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(i

feneral Sumnary.

The work described in this thesis is convenlently
considered in three independent sections.

Section (1),

The conatitution of iso-f-amyradlenonyl acetate has
been gritically examined by reductive methods and confirmed,
and 1t is now systematically named 1l2-oxotaraxera-=9(11):14-
dien-3B8=yl acetate as a result of its relationship to the
naturally occcurring tarexerol. Mechanlsms for the conversion
of several taraxerane derivatives %o oleanane derivatives
are proposed.

Catalytic nhydrogenation of iso-f-amyradienonyl acectate
proceceds via a new trienyl acetate, nec-B-amyratrienyl acetate
to yield an isomer of B-amyrin acetate, neo-B-amyrin acetate.
These compounds belong to & serles which have a new type of
triterpengid carbon skeleton formed as a result of multi-
nethyl group migration. Possible siructures for compounds in
vhis series and reaction mechanisms for thelr formation are
diseussed,

Section (2).

A general investigation of the chemistry of 1l8a-o0leananc
derivatives and a compariscn with the olesnane and ursane
analoguee under the subsections,

(A). Oxidation of ll-gxo-l2-en-3p-yl acetates.

{B). Dehydrations of 1lB-hydroxy-l2-cn-3f-yl acetates.
{C). Oxidation of 1l2-en-38-yl acetztes.

(D). Bromina%tion of 12-o0xo0-an-3B-yl acetetes.
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{E). Acid rearrangements of <9{11):12-dien-Jp=-yl aceiates,
{F)., Ultra-violet absorption speetra.
(G)o Reactions of 12-o0x0-9(1l)-en-38~-y1l acetates,

ghows that rings D and E in a-anyrin are clas-f-fused,

Section (3).

The structures of the well known dehydration products
of g-amyrin snd recleted alcohols, d-g-amyradiene, l-a-amyradiec
a-anyradiencne-=111, d-g-amyratriene, dichloro-g-amyradienc
and l-g-emyratriene, have been examined and elucidated.

Reduction of a-amyradienone-1 yieclda d-a-amyradiene
which has been converted to l-g-gmyradiene, alao obtained
from a-amyradienone~Ill. Reduction and dehydration of
o—~emyradienone-~I gives d-g-omyratrienc and demonstrates the
gonstitution of dichloro-a-amyradiene. a-Amyradienone=II1I
has been prepared stepwlse from a-amyradicnone=l vis
g-amyradienone-I11, and has been converted to l-g-amyratriene,

Some analogous reactions in the sleanans geries have
been investigated.



General Introduction.




1.

The triterpenoids are widely distributed in nature, largely in
the plant kingdom where they occur in saps and resins, elther
in the free state, or as esters or saponins. Relatively few
oecur in the animal kingdom, Comprehensive reviews of the
occurrence, structursas and inter-rslationships of the
triterpencids are available (Barton, Progress in Orgeanic
Chemisgtry, Vol,Il. 3 Bai‘tonB Chemistry of Carbon Compounds,
Vol.I1B, 3 Elsevier Encyclopaedia, Vols., 14 and 14S.)

Apart from squalens (I), ambrein (II) and onocerin (III)
(Barton and Overton, Chem. and Ind., 1955,654), which comprise
the 'Squalene Group', the triterpenolds which have been the

most extensively investigated z2re either tetra- or penta-cyclic

(I) (I1) (X11)

The pentecyeclic triterpencids may bs conveniently sub-
classified into thrse prineipal groups: the a-Amyrin (Ursens)
Group, the P-Amyrin {Oloansne) Group and the Lupsol Group. (The
cyclopropenoid pentacyclic compounds, gyeloartsnol and gyelo-
laudenol are classified with the tstracyeclic triterpenold
group). Since the werk deseribed in this thesis was concerned
only with the a-Amyrin end B-Amyrin Groups, end excellent
reviews of the chemistry of theso groups are available (Barton,
lggaggﬁo), the members of these groups are only mentioned
briefly, and references are given only to thoss triterpenoids
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whose chemistry hes recently been described.

The a-Amyrin Group of triterpenolds are derivatives of the
unsaturated alcohol, a-amyrin, for which the structure (IV),
proposed by Meisels, Jeger and Ruzicka (Helv.Chim.Acta, 1949,32,
l075), was generally accepted (cf. Tschesche and Fugmann, Chem.
Ber.,195,84,810) when this research was initiated.

{e)

(Iv)

The other members of this group are, brein, uveol, urseliec
acid, B-boswellic acid, msiatic mcid and quinovic acid. (The
cycloprepanoid hexaecyclic alcochol, phylienthol, is also
considerad to be a member of this group). These triterpenoids
have been converted to known ursane derivatives, thus showing
identity of lccation of the ethylenic linkage and stereochemica:
similarity in all these compounds. Accounts of these inter-
conversions heve been described in reviews (Barton, loc.cit.).
More recently, phyllanthol has been synthesized from quinovie
acid@ {Ztirchsr, Jeger end Ruzicka, Helv.Chim.Acta, 1954,2145) an
from a-amyrin (Beaton, Easton, Macarthur, Spring and Stevenson,
Jd.,1955, in press).

The f-Anmyrin Group of triterpenolds are derivatives of the

unsaturated alcohol, B-amyrin (V). Other members of the group
ere erythrodiol, maniladiol, genin A, c-boswellic acid, quillei:
acid, oleanolic acid, hederagenin, sumaresinocllc acid, Snamyrlnl
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ecninocystic acid, sisresinolic acid, gypsogenin, glycyrrhetlc
acid, germanicol, morolie acld and the soy sapogenols A, B, &nd C
Interconversicns of members of this group have been summarized
in reviews (Barton, 10c.git.). .

Recently, triterpenoide have boen isolated from cactil
sources, Three of these, gummisogenin, longlapinogenin and
machasric acid have been releted lo P-amyrin derivatives
{Djerassi, Geller and Lemin, Chem, and Ind., 1954,161; Djerassi
and Lipmeann, ibid.,p.960).

MO
(V)

Other B~Amyrin Group members of recently astablished
structure, which ere not described in reviews are rehmannic
aeld and icterogenin (Barton snd de Mayo, J., 1954,887:900), ant
lantadene~B (Barton, de Mayo, Warnhoff, Jegsr and Parold, day
1954, 3689) while terminolic ecid (King, King end Hoes, J., 195!
1333}, of yot undefined structure, appears elso to belong to
this group.

Taraxerol, formerly considered to bs an olcanans triter-
pencid (Brooks, Chem. and Ind., 1953,1178) becomes a membar of
a group of triterpenoids with dieplaced mefhyl groups, which
when treated with acid under suitabls cenditions afford a

feamyrin derivative by methyl group migration (Beaton, Spring,
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Stevenson and Stewart, Chem. and Ind., 1954,1454). ¥riedelin snd
Cerin have also been related to oleanane triterpenoids by acid

treatment involving methyl group migration (Brownlie, Spring,
Stevenson and Strachen, ibid., 1955,686).

When this work was commenced in September 1952, the
structure proposed by Haworth (Ann. Reports, 1937,34,32), for

B-amyrin had been confirmed and the stereochemistry eluclidated
as (VI)(Barton, Tilden lLecture, J., 1953,1027)

(Vi)

The gituation with regard to g-amyrin was not so satis-
factory and the Stereochemistiry had not been completely
elucidated. The most complete stereschemical representation {VII)
for c-amyrin wes that of Meisels et al, {(loc.git.) who showed
that the stereochemistry at positions C39 CS' 08 and 010
identical with thet at the corresponding centres in B-amyrin (VI)
since the same tricyelic pyrolysis fragment (VIII) had been

obtained from both triterpencids via iso-a-amyradienonocl (IX} en

was

isg-B-amyradienonol (X) respectively,

HoO
\ (ViI) (VII1)
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(IX) (%)

Meisels et al. (Helv.Chim.Acts, 1950,33,70C) further
suggested that the stsreschemistry of C9 and 014 in a- and
B-gmyrin was lidentical, to explain the similar formation
of (IX) anad (X).

The structure {(VII), accepted for a-amyrin, doass hot give

a satisfying sxplenation for the inert cheracter of the doubls
bond, or for the heavily hindered nature of carbonyl groups
situated at position-12 in c-amyrin derivatives, when
compared with the corresponding B-amyrin compounds,

The goneral terma of veferenes of ths author’se problem
were therefore, to investigate certain aspects of these
triterpenoids, with a visw to résolving the more cutstanding
differences between. This investigation is deseribed in the
following pages in three sectiona:

Section (1), An investigation of the structure of

iso-p-amyradienonol (X).
Section (2). A comparison of oleenene, l8g-0leenane
_ end wrsane derivatives.
Section (3). A structure elucidation of dehydration
productzs of a-emyrin and its derivatives,
end a comparison with some olsanans

analogues.



S,
R




The structure of iso-p-amyradienonyl acetate has been
critically examined and its velidity tested by reduction
methods, Wolif-Kishner reduction ylelds two igomeric non-
conjugaved dienyl acetatss, lsomerized by mineral agid te
normal oleanane derivatives. Mechenlisms for these
isomerizations and others in olsanane chemisiry are suggested,

It is concluded that iso-B-amyradienonyl acetate has &
different carbon skeleton from that of oleanane, and its
stereochenistry is defined.

Lithium sluminium hydride reduction of iso-p-amyradienonyl
acetate, followed by acid rearrangement, yields a new trienyl
acetate; reduction affords an isomer of B~amyrin acetate and
oxidetion yields a trienonyl acetats.

Poseible structures for these compounds, and reaction
nechanisms for their formatlion, are discussed,

In al) fermulae in Section (1), R = Ac unless otherwise stated.
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Iso-B-amyradiencnyl ecetale is obtained by the oxidation
of 12-o0x0-0lean~9(1l)-en-38-y1l scetete (I) with either bromine
(Green, Mower, Picard and Spring, J., 1944,527), or selenium
dioxide ({Jeger and Ruzicka, Helv.Chim.Acta, 1945,28,209), and
it conteins an isolated ethylenic linksage in addition to the

af-unsaturated ketone chromophore. lso-f-amyradlienonyl acetats
and 1ts ursane snslogus, liso-ac-amyradienonyl acetats, are
importent since they are key degredation intermedietes on
which the structurss of a- and f-amyrin are based. Any dublety
as to the vallidity of their structures reflects on those of
the parent triterpsnoids, and a relnveastigation of iso-B-
amyradienonyl acetate by reductive metnods was therefore

underteaken.

Green ot 8l. (loc.cit.) suggested structure (II) for
isc-B-amyradienonyl acetate, whoreas Jeger and Ruzicke proposed
the gtructure (III), in which it is raprasented as being

formed from (I) by the migretion of the snpguler methyl group
from 014 to Cl3 with consecuent introduction of a l4:15-double
bond. Structurs (1I) can now be discarded sinece (I1) nas bsen
prepared from f-amyrin by an unambiguous route (Beaton,
Johnsion, hcKeen end Spring, J., 1953,3660), and differs from

iso=-P-anmyradiencnyl acetais.

(111)
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tielisels, Jeger snd Huzlcke (Helv.Chim.Acta, 1950,33,700)
nave degraded iso-fB-emyradicesnonyl acetate to a hydroxydiketone
{LV), characterized by acetylation and methyletion, which gave
two isomeric compounds formulated as (V) and {(VI). These were
ldenticel with two compounds obtained by the same route, from
the corresponding wursane derivative, l2-oxours-=9(1ll)-en=3p-yl

acetate (VIL), via iso-o-amyradiononyl acetate, formulated as
(VIII)(Meisels et al., loc.cit.)

(o)
k\(Jﬂt
(@)
HO ' RO
V4

)]
(1V) (V) (V1)

:--

RO i

H
(viI) (VILI)

This conversion of the iso-a- and ithe ;ggnﬁaamyradicnonyl
acetate into two common degradetion products which apperently
inelude vings A Yo C of the triterpenoids was of conslderable
importance since it established identity in rings A, B &ad C
in {I) and (VII).

Doubte were expressed as to the validity of formulee (III)
and {VIIX) since Budziarek, Johnston, Manson and Spring (ga,
1951,3019) showed that Clemmensen reduction of iso-fB-amyra-
dienonyl acetate yielded olecana-11:13(18)-dien-3B-yl acetate (X)

which contains the same carbon skeleton as B-amyrin, and Hclean
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Ruff and Spring {J., 1951,1093) have emphasized the fact
that catalytie hydrogenatlon of lsc-a-omyradienonyl acetate
gave 12-o0xours-9{1l)-en-3p-yl acetate {VII)(Buzicka, Ruegs,
Volli and Jeger, Helv.Chim.Acta, 1947,30,140) a normal ursene
derivative. Both these reactions would require the remigration
in (111) and (VIiI).

of the Cl3=methyl group to C14

Budziarek et e}. (loc.cit.) demonsirated that whilst 12-
oxo~olean-93{1l)-en~3f-yl ncetate {I) yielded enol esters,
iso-p-amyradienonyl acetete (Ifl) under drestlic conditionz, did
not. These observations support the view that (Ii1l) carries &

methyl substituent at C,.. Since the strong scid conditions

involved in the Clemmenzzn reduction may couse skeletal
rearrangement, attention was turned to reduction of iso-f-
anyradienonyl acetate by the Wolff-Kishner method, in the
expectetion of obfalning the corresponding dlenyl acctate by
converglon of the carbonyl group to a methylene group under
basile conditicns,

Johnston (Ph.ll. Thesis, Glasgow, 1953) had by this method
chtained two homogenecus dlenyl acetates of undetermined
conntituilion, which were re-cxemined. The major product,
03255002, foPo 2310, obtained in 50% yleld, showed an apparent
svsorption meximum in the 2000-2250 it region, and on treatment
with hydrocihlorie acid in acetic =zeid gave oleana=9(1ll):l2-dien
JB=-yl acetate (XI), in good yield, The scetate, m.pe 2312, 1a
therefore & non~conjugated diznyl acetate. The three possible
non-gonjugated oleanadienyl scetates, in which the double bonds
are in the 09-019 system, are oleang-9{11):18- (Xil), -9{11):13
(18)= (IX) and ~11:18-dien~38-yl acetaste (XIII).

The scetate, m.p. 231°, differs from (IX) end {XIl), eact
of which has been prepered from B~-amyrin (Beaton et al., loc,

cit.) and each of which yields cleane-11:13(18)~dien=3B-yl
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scetete (X) when treaved with mineral acid. Furthermore, the
conversion of the acetate, m.ps 23109 into oleana-9(ll):l2-dien=
38yl acetate (XI) shows that it is not the unknown olesne-ll3
16=dien-3B-yl acetate {XIll), since in snalogy with oleana=Y{ll):
18-dien-3p-yl ecetate (XIl), oleana-ll:lB8-dien=3B=yl agetate
would be expeected to yield the stable olemne-11:13(18)=dien-38-
vyl acetate (X) on treatment with mineral acid.

Sy (1X) L'\x: (X11) \\' (X111)

These considerations support the view that the acetate,
MoPo 23109 hes a different sarbon skeletoﬁ from that of B-amyrin,
i.,e., that the fermatlon of iso-B-amyradienonyl acetate from
1l2=0x0-0leen-9{(1l j-en=3B-y1 acetate (I) must have involved s
molecular rearrangement., The structure {II1l], proposed for iso-
B-amyvrandienonyl acetate by Jeger and Ruzicka, affords a satle-
factory explanstiiocn for the formation and properties of the
dienyl acetate, m.p. 23.%. The mechendsm (II1)—=» (XIV)—=>(XI)
for the isomerdzation of the acetate, m.p» 23519, which is
formuleted as (XIV), is proposad.
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The retention of the less stable 188 configuration in
preference to the more stable 18a configuration provides e
proof that C, 4 1s not invelved in the formation of iso-f-
smyradienonyl acetete {1I1) from 12-0x0-0l8an-9{1l)-en=3p-y1
acetote (I).

The minor reaction product, m.p. 203°, from the Wolff-
Kishner reduction of iso-pf-omyradienonyl acetaie is algo a nor
sonjugated dienyl ecetate, 032H5002, ginge it shows sthylenic
absorption in the region 2000-2250 3, and on treatment with
hydrochloric acid in ecetic acld effords oleene-11:13(18)-dler
38-yl acetate (X)., The acetate, m.p. 2030D differs from olsans
9(21):13(28)- (IX) and =9(11):18-dien=3B8-yl acetate (XIl), is
formulated as (XV) in sgreement with its properties and methoc
of formation, snd a mechanism for its conversion inte (X) is
proposed.

Tne formetlon of (XIV) from (Il1) Is'by simple recduction
of the carbonjl groug to a methylens group, while the genesis
of (XV) from {I) involves reducticn of the ecarbonyl group wi'
double bond migration; similar double hond movements during
Wolff-Kighner reductions ars well known (Lardelli and Jeger,
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Helv.Chim.Acte ,1949,32,1817; Fischer, Lardelll and Jeger, ibi
1950,33,1335).

The possibility that the ascetate, mo.p. 231°, (XIV), had
the structure {XV), and the acetate, m.p. 203°, (XV), had the
structure (XIV) has been considered, since an altsrnatilve

mschanism for the acid rearrangement of (XIV), sketched in
(XIV) —»(1X) —»{X) leads to olsana-11:13{18)-dien~3p-yl aceta
(X); the last stage in this sequence has been described (Beat!

et 2l., loc.cit).

F‘Ng, (X1V) \\\“

B —>

L"\f' (1) L\’V: (x)

This possibility was rejected, howover, by showing the
reaction mechanism for the acld rearrangement, using the
consequent formulation of the other acetets, to be demonstrab;
incorrect; 3.e., ecid rearrangement of (XV) would then require
to furnish oleana-9(11):12-dien~3B-yl acotate. For (XV) to do
this it would require to rearrange by the mechanism (XV) =3 (X\
~3 (XVII) =9 (XI). This mechanism (sketched overleef) contains
a stage which is incorrect, es the following shows: reduction
of ll-oxc-0lean-l2-8n=38-yl acetete with lithium aluminium
hydride, followed by ecetylation, yields llB-hydroiyolean»lz-e
=3B=-y1 acetate (XVIIi). The 8-(axial )=configurstion is ascribe



to the ll-hydroxyl group becsuse it is not acylatable, and
begeues on Lresiment with scodium acetate-scetic anhydride the
diol menoecetete (AVIIL) is reedily dehydrated (trans-diaxisl
eliminetion) to ¢leane=9(11}:12-dien-3B8-yl acetate (XI),

—> “\f' r. e, 0

AN SN
ity L

Mild treatment of (XVIil) with mineral acid yields olean:
11:13{1B)=dien-3B-y1 acetate (X) and net eleana-9(11):12-dien
3p-yl acetate (X1).

(XVI11) {XVII) (Xv1) (x)

This demonstrates that the ecarvonium ion (XVIl) stabilize
itself by loss of a proton ylelding {X) and not {XI} as
suggested in the mechanism (XV) ~3 {XVI) <> (XVII} = (XI). Tr
acetate, mope. 203°g therefore rearranges to {(X) and is correec
formulated as (XV) whilst the acetate, m.p. 2’5.10e ls confirmed
as {XiV).



A consideration of ulira-violet spectra in the region
2000~2250 % did not ellow of differentiation between formulet
(X1V) and (XV) for the two non-conjugated dienyl acetates,
Sinee (XIV) conteins two trisubstituted sthylens linkages ,
whersas {(XV) has ono di- and ono tri-substituted sthylene bon
it was expected that (XIV) would show more in%tense absorption
in the ethylenic region. The differences were in fact trivial
and inconclusive. However, molecular rotation differences
furthsr support the choice of {XIV) for the acetate, m.p. 231
thus, the conversien of l2-oxo-o0lean-9{(1l)-en-3p-yl acetates {.
into iso-P-amyrediencnyl acetate (III) is accompanled by a
change in [M]D of approximately -480°, end the comparable
chenge from olean-9(ll)-en-38-yl acetate to ths acetate, m,p.
231°, 18 accompenied by & [M]D change of =410°, The corres-
ponding [M]D value for the changs, olean-9(ll)-en=3B8-yl mceta
to the acetatse, m.p. 20309 ig -810°,

The behaviour of the two non-cenjugated dienyl acetates
with mineral acld reised the question of the mechanism of the
conversion of iso-B-amyradlienonyl acetate into oleana=11:13(1¢
disn-3p-yl acetate by Clemmensen reduction. It 1s known that
such reduction of 12-0x0-0lean=9(1l)-en-3p~-yl acetate (I)
proceeds without doubls bond migration {Budziarek et al., logc.
cit.). 1f this is the case with igo-B-amyradiencnyl acetate (]
the non=conjugated dienvl acetate (XIV) would be expected as
an intermediate, end this in the presence of mineral acid has
been shown to give oleana~9(1ll):12-dien-38-yl acetate (XI),
Since the reaction in fact leads to oleana-ll:13{18)-dien=3g=y
ace tate (X}, either the mechaniem of the Clemmensen reducticn
of {I11) does not follow ths almple course suggested, or
0oleana-9(1l}:12-dien-3p-yl acetate (XI) isomerizes to ocleans-

11:13()8)=¢ien=3p-y)l scetate under the conditions of reduciion



Experiments to test the letter premise wore initiated.
Although (XIL) is stable to relatively vigorous treatment with
hydrochlbricmacetic ecld mixturo, as shown by its formeition fr
the sceitato, m.p. 231°, (XIV), prolonged refluxing with minera
acld as obtains in the Clemmensen reaction medium, converied
(XI) to {X). This sccounts for the formatien of oleana-1ll:13(1L
dien=3p-yl acetate (X) rether than oleana-9(1l1)}:12-dien-3p=yl
acetate (X1) by the Clemmensen roducticn of igo-f-amyradiensny.
ecatate (II11)., It does not invelidate either the structure of
the agetate, m.D. 2030s (XV), or the conversion of it inteo
oleann~11:13{18)-dlon-3p-y1 acetats (X) since the scid conditi
which convert (XV) to (X) do not isomerize oleana-9(1ll}:12-die
38-yl acetate {XI}. In addition, the reaction conditions which
eonvert 1llB8-hydroxyoclean-l2-en-3f-yl acatate (XVIII) into cles
11:13(18)=-dien-36-y) scetate are without sffect on oleana=9(1ll
12~-dlien=3B=y1 acetate.

A rveleted reaction leading to the formetion of oleana-9(1.
l2=dien-3B=yl gcetate in acid conditions, illustrating its
stability, was investigated. Reduction of l2-0%0-0lesn-9(11)-e
38-y) scetate (1) with lithium aluminium hydride, fellowad by
acotyletion, gave l2¢-hydroxzyoclean=9(1l)-en-3p=-yl acetate (X1IX
The conTiguration of the 1l2=hydroxyl group is considered to be
o {axiel) because (KIX) undergees simple dehydration (trang-
diaxlalelimination) when hested with pyridine- or sodium acete
acstle anhydride, yielding oleana~9(1ll):12~-dien-3B-yl acatats.
Wnen (XIX) ie treated with hydrochloric~acetic acid mixture
under conditions which convert 1llpB-hydroxyolean-l2-en=3g-yl
acetate {XVIII) into oleana-11:13(18)-dien-3B~yl acstate (X), :
affcrds oleans~9(11):12-dien=3p~yl acsetate (XI).
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L\\g :

(X1X) (x1)

The reactions of 1so~-B-emyradienonyl acstete so far
described are therefore conesistent with ths view thet it
is correctly formulated as (IIl) and is formed from (I) by the
migration of the Cl4amcthyl group to 013. The configuration of
the 013=methyl group in (III1) is considered to be a since the
transfer of this group from Cl4 to 013 during the converslon o
{I) to (I11) must involve its movement across the a-face.
Iso-B~amyradlenonyl ecetets is now therefore represented
stereochemically as (I1I4i).

(I114) (XX) (XXI)

The atructure of taraxerol (XX) has recently been estab-
lished and confirmed by partlal eynthesis from igo-f-amyra-
dlononyl acetate (I11A){Beaton, Spring, Stevenson and Stewart,
Chem, and Ind., 1954,1454; 1955,35). Since {XX) has the zame
basic carbon skeleton as (I1IA), nomenclature is now gystematiz
by reference to the parent hydroecarbon, formerly isooleanano
(Johnston and Spring, J., 1954.,1556) now namad teraxerane (XXI)
(Beaton, Spring, Stevenzon and Stewart, J., 1955, in press).
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Iso-B-emyradienonyl acetate (I11A) therefore becomesn
12-oxotaraxera=9(1ll):li~dien=38-yl acetnte and the dienyl
acotates (XIV) end (XV), obtained by‘the Wolff-Kishner reducti
of l2-oxotaraxera~9({(1l):14-dien-38-yl acetate (LIIA) become
taraxera-9{11):14-dien-3B-yl acetate (XIVA) and taraxera-11:14
dien=3B=y1l ecectate (AVA) respeectively.

(XIVA) (XVa)

A facot of the chemistry of lso-B-amyradienonyl acetatloe
(I1JA) which appeered ancmalous, wes ite -catalytic raeduction
in acetic acid to a compound called iso-B-amyradienyl acstats
(Budziarok et al., loc.cit.). The ssme authors elso obtained
igo=f-anyradienyl acstate by ecatalytlec hydrogenoclysis of the
product obtained by treetment of iso-pf-cmyradienonyl acetate
with lithium aluminium hydride with subsequent acetylation.
Budziarek et al. alsc reported that lgo-f-~amyradienyl acetate
did not show selective avsorption in the ulbra~violet reglion,
but gave an intense red colour with tetronitromethane in
chleroform end suggesﬁéd that it wes a non-¢conjugated dienyl
acetate, If lgo-B-amyradiencnyl acetate is correctly represent
by (IfIA)}, l2-oxoteraxera~9(1ll):li-dien-3p-yl acetate, an
explanetion ¢f these reactions in tevms of (IIIA) must be
fortheoming. To provide such an explasnation, a reinvestigation
of these reactions was initiated.
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Reduction of l2-oxoterexers-9(1ll):l4~dien-3B=y) acctate
(I1IA) with lithium eluminium hydride afforded a diol, C3of4a?
formulated as lZ%nnydroxytaraxera-S{ll):l4ndien«36-ol (XXI3,

R = H) which on acetylation yielded a diacetets, 034H5204,
identical with that described by Budzlarek et al. (loc.cit.).
The diol was further characterized by proparation of & dibenze
The diacetatc and dibsnzoate are now formulated as lZiaacetoxy
taraxere=~9(1ll):14-dioen-3B~yl acetate (XXII) and 12§ -benzoxy-
taraxora-9(11):l4-dien=-38-yl benzoate (XX1I, H = Bz). The
diacotate {XXI1l) shows strong ethylenic absorption between 200
2250 %. In en attempt to conjugate the gthylenic linkages, 123-
acetoxytaraxere-~9(1ll):14-dien-38-yl acetate was treated with
hydrochloric-acetic eelid mixture. This resulted in tho in the
loss of the elements of acetic acid from (XXIl) and the format
of an acotate, 032H4802° which shows the absorption maxima (in
ethanol) [2280 (E = 18,500), 2820 (E = 16,000) and 2940 %

{E = 12,500)] characteristic of a conjugated trienyl acetate:
it 1s different, however, from oleana~9(11):12:18-trien-38-=yl
acetete (XX11l), the only conjugeted trienyl acetate in the
oleenane series, and henceforth 1s deslgnated neo-P-amyratrien;
acetate. Possible errangements of the double bonds in neg-B-
amyratrienyl ecetats are shown in (XXIVa), (XXIVb) and (XXIVec).

(The location of methyl groups will be discussed later).

(I11A) (XXI1X) (XXII1)
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k\\y (XX1Va) (“L\, (XXIVD) L‘wk, (xx1ve)

Neo-B-amyratrienyl. acetate has an ultre-violet absorption
spectrum similar ts that of ergoata9628(14):9(ll):22-tgtren=36
vyl acetate (XXV) which shows absorption maxima (in ether) at
2325 {(log E = 4.25) and 2870 & (log E = 3.82)(Laubach, Schreit
Agnello, Lightfoot and Brunings, {.Amer.Chem.So0cC., 1953,75,15]
and this appears to exclude (XXIVc) in view of its dissimilari
to (XXV).

In an etiempt to obtain further evidence &s 1o the nature

of neo-~f-amyratrienyl acetate, ites oxidation preducts were
examined., Chromic aclid oxidaticn of neo-B-amyratrienyl acetate
yielded neo-f-amyratrienonyl acetete, which shows absorption
maxima {in ethenol) &t 2320 (E = 12,000} end 3400 & (E = 11,00
Possible formulations of this chromophore are shown in (XXVia}
end (XXVIb)(derived from XXIVa), (XXVIc)(derived from XXIVb) ar
(XXVia) and (XXVIe)(derived from XXIVe). (The locmation of the
methyl groups will be discussed later).

Caflin Cqlyy
O\If\4z/L\
RO (XXV) Ro (XXVII)

: 0
N (XXVIa) L‘“\, {XXVIb) LL\w N (Xxvie)
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N Ry -
(XXVIia) (XXvIe)

Repregentetions (XXVIa) and {(XXVIc) are preferred since
they contaliln chromephores very similay to that ¢f ll-oxoergost
6:8:14:22-tetrean=3B-y) acetate (XXVII), which exhibits light
ebsorption maxime (in ether) at 2330 (log E = 3,.95) and 3260 2
(log ® = 4.,18)(Laubach ot al., loc.git.), and consegquently
part-structurs (¥XIVe) is favoured for neo-f-amyratrienyl
acetate. Hechanistically the genesis of neo-f-amyratrienyl
acetate has been represented as below (Allan, Johnston and
Spring, d., 1954,1546).

4
P

{XXIVa)

In the light of new informatlon aveilable on methyl group
migrations (ef. Seetion 3.), and on the corrslation of the

ulira-violet light properties, the following mechsnism is now
preferred,
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RO +
s -,

end nso=-PB-amyrairienyl acetate is represented as (XXVIIl) or

(XXVIII)

(XXIX)} and.similarly neo-B-amyratrienonyl acetete becomes (XX
or {XXXL). A final deecision betwsen these altornstives cannsct
be made cn the evidence so far available.

e

Ro 4 (xxvizy) o
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Hydrogenation of neo-f-amyratrienyl acetate proceeds very
rapidly and 2 mols. of hydrogen are absorbed to yleld an 1lsome
of B-amyrin acetate, now named neo-f-amyrin acetate. This is
identical with the compound, iso-f-amyradienyl acetats,
degscribed by Budzierek et al., {logc.cit.)}, who obtained it by
catalytic reduction of either l2-oxotaraxera-9(1l):l4-dien-3p-
acetate (IIIA) or 12¢-acetoxytarexera-9(11):l4~dien-3p-yl
acetate (XXI1). Atteompts ton repeat these reactions in highly
purified acetic acid wore unsuccessful, but addition of a trac
of mineral acid led to rapild absorption of hydrogen. These
fects are best explained by the conclusion that neo-B-amyra-
trienyl acetete is an intermediate in these reactions.
Hydrogenolysis of l12:16-dioxotaraxera-(1ll):li-dien-3p=yl
acetate (XXXII) or 14:15-epoxy-12-oxotarexer-9{ll)-en-3p-yl
acetate (XXXI[II) also yielded neo-f-amyrin acetate,

:
H

(XXX1X) (XXXLLI)

Since neo--B-amyrin acetate shows absorption betwesn 2000-
2250 39 it wes compared, under similsar conditions; with olean-
13(18)~en-3p=yl acetate (XXXIV), olean-9(ll)-en-3B-yl acetate
(XXXV) and oleen-l2-en-3B-yl acetate {XXXVI): the concius&on
reached was that it is tetra- rather than trisubstituted, in
view of its similarity to (XXXIV).(ecf. Allan st 8l., loc.cit.]



23

R (XXX1V) H\— | (XXXV) \'\' (XXXVI)

To prove the invalldity of the assumption of Budziarek et
al. {(log.cit.) that iso-B-amyradienyl acetate (neo-B-amyrin
acetete) was diethenoid, based on the remarkable red colour
obtained with tetranitromethane in chloroform, it was oxidized
with perbenzoic acid. The product was an oxide, 032!*152030 whicl
did not give a colour with tetranitromethane in chloroform and
did not show absorption between 2000-3500 X. When treated with
hydrochloric acid, nso-f-amyrin acotate oxide gave a conJjugate:
dienyl aceiats which is different from the known conjugated
oleanadienyl) aceiatesn,

The propertles of neo-f-amyrin acetate show that it
containg e fully substituted double boend, and it has besen

repregented by Allan et ml. {loc.cit.) as (XAXVIIa) or (XXXVIIi

i

S

k“\/ {XXXV1la) Lb\/ (XXXVIIb)

More probable stiructures, derived from those postulated
for neo-P-amyratrienyl acetate, are (XXXVIIIa) or (XXXVIIIb),
the latter of which might be construed as giving some explan-
ation of the peculiar colour reaction with tetranitromethans
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by virtue of an endocyclic tetrasubstituted ethylenic linkage
between rings C end D.

L»\," L‘\)

(XXXVIilisa) (XXXVIIIDb)

In conclusion, it may be sald that the products
resulting from an extenaive investigation of the reduction
reactions of igo-f-amyradisnonyl acetate, endorse the
structure first proposed by Joger end Rugicka and i1llustrate

the remarkable methyl group migratlions possgible in the
triterpenoid field.



Experimental

Section (I).
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Helting points were delermined using a standardised
N.P.L. thermometer.

Specifiec rotations were measured in chloroform
gsolution in a 1 dm. tube at approximately 15°¢.

Ultra-violet absorption spectra were determined
in ethanol solution with a Unicam SP.500 spectrophotometer
and (B) denotes intensity of absorption.

Colour reactiong with tetranitromethane were done
in chloroform solution.

For chromatography; alunina (Brockmamn Grade II)
was used, in the ratio 30:1 of substance chromatographed,
and light petroleum refers to that fraction of b.p. 40-80°,

The phrase 'in the usual way' implies, in general,
dilution with water, extraction with ether, washing
consecutively with aqueous sodium hydroxidey water,
aqueous hydrochloric acid and aqueous sodium bicarbonate,
followed by drying of the ethereal extract over anhydrous
sodium sulphate, filtration and evaporation to dryncss
under reduced pressure.

Hydrogenations were carried out, at room temperature,
in glaclal acetic acid which had been refluxed over and.
distilled from chromium trioxide.

Acetylations were carried out using scetic anhydride
in pyridine solution at 100° for 30 mins., unless otherwise
specified.
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12-Oxotaraxera=-9(1i):14-dien-33-yl Acetate.

A mixture of l2-oxo-olean-9(1l)-en=33=yl acetate
(27 g-), selenium dioxide (27 g.) and acetic acid (800 c.c.)
was refluxed for 48 hrs. and filtered. The filtrate was
refluxed with zine (15 g.) for 16 hrs. and filtered.
Concentration of the filtrate and dilution with water gave
e crystalline solid (18 g.), which was recrystallised from
chloreform-methanol to yield l2-oxotaraxera-9(11):l4-dien-
-3B-y1 acetate as colourless prisms (14 g.); m.p. 224-225°,
[G]D = 38° (c,2.8). Light absorption: Max. at 2080
(E = 3,000) and 2450 A, (E = 10,000). Budziarek, Johmston,
Manson end Spring (J., 1951,3019) give m.p. 220-221°, [alp
= 38°%

Taraxera-9(11):14-dien-33-yl Acetate.

A mixture of l2-oxotaraxers-9(1l):14-dlen-33-yl
acetate (2 g.), methanolic sodium methoxide (from 2 g. of
sodium and 25 c.¢. of methanol) and hydrazine hydrate
(100%, 10 c.c.) was kept at 200° (autoclave) for 13 hrs.
after the method of Allan, Johnston and Spring (J., 1954,
1548). The crude product was 1solated and acetylated in
the usual manner. The acetylated product crystallised
from chloroform-methancl to yleld taraxera-9(11):1l4-dien-

~38-yl acetate as plates (1 g.); m.p. 230-231° [alp - 9°
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(c;2:0)s Concentration of the mother liquor yielded a
second crop of plates (500 mg.) m.p. 175-195°, two
recrystallisations of which from chloroform-methanol
gave more taraxera-9(1l):i4-dlen-33-yl acetate (160 mg.),
-M.DPe and mixed m.p. 230-231°,

Taraxera=-11:14-dien-3@-yl Acetate.

Concentration of the mother liquor from the seecond
crop of the previous experiment gave a third crop of
plates (270 mg.), which after five recrystallisations
yielded taraxera-=11:l4-dien-3f-yl acetate as plates,
m.po 202-203°, [alp = 95° (c,y1.0).

Conversion of Taraxera-9(11):14-dien-3p-yl Acetate to

0leana=-2(11):12-dien-3f-yl Acetate.

A solution of taraxera-92(11):14-dien-3p-yl acetate
(150 mg.) in acetic acid {25 coco) was heated with
concentrated hydrochloric scid (1 c.c.) on the steam-
=bath for 4 hrs. The product was lsolated in the usual
way snd crystallised from chloroform-methanol to gilve
olegna-9(11):12-dien-3p-yl acetate as needles (70 mg.),
m.p. and mixed m.p. 219-220°, [alp + 337° (c,1:5).
Light absorption: Max. at 2820 A. (E = 9,000) .



Conversion of Taraxera-ll:l4-dien-3f-yl Acetate to

Oleana-11:13(18)-dien-33-yl Acetate.

A solution of taraxera-li:l4-dien-3f-yl acetate
(60 mg.) in acetic acid (50 c.c.) was heated with
concentrated hydrochlorie acid (J c.c.) on the steam-
bath for 7 hrs. The product isolated in the usual
ways crystallised from chloroform-methancl to yleld
oleana-11:13(18)-dien-3f-yl acetate as plates (35 mg.),
n.p. and mixed m.p. 227-228°, [a]D ~ 62° (c40:8).
Light absorption: Max. at 2420 (E = 22,000) 2510
(E = 27,200) and 2600 £.(E = 17,000). The same
treatment of oleana-9(11):12-dien-3f=yl acetate (m.po
219-220°% [ajp + 337°) gave, after two recrystallisations
from aqueous acetone, a 70% return of starting material,
m.p. 215-217°, [alp + 338° (¢,0.7). ILight absorption:
Max. at 2820 £. (B = 9,000)

Rearrangement of Oleana-9(11):12-dlen-8f-yl Acetate

to Oleana-11:13(18)-dien-38-yl Acetate. .

A solutlon of oleana-2(11):12-dien-3¢-yl acetate
(200 mg.) in acetic acid (100 c.c.) was treated with a
solution of concentrated hydrochloric acid (10 c.co)
in acetic acid (50 c.c.). The mixture was refluxed

for 6 hrs. with the addition of concentrated hydrochloric
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acld (5 c.c.) after 2, 4 and 6 hrs. The mixture wvas
set aside overnight and the product, isolated in the
usutal way, crystallised from chloroform-rmethanol to
yield oleana=-11:13(18)-dien-3p=yl acetate as plates

(100 mg.)y m.p. and mixed m.p. 224-225°, [a]D - B83°
(cy0.8). Iight absorption: Max. at 2420 (E = 21,000),
2500 (E = 26,000) and 2600 A, (E = 16,000). Oleana-
=9(11):12-0lean=3p-0l was recovered unchanged after
refluxing with ethanolie potassium hydroxide (20%,

100 c.c.) for 52 hrs.

118-Hydroxyolean-12-en-3f-yl Acetate.

A solution of ll-oxo-olean-12-en=33-=yl benzoate
(1L g.) (Budzlarek, Manson and Spring, J., 1951,3338)
in dry ether (250 c.c.), was treated with lithium
aluminium hydride (1 g.) and kept overnight at room
temperature. The prodvuect was 1solated and acetylated
in the usual manner. The acetylated product separated
from chloroform-methanol as needles {800 mg.), m.p.
200-205°, which gave a yellow colour with tetranitro-

methane. Four recrystallisations gave.llﬂngydroxyoleanﬂ

-12-en-3p-yl acetate, m.p. 203-210° [alp + 29° (e,2.2)
{(Found: C,79.1; H,11.2. Cg32H5205 requires C,73.3;

o
H,10.8%) Light absorption: Max. at 2100 A. (E = 5,600).
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Dehydration of llf-Hydroxyolean-12-en-3g-yl Acetate to

Oleana-9(11):12-dien-3p~yl Acetate.

A nmixture of 113<hydroxyolean-l12-en-3p-yl acetate
(250 mg.), anhydrous sodium acetate (400 mg.) and acetic
anhydride (30 c.ec.) was refluxed for 2 hrs. The product
was isolated in the usual way and crystallised from
aqueous acetone to yield oleana=92(11):12-=dien-3-yl
acetate as fine needles (120 mg.), Mm.p. and mixed m.p.
214~-217°, [a]D + 338° (¢,0.9). Light absorption:
Max. at 2820 A. (E = 9,000).

Acid dehydration of 1llp-Hydroxyolean-12-en-3f-yl Acetate

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

A solution of 1lP=-hydroxyolean-l2-en-=33-yl acetate
{200 mg.) in acetie acid (50 co.c.) was heated with
concentrated hydrochloric acld (0.5 c.c.) on the steanm-
=bath for § hrs. The product, isolated in the usual
vays crystallised from chloroform=methanol to yield
oleana-=11:13(18)~-dien-3¢~-y1l acetate as plates (120 mg.),
m.p. and mixed m.p. 228-280°, [a]y - 62° (¢,0.8).
Light absorption: Max. at 2500 (E = 29,000) 2420
(E = 24,000) and 2600 £. (E = 19,000).
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l2a-Hydroxyolean-9(11)-en-3g-yl Acetate.

A solution of l2-oxo-olean-9(11)-en-3g-=yl acetate
(1 g.) (Budzlarek, Johnston, Manson and-Spring, log.eit,)
in dry ether (250 cec. ), was treated with lithium
aluminium hydride (1 go) and the mixture kept overnight.
The product wags 1solated by means of ether (avoiding
the use of mineral acid), and acetylated by acetic
anhydride-pyridine at room temperature overnight. The
acetylated product crystallised from aqueous acetone,

to give l2a-hydroxyolean-2(11)-en-3f-yl acetate as

needles (750 mg.), GHl.p. 177=178° [a]D + 36° (cy0.6)
(Found: C;79.5§ H,;11:2. CzzHs;203 requires C,79.3;
H,10.68%).

Dehydration of l2a-Hydroxyolean-9(11)-en-3p-yl Acetate

to Oleana-9(11):12-dien-3f~-yl Acetate.

(a) A mixture of 12a-hydroxyolean-9(11)-en-3p-yl acetate
(200 mg. ), anhydrous sodium acetate (400 mg.) and acetic
anhydride (30 c.c.) was refluxed for 2 hrs. The product
was 1solated in the usual way and crystalllsed from
agueous acetone to yield oleana-2(11):12-dien-3p~yl
acetate as needles (100 mg.), m.p. and mixed m.p.
216-217°, [aly + 335° (e,0.7). Light absorption:

Max. at 2320 £. ( E = 9,000).
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{(b) A solution of l2a-hydroxyolean=2(11)-en-33=yl acetat:
(200 mg.) in acetice acid (50 c.c.) was heated with
concentrated hydrochloric acid (0.5 c.c.) on the steam-
-bath for 3 hrs. The product isolated in the usual
manner, crystallised from aqueous acetone to give
oleana-9(11):12-dien-33~yl acetate as needles (110 mg. ),
m.p. and mixed m.p. 218-219°, [alp + 338° (¢,0.6).

Light absorption: Max. at 2820 £.(E = 9,000).
Oleana-9(11):12-dien-33-yl acetate was isolated in
similar yield when the solution in acetic acid containing

hydrochloric acid was kept overnight at room temperature.

lai-Acetoxytaraxeramg(ll):14~dien=3ﬁ=gl Acetate.

A solution of 12-oxotaraxera-9(11):l14-dien-3f-yl
acetate (400 mg.) in dry ether (100 c.c.) was refluxed
with lithium gluminium hydride (300 mg.) for 4 hrs.
The product, isolated in the usual way (avolding the

use of mineral acid), was crystallised from aqueous

methanol from which 12{-hydroxytaraxera=9(ll):léngiggf
-38-01 éeparated as felted needles (300 mg.)y Mm.po
202-204°, [a]p - 17° (¢,0.8), which gave a yellow colour
vith tetranitromethane (Found: C,81.8; H;11l.1. C3oHeg0p
requires C,81.8; H,11.0%). Acetylation of 12¢-hydroxy-

taraxera-9(11):14-dien-3p8-0l1 gave 12§~acetoxytaraxeraw
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=9(11):14-dien-3p-yl acetate which separated from

methanol as plates, m.p. 167-168°, [a]p + 25° (e¢,1.0)
undepressed in m.p. with the 'dlacetate' m.p. 167-188°,
described by Budziarek, Manson, Johnston and Spring
(loc.cit.) Light absorption: Max. at 2110 A. (E = 7,800
Benzoylation of 12§-hydroxytaraxere-9(11):14-dien-38-ol

by pyridine~benzoyl chloride gave 12§mbenzoxytaraxera=
=9(11):14~dien-3f~yl benzoate which erystalllsed from
chloroform-methanol as needles; m.p. 233-234°% [a]p + 70°
(cy1.0) (Found: C;81.63 Hy8.8. CaalH5504 requires C,81.4;
Hy807%) 0

neo=f-=Amyratrienyl Acetate.

A solution of 12%macetoxytaraxeram9(ll):14=dienm33=
=yl acetate (1 g.) in acetic acid (80 ec.ec.) was treated
with concentrated hydrochloric acid (4 c.c.). After
1 hr. a erystalline solid separated from the yellow
mixture. After 20 hrs. the product was isolated and
acetylated in the usual way. A solution of the
acetylated product (S00 mg.) ¢ in light petroleum (100 c.¢
was filtered through alumina (25 g.) and the column
washed with light petroleum (200 c.c.). Elution with
light petroleum-benzene (5:1; 750 c.c.) ylelded s
erystalliine solid (550 mg.) which was recrystallised
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from methanol to yield neo-f-amyratrienyl acetate as

platesy; m.p. 168-169°, [a]D + 58° (ey,1.0) which gave a
purple colour with tetranitromethane (Found: C,82.8;
Hy10.2. CgzzHeaOz requires C,82,73 Hy10.4%) Light
absorption: Max. at 2280 (E = 18,500), 2820 (E = 164,000
and 2840 A.(E = 12,500). neo-f-Amyratrienyl acetate
in benzene was recovered unchanged after shaking with
hydrogen and, Raney Nickely; palladised barium sulphate
or palladised strontium carbonate. It did not form an
adduct with maleic anhydride when refluxed in benzene
solutiony, and was recovered unchanged after refluxing,
wlith zine in ethanol or acetlic acid solutiony, and with

sodium in n-pentanol.

neo--f-Amyrin Acetate.

() A solution of neo-f-amyratrienyl acetate (1 g.)

in acetic acid (100 c.c.) was added to a suspension of
freshly reduced platinum (from 5C0 mg. of PtOz) 1n aceti
acid (25 c.c.) and the mixture shaken wlth hydrogen.
Absorptioh was complete after 30 mins. {(approx. 110 c.c.
of hydrogen a%t N.T.P.). The product, isolated in the
usval manner, crystallised from chloroform-methanol %o

yield neo-f-anmyrin acetate as needles (450 mg.),; m.p.

225-227°, [G]D + 5° (¢,0.7), which gave an intense
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orange-red colour with tetranitromethane and whiech was
undepressed in m.p. on admixtore with isc-B-amyradienyl
acetate as prepared by Budziarek, Johnston, Manson and
Spring (loc.cit.). ILight absorption: Max. at 2110 £.
(B = 54,000) (Found: C,;82.0; Hyll.2. C32H520, requires
C,82.05 Hy11.2%). neo-f-Amyrin acetate (200 mg., m.«po
224-226°, [alp + 6°) was also obtained by hydrogenation
of nec—=P-amyratrienyl acetate (250 mg.) in ethanol over
palladized strontium carbonate (2% Pd0z).

(b) A solution of 12§=acetoxytaraxeran9(ll):lémdiene
=3f-yl acetate (1 g.) in acetlc acid (75 ¢.c.) was added
to a freshly reduced suspension of platinum (from 700 mg.
of Pt0z) in acetic acid (50 c.c.) and the mixture shaken
with hydrogen when the uptalke was extremely slow. Af'ter
18 hrs. one drop of concentrated hydrochloric acid was
added and shaking with hydrogen continued. Hydrogen
uptake was then rapid. After 6 hrs. the product was
isolated in the usual way and crystallised from
chloroform-methanol to yield neo-p-amyrin acetate as
needles (600 mg.), m.p. and mixzed m.p. 226-227°% [a]y + 5'
{cylel)s

{e¢) A solution of 12=010taraxeram9(ll):lémdien=3ﬁ=yl
acetate (200 mg.) in acetic acld (50 c.c.) was added Vo

a freshly reduced sugpension of platinum (from 100 mg. of



Pt0p) in acetie acid (25 c.c.) and the mixture shaken
with hydrogen when reduction proceeded slowly being
complete alfter 4 days. Addition of one drop of
hydrochloric acid to an acetic acld solution led to
rapid abscerption of hydrogen, the reaction being complete
in 4 hrs. The product lasclated in the usual way
erystullised from chloroform-methanol to yield neo-fi-
—amyrin acetate as neesdlegs (120 mg.), m.p. and mixed
m.po 284-225°, [aly + 5° (c,0.7).

(d) A solution of 18:16-dioxotaraxera=9(11):l4-dien-
=3f=yl acetate (250 mg.) (Jeger and Ruzicka, Helv.Chim.

Acta, 1945,28,209) in acetlic acld (100 c.c.) was shaken
with platinum (from 200 mg. of Pty ), concentrated
hydrochloric acld (0.5 c.c.) and hydrogen for 24 hrs.
The product, isolated in the usual way, crystallised
from chloroform-methanol to yield neo-f-amyrin acetate
as needles (100 mg.) m.p. and mixed m.p. 224-225° [e]y
+ 5° (cy0.8),

(e) A solution of l4:l5-epoxy-l2-oxotaraxer-9(11)=-en-3f-
-yl acetate (1 g.) (Johnston and Spring, J.,; 1954, 1556)
in acetic acid (200 c.c.) was added to a freshly reduced
gugpensgicn of platinum (from 600 mg. of Pt0gz) in acetic
acid (30 c.c.) and the mixture shaken with hydrogen for

48 hrs. The product,; isolated in the usual way,
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crystallised from chloroform-methanol to yield neo-=f-
amyrin acetate as needleg (400 mg.), m.p. and mixed

Mmepo. 223=-225°, [a]D + 4° (cyl.l).

(£) A solution of 12§abenzoxytaraxeram9(ll):l4=dien=
3f-y1 benzoate (1 g.) in acetiec acid (250 c.c.) was
shaken with platinum (from 200 mg. of Pt03), concentrated
hydrochloric acld (1 c.c.) and hydrogen for 24 hrs.

The product, isolated in the usnal manner, crystallised
from methylene chloride-methanol to yield neo-f-amyrin

hexahydrobenzoate as plates (800 mg.)}, msps 170=-171°,

[alp + 1° (e;2.0), vhich gave an orange-red colour with
tetranitromethane. Light absorption: Max. at 2080 A.

(B = 4,050) (Found: €. 83.0; H,11.2. Ca9Hg O3 reguires
C,82.8; Hy11.3%). Hydrolysis by refluxing in ethanolic
potagsium hydroxide (15%, 100 c.c.) for 8 hrs. gave a
gum, acetylation of which ylelded neo-f-amyrin acetate,
erystalligsed from chloroform-methanol as needles (400 mZo
m.p. and mixed m.p. 224-225° [alp + 5° (e,;3.1).
Hydrolysis of neo-f-amyrin acetate in ether solution
with 1ithium aluminivm hydride gave a gumy benzoylation
of which yielded neo-f-amyrin bengzoate which crystallised

from chloroform-methanol as needlesy m.p. 186=187° [a]D
+ 26° (,3.7) (Founds C,83.2; H,10.4. CaqHza0s requires
C,83.7; Hy10.3%).
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neo-p-=Aayratrienonyl Acetate.

A solution of neo-f-amyratrienyl acetate (500 mg.)
in scetic acid (25 c.c.) maintained at a temperature of
44-55° was treated with a solution of chromic acid (150
mge; 2.2 mol.) in acetic acid (20 c.c.) added dropwisc
with stirring during 30 mins. Stirring was continued
for a further 30 minsy and the product isolated in the
usual way, was a gum {550 mg.), which was dissolved in
benzene {50 c.c.) and chromatographed on alumina.
Washing with benzene (1 1.) eluted only gum (80 mg.).
Elution with ether-benzene (1:9) (200 mls.) gave a fracti
wnich crystallised from methanol to yield neo-f-amyra-

trienonyl acetate as yellowish square plates (60 mg.),

m.p. 209-210°, {alp + 21° (c,0.7); which gave a bright
orange=-yellow colour with tetranitromethane. (Found: C,79.
Hy9.8, CagHag0s requires C,80.2; H,9.7%) Light absorption
Max. at 2320 (E = 12,000) and 3400 £, (E = 11,000).

neo=-fH=Amyrin Acetate Oxlde.

A solution of neo-f-amyrin acetate (350 mg.) in
chloroform (20 c.c.) was treated with perbenzoic acid
(120 mg. ) in chloroform (2 c.c.) and allowed to stand
for 48 hrs. at 0°. The product, 1solated In the usual
way, crystallised frcm methanol to yleld nec-p-amyrin
acetate oxide as prisms (180 mg.), m.p. 207-209°, [a]D




=5°% {£,0.9)y which showed no selective absorption in
range 2000-3500 K. (Found: C,79.3; H,10.9. CaaHs20a
requires C479.3; H,10.8%).
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Summagg °

A general inveptigetion of theo chemistry of
l3a-0leananc derivatives and & comperison with the
oleansne and ursene anslogues shows thet rings D end E
in a-amyrin are cis-S-fused,

In a1l formulae in Section {2), R = Ac¢c unless otherwise statec



Introduction.

The stereochenmistry of olean-l2-en-3B-0l (B-amyrin)
(I, R=H) has been elucidated, mainly by Barton and hie
collaborators (¢f., Barton, J., 1953,1027).

(11)

Rings D and E are gis-f-fused (Budziarek, Manson ang
Spring, J., 1951,3336 ; Barton and Holness, Chem. and Ind.,
1951,233) and it has been demonsirated morcover, that the 188~
configuration is unstable since prolonged alkali treatment of
ll-oxo-0lean-il2-en-38-0l (IV, R=H)} affords an isomer (Picard
and Spring, J., 1940,1198 ; Ruzicks, Miller and Schellenberg,
Helv.Chim.Acta, 1939,22,758), shown to be ll-o0xo0-l8a-o0lean-
12-en-3B-ol (V, R=H) (Budziarek et al., loc.git.). That the
isomerization had inveolved C18 and not C9 vas established by
catalytic hydrogenolysis of the epimeric aB-unsaturated ketone
(V) to the deoxo-cempound (VII), which was oxidized by aseleniu
dioxide %o oleana-11:13(18)-dien-3p-yl acetate (VIII),

Thus, the B=configuration at 018 in the natural oleanane

triterpenoids cen be inverted to the more stable c-configurati
wonere rings D sand E are trsns-fused,




Lx\“ (IX) Lx\b (viI) L\Wb (viix)

The constitution (I1, R=H) for a-amyrin (urs-l2-en-38-o0l)
was proposed by Melsels, Jeger and Ruzicks (Helv.Chim.Acta,,
1949,32,1075) and the configurations at C}, Cg, Cg and C,, hev
been established (Jeger, Riegg and Ruzicka, ibid., 1947,30,129
Melsels, Jeger and Ruzicke, ibid., 1950,33,700). Varying
opinlons have been expressed concerning the configurations at

0179 ClB' C19 and 020 in (II) and all four possible stereo-
chemical combinatons involving 617 and 018 have been proposed.
These are (IIla) {Ruzicke, Experientis, 19%3,9,357), (Illb)
Corey and Ursprung, Chem. and Ind., 1954,1387), (IlIc) (Beton
and Halsall, ibid., p.1560) and (I1XId) (Zircher, Jeger and
Ruzicka, Helv.Chim.Acta, 1954,37,2149, footnote).
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Unlike the oleanene triterpenolds, the stereochemistry at
C18 in the ursane serles is stable under the same conditions
which cause lsomerizaticn in the oleanane geries, since
prolonged alkali treatment of ll-oxours-=12-en-38-yl acetate (¥
did not cause isgomerigation.

Since 1ittle wase known of the chemistry of the lBa=oleans
derivatives, a general investigation of this series was under-
taken with the object of comparing them with oleansne and
urgane anglogues to elucidate some aspects of the chemistry of
the Ursane Group and, in pariicular, the nature of the D/E
ring fusiocn in c-amyrin. For clarity of exposition, & comparils
of the reactions of the three clesses {oleaznane, l8a-oieanzne
and ursane) is convenlently subdivided into the following
gections;

(A). Oxidation of ll-oxo0-l2-en-3g-yl acetates,

(B), Dehydrations of llB-hydroxy-l2-en-3f-yl acetates.

(C). Oxidation of -l2-en-38-yl acetates.

(D). Bromination of 12-oxo-an-3B-yl acetates,

(E). Aeld rearrangements of =9(1l):)2-dien-38-yl acetates

(F}. Ultra-violet absmorption spectra. '

(G). Reactlions of 12-0x0-9(1l1l)-en-3B8-yl acetates.



{A)o Oxidation of ll-oxo~lZ-en-3f-yl acetates.

11-0x0-18a~0lean-l2-en-3p-yl acetate (V¥), was prepared
by the epimerization of ll-oxo-o0lean-12-en-3p=yl benzoate (IV,
R=Bz) using the conditions of Budziarek et al. (log.cit.) and
isolated in 75% yield (acetylaetion without purification of
intermediate alcohol). It was found that the remaining 25%
could not be purified by crystallization, but retreatment witl
alkall under the seme conditions afforded more pure (V),
increasing the overall yield to B82,.5% of the theoretical valuc
11-0x0=180-0lean-l2-en-3p~-0l was further characterigzed by
conversion to ll-oxe-l8a-0lean=12-en=3p8-yl benzoate (V, R=Bz).

Oxlidation of the oleanane derivatives, oleana-11:13(18)
dien-3g-yl acetate (VILI) (Ruzicka and Jeger, Helv.Chim.Acis,
1941,24,1238), ll-oxo-olean-l2-en-38-yl acetate (IV) and 1ll-o:
oleana-12:18..dien~3Jf-yl acetate (IX) (Mower, Green and Spring,
do, 1944,256) yield the 'Osfacetate' (X), the structure of
which has been eetablished by McKean and Spring (J., 1954,198¢

(VIII)
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Similar oxidations in the ursane serles do not yield an
analogue of (X) and in an endeavour to ascertain the influence
of configuration at C,g, on the fermation of (X), ll-o0xo0-18a-
olean=12-en=3p=-yl acetate (V) was oxidized with selenium
dioxide. The produect isolated was the known ﬂOsuacetate"o It
follows from the formation of (X) from {IV) and (V) that a
specific fusion of rings D and E is not the determlining factor
for reaction. It is possible that the formation of the enol
lactone (X) from the isomers {IV) and (V) proceeds via ll-oxo-
oleena-12:18-dien=3B-yl ancetate {IX). an attrective mechanism
based on a closely releted reaction has recently been proposed
{Yates and Stout, J.Amer.Chem.Soc., 1954,5112). In terms of
formula (VI) for the a-emyrin derivative, a possible reason
for the non=formation of an "ursane-os—acetateﬂ would be the
presence of the Clg-methyl group,

Oxidation of ll-oxo-clean-l2-en-38-yl acetate (IV} with
bromine yields ll-oxo-oleane~12:18~dien-=3B8~-yl acetate (IX)
{Picard and Spring, J., 1941,35). Both 1l-oxours-l2-en=-3p-yl
ecetate (V1) and 1lle-oxo=18a-o0lean=Ll2«-en-3p-yl escetate (V),
however, were recovered unchanged after treatment with bromine
using conditions which sueccessfully lesd to the formation of (.
from (IV). The similarity in behaviour of (V) and (VI) does noi
necessarily indicate en identity of the D/E ring fusion in thes
compounds since bromination proceeds yvia the enol form and the
fect that enolization is directed toward Cig In (V) and (VI) he
not been demonstrated.

In an attempt to find en alternative route to ll-o0xc-18¢-
olean=12-en=-38-yl acetate (V), it wes proposed to form the enol
acetate (XI) of ll-oxo-olesn-l2-en=3B-yl acetate (IV), and
obtain (V) by hydrolysis of (XI),
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(X1) (XI1) {XI11)

Neither (IV) or (V), however, gave ll-acetoxyoleana-ll:1l3
(18)-dien-3p=-yl acetete (XI) under standard conditions of enol
acetylation. Forcing encl acetylation of ll-oxours<l2-en=38-ylk
acetate (VI) (Beaton, Spring, Stevenson and Strachan, J., 1955,
in press) did not yield the heteroannular enol acetate (XIIl),
but ll-acetoxyursa-9{11):12-dien-38-yl acetate (XII)}, hydrolysi
and acetylation of which reaffords (VI) showing thatArinss B ar
C are fused in the more stable form. These differences in enol-
izatlion behaviour afford an ecxplanation of the differences in
bromination behaviour of (IV), (V) end (VI) described above.
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(B). Dehydration of llB=hydroxy-12-en-3f-yl acetates.

Reduction of ll-oxo-0lean-l2-en-3p-yl benzoate {1V, RsBz
with 1lithium aluminium hydride, followed by acetylation, gives
11B=hydroxyolean=-12-en-38-yl scetate (XIV), which may be
dehydrated with acetic anhydride-sodium acetate to yield oleana
9(11):12-dien=3f-yl (XV), and which on treatment with mineral
acid affords oleana-11:13(18)-dien-38-yl acetate (VIII).

-

L‘\V (XV) (—L\”. (XIV) Ll\’ (VIII)

It was considered that a comparison of the behaviour
of ll-0xours~l2-en-3B=yl acetate (V1) end ll-oxo-18a-oleen-12-
en=3B8-yl acetate (V), under the same conditions, might throw
some light on their relative configurations in rings C, D and E
particularly at Cyg° 1l=Oxours=12-en-3p-yl acetate (VI} was
therefore reduced with lithium aluminium hydride to yleld
11B-hydroxyurs=12-en-3f-yl acetate (XVI). The B-{axisel )-config-
uration is ascribed to the hydroxy group in (XVI) because it is
net acylatable and readily dehydrates (trang-elimination) with
acetic anhydride~pyridine to yield ursa-9(1l):12-dien-3g=yl
acetate (XVILl). Treatment of (XVI) with mineral acid in an
attempt to obtain urse-11:13(18)-dlen=38-yl acetate (XVIII)
(Easton, HMenson and Spring, J., 1953,943), under the conditions
which yield oleane~11:13{18)-dien=3p-yl acetate from (XIV),
afforded only (XVII).
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LL\’ (XVII) \\ (XVI) L\'\/

From these obeervations and the formation of the homo=

(XVIII)

annular type enol acetate (XII), rather than a heteroannular
type (X1II), 1t appeared that there existed some conformationa
restraint to the introduction of an ethylenic linkage between
Cy3 8nd Gy
ll=0¥0-18a«~0lecan=-l2-en-3p-yl ascetate (V) was reduced with

in the ursane series. Under the same conditions,

l1ithium aluminiuvm hydride end acetylated to glve llp=hydroxy-
18a-0lean-12-en-3p~-y)l acetete (XIX). The B-(axisl)-configurati
is ascribed to the hydroxyl group in (XIX) because it ie not
acylataeble.

(X1X) (XX) (VIII)

Unlike (XIV) end (XVI), (XIX) is not unilaterally
dehydrated with acetic anhydride-sodium acetate to yield a
homoannular dienyl acetate but affords mixed cryetals of what
is considered to be lBa-~oleana-9(1l):12-dien-3p-yl acetate (XX
and oleana-11:13(18)-dien-38-yl acetate (VIII). The specific
rotetion and ultra-viclet absorption spectrum of the mixed
crystals show that they consist of approximately 702 hetero-
ennular dienyl acetate esnd 30% homoannular dienyl acetate.
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Similar mixed crystels were obtained by (e) treatment of
11-0X0~-18a-0lean=12-en-3f~yl scetate (V) with sodium-anyl
alecchol followed by acetylation, and (b) refluxing llp-hydroxy-
18a-0lean=12-en-3B=y1 acetate (XiX) with dimethylaniline,
Treatment of the mixed erystal with hydrochloric aeid in ecetl:
acid converted it into pure hetercannuler dienyl acetate (VIII
and this was obtained directly from (XIX) by similar treatment.

Thus, zince both 1llf-hydroxyolesn-12-en-3p-yl acetate {(XI'
and 1te l8a-isomer (XIX) give oleana=11:13(18)-dien=38-yl
acetate (VIII) on tresiment with mineral aclid than the con-
flguration at 018 does not affect the acid rearrangement. The
explenation for the non=formation of ursa=1ll:13(18)-dien-38-yl
acetate (XVIII) from llB-hydroxyurs-l2-en-38-yl acetate (XVI),
must therefore be sought elsewhere in the molecule. The differ-
ence in dehydration bshaviour of (XIX) was initiaslly assumed ¢
be due to the extreme ease of isomerization of the then unknowr
18a-0leana-9(11):12-dien=-3p-yl acetate (XX) to oleana-1l1:13(18)
dien~3B-yl amcetate (VIILI), but subsequent preparation of (XX)
(to be diccussed later) showed that it was only slightly less
stable to mineral acid treatment than its 18B~igomer (XV).

Sinece differences existed in the ease of dehydration of
11B~hydroxyolean-12-en-3p-yl acetate (XIV) and llB-hydroxy-18c-
olean=l2-en-3p-yl acetate {(XIX), it was of interest to examine
the case where no hydrogen atom was present at 018 and the
compound selected for comparisen was ll-oXo-oleena=12:18-dien-
3=yl acetate (1X). Reduction of {(IX) with 1lithium aluminium
hydride yields lif-hydrozyoleana=l2:18-dien-3f=-0l (XXI, R = H)
which, on refluxing with acetic enhydride-sodium acetate for
prolonged periods, undergoes no dehydration and affords 11lB-
hydroxyoleana-12:18~dien-38-yl acetate (XXI) az the sole produc
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no trace of oleana-9{(11):12:18-trien=38-yl acetete (XXII) being
observed. The a—(axial)nconfiguratioﬂ i ascribed to the hydrox
in (XXI) since it is not acylatable., To demonstrate that oleans
9(1)):12:18-trien-3p~0l (XXII, R= H) could in frct be obtained
from (XXI, R=H), 1llB-hydroxyoleans-l2:18-dien-38-0l was treaie
with hydrochlorie-eacetic acid mixture. Oleana~9(11):12:18-trien
38-0) was obtained in good yleld and further characterized by
conversion to its acetate (XXII).

(1IX) C (xx1) (XXI1)

Thus, on comparing the dehydrating action of acetic
anhydride-sodium acetate on 1llB=hydroxyurs-l2-en-3B-yl acetate
(XVY) with the behaviour of the allylic alechole (XIV), (XIX)
and (XX1), the similarity in behaviour of (XVI) and 11B-hydroxy
alean-12-en-3B-yl acetate (XIV) leads te the conclusion that
the configurations at C,g in (XVI) and {(XIV) might be the same.
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{e). Oxldation of =1l2~-en-3B8-yl acetates.

In an sttempt to obtain more Information to support the
view that the configurations at 018 in oleanane and ursane
might be identieal, the oxidations of olean--l2-en-38-yl acetatii
(1), urs=12-en-3p=-yl acetate (1L) and 1l8c-0lean-12-3B-yl acetlal
(VIl) were compared. 18a-0Olean-l2-en-38-yL acetate was preparet
from ll=-¢xo-l8a-o0lean-1l2-en-3f-yl acetate (V) using the method
of Budzlarek et al. {loc.cit.), or by the hydrogenolysis of
11B-hydroxy-18a=0lean=1l2-en-3f8-yl acetete {XIX), and was fully
characterized by hydrolysis to the alcechol, and by the
preperation of various esters,

Oleen=~12-en-3p=yl acetate (I) on oxidatlion with selenium
dioxide yields olegna-11:13(18)=dien<3p-yl acetate (VIII)
(Ruzicka, Muller and Schellenberg, Helv.Chim.Acta,1939,22,767;
Barton and Breoks, J., 1951,257) and urs-12-en=3f-yl ecetate (.
under comparable conditions gives a emall yield (1%) of ursa-
12:13(18)-dien=-3B-yl scetate (Easton et al., 10C.cit.). Simila:
treatment of 18a-o0lean-l2-en-3B-yl acetete (VII) ylelds oleana:
11:13(18)-dien=3B-yl acetate (VIII) (Budziarek et al., l0c.git.
Thus the configuration at C1

3 in no way influences the formati
of the hetercennular dienyl acetate, though in the ursane geri:
the conformational resistance to the introduction of a 6133918
double bend eppears to operate,

Olean-12-en=3B-yl scetate {(I) on oxidetion with N-bromo-
succinimide ylelds oleana-9{11):12:18-trien~38-yl acetate (XXI]
(Ruzicka, Jeger and Redel, Helv.Chim.Acta, 1943,26,1235) whils!
urs=12-en-3p-yl acetate affords ursa-9(11):12-dien=3p=y) acelai
(Xv11) (idem, loc.cit.). In view of this definite difference,
the action of H-bromosuccinimide on iBa-olean-l2-en-3%p-yl

acetate (VII) was examined in the expectation that since
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ll-0x0~18a-0lean=12=en=-3B=yl ascetete (V) and ll-oxours-l2-en-
3p-y1 acetate {(VI) were indifferent to bromination, {VII) migh
be expected to yield 1l8a-oleana-9{11):12-dien-3B-yl acetate {X
only., In fact, oxidation of l8a-olean-l2-en-3f-yl acetate (VII
vielded oleane=9{(11):12:18«trien-3B-yl acetate (XXIIl), which
shows that the Bo-configurations at 017 and C,, of (Ilia)
(Ruzieks, Experientia, 1953,9,357) in urs-=l2-en-38-yl acetate
(IX) is not the factor which prevents the formation of en
urgatrienyl acetete. The failure of (II1) to form an analogue
of oleana-=9(11):12:18-trien-3B-yl acetate {XXII) sould possibl;

be ascribed to a steric influence of the substituent at 019,
absent in the oleasnane series,
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(D). Bromination of l2-oxo-an-3B=yl acetstes,

A comparison of the behaviour of the saturated ketones
(XEIXI1), {XXIV) and {(XXV) on bromination, was undertaken.

(XXIIX) (XX1V} (XXV)

12-0x0-060leanan-3p-yl acetate (XXIll) is obtained by the

hydrogen peroxide oxidation of olean=l2-en=3B=yl acetate (1) ir
acetic acid {Picard, Sharples and Spring, J., 1939,1045).
Similer oxidation of urs-=12-en-3f-yl benzoate (Il, R=Bz) glvet
a product, Cy,Hg, 04, [G]B +132°, which was considered to be &
saturated ketone (Seymour, Sharples snd Spring, J., 1939,10735).
The correasponding acetate, €y 5,05, [m}u #214°, was obtained *
oxidation of urs=12-en=3f-yl acetate (Il) with either ozone
(Puzicka, Jeger, Redel and Volli, Helv.Chim.Acta, 1945,28,199),
or hydrogen peroxide in acetic acid (Meclean, Silverstone and
Spring, J., 1951,935), and since this oxidation product is
isomerized by mineral acid te l2-oxoursan-3f-yl acetate (XXV),
[a]D +11°9 and carbonyl abgorption was not observed in its ult:
violet abserption apectrum, it was considered to be 12:13-epoxs
ursan=3p-yl acetate (XXVI). The structure of the related benzoc
wes revigsed to 12:13-epoxyursen-3f-yl acetate (XXVI, R=Bz), ar
8 compound Gy H, 0, [u]D +1359 obtained by oxidation of urs-l2-

ene with hydrogen peroxide, was described as 12:lJ3-cpoxyursane.
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Treatment of the benzoate, 037H5403, end the compound CBOHSOO'
with hydrochloric acid gave l2-oxcursan-38-yl bhenzsate {(XXV,
R=Bz), [a]D +25°, and l2-oxoursane, [o.]D 0°a respectively.

A congideration of this data leads to the conelusion %that
2 ketone gtructure for the oxidation products of c-amyrin este;
had not rigorously been excluded and experimente were therefore
initiated to determine unequivocselly, the nature of the new
oxvgen function. Treetment of the acetate 0321'152039[0,]D ¢114°9
with 1ithium eluminium hydride yielded a product, acetylation ¢
which, either al room temperature or at 100°9 gives IZiwhydroxy
ursan-38-y1 acetate (XXVII)., This product could originate from
either an epoxide or a ketone. To differentiate between these
possibilities, the diocl monoacetate (XAVII) was oxidized with
chromic acid at room temperature., The oxidation product wes
identical with the acetate C32H5203, [a.]D +114° and hence the
epoxide structure is eliminated and the oxygen func¢tion is
present ea a carbonyl group. This conclusion was confirmed by
the infre-red spectrum of the acetaie CyoH5 505 [a]D +114°,

which showe a well defined carbonyl band at 1707 cmﬂlo

(Xxv) (XXV111) (XXVI)
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The conversion of the acetate C,,H,0,, [a.]D +114%, 1nto
12-oxoursan-38-yl acetate must therefore be represented as a
simple inversion at 013 since treatment of the diol monoacetate
(XXVIL1) with phosphoryl or benzoyl chloride in pyridine yiclds
urs=l2-en=38-yl acetate (Il), and both l2-oxoursan-3g-yl acetat
(XXV) and the acetate 03285203, [a]D +lld°, give the same enol
acetate, l2-acetoxyurs-l2-en-38-yl acetate (XXVIII). The acetat
032H52039 [a.]D +114°, is therefore 12-0x0-l3a-ursan-3g-yl aceis
(XXIX), [The assignment of the B-configuration to the Cyy
hydregen in l2-oxoursan-3f-yl acetate (XXV) is based on the
oxidation of 12-oxours-9{1ll)-en-38-yl acetate (XXXV), shorily
to be discussed.]8 and the related compounds obtained by the
oxidation of urs-12-en=3f--yl1 benzoate and urs-=12-ene with
hydrogen peroxide are l2Z-oxo-lJa-ursan-38-yl benzoate and l2-ox
1Ja-ursane respectively. The conversion of urs-l12-en-3g=yl
acetate (IX) inte 12-ox0-l3g-ursan-3f-=yl acetate (XXIX) may
include the formation of an unstable B-epoxide (XXX), which
rearranges by the transfer of the Clzuhydrogen acrosa the a-fac
to Cy4o The ketone used in comparison studies was the stable
ketone (XXV) in whish the Cg-hydrogen has the a-configuratiocn,
[The aessignment of the a-configuration is based on the acid

isomerization of urse~9(11):12-dien-3p-y)l acetate (XVIL), short
to be discussed. ]
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The third saturated ketone, 12-0x0-18a-oleanan=3g=-yl acefe
(XXIV) had been prepared by Budziarek et al. (loc.cit.) in poox
yield. In an endeavour to improve this yleld, l8a-olecan-=12-en-
38yl acetate (VII) in ethyl aceiste soclution was oxidized uein
hydrogen peroxide in formic acid. The yield was doubled and the
product (XXIV) was hydrolysed to the correspending slc¢ohol and
further characterized by the preparation of the related benzoat
In general, for the oxidation of an ethylenc to a& saturated
ketone, this method gives enhanced yields. The ketones (XXIXI)
end {XXIV) were further characterized by reduction with lithium
aluminium hydride to the diols, lZiwhydroxyoleanan«35nol and
lzi=hydroxy«18m=oleanan~33-ola

Wilth regard to the bromination of the ketones (XXI1Il),
(XXIV) and (XXV), 4t had previously been shown that 12-oxo-
oleanan-38-yl acetate {XX1il) and l2-ozoursan-3B-yl benzoate
(XXV, R=Bz) yield the bromoketoneg (XXX1) and (XXXII, R= Bz)
which, on heatlng with acetic acid containing a trace of hydro-
bromic acid, readily lese hydrogen bromide and yield l2-0x0-
olean-9{ll)-en-3B-yl acetate {(XXXIV) end l2-oxours-9(1ll)-en=3p-
benzoate {XXXV, R= Bz) respectively (Seymour and Spring, J.,
1941,319). In contrast, it was found thet the action of bromine
on 12-ox0-l8a-o0leanan-3B-yl acetate (XXIV) gives a bromoketone
wnich under simillar conditions did not déhydrobromlnate
(Budziarek et al., loc.cit.). It was decided to investigate thi
espect of the chemistry of the 1l8a-saturated ketone (XXIV), sin
it seemed allied to the difficulties of dehydration of
11f=hydroxy-l8a-o0lean-12-en~3p=yl acetate (AIX) already
discussed.
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(XXXLV) (XXXV) (XXXVI)

Bromination of the lBa-saturated ketone (XXIV) in a quard:
flaslk, with ultra-viclet irridistion, gave more consistent
yields of the bromoketone than did the method of Budzlarek gt
al. (loc.eit.). An examinstion of the infre-red absorption

spectrum, to determine the configuration of the Br-atom, showe:
e band at 1706 cm':1 characteristic of an axial Br-atom (Corey,
J.Amer.Chem, Soc., 1953,2301). The l8a-hromoketone is therefore
llB-bromo-12-0x0-18a-cleanan-~38-yl acetate (XXXIIl), and in
apite of the fact that the geometry of (XXXI1I) is favourable
for easy elimination of hydrogen bromide, the bromoketone prove
to be very stable. The ease of dehydrobromination of (XXJAL) ent
(XXXII} indicates the B-(axial)-configuration of the Br-atom ir
both these bromoketones, and the difference between this
bchaviour and that of (XXXIII) leads to the conclusion that the
l8g-configuration causes this difference, and if 017 in the
ursane bromoketone (XXX11) has the B-configuration, then

consegquently the ursane ketone (XXV) has not an a-configuration

at C18°
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{(E}s Acid rearrangements of -9(11):il2-dien-3p-yl acetates,

Dleana=9(1l):12-dien-3B-yl acetate (XV) is isomerized by
vigorous treatment with acid to oleana-11:13(18)-dien-3f=yl
scetate (VIII) {ef. Section 1l.) end urse-9{11):l2-dien-3g-yl
acetate (XVII) can be also iscmerized to (VIlI), vie ursa-
11513(18)=~dien-3p-yl acetate (XVIII) {Beaton, Spring, Stevenson
and Strachan, log.git.). From the gbservatlions on the dehydrati
of l1B=hydroxy-l8a-olcen-l2-en=3f-yl acetate (XIX), 1t secemed
thet 18a-sleana-9(1)):12-dien-38-yl acetate (XX) would be very
ungtable to mild ecid treatment, and it was degired to examine
and compare the effect of scid treatment of the homoannular
dienyl acetates. Since olesna-9{11)}:12-dien-38-yl acetate (XV)
can be easily prepared from l2-oxc-olean-9(ll)-en=3B8=yl acetate
(XXXI1V) (ef. Section 1.), an analogous route for the preparatic
of the l8a-isomer (XX) eppesred feaeible, Dehydrobromination of
the 18o~bromoketone {(XXXII1), by prolonged refluxing in pyridin
gave 12-o0xo-l8a=0lean-9(1l)-en-3f-yl acetate {XXXVI), whiech was
further characterized by the preparation of the related aleshol
and benzoate., The configuration at C13 in {XXXVI) is the more
stable since (XXXV1) was recovered unchanged (after reacetylati
from prolonged treatment with slkali,

Reduction of 12-0xo0-l8a~o0lean-9({1ll)-en-38-yl acetate
(XXXVI) with lithium aluminium hydride, followed by scetylation
of the produvet, yielded 120-hydroxy-l8a-olean~9(1ll)-en-38-yl
acetate ({XXVI1). The a-{axial)-configuration is ascribed to the
hydroxyl group in (XXXV1I) because of its nindered nature and
becauge of its relatively simple elimination by treatment with
scetlc anhydride-sodium acetate yielding 18a-o0leena-9(11):l12-
dien-38-yl acetate (XX}, which shows an aboorption maximum at
2780 XU(E = 9,400) and is strongly dextrorotatory. It was furth:
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characterized by conversion into the parent alcohol and

corresponding benzoate,

(XXXVIL) {xXx) (viii)

A comparative hydrochloric-ecetic acid isomerizetion of
oleana-9(ll):12-dien-3B-yl acetate (XV) and its l8g-isomer (XX
was followed speciroscopically and did not show the marked
differences expected. At intervels, the reaction solutions
were worked up and the selid residues examined. Without
exception, the intensities of absorption at 2500 R, due to the
formation of oleana-11:13(18)-dien=3B-yl acetate (VIII), were
always higher for the material derived from the l8a-dienyl
acetate than for that derived from the 18B-dienyl acetate (cf.
Experimental Section 2.) showing that lBa-olesna=9{1l):12-dien
38-y)l acetate (XX} is sliphtly less steble then oleana=9{11):1
dien-3B-yl acetate {XV). 18a-0leana-9{11):12-dien-38-yl acetat
like {XV), was recovered unchanged from hydrochloric-scetic
acld mixture afier standing et room temperature for 80 hours.
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(F). Ultra-violet absorption spectra.

The rather low wavelengih of the absorption maximum of
18c-0leana=9{1l):12-dien-38-y)l acectate (XX) prompted a
comparigson of the position of such maxima in the oleansne and
18a-0lecanane series, The results allow of the formulation of
the general rule, that the change from the higher energy of a
ecis ring fusion to the lower energy of a trans ring fusion,
(188 —>18a), ceuses e hypsochromic shift of girca 4 mu, (see
Teble I1.); an observation which may prove of considerable
diagnostliec significance in the resognition of l8a=0leanane
triterpenolds.

The spplication of this rule to a-amyyin, uping a
comparigon of oleanane, l8a-oleanene end ursane derivatives,
doeg not lead to a definite conclusion, since an insufficien?®
number of sultable ursane derivatives are available, Those
available have absorption maxime which, in position, lie
nearar o the oleanane rather than to the lB8a-oleasnane ansloz:
(see Table 1.)o

Tﬂ.ble Io

C/D/E-chromophores, 183, 18a, <A\ Ursane.
12-0%0-9(11)=en-- 248mp. 242mp.  bop, 251mp,
12:19-di0%0-9(11)-en- 246 243 3 =
=9{11):12-dien- 282 278 4 280
11l-0x0=12-e%= 250 245 5 248
19-0x%0-9{11)<en- 302 298 4 =
Ll-0x0-12-en-28-C00Me 250 248 2 250
1l=0xX0=12=en=30-C00H 248 243 ) =
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(g). Reactions of 12-0%0-9(1l)-en<3f=yl scetates.

To investigate the nsture of the D/E ring fusion in
a-amyrin, the reactions of 1l2-o0xe~o0lean-9(ll)-en=38~yl acetate
(XXXIV), 12-oxours=9(1l)-en-3p-yl acetate (XXXV) and 12-0x0-18t
olean=9(1ll)-en=3f8-y1 acetate {(XXXVI) were examined and compare:

Hydrogenation of (XXX1IV) affords olean=9(11l)-=en-3p-yl
acetate (XXXVIIX), while (XXXV) could not be reduced by the
sene methed (Jeger end Ruzicka, Helv.Chim.Acta, 1945,28,209),
Hydrogenation of (XXXVI) ylelds a new stercoisomer of B-amyrin
acetate, lB8a-elean-9(ll)<en-3p-yl acetate (XXXIX), further
charagterized by the preparation of the related alcohol. The
trang-fusion of rings D and E thus does not introduce any ster:
effect toward catalytic hydrogenolysis of a carbenyl group at
Clz, and hence an explanation for the hindered nature of such
a group in the ursane derivative (XXXV) must be sought elsewhe:
in the molecule,

(XXXVILI) (XXX1X)

12-0x0-0lean-9{1ll)-en=3B=yl acetate (XXXIV) or 12-oxo-
urs~9(1l)-en-38-yl ecetate (XXXV) are recovered unchanged afte:
treatment with selenium dioxide in dioxan at 200° (Ruzicka,
Jeger and Norymberski, Helv.Chim.Acta, 1942,25,457). Oxidation
of 12-o0x0-lBa-olean=9{(1ll)=-en-3f~yl acetate {XXAAVI), using these
conditions, gives a mixture of 12:19-dioxo-oleana-9(11):13{18)-
dien-3B-yl acetate (XL) as the major produst, together with
12:19-diox0-180~0lean=9(11)~en-3p-y1l acetate {XLI). The formati
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of the 1l8a-diketone (XLI) by oxidation of (XXXVI) is remarkable
(XLI) is not an intermediate in the oxidation of (XXXVI) to (X
since the l8a-diketone (XLI) is reeovered unchanged after
treatment with selenium dioxide in dioxan at 200°, The formatic
of {XLI) i1s possibly due to a redustion of 12:19-d1ox0-0leana-
9{11):13{18)=dien-3f-y) acetate (XL) by l2-ox0-18a=o0lean-9(11)-
en-3f-y)l acetate (XXXVI). which is thereby oxidized to 1l2-ox0-
oleana-9(11):13(18)-dien-3B-yl sgetate (XLIL). Further oxidatic
of (XLIIL) by selenium dioxide gives (XL), a reaction whigh has
been described (Beaton, Johnston, McKesn end Spring, J., 1953,
3660)., Attempts to oxidize (XXXVI) te (XLII) by bromination
and dehydrobromination were unsuccessful,

(XL) {XLI) {XLII)

The similerity in behaviour of the a-amyrin derivative
(XXXV) and the natural D/E gis-B-fused B-amyrin derivative
(XXXIV) with aelenium dioxide in dioxan and the marked contzrast
of the comparable l8a-olesnane derivetive (XXXVI), under the
same condltions, sircngly suggests that rings D and E in
a=amyrin are cis-fused.

The esteblishment of the nature of the D/E ring fusion in
urgane drivatives was finslly sccomplished by a consideration
of the oxidation of the aB-unsaturated ketones (XXXIV), {XXXV)
and {XXXVI) with selenium dioxide in acetic acid. Such an
oxidation of 12-0X%0-0lean-9(ll)=en-3B-yl acetete (XAXIV) yield:
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igo-p-amyradienonyl acetate (XLIII) (ef, Section 1,) and
gimilar oxidation of 1l2-oxours-9(1ll)-en-3g-yl acetate (XXXV)
yielde ipo-a-amyredienonyl acetate, which has coenclusively beer
shown %o heve the structure (XLIV) (Easton and Spring, J., 195¢

in press).

(XLIX1) {XL1v)

When 12-o0x0-180=0lean~9(ll)=en-3p-yl acetate (XXXVI) 4sg
treated with selenium dioxide in acetic acid under the same
reaction conditions, 4Lt is recovered unehanged.

The difference in behaviour between the isomers (XXXIV),
(XXXV) and (XXXVI) suggests that the formation ef the new
carbon akeleton requires specific relative configurations at
013. 014 and Gls before methyl grouvp migration can oscur frem
Gl4'to 013e The configurations in 12-oxo~olean-9(1l)-en=38-yl
acetate (XXXIV) at 013, C:L4 and C,, are B,a,p respectively, and
permlt a synchronous reaction, including the removal of the 013
hydrogen (B), and leading to a favourable conformation in the
resulting iso-f-amyradienonyl acetate {XLII1I) in which the C

methyl group {a) and the ¢, g-hydrogen () are anti-related,

13
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Thig reaction mechanism is not possibie with 12-0x0-18g-0lenn-
9{11 )=en-3p-y) ecetats (XXXVI) because the configuraticns at
Cyy and Cyg cannot lead to the stable anti-relationship hetwee
Gl} and Cyg by €, ,-methyl {a) group migratien, whieh must cecu
by migration across the a-=fage,

Since such a migration iz observed with L2-oxours-9(1l}-
en=3p-yl acetate (YXV), i1t follews that the eonfigurations atb
Cl}” Cy4 and Cyg in (XXXV) must be the same as in {XXXIV),
1.00; By, Gy Be This confirms the indications already discussed
that the configuration of the hydrsegen at 018 is the aame in
the sleanane and ursane geries, and as & sequel it follows the
vings D and E in c-anyrin are gisg-f-fused,

Regently a strueture (IIA), embodying a gis-B-fusion fer
the D/E ving Jjunction, has been proposed for o-emyrin {Allan,
Beaton, thaw, Spring, Btevenson, Stewart and Strachan, Chem.
and Ind., 1955,281),

o

{I14)

and this i the formulation which will be ueed in Section (3)
of this theslis,



Experimental

Section (2),

66
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Melting points were determined using a standardisec
NeoPoL. thermometer.

Specific rotations were measured in chloereform
solution in a 1 dm. tube at approximately 15°

Ultra=violet absorption spectra were determined in
ethanol solution wlth a Unicam SP.500Q spectrophotometer
and (B) denotes intensity of absorption.

Colour reactions with tetranitromethane were done
in chloroform soiution.

For chromatography, alumina (Brockmann Grade II)
was used; in the ratio 30:1 of substance chromatographed,
and light petroleum refers to that fraction of b.p. 40-80°

The phrase ‘in the usual way' implies, in general,
dilution with water, extractlon with ether, washing
consecutively with aqueous sodium hydroxlde, waters
aqueous hydrochloric acid and aqueous sodium bicarbonste,
followed by drying of the ethereal extract over anhydrcus
sedium sulphate, filtratlion and evaporation to dryness
under reduced pressure.

Hydrogenations were carried out, at roum temperatur
in glaclal acetic acid which had been refliuxed over and
distilled from chromivm trioxide.

Acetylations were carried out using acetic anhydrid

in pyridine solution at 100° for 30 mins., unless otherwis

speciiied.
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11-0xo-13a~0lean-12-en-33-yl Acetate.

A solution of ll-oxo-0lean-l2-¢n-33-yl benzoate
(15 g.) in ethanolic potassium hydroxide (15%, 1200 c.C.)
vas treated under reflux for 52 hrs. The brown solution
was concentrated to half bulk and diluted with water.
The solid was collectedy, washed with water and dried.
A solution in pyridine (100 c.c.) was treated with
acetic anhydride (20 c.c.) and heated on the steam-bath
for 1 hr. The product, isclated in the usual way,
erystallised from chloroform-methanol as prisms (10 g.),
m.p. 276-273°% [alp + 74° (c;1.9) undepressed 1n m.po
on admixture with ll-oxo-18a-o0lean-l2-en-33-yl acetate,
fep. 278-272°, prepared by the method of Budziarek;
Manson and Spring (J., 1951,3336). Concentration of the
erystallisation mother liquors afforded plates (3 g.),
m.p. 245-255° [e]ly + 95° (¢y2.0). Light absorption:
Max. at 2450 £. (E = 10,000). This material could not be
purified by further crystallisation and its solution in
ethanolic potassium hydroxide (15%, 250 c.c.) was
refluxed for 52 hrs. Isolation of the product and
acetylation and crystallisation as before, gave 1ll-0Xo-
~18a~-0lean=-12-en-33-yl acetate as prisms (1 g.) MmePo
and mixed m.p. 275-277°9, [a]D + 72° (cy).1), vhich were

recovered unchanged after refiuxing with acetic anhydride
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and sodium acetate for 80 hrs. Hydrolysis using

5% ethanolic potassium hydroxide for 2 hrs. gave
1l-oxo0-18a-olean-12~-en-3f-0l, n.p. and mixed m.ps
252-254°, [a]D + 829 {0,0.5). Benzoylation in the
usual manner gave ll-oxo-18a-olean-12-en-3f-yl
benzoate, which crystallised from chloroform-
-methanol as plates m.p. 263-264°, [alp + 86° (c,;1.8)
(Found: C,81.2; H;9.6. CanyH5203 requires C,81.6;
H,9.8%).

Oxidation of 1l-oxo-18a-olean-l2-en-3f-yl Acetate with

selenium dloxide.

A solution of 1l-=ox0-18a-clean-l12-en-3p-yl acetate
(600 mg.) in acetic aclid (20 c.c.) was refluxed with
selenlum dioxide (500 mg.) for 20 hrs. The product
isolated in the usual way, was crystallised from
methanol to give the ‘0Og-acetate’ as needles (300 mg.),
m.p. and mixed m.p. 267-269°, [aly + 33° (c,1.1)
(Found: C,75.1; Hy9.0. Calc. for CypHagls: C,75.3;
Hy9.1%). ILight absorption: Max. at 2300 £. (E = 3,600)
and an inflexion at 3000 A. (E = 340).



70.

11@=Hydroxyursﬁl2=g§=36=z§ Acetate.

A solution of l1l-oxours-=12-en-8@-yl acetate (1 g.)
(Spring and Vickerstaff, J., 1937,249) in ether (500 c.co
was refluxed with lithium aluminium hydride (1 g.) for
2 hours. The product, isolated avolding the use of
mineral acidy was treated with pyridine-acetic anhydride
at room temperature for 20 hrs. The acetylated product,
isolated in the usual way, was crystallised from

chioroform-methanol to yleld 11p-hydroxyurs-12-en-38-yl

acetate as plates (€50 mg.); m.p. 170-172°, [alp - 14°
{cylo5) (Found: C,79.7; H,10.8. CazH5305 requires
C,79.3;5 Ho10.8%) Light absorption: Max. at 2100 A.
(E = 5,550).

Dehydration of 1lif-Hydroxyurs-12-en-3f-yl Acetate.

(a) A mlxture of llp-hydroxyurs-l2-en-3p-yl acetate
(250 mg.) acetic anhydride (30 c.c.) and esnhydrous
sodium acetate (250 mg.) was refluxed for 2 hrs. The
product, isolated in the usuval vay, crystallised from
chloroform-methanol to yield urse-=2(11):12-=dien-=3-=yl
acetate as needles (150 mg. )y m.p. and mixed m.p.
165-167°, [aly + 318° (c,1.2).

(b) A solution of 11p-hydroxyurs-l2-en-3p-yl acetate

(250 mg. ) in acétic acid (250 e.c.) was heated on the
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steam~bath with concentrated hydrochlorie aeid (5 co.c.)
for € hrs., wvas alloved to stand at room temperature

for 16 hrs. and agalin heated for 6 hrs. The product,
Isolated in the usual vay crystallised from chloroform-
~-methanol to yleld ursa-9(11):12-dien-3f-yl acetate

as needles (100 mg.), m.p. and mixed m.p. 165-167°,
[alp + 317° {c,0.9).

113=Hydroxym183=glg§g=12=§g=35=zg Acetate,

A solution of ll-oxo-18a-0lean-=12-en-3@3-yl
acetate (4 g.) in ether (800 c.c.) was refluxed with
lithiuvm aluminium hydride (2 g.) for 2 hrs. and the
reaction product acetylated. The acetylated product
was isolated 1n the usual manner and crystallised

from chloroform-methanol to give 1lip-hydroxy-18a-olean-

=12-en-=-3f=yl acetate as needles (3.5 go.); m.po 238-239¢,
[alp + 46° (cy1.3) (Found: C,79.43 H,11.0. C3gHs203
requires C,79.3; H,10.8%). Light absorption:

Max. at 2060 A. (E = 5,600).

Sodium/nmPentanol reduction of 11-0x0-18a-olean-12-en-

=3p-y1 Acetate.
A solution of l1ll-oxo0-18a-olean-12-en-3g=yl acetate
(500 mge) in boiling n-pentanol (20 c.c.) was treated

with sodium (200 mg.) added portionwise during 1 hr.
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and the mixture refluxed for 1 hr. The solvent was
removed and the product acetylated for 1 hrs. with
acetic anhydride (10 c.co.) and anhydrous sodium acetate
{500 mg.)s The acetylated product erystallised from
chloroform-methanol as plates (370 mg.) m.p. 216-217°,
[G]D + 21° (cyl.1l); which gave a red-brown colour with
tetranltromethane and no m.p. depression with oleana-
11:13(18)~-dien-3p-yl acetate, m.p. 227-229° [a], - 63°
Light absorption : HMax. at 2420 (E = 14,000), 2510 °

(E = 22,000) and 2600 £, (E = 15,100).

Treatment of 1l8-Hydroxy-l8a-olean-12-en-3f-yl Acetate

with sodium acetate-acetic anhydride.

A mixture of 1lB=hydroxy-l8a-olean-12-en=33-yl.

acetate (250 mg.) anhydrous sodium acetate (500 mg.)

and acetic anhydride (30 c.c.) was refluxed for 2 hrs.

The product, isolated in the usual way, crystallised

from chloroform-methanol as plates (150 mg.), m.p. 214-215°
[alp + 29¢ (c,1.7) which gave a red-brown colour with
tetranitromethane snd no m.p. depression with {a) oleana-
~=11:13(18)-dien-3p~yl acetate, m.p. 227-2299, [a]D - 83°,
or {b) the product of previous experiment, m.p. 216-217°,

[ely + 21°.  Light absorption: Max. at 2420 (E = 21,600)
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2500 (B = 23,000) and 2600 A. {E = 16,000).

Acid dehydration of 1lf8-hydroxy-l8a-olean-12-en=3f3-yl

Acetate to oleana=11:13(18)-dien-3B-yl Acetate.

A solution of 1llf-hydroxy-18a-olean=12-en-3g-yl
acetate (270 mg.) in acetie acid (150 c.c.) was heated
with concentrated hydrochloriec acid (1 c.c.) on the
steam=bath for 72 hrs. The product was crystallisged
from chloroform~methanol to yield oleana=11:13(18)-
-dien-3B-yl acetate as plates (150 mg.), m.p. and
mixed m.p. 227-228°, [alp = 63° (c;l.1) (Found: C,82.4;
H;10.9. Cale. for CzzH; 0z. Cy82.3; H,10.8%) Light
absorption: Max. at 2420 (E = 27,000) 2500 (E = 29,000)
and 2600 A. (E = 20,000).

Rearrangement of mixed crystal from sodium acetate-

-acetic anhydride dehydration of llg-Hydroxy-l8a-olean-

=12-en-3@-=yl Acetate.

A solution of the mixed erystal (100 mg., m.po
214-215°, [a]D + 29¢, Light absorption: Ratic of
intensities at 2500 and 2800 £., 6.75) in acetic acid
(50 c.c.) was heated with concentrated hydrochloric
acld (0.5 c.c.) on the steam-bath for 80 hrs. The

product; isolated in the usual way, crystallised from



chloroform-methanol to yleld oleana-=11:13(18)-dien-
-38-y1l acetate as plates (50 mg.), m.p. and mixed B.po
224-225°, [a]p - 59° (e40.6). Light absorption:

Max. at 2500 £. (E = 27,500). No absorption at 2800 £.

11@-Hydroxyoleana~12:18-dien-30p=0l.

A solution of 1ll-oxo-oleana-12:18-dilen-3f-~yl
acetate (1 g.) (Picard and Spring, J., 1941,35) in
ether (100 coc. ) was treated with lithium aluminium
hydride (0.5 g.) and allowed to stand overanight at
room temperature. The produet, isolated in the usual
ways crystallised from methanol to yield 113-=hydroxy-

Oleana-12:18-dien-58-0l as needles (400 mg.)y mePo

207-208°, [alp = 72° (c42.5) (Found: C,82.0; Hy1L.0.
CaoHagOz Tequires C,81.8; H,11.0%). ILight absorption:
Max. at 2410 (E = 24,400) 2500 (E = 26.800) and 2580 A,
(E = 17,600), Acetylation with pyridine-acetic
anhydride yielded 11f-hydroxyoleana-12:18-dlen-3p-yl

acetate which crystallised from chloroform-methanol

as prismatic needles, m.p. 211-212°, [c]D = 53° (cy1.2}
which gave an orange colour with tetrsnitromethane
(Found: G,79.8; H,10.8. Cgalg o0s requires C,79.33
H,10.8%). Light absorption: Hax. at 2410 (E = 25,600)
2500 (E = 28,000) and 2580 £. (E = 17,600).

7
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Treatment of 11B-Hydroxyoleana-12:18-dien-38-0l1 with

sodium acetate-acetlic anhydride.

A mixture of l1if-hydroxyoleana-12:18-dien-3$-0l
(250 mg. ) anhydrous sodium acetate (500 mg.) and acetic
anhydride (30 c.c.) was refluxed for 4 hrs. The
product, isolated in the usual way, crystallised from
chloroform-methanol to yleld 11f-hydroxyoleana-l2:18-
-dien-38-yl acetate as needles (230 mg.), m.p. and
mixed m.p. 210-211°, [alp - 654° (¢,0.9).

Acid dehydration of 1l@-Hydroxyoleana-l2:18-dien-

=38-01 to Oleana-9(11):12:18-trien-3f-ol.

A solutlon of l1llB-hydroxyoleana-12:18-dien-38-0c1
(200 mg.) in acetic acid (50 c.c.) was treated with
concentrated hydrochloric acid (0.5 c.c.) on the steam-
=bath for 10 hrs. The product lsolated in the usual
way erystallised from methanol to yield oleana-9(1l):12:1
-trien-38~-0l as plates (50 mg.), m.p. 183-185°, [alp
+ 530° (c,0.5) which gave a deep brown colour with

tetranitromethane. Light absorption: HMax. at 3100 £.
(E = 12,800). Acetylation using pyridine-acetic anhyd-

ride gave oleana-2(11):12:18-trien-3p-yl acetate as
plates (40 mg.) from methanol, m.p. and mixed m.p.

183-184°, [alp + 540° (c,0.4) which gave a deep brown
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colouy with tetranitromethane.

18a-0lean-12-en-3p-yl Acetate.

(a) A solution of 118=hydroxy-18a-olean-12-en-33=yl
acetate (200 mg.) in purified acetic acid (150 co.c.)
(free from mineral acld) was shaken with platinum (from
100 mg. of Pt0;) and hydrogen for 16 hrs. The procuct
was erystallised from chloroform-methanol to yield
18a=0lean=-12-en-3p-yl acetate as plates (150 mg. ),

mep. and mixed m.p. 243-244°, [alp + 50° (c,0.8).

Light absorption: Max at 2080 ) (E = 4,800). Hydrolys:
using 5% ethanolic potassium hydroxide gave 1l8a-olean-
12-en-8f-0l which crystallised from chloroform-methanol
as iong needles, m.p. 213-214° [alp + S0° (c,1.9)
{Found: C,84.3; Hylle9. Cjoll5g0 requires C;84.45 H,11.8
Benzoylation gave l3a-olean-l2-en-38-yl benzoate which
erystallised from chloroform-methanol as plates, m.p.
223-225°% [e]y + 64° (c,3.5) (Found: C,;83.4; Hy10.4
CanH5405 requires C,83.7; H,10.3%). Hydrolysis for

16 hrs. using 10% ethanolic potassium hydroxide gave
18e-o0lean-12-en-33-0l, m.p. and mixed m.p. 212=214°
Lalp + 49° (c,1.2).

(b) A solution of li-oxo-18a-0lean=12-en-3Q=yl benzoat¢

(800 mg.) in acetiec acid (300 c.c.) was shaken with
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platinum (from 300 mg. of Pt0;) and hydrogen Tor 48 hrs.
The reaction product separated as plates after 30 hrs.
Isolatlion of the product in the usual manner and crystallil

tion from chloroform-methanol ylelded 18a-olean-12-en-3p-y

hexahydrobenzoate as plates (600 mg.), m.p. 210-211°, [a]p

+ 48° (c,2.3) (Found: C,82.43 Hylls.1l. CgqHg Oz requires
C,82.85 Hy11.3%). Hydrolysis of the hexahydrobenzoate by
using 10% ethanolie potassium hydroxide for 18 hrse,
followed by crystallisatlon of the product from chloroform
-methanol gave 1l8ae-olean-12-en-33-01 as needles; m.p. and
mixed m.p. 211-213°, [a]D + 48° (¢,0.8). Acetylation by
pyridine-acetic anhydride yilelded, 1l8a-o0lean-12-en-33~-yl
acetate as plates from chloroform-methanoly m.p. and

mixed mopc 245“’24609 [ajD T 52° (09100)5

Oxidatlon of 18a-olean-l2-en-3g-yl Acetate to Oleana-

=9(11)¢12:18-trien-3B-yl acetate with N-bromosuccinimide,

A solution of 18a-o0lean-12-en-33-yl acetate (500
mg.) in carbon tetrachloride (50 c.ce.) was refluxed with
N-bromosuceinimide (400 mg.) and anhydrous calcium
carbonate (1 g.) for 3 hrs. After filtration, the
solution was washed with 10% sodium thiosulphate and the
product isolatved in the usual way. Crystallisation from

acetone gave olean-9(11):12:18-trien-33-yl acetate as
plates (300 mg.), m.p. and mixed m.p. 184-185° , [a]p
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+ 525° (¢,0.7). Light absorption: Max. at 3100 f.

(E = 12,000).

l2-Cxo-oleanan-3f-yl Acetate.

A solutien of olean-12-en-3p-yl acetate (40 g.)
in ethyl acetate (2.8 l.) was treated at 50-60° with
a solution of hydrogen peroxide (30%, 200 c.c.) in
formic acid (98%, 600 c.c.) added, with stirring over
2 hrse The mixture was stirred for a further 4 hrs.
and evaporated under reduced pressure to small bulk.
The product crystallised as prismatic needles (36 g.),
m.p. 294-298°, [a]p - 7° (c,3.8). Recrystallisation
from chloroform methanol ylelded 1l2-oxo-ocleznan=23f-yl

acetate as plates, m.p.298-300°, [a]lp - 15° (¢,1.9).

12-0x0-130-ursan-3g-yl Acetate.
A sclution of urs-12-en-3g-yl acetate (5 g.) in
acetic acid {250 c.c.) was treated at 100° with a mixture
of hydrogen peroxide (30%, 30 c.c.) and acetic acid
(30 c.c.) added dropuise during 30 mins. with vigorous
stirring. Stirring was continued for 2 hrs. at 10C°¢
when the solution was again treated with hydrogen
peroxide (30%, 20 c.c.) in acetlc acid (20 c.c.) during
15 mins. The solution was maintained at 100° for a

further hour and then diluted with hot water until ths
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mixture became faintly opalescent. The crystalline
solid which separated on cooling was recrystallised
fron chloroform-methanol to yield l2-o0xo-l3a-ursan-3@-
-yl acetate as blades (3.0 ge)y m.ps 209-211°, [alp

+ 112° (c4l.85). Infre-red absorption in carbon
tetrachloride golution. Bands at 1732 (acetate) ahd
1707 cm. ©~ (6 ring ketone). 12-0x0=-13¢-ursan-3g-yl
benzoate, obtained from urs-12-en-38-yl benzoate (5 g.)
in a similar manner, crystallised from chloroform-

-methanol as needles (2.7 g.) m.p. 218-219°, [a]y
+ 132° (cy1.5).

12%=Hydroxy=13a=g£§§§536wzl Acetgte.

A solution of l2-oxo-l3d-ursan=3pg-yl acetate
(1:5 go) 4in ether (750 co.c.) was treated with lithium
sluminium hydride (1.5 g.) and sllowed to stand at room
temperature for 20 hrs. The product, isolated in the
usual wayy was acetylated by heating with pyridine-acetic
anhydride for 15 mins. at 100°% The product obtained
was crystallised from chloroform-methanol to yield
l2§=hydroxy~13a~g£§§§«36-Z; acetate as plates (900 mg.),
m.p. 234-235°% [aly + 68° (c,y2.5) (Found: C,78.7;
Hyllel. Caalgq0, reguires C,79.0; H,11.2%),
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Oxidation of 12¢-Hydroxy-l3a-ursan-3g-yl Acetate with
Chromic Acid.

A solution of chromium trioxide (75 mg.) in acetic
acid (15 ce.c.) was added dropwlse over 15 mins. with
vigorous stirring to a solution of 12§~hydroxy*13a—ursan'
-3f-yl acetate (500 mg.) in acetic acid (300 c.c.) at
room temperature. After standing overnight at room
temperature the reaction mixture was worked up in the
usual way and the product crystallised from chloroform-
methanol to yield 12-oxo-l13a-ursan-3p-yl acetate as
plates (400 mg.), [alp + 115° (c¢,2.3), m.p. and mixed

m.p' 20 %23-1 OD

Dehydration of 12%mHydroxy=13a~ursanm35=z} Acetate

(a) A mixture of l2§whydroxy=13a~ursan«&ﬁuyl
acetate (200 mg.) phosphoryl chloride (5 c.c.) and pyri-
dine (20 c.c.) was refluxed for 2 hrs. The product
isolated using benzene, was crystallised from chloroform
methanol to yield urs-12-en-=3B3-yl acetate as plates
(100 mg.), m.p. and mixed m.p. 226-227°, [a]D + 80°
(cyl.1)

{b) A solution of 12%-hydroxym13a=ursan-33uyl acetate
(500 mge.) in pyridine (15 c-.c.) was refluxed with benzoy!

chloride (2 c.c¢.) for 20 hrs. The product (400 mg.)
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1solated in the usual way, was dissolved in benzene-
-petrol (1:4, 100 c.c.) and chromatographed on alumina.
Blution with petrol (500 c.c.) gave urs-12-en-=3g-yl
acetate wvhich crystallised from chloroform-methanol as
plates (180 mg.), [G]D + 80° (cy0.9) mep. and mixed m.p.
226-227°.  Elution with benzene (1000 c.c.) gave
unchanged 1zgnhydroxy=13anursan—39~yl acetate which
crystallised from chloroform-methanol as plates (150 mg. |

Lalp + 65° (cy1.1) m.p. and mixed m.p. 233-235°.

12-Acetoxyurs-12-en-3p-yl Acetate.

(a) A mixture of l1l2-oxoursan=2f-yl acetate (1 g.)
anhydrous sodium acetate (1 g.) and acetic anhydride

(30 ¢.c.) was refluxed for 40 hours, The product,
isclated in the usual way, crystallised from chloroform-
~methanol as needles (850 mg.), m.p. 257-259°, [a]D

+ 48° (cy2.3)

(b) A mixture of 12-oxo-13a-ursan-2g-yl acetate (1 g.)
anhydrous sodium acetate (1 g.) and acetic anhydride

(30 coc.) was refluxed for 40 hrs. The product,
isolated in the usual way, was crystallised from
chloroiorm-methancl to yleld l2-acetoxyurs-12-en=3pg-yl
acetate as needles (900 mg.), m.p. and mixed m.po

256“‘258°9 [a]D + 500 (0,107)0
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12-0x0-18a-oleanan-3@-yl Acetate,

A solution of 18a-olean-12-en-3p-yl acetate
(7 g.) in ethyl acetate (500 c.c.) was treated at 50-80°
with a solution of hydrogen peroxide (30%, 30 c.c.} in
formic acid (98%, 100 c.c.) added with stirring, over
1 hre. The mixture was kept for 24 hrs. and evaporated
under reduced pressure to small bulk. The crystalline
solid was collected and the filtrate evaporated to
dryness. The residual gum (¢ g.) in benzene (100 c.c.)
was chromatographed on a column of Grade II/III alumina
and the column washed with benzene (1000 c.c.).
Evaporation of the eluate gave a crystalline solid (3 go.
Recrystalllisation of this solid and of the original
crystalline product gave l2-oxo0-18a-oleanan-3f-yl
acetate as plates (3 g.) from chloroform-methanol, m.p.
286-287°, [a]y + 77° (cy1.5) (Found: C,79.1; H,10.8.
Cale. for CgpHgp02: C,79.3; H,10.8%). Hydrolysis
of the acetate by using 5% ethanolic potassium hydroxide
followed by crystallisation from methanol yielded 12-0xo-
-18a-o0leanan=33-0l as rodsy; m.p. 305-307°, [a.]D + 89°,
(c30.7). Benzoylation, and isolation in the usual
manner, gave l2-oxo-~l8a-oleanan-3f-yl benzoate as plates
from chloroform-methanol, m.p. 294~295°, [a]D + 90°
(c,2.5) (Found: C,80.9; Hy92.8. CaqsH5403 requires C,31.3;

1,9.95%). Hydrolysis for 16 hrs, using 10% ethanolic
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potassium hydroxide gave l2-oxo-18a-o0leanan-3f-0l, m.D.

and mixed m.p. 307-309°, [a]D + 91° (c30.7)s

18a-Oleanan-3p~yl Benzoate.

Benzoylation of 18a-oleanan-33-ol (m.p. 229-230°)
(Budziarek, Manson and Spring, loc. cit.) yielded 18c-
~oleanan-3p-yl bengoate which crystallised from chlorofor
-methanol as plates, m.p. 277-278°, [cz]D + 60° {¢,0.7)
(Found: C,83.3§ H,10.4. CgnH;302 requires C,83.43
H,10.6%).

12§=Hydroxyn18angisggggm3ﬁmgla

A solution of l2-0x0-18a-0leanan-3f-=yl acetate
(200 mg.), in ether (300 c.c.) was refluxed with
lithivm aluminium hydride (500 mg.) for 4 hrs.
Crystalllsation of the product from methanol yielded
12¢~-hydroxy-18u-oleanan-33-01 as needles (50 mgs)y MapPo

278-279°, [alp + 56° (¢,0.5) (Found; C,80.9; H,11.7.
Caclly 002 requives C,81.0; H,11.8%). Benzoylation
and 1solation in the usual way gave 12€—benzoxy«18a=
-0leanan-30-yl benzoate as plates from chloroform-
~methanol, m.p. 288-289°, [alp + 105° (:,0.8) {Found:
G,30.73 H,9.63 CasHg0g requires C,80.9; H,9.3%).
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A solution of 12-oxo-oleanan-3p-yl acetate (1 g.)
in ether (300 c.c.) was refluxed with lithium aluminium
hydride (1 g.) for 1 hr. After 48 hrs. the product was
isolated and crystallised from methanol to yleld 124-
-hydrozyoleanan-28-0l as needles (700 mg.), m.p. 244~-246°,
[alp + 42° (cy1.2) (Founds C,80.8; Hy11.6. CgcHsa0z

requires C,81.0; H,11.8%),

113-Bromo~-12-oxo-18a-0leanan-33-yl Acetate.

A solution of 12-0x0-18a-0leanan-38-yl acetate
{800 mg.) in acetic acid (100 c.c.) containing hydro-
bromic acld (40%,; 1 e.c.) was treated in a quarts flask
at 80° with bromine (320 mg.) in acetic acid (10 coce)
added over 1 hr. with stirring. The mixture was
exposed to radlation from an ulira-violet lamp during
the addition and for a further periled of 4 hrs. The
reaction mixture was allowed to stand for 20 hrs., the
product isolated in the usual manner and crystallised
from chloroform-methanol to give 1llf-bromeo-12-oxo-18a-
~oleanan-3f-yl acetate as plates (400 mg.), m.p. 246~247°,
{a]D + 19° (ey,0,7)c The bromoketone was recovered
unchanged after treatment with bromine in acetie acid,

the mixture being exposed to ultra-violet light.



12-0x0-18a-0lean-9(11)-en=-33-yl Acetate.

A solution of 1llB-=bromo-l2-oxo-=18a~0leanan=-3S-yi
acetate (250 mg.) in pyridine (30 c.c.) was refluxed
for 16 hrs. The producty isolated 1n the usual way,
crystallised from methanol to yleld l2-oxo-18a-plean-
-9(11)~en-3p-yl acetate as plates (125 mg.) m.p. 261-2€3
[elp + 145° (cy0.7) which gave no celour with tetranitro
nethane {(Found: C;72.65 H,10.7. CaaHg o0z requires
C,79.6; H;10,4%). Light absorption: Max. at 2420 £,
(E = 9,500). Hydrolysis by using 5% ethanolic
potassium hydrozide afforded 12-oxo-l18e-olean-9(11)-
-en=3p-ol which crystallised from methanol as blades,
mops 318-320° f[alp + 138° (cy1.3) (Feund: C,81.6;
He10.8. Cj3oHagOp requires C¢81.8; H,11.0%). Benzoyla-
tion and isolation of the product in the usual way,
yielded l2-0xo-18a-0lean-9(11)-en-3f-yl benzoate, which
crystallised from chloroform-methanol as fine needles,
M. po 254-256° [alp + 147° (¢40.7) (Found: C,81.4; H,9.4.
CaoHg 203 requires C,81.€; Hy9.8%). Hydrolysis for
16 hrs. using 10% ethanolic potassium hydroxide gave
12~0x0-18a-0lean=9(1il)-en-33-0l, m.p, and mixed m.po.
317-319°% [alp + 137° (c40.4), acetylation of which
yielded 12-0x0-18a-0lean=-5{11 )-en-308-yl ecetate,
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m.p. and mixed m.p. 260-262° [a]D + 143° (cy0.5).
12=-0x0-12a-0lean-9(11)-en-3f-yl acetate was recovered
unchanged from (a) treatment in acetic acid solution
at 80° with bromine in acetic acidy, the mixture belng
exposed to ultra-violet lighty; (b) refluxing for 52
hrs. with 15% ethanolic potassium hydroxide, followed
by reacetylation and (¢) after refluxing in acetle

acld solution with selenium dioxide for 24 hrs.

l2a-Hydroxy-18a-olean-9(11)-en-338-yl Acectate.

A solution of 12-ox0-18a-o0lean-9(11)-en-33-yl
acetate (1 g.) in ether (500 c.c.) was refluxed with
1ithium aluminium hydride (1 g.) for 3 hrs. The
product was isolated in the usual manner {(avoiding
the use of mineral acid) and kept with pyridine-acetic
anhydride at room temperature overnlght. The
acetylated product was crystallised from aqueous
acetone to yleld l2a~hydroxy-18a-o0lean-9(11)-en-33-yl1
acetate as needles (660 mg.) m.po 192-193°, [aJD + 140°
teyl:e4) which gave a yellow colour with tetranitromethanc
(Found: C479.035 Hy410,9. CgpHs209 requires €,79.3;
H,10.8%). Light absorption: Max. at 2080 A. (B = 5,600).
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Dehydration of 12a=Hydroxya18amoleageQ(11)=ggf3ﬁfgg

Acetate to l8a--0leana-9(11):12-dien-3B-yl Acetate.

A mixture of 1l2a-hydroxy-18c~olean-92(11)-en-38-
-yl acetate (400 mg.), acetlc anhydride (20 c.c.) and
anhydrous sodium acetate (400 mg.) was refluxed for
3 hrs. The product was isolated in the usual way and
crystallised from aqueous acetone to yleld 18a-oleana-
-9(11):12~-dien-3p-yl acetate as plates (150 mgo), moPo
217-218°, [al, + 255° (c,1.5) (Found: C,8l.95 H,10.7.
CszHs (02 requires C,82.3; H,10.8%). Light absorption:
Max. at 2780 £. (E = 9,400). Hydrolysis by using 5%
ethanolic potassium hydroxide gave 18a-oleana-9(1l):l2-
~-dien-33~-0l1 which crystallised from acetone as square
plates, m.p. 203-204°, [a]p + 262° (c,1.7) (Found: C,84.¢
H,11.3. CgzoHeg0 requires C,84.8; H,11.4%). Benzoyla-
tion and Isolation of the product in the uswal way yleldec
18a-o0leang-9(11):12~dien-33-yl benzoate which erystall-
ised from chloroformwmethanol as fine needles, m.p.
238-239°, [e]p + 250° (e,0.5) (Found: C,83.7; H;9.8.
CasHs20z Tequires C484.05; H,9.9%). Hydrolysis for
16 hrs. using 10% ethanolic potassium hydroxide gave
18e~0leana-2(11):12-dien-3¢=0l, m.p. and mixed m.p.
200-203° [a]D + 259° (c,0.5), acetylation of which
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yielded 18a-oleana-8{11):12-33-yl acetate, m.p. and
mixed m.p. 215-216°, [a]D + 253° (¢;0.7).

Comparative acid rearrangement of 18a-0leana-9(11):l2-dien

~3B-yl Acetate and Oleana~9(11):12-dien-3f-yl Acetate.

Solutions of each acetate (100 mg.) in acetic acid
(50 c.c.) were treated with concentrated hydrochloric
acld (0.5 c.co) and heated on the sieam-bath. After
2 hrs. the solutions were diluted with water and the
products, isolated in the usnal wayo The resldues
obtained were crystalline solids and uitra-violet spectro-
scopic examination showed the appearance of the character—
istiec 3-pesak curve of a transolid hetercannular diene
chromophora. The intensity of absorption in ethanol
solution was determined for both resldues and the isomeris
tion continued under the same experimental conditions for

further periods of time to afford the following resulis.

Time Intensity of absorption at 2500 A.
{(hrs.) of material derived from
l8a-acetate 18B=acetaté
a2 5300 3200
33 8000 5300
) g850 7025
8z i 10800 8100
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In another experiment using higher concentrations
of minerzl acid (2 c.c. of concentrated hydrochloric
acid in 850 c.c. of glacial acetic acid) the following

results were obtained.

Time Intensity of absorption at 2500 Ko
(hra.) of material derived from
13a-acetate 18f-acetate
5 14,800 10,900
10 22,500 18,700

After a further 20 hrs. heating under the sane
conditions the residues were crystallised from
chloroform-methanol to give plates, [50 mg. from 18a-
-~acetate, m.p. 224-226°, [a]p - 59° (c,0.4}] [40 mg.
from 18f-acetate, m.p. 224-226°, [aly - 60° (c,0.5)].
Both were undepressed 1n m.p. on admixture with aunthentic
oleana-11:13(18)~dien-3B~yl acetate m.p. 227-223°,
18a=0leana=9(11):12-dien-3p-yl acetate was recovered
unchanged from the same mineral acid treatment for

80 hrs. at room temperature.

18a-0lean~9(11)-en=-3p-yl Acetate.

A solution of 1l2-0x0-138a-0lean-9(11)-en-3p-yl
acetate (125 mg.) in acetic aeid (200 c.c.) was shaken
with hydrogen and platinum (from 100 mg. of PtOg)for

48 hrs. The product was 1solated in the usual manner
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and crystallised from chloroform-methanol to yield
18a~0lean-9(11)-en~33~yl acetate as plates (110 mg.),
which gave a yellow colour with tetranitromethane m.p.
248-249°; [alp + 120° (c,1.2) (Found: C,82.4; H,y1l.5.
CazHs202 Tequires €,82.03 H,11.2%). Light absorption:
Max. at 2080 A. (E = 4,550). Hydrolysis by using 5%
riethanclic potassium hydroxide ylelded 18a-olean-9(11)-
-en-33-0l1 which crystallised from methanol as fine
needles; m.p. 215-217° [a]y + 123° (c,1.1) which gave

a yellow colour with tetranitromethane. (Found: C,84.0
H,12.0. Cgzolls (0 requires C,84.4; H,11.8%). Acetylation
reafforded 18a-olean-9(1l)-en-3p-yl acetate, m.p. and

mixed m.p. 243-250°, [a]D +, 1217 (e,0.8).

Oxldation of 12-0xo-18a-0lean-9(11)-en-3-yl Acetate

with selenium dioxide in dloxan.

A mixture of 12-0x0-18a-0lean-9(11)-en-=3=yl
acetate (200 mg.) and selenium dioxide (400 mg.) in
dioxan (100 c.c.) was kept at 200° for 18 hrs. The
reaction product was 1solated in the usual manner and
crystallised from methanol to yleld a top ecrop,
recrystallisation of which gave 12:19-dioxo-18a-clean-

~8(11)}-en-2p-yl acetate as needles (25 mg.) m.p. and
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nixed m.p. 27¢-281°, [a]y + €56° (¢,;0.5) Light
absorption: Max. at 2420 £. (B = 10,000). Dilution

of the combined mother liquors with vater gave a Second
crop, recrystallisation of which from esqueous methanol
ylelded 12:19-dioxo~0leana=9{11):13(18)-dien-3p-yl
acetate as plates (100 mge.), M.p. and mixed m.p.
240-241°, [aly - 83° (¢,0.3). Idight absorption: Max.
at 2780 £. (E = 11,200).



SUNBary.

The structures of several well-known dehydration
products of a-emyrin and its derivatives have
been elucldeted end some analogous veactions in
the ovleanane series have been investigated.

92.
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Intreduction.

Several dehydratien producis ef a-anyrin, or its derivaiives,
have been degcribed. These can be convenliently subdivided inteo
three groups.

Group I. consistis Of four a-smyradienes derived from a-amyrin (
by the ac%ion of variocus dehydrating agents, The physlcal
constants of these dienes are shown in Chart 1.

Chart Y.
a~amyradiene-1V, a=gnyrilene=11, or
MoPo l}l°, [a]D +148° a=anyradisne-11,

m.p. 120°, [G]D +137°

(1) I benzoate

pyrolysis

mesylate | (2)
+ pyridine

pcz.sl (3)1(5) HO* (4),(5) P,05 or HI

d-g-gnyrilene-1I, oz lon-amyrilene, or

d=g-omyradiene, l-g-amyradiene, m.p, 1¢
— 0 By TR

MoPo 435 , [@]D +110°, [o.]D 110 ’)\2360;2410

>\_2100 (B = 4,600) {E = 13,300314500), Ini

Assop (B = 8,550).

{1}, Winterstein and Siein (Amnslen, 1933,502,223) .
{2). Noller and Hearst (J.Aner.Chem.So¢., 1950,72,625).
(3)s Vesterberg and Westerlind (Annalen, 1922,428,250).
(4} Vesterberg (Ber., 1891,24,3835),

(3). Bwen, Gillam and Spring (J., 1944,28).
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Group I1. conslists of three c-amyradienones derived from
ll-oxours-l2-en-3=-0l (II) by dehydration. The physical constar
of these dienones are showvn in Chart II.

Chart i,
a~anyrediencne-I, a-gmyradienone-11,
mep. 197°, [u.]D +163°, mep. 163°, {a]D +158°,
Xy490 (E = 14,000) Mysog (E = 13,000)
? , 3
PCL, (1)(2) (2),(3) P,0; or PCl,

(11)

BI (3)

a-amyradienone-~-1I11,
m.p. 172°, [a]y +A72°,
A2040;2580;2900 (E = 9,900;11,000;10,200),

(1}. Spring and Vickerstaff (J., 1937,249).
(2). HRuzicka, Jeger and Volli (Helv.Chim.Acta, 1945,28,767,162
(3)s Ewen, Gillem end Spring (J., 1944,28).
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Grovp III. comprises two a-amyratrienees derlved from ursa-
9(11):12.dien-3p~0l (III) by dehydratlion, The physical constant
of these triencs and of & related dichloro-a-amyradiene are
shown in Chert Ill.

Chart 1II.
dichloro-a-amyradicene, d-a-anyratriene,
mep. 129°, [al,) +407°, _(1),  m.p, 133°, [a]} +439°,
)\2800 (E = 11,800) Zn AZBIO (B = 11,000)
A
(1) PGl5 PCl5

(1)i PO

@,25

l-a-amyratriene,
BoPo 1420, [a]D m450°g

(1). Ewen, Gillam snd Spring (J., 1944,28).

Desplte the almost complete elucidation of the paerent
triterpenoid structure, only the constitutions of a-amyradiene-
ag-amyradienone-I1 and g-amyradicnone-I1I, of the ten dehydration
products described sbove, had heen determined. The purpose of
this investigation was therefore, to determine the constitutior
of these dehydration products.
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Group 1. o-Amyradiene=I11,

Thermal decomposition of a-amyrin benzoate (IV) gave a
diene, which was initially called a-amyrilene-II and latterly
a-amyrediene-I1I {Winterstein and Stein, Annalen, 1933,502,223)
This has been formulated in terms of the accepted structure fo
a-amyrin (II), the double bond being introduced by & cis-
elimination of the elements of benzoic acid. Catalytic
hydrogenation of a-amyradiene-II yielded g-amyrene-I1lI (VII)
{idem, loec.cit.) which is identical with the Clemmensen or
Wolff-Kishner reduction product of a-amyrenone (VI) (idem, loc
cit.; Ruzicka, Miller and Schellenberg, Helv.Chim.Acta, 1939,

22:,758,767). u~Amyradiene-II is therefore formulated as ursa-
2:12-diene (V).
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d-o-Amyragdiene.

Dehydration of g-amyrin with phosphorug pentachioride
yields d-a-amyradiene (Vesterberg, Ber., 1887,20,1245;
Vesterberz and Westerlind, Annelen, 1922,428,250; BRuzicka,
Silbermann and Furter, Helv.Chim.Acta, 1932,15,482) which does
not show selective abseorption of high intensiiy above 2200 » 8
{Ewen, Gillam and Spring, J., 1944,28).

Treatment of & triterpeneid 3B-alcohol with phoephorus

pentachloride has since become an important reaction sequence
in triterpencid chemistry teo determine the presence of a gen-
dimethyl group at the Gdnposition° Ring A contraction occurs
and & five-membered ring results with the formation of an
isopropylidene side chain. The presence of an isopropylidene
side chain can be established by osmium tetroxide oxidation of
the ethylenic linkage %o & glycol system which on subsequent
cleavage affords acetone and a saturated ketone, The entire
sequence is represented as follows:-

N -u
e peam: S
“o : + g +
B

H

e P

This procedure has been applied inter alis to lupanocl
(Ruzicka, Jeger and Huber, Helv.Chim.Acte, 1945,28,767),
oleanclic acid lBa-lactone (Ruzicka, Rudowski, Norymberski and
Jeger, ibld., 1946,29,210), quinovic acid dimethyl ester
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(Ruzicke, Szpllfegel and Jeger, ibdd., 1948,31,499) and
dihydrolanesterol {Ruzicka, Montaven and Jeger, ibid., p.8l9).

It therefore seemed probable that d-a-amyradiene might
have structure (VIILl} though (IX) was equelly feasible from a
conslderation of the above mechanism,

(VIiij (IX)

In an endeavour to distinguish between these possibilitie
a relationshlp was sought with a-amyradienone=1 and the
isomeric a-=amyradienone-1l,

Dehydration of ll-oxours-l2-en-3f-0l (Il1) with phosphorus
pentachloride gives a mixture of c-amyradienone-1 (X) and
a-amyradienone-11 (XI)!Spring and Viekerstaff, J., 1937;249),
the structures of which have been elucidated (Ruzicks, Jeger
and Volli, Helv.Chim.Acte, 1945,28,767.1628; Klyne, J., 1932,
2916) 5

{X1)
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As a basis tor a rationel nomenclature for these and other
dehydration producte described in this thesis, i1t i3 proposed
that the hydrocerbon C27H46 with the constitution and stereo-
chemistry represented by formula XIIA shall be considered as
the parent compound and shall be called novursane. The isomerag
hydrocarbon related to the oleanane series should, by analogy,
be represented by formule XIIB and called novoleesnane,

{XIIA) (X1IB)

Using this system, a-smyradienone-I (X) is 8:10:14-
trlmethyl—lluoxo=Sinnovursaa3212=d1ene end a=amyradienone-11
(XL) is 8:10:14-trimethyl-l1ll-oxonovursa-3(5):12-diene,

To establish a relaticnship between d-a-amyradiene and the
oxodienes (X) and {(XI), it was decided to reduce the carbonyl
group of the oxodienes (X) and (XI), by the wolff-Kishner metho
and to cempare the products with d-=a-emyradiene. The reduction
product from 8:10:lé—trimethyl-llaox0a5%~novursam3:12ad1ene (X)
wag identical with d-a-zmyradiene, which is therefore now
identified as 8:lO:l4»tr1methyl~5{mnovursau3:lZ—dienc 875 5 1 o 1
Catalytic hydrogenation of d-a-amyradisne yields a-emyrene-I
(Puzicka, Silbermaenn and Furter, loc.cit.; Ruzicka, Silbermann,
and Piecth, Helv.Chim.Acte, 1932,15,1285; Winteratein and Stein,
ioec.glt.) which can now be formulated. Since the double bond of

a-amyrin is resistant to catalytlic hydrogenation (Ruzicka,
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Huyser, Pfeiffer and Seidel, Annalen, 1929,47)l,21), a-amyrenes]
must be formed by ssturation of the side chaln double bond

and hence is conslidered to be 8:10314»tr1methy1~3%:5%—novurs=
12-ene (XII1),

(X1I1) a-Amyradiene=1V,

The Wolff-Kishner reduction product from 8:;10:14-
irimethyl-1ll-oxonovursae~3{5):1l2-diene (XI) is formulated as
8:10:1l4=trimethylnovursa-3(5):12-diene (IX), which differs
from d-a-amyradiene and consequently the possibility of
migration of the 3(4)-ethylenic linkage of {X) to the 3(5)=
pesition during Wolff-Kishner reduction of (X) is discounted.

8:10:14-Trimethylnovursa=3(5):12-diene (IX) also differs
from a-emyradiene-1V, whieh 1g obtained by the treatment of
mesyl-a-amyrin with pyridine (Noller and Hearst, J.Amer,Chem.St
1950,1g,625)° a=Amyradiene-1V therefore cannot be representeé
a8 (IX) and it has since been shown to be 8:10:1l4-trimethyl-
novurse-4{23):12-diene (Fayez, Ph.D., Thesis, Glasgow, 195%).

A discuselon of the structure of l-a-amyradiene is

deferred until after a sonsideration of the constitution of
a—amyradienene-III,
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Group il. a=Anyradienone-III,

As agtated previously, the structures of a-amyradienone-1
and g-amyradienone-II have been rigorously established (Ruzicke
Jeger and Volli, log.cit.). The third dienone, a-smyradienone-=l
which differed from (X) end (XI) wes isolated by Ewen et al.
(Loc.git.) by the dehydration of ll-oxours-l2-en-3g-ol {1I),
with hydriodic-acetic aclid mixture, The ultra-violet absorptior
spectrum of this compound, as reported by these asuthors, was
not exemined helow 2200 ﬂ. snd it was therefore re-examined, th
showing three maxima, at 2040, 2580 end 2900 3. (E = 9,900,
11,000 and 10,200). In this respect, it resembles l2-oxo-oleana
9(11):13(18)-dien-3p-yl acetate (XIV)(Beaton, Jonnston, McKean
end Spring, J., 1953,3660) end 1l2-oxoursa=9(11):13(18)=dien-3p-
acetate (XV)(Beaton, Shaw, Spring, Stevenson, Stewart and
Strachan, J., 1955, in press), the characterigtic absorption of
wnich have been related to the geometry of the eisoid-transoid
-C = C=C0~C= C= chromophcre.

(XIV) (XV)

For this reason it cppeared that a-esmyradienone-III
contained a similar chromophore and it is therefore formulated
as 5:8:14-trimethyl-ll-oxenovurea-9:12-diene (XVI) and 1ts
formation from ll-oxours-l2-en-=3B-0l (Il) is represented
mechanistically sz ghown overleef,
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(xv1)

1f this mechanism ie correct, (X) must be capable of
isomerization to {XI) under acid conditions. Ruzlicka, Jeger and
Volli {(loc.cit.) had elready shown that in neutral conditlons
the oxodiene (X) in ethanel solution is isomerized to (XI) by
ghaking with hydrogen and & palladized catalyst. To test the
proposed mechanism, (X) was treated with refluxing hydrochlorie
acetic acid mixture when 8:10:14=trimethyl-ll-oxonovursa-3(5):1.
diene (XI) was obtained as the sole produect, and thus the
mechanism is substantiated as far as (XI) in the above seguence

In order that steges (X1) =) =» = (XVI) should be valid,
(X1) should isomerize to 5:8:14-trimethyl-ll-oxonovurse-9:12-
diene (XVI) on treatment with hydriodic-ascetic acid mixture.
Treatment of 8:10:1l4-trimethyl-=1l-oxonovursa-=3(5):12-diene (XI)
under the conditions which lead to the formation of (XVI) from
{11), gave the conjugated dienone (XVI) as the only progduct,

Barton and de Mayo (J., 1953,3111) have suggested the
structure (XVil} for novic acid, & dehydretion product of
quinovic acid (XVIII), end in the formation of (XVII) from
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(XVIIX) an anelogous methyl group migration from C,, to C,

has occurred.

cOoH

CoOoH
Ho

{XVII1)

Prior to the elucidation of the structure of a-amyradlen=
one=I1I, only one example (XIV) of the characteristic cisodd-
transoid dienone chromophore had been described and it was of
interest to obtain and compare the oleanasne analogue of
g-gmyradienone~1II. Treatment of ll-0x0-0lean=12-en-3f=yl
acetete (XIX) under similayr cenditlions gave B-amyradienone=I1I
which exhibits a comparable light sbsorption spectrum having
maxima at 2060, 2560 and 2870 X. (E = 7,800 , 10,000 and 9,600)
The slight hypeochromic shift obperved relstive to the ursane
analogue, a-amyradienone-II1I (cf. Section 2.) suggested that
inversion had occurred at C18 in (XIX) during ring contraction.
To tz2st this hypothesls, ll-oxo-=1l8a~0lean-12-en-38-yl acetate
(XX) was treated with hydriodic-acetic scid and p-emyradienone-
was again the sole product. p-Amyradienone-I1II is therefore
formulated as 5:8:1l4-trimethyl-ll-oxo-1l8c-novoleana=9:12=diene
(XXI)., '

It was of further interest to prepare 5:8:14-trimethyl-1l-
oxonovoleana-9:12:18-triene (XXI1l) from ll-0X0-o0leana-12:18-

dien-3B-yl acetate (XXII) to examine its light absorption
chavacteristics,
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(XX11) (XXI11) (XXV1)

Trestment of (XXII) with hydriocdic-acetic acid, however,
geve as the only product, B-emyradienone=II1X, reduction of the
clB:lQ ethylenie linkage paving oceurred,

Treatment of ll-oxours-l2-cn-3B=yl-28-0ic acid acetate
{XX1IV), ll-oxo-0lean-l2-en-38-yl-28-o0ic acid acetate (XXV),
ll-ox0-0lean=l2=cn=-38-y1l=30-0ic acid acetate (XXVI) and li-oxo-
l8a-0lean=12-en-38~yl=30=-0ic acid acetate (XXVII) with
hydriodic—-acetic ecid mixture rielded three new dienone acids,
538:l4-trimethyl-ll-oxonovursa=9:12-dien-28-~0tec acid (XAVIII),
5:8:1l4-trimethyl-ll-o0x0-158a-novoleana-9:12-dien-28-o0ic acid
(XXIX}, and 5:8:}4-trimethyl-ll-o0x0-18a-novoleana-9:12-dien-30-
oic acid (XXX) which contain the characteristic clscid-transoid
chromophore first observed in l1l2-0xo0-0leana-9{(11):13(18)=dien-
3B-yl acetate (XIV).
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COOH

(XXV11I)

{XXX)

In comparing the behaviour of the ring coniracied dlenones
{XVI) and {XX1) with the oleanane and ursane dienones (XIV) and
{XV), the catalytie hydrogenation of a-amyradienone-IL1 (XVI)
wag examined in the expectation that simple hydrogenolysis of
the earbonyl group would cccur. Unlike lZ2-oxo0-oleena-9(11l):13(18
dien=3p-yl acetate (XIV) and 12-o0xoursa-=9(1)):13(18)-dien=3B=yl
acetete (XV), which yield the corresponding non-conjugated
dienyl acetates (XXXI) and (XXXI1} on hydrogenation, a-amyra-
dienone-=111 absorbed 3 mols., of hydrogen toc yield a monoene, tne
optical properties of which suggest that it is 5:8:14~trimethyl-
9§210§=novurs«12wene (XXX111}). In wview of this ebservation,
hydrogenation of B=smyredienone-I111 (XXX} was not attempted.

L\\J : ( XXXI) (““\,: (XXX11)
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The dienyl acetate (XXXI) can be obtained from the dienone
(XIV) by hydrogenolysis using litrhium sluminium hydride (Beaton,
Johnston, McKean end Spring, loc.cit.) and this treatment of
5:8:14-trimethyl-ll-oxonovursa-9:12-diene (XVI) also affords
a noneconjugated dlene formulated as 5:8:l4-trimethylnovursa-~
g:12-diene (XXXIV). The diene (XXXIV) ecan elso he obtained hy
the Wolff-Kishner reduection of (XVI).

(AXX111) (Xv1) {XXX1V)

The l8o-novoleanane analogue of (XXXIV) was obtained by
similer ireetment of the lB8a-dienone (XXI) with lithium
aluminium hydride end is formulsted a8 5:8:l4-trimethyl«l8ag-
noveleana-9:12-diene (XXXV). It can also be obtained by Wolff-
Kishner reduction of tne lBa-dienone (iXl){Fayez, loc.git.).

(xx1) (XXXV)

Both the dienes (XXXIV) and (XXXV)} show strong ethylenic
abgorption in the region 2100=2200 X, and glve a strong positive
reaction with tetranliromethane in ehlorofornm.
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The beheviour of the dienones (XVI) and (XX1), and the
formation of the non-conjugated diencs (XXXIV) and (XXXV) is
therefore closely enalegous to that of l2-oxo-oleana-9(11):13(1
dien-38-yl acetate (XIV) and is an endorsement of the proposed
structures (XVl1) and (XXI) for the dienones, and (XXXIV) and
(XXXv) for the dienes.
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Group I. The Structurec of i=c-Amyradiene.

Treatment of a-amyrin with phoshoric oxide {Vesterberg,
Ber,, 1891,24,3835) or hydriodic-acetic acid mixture (Ewen et
al., loc.cit.) gives the conjugated diene, l-a-amyradiene. It
seemed most probable that the double bonds in this diene were
loecated in hindered positions since l-a-amyradiene was
indifferent to reducing sgenis, did not form a maleic anhydride
adduct (BEwen st al., loc.git.) and was unaffected by selenium
dioxide or osmic acid (Manson, Ph.D. Thesis, Glasgov, 1950).

An important clues to the elucidation of the structure of
l-g-amyradiene was the ohservation that mcid lsomerization of
the non-conjugatzd diene (XXX1V), obtained from c-amyra-
dienone-111,(XVI), yielded l-a-amyradiene. The most obvious
conclusion was thet l-c-amyrediene had the structure (XXXVI)

(XXXIV) (XXXVI)

This formulatlion, however, is not satisfactory, as such a
diene would be expected to show light absorption at circa
2500 R {E = 25,000) whereas l-a-—amyradiene has a principal
max. at 2410 3. (& = 14,500). Further, structure (XXXV1) would
presumably readily hydrogenate at C11212 and would be expected
Lo react with osmic acld or N-=bromosuccinimide, reactions which
do not proceed with l-a-amyradiene,
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Accordingly some further investigatlon of l-a-emyradiene
was required to express these properties which cannot be
accommadated in the besic skeleton of (XXXIV). Some expression
for l-c-enyradiene invelving a rearrangement of the methyl
groupe of the non-conjugated diene (XXXIV) so that the double
bonds of (XXXIV) could attain stable hindered positions,
therefore appeared neceséary° The formation of l-a-amyradiene
from the non-conjugated diene (XXXIV) would therefore seem to
require a methyl group migration followed by conjugation rathe:
than simple conjugation and a mechanism considered for the
formation of leg-amyradiene from a-emyrin, incorporating these
views, was as follows, where l-a-gmyradiene 1s represented as
{XxxVii).

a° } —> s — W
(XXXVII)

The structure (XXXVI1) would therefore be systematically
nemed 5:8a:9f-trimethyl-10a-novursa-12:l4=-diene and the
correciness of this structure has been egtablished (Fayez,



Grigor, Spring end Stevenson, J., 1955, in press}. In this
sequence 8:103l4atrlmethylmﬁi-novursaw3:lZleene (vIIl),
8:10:14=trimethylnovuraa=-3{3):1l2-diene (IX) and 5:8:14-~
trinethylnovursa-9:12-diens {XXXIV) are presumably not discret
intermediates since each is recovered unchanged after treatmen
in benzene with phosphoric oxide under conditions which lesd
to the formation of lea-amyradiene from g-amyrin.

{¥II1) (1X) (XXXIV)

These obseyvations, however, are not contrary tc the
proposed mechenism which is only intended %o represent what le
prohably a largely concerted resacticn, Conversion of the dilenc
{Vili) to l-o-amyradiene can however be effected by tresiment
of 8:10;14ntr1methyla5%unovursan3:l2~d1ene (Vi11i) with boron
trifiuorlde=acetic acld complex, and 8:10:1l4~trimethylnovursa-
3{%):112~-diene (IX], presumably an intermediate, can be sbtainc
by isomerization of (VIil) with trichlsrpacetic acid in
chloroforn,.

Beton and Halsall (Chem., and Ind., 19%4,1560) have
preposed a structure for c-amyrin, (XXXVI1I), based on a

consideration of l-a-amyradiene, to which they assign structui

(XXXIX), On the basis of the structure of c-amyradienone-IIl
{XVI), and ite conversion to l-g-ényradiene, the structure
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(XXXIX) cannot represeny l-a-amyradiene, and this invalidates
the conclusions leading to structure (XXXVIII) for a-amyrin,

{XX¥1X) {XXXVIII)

Beton and Heleall (loc.cit.) further suggested that the
non-formation of an oleanane analoguec of l-g-amyradiene from
B-amyrin was determined by a conformational driving force due
to the nature of the D/E ring Jjunction, trans in g-amyrin as
compared to c¢is in f-amyrin. In an endeavour to prepare
l-B-amyradiene, 5:8:l4-%trimethyl-lBc-novoleana~9:12-diene (XXXV)
was treated with acid under the conditions which convert
5:8:14-trinethylnovursa=9:12-diene (XXXIV) %o l-aq-amyradiene,

A gum wes obtained which showed low intensity ebsorption at
2500 &, This difference, in behaviour between the dienes (XXXIV)
and (XXXV), can be ascribed to the inability of the l8g-oleananc
derivative (XXXV) to undergo & reaction involving migration of
the methyl groups attached to C8 and 314 to 09 and 08 regpective

This difference has been fully reselved by & coworker
(Fayez, loe.cit.) who hes prepared l-f-emyradiene from 5:8a:98-
trimethyl-12-oxonovolean-13-ene (Xl.} by reduction to the
corresponding elecohol, mineral acid treatment of which yields
l-B-amyradiene (iLI).
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(XXXV) (AL) (XLI1)

These observatione in no way conflict with the structure
proposed for geamyrin in Section {2) of this thesis,
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GrougﬁIIIQ d-a=Anyratriene,

Dehydration of urss=9(Li1):12-dien-3B=0l (III) with
phosphorue pentachloride gives a dichloro-g-amyradiene, which
with zinc dust ylelded d-c-amyratriene, the ultra=violet
absorption spectrum of whieh shows thet the double bond
introduced by dehydration ip vemote from the conjugeted system

in ring C (Ewen et al., logc.clit.).

Two structures were considered for d-=a-amyratriene;
8:10314=trimethyl-53-novursa-~3:9(11):12-triene (XLII) and
8:10z)l4-~trinethylnovuree<3(5):9(11):22-triene {XLI1I), and of
these {(XLI1) seemed the most probable,

(XL111)

The constitution of d-a-amyratriene was established as
(XLIX) by its formation from 8210314wtr1methyl-ll=oxo=5%=nov=
ursa-3:l2~diene (X} by reduction with lithium aluminium hydride
followed by treatment of the reaction product with phosphoryl
chloride in pyridins. Dichloro-c-anyradiene is consequently
3% :4§=dichloro=8:10:14~trimethyl-5¢ -novurea-9(11):12-diene (XLI
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l-a-Amyratriene.

Dehydration of urse-=9(1l):)l2-dien-3p=-0l (I1I) using
phosphoric oxide gives = different triene, l-oc~amyratriene,
which exhibits a triple maxima absorption with principal
meximum at 2950 2, (E = 35,500) and consequently contains a
conJugated triene chromophore {Ewen et 8l., loc.cit.). An
attempt to prepare l-g-amyratriene by treatment of (1II) with
hydriodic-acetic acid mixture gave l-a-amyradiene in 10% yield
as the only 1solable product,

A structure considered tentatively for l-g-amyratriene
was 5:83l4-trimethylnovursa-9:11:13(18)~-triene (XLV). In an
endeavour to confirm this structure, it was proposed to reduce
a=amyradienone-I11I (XVI) with sodium borohydride to the
corresponding alcohol (XLV1), which with mineral acid was
expected to afford le~amyratriene., 5:8:14=Trimethyl-lli-oxonov-
urga=-9:12-diene (XVI), however, waes recovered unchanged after
prolonged treatment with sodium borohydride,

(xv1) (XLVI) (xLv)

Treatment of (XVI) with lithium sluminium hydride in ethe:
at d’ to obtain (XLVI) gave instead a strongly laevorotatory
iriene which exhiblts an absorption maximum at 3200 Ko (E =
15000) and which is considered to be 5:B:l4-trimethylnovursa-
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110)39(11)s1l2-triene (XLVII). Treatment of (XLVII) with
mineral ecid causes isomerization snd ylelds l--a-amyratriene,

" CqHiz
. A
AcD
(XLVII) (XLV) (XLVIII)

Comparison of the light absorption of (XLVII) with that
{3190 30, E = 15,000) of ergosta-5:7:14:22-tetrasn=3p-yl
acetate (XLVIIL)(Barton and Bruun, J., 1951,2728), which has
the same chromophoric system end is8 in agreement with the
caleculated value of 3230 A. lends strong support to the
gtructural assignation of (XLVII).

Beton and Halsall {loc.cit.) have proposed structure ({(XLI.
for l-c-anyratrienc which must be rejected since it does not
account for 1ts light asbsorption characteristics or for its
formation from a-amyradiencne-I111 (XVI).

CQ“W

(L)
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The light absorption characteristics of l=-a-amyratriene
are those of an extended itransoid triene system and the high
intensity agrees well with the intensity (2830 Ro, E = 33,000)
found for the analogous chromophore of ergosta-4:6:8(14):22-
tetraene {L)(Feiser, Rosen and Feiser, J.Amer.Chem.Sogc., 1932,
14,5397). The maximel position is in excellent agreement with
the calculated value (2940 3.)0 This date, and the method of
formation from 5:8:l4=trimethyl-ll-oxonovursa-9:)2=diene (XVI)

lead to the formulation of l-a-amyratriene es 5:8:;l4-trimethyl-
novurse-9211:13(18)=triene (X1LV),

Since the isomerization of ursa-11:13(18)-dien=3g-yl
acetate (1I1) to oleana-11:13(18)-dien-38-yl acetate {(LII) had
been described {Beaton, Spring, Stevenson and Strachan, J., 19:
in press), it was desired to prepare l-B-emyratriene, the
oleenane analogue of l-a-amyratriene, in order te confirm that
l-ag-amyratriene still contained an ursane ring E and that in
ite formation from a-smyradienone-~I1I1l (XV1) a tranaformation
to & novoleanane derivative had not occurred.

(LI) (L11)

l-B-Amyratriene was prepared by analogous methods. Treat-
ment of oleana=-9(1l):12-dien-38-0l (LI1l) with phosphoric
oxide gave l-B-ecmyratriene which showed similar, crystalline
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form, m.pP., specific rotation and light absorption %o
l-g-amyrairiene, A mixture of the two irienes, however, gave a
well defined m.p. depression,

Reduction of B-smyradienone-III (XXI) with lithium
aluminium hydrcide in ether at o geve a strongly laevorotatory
triene, which showed maximum light absorption gt 3150 R.

(E = 14,000) and which is considered to be 5:8:l4-trimethyl-
l8a-novoleana=l(10):9(11):12~-triene (LIV). The hypsochromic
shift of the absorption meximum from 3200 2. in the case of
(XLVI1) which has a cis-B-fusion of rings D and E, to 3150 ;
in (LIV} which has a trans-fusion of rings D and E, further
exemplifies the rule discussed in Section (2), p.6l. iineral
ncid reerrangement of the triene (LIV) gave l-B-amyratriene
which is formulated as 5:8:14-trimethylnovoleana-9:11:13(18)-
triene {LV).

.
.

(LIV)
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The ring contractlion reactions of o-emyrin end 1ts
derivatives have been compared with the corresponding
reactions in the B-amyrin series (Allan, Fayez, Spring and
Stevenson, J., 1955, in press).

These authors coneclude that steric ldentity prevalls
at all ring junctions in the c=-Amyrin and B-Amyrin groups
of triterpenoids, and thus the cis-B-fusion for the D/E ring

junetion in a-amyrin, proposed in Seetion {2) of this thesis,
hes beer confirmed.



Experimental

Section (3).

11
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The preliminary notes to Experimental Sectiocas
(1) and (2) apply in full to this section and the
hydriodic acid (d,1.7) used was freshly distilled from
hypophosphorus acid. The phrase 'in the usual way'
in these particular experiments, involving this reagent,
implies in generaly dilution with water, extraction
with ether, weshing consecutively with sodium thiosulphal
solutiony water, aqueous sodium hydroxide, aqueous
hydrochloric acid, agueous sodium bicarbonate, followed
by drying of the ethereal extract over anhydrous sodium

sulphate, filtration and evaporation to dryness under

reduced pressure.

The microanalyses in Sections (1), (2) and (3)
were carried out by Mr. Wm. McCorkindale and determina-
tions of ultra-violet spectra were by Misses, P. Adams,
N. Caramando and S. MacKenéie under the direetion of
Dr. A. C. Syme, to whom are due best thanks. Infra-

~-red spectra were determined by Dr. G. Eglinton.
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Conversion of 8:10:14-Trimethyl.-11-0x0-5%-novursa=-3:12-

~diene to 8:10:14-Trimethyl-54-novursa-3:12-diene.

A mixture of 8210s14=trimethyl=11moxo=5i=novursa=
«~3:l2=-0iene (800 mgo.), sodium methoxide (from 800 mg. of
sodium) in methanol (15 co.c.) and 100% hydrazine hydrate
(5 cceo) was heated at 200° (autoclave) for 15 hirse The
producty isolated in the usual way, was dissolved in
petrol (100 co.e.) and percolated through a column of
alunina (20 g.)s The column was washed with petrol
(100 ccc.) and the combined eluates were evaporated to
dryness. The residue crystallised from methanol to
yield 8:10:lémtrimethylaS%wnovursa=3:lzwdiene as prisms
(350 mge ), mepo 134-135° [a]p + 109° (c,;1.3). Light
absorption: Max. at 2100 £, (E = 4,600). A specimen on
admixture with suthentie d-c-amyradiene m.p. 134-135°,

showed NoO MopP. depression.

8:10:14-Trimethylnovursa-3(5):12-diene.

{a) A solution of 8:10:14=trimethylw5iﬂnovursa=3:12u
-diene (700 mg.) in chlorotorm (7 c.c.) was treated with
trichloroacetic acid (700 mg.) and allowed to stand at
room temperature for 1 hr. The chloroform was removed
by heating on the steam-bath for 15 mins. Isclation

of the product from the violet residue in the
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usual way gave a gum which erystallised from acetone

to yield 8:10:14-trimethylnovursa=3(5):12-diene as hex-

agonal prisms (200 mg.), m.p. 70-72°, {a]y + 123°
(cylod) (Founds C487.8; Hellc9. CjoHag requires C,88.2;
H,11.8%). Light absorption: Max. at 2080 £.(E = 4,500).
(b) A mixture of 8:10:14-trimethyl-=ll-oxonovursa-3(5):12-
~diene {1 go), socdium methoxide (from 1 g. of sodium) in
methanol (15 c.c.) and 100% hydrazine hydrate (5 c.co)
was kept at 200° (autocclave) for 15 hrs. The product
was isolated in the usnal way, dissolved in light
petroleum (50 ¢.c.) and chromatographed on alumina (30 g.
The fraction eluted by light petroleum (200 c.c.) was
erystallised from acetone to yleld 8:10:14-trimethyl-
novursa-3(5):12-diene as prisms (200 mg. ), m.p. 68-69°,
[a]p + 120° (c,2.1) undepressed in m.p. on admixture

wlth the specimen described above.

Acid isomerisation of 8:10:14-Trimethyl-11--0X0-~5¢~-novursa-

=3:12-diene to 8:10:14-Trimethyl-ll-oxonovursa-3(5):12-

-Qiene.

A golution of 8:10:l4=tr1methylull=ox0m6§=novursam
-3:12-dlene (500 mg.) in acetic acid (50 c.c.) was
treated with concentrated hydrochlorie aeld (5 coco)
and the mizture refluxed for 16 hrs with the addition of
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concentrated hydrochloric acid (2 c.¢.) every 4 hrs.
The producty, isolated in the usual way, crystallised
from methanol as prisms (300 mg.), mep. 153-154°, [a]D
+ 168° (ey,1.7) which gave a yellow colour with tetra-
nitromethane. Light absorption: Max. at 2520 fo

(E = 13,000)s A specimen on admixture with authentic
8:10:14-trimethyl-1l-oxo-novursa-3(5)-diene, m.po
1569-1€0°, showed no m.pP. depression.

Acid isomerisation of 8:10:14-Trimethyl-ll-oxonovursa-

-3(5):12-diene to 5:8:14-Trimethyl-ll-oxonovursa=9:12-

=diene.

A solution of 8:10:14-trimethyl-ll-oxonovursa-
-3(5):12-diene (2 g.) in acetic acid (10 c.c.) was
refluxed with hydriodic acid (5 c.c.) for 8 hrs. The
product, isolated in the usual way, crystallised from
methanol as laminae (1.2 g.), m.p. and mixed m.p. 170-17:¢
[alp + 172° (cy2.1).  Light absorption: Max. at 2040
(E = 9,900) 2580 (E = 11,000) and 2900 £. (E = 10,200)

5:8:14~-Trimethyl~ll-oxo-18a-novolewna~9:12-diene.

(a) A mixture of 11~6xo=18amolean=12=en~36—yl acetate
(5 go) acetic acid (50 c.c.) and hydriodic acid (15 c.c.)
was refluxed for 16 hrs. The product, isolated in

the usual way,; crystallised from methanol to yield
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5:8:14~-trimethyl-11-0x0-13a-novoleana-~0:12-diene as

needles (1.5 go)y mopo 191=-192°, [a]D + 125° (e43.1)

which gave no colour with tetranitromethane. Light
absorption: Max. at 2060 (E = 7,800) 2560 (E = 10,100)
and 2870 . (E = 9,600) (Found: C,85.,3; H,11.3. CzoHagO-
requires (,85,25: Hg11.0%).

(b) A mizture of ll-oxo-olean~lg2-en-3B-=yl acetate

(5 g.)y acetic acid (50 c.c.) and hydriodic acid (15 c.c
was refluxed for 16 hrs. The product, isolated in the
usugl manner; crystalliged from methanol as needles

(1.3 g« )y mep. 191-192°, [al]p + 122° (c,2.3) which on
admixture with the speclimen described above showed no
MepPe Qebression.

(c) A mixture of ll-oxo-oleana=12:18-dien-3p-yl
acetate (4 g.), acetic acid (40 c.c.) and hydriodie acid
(12 escs) was refluxed for 16 hrs. The product
crystallised from methanol as needles (1 g.) m.p. and
mixed m.p. 191-192°, [a]D + 124° (¢31.7)

5:8:14-Trimethyl-1l-oxonovursa-9:12-dien-28-oic Acid.

A mixture of ll-oxours=l12-en-3p-yl=-28-o0ie acid
acetate (2 g.), acetic acid (20 e.c.) and hydriodie acid
(6 cocs) was refluxed for 16 hrs. The product was
isolated in the usual way and erystallised from acetone-

hexane to yield 5:8:14-trimethyl-1l-oxonovurss-9:12~-dien:




425

-28-oic acid as plates (800 mg.), m.p. 280-282°, [a];

+ 133° (e,2.6) (Found: €,79.8; Hy9:.9 C3oHaa03 reguires
C,79.6; H,9.8%). Light absorption: Max. at 2080 (E = 6,5
2590 (E = 10,400) and 2920 £. (E = 9,350).

5:8:14-Trimethyl-11-0vxo-18a-novoleana~9:12-dlen-28-o0ic

Acld.

A solution of ll-oxo-olean-l12-en-3f-yl=28-o0ic acld
acetate (1 g.) in acetic acid (100 c.c.) was refluxed wit
hydriodic acid (5 c.c.) for 16 hrs. The product, isolat

in the usual way, crystallised from chloroform-hexane to

yield 5:8:l4-trinethyl-1l-oxo-1Ba-novoleana~9:12-dien-28-
~oic acid as prisms (310 mg.), m.p. 312-314°, [alp + 120°
(cy0.7) (Found: C,79.2; H,9.4. C3oHs40;3 requires C,79.6;
Hy9.8%). Light absorption: Max. at 2080 (E = 7,250),
2570 (E = 10,800) and 2880 K. (E = 9,750).

5:8:14-Trimethyl-11-oxo-18a-novoleana=-9:12-dien-30~o0ic

Acid.

(a) A solution of 1l-0x0-18a-0lean-12-en-3p-yl1-30-o0ic
acid scetate (800 mg.) in acetic aecid {100 c.c.) was
refluxed with hydriodic acid (5 c.c.) for 18 hrs. The
product wvas isolated in the usual way and crystallised

from methanol-hexane to yleld 5:8:14~trimethyl-1l-oxo-

-18a-novoleana-9:12-dien-30-oic acld as prisms (250 mg.),
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Mepe 324-326°, [a]lp + 147° (c,0.3) (Found: C,79.43
H,10.2 CjcHza0a requires C,79.6: H,9.8%). Light
absorption: Max. at 2060 (E = 6850), 2540 ( E = 10,200)
and 2870 f. (B = 8,800).

(b) A solution of ll-=oxo-0lean-12-en-=3p-yl-30-o0ic
acid acetate (2 g.) in acetic acid (150 c.c.) was
refluxed with hydriodic acid (10 c.c.) for 16 hrs.

The precduct crystallised from methanol-hexane to yield
prisms (500 mg.) m.p. 324-326°, [a]D + 145° (c¢,0.2)
wvhich was undepressed in m.p. on admixture with the

dienone acld described above.

Catalytic hydrogenation of 6:8:14-trimethyl-1l-oxonov-

ursa-9:12-diene.

A solutlon of &5:8:14-trimethyl-ll-oxonovursa-9:18-
diene (600 mg.) in acetic acid (100 c.c.) was added to
a suspension of freshly reduced platinum (from 250 mg.
of PtOz) in acetic acid (100 c.c.) and the mixture
shaken with hydrogen at room temperature for 24 hrs.
Absorption was then complete (3 mols. approximately).
Isolation of the product gave a gum which crystallised
From acetone-methanol to yleld 5:8:14mtrimethylm9§=loim

novurs-12-ene as plates (350 mg.); m.p. 95-96°, [a]D
+ 140° (e,1.4) which gave a yellow colour with tetra-

nitromethane. (Found: C,87.7; H,12.3 Cgzoli;n requires
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C,87.9; H,12.5%). Idght absorption: Max. at 2060 4.

(B = 2,750), (Ezi5 0 = 2050) (Bais 0 = 500).

5:€:14-Trimethylnovursa—=9:12-=diene.

(a) A solution of 5:8:14-trimethyl-=1l-oxonovursa-~8:12-
~diene (1 g.) in ether (500 c.c.) vas refluxed with
lithium aluminium hydride (1 g.) for 7 hrs. and allowed
to stand overnight at room temperatures. The produet
igolated in the usual way, crystallised from acetone-
-methanol to yleld 5:8:14-trimethylnovursa-9:12-diene
as plates (560 mg.) m.p. 98-99°, [al]y + 120° (c,2.8)

wvhich gave an orange brown colour with tetranitromethane.
(Founds C488.2; H,11.8 Cj3¢Hsg requires C,88.03 H,11.9%)
Light absorption: Max. at 2080 £. (E = 13,200).

(b) A mixture of 5:8:14-trimethyl-ll-oxonovursa~2:12-
=diene (1l g.)y methanolic sodium methoxide (from 1 g. of
sodium and 15 c.c. of methanol and 100% hydrazine
hydrate (5 c.c.) was kept at 200° (auntoclave) for 15 hrs.
The product, isolated in the usuval way, crystalllsed
from methanol as plates {250 mg.)s me.po 94-98°9 [a]D

+ 1182 (¢y0.2) which showed no m.p. depression on admix-
ture with the specimen, mn.p. 98-99°, described above.
Light absorption: Max.at 2080 £. (E = 124000).
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5:8:14-Trinethyl-18a-novoleana-2:12-diene.

A solution of 5:8:14-trimethyl-=11l-0ox0~-180=
-novoleana-2:12-dlene (800 mg.) in ether (500 c.c.) was
treated with 1lithium aluminium hydride {1 g.) and
refluxed for 7 hrs. The product, lisolated in the usual
way, crystallised from methanol-chloroform to yield

5:8:14-trimethyl=18c-novoleana-5:12-dlene as matted

needles (400 mg.), m.p. 160-162° [al]y + 103° (c,0.7)
which gave a yellow colour with tetranitromethane

(Found: C,88.03 Hy12.0. CzoHsg requires C,88.2; H,11.8%).
Light absorption: Max. at 2080 K. (E = 104500).

Acid isomerlsation of 5:8:14-Trimethylnovursa-9:12-diene,

A solution of 5:8:14-trimethylnovursa-=9:12-diens
(150 mg.) in chloroform (5 c.c.) and acetic acid (50 csceo)
containing concentrated hydrochloric acid (10 c.c.) was
refluxed for 16 hrs. with the addition of concentrated
hydrochloriec acid (2 e.c. ) every 2 hrs. The product
was 1lsolated in tThe usual way and crystallised from
chloroform-methanol to give 5:2a:98-trimethyl-10a-
-novursa-12:14-diene (l-g-amyradiene) as plates (50 mg.)
m.p. and mixed m.p. 193-194°, [a]D - 110° (ey41.9)
Light absorption: Max. at 2360 (E = 13,200) and 2410 A,
(B = 14,500). Inflexion at 2500 £. (E = 8,550).
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Acid Isomerisation of 8:10:14=Tr1methylm5iu-novursa=

~3:12~diene.

A solution of 8:lO:14=Trimethyla5{fnovursa=3:12°
~diene (250 mg.) in acetic acid (100 ec.c¢. ) and boron
trifluoride-acetic acid complex (3 c.c.) was refluxed
for 80 hrs. The produect was isolated through ether
and crystallised from chloroform-methancl to ylield
5:8a:98-trimethyl-1Na-novursa-12:14-diene (1l-g-
—gmyradiene) as plates (130 mg.), mop. and mixed m.p.
193-194°, [a]D = 104° {cy1.5)s Light absorption:
Max. at 2360 (E = 13,000}, 2410 (E = 14,500). Inflexio
at 2500 A. (E = 8,500).

8:10:14-Trimethyl-5¢-novursa-3:9(11):12-triene.

A solution of 8:10:lémtrimethyle11~0x0m51wnovursaa
~3t12-diene (500 mg.) in ether (200 c.cs) was refluxed
with lithium aluminium hydride (500 mg.) for 3 hrs.

The reaction product (isolated in the usual way), was
dissolved in pyridine (50 c.c.) and refluxed for 15 hrs
with phosphoryl chloride (20 c¢.c.). The product was
crystallised from methanol from which 8:10:14-trimethyl
wsimnovursa=3=9(1l)212=triene (d-a-amyratriene)
separated as needles (200 mg.)} m.p. and mixed m.p.
132-133°, [a]D + 445° (¢y2.1). light absorption:

Max. at 2060 (E = 11,500) and 2800 £. (E = 10,300)
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Treatment of Ursa-9(11):12-dlen-3f-yl Acetate with

Hydriodie Acld.
A solution of ursa-9(11):12-dien-3@-yl acetate

(3 go) in zcetic acid (30 c.c.) was refluxed with
hydriodic acid (16 c.c.) for 16 hrs. The product
was a gum and the only crystalline product isolable
from it was S:8a:ff-trimethyl-lO0a-novursa-12:14-diene
(l-a-amyradiene) which crystallised from chloroform-
-methanol as plates (300 mg.), m.p. and mixed m.p.

192""19409 [QJD = 1100 (0,099)0

5:8:14~Trimethylnovursa=-1(10):9(11):12-triene.

A solution of 6:8:1l4-=trimethyl-ll-oxonovursa-9:12-
-diene (500 mg.) in ether (200 c.e¢.) was treated with
lithium aluminium hydride (500 ng.) at 0° and kept at
that temperature for 72 hrs. The product was isoclated
avolding the use of mineral acld and crystallised from

nethanol to yleld 5:8:l4-trimethylnovursa-=1(10):9(11):1

~friene as needles (300 mg.) mop. 145-146°, [a]D ~358 ©
(cs1l.6) which gave a strong yellow colour with tetra-
nitromethane (Found: C,;88.85 H,1l.4. CagHsg requires
C,88.63 H,11.4%) ILight absorption: Max. at 3200 £,
(E = 15,000).
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Acid 1somerisation of 5:8:14-Trimethylnovursa=1(10):5(1.

:12-triene to 5:8:14-Trimethylnovursa=9:11:13(18)~trien

A solution of 5:8:l4-trimethylnovursa=1(10):11:
13(18)-triene (80 mg.) in acetle acid containing concen
rated hydrochloric acid (2 c.c.) was.heated at 100° for
2 hrs. and then kept at room temperature for 48 hrs.
The mixture wag again heated on the steam-bath for 3 hr
and the product isolated ian the usual way. Crystallis:
tion from methanol yielded 5:8:14-trimethylnovursa-=9:11
213(1i8)-triene (l~c-amyratriene) as needles (650 mg.),
meps and mixed m.p. 140-142°, [e]; - 4556° (¢,3.1) which
gave a brown colour with tetranitromethane. Light
absorption: Max. at 29350 Ec (E = 35,500}, Inflexzions
at 2860 (E = 30,200) and 3080 A. (B = 25,500).

5:8:14~-Trimethylnovoleana-9:11:13(1%)~triene.

A solution of oleana-9(1l):12-dien-3f=0l (2.89) in
benzene (80 c.c.) was shaken with phesphoric oxide (3 g
for 20 hrs. The producty lsolated through benzeneg
crystallised from methanol to yleld 5:8:l4-trimethyl-

novoleana=9:11:13(18)=triene as needles (600 mg.) mop.

135-136°, [cz]D ~4002 (e,1.B) which gave a brown colour
with tetranitromethane. (Found: C,;88.93 H,;11.7 Cgolag
requires C,88.8; Hy1l.4%). Light absorption: Inflexio
at 2860 L, (E = 31,000); Max. at 2970 (E = 36,200) and

o
3080 A. (B = 25,400},
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5:8:14-Trimethyl-18a-novoleana=1(10):9(11):12-triene.

A solution of 5:8:14~trimethyl-11-oxo-18a-
novoleana-9:12-diene (400 mg.) in ether (200 c.c.) was
treated with lithium aluminium hydride (500 mg.) and
allowed to stand at 0° for 72 hrs. The product,
isolated avoiding the use of mineral acidy crystallised
from methanol to yield 5:8:14-=trimethyl-18a-novoleansa-

-1(10):e(11):12-triene as plates (250 mg.), MoDo 140=14¢7
[G]D - 450° (¢30.9), which gave a strong yellow colour
with tetranitromethane. (Found: C,88.8; Hyll.5. CacHag
requires C;88.65 H,11.4%). Light absorption: Max. at
3150 £. (E = 14,000).

Acid isomerisation of 5:8:14-Trimethyl-l8a-novoleana=

1(10):8(11):12=-triene to 5:8:14-Trimethylnovoleana~9

$11:13(18)=triene.

A solution of 5:8:14-trimethyl-18a-novoleana~1(10)
29(11):12-triene (50 mg.) in acetlc acid (50 c.c.) was
treated with concentrated hydrochloric acid (2 c.co.) and
allowved to stand at room temperature for 70 hrs. The
product, isolated in the usual vay, crystaillised from
methanol to yleld 5:3:14-trimethylnovoleana-9:11:13(18)=~
~triene as needles (20 mg. )y mepo and mixed m.p. 132-135

Lalp - 407° (c;0.4).



