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Abetract - Hydrogen peroxlde-selenium dioxide In &-butanol has 

been found to be a good reagent for the preparation of 114,12r(, 

-oxldotrlterpenoids of oleanane and uroane skeletons; whereas 

o( -amyrin and /J -amyrin acetates furbished 114 ,12< -epoxyure- 

14-on-3I) -yl acetate (l& and llv(,12d -epoxytaraxer-lf+-en-3P- 

yl acetate (I&respectively, uvaol and ursolic acid/methyl 

ester gave 1 lo(, 12c( -spoxyurs-28-_)1~olide-~f3 -01 (59); erythro- 

diol (2) and oleanelic acid (D)/methyl ester (jg) afforded 

114 ,120(-epoxy-oleanan-26+1~ollde-31) -01 (2); oleam-12-e+ 

2&,3/A ,28-yl triacetate (a) on oimilar reaction furbished 

114 ,124 -epoxytaraxer-lb-en-3 /3-al-24 ,28-yl diacetate (fi) 

and llo( ,120(-epoxytaraxer-l4_en-2o(,3~-diol-28-y1 acetate (6). 

The iaelatlen of a nor-triterpenoid peroxide - baccatia (3 has been reparted’fram 

thio laboratory. The compeurd,!, has been assured to be formed biogenetically from 

another triterpenoid acid - sebiferenic acid2 L present in the Pame plant. In 

order to prepare L and& from a trlterpenoid of known structure , cratagollc 

acid 2 was chosen for the purpose, which demanded ioomerlzation of the double 

bead from thermodynamically stable C-12-13 position to less stable pooition C-14- 

15. E. J. Corey et al3 reported the transformation of P-amyrin (2 to lla(,lZ&- 

epoxytaraxer-14-en-3@-ml & by phetooxldation and by chemical methods which 

Involved bydrexylation of C-11 methyleno followed by l xidatloa with hydrogen pero- 

fide in presence ef p-teluene sulfonic acld/selemiUm dioldde. The photochemical 

exldations ef OleanOllc acid 2 and erythrodlel 2 have been studied by I. Kita- 

gawa et al4 to fuxmlah 11A ,12a(-epexyoleanan-28-+13ollde-3/3 -01 Xand llo( ,120(- 

epoxy-oleanan-1-28-oxo-3p -01 2. Tho presence of a C-17 carbaxyl graup has beem 
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dememotrated to be eeaeatial for the formation of 11d,12d-epoxy eystem in the 

l xi.datiom of oleanene and utsene trltorpenoido witA hydrogen peroxide in preoence 

Of acetic acid by Mazumdar et a15, 

As the earlier methods 4$5 mentiOn8d above were found to be unotitable which 

Involved lactenlzatiom of the C-17 carboxyl group, we attempted an alternative 

Retked the atady al which is the eubject ratter of the present communicatlom. 

It is well iuown that 68~6tiUB dioxide 18 a good reagent for allyllc otidatio& 

we assured tkat if selenium dioxide I.# uoed am tke exidi.zlng reagent &lomg with 

hydregen peroxide the initially formed organo-selenic acid weuld form hydroperoxide 

vklch would auboequently yield the llo(,l2&-epoxide dth oimultaneous migration 

of tie daubI. bead to the taraxerene system. In order to test the applicability ef 

this assumptien the first compound that was examined raa p-amyrin acetate B. 

The product obtained after refluxing a oolution of& with oelenium dioxide and 

hydrogen peroxlde in t-butanol for 60 k afferded two aompeunds which were separatr 

ed by column chrematograpky (CC). Tke first eomponrd, C Ii 0 32 5. 3s m.p. 307-08’ C; U+ 

482; IR 1735, 1260 (OAe), 880 (epoxy), 820 ()&C(H) cm-‘; 'H NM&? shewed the pre- 

aence of eight tertiary methyl between d 0.82 to 1.10, the acetoxy methyl at 2.06, 

two pretoas that appeared at 2.80 and 3.11 aa doublet (J = 5 Hz) and triplet ( J = 

5 Hz) respectively clearly shared the formation of epotide at C-11-12 position; 

the doublet ef 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 I 3, 10 En) Integrated for 

one proton wa8 aoolgned to the olefinic proton at C-15. The 13C NMR olgnals (Table 

1) al60 showed the presence of two additieoal doublet6 at 53.5 and 54.6 ppm wbick 

have been aesigned to C-12 and C-11 carbens bearing the oxirane ring system. ‘hua 

from spectral analyslo structure @ has been assigned . The pelar compound wa6 

aaalyoed for C30H4802, M’ 440, m.p. 285-6°C; IR 3500 (OH), 880 (epoxlde), 820 

( >C=CH-) cd’ ; It was established to be the alcohol b by preparation of it6 

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

o(-amyrin acetate 21 also furnished the lid , 124 -epoxy-urs-14-en-3/3 -yl acetate 

B and It6 corresponding hydroxy derivative s . 

Encouraged by thle finding we repeated the reaction on acetyl oleanollc acid ?& 

which also furnlsked two compounds, the less polar was enalysed for C32E4805, Mi 

512; hp. 2939~c, IR 1765. (Y-lactone), 1720, 1240 (-Oat), 880 (epoxide) cm”‘; 

It did not respond to TNM test for unsaturation. The spectral data<H and ma66) 

have been found to be identical with It& ,12d-epoxy-oleanan-28+13-olkde-3@-yl 

acetate 39 reported earli8r4. The I3 C NMR signals (Table 1) ha8 been found to be 

assignable to the etructure 2 . The mare polar fraction was analysed for C9H4604 

M+ 470, m.p. 26g-7o”c, IR 3530 (OH), 1770 ($f-lactone), 880 (epoxide) cm”; its 

acetate derivative (Py-Ac20) ha6 been found to be identical vith 2 e thus the 
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alcohol is established to be 2. 

3, R=d=R3=H, R2=R4=Mt 

ja, R=Ac,R’-l?=H,R2=R4-Ha 
a, R= A~.R~=R3~~.Rz-C~H,R’PYa 

2, R=R’-H 
2, R - AC. R’= Me 

~,R=R’uR-=H,R~=~~OH,R~=M~ 
Jd,R=~,R~R~~H,R;COOYt,~Ye 

s,R=Ac,R,-R =H, R =GOOhle.R =Ye 
3f, R=R’=R =H,RkH,OH, R==Mt 

,R=R’-H, Rt=OH,R2=COOH,~bla 
,R=R3=H,R1=OH,R2=COOHt,l+=Ye 

~,R=R’=H,R’=OH, Re= CH20H,R*nHt 

3’ 

-t, 

,R=Ac.R’=OAc. R24i20Ac,R3=H,R~Mt 
&R=Ac,d=R=-H.R’-CWH. R’dlt 

3J, R=Ac,d=R4-H, R2=Rs=Mt 

R=R’&H R2-R4=Mt 

R=~,R1-~3=H.R2-h4t 
R-R’-R4=H R2=RgMe 

R=~,R1-&tl. Rb&Me 
R=RkH, R’=OAc.R=CHgOAc,R4-Mt 

R=R%H, &0id~?=CH~OAc,Rhe 

R1~Rs~H.R-Ac,R2~COOWe,~Me 
R’=R4-H,R~AC,R-AC.R~aX)Yt,~Mt. 

Next we ventured our attempt of preparing the 

epoxy esters kf/b from methyl ester6 j5$/2 

respectively with the hope that the carbomethoxy 

group would not be Involved during epoxidation 

with SeO2-H202. But to our surprise methyl 

acetyl oleanolate J$ on treatment with the reagent 

3 

RO 

formed 1actonesJ and & Oxidation of methyl 

acetyl ursolate 3 with Se02-H202 formed lle$124 

-epoxy-urs-28+1Folide-3P-yl acetate z and its 

corresponding alcohol xwhlch were identified by 
z. 

spectral analysis. Similar reactions on erythrodiol 
Z, 

Jc_ and uvaol x also formedLand ;19 respectively, ze * 

instead of forming the corresponding oxide a andz., 

R=R%H,R’=O, R%Mt 

R=R2=H,R’=HZ,R3= MS 

R=Ac. f&O. RL H, R3=Mt 

R=AGR’=O,R~=MI,R~=H 

R=RtH, R’=O, R&it 

R=R3=H,R’=H2,R2=Mt 



4490 B. P. PUDHAN et al. 

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

lactonization in casea where there is a functional group like COOH/COOHe/CH20H at 

the C-17 position of the oleanene/ursene derivatives,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 electropkillic attack on 

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

in the following case: 

Methyl cratagolate a was reduced with LAH to olean-l2-en-243&28-triolz 

which was acetylated to its triacetate a. The triacetate 2 was subjected to 

oxidation with Se02-H202 when two compounds were separated by CC. The first comp- 

ound separated was C34H5206, m.p. 295-96'C, M+ 556, IR 3400, 1750, 1720, 1280, 

1240, 880, 820 cm-'; 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 'H NMR data: seven tertiary methyls 

appeared as singlets in the region b 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 

3.7' were assigned to the methylene protons bearing acetoxyl group at C-28; the 

doublet of a triplet (J = 2 and '0 Hz) at 5.03 was due to the proton at C-2 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 'H NMR,the diacetate has been establish- 

ed as 114,'20(-epoxy-taraxer-l4-en-3~-ol-2&28-y1 diacetate 49 . 

The second compound was analysed for C32H5005, M+ 514, m.p. 266-6?C; IR: 3200- 

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

the presence of seven tertiary methyls between 6 0.87 to 1.16, an acetoxy methyl 

at 2.04, the doublet (J= 5 Hz) at 2.80,a triplet (J = 5 Hz) at 3.13 were due to 

one proton each attached to C-12 and C-11 with oxirane ring, the doublet (J=lO 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 lld,l2&epoxy-taraxer-14-en 

-24(,3kdiol-28-yl acetate fi. 13C NMR signals of the epoxides Q, fi, ft" and 2 

have been assigned satisfactorily as depicted in Table - 1. 

Thus 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,(U) 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 alloro smooth isomerization of the double band from 

c-12(13) positi023 to c-14(15) position. 

Table l. 

13C NM? shifts assignments ($1 of 49, fur, b, and% (CDC13 as solvent with 

internal TMS) compared with those of 2 and a. 

Carbon 2s7 it5 
1 38.2 38.2 2 

2 23.6 23.2 t 

3 80.7 80.7 4 

4 37.6 37.6 ,!it 

5 55.3 58.2 s 

6 18.3 18.8 f, 

7 32.6 33.1 4 

a 39.7 38.9 s 

9 47.6 51.8 d 

IO 36.8 36.5 s 
11 23.4 54.6 A 

12 121.5 53.5 s! 

13 144.9 37.6 o 

14 41.7 157.1 & 

15 28.3 118.9 4 

16 26.2 37.9 $, 

17 32.5 35.4 1 
la 47.2 48.1 4 

19 46.8 40.2 2 

20 31.1 28.7 3 

21 34.8 35.2 fL 

22 37.1 36.5 & 

23 28.1 27.9 .@ 

24 16.8 17.0 & 

25 15.7 16.5 P 

26 16.8 29.9 0 

27 26.0 300.2 2 
28 27.0 27.0 q 

29 33.4 33.6 9 

30 23.6 19.5 ;I 
2 -OCOgH3 

2 -ogoct13 

3 -0COsH3 

3 -OGOCH3 

28 -OCOcH3 

28 -w_ooc~~ 

21.3 q 
170.8 ; 

25 
37.6 f, 

22.7 1; 

80.4 d 

37.8 a 

56.2 a 

17.5 ,li 

31.4 $ 

41.4 a 

51.3 d 
36.3 a 

54.6 d 
54.5 d 
89.0 a 

41.3 0 
26.6 $i 

23.2 A 

45.1 B 

60.6 d 

40.2 d 

37.5 d 

30.5 .& 

31.3 .t 

27.7 q 

17.2 “4 

16.3 “s 

16.2 ; 

19.5 : 

179.2 i 

17.3 y 

21.3 4 

21.3 q 
170.9 s 

a2 
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 

i 16.8 

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 

!a 
43.3 -t 

72.6 d 

80.8 d 

39.0 a 

57.9 P 

18.7 f, 

32.7 ;t 

38.7 8 

51.6 d 

37.7 a 

54.5 d 
53.5 d 

37.4 a 

157.6 a 

118.1 d 

31.3 ii 

39.0 B 

44.0 d 
40.1 -t 

28.5 a 

35.6 A 

28.5 f 

28.3 n 

17.9 q 

16.5 ‘: 

29.7 i 

27.1 ;; 

65.7 % 

33.6 4 
20.0 ; 

21.3 ;; 

171.0 s 

21.0 q 

171.0 i 

!s 
46.3 2 

68.7 d 
83.9 d 
39.0 s 

57.9 P 
18.8 Ii 

32.7 $ 

38.9 P 

51.7 d 
37.8 E 

54.6 d 
53.5 d 
37.4 a 

157.7 a 

t la.0 d 

31.3 II 

39.1 6 

44.0 d 
40.2 A 

28.5 s 

35.6 A 

28.5 2 

28.4 q 

la.1 < 

16.6 s 

29.7 : 

27.2 ; 

65.7 t 

33.6 q 
20.0 p 

21.0 q 
171.5 g 



4492 B. P. PRADHAN et ol. 

Dloc~on of the reaction me-: It is evident from the results discussed 

above that selenium dioxide initially exldise8 the allyllc C-11 nethylene to the 

IntermedIate organeselenlc acid&which form8 the hydroperexide J_ In all cages 

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

posltlon. The hydroperoxlde ‘J would undergo ia presence of acid (selenle acid) 

a concerted eleminatlon sf a molecule of water with migration of double bond to 

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

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

methyl eeter and ursolic acid/methyl eater the suitably situated carbonyl graup at 

C-28 poPition acts as a nucleophilo en the intermediate carbonium isn wb form- 

ing lactone derlvativoe In preference to the taraxerene derivatives. On the other 

s 1, R’=HB 
3, R’= CHZOAc 

&, R’=H 
8a, Rke 

. 

hard, the acetyl derivative at C-28 (or C-17-CH20Ac) & which also carries a 

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

carbonium ion 2 to yield a rearranged Intermediate J$,. As no such rearranged 

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

carbenyl group from the site of the carbonium ion. Thus the trlacetate 1-?, furni- 

ohes the taraxerene derivatives l& and 4e where the functional group at C-28 lo 

not Involved in the reaction. The formation of la&ones 2 and J& and Jjc_ and 

2 from the methyl esters of oleanelic acid Jd_ end ursollc acid j%_ respectively 

must proceed via the intermediate J setting free the methyl carbonium ion. 

We have encountered such lactonlzatlon of methyl esters during bromination of 

methyl esters of triterpenoid C-17 carboxyllc acids’. 
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M.ps are uncorrected. Petroleum ether (PE) used &ad b.p. 60-80.C. ‘H NMR 

spectra (Internal TMS):in CDCl3, Bruker NH-400; l3 C NMR spectra (off resonance, 

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 Na2S04. 

v DrocedurQ: A soln of triterpenold (0.5 g) in t=HuOH (100 ml) 

wae refluxed with Se02 (0.2 g) and H202 (3 ml) for 60 k. Tke completion of the 

reaction was Indicated by depseltioa of black selenium metal. After recovery of 

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

water. The solvent was removed by distillatlen and the residue (0.5 g) ChiWmate- 

graphed. Elution 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. 

: & (0.5 g) was oxidized with Se02 (0.2 g) 

and B202 (3 ml) in i-BuOH and worked-up as detailed above. The chromatogram on 

elution with PN-benzene (4:l) furnished u (0.3 g) which on crystallization with 

CHC13-MeOH furnished a of m.p. 307-08.C; pi/z: 482 CM+), 468, 390, 343, 283, 259, 

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

0.97, 1.00, 1.08, 1.10 (8a, 8 Me), 2.05 (g, -OAc), 2.79 + 2.80 (4, lH, J = 5 Hz), 

3.10 + 3.11 + 3.12 (i, lH, J = 5 Hz), 4.52 (a, lH, fi-C-FOAc), 5.55 (&, lH, J = 

3, 10 HZ) (Found: C, 79.40; H, 10.42 Calcd for C32H5003i C, 79.62; 8, 10.44%). 

Further elution with PR-benzene (2:3)elutedft(0.25 g) that cryatellised from 

CHC13-MeOH, m.p. 284-85*C, J&: 440 (!4+), 425, 407, 389, 3C0, 257, 203, 189, 150, 

133, 108 (base); acetylation with Py-Ac20 gave a compound identical (m.m.p., co- 

IR and co-TLC) tith Q . 

Q&&tlon ofd-apl.vrin acetate w: A mixture of & (0.5 g), Se02 (0.2 g) and 

H202 (3 ml) in t-BuOH (100 ml) wae refluxed for 60 h. after ueual. work-up the 

residue (0.5 g) was chromatographed. PE eluted a solid (0.2 g), m.p. 224-25% 

identical (m.m.p. and co-IR) with starting material & Further elution with PC 

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

furnished s of m.p. 213-14OC, (Lit3 m.p. 214-15’(l), sJ&: 482 (M+), 468, 408, 390, 

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

afforded (0.1 g) 49, m.p. 245_46’C, (Lit3 m.p. 249-5O’C); IR 3450 (OH), 880 (epo- 

xide), 820 ()C=CH-) cm”; TNM: yellow colour; da: 440 (Mz), 425, 407, 389, 300, 

203, 189, 108 (base); acetylation with Py-Ac20 gave % (identified by m.m.p. and 

CO-TLC). 
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Preparation J,J from methyl cratagolate aand oxidation of 2: A 60l.n of ;19 

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

destroyed with a saturated soln of Na2S04 and the product was extracted with a 

large amount of ether. The solvent was removed and the crude trio1 j$& (0.8 g),IR 

3300-3600 cm-' was acetylated with Ac20-Py. The triacetatea (0.7 g), m.p. 179- 

8O'c, IR 1720-1750, 1240-1250, 820 cm -' was oxidimd with Se02 and H202 ae detail 

ed in the general procedure. Elution of the chromatogram with PCbenzene (1~1) 

furnished I.& (0.3 g) crystallised from CHC13 -MeOH,m.p. 295_96’C, IR 3400, 17501 

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

349, 256, 229, 202, 187, 134, 120, 107, 43 (base); '11 NMR: s 0.77, 0.81, 0.87, 

0.93, 0.96, 0.98, 1.19 (7&, 7 Me>, 2.05, 2.08 (28, 2x -OAc), 2.80 (a, lH, J = 5 HZ 

12-&X%), 3.13 (4, lH, J = 5 Hz, 11-&-O-), 3.22 (a, lH, J = 10 Hz, F&-OH), 3.7 

(ABq, J = 15 Hz, 28-CEf2-Olc), 5.03 (9 of &, IH, 2-W-oAc, J = 5, 10 Hz), 5.47 CL&!, 

lH, J = 2, 10 Hz) (Found: C, 73.20; H, 9.22. Calc for C34H5206: C, 73.35; H, 9.41 

%). 

Further elution with benzene-EtOAc (4:l) afforded& (0.2 gf, crystallised from 

CHC13-MeOH, m.p. 266-67*C, IR 3200-3600 (OH), 1720, 129 (OAc), 880 (C=CH), cm-'; 

J& : 514 (M+), 472, 454 (base), 439, 421, 317, 255, 230, 201, 187, 1351 108, 69, 

55; 'H NMR:6 0.87 (a, 2xHe), 2.04 (s, OAc), 2.80& 1H, J = 5 Hz, -0-c-12 91, 

3.03 (9, 18, J = lo Hz, HO-C-3 &L), 3.13 (fL, IH, J = 5 Hz, -0-C-11 #, 3.72 (A@, 

2H, 28-Ct12-O~c, J = 14 Hz), 3.79 (a, lH, J = 4, 12 Hz, HO-C-2 Y) and 5.46 (MI 

lH, C=C-153) ppm).( Found: C, 74.300; H, 9.65. Calc for C32H5005: C, 74.67; HP 

9.79%). 
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