
The worl~ embodied in the present thesis has been 

divided into three parts: 

A. The first part {Part I) consists of the action of 

N-bromo succinimide (NBS) on some triterpenoids in 

dimethyl sulphoxide. 

B. The second part (Part II) deals with autoxidation 

of friedelin. 

c. The third part (Part III) comprises of the investigations 

carried out on the benzene extract of the root· of Gyno 

, Cardia Odorata R. Br. <Flacourtiaceae ). 

ChaPter I deals with a short review of the action of 

NBs on some triterpenoids and steroids. Special emphasis has 

been given on bromination and dehydrobromi~ation, oxidation 

of allylic methylene to carbonyl group and allylic hydroxy-

lation. 

ChaPter II, Section A describes.the isolation discussion 

and characterisation of the products formed as result of·the 

reaction of NBS with lupenyl acetate. Compounds '\I), (II}, 

'III) and '(rv) have been isolated and characterised from 

1 
. 1 13 

elementa analysis, IR, mass, li NMR and C NMR spectra. 
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Br Br 

(liJ) (IV) 

Elerrent al analysis and mass spectrum value M+ (648," 

644) of Compound 'II) established the molecular formula to 

0 . 
be c33H

52 
o3sr

2 
m.p. 258-60 • The compound (lf) responded 

Beilstein test but showed negative TNM test. In the IR 

spectrum, the compound showed peaks at 3330, 1732, 1250 and 

1280-1270 cm-
1

• 1H NMR spectrum of the compound showed . .::- ."J"f,:.;;·· 

peaks in the region $0.84-1.06, 3.56, 3.72, 3.81, 3.87, 4.01, 

4.45 ppm. From these data it is evident that the cot{\Jound \II) 

contained a hydroxy group and two broinine atoms in the llblecule 

in addition to acetate group. 13c NMR of the compound showed 

a doublet at 73.05 in addition to the doublet at 80.92 Which 

was due to C-3 carbon bearing the acetoxy group.· The additional 

doublet at 73. OS ppm. Ui most prcibal:>ly due to carbon containing 

13 newly int reduced hydr~xv 1 group. ~T spectrum of c . values at 

14.40, '15.~5, 16.16, 16.51, 18.29, 21·32 and 27.91 ppm showed 

the presence of 7-CH39at 18.15, 21.14, 23·61, 2S.oo, 26.36, 



28·29, 34.12, 36.54, 37.68, 38.07, 38.29, 49.02 showed 12 )CH2 

and at 37.78, 45.54, 49.12, 55.18, 73.05 ppm showed 6-fH in 

molecule. 

The format ion of dibromohydro~ compound \II) has been 

proposed to take place follow in;~ rearrangement of lupane 

system to oleanane system. :It has been suggested in crechanism 

that 30-bromo-lup-20(29)-en-3~ acetate '{I) is foraed by allylic 

·bromination which in presence of polar solvent DMSO has been 
, .. 

attacl'-ed by the bromonium ion generated from NBS on the 7\ 

bon~ at C-20-2 9 leading to the formation of carbonium ion 

\oJhich probably· co.mp~ls ':carbon sl~eleton transformation from 

lupane to oleanane system. During this transformation a new 

carbonium ion is generated at c-19 which is stabilised by 

abstraction of hydr~xyl ion to produce the compound (II). 

The mechanism of forrmtion of (II) has been shown schemati-

callv• 
1 

Appearance of double doublet at 4.01 ppm in H NMR 

·spectrum t~as the most confusing feature of this compound (II), 

because it Was expected to give a singlet if the hydroxy group 

is situated at C-19 position. So the most likely position of 
' 

the location of this hvdro~ group could be C-21 \-Jhich would 

then explain the appearance of this doublet of a doublet at 

4 •. o 1 ppm. 'l'he format ion of this C-21 hydroxy compound would 

involve 1, 3 migration of a proton from C-21 to C-19 position 

giving rise to the formation of carbonium ion at c-21. During 



\:IV) 

· this transformation a new carbonium ion is formed at C-19. 

From the roochanistic point of view it is e~ected that C-19 

hydro~ group is expected to be formed. In order to make an 

unambiguous deci~ion an the structure of the compound (I:I), 

two derivatives·viz. keto \V) and acetate {VI) have been 

prepared. The strooture of dibromohydroxy compound (II) was 

confirrred from the ~ Nt"lR of keto derivative <v>• 
Br Br 

) 

A cO 

on 
1H NMR of 'V) showed six tertiary methyls in the region 

6 o.6-0.95 ppm. The acetoxy rtethyl appeared at & 1.95 ppm. 

A doublet with J value 2.5; Hz appeared at 2~44 ppm. 

'l'his upfield shift of the proton in this. region indicates that 

there is a single proton cL to the carbonyl group which couples 

with a single vicinal proton that is f> to the carbonyl group. 

This signal indicates that the hvdro::xy group in 'II) is situat~d 

at C-19 position, which on o~idation gives 19-keto derivative 

'V) which has single .L -pro~ on at C-18 position. This.£-proton 

would couple with C-13 proton to give the doublet. The pair 



of doublets that appeared at ~3.46 'J =3Hz); 3.68 (J = 2.5 Hz), 

3.81 (J = 2.70 Hz) ppm which. indicated for four protons \1,1,2). 

The appe~rance of these doublets.which appea~d as two quartets 

in (II) must be due to anisotropic effect of the carbonyl group 

on the nearbv _cH2Br protons. 

The acetate derivative of (II) was prepared by the usual 

process of acetv lation. Hass spectrum data gave mass peaks at 

6o6, 604 (M+). The existence of these peaks in 1~1 proportion 

indicated the presence of one bromine atom in the molecule. It 

showed positive to TNM test and so was also to Beilstein test. 
-1 

IR showed peaks at 1740, 1640, 1250 and 810 em • These data 

indicated the presence of acetoxy group and a trisubstituted 

double bond. 1H NNR showed peaks in the region~ o. 7-0. 9, 1. ~5, 

2.02, 3o3-3.45, 4.38, 4.67 and 6.1 ppm. Appearance of two singlets 

at~ 1. 95 and 2. 02 ppm indicated the existence of two acetoxy 

methyls. III defined signals at 3.3 and 3.45 ppm probably indicate 

pair of protons geininal to bromine atoms. A multiplet at 

:f 4. 38 ppm rnust be due to proton at C-3 gerninal to acetoxy 

group. l'.B quartet centred at~ 4. 67 ppm suggested two protons 

of -CH
2 

group which is attached to acetoxy group. J>, singlet 

at ~ 6. 1 ppm suggested the presencE? of an isolated ole.finic 

Proton. This singlet vinvl proton suggested that the C-19 

hydroxv group, in (II) underwent dehydration to produce an 

olefinic double bond between C-18 and·C-19 position giving 

rise to gerrnanicol derivative. The mass spectrum ~M+, 606, 604) 



(V!) 

of the acetate derivative of 'II) definitely proved the 

existence of one bromine atom in 'VX ). The structure of the 
-

' acetate derivative of 'II) has been assigned as 'VI) 

OAc Br 

-(yJ) 

Thus from the ~ NMR analysis of keto and acetate derivatives 

- of (II) it has been· unequivocally confirmed to attribute 

structure (II)for the compound c33H520 3Br2. 

ChaPter II, Section B deals with the studies on the 

action of NBS and DMSO on a mixture of 29-bromo and 30-bromo 

lupenvl acetate in aqueous medi~m. The products isolated are 

(VII) and (VIII). 

+' Analysis and mass spectrum value (M 506, 504) showed 

the molecular form~la of (VII) as c30H490Br, m.p. 

·sho\..Jed peaks at 3580-3200 ~-OH), 1690 '): = cH 2 >. 

0 
173-5 • IR 

~ NMR 

She1Ned peaks at&'0.75-1.0l, 3.16-3.2 and 5e89 ppm. The peak 

that apPeared in the region at~ 3.16-3·2 ppm_ as quartet is 

due to the hydroxylic proton and the one that appeared at 

5.89 as doublet indicates the presence of one olefinic proton 

at C-29 bearing one bromine atom (= C-Br). It has been 
. f1 

identified as 29-bromo-lup-20(29)-en-3~ -o1 (VII). 



HO 

·The compound 'VIII) having m:>lecular formula c30H48o 2 
0 

(from elemental analysis and mass spectrum) m.p. 235-6 , 

shot-led uv maxima at 226 nm. IR showed peal~s at 35.60-3100 \-OH), 
H \ 
l -1 

1640, 810 ' c = CH2 ), 1680 (-c = o)cm • TNM shot-Jed positive 

test but the coropound showed negative Beilstein test. A·sharp 

singlet that appeared in the low field region at~ 9.5 ppm 

indicated the presence of an aldehydic proton. A doublet 

apPeared in the down field region at J, s. 91 and 6.28 ppm for 

one proton each indicate the presence of end methylene group. 

From these observations the compound (VIII) has been identi

fied as 30..;..aldehvde-lup-20\29)-en-3(2> -ol. 

0 
H..\t-.f.._ 

t----. 

(VIII} 

The formation of hydroxy aldehyde (VIII) probably takes place 

first through allyl,ic bromination followed b_y hydrolysis and 

oxidation. 



ChaPter. II, section c constitutes the result and. 

discussion of the reaction of NBS with moret:::..nyl acetate in 

presence of dimethyl sulphCD:ide. Conpounds (IX), \X)t.·vr\(X:Ir) and 
,~__, 

(XII» have been isolated and characterised. 

("ar 

(X} ·' 

('ar 

A cO 

(X I) ( Xll) 

Br 

HO 

(X Ill) 

Elemental analysis· and mass spectral value M+ '548, 

546) showed the molecular formula of the compound (IX) as ' 
0 

c32H51 0 2 Br, m. P • .2 2 2-4 • The compound showed sharp peaks in 

-1 
IR spectrum at 1720, 1245 em for the presence of acetate 



-1 
and other peaks at 3040, 840 em indicated the e~istence of 

roethylenic doUble bond. The compound responded positive TNM 

test for the olefinic double bond and also positive test for 
l 

bromine in Beilstein test. The compound in its H NMR s];)ectrum 

showed peaks at&'0.69,. 0.76, b.a4, 0.94, 0.97, 1.25, 2.03, 

4.1, 4.45 and 4.9-5.9 ppm. The former six values \0.69-1.25) 

represented si~ tertiaJ:y methyls on saturated carbon. The 

peak at J 2.03 ppm indicated the presence of acetoJ\Y r:rethyl 

at C-3• The proton geminal to aceto~ group appeared at£ 
. \ 

4.45 ppm as triplet. The peak ath 4.1 ppm that appeared as 

AB quartet indicated tWo protons of methylene group containing 

bromine atom. The peaks in the reg ion 5. 9 and 4. 9 ppm indicate 

the existerce of two olefinic protons. !''rom the above observa

tions structure (IX) has been proposed for the compound 
I 

c32H52o2Br. 

Mass spectrum and independent elemental analysis 

established the molecular formula of {X) as c 32HS 1o2Br3, 
0 r:. 0 

m.p. 241-2 , J..s(]D -r 23.14 .• The compound did not respond to 

TNM test but responded positive Beilstein test. IR spectrum 
. -l 

showed sharp peaks at 1725, 1245 em indicating the presence 

of C-3 acetoxy group C-O-COCH3 ) in the compound. This is 
1 

supported by H NMR. A pair of.AB quartets superimposed to 

each other appeared in the region between~ 3.8-4.2 ppm. A 

plot of this ~eg ion in cosy spectrum showed that this is ·a 



(X) 

super imposition of two AB pairs resulting from tWo· -CH2 

groups containing bromine at oms. This was confirmed by adding 

c
6
o

6 
to the solution and reducing the spectrum. The two groups 

were shifted differently and two separate AB pairs were seen 

at S 3.89 (J = 16, 3 Hz) and 4. 04 (J = 20, 3 'Hz) ppm of unequal 

coupling constant,. Peaks at ~ o. 75, o. 84, o. 86, 0.87, o. 96 and 

1.01 ppm clearly indicated the presence of siJ< tertiar:y 

methyls in the compound. 

1~c l~ of (X} showed the'presence of 32 carbon atoms 

in the region 170-15 ppm. M?T showed seven quartets inclusive 

of aceto:xy rrethyl, twelve triplets for 12 > cH2 two of \-lhich 

. were for the -CH2Br (38.86, 40.2 ppm), six doublets (45.8, 

48.43, 50.17, 54.17, 55.17, 80.89)., the on~ for rnethine 

carbon (80.89) and seven sing.lets (36.99, 37.76, 41.52, 

41•76, 45.36, 76.05, 170.99) for tertia:r:y carbons, the one 

at 76.05 pPm being for carbon bearing a bromine atom. On the 

basis of these observations f·rorn .IR, 
1

H NMR and 
13c NMR. 

structure (X) has been proposed for the compound c
32

H51 o3Br3• 

Analysis and molecular weight determination by mass 
+ . 

spectrometry (M , 645, 643, 641) showed the molecular formula 
. 0 0 

of the compound (~)to be c
32

H
52

c3Br
2

, m.p. 258-9 ,[~ + 25 • 

It also shO\~ed the absence of olefinic double bond. The compound 

showed characteristic IR peaks at 3360 (~OH), 1730, 1250 
-1 } __ 

<-ococH3 )em • ti NMR of the compound sho\.Jed the presence of 



\XI) 

six tertiaxy methyls on saturated carbons at~ 0.72, 0.84, 

o.s5, o.a6, 0.94 and o.98; aceto~ methyl at 2.06 and the 

carbinol methine proton (C-3) at 4.45 ppm. :It showed a 'Pair 

of AB quartets centred at,&' 3.5 and 3.72 (J == 10 Hz)ppm, two 

singlets at 3.48, 3. 66 ppm typical of a pair of -CH2Br 

without restricted rotation and another set of non-resolvable 

peaks in the reg ions 3. 4 2-3.5 6 ppm. The total number of protons 

·was counted as four, an indication that the -CH2Br is in 

three different geometry in which one pair had restricted 

rotation .\~hereas the other two pairs had free rotation. This 

interpretation is confiraed by 13c NMR data of the compound. 

13 
The compound (XI) in its C NMR spectrum showed three 

singlets around 74.0 ppm for one carbon, showing that this 

carbon contains an oxygen function in three different environ

ment. The. -CH2Br carbons appeared around 2·1 ppm as a cluster 

of six peaks showing once again three isomeric -CH2Br carbons. 

· A three lined peak for triplet carbon at ~8 ppm was also 

observed showing that this carbon is also affected differently 

Probably by its anisotropic effect of different stereometric 

-cH2Br group. Thus it must C-22-C roothylene that is coupled. 

Therefore from spectral data structure Oa:) has been' 

.:•· a:5~igned for the compound c32H5 2 03Br2 • 

Eleroe~t al analysis and molecular 1.r1eight determination 

+ 
by mass spectrometry (M , 506, 504) led to the'molecular 

0 . 
formula of (XI:I) c30H49oar, m.p. 238-9 • IR spectrum of the 



(XII) 

compound showed a characteristic peak at 3320-3280 <-OH), 

-1 
3040-60 (::CH2 >, 1620 em • Thus the cornp~und contains -OH 

group and a double bond. The co~pound is probably formed by 

allylic bromination and hydrolysis of the acetoxy group at 

C,...3. From IR and mass spectra the structure of c30H490Br has 

been proposed as <xii). 

Elerrental analysis together with mass spectrum value 

+ •(M 506, 504) of 'XIII) led to the molecular formula c
30

H49oBr, 

0 
m.p. 206-8 • It responded positive TNM test and showed positive 

' 
Beilstein test for bromine. These observations indicated the 

1 
presence of double bond and bromine in the molecul.ca-. H NMR 

Of the compound showed peaks at ~ 0. 64, 0. 74, 0. 7 9, Oe 88, 0. 95, 

1.52, 1.70 ppm indicated·the presence of seven methyls as 

singlet~Of the seven methyls, one methyl appeared in the lower 

field at 1.70 ppm. The appearance of this methyl at 1.10 is 

due to its position on an olefinic carbon atom. A vinyl proton 

appeared at 2,5.86 ppm. On the basis of these observations 

structure (XIII:) has been proposed for the compound c
3
Ji49oBr. 

This is most probably forr:ood by isomerisation followed by 

hydrolysis of the acetoxy group at C-3· 

The probable schematic rrechanism of formation of 
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(Xl) 
Chapter III deals vJith e:xperirrental details of the \'llorks 

contained in Chapter II. 

PARr II 

CHAPTER I 

This chapter comprises a short review of the works on 

autoxidation and isomerisation in ring A of some triterpenoids. 



'x:r.v> 

Chapter II contains isolation and characterisation of 

products for100d during auto.xidat ion of friedelin. A possible 

mode of formation of products lias been suggested. 

Chapter II, section A deals with introduction and 

isolation of products formed as a result of autoxidation of 

friedelin.eompounds {XIV), (XV), \XVI), (XVII) and \XVIII) 

have been isolated. 

Chapter II, Section ~ describes characterisation and 
I 

structure elucidation of compound \XIV). 

:Slerrental analysis and mass spectrum value (M+ 496) 

established the molecular formula of the compound \XIV) to 
0 0 

be c
3

4H56o2 , m.p. 218 c,~~ -8.4 • The co~Jound showed 

characteristic vellow colour with TNM, indicating the presence 

of unsaturation. It showed IR peal~s at 1705, 1635, 1250, 870 
-1 -1 

and 790 em • '!'he absorption at 1705 em could be due to a 

six membered ring ketone or an aldehyde or an ester carbonyl· 

-1 The appearance of absorption bands at 1635, 870, 790 em 

indicated e.xistence of tetrasubstituted double .bond. 

The uv absor.Pt ion ma.xima at 235 nm seemed to be due to 

· the presence of cG
1 

R.> uns at u rat ed c arbony 1 group like 
0 
il I ' 

-C-C =9 • '~Jo different structures could be ~ritten with such 

a system as A -'and B 

(A) (B) 



I 

e<-45 
The diosphenol ether derivative of both A~would well account 

for the molecular formula of (XIV), though t.he ·rR value of 

1705 is of lower wave length than in the case of other si;nple 
-1 

cit~~ -unsaturated ketones that appear at 1660-f690 em · • The 

failure to form DNP and o:xi;re derivatives by the usual reagents 

indicated the absence of ketone funct~onal group. Moreover 

the coL~ound did ~ot develop characteristic green colouration 

With neutral fer~ic chloride,.showing that there is no free 

enol group in (XIV). Therefore two oxygen atoms in 'XIV) may 
1 

be present as ester group. H NMR analysis of the com:;:vound 

showed peaks at.S o.so, 0.938, 0.94, 0.965, 0.99, l.QlS, 1.18, · 

1. 48 and 1. 94 ppm. Peaks in the region t. 80 -1.18 ppm indicate 

seven tertiary ~th,rls. The aOJ.•m field pea}' at$ 1. 94 ppm 

in the down field region indicated C-23 cnethyl which is 

situated on a double bond. The large down field shift indicated 

that there is latge electromeric effect on C-23 methyl. Thus a 

double bond is proposed at 3-4 position. The absence of 

resonance peal<.s at lower field .lower than 2 ppm indicated that 

there is no olefinic proton, thus the double bond is tetra-

substituted. The absence of doublet for the C-23 m::thyl 

indicated that C-4 carbon is involved in oxidation. The sharp 

peak as singlet at$ 1.48 ppm .tntegrated.for nine protons 

appeared somewhat absurd to us initially• But considering the 

elemantal analysis and mass spectrum value which showed an 



(XVI) 

increase of 56 mass unit 1nay ySrtly 'due to introduction of 

three CI\Sthyl groups of identical electronic property which is 

possible only if we take a molecule of tertiary butyl being 

added up in friedelin so as to have -C-~~H3 grouping. 
. . I 

CH3 
13c NMR showed ten singlets at 166.73, 163.64, 127.92, 

79·55, 50.29, 40.45, 38·22, 36.48, 29.99, 28.15; ten triplets 

at 39.31, 38.22, 36.49, 35.98, 35.30, 35.07, 32.77, 32.99, 

30•2, 18.6, eleven -quartets at 35.05, 32.19, 31.79, 28.38, 

19.86, 18.61, 18·2, 17.88, 11.32 inclusive of 3-quartets at 
' 

28.38 and 3-doub1ets at 62.44, 53.66, 42.87 ppm. 

From 13c NMR absorPtions at (163.64, 127.92) ppm 

indicated for two olefinic carbons, the carboxyl carbonyl at 

166.73 and the three additional methyl groups appearing at 

28.36 must be due to tertiary buty 1 group which is also 

1 
supported by H NMR that gave a three 9-prot on sing let at 

1.48 ppm. 

Therefore the two o"Ygen atoms in ~.x:tV) must be present 

as ester group. Li-EDA reduction of \XIV) fu~ished a compound 
0 

which was analysed for c30H50c2 , m.p. 246-7 • It showed 

negative TNM test and showed I.R peaks at 3400-2600, (hump), 
-1 

1700-1690 em· , which are indicative of the presen~e of 

carboxyl group. Mass spectrum of c H o2 showed mass peak· 
30 so 

at 442 \M+ ). Thus the compound. 'XIV) has been proved to be 

an ester of tertiary butyl alcohol· Hydrolysis of the conipound 



'XIV) with 20% methanolic KOH gave two products one as acid 
0 

Which has been analysed for c30H48o2 , m.p. 290-2 and the 

other as. neutral compound which has been analysed as c29H48 t 

' 0 ~ 0 ' ' 
m.p. 227-8 , @i + 40 and w.as found identical with A-nor-

friedelene. Thus from spectral analysis, Li-EDA reduction 

and hydrolysed products, the structure of the compound 

c H o has been confirrred as <XIV)· 
34 56 2 

(XIV) 

ChaPter II, Section C deals with characterisation of 

compound \XV). 
.... 

Elemental ana~ysis and mass spectrum value (M , 458) 

showed the molecular formula of the compound to be c30H50 03 ' 

m.p. 242-4°• It showed negative TNM test, indicating the 

absence of unsat urat ion. IR spectrum showed bands in t;he 
' ' ' -1 

regions 3600-2800 (hump), 1730-1695 em which are indicative 

of the presence of hydro:xyl and carbo:xyl group in C~n. 

1H NMR of the corrpound showed peaks at~ o. 74, o. 92, o. 96, 



(2-CH3 ),· o. 98, 1.02, 1·12 (2-CH3 ) ppm as sing lets indicating. 

the presence. of eight methyls of which one methyl is secondaJ:V 

'at.s' o. 98). A characteristic peak. appear.ed in the lower field 

reg ion at £ 3 • 86-3. 8 9 ppm as doublet • This indio ated the 

presence of a single proton at C-4. peal~ that appeared at 

j 4.51 ppm indicated hydro.xylic proton and a sharp peal~ 

appeared in the very down field region at 12.0-12.1 ppm. 

This is for the carboxylic proton. Corrbination _of these 
/ . 

observations led to conclude structure (~) for c30H
50 

0 3 • 

. (XV) 

The above structure (XV) was further confirrced by acetyl at ion. 
0 

Products isolated are c31H
50

o
2

, m.p. 235-7 and c29H
48 

m.p. 227-8°. c31H
50

o2 has been identified as 3-nor-42,4)-

Friedelin-2-acetate. c29H
48 

has been identified as A-nor

friedelene. 

The formation of these two products from (XV) may be 

that during acetylation a part of the hydroxy acid (XV) 

underwent decarbo:xylation and acetylation to give 3-nor- .6..2 (-:!)_1_ 



ba:x) 

friedelin-2-acetate· and another part under~ent dehydration 

and decarboxylation to produce A-nor-friedelene. 

ChaPter II, Section E deals with the characterisation 

of coapound (XVII). Elemental analysis and mass spec'trum 

Value M+ ,458) sho•i .. ~ed the molecular formula to be c30HSO 03' 
0 . 

m.p. 253-5 • IR value 

-1 
group at 1730 em 

showed the presence of 'lactone carbonyl 

-1 1 
and -OH group at 3520 ern • H NMR spectrum 

·of the compound sl1owed a peak at~ 2.66~2· 7 pprn as doublet. 

This ~as due to the hydroxylic proton• A characteristic peak 

apPeared at a 2.16 ppm. ·rhis peak is for the C-1 tertiary 

hydrc:qen due to the coupling of the -OH proton linked to the 

same carbon. 

The compound has been· identified as lactol, and the 

0 

(XVII) 

ChaPter II, Section D comprises characterisation of 

compound (XVI) • From ele:nent al analysis and mass spectrum 
+ v-alue M . {396) the molecular formula of the compound found to 

0 B--b 
30 

+ 40°. be C2gH48' m.p. 227-8 It gave characteristic 

/ 



yellow colouration with TNM indicating the presence of 
-1 

unsaturation in the cornpound. IR showed peaks at 1650, 810 em 
1 

indicating the presence of double bond. H Nl~ showed peaks 

at~ o. 84, o. 94, o. 97, 1. oo, 1. 01, 1. 02, 1.18 ppm for ?-tertiary 

ttethy ls and the peak that appeared at~ 1. 57 ppm indicated 

tertiarv methyl on a double bond. A characteristic peak appeared 

at ~ 5. 30 ppm.. It is for the viny 1 proton. The compound (XVI) 

has been identified as A-nor-friedelene. 

(XVI) 
Chapter II, Section F deals with characterisation of 

compound (XVIII) \-lhich has been discussed. It has been established 

to be 3-nor- A
2 -friedelin-2-acetate by IR, mas~ and 

1
H NMR 

spectral analysis. Analysis and mass spectrum value M + (4~4) 

indicated the molecular formula c
31

H
50

o2 • Appear of peak at 
1 

$ 1.55 in H NMR spectrum indicates the presence of methyl on 

a double bond at C-4 and· the absence of carbinol proton showed 

the aceto.xy group is attached to a carbon without having proton. 

Combination of these observations led to conclude structure 



(XV'Ill) 

The formation of (XIV), (XV), <xvi) has been proposed to 

prooeed through the following mechanism. In presence of oxygen 

friedelin 1 undergoes oJ<idation to form the diketo ~compound 

·which is in equilibri!lJm \'lith its enol ~· Under the influence 
' . / 

of base (1<-t-BuO), the diketo compound 2a undergoes benzil--Ot..<:-i..:L 
benzilicArearrangement to give the hydroxy· ester which sub-

sequently eliminates \'later to give ..C,~unsaturated ester (XIV). 

tiydrolysis of the ester would give hydroxy acid, 'which subse

quently eliminates water to give -<:,~/3-unsaturated_ acid. This 

. c;(,f.> unsaturated acid may also be formed by hydrolysis of the 
;. 

ester~ .Patt of the d)!) unsaturated acid under the react ion 

condition mav undergo decarbo~lation.to give the unsaturated 

hydrocarbon A-nor-friedelene. 

1 



(XXII) 

- H20 ROO~~e H20 HOC~} 
(XV) (XIV) R>tM• ' ryr.\/-COz 

2 (4 > (XVI) 
The-formation of 3-nor- ~ -Friedelin-2-acetate 'XVIII} has 

been proposed to proceed through the formation ofcC-hydroperoJCY 

l<etone, which subsequently cleaved to form seco-2-aldehyde-3-

carboxvlic acid· This undergoes further oxidation to form 

-2,3 seco-dicarboxylic acid under basic condition which upon 

cyclization forms the anhydride. The anhydr~de under basic 

roodium rearranges to form the anion of keto acid, which 

undergoes decarboxylation followed by acetylation to afford 

the compound (XVIII). 

J)J 
(I) 

HOOC~{ 
HoocyJ 

[01 

A cO~} 
(XVIII) Ac=-COCH3 
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01apter III describes the experimental details of 

Chapter II. 

Part III has been divided into four Chapters. 

Chapter I, Section A contains the .norphological features 

of the plants of Flacourtiaceae family, while some previous 

·t-~ori<S on the plant.s of the sacre family have been reported in 

Section B. 

ChaPter II, section A deals with terpenes and their 

classification while in Section B the diterpenes and their 

main skeletons have been discussed.· 

Section C comprises a brief review on lactones and 

hydroxy lactones of diterpenoids. Special emphasis on the 

lactones and hydroxy lactones particularly of the Kaurane 

sl<ele'ton has been given in this section. 

Section.D comprises of the works done on the constituents 

of neutral part of benzene extract of the root of Gyno Cardia 

Odorara R.Br., a plant of flacourtiaceae family. Three new 

diterpene lactones have been reported in this section. The 

names hydro~ odolide, Odolide and iso odolide have been 

Proposed by the author since they have been. i~olated for the 

first time from the species. 

ChaPter III. deals with the preliminary investigation on 

the root of Gyno Cardia Odorata R. Br. Extraction and ~solation 

of different materials have been described in brief. This 

chapter again has been divided into five Sections, viz. A, B, . 

c, D and E. 



Chapter III, section A deals with elementa.l and 

spectrometric analysis of hydro~ Odolide. Elemental analysis 

' 
of hydro~ Odolide auggested the molecular formula to be 

0 0 . 

C H 0 m.p. 218 mn - SO • The mass spectrum of the 
20 30 3' '-~ . 

+) mbi compound showed the mass peal< at 318 {M • So co nation of 

elemental analysis and mass spectrum value led to the molecular 

formula c 
0

H o
3

, which indicated that the corcpound belongs to 
2 30 

dit_erpene group. The compound in its IR spectrum showed peaks 
-1 

at 332 0-324 0 {broad), 1730, 1720 and 1140 em • The broad peak 
-1 

in the region 3320-3240 em indicated the presence of hydroxy 
-1 

group and peaks in the regionJl30, 1720 and 1140 em indicated 

the presence of lactone carbonyl moiety. 
1
H NMR of hydroxy 

odolide showed two tertiary methyls at~0.87 and 1.33 ppm as 

singlet, tWo protons ce.ntred atb 4.01 and 4.12 ppm as .doublets • 

. The peak that appeared in the region at~ 2.10-2.14 ppm probably 

as UB quartet indicated methylenic protons \2H) at C-15 which 
13 I 

is typical of kauranoids. C N~4R spectrum along with ~T 

of the compound showed two ·tertiary roothy 1s at 23.5 a, 24. 30, 

' 
ten)cH2 at 18.72, 20.54, 22.48, 23.90, 35.24, 39.10, 39.66, 

I 
40.57, ·s6. 55, 76. 51, three -CH at 4 9.19, 49. 66, ·s3.14 and 

I 

five non-protonated carbons at 32.89, 44.66, 47.65, 79.25, 

174.78 PJ;lffi• The triplet at 76.51 ppm is due to a methylene carbon 

Which bears o:xvgen. The sing let at 174.78 ppm is due to lactone 
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carbonyl carbon and the singlet at 79.25 ppm is attributed 

for carbon bearing another oxygen. This establishes the 

formula c H o
3 

for hydroxy Odolide '."Jhich is in good agree-
20 30 

aent with results of elerru:nt al analysis a..r1d mass spectrum. 

Chapter III, Section B deals vJith the investigations 

on the elucidation of the structure of hydroxy Odolide from 

spectral analysis. 

From spectral analysi~ the strUcture of hydro:xy odolide 

has been proposed as (XIX). 

(XIX) 

The presen~e of 2i -lactone moiety and hydroxyl group has been 

established from t.he IR spectrum. The nature of oxygen functions 

is also established by the appearance of three peaks in the 

la.i field region of 
13c NMR at 174.18 ppm \si:x membered lactone 

carbonyl carbon), 79.78 ppm (for a carbon bearing the OH 9roup) 

and 76.51 ppm 'for a carbon bearing the lactone .. o:xygen). The 

resistant to o:xidation by Jones• reagent indicates that the 

hydroxyl group attached to a carbon atom may be a tertiary 

one. 

· The non protonated Carbon that appeared at 79.25 ppm 

in the 
13c NMR has been attributed for carbon carz:ying hydroxyl 



gr9 up. Thus the tertia:ry nature of hydro:xyl group has been 

es~ablisheq. The appearance of doublets in ~ NMR spectrum 

at·~ 4.01 and 4.12 ppm indicated two protons coupling with 

each other 'lr~ith gerni.nal coupling constant 14 Hz attributed 

for the protons on the same carbon bearing the lactone o:xygen. 

The posit ion of lactone carbony 1 and lactone o::xygen at C-19 

13 
and C-20 has been settled frorn the analysis of C NHR. 

Chemical proo·f of the structure of hydro~ Odolide has 

been described in section c of this Chapter. Li-EDA reduction 

of hydroxv odolide produced hydroxy acid of known structure 

which on esterification with diazomethane furnished methyl 

ester of 16 £-hydroxy<- )-kuran-19-oic acid of known structure. 

The st~ruct ure of hydroxy ester was confirmed from elemental 

analysis IR , mass and ~ NMR spectra. IR spectrum showed 
> -1 

peaks at 3340-3240 ,_QH) and 1720 em for ester-group. Mass 

spectrum showed mass peak at 334 (M+). CornbinatioQ of elemental 

analysis and mass spectrum value l~d to the molecular formula 

of the ester to be c2fH3~_o3 • ~ NMR of the hydro~ ester 

exhibited peaks for three tertiary methyls at& 0.738, 0.896 

and 1·. 360 ppm as sing let. The down field shift of the methyl 

prot on at J 1. 3 60 ppm indicated the met hy 1 ·group to be si t·uated 

on a tertiary carbon at om at C-16 carrying the hydroxyl g:toup. 

A characteristic peak appeared in the region at.& 2.23-2.30 ppm 

as AB quartet indicated methvlenic protons '2H) at C-14 was 

also typical of kauranoids. In the down field region at~ 3. 67 

ppm there appeared a sharp peak· as a singlet. This was for the 



three protons of _coccH
3 

group. The position of hydro~l 
' 

group is thus confirmed at 'C-16. 

Section D describes the results of investigation on 

the neutral part of Gyno Cardia Odorata from which two 

· i 1 c H o m.p. 13l-2°,f(1 -72° have 
~sorrer c new act ones 20 28 2' ~ 

been isolated. TNM gave characteristic yellow colouration 

indicating the presence of. unsaturation. From the high 

resolution mass spectrum, the molecular formula was found to 

o O{'" 300). The IR spectrum showed pea·l~s at 3010, 
be c20H28 2 

-1 
1725, 1600, 1150, 870, 810 em • The presence of six membered 

ring ketone ' {,-lactone) was ~ndicated by the appearance of 
-1 -1 

peaks at. 1725, 1150 em • Peaks at 870, 820 em indicated 

the presence of exocyc lie methy lenic dol,lble bond '=CH2 ) which 
. -1 

is supported by the appear of- peak at 3010 em along with 
-1 

another olefinic double bond at 1600 em which is trisubsti-
1 

t uted. H NMR spectrum showed a sharp singlet at~ o. 904 ppm 

that was due to t.he presence of terti~ry methyl group at 

C-4• T"wo sing lets that appeared at & 1.703 and 1. 720 ppm that 

was integrated for three protons indicated that both the 

peal~s belonged to the satne msthy 1 group, down field shift of 

which indicated it to be situated on a double bond • .Appearance 

of doublet at 4.703 and 4 .. 881 ppm and a singlet lil~e at 5.015 

ppm was indicated by ~-1 NMR. The former two values represented 

ffiethylenic protons and the latter vinylic proton. The nature 

of these protons arrived at by irradiation experiments. 
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Irradiati•;:m e::xperirnents showed that a vinyl m=thyl group is 

present in the molecule but the integration of the vinyl 

~thyl and olefinic protons suggested that there is at least 

a rnixt: ure of two isorreric compounds. This was found to be 

true by gas-liquid chromatography• GI.C showed that this .fraction 

contains a rni::xture of two isomeric coapounds in the ratio 

so;20 • Thereforecthe structure suggested for, the compounds 
't' 

are 

(XX) (XXI) 

The convincing proof of the structures 'XX) and (XXI> 

was forthcoming from the 13c NMR analysis. 
13

c NMR indicated 

a sharp triplet at 76.71 pPm whic:h suggested that this carbon 

is connected with an oxygen that carries two protons with it. 

The protons probably appeared as AB quartet in the ~i·NMR 
spectrum at$ 4.1 pPm. The appearance of two singlets at 

175·2 and 174.7 ppm were the .lactonic carbonyl· carbon and'the 

peaks at 156.2 and 144.1 ppm as sirglet indicated olefinic 

carbon. The daub let at 132. 6 and the triplet at 102.5 ppm 



tx~ax) 

showed the. presence of vinyl carbon and rcethyl carbon. A 

survey of the literature showed that a kaurane nucleus probably 

fit. in the above compounds to e:xplain the above observation 

with C-19 carbon being the lactonic carbonyl attached to 

C-20 carbon. The 15, 16 and 16, 17 carbons possessing olefinic 

double bond as isomeric mi:xture. It. is to be mentioned in 

this connect ion that the tot a.l carbon shift assignment has 
. u . 

been made by comparison ~ith the C shift values of potamo-

getonin, '~)-ent-kaur-16-ene and '->-ent-16-kauren~9-oic 

acid. Therefore structures \xx) and \XXX) have been proposed 

for Odolide and iso Odolide. 

Section E comprising of biogenesis of Odolide, iso 

odolide and hydroxy Odolide with reference to biogenesis of 

tetracyclic diterpenes has been discussed. 

Chapter IV describes the experimental details of the 

works contained in Chapter III. 

/ 


