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The work embodied in the present dissertation baa 
·~ 

been divided into two parts. Part I consists of oxidation 
' 

of some trt.teroenoida·, while ·isoL-:1tion and identification .. 

of three plan.ts of Jilacourtiacea.e family:, namely, F. 

Jango.mas, o. Kurzii and c. Graveolen.s have bean incorporated 

in I?art II. Part I has been divided into four cha._pters. 

Chapter- I· 

ltl view o:f the .fact that ·a substantial .Portion of 

Part .I d.e.als vli.th · oxidation· of some tri terpenoids by hydrogen 

peroxid.e in. presenoe of selenium d10Jli<le, it was felt 

pertinent to present a brief account of different oxidative 

tranef'ormation reactions with selenium dioxide, eydrogen 

peroxide and a combination of selenium. dioxide· and tzy-drogen 

pexaoxicle. ·The review coust i·tutea ·the subject mel.ttet•· o£ 

Chapter I of the thesis. 

Chapt~r - :rr 
This chapter deals with the oxidation of lupanons (I), 

friedelin·(II} and taraxerone (III) by ~drogan peroxide 

in the presence of selenium dioxida• 
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As. the raact.ion resq.lta in bisdemetby,l~~-ion .of ring A, 

some works on bisdemethylation has been reviewed. in Section \ ,. 

:?;eetion D constitutes the ~eaulte. and discussion. 

of the reaction o£ H292 vii.th lupane,ein the presep.ce ot 
Sa02 .. It has been found t~t th_e r~ct.ion resulte in the 

conversion. of ring A of the triterpenoid into S -lactone 

(IV) by elimination of the gem dimethyl grOuP• Other products 

tormed a~ ·a result of the reaction ine~udG lup-1-ene•3-one 

{V), _2ce.:..carbox:y-A-nor-lupane (VI) ·and 2,_ 3-seco-:-lup:a.ne 

dicnrb~ylic acid (VII). 



(III) _ . 

H02C 
H02_C'>_-_ 

The reaction of friede11.n (II) with H202 in presence 

of Se02 in the same reaction medium baa been reported· in 

Section a Qf Chapter I.I. Friedelin also af:forded a t; -lactone· 

(VIII). but elimination of methyl group on C-4 po~ition did 

not take place. ~he 6 -1aoto.ne (VIII) is also different 

from the one (IX) reported earlier by oxidation of with 

:IH:Jr~acetic acid. other products isolated are 2· ,•3-seco­

friedelsCnic acid (X} a.nd 2 o<-carboxy-A-nor-friedelin Cu). 
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·HO'-c···. 

H02.C 

X 

. ·Section D contains the results ot< tlie · 1react:lon of 

hydrogen pero:Jtid~ an:tl-.. salenium ·d1oxt de on. Taraxero~e (~II). 
. -. - . ' 

~he product.~ isolat$d: a,.-e +o<, 2q'-epox;y-3-·one (XII); .4, . 
. . 

-~···24-tri-nQ~-tara.xerene ~--·~ 5-olid.e, ~ 6 ..;lactone (XIIl) 

a1:ui ·t~r~ere~~ - {. ""'laoton• ·(~tV) (rom neut~al l?a.ri! and 

.2 o(...:cavboJty-A•nor.-t~r~era~c:. (.tV) to~e~ba~. wit~ t~e~ne-

. ' . ·: ' . 
)2, ,· 3-~s~oo-dicar\laxyitc a9id'_, ( l.VI) frQm. tll.Q. a~:Ld part • 

1•, • 

' . :; ,' 
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:Che .poe~.aibl~ mode of ,formati.:on. ot c<, (] unsa.tura;t;ed 

k~tc>z:t.e:; <1iQ~rboxy:tic noidlh A~nor-oarboxylic aci.d .$ntl 

6 -J..actona.a have be~n discussed in Section E. 

The fo:r.matio.n of~_.)~ _®saturated ketone in the case 

of lupanone and lo(, 20( epoXic1e in the Qase of tamxerone, 

•,, 



(V:t)· 

though i.n small qUiilntities, indicate that dehydrogenation 

a.t -positions 0( tand p to the carbonyl group takes place.; 

In the case of friedelin, however, dehydrogwa.tion seems 

not to occu;r;-. Th€9 reason has been attributed to -ateric 

factor. 

The formation ·o:r asoo-dicarbo~lio acids has been 

explained on the basis of intermediate stage of 2, 3 

clilre·tones, ~·Jhioh in turn is . .further oxidised by Hz02 to 

carboxylic acids • The fonn~t:ton of A-nor-ce.rb6Jcy"lic acid, 

obtained itt· poor yield,. has been e;q?lained on the basis o£ 
' ' 

oxidation of 3-ketonas by selenic acid £ollowad by oxidation 

,with hydroger.l Pl'!lroxide and subsequent rear~angament. 

The formai;1on of 6 -lactone in the case of lupanone 

and tarexerone proceeds via the forma.tj_on of E lactona, 
. ]~ . 

which undergoes hy?ro~yeis and by B'f.Jer-Villiger oxidation 

results in the foM'ltion .of 6 -Ji;t.ctone. In the case of 

friedelin the :t'e!tction follows a di:t'ferent pa·bb. It is 

probabJ.e that selenium dioxide converts .fried.elin to 2, 3· 

dikatone. On~ mole of Ha02 mav attacl~ the di~sphenol to 

give the intermediate o{ -keto ... E -lactone, which then 

u~ergoes hydrolysis to fu.~nish the c< -keto acid.• The acid 

on decarbox,ylation fu:canishes 3, 4-aeoo-C-3-nor-4-hyqroxy 

friedelin-2-ca.rbox:ylio acid, which undtu~--gQ~ lactonisation 

to form the 6 -lactone .. 
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(VII) 

D. 
Section P d.ascribea the experimental details of 

the works contained in Chapter II. 

Clla.pter III co¥ltains the isolation and oharaoteri­

sation of the products formed as a result of reaction of 

r~-bromosucoinimid~ with lupel.Wl acetate. 

1\ short review of the reactions of .tJ·b~or.aosucoin1.mide 

witll steroids and tr1tarpeno1ds constitutes Seation A of 

Chapter-III. Particular amph.lils1s haa been given on bromina-
. . 

tion and .dehydrobromination, oxi<lation. o! allylic methylene 

to ca.rbon.yl group a11d. allylic hydroxylation • 
. . 

Section D aonta.ina results and discu.asion of the 

reaction o£ NBS with lupa.qyl acetate~ Compounds (XVII), 

(XVIII) and (XIX:) hnve been isolated and characterised. 
8}11' Byo, 

AcO 
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mha formation of the dibromo compound has been prop<leed to take 

·place following· rea,rra.ngq;ma4t of ltiP~~ system to oi~anane eyetom• 

It is suggested that 30-bromo-lup-20(29-~n-3 -ac~tate ha~ b&en 
. . 

· attacked by- the bromom.um ion present in DMSO; tbe ~olV'ent that 

has bean u.r!ed in the reaction, on a 20•29 bond causing the 

formatic.m of a carbonium ion, which probably comp~le ca,..bon 

sltaleton transformation :ti-Qn lupa4a tG oleanane system, 

~action o oon.taina the e~pe~1mental details of Chapter III. 
' ' .~ 

Chapter ·~ IV 

!Chis chapter co.r!.'t;atiu.s iSol.tit>n and ch~acte:r;oization of 

products fo:cood followin.g a.uto~dat:lon,. of fried!!l.in,. A. pQ~sible 

mode of !ora'J.tiGn ha.e befl}ll; suggeete(l •. 

A short review of the works .on autoxidation. and 

isotoorisat.ion in rir}g A ,of .some t:r,iter.penoida, name:W·,, Euphol, . . . 

Oleanolic acid., .Lupeol. !Janosterwl aeetate, -amyro~, Mor~tanone 

hna been discussed iU. Section A• 

. seetion B· .conaietl'iD. Q:f resul.ta and disotl.ssion ot "th$ 

a.utoxi·dation of .trie,clel~n· T~e compoUnds itl'entified. ~e (U) t 

(l:XI) ·arid (~~I). 
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HO~ 
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XXII 

Th.e formation of 3-nor- ~ 2{4)-. .fri~(l.elin-2-aoetata (XX) 

has been proposed to proceed through the formation of o( ... 

hyd.roperoxy lt$tone, which cleaved subsequently to eeco-2-

aldehyde-3-oarbox.vlio acid • l.rhis und.erg.oea fttrther oxidation 

to .f'ol;'m 2,3 seco-clicarboxylic acid, v1h:i.ch upon cyclization. 

forma. the anhydride~ The rulbydride 1,1nrlar basic medium· 

reQ.rrauges to .form j3 -keto. aoid. This undargoea deom.x.-boxyla-

tion followed by a.cetylati~ to afi'ord compound .XX •. 
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(X) 

:&':riede1in ttndergoes enolisation to give .fried~l-3(4)""' 
oxy 

en-3"!"ol, which may undergo .0.1.qgenation to form 3, 4-seoo-

4-lce-to-friedelin-3-carbo~J.ic acid• This in tUrn cyclizes . . 

to give 3-nor -.6 2 (4 )-friedelin.-2--oarboxylic acid (Y..X:I) i 

Thi'a o<) (3 unsaturated oa.rbox:ylio acid undergoes easy decarbox:r­

lation in pyridine to yield the unsaturated eydrooarbon, -rh.Q_. 

nor friedelin {XXII). 

Section c describes the experimental details ot 

Chapter IV. 

Part II has been divided into four chapters • . . 

. -Chapter ... I 

This ehapter contains the morphological features 

of the plants of .b1laoou,rtiacem.e famiJ,y in Section -A, while 

some prevloue worka _on the plants of the same family have 
) 

been reported in s'action B. 

Ohapter- II 

Chapter II comprises o£ the works dona on the 

consti ·tuents ot neutral and acid parts o£ benzene extract 
; 

of Fla.courtiaoea.e J':;.mgomas. 

In Section A extraction of trunk:, ba,rk ax:1.d Stem Of 

111• Jangomas by benzene as well as aapara.tion o£ neutral and 
I 

acid. ·parts of the extract has been described. 



- .. 
. 'c._r 
·. _ .. .,_ 

, . _1,,_. 

'--·~ 

. -L/ -cw· 

. I 

(XI) 
, .... 

, ' 
,,: 

\ • L • 

present ~- natttrn:t· ~..nd ac1t'f pn;rts have been dieowssea in 

Se<;tion lh ~be 11autra1 tian h..tas been .foupd to 904tain 1-· 

. · l'J~aeosn.nQl, (X~IIl!~, . p •sitos·terol (XXIV) • 00-h;VdroJq 

lu:Panone (:x:xv) nu.d 2o-biax-~• 1upfU1.0l (~VI). t.ehe aotd 

pat"t contalne ~,.oli() acid· (~~VII) • Peys_ioal ttata. and 
. • ' I ,. - ' 

H 

XX]\/ .· ·,· 

. -~ ' 

XXVl. HO 

_·XXVII 

'" g . 

I .• , 

'l . 
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chemical react ions in support of tb.a characterization of 

the compouna.s h.':lV& been reported. 
.... 

Section d deecrib~a the experim~tal detaila of the 

works . reported in !Jha pter II • 

' In Ohapte:r II! investigations on the neutral and 
' . . . . 

aoid parts ot the benzene extract of barlt and stem of 

oaseria kurzii clark have been repo~ed. 
'' 

section A deaoribea the extraction o! the plant 

material with benzene and saparation ot benzene extract 

into neu.tra·l and aoid parts .• 

~action B deale with the isolation and identification 

of the compoun.tls. 1-hexaooaaltol (Y..XIII) and ~ •sitQsterol 

(XXIV) .have been .isolated from the neutral part while acetyl 

oleanolio acid (XXviii) litnd batulinto acid (XXIX) have bee~ 
found to be presEmt in.tha· a.oid part. 

A cO. HO 

XXVIII XXIX 
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The eJ<:Pel"~imental details of the works presented 

in Chapter III has been desoribed in Section c. 

Ohapter IV consists· of investigations ·on the neutral 

· $.0,d· acid par·ts o£ the benzen~ extr.:l:ot o£ ba~k and !:Item of 

Caseria Graveolens Dalz. 

:5eotion A d~scribee the extro.otiou of the plant 

material with· benzene and separation oi' benzene extraot 

into acid and neutral parts • 

Section B deals with isolat.ion and .i.dentifioation 

of' the constituent's, The neutral.. part has been .found to 

contain 1-haxacoaan.ol (XXIII) and f; .. sitosterol (XXIV) 

and the acid part contains batulinio aoid (XXIX). 

Section o describes the e~perimental details ot 

·the works p:reaented in Chapter IV. 
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mlie ch&m:!-atry of terpenoid.a abounds in. fascinating molecular 

rearratJgementa, which may ba accomplisb.ed "wi tli relrttively simple 

reagents.-B$sides demonstrating-the combined ~oleo£ eterio ~d 

electronic factors in the ·etuay of raaotion mechanism in general, 
I ' " ' 

the vast a11-~ of the :tte~angament reaction has· helped in 

ascertaining structures, stereoohemistw ~d biogenetic pathwa.v 

of :formation of th.~ terpM.oids. ~he oJeidative transformation, 

which a:re- efff;lot.ed photC»Ol:H=lmieally and by ·oiidants l:Lke m~rcuric 
.: ' .. 

aoeta.te, lead t.;rtra..:.acatate, chromic acid, N-bromosu:ocinimide, 
. . 

or&anio peraci.d; 1:\vtlrogen per4jxtde etc •. bavf3 been extensivelY 

~~u.di~~1-:L2. 0Jdd~t1on ~f triterpanoi.de -by. 1\vdro~n peroxid$ with 
., , 

. ' . 
~353 (1961 ); ibis) j .Chem.soo. 522~ (1961) 

~ ~ " ~ 

2. o .• s.aho:Pra and (the late) D.-E~White; Te;!iraJaedron, 22, 
- ' ,.,.- -

89'1 (1966) 

3.-. H~N.Khastgir·and s,x.i·.:aose, Tet.:r~st_t. !:,1 .39 (1968) 

4. s;..r~9.}3oae and H • .N.Kha.stg:Lr, J.Ina .• onem.soa., i§, aso- (1969) 

s •. G.v.Ba.ddeley, J.J.R.Simee and T.G.Wat1'Jon., Tetrfll;v:~d..£Qa, 

~ (15 >·· 5'195 (:1,970) 

1$. S.P.A.dhikary, W:.Lawr,i$ ang. J.Maolean, J .pbem.s~c(Oh 1030{1970) 

'!• LeRuzioka a~d E,ReY.t !!!1X•.Ch!mtAot.e.., 25, 171 (1942) 

a.: L.Rd~ow, O.,S.Rao and m.;S,.Ramaiaht ,!Qd,.J.t.Chan...,· ~~ 1'6 (1968) 
- . 

·9· · I.Aga.te.,. E.J.Corey, .A.,G.t-Iortmann, J!lt Klein, s.Proskow and 
. . 

J.J.ursp:tu.ng, /•Ol'S_•Ohem., 3o, 169$ (1965) 
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selenium dioxide as catalyst are sQenty. The reagents have, hOVlever. 
. . . 3 bee~ uee.d in the OJtidation of' acroleinl , cyclo and bicyclo 

14 . 15,16· . . 
all~anonea ·, and steroidal ketones • In View o.r. tne fact that 

the succeeding chapter deals with oxidation of aome triterpenoide 

by hydrogen peroxide in presence o.f selenium dioxide, it is 

pertinent to present in this chapter a bri~t account of different 

oxidative tran.sformation reactions w:J.th selenium dioxide, hy<lrogen 

peroxide and a mixture of selenium dioxide and bydl"'ogen pe.roxide. 

·Selective Oxidg.t·iog.p~, .. with Selenium :Dioxide 

selenium diOKide bas been in ~se aiD.ce Riley;e· pioneering 
17' . ' 

work . in which he reported c~v~rsion of a monocarbo~l compound 

havi~ an ad~acent' ttretbylen~ unit to an' d. -dicarhon.yl compound~ 
. ; ~ . 

The transformation of a k:e'tone or an aldehYde to an ft.. -'dione, 

a.llylic oXidation and the conver~ion o:f a. monoketone or a. 
. . ~ 

. ' 
10. T. Mazzetti; ·G~Or~ale~i ana V•Beilavita, Plant 'Medica~ 

20(3), 244 (1971) 

3.~. 1!. FUltuOka and S~Na.tori, Chem. Fba,rm; Bgl.i., _gg_(5) 1 974(1972) 
1 ' 

12 .. B.w.Finu,can.e and J.B. Thomsont J.Chem.soc. (Perkin I), 1856(1972) 

13. \i .s.ourtia and T.H.RoY.t J.OrgoOhaJq.~ ~~ 746 · (1957) 

14~ L~Sta.ll and Juck~r, l!!lv~Ch~• Acta.·~~ 268 (1953) · 

15. E.Oaspi o.nd S.N.Ba.lasubra.hmanyam, Tat. Lett. 745 (1963) . . 

16. E. caapi, Y. Shimizu and s.N.Balasubritbmaeyam, Tetrahedron, 

gg_, 1271 (1964) 
' 

1'1. H.L.Riley, J.F.'Morley and N.A.o. Friend, J.Chem.soc., 

1932, 1875. 
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1,4, diketone to a.n cl..., ~ -t,msa:turat,~ ketone or to .. an en.e-dione 
i 

aro the major areas in which the ~~gent baa found rat~er wide 

application. 

Formation of Cl. ... dione 

. Both ketones and aldehydes would. react w1 th .aelelrl.UI1J.. · 

dioxide to give rea~onablo yields of produot~ ae· E?hown below •. 

o1IacooH3 

OH3CH2at20RO 
' 

06fi
5

ooCH3· 
. ' 

0 6ffsOH20HO . 

w3cowo· 
CH30H2000HO 

(00%) 

(467$) 

.. (32%) 

Excellent yields c.an be o.bta.iued if the ketone being PJd.d1aed, 

· con.tains atZ.Uc:ttira.l ieat~es which· prev.ent .aide or ¢.omP.!!ting 

react ions f'r.om oC,curring ~. Thus t A-nor allQbetul.one-3 and A-nor-

4, _4-dimethyl chol~st ... 5-en~-s-ona both o£ which ~ave the monoketone 

. unit, partial struo·ture' !,, a~ ondised ~0 the di~etone a in 

87% nnd 92% yield
18 

•. 

.. d_ ...... -

l.S. R• Hanna and G• On.tiason, Bull•: ,Soc.:_9.!1Pl• . lilr•,t 

1945' (19(?1) 

·,, 
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H C · 0--1:? 
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The moat c:eitical study of the reaction was made -by· t.1orey 

ana. Sohaete;.9 , tvlio studied tn~ o;ld.da.tion of d~aexyoon~oin. in 
. '' ' . 0 ' . 

70% aoetic acid at 8.9. 2 • · !l]hey fo~d tbe l?eD..ction to be second 

order#- f:J.rat order· in ketone and first order in selenium (IV) 

reagent 'and 'to ·be 'catalyzed by added strong. o.oid• Var.i oua p­

substituted d.eso::ey'benzoins- w-lth aubstituenta m the benzyl or 

be~oyl moiety were S.tt.td:l.ed. Ele0tron. supplyil.'lg subati tuenta in 

the benz031l increased the :rater o£ reac'tion. ·( p ~ -{)•56) while the 

effects in benzyl g'roup -:Nas to €!'~crease ·(;he reaction. 'ra:te ( p:;: 
+ o .•. 25). ~fdl3 :l.s ~~:ha~ one would e~ect in acid catalyzed en,oliza­

. tion. ~prooeas-. 

The roaat·:lori. a%hibited an isotape effect; kH/kD for 

· did~utt)rio dasoxyhenzoin was l.? .o and for the oxal.ic o.oid cataly-zed 

·roootian it was a .• a·jt Fast rever.sible en.olisation; foll.ow$d by slQw 
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reaction. of the etlOl with oxidant should ha:ve exoha,t'.t.!~d out the 

deut·erium priQr t<> :t:eaetiOll. and kH/ltD = 1. 

The meohtlilism :proposed by the authors involves attack of 

e.n eleotrophilet HSe~ . or H3seo; and the nuoieophile, H2o, 
on desoxybenzoin~ ~t. in a. sl.ow. atep to give an end selenite ester, 

!:• The latter rearranges in a series of fast steps to an ct -

selenite (II) ket«>-eater 2 and tina1ly to benzil .fi (Scheme-l). 

Sohem& -: •. J. 

Q-c-cH-Q 
4 

6 

-~ 
~F_AS_T -+0~ jH :0 

5 
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All.ylic. oxic\atiqn 
. 20-23 

After several publications on the oxidation of olefine , 
24 

Guillemona.t collected his observations in one report · • He found 

that the course of selenium dioxide oxidation of alkanes could 

be predicted from the followi_.ng rules& 

( 1) ~he oxidations always occurred to alpha to the moat 

substituted end of the double bond. 

(ii) When the. doubl;e bond was in a ring, whenever possible, 

oxidation occurred within 'the ring. 

(iii) The order of preference for odlation was OH2> OH3> 

OR. 

(iv) YJhen the d.ou.bla bond wa.s terminated rather than tne 

expected secondary a.lQohol or the derivative thereof, the primary 

alcohol was formed with the migration of the double bond. 

20. A •. Guillemonat, Compt. ,Rena., 200 t 1416 (1935) 

21. .A. Gui.llemonat, 1111!! &2J., 904 (1935) 

22. A. Guillemonat· .• ibid 205_, 67 ( 1937) 

23-. A. Guillemonai;,. ibid. 206 _, li26 (1938) 

24. A. Guillemonat. • .Ann. Ghim. u, 143 (1939) -
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~hough the ·uta.dequ.aoy o£ Guillemon.at 's proposal l'laa been 

snown25-27 , the generalization is still Valid with: ras~ot to 

site of attaok in many oasea. 
. l : 

An.otheJ? ·early suggestion pat forward by Waters without 

aJlY exPerimental: suppor.t, wa.e that the· reaction involved neutral 

radical apeoiea?
8 

• Schaatert HoJ:~Vath and Klain29 had shown that 
. ' 

the reaction was .unaffected by inhibitors am. th.are;t:oret could 

not be radical chain. Tha.t no f.t"ee radical tva.s generated in the 
\ 

. . . ' 30 
system had been pointed ou.t by Trachtenberg et a.l · as the ayatem 

was incapable of initiating pol.ymariaa.tton of ac:ey'10n1 tr:lle under 

conditions o£ temperature ru.td oo11oentra:tion; whe;t"e acrylonitrile 

i~ rapiclly polymerised it a sct~O$ of free ra<l.ical is present. 
31 . . 

Wiberg established that selenoxides, z, rather than 

aelenides as had earlier been propOsed by Guillemonat was involved 

in the o~idation 'of cy.clohexene 1ri. acetic acid .... a.cetici mlhy<1rid~ 

------------·----------~--------,--------------------------------
2fh E.N(J~rachtenberg in ••Oxidatio~n voi. 1 R.L.Augu.stine, Ed., 

Marcel Dek~r, usw ¥o;rk, IhY. 1969 1 pp 119-l-87. · 

26. R• Ra.bjon~ Org. 'rteaot:i.on,, §.~ 331 (1949). 

27,. G.R.ti'atltins and a.W.Cl~rk, Cham. Rev, 36e· 235 (1945) 

28. \1-.A•Watars, J•Ohem.soo., 1805 (3.939) 

29. J.P.Schaefert :B~Hor"?"ath a~cl Ho~P.Kleint $h Ors• Cb~m., 

!?At 264? (1968) 

30. E.T., Trachtenberg, O.l:t.lielaon and J .It.Oarvert J.Orfi.Ohem. 

~,. lio. 5t 1663 (1970) 

31. K.B.Wiberg and s.D.NiEJl$en, J.Org.Cham .• , 29t 3353 (1964) .. - - -
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29 . . . . ,, 
reaction. Schaef'er et al ; however, showed "'tiha;t the. WlalOgqs, . 
compotmdt ~' isolated from the QXidation. of 1t3 diPb..ehy.l p;t:ope~e, 

2,; decomposes to 1,3. diphenyl-2~propene-l-:ol acetate, .1Q., .. a.t .. too 

slow a ;t>ate to ac.count for- the main oQurae o£ oxidation. Th~ main 

pe.thw08' .must involve sQlvolysia on .an al)Jrli.c selani:te ~ste~, . · 

although the atruc·tul. .. ~l of th.e. 1a1;;tar ha.e not been ~igorous:cy 

eetablteheQ;. 

· · fH : - RO~ ~H. , · · 
Ph ~ · 'K.../ ·s ,("\ · ... • . . 0 SeO H 

· -CHJ · · · V SLOW - I 
. · . \c~ ~ Ph-CH::;CH-cH-Ph + ROH 

9 1j 12 

FAST. 
Ph-CH-CH-CH-Ph 

---------· 
® 1,3 

Ph-CH__,C H -=CH-~Ph 

CAc 
10 
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Since the _selenium (Il:) eater formed, Ut Wfl-S benzylic:, tne pro-.. . . . . . .. .. '' 

:rsre~ca ·fOX: ionisation (~~) :t'aiihar .than aNa_ attack: as f:oun~ by 

~tib~rg and Nielaan. was l)Ossible32• Schaefer et al33 pointed ou.t 
' . ' 

that the tntermediate wntoh_ contains a 0 - Sa bond ie very likelY 
. . 

a stable compound as ~re al~l selenic acids. Thus, the interme-
• • ' • ' I • ' '' • 0 ' • 

d.iatQ as wQ]J. as selenium {;ri) ester type intermediate, which 
' .. -

conta:ina on. O•Se \)ond ·will not probablY undergo solvolysis. 
' ' • . • • ' ~ • ' " ' l 

In order .. to e~plain the stert.oohem1oal results obtained ·by . ' . . . . . -

oxidation of a number- of oycloheX\~1 sys~,em• Trachtenberg et al34 
' - ~ ' . . : 

proposed the following mechanism. as _E:thown in Scheme-III wt th 
' . . ' ' 

_D (+)•1-~-m~nthene a.e a~bst~ate. 

14 

SN~ AND 

·SN1 

17 

15 

·~OH. 

. ' 

l6 

32. K.B. Wiberg aoo s·.D. Nielsen, J. Org. Oheme ~t. 3563 (1964) 

33. Re£. 29 of this · chapter • 

34. E.lq.Trachtenbe:rg,. C.R.lielson and J .R. Oar'ver, J. O~g. Chem~, 

.~. 1653 (1970) 
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The first step does not· imply a con.~erted 2+2 cycloadd~i t:Lon but 

rather a typical .lllfarttov~ov type ·'~:tectrophiltc addition with 

attack occurring through oxygen: to genera:te poaitiv'e' charac'ter aa 

the t~l'tiary carbon, foll(;)t"led by oyoliza.tiorb In agreemel).t w:L th 

aleott"ophil~o atta,olt are· 'the opserva.tions that di~Aea are more 

r&~otive than olefine .- olefina ~eacti~ty incr~asea with a~l 

substitution and electron. .feeding g;roupa slightly accelerate the 

rt)t e o:i oxidation .of 1 ~3. dipheD3"l. propen.e~5 • 
Sharples$ a.nd La.u.er3~ p~oposed d1.ff~rent m,eohf1nism for 

allylic ox:idatJ.on. of olefine by se'leniwn di.oxidEh· As already dis­

cussed, Scha,efer and Tra..chtenberg argue against involVEUOOJlt of 

allyl aelen.ic acid, 19, because of the I~m;;n inertness o£ benzyl 
' - ' ' . ~ ' 

selenic acid to ~olvolysia. Houever, a C'2,3j sigmatropio :re~ 

arrangement (path b, schem,e :rv) o£ allyl selenic noidt ~· to 

a selenj.um (II) eater, _m.,. ilccurrei to Sha.rpleaa et a,l as a 

likely nlter:g.at'-ve to t!le solvo.lysis pathway &• :J:hey suggoated 

that the C2j3J rd.gmatztopie shift. :i,ndicated. in the path ~ is a 

.facile process (Scheme - IV) .. 

9~~£L, 7154 (1972} 



Scheme ... II, 1. ., 

~· .+···~·PATHa 
-~ H"Q-Se~· 
/8- --~6. -19 ' 

\ -

....L 
- I 

l~ H '23 

c;. 
CHO 

- . 0 

·+· Se· 
H 

21 
22 -· 

'Th~ ;authors had noted that ·:auclli and Wuest~7 bad established that 

-~eOs selectively. attacks triaubsti tuted olefins suob., as, !§.1 to 

· give only the (E) - alcohol,. &!,o The allyl selenic acid, !§., must 

---------------------------------------~----···-------------

·' 

I-. 

t 
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lead stereoselactively ·to the (E)-ester of gQ. if the proposed 

:rearrangement is oorreot. mhe meoban.iam was verified from. the 

oonva~aion o£ allcy-1 pheeyl aelen.idea 24 to A~ 

PhS~ 
·24 

., 
' 

.:· 25 26 
on the basts of the mechar11sm show:n in Soheme - v. 

38. S.K. Talapatra, hi. Bnattacharjee and B• Talapatra, 

Iad• ..... J • Chem. t a, 977 (1973) 

39 . . T.R.. AW.H3t J,.L. Beton; A!!·BO\vera, T•G• lialeall and E,R.H. 

Jones, J .• t.~hem. Soc.,. 1905 (1954) 
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Scheme ~ v 

:'[· 

+~· + ;oH 
Se OR Se~H 

30/ :n 
·, 

2:" H ~ H 
OH 

oo 

/0"' 
H. B 

/ 27 
/ 

/ 

/ 
/ 

./ 

./ 

~-· 
/ 

/ 

/ 
/ 

"' 

28 

' . 

30. 
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+ '+ 
~he electrophilio attack of HSe02 or; H3Se03 on the olefinic 

' . . : . . 

0-30 with simultaneous or subsequent nucleophilic att&ok on the 
' . 

a.llylio 021 -H lea.da to the formtion of an unstable Se(IV) com-

lex gz :possessing the more stabl.e double· bond parallel to "ijle 

trans D/E rirl.g ;lw1cture~ T.he complE)Jt 2/1. undergoes succesaive 
' ' 

:renrr~ngements; aa shown, to form the u.nstabl~, Se(II) complex 

intermediate. ~ and ~ involving 5 and <? membered oyclio transi­

tion states respectively requiring low aotivation energies. The 

intermediate complex ~ could.~ alternatively, a.ls~ arise di;t,"ectly 

frorn g[_ involving a 3-membered transi ti.on state, as ab.own• Inter­

mediate ~ then collapses to form the' p:raduct ~ by loss of an 

ally lie proton with concomi tar1t. deposi tiOr.L of selanium. metal as 

depicted. 

I. 

40 . ' . 
Riley report~d d~hydroge~tion of diethyl s~coinate to 

a mixture of the di. and halt eater· of maleic aoid. In 1947 Schwenk 

and Stahl41 reported the diacoveJlY tb.at selenium diOxide oxidation 

o£ a 12-keto steroidt ,21, produo.ed. th~ 6 9 •11-12 keton~ of 

partial structure ~~ rmd ,not the 11, 12 d1ketouth 

- I 

40. s. Astin, A.c.o. Newmall, ·and H.L. Riley, J. Ohem. Sci c. 

391 (1933) 

41. :s. Schwenk and E. Stahl, Arch:• Biooham._, 14, 125 (1947) -· -.. ' 
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OOH 

31 32 

~hue., deey'a.roge.~:m.~ion can occur without the presen.oG of' two . ' . ~ ~ 

atraddl,ing activating groupo. Selenium ··diox~de· introduces a double 
. ' ' . 

bona at ·the ·1,2 positi'on: in either a 5'ot ~3-lteto steroid' or .6 
4-

42 43 . 
3-lteto steroid • , partial structures b~ing ~and ~· 

34 

-------------------
-42. {}.tleystre, n.:&'rey, l[J.Voser and A.Wet-'M:lt.ein, ~~Chim•Acta.. 

~· 734 (1'956) 

.. ' . · ~c.Trav.Ohim., 75, 4'75 (1956) • 

91205 f S OCT 1985 



~~chaniam of ex/ !3 dehydrogenation; 

1,_4 di .... ltetones: 

· Thf') reaction exhibited a. d~uteritllD. isotope ef:t:eot of 6,o 
(ini t-lal) when .1,1,2,2 tetradeutQri0-1t2-d.ibenzoul ethane was 

at 90°. Sohaefe1'44 also. snowed that the biaalenite ion, Hseo;, 
was very likaly.not involv~d in the reaction since it did not 

oxidize acetone.. it 2 di benzoyl ethylene, ;?j!, is a.lao oxidised 

but. at an l/30 th the rate o£ starting dione. · 

With these facts the follow-ing meche.uism was -proposed 

for acid cata.lysie 1 (1) prodttction of the o-Xidant, n3se();5 ""'; qy­

·protomtion of aeJ.enious acid (Scheme VI); (2) attack of the . . 

oXidant on the substrata, 35, to give an enol selellite eater. 

~§., e..nd (3) decomposition of 36 to the produ.ot via one of the 

two pathways. Path A involves rearrangement of' ~ to the product 

0.-selenium (II) lteto ester,' 37, a11d then to the product 2§l by 

a 1, 2 elimination~ In path B ~ ·proeeeds directly to the product 

~ by 1,4 elimination. Path A ie essentially the same mechanism 

and intermedia.tef3 already p;roposed for d. ... dione formation. 

(Scheme- 1}4;5• 

----------------------~------··--------------~-----------------' 44. J .J? .Schaefer, J .Am.Ohem •. Soo • §!• 713. ( 1962) 

45. E.tT. Corey and J.P.Schaefer, l•Am.Chem.Soc:. 82, 918 (1960) 
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§qh,qmtl -. V.i 

H 2Se.0:3 + H + :::;;=:::::::=::::: H] SeO~ 

0 
ll 

?-Se-OH 0 0 

O C=CHCH c·F\ ,PATH B,r~:~-·0'-tHC=CH~-o' 
211~- 14 elt'rhl'Ylal-1~ - . ------< 

36 u ' 38 71
_r0 OH ~ ~~~· 

I ~ . ,j) . s. ;r.;-
00/ e 0 . ·~rs- 'if 

0 11 1 11-Q. · v· 
CCHCH2C r._ "-1 

37 

Of the two possibilities, th$ 1,4i elil1lination fVQm the 

enol saleni te e$ter, §.!, 11:3 1:1.~~1¥ since thia intermediate con.• 

tains a ~oubly activated methylene u~it. ~h~ latter atmply ~equir&a 

an enol1zat1:o.tt to give the baJ.f ester of the · dien.ol, 3?, which 

6a.~ deoompo.sa to product ~Via bona mi~ation, the driving fo~ca 

b&ing the reduction of the ~aleniu.nh The possibility of 1,2 

elimination.from the -selenium, .(II) keto eater, !!,1 appears 



" 

* 
. 

-

. u 

leas 11kel7 in view of the. taot that the altemat1ve produ<R o~ 

its· deoomposit1oo., 1,4 di·Phei\Yl - ·1,2,3 tr1oxobutane could u.ot 

. be . deteotect44 • 

36 38 

Moagketoae• · 

. 'fhe k1Aet1o8 ot. deby4_rogenat1on ot an ry,,(3 unsatura1us4· 

ketone were stu_died • l':augbe1n46• He obtidne4 a ~eoond-order 
rate ooaatant tor the 6_1 - debydrogenati.o.u of cortisone 

~ocnate t ~. .to !!.· trom a plot which contained the concentration 

· ot ketone an4 aeleld.tlll dioxide. Langbein piotures a ooUUDOD. inter-

mediate, similar to f!, formed _, _d1reo1i attack ot the oxidant 

H20COCH3 

---OH 

'. 

··19 41 
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on the ~etone, \~lich decomposes to !Qrm all the possible oxidation 
~ . . ~ ; . . _. ' ' . 

prod.uot::h However, for 0( (3 dehydrogenation, he consJ.ders the more 

plausible paiih as one thf).t does not, involve carbon-oJcy"gon bond 

formation aa ~· 

H 
I 

~----~--c~c-
~+ o-c/-1 I H Se- --- - · · · . 

g I 

42 

R 
o=t-c=C- + HSeOH 

I I 

43 

A mechanism' for ·the dehyclrogena.tion o:f a monoketone may 

be proposed, whioh involves either 1,4 elimination from 44 or . . ~ 

1,2 elimination £rom ~ • These intermediates are similar to 

§.§. and §!, bt.1t without a second oarbon.yl g:roup to activate the 

beta. position andt therefore, should be less prone to undergo 

elimination, In ai:l.dition, .!§ is an 0{ -keto selenium (II} ester 

Similar to §_, which has b~en prcoposed aa an- ;l.nterm.ediate in ()( -

dione £ormation. 
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.. 20-
H H 

~~~t< 
44 45 

Q::=9==D' 

\56 } J 
Jl 

t>.l H-o-:- · f'-, 
H H 

46 ,...--

Another ~pa·th1 w:tdoh circumvents the dif£1ault"J inherent 

ili !it would be ·direct att&olt · on. the ally lie pos1~ion in the 

euol1 ~' by aelenit.tm dio;x;ide to· remO\re J1Ydride ion. The preference 

is for the loss of 0-1 ~drogen since 0•1 ~drogen would require 

the oxidant to attack from the moat hindered side due to the 0-19 

methyl group • 

'«Jw do some monoltet,ones give G( -diones and others c:X, r 
tmsa.t~ated keton~s rema:i..n unanswered. Tb.ia is assutrH~d to ·be due 

partially to solvent ef'feo't~ Tertiary a.loohola are n.oma.llu ueed 

ta carry ou.t the dehydrogenation rea.ction42 , but the r.eaction 

be .pn t-~ .a._ t4 id47 • "- • '"a do 48 . can . e.~...Lec ~~. ;w.a. aoe 1.0 ao. OJ!' m aromn~.~J..c ao.r.vGn:bs • 

. 9. 

48. H,.J. Ringold~ G.Rose,nkranz. and F.Sendheimer, i£:.0r&.Ch~l.!!.·, 

. ~- 239 (1056) 
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C\ -Diones are generally prodtlced using ethyl alcohol or dioxane49 • 

The natttrJ! of the solvent effect;, ha.s, nmvever, not be~nt elucidated. 

fAanich
50 

described ,the o:zcidation_ of a dispiro f3 -diketone, 

iZ,, ·.;;ith bydrogan peroxida in acatic acid solation to give ot, o<. 

I I 
0(.; eX t bis(tetrametbylene) adipic acid; ~··· It was _no'tt-

establiehad whether the oxidis_ing agent was hydrogen peroxide or 

peroxyacetic acid; the latter• of eou;rae, might b~ expected from 

re~otion of the peroxide wi tb. acetic acid• 

·cy 
-COOH 

"(J. 
COOH 

47 48 

49. c .c .I-Ia.oh, c. V ~Banks ar-~.d H.Diehl; ·Orsa.nic Synth~, Ooll. Volm. 

4, ~iiley, p 229 (l9GS) 

50. a. Mrul.tlich, &r., 74, 1007 (1941) 

' : 
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51 . 
Payn~ - studied o.xiQ.ation of several 2-acylcyclo hexanones., 

, . 
49, ·with hydrogen pe~oxide, in tart-butyl alcollolJ sol~tion at -
reflux. The reaction was found to proceed faster~ in pres~nce of a 

trace of sulphuric aci~. 

/ 

~fOOH 
r. -~ + 

50' 

~H 
51 

Having achi~ved a rather facile oxidative ring qontraction 

of a six membered ring to five,_ it was of interest to determine 

whether ring contractioh of five membered ring to a foUl' might 

be achieved. To this end, 2-acetyl cyclo pen.tanone Q.g,, was 

oxidised in the usual way. An. unoatalysed reaction was complete 

in sixteen hours at reflux to give ct-methyl adipic· acid~ ~ 

in 93% yield. No eVidence was obtained for the presence of even 

a trace of cyclobu,tane carboxylic acid. 

51. G,B~ Payne, #...2.m• Cham. 4793 (1961) 



52 COOH 
( ~OOH 
~H3 
53 

oo ,.. ·r fl!h.e reaetion was proposed · to proceed uy ws.v o intermod:Latee 

§! ana ~- nl order to ~ocount for th$ two product~, the break-
. . ' . 0 

down of ~was postulated by either of the foll~~ing ~a shown 

in SchamG • VII. 

Sch 5llle • VII . ~~..__ __ 

54 - 55 56' 

HOe-:-0~ ;OH . (' c, 
-.....__x "R 

56 

~.OOH v. + R-.CQOH 

57 

·~03\ 
~ ;OH 

)----~ 

~\R· " ~OOH 
R 

56 58 
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It ~uaa found tt'lat \~hile 2;4 ·pentadione (acetyl aoet~u·u!) 

did. not under_go nn oxidat:t~e. ra~angement under aittt1lar condi .... 

ttone ot react~ton 3,3 dimethyl 2t4 pentad:Lon,e, 5f~b behaved 

diffe~entlY giviitg piv&!lio aoidt !!Q., in 7~ y.ield. The euooees 

uchieved ~-lith fil: ia believed to be a <:.Ons$qttencft! ot oa,rbtmitttl 

ion. sta.bilizatton. by the gerJ.-dim~thyl groups during breakdown. 

.'of the oyolic pero~d.dea (Scheme • VIII) .. 

Schem! _. VIU.· 
.:¥Mh:;: .. ; .. lf ........ 

0 \ 0 
I I ~ I 1 C H - C-· C C H-.:.~- C -C H 

3 ~ 3 
59 2. 

~ 1-1:)
3 

C -COOH 

+ 60 

CH3 COOH 
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\ 

l.'lo isobutyric a,cid, wa£3 ide.o.tified as prodact from the Oxidation 

of the monomethyl compound, 3•methyl 214 pentanediona• It waa 

concluded, therefore, tht\t one alkyl subati tuent does n.ot provide 

sufficient ·carbonium ion stabilization to allow the re~ran..gement 

to proceed in the $Cyclic s~ries. 
52,55 

Vin:ogradova et al · had showu that 2--forr~Wl cyolopenta:-

nene 61·, and 2•f'ormyl .cyclohex:anone, 2&• on treatment with 

aqueous hydrogen peroxide undergo unusual oxidation cleavage to 
' 

produce dioarbo.xylic acid con.tsilling the aame number. of carbon 

atoms :i,n the starting oom:pound• It wa.s also established that the 

cleavage of.' the six membe:r:-ed ketone completes with .ring oontrao• 
' ' 

tion to form cyolopentane QnrboJt.Vlio acid• 

'&Ho H202 
HOOC (cH0lOOH 

61 

COOH 
HO H2.02. 

HOOC (cH2)
5 

COOH + 6 
62 

· 52. L.:P-. Vino~dova and s.I.3e.via.lOVt Iz~. ,ll.oad. Ne;Uk SSR1 

?td., OhiJ.!•. Nauk 1717 (1960) 

53. L8P.Vinogradova. and S.I.Ba.via.lov; Zh. Obach. flhi.m•t §.2.t 

4110 (1960) 
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~he mechanism of the reaction wae considered to be the . . - . ' ' . 

rearrat?-sement of the correspondj,ng ·pero.r..ides in_ tv10 possible , · 

d.i~eotiona .as di$oussed under Soh~me-VII.~ .. 

Corey et a154: made tho surpri~~ng die cover.~,"_ that th~. 3(d , 
11 o{ -dih.Vdroxy- .6.

12-pe?.ntacyolic ·tl;'!terpenoid.B, .§!, on ~reatment . . . ' . 

in methylene· chloride witb a solution of .3Q% hyd~ogen pero~ide 
. ' ' ' ' .. 

and P-toluene sulfonic ac~d in tert-butan.ol forma an epoxide, the 

llCA , 12 (){ epo::d.de and undergoes a slteletal rearrangement by 

014 ~ o13 methyl migl"ation and ehi.ft of the double bond, §!• 

'I , 

63. 64 

54~ I. Agata., l'hJ. Corey, A .• G. Hortnan, J. Khim~t s.l?roskow and 

J.J~p-raprung, {! Org. Cham. ~-- 1698 (1965) 



Another: ex:glmple of in·tereat 1.s tho action of hydrogen. 

peroxide on triterpenoida o~ntaining a ~wdroxymf;lthylen~ ltetone 

· fu.nctiorh .It ha.:a be~n.. observed that in absenoe of (3 , Y unsatura­

tion and eapaciall7 in alkaline media oxidative cleavage occurs 

producing 213 seco-a.cids .. ~hua., t~e ketone,. ~' {!fA.Ve exclusively 

the diacid, §_2, chamoter.l.se<l _as the ester, §!, whioh was also 

obtained from §!! by catalytic hydrogenation.-

HO' 
I 

HC~ 

65 

68 

66 R=H 
67 R~Me 



__J._,. 

' ~ 

It has been found that in 'the presence of f3,Y uneatu.ration, 

ring contraction ocou.rs 111 · ~hu.s,_. hydl!oxyrru)thylene anhydrodihy:dro 
. . . 65 ' .&+ 

li tsomentone, .§! undergoes a rea:rrangement i:n PI'9~en.ce o"' 

hydrogen· :peroxide in alkal~!'la media. producing ZS!• · 

HOOC{t} 
} .. +:?.o 

69 · H-COOH 
: ; ·~ 

,• ·~.-

Reactions involvi~ gy;drq&ln !§l.'OX'-d.e and, Saleniym Dioxide. 

:tt trana,pires from discussion~ '-n the preaeeding sections 

that ael~nium. dioxide and 1:\vdrogen peroxide have separately found 

wide appl:toat:i.on.. Not too many reactions uaing hydrogen pe;roxide 

and selenium dioxide togat~er are, hOW$Ver, known~ The combination 

perhaps found a;p.plication in the oxidation of acrolein to acrylic 
56 ' 57· a.cid for the first time ··~ rn. another obvious)¥ different oaee , 

----------·-------------------------·------···----------------------
4Q_, 786 ( :1. 972) 

56. Ref. 13 of this chapt~r .. 

57. L.Sta.ll and H~Juoher, He1v.Ohim.Aota., 36, 268 (1953) 
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the reagents have been ttaed. :eor .t1.ydro:lcy'l~tiOll of cyolopent~e 

and cyclopentadiene, U.• ~~he C?at~lyst in th.is case is. prol;l~bly 

pers~le~c ao~d. 

H_O~ +- . I 
H 

Oxidation of meteylene groups adjacent to oarbonyl groups with 

stoichiometric quantity Qf selenium d:i.oxide to give o< -diketonea 

or keto aldehydes are well knovvn• Payne et o.1°
3 

while studying 

the reactions of hYdrogen peroxid~ in presance of selenium 

di~ide on oyolopentnnonet cyclohexanone and cyoloheptanone 

anticipated that the cyclic ketones might undergo tne well known 

reaction with Se02 giVing c< -diltetones, with H202 serving merely 

58. G.B.P.ayne and o.w.Smith, J. Or.s• Ohern., gg,, 1680 (3.957) 



\ 

to oJP_diee s~ metal baolt to the dioxide. It was found, howevert 

that. alo11g wi·th. oth~r competing reactions a.12 ·the· three keto1+as 

u:na~rwent o~idat:i.,ve ring contraction to cyoiohexane; oyclopenta~e 

and oyclobu.tane carboxYlic acids in 34, 32 anti 23% yields respec­

tively. 

H202 ~OOH n.:;2 (34I%) 

seo2 ~ 2)n . 
tJ.!:l (32%) 

n-o (23%) 
'- ... 

Since the discovery that a mixture of Se02 and HfP2 tr.ana­

forn1S alicyclic ketonea to ring contracted oycl.oalltane carboxylic 

acidt the rearrangement \las extended to acyclic Qnd allcylphenyl 

ketones by Sonoda. et a159
it In. t~~ ~o 1\vdroJey"late olefine; Z2,, 

. . 

with hydrogen p0ro.x:ida in the presence of Selerdl.ll'l1 dioxide as 

catalyst and· by- using a. miXed solvent of tert-bli.tyl alcohol and 

a katone 1 it was found u.r the workers that the oxidation of 

ltetone. used. as solvent. prooeed.ed mainly to form oarboxglio 

acid ·by tha fol1ow1ng equation; 



R- OH · · 2>·0 -~ ·Ol 
R' 

73 -

-31-

Acetonet methyl ethyl lt~one; methyl n•prQpy1 ~eton~ and d;iethyl 

ketone w~re eeleoted as starting ma:terialfh Tile main rt)QI'ra).')ge­

men,t observed is due to the raigration of the alley-1 group ha.Ving 

a. smaller number of. car}.)on atom$ to the c< .o.oarbon atom of the 

iarger allcyl group and the migration of the alkyl group with a 
. ' : . ' 

··larger number .o£ carbon atoms to the sna11er one also ocou.~s in 

some degree~ The wol'kerr$ shared the View of Hughes ·and hlfart1n6° 

who proposed the formation of pero~selanious acid, ~' in the 

course of the Oxidation of aelen.iu.m di()xide to se.lanic aoitl as 

shown below: 

74 -
fhe f.ollowlng meolla.niam as ahown in Scheme - IX was· presumed 

by thta w om era. 

00. F.J.· Hughes and D•S• Martin, Jr •• J•PllttB• Chem,•; §2. 

410 (1955) 
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R-CH 2-· c= 0 

~I 
PATH bl HOOSe02H 

Set· 

o/ ""'o 
~ 6 

R-tH·-· 6:__oH· 
I R; 

Scheme - tx· 

PATH a 
R -CH= C -. OH 

' ~I 

1 HOOC se021-I 

/0"" 
- H2 Se.03 . R-CH~ C -·oH 

X . I 
.. · H '0~ · R/ · 

0+ /· . R' 
6'--- H+ · 0 

R-CH-C-OH - R-tH-C: 
~~ ~oH 

The reaction we-e also applied to several· keto steroids. 

With 5 c\ -cholestar:t-3-one ,. 75t a mixture of acid was obtained61 • 

The acids. after esterification were separated and characterised 

a:s 1& and TL • :Che yields ware 25~~· and 19.5% respeotivel;r. 

75 

I 
I 
I 

H 
~76 

/, 

RiOOC H 
77·. a) R=GH3 

.b) R=H 

-------------------------~-------------------~~--------

G2'iJ )?; ~" O~P.i •·- ~.·? ·Sh~ ;>rt~n ~!1~ Si 4;>u" :n8:l.8.Bl1bt>r:oo@.nyat'l~. 12~~~~~~t;t,c:lE.2ll-. 
DrJ.; 1.9'71 t~or-;.tl,)· 0· · 
~ 11' - - ' .• ., ·:., --·.; , .· 
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c~ap:L et a.l62 studied the reaction for ·etexroidal 5-ketonee of 60( 

e~na 5~ eel'iee and found that the major. l'$lctton waa not ring 

contraction but Ba-eyer"""Villiger O.'ldf1at1on •. 

~he cOIJipound \'dtb. A/B t:r:ana junction, 17 f'•aaetoJ!i3•5 -eX 

andro~l·t:all""'3•one, 7QJ.\t gave ·a laot~one, -79 ana t\90 oarbo~ltc Qo1t'ls, 

f!2 and ~l .. • She ~!dation of 17 (3 •acetoJIV-5 (3 -androotan•Q.,.OA.et '{~At 

gaJe th.a la~tOllO, !11 aa a. ~1,ngle product• 

H.OH2.C 
HOOC 

. '' 

80 

oAc 

8"2 

79 

? 
=c 

OAc 



" . ~ 

Hara. ~t a163 ~ ho;leV$r, had shown. that perbari~oic acid 

o~-cidation of .5 a and· 5~ -3-ketonea y~elded mixture of laotonea 

··w:t th an oJcy"gen atom inserted :J.n e·ithar side of the 3-oxo group • 

~'lith the eo~111only used peracida it woald seen that the reaction· 

·. i~A ~ i .&. 64 f'l i t 162 proceeds in a. rather . Jll;),iacr;z.m naue mann.or • vaep e a 

employed nearly neut~l. oondi tion and oonolud.ed that the direction 

of attack v1a.s more $nbstra.te deparulent, and hence led to the 

formation ma.inly of single eompo\Uld• lfo:tt example, fo:r;- 1../B trans 

junction thEJ 2,3 bond and for A/a cia junction the 3, 4 bonds are 
. . . . . ~ 

olaaved •. In their succaedi.ng. experiment Oaar~i et al obsei'Ved 

that no directional influence of ring A/B junction on.the course 

of the reaction occurs. 

Jerussi at a166 studied the SS\.me re~ction on 17 (3 -acetoJW 

-5 ct •chole~ta.n-3-one and reporte.d formation of the products which 

were· different frolll thos~ preVi-ously pu.blishen67 •68 
o They oa~ried 

out the reaoti()n. of 83, with selenic acid and S0,7G H2o2 in tart• 
' butyl alcohol and the reaction yielded tt ct'lnpl.ex mixture of acida • 

Estaritication of the orud.e product with diazomethane folloaed 

b.y chrOlilatogra;phy and several times crystallisation yielded 2 0( - · 

------~·--~--·-JJ-J&-·~~-----·--------------------~----~--------· ~~0---------
63, s.Hara, 1~. _WLatsunOt? and 111., Tekenchit Uhem. and Ind., 2086(1962) 

6~. V.Prelog• L•Ru,zicka, P•t•1eiater and P•VIieland, Helv. ,0him.Aeta., 

~' 618 (1945); m. 1~1 (1945) 

65·. E. Oaapi, Y •Shimizu and S.N .. 1:Jalasubramaeyam, Tc::rtrahedr,qn . 

gg_, 1271 ·(1964) 

66. H.M .. Hellma.n ru1d R~A.Jerussi·; Tetrahedron, ,gQ, 741 (1964) 

67., c. Biellmann. and ~.Baji~~ .Su,ll.Soc .• Obi.m. Fr. 5 441 (1962), 
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1) 

carbcmathoxy-A,...nor-5 cx.-cholesta.ue, ~it1~,·- and 2,3-aeoo~t)o\ ~holestan.e. 
' CU1-v--l 

. 2t3 dioate; ~,.( 86CH compound §.2 was, however, not found• 

7 
I 

·I 
f· 

·r I\ . 
l 

I 

. · ROOC ·~ 
86 
a R=CH3 
6 R. H 

, ~~ 

fUCOOC"--~-~ 
·~ 

HOOC 
HOOC· 

I~ 
87 

84 

a R . CH3 
bR=H· 

Hanoe isolation of 86fi, the epimar of, 85, led Jeru.asi et a.1 

questioning the evidence as to the identity or the compound 82 
givep. by the French workemfl?. Hov;ever, £or §§.1 the m •. p. 51° 

and rotation. C*rA D J + li.o \'iere between thoee reportea69 tor 
0 ~ 0 ' 0 . 

861 m.p. 46-46 , t- ~D J +1 , and for ~"t~t m.p. 60-63 , Co< D J 
+ 19°. Therefore, it was thotteilt that tha product assigned 

------·-----------------------------"-·~------------------ ·-
68. E. Caapi and S .N .-B!:t.lasubra.manyam, Tat. Lett.,. 1,g,, 745 (1963) 

69. D•E~Evans, A.G .• De Pa.u1et, O • .W" Shoppae and F. \iinterritz, 

~~qern.soc., 1~?1 (1957) 



stru.otUI'~ §.§. by ·tnem67 may, a.ctual~y be ~7-G. reported l.w Je~®s:t.66 • 
A mechanism had b.eel1 proposed by Sonoda ar:J..d irsutsumi for 

the rearrangement of deoJcybenzo:tn69 in whioh a pero;gy~.elei:lious 
enol ester, B8, wae -poatula.:t;ed as ari intermecliateQ This then 

unde~goes intramolecular epoxide.tion to givEi .the enol epoxide, 
' 

§f!, which rearrang~s as shown to 8ive diphenyl ~cetie acid; g_q., 
Opening of the epoxide, 89 .t in the m~umer proposed appeaxas unlikely 

in view· of the course o;r · epoxide rea.. at ions in the· acidic soiu.tion 71 .-

HO"- ~H 
. se.. . . 
q·~ 

I 0 0-0-H 

. "c ~-l.). 
I \ 

Ph Ph 

88 

0 
\\ 

HC>--C--CH 

90 

- ..... g ........... __. _ _..._......_ ____ 11 -·-· -· ----------~~-«- .- ......... -· 
7o. N.son.od.a and s~Teu.tau.mi, J?.!A!l• (.ihem .sq.~.JannQt :;?,!, 100(:) (1961) 

71 •. R.:E.Parker and, lt.s.Isaaca, O.hem.Iiova., 59:, ~37 (1959) 



Scheme - X eumma.rizes the m.echa.rdsm proposed by Jeru.eai 

et al Go • All exampl~s of O:.tidat1;~ rearrangeme~t of. ketone a . using 
. . 

H2o2 and selenic ncit1 or Se02 have involved enolised ketone., Non-
.. ' ' 

83 
HO. 

91 -

94 

87b 
84 



enolizable ketones' eval'l tho~e having (}.. •bydroge;n. e,toms .fs,il to 

g:i.:ve the l--~.r.rtion72'. Hence, it 1.s· plaus:lbl~ to aa~me tha.t ~~Jith 
f3teroid. ketones a:i.so enolisa.t~on:ar enol eater formation :is Ql'l. 

essentlal step~ An enol a~lenits es.ter~ which rearranges to: Qll 

ol•keto selenium ester, .hae been p:vopo~aa bY Corey anti Schaefer 

aa an intermediate in. the selenious' acid oadatiQn of deao;gy.,.. 
73 

benzoin· • 

Renee, hare the fi~et step involves the int~raotion ot 
~ 

ketone with salen:Lc acid to give an o<..,;.kato aelenite eetar, 91; 

Attack by H202 on the ca.xobQn.yl groU,p Of 21:. gives aa~ c/.. •su.bstituted 

hydroxy eydroperocxide euoh as 92 l'l.t\ve been :tsola.ted ey Kha.ra.sc'l.\ 

and soano.v~:ey-74 by tre~tm.snt Vli th ct. -bromo and 0( ~chlorocyolo ... 
hexane with H202• In. the absence of a bul:ky o< ~group only ·a1mer 

is i~;~ola;~aa~ G<yoliaatio~l of ~ gi'V'es "t;he peroxide 2!:r which 
., 

r$arrangea aa indic.a~ea to g:l:ve p~odqot f3..i•' A eycl'-o peroxid.e he .. a 

~en propoaad by. Pa,yne"~5 to ~ecount . f~r the £ormation· of ·cyolo­

pentane carboxylic acid .fr~ 2•ac~tylcyolohexanone and bfa~g~n 

peroxide. f1.1t. can alao go to the diketone,, 2,tt wAioh can .be oxidiaed 

by ~02 to 2,3 aeoo acid ~?b• 

,..... UJ 

72. R•A•J~:russi, Ph~D.- Dies., i~.Y • Univ. '(:$..9&) 

'13., Ref·• 43 of this· onaptor• 
: ', " 

74. M.fhKh.ara.scb. am G,.soanovsky; iJ:jOVg•Ot_lel[l•• g§., 1322 (1958) 

75. G.:a.l?a.yne, st,.qr.e;,!.O.hfm•• ~·· 4793 (196i) 
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CHA1? TER ·;,. .±I -· -
Section A 
~._.. .... ,, ... 

. . '':_";· 

1hi$ chapter .deals with th~ oxidation ot. l:u.pa.non\9,. tara• 
' - . ~ . . . . . . ' ' . 

xero.ne ann friedalin by .pydro~en pa_roxide in the' PI~esen9e 0~ ' 
' . ' . . . \ ' 

selenium dioxide• 2he reaction results. in the conversion of rtng 

A of the t:riterpenoids con:ta.in~ .a gem dimethy 1 gro~p alpha to 

carbonyl group ili ring A. into lacton~s by elimination o£ th$ gem 

dimethyl group i4 ~he first two ca.sea while in the last. case, a 

oompotmd with a single methyl gl'oup :!n the same po~ition, fo:anation 

of a. lactone restllts v1ithou.t elimination o:r a. methyl grou.p. The 

.. lactones o}>tainGd by. llliminution. of gem dimethyl group may be 

co~verted to 4 4 -3-one system, ohaJ,-aoter).etio of .man.v physio­

logically :i.mportant eteroids~ Diff~rent a:ttempte have been made 

on this problern76 .... 
79

• !rh¢ importance of the worlc .lfes in the fao~ 

76. t·i ,voeer, lhE.Reueaer and t.Ru~icka, Helv. Chim. AetG••· 

.. §!, 830 (1952) 

77. \i. Voaer, H•Heusser, o. Jeger and r..auzicka, H.el~~,"_ .. ohim. A;cta., 

~~ 299 ( l,953) 

78~ D.H.R. Barton, D • .a.J~ Ires and B·R~ T~omae, J.Oham.Soc4t, 

903 (1954) 

'19. 1?. Crabbe, G. Ourisson and I. Takahashi; Tetrahedron, 

~' 279 (1958) 
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that l'ltil.tura.lly occurring ateroid;a· lack aubstituen.ts at the 0-4 

position, .but th$ir biogeu~tic preo~so~a usually posaeas Q 4.4 

· d.1methy1.su.bstituted A-rtng80 • It ia poseibl~, in pr;h,J.Oi.p~a, to 

obtain a V&U.'iet~ of new snd potantiQJ.ly useful aterOide ·tv· deletion 
' 

o:r the 4,4 dimethyl au.batituenta t~om th~ readily avail£tble tetra• 

oyalio tritexopeneejt It would, therefo~e, be :relevant to diseuse 

'some previous works clone on bia demathyla,tion reactions u.eing 

ili.f'ferent re9.genta. 

Re'View o£ gome i;_P.lROrtant1 v;ot:lt~ on bia dem<?J.t~YlBtio!l•· 

The ~emwe.l. ot 4;4 d:tmethy'l aubstituenta £tom. the ring A 

·of the t.etr~oycJ.1c tri:terpen.es was an important atep of 'the 

classio proaedu.re81 for ta;rpen$ st$roid transfo:nnation;. 

for exampl.et f·Or ·prepal'atio.n of 1<t ...ometbyl steroitla82. Th~ 

remo'Val ot the 4.t4 dimethyl sul;tstituents from the ring A of the 

tetracyol:iQ triterpenes mq bet aone .follow1.ng a. bioeynt~atio t:ype· 

sequential elimination of 30 and 3:L~rnetbyl ~oaps or by removing 

either 30 or 31 methyl gl':oup and tnen the o-a oarbon atom or by' 

removing th$ isopropyl group followed by readdition of' 'a carbon 

atom as accomplished by Voae~ et a1~7 (Scheme X~ ~d 4II)~ 

8.0. G. _()~ial3on, I!,. Orabbe and o. Rodig, "Tetraoyclic Tarpenea", 

E. Lederer, Ed.,· Hola~n-na;v, San Prattoitaco, Ca.liforni~. 

81. G.R. Pettit a.nd l?• Ho.far; Helv •. _o~. Jtot_s., 461 2142 (1963) 

82. <t.R. l?attit and P• !lofer, J. 0-hem..,soo., 4439 (1963) 
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The key etep in. the Voae~ mGthod ior the ell.miua.tton of the 4,4 

dimethyl gr.-oups u.tiliaea a. 113 \1agner-Maarij'H)in rearrangement to 

transi'or~ the 3 (3 •hydroxy-4•4 dimethyl syat~m into an isopropyli­

dine group (f!§. to n) • Ste,reoeleotronic reqUirement malte it 

imperative that the ~1--bydroxy group has a ~~configuration ao 

that the c~o ~ond is trans to the approaching 4,5 bond; otherwise, 

olefine :resulting from h,ydrogen awl methyl migrations are obtained 

(1,21~amatkin raarrangemen,t). When 1:1 mole rati() of phosphat"~ 

pentachloride to triterpene alcohol 96 was allowed to react 

(ice ba-th temperature' 1 hr., in bensene-tolu.en~) J only a 10% ' 

conversion of alcohol to olefin 97 occurred whereas with a 2ll 
- . ' . - -

mole rotiO):, 100~ aon~ers:ton WU.$ realisa(l• 

Cleavage o£ the isop~opylidine group by· o~one (~ to ~) 
intro..'luced a 3-oxo-group adjacent to the 5 C( ·-hydrogen. Tll~, posi­

tive cotton ef.faat curve obs~rved for ketone, Qg, tm.equivocally 

established th~ 5 Jj-configuration~ 
.. , ' 

li method for Bdeyet'-Villiger oxidation. of· b:~rtone ~ to 
lactone' . 9&', was n~t l"ea.liaed wing m-ohlo~obenzoic ·acid' but 

was easily effectei by pertri£lu.roacetiQ Qcid83• As Bt\eyer• 

\ . 
\ 

. . 

Villiger ·oxidation is well-known ~o proceed with l~tention of 

co.nfigu-rat.:ton (of the migl'lELting group) th~ Jil.ctone woUld be. 

~xpected to ba::t.r cia A/D ring ;junctions. l?Z'olonged contact with 

\ 



.. 

or03 in concentrated $ulphuric acid. or with exo:eas of a·one$ 

reagent in acetone was found moat effective ··for transforming 

lactone, 99• directly to keto acid, lQ.Q.. 

Enol lactone, 101, was obtained. by 'brief eOJ:ltact of lteto-

aoid., t,Ofl., with acet~c anhyd;ide~pe.J1ehloric acid. reage.nt84• ~he 

enol formed the correspotJ.ding ~star in rriethaxiol containing a trace 

, of pyridine • 1 ,5 diket one, 102fi and 102b · vvas formed in good 

yield. an a1ow addition of methy-l or ethyl Grigna.rd reagent res• 

peoti vely to an ice ... cold solution of enol-lactone 1:~1;• 

The unique loss (in 65% yield) of a 31-methyl group was 
1 

observed when perbenzoio acid promoted Baeyer-Villiger wtidation 

of S...oxo-4, 4 diln.eteyl 5ot -oho~eatane waa explored in the presen.ge 

of mineral acid85 • 

. A 3 il molal~ ratiQ of m-chloroperbenzQic acid to 3•0xo-5C\ -._,. 

lan.oatane, !Q!, in presentee of 20/~ sulphuric acid wa.s found to . . . 

yield 297h o£ 3-oxo""'4-oxa. .... 4aoi. • 14o<.dimethy~f--A-hamo:-5D{ -cholestane, 

106. Prolonged contact of lactone; .J.q,~, with Jones reagent in 

acetone gave keto acid ;&;0,~ in good yieldt thereby d~monstJ?atillg 

the utility of this oxidising a,vatem for direct cQnversion of 

----------~·------------------~------~------------------------. . 
84. B.E-. Edwards and P. Naras:tma l~o; J.-O~g.-Chem., ~' 324 (1966) 

~ . . . . . . . 
85. J .s •. :m. Ho1ltar, YhR. Jonas and P.J • Ramn., Chem. Oommun., 

' 
435 (1965) 



laotones to keto.-acida. The double bond in the enol .... la.ctone t 

,!Q!, was demonst:ro,.ted by the pair of doubletf3 in .a 1n .Nli!R 

spectrum at c5 5.0 and 4.6. 

A very efficient among the. published 4,4 bia damethylation 
66 ° 

procedure utilised the second order Beckman oxime cleavage 

(fl .. om 6 ex H-lanoatan"'!"3-one)··. giving the corresponding 4-en-3-one, 

110, in et&!-t steps in 25% yield• The ~cheme is -based on the 

use o£ tho 3,4-seooe3-nitrile, 111,, as the starting matertal 

rather than the corresponding 6 8 carb~lic a~id, which was 

used ill parallel wor~ aimed partiallY at mono demet~lation of 

4-,4 dimethyt staroideP'1• 

Ill 

113 

~~------~----------~------------------------··-----~-·--------
86oD.N .. Shoppea, .r~·•w .Hughes, .R.E~ Lack and J.!r. Pinhey; .!!•Chem .. Soc. 

g;'t443 (1fJ70) 

87 ., .. R. Ka.:iiautms. J.T. J?inhey~ J,J.H. Simes ~1.d ~l'i. watson, 

£h~m. Oommqa. 945 (1969) 
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'l!b.a tnabt features of the route ware ·the oonversiOtl o:t: the 5,4 aario• 

3-nitrilet 111t into tbe methyl kG.tO~~t ~;U by reaction Wit!\ 

Grignard reagent and ·degtadation of the s~isoprop~nrl gr~p to a 
- . . . . . . . 76,78,81;82 . 

oa:t'bOl\Yl g~oup to yield the diketone U.~• tmcwn,t - .·· tQ 

o£ mflX13" ate.ro1.4. system•: The {\ttempt to u.ae the · aequ~no~ o;t reaction 

on comp()unds ~ofl.taining. nu 8 19 9,ou.ble bond failed; conditions fo~ 

seleoti ve oxida:tion of th.~ 4. (30) dou:ble bond in the 8 3,4 

aeco .llitri.J.e could not be. found• !fhe S 3,·4 seo~·-n.ttrile 
,the pr~para:tion of which bad be\;ln brtefll' raportE)daa,a9 was' 

., . · · · · .. · · ··go 91 
formed lW' flbnormal ttseoond order" Beckman cleavage. ' · .in about 

~ • i c ! • ~ • ' ~ 

G01~ yield £rom 3-by~ro~tmin.o-5 · .... J.nno~t-8-ane92 ~ .. 
DllriM an investigation in.to the oxidation <):£' 4,4, <limethyl­

~-oxoate~oids and ~l~t~a,- compounds .wi ~h :pefuJWa~ia.' .it was found93 

that tl'ea.tment· of 4, 4 dimethyl o~olf.latan-3-one; 1lfr• with m .... 
ehlorob~oic acid OJ." parbenzoio a.oid in tlte: pr~aaho.~ ()£ mine;r:al 

. . 
acid gave a product ( 65%) ~den tical with 4it -metbYl-4ii!>O~Q.-A..., 

88.; G. QUiUlte:t"t. tul.d Ht~G~. ijeine, Tat• Lett., 1659 (1963.} 

<S9. G~?· Moss and s.A. Nicolaid~e, .oh~m. com.me• 1072 (196.9) 

90• o.w. $hoppee, R.E. Lack and s.xc. Roy 1. f!•PhaphSSS.•• 3767(1963) 

91. c.w. Shoppee and S.K.RQy1 i~Ohem.soc. • 3't14 (19Ga) 

92:• L. Ru.~a:lckat 1\• Dens~ atld O. J$ger, B;a~V:e,qhim._ac;b~.:.t 

~· 759 (1945) 

93. &~H. Wh1ttanit .J. Cham. f!,O.S,.~; 202.6 (196()) 
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, . ' . ~ 

hqnocholeatan•3 ... ol1,a ~· 1.1.!• !i!~i_s appal'ently ~ique ~oee of a. mattcy-1 . 
. ' 

grou.p in a :Saeyar-ViJ.liger oxidation m.ert t~d a car~fttl inveE3ti-
.. ' . i • ' . " . : •· 

gation of _the reaction• · 

114 Rl, : R2 ::: Me 

115 R1 =· n·, Rg' =· 1\te 

116 R1 or· R2 ~ Ma·. 

R2 ~:rJ R1 i: 0110 

. ' .. · 

' ·_ .. ' 
122 ~1 : filsj Rg ::' OHO 

. ~ . 

12$ R1 =. H; .·R2. = OHO . 

124: R{ :. ~~ u2 :· 0'0ali 
. ; .: . .; 

~ ; r 

" . 

··~ 

117 . R3. • H; R2 : Me 
. . ' 

118 'R1 = R2 : Me _ 

· 119 R1 .. · M'e; It2 . ::; H . 

,·~ 

~~ 

·. 

12J ·.' 

'. 
'' 

: 'i . ,. 



Irt the absence of mineral ,acidt Oitidation ot 4;4 dimethyl. 

~hoiest~~~-on~, ~1, with m-chloroparb$nzoic aci~ gave th~ 
'. . . ' . . 94 -

product 4a1 4a dimethyl 4-oxa.-A-i-homo cholestan-3""'one JJ§..• 

. i :Hence, at the outset it saemoa: ~ikaly that tnis might be ru.1 iQ.ter-

.-i 
/ 1/ 

'II I 
'/ I 

. -

mediate in the original X'OOCtiono l!'urthermoreo trea:tmet+t of 

dimethyl lactone, ~,--with 101b , aulphttrio acid or }Wdl'OChlortQ 

r acid ·1.n a.oet;i.c aoid ur.tiier ·oori.ditiOllS Of acidity similar to i;hoee / /: 

~sea in the original Q~aation gave in high yield 4-methyl-4-

rnethylene-3; 4 seco-cholestan-3~oic ~oid, 100, ident~cal "~i th th<! 

product obtained b.f pyrolysis o£ th~ dimethyl laatones, 118• 

Sine$ oX'idation o£ either the dimethyl la(:tone :Ui or th.e unsatu­

rated acid, 120 .. , under the conditions ·of th~ original acid..;. 

catalyzed ·oxidation of 414, gave monomethsrl laoto-~e 117., in 

similar yields to that o£ the. origimll reaction, compound !!§., 

and 100, ai•e probably intermediates in the'• reaction sequence. \~hen 

th~ epo.Jti-acid '121 reaoted with acid in the prase~oe Qf air t the 

monomethyl laotonei. :tit Wf:\0' obtained as a major _produ.et together 

\'IJ':i.th reduced amounts of thE? 4c< -m~thyl ketoll.'e 115 and the acid 

miXture , 123. The lactone, 117, was formed liltel3 through aerial 

oxidation of the· oxoac:id ~ to the peroq-a.cid, 121, a well­

known tYPe of a.u:toxid.at1on95 
t ,.fol.iowed h.Y'. thiS peroxy aoltd on thtl 

94-. D~ Rooantluil, A.o.- Niedermeyer and. J. Fried, J. Org. Chern. 

301 510 '(l9al) 

95. T.A. feurney, '"Ondation Uechanismn, :Sqttarworthat London, 

1965, P~- 171. 
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4G{ -methyl ketone~ ~,, 'IV was; th~retor~. proposed "that in the 

original acid-catalyzed ~ayer-V'illiger oxidation. ths probable 

aequenoe O:f the raac.tiori :Lntermediat~ ae (scheme-XIII) followaa 

ROfc;t 
H ·. 

Scheme - :UU 

··~ 

--~) 0 
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Bachhawat et a196 reported epa-oxidation and; t~~~ 
h3r<1r0xylation of olefins with 0 - aulphoperbet130ic a.cid prepared 

by reaction betw~f.!Jn. G-su.lphobanzoj.Q anhydride (l,O mo)..e) and 

hydrogen peroxide {30%; 1·3 mole) in acetonQ solution. a.t •4P 
to oo ·• Baeyer-V:J,.lliger oxidation of cyclic ketones was ~epox·ted 

by the authors w;i th the r~agent, ~t Ha.e&97 did not find the 

reagent to rea.ot with katonee of lupane and choleata.ne ser~a~ 

&.a~PB reported a oasa ·Qf' :e:;,:hauative Baeyer-Villiger 

oxidatio11· of the penta oyclio trit~tapene, allo-betulone, 1;26, 

giving, :va!!_, in 50% yield• 

127 

~ 
129 

+ 

----------~----·------~--~---------------------------------
96. J.M. Bachhawat and N,K-. Mathur; Tet. Let.; 691 (1971) 

97. T. Hase, Qh2,m•, OOl!!m!m•• 755 {1972) 

98. T_. Hasa aild R •. ltuilmtOt Acta• Chem. Soand.,. B32, .§ 11 

467•8 (1976) 



Concerning the .overall rea..otion pathway they were of the opinion 

that normal Baeye:r-V'-lliger produ:ot, 12_7, and its _ri,ng OpOJlad. 

form., 128, vJe~e likely inta;mediates aa they wer0 oxidiQed with 

the p~~acetic aci~~a.Et2o conditions to the same lactone, 

141, a~ discussed earlier in,the cas0 of m-chloroperbeuzoic 

aoid/H2so4 oxidation of 4,4 dimeteyl-3-oxoataroids~ 

A ·survey of literature reva9;led that. various attempts · 

have been made with a view to transforming tnte:rpeno:tds to the· 

structurally related ster<>ids. Such transfo~nntione in:trolve a. 

number of step:::t. The main _·Objective o:~ em.ch processes v;ere to 

eliminate the 0~ gem dimethyl g;ttoupa of tri terpenoida. From the 
I 

above :r;te'View it is evide.nt that pe~: . ..h.cid.s are good r~agen:te in 

·causing exhaustive Baeyer-Villigar oxidations. but there is no 

previous report on the appl~cation of ~drogen peroxide-selenium 

dioxide mixtUl."e in affecting such an oxidation. 

A mixture of hydrogen perox:l.fle-s~lenium dioiide as the 

oxidizing agent wa0 cho~en £or two reasons • Firstly, eydrogen 

pero~tde reacts ae any p~racid it\. presence of aoida causing 

Baeyer-Vil1iger oxidation. Secondly, selenium dio~ide!S acts both 

a.a an oxidizing agent and as a 1Jewie .acid in tlle form Of seleneous 

acid. 

Two ty-pes of triter,penoida were studied: (a.) Lu;panona and 

Taraxerone with gem dimethyl subeti tuents at the C--4· posj. tion, 

and · (b) Priedel:int which oo~taiua o~ o~e ~e~~yl group vioinal 
. . 

to the C-3 oxo g:t;Jo,tp • 
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Qxi.~tion_of 1M»anone 

J•U'.Panone 130,, m.p. 210°~[o{ l D: 1Q •. 2° was refluxed w~th 
/ 

molar proporti-on of hydrogen peroxi<.le and catalytic amount of 

selenium dioxide in tert-buta.n.ol on ·water bath for 35 hou.rs. ':~:he 

completion of the reaction was indicated by the precipi,tation. of 

black selenium metal• Tlle reaction mixtlJ,l:•e ,was. then diluted with. 

water and. the: liber&ted solid ex.t~cr~ed with ether~ T}p.s was 

then separated into neutral and ~cid parts •. 

The acid part shi)Wad two spots on the cbrqm~toplate• In 

order to s_aparate the tvro compQnen.ts ~he total mass. was ~steri ... 

;tied with diazomethane followed qy ch~matograpby on a deactivated 

alumina column. :Petroleum ether .... benzene (4:1)_ eluate gave ·a 

solid designated as 1i1 • The solid t1 was· .crystallised ·thrice 

from chloroform-methanol and showed m.p. 1 74-77°• Elel.'!lenta.l 

analysis showed the moleoul~ formula. as o31H52o:;r• Elution with 

petl"oleum ether - benzene (3;2) afforded solid L2• On crystalli­

sation from chloroform - methanol. mixt~e9 th~ oo!J4lound shrntted 
0 . ' 

m.p._ 116-18 • T~e compoun(l was ena).yaed for o32Rt54o
4

• 

The neutl"al part \Ya.S clwo.matogra.phed on a neutral nlurnina 

column• Elution of the column with petroleum ether - benz~e 

(213) affOrded Solid L3 t Which Or.t., c:eystallise.tion ;from cnlorofozm-
. 0. 

methanol mixture showed m.p. 175-77 ·-· 

In anottiht-Jr eJC.Parimentt when lupnnone was. Q~idised with 

excess amount of ~drogen peroxid~ in presence of selenium · 
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ai<?xide ':tn t'e~~btttanol, 1t af:Corded a. compound, marked aa L4, 
'. ' • . ' '. . ! . ' • 

f!i! the neutral part~ which on crystallisation from oblorofoxm 

..:.-.'methotiOl mu;turs ahowed m.p. 252° • The t:\cld part after e~teri- · 

fica.tion foll01Ned by ohromatograp}W yield.$d a compound whioh was 
. i ~ 

£o~d to be identical 'frl tb. L:a by comparison of their mixed m~p· 

and co• t.l.c. 

All the products obtained !rom tna reactions were further 

vurif1od and sub~eetad to detailed spsctr.al studies tor slucidating 

the structures. 

!Che in:frared ab~~ption spectrum of L1 (Fig. 1) has 

important peak absorptions a.s reoot-ded in. Table - t ~-

~J!.!!le . - .1 

~~ar~d aba~;.~tion peaks ~: !l 1~:_~ 

Position Qf
1

absor_ption 
peak in em-

Intensity 

------·----------------------------------------------------~--1740 

. l434 

11'10 

strong 'C / = 0 stretching 

vibration ot an eater 

gl:OUP• 

medium at~oi'.@ 6 ...0}!3 vibration o:r , the 

eater group • 

~trong •C - Q et~at~bing 

vibr~tion of the ester 

functiorh · 

~------------~---------~------~-----------------------------



y 

I.t is evident that )o a 0 frequency is in the eXpected range of 

1735 to 1740 o~1 • commonly round tor a at.rain. !:cee X'ing. @.rul in 

the steroidal sariee'99 .'I~ is also k11own that i~ared spectra:. 

of esters sl1mv a strong sup· -norting band in the mngE:t of 1150 to '100 . ' • ' ·. 
~ . . 

1280 em •· accompanied by one or several banda of' v~iable 
~1 . . . 

intensity bat1f;een 1:100 to 1300 em • Theaa bands nave been asso-

ciated with var.ious modes ot coupled o - 0 and o - ;a• v.ibretiona 

of the COO:R,) group101 • The band ~t 1434 em -l may be, ~signed to 

6 -0~ vibration of the aster group in L1 • 

The ester for~ulation. of 'L;&, is also foWLd to be tenable 

·· from a oare£u1 eJ::amination of the 60 I'i!Hz 1H IUJR spectrwn of the 

oompou:rid (Fig. 2). The signals tor tJoo various protons and their 
' . 

probable assignments as recorded in Ta.ble - 2 clearly indioate 

the presence of eight methyl. gt.toupe on saturated ¢arbon atoms 

(aix tertiary and one isopropyl, ~ 0.72 to ·1.04 )and one carbo• 

methoxy function • 

........................ ___________ ~,--.~ ....... -----...... --........ --...... --
99. a.w4 Thompson, l?~ Torlt:Lngton, J.Ollem.soc., 640 (1945) 

100. L.J. BellanW • tttnfrar~(). i'lpeatr!.\ ot Complex ]llol~cu.lea",; 

, London, Methu.ent 360-89 {1969) 

101. R•A• Russel,, H.w. Thompson, !!.• Ohern. e soc • , 479 ( 1955) 
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Tabla -. 2 

1rl' 'l~tm aisnals of 11.. ' 

Chemical... Number .of . · .. r~ultiplic~ty. 
ahi.ttb(p:P,tn.). protons of si@l.ale · 

1.04 3 
:J: .• 02 '' 3' 
o.94 3 
0~83 ·a· 
o.ao. 3 
0.72 '3 

0.85 ~ 
0.75 3 

1 

singlet· 
sil\Etlet · 
singlet 

·singlet· 
singlet 
singlat 

d(Jl).ble't 
.;r 7 !a --· 

' ' 
quavtet .. 
~an, ;i= 12 Hz 
Jat:;t::: 6Hz 

. l:$4$lli 1 ' ,,.., 

I 
6-0 ~ OH-3. 

' ,l ' '' ' ' ' 

Oli'2 
HO ----- . "-v 

·~··. 
- q&q 

' ' ... 

; 

0 
II 

0- q- ~· 

------~--~------~~~--~-----~--~-----------------------
( ~ 3~? ,, 3I!t: w. The methina pro1lon. ~ttach~ ·to tlie c:ar§on atOm. 

· bearHig the oarb'om.ethoJcy" · group app~a:i:S in the UJ';1ual region 
( ~ 2.·'17·) aa a." qtmt"fiet· ·(Ja,a ·• 12 He, Jae :6Bz) • Th.e J values . 

indicat'e the protdn to be a.Xi~l With on.e ~ial and another equa­

tor~al neigbbouring protons and hence the carbometnoxy group ie 

equatorial. 



y 

~he structure· of' ~ ia furth~r supported by the tnaS$ 

sp ectal rinalysie o:e" the oom·po~d· .. ( l!'ig~· 3 j • The maas epeotrum 

ahowe chara~teristi¢ pealta at·. mt$~'456· (M +)., 440, 424, 413, 

409,· 396, 381, '3~71 2'14~ 269" 249. 235, .221, 205, 191 and 149~ 
. . 102·103 

·.As in the case o£ typical saturated ·lupane derivativea' , 

1i a~so exhibits peake at. m/e 413 due to lose of isopropyl group 
. :+ . . . . . . 

f'tiom: the mo1eculait ion M • The presenoe Of pealts at m/e 221, 205 

and i91 are probably due to i"ragmants II, IIl e.nd IV respectively., 

II being the ·base peak in this ca.sa ( Scheme~XIV) • The peaks at 

m/e 249 and 235 ar~ due to £omation of f;,a,gftents 'I and VI 1 which 
' . . 

are accompanied by peaks at ~~ 175 and 121 formed ~ fr~nents 

following the loss of a.aetio aoid. gxtou.p f'rom species V and VI. 

!Uhe o·thor fragments !1lay be explained as followss 440 (M+ ..OOH4 ) , 

424 CM+- m:r.3ouJ, 396 CM+.,.. ou3eoonJ, .sa1 C396 - OJ:I3J. 
Itormally; lupane-3•one e$ibits· most abundant f'ragment a,t m/s 

205, the only .fragment oomp~ising ·ring A, wbich correspond~ to 

species I• For compound li1, tR and I~14R f.'3Pectra indicate th* 

preaf#n.oe of ,a, oarbomethoEy group and With the h~lp of mas~;t fragment 

this grou,p can be most sui·tably plaoed at 00!0>2 in ring A• 

102. II. :Budziltit:;:wioz; J~M• \'filson aud Djera.esit !!JA!f!•Chem.soo., 

illi· 3698 ( 1963) 

103., Is. Ogun.koya_;, JLJ;vtoc.llamist~z; @.Q,; 3-21 (1981) 
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y 

·MeO·c··· . ! 

130 

_j: 

_} 

~cheme - XIl, 

t-
li_C 

~- # 

· ]: ~/e 221 J[ 4e20~ 

, jf_. :W..fe. 249 

I -wfe_ 205 

_j 

t 
Hf 

3! ~je 2]5. · 

_ Wh'W3, . all the. a:peotral data. eu.pport the stru.Q.ture of 
' . . 104 

L1 to be 2 ex -carbometnoxy-A-nor-lu,pane, . 131 · • 

----·------------·--------------------------------------. . . 

104. s. Kundu, A~· Chatteraee and A.a. nao, Cham• :Ber •• 101, 

3255 (1968) 
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l£116 molecu.lar formula of L2 · a.e o32Jt54 o4 waa. confirmed 

by combination of ita mass apectX'u.m t~t determined the molecular 

weight aa 502 e-nd the independent elententa.l a..nalYsis •. 

!!!he IR spectrum {Fig~ 4), :t?ecorded. in Table .. 3t discloses 

the presence in its molecu.le two $Star functions • The abso:rp·tion 

band at 1 '135 and 1740 em -l are normal 0 CO frequency · in eater 
. .· 105 . ' . . . 

. of dicarboxylic acid ·• ~he banda. al'e spl.i t due to either coupl-

ing of the aymmetrica1 or asymmetrical v:t:l>ratioruh The suppor~ing 

bands appear at 1100, 11® and 1120 cnt1 • The banG. at 1436 om.-1 

is aue to b 0~ vibratioih 
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------·------------~~------~------~---------·----------------
Position ot pefk 
at?sorption em-··· 

------~--~---*--~--~---------------------------~------· ---
1735 

'1740 

1160 
1140 
1120 

strong 

atr.ong 
strong 
medium 

)C = 0 stJ?etehing vibration 

of ester gl'oup • 

-o-o stre·tQhing Vi hration 

of the ester group • 

~ OH3 ~1 brat ion of ester 

group• 

-
:J:he signal o~ 60 ~!1~ ·1H NMR spectrum (:B~ig~ 6) £or various 

protons together with ~hei1.' probaibl" ~ei~nts are recorded 

1n Tat;le - 4. 
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. 'H~·' 
·"-~' :· . 

~ 

... _,., 
. ·. 

-
Chemical shift 

b (ppm) -
0.92 
0.96. 
1.,06 
1.22 

o.76 
0.85 

if.ta 
3.64 

2.45 
2.48 

. -Go ... 

-
Number of Multiplicity 
prot (Us of signala 

-
3 S:illglet 
3 singlet 
6 singlet 
6 singlet 

3 doublets 
3 J • 7 Hm 

3 siri.glet 
3 singlet 

1 singlet 
1 singlet 

P~obable assignment 

I 
e-o--OIL I ~~ 

l 
2 ~ y ... coo~ 

H oooa - cH 3 . -2 

The signals at~ o .• -92 to 1~·22 are int~grated !or 18 protons 

corresponding to s~ 0 - methyl funotiona. The dou~lets centered 

at ~ 0.85 and 0.75 with a. J val~a of 7 Hz indicate the presence 

o£ isopropyl group on a ca.rl)on atom bearing a .hyd.:t'oge~ atom which 

ie perhaps responsible for the splitting aa doublets for the o-29 

and c-30 methyl groups. i'wo tbra$-proton singlets eeeh at ~ 3.66 

and a.t b 3. 64 indicate the presen.oa o£ two oarbQnetboxy groupe. 

The appearance t>f two one proton singlets a.t /!J 2.45 and ~ 2.48 

.indicate that one carbometho:;cy- group is accompanied by a methylene 
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grou,p 1n its alpha position. Alao, the signals epeak of tbe 
·. .· . . lOG 

presence of methylene group on a. prooh:tral c$ntr& · • 

The m:aea spectrum of !J2 (Fig •. 6) gives further insight 

~etlnrd:J.ng its structure. It exhibits eharaoteriat:tc peaks at 

m/_e 502 (r.t), 443~ 429• 4131 400, 385, 369; 321; 25@; 205, 3.91. 

The genesis of these fragments. m:oy be beat rationalised i£ atruc-. 
e i 

ture .; 132 ba fomulated for QOmpaund L2 • 

Me02-~l 
IVJe.qC 

j ... -
.------

----=;..'> m/~ 443 (M+- COOCI-l3)· 

-~ to/ e 429 (Mt...;,.. 1120 - COOOUa) 

- . 0~ 

--~ m/e 400 (~3 - :ao ( · ) 
c~ 

132 
m/e 502. (M+) 

---~ m/e 369 (429 • HOOOOOH3) 

Thus, compound L2 baa been E:istabl:iahed as 2,3-seco l'llethyl lu.pane 

dic:m.rboJey"lata. Compound~ 132, was hydrolysed with mothan.olio KOH 

to affo~d lupan~ dicarb~J.io ac1a.107
, ~&' c3on50o4 , m.p. 

2'10-7d.P, which alao confirmed the atructux-<9 of ~2 ae 132. 

------·~---------·-·-·-~-~--·~----~·~,··----·-~·---~····----~~----------
106 •. Chemica.J. Revie!, Z!t Q07 (1.97£)) . 

107. Simona on and Rosa• 0 The Te:rptanesn, Volm .• IV, P• 336. 
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_IT)_. 
Structure of J-3 ·a.s lup-l•l!)ne-3-o~e, !§!. ~ 

0 
E:temental analysis o.t the compound was in good agreement 

with tna molecular formula c30~8Q. 

' The infrared speotrum of the compound Lo (Fig .•. 7) ia 

·recorded in· Table:- 5, 

.Table . .;.,. 5 

IR a~aorpt1on peaks ~f oompound ;a in N"dol Mul~ 

--------~--~~----~~--~------------~~~---------------
Position of :Cntensity 
absorption pealte 

• C,yy)- 1 . . . 

'1975 strong 

16QO weak 
1 I 

-u :: c - .frequency 



The absorption band at 1675 em -l is indicative of a,~ 't.UWe:turated 

ketone as ~:t is well known that con,jugation of the carborwl group 

with a double bond results in a. decrease in )CO frequency by 

about 40 em -~l and that,;, the frequency generally lies within the 
. . . .• -1l08 . .. . 

range of 1665 - 1695 om • ~he )0. = o<£requen.cy· in ·d.,~ · 

utwatm"ated earbol\Vl compot.tnd ie. l('n~Jtar than in n.on-conjugo.ted 
-1 

courpound nnd appears at 1000 · om. · • but i;he }:)and .in;teuei ty is 

small as Ct ~ c2 double bond is flanked q,·. a carbonyl group and 

a mathyl $X'O®• For the same reason., th~ degree ot· pola:risation. 

ia lmv and, theref()re, the band :t a waak• 

The ultraviolet ~plt:lctrU.I'Jl e>t L;'j showe m~ma. at 228 nm 
inmetheul.Ol• 

That th~ cornpo~d La is an c/.. 1 ~ un.sntu:t>att)d comuoun.d 

·is evid~n.t £~00. IR and l!V sp eotra ru.td 1e fU;rther c·on1'irmed by 

i,ta · 60 I~:a l.R :tWR a.peotru.tn (li'1g.: a). The ehem1cal Sl1ift~, multi-
. . . 

plio1 ty and pro~abl~ assigu.tnen.te~ ot the sieW.al~ are }!&corded in 

· Table -all , 

·--•,;iilllt. 'MH . 
. . . 

108,.,_ u.s. Rasmussen, lh.D•. trunclitt, R.R-. Bratta;,.n, et:Ant.Chem.soo., 

~. 1068 (3.949) 
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~ 1 

n 8-~- H-~ R-~ .., 

-

--------=:> 
~ ='> 

l . -



Chemical shift 
6 (ppm) ·· 

Tgble .... 6 

1H NMR signals o£ ~ -
Number ot ~ultipliQit~ 
protorif.\J o:f ai~ale 

~--~·--~--~--------------~~----------~-------
0.78 
0.96. 
1··06 .. 
1.08 

-s a5 
. ' . 

3 singlet 
~ singlet 
6 a.tnglet 
,6; s:tnglet 

3 dou.blet 
3 J ~ s.a Hf?l 

:t.. . 

1" 

doublet·. 
.J::l0Hta' 
do.ublet 
iJ :! 10 Hii. 

l 
6-C-OH 

l .---a 

l 
.,.o;.- 0 = 0 - 0-

..... 11 l 1 I 
q H a 

. :Cb.e moat interesting obse:rvatiOll h.ere ia the (l-ppearal¥)e 

.o£ two. Qne•proton doublets ea.eh a.t 6 5,.85 and at 6 7.19 with a 

... cqupling, conat.ant 10 li~to. In D{ 1 (3 unsaturatecl ketone' the hydrogen 

on ~ -carbon atom a.ppea~s at lbwer field than the ct. -proton due 

.:to polarisation of cx,(3 unsaturated oarboeyl 'obromopho:rat which 

causes .a reductioti. iu ·~he electron ·denei \V at th$ (3 -carbon. 

_atom and hence dEtcreases the et.teotive ebielding of ~the (3 -proton• 

T.hes~ facts are refle.eted in the tn !~MR .speQtrunt ot 113 with 



~-

~: 
) : 

appea.ra.n.ce o£ aigna.le at cS 5.85 and 7 .19• Ale!Ot the high J vtilu.o 
' . ' •,. 

indicates that ·the orientation of the two bydrog~n. .atoms are oie•'· 

From all thea.~: oonsideratio~s of uv, lR ~d 1H lll!Ul apect~al 
anal3sia, compound, IG ha~ been aasigQ.ed ~t:ruotu.r~ ~34. as lup-1-

.. ' . ' ' 

ene-3-one. It wa.s confirmed by mixed m.p. and apeo·tra.l comparison. 

studies ~'lith al,l authentio samJ:lle of dibydro. gloobidone109. 

134·· 
~ructu.:re· ·or. L4 ,~e 4·• 23:t ·2~tri•n.ot ·luprute 3-+ 5 olid~~ 135a 

· ·~he· most ·interesting aspeot of ·the· reaction was· the 

isoia:t'ion 'o£ compound t4• ItS st.~ot~e ·watfJ ·deterillined :£rctl). 

spectral studies. Element$1 analysi$ and mass spectrum o£ the 

compound ·ahow ita. m~le~:u).ar. for~u.J.a.. to ~ c~7H4402• 

Y!he important abSorption. bands of IR spectrum o£ L4 (l!'ig• 9) 

.. are recorded in ~ablfl ; 7 •. 

,, 
't .: 

. ' 

. ,, ' 



Table -7 
~ 11 

--------~----------~------------~--~----------------------Position ot 
Absorptton1pe9.k 
- v\ max om- _ 

1748 

1420 

1260 

Intensi'tw 

strong b- lactone 

-G~2 group alpha_ to tho 

)() = 0 group 

\ -

-•C -~ 0 Vibratiotl I -

_____ ......,. ___ .., ___ ------~ ~-....... -... --·--·~-------· ---·~~._.!!:....,_" ___ ..... 
The absorption bend at 1748 ~m -l indicates the presence 

o£ b-laatone110
o Deformatio_n Vib~ation of the c..'H2-group alpha to 

the > 0 = 0 grou;p is ind:tcated tu-. the small absorption band at 
~1 110 ' 

1420 em -~ The frequency of Qbeorption of- -o-o Vibration 
"'"1111 coceurs at 1250 om • 

The 3-a mm spectrum of' L4 -(Fig. 10} waa studied in · 

· COOls in 3€0 r:.az in~t~.ent using TMS a~ tha internal standard• 

The si@lals for v~rioua proto~s and the1~ probable assignments 

are r~oorded in Table '!!0- a. 

___ ......,_~------~ ..... ~-• ...... -----·----........ -·--------...-.--·-c....., -;s n,r 
110 • R.~i. Jones and ~.s. Gallapher~ iL!_AJn,.(1l}am • ..§.9c,-; §!, 

5 242. ( 1969') 

111. R._ll. \Ji.leyt J._G,.. Estarle, tl;,•Org.Ohem._, ~· 1257 (1.957) 



Table .... a . 
~ •• w I 

..W d''PIP IM?'R11F"'!F. p •• .. 7'lit I_ 

tJhemica.l .. shift r~umber o:f !t~U;Ltip11city 
·· ·b (ppm) protons o~ a1gnala 

----· ---·~·.--~----------~~--------------~~--·----~~----
o.74 
o.e'1 
0.91 
1.07 

~ 
,3 
3 
3' 

3 
3 

1 

2. 

•I 

singlet 
singlet 
singlet. 
SiMlet 

doublets 
(J ::::.7 liz) 

multiplet 

I 
4..., C- OI·L 

I ~ 

It may be seen i'rozn illable - 8 tbat there arc SiJt O~metcyl 

.g?oupe in L4 reeonating ,.n the r·e~on i~bm b 0.74 to 1.07 instead 

ot e:i,ght in l~pan.one i.-e~ there is ioss ot two C-methyl groupe5. 

Tl1e appearance o:C a. mul·ti;{:l~t at ~ i?'•9 · ia assi.g.r:.able to a la:oton.to 
' 112 b .proton·· · a., · • 

. . 
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The half width value { SWil··of J) of 18 Hz indicates that 

thG lactonic prot_on ia :rucially oriented with o~ axial and one 
\ 113 . c 
equatorial neighbours • ·The mu1 tiplet centred at o 2.6 int&-

grable i'or two p:rotona iS indicative Of the. presen,ce Of metbylene 

protons alpha t.Q the carbonyl group,. 
··From IR and lg m.m. spectral data. analys~s. it ie eVident 

that ring A ot luPano~e is lacking three onrbon atoms and-the 

tentat:t ve structUl'e that may be assigned. to !r4. ie · 4, 23, ~4-

tri~nor-lupane;..3· ~ 5 .elide,· a. ~~lactone,· 135. 

-
Further information as. to the strU.ctura of·135 comes out 

from e. study of the fr~gmantation pattern in the_ !ilc'iSS speotrum-
. . . 

(Fig-. 11) o Tho . tn-'l.s s. spectrum by chemical ionisation method a.h&mJ 

--------~·----~~~------------~--------------~-----------
112( b) ''characteristio Ntm Shieldill.g valu.ea for .h.v~roe,ren, ih · 

OrgMio Structure_~ rr· ·.( Minneso~a Min:lrJ.g and f.:lanu,fa.cturing 

aomp~y;, 1958} 

113. K.L. \-.; illiamsons and w .s. Jo.h.nson, J • .run .unem.soc., 
' ., .. 

i&t 4629 (1961) 
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+ 
molecular ion M at 400., The peaits at m/e 357 and 385 aJ:a. due· to 

th~ tragm~nts fo~ed from the mol¢cular ion by the. loss of iao• 

propyl and mat~l units respectively, T~a· most abundant £~agmant 

at m/a 1.91s. cha;t>a.otertatie o£ lupane se~iea102 •11~,b is du.e 

to th~ fragment VI I .. 

VII ~fe 191. 

~h.e other charaoteriati.c pea.~a ·are at m/e 400 (r:t) ·, 384, 357, 

2l,9, 209·, 2()6, 195t 179, 165, 165 (base pe~),; .149,·.135,. +23, 

121, 119, 109t 107, 95, 93, 8·:1,. A probable fragmentation pattern 

is shO'I.IIJXl t1l the Sche)m&- XV assuming st:t'~cture 1~ for .compound 

1'4. • 

l14(a) H. Budz:i.kieewoz• o. Djera.esi and D•Il,.William; nstruoture 
·~ ,. . 

' ' 

Elucidation of lia.tq.ral.l?Jiioduota b~ Mass Spectrometry", · 

Volm• II, Holden•Day ~ sail.franeiaoo, ·1964• 

(b) J, Ka.r1iiner a,nd c·~ :P~eraaa1t _J.Orei,•-iJham-~ .• ~' 1945 (1966) 
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scheme ""' X.V 

""'"'/e./79 

135 + 
- ~v1 400 

w..je /49 

~+ 
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'Section o 
1 "~~ 

I -
Oxidation of .Friedelin 

- .. -
We have discussed the re9.Gtion of lupano~e vd -ph .b.y'drogen 

perQxidf!l in preaGnee of a.olen1um· dioxide in Section B· The reno­

tion led to the formation, of a. J lactone ~ with d~met~~lation 

of 23 and 24 methyl &"rOupe p:r:eaent as gem d;ime·tbyl ·) group along 

~ith 0-4 carbon ~tom. 

~fi th a view to eJ(amina what ha.:pp~na in the case of a corn­

pound which possesses only ·one secondary .m~tbyl group in 0•4 

-poai tion, vve studied the same ~~o1rion on frledelin:t 136, the 

rea·ulta of which. are di~OU$Sed here in sequence. 

Fri~deliilt: 136 in tert .... b~t;a.Ml waa re-£lu.xed on. water bath 
~ . . ' . . 

for 60 hours w;t th hydrogen pe:roxr:Ld$ and aelenitmt d.:i.()Xi_~.e. l?reeipi":"' 

tation o£. blaolc E;e~enium metal mar!;;an ·the completion of tl1a reac­

tion• The t.l .. e. Of' the reaction mixtur~ indiol).tag the abs~n.ce of 

friadelin. In order· to $ap£t:ro.te the pz•odttcts t:ormed 1 the r~aotion 

mixture was diluted with. wri:t~:.tt and ext rooted wi til solvent ~ther 

,followed· ·bY aepB.:r..,ation ·1nto nau,tml and acid ;parts as usqal. 

It appeared from the t·•l•c• of the ~u.tra.l part that on.J.y 

one oompr)und wa.a· present in n.autral.pari, It was thert subdeotad 

to chroma:tograpby in a d(9act1vated ·alumina column. Elution\ of the 

column with petroleum-ether-benzene (2t3) yielded a.· solid; F1 • 

-This was ceyatallisad three times £rom cb.lol;'ofoJ.~ ... methan.ol to 

attord crystals of F1, m.p. 262°~ 



·~he a.oid part showed the pr~senoe of two compounds ·on 

t.l.c• plate.a It was esterified With c1ia.~Onlethane iUl.d WfJ.S.SUbjec~ 

t~d to ci:u."ortl..'lto~raphic separation over a. deactivated alumina 

aolum.u. Ein·tion of the column witll pet. ether-benzene (4;1} 

affor~ad solid F2 and. wa.s crystallised three times to give fine 

needle shaped crystals, ·~'P• 263~5° and showed single spot on 

obromat oplate. Another compound• Fa• was obtained from the column 

on elution ¥Ji. th petroleum ethe~benmene (2:3). The compound waa 

C~Jstalli~ ed three t~me.a from chlOI,"oform.-methanol and showed 

its l!lii!P• to ba 167~9° ... Its t.l.o>l indicated the presence of a. 

single compound~ 

All the three compounds, i•e •• s· F1• F2· aud :h's we;J."e eQbje9teui 
. ' 

to IR~ 1H l~i'IR and nula·a t;Jpectml S'b.udie~, interpr$tation t,>£ which 

led to the eatablisllmtnt o£ sjru.otw:-ee oi' the compounds. 

Chara.otar:tsa.tion of Fa aa 2 ... nor-fried~lin 3 ----+- 4 olido; 13'1t ........... ~ 

The molecular formula of F~ \'las eatablish<e;(l as C29H48o2 
considering together i;he. mass spe.ctromE}t:c:Loally d~rived molecular 

weight 428 and ~he independent el~ffif.?nta.l ~alyeia., 

Tne in±~ared spectrum (Fig• 12) of compound F1 uufolda 

some 1n:f'orme:t1on regarding its strt~oture•· The important pealt 

absor.ptiona and their probable int~rpretations are reHlorded in 

Table - 9. 



... -t-

-~· 

. . 
·"Infrared 1~hsorption P0a~s of F1 in Nu,jol Mull 

. .......... ··" , ... .,.,......,~ 

Position o:r 
absorption ··peak 
in cm-I 
_..a • 

1730 

1410 

1246 

Intonsitv , . .. M 

strong 

w~ak 

medi'Wll 
st;ttong 

b-laotone · 

-cHa grou.p alplla ·to tb,.e 

)u :: o group .. 
I 

-o.-O~ibration I .-- ·. . . ' 

- .... ·-· 
. ~~~----._~----------------~----------~~~-------· 

.. The etron~g a.bsor~>tion bancl at 1'130 cm-l demons·tL,ate the 

presence ot a b .... ~a_ctone !l10iety1l0~. T,ha )co ~.lbratiori. oe.cu.r at 
· ~u · · 1 

1245 em •. ~he weak absorpticut band at '1410 onr . is due to . the 
. ' ' 

defo1-mation vibration of· the Gli2 group in the· position. alpha to 

the ·> 0 = o group~-· Thus, the infrared absorpti()ll spectrum indi.;.. 

.cates that F1 ia );)Oaa:!,-bly $ b ... 1~otoJ1a,. 5!h.is ia a·up~orted )l)y ita 

proto~ ma_Bn.etiQ :resouanoe apea~~ .{Fig• 13) studied in (.'DOl3 
' ' 

in 360 MHz in.st~umon:t using :rrlS as interLlal etand.ard •. The si~s 

for V~iOU,S prOtQna aild their tlSSiglUfient$ a»e z•ecOrded in ~abl•-

10. 

~he appoo~an.ce of 'singl(;)·ts :LA the ~egion~ o~aa to~ (h94: 

a.Ad ~ 1•1/:l :t.o~ ~ 1._21 indi,ca.t'e<i the pres~no~ o:f soven tertiar.v 

methyl g~O~lP.S in compoUnd :tr1 • The dou.blet at b :1..18 with a. coupling 
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Table. -10 ...... ' .. ,· 

P~ signals ~f·F1 · 
: . : -· . rtt .. t ··~--· 

Chemical sh:i.ft ~~umbe~ of t~u.ltiplicity lt:i"Obabl$ Assig~ents 
(ppm) prot ona 'Of ~igna.la · 

o.as­
Oe90 

. 0.91, 
0.94 
'1 14 .J._, 
1..18 
1·21 

' 

0..,99 
1.01 

3. 
3 
5 
3' 

' 3 
3 
3.. 

1 

1 

singlet 
· singl~;rt 
. siri.glet 
einglet,· 

. einglet 
s:i.11glet 
Si~l'1Jt 

dou.bl~t · 
J = 6· 6 ttra .. . 

:ooubie doublet 
Jgam .~ 13 !iz 
J$e ::: 14Hz . 

·quartet 
J • iO Hz 

"· .. ,.... 

0 
1 II 

. !laO-OH~O~ 

constant 6.5 Hz i.ntn..oataa the prasal'l.oe Of a secondary methyl 

grortp. This ahowa that all the methyl. t;'t'oups of f~:i.edelil) iS 

present ion compOu,tld F1 • U!h~ n!lture of tho multipll!)t centJ.""ed at 

~ 2.,.48 indicates it to -btt of .t~ pa,ttern115 • The cllerd .. cal rah:t.ft 

.:.t15 •. N.orma.n s_. &aces and Dudley A• Williams, ·"Application of liMa 

spectroscopy in OrgQD.ic Chemist~.,, Holden ... J.)ay ~e,47 (1964) 
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I 

/ value o£ the· mu.l~:tplet iS :indicative of tn~ preserv~e of methylene 
, I " , ' 

sroup alpba to the. oa,:rH~oeyl: group • AlStl· .th.~ .. n~ture o~ t~·: m.~l~i~ 

plat indicntee·tha presence of arl· exi~l proton· v1o1~l to th.& 

mothyletm grou11• lJlhe a..~ia.l· prot()n o£ th~ me·t;hy.laiJ.e; .~ou.p appears 

as a t'riplet· centred at ~. ·2•4 (Jgenr = 13 HZ; ~aa • 13 liz>. and 

the equatorial proton _aG a qu.arte:t cent rod at b 2.61 (J gem•:::. 

13. Rzt Jae ,;. 4 nz) •. The ~ppsaran9e of a qu~~tet at b ·4.02 

(J = 10 Uz) showe the praaanoe Of a laci;o.ui~ group112 end .the 

quartet indicates the :proton tQ be vicinal. to a. methyl group • 
I 

Thus, 1 t ia evident f:rom 1H IUl!R a.~otru..'n that tlle 0-4 of friedelin 

is attached to. th~ laotonic OjC"fg~n ~m.d the secondary methyl grotJ:p 
' is still attached to it. which i~ re~po.uaible tor the ~n~. proton. 

. ' 

qu~rtei: at b 4 .. 02 •. It i.e· also clear that. ~he met.hylene group pre~ont 

,at c-1 is alpha t~ e. carbonyl group th~t appeara aa a multiplet 

at 6 2. 61. On the basi a of the IR a,nd 1H ti!!JR speotr~l data, 

atr-..tcture 137 is attributed to Ft • Ilfass fragmentation pilttern 

(Fig.: 14) confirms s.t.rueture a&Z.• 

t 

136 
-r-- 137 



Djera.t;Jsi et a1102 and Co~t~y et a.l116 reportad the. 

£ollowing maaa fragmentation p~tt~rn for friedelin 

136 
. VIII ,.""Mfe. 273 

- ' 

X -w.Je..341 

Now · ae the fragmen.tl3 VIII ttl XI ar'e tb.e flia~ootic of 

structure !.2,§.; it is expected ·that F~ would exhibit pea.l\:s at 
' 

276, 305, 341 and 1.93 oorrespon~ng to the following fragments . . ' 

if structura !2! aeaigned to it is the correct one. ---------------· . ___ ... ..,._ _____________ _ 
116. J.I,., Gou~tney and J.B. Shannon, ~t. Letters.; ~~ 173 (19€3) 



+-
CH~ 

~;~ :305 Vh)e 193 

In acc()rdEa.tc~ vJii;h the a;bove .e:ltpeo1iation, the m:aaa spectrum ot. 

lAZ. (Pig. 14) anowa prominent paa~ at m/e 429 ( mt) ; 34l.., 3()5 , 

2'15,. 261, 235" 23~~ 219·, 205 (ba.sa.penk) •. 1~1., 177 and 163 . ., The 

geneaie ·of the ion fragmQnts cozwesponcU,.ng to th,e above paa]5;a 

oould biS best rationalised in terins o:r· the stmctu;r.~'e 137 as Shown ... '.· .···· .· .. ~-·· 

111 Sqheme - XV!. 

·st:ructu.re o£. F2 $S 2 o:. -~rb~th qx.v-A-nor-Friedel:tn; 138 • 

--------------~----------------------~~------~---
Elemental anialyeis and molecular weight dat~rmination by 

. . . . 

mas speGtru.m sho·~v~cl tha molecu.lar. to:r:mula of F2 to be OstH52o2 • 

~)1~ infJ:"aJ:~ed speortrum (l!'.ig .. 15) o£ JJ9 indioa:tes the IV , . . .• 

p.t•esenoe ox· an aster group in the coHmound~ The important peak 

absQrption and th:~i~ :probabl~ assignment~. ar~ recorded in i]ab~-

11, The strong abt,?orption ba~d a.t 1730 era -:J.: is due to the ) 0 ;: a 
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Scheme- XVI 

\. 

+ 
HC 

2.: 

. . 1'3? ~je.429(MHJ 

/1. ~ 
rm/e. 341 

I 

J -C02- + 
CH2. 

+ 
HC 2 

I 

'Yr\/e- 219 

l W\/e_261 
,• 

'l 

+ 
1-\C 

rm{e205 iel77 



atretcM.ng Vibration of {¢l ester group in. strain free. saturated 
' ' ' ' .-1 

ring. Tha supportitlg band to~ the eater appears at l,l&l om as 

a. band of strong intensity assignable to -o-o stretch~ng vibration 

o£ the ester group+ The band. at 1430 em -l may b" attri bu. ted to 

b -OR3 vibration of the ester group. Thus, it ie apparent f'r001 the 

IR spectrum that oompound !!'~ had an ester group as it&;~ :t.Unctiona­

lity. 

Table - 11 

Inra;red absorption peak of F2 in Nujol Mull 

Position ot 
a.bsor,ei_iion peak 
in em 

~ !-""1 •• • 

1'130 

1430 

1165. 

Intensity 

' 
• .... .1- -- ·: •. ~... ·-~!: 

strong 

medium 

)O = 0 stretching 

vibration ot an ester 

lFOU.P• 

~-C'R3 Vibration, o£ an 

eeter group 
•· 

..Q,.;,Q stratobing Vi brat ion 

o£ the tater gro~p 

----------------~~--------~----------------~-------------
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~bts formulation of F2 ia . .furtb.e).W s.u_pported by i te 360 MHz 

1H lUm spaQtrum (:D'ig.• 16) • The signals tor va:rious proton.e togetbetr 

with their probable ass;t~.men.ta are reoord~ in Ts.ble ... 12• 

Chemical shift 
~(ppm) 

~able - 1& 
11{ NMR ei~Yl$ls o~ F 2 -

Number of ~ultiplioity 
proto~ of signals 

Probable a.as:f.gnmen.ts 

---------~------~----------------------------------------
0;;77 
o.7a 
0;91 

> 04i94 
1.17 

:1624 
1.28 

0.99 
1·.01 

3o64 

3 
3 
3 
3 
3 
3 
3 

3 

1 

singlet 
singlet 
singlet 
singlet 
singl~t 
singlet 
singlet 

doublet 
J#6H3 

singlet 

multiplet 
Wt = 14 H~ 

I 
7-C ...CH 

I ~ 

I 

RO - 0!\; 
I . . 

I 
HC-COOOIL 

I -.-~ 

----~----------------_.~--~--~------------------------
. The appear~ce ot Siuglets t~om b 0.'17 to ().S4 and frqn b 1.17 

to 1. 28 indioate the presence of seven. tertiary m.etbyl groups; 

·.··a ttu-ee. proton.dottblet cent:roo·a:t· 6 0._9 with J::: t.rHz indicates 

the presence of one saoondaiy methyi group· in compoun,d F2 • The 

- the ·proton singiet at ~ s.a4 ie ~s:t,~ed to an ester group". one 

proton multiplet that appe~ed as a very broad signal (half' band 
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width :::: 14 H_z) at h 2:•9 indicates the presence of an axial 

·proton geminal to the o~bom.ethoxy group. This inference exaoti­

. ·tudes the equatorial orientation ())f the oarbomethoxy group• 

Again, the mul.ti·plet also ab.ows th~ presGn.oe of methylene group 

:alpha to the ce.:ttbomethoxy fw1.ctio~. · 

J?ino.lly_, th.e mass spectrum (:fi'ig. l7) analysis gi vee oom­

plet~ support for the £ormul~tion of F2 ~ The total mass ~6 (M+) 

mav be a:ttributed. to F2 if it has one carbon less than frfedelin, 

· ~~.2· Ago:.tn, from. its 1H. NMll da.ta a,na.lyid.s it is clear that: F2 

contains~ a.ll the a even tertiary anQ. one a<aooAda:cy methyl groap 

of' .fried_elin. A--lso, th~ 1R liMa spe()trum.. shows that the oarbo­

metboxy .group is alpha to a methylene~ gro@• Hanc~, .the tentative 

atmcturE). tbat may ba. asaign~d to F2 is 138, which. satisfies all 

thQ above arguments. 

138 
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' f 

'\ I 

~hus t· compound,_ ·*A~" is 2ol ..;carbo~ethoxy ·A-nor triad~lin. 
~ • • , \ .. 

1 
, > , • , , • / • • • t , 1 , 

Fro_m t~e di~cass;ion of the mas_a sp~etrwn o£ 137· it is . 
' . . . ' ' . ' ' . ~ . . 

a.ppal'"en.t that :Lf, Jet!• ia the :f'ormu.lation for compoun-d F2, it 

should exhibit !ra:gments a'Ji ro/e · ~P;.?, 323, 221 corresponc.ing to 

f~agmenta VIII, IX u,nd XI· for· £r:iedeliu. Uompowtd .E1

2 exhibits 
. . . . . . .. ' 

ion £ragrnenta at T?-le 303s 332 and 221, whioh mav be rationalised 

if ·at:r!ucture; i3ti; is ·:e_oi•mulatea}:or· F2. -~- !cha· ~asmenta:tion" 

patte:Y;'n is represent ad ns b~low. ('Scheme ... ~VII). 

H 

HCOc····· 
3 2 

scheme.- mi · 

.. 

H 
HCOC····· 

3 2: 

H 
H

3
C0

2
c--··· 

rmje. 221 



Elemental. qiialY.Gif3, ?f. OOinl,lPu.nd F3: along with m~s· wpectru.m 

esta~liehed ita mol.~cular fqrmula. aa c~HaH5404~ · . 

!Che inf~ed apeot:m.un (Fig., 18) o£ F:; initiall¥ c11aoloees 
' . ' ' ~ . ~ . . , 

som:e infomation. rega.rdioo its. atru.ct"'re • The -important p~e.k!-
• 4 ' ' ' ' ' I , 

abaorpt~on and ~heir pro~able assignments ~e r~corded in ~~ble-
, . - ,. . . . . . . " . 

~QS i ti~n .o£ pe-~k _1 -.. In~ensi ty, 
a~sorption in om 

1'130 
1720' 

1440 

1120 
"-110 

strong 
shoulder 

strong 
strong 

• ' !!. 

)a = o stretch~ 
vibration of ester group. 

~-caa·~b~ation of 

eater group 

·-9-o-atrat.oh:J.n,g vibration 

o£ the' est'er gvoup 

Fro.m ita IR apeot~, it ie apparent that compound F3 
is an eater. 

The 360. MHz 1H l~MR apectrum (Fig. 3.9) of F3 .. is alsO 

info!'ID.ative. The signals for various protons together with their 

probable assignments are recorded in Table - 14•' 
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: 

The appearance o£ pee.ks trcm b o.aa, to· h 1.()3 and from 6 · 

1.19 to 1. 25 illf1ioate th.a presenQe of seven tettia:t'.V methyl 

gr-oups irs. the compound. 

~ble -.14 

ln WruR si@lals ot 11'3 . 

Chemical shift . Number ot Multiplicity 
of·si~a.ls ~ (I,Pfti) . . . · prott>D.S 

o.aa 3 
Oe93 3 
o.lW 3 
1~03' ~ 
1.;19 5 
1~'20 '3 
1.26 3 

'. 

1 13 .. 3 
.1·1 G · 

3•62 ~ 

.. 
,. '7. 65' 3 . o·•., ... 

.2.3: 1 

~i.nglet 
singlet 
Singlet 
0:tnglet· 
singlet 

· eil:t.,glet· 
singlet 

doublet 
' J = a ttz 

e:L~:I,at 

I . . 
·7 - 0 ... CR""' 

I •-;5 

I 
. HO ~ elL ., -~ 

I . •y ..., COOO!Js 

I 
. -..o~ OOOO!:Lz 
·. I -fJ 

·Tho d.oubl~t· (J = 8 Hz) oant:red a.~· ~ 1.i4. ~e~igna.ble. · fo~ three 

- · ·protons ahowa the preaenc.re ·of ·one aecondas:y methyl ·group• !,Che 

(>ne. protori' quartet at· b 2~3 \J = 10 ttz) .1$ probabl.v due to ·the 

m.ethine proton get1lina:l to the si3Qondary methyl gro1,1p • ~wo singlets 
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each. assignable for ~Mree protons at b 3~62 aAd h · 3 .• 65 ~d~oa.te 

the presence of two aster functionalities in th.e compound. 

ThU.St on the basi$ Of.' 1H liMR f;Jpactru.m it ia possib10 to 

j.nter that F3 is a diester and contains all tile seven te:rtia.w 

and o~e; secondary methyl g~oups o:t tried&lirl· 

Finally• mass spectrum of F3_ (Fig.· 20) helps to formulate 
. . . + 

.ita structure •. ~he apeotrwn shows prominent peaka at m/e 502 {M ) , 

487, 471• 455, 442, 429, 4lfh 335; 501t 273, 245., 219, 005 and 

192: •. 

The geneais of these .fragments may be ratitJnalisad "if 

· stru.ctu.re 139 it;J £orm~ted .fQ:r % , 

lE so2QY1) 

/ 
t 

Hf) 

ie_205 

-. CH3 

- Cl-b.C02C H3 

-C H3C HC02CH 3 

Yn/e_487 

~e-429 

"'""/e.415 
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In order to e!leu.re thc:!l above etru,etu.v~, 139, ~OJ? F3, it · 

:ts ~zydrolyS}ld with metbanol~c potassiunt hy4r0Xida. The compound 

·that reaul t.ed thereof; s~ow~d m~p-. 280° (d) whioh has Similar 
. 0 . . 117 

physical ~ta as that of :2·;5 aeoo £riedel-t•n:Lc a.cid, 14.9 • 

140 

. ·-Titus, the. structure of :&';; ie assigned as methyl ester of 

friedelin ·;2t5 seoo dicarboxylic. a,oid, 139. 

!. ' ' 

-·----------~----$--------~-----------------------------------



· Section ·D 

QJ::tdat ion·. ~f ~ar,.Merone 
~ . ' . . . . . . 

. OXidation ot T<~upanone, !§fl. and · Friedelin, 13G, With.· · 

hYdrogen peroxid~ and. selenium dioxide resu+~ed in the formation 

of b -lactonee •. In the case of lupanone 1 elim~nat:ion of' ge~ . 

dimethyl. g:I'oup .alpha to i.;h.e carb.oeyl grou.p was f<)tUld to t.ake 

placet nhere-3.S, in t,he ca,se o:r: £ri~d.elir;, .w~ch. cqntain.a a,. 

seacindary methyl gr:oup in ·tlle same position, no dameth;}rla.tion 

was found~ 

In this section tne results ot the reaction of ·eyu:t>ogen 

pero~ide and selenium dio~ide on ~arw.ta~one, 141, a 3-k:eto 

triterpen9J.d ha.vizlg a trisubstitwlied double bond :;tn 014 - 015 

position under the same re:taotion co-.adition has 'been. reported •. 

The characterisation and identification of the compounds obtained 

as a result of' the reaction ar~ discussed in sequence. 

Taraxerone.; m.p,. 238•40° v$s reflQ;:ted in tart•bu.tanol 

with hydrogen p$l'Oxide in presence of selenium dioxide on water 

bath for 20 hours. Tha black selenium metal precipi~a:t ed. out 

indicat:tng completion o£ the reaction. !Che reaction mi::tture waa 

than diluted with water and the liberated solid extracted with 

ether• It waa then separated into .neutral and acid parts;. 

The neutral ft'a.Qtion showed two spots on chr.~matoplate. 

In ordel;' to separate . t.he components , the total mass was 



ohroma.tographed over ·a deactivat~d. alu;mina colum.n• Elution -~f£ 

the colt\im with pe~-• ather·b~nzen~ (4a_l)' __ gave a so~id !'Cl • _which 

t~a cryste,llised fro'lll ohlorofonn-met.hanol and analysed for 

OzolJ.46o2• m.-p. -186°-90~':. JPUI'ther, (:)lution of the column with 

pet. ethe.r .... ban.2iene (2•3) ·af.fo:t'de<!l: a solid:, which on fractional 

erysta.lliaat:ton fl:tom chlorofol.'"IU _. metlnnol yielded solid !f2 .• 

o27n42o2 , m.p. ~28-30° and solid-~~,- <Jso~tso2 ,. m.p~ 218-20° '! 

Wbe acid part showed two spots on cnromatoplate. Th~ 

gummy mass wa.s esterified with dia.zomethane and the proouota 

we~e separated by column c·nroma.tqg~aphy O!l a u~acti vat~a. a.lu.mina. 

column• Petroi~um. ether eluate itu~nished solid T4 , _ m,p. l$1~ 

·e3°, which v2as crystallised. £rom chloroform""'Elethnttol ond. analysed 

fo:r 03~1150o2• Elution o£ the column with pet • eth~r-benzene (1 :.1) 

SQ.Ve SOlid T5t m~p.; 14;-5l0 ; Vlh.i~h,W~S C:ey'S..ttiallisGd from oh.loro£orm­

methanol and analysed tozo C..02%2o4 ... 

All the products of ~ne ~eaction we~e then subjected. to 
' 

detail spectral studies. The anal,yais of all the sp~ct:t'a are 

discussed below and tne structure~ o£ the compounds determined. 

Stru.otq;rG of T1. as 1c( ., . 2c<. -t3PO~ ... Taraxarone, 142a 
- . . . '. . . ...... l:QOE ··il'(l··'"".. . 

· Tho molecu.lal". toxmuln of th~ compound, ~1 ~o assigned ae 
tt + 

03o.t•4so2 · £r~ mss spectrometric data (m 438) ae w~Qll as from 

elGme.ntal ·.analysis• 
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~he inf:rared speotrunt. (Fig• 21) o£ T1 with important 
.. 

peak absorptions .nd probable. interpretation are recorded· in 

Table .... lt'>·· 

2osition of Inteu~ity 
absorption' peak· cm-1 

--~~--~--------~--------~--~---~----------~-----·-----

1255 
905 

·000 

strong 

otrong 
we.ak 
:rlaedium · 

medium. 
e·tro!lg 

> C :::. 9 ~tretch4tg . ' . ' 

vibration 

· iung' Vi bra·t ion 

· oila.l'"actal~:tstio of 

epo4ide ~' · · 

.Trisubatituted dOu.ble 
• # : • • :. • • 

~he in.t"rared speotrum .indicates that the conl.P~und .:e1 ha.s go~ 

a.n epo~id.e functional group togG.ther With the carbonyl g:roup and 
..._ • ' ' . • I ' ' '. ',, . . 

· trisubstituted double bond already present :I:n. taraxerone, l:i!.• 
• \ ~ • ' . . . . • ' ! 

It is known that substitutad epo~des he.ve three onara.crterietic 
. . . . . 

'· . ' .-i . . ' 
'Qands in the. range of 750-1280 em assigned to rillg vibrations. 

' ' ' ' ' . '' ' ' -1 ' ' •1 
~he bands are generally found . around 750•8'15 on\ , S:J.0-960 em 

and 1230•1280 om-1• ~he 1230-1280 c~--l band has been reported to 
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be. a,ppro~iJllB;t~ly ,eonstnnt. :K,oi· ep0.$1de. with qiffer~nt .subst:Lt.u- .. 
' ,· ' I • - • • ' • • • ' . • •' \ ' ' ' ~ • ' '' ' • 

tions118• In the present pasaf .i!b.erefor~, banda at 12.55, .9.Q5. 
. . . . ' ' . . . . ' ' . . . ·' '. •. ' '' '. . . : '' . . . . ' 

and .830 cm-:-1 ar~ :i-ndicati'Va of epoxtde ftl!Lctio~ity •. The b$4d 
' • • ' • I ' ~ ' o ' l) ' o ' o ' ' • ' • • I 

~ . .. 
at 1705 em indicates the prese~10e of a carbo~rl group and that. 

• • , • , ' •, , ' , • '. • • , • . ' • ' ' ' : '1 ' ' " 
1 

• ~ • ' I ' ' ' 

a~ 820.~-l iS dus tQ th~ presen~a of a trieubs~ituted~doubl~ 
. ' . ' ' . ' . ' ., 

bond. 

That the compound T.1 is an epox1de is evident from its 

la !l!l.ffi. epaotrum (JJ"'ig_. 22) analye~.s .. The spectrum was ~acOl'ded in . . . . . . ' . 

360 .. ~.mz instrum(~nt u.s;i.ng TM.S. a~ i11.t.erna.l sta,ndard. The signals 
' ' . . -. 

fo:t;t various protons ap.d tne.ir probable assi{Y.lments are reco:t.>ded 
- ' ~ . 

in ~able - 16" 

'gfble """1§ 

1H NMR si~ls ·of T1· 
..... l·.~~;;;wr· ~ 

--------------------------~~--~--~--------~------~------.. 
0.heni1ca.1 shift Number of. Multipl:i .. oity Probable assignments 

· S (:ppm) · · protons of signals 

--~--------------------------~~--~----·----------------0•83 
·o~92 
o.9a 
1~00 
1~02 ' 
lelO 
1•13. 
1.25 

3.36. 

3 
3 
5 
3 
3 
3 
3 
3 

ei);lglet 
singlet 
sin,glet 
singlet 
siagl_et. 
silaglat 
singJ..et 
s~n~i'et 

1 · · doublet 

1 m!lltiplet 

.. J = 4•5 Hz 

doublet 
J =4Hz 

I 

8-0 -OR 
I . -3 

0 
/' , ' , .... 

/ ' · -o - o·-
1 [ 

H 

_)O = Ci- OH2 

--------------~----~·-~•--a:--u-----~-~----·-~~~-------~~-------------
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The s:tngleta ±'rom h o.,83 to 1.25 indicate the ~presence .. of 

eight tertiary 'rnethyl gpoupe in ~1 • The one proton multiplet at 

~ 5 .. 66 sbo,;:ts the p:vesenc~ of an olefinic proton in the c?mpound, 

which ·f1k"\Y b~ aasocia:ted with· the C~4 -. c16 doU.bla bond of 

tear~erone skeleton. 11. pair of doublets eJ1.1ch at ~ 3•36 '(J • 4..-5 

llz) and n·t ~ 3.~2 (J • 4 !Iz) are 1ndi.cm.t1va· of an alpha el)Oxide 

moiG~yl19 ~ That the ep·o.xide group .ia present in 1,2 position.. of 
' ' ' ~ ~ ' . . 

the taraxet>on.e ia. evident from th.e fact that the 11-1 lliMR epeotrwn 

does not show the presence . of any .methylene protons· -ad;jac~nt to 

the carbonyl gz.oup. The €;jtructure· of T1 ia there£ore~t formulat&d 

as 14'f• 

142 

--------------~-----------------~----------------~------~ 
118(b) J.E. :E'ield; J.O. Cole, D.E. ~Joo·dfO:t"t.i..~-2-I!l•PJlY..!?.~t a.§.t. 

1298. (1950)-

119. N.s. Bhacca, ~d n.u., Vtilliams, nll.pplicat1o4 of NMR 

Spectrosc(lpY' 1n· Organic, Cherniat:ty u, Uolden.-D;w 

_Inc., :1,01 (1964) 



The fOl"'mUlation ()f struotu~e ~- for qomp_o~d, T1 was .fin.~l:JN . 

;proved by ita ma,g r~ . sp_ectrwn (Fig • 2.3) • The !3P ectrum sh owa. .chara.c­

teristio peaks at m/e. 438 (?.~(), ~23, 314, 2_99, · 205,. 204 31ld '189. 
. . ' ' ' 

~'Che presence .of the p~aks ~t m/e .314t 299•, and .204 may :be assigned. 

to the formation of f'ro,gm,~_nta XII 1 · XIII and XIV that arises from 

a typiqa.l ta:r~errone akelerton102, thereby confirniing the e.1Ciatance 

of th.~ double bond at 014 ~ o15 :position-. .. 
The genesis O.f the _ion £ragm.Gnta are raeorded in Scheme .. 

. ' . ' . 

XVIII. 

142 ,) + - /e. 438 (1\1 ) 

XJIT ~;e 299 . 



From the combined rea.ulta of the physical d.a.t~, namely t 
' c 

IR, lg lmR a.nd !,f~s ep eqtra, the ~t~uctu.re of ~1 is as signed as 

1 c{' .• 2 C( epo~ ta:ra,xerona 1'9e!· 

Structure of T2 as 4, 23,. 24 tri .... noroJJ!a.raxereA&-3--+- 5 

cl H - olide · 144• 
·. '-· 

Mass spectrum and :tndepen(1ent slemen:tal a.nalyeia establ:'l.shed 

the moleoular formula of T2 as 027H4202• 

soma important information regarding the strttcture of T2 

come from ita infrared epectrtVa (l)'ig. 24) • The prQmiJ;l.ent absorp-

tion bands and their probable assignments are recorded in Table -

17. 

Infzaared spectrum of T3 in nu;Jol Mull 

____________ ._~~----------~-----------------·--~---------
PositiOn of . 
absorptiOn.· peak cm ... 1 

1750. 

1260 

810 

Intensity 

strong 

medium 
etrong · 

m.ediv..m. ~h"ieubatituted 

do~ble bond. 



• 

~-

!i!b.t! b>:u"J.d at 1750 cm-1 nay be attribu.ted to the presenc.e 'o.f- a 

~-lactone functionality in T-2
110• :Cile- · )CO vibration occu.t"a at 

0 -1111 
.v b' d t 810 -l t t ... t.. 12_6 om - • -Appearance o.a: _an a · em demona ra: ea IJU• 

presence .of a trieubstitu.ted double bond• ·. 

The 360 JJ'JHz 1n _Nm spectrum of m2 (Fig. 25) studied in 

0:0013 ta.lting TMS as internal staru:lard ia very il'lformatiVEh. !Che 

signals for vario~ p~otona and their probable assignments are 

recorded iu ~able - 18. 

~a.b1t -; 16 

1H r~MR signale o:t 22 in DDOl;s 

Chemical shift :Nu.mber oz Iaaltiplioi ty ~robable as s1 grunenta 
b (ppmr - proton$ of sig.nQla -

0,.83 3 sil'lglet 
0.91 3 singlet I 
0.95 3 singlet 6 -c "'!' cr!ia 1~00 3 singlet I 

1.10 3 singl€#t 
1fit12 3 singlet 

I 
2._26_ 2 multiplet -H20 - c!t2 -o - 0 -
3.92 1 

I I 
q'WU'tet -oo-o-on_ -oBa 
J - ~ 5 H~ ae Jaa. = 12Hz 

5.57 1 multiplet )0 I - GE, .- OH2 -
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Fig.24 IR Spectrum a! 4,23,24 tri-nor-tara.x.arane-3-·,..5 oUda, .Jlll. 
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!'lASS SPECTRUI'l : <S TO 6) 
5A!T1Pl E: TN-2 
NOTE :DR.B.P.PRADHAN,U OF N.8,<216183l 
BASE PE~K : MIE 2~4.0 INT. 282.5 
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Fig. 28 !La as Spectrum of taraxerene~ E. - lactone~ 

mASS SPECTRUM : CS TO 61 
NOTE :DR.B.P.PRADHAN,U OF N.B,c2/8/83l 
BRSE PEAK : 111/E 2'14 .13 INT. 2: ~~ 
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The gppearanoe o£ singlets fr6m S 0!83 to 1.12 integrable 
. \ 

for eighte~n protons indicates the presence of SUt tertiat?i metby:'l. 

~OuPS in compound T2~ A two proton multiple~ eent~red a.t ~ 2.26 

ie assignc;Jd to a methylano group alpha to oarbon.yl group~ ~he 

quartet •t b 3-•92 (J8~ • 5 ijra, Jas. ::.: 12 Hz) shows the presence of 

a la,ctonio proton,l12~ !Dh.e J value a indicate tbe ~al o:t"iGll tat ion. 

of the proton having one e.x1al and one equator!~ n~ighbours• 
... 

Tll,eae pealts appa~ to -be very simila~ to those of 4, ·--~ft .24- tri• 

nor lupan,a 3-----+- 5 olide, 1,35; mentioned e~~rliar thus i~~$cating 

the formation of aimil~ b -lactone in ring A of ta~axeront~ 

formed by elind.na.tion o£ three carbon atoms ~. 21 tUl.d 24. !I!hu~, 

ring A may be represented as 643. The one proton mUltiplet centred 

a.t ~ 5 .57 is dite to an olefinic proton• 

~m the IR and 1H nraa date analyeie, ~t appears that 

pompol.Uld !1:2 has a trisubst:ttuted double bond whiob is either 

at 014 - 015 position, that is,. the double bond :ta r(ltained as. 
i~ the caee of tarruterone, or it ·i.e cht~ to. o12 .. o13 dou.blj bond 

fo:t'med _ ·'b.r isomar1aation of c14 - c15 doubia bond dttring the c.!Ou.rso 



of the reaction• From theae observations tw:o s·truotu;res 144 and 

~4P, l1t:W be assigned for !1!2 • The structure of m2 is finally 

145. --· 
established as ~ fr~ j,ts mass fragmentation patte:r.-n (:&~ig, 26). 

. + 
The nu>leoular ~QJ.J. of ~2 ia .f:.ound ~o b~ (M 398) by .. the cllem.1cal 

ton:tsat.:ton. me·~ht'Xl•. The ion peak a.t m/e 274, XVII proba.b:W arises 

due to retro•Diela-s\lder deoomposi tion. of ring D, the cha:rge 
~ • ' l . . . • 'J 

remaining with tbo diane portion oomprieing the ring A; B and 0 

as was in the ansa of ta:ralterona102 • ~Jie :t:~agmen:t XVII, un.dargoea 

thQ loss of all;rlicalJ.Y activated -methyl s1:oup at c-s and thus 

the ion peak at m{o 259 results dUS to fragment XVIII• The ion 

· pe$k at rn/e 204 :ts uua to fragment XV .. Hydrogen addition to the 

fragment X.V rest:tlts in thG formation of the frag:aent ~VI respon­

sible for ion peak at m/e 206·. Ji1rogmen.t XIX is du.e to J..oae of a. 

,. methyl gro~p • Frae911ent ;XIV is alao l."esponaible £or ion peak at 

m/e 204, which :La oharactertstic of taraxarone skeleton. Thus, 
iJ. •' I • . 

. tne ion peaka at m/$ 274 and m/e 259 suitably support the tormu­

latiQn of ~2 as 1~~· Th~ fragmen~ation pattern 1a shown in 

StJheme • XIX. 
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Schem~ - ;:rx: 

H 

lli ~/d98 (01J 

-· 0 ~ 

2M! -J,259 
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Tb,us the st:r.uoture of T2 :ta oo.nfirmed from rgaas ape~trum. as 

4, ~3 t 24 tri•nox--Tara.xerene....3 -+ 5 d..ll -olide, 14i• 

structure of !1!3 as taraxerenE)- E -lactone, _146: 
--·- - --
Uola~ular weight determination by mass spectrometric 

' . 

method and 1n.depe.nc1e~t eJ.amento.l analysis of 9.!3 ah.owed the mole-
+ cular tormul.a. ot '1!3 aa 030~02 (:M 440). 

The i~rared apeotrum (Fig. 27) of T3 .eno~ed.a sharp band 

a.t .1'720 em-1 , which may l)a due to the .pre sene a- of a carbol\Vl 

£unction or € lactone moiety. If one of.the o:eygen atoms ie 

present as lteto or aldehyde group, the other oxyg\tJn atom .shoUld . 
be preseut as h,rd.ro.Jq or epo;!Qf or ether functional grou,p. Since 

tb:~ IR s-pectrum does not shov-1 -axw peak that are generall;r 11311 own qy 

these tun.ctions, the probability of the presence of" E la.otone 

ooul.d be inferred from IR .spe~trttm• ~he peak at 810 em -l ie, aa 

ueualt a.ttribllted to a tristtbstituted dou,ble bond~-

The II19.Ss .apeotrum o:f' !f~ (Fig• 28) shows chamctel"istiQ 
+ . . ' 

Pe3:kl;) at m/0 440 (M ) '· 31.6; 301,. 204,. 005 ~d 189 • rehe appearance 

of ,these fra@nents may bf) e~pluined i£ stru.qture 1.46 ie formulated 

for T3 -• 

·o 



~he genesis of the ion tra.~_ente m/e 316 and ·m/ a 301 ie 

similar to fragmon.ts XVII and XVI;ti ae 1n the oasa of compound 

·a!. and !i2. can. b~ explained ·by atruoture ~as :te given below in 

Schsme -.XX 
' -

,· 

0 

H 
XX ~/e3]6 



Thus, the etrl.tCtll'f.$e· o! ;r3 is confirmed tu :m, )ll .l~ and 

Mas~ Spaot1•al Ltn.alyaia a.e tlll"axerene- E -lactone; 14~h 

El~mantal · analyf:lis . and._ mass spectral. data ilidioata the 

molecular· fonnulo. Qf T4 to be Ca1H5202 • 

1!he infrared spectrum · ( Fig• 29) of T4 is record~d iQ. 

Table .... l9 with its important peak abaorpt.iOlW and their pl"'obabl$ 

asSignment• 

Table -- 3;9. 

IR speotrwn ot ~4 ~ l{~i, o~ Mull 

Position of P2,~1t Int enei ty 
absorption., eta 

1736 strong 

1155 atJt>ong 

815 strong 

' )0 :; o stretching vibration 

of an ester group 

~c-o et~etoh~g vibration 

of the ester groUp 

tr!substitutad double bond 

------------~----------~-----------------------------------
!t ,, therefore, appears tx-cm infrared spectl.\\m of' T4 tha't the 

compound is probably an ester with a trisubatituted double bond. 



...... 

~ 

..... 
.... lol~ 

- I . 

Thtl intoma.tion ~egardillg th.Q stru.otu;l:'e of !1.!4 as Obtained 

fr(}m ita I:a speo.trum ge:ta further support from ita· 360 MHz 1U mom 
spaotrum (1rig. 30). Th~ spectl;\l.m is recorded in Tablt9 - 20 with 

its chemical shift. arld their probable assignment • 

Ohemical shift 
in b {pp~) -

TnblG.<Il!io 20 

Number of Th'Iu.l tiplic '-ty Pro ba'Ql.e ~ssignme.n.t 
protons .of signal~ 

~------------------~.-------------~~~--·--~-------------
o •. a2 
0,.85 
0~90' 
0.92 
o.95 , o;,gg 
1.08 
1t12. 

2-,.7t) 

3 .• a ., 

s 
3 
5 z 
3 
3 
:$. 
3 

l 

3 

1 

singl~t: 
singlet 

·singlet 
singlet 
-siilg;l~t 
singlet 
ainftlet 
!3inglat 

qua~et 
Jaa :::.11 nz. 
Jae = ·5 Hz .. 

singlet c 

. -

multiplet 

' 8- 1-- O!la 

I 
i.- y .. OOOOH3 

~--------------~---~--------------~-----------------------
Appe_arauce o:r eigb.t sin~lets. from S 0.~2 to ~ 1~12 in·tegrabla for 

twenty .fpur. p:rotona dem<?nstrate ·the preeell.ce ot e:\.gAt tertiar,v 

methyl gJ:mups ill. ~4 • A thr~e ·proton singlet ~t ~ 3•6 sltowe the 

p:?.esenc~ of a ca.rborilethoxy grou,p in th,e cbnll:"'Ound. A qua.rtet 
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centred at . 6 2.75 integrable .for ono protop. m~ be assigned. to 

th$ hydrogen- atom .. gemin~l· .t.o .. the carbome.thox;r .group •. The J. v~aea 
,·, 

also ind!cata that the proton 1~1 a;g;:l.ally oriefl.ted with one axial 

a.nd one fi;lquatoria.l· n.eigh.~ou;rs.- .The. m~ltipiet at 6 o.54 inteGrable 

for one proton in;d~cates ~he pr~senoa of a. triaubsti tut ed olafini e 

pro.tC(l. 

Tne masa. ape.ct~ of ~4 (Fig. 31) finally esta.bli.shea its 

~tructure~ It shows oha.rao;t.er:i.stie. pe~ka: at m/e 45~ :'(M+)t 439, 

330, 315; _204, 189. From .o~ pre:vioua .discusai_on on maee speotrW!l 

!;Jf tarr.xe~one,. 141, e.nd c,ompOllnds T1,~ ~2 a1lii !113, it ;ta eVir1ent 

that ~gments at w/e 204 .and 189 ,~~ due t.o spe.eies XIV, XV · . 
' ' 

and .XIX. F:ragments at m/e 464, 3~0 an:.d 515 •nll3Y be explained ~t. 
1 ~ : .. ' ' ' 

etraotu.re .l:!! ia formulated £or T4 , wh:L.ah also aa1Jj.e£ies the 

· · ·1n l~MR and IR S"P,ecrtra.l a.na;lys•s • · 

'' 

---·'----7'-
1--l 

' 
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lienca, on tne ba.eis .. o~ spectral (lata ·the structure of T4 

has been· aes,.tYJ.ed as -2 C7. -carbom~t~oxt..:A-no~-taraxerona, 1~~· 
·'I 

!3!~l.q!ure of __25 jaB ·TS!!~e.re_!iq_;~~ ~aqo.pteY1v~J!;bq,ar!!£?S£1att:t, 

148 I -
'. Elementai analysis and mas_e spectrum ot !1!5 snow its mole­

cula:y;- formula to be Cs2}152o4 • 

The tmportant peak absorption and their probabl~ assign-
' . 

ment o£ ·inirared spectrum ot T5 (Fig. 32) is recorded in Table -

21. 

~able •. 2!. 

·Infrared apootrt:tm ot ~§pjn. N~Jol Mal!_ 

. ' 
:Position o£ · Intensiv 
peak absorptio~ cm-1 

' ----------------------.---~--·._ ______ N----------------------~ 
1730 
1720 

810 

strong 
~t·rong 

weak 

>o = o stretching 
vibration q£ ester group 

h•CH3 vi~ration ot 
ester group 

-c-o _st~etching vibration 

():f the est·er g~oqp. 

Triaubotitutea double 
bond 
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. The infrared spectrum is indicative of two ester groups 

. , and a tJ?i·t;3ubstituted dolible bond as functionali ties in !1?5 -.• 

1!. · The inference gets support .from ita 1a !TMR spectrun (Fig. 
! ' ' 

I ;· 
l 

l 
.1·1' .--j:l 

' /' ,7 

I 

~3) • Th.<El spectrum is atu.d:led in 360 rm.a instl."ument using TMS as 

internal standard. The signals for various p;rotons and their 
1 probable assignments are recorded :tn Table ..... 22 • 

Table ... 22 
, ... ~~ ...... 

...... ...... ; l ... 01 •• -......... 

OJaemiQal shift 
. ~(ppm) . 

Numhel' of Multiplicity 
p:roto~a o£ sign6tla 

~------------------~----~----------------------------~----o.a1 3 o.s7 3. 
o··91 3 ' '-().,,93 3 
o.9a 3 
1~01 3 
1•09 3 
1 •. 25· 5 

3.60 3 

3.G5 3 -' 

2 • .30 2 

5,.54 1.' 

singlet 
eingtet 
eillg]. E!'4i . 
singlet 
singlet 
singlet 
single~ 
singlet 

singlet 

.singlet 

multiplet 

multiplet 

. I 
6 - 0 ... CH 

I -J 

I 
.-.y - coocs-5 

I . 
....y-a0oc~ 

-c~ .. COOOf!a 

' . ' > c • OR· ~ Cli2 

The appearance o:f eight aipglets frqnS 0~81· to 6 1•25 

integrable for tw·enty fot.W protons .. ma.v be acoottn.ted fQr the 

·_pref;)enc!!) o:e eight tert:ta.r.v m~teyl grou~s in compound T{je· ~wo three 

proton singlets t;tach' at & s .. ao and b a.oo ind_ioa:te, the ;P:resenQe of 
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two ca.r'bomethoxy gJ.~oups il?. the compound •. The two p:roton. multiplet 

oentr.ed ai:i h 2:•3 is attr-1buted to a methylene gro~ alpha "'~o a. 

ca.rbomethox:y group• The multiplet centred at ~ 5 .• 54 iJ;t due to a. 

triaubst1tuted double bond. Thus, from Ill and lfi 1~ spectral 

data; it is found_ that compound ~5 contained two carbometho~ 

group along v~tlth eight tertiary methyl groupe aud the trlaubsti.­

tuted double bonc1 that :l.s present in tarsxerone •. 

Hydrolysis of T0 w:tth rnethano1io KOH gave a. compound 
' .120 . 

identical vlith tara.xadioic acid , 149. Compound T5 is, therefore, 

as signed struoture ~· 

H0CO~..C .. 
H3C 02C'>~-.. ~ 

H 
148 

..... ....,". .... .... . ..... ,- ........ 

12Q. J,. S~monson and W.o.;r., Ross,. nThe terpene", Volm.- IV 

(Cambridge U11ivers~ty Press, Lond); 283 (1957) 



mhe formnl.ation. of ~ oa ·~t~l"a:ter~n.~. 2,3 Set~O methyl 
• ;.; " ,.1 

dioarbo;:cylnte get~· i'tV!ther oupport trem :\l,:h.a tuaea_ ap.ootrurn 
. . + 

(lfig. 34) • It ahOwt3 charaate~iatic peake at role 500 \U ) , 485, 

470; 468, 440; 399. 376, 361, 204. ~heee iOn. fJ."ngrnente mar 'b~ . ' 

rntionnl:taed it structure 1~ :t.s- a$cd.gned to ~5• Moreover, peake 

at m/e 3761 XXIV_ £u:td mj.e 561. XXV atand aa ~.~ulpport £cor the struotw;o$ 

!.t~· 

XXIV I 
"YY-..1 e__ 3 76 

All these sp ectal c\f:?.'~a angl~raia of the oompouu.d ~ggee't th.e 

structure of % o.e ~ara.,"'t&rene ~-. 3< seao-metl\yl dicn,r>Q('!Xylat~. 
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!:~~llos~{t-UO;i:Vl~\~tll: ~-1\1~.-~~ 
Fo~~tion. of' ~, (3. unaatura:ted ~~ttntesi 

\lhiltJ r.av1G)dng tha works 9n. o:Q.. ootiva tran.e£or-ma..t1Qna b3' 

eelem.wi· dtonda (dbapteli' I) • tt bna bee.n diacuaeatl that selenium 

t=!i.oxicle acta na a aohydrog~natitl$ ~geut i.f ~;drogen at~ aM 

available at poaitione cJ. 1~ (Y to tt1e oa.rboeyl St'O'QP• In the 

oaae ·of tr:t terpeno1da * the formation. of 1, 2-ene-~~-one · oeems to 

be rather rastriotad due t.o ater1e hint1mnee by the mateyl g~oupe 

present at the tou.w pOsition o.ncl at the lV:B ring ~uootu.V'e. tupan.~e, 

!.=iQ.. ~r!eldad d:thydro glochidone {lup~·<l#(;)n,e-3-one} t 13~~ in small 
. . 

amow:rt when hydro~n po~ld.da wat) preaant in tlagligible propol"tion, 

whilg 1n presence of high.~r amount of byth"ogen ~ro:dtle, 3 keto 

1 ot. , 2 ex epo.Ude,. l:!,g., ~~as obtained t1•om ta.raxerone·, ~!· The 

:;trroitucta ind ioate that dahydrogal'Ul tion react_ ions tat<:$ place even 

it thel'e a~~ gem ti.imeth11 group at ·the fou.r poait:Lon. Th.g same 

:renotio.n when carriad ou,t with f:t"iadel~n, · 13q,. did not yteld lt 
' . 

2-ene-3...-one trr 4• 23•mw-3 .. one or their oor~eaponding epoJtidttJe• 

It may* therefore, b~ OOlJ.cluded tt\Qt ·the twisted boat stru;otu.re 
-

of friedalin., 13.tie Q~uaea l'linoranos to th$ forraa.t:Li:rA ot ()( , , ~ 
urtsaturateo ltetone by eteri.oal :1nter£oren.ce. ~hu.s, we fJJfJ3 pl~poae 

. ' 

the foxmatton. ot ex, (3 uJltm:turated katonea in the onse of t:r-1 te:J!I-o 

~noids containing gem.,/dimethyl g~~P at tb.a tour posit ion in two 

dif'ier0tlt pa:tm:aya46 as followrn 
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+ Hl-oH 

134. -

Path h -
. ' 

134 -

The probable mechanism ot to:t>mation of the epoxid~ may be by 

the action of Hzo2 o~ peroxy sele~ious acid60 t which,p~oc~da 
ae given belmr in Scheme XX:I• 



.~· 

so heme lOti.' 

HO. O.Se0}-1 

0 .. .. ' 

142 

.:Worma.t:ton o£ dioa,rboz;ylio !.lO.id~; 

.· It has been obse~ved ~xperimep.ta.lly that· triterpenoid 

,3~ketones with gam d:i.methyl or monomathyl group at C--4 posi ti9n 

give d~carboxylio acids by. olea-vag~ of 2, 3 · carbon .... oarbon bGnd 

during the reaotiQn VJi tll. hydrogen peroxide - selenium dioxide in 

appreoiabl~ amo®t • The £oma:tion of carbo:x;vli.o acids 1 133 t· 140 

and !49. from lttpanone .~ fl;';taclalin 13.6 tl:tl,d taraxero.ne 1.4~ ~ea­

pectiv£:llU can be explained via tne :tnt ermediata eta~ of 2, 3-, 



atttetonas, which in turn ia f~her oxidiaed l)y hydrogen peronde 

to carboX1lic acids. Ae it is well known that aelenium dioxide is 

a. good OJtidising agent of the methylene sroup ct. to the oxo gro~p, 

it is obVious that the h:Lgb temperature ti.!.!d prolonged reaction 

time oauae compiet~ Oxidation qf the 3•keto trit~enoida to th$ 

dikatona. The steps involved in tb,(.l oonve~sion of 3-keto triter­

pen.oids to seco•dioar.bo,gyl1o acid~ are gi~n balm,66 in Scheme -XXII. 

130&141 

< 

OH 

HO.O 

Schema .·""" W:J; 

H02C~ 
---?-H02C~ 

140 
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E .. ormat,ion ,of ,8-no~qarbrtx.zlic aci4_a 

:t~UP.a.rtone and . tal'a.Xerona both with gem dimethyl group· at 

0-4 position and frtedelin having one methyl group at 0•4 poeition 

furnished A-n.or-;-oarboxylic acid in poor y1~ld._ The propoaEtd meoha­

niem fm.'4 the foma.tio}l of these typo of l!lQnocarboJ(Vlic acids by 

the oxid~tion of 3-ketonea by selenic acid tollowed ~ attack with 

hydrogen peronda and rearrangement 66 is proposed in Scheme -XXIII • 

Scheme .... XXIII 

1::0&141 - ~ 

. ?H 
. ~-
H0-~-0-··· 

_C_H_2.._N_z -}.H_;coj;····~ 
131 &1~7 

. ~ \'\ -0 ,) 
HO 

H2Se0~02~Q- .. · J 

136 

--
H02Seo ... 

H£)2. 
1-10.0 

H 

CH2N2 . ~~ 

H3C02C ~ 

138 



Fprmatiot; ,o~ ... ~ "':'lq.ctone!iJ .. * 
We have o~served in, Section ll o:t: this chapter that ll.lpanone,. 

130 torms a o -lactone, 135, along with other produats when oxi--' ~ 
d~sed. with hydrogen paro.x:ide-seleni um diOXi(1e. Tha same type of 

b-lactone, 144, waa obta-ined f~~ te.ra.xerone, 141o It is au.rp~s:tng 

to note th~t 1-n the oo..aa of ta;rruc;erone when the refluxing period 

was only 20 howe• a aeaond lact.one-; i46; with tba same number of 

carbor.a. atoms a$ in the or:lgitW.i k:eton.e, !~.t 'vJas isolated• Il+ ou:r 
121 

f':l.rst papeJJ in the series of o:x:idat:Lon reaction with t\vdrogen 

perQxi<le..-seleniwn di(}}t:ide we had p~oposed the for:&ttion pf S -

lactone Via the intermediate E 1sotone4t It may be ~oted that in 

the case of lupsne>n$t a,3q, the ree.ot1on. per:tod waa 30 hours; 

while ill case of t~raxerone~ 141;. it WG\S 20 hour:;h It is • therefore, 

.Possible that.· in the to~er cflse, the E •.O:l.a('.rtona whioll is .formed _ ':. __ . 

f'irst, u.ndergoea bydrolysis ap.d by l3aoyer-Villiger oxidation 

results in the !ormation of b .... 1Jlctonet 135,. The :taolation of 

E. -lactone, 146, in the casa of taraxeron.e, :1;.4!, baa oonfil'tn.ed 

our mechanism proposed earlier. Tbu.a, we may writs the nt$ob.anism 

of formation of 4, 23, 2~ tri•nor-3 --- 5 olide as shown in 

Scheme • XXIV• 



·.~· 
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130 &!.11 
. ..,----

145 -

H~ 
0 
I c 
/~ 

~oJleme • XXIV lit.. .. . - .... 

·.' ' 

··o··.:· HO 
2 2'> HO 

HO.O . . 

[o] > HO 

-HO' z 

135&1 
~-

' ' 

In the oase of fr:t'edelin., 136, where tb.ere is one. methyl groUp 

·at 0-4 position, it waa ~:Xfl~Cted tba.t e. o lac·tone with the lose 

of 4, 23 ca;rbblt atoms would. be to:r.-med as in the case ~eported 
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' . ' . . 122 . (' 
by< Ooret et. a.l · · ·• :l!o oW;' surprise thte-.· o -lactone, ~,. isolated 

from friedelin contains one atom 'less. thlill friedelitil! It ·was . 
cruiracrterif:H~d as -3-nor..:friedelin 2 -l- 4 alidel! .T.he mechanism 'for· 

. ' ! ~ : . ' ' ' . . . ' . 
?he .formation of t~s lactone poa's'i b)¥ .follow$ a comp1Eit9Ji · · 
J 

I different 'path "way at;! shoWn. in Scheme - XXV' •. 
I 

I 

/ 
J 

136 
. . ~ 

~~~~, H9~g 
8 h 

. ·, 

137 

-·----~-------------~----~--------------------------------
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It is probable that selenium dio~id~ converts friedelin to 2, 3-

diketone ~ L-~ dioepJ:?.enol ~ ~ ~ .] • One mole of l')yd;rQg~n 

peroxide may att£l,<Ht. s to give the intermed·:mte o< ~lteto-E -laotone, 

g., which may unde~go hyd,rolyt;Jis to f~nish the cJ. -keto acid ~· 

T®. acid s. on decarboxYlation f'ur11:tahes 3, 4.-seco-o-3-nor-.t• 

hyd~oxy .... triedelin""'~ ... ca;rl)o~ylic ac~tl h• v1b.ich undergoes lactoniza ... 

tion to form the ~ ~l~otone 13!t• All the above intermediates are 

tormetl durinff th.e ·reaction couc11tiQ~ i~ a:ljttl~ ~he ·.formation of 

···a: eimilni' lactone in the o~.dation of lupaAone and taraxero~e by 

H2o2 - SaGa is not poesibla due to the pr~senQ.a of ~em dimethyl 
. . h ' ' . 

grou,p at C-4, whiob ~,iAders th,e :formation of a diQ~p.benol eim11ar 

to c. from lupruton$· ·and taraxerono. - . ' 



~· 

. .._.... 
! 

Exg~rlmmi ts,.l: · · · 

Melti~ points ·are ·unoor~~ected. The· petroleum ether·'ueed 

throughout ·the invaetiga:t1on na.d b.•:P~ in. ·the raJ~e ·of 60·..S0°c. 

The.inftared epect~a were ~ecorded in aao~ Ia•20 Spectrophoto~ 

meter. The uv absorption spectra were taken in. Beekman DU•2 

Spectrophotometer. Iviaas apeatra were recorded by electron impact 

method in l!lS 30Q spectrometer. Silica gel used for column cbroznato... 

gr~phy was of 00-120 meah (B.D.H) ::.lnd. nluraina used tor column. 

chromatography waa of active basic grade (B~D.}l). ~IIJ were performed 

in cb.romat~;a.tet;J prepara.d on gla,ea strips with Silica gel G 

(B.D.U) • 

:r,solQtion .of lgeao]:. :t;rorq .. 1&NAtho;y,lgm .bqdr~. 

Six kilo grams of ~ir dried i'iue :cy- pov1dered barlt ot 
. . . 123 

Xantho~lgm bgcw,ypsa ·· was •oxhl.$tt~. for ~ hou:rs wi ith benzene. 

Tha extract wt;te cooled and then solvent wae dist:i.lled off• Th8 

reSidue le:(t wae dissolved in minimun volume of benzene, chroma• 

tographed over deactivat~d alumina column and the petroleum-ether 

eluent coll.aotad, Pet~olewn~thel' was distilled off and a. solid 

(14 .s) was obtained. The aolid on rechromatograp~ over deactivated 

123(a) Di~te):'le, A£9h• J.!rswm•• ~.! (19l9), 260 (1921) 

(b) Ultee, Bull. Jard.inbot • :Suitenzorg, 1922(111), i' 315. 



alumina aff~~ded lupeno~e on petroleum-ether ~lution and lupeol on 
'.' . ':' 

petroleum ether'!"'~enzene (4:1) elution. The latter was further' 
. ' . : - . ' ' ' ' ~ 

purified by repeated or,rstallisationa fr~l chloroform~eth~ol 

·~xtu.r~· 12 g of lupeol,. m.p·~. 215-;1.6_
0 

•. [\1-.J :o·3~,"• w:aa _obtained 

and tound to be idantiqal '11:tth .authentic e·a,mple of lttpeol (co-

!!vdrog~nation .o£ ... ~eQ;L Ji.o .... LJ&J;lano,! 

7.0 gm of lupeol in glacial acatio acid (100 ml) and 

ethyl a.oata:t;ti) · (160 ml) was r~du.ced witll ·eydro€,-en ·at ·atmo;;tpherio 
I ' 

pressure in presence of Adam's cata]¥st (200 mg) .. The ca.taly:et 

waa filtered· of'£~ the ·eolv~nt evaporated in vaccum ruld the resi• 

due · on reoxr,fatallisation £rom. chlo~oform-mathan.ol m:f.xtuz-e af!lorded 

fine crystal~ of lupanol (6 gm) t ~·P~ 206°; [ ot J D ~~ .... _1_7:.8° 

identical with authentio aampl$ of lupanol. (co ... IR, m.m.p). 

Ofdfta1[.1.pn of T41Jlanol to .. JMI!ruJ-9!19.• 

· Dey chromium triOXide (6g) wae added to a. magnetically 

eti~ed solution of 9.6g of dey py~idine !n i50 ml ~ methylene 

9hloride. The flask was stoppered wi.th fused calcium chloride 

and the deep burgandy solution vJaa sti;r.Ted for 15 minutes at 

room temperature. At the eud of this period, ·a so~ut_ion of lupauol 

(4g) in. ·a small vqlume of rnethyl~ne chlorid~ was added in. one 

portion• A tax-ry black: deposit separated tnm.ediat~ly ... After 

~tirring for an additional 15 minutes at ro~ tempe~tu:r."e, the 



\ 

solution wa.a d.aoan1red .from: the reaidu~ • ~~ d~oantQd metby.lene 

chlorj.de aolu.tion ·w~ cond·en.s~ ;i;n vaccuo and then 'the re~idue 
I 

was taken· up 'with ether and filtered to ~amove insoluble qbromitJn 
I 

. ' '' 

/ 
/ 

/ a~l te. ill be ether s olutiou lfJae \V,ashed \~i th dilute aqueous bas.e 
''' .,/· . . ' . . 

and with a satura;ted brint.' eolut.iQ.n. and d:cied ove:tt anhydrous 
.': 

. ; I 
. I I 

. : . .'/ 

EVa.poration. of the solvent ylaldeQ. the· crude. keto~e (3/ag). 
. . I 

~he crude ketone dissolvad, in minimtllil volume of banzane viae / 
•' 

ohromatographed over aetive alumina. colu.mn; (100 g) • Th~ · cnfomato·..; 

. _gram was· developed in petrolawn.-ethar and eluted \vith the fqllow• 

ing f=~Ol vents. 

Eluent 

Petri,lleum-ether 

l? eti-o1eum;,;.ethar 

' ' 

. ' 

~ble --~ 

J?~aot·iorua . ' '~es1du.o 'on 
pO ml. each. eve.po~a.t;ton 

. Qil 

SOlid 
' (;3~5g) 

Melting point 
oo . 

' .. 0 
200-203 

~rthe?. elutii:~ri with more 'polar solv~ilta did not afford 

~·solid material• 
'. 

----~-------------------~---------·------------------------·----·-----
J!raotiona .5-3o· •. ~able -~ 23 wer.e oomb~ed•. ~his O:ft -~~peat~d 

orys·t~llisation from ohlo:r..toform-methanol. mixture afforded needle-. .. '· " . '; . . ', 

anaped crystals of lupanOll.Gt m.p~ 209-10°t [ Ol J D 16~~0 1d.ei:rt1Qal 



with authentic ai;la~Jim~n· of l-tlpanone (m.m.p~ f!hQwad no depression); 

IR· .a J · . . · (nu-J~oJ. 1690 cnC3..) (.· ) d :::· o ... ). · · max .ifJ · 

'. 
~·,.~::~··. 

~J!ll:Uml.Jlf LtU!filS~~, .. d tb. Sel~1::t,1mn diox'J!e Jlnd }lvdr9~en PJlro&de 
. . . . ' . . '' ' '' 

A solution of lup~on~, (:t:.2 g) dtaaolved in te:rt-butanol 

( 60 ml) oon.tain~g BGle.n.ium. diOxide (q.ooa g) and 1\Vdrogen peronde 

(17%, o.2 ml) \'VEt~ refl~oo on water bath. After 32 hou.re bl.e.clt 

selenium m.eta1 preoip:t tat ed out ind :teat ing ·the <::-ompleti on of 

rea.ct'ion. It \U0.£11 ooolecl 'and poured :tn 1CH)•co1d water when a whi·lie 

aolicl ap·peared •. This v-1as taken in ather and th1;1 ·ether solutio~ 

\,:as washed first with :1..0% f~a2003 13olution (three times, 200 ml) 

and then with s~~ ~~a.goo3 ·solution (three ttmes, 20o ml) •. Tbe ·ether 

layer which now oonta.i,ned. neutraJl ·par-~ on:t;r, v<as VJ.asha{i' thre$ 

times ·with dil·· ttOl ( 200· ml), 'th~11 with w£\te.r and ,;finally dried 

over a..nbyd~.ous l'fa2so4• Tbe filtered solution on evaporation to 

dryness yielded a PUW r~sidu.e (o. 5 g). The alkal~-wash wa.a kept 

aside fo~ further treatment" 

Isolation of 'Ltt:P!oool:""ene~""'One 

·The ·gumm,y n.eut1 .. al mass .was dissolved ·1:n mil'linltmi volume o£ 
- . 

b~.nze:n.e and chromatog.t>aph·atl over a deaoti vated alum;tna column 

(40 g).- The e~omatograni \vas de~loped vdth petroleum ether and 
. . 

eluted ·With the solvents stated .in Table ..- 24. 
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Table- 24 
~tWL ...... 

: ... . . . ~ . ~ . ' ~ . ' . 

~·~-------~:------~-4-~.--~---·------~------·-· -~--------wl~~~-.. -------·~·--··------- ---------
Eluent ~~;ro:o't;ions 

.60 .ml ettoh 

__ _. __ ~------------~---~-~-·----·-· _____ .,_"_" ___ ~-~-----··~--~-~-"-~---~-------···---------
Petroleum ather 

- ' ' . ' . 

Petroleum ether· 
ana benzene · · · 

(4_11) 
p. ''. 

, .. Soli~, (80. rug)· . : . 
0 

tzl":P' . 1.50-~2 .. 

· FtWther eiuti<Jn \d t~ more polar ·aol vents · did not ·a.£tord 

any solid material. 

--------------~-----~--~--------------------------~----... Fractions 3•6·• Table - 24 were combined· (ao mg)' and· on · 

cr.ystallieation'from a-mixture ·ot ohioroform·and met~ol.afforded 

colourless oryatal:::r of· lup~l .... ene-3~o.u:e '134.~· 

·Anal· is .. * ·-. ys 

030H~8o required . 

Fou.nd 
I.R. • . J Nu3 t>l 

. .raa;g . 

. .. 
'-84.84 

84.71 

l.orf) em '!0'
1 (.-<~ ·i= c .... J. :t) 0) 

%.B .. 

1.1.~9 

1le43 

. 3.050 em -l ( > c =-. c < . ) ... 
~Jjli_g_~ . 7). . I. 
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6.8t? (fb J - 10 Hz; lH, -c .. o • o- >~ - JJ l I 
0Ii H 

7.19 (g., J;; 10 a~, lH, -c~o = ,, c.- ) t.:-. II I I 
OH H 

{Fig. 8) 

T:ee.ifmn t of the al.J&qli wn!h• 

T~e alkali wash that remained after sepa~tio~ of neutral 

part t~as .treated with 20% HOl t.ill the whole so.lution wa.a acidic. 

White preoipi tat·e that s~paratetl out waa talten in ether. The 

ether-solution ~a wat:Jhed with water9- dried ove'r a~d· Na2s04 • 
' ' . 

After recovery ~f ether, a coloured ~ mass (550 mg) wae 

obtained. It showed two ap<:)ts on chromat_oplate. ~he mass w~ theA 

subjected to esterification. 

, !steri:t'j_cat.ion of acid Dm• I~o:L~~n_of 2!-..-c£\!')lQ.rri~b.o;y-,A-nor­

, -!u.R~~~ .• .;.,tl;~ . g_,_a.,.~eco~e;lih~!:J· ... 11&~ne dioarbp,~Jca,t!~• 

The gummy mass (550 mg) was dissolved in ether and cooled . . . ' . ' ' , . 

to 5Q. To this solution was added welJ. cooled ~thereal solution 

of diazomethane. prep·ared from.. 1 gm_ -~£ ilitrosometh.yl urea and was 

k:_ept overnig~t• Next dtey'; .~4Ce3~ o£ diaz~m~the.ne· wa~ des·troyed with 

acetic aoid• The ether solution was ~vashed with water, 10% sodium 

biacr-bonate e~lution and again. with water till neutral and then 

d.r1~ over an.hyd. Na2so,. Evaporation o~ e~her yielded a gumnw 

residue (535 mg). 



Cpromf)tOt,?irf}ghv ,of ,tpe· sbQVe .·swnml ~eA&h"* 

The SUnlll\V ~esidue (535 ·mg) was dissolved. in ·minimum volume 

of benzene~vas placed over a coltil1Jn of alumina (eo g) deactivfited 

with 2e5 ml of 10% aqueous acetio a.oid• tehe ont'omatogram, was 

developed with pet:roleu.rn ether and· ~luted with the following 

solvents~ 

Eluant 

Petroleum ether 

Petroleum 
ether•banzene (413;.) 

Petroleum ether 
... benzene (3i2) 

Petroleum ether 
·-benzene (2o3) 

Table .... 25 
..-- . r -• •~ 

Fraction Residue ~ 
50 mJ. each evaporation 

1~2 ~iil 

3·8 Sotid 
\100 mg) 

9-10 ~H.l 

11-~0 '8611d 
(140 ·mg) 

Melting point 
oo 

1'62° 

... 
0 

102 

~urther. elution vJith mQre polar ao.lvents did not furnish 

atW solid mate~:t.al. 

--~--------~------------------------~------------~-------
TLO of fractions 3-8, Tabl~~ 25,ah~1ed homogenity hence; 

they were com.l;tined (100 mg) and or>Jsta.lliaed. from chloroform­

methanol m:t~ure to :furnish i'ine orystale of 201-carbom.et.hox,v•A­

n.or-lupane, !a' m.p. 174-77° ~ 
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%0 .. ·%H 

o51950og ~equirea 
Found · · 

61 .• ~2 ' ll -4:2 

'83,-.;41 11.38· 

17401 1434· and 1170 om:"'!"1 

(-coomt3 ) (Fig •. l) 

1n riMR , o.72 to l.04 (6s, tau, a:..a,~;..OH'2)} ' ·~ ~ 00 

(bJODC.ll~) 0•'75 + o.a5 (~, J :::: 7 Hz, Ga;: HO (aH.'otJO 
-3 

2,.77 (~, faa := 12 liz •. ~ae ~ .G ~z. 1H, 

~2o -?-ooooa3) •· s.7 (!'tt au:,. -oooO!is ) 
~a '' ' ' (Fig.. 2) 

) ) 

h1a,ss I i! (456) 1 m/e: 440!i. 424,. 413t 409. ~9G9 361, 357 t 

·274, 259, w~9, 235, 2~1. · 2oo, ·1s1 and t4f}~ 
(Fig•· $) 

Fx-aot:i.ona 11"'\'020 ·(Table 26) wex-~f £ ound to be identical 
' ' 

£rem examination Q£ TLO and thereto~, oombit;4ed (140 mg). mhts 
'' . . ' . . '. . . . . 

after cryatalliaa.t;tolt from (lhlO_l."*O~orm~illathanol 111ixtu.re ot.:t:orded 

needle-.ehap.ed · o:cy-stals tit 281 3 ba6o meteyl· lupfln.$. dica~bo~late, 

132, Tll•P• 116-l,:.SG~ · 

Analysis& 

032H54o4 Required 

Foiu14; 

. IRa Jkl:ir 
'ma.1t ' 1735; 1740 

(-OOOCit3 > · 

-I 
CIY\ 

' ' 

76.32 



'-7f-. 

...1240!'" 

I 
lu mm a o. 92 to 1.22 (6!.• 1aH, s-q-~> . 

- . / O!Io 
(b 1 ODC13 ) o.B5 +0.:76 (g., J = 7 ~, €11, HO , Ol!;; 

2.4-5 and 2"48 (2J2;. 2H, ~20 -ooocn3) 

) ] 

3 • 68 and 3.64 ( 2§.t 6H t 2- COOO!fa) 

(Fig• 5). 

l:ilaaea m/e 502 (M +) 1 443, 429, 413, 400, 385; 369, 321, 

259 ' 205 , 191 • 

(Fig~ 6) 

ritdtoJ..va,a og l!lejijly;,l l~L<li,qarq9,?SV:luti~; · 

!~ethYl lttpane dico.rboxylate, ~, (O. •. lOOg) dissolved 

in benzene (2 ml) was refl~ed in 10% methsnolic KOH (15 ml) 

for 4 nou.rs; The mixture waa cooled, ac1difi~d with dil• HOl . . . 

(20 ml} and extracted. wi·th ether. Removal of the eolvent afforded 

a solid, tvhich on repea.ted crystallisationa from methanOl furnished 
- 0 

lupane dicarboxy11c. aoidt ~' 03oH,f?o04• m·.p. 270-71. • 

_Analysis a 

030Haoo4 Requ;lred 

FQtUJ.d 

%0 %H 

75.'90 . 10. 62 

75.42. . .. 10-~19 

~~dation ~! .1Ep~Of!e w~~h Iig22 ... "': }?.,~02 under_ drastic .. condi ti~a 

Jr.r~twrn:tlisn ·of 4, ,23 •• J~4 t:JZ!.":Wr.•ljwane 3, ~ 5 oJ.i'd(!: and lunenm. 
diga,rboxy11.c .a,oi,4 

A solution of lupail~ne, 130, (2g) i.n tel"t-btttanol (100 ml) 

ccmtairdng H202 (17~~, 30 ml) an.d· S~o2 (o.~ g) w·aa refluxed for 



-~ 

·t: 

30: houl'S •. · The reaet:Lon mixture ·wa.·a separated. ·into n~utral. e.n,d acid 

parte na. :usual. Tlw acid·Ilarl (.:::: 000 mg) ·on:: +'~_pt;*ltad Cr,'ysto.lli.sa­

tions £r.om ma·thanol i'nr.uis}:}ad a crystalline .. SJ,lidt. m.p. 296 .. 66°t 
' . 

identical with lupane dioa~boxylic acid~ 
·. 

The neutt."al part .. (0 •. 5 g) was cbrornatog.caphed over deacti-

vated alttmin(l (20 g) • The oolu.ron was devel.op~d wi ih. ·petroleum. 
. ' ~ . . ~ 

ather and eluted with the follm'Iing solvOl'lta. 

Eluent 

Petroleum ether 

P~trolt)ttm ether­
bel'li&ene (-4. •J.) · · 

~etroleum ether­
benzene (3:2) 

P~troleum ethar­
banz~ne (213) .. 

Petroleum ether­
benzene (A.i ;1.) 

Benzene 

n'raotiona Resi d;.le on 
50 ml $O.Ch evaporation 

5-6 

9-:u. 

Oil 

Nil 

Uil 

Oil 

-
Melting point 

oo 

-
·-

Ftlrther elution with more poJ.ar solvents did not yield 

any sol~ ma.~e~ial" 
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. . : ' . ' ' ~ ,, "\ . . ' . .' . \ . . 
TLC. of compo.und 12-21 (Table .,.. 26) ah,o~t'~d hqmogenity and, 

the~efo:-Ce;. they were combih.~d (360' mg) .. an{f or.rstallised fl'cm 

chloro£o.'t"m-methanol to t~i.dah colou;rlasSJ,· ccysta.la· o£ ,4, 25, 24-
, . < 

. . . ': 0 
tri-n.or lu.pane 3 ~ P olide, !~; tn•P•· 252 • 

AnalyaiSf 

q27It440a required . 

fov.nd 

1748 { b -lao tone) om-~ 

·1Ft lRm a 0.74 to 1~·07 (4!, 12H, ~t;,.OJa) 

(b :,ona13)' o.a2 o.·7a (a, J • 7 Hz, 6ft, 

3• 9 ~!!h W.. • 18 H~t ~ 11£, -o()O..OJ ,... ) 

2,,6 (mit. Z~, ;fl2~ - OOOooo:} 

%H 
10.64 

10.58 

+ fl/e -400 (111 );. 385, 3S4; 357,._219; 209, 206, 195,. 

· 191, .lf35t163, ( baee peak), 1.1J:9,. 135, 123, 121t· 
. . 

119, 109, 107, 95 •. !:)3, 81· 

l.~~ql..ajtion OL~~~\!n .£~om Cork:. 

2 kgs of finely povvdered c~rk was eJti:;mqted with petroleum 

ether in a. Soxhiet ~pPamtus for 1~ hows. Attar r.emoval o£ thl! 
. . 

solvent, a wbi te ~olid separated out~. Tha .solid was dissolved in 



T 

minimum vol\llle <>f ban21e:ne _and ohromatographed over deacti va:tad 
.• ' 

alumina colu.mnl Elution of tne colU1lln. vd th. p'etrt>leum ether ga,ve 

shining ceyst~la ~f £riedelin124 ,· m•.P• ~62-63-[ct]D -48•7° 

Q.nda.1i,iS>J! of tm.~d.alin &!il!. f:1el~"tiym _ d,i~.~! ... r.t!ld 4Ydrogea ne~o;ida 

A solution o! :£'riedelj.n; ~~..fit (0.;9~) in texrt-'btl,tanol waa· 

.refluxed on a wate~,hath. for 60. hottrs tn. preeenoe. of bwdrog~n 

paroxid.$ (15 ml, 22i&) and [:3el~n,i~ diOi:ide (0.225g). ~he completion. 

of tho reaction, was indioa.tad t1v pr$0-ip!tation of black soleniu.m 

metal. ~he reaction miXtu.:re was then. .cooled and ·pou.red. on.. ioe 
. . •J 

. ' ' 

qold water when a.wh:t,te solid sep~a.tod out'! The mass was taken 

!i.n ether ru1d the aiiher.ea.l lager was, ·washed suceeaaively three 

t:tmes with 10%_ Ne2co3 (e6Q mi) and then with 5% l'llil2co3 (200 ml). 

The ether layer war?;J then' wash~d th:t"~a times with 200 ml dil. HOl 

ana 'then VJ·it;h ·\va~er a.!4d f:i.J:Lally <tried. QVel' ~n.lwd~ i~B.sSO" • On eva-

. po~ation to drjn.~ee·, a $lrmti.Y solid · ( ·~ 250 mg; was obtai!!ad and 

(lesignatE>d af3 ;pa»t A. 

· ~h~ Na2C0:3 extract wa.s a.aidii'i~ with.- dil HCl when. a wbi te 

solid a:Ppl!3ared ·tnertlOf. The solid v·1as ta.k011 in ather and the 
• • \ I ' . ' . 

. ethereal solution \'1£'!.~ washacl_witb. Hetc;r till llet\tl.'"al. I't vas the.ti. 

dried <war anhycl~ !~n2s04 ~nd ai:ter evaporat-ion to -dryneaf3 a f$Umll\V 

mass (-::: ~~00 m&) designated· o.s :F.ra;r.G ·:s ·~va.s Q.btain.ed.• 

--~------------~----------~--------··--&·--------·-·--·-·-··--·--··--·---------



.Q.b.t9!G2s.ta:Phv of Part A s Is ol~i.on .. ~f 3~nor-friadeliJl 2 -+ 4 

olid& 

Part A ma.s dissolved in minimum volume of benzene and 

cbromat ographed over a. deaoti va:ted alumina. column ( 25 g) • The 

ob.roma.vogrBJn was developed with petroleum _ether and elu.ted with 

the follov;ing solvents. 

---------------.... ----~-~------~----
Elu~nt F.raotio.ns Residue after 

50 ml each evaporation 
Melting point 

"o 
~------------------------~---------·----~--------------------Petroleum ether 

-Petroleum ether~ 
bon~ene (4t1) 

Petrolewn ether­
benzene (3s 2) 

Petroleum ether­
benzene · {£13) 

1-4 

5·6 

9-20 

Oil 

llil 

White 
Solid (120 mg) 

-
-

.Fu.rther elution with tnor~ polar solvents did not yield ar.w eQlid 

material; 

TLO of fractions- 9-20, (Tabl~ ~ WI) showed homog~t~nity and, 

hence, these v;ere coinb:Lned ( ~ 120 mg) and crystallised tbree ti.rnes 

· from a mixture of chloroform-methanol when it yielded needle shaped 

crystals of 3-nor-friedelin 2 --+ 4 olied, 13'1, m.p. 262°. 



I 

. _It i. ' ( lt 
' ~I {I 

: <· ;· 
~!) 

A 

Ana.lys :le a 

C29H4902 Required 

Found 

J Nujol 
IR ~-

ma.lt 

81•25 

. 80,96 

l.l• 29 

11~03 

(:U':Lg. 12) 

1a; NMR • o·.aa to 1 ~21 (7§., 21lt~ 7t .. OJ.!a) 
( b t ODOl3) 0.99+ 1.01 (i!_; J ;:= 6.5 Hz, 3H, HO.O§a) 

' ' 2•4 ( dd, J gem ~ 13 Bz, Jaa .. 13 as, 
~ m. ·-coo ..... ·o~~s -) , 

2.6 (~, Jgem: 13 Hz, Jae ~4Hz, 

~ 1H, ~oo-y~u.e>, 
· ·U· I 

4.02 (g..t J ~ 10 ~, lH; l'r'OOO-) 

(Fig• 13) 
. + 

Maee a m/e 429 (Mll ), 341; 305, 275, 261, 236, 231, 

. 219, 205 ( bo.se pealt), 191, ·3/1'1, ~d. 1 ~. 

(Fige 14) 

!§te1;'i,£i~.o,n of nart-l!• 
Part l3 (400 mg) V:Jas dis$olved in ether and oOoled to 5°. 

To this was added well oct) led solution. of dia.zometha.ne prepared 

from 1g t1t ni trosomethyl urea and was kept ova1: .nignt. on the 

following 4a¥ e~cees of diazomei;han,e was det;Jtroyad with a.oet1o 

acid·· Th.& ethe~ ao~ution \'VQS \1asned with \;Jater, 101~ sodium-



bicarbonate solution and again with wat'!r till neutra.~ and then 

d~ied· ove:r anbYd~ Na.2so4 • ·Evaporation of ~ther yield.ed a gurtJilY 

residue ( '::::: . 350 mg). 

Ctp;:omQrtggraphy of'_:tb.e-~sterif1etd. mQ~S• IsoJjation of 2 ex -capbo;. 

m~thog-.&·n.~t..,ft;iftdS?ltn., i ... l38 2 fm.<t.2.a}3 ~0 ma:thxl-fri!ld,tl.Q.!.IJj.te 

The 'esterified 'mass showed the presence o£ two different . . . 
- . . . . . 

oompoux,tils on ohromatOBlate ~ The compounds were separated by column 

cbromatograpJ.W over a· tl.ea.ct ivatetf alumina ·column (3o · g ) • The 

column wa.a developed ~?ith petroleum ether o.nd then ~luted. with 

tbe'foilowi~ solvents. 

Eluent 

Petroleum ether 

P. etroleup-ethar­
benzene ,4al)· . 

·Petroleum ether­
bell~ene (3s2) 

Petroleum ether~ 
benzene (2c3) · 

F~aationa 
f,;O. ml each 

1•2 

'a.-7 

S..9 

~0-18 

Residue. on Melting point 
evaporation oo 

l~il -
W}}! ~e SOJid 

..(-20mg. 
252-54° 

Nil l~ll 

White aolJd 
· (.:::::= 50 mg 

168-70° 

- .· 

Elution with solv~nts ot higher polarity did nat at£ord aA1 

solid material., . 
. -· . - --- . . _ ...... -· • . . a 

Oofilpounda of flas1t ;:; ... 7 ·{ 9!able ... 20) ~how ad hom~gerd ty 
on· T!O ·and, 'the:tte£or~ t these were com.bill.ed ( =::- · 20 mg). Th®ae on 

crystallisation from. chl.oroforni~raethan.ol yieldad shining orystale 



'' ·' . ' 

of 2 d carbomethoxY:-A-nor~fried4!!lflllEi, 138, m.. P• 263-6::$
0 

.• 

Arullysiaz · % 0 % H 

o3l.u52o2 Required 
,/ 

.81.52 11.48 

81,:12 11.43 

(Fig. 15) 

.. 

~ •. 99 + 1·~1 .. (~,. J. = 6 Hz,. 3H,. . OH ~ c;;_> 
. . . ' ' . . 

.1 .• 17 to_) .• 2B (3E!.J ,9H, 3~ ... 0~) 
. . I , . 

2.90 (J!Lt .. W'f ~ 14 Hzt_. ~H, !\9_-:-UOOOlts) 
. 3e .Q4 (g.,. 3H, -009J!!s) 

(Fig. :i,.$) 

and 1&1 

{l!'ig. 17) 
' ' . 

!l!h~ fra.ctiC!ns 10-16 (Table -26) were _found,_ ~c;:unogeneoua 

· .. ·and hence ·were combined (-:::::·50 mg). This· on crysto.ll·isat1on from 
' ' 

a mixture _of chloroform and raathanol yialdoo \Vhi te · oeyatala Of 
' '' '.'. . . ·• ... . ' . '., 0 .. 

2,3 eeco met~yl friedel~cna.te ~ 1~9., tn~P· 175•77 • 

C32R54 04 , Requ,ired 

JI'oru1,d 

fA·b · % H 

76~83 10.36 

''76·45 10.83 
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: (),.88. to 1 .• 03 (4,11, l2H, 4t..OJ!a) . -

1.13 1.16 (_s, J ::_ 8 Hz, 3H; Ro-O!!a) 

1.19 to 1.25 (3!,; 9H, 3t-Oll3 ) 

2~3 Cs., J = 10 H~, 1H, n-c--oH3) 
s.a2· and 3.65 (2!,, 6B;, 2-00CCl!;;) 

(Fig. 19) 

m/e 60~ (M ), 487, 471, 465, 442t ~29, 4lo5, 

335, 301, 27;J; 245 ,. 219; 206 and 191 

(.F-:i:ge 20) 

11l§.,ro+h!sif3 of 2,! .seco-math.yl.$.~1edelinate·, ~~ a :r:.solat1on. 

of 2~ a~s~o-f~iedelinic aoiq 

2 1 3 seoo-methyl f'r1adelina,te, 1.~9.• ( 25 mg) dissolved 

in benz~a ( 2 ml) was reflux ad in 10% metha.noiic KOH ( 6 ml) f'or 

4 hours.· The mh"'ture was cooled, ac;idified with dil. HOl and 

extracted with ether. Removal of the solvent af.forded a. solid, 

which on repeated crystallisation from methanol furnished 2• 3 

aeco-friedalinic acid~ 14q, m.p. 280° (d_). 



T 

Analysis 

c30H50o4 Required 

l!'ound 

~133-

%0 %B 
75.~0 10.62 

75.89 10.56 

Iao];ation of tarMerom 2 JL! 1 .,fr;gm tpe· _ll§.Wl,ral part of tht 

b_2nzane Wfla~ct og. Saoiwn bacon:§um Roxh.125 

Dried ~1d powdered atem ba~k .of ·sapiU@,baooatum Roxb 

( 2 kg) was extracted w1 til- "Qenzene :tn a soXh.let apparatus· ·tor 

twenty hours-. on cooling the benzene extract, a ye&llow inaolllble 

compound. s~para;t~d ·out • which we.a collected by filtration and. was 

ltept aside (identified aa 3, 3'-di-0-metbyl ellagio e.cid)126• From 

the clear filtrate, benzene ·was distilled oft. and the ~eSi(1ual 

gu'f!lnW" solid (30 g) was taken up in ether (2 lta). f .. cloudy pra­

cipi tate• which ramairu~d ·in ether oxtract waa separated tu filtra ... 

tion. ·Tho clear ether solution was washed with 10% a(lueou.a sodium 

hydroxide solution {4 x roo ml) ~d then wa.tiH~d rd.th cold water 

till v..a.shinge were neutral and dri~d over e.Dhyd~- ·:~:ia.2so4• 

The aolv~nt was evaporated. when the neutral material 

(l.O~ 6 g) was obtained as a Y@J.low .@liiUllY solid, whioh after· 

chromaiiograpby and o;eysta.llisatio~ .from qh;J..oro.fa.t'm.-m.e1.;hanol 

if!( 7) t 663 (1969} 

126. D.R .. Misra, BeP• l?radha.n and H • .N. Khastgir, J.Ind.uhe.m,.soc., .. 

!§( 9)' t 485 (1969) 
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0 
D 10.6 

identieal in all respects with authentic, sample _of taraxerone . . 

(mixed m.p., co-TLO, oo-IR). 

Other oompoUllfls iaolatf:ld w~re 1-hexaoosa.nol, tara;cerol 

and baocatin. 

Ol.Cidation of "finr.iia,rqpa w~a H:zd:r::os~ pormcicle :Lr& :pt§B!WAe of 
-- . p •• . . • . . . . - . -

fi!§lan~m .«ioxi c1~. 

To a solution of taraxerone, 141, (o. 9 g) :in tert-b1.1tanol. 

(80 ml.) was added hydrogen perox;t.de (15 mlt 17%) a,Jt.d selenium 

<.lioxlde (0.225 g). It was then reflux:ed on wate~ bath i"or 20 hours 

when precipitated blnok selenium metal indioated completion ot 

the reQ.ction. The react ion mixture was separated into neutral and 

acid parte following ·tne methode stated in the case of lupanone, 
I 

130, and friedelin, 136. 

(!hromp.~oe:aohV: {!Jt neqtral_ )?Qr.t .•. Isolation o.£..1ia~$,rOnGt 1 _.. 

2 epoxide, !i!l 4, 23, 24 ... tr1-nor-ta.~axene 3 5 S 

olide W and t~~erone .,. -lactone ~--

The gummy ras.idue ( 200 mg) obtained in netttral part 

was ohromatograpb..ed. over a. dea.ot1:vo.ted alumina column (20 g). 

The Il1.9.SS was diseolved in minimwn volume o£ benze1ne and the column 

davaloped with petroleum ethe~ followeei by elu;·t:Lo.n with the follow­

ing eolventa. 
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Table - 28 

Eluent Fraotiona Residue on i;ieit ing point 
50 ml each evaporation oc 

1-2 .Nil -Petroleum ether 

l?atrolGum ether­
benzf>ne (4a:l) 

3-11 White solid 
(~25 mg) 

m.p. 179° 

Petroleum ether­
benzene (3t2) 

' 12"!"'l3 lU.l 

Petroleum ether.,. 
benzene ( 2a3)-

14-24 White ao1id 
(.::::::: 180 'mg/ 

m.p,. 212° 

ll'urther elution with higher polar solvents d:J.cl!lot afford .a,w 
' soJ.ief material• . . . . . . - . . . . . ' . . . . . . •' 

-------------------------------~--·--~--·----~----------------
OOm.potmd in fraction 3-11· (Ta~le - 28) showed homogen.ity 

on t.l.o. plate an_d _henoe. were __ qomb!ned. After cr,vstallisationa 
• : • ~ • t • • ' • • • • • • • . 

. ·. 
from chloroform""methenol, shining cryt:Jtnls or: taraxerone 1oe.., 2G(_ 

. . . . . . . . .. . . -- .. ·.' ·.()· .. ' . - . . . . . . . . . . .. 

epo~.id_et !~' m.p. 186-90 · waa .<')~ta.;t~cd. 

Analysis; 

CaoH46o2 Required 

Po~· 

IR = _ -v i'lil;J ol. 
max 1705; l25ij (epoxide) 

'·· 4 

% 0 

82.14 

. 82.19 

and 820 ( tr:lo~ubeti tuted double baM) ~'m ~1 

(~ig .• ; .21) 

. 1 ~ 

%H 
10.57 

10,51 



T 

tn mlim 

( b, ODO~ ) 

Masa 1 

a o.ss 'to 1•2P' (8!9 24£1," st-ol!e)' 

3~36 and 3.52 (2~, J = 4.6 Hz~ 

0 go _.- ~eli> and 4llz; 2H, 
. I . 

"- o - tJ H- } / .... - ~ 

(:i1'1g. 22) . 

m/e 438 (fl!+)~ "l:W, 314, 299, 205, 204 and 

189. 
(F:J.g. 23.) 

Compound in· fractions 14•24 (Table ~ 28) were canbined 1 

which on :tractional crystallisatione yielded 4, 23, 24 tri ... nor 

taraxene 3-~5 . 0 . 
o<. H olide, 144, tn•P• 228-30 and taraxerone 

· 1\Aalysial 

C27II42e2 .11.equired 

JJ,oun.d 

IU 

% 0 

8l.Q5 

60.,98 

1750 cm·l ( b -lactone)' · · 

10.62 

10.69 

810 om-1 (t~s~bstituted double bond) 

I 
' I 

I 



~mm 

< 6 • 9001a> 

Mass 

a. o .83 to. 1.12 ( 6.§;· a8ll, 6t-oHs) 

z~ 2G (s, 2H, "'C!iz - g - >' 
3 •92. (g., Jaa. : 12 Hz, Ja.e = 6 :az, 

\ 

lH • -coo - cu. - (JH2 ) 

5.57 ·(!!b 1H, ) a :: O!! - ) 
(Fig. 25) 

+ . 
; rn/e 398 (M ) , 384, 274t 259,. 205, 204t 

3.94 and 189. 

(Fig. 26) 

For compound. taraxer~ne E. ..;.lactone.; W ;: 

Ana.lysiaa. 

. C3oH4802 · Reqtdred 

Found 

8l~16 

.81.22 

%H 

10.96 

10.89 

IR J Nujol . . 
· J · .. ma;K 1720 ( E. -lac-Gone) and 

810 .( tl'isubsti:tuted double 

bond) cm-1 

· (Fig• 27)· 

& ·m/$ 440 (l\:1+), 316, 301, 205·, 204 and ·· 

189 • 

. '*ste~i.ficat,ion o.t.Jl.cig ..lli!£11 

Th0 a.c:td p,a~ ( ~ 450 mg) ~a.s esterified in t)lf) same way 

as was done in. the case o:t: lupanone and :Criedelin. 



T 

The aste~ ( ~ 4oo m.g)1 obtained as a yellow .PI!lY lllS.BS 

shQwaa· presence of two oom:pou.nds· on chrOill£\toplatc. ·In. order to 

aaparate the· oompounas, ~the ~ee ~~'~aa· cbroillatogr.aphad-.~ _ 

. . 

gnromatogr3;eh.v: ,qf ,gs:§exwif:i~d nrogqct,& Isola.t:top..:.,.Qt -~- . mek}lofW 

parbonv4-A3£ tqtrg;!jrel!§ .. l,l!fl:,2r3-s,'iCO _lf,l~ .ta,rfB}SAA 
. 9 - -- - -· -. -·- - . - . . ' . 

~b.e chroma.tograp}ly of the 0ster.i.fiad J!rodu.ot was carried 
' 

out on a deactivated alum.it.tf,l colu,m (2.5 g) .. ~he mo.St:r·waa ·t.U.ssol.ved 

in minimum volume o:t: be11.Z$40 and poured on t.lle oolu.ro.n., a..rl!l was 

d.evelopail_ \7it'h p~trolewn- ath.ex- ·and eluted with follo-~vlng e.olventea 

·. i 1 etri•·· . 
Eluent 

Petroleum ethers 
benzene .(4:1). 

.. P atroleum · Erthe:t­
t benzene (~J 2) 

Pttrtroleum etheri 
_benzene· (1~1) · 

.,_ .. 

Table - 29 

8 IP . .-I -
Fractions · Residue on 
50 ml each eva..p.ora.tion 

:!:Til 

· W hi t.e· solid 
(8Q U) . 

Nil 

White solid 
( ::= 14Q m~) 

r,1o1tUJg point 
00 

·148° 

.~~ 



f 
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Compound in :elask 2-10 ( ~al>l~· - '2~ i shovied homogenity on 

the plate; hence, these weire c'omb:Lned. After rl!peated crystallisa­

tions i'l'Ofll ohloroform-me.thanol shinfug ory'stals of: 2 CX ...:mathoX, 

oarboJ~:y'l-1~-nor..,.tarrucel'a.n~~ 147, was obtained with ttnchanged m-.p • 

. 161-63°" 

% a % H 

03l%o02 Required 

FOU11d. 

,, 

81.62 11.48 

80.98 11.92 

IR i J Nujo.l 
~ 

1735, ~155 (COOOlio), 8;1.5 (triaubati­

tuted. .dou.ble ·bond) cm-1 • " 

lriNMR 

( s' 0~13) 

(Fig~ 29) 

, ·o.a2 to 1..,12 (a~, 24II, Bt-OEs), , 

2.75 (~, Jea = 11 Hz, Jne ~· G Hz, 
.. I . 

1Hf [~~000~}; 3. 6. (fb ~H, -COOOI.is) ,· 
. . . II ·•' 
5•54 (Iat 111, .J!-0 - OH2 ). . . , . : , 

(Fig. 30) 

. ' + 
m/e: 464 (M ),; 4a9, 343,. a~o, 315·, 301, 

211; 2ot;L and la9·. 

{Fig. 31) 

TLO of oompoqrida in £lask13 15~25 (Table - 2!}) indicated 

homogenity and., hence, were combined,• A:t:te~ cryatall.iaation ~rom 

n .. mixture. Of chlo:t»oform•meth.anol, :J,.t yielded white. cr.ystale, 

m.p. 1~9-51 °. and. oha.J?ac·teri~ed as 2t3 aeco-mothyl taraxene 

diearbo~late, 148. 
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Anal,y e:t. s 1 

c3tt54o4 · :Requir~d 

Found 

%0 
7er~45 

.·. ·75.92 

:10~83 

10.92 
• o 1 I ~ 

IR I ~ Nujol 1730, 1 '?20 (2-COOCH3 ) t -

ms;x: . BtO (·triau.batituted double. bond.)c cm1 

1a: nr.m 
( 6 • ono13 ) 

a o .• al to 1,25 (8J!f 24H, at .... c~>. 
I 

2,~i0 (!f!, 2Bt lt,aC~QOO~) 

3.00 a~d· 3·~ $ .(2~t 6H, 2-0000li.3)i 

... ·B.54 '!!lt :tH~· ) 0 : C!i ... O.U2) . 
. · . ·. .. . . ' ' ' •; 

. +. . . 
m/e 500 (M ), 485; &70; 466, 440, 425., 

. ' 

399, 3·7t:h 361.. 34~, 316, 257 ;· 204;, 189, 

(F;tg. 34) 

r}v4r~J:sis o£ e?eoo~dieater, .W. ; I,sola~i,on,_,p~ ~~~adio~o. acid 

The· seoo-dieste;r:, 3.4~ ·(20 m~) waS~ bydrolyoed with methanolic. 

1\.0!:I fol.lowing ·the me.!~hod etated i'or eeoo'"-(1ieaters of lupanone and 

£.riede1.in.• The· mass obtained s.fts~ hydro]Jr~is ( -::::: ~5 mg) wa.e 
' . 

crystallised from methanol to af.ford crystals o£ taraxa.dio$() aoid1 
I • ' ',1 

, 149, m.~p. '276-78°· 

t.nalysia 1 

c3oHsoo4 Req,uired 

ITGQ l ' 

75,.90 

75.82 

~~ B 

10.62 

1.0.69 



Section A. 

4,..Short review sat reqg,tions of N-brqmosqc£l:nimide 

1~-bromosu.ccini~:i.de (l~:BS) hat:a been in use for allylic 

bromination since 1919,: when tJohl and then Zeigler made detailed 

stu.di ea on application of the reagent £or ally lie br'()flina.tion. The 

raagent also reacts with olefine to add bromine to tne double bond 

or net as a source of ~poha1ous acid in aqueous solution. 

The rea.geut is also in extoz\sive usa einoe :1.969 ae an 
e;t'feoti ve reagent for oxidation of allylio metlzy'lena ·to ca.rboeyl 

funct:torf-27- 129• 

In the fo110Wing some applications of N•bromoau.ccinimida 

is discussed iri order to explain formation of the products ot 

reaction between lupen.rl acetate and N-branoaucoin1m1de• 

Brominntion and Dah.y;orobtsminatioq• 

The a.bili ty o:f .NBS tQ act .,_a $ epeotfi..o ~eagen;i; :tor al:Wlio 

brQninations haa been uaed to great advantage £or the introduction 

of supplementary double bonds, particularly in cyolio systema. In 

this way'i a large· numbel' of monosa·turatad compounds have been 

convart$d to oonjug&ted dianea and trienes, including the aroma.ti­

zation of substituted cy~lohexenea and cyclohexadienes. 

127. :S•\'1 .• ,Finucane at.Ld J.n. Thomson., Chem.comm., 1220 (1969) 

128. B.W • Fin.l1c!Ule and J•B• Thorn~on; J .Chem.soc., (Par!tin :t )., 
1866 (1972) 
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illhe method involves a two-step brominaGion•debWdrobromina­

tion proceaa. In m~v oases, the intermediate bromooompound is 

ieolable end the secqnd step. proceeds only after treatment with 

a base. There ~re numerous e~amplea, however, in which the bromo­

:t.ntermedia.te is u,nstable unde;tt the reaction conditions and eponta.­

neousl.y loses the e16lllent o£ hydrogen bromicle to fom the final 

product. There appears to be no definite structural guide, whioh 

can be used to predict in a.dv~oe whether dehydrogenation will 

occur without the use of a base.. Out of a wide variety o~ subs-
• " ~ i ~ • 1 • -

tances which have been uaed as base to effect the second step of 
• 1 • . ' ~ • .. , • ,, 

the pro(.leaa, tertiary amines, namely, pyridip.e, quinoline and 

Y •oollidine eta • hav~? .fou,nd wide application. 

While a numbe~ ot relatively simple olefine have been 

convarteQ; to, dienes in thiS tnaWJ.er9 the method baa found wide ._, ' . 

application in a wide range· of natural products eu9h. as terpenee t 

steroids, alkaloid~ etc,. 

A11ylic bromination of 6 4-oholesten-3"r'ona, 15Q, ·~ .NBS130 
' 0 

gave the ~b~omooompoll!ld 19!' which on .heating with co111dine 

· readily famed A ~,5 • 6,'1 -cholestadian-3•one, 152 IJ, In a similar 

£~ahion b. 1 ' 2 ,4 ,5 ~c:h-oleetadiQn-3•one was converted. to 

A 1 ' 2 •4 •9• 6•7 - eholestatrien-3-one. . . . . , 

--------~--~------·~---------------------------·------·------
12~. S. Corsa.no and G. Piancatalli, Asq. Ghe~TU, (ItalY) 1 

!1!?.• 742 (1965) 

130,. H.H. Inhoffen, G~ Stoack and H. ~ens, .Ann •. ; 563, 

131 (1949) 



-{ 
. \ 

~-

An inte:reating ·example of ally lie bromination with subee-
.) 0 

' ' . 131. 
qt1ent spontaneous dehydrob;t-anination ie provided by the reaction 

of .NBS with L\ 2 -· 3-aaertoq~holestene '153.~· Tbia e,p.ol acetate of. 
. . 

choleetanoneJ lei (ring A/B trans) reao.ted with llBS in 0014 to give 

a mixtu~ of ~ 1 and ~ 4 -Chole~ten~3-one 155 and 156 a~d 2-

bromocholeatan-3-on.e Y!!., • the am.oUn.t a£ which increased with 

reaction t~e at th~ expense of 3;5.§• 
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Ac 
153 

156 s~-~-~-~~ 157-

.AcO 

B'Y' 
158 .. 

~ :. . ' . 

A c. 
159 

!fhe origin --o.£ th~ .raaotio.n pro.duots has been attribti1ied 

to :l;;h,a thermal and acid instabUity ·of the· intermedia.t.e · allylio 

bromina;tion products, ~ and !!~ • ~he fol .. mation of the COPJPOtlnd, 

J,5j! hae been- elq)lained. on. the ba$is of spontaneous loss o£ eydroe;en 

. bromid~ from; 158-, and then a.eid oatalyzed cleavage ·of the result­

ing enol 'acetate. 0\'d.ng to absence ot an available hydrogen for 

spontaneous dehyd~ogenation, 15~9· is more stable than 15_§..~ However, 

the ~apid f01'1llat1on o£ 155 suggest~ the acid cl.ea.vage of 3,5~ 

and ketollisation of the reaultmg enol- to produce a (3 -bromoketone; 

which doea posa~se a hYdrogen atom on an ad~accnt carbon. 

The reaction becqnes complax as tima increases beea~se of 

ths formation of hydrogen bromic1e in the reaction, mixture, which 
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c~talyzea ·the regeneratiOll of 15~1 !rom 1§:~ and r"sults til the 

formation o£ tree bromine by reaction with NBS~ Bromine and 15:61 
132 

react to· form compound a&'L• This compound waa obtainad fr(lfl 

NBS an.d l.Pt1• 
The reaction of NBS with b. 3 -3-a.oeto:Icycoproetene 162_ 

{rings A/B cis) indicated that 1~ i&~t the activation energr of 

both ally11c poait1on (02 and o5 ) was of similar order .()f .magni­

tude~· The attack at the tertiary OQ poaition was somewhat unexpec­

ted since it was antici-pated that mol'e vigoroUa· activation would 

be reql).ired for this type of substitution by NBS. 
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steroid SBJ,)Ogen.ins oon.te.:Lntng the ~ 5 
--3-0ll grc)Up and a. 

apiroketal aide chain 1n the 16; l? position are selective}.J 

brominated in the 7-position with N~ under :Lwadia:tion. with 

artificial light~ Dehydro~romi.nat:t.o.n \Viih collidine gives L:l 
5

;
7

-

aapogeuina; ueatul as intermediates for synthetic ho:tmol\as or 

after 1r.ra.dia:tion, ae pttoducte with antiraob:rltio a.otivity133• 

The method has aleo been used in structqral etudiaa of the ter-

penoida1~4. Similar aotio~ o£ NBS on friedelin and bromofriedelin 
. 135 

baa also been repOrted · • 

)lax,-nes e·~ a1136 haS show~ ~hat treatment of 1,,1,_ 6-tri-

metbyl 1, 2 dibyd;ronaphthaleut.' with NBS gave nn al1Yl1c bromide 

which aromatized. t c:> 1, 2; 6-trimetbyi na.phthalene by silver ion: 

or heat (temperature of rcfluxiug carbon tetrachloride) • 

133. G. Rose.Qkran~, J.; Pataki and o .• Djerassit Ohem.ical Abstrae't, 

U• 14721 (1958) . 

134. D •. Lavie and Y. Sbvo, Chem•, and ffid•, 403 (19t)O) 

136. v.v~ Kane and R~ Stevenaon,.·onem. ansl'IP.<i•• 1243 (1960) 

·~as.· R.,A. · OO.J;Uee and G.R, Buc~'iatt~r, J .Am .Chen .soc. , 7£., 
3€358 (1951) 
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, O;idation. of a;ll;zlicz me~!y;1Etne .12 carboat!; __ §I'oqp 

N~bromo5ucoinim1de is in extensiv~ use since 1969 .a.s an 

effective reagent for oxidation of allylic methyl$nes to carbon.yl 
' 137 

function• Oorsa.n() et nl reported ¢iireot ox~dation ot tha ally-

lie meteylen.e· to oarboeyl gx-oup with NBS in aqueous dioxane eol1,i­

t1on" Thusl) 3 ~ •aoetcxy-urf;'J-12-e~e-11-one !§l was fo~ed. in BO% 

yield from c< -amyrin ac~te.t& 162. 

16.2 R 1 : .Ao, R2 • H 

163 R1 • Ac, R2 • @ 

170 R =H. 

l64 R1 :;: Ac, R2 tlili2, R3: 1i 

185 Bi e Ac, R2 •· O, R3 a H 
156 R1 : Ac, R2 :: OH,'. R3 .. ii 

167 R1 ::; Ac, R2 ~ 

168 Rt • Ac, .R2 := 

169 Ri =' .Ao, .R2 • 

OL!e, R0 • H 

OA.o, R3 = H 

OH, R3 • :Sr 

------~---------------~~--~~----------------137. s. Gorsano and G~. Pian.catell1, ~h2!.0hero• (Ita.l.}!), Ji.2,, 

742 (1966) 
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-- 1138.,139 - t ·a i - ... :.a ""h d ,Qio· - th -Finucane et a · repor e a.n mprov~ me" o • _ r e 

direct qxidation <;lf the allylic methylene to carl)onul by the a.Qtion 

of ns mu:1 aimulta:neou.a i~adiation with visible light• !Chey 

claimed that vJhen t·riaubstituted olefine containing an al:Wlio 

methylene gx-oups were treated with NBS in aqueous .dioxane tollowed 

by irradiation with visible light, oc f.; tW.SaturatOO. ketones w~~ 

formed in .nea~ qW:lAtitativ~ yield, Finucane et a.l treated (3 -

anwnn. acetate l§i with NBS in aqueous dioxane :J..rl; a typical ambient 

light ell:p~riment as described by coraano et a1137 
• ·They- isolated 

ertarting materisl (oa 5Q1b), 3 ~ -a.cetoxy.-olean-12•ane .. 11""'0Ae 

(oo. 40%).1 bromoccympound (<.l'a 8%) and 3 -aoGtozU-Olean-12•en~ .. 

11-a( -ol1 166 (oa 2%~t Oxidation of the lattal', 166,, Wi. th 0r013 

in acetone afforded 3 ~ -aostoxy•olea.n4'!'12""Sne"'"11-one Ja65~, 

In another extJerinl&n.t the product~ were- isolated by 
. ' 

chr-ome:t.ograpby over alwnina and yielded: (3 *"aiDYrin acetate !§i 

(35%); 3f.>-acoto.Jty .... olea.n, .... 12-ene-11-one. !§§. (oa 40%). brom.ocanp()@.d.a 

-(ea 10%) and polar materials (oa. io%). The polar fraction. on 

elution \Vl th methanol ·wae ac~tylated and Qn reohroma.tog~apl:W gave 

l:LO( -methoxy-oleaA ... 12-ene-3 f.>~l~aoetate, !.2!• together with 

smaller amounts of 11 cx ol ~! and olean-9(11), 12 dian.~ f3 -Yl""' 

aoetate :1.70 and a trace of 5 f.; , 11 ex -diacetate 168. ........ . ' ......... 

138. B.w. Finu.oan~ and ct.B. ~homson, Chem. Camm. 1 1.220 (19€39) 

159, Ih¥J, Finucane and J.B,., Thans.Ont J.Chem.soe. (Perkin I) 

1856 (1972) 
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The £ra.ation. containing the bromocompoun.d.a wa;a ~eeolved 

by chromatograp~ over alumina and fraotiqnallV crystallised into 

two components. The major product was iden,tif'~ed aa 3 f3 "'"'aceto:q-

12-bromo-olean-12-ene-11-ol L~· 9}he minor oompQnen.t of ihe miXtur·t 

of 'bromooompou.nda· waa identified as 120\ -bromo ... 16-one 1'11,. The_ 

mechanism proposed for the formation of ~ and 171 suggested that 

the initial c< -£ace attack on (3 -anwrin acetate 164 a.t C-12 woUld 

lead to a. carbonium ion, 172~ liflimination of a proton from G-12t 

tollowed by allylic hydro)Wla.tion would th~n lead to 169. J\ltex-­

nati vely, migration of 140( -methyl group to 0~1~, . elimination of 

a proton ,£rom o-16 and Stlbsequentq ally lie oxidation would give 

171 (Scheme - XXVI)• 

Scheme .... XXVI 

,. 

Ac 
164 

1-IO-.. 

169 



\ 
\ 

-150-. 

Thomson· et a1140 carried out oxidation of taraxeryl'noetate 

:!.73 by following the m.ethotl of Corsano et; a1
157

. and. obtairied two 

major }Jroducta to which they assigned atrticture o£ 16-oxo tara..-

:telzy'l acetate lli (aa 30·¥6) and 16 f->-hycl:roxy taraxeryl acetate 

U.§ (oa 30%). Treatment of 17§. with chro~ic acid in acetone g~V'e 

th_e u.nsnturated ~tatone 1'14. The Nqr.k~'ts; also carried out the 

reaction on 17~ by the. method. described fo:r- (3 -~liD.yrin licetate, 

which reau.lted :i.n tha .fo:r:mation· of 12 0\.-bromo-taraxer-14-e~le-

16-ona !1..2.• Oxidation of' tarruce:eyl acetate w:tth tms in aqueous 

cliox.'J.nal38 for five and one hal£ bours in presence of caco3 in 

visible lignt gave a compound 'J:11 the structure of which was 

established. as 11-keto-15-bromo- 0 .-amyrin acetate, which in 

turn yi·elded a halogen free compound 1"18 on treatment with r~n-

dust in acetic acid •. Ita .stru(~ture was established as (3 -anwren.oql 

acetate. 

AcO 
173 R1 = 0Ac R2 = u, R3 ~ H2. 177 R • Br 

174 Rl - 0AOt R2 ::: H, Hg = 0 178. R:H -
175 Rl = Ot..c, R2 = H, R3 : -OH, H 

176 n1 - 0Ao, R2 • B:r, R3 = 0 -
140. Raf'. 128 of this chapter.· 



Khaatgir ot al
141 

cnrriecl out the oxidat10l'l of taraxer,yl 
. . . 143 

~oatate• !,'(! by ·the method :of Dalton142 ua1r:1g 1f.B3 in m~o enlvent. 

:.Crea.tment; of tal'ax.e:cy1 ~cetata 1"1,.~, \;lith aqt1eoua dimethy~ sulpho.:Ude 
' . ' .· - ' . '' ' ' ' 

in .ohlo:r.oi'orm and .!U~S :tu da.rlt afforde{l a soli~ 1_7~. The ~mpouud 

17£?, ml trll>atment ·wit~ z!no•aoe·t:i.a acid yielded~ -.e:rayr1n a~~tate 

l.~• The b.t"omi.na atokl at 15 .position. of 1,79. would be ex.~eoted to 
. ·' 

·have the aarw ateraoeheMiat:cy- a.o tn ··th$ eaae of· product f'rQtl 

N'BS _. aqueolle clio~wle o:xidat1on. method. Gompnun.d 1,?.9, on oxido.ti.on 
144 .· . . . 

with ohromium 'bl."irutide .... a<~etio aoid gave !71, itlentic£1). with 

the, p:roduot obtalued tram .t~DS-aqU.EH)ue di<mane oxidation mothod. 

Ac 

llJ 

~ 

~:164 

l 

NBS-OM SO 

CHCt3 ~~j 

A--1>-~ ~ r 179 

~; 
177 ______ ...., .. __ , __ ...,.·-~·-· ... ---·-· .... -· -~-·--"!1"& .. -···----, ~--~~--~ --·----·----------

· 14B, aoo (1976) -
142~ n.H.". Dalton a:1d nl!'G. Jonest Uhem .• uonm.,. 2875 (:j;.96'7) 

143. J • · i~linot .• K. \1aisesf t. titreinz ~d .P,.,. Vystreil, OQll. 

Gzeoh. Oheme Oomnh ~q_, 3010 (1970) 
14t4. Ruzicl~ Qlld !duller, Helv. Ohem. Acta.; ~· 758 {1939)· 



·The seQona: compound davo:l.d of bromine was ide.n.tified. as 16•oxo• . . 

ta.raxer.y-1 acet~ta 174. 

T.he third p~oduct was .toun.d to be .1qo. The mechanism for· 

the forma:~ ;J.Oll. o.f 179 wa..s .proposed as in· Sch~me - XJWtt • 
' ·. . . ,. . . . 

1 

·~~Ji[i 
. ~Bye 

· IBOcL 

:Scll!m~ • XKVII 

'' . '. 

NBS - aq dioxane · 

A cO 

8)1' 
_!SOb 

.· 

IEOc g..,., 



-~ 

-l-53-

141 . Khaatgir et al also studied the reaction of taraxer.yl 

acetate 17.£. vrlth 2 moles equivalent o~ .NBB in carbon tetrachloride 

using vi~ible light. for three hours ~u~d isolated a P::()duct', which 

was assigned. the structure 1§!.• 

When the. same reaction was carried out with one mole equi­

valent of l~BS, it afforded a halogen free product o.f structure 

!.§.g, identical to that obtaine.d by debydrobro~ination of ill· 

The mechanism for the formation of ~ and 1§1 was proposed 

as sho·..vn in Scheme - XXVIII. 

""-···· 

~3 
NBSQ mole) 
CC L4 .. U£hi 

benJJOJ]l peraoxide 

181 b 

I~ 

~: 
181 

.· 
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Pradhan et a1145 ca.rl!ied/out the rea9tion o£ NBS on triter­

pane aoida and esters. They studied the reao~ion o£ met~l acetyl 

aleurito_l.ate 183 with NJ)S in nVISQ' in the dark for :1.2 hours and 

isolated a. bromo-lactone 18i,· The str~oturel of the ;brom.o-laoton.e 

was confirmed from the 1aot that debydrobromination wi tb dimethyl 

aniline afforded 15, 16 .... d0hydrolaotona ~§.which on. LJ..R reduction 

£urniahed aegtceradiol 186~ 

The meohe.niSill of fome:tion of 18! tnvol.ved the attack ot 

·brQnonium ion from NBS in Dl~O at the double bond• Bromine being 

a. bulky atem ultimately assumed the· equitorla.l position eo as to 

na.ve the minimum atrain. e..nd sterio interaction •. Tbe next step 

·involved concerted migration of the 0-13 me.thy'l to thE) 0-l-4 position 

and eliMination of the methoxy mE;itb.yl to fonl:\the 2B --+- :1.3-ol~de 

184. -· 

Base 
- H Bf"l 

184 186 
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Methyl acetyl oleanolate .1f3Tl:Ji and 3 ~-acetyl olaanolio acid 18ft!!, 

under the ·same oonditi.on afforded the bromolactone ~t ,~:hich wa.e 

found t:o be ide~"tioal.wi th 12(){ -bromo-oleanan-28 13 
.146 

olid~ ·~ 

· AcO 

187 a R=CH3 
b R=H 

Ac 
188 

.. 
'. ' ' ". ' ' 

·AcO 
·. 

.· 

0 

----- -------~--------~~ .. ·~.~.--~~~------------------
145. B.:fi. Pradharl, M·~M. Mukherjee; :O.K. Ohakrabarti ~ 

J.N. Shoolery, Ind. J. Chem~tt 22B, 12 (1983). 
'. ·. . . ' . . . . .•.. -=-- ''. ' ' 

146. D,H.R. Barton and N.,J. Holeness, J .Cllam.soo., 78 (1932) 
'. ··,, ........ 
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Methyl: 3 /.3 '!"f!cetyl.bEJtnlenate !rui on aimil~r<i•eaction v~ith ll:SS in 

- DMSO 'a.f£ord~d two dii'£er~n.t bro~ .... compOililda~ The ·le~a polar ·one 
• •• ... • ' "1. • ' /"'::' - . • ' . • : . • - - • ~ ' '. 

was ident:~.:fied as methyl-t')O-bromo-~ 8 ... acetyl betulena,te !9.C?.• The 

more ·polar fractton. was dibromolaetone, .lsi;,~ Ttu) pro,poaed moohaniom 

of ,formation o£ 189 ~d. 191 ia ·shown in Soheme - ili below.; 

AcO 

189 

AcO 

A c. 

So_bse- m.· _..,.. !aii-- ... 

·o2.CH3 , 
.NBS-DMSO 

. 8-r' Hr 
,.1 

.' 

H--._ 

AcO 
/"··-.'. 

190 



Allylio. W49roxylation b4t N-;b:J:!qng,su,coinimidea 

Tho N-bro:.~osuocinim;tde· ma:r· be used· for the .in.t:rotluotion· 

of an allylic eyd~oxyl grOU'P• ·The method itl indit"'eot: aM u.aually 

invoJ.vee ·allylic b:t•ominatiou. aud' the conversion ot .the reeulting 

bromide into· alsaohol via th.~ !ormation- ot .~·O;ttroate or atH:;'flat• •· 

·Thus·, 3 .... p:..mattth¢ne-SJi'l hrO!nide wa.s Pl"epe.red from 3-p~nen:tb.ene 

using JiDS in chloroform and U'l light. Th~ bromide waa con.v~rted 

to 3-p~ro.!!Jntnene~yl .tormatG l)y $Odium to$ate and the c~ude ester 

o~ treatment with metha.nolic sodium carbonate gave dl-treuw-3-p-
147 

m~nthen~5-ol • 

A mil:ture of oia (38f~) and trans {62";1;) cyolodeoene fol:'med 

the bromide,· which on :t•eaction. with ailver aeatatt:# :i.n glacial. 

acetic acid gave the crude aoet~ta from whiob, 2•cyclodecan.-1•ol 

was obtained on treatment w:t th methanoJ.ic byt1rox1ae148,. 

An elf;ample ·of the }\ydroxy:tation of steroid.s 1e illustrat·ed 

by t.he transformation of 11•dihydro progesterone 192 to give 
4 9(11) .. . 149 .. 

.6. t · prege!lfld1$n ... l2 o<.•ol-3; 20 dione: 193 • 

147. J. ]'ried and J"E. Eierz,, Ohara~ Abst., 52. 5491 (1956) · 

148 • A.<K. Jvfac beth~ ];}• I1Iilltgon and J .s ,. Sbarm. on, J • Cham .soc • 

2574 (1955) 

149. A .c. oo pe , Jilt. :arown ana. H.lt. Lee , J .Am .c 11$ m.soc. , ao; 

2855 (1958) 
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COCH3 OH 'COCH3 

NBS 

a.q,.HC!04 

OH COCH3 

-HB~ 

•• 
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SIDIDION - B 
... .•.• 1'""*"'!1 

The versatility of Nm .. ia reflected in the review of 
'-i;: I 

different reaot.ions i.nvolving the reag~nt. A nu.m.ber of compounds 

may be formed depending on the natura of the reactants and the 

reaction conditio~. 
150 

Rama.ollandra Rao et al studied the oxidation of lupenyl 

acetate 1:2! with l~.W in 0014 and exclusively isolated a produot 

identified as 30-bromo•lu.peJWl acetate 19~. They iaomerised the 

A cO 
194 195 

AcO 

195 

150. L.Rama.chandra ·aa.o. O•Shankara. Rao and T. Sundara. Ramaia~, 

Ind. J • Cham• • 3h 16 (1968} 
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compound 195 with hydrobormic acid (60%1 1 ml) in acetic. acid -

chloroform (1 ;1~ 10 ml) and isolated 3 (3 -acetoq•29-bromo•lup 

20 (29 )-in 196• -. 
Halsall et ai151clstudiad tha bromi~tion ot .194 with 

0 . 
bromine in a.oetio acid. nt 0 · and reported the isolation ot 29 

bromo-20( 29) eu-3 ~ ~1-e.oeta:te 1.~€1• ux.p• 196-98° ,[ oc. Jn ao 0 , 

C32%l nro2, togeth.er with an tQ.b.omogenoue tri bromo compound 

03~H51:a~o2 , m~p~ 250-52° ,whose 'structure wa"' not dete:m.ined 

by them!! When the earns :reaction was oa~ried out by Hal~ll at al 

at -la0 , they isolated 30..bromQ-lup-20(29)-en-3~•yl-aoeta.te 
o H . 195.,. m.p~ 235-36 , o32 51Br02 • OzonoJ,ysia of both 29 a.!ld ~0 

bromo compounds gave 3 (3 -aoetolW'-30-nor-lu.pa:n-:-20..,.one 12!•-

AcO 

151cl T.G. Halsa.ll, s. R •. GtX.Pta and E.H.R. Jones, J .Ohem.Soo., 

ij3f)3 (1961) 
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Although the previous workers reported the reactiol! of 

1upe~l acetate w~th NBS,. there is no report 't~~t the reaction 

has been studied in DWO in the ~onditior.a. report~d by Pradhon 

~rt al145 in the case of 3 ~ -aoetylbetulinate 1;89. ~he isolation 

of thQ rearranged di bromolact one 191 besides 3 (3 -aoety l-3(h.. bromo-
.J • 

betulenata !fm prompt $d. the preef:}nt worker to ex_plore the appli-

Ol:lbility of the reaction o~ luP$1\Vl aoeta.ta 194. 

Lupeeyl acetate on oxidation with. N:SS in DMSO in dar~ 

for 24 bra gave a mixture of compounds which on the examination 
- 1 ~ I ' • , • • 

showed the presence of at lea$t three compoundEh These c.orapound.a 

we:r!G separated by cbromatograph,v over E:Jl~ca gel column. The frac­

tion eluted with petroleurn .... ather gave a solid (Nl) whioh showed 

positive Beilstein teet £or halogen and indicated the presence 

of two oompounde .on tlc experiment. Henoef that fraction wa.a 

set aside for further trea.trnen'b ., 

The fraction eluted with petrolaum-ethe~ l benzene {4&1) 

afforded solid (:N2) which also {!AVe positive Beil~tein teat for 

balogen and existence o£ single compound was obv:Loua £rom tlc 

exper~ant. ~he compound was or,vstalliaed from ohloro£orm-methanol 
·o to afford fine crystals of m.p. 236-37 • 

Further elution of the column with petroleum-ether a 

benze1;1.e (2s3) afforded· an ~orphoue aolid (Ns) by crystallisation 

from chlorofo:rm ..... methanol and shov . .r_ad m.p. 258-60°. 
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Clla.r~*arisation of Ne • 

Elaman~al analysis establ~ahed the moleoula~ formula of 

N2 aa o32%1 O~Br,[ct ln 12° • :tt.a tR apeetrum (~~:tg. ~) ah<lws 
. . . -1 

the appearance of sharp paaJtl3 at 1120 and ~255 om assignable 
. . . . . . .. ' . .,..1' 
to ® a.oet~ moiety and p~aks a:C 301f>.• 1640 and 880 om 

indicate the preaenc~ ot a doubl.e bon.d 1~ ·aompo.UQ.d N2• ~he 

signals of 1H NMR spectrum (Fig. 3S) for varioW";J protons a~d 
their probable aaaigumenta baa been reooratild in Table --so. 

C)lem1cal shift, 
S, ppm 

0.79 
0.84: 
o.as 
0.95· 
1·04 

2r04 

3.99 

4.48 

5e04 
5.1~ 

Table ~ 30 

:~_!~ .s1f9U!~S .~£ ~2 .1n.,ODO~a 

' 

Number of · M~l tiplioi ty of 
protons signals'· · · 

3 Singlet· 
~ Singlet 
6 Singlet 
~ Singlet 
3 Singlet 

3 Singlet 

2 Singlet 

1 r1nl tip let 

Wit .. 16 B~ 

1 Singlet 
1 Stnglet 

Probable 
assignmen~ 

I 
6-0-0~ 
. I 

I 

H20 ::: 0 
- . I 

--------------------~--------------~-----------~ 
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The appearance of singlets at ~ o.79, o.atJ:, 0"85, o.95 and 1.04, 

aasigna.bl~ to eightae.~ protons in.dioa.te the presence of six 

tertiary mettwl group~ in oo(llpoun.d -W2 instead ot seven present 

. ·in the starting material compound ~· i'wo sin.glets in the. 

downfield region, at 6 5 .• 04 and I) "12 for one proton ea,oh indicate 

the preaence of an Qild methyl~e grou.£h The two p;ooton singlet · 

at· &; a. 99 is due to a meth.Vlene group containing electronesat1ve 

bromine atom vihioh ie- r.~apon.sible for large down.field shift of 

the methy-lene proi;ons • Ita appearance a~ s.inglet -iudioates free 

;r:tota.tion of OltaBr grou,p in the moleoulEh The tlwee- proton. · 

singlet at b 2.04 is d~u~ to the acetoxy methyl group. The lll1llti--· 

plet centved a.t b 4.48 aa~igrtable t<l on.9 proton i_a due to the 

proton geminal to the acetoxy group. The high ha;tf width valu.e 

(\'lit ti: ;Ul Hz) indicates the wcial orientation o£ the proton with 

one tatie.l Elfld one equatorial neighbours. IJ!he lou NMR data thus 

su._pport the obs~rv~tion of IR epeotrum that the ~o~poWld :u2 
poasesa aoatoxy and end mt)tbylene functionali ties as was the caae 

£:or it~. starting oompbilnd. Moraovar1 
1H NMR data, shows the -

presence o.f ·.:e:tve te~ie.ry methyl and Ort.e lJH2:ar group in. compound 

li,a• All these observations are aatief:Led qy assuming etru.oture 

30-b;rcrno-lup•20(29)-en-3 f3 -yl-aGetate 195- tor compound N2 • 

o~raot$rieat1on of N3 

Elemental analysis and mass epect~um indicated the mo,_e .. 

euler formula of the compound aa aa211oeOaBr. On. a~vere.l cry­

stalliaationa from a mix:tu,tte of chloroform-methanol, it afforded 



~-.. ./ 

' 

-164-

. 0 l • oryetala of m.p. 258-60 • It gave positive Bei. stein teat ~or 

the p:rese~o~ of halogen bu;b di.d, not respond to TNM t~at showing 

the a.baenoa of unsaturation in tha compound. 

· IR ~peotru.m (Fig. 3't), ~f the oompound exhibits paa.lts at 
. . . ~ 

3330 (-Oli) 1 1732, l250 (-o-o~GHa) and 1270-80 (OH2:a:r) em ·• 

Thu.a, it indicates that ·the compound eon.taina a hydroxy group 

and no double bond i$ p~esant. It also indiQO.tes the Pl'Gsence Q£ 

OH2Br group in. the oop.Jpound• These observations .f:rom :tR spectrwn 

of Nz. is also found to ;.;a te~ble !rom a OQ.retul ~amil'lation of 

the 200 · MHz .~H NMR speotl'ltlm ot the c·ompound (Fig• 38 ). The 

signals for· various protons together v1ith th0ir prot)abl$ assign-. 

ments as raoQ.:rnled in, Table - 31. olea.r]9 indicate tb.e p:rJesence of 

o.a4 s 
0.85 3 
0~87 5 
0.89_ .3 
0.9f) 3 
1.06 ~ 

3.53 
a.5a 
3-.72. 
3-.77 

2 

Tabl,e ,- 31, 
. . . . . . 

la _NMR . signals ~f n3 i.n . o~o~ 

Multiplicity 
ot· s:t,gmle 

'., 
Singlet 

• 'Singl.f:it . 
· s:tnglet 
_.Singlet 
Singlet 
S1ngl:et 

AB quartet 
J:: 10 H~ 

Probable a$eignmenta 

I 

· 6 - 0 - OT-t.. . 
I .;;;-~ 

, .. 

Oontd. •• 
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Chemical shift, 
&> (ppm) 

-1G5i!!io ... 

Numbe.r of tiu,ltiplieity · 
protons of s~gnala 

------~-----------·--~~---------------------2o04 3· 
• 

4.4,.6 -1 

4.01 1 

Singlet 

l~lultiplet 
Wt.;: 18 IJ~ 

Quart at 
Jal,l ... 12 H~ 

d'a.e ::; 6 ·Hz· 

\ 
1!-y-o~oooH;i 

-H2o - cgon 

--------------~-------------------------------~---------
six tertiary 0-methyl groups ( ~ 0.84 to 1.06} in. N3. Appearance 

of four doublets e~eh at?; 3.56 (d' = ·10 ·Hz), :b 3.'12 (J = 10Hz), 

~ 3.81 (J • 12 Hz) and S 3_.B7 (J :;: 12 Hz) fo~ one ptoton each 

are due to two non•equi valent Oli;aBr groupeh T.be dowt.lfield shift 

of the meteylene prot one also sup:port thei~ attachment wi tb. 

electronega.t:tve b:&anine atom. Appearance of a quarte~ at S 4.01-

integx-able for one proton is dua to the hydrogen atom geminal to 

hydroJcy'l gro"p. _Aiao,. ·the J value a (Ja.a :: 12 Hz, Jae • 6 Hz) 

indicate that thQ eydroxyl graup is equatoriallY oriented with 

a gem axial proton which has one ~ial and one equo.tori$1 

·neighbouring p:z;oot~ns., .A tlu-e~ proton einglet at b 2~t04 is due to 

~cetoxy methyl and an one proton multiplet at ~ 4.01 ( ~'1# • 18 Hz) 

.is due to the axial orimta..t1on. of the proton gem.inal to acetoJW 

group • Now,. these spectral evi.d.a,nces aall be best fi tt ad in a 



rearrange.d: l~Pilne skel~ton as was 1P. the ~~e .o,£ betulini.o aQ.3.d . . . . . i45 . . .·. . . . 
discussed i.n the :r:aView. . • Also tb:e :nature ap.d ehemical std.ft 

va1uea of dibromolaotona 191 were comparable to those of.eompouna 
'·. . '- ··. --~~ ':. ,· ···- .. ·· . . ·_: . ' 

N3 •. Renee 1· atruotur~ ~.!!. baa been· depicted .for. pompound Na.• 
.. . - ' ' 

Byn a~· 

J ' 
OH 

A cO 
. '!. 

1.98 , . 

. In an.· effol't to arrive at a conclueiva eVid~noe for 
' . . . ' . ,. . . . 

e.asign:iJig the ~truoture J;P8 for the dibromo hydroxYl oompollnd, 

ita 15o ~!MR spectrum (Fig~ 39) vll'8.a of imnense help• The apect~ni 

d.isplays 32. l;tes,olved' linea thUt:l OQnfirming the presence o:( 32 

ca:r~on atcms as fOWl.d ·by' elemental analysis, The f.if spectrum 

(Fig~ 40) represented :tn Tab1%l _. 32 shows tha p~aenc<3 .Qf 7 ORa • 

12 OH2 and 6 OH in c ompoun.d .N3 • 



~S\,l!l.e - .3,fi 

Number of .different grOl).pa rut.d their 13o ehift values 
1.n A'g'ID _sJ?eC~£!.\lll , .· , . . . · · · ·· • . . · .. _ · -

7 

Total no .... of carbon • 25 

(ppm) 

14;.409 15 •. 95, 16.16, 16.51, 
18 .• 29, 23;..32,. 27.91. 

1s.15, 21.14• 23 .a1, 25.oo, 
26.36, 28.29, 34.12_, 36 •. 54, 
37.68', 3fh07,' 36.29, 43,02 

37•781 4fh54, 49 .. 12., 5fhlEh 
73.o:,;, s0.92 

!rhu~, th~ llPT speotwm· aaoountJ;J £or- 25 ~arbon atoms. ·~he 

uatUI'e of thf:r seven other carbon atoms are to be assigned to 

·account for 32 carbon atorna ot t.:ompouud Na. From. 13c NMR spectrUitl 

(Fig• 39), it te olear that the· peak at 171.026 (a) P.l?m ie 

inconsistent with thE;~ presence of one acetate carbonyl grou.p • 

Appea.m.o,9a of peaks at BG.rr33, as.a7, 37,74, 41.:1.7, 42 .• .80; 44 •. 44 

, ppm as singlets indicate the prasenu~ of aix ta:rtiaey carbon 

atoms. The pe!.tks at ao •92 and ~13.05 ppm· are due to OH carbone 

attached to the acetate and eyarexyl g:c-oup resp$otively .• Tb.USt 

the 13o and ~~~ spectra ·h.e·lp~; to aoc.otUl.t tor. the n.wnber a.Ud 

®tur~ o:f' tha oarbon atO!!.\s · c:J:£ compound ll3 , Table """ 33 repreeentiJ 

the. number .ot dif'feren t groups a~·id their 13c ah~ft values • 
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!fable- 3i 

:No, of different srouv$ of ~CHU!!,.;.OUll~ N§ .wit!! . 

their 13c NMH shift· value§l• 

-----------~----------~------------------------~----~-Different 
groups 

)CHOH 

)CH-OAc 

liumbe~ 

7 

12 

4 

6 

1 

1 

' 

13 o shift Values (ppm) 

11:h40t lth95, 16.16' 164!.50t 
18.29, 21.32, 27.91 

18.161 21el41 23~t611 25 •. 00, 
26,36, 2Ej,\29, 34.12, 3G.5.4, 
37~68, aa~o7, 3a.29, 43,02 

S7~7a, 45.54, 49~12, 55,16 

36.33,. 36.87 t 37.74; 41,17, 
42~ao. 44.44 

73,05 

ao.92 
171.03 

The ·f;otal carbon ahttt assign.ment coul(l be portray~d if 

s~ruct~ra aJ!!l gi van belGv"i be depicted £o.r oompotm,d N3• 



2.1·9-1 

198 

' 13 It is to be noted here that the position o~ C shift values 

for different carbon atoms has been assigned b.Y comparison with 
13o :NMR spectrum of lupenyl acetate161~ 

l'f'Iaas s_pectrum of the compound (Fig. 41) e:Jthibita peaks 
+ . 

_at m/e 646 (M ) , 628, 626; 624, 686; 5841 565, 547, 504, 483, 

466, 453, 423, 297, 283, 269, 189 (base peak). In a aeries of 

fourteen maaa spectra, the molecular ion at 646 has been observed. 

only in two cases. This may- be due to easy elimination of a 

151b.Emeat Wenkert; G. Vernon Baddley, I.R. Burfitt and L.ti. 

Moreno, Org._J~sae• Reson., ,U, 7 (1~78) 
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. SRMPLE FOR INGER LOW RESOLUTrON MS50 DIRErT INLET 820407 
S1.52 H.B=0, 100~=159884J LOCK MRSS:0 

100 ~ .. 

. e0 
60 
40 

20 

0 

100 
80 
60 
40 
20 

e. 

100 

80 

4€1 

2,0 

100 

80 

60 

40 

20 

0 

'• 

297 423 

43 
169 

SAMPLE fOR INGER LOW RESOLUTION MS50' DIRECT INLET 820407 
S1.53 H.B•0, 1B0~=156512J LOCK MRSS:0 

• 

483 

i~li 
20 . 42 

269 293 297 '3·1 '3 333 3 -152 466 

ee 

ee 
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100 43 . 189 
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55 69 
81 95 

107 121 135 

)o • ~t ....... 0·~~~~~~~~4W~~~~~~~~~~~~~~~~~~~ 50 
f• '/t 

n~~~·~·;~• 
:~,. Jot' 

Spao1ir1a of 29, 'o-di'brQmo-21 ft -bydrozy-oleanan-3 fo -ac•1ia:1i••~ . . . . ' 
• J_,. 
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moleoule of' water ;from c-21 position.-. Thus t the peaks at. 628, 

626, 624 are due to ).oaa of a moleoula of \13.tar from the mole­

cular ion. The existence of these three peaks in 11211 ratio 

· defin1 te]S shows that two bromine at. oms are present in thE!t mole• 

cule. The peaks at 586, 584 and 562 ~re due to loss of acetic 

acid and the peaks at fHlS,. 564., 563 are due to loss of one 

bromine atom from the. molecular ion. ~h.? ·peaks at 505, 5.04;· 5.03 

mey~:be .due to loss of a b~omine atom from the ions m/a: 585( 
\ , ' . r 1 , , --

584 and 582 rea.pactive:cy-. The peak at 483 is due to loaa of . ' . 
another bromine atom :f'~cm the fragment m/a 564. !Che existence 

.of peak a.t 393 may be d.u~ to the £r~e;nent XX:VI formed .by tbe 
. ' 

claava~ of ring C of the ol.ea.nan(,9 skeleton. The base peak at 

189 exclusi ve:W proves that this fragment comes .from the species 

XXVII a_~, suggested ~ Dje~~~s:tl5 2 a~d. Ogu.nlcoy~u;a. · 
' . '8 8 ' +· -r . ~ 

OH 

XXVI ""/e 303 

XXVII 

+ 
CH 2 

ie_ 189 

----~~--------~~--~--------·-----------------------------
152. R. Budzik:LE'f\.vicz,, J.~JI. \filson and a. JJjeraasi, J.Amer.-Ohem. 

§.2~·· ~' 3698 (1963) . . . 
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Thus, the e·tructure of N3 has be~n ~stablished as oleannn­

. 29, 30-dibromo-21 ~ -eydroq-3 13 -acetate 198 • Bu.t tb.e oompoand 

\~S il:~Olated in a very la~v yieldt llenci~h it w~e not possible to 

confirm the structure ··:. obamicalJ.¥·· 

Characterisation of N1 

The solid ~1 was.found to b$ ~ mi~a~e of two compo~ds 

and it showed p0$1tive B~ilsteintest for ~omi~a. ~he compoundt 

. however, wae poured on an active nlUJZ~.ina. column and. wae allowed 
' ' 

to stand .for three days~· . ·; · ·,. 1. 

Elution of the oolumn ·with petroleum·ether afforded small 

amount of vJhite solid whioh on ceyetallisation from chloi*ofo~­

metha~ol yielde(i needle sh.D.ped soli.d, m.p~ 186-88° .[ ~Jn 32°. 

IR spectrum (!!'ig. 4;:2) of the· o<m!pound. shows peaks at 1735.; 

1240 (O-OO-?f!3), and _at 1265 (•Clt.Br) om-1 • The compound responded 

to TN~t teat and also ·respollded to Deilst@i.P. test fo~ halogen • 

. Elemental ana]¥sia · ea·tabliahed its molecular formula aa 

032H51B~2• Comparison of phusical_data of the compound witb 
. . d 

those reported by HaJ.sall et a11fi1 reve~led that the ccmpound 

was 29-b~omo lupenyl acetate ~· · . 

Elutioh of tne column with :petroleum-r~ther & benzene {411) 

yielded a solid.whioh on crystalliaation from chlorofo~methanol 

afforded a or,ystalline eolid, m•P• 235~7°. The compound respon-

ded to Be:l.letein teat for bromine·. The compound, hO,ol~'V'e:t-.1 wae 

found identical \'l:l:th 30.-brOOto ... l.up-20(29 )-en-3 ~ -aoetate 195 . " ........ 
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. 150 
frt:>tn IR comparison and m.m.p data· • 

E~ution of ~h~ oolumn \v.itb b~~~ene afforded a $Olld '{N4/ 
.• ' . . . ' . . 

which v:ias crystallised friln chloroform-methanol and ana.J.ysad 

tor c32H5~o3 ul 484), m.p_. 2{48-49°,[ ct jD±o0
• It ·did-respond to; 

TNM teet but gav~·a negative teat. for halogen ill tne·Beils-tein.-

Its IR spectrum (Fig. ~3) sbows peaks at 3$00 ( .... oH:), 1715, 1260 
.. . ' '' ' ' . ' --1 : .. 
(~~co~CHs) t ·3100, 1640 and 890 '( .)o ·• CH2)l GTJl- • ThQ lg NMR 

speot~um has been recorded in Table - 34. The spectrum shows 

. appearance of silt single~a b~tween b 0.78 to b 1.03 accountable 
I 

. '{ Table- ·34 __ ttM __ , --

1Ii lH~ spectrum of N4 in CDJl§ 

Ohemical shift lifumber o:r · Multiplicity 
b, ppm. · protons. · of f.?ignals 

- '. 

0.78 3 Singlet 
0.83 3 Singl~t 
(J.84 ·3 Singlet 
o.a& 3 Singlet 
0.94 3 Singlet 
1.03 3 Singlet 

2.04 3 Sillglet 
'• 

4.46 l; ~ul tiple'b . 
Wt • 18 ~) 

4.94 2 Multiplet 

4.16 2 Quartet 
JAll ;II 6 Hz 

~ 

Probable as~ignment 

-o.:..co-OJ!a 
I . 

!10•000QH3· I . , 

)0 -= OH2 
I 

lieO -OH 
' 
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to eighteen protons i.e. for six tertiaey metb,vl grou.pa; tne 

multiplet 'at b ·4.94 ppm for two protons ia assigned to an end 

methyl~ne group;· the quartet at S 4.15 (JAB.~ G· liZ) is due· to 

two non•equivalent protons of !!iC-OH gro~IH ·The singl~t at & 

2.04 and the multiplet at S 4.5 are due to aoetoq tnet.twl. and 

a proton geminal to the aceto2cy' group respectively • ~he halt­

vri.d.th value· of the multiplet indicates· the axial orient~tion of 

the proto~. hence, the acetoxy g:rtou.p is equatorial.4! Thus, the 

· IR and ~mR spectra. give sound support for compound N4 to be a 

monohydroxy monoacetatt;l • the ey.droxy group. being at C-30 position. 

Struct"re 199 ie, therefore, depicted tor compound N4• 

RO 

199) R=Ac 
200)R =H 
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The ccmpound on 1\v·dro!yaia with 10~ methanolio KOli fumiahed 

a solid 200 which on c!'IJstallisation ±'rom chlor·o.torm-methanol 

yielded fine cry~tale, m•P• 226-28°. ·Elemental ana:J¥ais· shewed 
. ~ . . . 

tt1a molt1c_ular. formula to be. 03o'f%so02 (lt·442)·· IR spectrum · 

(Figt. 45) of the compound exhibits a· broad peale between 3300 

to 3400 cm~1 - fo:v .. the· ~droxy;t gvoup• at 3100 1 1640 and aso cm~1 

for ax:ocyclic methylene double bond indicating that the compound 

has been ~drolfaed. 

I§ass spectrum ( Fig• 46) of 199 shows· peak$' at m/ a· (rel. 
+ . ' 

int.) 483 (M •19 ·6.9), 4;€.6 (4.3), 425 (5.6), 424 (~.6)-, 423 

(14.3), 40a (a.a),, 3ao (6.3), 356.(7.5), 248 (18), 233 (7), 

220 (14), ·203 (28)," .189 (lOO), 1'15 (30); the maaa apeotrum 
+ . 

(:D'ig. 47) oi' gQ,Q..ahows J,l~lt$ at 442 (M, 6.3), 441 (14.6), 4~ 
. . ' 

(14u6), 408 (9.,9), 383 (G.l), 380 (5.6), 3:1.4 (15.1,), 233 (24), 

220 (28)·~ 207 (75)., 203 (45)t 189 (100), 175 (30). From the t\vo 

speotra .. (Fig• 46 and Fig •. 47), tt is evid~nt that the molecular 
i ' : 

ions at '·m/e 483 and m/e 441 are formed by the loss of a }Wdrogen 

atom £rom the hydroxyl group of 199 and ~..2 respectively. T.~oss 
I 

. o£ a molecule o~ water from the ions m/e 483 and. m/e 441 results 

in, the formation of fragments at m/e ~65 and m/e 423 in the two 

compounds l99 and 200 raepectively • The peak at m/e 4~3 in the 

case o:f 199 is due to lQss of aceti.c acid from the molecular 

ion. The common fragment at m/e 408 indicates the losa o£ ~ 

·methyl group £rom the fragment m/e 423 for both the c ompounda• 

The existence of peaks at m/e 424 and m/e ,3$3 in comp~und 199 
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:· a.nd 200 reapeotivaq can be ·expla;tned W: aeeti.Olins the loss.· of 

· 58 mass units fo~ the f1'$QnleAt XXYIII from tt.te lllQleculata ions• 

. The enateAce ot <Jomme)tl fragments at m/~ 233 can be explained by 

·. aeeuming th~ formation. of f:~gmant x..~x 1~ a.coordauoe with 

+ 

\ 

HO 

'XZl 
'· rrn./ e_ 2 20 . 

RO 
.. 

XXXI 
R Ac. rrrfe 249 

R=H ~e 207 



observation made by Djerasai et at162• The other fragment at 

m/ e 220 oan be attributed to the specie a XXX which. ie prominent 

in tht:) oaae of dihydrmcy compound 000 ._ Th~ existence o~ peak at 

·m/e 249 and 207 ~n. '=9~ and 200 respectively is probably dufi to 

the format:lon of ft-agment XXXI which ultimately loses aoetio acid 

or a water mol.eoule t() furnish the fragment XXXII reepon.eible for 

the peak at m/e 189. The existence ot peak at m/e 1'15 may ba 

at:t:ributed to loaa of 58 {XXVIII) tnaaa Wltts .from the fre~ent 

XXIX. 
1 . . . 

Thus, IR, H rnm a-nd mass spectral data of oo.npound ~4 

and 1 t$ tw'd~oly sed product 200 establish the compound N4 to be 

30-hydroX\Y'-lUPe!lY'l-3 f.!J •aceta~a U~· 

The compound. 199 on acetylation with acetic aneydride-

. pyridine yielded a crystalline solid~; m.p. 1631!!"64°,[o<]n+S0
• 

Ita IR spectrum (Fig• 48) show~ b~s at 1750, 3.7~0 cm·1 du,e to 

c1iaceta.te fun.ct:i.onalit;r whi,ch is also eupp.orted by the appearance 

of bancls at 1250 and. 1265 om -l • ~he banda at 3080, 1640 and 8~0 

om-
1 

indicates the presence o£ > 0 • c~ gro~ in the compound •. 
. . ~0 

Comparison of pby'aical data of 3 (!J , 30-.diJ.wdroza- lupeeyl dia.cetate 

with those ot" diaoetate 201 prepared from 199 were identical oorJ.­

firming the structure l;~i na proposed :ror the monol\ydroxy l!lono­

acetate oompo1,ltl..d N4 • 

Oompow1d i~olated on further elution o£ the column with 

benzene ... ether (4;1) ·was ocyatallised from chloroform -methanol 
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and analysed for ~3oH50o2, m.p. 226-28° ,[ ~D +4°• ihe compound 

wa.s found identioal with ~ f.>, 30-dibydroxy lupeeyl acetate gQ.Q 

prepared by' hydrolysis ot 30-b,ydroxy~ f-> -lu;pf3X1Y1 acetate 12-i. 
i'rbm ll!•m•p and IR data. 

Mecbaniama 

The triterpenea o£ lupeol series o ontain an isolated double 

bond vary reactive to.varde several ,oxidising ree.gents154- 156 and 

facile oxidation oo~s at the ally lie 0-30 me-bhyl group. The 

alternate o-19 hydrogen is perha.p~ greatla' hindered. 

It is well known tba.t UBS ia a good 1,.89-gent for allylic 

bromination and 30-bromo compound ~ is produced by free 'l'adical 

bromine. The 29-bromo compound !2.§. maY be formed by iaomerieation 

o£ the doubls bond trozn c-20 (29) :position to u-20 {30) position 

in the p:t'eaence of polar solvent ltke :omso. 
The 30-bromo-lup.-20(29 )-~n.-3 0 •acetate 12§. may be attacked 

by the bromonium ion present iJi the polar solvent (DMSO) on c-20:..29 

1f bond causing the formation of. a oa.rbonium ion that probably 

compel~ aarbon e~eleton t~nsfo~ation from lupane ayatem to 

· 154. L. Ruz:lclta., M. llrennor nnd Ed• R~;, Helv. Oh1m.Actg., 

g§. (1942),. 161. ' 

155. L •. Ruzicka and Ed. Hey; He1v. Chim. Acta, ~ (~942), 171. 

156. L. RMicka and G. Rosenkranz, H~.1v. ,Chim• .Act~·• ~ 

(1939)' 778 .• 
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oleanane ay'atem. The environment may be such that tb.e o~bonium 

ion generated at C-19 position 1a rather a crowded· site for attack 

J:W the b.Vdroxyl ion so that a proton ia pushed from th.e nearby 

0-21 position by 1-3 hydride shift to make a site for the attack­

ing anion to furnish C-21•hydroxy~29, 30-dibromo oleanan-3 f3-

acetate 19q, Though the lt 3 shift of a proton £rom c-21 to 

0•19 position is proposed to explain ·Gha formation of 20•hydro~ 

compound 198, there is no such example of migration of carbonium 

ion from ~19 to 0-21 position. ln most of the earl~er case~, the 

carbonium ion at C-19 is ~tabilized ,either b,r removal of a proton 

from o .... la position to give germaniool derivative (dou.ble bon(} a.t 

C•l8, 0•19 position) or by migration oi' the carbonium ion from 

0-19 position t_o 0•16 position that is stabilized by loss of a 

proton from 0-13 position to give a stable dou.ble bond at 13-18 

position. In either of th$ two caaes, the geomet:cy may be su.oh 

that the two bromtne atom,s present at 0 ... 29 and c..;.3Q Qa.rbona 

prevent the :formation or double bond-s at c ... 1a (19) or C-13 (18) 

position. Under the f'oreetu.l condition, the carbonium ion at 

0•19 perhaps migrates to the 0-21 position' l:fr 1, 3 hydrogen shift. 

The mechanism has been. repre sen:t ed in Scheme XXXI • 
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' Scheme - XXXI 

Al ~lie B'I'?Jo:rzination 
·· Ac·o 
',, ~ . ' -· 

. . ·\)-~ 
' tt" . . . '{(l:o 

'0-fo 
I . 

Ac.O . 

196 s~ B)O 
J 

OH 

' ' 

t3 Praofon ·ghift 

. -.. AcO-

198 
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It is NJ?Ort~d160 that 30-bromo-.lup-20( 29 )•ez;L•3 ~ -acetate 

121 is stable to silver and sodium acetate, but the .twdrolysia o£ 

~to 30-h,ydroxy-lup-20(~9)-en-3 ~ •a.c~tate !&~may be due to a~­

f'ace activity ot 195 when in contact with active alumina.. l':.upeeyl 

t:1cetate 194 und~r i;?im11ar condition ~f;leisted eydrolysie of the 

3 (3 ... acetate. g:roup ~ wharea.~ the 3 f3 •acetyl group i~ 199 underwm.t 

hydrolysis to produce 200 showing that the oataJ,ytio amount of 

H:Sr produced causes the ey(lrolysis~ It would be p~rtinent to point 

out here that while Thcmson and F1nucane128 carri~d out the NBS 

reaction on f.; -aD\'{rin acetate and ohroma,tographed the reaction 
. ' 

product on ·e. lumina; they isolated 11-c.{ -OH- f.J -anwrirl acetate 

and 3 ~.; ll<A "!"diol. The methoocy acetate wae the ma~or product 

when a methenolic aolutiOll or 110\ -ol was stirred with alumina. 
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SEOTION • 0 

t,~el.ting points are uncorrected. Petroleum-ather used 
·O 

throughout the experiment had b•P• 60-80 • All optical rotations 
1 ... . 

were determined in ch1oro£o~ solution. · H NMR spe()t:t'a were 

de~e;Jrmined using deuterated chloroform solution o ontaining ~etra­

methyl silane as reference. !C_LC v.a.s done ·on chromatopla.te Of 

silica gel (B. Merck) and the s,pota V1ere developQd with benzenEH 

etbylacetate (9tl) mi.Jtture. 

To a solution of lu·pel\Y'l acetate 194 { 1g) :L.n chlorofonn 

(50 ml) was added !~BS (lg). :1.11. portions followed .by ad<;li tion of 
. . 

DMSO (25 · ml) and the re~ction mixture was kept ove:rnight in dark• 

On the following day, the reaction mixture was p_oured on ice 

cold water when a white solid separated out which \~S extracted 

with chloroform. The ohloro.fom layer wae washed vd th water and 

dried over an~droua Na2so4• RemoVal of chlorofor:m gave a solid 

(850 mg). TlC of the later showed distinct spots :Lndica.tinS the 

presence of a.t least two compounds i.J.'l it. ~he residue was dissolved 

in benzene (10 m1) and poured on .a c~lu.mn of silica. gel develop~d 

with petroleum ether. The £allowing solvents were used for elution. 
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Table-~- .. 

Eluent Fractions Residue on M~l ting point 
100 ml each evaporation 

Patrole'Wll 1-6 aoi:tc:l (~0 mg) 205-12°·. 
ether·· 

Petrole~ether·: 
benz~ne (4a1) 

7-11 Solid (460 rrtg) 226~0° 

Jt'etroJ.eum-ether = 12~14 .~111 ... 
benzene (3:2) 

Petroleum-ether a 14:-18 Solid (80 mg) .244-48°' 
benzene (2a3) 

Further elution with more polar solven,ts did not ~ford etq · 
solid mnteria,l. 

. I 

Examination of fractio~ 1:21 

The fraction 1-6 ( 220 mg) (Table -.35) were combined. TLO 

experiment of the compound showed two distinot but olOs'l s,pots; 

hence, this vJa.s set asid~ for further pu.r~:f'ioation. Dailstein 

~est response .iuaa positive • 

. ~aminat1.f2n of fraction 7-11& Isolation of 30-bromo-luo-20~29J=. 

en-3 ($ -acetate 195 = - =-= 
The fraction 7-11 (Table - 35) w~rer combined (460 mg) and 

cr,yatallised from a mixture of chloroform and methanol for three 

times which afforded needle-shaped c:eystals {375 mg), m,p. 236-38°, 
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[ex J +12° • TLO of the compound showed a single round spot .t 
D 

TNlYt test response was p·osit:tve·• So was Beilstein test• 

Ana.la' sie 1 

.Founda 

Calculated for 

o32%1o2Br s 

IR ~ JJ nujol 
n~ 

%0 
70.12 

70.23 

%H 

9 .• 31 

17$, 125·5 <-o-co-afla), 3015, 

1640 and 880 ( > C = CH2 ) cm .... 
1

• 

/:i!ig. 35.7 

2~04 (s, aH,-o-co-oH~), 4.48 <m, 
- 0 -<'J 

'1 ·• I .II ' ') 3 99 ( ott H I ' H ·. H. -c-o-o.-:'. • . ' at ~Uf ·eo-
·'- I ' - - . 

13r) ,· peaks at: 5·.04 and 5.12 ( 2!,, 2H, 

· c · ·= ·og2), peaks ·at o. 79, o .84, · 
. I 

o.es; o .95, 1.04 ·(5£!, 18H; s-y-Cl!s) 
'/:b'ig. '36_7 

Examination o=e traction 14~18; Isola;ti.on· of· 29, ·50 dibromo 

gU ~htd,rom-:.~ f3 -acetate s· 

The fraction 14-:i.8 (Table - 35 )' were CQllbined ( ~ 80 mg) 

and crystallised from· chlorofomn-metb.anol to af.ford·.amorphous 

solid (60 mg), ~·P.· 25a-oo0
• · !t showed positive· 13eilstein test 

for halogen. '' 

"' 
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An.~1ya1s ; 

Calculated for 032H520'3"»:t2 
Found 

59.thl 

59.59 

IR a 
nu.jol 
mruc s::;3o (-oH.), 1732• 12>o (o.oo...Oit3 >, 

1270-80 ( QH2Br) QD. •l 

s.o7 
~~09 

(i'ig •. 3'1) 

1 
B m.m. ( • OD013) • Signals ;tz,-om 353 to 389 (two AB quartet·, 

4H; 2.!JaO-Br) t 4.01 {1, 1ll_, Jaa • 12 Hz, Je..e ~ 6 H~h lJ20 • OJ!OH), 

z.o4 (J!, s1I, -o-co...c!\i)', 4.48 <m• lHp -n - o-eo...~), o.a4. 
o.a5, o.s7, o.B9·, 0.95; 1.os (s,s, ~ag, a-o...o~>· 

(F:tg. 38) 

i . ' . 

'-3a m1R • 171~025 {!!•· ·~o-g_o-o:a3 ), 36.33,··aa~a7, 37·.74-, 41.17, 

"~2.so, 44.~4 (G!b s g ..... r. 37.7e, 45.54:., ~9~12,- 5~5.1a (4§1, 
. . 
4. QHj '. 18.16-, 21.14, 23.&1, 25.00, 25.36, 28.29, ;34.12, 

sG.,54, s7.6a·, sa.o7, 3a•29, ·®.02 (12.§.~ 1·~ .Q.H2), :14.4o, 1o.95_, 

.16146, l6.5o, 1a.z9, 21.32~: 27.91 (7l!, .7 .~ ~~-. oo •. 92 (g, a,g­

o-oo,~a3), ?3.oa (Ji, .QHOH) ·ppm. 
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Dloleoulaz- ion peak (M+) 646; m/e· 628, 626; 624, 

586, 684, 565, 547, 504, 483, 466t 453; 423, 

297• 283, 268, 189 (base peak). 

J:Uc!lxamingrtion of ;emotion 1-~ ,{ Tabi.e - 35./ : Qtg:omatogr§.Phic 

se;paratiOQ on alumina col1m: 

'~he fraction 1-6 (Table -35) wer~ mixed tog~ther (200 mg), 

dissolved in minimum volume of benzene and poured on an active 

alumina oolumn (15 gn) developed vlith petroleu.m~ether. It waa 

allowed to stand for 24 Jnt. and then eluted with the following 

solvents; 

-
E1uent J!'ra.ot ione 

50 ml each - • 

Patx-oleum-ether l-3 

Petroleum-ethei='a 4-6 
benzene (4s1) 

Petroleum-ether: 
benzene (3a2) 

7-a 

Petroleum-ather: 9-11 
banzene (2t3) 

:Benzene 12-17 

B!lnzsne-ether 
'(4J1) 

18-20 

- -----------------· 
Uesidu.e on 
evaporation 

SOlid. (::: 15 mg) 

Solid {~55 mg) 

Nil 

Hil 

Solid ( -::: 120 mg) 

Solid ( ~-20 mg) 

Melting point 

180-84° 

g2a~so0 

-
-

Elution with more polar solvent yielded no solid material. 

--------·---------------------------------------------------
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E¥;+nrtaat,ion ,of fraction 1-31 Isolat:lon of 29-brcmo-lup-g0~29)­

en-3 f3 -acetAte a 

The solid in fraction 1-3 (Table --36) were combined {~·15 

mg) and ·crystallised £rom chlorofol'm-methano1 to (lf:f:ord white 

~morphoua solid, m.p. 186-88° [ d Jn + 32°. It responded to TNM: 

test and shov;ed posi tiva Beilatain test for bromineh , 

Calculated for 
032H5102B:a:- : 

Found s 

J nujol 
IR I lllQX 

0% 

70.23 

70.19 

H% 

Examination o£ fraction 4-6• Is_olation o£ 30-brcmo-l:,u:g-20 ~29 )­

en-3 /3 -acetate# -
The solid in fraction 4-6 (Table - 36) ware combined 

(:=:::55 mg) and c:eystallised £rom chloroform-methanol to affoxad 

shining o~stala, m.p. 236-37°. 

Beilstein test response was positiv~. 

TliM teat r~sponae was ne~tive. 

It was identified as 30-bromo-lup-~0( 29 )-en-acetate 195 
. -- . 

by comparison of m.p. and IR with an authentic sample. 
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1t~nntion of fmotion 1ii:=17a I._~lo.tion of 3Q:-)U.d£OJt'l~lun..-:20,29)-: 

en-3 ~ -acetate; 

illhe solid in fraction 12~17 (Table -36) were miXed together 

( c:: 120 mg) a.ua cey~tallised f'rom a m:L-sttwe of chloroform-methanol 
c 0 . 

to a.ttord needle-shaped crystals; m~v· 246-49 • TLC of the cQllpound 

Oil elution with, a mixture Of ball3e11&~ ·etbylacetate (911) showed 

a single round spot~ However, it did not rea pond t Q Bailata in 

teat for halogen, but responded to TNM teat. D 

.Ana:Jgeis 

Calculated for 
032%203 

Found • 

IR • 0 nu3ol max 

1H :W.JlR 

< ~, cro13 ) . ' 

.. ' 

10.75 

aeoo (-OH), 171Pt 1250 <-oNc0-o93), 
3100; 1640., 890 () 0 :;: 01{

2
) Ol!l-l 

D\1g~ 43J 
4.15 (.9-t JAB = 6 H;z, 211, -G~f20H), 
2.01:1= (,!, 3:a:,._ -o-co-c!!a), 4~48 {m,, 

.1u, !!G-f?-o-oH3), 4.94 <.nlt aa •• 
' 0 ' 

\ 
-0 • OH .) 0 7 . . _ 2 , . ~; a, o,~s, 0'!84, o.a5, 
0~·94, 1~03 <a.sh 1QH, a...;?-o&;)• 
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+ 
483 (M ~1) • m/e 465, 4251 424, 423; 406, 

380, 556, }248 t . ~33; 220 ,; 203; 189 {base 

peak); 176. 

R~drol.uis: . of ~O;·"'h;v.,d:rmx;z•;wan-20 (2~1-en-3 ~ •aceta.tgt .: Isola.t ion 

!J.f _3 (3 ,;, 30'""1unentl diol 

30-bydrox#-lu.p-20(29 )-en'!0'3 t3 --acetate '.t9.~ (50 mg) was 

l"eflur.=ed trith 10% methnnolic potassium hydroxide solution (5 ml) 
' 

£0!' four hours. The solution was cooled, acidi:t'ied m.th oold 10% 
' ' 

h.v<lroohloric a.oid (10 ml) and ~raoted with ·ether• ·The' etheral 

layer. vm .. s· washed with wa.ter till ,neutral and then dried., (Na2ao4 ). 

The athor was di~;~.tiiled ot£ and the solid residue obtained was 

cr-.rstallieed from methanol. After three ~ryst~llisations from · · ' 

methanol, it gave a cryatallin.e. solid m~p .. 226-23°. 

TNM teat .respons~ was poai~ive 

Found a 

Cal cula"bed for 
03oRtJoo2 

IR • 0.~~l a 

'~1.36 

'11.38 

Broad peak betwean'B300-3400 

(OH)', 3lOO, 1640, 880 '( >o •. oH2 )om-1 



fi!Ia.ssa 
+ m/e 442 (M ) , 4:41 1 423, 408, 383.- 380 1 314, 

233, 220, 207, 201, 189 (base peak), 175.;· 
. ' . 

AoetylgtiOLOf; 30-bYdf!O:;t-:lJ,tp-20{,29)-:-en-3 ~ •a.c9tatqa :t;~olation of 

9.., ~ z :.30-lupenv::l ,diQ2_etat!,l 

To a solution of 30-bYdro~-lup-20(29)-en-3 ~~acetate 

(60 mg) in py~idin,E;·. (5 I ml) was added acetic a.nlwdri.de (P tril) 

and kept over nignt at room temperatura. After usual work up, 

the solid residue obtained waa crystallised £rom chloroform­

methanol for three times which resulted in a needle ~haped cr,y­

stals, m .• p. 1.63-64 °, [o] D e0 • Tic. of the compound' aho'aed a single 

round spot in the eolvent system ben~ana 1 petroleum-ether (2&1)'. 

Analy'sis: 

Calculated for 
034H5404 I 

Fo1111d: 

J nu;Jol 
IR I. ~ 

',o I 

77.59 10.31 

1750, 173Q; 1265, 1250 (-O-d0-Clt3 ) 1 

154011. 8~0 ( )C = OH
2

) em-~ 

·CFig.-48J 
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Examination~f £:t:gction 18-20 1 .k_t1ql.!\t.iJ?!!-2f 3J? ,. 30 lttP-e:Wt:l: dio:ta 

The fraction lB-20 ·{Table, •3.6) .. were. combined :~oge.t~e~ 

(:::- 20 mg) and crystallised trom.a mixture .of .chl~:t'oform•methano1 

to a~ford crystals ot 3 ~ , 30 lupenyl diol &O...Q., m,p •. 226~28°, · 

[ct.JD 4° • It showed si~le rouna a.pot on t.l.c~ plata developed 

with a solvent mixture o:e' ben~ene-atbylacetate (9al) ~ 

TNM teet rc;)sponee was positive 

Bailstein te.st response was negative·. 

The compoml,d was found iden ticul with 3 (3 ; 30 lupel'W'l 

dial pre·paJ:ed by byd;rolys1s of 30-hydroxy 3 ~ ~lupen.Yl acetate 

199 from m.m.p and IR data comp~rison. 
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CHAP~ER- IV 

SECTION .... A 

A short review on autoxidation and isomeriea.tion 
~n r:lnf~ A in ,triterpenoids. , 

Autoxidation, a slow oxillation process ai.'.fected by 

oxygen (e.g. by air) at moderate temperature ar$ prompted by 

light and small quantit·ies o£ catalyst, notably the oxides 

and o.il soluble salta of heavy m~.:;tals as well as by various 

peroxidic substances. Age.irl~ they can be markedly retarded 

by mere trac~s of oxidizable organic subat~1cas, such as 

phenols and aminea. 

The autoxidation of' quinone to qu.1ninic aoid. in. a boil­

ing solution of potassium eru>late in benzene waa studied by 

Woodwara157 and in presence of t-butoxide by Doering158• The 

latter worlter also stuaied the a.u:toxidation of lcatones and 

isolated Ol, (3 diketonea, dioarboxylic acids and lactola159 • 

The formation of various products was explained on the basis 

of adfii tion of oXlygen molecul.e on the enolate d.ouble bond t.o 

157. Woodara, Wendler and Brutsohy , .i.!.-~'!!•cnem.sqc. 2,!, 

1425 (1945) 

158. w .J.i:. Doering and J.D. Chanley, J.Am.Ohem.soc. 68, - -
586 (1946) 

159. l ... '1":1 it .J.'j. Doering and R.M. Haines, J A ~h . n • .. m.~ .. em~., 76,. 

483 (1954} 
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.form the four membered cyclic hydroxy peroxide as shown in 

Scheme - XUII. 
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The action of pot~asium. tert-butoxide as a catalyst 

for the autoxidation of l'etones and eaters to 0\ -bydroperox:ider:J 
' ' ' 160. 

was studied by Gersmann et a.l . in early sixties .• ll~..nna and 

Ourisaon161 repo.rted the autOJCidati_on of several oycl:Lc ketones 

in haxa meteyl phosphotriamicle j.n the presence of' potassium 
•. ' 

tert-butoxide. The reaction was found to proceed in accordance 

w!th the previoua:l¥ proposed mechanism· in which the initial 

£ormation of an 0\ -hydroperoxy ketone is followed by trans­

for~ation into nn. o<. -itetol a~1d then to an c\ -diketone. attack 

of the ~-diketone followed by deoarbo~lating fragmentation, 
,. 

cleavage into a keto acid or an aldehyde acid· or rapid oxide.-

ti on of the aldehyde acid. 
162 

It was found by HendrY et al that the initial. OXida-

tion of cyclohexane gave mostly cyclobexyl b.ydropero.Jd.d~ and 
, , 

gave cyclohoxanol and. cyclohexanone as chain termination P.ro-

ducts. The hynroperoxide' was converted directly to ketone on 

further reaction. 

------------------
160. H.R. Gersmtmn:, H.J.w. I~iew'Venhuis and A.F. Dicket, 

'rroc. Chem. soc., 279 (19S2) 

161. R. Hann.a a.nd G. Ourisson, Bull. soc. Ghim. JJlr. 10, -
. 3742 .. (1967) 

162. D.G. Hendry, c.~1. Gould, D. Schnetzle, I.R~ Uayo, 

·~ ·-Org. Dhem., 4l(ll ,, 1 (1976) 
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Barton et al163 found that when a 20-lceto steroid was 

shaken with oxygen in the presence of .potassium tert-butoxide 

in tert-butanol it was oxidised to the 17c( -bydroperoxide, 

which could be reduced to the 17 ex ale ohols with zinc and acetic . . . 
. acid. Under the same oondition,s164 , 3-keto-5 !3-steroids were 

oxidised to 4..:.hydroxy - ~ 4 -3-ketones, the ·5- CX.-isomers were 

oxidiaed to the 2-ketones (enolic forme) and cholestenonea was 

oxidised to diosterol-1 in low yields. Since in. each case 

attack was at the site of enolisation, o~gen evidently attacked 

the enolate ion. 

CH3 
I 
C=O 

.~H~oH 
{ J____j Zh-Ac:OH 

164. B. Oamerino,_ B. ~atelli and R. Sciak:y,. Tet .•. Lett • 

. 5~ (1961) 
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In view of the fact that Section ~ B of this ohap·ter 

deals with autoxidntion of triterpenoid, it will be of interest 

to make a short review of an:toxida.tion .of some tr:J.terpenoid~. 

gxic1ation ,of ri!!fz-A-.,~!!: Euohol. 

Itavie and co-workars165 studied the autoxidation of 

euphadiene-3-one, ~· The in:troduction of an oxygen function 

o\ to the C-3 ca.rborzy-1 group wae performed by shald.ng in O.lcygen 

n solution of eu.phadiene-3-one in tart-butanol saturated with 
lQ . . 

K-tert-butoxide .• The first mol~ of o~gen whic~ was rapid~ 

absorbed produced the d. -dikei;one derivative; which \'JUS found· 

on chroma:togla:ta to con.aiat of a miXture· of' two tautomeric 

forms,· the diost~hanol· .@.Q.~ and the · -diketone ~· Upon acety-

. lation, ·a diosphenol acetate, 203b, was obtained• 

During the· .process of autoxidation, a second mole of 

oxygen was absorbed and the product i.solated was identified 

as the· lactol ;ao~a,. The £ormation of the lactol was interpreted 

'through· the £ormation of ring .A seoo-2-nor aldehydo carboxylic 
- . 

acid, which cyclizad on aci!lification. The loss of a ce.rbon 

atom (0-2) ill the prOC,E)SS and. the formation of 'the he·teroc:~yclic 

six membered ring were shav-1n uneqlrl.vocally by the 1H NMR spec­

trum of the substance. Indeted,. a characteris·tic si.t'lglet related-

165. 'D • La.vie, .s. Glotter ar.td Y. Shvo~ Tetrahedron, 1:.2• 
1377 (1963) 



·'f· 

~ 
' - \ 

....:<' 

to the o-1 proton was found nt S. 5.60; this pet1k was not sharp 

due to coupling >wvith tb.e pro·ton of 'the ad3a.cent bydroql SJ:'Oupe' 

.Uowevert upon aoetyla.tion·t ·the signal in the lactol ac~ta;tt;t 

204b was. found to ba Shifted clown field' to g ·s.4~f a.e sharp. ·peak• 

It wa~, therefore, decided that ri.o proton was present neighbo~ 

:tng the_ o-1 hydrogen a.a wouid ~ eJtpected ·from a ~aot ol derived 

:rronr a 2•3-s~~aldebydo acid~ 

203 203_ a. R=H --
202 b R=CH~ - ~ 

OR 

7 ~ 
204 205 
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It is note wor·thy th.:'lt a substance, identified as the· an.t.wdrl de, 

gg_§, \\'9.s alao fomad during the autoxidation of ~ to diosphenol 

203a • The foriDr":ttion o:f the anhyd.ride was explained by the ini tia.l · -
formation o£ an o<.. -byd:toper®J. ketone and its cleavage to seco-

2-ald.ahyde-3-cat"bo.x;y'lio acid either by a four membered ring 

intermediate meo}¥lnism
159 

or by an alternative peroxide mecha­

nism166. The aldehyde u.ndel? the basic reaction o ondi tion, is 

su.bsequeutly oxidised to a carboxylic. group thus forming ·tn~ 

2 13-seco {licarbox,ylic acidt Which upon cyclization formed the 

anhydride, ~· 

9zidg:tiqn of ring A in oleanoli_c, ,,qoid 

In connection with their work to couf'inn the structure 

of bredemolio acid.; _?Q2, and' crategolic acid gqz; Tschesche 

and co-workers167 p~r£ormed tha autoxidation of ring A in methyl 

oleanorm:te 9 ~· rlethyl. oleanon..~te was stirred in tert-butan.ol 

containing -potassium metal at 25-50° with situultaneous intro­

duc.tion o~ oxygen. 

166. E. Elkik, Dta.ll ••• soc. Ghimt.li'r. 933 (1959) 

167 • R. Tschesche, E. •. Henckel a.ud G. Snatzke, .Anrl, -
§75, 179 (1964} 
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The rea.otion.mixture on .acidification and usual working up 

gave an amorphous· sol~d £o~ which they proposed the structure 
. . n 

209, ·matbyl-2, 3-dioJ¢o-olean"!"12-~n-28-oate, m.p. 130-35 r? · 

[cx]n. 104°± 4° • Sodium bo:roh.vd~d~ reduction, of 209 gave methyl 

2ot, 3C~. -dih.ydroxy--l2-en•olean-2B•oate, 210, which on oxidation 

with Kilioili solution gave a.. mixture of several compo®da in 

which 10~& of 20~, wa.a found. 
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q~~gq~}q~~n rigg A i~pupaol 
168 Ganguly aM co-.Jorkers carried out the o-xidation o£ 

lupenona !U and lupanone ~ ·to the c orreepond:ing diosphep.ol 

213 and 214 respectively by ·posaing O.}fJTgen in dry tart-butanol 
. . 
conta.W.r1g K:...tart-butoxida. Diosphanol ~ on l:\Ydrogell<<J.tion 

afforded a non-c~sta11ine alcohol, which on acetylation yielded 

·the keto!""aoetate, .@JJi. 

R 

211 R= -<CI-b 
-; CH3 

212 R=-<CH3 
-, . CH3 

-------

A cO 

213 R=~CI--h 
-) CH3 

214 R=__/CH3 
-; -~cH3 

215 

168. A •It· Ganguly, T .n. Govind.achari and 1? ·A· Moha.nmtt~dt 

T~trnhedtgS, ~. 3597 (1966) 
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Formation of 216 from 214 was explained by the mechanism - -
ahown below; 

HO(t 
0 ' . 

'·. 

214 

215 

Diosphenol, ~' on ozonolysis gave a neutral compound 

029H4s03t whose structure was assigned as .&.§. on the bnsia of 

mod:e of formation, spectral ch.f.lraoterisation and elemental 

analysis. Diosphenol ~ was cleavGd. by alkaline hydrogen' 

peroxide to the dicarboxylic acid c3on,48o4 • The acid was 

converted into the dimetbyl ester 217, which on rei'luxing with 

alcoholic allcali yieldo<l a neutral crystalline compound 2~8. 
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_l_· 

216 

_ __,...~co~co: 
H3C02C 

·. 

217 

218 

Att~oxilip.tt,Ofl of Lanostepy;l ac~~nt~ 

Horn and IJ.sa169 re]~orted that lnrtostenyl -acetate tn 

eth.Vl acetn,te V'lft'l.S Gxtensively conoll"erted into a miXture of 7-

ny·oroperO.Jcy' and 7, 11-dihyt1roperoxy lanoatenyl acetate by 

169. D.It.u. Horn and ~D. Ilsa, i· Chenh ·sqo.. 2280 {1967) 



' 0 . 
treatment with gaseous oxygen t:'\t 50 fo:r 48 hours. Sootney 

. 170 
and T:ttuter lntor found_ that 'th a autox1ilation ot lan.oat.el\Yl 

aceto:te in ethyl acetate nt 50° a.fter 14 dt\VS w~a a. mtx·ture Of 

at loost aigh t permddes. The· two most· plentiful poro.Udea 

ware recOV''!)rE-'d and shown to be /1 0 nnd 11 ·0 -bydrop!.)rolU 

l~oatecyl acetates. The mtructu.:t•e of 11 ~-lzy-droparo.dde was 

provod by converting it to 11-oxo-lanostao.vl acetate w~th 
'· 

£erroua :ton. 111urthermore, ltthium aluminium. b;y(Jride rmiuotion 

of ·the 11-twdropero.x:ide afforded one product, which was identi­

cal with· 11 J3 -hydroxylonost enol. 

·Autoxidation of 7, 11-<lioxoltmost-8-enyl-3 J3 -acetate 
0 ' 

in cyolohexane· at 40 proceecled via 1 j3 -hydroparogy-7, 11-

_ilioxolanostenyl acetate to 1, 7, 11-trioJto-lanost-H-enyl 
1711 ' acetate ; The location of ketone at 1-position was <.\educed. 

£rom tna bahaviOttr of the triono aceto:te with alkali. With 

nlka11 1, tl ,11..otri oxo lnnoat-n-enyl-aoetate yielded 1 t 7 • 11-

·tr:J.oxo lanosta-2, 8-d.i.ene u.nd it had been derived from th~ 

triona n:ceta.te by ol.iroinntiou. of the 3 )3maaetnte group and 

the f'omation ·of .a conjugated unsa:turated [~Ot\Ping '~' ggq, 
~). ~hnt the precursor for the trione is a monobydroX¥ -= 

I 

170. J. scotney _nnd I.~. v. Trutsr, ~Oho,r!h sgg_. ,(ql_, l9l1(1~l68) 

171. J •. sco·t11ay and .m.v. :i~rutar, i!.!. •. 9.h~'f· .... soc J£U., 2184(1966) 

171a.. Idem, J. Ohern. Soo., 9516 (1968) 
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·peroxide of 7; ll~lioxo lanostenwl acetate was established 

by th.G fact that lt was decomposed by f~rrous ion to :i.,7 ,11-

tri.oxo lru1oeten_vl acet·a.te • 

. AcO 

2\9 220 

221 

In an experiment a sol uti on of la.noat-8-en-3 f3 -..yl­

aoetate in cyclohexane at 40° was oxidised by passing o~ygen 

throu_~h it171'! After twelve months of treatment, the neutral 

fraction was examined. and was found to conta.~n at least sixteen 
. . . 

components .. :&'rom Rt values several components have bean identi­

fied e.g. 1,7,11-trioxolunosteeyl aceta~e; 1,7,11-trioxolanosta-

2,8-diene. Beoidos those compouuds, 15 B -bydrox:y-7-oxo, 5o<.-



hy-dro~-7-oxo; 7, 15-<lioxo- and. 11; 15-dioxo-la.nostan-3 f.> ~yl­

aoetate were also identi.fied. 

AutoxidQ~ion ,o,f_f3 -;Q.l1}Vl"'Ona 

Kb.aat~r et al172 studied autoxidation of' f3 •a.rrwrone 

in an attemp.t to introduce more. oxygen function in a. triter­

penoid r11oleoule. --awwro~ was stirred in tart-butanol con.­

tair>.ing potassium metal with simultaneous 1ntroduotion of 

oxygen. One mole of ogygan was ·raPidlY absorbed 'by the oom""t 

pound prouu.cing ex -diketone derivative" m.p. 200•2° • '£he 

trk'lte.rial showed. pos:S,.ti ve ferric chloride test and. two spots 

on a enromatoplate in<liQating that two oompou.n.d,s· were present 

in the mixtur~1 diketona !£!and. diosphenol 224. Acetylation 

of 224 wi.th acetic anhydride and pyridine gave tJw acetate 

225. -

172. D.R. r~~iera, R.N. Khaatg:trt IV!t~ Sung and TuJ 111 Durham, 

Ind. J. Ohern~ ~' 40'1 (1970) 
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:;=:=::::::H ox:t 
.222 223 224 

225 -.-. 

:tn oimar to prepare tb.a ct ~b3droX9' ~etona derivative 

in ring Jl., ca.tal¥:tio hy'd:ttogena't;ion of . the dioep.J;lenol &24 

was investigated in presence of 10% palladium charcoal catalyst. 

It yielded 2-lteto-3•1\vd.roq compouna. ~ which on aoatyla.tion 

.afforded the oorreeponding aQetat<;l 22". ' 

[H] 



The formation of 3-hynroxy-2-kato derivative 226 

in the process of hydrogenation was ex:t"'la:J.ned by Khastgir et e.l 

as 1.1.1 the following. During the prooeas of' h,ydroganation a 

rear attaclt • o:t the .lwdrogen from the lass. hindered eida · o£ the 

molGQu.l~ m!i.gbt taka place reat\ltill§ in the !o:tma.tion of the 

2-hyd.roxyl grottp in the ~ •axial orientat~on~ . It is . known that 

the oonformation. o£ rin,g A 1.n triterpenoids .as well: as in. 

4, 4- dimethyl steroids are dependent on. tha · 1,3 homoannular 

interactions of th~ methyl groups at 0~4 and o-1o17 B-1.'1~. 
Wherefore, the C-2. ~-axial hyd:roxyl grou,p, which could be 

fm:'me(i by rell,r a:ttaok o.e hydrogen would p:J:'Oduoe further 1,3 

diaxial intara,~tiorw ~ault:tng in a great strain :in the mole­

cule • · 'l'ha strain o Ottld. be relanaed by rQady conversion to 

3-byd~oxy-2~keto derivative, ~, through enolisation of the 
' ' ' 

2 ~ ... hydroxy-3-~eto ·aarivativea. 

During the process o£ autoxidation, a second mole of 

oxygen was absorbed by the dio~phenol, *.2i,, which resulted 

in the formation. of a lacto) .. , &a£! (1-hydroxy-2-oxo•f3 -anwrone) • · . .. - . . 
0 

m.p. 262-65 • The formation of such a iactol had alreadf been 

173. J. s .B.. Holk er, Pz:oo • C he~,, s oe. 464 '1961.) 

174 • .N. Allinger and M.A. DaRoo~, Tet. Lett. n, 676 (1961) 

175. N • .!\llinger and t~.A. Da.Rooge, J. Am· Chem. soc. 84, 

4561 (1961) 
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described and wae interpreted through the formation of a ring 
A-sGQ0"!'"2-nor-a.1deh,ydo carboxylic acid; whiCh cyclizes u.pon 

acidificnt1on176• Acety1atzton of 228 -with acetic ancyd·rttie-
. . . 0 
py.~idine gave an acetate 229, m~p. 186-87 • 

228) R=H 
22~\ R::Ac. 

Autoxidation of Mo:retanone ............. --. 

' . 

177 
];l?retan.one, 230 obtained by hydr.ogenation of moretenone 

t-vas au.toxidised by passing oxygen through a susp~nsion of .?AQ, 

176 •. R. Hanna and G. Ou.risson, l3Jl11. soo. Chim• Fr. 

1945 (1961) 

177. H.N. Khastgir, :a.l?. Pradha n. TaJ. Durba.m and 1\•M• 

Duffield, QJtem. Oonmg!l, 1217 (1967 j 
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178 in dry tart-butanol containing K-tert•butoxide • which 

rGsulted in tha ,form.tttion of corre.sporuling diosphanol 231. 
' 

Acetylation of diosphanol ai'forde<'t the dioaphe.rtQl acetate 

~~ ... Diosphenol. acetate, ~ on_ eydrogenation in presence of 

pn.lladfum oharooal catalyst in ethanol solution gave the 

reduoacl product 2.3~, rtt.p.. 179-81°. DiOsphenol 231 on h.Vdrogena­

tion in -presence of palladium on charcoal catalyst in ethanol 

solution afforded a solid 2341 m.p. 181~8~0 , wh.ioh on a.cetyla.-
o 

tion a,ffo!l'ded tht!l correspoll.qing acetate 235t m•l>• 264-67 • The 

acetate -~ on iaomeriaation by ab~orbing it on basic alumina 

· column was convex-ted to th.~ stable 2-keto moretaeyl acetate 

structure 235,. --

178. I<. Chattopa,dhyaya,, D.R. Misra, R.ll. Khastg:l.r;. 

lgd. J~ QJl.em~ 1,2!,. 2l (1977) 
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[p]. 

Acx;t 
232 

~n-u_----;;. H XJ 
234 

----'-HO(t 
~0 

'·. 

231 

[J-{] Ac~ 

233 

Ac2oj Py 

Ac~tJ 
235 
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S:OOTIOl'l - B 

The discussion in the preceding pages of thia chapter 

show that autoxidation of several triterponoida results in 

the formation of different compounds depending on the eondi­

"'liiOn o£ the reaction. Such. .Protlucts posaibl;r pley a V1 tal role 

in. the pbyaiologionl processes where triterpeno1ds are associa­

ted, such as selectiva· action of triterpen.oids on neoplastic 

cells ana anti tumor aoti.\rity. !~.avie nnd co-..'iorkers165 e:ltten­

sively studied the autoxidation of ring A of certain species 
-

of Euphorbiacea.e family and £ound that the occurrence of an 

0( -hydroxy ketone or of a diospbanol grouping in ring A attri­

butes to their activity-. 

In our attempt £or introductng more oxygen functions in 

a triterpenoid molecule; we' undertook the autox:l dation of 

f'riedelin• The raaotion.resulted in the formQ.tiqn o£ different 

A-nor-compoun<ls. l~o diosphenol ,~s deteotE:ld. This part of the 

dasertation describes the characterisation of tlle }1l?Oducta 

formed duriAg the reaction and the pos.sible mode of formation 

of the compounds • 

. The oxidation of £riedelin ;136 was oarriad ou.t by 

stirring the ooxnpound in d:cy tertiar.Y butyl alconol containing 

potassium tertiary butoxide in ~l atmosph,e~e ot o~g~n fflr 

' '. 
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three hours. The product obtained, a mixture o:t: compounds was 

subjected to chromatographic sopara.tion over an active alumina 

column. Ou elution with solvents like pet:t;-oleum ether, petro­

leum ether-benzene and benzene y:telded no solid material. The 

column \"mS then eluted wit h. a solvent· mixture of methanol­

acetic acid (19'11) whion· yield.ed a white amorphous solid au.bs-
: 

tance. Infra-red spectrum of the crude product indicated the 

presence of a. hydroxy functionality. The compound was then 

acetylated with acetic anhydride-pyridine. It ·\Vas n.oted that 

it took several .hours for the compound to dissolve ill the 

solvent mixture at 80°. The aoetylated product snowed the pre­

eenc.e of three comp0t.1lld$ on chroma.toplate developed with 

benzene-ethyl acetate (9;1) solvent mixture. The compounds 

were separated by obromatograp~ over deactivated ~lumina 

column. Elution of the column with petrolel.lm athGr yielded 

a white c ompoun.d A1 • Elution vd th ba.nZene•patroleum ather 

solvent mixture (<hl} afforded $olid A2• Fu.rther elution with 

benzene-chlOJ,to.form (3;2) ·yielded a gumtnY' so.lid A3• 

Oharacterisat:ton of A1 ; 

The compound on repeated o~stallisation from cnloro• · 

form-methanol raoord.ed m •. p. 225-27° • Elemental analysis and 

mass speotr1111l .confirmed .its molecular fonnula as 029Il4a~· tt 

responded to T.NM test :tor unsaturation •. 
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The infrared spectrum ( l!'lg. 49) shows peaks at 1650 

and 790 om-1 which indicates the presence Q! double bond in . . ' 

the compound. !fhe 360 rllllz 1H l~MJ.1 spectrum (Fig •. 50) indicates 
. . 

the presence o£ eight tertiary methyl groups at b o.a4, 0.94, 

o. 97, 1.00, 1.01 1 1.17 and at S 1.57. It also gives support 

for the presence of a vi~l proton by appearance of peak at 

~ 5.26 integrable for ana proton. Aa one of the methyl groups . . 

~bla ~ 37 · . 
1H 'l~MR SiglUtlS o£: Al in CD013. 

- .. 
Chemical l~o. of r.iultiplioity l?l"'oba.bla 
shift r, protons of signals ~signment 

~ -
0.84 3 Singlet 0 

0 
o •. 94 3 Singlet Q 

0.97 3 singlet ~ 
· ~.oo 6 Singlet 

f 
7t -0113 

1.01 3 ·Singlet 
Q 

1.17 5 Singlet 0 

1.57 5 \:Singlet Met~1 groqp 
doub e · ond 

on 

5.26 1 Singlet Trisubsti tuted 
double bond 
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' . . 
be i.t'lfer.Ped tha.t t.he methyl. g~oup is on a,. d.ouble bond. !l!he 

j 

absence of a doublet in the region ~ o.85 to o. 95 that is 

general'J.;y observ'ed for tbe seOf}nd.ary methyl. group at 0~ posi• 

· ·tion of friedelirt19•3J.30 indicates that the peak at G 1.57 .. ia 

due to the methy-l group at C.-..4 :position which is situated on a 

double bond.._ Henoe, it me.v be said that ihe o-23 methyl (WOup 

is Oil double bond in compound A.l.• !Ch.e a.pp~aran.oa of vj.rwl 

proton as a broad singlet at b 5. 26 ind:tcatea that the signal 

Would couple With the proton.on adjaPent oarbon Witn a COUpling 
. 180a . 

constant J :::::::: 0.5 ~l:z. but the value is so small that 'the signal 

is only' intensely broadened instead of being spli,tted• 
I I 

Thus the pre sene a o£ th_e grou.ping fl30 ..0 =. OH ... OH in 
l 

compound A1 is. established tha.t can be best fit"Ged in ri~lg '.ct 

or :t:riooelin e.a 

179. A. s .R. iJ.njaueyu.la and M •. Na.rayru1 11ao~>Ph.ytochemis'tx-y,, 

!.2.t 1163 (191,30) 

180 • B • Talapat~a, B. JJQhiri, A• Basak, lh.K~ Prac1han and s .K. 

Talapatra, Ind. _J. Ohern.; ~~' 741:· {1983) 



-·( 

The molecular fr:;rmula of it.:i. indioa:tat:~ that the ·total 

number of CL&rbotl atoms in the compound to ba 29 instead of 30 

as in the starting ccmpound f'riedelin. ~\bl';3enoa· of ox_ygen func­

tion in the .form of carbon.vl or hydroxyl group which is eVident 

£rom IR nnd 1H m . .u~ SJ)ectra indiCa'tes· that the OJt,ygen at(ln pre­

sent in the form of keton~ in f'.riedelin bas been Imoolted oft 

aloi)g with a carbon atom. Muss spectrum. (li'ig. 51) o:r the com-

pound is of great help, ,in aac,artFtinil'les which of t:he carbon 

atoms· hn:tl .. been lost ,tht~ing the ,course o£ the ,rea.ction. The mass 

spectrum eXt"libits peaks ·at m/e (rel. int. ) 396 (r:t; 20.7), 
+ . ' 

381 (P~ ..... on3 , 100), 257, 243 (5.oo), 205 {20) and 191 (15} •. xhe 

·peak at m/e 205 ie typi'ool of friedelin skeleton comprising 

rin,g J) and B and is due to the fragment XXXIII. It is, ·therefore; 

clear that the loss o:r carbon atom h.:'ls oacu:rn>ed in. ·the ring 

other than D and E .. The genesis of .the fra~uent XlJUV, w'e 243 

can be rationalised blf aasuming .. struoture 236 tor compound .t\ 
which explains very wall all the spectral observat~ona. The 

fragment~ttion pattern is shown in Scheme .- XXXIII. 

180a. K.D. VJiberg an.d .B.J. i~iat• J. Am. Ghem .. Soo, .• f:m.• 
1228 (1961) 
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Scheme ""' XXXIII 

~~219 

XXXIV ~e 
243 

XXXIII i e. ZOS 

1 

~e.l63 ~je_ 177 'rr\/e ]9] 

I, 
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The structure of compound A1 is thus established as 
' . 181 
ii.-nor-~ri_edelene • 

O~'lra,cterisat~on of ~ a 

Elemental analy.ais and. mass epeotrum showe(l the molecular 

formula of A2 to be o31.H50o2 • On c·eyetallisation from a rnixtu~ 

of chlorof'orm•me·thanol, the compoWld had m •. p. 235..-37°. ~t res-

ponded to TaM test thus showing the presence of' double bond. 

Its IR spaotru .. Tll (J~:tg-. 52) shows absorption a.t 174:0, :1.220 and 
~ . 4 . 

890 om .. ~he bond. at 1?40 om is, interpreted as d.ue to the 

'presence of an aoetoxy group which. is su.pported by the apperanoa 
-l ' 

of a. band of stro}lg intensity at 1220 om • lt is known that 

the usual "acetate ba.ndt' at 1240 cm"'"1 is shifted to lower fre- 1 

qu.ency by 20 cm1 in vieyl ncetate182 ~ !!!nus it apJ>ears t.hat 

the acetate group is present on the double bond. The peak at 
-1 

890 em · supports the presence of clouble bond in compound A2• 

The 360 ~1z ln·Nl~ spectrum (Fig. 53) of the compound 

is presented hera represent in tabular fo~m with the chemical 

shift and ·their probable interp~ta.tiolla. 

181. Simons&l'l aJ.lrl Ross • !£he. ternan~, VoJ.m. IV, p. tJ:70, 

Cambridge '1957} 

182. R.N. Jones. and c. Sando~fy, nohemical Appl~eation of 

Sp<~otrosaopyu, 482 {1956}. 
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1H WJffi Signals p£ compound A2 in enola 

Chemical shift l:lu.mber of 
b protons 

-
0.94 6 

0.98 3 

0.99 3 

1.01 6. 

1.17 3 

l.t>S 3 

2.13 3 

X!Iul t iplio ity 
of signals 

Sitlg].at i 
Singlet ~ 

0· 
s~ngJ.et ~ 
s~nglet 0 

~ Singlet 

. _S~~nglat 

Singlet 

Lilli d .... 

Probable 
aasigAment 

7t - 11m -~s 

I I 
·....0 . ..,. 0 - OH . R -s 
-0- C·- OH - -3 

---------. .. -------~---------........... .,.... - .. 
The spectrum ahows ths presence o~ seven tertia:ey- methyl 

group~ _in the region bat,ween ~ 0.94 to 1 .• 17 and ·one aoetoxy 

methyl at b 2.13. The peak at b 1.55 is due to methyl. grou,p on 

double bond, which is quite broad. su.oh broadening of VilWl 

methyl group is .due to long ;range coupling propagated through 

~system- o£ the double bond The methyl proton of an enol-
• 

aoetate functiOn resonates in the· x-egiou between S 2.0 to 2. 2; 

although usually' at slightl.y lower field t.b.an a saturated acetate 
183 because of the promimity o£ double bond • H_enoe, the singlet 

183~ N.s. Bhacca and D.fl. William; "Application at UfJ.iJi 

Spactroec opy in Orgl:lnic Chamist:ey", Hol(len-Day, J:nc, 

33 (1964) 
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at ~ 2.,13 is attributed to acetoxy meth.Vl group on a dOllble 

bend. Since, there is no doublet for a ·secondary methyl group 

in the & 0.75 to O~H5 region, it may be inferred ttl.."tt the 0-4 

methyl group o£ friedelin ia on the double bond. in compound A2· 

A&lin, ·the abs'enal:;) of olefinic resonano~ in ·the region ~ 4.5 to 

6.5 1nd:laates that the clouble bond is tetram1batituted which 

support the existence ot acetate and C-23 methyl groups on the 

double bond .• Jl'urther. the absence of peak clue· to .vroton geminal 

P to carbon containing ac~tate group shows that the ·acetate group 

is c0rtai1'.\ly present on the double QOP.d• 

'£he ·molecular fo~mu.la of a2 (o31H50o2) indicates tha.t 

the com:pouno ha,s got a nor-triterpenoid slteleton. With the help 

of tn.'lsa s:pea11ral dt\ta the or.nrplete structure of tha compound 

wua finally established. The rna® spectrttm {J~"'ig. 64) exhibits 
+ 

peak a at m/ a (l:~elit :int ~) 41:54 (M 0 2?) , 439, 412 ( 9 •7 0) , 397 

(~9.32), r;al {0.7)~ · 205 (2) and 191 {2). Since there ia no 

prominent peak due to ioss of an aceto~· function from the 

total mass 454, it is to be infe~ed that' the loss of acetoxy 

group is mechanistically prevented due to the attachment of 

·the acetate group on a double bond. Ho."'ever, the l.osn of aoetyl 

gl"oup from the total ma~s is evident from the p.ealc. at nv' Ci! 412 

as shown in the Scheme XXXIV. 'The genesis o£ theae fragments 

can be explained by asa11ming structure 237 !or. compoun.d A2 

which explains the IR and 1H ID·!IR spectral obse;-vations too. 
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Schema·- ·.xiOtJ:V . 

_-_,_C H~=C=O '1e 397 
. .. 

' ' ' 

Thus • the struoture of compoull.d A2 is established a~l 3-nor-· 
. . . 

/:::. 2~4) friedelin-2-~cata.te 237t. · 
- ~ '·' 

-~· 
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Chara6terisation of A3 ~ 

Elemental analysis and mass spectru.m of A3 indicated 

its molecular formula to be o30H48o2• Crystallisation of the 

compound from chlorotorm-metho.nPl afforded amorphous sol~d, 

fl!-•P• 290-92°. :tt respondec1 to T.N~i te$t showing tl'W presence 

of unsaturation in the oompoU!ld .• 

The IR spectl\um of the com.potmd (Fig. 55) shows 'Qands 

at 33~0 and 1675 cm-1 which are indicative of the presence of 
. -1 

a. carboxyl group. Appeai."anca of banda at 1620 and 780 em 

are due t.o the pre~;~enoe of a liouble bor1d. The IR spectrum also 

gives some information regu.rQ.i.tJg the position o~ the carboxyl 

grou.P and the double bona. The . )0 = 0 vibration occurs at 

lower frequency than a saturated. acid which is due to the· 

conjugation of the double bontl w.ith the ca.rbo.Jcy"l group. In 

~~~-unsaturated. ao.ids,. _the foro a constap.t of tha>O ~ 0 bolld 

ia affected on one hatld by the ..... I effec.t o£ the double bond 

and on the other hand by the conjugative effect acting :Ln ·the 

opposite r1ireotion. The -I e.f.fact tends to increase the)G ... o 
·~ 

bond or<ler •.vhereas the conjugative. effect tends to lower it. 

Generally, the mean fre(!uency · o~ the ) 0 :. 0 s~retching 

vibration in the cX 1 ~-unsaturated acids occur in the range 

~690-1700 om - 1 • In compound 1~3 fl;lrther decrcas.e in >c : 0 

frequency has been attributed to the presence of a methyl group 
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which en.hanoee the oonjufJ;l.tiva effect thue reduci:clg still 

\. n b d -a 184 " ft!:r.ther the ,c = v on Oo~.:urar • 

Gompound A3 on esterification gave the methyl ester 

which on cryeto.11isation from chloroform-methanol afforded 

m.p •. 205-7° • Elemental analysis and mr.~sa spectrum shm~sed its 

molecular formula to be o31H50o2 • Ita .IR spectrum (J1'ie;• 5G) 
' . 

exh:i..bite banda at 1720, 1225 (-OOOOH3 ), 1640,-·850 and 810' 

(tetraeubstituted ti~ble bond) cm-1• Tho absorption ba:ru1 of 

-0000% group in lcr·ner frequency· region ind.ioat~s that it :ts 

an eator of c:<,~..ounaaturated ~ici<-1. with the double bOild adjacent 
. . 

to.tha-OOOOH3 gt'OUP• 

The 360 11Hz lH l'Ml;U~ opeetrum {Fig. 57) of the compound 

haa bean t>eoorded in Table-39. 

Tabla -39 

1H NMJ1 Bignala of.Ester of A3 in'ODOl3 

~ V'fiem:tcai stiift I ..... i4umt5'er· o£ 
S _ protlqne 

0.,88· r• 
<:) 

0.94 3 
o.97 3 
0•99 6 
1e02 3 
1.18 3 
1~98 3 

~1.70 ~ 

2·25 :2 
2.28 

-RI • ....,._ I 1 T 5 .tstT'r<t I ' . •u 
Mu.l.t:tplici ty ·. P~obe.ble assignment 
of . a~~n~ls , . • I • 

. ~:H.ngl~t 
Singlet · at -Olh 
Singlet 
?Jinglat 
Singlet 
·siltt~et 
Singlet 

Singlet 

Singlet 

-COOO!.ta 
I 

H20 ~o ~ OOOOH3 
- I 

134 •. "I~rarecl Spectra of O:r.~&.ill~O .Com;poundsu, 111• .f.LVl'amt G!"H• 
l'/fateescun'lt Wi11~y-Interscience, 396 (l~;rlO) 
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r,ehe appearance of sir!glats .in ·the region ~ o.as to :t.98. inte­

grable for twenty four protons indicates the presence of eight 

tertiar,r methyl gro·ups in the compoun~l. The met}Wl ca.rboqlate, 

however, appears as singlet at G 3.70. The appearance ot·a 

methyl group _·at considerab~ lower :field i .a. at & l.98 may be 

expl,"lined if the methyl group· is· on a d.ouble bond which in turn 

is in o!, (3 position with the curbometho.r...y group • The tvw peaks 

that (tppear at l> 2o25 atl.d ~ 2.28 and are inte~rated. for two 

protons seem to be d.u.e ·to the metl\ylene group v·ioinal to carbo.-. \ 

methoxy group. Thes~ peaks are shifted downfield l,>y the elee­

t:t·omerio effeot of th~ two 7\ bond$ of the double bonded Qarbon 
. I 

an6. the carbonyl group. The downfield ahif't o~ one of the methyl 

groups as singlet at·~ 1.~8 and the absence ot 0 .. 23 meteyl 

group that generally appears as doublet in the region ~ o. 75 

to Oc95 in case of friadelitl shows that the doub1e bond mu.st 

be present at 0-4 position. The absence of olefinic proton 

balov.r S 4.7 inclicates that the double bond is tetrasubet1tuted. 

The absence of resonance due to proton geminal to oarbomatho~ 

group that generally appears around ~ 2.s led to the assumption 

that the carbomethoxy group is aituate~ on d.ouble bond. A tenta­

tive structure for the compound A3 hae been given as 3-no~ 

A 
2( 4 )-.friedelenic acid 238. This structure has bean confirmed 

~ . - . 

by nnes epectml a.l'J..~lysia. The mass spectrum o£ A3 (:&"i.g. 58} 

exhibits rnoleoulur peak at m./e 440 which readi~ loses a met~l 

group to give f~gment at m/e 42fh The peak t.ha.t appears at 
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m/e 3ao . ia pro.bably due 'to fra.flPlent x:UV:a. ~he a.d.st.enoe of 

: · tme· ion peak a.t role 205 indio~tes the formation o~ fragment 

. - ;t.:aiii• ~he fragment XXXV is .formed by cleavage o£ ring » .. 
· which ia typical of friedelin skelet on• The mass spectrWD of · .. 

2 38 a R=H nfe 440. 

b R=CH-3 ""A./ e 45 4 ~-
XXXV 

_-Q R=H ~e. 316 
. ' 

w· R;::CH3 
vye 330' · 

- XXXIII- . - .. 
· . r-v-..J e 20 5 . 



methyl ester of' A3 239b (I~'ig. -59) shows molec,u.lar :ton peak at 

tJY'e 454 and existence of ion peak: at m/e 330t 205 d.ua to forma­

tion of fragments JO{XVb and XXXIII respective]U • Thu.s from the - . . 

genes :i.e of the mass fragmentation pattern and combination with 
' ' ! • 

IR as well ns 1R .IDllR spectral da.ta0 the stl"U.CtUl'e of the a.oid 
' 'I .,. I 

and i·ta cHJt'respondin.g metey·+ ester has boen. oonolusiya:cy- esta­

hli:?hed as 3.,..nor ... -A2 (4 ) friedelin 2-carboxylic ac.id and its 

methyl ester respeotively. That tb,e compound A3 is 3-n~r- A
2 (4} 

fri.edalin-2-carboxylic acid is £u.rthar confirm~d by catalytic 

by-drogenntiOll of its methyl eater ~which a.f'forde 2 0\-carbo-
. . . 0 

methoxy .... A-nor-friedelin J,.3Bt m~p. 263-65 • 

i?roposed. mechanism of· the reactions ]'ormation of 3-nox- A 2(4 ) 
-_ . . ----~ - -
friedelin-2-oarbo~vlic acid 238a and. A-nor-fri,q.d~lena~= 

The difference in the behaviour of friedalin with 4,4 

dimathyl triterpenoida ia attributed mainly to the oon::t'orma-
,. 

tion:'ll and sterical f'aatora arising ou.t o£ ·the J}re~enoe of 
,. 

only one methyl group at C-4 position• The t-axi.alot. -by<lrogen 

atom at C-4 position is mora reactive than the seoondf.ll7 J.wdro-
. . ' 

· gen a.t c-2 position185 • Thus, in the strongly alkaline medium 

of K-tert-bu;toxide, f'rieclelin ma.y undergo enoJ.isa.tion itd th. the 

shift .of C-4 proton to give .rriedel-3(4)-en-3-ol 239 wh:te}l Il!aY' 

185. V .v • Kane and R. SteVelWOll, Tetrahedron. ~' 223 (1061) 
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undergo oxygenation to *iva 3-4-aeoo-4-keto-friedelin-3-

oarboxylic acid ~· This keto acid unde:t: the basic .re~:wtion 
. . . 

condition may undergo cyolization with loss of a molecule of 

r.vater to form the unsaturated. acid. 238a. 

This acid 236a, which is c<.; (3 -unsaturated is expected 

.;to U.llC'iergo ea~ d.ecarboxylation~ Since the reaction mu·ture 

\·Jas. kept over water bath !or 24 hours :nix~d. ?iith Py and :~c20, 

part of .the acid 238a, undergo deoarboxyla.tion to form the 

h,vdrooarbon c-3-nor friedel-2(4 )-an 23.6,. It may be mentioned 

that i;he h.vdrocarbon w'fla obtained. only e.fter ·the o ompound elutE)d 

from the active alum:i.rul column was acetylated. so • .i.t ia eVident. 

that the hydroct"trbou ~ is :formed by the d.aoarbor..y:tation of 

acid 238a. during the acetylation period. Such a mechanism has 

also been proposE;Jd earlier181 £or the .fonnation of id.en tical 

product, nor-friedelene, m.p. 228 •. 5-30° by oxidation of !riede­

lin with chromic acid followed by heating the acid th~;~:t-eby 

obtained in n:t trogen atmosphere at 250 °. 
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K-t buQH 
' 

b<=lse Oocg 
q 

236 

H+ 

HQCl)X 
238a_ 

It is possible that .friadelin.is oxidised to form 

o<-bydropero~ ketone g~l;_ v1hich is cleaved. aubsec.Luently to 

seco-2-altlehyda•3-carboxy1ic acid 242. This under basic reaction 

condition is oxidised. further to 2, 3 seco-dicarbooc.ylic acid 

~ which upon cyclizntion. forme the antwdride ~4:!• The anlw­

dride in basic medium may undergo rearrangement to form (3 -keto 
. . 

a.oi£1 245 which .undergoes decarbozylatiQn followed by acetylation 
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to gi~' the oompouna 3-nor-f~iaaelin~anol-~cetate·!!Z· . . . . . ' 

: 
. ' 

r 

136 
' 

} ~· H02cq:· ·} ~ 
.. 1-l~C .. 

. . 

242 243 
) .': . 

bCLSe 

--_co2 . 

.. oQ 
. )~ · · o=-c.;-CQ_,c=o 

. I I 

·.n .. 
0~ O=C ,· 
I 237 . 

. Cl-]3 CH] . CH3-----:- · 
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Though we have proposed the formation o£ the anhydride 

~' ~s intermediat:a in the fonnatioll of enol-acetate 2,37, 

we could not isolate the anhydride as ~auch.• Such a mecha11i.Sm 

is, however, strpported by the work o:6 Lavie et a1
165 

where 

they were able to isolate anhydride ~ on autoxidation of 

203. -
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SECTION.- 0 

I.\elting points are uncorrected .• !Che petroleum-ether 

ttsed throughou,t the investi~ation had b'. p. in the ·range of 
0 ( . . 

60-80 • The infrared f3pectra were recorded in Beckman IR-00 

Spectrophotometer. !fuss spectra were reoo:i:'dad bi electron 

impact method. Silica gal used for column chromatograp}W was 

of 60..;.120 mesh (B.:o.H) and alumina used for column chromato­

graphy' waa of active basic grade (B.D.ll). Tt.O we~G pe:t'f(')rmed 

in chroma.toplates prepared. on glass strips with silica gal 

G (B.D.H) ~ 

Autoxidation of friedelin, ~' 

Friedelin was isolated £rom bark cork. The procedure 

has been describecl in Chapter III) page-126. 

Fr'ledel:tn { 2 &n) su,spe.n.ded in potas:.:Jium te:rtia:t"y 

buto:lt:tde in tertiur.y butanol {prepared £rom 6 gm of potassium 

and 60 m1 of tertiary butanol) was shaken in. a stream of 

oxygen for three hours. The reaction mixture was then {tilU.ted 

with water and i;hen ()N hyd.roohlOric acid. was added till the 

solution was acidic. It was then extracted with chloroform 

(150 rnl) and ·the combined extract was driaCi {Na2so4 ) and the· 

solven·t was :removed under red11ced pressure. A yeUOVJieh gui!ll.!\V 

fonm was first obtninad (1.8 gm). It gave a positive ferric 
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ohlorid~ test :f'or ·phenol on standing for sometime~ The pro~ct 

show~d ·two spota on ohromatoplate (using benzene as eluent) 

indicating the presence of mixture of compounds. The product 

could not be p~i;f'ied by crystallisation, hence was subjected 

to chromatographic separation on ncti ve alumina column.· I* 

waa preeumed that tho compound was a taut omerio muttu.re of 

dioaphenol and diketone· and their polarity would be low to 

affect easy separation. But elu.tion o£ the column with petro­

leum-ether; benzene, mixture of benzene-petroleum ether did 

not yield anJf material. The column. was, therefo:t1e1 eluted with 

a solvent mixture of rne'thanol-ncetio acid (19;1) • which 

resulted in the yield of ~ white amorphous solid substance. 

It also showed presence o£ at least two compounds on chromato­

plr.tte. 

AQ.e:t:y;lg.t ion af. the aoli(l mass~. ls~lation ,o.t: .A-~or-friedelene' 

23A 3-nor•fri edelinu .6 2 \4} 2-aeatate 237 and 3-nor- · i\ 2{ 4)-
~ ' ·- • - --- < -

£riedelin_':'- ·<.2-carbo;ylio acid @8a. 

The· a oli<l mass, (-aoo mg) was aoetylnted by treatment 

with acatio anhydr_ide (10 ml) and pyridine (10 ml) for 48 

hours at 80°. After vtorking up in the usual manner; ·~ne crude 

acetate {700 mg) was obtained~ It showed three spots on a 

chromatoplate (developed \'lri.th ben~enaa etbyl acetate, 9s1). 

This was then chromatogra.phed over a column of alu.~na. ~50 gm) 

deactivated with 2.00 ml of aqueous acetic acid. 
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~nbl.~ ... 40 

Ohromatograpby of. the· ·above solid { 7001\\g\:') 

Eluent Fractions Residue. after m.p. 
100 ml each evapomtion 

-~~-I -
l?etroleum . l-3 ·Solid (~ ·100 rag) 215•20° 
ether 

Pet. ath~r• 4-S SOli.d ( r::: 200 mg) 228-32° 
Benzene 4:1) 

Pet. ·ethera 9-10 liil -
:aenzen~ (3s2) 

P.et •· ethrr• 11-12 lU.l -Denzane ·2$3} 

Benz enG) 13-19 Solid. ( ~ 350 mg) 281-85° 

Further elution with more polar solvent did not afford 

nny solid matar:i.€11• 

Examination of fraction 1-3 a Isolation of h-nor-fr1edelene,236 
------------·-·~· ------------·--~--------------~--------·--== 

The solid (100 mg) from fractiOKl6 1-3 (~able - 40). 

were collected.,. which after oey stallieation frt)m a mixture 

of chloroform and methenol afforded white crystala 0 m..p. 225-27°• 

It showed a single round spot on chromatoulate ru:u.l respon£1ed 

to TNfJI' test • 



Found 

Oalc'L\lu.ted for 
o29H4a 

% c 

87.80 

%H 
12.79 

IR a v nujol 1650, 790 cm-1 
t'llal£ 

ff'a e s ( rn/e ) 

(~1ig, 49) 

= Peaks at 0.94 to 1.17 (21H, 

seven tertiary -OH3 group), 1.57 

( ~ , 3H, methyl group on double 

bond), 5.26 (Ji; lH, >Q :: OH) --
U1ig. 50) 

+ + . 
I 396 (li!I ) , 381 (14 - CHs), 257, 

243, 205, '191' 1'77' 163' 149. 

(Fig. 51) 

~~:tnat .. \OJ:t. o:t: fractiOA},4-:,8,; .!EL<l.lt}tion o£ 3 ... nor .friedeli~ 

..6.2(~)-2-acetate 237. ·-· 
The solids (200 mg) from fractions 4-8 (Table -40) were 

oollec·ted and after crystallisation from a mixture of methanol 

antl chloroform afforded neec11e shaped crystals, m•P• 235•37°. 

It showet;l a. single rou.n.tl spot on chroma.toplate ru1d responded 

to Tllhl test. 



Anal.v:sis 
'iF . •• 

l~ound 

IH s )) nujol 
max 

ln .Ntm (360 MHz) 

S, ODC13 

Mass (m/e) 

B1..69 

81.88 

1740, 1220 (-0000fl3), 890 

( ) c = en) em -l 

11.32 

11.0t3 

(Fig• 52} 

a J?ealca at 0.94 to l.ol7 (2lH, 

5§., seven tertiary methyl group), 

1.65 (Ji, 3H; methyl group on double 
t1 . 

bond), 2.13 (~, 3H, - o- ~- o!3> 

(:E1ig. 53) 

a 454 (M+-), 439 (tt .... 15), 412, 

397, 205, 149. 

. (:Fig. 64) 

J)}xamin.rtt:J.on of .fraction 13-19; Isolation o£ 3-nor• £:..
2 (4 ) -

frier1elin.;..2-oarboJcy"lic acid., 238a 
!1'"'*1'tl""!" 

The solid from fr-actions 13-19 (Table -40) \Vera col rtec·t ad 

(350 mg} and after crystallisation from chloroform-me.thanol 

mi:x:ture afforded. amorphous solid, m.p. 290-i)2°. 
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l!'ound 

Dalculatet't :Cor 

I 

-233 .... 

81.93 

10.98 

IR J uu.jol 3380, l6r15, 1620, 780 om -l 
max 

!J!ass (m/e) c 

{Jlig. 55) 

440 (rl), 425 (M+- GH0), 316 1 

219, 205; 191, 177~ 163. 

{Fig. 58) 

J~aterification of 3-nor- A2C4
) friedelinic acid 238a to 

f • -- ...... ........__ ........ ,--------·--------

3-nor- ..6. 2(4) -methyl fr:i.ed.e1i~nte 23tsb. --
3""'nor- Ll 

2
(
4

) "'"friedelinio ncicl 23,i,!B (250 mg) wne dissolved 

- 0 -
in ether and cooled to 5 • To this was added wall cooled 

soiut ion of d.iazometha.na :prepared rrom 1 gm of ni trosorn.eteyl 

urea a.nd was kept overnight. On the following day excess of 

dia~oro~thane was deatrqred with acetio acid. The ather solu­

tion was waahed with w..1ter, 107~ sodium bicarbonate solution 

and again with 1-vat-ar till neutral and then dried. over anh;y'drous 

lh12so4 • t~aporat:ton of ether yielded a solid residue {230 rng). 

This after several er,vstallisationa from acetone-methanol 
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mixture gave needle shaped crystals ( 210 mg), m .. p. 205-7° • On 

chromatoplato it gave a single ro1,1nd spot" It was characterised 

as 3-nor- A2 ( 4) methyl £riedelinate 238b. 

Analysis 

Found 

Calculated for 

031H5o02 

IH 

1 
II 1iHf!R (360 lV!IiZ), 

~I 0D013 

Mass (m/e) 

r;f 
~~ 0 %H 

81.79 11.23 

81.88 ' 11.08_ 

; .PealtS at 0~88 t 0.94, 0.97 t 

.0 .• 99, 1.02, 1.18 (6s, 21H -
seven t-01!3 ), 1.98 (JI, 3H, 

tertiary methyl group on d.otlble 

- bond), 3• 70 (.§, 3ft, -oOOO!.~), 

2.25 and 2.28 (2~, 2ll, E2C -

OOOOH3 ) 

,{l)'ig •. 57) 

I 454 (!!/), 43~, 423; 407 t 330 t 

205, 191, 177, 149. 

(:b'ig. 59) 
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2(4) I-{yd.rogent"ltion of 3-nor- ~ · methyl friedelinate ~ -
to 2 cA. -oarbomethox:l A-nor frie(lelin l3B. 

1.1 I 1 -. --· ~ - :J ... 

2(4) ' . 1 100 mg t>f 3 nor ... JS. methyl. fri.edellnate in glacia 

acetic acid (3 (ml) and ethyl acetate (3 ml) \~S reduced 

with hydrogen at atmospheric :pressure in presence of i~dam' s 

catalyst (2 mg)~ The catalyst was filtered. o:tf, the aolvell,t 

avap orated in vaocum und the residue_ on cr.y stallisat ion from 

chloroform-methanol mixture af'f'orcled i"ine crystals ( 70 mg), 

m.p. '263-65°, identical with sample of 2 o< -car)lomethoxy-A­

nor-friadelin !!f.! (co-IHt m.m,p·). 



--( 
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q~otion , ... A 

J:1PJ:@olozt,oo.1 f'ea·!;u:&:ee ,of .the pla.q.ta of 

n'laourtiq.oeae, famil>L• 

Flncourtiaoaae is a familY of seventy Ganera. and 

more than five hundred epeo:iee, wh:tch are chiefly found 

in tropical and sub-rliropioa.l regions. 

!~embers of this family are usually ahu:rbs or 
186 trees • 

J:gaveq are simple, al.terrnte 1 atipules often. soon 

falling off. 

Ploj~mr!! are hermaphrodite or unisexual, often 

diocious or polygamous and various]¥ arranged. Sep$lB are 

aomet imea not distinguishable from the petalS, iabricate 

or open in bud. Petals· sometimes are not. arranged regularly 

in relation to the sepala - large, $Dall or abaent, \1~th 

or without au opposite seal" inside the t?ase · imbrioate. 

Stamens numerous·, rarely few hypogynotts, f11e$; anthers 2 

celled, often ahoP"t, opening lengthwiaa by slits. Ovary 1 

aelled with one or more partetal placenta.llll or rare:cy the 

placenta.ls meeting in the middl.eJ OV11les two or mor~ on 

enoh placenta; styles . or st.igtnae as many £3,8 tne placentae. 

186. "I.tldian itledioinal Plante", K.R. Kirtikar and B.D. 

Bnsu. Volm. I,. page 218 ( 1975) 



-. 

l!1 ru1t ind.ehiaoent, moatl,v a berry or drup&, very rca-ely a 

capsule• sometimes large. Seeds with flea~ $UdOsperm and 

medium siz~d embroya; aotyledoua often broafJ.• 

Flacourtif!(Jeee J.ansomas (.~our) Raeuach ~qleo known 9:e :n'. 

;Q,ataphrgota · go;b). 
. . ... ·~ 187 . . . 

A small tree ; spinae compound.• Bra.nche.s white-

dotted glabrous young armed; leaves .oblong or oblonghn• 

oeolate lo~g acuminate qui:t~ glabrous crenat~-serrate; 

2-4 by: 1· - 1~ inchafh membranous, lower on the branches 

often obtuse. OVary flnsk•shE~ped• neok oon:traoted. li1lOv.Jel'B 

very amal'l,_a._ - .1 inch \11ameter. Fruit the size of a 
10 8 

Slllc'"lll plum, purple, very acid• J?la.n.t ia oa.ll~(l J?an1yala in 

Den~li; Taliape.tri 1n Hindi and Maratbi. 

~eria Kyrai,t, 

Branchleta188 ~ute4f pubsoant. L~~VeE1 5 by 2 inch; 

petiole ne~J.u i inch.• Pedicele not very .rruuw togtatb.er, t .... 
t in OalyJt td.nute:W pubseSQent. F'J.-ui t not ripe. but can not 

become very la.rge~. The ·pedi.oElls are much longer in this 

species than. in any of the others; and the I>U.besceno$ of' 

the leaves beneath dif'i'era from all~ 

187 41! n2he Flora. ot Bri tieh Ind 1a", J .n. Hooker, L. Reeve & 
co., Ltd.t Volm. 1, page 193 (1875) 

188. ''The Flora o£ British India "•· .J.D. HoOker, Volm. 2, 

Page 595 (1875). 
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Qlsar;a GR@Vtoiena Dalz 
~ - .... - - . 1 6 - . . . 

A shrub or traa · 20 ftJ branohl~ts glabrot1e to the 
189 

f;tna.1 atipulea - • !Jeave13 <{\ by 2t in,,_ broa.CQ.y elliptic, 

littl" ac!'ttminate, rounded at the base; petiole ~ in., but. 

the leaves are. oftan narrower. almost lanoeolate, and acute 

at the 'b~~h PediOe!Ls usually short, sometimes ~ :Ln., 

jointed at or above the base, aur$opUbeacen1; belo.-1 tbe 

artica.latien. glab11aus above tQ nea:r the base o£ the calyx• 

Calyx always pubesoen·t a;~ the lnee, abova sometimes densely 

au~o.;..pubeacent• somet:i.mea glabrou.s. 

It :La oallad chilli tn Hindi v.nd. Bar Kaunle in 
Ne·~lj_190. 

· 189. "The Flora of Dritieh India "• J.D. Hooker, L. Reeve & 

co., Ltd., V~lm. 2, page 592 (1876). 

' 
l?ublioat ion, A "ra~. ~mvan and J .r-1. cowan,. page 16 

(1929) ~ 



§.eott()n ~ B 

Re:z.i .. aw ot· th~ nlante in'Y,eStitw:tE;d,• 

The. Flacoll'l'tiaoene is w~ll. kJiow.n for ita o~e"berts­

tio. tiledici~ oils obtained fl_.om their aesd lternala. Some 

of the -plants a:rfj :t"eportea to have. medicinal applicatio~W 

in liver (liseaaes, diarrohea1 enlarged spl~en. and to 

relieve nausea. A ahort review of the ploots of this fam1)3 
,· 

with varticulnr reference to triterpenoids isolated· out of 

them which have been 1nveat:tgatl!!d ·13y different worltex-a ttre 

gi v~n in the follow~g. 

IfY.drocarqp.s Jttp::zii :!i$ttS war;b. <. formgrlt called .Taraltt,ozenoAA 

Knrz11 K~ns) • 

. Oils obtained f~om their seed K~rnala, Chaulmoogra 

o11191 has been used :for a vary long time for the treatment 

of skin diseases aud 'especiiilly for l$prosy192 and U:a an. 
' . ' . 193 . 

ointment for tuberculosis ·patients. Alth.ough tna.n.J' other 

:ratty acidS, monoaacohar:tdas and glyceridaa havtt been 

191. F.B. Power, A~· ,!.• :Pl.Jarrll~, ~~ 493 (1915) 

192. P.O. Kianz, Q.bipa M~d•• §.!, 142 (192;)) 

193 •. T.R. G~vindaohe.rt, s.J. Ja.dhir, B.s~ Joshi, V.N. Karnat; 

!.>•A• fi1oha.mmedt F,.·L. r•ntenka.l't D• Prakash; D•F• .Rane 

and l'l. v iaw ana:th., Inch J. o hem.,_ 308 (:1969) 



r~ported from seed extracts and b~k extracts o.r the plant, 

no tri terpenoid llaa b.een, repo~ea .• 

H!dnoo,arm\e.....Qota¥W,:r.:~ 

f:i~ngostill-194 baa been isolated .t'x-om t~e bark o£ the 

plant·. S~ -new triterpan.01<1a, n.amaJ.y, ootandrolal1 octan• 

drolol9 ootnndrol;L.o aoid-, ootandron~l, ooto~<ironol and 
. ·195 . 

ootrandro~c acid h~e al.so l)ee.r~ reported from the bar.lc 

pf the plant• All the compounds belong to £riedelane 

ak~leton~ The isolation of these l:li~ related friede!lane 

type compounds £rom a singlG'plant iS unique for triter• 

peno:td·a. 

Oppenaur 
ox1c1ation 

Octanc1ronol 

. ' 

cro3 /Py 

I 

·-------~---------

Ootandronal 

Octancl~olic 
aci~ 

Ootandronic 
·acid 

194. s .• p,. Gt.w,asekera., M~U .s.su.1tall.bawa and s. Balaaubra.­

tnarliam,. fjlvtoohemistq, )1.2(1 t• 232 (1973) 

195. s.p. GtUl9.eekera and M.u.s. Sulte.nbawa, 2!!emistr.v: .AP4 
I_ndy,str;y, 7.90 (197$) • 



llY;,qnQ.Q_nrn'&rL .. vant:'.n~.!L Gaertn 

~herapeu;tica.lly ei'faat.i ve oils nave b.e~n obtained 

from Hydnocarpus Venenata 196 ~ The ba~lt of the plant baa be«~. 
found also .,o contain emall amounts ( I:::.. () .004%) of acetyl. 

bstulinio acid,t ~<letyl uraolio acid, betulinic acid, 

1.. . •,ll i~ t . 1197 urs o .a. c eo l.\L a · ·!I os ero ... 

I!x,ono.cat!Ms &nthelmintbiau,s :P~er~e. 

TherapenticallY' "'f.tectiV'a oil~· have also been 
. . . 100 

obtained from ae~ds of llydno~arpus Anthelminthicwa Pierre • 

. The eeeda h~~ also been found to contain monoaacohe.rides 
' • 1 • 

199 and g'J.ycoside!i!, · • 

]'rom th~ bnrlt: and wood extracts ot Trichaderi:i.a 

zeylanioa Thv1 • six ~0v1 triterpemoids he,ve been ~pGrttt~d200 

by Suitanbawa and. c.o-workt:lrt;t. The tri te~en.oide a~e tx-i­

chadenio acid A (3 o( -hydro.xy friedelan.-26-oic ttid), o--a.cotyl 

19<3. S.Ghosh; Ind • J • Med• Rea., .§, 2ll (1920) 

197. s.P. Gunasek;e~, M.u.s. Sulta.nba~(1a and S.Balasubzta-
m.anium, flwtoohemi~t!!.t• U• 23.2 .19'73) . . . 

198. L. Adriana, Inat. Roy. Colonial. DelriH!f soou Sci 

'l!s,t,.. ~d. ~~l!· 1,£t 87 (1965) . 

199 •. Y •. Hajime and u~ ArJ,.yoshi, Nippon Daigaku Yaku.gaku 

Kenltyu Kokoktlf. 1-~·· 27 (1974}. 

200. s.p. Gunaseka.ra. and !>.~.u.'s. Sultanbow~.~ JOS Perkin~ 

483 (19'17)' 
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tr1chadenic aoid A, o-aoetyl triclladenio acid ~ (3 f>~aoetoxy­

friedelen-26•oic acid); triobadanie acid (3-oxo friedela.n.-

26-o:t.c aaid) t trichad~l (3 f3 •hydroxy fried:elal).-26-s.l) and 

0-aoetyl trichadellfl,l. 

The hot light petroleum extract an a column of 

silica gel gav$ o .. a.catyl trioha.denal, f3 -sitosterol and 

0-acetyl trichadeniG acitl ~. 

!.'Llo~ma VelutiQa-

;wlosma v~lutina afforded thr.s~ product~~ T~o~o were 

flavon:oids, ~v:mely 9 velutin (3 '.7 -dtntethoxy-4', 5 dib_ydroq 

f:tavon.e) and g~nk.wB..n:tn. (4', ij .... dihydro$Jr-7-metno~ flavon$) 

have be~n ia.olat_ed f;Uld the thirq one wae a new tritorpane 

acid, velutinto acid of fried"'lana sJ,teleton. 
- ' 

9_aa;eri,g Thwflit as11 · 

The timber and. bark: , of th.~ plant yielded (3 ~anwrtn 
- 201 

and sitosterol -. • 

Scglopia Sahrebar;· 

~ ,-arnyl;"in, epi-frieltelinol, :friedelin, and 
. 201 

sitosterol have ba$.1; raporta<t to be present in the bark 

and timber o£ tho plant. 

Sultanbawa, Peytoqhem:tstry, 16,6)., 788-9 (1977) 
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:mxt.ta_st ion .ot..n.elatiUl-W .. o:JJ.C1.,d ,J!!rJis _pf F!Qeo~iacea 

~!18°!!\G~• 

D~ied and pow(1ered truntc, b-:lrk and stem (5 kge) of 

Flaoourtiaeea~ Jang()mae was extracted with benzene in 

Soxhlet apparattla for 36 hcrurs ,• The extract was cooled to 

room temperature and benzen~ wa.a d1etillec1 oft. The 8tlmti\Y 

residue {50 gm) obtained vtae dissolved 1n ethe? (:::: 1 .. 5 

litre) • The ethel!' eolution w~s washed with 10% aqu,eou.a 

!iaOH solution. (3 x 700 ml) and then witn water till neutral. 

~ha neutral ether waa dr-led over nnl\vdro~a sodium sulphate 

aild it wae evaporated. to yi.t)ld a gummy residue (:::: 30 gm) t 

which conatitated the ~eutral part {I'a.rt A) of the e.xtraot. 

Th~ alkali washed portion on acidi.fication with 

dilu.te l\vd.roohloric a.oid (1&.'4) Yi~lded a solid, which wae 

extracted with (lthar• mhe ethereal solution. containing the 
; 

acid pai't waa waahed with water till neutral and dl!:ted• The 

ether solution waa then eatar!fied with d:l.azomsthane• The 

crude metnul ester obtained after ava~or.ation of ether 

constituted the ac;td pe.rt (Pa~ B) of the e~raot (5.2 grn) • 
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The netttml part (JJa.rt A) of the ext:ract wa.a 

dissolved in m$Jlimq.m volume of benzene and placed on a 

column of al~mtna { 1200 grn, deactivated with 48 ml ot 16% 

aqueous acetio acid)~ The ohr.o.matogra.m was developed witb 

aolvents aet· f!lhown in !fable - 41. 

]}~iootion o£ f£qQ,t1r,oQ ,1 (~a~J;e •• ~ 41} : Isolf{ltif!n of 

1 :-:\lt!xa.coaqn~ ~·· 

l!'rao.t1on 1 un.der column :a ( mable - 41} vvaa purified 

~ chromatography over actiYe alum!~ and cr.rstallised from 

methanol into WQX3 1;101id o26Efrj40~ m.p. 7B-79°.{ct] n±o0
, 

IR,. J =ol 5350 t:fm'"!>1 and was identified aa 1...,beJte.COf;lQ1'lOl 

by dire.ot comprwiao1,1 with an eu.thentllo ~a~qle and preparing 

its acetate, m.p. Q8-69°. 

Emmj\na1f.1on _of ,fraction 3 (~g.b}~ - _4j,h Isolation AAi 
i~ti~ie~t3=oa .. ot ,@> , ... ui~oaterol. 

]'ra.ction 3 ~olumn :a (Table - 41.) on repeated . 

cryat.allieation from ohlorofol."m-mathanol. gave i'lak:ea, 
0 - 0 . 

Ill•P• 135-37 , LoUD -34 e.nd was. anaqaed for o29Hg00~ The 

compound gave poaitive Liberman.n-Buch .. 'l.:t'dt colour teat for 

sterol and. was identified as ~-sitosterol by dir~t c.om­

parison wt th an. authentic sample and preparing its acetate, 

m.p, 130-32°,~J D- 40°, 
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Fraction Solvent 
number 

1 

2 

3, 

4 

5 

G 

.......... 

Petroleum 
ether 

Pet. eth~ 
Benzene (4h1) 

<Pet.,. eth~r . 
:Benz~nf:t t3t2) . 

Pet ... ether 
lle~ene ( 2a3) 

' . . 

:F~t. ether 
,l'enzene (1t4) . 

Benzene 

·~ 1 t 

"'!i24t;;-

2fi\b'le -~ 41 

O~hromat!S!'£t;nht ,pt llfnl:trQl; l}su:l 

· Details, 9boll1i, e11mtea with d:tf,.ferant amounts ot al;g.ep't A . . . l3 .. . .. 0 . . . 

5 .x 500 ml 
oil. (5 1iP11). 

4 iooo .na 
Oil .(3 gm) 

2 ~ 500. ml. 
waxy aol1d: with oil 

-
2 x 500 ml. ,6 x.. 500 -nil. 
oi'l w:tth little aoli·a ·w.i th 
se>lid (1 gm). oil. ( &. ~) 

2 X 500 m1. 
Oil. .(1 gm) 

.... 

2 x 500 ml .. 500 ml 
· oil. ( o..a gm)i · eoli.d with 

· - tracs o.il 
(0.1 gm)i . 

·500 ml 
Nil 

500 m1 
JJil i 

500 ml 
J:til. 

500 ·nL1 
. Nil. 

600 ml 
liil. 

. 2 x 500 m1 500 m1. aolid with Nil 
()il with tra.c" tl>'aee 011 (o .. " gm) 
•Of a ol.id " 
(0.,5 gm.) -·- ·- ......... -

Further elution with more pol.ar solvents did not afford an;v solid material. 

'r: 

ll4Ielting ·of 
residue 

:tow m.p •. 

""" 

126- 33° 

. .... 

. ·209- 11° 

:240- 41° 



~mingttm of .t;rnot:ton, 5 & ·:r.e91Ation ;tr}d ,,idgp:tifio,a:tiqn. 

!d 20•lJZ.drg;y. lft»an..P,-one t 

ll'mctiOlt 5 column D .. (Table •· 4.1) on repeate4 

ceystelliaa:ti~IJ. &om ch.loro,form-methanol afforded a 

oxysta111ne solid, m~fP• 213-:1.4°. It gave positive 

1~:tbermann Burcha:Vdt test bUt gave no colott-ration with re.~.m. 

Elementa1 analya$s am fllasa spectrum analysiS) indicated 

ti. t.s moleou.lar £o1'mu.la as Oaoliooo2 • :m spaoti-wn ot the 
. . .. . . . . - -l 

compound (Jlig~ 60} sb.owa banda at :3450 and· 1690 em 

:Uldicating . the p~eseliCe of k\ydroxy £$roup and a carbo~l 

~WOUP thuS! a.coounttng fort the two oxygen atorns of tb.e · 

molecule• o30~0o2 • The oQml?ound does not ehow· any abaQrp­

tion above 220 . :om in the ·vv. ep.eot;rum. Th~ 1a 1.\fMR apeotru.m 

(F:Lg. 61) ehows peakfJ at6 o.ao ·(a.>. o.92Cd), o.94(d), 

1.o1(g.), 1-.06 (~J, 1.oa:, 1.1. 1,.2!1, integra.tabla for 24 

}_):t'OtoQS indicating the P.l'"EiS!:l®G of: eight $ethyl ~UPS 

situated on ~atu.mt"d carbon a to~. 'J:he :presence. of a 

multiplet at G 2:~47 :te for ·irttegratable for two protons. 

The coupling pa~teJ;'n .ae A2Af2 t;ylH~ system suggests that the 

keto group ie a11 0-5 of a triterpenoia. skeleton. ' 

· Perbenzoi<} acid ti tmtion of tn ~ keto tl.lcohol 

·sho-Red the absence- of'. unsatucation in the molecule in 

·col,iformity with: the na@tive- m.NM test and mta speotrum. 

a?bua the QOtnPOUild is a satt\;rated one., The prssena~ of 

eight t~~iaJ:y methyl and ab@;ence o£ 8J.W peak dua 't;o the 

', 
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'Proton gaminal to the eydro;xu group ir.u1icates· that the 

. hydroxy group 1a ai tuated at the tertiary position of the 

: m.olectil~ • This observation ts supported by' tne fo.o1; that 
. ' 

the by"droq €.:,TOUP ·i,a re~iatant to aeetyhltion at xaoom tem­

perature. 

The 13o IHI!R -speotrum (li"lfg• 62} o£ the compound 

displ~e. 29 ·resolv6d l~as., the. one at· 16~92 :P.Pm being 

twioa tne ~plitude o£ ~ha other confirms a total of 30 

. carbon a tOOts • Tha aingl.at- at 213.s4· ppm indieatea the pre-

. eanoe o£ e.arbon.yl group ~a cyololl,e~ane ring and the sing• 

. let at 73• 22 ppm indicates that the J;wdroxy ~OU.P is on a 

tertia,ry carbon atOlJl• ::. 
·, :202 

The APT speotru,m . (l!1j.g,. 63) indicates the natu:re 

· oi· the carbons in ~e 'compound which are· l'$f?resented :tn 

the ·table. (Table -42) belQwe 

. .... --~ 

202-.(a) 0• ~o .CQe{,l ~1.d J.Y. :Lalleman., Cham. Gomm., 

150 (1980). 

· (b). J.l~. Shooler.v and. $ .• Patt • . J ., rr1s1noo• Rea,o.9.-•t 

!§, 353 ( 198~) 

() 
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Iab1a~~.4,& 

!fumb~r of different, groupe and their 1~e 
shift values. 

______________ ................. ,,, • . t?.s 

Tlifferent grou.pe ~lumbar · 13c shift 
. J1 ...., '"t. '*.. 'g 

8 14.60, 15.82, 15,.82, 
-

19.03, 20.86, 24~56, 26.50, 

31.46 

10 19.51, 21·'75, 27 .36. 28.50, 

28,.79, 33.65, 33 94 .... 35,32, 

39.360 39.96. 

37.40' 48.07, 49.43, 

49.r14, 64.60 

51 ,36.58,, 41 • .09, 43;38., 

44.41, ~7.10 

1 73,.22 

>c • o 1 ·213.84 

-~...........-..,._,~-

These data can be wall accommodated if' the hydroJcy" group· 

1s placed at the C2o of lupnne or Ooo of b.opanet (or iao 

hopan.e) skeleton, ·the keto groUp being placed at C-3 

position.~ 



A oomparison of the 13o Nf!R data. Q£ the QompOW'.\d 

with those· praviou,aly report_ed triterpenoid. ~droxy coin-! 

]lOUnds ·reyeals that it has atrlkingly airuilar vaJ.ueEJ with 

that of' 20•hyd.roxy lupe.non.e with a. f.ew ~xoeptions,. which 

are. indicated in 245 • . ; ~ 

245 



lJ!he data in the pal?Ontheses. a.ra for 20•hydl'Oxy lu:panone 
203 . . . . .p h 1 

reported· by Wazeer et al· · • · A similar comparleon O.~e met y 
. 204 

resonanqa ot 'the compound w:t th ttl.ose ~f 20-bydroJW l.upanone 

{Tab is -43) also indicates the oompQtUld to . be 20--.bydroxy 

lttita.n()nec. . · 

No. of methYl 
· oarbona 

0- 23 

0 - 24 

a- 25 

0 - 26 

0- 21 

a- 28 

0 - 29/30 

20-bydroxy 
lu.panone 

1•10 

1•02 

0:~93 

1.09 

0.97 

o.ee 
1el2/l. .,22 

The compound of 
F~aqtion.5 (ffable -41) 

1..08 

1~01 

.0.92 

1.06 

0.94 
'' o.so 

1.10/1.21 

The a.bove observation is further ·supported by conversion 

().f hydroxy keto~e to lup~.Q.J;Jl1e 'by heatin~ ··the oompound wi tb. 

20;5. A•l! • Dautana~ane, J:hS-• Ku.mar, 1? .11. !l[uthukuda and 

lfi.I.t1• Wazaert l?bytocheuf}.gt;y·, ~' 209~ (1982) 

20-<.h W.H. l'Iui and MQM. I~i, l?!lY~Iiochemietr~t· !.f!t 111 (1977) 



Ao2o - Py containing a few drops o£ boron trir~l.uoride 

e.th~rate owr wa.te~ bath for 10 hours~ Tha product on 

u~ua1 work up and puri£ication by chro~~tograp~ and 

cryatall:teation furnished ~ compound of m.p. 169-71°; 

~D+57°. Elemental analyaie sho~ed the molecular fo~mU].a 
to be o3oH48o. Intrared speotrum (l!'ig• 64) ~howe the 

. . . . ~ 
_presence of pea Ita at 3060, 1695 • 1640 and. 880 em indica-

ting the introcluotion of a metbylenic double bond with 
.;ol . 

the lQas of -~aro~ group~ The peak at 1700 ·em shows 

that the carbonyl group 1a isolated f':t .. om·· the newly intro­

duced double bond, This ia further eupported. by the tJV 

ape()trum that is t:ransparent above 220 nm.. ~he compound 

thus prepared j.a identified. as lupenone by oompa.nson with 

an a.uthent1o sample by m.m,.p.~, Co,..tlc_ and co-IR· 

~:mina.tion.,.!!:f'_ fra:etion 6 ·t Is ol[\tion and ,,;t;rl,~tifiaation 
. . 

9;€ ,20-h.'l{drotw: ·lJman 3 @ -o~ a 

The fraction 6 (~ble - 41)' waa rechromatogro.phed 
• r ' ~ 

over al.11mina and the rt:Widue obta~ed by evaporating the 

eluents {9Jl, benzene : ethel") on orystnllisation :from 
. . 

chlorof'orm-metb.au.ol ;f"urnished solid. m.p. 243-44°, [a.J:o+26.7°. 

It. :respOnded to Lieberman!l-Surchard test but deVtalop~d. 

no ooloura.tion \?ith TlHA indicating absence of uneatumtion. 

Elemental· ~a.lysis and mas a· spectral· data· ehowea. the- mole­

cular £o:)rolula to be· 0sons2o2• The iilfrarad apaotrttm 

(Fig• 65) · showa absorption· at 3480 and 3580 cm~1 which 
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indicates th~ compound to be a -d.ibyd:eo.lty on.Eh On tr~a1;ment 

vd tb. Py ..,; Aoso at room temperature, itt gave a mono ao eta.te 

m•P• 253--54°,)?-J D +20.6. Tb.e IR spactrum (:U"'ig •. 86) of the 

a.oatate ebowa the pl"oeen.ce of a. eydr~xr group at ~490 om-1 

an~ a:n ~c~tate group . at 1710 and 1260 om. ""'1 • Acetylation 

of the second byd~OJtY group. at higher tsrnperature i'u.rniahed . . 
a solid m.p •. 216 .... 18·0 ~ ~J n+47,5 wbiqh was analysed tor 

032%202 • The IR (.F:tg • 6'7! absorption band of the product 

at 3040, 1640, 1700, 1ta60 and 886 om"""
1 

intU.cat·es the 

introduction of' a diaubat~tuted metrn~lane double bona with 
' 

tne loss oz hytl.ro~ e¢ou,p. 
. !Ch.e· 1H .Ntiii. spectrum (li'J,.g.· 68) of the de,hydratad 

product ot mo-no hydrQxy mo:no ace.ta'to shows -"Ghe pre.sep.oe 

of seven me·tbyl grou,ps. The pook at b 2.02 represents tlle 

mathy-1 grottP of the acetate. Tbe multipleta at b 4•6 and ~ 

4. 7 are due to -tho. two terminal met.twlene p~otone oo~v~ed 

to the met~·l _at b 1.25 wh.:l.ch confizms t~e Pl:'eSEiltC0 of 

isopropylidin~ moiety. ~lle multi plat at ~ 4 •. 5 has a:ri~M 

from the proton .at 0-3 with the aceto.xy ·aubstitu.ent in 

~ -orientation. , 

The p~aical data o£ the dehydrated p~oduo~ are 

til consistent wi'th ·the 'lu.pef4Y1 aoatata end are foulld to 
\ 

be identical witn authentic samplEi' in all ~spectfh· !!:he 

monohydroxy mono acetate w~s also found to be identical 
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with an authenti~ l1.tpane• 

Further, OrOa - Fy oxidn:tion. o£ the d1ol. 247 

afforded tha kato ... ol ~4.§• !fhue, the structure. o£ diol is 

aon£irmed as that of 3 ~ -~0-dihydroxy lupa.ne £a4:7o 

R 

246 H=-O 

247 R=oH 

.. 248 R=-OAc. 

!§.2.la.tion· .• aQS. itl.m1iificetiq,Q .ti!EJ oomnounds f~om e.cJJt 

PJ1l"'t {.Part B) 

The acid pal;'t after este~fication \vas· dissolved 

in minimum volume of benzene and wae ohromatogra.ph.ed ove~ 

neutral alumina column (850 gm) .• 



~·· 
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Table - 4~ 

Ohrorrtatogra Phv o£ the ssterif'ied. 2rOdtlC:b,. . 

------------------------------~----------------------
....... I T . . .. ....... 

1. Petroleum ather 

2. Pet .• ether-banzane 
(4;t1 ). 

3- I.;et. t;)thex--banzeno 
(312) 

4. Pet. ether--benzene 
(2 t3.) . 

6. Pet• ethar--benz$ne 
(ll4) 

Fraction Residue f~elting 
:tn 100 m.1 point 

1-4 

5-9 

l0.-15 

16-22 

23-30 

Oil 

liil 

Oil 

Oil 

solid 

(=::::aoo mg) 

-
-
-
-

Further E:ilut1on with more polar· eolv&nt did not 
afford .arrq solid. material., 

~-------·~------._----·------~---------------------
Jtj~mina;p1,.2n. of the norti,on!} 25-30 'Table -..:.'il:Jla Isola.t~qn 

9i ,meth.v,l JJ.t!Ola]e. 

· JI'ractiona 23-30 (Table - 4)'-were £1-rat oorn:pared 

. in a tlo plate and Qombined to a- single lot. On repeated 

crystalJ.isa.tion .from chloroform-methanol mi.xture 1 needle­

shaped crystals ware obtained which ban m.p. 243-44°., 

Elemental. ana~ysis ahowed t:~ molecular formula to' be 

0~1H60oa • IR spectrum exhibited 11ea~e at 3~30 (-oa:), 
1710,, 124lj (...-OOOOlia) and 865 (trisubstituted doubl$ bond) 
~m-l,, 
~ .. ~. .. 
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The hydro~ • ester on acetylation furnished an 

eater - acetate m.p. 240-41°, [o.] D+40° which was .found 

to be identical with an authentic sample ot mstcyl ursolata 

acetate (m.m.p~ a.nd co-tlc). 

The ester-acetate was then racll).ced with LAH in Tm'. 

Tha produot on chro~to~nphy followed by cryatallieatio~ 

£~om methanol afforded crys_tale of 250,D, 03oll50o2 , 

m. p. 230•31°, ~ J +70 °. 
D 

This compoun~ on acetylation af~orded ~ diaoetate 

o34u54
o4 , m.p. 157-58°t ~JD+00° which was olt..~acterieed 

ae uvaol-diacetata.205 250 • ~he compound thus present in 

the plant is u.rsolic ac~d 249o. 

RO 

249 C1 R=H 
h R~Ac. 
L R=H 

( . 
R=.Me 
R'=Me 
R=H 

RO 

250 a_R=H)Rr H 

_b__ R=A c.) R1 
=-A c. 

205. J .L. S.l;monsen and W.O.J ·Roes, ,,The Ter:penen, 

Volm. IV, 169, Oambrtdge.·{1957) 111 
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Sectioq • g 

Experimantal; 

Melting points are uncorrected. Petroleum at.har 
. 0 

used bad b.p. 60-80 • Al~ optical rotations were deter-

mined in chloroform. IR spectra. were recorded in B~ltman 

IR-20 Spectrophotometer. lu Nt-~ ~pact~ ware recorded in 

,oDOls with ~atx.'ametby-lsilane as an in.terM.l atan..dard .. · 

Extraction of the plant material. ha.e been described 
' '(page 24 3 o£ this clt:'lpter). 

If:Jolation _and id~tif·ication · o{ 1-hexgoqsano~a 

~he ~tar1,.al under> column l3 (Table .... 41) of fraction 

1 was dieJaolved in minimum volume of benzene and poured 

OV€lr active alum~a (50 gm) column. The chromatograi!l was 

~lut~d t'1i th the toll-owing solvent$ (Table - 45) •. 

!Cable- .45 ....._ ' . 

ChromatographY of the above material 

~--~----------~----~------------------------.---------Eluent FractiOil.S Residue on Malting 
~vaporation pQint 

Petroleum ether 1-4 Oil ... 
Pet• eth er-be_tWene 

(9&1) . 
5-7 Oil -

,• 

I'et. ether-benzene 8-10 SOlid 7(J.rt7° 
{41~) ' .. (0.5 gm) 

' -

Further elution ffi th more polar ·solvent did not afford 
. any. a olid material.. 

~---------,------·--~----~~----~~--~~----~------



F)!'actions (8-10) wer~ combined and on cl'jratallif.:m.­

tion from methanol it nttorded . .fl~y c::eystals; .m•P• 7S• 
. . . 0 . . .. · .... · .... · .. 

79°, ~]D. o · o Elem~~tal aualy~is~ found•. 0 81,32; H 13.86%;. 

oalcuiated. to~ 0261\;4.0 . Q 81.69, .. 1'1141113;1•. IR i. J =ol 

3350 em - 1 • UV J No a'f;)sorption. ·above 220 lUll• 

mhe oompottnd co~ 2. gm) was .aoetyla.ted .with py.ridi;n& 

(2 ml.) aud: aoettc a.nbydllide (2 m1) and l~ept ovarl'dg}l;t,at 

roora tempo:a·!t'U!'~·· .After UGWll work-Wh tbQ. solid obta,ined 

on ct-yErtalli13at.::I.on frora methanol had m.p. 68-69"• r01 D 0°. 

It wae identical ·in t;lo • m.p. nnd i. .r' \<Ji th. an au1;hent:to 

sample of 1-hexaoosanol ~oeta.te ~ Elemental annlysieu 

f{')und ; o 7s.s4, ·B 13.62%, calou.lta.ted for O:zaHaso2 
C 79.24, B 13.26~4. 

Is oJat.1rOO ·Q89 · ide,n.;t if'iS!:~t,dn gf l@ ·-sit o~groi: 
' ~ . . 

Th~ mate~!a.l und~;r column B (Trible - 41) on repeat~d 

crystallieatiqn trom ch.lorof.om-methanol mutu:cEi yielded 

s:tlky- eo!ld, tn•P• 136~36°' LCx J D •:36°. Elemental QM~aith 
. . . 

found 0 83 .• 3~, lt ~1.62%, calculated £or 029'fieoO, c 85. 98, 

H l2.,1l?%• Mixed m~p •. with auth~ntio sample' sllow~d no 
depression., 

~-si:toste~ol. (0•3 .@n) vra.s acetylated with Py ... 

Ao20 in the. usual method. The acetate on oxyatalliaation . . . 

bad m~ p·. 124-2~~. [Ql J D - 34°,. lvt:ized m • .P.• with attthentic 

sample eh.ov1(;}(1 no depression• · Ji}lemantal analysis, fOWtd 

0 81.15, R 11.~6%, calculated tor Q~1H52o2 • 0 81.52, 

H 11o48%.-



/ 

Isolation and idgnt1!1ont,f.,sn.of 2q~!luroxy .lu;aQPol'lq · 246 

oompound from f'~action 5 undtn: column B (Table • 41) 

was crystallised several time$ :from cb.lorotol,lll•m.ethanol 

tq afford n,Gedle shap~ crystals of 2~h.vdroxy l~pan,on~, 

246, m~P· 213•14° • Elemental analysis., found 0 61·•21, 

It 11.40%, ee.lcula:t~ for o30Ho0o2 a o 81.39, H 13,..38%• 

IR • -Jnujol 3450 (-OI!) and 1690 .( >o = o ) cm-1 (:u~itJ• l$.Jt . . 

60). 

· 1H MMR (~,OD010) J o .• sp (Ji, 3lt); 0.92 (.g, 3H), 0.94 

(g, 3j), 1.01. (§b 3H.), 1.06 (§., 3H).; 1.08 {,!, 5H}, 1.-1 

. (~b 3!)' 1.21. <.m· 3ll)., 2~47 <.m· ~)-~ 

' 
{l!'ig. 61) 

13o. I'il:Ut (p.:pn, Olt:13 ) s 213 .• 84 (,a, )Q ;:: 0) t 73.22 (~, 
' ~ . 

. 70 .oit()H)• ·3Eh58; 42..09, 43it38t 4.4.41, 47.10 .(5,! t 5-}001!'), 
' . 

37 •. 40, 48~011, 49.43 1 4~ •. 74, 64.60 (5.§, 5 -70H), 19,51, 
-:. . . ' 

21t 75, 27.3G.t 2B.Q0, 2.8.79, 33.65, 3ZS.94, 3Q.32t 39.36, 
• ~ • f 

39.9~ (10!,, 10 (OH2), 14;.~, 3:5.82; 15.82, 19.,03» 20.66t 

24,56; 26o50, '31.-46 ('/§.p 8-0Ha ). 

(Fig. 62) 

bonvera1011 of 20 ... J.wf!X!2Jr&1.unan-3-one • 1 z to lugenonaa 

100 mg o£ 1 was dissolved in pyridi~a (1 ml) and 
~ ;; . : . 

·acetic a~h.Y'dride (1 ml} -an.d boron tza'lfluorid$ e,th,erate . ;:, . . ' . 
(:t:.ew drops) were added to ~t. The reaction :mUture was 

. . 

·kaJ?t, over w~t~l,' ~ath for 10 hou.ra • ~l'le produ.ct on. usual 

,wqrk up a,:tf'o~ded an oily subetaneet whien was diaso~ved 



J''' 

in miltimwu volume Of..,'.benzene and p<lu:t?EHi on .a. c olunut o.t 

nlttminn {5 gm) deac·tiva.ted with 0.2 m.l. of 10?' aquao~a 

acet·io acid. The chromatogram was deve1o:ped with petx-~ 

leUl!l· ether.· Elution of the oolupm. VJith· petl:!olewn ather 

afforded a. sol,id aubstanc$ (Jhtrth.er elution with mora 

polar solvents did not af'f'ord aey .material) •. The f;~Olid on 

cey~talliaation from chlorof.o~ and methano~ £urniahad 

crystals Qf. l~penone; m.p •. 169-71°, .[01 J D· 57°. Blemantal 

analysis, found a. 88,.12, ll 11.93%. {Ja.lcu1a.ted :f'or 

c·~0H48~2 o sa.1s1 ll 11.e4~ •. rn • v :!01 3oso, 1695, 
-1 

1640' sao em .• 

(Fig. 64) 

Rechroma,tg~of fraction 6 {Table - 41): .I,aola.tign 

ot 20-t!tv;dro;v:-3 ~ -lupa.no:t; 247. 

!.!:he Oily maas. from fraction 6 under column ll 

r:::: 0.9 3nl (Table - 4-1) ~;,rna diesolvec1 i.n benz~ne (iO ml) 

and po~red on a c·olumn of alumilla. (550 gr.n) deact:tva:ted· 

·with ·22 ·ml or lO%' aqueous aeetio acid. ~he ohrom&"togram 

was developed with petroleum ether and elu.ted with the 

tollowing· ·solvents (Table - 4$), 
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Tab,le- 46 _ 

Eluent 

Petroleurn.athe~ 

Pat. ether-benzene 
(4a1) · 

Pet. ~ther ... benzene 
l3&2} . 

Pat. ether ... benzene 
(·2a3)J · - ·· -. 

Benzene 

·Benzene 1 ether . - (9,1) ... 

Fractions 
100 ml each 

8-11 

16 ... 17 

18-20 

Rasiclue on 
evapora.tioa 

Nil 

Nil 

Nil 

.Nil 

Oil 

Solid (0.5 ~?In) 
m.p_. 2~ ... 300 

Further elution with mora polar solvents did not attord 
aey solid mat~rial. 

------~-------~-~------•-in------·~----~--~------~----
]':taction$ 1.8·•20 ( illable - 46) w er~ o Qn bined and 

Or.}n:rtallised from --chlo:t•of-orm-metha.;lol mixture to give 

· cnwatals of' 20-hyd~Jcy" lttpan.oi 247, m;p. 243-44°'i"']n"'"·2?• 7°. 

Elemer$a1 analysis, fOtJ.nd a ·80~92; ·fl 11.$4%9. 9UlOulated 

tot! oa0~tt.uao2 ' o Sl..02, l! 11. 79%• :;:a a -J ::!01 3ct~r7o, 
3580 (2-0H) cm-1 (Fig. 65). · 

fi(),at¥lation of 2t!-hy;drox;z; .ltmano~; _g£L1 Isolaticn of 20-
. " ' ' . 

S:!.dz;o;q-ltiruinq-3 e ..;.a,a,e·tgt.Ei, {J!~" -

To ·a aQlutidn of ·gil (300 ·mg) iD. pyridine (3 ml) 
> 

was add:ad aoeti·c anbydr!de (3 ml) and left over night a:t 



:i!OOm tampara:tttre • After u$u.al. WO:rzilt UP tbe QOmPOWld. Obtained 
. . ' '; ' 

wae PUrif,ied. by crystallisation from a £:~o~vent _ mi_xture ot 
chloro£orm~methe.no1 to -afford :nee~le shaped .. ceye;tal~ ot 

20.-eydro~-lu.pan~ ~ .... acetate_, 248;- m._p., 2f)3-54t.\[~J;o+20.7. 

Elemental analy'ai.s, 0 7~,_09, 11 11 •. $8.%. Oa.leulated for 
_ _, nujol' _ ·, ·_ ) o32lJs4o3 ; -o v.s._!la, tt 11.1a~~. IR , v raax 3490 .. -~a , 

171() and 1200 (-OOOCiia} em -l {111ig. 66)• 

vll.oet;)!l!ijtj,9,!l,,.qf mi2!Jq ~d!.,o.ti£' mong-go,et,i,t&, m'- Isol§t,iO!l 

o,!· lunallxl tt,c,etf.\.ti~ 

100 rag Of 4 Waf;) aeetylated )ly' dissolving the OOZO.... 
, . , 

pound in py-ridine. (1 ml) followed oy addition Qt acetic-

an,bydridE} (1 rd) ~ Tht3 reaot-iO!l m~u.:r·e w~~ kept at; 80°0 
. . . . . ' . 

to'¥! 2tb J:lt)ura. A~:t"ter usual work up, a ~o-lid' waer obtained 

~bich Ql1 ~ry::rtallisation f:com ohlororm-..methanol afforded 

ceyst~lline soli.dt nl•.P--. m 7.18°, \9(] D 47 .5() !t Eleman.t~l 

analysie, folin.d 0 'S1.6Q, H 11~39%. Oalcu.lat~d for 
,., · f.f ... ~ n L:l aa ' ·. 1 • \l'l.U.;jOl 304 1~40 ~32 .. ,2~~ v o;:J..o;;;;~t lt 1l,1B1h IR -: l/rn.ax 0, e ·; 

aaa -( >a-~ cH2)-t .3.730, ·~250 (.,..ooo~) cnt-1 • 

(:Pig• 67). 
1

11 nMR (b, ODQ15 ) ; Peaks at o. 78 to 1.•$ 

2,.02 (§., 5R, •0CH10f!a) t 4.6 and 4.7 (m.; 2Ht 

( 21!!- 7t-.OH3} , -,, 
H3"- o ,;;:_ o~2}, 

- I 

4a6 (Qt ,l.H, !l?~OOOORa) • . 
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.2?l1At\if.i..m. ~~f. .s. ~ , Ail~1hX.fl~l~~, &\! 1tn .~-mr~r-a: ..... 
~:Llruln-:3-:PJle. t 246 • 

~:() B aolu·uion Of t~e alcohOl. (200 gm) di.Sf.-J01V'Od in 

pyr-idine (6 m:L) wa.a ad(loo ·ahroid.um trioxid.e-pyr'--din~ oom­

plex · prepa.r~l from pyridine ( 2 ml) and chromium trirutide 

(200 mg): nud. ·the mutura w~s kept a.·t ~oom.temt)erature for 

fifteen minutoa. !~he cru.r1e produot obtained aftel.! working 

UP in the U.$Wll manner waa oryatal.lised il'Oni. cQ.loroto,_.ur­

mathanol mixttlre. Tha m&lti.n,g point o£ tb.a oryatal:s waa 
0 ' 

t'Ottnd tO be 21.0-1~ . tll1<1 the oc:mpound. \WJ.,S fot))ld itlenttcal 

; INith 20-.hyd:r;-ox.v-lu.pan~-ou.e ~: (nhm•P•• c.o--t< 1lo.r oo-IR). . .. - . '. . 

lio~a.t..\nJi.finri.ltten'tiifioQ,tion_ .,qf. umttaz.J, .ur@olatg ~.ii. 

J?ract1ona 25-30 (Pa.ble. - 44) wore o~bined t11ld 

· r.eoryeta.liia~d liH~v~r-al t,im.es frortt ohlq~ofortl-mathanol 

~:l;ture~ ~~eule · ,Sh.a:p.Jd ·cry~tnle had m.p~~~ 24.0-42° 111 Elem.an.tal. 

analygist founil a 19.25., H 1o~a~:fj~ ualculo.tad fox- o31\o<>s 
·o 79.10; ·u 10_.71~4. :ra t v.:~ol 3530, 1710, 1245, 885 cml. 

!_~&t:rlatiqn pt aste.r..!49Aa ~o1~a.~1.9Jl of ~ch!lt:Ll ... ma"FWt, 

nraQlqt,e _fl4~ll· 

The ester {200 mg) viae aoatylnt·ed '-'4tb Aoeo ~ P:f 

iu the usual wav• The aaatylated ·product on ,purl.fication 

by colunn oht'omntogr&r;>l\V :ri.el.ded eater aof,Jtate 249k-• 

m.p. 240-41°• ElGmento.l nnaly~.e;, found 0 7G.S9, U 10.63%; 

~alaulated tar OzsH52o4, a 77.30,. H 10.22~. 
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~Q the eater-acetate 03atts2o4 (150 mg) d:taaolvod 

in dry ~lf!? . ( 25 ml) waa add0d T.d\11 (100 mg) ~1.d the lleaQtiQn 

mixture was hoated on. n wa;1ie:r bath £o:r ~our hours • .l\.fta~ . 

<H)tn.11letion of the r~tction.,. e:ttooas of LAH wns decomposed. 

carefully with moist ethp.r ana· then ~ ea,.t_utatod aolution 

of aodium aulphate w~a added~ The sthernl eolu.;tion was 

\va,ah$d with wat~r and waa dried over aal\f .• •~2804 • Atte, 

r~mo...,·ul of the solvent a aolid r€#_a;tdue (14Cl m.g) wai'$ 

obtninad, which was ohr~;nw.togrnphed. o-v&%'' ol.wd.na (10 gm), 

dev.o~ivated v;ith o~4 ml of. 107b aqtt~nu.s acetic aoid. 

_...._. ._ ·• , • 1 a l , •· 

serial Eluent 
No 

IiTaction· 
in 50 ml 

. - . ' l . 

·.-
.. ;,;Jy'llil"'"""-""-....... - .. !!!"'~•"""!4t~l ..... _ ... l:* ·nlfi..-.-. ........ !ill IJ 1) t_ • ...........,.,_....,..~!"!"'.:" ............... ..-........ ----'1. · Pa -atJ49!' · .1.•2 .·~ Nil · • 

;_2. Pet-ather­
benzan.e(4;l) 

:2et-tltlle:f' 
benmene (~ iJ,l;)• 

Ben.aene 

-

7-3 -

~------~----------~~--------~~---------·-------·-----

,, 
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lf1•act:ton ~ ... 15 {fable - 47) were oombin~d. nutl the l'$Sldu.e 

wa.s orysta1liaad l;'r,om mothanol ~'~hou otystals of C20Hoo02 

r.hJ,>. 230-31°, [ex.] rt 70 ° were· obtain$d. lt>
1 ow1d o s1.20 • 

.. 

'lt 11.22j!~;. oaloula:t~d. tor Oaoflnon2 0 Hl-.S~• R 11.38~' • 

!l!ha oompoUttd waa f'ound to b~ idEJntical with 

Uvaol ~ii· 

Ao .. etx,la..,t;ion !"' tt~qq;!.,. Bt¥>.a• J.:~s~~~:fi1gn. gt \lVA~l. ,<l.t:§c.f!tot• 
S50b: ' ..... . 

SO mg ot til$ c ompou~\ g]OB \'#00 aoei;ylated \tJ1tb. 

AlJ·2o. - Vy in usual wa,y • t/Qrld.ng uP in usnnl tnannel' 

followed. by orysta11:1.sa:tio~t !'rom " rt1kt~ of ehlorotormi"i 

ltJetnrm~l Uielded o:eyatnlet of diactrtnta .25q)z ~•P• 167...S8° t 

lf<J:n4-f>Oo• Found 0 77.4f.i, :a 10.21}~J oalculata4 fOJ.' o54Hato4 
t1 77 .52, H 10.~i3% • 



~~p.ct,t.C!n. .. of aegt£al: JlWl Q<:id, ;en1'!]~ .tl~ 

Q.Qaex:ig KJ.\lt~i! .(}larts 

Dried and .~owdo:red t:rWlk • bal:'k and. etem (4 kga) 

ot Osseria Kurzti waa e~1nta.Qted- w 1th benz ell(!) in. aoxnlet 

a.pparat.ue tor 26 hOttrS• !!lb.e extract was <Jooled to room 

tomperature and beilzene was distilled of~. !i?ba &tnlaW 

residue (SO gm) obtained waa d1saolved in ether ( ~ ·l.-00 

l1tl.'$) • ~he ~ther aolntion waa wa.ahed with lo% aqueous· 

l~aOH solution {5. ~ '700 ml) nnd then with wator till 

nau.t:rnl. ~he neutral ethar waa dri~ over tw.h.vt1~®. aodium 

aulphate and it was evaporatsd to y·ield a gwr.my- rea:tdue 

(;::. 18 ~) • vbioh conati~tuted. the neutralllflrt Cl?art A) 

of tb e extract~ 

!l!ha alkali ~sh$4 po:t"tion o.n acid.itica.t!on. wi tb 

dilttte }W<bJoohloric aoi4 .(!:::: Ufl yielded a eolid, which 

wna extracted with ~ther. -~ha ethereal solution <HlUtainins 

the acid part r;aa waehad with water till n~u.t~al and· 

etrieil. fb.a sthar $olu;tiOJl v-1aa tban esterified with diazo ... 

rllathano,. The orulle metbVl· ester ( 7 fJn) obtained afte~ 

~apora:tio.n ot ether· oonatitu.ted. tile n.cid pQrt (Part »} 

o:t the ~raot. 



)l: 

nsNtJagl "j.Jl. · 

~~.o:JAtt~a~n_Wl &flt~s~W~t.lmi 8f,~~~ ... ~qmJlo .. tmtl~....t:Pa * 
.ngstral.. WJr~ ';&a~ AL• 

~be neutral part (Vert A) "t th$ extract V}ttf3 

dfssolvelt. in · mill.tmum volume ot benmene and placed on $ 

ao1unll ot alumina (1000 gm, dc&aotivo.tad v; ith 46 ml ot 

10)~ aqueous ac$'til.c ac1dh mhe obrt)mr.ttoaram rraa dmteloped 

'With aolvants as ehtlwn :1n rettble ,.. 48. 

Serial Solvent 
,Nth 

T,a!tf.e -~ §. 
~ W! , ••. I , .. 

) ~ ..... 1 T 1 .. ,,. 'i!•4 _'I· -~~---. J, ll~· .I? ... _ •. ,_ ?_1 . a"r I ·q 4'. ·1 it_. l'l.l .. JilfiE~jM· f~ I -~-

1• Petroleum. ethotr ' 1-..G 011 .,. 
a. eet. ~·t.bGr-benzena 7-12 'ti·aq aa .... m0 

(~tb1) .. SQlid 
'!'.!. o. Pat:. etrer-benzene 

3t~) 
13•1? Oil ... 

4. P-et. eth~ben~~a 18•23 SOlid 
. 0 

120-~ (215)1 .. : 

'i!!m\an;ti~lff- £•g,t~.on f-la (?!abJ.a • 48}t !_s .• b.~ft_·4:i.,-_M_ · ._-~_rt 
.---:-·"· Jl,._ J ~WI~ ~" .0 U __ - ,_ ... J _ ~--• ra ~ ·-~~-- ill 

2br,h9?EQ09.fttQEl~. 

P~otion.a '1•1:a (!fable - 48) tt;era 1ndi~i4ualll' 

oompal.'OO: in a sing\e t.l.o. :pla.tet whioh ahOI.'H'lci $. pranine=. 



'· 

opot with the ean1e Rf vn:tue {0.78 ih benzene). 5:h~ee 

tr.aotioM were o001bined M.d. oryatalliaad eoveral timfi)S 

:trom acet~ne ·which a:f:forded :t•lal¢1 olzy'stals ·of constant 

rn.p •. 7s-79°t [~ n± o·0~ El.emental .annlya:l.e stunvoo. the nol•­

oula.~ fo·l'mtt~ to be c261Ja4o. IU spectrum ahoued the pre-­

s~noe· of a , ~ar~~ f!x.'Oil:P nt. 335.0 cnf'1 (broad) • It WlW 
' . 

transparent in th0 uv zaeston an~ did not %'aapo.nd to !~!liM 

t"st • .Aoet.ylation o£ ·the ~'bove alcohol w:Lth f.lC&tio ani\1-

drida .... -pyridina furnished. an ao~tat~h o28He6o2, m.p. 68-

690, ~n o0 .; I11 1 1120• 1240 cm-
1

• 1;h:ls t:Jas found to be 

indiat.in.Stt1ebab1e with RJ:l> f4ilthent1o aa~ple o£ l•b~coeanol 

· aeetate (. IR. Wld nA,Il:l•P• rJootpai"i~Qn)o ll~:tom the above faote 

it wns evident that 'the o~iginal alcohol wOOl ~-bexncoE!Jcnol. 

I 

:eJia-r:·dMt&rbl ot • . ;t~~t;gne_._.Ul-:23 '-~ab,1e ~ ~1•· Imglq1£ioQ 

f!QA,.j.den.JlifJr&a.t.\oJl.Of 1(3 ..S;t;!~ste£0...!• 

:r;a.ch of the fraotions No. 18•23 (!i1a.ble .. 46) wne· 
' . ' 

compared in a t.J.•c~ plate when. all the £~actiotle were 

found t·o ·contain a. proninen'f; spot with the same Rt value 

(o.4 in· oorweu.0 as Holvent h 5.:1'1ese .trnotiona were combined 
. . . ' -

tu'ld oryatallioed .several .til!les with cb.lorofomn-.tl'lethanol-

m1xilu~e wh$n fine needl&-ahnpet1. cxw:atule of ulo.;Lectt:tlar 
. - . . ' . 
f~t't1Ula 0291\;oO, m.p. 135~7° ,_ [ci]D ·~- 34° \'itJ.$ obtaifled •. 

. . 

J1cetylu·t1on. of tb.e al.oobol ~11th Ac2o · ... Py .fttrAish:ed an 

aostate of molac~lnr tormt.tla o311\i20'2 , m.p. 1Z1-m0 , 



)( 

., :. 

[ct }o -. 39 • g!he a.oetate wa$ compnred ~~t tb an, au.thent:1o a ample 

of ~-sitosterol acetate and was i'ound to be identical. \r1!th - . 

I§.Ql~"~S aao, ;it)!Qtl~lc,n;$tni o:f l(b0.,,ooif1lUlYQdq ~r~~ 

~gid, nw,J..?.art --~~-~ 
Tha eoid part o.ftal*' eateri£1oo.tion was di.as()lvod 

:i-n mtni~wtl volu.TM} of b$:UZenb antl was oht'o~togra.pb~d over 

n~utral alwnina (:? gm) * 

; ' 
lr1~'9ri!t ffJ'n•.e,fJ.l. ·ri}l) __ l_ ·'fJF,:fir ., •••·•••·~ 

·$_erial ~al:u.erLt 
tio. 

1. llet~leWll ethe~ 

2• Pet._ ~t~r-baneen~ 
(4l1) 

' 

5. Pet• ath~J~bormene 
. (3:t2) . . 

'•' ?at • ( etb1r-b~nzene _2#3 . 

:1-4 

5-s 

9•16 

16·22 

'! db ... l i t ... ~LI.J '[it . ! _ I 

011 .. 

011 """ 

~olid 005-10() 
tz aoo ma) 

SOlid 209-12° 
( ~-200. rag) 

'll'ttrt_har elutto11 ~~r1t-11. mo~ polar aol'Vent did not fi$ld 
any s011~ material• 
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11mmlna.1{~o~ g~ tme;t,ipp.s 9,-15 .. (!a!Q.,Q ~ 49,1• te_ol,iiQA 

~ aesULrae:jitwJ. .. olgm.nolflt.e, 251&' 

V'~otiQn.s, 9-15, we~e £!rst oomptu•ed :iJ1 a t.l.c. 

plnt~ aml o®tb1u~d to a singl.~ lot .• It WU$ l;'~peatedls' 

c:eyst~lli~ from ob.lorotorm and metbnnol• t~eetlle ahtlped 

Qeystala bad m.p. 2l.3 .. 14°,.[ct.]D 5G0
; IR spr;otru,m (FiG• 69} 

showed buncl~:, &t ~ ?20, t24o, 810 om-1 • Elam~tfll. m.u.l~ets 

of the coml)oun.tl sb.owad the moleottlar fo~l'1tt1a to be . . ·~ - ' .. . ' 

CzzS,2o4 • ~1aaa s;pactru.m (Fig. ?O) ot th~ c()mpound $hOwtd 

··peaks n~t rn/e t.;12 (M+),. 49'1• 452, 4?// 1 3"93, 340, 262, 203 

. (base peak) 189,. The tra~nentation pattem ot thie oorA­

l,lOU.nd ehOiled ·thE~ preaanca of a doubl~ bond at 12-13 

position, typ_ionl ~t oleanane e-fk:~leton• fbe a.bov• oompotmd. 

~!J· hytlrolyBed with 57~ mothaaolio KOH ·by :taflq;gipg fQr 

fc11.l!'· hou.ra. !lH::t procru.c;t attar usU!ll. work up had the ~~P· 

192-:"94°, .IR ap~ot1\um ah<med tho .Pl'~fH~!loe o£ a by(b:-o~ 

group at 3530 G-1nd ester gr~.P .a~ 1735· and a trit;Jubstitttt~d 

d.on.~le bond. n;t 820 cm~1 • llilanen:t~ nftalytd.n shOJi~led the 

molEHH.tlar £ortl\ttla to· bo (lal'B6e,o3 • ~he emnpo~d was oh.nrao.,.. · 

t~rised as f}lath,.yl o:teanolt;lte py o~l"Jtparia<n ( tl~o., oo--

IR ~nil ttt·•m,p) ·with an a.t\:thalitic .aamplEh ~nu.a the acid 

pra:lent in the -plant was ucety-l ola~lio aoid t?P1b;• 



' . 

25f. C1 R-.:Ae 
~R=H 

' < 

!i!.qmi.tm;hi(}D-9f fract.ioa,_1.fi.:ia (Wnblq ,:- 49h Uo,l.fl.'!i!Jl .o;( 

t;letW&l. hetg.l.i!!P·:\~ ~2~&• 

l;':t--aetiona 16•22 {'mbl<!! -4f)) v;are tound to o<nta:!Q 

the Emma compotUld £rom t•l•O. expE.tr;..m64t, beno(), vi&re; 

comb:i.11erl. ·~he aolid was aryetul.lis~ from obloroto:nn~ 

me1ihanol,. vJhiclt af'torded tlr#~allina solid m.p. 219•20° .. 

[~ Jn +- 6 ~'' • lT" _spectrum (:b'ig~ 71) ahowoo the praemtot'f of a 

l1'ee 1\Ydi'!QXU SX"'UP at 3620 cm ... 1 t1nd ·a1Jl eatf3J? gcQu.p o:t 

1'110 om~1 • ~t:he preaenoa oi Qll axocyclic m&tbylon.e g:ttOup 

wae evident traa the 'presence of' peaks at 3030,· 1649 · 

and 8f,J.O. em -l. Elemental ~lysis ah.f,wed tb.e molecular 

£orm~,tla to be C3ll'too 03 • On. e.oety.lnt:1.ol1. of the above oom~ 

pm1nr1 w1 th anetie aiihyd.r!d~ -Ir.tridino v...n. neetat~ of lll•P• 

200-2° waa :i::o1~d. !!~he ac@ta:te w·!'uJ ·.toua.d to. be identical 

w tth f-\Jl nuthml.ti.o aa:mpltf! c,t acetyl methyl b~tulinate by 
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eompariaon (t.ltOtt, _m.m.p•)• ~bu.a it waa fotm1 t~t the 
' I 

pO 



1lJtperimantal3 
.h:l&1• k~ ...,..,.-.....,. ' .•• _ ... WI!~ 

"".. 

ja~lting pointe; we~ unc.onentfld• !.'etro~sum athe;r 

used bad b.p. _oo .... ao0
• Opt:toa~ ro~a.tions w~re dete~1ned 1n. 

. . 
e~lcn~o:Co~m. IR ap$~;rtX'a. were. re\lQrded in Beckman . IR..-.20 

' . . . . ' . 

. ~~':ipoot::rophotom~ter~ · 1a l,'Htnt apaot~a were reo.o:tdad in 0:0013 
' . ; ' 

wt1;h tetramatbyl i~ilsne as an. int'1~l $'tant'ia.rr1. 

Elttrac.tion of the plant baa been deaartbe.d on . ' 

Ii oiu&s i~d l it!!J!.t\ti!i2B:£hon o;&: . l~bJl~OQ@DJlt4• 
l~lct:iona 7~12 (Table ...-48) were mixed up nriid 

eryE;-to.ll:toed aaveral t:tmaa · ·frt"m ac~ton0• ~shioll y:tolded 

flaky c~y~tals, m•P• 76-7?
0

, [o9 1;to
0

.,.. i~lam~nta.l a~t!Jis· 
found 0 81.44. n 13.18%§ oalct:a.lated £·o:r 026%40 a 61.69, 
w 1 .. A. liz.:;.~· '"'n J nu3 ol ~.-;~t;:o . . . . 
a "\jt• ur'• .L.s.11. ~ '?IJQlC a ... .., • 

Aootylati.on of the oom.pou.nd iu tha ~al UlW'lnar 

iln;d a.ft~r vu.rit:Loation tu· ceystrt.lliartti~on f~om moiha,Q.t>l 

~£·ord00. oryatal$ of nt.p .• ~8-69°, ~:tl 0° • It \1o,a, tound 

to be :tdentioal tn t,l.o., m.p. e.n(l i,r. with an f.!Uthent1o 

GEtmple of l'""'hazaaosanol n.oetate. Hl~~ntnl analye.ts, 

found, a ?a.oo, H 13.62, calculated tor 028Ha602 t a 7V.24, 

H 13.26~ • 



JsoJ.n!~l..,JWd,J;at?,~t~L~iqn;t,~f{.n. ,of {:;~1~q~teJ4011 
:B1;raotions 18-23 (~a.ble-4f3) ware eombin:ed !1&"7.8, on 

re-pented ceyeta11iaation. :from chlorotorm-metbnnol mixture 

giolc.led eilltY aolidt m,p. 135~6°., j9l] D w13tl' • :Slenetl.tnl 

an.<11,lyaie, f~un,i5t 0 €13"5t:h n 11 .. 76~Gf oal.ottlatet\ for 

o291tooO'• o 83.oa, H. 12.15%. tU.x$d m.p. v1ith aqtbeatio 

ae.mple sltOr1ed no d.epreaa:ton.· 

l:nec eomr)ound (o.5 ~) ~1as ao&tyJ.at~d with 'f/JI•lv::2o· 

· in tha u~ut\l. mcttJtod. Tha aootat~ ·on. oeyr.rt~l.l.:too-tion bad 
. . C) ' 

tfi•P• 124-26 [ct]D •34°• MiJtad n•t~tr wttll $\lth0~t10 aamp1e 

sh<m ad nci dopra~~ton. ao~lil \~i1th tiutbe4't1<t{ sampl¢; was 

in com.~;ilfite u[Sl~emont. Elemeu:tf41 M~lyais, touild 0 ?J1.26., 

B. 11. 52;'ji calcula.t.et1 f:or o51%20s• o 81.12, il 11 .. ~%. 

jt,sola-ttqg,,.,.na :t.Aan1~!.2...~S:Jl.\""ii~1i.~1. ... ql,~au 
251a.~ o .. d .... 

L'Tae~tiQW::l P-15. (1:abl~ '"" 49) w~rE) eOllbined ~d 

on. J:~eperxte<l o~;rata.lliaa:~~on f:J.9om fJhlorofOJl'~me·th$llOl 

milttut.ta artol!'ded naedl~ $baped oeyetnls ot n:t.p. ~13...,.14'\ 

@\]D-r 56° • T~!am~~utnl arualys:Lait fou.."d C ?7,. 92, ! ,t1.08)tJ 
~~ .. -1 ..... , .,. A ,.,"" 0· 1·~~ . \ .. . 7. . . n:tt. \ nuuol 
V~-vtl..:.ai~.>G't,!. "' ... l... ~3 'ti204 (~ 7 .• ao, ff 10.2~/a. IR• )...1 max 

1 no , 1120, · J-240, e1o om ~1 (';l!'ig •· ae). lmam apaotrum ot 

the oomp~und cl1a.~oo peaks. u:t m/e 512. (rt )~ 497, 452, 43'1t 

595 t 540, 262t 203 (b~SQ pa~) ltJ9. (Fig• 70 ). 



. l:t~nn1"'w .. ot ,FJ£.§},t~t. .. f!ltb11;1 .Qla~~late t I,~olntiP,ll .. p£ 

ma+~vl. ol.eanolate f!1§1 b; 
.. ·~~ •• :it!%~ 

t1.oety:t. met!'W'l. ol·eanolat.e (100 mg) dissolved tn 

benzene (2 ml) \'\liaS reflWt${\ in 1o;;f? mfl\thanol.io KOlt (lo ml) 

for 4 h.oura. 'lh$ m:t.ztu.!'e \inte cooled, aoidii'1ed with d11• 

BOl (20 ml) and elt:traotod with ethar. HemoVa:l ot the 

aolvant' ~1£for~ed .a aolidt .v:~~o~ m1 r~peated orgetalliea• 

tion from ohlOlJofor.m-m.ethataol mixture fuJ:l'niahed. metbyl 

oleanolate 25l'b9 m!tP• 192-94°. Found a '19.65• U 10.21}~~ 

calcula,ted for c,1IJso03 0 '19.10t 11.10.71%• Ill a 0=01 

3530 .• 17351 620, om-1. · 

Dtta1o,t1tn. f!tl.d.,.1r<\gntif&af!Mi.,on ,ot math:tl i],!tB~~nttte. 252~i 

aolida obtaitlefi :tram .fraotton' 16 .. 22 (Table • 49) 

wer.a combina(l a:fld on t'ef?•ted orsBtallteatiM (rom $ 

mutur.~ o-f chlolfQff.)rm and 11\atllanol atfortl$d nhining ' 

oolou.x-loos z;.eedlo ... ~~pGd ery~l$ of methyb-bettJ].:fJlate 

ft§~p, m,.Jl• 219...,20°• f:x_] j)+ti·o,. .Elem~ntal tlQ.Qlycd.$ .toUAd 

a ·?a.t!J1,. H 10.80~; oolou1a:tod fo'¥! ea1Beofla• a . .. ,9.,10., 

ti 10.11~. 

tlv ' no absorptif):n. in th~ r.egton. 220-300 nm • 
. . · , \JlU~Gl. . . . . . -1 
Ill .v ~ • ~520, 5030• 1710, 1640, eao em 



G-'· 

-~-

!'~cfiWJUi.t.~,t?.A ... o:f. ~~a;!j .~tlJ.1iJ.iAt£ # 1.!.2l.Qtj8 ,f!'l ~Afld-zl 

mmt~l ~batrt~linJ}t~ 252bt 
. . 

~.&ethyl b~Jtul~na:te i§:\a (100 mg) was aoetylatetl 

~v:!th pyridine (1 ml) ~..nd acetic anhydride U. ml_) in ~hG 

usue.l. wav• The ·aol(d. obt!l!ned wa.a p~i:fiad Dr or:tatalliea• 

t:l.On from oh1oro:form-math¢t.nol wn!oh afford~ oryetale of 
aeetyl mathyl bet"'11tl.ate ~.2~, m.p.. 200-2°. Element~il 

!1rialyate, found, 0 77 .37• U 10.:4~%; oalcu.tated to~ 

-a33%2o4 a 77~rJ.~tt, l:t 1o.oa%• 



D:~i~ tmd .pOV/dEtr.ed bai'lt (5 k~a) of oaaezsia 

g4."av0olena t*fas OlGt~ett">d with ban:a~~ in ~oxblet qpp~tue 

£~ sa hour~h ~hl')- :tiltrat<il wata ecol~d t() ~oom temp-erature . . 

nnd then benzene wo.e. disttl1f3t1 ot£. ~h~ gu~ residue 

(35 grna) obtaii.i.Sd. \•I.Qa dist:~_olv~.d in eth&r (':::::: ~.oo l~tre). 
• , ' • .. I • . 

'fhe cthe~ e(}lt~ti on was vcJe.ot.too _\vit_h 101& . nqu.~oua l~aoli 

aolution (3 x 700 mlJ, n.nd ·then ·wi t.h water till 11eu;tl'al• 

lJ!h$ n.outml ather ~;as dri"d over nnbyd~~a ·a odium sulphate 

end it was evapora-ted to ;yiel<l e. gtammy r~s1d.u.e ( 11 gn) 

which o~:;,natituted the naut~l pari of: the extract (Fart A). 

!Cbe alkali waahetl. Ji)Omtion on aoiditiaatiou. \"ii~ 

dilute h.ydpoc.,'llorie acid (~ 1 N) yielded a solid, rih.ich 

wan ~traot~d wi·th attu.m. ~he eth~~eal solution eo.nta.1n~ 

the ao1~ t>nt't \~h$ ¥iMhed with wa:t<~9r till neu:ti"al and dried• 

~he ethf)J:' solutio;~ IWQO ·then ~teri.fted wl th' diaS~;O!Jllbtbrulf~ 

Wbe Qrude methyl 0$tor (7 .• 5 gm) obtained Gft·er evaporation 

Ot etbt~r CQUetitutad the l:tCid flfl:ltfi (!~art ll) ():f the eittX'tlCt •· 



• 

' ! 

.· 

&eo,t~g .~ ll 
ta,rlla.t..:\9~ ,and U!ll'W~ci;bioo .. ~~, t~ ,qom!o.~!li f£!lil 

tJ}e nem,!m1 ,o.ad,• 

~he n$\ltral part (!'art A} of the eatraot ~,·;at:t 

dis.eolV'ed ·m minimum V<!Jlutne of bc;tz40Sne ana plaoed (ttJ; n 

oolUWl o£ alimlilm (700 gm deuotivat<Jd: with ao. ml ot 10, 

aqu.eoua a;oot:te a.Qid)• !i!he oh;romn:togram. Wal?l ·a0VeloP4Jd With 

eolvoo.ts a.a ahown. in ·Table -ao •. 

t%b\a ... 5,0· 

9J!!!O!fl$l'POt£flt'll'yx ,pf ,!!!a\lJll ll&'£! 

Serial Sol.ven1i l!~~otiona 11ea1tiu.e ~ttelt:tng 
· ~Io. 100 ml eaeh pOint 

e• ................. , ... •••f. II~. lSi fl,·. ..Ol'~:t'ii!'fllt_ '·' , ... Ji )li;: II'U:WI .. I I . ........... .· __ t f • 
.1. lf'etro.lewn ethel!' 1-5 Oil. .. 
2. t1et .. ether-be-.wlene 

(4t1) . 6-12 :ma 63~67° 

s. Pet. etb~ r-baU3etl.s 
(312} 

15-17 Oil ..,. 

4 .. . ,Pot. .et.her-bena$ll.& 
(2t3) 

1e-2s aolid . 120-24° 

5. 11ot. ~tllar-benzon& 23-27 Iii.l -(1t4) 

· ll'urthe~ elution with mora polru:- eo1v<.u1:e did not yield 
O.UtY solid mut.orial• 



T~1amirm:'i,1£p or rra.otion· 6-:\2.J..~b..f.!l ,- 50.} .. ' IaoJ.&,ttgn 

of 1 haxucosanol. 
_ . ...... ... ~I . j_ 1-P·-

1ii'raotiona ~i2 (TableJ .- 50) were indiv;idool .. l.v 
f,}Qtl\pared in n aingle t.J..o. :plate, whioh Qhowed a p.romi ... 

u~nt a pot t'ith the · B!lme· Rf value. These :tmctiona v1ere 

e~bint;$d· ab.d oeystallia~d st)veral tj.mes ·trom ·aoeton.e 

v1hich u.tfotdet1 flak.V · e~Jstala of con.stnnt m.p. 18 ... 79° 1 

[.a] D ±- o0 • Ot& th~ baaia of so-ect~l d.attl and elemental 

£u.m.1yo1e the compur;il v;.aa idei.'iti£1ed o.e ·1 .... h'eXQcos_anol. 

rJmW5;,QI;t',t; il'A .2&-~Q..Cj"~igne ,l,.a:-25 . (T.t& .. blL "": ~Ql • l~9Ja'ti,~ 
gf • ~ .... ait¥.te.t:,~~~ 

~<lh o£ the fruotiorJ.s No. 3.0 .... 23 (Table .,. 5&) wae 

cor:~p!l~ea in ll t;.J .• c4t plr:."tte whml o.ll "ti-he fractione ~~are 

touufi. to ot:tntai~ 0; prQtd.n~nt epot \71th tb.e sflme .Jit val~Ae 
(o.oo it:l. betizene as solvent J. ~heQe fractiont! we~e com­

bined arit ol'yatalli~ad several t imaa with cblwotom­

'.tne'thonol mix1lttre when . fine n.codl$ shaped cry etnls ot mole- / 

euler formula. O:zgiJaoO• m.p. ·135•37°, ~ JD ..,: 54° wns 

~btaint1d • ~he nc~tyl. deri vnti w o£ the ~lcohol W-'UJ .found 

to be id,en.tictal ?lith an authentic ea..'111ple · o:f f.> ':"'sitosterol 

acetate (nt.m.p., Oo-IR,. t.l.o. ) .. 

The acid part aftor esterification was (Jiemolved 

:in minim~m volume of banzane and was onr~togr:;.tlJJfled 

over· nautml alumina ( 450t)m). 



Wgble -51 ..,.... r r r _ 

_ .........,_ .......... ______ _.. ..... , ,......_d!li.N .. l .• 'lilt1. ~.. . I S¢Wt . f .i:r ~ t 11 I t 1 l 1a) • . •J 

serial. 
l!iO• 

l. 

2. 

3. 

4 .• 

5. 

Eluent 

I>ett'oleum etha .. 

?et. ether-ber1eo 
(4:1) 

Pet. ether-ba~ene 
(312) ' ' 

Pet. etlwr 
(2t3) 

b~:lrl3&Jl8 

.Pat. etmr-ben~ene 
(114) 

~'raction Rooidue 
100 ·nil eaoh 

1-4; Oil .. 
6-6' Oil 

9·15. Oil 

16•25 Solid -
(450 rug) 

26"!1'30 mil .. 
li\urth~r elu.tion -..'11th rno~e solvent did not attord arw 
oolid · matot~tal. 

.... 

._. . ...,..,..... wli~'.t···· *ill«±?· •nnn·w• t ,_.., ...,, ............. 

J~S!P.A!!.9n .• ~ .£~z,\ct:ton 1_8-$l . .\.2~~- ,51..).; Ittol~!SQ o£ 

m.q:~u .ta~t)l!~\~ ~~l.' 

Fl'ao'bio.ne l&o!o25 (Table .... 5a} ~tare tolltl.d to oonta:t~ 

. ' 

were, thli!.l:c·ero.r~ • a fln bined. 'J!he solid compound was oryst~ 

lliaad tram nh,lorofol'ln-art9thrutolt which afford~d ceystalli,_...,._ 

solid m~;p. 219-20°, [?<J ri+ 5°;' infrared s~ect:twa showed , 

.the preseno~ ot fr~e h.fdlloxy Sl'OQP at o520 arn-1 est&r gr~ 



"'-. /'::;: 

at 1710 cm·1 • ~~e presence of an G"oooyclio meth.yl~tl$ 
group was evident from the ,presence- o£ pea.~Q at 3030t 

1640 artd eao oni1• !i;lemallttial analyeia. ahowad the m()leaular 

formula to be o31n00% •. ·On aoetylntion ·Of the above com­

p()und with acetic anbyd:t'idt'l at:Ld pyridin~ an acetate ot 

lll•t'l• 200..,.1·() f lCJ.. J }) 1~t5° WEll!.! f'omed. 9tlh$ QOeta·te ~0.$ fOWld 

to be i(lan:tieal with on authentic sample of ilo~tyl methyl 
I . 

botulinat$. ~h. by o.<iiop~t"i.son ( tl.c., tl•1b·P• ~ld Oo--.IIl} • 

t!!hue the aoid. fra.ct~lon of tl10 plant oon.tained betul1nio 

ac:ta~· 



!Qmtfil'imef!;ta~ • 

:!!el.ting }.10inta ai'G uneorreuted • .t.?otroleutn ather 

used had b.p. 60-80°. 011t1eal rotnt:tona were dete:mlitlad 

·tn .ehloro!C'l'Vn:t. Ill .spectra were rooorCled in Bookm® IR-20 

Sp~trtlphotometa~ .• 

· ~t11action of the plant hne· been deso~bed 

aa.rl.iar (poge 2 -:tb o_£ this Qha~te~) • 

Is ola:tii!!Jl m-ild.~ i~~Of.4"t..12Q._ot .1·h~aa,Qfi.fllj~• 

L~r4l.et.ioM G-12 (Table --60) wore indiv1du."ll1Y ·oom­

'Parod :ln a &!nglQ t.l.c. Plate, ~abioh showed, a prominent 

spot ~;·i th 'the annle 'R.t value. ~hese 1'$ot iotte wt1re combined 

and crystallised several times from noetonEh tih.ich attorden 
' . 

£laky ceystals0 tu•P• 78 .. 79°, [o<J D ±0° • Elernental ana.lys1fh 

£ound 0 £11,.4:8, a. 13.96%; Onlculntad 0 81.69 1 H 14.13%• 

'I nu~ol ~!lt"''O -1 fin' . b tl b ;,.~no m 1. v- ~~P .· · em , ~-~ ~ no a aorp · .Oil n. ova $;<,.. nm.-

~\..ostz,:1;~;\tl·.f!Q ~f' k.ho~~ss~l.· 

lwatylat ion of tho oQmpound (;lC20 - 'R:r, 1 a 1) :Ut 

the usual manner and vu.r11"1cntio.n of the ·compOtlnd b3' 

olt'ysta.'l.lier1tion from methanol affordad crystals ot m~p. 

6B-G9°[o(]1J±- o0 ~ Jt wo.o fotm.d to ·be identical in t.l.o., 

m.p. and :t .. r. ~;·:ith an au..th$n.t:to sample of 1-haJmcoea.no1 

WJetat~h Hlemantcl aruuy~ie; found c· 78.96, it 13.56%. 

oalottla.ted tor 028%&02 0 7~):.12, a 13.28%. 



-~\ 
~. 

J?mctions (1·a-23). (~able ... 50) 'fj~e:r:a combined .and 

on repeated e~ate;llioa·tion Crom ·ohlorofo;rm-methan.ol­

mixture yial.doo silky aol1~t ~·P•:- tao-..~6°, ~ D ~6°, 
.mlemental ar~lyaie, .tound a -es.oo, .ll i1.88,~J aalau.ltJ.tea . 

for c29Ha0'0; u 83.961 R 12.15:;)~ Mixed m.p. with au~lientiq 

sardvle ahO'Hed no tlepreesion •. 

Th.a compou.~d (o.oo w,n) ;<~ts aoetylated with P.y • 

·AogO (1s1) in th~ usual way~ Wha aqeto.te on or.yetnlliaa-

. tiou had mli!P4 124-26°, ~J Jn -a4° • tif;txed m.p. with a\lthentio 

aam.ple shQwaa .no napreasion~ ~o:-:t:n with !ln attthentic sampl$ 

~a in oom·pl~ttc;J agrosment • ~l0m.anta'- ~alya1s, found 

c 81.18·, B: 11~_22;:~J oe.lcttlatet.1 for ca1Hs2o2 • a 61.52;. 

H 11.48% •· 

J~.nl.(!·\1i!\.A!!l ... i-.~£!Jl!i!!is91,ioa o:t:, me,·~tttl .it~t,Bl~nt2 ~.2a 
1J01ids obt:a:i.nad tram i);taoti(.m.s 16'-25: (:J.!able • 51) 

WSl:{) CCHllb'iJl~d aiid Ofi lfep~ated Ceyl3tallisati0l."l fi.'"Om $ 
. . - . . . ' 

:~i~UJ'.'e of ~:7hlort1fovm and mlllthanol a1'!<1>~'1('led abinina, 
• ' • > • ~ I . 

oolou.rlaus, n~edJ.e aha,p~ qryetnls ot rat;,ttbyl betulinate 

.!.fJ..&,Q., m.p. 220-22°;~~ »+1.,,,/' • ElGmantnl ~l.Y~iat foUAd 

1.:1 •?th89t 1i lO •. B05i\·; · caloulated tor o31Iloo%t C '19.,40 1 

l:t 11.71% •. trV s no abaorption tn ·the region 220-300 nm. 
m~ ·.. . . -

:tR ~ Vmax . 3520, 3030, 1710 1 1640, 000 om-l• Oo-I.R 

\~ith an uuth~tio aampla at :netnyl batulina:te was. in 



i' ·. 

· a.c.ml.~mttht~ .b,a;t!U._•! ~~'?.· 

1/{etb.Yi bert:ra~riate ms .. ~ (100. mg) was Qtletylatad 

with py:r1dine · (1 al} o.c.:.:d acetic aAbrdr!de (1 r<~) tn. 

usual manner. ~he solid. obtained vJae purified by crysta-, . - . 

• · ll~anti()n f~om Ohlorof·O~Jnf)thanol to afford tina t')ryetnla . 

Of ·m. P• . 000~.2° • :Found 0 77 .S7 ~ lt 10.13%1 . calculated .for 

, _o33ll~'Ha:O•~ . . (J: 7_'1.34, H l(h:lBf& • 
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The oxidation of Jupanone (Ia) with molar proportion of 
hydrogen peroxide and catalytic amount of selenium dioxide in 
t-butanol affords Jup-1-ene-3-one (Ib), lupane dicarboxylic acid 
(Ic) and 2a:-carboxyi-A-nor-Jupane (ld); with excess of 
hydrogen peroxide, Ia furnishes· 4,23, 24-tri-nor-Iupane-3 -+ 5-
olide, a 11-lactone (Ie) together with lupane dicarboxylic acid (lc). 

THE selenium dioxide catalysed reactfon of, hy-
drogen peroxide on stereoidal 3-ketones was· 

studied by Caspi and Balasubrahmanyam1• A 
similar reaction of pentacyclic tt:iterj:Jene-3-ketone is 
l.acking and hence the title inv~stigation was under­
taken. 

A solution of lupanone. (b, 1.2 g) in t-butanol 
· (60 ml) mixed with molar proportion of hydrogen 
peroxide (17 %, 0.2 ml) and' catalytic amount of 
selenium dioxide (().008 g) was refluxed for 35 hr 
.when black selenium metal pr~ipitated out at the 

~- end of the· reaction. The reaction mixture was then 
-~ separated into acid and neutral fractions by usual 
-method. . 

.- The neutral prqduct on purification by chromato-
graphy and crys~llisation from chloroform-methanol 
furnished a crystalline solid, C30H 480, m.p. 175-77°. 
That the product was an a., !)-unsaturated ketone 
was indicated by characteristic uv absorption in 
methanol (Amu 228 nm) and its IR spectrum in 
nujol (vmax 1675 cm-1). The PMR support for this 
product. was fonhcomrng by the ·appearance of 2: 
:p~ ddoub.l=""' >-=d; c:: ~ 5.85 (J=10 Hz) 2p,-i 7.7.? 
(J = 10 Hz) ~g:nable to the moiety ~CO-CH=.i 

CH-L. The compound was found to be identical 
l . 

(m..m...p and c:-IR.) with:::..::: 2 1-t1-.=ntic sample of Iu-.......-
l-ene-3-oiie2 (Ib). 

TLe acidic part was es-..erified and thep chromc::~­
graphed. Elution with pet. ether (b.p. 60-80") 
furnished a solid, which crystallised· from chloro­
form-methanol and ·an~lysed for C3.1H 520 2 (M+ 456), 
_m.p. 174-77°, m· (nujol) : 1740 cm-1 (carbome-
:thoxy); PMR (CDC13 , ~) : 0.8· (s, 3H, t-CHa), 0.75 

.. /CHa . 
(cl) + 0.85 (d) (J = 7 Hz, 6H, HC · ), 0.94-1.04 

· 'CHa I 
(5s, 15H, 5 X t-CH3)~ 2:7 (m, J = 1 6Hz, llj, H-C-
COOCH3) and 3.7 (s, 3H, -COOCHa). j 
From the spectral _data the ester has been identified 
as 2a.-methoxycarbonyl-A-norlupane3 (ld'), corres-
ponding to the acid (Id). . 

Further elution of· the column with pet. ether­
benzene (4:1) gave a seco-diester, C32H5~04, m.p. 
116-18°; MS : mjz 502 (M+), 443 (M+-COOCHa), 

0 
.I a 

Ic, R=H 
_Ic', R= Me 

0 

Ie 

Ill 

-\ ROOC. 

iO 

Id, R= H 
I 

Id, R= Me 

429 (M+-SH2COOCH3), 400 [443-CH(CHa)2 ], 205, 
I 89; IR (m,rJol) : 1740, 1730 cm-1 (2-carbomethoxyl 
groups); 'PMR (CDCI3 , ~) : 0.92 to 1.22 [24H, 
6t-CH3 , 1 HC(CHa)J, 2.37 (m, 2H, CH2-COOMe), 
3.64 (s; 3H, CQOCH~), 3~68 (s, 3H; COOCH3) •. 

Hydrolysis of the seco-diester (lc') by methanalic 
KOlf furnished a diacid, m.p. 270-71°,, iden­
tical with hJ.:pane dicarboxylic acid4 (Ic) .• 

Vtnen lupanone (1g) was oxidised with excess 
2,inount of hydrogen peroxide (17/~, 30 .ml) by re­
frn.-Ir~ for 30 hr i:!. the p:.esence of .sden1um dio-x>i!,. 
~;:.5 _it ;.,., .f-b~o-l p.:9 ml), ~ ~~~.~ ...... ~ I= ?cif.F­
=-~::;::1 a CGIIDOu:r::.-c:. c:::aractens...~ .as Ic;_ 1.n.e 
::r:.el!Iral part on ch.romawgraphy followed by elution 
v;-ith benzene afforded a solid, which recrys­
tallised from chloroform-methanol and analvsed for 
C-'7HMO.:. (M~ 400\ .m.p. 252". The b,~ .... ~ 21. 1741) 
cm-1 in its IR srectrum indicated the ~ of 
a ~lE.ctone. ~-;..;,.:-..., ru corroborated b-;;-~ ~-

. J - -- -
ance of a lactonic proton (CO-O-CH-CH2 ) at 8 3.9 

I 
as a triplet5 (J 18Hz), in its PMR spectrum. The 
high J value showed the lactonic proton to be axially 
oriented with one axial and another equatorial neigh­
bours. . Besides, the compound gave a pair of peaks 
centred at 8 2.6 (2H) indicating the presence of 
methyle!le protons alpha to the carboxyl group 
(-CH2-C.H;-COO). The structure of this com­
pound as Ie was further supported by its mass spectral 
fragmentation pattern shown~ in Scheme I. . This 

. is the .first report of formation of a ~-lactone (Ie) 
by the loss of three carbon atoms of ring -A from a 
3-keto-triterpene by the action of hydrogen peroxide 
in the presence of selenium dioxide. 

The mechanism of formation of 8-lactone (Ie) is 

1 
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suggested in Scheme 2, based on simil~r reaction by 
Pettit et. a!. 6 on steroidal systems. 

The authors are thankful to Dr S. Kanodia of 
MIT, Boston, USA for 360 MHz PMR spectra 

. One of the authors (S. D.) is grateful to the CSIR, 
New Delhi for the award of a junior research fellow­

.. s·hip. 
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Friedelin (I) on oxidation with molar proportion of hydrogen 
peroxide and catalytic amount of selenium dioxide in r-butanol 
affords a .5-lactone (II), friedelin dicarboxylic acid (lila) and 2!X­
carboxyl-A-nor-friedelin (IVa): The compounds have been fully 
characterised by spectral data (IR, PMR). 

In our previous communication 1, hydrogen peroxide­
selenium dioxide oxidation of lupanone was reported 
to afford ~; 23, 24-trinor-lupane-3-+5-lide (A). 

·680 
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Frieddin (I) on similar reaction gave a ,<5-lactone 
different from (B), obtained by Corey et aU· by the 
oxidation ofl with peracetic acid. The prepar~tion and 
characterisation of the different products obtained in 
the reaction of! with H20 2 -Se02 are·reported_in this 
note. 

A solution of friedelin (I, 0.9 g) in t-butanol (80 ml) 
mixed with 'hydrogen ° peroxide (15 ml, 22%) and 
selenium dioxide (0.225 g) was refluxed on a water­
bath for 60 hr. Precipitation of black selenium metal in 
the reaction mixture indicated the completion of the 
reaction. The reaction mixture was then separated into 
neutral and acid parts by -usual method. 

The acidic part on esterification with diazomethane 
followed by chromatography yielded two products. 
The less polar solid was crystallised from chloroform­
methanol, m.p. · 263-65°. It analysed for C31H520 2; 
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MS: m/z456(M +), 332, 303, 276, 262, 248, 234, 223, 
205(base), 191, 179, 121, 109 and 107; IR (nujolf 
I 720 em -I (one carbomethoxyl group); PMR (CDC1 3): 

. I o 3.53 (s, 3H, COOCH ,), 2.8 (m, 1 H, H-C- COO), 
I I 

0.9 to 1.2 (7s, 21H, 7 x t-CH3), 0.87 (d, 3H, H -c 
-CH3 , J=7Hz) These spectral data led to thb 
establishment of structure (IVb) for this compound 
and the corresponding acid presumably corresponded 
to structure (IVa). · 

The more polar product was purified :by 
crystallisation from CHC13-Me0H. It analysed for 
C32H540 4 (M + 502); in.p. 167-69°; JR (nujol): 
1735 em -J; PMR (CDCJ 3 ,. <5): 3.53 (s, 3H, COOCH 3), 

3.57 (s, 3H, COOCH3)~ ·o.9 to 1.2 (21H, 7 x t-CH3), 

I 
1.32 (d, 3H, H-C-CH3 , J=7Hz). Based on these 

/ . . 

data, this compound was assigned structure. (Illb). 
Hydrolysis of. the~ seco~ctiester (Ill b) by· methanolic 
KOH furnished the :diadd (Ilia), m.p. 280° (d), 
identical wi~h 3, 4-seco-~riedelonic acid (11Ia)2

• 

·The rieutral · part was chromatographed over 
deactivated alumina column. Elution with petroleum-

. benzene (2: 3) afforded a white solid ( ~ 10 mg), which 
analysed for C2 gH4 s02 (M + 428), m.p. 26r; CD 
(hexan.e): 230nm(s-0.56). In theIR spectrum, a band 
at 1740 em -l was .c;:hara"cteristiC of,t5-Iactone' moiety, 

. the' presence of which was supported py its PMR: 
spectrum (multiplet at <54.05 due to lactonic proton3

, 
. I . . . 

-C0-0-CH-CH3). The appearance ofa pair of· 
I . . 

doublet at o2.48 (2H, J •• =7.5Hz, J •• =2.5Hz) 
indicated the presence of methylene pro~ons adjacent 
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to the carbonyl group( -0-C-CH2 -CH). A three-
11 I 

proton-doublet at E. 1.18 (J=6.5Hz) "'c assignah:ie to 

:;:ne;thyl prowns(HC-CHJ. Th= pe:;i.-;;:ber...-een ~ 0.88 

I 

I 
! 

2nd 1.10 represented seven tertia!}· methyl groups 
ClH). T:c:=se obser-.-2-:ions led w ±:= ~-:.abEshm'•=.! of 
str:.1cum: (II) I"Cr the iactone. fur iller supported. by irs 

perhaps the first repon of the formation of £5-lactone 
fffim friedeliri. 

The mechanism. of formation of II is shown in 
Scheme 2. It is well known that Se02 oxidises a­
methylene ketones to l, 2-diketones4

·
5

• The formation 
of II probably proceeds via the formation of the 
diketone (a) [ ¢diosphenol b¢c]. One mol of 
hydrogen peroxide may attack (c) to give the 
intermediate cx-keto-e-lactone (0, which may undergo 
hydrolysis to furnish the ex-keto acid (g). The acid (g) on 
decarboxylation furnishes 3, '4-seco~C-3-nor-4-
hydroxy-friedelin-2-carboxylic acid (h) which under-

682 
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goes lactonization to form the b-lactone (II). All the __ _ 
above· intermediates are formed during the reaction 
conditions in situ. The fo!:Ill21ion of a similar lactone in 
Ib= ori;' -~on of :. _,. ---ne· =~- E;_O::-S-..0;_ B not 
possib1e due to the ~ue; of gem-cfrmethyi g:r o .... p at 
C-4: which hinders the formation of a diospbenol, 
similar to c, from ltipanone. Thus the -oxidation: of 
lupanone gave compound (A) only, different from II. 

Tne au-illors are. tha:p.kful 1.0 Dr P M Scopes, 
-c;.~o:e_~,__.-~fLo-~o::.. 1.!K. fo=- ·='·-:;.,-~~CD and 
PMR spectra. One of the authors (S D) is grateful to 
CSIR. New Delhi for the award of a junior research 
fellowship. 
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lactone) and .81_0 -~ :-1 
.. (t~isubstituted double bond); 

: MS: -'!1/z (~~L ·iiit.). 398 (M;'" 32.~1), 383 (18.45), 274 
. (100),:'259, 204 (75); PMR(CP<;I3;,·0): 0.83 to 1.12 (6s, 

18H, ·6 x' t-CH3), 5.57 (m, lH,··:;:. C=Cll), 2.26 (m, 
2H, -CHz-CHz-C0:-0-), 3.92(q,Jac=5 Hz, laa 
= 12 Hz, lactonic proton, CO-0-CH- CH2- )5

• 

The .. high J-value 'showed the •actonic proton to be-
.·axially oriented with one a~al"anp another equatorial 

Taraxerone <n on oxidation with hydrogen peroxide in the neigh~ours. On the basis of these qata compound(A) is 
presence o: selenium dioxide in t-bu~anol affords la,2cx-epoxide (II), - · assigned structure (III),·· Tl}e :· .. IR .··spectrum of B 
4,23,24-tn-nor-taraxerene-3-+5-ohde, a o-lactone (IIn and exhibited bands at 1720 (e-lactone) and 810 em -1 (:;:. C 
taraxerene-£-lactone(IV) from neutral part and 2cx-carboxy-}\-nor- . , .. ·.' ... ,. , ., .. 
taraxerene(V) together-with taraxerene-3,4-seco-dicarboxylic acid .. =C~ H); MS: m/z440'(M+), 425,316,301,204, 189. 
(Vn from the acid part. fi · - y The mass spectrum of B con 1rmed 1ts structure as I . 

We reported in our previous conimunications 1
•
2 the 

results of selenium dioxide' oxidation of saturated 
triterpenoids. We have now extended the reaction' to 
taraxerone, a 3-keto tritei-penoid having a trisub­
stituted double bond, and the products ob!ained have 
been characterised. 

_ To a solution of taraxerone <n (0.9 g) in t-butanol 
: (80 ml) was added hydrogen peroxide (15 ml, 17"/cJ and 
_ selenium dioxide (0.225 g) and the mixture refluxed for 

20hr. The deposition of the precipitates of black 
selenium metal indicated . the completion of the 
reaction.· The reaction mixture was _.flltered and 
separated into neutral and acid parts. 

Chromatography of the neutral part over 
deactivated alumina column and elution with benzene­
pet. e6:::- 1):4') .="-·'e a solid whj, ~- crystallised fron 
chlo:-::-:;::- ~,;; .. ·--I, · · P- 1~~=- h ~~ feh 
C30H4~~ :MS: rr..'=(re. int.)438 (M-, 39.9),423i23..2i, 
314 (70), 299 (28), 205 (75), 204 (100), 189 (IOh 
IR(Nujol): 1705 (~ C=O), 1255 (epoxide), and 820 
em -I (rrls-.ibs~~uree doubk! bc!x:_z; no UV absorptioc. 
above 220 nm; PJI..L~CDO::-BJ. 0_837 to 1.132 f~ 

I 
_-24H, 8 x t-CHJ, 5.56 (m, IH, :::: ~=CJJ); a pair of 
doublets each at 3.52 (1=4 Hz) and 3.35 (1=4.5 Hz) 
.assignable to two protons3 of oxirane ring of each 

-.carbon. That this compound is a 1,2-epoxide of 
_..taraxerone is supported by presence of the fragments 
lia, lib, and lie in its mass spectrum4

• Thus from the 
above spect:uU data structure (II) has been assigned for 
the epoxide. 

Further elution· of the column with pet. ether~ 

benzene (2:3) ·afforded a solid which on fractional 
crystallisations from chloroform-methanol afforded 
two solid compounds (A) and (B): A, m.p. 228-30°, 

. C27H 420 2 (M+ 398);and B,m.p. 218°, C30H 480 2 (M+ 
440). TheIR spectrum·of A exhibited bands at 1750 (b-

The acidic· part was esterified and subjected to 
chromatography ~ver·a deactivated alumina column. 
Elution ~-i~- i>et:· ·ether (b.p. 60-80°) furnished 
compound (C) ~4ich crys~allised from chloroform­
methanol,analyied'foi'C~~H~~02, m.p_ 161-63°; MS: 
m/z (rei. int.) 45~ (M +:, 32),.:439 (13), 330 {14), 315 (10), 
287 (20), 2o4 (75); IR(ii.ujoQ:·'l i35 (carbomethoxy), 
815cm - 1 (trisubstituted double bond); PMR(CDCh, 
0): 3.6 (s, 3H, ·-COOCH3), 2_75 (~- lH. J ... ~5 Hz, 

-. -
laa=ll;.-Iiz, .. -CHz-C-C0-0-). 0..82 to 1.13 

(24H, 8 ·x t -CH3);5.54 (m, 1H. C=CH).. The PMR 
data and-the mass fraginentation p;=nem proved the 
ester as 2a~methoxycarb0nyl-A-na::.~rone (Va). 

Further elution ~of the col:!:!:m= ~ pet. ciler­
benz..."""le (l:l) ~-.e a Solid est=: (D'; _:;::.:-b analysed for 
C 32H 520,..,m..p_ 151=; M~: rr..=t£ -. )500(M---.,.17j, 
485 ( 6), 470 (7). 468 (9), 440 '< 6), :m-c :_~6 (7), 361 (2), 
344 (20), 316.(12), 287 (I'"i), 204 (lCI[_~ IR (Nujol): 1725 
and 1730 (rvro carl;>omethOXJJ, EO em -I (tDsub­
stin:m:d Gouble bond); PMR(CDC13 , ~ 5.54 (m. IH, 
::: C=CH).: 3..65 (5, 3H, ·-coocH~ ... 3.60 (s. ~­
-COCX:H .;>, 13 (m, 2H • ..:...rn:::. -r_H2 -COOCH~, 
0.81 to 1.25 (24H, 8 x·t-CH~- <k the .basis of the 
spectral data structure (VIa) has been assigned for D. 
This compound is reported in literatme as taraxadioic 
·acid6 • 

The formation of the products IL TIL IV, V and VI . 
shows that in the Se02 oxidation ofl no migration of 
14-15 double bond has occn:rred.. Compounds n. m,. 
IV and V are probably being rep<>rted for the frrst time. 

It may be concluded from the resnlts of previous 
studies1

•
2 and those obtained presently that the o- · 

lactones are formed irrespective of the presence of 
methyl groups at C-4 position: Further, isolation of s­
lactone (IV), though in a very small amount (2"/cJ, 
supports the mechanism offonnation of the c5-Iactone 
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via~ c-:llicwne. Efforts to co .. r;, .,. ~~--.:;c:;::. ~th 
for !:be formation of the c-!acrcDe 2.S sz;.::._~ted. 

previousry.: .:== ::.U progress.. Tne epoxide ll is must 
probably form_=; 'ia the unsaturated ketQne (Ia). 

The authors ~e thankful to DrS Kanodia of MIT, 
Boston, USA for 360 MHz PMR spectra of the 
compounds anc :o the Dire.:tor, CDRI, Lucknow for 
the mass spectr:.=... One of the authors (SD) is grateful to 

the CSIR.. NewDdhi for the award of ajuniorresearch 
fellowship. 
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