
Hydrogen Peroxide Oxidation of Lupanone in Presence 
· . of Selenium Dioxide 

SJJGlA RANI DurrA (nee DAS) & B. P. PRADHAN* 

-:.. Chemistry Department, North Bengal University, Darjeeling 

Received 21 August 1981; revised and accepted 30 November 
1981 

The oxidation of Jupanone (Ia) with molar proportion of 
hydrogen peroxide and catalytic amount of selenium dioxide in 
t-butanol affords Jup-1-ene-3-one (Ib), lupane dicarboxylic acid 
(Ic) and 2a:-carboxyi-A-nor-Jupane (ld); with excess of 
hydrogen peroxide, Ia furnishes· 4,23, 24-tri-nor-Iupane-3 -+ 5-
olide, a 11-lactone (Ie) together with lupane dicarboxylic acid (lc). 

THE selenium dioxide catalysed reactfon of, hy-
drogen peroxide on stereoidal 3-ketones was· 

studied by Caspi and Balasubrahmanyam1• A 
similar reaction of pentacyclic tt:iterj:Jene-3-ketone is 
l.acking and hence the title inv~stigation was under­
taken. 

A solution of lupanone. (b, 1.2 g) in t-butanol 
· (60 ml) mixed with molar proportion of hydrogen 
peroxide (17 %, 0.2 ml) and' catalytic amount of 
selenium dioxide (().008 g) was refluxed for 35 hr 
.when black selenium metal pr~ipitated out at the 

~- end of the· reaction. The reaction mixture was then 
-~ separated into acid and neutral fractions by usual 
-method. . 

.- The neutral prqduct on purification by chromato-
graphy and crys~llisation from chloroform-methanol 
furnished a crystalline solid, C30H 480, m.p. 175-77°. 
That the product was an a., !)-unsaturated ketone 
was indicated by characteristic uv absorption in 
methanol (Amu 228 nm) and its IR spectrum in 
nujol (vmax 1675 cm-1). The PMR support for this 
product. was fonhcomrng by the ·appearance of 2: 
:p~ ddoub.l=""' >-=d; c:: ~ 5.85 (J=10 Hz) 2p,-i 7.7.? 
(J = 10 Hz) ~g:nable to the moiety ~CO-CH=.i 

CH-L. The compound was found to be identical 
l . 

(m..m...p and c:-IR.) with:::..::: 2 1-t1-.=ntic sample of Iu-.......-
l-ene-3-oiie2 (Ib). 

TLe acidic part was es-..erified and thep chromc::~­
graphed. Elution with pet. ether (b.p. 60-80") 
furnished a solid, which crystallised· from chloro­
form-methanol and ·an~lysed for C3.1H 520 2 (M+ 456), 
_m.p. 174-77°, m· (nujol) : 1740 cm-1 (carbome-
:thoxy); PMR (CDC13 , ~) : 0.8· (s, 3H, t-CHa), 0.75 

.. /CHa . 
(cl) + 0.85 (d) (J = 7 Hz, 6H, HC · ), 0.94-1.04 

· 'CHa I 
(5s, 15H, 5 X t-CH3)~ 2:7 (m, J = 1 6Hz, llj, H-C-
COOCH3) and 3.7 (s, 3H, -COOCHa). j 
From the spectral _data the ester has been identified 
as 2a.-methoxycarbonyl-A-norlupane3 (ld'), corres-
ponding to the acid (Id). . 

Further elution of· the column with pet. ether­
benzene (4:1) gave a seco-diester, C32H5~04, m.p. 
116-18°; MS : mjz 502 (M+), 443 (M+-COOCHa), 
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429 (M+-SH2COOCH3), 400 [443-CH(CHa)2 ], 205, 
I 89; IR (m,rJol) : 1740, 1730 cm-1 (2-carbomethoxyl 
groups); 'PMR (CDCI3 , ~) : 0.92 to 1.22 [24H, 
6t-CH3 , 1 HC(CHa)J, 2.37 (m, 2H, CH2-COOMe), 
3.64 (s; 3H, CQOCH~), 3~68 (s, 3H; COOCH3) •. 

Hydrolysis of the seco-diester (lc') by methanalic 
KOlf furnished a diacid, m.p. 270-71°,, iden­
tical with hJ.:pane dicarboxylic acid4 (Ic) .• 

Vtnen lupanone (1g) was oxidised with excess 
2,inount of hydrogen peroxide (17/~, 30 .ml) by re­
frn.-Ir~ for 30 hr i:!. the p:.esence of .sden1um dio-x>i!,. 
~;:.5 _it ;.,., .f-b~o-l p.:9 ml), ~ ~~~.~ ...... ~ I= ?cif.F­
=-~::;::1 a CGIIDOu:r::.-c:. c:::aractens...~ .as Ic;_ 1.n.e 
::r:.el!Iral part on ch.romawgraphy followed by elution 
v;-ith benzene afforded a solid, which recrys­
tallised from chloroform-methanol and analvsed for 
C-'7HMO.:. (M~ 400\ .m.p. 252". The b,~ .... ~ 21. 1741) 
cm-1 in its IR srectrum indicated the ~ of 
a ~lE.ctone. ~-;..;,.:-..., ru corroborated b-;;-~ ~-

. J - -- -
ance of a lactonic proton (CO-O-CH-CH2 ) at 8 3.9 

I 
as a triplet5 (J 18Hz), in its PMR spectrum. The 
high J value showed the lactonic proton to be axially 
oriented with one axial and another equatorial neigh­
bours. . Besides, the compound gave a pair of peaks 
centred at 8 2.6 (2H) indicating the presence of 
methyle!le protons alpha to the carboxyl group 
(-CH2-C.H;-COO). The structure of this com­
pound as Ie was further supported by its mass spectral 
fragmentation pattern shown~ in Scheme I. . This 

. is the .first report of formation of a ~-lactone (Ie) 
by the loss of three carbon atoms of ring -A from a 
3-keto-triterpene by the action of hydrogen peroxide 
in the presence of selenium dioxide. 

The mechanism of formation of 8-lactone (Ie) is 
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suggested in Scheme 2, based on simil~r reaction by 
Pettit et. a!. 6 on steroidal systems. 

The authors are thankful to Dr S. Kanodia of 
MIT, Boston, USA for 360 MHz PMR spectra 

. One of the authors (S. D.) is grateful to the CSIR, 
New Delhi for the award of a junior research fellow­

.. s·hip. 
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Friedelin (I) on oxidation with molar proportion of hydrogen 
peroxide and catalytic amount of selenium dioxide in r-butanol 
affords a .5-lactone (II), friedelin dicarboxylic acid (lila) and 2!X­
carboxyl-A-nor-friedelin (IVa): The compounds have been fully 
characterised by spectral data (IR, PMR). 

In our previous communication 1, hydrogen peroxide­
selenium dioxide oxidation of lupanone was reported 
to afford ~; 23, 24-trinor-lupane-3-+5-lide (A). 
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Frieddin (I) on similar reaction gave a ,<5-lactone 
different from (B), obtained by Corey et aU· by the 
oxidation ofl with peracetic acid. The prepar~tion and 
characterisation of the different products obtained in 
the reaction of! with H20 2 -Se02 are·reported_in this 
note. 

A solution of friedelin (I, 0.9 g) in t-butanol (80 ml) 
mixed with 'hydrogen ° peroxide (15 ml, 22%) and 
selenium dioxide (0.225 g) was refluxed on a water­
bath for 60 hr. Precipitation of black selenium metal in 
the reaction mixture indicated the completion of the 
reaction. The reaction mixture was then separated into 
neutral and acid parts by -usual method. 

The acidic part on esterification with diazomethane 
followed by chromatography yielded two products. 
The less polar solid was crystallised from chloroform­
methanol, m.p. · 263-65°. It analysed for C31H520 2; 
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MS: m/z456(M +), 332, 303, 276, 262, 248, 234, 223, 
205(base), 191, 179, 121, 109 and 107; IR (nujolf 
I 720 em -I (one carbomethoxyl group); PMR (CDC1 3): 

. I o 3.53 (s, 3H, COOCH ,), 2.8 (m, 1 H, H-C- COO), 
I I 

0.9 to 1.2 (7s, 21H, 7 x t-CH3), 0.87 (d, 3H, H -c 
-CH3 , J=7Hz) These spectral data led to thb 
establishment of structure (IVb) for this compound 
and the corresponding acid presumably corresponded 
to structure (IVa). · 

The more polar product was purified :by 
crystallisation from CHC13-Me0H. It analysed for 
C32H540 4 (M + 502); in.p. 167-69°; JR (nujol): 
1735 em -J; PMR (CDCJ 3 ,. <5): 3.53 (s, 3H, COOCH 3), 

3.57 (s, 3H, COOCH3)~ ·o.9 to 1.2 (21H, 7 x t-CH3), 

I 
1.32 (d, 3H, H-C-CH3 , J=7Hz). Based on these 

/ . . 

data, this compound was assigned structure. (Illb). 
Hydrolysis of. the~ seco~ctiester (Ill b) by· methanolic 
KOH furnished the :diadd (Ilia), m.p. 280° (d), 
identical wi~h 3, 4-seco-~riedelonic acid (11Ia)2

• 

·The rieutral · part was chromatographed over 
deactivated alumina column. Elution with petroleum-

. benzene (2: 3) afforded a white solid ( ~ 10 mg), which 
analysed for C2 gH4 s02 (M + 428), m.p. 26r; CD 
(hexan.e): 230nm(s-0.56). In theIR spectrum, a band 
at 1740 em -l was .c;:hara"cteristiC of,t5-Iactone' moiety, 

. the' presence of which was supported py its PMR: 
spectrum (multiplet at <54.05 due to lactonic proton3

, 
. I . . . 

-C0-0-CH-CH3). The appearance ofa pair of· 
I . . 

doublet at o2.48 (2H, J •• =7.5Hz, J •• =2.5Hz) 
indicated the presence of methylene pro~ons adjacent 
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to the carbonyl group( -0-C-CH2 -CH). A three-
11 I 

proton-doublet at E. 1.18 (J=6.5Hz) "'c assignah:ie to 

:;:ne;thyl prowns(HC-CHJ. Th= pe:;i.-;;:ber...-een ~ 0.88 

I 

I 
! 

2nd 1.10 represented seven tertia!}· methyl groups 
ClH). T:c:=se obser-.-2-:ions led w ±:= ~-:.abEshm'•=.! of 
str:.1cum: (II) I"Cr the iactone. fur iller supported. by irs 

perhaps the first repon of the formation of £5-lactone 
fffim friedeliri. 

The mechanism. of formation of II is shown in 
Scheme 2. It is well known that Se02 oxidises a­
methylene ketones to l, 2-diketones4

·
5

• The formation 
of II probably proceeds via the formation of the 
diketone (a) [ ¢diosphenol b¢c]. One mol of 
hydrogen peroxide may attack (c) to give the 
intermediate cx-keto-e-lactone (0, which may undergo 
hydrolysis to furnish the ex-keto acid (g). The acid (g) on 
decarboxylation furnishes 3, '4-seco~C-3-nor-4-
hydroxy-friedelin-2-carboxylic acid (h) which under-
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goes lactonization to form the b-lactone (II). All the __ _ 
above· intermediates are formed during the reaction 
conditions in situ. The fo!:Ill21ion of a similar lactone in 
Ib= ori;' -~on of :. _,. ---ne· =~- E;_O::-S-..0;_ B not 
possib1e due to the ~ue; of gem-cfrmethyi g:r o .... p at 
C-4: which hinders the formation of a diospbenol, 
similar to c, from ltipanone. Thus the -oxidation: of 
lupanone gave compound (A) only, different from II. 

Tne au-illors are. tha:p.kful 1.0 Dr P M Scopes, 
-c;.~o:e_~,__.-~fLo-~o::.. 1.!K. fo=- ·='·-:;.,-~~CD and 
PMR spectra. One of the authors (S D) is grateful to 
CSIR. New Delhi for the award of a junior research 
fellowship. 
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lactone) and .81_0 -~ :-1 
.. (t~isubstituted double bond); 

: MS: -'!1/z (~~L ·iiit.). 398 (M;'" 32.~1), 383 (18.45), 274 
. (100),:'259, 204 (75); PMR(CP<;I3;,·0): 0.83 to 1.12 (6s, 

18H, ·6 x' t-CH3), 5.57 (m, lH,··:;:. C=Cll), 2.26 (m, 
2H, -CHz-CHz-C0:-0-), 3.92(q,Jac=5 Hz, laa 
= 12 Hz, lactonic proton, CO-0-CH- CH2- )5

• 

The .. high J-value 'showed the •actonic proton to be-
.·axially oriented with one a~al"anp another equatorial 

Taraxerone <n on oxidation with hydrogen peroxide in the neigh~ours. On the basis of these qata compound(A) is 
presence o: selenium dioxide in t-bu~anol affords la,2cx-epoxide (II), - · assigned structure (III),·· Tl}e :· .. IR .··spectrum of B 
4,23,24-tn-nor-taraxerene-3-+5-ohde, a o-lactone (IIn and exhibited bands at 1720 (e-lactone) and 810 em -1 (:;:. C 
taraxerene-£-lactone(IV) from neutral part and 2cx-carboxy-}\-nor- . , .. ·.' ... ,. , ., .. 
taraxerene(V) together-with taraxerene-3,4-seco-dicarboxylic acid .. =C~ H); MS: m/z440'(M+), 425,316,301,204, 189. 
(Vn from the acid part. fi · - y The mass spectrum of B con 1rmed 1ts structure as I . 

We reported in our previous conimunications 1
•
2 the 

results of selenium dioxide' oxidation of saturated 
triterpenoids. We have now extended the reaction' to 
taraxerone, a 3-keto tritei-penoid having a trisub­
stituted double bond, and the products ob!ained have 
been characterised. 

_ To a solution of taraxerone <n (0.9 g) in t-butanol 
: (80 ml) was added hydrogen peroxide (15 ml, 17"/cJ and 
_ selenium dioxide (0.225 g) and the mixture refluxed for 

20hr. The deposition of the precipitates of black 
selenium metal indicated . the completion of the 
reaction.· The reaction mixture was _.flltered and 
separated into neutral and acid parts. 

Chromatography of the neutral part over 
deactivated alumina column and elution with benzene­
pet. e6:::- 1):4') .="-·'e a solid whj, ~- crystallised fron 
chlo:-::-:;::- ~,;; .. ·--I, · · P- 1~~=- h ~~ feh 
C30H4~~ :MS: rr..'=(re. int.)438 (M-, 39.9),423i23..2i, 
314 (70), 299 (28), 205 (75), 204 (100), 189 (IOh 
IR(Nujol): 1705 (~ C=O), 1255 (epoxide), and 820 
em -I (rrls-.ibs~~uree doubk! bc!x:_z; no UV absorptioc. 
above 220 nm; PJI..L~CDO::-BJ. 0_837 to 1.132 f~ 

I 
_-24H, 8 x t-CHJ, 5.56 (m, IH, :::: ~=CJJ); a pair of 
doublets each at 3.52 (1=4 Hz) and 3.35 (1=4.5 Hz) 
.assignable to two protons3 of oxirane ring of each 

-.carbon. That this compound is a 1,2-epoxide of 
_..taraxerone is supported by presence of the fragments 
lia, lib, and lie in its mass spectrum4

• Thus from the 
above spect:uU data structure (II) has been assigned for 
the epoxide. 

Further elution· of the column with pet. ether~ 

benzene (2:3) ·afforded a solid which on fractional 
crystallisations from chloroform-methanol afforded 
two solid compounds (A) and (B): A, m.p. 228-30°, 

. C27H 420 2 (M+ 398);and B,m.p. 218°, C30H 480 2 (M+ 
440). TheIR spectrum·of A exhibited bands at 1750 (b-

The acidic· part was esterified and subjected to 
chromatography ~ver·a deactivated alumina column. 
Elution ~-i~- i>et:· ·ether (b.p. 60-80°) furnished 
compound (C) ~4ich crys~allised from chloroform­
methanol,analyied'foi'C~~H~~02, m.p_ 161-63°; MS: 
m/z (rei. int.) 45~ (M +:, 32),.:439 (13), 330 {14), 315 (10), 
287 (20), 2o4 (75); IR(ii.ujoQ:·'l i35 (carbomethoxy), 
815cm - 1 (trisubstituted double bond); PMR(CDCh, 
0): 3.6 (s, 3H, ·-COOCH3), 2_75 (~- lH. J ... ~5 Hz, 

-. -
laa=ll;.-Iiz, .. -CHz-C-C0-0-). 0..82 to 1.13 

(24H, 8 ·x t -CH3);5.54 (m, 1H. C=CH).. The PMR 
data and-the mass fraginentation p;=nem proved the 
ester as 2a~methoxycarb0nyl-A-na::.~rone (Va). 

Further elution ~of the col:!:!:m= ~ pet. ciler­
benz..."""le (l:l) ~-.e a Solid est=: (D'; _:;::.:-b analysed for 
C 32H 520,..,m..p_ 151=; M~: rr..=t£ -. )500(M---.,.17j, 
485 ( 6), 470 (7). 468 (9), 440 '< 6), :m-c :_~6 (7), 361 (2), 
344 (20), 316.(12), 287 (I'"i), 204 (lCI[_~ IR (Nujol): 1725 
and 1730 (rvro carl;>omethOXJJ, EO em -I (tDsub­
stin:m:d Gouble bond); PMR(CDC13 , ~ 5.54 (m. IH, 
::: C=CH).: 3..65 (5, 3H, ·-coocH~ ... 3.60 (s. ~­
-COCX:H .;>, 13 (m, 2H • ..:...rn:::. -r_H2 -COOCH~, 
0.81 to 1.25 (24H, 8 x·t-CH~- <k the .basis of the 
spectral data structure (VIa) has been assigned for D. 
This compound is reported in literatme as taraxadioic 
·acid6 • 

The formation of the products IL TIL IV, V and VI . 
shows that in the Se02 oxidation ofl no migration of 
14-15 double bond has occn:rred.. Compounds n. m,. 
IV and V are probably being rep<>rted for the frrst time. 

It may be concluded from the resnlts of previous 
studies1

•
2 and those obtained presently that the o- · 

lactones are formed irrespective of the presence of 
methyl groups at C-4 position: Further, isolation of s­
lactone (IV), though in a very small amount (2"/cJ, 
supports the mechanism offonnation of the c5-Iactone 
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via~ c-:llicwne. Efforts to co .. r;, .,. ~~--.:;c:;::. ~th 
for !:be formation of the c-!acrcDe 2.S sz;.::._~ted. 

previousry.: .:== ::.U progress.. Tne epoxide ll is must 
probably form_=; 'ia the unsaturated ketQne (Ia). 

The authors ~e thankful to DrS Kanodia of MIT, 
Boston, USA for 360 MHz PMR spectra of the 
compounds anc :o the Dire.:tor, CDRI, Lucknow for 
the mass spectr:.=... One of the authors (SD) is grateful to 

the CSIR.. NewDdhi for the award of ajuniorresearch 
fellowship. 
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