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The %wo @@@ﬁi@nm of thig thesis deal with {(a) the
somplete structural elueidation of soyasapogencls B and D
énd (b) the chemlsptry of some gompounds derived from lupeol,
b@tulingmﬁ& betulinic aecid by dehydrogenation with mervcuric
aeatate. All of these compounds belong to the pentacyclic
glope of briterpenoids end more specifically to tho oleanane
end lupono subegroups respastively.

The tritmrp@n@iﬂa are o class of mnatural produsts
whioch havo boen isolated from & wide wengo of vegebable
motorinl, sheep wool won, fungl,and fish oil. This class of
compounds was originally defined as the Hriterpenss,
sonsinting of hydwosarbona and oxygoenated hy@foaarhons whosa
moleonlor akeleton wos made up of thiwvty carbon atoms demiveble
from sin isoprene write. In oxdor to acoonmodate soveral
rocoatly discovered compounds showilng definite twiterpono
csharasterisgtica bub sontaining thirty one carbon aﬁoma% thie
group of natural products ds now el&aﬁifi@d under tho more
g@ﬂ@é&l toxrm of the %rit@rp@noidmo

With the oxmeeption of the hydrosarxbom sgunlens (I)
all tritorponoids are polycyclisc compounds and the najority
awo pemtasyclie or betracyelic. Thoy may be clessifiod in
theoe main gé@u@@ acsording to tho n&%mﬁ@ of their carbon

aktelatons.



{a) The Sguelens Growup.
Bosides tho aliphatiec hydrocaxrbon, squalens, this

group combaing the tricyolie aleohol, ambrain% and the
sotracyelie diol, onocerin (XXZ) which is uwnique in the
tweitorponoid field booavse it has a completely symmeirlical
mnoloonlo. Anothor notoworthy feature is that onccerinm hes

. 4
rveconitly boen synthesised.

() Zho Totracyelie Group.

The mombers of Tthip group show a clome siructural
ﬁ@l&%&@m&hip 0 tho stercids., Subdivision of tﬁe tetracyclic
group ip baved on two structural types which differ in the
configuration st positions 13, 14 and 17, and are oxemplified
by lanonterol (II) end ouphol (III). A roeady difforentiation
gan be mede botween derivatives of the two series from tho
sharactoristic moleeular rotation mhangeag which accompeny
the formation of the corvosponding T,9(31)-dienyl derivatives
and gls@ £from the migaifi@an% differences in the positions
off tho ulsraviclot meximo of these diam@s?

Some naturally oconrring membors of the lanosterol
sexrdon are listed ag followms~
lenosterel, agnosterol, parkeol, eburicoiec acid, the polyporenic
acido A and Gy pinicolic aeid, cycloartenol; cyeclolaudenol,
gyclo~ozysterol, eyclaeucalemolﬁ aimhydroxylan03t3m799(ll)9Q4m

7 7
~trien-j-one, 3B8,2Ll-dihydroxylanosta~7,9(11),24~triene and



8
olaterscin A and B. 0f thess, the fungal acids are mostly

Gy, comppunds and oycloeucalenol has recently heen shown

. (13 :
0 be 4Pf-demethyl-24-methylenseycloarsanol, Gycloartenol,

syclolandenol, cyclo-oxrysterol and eycloeucalenocl ad@h
gontain a @y@lgpropgna ving and are thérefora pentacyclic,
However, bocaunse of thelr ready conversion to lanostaexrol

derivetives bthey are included im the tetracyclic group.

(1) (1D (IT1)

The cuphol group contains euphol, euwphorbol,
elonadionolie acid, mesticndienonic acid, butyrospermel and
tirucallol. Although tiruweallold is classifisd under tho
ouphol wuhfgréup it differs from @ughol in the atercochemistry
of tho contwre at ﬁ(ﬁg)% Dipterocarpol and the dammor rosin
tritorponoids are alse rogavrded as members of the euphol sub-

ETOUP o

(e) The Pontacysliic Group.

Sub-divigion of this group ls based on fivo different

sypes of carbon skeloton which occur, The laergest of these



subwgroups is that based on the hydzocarbon, oleanene (IV),
and containe such compounds &g Peemyrin, oleanolie seid,
hederagenin, soyasapogonols A, B and €, and bassic aaiﬁ%@
Algo included in this group are taraxerol, friedelin, cewxin,
and glutinone, all of which are readily converted into
derivaetives of the olsanane typs. Certain asspacts of the
shomnipbtry of the oleananc group will be dealt with in the
following soction when gome weactlions of the soyasespogenols
awo conpidered. The total synithesis of oleana~11,13(18)-dicne
hes woeontly heon r@port@ﬂoga

Closely relatod %o the olocnano group is the group
based on the hydrocarbom ursens (V). Included im the ursane
Sub=group aTQs-
.émamyrinﬁ B-boswolliec aeid, uvaol, brein, gquinovic acid, and
bau@r@nqlig Phyllanthol ig alse included in this soction
although it contains & cyelopropane ring and is thovrafore
hexasyolic. Iis clapsification in the wrsans group is on

account of ite ready conversion to an a-amyrin devivetive.




The thizrd group, based on ﬁhé hydrocarbon, lupane {(VI),
is of spesial note because the socond seetion of this thesis
is‘eonc@rned with compounds derived from lupeol (VIia), betulim
(VXib), and betulinic meid (VIIia), thrse membexs of the lupans
group. Stellatogenin (IX) and thurberogenin (X) are also
derivatives of lupane and are noteworthy as they sre maturally
ooonrring lactORGa%@ Only two other triterpencid lactonss
heve been isolated from natural produatéo namely, dumorticwril-
ganinfq and luncernic mciﬁi“ The structure of the. latter
gompound has not yet been established but the presence of a
Y-lactone has been deduced from the band at 1770 cmomi in the
infrared spectrum, Thurberogenin was of particular intercet
to the suthor as its properties showed & merked similarity to
those of the lactome (XIa) derived from betulinic acld by the
agtion of mercuric acetete. The two other members of tho
lupane group are aﬁahydmexybatulin?Q and 3f8,20-Qihydrozy-

1% : '
lupene. Extracted from rowan bark (Sorbus aucaparia) and from

the fruito of the Osage orange (Maclure pomifera) respectively,
theno recontly discovered triterpenes have been allocated the

structures (XII) and (XIII).
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The fourth group is based on the hydrocarbon

taraxzastane (XIV) which differs from ursane (V) only in @ho

8219

1 .
stereochemistry at positions 18, 19, and 20. Included in

<

20
this group are taraxasterol (XVk), arnidiol, and tarexasitens

(i¥e ), the last named compound being the only polyeyclie
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$riterpencid hydrocarbon which nas been raporied as occcurying
n&tmr&llﬁ%i F@raﬁi@lﬁ@ has been related to “V-tarasxesione
(XVI) which may also be regafd@ﬂ aa:a membor of this group
since it is ﬂ@riv@d“fr@ﬁ tevezastons by reaction with mineral
&@idiﬁ The acid isomerisatidn of lmpah@na (X¥IX) %o

5:%MWT@RQHQ (3?111) 1o very similar end will be dealt with

moxe fully in the thoozetical soetion (Table v

(X1%) (XVIX) (XVIII)
28

In rocont years the study of the triterpencs z@@?imQ
and hyd?@gyhnp@ndn@ga has led to the reocognition of & nﬁﬁ
sub-group o0f pént&eygli@ tgitmrpaﬁoida based on the hydxroearbon,
gammacerané (XIX). The triterpenes of this group have not boen
rélat@@ %0 any of the @théx groups but it is pos@iblg.t@'

derive them from squalene which can be yogarded as the



257RY
procursor of all pendecyclic and tetracyclie t@itgrp@n@gv

Hydrozyhopanone and zeoxin ers the only pentacyclic
triterpones which retain the intact cexbon skeleton of
gqualens d.e. no migratlion of axial methyl groups or hydrogen
otons is necessary during the postulated cyelisation Lrom é
sgualencid Hyps pPrecursor. In the ensuing section on the
blogenesis of the triterponolds the formation of these uwausual

compounds is discugsod.

The Bilogoncsis of the Triterponoids.

It vas first noted by Gh&nnon?@ that when rats woro
fed with squalens the amount of cholestercl in thelw liver
vas markedly increased., COuided by this obsexrvation, Robinson
postulated thet squalene might bo tho bilogenetic procursor
of cholestorol on the grounds ﬁh&ﬁ squalene comprises the
comple to molecular skeoleton ef choleét@rol plus a furthor
thveo carbon &ﬁoma%g Robinson aloo suggesied that the
cyelisation took place from squaleons folded as in Fig., 4
followed by loss of thrse methyl groups Lfrom positions 3, 13
end 14,

Robingon’s hypothesis was apparently substantiatod

30931 989
by the oxporimental evidonce of Langdon anid Bloch who

shoved thet sgualone is en intormodiato in the bilolegicanl



synthesip of cholestorel (XX) snd alsc that asetic asid, which
ie the pxincipal carbon souzes in choleaterol syntheosis, is

o precurser of squelens. Such & cyclisation scheme counld be
completoly woeconciled with the hitherte known distribuiion

38 984
of soatate carbon in cholesterol on the assumption that

cach isoprone uwnit of 5qﬁal@n@ contained throe methyl and tweo
serboxyl cavbon atoms of ncetate amr&ngq@ as in Fig. G,

: @Qwavefg using eplandrostorons obtained from igoe
sopieally iabglleq dihydrochgleeﬁ@rolg Woodward and Bloch?g
heve showm that tho carbon atom at position 13 is deorived
fwom the mothyl carbon of acotate. This conclusion ﬁmm lagew
confirmod independently by Cornforth ggag%;g@ The echeme
suggestod by Robingson was therefors invalid so Woodward and
El@@h&g proposed an alternative mede of cyclisation from
squaleone, folded as in Pig B, and involving the migration

of mothyl groups. Substantial evidenge for this achome has
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boen suppliod by sceveral mark@rsaﬁmgg whose combined reswlio
have established the origin of all the corbon atoms in
cholesterol from either the methyl or the carboxyl carbon of
aée%aﬁeo PThese resulis agree completely with Woodward's
'proy;saﬁ éch@me which also explains the part played by
lancatarél in the biogenesis of ateroi&so‘ Morsover the fact
that methyl group migrations take placé during the cyclisation
offers a rational explanation for tho non-conformity of
lanoatéwol with the c¢leseical isoprense ruls.

In oxder to accommodate lanostercl, euphol, fri@d@ligp
a-agnyrin, taerazesterol and many other cempoundslwhich do not
follow the classical lsoprene rule Ruzlcka and his follow
workers formmlated the Yhbiogenatic isoprenc rule"“ﬁ@ which 8é.
faxr has no exceptions in the twriterpemoid field. Using tho
bilogenetic isoprene xule it is possible to derive those
compounds which are oxceptions to the classical isoprene rule
from conforming intermediates. The sbove postulates avre ofFf
great significanoe because it is now possible to derive similarx
modes of oyclisation for all groups of triterpenes stariing
from & aqualone type precursor and using accepted mechgnisms.
based on Wagnor-Meerwoin type rearrangemente (Table I).

I% has been oatabliah@dﬁa that natural aquélame oCouTs

as the all-trans isomer and eslszo that synthetic squalene, which



differs from natursl squelense in the positions of the doubi@
bonds, cannot be converited biclogically into choleat@ro]ig
It i# now recognised that the all-trans configuration and the
naturel arrangement of ethylenic linkages in squalens are
sssential for the pestulated cyclisation. ‘Tohen and Blochﬁg
h&%@ él&@ established that sgualons is not transformed inte
lanéat@rol in the absence of oxygen and heve thersfore
muég&étéa that the vreaction gequence 1s inditlated by attack of
aotiveted moleculaxy oxygen at & terminal démhlo hond.

Only the cyclic members of the sgualend group of
trita%ﬁéneao ambrein and onocerin (XXI) are formed by

simultanecus cyolisation from both ends of the squelens (X}

chain.

¥
ol
A Q¥
H
(XX1)

In &ll,othar cases the initial attock at one end of -
the molecule is followed by cyclisation in one of threo
different waye. The first voutse leads. to lanosterol (II) and

thence to cholesterol (XX), both ef which may be derived Zrom
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" the cation (XXII) by the mechanism shown in Table I. It hoe
been éoatu;ated that (XXII) ié formed fyom squalene (I) by
eonsﬁgtaﬁ'éyclisation of wings A and B, immediately followed
by ;iqgure of ringe C and D thus glving r;s@ to tho known
stereochemistry of the sterxocids and the i@nosterol gF0UPo
Phe carboniuvm ion (XXIII) may e regarded s tho

precuxsor of the majeiity of pontacyclic %ritarpen@s and of
the euphol group of tetracyclic triterﬁanéso It can be
derived from aqualén@ by ayhchron@ua formetion of rings &, B,
G, end D, The woute %o euphoi (XI1) £rom (XXI1I) involves
m@thyl group migration and finally losa'of & proton Lyrom 6(9)
whex@&s o Wagner-Meerwein type ring @nlargemaut of (XXIII) to
giwa carbonive ion (XXIV) and sub&equant olosura of ring B
pr@&uoaa the lupanyl catacn (XXV). Th@ pantacyalie tritowe
ponos Jupeel (VIIa), mwamyrin (XKXIK&% ﬂuamyrin (XXXXin), and
%&mmxa@ﬁ@r@l (XVb) can all be derived £rom (XX¥) by well
@Qéébli@h@ﬂ mechanisms (TPeble II). |

‘ Hydrozxybopanone (XXVII) @xampliflaa the third Sypoe
of gy@lim@%ian and on the basis of ites recently established
a%er@aah@misﬁry it ie possible to postulate its formetion by
e completely concerted cyclisation of squalene folded in the
all chaix @omformationo Carbonium ion (XXVI) is thus formed

anéd mey be stabilisod by addition of an anion such as OH
(Pable I).




Phe Cyclisabion of Squalone.

%

HO MO

" (RAILT)

(XXVI)




(XXXIT) R
(a) R =CH (b) R =0Ac

Ho™

(XXXIIT)

The mechanisms postulated above are to some extend
borne ouwt by the observation that the configuration of tho
D=F zing Junction is governad by the position of the double
bond. If it remains in, or exocyclio to ring E as in
Y-taraxssterol, taraxasterol,or lupeol the ring junciion ia
trang. However, in the case of the amyrins, taraxerocl,

glutinone, friedelin ete., where migration of the double bond

to rings D, Gg'Egand A has occurrod the ring junction is ¢l .



The basic principles of blogenesils snumerated in the
forogoing discussion heve been extremely helpful in esitsblishe
ing the structure of several tritorpenss. Recontly the

48

~ . . 84 ,
gptructuras of demmersnolic acld  (XXVIIL) end nyetanthic acid

(XXIX) bave beon elucidated.

(XAVEYLT)

nusual az they are, those sérustures are nob
excoptions $o the bioganetic zule and cen be retionally
derivad by sccepitable mechanisms e.g. the carboxyl groups in
{(XRVIXT) end (KXIX) may sriss from biogonetic Fission of the

corrosponding J-koiones.

The Uso of Mevelonic Acid Dorivatives

; . aa an gy
Since the discovery in distillers soluble residwvos G

mevalonolachtons (KXX), both it, and the parent mevalonic acid

(XXXL) have played en imcreasingly importent pevrt in the



biosynthetic confirmetlion of the hypeitheticel mechanlsms

postulated for the formatlon of the tritaﬁpenwi&s from

squalono.
My
3
cH,
I oon 1>
HOHL ~—He mciz.-»— C Py 00, H
[
& **O ok
(W]
(X%X ) ' (XXX )

It hes been domonstrated by Teavormina, Gibhs and
Huff a8 that as & precursor of chelesterol mevalonilc acid is
superior %o 2ll other compounds pr@viuunly tried, and thoy
puggented. that the atoms in an isoprencid uald may be -
ﬁ@ri;éﬁ diﬁ@etly from the five cerbon atoms of tho lastome.
The mecheniom by which mevelonic meid is incorporated into
compounds of higher malecgl&é welght hes been investigatod
gnd 1t has been mhownﬁg thet during this process the acld
1é@@s its carboxyl group. Furthernore the @(6) to Q(@)
(head o tail) ocondeonsation of mevalonie acid derivatives has
been emply domonstrated by the localisation of (14 imtrodused
into several natural producte from 204 m@v&lpn@t@%gm@ﬁ
The elogent wesearch carried out by Arigoniﬁﬂen the

soyasapogonols and stowrols ipolated from soys boans grown on



fa
o=

o radiocactive substrate represents the first biosynihetie
rgﬁﬁ@ %0 isotopically labelled pentecyelic triterpenes from
o plant souree. A second noitsworthy feature of these
-oxperinents has been the dbagrvation that sterols and
triterpencs isolated from adya beans have shown very
‘@nmp&xaﬁia radioactivity thus pupporting the hypothesis that
@qu@l@n®'i@ 8 single common precursor of steroids and
t&it@ﬂpﬁﬁﬁeo Such an assumption is not unreasonebls in
view §§~th@ fact that squalene has been isclated from oils

: 88 966
of plend oxigin end oceurg in o wide vaplety of othew

notuzal @T@duﬂtaéﬁmag

All the vesulis po far obtained are in agrecment with
the gonowral schemo for the oyelisation of squalene proposed
by W@@dwara‘ané Blo@hﬁg The fact that so meny variations
of atrusture can be explained on the basis of one hypothesis
in in itseli good ovidence that it is scorreet, The squslone

hypathé@im therefore remains of primaxy importence in the fisld

of tritevponoid chemistzxy.
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Some Reasgtiong OFf P-Amyrin

Some wemctions of Beamyrin (XAXIIn}, 3B-hydrozy-vleans
i2-0n6, are outlined below. These reastions axe of particulsr
interest since they have been applied to the soyssapogenols

vhich ere hydvoxylated olean=12-ene devivatives,

3 !
A o ), f@&: O i <¢ yg‘%"‘*\:ff
O o <
¢
{XXXIL) {(X¥xIVv )} (X&)

() R =«0H (b) R =0Ac

The dowvble bond in B-snyrin derdvatives is velatively
nnrsactive and, for instance, cannot be hydvogenated. Howewvew,
it is rewdily attacked by oxidining egents such as performie
acid, chromiuvm trioxide and seleniuvm dioxmide. Treatment of
feanyrin scedate (XXXIIh) with p@rfﬁfmi@ s0id yields &ho
saturated E@t@n@@ﬂ (XX%XLV) whereas oxidation with ohromium
triozide leadas %o the ef-unsaturated k@t@n@gg (XXXV ) Bhe
produets obiained by oxidation of B-amyrin @@@ﬁ&%@ wvith

selenium dioxdde vary with the conditions wsed. Oxidatlon of



the aeotate (XXXIIb) with solenium dioxide in boiling scetie

63
acld glves the charaeteristis 11,1%(18)-dienyl acotato

19

. 84
(XXXVI) which can be hydrogenated to O-amyrin scebtate  (XXXVII).

On tveatment with performic asid & «anyrin acetate glves the
15(38)-apoxide (XXAVIII) which is converted, under avid

. 08
conditions, inmto the 11,13(18)=-dlienyl acetate  (XXAVI).

Ny
iV eTy

(XXXV 1) (XXXVIR) (XXXVITIL)

More vigorows oxidation of B-anyrin acetale with
selenium dioxide e.go in a sealed tube at 200°, yields the
dioncdlenyl dm.‘iv&tiv@mvw (XXXXX). In this compound the
15(18 )=double bond is readlly redused either by c@,mly-@:i@
hydrogenm%ionﬁﬁ or by meansg of zinc in @ﬁh&ﬂ&l%? The produst
is 3Bencetoxy«12,l9-dioxo~-olean-9(1l)-ene (XIL) and on treaitment
with belling methanollc potassinwm hydroxide followed by

agetylation 1% yields the more stable lﬂmmapxm@x (XLE)



(XXXIX)

\V/ | -mii
HOQ,El” g

Y
.i.\ i/j /ﬁ\‘}/i ,f":?? ‘\/?j | J

A
Ny

@
IS X A
fe K’g\/" HO x, W 0/- e,

(XLIX) (XLIIT) (XLIV)

Further oxidetior of the dioxedisnyl nestate (XXXIX)
can be effocted by treatment with chwromium twioxide in asetils
a0id at 20° when the 13{(18)-epoxide (ALIX) iﬂ pro@m@a&?m Undew
vigorous alkaline conditions this compound yilelds & hydroxy-
keto-acid (XLITI) which has been characterised as the acetabe,
methyl ester,and methyl ester scetate. The keto scid (XL]Ii),
which can also exist im the enolis form (XLIV) iz prodused by

fission of the bond between G(ﬂ&)mmﬂ Q(gﬁ)o



The Strucitures of Soyasapogenols B end 1.

The soyesapogenols A,B,C and D comprise a group of tyritewe
penoids which wexre oxiginelly 1301&%@@ by hydrolysic of the
saponin from soys h@&n@?ﬁ 0f these fouy compounds the firsd
threo have sinece been obiained from other m@ur@@&?gg?ﬁ Tho
preaent anthor has shown that vnder the conditions wsed for the
acld hydrolysis of the &aponiﬁg soyasapogencl B is readily
converted into soyasapogenol D. It therefore seems likely that
poyesapogonol D does mot ocour naburally but is an avtelasd.
That soyasapogonoel D does not occur in the other sources
mentloned o s therefore readily explained sinece differont
methods of isolating tho sapogenine were wsed in thene cases.

In 1823 Mumum&%au?ﬁ raported the isolation of hispidie
gedid from the ethanolic extract of defatied soya beanm; Lator
workers showed thet hispidic acid wes in fact & seponim whicgh
on hydrolysis gave a mixture of mgpo@eningisvﬂ Throe of those
sapogenins, corresponding %o soyasapogencls Ay, B, and ¢, wewre
firet isoleted in & pure stets by Miya@&k@?@ Shortly afterwsvds
Nozoye and K&%muraﬁ roported the dsolstion, from the same BouTee,
of foux @émpemndmg three of which had constanidts sorresponding
t0 those of the compounds obitained by Miyasaka. ALY foum
sapogenols were igolated fyom the ealelum salt of the soys bean

[ R ¥

paponin by Ochiai, Tsuds and Kitagawa. The comsbants of these
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compounds egreed closely with those ocbtained previously by
Nozoy@qg and further evidenece of their purity was later provided
by Meyer, Joger and Ruziekaﬁav?ﬂ and £inally by Smith, Smith and
SPﬁingpgg all of whom obtained the sapogenins by ﬁeth@ﬂ@ othew
then thet used by Ochisd et al. |

The twits@p&n&id nature of the soyspapogonols was
denonotrated by Ochiai, Taudaﬁand Kitagawe whe debydrogenatod
papogonol B with selenium and obitained produets c¢haracteristie of
tmit@rpen@@%ﬂmmm@lyg papotalens and 1,2,5,6«tetvanethyl
m&phth&len@%g Sapogenols A, By C; and D have been Lformulated as
CgoHag (OH) g0 CgoHey(OH)g, Cgolgg (OH), omd Gy, By o0(0H), respeetively
and ecach containe s compavatively inert ethylenie linkege although
poyasepogenol ¢ has, in addition, a zeactive double bond which
can bho hy@r@g@ﬂaﬁedz@ Each of ¢those compounds is pontasyslie
gnéd only sapogenol D aonﬁain& a functional group, viz. an othey
1imkmg@i@ in addition %o the hydrvoxyl gwoupz shown in the formulaee
ahove .

In the case of soyasapogencl B the reagtivity of the
nasatureted @@ntr@ wag compareble to thet in oleanclis &@i@?a amd
the double bond was thewefowe deduwced %o be abt pesition L2(13).
Bxpoviments by Meyowr gﬁ»@%,?@ heve confirmed this poestulation.
Trom owxidation exporinents similay to those esryied @ﬁ@ oR

‘ 0a B8
hederagoning Tsudo and Kitagaws have shown the eoxistenss of
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8 l33oglycol group in ring A of soyasapogenol B.

By methods which will roceive more detalled treatnont
below, sapogencl B hes been reluted dlregtly to sapogenol ¢ and
thenoe to sapogenol A, Thue it has been ¢onclusively dqmona
stratod that the 113 glyccl pystom in ring A end the 12(13)e
double bond is common to all throe compounds. Furthgrmorap
intorrelation of derivatives of sapogenols B and D has indicatod
the prosence of the same 133 glycol system and of & 13(i8)=
doublo bond in the latisr.

Irvovosable proof of the nature of the soyesapogenolo

was obtained by Meyer, Jeggrsand Ruaicka?g who identified dibydro
soyasupegenol C as 3P,24~-dihydroxyolean-12-ene (XIv) and thus
cetablished the strusture and stereochemistry of soyasapogenal €
excopt for the position of the reactive double bond, Therafore
all of the soyasapogenols contain the 38,24 diol system in ring
4 and thres of them, A, B; end ¢ have a 12(33)-douvble bond,
Thus the only functions which sti1ll hed %o be placed weres-
the ais glyeol gronp?g in sepogenol A, the remaining hydroxyl
grouwp in gapogenocl B, the reective double bond in sapegoenold C,
and the ether linkagse in sapogenol D,

The wtrue€ur® ef moyasapogenol C has recsntly heon

80
es%bablished as (XLVia) and its interveleiilonship with the other
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R , . R
RAL o RHL Y
(1) (XivI)(a) R = OH (xﬁvxl)(a) R =« OH
(b) R = OAe (v) R = OAe

QIS | =0,

Rf : P et

%
R RI

(XILVIIT) (XLIx)

{(a) R = OH (a) R = OH

(b) R = QAo (b) R = OAc

ROBMLE TS éf_%h@ group can thmm bo r@pn&&@nﬁad-am folleows,
' ‘ 0?96

Treatnent of aoyasapogenol C (XiVia) with osaium tetroxﬁﬁéw
gove o mixﬁur@ of isomeric tetvels whlch was rosolved by
shronntography of the e@?r@@péﬁ&img acotates, Of the ¢wo
somponents, (XIVIIb) and (XIVIIIb), seporated im this way, that
fovmod in lower y&@iﬂ_waa identificd an soyasapogenol A totwra-

2s0tate. Since it was formed inm lower yiold, and Ivem & msdudy



of moleculay models, Smith gﬁ_ggpao suggestod that sapogenol A
wag produced by atbtack from the mors hindered a«faca af‘ring B
and oould therefore be represented by (XLVIXa) while the moxo
abundant epimer (XLVIIIa) was produced by attack from thoe loas
hindered B~face. However, this evidence ia not completely
conclusive with regard to steraochermiatry,

On the besis of svidenge prosented helow sepogenols B
and D may be represented by (XLIXa) and (Ia) respeetively.

The positions of the third hydroxyl group in mapogenol B end of
one end of the ether linkege In sapogenol D wers fixed relative
%o the rosotive double bond im sapegenol C by the followimg
reastions,

Dehydration of the isopropylidene devivetive (LI) of
soyasepogenol B followed by acid hydrolysis, to wemove tho
protecting group in ving A, and acetylotion geve soyesapogenol €
diecetate (XIVIb) in good yi@lﬁ?g Since the actvive double hond
in sapdg@nol C is im the 21(22) position the third hydroxyl
group in @mp@g@noi B nmust therefors be located at olther @(ga)
o G(aa)o Th@_oxiﬁ@ bridge in papogenol D is roeadily attacked
by @ﬁh@ﬁugplitting resgents. Thus irveatment of saﬁog@nol D
diacetete with hydvogen ghloride gave the @hl@ré«compouﬁ@ (LI1)
which was gonverted directly iubo the 13(18)-double bond icomew

(LILT) of onpogencl B triascetate by treatmont with sodium
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4 6o . g
acetate and sevetic anhydride. In this way it was established

that the oxygen functions in ring E of soyasapogenols B and D

wore sattached to the same carbon atom.
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The Sirugture of Soyasapogenol B.

Sevesral mothods have been uwsed in attenpts to diffore
entiate bobtwsen pogitions 21 and 22 fox the thiwvd hydroxyl group
in gapogenol B.  Swmiih gﬁ‘géi@ were able to show thet the
hydm@xyl group in ring B of soyssapogencl B wes axielly
orientoted and 1% mﬁat thorefore bhe @ithér 216 ox 22ﬁq This
conclusion was drawn from ampérim@ntm which showed that the
fveo alcohol group im the isepropylidene dewivaetive (LI) of
papogenol B was more hindered than that of th@ sorregponding
opimeric compound which differxed from (ILI) only in the configurs-
tion of the vimg E svbstituent.

In the diomedienyl dorivative (LIVe) of sapogencl B
the zing B hydroxyl group becomes equatorial due to the intwro-
duction of the 13(18)-doubleo bond while the epimewrie compounnd
(iva) khos en axiel pubstituent in ring E. Troatmont of the
epimeric dioxo-dienyl scatade (sz) with alkald followed by
acntylotion geve the corvesponding devivative (LIVH) of sapogemeld
B 4n olmost quentitsbive yield. The imversion of configuration
was attributed %o &ﬁe prepenee of a 21mmhydroxyx gironyp which
@mm@é& E@&E@mlﬂo&i&étiong rosulting in %he-@p@mﬁmg of the
p-bhydroxy ketone systom in ring E followed by its closuwe in the

80
alteornate ReNN.
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ANE

(LIv)(a) R = OH (iv) (¢) R = OH
(b) R = OAo (b) R = OAc

Hewovor, tho above interpretation of ﬁhg epinerisation
is not @émpl@taly unambiguous and Arigoni gg‘gg?@ have suggosdod
thet 47 the third hydroxyl group ocoupied the 228« position the
rovorsal of configuraéion could ba oaused by the activabing
influonce of ths 13(18)-double bhond on that poaiﬁionﬁa The
Teastlons deédribed bélow wore thorefore undertaken in am
attompt to differsniiate comclusively beitweon positions 21 and
22.

Tho first of those oxperimonts was based on & sories
of ropotions whigh have been woll charagtorised in the f-amyrin
porisen. Oxidation of the dioxodienyl dorivative of sepogenol B
triscotate with chromie acid at 90° gave o neuttsl compound,
Coolpo0po Which showsd very similar light absokption propertion,

A___ 2560 h. (€, 12,000), to those of the 13(16)-apoido

o 6o ; ,
(XLIY) obteined in the Pwamyrin sorics, The sapegenol B
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derivotive ie therefore represented by structure (IVI). By
further analogy with the B-amyrin series 1t was expected that
tresthent of the epoxide (I¥I) with alkali at high temperatuxe
would give an acid, oither (ﬂfII) or (LVIIL) depending on tho
position of the hydroxyl group.

Diffoventiation betwoen these two compounds could
readily be made by simple degradative oxperiments. However,
nedthor tho acldic nor the neutral fiaction from the alkaline

fisolon reactions gave any troctable material ond this line of

:iim@w

approash wasg conogquently abandoned.

Houd

(W11) (WIII)

. , LR .
As stated sbove, Avigoni ¢t al. have suggested thaé she

ring B substituents of seyasapogenols B end D aere attached %o
G(Qﬂ) ant are thevefore influenced by the 13(18)edovbie bomd.
It wes decided that the simplest method of tesbing this

hypothenis was hj paturabion of the 13(18)-double bend in the
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épimeric dioxodienyl derivatives (LIX) eand (ILX) to give compoundis
(1XI) and (LXII) which would not be expected to epimerise at
poeition 22 under 8lkaline conditiona since the source of
activation had been removed, If om the other hand the hyiroxyl
group was aﬁta@had to C(BQ, epimerisation co&ldvatill take . placo
by the rétro-aldol type resction as in the cese of the dghydme

0o
dionodieny) derivative of soyasapogencl A  which definitely

contains & 2l-hydroxyl group but not o 13(18)-double bownd.

A0 g ‘
AORE

(1X11) (IXIXI) () R = OH (IXIv) (a) R = OH
(b) R = BAc (D) R =« OAc
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PTrestment of the dioztaaiényl trdacetates (LIX) and (IX)
with zinc and ethenol gave $§é corresponding ene-diones (LXI)
and (LXXI) raspéctively.cfo These dihydro compounde wero thon
boiled under reflux with methanolic alkali in & nitrogen aimosphore
to yield the trihydroxy derivatives (IXITIs) and (IXIVa) respecte
dvely. The triols were not idemtical and on acatylation they
yiolded the corvesponding triscetates (LXIIIb) and (IXIVh) which
again differed from each other. Purthermoxre, these triac@tétes
wore Aifferent from both of the origimal compounds (ILXI)end (LXII)
and it was evident that epimerisation had oscurred at 0(33)
although thove nad been no epimerisation of the ring B hydrozyl
group. Only in this way can the formation of the two different
triocotates (LXIXIIb) and (XIXYVD) be explained, It was thereforxo
concluded that in the case of the opimeric sapogenol B dioxodienyl
d@£i?&ﬁ1?®s&@ (LIX) and (LX), the inversion of configuration took
placa ot the 22 position and was due to the pfoximity of %ho
13(18 )=double bond. Although the sbove evidence is of & negutivo
nature the cenclusion has been subastentiated o some axtent‘by thoe
reactions 5f apy&m&pogénol D which supply considerable evidense
for the aﬁ§i€aﬁing influencs of the 13(18)-double bond on the
ZZmpo@itidgo -Xt is therefore the author's opinion that soyasapogonol

B 4o best éépr@a@nﬁeﬁ by strueture (XLIXG).



The Struweture of Soyasapogsoncl D.

In the earlier investigation of the soyasspogenole,
Taude and Kitagawa?a demongtrated that aapogénol D contained swe
hydroxyl groups, an inert oxygen function end & double bhond,
Thet the double bond wes btetrasubstituted wee shown by Meyor
et &1069 who comverted soysmapogencl D into the 13(18)-isomow
of soyasapogenol B triacetate. This finding has been completoly
confirmed by all the subpoquent reactions of aoyaaapogeﬁel D
which have given produets sxpected of & fully substituted doubloe
bond

Oxdidatlon of sapogenol D diacetete with chromiuwm $riownilde
in acetlec acid at woom temporasture goveo & mixture whioh wes
resolved by chramatggr@phy on aluming into four componenis each
one of which still showed the band, at 1100 cmoai in the infrared
speotrun, characteristic of an ether linkage. Thé firet oX
those compounds wes & cigoid af-unsotuwaied ketone which showod
neaxine) aboorption im tho ultraviolot at 5540 X. (¢, ?9000)6f°®?
and a band in the infrared cpectrum at 1667 cmo“ﬂ 8inilayr
oxddation of 5Fﬂmyr1n agaotate yielﬂmé a sompound whioh hé& an
nliraviolot ebsorption meximum at 2560 Be (£, 6,800) and
ghowed & band in the infrared mpestrum av 1670 cmomi Sinco this
gompownd was most likely én impure sample of 19-o0x0-olean-l3(18)e-

84 :
on=-38-yl acotato (1XV) and the moleoular rotation differencos

of the ¢ -omyrim snd sapogenol D dorivativen were very similap



the latter has besn formulated as (LXIVI).

Moleculaxr Rotation Diffsrences

5wamyr1n acetate o §5,3° =155.5° )

; =38605°
dorived ef-unsaturated ketons ~112,5° «542,0°
$oyamap@g@nal D diacotato « 44° =B850 )

=366°

dorived af-unsaturatod ketones 110,59 =653 °
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The second of these compounds showed ultraviolet abeowption
at 2260 A (£, 4,000) and bapds in the infrared speotrum at 1767
and 1748 cmowg - Its light absorption properiies sre almost
identical to those of the Og-acetate in the f~amyrin serdes  and
since analysie shows that ite molecular formuls i8 CyuH,,0, the
sapogenol D derivative has been assigned the strweturs (LXVII).
Further ovidence for the location of the double bond at the
13(18)-position in sapogencl D is thus grovidea by these tuve
compounds .

Two further compounds werse obiained from the ohromie acid
oxidation. Both of these products showed sirong absorption im-
the carbonyl region of thoir infreaved spectra but neither of thom
oxhibited any selective absorption in the ulirsviolet region.
Feither of these compounds has been further investigated dut in
the light of present evidence could be formulated as the epimerie
diketones (LXVIII) and (IXIX).

Additioneld evidence ia presented below which confirme the
ponition of the doublo bond and establiches the nature of tho
othor linkege. In earlier work the other was conslidersd s o
five or highoy mombered oxide ring mainly becauwse of the hand atb
1100 cmoaﬂ in the infraved spectrum and the ease with which tho
othor linkage waes aplﬁ%ﬁg The author has shown independeontly,

68
by o method similey to that published by Axigoni et slo, thet the



ether in soyasapogenol D im, in fLact, precent a8s a methoxyl
group which ia.readily repleced by chlorine on trestment with
hydrogen chloride thue yieldimz the chloro~-compound (LII),
Similarly the ether linkagse in soyasapogenol D is readily splis
by‘tr@aﬁmen% with boron trifluoride im acotie anhydride to yileld
the twfacetete (LIXIX) which ean also bo proparsd from the chlere-
dorivetive (LIT) by the setion of acetic snhydride and soedium
acotate, or from the 11,13(18)-dlonyl devivative (LXX) of
poyesapogonel B triscetate by hydrvogenation, The fact thot the
soyanapogenol B derivative (LIZI) can be prepared dirsstly from
poyauapogenol D and also by way of tho chlowo~compound (LIT)
indlcates that the mothoxyl group in sspogenol D has the same
configuration (f) as the ring B hydroxyl group in sepogonol B,
Chomical evidenoa for the prescnce of omne methoxyl group
in sapogonel D was initially provided by o Zedsel dotornination
and sompletoly confivmed by the rogemoration of sapogenol D from
the shlore-compovnd (LIT) by itreatment of the latier with
bodling solution of scdiuvm methomide. In addition, soyasapogenoel
B (XLIXa) 4o roadily ocenvertod into sapogencl D {La) by boiling
it undor wo¥lux with mothanolis hydrechleric acid, conditlons

veed Bo hydrolyse the soys boar seponin.



The resdy interconversion of vring E substituents in
dorivatives of soyasapogencis B and D is only explicable if
there is o nearby source of activation. It ias therefors guite
conceiveble that the 22-position in activated by a sourcé such
as the 13(18)-double bond. Expovimontal evidence bears oud
this supposition since both the mﬁmun@aﬁuw&t@ﬁ ketone (LiVZI)
ond the dioxodiono (IXXI) derived Lrom sapogonol D diasotateo
Bre TOSEVeTed mﬁ@h&ﬂgﬂﬂﬂQ aftor twoetmont with hydrochloric asid
in aeetic neld at 100%, sonditione which gquiekly convers
papogenol D dlacetate to the ocorwvesponding chlove-compound (LIT).
Similerly, soyasapogonol B is weadily convevried into soyssapogenol
D by b@iling nothanolie hydrochloric acid whoress the dioxodiomyl
dorivative (LIX) of the former is wnaffooted under the seme
conditione. It is obwvious from theso sosults that the sloctrom

withdraving offect of the kotono gwoups et positions- 12'ana 19

provento activation of position-22 by the 13(18)~double BHond.
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A furthor signifioent fect 1s that the 11,13(18)-dicne
(LXXII) cennot be formed direatly from sapogenol D, an olean~
13(18)~enyl derivative, by oxidation with selenium dioxide.
When treated with this reagent in boiling acetio acid, soyasapogonol
D dlscetate gave a small amouat of the pure dioxodienyl derivative
(LXXI) end an inseparable mizture whose wltraviolet abeorption
spestrun indicated that it contained some of the 11,15(18)-
ddony) dorivative (IXXII). Mowve prolomged itweatment under tho
pane conditlons gave two derivatives of soyasapogenol B, namely
the 11,13(18)-diene (IXX) and the diosediene (LIX }.,a@ Agnin
thie 1llustrates the ease with which the 22=substituent can Lo
replaced provided the 13(18)-double bond is present and is no%
deactivated by neighbouring carbonyl groups, Thus the 11,13(18)-
dienyl devivative (LXX) of sapogenol B munt be formed imitimlly
from the oorresponding derivative (ILXXII) of sapogenol D by
solvolysis of the methoxyl group. Further oxidation of (1xx)
thon provides the dioxodienyl dorivative (LIX ) of sapogenol B,

Purtheor support for the bypothesis that ﬁho 13(38)~&oublo
bond Lo the source of astivation han been provided by the following
serics of xeaoiiommo Oxidatlon of sapogenol D aiacqtafa (¥h) with
porfornic acid ylelded a 15(18)-apoxide (LXXIIXI). This veaetion
fo completoly analogous to those of Je-smyrin acstate (AXAVII)
ead tho 13(18)-icomer (LIII) of sapogonol B ﬁﬁi&ﬂ@ﬁat@lWhﬁﬁh



38

yield the corresponding compounds (XXXVIII)aé and (LXXIV)O Undop
acld conditions these oxides (XXAVIII) and (IXXIV) rearrange %o
give the heteroannular dienes (XXXVI) and (ILXX) respectively.
Hovover, treatment of sapogenol D discetate oxide (LXXIII) with
hydrochlorie acdd in acetie acid gave a compound which contained
chlorine and exhibited the charscteristio uliraviolet spectrum of
the 11,13(18)-diene aoystem. Thio compound hng been foramlsated oo
30,24 =dipcotony=-22-0hloro-oloana-~11,13(218)=diene (LXXV) which on
trootmont with & refluxing solution of sodium methexide gave the
31,13(18)=dionyl derivative (LXXIZ) of sapogemol D. The struchurc
of the lattor compound waﬂ'eomfirmed by mcé%ylation and hydrogomng-
tion o yiocld soyesapogenol D discaetaie (Ib), idontified by mixzed

molting point and oconparison of its infwared spectrum with thad

of en euthontio sample.

Al

(THXV )
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An'intaro@ting conparison can be made between dexrivativeo
of sapogenol D and cholesterol., When cholestéryl chioride
(Lxxvia) is heated %o 120° with methanol it effords the
corresponding methyl ether (LKKVIb)fQ Similarly the chlove-
compound (LII) derived from soyamapogenol D is readily converied
to the parent methozyl compound (La) by treatuent with meﬁh&nolgg
at 120° ox with sodiuvnm methonide. It ie significant that 4he
doublo bond is in tho game position, B =Y, véletive to the
chlorine atom in both of the compounds (IXXVIa) end (LIX)s Alse,
in both ceses the onvironmont of those groups ia very similex.

In eonjmmctién with other evidence described above this Lavouxrs

struaturo (La) for soyasapogenol D.

(LXXVI) (8) R = Cly R o CgHy,
(b) R @ OMes R = CyHyq
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ARl melting pointc were Wwneorrccted and wWowo
measuxod wveing o Kofler apparabtus. Ypoclifie. rodoblone
wvore dotormined dn ohleoxofeorm colution unlosse ethexrwd oo
statod uslng a one deeimover tubo at xoom temperaburo.
Ultxraviolet spoctra wore cawpioed out in abgolute othansl
golutlion with. eithor o Unicam SPSUO-sr o Hilgex H700.307
spectirophotometor, Infrared ppeetra were devorminod in
Mujold mull umless othervige sgtaved usping n CGrubb-Parsenc
doubiloe beam opectrophotometor. Light petroloum mofewrs
te the Ffraction of b.p. 60=080° and Grade XI alumina wvas

used throughouns.
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Oxiddtion gi.36922B,24~Triacetoxlm129l9édiox0aoleanam

~9(11),13(18)-diene with Chromic Acid. - A solution of

soyasapogenol B dioxodienyl triacetate, m.p.272-274°, (2 g.)

in glacial acetic acid (40 c.c.) was treated with chromium
trioxide (2 g.) in acetic acid (90%, 45 c.c.), added during

10 minutes. The mixture was maintained at 90° for 1.5 hr.,
then methanol (5 c.c.) was added and the reaction mizture was
poured into water and extracted with ether. The product, a
resinous gum, (1.9 g.) was dissolved in benzene (50 c.c.) and
chromatographed on alumina (50 g.). Elution with benzene=ethe:
(9:1, 1.5 1.) gave a fraction (1.1 g.) which cﬁystalliaed from
chloroform-light petroleum to give 3B,228,24-triacetoxy=-12,19-

diox0w1§(18)-epoxxfoleanc9(11)=ene as clusters of needles,

o
m.p. 220-222°, [a]D + 51° (c,0.8), Amax 2560 A. (& = 12,000).
=i
The infrared spectrum showed bands at 1730, 1240 cm. (OAc),
=1
1681 cm, (ap-unsaturated ketone). (Found: C,68,93 H,8,2.

.caGHﬁoOg requirea 09691:.0’ H’BOO%)O

Alkaline Treatment of 38,228,24-Triacetoxy-12,19-dioxo=
=13(18)-epoxy~-olean=y(1ll)=-ene.- (a) The above compound, m.p.
220-222°, (407 mg.) was treated with methanolic potassium
hydroxide (10%, 10 c.c.) in an autoclave at 150° for 7 hr.

The acidic and neutral components were sepérated in the usual
way. The acidic fraction (91 mg.) failed to give any tractabl:

material even after acetylation and chromatography on silica



gel, The ultraviolet spectrum of the gum showed maxime at
2100 and 2440 A. Its infrared spectrum (in chloroform)
showed bands at 3578, 1712, 1664, 1605 cm.™ .

The neutral fraction (193 mg.) could not be crystallised
and was acetylated in the usual way. Chromatography of the
product failed to yield any crystalline material. The
infrared spectra (in chloroform) of most of the fractions
showed bands at 1670 and 1605 t::lnf’1 as well as a band at 1730
emo (0Ac).

(v) A solution of the above compound, m.p. 220-222°,

(190 mg.) in amyl alcohol (5 c.c.) was added to freshly prepared
sodium amyloxide (from sodium, 250 mg., and amyl alcohol,

5 c.C,) and the mixture was refluxed for 90 minutes. The
reaction mixture was diluted with water and steam~distilled to
remove excess amyl alcohol. From the non-volatile residus

the acidic (59 mg.) and neutral (145 mg.) fractions were
separated in the usual manner. Again both fractions were
completely intractable.

Treatment of Soyaesapogenol B with Acetone and Sulphuric

Acid. = A solution of soyasapogenol B (3 g.) in acetons
(250 c.c.) was treated with concentrated sulphuric acid (8 co.c.)
in dry ether (800 c.c.):-at 17° for 48 hr. The product, isolated

in the usual way, was dissolved in benzene-light petroleum
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(1:1, 200 c.c.) and chromatographed on alumina (60 g.).
Fractions eluted with benzene (1 1l.) and benzene-sther
(9:1, 2 1.) were crystallised from aqueous methanol to give
22f-hydroxy-3pB:24~isopropylidenedioxy-olean=12-ene, mo.po
173-177°, [a]D + T2° (£51.76).
The infrared spectrum was identical with that of an
authentic specimen.

Oxidation of the Isopropylidene Derivative. - The

complex prepared from chromium trioxide (1 g.) and pyridine
(10 co.c.) was added to a solution of the isopropylidene
derivative of soyasapogenol B (1.1 g.) in ﬁyridine (10 co.co)
and the mixture kept at 17° for 20 hr. The product (0.93 g.),
isolated by means of ether; was dissolved in light petroleum
(70 ¢.c.) and chromatographed on alumina (20 g.). Elution
with light petroleum gave a fraction (0,69 g.) which was
erystallised from aqueous methanol to give 22-0x0-33:24-
=igsopropylidenedioxy-olean~l2-ene as rods, m.p. and mixed m.p.
206-»209@9 [a]D - 13,2° (29é02)° The infrared spectrum was
identical with that of an authentic sample.

Reduction of 22-0x0~3B:24-isopropylidenedioxy-olean-12-gne.-

A solution of the ketone (0.69 g.) in ether (150 c.c.) was
boiled under reflux with a suspension of lithium aluvminium

hydride (0.7 g.) for 3 hr, The product, isolated by means of
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ether but without using mineral acid; was dissolved in
bonzene-light petroleum (2s1, 100‘coco) and chromatographed
on alumina (25 go ).

Fractions (270 mg.) eluted with benzene and benzene-
ether (4:1) were cvystallised from aqueous'methanol to give,
22a-hydroxy-38:24-isopropylidenedioxy-olean~1l2-ene as necdles,
mopol28-1354°, at this point the material solidified and melisd
again at 183-~185°, [a:]D + 58.5° (051.25). The infrared
spectrum was idemtical with that of an authantié saﬁplea

Hydrolysis g;_22a-gxdro§g=36:24=iaOprOEI}idenadioxz?olaanm
=l2=-cne. -~ A solufion of 22a-hydroxy-38:24~isopropylidenedioxy-

~0lean-12=ene (270 mg.) in methanol (120 c¢.c.) was treated with
concentrated'hydrochlorie acid (40 c.c,) and the mixture was
refluxed for 30 minutes. Isolation of the product in the

usual way followed by acetylation with acetic anhydride-pyridine
(2:1, 10 c.c.) at 1C0° for 1 hr., zave a product‘(258 ng. ) which
was dissolved in bénzene«light petroleum (332, 100 c.c.) and
chromatographed on alumina.

Fractions eluted with the same‘solvent mixture were
erystallised from chlorofoim»methanol to give 3B,22w,24~
-triacetoxy-olean-l2-ene as priéms,'mopo 217-218°, [a]D + 64.8°
(¢40.95). The infrared spectrum wes identical with that of

an authentic specimen,
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Vigorous Oxidation of 3B,22a,24-Triacetoxy-olean-l2-ene

with Selenium Dioxide. = A solution of the epimeric sapogenocl

B triacetate, mepo 217-218°, (200 mg.) in behzyl acetate (10 c.c.)
was boiled under reflux with selenium dioxide (200 mg.) for

24 hr, Metallic selenium was removed by filtration and the

benzyl acetate was evéporated under vacuum. A solution of the

product in benzene~light petroleum (l:l, 50 c.c.) was chromato-

graphed on alumina (6 g.).

Elution with benzene-ether (9:1) gave a fraction which
crystallised from aqueous methanol to give 58,22a,24~triacetoxy-
12,19~dioxo-0leana~9(11),15(18)~diene as needles (133 mg.), m.p.
240-241°, [a]n - 56.4° (c,2.34). The infrared spectrum was
identical with that of an authentic sample.

Reduction of 358,22a,24-Triacetoxy-12,19-dioxo=-oleana-

-9(11),15(18)~diene with Zinc in Ethanol. - A solution of the
dioxodienyl triacetate (133 mg.) in ethanol (15 c.c.) was
refluxed for 5 hr. with freshly activated zino dust (1.4 g.) to
which had been added a trace of gzinc biomide, The solution
wag filtered and evaporated to dryness to give a prodﬁct which
was dissolved in benzene-light petroleum (1:2, 15 c¢.c.) ana
chromatographed on alumina.

Fractions eluted with penzene-ecther (9:1, 4:1) were

crystallised from chloroform=light petrolesum %o give 33,220,24-



It5

~triacetoxy-12,19-dioxo-0lean-9(11)=-ene as plates, m.p. 234=-236°,

[aly + 90.4° (2,1.01), )\m
ol wd

spectrum showed bands at 1730, 1241 cm. (OAc), 1667 cm.

]
x. 2450 Ao (&= 12,930). The infrared

mi
(ap=unsaturated ketone), 1705 cm. (ketone). (Founds G,70.85%
Hy8.8, CzgHg,0, Tequires C,70.65 H,8.6%).

Hydrolysis of 3B,22a,24-Triacetoxy-12,19-dioxo-0laan-

-9(11l)=ene. = A solution of the dihydro dioxodienyl triacetate,
MoPo 234«236°, (41.6 mg.) in methanol (45 c.c.) was treated
with potassium hydroxide (1.5 g.) in water (5 c¢.c.) and the
mixture was boiled under reflux for 2.5 hr, in an atmospheres
of nitrogen, Extraction of the product in the usual manner
gave a white solid (34.6 mg.) which was crystallised from
methanol-light petroleum to give 38,22a,24=-trihydroxy-12,19-
-d10x0~18a-0lean-9(1l)=ene as plates, m.p. 350~352°, (az]D
+85.9° (g,1.05) \___ 2420 A, (£ = 12,500). The infraved
spectrum showed bands at 3279 cmoaa(OH),1705 cmoml(ketona)9
1680 cmoei (aB-unsaturaied ketone). (Found: C,73.93 Hy9.4.
€30Heg0s Tequires C,74.03 H,9.5%).
3B522@,24-Triacetoxy«12,19-dioxo-18a=-0lean-9(11)-gne, =
The above triol (32 mg.) was treated with pyridine-acetic
anhydride (lsl, 4 c.c.) at 100° for 1 hr. The preduct (40,6

mg. )y, isolated im the usual manner, was dissolved in benzenc-

«light petroleum (1:1, 10 c.c.) and chromategraphcd on aluming



(10 5.). & fraction eluted with bensens-ether {9:1) was
cryoitellised from chlorofovrm-light pevroleum %0 give 3L,22x,24~

triscetory-12,19-dioio=-18a-0lean=-9(1l)-ene es needles, BoPo

215..217%, [a;]D + T4s5° (€51020), A 2420 B, (E = 11,230),

MAE -
. od
The infrared spectrum showed bands at 1730, 1241 cm, (0Ae),
-4 , o
170% ¢cm, {ketone) 1670 cm, (aB-unsatureted ketone). (Tounds

Gs70.33 HeBoTo CggH;,04 reqﬁiras G 7063 Hy8,6%),

Hydrolysis of 30,228,24~Triocetoxy-12,19=-dloxo-0lean~

=9(11)-eng. - Preatment of the dloxedienyl derivative with
zine in ethanol gives 38,220 ,24-triscetoxy~1l2,19~dicxo~0lsan~
~9(l1)=ene as bledes mop., 265-267°, [m]D + 125° (¢,1.30)

A solution of this compound (200 mg.) in methanol (4% ce.c.)
wae treated with potassium hydroxide (1.5 g.) in wabter (5 co.c.)
and the mizture was refluxed for 3 hr. in & nitrogen atmogphere.

The product was isolated by means of ether and vas

crysitallised from methanol to give 33,22B,24=%rihydroxy-12,19-

«diozo-l8a-oloan~-9{1il j-ene as ncedles, m.p. 315-316°, [m}D + 66,5¢
(g,qoc,ﬁa),)\mmzq.ao Ko(ém 10,800). The infrared spocirum
showsd bands at% 3344 o™ (oH), 1701 cm, ™ (ketone in six
membared ¥ing), 1672 cmomi (e¢B-vnsaturated ketone). (Found:

6973'088-H990550 GSOH{!GO& r@quir@ﬂ 0974003 HggoS%)o

389228 ,24-Trlacetoxy~12,19=diox0-18a-0lean-9(1l1l)-eng,

A solution of the above triol (75 mz.) in pyridine (2.5 c.c.)
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was treated with scetis anhydride (2.9 c.c.) and the mimbure was
kept at 100° for 2 hr. RExtraction with ether gave a produsct
(89.4 mgo) which was crystallised from chloroform-methancl te
glve 3B,22B,24~briacetoxy-12,19-d10x0-180-0lean=9(11)=ene

[Ru ettt e et . SN

as prismatic needles, m.p. 305-=307°, [a]D + 53.5° (6,0091), Am&z’go
2420 A. (€ = 12,800). The infrared spectrum showed bands at

1730, 1244 om. " (oac), 1701 om.™ (ketone ), 1678 emlomél
(ap-unsaturated lketone),

Examinetion of the Soyasapogenols for Methoxyl Groups.

Analyses of the acetates of soyasapogenols A, B, and C showed
that none of these compounds contained a methéxyl gXOUp -
However, analysis of soyasapogenol D diacetate showed the
presence of one methoxyl group. (Found: OMe = 5.8%. Cagllss O
requires for 1 O-Me group 5.6%).

Treatment of Soyasapogenol D Diacetate with Hydrochloric

Acid. = Concentrated hydrochloric acid (1 c.c.) was added

to a suspension of soyasapogenol D diacetate (150 mg.) in
glacial acetic acid (35 c.c.) and the resultant solution was
kept at 100° for 20 minutes, Tvaporation of the solvent under
reduced pressure gave a product which was crystallised fronm
chloroformemethanol to give 38,24-discetoxy~22=chloro-olean-
13(18 )=ene as needles, mop. and mixed m.po. 206-208°, [a]D - 43°

(c50.95) The infrared spectrum was identical with that of
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an authentic specimen and showed no band at 1100 cm., o

Treatment of 3B,24-Diacetoxy-22-chloro-olean=13(18)«

-ene with Sodium Methoxide. - A solution of the chloro=-compound

(50 mg.) in dry methanol (7 c.c.) was treated with a solution
of sodium methoxide (from sodium, $ mg., and methanol, 8 c¢o.c.)
and the mixture was boiled under reflux for 16 hr. The product
was isolated by means of ether and was crystallised from methanol
to give soysasapogenol D as prisms, m.p. and mixed m.p. 287-292°,
[a]D = 59° (¢y1.,37). The infrared spectrum was identical with
that of authentic soyasapogenol D and showed a band at 1100 cmomio
The above compound, m.p., 287-292°, was treated with
pyridine-acetic anhydride (1l:1l, 4 c.c.) at 100° for 1 hr,
Working up in the usual way and crystallisation of the product
from chloroform~methanol gave soyasapogenol D diacetate as plates,
m.po and mixed m.p. 192-194°, [a) - 44° (g,1.9). The infrared
spectrum was identical with that of authentic soyasapogenol D

diacetate.

Ireatment of Soyasapogenol B with Mineral Acid. ~
A solution of soyasapogenol B, m.p. 255-258°, [a]D + 90°, (2 g.)
in methanol (240 c.c.) was treated with concentrated hydrochloric
acid (40 ¢.c.) and the mixture was refluxed for 48 hr, The

solution was allowed %o cool and the meterial which separated
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out was filtered off end reoxrystallised from chloroform-
-methenol to give soyasapogenol D as prisms, m.p. and mixed
moPo 297-=300°, [m]D = 59° (g;1.2). The infrared spectrum
wes identieal with that of soyasapogenol-D obtained from
soye bsans,

The identity of the soyasapogenol D prepared above
was confirmed by preperation of the diacetate, m.p. and mixed
mePo L92-194°, [aJD = 43.6° (cs1.35). The infrared spectrum
wes identical with that of an authentic specimen,

Treatment of the dioxodienyl dewivative of soyasapogenol
B triacetate in the same way followed by acetylation gave
unchanged sterting material, identified by mixed m.p. and
infrared spsetrum.

Oxidation of J=Amyrin Acstate with Chromium Trioxide.

A solution of & -~ amyrin acetate (1 g.) in stabilised acetic
acid (600 c.c.) was treated with chromium trioxide (900 mg.),
in stabilised acetic acid (60 c.c.) at room temperatures for
20 hr. The producit, isolated in the usual manner, was
dissolved in light petroleum and chromatographed on alumina
(32 g.).

Frections (230 mg.) eluted with light petroleum woere

crystallised from agueous methenol as fine needles, m.p. 199-203°,
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[a], - 105° (2,0.52), Ay 2560 A, (& = 6,800). The infrared
spectrum showed bands at 1736, 1248 cmaml (OAc)91670.cmomx
(aB-unsaturatéd ketone) . This compound is probably impure
3ﬁ»acetoxyu19moxo-olean-13(le)uana for which Ruzické34giveg
MoPo219®,

0xidation>2£_Soyasapggenol D Diacetate with Chromium

Trioxide. = Chromium trioxide (700 mg.) in & minimum of water
and acetic acid (50 c.c.) was added to a solution of soyasapogenol
D diacetate (1,06 g.) in stabilised acetic acid (50 c¢oco)o The
mixture was allowed to stand at room temperature for 20 hr.
then the excess of chromic acid was destroyed with methanol and
the product was isolated by means of ether. A solution of the
product (1.02 g.) in benzene-light petroleum (1:4) was chromato-
graphed on alumina (25 g.).

Elution with benzenewlight-petroleum (1:1) gave a
fraction (215 mg.) which orystallised from chloroformemethanol
to give 3f,24~diacetoxy-22-methoxy~-19-oxo-olean-13(18)-ene as plate:
m.po and mixed mop. 229-251°% [a]) = 110.5° (g,1.8), A, 2550 i.
(€ = 6,950). The infrared spectrum showed bands at 1735,
1250 emo ™ (0ac), 1672 eme ™ (aﬁ-unaatuiated ketone), 1090 cmog
(OMe group). (Found: G,73.5s3 Hp903. CspHge 05 Tequires €,73.63
Hy905%) -

A fraction eluted with benzene-light pstrolsum (2s1) was

>



crystallised from methanol to give the Oy-diacetate as priems
(25 mg.), m.p. 296-298°, [al) + 8° (250.5), )\ 2260 A.

(€= 4,000). The infrared spectrum showed bands at 1735,
1242 emo ™ (OAc), 1748 . (five membered ring ketone), 1787
em. ™ ( Y=1lactone), 1092 «cmaw1 (0~Me group). (Found: C,70,3s
Hy8035. CggHgp0y requires C,70.25 H,8.4%).

Elution with bengene ylelded a fraction which crystallised
from chloroform-methanol to give 38,24-diacetoxy~22-methoxy-
=12,19-~di0ox0o~-0leanane as blades (165 mg.)s mop. 237=23%9°, {a]D
+ 50° (2,0.5), A

colour with tetranitromethane and showed bands in the infrared

nax. 2070 (E= 4,000). This compound gave no
at 1736, 1235 cm-i (0Ae), 1715 em.™ (ketone -:i.h_ six membered
ring), 1098 cmomﬂA(O-Me group). (Found: 0;71;8; Hy 905
c,,n;‘o, requires C,71.63 H,9.3%).

A further fraction was eluted with bengzene-ether (19:1)
and was crystallised from chlor&form-methanol to give 38,24~

diacetoxy-22-methoxy~12,19-dioxo~18a-o0lesnane, as needles (110 mg.),

mepe 291-292°, [a]y + 0° (g,0.5), ?xmaxoao'ro (€= 3,500). This
compound gave no colour with tetranitromethane and showed bands

- 3 . =l
in the infrared spectrum at 1733, 1239 cm.,  (OAc), 1712 cm.

’ i
(ketone in six membered ring), 1098 cm,  (0O-Me group). (Founds

0g710853 Hggozo CSEHB@OW I‘GQUiI‘GS 0971065 HggoE%)o
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Oxidation of 3B,22B,24=Triacetoxy-olean~13(18)-ene with

Performic Acid. = A gsolution of 3,228 24-triacetoxy-olaan-

=13(18)-6ne (380 mg.) in ethyl acetate (16 c.c.) was treated a%
45“ with hydrogen peroxide (100 vol., 3 c¢.¢.) in formic acid
(98-100%, 14 c.c.), added over 2.5 hr. The solution was kept
&t the same temperature for 2.5 hr., then the volume of the
solution was reduced'to approximately 12 c.c. The solid which
separated on cooliﬁg was filtered off and recrystallised from

methanol to give 3B9226924ntriacatoxlwl5(18)napoxx¢oleanan@ as

rods (204 mg.), mep. 228-230°, [a]D + 8.7° (c,1.59). This
compound gave no colour with tetréhitrometﬁane and was transparent
to wltraviolet light. The infrared spectrum showed bands a%

1724 and 1238 om.” (OAe)e (Founds C,72+33 Hy9.2. Cs 6 Hg6 Oy
requires C,72.03 He9.4%).

Treatment of 38,228,24-Triacetoxy-13(18)=-epoxy~-oleanana

with Mineral Acid. = A solution of the sabove epoxide triacetals

M.po 228-230°, (100 mg.) in glacial acetic acid (15 c.c.) was
treated with concentrated hydrochloric acid (OOS.ceco) end the
mixture was maintasined at 100® for 30 minutes, Evaporation

0of the solvent end crystallisation of the yesiduwe from methanol
gave needles, mopo 248@250”9;%m&K°24209 2510, 2600 Eo (£=24,0003

27,5005 18,300)., Identity with 38,22B,24-triacetoxy-oleanac
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=11,13(18)~diene was shown by mixed m.p. and infrared comparison.

Oxidation of Soyasapogenol D Diacetate with Performic

Acid. - Sapogenol D discetate (532 mg.) in ethyl acef&t@

{20 c.c.) was treated with hydrogen peroxide (100 vol., 305
c.co) and formic acid (98-100%, 17 c.c.), added with stirring
over 2.5 hr., at 45°% After a further 2.5 hr., at the same
fenperature the solution was evaporated to approximately 15 ¢.6.
and allowed %o crystallise. Recrystallisation of the product
from chloroform-methanol gave 3P,24-diacetoxy-22-methoxy-
=13(18)-gpoxy-oleanane as rods, m.:p0 232<234°, [a]D = 8,3°
(¢51.21)., This compound gave no colour with tetranitromethane
and showed no selective ultraviolét absorption. The infrared
spectrum showed bands at 1735, 1242 om. ™ (0Ac) and 1100 om."'1
(O-Me group). (Founds C,73.53 H,9.T. CggHge0s requires
C»73.43 H,9.85%). | |

Treatment of Soyasapogenol D Diacetate Oxide with

Mineral Acid. -~ A solution of the epoxide (140 mg.) in

glacial acetic acid (29 c.c.) was treated with concentrated
rydrochloric acid (1 c.c.) and kept at 100° for 0.5 hr. The
solution was evaporated to drymess under reduced pressure and

the product was cyrystallised from chloroforme-methancol to give

55D24mdiac@toxxnzzmchloromal@&namll915(18)agiggg‘as ngedles,
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mops 212-214°, [&]) = 49° (g50.71), A . 2440, 2520, 2610 A.

(€= 29,0005 34,5003 22,400), The infrered spectrum showed

ms,

=l
bends et 1730, 1253, 1237 cm. (OAc).  (Found: C,73.33
Hy9uds Gly600. Cg,Hy, 0,01 vequires C,73.05 H;9.25 C16.55%),

3B-24-Dihydroxy-22-methoxy-oleana-11,13(18)-diena, -

A solution of the above chlorodienyl acetate (60 mg.) in dry
methanol (10 c.c.) was treated with a solution of sodium
methoxide (from sodiwm, 500 mg., in methanol 10 c.c.) and the
solution was refluxed for 16 hr. The product, isolated by
means of ether, was crystallised from chloroform-methancl to

glve 38,24-dihydroxy-22-methoxy-olesna-11,13(18)-diene as

plates (44 mg.), mop, 296-298°, [aly = 79° (g;0.71), A .~
2440, 2520, 2610 Ko (ézw 27,3003 31,6003 19,500), The infrared
spectrum showed bands at 3390 em.™ (on), lo87 emo ™ (0=Mo
group). (Found: C,77.53 Hyl0o4. CggHzg Op005CH, OH vrequires
CoTToTs Hyl0.7%)0

Hydrogenation of the 11,13(18)=Dieng.=~ The diene=diol,

mePo 296-298°, (18 mg.) was acetylated with pyridine and

acetic enhydride (131, 4 ¢.¢.) at room temperature. The product
(21 mg.), isolated with ether, was dissolved in analar glacial
scetic acid (25 c.c.) and shaken with hydrogen in the presence ,
of platinum (from pletinum oxide, 20 mg.) for 15 hr. Working

up in the usual way and crystellisation of the product fronm



chloroform-methanol gave soyasapogencl D diacetate m.p. and

@
mixed m.p. 188-191°, Amax 2080 A. (&= 9,140). A comparison
of the infrared spectra, in carbon tetrachloride, confirmed

that the product was sapogenol ) diacetate.
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In 1946 Biedebach investigated the action of

merouric acoetate oﬁ'fwo membexrs of the lupane group of
tr&terpénsg, namely lupeol and betulin, and also on several
othex Séiﬁerpenen of the oloanane and ursane groups., Biledebach
reported that whereas a-amyrin, ﬂéamyrinaand lupanyl acetate
(LXXVII) are unchanged after treatment with mercuric acetate im
chloroform-acetic scid solution, lupeol and betulin derivatives
give dehydrogenated produsis. In the oasc of lupeol (VIIa)
the product wae deecribed an an alcohol of moleoculsr formula,
Cy 00 and 1t was further charactorised by the preparavion of an
acetate, CgpH,s0,, and of & henzoate, C3oH,, 0o The products
from botulin and betulin diacetate were not characterised.
Merourio acetate has had a very limited use in the
txriterpsnoid field although it has been frequently employed for
dehydrogenation of certain steroidsea”°ﬂ9@§ In the latierw
serics, uasaturated compounds ars dehydrogenated with morourie
asetate to give derivatives whiﬁh heve & new doubls bond in
conjugation with the origimal unsaturated system. This, howover,
ie not the case with lupeol derivatives and the fact tha® these
compounds owxe sfisctod by mercurio acetaie is apparantiy duo to
the roaotive nature of tho double bond im the side ohain exocyslio

%0 ring Eo
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The suthow hes veinvestigated the mercuwvie acetate
dehydrogonation of lupeel derivetives end has obuained the same
aleohol, ceotato and benzoate deseribed above although analysen
of those compounds indieated the melecular formula Gg,H,,0 for
the paront aleohel. Tho corvesponding keitone and hydroesarbom

devivetives heve salso boon prepered by dohydrogenation of lupenons

(XV¥1) end a-lupene (VIIf) with meveuric acetato.

0" ;ﬁgé\,,

(IXXTII)

PGS

(LXXVIIT)

(&) RwOHg R® = H, (b) R=OHoR's (&)R«OHs RtwH. (b) R=0H = R
(¢) R=Oacy R = H, (@) R=OfeoR'.(6)R=04c; R'sH., (&) R=OAe=R®
(e) RoOBzp R® = Hy (£) Rull=R"s (0)R=(Bzy Rv=l. (f) RoHoR?.
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On the basis of evidensce presented below these compounds
have been formulated a8 non-gonjugated diencs (LXX?III &y, G, @, T)
and (LXXIX) with moleculer formule derived from the hydrocazbon
CyoHags (IXXVIIIE). ALl of these compounds axe chrometographice
ally homogensous and have been initerrelated by the following
sbtandard procedures. Alkeline hydrolysis of both the none
conjugated dienyl acetate and benzoste yilolded the di-unsaturated
aleohol fxom which the originel acetate (IXXVIIic) was f@g@n@rétea
by acﬁtylafiono Oxidation of the alcohol with the Kiliani
E@ag@nﬁﬁﬁ furnished the corresponding ketone identlical with
dehydrolupenone (LXXIX) and this was readily reduced by tho
WolffoKischn@r mathod of .07 to the hydrocerbon identical with
dohydro-a-lupene (IXXVIII £). In all of thesse compounds the
analyticel and apectroscopie evidence indlcated the presence of
two non-conjugated double bonds in a pentagyelic system.

Since the above compounds have been intervconverted, the
double bonde must occupy the éam@ rositions in each carbon
skeleton, Therefore the reeotione of tho acetate (LXXVIIIe)
af@ typieal of the group. Each member of the group shows
naximal ultraviolet absorption at 2050 A (&}'19500)o Thia
intons ity Jdc concidexably higher than that of the corvesponding

lupeol dorivatives Lrom which they are generated (55 35500)
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Ffurthermore, infrared evidence indicates the presense of o
vinylidene gwroup in all the dehydrogensation products.

Proof of the presence of twe @thylaﬁic linkages was
forthecoming fyom Beveral'atgndard veagtions, Treatment of the
dienyl scetate (LXXVIIXc) with either performic acid ox
porbenzolo acid ylelded s compound, Cy,Hy;,0,, which gave ne
colouy wi%h totranitronethane ard which was transparent o
nltravieolet light., In addition, its infraxed spectrum shoved
no bands whieh could be assigned %o a corbonyl funetion, This
compound hes therofore been formulated as the diepoxide (LXXX).
Lithium aldminium hydride reduetion of the osmate ester, dorived
from the dlenyl ncetate by theo astion of osmium tetroxide,
vielded o orude pontahydrozy compound which was adetylated and
chersctexriced ap the saturated 38,30-diacotoxy-12B8,133,20«
trihydroxylupane (LXXXXI). The structure of the pentol dimsetate
van deducod from n comslderation of infraved, mlﬁr&viwi@t and
analytical date and affords ovidense for the existence of o dione
oyeten in the originel ascetate.

Catelytie hydvogenation of the acoetate (IAXVIITe) resulted
in the upteke of one mole of hydrogen and geve @ produsct,

CgpHpn 0o (IXXXIX) which exhibited ultravioles mbao:.f:'ptian ad
2050 Ko (&;59500)0 This ultraviolet absovpition is typicel of a

trisubatituted double ban@g@ and sines the infrered spoctrum of
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the compound provides no evidence for the existence of a
vinylidene group it was concluded that hydrogenation of the
non=conjugated diene affested only the moxre reactive vinylidone

ZX0oup.

(LXXX) ( LXXXT) (LXXXII)

Treatment of a solution of the dehydro=lupenyl acetate
(IXXVIIZe) in glacial agetic &eid with coneentrated hydroehi@ri@
ncdd gave & mixture of conjugated dienyl acetites which was
readily resolved by chromatography on alumina into twe well
defincd compoments. Thease products did not supply direct
ovidonge for the atructural elucidation of the merouriec scotate
dehydrogeﬁ&tion compounds but they are of intaragt and thoiwy

ptructured will bo discusped later.
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Iogation of the Double Bonds in Dehydro-~lupeel Derivotives.

On the basis of infrared evidence it has .already been
shown that all the compounds obtained from lupeol derivatives by
dehydrogenation with mercuric acetate contain a vinylidens group.
Confirmation of thim fact wae readily obtained by chemical means
when onnolyaia 0of the non=conjugatod dienyl acetate gave formeld-
dehyde ik good yield. Similarly, lead tetra-acetate treatment of
the pentahydroxy compound derived from the dienyl acetate hy the
action of osmium tetroxide also ylelded formeldehyde. Unfortunately
neither of these experiments afforded & pure norketone, presumably
because of reaction at the other centre of unsaturation,

On the asaumption that no rearrangement had taken place
during the dehydrogenation it seemed most likely that the vinyli-
dene group was present in the same environment as in lupcol d.6.
in an isopropenyl side chain. Homboxy of the lupeol group of
t¥itorpence may lsomerise in the presonce of acid with enlargenent
of ring EﬁgB&OQ and since the dghydroggnation reactions were
serried out in a gleoial acetic acid medium, products of the typs
(LXX¥XXIT) were mleo considered poseible. However, the latter has
been iuled out on tho bhasile of convincing evidence obtained from
compounnds derived fyom betulin and betulinic ecid by the sotion

of mercuric acetate and the presence of g five membered ring E

and isopropenyl side chain has been clearly established.



The conelusion that the vinylidene group was in the senme
environment as in lupeol made easier the location of the second
double bond in the dphydrpgenated series, The presence of o
reastive double bond is obviously nesessary to initlate the
reaction with mercurlic acetate since there is no reaction with
aeanyrin (XXXXIla), Beamyrin (XXXIY¥a), and lupanyl acetate
(LXKVII)?in? From thins obsewvation it was deduced that the
second double bomd was introduced at a positlion close %o the
vinylidene gyroup. Proximity of the double bonds might alseo be
expected since dehydrogenation of certain stereids with morcuric
acaetato results in the formation of conjugated dieneaoﬁamﬂﬂ

Pherefore in the dehydyro~lupeol derivatives the most probable

location of the second double bond would be in vings C;, D oy L.

(LXXXIIT) (Viia)



Tho acture of tho nltzavieloet opoestrn of She Rone
sonjugasod dlomeo aloe 4mndienten Hhaet the Swo umaa%urm%m@'@omﬁﬁmm
oxe odtuctod sloso %o coeh othor. Beooidos ohoving o highos
intonoity at 2050 L. thene ppostre hod o dipbinot infloxien
in tho 2,300 ia vogion (£igol). Thisc tondonay %o ohifé the
oboorplion %o highox wavolengtho is appevently caupcd by intexe

aetlion botwoon thoe ocloevtwono of the deuble honrdo.

Plgs. 2o
woe lupenyl 60800 £ap00 @ 45370
~ s lupel2eoneifeyd 2608080 £ho0e @ 40600

P - ewa  Aupa=12,20(30)-diecn-3f-y} coctate
éa@@@ m T phB0a

R

a0 A0 230  AhO 250 2460 290

’”‘*’/14.
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Table LI¥ gives doteils of the ulitvaviolet spectyrn of

several deorivatives of lupeol, botulin and betulinic acid.

Tha

aboorpiion veluss shown are for the vinylidense growp, the dilene

and the newly introdwncsd double hond.

TABIEN TIX

repianeg eefiw gk om fmid g ] ixc ]

Compound £ at, |Non-gonjugnted Dienc Produet Twrom

2050 A, Dewivative, hydrogenation of,
Cat 2050 A, €at 2250 A diono, £at 2050 A.

Lupool 44100 6,500 24,2480 4,150

T X

R 45375 8,100 2,820 3,600

Botulin 4,050 8,300 2,610

Botulin . .

diacelate 35900 8,420 29810

Mathyl acetyl{4,180 7,290 34050 45300

botulineso :

Acetyl

botulinie 4,400 To 550 2,850 39900

acid

Asouning that tho vinylidone group in the dehydrogonsiod

conpounds is im the sane position as in the peremnt lupeol derivae

tives we can limit the number of possible locations Lfox the asosond

double bond as followa.

Positlons 18(19) and 19(21) ney bhe

ezcluded an these wounld constitute o conjugeted syobtem with the
% L%

20(30)-double Yond.

Treatment of the nen-oonjugebed dienyld

acetete (LIAVITIIe) with hydzogon in the pyesence of & plationn
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catalyst caused reduction of the vinylidene group but did not
affect the second double bond. Therefore the latter cannot be

at positions 11(12), 15(16) or 21(22) since these are disubatituted
and are readlly reduced in other triterpeneaeoaea,gia The only
othef possible locations of the double bond in rings C, D or E

are 9(11), 12(13), and 15(18) unless therc has been methyl group
migration during the mercuric acetate treatmont. Such a rearrange-
ment 18 extremely unlikely in view of the faot that the reaction
medivm is chloroform and acetic acid.

0f these three posaibilitiesz, the 9(ll)~position was
considered unlikely in view of ita distance from the vinylidene
group and although subsequent reactiones involving the lupeol
derivatives did not differentiato between this position and the
12(13)~position it can hg excluded on the gyounds of evidence
presented below in the section dealing with betulinic acid
derivatives.

Differentiation between pomitions 12(13) and 13(18) wae
made in the following menner. The ultraviolet evidense given in
Table IXT shows clearly that the new double bond hes maxinal
absoxption at 2050 Ao (&, 4000). Derivativeo of the clean~i2-ono
type usually ebaorb at approximately 2050 Ao (&,4000) whevenn
compounds of the olean-13(18)-onc type genoxrally exhibit mazimal
aboorption at about 2080 Eo (ézplosopo)a This provides ovidenco

for the location of the doublo bond, introdused into the lupeold
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molagule by dohydrogenation, in a trisubstituted wrather than a
totrapnbetituted pooition i.e. the evidence favours the 12(13)-
position.

Proof of the environment of the leas weascvive double bond
wae afforded by examination of the reactividty of the mnomosethylenic
coetate (LXXXII) obtained by hydrogenation of debydro-lupenyl
scetate (ILXXVIIZc). Oxddation of the acetate (IXXXII) with
chromiunm tribxide in acetic aoid gave an af-unsaturatod ketone
(IXXXIV) vhich showed selective absorpition im the ultraviolet ab
2440 Ko (59 13,000) and & band in the infrared spectrum at 1685
cmo"‘ Catalytic hydrogenation of the af-unsaturated ketone
(IXXXIV) regenerated the original olefin (LXXXII). These reactions
are cherscteristic of the trisubstituted 12(13)-double bond) -
in such compounds as a~amyyrin and B-amyrin.

Mention has already been made of the saturated compound
obtained from the dienyl acetate (LXXVIIIo) by the action of
onniun tetroxide followed by reduction with 1ithium aluminium
hydzide and acetylation. The product was charactoriced ao a
pontol diacetate, Cg,Hz,0,, which was twonspavent to wultravielet
light$, gave no colouy with tevvronitromeothens amd shoved bands in
ite infrared spectwwm abt 3509 oo™ (hydrozyl), 2759 gmo ™ (unbonrdod
noetadte ), and 1712 omo ™ (bonded meotate). Prom thin eovidenss the

pentol dincotete hap beon formmloted an (XXKXXI). A% fizot sigh$

this conclusion may appea® to dbe errcencont since tho hydroxyl group
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attached to position 12 is secondary and might therefore be expested
to fofn an acetyl derivative, The existence of 8 13:18-glycol
system would also explain the formation of a pentol dlacetate aince
the 13,18,and 20 hydroxyl groups would be tertiary and therefors
unacylable.

However, from the study of & molecular model of the bent@l
it is obvious that the hydroxyl group at position 12 is very strongly
hindered by the side chain and would not be acetylated under normsl
@ohditione and probably not even under forcing conditions. Ia faoct,
the hydroxyl group is apparently more strongly hindered than that
in llp=-hydroxy steroids which do not give acetyl derivatives under
normal'oonditionstu

Similarly, treatment of the dihydro-compound (LXXXII) with
osmium tetroxide followed by reduction with lithium aluminium
hydride and acetylation of the product at room temperature gave &
triol mono-acetate, Cy,Hy,0,» (LXXXV). Two bands in the carbonyl
reglon of its infravred spectrum at 1739 cmoc1 and 1712 oma”3
indicated that there was intermolecular interferonce between tho
3-acetate group and the 12:13 glycol ayatemioa Another peculiarity
of the trlol mono-acetate was that, although it wvas beautifully
crystalline and chromatographically homogenecous, 1% melted over o
wlde range, 215-245%°, The wide melting range may be due to
dehydration of the glycol group near the melting point or to the

compound heing a mixture of stereo-isomeric glycols,
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(ILXXXIV) (IXx%v ) ( LXXXVI)

Convincing proof of the enviromment of the glycol group
in compound (ILXXXV) and thorefore of the pecond double bond im the
noﬁ«conjug&ted dienes was obtained by troatment of the txriol mome-
acotato with lead tetra-acetate. Fission of the glycol in this wey
gave a compound, m.p. 166~1§8°, the infrared spectrum of which
showed no bands attributable to a hydroxyl group but which contained
a strong band in the carbonyl region. Using a calcium fluoride
prism 1t was possibls to resolve this carbonyl band and the
spectzum thus obtained showed peaks at 1736, 1242 cmoca (acotato),
2820, 1721 emo ™ (aldehyde) and 1706 omo ™ (ketone in a six
membered ring). The compound has therefores been formulatod as the
keto-nldehyde (LXXXVI) since fission.of a 13:18 glycol in tho
mmme.w&y wounld give rise to a c’ii}mtc:,nmtml Thus the trioel mono-
acetato must have styucture (LXXXV).

A Turther atiompt was mede to show thet the nuelear double

bond in dehydrolupenyl acetate had similar roactivity to thad
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shown by deri'va‘;‘tiv'en of olean-l2-ene (LXXXVII). Oxidation of the
dihydrc; alcohol (LXXXIIa) and of its acetate (LKXXIIb') with perbenzois
acid gave the -'oorrespohding oxides which. may be represented by the
structurss (LX]CWIII&) and (L}{KX;JIIIh) respectively. Neither of
these compounds ohowed any wl@@ﬂva sboorption in the ultraviolet
xioz;:g-&we' e.ﬁy colour with tetranitromethane. In neither case did

the infrared spectrum show any bands which could be asgigned to a
ketone group. Analysas of the oxides were gonsiéfent with the

molecular formulse, CyoHgoOp and CypHya Oy respectively.

(Lxxxv:rII)(a) R = OH
(b)) R = OAO
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Treatment of the alcohol oxide (LXXXVIITa) with
concentrated hydrozhlori¢ acid in acetic acid yielded a saturated
acetate, m.p. 272-274°%, [m]D + 24°, which was transparent to
ultraviclet light, gave no colour with tetranitromethane, showasd
only acetate bende in its infrared spectrum and wan formuleted by
analysis a8 C3,H;, 0, This ssbturated acetate was also obtained as
8 by-product in the chromium trioxide oxidation of the dihydro
acetate (LAXXIIb). From this zeaction theve was also isolated &
second satureted acetate, m.p. 242«244°, [a]B + 360,5°, which was
apparently isomeric with the first compound, m.p. 272-274°, and
had very similar light absorption properties. A third ilsomeric
acetate, m.p. 226~228°, [a]D = 16°;, was isolated in low yield from
the perbenzoic acetate oxidation of the unsaturated acetate
(IXXXITb).

It is difficult to explain the formation of these compounds.
The analyseas figures, do not, of course, exclude a molecular
formula of Cy,Hg,Q, but it is impossible to mee how reduction could
ocour in the oxidising conditions used. Alternatively, to
accommodate a molecular formula of Cs52Hzp 0y for theme saturated
acotaten their structures must necossarily be hexacyclic. A
possible method of formation of these compounds would involve the
12(13)-double bond and the side chain or a neighbouring nathyl

b 1]
group &3 in othexr cyclopropane derivatives, Posaible sitructures
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for these compounds are (LXXXIX), (XC), and (XCI). The stiuctures
of the satursted gcotatsa were not fprther investigated.

From the evidence presentad above if was Qecided that the
compounds obtained by dehydrogenation of lupeol derivatives with
mercuric acetate were indeed the 12920(5o)=a1-ne. (IXXVIIIa; ¢, &, f)
and (LXXIX). Confirmation of this conclusion was forthcoming from

the reactions on betulinie &cid derivatives described below.

The Acid Isomerisation of Lupsol and the Dehydro-gompounds .

The classical isomerisation of lupenone (XVII) to J -
: 22
amyrencne (XVIII) carrisd out by Ames, Halsall, and Jones is

reprasented by the mechanism shown below in Table IV,

TABLE IV

L 3= §-1 | }
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Protonation of the double bond im the side chaein is
followed by fission of the bond between 0(19) and C(az) with
subsequent xing enlargement to give the intermedliate caxrbonium
ion (XCITX). Stebilisstion of this ilom mey occur by several different
means. For instance, treatment of lupencns with formic acid
regulis in the formation of the l9qwformyloxy derivative (XCV) of
18a-o0le an=3-one. Similarly, treatment of lupenone (XVII) with
dry hydrogeon ohloride yields the l9a-chloro-compound (XCIV) and
when betulin is treated with formic acid the 28:19-sther (XCVIIL)
is produced by loss of a proton from the alcohol group attached
to C(Q@)o

Attémpﬁs to obtain analogous wesults with the non-conjugated
diones wore umsuccessful, Dohydrolupenyl acetate (IXXVIIIc) was
laomerised by trestment with concenirated hydrochloric acid in
acetic soid to a mixture of comjugated dienyl acetates. Chromam-
tography of the miztuve on alumina furnished two well dseflined

conponents. -The firav of those conpovnds ozxhibited maximel
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absorption in the ultreviolet region at 2340 A. (£, 10,000) and
shoved a very high positive specific rotation, ([a:g]D + 260°),
Also, it gave & daxk brown colour with tetranitromethans and had
& band in 1ts infrared spectrum at 1630 om.= It wes thewefore
formulated as the cisoid diene (XCVIII) since 1ts properties
proved to be completely analogous to those of methyl isodehydro-
oloanolata' = (XCIXe) [a]y + 224°, A___ 2370 4.(£, 10,200).

The other compound isolated from this reaction had a
negative specific rotation ([a]D - 77°) and its ultraviolet
spectrum contained three well defined maxima at 2420, 2510, 2600 3.
(€, 23,0005 26,0003 19,000). Again a weak band a 1630 clao"1 was
evident in the infrared spectrum and the compound gave a hrown
colour with tetranitromethane. The ultraviolet épeotrum and
specifioc rotation were closely analogous to those of the transoid
hetexrocannular ~11,13(18)-dienes found in the r:Zl.tawmmmam’Ba and
uraaneio? series, For exampls, oleana-11,13(18)-dienyl acetate
(X%XVI) hes [a]y = 5?0 and }\mxoamog 2520, 2610 A. (€, 26,0005
30,0005 21,000), Strueture (C) was thersfore proposed for the
lupeol derivative.

Bydrogenation of both conjugeted diemes (XCVIII) and (C)
yiolded the same totrasubssituted olofim, A___ 2060 A. (&, 10,000),
which vas assigned the atructurs (CI). The conotitutions asoribod

to the dioneo (XGVIII) and (C), and also t0 the olefin (CI) axe
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(xC1x) (a; R = OH (¢)

R = QAc

(v

AcO ”

(cx) (c11) (c1r1)
pupported by the molecular rotation changes which ocour on
hydrogenation of the dienes. It is evident from Table V that
the rotational changes involved are similar to those'which occur
when the analogous dienes, methyl dehydro-oleanolate acetate (CII)
and methyl isodehydro-oleanolate mcetate (XCIXb)are hydrogenabed
to the olefin, methyl olean-13(18)-enolate acetate (CIII).

It is moteworthy that the two conjugated dienss from lupeol
can be interconverted by the sction of minerel aeld i.e. troatmont
of olther of these compounds with bydrochlorie¢ acid yields an
oquilibrium mixture of both. In the oleenans series, methyl
isodehydro-oleanolate scetate (XCIXb)is converted, almost guoniti-

tatively, into methyl dehydwo-olsanclate (CXI)'by hydrogen chlovide.



TABLE ¥

SISILREI LI TR A

Holeocular Rotatlon Changes Accompanying Hydvogepation

Lol % & 1
IMothyld isodehydro-olesnolate acetete +209°  $1G85°
(KGIX) =1 410°
Mothyl olean-13(18)-enolate acetate = 67.5° = 345°
(cixx)

' + 305°
Mothyl dehydro-oleanoclate acetate (CII) -127° = 650°
jp-Acetoxylupa-12,18-dione (XCVIII) +263°  21230°

=1524°
3B=-Acetoxyiup=13{18)-one (GI) - 20° = 94°

\"253059
3f-Acetoxy lupa-11,13(18 )-dicne (C) = T4.5° =34705°

Howevewn im the latter case the reactlon is irveversible. This
slight Aifferonce in tho reletive stabilitics of the Alenos in the
two sexries may He due to the prosence of g £ive mewmbered ring in
the lupeol deorivaitives.

Turther attempits %o prepare the l9a-chloxo doxzivetive (CIVs)
and the 19mmfaﬁmyloxy devivative (CIVb) of L@e-olean-i2-ome
from dehydroluponyl acetate (LIAIVIIIc) by the action of dry hydwogen
chloride and of foxmie acid, respociively, vere uwmsuscesnarlul and
olmply gave the minturs of conjvgetod disnes (XCVIXL) amd (C),
described above. The 11,13(18)-dienyl dewivative (C) of lupacl wao
not identicel with 3Pescetonyoleann-il,13{18)=dicne (FXAVI) therofonae
the loomoxisation of the nom-conjugatod dicme (IXAVIIic) connot

proceed by enlergement of ring B as in othew lupesl type compouwndo
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(ef, Tabl& 1¥) since this would have yielded the oleename Btypo
of diens (XXXVI). A moxe probable mode of formation of the diemon

(2CVIXY) and (C) is outlined bolow.

(xcvIII)

Tn this cenc formabion of the carbomium iom (CV) Lo followed,
0o by ving enlargenont, but by bydride ahift %o givae sho oarbonivm
fom (CVI) which ie stabilised by lose of a proton Lrom Crsn) Bo
form the gisoid-type dieme (XCVIII) and thence an équilibrium
nizture of both dioncs (x¢virz) and (C).

: ’ o .
The Reactions of Bostulin sand Betnulinle Acid with Yovcurie Acetat.

While the f@régoihg wozle on lupeol and related compounds wap

in progress it was decided to iavestigate the roaction of mewouwile

92 998

pcotnto on domivetives of betulin., Bieodobash zoported thet
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mereurio acetate reascted with betulin and with its diacetate butd
he did not characterise the products. An invemtigation of those
reactions was carried out in this department by G. R. Tayloz}og
to whom the awvthoxr ls indebited for supplying much of the informe=
tlon d@m@fib@ﬂ below, A desgription of the detaills of this work
1g dincluded at this stage as Lt is very closely linked with the

aunthor’s invesiigation of betulinic acid derivatié@mo

;
34
E
{viz) (LEXVITE)
(b} R =R" = OH (b) R = R* =« OH
(d) B = R' = OAe (4) B = R* = Qae

Dehydrogenation of betulin diacetate (VIT4) with merouwwic
&@é%a%a in acetic acid furnished the expected diens-diaceiate
(LAXVI1T8) which was hydrolyssd by alkali to the diens-diol
(IXXVIIEb). Acotylation of the diol regenerated the parsnv
discetate (LANVIIIA). Hydrogenation of the discetate, with tho
uptake of one mole of hydregen, gave an unsaturated compound,

@
S 2060 A. g£979900)3 which showed no
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bands in the infrarecd opectrum attributable to & vimylidenc
gwoup. The above resctions and products shov completo analogy
to those in the lupecl series.

However, trestment of betulin (VIIb) itmelf with merecuris
acetate in ecetic acld gave & product vwhich was not identieal
with the diene-diol (IXXVIIIb) although there were bends im its
infrered specirum which could be sssigned to hydroxyl and
vinylidene groups. Furthermoxre, acetylation of this compound
gave an acetate, the anelysis of which indicated o molegular
formula, Cg,Hy 05, consistent with a mono-acetyl dohydwe-
dorivative of betulin. From on ezxaminsation of the infwrared
spectrus of the momo-acetate 1% was evident that there was ne
froe hydroxyl group present in the compeund. Thet the vinylidenoe
groupy was the only centre of unsatuvation in the mono-aceiate
was shown by hydrogenation (1 mol.) to a saturated compound
Cyabga Qo The unsaturated mono-acelate, G5yMy,0;, was alse
propared by dehydrogenation of beiulin 3-mono-acetate (CVIII)
with mercuric acoetatoe.

Prom & conslderntion of these fecta 1% was obvicus that
the oxygen function attached %o G(aa) was no longewr present e
z primary hydroxyl group nor 28 & carbonyl function. To
asccommodate a moleculay formula of CyuHy, Oy for the saturated

acotabe, the structure musd be hexegyslic. Thus 1%t veemod most
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;I:"Iikely 'thﬁt the primary aleohol group had roacted to form

on other in o memnor similar to that dosczibod by Honbesth

and Nicholls ~~ fow the eyclisation of the YO -unsaturaied
alcohol, bieyclo [2:2:1] hept=S-on-Za-ylmethonol in the
prosence of meveuric acetate. Sinca the dehydrogenetion of
lupeol desexibed above wesulted in the introduction of a

double bond at the 12{13)-position it was attrastive Ho counsider
that an ether linkage between G(m) and O (28) had beon Loxmed

in this case by way of the corbonium ion ((X). Thus the
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unsaturated scetate, Cg,H;,0; , described sbove may be represenied
by strueture (CIX) sand its dihydre devivative by (CXI).

These atructiures have bhoen substentiated by oxidation of
the sebturated other (CXI) to a Yy ~lectons which haes slso heen
obtained dirvectly fxrom ascetyl betuliniec aecid (VIIib) by
dehydrogenation with mercuric acetete and hydrogenation of the
resultent wnsaturated lacstone (XIb). The saturated Y -lactene
muet therefors be represaented by sirustuvre (CKXII).

Nuclear magnetic vesonsnce studics carvried out on the
wnseturated acetyl ether (CXI) indicated that ring B wes, &8
poatulated, five membered wiith an isgopropenyl side chein, thua
excluding the alternative sterusture (CXIIIL) for the unsaturated
ethexr, The main features of this spectrum weresz-
voak bands at + 63%/@ and + 89 g/% due %o C=CH, ~0- protons,
and peaks at +140 g/% and +150 @/@ due to CHy <G~ protons. There
was no evidence of & 7 ¢/s doublet peak im the CHj-C- rogion
which would be expaected from the the OHy~CH mothyl group in the

alternative structure (CLILL).

The Reactions of Retulinie Aeld Dervivatives.

The zesulte obtained from the mercuric acetate trgat@@mt
of betulin indicated thaet betulinie acid, by mnal@gygc&iiﬂ
would gilve a lectone uvndor the same conditions. Acetyl
betuliniec acid (VIIID) was therefore trested with mercurie

acetnte and 2 neuntral product wes obbtained from the reactien
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pizture. This compound showed a band in its infrarcd
apectrun at 1786 cmoaa which vas attributed to a \(alactan%gasaig
and 1% hod bands at 1630 end 915 cm.” abbributeble o The
vgnylid®n@ growp although the latter band is apperently
displaced from the nore usual poaition at 890 cmom& One
uvnuseal feature of this compound wag that it showed only low
intonsity absorption in the ultraviolet at 2050 Ao (&, 2000)

and gave ne coleuy with tetranitromethane. In spite of this
unconvincing physical evidence for the existence of s vimyii@®m®
group, the acetyl lactone undervent repctions typical »¢f this

uneaturated centre in lupeol dorxivatives and it has conseguently

boen formuleted as (XIb).

{vTIX) {xXx) {cxxv)

(b)R «DAcy R = H %&) R =DH
(¢)R =iy R' = Me
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(xv)

(a) R =0F
(b)) R =Qio

Catalytiec hydrogenation of the acetyl lectome (XIb) geve
o dihydro-derivative (CHVh)thus indicating the presence of o
.Eé&eﬁiv@ dounble bond. Pission of this douvble bhomd by lov
tomperature ozonolysis of the unsaturated lastone yiald@@ 2
30-nor-20-ketone {(CXIV) &nd.fermaldﬁhyd@ in good yicld.
Preoatment of the umsaturated lactone (XIb) with seleniunm
diomi&a in boiling gleeial acetiec acid affoxded an 6f-
ﬁn@aﬁuﬁat@ﬂ aldehyde (CIVI) which showed bande in ibd infrevod
spectrum at 1779 @moga (v-=lactone), 1739 émo“i(@cata%@)g el
1592 eéoma (aB-unsaturaiod ald@hy@@)ol@ The aildehyde has @
characteristie witeavicolet spectrum with muximel ebsorption ws
2220 L. (&, T000).
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