
..... 
P' 

\ 

~he work embodied in the present th~sis has been divideo 

into Four Parts. 

PART- Z 

PHOl'OCHEMICAL SYNTHESIS OF THE NATURALLY OCCURRING 
~r . 

· TRITERPENE I.J.\CCN'l'E, 3 f!> -HYDROXY LUPAN•28,. 
1
13 f> -

OLIDE AND CHIROPriCAL (CD) MEASUREr-"£NT OF THIS AND 

RELATED LACTONES 

CHAPTER • I 

In this chapter a short review on the mechanism of 

intramolecular cyclization of alcohols by ~~ida.tion ~d.th Pb (~V) 

acetate or by hypohalite reaction) is described. 

CHAPTER - II 

This chapter gives a short review on the triterpene 

lactones of lupane series~ 

CHAPI'ER - III 

In this chapter photochemical synthesis of the naturally 

occurring triterpene lactone, 3 (>•hydroxy lupan-28, 13f -olide, 

stereochemistry of isopropyl group at Ca19 and the chiroptical 

measurements (CD) o£ this and related lactones are described~ 

Section A 

This section deals with the photochemical s.y.nthesis of the 

naturally occurring triterpene lactone. 3 j3-hydroxy lupan•29• 13 f3-
olide x. 

•I 
I 
I 
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(II) 

~-1ethyl betulinate II, C?btained b.V esterification of 

'betulin!<: acid I, on LiAlH4 reduCtion gave betulin III, 

C3tfi50o2 , m.p~ 259-59°, l"'Jp + 1r/'. t<.rhich on acetylation with 

acrz1t.ic anhydride411tpyridine gave betulin diacetate IV, c34fis4o4 , 
. 0 

m•t>r~· 223•24,l«Jn + 20 ~ \llhis betulin d'iac:etate IV on part~al 

hydrolysis l-1ith o.os N I<CH using 1.2 mole equivalent in methanolic 

solution afforded 3 (5 acetaxy betulin V t>Jhieh on catal~c 

hydrogenation v1i th Pd - charcoal in ethyi acetate gave the key 

;inte.rrnediate; 3 fo •acetoXy dihydrobetulin VI, m•P• ass...e0 , \_O(')D • 

4.2°, ~ m~ 3420 (OH), 1740 arid 1260 (OAe) cm-1 , P~ c c5' 0.73.., 

1.12 (7 saturated ca3>, 2.03 (~H, s, OAc), 3.36 + 3.72 (2H, 

dt •Cl!20H) and 4.58 (1H1 m, !:!-C•OAc) It· 

This key ·intermediate VI. was irradiated for 3 hours t..rith ' 
. ' ' J 

25ow· tungstetf laup separately under three different reaction 

conditions• (~) lead tetraacetate alone in cyclohe.xane; (2) lead 

tet.raacetat.e + caco3 + I 2 in cyclohexane and (3) mercuric oxide + 

:t2 in carbon tetrachloride,. 

In cases 1 cmd 2 .. same type of distribution _of products 

VIX ana Vlii was Observed while in case of 3 o~ly ether VIII was 

ob1:.ained., 'l'be less polar product VI+ eluted in petroleum ether : 
+ . 0 benzene (4:1) analysed for c311-150o2 (!4 4S4).f _m.p-. 158-64 , 

lo<1J> + 21.4°1 ~max 1120, 1245 (acetate), 900 and 860 (olefin) 

em"1 ; PlvlR : 6 .7S•loOO, 2.05 (3H, s, acetate), 4.5. (lH, m, 

!!•C..OAc) and 5 .. 14 (lH, m_ vinylia proton)Q Its GLC behaviour and 

spectral charact;~ristic5 indicated it to 'be· a miXture of unsaturat.ea 

hydrocarbons resul t.ing from the oxidative removal of -CH2 OH from 

C.l7~ .. 



(III) 

The more polar mate~ial VIII eluted by petrolem,n _ether J 

benzene .. (3:~) was analysed for c 32a 52o3 (!-!+ 494) m•P• 192-4P;. 

lt(JD ·+ 17°; ~ ma)l.i~_40 (ether), 1745, •1255 (acetate)'. PE-!R : 

6 -.76-l.OO _(7 saturated, ca3 >. 2.os (3H, s, -04\c), ·3.44 and 3.,60 
I . I . 

(2H, ~?-o.-CJ!2-, Jgem = s~l Hz), 4,? (lH, m, n-cr-OAc). This ether· 

VIII on chromic acid oxidation in aeetic acid afforded.. tertiary 

+ 0 0 t ••lactone lX, c32H50o 4 (M 499) 1 m.p. 315 ., [o<J0 + S6 I 

~ 1762 ( t -lactone), 1720, 1240 (aceta~) cm~1 ; Pz."ill '~: d .16• max · · · .. 

l.,.oo (7 .saturated ca3 >., 1.9s (3H, s ... ocOCH3> and 4.4~ (1H, m, 
I 

H.•:-OAC.) which on hydr,olysis gave the 1-l:ydr<»'-Y lactone X, m.p. 
I . . 

321°,(DC)t>. + G0° •. x did not: shcw peak. around o 4 but ehQWd a peak 
I . 

at o eo. 9 c-9-o-~ a singlElt, carbon atom of tertiaey lactone 

·termination) .in 1H NNR' and 1~c mm respectively • an observation 

t'lhich fi~Y- established tertiary '~actone structure in x. X en 

J~nes oxidation afforded the ~to lactone "I~ ~he physical 

constants and spectroscopic properties of the hydroxy lactone X 

and the-cor~sponding acetoxy, leeton~ IX and keto lactone XI are 

ver.r similar to those of the naturally oecurr.irig 3(!> ~hydroxy 

lu,pan. 28#. 13[!> -oftde, n.pi) 325°,["<]0 + 63·.4° and its acetaxy 

rn~p. 319-320°. and keto derivatives m,p. 326~330°,[o<J0 + 70° 

obtained f~om Diilania. :Indica by' Banerjee et a1 (Phytochemistry, 

_u, 1447.- 1975). ·~he reaction sequence has :been illustrated 

· as :Eoll<Ms s 
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(V) 
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(VX) 

Secticp B 

~his section deals with the stereochemistry of the 

isciprepyl group at c-19. Since in no step of the sequence 
'· 

o( •orientation. of the c-19 isopropenyl gtoup u.aopropyl in 

dihydro derivative)_of betulin!c acid I wae affect~d, thts 

sy.r::thesis pJ;oved unequivocally the a<.. -stereochemistry of 

.-.isG!lropyl substituent at C.l9 in x~\Le -i.'J'I. ·-!:1\e ·n.~\'A.."(~. 
0 C.C lA. v v iM. 3-' 3;1 - 1-J 'V' 0 1- L~o lAM . i. r?1 . I jA ~ ~~ . 

§!3ction c 

This section deals with the chiropticel measurement (CD) 

of. .the lactone X and .J:elated lactones~ 

V~ry ~cerrtly from our laboratory the synthesis 

of (G., Dutt.a and s.N.l3ose .. Tetrahedron Letters,. ~~~ 5807, 1969) 

the authentic c-2a.. 19 f -lactone XIl and c28; 13 (3 .... lactone XIII 

and measurements of their CP spectra have been reported. 

Both tho synthetic 'lactone XI:£ and the lactone XIV 

ob~:ained bi·· Hg(II) acetate oxidation £nadclrley et al, Tetrahedron, 

~., 1643 (1969), l~dhil~~:aey et al.,_ J. Chern,. soc. (C), 1030 (1970), 

Vy;?trcil a'ld ;Blecha •. Coll. Czech. Chern. Commm~ #· 35* 3309 

(1970) J exhibited negative CD t'lit.h .maxima at 216 nm (A~= •3.6) 

and at 217 nrn (.L\~z:::r -6.05) respeqi;ively. On the other hand. the 

synthetic lactone ~ll:I and the lactone X obtained photochemicall~y 

bot.""l · shcrla'led positive CD having maxima at 219 nm ( Ll E: c; 3.19) ano at 

220 nm (At:= 1._04) respectively.., CD apectrum ( Ac = 2 .. 32 at 

217 nm) of ~other naturally occtll:r!ng lupane tritexpene, 

epicaltholide XV having Co-28,. 13fo ... J.ectone CBbanaari and Ra19~ogi, 
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(VII) 

~.'[tvf· 
l?hytQc:hemistry~ ll1 1699 (1984) ...,.7 ~ias also recordedfl Thus CD • 

data proviaed convincing physical evidence in support. Of c-2e, 
13 (!> •lactone structure fc;r X and XV• 

· fThis part of the l1o.rlt has bee:o. p\7l)iiahed by us : Organic 

photochewJ.sttv, P.art II. ·Photochemical s:Ynt.hesis .of .~· Naturally 

Occurring 'rl;'itexpene Lactone,. 3~ .;.hydroxy lupen-281 13~ •olirle, 

s .• Kt!Na~ ·ana s~N• .Bose,· Tetrahedron· Letters, ~~ 2855 (1989}. · 

A photo cop~{ Qf the reprint· has been· attached ·at the end , of 

the thesisJ. 
'I< I· ... · .' 

'~--r 

~-·c.·o 

·I· 
0 

·.·,.,) ~ .. __ R:t. 

XIII R1 c R3 = H, R2 = ~2 ~ R4 a OH 

XV :.n.1 == isopropyl, R2· e: . R
4

: ::: .'H, n3 = OH 

R.P 

x:q; . .tt1 = R2 = .H 

~~V ~ =. isop.t;OJ?11• R2 a AC 

CHAPTER • IV 

Experimental portion has been· de$cr.i):)ed in this chap~er. 

' ., 



l?A£41 <tiit IX 

LEAD (:tV) ACETATE OXIDATION OF 'rRITERPENOID 

,.KETOHYDRAZQNES. 

. '. \ 

Cl-l'APTER • . l 

This chapter gives a short. review on the lead (IV) 

.~cetate oxidation Qf steroid and triterpenoid keto hydrazones. 

CHAP'J:ER • l'J: 
' 

'rhis chapter describes lead · (:tV) acetate oxidation of 

· Section A 

'rbis section deals 't-1ith 'lead (J:V) acetate Oxidation of 

lupan,one bydrazqne,. a triterpene bearing 4·; 4-cSimethyl 3 keto 

moietY• 

' . 
bydrazina hydrate in aimydrous diethyle.."le glycol afforded 
. ' ' .... 

. lupanone hydrazone XVZI. !fbe CQm.PO'Und XVII was subj sated to 
; 

. . . ' 

lead (:tV' aceta1:e O"d.datim in diebloromethane solvent according 
~ . . ' 

to the prOcedure of Barton et. al (;p. H. R. Barten, J,. 11. McGhie and 
. . . ' .. 

P•L• Batten, J. Chern• soc. (C), 10331 1970)" For ef:fic:ient. and 
. ~ . . -

smooth S$paration the reaction mixture was saponified· "t-lith 5% 
. . 

methanol.ic I<OH for 2 hour$. On chromatography t:he saponified 
I . 

material furnished olefin 3-Is~rop~lidene•A•norolupane ~II~, 

Lupan-3 o( •ol XIX ana lupa.n03 (3 -ol .J(X. ~he olefin XVIII s_hOW"ed 

I 
·I 

I 
! 



(IX) 

m.p. 1981 [c<]D • 19.7°, c30a50 (t-1+ 410)1 Pl1J\ !i 6.71-1.17 
·I' 13 .· ·I I (, .!""' 

( 6 aatura~ed ca3 ) , ~-·~OS (3H, s) and ~,-15 (3H, s) (isopropyl!• 

dene methyls). It developed yell~ colourat!on with ~N~ This 

olefin XVIII was not identical with lup-2-ene_obtatned by POC13 
, reaction of lupanol but id~n~cal with PC15 reaction product. of 

~ . 

lupanol. '.r~e reaction path ~ shcr..m bel<M• l 
' 

0~ 

+ 

-XVIII l 
XI>\ OHo<: 

XX - , OHfo 
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(X) 

section.§ 

'rhisr ,~action deals with iea.d (IV) acetate o,"tidation of 

Friedelin hyarazone, a triterpene bearing 4-methyl 3•keto moiety. 

Friedel.in XXI on treatment with hydrazin~ hydrate in 

anhydrous diethylene glycol afforded friedelin hydraaone XXII 

wh1~h en lead tetraacetate oxidation according to tha procedure of 

Barton et. al sane as described in section A follet-.red by aaponifi-
3 '-:fv L eol.ele;,e. 

cation and chrom~tography · afforded the olefin, 11 ~ieaelArf XXIII 

and the alcohol friedelan.3oe. .... ol ~v. 'l'he olefin XXIII t-ras found 

to be identical \fith the product obtained by POCl3 dehydration -of 

friedelan•3 /> •ol. The products. ~1ere characterised by spectral data 

and comparison wi t:h authentic samples~ ~he reaction sequence is 

described bela.n 

. 0~ 

PblOAc.)4 q + AcO/~ · 
.V\.t c 1-\2. c{ 2-

l M~O-Ihok kOH 
XXIII 

HO/~ 
'> XXIV ----



(XI) 

section c 
In ·this section the effect of stibatituents 1n ring A of 

the tri te.z:penee and ~so steroid as regards products distr.tbu• 
tion has been discussed. 

Section D 

In th,i.s section evidence for the reactive interrnedJ.ate 

involved in the olefin formation has been prese2.nted. Based on 

me~uty (Il) oxtae oxidation of bydrazones and Bamfora~stevens 

reaction of. the corresponding tosylhydrazones carbocat.ion has 

b~en postulated as the precursor of the olefin formation ~This 

part of our work has been ac;:cepted for publication 1 Lead (lV) 

Acetate OXidation of Trite1:penoid 3-ketohydr~ones, s.It. Nag and 

s.N. Bose, Indian J. Chern.; 29B; ooo, 1990 J. 
A photo copy of the galley proof of the accepted p~er 

·has been attached .at the end o:f the thesis. 

Experimental portion has been desc;.r.ibed in this chapter. 

PART ... III 

~~:tAL SYN'rHESIS ,OF~ 2oC, 3oc. ... ~IHYDROJOr 

L'UfAN-2~0ATE FROM. BE~ULINIC AClll 

CHAP'l'ER • l 

Whie chapter gives a short .review on the tr!terpenoia 

2 ~ 3-dihydroxy 28~carbcocylic acids. 



(Xll) 

C~ER .-II. 

ntis chapter deals t-tith the partial synthesis of methyl 

2 rX. # 3CJ(. ... dihydroxy 1Upan•29•oate fx-om betulinic acid,. the dihydro' 

methyl ester aer.ivative of tbe naturally occurring 2 oG, 3 oc .. 

dihydroxy lup 28{29)en•2S-oic:: acid XXV fPhytochemistey, ,fJ .. 

1337 (l.995) _7. 

secpion A 

~his section describes 'the aims. and objective of the 

present· work •. 

section B · 

'':rh:l.s section describes the partial synthesis of methyl 

2 o<., 3 o<. ~ihydroxy lupan•2e-oate from betulinic acid, 

r~ethyl dihydrobetulonate XXVI which was obtained by 

hydrogenation foll<».red by Jones oxidation of the methyl ):)etulinate 
'· .. . . . 

II" on autoxidation for 75 min gave the diospheno.t. ~I, m,p. 

131-33°,[0GJD - 1 .. 96°f' .:\max 270 m?- (E. 11 7932 ) in mathanol, 

/\max 310 o/ in KGH eonta:tning .methanol~. 
XXV\ I 

Hydrogenation of dio~henol ~followed by Meerwein• 

Ponndorff ~auction ~urnished a cr,ystalline solid diol XXVXI%, 

c31HS204' ·m.p, 215°~ ~.max 34.20 (OH), l730 (-COOCH3) cm-1 , PMR I 

6 .69 ... 1 •. 01- (7 saturated CH
3
), 3.39 (lH, d, '! ar 3Hz, !!-c

3
;.0H),. 

I 
! 

3,9s Cll-I, dddl J ~ 12~ 4., 3 Hz) ana 3.66 C!I-I~ s,. ~co~>. 

Acetylatian-with acetic anbyd~ide~yridine afforded the diacetate I 
~ .. ·c35a 56o6 (M+ S72), m,p. 198;.2oo0; Jmax 3.740, 1260 (a.ceta1:e)cm•1t 

I 



(XIIl) 

. . 
S; ~oCOC~ia) 6 4• 94 (1H, d 1 J a 3 Hz, a-c3 uoOAe), 5.19 ( ,.H, ddd, 

J = 11, 4, 3 Hz, ·a-c2~0t\c), 3.58 (3ti;, s,· .. c;ocx:~h 
l XXVIII . XX IX 
· H NMR observations of the d.iol ~and its acetate ;:cvz 

ere quite in accord wi~ theil;" 2 cC, 3 oe -stereochemical assign ... 

rnents. repOrted veey- recently £Pbytochernistey ~~ 1703 (1989 >J 
for triterpenes 2,· 3 diols. 

The reactiqn sequence is illustrated below: 

1. H2.. 

n. R \ = c. H3) R'L= ~ ~ = 1-1..? I'< 3 = 01-1 

Xxv R~=-1'<.2....-=0H; R 1 =-~3-=H 

A v.J-oy..\,~tJ:loY~ 
:fw 75 mtM. 

.XXVIII 

XXVII 

XX\'1-. 
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(XXV) 

sec:tawn , f? . 
ThiS section describes an interesting- one•st.ep combined 

autoxidation and b~nzilic.ac!d reerrangemene of methyl dihydro­

betulonate XXVI ~-;ben autoxidation has been carried c:nlt. for an 

extended period. 

'l'he ine~angemsnt gave a product XXX# m~P• 255..56°: 

~max 3440, 3340, 1'120 ern""'1 which J'las been assigned o( -hydroxy 

oarboxyli~ · acid structure JOCX"· The colr!Pound XXX· on esterification 

gave the. proch.tct ~I whic~ ~ ha~ ·been characterised as Oc. •hyaroxy 
. . ' - . 

ester. The coml;>ou.nd XXX on 'treatrr.ent with Pb02 in acetic. acid '1·~ ( 
the proau¢t. Jo<xl:I, -m.:r;>• -li~-so0• l.o<Jp . 75.4~; . ~max 1735 cm-1 

(~resolved :Qanci for cyclopentanone and esi;.~r) having ident;Lcal 

m•P• ,rotation 'and IR spect.ra ·~s those reported in the literatu.re 
·' ' 

for mathyl dec:arboxydehydrod:thydroceanothate (P • de r-1ayo and 

A•N• starratt,. can. ;~. Chern., .4:,2, 7SB, 1962). The ~action path 

is indicated below: 

XXVI 

HO 

::(;t] 
xxvnl 

A ~o)(.'LJ.o..t[on 

foyo ex~d~cL 

Pe't'i..ocl ~3 h,v) 

HOOC 

HO 

~2 

XXX\ 



(XV) 

CHAl?llER •-I.Il: 

Experimental l'ortion has· been oescribed in thts chapter. 

P~_.,.._IV,_ 

' ' 

REINVESTIGA.TIO!~ ON THE BENZENE EXI'l~C'l'' ·OF 'l'HE· 

EARl<' 'OF B~SCHOF:tA' JAVANICA (EUPHO@IACEAE~ 

CI-JAPlrER '-!' I 

In this chapter morphological feature of the plants of 

Eupho~iaceae £6mily, Bis9hofia species and Bisc::hofia javanic::a 

blume is described• 

CHAPTER.- II 

ln this chapter isolation of betulinic acid as acidic 

constituent and epi•friedelanol.ac::etate. friedelin,~ -sitosterol, 

friedelanol and ~ unsatu~ated pentacyclic nor triter,pene 

dihydro.w.t ketone-~ neutral .constituents :from benz.ene extract 

of the ba:rlt of ·aischofia · j avanica blume· is aesc~ibed •. 

section A 

This section deals with the eXt'..ract.iori of the bark of 

B,;tschofia. j avan~c-2• 
. ' . 

S~ctiop.B · 

This section deals with' the chromatography of the neutr~ 

part of the benzene extract of Bischof!~ 1 avaniea. 
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(XV:t)_ 

. S~g!;ions c, D1 . E apd' F deal t1ith the isolation an4 
. . 

cb~racteriZation·of epi•fr!edelanol acetate, £ri~delin, 

(3 .. $1tosterol and fr~edelan-3oc -ol, respectively. 

sect~on 5i 
~his section deals with the isolation of an unsaturated 

pentacyclic nor triterpene dihydraxy ketone. 

The comp?'Wd ~~P• 295°, analysed for c29a46o3 . (l~+ 442 m/z), 

~max 3500 'corD,. 1720_ (co> tim~1 • 'l'his on acetylation furnished 

a diacetate m.p. i2a0 ., c33a50o5 (M"~ 526 m/'z) 1 iJ max 1740 (composite 

of acetate and ketone)~ 1250 (acetate) cm·1• 1H NMn ~alysis of 

the diacetate showed seven saturated rrethyl groups and sugge$ted 

o~e p~±w.~ry and on~ secondar,v acetox~ group_in the_rnolecule. It 

gave positive tritea:pene and unsaturation tests.· 13c·l~-m of the 
-. 

diacetate confirmed the presence of an olefinic double bond, 

besides shOt-ling the ·presence of one keto carbonyl, . one- ca2 OAc, 

· ~~CH~ groups and 26 sp3 . hyb~id!zed ~arbon. a-t;orns~ Cbser:Vat.:rone 

so far made suggested the compound to be an unsaturated pentacyclic 

nor triterpene keto diol. 

Further work for the complete characterization of the 

compound is in progress. 



(XVII> 

sectign H 

This section deals with the isolation and identification 

of betul±nic acid from acid part of the extraction of ~ischefia 

Jayanica. 

CHAPTER • Ill: 

Experimental portion has been des~ribed in this chapter. 


