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The oxidation of Iupanone (a) with molar proportion of . A‘
bydrogen peroxide and catalytic amount of selenium dioxide in =N
t-butanol affords Jup-1-ene-3-one (Ib), lupane dicarboxylic acid
(dc) and 2a-carboxyl-A-nor-lupane (Id); with excess of
hydrogen peroxide, Ia furnishes 4,23, 24-tri-nor-lupane-3 — 5- ROOC
olide, a 3-lactone (Ie) together with lupane dicarboxylic acid (Ic). i 2 ,
- ROOC -

THE selenium dioxide catalysed reaction of hy-

drogen peroxide on stereoidal 3-ketones was’ Id, R=H
studied by Caspi and Balasubrahmanyam'. A M
- similar reaction of pentacyclic triterpene-3-ketone is 14, R=Me

lacking and hence the title investigation was under-
taken. )

A solution of lupanone (Ia, 1.2 g) in z-butanol
(60 ml) mixed with molar proportion of hydrogen
peroxide (17%, 0.2 ml) and' catalytic amount of
selenium dioxide (0.008 g) was refiuxed for 35 hr
when black selenium metal precipitated out at the

429 (M+—CH,COOCH),), 400 [443-CH(CHy),], 205,

zend of the reaction. The reaction mixture was then
- separated into acid and neutral fractions by usual
ethod.

189; IR (nijol) : 1740, 1730 cm-! (2-carbomethoxyl
groups); 'PMR (CDCl;, &) : 0.92 to 1.22 [24H,
6:-CH,, 1 HC(CH,),),2.37 (m, 2H, CH,-COOMoc),

The neutral product on purification by chromato-
graphy and crystallisation from chloroform-methanol
furnished a crystalline solid, CyH,gO, m.p. 175-77°.
That the product was an o, f-unsaturated ketone
was indicated by characteristic UV absorption in
methanol (Xy., 228 nm) and its IR spectrum in
nujol (vpisx 1675 cm—1). The PMR support for this
product - was forthcoming by the -appearance of =
pzir of doublsx= 2zch 22 2 5,853 (=10 HZ) a=d 777
(J = 10 Hz) zssignable 1o the moiety —CO—CH=

CH—C—. The compound was found to be identical

{m.m.p and co-IR) with 2= zrthentic sample of 1up-
l-ene-3-otne? (Ib).

F e acidic part was esierified and then chromzzc-
graphed. Elution with pet. ether (b.p. 60-80%)
furnished a solid, which ecrystalliséd' from chloro-
form-methanol and analysed for Cy,H;,0, (Mt 456),
mp. 174-77°, IR (nwol) : 1740 cm-1 (carbome-
thoxy); PMR (CDCl;, ) : 0.8 (5, 3H, +-CH,), 0.75

" /CH; .
(@) +085(d)(J = 7 Hz, 6, HC - ), 0.94-1.04"
: ~NCH

|
(55, 15H, 5 X +CHy), 2.7 (m, J = 1 64iz, 1H, H-C-
COOCH,) and 3.7 (s, 3H, —COOCHS). 1

From the spectral data the ester has been identified
as 2a-methoxycarbonyl-A-norlupane® (1d'), corres-
ponding to the acid (Id).

Further elution of:the column with pet. ether-
benzene (4:1) gave a seco-diester, CjH;,0,, m.p.
116-18°; MS : m/fz502 (M), 443 (M+—COOCHj),

3.64 (s; 3H, COOCHy), 3:68 (s, 3H; COOCH,).’
Hydrolysis of the séco-diester (1¢") by methanalic
KOH furnished a diacid, m.p. 270-71°, _ iden-
tical with lypane dicarboxylic acid* (Ic). .

When lupanone (2g) was oxidised with excess
Zmount of hydrogen peroxide (1795, 30 ml) by re-
fuxing for 30 hrin the presence of s2leninm dioxids
05 = I rhumandl (130 ml), it 32 = 288
Z=coon @ commpoTn chzracterissd as Iel The
nevtrzl part on chromatography followed by elution
with benzene afforded a solid, which recrys-
tallised from chloroform-methanol 4nd analvsed for
C.-H..0. (M+ £00). m.p. 252°, The band zt 1740
cm~! 1n its IR specirum indicated the presence of
2 3-lactonpe, whicz was corroborated b+ e zopesr-

] .
ance of a lactonic proton (CO-O-CH-CH,) at & 3.9

as a triplet® (J=18HZ), in its PMR spectrum. The
high J valne showed the lactonic proton to be axially
oriented with one axial and another equatorial neigh-
bours.. Besides, the compound gave a pair of pzaks
centred at § 2.6 (2H) indicating the presence of
methylene protons alpha to the carboxyl group
(—CH,—CH,—COO0). The structure of this com-
pound as Ie was further supported by its mass spectrdl
fragmentation pattern shown™in-Scheme 1. . 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 similar reaction by
Pettit ez al.® on steroidal systems.

The authors are thankful to Dr S. Kanodia of
MIT, Boston, USA for 360 MHz PMR spectra
One of the authors (8. D.) is grateful to the CSIR,
New Delhi for the award of a junior research fellow-
ship.
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Friedelin (I) on oxidation with molar proportion of hydrogen
peroxide and catalytic amount of selenium dioxide in f-butanol
affords a d-lactone (I1), friedelin dicarboxylic acid (111a) and 2a-
carboxyl-A-nor-friedelin (IVa). The compounds have been fully
characterised by spectral data (IR, PMR).

- In our previous commumcatlonl hydrogcn peroxide-
selenium dioxide oxidation of lupanone was reported
to afford 4, 23, 24-trinor-lupane-3—5-lide (A).

-

Im2 BE=x
- II1b,R=Me

Friedelin (I) on similar reaction gave a d-lactone
different from (B), obtained by Corey et al.? by the
oxidation of I with peracetic acid. The preparation and
characterisation of the different products obtained in
the reaction of I with H,0, —SeQ, are reported in this
note.

A solution of friedelin (I 0.9 g) in ¢-butanol (80 ml)
mixed with hydrogen ‘peroxide (15ml, 22%) and
selenium dioxide (0.225g) 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 mto
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 C;;Hs,0;;

B00C I
I, ===
iVb.R=Me
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MS: m/z456(M ™), 332, 303, 276, 262, 248, 234, 223,
205(base), 191, 179, 121,
1720cm ~* (one carbomethoxyl group); PMR (CDCly):

83.53 (s, 3H, COOCH>), 2.8 (m, 1H, H— C COO)

0.9 to 1.2 (7s, 21H, 7xt-CH,), 0.87 (d, 3H H- C
. —CH,, J=THz) These spectral data led to the
establishment of structure (1Vb) for this compound
and the corresponding acid presumably corresponded
" to structure (IVa). .

The more polar product was purified by
crystallisation from CHCl;-MeOH. It analysed for
C;3,Hs540,4 (M+ 502); m.p. 167-69% IR (nujol):
1735¢cm ~'; PMR (CDCl,; 6): 3.53 (s, 3H, COOCH,),
3.57 (s, 3H, COOCH,), 0.9 to 1.2 (21H, 7 x -CH}),

/ .
1.32 (d, 3H, H—/C—CH3, J=T7Hz). Based on these

m/z 261

109 and 107, IR (nujol)f

"benzene (2: 3) afforded a white solid (=

data, this compound was assigned structure (11Tb).
Hydrolysis of .the seco-diester (IIIb) by methanolic
KOH furnished the ‘diacid (Illa), m.p.280° (d),
identical with 3, 4-seco-friedelonic acid (Illa)?.

"The neutral - part was chromatographed over
deactivated alumina column. Elution with petroleum-
10 mg), which
analysed for C,oH;s0, (M™428), m.p.262°% CD
(hexane): 230 nm (¢ —0.56). In the IR spectrum, a band
at 1740cm ' was characteristic of J-lactone moiety,

_the presence of which was supported by its PMRT

spectrum (muluplet at 64.05 due to lactonic proton®,
—-CO-0- CH CH3) The appearance of a pair of -
doublet at 52.48 (H, J,,=7.5Hz, J,=2.5Hz)

indicated the presence of methylene protons adjacent

q

mfz 19 ‘mfz a1 'm/z 63

Scheme 1

681



[=8

It

{.—Co ' ;
HOOC } 2, wooc
2. [o] . mo

9

Scheme- 2 -

. !
10 the carbonyl group(—0 — ﬁl —CH,— CIZH). A three-

protor-doublet at 6 1.1& (J=6.5Hz) w=s assignabie to

methyl protons (HC-—CE"Q. Th= rx:é: berween & 0.88

! ) - -
and 1.10 represented seven tertiary methyl groups
{21H} Tx=se observations led 10 the asizblishmernr of

stuctare (1) icr thé lactone. furiper supported by iis
s TmrmeneToT SEmeTm show s = Scheme 1. T s 3
_perhaps the first report of the formaton of d-lactone
from friedelin.

The mechanism of formation of II is shown- in
Scheme 2. It is well known that SeO, oxidises «-
methylene ketones to 1, 2-diketones™*. The formation
of Il probably proceeds via the formation of the
dikeione (a) [==dicsphznol b==). One mol of
hydrogen peroxide may attack (¢) to give the
intermediaté a-keto-£-lactone (), which may undergo
hydrolysis to furnish the x-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 é-lactone (II). All the”

above-intermediates are formed during the reaction
conditionsin situ. The formation of 2 similar lactons in
tha prifzstion of mremarme by Ho0-Se0. 5 not
possibie due to the oresencs of germ-Gmmethyl groap 21
C-4, which hinders the formation of a diosphkenol.
similar to ¢, from lupanone. Thus the oxidarion of
lupanone gave compound (A) onlv, different from II.

The authors are, thankful 10 Dr P M Scopes,
U=r==cv of Lontor UK formecondzz = CD and

PMR spectra. One of the authors (S D) 1s grateful 1o ‘

CSIR. New Delhi for the award of a junior research
fellowship.
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Taraxerone (I) on o'xidation: with hydrogen peroxide in the

presence of selenium dioxide in ¢-butanol affords 1«,2a-epoxide (1I), -

4,23 24-tri-nor-taraxerene-3-s5-olide, a é-actone (III) and

taraxerene-c-lactone(IV) from neutral part and 2a-carboxy-A-nor- .
taraxerene(V) together with taraxerene-3,4-seco-dicarboxylic acid =

(VD) from the acid part.

We reported in our previous communications’+? the
results of selenium dioxide . oxidation of saturated
triterpenoids. We have now extended the reaction’ to
taraxerone, a 3-keto triterpenoid having a trisub-
stituted double bond, and the products obtalned have
been characterised.
- To a solution of taraxerone (I) (0.9 g) in t-butanol
* (80ml) was added hydrogen peroxide (15ml, 179, and
. selenium dioxide (0.225 g) and the mixture refluxed for
20hr. The deposition of the precipitaies of black
selenjum metal indicated the completion of the
reaction.” The reaction mixture was filtered and
separated into neutral and acid parts.
Chromziography of the nentral part over
deactivatzd 2lumina column and elution with benzene-
pet. ety= (14} g=ve 2 solid whick orvstallised from
chlorcio—= “’-"’*‘h = p. 1B:. It zpalyseC Yor
C30H 1O MSim z(re. It ) 438 (M ™, 39.9), 423{232),
314 (70), 299 (28), 205 (75), 204 (100), 189 (10)
IR(Nujolr 1705 (= C=0), 1255 (epoxide), and 820
cm ! (msubstiroed doubie bondy no UV absorption
above 220 nm; PMR{(CDCl. 5r 0.837 to 1.132 {2=

i
24H, 8 xt—CH,), 5.56 (m, 1H, > C=CH); a pair of
doublets each at 3.52 (J=4 Hz) and 3.35 (J=4.5 Hz)
.assignable to two protons® of oxirane ring of each
-_.c'érbon. That this compound is a 1,2-epoxide of
" taraxerone is supported by presence of the fragments
1la, IIb, and Ilc in its mass spectrum®. Thus from the
above specizal data siructure (H) 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°,
C;,H,,0,(M™ 398);and B, m.p. 218°, C30H4s0, (M ™*
440). The IR spectrumof A exhibited bands at 1750 (5-

~ lactone) and 810 cm’1 (msubstxtuted double bond);
‘MS: ‘m/z (rel. lnt) 398 (M7 32.91), 383 (18.45), 274

- (100),7259, 204 (75); PMR(CDC13, d): 0.83 to 1.12 (6s,

- 18H, 6xt—-CH3), 5.57 (m, 1H, > C=CH), 2.26 (m,

2H, —-CH,—-CH,—-C0-0-),3.92(q, J..=5Hz, J,,
=12 Hz, lactonic proton, CO—O—CH—CH,-).
The high J-value showed the lactonic proton to be-

~axially oriented with one axial and another equatorial

nexghbours On the basis of these data compound(A)is
assigned structure (III):""The IR :spectrum of B
exhibited bands at 1720 (s-lactone) and 810cm (= C

< i MS: mjz 440/ (M), 425, 316, 301, 204, 189.

The mass spectrum of B confirmed its structure as IV.

The acidic’ part was esterified and subjected to
chromatography overa deactivated alumina column.
Elution with pet.” ‘ether (b. p. 60-80°) furnished
compound (C) whlch crystallised from chloroform-
methanol analysed for C, 1H5(,02, m.p. 161-63°; MS:
m/z (rel. int.) 454 M *. » 32),:439 (13), 330 (14), 315(10),
287 (20), 204 (75); IR(nu_]oI) 1735 (carbomethoxy),
815cm * (trisubstituted double bondy PMR(CDCl;,
8): 3.6 (s 3H, —COOCH,), 2.75 (¢. 1H. J,.=5 Hz,

Jaa =11 -Hz —CHZ——C*CO—O—), 0.8_ to 1.13

(2441, 8xt CH3),554(m 1H, C=CH).ThePMR
data and the mass fragmcntanon =uern proved the
ester as 2a-mcthoxycarbony1 -A-no=—zaraxerone (Va).
Further elution of the colom— =ik pet. =ther-
benzene (1:1) gzve 2 solid ester (3 =%5ch analysed for
C3,H O mp. 1515 MS: m =i =3 500 =17,
485 (6), 470 (7), 468 (9), 440(6), 2% =760, 361 (D),
34420y, 316.(12), 287 (17), 204 (1052 TR (Nujol): 1725
and 1730 (two carbomethoxy), £I0 cm ™! (tosub-
stmed double bond); PMR{CD(L,, 0): 5.54 (m, 1H,
={=CF 365 (s, 3H, ——COOCHQ 3.60 (s, =.
—COOCH3),23(n, 2H, —CH-—L{ X, —COOCHS,),
0.81 to 1.25 (24H, 8 xr—CH.). 0- zhe basis of the
spectral data structure (V1a) has been assigned for D.
This compound 15 reported in literature as taraxadloxc

‘acid®.

The formanon of the prodwts L I'L'L IV V and VI
shows that in the SeQ, oxidation of I no migration of
14-15 double bond has occurred. Compounds 11, 111,
IV and V are probably being reported for the first time.

It may be concluded from the results of previous
studies!? and those obtained presently that the §-
lactones are formed irrespective of the presence of
methyl groups at C-4 position. Further, isolation of &-
lactone (IV), though in a very small amount (2%),
supports the mechanism of formation of the é-lactone
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I1a m/z 314

0 o) 151
oI
-
=G
v, R=#
Vo, R=CHg

via the s2zcione. Efforts to cozfizm e reactics path
for the formation of the &iacicne
previousis® == I progress. inz epoxide {1 5 most
probably forms< via the unsaturated ketone (la).

. The authors are thankful to Dr S Kanodia of MIT,
. Boston, USA ior 360 MHz PMR spectra of the
compounds anc o the Director, CDRI, Lucknow for
the mass spactr=- One of the authors (SD) is grateful 10
the CSIR. New Dzlhi for the award of a junior research
fellowship.
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s as sngeagiad,

VI, R=H
VIa,R=CHg -
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