
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 
·-· 
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+ + + (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. 
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Fig. 1 IR spectrum of lupan 2~,3a-diyl acetate~ 73. 
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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 
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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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,fig. l9 Mass spectrum of friedelan 27~15a-olide,3~,4a-diol, 92. 
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