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SUI"1t"'ARY. 

,;~ The resear·C::h work being repot-ted in this thesis has been divided into 

foLtr parts. 

PART-I 

OXIDATION OF PENTACYCLIC TRITERPENOIDS HAVING DOUBLE BONDS AT C-2 AND 

C-3 POSITIONS WITH SELENIUM DIOXIDE IN TERTIARY BUTANOL CONTAINING 

HYDROGEN PEROXIDE. 

Part-I has· been divided into three chapters 

CHAPTER-I 

This chapter comprises a short review of oxidations with selenium 

dioxide in presence of hydrogen peroxide. 

CHAPTER-II 

This chapter contains the discussion part on oxidation of Lup-2(3)-ene 

<!>, 2,3 dehydro methyl dihydro betulinate <!>, Friedel-3(4}-ene (~), 

and 3,4 dehydro friedel 27-H5-olide (~),in tertiary butanol containing 

hydrogen peroxide. 

SECTION -A 

Lup-2(3)-ene 1, on refluxing with selenium dio~ide in 

tertiary butanol containing hydrogen peroxide afforded a single product 

.-4- '°C characterised as lupan 2~,3~-diol ~' M.P. ~ ~-o , which was isolated 

·after acetyl~tion as lupan 

molecular.formula C~4H56o4 + -Mass : m/e 528 <M , 86%) ; 

~'"'1 ·-·0 c ..:::..::. -..::. ; 2~,3~-diyl acetate 3, M.P. 
-1 

IR: 1750, 1270 and 1250 em <-CO-CH<i; 
·-· 

< 
1

H NI"IR 

The structure 3, is established from s~ectral studies 

Mass and IR ). The mode of reaction mechanism and formation 

of 2 and 3 has also been discussed. 

I 
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SECTIOI\!-B 

2 3 

In this section the oxidation product of 2,3 dehydro methyl dihydro 

betulinate (~), is discussed. 4 on oxidation with selenium dioxide in 

tertiary butanol containing hydrogen peroxide furnished a single 

product isolated after acetylation as 2~,3a-diacetoxy methyl dihydro 
. 0 IR betulinate 5, molecular formula c35H56o6 , _M.P. 209-10 C; 1730, 

-1 + 1710 and 1230 em · <-CO-CH 7 and -COOCH<) ; Mass : m/e 572 <M , 4%) 
._... -· 

The structure s·is based on spectral analysis ( 1H NMR , IR and Mass) 

COOCH3 

Rc. 0 

COocH;; 

4 5 

SECTIOI\!-C 

Friedel-3(4)-ene (~) on prolong heating with selenium dioxide 

in tertiary butanol containing hydrogen peroxide furnished two 

products isolated and characterised as lupanone z,c30H50o, M.P.207-8°C; 

IR: 1715 cm- 1 <-CO); Mass :mfe 426 <M+,14%> and friedelan-3~,4~-diol 
8, c30H52o

2
, M.P. 235-6°C~ IR: 3340 and 3380 cm- 1 <-OH), Mass m/e 

+ 1 . 
444 <M ,72%), from H NMR, Mass and IR spectral studies. 

1I 
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6 7 

Their formation and probable mechanism are also suggested in this 

section. 

SECTION-D :· 

3(4)-dehydro friedel.:1n 27-t15-olide <~>,on similar tre.:1tment under 

identical condition afforded a single product isolated and 

characterised 

M.P. 270-1°C; 

I 
as friedelan 3(3',4a-dihydro~·:y 27-~' -=-~-olide 10, c30H48o4 , 

IR 3500, 3440 <-OH) and 1760 em (y-lactone), Mass : 

4-~. ("1+ ,...,,.., •. ) /a::. I" ' .,::...::_ /,. a 

9 10 

The structure 10 is based on Mass, IR, 1H NMR, and 13c NMR spectral 

analysis. 

CHAPTER-III 

This chapter describes the experimental details of the work discussed 

. in CHAPTER- I I 

III 



PART-II 

ACTION OF N-BROMOSUCCINIMIDE ON PENTACYCLIC TRITERPENOIDS OF LUPANE 

~ AND FRIEDELANE SKELETON IN DH'IETHYL SULFOXIDE. 

Pa~t-II has been divided into three chapters. 

CHAPTER- I • · 

This chapter constitutes a b~ief review of previous related works done 

with N-bromosuccinimide. 

CHf.:iPTER- I I 

Studies on the action of N-bromosuccinimide on friedel-3<4>-ene <11). -. 
30-bromolupenyl acetate (14), lLtp.:1n 20(29)-ene,3(3,28-diol (!:_§), lupan 

20<29)-ene,3(3,28-diyl acetate(18) and lupan 

acetate (21) taken in dimethyl sulfoxide. 

20(29>-ene,3(3,30-diyl 

SECTION-A 

Friedel-3(4)-ene (!:_!) vJas taken in dimethyl sLtlfo:dde and kept 

in dark·for 24 hours with N-bromosuccinimide. After the re~ction two 

p~oducts were isolated and characterised as 3a-bromo olean-13(18)-ene 
0 to 12, molecular formula c30H49Br, I'"I.P. 200-1 C; responded Beilstein 

test for halogen and gave yellow ~olouration with tetrani~~omethane 

+ B 79 . + 77 U (TNI"D, Mass : m/e 490 <M 1 , r , ) and 488 (1'1,., , . Br ) and 3(!.-hydro:·:y 

olean-12(13)-ene 9, c301-150o, M.P. 229-30°C, ~N1'1 test positive but 
-1 

Beilstein test for halogen negetive, IR : 3380 em <-OH), Mass : m/e 
+ 

411 ( t'l 7 11%) a 

HO 

11 12 

IV 

13 



SECTION-B 

LLtpenyl acetate ( ~) , <prep.:1red fr·om 1 upeol, 14 

~ see E~·:per·imental ) v~as dissolved in acetic acid cooled at (2)!:.!(-5)°C 

~-., 

-~· 
0· 

and bromine was added. After the reaction a single product was 

isolated which was identified as 3~-acetyl 19a,29,30 tribromo oleanane 
0 -1 

~~ moleculal~ formula c32H51 o2Br~3 ,1"l.F'. 225-6 C, IR :1690 and 1255 em 

( -COCH~), Beilstein test +or halogen was positive but did not respond 
~ + 79 "+ 77 

to TNM test, Mass: m/e 710 <M 1 ,Br ) and 708 <M
2 

,Br ). 

R.O 

SECTION-C :· 

14, R = H 

14a, R = Ac 

A co 

.. 
15 

Lupan 2\Zl\29)-en,:-.::.~,28-diol <!E>,on similar tt-eatment under 

identical condition furnished a product isolated and identified as 

3-keto oleanan 28-19-m:o,29,30 dibromide 17, c30H46o2 Br2 , M.P. 232-~.:::0c 

IR : 1720 cm-l <-C=O) ; Beilstein tes~ for halogen was positive but 
+ 79 + 77 TNM test negetive Mass: m/e 599 <M 1 ,Br , 2%) and 597 <M2 ,Br ,6%>; 

8'1' Bv 

HO 0 

16 17 

v 



SECTION-D 

Lupan 20<29)-en,::.:;(3,28-diyl ace·tate (~), on similar· treatment under 

~ identical condition a·fforded two compounds ~ and 20. 

·~ \:., 

They were identified as 30-bromo lupan 20(29)-en-3~,28-diyl acetate 

!J, c
34

H
53

o
4
Br, I"I.P. 169-70°C ; IR : 1730 and 1240 cm- 1 <-COCH'...,.) .l"lass 

m/e 606 <M;, Br 79 ,0.8%) and 604 <M;, Br77 ,1.6%) and 30-bro~o· lupan 

20(29)-en- 3~.28-diol 20~ C_~H~nO~Br , M.P: 202-3°C ; Beilstein test 
· - · .:..w.s w\U ..::. -1 

was positive and produced yellow colouration with TNM 9 IR : 3390 em 

Cb,-OH); Mass: m/e 442<M7) or 440 <M;) which was_
9
less t~;n actual 

molecula.r ion mass pl~a~ably ·due ·to lass of one 1-1Br 1 or HBt-' unit. 

Slc:.. 0 
ReO HO 

18 19 2121 

SECT I ON-E 

lupan 20(29)-en,3[5',30-diyl acetate (~),on similar· treatment 

with N-bramosuccinimide in dimethyl sulfoxide furnished a compound . 
id•ntified as lupan 20C29)-en.30-al.j~-yl acetate 22. C H 0 • M.P. . . - . 32 5Q) ::~ ~ 

224-5°C, Beilstein test for halogen was negetive but produced yellow 

. colouration with TNM indicating presence of double band. IR g1730 cm-l 

<-CHO) and 1700, 1255 cm- 1 <-COCH_), Mass: m/e.482 <M+,24%) • 
. .;. .. 

.. RcoJ .... OHC,__jj 
• '. • ~·.-J .... 

Reo fico 

21 22 



~· 

All the above structures are establlished from Mass, 
13c NMR spectral analysis. 

CHAPTER-III 

1 IR, H I'·.IMR and 

This chapter constitutes the experimental details of research work 

described in CHAPTER-II~ 

PART-III 

OXIDATION OF PENTACYCLIC TRITERPENOID KETONE, LACTONE AND ESTER WITH 

META CHLOROPERBENZOIC ACID IN CHLOROFORM. 

Part-III has been divided into three chapters. 

CHAPTER-I 

It contains a brief review of oxidation of triterpenoids with meta

chloroperbenzoic acid in di~ferent solvents. 

CHAPTER-II 

;8 This ch.:1pter contains the discussion on o;-:i d.:1ti on of fr i edel in <23) ~ 
:::::-o>:o ·fr i edel an 27~ 15-ol ide (25) and acetyl methyl betul i nate (27) 

~ith meta-chloroperbenzoic acid. 

SECTION-A 

Friedelin <23), \o'Jas reflw:ed with meta-chloroperbenzoic acid in 

chloroform for 6 hours and after the reaction the single product 

obtained was identified as 3,4 seco friedelan 3~4-olide 24, C7 _H~0o~• . 0 - 1 - + ._,It) ....J •• • • 

t-·J.P. 271-2 C, IR : 1720 em. (s-lactone) ; !"lass : m/e 442 (N , 312J%). 

by comparing with authentic sample < M.M.P. and Co-lR) 

VII 
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0 

SECTI'ON-B 

3-o~·W friedelan :;:; -+ 4-olide Codolactone} on similar 

treatment afforded a single product, which was identified as friedelan 

3-4 4, 27 _,.15-di ol ide 26, C~~;0H46 0 11., 1"1. P. >300°C ~ IR : 1760 and 17:30 cm- 1 
- ... + 

(&andy-lactone>; Mass: 470 (M >. 

0 

SECTION-C 

Acetyl methyl betulinate (27) on similar treatment under idehtical 

condition furnished two ~~oducts characterised as 29-nor-3~-0-acetyl

lupan-20-0-formyl 28 methyl carbo;.{ylate 28, 

IR : 1740, 1250 

methyl 20-oxo-betulinate 29, c<,.,Hc:-...,..oc:-, 
·-•.a:.. :.::J\U ,.J 

did not respond to TNM test, 

544 (1"1+) and 29-nor acetyl 

~.P. 211-2°C; IR ~ 1730, 1260 

colouration with TNM. Mass : 

-1 . 
em <-COCH~> " 
m/e 51i.J. 01+·~· •. 

did not produce yellow 

. COOCH3 

Ac.O Jleo A eO 

28 29 ...,..-

VIII 
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1 
All ·the 24, 26, 28 and 29 str-uctur-es are based on · H NMR ~ t1ass and IR 

spectr-al studies. 

CHAPTER-III 

Exper-imental details of work described in CHAPTER-II. 

PART-IV 

REDUCTIVE CLEAVAGE OF SEVEN MEMBERED LACTONE RlNG WITH LITHIUM IN 

ETHYLENED I Al'1 I NE. 

This par-t is also divided in th~ee chapters 

CHAPTER-I 

It constitutes a short r-eview of lithium ethylenediamine as a r-educing 

agent.· 

CHAPTER-II 

This chapter contains studies on r-eductive cleavage of 3,4 seco 

friedelan 3~4-olide (3QD and ·friedelan 3-'t4, 27~15:...diolide (32) with 

lithium in ethylenediamine.· 

SECT I 01'-..t A 

3,4 seco f1~iedelan 3~4-olide (3QI) was reflu;.:ed 1t1ith lithium metal 

dissolved in dry ethylenediamine for- 2 hours over heating mentle. 

After reaction 

fr-i edel an ::;:; , Ll· 

( -OH) ; !"lass : 

0 

the product obtained was identified 

d . 1 -1 - H c· ~1 F· 1-~ 4°C IR • -4~rn 1 0 -..::.. ' c30 50 J2' ,. • • 1 .,;.- · ' • ..:., ..::."' 

+ m/e 428 <M-1-1~0) • 
..::. 

3QI 

IX 

as 
-1 

em 

3,4 seco 

(br-oad) 



. , 
:~-

SECTIOI'-.1-B 

Friedelan 3~4,274 15 diolide (32) was redL\ced with lithiLlm 

metal dissolved in dry ethylenediamine at room temperatLtre and the 

prodLtct obtained was isolated after acetylation. It was identified as 

fr i edel an 3, Ll· di aC.eto>:y 27 ~ 15-ol ide ~, c34H54o 
6

, 1"1. P. 241-2°C IR : 
-1 + 

1750 em <-COCH_)~ Mass: m/e 558 <M , 7%) • . ::,, . 

0 

32 

' 

Both the str·LtctLtres 31 and 33 are established ·from 1H 1\JI"IR ,. l"'lass and 

IR spectral analysis. 

CHAPTER-III 

The experimental details of the above two lacto~e cleavage are 

described in this c,hapter • 

X 
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PART-I 

OXIDATION OF PENTACYCLIC TRITERPENOIDS HAVING DOUBLE BONDS AT C-2 AND 

C-3 POSIT.IONS WITH SELENIUM DIOXIDE IN TERTlARY BUTANOL CONTAINING 

HYDROGEN PEROXIDE~ 



,..,.. 
'·-~~ 

CI-IAPT£R-1 
u a • a n-a u a a 

\. 

.·A SHORT REVIEW- ON REACTIONS OF SELENIUM-DIOXIDE IN PRESENCE OF 
a • a a u a u # a n a n a Q a a u n a • q a a a a a u a n a a a a a a a u a o a a u u u a • a a n a a a a a a a ~ n a • a • • n a b a a 

'HYDROGEN-PEROXIDE. 

The_selenium· dimdde<SeO, .. .,) catalysed reaction ·of -·hydrog_e_n pero>:ide 
. ~ 

< H,....O,.,) h_as - been · widely used for perform~~ ng . var· i ous old dative' 
.,::. .t... 

_transforma-tions.· A brief desct-iption of some .old dative transformations 

are summerised below. 

Seg~in1 p~eplred trans cyclohexanediol free of -cis-compound from 

cyclohexene using H,....O,.... in ~resence of SeD,.... and also prepared 1,2 dials 
~ ~ ~ 

cyclopentadiene from cyclopentadiene. · .. 
..... 

Curtis et al~ ~sed SeD~, -as catalyst in presence of hydrogen peroxide 
. ..:.. 

to oxidise acrolein and methacrolein to monomeric acrylic and 

methacrylic acids and· suggested that at first selenious acid oxidised 

to ~elenenic acid with H~O~ than that selenenic •cid 
..::.. ..::. 

.reacted 

et ai 3 with acrolein to give acrylic acid and ~elenious acid. Payne 

investigated th~ oxidation of cycloheptanone~cyclohexanone and cycle 

peri-t:anone with S_eo"'=' :in. presenr.:e of . ..:;. 

,cyclic ketones might undergo the 

H~O,.... . .::.. ..::. 
well 

and anticipated that the 

known reaction with SeD,.... 
..::. 

giving ~-diketones with H.-.0" serving merely to oxidise selenium 
7 ..::. ..::. . 

metal back to dioxide. They~ observed that along with other competing 

reacti<Jns~all three ketones unden~~Jent O)ddative ring ·contraction to 

cyclohexane~ cyclopentane and cyclobutane carboxylic ~~ids in 34,32 

. and 23% yields, respectively. 
0 

Q ~COOH 

\cH;,{~ 
n :::: ~. 34% .,:;., 

n ·- 1 
' 

32% 

n :::: o, 23% 
4 

Sonoda et al ·studied oxidati·on of aliphatic ketones, RCH~COR with 
. . ..::.. 

H2 o 2 ~n presence of,Seo2 i~ tertiary but~nol solvent<t-BuOH) and got 

carbo~{ylic ac:ids,RRCHCOOH ac:c:c.lmpanied by r·earrangment of alkyl _groups. 

R-CH 

2"' 
/ 

R 

c:::o SeO,....-H ...... O...., 
..:: ..::.· ..::.. 

t-BuOH 

1 

I 
R' 

""'-
'CHCOOH 

/ 
R 



; 

Where R = H, R = R = alkyl group 
·~ .1 .. ~ ,..,. ,·,ey .used acetone~ methyl ethyl ketone, methyl-n-propyl ketone~ 

and diethyl ketone as starting material. They suggested that the main 

rearrangement observed was due to migration of the alkyl group having 

smaller number of carbon atoms to the a-carbon atom of the larger 

number of carbon atoms; to the small one also occurred in some degree. 
c:· 
•,.1 These workers shared the view of Hughes and Martin who proposed the 

formation of peroxy selenious acid 1 from SeD_ by the action of H~O~. 
L 4 4 

HOOSe DOH 

1 

The following mechanism was presumed by these workers as shown in 

scheme -I 

.------ R- CH - C:::::Q 
2 r 

R 

HOOSeOOH 

HO 'Se /"" 0 0 

lt/t 

SCHENE-I 

- H
2

Se0
3 
+ o ... H 

/~\ 

R- CH=C-OH 

I 
R HOOSeODH 

0 
/""-. 

R-CH--C-OH 

I 
R 

R-CH----C-DH 
r 

R-CH--C-OH R-CH-R 
I 

R "---~' CDOH 

6 7 
Caspi et al ' reported that steroidal 3-Ketones in the 5a and 

5~-series with H~O~ in presence of SaO~ gave ring-A contracted acids 
4 4 k 

and products of bond scission on either side of the carbonyl group. 

The compound with A/B - trans junctions~ 17~- acetoxy. 5a- androstan 

-3-one 2a gave lactone ~ ·and i:\Cids 4 and =·· ;;.J. The 

oxidation of 17~-acetoxy -5~- androstan -3- one ~~' gave lactone 6 as 

single pr-oduct. 

2 



~-

0 

HOOC~ 
HOOC~ 

I 
H 
4, 

OJ~ 
I H 

1-4 

~' 

Jerussi et al 8 studied the oxidation reaction of 5a-cholestan-3-one 

7 with selenenic acid and 30% H~O~ in tertiary butanol.The~ found a 
.t:. ,::. . 

complex mixture of acids which on esterification gave 2a- carbomethoxy 

-(~-·nor··- 5a- chol estane '! § in 35% y:i. €~1 d? -::.;11- carbometho>; y-f..)·-nor·-.. 5a-· 

cholestane· 9 in 4% yield and methyl 2,3-seco-5a-cholestane 2,3 -

di<::late 11ZJa :i.n 8 "/ ,. y:i.<eld. 

z, 

3 

CHa<oo •• ~ 
I 
H-. 

!!., 

ROOC~· ". 

r<ooc 
I . 

-... 
I 

·H 

11ZJa, R=CH3 , ~' R=H. 

• 



,.--..._ 

·~ 
.~' 

The mechanism proposed by Jerussi et al
8 

are summerised in the Scheme 

-II 

SCH£N£-II 
•a•aaaa•.• 

¥~ext} :~nJ 
Ho, £:\ . ] ~o-

HzSe04 a. , 
HI,Ot, ;~o't~ ~ -· 

\-tOO 
OH OH 

l - H,zSe04 1 C H.z, N' .z. 

)J] 1--!.zO.z, 

~ 
ca 

9 
Corey et al' reported the formation of a new ph6toxidation product 

!.?.,obtained by irradiation of acidified ethanolic solution of ~-amyrin 

11 for 2-3 weeks with Ultra - Violet Lamp <through pyrex glass> 

+ 

HO 

11, 

>:;) 

They· also reported the 

::··" "'· pho"to>:i dati Ol"\;':.·~;~f Pt~~u:nyr in and 

chemical and spectral analysis. 
. 9 

'·They· .-,·further synthesised 

UV-light 

HO 

12, R1 = CH
3

, R
2

=H > F<
3
= CH3. 

1'3, Rl =··· H,· R2= CH'3) Rg = CH3. 

formation of · 13 in small amount by 

establised the structure as 1'3 by 

the 12/13 -- --compounds from olean 



~ .. 
~ 

· 'l 14 ;· l.J""s· .... ·1'::.'-er1-""' .... ··.~ 11"'-dl. ol 14b by t"'·e.::-t11le1·1t vJi th a 12·-en--3(1, 11et-dlo. -·-~ 1 - 1J' ..... ·---·- 1 '"' 

mixture of hydrogen peroxide and selenious acid in t-BuOH. The 

mechanism first proposed was as follows:-

HO 

~., R1 :::: H, R,.... 
...:. 

14b, R1 :.".:: CH3 , R 

However·, this I,A,1C~S shovm 

'"" CH3 

""' H 
2 

not to be the 

HO-o 0 
tJ "" /1 t Se 

I 1-10 

\._,\ 
0 

12 I 13., 

actual mechanism of the 

14a/14b from the fact that the 

t··eaction of the 11-epimet-ic :l2-en-::::;[1,11[1-diol with the same· reagen·t 

also afforded the same product !~I!~ and not the epimeric epoxide. It 

evidently shows that the c -·0 
11 

bond is during the 

reaction. This suggested an alternative mechanism in which the 

isomeric dials furnish the same C-11,12,13 allylic cation which reacts 

with the peroxide to form 12-en-3(1-ol-11a - hydroperoxide 15. This in 

turn undergoes acid catalysed 0-0 bond fission and carbon rearrangment 

tc:l give !~/ !~ 

+ 
H OH 
"-.-I 

0 
12 I 13 

15, 



~ They suqested that selenious acid merely functioned as an acid 
-,.. 

catalyst and could be replaced by other acids. 

Kitagawa et ali@ studied the photoxidation of oleanolic acid 16 and 

"'t t-epot·-ted two product:::. !Z ~ !~ togethet- vJi th stay·t i ng me:~ ten- i al • 

co pH 

HO HO HO 

18, -16, 17, 
iii -

They suggested that the formation of 17 from 16 took place via 

hypothetical intermediate 19 in which carboxylic function at C-17 was 

pcH"ticipating . 

HO 1-10 

19, 18., 

• products _ 21 Irradiation of erythrodiol 20 for 100 hours afforded t~t·o· 

and 22 together with starting material. 

HO HO 

6 



·'• 

Thay 11 suggested that the formation of 21 from 2w· took place via 

intermediate ~~! in which unshared electron pair of 

pa,~·ticip<:\ting 

17(~: .• cJ-·I, •. ,OH was . ..::. 

+ 
H OH 
'\._,j 

0 ... .. , 
> 

21., __. 

Kitagawa et al 
12 synthesised 21 and 22 methyl-3-D-acetyl 

oleanolate 23. as shown in the scheme-III 

SC t·t ENE-· I I I 
a a u • • h a ~ a a · 

CHzOK 

) ) 
LRH 

HO 
23 _., 

21 + 22 

a Jeget- et .::\1
13 studied the action r.:H: H, ... ,O . ..., on L\F'SOl ic acid C:\Cetate 24a 

.s::. ~ 

in hot gl~Kial acetic acid and reported the isolation of three 

compounds designated as u1 rc H 0 · U 'C H 0 · U ·c H 0 · d '"32 48 5 1
' 2 ~ 32 50 5 1

' 3 \ 32 50 5 1 an 
assigned the structures 25 and 2~ for u1 and u3 respectively and did not 

assign any structure for U~. But Simonsen et al 14 disapproved structure .. ::. . 

25 for u1 and suggested the structure ~Z or ~§ for u1 without providing 

any positive evidence in support of their proposition. So Majumder et 

a1 15 reinvestigated this work and isolated u1 , U~ and methylester of 
..::. 

u
3

. They revised the structure of u1 and established the structures of 

u' .. :·· and u..,!' f I~ om spec:tt--al and chemical analysis n .. :.. ._, 

7 



~ 

fico 
A co 

:25 -· :L1 -· 

Reo 
RIO 

2S 

24a, r-:;:1 ::::: Ac, R_., = FC, - R ... , ... , 
..::. .;;. 5 

24e, R :r.:: ?~c' R = F.: = R = H. 
1 

,.., 
3 5 ..::. 

R 
4 

f"' t'le, R COOI-I -· = -· = "5 I 
R = R = Ne, p - CH20H. 

4 6 "'7-

24b, R1 = Ac, F~-~ ... R = R :r.:: H 
..::. 3 4 

24f, R ::::: Ac, R,.,:::: R.,!.== R = H. 
1 ..::. ·-· 5 

R""' ...I 
= r.:;: ~-= l"le; 1··~·-· = COOI-I 

6 I 
R~.1 • R.= Ne,R~= CH~OAc. 

. (:I I ..::. 

24c, R 
1 

... R,.., = R_,. - r· - H 
..::. . .::. . "\.5 24g, 1~1 ::: f..lc. R2= R::(' RLl:::: H. 

R4 = R -· 6 
Ne" F<.... = CH,.,OH 

. I .::. 
R =. R6 = Me. R- = CH~OH 5 ' I L 

24d, R 
1 ·- r· = .. "2 R.,r ::::: · Ro:.- ::: H 

.... t ~ 

24h,R 1 =R
2 

= R
3 

= R4 = H. 

M f .. , = C' .. l tJ·-, e ? .\7 r· ~.r ,.,c R""' • R, = Me,R~ =CH~OAc w 0 / .t:.. 

I~C ' R,., = R..,!. :::: R Lt. = H R P M R CH o~ ? 5::::: \6 ::: e, 7 ::: 2 HC • 
..::. ..... 

. 1 '5. 
Mc.Uumdet- ert .:i.l suggested structun:.> :::.~[5-a.cettJwy 11a-12a epawy ursa.n·-

-28-oic-13<28)-lactone 29a for u1 

3~-acetoxy-12a-hydroxy-ursa.ne-28-oic-13 (28)-lactone 30a for u2 and 26 

for U~ from PMR and other physical data. 
·-· 

ReO 

- Ac, R = H R = R - Me, 3 , 2 4 29a, R 
1. 

30a, R = 1·-1 ' R ::::: R.~ :::: t1e 
2 1 .:.:.. 

Ac, R = H R = R = Me 2 ~ ::; Lf. 29b, R1 = R = H, R = R ::::: Me 
1 ~. ::.;.· ~.~ 

30b, 

8 

0 



y 
,/ 

1~1.::-1 j umder et 
.; C:' 

al J. ·-' suggested the following mechanism for the for·mati on 

o·f ul, u,...,, and U-::. as shown in Scheme IV 
. .::. ·-· 

~,_Q 
SCHENE-I.V 
aa~t•uaaua 

c"'~ .... c ~/1-1 JL 
I 
I 

0 OH 
H ()., H 

---t ~ 

11 
0 

u,z. 
Ua 

0 

24a, 

After isolation of products ~~~~ ~~! and 26 from ursolic acid 

24a the action of H_O_ in boiling acetic acid. Majumder et --- ~ ~ 

COOH 

0 

.::1cete:'\te 
u.; 

al 

carried out this reaction to oleanolic acid acetate 24b and isolated. 

epoxy y-lactone 29b and 

derivative was absent. 

12 hydroxy y-lactone ~~~ but keto 
16 They suggested that the presence 

dihydro derivative in case o-f: 24a and the absence of keto 

dihydr·o 

of keto 

di hyd1~o 

derivative in case of oleanolic acid acetate 24b was due to the 

additional steric effect of 19-methyl group in 24a. 

Based on the assumption that 17-CH2 0H group in the ursane and 

oleanane systems might undergo necleophilic p.:~rt i c i pa.t ion 1 i. ke 

9 



reaction with uvaol 24c and ervthrodiol 20. ---- . 
case of In H,._,O,-:,-AcOH 

• !! .. -~ 

24c three products were 28-0-acetyl uvaol ~~~~ :.::;-o .. -ac::et yl Uvaol 24e 

and 3~28-0,0-diacetyl ~vaol ~1f, similarly~~' gave ~1g, ~1~, and 24i. 

T The total t:1bsence elf any o:dd.::1tion p1~oduct in the reaction of 24c and 

~-

20 with H~O~ -AcOH established the significant role played by the ---· . .::.. ..::. 

C carboxyl grqup in initiating oxidative transformation of 24a and 
1.7 

24b. They 16 finally suggested that for any appreciable oxidation with 

H~O~ to be initiated by the 1.2,13-double bond in the ursane and 
,,::,, . .::. 

Oleanane skeleta, !~! £C!!!~£!_£!_!Z=£!C~£~t!_£C£~e-~!!_!~ __ !!!!~!!!! 
!:.~.q~_!.t.:.!!!'!!~!.! h 

The SeD~ catalysed reaction of H~O~ on pentacyclic:: 
· . .::. 1-' ..::. ..::. 1 '7 

3-ketone was studied by Pradhan et al 1
• They ' observed 

that lupanone ~! on oxidation with and preparation of H~O-
.t::. ..;~,~ 

1 1 
..,. .1. •• up-· ···ene·-.:;..-·one catalytic amount of SeO? in t-BuOH afforded 

.-, .. dO-oL:St.i ""7 .... -.. • 

..::.a-carboxyl-A-nor-lupane ~~and L,~ seco-lupane dicarboxylic acid ~1; 

with excess H~O~ 31 furnished 4, 23~24 tri-nor-lupane 3 5 elide, a 
..::. ~ 

6- lactone 35 together with 21 34 

0 
0 

34, 

10 
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.,..+--

1'~ Pradhan et al ·' suggested ·the following mechanisn for the formation 

of 6-lactone 35 shown i~ scheme-V 

Hz,O~ 

) 

SCI-IENE-V 
aa11rtanan 

H-O- ~7 
H-o-o·~j 

18 Pradhan et al performed similar reactions 

+ 
H 

(0] 

- H:z,O 
) 

H-~~1 
00·.,.....0 " .) 

H- .... 
f'l 

H 

) 

i 1'1 t-Bu.OH of H,..,O, ... --SeO .... 
"'~ ..::: . £ 

on friedlin ~~ and reported the isolation of 2,3 seco-friedlinic acid 

~z~ 2a- carbcxy-A-ncr-friedlin 38 and a 6-lactone.39. 

0¥] 
HOOC 

0 36d 
HOOC -· 

'36 -· 
3't ov -· 

HQOC/g:] 
39 11 

¢_! 



18 
The mechani•m suggest~d by Pradhan et al shown in scheme-VI. They 

suggested that the formation of 6~lacton• 39 proceeded via the 
~ · .. -, ..... --.. t' ... - ·o'''.f·· : ··t' he:· _;d-. l·. 1-.·.e-to'.'ne .. ::_-:.~_§'e c-..~. ·d·l· osph':::.n.ol-,--lo. :._,_-56i3-,~-~,-;·,·36c:\·-·J '-·,[; ··forma· 1~orr . .,.- "'· . --~------~---~~ -.,---:-

SCHENE -VI 
a a a n n n a • • n 

SeO.z :MJ 
"36t:l _, 

H-t 0~-] . n. ' 
H-O 

H:Fo'-o~ 
+I 

H 
I. - CO.z, 

2. [0] > 

., . ., 

Ho ] ).o:y; 
' ~~:uJ 

36b 36C _, --· 

Anjaneyulu et al 6 ~ rein~estigated the oxidation of friedlin- 36 with 

H2o2-seo2 in t-BuOH and reported the formation of friedel-1-ene-3-one 

36d and friedelola~t6ne ~!along with· 37 and 38 already reported 

by Pradhan et a1 18~ 

Pradhan et a1 23 extended the reaction to taraxerone !~,a 3-Reto 
......... 

triterpenoid having a trisubstituted double bond. They~~ reported 

that-40 on oxidation with H~O~ in ~resence o~ SeQ~ in t-BuOH afforded 
-- .t::.. ..::. . 4· 

lOt ,2at-ep.t1)dde 1!·1 4, 23, 24-tri-nor-tar<i;u:erene 3 5 elide, a 
6- lactone 42 and tara~erene-e-lactone 43 from neutral part and 

2a-carbo:-:yl-A-nor-tara:-:erene 44 together with· 

seco-dicarboxylic acid 45 from ·acid p~rt. The formation of the 

·products ~! 9 !~,!~,!! 9 !~ shows that in SeO~ oxidation of tara:-:erone !~,no 
..::. 

migration of 14-15 doubl~ bond took place. They concluded from 

+ previous studies and present observations that ·the 6-la_ctones were .... _., 

i2 

) 



-~-

formed irrespective of the presence of methyl groups at C-4 position. 

Further isolation of &-lactone ~~ supported the mechanism of formation 

of 6-lactone via the s-lactone.They also suggested t~at the epoxide 1! 
1-r;.o 

was most probably formed via A - unsaturated ketone. 

0 

40 
-) 

o;;:t] 
....... HDOc--51] HOOC·;rJ 

HOOC . . 
..., 

" 43. 
4~ -· 

24 al e>:plair.ed oHidation of taraHastene 46 and 
Talapatr·a et 
~-taraxastene 1Z to give the corresponding aldehyde 48 on the basis 

of mechanism shown in scheme-VII 

~ 
H 

CHO 

+ -:;. 0 
Se 

'-OH 

.. 

< 

OR 

SCHF.NE-VII 
d n n n n a Q n n a 

+ / OH 

Se- OH 
'-.. OH 

13 

0"')_ 
Se 

v 
I c:H ~ 
H- OAc 

v 



47, 
46, 

·""\C" Pradhan et al~~ carried out the reaction of olean-12,15,dien 3,11-diol 

48awith:H~O~ p-toluene sulphonic acid under identical condition of 
--- •• ~ .c;. Corey et a1 9 : with a view to produce the multiflorenol derivative 51. 

But they26 isolated to isomeric y-lactones identified as 3~-acetates 
of c12-nor-olean-15(16)-en-i3a-carb~19a-olide 49 and c12-nor-olean-18 

( 19) -en---1:-:.:.(1-carb ~ 15{~-ol ide ~~· 

HO HO 

. 48a. 

HO HO 

51., 

14 



-~· 

~·~ : f::::_ ~ 'I ! ·~ a.CR.ta..te. ' 

(1--amyr in" ~! in 

F
·radhan et al 26 studied the re{ac:ti on of SeO--:.-H.-/1-;.' on .1- .s:;.. ..... 

_t.;..BLIOH -:and reported .two c:ompounds as 11ct.1 1201.-epm:y-:-tara:-:el~,...14-·en-3(3-yl 
aceta-tra · .§~ a:rid ·4;l'd?12,ci-:-epcn:y-ta_I'"al{et--_:l.~-:-~r-l.,..::.:.~··::p1 ~~ whi 1 e on simi 1 ar 

· tre:at~·ent'~·CI.:-:;a:myf·;·lri a:t:eta·l.:e ~~ f unl i shed ll'ct,l-2ct·· .. epo>:y-:-urs-14-en-3(1-yl 

aceta"btf · §§ ·arid. J l.ct ,.12ct-:-epo>~ y-ur s-14-en-:3(3-ol_ 56 

R1
0 

.... 4 
R . .::.=R ·=CH 

I? "':!' 3 
R..:..=R·-'=Cl-1 

:!· 

p,'o 

52 ~I 

55, 

56, 

1 ...., 
F\ = R..:..=, H, 

1 4 R =Ac, R = 
1 4 R =R =H, 

H, R
3

=R
4

==CH..,. 
""!f" -..:· 

R.::':::: R4= CH-.. 
lj .....,.. .::.1 

H, R..:..== R . .::·==CH<. 
roo; ._ ·-' ·' .... 

R""==R·- =CH-:: 
·-· 

26 They studied the action of SeO~-H~O~ on acetyl oleanolic acid 57 and 
4 4 £ --

acetyl methyl oleanolate. §~ in t-BuOH and isolated ~1a,12a-epoxy-
ofec\nan-28 ·1:3-ol i:de-!·w?--Yl·<· .. aC:(::I.:a:te: ,§~. ,an.cJ. l}:~ :1 12a-,epoH y-_ol eanan-

. ·28 1"3'-ol i:!~re-.:7si3i:ibt i'~~·~·· Under si·mil.ar condition me_thyl acetyl w-sol ate 

'· · 61 ;c\{H'ordiid 'b;~o comp:oLihds i dent if i ed -as. 11ct_, 12ct..;.ePC?>:y-urs-28 13-·ol ide 

-:-3(3-:fyJ:,'. 'a_c_e··!;,:{:t·t.e .§~' an.d UCJ., .12ct-epo:-:y-urs-28 ~ 1-3-ol i de-3(3-ol §~. 

1074 ~?2 
r~ 0 

t\ -· 
r· r- t~ 

r t-. ~J 

15 
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r::.7 R1 · A 
2 . ..,. 4 r::. 

;;;} ~ ::::: .. c ~ R =H~ .R--'=R =CH":l' ? R.J=COOH 
·-· 

58,R 1=AC:, 2 R3=R4=CH~. 
r::. . 

R =H~ R;;J=COOCH":l' . .:. .. · ·-· 
1 . 4 . ..., -:; r::. 

-61, R =Ac::, R =1-1, 'R..:;.=R'-':=CH"'' R;;J=COOCH..,. 
~ ._, . .;:.. 

1 2 -:!· 4 5 
65,R =R =H, R~=R ·=CH..,., R =CH OH ._.. 2 

{ 

Pr-·adhan e::t aJ.~27 also C:al'".l'"i ed 6ut ·the r·eai::ti 6n on erythr-odi ol 65 when 

·the pr-odu~t 60 was formed whereas similar oxidation on 

tri-acetate 66 furnished- the epo>:y derivatives 2Z and §§ only. 

r:lco ... ... 

from these reactions the~ concluded:-

HO 

67, R = Ac 

68, R = H 

the 

(1) the reactidn is identical to the photochemical -oxidation in the 

formation of 11,12, epoxide. 

<2> the C-17 Carbomethoxy group as well as the CH~OH group at the C-17 
..::. 

position_is ~lso irivolved in the formation of 28 13 lactone ring. 

(3) the primary-CH~OAc group at C-17 do not undergo hydrolysis where ... 
as the secondary -CHOAc group partially hydrolyies to -CHOH group 

under the reaction condition. 

16 



CHAPTER-II 
• a n a • • a a n a 

This chapter has beeri divided into four sections from Section A to 

Section D. 
SECTION-A. 

· • n a • a a • n • a 

Oxidation of triterpenoid 
17 IJ 18, :'22 i 27 ketones · · · with selenium 

dioxide or selenium dioxide iri·~resence of hydrogen 

in tertiary butanol have·been reported.But there is 
studies of oxidation 6f triterpenoids_having double 

pero>:ide 

no repot-t. 
bonds in 

· mi >:ture 

em the 
r~ng-A 

containing 4~4-dimethyl system with selenium dioxide-hydrogen peroxide 

in tertiary butanol.So the author carried out some reactions of that 

type and the ~esults'bf such oxidations are b~ing reported in this 

section of the thesis~ 

OXIDATION OF 2?3-DEHYDRO-LUPANE 71 UITH SELENIUM DIOXIDE-HYDROGEN 
a u a a a u a a n n a a n a a a a a a a a u n n n a a n n u a a • a a a ~ n a a a a a • a a o a n a n a n • a a n a a a n n a a a 

~PEROXIDE IN.TERTIARY BUTANOLr 
a u n o a a • a a a u a a n n n • a a a n • n a a a n a a 

The product obtained after refluxing ~ solution of 2~3-dehydro-lupane 

in tertiary but~nol with seleriiu~ diox~de containing hydrogen_peroxide 

for 40 hours, was subjected_to column chtomatography for purification. 

On elution with benzene-chlordform <4:1) mixture a solid material was 

obtained which was tryst~llised from chlo~oform-methanol 9 M.P. 
0 245-6 C. Its IR spectrum. indicated the_presence of hydroxyl group and 

hence it was acetylated with ace·tic anhydride-pyridine ·mb:ture a.nd 

the product 6n column chromatography afforded a single compound-a on 

elution with benzene-petro1<2:3)mixtur~. 

Char_.:lcteri.sation of compound- A 
n a • a a n a a n a a a n n n a a a n n a a u n n a a a a a 

n. 

Compound A ~as purified-by. -crysta1~i$~ti6n· from 
0 0 " ' chloroform-methan61 mixture, M.P.221-2 C,[aJ 0 +23.4 • Its IR spectrum 

(fig.!) sho~ed peaks at 1750 9 1270 and 1150 cm-l showing the presence 

of acetate.function. Elemental analysis showed the molecular formula 

of A to be c34H56o4 which is in agreement with its ~ass spectrum 

<fi9~2>.It showed· molecular ion peak at m/e 528 CM 9 86%)+;the other 

fragments of prominence appe.ared at m/e 513 (f1 -CH"":!. ~ 30) + 9 485 
·-· 

17 



.tf 

-j· 

' .,;-

+ + + (M -c
3

H
7

, 43) ,468 CM -AcOH, 78) , 408 <M - 2X AcOH? 100) , 393 (88), 

365 <52.5) 9 231 (74), 191 (86), 187(98) ,1z::<94) The 
1

H· NMP 

spectrum (fig.3) of compound 8 showed the presence of two secondary· 

methyl gt:..oLips that appeanad as doublet c:.entered r.\t;.·::},:q· ·'i-n ppm.) ··0. 77 

and 0.84 (J =7Hz.) respectively; the six tertiary methyl groups 

appeared as singlet (3H each) between 0.76 to 1.08; two singlets <3H 

each) that appeared at 2.01 and 2.07 were due to two acetoxy methyls 

(2 ~ -OCOCH_>.The doublet at 5.07 that coupled with vicinal proton - .. ::. 
with coupling constant of 7 Hz. was due to coupling between equatorial 

c--2~.,.,.1:·1, ·wi.;tti·'?-·eqi..tator i al c-:::::~--1-1 1-'Jhi ch is gemi nal to the ac:eto~·:yl gl'"OLIP. 

The double doublet that appeared at 4.96 with coupling constant 7 & 13 

Hz. were due to c--2 pr··oton tha:t CI."Jupled with c-:3(1-H and C-1(1-H which 

caused flatness of the peaks and the latter coupling was due to the 

coupling of C-2 proton with C-1 axial proton. The coupling constants 

and their positions are in agreement with the 2~,3a- diacetoxyl 
..... ,.,.. 

derivative of oleanane/lup~ne as reported in literature~ 0 shown in the 

tabl e-I. 

TABLE-I. 

1
H NMR signals of methyl 2,3 dihydroxy Urs-12-en-28-oates and their 

diacetates with coupling constant in Hz. within parenthesis. 

• n u a P n b n a n h n a a q n u n n n • n n n n n a n n a n n b n n n • n n n n n • q a a n n a • n a a a a a a n a ~ a a N a A a a a n 

Assignments 2(3, 3CA.- < OAc:) ,.... , 
..::. 

Q • n a A n n • n n a n a ft • a 4 a n • n D n a a n R n n n a a a a a a a a u n a a a n n n n a n a a n • a a n • u u a a • u n u u a a a a 

2-H 3n75 ddc:l 4.95 de:! 4.08 c:lc:ld 5.31 c:lc:lc:l 

( 17 ~ 10~2) ( 13? 6 •. 5) (4 ~ 4,3) (4, 4,3) 

3-.. H ~~tr 6:3 c:l 5cr03 d 3a20 c:l 4.61 c:l 

( 10 ) . ( 6. f.i ( 4 ) ( 4 

a" h n n a a a n n n t1 a n n n a a a o a n n D q u a n n u an a q a n It 11 a a an n n a n 11 a n n a u n n n n n n a a h n D.h n u an • n 

Assignments. 2ct, 3(J- < OAc ) --=· , 
.i-

2ot ~ 3a- ( OH ) '":• , . .:;. 2ct, ~Jot- ( OAc ) ~·, . .. ::. 
• n u u n n ~ a n n U n n a a a a n n n a a a n a n n n ~ a a a a n n n h d a a a n n a a n a a a n a n a a u n a a u a a a n a a a a n a n 

2-H 3.68 c:ldd 5. 10 ddd 4.00 ddd 5a23 ddd 

0 l' Hl, 4.5) (1.1,10.5,4.5)" <12,4.5,3) (12,4.5.::;;) 
' . > 

::::.-H 2.99 d 4.75 d 3a43 d, 4.96 d 

( 10 ) ( 10.5 ( 3 ) ( '":!' ·-· ) 

n n n A U n n a a n a n a n a • n n n n a n n n n n u n n n a • n n n a n n n n n a a n n a n n n n a a n a a a n n a a n a a • 0 0 a a n a a 
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Thus compound A has been identified as lLIPfo.C•:-?~~3-<?t-:'f-dix,l-ac:_et~te 2:~ and 

the original ·compound is therefore identified as lupan-2{3,3a-diol ,z~. 

Mechanism for the formation of 2(3,3a lupan-diol with selenium dio>:ide 
• • • • • a a • • a a a a • • • • • a • • • a a a a a • • • • • • a • a • a • • • a a~a • • • • • • • • • a • • • • • • • • • • • • • • • • 

and hydrogen peroxide :-

The olefinic double bond at 2-3 position in ring-A of triterpenoids 

are much more less hindered than other position and hydrogen 

generally forms epoxide from the less hindered alpha side to 

pero>:ide 

furnish 
1 ..... , 

·' 2ot,3ot-epoxide. Under the acidic: conditip_[l_ 9f. selenic acid ( F' - .-.• , .. ,,_- .. -. --H = 4.2 ). ,' 
.• "•J;I 

the epo>:ide ring cleaves to furnish the t~ans- diaxial product. 

o:::g] OH 

The formation of such trans diol with hydrogen peroxide-formic acid 

etc:. from cyclic olefins are well known. The formati
0
n of 73 from 

/1, 

lupanel e2 is schematically represented in sc:heme-I below :-

), SCHEI'tE-1 
a•••ra•o• 

POCI3 I Pt 

~] 1-lzO.z, 

<~] HO ' 

69 
90 11 

OH Acx,O / PY. 

12. 
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Fig. 1 IR spectrum of lupan 2~,3a-diyl acetate~ 73. 



·'\-

(l 

100- 123 

69 9'5 
81 

IC9_'c~.. 1 ~s ~--
~5 

- .. • ::13"3135':1·49 
I 07 : ) : .. - -·;-....-- \-------

80- ~ -(: \' :'1'!' I 

~ ; . ; i ~ i_l, I 

II lli lili 
il II· h\ !, i\ ! il, 

II,: ~ ! i i (;O-J ,, I 'I I' I 
il II ,f.: }: I I 

:!'+· : I ~ ' ;t i! 

:!;~· l·(j ,. ./ ; 
i: !! 'I (lUI ):;;, 1: .,, 

.40-' '· .+.:P i: ::· 
., 
·,;; 
'I 

i 
zo· 

I 

:r :;;!! ~ 
l:·. ,t i!:; i 

- .. ~:, ___ .~)J_.....:--~--;--H-. -'" . ; - .. 
&O eo 100 120 ~~o 

(.~ 

_1117 

J 91 

!63 11'3 
2 3 I 

II' 

:1 

11>0 190 200 2.20 

Fig. 2 

<\13~ 

'51.3 

480 

2S9 

2.'10 260 280 300 

~i. 
~ 

52 8 

i 
1 
I 
529 

~20 

320 

s~o 560 

365 

340 360 380 

Mass spectrum of lupan 2~.3a-diyl acetate. 73. 

~ 

'1011 

383 

.<1()9 
.q26 

~~ 
I' 

!! 
ii 

ii 
·311<\ !411 

469 
•.--· 

4 53 

400 420 ~40 <60 



I· 

)f?j I 

''f !l 

·~· 

....... 
''\-

c'' 

<II: 
~; 

: 
: 
i 
I 

{ 

I 
I 

: l 
.,; j 

11.1 
..j.J 
l'[j 

..j.J 

11.1 
lJ 
•I! 

.... 

"+-
0 

E 
:J 
!... 

..j.J 

u 
Ill 
Cl. 
U1 

Ll: 
l: z 
I 

...... 

t··) 

. 
01 ..... 

LL. 



~ .. I. 

CHAPTE.'F.:-1" J. SECTION-B. 
a a • a a a a a n a n a • • a n a • a 

OXIDATION· OF· 2, -::,;-D£HYDRO:-.ft£THY L-DII-ItDI\0-BETUI.:INAT£:-;~?..Z ~uiTH· S£ LEN_ I UN-
. a rf n ·a n a· a ~n a • it _a· a n n a a n n a a a 11 n n • a a a a u a a a a a u 11 a u Jt a a a u a • a n a · · a n a 0 U u • a n n n • a 

DIOXIDE 1~ TERTIARY BUTANOL CONTAINING ~YDROGEN PEROXIDE.·: 
• n a a a a a a a n ~ a a 11 ,a a • • • a a a a 'a a a a a a a a a a a a a a a n a a a a a u u i:s a a ·a n a a n a a a 

The compound .·2,3~dehydrO-methyl~dihyd~o~betuLinat• was .. refluxed · 

.with selenium dioxide in tertiary butanol containing hydrogen peroxide 

fbr 40 ho~rs·over wa~~r bath. After usual wo~kup the c~ude product was 

acetylated Cas the IR sp~ctrum showed the presence of hydrbxyl group) 

with acetic anhydride-pyridine mixture and the product on subsequent 
chromatography afforded a single compound B on elution with petrol-

. bem:ene Ct~ 4). 

Identification of compound-B ~-
" • a a a a a a a a a • a a a a a a a a a a a a a n a a 

Compound B was purified by· repeated crystallisation 

from chloroform-methanol mixture yielding needle shaped crystals, H.P. 
0 . . . . . -1 

209-10 C. The IR s~ectrum (fig.4) showed peaks at 1730~1710 em due 

to. · C=O stt-etching vibration of ester and ·. ac(etate groups and 123(2)~ 
-1 . . . 

1220 cm fot- -C.:-~- stretchi'ng vibrations of the same two functions. 

Elemental analysis indicated the molecular formula ·to · be 

c35H56o6 . Its mass sp~ctrum. Cfig.5) showed molecular ion .peak at m/e 
+ '. ' 

572 ( M_, 4% ) ; the other.f~a9me~ts of importance appeared at m/e 512 

( M . + + + 
AcOH~. 18 ) ? 470. < M ·-[AcOH_ + c

3
H.7J ?20 ·) ? 452 ( M - 2x AcOH,68) 

437 (44) ? .. 411 ( 18) , 39::~ <20) ? 377 (35) , 203 (46) , 191 (95) ' 187 ( 100). 

From the mass spectrum and elemental analysis the molecular 

formula was confirmed to be C~~H~6o6· • 
._".,.:.J '""' 

Th '1,_ .. e ., 
. ' 

recorded below in tabular form. 

(fig.6) · with 

TABLE-I I. 
. . 

di fferen·l: signals 

a a ~ n a a • a ~ a· u a a a ~ • • • • a a a • a • a a a • a .• • a a a a a • a • a • • ~ a ~ a a a a a a • • a a n a a a a a a a • u a a a 

Chemica·l shi·ft. Number· of Mul:tiplicity Probable 

( 6 in p~m. ) protons. of si~nals. assi~nments. 
~ n a a a a u a a a n a a a a a a n ~ a a a a a a n a a a a a a a a a a a a ~ a ~ a • a a a a a a a a a a a a a- a a a a a a a b a a a a a 
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~ 

:~ 

0.74 3 

0.85 3 

0.90 2x3 

0.95 3 

0.96 3 

1.05 3 

2n 01 ~ 
~ 

2n05 ~ 
~ 

3a 64 3 

4.76 1 

5.06 1 

doublet 

J = 7 Hzu 

singlet. 
II 

II 

II 

singlet. 
II 

singlet. 

I 

double doublet. 

J = 13~ 7 Hz. 

doublet. 

J = 7 Hz. 

CH7-CH-CH~ 
~ ~ 

five 

tertiary 

methyl 

groups. 

2x -0-CO-CH~. 
~ 

-C0-0-CH~. 
~ 

Ac-0-C -~ H. 
2 

Ac-0-C~-~ H. 
~ 

n n n • n n n u • • an a a • u n a • n a a n n a n n a a a u n n n n n n u n n n n d n a n n n n • n n n n ann nan n.n ann d b a n a 

The 1H NMR signals of compound B with those diacetate derivative of 

isomeric 2~3-diols of Oleanane and Ursane skeleton are presented in 

table-I in Section A for comparison; 

From the spectral studies the structure of compound B is proposed 

to be 2~~3a-diacetoxy methyl dihydro betulinate 79. 

The mechanism of the reaction is proposed to be same as suggested for 

2?3 dehydro lu~ane in se~tion-A of this chapter. 

Thus, it may be concluded that oxidation of olefinic double bond at 

C-2(3) position in ring-A of triterpenoids with selenium dioxide 

containing hydrogen peroxide exclusively produce 2~,3a - diols. 
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CHAPTER---I I SECTION-:-C. 
a • a a a a a n a 

• • • n a a a a n ~ a 

OXJ:DATION QF FRI£DEL·-3\4)-£N£ 82' M.T.Tl-1 .S£L£f.!'.lUi't DIO'XI[J£-HYDROGEN 
• • A n a n n • a 11 n a a n • • 1:1 • a a p a n a a a n n n u -- n n a a u a A n a a • a a u a a • a • a u a a a a a • n a tJ 

PEROXIDE IN TERTIARY BUTANOL. 
a n a n a u n n a a a a n a a a ~ ~ n n a n n u a a n u 

The products formed by oxidation of 2~3 dehydro lupane ·and 2,3 dehydro 

methyl di~ydr6 betulinate with selenium dioxide in presence of 

hydrog•n perdxide in tertiary butanol encouraged the author to extend 

the reaction on friedel-3<4>-ene and 3~4 dehydro friedelan 27->15a 

olide having 4-mono methyl system in ring-A. · 

Oxidation of f~iedel~3(4)-eneg 
a a a a n_n n ~a • • ." n ~nann a •' a • n a a an~ a a . 

Ftiedel-3(4)-ene 82 ·was refluxed with a mixture of selenium 

di o:d de:....hydrogen per·oH ide in tertiary butanol and the pr·oduct obtai ned 

~fte~-usual work up was . subject~d to column chromatography two 

different compounds C ·and D were obtained on elution with 

petrql~benzene C3:2)·and ben~ene-chloroform C4:1). respectively. 

Characterisation of compouhd C n-
• ann ann a • n a·a a a a • a a a a • an a'• u • a a a a a 

· The compound C was crystallised three times from 

chloroform-methaAol mi~ture to afford colourless crystals? N.P.207-8°C 

[aJ
0
= +16~ In it~ IR spectrum < fig. 7 ) the presence of an absorption 

peak at 1715 cm- 1indicated that a ketone function in a .six membered 

ring is introduced in the molecule by the· reaction but the absence of 
-j -

absorption in the region 3200-3600 em ·~hewed that no h~droxyl group 

is formed in contrary ~o our previous _observation. Moreover~ the mass 

spectral and elemental analysis showed that an oxygen ·atom has been 

introduced i~ the molecule g·making the molecular formula? c
30

H
50

o. 
The mass spectrum <fig.B) showe~ the molecular ion at m/e 426 CM,14%)+ 

with other· fr.::gments appearing at m/e 411 < 1'1-C.H
3

, 12 -) ·;383 ( M-·C
3

H
7

, 
+ . 

20 ) ,· 355 (4. 5) ~206 (21) ,205 (36)? 163 <27)' 109 (38)' 107 ( 100). 
1 . . 

The H NMR spectrLlm '(fig. 9) showed presence of two secondary methyl 

groups centred at ( 6 in ppm. ) 0.75 and 0.83; six other methyls as 

singlet in the region 0.75 to 1.07; two multiplets centred at 1.88 and 

2. 44 i ntegra·t~d for· one proton each· were due to a-pl"·otons to the 
-. 

carbonyl groLip which ·have ·· (1-·protons to give multiplets. It is 

surprising .to note that the reaction p~oduct C has two secondary 

22 
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-~ .. :rr,; 

methyl$ which are probably in the form of isopropyl groJpings. There 

is a gem dimethyl group as evident from the IR absorption at 1380, 

i355 cm: 1 Since the double bond is in 3(4)-position in ring-A and a 

ketone and isopropyl groupings are ~ormed by the dx~dising reagents2 

the formation ci·f cc)mpound g having structur.e §~a ot- §~b could be 

assL\med. 

0 

However,. the structure 83a posses a protdn at C-3 carbon that would 

·give a double doublet and the total number of 01.-proton to the carbonyl 

group would be three which is not ?bserved. Moreover, the -formation 

of'isopropyl group ~t· C-3 position with migration of C-5 methyl to C-4 

with subsequent hydrogen addition seem to be rather difficult.Further, 

th~ fragmentation pattern of C do not follo~.t~e ~:E friedelo-oleanan 

skeleton type. 

ThE-:~ second possible pr·O'duct §~b contai ris the isopropyl groLip .. at the· C-5 

position and the structure could el·tpl ai n most of tt'fe' r-esonance peaks 
1 . 

observed in the 'H NMR spectrum of compound g. How~ver,it ~a~ b~ ~oted 

that the methyl protons of the isopropyl group should appe•r down·· 

field due to the anisotropic effect of the nearby .carbonyl group, 
-. 

e<:l: whereas in the case of compound C this proton appear quite upfield 
. }. -

0.75 and 0.83.Further, had there been any change in ring-A keeping 
·other methyls: ~\t their ~~~- i gina(. po~i t ior·. t~len . tl~l_e . proton~ at 
C-25,C-26~C-27,C-28,C-29 and C-30 should appear at positions almost 

same as in the case ~f friedeli~.~a comparison of the resonance peaks 

< 6 in ppm.) of various methyl ~roups of compound C with that of 

friedelin is given iM the tabl~-III. 

TABLE-III 29 
• • a a b • • a q 

C·-23, C-24, .C-25, C-26, C-27 . ' C-28, C-29 . ? 

friedelin (6) : 0.87 0.72 0.86 0.99 1."04 1. 16 0 •. 94 

compound.· g._ (6): 1.07 L 02 0.93 j, • 07: 0.94 0.76 0. 8:::.~ 

23 

C-31li'. 

0.99 

0.75 



t··"; 
m 

u 
u 
c: 

g ::J . 0 
"' I- 0. 

E 
0 
u 

4• 
0 

E 
:::1 
!... 
+! - u ... ill 

.:t 0. 
IJ1 

u:: 
H 

--~ 
E 

"' :I: 
1-
t.:l z 
w 
...J 

~ 
"' !: 

;: 0 



:~ 

·~~ ''*· 
-. 
' 

r+ 

.;':-~ 
'"..I .. 

-.:;~-~~-~-

\" 

~ 

1001 
j 

~ 

~ 
42€ -

.J..JJ···, ··'''''. "''~·· .. ,~.~ .. ~ I"·'· .... ,... . .•. .. ... .. ... ...... .ruJJ, • •'I· . ···~· . . ~ r r ' " ' '.... ' I ' I " " ' " .... ,_ _,_ " ,__ ' -'- ' .:. ' ',;, ' -'- ' "' ' . '• '' ' ' ' ' ' I ' I . ,_ ' .:. ' ' ' ' ' ' ' ' ' ' ~ 
,,_,,,_,, ""' ""'"""'"'""""""""" .. '"" '" '" ,, '" '" '" 

'""'LYSIS tiRI':E: D!.DRT;6 SPECN 3 <IOf>~l: B 'SCALE< 71B08 

DATE: OCT 27 68 17: !9::SS V04.0 

·_, 

fig. 8 
Mass spectrum of compound C, 83. 



. J 

.. 

' ,. 

\\ 

~ 
I. 

\ 
' 
i 
n 

I 
<. 

\-

·f? ,., 
. ... \ 

) 
',/ 

., 

Ul 

"'Cl 
c. 
~ 
0 
a. 
E. 
0 
u 

'+ 
0 

E 
:l 
!... 
~ 
u 
Ill 
0. 
Ul· 

IL 
E z 
I 
~ 



• .. ·. 

/. w.: 

\ ' . 
~ ' 
i .•. 
: 

I· 

·.I 

'! 

,.;, )1';-.: i.-1'_:; i I v'i:i 1 lr'El~IIJ :.i..:' 

~ 2 g g @ ~ ~ fll 

' 

I 
' I 

I U1 •. 1Utu111.! 

Q 0 

l!iii • \\\:, -~~ 

I~ 
\li ~ 

.. 

I : , . ! i ! ~ 
§ ' 

: .· !\\\ i1\i\ 
I •!i ::: 

:j] ld:;j~ 

. . lnL\ut \g · :ihd\X 

. :Ujftl\\:l, 
lWIY.-":1 
;{~i~\;::'1§ 

: . ·!•"'} 
. i\ t\' !!::,:'I 'ii\\r ·:~:: .. ~ i:l. ' ':1: :: 

. l\f;:;:--·1 
I i )\:! ;i l\i.l\l:.L·,8 

.·\\\C/U~ ' iE" '" :i::: •!• ., 
;:~1 l';':l\ ; 

nlhl'; ~ W. ' ' '\\i ' 
ii!' 

::: ~~ 
I·~ 

II'~ 
·li:! 
lil 
l\i 

)'\\\:' ~ 
I 

"'i 
l' 
L 

&: 
u: 
rD 
I' 
:::> 

~-
<l: 
~ 

I 

ru· 
·§ 

c: 
I'll 
a. 
:I 
~ 

"0 
c 
I'll 

Ul 

'tJ 
c 
:I 
0 
a. e 
0 
u 
'+ 
0 

e 
:l 
L 
+J 
u 
QJ 
a. 
U1 

u:: 
• H 

I 
0 
u 

lSI ..... 
I 

01 
·1"'1 
'+ 



I 

~' 

I 

The above comparison shows that compound-~ is most probably having a 

skeleton other than friedelin. 

This observation is further supported by the fact that the mass 

spectral fragmentation pattern of compound C do not follow the pattern 

of friedelan~ skeleton as mentioned in the foregoing statement.-

A survey of literature on the fragmentation pattern of 

v.::-\1'" i ous sa.turated tr i terpenoi d ke·l:ones ,~eveal ed ·that 1 up an one el{hi bits 
3i.i~ 

the identical fragmentation pattern with that compound C. 

Compound C 

Lupanone 

m/e 426 411 383 205 

m/e 426 411 383 205 

191 

191 

A comparison of 1H NMR datas of compound g with lupanone~ lupenone~ 
and lupane are given below in table-IV. Its ~dentity ~as further· 

confirmed by comparison with authentic sample of lupa~one ( H.H.P. ~ 
1 

co-tlc~co-IR and H NMR ). 

TABLE-IV. 
1HMR comparison of lu~enone,·i~~~~~: lupanone and compound-C. 

t1ethyl group 
.3'6 lt.lpenone 

23 24 25 26 27 28 29 30 • 

1. (2):$ 0. <78 0. 9!'5 1.06 0.98 0.80 
37 lupane 0.84 0.78 0.83 1.03 0. 9~5 0.76 0.84 0.76 

L1..1panone 

Compound C 

1.07 1.03 0.94 1.. 07 0.95 0.77 0.84 0.76 

1.07 1. 02 0. 9:~; 1. 07 0.94 0.76 0.83 0.76 

Hence, compound C is identified as lupanone §~ . .. 

~~~~~~!!~~~!~~-~!.~~T~~~~~-Q g-

The compound D was crystallised from chloroform-methanol to afford 

~·k.:i.te cr-ystals, N.P. 235-·6°C, Cot
0

J:::: +14·.1°,IR spectr-um (fig.11) showed 

two peaks at 3340,3380 cm- 1indicating the presence of two hydroxyl 

groups; Its mass spectrum (fig.12) g~ve 

( M,72% )+ other peaks were at m/e 429 

molecular- ion paek at m/e 444 

( M-CH 18 )+ 4?6 ( M-H 0 3' ? ~ 2 ' 

I + 
30 ) '41.1 ( lQi) ' 341. ( l2) ? 27:3 ( 14) ' 218 ( 32) ~ 2(2)5 (57) ' 16~5 ( 10((.),) • 

From mass spectrum and elemental .:mal ysi s the ]. ·-' .":::> 
i 

established to be C~~H~~O~. 
1 ~~ ~~ ~. 

The H NMR spectr-um Cfig.13) showed eight singlets in the r-egion 

( 6 in ppm.) from 0.88 to 1.25 for- eight tertiary methyl gr-oups; a 

24 



I. 

single proton that appeared, as AB quartet centred at 3~56 with 0ea= 7 

Hz •. and J = 3 Hz. · sl1owi ng that the proton is having two neighbouring 
ee 

protons with equatorial-equatori•l and equatorial-axial coupling. 

Hen~e, the proton is equatorially oriented at C-3 and the hydroxyl 

group is axially oriented. The absenc~ of a secondary met~yl group and 

the existence of a tertia~y methyl group downfisld at 1.25 

the second hydroxyl group is attached t6 the C-4 position. 

compound Q could be friedelan 3~,4~ dial. A survey of 

showed sengupta et a1'
31 pr~epa1..:.ed ·friedelan 3{~,4a_ dial 84 

showed that 

Thus, the 

1 i teratLtre 

usj. ng per·-

chloric acid as oxidising agent on friedelan 3~,4~ epoxide 82a~ 
' 

Acetylation of compound D :-
annnnnaa•~:~aacaa••adauaaa•••a 

CompoLmd D §4 _on acetylation with acetic anhydride-pyr·idine 

mixture. gave a crystallin~ compound g ~~' H.P.245-6°C,CaJ 0 = 24°; IR 
-1 spectrum showed ~bsorption at 3500 em 'for hydroxyl group · and 

1720, 1280 c~- 1 indicating acetate function. The mass spectrum showed 
+ molecular ion peak at m/e 486 ( M ) ; other peaks were 'found at m/e 

471? 444, 422,·408, 341, 333, 291,273, 260, 255, 247, 229, 205 (100%). 
1 . . 

The H NMR spectrum of compound ~ showed eight ~inglets <3H each ) 

between ( 6 in ppm. ) 0. 9 :tp 1 a 3 for eight tertiary methyl groups; 

a singlet appeared at 2.1 < 3H) for acetate protons and the triplet 

that appeared at 4.j5 (J =3Hz.) is due to the m~thine proton that 

coupled with neighbouring protons ·and atta~hed to the carbon atom 

bearing the. ac~tate group.The inert chara~ter of the second hydroxyl 

group towards ~cetyla~ing agent showed its attachment at the tertiary 

carbon <C-4). He~~e, the possible st~ucture of compound~ is 85. 

The compound Q on oxidation with Jones reagent gave compound E ~~' 

N.P. 25~-4-°C. IR spectrum (·fig.14) showed absorption at 3470 cm- 1 for 

hydroxyl 

(fig. 15) 

-1 . 
group and 1715 em . due to ketone function. Its mass spectrum 

. •. 

showed molecular ion peak at m/e 442 10% + 
) . , other 

fragments bf prominence appeared at m/e 436, 422, 407, 365, 281, 

Z!-9, 211, 146, 111, 97, 85, 71, 57 <100). Thus 9 from the Mass and 

el~mental analysi$ the mo\ecular formula of compound F is found to 

be c,
0
· Hc:-

0
0'":'. 

·-· \.J ..:.. 1H NMR spectrum (fig.16) of 
. . . 

compound E showed seven. singlets <3H 

25 
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each and one 6H) 'beteen ( 6 in ppm.) 0.8 to 1.17 one doublet of 

doublet (J= 3 and 8Hz.) centred at 2.105 is probably due to methine 

·~' proton at C-18; The two · mul"l:iplets centred at 2.23 and 2.96 are 

accounted for axial and equatorial protons at C-2. Thus,compound E is 

proposed to be friedelan 3-oxo,4a-ol §~. 

The compound E was dehydrated with ·phosphorus oxychloride in pyridine 

when it afforded compound§, §Z N.P.208-9°C. It gave UV (metha~ol) 

absorption at <X ) 22(2) nm. (fig.17) showing th~ presence of a.n ma.H l,.~ 

unsat~rated ketone. Further, IR sp~ctrum showed peaks at 1690,1650 
·-1 em confirming the presence of conjugated ketone moiety. 

Hence, compou~~ ~ was identified as friedelan-3-oxo,4(24)-ene, 87. 

The conversion of fri~dlin 80 to friedelan-3-Qxp,4(24)-ene 87 is 

;j._: depicted in the following 'scheme:-

Ntl.I3H4 

Ho_ •• g} POCI3- g} PY. > 

0 

~ 
Se0,2- l ~ H.zO.z. g.z 

) 0 -, 
~\ 

~-
Ac;,O/ PY. 

+ HO 
0 

HO' fl4 93 
.. 

[O] 

o~} 
ss 86 

26 



The mech~ni~m suggested for lupanone formation is shown below a
a 

It is vJell known that unsymmetrical epo:-:ide on 

>!~ ·treatment with Lewis acids like boron triflouride-ethearate causes 

~
·. 

c • .. . -/ 
·'::-· 

epoxide ring opening wit~ the formation of carbocation at the . more 

sub•tituted carbon atom to furnish a ketone by hydride transfer 
.38. rearrangement 

In the present case the epoxide formed by the reaction 

with hydrogen peroxide at c3-c4 position of friedelene (82) probably 

undergoes this sort of ring. opening to give a carbocation at C-4 

position •. Than thet-e may under-go a backbone reat-r· angement which · may 

involve 1,2 shifts of methyl groups and hydrogen atoms le~ding to· the 

shift of the carbocation from C-4 to C-20 carbon. Since ~ hydride ion 

is produced during the .formation of a ketone, this· hydrid~ ion attacks 

the C-20 carbocati6n to give lupanone <83). 

34 3•:;<' 
It is reported · '~ • that friedel~3(4)-ene ( and 3~hyd~oxy friedelane 

after dehydr~~ion ) undergoes isom~risation of double bond in acidic 

medium to give glut-5(6)-~ne /gluf-5<10)-ene or ~-amyrin I 6-amyrin 

which involve 1,2 shift(s) a~companie~ by loss of a proton whereas in 

the present cas~ the epoxide ring rearrangement causing formation of 

hydride ion and a ketone, favours addition of this hydride ion but the 

addition of this hydride ion to the carbocation at C-5 or C-11~_: is not 

favoured energetically. Hence? further isomerisation. of the. 

carbocati6n at the extreme position is prcibably most ~avoured energet

-ically to form the carbocation at C-20. ·The probable steps are 

re~resented in the following sche~e : 

0 

92a. - I 

27 
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;~, 
'•"'?" 

I 

':::!-

0 0 
0 

+H 

0 0 

The other possibility may involve the attack of olefinic double bond 

of friedel-3(4)-ene <82) by the peroxyselenic acid at C-3 position 

generating a peroxy organo selenious di-ion. This di-ion forms the 

ketone by the loss of a hydride ion and the carbocation at C-4 

undergoes a series of 1,2 shifts leading to the formation of 

carbocation at C-20. The C-20 carbocation than accepts the hydride 

ion giving lupanone (83). 
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Cf114PTER-I I :~ECT ION-D 
annaannun 

OXIDATION OF 3?4 DEHYDRO FRIEDELAN-27~15a OLIDE UITH SELENIUM DIOXIDE 
a n " a a n n a a a a n n n n a n n a n a a a u n n n n a a n n n a a a a n a n n n a n n a n a a a n n b n n n a n n a a n # n n a a u a a 

IN TERTIARY BUTANOL CONT~INING HYDROGEN PEROXIDE~ 
a a ~ a n u n a ~ n a a n n a n n a a a a a n a a n a a a a n u n n a n a a n a a a a n u n n a 

The compoLtnd 3,4-dehydt··o··-·friedelan 27 ·'· 15a··'ol'ide. ~!·.• 

prepar·ed from ft-iedelan-3-oxo? 27--'t15G( elide 88 (see e:-:perimental) ~rJas 

dissolved in tertiary butanol and refluxed with selenium dioxide in 

presence of hydrogen peroxide. After us~al workup? the crude product 

was subjected to column chromatogtaphy and a single compound tl was 

obtained on elution with benzene-chloroform (1:1). 

Char~cterisation of compound H :Isolation of friedelan-3~ 9 4~ diol, 
a n n n a n a a a a n n a n n a a n a n a a a n ~ n a n a n a u n n n u a a a n n a u a n a a a a • a a n n a a a a a u a a a 

27_..,:1.5-olide 92: 

The compound ~was crystallised from chloroform-methanol to furnish 

needle ·::.haped crystc:'lls~ N. P. 270-71 °C!J Its IR spectr-um <·fi-g •. · 18) 

showed peaks at 3500 and 3440 cm- 1 indicating the presence of two 
-1 

hydroxy groups and at 1760 · em for carbonyl group of ~~lactone 

moiety. The mass spectrum (fig.19) indicated the molecular ion peak 

m/e at 472 CM,22%); other important peaks appeared at m/e 436 <1'1 -21-1~.0 . .::. 
'"'8 + '""8' ..::. ) ' ..::. 0 (33) ' 385 ( 100) , 133 (66) • Elemental analysis and 

spectral data showed the molecular formula to be c
30

H
48

o
4

. 
1 

H NMR spectrum (fig.20) signal~ for different protons are· 

recorded in tabular form as shown in table-V. 

TABLE-V. 

a 11 a n 11 n n a u a cs n a n a a a n a a u n n n a u u n a t1 a n a d d n a n n a a u a a a a n u a a a u a p a 11 a u a n a a u n a n 11 n a a 

Chemical shifts. 

, ( 6 i. n ppm. ) 

No. of pn:Jtons. Multiplicity 

of signals. assignment. 

• • u a a n a a a n n n a ~ u a n a n n a a u a n u a a a a u 11 a a a n u n a n a n n u a n u a n u n a n a n n a. n n u u a a u n n a n 1:1 a 

0.86 3 singlet sevt=:n 

0.94 3 II terti .:\ry 

0.96 ~5 II methyls. 

0 .. 9? 3 II 

1. 02 3 II 

1 .. 05 3 II 

28 



L21 

1 

1 

4.34 1 

11 

triplet of doublet. methine 

~:H-ot em CJ = 3 & 13.5 Hz.) 

J = 3 H:;~. i 

tt-·iplet. 

,J === 3 Hz. ) 

< 1.8ot-"H 

3ot-H 

geminal to 

3~-0H. 

A methine proton 

geminal to 

lac:tonic 0--a·tom. 

nnabnaanonnnunnnnl1anaan~:~annannnuuun~:tnnannt1Rhanauunaana•nn•annnnnauna•a 

The 1H NMR signals of compound ~ was compared with friedelan 3~~4ot dial 

84 as discussed in Section C. The position and coupling values of· 

the two protons attached to the C-2 and C-3 carbons are exactly 

similar and have the stereochemistry which is shown to be 3~,401. far 

the hydroxyl groups in compound ~ also. 

The 13c NMR spe~trum Cfi~.21) accounted for 30-carbon atoms. APT 

experiment showed the existance of 7 -CH_ as q~artets~ 10 -CH~- as 
~ ~ 

triplets, 5 -CH- as doublets and 8 -C- as singlets. Among them the 

doublets that appeared downfield at 76.34 and 80.64 ppm. are due to 

carbon atoms bearing -OH group at C-3 and lactonic 0-atom at C-15 

respectively. The two downfield singlets at 180.13 and 76.11 ppm. are 

accounted for carbonyl carbon of the lactone moiety and C-4 bearing 

another -OH group. 

3S· 93 

HO 

Z1·23 



.... : 

,
1

H NMR~Mass and 13c NMR spectral studies the structure 

of compound H is pi~oposed to be friedel~n-3~,4-ot-diol 27-; :l.5ot elide 92. 

Mechanism proposed fer the reaction 
nanaDannaa•punnnnanaa•aani:Jaauanaana 

n. 

The formation of friedelan-3(3',4ot:.-.diol tl'~ and friedelan-

3(3',4ot-diol 27->15ot elide 2~ from 3(4)-dehydro-friedelan ~~ and 3(4)-

dehydra-odolactone 91 on oxidation with selenium dioxide containing 

hydrogen peroxide indicated that 3,4-epoxide is first formed with 

hydrogen peroxide. The epoxide is definitely formed at the less 

hindered alpha side to furnish 3a,4ot-epoxide compound 2!~ which then 

undergoes epoxide ring cleavage by the attack of per-hydroxy selenic 

acid from the (1-phase to genet-ate the trans di ol Q and t! respectively. 

OH 

HO 

82 O"f 91 a. 
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CHAPTER...:.Izi EXPERJN£NTAL. 
~ a n a a a a a a a n 

Melting points are Ltncorr:-ected. The petrole'um ether 

the investiaation 'had B~~- of 60~80°c.The INFRA R£D 

used thrcktghout 

- " ' . 
spectra wey·e 

recorded in BECKMAN IR-~0 ~pectrophotometer.The UV absorption spectra 

were taken in BECKMAN DU-2 spectrophotometer. Mass spectra were 
i. 

determ-njed with an MS-9 mass spectrometer. 
1H NMR spectra were 

recorded with VARIAN ~-60 or ~A-100 spectrometer using deuterated 

chl~roform· solution containing tetra methyl sila~e as reference.Silica 

gel used for column chromatography._was of 6~-120 mesh <B.D. H. and 

glaxo).TLC was done on· ch~omatopl~tes prepared on glass strips with 

silica gel usiMg benz~ne-petrol mixture as solvents and the spots were 

developed in aM iodine chamber. 

ISOLATION OF LUPEOt 69 FROM XANTHOXYLUM BUDRUNGA. 
a • • • a a • a n a • a a a a n a a • • u n a a • a a u a a ~ u a • a a n n a n • • a a • n a 

About five kilogram of air dried fin~ly.~o~dered bark of Xanthoxylum 
32 . . . 

bud1"un~7a was e!xtracted with benzene in a so:d~t . e:·(tr.:,ctor .. few· 4·8 

hours. The extract was cooled and the solvent was distilled. off.The 

residual gummy mass was then di S.sol ved i ri :mini muln volume of benzene~ 

chromatographed over silica gel column ·and elution with petrol 

-benzene (4:1) mixture furni~hed lupeol 69 (10 ·gm.). Lupeol was 

further purified by repeated c~ystallisation from chlorofdrm-methanol 

mi l·(ture, ILP. 
0 215-6 c, C J 

..,._o ,... :::: .. 
l,A D - . ..:·...:· ' found to be identical 

,authentic sample of lupeol < Co-tlc, M.N~P.and Co-IR ). 

HYDROGENATION OF LUPEOL TO LUPANOL 70. 
n n a a a u a a a u a a a a u u n a a a a a a a _a a R a a • a ·P .a n a 

with 

5.0 gm. of lupeol I!'Jas dissolved in.250 ml of distilled ethyl acetate 

and 1.6 gm. of palladised charcoal <E.M~rck). was added. Then it was 

reduced with hyd~ogen a£ atmospheric presiure.The catalyst was then 

filtered off~ the solvent was distilled out and the residue. on 

crystallisation from chloroform-methanol ·mixture ·gave fine crystals of 

lupanol (4.5 gm.>., i't.P.207-8°c,CctJ 0= ~17.8°, -identical with authentic 

lupanol. <Co-IR,M.M.F'.). 
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DEHYDRATION OF LUPANOL TO 2~3-DEHYDRO LUPAHE 71. 
Q a n u a a a a a a a u a a a a a n a n a 'a n a • a • a a a a • a a a u a a • a a • • a d 

2.5 gm. of lup.::mol ltJas di·ssolvecl in 10 ml of distilled pyridine <Py) 

and 5 ml of distilled pho~phorus oxychloride CPOCl~) was added. The 
·-· 

mixture was then heated ov~~ water bath ~for · 4 hours. It was. then 

cooled, diluted with water cautiously -t::o desb·oy POCl 
3 

extracted with ether. Then it was repe•tedly washed with water till 

neutr.-al ~ di~ied with anhydr-bLt"s sodium sulphate <~-la2so4 > and finally the 
.. 

ether was distilled off. giving a yellowish white gummy mass. 

The gum~y substa~ce was then dissolved in minimum volume 

of benzene and chromatographed over silica gel ( 100- gms.) colLtmn 

developed with petroleum ether and elutsd with solv~nts · as shown in 

the table bel I.JW 

TABLE-I 

a can a a'n a a a an a a a a a a ad a a~ a a a a a a a • a a a a a a a a a.a ~ n n a • a n·a a a a • • a au a a a a a a a a a a a a • 

Eluent. 'Fractioh of 50 ml 

eac:h •. distillation. 
• a • a an an • ~a a a • • a a a a a a~ u a a a a • "·?a a a a a a a • a_n ~a • a a a a a a a • n a • a a a~ a au a a • n a au a a 

petrol 

petrol-benzene 

( 4: 1) 

1-5 oil 

solid 

1.4 gms. 

• a ·a a a a • a a a n ~ a • • a a a a n n a • a a a • a a a n n a a a a a a a a a· a n a a a a a a a a a a a a a a a a a a a a a n a a a a n 

Fur~her elution with more polar solvents did not afford any solid 

.. ~ 

Fractions 6-12 t.-.terPe combined together·. This on crystallisation with 

CHCl~-MeOH afforded nee~le ~haped crystals 
·-·o -.. o. . . . ""!~" 

of 
-1 

c:m 

' '2 
1 up - A -en e 71 • N. P. 

186-7 C, CaJD= + 1~.4 . v .7~0 and 1640 
·~ . . m·a>~ 

with tetra nitro methane ·CTNM>. 
produted yellbw colour 

2 " 
OXIDATION OF LUP-A -ENE 71 HlTH SELENIUM DIOXIDE IN TERTIARY BUTANOL 
a a a a • a a n a a a n a • a n a a a a • a n n • n a n n a a h u a • a a a a· n a a • ·a a a 11 a p u n A 1111 • a· a a a • a • .a u • ar 

CONTAINING HYDROGEN PEROXIDE. 
a a • • • • n a a a a a • a a • a a a a a a a n ·a u a a 

·- 2 
A solution of lup A -ene <1.0 q) 

<t-BuOH> · 150 ·ml. containing selenium 

hydrogen peroxide <H?O~) 2 ml. (30%) was 
.. . ·- """ 

dissoived 

di o~-~ ide .. 

rf-.?fl u>:ed 

in tertiary but.:~nol 

<SeQ,..,) 
..::. 

0.8 g an.d 

. over water bath • 

After 40 hours·, bl ac:k sel eni Lim ·metal separated .. out . i ndi c:ati ng the 
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completion of the reaction. I0~was cooled and poured in ice cold water 

when a white solid appeared which was extracted with ether and the 

ether layer was washed with 5% Na~CO~ solution three times followed by 
.~ ·-' 

water repeatedly till neutral. The ether layer was then dried ov~r 

anhy. Na
2
so

4 
and the filtered solution 

yielded a gummy residue <0.5 g). 

en evapr.Jw-a.t ion to dr-yness 

The alkali-wash was kept aside for further treatment. 

ISOLATION OF LUPAN 2,3 DIOL Z~· 
a n a a a a a n a ~ a n a a a a n a a • u u a u n • a a 

The neutral gummy mass (0.5 g) was dissolved in minimum volume of 

benzene and chromatographed over silica gel (40 g). The chromatograph 

was developed with petrol and eluted with solvents as in table-

TlH3LE-I I 

n n a a a u n a u a a n a a a a n a a a a a a a a a n a a n a n n a n a a a a n n a a n a a a n n a a u a a a n a a a a n a a a n a a a a n 

?" 

Eluent Fractions of 50 ml. 1::::esi due on 

each. distillation. 
a n a n n a u If a a n a a a a a A n a a 111 d n 11 a n " a a a n a A n a a n a a a a a n a Q a a n a n a n a a n n a n n n a a a a " a u 1:1 a a 

1. petrel 1-·4 oi 1. 

2. petrol-benzene 5-1({) oi 1. 

3. petrol-benzene 11-15 oil. 

( 1: 4) 

4. benzene-chloroform 16-::;::(Z}. solid. 

( 4: 1) 
'?aaauannnnaaaannanllannnnaanaunanuaaaaaaanaaqaanaaaaaaaaaannan~;naanunan 

Further elution with more polar solvents did not furnish any more 

solid material. 

The fraction (16-20) were combined and crystallised from CHCl~-MeOH, 
::::1 

M.P.245-46°C; its IR spectrum s~owed a broad peak at 3540 em 

indicating the presence of hydroxy group and hence it was acetylated. 

ACETYLATION OF FRACTION (16-20) TO LUPAN 2~,3a DIYL ACETATE 73. 
n n n a a 11 n n n n u a • a n n n a n n n· a a n n n • a n n • 11 n d a 11 n d n n 11 n a 11 a n n n n u a a n a n n n u n q --

The compound 72. <0.4 gJ was dissolved in 4 ml.pyr~dine <Py.) and 4 ml. 

of acetic anhydride <Ac~O) was added. The mixture was than kept over 
..::. 
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:J.,.., 
<:if· 

~-
" ·' 

water bath fer 4 ~ours and then po~red in ice cold water when a white 

solid sep.:l.l·-ated out-. I'\: was -filtered through suction, washe_d t.-Jith 

water- and dried. The dried :;mass was t.hen chr·omatographed pver - si li c:a 

gel column with th~ following solv~nts as shown in the table below:-
• 

Tlf8LE-III~ 

n a a a a a an • • a a a a a a • a a an • a a a a~ • • a ·a a an a a a~• a a a a a • a a a a a an a a • a a a a a ann a ann a a h 

El Ltent. .Fraction of 50-ml. 

each •. 
Residue on 

distillation. 
• a a n • a u a n a a a a a a • a a a a •·n. 11 a n a a a a a a a a a a a a • a a •. a a • a a 11 a I! a a a a • • !II • a a a a a • a • u n a • 

. -, 1. petrol . 1-:3 nil. 

2n petrol-benzene 4-6 ni 1. 

(4 ~ 1) 
I 

.. 

··3u p_etri::ll-benzel)e 7...;;10 white sol-id n 

I .. 

.·.·· 

Further slution did. not afford any mdre solid. 

The fractions 7-10 were ~ollected together and crystallised from CHCl~ 
·-· 

-MeOH mixture giving_ colourless crystals, M.P. 2~0-21°C, _CaJ 0= +23.4°, 

identified as lupaA 2g(3a diyl acetate 73. 

ANAL YS1 S "REPORT . 

Found 

. _.Calculated for c341-15
6
o

4 

IF< <1'-lujol > g 

1'18 mle 

1 H 1\11'1R < CDCL-:r) : 
·-· 

6 in ppm.) 

c 77. 1:2.' 

c 77.27 

1-1 10. 01. 

H 10.61. 

- 1 
em • 1750~ 1.270 and 1250 

< 2:·( CH..,. -co-o-> 
·-' 

fig.L 

Ji.:.. 528 ( t1 + , 86) , .51~; ( 30) ' . 488 

(43), 468 (78)' 408 ( 100), 

393 <88), 365 (52.5) ,231 

1 91 ( 86) ? 187 ( 98) ' 123 ( 94) 

fig.2. 

0.77 and 0.84 (dd,~H,CH..,.-CH-CH..,.> . .,:. ...:· 



;J.... 
·-::r 

~ .. .- . 
'.-·r' 

. {•''' 

0.76;0~91,0.95,0.98,1.03 and 

_:.1.07- (6s, 18H,- ·6H t-CH~). __ , .; 

2.01 arid 2.07- (2.i:; 9 6H,2}: -OCOCH .. ; .. )-
. . ~' . - . ..: ... 

-"4-~96- (dd,3H;-·AcO~CH,....CI~,..,--) . . . ~. ~ . . ..,:.,;. 

5 ;, 07 . (d 7 2H 9 AcO-cH:-cH._;_;O?Ic) 

TREATMENT OF THE ALKALI UASH. 
• a n a n a a o a a a a a 1r a a

1 
a a a a . a a .. a a a • a Q u 

The alkali wash, that ~~mained .aft~r separation of rieutral part 

was treated with 20% HCl till whole solution was slightly acidic.Since 

no solid material separa·t.ed out, the solution was reject-ed. 

ISOLATION OF BETULINIC ACID FROH B-ISCI·IOFIA .,.7AVANICA. 
a • a ann a a a a a • • n a a n a • • • a • ann 'n • a • • a a'a a a a~ • an a • a a • a • a n a 

F ' L. f . d . d f. 1 d d b I f ...... . 1 ... - 7 . ' .3.3 1ve ~g. o a1r ·r1e 1ne y pow ere ar< o ~!!£~£!!!-~!t!~!£! was 

extracted with benz~ne in ~ soxlet extractdr and distillation of the 

solvent- gave· a gummy residue, whi~h was"t•ken up in ether. Then the 

<20% NaOH> and the 

alkali _layer was separated from ether· layer. <The ether layer 

containing neutral compoGnds was rejected.) The alkali layer on 

acidification with dil HCl yiel~ed solid betu~inic acid 74. which was 

filtered through suction, ~ashed repeatedly ~ith water till neutral 

and_ dried p~operly for further work. 

ESTERIFICATION OF BETULINIC AC1D'74. 
a· a a a ~ ~ u a a a a a a a • a ~ a a a a a a a a a a' a a a a n a - . 

About-5 gm. of b~tulinic acid was diss9lv~d in ether and ~lkaline 

:ethereal solution of N-nitroso N-methyl urea (8.0 gm.> was·added. The 

ether solution was kept for one night in ~ ~reeze. It was: acidified 

with few ml.of acetic a~id to destroy excess diazomethane, was~ed with 

-~ater till neutral and the ~olvent was evapourated to give· 'crude 

~et~yl est~r o~ ~~t4li~{c_acid~ The crude ester was dissolved in 

minimum voluma.cif b~nzene and chromato~raphe~ over silica gel column 

'"with el uer,ts as"shot-m i i"l· tabular· form. 
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,).,., 
-~ 

~.,·· .. , 
~· 

TABLE-II!. 

11 • n n D a a a a a n a a a a a a a u a a a a a ~ n a a a n n a a u n n a • • a a a a n a a n • a • a n A a a n • • n a n a a • a a a a u • 
' • t• • . 

ElueMt. Fraction on 50 ml. Resi~ue on 

each a. - ·dist-illation. 
. . ., . -

~ n n a a · 0 n ai a ·a n n rt a n n n n a a a·· a a tJ a rt n • a a a a n a n a a • a n n a· a a a 11 a _n n n a a n · • ~ a n a n a a a a a n a a n n 
' . 

L Petrol 1-3 nil 

2a Petrol-benz.er\e. · . 4·-7 '11 i 1 

( 4: 1.) 

3. F'etr .. ·oJ.-benzene s...,r5 white solid. 

(3:2) (0.4 g) 

' ' ~ I • 

a n a a a a a a a a n a a a a a a a n a a a a •· a a a u • • a a a a a a a a • n a a a a. • • • a a ~ ~ ~ a • a a a a a a a a a a a a a • a a 

Further elution with more polar solvents did not affo~d any.solid. 

The fractions:B-15 were combined.· and cry~talli~ed irom ~HCl~-MeOH, 
0 ' ' . ~ 

l·t P ~~~-4-°C CotJ = n a -a::-..: .. ·-1 'J D +5; IR: 3520 <-OH>, l735,126~··c-COOCH~>, 1660,870 
-1 

.em ( =CH~), which were ident·ical ·with at:lthentic 
..:.. 

.... 
_sample of methyl 

. · betLllin'ate 75. <Co. tlc, ~'- N.i't.P. >. 

··HYDROGENATION OF HETH~L ~ETULINATE 75. 
n • a a a • a a • a • a a a • a a • a a • a n a • a a a u ~ ~ a n n ~ 

3. 0 g of methyl betul i nate dissolved in di.sti 11 ed ethyl acetate was 

reduced with hydrogen gas in presence of palladised charcoal catalyst 

··at atmospheric pressure. The catalyst was filtered off,solvent was 

removed and the residue obtained was crystallised fr6m CHCl~-MeOH to 

give fine cry~tals of methyl dihydro betulihat~ 76. M.P. 236~7°C, IR ~ 
3500 C-OH> '} 1735,. 1250 c-coocH_;)cm- 1 • identical· with aLlther:~tic ·sa(nple 

·-· 

. DEHYDRATION OF NETH)·'L DII-IYDRO BETULINAT£ Z~· 
n a n n a a a n a n o a • • n a a n a n a • ~ • n n a ·n a n • a n n a n n n • a D • 

3.0 g of methyl dihydro betulinate was dehydr~ted with dry ~y~idine 

(8 ml.)and distilled POCl~ .<4 ml.). After usual work LIP? the gummy 
~ . 

resi~Lle was chromatographed over silica ~el. On elution with petrol

benzene <4:1) a solid was obtai~ed, which w~s crystallised from CHCl;~ 
. ' ~ 

MeOH yielding white .crystals of 2,3. dehydro m~thyl dihydro betulinate 

77.H.P. 228-9°C~IR ~1730,1260:C-COOCH~>;i~40,~50. C~CH=CH~> ~gave yellow 
' ' ; ·-· 
colow- ~t-Jith TNI'~, identit:al·with i.~t.rl.:hentic sample -(Co-tlcgt. ·m.m.p.)· 
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DXIDATIQN OF 2,3-·D£/·n"DRO N£THlL DIH)"D!W BETULINAT£ ?_?_. WITt-/ SeD~, IN 
n n a • a z2 a n n a a n a a a a a a 11 • a a a n a n ·, • • • • • a a a a • • a n • a a • • a a u ·~. h a • a a n rt a a • A • 4 

TERTIARY BUTANOL CONTAINING H"D~. 
• a a a' • a a a a • a • • n a a a a a • • a a a d n a Cl a a 4 a .i.:. 

1.0 g of·.the· com~o~nd was dissolved in 150 ml. of t~BuOH and refluxed 

with a mb:ture of -SeD,.., (0.8 _g) and H.-:.o,..,c::::0%, 2 ml.) ·fot- 40 hour·s. 
~ ~ ~ . 

After usual workup, the gummy residue obtained from the neutral ether 

layer was ~hromatographed over silic~ gel column. On elution with 

sol vents of i ncl~'easi ng pol ar1 ty, a mi wl:LH'"e Qf benzene-.CHCl.,!. < 1 g 1) g.:.-we 
. . . . - ._, 

a gummy solid difficult ~o ~rystallise.The IR spectrum of the crude 

product indicated_the presence of hydroxy fOnction and hence it was 
. - .. 

acetyl a ted with Ac....,O-Py. mi ~-: ture •. 
' .. ~. . 

The alkali layer· was acid'ified with 20% Htl till slightly acidic and 

since no s6lid material ~eparated out, it was rejected • 

. ACETYLATION OF TNE.'.GUNNY SOLID g ISOLATION OF 2(1,3cx-DiACETOXY·i'l'ETHYL 
• n a • a -• • a n t1 n • • • a n a a • a a a • n a n 11 a • a a • • a a a a • n u a • • p a a • a a n a a. • cs • ·a a a a • o a a a n a n a a 

DIHYDRO BETULINATE 79. 

The gummy solid (0.6 g) .was ~cetylated with Py. 
' ' 

(1~,ml.) and Ac....,O (10 
. ..::. 

ml.). The solid ~aterial obtained on usual workup was c:hromatographed 

over silica gel column and. on elutibn with b~nzene-petrol (4: 1) 

mixtu~e yielded_a white sol{d. ·It was crystallised from CHCl_-MeOH to 
' . ..:.\ 

afford white crystals identified as 2(1,3cx-diac:etoxy methyl dihydro 
. -.. . - ·o ... 

betulinate 79. M.P. 209-10 C from spectral studies.· 

'ANALYSIS REPORT. 

Found : · 
., 

Calculat•d· for c35H56o6 

IR : <Nujol) 

m/e 

v 
rna!·~. 

1730; 

1720? 

c 72.8 

c 73.4 ; 

-1 
1230 em 

. -1 1_220 em 

H ·9.10. 

H 9.79. 

<-CO-CH,>. 
·-· 

<-C0-0-CH,>. 
·~· 

f:lg.4. 

;572 
+ ·<M ) . ? 513, 512, 470, 

437~ 411, 393, 377? 203, 191, 

187 < 100i~) -~ 

fig.5. 



;.:· ' 

1H 1'-li"IR CCDCJ.":!"): 
··-· 

( 6 in ppm. ) 

0.74 & 0.85 Cdd~6H~CH":!"-CH-CHT) 
·-' ·-' 

0.90, 0.95, 0.96, & 1.05 

C4s,15H,5X t-CHT> 
··-' 

.2.01 & 2.06 C2s,6H,2X-0-CO-CH":!") 
. ~· 

3.64 <s,3H,-CO-O-CH~) 
...... 

4.76 (dd 1 -CH~-CH-0Ac) 
.~::. 

5.06 Cd, AcO-CH-CH-OAc) 

-fig.6. 

ISOLATION OF FRIEDELIN FROH THE BARK OF QUERCUS SUBER~ CORK. 
nan u ann n nan~ u n n n a an a a u.n b n a au n n a a • n au an a au u n • a • • a • a an a a a • nun a 

5 kg. of finely powdered dry cork, the bark of 

extracted with benzene in a soxlet extractor for 48 hours. After 

remov.:\1 ··of the sol vent, a white solid separ.:\tec:l c•ut. The solid ,,-Jas 

dissolved in minimum volu~e of benzene and chromatographed over silica 

gel. Elut~on of the column with _petrol-benzene (4:1) mixture gave 

friedlin, which was crystallised from 

crystals of friedlin 80, N.P.26~-3°C, 
saturated ketone. 

chlorform-methanol to give 
0 -1 

[~JD= -48.7 , IR : 1715 em .for 

REDUCTION OF FRIEDELIN UITH SODIUM BOROHYDRIDE IN DIOXANE 
a u a n n a n • a n u n n a a n a n n n n a a • a a a n a a a a • a a a a u a a n a a a a a n a a a a a a a a a a 

3.0 g of friedlin was dissolved in 200 ml. of dioxane and 150 ml. of 

methanol was added. Then 4.0 g of NaBH4 was added to the mixture and 

it was kept at room temperature for 12 hours. The mixture was than 

diluted with water and acidified with dil HCl (1~4) till slightly 

acidic. The solid separated out was filtered with suction, washed with 

water till neutral and dried. It was then crystallised from CHClT-MeOH 

giving nt:'edlt-? sfic:~ped cr-ystals of ·friedelan 3(1-:-·ol 81, N.P.268-9clc·:· IR 

3540 cm- 1
• (-OH>, identified by comparis~n with authentic sample (Co-

. -~ 

DEI-IYDi<ATlON OF FRIEDELIN :;:;~-ol §1 BY PI-IOSPHORU8 0X)·'CI-lLOR.7.1.IE'-PYR1'D1'NE 
~~~~~P•IIanunanuaauuaaaQUUuaaaanua naaanaunnunaaunnuRnnapaaua~aaauanua 

NIX-TURE. 

2.~:5 g o·f frieclelan- 3~-ol was dis!"..;olved in 10 ml. o·f pyl·-idine r.md 
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~ 

~ ml. of phosphorus oxychloride was added. The mixture was than heated 

in water bath for 4 hours. After usual workli~, the .gummy. mass obtained 

was chromatographed. On ·elution with petrol~ a white solid m~ter~al 

(1.3 g) was obtained~ wllich w~s repeatedly crystallised-from petrol

CHCl< 'l:o fLirnish li'Jhl.'l:e crystals of 3(4)·--dehydro :friedlin 82, N.P.263°C 
·-· . -1 

IR ~1650 and 800 em gave yellow colour with TNM. 

Found· :

Calculated for C-:rrnH~rn 
·-•V..J U\U 

c 
c 

87.60% 

87.73%-

H 

H 

12.01% 

12.26% 

OXUJATIQN OF 3 (4) -DEH'YDRO FRIEDE. LIN 82 UITH SELENIU/'1. DIOXIDE IN 
a a a • a n a. a • p a. • a a • a a a a a • a • a ~ a n a a a • a a u ~ a a n n n a a a ~ a a .n a a g a a a • a a • n 

TERTIARY BUTANOL CONTAINING HYDROGEN P~ROXIDE. 
n a a • an an a ann ann au a a·n.n n au n a a • n.• an a a a a ann~ a a a a a a 

A solution of ·fr·iedel .6.:;:-ene (i.IZJ g) d~ssolved in -t-but.:mol <1::;0 ml.) 

containing selenium dioxide (0.8 g) and hydrogen peroxide (30%~ 2 ml.) 

\,.Jas ref l w-;ed fcJr 40 hout··s. .~fter workup, · the re'si dual gummy mass 

6btained from the neutral part w~~ - chro~atographed. The column was 

eluted with sot~ents as shQwn in· table-V. 

The alkali waS:,h on acidifi':c~1tion did not afford any-solid me:,t.eri.:,r and 

hence it was rejected. 

TABLE-:-~'. 

• a a a a a a a a a a a n a a a a n a a n .a a a a n ~ a u a a ~a a a a a a a' a a a a a a a a n a a a a • a a • a a a a a ~ .-a n n a n a a 

Fraction 50 ml. 

eacll. 

F:esi due on 

d i s t i 11 a b. on • 
a a • • n n'a • n u n n n a a a n n n a • ann a • n a a a a a a u a • • n a a b n a • an au a a a a n • a 11 cr u • a a • a a a a a a a a 

1. petr·ol · · 1.-8 , oi 1 .. 

2.petrol-benzene 9-12 solid, 
·. 

( 4 g 1) (0.15 g) 

~::': n 
II II . "1:;:;-16 solid? 

(3:2) (0. 12. g) 

4. II •.•. 17 .. -20 nil 

(1:1) 

5~ benzene-ch~oroform 21-25 solid, 

(4: p_ . . .(0.4 g) 
u una a ·a a ·a au a a·u ann a a P a a au nann a a • nan a an a an an~ u a a.a a au a·. a a'•·• an an a a a a a a a a-• a a • 

·Further elGtion did~not afford any mo~~ compound •. 

· Fr-actions 9-12 were cell ected together and t:rystall i sed from p-etrol-
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~-., 

~
!'".· 

CHCl~~ NQP. .. ::. 
·-.. ·~· 4°C' I . h ~::.6..::·- · .• ~ vJ -.J. c c:c)mpound identified by 

compari~on with authentic sample (m.m.p. & Co-tlcl. 

Fractions 13-16 on crystallisation from 
shaped crystals, M.P. 207-8°C, c~JD +16°, 

as lupancne 83, from spectral analysis <
1

H 

CHC 1 -:r·-MeOH 
~· 

IR ~ 1715 

affard~d needle· 
cm- 1• identified 

NMR & Mass) and comparison 

with authentic lupanone <H.H.P. ,Co-tlc and Co-IR) 

ANALYSIS t<EPORT ~ 
n n a a a n n a a u n a a a a a 

Fctmd ~ 

Calculated for c30H52o ~ 

IR <Nujol) ~ 

l'-1ass 

l H I\UVIF~ ( CDC:t .. ,.) ~ 
. .::. 

\6 in ppm.) 

m/e 426 

c 83.8 ; H 12.0%. 

c 84. 12;~ H 

171 - -:1. 
~ em • 

fig.7 

12. 14·/~. 

+ 
( l"l) ' 411 ' 383 ' 35~i ' 206 

205' 163' 109' 107 ( :1.0!2.1) 

fig.B 

0.75 and 0.83 <dd~6H,CH7-CH-CH~) ._... ._:, 

0.75, 0.98, 0.93, 1.02 and 1.07 

<5s,18H,6X -CH-:rl ·-· 
1.88 and 2.44 C2m,-CH~-CH~-C=0) 

L ,r:;. 

fig.9 

Fractions 21-25 were combined and than crystallised from CHCl-:r-MeOH, 

H.P. 235-6°C, [aJ
0

=+ 14.1°,IR: 3340?3480 cm- 1 . (-0Hl ,identif{ed as 
1 friedelan 3~,4a dial 84, from .H NMR and Mass analysis. 

ANALYSIS REPORT. 

Found 

Calculated for C7~Hc::-~O" 
-..:·~u \..J • .::. L 

IF( ( Nu j o 1 ) 

l"lat::>s m/e 

40 

C 80.21~ H 11.10% 

C 8L08 H 1 L 71% 

3340 and 3480 cm- 1 • C-OH> 

·fig.11. 
+ 

444 ( 1"1) ' 429 ' 426 '- 411 ' ~541 ' 

273, 218 1 208 163 and 161. 

fir.J.12 



1H NMR <CDCl"<')g 
·-· 

<6 in ppm.) 1.17 _and 1.24 (8s,24H,8X-CH"<') 
" . ·-· 

: 3a 56 ~AB , -CH-CHr-, J = 3 & q L· 

. 7. Hz.) 

·fig.13 

The ccmpc~nd 84 ,on acet~lation with Ac~O-P~ . mixture furnished the 
..::. 

corresponding mono acetate 85, M.P.245-6°C, CaJ 0= +24°, IR: 3500 <-OH) 
-1 . + ' . 

1720,1280 em ._(-OCOCH~>; Mass: 486 <M)' ~.PMR: (6) 0.9-1.3 (8s,24H, 
-~ . 

SX t-CH~> ,2.1 · Cs,3H,-OCOCH~>, 4~7~ <t,iH, J =3Hz.) 
·:.• ~ . . : -.:.· . . 

OXIDATION OF FRIEDELIN 3~;4~ VIOL 84 BY JONES REAGENT. 
u a a ~ a ~ n a a a a a q a a a a H . . 

0.2 g of _friedelan 3~ 9 4e~, dial 84,·,was dissolved in acetone (100 ml.) 

and Jones reagent· was added·_ dr·opwi se II'Ji th shc:\ki ng unti 11 a faint 

orange colour- persisted.The mixt~re was. ke~t at room temperature for 1 

hour, diluted -wi~h water and extracted with ether. The ether layer was 

washed throughly with •t-~a-i:.:er, .dried with anhydrous Na
2
so

4 
~nd the ether 

on ev.::~pourati on. gave a .r·esi·dl.te, which was chromatographed. On elution 

.with petrol-benzene <2:3)-. mixture, a solid mass was obtained.which was 

crystaliised from CHCl~-MeOH to give white crystals, H.P. 
. ·-· -1 . ' 

.1715 ( C=O) and 3470 em·. (-OH), identified as friedelan 3-ol·:o 4a-ol 

from spectral analysis. 

ANALYSIS REPORT. 
a a a a u u a a a • a n. a a a a 

IR <Nujol) " .. maH 

Mass : m/e 

1H Ni"''R · <CDCl~): 
·-· 

<6 in ppm.) 

41 

34 70 (-Ol-D ' 
-1 

1715 em .( C=D> 

fig.14 
+ 442_ CM )~ 436~ 407, 365, 281, 

26 7' 239' 225' "211 ' 146' 85 ~ 

f:i.g.15 

0.80,0.87,0~95,1.00,1.05,1.16,1.17 

C7s,3H each. and one 6H,24H, 8-Me> 
. . 

2.105 Cdd~ J= 3 Hz.and J= 8Hz.) 

2.23 and'2.96 (2m) 

fig.16 



. . ·" 

DEHYDRATION OF FRIEDELAN 3-0XO 4a.~OL ~~-BY POCl.,r-F'Y : 
a n o ra • a n n a u a a n n a a a n n • n u n a a a u a IJ a u a •. a n n n n a n a a II ·-1 a n n 

0.2 g o·f. fr:iedelan 3-o>:Q 4ot-ol 86,was dissolved in Py. (4 ml) and F'OCl-:r 
·-· 

<1 ml>was added~ The m~xtur• was then heated 6ver waterbath for 4 

hours. After usual work~p~ th• gummy mass was chromatographed and on 

elution with petrol, a solid mass was obtained which was crystallised 

fl'·om petrol~ N. P. 208-9°C; UV ; 22ID nm. <fig. 17> . for < CH.-.,=CH'-C=O>, 
. . .z::. 

IR :1690,1550 and S50 cm~ 1 •. identified as friedelaA 4(24)-ene 3-one 87. 

ISOLATION OF FRIEDELAN 3-0X0:27~15a OLIDE <ODOLACTONE> FROH THE BARK 
a n a a • a n • a n n • n a a a a 11 n • a a a a a ~ n n a n a a n_a • a a a a a a n • a a a a·• • a a a n a a a a a a a a • • a a a a a a 

OF GYNOCARDIA ODORATA. 
n n n a a o a a a a a.n n a a a a an a a 

About 5. kg. of dry finely powdered bark of Gynocardia odor~ta35 , ~~s 
~xtracted with b~hzene in a s6xlet extr~ctor for 48 hours. After the 

removal of solvent, the gummy mass was dissolved in minim~m volume of 

benzene and chr~matographed over--silica gel. ~lution of column with 
. ' ' ' 35 

petrol-benzene <4~ 1) affor·ded a keto -1 actone·, Odo.l ac"tone which was 

ff-iedelan 3-oxo 27~15et olide,88. It was ctystallised from CHCl_-MeOH= 
._::, .. 

't P ·· ..,.,..,0c)c · E J 4·7 ..;..6-° F d c I' • • .. =· • .::·..::. , ot. D =-' - • ~ • oun . g · · 79.0%; H '10.13% ~calculated 

for c
30

H
46

o3 : C 79.30% H' _j0.13%. 

3.0 g of odolactone _was reduced with NaBH
4 

(6 g) in dioxane 200 ~l.and 

methanol 150 ml. After usual ·workup, the reduced gummy product was 

di~•clved {n minimum volum~ 6f benzene and ~hrcmatographed. On elution 

with petrol-beniene <1:4) gave a sblid material which was crystallised 

from CHCl-:r-MeOH to give epi...:odollactone <3(3-hydro}:y friedelan 27~15ot 

olide) 89: ff.P.>320°~[aJ 0~ -2.48°, 

IF< (Nujol). v 
ma>t 

FoLmd 

Cal CLtl ated ·for C H· 0 30 48 3 

3520 ( -81-1) and 1740 

c 78.90; 

c 78.95; 

-1 
<r-lac:tone> em 

H· 10.52 % 

H 10.53 % 

Further elution with. petrol_;benzene (1:1)- gave another solid~ which 
·, 

was crystall--fsed from CHCl-:r-MeOH to give a pure compound identified 
~~- ·-·' 
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.·Jr. 

,, 
~-
' . 

~·. 

as odol i ac.:tone < ·f r i edel an 3ot-hydr·o:·: y' 27 ~·15ot ol ide),: ~ 91£1:·~· ,:lt,;·-g}--;.;:=·~2,__0~~:CotJ D; 
0 -1 . . 

=-12.14 • IR: 3480 <-OH> and 1758 cm . <r~l•c:tone) by comparison with·. 

-~uthentic sample. <Co-tlc & Co~IR) 

of · 

DEHI-'DRATION. ·z:ff!r-,f-t!"LiROX'i F-lH 15.'DE LAN :27 ~ l:5a;.,.iOLI DE ·a9. . <E P I-D'OOL. LACTONE) 
u n n a a n n n a a a • n u~a a a a a a • a a n ~ a a a • • a u n a a a a a a a a n a • a a • • a a a a a a a a a a • a a a a ,.. : 

2·.0 g o·f epi-odollactone was di•ssolved in-pyridine 10 ml. and 
., 

4 ml. of POCl~ added. The mixture was khen he•ted for 4 hours over 
·-' 

waterbath and.after workup the.gummy mass obtained was chromatographed 

.over silica gel ~.::olLtmn •. On elution with petr·ol-benzene <4~ 1) a solid 

was obtained which was crystallised from CHCl~-MeOH, M.P.>300°c; IR: 

800 c:m- 1 <-CH=CH->, gave yell9w colour with ~NM, identified as 3(4)

dehydt-o-fr i edel an 27 7 15-ol i'de 91, f'rom l.H Ni"1F~ and· Mass spectra. 

OXIDATION OF 3,4 DEHYDRO bDOLACTON£ 91 MITH· SELENIUM DIOXIDE IN t-BuOH 

CONTAINING HYDROGEN PEkOXIDE. 
a a a a a a a a a a n a a a a a a a a a a n a .a n a a a 

1.0 g of 3,4 ~ehydro odolactone 91, was·dissolved in t-butanol 

and 0.8 g of SeO~ added followed by H"O" .{3(2)% ,4 ml.). The mixture was . ~ ' . ~ ~ ' . 

refluxed for 40 hours an~ after workup,the gummy product obtained from 

the neutral ether layer was chromatographed.The column was eluted with 

following solveni:s as ·shown in ·table-VI. · 

The alkali layer was acidified like before and since no solid material 

sepat-ated oLd:. i·t was re.~e-d:.ed" 

TABLE-v.r·. 

a a a a a n a a a a a a a • a a n a a • a a a • • a n a a a • a a u n a a •· a a n n a a u • • • • a a • a a a a a a a a a a • • a a a a • • 

Eluent Fn,\ction 5(2) ml Residue on 

each. ·distillation. 
a a a a a a a a a a • a a a n a • n a a a • a n n a a a n a a a a a n .a a • a a a n a ~ a a a a n a a a a a a a a a n a a n • n a a a a • a 

1. petJ"'Ol 1-5 oil. 

2. petrol-benzene · 6-10 solid. 
(4: 1) (0. 1 g) 

3a petr-ol-benzene· 11-l.5 l!i 1. 
<1.:1) 

4. benzene 16-20 nil. 
5. benzene-chlorciform 21-28 solid .. (0.45 g) 
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. ~ 

0 
a a a a a a u n n u a n n a n a a n n a a a ~ n n a n a n a u u n a u a u a a a a a n a n a a n n o h n a n a n n a a n a n n n a n a n a 

Further elution did not afford any more solid. 

Fractions 6-10 were collected and crystallised from CHCl~-MeOH,which ·-· 
was found to be unreacted compound by comparison <CO-tlc & H~H.P.) 

with authentic sample. 

Fr·acti ens 21-28 were combined c1nd r·epeatedl y crystall.i sed· fl~om et'hy·l· 

acetate·-peitrol, ILP. 270-71°c, identified as friedelan Zf3,4'd.. dihycln:lNY 
27~15ot elide 92 from spectr·al studies. 

ANALYSIS REPORT. 

FoLlnd ,g 

IR (1\lujol) 

Mass m/e 

1
1-·1 1\ii"IF< (CDC1 :-.:;> 

<cS in ppm.) 

1"" ·-·c NI"IR g 

44 

c 76.01 

c 76.27 

H 10.24%. 

H 10.16% 

-3500 and 3440 em 
-1 

<-OH> 

fig. lB. 

472 <M, 22%), 436, 386, 

:-.:::85 < Ui.HZJ > , 1 :2:3 ~ 

fig. 19. 

0.86, 0.94, 0.96, 0.99, 1.02, 1.05 

7X t-·-CH-:;> ·-· 
2.02 <t,1H, J= 3 & 13.5 Hz.) 

4. 34 ( t , 1 H , J::::: 3 Hz • 15{J-H) 

fig.20. 

fig.21 
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PART-II 

ACTION OF N-BROMOSUCCINIMIDE ON PENTACYCLIC TRITERPENOIDS OF LUPANE 

AND FRIEDELANE SKELETON IN DIMETHYL SULFOXIDE. 



. ~ 

-f 

CI-IAPTER-1" 

A SHORT REVl"EH OF REACTIONS OF N-BROHOSUCCl"Nl"NIDE. 

The reagent N-bromo-succinimide(NBS) has been extensively used 

allylic brominating agent since 1919, when Wohl 1 and then 

as an . ., 
Zeigler"" 

made a detailed study ·in this field. The reagent· also reacts with 

olefins to add bromine atom at the double bond and also used for 

o:-:idation of allylic methylene to carbonyl 
3-"'i functions ·-

Triterpenoids undergo a variety of rearrangement reactions with NBS. 

The author have carried out some reactions of NBS on triterpenoids and 

it is necessary to give a brief discussion on the previous works of 

this type of rearrangement reactions. 

ALLYLl"C BRONl"NATl"ON AND RELATED REACTIONS: 

Corey and have reported that friedlin-1 on direct 

bromination gave 2a-bromofriedlin ~ and bromination of appropriate 

enol benzoate gave the isomeric 4a-bromofriedlin 3 • They have also 
·' prepared a dibromofriedlin ! by reaction with HBr in CHCl~, which they 

·-· 
assigned as 2a, 4a-dibromofriedlin from UV spectra. Djerassi et 

repor·ted the formation of 2a,4(S-dibromofriedlin 5 by bromination of 
R q 

2a-bromofriedlin 2 in acetic acid. Stevenson et al~~· reported that 

friedelane 6 was oxidised to friedel 18-ene 7 . 

a~x;t:] o£X} R 

t.R=o 
81' 

g_, 
~· R =Hz 3 

a, } BYQM} 0~ 8,. ... \3.,. 

~. 5 
!. 
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H.J 
Rubin et.al provided an example of allylic bromination with 

subsequent spontaneous dehydrobromination by reaction of NBS with 
r-;. 

Ak-3-acetoxy-cholestene 8 . This enol actate of cholestanone 

A/B trans) reacted with NBS in CC1 4 to give a mixture of 

A4-cholesten-3-one,!!?! and 11 and 2-bromo-cholestan-3-one 

9 (ring 

A1 and 

!~' the 

amount of which increased with reaction time at the expense of !~ . 

A co 0 0 

9 10 

0 

II IZ 

. 11 
Pradhan et al studied the action of NBS on cholesteryl acetate !~ in 

dimethyl sulfo>:ide<DMSO) solvent and isolated sb: different comP.0unds 
" which were identified as 5a-bromo-6-keto chol estan-:3~-yl acetate !~, 

6a-bromo-5~-hydrol·:y coprostan-3~-yl acetate !~, 5a-hydrm:y-6-keto 

chol estan-3~-yl acetate !~, 5a, 6(3-di hydrOl·:y chol estan-3~-yl acetate 

~ !:Z:, 3(3,5a-dihydro>:y cholestan-6-one !~ and cholestan-3~,5a,6~ trial 19 
1 13 by chemical and spectral <IR, H NMR,Mass and C NMR) studies. They 

reported compound 15 for the first time 

Ac.O Rc:.o 

·-( OH 
I 
I 

I B1' 

13 
15 
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fl.'O 

"') ~ 

R~= OH and R~= 0. 

1 2 d R3 / OH !Z,R = Ac,R = OH an · =~-H 18 R1= H, R
2 = OH and R

3 = 0 
--' a 

!~' R
1= H, R

2= and R
3 _ / OH 

OH - .,, H 

OXIDATION OF ALLYLIC METHYLENE TO CARBONYL GROUP: 

12 Corsano et al reported direct oxidation of the allylic methylene to 

carbonyl group with NBS in aqueous dio>:ane sol L\ti on. Thus 

3/1-aceto:·:y-urs-12-ene-11-one 21 was formed in 80/. yield from a-amyrin 

acetate 20 

R1 0··-. 

.Rl= '? 
20. Ac; R..:;.= H. --' ~~' R1= Ac; R2= H.-.; Fo3 H \ = 

..::. 
. 1 '? 

~!, R = Ac; R..:;. = 0. 
1 

_., 
R3 23 Ac• 

..::. ., 
R = F<· = '0; = H --' ' 

24 'R1= Ac; 
? 

R~= OH; R3-- H 

Rl R2= 
.... 

~§, = Ac; OMe; R-'=-" H 

~~' 
1 Ac• R2= OAc; 

_3 
R = ~ R = H 

~z, Rl= Ac; 
? 

Fo:"-= OH; R3-- Br. 
AcO 

~§, R=H. 

Finucane et al
13

,
14 reported an improved method for the direct 

---f o>:i.dation of the allylic methylene to carbonyl functions by the action 

of NBS and simultaneous irradiation with visible light. They claimed 
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that when trisubstituted olefins containing an allylic methylene group 

were treated with NBS in aqueous dioxane followed by irradiation witb 

visible light, ad~- unsatLtr.:1ted ·ketone wer·e formed in high yield. 

Finucane et al treated (3-amyrin aceta·te 22 with NBS in aqubus dio>:ane . ~ . 

in a typical ambient light experiment as described b; Corsano et a1 12 

They isolated starting material, 3(3-acetoxy-olean-12-ene-11-one, 

bromo compound and 3(3-aceto>:y- olean-12-ene-11ct-ol, ~~- O>:idation of 

the 1 at ter 24 with chromi urn t,1~ i o:-: ide in acetone afforded ::::;(3-aceto:·: y

-olean-12-ene-11-one 23. 

In another experiment,the products were isolated by chromatography 

over alumina and yielded (3-amyrin acetate ~~' 3(3-

acetoxy-olean-12-ene-11-one ~~ibromo.compound and polar material. The 

polar fraction on elution with methanol was acetylated and on 

rechromatography gave 

together with smaller 

11ct-methoH y-ol ean·-12-ene~::::;(3-yl acetate 

amount of 11ct-ol ~1, and olean-9(11>, 

25 

12-

diene-3(3-yl acetate~~ and trace of ·3(3,11ct-diacetate ~~- The fr·actions 

containing bromo compounds was resolved by chromatography over alumina 

and fractionally crystallised into two components. the major product 

was identified as 3(3-acetoxy 12-bromo olean-12 ene-11-ol ~z,the minor 

component of the miHture of bromo compound was identified 

as 12a-bromo-16-one 29. The mechanism proposed for the formation of 21 

and ~2 suggested that the initial a-face attack on (3-amyrin acetate 22 

at C-12,would lead to a carbonium ion 30. Elimination of a proton from 

C-12 followed by allylic hydroHylation would than lead to 27. 

Alternatively, migration of 14a-methyl group to C-1::::;, elimination of a 

proton fr6m C-15,and subsequently allylic oHidation would give 29. 

0 

A co 
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14 Thomson et al car-r-ied out o:d dati on of. tc:\r-a>:er-yl acetate 31 by 

following the method of Cor-sano et 
12 al and obtained two major 

products to which the assigned structur-e of 16-oxo tar-axer-yl acetate 

~ ~~ and 16{3-hydr-o:-:y tar-.:\>:er-yl acetate ~~

~~. 

Tr-eatement of 33 with chromic acid in acetone gave the unsaturated 

ketone 32. The worker-s also car-ried out the reaction on 31 by the 

method described for {3-amyr-in acetate,which resulted in the formation 

of 12a-b r- arno-t ar a:-: er- -14-ene-·16-on e :54 a 

0:-:idation of tar-axer-yl acetate with NBS in aqueous d
. 1.3 
lo>:ane for 5 

haw-s in presence of CaCO< in visible light gave a compound 35 the 
·-· 

structur-e of which was established as 11-keto-15-br-omo {3- amyt-in 

acetate,which in turn yielded a halogen free compound 36 on treatment 

with Zn-dust in AcOH. 

acetate. 

Its structur-e was established as {3-amyr-enonyl 

R1= 
";• 

H;R
3 = ~!, OAc;R-= H,..., ~~' R= Br-

1 .., R3-
..::. 

32 R =OAc;R-= H· o. 36 R= H , ---' --' 
~~' 

1 2 R3- ./01-1 R = Of.k; R =H; - ''·1-1 ~· 
1 ? R . .:.,_ 

~1, R = OAc; R- = Br-; 0 

Khastgir- et a1
15 car-ried out the oxidation of tar-axer-yl acetate 31 by 

16 the method of Dalton using NBS in DMSO solvent. Treatment of 

tar-a:-:er-yl acetate ~! with aqueous DMSO in CHCl, and NBS in dark 
·-· 

afforded a solid 37. The compound 37 on treatment with Zn-acetic acid 

yielded (r-amyr-in acetate ~?,~ The Br--atom at !§ position of 37 would be 

expected to have the same stereochemistr-y as in the case of product 

from NBS aqueous dioxane o:-:idation method. Compound 37 . on ~xidation 
17 with Cr-0<-AcOH gave ~§ identical with the product obtained from 

·-· 
NBS aqueous dioxane oxidation method. 
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NBS- OMSO 
). 

Ac.o c,.o~- ReOH 

31 

~-
·~ -. 

3S -·· 

The second compound devoid of bromine was i den.ti f i ed as 16- OHQ 

(.) 

tara;·:eryl acetate 32. The third pr-oduct. was found to be 38. The 

mechanism for the formation ~~ was pr<?po.sed as in scheme-!. 

SCHENE-1 

NBS - dioxo-11..e 

Reo 
Reo 

L > '> 

< 

3S 53 



Khastgir et a1
15 also studied the reaction of taraxeryl acetate 31 

with 2-moles equivalent of NBS in CC1 4 using light for three hours 

and isolated a product~ which was assigned the structure 39. When the 

~ same r·eaction was carried out with one mole equivalent of t-~BS, i·t 

afforded a halogen free product of structure 1~, identical to that 

obtained by dehydrobromination of 37. 

The mechanism for the formation of "40. and 39 was proposed in scheme 

-I I. 

31 -
1. 1\'!oL 1 
NSS I CCI4. 

.Z mot N8S-Ccl4 

Pe~to.xide 

::.'":CHENE-II 

4o 

I 
I 

By 31 -· 

Pradhan et a1
18 can~ied out the reaction of NBS on triterpenoid acids 

and esters. They studied the reactions of methyl acetyl aleuritolate 

41 with NBS in DMSO in the dark for 12 hours and isolated a 

bromo-lactone 42. The structure of the bromo-lactone was ~onfirmed 

from the fact that dehydrobromination with dimethyl aniline afforded 

15,16-dehydrolactone 43 which on LAH reduction furnished aegiceradiol 

44. 

54 
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The mechanism of formation of 42 involved the 

attack of brcmonium ion from NBS in DMSO at the double bond. Bromine 

being a bulky atom ultimately assumed the equitorial position so as to 

+ have the minimum strain and s·teric interaction. The newt step involved 
'· 

concerted migrati6n of the C-13 methyl to the C-14 position and 

elimina·tion of the methol·:y methyl to form the 28 -7 13-olide 42. The 

mechanism is shown i~ the following scheme-III 

SCHEfot·E- I I I 

COOR. 

41 
I 
I 

:fl~ 
42 

0 

raa.oe 1 
OM!\ 

0 

CHzOH~----------

LAH 
1-10 

44 43 

t1ethyl acetyl ol eanol ate 1~e and 3(3-acet yl ol eanol i c acid 45b under 

the same condition afforded the bromolactone 46 which was found to be 

identical with 12a-bromo oleanan-28 ~ 13-olide. 19 

45'a., R: CH3 

4.£1, R= H · 

flc.O 
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Methyl 3f"-acetyl betu1 i nate 47 on similar- r-eaction with NBS in DMSO 

afforded two different bromo compounds. The less polar one was 

identified as methyl 312l-bromo-3f"-acetyl betulinate 48. The more polar 

j--· fraction was dibromo-lactone :!2· 

·.,-:· 

The proposed mechanism of formation of 48 and 49 is shown below in the 

scheme-IV. · 

Reo 

Recently 

~c.O 

2!!i 
Pradhan et al 

SCHENE-IV 

49 

r-eported the action 
' 

ReO 

of NBS on 

0 
11.{;':\ 
c-o-R 

1 upenyl 

acetate 50 in DMSO and isolated four different compounds which were 

30-bromo 1 upeny1 acetate ~~e, 29 <E-Z >-bromo .1 upenyl acetates 50c ~'

~~~ and 29,30-dibromo 18-iso-oleanan-19ot-hydr-o:-:y 3~-yl acetate 51. 

/3-r 

~co 

51' 

Rl ? R3 4 5 
~~' = OAc; R~ = CH-:r; = R = R = H 

?~e,R1 
.-, ·-· R3 R4 

C' 

= OAc; R...::. = CH-:r; = Br; = F(_J = H 

?~~,Rl 
? ·-· R4 R3 

C' 

= OAc; R~ == CH--:r;t = Br; = r-"<o.J = H 

?~~,F<l r·2 ·-· C' 

R3 R4 - OAq "\ .- CH..,.; R;:;J = Br; = = H ._::,· 
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Compound 50a and mixture of 50c & 50d with NBS in DMSO containing 

water afforded 30-oxo lupeol 50k and 20(E-Z)-bromo lupeol 501 & 50m 

respectively. 

50a I (50c ~t. 50d) 

Rl ? R3 R4 
c:-

50k = OH; R~ = CH.:r; = 0· = r·..J = H ---' , "\ 

Rl 
~. ·-· I:" 

R3 R4 501 . = OH; R..::. = CH-::-; R..J = Br; = = H ___ , 
Rl 

~. ·-· R4 R3 
C" 

~~!!!' = OH; R..::. = CH .... = = Br; = R..J = H ..::.· 

Compound 50a on alumina afforded 30-hydroxy lupenyl acetate 5tzlh and 

30-hydroxy lupeol 50i 

Rl '".' R3 R4 
C" 

~~t!, = OAc; R'" = CH .... ; = OH; - Rw = H 
Rl R3 

,., . .::.· 
R4 

C" 

50i = = OH; R..:.. = CH .... ; = R..J ::c H ___ , 
.,::.· 

( A detailed report of this investigation has been published in Indian 

Journal of Chemistry~ 1991~ pages 32-37,a reprint of ~hich is enc~osed 

in appendi . .,..·-1.) 

ALLYLIC HYDROXYLATION BY N-BROHOSUCCINIHIDE 

The NBS may be used for the introduction of allylic hydroxyl group. 

The method is indirect and usually involves allylic bromination and 

conversion of the resulting bromide into alcohol via the formation of 

formate or acetate. Thus 3-p menthene 5-yl bromide was prepared from 
n. 

3-p methene using NBS in CHCl< and UV light. The bromide was converted 
~ ~ 

to 3-p menthene 5-yl formate by sodium formate and"the crude ester on 

treatment with methanolic sodium carbonate gave dl-trans 3-p menthene 
·? 1 

5-ol..:. • 

A mixture of cis (38%) and trans (62%) Cyclodecene formed the bromide, 

which on reaction with silver acetate in glacial acetic acid gave the 
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crude acetate from which 2-cyclodecen-1-ol was obtained on treatment 
...... -. 

with methanolic hydroxide~~. An example of hydroxylation of steroids 

is illustrated by the transformation of 11-dihydro progesterone 52 to 
. ... 4-9 ( 11) d. 1"" 1 - ~I'll d. 2.3 53 g1ve ~ pregena 1en ~~-o ~,L~ 1one . 

COCH~ 0)( COCH;s OH COCH.3 

0 0 0 

?4 
Recently Marks et al- reported the conversion of aldehydes directly 

into acid bromides and amides by action of NBS in presence of 

catalytic amount of AlBN as radical ini~iator. 

R-CO-Br NBS 
~----------- R-CHO ~ AlBN cat. 

CC1 4 ,heat 

2 
_!:::!~§ _______ > . R.:_CO-N - R 

Al BN cat. "'-._ " 
R R

~ 

H-N- '2 
......_.., R-:r 

·-· 
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CHAPTER-II SECTION-A 

ACTION OF N-BROHOSUCCINIHID£ ON FRIEDEL 3(4)-EN~ IN DIMETHYL SULFOXIDE 
• • a a • a a • • a u a • a a • a n a ~ a • • a a a a a a.a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a • a a a a a a a a a 

Friedel-3(4)-ene 54 was dissolved in small volume of chloroform and 

dimethyl ~ulfoxide was added followed by N-bromosuccinimide. The 

mixture was then kept in dark for 24 hours and the product obtain~d 

was chromatographed over silica gel column. On elution with solvents, 

two compounds ~ and B were separated with pet-ether and benzene-petrol 

<1:4J respectively. 

Characterisation of compound A as :::;a-bromo olean-13<18>-ene 55. 
a a a a a a a a a n a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

The compound ~ was crystallised from chloroform-methanol mixture 
0 H.P.200-1 C; It gave positive Beilstein test for halogen and produc~d 

yellow colouration with tetranitromethane <TNM> showing the presence 

of a double bond. 
\ 

The Mass spectru~ (fig.l) showed the molec~lar ion peak m/e at 

490 <M 1 ,36.5%, Br
79

>+ ~nd 48~ <M2 ,54%, Br 77 >; other important peaks 

d t 47~ <M .M ~rn·)+ 4~- (M M ~8)+ 41rn <M HB 79 d appeare~ a ;.; 
1 

- e,;:;~IU , J • .::. 
2 

- e,;.; ,. I!J.· 
1 - r··.- an 

M'"='-HBr 
77

, 12. 5) ~ 408 (6) ·~ 395 < 14) , 274 (8) , 269 (0. 8>, 257 UfZI) , 218 <34S>, 
~ . 

205 (40) , 189 < 18) , 109 d30) , 95 ( 10'0). The mass. fragmentation pattern are 

in agreement with olean-13<18)-e'ne system2 (£'.·which .is shown below in 

scheme- I. 

SCHEI·tE-1 

m;e Ltog (/'( . 90 
410 ( 

- Hf3y O"t, 

- H/3-r 78 

P1fe·41:3 
-CH3 R 

a.. 410 I 

b =b) R = H = 8y / I 
R = H, ~ 

~ 
d. R = /3"1, 498 mje ZDS" 

+ + ,Q:YC"t 
s, rye 199 R . 59 

9· R: H, rvtje 191 
I 

5 • R::: ·la1, r-tje 2.69 



Elemental analysis and mass suggests the molecular formula as c
30

H
49

Br 

The 1H NMR (fig.2) resonance signals are recorded in tabular 

t-- form bel ow :-

~ 

~ 
'-·· 

TABLE-I 

a u a a • • • a • a a • a • a • a • • • • • a a a a n a • • a a • • a a a a a • • • a • a a a • • • • a a a a a a a a a a a a a a a a a a a 

Chemical shifts. 

(6 in ppm> 

No.of protons. Multiplicity. Assignments. 

a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a u a a a a· a a a a a a a a a a a a a a a a w a a a a a a a a 

(2).79 3 

0.81 3 

0. 8::::: 3 

0.84 ":" 

·-' 
!21.86 < ·-· 
0.94 3 

1.08 6 

1. 81 1 

5.16 1 

singlet 
II 

II 

II 

II 

II 

II 

triplet of 

doublet. 

(J=3 ~t. 13 Hz> 

broad singlet 

<W 1i2 =8Hz.) 

8 tertiary 

methyls. 

c-:r-f3H. ·-· 

a a a a a a a a a a a a a a a a a a a a a a a a a n a a a a a a a a a a a a a d a a a a a a a a •.• a G a a a a a a a a a a a a a a a a a a 

The triplet of a doublet centred at 1.81 ppm was due to a-proton at 

t-9 coupled with neighbouring methylene protons and the broad singlet 

at 5.15 ppm for ~-proton at C-3. 

Hence from the spectral data the compound.A was isolated as 

3a-bromo olean-13(18)-ene 55. 
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Characterisation of compoLmd B as ::::~-hydrm:y olean-11~) 1~~') -ene §e· 
a • D a a • • • a • a a a a • • • a a • • • a a • • • • • • • • • a • • • • a • a a a • a • • • a a a a a a a a a a a a a 

The compound~ was crystallised from chloroform-methanol, H.P.229-3~°C 

·~ It gave yell ow col ourati on with TNM ·but did not respond to Bei 1 stein 
~~ 

+. 

-!{: 

test for halogen. IR spectrum Cfig.3) showed absorption peak at 3380 
-1 

em for hydroxy group. Mass spectrum <fig.4) gave molecular ion peak 
+ 

at m/e 411 <M -Me,18), 408(1"1 -18,27), 395(10} ,37'3(17> ,255(29> ,229<24), 

218 (20) ,207 (4) '205 (40} ,20::::; ( 18) '189 ( 18) '173 (34) '145 (46} ~ 133 (36) '125 (76) 

95 (100). The fragmentation pattern are in agreement with that type 
• •"i •• 

suggested for olean-12(13)-ene by Djerassi et al~ 0 as given below in 

scheme- I I. 

+ 
~CHt 

f·. ·~ Mfe 133 

T -70 

SCI-/Ei't£-1 I 

- H.zO 

R 

a. R = H, TY~/e 41 o 
I a.. R=OH, ~/e 4Z6 

.. ~ + 

d::d~ rn~ .218 

Its molecular formula was found to be 
.::t 

b. R = H, rnfe 19,2, 

b'.-R=OH, f'rl/e .Z.08 

c.,.,.,HC"I'l'lo. 
·-'IU .:JIU 

The 1H NMR (fig.5)' signals are~recorded below in table-II. 

TABLE-11 

a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a • D a a • • • A a a a a D a a a n a a a a a a a a a D a a a 

Chemical shifts. 

(6 in ppm) 

No.of protons. MLlltiplicity. Assignments. 

a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

0.79 

0.81 

3 

3 

si ngl e·t 
II 

61 



-~-

+ 

121.82 -:r ·-· 
121.87 3 

121.94 3 

121.99 3 

1. 1216 6 

4.1218 1 

5.53 1 

II 

II 

II 

II 

II 

br-oad singlet 

like. 

tr-iplet 

(J= 3 ~'- 7 Hz) 

8 ter-tiar-y 

methyls. 

equator-ial 

methine 

pr-oton. 

olefinic 

pr-oton. 

• a a • a • • • a a a • • a • a • a • • • • • • a n a a a a • a a a a a a a a a a a a • a a • • a • a a a a a a a n a n a a • • a a a a a a 

The b~oad singlet at 4.1218 ppm is due to a-pr-oton at C-3 coupled with 

neighbour-ing pr-otons and tr-iplet at 5.53 ppm for- olefinic pr-oton at 

C-12. Hence, 
1

H NMR suggested the structur-e for- compound B as 

3{3-hydr-o>:y olean-12(13)-ene §~~· 

HO 

56a, 

This was confir-med by pr-epar-ation of its der-ivative §~~ with pyr-idine

acetic anhydr-ide. The acetate so pr-epar-ed had the molecular- for-mula 

C7~H~~O"' N.P.234-5°C, IR : 169121 and 1255 cm-
1

, was identical with an 
._-...::, w...::.. ..::. 

authentic sample of {3-amyr-in acetate 56b. 

Reo 
56b _, 

62 •.. 
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Mechanism proposed :-

It is not surprising to note the formatiori of 

').... olean-13<18)-ene and olean-12(13)-ene derivative from friedel-3(4)-ene 

in this reaction. The attack of the bromonium ion from the rare side 

)f. 

gives the cation ~ which opens up either to form a carbonium ion at 
.-.~6 

C-4 at- it undergoes concerted backbone rearrangementr-r either to form 

the olean-1~;(18)-ene derivatives 55 or olean-12(13)-ene derivative 56a 

(). 

·, .. 

55 

l DMSO/ ~ 
H.zO HO 

ti6a. 
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CHAPTER-II SECTION-'8 
• • • • • • • • • a 

a a • ~ • • • • a a • 

ACTION OF 'BROMINE ON LUPENYL ACETATE IN ACETIC ACID. 
• a a • • • a • • a • • • • • • • a • • • • • a a a • • • a • • a A a • • • • • a a • • • • • • • • • • 

Lupenyl acetate §Z~' which was prepared from 

Lupeol ~Z, <see E>l peri mental > , was dissolved in acetic acid 

cooled at 0°-5°c and bromine was added. After 30 minitues it was 

worked up in a usual way and the product obtained was subjected to 

chromatography. On elution with petrol a solid material,compound-~,was 

obtained. 

Characterisation of compond-Q :- Isolation of 3~-acetyl f9a,29,30 
a a a a a a a a a a a a a a a a a a a a a a a a a a • a a a a a a a - a a a a a a a • a a a a • a a a a a a a a a a a a a 

tribromo Oleanane. ~ 

Compound-Q was crystallised from chloroform-methanol, M.P. 

'??c:;-?6°C• 
.L..c-'-J - , It responded strongly to Beilstein test for halogen but did 

not produce yellow colouration with TNM indicating absence of double 

bond. IR spectrum (fig.6 ) showed absorption peaks at 1690 and 1255 
-1 

em showing the presence of acetate group. Mass spectrum (fig.7 

analysis showed molecular ion peak at m/e 710 <M,0.2%>+, with other 

important peaks appearing at 708 (0.5), 706 (0.8) 648 (1.5) 646 (1.5) 

626 (2) 566 (2) 533 (2. 8) 466 (2. 8)' 189 (30)' 82 (96)' 80 ( 100). 

Elemental analysis showed the molecular formula of 

compound-~ is c 32H51 o
2

Br
3

• 

Its 1H NMR spectrum (fig.S) resonance signals are recorded below in 

table-III. 

TABLE-III. 

• a a a a a a a • a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

Chemical shift 

<6 in ppm) 

0.84 

0.85 

0.86 

No. of proton 

":!" ·-· 
3 

Multiplicity Assi gnmen·t. 

singlet 
II 

II 
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0.94 3 

0.95 ~5 

1. 06 3 

~ 
2.05 3 

3. 5-:;:;. 9 2 

3.8-4.6 r-, 
..::. 

4.48 1 

4.24 1 

II 

II 

II 

singlet 

AB 
q 

(J= 10 Hz) 

AB 
q 

(J=11.5 Hz) 

multiplet 

doublet 

6X t-CH~ . .::. 

-OCOCH, ·-· 

-C,-aH. 
~· 

-i-· ...................................... ct ••••••••••••••••••••••••••••••••• 

- . 1 
The H NMR spectral data clearly indicated that there are only six 

tertiary methyl groups. The C-29 methylene and the C-30 methyl on the 

c20-29 olefinic double bond have disappeared and in these positions 

two AB quartets for a pair of CH2-x groupings have appeared. Since 

from elemental and MS spectral analysis the existance of three 

bromine atoms have been indicated in compound-Q, these groupings must 

be present as two -CH~Br groupings. The third proton that came in 
..::. 

existance is a doublet at 4.24 ppm with coupling constant of 12 Hz 

showing that the third bromine is in secondary carbon that has an 

axial neighbouring proton, indicating that the bromine is equatorially 

oriented with a gemin~l axial proton that coupled with the 

neighbouring axial proton giving ·rise to large J value of 12 Hz. 

13 
The C NMR spectrum (fig.9) also accounts for 32-carbon atoms. 

Chemical shifts < in ppm' ) of each carbon atom are shown below within 

the structure proposed 59 for compoLtnd-Q. 

13-Y ~"(' 

3S"·3:.J l.j~·ll 
,. 

kG· 30 

31·H 

A eo 

l6·SI 65 
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1 ~~ :;.·(!~ 
Pradhan et al ' have demonstrated that acetyl methyl betulinate ~z; 

lupeMyl acetate ~Z! on treatment with N-bromosuccinimide in dimethyl 

-sLtlfo>:ide gave 3(3-acetyl 29,30-dibt-omo-olean 28~ 19(3-olide ~~ I 3(3-

acetyl 29, 3!ZI-di br·omo-ol eanan-18otH, 19ot-ol respectively. 

Assuming that the reaction with bromine in acetic acid on lupenyl 

acetate also proceed by almost the same mechanism the product-Q may be 

assigned the structure ~~' which clearly explains the spectral 

data observed so far. 

In order to establish the mechanism, 3!ZI-bromo-lupenyl acetate 58 

<prepared from lupenyl acetate, see Experimental) was brominated with 

bromine in acetic acid method and the product obtained, was found to 

be identical wi·th 3(3-acetyl 1901.,29,3(2) tribt-omo oleanane 59. 

Mechanism :-

The molecular bromine probably attacks the olefinic 

double bond to form the cation ! which rearranges to form the allylic 

bromo compound ~· The allylic bromo compound undergoes bromonium ion 

attack to give the cation c which undergoe• ring expansion as in the 
18 'J(!., 

previous cases ,_ to furnish the cation d. The cation accepts the 

bromide ion from the rare side to furnish the sterically favoured tri

bromo compound. 

Thus, the structure of compound D was established to be 

3(3-acetyl 19ot,29,30 tribl~omo oleanane 59. . The same compound was 
•"\<::' 

prepared from lupenyl acetate as reported~~ without giving details of 

its structure and mechanism. 

B-rz/ AcOH -Hf3y 

~eo 

'57o.. -

§11. 



.~~ 
,.~ 

CHAPTER-II SECTION-C 
• a a a • • • • • • 

ACTION OF N-BRONOSUCCININIDE ON LUPAN 20(29J-EN 3~~28-DIOL IN 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • d • • • • • • • • • • • • • • • • • • • • • • • 

DIMETHYL SULFOXIDE. 
'a • • • • a • a a a a a a a a a a a 

Lupan 20<29)-en-3~,28-diol <Betulin) 60 was dissolved in minimum 

volume of chloroform and dimethyl sulfoxide was ~dded followed by 

N-bromosuccinimide. It was than kept in dark and the reaction product 

thus obtained was chromatographed. On elution with petrol 9 a crystall

-ine compound-§ was obtained. 

Characterisation of compound-E : Isolation of 3-keto olean 28-19-oxo-
• • • • • • • • • • • • • • • • • • • • a • • • • a a • a a • • a • a • a a a a a • a a a • • a n • a a a a a a a a a a a a a n a a 

29,30-dibromide. 

The CQmpound-§ was crystallised .from chloroform-methanol, 

H.P.232-3°C; it responded to Beilstein test for halogen but did not 

gave yellow colouration with TNM indicating the absence of double 

bond. IR spectrum Cfig.10) showed absorption peak at 1720 cm- 1 for the 

presence of carbonyl group. Mass spectrum (fig.11) showed molecular 

ion peak at ~/e 599 <M;,Br7? 2%) ,along with other important peaks were 

at 597 <M~+,Br77 ,6l ,519 <M-HBr 79 ,14>! 517<M-HBr77 ,1B>! 483(6), 439(101~ .... 
423(6), 407(8), 293<8>, 283(10>, 267(11Z)), 189(41ZD, 109(70>, 95(70>, 81 

(88) ' 55 ( 100) • 

Elemental analysis show~d presence of two bromine. atoms and molecular 

formula c30H46o2Br2 • 

1 The H NMR spectrum (fig.12) showed five singlets integrated for 

three protons each at <6 in ppm> 0.93, 1 • (2)3 ' 1.10, 1. 14 and 1. 21 

indicating five tertiary methyl groups; a multiplet centred at 2.68 

was accounted for methylene protons at C-2; one AB quartet with 

coupling constant value 5 Hz at 3.69 was due to coupling between two 

geminal protons at C-28, while two otl'1er AB quartets that 

appeared in the region 3.50-3.71 (J=8 Hz> and 3.59-3.82 (J=1f2l Hz> ppm 

each integrated fo~ two protons were probably due to two -CH~Br groups 
..::. 

at C-29 and C-3(2) of the rearranged ring-E. The doublet at 3.98 ppm 

(J=3 Hz> may be accounted for the methine proton at C-19. 
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Hence compound-g was identified as 3-keto olean 28-19-oxo 

29,30 dibromide 61 from the above spectral analysis. 

0 

Mechanism proposed :-

The E-ring enlargement by N-bromosuccinimide h~s been 
t 8 :2!£} 

reported ' earlier from our lab6ratory. In this case also bromonium 

ion attacks the double bond thereby causing rfng enlargement along 

with cyclic ether formation at C-28 while the hydroxy group at C-3 

was oxidised to carbonyl group. 

NBS 

HO HO 

B..,. 

l 

HO 

61 
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CI-IAPTER.-II SECTION-D. 

ACTION OF N-'BR.ONOSUCCINII'1IDE ON LUP-2ilH29)-EN-3(3,.,28-DIYL ACETATE IN 
A • • • • • a • a n a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

DlffETI-IYL SULFOXIDE. 

Lup-20(29)-en-3(3,28-diyl acetate 62 was dissolved in chloroform 

containing dimethyl sulfoxide and N-bromosuccinimide was added. It was 

than kept in dark for 24 hours and the gummy product obtained after 

workup was subjected to chromatography, which on elution two compounds 

F and G were obtained with benzene-petrol 

respectively. 

. -. 

and benzene 

Compound-F was crystallised from chloroform-methanol, 

H.P. 169-70°C; It responded to Beilstein test for halogen and gave 

yellow colouration with TNM. IR spectrum (fig. 13) showed absorption 
-1 

peaks at 1240 and 1730 em indicating the presence of acetate 

carbonyl group. Mass spectrum (fig. 14) showed molecular ion m/e at 
+ 79 . + 77 606<M
1

,Br ,1.8), while other fragments appeared a~ 604tM2 ,Br 1.9),593 

( 0. 4) '592 ( (2). 9) ' 577 ( 0. 3) ' 546 ( 24) ' 5:3: 1 ( 2(2)) '511 ( 18) '466 ( 45) '465 

(60) ,451 (60) ,405 (36) ,267 ,201,189 <100). Its molecular fomula was 

calculated to be
1
c34H53o

4
Br. 

The H NMR spectrum 

recordBd below in tabular form . -. 
(fig. 15) resonance signals are 

TA'BLE-IV 

a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a • a a a a a a a a a A a a a a a 

Chemical Shift No. of Proton Mu 1 ·t i p 1 i c i t y Assignment. 

(6 in ppm> 
a a a a a a a a a a u a a a a a a a a a a a a a a a a a a • a a a a a a a a a a a a a a a a a • a a a a a a a a a a a a a a a a a a a a a a 

0.83 3 singlet 

(2).85 :::;: II 

(2). 98 3 5 X t-CH~. 
.:.."1 

1. 05 3 II 

1 ""' :3; u ..::.o II 

,., 03 -:r 
..:..a ·-· . singlet 2 X -COCH-:r ·-· 
2.07 3 II 
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3.91 

3.84 

4.26 

4.47 

5.03 

5.12 

2 

1 

1 

1 

2 

singlet 

dOL!blet 
II 

multiplet 

2 X singlet 

-CH,..,OAc • 
..::. 

C ct-H 
3 

C=CH~. · 
..::. 

• • • • • • • a a • • • a • • • • • • • • • • a • a • • • • • • a • a a a a • • • a a a a a a a a a a a • a a • • a • a a • • a • • • a • a 

The increase of 78 and 80 mass units in the molecular weight of the 

starting material ~~ shows that only one brcimine atom is introduced 

in the compound F. The appearance of a pair of doublet at 3.84 and 

:~ 4.26 ppm with J value of 11 Hz are due to the methylene proton geminal 

to the br-omine~ the other signals being almost similar to that of the 

starting material 62. 

·~· 

Thus compound F can be designated as 30-bromo betulin 

diacetate or 30-bromo-lup-20(29)-en-3~~28-diyl acetate ~~· 

A eO 

Identification of compound-S :-
• a a a a • a a a a a • • a • a a a n • A • a • • a a a • 

The compound G was crystallised from cloroform-methanol, 

1·1 P '"'rnr:·-<°C• II /II ..:0."--.G. ·-· , It gave yellow colouration with TNM showing the presence 

of double bond and responded to Beils€ein test for halogen. IR 

spectrum (fig.16) showed broad absorption peak at 3390 cm- 1 indicating 

the presence of hydroxy group while there was no absorption in the 

carbonyl_ region showing the absence of acetate group. Mass spectrum 

showed molecular ion peak at 442. Its molecular formula is calculated 

to be C~rl\H~rnO?Br from elemental analysis and mass. 
·- ICJ ~ICJ ~ 1 

The H NMR spectrum (fig.17) showed five singlets at 
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<6 in ppm) 0.76~0.82,0.96~0.98 and 1.02 due to five tertiary methyl 

groups; a multiplet centred at 3.19 ltJas due to C<ct-H coupled with 
·-· 

neighbouring protons at C-2; the double doublets at 3.15 (J=10 Hz) and 

3.78 <J=10 Hz) were due to two protons attached to carbon atom C-30 

bearing the bromine atom; a broad singlet at 4.12 was due to two 

protons of C-28 containing the hydroxy group. Finally the two singlets 

.at 4.9 and 4.95 appeared for the two olefinic protons at C-29. 

In the Mass spectrum (fig.18) of compound G showed the 

maximum ion peak at m/e 442 shows that there is loss of HBr from the 

parent molecule G. The other fragments appeared at m/e 440(10), 

425 ( 10)' 409 ( 18) , ::::;69 (25)' 207 (24), 189 (46), 135 (68)' 107 (76)' 91 (74·) .• 

Thus from the above spectral analysis the compound G was 

designated as 30-bromo 3~,28-dihydroxy-lup-20<29)-ene 64 

HO 

It may be concluded that in the case of 28-0-acetate no bromination on 

the olifinic double bond at C-20<29) takes place whereas in other 
2(ZJ 

~ cases <lupenyl acetate and lupan-20(29)·-ene 3~,28-diol 6121~section-C> 

both allylic bromination and bromination on the double bond 

accompanied by ring enlargement occurs to furnish oleanane skeleton. 
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CHAPTER-II SECTION-£ 
• a a • • • a a a a ... 

ACTION OF N-BROHOSUCCINIHIDE ON LUPAN-20<29>-EN-3,30-DIYL ACETATE IN 

DIMETHYL SULFOXIDE. 
a a d a • a • a ~ a • • • a • • a a a 

The compound lupan-20(29)-en-3,30-diyl acetate <prepared from lupenyl 

acetate, see E>:perimental) 'i!' was dissolved in chloroform containing 

dimethyl sulfoxide and N-bromosuccinimide was added. The mi>:ture was 

than kept in dark for 24 hours and the product thus obtained was 

chromatographed, which on elution with benzene afforded a compound-H. 

Characterisation of compound H :-
• a • • a • a a ·n a a a a a a a a n a a a • a • a a • a a a a 

The compound H was repeatedly crystallised from chloroform 

methanol yielding colourless crystals, H~P.224-5° C It did no·t 

respond to Beilstein test for halogen but produced yellow colouration 
-1 with TNM. The IR spectrum (fig.19) showed peaks at 1730,1700 em for 

-1 
carbonyl group and 1255 em showing that one tarbonyl is due to 

acetate function). Its Mass spectrum Cfig.20) exhibited molecular ion 

peak at m/e 482 <M, 24%>; Other fragments appeared at 467 <M-CH~,6%) 
·-· 

422 <M-AcOH,62), 407, 379, 297~ 279, 203,189,149,135,121,107,95 <100). 

Elemental analysis and Mass spectrum suggested the 

molecular formula to be c32H50o3 . 1H NMR (~ig.21) signals showed six 

singlets at (6 in ppm) 0.82, 0.83, 0.84, 0.85, 0.92 and 1.01 for six 

tertia~y methyl groups; one singlet at 2.04 for acetoxy methyl 

protons; two singlets at 5.93 and 6.31 for two olifinic protons at 

C-29 is shifted downfield due to the presence of a carbonyl group at 

the C-30 position. The remaining singlet that appea~ed douwn field at 

9.51 integrated for a single proton was due to the aldehydic proton at 

C-30. 

Thus, from the above spectral studies the compound H, 

was suggested as 1 upan-20 (29) -en, 30-·al , 3[3-yl acetate 65. 

Reo 
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'I 

~ 

Mechanism for the reaction. 

It was very interesting to observe that in 

almost all the reaction with N-bromosuccinimide, a bromohium ion 

attacks the double bond at 20(29) position or an allylic bromination 

also takes place but to a lesser extent. However, in the present case 

only oxidation of C-30 position occurs. In this compound there are 

two acetate groups of which the one at C-30 was a primary one at 

allylic position. 

When a bromonium ion approaches the rr-bond at C-29,30 

position the allylic hydrogen atom is preferably removed generating a 

carbonium ion at c~30 position. This perhaps stabilizes by loss of 

acetyl group to a~ford the aldehyde. 

. p-
Re o ___ .)J... '-

Rc.O 

67 

..,__ __ 
+ B-r . 

65 

While, the second possible mechanism may be suggested as follows a
a 

Since, the dimethyl sulfoxide is not absolutely dried 

it may contain some water which would cause hydrolysis ¢fo 30-hydroxy 

lupenyl acetate. Thus primary hydroxy group at C-30 position gets 

oxidised by N-bromosuccinimide to the aldehyde group. 
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CHAPT£8-111 E:XPE:RINENTAL. 

~ Friedel-3(4)-ene §1 was prepared from friedelin by the same method as 

discussed in experimental section of part -I in this thesis. 

A~-

OXIDATION OF FRIEDEL-3<4>-E:NE: 54 BY N-BRONOSUCCINIHIDE <NBS) IN 
a • a a a a a a a • a a • a a a P a a a a • • n a p a a • a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

DINETHYL SULFOXIDE (DMSO). 

1.0 g of friedel-3(4)-ene 54 was dissolved in 10 ml of CHCl_ 
._:;, 

and 100 ml of Di"ISO was added. Then 1.0.g of NBS was added in small 

lots of 0.1 g each and the mixture was kept in dark for 24 hours. 

It was then diluted with CHCl~, taken·in a separating funnel and was 
·-· 

washed with water till there was no smell of DMSO. It was then dried 

over anhydrous Na2so4 and the solvent was distilled off yielding a 

gummy solid which showed two distinct spots in tlc plates. 

The gummy mass was dissolved in minimum volume of benzene 

and subjected to column chromatography· the result of which are given 

in tabular form below :-

TABLE-I 

• a a a a a a a a • a a a a ~ a a a a a a a a a a a n a a a a a a a a a a a a a a a a a a a a a a n a a o a a a a a a a a a a a a a a a a a 

El uen·t Residue on 

50 ml each. distillation. 
a a •.• a a a •· a a a a a a a a a a a a a a a a a a a a a a a a a a d a a a a • a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

1. petrol 1-4 solid, <0.2 g) 

2. petrol-benzene 5-10 solid, (IZJ.4 g) 

(4: 1) 

further elution did not yield any more solid. 

The fractions 1-4 were crystallised from CHCl~-MeOH, M.P. 21ZJIZJ-1°C; 
·-· 

showed positive Beilstein test for halogen and gave yellow colouration 
13 (18) 

with TNM. It 1r1as identified as 3ct-bromo-Olean A -ene 55 from 

spectral analysis. 
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ANALYSIS REPORT. 

Found g 

Mass m/e 

<6 in ppm> 

c 73.0 H 9.7% 

c 73.6 ;: 1-1 10.02% 

490 <M
1
+,Br79 ) ,488 <M

2
+,Br 77 ) 

475, 473, 410, 408, 395, 274, 

257, 218, 205, 109, 95(100}. 

fig.l. 

0.79,0.81,0.83,0.84,0.86, 

0.94 and 1.08<bs) 

(6s,3H each & one 6H,8X t-Me) 

1.81 <td, 1H,J=3 8~ 13 Hz, 

c9 -cc.H> 

5.16 <bs, w112=8 Hz, C3 -f3'H). 

fig.2. 

The fractions 5-10 were combined and crystallised from CHCl~-MeOH, 
~· 

H.P.229-30°C; did not respond to Beilstein test for halogen but aave 
~ i2<13) 

yellow colour with TNM. It was identified as 3~-hydroxy olean 6 -

-ene ~~ from spectral datas. 

ANALYSIS REPORT .. 

Found : 

Calculated for C7mH~rnO ...:•r.u ;J"" 

IR <Nujol) g 

Mass : m/e 

v 
ffiC\}{ 

c 83.9 H 11.2% 

c 84.5 H 11.73% 

.. 
. 3380 -1 

em (-01-1) 

fig.3. 

411, 408, 395, 393, 

255, 229, 205, 173, 145, 125, 

123 ' 95 ( 100) • 

~ fig.4. 
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1 H I\IMR : (CDC 1 ~·) .::., 
(6 in ppm) 

0.79,0.81,0.82,0.87,0.94, 

0.99 and 1.06(bs) 

(6s,3H each & one 6H,BX t-Me) 

4.08 (bs,1H, C,-(3H ) 
·-· 

5.53 <t,1H, c12-H 

fig.5. 

BROMINATION OF LUPENYL ACETATE 57a BY BROMINE IN ACETIC ACID 
• a • a • • • • a • a a • a a a a a a u a a a a a a a a a a a a a a a • a a a a d a a a a a a a a a a a a a a 

1.0 g. of lupenyl acetate ~Z~ was dissolved in 100 

ml of acetic acid and allowed to coo,l at -5°C with freezing mb:ture. 

Than 8 ml of bromine was added dropwise with consta~t shaking. The 

mixture was than poured in ice cold water, extracted with ether, 

washed with water repeatedly, dried with anhydrous sodium sulphate and 

~inally the solvent ether was distilled off yielding a yellowish solid 

mass. It "was dissolved in minimum benzene and chromatographed over 

silica gel column. On elution with petrol a crystalline white solid 

compound (0.3 g) was obtained. It was recrystallised from CHCl,-MeOH, ·-· 
M.P.225-6°C, identified as 3(3-acetyl oleanan 1'7ot,29,30 tribromide 59. 

BROHINATION OF LUPENYL ACETATE 57a UITH NBS IN CARBON TETRACHLORIDE. 

1.0 g of lupenyl acetate !?Zl4, N.P.212-3°C, was dissolved in 100 ml of 

carbon tetrachloride and refluxed over waterbath with 1.0 g of NBS 

for 4 hours. It was than kept overnight and unreacted .NBS was 

filtered, solvent was distilled off and the product obtained was 

chromatographed which on elution with petrol-benzene (4: 1) gave 

white crystals, recrystallised from chloroform-methanol, M.P. 225-6°C, 

gave yellow colouration with TNM and responded to Beilstein test for 

halogen; IR 1725, 1255 (-OCOCH,>, 3015, 1640 and 880 

identified as 30-bromo lupenyl a~etate ~~' H.P.235-6°C 

-1 
em <C=CH,....); 

£ . 

[Lit.N.P. 

235-6°C J by comparison with authentic sample (prepared earlier). 

Found 

ANALYSIS REPORT 

. -. 
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c 54·. 02 H 7.10 

c 54.08 ; H 7. 18 



.IR <Nujol) 

!"lass m/e 

(6 in ppm> 

v 
maH 

1690 and 1255 cm- 1 

(-OCOCH..,.) 
.:.-. 

fig.6 
+ 710 <M 1,708,706,648,646,626 

568,566,633,487,466,376,362 

267,231,189,175,135,95,82, 

80 ( 100) • 

fig.7 

0.84,0.85,0.86,0.94,0.95,1.06 

(6s,18H.6 X t-CH~> . .::. 
2.05 <s~3H~-OCOCH~> . . . .:. .. 
3.5-3.9 <AB , J=10 Hz.-CH"Brl q . ..::. 
3.8-4.6 CAB ,J=11.5 Hz,-CH~Br) 

q ..::. 
4.24 <d,1H, c 19-~H> 
4.48 <m,1H, C~-aHl 

·-· 
fig.B 

fig.9 

Betulinic acid was isolated and esterified by same method as discussed 

in the experimental section of part-! of this thesis. 

LAH REDUCTION OF HETHYL BETULINATE : PREPARATION OF LUPAN 20C29l-£N-
a • u • a • a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a d a a a a a a a a a a a a a a a 

3~~28-DIOL 6121. 

3.0 g of methyl betulinate was dissolved in 400 ml dry ether and 8.0 g 

of LAH was added cautiously to the cold ethereal solution. The 

mixture was than refluxed for 6 hours over heating mentle. It was than 

cooled to room temperature and excess LAH was destroyed with saturated 

solution of sodium sulfate when a white inorganic salt coagulated. The 

supernatant solution was decanted and the residue was washed with 

fresh chloroform. The decanted and chloroform solution was washed 

with water, dried and the solvent was distilled off. The solid 

obtained (2.4 g) was crystallised from CHCl~-MeOH mixture to furnish 

white crystals of lupan 20<29)-ene 3~,28-di~l ~~ <Betulin), H.P.258°C, 

[aJ
0

=+ 17°, IR : 3350, 3370 <-OH) and 890 cm-i <C=CH2 > ,TNM test +ve;. 

identical with authentic sample <H.M.P.and CO-tlc) 
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Found 

Calculated for c
30

H
50

o
2 

c 
c 

81.25% 

81.45/. 

H 10.95% 

H 11.31/. 

OXIDATION OF LUPAN 20(29>-EN-3~~28-DIOL BY N-BROMOSUCCINIMIDE IN 
• a • a • • b a a • • • • • • a a a a a a a a a a • • a a a a a a a a a a a a a a a a a a a a a a a a a a • a a a a a a a a a a 

DIMETHYL SULFOXIDE. 
a • a • a • • • a a a • • a • a a a 

1.0 g of lupan 20(29)-en-3~,28-diol 60 was dissolved in 7-8 ml of 

CHCl~ and 35 ml of DMSO was added. Than 1.0 g of NBS was added in ·-· 
small lots of 0.1 g each with constant shaking and it was kept in dark 

for 24 hours. The mixture was then poured in ice cold water when a 

solid material separated out which was extracted with excess CHCl~. 
·-· 

The CHCl~ layer was washed with water repeatedly till free from DMSO, 
·-· 

dried over anhydrous sodium sulfate and finally the solvent was 

~.}_ distilled off to furnish a gummy mass (0.85 g). Tlc of the latter 

showed a single spot indicating the presence of at least one new 

product. The gummy mass was dissolved in minimum volume of benzene and 

chromatographed over silica gel column. 

Elution with petrol furnished a solid mass~ 

d . t d d E ·• P ,..,..,.~. ..,.oC estgna e as compoun _, ~. -~~£-~ .; identified as 3-keto-oleanan-

28-19-oxo-29,30-dibromide 61. 

ANALYSIS REPORT. 

1 

• a • a • • • a a • a a a a • 

IR 

Mass 

Found 

CNujol) 

m/e 

v max 

H NMR : CCDCl~) ·-· 
(6 in ppm> 

C 60.0% ; H 7.4% 

C 60.1/.. H 7.6% 

1720 
-1 

em 

fig 10 

C=O) 

599 <M+) ,519, 517, 488, 439, 

423, 407, 293, 283, 267, 189, 

107, 95, 81, 55(100) 

fig.ll 

0.93, 1.03, 1.10, 1.14 and 

1.21 (5s,15H, t-CH~> 
·-· 

2.68 <m,2H,-COCH..,.> 
..:.· 

3.69 CAB J=5 Hz, q' 
3.50-3.71 CAB , 10 

q 

-c -H -> 28 2 

3. 59-:::.'. 82 CAB q' 10 Hz , -CH"'=,Br) 
..:.. 

3.98 Cd,J=3 Hz, -c19-H> 

fig.12 
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ACETYLATION OF BETULIN,~f!}_ : PREPARATION OF BETULIN DIACETATE,~?:· 
" a • • • • • • • • • • • • • • • a • • • • • • • • • • • • • • • a • • • • a • a • a a a a a n a a a a a a 

1.5 g of betulin, ~~ was dissolved in 10 ml pyridine and 15 ml of 

-f acetic anhydride was added. The mi:-:ture was he.:,ted over t.-~ater bath for 

6 hours. After usual workup and chromatography, a solid material was 

mi:·:ture <4: 1) which was obtained with eluent petrol-benzene 

crystallised from CHCl_-MeOH to afford 
. .:. .. 

0 . 0 
diacetate, H.P. 222-3 C, [aJ

0
= +21 ; IR 

white crystals of betulin 

1740,1250 <-0-COCH~) and 
·-· -1 

1650,900 em <C=CH~) • 
.::.. 

Found 

Calculated for c
34

H54o
4 

c 
c 

77.36% 

77.56% 

H 

H 

10.06% 

10.26% 

OXIDATION OF BETULIN DIACETATE 62 BY NBS IN DNSO 

0.5 g of betulin diacetate 62 was dissolved in minimum CHCl~ 
·-· 

containing 25 ml of DMSO. Then 0.75 g of NBS was added in small lots 

and the mixture was kept in dark for 24 hours. On usual workup, the 

gummy product obtained was dissolved in minimum volume of benzene and 

chromatographed over silica gel column. The solvent used are shown in 

table below :-

TABLE-I I. 

a a a a a a a a a a a a a a a a a a a a a a ~ a a a a a a a a a • a a a a • • • • a a a a a a a a a a a a a a a • • a a a a a • • a a a a a 

El uen:t Fraction of Residue on 

50 ml each. distilation. 

1. Petrol 1-4 nil 

2. petrol-benzene 5-8 nil 

(4: 1) 

3. petrol-benzene 9-11 nil 

(3:2) 

4. petrol-benzene 12-15 solid, <0.2 g) 

<2:3) 

5. petrol-benzene 16-18 nil 

( 1: 4) 

6. benzene 19-23 so 1 i d ' ( 0. 2 g) 
a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a A a a a a a a 
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Further elution did not afford any more solid. 

Fractions 

169-7i2l°C, 

63. 

12-15 were crystallised together from CHCl~-MeOH; H.P. 
·-· 

identified as 30-bromo lup-20<29)-en-3~,28-diyl acetate 

ANALYSIS REPORT . . . . . . . . . . . . . . . 
Found 

Calculated for c
34

H
54

o
4

Br 

c 67.3 

c 67.33 

H 8.901.. 

H 8.91/. 

IR <Nujol) 

Mass m/e 

1 
H Nt'IR : ( CDC l -:r ) 

·-· 
(6 in ppm.) 

1730 and 1240 

<-OCOCH_,.) . .::. 
fig.13 

-1 
em 

+ 606<M ) ,604,593,592, 

577,546,531,511,466, 

465,451,405,267,201, 

189 ( 100) 

fig. 14 

0.83,0.85,0.98,1.05 and 1.26 

C5s, 15H,5 

2.03 and 2.07 

C2s,6H,2 X -COCH~> 
·-· 

3.91 < s, 2H, -CH~.OAc) 
..::. 

3.84 and 4.26 Cdd,2H,-CH~Br) 
..::. 

5.03 and 5.12 (2s,2H, C=CH~> 
..::. 

fig. 15 

Fractions 19-23 were crystallised together from CHC1
3

-MeOH, H.P. 
,...,,,.,,..., -:·oc 
...::0\CJ.a::. - • .:.. ' identified as 30-bromo lup-20(29)-en¢-3~,28-diol 64 . 

Found 

Calculated for c30H50o2Br 

ANALYSIS REPORT 

8121 

c 68.8 

c 68.97 

H 9.51.21/. 

H 9.57/. 



IR <Nujol) 

Mass m/e 

v maH 3390 -1 
em 

<-OH> 

fig.16 

(broad) 

442,440,425,409,369, 

207,189,135~107,91, 

55 ( 100) 

fig.17 

1
1-1 NI"IR : <CDCl-:r> ·-· 

(6 in ppm) 

0.76,0.82,0.96,0.98 and 1.02 

(5s,15H,5 X t-CH_> 
.;_, 

3.19 <m,1H, C-:r-aH> 
~· 

3.15 and 3.78 

(dd, J=10 and 10 Hz,-CH~Br> 
..::. 

4.12 <bs,2H 9 -CH~OH> ..::. 

4.90 and 4.95 (2s,2H,-CH~=C> 
..::. 

fig.18 

ACETYLATION OF LUPEOL : PREPARATION OF LUPENYL ACETATE 57a. 
• n a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a • a a a a a a a a a a a a a 

1.0 g of lupeol 57 was dissolved in 15 ml of pyridine and 20 ml acetic 

anhydride was added. The mixture was heated over water-bath for 4 hours 

and poured in ice cold water when a white solid of lupenyl acetate 57a. 

separated out. It was filtered through suction, washed with water and 

dried in air. M.P. 212~13°C, [lit. N.P.213-14°C J 

OXIDATION OF LUPENYL ACETATE 57a.l'N ACETIC ACID UITi-1 SeO~ : PREPARATION 
a a a a a a a a a a a a a • a • • a a a • a a a a • a a -- a a a a a a a a .. a a a a a a a a a a a a a a ..::.,. 

q~-~~~~~-~~5~?!:~~~~~:~~!~~:!~.~~~!~!~ ~~ 

1.0 g of lupenyl acetate was dissolved in 150 ml of acetic acid and 

refluxed with 1.0 g of SeD_ over heating mentle for 1 hour. Then it 
L 

was poured in ice cold water when solid crystals of lupan 20(29)-en-

30-al-3~-yl acetate 65 separated out. It was filtered, washed 

water till neutral and dried,N.P. 224-5°C, [lit. M.P. 224-25°CJ 
-1 

1730,1700 and 1255 em , gave yellow colouration with TNM. 

81 
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i<EDUCTION OF LUPAN 2i2)(2!7')-EN-312l-AL-3ff-YL ACETATE 65 UIT/-1 LA/-1 : 

PREPARATION OF LUPAN 20<29>-EN-3ff,30-DIOL 66. 

·:f- 1.121 g of 1 upan 312!-al- 3ff-yl acetate 65 was dissolved in dry ether and 

1.5 g of LAH was added. The mixture was then refluxed for 5 hours over 

heating mentle and allowed to cool at room temperature. Afte~ usual 

workup, the product was extracted with ether, washed, with water, 

dried and the ether was distilled off giving a white solid (0.7 g). It 

( ._......._ 
·--· 

was crystallised from 

colouration with.TNM; IR 

CHCl..,.-MeOl-1, 
·-' 

3400 and 

lupan 20(29)-en-3ff,312l-diol 66. 

3fi, 

3320 
-1 

em 

pt-oduced yell ow 

<-OH) identified as 

~~~!!~~!!?~.q~-~~~~~-~~5~!~:~~~~~:~!q~ 66 :ISOLATION OF LUPAN-20<29)-

£N-3ff,30- DIYL-ACETATE 67 

0.6 g of lupan 20(29)-en,3ff,30-diol 66 waa heated over waterbath with 

of 10 ml pyridine and .15 ml of acetic anhydride. It was than poured in 

ice cold water when white crystals of lupan 20<29)-ene-3ff,30-diyl 

acetate 67 was separated out. It was filtered, washed with water and 
0 -1 dried in air, M.P. 253-4 C, IR : 1750,1740,1250 and 1230 em • 

30 
OXIDATION OF LUPAN-20<29)-EN-3ff,?:j3-DIYL ACETATE 67 UITH NBS IN DNSO :-
• • • • • • • • • a a a a a • a a a a • • • a • • • • a • • a a • a • • • • a • a • • • • • • a a a • a • • • a a a • • • a • 

30 
0.5 g of lupan-20<29)-en-3ff,~-diyl actate 67 was dissolved i·n minimum ,.. 
volume of CHCl~ followed by 20 ml of DMSO and than 0.75 g of NBS was 

·-· 
added. The mixture was than kept in dark for 24 hours and than usual 

workup gave a gummy yellow product which was chromatographed in silica 

gel column. 

TABLE-III 

a a a a a a a a a a a a a a a a a a a a a a a a • a a a a • a a a a a n a • a a • a a a a • • a a • a a a a a • • a a a • • • a a a a a a a 

Eluent 

1. pett-ol 

2. petrol-benzene 

Fraction of 

50 ml each 

1-3 

4-6 

Residue on 

distillation. 

nil 

nil 
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,-:f-

( 4: 1) 
-:r 
·-• a petrol-benzene 7-10 nil 

(3:2) 

4. Petrol-benzene 11-13 nil 

'(2: 3) 

0::' ua benzene 14-18 solid, (0.35 g ) 

a • • • • • a a a D • a • • • • a • ~ a a a • a • a a a a • • • a a • • • • • a • a a a a • • a a a • a a • a a a a a a a a a • a • a a • a 

The fractions 14-18 were crystallised from CHCl.-MeOH, M.P. 224-5°C; 
·-· 

TNt"\ test positive, identified as ~Ltpan 212H29)-en-31Zl-al ,3~-yl acetate 

65. 

ANALYSIS REPORT. 

Found 

Calculated for c32H50o3 

IR <Nujol > 

Mass m/e 

1
H NMR : <CDCl~) 

·-· 
<6 in ppm> 

c 78.9% 

c 79.6 

H 10.3% 

-·1 1730, 1700 and 1255 em 

(-CHO, -COCH-:r) 
·-· 

fig.19 

482 <M+) ,467,422,407,379, 

297,249,203,189,149,135, 

121,107 and 95 (100). 

fig.21Zl 

0.82, 0.83, 0.84, 0.85 0.92 

and 1.01 (6s,18H, 6X t-CH_> 
.;,;.. 

2.04 <s, 31-1, -COCH-:r) 
·-· 

5.93 and 6.31 <2s,2H, C=CH ...... > 

9.51 <s,1H, -CHOat C-30). 

fig.21 
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PART--I I I 

OXIDATION OF PENTACYCLIC TRITERPENOID KETONE, LACTONE AND ESTER WITH 

META CHLOROPERBENZOIC ACID IN CHLOROFORM. 



CHAPTEF:.-I 

A BRIEF REVIEW OF OXIDATIVE REACTIONS BY PER-ACIDS AND PEROXIDES. 
a a • a • • • • • a a • • • • a • • a a • • a a a a a • a a a • a a a a • a a • a a a • • • a a a a a a a a a n a a a n a a a a a 

Peracids have been used most extensi~ely for the selective oxidations 

of carbon-carbon double bonds,conversion of ketones to esters and 

recently functionalisation of unactivated carbon atoms. Among the 

peracids, commonly used are performic acid, perchloric acid, p•~

acetic acid,hydrogen peroxide, perbenzoic acid, benzoyl peroxide,meta-

chloro perbenzoic acid <mCPBA>, trifluoro per acetic acid and mono 

perphthalic acid. A few of them are prepared by the actions of 

hydrogen peroxide on their corresponding acid and the resulting 

reaction mixture is used as peracid. A short discussion is given 

below: 

OXIDATION OF CARBON-CARBON DOUBLE BOND. 

. 1 2. 
Olef1n~ ' !' 2 are converted to·epoxides by peracids in good yield. 

&H3o 
r 

H 

2 

Ph-COOOH I CHCl~ 
..,:) 

Carbon-Carbon double bond is selectively oxidised3 (eg.~ 
of hydroxyl·or carbonyl functions. 

86 

in presence 



0 

OH 

3 

PhCDOOH 

0 

4 Rickborn ·et al reported t!-'JO different epo:dde of compound 4 by action 

of mCPBA in diethyl ether 

H 
m-CPBA 

H H 

+ 

The use of perbenzoic acid or mCPBA in chloroform or methylene 

chloride has an advantage of isolating the epoxide formed while 

epoxidation reactions with olefin ~ run with peracids in presence of 

an excess of the corresponding carboxylic acid frequently yield the 
c::- ' 

hydroxy esters~ derived from the initially formed epoxide. 

0 
5 
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Reactions run either with monopermaleic acid in methylene chloride
6 

or with mixtures of percxytrifluoroacetic acid and the strongly acidic 
7 trifluoroacetic acid(Pka-0.3) in methylene chloride usually produce 

1,2 diol derivatives as shown compound~ 

CF~COOOH I CF~COOH 
.:;. . .:. .. 

-------------~-------~ n-c 10H21 -~H- C~l2 n-c
10

H
21

- CH=CH
2 

6 CH Cl 
2 2 OH 0-COCF-:r ·-· 

The epoxidation of olefins is believed to proceed by an electroph~lic 

attack 8 ' 9 as .indicated in the accompanying equation: 

+ PhCOOH. 

where the per acids usually attacks the olefin from the less 

hindered side to.produce the less hindered epoxide as the major 

product.But the stereospecificity may be influenced by changes in the 
4 reaction sol vent a' 

OXIDATION OF CARBONYL COMPOUNDS. 

The rate of oxidation of ketones with per acids is usually much 

slower than the epoxidation of olefins. But relatively long reaction 

times, strong acids as catalyst or very reactive per acids permit the 

conversion of carbonyl compounds, known as Baeyer-Villiger 

t . .!f. 1i!.1.11~12 d" t . d . ld reac 1 011S · · to cot-respon 1 ng es ers 1 n goo y1 e • 
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.~ 

The oxidation of cyclic ketones 7 and ~,with per acids, serves as a 
1.3'1 14 useful route to lactones. · 

0 

6 
7 

PhCOOOH 

CHCl_ 
~ 

0 

0 
0 

0 
8 

CF3 COOOH 

CF3 COOH 

0 

6 
The conversion is catalysed by acids and the rate of oxidation is 

accelerated by electron donating groups in the ketone and electron 

withdrawing groups in the per acids. 
. .. 12.13 15 16 After a var1ety of stud1es · ~ ~ of the Baeyer-Villiger 

reaction indicate that the mechanism is as follows:-

R 0 OH H+ 

"' II H+ I 
C=O + CH-C-0-0H R-C-0......,.0-C-CH 

/, 3 ·I_/ v II~ 3
+ 

Slow 

R R 0 H 
+ 

O-H 0 
II · -H+ II 

R C-OR ) R- C-0-R 

The reaction has been shown to occur with retention of config~ratioh 17 

as shown in the reaction of 9. 

H 

9 

PhCDDDH 

CHCl_ 
~ 

H 

Oxidation of unsymmetrical ketone (eg.!~) can lead to two isomeric 
tif..b estet-s 

OCO-Ph 
112) 

PhCDOOH I CHCl..,. 
..;:. 

()
col 
I I 
o-[P· 
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~oo1 1 t 1 17e ' d •'cc ure e·· a repor~e B" Va m: i dati on by a c:omple:-: of hydrogen 

peroxide-Boron trifluoride etherate complex" 

0 0 
II II 

CH - <CH ) ~ C - CH~ 
3 2s ..::. 

CH - <CH > - 0- C - CH 3 ,2 5 3 

From a series of study of various unsymmetrical ketones! 2 , 15 , 16 the 

migratory aptitude of various groups in the Baeyer-Villiger reaction 

has been found to be:-

t-alkyl > c·":{clohe:-;yl ('.J sec.alkyl .---..- benzyl,...._, phenyl) primc:u-y alkyl 

cycle propyl) ~ethyl" Even a bridgehead t-alkyl group (11) (12) 

migrates readily,providing a useful 
jc:- •. 1'-. 

alcohols··-'d.~ 0 

11 

12 

CF3 C03 Hj 
CF3COOH 

> 

syntheti~ route to bridgehead 

OH 

+ 

19 
Fumio Toda et al · reported that ~orne Baeyer-Villiger oxidations of 

ketones with mCPBA proceed much faster in the solid state than in 

solution" 
2@ 

Hara et al had shown that perbenzaic acid oxidation of 5~ and 5~ 

3-k~tones yielded mixture of lactones with an oxygen atom inserted in 

.. J.- either side of the 3-o:-:o gr·oup of triterpenoids ~'-lith commonly used per 

so 



acids it would seen that the 

indiscriminate manner 21 • 
·::-·-::· 

reaction proceeded· in a rather 

Whittam-- found that 4,4-dimethyl cholestan 3-one 13 on treatment with 

~· mCPBA ot- perbenzoic acid in presence of mineral acid gave 4or. met.hyl 

4-oxa-A-homo-cholestan 3-one 14. This apparently unique loss of a 

methyl group in a Baeyer-Villiger oxidation merited a careful 

investigation of the reaction. Aftet- careful investigation the 

mechanism was proposed as shown ih the followinq scheme:-
- .~1 

SCHENE-I 

m-CPBA ) 

13 

mCPBA 

HOOC~l 

14 
2.3 Hase et al . reported a case of exhaustive Baeyer-Villiger oxidation 

~ of pentacyclic triterpenoid,allobe·tulone !~, giving !~ in 50% yield on 

treatment with peracetic acid and boron trifluoride-etherate. Hase et 

al established that the reaction was general for condensed cyclic ~,or.

dimethyl substituted ketone. 

0 0 

.15 16 
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FUNCTIONALIZATION OF UNACTIVATED CARBON ATOM.:-
• • a • a a • u d a a a a a a a d • a a u u a a a a a a a u a a p a a a a a a a a a a a a 

Motoo Tori et a1 24 reported functionalization of unactivated carbon 

:+ atoms by action o{~ mCPBA on a number of triterpene det-ivatives in 

~-

~ 

chloroform under reflux. They reported Lupan 3~ 9 28 diol 17 on 

refluxing with mCPBA in chloroform for h hours afforded three 

compounds which were identified as 28 hydroxy lupan 3-one~!~, methyl 

4,28 dihydroxy 3,4 seco lupan 3-oate,!~ and methyl 28 hydroxy 3,4 seco 

lup 4(23)-en-3-oate,~~ from spectral analysis, while lupan 3[1-ol, ~! 

on similar treatment afforded lupan 3-one,~~ and 3,4 seco lupan 4~3 

olide 23. 

!Z:, R = -OH 
~"~1r~) R = -H 
~';_,_:,, HO 

19 

0 

20 

Lupan 3[1,28 diyl diacetate 24 subjected to same 

!~, R = -OH 

~~' R = -H 

0 rt} 
~ 

23 (4.3%) 

•::04 
reaction~ gave 

only one pl~oduct,19[1-hydrm:y lupance 3[1,28 diyl diacetate 2S. 

~~!;, R = R = R4 = H, R .. ,r - OAc 1 2 ·-· 

~§, R = R = H, R = OH, R = OAc 
1 4 ~. 3 ..::. 

26 R = R = R .. ,r = R = H R3 1 2 ·-· 4 
t:k:O 

~z, R1 = OH, R :::: R~. = R = H ~. .4 ..::. ._::. 

~~' Rl = R = R..,r = H, R ::::! OH 
2 ·-· 4 

Lupan 3[1-yl acetate, 26 
24 

Nii"h mCPBA two compounds, on treatment gave 
~ 

16[1 hydro>:y 3[1-yl acetate 28. 13[1 hydro>:y 3{1-yl acetate~~z and 
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Fr-iedelan 3~-ol ~~·on same r-eaction with mCPBA yielded fr-iedelin ~~' 

4-epi fr-iedelin 31 c:md 3,4 seco fr-iedelin 3-?4 olide 32. while

fr-i edel in 3{1-yl acetate 33 fur-nished only one pr-oduct as 15-o>:o 

fr-iedelan 3~-yl ace·tate ~~· 

32 R = 0 
--' 1 

Cor-ey et 

R' 

R = H 3 

3121 --' R = 1 0 

31 --' R = 1 0 ; 

33 R 
_/OAc 

--' 1- '··H 

OXIDATIVE REARRANGEHENTS 
• • • • • • • • • • • • • • • q • u • • • • • • 

r-epor-ted that 3{1, 11et-dihydr-o>:y 

R = 2 {1-Me R = H" 3 "'-

R = 2 a-Me R = H,., 3 ..::. 

R = {1-Me 2 R = H.-. ::::; ..::. 

R = {1-t'le ; R = 0 2 3 

1 '::• 
11 .... -pentacyclic 

tr-iter-penoid 35 on tr-eatment in methylene chlor-ide with a solution of 

H,..,O,.., <30%) 
..::. L. 

p-toluenesulphonic acid in ter-tiar-y butanol,after-

acetylation, gave 11et,12et epoxide,~~ with a r-ear-r-anged skeletal system 

( c
14 

c
13 

methyl migr-ation and shift of the double bond ). The fr-ee 

epoxy alcohol is similar- to the pr-oduct obtained fr-om photoxidation of 

~-amyr-in. 

Ho 
ReO 

35 36 

30 · f CFBA . Pr-adhan et al stud1ed the action o m · 1n pr-esence of p-toluene-

sulphonic acid on friedelin ~~ as a member- of 4-~ono methyl 3-keto 
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tt-iter-penoids and lupanone·.~~ and mor-et.:mone 37 ·1<=or- 4,4 dimethyl 

3-keto tr-iter-penoids. They obser-ved that ~~ gave only a s-lactone, 32 

while 22 and 37 fir-st fur-nished the cor-r-~sponding s-lactones,which 

b~ing unstable due to the ster-ical strain from C-4 axial methyl 

resulted the corresponding 3 9 4 seco acids ~§ and ~~ by opening of the 

ring system in situ under- the influence of p-toluenesulphonic acid. 

30 

0 

?2 R :::: --< · R :::: H =-' 1. , 2 . 

R"5:. H 

~z., R1:::: H 

R3 : CH3 j 

R~ = CH~ 
F~2=-< 
R4 = H _ .... c:-

Dutta et al~~ studied the action of mCPBA 

R'< .... 

HOOC# 

38 R = ---( · R _ = H ---., 1 , :.::: 

39 __ ., F;: 1:::: H R
2
= -< 

R3:. CH3 ; R4 : H 

acetate 41 

and reported three compounds formed as taraxa-20a,30a oxido-3~-yl 

acetate 1~ and E-r-ing enlar-ged products 43 and 44 . 

. 0~0H 

[XY 
A eo 

·?<=. 
They- extended the reaction on olean-14-en-28-carbomethoxy 3~-yl 

acetate 1~ and reported the isolation of 

c.:\rbometho:·: y 3[3'-yl acet<:"1te :!:~ .:dong with b>Jo 

olean 12-en-28-car-bomethoxy 15a-hydroxy 3[3'-yl 

-en-28-carbomethoxy 15-oxo-3~-yl acetate :!:§· 

94 

olean 14a, 15a o:-:idc• 

r-earranged products 

acetate 47 and olean 

28 

as 

12-



ReO COO Me 

48 

I 
I 
1 0H 

1Z~ 

Patra et a1·27 studied the action of mCPBA on 3-acetylbetulinic acid 49 

_ _,}., in d i chl C:wo methane and reported the i solation of tht-ee pl·-oducts as 

3~-acetoxy lupan 28,29 di-oic acid §~, 3~-acetoxy 30-hydroxy lup-20 

(29)·-en 28-oic <Kid 51 .:md 3~-aceto:-:y 20-hydro:-:y lupan-29-al-28-oic 

-~ 

acid 52. 

HO_)·, 

~COOH 
CHO 

Reo Ho;)', 

~COOH 
52 

They proposed the mechanism as shown below ~-

H R-<_ 
+ OH 

f-1 j 

+ -H 

j[O) Rt03H fJ ? R~\~ 
0 -OCOR I - OH CHO 

~ 52, 
) --

R OH 
H 
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CHAPTER-II SECTION-A 

OXIDATION OF FRIEDELAN-3-0NE UITH HETA CHLOROPERBENZOIC ACID 
• • # • • • • • • • • • ~ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

IN CHLOROFORH SOLUTION. 
, . . . . . . ~ . . . . . . . . . . . . . . 

Pentacyclic triterpenoids undergo various types of oxidative rearrang

ement reactions on treatment with metachloroperbenzoi~ acid giving rise 
. . . 24 ..... 9 

to funct1onal1sat1on at unactivated carbon ato~s or seco acids~· when 

there is catalytic amount of para toluenesulfonic acid. So the author 

have carried out the reaction of meta chloroperbenzoic acid on triter

-penoid ketones having 4-mono methyl system in ring-A taking friedelan . ' 

-3-one 30 and 3-oxo friedelan 27 15-olide 53 with the aim to examine 

~ tt1e natur-e of pr-oducts formed. 

OXIDATION OF FRIEDELAN-3-0NE 30 : 

A solution of friedelan-3-one 30 in 

chloroform and meta chloroperbenzoic acid was refluxed for 6 

hours over waterbath. After usual workup, it was diluted with extra 

chloroform and separated into neutral and alkali parts. The neutral 

part gave a gummy mass which was chromatographed and on elution with 

petrol-benzene (3:2) a solid mass, compound-~ was obtained. The alkali 

part on ac~dification with hydrochloric acid (20%) gave a white 

substance identified as m-chlorobenzoic acid, H.P.157-8°C. 

Identification of compound-A : 
6 I I I I I I I M I I I I • I I I ~ I I I I I I I I I I I 

Compound-~ was crystallised from chloroform-methanol, 

H.P.271-2°C; Its IR spectrum (fig.l) showed absorption peak at 1720 
-1 . 

em probably due to &-lactone carbonyl group. Mass spectrum (fig.2) 
+ showed molecular ion peak at m/e 442 <M,38), other peaks appeared at 

427 (14)' 398 (70), 383, 274, 245, 218, 205, 123, 109, 95 (100). 

Elemental analysis and Mass spectrum showed the molecular formula to 

be C7 n.HC"{7to". 
·-"'\U ;..::J\!,1 ..:.. 

Its 1
H NMR spectrum (fig.3) showed seven singlets of 3H each 

(6 in ppm.) at 0.82, 0.88, 0.93, 0.98, 0.99, 1.00 and 1.18; a doublet 

96 



that.appeared at 1.20 (J= 6.5 Hz) was due to C-4 methy~ group. The 

quartet centred at 4.23 (J= 6.5 Hz, 1:3:3:1) was accounted for the 

methine proton attached at C-4 and the multiplet around 2.60 was due 

+ to methylene protons at C-2. 

The compound-~ has been found to be identical with 

fri edel an 3-7 4-ol ide 32 by direct compal~i son <co-tl c, co-IR and l·t. N. P. > 

with authentic sample. 
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Fig. 2, Mass spectrum of seco friedel-·3~4-·-olide, 32. 
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CHAP"[ER-II SECTION-B 

OXIDATION OF 3-0XD FR1£DELAN 27~15-DLlDE <ODOLACTDNE> UlTH NETA-
I D # D M D D # • I R .• # D D D # D D D R D D D D D D R I D • R D # D D R R D D R p D I D D I R I P D D D D R D I R D R R D D R 

CHLORDPERBENZDlC ACID IN CHLDRDFDRH. 

3-o>{O fr i edel an 27-+ 15-ol ide 53 was dissolved in 

chloroform followed by addition of meta chloroperbenzoic acid and 

the mixture was refluxed for 6 hours. After workup, it was diluted 

with chloroform and separated into neutral and alkali parts. The gummy 

product obtai ned fr·cfm the neutral part was chromatogl~aphed, whi cr. on 

elution withpetrol~benzene 

compound-~. 

( 1:4) furnished a white substance as 

The alkali part on acidification with hydrochloric acid (20%) gave 

a white solid mass which was identified as meta chlorobenzoic acid, 

N.P. 157-8°C. 

Identification of compound-S :-
• M D D D D R # R # R D M D D D R R D D I R D D R D D D D 

Compound-~ was crystallised from chloroform-methanol 
0 repeatedly to furnish crystalline solid, H.P.> 300 C. IR spectrum 

(fig.4> showed absorption peaks at 1730 and 1760 cm- 1 indicating the 

presence of &-lactone and y-lactone rings. 
+ showed molecular ion peak at m/e 470 <M,1%), 

Mass spectrum (fig.5) 

other important peaks 

observed were at 426 (20), 408, 383,. 363, 123 (100). The molecular 

formula was calculated to be c30H46o
4

• 

1 . 
The H NMR spectrum (fig.6) resona~ce signals of compound-~ are 

recorded in tabular form in table-I below 

T J.lBLE-1. 

. -. 

I R D D D R R D D R D R R D R D I R R D • D R D D R R • R D D R • D D D D D • D R D R I R R R I D R R R D D D R D R D P R D R • D R I D I • 

Chemical shifts. 

(6 in ppm.) 

No. of protons. multiplicity 
;'~; 

Assignments. 

D R R R D R D R R R # D D R I R D R D D R R D R D R D D R R D R D D R •. D # R I R I R D D • I R D # R D D I D I D D D R D D I D D D I R D I 

0.85 "':!" ·-· singlet 

0.90 ..,. 
·-' 

II 
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Fig. 5, Mass spectrum of friedel--3~4, 27->; 15--di--olide, 54. 
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.-Jr-

~ . __./ 

0.95 ..,.. 
~' 

II 6X t-CH"' 
·-· 

0.96 3 

1. 00 3 

1. 16 3 

1. 20 3 

2.46 1 

2.63 1 

4.19 1 

4-.35 1 

II 

II 

II 

doublet 

(J== 6. 5 Hz) 

multiplet 
II 

quartet 

<J= 6.5 Hz> 

triplet 

(J= 3 Hz) 

2et-H 

2~-H 

C -H 
4 

15~-H 

Hence, from the spectral studies it was concluded that compound-~ 

posses the structure friedelan 3~4·,27--+15 di-olide 54. 

0 

5'3 €±. 

ATTEHPTED OXIDATION OF PENTACYCLIC TRITERPENOID KETONES HAVING 4,4 
N P P # • • • • • • • P # • • # • • • # R # • • • • U • • • • • • # • # # • • • • • • # • # D • • • N # # • • # • • P • • • • • • a • • # • 

-DIHETHYL SYSTEH IN RING-A UITH HETA CHLOROPERBENZOIC ACID. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . 
' 

The reaction of m-chloroperbenzoic acid on compound 30 and 

~~ having one methyl group at C-4 encouraged the author to extend the 

reaction on compounds having dimethyl system at C-4. Lupanone 22 and 

methyl dihydrobetulonate ~~ was taken as substrates of that system. 

But on carrying out the same reaction with m-chloroperbenzoic acid 

under identical conditions it was found that there was no lactone 

formation in ring~A in contrary to our previous observation (section 

A and B of this chapter). 
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A>-· 

The probable reason may be that geminal methyl groups at C-4 increases 

the steric hindrance which in turn hinders the lactone formation in 

ring-A between c4 c ..... . .: .. 

These observations indicate that with m-chloroperbenzoic though 

Baeyer-Villiger reaction takes place in case of 4-mono substituted 

3-keto triterpenoid viz. friedelin ~~' the oxidation do not occur in 

4~4-disubstituted 3-keto triterpenoid viz. lupanone ~~ and methyl 

dihydro betulonate ~~- However, the reaction proceedssmoothly in 

presence of ~-toluenesulphonic acid as observed by Pradhan et a1. 29 

Further it also shows that the functionalisation of C-19,C-15 carbons 

by m-chloroperbenzoic acid do not occ~r. in these systems as reported 
"?4 

by Motoo Tori et al.-

),, 

(j 

22 

100 

),, 

COOCH3 

0 

55 



CHAPTER-II 
R M M R I R I R R N 

SECTION-C. 
I M I R I R I N I I 

OXIDATION OF ACETYL METHYL BETULINATE WITH META CHLOROPERBENZOIC 
R I I 1 ~ 6 I I I I ~ N I I I N I N I I I I I N I I I I I R R I ~ R I I R 1 1 1 1 1 1 1 1 1 1 1 R 1 1 1 R 1 I R I 1 1 I I I I I 

ACID IN CHLOROFORM. 

A solution of acetyl methyl betulinate 56 in chloroform and meta 

chloroperbenzoic acid was refluxed for 6 hours. After workup and 

chromatography two diffe~ent products C and D were obtained on elution 

with benzene-petrol (4:1> and benzene-chloroform <4:1) respectively. 

Identification of compound C ·. 
a a a a a n a a a a • a a a a a a a n ~ • a a a a n 

Compound g was crystallised from chloroform-methanol, N.P. 

151-2°C. Its IR spectrum (fig.7) showed abso~ption peaks at 1740 cm- 1 

(broad) probably due to ove~lapping of more than one ~arbonyl groups 
-1 

and at 1250 em characterstic for the acetate function. 

Mass spectrum (fig.B) indicated molecular ion peak at m/e 544 <M+) 
+ while the other peaks observed were at 498 <M -HCOOH,26) ,484 <M-Ac0H 9 

+ 42) ,438 (54)' 423 (23)' 410 (22) ,395 (22)' 379 (22)' 249 (30)' 189 

<100). Elemental analysis and Mass spectrum suggests the molecular 

formula to be c33H54o6 , which when compared to that of starting 

material acetyl methyl betulinate ~~ cc33H54o4 >,showed that there is 

introduction of two atoms of oxygen in the molecule, to form compound 

-C. The negative TNM test and absence of absorption at 3020-3040, 1640 

and 890 cm- 1 showed the loss of unsaturation indicating that the 

group C=CH~ is converted to either HC-COOH or HC-OCHO groupings. 
£ 

Again, the absence of absorption peak at 1690-1700 and 2700-3300 cm- 1 

in IR spectrum (fig.7) showed that the carboxyl group is absent in 

compound g. So the formate group <O-CHO> is the probable function to 

fit in compound C. This deduction is well documented by 1H NMR (fig.9) 

spectral analysis. 

The 1H NMR (fig.9)spectrum showed the presence of five 

tertiary methyls in the region <6 in ppm.) 0.8 to 0.96; two doublets 

centred at 1.19 and 1.22 integrated together for three protons in the 

ratio 11:9 had the same coupling constant of 7 Hz is probably due to 

the secondary methyl at C-30 carbon. The acetate methyl at C-3 and the 
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corresponding'geminal proton appeared at 2.06 and 4.45 along with the 

carbomethoxyl group of C-28 at 3.68; The multiplet at 5.2 integrated 

for a proton must be due to the proton attached at C-20 carbon that 

--f- has a geminal m:ygen function as :indicated by the IR spectrum. 

The existance of two downfield singlets at 7.99 and 8.12 ppm integrated 

for a single proton in the ratio 11g9 indicated that the proton is due 

to a formyl proton which possibly have two different stereochemical 

geometry. 

Thus, from all the above spectral analysis the structure
e 

can be awarded to compound-!; as 29-nor 3(3-0-actyl-lupan-20-0-formyl-
" 28-methyl carbol-:yl ate 57a. 

0 
II 

0-C-H 

H~l,, 
H 

0 )1 
II ' 

H -c-o ' 

0 

), 
' 

A eo A co Ac.o 

57(). 58 

The existance of two sets of peaks for the C-30 methyl and formyl 

protons along with the other peaks for the tertiary methyls would be 

e:-:plain.ed if an isomeric form of the side chain is possible for free 

existance as 57b. 

Compound-D : 

~ It was crystallised from chloroform-methanol," N.P.211-2°C ;TheIR 
. -1 

spectrum (fig.10) showed a broad absorption peak at 1730 em possibly 

due to merger of carbonyl groups of acetate and ester function while 

the other at 1260 cm- 1 is chat-acterstic· of acetate group. Its molecular .. 
formula is calculated to be c32H50o5 from elemental and mass analysis. 

+ Mass spectrum (fig.11) showed molecular ion peak at m/e 514 <M,2>, in 
+ addition to other peaks at 454 <M-AcOH,36l, 439 (14) ,411 (20), 395 (6) 

372 <6> , 237 (20>, 190 (50) , 189 ( 11ZJ0>. 

The 1H NMR (fig.12) show~d four singlets (three for 3H each and one 

for 6H) between <6 in ppm.~ 0.83 to 0.99 integrated for five tertiary 

methyl groups; two sharp singlets <3H each) that appeared at 2.03 and 
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Fig.ll, Mass spectrum of 29-nor-acetyl,methyl,20-oxo, betulinate, 58. 
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2.17 ppm are due to two acetyl groups one of which is at hydroxyl 

o~ygen at C-3. The triplet of a doublet <lH) centred at 2.25 (J= 3 Hz) 

is probably due to the methine proton at C-18 ; the multiplet (1H) 

.Jr- between 3. 2 to 3. 3 (ddd 9 J= 7 Hz) is accounted for a methi ne pro·l:on 

that coupled with neighbouring protons. The sharp singlet integrated 

for three protons at 3.67 is due to carbomethoxyl group at C~28 and 

the multiplet at 4.46 is accounted for the 3a-proton geminal to C-3 
e 

ac/\tate gl~oup. 

The absence of methylene protons and the C-30 methyl protons present 

in the starting compound 56 in which place th~ appearence of an 

additional CH..,.CO group with an a-proton to the acetyl group at 3.3 ppm 
._:. . 

as a multiplet suggest that the C-29 carbon is replaced by the oxygen 

atom to form the carbonyl group. 

Thus,the structure of compound-Q can be represented as 

29-nor-acetyl-methyl 20-oxo-betulinate §~. 

Such type of compound <§Z> has bee~ prepared by oxidation of betulin 
. 3!lJ diacetate with hydrogen peroxide in acetic acid by Ruztcka et al • 

Mechanism suggested : 
n n a • • • • • n n a a • • • a a n • a 

The nature of formation of compound-g and D showed that the 

C-20-29 epoxide ~ undergoes epoxy ring cleavage in a different manner 
. 27 

than those in the ac~d catalysed ones • In this particular case the 

epoxide could breakup in two paths ! and b to furnish products C and D. 
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CHAPTER-III EXP£Rii'tENTAL., 

OXIDATION OF FRIEDELIN TO FRIEDELAN 3~4-0LID£ BY i't-CHLOROPERBENZOIC 

ACID <m-CPBA> IN CHLOROFORM. 

0.5 g of friedelin 30 was dissolved in 100 ml.CHCl< and 0.5 g of ·-· 
m-CPBA was added. The mixture was then refluxed over waterbath for 

6 hours and allowed to cool at room temperature. Than .it was diluted 

with 100 ml. of CHC1 7 and was washed with 5% of Na~CO< solution there 
. ~ k ~ 

by separating into CHCl<' and alkali layer. The CHCl< layer was washed 
~ ~ 

with water repeatedly till neutral, dried over anhydrous Na2so4 and 

the solvent was distilled off yielding a solid mass. It was dissolved 

in minimum volume of benzene and chromatographed over silica column. 

The result of elution with solvents are given below in table-I. 

TABLE-I 

Eluent Fraction of 50 ml Residue on 

each. distillation. 

1. petrol 1-4 nil. 

2 petrol-benzene 5-9 ni 1. 

( 4: 1) 

3A petrol-benzene. 10-16 solid 

(3: 2) (0.4 g) 

Fu~ther continuation did not afford any more solid. 

The fractions 10-16 were crystallised together from CHC1 3 -MeOH, M.P. 
,.....71 ~·0c ..::. -..::. . ; identified as 3·~4 seco friedelan 3, 4-olide 32 • 

Found 

Calculated for c30H50o2 

IR <Nujol) 

ANAC/SIS REPORT., 
a a a a a .a a a • • a a a • • u 

v 
maH 
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c 
c 

1720 

80.7 H 10.9% 

81.0 H 11.o/. 

-1 (e-lactone) em 

fig. 1. 
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) •. _ 

··~ 

Mass : m/e 

. 1 

1 H NMH : ( CDC 1 -:r > 
-·-· 

<6 in ppm) 

TREATHENT OF ALKALI PART :-

442 <M+), 427, 398, 383, 

274, 245, 218, 205, 123, 

1 09 , 95 ( U2H2D • 

fig.2 

0.82, 0.88, 0.93, 0.98, 

0.99, 1.00 and 1.18. 

(7s, 21H, 7X t-CH-:r> ·-· 
1.20 <d,J=6.5 Hz,CH3-c4 H> 

2.60 <m, methylene at C-2) 

4.23 (q, J=6.5, c4 H-CH3 > 

fig.3 

The aqueous alkali part was acidified with 20% HCl 

when a white solid separated out. It was filtered, washed with water 

and dried. This ~as·found to be m-chlorobenzoic acid by comparing with 

authentic sample <IH, H.H.P. and Co-tlc) 

OXIDATIOI'·l OF 3-0XO-FRIEDALAN 27~ 15-0LIDE 53 NITH mCPBA :-

0. 5 g of :::::-m(o-fr i edel an 27 ~ 15-ol ide 53 was dissolved 

in 100 ml.CHCl-:r and 0.5 g of mCPBA was added. The mixture was refluxed 
·-· 

for 6 hours and after workup, the neutral CHCl-:r layer yielded a gummy 
"' 

substance while aqueous alkali part gave only m-chlorobenzoic acid. 

The gummy mass was dissolved in minimum volume of benzene 

and chromatographed. The solvent used are given in table-II below-

TABLE-II 

Eluent Fraction of 50 ml Hesidue on · 

each. distillation. 
u n • • a • • n n • a n a • • a a a n a • a • n n a n • • a a a a ~ • a • a • • a a n a • a • a n a • a • • • n a • a a • • • n n • • • a • 

1. petrol 1-4 nil. 
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-~ 

2 petrol-benzene (4: 1) 5-9 ni 1. 

3. petrol-benzene 10-14 nil. 

(3:2) 

4. petrol-benzene 15-20 solid. 

( 1:4) 

I R • • • I • • I I R I I I I I M R I R I • R R R R R R I I R # R D • I D • I I I D I # Q W I 6 W D R # • I I R • R R R I I D • M • R I M M 

The fraction 15-20 were combined and crystallised from CHCl~-MeOH, . ~ 

N. P. >300°C; identified as fr-i edel an 3-7 4, 27 7 15 di -ol ide 54. 

ANALYSIS REPORT. 

Found 

Calculated for c
30

H
46

o
4 

IR <Nujol) : 

I"! ass m/e 

1
H NMR : <CDCl~) 

·-· 
<6 in ppm> 

v 
ma.>;· 

c 76.01 

c 76.·59 

H 9.15% 

H 9.70% 

1730 and 1760 
-1 

em 

C=O of e and y-lactone 

moie·ty.) 

fig.4 

470 <M+), 426, 408, 383, 

363 ' 12::::: ( 1 00 ) • 

fig.5 

0.85, 0.90, 0.95, 0.96, 

1.00 and 1.16 

(6s,18H,6X t-CH~> 
·-· 

1.20 (d,J=6.5 Hz,CH
3

-C
4

H> 

2.46 <m,1H, 2a-H) 

2.63 <m,1H,2~-H) 

4.19 <q, CH
3

-C4H) 

4.35 <t,J=3 Hz,15~-H> 

fig.6 

OXIDATION OF ACETYL METHYL BETULINATE 56 UITH m-CPBA IN CHCl_ . 
• D •• II R .J1 •• I • R • R D • • I • I • • R I I • I I #II R I •• _., Jr • Jr I I #I J/1 • .r R I I ,r Ill' • .tr R M I Ill' M .R • .:;. 

1.0 g of acetyl methyl betulinate ~~was dissolved .in 100 ml. CHCl_ 
.::, 

and 1.0 g of m-CPBA was added. The mixture was than refluxed for 
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~ 

6 hours and allowed to cool at room temperature. After usual 

workup, the neutral CHC1 7 layer yielded a gummy white mass while the 
~ . 

alkali layer gave· m-chlorobenzoic acid. 

The gummy ·mass which showed to d~stinct spots on tlc 

plates· was dissolved in minimum benzene and chromatographed over 

silica gel. The results are given in the table-III below-

Ell.tent 

1. petrol 

2 petrol-benzene 

( 4: 1) 

3 .. petrol-benzene 

(3:2) 

4. petrol-benzene 

(2:3) 

5. petrol-benzene 

( 1: 4) 

6. benzene 

7. ·benzene-chl orofot-m 

(4: 1) 

TABLE-III 

Fraction of 50 ml 

each. 

1-4 

5-8 

9-12 

13-15 

16-20 

21-24 

25-:2.'0 

Further elution did not afford any more SQlid. 

Residue on 

distillation. 

ni 1. 

n.i 1. 

nil. 

ni 1. 

solid. 

((2).2 g) 

nil. 

solid. 

((2). ::::;5 g) 

Fractions 16-20 were crystallised together from CHCl 7 -MeOH, 
...:· 

N.P. 11:'1 '"'°C '""' --..::. 0; identified as lupan 20-formato,28-carbomethol·:y 3~-yl 

acetate 57. 

FoLtnd 

Calculated for c33H54D6 

ANALYSIS REPORT 
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c 72. 10 H 10.41% 

c 72.24 H 10_. 72% 



. .,l 

IR 

t1ass 

1H NMR g <CDCl ~) 
·-· 

(6 in ppm.) 

<Nujol) : 

m/e 

2.-' 
ma>t 

1740 and 1250 em 
-1 

(-COOCH~ and -0-COCH7 ) ·-' _ .. 
fig.7. 

544 
+. 

<M >, 498, 484, 438, 

423, 410, 395, 379, 249, 

189 ( 100) • 

fig. B. 

0.80-0.96 (5s,15H,5X t-Me>, 3.65 <s,3H,-COOCH<) 
·-· 

1.2 (dd,J=7 Hz,-CH-CH3 >, 
2.04 <s.3H.-OCOCH_). 

4.67 Cm,1H, C<-aH> 
~· 

7.99 and 8.12 . . . .:: .. 
(ss, 1H,-O-CH0). 

fig.9 

Similarly, fraeti~ns 25-30 were collec~ed and crystallised from CHCl<-
~· 

MeOH, H.P. 211-2°C; it was id~ntified as 29-nor-aeetyl methyl 20-oxo-

betulinate 58. 

IR 

Mass 

1
H NMF: <CDCL<> ·-· 

(6 in ppm) 

ANALYSIS REPORT. 

Found 

(l'.lujol) : 2.-' 
. rna>~ 

m/e 

c 74.30 

c 74.70 

H 10.21i: 

H 10.50% 

-1 1730 (broad) and 1260 em 

<-COCH~,-OCOCH7 & -COOCH<> 
~ ~ ~ 

fig.liZl. 

514 CM+>, 454, 439, 411, 

395, 372, 237, 190, 

189 (100) 

.fig.11. 

0.83,0.84,0.89,and 0.99, 3.2-3.3 (ddd,1H,J=4 Hz, 

C4s.9H+6H, 5Xt-CH7 > 
. . -.:.· 

2.03 and 2.17 

<2s,-COCH<,-OCOCH~) -· ._. 
~.25 <t,1H,J=3 Hz,-CH-> 

112)8 

-c19-H> 

3.67 <s,3H,-COOCH7 ) 

·-' 
4.46 <m.1H.-C_-aH) 

• 0 ..::. 

fig.12. 

I 
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PART-IV 

REDUCTIVE CLEAVAGE OF.SEVEN MEMBERED LACTON~ RING WITH LITHIUM IN 

ETHYLENEDIAMINE. 



CI-JAPTER-1 
•n•a,aanaa 

A SI-JORT REVIEW OF LITI-JIUH ETI-JYLENEDIAHINE AS A R~DUCING AGENT. 

. 1 
Reggel and co-workers used Lithium(Li) Ethylenediamine (EDA) at 

.-, 

90-100°C as a potential reducing agent. Barton et al~ showed that the 

esters of tertiary acids furnished acids on reduction with alkali 

metal amine.They proposed the mechanism as shown in sch~me-I. 

0 
u 

R1 - C-OR 

SCHENE-I 

0 t1+ 0 

__ +_:.__-) F/ - ~- OR --------'>R1 - g 0 

0 

R;_ cl! - OH + R - H 

3 . 
Likewise Sengupta et al converted. the C-17 carbomethoxy group of 

triterpenoids in·to carboxylic acids on treatment with Li-EDA. Pradhan 
4 et al performed a systematic study on the reduction of triterpenoids 

with Li-EDA and reported the wide applicability of this system in the 

~ reduction of ketones and aldehydes to c1l cohol s, i sopropenyl groLtps to 

isopropyl groups and esters of hindered acids to carboxylic acids,on a 
• 

series of triterpenoids containing one or more of these functional 

groups as shown in the following table. 

TABLE-I. 

Reduction of ketones, aldehydes,isopro~enyl group and esters of 

hindered carboxylic acids belonging to a series of triterpenoids. 

. ENTRY 

1. 

TRITEI~PENOIDS 

6 
Lupanone 

PRODUCTS 

6 
Lupanol 

112 

FUNCTIONAL 

GROUPS REDUCED 

C=O 



-~ 
::T 

2a 

3 .. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Friedlintf., 
6 Betulonic aldehyde 

01 . lh . . 6 
eanonlc a eayae . 

. e_. 
Lupeol 

Nore-teno1 7 

. e_. 
Lupenone 

9 Hethyl aleuritolate 

Nethyl trichadinate 

i'tethyl oleanonate 8 

Nethyl Urosonate 8 

HI 

Friedelino1 6 

Dihydrobetulin
6 

C=O, 

Erytlirodio1
6 

Lupanol 
(£, 

_7 
NoretanoJ. 

6 Lupanol 
9 

Aleuri~olic acid 

T . h . . . -~ 1@ r l c 1aaen l c ac l .:.~ 

Oleanolic 

Ursolic 

. 8 ac1d 

acid 8 

C=O 

CHO, C=CH~. 
,;.. 

C=O, CHO. 

C=CH~. 
,;.. 

C=CH . 2 
C=Cf-1_, C=O, :.c.·· . 

·cooMe. 
COOMe 

C=O, COOI"'e 

C=O, COOI'1e 

12a Nethyl betul<mate e. 
Dihydrobe~ulinic 

6 acid co, 

of) 

..:.1-b 
al 

+e 

proposed the mechanism as shown 

SCHENE-II 

~+• ,{) 
0 . 

and COOI""Ie • 

in scheme-II. 

+e ~ 
---4~~ 

+e D H-~" t 
HO 

Lactones may be considered as intramolecular esters which are formed 

by condensation of hydroxy groups with carboxylic acid functions of 

the same molecule.Therefore it was envisaged that lactone oxygen 

might be cleaved from its point of attachment by the action of 

Li-EDA •• This application of lithi~m ethylenediamine on lactones 
o 1 ,5 

dbtained from the bark of Ql~££!C~!!_Q~£C!E!' for reductive cleavage 
o::.-

of th~ir lactone rings had been sucessful~ The results of several such 

reactions are shown in table-II. 
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Substrate lactones. 

1.3a-hydroxy friedelan 

27 ~ 15a-ol ide. 

2.3a-acetoxy friedelan 

27 -715a-ol ide. 

-3.3-oxo-friedelan 

27 -H5a-ol ide. 

(odolactone) 

4. Ft-iedelan 27~ 16a 

-elide. 

<Iso-deoxyodolactone) 

5. Friedelan 27-? 15a 

-elide. 

CDeoxyodolactone) 

6. 3~-acetoxy oleanan 
..... 

18a-H, 28 ~ 13{3-ol ide. 0 

7. 3{3-acetoNy oleanan 

18a-H~28 ~19~-olide~ 

TABLE-II 

Product •. 

3a-hydroNy friedelan 

27-oic acid 

(a).Friedelan 27-oic 

etC i.d. 

(b).3a-hydroxy friedelan 

27-oic acid. 

3a-hydro:-:y fri edel an 

27-oic acid 

(a) Friedelan 27-oic 

acid. 

(b) Friedelan 16a,27 

-diol 

Fr·iedelan 27-:oic 

acid. 

(a) Oleanan 18a-H,28 

-oic acid. 

(b) 3(,'-hydro:·: y ol eanan-

18a·-H, 28-oi c acid. 

(a) Oleanan 18a-H,28 

-oic acid. 

(b) 3~-acetoNy oleanan-

18a-H,28-oic acid. 

(c) Oleanan 18a-H,3~,19{3, 

28-triol. 

.Yield. 

80% 

40% 

40% 

80% 

20% 

60% 

80% 

41ZJ% 

40% 

30% 

30% 

15% 

All the abcive products· were characterised from their spectral 

data. 

From the above observations it can be concluded that five 

membered lactones (1 to 7)on reductive cleavage with lithium-ethylene 
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diamine furnished the corresponding acids in all but one (7c) cases. 

So, presently the author was -interested to see the effect of 

Lithium-ethylene diamine on seven membered lactone ring compounds and 

have chosen :3:,4 sec:o--fr·iedelan 3~4 <Jlide ! and 3,4 seco·-friedelan 

3~4, 27~15ot di-olide ~as the substrate. 

0 
0 

1 
2 

Both the compounds ! and 2 on reduction with lithium ethylenediamine 

(the latter was carried out at room temperture to keep the five 

membered lactone moiety intact ) produced diol exclusively. 

3 

The two diols -~ and 1 were identical with the products obtained from 

LAH reduction of compounds 1 and 2. 

·• 
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CHAPTER-II SECTION-A, 

REDUCTIVE CLEAVAGE of 3 4 SECO ~RIEDELAN 3 4-0LIDE WITH LITHIUH IN 
• a a a a a • a a a a u a a a u a a a a n a a ~ a M a a ~ • a • n a a a a a a a a • a a a • 1 Q 1 n a • 1 # a • a a a 1 a a a ' • a • a 

ETHYLENEDifli'tiNE 

Reaction of friedelan 3 4 olide !' with lithium in ethylenediamine 

for 2 hours furnished a single compound which was subjected to column 

chromatography. On elution with solvents of increasing polarity 

benzene-chloroform (4~1) mixture gave a solid, compound a 

~dentification of compound a :-
• a a a a a a a n a n u a a a a a u a a a a a a a a a 

The compound a was crystallised from chloroform-petrol, 

H.~.173-4°C. Its IR spectrum (fig.i) showed a broad absorption at 3420 
-1 

em showing the presence of hydroxyl .groups indicating thereby that 

the lactone ring has been reduced into hydroxy groupings. The Mass 

spectrum (fig.2) showed molecular ion peak at m/e 428 which is due to 

loss of one molecule of water from the molecular ion <M-H_0.0.2%>+= . i . . 
therefore the actual molecular ion peak was to be m/e 446 <M ) , other 

important peaks were found at 413 (4),402 (20l, 397 (8), 273 (20>,219 

( 14) ' 205 ( 90) ' 1 91 ' 163' 149' 137 ' 123' 109 '95 ( 100) • 

Elemental analysis and mass ·spectrum suggested the molecular 
. 1 

formula to be c30H54o
2

. The H NMR (fig.3) showed the ~resence of 

seven tertiary methyl groups as singlets (3H each) between 0.87 to 

1.16 ppm. and a doublet at 1.18 ppm with coupling value of 7"Hz. 

integrated for three protons is .due to secondary methyl group at C-4 

position; the AB quartet due to methine proton at C-4 probably merged 

with the multiplet of methylene protons at C-3 giving rise to a 

multiplet centred at 3.6 ppm. Thus compound B is acertained as 3,4 

seco friedel~n 3,4 diol-3. 
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OXIDATION OF 3.4 S£CO-FRI£Df:.'LAN 3~4-DIOL 3 BY ~70NES REAGENT. 
aaaMaaa••naa••~•aaaaaaa•aanna•el - - ana•a•anqa••a••Aa 

The compound & when oxidised with Jones reagent gave back the starting 

material friedelan 3-74 elide !,as identified by comparison of (m.p., 

~r- m.m.p. and Co-tlC:'). This observation shows that the primar-y hydrowyl 

group is preferentially oxidised by Jones reagent to the carboxyl 

group which immediately undergoes lactonisation with less reactive 

secondary.hydroxyl group at C-4 position. 

[o] 

1' 

The reaction from friedelin 30 to 3,4 seco friedelin 3,4 dial 3 is 

schematically shown below :-

[0] 

0 

31Zl, 

Li.- EDR 
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CI-IAPTER-116 SECTION-B .. 
•••••n••aa• 

!?E'L1UCTIVE CLEAVAGE OF 3, 4 SECO FRIEDELAN ~_,.~ ... ~Z-7-!§ Dl-OLIDE MITH 
a • a • • • a a a a a a a u A a a n A a a a • P ~ • • I N • H • • • • N b I • I • • a a a a a a a a a a A a n a 

LlTHIUN IN ETHYLENEDIAMINE. 
3 • 1 1 1 1 R N • • • ~ • • a n a a a a n a n a • a 

Reduction of fr-iedelan 3-7 4,27~15 di-olide ~' with lithium ethylene

diamine afforded a single product which was difficult to purify either

by cr-ystallisation or- column chr-omatography. As the IR spectr-um of the 

crude reaction product showed the presence of hydr-oxyl group along 

with the lactone carbonyl gr-oup, it was acetylated with acetic 

.anhydride-pyr-idine mixtur-e and the product was chromatographed.Elution 

with benzene-petr-ol (2:3) a solid material~ compound~ was obtained. 

Char-acter-isati6n of compound B : 
annuaaaaaapaaaaaaPaaaaaaanuaaaa 

The compound~ was cr-ystallised fr-om chlor-ofor-m-methanol,N.P. 

241-2°C •. Its IR spectl~um (·hg.4) shot.-Jed absor-ption pe.:~~::s at 1260 due 
-1 

to acetate gr-oup and 1750 em (broad) due to mer-ging of lactonic 

carbonyl peak with acetate carbonyl peak. Mass spectrum (fig.5) showed 

molecular ion peak at m/e 558 <M,0.7%>+; ether important peaks found 
+ + were at m/e 514 <M-CO, .. .,) .,498 <M-AcOH,1.8) ,471 <112H2D, 425, 411, 36·:Y~ 

..:.. 

341, 315, 269. From mass and elemental analysis the molecular for-mula 

is calculated to be c~4H=4o .• -· :;;; 6 

The 
1

H NMR (fig.6)showed <6 in ppm.) six singlets between 

0.83 to 1.16 and one doublet centred at 1.14 <J= 7Hz.) which ar-e 

accounted for seven methyl groups of which one at c-4 that coupled 

with the geminal methine pr-oton giving rise to the doublet observed; 

two sharp singlets (3H each) that appeared at 2.02 and 2.05 indicates 

the presence of two acetate functions; one AB quartet that centred at 

4.83 is due to the methine proton at C-4.The multiplet centred at 3.96 

is· accounted for- the methylene protons at C-3 which coupled with the 

neighbouring protons. The methine proton at C-15 coupled with adjacent 

pr-otons giving rise to the triplet at 4.34 <J= 3Hz.). 

Hence, fr-om the spectr-al studies the structure of compound 

~ is proposed to be 3,4 seco friedelan 3,4 di-o-aceto>:y 27....,.15 elide 5 
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The formation of dihydroxy lactone from .the dilactone during reduction 

with lithium-ethylenediamine indicated that the &-lactone ring at 3~4 

is much more e>:posed to the reagent and the r-1 actone ring at 27 ~ 15 

is sterically hindered, is well documented from this observation; the 

parent lactone at 27~15 in odollactone forms acid and small amount of 
1:" 

triol • ...J 

Mechanism of lactone cleavage u. 

The reductive action of lithium in ethylenediamine is 

stereoselective as evident from this reaction. The ring-A lactone is . 
very much sterically exposed than the lactone at c27 - c 15 which is 

crowded. Thus there is a strong competition of these two lactones for 

reaction with the reagent and the lactone at C~C4 undergoes Bouveault 

Blanc reduction by protonation of the lactone radical-anion concerted 

with the second electron transfer. This allows the acyl oxygen fission 

to take place with the formation of alkoxide ion and aldehyde group in 

the same molecule. Further reduction and protonation of the aldehyde 

group than affords the dial. 

0~} +e +e } } ~ H+ 

0 0 ":':. 

H+ 
+e· J J 

+e + 
H 

H+ > 
0 HO HO 
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C:i-IAPT£i<-I I I EXPEiUNENTAL, 
• • u .,. u n • • • • a 

OXIDATION OF FRIEDELIN ~~" TO FRIEDELAN 3-+4 OLIDE 32 BY NETA CHLORO-
• u a a u a a a a a a a h • A a • a a a a u a a a • a a ~ a a a a a • a • a a a a a u u a u a a a a a a a • a 

PERBENZOIC ACID. 
n a u a a a a a • a a a • a • • 

This method has been discussed in the experimental section 

of part-III of this thesis. 

REDUCTIVE CLEAVAGE OF FRIEDELIN 3~ 4 OLIDE 1 WITH LITHIUM ETHYLENE-

DIANINE. · 

About 1.0 g of compound 1 was dissolved in 150 ml.of dry 

ethylenediamine and lithium metal 1.0 g was added in small pieces at 

intervals. The mixture was than refluxed over heating mentle for 2 

hours and it wa~ allowed to cool. Then excess lithium metal was 

_,\- destroyed by adding solid NH4 Cl an~ acidified with (1: U HCl. The 

compound was then extracted with ether, washed with water till neutral 

. --l 

and ether layer was dried with anhydrous Na
2

so
4

• 

was distilled off to yi~ld a gummy mass <0.6 

chromatographed over silica gel column. 

TABLE-I 

Finally the 

g) which 

solvent 

was 

•.• a a a a • u n u a a a • a a n a a a • • u • a a a a u a • a a n A a • a a a .• a u a a • u • a • a a a u a a u a u a a a u a a a a u a n 

El w?nt Fraction of Resi dL\e on 

50 ml each. distillation. 
• a a a u • a a n a • a • a a a a • • a a a d n • • a a • u • a U· a a a a u a a a • a a a a a a • a a u a a • a u u a u a a a a a u a a a 

1. petrol 1-~5 ni 1. 

2. petrol-benzene 4-6 nil • 

( 4: 1) 

< 
·-'a petrol-benzene 7-10. nil. 

<3:2) 

4. petrol:_benzene 11-1:3; ni 1. 

( 1: 4) 
c:-
..J. benzene 14-16 nil • 

6. benzene-chloroform 17-22 solid ((2).6) 

a a a a • • a a a a a a • u n • a n a • a a u a n a a a u a a a • a a • a • a a a a a a a a • a a • a a a a u a a a u a u • u • • a u • • a 

further elution did not afford any compound more. 

The fractions 17-22 were collected together and crystallised from 

CHCl<-petrol, N.P.173-4°C. identified a~ 3,4 seco friedelan 3,4 dial 3. 
·-· 
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Found : 

Calculated for C7rnH~4o~ ._ .. "-J \..} ..:.;. 

IR <nujol) 

l"lass m/e 

1
1-1 NI"'R (CDCl_) . .::. 

<6 in ppm.) 

'ANALYSIS REPORT. 

3350 

c 79.6 H 

c 80.7 1-1 

-1-
cm (broad) 

fig.l 

9.8/. 

10.2% 

<2X-OH> 

+ 446 <M ) , 428, 413, 402, 397, 

273' 21 9? 205' 1 91 ' 163' 123' 

l. 09 ' 95 ( 1.12)0) • 

fig.2 

0.87, 0.92, 0.94, 0.97, 0.96 

1. 05' 1. 15 <7s.21H.7Xt-CH~> . ..::. 
1.18 (d, J= 7 Hz. -C H-CH~) 

4 ·-· 
3.6 <m,2H+1H,-CH~-OH,-CH-0H) 

..:.. 

fig.3 

OXIDATION OF SECO FRIEDELIN 3,4 DIOL 3 BY JONES REAGENT~ 

0.2 g of compound~ was dissolved in acetone (20 ml.) and 

Jones reagent was added dropwise with constant shaking till a orange 

colour persisted. The mixture was then kept at room temperature for 1 

hour and diluted with water when a white solid mas• separated out, 

which was filtered using suction, washed with water and f~nally dried. 

It was crystallised from CHCl~-MeOH, H.P.273-4°C, found 
·-· 

to be identical with friedelan 34 4 elide 1. 

OXIDATION OF FRIEDELAN 3-0XO, 274 15 OLID£ TO FRIEDELAN 3~4.~ 27~ 15 
• a a a • a a a a a a - a a a a a a a a • • a a a a a a a a a a • a a a a a a a a a a a • a a a a a n a a a • • a • a a a a a a a a a 

DI-OLID£ BY META CHLOROPERBENZDIC ACID IN CHLOROFORM. 

This step is discussed in the experimental portion of 

part-III of this thesis. 

REDUCTIVE CLEAVJIGE OF FRIEDELAN 3-+ 4.~ 27-7 15 DI-OLlD£ J..IITH LITHIUN 
n a a a a a • a a u a N a a a a a a a a a a a a n a a a a a a a a a a a a a a a a q n a a a a a a n a a a a a a a n a a a a a a ~ a a a a a 

£71-lYLENEDI ANIN£. 

The compound 2 (1.0 g) was dissolved in dry ethylenediamine 

and 1.0 g of lithium metal was added in small pieces at intervals. 

The mixture was stirred with a magnetic stirrer for 3 hours at room 
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temperature and after the reaction solid NH
4

Cl was added to destroy 

excess Li-metal. The mixture was than cooled, acidified with <1:1) 

HCl and extracted with ether, washed with water, dried with anhydrous 

.)f Na
2

so
4 

and finally the sol vent was di sti 11 ed off to give a gummy mass 

<0.6 g) which was difficult to purify by chromatography. As the IR 
-1 

spectrum indicated absorption in the region 3200-3600 em .it was than 

acetylated with acetic anhydride-pyridine mixture. The acetylated 

product was than chromatographed with solvents as shown in table-II. 

TABLE-II 

a a • n a • a • a n n a • a a • a a a a a • a A a a a a • a a a a a a a a a a a a a a a a a a a a a a a a a a a a a n a a a a a a a a a a a 

Eluent Fraction of 

50 ml each. 

Residue on 

distillation 
• n a a • a a a a a • a a • a • • a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

!.petrol 

2.petrol-benzene 

( 1: 4) 

3.petrol-benzene 

(2:3) 

1-5 nil 

6-10 nil 

11-15 solid, (0.7 g) 

a a a a a • a • a a a a n a a a a a n a a a a a a a a a a .• u • a a a a a a a a a a a a a a a a a a n a a a a a a a a a a a a a n a a n a a 

The fractions 11-15 were crystallised from CHCl_-MeO~ to furnish white 
' . .;;t 

crystalline compound identified as seco friedelan 3,4 dio-acetoxy-

27----715 elide ~ , N.P. 241-42°C. 

ANALYSIS REPORT. 

Found 

Calculated for c34H
54

o
6 

IR <nujol > 

· !"lass m/e 

1
H NNR <CDCl~) 

·-· 
(6 in ppm.> 

c 72.40 

c 72.56 

H 10.36% 

H. 10.37% 

1260 and 1750 cm- 1 

-CO-,-CH7-C0-0-) 
·-' 

fig.4 

5:58 <M+> ,514, 498, 471 <100) 

425, 411, 369, 341, 315, 269. 

fig.5 

0.84, 0.86, 0.94, 0.96, 1.00 

1.16 <7s,21H,7Xt-CH~) 
·-· 

1.14 Cd,J= 7 Hz.-C4 H-CH
3

> 

2.02 and 2.05 

<2s,6H,2X-O-CO-CH~) 
·-· 

3.96 <m,-CH~-OAc) 
..:.. 

4.34 <t,1H,-CO-O-CH-) 

4.83 (AB ,1H,-C4H-CH7 ) fig.6 q .,;.. 
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Actioil. of N-bromosuccinimide on lupenyl acetate (1) in dimethyl sulfoxide has been studi~d. The 
compounds so formed have been identified _as 30-bromolupenyl acetate (Ia), 29-(E-Z)-bromolupenyl 
acetates (lc and ld), and 29,30-dibromo-18-iso-oleanan-19a-hydroxy 3{3-yl acetate (3a). Fu~her treat
ment of 1a and mixture nf lc and ld with NBS in DMSO containing water afforded 30-oxo-lupeol (lk) 
and 20-{E-Z)-bromo-lupeol {11 and lm) respectively; compound la on alumina column afforded 30-hy
droxylupenyl acetate ( lh) and 30-hydroxylupeol ( li). 

The action of N-bromosuccinimide (NBS) in CC14 

on lupenyl acetate has been stUdied by Ramachandra 
Rao et az.t who have reported the isolation of 30-
bromolupenyl acetate (Ia) as the reaction product. 
The action of NB.S in dimethyl sulfoxide (DMSO) 
on methyl acetylbetulenate (lb) has been reported 
from our .laboratory2

, and the isolation of rear
ranged dibromolactorie (2) prompted us to explore 
the applicability of the reaction on lupenyl acetate 
( 1 ). Lupenyl acetate in chloroforiil when treated 
with NBS in DMSO furnished the compounds A, B 
and C (see Experimental). The compounds A and B 

· on oxidation with NBS in DMSO in the presence of 
_,water yielded compounds F and G. The hydrolysis 
;.(,of A on alumina column furnishing compounds H 
< · and I has aiso been studied. Determination of struc-

tures of all the compo11Uds (A-I) was fully corrobo
rated by chemical and spectral studies. From IR and 
PMR spectral data (see Experimental) the com
pound A was characterised as 30-bromolup-20(29)
en-3,8-yl-acetate ( la)1

• 

Compound B in its PMR spectrum showed two 
pairs of singlets at c5 1.71 and 1.72 and 5.72 and 
5.90 which integrated for three protons and o_ne 
proton respectively and were attributed to the. pres
ence ofE and Z isomers arising out of the C-20(29) 
olefinic group with bromine atom with it. Thus the 
product 29-bromolupenylacetate3 is a m!xture of 
29-E-bromo (lc) and 29-Z-bromo (ld) lup-20(29)-
en-3 p.yl-acetate. · 

·' ,~ Similarly 29-E and Z-bromomethylacetyl betule-

tPresent address: Central Drug Laboratory, 3 Kyed Street, Cal" 
curta 700 016 
'I'Prese6t' address: Chemistry Department, Dinhata College, 
CoochBehar 
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1 
R 

1, R
1
= OAc, R

2
=CH3 , R3=R 4 = R5.= H. 

Ia, R1 = OAc, R2 = CH 3 , R 3 = Br. R 4 = R5 = H 
]!?. , R1 =OAc, R~= COOMe., R3 = R4 =R5 = H 
~. R1 =0Ac,R =CH3 ,R3 =R5 =H,R4 =Br 
!f! , R1 = OAc, R2 = CH3 , R3 = R4 = H, R5 = Br 
Je, R 1 =OAC, RZ.= COOMe, R3 = R5 = H, R4 =Br 
!f• R

1
=0Ac, R2 = COOMe,R 3 =R4=t-t,RS=Br 

!.9., R: =R3 = OAc, R 2 = CH 3 , R4 =Br, RS=H 
l!!., R = OAc, R 2 = CH 3 ·, Rl = OH , R4 = RS = H 
H , Rl = R3 = OH, R2 = CH3 , R4 = R5 = H 
IT . R 1 = R 3 = OAc , R 2 = CH3 , R4 = R 5 = H , 
ll<, R1 = OH,R2 =CH3 ,RJ=o ,R4=R5= H 
Jl., R1= OH,R22 cH3 ,R 3 =R4 =H,RS= Br 
.1!!!., "R1 = OH, R2 = CH 3 , R3=R5= H, R4 = Br 
!.!! ,,R1= OAc.R2 =cH3 ,R3=0.R4=RS=H 

A cO 

~. R
1
= H2., R

2
=0H 

1 .,.,,,OH 2 
3a, R =-...... H , R = H 

3b,R1 =0, R 2 =H 

3c, R1 -•"' H 2 
-....._OH, • R=H 
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. ..)lates [le and lfj crystallised from CHC13-MeOH 
analysed ~qr C31H510 4Br, m.p. 228-30°; J;R 1735, 
· 1725, 1240, 900 cm- 1; PMR: o 0.78-1.0 {15H, 5t
CH3), 1.71 and 1.78 (s. 3H,C = C- CH3), 2.05 (s, 3H, 
0-COCH3 ), 3.65 and 3.70 (s, 3fl, - COOC1I3), 
4.45 (m, 1H, H-C-3-0-CO- ), 5.76 and 5.97 

.,.....Br .. 
(s, 1H, C =· C ......_H) were Isolated (not reported ear-

·lier2) as the products of the reaction of NBS/DMSO 
with lb. 

The most polar product C was purified by crystal
lisations from CHC13- MeOH. Its PMR spectrum 
showed the presence of six tertiary methyls ( o 
q.84,0.85, 0.87, 0.89, 0.95 and 1.06) and acetoxy 
gf(>up ( o 2.04) and exhibited two AB quartets .cen
tered at o 3.64 (J=: 16Hz) and 3.02 (J= 10Hz) due 
· to four protons of the two - CH2Br groups, a one 
proton doublet of a doublet centered at o 4:05 (J = 6 

·and 12Hz) suggested the presence of a CH bearing 
a hydroxyl group as evident from theIR band {3330 
em - 1 ). The high J value indicated the hydroxyl to be 

. axially oriented. Such a situation is satisfied if a lu
pane skeleton rearranges to oleanane skeleton with 
the hydroxyl group being situated at C-21 for which 
the structUre 3 could be proposed. 13C NMR data 
could also be accounted for the structure 3. 

Though structure 3 was initially suggested, one of 
the alternative ~tructures 3a and 3c was also highly 
desired on mechanistic ground. In order to decide 
amongst the three structures possible 3, 3a and 3c, 
the following experiments were performed. 
.- Compound C was oxidised with Cr03 - Py in 

llSual manner giving the product D which crystal
Tsed from CHC13- MeOH and analysed for 

C32H500 3Br2 m.p. 248-49°. Its IR spectrum showed 
the absence of hydroxyl band but gave a new band 
at 1705 beside the acetoxy carbonyl absorption at · 
1725 and 1245 cm- 1• The mass spectrumofD gave 
peaks at m/z 584, 582, 580 in the ratio 1:2:1 indi
cating the presence of two bromine atoms in the 
molecule. The peaks could arise by the loss of acetic 
acid molecule ( 60 mass units) from the molecular 
ions which did not appear in the spectrum. The 
PMR spectrum of D furnished a convincing proof 
for the structure 3b.lt showed peaks at o 0.62, 0.75, 
0.78, 0.88, 0.94 for the six tertiary methyls, a singlet 
at 1.94 for the methyl protons of acetoxy group, a 
one proton doublet at 2.45 with the coupling con-

~stant of 12.5 Hz showing that. this proton coupled 
~ with a single proton which must be trans di-axial fur

ther indicating that the newly formed carbonyl 
group has only one neighbouring proton. This sug
gested the carbonyl group to be at C-19 that has an 

a-proton as C-18 a-H couples with C-13 ~H. 
Thus, structure 3a was assigned for C. The structure 
of D as 3b suggested the compound C to be 
29,30-di-bromo-19-hydroxyl-18-iso-oleanan-3 fryl
acetate. 

The compound C on acetylation furnished com:
pound E which analysed for C34H 530 4Br, m.p. 180-
81°. Its mass spectrum showed its molecular ion
peaks at mlz 606 [M1]+ and 604 [M2]+. Its PMR 
spectrum showed the existence of six- tertiary me
thyls in the region o 0.70-0.95 two acetoxy methyls 
at 1.94 and 2.02 a proton at C-3 geminal to acetoxyl 
group at its usual position of 4.45, a two proton AB 
quartet at 4.65 (J= 14.5 Hz) assignable to the meth
ylene protons geminal to acetoxyl group which must 
have replaced one of the bromine atoms, and a one 
proton downfield singlet at 6.1 assignable-to an iso
lated olefinic proton. 

The isolated olefinic proton ( 6.1) could be attri
buted to the C-19 proton of the derivative 4 which 
could arise by dehydration of hydroxyl group if it is 
a-oriented as observed in the case of 19 a-hydroxyl-
18-iso-oleanan derivative4. Thus structure 3c could 
be assigned to compound C. ~owever, structure 3c 
was rejected on the basis of the fact that E showed 
the absence of second pair of methylene protons 
carrying the bromine atom though it still contained a 
l;>romine atom. The downfield appearance of this 
olefinic proton at 6.1 as a singlet suggested it to be 
attached to the carbon containing the bromine. 

H 
Thus, the presence of the grouping C = C, group 

"-Br 

was envisaged. This is possible only if compound C 
rearranges under the reaction condition {Py-Ac20) 
from 18-iso-oleanane to lupane skeleton giving rise 
E. This transformation further suggested that the 
hydroxyl group at C-19 is cis to the 18a-proton. 
Such a rearrangement is well documented in litera
ture4, where the 19a-hydroxy-18a-H-oleanan-
3 ~ol on acetylation furnishes lupenyl acetate. Since 
identical group and stereochemical factors are in
volved in the present case (C) the stereochemistry of 
the isopropenyl group in E is also established to be 
alpha oriented. Thus, E was identified as 29-bromo-
3,30-diacetoxy lup-20{29}-ene {lg). Further, since a 
single sharp singlet for the olefinic proton appears in 
E, only one isomer ( 1 g) appears to be formed due to 
electronic repulsion of the bromine and acetoxy 
carbonyl groupings. The above observations led .to 
conclude the structure of C as· 29,30-dibromo
oleanan-18aH-19a-ol-3~yl acetate {3a). The 
structure 3a was further confirmed by comparison 
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of its 13C NMR spectral data with thp_se of com-
pounds 1 and 2 [Table 1 ]. 

Compound 1a was allowed to be adsorbed over 
alumina.cobunn fqr 3 .daYs.Elution of the column 
with pet. ether-benzene (3:2) afforded a compound 
that crystallised from CHC13 - MeOH and analysed 
for C32H 520 3 (M+ 484), :Ql.p. 348-59°, [a]0 ± 0°; IR 
spectra showed the presence of a hydroxyl (3500), 
an acetoxyl (,1715, 1240) and an olefinic methylene 
{3040, 1640, 890) groupings, PMR spectra showed 
the presence of six tertiary methyls in the region £5 
0.78-1.03 as six singlets," one acetoxy methyl as a 
singlet at 2.04, a doublet (J = 8 Hz) of two protons 
that appeared at 4.025 have been assigned to the 
methylene carbo!f>(C-30) bearing a hydroxyl group; 
the me thine p~oton geminal. to the c-3 acetoxyl 
group appeared at the us.ual position at 4.48; the 
C-29 methylene protons appeared as multiplet at 
4.90. Thus on the basis of spectral data this com-

Table 1 -Carbon-13 NMR spectrlil data ( 15, ppm) of 1 (lupenyl 
acetate)8, 2 and 3a 

Carbon 18' 2 3a 

1 -38.3 38.6 38.3 
2 23.6 23.7 23.6 
3 80.7 80.9 80.9 
4 37.7 37.7 37.7 
5 55.3 55.6 55.2 
6 18.2 . 18.1 18.2 
7 34.1 33.7 34.1 
8 40.7 41.3 41.2 
9 50.2 46.7 49.4 

10 37.0 36.4 36.33 
11 20.9 : 21.3 21.2 
12 25.0 26.9 25.0 
13 37.9 37.8 37.8 
14 42.7 40.6 42.8 
15 27.4 28.3 28.3 
16 35.5 36.6 36.5 
17 42.9 51.1 44.4 
18 48.2 45.7 45.6 
19 47.9 80.8 73.9 
20 150.5 35.3 36.9 
21 29.8 29.7 26.4 
22 39.9 31.1 37.6 
23 27.9 27.9 27.9 
24 16.5 16.6 16.5 
25 16.1 16.5 16.1 
26 15.9 15.5 16.0 
27 14.4 13.6 14.4 
28 18.0 178.0 18.3 
29 109.2 39.7 38.6 
30. 19.2 40.0 43,.0 

Note: 13C NMR data of 2 not reported in earlier paper2 
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pound was assigned the structure as 30-hydroxy
lupenyl acetate ~1h). 

The most polar fraction eluted by benzene-ethyl
acetate {9:1) and crystallised from CHC13 - MeOH 
was analysed for C3oHstP2, m.p. 235-36oC MS: 442 
[M]+; its IR.spectrum showed ~e presence of two 
hydroxyl groups {3:330, 3500) and the olefinic · 
methylene double bond .{3040, 1640, 890). The·· 
PMR spe~trum exhibited signals at (£5): 0.77-1.07 
{6s, 18H,6x-t-CH3 ), 4.15 {d, 2H; -CH20H, J=6 
Hz), 3.18 {m, 1H,HO-C3H), 4.9 (m, 2H, C=CH2 ). 

From' these spectral data the compound was ident
ified as lup-20(29)-ene-3{1,30-dioF (li). Acetylation 
of 1h and 1i with Ac20-Py separately furnished 
the same compound C34H 540 4, m.p. 164-65°, M+ 
526; IR 1745, 1730, 1245, 1240 cm- 1, identical 
with 3/1,30-diaceto~up-20(29)-ene (1g). Similar 
adsorption of compound B gave back the starting 
material-(B ). · 

A mixture of· A and B was further treated with 
NBS in DMSO containing 5% water and kept in 
dark for 25 days. The mixture after usual work-up 
and chromatography over silica gel furnished two 
compounds (F and G). Compound F was analysed 
for C30H490Br (M+ 514) m.p. 174-75°, gave posi-

. tive test for halogen (Beilstein test) and unsaturation 

. {1NM); its IR spectrum. showed the presence of hy
droxyl group ( 3400 em- 1) and tri-substituted 
double bond (910 cm- 1). It was identified as 29-
bromo-lupeol ( 11 and lm) by acetylation to B. 
Acetylation ofF with Py- Ac20 afforded an acetate· 
C32H 510 2Br, m.p. 185-6°, identical with B. The sec
ond compound (G) · was crystalli~ed from 
CHC13 - MeOH. It analysed for C30H 500 2 m.p. 
234-35°C, MS: 440 [M]+; UV 228 nm and IR 1690, 
1630 ( a,,B-unsaturated carbonyl group), the peak at 
3320 cm- 1 {OH); did not respond to Beilstein test 
for halogen but gave yellow colouration with 1NM. 
It was identified as 30-oxolupeol· ( 1 k). Its acetate 
was identical with 30-oxo-lupenyl acetate7 {1n). 

The formation of 1a and a mixture of lc and ld 
indicated that with NBS in polar solvent both allylic 
bromination by free radical mechanism and bromo
mum ion attack takes place with ·equal ease at the 
isopropyl group of lupane skeleton. Ill case of methyl 
acetyl b.etulenate ( 1 b) the bromonium ion attack 
gives rise to the lactone 2 when the lactonic oxygen 
is ,8-oriented at C-19 whereas the lupenyl acetate (1) 
the ring expansion is accompanied by hydroxylation 
at C-19 but its orientation is alpha. It is to be noted 
that the stereochemistry of C-18 proton remains in
tact as alpha showing that no olefinic double bond is 
formed to give the germanicene type skeleton ( 4 r 
before lactonisation in the case of 1b2 or hydroxyla-



PRADHAN et al.: REACTIONS OF NBS IN DMSO ON LUPENYL ACETATE 

~n in the case ~f 1. Further, since only the dibromo 
compounds give rise to the oleanane derivatives, it 
may be suggested that a small amount of bromoni
um ion may attack the olefinic bond in two different 
ways; in isopropyl derivative the three membered 
ring bromonium ion can open up with the loss of a 
proton from the C-29 give 1c+ 1d/1e+ lffrom 1/ 
1b whereas the isopropyl group with allylic bromine 
at C-30 opens up in a different manner giving rise to 
a cation at C-20 or may undergo simultaneous ring 
expansion and addition to furnisp 3a/2. 

The formation of 1h during column chromatogra
phy showed that the bromine on sp carbon under
goes facile hydrolysis than the 3-acetate, whereas 
t{t~ aqueou~ ~S caus~s allylic bro~ation, hydro
Iy1Is and oXIdatlon to Yield the allylic aldehyde 1k. 

The rearrangement of 3a to 1 g during acetylation 
is almost similar to the previous observation4 (where 
acetylation of 3,8,19a-dihydro:xy-18a-H-oleanane
yielded lupenyl acetate). It has been observed that 
30-bromolupenyl acetate (1a) when treated with 
Ac20 :- Py under usual acetylation conditions no 
30-aceto:xylupenyl acetate (1j) was formed showing 
that the bromine at C-30 in 1a is unreactive With 
Ac20- Py. Under acetylation conditions the hy
droxyl oxygen being at a closer proximity to the 
C-30 bromine and bromine being a better leaving 
group a nucleophillic attack takes place with the lib
eration of bromide ion to give an Unstable four 
membered ring I. This immediately undergoes 
E-ring contraction with opening of the oxo-rlng giv
ing rise to 1 g. 

Jl Br 

_ AcO 

Experimental Procedure 
Melting points are uncorrected. The pet. ether 

used had b.p. 60-80°. Alumina (S. Merck) deactivat-
. ed with 5% or 10% AcOH was used for column 
chromatography. TLC plates were coated with silica 
gel G and the spots located by exposing to iodine va
pours. All optica.I rotations were determined in 
chloroform. IR spectra were recorded as nujol mulls 
on a Beckmann IR-20 spectrophotometer, UV 
spectra in MeOH on a Beckmann DU-2 spectro
photometer, PMR spectra in CDCl3 on Varian A-60. 
orT-60 or EM-360 spectrometer. 13C NMR spectra 
in CDCl3 on an Ff-80A instrument us-ing TMS as 
internal standard. Mass spectra were recorded by 
solid probe C1/CH4 method. 

Treatment of Lupenyl acetate with NBS in Dimethyl 
Sulfoxide: Formation of30-bromo-luJr20(29)-en
~{3-yl acetate ( 1a), -29(£-Z}-bromo-/up-20(29)-en-
3{3-yl-acetate ( 1c and 1d) and 29,30-di-bromo 
oleanan-18a-H-19a-ol-~{3-yl acetate (3a) 

To a solution oflupenyl acetate ( 1 g) in CHCl3 ( 10 
ml) and DMSO (25 ml), crystals of NBS (1 g) were 
added in lots of 100 mg each with constant shaking 
and the solution was kept in dark for 24 hr. The 
mixture was diluted with water, the CHCl3 layer 
washed, ·dried and concentrated to give a residue 
( 900 mg) which was chromatographed over alumina 
~olumn. Elution with solvents of increasing_ polarity 
furnished compounds A ( 5 00 mg, pet. ether benzene) 
4:1), B (200 mg, pet. ether benzene 3:2) and C (160 
mg, benzene-chloroform 9:1 ). 

Br 

H 

AcO 

I 

/ 

A cO 
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Compound A: 30-Bromo lupenyl acetate(la) 
It was crystallised from CHC13 - MeOH, m.p. 

236-3r [Lit1 m.p. 235-36°] [a]0 + 12°, gave Beil
stein test positive, IR 1725, 1255 (OCOCH3) 3015, 
1640 and 880 cm- 1 (C=CH2 ); PMR: 00.79, 0.83, 
0.84, 0.85, 0.95,1.02 (6s, 6 x t-CH3), 2.04 (s, 3H, 
OCOCH3 ), 3.99 (s, 2H, CH2Br), 4.48 (m, ~H, 
AcO- C3 - H), 5.04, ~.12 (2s,.2H, C = CH2 ) (Found: 
C, 70.12; H, 9.3. Calc. for C32H510 2B'r: C; 70.2; H, 
9.3%). 

Compound B: 29( E-Z)-Bromolupenyl acetate ( 1 c 
and1d) 
·It was crystallised four times from CHC13 - Me-

01:1 m.p. 186-88°, [a]0 + 32°; IR: 1735, 1240 
(OCOCH3) and 1265 cm- 1 (=CHBr); MS: m/z 
548, 546 (M+), 467, 407, 203, 189, 109 (base); 
PMR: <5 0.79, 0.84, 0.85, 0.86, 0.92, 1.02 (6s, 18H, 
6Xt-Me), 1.71 and 1.73 (s, 3H, =C-CH3), 2.05 
(s, OCOCH3), 4.48 (m, 1H; Ac0-C3 - aH),5.72, 
5.91 (2s, 1H, C29-H), identical (m.m.p., co-1LC) 
with an authentic sample of 29-bromolupenyl acet
ate (1c) and.(ld). 

Compound C: 29,30-Dibromo-19a-hydro~ 
18aH,3{J-yl acetate(3a) 

It was crystallis~ from CHC13 - MeOH, m.p. 
258-60°; TNM test: negative; Beilstein test tor halog
en: positive; IR: 3330 (- OH) 1732 and 1250 
(OG9Cfl3) cm- 1; 1\:IS+: ** 646 [M1, 1%]**, 644 
[M3, 2%]+, 642 [M2, 1 %]+, 626 [M 1 - HBr, 2%]+, 
624 [M; -HBr]+, 622 [M2 - HBr, 2%]+, 586, 584, 

1_r_·. 582 [M- HOAc, 1:2:1, 5%], 565, 564, 563, 562 
""'- [M- HBr, 5%], 547 (4%), 531 (2%), 505, 504, 503, 

501 (5°/o), 483 (20%), 466 (7%), 452 (3%), 423 
(10%), 313 (4%), 297 (5%), 283 (5%), 269 (4%), 

. 249 (6%), 204 (15%), 189 (100%); PMR <5 0.84, 
0.85. 0.87, 0.89, 0.95. 1.06 (6s. 6 x t-CH3 ). 2.04 (s, 
3H, OCOCH3), · 3.64 (ABq, 2H, CH2 - Br, J = 16 
Hz),3.02 (ABq, 2H, -CH2'Br, J= 10Hz), 4.05 (dd, 
1H, HO-C19,8- H, J=6 and 12Hz), 4.45 (m, 1H, 
Ac0-C3a-H) (Found: C, 59.6; H, 8.05. 
C32H520 3Br2 requires C,59.6; H, 8.1 %). 

Oxidation of3c: 29,30-Dibromo-oleanan-18 aH-
19-one(Jb) · 

Compound C (0.1 g) dissolved in pyridine (1 ml) 
was mixed with Cr03 (0.1 g) in pyridine (1 ml) in 
cold. After usual work-up and purification of the 
product by chromatography and crystallisations fur
nished crystals of 3b, m.p. 248-49°, IR: 1725, 1245 

*Mt represents.rnolecular mass due to bromine 81, M{ due. to 
bromine 79 and Mj due to bromine of isotropic masses 79 and 
81 when two bromine atoms are present. 
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(OCOCH3) and 1705 cm- 1 (CO); MS (mlz): 584 
. [M 1 - AcOH]+, 582 [M3 - AcOH]+, 580 
[M2 - AcOH]+, 569,567, 565, 503, 502, 501,475, 
474, 473, 393, 391, 191, 189, PMR: <5 0.6, 0.75, 
0.78, 0.88, 0.94 (6s, 6 x t-CH3 ), 1.94 (s, OCOCH3 ), 

2.45 (d, 1H, 18aH, J= 12.5 Hz), 3.46 and 3.82 (dd, 
2H, - CH2Br, J = 465; 12, 2Hz) 3.67 and 3.81 (dd, 
2H, CH2Br, J= 195, 12Hz), 4.39 (m, H, C3 - aH), 
(Found: C, 59.6; H, 7.8; C32H500 3Br2, requires C, 
59.63; H, 7.8%). 

Acetylation of compound C 
Compound C (0.1 g) dissolved in Py (1 ml) was 

mixed with Ac20 ( 1 ml) and the mixtUre kept on a 
water bath overnight. Usual work-up and chroma
tography followed by crystallisation furnished the 
acetat~ E (0.1 g), m.p. 180-81°, IR: 1730, 1725, 
1250, 1245 (2 x OCOCH3 ), 3015, 1640 and 840 

/H 
cm- 1 (>C=C- ); MS [m!z]-606, 604 [M+], 
546, 544, 466, 465, 406, 405, 189; PMR: <5 0.70, 
0.76, 0.78, 0.79, 0.81, 0.96 (6s, 6 X t-CH3), 1.94, 
2.02 (2s, 2 x - OCOCH3·), 4.45 (m, 1H, C3 - aH), 
4.65 (ABq, 2H, CH20Ac), 6.10 (s, 1H, =CHBr), 
identified as 29-bromo-3,8,30-diacetoxy-lup-
20(29)-ene (1g). 

Treatment of compound A and B with NBS in 
DMSO containing water. Isolation of compounds 
11, 1m and 1k · 

To a mixture of compounds A and B (500 mg) in 
CHC13 (12 ml), DMSO (12.5 ml), crystals of NBS 
(500 mg) were added with constant shaking fol
lowed by water (2 ml). The mixture was kept in dark 
for 25 days and diluted with water, extracted with 
CHC13 and washed with water, dried and concen
trated to give yellow residue (425 mg) which was 
chrornatographed over silica gel. Elution with sol
vents of increasing polarity gave compounds 11 and 
10) (20.0 mg). 'fhese were crystallised from 
CHC13 - MeOH, m.p. 174::75°, TNM test: positive 
and Beilstein test: positive. IR 3400 (- OH) and 

910 cm- 1 (>C=C::"H)~MS: (mlz) 506 [M1]+,· 

504 [M2]+, 425, 408, 407, 207, 203; PMR: <5·0.75, 
0.81, 0.82, 0.91, 0.95, 1.01 (6s, 6 x t-CH3 ), 1.71 (s, 
3H, C=C-CH3 ), 3.2 (m, H, C3 -aH), 5.89 
(C=CHBr) (Found: C, 71.2; H, 9.8. Requires C, 
71.3; H, 9.8%). The identity of these compounds 
was further confirmed by preparing its acetate, 
which was identical with compound B. m.p. and 
m.m.p. 185-86°C. 
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Compound I k was crystallised from-
CHCl3- MeOH to give crystals m.p. · 235-6°, UV 
128; IR 3320 (- OH), 1690 and 1630 <;m- 1 

(~=C....:. C = 0 ), Beilstein t~t for halogen: negative; 
TNM test: positive; MS: (mlz) 440 [M]+, 422 
[M..,. H 20]:, 407 [422-CH3]\ 207, 203, 190, 189; 
PMR: d 0.75, 0.81, 0.82, 0.92,0.96~ 1.01 (6s, 6 X t
CH3), 3.18 (m, lH, C3aH),5.91 and 6.28 (2s, 2H, 
·-C=CH2), 9.51 (s, H, -CHO). This compout:J.d 
. (Ik) which was identified as 30-oxo lupeol by·pre
paration of its acetate which was identical with 30-
oxo~lupenyl acetate (In). 
·The acetate Ik (50 mg) was obtained by its treat

ment with pyridine (2.5 ml) and Ac20 (2 ml) on a 
~.f:tter-bath for 4.hr followed ~yus";lal wo~k-up, m.p. 
~24-26° (CHCl3- MeOH), 1denttcal. Wlth an au
ithentic sample of 30-oxo-lllpenyl acetate (In). 

Adsorptio~ of compound A on alumina: Isolation of 
30-hydroxy lupenyl acetate (I h). and 30-hydrox~ 
lupeol(li) . · · 

Compound Ia(250 mg)in benzene(! ml)was ad
sorbed over active alumina column ( 30 gm) deve
loped with petroleum ether and allowed_.to st_and ~or 
24 hr. Elution with solvents of increasmg polail.ty- · 
afforded compounds Ih (benzene) and 1i [benzene-
CHC13 (4:1)]. . _ 

Compound I h was _ crystallised from 
CHCl - MeOH as needle shaped crystals, m:P· 
248-49° [ a]0 ± Oo; TNM test positive; Beilstein test 
negative; IR: 3500 (-OH), 1715,- 1240 
("70-CO-CH3),3040, . 1640, 890 cm- 1 

,(~~C ~ CH2), MS (m/z): 483 [M. -1]+, 465,425; ~24 
~-AcOH]+ 408, 380, .356, 248, 233, 203, 189 
(,[ase); PMR: d Q:78, 0.83, 0.84, 0.85, 0.94, 1.03 (6s, 
iSH, 6 X[t-~H3 ), 2.04 (s, 3H, - OCO- CH3 ), 4.15 
(q, _JAB=6 Hz, 2H, -CH20H), 4.4~ (m, lH, 
H-C-O-C-CH3 ), 4.94 (m, 2H, "'C=CHz) 
(Found: c, 79.3; H, 10.8. C32H 520 3 requires C, 79.3; 
,H. 10.81'); Acetylation of Ih with Ac20-Py gave 

the diacetate Ij, m.p. 166-6r, [a]0 +8°, IR: 1750, 
1730, 1250, 1265, (2 x OCOCH3), 3080, 1640 and 
'840 em- 1 ( := CH2). 

Compound li: 30-hydroxy lupeol 
It was crystallised from CHC13- MeOH, m.p. 

226-28°, [a]0 +4°; responded to TNM test but did 
not respond to Beilstein test. IR: 3300-3400 
(- OH), 3100, 1640 and 880 em - 1 () C = CH2) . 
(Found: C, 81.2; H, 11.4; C3Jl500 2 requires C, 81.4; 

· H, 11.4 ). It was identified by preparation of its dia
cetate Ij (Py-Ac20), m.p. 163-64°, [a]0 +8o [Lit1 
m.p. 163-64°, [a]0 + 9.7°] which was identical with 
Ij prepared from I h. · 
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