
CHAPTER - II I 

Melting points are uncorrected. Petroleum ether used 
0 

throughout the investigation had b.p. in the range of 60-80 • 

The infrared spectra were recorded in Beckmann IR-20 Spectro

Photometer. Mass spectra were recorded by electron impact method. 

Silica gel used for column chromatography was of 60-120 mesh 

~BDH). TLC were performed in chromatoplates prepared on glass 

strips with silica gel G (BDH). 

Isolation of Friede lin from bark Cork. 

3 kgs of finely pov1dered cork 1.-.1as e~tracted with 

petroleum ether in a so~hlet apparatus for 18 hours. After 

removal of the solvent, a_white solid separated out. The solid 

was dissolved in minimum volume of benzene and chromatographed 

over silica gel column developed with petroleum ether. Elution 

of the column with petroleum ether gave shining crystals of 

1 . 53 0 ] -4 7° friede 2n , m. p. 2 62-3 - ,& D 8 • • 

Autoxidation of friedelin• 

Friede lin (2 gm) isolated from bark cork suspended in 

Potassium tertiary butoxide (prepared from 6 gm of potassium 

and 60 ml of tertia:cy butanol) wa.s shaken in a stream of o:xygen 

for three hours. The reaction mixture was then diluted with water 

and then 6N hydrochloric acid VJas added till the solution \-Jas 

acidic. It 1rJas then extracted with chloroform (150 ml) and the 

combined extract was dried 'Na2 so4 ) and the solvent was removed 
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under .reduced pressure. A yellowish gumrcy residue (1.9 gm) :was 

obtained. It ·gave positive ferric chloride test for phenol. TLC 

' of the crude product sho1.-1ed morethan three spots on chromqto-

Plate \using benzene as eluent), indicating the presence of at 

least three compounds. The product could not be purified by 

crystallisation, hence was subjected to chromatographic separa

tion on silica gel column developed ,;.Jith petroleum ether. The 

follo;ving solvents were used for elution. 

Table 1 

Chromatography of the above gummy material ~19 gm) 

Eluent 

Petroleum ether 

Petroleum ether·: 
benzene (4 •1) 

Petroleum ether : 
benzene (3 •2) 

Petroleum ether : 
benzene (2 '3) 

Petroleum ether ~ 

benzene ( 1 ~4} 

Benzene 

Benzene: Ether '9~i) 

Benzene : Ether '4~1) 

Benzene • Ether (3:2) 

Fractions 
loo ml each 

Residue on 
evaporation 

t-1elting point 
oc 

------------------------------
1-10 

11-13 

14-17 

18-20 

21-23 

22-23 

. 24-27 

28-30 

31-33 

Solid 
t600 rrg) 

Nil 

Solid 
(50 mg) 

Nil 

Nil 

Oil (100 mg) 

0 
210-214 

0 
261-64 

Oil incorporated 
with solid 
(750 mg} 

~·fhite SQlid 
(250 mg) 

Gumrry solid 

237-40° 

248-51° 

Further elution with more polar solvents did not afford any 
solid material. 
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E::xamination of fractions l-10 (Table 1); Isolation of 3-nor-

2 (4) . 
A -tert.J.ary butyl friedelinate (~:) .i§. 

The solid fractions 1-10 (Table 1) were combined 
. 0 

'600 mg), m.p. 210-14 , which after crystallisation from a 

mi::xt ure of chloroform and methanol afforded nee_dle shaped 
0 "30 0 

crvst als m .. p. 218 , [ ..c] -8.4 • It showed a single round spot 
- D 

on a chromatoplate and responded TNM test. 

Analysis report: 

%c 

.Found 

Calculated for c
3

4H
56

o2 

82.21 

82 ·25 

11.07 

11.08 

~ ( Nujol -1 
IR .. 1) 1705, 163S, 1250, 870, 790 em • 

ma::x 

uv : A (spectroscopic methanol ) 2 35 nm 
ma::x 

Mass 

CH3 
+ + I 

~ mjz 496 (M ), 440 (M - CH 3-C = CH
2

) 

425 (440- CH 3 ), 219 9 .205. 

\i NMR (b~CDC13 ) : 0. 805, O. 9375, O. 940, o. 965, o. 990, 

1.015, 1.18 (7§., 21H, 7 t-Clj_
3

), 
CH

3 ,-
1. 4825 \g_, ~, o-c - CH

3 
) 

I -
c:!i3 

(Fig. 2) 

(.Fig. 4) 

(Fig. 3) 
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13c· NMR ' 166.73, 163.64, 127.92, 79.55, 50.29, 40.45, 

, I . 
38.22, 36.48, 29.99, 28.1s \lOe, 10 )~->, 

39.3i, 38.22, 36.49, 35.o7, 35.98, 35.3o, 32.77, 
I 

3 2 .29,.- 30 .. 2·, 18.6 {lot,, 10- £H 2 >, 35.os, 32.19, 

31.79, 28.36, 28.36, .28.36, 19.86, 18.61, 18.2, 

17.88, 11.32 (11 ~' Ll -~ 3 >, 62.44, 53.66, 
I 

42• 87 <3g_, 3 - C-H )ppm 

' (Fig. 5) 

E~amination of fractions 14-17 <Table 1) ~ Isolation of di~sphenol 

form of friedelan-dione. 

The fractions 14~17 'Table 1) were corrbined <so rrg) 

and cJ:YStallised from a ~i~ture of chloroform and methanol 
0 0 

Which afforded crysta~s' (30, ffi'J) 9 m.p. 265-6 ,[o<.J
0 

18.6 , TIC 

of the conpound showed double spots on a chromato1Jlate. Ethanolic 

solution of it gave green co1ouration r:Jith neutral ferric 

chloride solution. It gave yellow colmuration with T~1. 

Analysis report~ 

Found 

Calculated for c30H
48

o2 

%C 

81.78 

81.81 

%H 

10.85 

10.9 

IR ~> ~ Nujol 3600,- 3200 (-OH}, 1685 'conjugated . rna~ 

-1 
1665, 1610, 840 {-C =C-) em 

- c = 0)' 

'Fig. 6) 
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UV {methanol)' : X- 269 nm, lc:gf 4. 07 
ma:x 

(Fig. 7) 

Examination of fractions 24-2 7 (Table 1): 

The fractions 24-27 (Table 1) ~ere combined,750 mg). 
,· 

TLC e:xperirrent of the compound showed three distinct but close 

spots, heme, this was set aside for further purification. 

. . 

E:xamination of fractions 28-30 (Table 1); Isolation of 2P-

hydro:xy-2-carbo:xy-3-nor-Friedelane, ~ {£). 

The fractions 28-30 (Table 1) were- conbined '250 m:;;r) 

and crystallised from chloroform and methanol to afford white 

0 
amorphous powder m.p. 242-4 • It showed negative test with TNM. 

It also shor,.1ed single spot on TLC plate. 

Analysis report; 

Found 

%c 

78.21 

78.42 

10.83 

10.91 

IR :; ~Nujol 3600-2800 (hump) ~-OH), 1730-1695 \-COOH) 
ma:x 

(Fig. 8) 



~- NMR ( g CDC1
3

) 

Mass (mjz), rel. 

-191-

; o.74, .0.92, o. 96, 0.96, 1·.02, 1.14, 

(·7s _, 21H, 7 t -C-Oi3)' 0.98 

( 2H , H 
2

¢ - C - OH J · 

3.8-3.9 (H, -C - CH3) 
I 
H 

4 • 5 1 (H , -C - cti) 
J 
COOH 

12 o0-12 o 1 (H, -C - OH) ppm 
I 
COO!:!, 

inst. :. 458 (M+ 
' 13. 15)' 440 

,§., 3H, 

+ 
\M -18, 

1.14' 
H 
I 

-C-o.i3) 

'Fig. 9) 

14.24_) 

425 (440-qH3 .', lo.oo), 341, 205 (base) 

(Fig. 10) 

Examination of fractions 31-33 (Table 1) : Isolation of 

Lactol 50 (Q). --
The fractions 31-33 (Table 1) were combined ( 100 rrg) and 

crystallised from chloroform-methanol mixture to yield \vhite 

0 
amorphous powder (75. rrg) m. .t?• 25 3-5 • 

Analysis report; 

Found 

%C 

78.16 

78.42 

%H 

10.75 

10.91 
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UV No absorption between 220-300 nm. 

IR 
, Nujol -1, 

: -v 3520 (-OH), 1730 ( c = 0) em 
ma:x (Fig. 11) 

1
H NMR 'Scoc1

3
) :-Peaks at 0.88-1.19 '5.§., lSH, 5·-c~~ 3 >, 

l. 2 '!!h 3H, -r-Cli3), 

H 

1.26 '.!!h 3H, c 01) 
-3' ' 

1.35 \.s, 3H, c - ~3)' 
2.66-2.7 ,g, H, -0-CH • 0!:!-C )ppm 

(Fig. 12) 

Mass (mjz) relative intensity 
+ + 

458 (~ ), 440'M ~H 2 o, 8.33) 

.j. 
412(M -co, 6.38), 381 (11.36) 

and 95 (base peak) 

(Fig. 13) 

Examination of fr?ctions 24-27 (Table 1)-; Acetylation of the 

oily solid : Isolation of A-nor-friedelene !2, 3-nor-Friedelin 

. 2(4) -- 2,4) --·------
~ a;cetate ,ll, and 3-nor- A - friedelin-2-carbo:xylic 

acid ±l.s· 

To a solution of oily solid mass fractions 24-27 (Table l) 

'750 mg) dissolved in Pyridine ,7.5 ml) was added acetic anhydride 

(7.5 ml) and the mixture kept over water bath for 12 hours. The 

mixture \~as poured ·into ice c'old water and the solid was collected 

by filtration. A crude acetylated product \700 mg) was obtained. 
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It showed three spots on a chromatoplate (developed with 

benzene-ethyl ac~tate, 9 •1). 
) 

It was then chromatographed over a column of silica 

gel '15 gm) .,-··,_. · ·! :· -_, developed with petroleum ether. The above 

residue '700 mg) dissolved in benzene (lo ml) was added to the 

column. The following solvents \-Jere used for elution 'Table 2). 

Table 2 

Chromatography of the acetylated product (700 rn;:J) 

I 

Eluent Fractions Residue· 
100 ml each 

1-4 Solid 218-22 
0 

Petroleum ether 
a so rrg) 

0 
Petroleum ether : 5-10 Solid 229-33 

benzene (4 •1) (220 rrg} 

Petroleum ethe.r; 
· benzene (3: 2) 

11-13 Nil· 

Petroleum ether: 14-15 Nil 
benzene (1: 4) 

Benzene 16-17 Oil \100 m;J) 

Benzene ether (9:1) 18-24 Solid ( 200 rrg) 280-5° 

l!"'urther elution with· more polar solvent did not yield any solid 

material. 
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E~amination of fractions 1-4 (Table 2): Isolation of A-nor-

friedelene, !2 (B 1 ) 

The above fractions 1-4 (Table 2) were combined '150 rrg) 

and crystallised from a mi~t ure of chloroform and rrethanol, 
0 . ,-:,30 0 . 

When a qrystalline sol~d m-~·_227-8 ,8]
0 

· + 40 was obtained. 

It whc:Med a single spot on a chromatoplate and gave yellow 

colourat ion w.ith TNM. 

Analysis report: ' 

Found 12 ·29 

87.8 7 12 ·12 

cNujol -1 
IR z. -v 1650, 810 em 

ma~ 

\r NMR ,360 M-iz) 

\S CDC1
3

) 

'Fig. 14) 

: o.84, o.94,-o.97, 1.00, 1.01, 1.o~, 

1.18 '21H, seven tertiary methyl group)~ 

1.57 ,(3H, tertiary methyl group on double 

bond, =C - cg
3

), 5. 30 ,.2,, lH, c = C,!i) ppm 

(Fig. 15) 

+ + 
Mass (mjz), rel. inst. i 396 (Ivl 20.7), 381 (M - ·rn

3
, loo), 

2 57 , 2 4 3 ( 5 • 00 ) , 2 OS ( 2 0 ) , 191 ' 15 ) , 

177' 163' 149. 

. (Fig. 16) 
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Examination of fractions 5-10 (Table 2): Isolation of 3-nor-

friedelin- A
2 (4 ) -2-acetate 51 . (B ) 

·---------~------------------------1_ 
The fractions 5-10 (Table 2) were combined (220 rrg), 

0 
m.p. 229-33 and crystallised from a mixture of chloroform 

' 0 
and trothanol to afford needle shaped crystals, m.p. 235-7 .• 

It showed a single round spot on TLC plate and showed 

Positive.TNM test. 

Analysis report: 

Found 81.65 

81.93 

Nujol ) IR : ~ ~:x 174o·, 1220 (_occ.cH3 , 8 90 ~ 
-1 

C = CH )em 

(Fig. 17) 

1rJ Nllffi. (360 M-iz) :Peaks at 0.94, 0.94, 0.98, 0.99, 1.01, 

(bCOC13 ) 1.01, 1.17 (7.2,, 2JH, 7 t -CH 3 ), 1.55 \.2,, 

3H, methy 1 group on double bond, = C-C!:!,
3

) 

tr 
2.13 (~, 3H, -0-~-~3 ) ppm 

(Fig. 18) 

+' + 
: 454 (M ), 439 1 M -15), " 412, 3 97 , 3 81, 2 OS, 

and 191. 

(Fig. 19) 
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' 
E:xaminat ion of fractions 18-24 (Table 2) • Isolation of 3-nor-

A 2 ' 4 ) -Friedelin-2-carbo:xylic acid, 1..1s (B 3 ) • 

The fractions 18-24 (Table 2 I "Jere combined (. 2 gm~ and 

crystallised from chloroform-methanol mi:xture to afford white 

0 
amorphous solid, m.p. 290-2 • It responded positive TNM test. 

Analysis report~ 

Found 

%C 

81.97 

81.818 

10.94 

10.909 

Nujol -1 
IR ~ <.. · 3400-2600 ~hump), 1670, 1620 em 

)) ma:x 

Mass 
+ + . } (mjz) • 440\M, 34.8), 425 <M - CH3 , 20.3 , 

(Fig .. 20) 

382 (3.4), 316 (7), 205(40), 191, 40 {base). 

·~Fig. 21) 

Esterificat.ion of 3-no~- .6? '4
) -friede1in-2-carbo:xylic acid· 

2 (4) 
~ to 3-mbr- A -methyl friedelinate 4 7b. 

3-nor-
2 '4) . A -frledelin-2-carbo:xylic acid i]a (100 rrg) 

0 
vJas dissolved in· ether and cooled to 0 by keeping the conical 

flask in a freezing mi:xture bath. To this ethereal solution "Was 

added vJell cooled ether solution of diazomethane prepared from 

Soc 11'9 of nitrosomethyl urea and was kept ovemight. On the 

follow.ing day e:xcess of diazomethane was destroyed with acetic 

acid~ The ether solution was washed With water, 10% sodium 
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bicarbonate solution and again with water till neutral and 

then dried over anhydrous sodium sulphate. Evaporation of 

ether yielded .a solid residue {90 reg). This after crystalli.;..-_ 

sation from acetone-rrethanol. mi:xture yielded needle shaped 

. 0 
crystals {75 mg) m.p. 206-7 • It showed positive test with 

TNM and showed a single round spot on a chromatoplate. It 

2(4) 
was analysed for 3-nor- ~ -methyl friedelinate 47b. 

Analysis report:. 

Found 11.07 

Calculated for c3 1H50°2 

81.79 

81.93 11.01 

IR ; ~Nujol 1710, 1225 (COCCH
3

), 1635, 850, 810 ( C 
ma:x 

-1 = c )em 

(Fig. 22) 

\i NMR {360 MHz) z o. 887, O. 942, O. 976, o. 998 ~2 Me), 

1. 96 (s_, 3H, tertiary methyl group 

on double bond) 

. 3.70 {s.' 3H, -C~3 ), 2•26 \m, 2H, 

H C-COOCH 
3

) ppm. 
-2 

/ 

+ + 
'Mass <rrvz> rel. inst. 454 (M, 34.5), 439 (M -CH3 , 31.4), 

330, 205, 191, 177' 149. 

{Fig. 24) 
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2 (4l 
HydrQJenation oJ: 3-nor- A -:-rrethyl frideli~:_ 47b ~· 

2 -carbomethoxy A-nor-friedelin i2• 
--------~~..,.~OU..I~-

50 rrg of 3-nor- .2 '4 ) -methyl friedelinate i1!:2. in 

glacial acetic acid ,1.5 ml} and ethyl acetate (1.5 ml) \-Jas 

reduced with hydrogen at atmospheric pressure in presence of 

Adam's catalyst ~1 mg). '!'he catalyst was filtered off, the 

solvent evaporated in vacu~m and the res.id\l.lle on _cry9t_a1lisa,;. 

tion from a mixture of chloroform-methanol afforded cx:ysta ls 

0 
(35 reg),- m. p. 263-5 , identical with sample of 2 o( -carbometho:xy-

A-nor-friedelene i2, \m .. m.p., CO-I.R, CO-'l'LC). 

Lithium ethvlene di·amine (Li-EDA) reduction of 3-nor- .b.-
2

(
4

)-

tertiary buty 1 friedelinate (ll,), 46 : 
-------------------------------------------

200 rrg of [!, i§. was dissolved in dry ethylenediamine 

(60 ml) and to this solution was added'· lithium m~tal '200 rrg) 

in small pieces at intervals. The mixture was reflU:xed for 2 

hours under nitrogen blanket. The reaction mi:xture was cooled 

and treated with solid ammonium chloride to destroy excess of 

lithium metal. It \-Jas acidified with dil. HCl, extracted With 

ether and treated with dil. NaOH t"o separate the neutral and 

acid parts. 

Treatment of alkali layer 'acid part) 

The alkali layer was treated with dil. HCl ti~l the 

' whole solution was acidic. Hhite solid \vas precipitated. It 

was e:xtracted with ether, washed several tirres with water till 
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neutral. The ether solution -was dried over anhydrous sodium 

sulphate. After recovery of ether, a yellowish gummy solid 

was obtained. The crude product showed a single spot on a 

TLC plate. Hence it was subjected to cz:ystallisation. On 

repeated cry~tallisation from.chloroform-methanol mi~ture it 
0 

afforded white amorJ:?hous solid m. P• 246-7 • The compound showed 

negative TNH test. It was analysed for c30H
50

0 2 • 

Analysis report: 

Found 

Calculated for c30H50°2 

81.37 

81.44 

%H 

11.29 

11.33 

<... Nujol ) -1 
IR : -v 3400-2600 'hump}, 1690-1700 '-COOH em 

rna~ 

.. 

(Fig. 25) 

Mass (mjz) re 1. int. 
+ + 

442 (M , . 13. 6), 427 (M - a-1
3

, 12.8) 

413 (6 .. 7), 318(20}, 69 (base). 

(Fig. 26) 
2 (4) . 

Hydrolysis of 3-nor- .6. ___::_:::t~ary butyl friedelinate ±§., (~) 

With 20"/o iTethanolic J:(OH o' 

3-nor- d\.4 )-tertiaz:y butyl friedelinate i§., l! \ 150 rrg) 

dissolved in benzene (2 ml) was re£lu:xed with 20% methanolic 

KoH '15 ml) for 4 hours. After 4 hours the mi:xture was then 

cooled and poured on ice-cold water when_a white solid separated 

out •. It -was e~tracted with ether and the ether solution was 
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separated from the alkali layer. The ether solution was washed, 

With li+-t le water to remove any acidic part. The alkali layer 

and water \.Jash were mi:xed and kept aside for further treatment. 

Treatment of neut-ral part. 

The ethereal solution which now contained neutral part 

only, was washed "'rJith dil. HCl, then with water till neutral 

and finally dried over anhydrous sodium sulphate. 'l'he filtered 

ether solut-ion on evaPoration to. d:ryness yielded vJhite solid 

\80 mg). It showed a single roundspot on a chromatoplate and 

responded TNM test. On careful crystallisation. from chloroform-

methanol mi:xture it yielded ·needle shaped crystals of m.p. 

0 
227-8 • It was analysed for c

29
H

48 
and was found identical 

with c1 ,m.m.p., -IR, CO-TLC) the structure of which. has been 

established as A-nor..,.friedelene 49 .. ·.- '· . 

..;-·- v 

Treatment of alkali layer (Acid part) 

The alkali layer that. remained after separation of 

neutral part was treated with ZO% HCl till the whole solution 

was acidic. White precipitatl3 that separated out was e:xtracted 

With ether. The ether solution was washed with water and dried 

over anhydrous sodium sulphate. A~ter recovery of ether, a 

yellowish vJhite .residue was left. It. showed a single spoe on 



-201-

a chromatoplate. Hence it vJas crystallised from chloroform

methanol mi:xt ure to afford VJhite amorphous powder, m. p. 2 90-

20. It was found identical with ils, (B 3 ) L- m.m.p., CO-IR, 
- . 2 (4) 

CO-TLC_/ which has been characterlsed as 3-nor- ~ -

friedelin-2-carbo:xylic acid i7a. ·- · .. ,:......- ,..- ) - ....-

Esterification of 2{) -hydro.:xy-2-carbo:xy-3-rror-Friedelane, 

c H o: \c 1 ) c H 0 (d 1 
) and C H 0 (~ 1 

) • 

34 58 3 - ' 32 54 4 - 31 52 3 

~ €>-hydro:xy-2-carbo.:xy-3-nor-Friedelane, i§ ( 200 rrg) 
0 

was dissolved in ether and cooled to 5 • To this was added 

\..Jell cooled ethereal solution of di azomethane prepared from 

500 reg nitrosomethyl urea and \vas kept overnight •. Ne:xt day, 

excess of diazomethane was destroyed with acetic acid. The 

ether solution was washed 'trJith water, 10% NaHco3 solution and 

again v..Jith water:.t i'll neutral and was dried (Na
2

so4 ) • Evapora-

tion of ether 'rielded a solid residue. 'rnis after several 

crystallisat~ons from acetone-methanol mi:xture gave needle 

shaped crystals. TI.C gave 'single spot, but m.p. determination 

did not shaN fi~ed m.p. TNM gave negative test. 

\i NMR (~OC13 ) : 2·15 and 2.21 {single proton at C-10) 

3.63, 3.68, 3.69, 3.71 and 3 .. 77 (5 methyl 

of carboxylate) ppm 

(Fig. 27) 



H 1 I +) ass : mass pea,-cs at lo/z 530,. £114, 502 and 472 \M , 

457,454,439, 429, 413. 

~Fig. 28) 

) 



1. Woodward, i-'lendler and Brutschy, J •. 'Z\m.. Chern. soc., 

2. vi•E• Doering and J.B. Chanley, J •• ~fD._<;.he[J) •• s.oc., 

§§., 586 (1946) 

3• W .. E. Doering and R.tvr .• Haines, J. Am. Chern. Soc., 

76, 483 (1954) 

4. Walling, 11 Free Radicals in solution11
, PP• 397-466, 

John v~iley & Sons, Inc. New York, 1957; Nalters, 

"Mechanisms of oxidation o£ organic compounds 11
, pp 6-

· 16, John 1-iiley & Sons, Inc., New York, 1964, ~. 

Org. Chern. 2,., 1-46 <1961) pp 17-26; Hock and Kropf, 

Angew. Chem • .§.2, 313~321 {1957 >,; Twigg Chern. Ind. 

(London) 1962, 4-11 and Frank, Chern. Rev. 1§., 155-169 

,1950) 

5. Betamen, Quart. Rev. (London) §, 147-167 (1954) 

6. McNesby and Heller, £~1U·--~~Y.:.. 54, 325 <1954) 

7. H.R. Gersmann, H.J.vt. Nieuwenhuis and l .... F. Bicket, Prcx::. 

Chern. Sec., 27 9 (1962) 

8. R. Hanna and G. Ourisson, Bull. Soc. Chim. Fr. lQ, 

3742 (1967) 

9. D.G. Hendry, c.w. Gould, D· Schnetzle, I.R. Mayo, 

J. Org. Chern., 41 (1), 1 {1976) 



-204-

lo. E.J. Bailev, o.H.R. Barton, J •. ·Elks and J.p. Templeton, 

~~~~~~-' 1576 (1962) 

11. B. Camerino, B. l?atelli and R. Sciaky, Tet. Lett., 

554 (1961) 

12• R8 H~nna and G. Ourisson, Bull! Soc. Chim. Fr. 1945 {1961) 

13. n. Lavie, E. G1ott.er ·andY. Shvo, Tetrahedron, 

19, 1373 (1963) 

14. H.B. 'i:lenbest, D.N. Jones and G.P. Slater, J. _ _f.hem. s2.9.:.., 

4472 (1961) 

15. R. Vienger, H. :Uutler, H. Wehrti, K. Schaffner and 

o. Jeger., Hel v .. Chim. Acta, ~, 2420 ( 1962) 

16. E. Elkil<., Bull. Soc. Chim. Fr., 933 (1959) 

17. R. Tschesche, E. Henckel and G. Snatzke; ~' 676, 179~1964) 

18. Chern. Abs • .§1, 14723 '1964) 

19. D .. Lavie, Y. Shvo, O.R. Glotieb and E. Glott.er, 

J. Org. Chern. 1§_, 1790 {1963) 

20. D. La vie and Benj an\in s. Benj aminov, J. Org. C1!,e~, 

~' 607 0965) 

21., c. Djerassi, o. Helpern and B. Rinil<.er, J. J>m. Chem,!..._,e,Q.9.!.., 

§.Q., 4 001 {1965) 

22• C. Djerassi and i-l. Klyme, J. Am. Ch§r_!}. Soc., 4929 (1962~ 

23 • D. Lavie and D. VHllner, J. Am. ~m. Soc., §.9., 710 \1958) 



-205-

24· D. Lavie andY. Shvo, J. A1n. Chew. Soc., §1., 3058 (1959) 

25• A.K. Ganguly, •r.R. Govindachari and P.]'.. IV"!Ohammed, 

Tetrahedron, 22, 35 97 (1966) --- -
26· D•H.s. Horn and D. Ilse, ~Chem. Soc!., 2280 '1957) 

27· J. Scotney.and E.V. Truter, J. Chem. Soc· <c), 1911 <1968) 

28. J. Scotney and E.v. Truter, J. Chem. Soc 'c), 2184 (1968) 

28• (a) Idem, Ibid, 9516 \1968) 

29• D·R· Mishra, H.N •. Khastgir, N. Sung and L.J. Durham, 

Ind. J. Chem., ~' 407 (1976) 

30· J" .s.E. Holker, Proc. Chem. ~~·, 464 (1961) 

31. N. Allinger and M·A~ Da Rooge, ~ Lett, ]2, 676 (1961) 

32 • N. Allinger and Jvl.A. Da Rooge, J. Am. Chern. .Soc., §.!, 

4561 (1962) 

33. R. Hanna and· G. durisson, Bull. Soc. Chim. :b'r~ 1945 '1961) 

34. H.N. Khastgir, B.P. Pradhan, L.J. Durham·and A.t-i. Duffield 
' . ' 

Chern. Comm., 1217, (1967). 

35. K. Chattopadhyaya, D·R· Mishra, H.N. Khastgir, Ind. J. Chern. 

12]., 21, (1977) 

36. D. Lavie, E. G1otter andY. Shvo, ~Uahedron, 1,2, 1377 

(1963 > 

37. £-1. Belkin and D·B· Fitzogerald, J. Nat., Cancer. Inst., 

13, 338 (1961) 

38. F .• J.c. Roe and irl·E·H· Peirce, Cancer Res. 21, 338 '196,1) 



-206-

39. E., Gallily, B. ' i3ho.~t, J. Kailash, s. Gitter and 

D. Lavie, ~~~~·, ~' 1038 \1962) 

40. B. Shohat, s. Gitter -and D· Lavie, Cancer Chemtter, 

41. 11 0rganic SpectroscopY~ William Kempti, ELBS Edn. 

~-~P· 24, {1979) 

42. "Organic Spectrosc?Py 11
, ttilliam Kemp, ELBS Edn, 

P• 91 ,{1979) 

43. 11 Infrared Spectra of Organic Compounds 11 
, M. Avram, 

G .. H. r.1ateescum, Wi.lley-Interscience, 398 {1970) 
Rcs.s. 

44. J.L. Simonsen and t--I.c.J,"''Tbe Terpenes", Vol. IV, 

P470, Cambridge (1957) 

45. H. Budzikiecz, J. H. Wilson and c. Djerassi, J. Am. Clliam.:. 

~oc., 85, 3698 (1963) 

46. J.L. Courtney and J.s. Shannon, Tet. Lett., .Q, 

173 {1963) 

47. A.S.R. Anjaneyu1u and N. Narayan Rao, Phytochemistry, 

.!2, 1163 <1980) 

48. B. Talapatra, B. Lahiri, A. Basak, D·K• Pradhan 

and s.K. Talapatra, Ind. J. Che~, ~' '741 (1983) 

49. K.B. VHberg and B.J. Nist, J. Am. Chem._§._09.:.,, §1., 

1228 {1961) 



-207-
50. R.N. Jones and c. Sandorfv, "Chemical Application of 

SpectroscoPy", 482 <1956) 

51. N.~. Bhacca and D.H. Viilliam, 11Application of NMR 

Spectroscopy in Organic Chemistry 11
, Holden-Day, 

Inc., 33 (1964) 

52· v.v. Kane and R. Stevensort,- Tetrahedron, ~' 223 <1961) 

53. J. L. Sirmnsen and W. c. J. Ross, 11 The Terpenes 11
, Vol. IV, 

p. 4os, Carri:>ridge \1957) 

54. B.P • Pradhan, D.K.,, Chakrabarti, S. Chakraborty, 

Ind. J. Ch~, ~' 1115-1116 (1984) 

55. B.P. flradhan et al , unpublished result. 


