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Friedelin (2) on prolonged heating with selenium dioxide in t-butanol furnishes two oxidised products, friedel-1(10)-en-4P
ol-2,3-dione (5) and 3cx-acetyl-4-norfriedel-1(10)-en-3P-ol-2"one (4). The structures of 4 and S are based on spectral data (IR, 
UV, PMR, mass and 13C NMR). 

·In earlier papers from our laboratory it was reported 
that Se02 oxidation in t-BuOH of triterpenoids 
containing gem-dimethyl group at C"4 led to 'the 
formation of (X,P-unsaturated ketone1 /epoxy ketone2, 
depending on the amount of hydrogen peroxide added 
in -the reaction mixture. ·Similar reaction on friedelin 3 

(2), a 3-ketotriterpenoid ~ith only one methyl group at 
C-4, failed to give either the (X,P-unsaturated ketone or 
the epoxy ketone. However, later Anjaneyiiiu ei a/. 4 

reported the isolation offriedel-1(2)-en-3-one (1) in the 
reaction of 2. As 1 was required for some 
transformation reactions and since conversion of 2 
in to 1 was reported poor by other methods 5 we decided 
to carry this conversion with Se02 in t-BuOH. We 
envisaged the formation of friedel-2,3-dione (3) as a 
second possible product besides 1. But to our surprise, 
none of these compounds was isolated, instead two 
highly oxidised products were isolated, the structure 
elucidation of whicfi forms the subject matter of this 

· paper. 

The compounds (A~ and (B) were isolated as detailed 
elsewhere in the paper (see Experimental). Compound
A analysed for C30H460 3 ,m.p. 246-47°. IR spectrum 
of (A) exhibited a sharp peak at 3440 em --:1 indicating 
the presence of a non-hydrogen bondi.ng tet:tiary 
hydroxyl group. The peak at 1705 em - 1 was due to a 
carbonyl group and the one at 1690 em -:};,was due to 
an (X,p-unsaturated carbonyl group as supported by 
peaks at 1592 arid 865 em - 1 due to double bond. The 
presence of (X,p-unsaturated ketone in a five-membered 
ring was further supported by the.UV spectrum of(A) 
which displayed }.max at 237. nm (e, 12,000). The mass 
spectrum of(A) show.ed the molecular ion peak at m/z 
454 (M +, 21.9); the other fragments of .prominence 
appeared at m/z 439 (M + -CH 3 , 0.6), 412(M.+-cocH2, 
37.3), 411 .(4.1), 330 (0.2), 301 (2), :302 (2), 288. (330-

COCH2, 5), 261 (6), 222 (10), 205 (26.9), 190 (16.5), 177 
(10.3), 163 (19.1). . 

The PMR spectrum of (A) was indi~ative cif the 
presence of seven tertiary methyls which appeared as 
sharp singlets (3H each) at (j 0.96," 1.01, 1.05, 1.10, 1.19, 
1.27 and 1.32. The peak due to three acetyl protons 
appeared at ~.22 and that due to OH proton at b4.fll 
(exchangeable with D20); the sharp ·one proton peak at 
5.92 was due to a vinyl proton having no neighbouring 
proton. The absence of a peak corresponding to a 
methyl group and the doublet that was present in the 
parent 2 indicated that this methyl group has been 
converted into the acetyl group that appeared 
downfield at b 2.22. These observations showed that 
C-4 got converted into a carbonyl group. The absence 

. of any other peak between b 2· and 5 indicated that the 
carbonyl groups did not have any (X~proto.ns and the 
hydroxyl group also did not contain any geminal 
pra'tonindicating its tertiary nature. From the study of 
UV, IR and NMR spectra, the structure for -the 
compound-A was proposed as }(X-acetyl-4-norfriedel-
1(10)-en-3P-ol-2-one (4j. · 

Carbon-13 NMR of (A) exhibited singlets at 
b 203.75 and 198.35 due to the carbonyl carbons. The 
.singlet at (j 174.34 and tlie doubl~t at 120.71 were 
assigned. to carbons inyolved in (X,P-unsaturated 
double bond-wit_ll respect . to carbon~ I- grqup. The 

. carbon containing the hydroxyl group appeare.d, at 
(j 77.20 as a singlet. A comparison of 13C NM_R data of 
friedelin and compound-A is shown in Taple 1. 

Dreiding mod~l -of compou~d-A shows that the 
ring-A when five~membered should hav,e ,the acetyl 
group bejow the plane·and tpe hydt:oxyl group above 
the plane so as; to II?-inimi~e the interaction with the 
axial methyl 9n ~-5. The. hydroxyl proton would form 
hydrogen bonding with the twc;>_ carbonyl groups pn 
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Table !-Comparison of Carbon-13 NMR Data of 
Frjedelin and Compounds' (A) and (B) 

Carbon Friedelin 7 Compound-A Compound-B 

22.3 I '120.70 d 122.87 d . 
2 42.2 I -198.35 s 195.40 s 
3 213._0 s 77.20 s 186.37 s 
4 . 58.2 d . 203.76 s 82.43 s 
5 41.5s . 39.94 s . 41.61 S-

6 41.3 I 48.21 I 47.94 I 

7 18.3 I 17.99 I 17.32 I 

8 53.1 d 51.71 d 48.41 d 
'9 37.5 s 33.55 s 33.81 s 
10 59.5 d 174.34 s 183.96 s 
11 35.6 I 35.80 I . 33.29 I 

12 30.5 I 30.28 I 30.92 I 

13 39.7 s .. 39.77 s 39.19 s 
14 38.5 s 39.16 s 39.19 s 
15 32.5 I 32.41 I '32.73 I 

16 36.0 I 35.56 I 35.86 I 

17 30.()-s 30.10 s 30.05 s 
18 42.8 d. 42.86 d 42.75 d 
19 35.4. I 35j6 I .35.35 I 

20 28.2 s 28.21 s 
I 

2il.18 s 
21 39.31 39."16 I 39.19 I 

22 32.1 1-' 32.76 I 32.13 I 

23 6.9 q '33.93 q 25.96 q 
24 14.7 q . 2_7.97 q . 27.62 q 
25 1KO q 2B9q 15:30 q 
26 18.7 q 18.63 q 18.66 q 
27 20.3 q 20.44 q 10.59-_q 
28 . 32.1 q 32.06 q •32.56 q 
29 . 31.8 q . '31.80 q· . -31.91 q 
30 35.0q.:. ·,· 34.92 q _34.95 q-_ 

either side-but -the. IR spe~trum suggests the absence of 
such _bonding. This.fact is explained by assumiQg that 
the carbonyl groups being ~lectronegative, repel each 
~ther and the acetyl . methyl would . have steri~ 
interaction with C-6 axial hydrogen. To minimise these 
interactions the acetyl carbonyl is directed farthe~t 
away .and the acetyl methyl ·away from C-6 axial 
hydrogen,. Thus the hydroxyl group is free and' 1!bpve 
the . plane and this establishes ·the . structu~e of 
compound-A as 3cx-acetyl-4-norfriedel-1( 1 0)-en-3/1-ol-
2-one (4). 

7;,.Compound-B ·analysed for C 30H 460 3 , ni.p. 272-
=tl¥'. Its IR spectrum exhibited a sharp peak at 3440 
em - 1 inoicating the ·presence ·of a non-hydrogen 
bonded OH. Two sharp p~aks at 17G5 and 1680 em - 1 

'showed the presence of a six-membered ring ketone 
'arid an cx,/1-unsaturated ketone respectively,.and the 
peaks at 1600 and 840 em - 1 were indicative of olefinic 
oouble bond in conjugation with a carbonyl group: 
.The UV absorption at 27S: nm (ll 8,600) indicated the 
'presence ;of a typical cx,p.:unsatui:ated ketone as· a 
. chro~ophore. The mass spectru~ had peaks at m/z 
'454(M+ ,'14), 439-(M+ .::.:.CHj: 6'), 426 (M+ ~co, 15), 
·412 (M+-cocH2, 31), -4ll''(M+·_,_:·col..cH3: 29), 
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395 (1), 302 (2), 301 (2), 287(5), 273 (6), 259, (8), 219 (10), 
205 (30), 191 (28), 163 (35), 150 (30), 95 (62), 55 (65), 43 
(100). The PMR spectrum of (B) was completely 
different from that ofcompound-A though theIR and 
mass spectra appeared almost similar. The PMR 
spectrum of (B) was indicative of the presence of eight 
tertiary methyl groups which appeared at <5 0.98, 1.01, 
1.02, 1.09, 1.19, 1.27, 1.29, and 1.38. The sharp singlet 
at <5 6.33 (lH) indicated the presence of a vinyl proton 
without any neighbouring ·proton.' · . 

Th!! 13C NMR spectrum of (B) was indicative of tbe 
presence of a teritiary carbon·containing an OH at 

· c5 82.43 as a singlet; the ti-isubstituted olefinic carbons 
appeared at (;122.87 as a doublet and 183.95 as a 

. singlet; two ketonic carbons appeared at c5186.38 and 
195.40 as singlets (Table 1). The presence of eight 

:, tertiary methyls in (B) showed that the C-4 carbon 
bearing a· secondary methyl in the paren~ 2 got 
converted into tertiary carbon._ The l).ydroxyl group 
was probably 'at C-4 as it did not show any geminal 
proton i_nits PMR spectrum and 13C NMR confirmed 
the tertiary natur~ of C-4. Moreover, the absence of 
any' peak in th~ region fJ 2.3 to 3 showed the ;:tbsence Qf 
protons alpha to carbpnyl group. All the abo'{e facts 
~ead us to assign strtictm;e (5), to c~mppuncf-B.. . . 

Ureiding model of(B) showed that in ring-A, C-1, 2, 
4,'5 and C-1 Q are in the same plane and C-~ is beiow the 
plilne. ·The methyl ·at C-4 being bulki~r than the 
hydroxyl group, would pr~fer to remain equatorial'and 
th~s~the hydroxyl' group' fs situated axi_ally abo-~e-the 
plane~ which makes the hydroxyl group app~ar as a 
non-hydrqgen bonded sharp peak in the IE. specp:mn. 
Thes~.- spectral· evid~nc~s 'Indicate that ~omp!Jund..::B 
could be ;1ssfgned the structure ;:ts· friedel-1(10)-en·-4p-
ql-2,3-dione (5).' · · · · -· 

· The-formation of 4 and 5 from 2 can be ·rationalised 
as follows( · · · · · · 

The active methylene at ·c-2 of friedeliri (2) Is fi;st· 
oxidised by Se02 to a 2,3-diketone (3) as suggested 
earlier3 

,- which would · further undergo· ·concerted 
dehydrogenation to furnish the-olefinic double bond at 
C1 -C10 and hydroxylation6 at C-4 by Se02 to give 
rise to 5: The compound (5) :being strained due to the 
presence of two carbonyl rgroups and an olefinic 
double bond, relieve-s ·its · strain -by_ undergoing 
·rearrangement, as proposed in the Scheme 1, to furnish 
4. : 

,; ' ' \:' 

'Experimental ·Procedure 
A mixture ·ot friedelin· (1.5 g),- Selenium dioxide 

(1.5 g) and· t-BuOH was refluxed · for 24. hr. under. 
nitrogen· atmosphere: The solvent was distillecl off 
under reduced pressure and the residue extn!ct~d with 

·ether, 'the' organic layer washe~fwiih wat~r an<! dried 
(Na2S04). The'residu'e obtairiea after removal:of-ether 
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Scheme I 

ras·cprom~tographed over silica gel column. Two 

products (A and B) isolated from the column were 
purified by crystallisation from CHC13-Me0H. 

Acknowledgement . 
The authors are thankful to Dr Alan Duffield, 

University of New South Wales for the mass spectra 
and Director, CDRI, Lucknow for C,H-analysis . .One 

· of u.s (SC) is grateful to CSIR, New Delhi for the award· 
of junior research fellowship. The authors are also 
thankful to the authorities of the University of North 
Bengal for providing laboratory facilities. 

References 
1 Dutta S R & Pradhan B P, Indian J Chern,. 21B (1982) 575. 
2 Pradhan B P & Dutta S R, Indian J Chern, 23B (1984) 565. 
·3 Dutta S R & Pradhan B P, Indian J Chern, 22B (1983) 680. 
4 Anjaneyulu V & Rao G S, Indian fChern, 23B (1984) 663. 
5 Talapatra B, Lahiri B, Basak A, Pradhan D K & Talapatra S K, 

Indian J Chern, 228 (1983) 741. 
6 Guillemonat A, Ann Chirn, 11 (1939) 143. 
7 Beierbeck H, Saunders J K & ApSimon J W, Can J Chern, 55 

(1977) 2813. 

723 



\ 

~ Indian Journal of Chemistry 
Vol. 26B, May 1987, pp. 465-466 

Studies on Oxidation of Triterpenoids: Part 
VI-Oxidation of Methyl Dihydro
betulonate with Selenium Dioxide in 

t-Butanol 

BHIM PRASAD PRADHAN* & SA TY AJIT CHAKRABORTY 

Department of Chemistry, University of North Bengal, P.O. North 
Bengal University, Daijeeling 734430 

and 

PETER WEYERSTAHL 

Institut fiir Organische Chemie, Technische Universitat Berlin 
Strasse de& 17. Juni, D-1000 Berlin 12, West Germany 

Received 2 Sept£mber 1986; accepted 31 October 1986 

The 4-gem-dimethyl-3-keto triterpenoid, methyl dihydrobetu
lonate (I) on prolonged heating with selenium dioxide in !-butanol 
furnishes lup-28-carbomethoxy-1(2)-en-3-one-2-selenide (2) and A
nor-lup-28-carbomethoxy-2-carb--. 1-olide-3a-ol (3). The structures 
of2 and 3 are based on spectral data (IR, UV, mass, PMR and 13C 
NMR). 

In some recent papers 1 -J from our laboratory the 
oxidation of triterpenoids was studied. These studies · 
reported the fo'rmation of various products some of 
which involved triterpenoid-2,3-dione and 1(2)-en-3-
one as intermediates. As the nature of the t5-lactone 
formed depended on the substitution at C-4 ofthe ring
A triterpenoids we envisaged the possibility of 
obtaining various substituted oxygen functions in 
triterpenoids. In a preceding communication4 we have 
elucidated the structure of two compounds produced 
by oxidation of friedelin with selenium dioxide in /
butanol. The present note deals with the structure 
elucidation of the two products (A and B) obtained by 
the Se0 2 oxidation in t-butanol of methyl 
dihydrobetulonate (1), a triterpenoid with gem
dimethyl group at C-4. 

Se02 oxidation ofl and the isolation ofproducts'(A) 
and (B) were carried out as follows: 

A mixture of methyl dihyd.robetulonate (1, 1.5 g), 
selenium dioxide (1.5 g) and /-butanol (150 ml) was 
refluxed for 24 hr under nitrogen atmosphere. The 
solvent was removed under reduced pressure and the 
residue extracted with ether. The ether layer was 
washed with water and dried (Na2S04). The residue 
obtained afte~ removal of ether was chromatographed 
over silica gel (20 g) column. Elution with petrol
benzene (2:3) afforded product (A) as a yellow solid 
which crystallised ftom CHCl3 - MeOH, m.p. 265-66° 
(Found: C, 67.4; H, 8.6. C31H 480 3Se requires C, 67.8; 
H, 8.8%). Further elution of the column with benzene-

ethyl acetate (4:1) furnished (B)-as a solid· that 
crystallised from CHCl3 - MeOH as fine needles, m.p. 
273-74° (Found: C, 74.2; H, 9.6. C31H480 5 requires C, 
74.4; H, 9. 7%). . 

The IR spectrum of (A) was indicative of the 
presence of a carbomethoxy group at 1730 and an rt,/3-
unsaturated carbonyl group at 1680 em - 1

• Its UV 
spectrum displayed maximum absorption at 300 nm. It 
developed yellow colouration with TNM indicating 
the presence of an olefinic double bond. Its mass 
spectrum showed fragments at m/z 468, 453, 442, 436, 
427, 425, 408, 393, 372, 365, 331, 285, 275, 271, 249, 
215 (base), 203, 189, 177, 150. The PMR spectrum of 
(A) was indicative of the pre~ence of two methyls 
(doublets each at() 0. 74 and 0.85, 6H, J = 6.6 Hz), five 
other methyls (singlets at () 0.93, 0.96, 1.02, 1.12, 1.15), 
the carbomethoxyl protons (s, 3.65, 3H) and an olefinic 
proton (s, 7.20, 1H) without neighbouring protons. 
The 1 3C NMR spectrum of (A) displayed the carbonyl 
carbon at 203.1, about 15 ppm upfield than the parent 
betulonic acid 5 {4), due to shielding effect of the 
olefinic double bond at the a-position. This 
observ~tion was corroborated l:ly the presence of a 
singlet at 124.8 and a doublet at 156.8 ppm similar to 
those exhibited by glochidone5 (5). The upfield singlet 
carbon further suggested the attachment of selenium at 
the C-2 carbon of(A). Carbon-13 NM.R data of(A) are 

-presented along with those of glocti:!io~e and 
betulonic acid5 in Table 1. All the spectra1 data ~~~re 
compatible with structure (2) for the product (A). 

Compound (B) did not give coloration with TNM 
thus indicating the absence of olefinic double bond in 
(B). Its mass spectrum exhibited peaks atm/z 500(M +), 
484, 472, 457 (M+.-C3H7), 442, 424, 371, 358, 273, 
249,215,203,191,189, 177,147,135,12l,57,43(base). 
A sharp peak at 3375 em - 1 in theIR spectrum of(B) 
indicated the presence of a hydroxyl group with no H
bonding. The sharp absorption of equal intensity at 
1810 em -t showed that the two oxygeri atoms are 
present in th~ form of a f3-lactone6; the signal at 1700 
em -t should be attributed to the ester function. The 
PMR spectrum of(B) was indicative of the presence of 
two methyls (doublets centered at 0. 73.and 0.84 ppm, J 
= 6. 7 Hz), five tertiary methyls (0.93, 0.95, 1.01, 1.02, 
1.15 ppm), a carbomethoxyl group (s, 3H, 3.64 ppm) 
and a proton (s, lH, 5.49 ppm) which must be geminal 
to the lactonic oxygen. Caibon-13 NMR displayed the 
presence of 31 carbons in (B) and the APT experiments 
indicated the existence of (i) eight methyl carbons as 
quartets, one of which appeared downfield at 51.22 
ppm due to the ester methyl carbon, (ii) eight methylene 
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Table 17""Carbon-13 NMR data of Compounds 2, 3, 
Gluchidone5 (5) and Betulonic Acid 5 (4) (shifts in ppm, 

.. CDCI3) 

Carbon 2 3 Glochidone Betulonic 
acid 

1' 156.8(d) 104.4(d) 59.8 . 39.6' 
2 124.8(s) 171.7(s) 125.1 34.0 
3 . 203.1(s) 101.2(s) 205.5 218.1 
4 44.7(s) 41.4(s) 44.6 47.3 
5 '. 53.S(d) 41.7(d) 53.4 54.8 
6 19. 7(t) 17.2(t) 19.0 19.5 
7 33.8(t) . 34.2(t) . ~3.8 33.6 
8 · 41.6(s) 4l.O(s) 39.5 40.6 
9 44.1(d) 44.2(d) 44.4 49.8 

10 37.3(s) 39.2(s) 41.7 36.8 
11 21.4(t) . 2l.O(t) 21.4 21.3 
12 24.9(t) 

' 
26.1(tit(t) 25.1 25.4 

13 38.2(d) 37.8(d) 38.2 38.5 
14 42.0(s) 42.8(s) 43.1 42.4 
15 , 29.6(t) 29.5(t) 27.3 29.6 
16 32.0(1) 32.0(1) .35.5 32.0 
17 56.9(s) 56.9(s) 43.0. 56.3 
·18 5l.4(d) 49.0(d) 48.1 49.1 
19 48.8(d) 48.8(d) 47.9 46.8 
20 29.6(d) 29.7(d) 150.7 150.2 
21 2L6(t) 22.7(1) 29.8 30.5 
22 37.3(t) 37.3(t) 40.0 36.8 

'23 28.1(q) 22.0(q). 27.8 26.6 
24 21.4(q) 15.8(q) 21.3 20.9 
25 16.3(q) . 16.5(q) 15.8 
26 14.7(q). 14.5(q) 16.5 15.9 
27 14. 7(q) 14.7(q) 14.4 14.6 
28 176.8(s) . 176.8(s) . - 18.1 181:8 
29 14.7(q) _____.14~6(/i) 109.7 109.7 
30 23.0(~)_ -- ~ 23.0(q) 19.3 19.3 

-COOCH3 51.2(q) 51.2(q) 

carbons. as triplets against 10 methylene ca~bons 

. ·present in 1; (iii) seven methine carbons as doublets one 
of which appeared sufficiently downfield at 104.4 ppm 
indicating it to be a secondary carbon with ah oxygen 
function; (iv) eight tertiary carbons as singlets two of 
which appeared downfield at 176.8 and 171.9 ppm, the
first one being due JQ_Jtlethoxy carbo!J.yl carbon and 
hence the other ·one was assigned' tolactone carbonyl 
carbon 7 ·in a four-membered ring; (v) one carbon 
containing oxygen function as 3: singlet at 101.2 ppm 
(cqmpound B was inert to Cr03 - Py oxidation 
indicating. that the hydroxyl group was tertiary in 
nature) which must be due to the carbon carrying the 
hydroxyl group (C-3); and (vi) a secondary carbon 
attached to the lactonic oxygen·(C-1) as a doublet at 
104.4 ppm. From the spectral data discussed above 
and the mechanistic point of view (Scheme 1), the 
structure (3) could. be proposed ·for the product (B). 

It is well known that selenium dioxide can oxidise 
the a-methylene to an oxo groups as well as to an o:,P

r 
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Rearrange 

SchO'me 1 

unsaturated groups ·provided ·a P-hydrogen is 
available. The formation of P-lactone (3) probably 
tales place as depicted in Scheme 1. Selenium dioxide -
first oxidises the C-2 methylene to oxo group followed . 
by fur~her oxidation to form the organo-seleni<; acid 
intermediate (b), which immediately u~dergoes carbon 
skeletal rean:~mgement to furnish the hydroxylacton~ 
(3). This is perhaps the first report of the_ formation of 
P-lactone during selenium dioxide oxidation reaction. 

'The authors thank the Director, CDRI Lucknow for 
elemental analyses. One of them (S C) is grateful to 
CSIR, New Delhi, for financial assistance. 
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T araxerone (1) on prolonged heating with selenium dioxide in t-butanol affords five products, viz I (2~chydrotaraxerone 
(2), 1(2)-dehydrotaraxerone-2-selenidc (3), 2-nor-taraxcr-1, 3-dione (4) 1(2)-dehydrotaraxerooe-2, 2'-seleoo-taraxer-1', 3'
dione (5) and 1{3, Ja-dihydroxy-3-carboxy-A-oor-taraxerene (6). The structures of-these compounds hav~ been established 
on the basis of analytical and spectral data. 

In our earlier papers 1
-

6 we reported the foFmation of 
various products during the selenium dioxide oxida
tion in t-butanol of different triterpenoid ketones. 
Encouraged by the variety of products formed in these 
rea¢tions we have presently studied the oxidation of 
tar;pcerone (I) by Se02. The carbonyl group of I 
~offietimes behaves differently7 than the other 3-keto 
triU:rpenoids. 

1' on oxidation with selenium dioxide in t-butanol 
formed five different compounds, A, .!3, C, D and E 
which were separated by chromatography and purifi
e9 by crystallisation from CHCh-MeOH. 

R 

0 

_1, R=H 

.1_, R=SeH 

Compound A analysed for C3oH460 (M+ 422) and 
-~; was foun~ to) be identical with 1(2)-deh+ydro-

taqtxerone (2. (M-H) soo 
Compound B analysed for CloH460Se (M+ S007 and 

had a carbonyl group with a, /3-unsaturation and a 
trisubstituted double bond; its UV absorption at 302 
nm was similar to that shown by lup-28-carbom
ethoxy-1 (2)-en-3-one-2-selenide5 (3a). Tqe mass ~pec
ttJ.Im displayed peaks at m I z 500 (M+), 421 (base), 311, 
187, 161, 147, 133, 119, 105,91, 77. Its PMR accounted 
for eight tertiary methyls appearing as-singlets in the 
region o 0.8 to 1.2 ppm, one olefinic proton at 5.57 (dd) 
typical of the C-15 proton of taraxerene skeleton and 
another olefinic proton, without neighbouring pro
tbns, at 7.16 ppm as a singlet. Carbon-13 N M R 
accounted for all the 30 carbons and the APT experi~ 
mepts~ indicated the existence of 8-CHJ as a quartet, 
~-CH2 as a triplet, s-¢H as a doublet and 9-C- as a 
singlet; the singlet at o i 56.9 and doublet at 117.4 ppm 
were due to olefinic carbons at C-14 and C -15 typical o 
the taraxerene skeletonb; the doublet at o 155.5 and 
singlet at 124.8 ppm were due to C-1 and C-2 olefinic 

-tear bon similar to those observed in ~a, and the C -3 
carbonyl carbon appeared as a singlet at 202.4 ppm 
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~. R=R
1
=H !. 

E)a,R=Me, R',.,.c 

about 15 ppm downfi.eld than that of_the parent ketone 
I. On the basis of spectral data the compound has been 
assigned the structure as 1(2)-dehydro-taraxer-3-one-
2-selenide (3). 

Compound C analysed for for c~oH4sOJ (M+ 424) 
and had two carbonyl groups and a trisubstituted 
double bond as_re:vealed by its 1-R spectrum. Its PMR 
spectrum exhibited signals in the region of <5 0.83 to 
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l .34 ppm as singlets forth~ eight tertiary methyls and 
C-15 olefinic proton at {j 5.5 ppm. The appearance of a 
three-proton singlet at 0 3.5 and a 'one-proton singlet 
at 3.1 ppm were rather difficult to explain. However, 
the PM R recorded elsewhere showed a shift of these 
two peaks by 0.4ppm downfield with the other peaks 
appearing at the same positions. This was found to be 

:j, Uue to methanol which rl)Ust b~ present as methanol of 
crystallisation. Thus from mass, PMR spectrum and 
elemental analyses the molecular formula of the 
compound C was ascertained as C29H4402.CHJOH. Its 
iJC NMR spectrum accounted for only 29 carbons. 
T~e APT experiments showed-the existence of 8-CHJ 
\is~ quartet, 8-CH2 as a triplet, 4-CH as a doublet and 
9-C(- as a singlet; the two sing\ets that appeared 
downfield at 212.4 and 203.0 ppm were due to two 
carbonyl carbons and the doublet at 117.4 and. the 
singlet at 156.9 ppm were due to the C-14, 15 olefinic 
carbons. Assuming that the oxidation reaction has 
occurred only in ring-A of 1 with loss of either C-2-or 
C-3 carbon atom (on the b'asis of spectral data), 
compound c has been assigned the structure as 2-nor
taraxer-1, 3-dione ( 4). 

The structure 4 was further confirmed by hydrolys
ing compound C with methanolic KOH followed by 
esterification (with diazomethane) to obtain the ester 
w~ich analysed for C31 Hso04 (M .. 486), lts PMR 

_ di$played eight singlets in the region {j 0.82 to 1.25 for 
· t'he !!ight tertiary methyls, two singlets for t'wo carbox

yl methyls at 3.64 and 3.65 and C-15 vinyl_ proton 
appeared at its usual position at 5.58 (dd) ... On't~e basis 
Of spectral data the diester has been assigned the 

)I; structure as methyl ester of 2-nor-seco-taraxer-l, 3-
dicarboxylic acid (7). 

Compound D analysed for CbuHnOJSe (M .. 938) 
has three carbonyl groups one of them being due to a, 
,8-unsaturated carbonyl group as revealed by its I R 
spectrum. Its PM R spectrum was indicative of the 
presence of sixteen tertiarymethyls in the region {j 0.83 
to 1.3 ppm; ~ proton at 4.11 and a vinyl proton as a 
singlet at 7.3. The existence of a pair of double 
doublets in the region {j 5.5 to 5.6 for two protons 
dearly indica~ed that compound D contained two 
taraxerene skeletons in its molecule joined together by 
a selenium atom. The appearance of a single olefinic 
proton downfieid at 7.3 is similar to that of 3 
(compound B) indicating that one part of the molecule 
must contain structure similar to that of 3. Its 13C 
NMR accounted for sixty carbon atoms; the singlets 
downfield at 224.3, 205.0 and 200.7 ppm were due to 
tl;l.ree carbonyl carbons, the last one being carbonyl 
carbon with a, ,8-unsaturation; the doublet at 168.6 
arid singlet at 124.0 ppm could be due- to olefinic 

~ ca,rbons at C-l and C-2 with selenium atom attached 
tp C-2 carbon; the pair of singlets-at 157.5 -and 157.3 

arid a pair of doublet at I I 7.6 and I I 7. 3 ppm were due 
to a pair of olefinic carbons at C-14 and C-15 of the 
two taraxerene-moieties. The doublet carbon at 60.4_ 
ppm coupled with the singlet protons at 4.11 ppin 
suggested that the carbon having a proton must be 
flanked by two carbonyl groups, itself being attached 
to the selenium atom. On the basis of the above 
spectral data the compound D has been assigned the 
structure 5. 

Compound E was most polar of the compounds 
isolated. lt analysed for CJoH4s04 (M+ 472) and has a 
carboxyl group and a hydroxyl group (s) as revealed 
by IR spectrum; its PMR spectrum accounted for 
eight tertiary methyls in the region {j 0.8 to L2 ppm. A 
one-proton singlet at 4.07 ppm indicated that this 
proton was an isolated one that was joined to a carbon 
containing-an oxygen function. In order to establish 
the structure of the compound E, it was esterified with 
diazomethane and directly acetylated with Ac20-Py. 
The product F so obtained analysed for CJ5H5406 (M .. 
570). Its IR spectrum exhibited peaks at 1740.and 1240 
em -I probablydue to the methoxy ester and the acetate 
carbonyl grou.ps. fts PMR exhibited sharp singlets in 
the region o 0.82 to 1.2 ppm suggesting the presence of 
eight tertiary methyls, a three-proton singlet at 3.69 
due to a carbometpoxy grQup, two thr~e-pi-oton 
singlets at 1.97~arid-2~07 due'_totwo acetoxy methyls 
'arid a- orie-pi-oton singl'!t at 5.87. The singlet at 8 5.87 
indicate~ that_one of the acetoxyi oxygens' is attached 
to a carbon having a proton without any neighbouring 
proton. Further the-olefinic proton at c:.15 'ilppeared 
at its usual position at {j 5.6 (dd). The meth~xyl 
carbonyl group 'must be attached to a tertiary carbon 
as the PMR spectrum did not exhibit any peak in the 
region o 2.1 to 3 ppm. Assuming once again that the 
oxidatipn occurred only in the ring-A of 1 the above 
data could be explained very satisfactorily il ring-A 
was considered to be five-memberered having one 
carbomethoxyl and two acetoxyl groups. Thus com
pound-F could be designated as I, 3-diacetoxy-3-
carbomethoxy-A-nor-taraxerene (6a) and the corres
ponding hydroxyl derivative as 6. Further since c;>n 
acetylation with Ac20-Py no dehydration occurred, it 
may be inferred that the two hydroxyl group~,are in 
trans disposition. 

In our previous communication5 we reported the 
formation of ,8-lactone derivative (8) on similar oxida
tion of dimethyl betulonate with selenium dioxide in 
t-butanol. The formation of 6 supports our previous 
mechanism5 for the formation of8. In the present case 
also a ,8-lactone would be formed during the oxidation 
which undergoes hydrolysis affording the dihydroxy 
acid (6). The for~ation of 4 could be explained via the 
intermediates a to f as shown in Scheme 1'. 
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H+,H~O HO~J ~+ gw-HV 
H-YCHO 
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! 

SCHEllB1 

Experimental Procedure 
Melting points are uncorrected. Petroleum ether 

had the b.p. 60-80°C. PMR spectra (TMS as internal 
'standard) and 13C NMR spectra (off resonance, inter
n;ll TMS) were recorded in CDCh on Bruker WH-400 
ahd Bruker WH-270 with DEPT program respectively. , . " ' ' 

IR spectra were recorded in nujol in :aeckman-20; UV 
spectra in methanol on Shimadzu ~V-240 and mass 
spectra on a Varian Mat 711 instrument (70 eV); 
column chromatography was performed over silica 
gel. Solvents used were dried over sodium metal. 1~C 
NMR data of compounds 3-5 are given in Table 1. 

Oxidation of taraxerone (1) with Se02 in t-BuOH: 
Isolation of compounds A, B, C, D and E 

A mixture of taraxerone (2 g), Se02 (2 g) and t
BuOH (200 ml) was refluxed for 24 hr. T1w solvent was 
d~stilled off under reduced pressure, the residue extr
a~ted with ether, washed with water and dried (Na2S04). 
The residue obtained after removal of ether was 
chromatographed over silica gel (60 g) column. Elu
Hon with solvent mixture of increasing polarity fur
nished the following compounds: A (petroleum); B 
(0.5 g; petroleum-benzene, 4: 1); C (0.2 g; petroleum
penzene, 3: 1 ); D (0.6 g; petroleum-benzene, I :4); and E 
(0.2 g; benzene-ethyl acetate, 4: 1). 

Compound-A was crystallised from CHCh
tyfeOH to afford white crystals, m.p. 248-49°; lR: 
1670, 1600,820 cm-1; UV: 228 nq~ (E, 11, 000) (Found: 
C, 85.2; H, 10.9. Calc. for C1oH460: C, 85.3;_H,Jl.O%). 
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Table 1-Carbon-13 NMR Data of Compounds 3, 4 
and S (data bracketed for carbons of rings A'-E') 

Carbon 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

3 4 
155.5 d 203.0 s 
124.8s 
202.4s 
45.6 s 
53.8 d 
19.4 I 
33.3 I 
39.4 s 
48.7 d 
37.6s 
17.7 I 

33.0 I 
43.6 s 

156.9 s 
117.4d 
37.6 I 
35.8 s 
44.5 d 
40.0 I 
28.7 s 
35.1 I 

36.51 
27.6 q 
21.7 q 
21.9 q 
19.'Z.q 
29.9 q 
27.6 q 
33.4 q 
~q 

.25. SS' 

212.4 s 
49.6s 
52.7 d 
17.0 I 
33.2 I 
40.1 s 
49..0d 
37.8 s 
17.91 
33.1 I 

41.7 s 
156.9 s 
117.7 d 
37.7 I 
35.7 s 
41.8 d 
40.0 I 

28.8S 
35.1 I 

36.7 I 
29.9 q 

_21.8 q 
26.0 q 
12.2q 
29.9 q 
26.8 q 
33.4 q 
21.2 q 

16&.t,d,5(200.7 S) 
IS7.3 t/(119.8~ 
124.4 d (_ 60.4 d) 
205.0 (224.3 s) 
45.7 ( 50,2 s) 
53.3 ( 50.3 d) 
19.4 ( 19.0 t) 
33.3 ( 33.3 t) 
39.6 ( 40.1 s) 
49.1 ( 48.8 d) 
37.6 ( 37.6 s) 
17.6 ( 18.6 t) 
33.1 ( 33.1 t) 
43.5 ( 43.8 s) 

157.5 (157 .3 s) 
117:6 (liD ·4) 
37.7 ( 37.7 1) 
36.8 ( 36.8 s) 
45.9 ( 48.8 d) 
39.5 ( 40.3 t) 
28.8 ( 28.8 s) 
35.7 ( 35.1 1)· 
36.7( 35.7 t) 
27.5 ( 29.9 q) 
21.4 ( 21.4 q) 
21.3 ( 21.7 q) 
17.6 ( 16.3 q) 
29.9 ( 29.9 q) 
27.6 ( 28.8 q) 
33:3 ( 33.3 q) 

. 21.8 ( 21.4 q) 

Compound-B was crp1111Iised from CHCh
MeOH, m.p. 282-83°; IR: tm: 1600, 820; UV: 302-(E, 

8300); MS: mfz 500,421 (base), 377,311, 29'7; 1·87, 1"6-1: 
147, 133, 119, 105,91, 77; PMR: 0.82, 0.86, 0.91, 0.97, 
1.12, l.l5, 1.17, l.l9, (8s, 8-Me), 5.57 (dd, lH, 
>C=CH-), 7.16 (s, IH, >C=CH-Se) (Found: C, 71.9; 
H, 9.1. C1oH460Se requires C, 72.0; H, 9.0%). 

Compound-C was cry1~~l.lised from c:_HCb
MeOH, m.p. 260-61°; IR: ~. 1680,800 em 1

; UV: 
no absorption above 220 nm; MS: m/ z 424, 346 300, 
285, 272, 259, 257, 229, 205, 204, 127 (base); PMR: 
0.82, (s, 2-Me), 0.92, 0.9, 0.96, 0.99, 1.01, 1.07, 1'.06 (ss, 
6-Me), 3.11 (s, OMe), 3.57 (s, I H, OH), 5.52 (dd,.lli, 
>C=CH-) (Found: C, 79.1; H, 10.3. C1oH4s03 requires 
C, 78.9; H, 10.6%). 

Compound-D was crystallised from CHCb
MeOH to afford lemon yellow crystalline solid, m.p. 
300-02°; IR: 1710, 1695, 1680,820 cm- 1

; UV: 220-235 
(hump) and 295-315 (hump) nm; MS: m/z 938, 857, 
733,653,502,500,438,341,207, 187, 1g3; PMR: 0.83; 
0.84 (2-Me), 0.92 (2-Me), 0.95 (2-Me), 0.99,.1.08, 1.14, 
1.15(2-M,e), 1.17, 1.28(2-Me), 1.31 (~tal16-Me),4.l1 
(s, IH, -CH.,.Se-), 5.55 (dd, IH, -C ~CH-), 5.57 (dd, 
IH, -C=CH~). 7.3 (s, IH, -CH=CSe-CO-) (Found: C, 
76.6; H, 9.9. C6oH9o0JSe requires C, 76.8; H, 9.6%). 

.. ; 
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Compound-E was crystallised from CHCb
MeOH, m.p. 275-76°; IR: 3300-2700 (b, OH and 
CQOH), 1700 (COOH), 820 cm- 1

; UV: no absorption 
above 220 nm; MS: mfz 472,454,439,438,423, 395, 
204, 189; PMR: o 0.83, 0.91, 0.96 (2-Me), 0.99,1.02, 
1.!3, 1.20, (8-Me), 4.07 (s, I H, -CH-OH) (Found: C, 

_1}6.0; H. 10.1. C~oH4~o4 requires C. 76.2; H, 10.2%). 

Hf¢rolysis of compound C: Preparation of 2-nor
tara.rer- 1. 3-dicarbaxylic acid · _ 
~ompound C (0.1 g) was refluxed with methanolic 

KOH ( 10%) for4 hr. The reaction mixture was cooled 
aHer removal of the solvent under reduced pressure. It· 
'Vii~ ~cidified with dil HCl, kept at 5° for 4 hr am! then 
filtered. The residue failed to crystallise from CHCh
MeQH. The amorphous solid was treated with an 
ethereal soln of CH2N1 and the resulting ester ~lJg
tallised from CHCb-MeOH, m.p. 162-63°; IR: , 
82p ym- 1

; MS: 486, 472, 454, 426, 411. 385, 362, 302. 
303, 287, 261, 281, 204 (base), 189, 121; PMR: 0.82, 
0.89!0.91,0.96,-1.08, 1.13, 1.18, 1.25,(8s, 8-Me),3.64 
(2s; ~-COO Me), 5.58 (dd, I H, C=CH-), (Fou.td: C, 
76.3; H, 10.3. C31 H;o04 requires C. 76.5; H. 10.4%). 

Ester-acetate derivative of compound E 
tompound E (0.1 g) dissolved in ether was treated 

w~th ethereal CH2N2 at soc and kept for 6 hr. The 
sq~tltioh was washed with aq. AcOH followed by water 
till neutral. Ether was removed by distillation and the 
resjdue after drying was ace.tylated Py(2 ml)/ Ac20(2 
ml) and kept over a water-bath overnight. The mixture 

·i"- was cooled, poured into cooled water and filtered. The 

residue was washed thoroughly with water, dried and 
chromatographed over silica gel column. Elution of 
the column with petroleum furnished compound F 
(0.05 g) that crystallised from CHCb-MeOH .. m.p. 
262-63°; IR: 1740, 1240,820 cm- 1

; UV: no absorption 
above 220 nm: M S: m f z 570 ( M ·), 555, 538, 451. 435. 
414, 311, 267, 251, 218, 204, 189, 147,'133, 107, 99 
(base); PMR:0.83.0.90,0.91,0.92,0.95, 1.1,1.17.1.18 
(8s, 8-Me), 1.97 (s, 3H, OAc), 2.07 (s, 3H, OAc), 3.69 
(s, 3H, -COO Me). 5.6 (m. I H, >C=CH-), 5.87 (s, I H. 
~CH-OAc) (Found: C, 72.9; H, 9.6. CJsH;406 requires 
C, 73.1; H, 9.7%). 
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Abstract - Hydrogen peroxide-selenium dioxide in 1-butanol has 

been found to be a good reagent for the preparation of 11~,12~, 
-oxidotriterpenoids of oleanane and ursane skeletons; whereas 
o{ -amyrin and (3 -amyrin acetates furnished 11 c{ , 12o(, -epoxyurs-
14-en-3~ -yl acetate· (!IS) and 11"', 121>{ -epo;xytaraxer-14-en-3/3-
yl acetate (~)respectively; uvaol and ursolic acid/methyl 
ester gave 11oC, 12c(, -epoxyurs-28-? 13-olide-3~ -ol (_:2S); erythro
diol (2Sl)·and oleanolic acid (~)/methyl ester (;2S) ~fforded 

.11o{ , 12o(, -epoxy-oleanan..:28-+ 13-olide-3f.> -:ol {_2); ·olean~12-e:a
~~3f-> ;28-yl triacetate <~.:P · on similar reaction furnished 
11d.., 12o(.. -epoxytaraxer-14-en-3 f..-ol-2o(. ;28-yl diacetate (~) 
and 11c{ , 12·o<_-epoxytaraxer-14-en-2o( ,3(3·-diol-28-:Yl acetate (%)• 

The isolatiea of a nor-triterpenoid peroxide- baccatin (,L) _has been reported 1from 

this laboratory. The com;pound ,l. has .been assumed to be formed biogeneticaily from 

another triterpelloid acid - sebiferenic acid2 2 present in the same plant. In .--
0rder to prepare ,!., and ,_E, from a .tri terpenoid of known structure , cratagolic 

acid ~ was chosen for the purpose, which demanded isomerization of the double 

bolld from thermodynamically stable C-12-13 position to less stable position C-14-

15. E. J. Corey et al3 reported the transformation of (3 -amyrin <)) to 11 o{ , 12o<.-

_epoxytaraxer-14-en-3(3 -el ~ by phetooxidation and by chemical methods which 
:J:' 
involved hydroxylation of C-11 methylene followed by oxidation with hydrogen pero-

. xide in presence of p-toluene sulfonic acid/selenium dioxide. The photochemical 

oxidations of oleanolic acid ~ and erythrodiol ~ have been studied by I. Kita

gawa et ai4 to furnish 11o<.,12o<.-epoxyGleanan-28~13-olide-3(3 -ol 5 and 11o<,12o<.-.,-.... 

epoxy-oleanail.-13-t28-oxo-3(Z -ol ~·- The presence of a C-17 carboxyl group has been 
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demonstrated to be essential for the formatien of 11 o(, 12..<..-epoxy system in the 

oxidation of oleanene and ursene triterpenoids with hydrogen peroxide in presence 

of acetic acid by Mazumder et al5. ) 

As the earlier methods 4,5 mentioned above were found to be unsuitable which 

involved lactonization of the C-17 carboxyl group, we attempted an alternative 

method the study of which is the subject matter of the present communication. 

It is well known that selenium dioxide i~ a good reagent for allylic oxidation~ 
We assumed that if selenium dioxide is used as the oxidizing reagent along with 

hydrogen peroxide the initially formed organo-selenic acid would form hydroperoxide 

which would subsequently yield the 11 o(, 12o(.-epoxide with simultaneous migration 

of the double bond to the taraxerene system. In order to test the applicability of 

this assumption the first compound that was examined was (&-amyrin acetate~. 

The product obtained after refluxing a solution of~ with selenium dioxide and 

hydrogen peroxide in t-butanol for 60 k afforded two compounds which were separa~ 

( 
0 + ed·by column chrematography CC). The first compound, c32H50o

3
, m.p. 307-08 C; M 

482.; IR 1735, 1260 (OAc), 880 (epoxy), 820 ()C=C<H) cm- 1; 1HNMR showed the pre

sence of eight tertiary methyl between b 0.82 to 1.10, the acetoxy methyl at 2.06, 

two pretons that appeared at 2.80 and· 3.11 as doublet (J =5Hz) and triplet ( J 

5Hz) respectively clearly shewed the formation of epoxide at C-11-12 position; 

the doublet of a doublet at 4.52 was due to proton geminal to the acetoxy group at 

C-3 position and the doublet of a doublet at 5.55 (J = 3, 10 Hz) integrated for 

one proton was assigned to the olefinic proton at .C-15. The 13c N~ signals (Table 

}~ 

1) also showed the presence of two additional doubiets at 53.5 and 54.6 ppm which 

have been assigned to C-12 and C-11 carbons bearing the oxirane ring system. Thus 

·from spectral analysis structure ~ has been assigned • The polar compound was 

analysed for c30H48o2 , M+ 440, m.p. 285-6°C; IR 3500 (OH), 880 (epoxide), 820 

( }C=CH-) cm- 1; it was established to be the alcohol ~ by preparation of its 

acetate (Py-Ac20) which was found to. be identical with ~. Similar reaction on 

c(-amyrin acetate~ also furnished the 11o< ,12o<-epoxy-urs-14-en-3~ -yl acetate 

~ and its corresponding hydroxy derivative ~ • 

Encouraged by this finding we repeated the reaction on acetyl oleanolic acid ~ 
+ which also furnished two compounds, the less polar was analysed for c32H48o5 , M 

512; m.p. 293-94°C, IR 1765. ("lS'"-lactone), 1720, 1240 (-OAc), 880 (epoxide) cm- 1; 

it did not respond to TNM test for unsaturation. The spectral data (.1H and mass) 

have been found to be identical witb. 11d,. , 12..<.-epoxy-oleanan-28~13-olide-3(3 -yl *-' 
acetate~ reported earlier4. The 13c NMR signals (Table 1) has been found to be , 
assignable to the structure ~ • The more polar fraction was analysed for c30H46o4 
M+ 470, m.p. 269-70°C, IR 3530 (OH), 1770 ('6-lactone), 880 (epoxide) cm- 1 ; its 

acetate derivative (Py-Ac20) has been found to be identical with ~ , thus the 
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alcohol is established to be 5 • -

HO 

1 1 
2. R=R=H _, 1 
~· R= Ac, R =Me 

_4., R::R1=R3.:H, R2.=R~Me 
~ R=Ac,R1=R3=H,R2=R4.=Me 
~· R=R1=R4=H, R

2
=R

3
=Me 

~· R=Ac,R1=R4=H, R~R3=Me 
~. R=R3=H, R1=0AC,R2.=CH2.0Ac,R4=Me 
-.1:!:,. R=R3=H, R1=0H,R2=CH2.0Ac,R4=Me 
~. R1=R3=H,R=Ac, R2=COOMe,R4=Me 
~· R1=R4=H,R=Ac,R=Ac,R2=C00Me,R3=Me. 

Next we ventured-our attempt of preparing the 

epoxy esters ~~~ from methyl esters ~~~ 

respectively with the hope that the carbomethoxy 

group would not be involved during epoxidation 

with Se02-H2o2• But to our surprise methyl 

acetyl oleanolate ~ on treatment with the reagent 

formed lactones ,2. and ~ Oxidation of methyl 

acetyl ursolate ~with Se02-H2o2 formed 11~12~ 

-epoxy-urs-28-t13-olide-3f.> -yl acetate ~ and its 

corresponding alcohol ~ which were identified by 

spectral analysis. Similar reactions on erythrodiol 

~ and uvaol ~ also formed)., and _2g. respectively, 

instead of forming the corresponding oxide ~ and J.:.·· 

RO 

2. 1 3 
R=R=H,R=O, R=Me 

R=R2.=H, R
1
=H2 , R8= Me 

§.9• R=Ac, R1=0, R2=Me,R8=H 

~. R=R3=H, R1=0, R2=Me 
3 1 2 

~. R=R =H,R=H2 ,R=Me 

4489 
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As it is now evident that the epoxidation of C-11-12 position is accompanied by 

lactonization in cases where there is a functional group like COOH/C00Me/CH20H at 

the C-17 position of the oleanene/ursene derivative~ we thought of carrying out 

the reaction on compounds with a CH20Ac functional group at C-17 position of olea

nene/ursene derivatives, on the assumption that the carbonium ion formed at C-13 

position during epoxidation would not be able to undergo electrophillic attack on 

the oxygen atom of the acetoxyl group. This assumption has been found to be true 

in the following case: 

Methyl cratagolate ~was reduced with LAH to olean-12-en-2~3~,28-triol ~ 

which was acetylated to its triacetate ~· The triacetate ~ was subjected to 

oxidation with Se02-H2o2 when two compounds were separated by cc. The first comp

ound separated was c34H52o6 , m.p. 295-96°C, M+ 556, IR 3400, 1750, 1720, 1280, 

1240, 880, 820 cm- 1; TNM developed a yellow colouration. Thus from above, the 

presence of hydroxyl, two acetoxyl, an epoxy ring and a·trisubstituted olefinic 

groups were suggested, which were proved by 1H NMR data: seven tertiary methyls 

appeared as singlets in the region~ 0.77 to 1.19, two acetoxy methyls at 2.05 and 

2.08, the two oxirane protons at C-12 and C-11 as doublet and triplet at 2.80 and 

3.13 respectively; the axial proton geminal to the hydroxyl group at C-3 appeared 

as a doublet at 3.22; the two protons that appeared as ABq (J = 10 Hz) centered at 

3. 71 were assigned to the methylene prot·ons bearing acetoxyl group at C-28; the 

doublet of a triplet (J = 2 and 10 Hz) at 5.03 was due to the proton at Q~~ with 

an equatorial acetoxyl group; the olefinic proton at C-15 appeared as a dd ( J = 2 

and 10 Hz) centered at 5. 47 ppm. Thus from 1 H NMR_, the diacetate has been establish- J·, 
ed as 11~,12~epoxy-taraxer-14-en-3~-ol-2~,28-yl diacetate ~. 

The second compound was analysed for c32H50o
5

, M+ 514, m.p. 266-6'ic; IR: 3200-

3600(br, OH), 1720, 1250 (-OAc), 880 (epoxy), 820 ( )C=CH-) cm- 1; 1H NMR showed 

the presence of seven tertiary methyls between b 0.87 to 1.16, an acetoxy methyl 

at 2.04, the doublet (J= 5Hz) at 2.801 a triplet (J =5Hz) at 3.13 were due to 

one proton each attached to C-12 and C-11 with oxirane ring, the doublet (J=10 Hz) 

at 3.03 was due to axial proton geminal to the hydroxyl group at C-3, the two pro

tons that appeared as ABq centered at 3.72 (J = 14 Hz) were due to methylene pro

tons at C-28 geminal to acetoxyl group, a proton that existed as a doublet of a 

triplet (J = 4 and 12 Hz) at 3.79 was due to the axial proton at C-2 bearing a 

hydroxyl group and the C-15 olefinic proton appeared as usual at 5.46 ppm. Thus 

from spectral data the compound has been designated as 11~,12~-epoxy-taraxer-14-en 

-2o(,3~diol-28-yl acetate j;tJ• 13c N~.R signals of the epoxides ~· ~· ~ and~ 
have been assigned satisfactorily as depicted in Table- 1. 

~hus from the above findings it may be concluded that (i) the reaction is analo- ~ 
gous to photochemical oxidation3,4 in the formation of 11,12-epoxide of oleanene 

and ursene skeletons,(ii) the C-17 methyl esters also generate lactone rings as 
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well as the -CH20H group, (iii) the primary acetate at C-28 position remains in

tact whereas the secondary acetate at C-3 undergoes hydrolysis during the reaction 

and (iv) the acetate group allows smooth isomerization of the double bond from 

C-12(13) position to C-14(15) position. 

Table 1 

13c NMR shifts assignments (S) of "' !tJl• !t.!J• and~ (CDC13 as solvent with 

internal TMS) compared with those of ~ and ~. 

Carbon 

2 

3 
4 
5 
6 

7 
8 

9 
10 
11 

12 
13 
14 

15. r;. 
16 . 

17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 

~7 
38.2 
23.6 
80.7 
37.6 
55-3 
18.3 
32.6 

39-7 
47.6 
36.8 
23.4 

121.5 
144-9 
41.7 
28.3 
26.2 
32.5 
47.2 
46.8 
31. 1 
34.8 
37. 1 
28.1 
16.8 
15.7 
16.8 
26.0 
27.0 
33-4 
23.6 

2 -OCO.Q.H3 
2 -Of0CH3 
3 -OCO.Q.H3 
3 -O.Q.OCH3 

28 -OCO.Q,H3 
28 -OQ.OCH3 

~ 
38.2 .:!: 
23.2.:!: 

. 80.? .B 
37·. 6 !! 
58.2!! 
18.8 .i 
33. 1 .:!: 
38.9 § 

51.8 d 
--;:"i. 

36.5 .§.' 

54.6 .9: 
53.5 .9: 
37.6 .2 

157. 1 § 

118.9 .9: 
37.9 1 
35-4 § 
48.1 Q 

40.2 t 
28.7 § 

35.2 1 
36.5 1 
27.9 § 

17.0 § 

16.5 .9. 

29.9 .9. 

30.2 ~ 
27.0 q 

33.6 q 
19.5 q 

21.3 q 

170.8 § 

~ 
37.6 .:t. 
22.7 .:t. 
80.4 .d. 
37.8 .l:i 

56.2 .s. 
17.5 .:t. 
31.4 .:t. 
41.4 .l:i 

51.3 .d. 
36.3 .s. 
54.6 .d. 
54.5 .d. 
89.0 .a 
41.3 .l:i 

26.6 j; 
23.2 j; 
45.1 .s 
60.6 ..d 
40.2 .d. 

37-5 .d. 
30.5 j; 
31.3 j; 
27.7 q 

17.2 q 

16.3 q 

16.2 q 

19.5 q 

179.2 s 
17.3 q 

21.3 q 

21.3 q 

170.9 s 

~2 
43.2 

.70.0 
80.6 
39.3 
55.2 
18.6 
35.5 
38.9 
49.1 
38.9 
17.4 
31.7 
37-3 

160.1 
116.8 
31.0 
51.3 
41.9 
40.8 
29.2 
33.8 
32. 1 

29.7 
17.5 
16.5 
18.6 
26. 1 

178.3 
33-3 
22.4 
20!7 

170.6 
21.0 

170.3 

~ 
43.3 .:t. 
72.6 .!! 
80.8 .d 
39.0 ~ 
57.9 ~ 
18.7 .:t. 

32.7 1 
38.7 ~ 
51.6 g 
37.7 ~ 
54.5 g 
53.5 .!! 
37.4 .§ 

157.6 .§ 

118.1 .d 
31.3 1 
39.0 .l:i 

44.0 .d 
40. 1 jc 

28.5 .§ 

35.6 .:t. 
28.5 jc 

28.3 .!l 

17.9 q. 

16.5 q 
29.7 q 
27.1 q 

65.7 i 
33.6 q 

20.0 q 
21.3 q 

171.0; 

21.0 q 

171-5 § 

#..ii. 
46.3 1 
68.7 .d 
83.9 .d. 
39.0 .l:i 

57.9 .s 
18.8 .:t. 

32.7 .:t. 
38.9 .s 
51.7 .!! 
37.8 ~ 
54.6 .!i 
53.5 .d 
37-4 ~ 

157-7 .§ 

118.0 .d 
31.3 j; 
39. 1 .l:i 

44.0 .9. 

40.2 .:t. 
28.5 .l:i 

35.6 j; 
28.5 .:t. 
28.4 q 

18.1 q 

16.6 q 
29.7 q 

27.2 q 

65. 7 :i\; 
33.6 q 
20.0 q 

21.0 q 

171.0 i 
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Discussion of the reaction mechanism: It is evident from the results discussed 

above that selenium dioxide initially oxidises the allylic C-11 methylene to the 

intermediate organoselenic acid ,.€, which forms the hydroperoxide ,L in all cases 

of compounds of oleanene and ursene derivatives having double bonds at C-12(13) 

position. The hydroperoxide ~ would undergo in presence of acid (selenic acid) 

a concerted elemination of a molecule of water with migration of double bond to 

C-14(15) position or a carbonium ion may be formed at C-13 position prior to the 

formation of double bond at C-14(15) position. In the case of oleanolic acid/ 

methyl ester and ursolic acid/methyl ester the suitably situated carbonyl group at 

C-28 position acts as a nucleophile on the intermediate carbonium ion ]/~ form

ing lactone derivatives in preference to the taraxerene derivatives. On the other 

7, R1= Me 
].g, R 1= CHzOAc 

l!.and, the acetyl derivative at C-28 (or C-17-CH20Ac) ,.2,. which also carries a 

carbonyl group would also be expected to give a product formed from analogous 

carbonium ion~ "to yield a rearranged intermediate ~. As no such rearranged 

product was obtained it may be definitely due to non-proximity of the acetate 

carbonyl group from the site of the carbonium ion. Thus the triacetate ~ furni

shes the taraxerene derivatives ~ and Jt:. where the functional group at C-28 is 

not involved in the reaction. The formation of lactones ,.2, and~ and _.2s and 

must 

from the methy\_esters of oleanolic acid~ and ursolic acid ~ respectively 
~,.; 

proceed via the intermediate ~ setting free the methyl carbonium ion. 

We have encountered such lactonization of methyl esters during bromination of 

methyl esters of triterpenoid C-17 carboxylic acids8. 
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EXPERIMENTAL 

M.ps are uncorrected. Petroleum ether (PE) used had b.p. 60-80°C. 1H NMR 

spectra (internal TMS):in CDC13 , Bruker WH-400; 13c NMR spectra (off resonance, 
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~ internal TMS): in CDC13 , Bruker WH-270, with DEPT program; IR spectra: Beckman IR-

20 (Nujol); MS: Varian Mat 711 (70eV). Column chromatography was performed over 

silica gel. All organic solns after work-up were dried over Na2so
4

• 

General oxidation procedure: A soln of triterpenoid (0.5 g) in i-BuOH (100 ml) 

was refluxed with Se02 (0.2 g) and H2o2 (3 ml) for 60 h. The completion of the 

reaction was indicated by deposition of black selenium metal. After recovery of 

the solvent by distillation, the residue was extracted with ether and washed with 

water. The solvent was removed by distillation and the residue (0.5 g) chromate

graphed. Elutio~ of the chromatogram with solvent mixtures of different polarities 

was performed and the residue obtained by removal of solvent mixture of same 

polarity and same Rf value in TLC were combined together and crystallized. 

Oxidation of .S-amyrin acetate <,~: ~ (0.5 g) was o:iddized with Se02 (0.2 g) 

and H2o2 (3 ml) in i-BuOH and worked-up as detailed above. The chromatogram on 

elution with PE-benzene (4:1) furnished~ (0.3 g) which on crystallization with 

CHC13-Me0H'furnished ~of m.p. 307-08°C; m/~: 482 (M+), 468, 390, 343, 283, 259, 

231, 205, 189, 175, 135, 108 (base), 95, 81, 69; 1H NMR: b 0.82, 0.86, 0.87, 0.90, 

0.97, 1.00, 1.08, 1.10 (8.§., 8 Me), 2.05 (.§., -OAc), 2.79 + 2.80 (Jl, lH, J =5Hz), 

3.10 + 3.11 + 3.12 Ci, 1H, J =5Hz), 4.52 (gg, 1H, H.-C-3-0Ac), 5.55 (dd, 1H, J 

3, 10 HZ) (Found: C, 79.40; H, 10.42 Calcd for c32H50o3 ! C, 79.62; H, 10.44%). 

Further elution with P~benzene (2:3)eluted~(0.25 g) that crystallised from 

CHC13-MeOH, m.p. 285r86°C, m/e: 440 (M+), 425, 407, 389, 300, 257, 203, 189, 150, 

133, 108 (base); acetylation with Py-Ac2o gave a compound identical (m.m.p., co

IR and co-TLC) with ~ • 

Oxidation of.,(,- amvrin acetate ( ~: A mixture of )IJ. (0. 5 g), Se02 (0. 2 g) and 

H2o2 (3 ml) in t-BuOH ( 100 ml) was refluxed for 60 h." after usual work-up the 

residue (o.5 g) was chromatographed. PE eluted a solid (0.2 g), m.p. 224-25°C 

identical (m.m.p. and co-IR) with starting material ~· Further elution with PE

benzene (4:1) furnished a solid (0.2 g) which on crystallisation from CHC13-Me0H 

furnished 2S of m.p. 213-14~C, (Lit3 m.p. 214-15"C), m/~: 482 (M+), 468, 408, 390, 

,343, 283, 259, 231, 205, 189, 108 (base). Further elution with PE-benzene (2:3) 

afforded (0.1 g)~. m.p. 245-46°C, (Lit3 m.p. 249-50°C); IR 3450 (OH), 880 (epo

xide), 820 (}C=CH-) cm- 1; TNM: ~ellow colour; m/~: 440 (M:), 425, 407, 389, 300, 

·~ 203, 189, 108 (base); acetylation with Py-Ac 2o gave }is (identified by m.m.p. and 

co-TLC) • 

. ', ... 
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Oxidation of acetyl oleanolic acid (~k): The residue (0.45 g) obtained after . 
oxidation of~ (0.5 g) with Se02 (0.2g) and H2o2 (3ml) in 1-BuOH (100 ml) and 

usual work-up (see general procedure) was chromatographed. Elution with PE-benzene 

(3:2) furnished ~ (0.3 g) was crystallised from CHC13-MeOH, m.p. 293-94°C (Lit~ 

300 C), IR 1765 ("{-lactone), 1720, 1240 (acetate),8BO (epoxide) cm- 1; m/z_: 512 

(M+), 496, 452, 436, 315, 300, 277, 263, 218, 205, 189, 43 (base); 1H NMR: b 0.87, 

0.92, 1.00, 1.05, 1.07, 1.10, 1.11 (7§., 7 Me), 2.06 (§., -OAc), 2.98 (Q., 1H, 4.5 

Hz), 3.13 (1, 1H, J =5Hz), 4.53 (m, 1H, H-C-3-0Ac). Further elution with PE

benzene ( 1 :9) afforded 4 (0.1 g) crystallized from CHC13-MeOH, m.p. 269-70°C (Lit~ 

m.p. 269-71.5°C), IR 3530, 1770, 880 cm- 1; m/z.: 470 (M+), 455, 452, 207, 189, 95 

(base); Ac20-Py gave an acetate identical with~ (m.m.p. and co-IR). 

Oxidation of methyl acetyloleanolate ~: The residue obtained after oxidation 

(general procedure) of ~ was chromatographed. PE-benzene (3:2) eluted a solid 
0 -1 that crystallised from CHC1

3
-MeOH, m.p. 292-93 C; IR 1765, 1720, 1240, 880 em 

which was found identical (m.m.p. and co-IR) with~· Further elution with PE

benzene (1:9) furnished solid, m.p. 269-70°C, IR 3530, 1770, 880 cm- 1 that was 

found identical with _.2, 

Oxidation of methyl acetylursolate ~: The residue obtained after oxidatioll 

of~ (see general procedure) was chromatographed. Elution of the column with PE

benzene (3:2) furnished ~ (0.3 g) crystallised from CHC13-MeOH, m.p. 281-82°C, 
-1 + 

IR 1775, 1740, 1250, 885 em ; m/z_: 512 (M ), 497, 484, 468, 452, 316, 300, 278, 

·, 

.~ 

j 
I 

277, 263, 249, 231, 217, 205, 204, 203, 189 (base); 1H NMR: S 0.87, 0.88, 1.06, ~-

1.08, 1.19 (5§., 5-Me), 0.90 and 1.22 (2.9., 2-Me, J 6.5 Hz), 2.00 (§., -Ac), 2.94 

(Q., 1H, J =4Hz, -C-12-l!.), 3.18 (g_g_, 1H, J = 3.5 Hz, -0-C-~1-¥, 4.53 (m, 1H, 
~~ •:.. 0 

H-C-3-0Ac. Further elution with benzene gave solid~ (0.1 g), m.p. 295-96 C; IR 

3300, 1775, 885 cm- 1; acetylation with Ac 20-Py afforded an acetate identical with 

~· 
Oxidation of erythrodiol ~: On CC o"f the residue obtained on oxidation of ).g. 

(see general procedure) benzene eluted a single compound~, m.p. 266-67°C; IR 

3530, 1770, 880 cm- 1; Ac 20-Py furnished an acetate identical (m.m.p. and co-IR) 

with ~· 

Oxidation of Uvaol ~: The residue of the oxidation product (see general 

procedure) of ~on CC afforded a solid~ on elution with benzene, m.p. 292-93°C 

IR 3300, 1770, 885 cm- 1; Ac20-Py furnished an acetate identical with~· 
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Preparation ~ from methyl cratagolate ~ and oxidation of ~: A soln of ~ 

(1 g) dissolved in dioxan (150 ml) was refluxed with LAH for 4 h. Excess LAH was 

destroyed with a saturated soln of Na2so
4 

and the product was extracted with a 

large amount of ether. The solvent was removed and the crude triol ~ (0,8 g)
1

IR ,. 
~· . 3300-3600 cm- 1 was acetylated with Ac 20-Py. The triacetate AJ, (0.7 g), m.p. 179-

800 c, IR 1720-1750, Hl40-1250, 820 cm-l was oxidised with Se02 and H2o2 as detail 

ed in the general procedure. Elution of the chromatogram with PE-benzene (1:1) 

furnished~ (0.3 g) crystallised from CHC13-MeOH~m.p. 295-96°C, IR 3400, 1750, 

1720, 1280, 1240, 880, 820,cm- 1; m/~: 556 (M+), 496, 478, 454, 436, 421, 405, 403, 

349, 256, 229, 202, 187, 134, 120, 107, 43 (base); 1H NMR: b 0.77, 0.81, 0.87, 

0.93, 0.96, 0.98, 1.19 (7§, 7 Me), 2.05, 2.08 (2§, 2x -OAc), 2.80 (~, 1H, J =5Hz 

12-!iC-0-), 3.13 (i, 1H, J = 5 Hz, 11-HC-0-), 3.22 (Ji, 1H, J 10 Hz, 3-!iC-OH), 3.7 

(ABq, J = 15Hz, 28-CH2-0Ac), 5.03 (g of 1, 1H, 2-Cfi-OAc, J 5, 10Hz), 5,47 (dd, 

1H, J = 2, 10 Hz) (Found: C, 73.20; H, 9.22. Calc for c34H52o6: C, 73.35; H, 9.41 

%). 

Further elution with benzene-EtOAc (4:1) afforded~ (0,2 g), crystallised from 

CHCl -MeOH, m.p. 266-67°C, IR 3200-3600 (OH), 1720, 1250 (OAc), 880 (C:CH), cm- 1; 
3 . 

!!!I~: 514 (M+), 472,454 (base), 439,421, 317, 255, 230, 201, 187, 135, 108, 69, 

55; 1H NMR:b 0.87 (g, 2xMe), 2,04 (§, OAc), 2.80(g, 1H, J =5Hz, -0-C-12 !i), 

3.03 (g, 1H, J = 10Hz, HO-C-3 g), 3.13 (1, 1H, J =5Hz, -0-C-11 g), 3.72 (ABq, 

2H, 28-cg2-0Ac, J = 14Hz), 3.79 (Ji!, 1H, J = 4, 12Hz, HO-C-2 H) and 5.46 (dd, 

lH, C=C-15H) ppm).( Found: C, 74.30; H, 9.65. Calc for c32H50o5 : C, 74.67; H, 

9.79%). 
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In a series of triterpenoids, ketones have been converted into 
sterically more stable secondary alcohols, aldehydes to primary 
alcohols, hindered esters to acids and isopropenyl groups to 
isopropyl groups on reduction with lithium in ethylenediamine in 
high yields. 

Reggel and coworkers 1 used lithium-ethylenediamin':' 
system at 90-100° as a potential reducing agent in the 
reduction of tetralin to · trans-decalin. Barton and 
coworkers2 showed that the e'sters of tertiary acids 
furnished· acids on reduction with alkali metals
amines. Likewise Sengupta et a/. 3 converted the C-17 
carbomethoxy group of triterpenoids into carboxylic 
acids on treatment with Li-ethylenediamine. We have 
recently reported the application of Li- · 
ethylenediamine for the lactone ring cleavage of 

triterpenoids4
•
5 and also reduction of C-3-oxo group 

to the hydroxy group4
• Since there is no previous 

report of the systematic study on the reduction of 
triterpenoids with lithium-ethylenediamine, we wish to 
communicate in this note the wide applicability of this 
system in the reduction of ketones and aldehydes to 
alcohols; isopropenyl groups to isopropyl group~ and 
esters. of hindered acids to carboxylic acids, on a series 
of triterpenoids containing ·one or more of these 
functional groups. · 

Reduction in each of the above cases was carried out 
by adding lithium metal (200 mg) in· small pieces at 
intervals to a solution of triterpenoid · (200 mg) in dry 
ethylenediamine ( 60 ml) and refluxing the mixture for 2 
hr under nitrogen blanket. The reaction mixture was 
cooled and treated with solid ammonium chloride to 
des tory excess oflithium metal. It was acidified with dil 
HCl, extracted with ether and treated with dil alkali 
solution to separate the neutral and acid parts. 
Chromatography (over silica gel) and crystallizations 
furnished pure products. 

The alcohols were identified as their acetates 
prepared by Ac20-Py method and the acids as their 
methyl esters prepared by treatment with diazomeo 
thane. The reduction products were finally identified 
by direct c6m~arison ~ith authentic samples and also 

Table !-Reduction of Ketones, Aldehydes, Isopropenyl Group and Esters of Hindered Carbox;y!ic Acid.s Belonging to a 
Series of Terpenoids 

· Entry Triterpenoids Products Functional gtoups 
reduced 

I Lupanone6 Lupanol 6 :::co 
2 Friedelin 6 Friedelinol :::co 
3 Moretanone 7 Moretanol 7 :::co 
4 Betulonic aldehyde6 Dihydrobetulin 6 :::co and -CHO 
5 Oleanonic aldehyde6 Erythrodiol 6 ::;co and - CHO 
6 {J-Amyrenone6 {J-Amyrin6 ::;G:o 
.7 Taraxerone6 Taraxerol6 :;:co 
8 Glutinone8 3oc-Glutinol8 :::co 
9 Gerrnanicone9 Gerrnanjcol9 :::co 

10 Lupeol6 Lupanol 6 :::c=CH 2 

II Moretenol7 MoretanoF :::c=CHz 
12 Moretene7 Moretane7 :::c=CHz 
13 Betulenic acid 6 Dihydrobetulinic acid6 :::c=CHz 
14 Lupenone6 Lupanol6 ::;co and .>C=CH 2 
IS Moretenone 1 MoretanoJ1 ;co and :::c =CH 2 

16 Methyl aleuritolate 10 Aleuritolic acid 10 -COO Me 
17 Methyl trichadenate 11 Trichadenic acid 1 1 -COO Me 
18 Methyl ursonate 12 Ursolic acid 12 ::;co and -COOMe 
19 Methyl oleanonate12 Oleanolic acid 1 2 :::co and -COOMe 
20 Methyl betulonate6 Dihydrobetulinic acid 6 :::-c=CHz, :::co and -COOMe 
21 Methyl betulenate12 Dihydrobetulinic acid~ ;;c=CH 2 and -COOMe 
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by their PMR and mass spectral data and by recording isopropyl and:acids respectively in' a single step (entry 
their optical rotations. · 20, Table l)." · . 
· The results of requction of a series oftriterpimoids The authors thank Dr M L Sharma, Department of 
arerecordedinTable LltisobviousfromTable 1 that . Chemistry, Punjab University, Charidigarh for the 
the ketones (entries 1-9) yield the stereochemically - NMR spectra; Dr S K Sengupta, East India 
more stable· equatorial hydroxyl groups while the· Pharma<;et~tical Works, Calcutta for the optical 
aldehydes afford the primary alcohols. The esters of ·rotations and. the Director, CDRI Lucknow for the 
carboxylic acids at C-14 and C-17 are reported to be mass spectra. One of the authors (SC) is grateful to 
highly hindered and hydrolysis of esters ·at these CSIR, New Delhi for the award of a junior research 
.centres are e(fected only under drastic conditions11

•
13 fellow~hip. 

The esters at these centres have been reduced smoothly 
to carboxylic acids under the present condition with References 
Li-ethylenediamine,: the mechanism of which must 
follow the route as proposed earlier2 (viz. free radical 
mechanism). Th~ reduction' of isopropenyl groups to -
isopropyl groups seems to proceed by hydrogenation 
of the exocyclic double bonds by the nascent hydrogen 
generated by the action ofLi on ethylenediamine. Such 
reduction of exocyclic double bonds have also been- . 
reported py Corey et_ a/14

. The double bonds atC-5"6, 
C-12-B,C-14-15 and C-18-19 remained unchanged 
during the reduction. . . 

It is worth mentioning t~at the reduction with Li
ethylenediamine sys~em is far superior to catalytic 
hydrogenation in the reduction of isopropenyl groups 
which can be effected even in the crude compounds 
compared to the high purity requirement in the case of . 
catalytic hyd~ogenation~ The products obtained in the 
above reductions (Table 1) were obtained in high yields 
(80-85%) and were of high purity. It is worth noting . 
that a compo~nd containing three different functional 

· groups, viz. oxo, isopropenyl and ester groups be 
reduced to different functional groups, viz. hydroxyl, · 

• t 
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Reduction of less sterically hindered ketone, glochidone (I) with 
lithium/ethylenediamine (Li/EDA) leads to the reduction of the 
double bond followed by that of the carbonyl group to afford 
thermodynamically ·stable alcohol, lupanol (lb). The sterically 
hindered a,p-unsaturated ketones such as 11-keto-triterpenoids also 
furnish saturated alcohols .but in small proportions; the other 
compounds formed are obtained with reduction of the carbonyl 
group accompanied by dehydration or even deoxygenation . 

In a recent report 1 we observed that Lijethylene-
- diamine (Li/EDA) could be effectively used for the 

reduction of ketones to thermodynamically stable 
alcohols, hindered esters to acids and exocyclic double 
bonds to saturated ones; similar observations were also 
made by Sengupta eta/. 2' We _felt that Li/EDA could be 
a potential reducing agent for the reduction of a,/3-
unsaturated ketones, specially when such a system is a 
part of steroids and triterpenoids framework and 
hence the title investigation. 

Glochidone (1) on treatment with· Li/EDA under 
N rblanket under refluxing condition, aftet usual 
work-up and chromatography, furnished two 
compounds, characterised (co-TLC, co-IR, m.m.p.) as 
lupanone3 (la) and lupanol3 (lb). 

Cholest-4-en-3-one4 on similar reduction furnished 
only one compound characterised as choleston-3f3-ol4

• 

Reduction of 11-oxo-olean-12(13)-en-3f3yl acetate3 

(2) with Li/EDA and usual work-up and chromatog
raphy furnished three compounds, characterised as f3-
amyrane3 (3a) (co-TLC,. co-IR, m.m.p.), olean-
9(11),12(13)-dien-3[3-ol (4) and oleanan-3f3,lla-diol 
(3b). Acetylation of 3b with Py/Ac20 afforded the 
diacetate 3c. The appearance of a doublet of a triplet at 
b 5.26 with large J-value (14Hz) in the PMR spectrum 
of3c indicated that the proton geminal to the acetoxyl 
group is axial containing three neighbouring protons. 
This suggest~d that the C-11 hydroxyl group is 
equatorially oriented. Carbon-13 NMR data has been 
assigned to the various carbon atoms of 3c as depicted 
in Table 1. 

Reduction of 11-oxo-olean-12(13), 15(16)-dien-3[3-yl 
acetate5 (5) with Li/EDA and usual work-up and 

.1!!.• R= 0 

n_, R=<~H 

.d.!_ R1=R,=H 

.Jl!, R1= R2 = OH 

.l!;_,R1=R2=ococH1 

.. ar9 # 
~. R1 = OAc, Rz= 0 ' ..§.. 

f5a,R1= H,R 2 :::~H 2 

chromatography afforded three compounds. The 
petrol eluent was a hydrocarbon, C30H 48 , m.p. 202-3°; 
mass: m/z 408 (M+), 393, 216 (base), 201; UV: no 
absorption above 220 nm; IR: 968, 820, 795, 780, 760 
em - 1; TNM test: +ve; PMR: o 0.813, 0.823, 0.857, 
0.863, 0.875, 0.901, 1.207, 1.254 (8s, 24H, 8xt-CH3), 
5:38 (ABq; 2H; - CH = CH-, J =10Hz), 5.36 (m, 1H, 
-:-CH 2 -CH=); 13C NMR: o 142.57 (s), 134.32 (d), 
132.08 (d), 121.25 (d) and 26 other peaks between 56.21 
and 15.30 ppm (the peaks have been assigned as shown 
in Table 1). The spectral data are suggestive of 
structure (Sa) for the hydrocarbon. 

Further elution of the cqlumn with petrol-benzene 
(1:3) furnished a solid alcohol, C30H 500, m.p. 205-6°; 
TNM test: +ve; mass: 426 (M+), 408, 39·3, 288, 271, 
270, 255, 204, 190 (base); IR: 3470, 780, 760 em - 1

; UV: 
no absorption above 220 nm; PMR: o 0.819, 0.861, 
0.869, 0.923, 0.964, 1.004, 1.025, 1.182(8s, 8xt-CH3), 

4.000 (d oft, 1H, H- C- OH, W1 =18Hz), 5.32 (ABq, 
2H, J= 10Hz, -CH=CH- ); 13C NMR: o 135.00(d), 
131.9 (d) and 68.5 (d) and 27 other peaks between 58 to 
18.5 ppm. The presence of only one double bond was 
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Table 1-Carbon-13 NMR Spectral Data(c5, ppm) of Sa, Sb 
and 3c 

Carbon Sa Sb 3c 

40.20 38.55 37.49 
2 .18.92 27.27 23.87 
3 '42.01' ?9.01 80.33 
4 33.15. 38.82 . ' 38 .. 17 
5 56.i1 . 55.25 55.10 
6. 18.58 18.34 17.99 
7 32.56. 32.52 33.38 
8 39.20 38.82 40.53 
9 48.58 48.56 5~.74 

10 37.40 37.20 38.48 
11 .-23.28 23.27 73.00 
12 '121.15 120.98 . 33.79 
13 142.67 142.65 32,21 
14 44.31 44.31 43.80 
15 132.08 131.93 27.21 . 
16 134.32 134:48 26.49 
17 35.90. 35.90 32:95 
18 47.40 ' 47.35 41.70 
19 .44.70 44.69 40.06 
20 30.79 30.79_ 30.78 
21 36.12 36.10 34.71 
22 36.96 36.94'. 36.97 
~3 33.42 28.01 28.15 
24 21.72 15.36 16.55. 
25 15.30 15.52 16.47 
26 18.65 18.83 17.01 
27 25.27 25.22 17.33 
28 29.77 29.75 28.04' 
29 33.30 '33.29 33.68 
30 23.15 23.14 . -23.42 
C-3-0-COCH 3 170.38. 
C-3-0-COCH3 21.31 
C-11-0-COCH3 171.06 
C-11-0-COCH3 22.12 

. . - ' 

sugg~sted by 13C NMR.as <;iue to C15 --:-C16 -olefinic 
doubl~ bond which was confirmed by PMR spectrum 
·tliat showed the presence of AB quartet with J = 10 Hi 
typical of a cis-<;lisubstituted olefin. The hydrpxy 
funGtion .was ·generated by the reduction of 11-oxo 
group in 5 and. this appeared as a doublet of triplet with 
J values of 18Hz. The large J-value indicated that the 
proton geminal to the OH is axial ami thus the OH is 
equatorially oriented. The acetoxyl group_ at C-3 
position was lost by cleavage. of C-0 bond6

• The 
structure of this compound was assigned .as olean-
15(16)"en-lla-ol (6), which was .. confirmed by mass 
spectral data that consisted of the base peak at m/z 190 
probably due to the fragment (b). Under. the high 
energy condition the· OH is lost along.with C9 -·H 
forming ·a double bond between C-9 and~ C-11. 
Subsequent retro-Diels-Alder ·cleavage resulted in 
fragmertt (b) (Scheme 1). 

The third. and the last compound was eluted by 
petrol-benzene_(2:3) and it analysed for C 30H480, m.p. 
235-36°; TNM test +ve; IR: 3500-3200,830,800,760, 
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::":: --
R . . : .R~ + 

.iQ. R=H 

~ R=OH 

- .. 
, ,. 

. ' . . . ·,···~·· 

- H;<) ·. : 

. ' 

,Scheme 1 

750, 730 em -l; UV:. no absorption above 220 nm; 
mass: mjz 424 (M +), 409., 406, 216 (base), 201; PMR: 8 
0. 795, 0.811, 0.855, 0.861, 0.899 (6H), 1.002, 1.195 (8s, 
24H,.8xt-CH3), 3.25(1H,_W1 =18Hz), 5.36(ABq,2H, 
-J= 10Hz, -CH=CH-) and 5.!!tf(t, 1H; -:C;=CH 
- CH2 - ); 

13C NMR: 8 142.65 (s), 134.48 (d), l31.93 
(d), 120.98 (d), 79,01 (d) and 25 other peaks between 55 

. and-15 ppm. The. appearance of the base peak at m/z 
216 in its mass spectrum could be explained. by 

.assuming that the double bond in the parent 5 at cl2 
-C13 n;mained intact during reduction and only the 

· 11-oxo group was :reduced to methylene group yielding 
olean-12(13),15(16)-dien-3/J-ol as one of the products. 
·The: 1H and· 13C NM.R data could be correctly 
explained by· structure (5b) for this product. 
Assignments of 13C NMR peaks are given in Table 1. 

Reduction of 7-ox.o-cholesteryl acetate4 (7) and 
cholest-3,5-dien-7-one4 (9) with LiJEDA furnished one 
and the same compound in each case (C27H460, m.p. 
115-6°; TNM test: +ve; UVno absorption aQove 220 
nm) which was characterised (m.m.p., co-TLC) as 
cholest-4(5)-en-7{3-oP (8). · . . . · 

Re4uction of a,fJ-unsaturated ketones with 
lithium(EDA: General procedure 

Small . pieces of Li metal (0.2 g) were added at 
intervals to a ·solution of triterpenoidjs'ieroid a,fJ 
unsa:tl.nated ketone (0.2 g) dissolved in dry ethylene

: dialJline (50 ml) an.d _the mixture refluxed for 2 hr under 
oitrpgen blanket. The reaction mixture was cooled and 
treated with solid NH4Cl to destroy excess of lithium. 
·It w~_s acidified •with dil HCl, extracted with ether and 
the ether. ~xtract dried (Na 2S04). The solvent was 
removed and the residue obtained was chroma:tog
raphed over silica gel, eluting the column with solvent 
mixtures of diffe.rent polarities. 

) 



Li-ED A reduction of 1: Formation of la and lb . 
Glochidone (1, 0.2 g) on reduction with Li/EDA 

furnished a residue (0:19 g) after usual work-up. The 
residue was chromatographed over silica gel column 
(10 g). Elution with petrol afforded a solid (0.04 g), 
which crystallised from CHC13 -MeOH as needles and 
characterised as lupanone (la), m.p. 209-10°, [a]0 

r + 15°; IR: 1705 em - 1 (Found: C, 84.4; H, 11.9. Calc. 
for C30H 500: C, 84.4; H, 11.8%). 

Further elution with petrol-benzene (2:3) yielded 
another solid that crystallised from CHClrMeOH 
and characterised (co-TLC, co-IR, m.m.p.) as lupanol 
(I b), m.p. 204-5°; [a]0 -19°; IR: 3~~0 em - 1

; TNM test: 
-ve (Found: C, 84.0; H, 12.0. Calc. for C 30H 520: C; 
84.0; H, 12.2/J. 

Li-ED A reduction of cholest-4-en-3-one: Formation of 
cholestan-3/3-ol: 

Cholest-4-en-3-one4 (0.2 g) was reduced with Li 
(0.2g) in EDA (50 ml) a:nd the product obtained after 
usual work-up was crystallised from CHCI3-MeOH to 
afford a crystalline solid (0.16 g) identified as 
cholestan-3/3-ol (m.m.p., co-IR), m.p. 140-41 o; [a] 0 

+24°; TNM test: -ve (Found: C, 83.1; H, 12.5. Calc. 
for C27H480: C, 83.4; H, 12.5/~); acetate (Py/Ac20, 4 
hr), m.p. 110-11°; [a]0 + 10° (Found: C, 80.7; H, 12.1. 
Calc. for C29H 500 2: C, 80.5; H, 12.1%). 

Reduction of2 with Li-EDA: Isolation of3a, 3b, and 4 
2 (0.2 g) on Li-EDA reduction and usual work-up 

gave an oily residue (0.19 g) which was chromatog
raphed over silica gel column (10 g). Elution with 
petrol afforded a solid (3a, 0.04 g) that was crystallised 
from CHC13 -MeOH, m.p. 174-5°, [a]0 +5o; TNM 
test: - ve (Found: C, 87.1; H, 12.6. C30H 52 requires C, 
87.3; H, i2.7%), identical with authentic f3-amyrane4 

(m.m.p. and co-TLC). 
Further elution with petrol-benzene (2:3) furnished a 

solid (4, 0.06 g) that was crystallised from CHC13 

- MeOH, m.p. 210-11°; IR: 3340 em - 1
; TNM test: 

+ve; UV: 280 nm; mass: m/z 424(M+), 409,255,203, 
189 (Found: C, 84.7, H, 11.3. C30H480 requires C, 
84.8; H, 11.4%); acetate (Py I Ac 20) crystallised from 
CHCl3 - MeOH, m.p. 216-17°; IR: 1-735, 1245 em - 1

; 

UV: 282 nm (e, 9650); (Found: C, 82.4;· H, 10.7. 
C32H 5o0 2 requires C, 82.4; H, 10.8%). 

Further elution of the column with benzene-ethyl 
acetate (4:1) afforded 3b (0.04g) that was crystallised 
from CHC13 - MeOH, m.p. 240-42°, IR: 3300-3350 
em -1; TNM test: -ve (Found: C, 81.9; H, 11.1. 
C30H 520 2 requires C, 82.0; H, 11.2%); acetate (3c) 
(PyjAc20), m.p. 243-4°; IR: 1730, 1725, 1250-1240 

em - 1
; TNM test: -ve; mass: mfz 528 (M+, 1/J, 469, 

409, 272, 218, 204, 190 (Found: C, 77.0; H, 10.5. 
C34H 560 4 requires C, 77.2; H, 10.7'YJ. 

Li-ED A reduction of 117oxo-olean-12(13),15(16)
dien-3f3yi acetate (5): Formation of Sa, 5b and 6 

Li-ED A reduction of 5 (0.2 g) followed by usual 
work-up afforded an oily mass (0.18 g) which was 
chromatographed over silica gel column (10 g). Elution 
with petrol afforded hydrocarbon (5a) (0.08 g) that 
crystallised from· CHC13 - MeOH, m.p. 202-3° 
(Found: C, 88.1; H, 11.7. C30H 48 requires C, 88.2; H, 
11.8%) .. 

Further elution with petrol-benzene (1:3) yielded the 
alcohol (6) (O.O~g), m.p. 205-6° (Found: C, 84.4; H, 
11.8. Calc. for C30H 500: C, 84.4; H, 11.8%). 

Further elution of the column with petrol-benzene 
(2:3) furnished the alcohol (5b) (0.05 g) which 
crystallised from CHC13 - MeOH; m.p. 235-6° 
(Found: C, 84.6; H, 11.3. C30H480 requires C, 84.8; H, 
11.4%); acetate (Py/Ac20), m.p. 198-99°, Identical 
(m.m.p. and co-IR) with an authentic sample of olean-
12,15-dien-3/3-yl acetate5

• 

Li-EDA reduction of 7-oxocholestr:ryl acetate (1) and 
cholest-3,5-dien-7-one (9): Formation of8 

7/9 (O.~g) was reduced with Li-EDA and the 
product obtained after usual work-up was chroma tog-

. raphed over silica gel. Petrol-benzene (2:3) gave 8 as a 
crystalline solid which crystallised from CHC13 

- MeOH, m.p. 115-6° (Found: C, 83.4; H, 12.3. Calc. 
for C27H460: C, 83.9; H, 12.0%). 8 was identical 
(m.m.p. and co-IR) with an authentic sample of 
cholest-4(5)-en-7 /3-ol. 
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The reaction of lithium in ethylenediamine (EDA) with olean-9( 11 ), 12( 13 )-dien-3 ~-ol ( 1) results in the recovery of start
ing 1 while similar reaction on Jup-18( 19), 20(i9)-dien-3~-yl acetate (2) furnishes Jup-18( 19)-en-3~-ol (4). Lithium in 
EDA reacts with methyl lup-18( 19 ), 20( 2 9 )-dien-28-oate-3 ~-y1 acetate ( 3) to afford 28-nor-luP-17( 18 )-en-3 ~-ol (Sa), 
lu p-18( 19 )-en-3j3, 28-dio1 ( 4a), lupan-28-oic acid ( 6) and lup-18( 19)-en-3j3-ol-28-oic acid ( 4c ). 4 on isomerization with 
H C1-AcpH furnishes lup-13( 18 )-en-3j3-yl acetate (7) whereas 4c furnishes 1up-28 - 19 ~-olide-3 ~-yl acetate ( 9) and the 
acetate derivative ( 4g) of the )olnisomerized 4c. 

lp pur studies 1•2 on the action cif lithium in ethylenedi
amine (EDA) on triterpenoids, it WaS observed2 that 
the reduction of double bond in conjugated keto 
T ene system is dependent on the sterical environ
ment. In order to see_if. conjugated diene systems 
would also respond differently to the reagent, we have 
presently studied the reaction of this reagent on con
jugated dienes where one of the double bonds is tetra
substituted and the other exocyclic, viz. lup-18(19), 
2@(29}dien-3f3-yl acetate (2) and lup-18(19), 
20( 29 }-dien-28-carbomethoxy-3f3-yl acetate ( 3 ). 
Tpe reaction of this reagent on olean-9( 11 ), 1'2( 13 )
dien-3f3-ol( 1 ), resulted in the recovery of the starting 
1. This showed that when double bonds are tetrasub
stituted at 1 ,4-position of a homoannular diene then 
no reduction of double bond occurs, probably due to 
steric facto~s. 

..::~ 

It has beenreported3 that the li~teroannular dienes 
where both the double bonds are trisubstituted readi
ly produce tetrasubstituted mono-ene derivatives on 
reduction with Li-EDA. 

HO 

l 

R'o 

-'· R= CB3, R'=ll 
~,R= CllzOH,R'•R. 
~, R= c:H 20Ae .,-R•Ae 
4c, R= COOH, R =R 
~. R= CB3 , R' =~c 
~ , R~ COOCB3 , lt;' Ae 
~, R= COOCH3. fl =B 
~ , R= COOH, R ~ Ae 

~. 

A cO 

2. R~ CH3 
~. R= COOCB~ 

Sa, :R=H 

:!_!!, R=.AG 

R 

Compound 24
- 6 on reduction with Li-EDA fur

nished a solid after usual work-up and chromatogra
phy. lt analysed for C30H500 and on acetylation 
(Ac20/Py) furnished an acetate, C32H 520 2• The PMR 
spectrum of the acetate was indicative of the presence 
of six tertiary methyls, two secondary methyls, one 
acetoxymethyl and a C-3 methine proton geininal to 
acetoxy methyl. The-pfcsence of two secondary me
thyls indicated that the isopropenylgroupin 2 has un
dergone reduction. Carbon-13 NMR of the acetate 
displayed two singlets downfield at b .138.68 and 
r39 .39 sugges~ing: ,that the tetrasubstituted double 

bond has remained intact during the reduction. Thus 
the compound.has been identified as lup-18( 19)-en-
3f3-yl acetate ( 4d) and hence the corresponding alco
hol as lup-18( 19 )-en-3 f3-ol ( 4 ). 

Compound 36
·
7 on similar treatment furnished af

ter work-up and chromatography a compound in pe
trol-benzene (4:1) eluate which has been character
ised as 5a based on elemental analyses and spectral 

. data. The appearance of two singlets at b 1 ~2.52 and 

1 () ."i 
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J,-

138.68 in 13C NMRsuggested that the double bond in 
3 was no Ionge~· C-'18(19) position. Acetylation of Sa 
furnished an -~~~~tate, which was identical with 28-
·nor-lup-17(18ren-3~-yl acetate8 (5~). 

- . 

~~ . The secon9 compound that appeared in petrol
benzene ( 1:4) eluate could be likewise characterised 
as-6~It-afforded an ester on treatment with ethereal di- . 
azomethane, identical with methyl-dihydrobetulan
ate9 (6a). Thus the parent acid is lupan-28-oic acid / 
(6). 

The third COJllpound that was eluted by benzene
ethyl acetate ( 9: 1) was characterised (IR, mass, PMR) 
as lup-18( 19 )-en-3~, 28-diol ( 4a ). Further confirma
tion of the structure was provided by forming an acet
ate, which was identical with authentic lup-18( 19 )-en-
3~, 28-diol_( 4a). Further confirmation of the struc
ture was provided by forming an acetate, which was 
identical with authentic lup--18(19)-en-3f3, 28-diol 
(4b). . ~ 

The fourth compound that was eluted by benzene
ethyl acetate (4:1) was established as lup-18(19)-en-
3f3-ol-28-oic acid ( 4c) by its spectral data and by pre
paration of itk acetate derivative which was found 
identical with methyl3~-acetoxy lup-1S{19)-en-28- , 
oate (4e}. 

Thus from the above observations it is quite evident , 
' that only the isopropenyl group is easily reduced by 

Li-EDA as reported earlier1• But the formation of 6 
.and 4a, though-in small amounts, may be explained by 
assuming that the carboxylate radical.( a) formed dur
ing reduction was converted into lactone (b) which 
thenunderwe11t cleavage by two different paths (A)10 

and (B)11"giviqg·the saturated carboxylic acid ( 6) and 
the-tri0l-{ c).1ll,e: OH group-in (c) at-C-19 underwent 
dehydration to fl_trrush the diol ( 4a) (Scheme 1 ). 

A~-there is no: r~port of the isomerization of 18-19 
doul;l~ bond tq 13-18 position, we attempted the 
isomerization of 4 and 4c with cone. HCI and glacial 
acetic acid under refluxing condition. The reaction 
mixture from 4 after purification and crystallisation 
furnished a crystalline solid which was found to b~ an 
acetate (IR) different from 4d. A detailed analysis of 
its PMR spectrum and its melting point showed that it 
was-not-the neol.up-13( 18)-en-3f3-yl acetate (7a) pre
pared from lupenyl acetate 12• This compound was de
signated as lu,p-H( 18)-en-3f3-yl acetate(7)where the 
stereochemistry of isopropyl group is alpha. 

Similar isomerization of 4c, which was envisaged to 
end up in the formation of 13-28 lactone derivative, 
led to a lactone identical with lup-28- 19f3-olide-
3f3-yl acetate (9) and an acid which gave an ester ( dia
zomethane) identical with methyl 3f3-acetyl lup-
18( 19 )-en-28;-date ( 4e ). 

ro6 · 

AcO 

Scheme 

' 
Experimental Procedure 

Melting points reported are uncorrected. Petrol 
used had b.p. 60-80°. -PMR spectra were recorded in 
CDC13 on Bruker WH-400 instrument (Chemical 
shifts downfield from TMS internal reference), IR 
spectra-in nujol on a Beckman IR-20 instrument and 
mass spectra on Varian mat 711 and JMS 300-D in
strument at 70 eV. Silica gel was used for column 
chromatography. 

Reduction of lup-18( 19), 20(29)-dien-3f3-yl acetate 
(2) 

To a solution of 2 (0.4 g) in ethylenediamine (100 
ml), Li metal (0.4g) was added in small pieces at inter
vals and the mixture was refluxed for 2 hr under N, 
blanket. After usual work~up, the residue (0.35g) wa~ 
chromatographed over silica gel (lOg). Elution with 
petrol-benzene (3:2) afforded a solid which crystal
lised from CHCl3 ...:. MeOH to furnish needle shaped 
crystals of 4, m.p. 220-22°; IR: 3400-3450 em- 1; yel
low colour with TNM (Found: C, 87.7; H, 12.1. 
C30H 500 requires C, 87.7; H, 12.3%). It afforded 
acetate (4d) with Ac20-Py, m.p. 246-48°; IR: 1740, 
1250 em- 1; MS: m/z 468 (M + ). 4d was found to be 

·~. 
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·· identical with the product obtained by hydrogenation 
-of-2-over Adams catalystM. 

Rec(uction of methy/3 ~-acetoxy /up-18( 19 ), 20( 2 9 )
dren-28-oate (3) 

A solution of 3 ( 1g) dissolved in ethylenediamine 
(Zbb ml)was treated with Li metal ( 1g)in small pieces 
atllitervals and..the mixture refluxed for 2 hr under N 2 

( ;:tht~~sphere. The residue (lg) obtain~~ after usual 
work-up was chromatographed over siltca gel (25g]. 
Petrol-benzene (4:1) eluted Sa (O.lg), m.p. 186-87; 
IR3400cm- 1;yellowcolourwithTNM,;MS: rnk412 
(M+); PMR (CDC13): 60.6545 and 0.8851 (2d, 6H, 
2 x sec. CH3, J= 7 Hz_), 0.7770, 0.8654, 0.8675, 
0.9768 (4s, 5Xt-CH3, 15H); 3.210(dd, ill, H-C-
3-0H, 1= 5, 11 Hz); .13C NMR (CDC13):138.68 (s), 
132.52 (s), 79.00 (d) and 24 other peaks in the region 
56-13 ppm (Found: C, 84.3; H, 11.6. C2.;l480 re-

-quiresC,84.4;H, 11.7%). 5a(0.03g)withAc20(1 ml) 
and pyridine ( 1 mi) furnished 5b, m.p. 210-11°, ident
ical with an authentic sample8 (m.m.p ). Elution of the 
column with petrol-benzene (1:4) afforded 6 (0.1 g) 
which crystallised from CHC13-MeOH, m.p. 290-
920;lR: 3300-2900, 1690(- COOH)cm--: ';MS(CI
isobutane): m/z 442 (M+ ), 395, 338, 279, 249, 205, 
191,117, 75;nocolourwithTNM.6inetheron treat
ment with CE2N2 formed the methyl ester ( 6a), m.p. 
165-66°, identical (m.m.p) with methyl dihydrobetu
lanate ( 6a )9• 

Further elution of the column with benzeneethyla
cetate (9:1) yielded 4a (O.lg), m.p.208-09o; IR: 3320-
3200 em -I. with TNM it developed yellow coloura-_,, 
tion;MS (CI): rnk443 (M+ + H),425,233, 197, 191, 
177;MS(EI), rnk411 (M+-CH20H),203, 189,135, 
95, 81, 69, 55 (base) (Found: C, 81.1; H, 11_.2. 
C30H500 2 requires C, 81.3; 11.4% ). It formed the dla
cetate (4b), m.p. 205-07°; [a)o-13°; IR: 1735-1725, 
1250, 1240 em -I. 

Further elution ohhe- column with benzene-ethyl 
acetate ( 4:1) furnished the acid ( 4c) with crystallised 
from CHC~-MeOH, m.p. 27 5-7r; IR: 3500-3400, 
l710 em_, (Found: C, 78.8; H, 10.5. C30H4s03 re
~~~ires C, 78.9; H, 10.6%). 4c on trea!ment with 
CH2N2 gave the ester (4f), m.p. 198-200; IR: 3450, 
l730 cm- 1; MS: mlz 470 (M+ ); ' 3C NMR (CDC13 ): 

178.33 (s, CDOMe), 144.33 (s, C- 18), 134.28 (s, 
C-19), 79.00 (d, C- 3- OH) and 27 otherpeaks be
tween 61 and 14 ppm.Ac20-Py treatment of 4fafter 
usualwor-~-up furnished ester acetate (4e), m.p. 214-
15o;IR: 1740,1730, 1250cm .. 1 ,identical(m.m.~.and 
co-IR) with the product obtained by hydrogenation of 
3 Over Adams Catalyst6

·
7

. 

Acid isomerization oflup-18(19-en-3~-ol (4): Fo~ 
mation oflup-l3( 18)-en-3~-yl acetate(?) 

A solution of4 (250 mg) in AcOH (200 ml)was ref-

luxed with conc.,HCl (5 ml) for 3 hr. The mixture was 
cooled, diluted with ice cold water and filtered. The 
residue was thoroughly washed with water and chro
matographcd over silic~ gel (lOg). Petrol-benzene 
( 4: I) eluted 7 (2.2g) which crystallised from CHC13-

Me0H, m.p. 214-15°; IR: 1740, 1250 cm- 1; yellow 
colour with 1NM; MS: rnk 468 (M + ); 453, 426, 408, 
393, 249, 218, 205, 204, 203, 189; PMR (CDC13): 

0.86 (6H, d, J= 7 Hz, 2 x s-CH3), 0.853, 0.8675, 
0.875, 0.91, 0.9675, 1.0825 (5s, 15H, 5 x t-CH3), 

2.0425 (s, 3H, COCCH3), 2.376 (dd, 10,2 Hz, lH, 
C-12-H), 2.472S(ABq,J= 8Hz, 1H,C-19-H),4.5 
(m, 1H,H-C-O-COCH3 ); 13CNMR:6170.97(s, 
-OCDCH3 ), 141.12 (s, C-13), 133.37 (s, C-18), 
80.95 (d, (-{;-OCO)and 26 other peaks between 
56 .. andl6 ppm. 

HClrAcOH treatment of lup-18(19}-en-3~-ol-28-
oic acid ( 4c ): Formation of lactone ( 9) 

A solution of 4c (0.5 g) in AcOH (200 rnl) was ref
luxed with cone. HCl ( 6 ml) for 4 hr. The mixture was 
cooled, diluted with ice cold water and filtered. The 
residue was washed with water, dried ( 0.5g)and chro
matographed over silica gel ( 15 g). Petrol-benzene 
(2:3) eluted 9 (0.4g), m.p. 299-300°; IR: 1770, 1~25, 
1245 em- 1; with TNM it did not develop colouratlon; 
MS: mlz 498 (M+, 2). 470 (M+ -CO, 38), 438(90), 
411, 395, 351, 327, 261, 206, 205, 202 (78), 189 
(base), 135; PMR (CDC13): 60.825, 0.8375, 0.85, 
0.87, 0.94 (Ss, 15H, 5 x t-CH3 ), 0.934, 1.063 (2d, 
6H, J= 7 Hz each, 2 x S- CH3), 2.037 (s, 3H, 
O-COCH3), 2.2875 (heptet, 1H, C-20-H), 4.455 . 
(m, 1H, H-C-3-0CO-); 13C NMR: 6179.71 (s, 
y-lactone C-20), 170.94 (s, -OCDCH3), 95.84 (-s, 
0-C-19), 80.77 (d, H-C-3-0) and 28 other 
peaks in-the region 56 to 13 ppm. It was found ident
ical (m.m.p., co-IR) with authentic sample of 9 pre
pared by hydrogenation of 3~-acetyl lup-20(29}-en-
28-+ 19~ olide6 Over Adam's Catalyst. Further elu
tion of the column with petrol-benzene ( 1 :4) fur
nished 4g (0.05g), m.p. 293-94°; IR: 3250-2900, 
1735, 1690, 1245 em -I; MS: m/z 498 (M +, 68), 452, 
438, 392(66), 351(54), 234, 190(84), 189 (base); 
PMR (CDC13 ): 60.8325, 0.845, 0.8879., 0.9125, 1.0 
(Ss, ISH, 5 x t-CH3 ), 0.9775, L025 (2d, J= 7Hz 
each, 6H, 2 x s-CH3), 2.05 (s, 3H, OCOCH3). 

3.1758 (heptet, lH, C-20-H), 4.48 (m, 1 H. H-:-C-
3-0); 13C NMR (CDClJ 6181.25 (s, C-28-00H), 
145.17 (s, C-18), 133.61 (s. -C-19); 80.91 (d. 
C-3-0), 171.04 (s, OCOCH3) and 28 other peaks 
be-tween 61 and 15 ppm. 

4 ~ on esterification with CH2N 2 formed the ester 
acetate (4e), m.p. 21"3-14°; IR: 1740, 1730. 1250 
em- 1, identical with an authentic sample of 4e ob
tained by hydrogenation of 3. 
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