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INTRODUCTORY REVIEW

The investigation of the adrenocortical hormones
was injitiated by the discovery of Rogoff and Stewart
(1) in 1929, that extraucts of the cortical tissue
would meintain life in adrenalectomised animals.

This report was guickly confirmed by Swingle and
Pfiffner (2), and Brownell and Hartman (3) in 1930.
The active constituent of the cortical tissue extract
was then named “cortin" or the "life-maintenance
hormone ".

These early reports led to an extensive in-
vestigation, mainly by R.C.Kendall, J.J.Pfiffner,
T.Reichstein and O.Wintersteiner of the constituents
of the cortex. Their investigetions resulted finally
in the isolation of 28 crystalline steroids from the
cortical tissue. The structures of these compounds
were elucidated by interconversion into known sterolds
and also by partial synthesis. Six of them were
shown to be capable of maintaining life in adrena-
lectomised animals.

After removal of all crystalline material, the
regidual amorphous fraction was found to retain 14-30%

of the original activity of the extract, and from
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this amorphous fraction there has recently been iso-
lated a 20th steroid (VII) (4), aldosterone (electro-
cortin), which has a physiological activity about
30-100 times greater than ll-deoxycorticosterone (VI).
The structure (VII) has been assigned to this material,
and its total synthesis has been described (36).

The physiological activities of the adrenocortical
hormones axre difficult to define because of the fact
that while a substance may show a positive response

to one method of assay, it may show a negative response
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to another. Thus, in reporting the physiological

activity of a substance, 1t is neceasary to specify

the method of assay employed. The symptoms following

adrenalectomy which provide quantitative assay methods

are the following.

1) Disturbance of the Na¥, C1~, and water balance
(increased excretion) and K' (retention).

2) Increase of the urea content of the blood.

3) Asthenia (inefficiency of muscle)

4) Disturbance of the carbohydrate metaboliam,
leading to a decrease in liver glycogen.

) Reduction in resistance to traumata(cold, shock, etc.h.
The isolation of the individual cortical steroids

is carried out in the following_manner. The minced

beef glands are extrauacted with acetone or alcohel,




which precipitate protein constituents. Use is
made of the relatively high water solubility of
the hormones (6) to separate certain highly oxy-
genated hormones by partition between ether or
benzene and water. Saparation of the reactive
ketones from the non-ketonic or inert ketonic
material is achieved by means of the Girard pro-
cedure (6). The individual steroids are then sep-
arated by the chromatography of the more stable
acetates.

Mason, Kyers and Kendall (7) were the first
clearly to associate physioclogical activity with the
crystalline steroid, by proving the effectiveneas
of cortisone, which they named compound E, in the
work performance test of Ingle. This same compound
was also isolated by Wintersteiner and Pfiffner (8)
who called it compound F, and by Reichstein (6) who
called it compound Fa. It was later isolated by
Kuizenga and Cartland(9).

Of the steroids isolated from the cortex, almost
all are Cgz,~ steroids, and those which exhibit cortin

activity all have the af-unsaturated ketonie group in



ring A, characteriatic of progesterone and testo-
sterone, and possess a ketol grouping in the side
chain.

17a-Hydroxy-l11-dehydrocorticoasterone, or
Kendall's compound E. ia of particular importance
from the point of view of physiological activity,
for it shows a variety of actions reproduced only
in part by those cortical ateroids lacking the oxygen
function at C,, or the hydroxyl grouvy at C,q¢« The
Gp-unsaturated ketone system in ring A, and the ketol
grouping in the side chain seem to be necessary for
the known physioclogieal actions, and the presence of
oxygen at C,; and at C,, appears to enhance the
therapeutie value of the compound. The C,, oxygen
function is appmrently equally effective as the car-
bonyl or the hydroxyl grouping. HReichstein has shown
that all the cortical steroids having the hydroxyl
g&roup at C;, are of the same orientation at that
centre.

The majority of the insctive substances isolated
from the adrenal cortex are saturated in ring A, and
appear to be reduction products of the A ¢-3-keto-

steroids, and are all derivatives of 3p-hydroxyallo-



pregnane, in which the A/B ring junction is trams.

The presence of the C,; -oxygen function is a
distinctive feature characteristie of the more
important cortical hormones and of the majority of
companion substances. No other naturally ceccurring
steroids, with the exception of sarmentogenin (37),
are known to have hydroxyl or carbonyl groups at
this position. The oxygen function at C,, is subject
to very pronounced steric hindrance from the angular
methyl groups at C,, and C,;5. The carbonyl group at
Cia is inert to phenylhydrazine, hydroxylamine,
Girard's reagent, and to nommal Wolff-Kishner con-
ditions. It is also resistant to hydrogenation in
neutral solution, but in acetic acid solution, or by
means of lithium eluminium hydride can be reduced to
give exclusively the hindered llp-~hydroxy compound,
since the hydrogen attacks the molecule at the un-
hindered rear face and opens the rear bond of the
carbonyl group. Reduetion with sodium in amyl aleohol
gives, however, the lla-hydroxy compound. The llp-
~-hydroxyl group is subject to oxidation by chromic acidj
it is unusaslly sengitive t¢ mineral ascids, undergoing

dehydration with even dilute mineral acid.



Since only minute gquantities of the physiol-
ogleally active cortical steroids could be obtained
by the extraction of beef glands, a full clinical
evaluation could not be made until they became more
readily available. In 1943 heichstein (10) achieved
the important feat of introducing oxygen at the 1ll-
-position and succeeded in synthesising a substance
identical with natural 1ll-dehydrocorticosterone (II).
In 1946, Sarett (1ll) completed the synthesis of
cortisons, starting from degxycholic acid (VIII).
Shortly after Hench and Kendall announced the anti-
~arthritic effect of cortisone (12). This effect
appears to be specific to cortisone (13), only 17-
-hydroxycorticosterone having comparable potency.
Recent work (14}, however, shows that this anti-
-arthritic effect is not curative, but merely suppresses
the symptoms of rheumatoid arthritis.

The apparent anti-arthritic effect of cortiasone
made it desirable that more economical syntheses
should be devised, since the synthesis starting from
deoxycholic acid is not economically attractive. Other

starting materials were accordingly sought for the



partial synthesis of cortisone. The principal
ones considered were ergosterol (XI), cholesterocl (IX),

stigmasterol (X), and the sapogenins diosgenin (XII),
and hecogenin (XIII).
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Although there are now methods for converting
these steroids into cortisone, certain limitations
are enforced by the nature of the steroid used.

Apart from hecogenin, all are unsubstituted in ring-C,
and the problem of introducing an ll-gxygen funotion
is therefore moxre difficult. Noreover, cholesterocl
has a saturated side chain, the degradation of which
can only be accomplished with considerable loasses.

The use of stigsmastexol is limited by its relative
non-availability. The side chain of diosgenin lends
itself to an easy degradation (15) to pregnane der-
ivatives, and this sapogenin is therefore a valuable
starting material for ring-C unsubstituted hormones.
Progesterone (XIV) can readily be prepared from dlos-
genin (15), and in view of the recent microbiological
hydroxylation (16) of progesterone at C(.,), the
importance of this sapogenin is increased. Hecogenin,
containing & C(,.)~keto group, seemed & promising
starting materisl, but its use is limited by the fact
that purification of the crude material involves
large losses.

The total synthesis of cortisone has been achieved



(17,18,19,20), and this route has now become
aeconomically feasible.

Ergosterol, therefore, appeared to be the most
promising starting material for a partial synthesis
of cortisone, since it possesses unsaturaticn in the
side-chain which renders it readily convertible into
& pregnune derivative, and also since the intro-
duction of the & 9(11)~bond can be readily achieved,
thus forming & useful intermediate for the intro-
duction of the necessary C(,.)-oxygen function.

Ergosterol is the major sterocl in the non-
-gaponifiable fraction from yeast, which at present
conastitutes its main source. Interest in this sterol
wag first aroused in connection with its relationship
to vitamin-D, and consequently its chemistry has been
extensively investigated and its structure elucidated.

In 1948, it was suggested by Bergmann and Stevens
(21) that ercosterol might be used as a starting
materiel for the syntheses of adrenal cortical hormones.
They approached the problem in two different ways. ;
Firstly, they examined the degradetion of the side chain
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under conditions which lei't the diene system in
ring=-B untouched. Jecondly, they attempted the
introduction of the necessary C(..,)-oxygen function
before degradation of the side chain.

In both cases, the initial stages met with
reasonable success. Addition of maleic anhydride
to ergosteryl acetate (XV) gave the adduct (XVI)
which was then ozonised preferentially to give the
22 -aldehyde (XVII), enclisation of which gave the
enol acetate (XVIII). Ozonolyais of the encol acetate,
followed by pyrolysis gave 2C-oxopregna-bi7-dien-3g¢-
-yl acetate (XIX). This ozonolysis procedure for the
degradation of the side chein has been substantiated

by later workers (22), and has also been used with
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considerable success in the work described in
this thesis.

In an attempt to introduce the C(,,)=-o0xygen
function prior to degradation of the side chain,
the maleic anhydride adduct (XXI) of dehydroc-~
ergosteryl ascetate (XX) was prepared and the side
chain protected by conversion to the dibromide (XXII).
rerbenzoic acid oxidation of this material gave in
&ood yleld the 9:ll-epoxide (XXIII) which on de-
bromination with gine dust in scetic acid yielded
the adduct (XXIV), ozonolysie of which, followed by
oxidation of the resulting anldehyde, yielded the
bisnor-acid (XXV). Pyrolysis of this materisal,
howevel, resulted in eromatisation of ring-B, and in
view of the low yields involved, and the difficulty
encountered in the elimination of maleie anhydride,
from the adducts, the approach was abandoned at
this stage.

The greatest difficulty in the partial synthesgis
of cortisone lies in the necessity of obtaining in
good overall yield a suitable intermediate possessing

the C(,..)=-oxygeéen function and the pregnane side chain.
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Such an intermediate, common to many partial syntheses

H
1'n Cqﬂn Cq“r]“"x
= Oéjjﬂ
Ao e Aco
XL BRI

p .8
e CqHg o
0,
"C"/Ug:‘_j_)ho Céj%co ‘C@ﬁ
X Foava XY

of cortisone is 1l1l:20-dioxoallopregnan-3f-yl acetate
(XXVI). The transformation of this to cortisone
involves the introduction of hydroxyl groups at

C,7 and Cgz,, and of the ap-unsaturated ketone in

ring A. The 1l:20-diketone is converted to the enol
acetate, using the (Gallagher grocedure (23). Oxidation
of the enol acetate with perbenzoic acid followed by
alkeline hydrolysis gives 3p:l70edihydroxy-11:20-
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-dioxoallopregnane (XXVII), bromination of which

g£ives the 21 -bromo derivative. Treatment of the

latter with sodium acetate (24) or with sodium iodide
followed by potassium acetate (26) gives 3If:l%a-
-dihydroxy-11l:20-dioxoallopregnan-2l -yl acetate (XXVIII).
Oxidation of this with N-bromoacetamide gives l%7a-
-hydroxy=-3:l1li20-trioxoallopregnan-gl-yl acetate (XXIX)
(24,26), bromination of which, followed by dehydrobiomin-
ation (24) by a method previousaly used wi th other 3-

~-keto-allosteroida (26) gives cortisone acetate (XXX)

s CHOAc
C=0 c=0
~OH
i
XN
fﬂ,_OAr.
c=0
~OH
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An alternative method for the introduction of
the 17u-~ and 2l-hydroxyl groups is that of Sarett (26),
used for Sa-hydroxy=-11:20-dioxoallopregnan=-3f~yl
acetate (XXXI), which under the Gallagher conditions
readily dehydrated to give /\ ®-steroids. The ba-
-hydroxy-11l:20-dike tone (XXXI) was treated with hydrogen
cyanide and the resulting cyanhydrin (XXXI1I) dehydrated
selectively at C,o with phoaphorus oxychloride in
pyridine to give (XAXIII). Osmium tetroxide oxidation
of (XXXI1I1) gave the 1l%a:i:20-diol, which yielded (XXXIV)
on treatment with base. Bromination followed by treat-
ment of the Z2l1-bromo derivative with potassium acetate
as described before gave the 2l -acetate (XXXV), which
on oxidation to the 3-ketone followed by dehydration
gave cortisone acetate (XXXVI).

From the above it is evident that 11:20~dioxoallo-
pregnan-3f -yl ncetate (XXVI) is a very important
intermediate in & synthesis of cortisone, and corres-
pondingly the work described in this thesis was directed
towards the preparation of this compound in the best
possible overall yield from a readily available starting

material, which in this case was ergostercl. PFPrevious
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me thods of preparing 1l:20-dioxoallopregnan-3f-yl

i i CH

acetate (XAVI) are lengthy, with the result that the
overall yield of (XXVI) is poor, which fact indicated
the desirability of finding a new and more economically
feasible route.

Success in the preparation of an 1l -oxygenated
steroid from ergosteryl-D-acetate was first achieved

in the Merck Laboratories (38). This was immediately



followed by an independent publication (39) by Heusaer
et al., whose partial synéheais followed essentially
the same pattern. Details of this synthesis of 11:20-
-dioxoallopregnan-3f -yl acetate (XXVI) are given below.

Ergosteryl -D-acetate (XXXVII) was selectively
oxidised with perbenzoic acid to give the 9i1ll-epoxide
(XXXVIII), which on treatment with a trace of mineral
acid, afforded 3f-acetoxyergosta-8i:2z-dien~7¢f:illa-
-diol (XXXIX). Oxidation of this compound with chromic
acid led to Till-dioxoergosta-8ig2-~dien~-3p-yl acetate
(XL) which when reduced with zine dust and acetic acid
gave 7ill-dioxoergost-22-en-3p-yl acetate (XLI), further
reduced to ll-oxoergost-22-en-3f=-yl acetate (XLII).
This latter compound on ozonolysis yielded the acid
(XLIII). Treatment of the methyl ester of the acid
(XLIII) with phenyl magnesium bromide and dehydration
of the resulting diphenyl carbinel (XLIV) yielded the
diphenylethylene derivative (XLV), which on ozonolysis
gave 11l:20-dioxocallopregnan-3f-yl acetate (XXVI).

The side chain of ll-oxocergost-22-en-3p-yl acetate
(XL1I) has also been deéraded (4C) by the standard
method (41), giving (XXVI) in good yielad.






In a subsequent publication, Tishler et &l.,
(42) reported & modification of their first route
to ll-oxo-ergost-22-en-3f-yl acetate. They found
that preferential reduction of the/\®-bond of 1ll-
-oxoergosta-8igc~-dien-3f~-yl acetate could be achieved
by the use of lithium metal in liquid ammonia.

11:20-Dioxoallopregnan-3f~yl acetate (XXVI)
can also be obtaihed from diosgenin, but the route
is lengthy and the overall yield poor. Briefly, the
route is as follows. Diosgenin (XII) ean be converted
by established methods (43) into 22¢-allospirost-7-en-
-3p=-yl acetate (XLVI), and thence to 20-oxoallopregn-7-
~en-3p-yl ecetate (XLVII). DJjerassi et al. (30) have
described the mercuric acetate oxidation of the latter
to give 20-oxoallopregna-79(1ll)-~dien-3g~-yl acetate,
but this reaction proceeds in poor yield. <TLreatment
of (XLVII) with lithium aluminium hydride followed
by acetylation gave 3p:20p-diacetoxyallopregn-7-ene
(XLVIII) which was converted to the/A7°'®(31)_giene
(XLIX) by mercuric acetate oxidation. Oxidation of
(XLIX) with performic acid gave 3pi20p-diacetoxy-9ailla-

-epoxyallopregnan-7-one (L) (44), which, on treatment
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with alkeli, isomerised to give 3f:1llai20p-tri-
hydroxyallopregn-8-en-7-one (LI). Catalytic
hydrogenation of (LI) followed by Wolff-Kishner
reduction gave 3f:1la:20p-trihydroxyallopregnane
(LII). Chromic acid oxidation of the latter gave
the triketone (LIII), which was reduced by Raney

nickel hydrogenation to give 1l:20-dioxocallopregnan-
-56"01 (LIV) .

D D Ee WD S - —
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THEORETICAL

The conversion of b-dihydroergosteryl acetate
into 11:20-dioxoallopregnan-3p-yl acetate (X) has

been achieved by the route shown.

s cHs
H~CHO C=CHOAc
it~ ey
i AcD 0
H H
i & aL 1L
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11:20-Dioxoallopregnan-3f-yl acetate (X) is &
common intermediate in the asynthesis of cortisone
from various starting materials, and its conversion
into cortisone follows well established routes
(see Introduction).

5-Dihydroergoateryl acetate (I) (36) ia
obtained in good yield from ergosterol, and was
used as sterting material in this synthesis. Berg-
mann and Stevens (21) first used the ozonolysis pro-
cedure for the degradation of the ergosterol mide
chain, and Jones and his co-workers (27), and
Cemeron et 2l., (28) also used this method with
considerable success. Frevious experience in this
department had shown that ozonolysis of b-dihydro-
ergosteryl acetate at room temperature did not result

in preferential attack of the side chain double bond.
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Ozonolysis at -60° was therefore tried, and on
decomposition of the ozonide with zinc in acetic

acid, 3f-acetoxybisnorallochol-7-en-g2-al (II)

was obtained in 85% yield. The ultra-violet
absorption spectrum showed the presence of a tri-
substituted double bond (29). The aldehyde was
characterised by formation of its 2:4-dinitro-
phenylhydrazone and also of the dimethyl acetal,
which was formed very readily. The aliphatic
aldehydic fragment of the side chain degradation
was separated by steam distillation and characterised
as its Zi4-dinitrophenylhydrazone.

Treatment of the aldehyde (II) with sodium acetate
and acetic anhydride gave in good yield, the enol
acetate, 3piz2R-diacetoxybisnorallochola-7:20(22)-

-diene (III), selective ozonolysis of which at =50°

gave 20-oxoallopregn-7-en-3f-yl acetate (IV). This
compound has been prepared by Djerassi and his co-
-workera from diosgenin (30). The alcohol and

benzoate of the compound were prepared and the constants
were found to be in good agreement with those given

by Djeraasi.
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3ince this seemed a suitable point at which to

atteupt introduction of the l7a-hydroxy group, the
method of Kritcheveky and Gallagher (23) was applied.
Following the method of these authors, enol acetylation
of 20-oxosllopregn-7-en-3f-yl acetate was attempted.
The product was a gum, which probably consisted of
& mixture of the geometrical isomers of the enol
acetate of the Cgyo-ketone. Chromatography of the
product yielded a low melting crystalline fraction,
the analysis of which was in agreement for 3f:20-
~diacetoxyallopregna-7:17(20)-diene (XI).

iy

~0Akc

AD '

XL

Perbenzoic acid oxidation of the crude material
followed by alkaline hydrolysis failed to introduce
the 17a-hydroxy function, 20-oxoazllopregn-7-en=3g-0l

being obtmsined. The use of excess perbenzoic acid
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was also unsuccessful, leading only to the formation
of & small amount of the A 7°®(22)_gjene. The
introduction of the l7-a-hydroxy function in the
20-ketone by this method has been reported by Djerassi
and his co-workeras (31), but the product was obtained
in very low yield. 3Since 1t did not appear to be
poasible to introduce the l7a-hydroxy group hy a method
giving & good yleld, the attempt was postponed to a
later stage in the synthesis.

The introduction of theA ®(21)_.pond into 20-
-oxoallopregn-7-en=3f~yl acetate (IV) with mercuric
acetate, according to the method of Djerassi and his
co-workers, was attempted, but the product was ob-
tained in only 10% yield of pure material. The method
of Anderson, Jtevenson and 3Spring (32) for oxidation
of b-dihydroergosteryl acetate to ergosteryl-D-acetate
was therefore tried, and the yleld was thereby greatly
improved. Treatment of 20-oxoallopregn-7-en-3p-yl
acetate with bromine at -50° followed by immediate
debromination of the product at -60° with zinc dust
gave in high yield 20-oxoallopregna-7:9(ll)-dien-3f~yl

acatate (V), which showa thé characteristic ultrua-violet
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light absorption apectrum of aA7%e(22) _diene.
The introduction of the ll-oxygen function
was attempted by two routes. The route described

below first suggested itself.

XY

Perbenzoic acid oxidation of 20-oxoallopregns=-
-739(11) -dien-3p-yl acetate (V) at 0° gave 9ailla-
~gpoxy —20~oxoallopregn«7-en~-3f=yl acetate (VI) in
good yield. Treutment of the 9:1l-oxide (VI) with
boron trifluoride-ether complex in benzene solution
gave e gum showing relatively low intensity light

L4)
abgorption at 2600 A. The product could not be
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erystallised, and was treated with lithium in liquid
ammonia, again yielding an unerystallisable gum,

which by reason of its solubility in methanol, ethanol
and ethyl scetuate and its relative insolubility in
all other coummon sclvents was agsumed to be a diol

or a triol, or more piobvably a mixture of these,

(XVI, XVII). The product showed no appreciabdble light

absorption intensity above 2000 E.

o,
HO
0 HO
HO : !
i HO B
XNT KT A

The mixture was therefore oxidised with chromic
anhydride to give in poor yield a product of m.p.
209-211°, [a]y + 126°, in good agreement with the
constants given by Reic'.stein (33) and Djerassi (456)
for 3:11:20-trioxoallopregnane (AVIII). The compound

did not depress in meliting-point on admixture with an
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eauthentic specimen, prepared by hydrolysis and
oxidation of 1l:20-dioxoallopregnan-3p-yl acetate (X),
kindly supplied by Dr. B.A.Hems of Glaxo lLaboratories.
In view of the nature of the products obtained, and
the poor yields invelved, this route was not in-
vegtigated further.

The second route, which gave 1l1:20-dioxoallo-
pregnan-3f~yl acetate in good yield, was as follows.
Treaztment of 9aitlla-epoxy-20-0x0allopregn=7-en~3f~-yl
acetate (VI) with boron trifluoride-ether complex in
ether solution using the method of EBladon et al.(34)
gave 11:30-dioxo-9f-allopregn-7~-en-3f-yl acetate (VII).
Catalytic hydrogenation of the diketone (VII) yielded
20f -hydroxy-11l-oxo-@f-allopregnan-3f-yl acetats (VIII),
the structure of which was confirmed by the infra-red
absorption spectrum, whieh showed well resolved hydroxyl,
ecarbonyl, and acetoxyl bands. Jelective reduction of
the 20-ketone group in 1lli20-diketones in the pregnane
series (rings A/B cis fused) is reported by Sarett to
g&ive mainly the Z0p-isomers. Jince the effects of the
allopregnane (rings A/B trans fused) or 9f-hydrogen

(rings B/C ¢is) systems on the reduction of the 20-ketone



have not yet been established, the reduction product
(VIII) is provisionally asesigned the 20p-hydroxyl
configuration. OQOxidation of 20f~-hydroxy-ll-oxo-
-9p-allopregnan-3f-yl acetate (VIII) with chromic
enhydride gave 11l:20-dloxo-9f-allopregnan~-3f-yl
acetate (IX), treatment of which with 20f methanolic
potassium hydroxide converted it inte 11l:20-dioxo-
allopregnan-3f-ol, the identity of which was con-
firmed by comparison with an authentic specimen pre-
pared by hydrolysis of a aamble of 11:20-dioxoallo~
pregnan-3g-yl acetate (X), supplied by Dr. B.A.Hems
Acetylation gave 1ll:20-dioxoallopregnan-38-yl acetate
(X) which was also identified by comparison with an

authentic specimen.
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EXEERIMENTAL

3p-hcetoxybisnorallochol ~7-gn-c2-al. - A

solution of b-dihydroergosteryl acetate (40 g.) in
chloroform (600 ml.) at -46° % 5° was treated with
a stream of ozonised oxygen until 1.5 mols. ozone
had been passed. The solution was allowed to stand
for 30 minutes, when glacial acetic acid (200 ml.)
and zinc dust (30 g.) were added and the mixture
stirred for one hour. After filtration, the solution
was ateam distilled for 1.6 hr. The gummy residue
was extracted with ether, and the extract washed with
sodium carbonate solution (5%) and water, dried over
sodium sulphate and the ether removed under reduced
pressure. The residue was extracted with hot aqueous
acetone (3 x 800 ml.j; 30%) and the combined extracts
concentrated until 3p-scetoxybisnorallogchol~7-en-g2-
-al (27 g.) separated as plates, m.p. 133-134°. After
two recrystallisations the material had m.p. 136-138°,
[a]D - 18° (¢,2.0).

Light absorption: ¢&gi00 &,000.

Found: C,77.6; H,10.0
CueHgeOs requires C,77.4; H,9.7%.
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The material gives a pale yellow colour with
tetranitrome thane in chloroform.

The residue from the agueous acetone extraction
was recrystallised from methanol-chloroform to give 5-
-dihydroergosteryl acetate as plates, m.p. and mixed
m.p. 170-173°.

No acid fraction was obtained on acidification

of the sodium carbonate washings. !

2:4-Dinitrophenylhydrazone of 3f-acetoxybisnorallo-

chol-7-en-22-al. - A solution of the sldehyde in
methanol was treated with Brady's reagent to give the
2i4-dinitrophenylhydrazone which crystallised from

ethyl acetate as needles, m.p. 243-244°.
Light absorption: ¢gaqo, 14,000, ¢secos 21,750.
Found: C,66.23 H,7.0
CaooHeoOsNe requires C,66.2; H,7.8%.

Dimethylacetal of 3f-acetoxybisnoralloghol-7-en-

-g2-al. - a) The aldehyde (500 mg.) in methanol
(bO ml.) was treated with concentrated hydrochloric
acid (2 dropas) and the solution warmed for a few

minutes, when a white solid separated. The precipitate
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was filtered off, washed with water and crystallised
from methanol-methylene chloride to give the dimethyl-
acetal (450 mg.) as plates, m.p. 210-212°, [a]D -10°
(c,2.4).

Light absorption: f¢gyoeos 4,400

Found: C,74.8; H,10.3.
CaeHesO¢ regquires C,74.6; H,10.1%.
The materisl gives a pale yellow colour with

tetranitromethane in chloroform.
b) Crystellisation of the aldehyde from technical
agqueous methanol gave the dimethylacetal, m.p. and

mixed m.p. 210-212°, [0-]D -9° (¢,2.5).

2i4-Dinitrophenylhydrazone of Methylisopropyl

acetaldehyde. -~ The steam distillate described

above was extracted with chloroform and the extract
washed with saturated sodium bicarbonate solution

and water, dried over sodium sulphate and the chloro-
form removed under reduced pressure. The residue was
dissolved in methenol and treated with Brady's reagent
to give the 2:4-dinitrophenylhydrazone which cry-
stallised from methanol as plates, m.p. 1l22-123°.
(Lit. gives 122-123°).



3p:22-Diacetoxybisnorallochola-7:20(22)-diene. -
3p-Acetoxybisnorallochol-7-en-22-al (10 g.) was
dis solved in acetic anhydride (40 ml.) and freshly

fused potassium acetate (2 g.) added. The mixture
was heated at 120-126° for 6 hr. A crystalline solid
separated on cooling, and was filtered off, washed well
with water, and crystallised from acetone to give 3p:22-
-diacetoxybisnoralloghola-7:20(22)-diene (5 g.) as
platea, m.p. 163-165°, [0.]:D -26° (2,1.0).

Light absorption: ¢gesc, 5,000.

Foundt C,75.4} H,9.2.

CseHaeOs requires C,76.3; H,9.2%.

The compound gives a pale yellow colour with tetra-
nitromethane in chlorcform.

The acetic anhydride mother liquors were treated
with water, and extracted with ether. The ether extract
was washed with saturated eodium bicarbonate solution,
and with water, dried over sodium sulphate and the ether
removed under reduced pressure. The gummy residue was
crystallised from acetone to yield & further 2.7 g. of

the encl acetate.



20-Qxoallopregn~7-en-3p-y1 acetate. - A
solution of 3g:2z-dieacetoxybisnorallochola-7:20(28)~
-diene (5 g.) in chloroform (400 ml.) at -46° % §°
wan treated with a stream of ozonised oxygen until
1.5 mols. ozone had been passed. The solution was
allowed to stand for 30 minutes, when glacial acetic
acid (150 ml.) and zinc dust (10 g.) were added and
the mixture stirred for l.6 hr. After filtration
the solution was concentrated, treated with water and
extragted with ether. The ether extract was washed
with water, sodium carbonate solution (3%), and water,
dried over sodium sulphate and the ether removed
under reduced pressure. The residue was crystallised
from éoetono to give 20-oxoallopregn-7-en-3f=yl
acetate (3 g.) as blades, m.p. 174-176°, [a]D + 38°
(¢,1.0).

Light absorption: ¢gii10, 4,600
Found: C,77.03 H,9.6.
Calc. for CgoHseOs? C,77.06; H,8.6%.

The compound gives & pale yellow colour with
tetranitromethane in chloroform.

Djerassi et al. (30) give m.p. 174-176°, [0-]D + 39°

for thia compound.



20-Oxgallopregn~7-en-3f-gl. - A solution of
20-oxoallopregn-7-en-3f-yl acetate in aqueous methanolic
potassium hydroxide was refluxed for one hour. The
solution was treated with water, extracted with ether
and the ether extract washed with dilute hydrochlorie
acid (2%), saturated sodium bicarbonate solution,
water, and dried over sodium sulphate,. The ether was
removed under reduced pressure and the resgsidue cry-
stallised from methanol to give ZU-oxoallopregn-7-en-
-3f-0l as blades, m.p. 2l3-216°, [u]D + 39° (2,1.3).
Light absorption: ¢2i100y 5,600.
Found: C,79.4} H,10.35.
Cale. for Cy HaeOxt C,79.7; H,10.2%.
The compound gives a pale yellow colour with
te tranitrome thane in chloroform.

Djerassal et al. (30) give m.p. 213-2156°, [a]D + 41°,

20-0xoallopregn- -en-5f -yl benzoate. - A solutien
of the alcohol in pyridine was treated with benzoyl
chloride &t 10C® for 1 hr. The product was isolated
in the usuel fashion and crystallised from methanol
to give 20-gxoallopregn-7-en-3f-yl benzoate as plates
m.p. 186-188°, [a], + 39° (g,1.0).



Light absorption! éaceoy 10,000 €us5e0, 17,000.
Pound: C,79.86; H,B.8.

Ceellge0s requires: C,80.0; H,8.6%.

The compound gives a pale yellow colour with tetra-

nitromethane in chloroform.

20-0Uxoallopregna~7i9(1l) ~dien-3p-yl acetate
(cefs Djerassi et al.)e = a) A solution of 20-
-oxo0allopregn-7-en-3f-yl acetate (1 g.) in chloroform
(30 ml.) and glacial acetic acid (30 ml.) was sheken
with mercuric acetate (3 g.) for 18 hr. The filtered
solution was concentrated, treated with water, and
extracted with ether. The washed and dried solution
was evaporated to dryness and the residue crystallised
from methanol to give plates (800 mg.) m.p. 146-160°,
[a]D + 53°, several recrystallisations of which gave
20-oxoallopregna~7:9(1l)-dien-3¢-yl acetate (100 mg.)
68 plates m.p. 1867-160°, [u)n + 78° (2,1.0).

Djerassi et al. give m.p. 139-141°, [c]D + 78.9°%
b) To a stirred solution of 20-oxoallopregn-7-en-3f-
-yl acetate (& g«) in chloroform (200 ml.) at =60° : 5°,
bromine (6.65 g.j 2.5 mwols.) in chloroform (180 ml.)

was added dropwise over 2 hr. Glacial acetic acid
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(100 ml.) and zinec dust (50 g.) were added and
stirring continued at -30° to -60° for 2 hr. The
filtered sclution was washed with water, saturated
sodium bicarbonate solution, and water, dried over
gsodium sulphate and the chloroform removed under
reducea pressure. The solid residue was crystallised
from methanol to give Z0O-oxoullopregna-7:i9(ll)-dien-
-3p-yl scetate (3.9 g.) as elongated plates, m.p.
169 -162°, [u]D + 81° (¢,1.0).
Light absorption: Cgseos 12,6005 fgeso, 14,2005 buseo (8h.)
2,300,
Found: C,77.2; H,9.3.
Calce for Cyals.0p C,77.6} H,9.1%.
The compound gives a red-brown colour with tetra-

nitromethane in chloroform.

20~-Cxoallopresgna-7:9(1l)~dien-3f=-0l. - A
solution of 20-~oxocallopregna~7:9(1l)-dien=-3p~yl
acetate (50 mg.) in ethanolic potassium hydroxide
solution (2%; 50 ml.) wes allowed to stand overnight.
Working up in the usual fushion yielded 20-oxoallo-
pregna«7:9(1l) «dien-3f«-0l which erystallised from
acetone as plates, m.p. 200-£202°, [a]D + 73° (8,1.0).
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Light absorption: 6yxueo, 11,000} €ueno, 12,760;
‘gaao lﬂh-), 7,800.
The compound gives a red brown colour with tetra-

nitromethane in chloroforme.

9a:lla-Epoxy-<0-gxoullopregn~7-en~3p-yl acetate. =
Perbenzoic acid (l.1 mols.) in chloroform (26 ml.) was
added dropwise at 0° over 4 hours to a stirred solution
of 20-oxozllopregna-7i9(1ll)~-dien-3f=-yl ncetate (b g.)
in chloroform (160 ml.), and the solution kept at 0°
overnight. The solution was washed with sodium bi-
carbonate solution, water, and dried over sodium sulphate.
The chlorcforw wes removed under reduced preasure (below
35°), and the residue crystallised from acetone to give

9uillu-gpoxy~20-oxoallopregn~7-en-3f=-yl acetate (3.3 g.)

as plates, m.p. 191-192°, [c]p -R° (g,1.4).
Light absorption: égoe0s 5,600,
Pound: C,74.35 H,8.95.
CsoHesO¢ requires C,74.2; H,8.7%.
The compound gives a pale yellow colour with

tetranitromethane in chloroform.
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11:20-Dioxo~9p-allopregn=~-7-en-3f-yl acetate. -
A solution of 9utlla-epoxy-20-oxoallopregn-7-en-3g-yl
acetate (200 mg.) in dry ether (46 ml.) was treated
with boron trifluoride-ether complex (0.3 ml.) and
the solution kept at room temperature for 16 hours.
The solution was washed with water, sodium biearbonate
solution, and with water, dried over sodium sulphate
and the ether removed under reduced pressure. The
residue was ¢rystellised from acetone-distilled water
to give 11:20-dioxo~8f-allopregn-~7-en-3p-yl acetate
(160 mg.) &s plates m.p. 119-121°, [a], -110° (g,1.4).
Light ebsorption: ¢goec0y 5,400.
Found: C,74.5; H,9.0.
CeoHapO4 requires C,74.2; H,8.7%.
The compound gives a paule yellow colour with tetra-

nitromethene in chloroform.

20p -Hydroxy-ll-o0x0~9Ff -allopregnan-5f-yl acetate. =
A solution of 11:2C dioxo-9f-allopregn-7-en-3p=-yl
ecetate (300 mg.) in glacial acetic acid (200 ml.)
was added to a freshly reduced suspension of platinum
(from €60 mg. Pt0.) and the mixture shaken in an

atmosphere of hydrogen for 0 minutes at room temperature.



The filtered solution was concentrated and the
product isolated by means of ether. Cryastallisation
from acetone-light petroleum (b.p. 60-80°) gave
20p-hydroxy~-11l-oxo-9f-allopregnan-3p~-yl acetate
(220 mg.) as needles, m.p. 202-203°, [a]D + 44°,
+44.5° (g,1.6, 1.3).

Found: C,73.7§ H,9.9.
CeaHsoeO¢ requires C,73.4; H,9.6%.

The compound does not show any high intensity
light absorption in the ultra-violet. Infra-red
spectrum: peaks at 3500 (hydroxyl), 1726 (ketone),
1720 and 1240 cm. = (acetate).

11:20-Dioxo-8f-allopregnan-3f-yl scetate. - A
solution of ll-oxo-9f-allopregnan=-3p:20f=-diol-3~acetate
(109 mg.) in stabilised glacial acetic acid (6 ml.)
was treated with chromic anhydride (29 mg.) in acetic
acid (1 ml.) and kept at room temperature for 16 hours.
The excess oxidising agent was destroyed by treatment
with methanol, and the solution concentrated, treated
with water, and extracted with ether. The ether extract
was washed with sodium bicarbonate solution, water,

and dried over sodium sulphate. The ether was removed
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under reduced pressure and the residue crystallised
from light petroleum (b,p. 60-80°) to give 11:20-
-dioxo-9f-allopregnan-3f-yl-acetate (90 mg.) as
plates m.p. 191-193°, [G]D + 164° (¢,1.6).
Found: C,73.76j) H,9.3.

CosHaeOf requires C,73.6; H,9.156%.

The compound does not give a colour with tetra-
nitrome thane in chloroform, and does not show any

high intensity light absorptiocn in the ultra-violet.

11:20-Dioxoallopregnan-3f=-gl. = A solution of
11:20~-dloxo-9f-allopregnan-3p-yl acetate (150 mg.)
in aqueous methanolic potassium hydroxide (10 ml.;
20%) was refluxed for 6 hours. The cooled solution
was treated with water and extracted with ether. The
washed and dried ether extract was taken to dryness
and the residue crystallised from acetone-light
petroleum (b.p. 60-80°) to give 1ll:20-dioxoallopregnan-
-3f~01 (110 mg.) us elongated plates (or prisms,
depending on rate of crystallisation), m.p. 194-196°,
[a]D + 116°, + 118°, (g,1.6, 1.3).

Found: C,75.5; H,9.7.
Calc. for Cyu,HaeOs C,75.9} H,9.7%.
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The compound does not give a colour with
tetranitromethane in chloroform and shows no high
intensity light absorption in the ultra-violet.

It did not depress in m.p. on admixture with a
specimen m.p. 194-196°, [a]D + 117° (e,1.0) prepared
by hydrolysis of 11=20-d10x§gl;gpragnan-53~yl agetate
kindly supplied by Dr. B.A.Hems of Glaxo Laboratories.

Stoxk et al. (44) record m.p. 192-194°, [u]D + 98°,

11:20-Dioxoullopregnan~3f=-yl agetate. - 1Treat-
ment of the alcohol with acetic anhydride and pyridine
at room temperature gave l1:120-dl oxoallopregnan-3g-
-yl acetate as prismatic needles from aqueous acetone.
m.p. and mixed m.p. 143-144°, [G]D + 88° (g,0.5).
Stork et al. (44) give m.p. 143-144°, [c], + &0°.
Chamberlin et al. (38) give m.p. 143-144, [c]D + 88°%.

Ireatment of 9ailla-Epoxy-20-oxoallopresn-7-en-

~3p-yl Acetate with Boron Trifluoride-Lther Complex

in Benzene 3olution. - A solution of Pailla-epoxy-

-20-0xo0allopregn-7-en-3f-yl acetate (200 mg.) in dry
benzene (17 ml.) was treated with boron trifluoride-

-ether complex (9 drops), and the solution kept at
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room temperature for 3 days. The solution was
diluted with ether (28 ml.), washed successively
with water, sodium bicarbonate solution and water,
and the dried solution evaporated to dryness under
reduced preasure. The product was a gum which could
aot be crystallised, but showed relatively low light
absorption intensity at 2500 X.

Lithium-liguid Ammonia [eduction of the af=-

-ungaturated Koetone. = Lithium (12 mg.) was added

to a mixture of dry ether (7 ml.) and liquid ammonia
(20 ml.), and the blue solution kept for 10 minutes
in a flask with a soda-lime guard tube. A solution
of the crude uf-unsaturated ketone (1lb mg., see
above) in dry ether (6 ml.) was added gquickly, and
lithium (2 mg.) to restore the blue colour. Ammonium
acetate was then added to destroy the excess reducing
agent, and the ammonia was allowed to evaporate. The
product, obtalned on working up through ether in the
usual fashion, was a solid foam which could not be
erystallised, and was hydrolysed using 3% ethanolic
potassium hydroxide solution, again yielding & solid

foan.



Chromic Acid Oxidation of Lithium-liguid

Ammonia Product. - A 8olution of the lithium-

-liquid ammonia product (200 mg.) in stabilised
&lacial acetic acid (20 ml.) was treated with

chromic acid (4 ml., 33.3 g./1.), and the solution
kept overnight at room temperature. The product,
obtained on working up in the usual fashion, was

a gum which was dissolved in light petroleum-
~benzene (2:1) and chromatographed on alumina.
Elution of the column with benzene-light petroleum
(2:1) ylelded a solid which crystallised from acetones
-1light petroleum as prisms (20 mg.) m.p. 206-208°,
[u.]D + 1228° (g,0.6). On further crystallisation the
material had m.p. 209-211°, [a]D + 126° (g¢,0.3), and
did not depresa in melting-point on admixture with an
authentic sample of 3:illi:20~-trioxoallopregnane.
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TRITERPENQIDS
Introduction.

The compounds of the triterpensid series have
wide distribution in Nature, espscially in the plant
kingdom, where they occur in the resin and sap in the
free gstate, as esters or as glycosides. They are non-
-nitrogencus materials, containing 30 carbon atoms,
the fundamental skeletons of which can be divided
into six isoprene (CH; = CH - Cile = CHg) units. On
the basis of this view, the parent hydrocarbons should
have a molecular formula equivalent to 6 isoprene
units i.e. Cgolige, and the fact that many monohydriec
triterpene alcohols have the formula CgoHgeC bears
out the general validity of this rule.

On dehydrogenation with selenium, the triterpenes
give a mixture of aromatic hydrocarbons, particularly
naphthalene homologues, and this approach has played
8 major role in the assignment of the carbon skeletons.
The majority of this dehydrogenation work was performed
by Ruzicka and his co-workers (1), who found that the

main dehydrogenation products of the pentaecyclic



triterpenes were 1:2:3:4-tetx‘-amethy1benzonc £I),

237 -dimethylnaphthalene (II), 1:2:7-trimethylnaphthalene
(III), l:z2ib36=-tetramethylnaphthalene (IV), l:bi6-tri-
methyl -f-naphthol (V), which result from a rupture of
the molecule during dehydrogenation. 1l:8-Dimethyl-
picene (VI, R = H) and li8-dimethylpicen-2-0l (VI,

R = QH) represent the original pentacycliec system.

() @e ‘ ‘




B -

Since 1930, counsiderable progress has been made
in our knowledge of triterpenoids. In this perioed,
the charseterisation of the funetional groups of the
mere important members has been achieved, and the
elucidation of the molecular formulae and the more
important features of their carbon skeletons has led
to the postulation of formulae which adequately re=-
present experimental facte.

One of the most important advances in the field
of triterpencid chemistry has bean the establishment
of the relationship between various individual compounda
and their esssignment to different groups, so that the
reactions of eny one compound in a given group have a
bearing on the structure of all members of the group,
and complete determination of struciure of one member
will establish the constitution of most members of the
gxoupe

The triterpenoids can be classified in six groups.
The first is the u-amyrin or ursane group, the most
important member of whieh is c-amyrin, hitherto re-
presented by the formula (VII). The second ia the

p-amyrin or oleanane group, represented by f-amyrin (VIII).
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The third is the lupeol group represented by lupeol (IX).

Ho ; f mw HO@
VIL Vil X

These are all pentacyclic triterpenoids. The fourth
group comprises the tetracyclic triterpenes, which
may be subdivided into two groups - the lanosterol
series and the euphol series, which differ in the
fusion of rings C and D. A typical member is lano-
sterol (X).

&S

The fifth group, the squalene (XI) group, comprises only

three members, sgualene, ambrein and onocerin.
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The last group comprises those triterpenoids which
have not yet been assigned to any of the above groups.
The formula (VII) has up till now represented
the structure of a-amyrin, but throughout the remainder
of this thesis the formula (XII) will be used to denote
ee-amyrin. The reasons for this formulation are pre-

sented in the theoretical section.

HO

Geimyrin.

Probably the most abundant of the triterpenes are
the amyrins, which were first isolated by Rose (2) in
18639, from Manilla elemi resin. In 1887, Veaterberg
(3) separated the amyrins into the u- and f- forms.
3ince then the amyrins have been found in numerous
resins, the latex of many other plants (4) and in shea
nut oil (6).
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With the solution of some of the structural
problems in triterpenoid chemistry, solutions to a
number of stereochemical problems have been forth-
coming. 3Jince excellent reviews on the subject of
triterpenoid chemistry are available (6-13) only a
brief outline of the position as regards ¢-amyrin
will be given here.

It haes been concluded (14) from a wealth of
experimental evidence that (XIII) and (XIV) represent

the two more probable astereochemical forma of f-

-amy ranol .

Klyne (15) has advanced molecular rotation
arguments in favour of (XI1I) rether than (XIV), and
the astructure (XIII) may be taken to represent dihydro-
-p-amyrin structurally, and stereochemically.

The work of Ruzicka, Jeger and their co-workers
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(l6-18) has provided evidence that the eonfigurations
at poasitions 3, 6, &, 10, and probably 9 and 14, are
the same in a- and P-amyrin, but in general the stereo-
chemistry of G¢-amyrin hes not been clearly defined -
during the laest 2 years each of the four theoretically
possible arrangements for the locking of rings D and E
have been included in the stereochemisiry of a-amyrin
(19, 20, 21, 22) Thus when the work described in

this thesis commenced, c-amyrin was considered to be

repregented adequately by the formula (XV).

Friedelin.

About 150 years sgo the French chemist Chevreul
(23) isolated from cork a product which he called
“gerine" because of its wax-like nature. Thoms (24),
in 1898, wes first to report the isclation of a sub-
stantially pure product, and this report was closely
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followed by that of Istrati and Ostrogovich (256)
who discovered that by fractional crystallisation
from chloroform, the cork extract could be separated
into two distinet compounds which they named cerin
and friedelin (in honour of Friedel (27) who had
also examined the extract). More recently, Drake
and his co-workera (27) attempted to elucidate the
gatructures of friedelin and cerin. Later, Ruzicka
and his co-workers continued research on this problem
(28). The work of these two groups showed that
friedelin 13 a saturated pentacyclic ketone, CgoHge0,
and that cerin is the corresponding a-hydroxy ketone,
CaoHso0ge Drake and his associates (27) investigated
the selenium dehydrogenation of friedelanol, the
related secondary alecohol, and obtained a variety
of polynueclear hydrocsrbons, all characteristic de-
hydrogenation products of triterpencids, thus pre-
senting strong evidence for the view that friedelin
is triterpenoid. Ruzicka and his co-workers (28) also
concluded from degradation studies that the partial
formula =-CH, ~CHg -ﬁ -?H -?H - represents the

0
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immediate environment of the carbonyl group. Hecent
work, however, suggests that this 1is incorrect (mee
Theoretical, Section I1). The chemistry of friedelin
will not be described further here, sinece it isa
adequately reviewed elsewhere (27, 28, 29), but thoase
facta relevant to the work described in this thesis
will be discussed in the Theoretical section.
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THEQRETICAL

segtion lIa.

The Structiure and Stereochemistry of «-Amyrin

When the work described in this thesis was
commenced, the structure of e-amyrin was considered

to be represented adequately by the formula (I).

I

This formula was quite reasonable on the basis of
the evidence to hand at the time, although it did not
provide & completely satisfactory explanation for the
lower reactivity of the double bond in a-amyrin as
compared with p-amyrin,and the inert nature of the
ketone group in lZ2-oxoursanyl acetate.

Barton and Jones (30) have suggeated that the
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molecular rotation differences between a- and P-smyrin
derivatives indicate that they sre of similar con-
stitution in rings A and B, and this has received
confirmation in the experiments of leisels, Jeger
and Ruzicka (16), which also led to the elucidation
of the position of the ethylenic linkage in ring C.
Ruzicka and his co-workers (18) have shown, by the
following series of reactions that rings A, B and C
in ¢~ and f-amyrin are similarly constituted.
iso-u~Amyrenonyl acetate (II) was oxidised with
selenium dioxide to give isgo-¢-amyradienonyl-I acetate
(II1), osmic acid oxidation of which, followed by
ring-opening and oxidation of the product gave a di-
keto-monocarboxylic aeid (IV). Pyrolysis of this seid
gave two fractions, volatile and non-wlatile. The
former coneisted of a monobasic acid (IX2), which could
be further oxidised to f-methyl-tricarballylic aecid (Xg),
and was considered to arise from ring E of ae-amyrin.
Ireatment of the non-volatile fraction with diazo-
me thane gave iwo main products (VI-VII). Since theae
still contained a hydroxyl group, they were considered
to come from rings A, B and C of c-amyrin. The ether
(VII) was later further degraded to 131:6:10~-t2tremethyl-
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Iso~f-amyradienonyl acetate was subjected to a
similar series of experiments, and the same pair of
tricyclic compounds (VI) and (VII) was obtained.

The above evidence shows that in a-amyrin the
configurations at C5, Cs, Cg, and C,, are the same
as in f-amyrin. In addition, comparative studies
on oleanane and ursane derivatives suggested that
the configuretion at Cq is identical in both groups (16).

The adbove summarises the knowledge of the stereg-
chemistry of a-amyrin prior to the comrencexent of this
work. In an attempt to elucidate more fully the stereo-
chemistry of u-amyrin attention was first directed
towards C,g¢ That C,¢ in a-amyrin differed in some way
from Cyg in p-amyrin is shown by the following facts.
11 -0Oxo=-olean-l2-en=-3f=yl benzoate is readily isomerised
(and hydrolysed) with strong alkali to give ll-oxo-l18a=-
-olean-12-en-3f-01 (31), but similar treatment of 1l
-oxours-l2-en-3fi-yl acetate does not change the con=-
figuraetion at C,g« From this it may be deduced that
either the configuration at C;g in a-amyrin is the
more stable arrangement, or there is no hydrogen

attached to C,4 in G-amyrin (32). Supporting this view



is the related observation that treatment of methyl
1l -oxours-l2-en-3f-0olate acetate with strong alkali
does not cause inversion at C g An alternative
explanation is that enclisation of the a«p-unsaturated
ketone is, for some unspecified reason, directed
towards Cg exclusively.

With a view to solving this problem of the con-
Tfiguration at C,4, the chemistry of urs-11:13(18)-enyl
nocetate and its dihydroderivative urs-13(18) -enyl

acetate wag studied.

e-Amyrin acetate (IX) in boiling benzyl acetate
was treated with selenium dioxide. The bulk of the
starting material was recovered unchanged, but a very
low yield (1-2%) of & dienyl acetate was obtained on
chromatosraphy (33). This compound has properties

very similar to those of oleana-11:13(18)-dien-3f-yl



acetate (34) (X). The two dienes have very similar
ultra-violet absorption spectra as regardas both
position and intensity of the maxima. There is a

very slight difference in the position of two of the
three maxima. The dienyl acetate described above
absorbs at 2440, 2610, and 2600 4., while the corres-
ponding positions for oleana-11:13(18)=dien-3p-yl
acetate are 2420, 2600, and 2600 A. A more pronounced
difference exists in the definition of one of the
secondary maxima. In the spectrum of oleana-11:13(18)-
~dien-3p-yl acetate (L) there is a well defined minimum
at 2660 Z., while in that of the dienyl sacetate derived
from a-amyrin acetate thers is a shoulder and not a
minimum at this wavelength. This difference 1s con=-
sistent and provides a ready memns of differentiating
between the two dienes.,

Catalytic hydrogenation of the a-dienyl acetate
gave in excellent yield the dihydro-derivative, which
again possessed properties similar to those of olean-
-13(18) -en-3f -yl ewcetate (XI) the corresponding dihydro
derivative of oleana-l11:13(18)-dien-3f-yl acetate (X).
The ultra-violet light absorption of the u-dihydro-
-derivative (& at 2110 X. = §,600) waas indicative of the



presence of a tetrasubstituted double bond. The
dihydro-derivative from oleana-11:13(18)-dien-3f-
-yl acetate hags been identified as olean-13(18)-en-
=3p=yl scetate (35) (XI).

In view of the forcing conditions employed in
the formation of the a-dienyl acetate, and since at
that time there was no direct evidence of a hydrogen
attached to C,e, it was suggested (33) that elimination
of a methyl group from C,4 might have occurred. In
this event, the diene would be norursa-11:13(l8)-dien-
-3f=yl acetate. The following isomerisation, however,
shows that this, in fact, is not the case.

Treatment of the a-dihydro-derivative with
sulphuric acid in acetic acid solution at room temp-
erature followed by chromatography of the product,
gave a-amyrin acetate (IX), which was further charact-
erised by hydrolysis end benzoylation to give c-amyrin
benzoate, This proves that no elimination of a methyl
group has occurred during treatment with selenium
dioxide, and that the dienyl acetate is ursa-11:13(18)-
-dien-3f -yl acetate (I1I) and the dihydro-derivative
urs-13(18) -en-3p=yl acetate (XII1I).



Furthermore, this isomerisation of urs-13(18)-en-
-3f =yl acetate to urs-le-en-3p-yl acetate proves that
G-amyrin has the more siable configuration at C{ ,)
and that in contrast with the relative stabilities
of the corresponding oleanane dexivatives (36), urs=-
~l2-en=-3f -yl acetate is thermodynamically more stable
than urs-13%(18)-en-3f-yl acetate . Jones and his co-
-workers (36) hud previously, by analogy witkh the

scid isomerisation of clean-li-sn-3f-yl acetate to olean-
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«13(18) -en-3p-yl acetate, tried without success to
equilibrete urs-l2-en-3f -yl acetate. Finally, this
isomerisation of urs-13(18)-en-3f-yl acetate to G-
-amyrin acetate proves that ursa~11:13(18)-dien-3p~-yl
acetate and a-amyrin acetate have the seme configuration
at Cye

The view that the hydrogen stom attached to Oy
has the more satable configuration is supported by the
following data. 1l-Oxours-l2-en-3g-yl acetate (XIV),
obtained by oxidation of a-amyrin acetate with chromie
acid (37) 1s recovered unchanged after prolonged
heating with alkali followed by reacetylation. A
similar observation has been made with the related
methyl ll-oxours-le-en-3f-olate mcetate (32). Work
done in this department (38) heas provided more cone
vineing proof that C¢ in ¢-amyrin has the more stable
configuration. The enocl acetate (XV) of ll-gxours-
~lg-en-3p-yl acetate is strongly dextra-rotatory
(+ 276°) and shows en absorption maximum at 2760 X.
(€ = 8,000) which is in good agreement for a 9(11):l2-
~-diene, since 9(1ll):lZ-dienes in both the o¢leanane and
ursane series show similar strong dextrorotation and

absordb at approximately 2800 X. (E'gg. 2,000).



Ihis shows that the enol acetate from ll-oxours-
~l2-en-3f-yl acetate is 3f:ll-diacetoxyursa-9(1l)il2-
-diene (iV). Hydrolysis of the enol acetate followed
by reacetylation gives ll-oxours-lZ2-en-3f-yl acetate
(X1V) in good yield.

A Tinal proof that a-amyrin and p-amyrin have
the same configurations at Cg, Csy Cagy Coy Crey Cie and
Ci9 was provided by the following rearrangements, which
also led to the view that the consiitution and stereo~-
chemistry of a-amyrin are represented by the f ormula
(AXII). Three ursadien-3g-yl acetates have been pre-
pared and characterised, and their atabilities studied.
These are the homoannular diene ursa-9(1ll)il2-dien-3f-
-yl acetate (AVI) (40), the hetercannular diene ursa-
-11:13(18) -dien-3p=-yl acetate (AVII) described above,

and the non-conjugated diene ursa-9(1ll):13(18)=-dien~
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-3f=y} acetate (XVIII) (see Section Ib). These
correspond to the analogous 9(11):1lZ-, 11:13(18)~ and
9(11):18(18)~dienyl acetates in the oleanane series,
where the 11:13(18)-dienyl acetate is thermodynamically
the most stable, sinee it is obitained {rom either of
the other two dienes on treatment with mineral aecid
(41, 42)., In the case of thne ursadién-&ﬁ-yl agetates
the following interrelationship exists. Treatment of
ursa-9(11):13(18)-dien-3f~-y1 acetate (IVIII) with hydro-
chloric-acetic acid mixture gives oleana-11:13(18)-dien-
-3f~-y1 acetate in 30% (crude) and 10f (pure) yleld (38).
That this isomerisation proceeds through ursa-11:13(18)-
-dien-3p-yl acetate (AVII) is shown as follows.
Ireatment of ursa-2(11):13(1l8)-dien-3f-yl acetate
(AVIII) under milder conditions gives ursa-11:13(18)-
-dlen-3f=yl acetate 1n low yield (38), and treatment
of ursa-11:15(18)-dien-3f-yl acetate (XVII) with
hydrochloric-acetic acid mixture gives oleana-11:13(18)-
~dien-3f-yl acetate (ZIi) in 10% pure yleld. Finally,
treatment of the homosanular diene, ursa-2(ll)ilz-dien-
-3p-yl acetate (AVI) under the same conditions glves
oleana=-11:13(16)-dien~-5f-yl acetate (XIX) in similar
yield (38).
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The conversion of the thres ursadien-3p=-yl
acetates into oleanau-11:13(18)-dien-3f-yl acetate
(XIX) proves that the stereochemistry of a-amyrin
is as répresented by the formula (XX), and as a result
of this the configurations shown in (XVI), (XVII) and
(XVIII) represent the sitereochemistry of the three
ursadienyl acetates.

Allan and Spring (43) give reasons in support of
the theory thatl the C g-hydrcgen atom in a-amyrin is

p-orientated and that rings U and E are cig-p-fused
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as in p-amyrin. Corey and Ursprung (20), from a
consideration of the lactones from ursolic and
oleanolic acids, came to the same cond usion, and
the proof supplied by the above that the C,, attach-
ment is P-orientated lends weight to this view. The
gtereochemistry of G-amyrin may now, therefore, be
repregented by (XXI).

i '\S;."n.

The final peoint on the structure and stereo-
chemistry of u-amyrin is the nature of xring E. This
is postulated to be b-membered (3&) for the following
Ireasols.

3ince, as has buen shown above, c-amyrin and P-
-amyrin are ldentical in ringse A, B, C and D, the
conformation of ring-E must be responsible for the
differences in reactiviily between e and f-amyrin

derivatives, and also for the stability of the cis~fusion
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of this ring with ring-D. The fact that rings D and E
are cig-p-fused in d-amyrin and that this errangement
is the more stable, as exemplified by the fauct that
urs-lz-en-3f-yl acetate is thermodynamically more stable
than ura-13(18)-~en=3fi-yl ascetate is best explained if
ring~E is b-membered, since the more stable fusion of

& G-membered ring and a 6-membered ring is the cis-
-fugion (49).

Also, in ring E mustlie the reason for the sub-
stantial hindering effect upon the double bond in ¢-amyrin
and on the ketone group in lZ-oxoursan-3p-yl acetate.
This, again, is readily explained if ring-E is b-membered,
with an isopropyl group having the pe-configuration
attached to C,¢« The P-configuration is asaigned to
the isgpropyl group for two reasons. First, an Qe
-igopropyl group gives a molecular structure in which
there is severe interaction between the C,p-isepropyl
grouy and the C, -methyl group. Secondly, the f-con-
figuration of the isopropyl group best causes protection
of the double bond in a-amyrin and of the ketone group
in 12 -oxoursanyl acetate, thus affording a reasonable
explanation for the inert nature of thease functiona.

Thus the structure and stereochemistry of a-amyrin is
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now considered to be represented fully by the formula
(XXII) (38).

e=Amyrin has till now been represented as (I),
with ring-E 6-membered and possessing methyl groups
attached to C,s and Cge. The placing of these methyl
groups was bused on denydrogenation evidence, and to
reconcile the structure (XXII) with this evidence
it must be massumed that rearrangement of ring-E occurs
during the dehydrogenation.

The rearrangements of the ursadien-3g-yl acetates
to oleana-11:13(18) -dien-3p~-yl acetate (XIX) involving

ring enlargement can be explained as depicted below.
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Addition of a proton to (XXIII) givea the ion
(LXIV) and the proximity of the C,g-proton and the
Ceo ~hydrogen allows a transannular hydride shift
with synchronous ring enlargement, which gives the
ion (XXV) which then loses & proton and rearranges
as shown to give oleana-11:13(18)-dien=3p=yl acetate
(XX¥I). .



section Ib.

Oxidation of ursa-9(11):l2-dien-3f=-yl acetate.

Ursa=g(1ll):l2-dien-3p=-yl acetate (I) is most
conveniently prepared from c-amyrin acetate by
oxidation with N-bromosuccinimide (44). Beynon,
Sharples and Spring (46) reported that oxidation of
the homoannular dienyl acetate with chromic acid gives
an acetate C, cHgoOg, in which the presence of an ap-
-unsaturated ketone group and a tertiary hydroxyl
group has been established, and which wes formulated

as (II) er (III).

¢ i | o AT A

Ruzicka and his co-workers (17) repeated the
oxidation and obtained the same product as above,
together with & second acetate CzgHip®e, which they

suggested contains the grouping - - ? = ? - -



It is impossible to accommodate the grouping on

the basis of the formula for c-amyrin without
assuming molecular rearrangement during the oxidation
of the homoannular dienyl acetate.

The chromic acid oxidation of urs-9(1l):l2-dien-
-3f-yl acetate has been repeated, and two homogeneous
products were isolated. The first was the acetate
CacHs00s, treatment of which with zinec dust and acetic
acid gave ll-oxours-l2-en-3f-yl acetate (Vi) in good
yield, from which it fellows that the parent acetate
is 1ll-oxours=-3p:i9% -digl-3-acetate (39).

The second product, the acetate CyoHepOf was
then examined. At first the compound was thought
to be l2-oxours«9(1l) -en«3p:13%-diol-3-acetate (V),
and was accordingly treated with zinc dust and acetic
acid to prove this assumption. The product was,
however, a mixture which on chromatography gave in
poor yield two homogeneous products formulated as
ursa-9(11) :13(18)-dien-3p=-yl acetate (VII) and 12~
-oxoursa-9(11):13(18) -dien-3f -yl acetate (VIII).

The latter compound had the ultra-violet light ab-
sorption spectrum characteristic of an enonene with

a transoid-cisoid geometry as shown by the analogous




lz~oxooleana-9(11):13(18) ~dien-3p-yl acetate (41).

The compound (VIII) shows absorption maxima at

2080, 2620, and 2840 lt. (€, 7,900, 8,300, and 7,700).
The corresponding oleanane derivative shows absorption
maxima at 2680, 260C and 2960 & (¢,9,000, 9,250 and
8,460) .
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It was then found that the second oxygen in
the acetate CyylHee0¢ 13 an oxidic function, because
the infra-red absorption spectrum of the compound
includes buands attributable to the acetate group
and the up-unsaturated ketone group, but it does
not include bands due to the presence of either a
hydroxyl or an isolated ketone group.

In assigning a structure to the acetate Cgzuiqs04
preference was given to the formulation (VI) rather
than (Via), for the following reasons. Ireatment of
the acetate CyuHeg04 with hydrochloric-ucetic acid
mixture (39) resulted in the material being recovered
unchanged, and it is unlikely that a 9:ll-epoxide
would survive this treatment. Also the intensity of
the ultra-vioclet absorption band at 2670 X. of the
acetate Cy . HeeUq does not agree well with the presence
of a cisoid ep-unsaturated ketone as shown in (VIia).
Thus the second acetute, C,yyll; 04, obtained by oxidation
of ursa-9(11):12-dien-3f-yl acetate with chromic acid
is 13%:18z -~epoxy-l2-oxours-9(1l)-en-3p-yl acetate (VI).

The second product obtained by treatment of (¥I)
with zinc and acetic acid had the absorption speetirum

L-]
of & non-conjugated diene (¢ at 2140 A. = 9,160), and
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was accordingly formulated as ursa-9(1l1l):13(18)-dien-
-3p=-yl acetate (VII). This was confirmed by hydro-
genolysis of lz-oxoursa-9(1l):13(18)-dien-3f-yl
acetate (VIII), which gave the non-conjugated diene
in excellent yield (39).

Catalytic hydrogenolysis of 13%:183%-epoxy-~l2-
-oxours-9(1ll)~en-3f-yl acetate (VI) gave a product
which was initially insoluble in chloroform, but
after two crystallisations from non-redistilled
methanol was asoluble in chloroform and crystallised
from chloroform-methanol to give ursa-9(11):13(18)-dien-
-3f=-yl acetate (VII).

If the oxide is conaidered to be a f-oxide, as
in (IX), then trans-diaxiel fission would yield (X),
which could then dehydrate to give ursa-9(11):13(18)-
-dien-3p-yl acetate (VII). Against this formulation
is the fact that (X) would be more likely to dehydrate
to give the homoannular diene (XI). Similar fission
of the a-oxide (XII) would yield (XIII), which would
be expected to give ursa-0(1l1l):13(18)-dien-38-yl
acetate (VII) on dehydration. Without further
evidence it is not possible to decide between these
two possibilities, but on the whole, the latter 1ia
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considered the more probable explanation.

12 -Oxoursa=9(11):13(18) -dien-3p-yl acetate is
also obtained in excellent yield when 13%:18% -epoxy-
-lz -oxours=-5(1l)-en=-3p=-yl acetate (VI) is reduced
with zinc in ethancl solution, and, surprisingly,
the same 1eduction can be effected using lithium

in liquid ammonia (39).



The importance of ursa-9(11):13(18)-dien-3p-
-yl acetate (VII) is dealt with in Section Ia,
where its stability under a¢id conditions is dis-

cussed.
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section lce.

The Dehydration of urs-l2-en-3f-9l and

urga=9(1l):l12-dien=-3f-0l.

As a2 baals for a systematic nomenclature for
the products described in this section, the hydro-
carbon CgqHge, having the constitution and stereo-

chemistry represented by (I) is called novursane.

Treatment of a-amyrin (II) with phosphorus
pentachloride yields "d-ea-amyradiene" (46) which
does not show selective absorption of high intensity
above 2200 Z. (47). This compound has been shown
to be 8:1021l4-trimethyl-SEf-novursa-3(4):lg-diene (III),
in the following way. "d-c-Amyradiene” is obtained
from 8:10:14~trimethyl -11-0x0-5¢% ~novursa=3(4):il2-
-diene (IV) (60) by Wolff-Kishner reduction (48).



Also, ozonolysis of "d-a-amyradiene” at -356° yielded
acetone as the volatile fregment after decomposition
of the ozonide, and a mixture of a compound Cgi,H, .0,
together with a very smeall amount of a compound
CgnHeuOgze The compound CgzaHy O has been formulated
as (V), since its infra-red absorption spectrum in-
cludes a band at 1740 em. = {(in carbon tetrachloride),
showing that it contains a ketone group in a b-membered
ring. In agreement with this formulation it gives

8 yellow colour with tetranitromethane in chloroform.
On treatment with alkali the ketone (V) was recovered
unchanged, showing that rings A and B are fused in

the more stable form.

The conversion of Ge-amyrin (I11) into the ketone
(V) is accompanied by a change in [I]D of +450°.

This change in [n]D accords very well with the
values observed for comparavle reactions (16) and
proves that rings 4 and B in (V) are cis~B-fused.

The second oxidation product Cgoly,.0g, which does not
zive a colour wita tetranitrous thane was not obtained
in sufficient quantity ¢ permit of any fuller in-
vestigation, but it is conszidered that it might

possibly be the diketone (VI).
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Ewen et al.(47) report that treatment of ursa-
-9(11):1l2~dien~3f=-01 (VII) with phosphorus penta- .
chloride yields a dichloro-a-amyradiene, which on
treatment with zine ylields "d-c-amyratriene"”, the
ultra-violet absorption spectrum of which shows that
the double bond introduced by dehydration is remote
from the diene system in ring C. On repetition of
this experiment, however, following the method of
Ewen, it was found that treatment of ursa-9(1ll)ilg-dien-
-3p-0l with phosphorus pentachloride gave "d-u-amyra-

triene" direetly. This discrepency was not more



fully investigated, but it was assumed that it was
caused by s8light changes in the reactioﬁ conditions.
The constitution of "d-a-amyratriensa”™ has now been
eatablisghed as 8:110:1l4-trinethyl-t§ -novursa=3(4):
19(1l):il2-triene (VIII) since it is formed from
8:10114~trime thyl-11-ox0~b% «novursa-3(4):1l2-diene
(IV) by reduction with lithium aluminium hydride,
followed by treatment of the reaction product with
phosphorus oxychloxride in pyridine (48). rom this
it follows that the dichloro-compound is the 3i4-
-dichloride of (VIII).

NIL

"l-a-Amyradiene” is prepared by treatment of
e-amyrin with hydriodic-acetic acid mixture (46).
By analogy, it was decided to try this method for the
preparation of "l-o-amyratriene", instead of the

normal method involving treatment with phosphorus



pentoxide (47). "l-a-amyratriene® has now been
shown to have the structure (IX) (48). Treatment

of ursa-9(1l):le~-dien«3g~0l (or 3f-yl acetate) with
hydriodic-acetic acid mixture yielded a gum, which
was chromatographed. The major product, eluted with
petrol, was & gup which showed the characteristic
ultra-violet absorption spectra of a transoid
heteroannular diene and of a conjugated triene

(2950 K) of epproximately equal intensities. The
two components of this mixture could not be separated,
but are considered to ve dehydration products.
Further elution with petrol-benzene yiel ded some
starting material, together with a small amount

(ca.10%) of oleana-11:13(18)-dien-3f-yl acetate (X).
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The appearance of (X) from this reaction was
surprising at the time, but is now fully explained
in light of the work described in Section la.



iection Il.

fhe Constitution and Ctereochemisiry of Friedelin.

As mentioned in the Introduction, the work of
Dreke &nd his co-workers (27), and of Ruzicka and
his co=-workers (28) showed thet friedelin is a
saturated pentecyeclic ketone, CyoHgzo0, and that cerin
is the corresponding u-hydroxy ketone. The present
work haee led to the initisl postulaticn of the

structure (I) for friedelin (49}, as outlined below.

Dehydrogenation of the secondary slcohol,
friedelancl, giveg a variety of peclynuclear hydro-
cerboneg (&%), viz. l:8-dimethylpicene (II), 132:7-
~trimethylnaphtinelene (111}, liZ:6-trimethylnaphthalene
(IVy, ligitié-tetramethylnaphthalene (V) and 1l:2:8-

-trime thyl phenanthrene (VI).



CHy
chy iy
i Qﬁj
CHy

CHs

Hy
Cit :; :j
Hy oy
Y YL

From the formation of l:8-dimethylpicene (1I)
it may be trgued that friedelane, the hydrocarbon
derived from friedelin, is closely related to oleanane,
and that the two hydrocarbons differ in the position
of one or more of the tertiary methyl groups. The
fact that 1l:2:8-trimethylphenanthrene (VI) is also
formed during the dehydrogenation supports this view,
and suggests that two of the tertiary methyl groups
are attached to C;5 and C .

Ruzicka et al.(28) established that the ketone

group of friedelin is in a terminal ring of a per=-
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hydropicene homologue and degradation reaections of
friedelin (28) have begn interpreted as proof of
the presence of the grouping - CHg - CHy = 8 = QH -
- CH =-. Assuming this to be true, and in light of
the fact that friedelene can be isomerised to olean-
-13(18)~ene (see later), then the carbonyl group of
friedelin must be at C,, and friedelane cannot have
a teftiary methyl group at C,o. Since these de-
gradation reactions are important later in the dis-
cussion, a brief outline will be given at this
Juncture.

Oxidation of friedelin (VII) with chromie acid
gives friedonic meid (VIII) (27) or friedelindioie
acid (IX) (28), depending on the conditions of
reaction. On heating, the anhydride of the latter
(28) gives nor-friedelanone (X) which on oxidation
with selenium dioxide in acetic acid yields nor-
friedelenone (XI) (28). Further oxidation of nor-
friedelenone with selenium dioxide in dioxan at 180°
gives nortriedelenedione (XII) treatment of which
with hydrogen peroxide or lead tetra-acetate gives
norfriedelenedioic acid anhydride (XIII). This,



o B8 &

on ozonolysis, or by treatment with osmic acid
followed by cleavage of the glycol with lead tetra-

acetate, yields a saturated ketone CggHes0O. (28).

v | a | AV | t v 1 -c':
CH—cH -? cuz-cn‘-) CH—CH—COH HQC~CH, —» CH—CH g' H,

O

l NIT I< = l
v l | v 1 |
cu-—c;,' Hozc—cul-cﬂl c-——-c.—-?o. c:Hz
o
Vi XL l
v v t v \
C—C-CQH HO,C~ <— C:c—-'c,\ Py - C—c--?I —-C=0

I ! o [ o o

A

KETONE Czs H[.zo

On the basia of the above evidence, the formula

(XIV) was suggested f or friedelin (49).

(v
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In asasigning the position of the remaining
me thyl group, use was made of the recent discovery
in these laboratories that butyrospermol, unlike other
tetracyclic triterpenes of established consiitution,
may have a tertiary methyl group attached to Cg and
not to Cio (56). By analogy it was argued that the
remaining methyl group was most likely to be aituated
at Cg, and hence the structure (I) was suggested f or
friedelin (49).

An experimental proof of thls conclusion was
sought, and was found in the following work, which,
while establishing & relationship between friedelin
and f-amyrin, neither confirms nor refutes the con-
stitution of ring-A suggested above. Treatment of
friedelanone (friedelin, I) with lithium aluminium
hydride guve in good yield epifriedelanol (XV), which
has been isolated by Bruun (650) and Jeffries (51)
from different lichens, and waas prepared by the
latter by high pressure hydrogenation of friedelin
at a high temperature. Epi-friedelinol was treated
with phosphorus oxychloride in pyridine to yield the

unsaturated hydrocarbon friedelene (XVI).



Treatment of friedelene (XVI) with concentrated
hydrochloric-acetic acid mixture (l:d) under reflux
gave a product of m.p. 186-187°, [G]D - 20°. It
was noted that these constants are very close to those
given in the literature for oclean-13(18)-ene. The
quoted values vary considerably. Takeda (62) gives
m.p. 189-190°, [a.]D -20.6°. Jones and his co-workers
(36) give m.p. 191.5-192° (Kofler), [a]D -33.5°.
Jeger and his co-workers (b63) give m.p. 186-186°,
], -27°, -24°.

In view of these variations in the quoted values
for the constants of olean-13(18)-ene, this compound
was prepared by a number of different routes. The

first method attempted involved oxidation of f-amyrin



(XVII) to sgive 3-oxo-olean-l2-ene (XVIII), which on
Wolff -Kishner reduction yielded the unsaturated

hydrocarbon olean-lg-ene (XIX).

Treatment of the latter with concentrated
hydrochloric-acetic acid mixture (1l:6) gave a product
mep. 1B6-187°, [a]D ~20°, identical with the product
obtained by treatment of friedelene with acid under
the same conditions. It was realised that since the
last stage in this preparation involved an acid iso-
merisation, it was possible that the product was an
equilibrium mixture. Accordingly, other methods which
did not ianvolve the use of mineral acid in the final
stage were sought.

The {irst method inveolved chromic acid oxidation

of oleana=-11:13(18)=dien-3f-01l (XX) to give 3-o0x0-



- 97 =

-oleana-11:135(18) -diene (XXI), Wolff-Kishner reduction
of which gave the hydrocarbon oleana-11:15(18)~diene
(XXI1I). Hydrogenation of the latter over platinum
gave olean-13(18)-ene (XXIII), m.p. 186-187°, [a]D -48°
(64).




In the second method, hydrogenation of oleana-
-11:13(18) =dien=-3f=-01 (XX) yielded olean-13(18)-en=-
-3p=01l (XXIV), oxidation of which, followed by Wolff-
-Kishner reduction of the product 3-oxo-olean=-13(18)-
-ene (XXV) ylelded olean-13(1l8)-ene (XXIII) (54),
having the same constants as the product obtained by
the first method.

In the third method, Wolff-Kishner reduction of
3-oxo0-olean-l2-ene (AVIII) gave the hydrocarbon olean-
-l2-ene (XIX), which was oxidised with selenium dioxide
to give oleana-11:13(18) ~-diene (iXII), catalytic hydro-
genation of which gave, as before, oleana-13(18)-ene
(X(XI11), again with m.p. 186-187“,'[u]D -48°, Takeda
(62) and Koller (63) both report the formation of
olean-13(1l8)-ene from oleana-11:13(18)-diene by hydro-
genation, using slightly different conditions from the
above, but they guote the specific rotation as =-20.56°
and -27° respectively. It must be assumed, as the
following experiment indicates, that these diascrepancies
were due to partial equilibration caused by traces of
mineral acid.

It was found that treatment of olean-13(18)-ene

(mepe. 186-187°, [aJD ~-48°) with hydrochloric-acetic
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acid mixture under the same conditions as employed
above for the isomerisation of friedelene, yielded
a product, m.p. 186-187°, [a]D -20°, which did not
depress in melting-point on admixture with a sample
obtained either from the acid rearruangement of
friedelene or from the aclid rearrangement of olean-
~lZ-ene.

The nature of the equilibrium mixture (“JD -20°,
was next considered. It is known that rings D and E
in oleanane are gis-fused, but this is not the ther-
modynamically more stable union (32)., Under suitable
conditions, oleanane derivatives can be converted to
l18G-pleanane derivatives by treatment with acid or
alkali, thus giving the more stable irans-D/E fusion
(32). Considering the above experimental data, one
may reasonably assume that olean-l2-ene ia an inter-
mediate in the acid rearrangement of friedelene.
Under the reagction conditions, this should rearrange
completely to olean-13(18&)-ene, since this is ther-
modynamically more stable. Conditions then favour
equilibration of the 13(18)-double bond to the 1l2-

-position, resulting in the formation of l8a-glean=~
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-lz-ene, snd. the position of the equilibrium will be
determined by the relative stabilities of these two

isomers. If this assumption is correct, and the two
isomers ure of similar thermodynamic stability, then
18-a«plean=12-ene should be capadble of isomerisation
to give the same equilibrium mixture, m.p. 186-187°,
[e],
To further substentiate this theory a synthetic mixture

-20°, and this, in fact, has been done (69).

of lBu-glean-lg-ene 2nd oclean-13(18)-ene (1l:2) was
prepared and crystallised (59) to give & product of
m.p. 185-186°, [a]D -21°, which was identical with
the equilibrium mixture obtained from the aecid re-
arrangement of friedelene, olean-l2-ene or oclean-
~«13(18) -ene.

On the busis of the structure (I) for friedelin,
the conversion of friedelene into the equilibrium
mixture comprising olean-13(18)-ene and l8a-~olean-l12-
-ene may be explained by the series shown below, in-
volving the migration of one axial hydrogen and three

axlal methyl groups.
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In an attempt to stop the isomerisation at the
l2-position, friedelene was treated with mineral
acid under milder conditions, namely with dry hydrogen
chloride in chloroform solution, but the product ob-
tained proved to be the hydrochloride, which on de-
hydrochlorination with collidine yielded friedelene.

Since the proposal of the structure (I) for
friedelin, it was shown by Ourisson and Tekaheshi (66)
that friedonic aeid (VIII), obtained by chromic acid
oxidation of friedelin (27), is a methyl ketone, and
also that the saturated tetracyclic ketone CgghguO
(28) has only one a-hydrogen atom. These authors
also accept the view that friedelin contains the
fregment - CHy, - CH, = 8 - ?H - gu -, and thence
deduce alternative partiel formulae f or friedelin.
These f ormulae must, however, be 1e jected, since they
ere not compatible with the conversion of friedelene
into olean-13(18)-ene. In order to accommodate this
new eyidence, the original assumption thet the grouping
- CHy - CHg - - ?H - ?H - is present in ring-A, has
to be discarded, and a new f ormulation for ring-A
sought to fit these facts.
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The rearrangement of friedelene into olean-
-13(18) -ene proves that friedelin can be represented
by the partial formula (XXXVI.

The structure of the ketone Cggligs0, which was
Shown by Ourisson and Tekahashl to have only one
4-hydrogen atom, mast therefore be repregented by
(XXXVIL),from which 1t follows thaf the structure of
norfriedelenedione must be as represented by (iXVI).
Ag & result of this formulation for norfriedelenedione
it follows that the carbonyl group in friedelin
cannot be attzched to C;, since the degradation reactions
of friedelin to the atiucture (XXVI) could not then
be accommodated. The cardonyl group must therefore
be attached to Cyg or Cy, and conseguently, friedelin

cannot contain the grouping - CHy - CH, - 8 - ?H - ?H -
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The two poesibilities (i.e. carbonyl group
attached to Cg or to C4) were next considered. If
the carbonyl group is attached o C;, &as in (XXVII),
then the degradation products of friedelin may be

represented adequately as shown below.

| } —’oagru\}
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On the besis of this structure (XXVII) for
friedelin it is obvious that formation of norfriedel-
enedione (XXVI) must involve the extrusion of one
carbon atom, and accordingly (XXVI) should be named
bisnorfriedelenedionej the analytical data (26) for
this compound and its derivatives support the mole-
cular formula proposed. Also Qurisson (60) has
recently confirmed this by proving by density measure-
ments that bisnorfriedelenediolc acid anhydride has
the molecular formula CgzaHegOse Corey and Ursprung
(68) formulate norxrfriedelenedione as (XXXV), but in
view of the mbove evidence this appears unlikely.

: dgﬁbﬁ ;

0

If friedelin has & carbonyl group attached to Cg
it must be formulated as (XXVIII), and its conversion
into friedonic aecid (XXIX), shown to be a methyl ketone
(66), must therefore involve a molecular rearrangement.
On the basis of this formulation for friedelin, the
dicarboxylic acid is (XXX) and norfriedelenedione is

(£X£I). It must also be assumed that the oxidation of
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norfriedelenone (XXXI) to norfriedelenedione (XXVI)
is accompenied by methyl groupy migration end methyl
Eroup €extrusion.

Although these two possibilities (IXVII) and
{LXVIII) wore suggested (57), it was not possible
to decide definitely which was correct without
further experimental evidence.

The work of Corey and Ursprung (£6) has recently
sup:lied this necessary evidence, which strongly
favours the formulation (XAVII) for friedelin, as
these authors suggest. Briefly, the evidence they
put forwerd i1s as follows. Firatly, three-atage
oxidation of friedelin gives a Cgyy, 6-membered lactone,
formulated as (XXXII). 3Secondly, bromination of A "~
-friedelene followed by dehydrobromination gives the
exome thylenic diene which they formulate aes (JXXXIII).
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Also, 4-bromofriedelin, obtained by bromination
of friedelin enol benzoate, is readily dehydrobrom-
inated to give an unsaturated, unconjugeted ketone
which cannot be isomerised to the conjugated structure.
This product they formulate as (XIXIV), assuming
that migration of a methyl group has occurred during
dehydrobromination.

This new evidence can best be accommodated if
friedelin has the structure (XXVII) i.e. with the
carbonyl group attached to Cs. Corey and Ursprung
(58) also present evidence for trans-fusion of dngs
A and B, and show that the saturated tetracyclic
ketore C.gHyaeO has only one a-hydrogen atom (cf. 58).
They also show the presence of a hydrogen atom attached
to Ci¢ by further degradation of the Bx-unsaturated
ucid obtained from norfriedelenedione with alkaline
peroxide. Thelr final proof for the structure
(XXVII) for friedelin is the acid rearrangement of
friedelanol to the equilibrium mixture.

Thus the experimental evidence, both that
described in this section and that of Corey and
Urspmung (58), strongly favours the view that the

structure and stereochemistry of friedelin is as
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represented by the formula (XXVII).
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Experimental

Ursa=11:13(18) -dien~3£-yl acetate. - A solution
of G-amyrin acetate (40 g.) in boiling benzyl acetate
(600 ml.; redist.) was treated with selenium dioxide
(46 g.) for 24 hours. The solution was filtered, and
conecentrated to approximately 150 ml. under reduced
pressure at 130° (oil-bath). The remainder of the
benzyl acetate was removed by steam distillation.

The dark gummy residue was dissolved in e ther, washed
with potassium cyanide solution (3%, 500 ml.), water,
and the ether extract dried over sodium sulphate.

The residue obtained on removal of the solvent was
crystallised from chkloroform-methanol to give a-amyrin
acetate (20 g.), m.p. and mixed m.p. 220=-822°. Con-
centretion of the mother liquors gave a second crop

(5 go«) of a-amyrin acetate. These crops were combined
and recrystallised until no heteropannular diene ab-
gsorption was observed. The total mother liquors were
combined and evaporated to dryness, disasolved in
benzene -light petroleum (b.p. 60-80°, 1:9) and
chromatographed on alumina (650 g.). Elution with

the same gsolvent mixture (1700 ml.) gave c-amyrin
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acetate (4.6 g.) m.p. 223-226°. Elution with benzene-
-light petroleum (b.p. 6C-80°, 4:1), venzene, and
benzene ~ether (L) gave fructions of m.p.'s renging
from 19C° to 200° (2.5 g.). These fractions were
combined end rechromatosraphed. Flution of the

column with benzene-light netroleum (l:2) gave c-
-anyrin acetate (l.1l g.). Elution with benzene-ether
(69) gave ursa-11:13(18)-dien-3p-yl acetate (6500 mg.)
which crystallised from chloroform-methanol &s needles
R.p. 204-206°, [a]D ~76° (¢,1.0). Light absorption in
ethanol: fgaee0 26,0005 €cs10 29,0003 e2800 18,400.
The residues from the latter chromatography showing
heteroannular diene absorption were combined and
rechromatographed, yielding a further 200 mg. of
ursa~11:13(18) -dien-38~yl acetate. The compound gave
a red-brown colour with tetranitromethane in chloro-

form.

Urs-13(18)-en-3f=-yl acetate. -~ A solution of
ursa-11:13(18) -dien-3g-yl acetate (400 mg.) in
ethyl acetate (&0 wml.) and stabilised glacial acetic
acid (90 ml.) was added to a freshly reduced sus-

pension of platinum (from 200 mg. P%0;), and the
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mixture sheken with hydrogen for 21 hours. The

filtered solution was evaporated to dryness, and

the crystalline product was crystallised from

chloroform-methancl to give urs-13(18)-en-3f-yl

acetate as needles (38C mg.) m.p. £13-2156°, [ﬂ]D -22°

(e;1.1). Light absorption in ethanol: (gi.e 5,600.
Easton, Kanson and 3pring (33) give m.p. 214-216°,

[a]D -22° and & at 2160 Z. = §,100 for this compound.

The compound guve & yellow colour with tetranitro-

methane in chloroform:.

Urs-13(18) -en-3p-gl. = A solution of urs-13(18)-
-an-5f-yl acetate (100 mg.) in ethanolic potassium
hydroxide (3% 50 ml.) was heated under reflux for
2.6 hours. 7The product, obtained by working up in
the usual fashion, was a solid which was orystellised
from methanocl io give urs-13(18)-en-3f-0l as blades
(90 mg.) mep. 201L-208°, [a}D ~37°, =37.3% (€,1.0, led}.
L0 che¢k that the product was hogogeneous, it was
reacetylated in the usual fashion and the acetyiated
material crystallised from chloroform=-me thanol as
needles m.p. 211-212°, [u]D -22°. This material

was diassolved in light petroleum (b.p. 60-80°) and
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chromatographed on alumina. The column was eluted
with the same solvent (600 ml.)j three fractions
(ca. 200 ml. each) were collected and erystallised
separately. The constanta of these were

le mep. 212-213°, [uu]D -21°

2. m.p. 211-212°, [cx]IJ -22°

3. m.p. 211-213°, [e] -21.7°

Isomerisation of Urs-13(16)-ene3f-y1 Acetate

to a-Amyrin Acetate. - A solution of ure-13(18)-

-en-3f-yl acetate (160 mg.) in benzene (3 ml.) and
acetic acid (30 ml.) was treated with concentrated
sulphuric acid (6.7 ml.), the mixture heated at 80°
for © minutes and kept at room temperature for 14
days. The ciystalline solid (30 mg.) which separated
was collected. The filtrate was diluted with water,
the mixture extracted with ether, washed with sodium
bicarbonate solution, water, and the ether extract
dried over sodium sulphate. On removal of the ether
there was obtained a gum which was dissolved in
benzene~-light petroleum (b.p. 60-80°; 1li4) end
chromatographed on alumina. Elution with the same

golvent mixture gave a crystalline fraction (63 mg.)
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which was combined with the previously collected
solid (30 mg.), dissolved in light petroleum, end
again chromatographed on alumina. Elution with
light petroleum (150 ml.) gave a crystalline fraction
(35 mg.) which, after two recrystallisations from
chloroform-methanol, yielded e-amyrin acetate as
plates, m.p. 224-225°, [a]D + 78° A mixture of
this with an authentic sample of a-amyrin acetate,
m.p. 226-227°, [a]D + 76° (¢,1.9}), was undepressed
in melting-point.

The product (15 mg.) from the isomerisation
was hydrolysed with 3% agueous ethanolic potassium
hydroxide solution. Working up in the usual fashion
yielded a gum which was benzoylated and worked up
in the usual fashion. Crystallisation of the product
from methanol gave a-amyrin benzoate as needles, m.p.

and mixed m.p. 193-195°.

Rearrangement of Ursa-11:13(18)-dien-3p-yl

Acetate to Oleana-11:13(18)-dien-3p-yl Acetate. - A

solution of ursa-11:13(18)-dien-3p-yl acetate (200 mg.)
in glacial acetic acid (70 ml.) and concentrated hydro-

chloric acid (5 ml.) was heated on the steam-bath for
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17 hours. The mixture was evaporated under reduced
pressure, the residue dissolved in light petroleum

(40 ml.) and chromatographed on alumina (12 g.).
Elution with light petroleum (300 ml.) gave an
unerystallisable gum (60 mg.). Further elution

with light petroleum (400 ml.) and light petroleum-
-benzene (20:1, 400 ml.j 1031, 260 ml.) gave fractions
(48 mg.) whieh crystallised from chloroform-methanol
as plates m.p. 219-222°. Recorystallisation of the
compound fractions gave oleana-11:13(18)-dien=3f=yl
acetate as plates (20 mg.), m.p. and mixed m.p.

2256 -226 °, [u]D -61° (¢, 1.0).

Light absorption in ethanol! égzes¢ 23,600} Fuseo 26,500}
¢aeoo 16,800,

Chromic Acid Oxidation of Ursa-9(1ll):l2-dien-3f-
Jl Acetate. - A solution of chromic acid (15 g.) in
water (16 ml.) and glacial acetic acid (1560 ml.) was
added over 30 minutes with stirring to a solution of
ursa=-9(11):1z2-dien-3f-yl acetate (1lb g.) in glacial
acetic acid (500 ml.). After refluxing for 2 hours,
methanol was added to destroy excess oxidising agent,

the solution concentrated under reduced pressure and
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diluted with water. On ether extraction there was
obtained an ether-insoluble fraction, which was
removed by filtration and erystalliscd from chloro=-
form-methanol to give ll-oxours-l2-en-3f:9% -diol
d-agetate as blades (2.54 g.), m.p. 316-317°,

(a] +65° (g,8.2). Light absorption in ethanol:
6..?. 13,500. The compound does not give a colour
with tetranitromethane in ehloroform. Ruzicka and
his co-workers (17) give m.p. 316° (high vac.),
[u]D +62° for this compound.

The ether extraet was evaporated to dryness and
the residue crystallised from chloroform-methangl to
give ll-oxours-lg-en-3£39% -diol 3-acetate (500 mg.),
m.p. and mixed m.p. 316-317°. Concentration of the
mother ligquore yielded a further, slightly impure,
crop of the diol monoacetate. Further concentration
of the mother liquors yielded 133:183 -epoxy-l2-oxours-
-9(11) -en=-3f =yl acetate, which, after recrystallisation
from the seme solvent, separated as plates (600 mg.)
m.p. 269-71°, [a]D + 71° (¢,1.0}). Light absorption
in ethanol: ¢gs» 13,000.

The compound does not give a colour with tetranitro-~
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methane. (Found: C,77.7j H,9.6. Cguliqale
requires C,77.4; H,9.7%).

Infra-red absorption: bands at 1260 and 1722 em.
(acetate), 1603 and 1662 cm." (ep-unsaturated ketohe),
no hydroxyl band. Ruzicka and his co-workers (17)

give m.p. 268°, [a]D + 70° for a compound CgeHee04

obtained by the same methcd.

Treatment of 13%§:18f -epoxy-12-oxours-9(1l)-en-

-3f=yl Acetate with Zinc in Acetic Aeid. - To a
solution of 13%118%-epoxy-l2-oxours-9(1l)-en-3p=-yl
acetate (500 mg.) in acetic acid (250 ml.) was added
zine dust (10 g.), and the mixture refluxed for 6
hours. After filtration, the solution was evaporated
to dryness and the residue orystallised from chloro-
form-me thanol to give & material (260 mg.) m.p. 208°,
[a]D + 23°. Light absorption in ethanolt ¢goec 8,600}
bseso 7,100 €gpeo 4,450. The meterial was dissolved
in light petroleum (b.p. 60-80°} 76 ml.) and chromato=-
graphed on elumine (10 g.)« ZElution of the column
with the same solvent (600 ml.) gave a product whieh
erystallised from agqueous methanol to give ursa-9(11):

115(18)-dien=-3f =yl acetate (see later) as plates
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(70 mg.), which after two recrystallisations had

m.p. 182-164°, [a]D + 74° (¢,1.0). Light absorption
in ethanol: fguge 11,00C. The compound gave a

deep yellow colour with tetranitiromethane in chloro-
form. Elution of the column with light petroleum-
-benzene (li4, 260 ml.) gave material, m.p. 239~-242°
(32 mg.). Light eabsorxrption: ¢ég¢eo 4,200} Facec 9,300}
tuoeo 2,3500. Further elution with light petroleum-
-benzene (2:1, 300 ml.j 1:l, 300 ml.) gave mixturesof
decreaaing m.p., and showing an increase in intensity
of light absorption at £960 A. Light petroleum-benzene
(1:2, 200 ml.) eluted material (30 mg.) which cry-
stallised from agqueous methanol to give l2-oxoursa-
-9(11):13(18) -dien-35¢-yl acetate as pale yellow plates,
m.p. 210-1l2°, [u]n -44° (¢,0.6). Light absorption

in ethanol: ¢goeo 64,300} fasoco 6,800} €txes0 6,900,
(Found: C,79.84} H,10.04. CgauHeeOs requires C,79.956;
H,10.07%) .

12 -Oxoursa-6(11):13(18) -dien-5p~-y1 acetate. -
sine dust (10 g.) activated by warming with ammonium
chloride asolution) was edded to a solution of 13ftl83%-

-@poxy-l2-oxours-9(1l)-en-3g -yl acetate (400 mg.) in
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ethanol (260 ml.) and the mixture refluxed for

6 hours. The solution was filtered and the solvent
removed under reduced pressure, leaving a yellow
80lid which crystallised from methanol as pale yellow
plates, m.p. 202-204°, {G]D =42° (¢,1.0)s Re-
crystallisation from the same solvent yielded 12-
-oxoursa=-9(11):13(18)-dien-3 -yl acetate as pale
yellow plates (300 mg.), me.p. 203-206°, [0-]D -42°
(e,1.6). Light absorption in ethanoli egees 7,900}
faege 9,300} bgeee 7,700. A mixture with l2-oxo-
-oleana-9(11):13(18)-dien-3f -yl ucetate, m.p. 206-207°,
had m.p. 172-179°.

Catalytic Hydrogenatiion of 133:18%-epoxy-12-

oxours~2(llj-en-3p-yl Acetate. - A solution of 13%:1Bi{=-
-8 poxy-1l2-oxours~9(1ll)-en-3p-yl acetate (200 mg.) in
stabilised glacial acetic acid (76 ml.) was added to

& freshly reduced suspension ¢f platinum (from 100 mg.
Pt0g¢) in acetic acid (16 ml.), and the mixture shaken
with hydrogen for 18 hours. Working up in the usual
way yielded a solid which was insoluble in ehloroform,
but crystallised from methanol (non-redistilled) as

needles, m.p. 184-187°. The needles so obtained were
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found to be soluble in chloroform, and on further
recrystallisations yielded needles (100 mge.), m.pe
190-192°, [a]D + 76°. Light absorption in ethanol:
¢s100 10,000. The compound gives a deep yellow
colour with tetranitromethane in chloroform. A
mixture of the compound with =2 sample of ursa-9(ll):
3113(18) ~dien-3f-yl acetate was undepressed in melting-
-point. Chromatography of a specimen ylelded material
which crystallised as plates, m.p. 180-192%,

B8:10314-Trime thyl -6% -novursa-3(4):l2-diene. -
A suspension of u-amyrin (22 g.) in light petroleum
(bep. 60-80°; 200 ml.) was shaken with phosphorus
pentachloride (15 g.) until all the material was in
solution (20 minutes), and the solution then re-
fluxed for 2 minutes. After cooling, the excess
phosphorus pentachloride was destroyed by cautious
addition of water, and the solution washed with
water, dried over sodium sulphate, and the solvent
removed under reduced pressure, The product, which
was a gum, crystallised from ether-methanol as prisms
{11.86 g+)y m.p. 138-135°, [u]D + 110%. Light

absorption in ethanol: &.,s, 8,800.
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Ozonolysis of 8:10:14-Irimethyl -6f -novursa-
-3(4)il2-diena. - A solution of 8:10:1l4-trimethyle

=bf ~novursa-3(4):l2-diene (1.0 g.) in chloroform

(200 ml.) was treated at -35° with & stream of

ozonised oxygen (equivalent to 2 moles of ozone).

After attaining room-temperature, the mixture was
stirred with zine dust (3 g.) and moetic acid (60 ml.)
for 1 hour. The filtered solution was washed with
water (6 x 260 ml.j see later). The cialoroform
solution was washed with sodium bicarbonate solution,
water, dried over sodium sulphate and the solvent
removed under reduced pressure. After two cry-
stallisations from methanol, the gummy residue

yielded a mixture (360 mg., m.p. 164=-172°), & solution
of which in light petroleum (be.p. 60-80°) was chromatoe
graphed on alumina. Light petroleum eluted a fraction
(260 mge., mep. 163=166°, [a]D + 206°) which, after
three recrystallisations from methanol, gave the
ketone, CgeHeeO &8 needles, m.p. 162-156°, [a]D + 210°.
Light sbsorption in ethanol: ¢goee 4,000. (Found:
Cy84.9; H,11.1. CgoHeeO requires C,84.76§ H,11.1¥%).
The compound gave & yellow colour with tetranitromethane

in chloroform. The fruction eluted from the column
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with benzene-light petroleum (l:2) was crystallised
frdm nethanol to give the dikeétone CgyoHeuOg a8
plates m.p. 204-206°, [a]n + 184°., (Found: C,8l.8}
i{,106¢ CguoHeuOy requires C,8l.36; H,10.6%). The
compound did not give a colour with tetranitromethane
in chloroform.

The water washinga (see gbove) weore adjusted
to pH7 and distilled. The first fraction (200 ml.)
was treated with 2i4-dinitrophenylhydrazine hydro=-
chloride solution to give acetone 2i4-dinitrophenyl-

hydrazone (26 mg.), m.p. and mixed m.p. 1l21-184°.

Treatment of the Ketone m.p. 153-1566° with
Alkali. - A solution af the ketone CgqH,x0 (60 mg.)
in 5§ aqueous ethanolic potassium hydroxide solution
(60 ml.) was heated under reflux for 2.5 hours. The
product, obtained in the usual fashion, was ery-
stallised from methanol to give needles, m.p. 145-147°,
[a]D + 201° and showed no depression in m.p. on

admnixture with a sample of starting material.

8:10314-Irime thyl =68 -novurse-5(4):9(11}):l2-triene.
« A solution of ursa-9(ll):le-dien-3f-0l (3.0 g.) in



light petroleum (b.p. 60-80°} 8C ml.) was sheken with
phosphorus pentachloride (1.47 g.) for 1.5 hours.

After refluxing for 2 minutes, the mixture was treuted
with water and the product isoclated in the usual way.
Crystallisation from chloroform-methanol gave 8:10:il4-
=trimethyl«6¢ -novursa-3(4):19(11):12-triene as needles,
r.p. and mixed m.p. 132-134°, [a]D + 438° (g, 0.9).

Light ebsorption in ethanol: tuoeec 8,260; fure0 9,600.
(Found: C,88.43 H,11.5. Celc. for CgeHee! C, 88.6}
H,11.4%). Ewen et al. (46) give m.p. 131-133°, [G]D*439°

for "d-c-amyrantriene”,

Ireatment of Ursa-9(1ll):lé-dien-3f-yl Acetate

with Hydriodic-aAcetic ecid mixture. - 4 solution of

ursa-g9(ll):le-dien-3p-yl acetnte (1 g.) in glaoclsal
aegetic acid (2f ml.) and hydriodic scid (4 ml.) was
refluxed for 2 hours. The solution weas diluted with
water and extracted with ether. The ether extract

was washed successively with water, sodium thiosulphate
solution, hydrochnloric acid (3%), and water. The

dried extract was evaporated to drynesa, leaving a
gummy residue which was dissolved in light petroleum
and chromatographed on alumina., Hlution with light
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petroleum (100 ml.) yielded u gum (460 mg.). Light
absorption: HNaxima st 2420, 26C0, 2600 Z. (hetero-
annular diene) and at 2950 Z. (triene) of approximately
equal intensities. Further elution of the column

with light petroleum yielded & smell smount (ga. 70 mg.)
of aterting material. Benzene-light petroleum (1:3)
eluted 8 crystalline fraction (ca. 90 mg.), whieh,

after three recrystallisations from chloroform-

-me thanol yielded gleanadl:l3(16)~dien-3f-yl acetate

as pletes, m.p. and mixed m.p. 284-226°, [G]D -64° .
Light absorption in ethenol: Cueuo 22,100§ bgsoo 25,0003
fesco 15,600.

Ursa-9(11):12~dien-3{-0l was treated similarly,
with almost exactly the same results. The fact that
oleana-11:13(18)-dien-3-yl acetate (and not the 3f-0l)
was obtained, must be attributed to acetylation by the

hydriodic-acstic acid mixture.

Extruction and Isolation of Friedelin (Friedel-

anone j. - Extrsction of cork (20 1b.) with ethyl
acetate (<0 1l.) in a Soxhlet extractor yielded, on
evaporation of the solvent, & crystalline mixture.

The mixture was treated with hot chloroform (4 l.)



and the chloroform-insoluble cerin removed by
filtration. Evaporation of the filtrate gave a
erystalline solid which was dissolved in benzene

(re jecting any penzene~insoluble material) and
chiromatographed on alumina (18600 ge.). Elution

of the column with benzene (16 1l.) yielded fractions
which erystallised from chlorcform-methanol to give
friedelin (27 g.) as needles, m.p. 268-264°, [a]D -24°
(e,1e1)

Lithium Aluminium Hydride Reductlon of Friedel-~

angone. -~ Friedelanone (6500 mg.) in dry ether (2860 ml.)
was treated with lithium aluminium hydride (500 mg.),
and the mixture kept at +4° overnight. The excess
lithium aluminium hydride was destroyed with ice,

the ether decanted from the sludge and washed with
water, dried over sodium sulphate, and the solvent
reungved under reduced pressure. The product was
erystallised from chloreoform to give epi-friedelinol
2s blades (370 mg.), m.p. 279-284°. A further crop
was obtained by treutment of the mother liguors with
methanol. On recrystallisation, the material hed

m.p- 2157"28&0, EQJD + 220 (2’0.5).
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Acetylation of epi-Friedelincl. - Epi-friedel-

inol (1%0 mg.) was dissolved in hot pyridine, and the
solution heated at 100° for 1 hour. Werking up in

the ususl fashion, follewed by filtration of a benzene
solution of the produet through alumina yielded the
agcetate, which orystallised from chloroform-methanol

as plates, m.p. 288=-200°, [G]D + 34° (g,0.78).

Dehydretion of epi~friedelinol. - Epi-friedelinol

(250 mg.) was dissolved in hot pyridine (120 ml.) and
allowed to cool. To¢ the cooled solution was added
phosphorus oxychloride (16 ml.). The solution was
kept overnight at room temperature, then heated at
100° for half an hour. The gold reaetion mixture

weas Aadded dropwise to iced water, and extracted with
a large volume of light petroleum-chloroiorm. The
extract was washed with water, dried, and the solvent
removed under reduced pressure. The product cry-
stallised from chloroform to give friedelene as blades
(140 mge) me.p. 260-268° (261-264}", vacs) [a]n + 63°

(e,0465). Light absorption in cyclohexune: fgoeo 4,600,



{reatment of Friedelene witlhi Hydrochlorig-

acetic Acid Mixture. - Zo & refluxing solution of

friedelene (350 mg.) in acetic acid (4860 wl.) was
edded concentrated hydrochloric agid (10C ml.).
itter retfluxing for 18 hours, the solution was taken
10 dryness under reduced pressuse, the product dried,
dissolved in light petsoleun (be.p. 60-80°) and
filtered through & column of alumina. LElution with
light petroleum yielded a fraction (260 mg.) which
cryatallised from chloroform-methanol as blades,
m.p. lB4-186°, [a]D ~8.8° (£,0.8). After four
further crystallisations from chloroform=-me thanol
the material had m.p. 186=-187°, [u]D -20° (¢,1.0).
ILight absorption in ethanol: égoec €,400.

frestment of Iriedelene with éry Eydrogen Chloride.

- A solution of friedelene (200 mg.) in dry chloro-
form (200 ml.) at 0° was treated with & stream of dxy
hydrogen chloride for £ hours. GSolid sodium car-
bonate was added to neutralise the acia piesent, and
the solution wuashed with weater, dried over sodium
sulpghate, and the solvent removed under reduced

pressure. The product wes recrystallised from
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n-hexane to give the hydrochloride &s needles
(140 mge), m.p. 186-191° (decomp.), [u]D L A
(Cy2:0)s (FPound: C,60.3; H,1le64 CagHs1Cl ren.C,80.65,1.4% )

Dehydrochlorination of Friedelene liydrochloride.

- A solution of friedelene hydrochnloride (100 mg.)

in collidiane (10 ml.) was refluxed for 2 hours. The
crystalline solid which separated on cooling was
collected and recrystallised from chloroform-methanol
to give needles (60 mg.), m.p. 260-REE°, [a.]D + 62°
(¢,0.3). The product did not depress in melting-

-point on admixture with a sample of friedelene.,

3-0xo-glean-l2-ene. [ef. Ruzicka and Wirz (61)].
- To a solution of F-amyrin (10 g.) in stabilised
glacial acetic aecid (500 ml.) and benzene (100 ml.)
was addecd & solution of enromic acid (1.73 g.) 4n
water (4 ml.,) and acetie acid (50 ml.)}, and the
solution kept overnight at room temperature. Working
up in the usual fashion followed by crystallisation
of the product from chloroform-me thancl yielded 3-
~0x0-0lean-l2-ene as needles (6.1g.), mep. 177-179°,

[u}D + 110°. The compound gave & yellow colour with
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tetrani tromethane in chloroform.

Olean-l2~ene (p-imyrene-II1), = 3-0x0~-

~olean-l2-ene (600 mg.), 100% hydrazine hydrate (5 ml.)
and sodium ethoxide (600 mg. sodium in 156 ml. ethanol)
ware heated together in an autoclave for 18 hours et
200°. The mixture was poured into water and e xtracted
with ether. The washed and dried ether extract was
evaporated to dryness, and the product crystallised
from chloroform-methanol to give olean-lZ-ene as blades
{413 mg.), m.p. 159-161°, [n]D + 94° (¢,0.5). The
compound gave & yellow colour with tetranitromethane

in cehlorofom.

Oleana=11:13(18)-diene. - A solution of olean-
-l2-ene (400 mg.) in glaecial acetic aecid (150 ml.)
was refluxed with selenium dioxide (400 mg.) for 30
minutes. The erude product, obtained by working wup
in the usual fashion, was dissolved in light petroleum
(bepe 60-80°) and filtered through a column of alumina.
Elution of the column with the same solvent yielded
& fraction which crystallised from chloroform-methanol

es blades (300 mg.), m.p. 218-218°, [“]D -66° (¢,0.9).



- 129 -

The compound gave red-brown colour with tetranitro-

methane in chloroforme.

QOlean-13(18)-ene. - A solution of oleana-
-11:13(18) ~diene (240 mg.) in cyclohexane (60 ml.)
and stabilised glacial acetic acid (150 ml.) was
added to a freshly reduced suspension of platinum
(from 150 mg. PtO;) in glaciul acetic acid (20 ml.),
and the mixture shaken with hydrogen for 17 hours.
Working up in the usual fashion, followed by ery-
stallisation of the product from chloroform-me thanol
yielded olean-13(18)-ene as blades (190 mg.) m.p.
186-187°, [0.]D -48°, «48.06° (¢,l.4, 1.2). Light
absorption in ethanol: fgio0 7,000. (Found:
C,88.0; H,12.3. CgoHpo requires C,87.73; H,12.27%).

Treatment of Olean-13(16)-ene with Hydrochloric-

Acetic Acid Mixture. « A solution of olean-13(18)-ene

(110 mg.) in glacial acetic acid (120 ml.) and hydro-
chloric acid (20 ml.) was heated under reflux for

1€ hours. The solution was taken to dryness under
reduced pressure, the product dried, dissolved in
light petroleum (b.p. 60-80°) and filtered through

g colugn of alumina. Elution of the column with light
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petrocleun yielded a fraction (90 mg.) which ery-
stallised from chloroform-methanol as blades,

m.p. 186-187°, [a]D ~14.7° (¢,1.0). After two
recrystallisations the product had m.p. lu6-187°,
(e], -19.56° (g,1.4), and did not depress in
melting-point on admixture with a sample, m.p.
186-187°, [u]D -20° (¢,1.0) obtained by treatment
of friedelene with hydrochloric-acetic acid mixture.
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