reduction of f-amyranonyl acetate as
deseribed by Ruzicka and Jeger (44).

f-Amyradiendionyl Acetate (2-Acetoxyolean-10:13(18)-dien-

-12:19-dione) .

(a) Three sealed glass tubes, each containing p-amyrin
acetate (600 mg.), selenium dioxide (800 mg.) and dioxan
(26 ¢.¢.), were heated in a furnace at 200-210° for 22
hours. The mixture was filtered through sintered glass,
diluted with water and the product extracted with ether.
The extract was shaken several times with potassium
cyanide solution (3%), water and dried (NegySO,). Removal
of the ether gave a residue, which was taken up in methanol
and the molution decolorised by boiling with charcosal.
Crystallisation from methanol gave P-amyradiendionyl acetate
as square plates (1.2 g.), m.p.237-238°, [a]p -94° (e, 1.7)
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(Found: C,77.5; H,9.6. Calc. for CygHgzeOl,: C,77.7;
H,9.4%). Light ebsorption: Maximum at 2760 s (€=
11,200). It gives no colour with tetranitromethane in
chloroform.

(b) & solution of p-amyrin acetate (1.0 g.) in
benzyl acetate (5 e¢.c.; b.p.216°) was refluxed with
gelenium dioxide (1.6 g.) for 19 hours. Benzyl =zcetate
wes removed by steam distillation, and the dark-brown
regidue dissolved in ether. Working up as before gave
a product, which crystallised from methanol to give
B-amyradiendionyl acetate as square plates (250 mg.),
m.p.237-258°, [a]y -93° (¢, 1.6), undepressed in m.p.
when mixed with the specimen described under (a). Light
absorption: laximum at 2760 X (€ =11,000).

Clemmensen Reduction of f-imyradiendionyl icetate.

A hot solution of B-amyradiendionyl acetate (5C0 mg..
in glacial acetic acid (50 c.c.) was treated with concent-
rated hydrochloriec acid (10 c.c.) and added to freshly
amelgamated zine (from 15 g. of zinec), and the mixture
heated under reflux for 90 minutes. The product,
isolated by means of ether, crystallised from methanol as
elongated pletes (130 mg.), m.p.190-200°. Four recryst-
allisations from the same solveht gave p-amyradienyl-II
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ecetate as plates, m.p.217-220°, [a], -62° (e, 1.3},
undepressed in m.p. when mixed with an authentic specimen
(m.p.227-228°) prepared by selenium dioxide oxidation of
B-amyrin acetate. Light absorption: Mexima at 2510 X
(e =26,000), 2430 A (&= 25,000), 2600 A (€= 16,000).
It gzives a red-brown colour with tetranitromethane in
chloroform.

Chromatography of the residue (360 mg; obtained by
evaporation of the mother liquors! on alumina gave a
further quantity (170 mg.) of B-amyradienyl-II acetate
(from light petroleum).

iso-f-Amyradienonyl Acetate.

Selenium dioxide method. (ef. Green, Mower, Picard,
and Spring, dJ.,1944,527).

(a) iso-p-Amyrenonyl acetate (7.5 g.) in glacial
acetic acid (200 c.c.) was refluxed with powdered selenium
dioxide (8 g.) for 24 hours. The hot, pale yellow
mixture was filtered (sintered glass) and the filtrate
diluted with water. The solid was collected, washed
with water and dried. A solution of the solid in ether
was washed with 5% aqueous potassium cyenide, then with
water, dried, and freed from ether, and the solid cryst-
alliged from methanol (or acetone) as long prisms (5.0 g.)
m.p.218-219°.  Recrystallisation gave iso-f-amyradienonyl
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acetate as prisms, m.p.220-221°, EGJD -39°, =40° (e, 1.1,
1.3); not altered in crystalline form or in m.p. by
further crystallisation. Lifter sublimation at 180-190°/
/10-® mm. press., iso-p-emyradienonyl acetate had m.p.
g2l-222°, [l  -39° (e, 1.1) (Pound: C,80.0; H,9.9.
Cale. for CgzegHesls: C©,79.95; H,10.1%). Light absorption:
Maximam at 2450 K (<= 11,200). It gives a yellow colour
with tetranitromethane in chloroform.

(b) In another experiment, the reaction product
separated as plates, m.p.212-213°, from alcohol. When
this material was recrystallised from acetone, large,
hexagonal plates separated which were kept overnight in
contact with its mother-liguor. The plates had then
changed into prisms, m.p.215-217°. Reerystallisation
from the same solvent gave igo-p-amyradienonyl acetate
a8 prisms, which when dried for a week in a vacuum over
phosphoric oxide at 135° had m.p.220-221°, [a]D -40°
(e, 1.4). Light absorption: Maximum at 2450 2 (7=
11,100).

After chromatography of its benzene solution on
alumina, the m.p. and the rotation were unchanged.

Bromine method.

() ggg-ewAmyrénanyl acetate (1.0 g.) in glacial

acetic aclid (60 c.c.) was treated dropwise with a solution
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of bromine in acetic mecid (8%; 1.1 mols.) and 2 drops of

a solution of hydrogen bromide in acetic acid during 16
minutes at 85° with stirring. The solution was maintained
at 80° for 3 hours, and then hot water was added with
stirring until the mixture became faintly opalescent. The
erystalline solid which separated on cooling was unchanged
starting material (0.47 g.; m.p.2866-288°, [a]D +59° (e,1.7)
undepressed in m.p. when mixed with iso-f-amyrenonyl
acetate). The mother-liguor was diluted with water and
the precipitate extracted with ether. Removal of the
ether gave a crystalline solid which crystallised from
acetone to give iso-p-amyradienonyl acetate (0.22 g.) as
prisms, m.p.215-217°, [a]D -38° (¢, 1.0), showing no
depression of m.p. when mixed with an authentic sanmple.
Light absorption: Maximum at 2450 A (& = 10,100).

(b) B-Amyranonyl acetate (1.9 g.) in glacial acetic
acid (150 c.c.) was treated with a solution of bromine in
glacial acetic acid (8%; 2.1 mols.) during 5 minutes at
90°. The solution was kept at 90° for 1 hour and then
overnight at room temperature. The mixture was diluted
with water, and the solid collected, washed, dried, and
orystallised from acetone. The first crop (0.34 g.)
separated as plates, m.p.278-280°, which did not give a

colour with tetranitromethane in chloroform and proved %o
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be isg-p-amyrenonyl acetate. The second crop consisted
of prisma contaminated with a small number of plates.

The two forms were separated mechenically into plates
(06.03 g.), m.p.216-266°, giving no colour with tetranitro-
methene in chloroform, and prisms (0.69 g.), m.p.207-209°,
[G.]D -256° (¢, 2.1), which gave a yellow colour with
tetranitromethane. Recrystallisation of the prisms from
acetone gave prisms (0.56 g.), m.p.214-217°. A solution
of this s0lid (0.53 g.), in light petroleum-benzene (5:1;
100 c.c.) was filtered through a column of activated
alumina (Grade II; 156 x 2 cm.). Light petroleum-benzene
(4:1; 500 c.c.) eluted iso-p-amyradienonyl acetate (400 mg.)
which efter crystallisation from acetone (prisms) followed
by sublimation, had m.p.219-220°, [a]D -40° (¢, 2.0)
(Found: ¢,80.0; H,9.7. Calc. for CsgHaeOs: C,79.95;
H,10.1%). Light absorption: Maximum at 2450 K (==
11,000).

ise-p-Amyradienonol .

A solution of lso-B-amyradienonyl scetate (600 mg.)
in ethanolic potassium hydroxide (3%; 50 ec.e.) was heated
under reflux for 3 hours. Isolation by means of ether
gave a product which erystallised from methanol to yield
iso-p-amyradienonol (410 mg.) as large, hard prisms,
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m.p.241-242°, [a]D -61° (¢, 1.2) (Found: ¢,82.0; H,10.7.
Cale. for CgoHeelg: C,82.1; H,10.6%). Light abzorption:
Maximum at 2450 A (& =11,000) - It gives a yellow
colour with tetranitromethane in chloroform.

Reacetylation of iso-p-amyradienonol (60 mg.) using

pyridine (1 c.c.) and acetic anhydride (0.3 e¢.c.) at 100°
(6 hours) gave iso-B-amyradienonyl ecetate (46 mg.) as
prisms (from methanol), m.p.220-221°, [a]D -40° (¢, 1.0).
Light absorption. Maximum at 2450 X (€ =12,100).

iso-f-Amyradienonyl Benzoate.

igo«f-imyradienonol (80 mg.) in pyridine (1 c.c.)
and benzoyl chloride (0.2 ¢.c.) was heated at 100° for 3
hours. The produet, isolated by means of ether, cryst-

allised from methanol to give isoFﬁ«amzradienonyl benzoate

(75 mg.) as prismatic needles, m.p.207-208°, [a]D -23°
(e, 0.8) (Found: ¢C,8l.5; H,9.0. CsrHso0s reguires
c,81.9; H,9.3%). Light absorpiion: Ilaximum at 2320 X
(&€= 31,000). It gives a yellow colour with tetranitro-
methane in chloroform.

iso«p-imyradienonyl iAcetate was recovered unchenged after

treatment with:

{(a) dry hydrogen chloride at roem temperature for 14

hours in chloroform, followed by acetylation,
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(b) concentrated hydrochloric acid in glacial ecetic
acid at room temperature for 2 weeks;

{(e¢) eoncentrated hydrochloric acid in glacial acetic
acid under reflux for 1 hour;

(@) acetic anhydride and sodium acetate under reflux
for 41 hours, and for 172 hours;

() acetic anhydride and sodium acetate at 180-200°
for 68 hours,;

(f) venzoyl chloride and pyridine at 100° for 10
hours;

(g) 15% ethenolic potassium hydroxide under reflux
for 48 hours, followed by acetylation.

Clemmensen keduction of iso-f-Amyradienonyl Acetate.

A hot solution of iso-~-f-amyradienonyl acetate (0.6 g.)
in glacial acetic acid (40 c.c.) was treated with concen-
trated hydrochloric acid (10 c.c.) and added to freshly
amelgamated zinc (from 16 g. of zine), end the mixture
heated under reflux for 30 minutes. The product, isoclated
in the usual manner, separated from acetic acid as plates
(280 mg.), m.p.B04-210°. It was recrystallised from
acetone and then thrice from aleohol, to yield B-amyra-
dienyl-II acetate as plates, m.p.227-228°, [ajD -62°
(¢, 2.1) (Found: (C,82.6; H,10.6. Cale. for CgaeHpoOg!
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c,82.3; H,10.8%). It gives a red-brown colour with
tetranitromethane in chloroform. Light absorption:
Maximum at 2515 (& = 28,200), 2435 ( £ = 24,700), and
2600 A ( £=18,000). A mixture with a specimen (m.p.
227 -228°) prepared by selenium dioxide oxidation of p-
~amyrin acetate had m.p.227-228°.

Catalytic Hydrogenation of iso-p-Amyradienonyl icetate.

A golution of igo~-p-amyradienonyl acetate (200 mg.)
in glacial acetic aeid (50 c.c.) was added to a suspension
of freshly reduced platinum catalyst (from 100 mg. of
platinum oxide) in glacial acetic acid (10 c.c.) and the
mixture shaken with hydrogen at 16°. hAbsorption of
hydrogen was at first rapid, and after 45 minutes,
approximated to 1 mol. After 44 hours the apparent
abgorption of hydrogen was 3 mols. The produet, isolated
in the usual manner and crystallised repeatedly from

methanol, gave neo-f-amyrin acetate (160 mg.) as blades,

m.p.226-226°, [a], +6° (e, 2.0) (Found: C,82.0; H,11.2.
Ceslsels Tequires €,82.0; H,11.2%). It gives an intense
red-brown colour with tetranitromethane in chloroform and
does not exhibit selective absorption above 2200 K
(Maximum at 2140 A, & = 3500) .



-5 -

Catalytic Hydrogenation of iso-p-imyradienonol.

A solution of iso~-p-amyradienonol (140 mg.) in
glacial acetic acid (40 c.c.) was shaken with hydrogen
over freshly pre-reduced platinum catalyst as described
before. Isolation by means of ether gave a product
which did not crystallise and showed a red-brown colour
with tetranitromethane in chloroform. It was acetylated
using pyridine and acetic anhydride at 100°. Isolation
by means of ether gave a product which crystallised from
methanol as blades (70 mg.), m.p.210-216°. A solution
of this solid in light petroleum (10 c.c.) was filtered
through a column of alumina (Grade II; 1 x 6 em.) and
the column washed with the same solvent. Evaporation of
the first fraction (50 c.c.) gave a crystalline solid
_which erystallised from methanol {o give neo-f-amyrin
acetate as bludes (40 mg.), m.p.224-225°, [a]D +6° (e,1l.1),
undepregsed in m.p. when mixed with a specimen described
in the previous experiment. It gave a red-brown colour
with tetranitromethane in chlorofoxrm.

neo-p-Aryrin acetate was recovered unchanged after
treatment wifh: |

(a) concentrated hydrochloric acid in glacial acetic

acid under reflux for l% hours;
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(b) dry hydrogen chloride in ehloroform for 3 hours
at room temperature;
(e) tetranitromethane in chloroform for 30 minutes

at room temperaiure.

Lithium Aluminium Hydride Reduction of iso~p-imyradienonyl

Lecetate.

A solution of igo-f-emyradienonyl acetate (400 mg.)
in dry ether (50 c.c.) was added dropwise to a suspension
of lithium aluminium hydride (300 mg., in ether (40 c.c.).
The mixture was gently refluxed for 4 hours after which
time excess of water was cautiously added to decompose
the reduction adduct and the excess ol lithium aluminium
hydride. Dilute sulphuric acid (10%,) was then added
until the mixture was Jjust acid and the water layer clear.
The ethereal solution was separated, washed with water
+1i11l neutral to litmus, dried (MgSO.), and evaporated.

The product was acetylated by warming with acetic anhydride
(0.5 e¢.c.) in pyridine (3 c.c.) for 3 hours. Isolation
by means of ether gave a produet, which crystallised from
agueous methanol to give the diacetate (360 mg.) as square
plates, m.p.167-168°, [al; +26° (e, 1.0) (Found: C,78.0;
H,10.08. CgeHs30, requires C,77.8; H,10.0%). The

diacetate gives a yellow colour with tetranitromethane in
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chloroform and does not exhibit selective ebsorption of
appreciable intensity in the ultra~violet region above

[+] [+
2200 A. (Maximum at 2100 4, € = 6600).

Catalytle Hydrogenation of the Diacetate CagaHs:04.

A solution of the diacetate, m.p.l67-168° (200 mg.)
in glacial acetic acid (20 c.c.) was added to a suspension
of a freshly reduced platinum catalyst (from 100 mg. of
platinum oxide) in glacial acetic acid (100 c.c.) and
the mixture shaken with hydrogen for 20 hours. The
product was isolated in the usual manner and crystallised
from methanol to give neo-~f-amyrin acetate as hlades
(100 mg.), m.p.223-224°, [0-]D +5° (e, 1.0) (Found: C,81.7;
H,11.0. CggHsp0z requires C,82.0; H,11.2%), giving a
red colour with tetranitromethane in chloroform and
showing no selective absorption of high intensity above
2200 X. A mixture with a2 specimen m.p.225° prepared by

previous methods had m.p. 224-225°.

Hydrogen reroxide Oxidation of iso-B-Amyradienonyl icetate.

A solution of iso-f-amyradienonyl acetate (500 mg..
in glaeial acetic acid (30 c.c.) was treated at 100° with
a mixture of hydrogen peroxide (100 vol.; 30 c.c.) in
glacial acetic acld (30 c.c.) added dropwise during 1 hour
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with stirring. The solution was kept at 100° for 4 hours,
diluted with water and the solid extracted with ether.
Removal of the ether gave a residue which crystallised from
methanol in plates (90 mg.), m.p.303-306°. Recrystallisation
from methanol gave plates, m.p.304-3056°, [a]D +147° (e, 0.8),
showing no colour with tetranitromethane in chloroform.

Light absorption: Maximum at 2380 K (£=10,800).

The mother liguors were evaporated to dryness, the

residue (260 mg.) dissolved in benzene (30 c.c.) and the
solution filtered through a2 column of alumine (Grade II;
1.5 x 10 em.), the column being eluted as follows:

Fr. Solvent Eluate L.p.
1. bengene 60 e.c. 20 mg. colourless resin 190°
2. " 60 26 " " 190
3. " 80 6 " " 190
4. " 60 3 " "

8. " 60 2 " "
6. . 70 Trace n "
7. benzene-ether (11l) 50 70 " " 290
8. " 50 7 " " 290
9. o 80 3 " "

10. ether &0 Irace " "

1. | ethanol 50 8 " "

1z. " 100 8 " "
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Fractions 1, 2 and 3 were crystallised from methanol

four times giving plates, m.p.225-227°, [a]D +80° (¢, 0.5)
(Pound: C,74.7; H,9.5. CszHeoOs Trequires C,74.7; H,9.8%.
CeaHes0s requires C,75.0; H,9.4%). The product does not
exhibit light absorption of high intensity above 2200 X,

It does not show & colour with tetranitromethane in
ehloroform, or ferric chloride in alcohol.

Fragction 7 was crystallised twice from methanol to

give hexagonal plates, m.p.308-309°, [a]; +179° (e, 0.4/
(Found: C,77.6; H,9.8. CaeHea04 requires C,77.7;
H,9.4%. CgagHeeO. requires C€,77.4; H,9.7%) undepressed
in m.p. when mixed with the first crop, m.p.304-306"°
described above. Light absorption: Maximum at 2380 X
{2 =12,800). The product does not show a colour with

tetranitromethane in chloroform.

Treatment of the Hydrogen Peroxide Oxidatioa Product of

iso-p-Amyradienonyl Acetate with Hydrochloric Acid.

A solution of the acetate m.p.308-309° (12 mg.) in
ehloroeform (0.5 c.c.) and glacial acetic acid (2 c.c.)
was treated with concentrated hydrochloric acid (2 drops)
and kept at 45-50° for 1 hour. Isolation by means of
ether gave & produet which crystallised from methanol as

prisms (6 mg.), m.p.234-235° (decomp.), [a]D +126° (e, 0.4, .
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[+]
Light absorption: Maximum at 2340 A (¢ =13,000). It
does not show a colour with tetranitromethane in chloroform

and gives a positive Beilstein test for halogen.

Chromic Acid Oxidation of iso-pB-Amyradienonyl Acetate.

A solution of iso-f-amyradienonyl acetate (2.0 g.)
in stabilised glacial acetic acid (1560 c.c.) was treated
dropwise with a solution of chromic anhydride (2.0 g.) in
water (1 c.c.) and acetic acid (80 c.c.) over 30 minutes,
the solution being heated under reflux. It was refluxed
for a further 1% hours, and diluted with water. Isolation
by means of ether (small acid fraction) gave a product
which orystallised from methanol-chloroform as prismatic
needles (1.0 g.), m.p.306-307°. A sample was recryst-
allised twice from methanol-chloroform to yield prismatic
needles, m.p.308-309°, [a]D +57° (¢, 1.0) (Found: C,77.1;
H,9.6. CgzHeeO4 requires C,77.4; H,9.7. CgeHeeO4
requires C,77.7; H,9.4%). Light absorption: Naximum at
2350 X (¢ =12,100). The product does not show a colour
with tetranitromethane in chloroform nor with ferrie
chloride in alcohol.

A solution of the product (0.9 g.) in benzene (60 c.c.)
was filtered through a2 column of alumina (Grade II;

2 x 10 em.). Eveporation of benzene fraction (120 c.c.)
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gave a solid (0.8 g.) which crystallised from methanol -
-chloroform as prismatic needles, m.p.308-309°, [a]D
+67.5° (e, 0.4), undepressed in m.p. with the specimen
described above. Mixed m.p. with the "hydrogen peroxide
oxidation produet, m.p.308-309°" was 304-307°.

The product was recovered unchanged after refluxing
its solution in acetie anhydride with sodium acetate for

72 hours.

Bromination of the Chromic Aeid Oxidation Product of

iso-p~-Amyradienonyl Acetate.

A solution of the acetate, m.p.308-309°, [a]D +57°
(prismatic needles; 100 mg.) in glaclal acetic acid
(40 c.c.) was treated dropwise with a solution of bromine
(1.1 mols.) in glacial acetic acid (8%) over 30 minutes
at 60-70°. The solution was kept at 60-70° for 2 hours
and diluted with water. Isolation by means of ether gave
& product which crystallised from methanol as plates
(60 mg.), m.p.290-294° (decomp.). Three recrystallisations
from the same solvent gave plates, m.p.298-299° (decomp.),
[a.]D +85° (¢, 0.4) (Found: (,66.7; H,7.8. CogHe704Bre
requlres: C,66.8; H,B.2. CagHes0,Bre requires C,67.0;
H,7.9%). Tight ebsorption: Maximum at 2360 A (& = 12,000).
The product does not show a colour with tetranitromethane

in chloroform.
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The product was recovered unchanged after heating its

solution in acetic acid on the steam bath for 4 hours.

Clemmenasen Reduction of the Chromiec Acid Oxidation Product

of iso-p-Amyradienonyl Acetate.

A hot solution of the acetate, m.p.308-309°, [a]y +57°
(270 mg.) in glacial acetic acid (30 c.c.) was treated
with concentrated hydrochloric acid (8 c¢.c.) and added to
freshly amalgamated zinc (from 12 g. of zine), and the
mixture heated under reflux for 3 hours. Isolation by
means of ether gave a gum which did not crystallise. It
was dissolved in light petroleum-benzene (3:1; 50 c.c.),
filtered through a column of alumina (Grade I/II; 1.5 x
13 cem.), and the column washed with the same solvent
mixture. Evsporation of the first fraction (100 c.c.)
gave a colourless resin (130 mg.), which on standing in
contact with methanol gave an amorphous solid, m.p. ¢a.200°.
The solid showed a red-brown colour with tetranitromethane
in chloroform, and did not exhibit light absorption of high
intensity*above 2200 2.

Catalytic hydrogenation of the Chromic Acid Oxidation

Product of iso-f-Amyradienonyl Acetate.

A solution of the acetate, m.p.308-309°, [a]D +67 °©
(300 mg.) in stabilised glaclal acetic acid (70 c.c.) was
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added to a suspension of freshly reduced platinum catalyst
(from 120 mg. of platinum oxide) in glacial acetic acid
(10 e.c.) and the mixture shaken with hydrogen at 16° for
20 hours (the apparent absorptidn of hydrogen was 4 mols.).
The produet, isolated in the usual menneyr, was dissolved
in benzene (26 c.c.) and the solution filtered through a
column of alumina (Grade I/II; 1.5 x 10 cm.).

Fr. Solvent Eluate
1. benzene 30 c.¢. 180 mg. colourless resin
2. " 26 26 " "
3. " 30 10 | " "
4. oo 30 2 o "
6. bensene-sther (1:1) %0 ‘ 6 | " "
6. ‘"4 ' 8 Trace " "
7. ether 30 Irace oo "
8.  methanol ‘:SO 30 exrystalline solid
9. " 30 20 " "
10. " 30 7 " "
11. " 50 _2 gum
282 mg.

Fragtion 1 erystallised from methanol as elongated
plates m.p.193-196°. Four recrystallisations from the
same solvent gave elongated plates, m.p.230.5-232°,
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[al, +84° (e, 0.3) (Found: C,82.1 H,11.1. CgeHse0g
requires C,82.0; H,1l1l.2%. Cp2Heo0, requires C,82.3;
H,10.8%). The product does not exhibit light absorption
of high intenaity above 2200 X. It shows a pale yellow
colour with tetranitromethane in c¢hloroform. Mixed m.p.
with p-amyrin acetate (m.p.240-241°) was 224-232°.

Mixed m.p. with iso-B-amyrin acetate (m.p.260-251°) was
218-225°.

Fractions 2, 3 and the mother liquor from fraction 1

were evaporated to dryness, the solid (70 mg.) dissolved
in light petroleum (20 c.c.) and the solution re-chroma-
tographed using alumina Grade I/II (1.5 x 10 em.).
Evaporation of 150 c.c. of light petroleum gave a product
(40 mg.) which crystallised from methanol as prismatiec
needles, m.p.172-173°, [a]E +4° (¢, 0.25) (Found: C,81.7;
H,11.3. CgegHs:0sz requires C€,82.0; H,11.2%). The product
does not exhibit light absorption of high intensity above
2200 Z. It shows 8 dark-yellow colour with tetranitro-
methane.

Later fractions (light petroleum-benzene; 100 c.c.)
gave & product (28 mg.) which erystallised from methanol
as flat needles, m.p.226-230°, undepressed in m.p. with
the product m.p.230.5-238° from fraction 1.



Practions 8, 9 and 10 were crystallised twice from

methanol to give prismatic needles, m.p.324-835.5°,

EGJD -94° (e, 0.6) (Found: C,78.9; H,10.8. CgcHs20s

requires C,79.3; H,10.8%). The product does not exhibit

(<]
light absorption of high intensity above 2200 A and does

not show a colour with tetranitromethane in chloroform
(sparingly soluble).

===900 ==~
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SECTION II.

F-Amyrenonyl Benzoate.

A solution of p-amyrin benzoate (40 g.) in bolling
stabilised glacial acetic acid (2 1.) was treated with a
golution of chromic anhydride (40 g.) in water (10 c.c.)
and glacial acetic acid (B0C c.c.) added dropwise during
1l hour. The solution was refluxed for l§ hours, after
which time it was treated with boiling water (1200 c.c.)
with vigorous stirring, and kept overnight at room
temperature.x The crystalline solid was collected, washed

with aqueous methanol, and dried (21 g.; m.p.261-263°).

® The mother-liquor was further diluted with water.
Working up using ether gave a crystalline solid (1.0 g.)
which geperated from the ethereal solution. Crystallis-
ation from methanol-chloroform gave a product as fine
needles, m.p.298-300°, [aly -72° (¢, 0.5) (Found: C,81.3j
H,9.5. CggHs50s requires C,81.6; H,0.6%. CgoHseOs
requires C,81.2; H,9.9%). ILight absorption: Naximum at
2300 K (¢ =21,600). (No infleetion). The product does

not give a colour with tetrenitromethane in chloroform.
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Crystallisation from chloroform-methanol gave p-amyrenonyl
benzoate ag prismatic needles, m.p.269-270.56°, fa]y +112°
(e, 1.9) (Found: ¢,81.5; H,2.7. Cale. for CgzpHsz0s:
C,8L.6; H,9.6%). Light absorptien: MNMaximum at 2300 K
(&£=21,600) and an inflection at 2520 X (£=13,800).
B-Amyrenonyl benzoate does not give a coloration with

tetranitromethane in echloroform.

18-iso=-p-Amyrenonol.

A solution of P-~amyrenonyl benzoate (14.7 g.) in 18%
ethanolic potassium hydroxide (1200 c.c.) was heated under
reflux for 52 hours. The pale yellow solution was con-
centrated to half-bulk and diluted with water. The solid
was collected, washed with water until the washings were
neutral (litmus) and dried (11.8 g.). Crystallisation

from methanol gave l8-iso-p-amyrenonol as long plates,

m.p.264-265°, [a], +84°