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HISTORICAL

The pentacyclic triterpencids are a class of
naturally oceuring compounds, containing thirty
carbon atoms, arranged in six igopentane units.

The majority of the triterpencids occur in the

plant kingdom, often in association with phyto-
sterols (1), where they ocour in resins and saps
either in the free state as esters, or glycosidically
linked with sugars as saponins. A few triterpenoids
are found in the animal kingdom. Comprehenasive
reviews of the occurrence, structures, reactions,

and interrelationships of the triterpenoids are
available (£ to 9).

Apart from the pentacyclic and tetracyelic
triterpencids which constitute the majority of
triterpenoids, there are a few which contein a
lesser number of alieyclic rings. For example,
the aliphatic agualene (I), the itricyclic ambrein
(XI) and the tetracyelic onocerin (III) (10)
comprise the Squalene Group. Lencsterol, agnoaterol,

and euphol are cleased as tetracyclic triterpenoids.



The recently characterised ¢ jyclopropancid penta-
eyelic compoundsj gycloartencl and eyeclolaudenol can
alao be included among the tetraeyclic triterpencids
(11, 12, 13). Hono- and dicyclic triterpencids are
unknown.

The pentacyclic triterpenoids are classified
into three main groups:

I The QOleanane Group

11 The Ursane Group

111 The Lupane Group

The parent member of the oleanane group is
the unsaturated alcecohol, f-smyrin (olean-lZ2-en-3f-
ol) (IV). Other members of this group, which have
slmost been fully characterised, and for the inter-

conversions of which reviews are available (7,8,9)



are oleanolic acid, erythrvdiol, maniladiol, genin A,
say sapogenin A, B and C, «-boswellic acid, hedera-
genin, sumaresinoliec acid, echinocystic reid,
siaresinolic acid, gypsogenin, guillaic aeid,
glyecyrrhe tic aeid,S -amyrin, germanicol and morolic

aciad.

Recently, triterpenoids have been isolated from
cacti sources. Four of these have been related to
‘various members of the oleanane group - gummisogenin,
longispinogenin, macheeric acid and cochalic acid
(14, 16, 16j« Other members of the oleanane group
which have recently been discovered and the structures
of which have been established are rehmannic acid
and icterogenin (17) and lantadene~B (18). Terminolic
acid (19) of yet uhidentified structure might again

be a memher of this group. Taraxerol (V) (formerly
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known as skimmiol) (20) hes recently been converted
into f-amyrin (21l) and partiaslly synthesised from

a f-amyrin derivative (22, 101). Friedelin and
cerin have also been related to known oleansane
triterpencids (23, 24). Various workers (24, 26,
£6, 27) have recently presented substantial evidence

in favour of structure (VI) for friedelin.

Vi

The parent member of the ursane group is the
unsaturated alcohol, a-amyrin, which has been
represented by structure (VII), proposed by keisels,
Jeger and Ruzicks (28) and found general acceptance
[ef. Tschesche and Fugmann (£29)]. The stereochemistry
of this compound will be discusaed in the intro-

ductory part to the Theoretical ooc%ion of thia
Thesia. |
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The other members of the ursane growp are

ursolic acid, asiatic acid, quinovic acid, f-boswellie
acid, brein and uvaol. The gyclopropancid hexaeyelic
phyllanthol is alao a member of this group sinee it
was converted into G-amyrin (109) and haa been
synthesised from guinovic acid (30) and from Geamyrin
(31).

The lupane group comprises the parent member,
lupeol (VIII) and two othera, betulin and betulie
aecld, Associated with this group ia the heterobetulin

group, consisting of heterobetulin, farodiol, and
arnidiol.




Many of the compounds within each of these
groups have been interrelated and some compounds
of different groups have been interconverted or
converted into common intermediates (2+9). e-imyrin,
which has for long been an exception to the rule,
has only recently been related to the oleanane
series (32).

One of the important elessical methods used as
a degradative procedure in the elucidation of the
structures of the triterpenoids iz the action of de-
hydrating agents, notably phosphorus pentachloride.
This has been used to determine the presence of a
gem dimethyl group at the C(, )~position adjacent
t0 the almost ubiguitous hydroxyl group attached to
C(s)» This leads to the contraction of ring A into
& five-membered ring, giving an lsopropylidene side
chain. The presence of the isgpropylidene side chain
is eatablished by oxidation with osmium tetroxide
to give a glycol which, on subasequent cleavage,

affords acetone and a saturated ketone, viz.
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This procedure has been applied inter alia
to a-amyrin (as c-amyradienone-I) (33, 34}, lupeol
(36, 36), l8a-gleanolic acid lactone (37), guinovie
acid dimethyl eater (38), sumaresinolic acid (using
the 6-oxo-lactone and & alightly modified procedure)
(39) and dihydrclanosterecl (40).

This Thesis i3 concerned with the stereochemistry
of a-amyrin, as revealed by a atudy of the products
obtained by dehydretion methods, and a comparison
of these with analogous products odtained from p-amyrin
It includes observationas on the astability of the
double bond and C(,¢)~hydrogen atom in the oleanane

&X0Uupe.
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INTRODUCTIOHN

Ihe Stersochemistry of the Fenteeyeglie Triterpenocids.

The elucidation of the atereochemistry of p-amyrin
(olean-l2~en-~3f-01l) was chiefly due to the elegant
regearchea of D.H.R.Barton and co-workers (6, 41 to 47)
Considerable information was derived by application of
conformational theory (46), and of W.3. Johnson's
interpretation (48) of the reseasches of Linstead and
co-workers (48) on perhydrophensnthrenes. Of the two
alternative stereochemical structures for p-amyxrin
proposed by Barton and Holness (46), s decision in
favour of (I) has beean wade on & bueis of molecular
rotational differences (60). This decision has
recently been supported by Carlisle and El-Rahim (61)
by an X-ray eéxamination of methyl oleanolate iodo~
-acetate. An excellent summary of the work leading
to the adoption of formulation (I) for f-amyrin is
available in the Tilden lLeeture, 1963, delivered by
Barton (6). !

 The structure and stereochemistry of lupeol
and the family of compounds reluated to it follow



from its conversion into known SB-amyrin derivativeas
(62, 63) and are thus established beyond doubt.

Lupeol has the structure and sterecchemistry re-

presented by formula (II)

G-smyrin (urs-lf2-en-3f-¢9l) and the family of
compounds related to it, however, stand alone as
the only one of the thiree major groups of penta-
eyclic triterpencids which lacks satisfactory end
complete formulation, particularly with respeet to
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stereochemistry. When this work was commenced,

on the basis of evidence available, the accepted
congtitution of a-amyrin was represented by

formule (III) proposed by Neisels, Jeger and Huzicka
(28) .

]
2

FProm the work of Ruzicka @t al. (28) the fact
emérges that the configurations at C(g), C(s)s C(e)
and C(u0) in a-amyrin and its relatives are identical
with those &t the corresponding cenires in f-amyrin.
This decision followe from degradetion reactions
carried out on l2-oxo-isgursa-~9(11):l4-diencl (IV)
which led to & diketone (V) from which two enol ethers,
formulated ao (VI} and (VII), were derived. These
were alao obtuined from f-amyrin yia 'lz-oxo-iggoleana-
«9(11) il4-diencl (VIiI}, by & series of parallel
reactions (28, 64, b6).
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The same workers alsc suggested thet the cone-
figurations at C(y) end C(,.e) may be identicel in
both series of triterpencida.

Baston (110) showed that the C(g)~-hydrogen in
G-gmyrin has the more siauble arrengement, since lle
~oxours-l2-en-5f-yl acetate (IX) was recovered un-
changed after vigorous treatment with alkali and
acetylation. The same decision was made by Barton

(46) who showed that methyl-ll-oxours-l2-en-3g-glate
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acetate (X) is stable to strong alkali. More
recently, Spring (32) proved that this ocentre ia
not spimerisable by showing that ll-gxours-lZ-en-
3=yl acetate (IX) gives an enol acetate (XI1)
from which the up-unsatureted keto-scetate (IX)
was regenerated upoan hydrolysis using either aeid
or alkali.

AcO

X

1|

XT

The fact that, in both G- and P-amyrin series,

the a-brominated lEZ-ketones (LIl lose hydrogen
with extreme euse to give 1lR-9xo0-6(1ll)-snes (XIII)
(67), taken together with the fact that bromine is
axial (f) in both compounda, as determined by infra-
-red examination (68), has led Corey and Ursprung
to conclude that the hydrogen at C(e) is axial with
respect to ring C.
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This 18 a strong evidenece, therefore, that the
hydrogen at O(.) is a-orientated, and that both
G- and f-amyrins possess the trans-anti-trans-

-arrangement of rings A, B and C.

The fact that ll-oxours=-l2-enyl acetate (XIV)
is stable to vigorous treatment with acid or alkalil
(110) serves, also, to indicate that the substituent
at O(;.) has the stable configuration. This ob-
gervation is to be contrasted with the behaviour of
1l -oxo=-plean-l2-en-3p~yl acetate (XV) which readily
isomeriees, upon treatment with alkali, to give
ll-px0o-il8a-glean-l2~-en-3f -0l (AVI) (69).

|
g

o
<
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These obaervetions led to the conelusion that
either the configuration at C(,¢) 1e the more

stable in the c-amyrin group, or there is no
hydrogen attached to C(.e) (46)s In 1060, Spring
{32) proved that & hydrogen atom exists at C(,q),
sinoe oxidaiion of G-amyrin mcetate with selenium
dioxide gave ursa-11:13(18)-dien=5f=yl soetate
(XVII) (66), the dihydro derivative of whioh (XVIII)
could be jisvomerised by mineral acid to G-amyrin
acetate. Again this proves thatl G-amyrin has the

more stable configuration at C(ig).
#hile the work described &n this Thesis was in

progress, & number of important resesrches were
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published advencing views concerning the stereo-
chemistry at the centres C(.4), C(av) and C(.s)
in a-pmyrine Spring (60) reported that there ia
2 marked similarity in dehaviour between le-oxour--_
“0(1l) ~en=3f -yl acefate (XIX) mnd 41%ts cleanane
analogue, lZ-oxo~olean«9(ll)e-en~3f«yl acetate (XX)
towards the action of selenium dioxide in acetié
scid. Each compound givss the corresponding le-

~0x0-9(11l)tld-dienyl scetate (IV) and (VIII) (60,

€1, 62), reactions which involve the migration of
the C(.q4)-methyl group to C(is)e
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In centrast, however, lZ-oxo-l8u-glean-8(ll)e-en-
-3f-yl acetate (XXI) 4s not affectad under the

same oxparimental conditions (80). The further
observation that isoursa<9(ll)ili-dien-3f-yl ecetate
(XXI1) and jsgcleana~9(1ll)il4-dien-3£-yl1 acetate
(XXI11) behave aimilarly with mineral acid (za
depicted adbove) (€3, 64) has led 3pring (60) %o
suggest that the econfigurationa at C(ig)y C(ae)s
C(19) ond C(,¢) in both ap-unsaturated keto-acetates
(XIX) and (XX) eand, consequeantly, in the parent
amyrins are ideantical.

In 1966, the important intergonversion of sn
s-amyrin Qorivative inte a f-amyrin derivative was
announced. This was achieved when Jpring and co-
workers (32) converted the three ursadien<jf-yl
scetates (XXIV), (XXV) and (XXVI) by trectment with
zineral aeid, inte cleana-ll:li(le)-dien=3f-yl
scetate (XXAVII).
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3uch coanversions led 3pring (32} to conclude that
G- and f-amyrin have identical configurations at
C(o)s 0(;.) and C(,42)y; 1s@¢s that the fusions of
rings A/B, B/C and C/D were identiocal in both
peries. In the same paper, the cipher (XXVIII)
ia proposed for the constitution and stereochemiatry
of a-amyrin.

In thias formulation, ring £ is -considered to be
five-membered with an isopropyl group attached to
C(ie)} this formulation will be used throughout
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this discussion. The choice of the conformation

(XXVIII) for G-amyrin, in which the igopropyl group
is given f-configuration, is particularly attractive
since, among other ressons, tha chosen configuration
peirmits the side chain to exert a protective effect
upon the double bond in «-amyrin and the carbonyl
group in lz-oxoursan-3f-yl acetate, thus affording
e satiefying explanation for the inert character of
these itwo funetional groups.

The situation coneceérning the stereochemistry
of the D/i-ring junction was still, however, subject
to much controversy. This is well illustrated by
the feet that there are four theoretically possible
errangements for the locking of rings D and E, and
each of these haa been included in recent represent-~
ations of the stereochemistry of c-amyrin. In 1964,

Corey and Ursprung (658) suggensted that rings D and
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E in Geanmyrin are gip-f~fused and that the C(,q)~

-me thyl group is ae-grientated, a conclusion also
reached by Spring (32, 60) as outlined above.

The argument is based upon the obdservation that the
reactivities of ursolic meid and 1te U -lactone bear
a greater yesemblance to those of oleangliec seld
(D/B-gis~-B) and ite Y-lactone than to 1Ba-plesnclic
acid (D/L-trans-) and its Y-lactone. These obser-
vationa were supported by a atudy of the optical
rotational differences of the J-lactones and the
free aoids and their methyl estexs. These workers
‘proposed the structure (XiIX) for e-amyrin in which
the methyl groups at O(,e) ond C(ae) (P= and a-
reaspectively) have egquatorial conformationaj the
stability of the gie-D/E ring fusion is considered

to be due to the fact that inversion at C(.e) %0 &
3rane-D/Z fusion necessitates the rearrangement of
the methyl groups at C{,e) and C(ge) from the thermo-~
dynamically more stable egquatorial te the less stable

axial arrangement.
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In 1981, Jeger (65) presentad evidence that the

configurations at C{,7) in ¢- and p-amyrins are
enantiomorphous. Degradation of a- and f-amyrins,
es shown below, yielded the monocyclic pyrodysias
Tfragments (XXX) snd (XXXI) respectively, which were
{further degraded to give two esters of equal and
oprosite rotation and containing the originel C(.q)
of the amyrins as the cnly asymmetric centre. This
observation led Jeger (66) to propose either of
partial formulae (XXXII) and (XXXIII) to represent
the Jjunction of ringas D end E in c-amyrin.

rkood')(\‘
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In 1963, Rusicka (66) pestulated, without
experimental support, & trans-fusionfor rings D and
E, for a-amyrin, as represented by (XXXIV).

Zﬁrc-hor, Jeger and Ruzicka, however, in 1954 (30)

favoured & gig-G-arrangement for the D/R-ring junection
(ZXXV),

X XX\V XXXV X X x VT

B
e co—



Finally, in 1964, Beton and Halsall (6%)
suggented that a-amyrin has a different D/E ring
Junetion from P-amyrin. Thies suggestion is besed
upon their obeservation that a-amyrin can give rice
to a hydrocarbon “l-c-amyradiene”, by dehydration
with phosphorus pentoxide, & reaction not undergone
by P-amyrin. They proposed the l%7a:l8f-fusion (XXXVI)
for rings D and E in c-amyrin and formulation (XAXVII)
for "l-a-amyradiene”.

This Thesis is concerned with a study of the
agtion of dehydrating agents on G- and f-anyrins
and derived alcohols, undertaken in the hope that the
elucidation of the structures of the producta would
provide information, coneerning the nature of the locki
of rings D/E in a-amyrin.

For the sske of clarity of exposition, the
Theoretical section is sudbdivided into the following
partsi-

A« The Constitution of the Products obtained

by Dehydration of a-Amyrin.
B. The Constitution of the FProducts obtained
by Dehydration of B-Alyr1; and Related Alecohol
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C. The 3tereochemistry of the D/E-Ring
Junction in c-Amyrin.

D. The behaviour of Olean-l2-ene, lBa-Olean-
-l2-sene, Olean=-13(1E)-ene and Qlean~-18-
-ene with Mineral iecid.



A. Ihe Constitution of the Productsobtained by
Dehydration of a-Amyrin.

liefeyence has already been made in the Historical
section to the motion of dehydrating agents on
triterpenocid compounds. Depending on the reaetion
conditions employed, four different dienes have been
obtained by dehydration of c-amyrin (urs-l2-en-3f-o0l).
The physical constants of these are listed in table I.

!‘bl. l.
r b
_Hydroearbon iR (¢lp
aeAmyradiene~I (d-c-amyradiene) 133-136° | +110°
G-amyradiene -II 119-120° | +137°

G-Amyrsdiene-I1I (l-c-amyradiene) 194-196° | -11g°
G-Amyradiene -IV 129-131° | +148°

Of these four hydrecarbeons, the structure of only
G-amyradiene~II had been established (7Y3). This section
conseguently deals with the elucidation of the atructure
of l-e-amyradiene and ¢-amyradiene-iv.



As a system of nomemclature for the dehydration
products of «-amyrin, Allan, Spring, Stevenson, and
Jtrachan (78) proposed that the hydrocarbon, CgeHie,
having the constitution and stereochemistiry represented
by (I) be ealled novursane; this system is used in
this Thesis. The configurations of the substituents
8t C(14)y C(a9) and C(;4) @8 well as the nature of
ring E are those recently proposed by Beaton, Spring,
Stevenson and Strachen (32) for ec-amyrin (II) and

are used throughout this discussion.

1 [}
:h. Ogg.tltu!&g U - I'a @@=l

This compound was first prepared in 1887 by
Vesterberg (68) by dehydration of a-amyrin in light
petroleum with phoaphorus pontmhleri;io at room
temperature. The hydrocarbon, CyeHes, 1soiatod has



elso been referred to as d-o-amyradiene and o=
-amyrilene-1 (6896, 70,71,72). Among other con-
siderations, the observation that e-amyradiene-I
geve, on ozonolysis a mixture of acetone and a
ketone, Cgelys0, led Allan et al.(73) to conclude
that 1t is 8:10:1l4~trimethyl-55-novursa-3(4)il2-
-diene (III), and that the ketone has the structure
(IV). The same authors showed that a-amyradiene-I
(I11) was reasdily isomerised by itrichloroscetic acid

to 8:10i1l4-trimethylnovurse-3(6)slg-diene (V).

i} v |
The Constitution of e-Amyradiene-Il.

This hydroearbon was prepared by winterstein
and Stein (72) by the action of heat on w-amyrin
benzoate. Its formetion has been considered to

oceur by gis-elimination of benzoic acid (72,74),
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and 18 therefore conaidered to be ursa-2ill-diene (VI).

In 1891, Vesterberg (76) reported the preparatiocn
of thies hydrocarbon, OgeHgps, by treatment of a-amyrin
with plLosphorus pentoxide in benzene at room tempe~
erature. It has subsequen tly been obtained by Ewen,
Gillam, and Spring (7€) by treatment of c-amyrin or
ita acetate with hydriodic-acetic aecid mixture, and
by Noller and Hearat (77) by thermal decomposition of
a-amyrin methanesulphonate,

i-¢-Amyradiene is not reduced by sodium and
amyl alcohol or by oatalytic hydrogenation (78). In
addition, it does not react with maleie anhydride,
and is inert towards the oxidising agents, potessium
permanganate, selenium dioxide and osmic acid (76,79).



Ewen et al. showed that the "l-diene” had the
characteristic light absorption at a conjugated
heteroannular diene chromophore, and tentatively
suggested the partial formlation (VII). Subsequent
work showing that the ionlc-type dehydrations of 3p-
-hydroxytriterpenoids inveolve contraction of ring A

Vil

to a five-membered ring with an jisopropyl side chain
(for references, see (56)) rendered this propesal
untenable.

Evidence is now available that ring A in the
“l-diene” is indeed five-membered. Thenon-conjugated
diene, c-amyradiene~I has been identified (73) as
8110114 -trimethyl -6t -novursa=~-3(4):12-diene (III),
and haes been isomerised By bdorosn triflueoride into
l-c-amyradiene, indicating that the latter has a
five-membered ring A with attached isgpropyl group.
This coneclusion has been supported by preparation of



the "l-diene” from 5:8il4-trimethylnovursa-9(10)ile-
-diene (VIII) by treatment with hydrochloric-acetic
acid mixture (73), The latter diene (VIII) has been
prepared (73) from §5:8:lé-trimethyl -11l-oxonovursa-~-
«9(10):12«diene (a-amyradiencne-III} (IX) by Wolff-
-Kishner reduction or prolonged treatment with lithium
aluminium hydride, aeinyradienone-III was, in tumrn,
prepared either by ionic dehydration (76) of ll-oxours-
-12-gn-3f=0l (X) or by isomerisation (33,73) of 86i1l01l4-
~trime thyl -11 -oxonovursa«3(6)ilc-diene (a-amyradienone-
-I1) (XI)s Gince Allan et al. (73) have, moreover,
shown that a-amyredienone~III has the structure (IX)

in which a methyl group is located at C(s ), the
retention of thia feature in the "l-diene" appears
extremely probable.

—— _/— x- @myra diene



e l-a- am/raﬁ'mc

With the nature of ring A in l-c-amyradiene
established as described above, it remains to locate
the positions of the two double bonds. Although l-
-¢c-amyradiene appeared to be singularly unamenable
to oxidation or reduction (being insrt towurde'
hydrogenation, various reducing sgents, selenium
dioxide, osmic acid), an examination of the action
of chromic acid has proved to be }signiﬂcant.

When treated with chromic acid (ga. 1.6 atoms of
oxygen), l-o-amyradiene, CgoHee, yielded a compound



CooHes0, which does not exhibit any high intensity
ultraviclet light absorption above £R00 I. The
presence of an 1-olafaa ethylenic linkage in thie
compound was revealed by the yellow colour it gave
with the tetranitromethane in chloroform snd the
vltraviolet maximal absorption at 20560 ;., the
intensity of which (¢ = 3,600) suggested that the
double bond is of the type >C = CH =-. The ocompound,
therefore, must have been formed by the oxidation of
one of the two double bonds in the "l-dlene”, but it
is not an oxide, einece the infra-red absorption spectrun
of the compound, CueH,sl, contained a strong band at
1698 om. *, due to an isolated ketone group in a six-
-membdbered ring. This non-conjugated unsaturated ke tone
has been shown to0 be stable to mineral acid, being
recovered unchanged after treatment with hydrechloric-
-acetic acld mixture for 1 hour.

When treated with alkali (6% methanolic sodium
hydroxide)} however, the compound, CgeHq a0, yielded
an isomer, the ultraviolet spectrum of which showed
& maximum &t 2600 A. (¢ = 9,000}« This compound is an
ap-unsaturated ketone, formed by the alkali-induced
isomerisation of the pmrent compound, which is & BY-

-unsaturated ketone.



Kore drastic oxidation of the "l-diene" uaing
chromic acld yielded a compound, CgoHeeOy, the ultra-
violet apectrum of which showed a maximum at 2600 Ae
(¢ = 10,600). This product must, therefore, contain
an af-unsaturated ketone system together with an
isolated carbonyl group. The formation of this compount
oan be explained by assuming thet the new ketoniec group
has bsen introduced by the oxidation of a methylene
group adjacent to the double bond in the pYe-unsaturated
ketone. As expeated, the diketone, CgzeH e0y, was also
obtained by chromie acid oxidation of the BY-unsaturated
ketone, CgyoHeeO¢ The "l-diene” and its oxidation
products are, therefore, represented dy the following

prrtial formulee:-
i 1 i | | 1 | | [l §

0
l-a-amyradiene ,CyoHes pY-unsaturated ket
Coolige0
ICr0, Cro0, lon-
\ \ [ ) | | | 1 |
C «CH-Cm= é -0 C«C=¢C«CH -0
i it u
0 0 0
Diketone, CgoHee0g Qf-unsaturated ket

- Cpellae0
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The position of the carbonyl group in the Gfe
-uns&turated ketone and the isolated carbdbonyl group
in the diketone, Cgollge0s, was revealed by an ex-
anination of the action of hydriodic aecid on 12-
-oxoursan-3f -yl agetate (XII, R = Ac) and its re-
latives, The preparations and interrelations of
l2-oxoursen-3g-yl scetate (XII, R = Ac), lB-ox0-
-l3a-ursan-3f -yl agetate (XIII, R = Ac) and 3pi1l2-
~diacetoxyura-lo~ene (IIV, R = A¢c) have recently
been described (8l)., Treatment of each of these

X il KW

o — —

acetates and of 12-9x0~l3G-ursan-3f-yl benzoate
(XIIi, R = Bz) with hydriodic~acetic acid mixture
under reflux gave, in variable yioldi; an af-un-
saturated ketone which was 1dentical with that
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obtained as deacribed above from l-a-amyradiene
Yia the §§ -unsaturated ketone.

These important reactions demonsirate concluaively
that the ketonic function in the f¥-unsaturated ketone,
and the isolated ketoniec group is the diketone,
CoeHeeOsy 18 located at C(,;) and thus one of the two
double bonds in the “"l-diene” must include C{,;) as
an unsaturated centre.

The fact that aclid-induced isomerisation of doth
518il4-trimethylnovurse-9(10)112-diene (VIII) and 8:
$110s1l4-trime thyl -6 E-novursa=3(4) 112-diene (III) lead
to the "l-diene" together with the established re-
lationship between the laast compound end the ap-
-unsaturated ketone, CgyHee0, indicates that the con-
version of l2-oxo-ursan-3f-yl acetate (XII, R = Ao)
and its relations (XIII and XIV, R = Ac) into the ap-
-unsaturated ketone must involve the ocontraction of
ring A, the movement of the methyl group at C(,e) to
C(s) followed by conjugation of the introduced double
bond with the carbonyl group at C(,z). The simplest
representation of this conversion includes the inter-

mediate formation of 8:10il4-trimethyl-l2-oxo-novurs-



-3(4)-ene (XIV)}. Approach of o proton to the double
bond of (XV) with the aynehronous (i) movement of
the C(gs)~-hydrogen to C(y), (ii) movement of the
C{ao)=methyl group (B) to C(s), (iil) movement of
the C(¢)~hydrogen (a) to C(,¢) and finally (iv)

loss of a proton from C(,,) then leads to the ap~-

-~ungsaturated ketone (XVI)e.




If the resction mechaniem deplected above is
correct, the pY-unsatureted ketone will be represented
by (XVII), the diketone, CsoNee0s by (XVIII) end 1-
-u-amyradiene by (XIX).

|
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Several cohsiderations, however, show that the
related representations (XVI), (XVII), (XVIII) and
(XIX) are incorrect. PFirstly, the intensity of
absorption in the ethylenic region of the speetrum
precludes the possibility that the double dond in
the pY-unsaturated ketone is tetrasubstituted and
exooyelie to two rings as in (XVII). Secondly, the
Gf-unsaturated ketone shows maximal absorption in
the ultra-violet light at 2600 I., whereas by analogy
with other 12-ox0-9(ll)-enes, in both, the ¢- and B~



-amyrin series, a compound of structure (XVI) should
show maximal absorption at approximately 2600 Z.
Thirdly, the ultravioclet spectrum of the diketone
CeoHeeOy shows a maximum at 2500 :., characteristic
of af-unsaturated ketones in which the double bond is
trisubstituted. Fourthly, the ultravioclet spectrus
of the "l-diene" shows a triple-peaked maximal
absorption, the prinecipal maximum of which ia at ga.
2410 A. Such absorption is churscteristic of the
general type of hetercannular diene chromophore in
which both double bonds are trisudstituted as ia
exemplified by eupha-7:9(1l)-dien-3f-01 (XIX) (82),
which has an ultravioclet absorption spectrum identiocal
with that of the "le-diene™. Further, the infra-red
spe¢trum of the "l-diene" shows bonds at 801l(s) and
789 (ms)om.” chareeteristic of a trisubstituted double
bond (67). In contrast, structure (XIX) for the
"l-diene” would be expected to show triple maximal
absorption &t ga.2600 I., by anslogy with the known
heteronnnular 11:13(18)-dienes (XXI) (46,566,83) in
the a- and the p-amyrin series where .c*m- double bond
is tetrasubetituted while the other 1is diﬁblttwtel.



Pinally, and more important, the oxidation of the

ep-unsaturated ketone with chromic acid gave, in

high yieléd, & bright yellow coloured compound,

Coellgelsgys which shows the uliraviolet aspectrum of

the fully transoid system: € = G = € = , (A gas.

2760 Z.. ¢ = 8,000)s The formation of thga "ene -

-dione” cannot be uccoumodated on the basis of structure

(XV1I) for the cp-unsaturated ketone, as it proves

that a methylene group is adjacent to the double bond.
It is therefore concluded that the cf-unsaturated

ketone cannot be represented by (iVI) and that the

double bond in this compound is between C(,5) and C(.4);

i.0., that during the formation of the ap-unsaturated

ketone from lZ-oxoursanyl scetate, the methyl group

@t C(.e) has migrated. The mechanism of the reaction



may now be represented as including the formatien
of the intermediate (XV) followed by attack by a
proton at the double bond in (XV) thus allowing
the fully synchronocus (i) movegemt of the hydrogen
at C(s) %0 C(e), (11) movement of the C(,e)=-methyl
group (P) to C(s), (1i1) movement of the C(e)~-
-hydrogen (&) to C(,e), (1v) movement of the C(,)-
-methyl group (f) to C(e), (V) movement of the
C(ae)-methyl group (a) to C(g) and (vi) loss of a
proton f¥8a C(,s)to give a double bond between C(,q)
and C(yq)»

The cp-unsaturated ketone, Cgelee0, is therefore
BiBaiPpetrimethyl 1R «0x0-106-novurs-13-ene {(IXII).
Accordingly, the P -unsatursted ketone is 518ai9p-
~trimethyl-l2-0x0-10¢-novurs-l4-ene (XXIII); the
diketone CgeHae0s, i8 6i18a:9f-trimethyl-1l2:16-dioxo-
-l0e-novurs-l4-ene (XXIV); l-a-amyradiene is 618ai19f=
-trimethyl-l10a-novursa-12:l4~diene (XXV), and the
transoid "ene-dione"”, CgeHeeOs, i8 H518ai10f-trime thyl -
=12116 -dioxo~-l0a-novuars-13-ene (XXVI) (108).

The concerted reaction detailed above leads %o
a conformation in which the ntcroochonutr;y at C(g),



C(ae)y Clo) and C(4) coincides with that at C(,.4),
C(ae)s C(s) @and C(y) in cholestane (XAVII) and it
is suggested that the urge to adopt this conformation
is at least part of the force motivating the reasction
{XII)— (XXII).

As will be shown later, an essential motivating
force for this reaction is the gis-f-locking of

rings D and E.




The decisions made above have been supported
by experimental evidence relating the af-unsaturated
ketone (XXII) with the "l-diene™ (XXV). Reduction
of biBai9p-trimethyl~l2-0x0~10a-novurs-13-ene (XIXII)
with lithium aluminium hydride in ether gave a
mixture of epimeric allylic asleohols (XXVIII), from
which one pure epimer exhibiting a maximal adbsorption
at 2160 i. (é = £6300) has been isolated. Treatment
of the mixture with either acetic anhydride and
pyridine or hydrochloric-agcetic acid mixture gave
6:18ai9p-trimethyl ~10a-novursa~-12sl4-diene (XXV),
identical with l-c-amyradiene obtained by dehydration
of Geamyrin with phosphorus pentoxide or with hydriodio-

~acetic acid mixture.
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A mechanism similar to that described above for the
formation of the apf-unsaturated ketone (XXII) is
postulated for the conversion of ¢-amyrin (urs-l2-en-
-3p-0l1) (Il) into l-a-amyradiene (XXV), with the
difference that final proton elimination occurs from
C(as)e The full mechanism of the conversion is re-
presented in the following sequence: -




AXV

The conversion of a-amyrin (II) into the “1-
-diene" (XXV) by shaking with phosphorus pentoxide in
benzene at room temperature is considered to be a
fully concerted reagtionj doth 8:101l4-trimethyl-f -
-novursa-3(4)tl2-diene (I1I) and the 3(6)il2-isomer
(XXIX), are recovered unchanged after the same

treatment (84).
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Recently, Beton and Halsall (67) proposed
structure (XXX) for l-a-amyradiene involving the
migration of the methyl groups at C(g) -lad C(ie)
to the pesitions indicated. They attributed this
postulated group migration to a conformational
driving force resulting from certain stereochemical
features present in a-amyrin, but not in f-amyrin
(which does not give an analogous l-f-amyradiene).
m strueture of ac-amyrin providing such a confor-
mational driving force, they conclude, is that which
has the D/E ring junction trans and the C(,q)-methyl
group G-orientated (XXXI):




e

XX X\

Apart from the stereochemic¢al assignments given to
the D/B ring Junction in e-amyrin, their formulation
of le-s-amyradiene cannot be correctjy this follows
from the experiments described above.

Heference has been pweviously made to the
oxidation of the afe-unsaturated ketone (ixzx) with
chromic aoid to give the transoid ;on.-diono" for-
mulated as (XIXVI). This compound, CgoH eOg, identified
es H5180i9f-trimethyl ~12116 -dioxo~10a-novurs=-13-ene,
was isolated as yellow needles, exhibiting ultraviolet
maximal absorption at 2260 and 2760 Z. (¢ = 3400 and
8000)s It was isolated by chromatography from a
mixture containing other oxidation productas. These
ineluded two isomeric compounds, OueHg'cOys. One,
isolated as flat orange needlen, exhibited maximal



absorption at 2280 and 2990 A. (6 = 4600 and 8600).

The other, had e slightly different speotrum,

N max, 2020 8nd 2960 A. (¢ = 3600 and 6000) and was
isclated as orange-yellow neelles. These isomeric
"ene~triones® are conaidered to he SHiBmiffetrimethyl-
=12115:l6=-trioxo~10G-novurs-13-ene (IXXI1) and 618ai0p-
~trimethyl-11:12:16 «triox0o-108«novure=-13-ene (IXXIII)}.
FNo distinotion between these two structures can be

made at present,

XXX XXX

Sinoe a charscteristic reaction of a conjugate
ensdione is its reduotion h& ging dust to yield a
inied Tid dtndtuns.”S Fogab: Yo
-8 -»él - éﬂ -'8 =, the reduction of the enedione
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(XXVI) was investigated.

Using activated ginc dust in aeutral solvent
the starting material was recovered. Treatment with
gine dust in acetic mecid, however, yielded a laevo-
"rotatory compound ([°]D -30°), which gave a positive
reaction with tetranitromethane and exhibited light
absorption in the ethylenic region (km.aoao :.,
¢ = 6600) and for which andl ysis indicated the
molecular formula CgioHee0pe Acetylation of this
compound readily gave an acetate, CyuuHse0, preserving
the laevo-rotati on of the alcchol ([C]n -37°), and
which, again, gave & position that with tetranitro-
methane and exhibited maximal absorption at 2080 I.
(¢ = 3700},

A satisfactory explanation of this reaction is
not apparent; the simplest representation of the
redugtion product and its agetate, according te the
analytical and spectroscopical determinations, would
be (XXXIV, R = H) and (XZXIV, R = A¢) respectively.

Infra-red examination of the alechol and the
acetate, however, provided information which is
difficult to reconeile with the abovc. tom_ulaum.
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XXVi XXXty

The infra-red speotrum of the alcohol showed peaks
at 3300 cm.—‘ (hydroxyl group) and at 1600 en.-‘
(carbonyl group). Two possible explanations for this
low fregqueney of carbonyl absorption, as compared with
8 six-membered ring ketone, are (i) hydrogen-bonding
be tween carbonyl and hydroxyl groups, observed in
17a- and 178-hydroxy-£0-keto steroids (86), and (ii)
the presence of & gyclopropane bridge in conjugation
with the ketone, as observed in 3:b-gyclo-6~keto
steroids (86, 87). The infra-red spectrum of the
acetate gontained peaks at 1764 and 1720 czm.-l
(acetoxyl and earbonyl groups)and at 1240 em. "
(acetoxyl group). This displacement towards higher
frequency for the acetoxyl and earbanql groups is
atiributable to dicarbonyl interaction es is obaserved
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in 17p-acetoxy-20-keto eteroides (86). These ob-
servations, consequently indicate the presence of an
a-ketol group in the reduetion product, in which case
the hydroxyl group should be tertiary, notwithstanding
ite eane of scetylation. Three possidle formulations,
therefore, emerge on the basis of the infra-red
observations: (XXXV), (XXXVI) and (XXIVI1), where

R = H for the aleohol and Ac for the acetate.

Formula (XXXVIII), possible on the infra-red spectrum
of the alcohol wonld sppear to be precluded by the
change of carbdbonyl frequency on acetylation.

°oR

OO

\ oR o
XXXV XXX VI
oR o

XXXV XXX VIH



Attempts to locate the hydroxyl group by
chemical methods have given results difficult to
roconcilo with formulations (XXXV - XXXVII).
Surprisingly, ehromic acid oxidation of the alcohol
(1 mole of oxygen) gave back the enedione (XXVI),
as did alkaline hydrolysis of the ecetate, MNild A\
treatment of both the aleohol end the acetate with \\*\\
hydrochloric-ecetic acid mixture gave & dextro- .
rotatory product ([G]D + 18°), which thihitod a
remarkable maximal abeorption at 3220 A. (¢ = 8500).
Thf: s?aor?tio? 1s°1n fair agreement for a dienone,
«-C=C=-=C=(C - C =~ , chromophore, ag shown in the
alternative formulations (XXXIX) and (XL) tentatively
proposed for the mineral acid product from the

alcohol and the acetate. A more detailed examination

of the reduction of the ene~dione will be required

to enable the structure of the product to be determined.

XXXV X XL i
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In the opinion of the author this interesting
behaviour of the ene-dione with zinec dust is well
worthy of further atudy.



Const i f G- rsdiono-l?.

Noller and Hearst (77) have reported the pre-
paration of mesyl e-amyrin (Ga-amyrin methanesulphonate)
in high yleld by treatment of G-amyrin at room temp-
erature with me thanesul phonyl chloride. These authors
reported that whilast the treatment of mesyl G-amyrin
with methenolie hydrochloric acid gave “"a gleosay solid",
treatment with pyridine under reflux gave a hydro-
oarbon, Cgelgay which was transparent te the ultra-
violet light above 2800 ;., and which they called
c-amyrediene-IV., Since no experimental details were
reported for the preparation, and no proposals made
for the constitution of this diene, the reasction was
reinvestigated,

Experiments were carrdied out with a view to
finding the optimum conditions for the preparation
of a-amyradiene~IV. It was found that treatment of
nesyl a~amyrin (XLI) under reflux in pyridine solution
for six days gave the best yield (ga. 50%) of a-amyra-
diene-IV, Although heeting mesyl a-amyrin in pyridine
in an sutoclave at 210° for 18 hours gave & slightly
lower yield (ga. 43%), this method was preferred.



G=Amyradiene-IV, like all the other diene
hydrocarbons derived from G-amyrin except the "l-
-diene ", is dextrorotatory (table 1). The ultra-
violet abmorption spectrum exhibits an apparent max-
imum at 2070 Z. showing that the diene system is not
conjugated; the low intensity of absorption (¢ =
3800) ia, however, noteworthy.

The elugidation of the structure of c-amyradiene-
-IV has been considerably facilitated by the ogbservation
that l-d-amyradiene (518u:9f-trimethyl~l0a-novursa-
~121l4=diene) (XXV) is obtained, in low yield, when
t-amyradiene-~IV wee refluxed with hydrochloric-acetic
ecid pixture. 7This conversion suggests, in the first
place, that the diene-lIV poseesses a novursane skeleton
with an isolated double bond, located probably at
positions £13 or 4i£3, since the hydrocarbons with
doudble bond at 314 and 3156 are xnown and differ from
the diens-~IV. The possibility of the presence of a
eyelopropane systen was ruled out dy the results of
ozonolysie of G-amyradiene-IV. Thus from low temp-
erature treatment with ozone, formaldehyde, isolated
ags ites dimedone derivative and a ketone, Q,.H..O.

were isolated. This proves that the new double bond
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in c-amyradiene-IV lies between C() and C(gg)-
The compound is, therefore, considered to be
8:10:l4-trimethyl -6¢ -novurse-4(235)112-diene (XLII)
and the methyl ketone is represented by (XLIII).

ALI b 1|

XL XXV



Treatment of G-amyradiene-IV with mild acidic
reagent (trichlore-acetic meid) did not yield a
homogeneous product. A final experiment in this
series was the investigation of the mction of heat,
(100®), on s0lid mesyl u-amyrin. This gave, in a
very high yield, le-c-amyradiene (XiV). This reaction
is considered to have proceeded yis ¢-amyradiene-lIV
(XLII), formed ue & discrete intermediate, which was
then isomerised to the “"l-diene" (XXV) under the
influence of methanesulphonic acid produeced by
thermal elimination.



B.

1. Dehydration of f-Amyrin.

Dehydration experimenta analogous to those carried
out on c-amyrin have been performed on f-amyrin (I).
Three hydrocarbon dienes derived from p-amyrin,
nanely p-amyradiene-l, f-amyradiene-II, and p-anyrea-
diene-I1I, have been described in the literature
(68,71,72). Of these hydrocarbons, the physical
constants of which are listed (table 2), the structure
of only f-amyradiene~Il has been established (88).

lable B.

Hydrocsrbon MmePe (e],
f-Amyradiene -I 167 -172° +110°
p-Amyradiene -II 148-150" +139°
p-Amyradiene-I1I 102° +120°

The investigation described in this section is
concernaed with the slucidation of the stmictures of
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p~anyradiene -l and f-amyradiene-III. In addition,
two further dienes have bdeen prepared, the novursane
eounterparts of which are known and have been dealt
with in the previous seetion. As a system of naming
the p-amyrin dehydration products, the hydrocarbon,
Cavligey having the constitution and stereovhemistry
represented by (II) is called novoleanane,

The Constitution of f~-Amvradiene-il.

This compound, the analogue of o-amyradiene-II,
was first prepared by Winterstein and 3tein (72) by
heating f-amyrin benzoate (III) at 270-300%, and later
by Dieterle, Brass and Schaal (92) by heating f-amyrin
with p-toleunesulphonyl chloride in pyridine at 100°.



The compound is considered to have been formed by
gis-elimination of benszoie acid and p-toluens-
sulphonic s¢id respectively, without involving any
further resrrangements (868). Noller and Hearst (77)
reported that p-amyradiene-1I could be prepared by
heating f-amyrin methanesulpiionate (IV) in pyridine.
In the author's hands, howeVar, the compound has been
obtained directly by treatment of f-amyrin with methane-
sulphonyl chloride:. Pp-Amyradiene~l1I, consequently, is
oleana-Ril2-diene (V).

Catalytic hydrogenation of oleana-2t12-diene (V)
affords pe-amyrene-II (72), formed by the saturation
of the 2i13-double bond, and identical with the produet
prepared by Wolff-EKishner reduction of 3-oxo-olean-
-l2-ene (VI).

In f-amyrene-]l]l the centre of unsaturstion must
be regarded to be the same as in the parent amyrin
since under the reduction conditions leading to 1te
formation, it is unlikely that isomerisation has taken
place, fF-Amyrene=II was therefore formmlated as olean-
~l2-ene (VII) (B3).
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Zhe Constitution of f-Amyrediene-I.

This hydrocarbon, the counterpart of e-amyradiene~
-I and first obtained by Vesterberg in 1887 (€8), is
prepared by treatment of f-amyrin (I) with phoaphorus
pentachloride in light petroleum (68,70,71,72); 4t
is 8lso referred to in the literature as f-amyrilene-I.
The presence of two double bonds is appurent from the
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observations of Bauer and Starke (89) and huzicka
(70,90) who obtained a moncepoxide and diepoxide,
elthough the constants reported are not in good
sgreement. Various reduction products of P-amyra=-

diene -1 have ulso been described, as summarised below:-

f-Amyradiene-1.
He/Pt Na/AmOH (91)
(70,72,90)
Ho/P4(72) \ p-amyrene -1
B-smyrenc -la B.p.98° or 92°
m.p.208°, [l +118* (70,72,900,91)
(72)
Pd He/P%
"(‘1) ('?é,om n/Mg - HC:
' (72)
p-amyrene -Y. p-amyrene ~-Ib
MePe “.. ‘QPOIO‘. (78)
l:c]D +83°

(70,90,91)
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f-Amyradiene~I exhibits selective absorption in the
ultraviolet region at 2080 A. of high intensity

(¢ = 9,800)s By analogy with the product , a=
~-emyradiene -], obtained in a similar way from c-amyrin
(68,69,70,71,72) it was believed thet f-amyradiene-I
was formed dy a similar ring-A contraction. The high
intenaity of the absorption spectrum of f-amyrilene-I
suggests that one of the isolated double bonds is
highly substituted. Oszonolysis of P-amyrilene-I
yielded acetone, which was identified as its 2:4-
-dinitrophenylhydrazone, and a ketone, CgqeHy30, which
closely resembles in physical properties, the isomeriec
ketone obtained in the same way from 8:10tlé-trimethyl=-
5t -novursa-3(4):l2-diene (IXe) (73), and was shown to
contain a carbonyl group in a five-membered ring by
infra-red examination. The double bond between C(.4)
and C(,g) 418 not affected in the course of ozonolysis,
the ketone giving a yellow colour with tetranitromethane
The ketone, therefore, is formulated as (VIII) and ite
formation shows that the doubdle bond in f-amyrilene-]
is exocyclic to ring A and consegquently, P-amyradiene-I
nas the constitution represented by (IX).



o
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The gis-f-fusion sasigned to rings A and B in the
ketone (VIII) is based on the observation that the
change in the value of molecular rotation (+4%0F)
accompenying the conversion of f-amyrin (I) into the
ketone (VIII) accords well with the values obamerved
for comparable remctions (60). The configuration of
the hydrogen atom at C(g) in f-amyrilene~-I is uncertain.
p-Amyrilene-I is, therefore, named systematically
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8310114 -trimethyl =65 -novoleana-3(4)112-diene (IX).
Treatment of p-amyradiene~I (IX) with beron
trifluoride-scetic acid, under conditions which iso-
meriee the analogous novursa-3{(4)!l2-diene (IXa) to

l-G-amyradiene (73), gave an o0il, the ultraviolet
spectrun of which indicated the presence of only a
small proportion of & conjugated diene (1ll-defined
maxima at 2130 and 2600 A.). This difference is
significant and will be discussed later.

Ihe Constitution of F-imyradiene-IIl.

This compound, also known as f-amyrilene-III
was prepared by Dieterle, Braes, and Schaal (92) by
prolonged treatment of f-amyrin with phosphorus
pentachloride. In thisinvestigation, it was readily
obtained by isomerisation of p-amyradiene-I (IX) with
trichloroacetic acid. This diene exhibitas meximal
absorption at 2000 Z. (6 = 9000), and a comparison
(table 3) of the physicel properties of the verious
dehydration products from a- and f-amyrin and related
aleohols, supports the view that f-smyrilene-IlI is
the counterpart of 8:10:14-trimethylnovursa-3(6)ilRe
~diene (Xa), which has been obtained.by a similar
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isomerisation provedure, p-Amyrilene-III is,
therefore, 811014 -triinothylnevela-ana-s(b) il2-diene
(X),

X Xia

The comparison also indicates that the originsl
12:13-double bond does not migrate during the conversio
of p-amyrin into the dienes (IX) and (X}, the double
bond in c-amyrin being known to be atable to strong
acid conditions (32, 63). Again, attempted iso-
merigation of the 3(5)il2-diene (X) with hydrochloric-
-2cotic acid mixture, under various conditions, gave
oily products, the ultraviolet spectre of which reveale:
the presence of only small quantities of conjugated
mumhr dienes (triplet max. at 2420, 2480 and
2680 ‘m)v



2+ Dehvdration of 11-0Oxg-olean-l2-en=-3f-9l.
(Oxonovelecnadiene Products)

Treatment of ll-oxo-olean-l2-8n-3f-y1 acetate
(XI), R = Ac) wi th hydriodic-acetic mcid mixture
under reflux ylelded a compound, Cgolgee0, which gave
a negative teast with tetranitromethane. The ultraviolet
spectrum of the compound contained three meximal
2060 ; (¢ = 6,900), and 8560 Ko (6= 10,700) and
2870 K. (¢ = 9,300).

Several compounds oontaaning the conjugated
“enonene® chromophore = C = C -~ § -« C = 0 - have been
- reported in the literature., The ultravioclet apectra
of many di-~transold conjugated enonenes have been
descrided and apart from minor differences in the
poaition of the maximum attridbutadble to the degree of
substitution, they show & single absorption peak at
approximately 2400 X. On the other hand, a few
compounds containing the chromophore - é = é - 5 - é = é
in which the geometry is cisoid-transoid, are known,
and they show characteristic absorption apectra con~-
taining three separate maxima. Thus, l2-oxo-oleana-
-9(11):135(18) -dien-3f =yl acetate (XII) (93) exhibits
a triple maxima absorption spectrum i)\m.zowo 2600



and 20560 1., ¢ = 9000, 9260 and 8450) which is almost
identical with that exhibited by l2-oxoursa-9(11):113(18
-dien-3f-yl acetate (XIII) (94) (table 3). Further,

2 novursane engonene has been prepared from ll-oxours~
-lg-en-3=01 (XIV), R = H) by debydration with hydrio-
dic-acetic 20id mixture (7€) end has been shown to
contain a similarly constrained chromophore and hes
been identified as 618i1l4-trimethyl -11 -oxonovursa-
-9(10):12~-diene (XV) (73). It ia, therefore, concluded
that the novoleanane derivative obtained by dehydratio
of the acetate (XI), R = Ac) with hydriodic-acetic
acid mixture, must contain the same oonjugated cisoid-
-transoid enonene chromophore. It is formulated as
6i8il4-trime thyl <11 -0x0-18c-novoleana~9(10)sle-diene
(XVI). The C(.s)-hydrogen is a-orientated, i.e.,
inversion at this centre to the more staeble (a)
configuration has ocourreé during the reaction. Suech
inversion of the C(,e)-hydrogen, when adjacent to an
af-unsaturated ketone system, is & familiar process,
since ll-oxo-olean-l2-en-36-yl benzoate (XI} R = Bs)

is known to yield the more atable l8c-epimer (XVII,

R = Bz) by treatment with strong alkali (59) and it

is, therefore, likely that hydriodic.aoid had bdbrought
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about the seme result at C(,4). Thisz has been con-
clusively verified by the preparation of the same
exo-18a-novoleanadiene (XVI) by zimilar treatment of
1l-ox0-18o-plean-1f~en-3p-yl acetate (59) (XVII, R = Ae)

with hydriodic-acetic mecid mixture,




The aotion of hydriocdiec acid on ll-oxo-olean-lZ-ene
-3f-0l (XI, R = H) mmat, therefore, have led to the
contraction of ring A, the migration of the methyl
group attached %o C(10) %o C(s) with the subsequent
conjugation of the introduced double bond in position
9:10 and the inversion at C( o). This conversion is

outlined in the feollowing sequencei-




The oxenovoleanadiene (XVI) has also been pre-
pared by 2 similar trestment of ll-oxo-oleana-12:18-
~dien=3p=yl acetate (AIVIII) (84, 96, 96) a reaction
which must have involved the reduction of the 18:19-
-double bond, the C(,,)-bydrogen adopting the a-con-
figuration, besides the above-gutlined contraction of
ring A and migration of the C(,.)-methyl group to C(s).

The method described for the conversion of p-
-amyrin into the conjugated encnene (XYI! duplicates
that used for the coaversion of c-smyrin into the
isomeric 618:l4~-trimethyl -11 ~oxonovurse=-9(10)1l12-
-diene (XV) apart from inversion at C(se) in the
former case. There is agein, thontoro; 8 general
similarity between the reactiones of the c onjugated
enonenes (XV) and (XVI) apart from the physical
properties (tables 3 and 4). For example, treatment
with lithium aluminium hydride at 0°C, gave, in both
cases, analogous products which behaved similerly when
treated with mineral acid. Again reduetion of the
enonenes (XV) and (XVI) by the Wolff-Kishner method
gave analogously constituted products, (see later).
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Maxima.d.(€)

12-Oxo=-¢0leanu-9(11):13(18) -dien~ 2080(9000), 2600
-3p=-yl acetate (44) (9260), 2950(8460).
12-0x0-0leana-9(11):13(18) -dien~ | 2100(760C), 2600
~3p-ol (44) (8600), 2060(8100)
12-Oxourla-9(11)slS(lB)-dlon-aao 2070(9000), 2610

¥l acetate (46) (8700), 2940(8L0O0C).
12-0Oxoursa-0(11):13(18) ~dien-3p~ 2080(8060), 2630
-0l (46) (9600), R950(7400)
5:8:114=-Trimethyl -1l -oxonovursa- 2040(9900), 26880
-9(10) 112-diene (29) (11,000) ,2900(10,20(
6518il4-Trimethyl~ll-ox0-168a-novo~ | 2060(6,900), 2660
leana-9(10):12-diene (39) (10,700) ,2870(9300) .

3. Dehydration of QOleana-9(1l):l2-dien~3f=-gl and
Oleana-11:13(18)-dien~3p-ol.

(Novoleanatriene Products.)

Ewen, Gillam and Spring (V6) reported that de-
hydration of ursa-f(ll)ilg~dien~3g-0l (XIX) with
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phosphorus pentachloride gave a triene, "d-d-amyra-
triene”, the conatitution of which, 6:10:l4-trimethyl-
novursa=-3(4):8(11):l2-triene (XX), has been e stablished
(73) .

Xix XX

Treatment of pf-amyradiencl~l (oleana-9(1ll):l2-

-dien-3p=-01) (968} (XXI) with phosphorus pentachloride
in 1ight petroleum at room temperature yielded a
strongly dextro-rotatory hydrocarbon, CyoHee ([c]D

+ 366°), the ultraviolet spectrum of which showed

that the double bond introduced by dehydration is
remote from the homoannular conjugeted system in

ring C, (max. at 2060 and 2800 i., ¢ = 8300 and 8000).
This triene is considered to have b;en formed by the

contraction of ring A and the formation 6f an ethyleni



linkage situated either between C(,) and C(,) or
between C(,) and C(g), 1.e¢.,1% is considered to be
8110114 ~trimethyl -5 -novoleana-3(4):9{11) 112 -triene
(XXII) or the 3(6)19(11)i1l2~triene isomer (XXIX a).
Its method of formation and its strong dextrorotation,
in comparison with the novursa-3(4):19(1l)i1l2-triene
isomer, (table 3) favours the 3id4-position for the
isolated double bond.

Treatment of 8:10:14-trimethyl-5t-novoleana-
-3(4):9(11)112-triene (XXII) with trichloroacetic
acid, in the expectation that the double bond at 3i4
might isomerise to the 315 position, yielded a strongly
laevorotatory iscmeric triene ([6.]D «400°) which gave
a deep red-brown colour with tetranitromethane and
which exhibited a triple absorption spectrum (A . 286(
2960 and 3080 A., ¢ = 31,000, 36,000 and 26,400). The
properties are in agreement with the postulated
structure 6i18:lé-trimethylnovoleana-9(10)111:13(18)~
-triene (XXIII). A satisfuctory mechanism involving
the synchronous (i) protonation of the double boad
from the rear (@) side, (1i) movement of the C(g)~-
-hydrogen to C(gq), (1ii) movement of the C(.e)-methyl

group (p) to C(s)y @and (iv) losa of a proton from
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C(as)y i proposed. Rearrangement of the methyl
groups at C(e) 8nd C(14) is not involved. This
triene has also been obtained directly from oleana-
=9(1ll)ilg~-dien-3f=01 (XXI) by shaking with phosphorus

pentoxide in benzene at room temperature (84,96).

|

|

|

|

E
z
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Dehydration of oleana-11:13(18)-dien-3f-ol

(XXIV) with phosphorus pentoxide in benzene at room
temperature also afforded 5:18:l4~-trimethylnovoleana~-
«9(10):11:13(18) =triene (XXIII). The transoid triene
(XXIII) has analogous properties to Hi1Gild4-trimethyl-
novursa-9(10):11:13(18) -triene (l-c-amyratriene) (XXV)
obtained by phosphorus pentoxide dehydration of ursa-
«8(1ljtl2~dien-3p~0l (XIX) at room temperature (73, 76)

(see table 3).
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A compound having an analogously constituted triene
aystem, ergosta-4:16:8(14):22-tetraene (XXIIle) contains
& chromophore comparable with that in (XXIII) and (IXV)
and exhibits & triple maxima absorption spectrum, the
prineipal band of which is at 2630 I. (6 = 33,000) (97).
The value (2940 ;.) caloculated for the loeation of the
prineipal band in the spectrum of the heteroannular
triene (XIV) using Voodward's empirical rules, is in
excellent agreement with the observed value.

Treatment of either cleana-9(ll)tl2-dien-3f=-01
(XXI) or the novoleanm-3(4)19(1ll)il2-triene (XXII)
with hydriocdic-acetic socid mixture under reflux gave
an 9il which exhibited no absorption above 2200 A.

:!ﬂ. .
[e]p{in chloroform)
Hovarsane iovole mmﬂ
Derivative Derivative 4
81103114 ~Trime thyl 5&«
-3(4)112-diene +110° +110°
8110114 -Trimethyl -=3(6)12-
-diene +123° +120°
Ketone, CgaepHeg0 +210° *216°




Novuraane llovoleanan
TR e L e Derivative Derivative
9(10):l2~diene +170° +122°(18e)
bi1Bile-Irimethyl~-1(10):
8(11l)i:l2-triene -368° -460°(18a)
6518314 -Trimethyl--8(10)2
11:13(18) -triene -450° -400°
6:8il4-Irimethyl=--8(10)1
lz-diene +120° +103°(16a)
8:110314~-Trimethyl«f =«-3(4)!
9(11) 112-triene +446 +366°
518a19p-Trimethyl -12-0X0~~13~
-ene -41° -32°(18%)
5:8a19f-Trime thyl -l0a~~12:114~
-diene -111° -83°(18%)
5:8ai19p-Trimethyl-12ilb-dioxo~
~100--13~-ene +86° -7°(18%)

Dehydration of ocleana-l1:113(18)-dien-3f-0l (p=
-anyradienol-II) (XXIV) (46,56,83) using phosphorus

pentachloride in light petroleum at room temperature

gave & laevorotatory hydrocarbon, CgoHee, ([!l]n -48°),

the ultraviolet spectrum of which revealed the presenc

of an isolated ethylenic bond together with the
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original heteroannular diene asystem. As with the
analogous reection (XXI) - (XXII), the isclated
double bond in the new triene can be agcommodated
either in position 3:4 or position 3:5 in the basic
novolesanane skeleton. Thia compound is therefore
considered to be 8i1l0tlé-trimethyl-65-novoleana=-5(4)ill:
13(18) =triene (XXVI) oxr the -3(5):111:13(18)~-isomer
(XXVIa). No corresponding triene has yet been pree-
pared in the novursane series. Contrary to expectation,
the triene (XXVI) or (XXVia) was recovered unchanged
after treatment with trichloroacetic ecid at room tenmp-
erature or with hydrochloric-acetic acid mixture under
reflux and thus failed to isomerise to a fully con-
Jugated triene.

Reference hus already been made to the similarity
between the oxo-diene (XV) and (XVI) with respect to
physical properties, and origin. There is, moreover,

a similarity between the reactions of these two come
pounds, whereby analogously constituted trienes are
formed. Thus, treatment of 65:8i1l4-trimethyl-ll-oxonov-
ursa-p(10)1l2-diene (XV) and of HiBild~-trimethyl-11l-oxo0
-l8a-novoleana~9(10):ile~diene (XVI) with lithium
aluminium hydride in ether at 0°C gave atrongly laevo-
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-rotatory trienes ([ll]D «3568° and -450° reaspedtively)
which exhibited maximal absorption in the ultraviolet

at 5200 A. (¢ = 16,000) and 3150 A. (¢ = 14,000)
respectively for the two products. These have been
formulated as b6:8:l4-trimethylnovurea«l1(10):9(11):12-
-triene (XiIVII) and 6318:l4-trimethyl-18a-ncvoleana~
=1(10)19(11):12-triene (AAVIII) respectively (73,84,
96). Purther, mineral-acid isomerisation of the trienes
(XXVI1) and (XXVIII) gave the analogous transoid trienes
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5i1Bilé=-trimethylnovursa-9(10):11:113(18) ~triene (XXV)
and 6:8il4-trimethylaovoleana-9(10):11:13(18)-triene
(XXIII) respectively (73,84,96).

e ———

XXV

In all the resctions described in this section,

it is to be observed that the methyl groups attached 1
C(e) 8nd C(a4) sre unaifected, and that only the methy.

group &t C(,) has migrated %o O(g)-»
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A final reaction in this series has been carried
out. Reduction of bi1Bile-trimethyl -11-0xo-18a-novolean:
-9(10):1lg-diene (XVI) by the Wolff~-Kishner method,
efforded a product, Caelee, which gave a stirong
tetranitrome thane reaction and exhibited strong select-
ive absorption in the ethylenic region at 2080 Z.

(¢ = 10,500). The se proportiés and the origin of the

compound show that it is an unconjugated diene formed
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by reduction of the carbonyl group at C(,,) in the
enonéne (XVI). This compound, therefore, ie con-
sidered to be 6H:Bilé-trimethyl-lBa-novoleana~-92(10):l2-
~diene (AXIX). It hes also been formed by treatment
of the enonene (XVI) with lithium aluminium hydride

in ether under reflux, together with the triene (XXIII)
presumably formed by rearrangement of the triene (XXVI)
produced as an intermediate. This behaviour of the ox¢
novoleanadiene (XXVI), again, finds & counterpart in
the novursane series. When 6:8i:l4-trimethyl-ll-oxo-
novursa-9(10)sl2-diene (iXV) was reduced by refluxing
with lithium aluminium hydride or by the Wolff-Kishner
method, it gave an anslogously constituted diene which
hes been formulated as bi8il4~trimethylnovursa-9(10):1¢
-diene (XXX) (73).

z:] XXTX
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It may be generally concluded that the 3(4):l2-,
3(6)sle- und 9(10):112-dienesj the ll-oxo-9(10):1l2-
-dienes and the three 3(4 or 5)3:9(11):le-, 1(10):9(11):.
and 9(10):11:13(18) -trienes in both the novursane and
the novoleanane series prepared by comparable methods,
have analogous structures (aepart from the léa-con=-
figuration in the oxo-novoleanadiene and its derivagive
similar phyeical properiies (see tables 3 and 4) and
generally similar reactions. In the course of these
dehydration reactions the only methyl group migration
involved ia from C(.e) to C(s)+ These observations of
parallel behaviour lead to the conclusion that there is
no difference in the stereochemistry of the ring-juneti
be tween a- and f-anyrinse.



There are, however, certain differences in the
behaviour of some of the compounds in the novursane
and noveleanane series. Thus, while 8:10:l4-trie-
methyl=-6¢-novursa-3(4)slg-diene (IXa), upon treatment
with borontrifluoride, readily isomerised to l-u-
-amyradiene (73), the analogous novoleanane diene
(IX) failed to undergo & similar reaction. The
behaviour of the nonconjugated 9(10):12-dienes
(XXIX) and (XXX) towards mineral acid will be dis-
cussed in the following seotion and 1t will be
found that these differences are capable of throwing
further light on the stereochemiastry of the D/E-ring
Junction in a-amyrin.
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C. The Stereochemistry ¢f the D/E-Ring Junction in
G-!.mrino

In the previous section, it has been emphasgised
that while there is a general similarity between the
novursane and novoleanane derivatives, with respect to
origin, properties and reactions, there was, however an
ingtance in which s marked difference was observed, 1i.e.
the behaviour of the isomerie 3(4)3l2e-dienes (I) and (I
towards boron trifluoride. Another significant differe:
was found in the behaviour of the nonconjugated dienes
(IV) and (VII) which were obtained by reduetive removal
of the carbonyl groupe in the oxodienes (III)} and (VI)
respectively.

Allan, 3Spring, Jtevenson and Strachan (73) reporte
that treatment of 5i8ild-trimethylaovursa-9(10):l2-dien
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(IV) with hydrochloric-acetic acid mixture readily geave,
in & high yield, the conjugated 5i8a19p-trime thyl-10a=
-novursa-12114 -diens (l-c-amyradiene) (V), which had
previously been prepared dy treatment of a-amyrin with
phosphorua pentoxide (75) or with hydriodic-acetic acid
mixture (76). The constitution of the "l-diene” as (V)
has been discussed (Section A) and it has been shown tha
its formation includes the migration of the me thyl group:
attached to C(i10)y C(e) ond C(a1g) %0 C(s)y C(s) and C(4)
respectively. In remarkable contrast, however, it was
found that treatment of the nonconjugated b5iBil4-tri-
methyl~-l8a-novoleana-9(10)tl2~-diene (VII} with hydro-
chloric-acetic w«cid mixture, under the same conditiona
used for the novursadiene (IV), gave an uncrystallisable
gum, the ultravioclet spectrum of which revealed the
absence of “l-diene" type of absorption.

This difference in behaviour is, in the author's
opinion, of great significance. In the novursane case,
the diene (IV) undergoes & reaction involving the
migration of the methyl groups attashed to C(s) and C(.e
to C(e) and C(e) respectively, while in the l8a-novolean

ane case, the diene (VII) did not umiorgo this reaction.
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The stability of the C(,4)-hydrogen atom in Ge-amyrin an
its derivatives is established (32,46,63). The in-
stability of the C(.s)~hydrogen atom and its tendency
t0 invert to the o-configuration, in f-anyrin derivativ
is equally well established (62,69). The fact that the
double bond and g¢is-P-locking of rings D and E in f-amy
are both ungtable in ecid medis will form the subject o
discussion in the following section.

It appears probable, therefore, that the driving
force responsible for the migration of the C(e)~ and C(
isthyl groups, en "l-diene" type reaétion, reposes in a

conformational constraint imposed by the stable locking



of the rings D and B in c-amyrin [ef. Beton and Halsall
(67)], a condition which must be absent in the l8a-
=gleanane system where the D/Z.ring junction has the
1vpilBa-arrangement. This seame driving force is, again,
probably responsible for the final stages of the conversd
of a-amyrin into 6:18ai19Pf=-trimethyl -l0c-novursa-12:1l14-die:
(V). With p-amyrin, however, a different situation exist
f-Amyrin,in contrast with a-amyrin, does not give an
"l-diene” upon treatment with phosphorus pentoxide in
benzene at room temperature or with hydriodic -acetic aci:
mixture under reflux. The difference in behaviour
between a- and p-amyring towards phosphorus pentoxide a ni
hydrioedic acid can, therefore, he defined as the inabili:
of the l&a-pleanane derivatives, formed under the iso-
merising effegt of these acidic reagenta, to undergo

e reaetion involving the migration of the methyl groups
attached to C(e) @nd C(,4) to C(p) and C(qe) respectively
If this postulation is coriect, then it should de
possible to achieve an "l-diene"” type reaction, starting
frou a P-amyrin derivative in which the cie(f)-junction
of rings D and £ ia "locked". This locking can be
secured by using compounds in which there are ne double

bonds or carbonyl groups immediately adjacent t0 C(.e)-



It has been shown (3eetion A) that treatment of
l2-oxoursan-3f-yl acetate (VIII) with hydriodic-acetic
20id mixture gave an cf-unsaturated ketons, which was
proved to be 5i18ai9f-trimethyl-12-0x0-10a=-novurs-l3-ene
(IX), a reaction analogous to the conversion of ¢c-amyrin
into 5:18a39f-trimethyl -l0a-novursa-l2:l4-diene (V), Bince
it included ring-A contraction and the synchronous
movement of the axial methyl groups from C(.c), C(e) and
C(a1e) to'C(.)' C(e) and C(4) respectively. The relation
between the ap-unsatureted ketone (IX) and the conjugated

diene (V) was confirmed by their inter~conversion.
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l2-Oxo-0leanan-3f -yl benzoate (X) is a model
compound in which the posaibilit& of inversion at CO(,s)
under the influence of acidic reagents ia prevented and
should, therefore, undergo & reaction asimilar to that
of l2-oxoursan-3f-yl acetate (VIII).

Treatment of l2-oxo-oleanan-3f«=yl benzoate (X) with
hydrigodio-acetic acid mixture under reflux yielded a
compound, CyoHge0, which gave a negative reaction with
tetranitrome thane and which exhibited & maximal ab-
sorption in the ultravielet light at 2600 X. (e = 9700)
identical with that exhibited by the novursane Gf-un-
saturated ketone (IX) and, therefore contains an capf-
-tetrasubstituted af-unseturated ketone chromephore.
This compound, in complete analogy, is formulated as
6:86:9f~trimethyl 12 -0x0-100i118¢-novoloan-13-ene (XI).
Reduetion of (X1I) with lithium aluminjum hydride
followed by treatment of the produet with hydrochlorice
-aoetic acid mixture afforded, in a very good yleld,

& oonjugeted diene, Cyeliqey which gave an orange-brown
c¢olour with tetranitromethane and exhibited a triple-
-maximal absorption at 2340, 2410 and 2490 L. (¢ = 16,00
16,000 and 10,700). This conjugated dieﬂo wes laevo-
-rotatory ([a]D -83°) end by & consideration of its
properties and its method of preparation, it is obvious
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that 1t 1s the p-amyrin analogue of l-G-amyradiene (V).
It is, therefore, formulated as 6i18a:9f-trimethyl~10a:lé
-novoleana-l2:l4-diene (XII) i.e., an l-f-amyradiene.

It has been previously mentioned that Hi18ai9f-trimethyl-
~l2-0x0~-10a~novurs-l3-ene (IX) gave, upon chromic acid
oxidation, a yellow enedione formulated as (XIII).
Similarly, 5té}ﬂﬁ-trimethyl-lz-oxo-loallsi-novoloan-lﬁ-
-ene (XI) has been oxidised to a yellow transoid enedion

5i8aigf-trimethyl-12:16~-dioxo~-10ail8t-novolean-l3~ene

(XIV), which showed & meximum at 2780 A. (¢ = 8000).
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By reference to table 4, it will be noted that there

is a general correspondence in the aspecific rotations
of the analogous novoleanane and novursane derivatives
(XI) and (IX)j (XII) and (V). The negative r otation of
the dioxoneovoleanane (XIV), however, as ¢ ompared with
the dioxonovursane (XIII) led to the consideration

that inversion at C(,e) might have occurred during the
conversion of the saturated keto-benzoate (X) into the
ap-unsaturated ketone (XI) or during the chromic acid
oxidation of the latter into the enedione (XIV). It is
for thias reason that no configuration has been assigned
a8t C(ae) in (XI), (XII) and (XIV).

This asimilarity in behaviour of p-amyrin (when
posaibility of inversion at C(,e) is excluded) to a-
-amyrin, and difference im behaviour of l8a-novoleanane
derivatives to novaersane derivativeas strongly suggestis
that‘a-anyrin has the same sterecchemistry at C(,.; and
C(1y) @8 p-amyrin and that the rings D/E are consequent
cis-p-fused. It appeurs therefore, that this cig-f-
-fusion is an essential feature of the driving force
necessary 1o cause an f;-dionn“-typo'raaction. Purther
support for this view waas obtained by an examination of

l2-0x0-18a-pleanan~3p-yl acetate (XV) (69},
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Ireatment of the lBa-saturated keto-acetate (XV)
with hydriodic-acetic acid, under the conditions which
convert (X) to (XI), gave an cf-unsaturated ketone
which exhibited selective absorption in the ultraviolet
region at 2440 £ (¢ = 11,200), characteristic of Gfp-
-irisubstituted c¢p-unsaturated ketonea, IMoreover, this
compound is dextro-rotatory ((a]D + 99°), and in its
properties it differs markedly from the ap-unsaturated
ketones (IX) and (XI)s 3ince the only position which
can accommodate the double bond in this compound 1is
be tween c(;) and C(i.)y 1t 18 formulated as 618:l4~
~trimethyl-12-ox0~106118a-novolean«9(11) -ene (XVI).

The formation of this compound must, therefore, have
included ring-A contraction, migration of the methyl
group at C(ae) %0 C(gs) with the subsequent conjugation
of the introduced double bond with the carbonyl group
at C(,a) without either of the methyl groups at C(4) or
C(L., being involved.

The formetion of the ecp-unsaturated ketone (XVI)
from the keto-acetate (XV) by dehydration with hydriodie
acid was accompanied by snother compound, Cgzolee0, which
gave a positive teteanitromethane test and exhibited

(4]
selective absorption in the ethylenilc region at 2100 A.
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(6 = 6200). This compound is consdiered to be 8:10:tl4~
~trimethyl -12-0x0-56 $18u-novolean-3(4)-ene (XVII) or
the =3(6)-isomer (XVIII)., It was shown to be stable

to strong alkali and mineral acid, being recovered un-
changed after treatment with 5% ethanolic potassium
hydroxide, hydrochloric-acetic and hydriodic-acetic
acid mixtures.

e ———

XV

The structure of the ap-unseturated ketone (XVI)

T —

was confirmed by its reduction with lithium aluminjium
hydride, followed by treatment of the product with



acetic anhydride and sodium acetate to yield a hydro-
carbon, Cgefi¢s, which gave a dark-brown colour with
tetranitrome thane and exhibited a triple maximal abdb-
sorption at 2460, 2620 and 2600 Ae (¢ = 24,800, 27,000
and 26,000). This absorption spectrum resembles that
characteristic of many heterosnnular dienes in which

one doudle bond is tetrasubastituted and the other is
trisubstituted, such as ursa=- or oleana-l11:13(18)-dien~
-36-y1 scetate (X, 2420, 2600 end 2600 ke ¢ =
23,500, 26,600 and 16,800) (XXI) (36,37,38). The product
is, therefore, regarded as either b5:18il4-trimethyl-0k:10t
-novoleana-11:13(18) -diene (XIX) or the isomeriec 5:8:14-
-trizethyl-18a-noveleana~8(10):ll-diene (XX).

>
<
>
p_

|
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It remeins, in conoclusion, to summarise the
more important impliecations of the comparison of the
behaviour of the analogous oleanane and ursane der=-
ivatives made above. The gis-locking of rings D and E
in p-amyrin is unstadle in that Af a cardonyl group or
a double bond is immediately adjacent to C(.s), inversi
to & trans-fused lBa-pleanane can oocur. It is pos-
tulated that a reaction strictly analogous to the con-
version of e~amyrin into the "l-diene” is not observed
with f-amyrin, because the 12:13-double bond in this
compound is not stable to strong acid. This instabilit
also affords & possible reason for the failure to isols
pure products from such reactions (e.g. phosphorus
pentoxide and hydriodic scid on P-amyiin, boron tri-
fluoride on the nonconjugated diene (II) and hydro-
chloric acid on the nonconjugated dienes (VII) and (XX]

gave impure products).

XX\

e ——



-96 =

On the other hand, the locking of rings D and E in a-
-amyrin and ite derivatives is stabls to strong acid
treatment, Davy, Halsall and Jones (63) recovered urse
~l2~-en-3-one after vigorous trectment with mineral acid,
in contrast with the corresponding olesnane derivative.
Recently, Beaton, Spring, Stevenson and Strachan (32)
found that treatment of ll-oxours-l2-en-3f-yl acetate
(XXYII) with strong alkali doe? not change the con-
figuration at C(,e), in contrest with 1l -oxo-olean-l2-
-en-3f =yl benzoate (XXIV) which is easily lsomerised by

similar treatment to give the l8a-epimer (XXV) (59).

e ——

O XY
The conversion of l2-oxo-oleéanan-3f-yl acetate (X),
but not its lBa-epimer (XV) into a l2-oxo-13ild-ene (XI)
shows that the gis-locking of rings D and E is the
ériving foree supporting the "l-diene” type reaotion.
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The similar behaviour of lZ-oxoursan-3f-yl acetate (VIII,
to give the 12-0x0~13tl4-ene (IX) and li-oxo-oleananyl
ecetate, when treated with hydriodic-acetic acid mixture,
leads to the conclusion that the Jjunctions of rings D
and E in c-amyrin and f-amyrin (XXVI) are the sanme,
i.e., that a-amyrin has the 17f£:1Bf-configuration.
This conclusion is in agreement with the findings of
Spring et al. (32) which were beased,among other reasons,
upon the conversion of an G-amyrin derivative into a pP-
-amyrin derivative, thus conclusively establishing that
the C(,,)-methyl group in a-amyrin is P-orientated (see
introductory section).

It is concludad that a-and P-amyrins have identical
configurations at all ring Jjunctions and that the
conaitution and stervochemistry of a-emyrin must be re-~

presented by either (XXVII) or proposed by Spring et al.

(32,54) or (XXIVIII) as proposed by Corey et el. (58).




D. Ihe Dehaviour of Olean-l2-gne, 18a=0lspn-li-gng,

Olean~13(18)-ene and Qlepn-18-gne with Mineral acid.

In the previous section, 1t has been shown that the

locking of rings D and E in a- and J-amyrin and their

derivatives is a determining factor controlling the reaction

which involve rearrangements of the skeletal structure. The

relative stability of the D/E-ring junction and the double

bond in ag= and g-amyrin and derivatives is repponsible, in

the author's opinion, for many of the hitherto inexplicable

differences in their behaviour towards acidic reagents.

section discusses the relative stability of olean-lZ-ene, 18

-olean-l2-ene, olean-13(13)-ene, and olean-l8-ene (germanice

under acid conditlions. Hydrocarbons were chosen for this

study to obviate secondary reactions attributable to the

presence of funetional groups.

The four hydrocarbons were

prepared as shown belowj their physical censtants are

listed in table 5.

Igble 6.

Oleanene [alp Mo e
Plean~12-ene (I) +940 160-1°
18a-0lean=lE~-ene (III) +37° 136=-8°
J01ean-18(19)-me (VI) +5e5 183=9°

-48° 186~7°

tlean-la(la)-ene (VIIT)

Thi



(1) Qlean-l2-ene (p-amyrene-1i) (I) was prepared by
Wolff-Kishner reduction of 3-o0xo-olean-lz2-ene (1I) (63)

L I
(11) 1l8a-Qlean-l2-¢ne (III) was prepared by treatment
of ll-oxo0=-0lean-lg-en-3f -yl acetate (IV) with strong
alkali (69) to yield the lBa-epimer (V) which was then

converted to the hydrocarbon as shown below!-




(111) Qlean-18(19)-ene (Cermanicene) (VI) (98) was

prepared from lupeol (VII) by the method described by
Halsall, Jones and Meakins (99), vizie

AcO

VI

(iv) Qlean-135(18)-ene (S-a.nyrena, (p-amyrene-III).
In 1933, Winterstein and 3tein (72) reported that

treatment of olean-lZ-ene (f-amyrene-II)(I) with hydro
chloriec acid and amalgamated zinec yielded a hydroecarbo
"f-amyrene-I1I", m.p. 187-189°, [“]B -22°, also formed
by similar treatment of a-exo-olonn-lz-opo ( f =amy renon
{(II). These workers also reported the formation of a

hydrocarbon, f-amyrene-IV, m.p. 1l6£-163°, [a]D + 51°,
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by treatment of f-amyrene-~Il with sinc and hydrochlorie
aold. Iuzicke, Schellenberg and Goldberg (10C) also
desceribed the preparaiion of a hydrocarbon identical with
p-amyrene-IV by Yolff-fishner reduction of 3-oxo-olean-
-12-ene (I1). P-Amyrene-IV is said to have been con-
wrte'd into peamyrene<I{II by treatment with amalgamated
ginc in hydrochleric acid (72).

\a-ynu-lv/
in/Hg - HCL Zn/Hg - in/ig - HCL
\ - /
f-smyrene=J1X

In the course of & reinvestigetion of the findings
outlined above, Davy, Haulsell and Jones (653) discovered
that the isomerisation of f-amyrene-IY in hydreochloric-
-agetic acid mixture in the presence or absence of zine
or mercury, if carried to completion, gave f-amyrene-II]
as the sole produet (for which they gquoted an [a]b -33°
and attributed the difference from Winterstein and 3Stein'
value to their preparation being purer). If, however,
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the isomerisation were not carried to completion,
products of variable rotation were obtained, correspondi:
to those reported for f-amyrene-IV. They showed that
the p-amyrene-lV of VVinterstein and Stein (72) is a
mixture of f-amyrene-Il and f-amyrene-IIl. Davy et al.
also showed that Wolff-Kishner reduction of P-amyrencne,
using the procedure of husicka et &l. (100), gave -
-~amyrene-11 and nét p-amyrene-IV. On the basis of this
reinvestigation, Davy et al. concluded that treatment of
oclean-l2-ene (pf-amyrene-Il) with mineral acid resulted
in double bond isomerisation and, when carried to com-
pletion, the product, olean-13(18)-ene (f-amyrene-III)
(VIII) had me.p. 190-191°, and [a]p -33°.

Qther preparations of olean~13(18)-ene have been
reported. In a study of the naturally occuring compound
taraxerone (skimmione) (1,101,102,103), Takeda (104,106)
prepared a hydrocarbon, skimmiene-II, m.p. 189-190°,
[n]D -20.6°, by Clemmenson's reduction of skimmione,
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which he showed to be identical with Winterstein and
Stein's P-amyrene-III (72). 1In 1963, Brooks (20) showet
that skimmiene-III is in fact olean~13(1B)=-ene (VIII).
In 1950, Koller et al. (106) reported that catalytioc
hydrogenation of oleana~ll:135(18)-diene (IX) gave olean.
-13(18) -ene (VIII) for which they reported m.p. 186-187
[n‘]D -27°. This reaction is parallel to the oconversion
of oleana~11:13(18)-dlen-3p=-yl acetate (X) into olean=-
-13(18) -on-3p~-yl acetate lé-amyrin) (XI) (10%).

Hzlpt___




In this laboratory, olean-13(18)-ene (VIII) has
been prepared by Messis., G.Brownlie and W.3.3trachan
(private communication) by the alternative non-
~equilibrating methods outlined below. Using either
method, the hydrocarbon obtained had [GJD -48°. 1t is
apparent, therefore, that the subatance, [a]D -33°,

prepared by Davy et al. under egquilibrating conditione
is not pure olean-13(18)-ene.

|=i
}=
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Treatment of the hydrocarbons, olean-lf-ene (I),
l8a-plean-12-ene (III), olean-18-ene (VI) and olean-13(1!
-ene (VIII) with concentrated hydrochloric acid in aceti
acid solutions under reflux for 17 hours afforded in
each case a produot, m.p. 186-187°, and [l»]D ~18° to =20
which showed no depreasion in m.p. when mixed with each
other, and which exhibited identical absorptions in the
ethylenic region of the ultraviolet light (Apax.2080 K.,
¢ = 6600). This observation is significant since the
properties of this product, are in good agreement with
those reported for f-amyrene-I1l by ¥Winterstein and 3tei)
(72), Takeda (104,105) and Brooks (20), and indicates
econclusively thet pf-amyrene-IlI, prepared under mineral
acid equilibrating conditions 1is a mixture., It was
appreciated that the hydroecarbon [c]D -18 to =20° might
be a mixed crystal containing any of the four oleanane
isomers (I), (III), (VI) and (VIII), with (III) and (VII
being the moxt likely palr. Hixtures of pairs of the
homogeneous hydrocarbons were prepared and recrystallise
as anticipated, only clean-13(18)-ene (VIII) and l8a-ole
-l12-ene (I1X) (in the ratio 2:1 respe;tively) yielded a
clearly defined product, m.p. 186-187°, [ujn -20°,

N\ max, 2080 ;., (¢ = 6400), which waes identical with the
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product obtained by mineral acid treatmeant of the
isomeric oleanenes (I), (I1II), (V1) and (VIII).

It follows, therefore, that olean-13(18)-ene (VII
and 18d-plean-1l2-ene (I11l) are both more stable than
olean-l8-ene (VI) and olean-~l2-2ne (I} and that there
produced an equilibrium mixture from which a mixed

l

|

. Mixed Cryrshl




- 107 -

erystal consisting of the two fomer hydreocarbons can
be isolated, whenever any of the four isomeric oleanene
is treated with mineral acid.

It can be stated in conclusion that P-amyrene-IIIl
(63,72}, or skimmiene-III (20,104, 106), is in faect an
equilibrium mixture of olean<l3(l8)-ene (VIII) and lBa-
-plean-1g-ene (III), and that neither zine nor mercury
is essential for the acid-induced isomerisation of olea
-l2-ene (p-amyrene-Il) (I) to P-amyrene-III (cf. 53,72)
A more important conclusion is that treatment of f-amyr
(elean~12-en-3f-0l) with acid reagents is likely to
produce mixtures in which the -13(18)- and lBa-lZ2-an-3§
-0l isomers are preaent. It is suggested, therefore,
that when treated with an acidie reagent, p-amyrin
isomerises to a mixture of O-amyrin (olean-13(18)-en-

«3f-0l)(X11I) and l8a~plean-~lg-en«3f~0l (XIII).
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This behaviour might partly explain the enigmatic fact
that p-amyrin fails to give an "l-diene" when treated
with phosphorus pentoxide or with hydriedie aecid, only
unerystallisable gums being formed. This coneclusion
probably alaso applies to the corresponding novoleanene
derivatives.

An instance is savailable in which strong mineral
acid treatment is likely to have produced an analogous
equilibrium mixture in the novoleanane series. Reductio:
of 8:1103l4~trimethyl«6&-novoleana=3(4):l2-diene (XIV)
(see Section B) either catalytically with hydrogen (70,
72,90), or with sodium in amyl alecohol (91) gave a mono-
ethylenic compound, f-amyrene-1, which can be formulated
as 8:110i1l4~trimethyl-6¢-novolean-lg-ene (XV). Winterste:
and 3tein (72) reported that treatment of p-amyrene-I
with concentrated hydrochloric acid and amalgamated zine
gave & product, f-amyrene-ld. It is now suggeeted, on
the basis of the above argument, that p-amyrene-Idb is
in faet an equilibrium mixture of novoleanene derivative

of analogous constitution and oompon{tion to the

equilibrium mixture [(IIX) + (VIII)].
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Recently, Brownlie, 3Spring, Stevenson and 3trachan
(23,26) have reported the rearrangement of friedelene
(XVI) with hydrochloric-acetic acid to & product (m.p.
186-187°, [C]D «20°), 1dentified as the equilibrium
mixture of olean-13(18)-ene (VIII) and l8e-plean-l2-ene
(III1)} an infra-red spectrum comperison has further
established the identity. An anal ogous rearrangement
has been effected by Corey and Ursprung (25) by de-
hydration of friedelanol (XVII) with hydrogen chloride
in phonolat.lloi

X1 XVT XV

The latter authors give m.p. 186-187°, [GJD «12.6°
for their product, which they call olean-13(18)-ene,
having obtained a product of ulmilar.Eonstants by acid
isomerisation of olean-lZ2-ene. DIutler, Jégor and

Ruzicka (24) have als¢ reported that treatment of
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friedel-g-ene (XVIII) with freshly fused zinc chloride
in acetic acid under reflux yielded a product, m.p.
183-184°, [u]n «18”, which they call olean-13(18)~ene.
in view of the work described in this sec¢tion, the
producta obtained by Corey and Ursprung (86) and by Dutl
et al. (24) must similarly be equilibrium mixtures of
(VIII) and (II1) 4in different proportions.
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Melting points were determined using a standard N.P.L.
thermometer.

Specific rotations were determined in chloroform solution
inal dng tube at room temperatura. |
Colour reactions with tetranitromethane were done in
chleroform solution.

Ultraviolet absorption spectra were measuraed in absolute
ethancl solution with a Unicam 8F.500 spectrophotoueter,
and (4) denoted molecular extinction eoefficient.

For chromatography, alumina (Brockmann Grace I-1I) was ase
"Stabilised acetic acid" denotes acetic acid which has bee
refluxed over and distilled from chromic enhydrides The
phrase ™n the usual way® implies, in general, dilution
vith water, extraction with ether, washing successively
wvith aqueous sodium hydroxide, water, dilute hydrociilorie
acid, aqueous sodium hydrogen carbonate, followed by
drying of the ethereal extract over anhydrous sodium

a1 lphate, filtration and evaporation to dryness under
reduced pressure.

The microanalyses wvere earried out by Mr., Wm. McCorkindal
the ultraviolet speetral measurements were by Misses, F.
Adama, N.Caramando and S.MacKenzie under the direction of
Dr. A.C.S5yme, the Royal Tachniecal College, Glasgow, and
the infra-red spectra were determined by Dr. G. Eglinton,
Manchester, to whom are due best thanks.
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5180198 -Irimethyl -10a-nevursa~-12114-diene,
(l-e-Amyradiene). - a) A solution of c-anmyrin (ure-
~l12-en=3p=0l) (m.p. 176-178°, 2.0 g.) in seetic mcid
(20 c.0.) was refluxed for 4 hours with hydriodiec acid
(8 cece ) Watof‘waa then sddod ﬁnd the mixture extracte
wttﬁ e,thér, washed with aqueous sodium thiomlp}uto and
worked up in the usuel way. The product was crystallise
from chloroform-methenol to give 6:6ai9p-trimethyl -106u-
-novursa-leild -diene Q-a-anyradum) as long plates
(900 mge), mep. 106-106°, [a]n =110° (g,3.6)« It gives
an orange -brown colour with tetranitromethane. Light
absorptioni ) o 2560, 2410 and 2600 X. (¢ = 13,000,
14,800 and 85660).

b) A solution of e-emyrin (m.p. 176-178°, 4 g.) in
benzene (100 c.c.) was treated with phoaphorus pentoxide
(9 g.), added portionwise with shaking. Shaking was con
tinued for 24 hours at room temperature., The preduct,
worked up in the usual manner, was dissolved in light
petroleum (b.p. 40-60°, 100 cece), filtexed through
alumina and c¢rystallised from chloroform-me thanol to giv
5:8a19p ~trime thyl -b0G -novursa~-l2il4-diene (l-a-amyradien
as long plates (l.l ge)j Re.pe 193-195° (no depression),
[e], -109° (g,1.9).
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For l-a-amyradiene, Vesterberg (76) gives m.p. 193-194°,
[c]D «106°} Bwen, Gillem and Spring (76) give m.p. 193~
-194°, ‘[a]D -101°, ‘

Oxidation of 618a 19 =-Trime t_l_xil-lm-quug rge-12314 -
-diene with Chromic Aecid. - (&) A solution of chromium
trioxide (540 mg., 1.6 mols.) in 90X acetic acid (16 c.c.
was added portionwise with stirring to a solution of
5i8ai9p-trime thyl -10c-novursa=-12114~diene (l-oc-amyradiene
(m.p. 194°C} 8.0 g+) in hoﬁsonc (20 c.0.) and stabilised
glacial acetic acid (60 c.c.), and the mixture maintained
at 100° for 1 hr. !othan:ol was then added to destroy
excess chromic acid and the solution evaporated to drynes
to give a gummy solid. The product was them worked up
in the usual manner through water and ether. PFive re-
erystallisationa from chloroform-methanol gave 5i8aiff-
-trime thyl-12-~9x0-100-novurs-l4-ene as needles (760 mg.),
Repe. 218-2190°, [C]n -62° (g,8.8)s It gives a yellow
¢clour with tetranitromethane. Light absoxrption:
)..‘.2050 Ao (6= 3,600). The ult:aviolet gpectrum
showed the presence of ca. BX of af-unsaturated ketone
impurity, which could not be removed by crystallisation
or chromatography. (Pound: C,84.B6j H,11.36%.

Coelige® requires: C,M-Mi H,11.89ﬂ). Infra-red
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abgorption (in chloroform solution): Strong band at
1698 om. "

(b) Chromium triexide (3.0 g., ga. 6 mols.) in
glacial acetic aeid solution (:tabﬁ.ind, 160 c.c.) was
afided dropwise with stirring to a aélution of biGai9p~-
~trimethyl -10e-novursa-1g2ilé-diens (m.p. 194°C, 3.0 g.)
in glacial mcetic acid (stabilised, 1.5 1.) at 100°C.,
over a period of l# hours. 3tirring was continued for
a further 6% hours at 100°C, and the solution wes left
to stand at room temperature overnight. Kethanol was
then added €0 destroy excess of the oxidant and the
solution evaporated to dryhess. Water and ether were
then added cud the product worked up in the usual manner.
Crystaullisation of the residue from chloroform-methanol
yielded needles (900 mg.), m.p. 216-2820°C, )‘.“.ssoo A.
(¢ = 7600), which were dissolved in bengene-light
petroleun (3€0 c.c.} 1l:l) and chromatogrephed on alumina
(100 g+)« The product,eluted with the same solvent
(600 ¢.c.), orystdllised from chloroform-methancl to
give 5i8uigp-trimethyl-12:16-dioxp~10c-novurs-l4-ene as
needles (320 mg.), m.p. B24-826°C, [c]n -134° (g,1l.2).
It does not give a coléur with tetranitromethane.

Light absorption: O\ .- 2500 Z. (¢ = 10,600)« (Found:
CoBleB6) H,10.4%, Cgolge0e requires C,82.28; H,10.6%)



Attempted soid 1 oment of 6180198 -Zrine thyl -
~-12-0xg~10a-novurs-14~ene. The PY¥-unssturated ketone
(m.p. 218-819°C, 46 mg.) was dissolved in chleoroform
(2 e.0.) and ancetie woid (b o.c.), @and heated at 40°C

for 1 hour with concentrated hydrochloric acid (1 c.c.)
The solution was then diluted with water and extracted
with chloroform and the extract reje atedly washed with
water, NeHCO, solution and dvied (Neg50.). Upon evapor
ation of the solvent, & solid repidue was obltained whiel
erystallised from chlorofom-methanol as needles, m.p.
217-218°C. It gave a yellow colour with tetranitrometh
Zhe product geve no depression in m.p. when mixed with
starting material and showed no appreciable ultraviolst
absorption above 2200 Z.

Action of Alkali on 6i8ai0f-Irimethyl-l2-gx0-10c-
-novurs-lé-ene. ~ 7The pj-unsaturated ketone (518aifp-
=trime thyl ~12-oxo-l10a-novurs-l4=-ene) (m.p. 218=£19°,
260 mg.) in 5% methanolic sodium hydroxide solution
(200 c.c.) was refluxed for 3 hours. Addition of water
precipitated a solid which was recrydtallised from ague
methanol to give 6:18ai19f-trimethyl 12 -ox0-100-novurs=-13

un-—
-ene as needlea, m.p. 166=167°C, depressed upon admixtu



with a sample of the product obtained from the treat-
ment of 12-ox0-13¢-ursan-3Jf-yl acetate with hydriodie ac
(vee l=zter), [u]n -38° (g,0.9)« Light absorption: )
2600 K. (¢ = 8600).

mal

Qxidution of 618ai9f-Frimethyl -12-9x0~100-noVurs-
~-lé-ene with Chromic Aeid. - Chromium trioxide (112 mg.
in 90¥ ecetic acid sclution (6 c.c.) was added dropwise

to & solution of 6:8aiff-trimethyl ~12~0x0~10G~novurs=14.
~ene (m.p. £18-219°C, 224 mg.) in benzene (3 c.c.) and
acetio acid (stabilised, 1.8 c.0.,) and the mixture heati
\at 100°C for 1 hour. Hethanol was sdded to destroy exe:
Cr0s and the solution evaporated to dryness, and worked
up in the usual way. Crystallisation of the residue
from ehloroform-methanol gave 5:18a:9f-trimethyl-12:16-
~dioxo-1l0c~-novurs-l4-ene as fine needles (93 mg.), m.p.
220-288°C, [1.1.]D -130° (C,0.8) undepreseed upon admixtur
with a specimen of ths product obtained by oxidation of
bigai9p=-trinethyl 100 -novursa-leild-diene with excess

o
chromic acid. Iight absorption: L2600 A. (¢ =10

>\ll.l
12-0x0-15¢-ursan-3f -yl acetate. - (Mclean, 3ilver

stone, and Spring (111)). - A sclution of a-amyrin

acetate (224-226°, 6 g.) in glacisl ecetic wucid (250 o.
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was treated et 100® with 2 mixture of hydrogen peroxide
(100 volz., 30 c.c.) and glaeiel acetic acld (30 o0.c.)
added dropwise during 30 mins. with stirring. Stirring
was continued for 8 further hours at 100° when more
hydrogen peroxide (20 c.c.) !:n ascetic acid (20 c.0.) was
added during 16 mins. Ihe seolution was maintained at
100° for & further 1 hr. and then diluted with water
until faintly opelecscent; =a crystalline so0lid deposited
upon standing overnight which weas collected. After thre
exyastallisations from methanol -chloroforn, 1t gave l2-ox
-l13¢-ursan-3f=yl acetate as small plates, m.p. B0OB=£10°,
(no depression), [GJD + 118° (¢,1.9).

13 -Q0xg ~13u -urgan-3f -yl benzoute was prepnred by =
similaz treatment of a-amyrin bvenzeate (111). It ery-

stallised from meihangl-chloroform aa needles (62X yield
HePeo 818"219.. [G)D + 130° (2.1.1)-

3pile-Diace toxyurs-l2-ene. - A mixture of l2-oxo-
130 -ursan-f-yl acetate (m.p. 208-210°, 1 g.) and freeh
fused sodium acetute (1.0 g.) was refluxed in sagetid
anhydxyide (redistilled, 2C c.c.) for 24 hours. MNost of
the solvent was evaporeted and the residue treated with
. water, ether and worked up as usual. After 3 ecrystallic
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ations from methanol-chloroform, 3f:12-diacetoxyurs-
-l2-sn¢ was obtained as needles, m.p. £64-266° (no

depression with suthentic specimen), [a], + 60° (g,1.8).

pursan-3f-yl Acetate. - A solution of l2-oxo0=-
~l3u-urgan-3f=yl acetate (m.p. 208-810°, 3.0 g.) in
chlosfofomm (16 c.c.) and agetic acid (60 c.c.) weas
treated with coneentrated hydrochloric acid (3 c.0¢) at
40° for 4 hr. The product, worked up as usual, ery-
stalliscd from methanol-chloroform to give l2-oxoursan-
-3p-yl ncotate as plates (l.2 g¢), m.p. 280-2682° (un-
depressed), [ojn + 13° (gy1.4).

6:8a19p-Irimethyl -18~0x0~10G~-novurs-13-gne. -
(a) A solution of laouo-lm-urm-n-ﬁ acetate
(meps 208-210°C, 2.0 g.} in glacial scetic acid (25 ¢.0.)
was refluxed for 16 housrs with hydriodic acid (7 c.0.}
d,1.7): The mixture was diluted with water and extraoted
with ether, the extruct washed with sodium thiosulphate
solution, and evaporated. The residue was orystallised
from aqueous methanol %o give 6i1BaiPp-trimethyl ~12-gx0~
~10¢-novurs-l3-ene as flat needles (400 mg.), m.p. 167~
-168.6°C, [aly -41° (g,1.6), Light afb-oxwuom A aax
2600 A. (¢ 9,000} (Found: ©C,84.91§ K,11.71%.

CaeHe el requiresi C,M.Bil H.ll-”x)o It does not
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give a colour with tetranitromethane.

(b) A selution of l2-0x0~-l3G-ursan-3f=yl bensoate
(meps 218-819°C, 456 g.) in glacial acetic aeid (8 1.)
was refluxed for 16 hours with hydriedic aeid (160 c.c.}
d,1.7)« The mixture was concentrated, diluted with
water, and the product isolated as deseribed in the
previous experiment. 4 solution of the product in
benzene -light petroloum (300 c.ce.j 1i2) was chrowato-
graphed on alumina (1000 g.). Hlution with the same
solvent (4 1.) gave a fraction which after four re-
exrystallisationa from agqueous methanol guve 5:18ai9f-
=trimsthyl-l2-ox0-10c-novurs-13-ene (10.0 g.) &8s flat
needles, m.p. 156-167" alone or when mixed with a
aample of the product prepared in the previous experiment
[e], -88° (g,1.0). Light sbsorpiion: 2610 A.

{¢ 8,600).

(e) A solution of 3f:lg-diacetoxyurs-lg-ene

(mepe 204-266°C, 1.0 g+) in gleeial acetiec acid (16 B.0.)

A max

wae tnétcd with hydriodic acid (8.6 c.0.§ d4,1.7) and
the mixture refluxed overnight. ©The product was worked
up through water and eiher as deseribud befoye. The
seaidue (a pale yellowish gum) wes Ghen dissolved ia
light-petrolews (40-60°C) and filtered through & short
column of alumina, from which the solid product was
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eluted with bensene-light petroleum mixture (317).

The product was arystallised three tiﬁoa from agqueous
methanol to give 518a:9f-trimethyl =l2-ox0-l0a-novurs=13-
~ane (680 mg.) aa flat needles, m.p. 167-168°C which was
not depregsed by tha product described under (a), [c]n
-41° (g,1.8).

{(d) A solution of lE-oxo-ursan-3f=-yl acetate (m.p.
280-282°C, 900 mg.) in glacial acetic sacid (18 c.c.) was
treated with hydriodic acid (3.5 c.c.j 4,1.7) under reflu
for 16 hours. The preduct was worked up as desoribed
under (a). The residue (a pale yellowish gum) was then
dissolved in light petroleun (40-80°C) and filtered
through alumine from which a solid produect (0.28 g.) was
eluted with benzene~light petroleum mixture (3:7). Aftex
four recrystallisations from aquecus methanol, 6i8ai9f-
~trime thyl-lg -ox0~1Ca=-novurs~-l3-ene was obtaeined aas flat
needles, mo.pe. 1566-169°C undepressed upon admixture with
a sample of the product prepared under (a)j [n]D -59°
(g9leB)e

Oxidation of 5:8c19p-Trimethyl -12-gx9-10¢-novurs-
~13-gne with Chromic Aeid. - Chromium trioxide (4.8 g.)
in 90% ecetic eeid solution (656 c.c.) was added in portic

to & solution of 5i8ai9f-trimethyl ~12~-oxX0=100=-novars=13=-



-ene (m.p. 156=-187°C, 8.0 g.) in glacinl acetic acid
(stabilised, 680 c.c.), and the mixture stirred at 956°C
for 1 hour. Methanol was then added and the solution
evaporated to drynesa., Yater and ether were then added
and the product worked in the usual way. The residue

(a reddish gum) was then dissolved in bengene-light
petroleum (40-60°, 317) and chromatographed on an alumin

column (1" x 1g"):i=-

; Wt.of Frac
Yolune Eluent Besidus  _Ng

200 ml. Benzene-Light Petroleum (3i17) 2.6 g. 1 an
500 ml. Benzene -Light Petroleum (131) Q.84 g« 4 -
200 ml. Bengzene -Light Fetroleum (1lil) ©.09 g 9 an
300 ml., Benzene~-Light Petroleum (431) 0.12 g 16 -

Fractiona 1 pnd 2 were combined and crystallised from
me thanol to give yellow needles which, upon repeated re-
crystallisation from the same solvent gave 0:8ai9f-tri-
methyl-12:16~dioxo~-100-novurg~13-ene as flat yellow
neodles, m.p. 176-177°C, [a] + 86° (g,2.7). Light
absorptions )\mcazso 2. (¢ = 3400) and )\.“.2760 Z.
(¢ = 8000). (Found: C,82.14§ H,10.51%. CaelqeOu
requires: C,B2.13} H,10.567%).
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Fractions 4-8 were combined and cryetallised from
agueous methanol %o give orange flat needles which re-
quired several recrystallisations from the same solvent
to give pure 6i18ai9f~trimethyl-ll(oxr 16):l2:1l6-trioxo-
-l0G¢-novurs-l3-ene as long flat orange needles, m.p.
182-185°C, [a]l; + 214° (g,1.8). Light absorption:

Aoy, 2220 £¢ (¢ = 4600) and )\ .. 8990 A. (¢ = 5600).
(Found: C,79.40) H,9.93%. CgoHeaOs requiresi: C,79.6C
H,9.80%) .

Fractions ® and 10 were combined and crystallised f
agqueous methanol to give dark yellowish needles. After
8ix recrystallisations from the same solvent was obtaine
b18ai9f-Srimethvl ~12:16:16(or 11) -tirioxo-~10u-novurs-13-¢
& yellow-orange needles, m.p. 228-230°C, [e.]D + 378°
(9,0:8) . Light absorptiont A pax, 2220 A. (¢ = 3600) ar

A nax.2960 A. (¢ = 6000}, (Pound: C,79.90; H,10.08f.
CeoHeeOs reguirest 0,79.60; H,9.80%).

From fractions l6-18 was obtuined a very small
quantity of crimson-red prisms, m.p. 192-194°, after
cryastallisation from agueous methanol, and which were nc

further examined,
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Oxidation of 516ai9p=Ir
-novurs-l13=ene with Chromic Aeid. = Chromium trioxide
(200 mg.) in acetiec acid (6 oc.c¢.) was added portionwise
to a solution of biBai9f-trimethyl-12t16-dioxo-10a-novur
-l3-ene (m.p. 172-174°C, 120 mg.) in glacial acetic acid
(stabilised, 20 ¢.0.) and the mixture stirred at 96°C

hyl=18116-dioxo-10G-

- for 1 hour. The produet was isolated in the manner des-
ceribed in the previous (Cr0g-oxidation experimenta, disa-
olved in bensene-light petroleum (1lil) and filtered
through a short column ¢f alumina. Crystallisation of ¢
residue from aqueous methancl gave biBai9f-trimethyl-1l
{or 16):12:16~trioxo-10c-novurs=-13-ene as flat orange
needles (30 mg.), Mm«ps 178-180°C. (no depression).

Ireatment of 5:8ai9f~-Trimethyl ~12 ~0x0~100-novurs-13
-sne with Alkali. - (a) A solution of 6i18aiff~-trimethy

~12-9x0=-10a-novars-13-ene (m.p. 163-1656°C. 100 mg.) in &
methanolic solution of sodium hydroxide (100 c.c.) was 2
fluxed for 3 hours. The product was then worked up in t
usual way through water and ether to give a gumny residu
. which produced a small amount of a yellowish-white
amorphous solid upon treatment with mgqueous methanol.
When the mother-ligquors were concentrated, flat needles

(32 mg.) were obtained, m.p. 144-148°C. After three



recrystallisations from agqueous methanol flat needles
were obtained, m.p. 165-166°C undepressed dy the astartin
material.

(b) A seclution of 518ai19f~-trimethyl ~12~-0x0~10a -ngvur
=l3-ene (m.p. 1563-166°C. 200 mg.) in 10% ethanolic pot-
assium hydreoxide solution (150 c.c.) was refluxed for 3
hours. The product, isclated in the usual way, crystall
from agqueous methancl as flat yellow needles (104 mg.), |
166-160°C. whioh, after 3 recorystallisations from the aa
solvent gave flat yellow needles, m.p. 170-1?2’0.,[a3n'¢
(g,8.4). Light absorptiont )., 2260 . (¢ = 2800) and
A max 2760 A+ (¢ = 7000).

The product gave no depression in m.p. when mixed with a
specimen of 5i18ai9p-trimethyl~l2116-dioxo-10a~-novurs=-135=-
-ene.

(e) Hhepetition of the above experiment using 20§
ethanolic potassium hydroxide solution, gave the same
result.

Reduction of 5i18ui9p-Irimethyl -12-9x9-100-novurs=-13
-ene with Lithium Aluminium Hydride. - 4 solution of
638019p-trimethyl ~l2~oxo-100-novurs=l3-ene (m.p. 164-166

1.0 g) in dry ether (200 ¢.c.) was added dropwiase to a
sugpension of lithium aluminium hydride (1.0 g.) in dry
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ether (200 c.c.), the mixture refluxed on the steam-bath
for 2 hours, and sllowsd to stand overnight at room
temperature, ¥Yater was then cautiously added and the
product worked up in the usual manner. Upon evaporation
of the dry etherealextract a colourless gum-golid nass
(0.68 g«) was cbtained, which upon erystallisation from
chloroform-methanol gave needles and prisms me.p. 142-148°
A portion of this produet (300 mg.) was purified by
chromatography whereby a fraction (168 mg.) was eluted
with benzene-light petroleum mixture (1:l). After
several recrystallisations from chloroform-methanol small
prisme (changing inteo needles upon standing) were obtaine
m.p. 166-166°0C., [“]D «77° (g,8:.0). This product gave a
yellow colouration with the tetramnitromethane reagent.
Light absorptions )\m.noo ;. (¢ = 5300}, (Founds
C,B83.:7} H,11.75%. CgseHse0 requires: C,B84.44} H,11.81%)
CooHso03Me0H requires: ©,83.63} H,11.76%).

bi1Ba:9p-Irimethyl -10c-novursc-1gilée-diens from the
Lxroduct of Lithium Aluminium Hydride Heduction of 6518ai9f
-Irimethyl -12-gxp~-l0a-novurs-13-ene. - (a) The mixtux
obtained in the previous experiment by lithium aluminium
hydride reduction of the af-unsaturated ketone (100 mg.)

was dissolved in chloroform (2 c.c.) and glacial acetic
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acid (20 c.c.), then heated on the steam-bath for £ hour
with concentrated hydrochloric aecid (1l c.c.). On coolim
& crystalline solid separated, which was collected, wash
and dried (80 mg.). After two recrystallisetions from
chloroform-me thanol it gave plates, m.p. 196-197°C. whiel
were ahown to be 5318ai9f~-trimethyl -l0a-novursa-lgils-die;
(l-c-amyradiene) (no depreasion in m.p.)} [a]D -112°
(c,2.8)." It gives an orange-brown colouration with
tetranitromethane. Light absorption: )\ nax.2340, 2410
and 2600 A. (¢ = 16,200, 16,400 and 10,000},

(b) The mixture of alecohols obtained by lithium alum
inium hydride reduction of the af-unsaturated ketone
(66 mge.) was treated with pyridide (2 ¢.c.) and acetic
snhydride (2 c¢.c.) and heated on the steam-dath for 1 ho
The product, isoleted by working up in the usual mannerp,
was crystallised several times from chloroform-methancl
yield 5:8ai9p-trimethyl -l0c-novursa-12il4-diene (30 mg.)
Mepe 194-196°C. (undepressed) [s]D -111° &g,ﬂ.el.
Light abaorption: )\m.cuo, 2410 and 2600 A. (¢ = 15,3
16,000 and 8,800).

Attempted reduction of 6i8ciff~-trimethyl-lR:115~-diox

~l0a-novurs-l3-ene with Zine in Ethanol. ~ A solution o

biBat9f-trimethyl-12116-dioxo~-10G-novurs=-13-ene (m.p,
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176-176°C. 90 mg.) in ethansl (10 c.c.) was refluxed wit}l
freshly activated sinc dust (0.5 g.) for 6 hours. The
solution was filtered and evaporated to give a residue
which erystellised from methanol to give yellow needles
(72 mg.), mep. 170-173°C., [a] + 84° (g,1.1). The
product showed no depression in m.pe. upon admixture with
the atarting material.

Reduction of §:18ai8f-Trimethyl-12116-di0x0-100-novu.
-13-ene with Zinc in Acetic Acid: The Alconol CgoHeeOst-

(a) A soluticn of 5iBaidp=-trimethyl -12:115-dioxo-10a-nown
~l13-ene (m.p. 176-176°C. 400 mg.) in glacial acetic mecid
(10 c.c.) weas refluxed with freshly activated zine (2.0 4
for 30 minutes. The colourless solution was then £iltexr
off, treated with watexr and ether in the usual manner.
Upon evaporation of the dry ethereal extract, a pale
yellowish gum was obtained which ylelded a crop of rhomb:
plates (2€0 mg.), m.p. 199-204°, on crystallisation from
agqueous methancl. After eight recrystallisations from
the same solvent rhombic plates were obtained, m.p.2l4-2:
[a]D -39° (g,2.1) giving & yellow-brown colour with tetr:
nitromethane in ohloroform. Light absorptioni) ... 208!
(¢ = 6000). (FPound: C,81.63} H,11.04%. Cgelee0s
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requires: C,81.76; H,10.98f). Infra-red spectrum in
Nujol showed bands at 3300 and 1690 cm.

(b) The above experiment was repeated in an atmosphe:
¢f nitrogen. The product was identical with that des-
orived above.

Agetylation of the Product from Zing-icetic Acid
Reduction of &i18ai9f~trimethyl-12:156-dioxo-10c-novurs-
~13-ene! The Acetate CygHpeOs« ~ The aleochol(m.p.
£212-214°C., 70 mg.), obtained as described in the previov
experiment was dissolvad in pyridine (1 c.c.) and treated
with acetic anhydride (1l c.c.) at room temperature over-
night, The reaction mixture was then diluted with water,
extragcted with ether and worked up in the usual manner.
The residue was corystallised from agueous methanol to
give needles, m.p. 130-134°C., which, after several re-
erystellisations from the same solvent, yielded the
asoetate Cuellse0sy mep. 143-144°C., [a], -38° (g,0.98).
It gives & faint yellow colour with tetranitromethane.
Light nbserptionl)\m.aoeo & (6 = 4800). (Found:
Cy79.7) H,10.6%. CygHzo0s requirea: C,70.62) H,10.44%).
Infra-red gpectrum in Mujol showed bands at 1764, 1720
and 1240 em.”" ;
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Oxidation of the IFroduct from Zinc-Acetic Acid
fleduction of 5:8ai6p-Irimethyl -123156~dioxp-10u-novure-
-l5-¢né. - A solution of the alecohol (m.p. 212-814°C.

490 mg.), in glacial acetic acid (50 c.c.}, was treated
with chromium trioxide (100 mg.} 1 oxygen atom) in a 90%
acetic acid solution (6 e.c.), and left at room temp-
erature gvernight and then heated on the steam~bath for
15 minutes. Isolation of the product in the usual
manner followed by three crystallisations of the residue
from agueous acetone gave 618a:i9f-trimethyl-l12:16-dioxo~-
-10c-novurs=-13-ene (126 mg.) a8 yellow needles, m.p. &nd
mixed m.p. 176-176°C., Light sbaorptiom)\m.ﬁ'leo ;.
(¢ = 8000).

Ireatment of the Acetats C . lge0s with Alkali. -
The acetate (m.p. 143-144°C., [«.]D -38°, 230 mg.)
obtained by acetylation of the reduction product from
bi1€aig9f-trimethyl-12110 ~dloxo-10c~novura-13-ene wea
refluxed in an ethanolic potassium hydroxide solution
(1%, 100 c.ce) for 1 hour. Ilsolation of the produet in
the usual meanner, followed by two crystallisations from
agueous me thanol gave $i18ai9p-trimethyl~1l2ilb-dioxo-
~l0a-novurs~l3-ene (136 mg.) as yollow needles, m.p. and
mixed m.p. 174-176°C., [GJD + 86° (g,1.3)+ Light ab-
sorption: Max. at 2760 A. (€£=8000).
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Ireatment of the ilcohol CacHesO with Hydrochlorie
Agid. - The alcohol (m.p. 212-814°C., [o.]D =39°, 80 mg.

obtained by zinc~acetic acid reduction of 616ciI9p~-tri-
methyl-12:115-diox0~-10a-novurs-13-ene was dissclved in
ehloroform (2 c.c.) and glacial acetioc acid (10 c.c.)
and treated with concentrated hydrochloric acid (2 c.c.)
at 100°C. for 2 hours. The product was isolated in the
usual manner, to give yellow needles (33 mg.), m.p. 146-
-148°C., on orystallisation from agueous methancl. Five
recrystallisations from the same solvent gave the dienon
CuoHeoO, 88 yellow needles, m.p. 154-156°C., [c]D + 18°
(e,2.8). It gives a yellow colour with tetranitromethan
Light absorption:) .. 2080 and 3220 A. (¢ = 6250 and 66
(Found: C,84.63; H,11.2%. Cgolige0 requires: C,85.2}
H,11.0%).

Ireatment of the Agetate Cg.Hge0, with Hydrochlorie
Acid. - The acetate C, ,Hge0; (m.p. 143-144°C., [c]n-se'

120 mg.) was dissclved in chlorofom (2 ¢.0.) and acetic
acid (16 ¢.¢.) then heated on the steam-bdath for two
hours with concentrated hydrochloric acid (4 c.c.). The
product, isoleted in the usual nanner; was crystallised
from agqueous methanol to give yellow needles (40 mg.),
m.p. 149-161°C. which, after several recrystallisations
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gave the dienone Cgiolige0, msp. 154-165°C, (no depression
[a]D +18° (g,1.1).

G-Amyrin Methanesulphonate. - To a solution of

c-gnyrin (3.0 g+) in dry pyridine (17 c.0.) was added

me thanesulphonyl chloride (redistilled, b.p. 163°,

l.7 sece.) and the mixture allowed to stand overnight.
The dark-reddish product was treated cautiously with a
little water, then poured into excess water. The gummy
precipitate, which hardened upon standing for approximat
16 min., was filtered and washed with water and methanol
It was then repeatedly recrystallised from methanol to
give u-amyrin methanesulphonate as hexagonal plates,
m.p. 120° (decomp.), [G]D +71.6 (8,3.0). For meayl a-
-amyrin, Holler and Hearst (77) give m.p. 116-118°. It

gives & yellow colour with tetranitromethane.

Irentment of u-Amyrin lMethanegulphonate with
ridine. = (a) A solution of G-amyrin methanesulphona

(mepe 120°, 1.0 g+) in pyridine (50 ¢.c.) was refluxed
for £ hours. The solution wes then evaporated to drynes
under reduced pressure, the residue treated with water
and extracted with benzene. 7The extrgct waghed with

water, dried (Na,50,) and evaporated. The residue was
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repeatedly reerystallised from methanol to g:.vi plates,
m.p. 119-120°, [G)D +7e® (9_,2.8), undepressed by the
starting material. In another experiment, in which the
reflux time was extended to 6 hours, starting material
wes again obtained.

(b) a-Amyrin methanesulphonate (1.0 g.) was refluxed
in pyridine (50 c.c.) for 17 hours and the product was
worked up as in (a) to give e colourless gum which upon
standing for several days under methanol-ucetone, gave an
amorphous solid which, in view of its intractable nature
was not further investigated.

(e) e-Amyrin methanesulphonate (0.6 g.} waes dissolved
in pyridine (86 c.c.) and the sglutieon refluxed for 48
hours, then worked up as in (a) %o give a gummy residue
which was diuqlved in light petroleum (b.p. 40-60°}) and
chromatographed on alumina. A fraction (70 mg., 14% yiel
was eluted with light petroleum and after 6 erystallisati
from scetone gave 8:10il4-trimethyl-6f-novurse-4(23)il2-
-dicne (e-amyradiene-IV),us prismetic needles, m.p. 126l
[n.]n +149° (g,1.7). It gives a yellow colouf with tetra-
nitromethane. Light abnor;ptium)\m.emo A«, & = 3800.
(Foundi (,88.2§ H,11.98. Calculated for Cgellye: C,88.%
H,11.8%). For a-amyradiene-IV, Holler and- Hearst (77)
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give m.p. 129-131°, [e], +148°.

(d) Refluxing ¢-amyrin methanesulphonate in
pyridine for 72 hours and for ¢ days, and working up as
desoribed before, gave respectively 34 and 0¥ yields of
8110114 -trime thyl -6¢ -novarsa-4(23) t12-diene.

(e) A solution of a-amyrin methanesulphonate (300 mg
in pyridine (30 c.c.) was heated in an autoclave at 210°
for 18 hours. The product, worked up as described above
gave G-amyrediene-IV (130 mg., 43%), m.p. 119-121°,
which after 3 reorxystallisations from acetone gave &
pure specimen, m.p. 126-187°, (a]D +147° (c,1l.1).

Treatment of 8:10314-Irime thyl-6f-novurea-¢(23)112-
-dione (-gmyradiene-IV) with liydreohloric igid. - A
selution of a;nmyx‘adiene-lv (meps 124-126°, 200 mg.) in
chloroform (6 c.c.) and glacial acetic acid (80 c.o.)
was treated with concentrated hydrochlorie acid (10 c.c.
under reflux overnight. The pm duet, worked up in the
usual way, gave & brown gum which was dissolved in light
petroleum (40-60°) and chromatographed on alumina. Ligh
petroleum eluted a fraftion (68 mg.) which was crystalll
from methanol-chlorofoim to give needles, m.p. 148-160°.
After & recrystallisations from the same solvent, it
guve Sl&lﬁﬁ-trmthyloloa-novura-12llc-diene (l-a.-
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-smyradiene) as small flat needles, m.p. 190-192°,
(undepreassed), [c]n «108° (g,0.8). It gives an orange
colour with tetranitromethane. Light absorption:

8340, 2410 and 2600, ¢ = 15,000, 16,8000 and 10,000
Treatment of c-amyradiene~IV (100 mg.) with tri-

Pmax

chlorcacetic acid (100 mg.) in chloroform (2 e.c.) at
room temperature, gave a yollow gum, which failed to
give a solid after chromatography.

Ozonolysis of 8:10514~TIrimethyl-65-novurse-4(23):le-
-diene. - A solution of c-amyradiene-IV (m.p. 124-6°, O

in dry chlorofom (100 c.c.) was treated et -40° with
ozone (l.2 mols.). After attaining room temperature, the
mixture was stirred with zinc dusat (1.6 g.) and acetic
acid (26 e.c.) for 1 hour. The filtered solution was
washed with water (3 x 260 ¢.c., see later), the chloro-
form removed under reduced messure, and the residue
dissolved in light petroleum (40-80°) and chromatographed
Light petroleum (100 c.c¢.), eluted unchanged a-amyradiene
-IV (113 mg.). The fraotion (118 mg.) eluted with
benzene-light petroleum (l:4, 260 c.0.) was reerystallise
gix times from methanol or aguecua methangl to give the

methyl ketone, Cgellee0, as flat needles or hexagonal
plates, m.p. 161-162°, [a], +139.6° (g,0.96). It gives
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a yellow colour with tetranitromethans. Light
absorptiont A . 2060 X., ¢ = 4500. (Pound: C,84.55}
5,11.471. Caelee0 requires: C,84.8; H,11.3%).

Iho water washings (abeve) were adjusted to pH7
by addition of aodium bicarbonate, and the aolution
distilled. The first fraction (160 c.c.) was tieated
with a cold saturated solution of dimedone in water and
the mixture allowed to stand at 0°C overnight. The soliad
deposited was 1solated and recrystallised from aqueous
me thanol to give dimedone formaldehyde aa needles,

{44 mge) m.p. 186-189° (no depression with an anthentic
preparation).

sction of Hest gn o-imyrin Xethenesulphonate. -
Dry e-amyrin methanesulphonate (m.p. 119=120°, 0.6 g.)

was heated on the steau-bath for 3% hours. The dark
red-brown mags was then taken up in ether, r.c,natodly.
washed with water, dried and e vaporated. The residue
crystallised f rom methanol-gchloroform to give 6518ai19p-
~trime thyl-l0a-novursa-lgilé-diene, (l-a-amyradiene)

(410 mg.), a8 long plates, m.p. 186-188°, which after
one crystallisation gave s pure specimen, m.p. 194-1956°
(no depression), [e]n «-112° (g,1.9). It gives an orenge

'eolour with tetranitromethane.
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Ireatment of c¢-amyrin with Methanesulphonyl

Chloride. - To a solution of dry P-amyrin (3.0 g.)
in dry pyridine (17 ce.c.) was added methanesulphonyl
chloride (redistilled, bep. 163*, 1.7 ¢¢0e)e The red
solution was allowed to stand at rcom temperature over-
night, treated with a little water to destroy exceas
reagent and then poured into a large excess of-w@tor.
The brown gum guickly transformed inte a white solid whie
was separated by filteration, repeatedly washed with wate
and dried. A solution of the pm duect (2.79 g.) in
bengzene-light petroleun (1:9, 10C ¢.0.) was chromato-
graphed. A fragtion (960 mgs) eluted wi th the same
solvent, was given seven recrystallisations from acetone
to yield gleana-gil2-diene (p-amyradiene-II) as flaf
needles, m.p. 146-148°, [GJ’ +138° (g,R.0). 1t gives &
yellow colour with tetranitromethane. Light absorption:

A pax. 2070 I. (¢ = 4400). (Pound: C,88.38; H,l1l.86%.
Caleculated for OyoHis? ©€,88.16} H,11.84%). PFor
p-amyradiene-II, ¥interstein and Stein (72) give,
m.pe 148-150°, [GJD +1358°.

Ireatment of P-amyrin with Thosphorus Pentoxide. -
(a) P-Amyrin (0.6 g.) wos dissolved in benzene (26 ¢.0.)

and an excess of phosphorus pentoxide was added with
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swirling. The solution guickly assumed a reddish-orange
colour and hardened into a gel. After standing for 24
hours at room temperature, the mixture wes diluted with
water, the layers separated, and the washed benzene
solution dried (Ney,50,) and evaporated. A yellow gum
which failed %o give any oryetalline material was ob-
tained. Iight adsorptiont Am.zovo and 2420 z. (¢ =
4500 and 4400).

(b) P-Amyrin (0.5 g.) in dry ether (30 c.c.) was
shaken with phosphorus pentoxide (0.6 g.) for 24 hours
and allowed to stand at room temperature for a further
16 hours. The product,worked up in the usual manner,
gave a gum which, upon chrometography, gave moat of the
starting material (benzene-ether, l:1) and a small
quantity of ar uncrystallisable gum.

Ireatment of P-Amyrin with Hydriodic Aeid. - A
solution of P-amyrin (2 g.) in glacial mcetic acid
(26 c.c.) was refluxed for 2 hours with hydriodic aecid
(8 c.0ej 4,1.7} freshly distilled from hypophosphorous
acid). The mixture was then diluted with water, extracted
with ether and the extract repeatedly washed with water,
sodium thiosulphate solution, sodium bicarbonate solution,

dried (Na,50,) and evaporated under reduced pressure. The
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residue, an uncrystallisable gum, showed & single maximal
absorption at 2070 2-, in the ultravielet region.
Repetition of the experiment for 4 hours gave a gum,
the ultraviclet apectrum of whioch revealed a maximum at
2160 :., and a triplet maximum at 2420, 2600 and 2680 ;.
Repetition of the experiment for 6 hours gave again
an unorystallisable gum which showed a single maximal
absorption at 2070 2., in the ultraviolet region.
Repetition of the experiment for 16 hours yielded ar
amorphous solid, m.p. 110~146°C., which failed to give ar
pure producet upon repeated erystallisation or upon chrous
graphy and was not further examined.
Light ebsorption: Max. at 2100 :.

8110414 ~Trime thyl -6t -novoleans-3(4):l2-diene (p-
-Amyrilene~I). - Pf-Amyrin (6.0 g.) was added portionwise
t0o a suspension of phosphorus pentachloride (3.2 g.) in
dry light petroleum (b.p. 60-80°C.,, 40 c.c.), the mixture
shaken for 30 minutes and filtered. The filtrate was
washed with warm water, dried (Ney50,), evaporated, and
the residue crystallised from acetone to give 8il0i1l4-
~trimethyl -6¢ -novoleana-3(4)il2-diene (p-amyradiene-I),
m.p. 167-170°C., [e]  +110° (g,1.8). " Light absorptiont

o -
N max.2080 A. (¢ = 9200). It gives a yellow colour witl



tetranitromethane. (Found: C,88.5§ H,12.0%. Calc.
for Cgelee? C,88.2; H,11.8%).

For p-amyrilene-l, Vesterberg (68) gives m.p. 176-
~178°C., [GJD +110° (in bensene)} Rusicka, 3ilbermann
and Furter (70) give m.p. 173-176°C., and ¥interstein
and 3tein (72) give m.p. 1Y0-175°C.

Ozonolysis of 8:10:14-Trimethyl-6&-novoleana-3(4):1e
-diene. - A solution of 8:10:1ld-trimethyl-5-novoleana=

-3(4):l2-diene (m.p. 167-172°., 1.0 g.) in chlorofom
(200 c.0.) was treated at -40°C. with ozone {(l.2 mols.).
After attaining room temperature, the mixture was atirred
with ginc dust (3.0 g.) and glacial scetic acid (60 o.0.)
for 1 hour. The filtered = lution was wasghed with water
(3 x 500 c.c., aee later), the chloroform removed under
reduced prossure, and the residue dissolved in light
petroleun and chromatographed. Light petroleum (100 o.c.
eluted unchanged starting material (263 mg.).

The fraction (427 mg.) eluted with benzene-light petroleu
(Li4, 300 c.c.) was recrystallised five times from chloxe
forn-methanel to give the ketone CgueH s0 as plates, m.p.
192-194°C., [a]D +215° (g,2.7). It gives e yellow colows
with tetranitromethane.
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Light abaorption: A m.m 2.. (¢ = 8%00)s (Found:
Co85.05§ Hyl0.83%. Cgoll 0 requiress C,84.76§ H,11.00%)
The water weshings (above) were sdjusted to pHY
by addition of sodium hydrogen carbonate, and the solutic
distilled. The first fraction (850 c.c.) was treated wit
214-dinitrophenylhydrazine hydrochloride solution to give

acetone Zid4-dinitrophenylhydrusone (ll7 mg.) as long
orange blades, m.p. 123-126°C., which was not depressed
upon sdmixture with an suthentic specimen of the compown

Irestment of 8:10:14-Trimethyl-Sknovoleena=-3(4):12-~
-~diens with Boron Irifluoride. - A solution of 8il0:l4.

-trimethyl -6&-novoleana-3(4)il2-diene (m.p. 167-172°C.,
260 mge) in glacial acetic acid (200 ¢.0.) was refluxed
with boron trifluoride-acetic acid (3 c.c.) for 72 houre.
i‘m’ solution assumed a light reddish-brown colour, which
changed to deep green upon cooling. Water and ether were
then added and the product, isolated in the usual manner,
was a dark gum which failed to give any orystalline soli
The ultraviolet spectrum showed ill-defined maxima at
8130 and 2500 A. :



n+-3(6)3112-diene, (p-

(a) PeAnmyrin (2.6 g.) was added
portionwise to a suspension of phosphorus pentadhloride
(1.6 g«) in dry light patroleum (dbep. 60-80°C., 15 c.c.)
in 8 flask fitted with 2 drying-tube with continuous
shaking for 1 hour. After all the solid was in sclution

the flask was stoppered and sllowed to stand for 24 hour
The solution was then treated with water and worked up i
the usual wey. The dried (Ne,350,) solution was evaporat:
t0 give a colourless gum which gave plates (l.l g.) from
me thanol -chloroform. After four recrystallisations from
the same solvent 8:10:l4-trimethylnovoleana~3(5)112-dien:
(p-amyrilene~II1I) was obtained as plates, m.p. 102-104°C
[a]D +120° (g,1.8)c It gives & yellow colour witf
tetranitromethane. Light sbsorptiont A,.. 2090 A.
(¢ = 9000).

For p-amyrilene-I1l, Dieterle, Brass and 3chaal
(92) give m.p. 103°C.

(b) A mixture of 8il0ilé-trimethyl-bf-novoleana~
-3(4):l2-diens (m.p. 167-172°C., 0«6 g.) and trichlore-
agetic acid (0.6 g.)iwaa dissolved in dry chloreform
(6 esc.) and allowed to stand at room temperatuee for 1

hour. The sclvent was then removed under yreduced pressu



without heating. The pale pink erystalline so0ligd,

which gave & deep violet melt upon heating on the steam-
-bath, was taken up in éther, repsatedly washed with
water, dried (NagSO,) and svaporated. The residue cry-
stallised from chloroform-methancl to give 8:110314-tri-
methylnovoleana=-3(5)il2-diene as platea (0.18 g«), m.pe
96-97°C. After several recrystallisations from the same
solvent the pure compound was obtained, m.p. 108-104°C.,
(no depression), [a]; +116° (g,2.1).

Attempted Isomerisation of 8110114-Ix thy ]
-3(6)il2-diene (P-Amyrilene-III). = (a) A solution of
8:10:11é~-trimethylnovoleana-3(6)slg~ddene (me.p. 100-112°C
1.0 g.) in ehlorefom ( 6 c.c.) and ascetic acld (20 c.c.
was treated with concenitrated hydrochloric acid (8 c¢.c.)
at 100°C for perieds of 2, 4 and 6 hours. After each
trectment, the produet was worked up in the usual manner
and in all cases unorystallisebls gums were obtained, al
of which gave & red brown colour with tetranitromethane.
The ultravicletl speciium showed, in all cases, nexima at
OY0 A., &nd triplet mexina st 2420, 2680 and 2680 A.

(b) A solution of the diene (above) (0.4 g«) in chlo
form (18 c.c.) and acetie acid (120 c.c.) was refluxed
overnight with concentrated hydrochloric aecid (20 cecs)s
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The product, isoclated as usual, was a yellowish gum
which failed to give any solid, gave a red-brown tetra-
nitrome thane test. Light absorption: Max. at 2070 Z..
- and & triplet max. at 8480, 2480 and 2680 Ae

(e) The gummy product from the previous experiment w
again treated with concentrated hydrochloriec acid in ohl
form-acetic acid solution, under reflux for 24 hours wit
further addition of concentrated hydrochloric acid at
intervals. Again an uncrystallisable gum was obtained,
and the ultravioclet spectrum revealed a single maximal
absorption at 2070 Z.

11-0x9-olean-l2-en-3f~-y1 Acetate. - A solution of
p-amyrin benzoate (30 g.) in boiling acetic acid (stabil
1,6 1.) was treated with a solution of chromic anhydride
(30 g«) in 90X mocetic acid (stabilised, 600 c.c.) added
dropwise during 1l hr. LHefluxing was continued feor Iﬁ’h:
and the solution then treated with boiling water added
portionwise with stirring until a erystalline solid
appeared. After standing overnight, the sclid was colle
washed and dried (18 g«), PFour crystallisations from
me thanol chloroform gave ll-oxo-olean-lZ-en-3f~-yl benzoc

as prismatic needles, m.p. 269-271° (undepressed), [a],
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A solution of ll-oxo-0lean-lg-en-3f-yl benzoate
(above, 12 g.) in benzene (100 ¢.c.) and ethanolic pot-
essium hydroxide (14 g. KOH, 20 c.c. water and 230 c.o.
ethanol) was refluxed overnight. The produect isolated i:
the usual menner, was acetylated (100 c.c. erch of
pyridine and acetic anhydride) at room temperature over-
night, worked up, and the product crystallised from
methanol=chloroform to give ll-oxo-olean-lg-en=3f-yl
acetate as needles, m.p. £60-262° (undepressed), [¢]D*111
(g,0.74).

6518114 ~-Trime thyl -11-gx9-18a-novoleana-9(10)ile-
-diene. - A solution of ll-oxo~olean-lZ-en~3f-yl aceta

(m.p. 260-6R2°C., 2.75 g.) in glaocial acetic acid (46 c.
was refluxed overnight with hydriodiec acid (10 o.c.j 4,1
The resultant solution was then diluted with water, extr
with ether and the extresot repeatedly washed with sodiw
thiosulphate solution and water, dried (Nay,30,) and eva-
porated. The residue (yellow gum) was then dissolved in
light petroleun (b.p. 40-60°C.) and filtered through an
alumine column. Unerystallisable gums were obtained
before and after the product was eluted with benzene-
~light petroleum mixture (3:2) to give needleas (0.7 g.),

m.p. 182-186° from chloroform-methanol. After four re-



- 144 -

crystallisations from the same solvent, 6:18:l4-trimethyl -

=11 -ox0-1l8a-novoleana=-9(1l0)tl2~diene was obtained as

needles, m.p. 191-192°C., [a.]D +122° (g,2.7)e It gives
no colouration with tetranitromethane., Light absorption:

'}\‘u.aoeo, 2660 and 2870 x. (6 = 6,800, 10,700 and 9,30(
(Found: €,85.3} H,11.3%. Cgolee0 requires: (,85.2j%
H,11.0%).

The product showed no depression in m.p. when mixed
with a specimen of the product obtained by a similar
treatment with hydriodie aeid of ll-oxo-l8a-plean-l2-en-
-3p=yl acetate (95).

Reduction of 6:181l4-Irimethyl~ll-gxo-l8a-novoleana-~

=9(10)t12-diene with Lithium Aluminium Hydride. - A
solution of 618:l4-trimethyl -1l -oxo-18a-novoleana-9(10) :1s
~diene (m.p. 188-190°C., 0.7 g.) in dry ether (200 c.c.)
was added dropwise to a suspension of lithium eluminium
hydride (0.7 g.) in dry ether (200 c¢.c.), and the mixture
refluxed for 2 hours. The product was worked up in the
usual meanner, and the residue dissolved in light petrolew

(bep. 60=-80°C.) and chromatographed on an alumina columni

Volume. Eluent. Weight. Fractio:
300 ml. Light petroleum 147 mg. l -6
100 ml, 9 - 33 Mg . 7 and |

6560 ml. Benzene-light petroleum (1:9) 464 mg. 9 - 21



- 145 =

Fraotions 1-6 were combined, and after repeated
erystallisations from methancl-chloreform, 65:8:14-txri-~
me thyl -18a-pnovoleana~-9(10):le~-diene was obtained as
metted needles, m.p. 1l61-168°., [a]D +101° (¢,0.86).
It gives & yellow colour with tetranitromethane.

Light absorption: A . 2080 A. (& = 10,500). (Found:
CoB88.0} Hyl2.0%s CgoHee requires: C,88.2) H,11.8%).

Fractions 7 and 8 were not further examined.

Fractions -2l were combined and after several
erystallisations from chloroform-methancl, 65i181l4-tri-
methyl -novoleana-9(10):11:13(18) -triene was obtained as
needles, m.p. 136-136°C., [n]D ~400° (g,1.8).

It gives a red-brown colour with tetranitromethane.
Light absorption: AN.B“O. 2960 and 3080 I. (¢ = 31,0
36,000 and 25,400). (Pound: C,88.9j H,11.7%.
CeoHee requirest C,88.6; H,11l.4%).

The product was not depressed in m.p. when mixed
with & dpecimen of 5iBi1l4-trime thyl-novoleana~9(10)31l
13(18) ~triene prepared by treatment of oleana-9(ll):lg-
-dien-3f-01 with phosphorus pentoxide in benzene (85).

Wolff-Kishner Reduction of 5#8i14-Trime thyl-11-0x0-
-l8a-novoleana-9(10)il2~-diene. ~ The oxodiene (m.p.
188-190°, 500 mg.) was treated with sodium methoxide
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solution in methanol (from 0.5 g§. sodium and 85 e.c.
methanol) and hydrazine hydrate (1005, 6 c.0¢) in an
autoclave at 200° for 18 hours. The product was worked
up in the usual manner to give a residue which was diss-
olved in light petroleum {(40/60°) and chromatographed.

A fraction (380 mg.),eluted with light petroloum gave,
after five reorystallisstiions from ehiaroform-methanol,
6i18i1le~-trime thyl-l8a-novoleana-~9(10):112~diene as matted
needles, m.p. 160-161° {(no depressionj, [c]D + 100°

(gy,1:8)¢ It gives a yellow colour with tetranitromethane.

8110814~Irimethyl -6t -novoleana=-3(4 or 6)19(11):12~
~triene. « Oleana-0(ll):l2-dien-3f-0l (p-amyradiencl-I)
(0.8 g.) was added portionwise to e suspension of phos-
phorus pentachloride (0.42 g.) in light petroleum (Db.p.
60-80°C., 25 0.0.), the mixture shaken until all the
compound has passed into solution (1 hour) and then re~
fluxed for 2 minutes. %Water was then added and the pro-
ductwiked up as usual to give a residue which was ery-
stallieed five times from acetone to give B8ilOil4-trimeth
-6 -novoleana-3(4 or 6)19(11)312-triene &s needles, m.p.
160-162°C., [GJD +366° (g,B.7)« It gives a deep red-brow
colour with tetranitromethane. Light absorption: >\ BAX.
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2060 and 2800 I. (6 = 8300 and 8000). (Yound: C,BB.24;
Hy11.78%. CgoHee requirest ©,88.,60; H,11.40%).
Treatment of this triene (100 mg.) in glacial acetic
acid solution (10 ¢.c.) with hydriodic scid (1l c.c.j
d, 1.1) under reflux overnight yielded a colourless un-
crystallisable gum, the ultravioclet speectrum of which
revealed a single absorption maximum at 2060 i. When
treated in a similar manner, oleana-9(ll)il2-dien~3f-pl
yielded a colourless gum which failed to give any ory-
gtalline s0lid and which exhibited e similar maximal
absorption in the ultraviolet region at 2060 A.

Treatment of 8:10:14-Trimethyl-6¢-novoleana-3(4):
9(11)sl2-triene with Irichlorcacetic seid. - A solution
of 8:10114-trimethyl-5&-novoleana=3(4):19(11)i1l2-triene
(Reps 160-062°C., 40 mg.) and trichlorvacetic ecid (40 mg.
in dry chloroform (1 c.c.) was kept at room temperature
{for 1 aour after which ithe solvent was evaporated under
reduced pressuzre without heating. The pink gummy residue
was then teken up in ether and worked up in the usual
maaner to give needles (20 mg.), m.p. 120-123°C., from
agueous acetone. After two further recrystallisations
from the same solvent, HiBild-trimethyl-novoleana-9(10):
311:13(18) -triene was obtained as needles, m.p. 133-134°C.



- 148 -

(no depreasion), [a]; -388° (g,0.60).

Ireatment. g m.-&-uuaus)-g_g-u-g with
e. - A mixture of oleana-11:13(18)-

«dien-3f-0l (f-amyradienol-II) (m.p. 2286-R27°, 0.5 g.)
end phosphorus pentoxide (1.0g.) in benzene (30 c.c.)

was sheken for 8¢ hours. The resultant orange gelatinou
mass was treated with water and benzene and worked up ae
usual. Ivaporation of the dry bengene exiract gave a
yellowish gum which was dissolved in light petroleum
(40/60°, 60 c.c.) and filtered through an alumina colum
A fraction (350 mg.) eluted with light petroleum was
given 3 crystallisations from methanol to yield 6:8:l4-
~trimethyl -novoleane«9(10):11:113(18)~-triene, as flat
needles, m.p. 133-134“ (no depression), [GJD -394 °
(g,8:9)¢ It gives deep brown colour with tetmitmotr
Light .buorgtmm)\ 2840, 2960 and 3080 Ae (& = 31,0¢
37,000 and £6,000).

Treatment of oleana-11:13(18)-dienyl acetate (0.6 ¢
with a mixture of hydriodic afid (d,1.7§ 2 c.c.) and
acetic acid (26 c¢.c.) under reflux overnight, gave an

unorystallisable yellow gug, 2060 I., (¢ = 10,500,

A max,
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8:10t14-Trine thyl-6%-novoleana~-3(4 or 5)111:13(18)«
-triene. - (Oleana-11:13(18)-dien-3f-0l (m.p. 286-227°,
1.0 g«) was shaken for 1 hour with a suspension of phos-
phorus pentachloride (1.0 g.) in light petroleum (dry,
b.p. 80/90°, 30 c.c.). After evolution of hydrogen
¢hloride had ceased, the solution was filtered, washed
with water, dried (Na,50,) and evaporated. The residue
was crystellised from acetone to give needles (0.68 g.),
m.p. 121=126". After four recorystallisations from the
seme solvent, or from methanol, 8:10i1l4-trimethyl-6&-
-noveleana-3(4 or 5)111:15(18)-triene was obtained as
needles, m.p. 130-131°, [G]D -49° (g,1e4). It gives a
dark orange-brown colour with tetranitrome thane.
Light absorptiont Max. at 2080 ;. (¢ = 8500), and a
triple max. at 2430, 2510 and 2600 A (¢ = 30,600, 32,5600
and 81,000). (FPound: C,88.41l; H,11.66%. Cgellye re-
gquires: C,88.60} H,11.40%).

Attempted Acid Isomerisation of 8:10:14-Irimethyl-
-5t-noveleana-3(4 or 5)111:13(18)~-triene. - (a) A
solution of the 5(4 or 5):111:13(18)-triene (m.p. 120-130°,
140 mg.) and trichleorcacetic acid (140 mg.) in chloroform
(2 0.0.) waa kept at room temperature for 1 hour. The

solvent was then removed under reduced pressure and the
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réesidue worked in the usual manner. The product, efter
a few erystallisaticns from methanol, gave needles

(106 mge), meps 130-131°, undepressed by the starting
material.

(b) A solution of the triene (100 mg.) in chloroform
(6 c.ov) and acetic vecid (85 c.c.) was treated with con-
centrated hydrochloric acid (6 c.c.) on the steam-bath fi
1 hour: The product wes shown to be the sterting materi
(60£ recovery).

(e) 4 selution of the triene (200 mg.) in agetioc aeci:
(80 c.c.) wes refluxed overnight with concentrated hydro
chloric acid (10 c¢.0¢)« The product (22 mge.) isolated b
chromatography, was again starting material.

Attempted Isomerisation of 5:8:l4-Irimethyl-18a-
-noveleena-9(10)sle~-diene. - (&) A solution of B53B:il4
-trime thyl-1l8c-novoleana-9{10) il2-diene (m.p« 161-162°C.
72 mg.) in ohloxroform (2 e.a¢.) and glacial acetic agid
(26 c.c.) was treated with concentrated hydrochloric aci
(1L coe.) at room temperature for 48 hours. The fluoresc
green solution was then worked up in the usual manner, t
give a residue which wes diesolved in light petreoleum
(beps 40-60°C.) and filtered shrough .a.lmnina. The resid
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erystallised from chloref omm-methanol as matted needles,
B.p. 160-161°C, undepressed by the sterting material.

(b) The above experiment was repeated, in approximate
the same proportions, refluxing the mixture overnight.
The product, isolated in the usual manner, wes & yellowis
gur which failed to give any -olid‘;nd which gait & light
fed-brown colour with tetranitromethane.

Light abasorption: Max. at 2070 X. and a triplet max. at
2420, 2480 and 2680 A.

(e¢) The gummy residue from the above experiment was
further treated with concentrated hydrochloric acid in
acetic acid-chloroform selution under reflux for 24 hours
with addition of hydrochloric acid at intervals. Agein
en uneryatallisable gum was obtained, the ultraviolet
spectrum of which revealed a single maximum at 2160 X.

le-Oxp-oleanan-3f-yl Bensoate. - A solution of B~
-anyrin benzoate (20 g.) in ethyl acetate (l.4 1l.) waa
treated at 50-56" with a mixture of hydrogen » roxide
(100 volass, 100 c.c.) and formic acid (98%, 300 c.c.) ad:
dropwise during £ hr. with stirring. 3tirring was then
continued for 4 hr., at the end of whioch period, about
half the solvent was removed by distillation and the
remeinder allowed to stand overnight. The erystalline



- 168

solid dopos.ihd was collected and corystallised twice
from acetone to give lf-oxo=-ocleanan-3f-yl benzoate as
glistening plates (12 g.), m.p. RE66-268° (no depression),
[C]D +6° (€409).

6:80:9f-Trimethyl -12-0x0-10a318E-novolean-13~-ene., =
Hydriodic acid (4 e.c., d, 1.7) was added to & solution of
12-0x0-0leanan-3f-yl bhenzoate (m.p. 266-268° ., 1.0 g.) ir
acetic acid (20 o0.c.), the mixture refluxed for 16 hours,
diluted with water, and extracted with ether. The extract
was repeatedly washed with sodium thiosulphate solutien,
sodium hydrogen ¢ arbonate solution and water, dried (HRa,S(
and evaporated. The orude product (0.36 g., mep. 1HH~159"
was orystalliged three times from agueous methanol to give
618a:9p-trine thyl-12-9x0-10a-188-novolean-13-ene as long
plates, m.p. 171-178°C,, [n]D =52° (gy2+6)¢ It does not
give a ocolour with tetranitromethane.
Ligh't absorption: )\m.aoao and 2600 :L. (¢ = 380C and
9700). (Found: C,B84.64; H,11.56f. GCzoliae0 reguires
C,64.84} H,11.40%).

6:18a:9F-Trimethyl -10a-lsf:¢navoleaxia-12 tl4~diene. -
A solution of bl86lQﬂ-trimﬂxyl-l?.-oxo-l(}a-is -novolean-
"13".“. (n-p. 166"168.00' 1-0 5') in dx’y eth.r (200 0030)
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was added dropwise to o suspension of lithium aluminium
hydride (1.0 g.) in dry ether (200 c.0.) and the mixture
refluxed for 2 hours. The product (880 mg.), isolated in
the usual way, gave & yellow colour with tetranitromethane
end exhibited ultraviolet light absorption at 2130 2.

A portion of the product (100 mg.) in a solution of
chloroform (3 c.c.) and gladial acetio acid (256 c.c.) was
treated with concentrated hydrochloric aeid (8 c.c.) and
the mixture heated on the stesm-bath for 30 minutes.

On cooling, a crystalline asolid deposited which was colle
and recrystellised from chloreoform-methanol to give 6igais
-trime thyl-10c-18%-novoleana-12sl4~ddene (76 mg.) as need
B.p. 166-156°C., [c]D -83° (g,2,8)s It gives an orange-
brown colour with tetranitromethane.

ILight absorptiont )\m'zuo (shoulder), 2410 and 2490
(shoulder) RX. (¢ = 15,000, 16,000 and 10,700).

(Froundt C,B88.09} H,11.74%. Cgoliye requires: ¢C,08.16}
H,11.84%).

618a:9F-Trime thyl ~12116~diox0~106:18¢-novo lean-13-ant
() Chromium trioxide (0.6 g.) in 90F acetic aeid (7 c.c
wag added portionwise to & solution of 6:8aigp-trimethyl-
-12-0x0-10:18%-novolean-13-ene (m.p. 168-170°Ce, 1.0 &o)
in acetic acid (72 c.c.), and the mixture stirred on the
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steam-bath for 1 hour. lNethanol was then added and the
solution exaporated under reduced pressure. Water was
then added and the mixture extracted with ether and
worked up in the usual manner. The product was d issolved
in benzene-light petroleum (3:7) and chromatographed on
alumina. Elution with the same solvent mixture (200 c.c.
yielded a solid (600 mg./, m.p. 139-143°C. After four
recrystallisations from agueous methanol, it gave 5:8ui9f

-trimethyl -12:15 -dioxo-100:18¢-novolean-13-ene as yellow

needles, m.p. 145-146°C., [a], -B°, -7° (c,2.2, 1.9). Tt
does not give a colour with tetranitromethane.

Light absorption: Apgy 2220 and 2780 A. (¢ = 3100 and 8C
(Found: C,82.27; H,10.74%. CaoH.e0g requires: C,B2.13;
H,10.57%).

From the chromatography column was also eluted a small
quantity (41 mg.) of an amorphous orange solid which did
not give any satisfactorily crystalline material and was
not further examined.

(b) A solution of 5=Ba=93-trimethy1—12-oxo-10a:185-
-novolean-13-ene (m.p. 168-170°C., 120 mg.) in 10%
ethanolic potassium hydroxide (100 c.c.)} was refluxed
for 2 hours. The reaction mixture was Ehen worked up in

the usual manner and the ethereal extract dfied (NagS0,.)
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and evaporated to give & yellow solid (70 mg.), mep.
138-142°C. After four recrystallisations f rom agueous
methanol, 6:18ai19p-trimethyl -12:16-dioxo~106-18%~novolean=
-13-¢ne was obtained as yellow needles, m.p. l465-146°

(no depression), [oo]D 7% (g,2.4). .

Light ebsorption: }\m.seeo and 2970 A. (¢ = 3,200 end
7,700) «

11-0x9-18a-glean-12-en~3p -yl icetate. - A solution
of 1l-oxo-plean-lg-en-3f-y1l bengoate (m.p. 269-L71°, 30 g
in ethanolic potassium hydroxide (15%, 2.4 1.) was re-
fluxed for 62 hr. The brown solution was then concentrat
to half bulk, diluted with hot water (1 l.) and allowed
to stand overnight, whereby a crystalline solid deposited
which wae collected and dried (26 g.), This product was
then acetylated (120 e.c¢. pyridine and 60 c.c. acetic
anhydride) on the steam-bath for 1 hr., and worked up
us usual, to give ll-oxo-lBa-glean-l2-en-3g-yl acetate
(11.5 g.) as small prisms from methanol -echloroform, m.p.

£70-272° (no depression), [c]D +73° (g,2:.6).

lBa-0lean-l2-en-3f-yl Acetate. - A solution of 1l-
-0x0-18a~0lean-12 -en-3=-yl acetate (m.p. B70-72°, 11.8 g
in etadilised acetic acid (1.5 1l.) was added to a suspens



- 156 -

of freshly reduced platinum (from 4.5 g. of Pt0.) in
agetic aeid (500 c.c.) and shaken with hydrogen for 72
hours. The product, isclated in the usual way, was
erystallised from methanol-chloroform to give lBa-glean-
=12-en-3f-yl acetate as plates (7 g.), m.p. 237-239°
(undexruu.od), [c]D +61° (g,2.6).

12-0x9-18a-gleanan-3f -yl Agetate. - A solution of
l8a-plean~lg-en-3p -yl acetate (m.p. £37-230°, 7.0 g.) in
ethyl acetate (6500 c.c.) was treated, at 50-60°, with a
mixture of hydrogen peroxide (30f, 30 c.c.) and formic
aeid (98%, 100 c.c.) added dropwise during 1 hr. with
stirring. Stirring waa continued, at 50-60°, for furthe
€ hry,, and the solution concentrated tc a amall bulk.
The m0lid separated was collected (2.3 g.) and exrystalli
é¢ times from methanol-chloroform %o give lZ-oxo-lBa-
-0leanan-Sp-yl acetate as prismatic needles, m.p. 287-£8
(undepressed), [a], +74° (g,2.8).

Action of Hydriodic Aeid on l2-gxg~-l8a-oleanan-3p-
-yl Agetate. - Hydriodie acid (4 e.c., d, 1.7) was adde
to a solution of lz-oxo-laav--olo.mn-a.ﬁ-yl acetate (m.p.
287-288°C., 1.0 g.) in glacial acetic acid .(20 C.0.} and
the mixture refluxed overnight. The product was then



- 187 =

worked up in the usual manner to give a residue which
was dissolved in light petroleum (b.p. 40-60°C.) and
chromatographed on alumina. Benzene-light petroleum
(1L:9, 100 c.c.) eluted a fruction (166 mg.) which was
crystallised from chloroform-methanol to give 8:10:14-
-trimethyl -12-9x0~-18a-novolean-3(4 or 6)=-ene as long
plates, m.p. 181-182°C., [a], +B0° (g,2.56). It gives

& yollow colour with tetranitromethane.

Light absorption: Am.eloo ;. (¢ = 6200). (Pound:
C,84.96} H,11.66%. Cgoliye0 requires: ¢,84.84} H,11.40%
Elution with the same solvent (400 c.c.) and benzene-
-light petroleum (317, 60 c.c.) gave a mixture (267 mg.)
Purther elution with benzene-light petroleum (337, 800 o
yielded a solid (106 mg.), which was crystallised from
ehloroform-methanol to give 538ild-trimethyl -12-0x0-10&:
18a-novolean~-9(1ll) -ens as needles, m.p. 247-248°C.,
[n.]D +99° (g,0.80)., 1t gives ne colouration with tetra-
nitromethane.

Light sbsorptiont }\m.euo :. (¢ = 11,2800). { Found:
C,86.0683 H,11.,67%. Cgolae0 requires: C,84.845 H,11.40%)

Lithium Aluminium Hydride Reduction of 5:8:14-

-Irimethyl-l2-0x0-10 1l8c-novolean-9(1ll)-ene, followed

by Dehydration. - A @olution of 65:8il4-trimethyl-12-o02
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-loﬁalaa-ntvolona-s(ll)-eno'(u.p. 242-244°C., 65 mg.) 4in
dry ether (80 ¢.c.) was added to a sumpension of lithium
aluminium hydride (100 mg.) in dry ether (50 c.c.) and
the nmixture refluxed for 2 hours. The product, isolated
by working up in the usual manner, was a gum which ex-
hibdited a maximal absorption in the ultraviolet light

at 2080 Z. A solution of the residue in acetic anhydride
(20 ¢.0.), containing freshly fused sodium acetate (100 m
was refluxed for 2 hours. The resultant solution was
evaporated under reduced pressure, water added and extrac
ed with ether. The etherenl extract, washed with watir
and dried (Nag850,), geve, upon evaporation, a residue
which erystallised from chloroform-methanol (30 mg.),
Mep. 167-169°C. Four recrystallisations from the same
solvent gave 5:8114-trimethyl-681108-novoleana~11:13(18)-
-diene or 5:81l4-trimethyl-18c-nogvoleana-9(10)1l1l-diene
as plates, m.p. 178-179°C., [“’a]n +30° (g,0.5). It
gives a dark brown colour with tetranitromethanse.

Light absorption: )\m.amo {(shoulder), 252C and 2600
(shoulder) ; (¢ = 24,600, 27,000 and 20,000).

(Found: C,88.07} M,22.16%. CgoHye requires: ¢,88.16;
H,11.84%).
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Attempted Rearrangement of 8:10:14~-Irime thyl-12-0X

-l8a-novolean-3(4 or b)-ene with Alkali and icid. - (a
A ®solution of 8:10:1lé~-trimethyl ~12-ox0o=-l8a-novolean~

~3(4 or 6)-ene (m.p. 177-178°C., 170 mg.) in 65K ethanol
solution of potesaium hydrexide (100 c.c.) waa refluxed
for 1 hour. The solution was then diluted with water,
extracted with ether and worked up in the usual manner.
The product orystallised from chloroform-methancl as
long plates (150 mge) m.pe. 166-170°C. which, upon repes
crystallisadion from the same solvent, gave the startin
material, m.p. and nixed m.p. 180-181°C., [c]n +49° (gl

(b) The unconjugated "“enone" recovered from the pre
vious experiment was dissolved in & mixture of concent:
hydrochloric acid (2 c.0.), ehloroformn (4 e.c.), and
&laeial acetic acid (20 c.c.) and the solution heated ¢
the steam bath for 1 hour. The product, isolated in
usual manner, was shown to be the starting material.

(e¢) A solution of 8:10:1l4-trimethyl-12~0x0~18a-nove
-5(4 or 6)-ene (m.p. 177-179°C., 130 mg.) in agetic ac!
(R0 c«cs) was refluxed with hydriodic ecid (4 c.o.} 4,]
overnight. The produect, isolated in the usual ganner ]
e poor yleld, was mgain the starting material.
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3-Oxg~olean-lg-ené. -~ 4 solution of f-amyrin (olea

-lz2-en-3p-0l) (6 g.) in mcetic acid (stabilised, 260 ec.c
and benzene (30 c.c.) was treated with a solution of
chromic anhydride (0.9 g.) in 90f acetic acid (stabiliase
£7 c.0.) 2t room temperature overnight. The produect,
iaoleted in the usual way, erystallised from methanol-
=ghloroform to give s-oxo-oloan-lz-cnolaa needles, m.p.
178-180°, [c]n +112° (e, 3.2).

Veaterverg (76) gives, m.p. 178-180°. Ruzicka and
Wirez (112) give, m.p. 168°, [GI.]D +106°,

Qlean-l2-ene. - A mixture of 3-oxo-olean-lZ-ene
(p~amyrenone) (m.p. 177-176°, 1.0g.), sodium methoxide
slution in methanol (from 1l g. sodium and 650 c.c. methe
snd hydrazine hydrate (100f£, 1C e.c.) was heated at 200°
in an auteclave for 18 hours. The product, worked up in
the usual manner, after three crystallisstions from meth
-ghloroform, gave olean-lZ-ene (f-amyrene-II) as needles
(0«71 go), Mmeps 160~161°, {c]n +94° (g,1.9)« It gives a
yellow colour with tetranitromethane.

Light absorption: Am.aovo :.. (¢ = 3100). For f-amyren
=11, Winterstein and Stein (72) give m.p. 16g°, [c]D +94



l8a-0lean-l2-an=3f=-gl. - 4 solution of lBa-olean~
-l2-en-3f =yl acatate (m.p. 237-8359°, 1 g.) in dry ether
(400 ¢«c.) was refluxed with lithium aluminium hydride
(1 8+) for 20 min. The product, isolated im the usual
manaer, was crystallised from methanol to giye l8a-glean-
-l2-en-3f -9l a&s Iibrous nondiu (Ce8 go), mape 211-212°,
[a.]n +46° (g,2.2).

Allen and Spring (60) give m.p. 213-814°, [t]n +50°.

3-0xg-l8a-glean-l2-ens. ~ Chromic anhydride (0.8 g.)
was added portionwise to pyridine (pure mdhtfllod, 8 c.c
with occasional cooling, and the mixture vigorously shaker
until a deposit of the yellow ohromic-acid-pyridine compde
formed a thick slurry. To this, was added & solution of
lg-a=-p0lean-12-en=-3f=01 (m.p. 211-212°%, 0.8 g.) in pyridine
(8 cece) and the mixture allowed to stend at room temp-
erature for 18 hours. The resultant thick suspension was
then filtered and the filtrate woxked in the usual manner.
The product was crystallised five times from methanol-
-chloreform to give 3-gxg-lBe-golean-l2-ene (0.48 g.) as
plates, m.ps 200-810°, [GJD +80° It gives a yellow colov
with tetranitromethane.
Light absorption: )\ m'zoso Ao... ¢ = 3600. (Bound:
C,B4.48) Hy11.68f. CgeHep0 requires: C,B84.84; H,11.39%).
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l8a-Qlean-lz-ene. - A mixture of 3-oxo-lga-olean-
~l2~ene (m.p. 207-209°, 460 mg.), sodium methoxide (from
460 mg. sodium and 26 c.c. methanol) and hydrazine hydrat
(100%, & ©.c.) was heated at 200° in an autoclave for 18
hours. The product was worked up as usual to give a
regsidue, which after 6 recrystallisetions from methanol-
~chloreform gave l8a-glean-l2-ene (210 mg.) as plates,
Z.p. 186-188°, [a]D +37° (g43.6). It gives a yellow colo
with tetranitromethane.
Light absorptions: ‘)\.ax.QO'IO K. ¢ = 8600, { PFound: C,87,7
H,12.87%« Cgaolgo requirest ¢,87.73;) H,12.27%).

: hloride. - [ef. Halsall, Jones and

Meakins (99)]. - Iry ethanol (800 c.c.) whiech had been
saturated with dry hydrogen chloride gas at 0°, was added
to & solution of lupeol (10 g.) in dry ethanol (60C c.o.)
and the mixture allowed to stand at room temperature for
6 days. The mixture was then treated with water, oextract
with ehloroform and the extraot washed with sodium bi-
carbonate sclution and water, dried (Nayz30,) and evaporat
Crystallisation of the residue from ethanol gave lupeol
hydrochloride (4.0 g.) as fibrous needles, m.p. 204-206°,
(decomp.), (el -30° (g,2.1).

Halsall et al. give m.p. 211-212°, [a]D -31°%.
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Qlean-l8-en=-3f-yl scetate (Germanicyl igetate). -
A solution of lupeol hydrochloride (m.p. £204-206°, 2.8 ¢

in acetic anhydride (60 ce.c.) was refluxed for 24 hours.
ﬁp‘on cooling, a erystalline solid deposited which was
collegted, dried, and dissolved in ‘bcnuno-ught petrole
(1:9, 100 ¢.e.) and chromatographed. 7The main fraetion,
(1.7 g+), eluted with the same solvent, was oryestallised
from ethanol-chloroform to give olean-l8-en~-3fi-yl acetat
(germanicyl acetate), as plates,m.p. 276-2Y7°, [“]D +18.
(042.3)»

Helsall et al. (99) give m.p. 279-280°C., [a]  +18°

Olean-18-en-3f-9l (Germanicel). - A solution of ol
-18-en=3p~yl soetate (m.p. 276-277°, 1.1 g.) in dry ethe
(600 csce) was treated with lithiun sluminium hydride
(1.0 g«) and the suspension refluxed for 10 minutes. Tt

product, worked up as usual, gave, on erystallisation 1
methanol, olean-lB-en-3f-ol (germanicol) (0.9 g.) as fir
needles, m.p. 177-178°, [ﬁ]D +6° (g,3.08).

Halsall et al. (99) give m.p. 180-181°, [a]D *7°,

$-0xo-olesn-l6-egne. - A solution of olean-lB8-en-3f
-0l (m.pes 177=178°, 680 mg.) in acetic acid (110 c.c.)

and chloroform (27 c«c.) was added to & aoclution of ehrg
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anhydride (260 mg.)} in 96% acetie aoid (20 c.c.) and the
mixture kept at room temperature for 2 deys. Excens
wmethancl was then added and the product worked up as usual
the residual product, after evaporation, was dissclved
in light petrol (40-80°, 80 c.c.) and chromatographed
using bdbenzene-light petrol mixture (3:7) te elute the
product (410 mge). Three recrystallisations from
me thanol -chloroform gave 3-oxo-olean-l8-ene &s lustrous
plates, m.p. 183-184°, [ll.]D +36° (g,2.3).

Helsell et al. (99) give m.p, 188-190°, [a], +37°.

Olean-18-ene (Germanicene). - A mixture of 3-oxo-
-olean-lB8-ene (m.p. 1835-184°, 240 nmg.), sodium methoxide
(from 260 mg. sodium end 15 c.o. methenol) and hydrazine
benzoate (100%, 3 c.Cs) was heated at 200°, in an auto-
clave for 18 hours. The product, isclated a&s usual, was
crystallised five times from methanel-chloroform to give
olean-l8~ene (germanicene) as plates, (0.16 g+), m.p.
168-169°, (0] +6.5° (g,1.1). :

Simpson (98) gives m.p. 171-172°, [“Jn *3°.

freatment of Qlean-lZeene, l8a-Qlean-l2-ene, Olean-

-13(18) -ene and Qlean-l8-ene with Hydrochloric Aeid. -
() A solution of olean=l2-ene (m.p. 168-160°, 200 mg.)

in agetic mcid (110 e.c.) was refluxed with concentrated
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hydrochloric acid (44 c¢.c.) for 1€ hours. The solution
was worked up in the ususel manner vo give a residue which
crystallised from methanol-chlor¢form as small blades,
(1l0mge ), mepe 168-176°. After four further recrystallis
ations from the same solvent, the"mixed crystal" (see
Theoretieal section D) was cobtained as flat needles,

mep. 184-186°, [a], «~18° (g,1.0)s It gives a atrong
yellow colour with tetranitromethane.

(b) A selution of l8a-plean~lZ-ene (m.p. 186-188°,
1560 mg.) in acetic acid (120 c.c.) was refluxed overnight
with concentrated hydrochlori# aecid (20 c.c.). The produ
isolated as usual, was erystallised four times from
me thanol ~chloroform to give the "mixed crystal" as flat
needles (70 mg.), m.p. 186-186°, [e¢], -16° (g,2.3)

It gives a deep yellow colour with tetranitromethans and
was undepressed in m.p. when mixed with the preparation
under (a). Light abaorptionl)\n“.EOGO i ¢ = 6400.

(¢) A mixture of olean-13(18)-ene (m.p. 186-187°,

100 mge) (kindly supplkied by iir. G. Brownlie, this Depart
ment), acetic acid (66 e.c.) and concentrated hydrochlori
acdid (16 c.c.) was refluxed ovemight.. The product re=-
quired seven recrystallisations from methanol-chloroform
give the "mixed orystal®, as flat neecddes, m.p. 186-188°,
(no depression), [nJD «19.56° (g,1.3).
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(d) A solution of olean-1B8e-ene (m.p. 187-168°, 100 mg
in acetic acid (80 c.c.) mnd concentrated hydrochlorie &
(28 g.c.) was refluxed overnight. Upon cooling and stand
for several hours, & erystalline solid deposited which wa
collected (66 mg.) and cryestellised seven times from meth
~chloroform to give dledes, m.p. 182-183°, [n]n «12.5°
(2,1.68). After further f our recrystallisations from the
same solvent, the "mixed erystal" was obtained as blades,
MePs 186-187° (no depreseion), [c]D «18.6° (9,1.3). It
gives a yellow colour with tetranitromethane.

Light absorption! A w.BOQO X. ¢ = 8400,

Synthesis of the “Nixed Crystsl®. - A mixture of 1€
~glean-l2-ene (m.p. 186-188°, [a]D +37°, 20 mg.) and oles

«135(18) -ene (m.p. 186-187°, [ﬂ]n -46°, 40 mg.) was re-
peatedly ciystallisced from methanol-chlorefoim to give th
*mixed orystal” (see Theoretiocal section D) as blades,
m.p. 186-187°, [a]D 21" (g,3.1)s It was not depreased 1
.mePs upon admixture with any of the preparations deascribe
above. It gave a yellow colour with tetranitromethane.
Light absmrption: A, 2080 A. (¢ = 6500).

When mixtures were prepared consisting of pairs of
the four oleanenes desoribed in the previous experiment,

other than l8a-glean-lZ2-ene and olean~13(16)-ene (above),
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either illedefined products melting over & lsrge range

of temperature were obitmined, or one of the components

was isolated in a pure state.
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