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_ The work embodied in the present dlssertatmn has
been aivi ded uﬁ;o two parts. \Part I consis‘rs oi‘ omdation
of some triteroenoids, while isolatlon and :,dentiflcation
of thres plants of i‘lwamr'biaeeae family, namely, F.
Jangomas-, Co. Kurzii and C. Graveolens have been incorporated

in Part II. Part I has been divided nta four chapters.

Ghapter - T

In view of the fact that a substantial portion of
Part 1 deals with oxidation" of éome triterpenoids by hydrogen
peroxide in vresence of selenium diodide, it was feld
pertinent to present a brief account of different oxidative
tranefoi'mtian '-rezxe%ions with seletiium Aloxide, bydroéen
peroxide and g combination 6i‘ selenium. dioxide and hydrogen
perozide. The review constitutes the subjeet matter of

Chapter I of the thesibe.

Chapter - IT
This chapter desls with the oxidation of lupsnone (1),
friedelin (II) and taraxercne (III) by hydrogen peroxide

in the presence of selenium dioxides
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As the resction resulta in bisdemethylatmen OFf ving A,
some works on bisdemathylgtian has been reviewed in Seetion
Ke ' : - 5 \

Section B constitutes the results and discussion
of the reaction of Hgog wﬂ+h lupanemin th@ presence of
~8902 « It hes besn found that the reaction results in the
conversion of ring A of the triterpencid into & -lactone
(IV) by elimination of the gem dimethyl group. Other products
formed as o result of the resction include lup-li~-cne=3=one
(V),.Ecc;éarbﬂxy-é~nor~lupa@e (Vi) and 2, 3-seco-lupane

dicarboxylic acid (VII).
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The renction of friefelin (II) with Hp0p in presence
of Selp in the same reaction medium has been reported in
- Section ¢ of Chapter II. Priedelin also afforded a 5 -lactone’
| (VIII) but elimination of mebthyl group on C-~4 position did
not take place. The §-lactone (VITI) is also different
. from the one (IX) reported earlier by oxidation of with
per\/;acetic acid. Other products isolated are 2 ,3-s8eco~-

friedelnic acid (X) and 2 «~carboxy-A-nor-friedelin (XI).
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‘Bection D coxrt;aine the results of the x*eaef;ion of
hydrogen paroxiéle am:% seleniun dio:d. de on {Eamxemne (III).
The produets molm;ea are 1o 4 24 apamr—-é-one (X11)5 4,
28y 24~-tri-nor-taraxerene —-3 —> 5-0lide, a é ~lact one (X.III)
, and taraxerane - € -la,ctone (xI‘V) £rom neutral parh and |
| 2 o(-c,arbe;‘:yuA—nQrﬁmrgxeremg {xv) tcﬂage’sb@:'. W ith tara;;arane-'
. 2, 3?3@@::»&1@31'@2&13;@ acm;ﬁ( JW 3‘.) :f.‘mm the acid P"fﬂ' '



| w)}, K

The _pas.csiblé mode of formation of ¥ /9 unsaturated
ketone; dicerboxylic ncldsy A-nor-carboxylic acid and
§ ~lactones have -béeyn dimcussed in Section E.
 The fﬁma‘him of of B unsaturated ketone in the case

of lupanone and 1oy 2X epO:_:ide_ in the case of taraxerone,
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though in sm;i quantities, indicate that dékwdrogenatien
at popitions « and [3 to the carbonyl group takes placed
In the cage of friedelin, howetfer, dehydrogoation scems
not to oceur. The reason has been attributed to aterie
factor.

The formation of seco~-dicarboxylic acids has been
explained on the basis of :in'berme@iate stage of By 3
diketones, which in turn is further oxidised by Ho0s to
carboxylic acids. The formation of A—nor-earh&ylic acid,
obtained in poor yield, has bgen e::zplaine&non the basig of
oxidation of 3-ketones by selenic acid folloned by oxldatlon
with hydrogen perozide and subseguent rearrvengement.

The formation of $ ~lgctone in the case of lubanone
and taraxerone proceeds via the formation of ¢ lactons,
which undei’g@es hygaro:;};s;s and by ﬂé&%ﬁierwilngﬁr oxidation
results in the formation of § -lmetnne. In the cage of
friedelin the menction Lollows a different path. It is
pmb;;blé that selenium dioxide converts friedelin to 2, 3
diketone. One mole OFf HaO2 may attack the aiosphenol to
gi"ve' the intermediate o ~keto - -lactone, which then
vidergoes hydrolysis to furnish the « ~keto acid. The acid.
on. decarboxylation furnishes 3, 4-seco~C-3=nor-4-hyJdroxy
friedelin~-2-carboxylic acid, which undergoes lactonigation

to form the § -lactone.
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Section P describes the experimental details of

the works conbtained in Chapter II.
Chapter-IL1

Chapter III containe the isolation and characteri-
gsation of the products formed as a result nf!reaction of
Ne-bromosuceinimide with lupenyl acetate.

A short review of the reactions of N-bromosuceinimide
with steroida and triterpencids constitutes Section 4 of
Chapter 111, Particular emphasis has been given on broming-
tion and dehydrobromination, Qxidatianof al;ylie methylene
b0 qarb@myl gréup and allylic hydroxzylation.

Seé%ian B conteins results and discussion of the
reactiqn of NBS with lupenyl acetate. Compounds (XVIi),

(XVIII) and (XIX) have been isolataed and charaeteriﬁgﬁg
' : B ¥o
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The foxfmé,%ion of the dibromo compound has been proposed to take
place following re@rwg&%n’s of iuyané a,‘;ra“éem t-é oleanane system.
It 1o suggested that 50~bromo-lup-20(29-on-3 -acetate has been
attacked by the bromonium ion present in DM30s the solven*!s *i;hat
has besn used in the rcaetion, on € 20-29 bond causing th,e
formation of a carbcmium jon, which probably compels Icarbm
skeleton traﬁsfamatio%n from lupane 0 oleanane 'sy’stem-._

Seetion C contains the experimental details of Chapber III.

Chapter = IV

ﬁ.his chapter éonftszii;é iseia.tian and characterizatién of
products formed ﬁollow-ing -aufoxma'ﬁim- 0of friedsline A possible
node of formation hag been suggesisea.

4 short review of tha works on autoxidation ond
isomerisation in ring A of some triterpenoids, namely, Suphol,
Olesnolic acid, Iupeol, Tanostenyl acebtate, =-omyrone, Horetanone
has been dlscuseed in Section As

. Section B . consieim of resulss and discussion of the
autoxidation of friedelin. 'L‘he compounde identified are (X%),
(XX1) and (XXIT). '
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The formation of 3enor= . 2(4)-friedelin=-2-acetate (XX)

. haw heen propozsed “w proceed through the formation of =
h;gramperoxy ketone, imich cleaved subsequently to sec-o«é-
aldehy de=3=carboxylic acid. This undergoes further oxidgtion
to form 2,3 seco~dicarboxylic acid, which upon ayclization
forms the anhydride. The anhydride under basic medium
vearranges to form [3 ~keto acid. This undergoes decarboxyla-
tion folléwad by acetylation %o afford compound iX.

\
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Friedelin undergoes enblisétion to give friedel-3(4)-
en=3-0l, which may undergo §§§genatian to form 34 4-seCO-
é—ﬂeLoafrieﬁelin—a—carbo&yllc acids Thie in turn uycli“es
to give a~aor—zs2(4)~frie&alinr%-carboxylic acid (XXI)¢
This c{J%uﬂsaturatad carboxyliec acid undergoes easy decarboiy-
lation in pyridine to yield the unsaturated hydrocarbom, Uh.
‘nor friedelin (XKIL).

Section € ﬂesnribes the experxmental details of
Chapter IV.

Part II has been divided into four chapters.

- Chapter - I

This ehapter-cnnxaiaﬂ the mmrpholegical features
of the plants of Elaaourtiaceaa fanily in beetion A, while

some prevsaus werks on the glants of the same family have

been reported in Section B.
Chapter - II

| ~ Chapter IT comprises of the works done on the'
congtiltuents of nnutral and acid parts of benzene extract
of Placourtiaceane Jangomas. .
In Section A extraction of trunk, bark and Stem of
F.AJangomas by benzene as well as separation of neutral and

acid parts of the exitract has been described.
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@ha iaaia,tﬁ.tm ana emmc'bermaﬁon of eamnﬂunds

fgmaeut in muﬁm‘* and mm m:m*:s have been dﬁ.eewss@& in

Bectlon Be T Phe ﬂemﬁ_m_l part has been found 50 contain i- ‘.
| nagaeesanam (Eizzz};.psasiﬁasteral (KIV) s 20-nydroxy
hwmmne ( X3¥) anﬁ zﬂuhyam;w Tupanol (XX.?I); The :.;;a:id
,gam»t ecnt&ina u:moz.ie acm (szzz). ?hysieal data and
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chenical reactions in sunpert of thm eharaeﬁarxzatmon of
the compounﬁs have been reparted. ' “ '

Section C ﬁescribes ﬁh@ experimental details uf “the

werks regortea in ?hapﬁer II. A
Chapter - IIT =

‘ In ﬁhﬂpt@f 11l lnvesuigatlens on the neutral and |
acid parts of the benzane exﬁract of baxrk and stem of
cageria kurzii elark have been r@ported.

Section A aeaaribas the extractiaﬁ of the planx

material with benzene and separation of benzene extract

into neutral and acld parts.

b%ﬁﬁ&ﬂn B deala with the isalamzon and 1dﬂntlficaﬁlon
df‘ﬁhe compounds. lwhexaeosanalﬂ(xxxlll and ﬁi-aitqsterol
(XXIV)‘have been isolated frém the neutral part while acetyl
oleanolic acid (XXVIII) and betulinic scid (XXIX) have boen

found +to be present in the acid parb.
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The experimental details of the works vresented

iﬁ Chapter I1I has been dsseribed in pection C.
Chapter -~ IV

Chapter IV consiste of investigations -on the nentral
‘and acld parts of the benzene extract of bark and stem of
ﬂ@seria Graveolens Dalz.

| Yection 4 describes the éxtraction_of the plant

materinl with benzene and separation of benzene extract
1nto geid and neutral parts. |

Seetion B deals with igolation and identification
of the constituenta. The neutral part has been found %o
contaln i-hexacosanol (XXIII) and B -sitosterol (XXIV)
and the aclid part containg hefulinio acid (X£IX).

Section C deseribes the exparimental details of

the works presented in Chapter IV.
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The chemistry of terpenocids mbounds in faseinating moleoular
rearrangements, which may be z«a:ecﬂm'plish.e& with ‘relativély gimple
rengents . Besides demonstrating the combined role of steric md
electronic factors in the study of reaction mechanism in general,
the vagt mrmy of the resyrengemsnt rezotion has helped in
ascertaining structures, sterecchemistry snd biogenetic pathway
‘of formation of tho terpenoids. The oxidative transformation,
which are effected photoochemically and by oxidents like mercuric
\aeetate, lead te‘b‘ra#acetiate, élﬁrami;z acid, Eﬁbr;)mbsuécinimide,
urgania peracid, twdrogen peroxide e'bc. hava bean extensively
sﬁudiedi 1‘?‘. Ox:i.dation of tritemenaide by hyarogen perax:me with

1. J.M.Allison, W.'&awrie, Je Mclean and G.R.i‘avlar, J.Ghem sS0c.
| 3353 (1961). ,g;g J.Ghem.S0e. 5224 (1961)
2.' CoBe Ghnpm and (the late) D. M.Whiteg eﬁrghe»ﬁmn, 22,
897 (19686)
3+ H.N.Khastgir and 8.0, Boses Ie E.uett. i, 39 (1968)
4.,' Selle Ease and H.N.Khagtglr, -J.Inﬂ‘.i}he .boa-., 4:6,, 860- (1969)
5.»»‘. G.V.Baddeley, dedeHedimen and T G.Watsan, etr@eﬂr Oy
26 (15), 3795 (1970) _
6. *.P.ﬁdhikary, Uelawrie and J;E-;Iaelean, ﬂhem.sceg'cl, 1030(1970)
Te L.Ruziem and He.Rey, Hel .bhgﬂg&ota., 25, 171 (1942)
8, To,ReROw, C.S.Rab and T.S.Remalah, Ind.J.Chem., 8 16 (1968)

9. I.Ag(lt&, L.Jocﬂr@y, AOG‘OHDrtmam' de Klﬂiﬂ’ So.?r@ﬂkﬁw and
JdedUraprung, J.Grg.ﬂhem. » *S_Q, 1698 (1965)
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gselenium dioxide as catalysbt are scanty. The reagents have, howeverxr,
been used in the oxidation of acroleinlé

alkanonealé, and steroidal ketonesla’ls. In view of the fact that

y ¢yclo and bicyclo

the succeeding chapter deals with oxidation of some triterpenoids
ﬁy nydrogen peroxide in presence of selenium dioxidey it is
partinent to present in this chapter a brief account of different
oxidative transformation reactions with seleniun dioxide, hydrogen

peroxide and a mixture of selenium dioxide and hydrogen peroxide.

" Belective Oxldations with Seleninm Dioxide

’ Selenium diaziﬁe has been ln use gince Rilay g pioneering
worﬁl7 1n which he reported converazoa of a monocarbanyl compound
having an adaacent methylene unit o an O -dicarbonyl compound.
The wransformbion of n ketone or an aldehyde 0 an (K ~dione,

allylic oxidation and the conversion of a monoketone or a

104 T. Memzobti, ©.Orsalest and V.Bellavita, W,
20(3), 244 (1971) " ’
1P. M. Pukuocka and S.Natori, Chems Pharms Ball., 20(6), 974(1972)
12, B;W-Finucans and J.B;'Ahomson, J«ChemeSocs (Perkin 1), 1866(1972)
13. W .S.bur'bls and. ﬁ?.H.Roy, de g.ehem., 28, 746 (1957)
14, T.5tall and Jucker, Helv.cnim. Acta. 36, 268 (1953)
15, B. Caspi and S.N.Balasubrahmanyam, Zet. Leth. 745 (1963)
16, B Caspi, Y. bhimizu and SeN. Balasubrahmanyam, Tetraghedron,
20, 127 (1964)
17.‘H.L.Rilay, J.F.Moflay and N.A.G. ?rienﬂ, .Chém.Soe..
1932, 1875. ‘
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Loy dike‘i;one $0 an o(,(3 -unsaturated ketone or {0 an ene~dione
are the major areas in which the rengent has found rather wide

application.
Pormation of O ~dione J
. Both ketonce and aldehydes wonld react with selenium -

dloxide to give reasonable yiélds of products as chown below..

CHzCOOH; -~ agoocio . ( 60%)

CHz CH, (Lo CHO > CHgOHgCOCHO .  (45%)
C g1.COGH, L
50— + GgigGOCHD (327%)
U gH5 CHp OHO — | | ,

Bxcellent yields can be obtained if %he zebone being oxidised
‘contains gtructural features which prevert sgide or ¢ompeting
reactions from oceurring: Thus, A-—ndr allobetulone-3 zni A-nor-

4, 4=dimethyl cholest-5-ene=3-one both of which have the monoketone
‘unity partisl structure 1, are oxidised to the diketone 2 in

8
87% and 92% yielﬁl "

38, Re Hanna end G Onviseon, Bylls Soca Chime Frs,
1945 (1961) |
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- The moet critical sbudy of the reaction was made by Corey
and Schaefer'?, who studled the oxidetion of demoxybenzoin in
70% acetic acid at Sg;ﬁas'ﬁhey found the raaction $0 be second
orders £irst order in kebone and firvst ovder in selenlum (IV)
reagenﬁ’anﬂ‘ta'be“céﬁulyzeﬂ by added strong acide Various pe
substituted desoxybenzoing with substituents in the benzyl or
benzoyl meiety‘wére gtudied. Eia&ﬁron supplying éubstituenms in
the benzopl increased the rate of readtion (0 = -0.56) waile the
effects in beuzyl group was to decrease the reaﬁtian‘rats-([bg
+0425). This is what one would expect in acid eataiyse&;enelizas
~tion procesge o . - ‘ | ’
Phe roaction ezhibitea an isotope effecti kH/KD for
‘dideutorio desoxybenzoin wos 640 and for the oxalic acid catalyzed

reaction it was 5.:8. Past reversible enolisation; followed by slow

-

19« Liada Coray aﬁa d <P, Séhéefer,‘J¢Amsﬁhem.SQc;§ 82y 918 (1960)



- reaction of the enol with oxidant should have exwhahged out the
deuterium prior to-reaétian and kH/kD = 1. | '
The mechanism propoged by the suthors involves attack of
an electrophile, HSeOE‘ or Hgseﬁg and the nucleophile, Hgl,

3y in a alow step to give an end sclenite ester,

-

on ﬂesoxybenzoing
4. The latter rearrenges in a series of fast steps to an & -

selenite (II) kebo-ester 5 and finally to benzil & (Scheme=I),

’So'geme-'-_l
i s
O o) trsed +1p ——
| | ' — | A @E—SG
C)e=en—) Tt
. | 4 5

—olig



Aldylic oxidation
o 2023

Afser several publications on the oxidation of olefins
Guillemonat collected his obo erva,#ions in one reportgé. He found
that the course of gelenium dioxide oxidation of alkenes could
be predicted .i’rom the following ruless

(1) The oxidations always occurred to al};ha. 40 the most
substituted end of tho double boad.

(i1) When the double bond was in a ring, whenever poseible,
oxidation occufr@d within the ring.

(1i1) The order of preference for oxfidation was CHy) CHz)
CH. '

‘ (iv) When the double bond was terminated mthef than the
expocited secondary alcohoi or the-deﬁvative thersof, the primaxy

alcohol was formed with the migration of the double bond.

20. Ae Guillemonat, Uomphe Rendes 200, 1416 (1935)

21, As Guillemonat, ibid 201, 204 (1935)
22, Ao Guillemonat, ibid 208, 67 (19587)
23, he Guillemonat, ibid 206, 1126 (1938)

24, Ao Guillemonat, Ann. Chim. 11, 143 (1939)
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Though the inadeguacy of Guillemonst's prépéisal has been
shawngs*g?; the generalization is still valid with veaspeet toO
site of atbtack in many cases. o

Another early sug;géstion put .i‘orward by waters without
any experimental support was that i;he reacticn involvea neutral
radical apeciesga.« achaeﬁer, H@Wath and ~K161ﬁ29 had shmm 'i:hs:h
the reaction was unatfected by inhibitors and, there_foreg eoula
not be radical chain. That no free radical was generated in the
syshem had been pointed eﬁt by Tmcm;enbergl et alse' a8 the gystem

was incapable of initisting polymerisation of acrylonitrile under
conditions of temperature aud concentration, where acrylonitrile
is rapidly polymerised if a scurce of free radical is present.

Wibergm asﬁabli:aheﬂ that selenoxides, 7, rather than
selenides as had earlier been proposed by Gunillemonat was involved .

in the oxidation of cyclohexene in acetic neid = moetic enhydride

25+ Belslrachtenberg in "Okidation® Vols 1 ReL.Auguétine, Bde,
Harcel Delkar, New York, N«<. 1969, pp 119-187."

26, R+ Rabjon, Org. Reaction, 5, 331 (1949)

R7. GeReWatking and G .Clark, Chem. Rev, 38, 235 (1945)

28. Vi.dsdlaters; Jelhem.Soc., 1805 (1939)

29, d.PeSchaefer, Belorvath and H.P.Klein,

38y 2647 (1968)

50.‘ BeTe Irachbenberg, C.H.lclson and J.R«Carver, J.Qrg.chem.
35, Hos 5y 1663 (19270)

31, WeB.Wiberg and S-Doﬁlalsan, Je0rg.Chome, 29, 3553 (1964)
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reactions Schaefer et alggg however, showed that the analmmé;
compound, 8, i'.salajl;e& from the oxidation of 1,3 diphenyl propeney
9y Qecomposes 10 1,3 diphenylszwpszopem—lfol acetabte; 10, at too
slow s rate to account for the main course of oxldghion. The main
pathway muet involve solvolysis on an allylic selenlite ester,
although the stﬁuctm’e of the latter has not been rigorously
establisheds

Qah—cH——CH ) Se0 -
(g/-\c | 2
8
P C@H 5 \/OQLO\J o qseon
) CH_{\H Ph—CH=CH-CH-Ph +ROH
2
. © CH<COOH
ST P CH—CH-CH-Ph  — s

®13

'_Ph CH—C H =CH—Ph

CBAC

10



Qe '

3ince the selenium (II) ester formed, 12, was benzylic, the pre-~
ference for ionisation (Sﬁl) rather than S8} attack as found by
Wiberg and Niclsen was passih1e32 Sohaefer et al°® pointed out
that the intermediate which containg & G - Se bond is very likely
8 stable compound as are alkyl selenic asi@@-_@hgé, ?he'iﬂﬁérme-
diate as well as Selenium (;I} egter type int?nmediate, whiéh
contains on O=Se bgnﬁ will not p:obably qnﬁerga solva&ysisﬁ
In order to explain the aterfechcmieél results obéained by

oxidation of a number of cyclahexenyl system, @r&chxenberg et alﬁé
proposed the following mschanism;ag:sgown‘in,bchems-lll with

B (+)~1~p~manthene as substrate.

- Scheme — TIT

A AN

Cy%

32, KeBe ﬁiberg and SeDs Nielsen, de Grg. Chem. 29, 3653 (1964)
&3s Rafe 29 of this chapters

by | .N,Traehtenbewg, G.H.Nelson and J.R. Oarver, de Orgs Cheme,
' 38, 1653 (1970)
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The firail atep rxoéa not im‘ply a deﬁéer*be& 2+2 eyclﬂaﬁd‘itien but
‘ .rather a typical Marlzovnikav type electmphilﬁ.e addition wﬁ:h
attack aceurring th.rough oxygen t6 gEnera'{;e positwe character as
the %er‘bmry carbony followved by cycliaa‘ﬁian. In agreement with
electrophilic abtock ave the obssrvations that dlenes are morve
rveactive than olefins = olefins raéetivi‘b.v inereaé o8 with alkyl
subgtitution and elecétron feeding groups élightly accelerate the

rate Df‘ oxidation of 1,3 diphenyl z;irapane%u

sharplesg and I.sauersﬁ
allylic oxldation of olefins hy selenium dioxide. A3 alrealy dis-

cussed, Schaefer and Trachtenberg argue agsinst involvement of

proposed aifferent mechaniem for

allyl selenic acid, 13, becauss of the known inertness of benzyl
gselenic acid to g»olvojysisq Hw:)evei, .a; [‘ 2,3j sigmé,ﬁra‘pio re=-
arrangement (path by Saheﬁ;e Iv) of éllyl selenic acid, 19, to

a selenium (II) -gs%er, 25 ovcurred 0 Sharpless eb al as &
likely alternative to the solvolysis pathway pe They suggoented
that the / 2,3_7 gigmetropic shift indicated in the path b ia a

facile process (Scheme -~ IV).

95. Refs 29 of this chapter.
36¢ LeBs, Sharpless and Resl's Tauery Je Ame Cheme So0sy

94(2), 7154 (1972)
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"E}hé ‘anthors had notved th&_t ‘Buchi and Wues“cg? had established that
-3e0g gelectively. attacks trisubstituted olefins such 8s, 18, to

- give only the (B) = alcohol, 2L. The allyl selenic scid, 18, must

37, G. Buchi end He. Vnest, Helve Chim. fcta., 50, 2440 (1967)



1ead stercoselectively to the (B)~sster of 20 if the proposed
pearrangement is correct. The mechanism was verified from the

conversion of alkyl phenyl selenides 24 to 21,

PhSe : AN

Talapatra eb al - explained oxldation of varaxasteney

2B, and ¥ ~tarazasteune _&@kté give the corresponding alé.enydezg

oL 25 26

on the basis of the mechaniom shown in Scheme -~ V.

384 Seie Té;lapaftireig Me Bhafﬁtaqhexjee and Be Talagpatras
Inds Je Chemey 1L, 977 (1973)
39, TsRe Ames, JeTe Beton, A«Bowers, TsGe Haleall and B.R.H.
Jones, Js vhems So0ca, 1905 (1954)
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Scheme - V
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The electrophilic attack Of Hbeﬂg or ﬁzbees on the olefinlc
0~30 with simnltaneous or subsequgnﬁ nucleﬂphllib atbtack on the |
ﬂllJlic Op14 ~H leads to the formtion of an unstable Se(IV) com~
lex 27 pogsessing the morve stable d@uble-band parallel to the
éraﬁs D/E ving junchures the comple& a7 undergoes successive
rearrangeﬂents, az ghown, to fann the unstable 5e(1X) complex
intermediate 28 and 29 involving 5 and 6 membered ecyclic transi-
tion stabes respectively rQQuiriﬁg low avtivation energies. The
intermediate complex 2 could, alternatively, also arise directly
from 27 involving s S—memberea trangition otate, as showne Inber-
mediate 23 then collapses %o Lform the product 30 by lasé of an
allylic proton with cancamitaﬁt deposition of selenium metal as

depictede
dehydrosenation of Carbonyl Compounds

Riley rEchtedéo dehydrogenstion of diethyl suceinate to
a mixture of the 4l and halfl egter of mlelc acide In 1947'$ehwenk
and Stahléi reported the aiscaveny that selenivm dioxide oxidatiog
of a 12~keto steroid, 31, pro&ucea the /\ ’1l~12 ketone of
vartial structure 38, and aot the 11, 12 ﬁiketanep

40. ﬁ. Aatin, AaL.G. Newman.anﬂ HoLe Rzlay, gs Chems Soc.
391 (1933)
419 Be bChWBnk and ho Ut&hl, Archo Biﬂah@mtg 145 125 (1947)
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COOH

Z
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Thus, dehydrogenstion can occur without the presence of two
abraddling activating groups. Seleaium d:r.ox:e.de 1ntroduces a double

bond at the 1,2 pogition in e:.tb.er 8 50L-3-£ceto steroid or A 4.

42,45

d=jtet0 steroid s partial structures being 33 ami 34

42, Cl.leystra, H.Proy, WeVoser and A.detistein, HelveChimsActa.
39, 734 (19586) ’ |

43, BeA«BSzpilfogal, T.A.P@Po%hﬁmue, HeSedeWinter and DeAevailrop,
ReceTravaChim., 78, 475 (195-6')-.

SEUTE B ’: -
la’:w SiTY LIBRATT
Gy HoMUEPUB

9205?’ £71985 9474 B4



16~

 Mochanism of O, B_dehydrogenstions

1, 4 di-ketoncss

- The reaction exhiblited a deuteriwsn isobope effect of 6.5
(initial) when 1,1,2,2 tetradeuterio~1;2-dibenzoul ethane was
ot 900. Schaei’@r%' algo showed that the biselenite ion, H‘Saﬁg,
was very likely not involved in the reaction since it 4id not
oxidize acetone. 1,2 dibenzoyl ethylene, 38, is nlso oxidised
but at en 1/50 th the rate of starting dione.

With these facts the following mechanism Was proposed
for acld catalysist (1) production of the oxidant, I-Issqu‘; by
protommtion of selenious acid (Scheme VI); (2) attack of the
oxidant on the substrate, §_§, t’o\give an encl seclenite emter,
36, and (3) decomposition of 38 %0 the product via one of the
two pathways. Path 4 involves rearrangement of 36 0 the product
eselenimm (II) keto ester, 37, and then to the product 38 by
2 1,2 elimination. In path B 38 oroceeds directly to the product
38 by 1,4 elimination. Path A is esgsentially the same mechanism
and intemédiateﬁ already proposefi' for Ol-~dione formation

(Schene = I);'gs.

44, J.P.Schaefer, J.im.Chem.Soc. 84, 713 (1962)
45. E.d, Corey and J.P.Schaefer, Jfeim.ChemsSoce 82, 918 (1960)
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35

Slow
H=Se05
Y
O—Se-OH
/7 PATH B,feut, _ @
@C CHCHZCO @ el O@MQ CHC CHC
ol
<y @CCHCHZC
B

Of the two possibilitles, the 1,4 elimination from the
encl sclenite ester, 38, is likely since this intermediate con=-
tains a doubly activated methylene unit. The latter simply reguires
an enolization to give the h:alf egtor of the dienol, 33 which |
can decompoas 0 product é@, via bond migration, the driving force
being the reduction of the seleniume. The possibility of 1,8

elimination from the ~-geleniun (II) keto ester, 3%, appears
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less 1likely in view of the faot that the altemative product of
1te decomposition, 1,4 diphenyl = 1,2,3 trioxobutane could not

-be _ﬁeteate&“-

HO_
, | /58:0 . o
36— @C‘_CH CH= C — 38

‘ ifioggkotggag
The kinstica of. detwdrogenation or an o.3 unsaturated

46

ketone were studied by langbein™ .« He obtained a second-~order

. rate constant for the A1 - dehydmganation of cortisons

- acetate, 9_9_, to 41, from a plot which contained the ooneentration
" of kotone and selomlm dioxide, langbein pi.otures a common inter—
'meamto. similar to 37, formed ly direot attack of the oxidant

46, G+ langbein, o Prakt. Chem. 18, 244 (1962)
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on the ketone, wmch decomposes to form all the poasible nxidatien
products, However, for [3 aemrdrogemtion, he considers the more
plausible path as one that does not involve carbon-ox;rgen bond

i’orma‘bioh as 42.

| | L a—c— + HSeOH
i Hoe 0=C—C
T ﬁ k‘Zf7§—?— © |
HT Se---0=C o
j a3

A mechamsm far the dehyc‘lrogenatien of a monoketone may
be pmposed, whmh. involves eithc,r 1.4 elz.mlmticn‘fmm _@g or
1,2 olimination £rom 45 . These intermedimbes are similar o
§_6_, and 87, but without a second carbonyl group to astivate the
beta position and, therefore, should be less prone to undergoe
elimination, In addition, 46 is an 'O(~I:em seleniun (II) ester
similar 40 5, which has been proposed as an intermedigbe in o -

dione formation.
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46

Another pathy which circuavents the difficulty inherent

in 44, would be ‘@ivect atbtack on the allylic position in the
enonly 46, by seleninm dloxide to remove hydride ione The preference
ig for the loss of $-1 hydrogen since G-nl" h,jrdmgen would require
the Oxiémt t0 attack from the 'mos'é ‘hindered side ai;.a t0 the C~19
mefbhyl group »

| Why do aam@‘ mdnok’etones give d=diones and others % f
masaturated ketones remz{in unanavered. This is asswmed té be due
partiglly to solvent effect. Tertiary alcohols are noemally used .
to carry out Ghe dehydrogenation maction’ég » bub the r'eaction, ‘
7 48

can be 'effected. in acetic aeidé or in arommtic solvents .« |

47, BeSchwenk and BeStahd, ArchsBiochem. 14, 125 (1947)
48. H,d. Ringold, G.Rosenkranz and F-S@nﬁheime;’, ds0rz.Chome
21, 239 (L956)
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d-Dionee ave generally produced using ethyl alcohol or aioxanéég.

The nature of the solvent effect, hag, however, not been elucidated.

ith Hydrogen Peroxide..

mamichgo described the oxiaation_ef g dispire B -diketone,
- 47, with hydrogen peroxide in»acetic acid solution to give o, &
oy oy bis(tetranethylone) adipic acids; 48+ It was not
eatablished wheﬁher the oxidieing agent was hyaragen paroxide or
pevoxyacetic acids the latter; of course, might be expected from

reaction of the peroxidé with gcetlic acids

 COOH_f -~ COOH
. |

—

49, C4C.Hachy CeV.Bonks and H.Diehl, Organic Syntheses, Golls Volm
4, Viley, p 229 (1963) | -
50. C. Honnich, Bexe, 74, 1007 (1941)
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Paynesl studied oiidation of severél 2-gcyleyclo hexanoncs.
49, with hydrogen peroxide in tert—butyl alcphaljsolution ab
reflux. The reaction was found to proceed faster in presence of a

trace of sulphuric acid. » @

or':
HQOQ
—

49

—

Having achieved a rather facile oxidative ring contraction
of a sik nembered ring to five, it was of interest Ho determine
whether ring contraction of f£ive membered ring to a four might

be achieved. To this end, 2-acetyl cyclo pentanone 52, was
oxidised in the usual way. An uncatalysed reaction was complete
in sixteen hours at reflux %o give X-methyl adipic acids 53

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

a trace of cyclobutane carboxylic acid.

51, G.B. Payne, g Org, Chem. 4793 (1961)
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The reaction was propose&ﬁp to proceed by way of intermmediates

88 and 56. In order to gaccount for the two proaucts;,othe bireak~

down of §8 was postulated bjr éith@r of the following ways shown
in Scheme = VII.

| uchema - VII

e % S

[

" HO f’>+~o OOH
‘ ™ C\ ___~> 4 R—COOH

56

HOS. ‘ijai\ OH OOH
. o I ol

. R
56 | 58

—
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\ .
It wvas found thab uhile 3, gsntaél’* one {acetyl acetone)

' am not wlergo an oxidative marmagamem wder @inilay condl-
4009 oﬂ;' reaction 3.3 dinethyl 2,4 ventadions, 58y behaved
differsntly giving pivelie acld, 60, in 76% yield. The succens
achieved with B 1s believed t0 be a conssquence of carboniun
ion stabilizgtion by the gem=dimethyl groups during bregkdown
0f the oyelic peroxides (Schens = VIII).

Q
HA0 HO / O\ /OH
CF%—C——CCH) C—CH -2L2+ c
< HT / Ny / “CHy
59 ' x ,
FBC 0&5
& H ‘ Cki) C ~COOH
' HO“CP c;/—OOH -H' < P
HC CH5 - |

CH, COOH
HC \CH3
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Mo imobubtyric acid was identified as product from the oxidation
of the monomethyl compound, 3-methyl 2,4 peunbtanedione. ;t was
concluded, therefore, thab one'alkyl pubatituent does not provide
sufficient carbonium ion stabiliaatioﬁ'to gllow the rearrangement
to0 proeead in the geyelic sarmes.

Vinogradova ot al 52453 had shown that 2-formyl cyclopenta-
none 61, and 2=formyl cyclohexanone, 62s on treatment with
aqueausvhydrogsn peroxide undergo unusual oxidation cleavage to
produce aicarboxylie aclid containing the same aunber of carbon
atoms in the starting compound. It was also egtablished that the
cleavage of the six membered ketone completes with.ring contrac=

tion to form cyelapenﬁang cérboxylie geids

Ho 202

Y Hooc<§H34COOH

Jo

— COOH
HO Ho Qo

}HOOQ@}EECOOH-%“

52, T.Ps Vinogradove and S.l.lavialov, Lav. Acade Nouk SSR
Otdsy Chime Nauk 1717 (1960)

53, L.PJVinogradova and Sel. éavialov, ggauggggg, thg., 30,
4110 (1960)
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The méchenism of the reaction was considered %o be the
| rsarrangement of the corresponding peroxides in two possible
c’iireetmns as digscussed wnder bcheme-VII. |

Corey ot alsé‘ made the surprising disoovery that the 3[3’ »
11 o =dihydroxy- Alg-—pen‘bacyelie txfit_erpgnoids, _6,?3_,, on treatment
in methy lene ehlor‘ide w.i'bh 8 soluﬁion of 30% lkwd:cfogen perqxiﬁo
and p-toluene sulfonic aecid in 'tert-nbutanol forma an epoxide, the
liok ’ 120< epoxide and undergoes a skeletal rea,rrangement by

014 —> Oz methyl migration and shift of the double bond, 64.

54; I+ Agata, EeJe Coreys AeGe Hortnan, J. Khimy, Se Proskow and
J.d.Ursprung, Js Orgs Chem. 30, 1698 (1965)



Another example of interest is the aetion of hydrogen
peroxide on triterpenoids containing a hydroxymethylene ketone
" functions It has been ebervéd that in absence of B,Y ~ unsatura-
tion and especially in alksline media oxidabtive cleavage occurs
producing 2,3 sgeco-acids. Thus, the ketone, 65, gave exclusively

the diacld, 68, characterised as the esater, €7, which was also

obtained from 68 by catalytic hydrogenabions
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It has besen found that in the presence of B Y unﬁaﬁu&gtinn,

ring contraction occurs,‘@hus! hydroxymethylene anhy&rodihydro

55

litsouentones 63 un&érgﬂeé 2 rearvangement’ in pregence of

hydrogen percxide in alkanlige media producing 704

It tfansyires from discussi@ne‘in the preceeding sections
that selenium dioxide anﬁ‘hyarogan,peroxide have separately found
wide application. Not to0o many reactions ueing hydrogen peroxide
and selenium'ﬁiazide together are, hﬁwever;'knbwn. The cembination
perhaps found epplication in the oxidation of'aeralein 0 gerylic

acld for the firgh tim956§ In anothexr obviously different éuoesv

| 3

55. TeReGovindachari, H.Visvanathan and A.,R,s;s_ayaye, dInds Js Cheme,
| - 10, 786 (w?z:)

56s Refs 15 ef.this chagters

57, L.5tall and H,Juoheﬁg .g_zgg.y.ﬁng meiicha., 36, 268 (1953)
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the reagents have been used for hydroxylation of cyclopentane

and cyclopentadiene, 7i. The catalyst in thip case 1s probably

perselenic acid.

H9O2 HO‘_”C_._LO,H,_ ,..HOD“OH

SR T HO
ST D
HO™ H

Oxidation of me.i;nylehe groups adjacent to carbonyl groups with
;ata‘ichiometric quemtity‘qf selenium dioxide to0 give o -diketones
or keto aldehydes are well knoﬁm‘ Payne et alsa while studying
the reactions of hydrogen peroxide in presence of selenium -
dioxide on cyclopentanone, cy clohexémone and cycloheptanone

anticipated that the oy clic ketones might undergo the well known

ﬁ:*eae'hion with Sefp giving X =diktetoness with Hg@g serving merely

H58. GoBo?ayne and G.‘?.Smi‘bh, de 01'@0 Chemd" g_%’ 1680 (1957)



B0

£0 Oxidiae Se metal back 0 the dioxides I% was Tound, howevery
%haﬁ along with-oﬁhér competing reschions all the three ketones
underwent oxidative ring éantraction $0 cyclohexane, cyclopentane

and cyclobutane carboxylic aclds in 344 32 ond 23% yiélds respec-

tively.
HpO2 OO 42 2 (sam)
1 7Tse0, 7 v n =1 (32%)
(), : ( ->n | ' n =0 (23%)

72

Since the discovery that a nixture of 5e0p and HgOp trans-
forms glicyclic ketonea 0 ring contracted cycloaglkane carboxylic
acid,y the rearrangement was extenﬂed 0 aeyel ic and almylphemyl
ketones by Sonoﬂa ed alsg. In trying to hydroxylaﬁe olefzns. 73
with hydrogen peroxlde in the presgence 6f Belenium dioxide as
catalyst and by using a mized solvent of tert-butyl alcohol and
a ketone, it was found by the wérl%@rs tha‘tr‘bhe 6xidation of |
ketone, used as golvent, proceedea mainly 0 form earbomlic

acid by the following eguation;

59. N+ Sonoda and $s Toutouni, J. Org. Chem., 32(5), 505 (1969)
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T ' Hg©
R! M &~ 7878 >GI§GO¢M
: . @ert-—bmtyl alcohol R
73

Lcotons, methyl ethyl kebtone, methyl na—pr@pyi lgetmng and diethyl

ketone were selected ag starting materialse The main resrrange-

ment observed is due to the migration of the allyl group having

a smaller number of carbon atoms 0 the o <«oarbon atom of the

larger glleyl groyp and the migration of the alkyi group with a

-~ larger number of carbon .é;t ons to the émllex" one a,léa bceur_s in

gome degree. The workers shared the view of ii'ughés and Martin60
who proposed the formation of peroxyselenious acid, 74, in the

| course of the oxidation of selenium dioxide to selenic geid ao

shown beloy: |

| Saly -+ HQO?. - . HOOSe02H
74

‘fﬁhe foll@wing meuhanism as ghown in Scheme - IX was presuned

by ‘Bhs workers.

600 Peda Hughes and DeSs Martin, JI‘., nPMSo Shﬁ!ﬂo, (274
410 (1985)
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Schene - Ii
PATHa

P\—CHZ"—C:O | R —CH= C —OH

T

PATHbD H@OSQQZH HOOC Se05H
/Se‘i‘\‘ ]
" O
Q 0 _ H55e0 RN
l‘i;l !) : ) %L < R—CH—C —OH
| H y o
R—CH' — (Iy_oH- D T
. [ N _H [ P
RM R4E§¥%*OH———+F%CH—CY]4

R
The reaction was 2lso appliel to several keto sterolds,.
With 5o =cholesban-3-~ono, 75, a mixture of acid was obtained™.
The geids after esterification were separsted and characterised

as 76 and 77 « The yields were 25% and 19.6% respectively.

o CSHW | | - \\ \
O | B oo H
S T8 77 3 R=CHs

— b R=H

6l. B Cagpl and S.N. Balasubrananyan, Let. Lett., 745 (1963)

12 B Canply e Bhiminu ond 8. Belagubremenyon, Tetnabodron,

e
20; 1271 11




o

B G

Gaspl e a&eg studied the reaction for stercldal S-ketones of 5«
and 53 oeeries and found that the major reaction wes not ring
sontraction bub E&ay&r&?ﬂliger oxidations

The compound with 4/B tz:ané junction, 17 P =acatoxy-~f . o&
androstan-S-oney 743, gave a lactons, 72 and two carbozylic aclds,
80 and ;E}};.,,. The ozidation of L7 8-acetony~b B -androstan-S=ones 781,

gave the lactone gé,% as aﬁim{gl@ prodact s

0Ac

OAC
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Hara et alﬁsg however, had ahow&.that perbengoic acid
| ozic’iati@n of 5 and B -d~ketones yieldea nixture of 1aetcmes

with an oxygen atom insesr'tea in either side of the 3~0x0 group «
Uith the commonly used peracids it would seem that the reaction
proceeds in a rather indiscriminate mamerﬁ‘]‘. Caapi et 3,162
employed nearly neutral ebnditicm and concluded that the direction
of a;t'back was more subatrate dependent, and hence led %0 the
formation mainly of eingle compounds For example, for A/B trans
junction the 2,35 bond and for A/B cis junction the 3,4 bonds are

cleaved. In their succaeding experiment Uaspl et al%

obaerved
that im directiaﬁal influence of rihg A/B junction on the course
of the reactlion ocours.

66

Jerussl et al  stndied the same renction on 17 -acetoxy

-5 o ~cholestan~3-one and reported :E'm’mation of the products which

6% ’68. They earrieﬁ

were different from 't;hose previonsly published
out the reaction of §3_, with selenic acid snd 30% H.‘?,O.?, in tert-
bubyl alcehol and the reaction yielded o complex mixture of acids. |
Esterification of the crude product with diazomethane followed

by chrcmétograpmf and several times crystallisation yielded 29 =

63, B-.-Hax‘a. e Matsunoto and He Tekenchi, theme and Indey 2086(1962)
64+ V.Prelogy L,Ruzicka, P.leister and PeWieland, Helv. Chim.hcta.,
28, 618 (1945); 28, 1651 (1945)
65 B+ Caspi, YeShimizu émd. Sl «Balasubramanyem, Ietrahedron
20, 1871 (1984) |
66+ Hall.Hellmen snd ReAsJerussl; Tetzohedron, 20, 741 (1964)
67. Co Biellmonn and M.Bajic, Bull.Soc.Chime Fra, 441 (1962)-
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carbomathoxy~A-nor-5 x=choléstane, 84, and 2,3-8 ec0=H% =cholestane,

: and
2,3 ddioate, 8¥a/ 8603 compound 88 was, RoWever, uot founds

" RoOC 87
d R=CHz a R=CHsz
b 'R:H bR=

Hence iwmolation of 86a, the epimaf ofy 85, led dJerussi et al
questioning the evidence as to the identity of the compound 85
given by the French workemﬁ?. However, for 85, the m.p. 619

and rotation /% D J +11° were between ‘those repo‘r‘*tedﬁg for

‘ 0 . ~ o _

85, Mepe 45-46", gfal)_72+1°, and for 8%a, Meps 60-63 , éfb(n 7

+19°, Theraférs, it wag thought that the product asaigned

68+ Be Caspl and S.Ne.Balasubramanyam; Teb. Lett.s ;l.;g, 745 (1963)
69. DiBJBvans, AsCe D® Panlet, Ceie Shoppee and P. Winterritz,

J.Choms30cs, 1451 (1957)




atructure 85 by théms? ngy. actually be 87a wmeported hy Jeru58166¢
A mechanism had b@en.pﬁoPoaed‘uy Sonoda and Teutepni for

the Tearrangenent of aeoxyhenzoingg in which a peroxyselenious

enol egber, 88, was postulated as an intermediate. This then

undergoes intramolecular gpaxi&at ton 0 give The enol epoxide,

89, vwhich rearranges as ghown to give diphenyl acetic acid, 90s

Opening of the epoxide, gg; in the manner proposéd appears uwnlikely

in view of the course of epoxide readtiana ia the aecidic Soiutianvl;

HO~_ _OH . | . 8 '
. foe\, . | / 3\ ‘
O< GhoH - HO— G CH
C=CH* - ' | 1
-/ AN Ph Ph
Ph Ph | 83
88
i
HO— C —CH
S0

—_—

70+ NeSonode and S.Teubsumi, Bulls ChemeSocedapan, 54, 1006 (1961)
7l ReBsParker and NsSeIonacs, Chemslicvaey 53, 737 (1959)



T
Scheme - X summarises the mechanism proposed by Jerussi
et 219, a3 examples of oxidative reafr&agemeﬁt af'xétonaa.using .

Hoop and selenic ac;d or Seﬁg have invelved enolised keﬁons.'ﬁénr

Scheme{ - X
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éngiizaﬁie kéto'nes, Aé-"éei&;" %msa ﬁaving' ok'—;nyarageh atoms faﬁ.i to
give the 1*eae£iaﬁ?2‘. Hencea, it :i.é.’@lausibljé 0 as»éume that “’;f;i;‘tﬂ
storoid kebones aiso enolisation or enol ester formation is en
esgential step. An enol selenite eoter, which rvearranges 0 an
lok-‘-keteb seleninn cstery i‘h&s been proposed by Corey ond Schaefer
as an intermediabe in the sélenimus:’aci& oxidation of de'sm'g;‘

| ' Hencey here the ‘f:fz..:c‘ais atep inv«':)lvés the im':azféctic’m of
ketone with selenic aéia t0 give an X=kebo selenite egtery Jls
Attack by HpOg on the carbonyl group of 91 gives 92+ o« -substituted
hyarvoxy hydroperoxide such as 92 have been isolated by Khavasch

and Samwékyvé by trea;tmemt with o ~bromo and X -chﬁlorersy clo-
hexane with HoOze« In the absence of a bulxgy X =group &nly Simey

ié isolateds Gy.c:ﬁ;safsidn af 22 glives the peroxide 93, which
rogrranges ag indicated tawgi\‘r‘e product 84. A f:,vé-lia peroxide has
baeon proposaed hvl?&vne% t6 accomt for the Pormation of cyolo=
pentane cavboxylic acid from 2~acetyloyclohexanone and hydrogen
peroxide. 91 can also go to the diketone, 94, which can be oxidised

by H.’:’,Og t0 243 peco acld 37be

72. RelsJorusai, PheDs Dioses No¥. Unive (196L)

73+ Refe 43 of thid chapters | '

P4, H.SsKharasch ani GeSosnovakys JsOpgsChems, 23, 1322 (1958)
. GuBePoyne, La0rg.Ghems, 26, 4795 (196i)
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| “hia chapﬁev deals mth tne oxidation of lupanone, fzara-
x:erone and fr-ieﬁelin by . hjdrcgen pcaroscide in the presence. of
selenium dioxides The reanction results in the conversion of r;.ng
A of 't;.he 'tvri*’serpenéms eaxitaining a gexﬁ dimethy 1 grémp a}.phg %o
carbonyl group :m ring A ipnto lactones by élimination of the‘ gem
dimethyl group in the firsgt +wo cases while in the last caf.ae, a
compound with a single methyl group in the seme position, formmation
of a lactone results without eliminstion of a methyl group. The
lactones obtaine{i by elimination. mf- gen dimethyl group may be
caﬁverted to A 4 ~3=one system, chame%érﬁ.stic of meny physio-
‘1ogi¢a.3.1y important steroids. Different abtenptd have been made

7 6-79

on this problem « The importance of the work 1fes in the fact

76+ W eVoner, DeEsHeusser and LeRuzicka, Helve Chim, Actgey
| . 3B, 830 (1952) “ ’
T7. WieVoger, H.Heugser, 0s Jeger and B.Ruéickag Helv.'uh_im- Actae,
86, 299 (1953) |
78+ DeHeRe Barton, Deded e« Ires and BeR. Thomag, JeChem.Soce,
903 (1954) | |

79. P. Crabbe, G. Ourisson and I. Takahashi, Tetrahedron,
3, 279 (1958) |
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that naburally occurring steroids " lack substituente at the 0-4
pogition, but their biogenetic precursors usually posaess a 4,4

- dimethyl substituted A-'ringao. It is poseible, in principle, to
obtain a variety of new and potentinlly useful steroids by delstion
of the 4,4 dimethyl ‘suba‘téiments frem %he readily available tetra~
o&clie triterpeneas It wéui& » therefore, be reievam;: to discuss
‘gsome previous works done on his demethylation remﬁiens using

different reagents.

Review of some important viorks on
The removal of 4,4 dimethyl substituents from the ring A

of the tebtracyclic trite‘m:e_ms wan an important atep of the

¢lassic prmedtmes

L for terpons steroid transfomations

for example,y for prepavation of 14 ~methyl storoide®®. The
removal of the 4,4 c'iime%hyi sabatituents from the ring A of the
tetracyelic triﬁeﬁpenes way be done following g biosyathetiec type
seguentinl elinmination of 30 Aand Sl-methyl groups or by removing
either 30 or 31 methyl group and then the C~3 carbon atom or by
removing the isopropyl group followed by readdition of a carbon
aton as accomplished by Voser et alw (Scheme XI and KII).

80, G. Ourisson, P, Urabbe and O. Rodig, "Tetrecyclic Torpenes",

Be Toderer, Dde, Holden=Dayy San FPrancisco, California.
81, G.Rs Pettit and P. Hofer, Helvs Chim. fcta., 46, 2142 (1963)
82, G.R. Petbit and P. Hofer, J. Chems Soce, 4439 (1963)
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The key step in the Voger method Lor the elimination of the 49 d

dimethyl groups utilises a 1,3 Vagner-tlservein rearrangement +0

.ﬁranai‘orm the 33 ~hyéro;qr-4.é dimethyl symem into an wogro;)yli-

dine group (96 to 97). Stereoclectronlc requirement make it

imperative that the 3-hydroxy group has a @éveonfz.guratmn a0

that the (=0 bond is trams %o the approaching 4,5 bondj otherwise,
olefins maulting fronm hydrogen and methyl migrations are abtamea

{142 Mma‘bkin rearrangement)s When 131 mole ratio of phesphorus
pentachloride to triterpene alcohol 98 was allowed 0 react
(1ce bath btemperature, 1 hr. in benzene-tolueng), 6n1y a 10% )
canvérsidn of aleohol ,m olefin ﬂ'oecmed whereas with g 211
~ mole raititi .» 100% conversion was reéaliseds -

g Glezv'age of the isopropylidine zroup by ozone (27 ’ao £28)

mtro‘lueed a 3~oxo-—group adjacent to the 5o -hyamgen. '.Lhe posi~ .

fa

~ %ive cotfon efa.@c'!; curve nbderved for ketone, 98,y unequlvoeally
establmheﬁ the B B—eenfiguration. '
A method for Bleyer-Villiger oxidation of ketone 98 0
lactonsy 99, was not realised using m-chloroberzoic acids but

vwas eaglly effectell by pertrifluroacetic &eid%

« A3 DBleyerw
Villiger oxidation ‘is well-known $0 proceed with retention of
configuration (of the migrating group) the lactone would be

expected t0 bear cis A/B ring junctions. Prolonged contact with

B3es Wabe Emmons and G.Be J.zuC&&, J.Am.i hem-ﬁoe. 7’?

A
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Gi@g in concentrated sulphuric scid or with excess of Jones
veagent in acetone wae found most effective for transforning
lactone, 99, directly to keto acid, 100, '

Fnol lactone, 101, was obtained by brief contact of keto~
acid, 100, with acetic anhydride-perchloric acid reagent®®, Tne
enol i‘amied the ecorresponiing ester in methanol ccntainiﬁ@g & trace
_of pyridines 1,5 diketones 102g end 102b was formed in good
yield on alow addition of methyl or ethyl Grigrard reagent ISR
pectively t0 an ice-cold solution of enol-lactone 3101.

The unique loss (:Ln 65% yield ) of & 31—-methy1 group vias
observed when perbenmie aci.ﬁ pramowd Bagyer~Vi 11:Lger oxidation
of 3-0x0~4, 4 dimethyl B« ~cholegbans was explored in the presengé
of mineral acid >, - ,

| A 331 molav vratig of m—éhlaroperbe@g olc acid t0 3-0%0-B0 -
A 1anos~§sané;' 104, in presence of 207 sulphuric aeié was found %o
yield 29% 0f 3w0xo=d-0Xa~4a o » 1éo(dimethy1-A-homo-50( —-cholestane,
‘105. :E"mlenged contact of lactone, 105, with Jcnes reagent in
acetone gave keto acid 108 in good yield, thereby demonstrating
the ubility of this exiﬁising gystem for direct conversion of

84, Bue. Bawards end P. Narasima Rao, Js0rzaChem., 31, 32¢ (1966)
85. JeSalle Hclker, Wele Jones and P.Jd. Ramn, f‘hem. Onmianie
435 (1965)
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lactones to keto-ncidse The double bond in the enol-lactone,
107, was demonstrated by the pair of doublets in ‘a, iy NIMR
gpactrum 2t S 540 and 4.6. ‘

A very efficient among the :@ublished 4,4 bis demethylation
procedure u‘tilised% the second order Beckman Ooxime cleavage
(from B H-lanogtan=-3=ome). givim the corresponding 4-en-5-one,
110, in eight steps in 25% yields The scheme is based on the
use of the 3,4-geco=3-nitrile, 1il, as the. start ing material
rather than the eormspond:.ng N carbopylic aciﬁ, which was
used in parallel “fork almed partially at mono demethylation of

444 aimethyl Su@l’@ldﬂ &l -
: : /\\CWH\?)Z
OL;[ N

86.0N.5hoppee, N «Hughes, Relis Lack and J.T. Pinhey, JdsChem.S0c.
7 gi14e3 (1970) |
' 87, R. Kaglaukes; J.7. Pinhey, d.J.H. Simes and 8. Watson,

Chem. Commun. 945 (1969)



The main festures of the route wers the gonversion of the 3,4 seco~
S-nitrile, 1il, into the methyl ketone, 112 by reaction with
Grignord reangent and 'degm&ati on. of the S=igopraopenyl group to a

earbonyl group to yield the diketone 113, m@fn75g73981;82 to

é-naaaxe-sy stem, characteristie

eyclise with the base to give the
of mony steoroid ﬂysﬁems‘;whe attempt to use the seguence of reaction
on compoundas containing an 8,9 @mble bond faileds conditions for
selective oxidation of the 4(30) double bond in the 8 34
seco nitrile ¢ould not be found. The 9 394 seco-3-nitrile
the prepara'bian @i‘ which had been briefly reported 8’89 was
formed hy abnormal “second ozﬂex‘“ Bocknan cleavageg 91 in about
60% yiem from S«hydrozyimino-ﬁ mlanost-a»enegg

mrind an inwetigatien into the oxlaa’smn af 4,4, Aimethyl=
3.-0::08'&@1’01@9 end related compounds with peraxyacm, it was :Emmdgs
that treatment of 4, 4 dimethyl cholestan<S-one, 1l4, with ne
chlorobenzoic acid or perbenzoie acid in the preseice of mineral

aeid gave o product (65%) ldentical with 4n  -methyl=d«0xg=i=

88, G. quinkort and H,Gs Heine, Zots Lett., 1659 (1963}
. 891 GeFPo Hong and Se.le Nieolaidea. Chem .. bammg_x,; 1072 (1969 )
QG; C i &hﬁpp@a, R.E' Tack and SekKe ROy y. J.Gh_eﬂ_’ﬁﬂﬁ .y 376?(1963)

DL, Ce.¥, Sho_ppee and SeK.Roys ¢ fgh@m?Sﬁ(‘fi y 774 (1953)
92, I« Ruzickas Re Denss Eiild O« Jager, HG:’.‘V-G hitme é&@'ﬁ& »y
28, 759 (1945) N

93, G.H, Whiﬁt&m; J. bh@mt 3030’ 2016 (1960)
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homcchalestan-ﬁaone, ;1’?; This apparently unique losa of g methyl
group in a Baeyer-uvi lliger oxa.dn;tion meriﬁed a eamful 1nvest:}.~

gatz.rm t)f the reaetien.

14 R =Rg=Me " 11?7 By = H, Hy = Ne
146 R = H, By =Me 118 By & Ry = He
118 By or' Ry = Me a 119 By o Mej Rz”;%i H

| 122 Rl = fsie, Rg «QH@ -
123 By = [ Rg = GHO -
i24 Rl - H; Rg = {}Qzﬁ_. ‘
125 By = Hy Ry = OHO




1In the abience of mineral acid, oxidabion of 4,4 dimethyl

&holestan#é;oné,, 14, with m-chloroperbsnzoic acid gave the
pi?éduet 4oy 48 dimethyl 4-oma=A=homo eIr;u:‘:Zt.e:asrfi9,11-=-5--p::urmve%L 11&}_;

Hences at the outoet it medmed likely that this might be an inter-
mediate in the original Vr@étiom I:‘urthefmdreg trea%ment of
dimethyl ldctone, 418, with 107 swlphuric acid or nyarochlorie
acid in avetic scid unier conditions of acidity similar to those
nséa in the original oxidation geve in high y‘ialél Leme by 1=d-
methylene=-3, 4 seee_cholesﬁan«é;mic acid, ;._g;_O_, identiéa’l ﬁith the
pfoduct obtainzd Yy pyreiysis of the dimethyl lactones, 118.
Sidece oxidation of either the dimethyl lachone 118 or the unsatu-
rated acid, 120, under the conditions of the original scld-
ca%alyéed‘oxidation of 1id, gé‘v‘e monomethyl lactone i?g in
similar yields to that of the original reaction, coapound 118,
and 1_;_2_(2, are probably inﬂerm@ia’sés' in the reaction Sequ@nc@._' Uhen
the epoxy-acid }_@_ﬂa reacted with acid in the presence of air, the
monomethyl lactone, :}_;_'(_ was | obteined as a major product together
with reduced amounis of the 4d-~r§§thyl ketone 115 and the acid
mixture, 123, The lact mey 117, was formed likely through aserial
oxidation of the oxoacid 123 to the pezfoxy-acié, 121, a well~

95

knowa type Qi‘ autozidation®®,s followed by this peroxy acid on the

94, D. Roventhals A.0. Niedermeyer and Je Fried, g Orgs Chem.
50, 510 (1965)

2?5. Tela T;zmey, #Oxidation Mechanisn®, Bﬁttemorﬁh@, London,
1965, pe 171
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4 A =nethyl ‘ke%cane, ;L_g,_5_. 1t wass thersfore, proposed that in the
nriginal acid=-catalyzed Baeyer~Villiger ozidation the probaﬁle

sequence of the reaction intermediate as (Scheme=XIII) followas

fcheme = X111




£} e

Bachhaviat eb 3196’ reported epo=-oxidation and trans~
nyaroxylation of olefins with O - sulphoperbenzoic acid prepared
by reaction betweon O-sulphobenzeic enhydride (1.0 mole) and
hydrogen peroxide (30%; 1.3 mole) in acetone solution ab «49
to 0° « Baeyer-Villiger oxidation of ocyclic ketones was reported
by the authors with the reagents But Hase®! aid not £ind the
veagent to react with ketones of lupane and chaléstane gseriess

Hase?® reported a case of exhaustive Baeyer-Villiger

oxidation of the penta cyelie triterpene, sllo-betulone, 126,
givings 129, in 50% yield. ‘

127

96, J.M, Bachhawat and NeK. Hathur, Zote Tet., 691 (10971)
97. Te Hase, Chem. Communes 755 (1972)

98, T. Hase and R. Huikke, Actas Chem. Scand., B52, 8.
467=8 (1978)
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Concerning the overall reaction pathway they were of the opinion
that normal Baeyer-Villiger product, 127, end its ring opened
form, 128, were likely intermediates as they were oxidised with
the paracetic acld/DFg.Bto0 conditions €0 the smme lactons,

117, ag discussed earlier in: the case of m-chloroperbenzoic
acid/Hy30, oxidation of 4,4 dimethyl-5-oxosteroide.

A’éurvay of literature revesled that various attempts
have been made with a view o transforming triterpencids to the
shtruecturally related steroids. Such transformtions involve g
aunber 0f stepsg. The mpin objective of such progesses viers to
eliminate the U-4 gem Aimethyl groups of triterpencids. From the
ahove rav;aw it is evident thabt per.acids are good reagenia in
-'causiﬂg exhanstive Baeyer-Villiger oxldations, bub there is no
previons report on the application of hydrogen peroxide-selenium
dioxide mixture in saflfecting such an oxidation.

A mixture of hydrogen peroxide-sslenium dioxide as the
. oxldizing agent wae chosen for two reasons. Firstly, hydrogen
peroxide veacts as any peracid in presence of acids cauwsing
Baeyer—?liiiger oxidation. Secondly, seleniwm dioxide adts both
a8 an oxldiming agent and as a Tewis acid in the form of selencous
acids

Two types of triterpenoids were studied: (a) Tupanone and
Taraxerone with gem dimethyl substituents at the U=4 position,
and (b) Priedelin, which conmtains omly one methyl group vicinal
%0 the U=3 0X0 groupe - o
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SgctionB.
Ogidation of Typenons

Iupancne 130y Mepe 210 [ T]D :15,2° @as refluxed with
molar proportion of hydrogen peroxide ané catalytic amount of
gelenium dioxide in tert-butasol on water bath for 35 hourse. The
completion of the reaction was indicated by the @recipitaﬁioa of
black selenium metals The reaction mixture was then diluted with
water and the liberated selid extracted with ethors Thil was
then separated into neuwbral and acid pavts. | )

The acid part showed two apots on the ehromataplate. In
order %o separate the two componants the total mose was esteri-
fied with diazomethane followed ly chromatography on a deactivated
alumins columne Petroleum ether - benzene (4:1) cluste gave a
s0lid designated as Ty . The solid Iy was crystallised thrice
fron chloroform-methanol and showed m.p. 174-770« Blemental
analysie showed the moleocular fbrmulé a8 Oz4Hgo05+ Blution with
petroleum ether - benzene (352) afforded solid Lpe On crystalli-
sation from chloroform - methanol mixture, the compound showed
m.p.'116~18°¢ The compownd wadg enslysed for 53235404.

The neutral part was chromstographed on a neuiral alumina
column. Hlution of the column with petroleun ether - bénzene
(243) afforded solid Iz, which on crystallisation from chloroform-
methanol mixture showed meps 175-77%

In another oxperiment, when lupsnone was oxidised with

excess amount of hydrogen peroxide in presence of selenium
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aim.ule in tert~baﬁanol ’ i*!; afforaed a cmmpound, marked as Iﬁé;
»n the neatral part, which an cnya%allisat;on from chloraform
- methanol mixﬁure ehowed MeDe 252°, The acid part after a&teri~'
fication followed by chmmatosmmhy yielde& a cam;mua& which was

fmm& +0 be identical with 332 by eomparimn of thca:a,r nized meps
ana co= telsce ’

A1l the products obtained from the renctions were further
purificd and subjected to detailed spacﬁml gtudies for alucidating

+the structures.

Structure of Iy as 24a -carbemeth&xy“'ﬁ-noxé lupanane, 131

The infrared absarp'b:.on sp:ae‘crum 0f Iy (“?‘j.g‘ i) has
important pea‘& absorptions as recorded in Table - 1.
Ingrared amcrpticm' pouks of I, in KBr

Position Qflabsoz’ption - Intensiby Probable gssigament
peak in em™ : . Co

1740 .. strong 2¢ = 0 stretching
vibration of an ester
Eroup «
1438 medium Btrong &-CHg vibration of -the
- » o | es*bé:‘t* group e
1170 o strong ~¢ - 0 stretching
| | vibration of the ester

functione
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it is evident that \C = 0 fre@uaney i3 in the expected rangs of
1735 to 1740 om 1, oommonly Louna for a strain.free ring and in
the s%eroidal ssriesgg‘ 1% 4ig also known ﬁhat inﬂrarea spectra.
of est@rﬁiggow a gbrong Suppmrtlnb band in the range of 1150 to
1880 cm s 2cgompanied by one or several bands 0? varlahle
intensity between 1100 to 1300 om ls These bands have been asso=
clated with variﬂus modes of ccupléd G =-Q and 0 - R‘ vibratians
of the COOR! grouplg » The band at 1434 om may be assigned to
6 ~CHg vibration of the ester growp in Ll. | ‘
The ester farmulatiqn of 11 is algo found to be ﬁenable

" from g cavefnl examinmtion of the 60 Mz iy NMR spectrun of the
eompound (Fige 2)e The signals-for the varieus protons and their
probable aSQignéents a8 recorded in Table - 2'clearly indicate
the presence of~eight-me€hyl-graupa\on saﬁarated carbon atoms
(six tortiary and one isopropyls § 0.72 %0-1.0& Yand oné carbo=
nethoxy functiocn. | |

99, a;w. mhompson, P T@rkington, .Ghem.Smc., 640 (19&5)
100 L.J. Bellamy, *Infraved Spechrs of ‘complex mglaeulea"
. Iondon, Methuen, 380=-39 (1969)
101. R.A Rugsel, H.i. Thompaons .Glem.Soces 479 (1955)
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Fig.1 IR mum,mn,wcmu of 2« ~ Carbomethoxy-A-nor-lupane, 131«
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 Dable - 8
'8 MR oignals of Ty

Achemica;l,’: '_ Numbor of ,',‘Mﬁltigimﬁ,ty- . Probable aesignments
shifts(ppn) . protons . of sigals ' ’ T

. singlet '
s%zlg%eg' R R
Sing e 6~ 0~ 0l
‘amgleatf ' . - T
gingled : :
ﬁsmgl‘aj;

1404

- 1,08
0.94
0,83

- 0«80,
0.72

" doublet re— 9

§=788 \G

0,85 °
0.78

LS EVY]

B .8 oingles 2 0-0 ~CH

e g
' S A - daa =128z T Ha0 s (- O =C-CHg

( 53,7, 3H,'8)e The ﬁethﬂ,ﬁe} proton. attached o the carbon atom
‘bearing the earbomethozy group appests in the usuel region
{0 2.77) as & quartet (Jgn w 12 Hz, Jpe =6Hz): The J values
indcate the proton to be axigl with ozie axinl and ancther equa=
torial neighbouring protons end hence the carbomethoxy group is
equatorial,
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| The struéﬁura‘Gf‘Ll'is-fufthar éupgorted by the mass
gpectal analysis of the ecmpound Qrig. 3}. The maaa spectrun
shows chﬁracteristn.c peaks ab m,/e 466 (M Yy 440, 424, 413y
409, 396, 381, 357, 274, 269, 249, 235, 201, 205, 191 and 149,

102,103
"As in the case of ﬁypieal sabturated lupane derivativen’ ’

Ty also ezhibits pcaks at n/e &16 due %o 1ose of isopropyl Sroup
from the molecular lon ¥, The presemee of peaka at m/e 221, 205
snd 191 are probably due to ﬂragmenis 11, TII ond IV respectively,
1I being the hase peak in this easé (Seheme—XIV)a The peaks at
n/e ?49 and 235 gre due Ho i‘omatien of Lragnente Y and VIy which
are accompanicd by peaks ot m/e 175 and 121 formed hy fragments
following the loss of acebtie acid group from specles V and VI.

The other fragments may be ecxplained as follows: 440 (M%éﬂﬁé Jy
424 [~ cug0H_7, 396 L = GizC00H_7, 381 £7598 - CHz 7.
Hormallys lupone-3=-one exhibits most abundent fragment et m/e

205, the only fragment comprising ring A, which corresponds to
gpecies I« For compound Ly, iR and MR spectra indicate the
prosence of .o carbomethoxy group and with the help of mese fragment

this group can be most suibably placed at C~2 in ring A.

102+ He Budzilkiewioz, J»M, Yilson and Djergesi, J.
85, 3698 (1963)

103. T. Ogunkoya, Dhytochemistrys 20, 121 (1981)
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Scheme -~ LIV

M me 235

_ Thuﬁs; -all the spectral daba supportd the strusture of

' : 104
T4 %0 be 2 d-carbomethoxy-A-nor-lupane, 131 ~ .

104+ Se Kundu, Ae Chatberjee snd A«S. Rao, Chems Bere, 10%,

3255 (1968)
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Corvmmrmiond
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Struchure of Ip as 2,5 -scco methyl lupane dicerboxylate, 132

The molecular fomula of Lp as OzgHge04 waé ‘confirmed

hy combingtion of its mass gpectrum that determined the molecular
| weighﬂ as 502 and the inﬁegenden{h éiemental analyéis;.' .

| Phe IR spectrum {(Fige 4)y recorded in Table - 3, discloses
tha presence in ite molecule two aster fuﬁctiﬂnm Phe absorption
band at 1735 and 1740 cn~L are novmel YCO freguency in ester
of aicarboxylic acid" O The bands are split due to either coupl-
ing of the symmetrical or asymme“m?ieal vibz’arhiané; The supporting
bands appeay at 1160, 1140 and 1120 cm“" s+ The bah,a gt 14356 ﬂm"_l
is due t0 S CHy vibration.

105, W el walbons ReBe Hughes, d.
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~ Table = 3
~ Infrared spectram of Lo in KBr

Pogition of _pe%l: Intensity Probable assignment
absorption em™ -

%t’;zg L strong Y6 = 0 sizi'e«;tcning vibration
" ‘ of esber groups
1160 atrong =0~0 strebehing vibration
1140 atrong
1120 : medium 0f the éster group.
1435 medivm | SGH;.; wibration of ester

group

‘The sienal of 60 1z I mm spectrun (¥ige 5) for various
protong together with theiy probsble gseignments ave vecorded
in Table ~ 4, - |
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Lgble = 4

‘5 MR sigals of Tg

Chemical shift  Number of Multiplicity Probable assignment

s (ppm) . protos of siguals
0.92 S singlet .
0.96. 3 singlet 6 -0~ Cly
1,06 6 Binglet !
CH
0.7 3 doublets 110 R
0085 & J = 7 Hg
Ol
1 )
Se 63 3 ginglet - 2w - GOOOQB
3;64 ] singlet l i
2445 1 ginglet H50000 - CH
2,48 1 singlet : 2

The signala ats 0422 to 122 gre integrated for 18 protonsg
corregponding to six € - metbyl functiona, The doublets centered
at & 0.85 and 0.75 with & J value of 7 Hz indicate the presence
6¢f isopropyl group on a carbon atom bearing a hydrogen atom which
is perhapa respongible for the oplitting as doublets for the ¢-29
and C-30 methyl groupa. Two three<proton sihgleﬁs each at o 3,68
and at © B¢64 indicate the presénce of two carbomethoxy groups.
The appearance of two one proton singlets at ¢ 2,45 and 6 2,48

indicate that one earbomethoxy group is accompanied by a methylene



-l

group in its alpha position. Also, the signals spealﬁ of the
presence of methylene group on a prochiral 03&"61’6106,&

The mass gpectrun of To (Pig. 6) gives further insight
veliarding ite stmeture. It exhibits characteristic peaks ab
u/e 502 (m Yo 443, 420, 413, 400, 385, 369, 321, 259; 205, 191.
The genesis of theae fmgments ngy be begt vationaliged i:ﬁ‘ gbrue~

ture, 1.§g be fomulataa for compound Iy ,

——> m/e 400 (445 — ae< )

| R

- ———> n/e 369 (429 ~ HOCOOCHZ)
n/e 502 (M1 )

—> m/e 443 ('~ COOCHZ)
— m/e 429 (M= HgC =~ coce&s}

Thus, compound Tg has been established as 2,3-Seco methyl lupane
dicarboxylatbe. Gompmmd, 182, was hydmlysoa with methanolic KOH
to afford lupane dicarbomylic aci& ,_ 35y Cyolgnlas meDe
270-7439, which also confirmed the structure of Lg as 132.

306, Ghemicnl Revies, 78, 307 (1975) . ,
107, simonson and Rosas “The 'Terpenes“, Volms IV, ps 536



Structure of Iz as lup-l-ene-S-ons, 134.

S a——

Elemental analysis of the cémpound was in good agreement
with the molecular formuia, CxpHya0e |
The infraved spectrum of the compound Iy (Pige 7) ig
‘pecorded in Table - 5, | |
| ".mable.§ 5
IR absorption p_e_aka of compound I".i in Nujol Mull

Pogition of ~ Intensity Probable assigoment
absorption peaks l ; .
et ,
1675 ‘ strong | &, unsaturated ketone
- 1650 ’ weak s - frequency




S

The absorption band at 1675 et is indicative of @ ,B unsatureted
ketone as it ie well lmown thgt am;;uga,%ian of the carbomyl group
with a double bond resulis in a deorease in S0 frequency by
abhout 40 cm"’l and that,’ the z’.—‘reqmney generally lies within the
range of 1660 ~ 1695 em'j'wa. The 50 = ¢(frequency in - (-
ungaturated carbonyl compound ig lower than in mmeanjug&ted
compoum’i. and appears ot 160 E‘m’ii it the band intensity is
small as 04 = g Gouble bond is flanked Wy a carbonyl group and
a methyl groupe For the Bame reason, the degree of poOlarisation
is low and, therefors, the band im weake

The ultravﬁ.dlet spectrun of I”ﬁ shows maximg at 298 nm
in. methanols . '

That the eempamd‘ Ly it an o, B un:aa‘isux‘a‘heﬁ. éomyaund
'm evident from IR and w snectm and ig further goni’irme& by
its 60 Iz *H NMR spectrum (FMg. 8). The chemical ehifts, mulbi-
’,nlicity and :probahle asaaié,:mnta of the sigaals ax'e r&eardee’i in
-'-"trqme -.a,

‘ 108, ReSe 'Rasmu’s&ag, . .B‘ muncl.‘.ffg R.R. B:z’a'btaim
71y 1068 (1949)
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Tgble = 6
1g §MR signals of Iz

e

Chemical shifit Humber of Mulbtiplieity Probable asoaignment
§ (ppm) protons of signals
078 3 pinglet | l ,
0,96 3 singlet G - (i’ - 03_!3
1.06 & aginglet
1,08 & singlet :
0.7 3 doublet Ho o
0480 3 J = 6.8 Hz NG
Gy
5,85 1 © doublet . .
C e Jeoel0Hg W 0 wl-Czx0-C-
7+19 1 v domblet I 1}
o i =10 He 0 H H

.The mogt interesting observation here is theé appeayance

of two. one-proton doublets each at § 5+85 and at $ 7.19 with a
coupling constant 10 Hzs In o, (3 nnsaturated ketone the hydrogen
on @ -carban atom appears at lower £icld than the o -proton dne

%0 polarisation of &, 8 unsaturated carbonyl chromcphore; which

causes a reduction in the electron density at the [ =carbon

aton and hence decreases the effective shielding of the [3-proton.

These facte are reflected in the H NMR spebtrum o6f Iy with



“65-

appearance of eignals at & 5,85 and 7.19. 2180, the high J value
indicates that “the orlentation of the twa nydrogen atoms are clg.’
Frcm all theqe considerations of UV, IR gna iy HMR spectiral
analyais, comgound, iz haa been sssigned strmgture 134 as 1up-1~
ene-ﬁ—ons. It was cenfirmea hy mixed HeDe and apectral eamyanison

studles mith an awtheniic sample of alhyﬁro glochidonslog

|:’>4 .
SthCturB of *4xaa 4y 23, 24-tri-nor 1upane 35 ollde, 188:

The most intereszing agpect of ‘the: reactlan wasg the
isolation of compound Tge It Struéture'waslaetérmine&'frmn
speetral gbtudies. Llenenmal analy81s and mass apeetrum of ‘the
compound show its. molexular formula to be 62734402: |

The 1mportant absorptien bands of IR apectrum Of Iy (Fig. 9)

‘are recorded in Tablg - T

109, AunGﬁnguljp an Govindaeharj.g PeA. B{Qh&meﬂ; BsDoe
 Rshimtulla and N. Viswanathen, Zotrohedvon, 22, 1513 (1966)
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fi-‘ab}.g - _
Infraved Absorption peaks of T, in Nujol Mulls

pogition of : In%eﬂsity - Probable ppsignmentd

Absarpt%a 1pe
oz OO
1748 | atrong § - lactone
1420 wealk =, group alphs to the

76 = 0 group

1250 . . strong - L .a¢w» O vibration

The aﬁsorptian band at 1748 @mﬁl indicates the presence

110

of é—la,otgn o Deform&“bion V“ib{i{.‘@.‘biﬂn of the (}Hg’ group alpha to

the > ¢ = O group is indicated Wy the small absorption band at

-1 110
1420 om 1, « The *raguﬁnay of ghoorption of -C0-0 vibration

occurs at 1250 onm ”1111
the 1 R speeﬁr&m of Ty (Fige 10) was.stuéiéﬂ in’

00013 in B60 Mis imetrwment using S as the internal standard.

The pignals for various protons end their probable assigaments

are recorded in Table = 8,

110+ RlH. Joneas anﬂ B Se Gﬁﬁlapher, J.Amchbem.noc., 8L,
5848 (1959)
111 HoHa E?‘iley, d+Ge Egterle, J-Grg.dhem-, _:?«_2.3 1267 (1957)
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Lgble =8 -

5 WR sigals Of Ty in 0L

Ghemical shift  Humber of Mul*tiplicity ~ Probable assigausnts

6 {ppra) - protons ~ of si@lals
Q7% ] ginglet 1
0,87 3 ginglet . 4=l e cga
0,94 3 gsinglet o
1;97 B3 singlet
0..82 3 doublets He O
0473 5 (3 = 7 z) G
. 9
Sa9 i - mwltiplet ~(=0~CH ~CHp
s (Wi/?_ : 18 ﬁﬁ) '
‘ 0
' S , | A I

It may be seen from ﬂ!ébla - 8 that thexe are ',sizz Comobhyl
groups in Iy resonabing in the region from 5 0.74 to 1,07 Lnstend
of eight in lupananm i.e, -hhere is lass of two C-methyl zroups.
The apneamnce of a malbipleu at o 3.9 m a.ssignable to a lactonie

©132(a) GeV.D. Tiove, .ngz Chem, s 62, 1151 (1958)



. ~88=

The half width value ( swa of J) of 18 Hz indicates that
the lactonic proton 1o axially oriented with ons axial and one
équator}.al neighbaursu". The multiplet cemrea at 5 246 inte-
grable ;for two prﬂton.s ig indicative of the presence of methylene
protons alphe to the carbonyl groups

From IR and 1H HMR spectral data analysis it is eviaent
that ring A of lupanone is lacking three carbon atome and the
tentative structure that may be assigned to Iy 1a 4, 25, 24-

$pi-nor-lupsne=3 —- § olide, & §-lactone, 135.

_Furth@r informa‘tmn as. to the stmctme of 3,35 comes oub
'frcm a study of the t‘ragmenta’sien pattern in the mass spectrum’

(Pige 11). Tho mess spectrum by chemical ionieation method shows

112(b) "characteristic NUR Shielding values for hydrogen in
Organio Stmiewreg *-(Uinnesota Mining and Menufacturing
Company s. 1958} | '
113, EKeTa n«ill::.amsans and w.b. Johnson, J.Am.uhemmoc., ‘
83y 4629 (1961)
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+ 2 . .
molecular ion M at 400, The peoaksat m/e 357 and 385 ave due %o
the fragments fomed from the molecular ion by the loss of iso=-
Propyl and nethyl units ‘x'espeétimly » The mogt abundant irsgnment

at m/e 191, cheracterigtiec of lupans serie is due

40 the fragment VII.

The other characte:éistic peaks are at m/e 400 (‘mﬂ')', 364, 357,
219, 209, 206, még 3:?9{166. 165 (vase peak) s 149, 135, 128,
121, 119, 109, 107, 95, 93, Sl. A pmb.able‘fragman‘baticn pattern
| i shown in the Seheme- XV assuming structure 135 for compound

Tig »

114(a) H. Budziklecowcz, Ce bjerassi and DeHaWilliam, t3tructure
Elucidation of Naturel Products by Mass Spectrometry, -
Volms IZ, Holden=Days Senfrancisco, 1964

Orglshems, 51, 1945 (1966)

(b) o, Kartiner and Cy Djerassiy ds
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‘Section G

Oxidation of ,Fﬁ.eﬁamn‘

_ | ;ﬁg have discussed the reaction of lupanone with hydrogen
peroxide in. preascnce of soleniun dioxide in Section B. The reac—
tion led to the :E‘orﬁa‘bieni of a 6 lactone 138 with demethylation |
of 23 and 24 me‘bhyfl groups present as gem dimé‘thyl', group along
with C=g ca.rbcm aton.

ith a view to ezamine wha‘h hoppens in the case of a com-
pound which possesges only one secondary methyl group in Us-4
position, we studied the same preaction on friefelin, 136, the
regults OFf which are discussell here in seguence.

ﬁe‘.lin, ;J,___ m '%ertnmtanol was refluxaﬁ on wa:ber bath

for 60 hom‘s with hydrog@n perox iﬂa and seleniym 44 m::.de. Precipi-
ta:t;wn of blaek. gseleniun metal marked the completion of the reac-
tione The telasce 0F the veaction mixbure indicated the absence of
f:riédelm@ In ordex %0 separate the products :Edmed_,_ fhe reaction
- pixture was dilubted with wabter and extracted with solvent ether
folloved by sepafatim‘ into neutral and asid paris as usuale

It appeared from the tsl.cs 0f the neutral part that only
one compound was present in newtral part. It was then subjected
to chromatography in a deactiveted alumina column. Blution of the
column with ﬁetraleumvethetabenzene (213) yielded a s0lid, B
This was orystallised three times from chloroform-methanol to

afford crystals of Pqy Mepa 262'3@



N B

The acid pard showed thé presence of two éompoun&s on
$s4lece plates It was esterifiod with diazomethane and was subjec-
ted to"éhramatographic separation over a deactivated alumina
coluyan. Blution of the calumn with pet. other-beuzéne (4:1)
affsrae& solid Fo and was erystwllise& three times o glve fine
needle shaped corystals, Mepe 265~65 and showed single spot on
chromatoplate. Another compouwnd, Tz, wae abtained from the column
on elution with petroleum ether-benzene (2:3). The compound was
erystallized %hree~t;mas £rem‘cﬁlérofarmymethanal-an& ahowed
its mabe 0 be 167-692. Tts telecs indicated the pressnce of a
gingle compounéa -

A1l the three compoundss i.a.s By Fo and ¥z were subjected
0 IR, 1H HMR anﬂ nass spectral ghudises, interpretation of which

led L0 the aetablishment of spructures of the compoundsSe

Charatterisation of Fy op 2-nor-friedelin 3 — 4 olide, 137:

The molecular formula of ¥y was establiched as Gggﬂéaaz
cons idering tOQGther the mass anectrometriealxy derived molacular
weight 428 and the inﬁepenﬁent elémental aaalysiss

| $he infrared speotrum (Eig; 12} of compound Fl unf@lﬁg
some information regarding its structure. The important peak
absorptions and their'probablé inﬁerpretations'are recorded in
Table ~ 9, | o



Zable = 9
‘Infraved Absorpbion Peaks Of By 1p Hnjol lmld

Position of Intonsity - Probable aseigument
absnrpfion peak : _ :
in em™ _

1730 " astrong o 3~1actoné' ‘
1410 . weak : ‘ —-ﬂﬁg group slpha to the
| | S >0 = ¢ group

. ' B :
1245 - mediun : . =C=O=vibration
' strong a

. Zhe strong absorption band at 1730 cm“‘l ‘demonatrate the

ﬂﬁ;\ The >CO vibration cccur at

presence of & § w1actone maiei‘;ymf
1245 cmf’"ilm-f Phe weak absorption band at 1410 om ™ ig due 4o the
deformation vibration of the CHg group in the position aipha o
the DO = 0 groups Thuss the inéix'arad abscrp‘aitm spectrum indi-
cates that Fy is possibly 5 & =lactones This ia supported by 1t
proton magnebic resouance épectm (s‘?ig. 1) studied in (DCly
in 360 iHz instrwﬁsrzt'u:sig;g THS as -im‘;em-é,l standard. The signals
for various protons and btheir aasigamenﬁs are recorded in Table=
|10, | o

The appearance of singlets in the region’ 0.33 1o & 0.94
and 6 1.14 to & i.,21 indicated the presence of soven tertiary

nethyl giyom_:s in ¢ompound ¥y. The &oubl'a‘b‘ at § 1,18 with a conpling



Table ol 10

,ﬁ signals Qf Iy

Chemical shift Humber of Multiplicity FProbable Assignments

{ppin) pro*’aons oL sigmala i
0,88 - . ‘8 : mgleﬁ
0.90 . B ' 55118;1913
' 0.91, 3 _ aint,ia:g !
0«94 8 singlet . - o~
1014 © 9 ginglet ‘}“{E
1418 K singlet
1.34 ° 3 singlet
099 3 ‘ doublet HC = QI;%
101 ‘ J = 6»5 H§ .
- _ @ B,
. ' ] ,
S ¢
R+d . i g;dbli ?sugéa‘h M g - v..H
S Jaa - 15 Hz | !
R | ﬁe
‘ . , 0L,
2e6 i Double doublet Hoy
Jgem = 15 Hz ~ O-G-U=CH
Jap o HZ . I
Hp
- 402 1 gquarket |

d = 10 Hz . Hz0=<CH-C=§

constant 6;.5 0 izi&icé‘ﬁes the Apréaeﬁee of a gecondaxy ‘mathyii
group. This shows that all the mm*t,nyl groups of ILrisdelin is

present in v.,rmymm& Py s The nature of ihe muli.z.plet centyred at
2,48 indiestesit o be 0f MM pottern 135, mne  chonteal onift

118, Borman S\a, Bhacca and Dudley Aw ?Jiliiams’ Mapplication of HMR
spectroscopy in Organlc Chenistry", Holden=Day Inc,47 (1964)
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| value of the multiplet is indleative of the presence of methylene
group alphe G0 the carbonyl groups A1so the nature of the mulii-
plet indicates tho presence of an axilal proton viecinal o the
‘me’ahy"lezm groups The axiel protoa of the methylene group appoars
as a triplet centred at & 2.4 (ng = 13 Ha, Jy, = 13 Hz) and

* the equgtorlal proton as a quartet centred at 5 2.6 (Jyen =

13 Hz, J.g = 4 Hz). The appearancé of a guartet ab 64,02

(7 = 10 Hz) shows the presence of g lacgonde gmupuz and the
quartet inﬁ*i cates the proton to -ba vicinal to a. meth:g}l Zroup «
Thusy it 18 evident from I mm speetrum that the b-4 of friedelin
is a’btaehe& %o the 1&91:0:110 sx'yggen and the secnndary methyl group
i 8111 attached to 11: which is vesponsible for ho one proton

- quarteb ab 6 1}..02, It is also clear that the methylene group present
at C-1 is a‘ipha to a carbonyl group that appears as a multiplet

at 5 Be6ls On tha basia of the IR and 1y mur speetml datas
.atmcﬁuz'e 137 is attributed to E’g_ « Mapa fmgmentaxﬂon pattern
(Pigs 14) confirms aisrae'imz'e 137,




~76~

Djerassi et 1102 ana courtnsy et a1116 reported the

following mass fragmentabtion pattern for friedelin

+
HO |
X ™e 302 , X e 34 ' MW&’@- 9]

Now asg the fragmenig ViII %o XTI are the disgmontic of
' strucuure 1364 it is expoected that I& would exhibit pealks at
275, 305, 341 and 193 ccrrespundina 0 the following Lragnents

if structure 137 assigned to it ie the correct one.

116, dJ.I. Courtuey and Je«S5. Shannon, fsbe Letters; 15, 173 (1963)



fe 305 ; mel03

In acwrc‘iance with i;h@ above expecbation, the mass apectrun of.
137 (Flge 14) shows prominent peaks at n/e 429 (,m:s; Jy 341, 30D,
275, 261, 255, 251, 219, 205 (base penk), 191, 177 aud 163, The
genenis of the ion Lragments corresponding to the gbove pegks
could bo best rationalised in temms of the stmcture 187 as shown
in Scheme = XVI.

Structure of Py a8 2d ~carbomethoxy-A-nor-Friedelin, 1383 .

Tlemental anslyeis and molecular weight deternination by
mss speatrzm shcwad the mc:leacular farmu’.a of I‘e to be 031155 %-

Yhe .;m"rar”ad spe&zvx’um (& P e i5) of E,‘B inficates the
prosence of an ester group in the cmapaun&a The ﬁ.mwr'&ant péai”
absorption and their probable agsiginents. are recorded in Table~

11. The strong absorption band at 1730 om -1 ie dueg to the >C =



Scheme - XVI

—_—




)

gtretehing vibragtion of an e'é'l;er, group in strain free saturated
ringe. The supporting band i‘.‘or the ester appears at 1165 -cm"l as
a vand of strong intensity aseignable to -0-0 stretching vibration
of the emter eroups The band at 1430 cm * may be attributed to
$ ~CHg vibration of the eé‘t:er group. Thus, it is appavent from the

IR spectrum that compound Pp had an ester group as ite functiona~

1iky.
Table = 41
Inrared absorption peak of ¥y im Mujol Hull
Position of Intenalty ‘ Probable assigmment
gbsorption peak
inem ™
1730 gtrong P28 =0 stretching
vibration of an ester
Zroup.
1430 medium $=CHg vibration of an
' ester group
1165 strong -0=0 streotching vibration

of the a#ster group




This formulation Of ¥o is further supported by ite 360 Mz

14 xum spectrum (Fige 16)« The signals for variocus proions together

wilth their probable assigments are recorded in Table - 12.

Table =32
10 MR signals of Fy

-

Chemical shift Number of Multiplicity Probable assignments

§ {ppm) protons of signals
0,77 3 singlet
0,78 3 ginglet \
091 3 ainglet 7-C '-CEB
0-94 o ginglet ' »
TiaB4 3 singlet
 1.28 3 singlet
. ’ ' ' . s ‘
0.29 .3 . Goublet - U - CHg
1401 ‘ d =6 Hz ! J
o6& 3 singlet HG~GOOCH
2,90 1 . multiplet -(‘jg - COOCHy
R Wy = 14 He .

 The appesrence of singlets from$0.77 to 0.94 and from 5 1.17
to 1.28 indicats the presence of seven tortiary methyl groups;
a8 three proton. doubled centreé'at' S 0.9 &éith d =€315{z indicates
' the preaence of one secondary methyl group in compound Py « The
the proton singlet at b 5.64 is assigned to an ester group. One
proton multiplet that appeared as o very broad signal (half band
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width = 14 Hz) at & 2.9 indicates the presence of an axial
proton geminal to the carbomethoxy group. This inference exacti-
tudes the equatorial orientation of the carbomethoxy groups
Again, the multiplet also shows the presence of methylene group
alphe to the carbomethoxy fLuncbtione |

l Pinally, the mass apectrum (Pige. 17) analysis gives com~
plete support for the formuletlon of Py , The total mess 456 (M)
meay be abtributed to Py i€ it has one corbon less than friedelin,
136, Again, from ita 1y yuR dota analysis it is clear thab Fy
containg all the seven tertiary and one secondary mebhyl group
of friedelin. Also, the 1}1 MR spectrum shows that the carho-
methoxy group is alpha 0 o methylene group. Hence, the tentative
structure that may be .mssigaed 4o Pp is 138, which satisfies all
_‘bhe above arguments.
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Qhua, compaunﬁ, 138, is 20(«carbomenbaXJ ﬁ«nar fried&liu. 

Prom the ﬁzseussion @f the mass sp@oﬁrum of 137 it ia """
apparent that if, 138, is ‘the farmulatlcn for campound.rg, at
should exhibit fragments at m/e 803, 523, 221 corresponding to
&ragments VIiI, IX and XI fcr fr¢e&elin. Compound Iy exhilbits
ion frasments ab m/@ 393, 332 anﬁ 221,'wniah may be rationaliged
1f strugture, 168, is fcraulate& far Fz « The fragmenxatian
pattern is ropresented ms below. (Scheme - &VII).

" Scheme ~ XVII

™, 33D nm./a 22l
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Stricture of Fz a5 2,3 sec,@ mothyl Friedelin dicarboxylate.
Blenental analysis of compound Fz glong with mass spectrum
estabhahed its molecular formuls as O oH5g 044 o
. The infrayed spectrum (Figs 18) of Py initielly discloces
some information regarding its. structure . *}.-‘haimportanfl‘; peak,.

absorption and their probable assignents are reeerdeﬂ in mble-

13,
. | Zable = 13 Lo L
Infrared Abearption Pagk of 3’3 in Nujol Mulle.
Poaition of pe—ak, 4 Intengity .. Probable interpretation
absorpti@n in em
1730. . . 8trong >G 0 stre'tching
w20 - shoulder

vibrat ion of ester group.

1440 mediwm - b=CHz vibration of
eater group
1120 strong ~j=O-gtretching vibration

1110 strong o
\ of the ester gvoup

From its IR spectrum, it 1o apparent that Gbmpound 23
ig an estor. i

The 360 Mz “H NMR cpectrum (Fig. 19) of Py is algo
informative. The signals for various protons together with their

probable assignments are recorded in Table - 14,



LAY, ]
-.(34&

The mppearsnce of peaks £ran & 0.88 to o 1,03 and from §
1.19 %o 1.85 indicate thé‘presence of seven terviary methyl
groups in the compounds
Table - 14
g mR signals of Fy

Chemical shift "ﬁuhber of Multipiieity ' ?rébéﬁie spelgnments

S (opm) protons - of sigals
0488 3 singlet
& ' gingl et P v § - CH.
1408 B singlet. =~ F -
1el9 35 ainglet
1.80 BE-) ‘aingled
1.25 3 singlet
L \
B P 4 3 - doublet CHO - CH,
TS 'd =8 Hz S
. t _
3;62' 3 singlet aq - GGGCEE
1
B GE 3 " daflem AT
3466 ] ainglet =0 6&00@5
ReB- oo 1 quartet HC ~ Gy

d =10 Uz

‘The doublet (J = 8 Haz) centred at & 1.14 assigable for thres
'protong shows the presence of one secondary methyl groups The
© mme proton gquarted at 5 2.3 (3 = 10 Hz) is probably due o the
methine proton geminal €0 the secondary methyl gﬁaupg Two singlets
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each assiguable for three protons at & 3.62 and 58465 indlcate
the piresence of twa esher mnc‘bmnalitws in the compounds

Thus, on the basis of LU NUR spectrum it is possible to
infer that Pz 14 a disster ghd containz all the seven tertiaxy
and one’ ée‘eandary methyl groups of friefdsiin. |

Pinally, mass spectrum of ¥y (Mg, 20) helps to formulate
_its" atructures The gpectyum shows pz'omin@m; pecks at m/e 502 (M+) N
437, 471, 455, 442, 489; 415, 335, 30Ls 273, 245, 219, 205 and
192, | |

The genesis of these frogments may be rationalised if
© structure Li9 is formnlated for Fy ,

=L, ! mle4g7
___Cﬂ&Oing_?. -yy\/&429
~CH,CHCOLH; e
" s M

w/a 205



In order to ensure the above struchture, 139, for Pz, it
19 hydrolysed with mebhanolic potassium hydroxide. The compound
thet resulted themeof, showed m.p, 280° (&) which has similar

physical dabta as that of 248 seco friedelevalc acid, ;ggll ‘

" le

Thus, the structure of Ea is assigned as mathyl eater of

o &rieﬂslin 243 seco dicarboxylic ani&, 133.

11%. Ted e ooray and Jeds ﬂrsprung, ,-Am-ﬂhem.Soe., 78, 50%1 (1986)
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- Section D

. Oxidetion of Tupsnone, 180 and Priedelin, 138, with
hydrogen peroxide and sélanium diozide resulted in the Lormation
of § ~lactones. .In the case of lupanone, elimination of gem
dimethyl group alpha to the carbonyl group was found 46 take
nlnce, vhereasy in the case of friedelin, which contz2ins g .
gacondary methyl group in the same posibion, no demebhylation
wag founde | _

| In this seotion the results of the reaction of hydrogen

perozide and seleniuwn dioxide on Taraxerone, 14l, a d=keto
triterpencid having a trisubstitued double bond in Opg - Oyg
pogition under the same reaction condition has been re@orteﬁt'
The characterisation and identification of the compounds obtained
as a regult of the reaction are discussed in sequence.

Taraxerone, meps 238-40° was refluxed in tert-butanol
with hydrogen peroxide in presence of selenium dioxide on water
bath for 80 hours. The black selenium metal precipltated out
indicating completion of the reaction. The reaction mixbure was
then ﬁilﬁted with water and the liberated solid extracted with
ether. It was then separated into neutral and acid parts.

The noutral feaction showed two spots on chnbmatcgl&ﬁe.
In order to sepavate the components, the btotal mass wasl '



w3

chromatographed over a deactiveted alumina columns Elution of
the ¢oluun with pets ethe;w}aenzéne '(4:.3.)3_@’3‘19 a -so;:z,a Ti ¥ which
g eryetellised from chloroform=methan ol enc'i a:;alyseﬂ' for
Cz0Hag029 Mepe ’15353-900-_; Furthery elution of the coluymn with
peta re_ther*befmené (é;&) afforded & s0lid, which on fractional
erystallisation f£rom chloroform = methnnol yielded solid Oy ,
UgqHaaOos mep. 228307 and s011d Tys CzoHig0ps. meps 218-20°,

| The acid part showed two spots on chromgtoplate. The
guay mass was esterified with diazomethane and the products
wers seporated by column chromatogrephy on a deactivabed aluming
columne Petrolewn ether eluste furnished solid Ty, mep. 164~
'63%, which vas crys’ﬁallieéa from chlorcfomﬁaethaﬁol and analysed
for 03;;1{50&2,. Blution of the column with pebe ether~benzene (141)
gave solid Tg, m;p; 3..49-53,°9 Va'i}it;h 1wé.a ngrs"aallﬁ:séﬁ from chlorofori-
nmethanol and enalysed for 0323520&,

411 the products of the reaction ware then subjected 1;0

ﬁ@‘ta‘l gpeetral sbudies.s The annlyeis of sl1 the Spectra are

dizcussed below &m& ‘the atmcmres of the eompaunée deternined.

Structure Oi‘ :%1‘ as 1d 3 2« ~epoxy-Taraxerone, 1421

The moleculer formula of the compound' Ty waa assighed as
: + .
L3oﬁé602-"frma mass spectrometric data (I 438) as well as from
elemental anglysise ‘



The infraved spectrum (Figs 21) of T, with importent
" peak absorptions and pmbable iﬁterpretmien are wecorded in
Table =~ 15 '

_ v gable - 15 \ ,
Inframd Absnrp't;ion peak of 11 in ﬁujol “iull. :

Intensity ‘Probable assigament

Position of 1
absorption pesk cm™
3."?()5 ) o ‘whrong | DAY =0 :atre*t;ching
| vibratmn.
1355 strong ' - Ring vibration
205 weak , o
830 o miedivm - Characteristic of
epoxides
820 nedium. . Prisubatituted double

me infrared SQect:mm inﬁieates t:hau the eompauml ‘3}1 has ga'b

an epoxide funetmnal group together with the carbrm.yl &roup and
»trlsubstituted double bon.d already presezri: in. taraxerone, 141.
It is known ths:z; substitu’ized epmzides have 't;hree chamcterismc

bands in the range of ’?50«-1280 cn -1 ass:s_@;nea to ri.ng v:ubra‘b:.cms.

*"he banﬁs are gonerally faunﬂ am%.md '?50«-3’75 om 9 810-950 om -1

and 1250*1;‘380 1. The 1230-1280 cm"l banrd has been reported to
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be approximately constant £ epoxtde with different substitu
tionsu‘ . »’ﬁn the present case ’t;h@mi’gre, bands gt 12565 906
smd 830 em -1 are indica'bive of egexi.de fmctionali‘by- The band
a’t 1‘?05 cm mﬂicates thes preaence; of & carborg;l group zm.d that
at 920 cm 1 ig Aus to the presence of a trisubstituted double
honde o : ‘ | :
That the compound T1 15 an epoxide is 'evid@n‘b from i%s
lg wum spectrum (3; & 2 ) an&,lyaﬁ S The speetrum was recorded in
360 Wz J.nstmmcmt using TS as ,ntemql standard. The signale
| for various protons and their probable essignments are recorded
in Table - 16, o |
Igble =16
lvlﬁ NMR signals ‘oﬁf Ty

Chemical shift Number of E}Iultiplz crt:_v Probable asgignnments

5 (ppm) - protons of sigaals
0.83 3 einglet
8og§ g singg:et ' |
. '- singlet 8- 0C - CH
100 3 singlet S B
1210 3 singlet
1613 3 . singlet ,
1485 S singlet B
5.55. 1 - doublet | =( -G-
o P - d = 4,5 Hu , |
3.68 Lo dcublet H H
d = 4 Hz | - -
5.56 1 maltiplet | 76 = cH - CHg

118(a) W.A. Patterson, Anal. Chemes 26, 825 (1954)
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The minglets from & 0.85 to 1,25 indicate the presence of
eight tertiary wmethyl groupe in Ty , The onée proton multiplet at
55.56 shows the preseﬁcéj of an olefinic proton im the compound,
which may be associated with whe Cgy - Oy double bond of
Bapagerons skeleton. 4 pair of doublets each ab © 8435 (J w 4.6
Iz) and &t & 3.52 (J = 4 Hz) are indicabive of e alpha ewxlﬁe
malgtyllgg That the epexiﬁe ETOuD is present w 1,2 position of
the tarazerone is ev* dent fronm the fact that the 11{ NMR spectrum
does not show the presence of any methylene protons adjacent to
the carhonyl groupe The strueture of Ty is therefares formulated
as 142. |

3.18(b) Jello E&Gl&.g Jels Uole, DlE, ﬁ(}@ﬁ.f@l’g JOC@Q@'?%L‘ZS‘Q }Q, ‘
1298 (1950).
119, N.3. Bhaces snd ’:‘).EL, Williamg, “Applieation of NUR

:apectfescqpy in Opganic Chemletyy ", Holden-Day
Incsy 101 (1964) '
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The formulabtion of structure 142 for compound ‘-1‘1 WO ,finaily ,
proved by 1ts mags spectrum (Fige 23). The gpectrunm shows charac-
seristic peaks at m/e 438 gm?),.@gsg 314, 299, 205, 204 and 189,
The preaenée of the peaks at n/e 314, 299, and 204 may be aa_éigne&
to the formation of fragmembte XIT, XIII and XIV that srises from
a typical taraxeroe skeleﬁomwg N ’f;her‘eby confirming the ex:j.gﬁence
of the double bond at Ci4 =~ Cyq position. | |

The genesis of the ion fmgm@n‘i:s al?é roecorded in Seheﬁa -

XVITIe

Scheme = :KVII{_];




From the combined results of the physical daba, namely,
Ry lgv HMR and Mass spoectras the structure of ¥4 is esslgned as

1oy 20 epoxy taraxerone 142.

Structure of Tg as 4, 23, 24 tri-aor-feraxerene-d — &
d B - olide, 14ds | -

’

Hasg smctmm and inaopenf‘em; elememal analysis gatablished
she molecular formula of Ty ag GWHQQGQ. |
Some important informmation regerding ‘f‘she gtructure of Iy
gcome from its infrared spectrun (Pig. 24). The prominent absorp-
tion bands and their probable assigaments are rec-@x;ded in Table ~
17, | |
Infrared sgrec:tmm of Tl’ain, Hujol Mull

Pogition of Intenai Probable a}asi ment
aboorption pesk ¢n <1 ' R . =
1’150__ , otrong ' - S=lactons
1260 . medium «0=0 vibration
‘ gtrong ‘ A
810 medivm frigubstituted

double bonde




=l

The band at 1750 om
$=loctone functionality in %110"; The  >CO vibration oceurs at

113 _ =
1260 cm"l- « Appearance of band at 810 cm 1

may be abbtributed to the preseace of &

denongtrates the
presence of a trisubstituted donble bonds «

The 360 Mz 'H NMR spectrum of Ty (Fige. 25) studied in
D01z taking TMS as internal stendard is very informatives The
slgnalg for various -protoma and their probable assignments ave
recorded in Yable « 10.

| Dable - 18
g gMR signals of Ty in CDOLs

Chemical shift Sumber of IHultiplicity  Probable asslsaments

S (ppm) . protons of signals
0433 3 " minglet
%ag% g Si%l@t o \
Ja : ginglet - - (G -
1.00 3 ginglot ¢ “l’ 0'_1:15
1.12 3 singlet
: !
2 26 2 multiplet ~Hg¢ ~ CHp ~C = 0
5492 1 quartes =00-0-CH -CHp
J&e = 5 EE
dga = 12 Hz

5..,57 i multiple‘é 26 = & -~ CHy
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Fig.24 IR Spectrum of 4,23,24 tri-nor-tararareng=3-—~
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The appearsnce of B.in_gle‘%ss» ﬁcm > 0,83 to 1,12 integrable
for eighteen protons inﬂiaatés the presence of slx tertiary methyl
groups in compound T, ‘A wio proton multiplet centered at & 2.26
ig asoigned Ho o methyléne group alpha 6 carboayl groub. The
- quartet at & 3492 (Fae = 6 Hay d,, = 12 Hz) shows the presence of

a lactoniec px'otenngg The 4 valuesg indicate the axial orientation

of the proton having one axial and one equatorial majighbauma
These peaks appear to be very similar to those of 4,»”;’12;5.; 24— tri~
nor lupsne 8 — 5 oliéeg 138, mentioned earlier thus iz;%;;cating
the formetion of gimilayr S ~lochtone in ring A of taraxeréhe
formed by eliminstion of thvee carbon atoms 4, 28 ond 24« Thus,

ring A may be represented as 143. The one proton mulbiplet centred

at & 5.57 is dze to an olofinic protons

From the IR and M MMR date analyeis, it appears that
compound Ty h-a%_a a trisubgbitnied double bond which is either
at 14 - C15 pomitlon, that is, the double bond is retained as
in the case of taraxerone, or it is dus bo U0 = aw doublse bond

:i;’amedk'by isomerization of 314 - G455 double bond during the course
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of the reactions From these ohoervabions two structures 144 and

145 may be assigned for Ty + The gtructure of T, is finally

. establiched as 144 frosn its mass fragmenmtwn x:a:btern (Pige 28).
The molecular ion of P35 ig found to be (M 398) by the chemical
iondsation method. The ion peak at /e 274, KVII{ probably arises
due‘ to fetro-ﬁieM-@}ﬁer decomposition of ring D, the charge
remaining with the diene poi'ticn comprising the mn& Ay B and C
aa v‘:és in the case of taraﬁeranemg. The fragment XVII, undergoes
the lozs of allylieslly ac%iva%aﬂ-methyl. group at (=8 and thus
the ion peak ot m/e 259 resulits due to fragment XVIII. The ion

"peak at me 204 is due to frasment XV. Hydrogen addition to the
fragment XV results in the formebion of the fragment XVI respon-
gible for ion peak at m/e 205. Fragment XIX is due 10 losca of a

) methyi group + Fragment XIV is algo responsgible for ion peak st
/e 204, which is el'xamctércistie of taraxerone skelebton. Thus,

 the lon peaks at n/e 274 and n/e 259 s’ui‘tébiy gsupport the formu-
latlon of Tp as 144. The fragmentat"on pattern is shown in
Schems -~ XIX.
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Seheme_ - XIX




Thus the structure of oy is confirmed from mass specirum as

4, 23, 24 tri-nor-Taraxerenc-3 —r HOH =ollde, id4.

146

e d
——

Structure of Ty as tarazerene- € =lactone,

mgleeulgr'weight-determination‘hy mass spectronetric
method and independent elemental analysis of T3 showed the mole-
cular formula of T3 as OzpHgs00 (m+.440).- .

She infrared spectrun (Fig, 27) of Ty shoved a sharp band
at 1720 cm-l, which may be due to the presence of a carbonyl
function or ¢ lactone moloby. If one of the oxygen atoms is
’pgesent as keto or aldehyde group, the other Qxyggn.aﬁom shou1d
be present as hydroxy or epoxy or ether funqtiqnal groups Since
the IR spectrun does not show any peak that are generally shown by
these functions, the probability of the presence of’ ¢ lactone
could be inferred from IR gpectrume The pegk st 810 am‘l iy a8
usual, attributed to o trisubstituted double bonds

ﬁhe mess spectrum of Ty (Pige 28) shows charaetenistie
peake at n/e 440 (M), 316, 301, 204, 206 and 189. The appearance
eflthese fragments may be explained if structure 146 is formulated
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The genesis of the ion fragmente m/e 316 and n/e 301 is
gimilar 4o ﬁagments XVII and XVII‘I ag in the case of compound
‘144 and 146 can be ex;;laimé by structure 146 as is given below in
Scheme = XX. ‘ |

’h\/e. 205
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Thus, the edructure of iy is confirmed by IR, Af WY and
#ass Speotral analysis ae %araxereneae-laotqgag 146+

. Structure of Ty as 2 d~Uarbomethoxy-i-nor-toraxerena, 1471

Blemental analyeis ond mass spectral data indicate the
molecular fomula of T4 to be CuyHznls |

The infraved spectrum (Figs 29) of Ty is recorded in
Table = 19 with 1% important peak absaorp‘is‘ic?na and their probable
assigaments ’ '
" ‘ fable = 19

IR spectrum of T, in Nujol Mull

-

Position of pe%K Inteneity Probable assigument
abgorption em :

1735 " @trong " 50 = ¢ stretching vibration

of an ester group

1155 strong  =0~0 stretching vibration

of the ester group

8iH strong trigubstituited double bond

It, %;herefore, appears from infrared specirum of T4 that the

compound 1is probably an ester with a trisubstituted double bond.



The informaxvon regarazﬂb the structure of TQ as obbained

from ite IR syaatrum gete further support from ite 560 WHz 18 NMR
gspectrum (Fige 30)¢ The spectrum iso rvecorded in Lable - 20 with
its chemical shifg ana,%heir probable assignnent.

Tobly - 20

Y NUR signals of Compound Ty

Chenical shift ‘Number of Multlplicity Probable assignment

in $ ¢ pﬂD protons of slanals
0.82 3 Binglat::
0.856 3 singlet
0.90 3 gingiet = = "
0492 3 singlot 8 ~0C - O,
\0.95 3 -sibglet !
0,99 3 singlet '
1008 3 singlet
1512 3 singlet
276 L qnartet \ .
Jae =5 Hg : 7
5.6 3 singlet - H'- G = COOUH
. Bu54 1 owitiplet B~ -o0Hp -

Appearance of elght singlets from § 0.82 to 6 1,12 integrable for
~ twenty Lfour protons demonstrate the prsseﬁce of eight %értiany
methyl gfoups-iaw?4 « A thyree proton singleﬁ‘gts 346 shows the

‘presence of a carbomethoxy group in the compound. 4 quarbst
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centred at 5 2,76 integrable for one preton:mgy ‘be ,gsaign.e&. to
the hydrogen atom gemiual 0. the carbomethoxy groupe The J values
alge indicate that the proton is axially oricnted with one é.xial _
and one equaﬁarial neighbours. The multiplet at 5 5.54 integrable
for one ;;am*t’.on indieates the presence of g trisubstituted clefinic
proton. | . _ |

The mass apectrun of % (Eg,g. 31); finslly establishes its
gtructures. It shows charao&eris‘bia peaks at n/e 454 i’tM“L), 439,
. 530, 315, 204, 189, From our previous discussion on mage spectrum
of taraxerone, i4l, and compounds Ty, Tp and Ty, it is evident
that fragments at m/e 204 and 189 .ave due to Speuiera XIV, XV
and XIX. Fragrents gt m/a 454, 330 and 516 may be exzplained if
‘stmcture 147 is fozmula‘keﬂ for E& , whieh 3180 o isgleg the
g HMR and IR spec tral analysés.
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ﬁence, on the b&exs cf Spectrml data the etrmcture of Tq

has boen aesigneé a8 2CX—carbome%haxy—ﬂ-nor-tarQXGrone, 147.
. . B B

. Structure of Tﬁ ag Tarqxerene 2 B seeo»meﬁwgl diearboxylgte,
148 5

. (_Eléménxai analysis end mass speetrun of D5 show its mole-
enlar formula to be Cgolgahs .

Tﬁ@ important peak aﬁsorpﬁicn.and their probable assign-
ment of inirared égectrum of Ty (Fige 32) ig recoraed‘in Table -
o1, . : ‘ _ . ‘ .

 Zable w21
Infraved spoetrum of T5 in Nujol Mall

Position of ., Intensity Probable ascignment
pear absarﬁuion en . ‘
1?50 _ strong 2¢ = 0 atretehing
1720 ghtrong ' 8
- vibration of ester growp
1440 mediun §=CH, vibration of
' ester group
1140 - - weak »C»G,straﬁching vibration
of the ester group.
810 .. ueak Trisubstituted double

bond
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/ The infrared spleétz;um is inaiéative of t'wd e;ste? gréupé
/ and e trigubstituted double bond as fuactionalities in Ty P
| The inferenée gote support f:eém ite 11{ NMR spectrum (Fig.
:.;’;5); The Spéctrum is stuaie&- in 360 MUz inatmmeﬁ'b uging TMS a8
internsl stondard. The signals fov various protons and their
probable assignments are recorded in Table -~ 22.
table - 22

éi’}aemiua,l shift Nuomber of Hultiplicity Probable assignments

6 (ppm) protong  of signals

081 3 singlat
0,37 3. singlet
0491 3 ginglet o
0,95 K] ginglet 8 = 0 - CH
0,98 3 singled | =5
1,01 5 singlet
1409 3 singlet
129 3 ginglet

|

Se 60 3 singlet 5 - Cmcﬁ_s
3,65 3 singlet ~$-C00CH;
2,30 2 ‘multiplet =, ~ C000H,
5.54 i maltiplet 00 = CH = CHp

The appearauce of eight singleds fromd 0.8 506 1.5
.;m;egrable for twenty four protons may be aceounted for the
pregence of elght tertiary methyl groups in compound T5. Two three
proton singlets each ot 5:60 and § 3465 indicate the prosence of
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two carbomethoxy gl*oups .in the compound. The two proton mulbtiplet
contred at & 2.3 is attribubed to a methylene group slpha 4o a
éarbome%hozy groups The mulsipled cen“s:c'ed ab 5 5454 in due o o
trisubstituted double bond. Thus, Zrom IR and i NMR spectral
data, 1% is found that compound Ty contained two carbomethoxy'
group along with eight tertiary mothyl groups and the trisubsti-
tuted double bond that 1s present in tarazxerone.

Hydrolysis of Ty with methanolic KOH gave a compound
identical with taraxadiolc aciélgov, 149, Compound Ty iay thérefore’

assigned structure L4S.

120+ J+ Simonson and WeCeds Roasy "The terpene”, Volm: IV

(Cambridge University Press, Lond); 283 (1957)
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The formulation of Iy os taraxersne 2,5 seco methyl - |
dicarboxylate gebs further z‘mppoxé% fran it8 nass spae’sm
(F4gs 34)« It shows chavacteristic poaks at w/e 500 (15), 405,
470, 463, 440; 399, 376, Sﬁi.; m&;.@hesa ion fm@em‘;s may _’fc‘as
rationnlised if s¥ructure 148 13;8%-3&?1%1'13& %0 T5. Horeover, peake
gt m/e 876, XAIV and mle 361 XXV stand as support for the structurs
148,

All theos gpectral date analysis of the e@mpcmé aggest the

stracture of 15 ng iaraxerens 2,3 meco-nothyl dicarbozylate.
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- Peotion B

. Fpopoged mac
Pormation of o, (3 anea%umteﬂ ketonest o

xmitm reviewing the works on oxidative transformations bsr

| issleniu;n dtoxide (Chopter I)s 4t hos been discussed that geleniun
di.oxide mﬁ;é as g Gehydrogenating ageut if hydrogen atong ave
available at pogltions & and A o the sarbonyl groupe In the
nage of trﬁ:.amémma, the formation of 1, Z-one-d-0one geens to

be rather restrictod due Lo storic hindrance by the -m@'t:tx;ri groups
pregent at the foup position and ab the A/B ring jupctures Iupanone,
180, yiolded dihydro glochidons (lup-i-sne-f-omejsy 434, in small |
amount whep hydeogen peroxide was ém@mrfs in negligible proportion,
whils in preseace of higher amount of hydrogen pesroxide; 3 keto
1o, é'O( apoxi&m 142, was obiained Lrom tarszevone, jdl. The
profducte indicobe that dehydvogenstion reactions toke place even

)i:&' there are gon ﬁiméthyl group ot the Loy ponitions $he same
venction when carried out with friedelin, 158, 4id not yield i,
Z=gnae=S=one or 4, Eiswezm-n&%am or thelr am*respwﬂiﬁg époxideas
BT my, %herefox;e, be concluded that the twisted boat strusture

of fyiedelin, 136, e&mé@ nindrance $o the formation of o ;3
unsaburated ketone by ebterical intorference. Chug, we way NLOpLese
the formation of &, unm%umteﬂ ketones in the case of triter-
penolds contalning gew, &m@%hyl group at the :f.‘mw pogition in two
different pathuays?® as follones



[+ H-5e —0OH

The probable mechanism of formation of the epoxide may be by
the action of Hggz or peroxy selenious aciﬁﬁpg which procesds

a8 given below in Schems XXI.
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ﬁcheme r.

H_ZOIQ_' O\“x; ‘ -
HOOSOH -

Formation of dicarboxylic acidss

1t has been observed experimentally that triterpeancig
S=ketones with gém dimethyl or manomsthy;i agroup at O=~4 position
ig:?,;s"n? dicarbpxylié acids by cleavagas of." 2,' 3'carbqn—carbon bond
during the reaction with hydrogen peroxide - selenium dioxide in
5.;;;}{)1’@(31&1313 amount s The formation of carboxylic acids, 153, 140
and 1439 from Jupanone ;;'S_Q_P, friedelin 156 and taraxerone 141 ree-

pectively can be explained via the intermediate clage of 2, 3=
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diketonee, which in turn is further oxidieed by hydrogen peroxide
t0 carboxylic ancifg. Ag it is well known that seleonium dioxide is
a gcnﬁ'axidising agent of the nethylene group o 0 the oxe group,
it is obvious that the high temperature aud prolonged rezetion |
time eause-eomgléte oxildation of the 3=-keto triterpenoids to the
ﬂiketanea The steps involved in the conversion Of B-keto triter-

penoidas to seco=dicarboxylic acids are given belaw66 in Schene =XXII.

Schemag - )

HOSeO... "
HZSCO4 R . Hzoz
120441
r H ]
HOO | HQO
HOSeQ.
- H,Se0q4
, E
36
T OH :
HOO
HO.O E

O+
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Formation of A-nor—carboxyliic scid:
I&xpanoua and taraxerone both with gem dimethyl group at

(=4 pogition and friedelin having one methyl group at C-4 ponition

furnished A-nove=carboxylic acid in poor yield. Phe proposed mechg-

nism for the foxmation of these type of monccarboxylic acids by

the oxidation of 3-ketones éy selenic acid followed by atbtack with

hydrogen peroxide and rearrange_men’t % ;g proposed in Scheme -XIIII.
Schome = XATIT

HOSeO. HOSe0...
r HlSeoq HzOZ ,
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Formation of $ =lactoness

 We have observed in Section B of tﬁis chapter that Inpanone,
;@Q, forms a O ~lactone, ;§§, along with other products when oxi~-
dised with hydrogen peamxidef-sélenium dioxide. The same type of
S-lact one, 144, was obtained from taraterone, i4i. 1t 18 surprising
to note that in the case of tarsxerons when the refluxing period
wag only 20 hours, a second lactones 146, with the same number of
carbon atomg as in the original kotone, 14l was isolatads in our
first pa?ég%‘ in the series of oxidation reachbion with hydrogen
- peroxide-selenium dioxide we had proposed the formation of & -
lactone via the intermedimbe € lactone. It may be noted that in
the oage of luyammég 180, the vreaction poriod wasg 30 hourss
waile in case of taraxerone, 14L, it was 20 hours. It is, thersfore,
possible that in the fomrer case, the € ~<lactone whiech ig formed .-
first, undei'gaes‘ hydrolysis and by Bacyer-Villiger oxidation
results in the formation of 6 -lactone, 135. The imolation of
€ «lactongy ;éﬁa in the case of taraxerone, 14i, 'hsaé confirmed
our mechanisn proposed earlier. Thue, we may write the mechanism
of formation of 4, 33, 24 tri-nor-3d — 8§ o0lide ag chown in
Scheme <« XXIVe |

121. S. Dutta and B.P.Pradhan, Ind.J.Chenes 21B, 575 (1988)



- Scheme = XXIV '_ e = XLY
| N

e A- .

O : > 5

130 &lal /- |

10 - H.02
T —_—
145 - )
| | '
HO Hydvolysis HO \ —:HZW 5 |

' o 1354144

G

(l) | H
"o

In the case of friedelin; 136, whers thers is one methyl group
‘at O-4 poaition, it vas expgcted that a 5 lasctons with the lose

of 4, 23 carbon atoms would be formed as in the case reported



by Corey et all®®, To out surprise the. § ~lactone, 187, isolated
fr@m fricdelin cantaﬂns one abom Jess than fricdelin. It was
eharacterxsed as 3~nor friedelin 8 — 4 olide. The mechanism ‘for

' the formatien of this lactone pessibly follaws a completexy

/alfferent path wiay as ahawn in Scheme - XXV.
Seheme - XXV

122, BeJ, Covey and J.J. Ivsprung, JdeimsChemsS50css 5041 (1956)
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It is probable that, soleniun dloxide converts friedelin 4o 2y 5=
diketons & [': dideaphenol b — g __7 + One nmole of hydrogen
peroxide may attack g 0 give the intermedinte o ~keto=€ ~lactone,
£y which may undergo hydrolysis to furnish the & ~keto acid g.
The acid g on decarbozylation furaishes By d=9eeam(imdwnored=
hydroxy=£friedelin-2=carboxyiic acid h, which undergoes lactoniza-
tion to form the $-lactone :}_@_’L. fa.il the above in’semeﬂiaﬁea are I
formed during the reaction condltions in gity. The kfgama'tian of
‘o similar lactone in the oxidabtion of Lupanone and baraxerone kby
Hp0p ~ Se0p is not possible due to the presence of gom dimethyl
group at -4, which i‘mm the formation of a diosphenol similar

to ¢ from lupouone and Haraxercne.
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. gesbion® T
Sxperimedtalt | ' | |
| Melting poinis ayé uncorvecbted. The petrolewn ebhoer used
throughont the investigabion had bsps in the range of 60-807C.
The infrared s;ﬁeeﬁra were recorded in Beckmen IR-20 Spectrophoto-
" meters The UV absorption spectra were taken in Beckman DU=2
Spectrophotoneter. Mass spectra were recorded by electron impact
‘method in s 300 gpectromeber. Silica gol used for ecj,umn chromat O
graphy was of 60-120 mesh (BsDsH) and aluming used for column
chromatography was of active basic grade (B.D.H). TIC were performed
in chromatoplates preparcd on glass strips with Silics gel G
(BaDeH). | |

Six kilo grems of air dried finely powdered bark of
Xonthoxylun bgdmngg 1% s mozxhletted for 48 hours with benzene.
The extrach wap cooled and then solvent wag dilstilled off. The
residue left wan dissolved in *min‘ix_mn volume of benzene, chromg-
tographed over deactivated glumina columpt and the petroleun-othor
eluent collected. Petroleum-ether was distilled off and a solid

(14 &) was obtained. The s0lid on rechromatography over demctivated

123(a) Disberle, Arch. Brarm., 287 (1919), 260 (1921)
(b) Ultee, Bulles Jardinbot. Bultenzorgs 1922(i11), 4, 518,
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aluming afforded lupenone on petfaleumwet-her eluﬁion and lupeol on
petroloun ether~benzene (4:1) elution. The latter was i‘urther
purlfiea by repeated oxystallisatwns Lrom ehlorefam-methanol
‘mixtures 12 g of lupeol, mep. 215-16°% [ ] '35% was obtained
and found 'bo be. identical with auth@ntm eample of lupee)l (co.-

ta 1.:3, H QO.p. an& ag=- Iﬁ}-

;gdmgeggtion of Impeol to Tupan
' 7.0 gn of lupeol in glacial acetic acid (106 ml) and
ethyl acetate (150 ml) was veduced with hydrogen ab atnospheriec
preseure in presence of Adam's catalyet (200 mg)s The catalyst
waa filtered. off, the Bolvent eva;fzémteé in vacoun and the resi-
dus on recrystallisation from dh1oroforn~nethancl mixture afforded
fine ovystals of lupanol (6 am) m.p, 206°, [O‘Jj) e 17.8°

identicgl with authontic semple of 1upa;§.01. (co=IR, mefep)e

' Dry chromiwm trioxide (6g) was added to a magnetically
stirred solution of 2.6g of dry pyridine in 150 ml dry methylene
¢chlorides The flask was stoppered with fused calcium chloride
and the deep bursandy solution was stirred for 15 minytes ab
roon temperature. At the end of thip periods -a solution of lupanol
(42) in a small volume of methylene chlorids was gdded in one
portions A tarry black deposit separated immediately. Afber
stirring for an additionsl 16 minubes at room bemperature, the
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selutianAwas decanted Irom the residue . The decanted methylons
chloride s«:&ution ‘wae coﬁﬁéﬁséa:' in vaccuo and then ‘the regldue
was taken up with ether-anﬁ filﬁered to remove 1nseluble chromnivn /
salte. The ether salution mas washeﬂ with éiilu‘se agueous basa / /
and wiﬁh a saiura$ea brine salution.anﬁ dried over anhydrous .;j/
sodiun Salphat@; e
| | Evaporation of the solvent yielﬂe& ﬁhe crude ketone (épSg).
The oruie ketone dissolved in minimum volume of benzene wes /
chromotographed over active olumina column (100 g)s The eh;’.;omatd-'-'
_gran vas developed in petroleum~ether and eluted with the £011ow~

ing solvents.

Bluwent = - o Practions  Residue on Yelting point
50 ml each evaporation og .
Petroleun-ether = -4 o0y o a
Petroleum~sther  B-30° solid 200203 °
o A (s.88) .

, . ﬂ‘urther elution w:.th nore polar salvexrbs did not afford
any solid mterial¢ | - ' '

Fractions 5-50, Table = 23 weve coubined. This op repeated
cx‘ysta;.llisaﬁi‘on from chloreofom-methanol mixture afforded needle-

shaped czystals of lupanones Mepe .2()9-160',L0{J D 16;2_0 m.émm;
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with authentic specimsn of 1-az)anone {memap: showed no depression);
s Vo (nusel 1690 em ) (>c =0).

0%, ga:bvi on of ‘mpgg g__mmtg uelenium dioxide ana mﬁr gen gem@,&e
A anlu’m on of 1upzmcne, (Le2 8) c‘iﬂ.ssclved in tert- butanol

{60 m1) contajning seleuiuza diozide (0008 g) and hydrogen peroxide
(17%, 0.8 ml) was refluxed on water bathe After 32 hours black
gelenium metal precipitated out indieatiﬁg the completion of
res.ctiian. It was cooled and Qnaraél in ice=cold water when a white
g6lid appeared. This was takén in ether and the ether solutbion

was washed £iret with 10% 25&2303 salutzon (three times, 200 ml)

and then with 5% i%ragbeg solu.t‘? on (three timés, 200 wl)s The ether
layer whick now contained neutral parb on:w, w6g washed thres

times with dile HOL (200 ml), then with waber and finally dried
over axm,;dmus mags%. The i’z.ltema solution on evaporation o

drynﬁss ymlﬁea 8 gummy residue (0.5 g). 'lhe alkalﬂ.—msh wae Fept»
aglde for Lurther treatmen‘b.

Isolation of Lup~l-ene-3=one

‘The gunmy neutral mass was dissolved in minimun volume of
i;;amene and chromatographsd over g deactivated -alumina -eoium
'{‘40@).' The chromatogram was developed with petroleufa ether and
'elu‘i,eﬂ M'th the solvents gtated ia Table - 24,
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1

Tab}.@..;@é
Tluent - o , i%‘m‘c'tibns: ' Residué on evaporation

50 ml sach

Petroleum ether - -2 = fEraces of oil

Petroleun ether - .3-6 - . Solid, (80.nmg) .
and bengzene _ , o
(4‘1; s T . @‘Pfalﬁg*ﬁg

Fu,rther elwﬁien ws,i'.h more :golar ‘solvents did not affard

an;y solid material.

Proctions 5-6, Table - 24 were combined (80 ng) and on -
erystallieamon from g mizture of ohlovoforn and me'shanol afforded
colourless crystala of 1up~1-ene—5~ane 134, o

'Analysisa
1+ U % : S
Ca0H4g0 required . C 84484 T 11,39
Pound . 84.+71 11443
Hujol
41*}3 ’Jm . 4675 em (-— = --cwe)
@0t (de =0l ) o
e Lo ' (Eig' 7) P
gy 5 A 1e0R 228 nm

YR i 0,78 $01:08 (6g, 18H, 6t-Cly),
OH;
(6, CD015) 0,75+ 0,80 (4, & = 6.5 Hz, &, 50< 0 ),
Ol
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5.80 (@) J = 10 Hay 1H, -0-C = (- )s
| OH H
7.10 (,gl. = 10 HZ, 1Hy =(=0 = El}-n Coe )

ll
"

lm—

(Fig. 8)

contmont of the glicald wash.

' The alkall wash that remained after separation of neutral
part was treated with 20% HCL €111 the whole solution waa acidic.
white precipitate that separated out was taeken in others The
gther-solution wag washed with waterd dried over anhyd. Nagsog .
After recovery of ether, a colouréd gunmy mass '(550 ng) was
obtamed. It showed two apots on chroma‘sc:plate. The mass was then

sub jected 'bo es’cerifica’bmn.

. sﬁem:ﬁ’icatiog of scid g@g_:'__t = 80k ‘.ion of 2°\-c

< lupane ., ,3-seco-methy_1 133,}3@:19 dicarbo mg__,
The gumy mass (550 mg) vas dissolved in ether and cooled

te) 5%. To this solution was addcd well cooled ethereal solution

of diszomethane prepared from 1 gm of nitrosomethyl ures and was
‘ | k_epf overnighte Bfezt day s oxcesg ‘of-diazqmethane' was é.esa‘troyed wilth
acebic acide The ether solution wag washed Wiﬁh water, 10}% sodium
biaar’bonate solution and again with water till newtral and thén
dried ovar anhy&. Nag30ge Braporation of ether yielded a gummy
regidue (835 mg). ‘



The gunmy resldue (536 mg) wes dissolved in minimum volume
of benzenéf%as placed over a colymn of alumina (60 g) deactivated
with 2.5 ml of 10% aqueous deetic acids ZHo chromatogram, was
developed with petroleum ether*and‘eluxea.with the following

golvents,
Inble = 25
Elnent Fraction Résidue on Melting point
‘ , 50 ml each evaporstion Og

Petroleun ether  1-8 Nl -

stroleun BeB  Solia | 162°
ether~benzene (éal) . {100 mg)
Petroleun ether . 9-10 Wi | e
~benzene (332) A A ke o
Petroleun ether 11-20 . 80114 1020

=benzene (233} . (140 ng)

rurthor elution with nors polar solvents dia nnt furnish
any golia mateﬂﬂal.

TLO of fractions 3-8, Table~ 25,showed homogenity hence,
they were combined (100 mg) and crystallised from chlofo?atm~
methanol wizture to furnish fine crystals of 22~ﬂarbomethoxy-m~

now- lu@ane, 131, meps 1?4—77 .
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Analysis: - | - #0 ' HH
CgyH5q0p Tequired - 8152 . 11s42
Pound - Bl.dl . 1198
R +U5PF 1740, 1454 and 1170 on™t
mnax .
(-~Co00Hz) (Pige 1)

13"@&3 - 0,72 4o 1404 (6g, 18H, 6=0-CHg ) o

(661015) 0.75+0.85 (8, J = 7 Hay 61, HO <é§ &
: =3

2477 (qy & 'aa = 12 Hz; 5&9 = 6 Hz, LH,
H
-2 - (Pige 2)
Mase s M (456), m/e 4405 424, 413, 409, 396, 381, 357
274y 259, 249, 235, 221, 206, 191 and '1'49;
A | (Fig. 3)
Practions 11-80 {2able 25) were found to be ideatical
- from examinaﬁlon of Tpc and therefore, Qombinea (140 mg). This
after crystallisation from chloroform-methanol mixture afforded

needle—shaped c&ysﬁals of 2y & haea methyl lupana dlcarboxylaxe,
Q&.—.’ TP 13.(’3"18 »

Anslyoisd - e % G % H
2554Qé H@quired o - 645 1083
Found S 76,52 10,92
K : ,"" -
J B"" 1755, 1740 cm'

(-000CHg) - (Fig. 4)
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_ 1
19 MR ¢ 0,92 to 1422 (6g, 18H, 6-G-GHy)

(%
(65 CIC1z) 0.85+0476 (ds § = 7 Hz,y Gy HO

™ cits

)

2445 and 2.48 (28, 2H, Hg0 ~CO0CHz)
3.68 and 3.64 (2g, 6H, 2- CODCHz)
(Pige )
HMasss m/e 502 (M+)vg 443, 429, 413, 400, 385, 369, 321,
259, 205, 191.

Methyl 1upane aicarboxylate, 132, (0.100@) dissolved
in benzens (2 ml) was refluxed in 10% methanolic KOH (16 ml)
for 4 hours. The mxture was cooled, acidiﬁ.ed with dile H01
(20 ml) and extracted with ebher. Removal of the psolvent afforded
o solid, which on repeated crystallisations ifrom methenol furnished

lupane dlcarboxylic acidy 138, CzgHz004+ mepe 2'?0-'?1?'.

Analyeiss | o % G % H
| OgoHpo04 Requived 75,90 . 10,62

Found 75448 . 10499

Oxiﬂation a‘f 1unanone wi‘éh Hp0p = SeOg vnder drastic conditions
Brapar, ':‘a.o‘ of 4, 23, 24 trimw&m&mm_mmg
diearboxylic acid

' A solution qf'lupmiqx.lé, 130, (2g) in tert-butanol (150 ml)
contalning HoOp (174, 30 nl) and Sely (0.6 g) was refluxed for
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30 hours. The reactlon mixture was seéparated into n;euisi'al end acid
parts asg-usuwale. The .acid:;paﬂ (= 600 mg) <0ﬂ:i‘§pea‘teél erystallisa~
tions from methansl farnished a crysballine solid, mepe 265=66°,
iaentieal.with lupane dieafbaxylic acide , | ’

The neutral pars (0.o £) was chromat agraphed over dezcti~-
vated alunina (20 g)s The column was developed with petrolous.
ether and eluted with the follaw:mg solvents.

Table =26

Bluent Iractions  Residue on Melving point

50 ml eaeh eva.po:eat:«.on 0g
Pe’troleum ether 1=-2 011 -
Petroleun ether- B DNy o -

benzens (43d)

" Petroleunm ether— 5-8 N2 -
benzene (‘3:2) , L '

Petroleum other- 7.8 ‘ il -
benzene (213); o , : o

Petroleun cther- 911 o1 )
benzene (4i4d) : : .

Benzene : 18=21 | hite | 24:3-'-466
B : solid (300 mg)

Ffarther e:!.ﬁtion with more polar solvenis &id not yield
any solid material. »
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156 of compound 12-81 {abie <« 26) shoved homogenity and,
$herefore, they Wwere combined (360 mg) and erystallised from
chlarofarm-methanol to furnish colour]esa cry&tgis of 4 25y 24~

{

tyi-por lupane & — 5 olide, 155, MaDs 252 o

Analysisa ) u # -
found P7.62  10.58
I R 1748 (6 =leosone) om
‘ e _ ) |

(Fige 9)

Ly R 5 0.7 o 1407 (4, L2H, 26-CH ) »,
(5,00015) 0,82 0475 (4, Jw 7 1ay &, B )
549 (ms Wy = 18 Hz, 1, ~COO-CH = )

206 (my 28, Hpd = 000=) .
{Fige 10)

o + o
Mass + M/e 400 (M ), 385, 584, 357, 219, 200, 206, 195,
191, 165, 163, (base pealk)s 149, 135, 125, 181,

119, 109, 107, 95, 93, 81 |
| (Figs 11)

Isolation OFf glin from Corks
2 kgs of finely powdered vork was exbtracted with petroleunm

gther in a Soxhlet quaratas for 18 hours. Afber removal of the
‘goiventy a white solid separated oute Tho solid wage dlssolved in
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minimum volwme of benzene and uhmmatographeﬁ over deae-ti'm%ed ,

aluminzi eslumn. mzﬁslon Qf the colwnn vith pe‘croleum ether gave
o

shining cxystals of friofelin’®, m.p. 262-68 ol |y =4547°

A salutoc.-n 0£ frm@mﬁn, 1%, (O.E:?g) in teft—»butanal WS

refluzed on a weber bath for 60. hours im presence of nvdmgen
peroxide (16 ml, 22%) and seleninm dioxide (0.285g). The completion
of the reaction was indicated hy precip-i tation of black scleniym

metals The reaction mixture was thea cooled and gcu:é:ea on. iee
¢0ld water when a,.whi*be‘ 601id seporated outs The mass was taken
in ether and the ebthereal lsyer wa&‘waﬁh@&‘suc-cessi‘vely 'bhfea‘-
times With 10% NagC0z (260 ml) and then with 5% NagCOz (200 mi).
The ether layer was then washed three times with 200 ml dil. HO1
and ‘then with waber end Linally dried over anhyds Bags0y o« on eva-
‘poration to drynese, a gumy s0lid ( 260 mg, was obbtained gnd
&esiunatad as part As

- Zhe Nag(@y extract was acidified with ail HGI when g white

s01id appeared thereof. The solid wes taken in ether and the
:e"*hereal solution was vasheld with waber $ill nem;ml‘ It was then

dried over anhyds HapsO, emd after evaperatien o dr,yness a gunny
mass (= 400 mg) designabed as Part B was obtaineds

i24, J.L. Simonsen ond W.Cads RogsS, "The Terpenss®, Volm. IV, 408.
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Chrongtography of Part A ¢ Isolstion of S-nor-friefelin 2 - 4

Part A was dissolved in minimumlvoiume of benzene and
chromat ographed over a deactiveted alumina column (25 g). The
chromatogram was developed with petroleum ather and eluted with
the following solvents.

Table = 27

Lluent \ Fraoctions Residue after Melting polnt
50 nl each gvaporation %

Patroleun cther 1~4 011 -
Petroleum ether- 5«8 Hil -
benzena (431)
Petrolewm ether- T=8 Nil -
benzene (3:2)
Paetroleum ether- 9-20 White 251-53°
benzene (213) : Solid (120 mg)

Burther elution with more polar solvents d4id not yield any molid
material,

TIC of fractions 9-20, (Table - 27) showed homogenity and,
hence, these were combined ( = 120 mg) and crystallised three times
- from a mixture of chloroform=-methanol when it yielded needle shaped

crystals of 3-nor-friedelin 2 — 4 olied, 137, mep. 262°.
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% ¢ % H
Malysis 3
GpgHugOp Required : 81426 11429
Found ‘ 80,98 1103
Bu jol wl 3 , ‘
: 74 S «lagtone
RV nae 1740 on ( )
(Pig. 22)
g mm s 0,88 to 1.21 (7g, 21H, 7t~ CHz)
(5, 0DC1g) 0,99+1.01 (dy J = 6,5 Hz, 3H, HC-CHy)
244 (.c}ﬁ,;; I gem = 13 Hzy Jgg = 13 Ha
H .

411, =000 = CH, -),
2.6 (da, d I gen = 18 Hzy Jgo = 4 Ha,
1H, =C00-C-HE),
4,02 »(g,.% = 10 Hz, 1H, E,t;}-'»&ﬁo-)
(Fige 13)
Moge 3 m/e 429 (zzaﬁ ), 341, 305, 276, 261, 235, 231,
"19, 205 (buse pealt)s 191, 177, and 163,
(Fige 14)

Emterification of pori Be .
Pert B (400 mg) was 6:.8301%& in ether and cooled to 5%,

me this was added well cooled solution of maaomethane prepared

from 1g a,f, nitrosonethyl urea and was kept over aighte On the

following day excess of dlaZomethane was destroyed with acetic

ncides The ether golution was washed with waber, 10% sodium
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bicarbonate solu’sion and again wii;h water till ncuﬁral and then
dried over anm/dn Nagso4. Bvapomtion of ether ylelded a gumy
regidue (‘— 350 mg) .

g;cmgt%mg_}sz £.the esterifi.ed magsge Isol tion of
it28e2 8l 2,3 85260 g@ml-frieﬁghmta

The esterifled mass s:hoxmd.the presence of two different
compownds on éhromztoplate. The compounds were separated by column
chromatography over a deactivatea glunine eclumn (20 g )+ The
column was developed m.‘an pewoleum ether :md then g¢luted.vwith

the fallowmg solvente.

igble = 23
Bluent - . E Fractions Residue on Melting point
: o _— 50 ml each evaporation g
Petroleun sther -2 il -
Petroleun=-cthor~ 37 White solid 252-54°
benzene (43%) S (<20 mg) e
‘Petroleum ether- SeD HNili L)
benzene (332) ;
Potroleun other= o 10418' White solid 168709
benzene (2¢3) - . . . T (:, 50 mg% L

Elﬁ:hion with aolvents of higher plalériﬁy did noi; affora any
-olid mgberig,l | . o

Compounds of flask 37 (fmble - 23 ,) ehowea hamogexzity
on TIC ‘eand, therefore, these were combined { ~ 20 mg). These on

erystallisation £yron ehlbroférni-methw@l yielded shining crystals
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of 2 o carbomethozy-A-nor-fricdelane, 1538, Mm.p. 265-65%

Analysist : : % C % H
. y

Pound B8le12 . 11 .43

TR 5 i‘;i"l 1750, 1165 (~COOCH;) om

(Iﬂ‘ig. 15)

18 MR s 0.77 to 0.94 (4g, 12H, 4t=Cl,)
, el |
(5 o 3) 0 99+1.01 (d, d =4 Hz, 3{{, - C%)

1417 to',1.28.(5“,'193. 5% = bgs)
2090 (my Wy = 14 5, 1, B-C00CH;)
3,64 (g4 BHy ~CO0OH;) .. .
(Figﬁ 16)
Uasss m/e 456 (if ), 852, 505, 221, 219, 205, 191, 177
| and 168 L | |
_ (};’ig. 17)
EL‘he i‘ractwns 10-18 (‘.i.‘able ~23) were found hamcgen@ous

and hence werse combined (= 50 mg). .Lhis on erystall:.satinn from

a mixture of chloroform and methanol yiclded whlize erys“cala of

243 asco methyl :c.x'iezdelxtnate, 1395 Mepe ase®,

pe. #H
Amalyai . S
UzoHe,04  Reguired | 76,83  10.56

Pound o 76445 10.83
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R el 4730, 1720, 1120, 1110 (2-CO00H;) om
| | | (Fig. 18)
g mR -+ 0,88 to 1,03 (4g, 121, 4t~CHs)
( ,Omelay - 1,13 2,16 (3, J = 8 Hz, 3H, Hc_qgs)
| 1.19 to0 1.25 (39, 9H, 3taans)
2.3 (q, = 10 Hgz, 1H, HﬁGaGHS)
3,62 and 3.65 (23, 6H, 2-00CCH;)
o L (P 19)
Mase s m/e 502 (M ), 487, 471, 455, 442, 429, 415,
535, 301, 273, 246, 219, 206 and 191
' B (Fig 20)

Hydrolysis of 2,3 seco-mothyl friedelinate, 139, s Ieolation
of 2, B=scco-frisdelinic acid

2y 3 seco-methyl friedelina‘ce, 139, (25 ng) dissolved
in benzene (2 ml) was refluxed in 10% methanolic KOH (6 ml) for
4 hours. The mixzture was cooled, acidified with dil. HC1 and
extracted with ether. Removal of the solvent afforded a golid,
which on repeated crystallisation from methanol furnished 2, 3
_ seco-friedelinic acid, 140, m.p. 280° (&),
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Analysis U \ s % H

Found | 75:89 10,66

Isolation of taraxerone , 141  from the neubral pert of the

benzene extract of Sapi ce 1_Ro ‘b.125

Dried énd powdered stem bark of ’Wm
(2 kg) was extracted with benzene in a Sdxhlet apparatus for
twenty hours. On cooling the benzene extract, g yellow insoluble
coempound separabad oub, which was colleeted by filtration and was
kept ngide (identified as 3, 5'-di-O-methyl ellagic acid)*26, rom
the clear filtrate, benzens vwas distilled 0ff and the residual
gunny ®0lid (30 g) was taken up in ether (2 1ts). A cloudy pre-
cipitate, vhich remained in ether exbract was separated ly Liltra~
tione The clear sther solution was washed with 10% aqueous sodium
hydroxide solution (4 x 200 ml) and then washed with cold wabter
$il1l washings were newutral and dried over anhyd. Napso,.

Qhe golvent was evaporated when the neubkral mm;érial
(10,6 g) was obtained as a yellow gummy solid, which after
chromatography and crystaliisation from chlo‘mfoz'm-»methmiol

125, H.N. Khastglr, B.-P. Pradhan and D.R. Miorva, d. Ind.Chem.50c.,

| 46(7), 663 (1969)

126, DeRs MiBra, B.Pe Pradhan and H.'N. Khostglir, Js.IndeChem.Soc.
46(9y, 485 (1969) i
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mixtuce gave shining orystals (1.3 g)y mips 28-40, 5 10.8°
ideutical in alfl: respects with authenbtie sample of taraerone

(mixad mepes CO~DLC, co=~IR).
Other compounds igolated were l-hexacosanol, taraxerol

and baccatine.

- geleniym dioxido. ‘

' To a solution of taraxerone, 141, (0.9 g) in tert~butanol
-(éo nl) was added hydrogen peroxide (15 ml, 17%) and selenium
dloxide (0O, 225 g').‘ It was then refluxed on water bath for 20 hours
when pwéipitate& black selenium netal indicated completion of
the reanction. The rerction mixture was separated into neutral and
acid parts following the methods stated in the case of lapanone,
130, and friedelin, 136.

ﬁhrogg‘o‘o@anm of noutral part 3 Isolation of toraxerons 1 .,
2 opoxide, 1485 4, 23, R4~tri-nor-taraxens 3 2 5 H

olide 144 and taraxerone = =-lactone 1464

The gummy residue ( - 200 mg) obtained in neutral part
was chromatographed over & demctivated alumina column (20 g).
The mass was dissolved in minimum volume of benzene end the column
daeveloped with petroleun ether followed by elution with the £ollow-
ing solvento. |
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Table « 28

Fluent Fraocbions Residue on Melting point

50 ml each evaporation - 0g
Petroleun ether 1~2 Nil_’ -
Petroleun ether= G=-11 White golid Heps 179
benzene (431) " ‘ (=25 ug) .
Potroleun ether- 12-.-\15 i1 -
benzene (3:2)
Petroleun ether- 14-24  Vhite solid  mups 212°

benzene (R33)" ‘ (= 180 'ng)

Further elpntion with higher polar solvents clic\ uo't affard any
' g0lid materdialse .

Oompound in fraction 3-=11 (Table =~ 28) showed homogenity
oi TeleOy plate and hence were eomb‘i ned Af‘ter crys*&;allisations
~ from chlorofcm-methenol, shining erystals of taraxex'one 1Ly B

e@exme, 142, m-p. 188-%0 w"s obtmncdo

,Analyelsz | | - %q % B
- C3oH, Op Required SR . 82,18 0 10,57
Pound S 82,19 10,51

o e
IR Hs.vﬁ;i"_' 1705, 1266 (epoxide)

and 820 (tridubstitutéd double bond) em t
‘ (Fige 21)
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Iy mm 1 0485 to 1.25 (8g, 24H, 8t-CH,)
( 6y CDOL, ) 3.35 and 3:62 (23, J = 4.5 Hz.

: . 0
and 4z, 2H, HC = >CH )
5.62 (my 4H, >0 = C H~-)

(Pige 22)

Mass m/e 438 (M), 423, 314, 299, 205, 204 and

189,
(Fige 23)

Gompound in fractions 14-24 (Table - 28) were combined,
which on ﬁ'a.etioml crystallisations yielded 4, 23, 24 tri-nor
taraxene 3—>5 «H olide, ?_._%ﬁl:_,_ MeDe 228-30° and taraxerone
' 3-—»4 olide, 148, a € ~lactones mep. 218-20%

- Analysiss : ' % 0 % H
Found ’ B 80.98 10,69
IR : ~ N jol 1750 cm‘ii ( § =lactone)

810 on™* (trisubstituted double bond)

(E‘ig» 24)
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4 mm 5 0.85 to 1,12 (6g, 16H, 6t~ )
(64 CDOLZ) 2.26 (ms 2H, =CHy = C = )
3.92 (9> Jpn = 12 Hay dge = 5 Ha,
1H, =C00 - fi\!l_i. - CH,) |
5,67 (my 1H, >C = CH=~ )

(Fige 25)
. . ’ ' + . . s . -
Mams N : m/e 398 (M ), 384, 274, 259, 205, 204,
194 and 189,
(Fig' 26)
For compouni taraxerene £ -lactons, 146 ¢
Analysisi | | | - % G % H
, 839348@2 - Reguired , . D 8l.76 10,98
Found o B8L.22 10.89
; | 1 Hugel | . .
iR B A m:;i 1720 ( € ~lactone) and "
810 (trisubstituted double
bond) an”t
. (Pige 27)
Mges ' i'n/e 420 (u7), 316, 301, 205, 204 and -

189,

The acid part ( = 460 ug) was esterified in the same way
a9 wag done in the case of lupanone and friedeline
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The ester ( = 400 mg) obitained as & yellow gummy mase

showed presence of twe compounds: on chromatoplates In order to

geparate the compounds, the mass WQS‘chroaaﬁognaphe&nb

dicarbouylate » 148
The chremaﬁegraghy af t&é egsberified prédupt was carried
out on o deactivated alumine colum (25 ). The wass was dilssolved
in ninimyn volune of benzéne and poured an.%he column,y ahd wWas
ﬁéleopeﬂ'wiﬁh,p@tfclewu»ether'and cluted with following solventss
- Table = 29

Eluwent . Practions ' Residue on Melting point
, 80 ml each evgporation 223 P

, Qetwoleum ether - '1 ' ' Eii ' : D

' 2~10 White solid - - 148°
| : - (80 we) * -

Petrolewn ethers 1i-12 ONiY O -
venzene (431) = | L |

, Petroleunm ebher ABel4 il -
¢ benzene (3:12) 4 ‘
Petrolown etheri 1525 White @olid 1359
bonzene (1sl) S (Y 140 ng) o

 Purther elution with more pélar,éai?an$ did not yield amy
- 801id materiale I ' ‘
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| Compoynd in fiask 2-10 (Taplé - 29) showed homogenity on
the plates, hence, these were combined. After repeated crystallise~
tiong from chloraform—méthénoimshinihg crystals of 2 —mathoxy
carbomyl«a-nornuarwxereﬂe, 14?, was obtainea with unchanged m<p.
161-63%. ‘ |

Malysia @ , : . % o % .
631115002 Reqaii'e.d I ‘. T '81;52 . 11:.48

Pownd 80498 11.62

R0 ROl upss, 1155 (0000Hg), 815 (trisubsti-

tubed double bond) cm™F,
Y mm 3 0482 %0 l.i2 (8, 241, 84-CH, ) , -
(&, cpolg) 2475 (g,, Jon = il Hay Jg, = 5 Ha,

1H, zz»cacea,ﬁa);, 306 (gy SHy -COOCH;),
8454 (ﬁl, 11&, H--U o CH‘?)

(B‘ig. 30)

Hase 3 - n/e. 454 (" )s 439, 345, 030, 315, 301,
2, 204 and 189
(Mig. 31)

TLC of compounds in flasks 15-25 (Table - 29) indicated
homogenity and, hence, ﬁere,ccmbined@ After crystallisation from
‘& mixture of chlorvoforme-methanol, it yielded white crystals,
MePe 149~51°'and éharaeterised as 2,3 geco-mothyl taraxene

dicarboxylote, 148. |
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Anglyais ¢ . . - % 0 % %)

Upglg,0q « Required | o T64B 10,83
| Found - - 75492 10,83

IR ¢ O ggi"l 1730, 1720 (2-CO0CHy), -
' | A |
' . 810 (trisubstituted double bond) cm

(Fig. 32)

g ww  0JBL 0 1a55 (8«, 24, 85-CH,)
(&, ome1y) 2450 (m» o, _‘;CWGOCE?)
o 3.60 and 3. & (za, 6H, 2~509°E3)s
” .54 Cms lﬁa ¢ = o - cip)

(Eigm 33)

Mass 1 m/e 500 (m ), 485, &70, 4685 440, 425,
| 599, 376, B61, 944, 516, 257, 204, 189,

(Fig._ﬁé)

Hydrolysois of seco-dicater, 143 : Isolation of t,ai?axadioia ‘acid

The seeq-ﬁies‘aer, 148 '(20 ng) was .nyéfolysed with methanolic
K0H following the method sﬁét‘ea fox éeco‘ﬁiest ers of lupanone and
friedeline The mags obtained after hydrolysis ( = 16 mg) was
'crystallise& Irom methanol o afford crystals of taraxadioic acid,
149, mep. 276-78% |

Analysis & | | o | 50 % H
(3801:153004 Required | 75490 10.62

Pound S 75.82 20469
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Section A

N~bromosuccinimide (¥BS) has been in use for allylic
bromination since 1919, when tohl and then Zeigler mede detailed
studies on application of *&;hé reagent for anyl_{c bromination. The
roagent aleo reacte with olefins to add bromine to the double bhond
or act as a source of hypohelous acid in aguecus solubtion.

. The resgent is also in extensive use since 1969 as an
effective reagent for oxidation of allylic methylene to carbonyl
functiont®7 1839

In the following some applications of N-bromosuccinimide
is discussed in order to explain formation of the products of

veaction bebtween lupenyl ascetate and H~bromosuceinimides

Bromingtion and Dehydrobromingbions
The ability of NBS 40 act as g specific reagent for allylic

brominntions has been used to great advantage for the introduction
of sup_plementary double bonds, particularly in cyclic gystems. In
this ways a large number of monossturated compounds have been

converted to conjugated diense gnd trienes, including the gromati-
zZation of substitubted cyclohexenes and cyclohexzmdicnes.

127. B Moucane gnd J.Bs Thomson, Chem.Comm., 1220 (1962)
128, B« Finucane and J+B, Thomgony J.ChemsSocss (Parkin I),
1856 (1972)
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The method involves a two-step bromina:kiOmdebydrobrominm
tion process. In many cases, the intermediate bromocompound 1s
igolable ond the second step proceeds only sfter treatment with
a base. Theré are numerous éxamples, however, in which the bromo-
jntermedinte is unstable under the rveaction conditions and sponta-
neouslgi loses the element of hydrogén bromide to fom the final
product. Thei-e appears to be no definite structural gulde, which
can be used to predict in advance whether dehydrogenation ~w:i.ll
ocenry wiﬁhou‘!g the use of a base. Out of e wide variety of subs-
tances which have been used as base to eifect the second step of
the .proéess, tertlaxy amines, n,émely, pyridine; quinoline and
Y<gollidine etc. haie found wide appliea‘bion.'
| @mile a number of relaulvely ginple clefins have been
converted to dienes in this manner; the method has found wide
application in a wide range of natural products such a8 terpenes,
steroids, alkaloids etc. | |
Allylic bromination of Aq’-—oholeaten-?z-..-ones 150 twy NBS:LSO
‘gave the &-bromocompound 351, which on heajéing vith collidine
" readily formed A 48367 _onolestadien-3-ona, 152 » In a similar
fashion A 192+%45 ~cholegtadien~3-one was canvefted. o

& 1929%5546,7 - cholestatrien-3~one.

129, S. Corsano and G« Piencatelli, Ann. Chem, (ItalY),
55, 742 (1965)

3.30. H.ﬁ. Inhoffen, G.—-,_-vStceck’ and H. Mens, ;Azin_o. 563,
131 (1949)



in interesting example of allylic bromination with subse-
quen“s spontaneous dehydrobromination is providedim by the reaction
of NBS with 4 2 ~ gencetoxy-cholestene 153, This enol acetate of .
cholestanom :L_. (ring 4/B trons) reacted with NBS in 001, to give
a mixture of A 1ana & 4 «Chole;ﬁtéen-é—cme 158 and ;ng and 2«
bromocholestan~S~one 1,_2_3_‘_?,, the am‘mi_xrb of which inereased with
reaction time at the exponse of 188

e

131. .1. Rubin and BaH. lkrmorecht, .Am.bhem.uoe., '?5, 3813 (1953)
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The origin of the Yeaction products has boen attribited
%o the thermal and scid instability of the intermediste allylic

. bromingtion prodwcts, 168 and 189 . The formation of the compound
186 has boen explained on the bagis of spontaneous loss of hydrogen
bromide f{rom, 158, and then acid catalyzed cleavage of the result-
ing enol ‘acetate. Owing to absence of an avallable hydrogen for
spontaneous dehydrogenations 189 is more stable than 153. However,
the rapid form‘ét lon of 15D suggesbs the scld cleavage of 389
and ketounlsation of the resulting enol to produce a 3 =bromoketone,
which does possaeass g hydrogen akom on an af‘ijacent carbon.

The reaction becomes complex as tim.é inereases bezanse of

the formetion of hydryogen bromide in the reaction mixbure, which
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catalyzes the regeneration of 164 from 153 and resulis in the
formation of free bromine by reaction with NBS. Bromine and 154

.0
react to form compound 167. This compound was obtaine&l 2 from

KBS and 164. . .
The reaction of MBS with A 3 ~J=gcetoxycoprostene 160

(rings 4/B cis) indicated that in 160, the activation energy of
both allylic position (Ug and C5) was of similar order of magni-
tudes The attack at the tertlary O position was somewhat unezpec-
ted since it was anticipated that more vigoroua activation would

be required for this type of substitution by NBSe

Ac

152, Co Djerassi and CeR. Scholz, Experimentia, 3, 107 (1947)
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Steroid sspogenins containing the 4 o ~3-0H group and a
spiroketal side chain in the 16, 17 position are melectively
proninated in the 7eposition with NBS under irradistion with
artificial lights Dehydrobromination wita collidine gives 4 7=

sspogening, useful as intormedistes for synthetic hormones or
after irradiation, as products with sntirachritic activiﬁyma‘
Phe method has also been used in structural studies of the ter-
penoidslg’é’, Similar sction of HBS on friedelin and bromofriedelin
has also been rapﬁrtedﬁﬁi ~

~ Parnes ol a:1136 has shown that treatment of 1.k, 6-tfi~
methyl 1, 2 dihydronaphthalene with NBS gave an allylic bromide
which gromatized to 1, 2, S-trimethyl naphthalene by silver ion

or heat (temperature of refluxing carbon tetrachlorida).

) — |- OO
L

133, Ge Rogenkrang, Js Pataki and Cs Djerassi, Chemical Abstract,
52, 14721 (1958) | °
134, Ds Tavie ami Y. Shves, Chems gnd Inds ',- 403 (19260)
135, V.V, Kane and Re Ste;vénson.f(}hém. and 'Igg'.-. 1243 (1960)
'136. RoAe Barnes and G.R, Buckwabbors J.Am.Chen «50Cs y 73,
- 3858 (1951) | |



‘Oxidation of allylic methylene %o cerbonyl sroup
N-~bromosuceinimide is in exbensive use since 1969 gs an

effective reagent for oxidation of allylic methylenes to carbonyl

functions Corsano et alwv reported direct oxldation of the ally~

1lic methylene to carbonyl group with NBS in agueous dioxany soli=~
tion. Thus, 38 =acetoxy-urs-iR-cne-il-one 165 was formed in 80%

yield from o -amyrin acetate 162.

Ry = Acy Rg wllpy Bz = B

By = Mcy Rg m Oy Ry = H

By = Acy Rg = OH, Ry = H

By = Acy Rg = Olfey Ry = H

Ry = hcy Ry = OAcy By = H
By = Aoy Bg = OH, Ry = Br

170 R=H
157, S+ Corsanc and Ge Piancatellis, AhwChen e (itgg_.,g' 7)s 55,

742 (1965)
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. 384139
Finucane et all 118

direct oxidation of the allylic methylene to carbonyl by the action

reported an improved method for the

of NBS and simultancous irradistion with visible lights They |
claimed that when trisubstituted olefins eontalning an allylic
methylene groups were treated with NBS in agqueous dioxane followed
by irradiation with visible light, o, 3 unsaturated ketones were
formed in near qu&ﬂ‘bi‘b’ativg yields Finucane et al treated S -
angrin acetate 164 with NBS in agueous dioxane In & typical ambient

1ight experiment as described by Corsano eb 3115?

» They isolatea
sbarting mterial (ea 50%), 3 P -acetoxy~olean—i2~sne=-li-one
(eca 40#%)s bromecoumpound (ca 8%) and 3 —acaﬁaw-@lean—lzﬁene»
11=9~0ly 166 (ca 2%), Oxidation of the lattor, 166, with Cr0,
in acetone afforded 3 P -acetoxy-+olean-i2~ane-1l-ong 1656,

In another experiment the products were- isolated by
chromatography over aluwiing and ylelded (3 —amyrin acetate 164
(35%) 4 8 ~ncotoxy=olean~12-éne~-il-ons 165 (ca 40%), bromocompounds
(ca 10%) and polar materials {ca 10%). The polar fraction on |
elution with methanol was acetylated and on rechromabograply gave
11X «methoxy-olean=12-ene-~3 A =yl-acetate, 187, together with
smaller amounts of 11x 01 166 and olean~9(11), 12 diene-3 3 ~yl-
acetate 170 and a trace of 33, 11X ~diacetate 163.

138, B.We Finucane and Je.Bs Thomson, Chem. Commes 1220 (1969)
139, B+ Finicane and J«Bs Thomson, J«ChemsSoc. (Perkin I)
| 1856 (1972)



The fraction containing the bromocompowld.sl was resolved
by chromatography over aluning and fractionally crystallised into
two components. The major product was identified ag 35 v-aéemxy—
12-bromo-olean-12-cne-11-0l 163, The minor component of the mixiture
of bromocompounds was identified as 120 -bromo = 16-one i7i. The
mechanism proposed for the formation of 169 and 171 suggested that
the initlal X =face attack onpf ~amyrin acetate 164 at C-12 would
lead to a carbonium iony 178 Llimination of a proton from C-12,
followed by allylic hydroxylation would then lead to 169. Aiter—
natively. nigration of 14X =methyl group to C=13, elimination of
a proton.from C-15 and subsequently allylic oxidation would give
171 (scheme - XAVI). - |

Schene = TAVT
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Thomson eb a1140 éarried out oxidation of taraxeryl acetate
173 by following the method of Torsano et a1>%7 ‘ang obtained two
major products to which they assigned strncture of 16-oxo tara-
xeryl accbate 174 (ca 30%) and 16(3uhydrbxy tarexeryl acetate
175 (ca 350%). Treatment of 175 with chromic acid in acetone gave
the unsaturated ketone 174, The Qprkav& algso carried out the
reaction on 173 by the. method describéd_far ﬁl—wmyrin acectate,
which reswlted in the fomation of 12 0\ =hromo~taraxer-l14-cne=
L6-one yﬁg. Oxidation of taraxeryl acetate with iB3S in agueous
dioxanet™® for five and one half hours in presence of CaClg in
visible light gave a compound 177 the structure of which was
estoblished as ileketo~l5-bromo- -amyrin acetate, which in
buri yiélded a halogeh‘free compound 1783 on treatment with Zn-
dust in acetic acid. Its.etructure was established as B -amyrenoyl

acetate.

173 Ry = Oac Rg = H, Ry = Hy 177 R = Br
174 B = Oscy Rg = Hy By = O 178 R=§g

175 Ry = Osc, Rp = H, By = ~-OHy H
176 Ry = OA, Rg = Bry Ry = 0

+ 140, Hef. 123 of this chapter.
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Khoptgir ob 531141 carried out the oxidation of *ﬁm‘a&ezyl
acetate, 175 by the method f«‘t:o:é’ Da’;.ﬁmwg us‘izxg, HES n 23930 mlve{i%?
-‘ireai;mgﬁ; ‘of tarageryl acotate 173, with aqugé}xag &imaﬁhy; sulphoxide
in ghlamfem ancl H#B5 in dark 'a‘fferéea é._ 80144 1_?,_21. . Zhe @m@axﬁm
| 79 on treatment with zinewscetic acld yiclded A «amyrin acetate
184, The bromine aton at 15 position of ﬁ]_{_@_ wﬁuld 'be ex,pecrl;ed to
have the cume stereochemipiry as in the cape of pma{mt frr.m_

NBS = aqueous dloznne oxildation methode. {}mmm{md 172 on sxida'tién
with chromium trionide ~ acetic aaé.ﬁlM gave L77 identical m th
the prodnct obtalied Irom HBi-agueous dioiane oxiﬂaﬁion nothod.

NBS-DMSO

o |

1 179

o ) 77 B

141, U @h&ttOQ&ﬂhw ay DeHe [lisrs and ﬁaﬁf» Kh&ﬂti{i’f, :QT '&.J cf}h@m!
148, 403 (1976)

.1‘.%2, Tedo Dalbton and viels Jonsa, ﬁh@mciﬁﬂﬂm-q. 2375 (1967)

143, J. {linoty Ke Galsea, Te streins and Ae Vystreil, Coll,

~ Gzechs Chem. Comms 35, 3810 (1970)
144, Ruzicim and Maller, Heldv. Chem. Actag 28y 768 (1939)
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‘The mecond compound devold of bromine was identified as 16~oxo=-
| taraxeryl acetate 174, '
The third produc‘b wag found to be 180. The mechanien for
the formation of 173 was proposed ag in Scheme - XXVII.

idcheme = AXVII
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Khastgir ef a1141 algo studied the reaction of tara,xax&l
acetate 173 with 2 moles equivelent of HBS in carbon tetrachloride
using visible light for three hours and isolated a product, which
was assigned the strneture 181.

'%hen the same reaction was carried out with one mole equi-
valent of NBS, it afforded a halogen free product of structure
182, identical to that obtained by.dehydpobrogination of 1749.

The mechanism for the formation of 180 and 181 was proposed
as shown in Scheme - XXVIII.

Scheme -~ ALVIIT

NBS (2 mole) -

CClg, Light
\ 73 berzoyl peroxide
NBS@ yole)
CCLy . Light

bergoyl peroxide

N
IR
S
A
.
8| &
HBZtﬁ ‘§'q:
o &
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Pradhan et 31145 carried out thé'reaction of KBS on triter-
pene aclide and esters. They stuﬂiéé the reac@ion of methyl acetyi ’
aleuritolate 183 with KBS in DUSO'in the dark for 12 hours and
jgolated a bromo~lactone 184. The etructure of the bromo-lactons
was‘ confirmed from the faot that dehydrobromination with dimethyl
aniline afforded 15, 16 ~dehydrolactone 135 which on LR reduction
furnished aeglceradiol 188.

The mechanism of fomation of 184 lavolved the atback éf
‘brononivm ion from NBS in DMSO at the double bonde Bromine being
g bulky atom ultimately assﬁmea the equitorial position 50 a8 to
have the minimun strain and steric iateraction. The next step
‘involved concerted migration of the C-13 methyl tc the C~14 position
and eliminstion of the methoxy methyl to form’the 28 —- 13-olide

184 .
Scheme -~ XXIX

COR -
* NBS DMSO

Dardk -10 hwe

AQQ
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Mothyl acetyl oleanolate 187a and 5B -acetyl olegnolic acid 18%b

under the same condition afforded the bromolactone 188, which was

found to be identical with 12& —bromo-oleanan~-B8 ——— 13

olid §146 »

145. .E. Pradhan, .M. Mukher;jeeg ZQ.K. Ghak:rabarti anél

J N. Shoelery, Ind. Js cnem., 223, 12 (1983),,
1.4:6. D H.R. Barton and "T.J. Holenoes, .6hequcf3., 78 (1952)
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Mothyl' 3 2 ~gcetylbetulenate 189 on aimilar Peaction with NBS in
“DMSO afforded two difforent bmmo—éomg)omaa; Qhé’ less péiar one
wae identified o8 methyl-30-bromo-3 8 -acetyl bebulenate 190. The
more 'pe':)iai' £raction was vﬂibro’molaci;one. ;_gg._. The prapoééd mecheanism
of fommation of 189 and 191 is shown in Scheme = XXX bel&xéé

é?ﬁ@@-:éé& | ,M

I ¢

OCH:
NBSTDMSO

AcO AcO
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y hydroxylgtion by Nebr ‘ﬁw_mma

The H-brososuccinimide may be used for *_i;hia:immdmfhidm;
of an allylic hydroxyl geoups The mobhod in indiveed aad weuslly
involves aliylic bromination an& the convession of the resylting
promide into alechol vis the formation of foymabe or acetgte.
Phusy 3-p-monthcne-Spl bromide waes prepeved from S-p-uenthene
aging 6BS in chlovoform gnd UV lighte. The bromide wes coaveried =
t0o 5~p~menthénae55}1 formate by sodiun Lormate and the crude ester
on treatment with methanslic sodium carbonate gave alftraus:«&-p-
nenthene-5-0147. | |

A mixture of cie (38%) and trans (624) cyolodsvene formed
the bromide, which on reashtion with oilver acetabe im glaeiml
poetic geld gave the crude acetaie from which Z,ac;}cloaecaa~1i-ol
was obbalined on treatment with methenolic hvﬂz*omiﬁe"&'af-

m exanple of the hydroxylation of steroids is illustrated
by the transformation of 1l-dihydra progesterone 192 to give

A%%li) pregenadien~i8 ot=01-35 20 dlone 3_@&149, ‘

147, J. Pried and JoE. Hors, Cheme abSte, 52, 5491 (1958)

148, A.K. Macbeth, B. 111igon and J.5. Shannon, JeChem.Sog.
2674 (1955)

149. AeCe Cope, Me Brown and HoH. Leo, J.m.ChomSac., 80,
2856 (1958) | )
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~ OH COCHs
NBS
aqHCIO4

OH COCHz

Y

—HBr
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SECTION - B

The versatility of EB?:.‘@ is rgfieate'é in the review of
different reactions involving the reagent. 4 number of compounds
mey be formed depending on the nature of the reactants and the
reaction condltion. |

Ramachahdra Rao et 31150 studied the oxidation of lupenyl

acotate 194 with NBS in C’G’i,& and exclusively igolated a product

identified as 30~-bromo~lupenyl acetate 195. They isomerised the

Br J A

1

AcO

195

160. L.Ramachandra Rao, CeShankara Rao and T Sundars Remaiah,
Inde J+ Chome, 8, 16 (1968)
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compound 195 with hydrobormic seid (60%, 1 ml) in aeetic acid -
chiloroform (1it, 10 ml) and isolated 3 P —-acetoxy~29-bromo=lup
20(29)-8n 196 | |

Halsall .at 219V spugied the bromination of 194 with
bromine in acetic acid at 0° and reported the imalation of 29
' bromo-20(20) ca~3 P-yl-acetate 126, meps 196-98%( o | 30%
Cyoligy BeOg, together with an inhomogenous $ribrome compound
C3gH51Br302, Mebe 250520 whoge structure was not deternined
by them. When the samp reaction was earried out by Halsall et al
at 25, they isolated 30-bromo~lup=20(29)~en-3 (> <yl-acetate
195, mep, 235-36°, CgoHyiBrOge Ozonolysis of both 29 and 50

bromo compounds gave 3/ —acetoxy-30-nor-lupan=-20~one 12%7.

1514 T.G. Halsall, S.R. Gupta and E.H.R. dones, d.Chem.So0ce,
5353 (1961)
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, Although the previous workers reporbed the reaction of
lupenyl acetate with NBS, there is no report that the reaction
has been studled in DMSO in the condition reporbed by Pradhan

ot 21*¥0 in the case of 3 P ~acetylbetulinate 189, The isolation
of the rearranged dibrmnoilacimne 191 besides 5/3‘~aeety1—509br0mo~
éeﬁulemte 190 prompted the present worker to explore the appli-
~cability of the reactlon on lupenyl acetate 194.

Tupenyl acstate on oxidation with NBS in DMSO in dark
for 24 hrs gave a mixbure of compounis which on the examination
showed the presence of at least three cémpounﬁss These compownds
were separated by chromatography over slica gel column. The frac-
tion eluted with petroleum-cther gave a s0lid (Ny) which showed
positive 'Beilatein teat Lfor halogen and indicated the presence
of two ¢ompounde on tle experiment. Hence, that fraction was
set aside for further treatment.

The fraction cluted with petroleum-cther 3 benzene (4:1)
afforded solid (Np) which also gave positive Bellstein test for
halogen and existence of single compound was obvious from tlc
experiment. The compound wasg crystallised from chloroform-methanol
to0 afford fine crys-bals 0f MePe ?36-37 .

FPurther glution of the column with pebtroleum-ether
benzene (2s3) afforded an amorphous goiid (Nz) by erystallisation
from chloroform-nethanol and showed mep. 258-80°.
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bharac@erisation of Ng s

Elemental analysia eatabliehed the moleeular formula of
Ng as csgﬁfiﬁgBrJ}*}n 12%. Its IR spectrum (¥ig. fﬁ) shows
the appearance of sharp pesks at 1?25 and 1255 om assiggable ,
$0 an acebtoxy moiety and peaks abt 3015, 1640 and 830 ¢cm 1.
indicate the presence of a double banﬁ in eompaund No, The
signals of H NUR spectrum (Fig. 36) for various protons and
their probable aasignments hiag been vecorded in Table 30 o

‘ Cf.‘able = 30

'8 MR sigals of Ng n DOl

Chemieal shift, Humber of mul-biplicity of  Probable

S, ppm protong siguale” - assignment

0.79 3 Singlet ‘ |
0.84 3 ginglet 6-G-GH,
0,85 6 Singlet o
0.95 3 Singlet
104 3 Singlet
2404 3 Singlet - - 0-C0-CHz
"3.99 2 Singlet Hot - Br
4448 1 Mnltiplet R

N | ‘ HO « 0 = Q=

Vi = 16 fAz ‘

|

5.04: L in 1913 7 g
Bel2 1 SingToy Bo€ = 0
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The appearance of singlets at 5 0.72, 0,84, 0;85, 0,95 and 1.04
aasienable to eightesn protons indlcate the presence of six
tertiary methyl groups in compound Ny instead of seven present
_in the starting méterialAcompounﬂ 194, Two singlets in the

| downfield reglon at 6 5,04 and B..2 for one grétan each indicats
the pregence of an end methylene groupe The two proton singlet
at S 3.99 ig due tO a methy1ene gﬁ@u@ containing electronegative
bromine atom which 1$=raapénaible for large downfield shif of
the methylene protons. Its aygé&r&nee a8 singlet indicates free
rotabion ofiaﬂgar group in the moleculoe. The_thﬂee~proﬁon
singlet at$ 2,04 is due to the mcetoxy methyl groups The mulbi-
plet centred at $ 4,48 aggiguable to one proton is due to the
prﬂfan gemihai to the acetozy groups The high half width val@e
(W%»g 16 Hz) indicates the axial orientation of the proton with
one exlal and one equatorial ﬁeighbaursglﬁhe 1w data thus
‘support the observation of IR spectrum that the compound Np
possesg acotoxy and end mathyiene funetionalitien as was the case
for its starting conpolnd. Loveover, 1& NMR datg showg the
pregence of Tive tertiary methyl and one CHoBr group in compound
Nge All these cbservations are satiefied hy'aasuming gtructure
30~brano-1up=20( 29 )-on-5 f =y1-acetate 195 for compound Ng .
Chargeterisation of Nz

Elemental analysis and mass speebrum indicated the mole-
cular formula of the compound as CzoHs003Br. On several eny;
stallisations from a mixture of chloroform-methanol, it afforded
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crystals of faafp. 258607, It gave positive Beilstein itest for
the presence 0of halogen bub d:id_ not ms@ond 0 THY test showing
the abeence of unsaturation in the compounds

IR épectrum (Fig. 37) of the compound exhibits peaks ab
3550 (=OH), 1732, 1250 (~0-00~CHs) and 1270-80 (CHpBr) om —e
Thus, it indicates that -the compound comtolns a hydroxy group
and no double bond is prescnt. It also indicateg the presence of
CHpBr group in the compound. These observationa from IR spectrum
of N3 is also found to 'be tenable from a careful examinstion of
the 200 Mz 1H NMR speeﬁmm of the compound (Pigs 38). The
signals for various protons togebther with their probable aseigne

.Izaentga ag recorded in Table - 31 clearly indicgte the presence of

Pable - 31
H MR oignals of Nz in CDOlg
" Chemical Number of Multiplied’ Probable agsiznments
Shift, Protons of si?gmlsw ¥ ‘ R : 8
s (oom) N—
084 B Singlet \
- 0«85 & Singlet . G e @ - G_I_Is
0.87 3 " Singlet ! '
0,82 3 Binglet
- 0.98 3 Singlet
1.06 3 Singlet
- 3453 . : :
3:.58 2 AB guartet \ S
g.??g - - J = 10 Hz ‘ .2 = CHgBr
de.74 2 AB guartet
3@78, .. J = 6 Hz » =
3.85 - - . . ‘ ’
389

Contdaes
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Table = 33 (Comtdes)

Chemicg) shift, Number of lmltiplicity 'mongble aseigments

6 (ppm) protons  of signals
404 3 singlet - -0-00-Cy
4,48 1 Hultiplet U
h - Wy = 18 Hs  HE~C~0-COCHg
4,01 1 Quartet =HgC ~ CHOH

gix tértiary C-methyl sroups (5 0.84 to 1.06) in 3. Appearance
of four doublete each at $ 3.86 (J = 10 Hz)s © 3,72 (J = 10 Haz),
O 3,81 (J = 12 Hz) and 8 387 (3 = 12 Hz) for one proton each
are due to two non~eguivalent qgggr groups. Qhe déwnfield shift
of the methylene protons also support their attachmenx wilth
eléctrmnegativé bromine atome Appentance of a auartet at 5 4.01.

. integrable for one proton is due to the hydrogen atom geminal to
hy drozyl groups Also, the J valués (J.5 = 12 Hz, Jpe = 6 Haz)
indicate that the hydroxyl group is equatorially ofienmed with

a gem axial proton which has ons axial and one eguatorial
neighbouring protonse 4 three proton aingleﬁ at & 2.04 is dﬁb to‘
acetoxy mothyl and an one proton multiplet ab § 4401 ( Wy = 18 Hz)
is due to the axial orieatatlon of the proton geminal to acetoxy

group+ Now, these spectral evidoncee can be best Litted in a
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rearranged lupane skeleton gs was in the case of betulinie acid
discussed in the reviewl@-i Also the pature and chemical shift
values of dibromolactone 191 were comparable t6 those of compound

N3. Hence, structure 198 has been deplcted for compound Ngs

In m‘;‘l effort to arrive at a conclusive evidense for
| as‘signiﬁg the é‘%me‘tzﬁre ;gg}_‘.fem the dibromo mrdrax&'l compound »
its 134 b‘im spectrun (Fige '39‘) wée of imnense helpe. The spectrum
displays 32 vesolved linecs 'i:,hus, confirming the presence of 32
carbon atoms ag found by elemental analyosis. The ARP spectrum
'(La‘ig-‘, ¢3_=0) repregsented in Table « 3‘2 ghowg the presence of 7 caé ¢
12 CHg and 6 OH in compownd Ny o



N gble - Sg
Yumber of different groups and Shelr 130 shift valuos

Diffevent gromps Number . 190 shift valuss, (ppm)

~CH, o 14,40, 15,95, 16.16, 16.51,
.18, 329’ 21¢32, 27.91,
DCHy 18 118,15, 2Lly14, 25.61, 25.00,

36036’ %‘09’ r?‘g:.lgg 36.54
3768y 38,07, 38.89, 48.92

Sen g 37, ?a, 45.54, 49,12, 55418,

Total noe of carbon = 25

Thug, the APT spectrum aceounts for 25 carben atome. -The
pature of the seven other carbon atoms sve Lo be assigned to
aceount for 38 carbon atoms of compound Hge From 3¢ NMR spectrun
 (Fige 39); it de clear thet the peak at 171.025 {g) ppm i
inconsistent with the presence of.‘ one acetate carbonyl group.
Appesitance of Deaks st 36433, 36,07, B7.74, 41,17, 42.80, 44.44
ppu as singlets indicate the presence of eix ﬁerﬁiéry cerbon
atoms. The peaks at 8092 ‘and 75.05 ppm arve due to CH carbons
attached o the acetate and hydrozyl group respeciivelys Thus,
the 1% an&h?iﬂ' spectra help: t6 account fazﬁ the nunber and
nature of the carbon atons of compound Nz+ Table = 33 represents
ltha numbe;v of differeny gmuﬁs and theip 19g shift values.
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Table - 35
No. of differem’s grmms of compmznﬂ i’"’ﬂ'ﬁh
thety 15¢ MIR_chift values.

13

Diffevent Humber ¢ shift values {ppnm)
groups :
~CHz 7 | 14440, 15495, 16416, 16450,
| | 18429, 21432, 27.91
YeHy 12 | 18416, 2114, 23.61, 25.00,
26,36, 8420y 544103 3654
| B7.68, 38.07y 38420, 45,02
S OH 4 - 37,78, 45.54, 49.12, 55,18
o- 6 36433, 36487, 37.74, 41,17
7 | 42.80% 4d.aa’ P
> CHOH i 73405
> CH-0Ac 1 80492
-0 - G w Gz 1 - 171,03
0

Total number of Carbon = 92 3y M. ﬁy ormnlgs 33235293:61’2

The total carbon ahilf‘b assigument could be portrayed if
structure 1._2@_ given below be depicted for compound Ny
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It is to be noted here that the position of 1°C shift valuee
for different carbon stoms has been agsigned ky comparison with
136 NMR spectrum of lupenyl aéeta:bemﬂ?

Mass spectrum of the compound (Fige 41) exhibits peaks
at m/e 646 (M), 628, 626, 624, 586, 584‘,- 565, 547, 504, 483,
466, 453, 423, 297, 283, 269, 189 (base peak). In a series of
fourteen mage apectra, the molecular ion at 646 has been ‘obsevae.ﬂ

only 1n two cases. This may be due to easy eolimingtion of a

151b. Brmeat Wenkert, G. Vernon Baddley, I.Re Burfitt and TN,
Horeno, Ovg. Macne. Resones i1, 7 (1978)
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meiecule of water from U-21 positions Thug, thg poalke at 628,
626, 624 arec due to loss of a molecule of water from thé mole-
cular ione The existence of thesge three peaks in 1:12:l ra%io

' definitely shows that two bromine atoms are present in the mole=
cule. The peaks at 586, 584 and 882 are due bto loss of acetle
acid and the peaks at 565, 564, 563 are due to loss of one
bromine éﬁom from the molecular ion. The peaks at 5085, 504,’503
may be .due to loss of a bromine atom from the ions m/e 586,
584 and 582 respaetively. The peak at 485 is due %o losa of
another bromine atom £roem the fragmenx m/e 564, The existence
-of peak at 393 may be due to the fragment XKVI formed by the
cleavage of ring € of the oleanane skeleton. Tthe base peak at

189 exclusively proves that this ?ragmsnt comes from theé species

XXVII as suggested by Ejerassiwe and Ogankoya oo,
~ Br Br +
DO
B XXVI
™e 189

152, H. Budzikiewlcs, JMe ViLleon and Gs Djerasei, J.AmersChen.
‘Sog., 85, 5698 (1965) |
15;3. Te Ogummya, Phytochemistry, 20, 121 (1981)
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Thus, the structure of N3z hag been gstabliened a8 oleanan-
- 29, 30~dibrome-21 # <hydroxy-%p -acetate 138. But the compound
.was isolated in a very low yield, hence, it was not possible to

confirm the structure =~ chemicallys

bharacterisatlon of Nl

The solid N1 was found to be a mixture of two compounds
‘and it showed posibive Bellstein %est fox bromines. The compound,
- however, wag poured on an active algmina column and was allowed
40 stand for three days. .fi_fﬁ - o
| Blution of the column with petroleum’éther atforded gmall
. anmount of white golid which on crystallisation from chloroform-
nethanol yielded needle shaped solid, mape 186-88% at]y 320,
IR spectrum (Fige 42) of thevoomPOQnd sghows peaks at 1735,

-1, The conmpound responded

1240 (0-00-CHz), and at 1265 (mCHBr) cm
to TNM test ard alse respoaded to Beilstein test for halogen.
.Eiementai analysis established its molecnlar formula as
ngﬁ5lﬁrﬁg. Comparison of’physical dota of the compound with
those reported by Haleall et a1l%L revealed that the compouna
was 29-=bromo lupenyl acetate 136.

Elution of the colym with petrolevm-sther s benzeﬁe (431)
yieldea 8, solid‘which on cnystallisatiqn from chloroform-methansl
affordgd a crystalline 80lid, meps 285-57°. ”he-cdmpOund respon~

ded to Bellstein test for bromine. The compound, howevers was
found ldentical with 30-bromo-Llup=20(22 )=~en-3 B «acetate 195
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160
f:eam IR eomparison and m.m.p data 5 .

Elution of ‘bhe colam with benzene affcrdea a aolid (NQ)
which.was cnysta11ised from chloroform»methanol and analyeeﬂ
for 0521{5295 (M 484), MeDe «:{487;«49, -,[ J:ﬂ’o . It aia respond to-
TNM tegt but gave a negative test for halogen in the -Beilstein.
Its IR spectrun (Fig. 45) shows poaks at 3500 (—-GH), 1715, 1250
(~0-00-0H3) , 5100, 1640 and 890 (->C = CHg) e L. he 1 mum
spectrum has been re¢oréed in T&ble - 34, The Spectrum shows

 appearance of six singlets between 5>Q§?8 $0 6 1.08 accountable
% I Zable =32 |

2 wiR spectrum of Ny in CD0ls

Chemical shift Humber of multiplieity Probézble assignment

S, ppm protons  of signale

0478 3 Smglet |

.83 3 Singled 6-~C~CHz

0:84 - B singlet I -

0,56 3 ' Singlet

0.94 3 Singlet

1.03 3 Singlet |

2404 3 Singlet =0=~C0-CHy

4448 % Yultipleb | . HO-0COCHZ
. Wi = 18 Hz) !

4,94 2 Hultiplet >C = CHy

4,16 2 Quartet Hzg ~OH
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to eightesn protons i.e. for six tertiary methyl groups; the
multiplet at & 4.94 pom for two protons is assigned to an end
methylene groupi the quartet at § 4416 (J,p = 6 Ha) is due o
two non=equivalent protons of HoG~0H groups The singlet at §

2.04 and the maltiplet at & 4.5 are due t0 acetoxy methyl and
& proton geminal to the acetoxy sroup respectivelys The haglf-
width value of the multiplet indicates the axial arient‘ation of
the proton, hence, the acetoxy gr‘ouﬁ is eguatorials Thus, the
‘IR and MR speetra give sound support Lfor compound N‘_,‘ t0 bhe a
'mOnohydx;ozqr mozic:acetéteg the hydroxy group being at C-30 position.
Structure 129 is, therefore, depicted for compound Hpe

-

HOH-
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The compound on hydrolysis with 10% mothanolic KOH furmished
a s0lid 200 which oa crystallisation from chloroform-methanol
yielded fine crystals, mep. 286-28°, Flemental analysis showed
the molecular formula ©0 be CyoHzp0g (Mf%z)u IR spectirun
(Mrigs 45) of the compound exhibits a broad peak betwesn 3300
to 3400 cm’l'for* ‘the h}drcxyl 2roup, gt 31004 1640 and 880 cmql
for exocyclic mebhylene .‘d‘ouble. hond indieating that the compound
has been hydrolysed. | | )

Mags spectrum (Flge 46) of 199 shows peaks gb m/e'(ire'l.
int.) 483 (mfalg;s.s), 465 (443)y 425 (546), 424 (5.6)y 425 -
(14.3), 408 (8.3), 380 (6.3), 356.(7.5), 248 (18), 233 (7),

220 (14), 203 (28), 189 (100), 175 (30); the mass spectrum

(1ig. 47) of 200 shows peaks at 442 (M 'y 5.3), 441 (14.6), 435
(14.5), 408 (9.9), 385 (6.1), 380 (5.6), 514 (15.1), 233 (24),
220 (28), 207 (75), 205 (45); 189 (100), 175 (30). From the two
s;gectra',(lf‘ige 46 and Mge 47), it is evident that the molecylar
ions at :m/e 483 and m/e 441 &r-é fo:,;med by the losg of g hydrogen
atom from the hydroxyl group of 199 and 200 rospectively. Loss
of a moiecule of water from the ions m/e 485 and m/e 441 results
in the formation of fragments at m/e 465 and m/e 425 in the two
compounds 122 and 200 respectively. Phe peak at m/e 423 in the
case of 199 i}a due to loss of acetic acid from the molecular
ion. The common fragment at m/é 408 indicates the 103910;6‘ a
-mothyl group from the fragment m/e 423 for both the compoundss
The existence of peaks at m/e 424 and m/e 383 in éomp@und 199
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' and respectively can be explained by assuming the .1eas-of
- 88 mass.‘ units for the ;Erégzxent XXVIII from the molecular ionse
-,x Tha éx“l_s*bence of cémmozx fragments at m/e 233 can be explained by
 apsuning the formation of ;Eragment XXTX in accordance with

HOHG
XXM

Ha
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observation madoe by Djerassi et algﬁg

« The other fragment at

m/e 220 can be attribubed to the species XXX which is prominent
in the came of dlhydroxy compound 200« The exlistonce of peak at
/e 249 and 207 in 192 and 200 respectively is probably due to
the formation of fragment XXXI which uwltimately loses acetic acid
or a water molecule to furnish the fragment XXXIT reaponsibie for
the peak at m/e i89. The existence of peak at m/e 175 may be
attributed to losg of 58 (XAVIII) mass units from the fragnent
XXX

Thus, TR, 'H NMR snd mass spectral dats of compownd Ny
and its hydrolysed product 200 establish the compound Nj to be
50~anery~1upenyl-3l3~acetate 199,

The compound 198 on acetylabion with acebtic anhydrida-
pyridine yielded a crystalline solid 201, m.p. 163-64 ’EX]D'*a .
Its IR spectrum (Fig. 48) shows bands at 1750, 1730 et due to
diacetate functionality which is also supported by the appearance
of bands at 1250 apd 1265 cm'ln The bands at 3080, 1640 and 840
um"'l indicates the presence of >0 = CHy group in thé compound.

- Comparison of physical data of 35, $quinydroxy lupenyl diaceta%§9
‘with thoge of diacetate 201 prepared from 199 were identical cone
firming the structure 192 as proposed for the monohydroxy mono -
acetate compound Né. '

Compound igoleted on further elution of the column with
‘benzene - ether (4:1) wae crystallised from chloroform -methanol



- ! N
.
-z . 4 [
~ T ke .
. WAVELENGTH I McRONS | 0 7
: 43 -S s
. o 83] Titat Kalinsasnl e ;
i ; i v; .
5 AR L )
2 NG A g EEEETE 9
= ey g T .
T [Tt i T .
?Nu : m x&.mu; YL s p2 &
iz i et : ]
! 431 RIR R IS W _
] hraftte Ryt =%
= T =y = e
.U s L THESE Hthns h,M
\ 3 e T 3 32 s S
. I t it IS R @B .
Y B Fhettthitaiiates; hess u
i i B .
! i £ i :
l o T X SRR ) )
{ g
1
3
SnaN .

JOBD -+ -
3 SCPESIFY -CHANT HA RS

AElwe a W ‘
‘Hge48 IR Spectrun of 3[3,30-dihydroxy lupenyl acetats,

IR - :l&.._ir B oz aqetrutamar

e e n ez s




-177~

and enalysed for CzgHsgOzs meps 226-23%[ o lp+4%+ The compowna
wag found 1deati¢él with 3 P, 30=-dihydroxy lupenyl scetate £00
prepared by hydrolysis of 30-hydroxy-3 A -~lupenyl acetate 193
from m.mep and IR data.

 Mechanisms
Phe triterpones of lupeol series contaln an isolgted double

bond very reactive towards several oxidising raagent3154'156

and
facilé oﬁidation oceurs at the allylic ¢=30 methyl group. The
alternafe =19 hydrogen 18 perhapg greatly hindered,

It is well known that HBES is a good reageat for allylic
brouination and 30-bromo compound 95 is produced by free radical
bromines The 29~bromo compound 198 may be formed by isomerisation
of the double bond from C-20 (29) position to C=20 (30) position
in the presence of polar golvent like DUIO,

The 30~bromo=-lup~20(29)=-en-3 P<acetate 195 may be attécked
by the bromonium ion present in the polar solvent (DMSO) on C=20-29
7 bond causing the formation of g carbonium ion that probably

compels carbon skeleton transformabion from lupone system to

- 164, T+ Ruzicka, M« Brénner and Bde Roy, Helve Chimedcta,
26 (1942), 161. ’
155, L. Ruzicke and Bd. Rey, Helve Chim. Acta, 25 (1942), 171,
156+ Ls Ruzicka and G. Rosenkranz, Helvs Chime Actae, 22
(1939), 778,
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oleanane system. The environment may be such that the carbonium
ion generated at C-19 position is rather a crowded site for attack
by the hydroxyl ien so that a proton is pushed from the nearby
=21 poaition by 1-3 hydride shift to make a site for the attack-
ing anion to furnish C-21-hydi'oxy—29; 30-dibromo olem-Sﬂ -
acetate 198, Though the 1, 3 shift of a proton from C=21 %o

0=19 position is proposed to explain the formation of 20-hydroxy
compound 198, there is no such example of migration of carbonium
ion from Ce19 to C=21 position. In mogt of the earlier cases, the
earbonium ion at C~19 is stabillzed either by removal of a proton
fram (=18 position to glve germaﬁieol de‘rivative (double bond at
=18, C=19 position) or by migration of the carbonium ion from
C-19 position to C=18 position that is stabilized by loss of a
proton from O-13 position 0 give a stable double bond at 13~18
positione. In either of the two cases, the geometry may be such
that the two bromine a‘bomé present at C-29 and C~30 carbons
prevent the formation of double bonds at €-18 (19) or C-13 (18)
position. Under the foreeful condition, the carbonium ion at

=19 pei'hap migrates to thé G-Bll position by 1, 3 hydrogen shift.

The mechanism has been represented in Scheme XXXI.
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Scheme -7\ XXXL
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180 ¢nat 30=brono=-Lup=20( 29 )»en=3 A =ncetate

195 is stable to silver end sodium acetate, but the hydrolysis of

It 1s repartea

195 to 30-hydroxy-lup-20(29)-en~3 § <acetate 193 may be due to sur-
face activity of 195 when in comtaet with active alumina. Tupenyl
acetate 194 under similar condition resisted hydrolysis of the

3 B ~acetate group, whereas the 3 p -acetyl group in 192 underwent
hydrolysis to produce 200 showing that the catalytic amount of
HBr produced causes the hydrolysis. It would be pertinent to point

out here that while Thomson and Finucanalzs

carried out the NBS
~reaction on A -amyrin acetate and chromatographed the reaction
product on alumina, they isolated il= «DH- B —amyrin écetaﬁg
and 3 B4 1l ~diol. The methoxy acetate was the major girad‘uet

when a methanolic adlution of 11X -0l was stirred with alumina.
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SBOTION = @

EXPERIMANTAL

Welting points are uncorrecited. Pebtroleun—ether used
throughout the experiment had bap. 60-80°. 411 optical rotations
were debermined in chloroform mnlubion. lH’ﬁMR sg&@tfa ware
determined using deuterated chloroform mgolubion containing tetra-
nethyl ailene ags referehce. LTLU vae done on chromatoplate Of
silica gel (&. Merck) and the apots were developed with benzenet

ebhylacetate (911) mixturc.

Oxidation of iwpenyl scetate with N-Bromo-Swyceinimides

To a solubion of lupenyl acetate 194 (1g) in chloroform
(50 ml) was added NBS (ig) in portions followed by ad@ition of
DHS0 (25 wl) and the reaction mixture was kept overnight in dark.
On the following day, thé reaction mixture was poured on ice
cold water when a white solid separated out which was extracted
with chloroform. The chloroform layer waa washed with water and
dried over anhydrouws Naggn,. Removal of chloroform gave a so0lid
(850 mg)e TIC of the later showed distinct spots indicating the
pregence of at least two compounds in it. The residue was disgolved
in benzene (10 ml) and poured on g column of sillca gel developed

with petroleum ether. The following Solvents were used for elubion.



. Table = 35.

Eluent . Practions Residue on Hlelting point
' ' 100 ml each evaporation - '

Petrolewn  1-6 . . Bolia (220 mg) . 205-12"
sther | - |

Petroleum-ether: ~ 7-11  Solid (460 m‘g} . g2e-30°
benzene (431) o o . |
pPetroleum-ether: 12-14 §il - - -
benzene (3:2) ‘ ’ '
Petroloun-ether:  14-18  Solid (80 mg) 24408

- benzene (213)

Turther elution with more polar solﬁents did not afford eny
gelld material, '

N

Bzamination of fraction 163

The fraction 1-6 (’_220' ng) (i‘able «35 ) wére combined. TLC
exgériment of the compound showed two distinet but close spovs,
hence, this was set agide for further purification. Beilstein

test regponse wag positiva.

Exgminetion of fraction 7-i1: Igolabion of 30~-bromo=lup-20(L9)-
en=~3 p =acetnte 1963

The fraction 7-1ii (Table = 35) were combined (460 mg) and
crystalliged from a mixbure of chloroform and methanol for three
times which afforded needle-shaped crystals (375 mg), mep. 236-38°,
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{Oij +12 s TLC of the compound showed a single round gpots

TNM test response was positive. So was Bel lgtein tests

Analysiss ' ' %G % H
 Tounds 70412 9,29

Galenlated for

nujol . - _
IR 3 Y méi 1725, 12556 (—G-(}O—t}ﬁs)’ 3015,

1640 and 880 ( 5C = CHp) cm s

LPige 357
Ya mm 2,04 (g, BH,-0=00-CH,)s 4448 (m,
( 65 CDOAz) e ‘ \
| 1Hy He0=G~0=), 3499 (g, 2H, Ho0-
Br), peaks et 5.04 and 5.12 (2g, H,
Clm CB:B), peaks at 0.79 0.84:,:
o.ua, 0495, 1.04 (63, 18H, 6-«-@3 Hs )
| o .[L‘g,?)ﬁj
 Bxamination of fr aetien 14-18: Isolation of 29, 30 dibromo
| 1.8 ~hydroxy=3 B —scetats -
 The fraction 14~18 (Table = 35) were combined (=80 mg)

and crystallised from chloreforme-methanol to afford amorphous
501id (60 mg)y mep. 258-60°. It showed positive Beilstein test
for halogan. T
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TL.C of the compound showed g single round spot.

Annlysis @ | G % R %
| Calculated for 3321{52@3}31*2 59,66 8:07

Found 59.69 8409
Rt oo™ 3350 (=0H), 1732, 1250 (0-00-CHg),

1270-80 (CHgEr) em™

1
HIMR ( , CDOly) & Signals from 353 to 389 (two AB quarbet),

4}1) ggac"Br)’ 4.01 (g' 1Hg Jaa - 12 HZ, Jae = 6 Hg, Hzg - O.EQH),
2404 (g, 3H, -ouao-agéy, 4,48 (m» iH, -H - C~C0-0u)y 0.84,
O 85’ 0.8?, 0'89' 0095 1.06 (69’ 18“9 6"0"01{3).

(Fig. 38)

13 MMR & 171,025 (s,'~0~cducag),‘ss'33,“56'87. 377, 41.17,
42,80, 44.44 (6gy 6 c - ). 37.78, 45.94. 49,18, 55,18 (4,
4‘ cﬁ)','is.is, él 14, 23.61. 25,00, 2636, 2&.23,.34.12.
36.54, 5768, 5807, B38+29, 45.02 (125, 12 Gﬂé), 14440, 15,95,
16136, 16.50, 18.29y 21,38, 27,91 (73, 7 = oﬁg), B80.92 (4, HC~
0-00=0Hz )y 75,06 (4, CHOH) ppm.. | . '

(Fige 39)
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Re-examination of fraotion i-

+ )
Molecular lon pesk (M ) 646, m/e 628, 6265 624,

297, 283, 269, 189 (base peak).

a
-

gepEration on alumina columa:
The fraction 1-6 (Table -35) were mixed together (200 ng),

[ Mg 417

Chromatographic

dissolved in minimwm volwme of_benzene and poured én an active

aluning column (15 am) developed with petroleum—ether. It was

allowed to gtand for 24 hre end then eluted with the following

solventss
Table = 36
Eluent fractions Residye on Melting point
— .50 ml sach __svaporation : }
Petroleum~sther  1<3 50114 (= 15 mg) 180~84°
Petroleum-ethers 4.8 s01id (=55 ng) 228-30°
benzene (431) i
Petroleum-ether: 7-8 Nil -
benzene (3318)
Petroleun~ether: 9-11 MLl -
benzene (213) ' \
Benzene 12-17 Solid (=120 mg) 240~42°
Ben%zn:-)-ether 18-20 sol1d (=20 mg) 220-22°
3]

Elution with more polar solvent yielded no s0lid material.
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Exmmination of froction 1-3s Isolation of 29-bromo-l

en-3 B~acebates

‘The g0lid in fraction 1-3 (Table =36) were combined (= 15
ng) and ‘erystallised from chloroform-methanol to afford white
pmorphous solid, MePe. 186-88‘-3,[01]1)-%32". I‘E regponded 0 THNY
tegt and showed pozitive Bellatein test for bromine.

ch H %
Calculated for ,
(’-‘32}{5102}31{? 3 70«23 .81
FPound 3 70,19 9.28
nmijol : ; : i
: LSmax o 1756, 1240 (=0-CO~0Hy), 1265

( = cusr) ot

fl"ig.o. 42_7

Gxamination of fraction 4=6: Isolation of 30-bromo=lup=20(29)-
| en-3 B ~acetates
The s01id in fraction 4= (Teble - 56) were combined
(=55 mg) and crystallised from chloroform-methanol to afford
ghining crystals, mep. 236-37°,
Beilsteln test response was positive.
THM test response was negative.

It was iaem;ifiec‘i ag oO-brmno—lup—EO(zg )-ecn=acetate 195

by comparison of mep. ana IR w:l:th an authentie sample.
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Examingtion of frachtion 17: Lgolation of 30-hydroxy-=lup=20(29 )
en=3 B —ncotste: o |
' The solid in fraction 12-17 (Table -36) were mixed together

(c£1zo ng) and crystallised from g mixture of chloroform-methanol
to0 afford needle—éhaped‘cﬁystalsg BePe 248*490. TG of the compound
on elution with a mixture of benzene: ‘ethylacetate (931) showed

a single round qut, However, it dld not respond to Beilstein

test for halogen, but responded to TNU test. g ©0°

Analyeis G % H %
Calculated for .A ' *

Found & | 79,51 .- . 10.75

| - N nujol - : » : ;

IR 8 Vs 8800 (-0H), 1715, 1250 (-0~CO~CHz),

3100, 1640, 890 (>0 5 CH,) om™>

. | LPige 43 7
H NMR a 4,18 (gy Jyp = 6 Hz, 2H, -CHzOH),
(6, C2013) 2,04 (g, 3H,. ~0-00~CH; ), 4448 (pm,

(AH, HO-0-0=CHz)y 4,94 (m, 2H,

. =C = CHy)y 0,78, 0,83, 0.84, 0.85,
0494, 1,05 (g, 18H, 6-C-CH).

 [Flg. w47
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| I ., -
Hases 483 (M =1), m/e A6D, 425, 424, 423, 408,
380, 356, 248, 233, 220, 203, 189 (base
popk)y 175,

LPigs 467

-acotates Isolation

£8 @, 30~lgnegzl dinl
50~hydrcxy~1up—20(29)—onyE B~aeetate 199 (50 ng) was
refluxed with 10% methanolic potassium hydroxide solution (5 ml)

far four hours. The solution was cooled, acidified with cold 10%
nydrochloric geid (10 ml) aﬁd éxﬁﬁactéa wiﬁh~ethers‘$heﬂéﬁheral
lay er Was~wéshed_wiﬂh waber tiil,neﬁtral and thea.driedq(ﬂagsqé).
The aﬁher*waa:diatiiled of£ and the'solid residue obbalned was
erystallised from methanol. After three énystéllisatidnm from
methanol, it Zave a crystalline £01lid Mepe 226-23"

TH test response waa positive

c& - H®
Fownd & 81.21 . .  11.36
Calenlated for S :
C0H5002 81430 - . 11,38
0 . R
IR ¢ VIO, Brond peak between 3300-3200

(0H), 5100, 1640, 880 ( S0 w CHo)om™*

LPig, 457



-188¢

Haset m/e 442 Gf ), 441, 423, 408, 383, 380, 514,
233, 220, 207, 208, 189 (base peal), 175,
zrbig& 41J7

Acetvlatiion of 30-hvdroxy-lun=20(29)-gn-3 B=acetate: Isolation of
38 5 30-lupenyl diacetates

70 & solubion 0f BO~hydroxy=lup~-20(29 )-en=3 P-gcetate
(60 mg) in pyridine (5 wl) was added acetic anhydride (5 ul)
and kept over niéht gt voom temperature. Aféer usual work up,
the 501id residue obbtained was cryastalliged from chloroform-
methenol for three times which resulted in a needle shaped cry-
$talSy Mepe 163*6409[§{]n a8%. TIG . of the compound showed a single

round spot in the solvent systémkbanzene 3 petroleum-ether (2:1),

Analysiss g % |  H%
Caleulated for ' o ' o
CagHz,04 8 77452 10,33
,j aujol o o N
IR . 1750 1730, 1265, 1250 (-0-C0-CH,),

| 1640, 840 ()0 = cH,) om >

: '4#?180‘4&;7



=189~

Bxamination of fraction 18-20 s Iaolation of 3 P, 30 Jupenyl diols
The froction 18-20 (Table.=36). were. combined together

(= 20 mg) and crystallised £rom a mixbure of chloroform=-methanol
to afford crystals of 3, 50 lupenyl dlol 200, m.p. 226-28°,
[d‘]D 4° o It showed single round spot on t. TeCe plate developed
with a solvent mixture of benzene<ethylacetate (9s1).
TNM teat respbnee wé;s positive
_ Beils‘teiﬁ test remponse was negative.
The compound was found identical with 3£, 30 1upeﬂ¥i
diol prepared by hydrolysis of 30-hydroxy 3 S ~lupenyl acetate

199 from m.m.p and IR date comparison.



CHAPTER - IV
SRCTION =~ A

A shory review on antoxidation and isomerisstion
in ring A in triterpenoids, —- -

Autoxidation, . slow oxidation procass affected by
oxygen (e.ge by air) at moderate temperature are prompted by
light and snall guantitics of catalyst, notably the ozxides
and o0il soluble galts of heavy metals as well as by variouns
peroxidic substances. Again, they can be markedly retarded
by nmere traces.of oxi.dizable organic substanéas, guch as
phenols end amniness

The autoxidation of gquinone 40 guininic acid in & boil-
ing solution of potassium enolate in benzene wao studied by
d15’? 188 g

Woodwar and in presence of t-butoxide by Doering

latter worker also studled the antoxidation of ketones and
1solateé.d,@ diketones, dicarboxylic acids and 1aet013159.
The formation of various products was explained on the basis

of addition of omygen molecule on the enolate double bond to

157. Viooderd, Wendler and Brutschy, J.AR.ChemsSoc. 67,
1425 (1945)

168, Welle DOQI’ing and JdJela Gh&ﬂley, J.Am.t'}hem.ﬁoc. .6__{5.,

586 (1946)

159, Yeils Doering and ReMe Halnos, JdeAmeChemnaS5Gce, Zﬁi

483 (1954 )
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form the four membered cyclic hydroxy peroxlde as shown in
Scheme - XXXII. |

Scheme - XXXII | 0O
\ . ' 05 v
C6I~I5—Cl—12—8H7§—CE?}—{5 CQ“{E)CHEHCI;_ !“C6H5 .
0 i
O 7 ¥ |
O—C—CeHs 1+ CgHg— HpC—~C-H
0-CaH =
0 S O
iR o2 ¢ »
0 o <]
GH +H-8 =
061451
. GHCOOH
1 . _ '
(Cars)aHOHC-GMeS s (CgigpHOCHOMes
0000 - O—OH
CeHHCCCMeS -
RO RO R ( 3
= , l Do R
HC-C-R m==HC-0R e ecl;—%—a’ i
0-0 0-0" >oloH (@CS Ne
o H”
|
R—C—C=0
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The action of potassium. tert-butoxide as a catalyst
for the autmd.dation of ketones and esters to & -hydroperoxides

was studied by Gersmana et al 160 in carly sixtles. ﬁanna and

Gurisson;Gl

reported the autoxidation of several cyelic ketones
in hexa methyl phnSphotriamide in the proesence of potassium
tert-butoxide. The reaction was found %o proceed in accordance
with the previously prnposed mechanism in which the 1n1tia1
formation of an K -hydroperoxy ketone is folloved by trans—
formation into an d.-ketol and then to an d.-ﬁiketone. attack
of the A -diketone followed by decarboxylaﬁing fragmentation,
cleavage into a keto acid or an aldonyde acld oy rapld oxidn=- '
tion of the aldehyde acide ' .

It was faund hy Hendry et al 162 that‘the initial oxida~
tion of chlohexane gave mostly cyelohexyl ﬁydroperoxide and
gave cyclohexénel and cyclohexanone as chain terminationlﬁro-
ductse The hydroperoxi&é'wasvconverted directly fn ﬁetoﬁe oh

further reaction.

160, HoRe Gersmann, H.J.W. Nieuwenhuls and AJF, Bicket.
onc. phem. Boc.. 279 (1962) |

161, Re Hanng ang Ge Ourisson, Bull. S50Cs Ghlm. Er. 10,
3742 (196?) '

162. D.G, Hendry, Co.lis Gounld, ﬁ. oehnetzle, I.R, mayo,
Jo Org. bhemo, 4:1(1), i (.}.976) '
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Barton et 51183

found that when a 20-keto steroid was
shakenhwith oxygen in the presence of potassium tert-butoxide

in tert-butanol it was oxidised to the 17« _hy@roperoxide, |
which could be reduced to the 17X alcohols with zinc and acetic
.acid. Under the same conditions]‘%s S-keto-5 B-steroids were
oxidised to0 4-hydroxy - 44 -3-ketones, the 5~ =isomers were
oxidised to the 2-ketones (enolic forms) and cholestenones was
oxidised to diosterol-l in low yields. Since in each case
attack was at the site of enolisation, oxygen evidently attacked

the enolate ion.

CI‘,H:S : CEHS E‘;Ijé
HC =0 HC C..}%H 30 1.-OH

Zn-AcOH  _

165. E.Je Bailey, D.H.R. Barton, J. Elks and J.F. Templeton,

J. Chem. Soc., 1578 (1962)

164, B. Camerino, B. Patelli and R. Sciaky, Tet. lett,
‘554 (1961) - |



, In view of the fact that Section ~ B of this chapter
deals with antoxidotion of triterpenoid, it will be of interest

to make a short review of autoxidation Of some triterpencids.

Oxidation of xing A in Guohol.

Tavie and co-workerst® gtudied the autoxidation of
guphadiene-3~one, 202. The introduction of an oxygen function
d to the C=3 carbonyl group wasg performed by shglting in oxygen
a eolution of euphadlene~S-one in tert-butanol saturated with
"K-tert-butpxideleaf The first mole of oxygen which was ropidly
nbsorbed produced the o =diketone derivative, which was found
on chromatopglate to consigt of a mixture of two tautomeric
- forms, the diosphenol 2033 and the ’—diketone'ggég Upon acety-
- lation, a diosphenol acetate, 203b; was obtained.

During the process of autoxidation, a second mole of
oxygen wag absorbed and the pfoauct isolated was ldentified
as the lactol 204s. The formation of the lactol was inferpreted
through the formation of ring 4 seco-2-nor aldehydo carboxylic
acid, which cygiizéd on acidification. The loss of a carbon
atom (0-2) inr the process and the formation of the heterocyelic
iz membered ring were shown unequivocally by the i Bpec-

trum of the substance. Indeed, a characteristic singlet related-

165, D+ Iavie, B« Glotter and Y. Shvo, Zetrahedron, 19,

1377 (1963)
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t0 the C-1 proton wasvﬁaund at § 5.603 thig peak'wés not éharﬁ
dué-tO‘ccupiing with the proton of the adjacent hyérdxyl group.
However, upon acetylation, the signal in the laetol écgtate
204b was found to be shifted down £ield t0 5 6.42 as sharp veaks
It wasg,y bthersfore, deeided that no proton was preeent neighbour-
ing the C=1 nydrogen ag wﬁulﬁ be expected from a 1achol derived

from a 2,3~seca—aldehyﬂc geids

202

204 205



It is note worthy that a substance, identified as-éhe~anhydride,
205, was also‘forhed during the sutoxidation of 202 t0 diosphenol
203n . The formation of the anhydfide wag explainbd by the initial
formabion of an « -hydroperaxy, ketone and its cleavage to seco-
2=nldehyde-3=carboxylic acid elther by a four nembered ring

intermediate mechanism}sg or by an alternstive peroxide mechaoe

nism166g The aldehyds under the basic reaction condition, is
subsequently oxidised to a carboxylic group thus fomming the
2y3=geco dicarboxylic acid, which upon cyclization formed the

anhydride, 208.

Oxidation of ring A in oloanolic goid
In conneetion with their work to confim the structure
of bredemolic acid, 208, and crategolic acid 207, Tachesche

167 performed the autoxidation of ring A in methyl

and co-workers
oleanonate, 208. Methyl oleanonate was stirred in tert-butanol
containing patasai&m netal at 25— 50° with simultaneous intro-

duction 0f oxygen.

166, Be Blkik, Bull. Soce Chim. Bp. 933 (1959)

167, R. Tschesche, E. Henckel and G. Snatzke, A,

678, 179 (1964)
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The reaction ,mixt‘ure on geidification é.nd. naual working up

gave an amorphous solid fa;ﬁ which they prbpoéed "l:he giructure
209, methyl-2, 3-dioxo-olean~12-en-28-oante, m.p. 130—3504" s
[d] D 104%+ 4% . Sodsum boronvdx_'j-.dg reduction of 209 gave methyl
2d 4 30 «~dihydroxy-i2-en-olean-28=oate, 210, which on oxidation
with Kiliani selution )gave a mixture of geveral compounds in
which 10% of 202, was founde | |
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Oxidation in ring A in Tupeol

Ganguly and co~i0rkers- 63

carried out the oxidation of
iupenme 211 and lupanone 2LZ2 to the eorrésponding diosphenol

213 and 214 respectively by possing oxygen in dry tert-bubanol
Iconmining k~tert=butoxide. Diosphenol Qg._% on hydrogenation
afforded a non-cyystalline alcohnl, which on acetylabion yielded

the keto~-acetate, 210.

~ ‘ - CHs
22 R=—<CHs 24 Re—<

CHs CHz

168 Al G‘&Ilguly’ TeRe Govindachari and Pebe. S‘fiohammeﬁ,
Toirahedron, 22, 5597 (1966)
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Pormation of 218 from 214 wis explained by the mechanism

shown below:

Diosphenol, 214, on ozonolysis gave a neutral compound
UogHgan0zs whose structure was assigned as 216 on the basls of
mode of formation, spectral characterisation and elemental
annlysise. Diosﬁhenol 213 was cleaved by alkaline hydrogen’
peroxiﬁé’to ‘the dicarboxylic acid Csoﬂéaqé. The acid was
converted‘iﬁta the dimetnyl'ester'giz, which on refluxing with
alcoholic alkali yielded a neubtral crystalline compound 218.
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Antoxidation of Ionostenyl scetate .
Horn and 1136169 reported that lanostenyl acetate in
ethyl acetnbe was extensively coanverted into a mixture of 7-

hydroperoxy and 7, 1l-dihydroperoxy lanostenyl acetate by

169, DJH.u. Horn and D Ilse, J. Cheme Sog, 2280 (1957)
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treatment with gaseous oxygen atb 50° for 48 houra. Scotney
ané'%wuter17ﬁ later found that the autoxidation of lanostenyl
gcotate in othyl acetate at 50° after 14 Gays was a mixture of
at least eisght perozidese. Fhe two most pleatiful paroxidea
were recovered and shown to be .7 > and 11(3 -hydroporoxy
lanostenyl acetatess The structure of 1l P-hydroperoxide was
proved by couverting it t0 11~axo~1anostenyl acetata with
ferrous ion. ﬂurtharmnre, 1ithiam aluninium nyﬂriﬁe reduction
of the 1l~hydroperoxide afforded gna_preduet. which was identi-
eal with 11 f ~hydroxylenostenol. '
Aunboxidation of 7, li-ﬂiozelanost-anenyluéj?aacetgte
in cyclohexane at 40° proceeded via 1P -hydroperoxy-7, 11~
ABiogolannstenyl acetate to 1, 7y ll-trioxo-lanogi=t-scnyl

acetatelqle The location of ketone at l-position was deduced

fron the beohaviour of the trione acetate with alkalle With
alleall 1,7,11-tri oxo lanost-B8-enyl-acetate yielded 1,?, ii~-
triozo lanostoa~2, a-ﬁLene and it had been derived Irom th@
trione acetete by climination of the 3 S~acetnte group and
the formation of a conjugated unssturated grouping (219, 220,

221). That the precursor for the trione is a monohydroxy —

i?0. J. ‘S(‘Z‘Qtne“f and BeVe Truter, Jo Qh&!ﬁo 5000 (G), 1911{13?63)

171e J. Seootney and BeVe Truter, Jd. Ghem. Soc (21, 2184(1963)

17ia. Tdem, J. Chems $00., 9516 (1968)
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‘peroxide of 7s 1l-dioxo lanostenyl acetate was established
by the fact that i% was decomposed by ferrous ion 0 1,7,11-

trioxo lanostenyl ascetate.

In an experiment a solution of lanost~8-en=58 -yl-

acetate in cyclohexane at 40° was oxidised by passing oxygen
through itivlq After twelvg months of treatment, the neutral
fraction was examined and wag found to conﬁain‘at least sixteen
components. From REf valuee several eonponents have been idénti-
£ied cege 1,7,11=trioxolanostenyl acetate, 1,?.11~trioxolanosta;

2y8-~dience. Begldes thoge compounds, iﬁ(thydraxy~7-0xo, HXK -~
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hydroxy-7=0x0, 7, 15~3ioxo- and 11; 15-diozo-lgnostan~3 13 w)f 1=

. acetste were also ic‘len'&ifieﬁ. ,

Auboxidation of B -amyrone

BEhastgiy et 31172 studied autoxidation ef B =gy rone
in an a“ist\'emp:t 40 introduce more oxygen function in a triter-
;fgemid' nolecules -amyrone was ghirred in tert-butanol con- .
taining potassiun metal with simnltencous introduction of
oxygen. One mole of oxygeon was rapidly absorbed by the come
pound producing X -giketone derivative, m.p. 2@&%29 + The
material showed positive fervie chloride tegt and two gpots
on n chromatoplate imicming that twe compounds were present
in the mizture, diketone 283 and diesphenol 224. Acetylabion
of 224 with acetiec anhvéh‘iﬂe and pyridine gave the acetate
285,

172, DoRe Miera, HoN. Khostgir, He Sung and Ted, Durham,
Inde Js Chem. 148, 407 (1976)



In order to prepare the oL e-.hydroxy-ke'!;oné derivative

| ':i.n ring Ay catalytic mraragenatipn of the diosphendl ggg

" vias invesbigated in presence of 10% palladium charcosl catalysts
It yielded B-Izetoﬁuhyafoxy comptmnﬁvggg which on acetylgbion

- offorded the corresponiing acebate 227.
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The formation of 3~hydroxy~2-—&wto derivative 2&6
in the p:encesg oi? hydrn@enation was explained by zihasﬁgir et al
ags in the follm;-ing. vmxﬁ,mgg the proecess of hydrogenation a
rear abttack of the hydrogen i‘rmm, the leass hindeved side of the
molecule might take place resulbing in the fLormation of the
2-hydroxyl group in the b -axial orientabtion. It is kaown that
the conforamation of ring A in triterpencids as well as :if:x
4y 4- dimethyl steroids are dependent on the 1,5 homoamnular
interactions of the mebhyl groups at C-d and C-10 o170,
Therefore, the C=2 P=axial hydroxyl growp, which could be
formed by rear atitack of hydrogen would produce further 1,3
diaxial interactions resulfing in a great strain in the mole-
culerl‘i‘ha strain could be relagsed by ready conversion to
3«-hydmzy-—.2fmto derivative, 286, throusgh enolisation of the
2 P ~hy droxy-3-keto ‘derivatﬁ.;ves- _

mmm* ’che process of autoxidation, a second mole of
oxygen wag absorbed by the diosphenol, 224, which resulted
in the formation of a lactol, 228 Ql«&z,vdroxy~2~oxo~/3~ammne), '
TePe 262-65°, The formation of sueh a lactol had alrendy been

173, d.5 .5 Holker, Proc. Chem. Soc. 464 (1961)

174+ H. Allinger and M.A. DaRooge, Tets Lott. 13, 676 (1961)

175, N. Allinger and M.ie DaRooge, J._Ame Chems. Soc. 84,
4561 (1961) .
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deseribed and was interpreted through the fomation of a ring
A=geeo=2=nor-aldehydo carboxylic acid, which cyclizes upon
aeidifination?76. éceﬁylation of §§§~wi€h aeeﬁie anhy dvd de- |
pyridine gave an acetate 229, mep. 186-87°.

i

Autoxidetion of Noretanone

R YA
Horetanone, 230 obtained by hydrogenation of moretenone

wag autoxidised by passing OXy gen throdgh a sﬁspension of 230

176, R. Honna and G. Ourisson, Bull. Soc. Ghim.
1945 (1961)

177, H.N, EKhastgir, B.P. Pradha n, %L«J. Durham ond AM.
Inffield, Chems Commun, 1217 (1967)
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regulted in the formation of corresponding diosphenol 231.

in dry tert-butancl containing K-tert-butoxide

Acetylation of diosphenoldl afforded the ailoephenol acetate

232, Diosphenol acetate, 232 mi_ hydrogenation in presence of
palladium charcoal catalyst in eﬁhanbl golution zave the
roduced profuct 233, Mep. 179-81%, ‘;ﬁiospheml ggg on hydrogeng~-
wion in présence of palladium on chmoal catalyst in ethanol
solution affovded a 80lid 254, m.p. 181-83°, which on acetyla-
tion affolded the corresponding acetate 238, mep. 264.-6’?0. Phe
acetate 253 on isomerisation by absorbing it on baé:!.g aluninag

- ecolumn was converted to the stable 2-keto ézoa:‘*emnyl acetate

gtructure 238.

Ind. Jd. Chem. 158, 21 (1977) | '
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SECTION - B

The discussion in the preceding pages of this chapter
ghow that autoxidation of several triterpenoids resulis in
the formation of different compounds depending on the condi-
tion of the reaction. 3Such products possibly play a vital role
" in the physiological procesges whors triﬁer@enoida ave gogocia-

ted, such as selective action of triterpenocids on neoplastic

165

cells end antitumor gctivity. Tavie and co-workers exten-

sively studicd the auntoxidation Gf ring A of certain species
of Euphorbiaéeae family and found that the occurrence of an

X —hydroxy ketone or of a diosphenol grouping in,ring A sbtri-
butes to their activity. _

In our attempt for introducing more oxygen functions in
a triterpencid molecule, we undertook hhe auboxidation of
friedeline The reaction.resulted in the formation of {ifferent
A=por-comnpounds. No diosphenol wms detecteﬁ. thia part of the
desertation describes the éh&r&cterisation of the producte
formed during the reaction and the possible mode of formation
of the compounds. } -
. The oxidation of friecdelin 136 was carried out by

- stirring the compound in dry tertiary butyl alcohol containing
potassium tertiary butoxide in an atmosphere of oxygen for
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three hours. The product obiained, a mixture of compounds was
subjected to chromatographic separation over an active alumina
.colﬁmn, on elution.with'solvents'like petroleum ether, petro-
leunm ether-benzene and benzene yielded no solid materiale. The
column was theon eluted with a solvent mixbtuve of methanol~
gcobic acid (1931) which yielded & white amorphous =olid subs=
tance. Infra~red spectrum of the crude product indicated the
presence of g hydraig functionality. The compound was then
acetylated with acebic anhy dride-pyridine. It was noted that
it Yook several héurs-for the compound to dissolye in the
solvent mixture at 800. The pcotylated product showed the pre-
gence of three compounds on chromatoplate developed with
benzene~ethyl acetamé {9:1) solvent mixture. The compounds
viere separated by chromatography over deactivated alumina
column. Elution of the column with petroleum ether yielded

a white compound Ay. Blution with benzene=petroleun cther
solvent mizture (4:1) afforded solid Ag. Furthor elution with
benzene-chlopoforn (3:2) yielded a gumy Solid Ag.

Ghaz&cterisaﬁién of Hq 3

The compound on vepented crystallisation from chloro~ -
form-methanol recorded Mmep. 225-27°. Elemental analysis and
nass apéetrum.confirmad‘its molecular fomula as Caogligge It

responded to TN test for nnsaturation..



“211=-

The infraved speotrum (M.g. 49) shows poaks at 1650

! which indicates the presence of double bond in

and 790 cm ‘
the compound. The 560 Mz 1H MR opectrum (Fig. 50) indicabes
the presence of eight tertiary methyl groups ab $ 0.84, 0,94;
0,97y 1.00, 1,014 1.17 and at & 1,57. It aleo gives support
for the presence of a vinyl proton by appearance of peak at

5 5.26 integrable for one proton. A one of the methyl groups

_ Table <« 37 -
1 WMR Signals of 41 in UDOLy

Chemical Ho. of Multiplicity Probable

shift ¢ protons of signals . assignnent
0.84 3 Singles 8
0.94 3 Singlet ¢
0497 3 Singlet 3 .
| o | 4 -~
' 2,00 6 ginglet g s
1,01 3 ' singlet 9
117 3 ~ singlet
1,57 3 Singled . Hethyl zroup on
’ . L dougge %ongp
5,26 i Singlet Tvisubstituted

double bond
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resonates at considerably lower £ield l.e. at & 1.57, it ean ,‘
be inferred :e;hat; the me‘i:h;yl group is on a double bcnd; The
absence of a dmub).etj ix‘vx'thﬁe region & 0,85 to 0,95 that is
| -genemi’ly absemed_for the secwpdary me‘t:hyi gg;mum 'at Gt poéi-.-
tion of fricdelin’ ***™° ingicates that the peak at § 157 is
~due to the methyl growp at C=4 position which is situsted on a
double bonds He_néa-. it magy be waid that the C-23 mothyl maup
is on émubie bond in amépomnd Al. ';‘he appearsnce of vinyl
proton as a broad singlet at & 5.26'- ina:wa’.cea that the signsal
wonld couple x}gi-t:h the proton on adjacent carbon with a coupling
consbant J = 0_.51%23 but the valué is 20 small that the signal
is only intensely broadened igxsteéd of being splitted.
| Thue the presonce of the grouping Hag i = GH = éﬁ in

compound Ay is established that can be best Ffitted in ring A

of friedelin as ~/\\\i\\w

179, A.8.R., Anjomeyula and M. Narayan 'Rao s, Phytochenistry,
19, 1163 (1930) |

180, B. Talapatra, B. Tehiri, Ae Bassks DeKe Pradhon and 5.

Telapatra, Inde Je Cheme, 220, 741 (1983)
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The molseular formula of A indicates that the total
number of ecarbon atoms in the compound 4o be 29 instesd of 30
és in the starting eompound friedelin. Absence of oxygen func- |
tion in the form of carbonyl or hydroxyl sroup which is5 evident
'fram'IR~and 1ﬁ FMR spectrs indicates that the oxyzen aton pre-
gsent in the form of kebone in friedelin hag been knocked off
a;dﬂg with a carbon atom. Hass spectrum (Fig, 5L} of the com—
pound is of great help in ascertaining which of the carbon
atoms has been lost during the course of the reaction. The mass
apectrum exhibits peaks at mfe (rel. int. ) 396 (M, 20.7),
38L (U = OHg, 100), 257, 243 (5.00), 205 (20) and 101 (15). The
peak ot m/e 2056 is typical of friedelin skeleton comprising
‘ving D apd B and is due %o the Lraguent KXXIIL. It is, therefore,
cléar Shat fha lozs of carbon atom has occurred in the ring
other than D and E. The genosis of the fraguent L44V, m/e 243
can be rationalised by asesuning structure 286 Lor compound i
which exploins very well all the speetral observations. The

Lragmentation pattern is shown in Scheme - AAXIII.

180a. KeB. Wiberg and BsJ. ist, Je Ams Chem. 50C., 83,
1223 (1961) | ‘
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Scheme = XLXITI




Phe structure of compound A1 is thue established as

&~nor~friedelenelal-

Characterisation of Ao s
Elementallanalysis and mass spectrum showed the molecular

formula of Ay to be O51Hgp02+ On crystallisation from a mixture

of chloroform-methanol, the compound had f.pe 235»37°. It res-

vonded to THNU test thus showing the presence of double bond.

Its IR speotrun (Mg. 852) shows abaorption at 1740, 1220 and

890 om™L. The bond at 1740 emfl is interproted as due 0 the

‘presence of an acetoxy group which is supported by the apgéranca

of a band of gtrong intensity abt 12280 cmfl. it igs known that

the usual "acetate band® at 1240 cm - is shiffed to lower fre- '

quency by 20 et in viayl acetateiazo Thus it appears that

ths acetate group iz present on the double bond. The peak ab

8920 cm-l supports the presence of double bond in compound Ag.
The 360 MHz 1H NMR epectrum (Fiz. 53) of the compound

is presented here represent in tabular form with the chemical

shift and thelr probable interpretations.

181, Simonsen and Ross, The ternene, Volm. IV, p. 470,

Cambridge (1957)

182. ReNs Jones and C. Sandowfy, “"Chemical Application of'

Spectroscopy”s 462 (1956).
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_ Table - 38
iy muR signals of compound Ag in CDCly

. Chemieagl shifd Number of Mnltiplicity  Probable

9 protons of signals aasigunent
094 6 Singlet g
0. 98 3 singlet | A

v 7t - CH,

0499 3 - #inglet 3 9
1401 6 Singlet {
117 3  singled |
1,55 3 ginglet »f’;_. G -
2,13 3 Singlet ~0 - g ~ GH,

’The spectrum shows the presence of seven tertiavy methyl
groups in the region between $ 0,94 to 1.17 and one acetoxy
methyl at § 2.13, The peak at & 1.55 is due to methyl group on
double bond, which is quite broad. Such broadening of vinyl
nethyl group is due té long range coupling propagated through
A gystem of the double bond ~ The methyl proton of a n enol-
acetate funetion resonates in the region between § 2.0 to 2.2,
although usually at slightly lower field than a saturated acetate
because of the propimity of double b0n6183. Hgﬁce, the singlet

185, N.S. Bhacca and D.H, William, "Application of NMR

Spectroscopy in Organiec Chemistry”, Hnidenr@ay; inc,
33 (1964) '
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at $§ 2.13 is abttributed to acetoxy methyl group on a double
| bonde Since, there is no doublet for a secondary methyl grouﬁ
in the & 0.75 %o 0,95 region, 1% may be inferred that the C-4
methyl group of ffiedelin is on the double bond in compound Ag.
Agnin, the absenece of olefinic reaonance in the vegion § 4.5 to
6.5 indicates that the double bound is tetrasubstituted which
support the existence of aéetate and C=-23 methyl groups on the
double bonde. Further, the absence of peak due to proton geminal
t0 cavbon containing acetate group shows that the 'acetate group
is certainly praéent on the double bond.

the ‘moleenlar formnla of Ay (84 Hz,0p) indicates thot

the componnd has got 4 nor-triterpenoid skeletone With the help
of nmaes spectral data the éﬂmpleﬁe structure of the compound
wae £inally cotablished. The mase spectrun (Fig. 52) exhibits
peaks at w/e (rels int.) 454 (1 , 2b), 459, 412 (9.70), 397
(59.32), 381 (0.7)s 206 (2) and 191 (2). Since there is no
prominent peak due t0 loss of an acetoxy function from the
. total mass 454, it i 0 be inferred that the loss of aceboxy
grouy 18 mechanistically prevented due to the attachment of
the acetate group on a dovble bond. However, the loss of goetyl
~group from the total mags ie evident from the peak at /o 412
as ghown in the Scheme IXXIV. The genesig of these fragments
can be explained by assuming structure 237 fnrlcampound Ag

which explains the IR and 1y spectral observations too.
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Soheme = KAXIV .

‘l‘hus, the stru_cture of compound &2 is satablished ag S-nor-
& 2(4) frieielin-z-acetate 2T, |
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‘Characterisation of A3 &

Blemental analysis m;fd mass spectrum of Ay indicated
i;ts rﬁol.ecﬁlar formuls to be Ogotyg0ge Crystallisation of the
compound from chloroform~methanol efforded amorphous solid,
meps 290-92°. It responded to LM test showing the presence
of unsaturation in the compound.

The IR speetrum of the compound (Fig. 55) shows bands
at 3380 and 1675 om * which are indicative of the presence of
a carboxyl group. Appearance of ‘bands at 1620 and 780 cm-.l
are due $0 the presence of a double Bond,. The IR spectrum also
givea some information regarding the position of the carboxyl
group and the double bond. Thg 0 = O vibration occurs ot
lower fregueney than g saturated acid which is due to the
conjugation of the double bond with the carboxyl group. In
d,p =unsaturated acids, the foree conshant of the)C = O bond
is affected on one hand by the\.«-.{{ effeet of the Qouble bond
and on the other hand by the conjugative effect gctiﬁ,g in the
opposite Airection. The ~I effect tends 40 increase the)C = 0
‘bond order whoreas the conjugative effect tends to lower it.
Generally, the mean frequency'm“.‘ the >C = 0 stretching
vibration in the d, 8 ~unsaturated acids occur in the range
i69°“1700 em ™. In compound Az further aecreas.e in >C = 0

frequency has been abtributed to the presence of a methyl group
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which enhances the conjugetive effect thus reducing still
further the ¢ = O bond order %,

Compound Ay on esterification gave the methyl ester ‘
which on crystsllisation from chloroform-methanol afforded
meps 205=7%. Blemental analysie and mase spectrum showed its
molecular formila §0 be Oy Ho0ne Tt IR spectrum (Pige 56)
exhiblite bands ab 1720, 1295 (=COOUHg), 1640, 850 and 810
(tetrasubstituted dﬂuble bond) cmﬁl- The absorption band of

-Gﬂﬂﬂﬂg group in lower frequency region indicates that it is
an eater 0f°<@~unsaturated acid with the double baud ad jacent
30 ‘Lh@-bﬂ@bﬂ;s £POUD. R

fhe 360 Mz LH MR spectrum (Mig. 57) of the compound
has been reoorded in @abla—d?

Yoble -39

g §MR Signals of Bster of Ay in CD0Lg

.'thémieal‘shift T Hamber OFf mnltlpllciﬁy ’ Prabablé éééignment

_8 i rotons of signals
0.88 S ‘>a1ng&et _
0.94 3 Singlet 8t ~Gf
0,97 3 Singlet L Bs
0,59 G singlet
1.02 3 Binglet
118 é Singlet
1498 ] Singlet
5470 K - Singlet - =COSCH,
N . , ! s ‘
228 2 $inglet . HgG =0 - GOOCH

i}

. 1384, "Infrared Specira of Urganic CompoundsY, Ms Avrams GeHe
Hateescum, Willey-Interscience, 398 (1970)
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The appearance of singleés in the region S 0.88 to 1,98 inte-
prable for tweniy four protons indicates the presence of eight
tortiary mebthyl groups in the compound. The methyl carboxylate,
howevor, aippea:bs' as ginglst at & 3,70« The appearance of a
meshyl group 'at considerably lower field il.c. at § 1,98 may be
~explained 1f the methyl graup: iéu on a donble bond which in turn
18 ind A pogition with the carhamethoz.y ZL0UpD » Thg ‘twa peaks
that appear at & 2.5 and 5 2.28 and arve integrated for two
protons seem to be due to the methylene group vicinmal to carbo=
mebhoxy groups. These penks are shi.ﬁ:ed downfiqld 'b_y the elet-
tromeric effeot of tho fwo = bsndé of the double bonded carbon
and i;h;e carbonyl f.g;zvou&p.l The downfield shift oﬁ one of the methyl
groups as singlet at § 1.98 and the absence o:é =25 methyl
group that generally appears as doublet in fthé region 5 0.75

t0 0.95 in cape of friedelin showe that the déuble bond must

bhe present at (-4 positions The absence of olefinic proton
below § 4,7 indieates that the double bond is tebtrasubstituted.
‘The absence of resonance due t0 proton geminal to carbomeothoxy
group that generally appears around 5 2.8 led to the assumption
that the carbomethoxy group is situated on double bond. A tenta-
tive structure for the cbmpcund Az has been given as 3S-nor-
Agm)mfrie&alenie acid 238. This structure has been comfirmed
by maes spectral analysis. The mass spectrum of Az (IFig. 58)
exhibits molecular peak é‘ﬁ n/e 440 which readily loses a'me‘!;hyl
group to give fragment at m/e 425. The peak that appears at
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" w/e 560 is probably duc to fragient XXiVa. The existence of
' hhg‘ ion peak at m/ e 205‘ indicates the fcfmdtion o£ £ragment
| . XXXIIl« The fragment XXAV is formed by cléa.vage of ring D
g which is typleal o;e fricielin ‘s}:’elgton. The mass spectx;um of
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methyl ester of As 238h (Fig. 59) shows molecular lon pesk at
m/e 454 and existence of ion peak at m/e 330, 205 due to forma-
_ tion of fragments IXXVb and XAXIII respectively. Thus from the
genesis of the mass féa@nentatian pat;t,;em and combingtion with
IR as well as M NIR spectral data, the structure of the acid
and its corresponding methyl ester has been conclusively esta-
' blished as 3_1105—452(4) friedelin 2-carbo:quiq adid and its
methyl ester respectively. That the compound Ag is S-nor- \A2(4_)
frieﬂelin%-carbox&lie é.c:}.d ig further confirmed by catalytic
hydrogenntion of its methyl ester 238b which affords 2 A =carbo-
methoxy-A=nor-friedelin 138, mep. 263-65°,

2ropoged mechanign of the reactions Formatioxipf S=nor-= A2(8)

friedelin-2-carboxviic scid 258a and A-nor-frisdeleng 2563

The difference in the behaviour of friedelin with 4,4
dimebhyl triterpenoids is a:ttributeﬁ mainly %o the conforma-
tional anc} gterical factors aﬁiﬁing out of the presence Gf>
only one rﬁethyl group at C-4 g)aaition.- The t-axiald «hydrogen
aton at C-4 position is mdre reactive than the secondary hydro-

“gen at =2 positiond®

« Thus, in the strongly alkaline mediun
of K=-tert-butoxide, friedelin may undergo enolisation with the

ghift of C-4 proton %o give friedel~3(4)-en-3-0l 232 which may

185, VeVe Kane and R. Stevenson, Tetrahedron, 15, 223 (1961)
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unﬁeégo oxygemntion to give 3—4—aeco-éfketo—friedelinr3~
carboxylic acid 240. This keto 2eid wnder the bgsic_reacﬁ;an
condiﬁion may undergo cyclization with loss of o molecu;e of
water to L£orm the ﬁnsaturatea-aaid 2384a. | | |

| This acid 238a, which ig , ~unsaturatéd is expeacted

40 undergo eagy decarboxylations Since the reaction minbure

wag. kept over water'bath for 24 hours mixed with Py anﬂuﬁcgﬂ,

part of the acid 2383  undergo decarbozylation to form the
 hydrocarbon C=3-nor £riedel~(4)-en 286. It moy be mentioned
that the hydrocarbon wag obtained only sfter the compound eluted
from the active alumina column was acetylated. So, it is evident
that the hydrocarbou 286 is formed by the decarboxylation of
acid 238a during the acetylation period. Sﬁch a mechanism has
also been proposed earlierlal for the fomation of identical
product, nor-friedelene, Mmepe. 228,5—300 hy oxidation of friede-
lin with chromic acid Lolliowed by heating the acid thereby

obtained in nitrogen atmosphere at 250%.
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A
136 239
 808 _base | H |
) —_—
N .00C HOC !
240 238a"
—
—COz

236

Pormation of Benope a-¢4)-friedelin-g-goctate 287

It is bossihle thet friedelin is oxidised to form
O(—hydromro:q} ketone 24L which is cleaved subseyuently to
seea-B—aldehydei;S?earbézgﬂic acld 242. This under basic reaction
condition is oxidised further to 2, 3 seco-dicarboxylic acid
243 which wpon cyeli’z:é‘aion forms the anhydride 244. The gahy=-
dride in basic medium may undergo rearrangenent to form B ~keto

acid 245 which undergoes deearboxylation followed bv acetylation



206

- fto' glve the compound 3~not~i€fieae,l,in-»enal-.»aceﬁa?bev 237.
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Though we have propbsed the formation of the anhydride
244, as intermediate in the formation of enol-acetate 237,
we could not isolate the anhydride as suche Such a mechanism
ig, hovever, supported by the work of Lavie et a1165 where
they wevre able to isolate anhydride 205 on gutoxidation of
203.



Hlelting pointe are mmux‘*rected. The petroleum-cthex
used thronghout the investigation had bep., in the range of
60-80", The infrared spectra were recorded in Beckman IR=20
Spectrophotometer. Hass spectra were recorded by electron
impaet method. Silica gel used for column chromatography was
of 60-120 mesh (B«D.H) and aluming used for column chromato-
graphy was of agetive basic grade (B.D.H). TLC were performed
in chromatoplates prepared on glass strips with silica gel
¢ (B.D.H).

sutoxidation of friedelin, 1363

Ol
NS

Friedelin was isolated from bark cork. The procedure
has been deseribed in Chapter II, page 126.

Priedelin (2 gn) suspended in p_ataséium ter‘éia_xy
butoxide in tertiavy butanol {(prspared from 6 gm of potassium
and 60 ml of teritiary butanol) was shaken in a stream of
oxyzen for three hours. The reaction mixbture wae then diluted
with water and then 6N hydrochloric acid was added till the
solution waa acidices It was than extracted with chloroforn
(150 m1) and the combined extract was dried (Nags04) and the
sglven:h was removed under reduced pressyre. A yellovish gummy

foanm was first obtained (1.8 gm). It gave a positive ferric

¥
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chloride test for phenol on shanding for sometime. The prodnct
showed two spoks on chromatoplate (using benzene as eluent)
indieating the presence of mixtyre of compounis. The product
econld not be purified by crystallisation, hence was subjected
to chronatographic separation on active alumina column. I%

gas presumed that the compound was s tautomeric mizture of
diosphenol and diketone and their polarity would be low to
affect easy separation.fBuﬁ elution of the column with petro-
1eum-ether, benzene, mixture of benzene=petroleun ether did
not yleld any materiale The column was, therefore, éluted with
o solvent mixture of methanol-acetic acid (1931), which
resulted in the yield of a white amorphous solid substancee.

It also showed presence of ét least two compounds on chyromato=-

plato.

Acotylation of the s0lid masss Fsolation of f-now-fric .
238 S=-nor-friedelin. 42(,4} Z=acetate 207 and S-nor- "AE(‘“-—»

friedelinLQZTz—carbqulic acid 238a.

The soldid mass'éﬂoo mg) waé acetylated by treatment
with acetic aﬁhydpiae (10 ml) and pyridine (10 ml) for 43
hours at 80%. After working wp in the usual manner, the crude
acetate (700 mg) was obtalned. It showed three spots on a
chromatoplate (developsd with benzenes ebhyl aoetafe, 9il)e
This was then chromatographed over a column of élumina (50 gn)

deactivated with 2.00 ml of agueous acetic acid.

-
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Table = 40 .
Chromatography of the above 5011d (700mg)

¢

Eluent Fractions Residue after MeDe
100 gl each evapogation

Petroleum . ' . 1~3 S014d (200 mg) - 215-20°
gther _ _

Pete others = 4-8 s01id (= 200 mg)  228-32°
Benzene (4:1) - ' = ‘

Pet. others . 9«10 . Nil L -
Bengene (332)

Pet. ethers 11-12 Nil -

Benzene {(233)

Benzene © 13-19 . 80lid (<~ 380 mg) 281-85°

Further‘eluﬁiun.with.more polar solvent d4id not afford

any s0lid meterial.

Zxamination of fraction 1-3 1 Isolation of A-nor-fricdelene,23

The so0lid (100 mg) from fractions 1=3 (Table - 40)
were collected, which after omyétallisationlﬂrmmva mixture
‘of chloroform and methenol afforded white erystals, mepe 226-27°.
It showed a single wound spot on chromgtoplate and responﬁéd

to THM test.
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Analysisg % G % B
- Found 88.0_1 12,79
Galeulated for ) C
(329348 87 .80 12.20
TR s YL es 790 op™t
max

(#ig. 49)
1y mir (360 MHe) ; Peaks ab 0.94 to 1.7 (21,
5, D01z - seven tertiary -CHz group), 1.57
| ( s o, 34, methyl group on double
. bond), 526 (g, 1H, DC = CH)
| (Fig. 50)
Ty (m/e) : 396 (m+), 381 (ﬁf~ CHz), 257,
| 243, 205, 191, 177, 163, 149.
(Fig. 81)

Bzamination of fraction 4-8: Isoletion of S-nor friedelin-

AR(4)-2-ncotate 237.

The aolide (200 mg) from fmlctimns 4-8 {Table =-40) were
collected and after crystallisation from a mixture of mebhanol
am—l chloroform afforded needle shaped crystals, mep. 235370,
It showel a single ‘rmmﬁ spot on f‘:hrmmatt:splate and responded

to THM test.
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Ang}yaié : : G @ % H
Pound T B1.69 1132
CraH5002 81,68 11.08

s YO 440, 1200 (-0000HS), 890
| (>C = cH) et
‘ ‘ (Pige H2)
Iy gur (360 WHz) 3 Peaks at 0.94 to 1.17 (214,
5, CDCLg 55, seven tertlary methyl group),
155 (g, 34, methyl group on double
bond)s 2.15 (g, 3H, = 0 = ¢ ~ Cfy)

| (Fige 55)
Wass (n/e) s 458 (i ), 439 (i - 15), 412,
| 397, 205, 149,
{Pig. 54)

4
Exanination of fraction 15-19: Isolation ogrs-nog—xﬁg(“)

feiedelin-2-carboxylic acid, 2383

The anlid from fractions 13-19 (Tnble =40) were collected
(350 mg) and after crystallisation from chloroform-methancl

mixture afforded amorphous 56lid, mep. 290-32°,



233

iAnalyeis A C % H
Pound ' BL.93 11,02
Ualenlated for H1le76 10,98
Capllaafs
" J nmjol o P - y -1
IR E) 8380, 1675, 1620, 730 cu

max -
T, -~ +
tiass (m/e) 3 440 (1 ), 425 (4 =~ CHz), 316,

219, 20854 191, 177, 163.
(Pig. 53)

Baterification of Efnor-Jégeé) friedelinic acid 258a to

Senor- AZ4) _pethyl fricdelinate 258b.

Gl O =~ 1\2(4)*£riedelinie neid 238a (B850 mg) was ﬁisaolved_
in ether and cooled to 5°, To this was added well cooled
solution of diazomethane prepared from 1 gm of aitvnsomethyl
urea and was kept overnighit. Oun the Lollowing day excéss of
diazomethane wes desltroyed with geetic acid. The ether solu-
tion was washed with water, 10% sodiun bic&r@onate solution
and again with water till neutral and then dried over anhydrous
Hagdly« Lvaporation of ether yielded a solid residue (220 ng).

Thig after several erystnllisations frou acetone-methanol
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mizture gave needle shaped crystals (210 mg), MeDe 205-7°+ On

chromatoplate it fave & single round spot. It was characterised

as S~-nor- A’?(‘ji)‘ methyl friedelinate 258b.

Analyaig %o % H
Found 8L, 79 11.23
Ualenlated for 81,88 " - 11.08
0511{5002

oy jol ' ' -
IR : Jmai 1720, 12825, 1640, 850, 810 cm ™t

1 A
H NUR (860 MHZ), - 3 Peaks at 0,88, 0.94, 0.97,
Cb.omel, 10,99, 1.02, 1.18 (6g, 2H

seven t-ﬂ};;s), 1.98 (g, 3H,
tertiary methyl group on double
“bond), 3,70 (g, 3H, —aeoags;,
2.25 and 2.28 (25, 2H, HC -
COOCHz)
(Pig. 57)

Masa (nfe) : s 454 (EZ+)_, 439, 423, 407, 330,
205, 191, 177, 149,

(Pig. 59)
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- Hydrogenation of 3-nor- 132(4) methyl friedelinate 238b

w1 o YL S A\ e " -4 ‘?"
to 24 carbnmethasJ A=nor frie&glxn }991

'
-4

100 mg of 3 nor- A%4) nethyl friedelinate in glacial
acetic neid (3 (ml) ond ethyl acetate (3 ml) wss reduced
with hydrogen at atmosphéric presaure in presence of adam's
catalyst (2 mg). Ehe catalyet was filtered of £, the golvent
evaporated in wvaccum and the residue on crystallisation from
ehlornfomm~meﬁhénol mixture afforded fine crystals (?b mg),
mep, 263-65°, ldentical with sample of 2X —carbomebhoxy=A-

nor-friedelin 138 (Co~IR, Mea.ple
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CHAPTER = I

Section — A

Hagourtisceane family.

Placourtiaceas is a family of seventy Genera end

more than five hundrsd species, which are chiefly found
in tropical and sub=tropical regions.

ilembers of this family are ususlly shurbs or
treesiﬁa,

loaves sre simple, élﬁernate, stipules often soon
falling off,

Flcﬂgrstara hermaphrodite or unissxual, often
diocious or polygamous and variously arranged. Sepals are
sometimes not distinguishable from the petals, imbricate
or open ik bud. Potals sometimes arse not arranged regularly
in rvelation to the sepals - large, mall or absent, with
or without an opposite scale inaeide the base imbricate.
Stanens nunerongy ravely few hypogynous, freej anthers 2
celled, often short, opening lengthwise by slits. Ovary 1
celled with one or more paristal placenbtals or rarely the
placentels meoting in the middle; ovales two oy more on

gach placenta; styles or stigmas as many s the placentas.

186, "Indian Medlcinal Plants®, KeRe Kirbikar and B.De.
Basu, Yoln. I’. page 218 (19?5)
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Pruit indehiscent, mogtly a berry or drupe, very rarsly a
capsule, sometimes large. Seeds with fLleshy endosperm and

nedium sized ombroyss cofyledous often broad.

Catiaphractn Horb).

A small tresw?;, spines compounds Branches white-

dotted glabrous young armed; leaves obiong or oblonglan-
ceolate long aéumﬁna‘be quite glabrous ereaate-perrate;
2=4 by 1 = 1% inches, membranous, lower on the branches
often obtusd. Ovaiiy flask-shaped, neck contracted. FPlovers
very smally, 1 _ - 1 inch Qlameter. Pruit the size of a
emall plumglgurplg, very acide Plant is cslled Paniyala in
Bengpli; Talispatri in Hindi and Marathi.
Caserds Hurail

anehletaws wdnutely pﬁbso,enh Leaves 6 by 2 inchj
petiole nenrly % inche Pedicels not very many together, % -
# in Calyx winutely pubsescent. frult not ripe but can not
become very large. The 'pea—i‘eels are mich longer in this
specieé than in any of the otherss md %he pubescence of

the loaves beneath differs from all,

18’?. Phe Plora of British India", J.D. Hooker, L. Resve &
Go., Ikdey; Volme 1, paga 195 (18‘75)

188, “The Mora of British India My deDo Houker, Volm. 2,
Page 595 (1875).



A shrub or tree 20 f%j branchlets glabrous to the
final atipuleswg'- Tieaves 4 by 2% iny, broadly elliptie,
1ittle acuminate, rounded af the basej petiole & ine, but
the leaves are often narrower, almost lanceolate, and acute
at the base. Pedleels usually short, sometimes in..
‘jointed at or above the base, aureopubescent belo: the
articulation glabraus above te near f_he base of the ecalyx.
Calyx alusys pubescent at the base, above sometimes densely
aumof-puhescentg sometimes glabrous.

It is called chilli in Hindd 'md Bar ¥Xaunle in

Nepaliwo

189s "The Flora of British India ", J.D. Hocker, Ls Reeve &
COuy L‘bﬁng Volme 24 Dage 582 (1875)10

,LQO. Thi Trees of Nnrthern Benga.l" G-ov*b 0f Bengal
i?ublieation, AeH,. wwan and 3, Cowan, page 16
(1929)., S



The Flacourtiaceae 18 well kaown for its charscteris-
tic medicinal oils obtained from their seed‘&arnalsy-Some
of the plonts ars reported to have medicinal applications
in liver diseases, dliarrohes, eniarged spleen and %o
relieve nousea. & shord review of the plants of this family
with particulary reference to triterpenoids imolated: out of
them which have been investigated by different workers are
given in the following.

. 0ils obtained from their sesd Kernale, Chaulmoogra
oi‘l-lgl has been used for a very long time for the treatment
192

of skin diseases and especially for lepros
193

and a9 an
ointment for tuberculosis™ ~ patients. Although many Other

fatty acids, monosaccharides and glycerides have been

191.AF.B.IP0wer, Am;lﬂ. Pgarm,; gg, 493 (1915)

192, P.C. Kianz, Ching Med., 37, 142 (1923)

198, T.R. Govindachari, S.J. Jadhir, B.S. Joshi, V.. Kamat,
PiAe Mohammeds P.T. Patenkar, De Prokash,; D.F. Rane
and H» Viewanath, Inds d. Ohem., 308 (1969)
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reported from seed extracts and bark extiacts of the plant,
no triterpenold has been re@oz,*be‘ci,.;
Hydnocaroug O_a"baggb e

Ehngastini% has been isolated from the bari of the
plﬁnxv Six‘BQW'triterpenﬁids,'namely, octandrolai; octon-
drolel; octandrolic acid, octandrenal, octondronol and
octrandronic acid have also been rapertedlgs" from the -béglc
of the plant. All.the compounds ‘belong to friedelanse
skelaton. The isolation of these six relateﬂ friedelana
t.vpe compoun.ds from a single plant is um.que for tmter-

penoids.

. TialHg - ry |
Octandrolol ——— Ocmnﬁroldl B Octandrolic
o o acid

K0y /K104

Op penaur © 0 Jomes | Cr0z /By

oxidation reagent ‘

; A Cr0g /PV e : _ |
Oetandronol Octandronal Octandronic

' - : : -acid

194, S+Pe Gunasckern, M.U«S.Sultanbowg and S¢ Balesubra-
maniam, Phytochemistry, 12(1), 232 (1973)

195+ BePa Gtmsekera and M.U.b. Sultanbawa, Ghemistyy and

‘ Tpdystry, 790 (1973).
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Hydnocarpus Venenats Goertn .
Therapeutically offective oils have been obtained

19 C A
£rom Hrdnocarpus Venenata 6; The bark of the plant has been

. found 2180 to contain small amounts { = 0.004%) of acetyl
betulinic geid, acetyl ursolic acid, betulinic acld,
ursolic acid siﬁoataroilg?a
ﬁgﬁgacggggslgniheiminﬁhiggs42;érre. v

| THErapeuticaliy*effective 0ilg have aiea baen
obtained f£rom aceds of'ﬂydnocarpua Anthelminthicus Plerre
.The seeda have zlso been found 0 contain monosaccharides

- and gﬂyeosides%ggw

ipichadenia hovlanton Thy

From the bark and wood extr%cts of Trlnhadenia

198

0
zevlanica Thw, six new triterpenoids have been repartsdze

by Sultanbawa and co=workerss The triterpenoida are frl-

chadenic acid A (3 -hydroxy friedeclan-26-oic aid), O-acetyl

196. boG‘hﬂSh’ Inde Je M@ﬂo ROB., 6’ 211 (19%)

19?_ Sep Gunasekera MeUed ultanbaw 8 Bal bra~
) manium, 9ggﬁnchéni§trv: Zg. 252 i ?“? ' aSu &

198, L. Adrians, Inst. Roye« Colonial Beluas Soces Sei

199¢VY.fEajiﬁm and U Ar;yoéhi, Nippon ﬁaigaku Yakugaka
Kenlyu Kokokuy 14, 27 (1974)

200, 3.7 Gunasckara and M.U.3. Sultenbawa, 98S Perkin T,
483 (1977}

L4
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. tﬁchadenie Iacid Ay 0~adety1 triehaaeﬁic acid B (3 Pféacetoi;}.-
friedelan-;zs-oic acld), triehade’nié acid (3-o0xo friedelan-
26-0ic¢ mcid)s triéhadenal Cs»ﬁ—bydrogy friofelan=-28-al) and
O-goetyl trichadenale. -

The hot light petroleum extract an s columm of
si116a gel gave O-acetyl trichadenal, f -sitostersl and
O=acetyl trichadenlc acid Be N | / J

Xylooma Velggti_g 8 |

fylosna velutina afforded three productg o Two wére
flavonoids, namely, velutin (3'7 ~dimethoxy~4', 5 dihydroxy
£lavone) and genkwauin (4', B-dihydroxy-P-nethoxy £lavons)
have been isolated and the thirg one wa.s a8 new triterpene

 ecid, velutinic ;ae"id of friedelane fsak;'ellavton:.

Cageris Thunitesii - , .
The timber and bark of the plant yielded P —smyrin
and sitosterel r,
Scolopia Schreberi
| Bj-amyring épi=friedelinol, friedelin and
sitostorol have been repor{;@agm t0 be present in the bark
and timber of the plants

201, BP. Gunasekera, S« Balasubramanium, and MeUeSe

Sultanbawa, Phytochemistry, 16(8)s 7889 (1977)



CHAPTER ~ II

Section = A
Txhraction of newtral and acld parts of Flacourtigcen
Jangomas.,

Pried and ‘powder‘ed truale, bark and stem (5 kga) of
Macourtincese Jangomas was extracted with beazene in
Soxhlet apparatus for 36 hours. The extract waa c¢ocolod to
room temperature and benzené vias distilled off. The gunmy
residue (50 gnm) obtsined wap dissolved in ether (= 1.5
litre)« The ether solution wag washed with 10% aqueous
HaOH solution .(3 % 700 ml) and then with waber till neutral.
The neutral ether wem dried over asnhydrous sodium sulphate
and it was ovaporated to yield a gummy regidue (= 30 gm),
ahich consbituted tho neutral part (Part A) of the exbtract.

The alkali washed portion on acidifiecation with
dilute hydrochloric soid (10%4) yielded o solid, which was
extracted with others The ethereal golution containing the
acid part was vashed with water t111 neutral and drieds. The
ether solution was then esterified with dlazomethsnes The
orude methyl ester obtained afier evaporation of ether
constituted the scid part (Part B) of the extract (5.2 gm).
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Sgebion = B

The neutral part (Part A) of the extract was

- dissolved in wminimum volume of benzeng and placed on a
column of alumina (1200 gm, deactivated with 48 ml of 16%
aqueons acetic acid). Thé chromatogram was developed with

solvents as shown in Qable - 41,

able = 41) : Isolation of

1-lhexncosanol«
Bimqtion 1 ynder column B (Table - 41) was purified

by chromatography over sctive alumina and cfystallise& fron
methanol u;;a vaxy 801Ld OpgHza0, meps 78-79%[0] 5+ 0%

IR, V ;:i 5350 om — and was identified as 1-hexacosanol
by direct compagison with an authentic sample and preparing

1ts acetate, Meps 63-690;‘

gntif;eati% £ 3 —~ﬁi‘tostero‘l.

Praction & column B (Pable = 41) on repeated.
eryatalliaatienifrom,chloroform—methanol gave flokes,
ReD s 136-6?0.BX]B ~54° and.ﬁas.analysed forjﬁzgﬁsoﬁg The
cdmpaund gave positive Libormann-Buchardt colour test for
sterol anﬁﬂwas identified ag P -sitosterol by airect com-
parigon with an aubhentiec sample and preparing its acetgbtes
mepy 130-32°5[%] 5 - 40% |



Fraction Selvent
namber

Melting of
residue

3

Petroleun
ethey

?&t’ Eﬁher )
Benzene (451}

Pet. obh

T
Benzene ?5'12)‘ ‘

e Q‘b‘m ether

Benzene (2:3) f

Pets ethep

Benzene (114)

Benzens

o oWm
L >
C H

B oW
o
~ I

= o0
Pt
et

2w
s

.2 % 500 m1

2% 500 nmi .
Waxy -salidfwifi;h 0il

my

g}
500 mi -
(3 gm) o
S ml

wivy

£500ml  6z500ml .
1 with 1ittle s0lig with

oil (& gm}
00 mi -

B
1
Lo
g
et

A

. 500 ml

0s3 gm) solid with

- traece oil
{0.1 gm)

, ) @l 500 ml, solig with
oil with trace trace oil (0.4 gm)

Hil
500 ml

W1

500 ml
oyl

500 ml

" Bil
500 ml

K11

Nil

500 ml

Inﬂ’@i MeDe

’ of solid
- . (0.5 _an)

Purther elution with more polar solvents did not afford any solid materiale



Praetion 5 column B (Tabls — 41) on repeated

erystallisation from chloroform-methonol afforded a
erystalline solid, meps 2&5—140. it gave poaitive
Tibernann Burchardt test but gave no colouration with Tl
femental analysis and nass spectrun analysis indicated
ite molacular formula ag UzoH5002 « IR spectrum of the
compound (Pige Sﬁi.aho&a bands at 3450 and 1690 eﬁ”l
indicating the presence 53 hyd&oxy group and a carbonyl
group thus accounting for the two oxygen atoms of the
molecule, cggﬁsg@gA. iha zompound &qsa not show any absorp-
| 1& NMR spectrum
'Iﬁﬂig. 8L} showg peaKS‘ais 0.80 (8)s 0.92(a), 0.94(a),
1.01{g)s 1,06 (g), 1,08y 1.1, 1,21, integratable for 24

tion above 220 nnm in the UV spechrume The

protons indicating the presence of elght methyl growps
sltuated on saturated earbon atoms§ The presence of a
multiplet a% § 2@&7 is for'integrazable for two protonz.
The emupling‘paﬁtern.ae Aolls type systenm augéesta that the
keto group is at C-3 of a triterpencid skéleton.:

‘Perbenzoic aeid tiﬁr&tian of the keto glcohol
‘showed the absenoeiof»unm&turatiah-iﬂ the moleenle in
conformity with the negative DM btest and NMR spectrum.
Thus the Qémpound is a sabturated one. The presence of

elght tertiary methyl and absence of any peak due 4o the
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Flg.61 'H NMR Spectrum of 20-hydroxy-lupanone,246.
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proton geminal to the hydroxy group indicates that the
- hydroxy group is situated at-the tertiary position of the
ﬁmalecule..mhis obeervation is supportédlﬁyfthe fact that
the hydroxy group is resistant tbvaeatylétieﬁ at room tem~
'perature. | :
130‘EMR epaotrum (g 69) of the campound

6isplaye 29 regolved lines; the one at 15.8& ppm belng
twice the amplituda of the other confirms a total of 30
: earbon atonss The singlet at 213.84 ppm indieaten the pre-
sence of carbon_yi group ia & cyclohexane ring snd the aing--
zle‘t at 73,22 ppﬁl indicates fhat the hy droxy grﬂup is on a
tertiany carbon aktome . o = ‘

| The APT spee‘brumg,2 (Fige 63§ indieates the nature
' of the carbons 1n.the ‘compound whidh are reprosented in
the tabloe (Tabla -42) belowa

‘aozﬁ(a) G Lé.coeq and JeY¥e+ Lalleman, ggggg*ggga},
150 (1980). | I

1§b) Joii ¢ Shoolery and S. Patt, Je QQngg}Iﬁeaan.,
46, 363 (1982) -
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Igble = 42

- Humbey of different groups and their
shift valuea.

133

Rifferent groups  Humbsr 130 ghifs
~CHg. 8 14,80, 15.82, 15.82,
19.03, 20.86, 24.56’ 26.50’
51.46 |

23.@79, 350'65', 33- 94’ 35.32' )
39436, 39,96, |

Sem 5 87,40, 48+07, 49.43,

Se- B . . 36458, 41.09, 43,38,
44441, 47.10

- 0-0H 1 7B
SCem g 1 . 213.84

These data can he well acéommodated ié the hydroxy group:
is placed ab the Cgp of lupane or Opg of hopane (or iso
hopane) skeleton, the keto group being placed at C-3
positions '



- A comparison of the 130 HHR data of the compound
with thoge previously reported triterpenocid hydroxy com-
‘ponnds reveals that it hes strikingly similsr values with
that of 20-hydroxy lupanone with a few excepbions, which
‘are indicated in 245.
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The data in the parentheses arve for 20~hydroxy lupanone

: _20
reported by,‘ Wazeer"et al

203

"o A simild

ar camgsii’iean of methyl

204

resonance of the compound with those of 20-hydroxy lupanone
(Table =-43) also indiemtes the compound to ba 20-hydroxy

lupanons. -

Paple - 43 .
Methyl resonance (ppm in CDOlg) .

Koe. of methyl

20-hy droxy

The compound of

" earbons lupanone Praction. 5 (Table ~41)

¢ - 25 1410 1,08

¢ - 24 1402 1.0

G~ 25 © 0495 .0.92

G - 26 1409 1,06

¢ - 27 - 0.97 0.94

¢ - 28 0,80 0.80

0 - 29)30 ' 1.12/1.28 | 1.10/1.21

The above observation is further supported by conversion

of hydrozy ketode 4o lupénone by heating the compound with

2035 Aol Bauisaaa_ra#ane, Hede Bumary P.ile Hubthukuds and
e LsMs Wazeery Phytochemi .‘5 sy s 2Ly 2063 {1982)
204, W.M, Hul ond MMe Li, Plhybochemistry, 16, 111 (1977)
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Aﬁgci- Py containing a few drops of boron tripluoride
etherate over water bath for 10 hourss The product on
usual work up and purificatiﬁn by chromatography aand
erystallisation furnished a campeuna of Mepe 169«?1 $
Eﬂnﬁa? ¢ Blemental analysie showed the molecular formula
t0 be CgoH, 0« Infrared spectrum (Fige 64) shows the
praosence of peaks at 3060, 1695, 1640 and 880 cmflvinﬂieap
ting the introﬁuetién of o nmethylenic double bond with
the loss of hydrozy sgroup. The peak at 1700'cmf1 showe
that the ¢arbonyl group is isolated from: the nawly intro-
duced double bond. This is further supported by'the uv
speetrum that is transparent above 220 nm. The compound
thue prepared is ildentified as lupenons by comparison with

‘an authentle sample by m,mop., Co=tlec and Co~IR.

Bxamination of frpetion 6 & Isolgtieg and ;dsgmifieatinn
i.&@.:w&r lupan 380l
The fraction 6 (Table - 41) was rechromatographed

over aluming and yhe residue obtained by svaporating the
oluents (931, benzene : ether) on orystallisation from
chlorcform~mefhgu01 furnighed g0lid mepe 243*4&0,[@]D+26,7°.
It,reSpOnded‘to Licbermam-Burchard test but developed

no colouration with THM indicating abdence of unsaturation.
Blomental gnalyeis and mass spectral date ahowed the mole-
enlar fommuls 0 be CsoHlze The infrared spectzum

(Fige 65) ghowa aﬁsorptian‘at 3480 and 3580 cmfi‘Which
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indicates the compound to be mdibyércxy one« On treatment
with Py = Acg0 at voom teamperatureg it gave & mono scetnte
mepe 253-54% (0] ; +20.6+ The IR spectrum (Fig. 66) of the
acetate shows the p:?esen.ce of a hyﬂrow group &t 5&90 om +
and an acetate group at 1710 and 1260 om <L, scetylation
nf the second hy@ﬁroxy grcmp at higher tempem‘tura i’urmshed
g 801id mep. P16-18 9 @‘J 7t47.5 which was apalysed for
U3oH5005. The IR (Pig. 67 } absorptien band of the product
at 3040, 164G, 1730, 1260 and 888 cm - indicetes the
intvodnetion of a disubstituted mothyliene @éaﬁhle bond with
“Lhe lesa oi hydroxy groups
. The A NUR spectrum (Fig. 68) of the dehydrated
greaduc-b of mono hydroxy mono acetate shows the presence
of seven methyl groupse The peak at & £.02 represents the
methyl group of the acebate. The multipleots at & 4.6 and §
4,7 ave Que to the two t;éz'minal nethylene protons coupled
to the methyl at & 1.26 which confime the presence of
iaoéropyli@,ine moietys The multiplet at & 4.5 has arisen
from the proton abt 0~3 with the acetoxy gubstituent in.
P morientations |
The pkws:!.cal data of the &ehyﬂrated(product are
in consistent with the lupenyl aegta'te_ and gre found to
be .idem:;i\‘czal with authentie sampleé in all respectos The
monohydrbxy nono ace%&i“sa vag alse found to be identieal
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with an awthentic lupanes
Further, Ordz - Py oxidotion of the diol 247

afforded tha kebo-ol 246. éhus, the structure of dicl is

confirmed as that .mf 3 P =20-dihydroxy lupane 247

s

246 RO
247 R=QH
248 R=0Ac

art (Part B)
The acid part after esterification was dlssolved

ntificabion the comnounds fro

in minimaum volume of benzene and waé chromatographed over

neutral alumins column (856 ) e



Serial  Lluent Praction Residne Melting

o in 100 ml point
i. Petroleum ether 14 0l -
24 Pete sther-benzene 59 #i1 -

(431
Da Pet. ather-benzene 10-15 0431 -
(3:2) - .
4, . Pet+ other~bonzene 16-22 01l -
(243)
Ba Pat s ethor-benzene 25=350 Solia  2s7-38°
114,
(= 300 ng)

Purther elution with more polar =molvent did not

afford any solid material.

Egamination of the
of methyl ursolate.
‘PFractiong 23-30 (Table = 4) were first compared

portions 25=50 (Tabl

.in a tloc plate an@ combined to a elngle lot. On repeated '
cxyatallisation from chloroform—méthanol mix&uxe.'neeﬁle-
shaped crystels were obbtained which had m.p. 243-447,
Blemental anslysis showed the moleculsr formula 0 be
Oz1H509 » IR spectrum exiibited pesks at 3530 (=~0H),
1710, 1245 (~OCOCH3) and 885 (trisubstitubed double bond)

Gmﬂlg
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The hydroxy - ester on mcetylation furnished an
egter - acetate mep. 240-41°, Bi]p+4o°'which waa found
o0 be identical with an asuthentic sample'of mnethyl uraolate
acetate (mem.p. and co-tle).

The ester—-acotate was then reduced with TAH in THF, -
The product on chromatography followed by erystallisation
from methanol affordéa crystale of 250g, 030H50@2:

m.p. 250-51°, (o] D+7QO. .

This compound on acetylation afforded a diacetate
- 15?~58°9E$]ﬁ*50° which was characterised
as uvaol-discetate®O® 250. The compound thus present in
the plont is ursolic acid 249g.

va

250 @ R=H, R=H
b ReAc,R=Ac

205, JeL., Simonsen and W.Co.d Roasg, "The Terpenet,
Volm. IV, 169, Cambridge (1957). '
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Section = &
prerimantalz ‘
Melting poin&s are uncorreeted. Petroleum ethsr

used 'had beps 60-80°, All optical rotations were deter-
mined in chloroform. IR spectra wers recordei in Beckman
IR-20 Spectrophotometer. 1y MR spectra wore recorded in
CDCl; with Tetrametiylsilane as an internal standard.

?xtnaetion of the planﬁ mamerial has been descrlbed
(paga 243 of thia chapter).

Igolation gng identification of l-hexacoganoli
, Phe material under column B (Table - 41) of fraetlnn
i wns diasolved in minimum volume of benzense and poured
over active alumnina (50 gm) column. The chromptogram was
eluted with the following solvents (Table - 46).
fable - 45 |
Chromatography of the above mabterial

Fluent Practions Residue on Melting

gvaporation point;
Petroleunm ether = - L4 011 -
Pete. ather-benzene 57 1 - -
(9:1) , %1
Pet. ether;benzené -1 golia 76-77°
.. C4aly S . (0.5 gn)

- Purther elution mth mare mlar aolv ent did nct afford
“any. 80lid material. -




Fractions (8~10) were combined and on crystallisa—

tion from methanﬁl it affamded flaky crvatale, Mepes 78=

79%, [OL] 0%, Tlemental analysis, founds G 81,32, H 13,86%
agjol o

oa‘lcula‘keﬁ for (’263549 6 81.69, H 14,1@‘, IR # y ai

ﬁsﬁo cm -+ '

The eemgoanﬁ_(ﬁgz,gm) was aéety1ate&.with‘Eyriaina

« UV 3 Ho absorption above 220 nme

{2 nil) aud éeetia4anhydride (2 m1) and kep$ overnight ab

room temperatnures gfter uguel work-up, the s0lid obbtained
on ciystallisation from methanol hiad M.pe SB-GQQ)EXJQ

it wsg iﬁentieélfih ﬁiﬁg‘m.@. apnd L. with an suthentic

gample of i-hexacosanol acetate. Blemental analysis;
found $ € 78.84, H 13.63%, caloulated for CogHsgls
G 79.24; H 13, 26%. )

The mateﬁial under column B (Table ~ 41) on repeated
cryoballisation from chlorofcnn—methannl mixture yielaed
silky s0lid, mep. 135-36 s (] ~36% Blemontal enalysis,
found G 83 o344 H 11.62%, Oalculateﬁ Zor CgoHzn0, C 83,98,
H«lE.ig%. YMixed m.p. with authentic sample showad no
depresslion. | | |

‘ ﬂ~sztasterol (0 é gm) was acetylated with By =
Acg0 in %ha.ueual method. The acetate on cxysiallisation
had m.p. 124-26% 0] - 54°, lized m. Ps with authentic
sample shioved no ﬁeprassian.'Llemanﬁal anglyais, ;aund
¢ 81.15, H 11,356%, caloulated for C31Hga0p ¥ C 81.52,
H 11.48%



Compound from fraction 5 under column B (Table < 41)
was cryobellised several times from chloroform-methanol
%o afford needle shaped crystale of R0=hydroxy lupanona,
2464 MeDs 243-14%, Elemental analysis, found C 81.21,

H 11.40%, calculated for Uzgl;n0at C 81,39, H 11, 38%s
1R s JBWOL 5450 (~0%) and 1690 (>C = 0 ) on 1 (rigs
60).
umm (5,005) 5 0,30 (g, 5H), 0.93 (d» 3H), 0,94
(3y 3§}, 1,01 (g, BH), 1,06 (gy SH)s 1.08 (g, BH), 1,1
gy 3H), 1..2; (gs 3H), 2:47 (my 2HJ.

o - (Fige 61)
wb HMR (poms 03)313) 3 aw.a& (s, 26 = 2 0), 73,22 (s
20 =DH), 36458, 41.09, 43@8, '44;.41, 47.10 (58 5 B->0=),
B7.40, 48,07, 49.43, 49,74, 54.50 (Bgy § >CH), 19,514
21, 75, 27:36, 20,50, 28,79, 35,65, 35.94, 56.32, 39,36,
59,96 (10g, 10 D CHp), 14.6, 15.82, 15,82, 19;.-...03,5 20864
24..56, 2650, 51446 (vs, 8-0Hz).

(Pig. 62)

Gonveraion of 20-hydroxylupan-S-one, 1, to lupenonas

100 mg of 1 was disgolved in pyridine (1 ml) and
-acetic anhydride (1 ml) and boron trifluoride etherate

(few drops) were added %o :i,t. Th-e resction mixture was
k.apt mrex- water bath for m hrmra. The product on usual

work up afforded an cily ﬁaubstam,e. whieh was dissolved



in minimum volune bf:;'-benzena and poured on a columm of
aluming (6 om) deactivated with 0.2 nl of 10% aguecus
acetic acids The chromatogran was developed with petro-
leum ether. Blution of the column with petroleun ather
afforded a so0lid substance (Further e¢lution with more
polar solvents did not afford any material). The solid on
crygtallisstion from chloroform and metham?‘l furnished
crystals ef‘lupenone,- Mepa 169-712, [0l] 2 57°, Blemental
analysis, found G 88,12, H 13..-93%. aleulated for
Caollgal®y © B8.26, H 1l.34%. IR 3 Y121 3060, 1695,
1640, 830 cm s N
| {Pig. 64)

of %—gvdrom |§ -1ugan01 247. -

The olly mmss from fraction. © under eolumn B

(= 0.9 gm)» (Table = 41) was dissolved in bensene (10 nl)
and poured on & columa of alumina (560 gu) desctlvated
Awi‘hh 22 ml .of 10% agueous acebtic acid. The chromsbogram
. was developed with petrolsun é’!:heﬁ and eluted with he

following solvents {Table -~ 46)«
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Eluent , , Practions Residue on
' 160 ml each svaporation

Pebroleun. ether 15 Nil

Pet. ether-bonzene o &7 0l
(431) - :
Pete. gther ~ benzene 8~11 Nil
?3:2) - o .
Pet. other = bonzens 1214 W1
(213) : c
Benzene 457 0il
‘Bengzene 3 other = 18-20 - So0lid (0.8 gn)

Further elution with more polar solvents did not afford
any solid mpterisls .

Practions 18~20 (Table - 46) were combined and
erystallised £rom chlorofom-methanol mixture to give
" cxyotals of 20-hydroxy lupanol 247, Map. 243—4_40’,@]3)%26. 7°.
BElemental analysis, found € 80.925 H 11.84%, calculéted
for Usglizglp ¢ G 81,02, § 1L.79%: IR & u)ggg?l 3470,
5580 (2~0H) om™ (Pige 85).

To a solution of 247 (300 mg) in pyridine (3 ml)
wag added acetic anhydride (3 ml) and Left over night at



...26 o

]

room temperature. After usual mr@; up the | f;’gmgomd , -ab#aine&
wap purified by crystallisation from a soi*vént\ mixtur& of
chloroform-methanol to afford needle shaped “c_rystézigf >a;€‘
20-hy droxy-1upane-5 b -acotate, 248, mep. 208-54°4u] 20,7,
:Llemenﬁal aralyais, ¢ ?9.09, B 11.28%. Galcmlawd fop
Caglisg0p + 0 78,96, T 11,18%s 1R + Vona®d 5490 (-om),

1710 and 1280 (=0U0CH;) o™  (Pig. 66)

acotate, 2483 Isolgtion

1(30 ng of 4 was aaet:;la%ea by disaolving the con-
,paund in pyridine (1 ml) followed by additisa of acetis.
anhydride (1 ml). The resction mizture was kept a’ﬁ‘;a"@of’
for 24 hours. ACCer usual work ups & S01id was obbtained
x};hich on 'éryaataliisaﬁi@n from chlororm-nsthenol afforded
crystalline golid, mep. 217,189,050 p 47.5%+ Elemental
analysis, found O B1.65, H 11.39%, Calculated fow
Usglisplz € 81,99, H 11.10%. Ik + V3% 5040, 1640,
1888 { C = CHy), 1730, 1250 (~000Hz) em

| | (Fig. 67).

HIMR (4, 0001g) + Peaks at 0.78 0 1.25 (21, 7o)
2,02 (g 3H, -ecs’wg@), 446 and 47 (1;,1, ZHy HaC- o= CHo)y
4.5 (g, 1H, Bs-oamaﬁ).

i

(Fig. 68)
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i’:p a solution of the aleohol (200 gm) disac}ivgﬁ in
pyridine (§ ni) was addsd chromium 'kriéxidempyrmme com=-
plex prepared from pyridine (2 ml) and chromiwn trioxide
(200 mg) and the mizbture was keph at roon temperature for
fifteon minntes. The crude product obtalned after working
up in the usual memor was crystellised Trom chlorofopme—
mothanol mixtures The melting point of the eryatala was
Louné to bhe .-?.10-{13? and the compound was found identieal
. with 20-hydroxy-lupsn~5-cne 248 (mamepey co-tide, co-IR).

[ Practions 23-—.50 (’f“able - 44:) wore eﬁmbm& and
recryeballingd several Limes from ohlopof ax*mnmei;han‘gl
mig;tura.' Heedle shaped crystals had oD 240-42%, Blemental
mxalysia, found 4 T9.20, H 10.89%; caleulotdd for 62511159 -
¢ 70,10, H 10,71%. IR Nrm;ioi 3680, 1710, 1245, 835 eml,

Acet lminn‘ of ester 249as Isolation of pcotyl-mothyl

 nzeolate 249hs R |
The ester {200 mg} was wetylm:eﬂ with 30g0 = Py

in the umal way. ffhes ac@*hy:lamﬁ product on purifieation

by columm ehmm*kagmnhy giel&ad estar acebate 248b,

Ve 240-41%, Flemental nnalysia, found ¢ 76.89, H 10.63%;

calcuiatiad‘ for Ozalsalgs C #7430, H 10.22%.
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TiMlHy roduction of the ester-acetate C3szody 3

’L‘a the esbereacetabte {}55352&4. {150 ng) @issal‘ve’d
in ary %}ﬁ‘r‘(%ﬁ ml) was added TAH (100 mg) end tho meaction
mixbture was heated on a m‘{éer bath f-p,r Loy hmré. ﬁ;ffter ,
completion of the resction, excess of IaH war decomposed
mmfun& with molst ether and tnm a az_‘;tlu;mtea solution
of godium sulphate wng added. The ebtheral éb&:wﬁion was
washed with wabter and was dried over saliy. Hagily « after
ramoval of the solvent a solid resldue {149 mg’) was
obiained, which was ghmm‘aagr@mé’; over alunina {10 zn),

denctivated with 0.4 ml of 10% agueons acetic acid.

Rable = A7

Serial EHluent Fraetion Nealdae on HUeP.
No in 50 ml evaporation

O a7 T R = B 7 R

2.,  Potegthem= Bed Ni1 .

: vensonel{4:1) : .

3, Peteother . 6~8  Ril -
benzens(1si) " : :

4. Potesthor 7-8 Bl -
benzene (34) ‘ S

5s Benzene - 9-15 - uolid 820-5°

Purthey elution with more pelar aolvent did not affora
any solid nmaterianl.

(4
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Praction P=18 {Iable - 47} waers combinoed @nﬁ the residue

wad eryvetallissd from netlmnel whon aryéta:m g Canlzn O

mepe 250-31") (o) f+70° wove obtained. Pound G 120,

# 1142853 caloulated £or Ugolaglp © 51459, B 11,385 .
Tho compound was found t0 be ideublical with

Uvaol 2500.

Ivaol, 280ps Iso

| 80 mg of the compound 230g wus acetylated with
Acy0 - Py in usum) waye Yorikcing up in uousl manner
follawed by orystallisation from o mizbuve of chloroform~
methanel yislded crystals of diacetate 250b m.p. 167-68%,
[0)5+60% Pound © 77.45, H 10421 caloulated £op CyaMs,0f
¢ 77.52, H 10.33% .



Dried and powlered ﬁm;nk. bark and atem (4 kes)
of Umseria Hursil was extrocted.with benzene in soxhlet
apparatus for 26 hours. The extzact was cooled to room
temperature and bencene was distilled offs The guzmw
residue (50 gm) obtained wap dissolved in ether (= 1,00
14tre ). The ether solution was washel with 105 agueous
HatH solution (3 x 700 ml) and then with water %111
neutrals The neubral ether was dried over anhydirous sodium
sulphate and 1t was ovaporated to yisld a gumy residue
(=18 gn), which conetituted. the neutral part (Part A)
of the axtract.

The alkali washed portion on acidification with
dilute hydroohloric acid (T iK) yiclded a solid, which
vas extracted wlth ethers The ethewrenl solution coutaining
the acld part was wached wisth water $i111 nsutral and
dried. $ho other solution was then coteriified with dlazow-
methanss The crufe methyl ester (7 gu) obtained affer
avaporation of ether conastituted the ucld part (Port B)
0f the exUract.



T&m neutm&. oart (Part 4) of the axtraet wan

ﬁissalve&. in minimun volume of bensene and placed on a
solum of aluming (1000 gmy deactivoted with 46 ml of
1058 ar;uaau& acetic acid). The chromatogran was éwelapeﬁ
 with solvents ae showa in Gable = 48, ‘ |

Serial Solvent .= Fractions Residue  H.P.
Ho. . - 280 ni gash

1. Potroleum ether  1-6 011 -
8.  Pot, cther-benzens 7-18 axy - 63-e7°
{4:1) : _ solld :
B Pete othor-benzene 13-17 04 -
1 M |
4. Pet. sthorbenaens 16~ 50114 120-25°

Purther olution with mobe galar mlveaﬁ did m:)t yiam
mw 80114 material.

;—-haggcesm .
Froctions 7«12 (Table - 43) wora 1n&ividua13y

compared in a singls t,l.m plates which ghoved a prominent
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apot with the some BE value (0.78 in benzene). These
froctions were cnmbined and cryetallisei soveral times
from acetone which afforded {laky crystals of constant

Mapa 78797, [ ot 0% Elémam:al analysis chowed the mole~
enlsy foranls %o he Gggﬂ@ﬂ.—. IR gpectrum showed the pre-

- seénoa of a hydroxy aroup ab 3350 cm ™t (broad). It was
transparent in the uv xegilazi and dd not respond to TN
test. fcetylaotion of the abwe aleohol with acetic anhy-
drideo-pyriding furnished an ostnte, OgglegOpy Meps 66~
899, g 0% IR ¥ 1720, 1240 en Y. This wes found Lo be
indiotinguishable with an suthentic sanple of lehexaccsanol
- aoebate (IR ond menepe couperison)y. From the above £acts
it was svident that the mfigmai aleohol wag i-hexpcosanol.

Sxamipation of fractions 18-93
m entiifl & ion of (B ~ajkoste:
Each of the fractions Hoe 18-25 (Table = 48) wae
cmpai'eﬁ in a f&-!..ie{. i;tla"ﬁa when all the fLractions wera
found o contain a prc;minen-i; spot with the same Rf value
(0.4 in benzens ns solvent). These fractions were combined
and orystelliced several times with ohloroform-nethanol
: - mixture when f’i‘n@ needle~shaped Qw—gtﬁl& of molecular
fermla Oggfga0y mepe 1835«377, (o], = 54° vas obtalneds
scetylation of the alcohol with Aegd ~ Py Zuraiched an
acetate of molocular formula Czylgelp, Mep. 127-28%,
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: [o{];a -~ 39. The acoetate was compoared with an authentio somple

of (B ~-aitopterol acetote and was found to be ldentical with

1t (memeps cO=IRy Belece)ds

2he acid part after estorificantion was dlesolved
in minimun volume of benzens snd was chromatographed over
neutral alupina (7 gade '

Geripl  Hlwent 0 Fractions Rosidue  Helting
- Hoe 100 mi each Folnt

1. Yotrolewn ebhep i-4 - 01y -

2o Pot. ethor-bonzone 5«3 811 -
{411y : '

5.  Debs cther-bonzens  9-16 solia 20510
. (328) - : 300 ug) ‘

4e . Pote _e‘kb?x‘«ﬁ@ﬂ%@ﬁﬁ 4628 zmm_ 209-1.2°
(2e3) - (= 280 ng)

Furthor olublon with more polay s@lvem: d1d not yislgd
my scalm maﬁerial.
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' z‘memans 9»15 wers ﬁrsi: compared in a Teleos
plate and combined to a single leb. It was repentedly
‘e’mswliﬁ.mﬂ from ahlemforﬁ and methanols Hesdle shoped
oryotale had meps 213-147 [ot]g 56%; IR spactrum (Fig. 69)
- showed bonde at 1720, 1;340, 810 o F. Slementsl snalysis

of the compound showed the molecular Lormals to be
G5z *+ Hass ppactrun (Fiz. 'm; of the compound showed
peake at wfe 512 (M ), 497, 452, &5?, 395, 340, 268, 205

- {base pasi) 188, The frpguentat lon p&ttem of this cone
pound showed the presence of a Atmble bond gt 12+13
positions typical of oleanans akelesi:em he abova sompound
wng hydrolysed w i%h 5k maﬁhm@"io ¥OR by rafluxinb Lor
four hcgwa. The prodnet afior ususl “:@:?%: w;a Had the fepe
1@3-@4‘ s IR @pectrunm phovwed the mem;me of & hydrozy
gooup ot 3580 and seher {J‘E'Otm at 3.‘735 and o trisubstituted
amxble band at 820 on 1. ,Emexrbal analysia showed the
nolecular formiia €0 be Uzylisg0zs Lhe conpound was charac-
torised a® nethyl olsanolpbe hy compariecn (tl.ce, Uo-

IR and memep) with an suthentic saouple. fhus the acid

pracent in the plant wao acetyl olennolic mcid £5ibe

A
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‘Exaninnbion of fraction 16-
net : 3. el ling 19 2@2@..
Ppachions 16-22 (Yable =49) were found %0 coptain

= 49)s Isclation of

the ssazzie compound Irom TeleCe exgammént. REHC o, weﬁ:‘é
csmﬁbinad:. “fhe éoli{t was éx‘yé&;&l iised from chlorofom=
‘methanol, which afforded orystalline solid mepe 219-20%
[a];glrs‘j-_ iR spectrun (Pigs 71) showed the prescnce of a
fmée hy aroxy gm@ at 3520 cm“‘j“ and an ester group ab
1719 emﬁl « The presemce of an exocycilc mathylene group
was evident from the presence of peuke ot 3030, 1640
and 880 em"l_. Eleﬁ;«smtal annly sis éh(:weé the molevculaor
formula £0 ba CzyM5, 0z« On acetylation of the above com-
pound ‘mﬁh acetie anhydrids wgw:frﬁ.ﬁﬁie en pectate of mepe
200~27 was formed. The acetate wasm fouad %o be identlcal
#ith an authentic sample of acetyl nothyl betulinpte hy
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conparissn (t.lqﬁg\»g Re@ReDe)s Thus it wag found that the
plant contoined betulinic sold 2520.
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Gection = O

N

wavm amals

me‘.’s.ﬁ..ng pﬂmm wars uncarmutaﬁ. i’%mleam a‘t;h@r
-um& had Depe 60»»-&3@ » ﬂ@%ﬁﬁa}. rotations Wers &@‘temineé in
aﬂlbmi?ém. IR apaotra viere m@'@r&a& in E@km&_xﬂézﬁ
?;:fsg:éoi;z-@mm:em%ﬁ ‘ 1‘& HHR apeobra wWere x*ea;mr&sﬁ an U0y
wish ﬁetmmethyl gsilane a5 an 1&'&3%1 aﬁau&wﬁ.-

Extraction of the plam: has been ﬁaaaﬁbeﬁ fm

sgmge 265 0f thie ﬁhamar.

Fracticns ’?--12 (Qahle «4%3} were mixaﬂ up and
pryetalliced ﬁawmi times Lrom acotone, which yiclded
flaky coyastals, fﬁmg- v;g.,ggﬁ (] E,tog-. Ziementel gpualysis
found O 81,4%, H 13,1855 mlwlata& for c‘:%gﬁ gg ¢ 51.69,
B 14,155 IR 3 yEugod |
UY ¥ Ho abacrption above 220 zm.

feix
weakie

ols

heotylation of L-howncoos

| ﬂne‘ﬁymiﬁim af the emmpmmﬁ in the usnal nonner
and af‘.:ééé purificotion by erystallisstion Crom &ieﬁﬁaml
pfforded orystals of MeDe 68-69° [X] 5t 0% 1% ‘ﬁﬂt‘fﬁﬂmr
50 he identiony in teleCep Mepe aunid lore with an authentle
sample of 1-t-he:a:acmaimml aemi;.ate, Blenental analyois,
f:awzd; £ ’?3.88, H 15.&2, calenlated for bmﬁge%, G 79424,
H 13.86% .
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dentificntion of ﬁ-aitaste M01 3

«%"raei; iong 18-23 (Pable~48) were conbined and on
renented crystallisation frow chioroform-methanol mixture
yiolded silky c0lid; Mepe iﬁ%«ﬁe? 1 @]3 .{ﬁgf’@ Menentnl
annlysio, fomd § 83,56, ¥ 11.76%k1 oaleulated for
Coollp0s @ 88,08, I 12.15%, Mired mep. with authentic
saople sghoved no depressions |

The compound (0.8 m} vas aoetylaved with By-Acg0
“in the woual mothed. The acebabe on orystalilisntion had
Heps 1 Ai’%-ﬂéa,r oﬂ:ﬁ w342 Uimed éa-. ps with awbhontic sample
- showoed RO depreagions GO=IR with aushentie’ éémplﬁ was
in complate apveonmvntes Blemental é&a{.’y@iﬂm founl O 1,28,
H 11.827%; caleulated for Cgyliznlps © 81.52y H 11,48%,

Fravtions 2-18 {_ﬁ?;;gbla = 49) were conbined and

on repeatad 'mmmmm from chloroform-mobignoel
mizture afforded nesdle shaped oryatals of mep., 213<14°,
)@\] +53 o« Blamand al smalmf 8, found C 77.92, H 11.08%
ealoulabed fop G”Sﬁggﬁé\" 77,30y H 10,225, IRs ))ngjel
1730, 1720, 18240, B1O om = {Pige 69} Masa sg:e@hm@&ﬁ
the compound ghowed peats ab n/e 5Ll (E:f‘_}, &97, %2, 467,
393, D40, 262, 205 (bsse poaig) 160, (Pige T0J).



hcetyl methyl olenuolate (L0U mg) dissolved in
benzens (2 ml} ws rofluxsd in 10s methanolic KOH (15 mi)
for 4 houra. The mizture wae cooled, scidified with dil.
HOL (20 wl) and extracted with ether. Hemowal of the

eolvens afforded a solid, which on repented cryetallisa=
tion fron chloroform-methancl mixture furnished methyl
oleanolate 251, map. 102-94°. Pound 0 79,63, H 10.21%
caleulated for CgyHgyOz © 79.10, H 10.74f. IR
3530, 1735, 820 cu t.

aunjol
)J max

wers combined and on repeated oxystallisatiom Irom a
mixture of chlorefsrm and methanol afforded shining
colourlaoss nsedle-shuped erystals of methyl-betulinate
- 2823, Aepe 219~20°, o] ﬁ'ﬁjg- Blemontal analycis found
|G 73,91, H 10,8085 calevlated for GzqHspdss O 79,10,
H 10917 |
BV 3 no sbsorption ia the region 220500 nm.
-1

IR ))g‘;g‘ﬁ 3 3520, 3030, 1710, 1640, 580 om

(Fige 71)



Hethyl botulinate 25in (100 mg) we acetylated
with pyridine (1 ml) ond acetic anhydride (1 ml) 4n the
usunl waye The 0oldd obieined wos purificd by orystallisa~
tion Lrom ehmroﬁ@mﬁmthaﬁ& vihich afforded cryslals of
acetyl methyl baﬁ_;«zglina’w 258b,y Mepa 200~2°, Hlemental
a&al#ai&:, fﬁunﬁ G 7787, I 10,18%; ~caiﬁu1&teﬁ for |
Opglsoly © 77,24, H 10.02%. |



Dried and powdered bark (5 kgs) of casoria

graveolens was exbracted with benzene in Sozhlet apparatus
for 36 hours. The filtrate was cooled to voom temporature
ond then benzene was dietilled offs The gumy residus
(35 gua) obtained was dissolved in ether (~1.00 1itre).
The ether ar;lu;him was vashefl with if'}?fr ‘agueons HaOH
solusion (3 x 700 ml) and then with wabter $i11 newbtrale.
The newtral ether was dpied over anbydrous sodium sulphale
" aéﬁ it was evaporated to yield a gwmiy residue {( 11 gm)
which constituted the neutral port of the emizact (Part Al
| The alkell wached portion on acidification with
dilute hydrochloric acid (& 1 i) yielded a solidy which
wan sxtracted with ethers The ethéma’.!. solution eontaining
the aold part was woshed with water $411 acutral and dried.
The ethey aem‘éﬁ:m wog then estexrifisf with diazméﬁhane-_
The orude methyl estor (7.5 gn) obtoined after evaporation
of ether constituted the acid pard ti?arﬁ B) of the extract.



9he newtral purt (Pert 4) of the extract uas

disoolved in minimam volume of boncons and placed tn o
soluma of aluming (700 g denchivated with 30 m) of 10%
agueous seotie acld)s The chromntodgranm was doveloped with

polvonts oo shown in Table «850.

Berial Holvent

fractions

flegidue Helting

“Ho. 100 wl each point
L Patroleun ethey 1-3 951 -
2e Pats obhop-bonsene §el e P
: (481) . solid .
" Be Pot. cther-bensene 18mi? M1 -
(3:2)
4 . Pab. ether~benzons L3 Sol1d 120-24°
(213)
Be Pot. other-benzene 2827 b -
‘ {13@}

m'urther slution with more polar zmlvam did not yield

any solid matoerial.




nﬁ?ﬂw

i Luolation

Bxamination of fraction 6=12
0:1: i hc-:ame%anal.
Fractiong Gwif {Tabla - ?30} wers iw‘ivmua!ly

aompanyed in a ezl.m,le tal .e. pl ate, w‘za.eh showed a promi-
nent gpot with the sume R valugs Theas fmctione were -

cabined gnd crystalliced several :;imes Prom acetone
which afforded £lgky crysials of constont fep, 'hi-‘?‘a s

[O‘lﬂfﬁ". Dn the bvaais of gpectral dats and elemenbtnl

anolyois the compund wea ideati fied as i-hexacosanol.

~ Hoch of the féraa*%;ima tos 18-25 (Table = 5C) was
conpared in n Felete plgtﬁ whoi a;&; the fractions were
found Ho contelin o prouinent spot with the ssme Rp valus
(0.40 4n benzene as solvam;!. Thege fractions were com~
bined and cryataliised a@veml Simea with chlorofom-
methanol m;mum when £ine needle ehapsd arymmle e:i nole-
eular formula UonH500s @epe 185-37° ’ l@ﬂ - 54° ans ' |
obtninode Zhe aoetyl égr:hvativ&} of vme ea;mahal ,m&; found
%o be ddentical with an anthontic sample of A ~sitosterol
acetate (memepey GO~IRy TaleCeln
Igolation snd dfentification of the éﬂmmg&ds from
gcid pant (Fart B)

- The acid part aftor cstertification was dismolved

in mininum volume of benzens and was ohronsbographed

over neutral alumina {(4508n) .«



-2 G

foble = BL .
Chromatogrophy of the esterified profuct

Serial  Eluent Froction  Rooidue  Molting
"§o.ﬁ l 160 ml each Foint
1.  Petroleunn ether e 011 -
Be Pat. ethor-benze Doy 011 -
- (431 A 4
3 Yot. othor-bonzene edB - il -
(3:52)
4. Pet« ather bencens 16=325 S0lid . -
- {2138) | (450 ng)
B.  Pob. othor-bonsene  26-350 §11 -
(1:4) ‘

further aluﬁian viith mére:aélvant did not aff@ra any
golid material.

Ixaminat

n of fraction 16-55 (Tahle = 51)¢ Isclgtien of

ggggglAbetqlinate 28ar _ o
Practions 16-25 (Zable - B1) were Zownd to conbaln

the same cmﬁpaun& from telec, exp@rimént. fhe fractions

weéa, therefors, eémbin@&, The so0lid compound was cmysﬁa;

1liged ;t.f‘mm -«2}‘21@:9@?.{;@3;@%21&2101, which afforded crystallime—

aoli& m;@. 219~2093»Esz;'5°§ infraved Q@écﬁrum,shﬁwaa :

“he presence of free hydroxy group at 36520 cn™> ceter gro-



at 1710 om L, The ;pmauhca of an ercooyelic methylene
group vae evident from the oresenca of pasks at 3000,

1640 and 880 em'i; Elemental analysis ahowed the molecular
fornula to bo ﬂmﬁ@% o E}n' acetylation of the above com~
pound with acetic anhydride and pyridine an acetate of
mepe 200-1%y [ 5 1.5° wae forned. The nsetate was found
%o bs ldentical ﬁith on suthentic sample of neetyl ma%nyl
botulinate 252b by conparison (£2.8., meRep, ond Go-IR).
Thus the acid fraction of the plant contained betulinie

acide



~281~

Saction « C
Zxpeximentals o
me'.!.hiné pointe sye uncorrected. Petroleum ether
nead had beps 60-20%, Optical rotations were detemined
in chloroform. IR bpectra wers recorded in Becknon IR-20
Spactrophotonetor. | o
. ‘mgtreachion of the ﬁlanﬁ hna been described

aarlier (paga 276 of this chapter).

Isolation and identifiogtion of i-hexnoosanol.

Fractions 6-12 (ZPoble ~B0) were individuslly com-
pared in a 8ingle belece plato, which showed a prominent
syoﬁ with the sane By valuse. These fyactions were combined
and crystallised seversl timesz Lrom peetones uhich afforded
floky crystalgy MebDe 'Z%S-'PQQ; [0(131'099 Blemental analysia,
found G 61448, H 13.06%; Unlculated U 81.69, H 14.13%.
® s VI 5550 en™, UV + no absorptien above 220 wm.

Acetylation of 1-hexncosanol.

scatylation of the compound (A0 - By, 1:1) in
the usuel manuer snd purification of the -compound by
exyatallisation from methanol afforded crystals Of m.p.
68692o(] = 0% Tt wae found 0 be identical in taleow,
Mape and Lers with an anthentic samnples of 1l-hexscosanol
acotates glamantal analysis, found ¢ 78.96, H 15.865,

ealonlated for OggHsgly © 7912, H 15.285.



Practions (18-23) {2able = 5O) wore combined and
on repeated oryutzllication Irom chloroform-methanol
mixture yiclded silky solicz; 'm.p-.:‘ 135@-:’560 E?\] ~36°,

Zlemenial apalysioy Lound Q G488, 11 11,8853 ﬁaleula‘teﬂ
for 6.39350{7, G 85,98, H 12,155« Hixed meps with suthentie
sample showef no depression, | |

‘j.“ir.s,a compound (0.40 gm) wes acetylated with By -
caep® {131) i the usnal ways Ths agetate on orxystallisa-
bion had mepa 124&“26@.- EP‘_—]@ -:-346.* Hixed meps with authentio
sanple she;awaa x&a ﬂegms&iéﬁ; Co~=IR with an muﬁh@aﬁia sampleg
wag in complete agroement. Elemental analysis, found
¢ 81,18, H 11,32%3 calcnla‘kad for Uz H5a0p s G 81452,
H 11,48% «

Jeolation ol of :
S0148a obiained fmm fﬂaawun@ 1&:-25 uabi& - al)

wore coubined sud on repsated crystellisation from 'a
niztuare of ,hlam Jorn and mmhﬂmal afforded ahining,
aalauﬂma, needle shaped ory stﬁlm of mothyl .betulindté
262hy mepe 220-28%,[01 +1.4 « Elemeatal analysis, found
¢ B33, H 10.80%; caleulated for © O3qli50 050 & 19,40,

H 11.715%. UV $ no sboorption dn the reglon 220-300 ame
nujol e ' -

s V0" 3520, 3030, 1710, 1640, 560 on te O0-IR
with an antheatic 2ample of methyl betulinate was. in



‘complete agvesmonbe

/

scetylation of methyl vetylinate 282a4 Isolation of

v3 methyd m IM 2520

?“{aﬂa@l bosulinate 25 2628n (100 mg) was ae‘*etylated
wi‘th prridine (1 01} aud acetic anhydride (1 nml) ia
| uaual Hanners @he golid obtained was purified hy erysta-
'-vniam;ﬁ.m fmm em@mfammmatmael to afford fine erystols .

of :a.p. nag..,g v Pound O ???‘3'?, bi 1(:}.107@3 caleulaﬁeéi Lor
, ; ‘:}33‘{}" ; ‘rx; ?7.3‘ : ) H 16.15}‘; 8
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. ! Ia
The oxidation of Iupanone (a) with molar proportion of . A‘
bydrogen peroxide and catalytic amount of selenium dioxide in =N
t-butanol affords Jup-1-ene-3-one (Ib), lupane dicarboxylic acid
(dc) and 2a-carboxyl-A-nor-lupane (Id); with excess of
hydrogen peroxide, Ia furnishes 4,23, 24-tri-nor-lupane-3 — 5- ROOC
olide, a 3-lactone (Ie) together with lupane dicarboxylic acid (Ic). i 2 ,
- ROOC -

THE selenium dioxide catalysed reaction of hy-

drogen peroxide on stereoidal 3-ketones was’ Id, R=H
studied by Caspi and Balasubrahmanyam'. A M
- similar reaction of pentacyclic triterpene-3-ketone is 14, R=Me

lacking and hence the title investigation was under-
taken. )

A solution of lupanone (Ia, 1.2 g) in z-butanol
(60 ml) mixed with molar proportion of hydrogen
peroxide (17%, 0.2 ml) and' catalytic amount of
selenium dioxide (0.008 g) was refiuxed for 35 hr
when black selenium metal precipitated out at the

429 (M+—CH,COOCH),), 400 [443-CH(CHy),], 205,

zend of the reaction. The reaction mixture was then
- separated into acid and neutral fractions by usual
ethod.

189; IR (nijol) : 1740, 1730 cm-! (2-carbomethoxyl
groups); 'PMR (CDCl;, &) : 0.92 to 1.22 [24H,
6:-CH,, 1 HC(CH,),),2.37 (m, 2H, CH,-COOMoc),

The neutral product on purification by chromato-
graphy and crystallisation from chloroform-methanol
furnished a crystalline solid, CyH,gO, m.p. 175-77°.
That the product was an o, f-unsaturated ketone
was indicated by characteristic UV absorption in
methanol (Xy., 228 nm) and its IR spectrum in
nujol (vpisx 1675 cm—1). The PMR support for this
product - was forthcoming by the -appearance of =
pzir of doublsx= 2zch 22 2 5,853 (=10 HZ) a=d 777
(J = 10 Hz) zssignable 1o the moiety —CO—CH=

CH—C—. The compound was found to be identical

{m.m.p and co-IR) with 2= zrthentic sample of 1up-
l-ene-3-otne? (Ib).

F e acidic part was esierified and then chromzzc-
graphed. Elution with pet. ether (b.p. 60-80%)
furnished a solid, which ecrystalliséd' from chloro-
form-methanol and analysed for Cy,H;,0, (Mt 456),
mp. 174-77°, IR (nwol) : 1740 cm-1 (carbome-
thoxy); PMR (CDCl;, ) : 0.8 (5, 3H, +-CH,), 0.75

" /CH; .
(@) +085(d)(J = 7 Hz, 6, HC - ), 0.94-1.04"
: ~NCH

|
(55, 15H, 5 X +CHy), 2.7 (m, J = 1 64iz, 1H, H-C-
COOCH,) and 3.7 (s, 3H, —COOCHS). 1

From the spectral data the ester has been identified
as 2a-methoxycarbonyl-A-norlupane® (1d'), corres-
ponding to the acid (Id).

Further elution of:the column with pet. ether-
benzene (4:1) gave a seco-diester, CjH;,0,, m.p.
116-18°; MS : m/fz502 (M), 443 (M+—COOCHj),

3.64 (s; 3H, COOCHy), 3:68 (s, 3H; COOCH,).’
Hydrolysis of the séco-diester (1¢") by methanalic
KOH furnished a diacid, m.p. 270-71°, _ iden-
tical with lypane dicarboxylic acid* (Ic). .

When lupanone (2g) was oxidised with excess
Zmount of hydrogen peroxide (1795, 30 ml) by re-
fuxing for 30 hrin the presence of s2leninm dioxids
05 = I rhumandl (130 ml), it 32 = 288
Z=coon @ commpoTn chzracterissd as Iel The
nevtrzl part on chromatography followed by elution
with benzene afforded a solid, which recrys-
tallised from chloroform-methanol 4nd analvsed for
C.-H..0. (M+ £00). m.p. 252°, The band zt 1740
cm~! 1n its IR specirum indicated the presence of
2 3-lactonpe, whicz was corroborated b+ e zopesr-

] .
ance of a lactonic proton (CO-O-CH-CH,) at & 3.9

as a triplet® (J=18HZ), in its PMR spectrum. The
high J valne showed the lactonic proton to be axially
oriented with one axial and another equatorial neigh-
bours.. Besides, the compound gave a pair of pzaks
centred at § 2.6 (2H) indicating the presence of
methylene protons alpha to the carboxyl group
(—CH,—CH,—COO0). The structure of this com-
pound as Ie was further supported by its mass spectrdl
fragmentation pattern shown™in-Scheme 1. . 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 similar reaction by
Pettit ez al.® on steroidal systems.

The authors are thankful to Dr S. Kanodia of
MIT, Boston, USA for 360 MHz PMR spectra
One of the authors (8. D.) is grateful to the CSIR,
New Delhi for the award of a junior research fellow-
ship.
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Friedelin (I) on oxidation with molar proportion of hydrogen
peroxide and catalytic amount of selenium dioxide in f-butanol
affords a d-lactone (I1), friedelin dicarboxylic acid (111a) and 2a-
carboxyl-A-nor-friedelin (IVa). The compounds have been fully
characterised by spectral data (IR, PMR).

- In our previous commumcatlonl hydrogcn peroxide-
selenium dioxide oxidation of lupanone was reported
to afford 4, 23, 24-trinor-lupane-3—5-lide (A).

-

Im2 BE=x
- II1b,R=Me

Friedelin (I) on similar reaction gave a d-lactone
different from (B), obtained by Corey et al.? by the
oxidation of I with peracetic acid. The preparation and
characterisation of the different products obtained in
the reaction of I with H,0, —SeQ, are reported in this
note.

A solution of friedelin (I 0.9 g) in ¢-butanol (80 ml)
mixed with hydrogen ‘peroxide (15ml, 22%) and
selenium dioxide (0.225g) 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 mto
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 C;;Hs,0;;

B00C I
I, ===
iVb.R=Me

-680



MS: m/z456(M ™), 332, 303, 276, 262, 248, 234, 223,
205(base), 191, 179, 121,
1720cm ~* (one carbomethoxyl group); PMR (CDCly):

83.53 (s, 3H, COOCH>), 2.8 (m, 1H, H— C COO)

0.9 to 1.2 (7s, 21H, 7xt-CH,), 0.87 (d, 3H H- C
. —CH,, J=THz) These spectral data led to the
establishment of structure (1Vb) for this compound
and the corresponding acid presumably corresponded
" to structure (IVa). .

The more polar product was purified by
crystallisation from CHCl;-MeOH. It analysed for
C;3,Hs540,4 (M+ 502); m.p. 167-69% IR (nujol):
1735¢cm ~'; PMR (CDCl,; 6): 3.53 (s, 3H, COOCH,),
3.57 (s, 3H, COOCH,), 0.9 to 1.2 (21H, 7 x -CH}),

/ .
1.32 (d, 3H, H—/C—CH3, J=T7Hz). Based on these

m/z 261

109 and 107, IR (nujol)f

"benzene (2: 3) afforded a white solid (=

data, this compound was assigned structure (11Tb).
Hydrolysis of .the seco-diester (IIIb) by methanolic
KOH furnished the ‘diacid (Illa), m.p.280° (d),
identical with 3, 4-seco-friedelonic acid (Illa)?.

"The neutral - part was chromatographed over
deactivated alumina column. Elution with petroleum-
10 mg), which
analysed for C,oH;s0, (M™428), m.p.262°% CD
(hexane): 230 nm (¢ —0.56). In the IR spectrum, a band
at 1740cm ' was characteristic of J-lactone moiety,

_the presence of which was supported by its PMRT

spectrum (muluplet at 64.05 due to lactonic proton®,
—-CO-0- CH CH3) The appearance of a pair of -
doublet at 52.48 (H, J,,=7.5Hz, J,=2.5Hz)

indicated the presence of methylene protons adjacent

q

mfz 19 ‘mfz a1 'm/z 63

Scheme 1
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It

{.—Co ' ;
HOOC } 2, wooc
2. [o] . mo

9

Scheme- 2 -

. !
10 the carbonyl group(—0 — ﬁl —CH,— CIZH). A three-

protor-doublet at 6 1.1& (J=6.5Hz) w=s assignabie to

methyl protons (HC-—CE"Q. Th= rx:é: berween & 0.88

! ) - -
and 1.10 represented seven tertiary methyl groups
{21H} Tx=se observations led 10 the asizblishmernr of

stuctare (1) icr thé lactone. furiper supported by iis
s TmrmeneToT SEmeTm show s = Scheme 1. T s 3
_perhaps the first report of the formaton of d-lactone
from friedelin.

The mechanism of formation of II is shown- in
Scheme 2. It is well known that SeO, oxidises «-
methylene ketones to 1, 2-diketones™*. The formation
of Il probably proceeds via the formation of the
dikeione (a) [==dicsphznol b==). One mol of
hydrogen peroxide may attack (¢) to give the
intermediaté a-keto-£-lactone (), which may undergo
hydrolysis to furnish the x-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

-

goes lactonization to form the é-lactone (II). All the”

above-intermediates are formed during the reaction
conditionsin situ. The formation of 2 similar lactons in
tha prifzstion of mremarme by Ho0-Se0. 5 not
possibie due to the oresencs of germ-Gmmethyl groap 21
C-4, which hinders the formation of a diosphkenol.
similar to ¢, from lupanone. Thus the oxidarion of
lupanone gave compound (A) onlv, different from II.

The authors are, thankful 10 Dr P M Scopes,
U=r==cv of Lontor UK formecondzz = CD and

PMR spectra. One of the authors (S D) 1s grateful 1o ‘

CSIR. New Delhi for the award of a junior research
fellowship.
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.

Taraxerone (I) on o'xidation: with hydrogen peroxide in the

presence of selenium dioxide in ¢-butanol affords 1«,2a-epoxide (1I), -

4,23 24-tri-nor-taraxerene-3-s5-olide, a é-actone (III) and

taraxerene-c-lactone(IV) from neutral part and 2a-carboxy-A-nor- .
taraxerene(V) together with taraxerene-3,4-seco-dicarboxylic acid =

(VD) from the acid part.

We reported in our previous communications’+? the
results of selenium dioxide . oxidation of saturated
triterpenoids. We have now extended the reaction’ to
taraxerone, a 3-keto triterpenoid having a trisub-
stituted double bond, and the products obtalned have
been characterised.
- To a solution of taraxerone (I) (0.9 g) in t-butanol
* (80ml) was added hydrogen peroxide (15ml, 179, and
. selenium dioxide (0.225 g) and the mixture refluxed for
20hr. The deposition of the precipitaies of black
selenjum metal indicated the completion of the
reaction.” The reaction mixture was filtered and
separated into neutral and acid parts.
Chromziography of the nentral part over
deactivatzd 2lumina column and elution with benzene-
pet. ety= (14} g=ve 2 solid whick orvstallised from
chlorcio—= “’-"’*‘h = p. 1B:. It zpalyseC Yor
C30H 1O MSim z(re. It ) 438 (M ™, 39.9), 423{232),
314 (70), 299 (28), 205 (75), 204 (100), 189 (10)
IR(Nujolr 1705 (= C=0), 1255 (epoxide), and 820
cm ! (msubstiroed doubie bondy no UV absorption
above 220 nm; PMR{(CDCl. 5r 0.837 to 1.132 {2=

i
24H, 8 xt—CH,), 5.56 (m, 1H, > C=CH); a pair of
doublets each at 3.52 (J=4 Hz) and 3.35 (J=4.5 Hz)
.assignable to two protons® of oxirane ring of each
-_.c'érbon. That this compound is a 1,2-epoxide of
" taraxerone is supported by presence of the fragments
1la, IIb, and Ilc in its mass spectrum®. Thus from the
above specizal data siructure (H) 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°,
C;,H,,0,(M™ 398);and B, m.p. 218°, C30H4s0, (M ™*
440). The IR spectrumof A exhibited bands at 1750 (5-

~ lactone) and 810 cm’1 (msubstxtuted double bond);
‘MS: ‘m/z (rel. lnt) 398 (M7 32.91), 383 (18.45), 274

- (100),7259, 204 (75); PMR(CDC13, d): 0.83 to 1.12 (6s,

- 18H, 6xt—-CH3), 5.57 (m, 1H, > C=CH), 2.26 (m,

2H, —-CH,—-CH,—-C0-0-),3.92(q, J..=5Hz, J,,
=12 Hz, lactonic proton, CO—O—CH—CH,-).
The high J-value showed the lactonic proton to be-

~axially oriented with one axial and another equatorial

nexghbours On the basis of these data compound(A)is
assigned structure (III):""The IR :spectrum of B
exhibited bands at 1720 (s-lactone) and 810cm (= C

< i MS: mjz 440/ (M), 425, 316, 301, 204, 189.

The mass spectrum of B confirmed its structure as IV.

The acidic’ part was esterified and subjected to
chromatography overa deactivated alumina column.
Elution with pet.” ‘ether (b. p. 60-80°) furnished
compound (C) whlch crystallised from chloroform-
methanol analysed for C, 1H5(,02, m.p. 161-63°; MS:
m/z (rel. int.) 454 M *. » 32),:439 (13), 330 (14), 315(10),
287 (20), 204 (75); IR(nu_]oI) 1735 (carbomethoxy),
815cm * (trisubstituted double bondy PMR(CDCl;,
8): 3.6 (s 3H, —COOCH,), 2.75 (¢. 1H. J,.=5 Hz,

Jaa =11 -Hz —CHZ——C*CO—O—), 0.8_ to 1.13

(2441, 8xt CH3),554(m 1H, C=CH).ThePMR
data and the mass fragmcntanon =uern proved the
ester as 2a-mcthoxycarbony1 -A-no=—zaraxerone (Va).
Further elution of the colom— =ik pet. =ther-
benzene (1:1) gzve 2 solid ester (3 =%5ch analysed for
C3,H O mp. 1515 MS: m =i =3 500 =17,
485 (6), 470 (7), 468 (9), 440(6), 2% =760, 361 (D),
34420y, 316.(12), 287 (17), 204 (1052 TR (Nujol): 1725
and 1730 (two carbomethoxy), £I0 cm ™! (tosub-
stmed double bond); PMR{CD(L,, 0): 5.54 (m, 1H,
={=CF 365 (s, 3H, ——COOCHQ 3.60 (s, =.
—COOCH3),23(n, 2H, —CH-—L{ X, —COOCHS,),
0.81 to 1.25 (24H, 8 xr—CH.). 0- zhe basis of the
spectral data structure (V1a) has been assigned for D.
This compound 15 reported in literature as taraxadloxc

‘acid®.

The formanon of the prodwts L I'L'L IV V and VI
shows that in the SeQ, oxidation of I no migration of
14-15 double bond has occurred. Compounds 11, 111,
IV and V are probably being reported for the first time.

It may be concluded from the results of previous
studies!? and those obtained presently that the §-
lactones are formed irrespective of the presence of
methyl groups at C-4 position. Further, isolation of &-
lactone (IV), though in a very small amount (2%),
supports the mechanism of formation of the é-lactone
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I1a m/z 314

0 o) 151
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-
=G
v, R=#
Vo, R=CHg

via the s2zcione. Efforts to cozfizm e reactics path
for the formation of the &iacicne
previousis® == I progress. inz epoxide {1 5 most
probably forms< via the unsaturated ketone (la).

. The authors are thankful to Dr S Kanodia of MIT,
. Boston, USA ior 360 MHz PMR spectra of the
compounds anc o the Director, CDRI, Lucknow for
the mass spactr=- One of the authors (SD) is grateful 10
the CSIR. New Dzlhi for the award of a junior research
fellowship.
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s as sngeagiad,

VI, R=H
VIa,R=CHg -
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