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Abstract-Treatment of oleanolic acid acetate (lb) with H?O? in boiling HOAc gave the epoxy-y-lactone 2b and the 
I?-hydroxy-y-ldctone 3b. The total absence of the 12-ketodihydro acid 4b among the oxidation products of lb has 
been rationalised. The results of this reaction with several isomeric pairs of triterpenoids of the ursane and 
oleanane skelcta bearing functional groups at C-17 other than a carboxyl group show that for any appreciable 
oxidation involving the intermediacy of a I?fi.l3@-epoxide 6a or 6b. the I7-carboxyl group is an essential 
requirement. An intramolecular epoxidation of I?.lFdouble bond of la and lb by IFpercarboxy acid fomed in 
situ has been envisaged. The reactions aiming at introducing I l-12-double bond and 13(28)-oxide moiety in the 
ursane system arc described. The desired compound 2c was obtained by treatment of the trio1 Ip with TsOH. With 
H:OJTsOH. lp. however, gave besides Ze. the rearranged product 8% The difference in the chemical behaviour of 
lp and Iq has been explained.Treatment of Zc with HlOl in boiling HOAc gave the epoxide 21. The mechanism of 
formation of 21 and 2b is discussed in rhe light of this observation. 

In continuation of our earlier work’ on the rein- 
vestigation of the action of H202 on ursolic acid acetate 

(la), we report in this communication the results of 
further investigations of this reaction on several isomeric 

pairs of ursane and oleanane derivatives. The paper also 

deals with reactions leading to the generation of a I l,l2- 
double bond and a 13(28)-oxide moiety in the ursane 

skeleton. 
The characterisation’ of the products h, 30 and 4r 

obtained”’ from la by the action of H202 in boiling 
HOAc prompted us to apply this reaction to oleanolic 

acid acetate (lb). particularly in view of the report of 3b 
by Barton ef al.‘ as the sole oxidation product of lb in a 
similar reaction. Using the condition of Jeger et al.,’ we 

could not only reisolate 3b. but also obtain a second 

compound (O-I), C12H4R01 (M’ 512), m.p. 295”. [alo 

+ 42” (CHCI,). which from its spectral data [S,,, 3.0, ZH, 

s (-CH’%&): v,., 1765 cm-’ (y-lactone)] and by 

chemical correlation with 3b was shown to have the 
structure 2b. a compound obtained earlier by Kitagawa et 
al. ‘a,’ in course of photochemical irradiation of oleanolic 

acid. Treatment of O-I with 6N ethanolic H,SO, 
afforded the hydroxy keto-derivative 3c which on 

acetylation gave 3d. identical in all respects with the 

product of chromic acid oxidation of 3b. 
It is interesting to note that while oxidation of la 

afforded, besides 2a and 3a, the keto-dihydro derivative 
4a. the corresponding oleanane analogue 4b is totally 
absent in identical oxidation of lb, although la and lb 

differ only in the alkyl substitution pattern in their E ring. 

‘Preliminary accounts of this work were presented at the 
Annual Convention of Chemists. 1978. Waltair. India. Absrracfs. 
Org. I I I, p. 47; Annual Convention of Chemists. 1979. Kuruk- 
shetra. India. Abstracts. Org. 133. p. 51. Annual Convention of 
Chemists. 1980. IIT. Powai. India. Absfracts. Org. I I. p. 5. 

This may be attributed to the additional steric effect of 
the IPmethyl group in la, as evident from the con- 

formational expressions 50 and Sb (Scheme I) for la and 
lb, respectively. Based on the mechanism we have pro- 

posed’ earlier, the formation of a keto-dihydro derivative 
4a or 4b requires the intermediacy of a 12/3,13p-epoxide 

6a or 6b, which would rearrange presumably through 
hydride shift (Scheme I, path “a”); the formation of 3a 

and 3b may involve the alternative paths “b” and “c”. In 

the ursane series (as in la) both these processes would 
be expected to involve a high activation energy due to 
steric interference of the IPmethyl group either to the 

nucleophile (H20; path “b”) or to the peracid (path “c”) 
approaching from the a-side. This makes the reaction 

leading 10 4s a significantly competitive process. In the 
absence of such additional steric effect of the IPmethyl 

group in the oleanane system (as in lb), the reaction 

leading to 3b as well as 2b becomes considerably less 
energetic and so proceeds well before the path “a” 

becoming a competing process 10 give 4b. The steric 
effect of the IPmethyl group in modifying the chemical 
properties of the ursane derivatives as indicated above 

finds strong analogy in our earlier’ observation of the 

remarkable stability of the epoxide 2a towards acids, and 
the ease with which 30 forms the enolacetate with 

Ac?O/Py compared to the normal behaviour of the 

oleanane analogues 2b and .?d. The formation of 2a and 
2b has been assumed to take place by the alternative 
routes “d” or “e”. of which the latter process is dis- 
couraged in view of the low availability of the triplet 
oxygen under the reaction condition, and the path “d” is 
more favoured in the light of our present investigation 
(vide infra). 

Based on the assumption that a 17-hydroxymethyl 

group in the ursane and oleanane systems might undergo 
nucleophilic participation like a 17-carboxyl function in 
these systems, both uvaol (lc) and erythrodiol (Id) were 
subjected to this reaction which afforded three products 
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la : Rf=Ac, R2=R3=R5 =H, R4=R6=Me, R7 =UI2H 

lb : R,=Ac, R2=R3=R4=H, R5=Rg =Me, R7 =C02H 

lc : Rl=R2=R3=R5 =H, R4=R6=Me, R7=CH2OH 

Id : Rl=R2=R3=R4=H, Rg=Rg=Me, R7=CH20H 

lo : Rl=R2=R3=R5 =H, R4=RG=Me, R7=CH2OAc 

If : R1=Ac, R2=R3 =R5 =H, R4 =R 6’ Me9R7=CH20H 

lg : Rl=Ac, R2=R3=R5=H, R4=RG=Me,R7=CH2OAc 

lh : R1=Ac, R2=R3 =R4 =H, R5 =Rg =Me, R7XH20H 

li : Rl=R2=R3=R4=H, Rg=Rg=Me, R7=CH2OAc 

lj : Rl=Ac, R~=R~=R~=H,R~=R~=M~,RFCH~OA~ 

lk’:Rl=Ac, R~=R~=R~=H,R~=RG=R~=M~ 

II : Rl=Ac, R2=R3=R5= H, R4=R6= Me, R7=C02Me 

lm: Rl=Ac, R2=R3=R4 =H, R5=Rg = Me, R7=CO2Me 

In : Rl=Ac, R2 =R3 =R5 =H, R4=R6 =Me, R7=COCI 

lo : Rl=Ac, R2 =R3=0, R4=RG=Me, R5=H9R7=C02Me 

lp : Rl=R3=R5=H, R2=OH,R4=Rg=Mer R7=CH2OH 

lq : R,=R3=R4 =H, R2=OH, R5=R6=Me, R7=CH20H 

Rl 

2a : R1 =Ac, Rl=Rd=Me, R3=H, R5,R6=0, lid 9 1%~epoxy 

Zb: R~=AC, RfH, R3= Rd=Me, Rg,Rg=O, 11%12d-epoxy 
11,12 

2~ : Rl=R3=R5=R6=H, R2=R4=Me, A,, ,* 

2d: R1=R2=R5=R6=H, R3=Rd=Me, A 
9 

2e 1 Rl=Ac, R2=R4 =Me, R3=R5=Rg=H, A 
11,12 

21 : R,=Ac, R2=R4 = Me, R3=R5=Rg=H, lla(,l2a(-epoxy 



Oxidative transformations of triterpenoids of the wsane and oleanane skeleta with hydrogen peroxide 551 

3a: Rl=OAc, R2=R4=R6=H, R3=OH, Rg”R+k, R~,RqCi 

3b: R,=OAc, Rz=R4=Rg=H, R3=OH, R@RFMe, Rg,Rg* 

3c: R,=OH, R2=RqH, R3,R4=09 R6=R7=Me, R8,Rg=0 

3d: RI=OAc, R2=R5=W, R3, R4=0, Rg=R7=fhit, Rg,Rg=O 

3e: Rl=OAc, Rz=RfyH, R3, R4=01 Rg=RyMe, Rg,Rg=a 

3 f : RI=OW , R2=RL= R6= R8= Rg’ ii, R3= fk, Rs= R7=Mo 

39: Rt,R2=0,R3=8r, R~=R6=R8=Rg==X, R5=R7=Me 

la: R1 =Ac, R3=H, Rz=R4=Me, R5,=CO2H 

4 b: RI =Ac, RpH, R3=R4=Me, R~=CtQH 

4~: RpAcsRpR4=Me~ R3=Ht Rg=CO+ie 

4d: R1=AclR2=H,RfR4=Me~ RyC02Me 

in each case. With lc, the three compounds, CuH2,02 
(N” 484), m.p. 159”; CJIH510, fM” 4&1), m.p. 242” and 
CwH5,0. (M“ 526), m.p. tSl”, were shown to be 28-Q 
acetyl uvaol (le), 3-O-acetyl uvaol (11) and 3,28-O@ 
diacetyl uvaol (le), respectively, from their various 
spectral data and by chemical correlation with lc. 
Similarly, with Id, the three products were found to be 
the co~esponding isomeric 28-O-acetyl ery~rodiol (li), 
3Gacctyl erythrodiol (fhf and 3.28-0,QdiacetyI eryth- 
rodiol (lj). The above reaction with lg and I] resulted 
only in partial deacetyiation to give It (-33%) and lf 
(-- 10%) and 11 (- 40%) and lb (- 10%) respectively. Sur- 
prisingly enough, in any of these reactions not a trace of 
any oxidation product could be detected. In fact, le. If 
and lg were obtained from -1c and lh, li and lj from Id 
by simply heating lc and Id with 80% HOAc. The total 
absence of any oxidation product in the reactions of lc 
and fd with H*O*~HOAc established the significant role 
played by the C-17 carboxyl group in initiating oxidativc 
t~nsformations of la and lb. This was fu~ber suppled 

by the results of similar oxidation of the following tri- 
terpenoids of the a- and fi-amyrin skeleta bearing at 
C-17 functional groups other than a carboxyl group. Thus 
when a-amyrin acetate (lk) and acetyl methyl ursolate 
(11) were subjected to the above reaction, the former 
was only pa~ially hydrolysed to form a trace of its 
deacetyl derivative (- 10%). while the latter was oxidised 
only in trace to the corresponding 12-ketodihydro 
derivative 4c (- 4%), m.p. 272” ~~~~~ 1235 and 1735 (OAc 
and CQMe). 1700 (> CO)cm-‘f. Similar oxidation of 
acetyl methyl oieanofate (Im) gave also a very small 
amount of the ~2-ketodihydro derivative 4d f-6%), m.p. 
177O [vln., 1240 and 1725 (OAc and CO*Me), 1700 
(3 CO) cm-‘], although in a slightly better yield than its 
ursanc analogue 4e. 

The above observations indicate that for any appreci- 
able oxidation with H202 to be initiated by the 12,13- 
double bond in ursane and oleanane skeleta, the presence 
of a t7-carboxyl group is an essential requirement. It 
further advocates the possibility that the !7-c~boxyl 
group in la or lb is first converted in situ to a percar- 
boxylic acid function which is sterically well-poised to 
cpoxidise the 12,l~double bond intramolecuIarly 
(Scheme 1, path “f”). Due to excessive steric crowding 
the alternative intermolecular epoxidation (path “8”) of 
the 12,13-double bond by peracetic acid formed in situ is 
less facile, though not excluded completely. 

Attempt to prepare the percarboxy acid 7 correspond- 
ing to la by the action of alkaline Hz02 on the acid 
chloride In, however, failed due to remarkable stability 
of In towards SN: reactions on steric ground. In [m.p. 
295”, vm.x ~8~crn-’ (COCI)] is one of the most stable 
acid chlorides, hitherto known. which remains unchanged 
under ordinary hydrofytic conditions and can be crystai- 
lised and chromato~aphed. 

The participation of the percarboxy acid 7 in the 
oxidation of la or lb was, however, indicated by the 
results of oxidation of the former (la) and its methyl 
ester (11) in H*Ot in absence of HOAc, thereby excluding 
the possibility of the formation of peractic acid. Thus 
ireatment of la with H,02 in boiling benzene gave the 
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3 a: RI =R3=Me,RZ=H 
3 b: R,=H,R2=R3 =Me 

a: RI =R3=Me,RZ=H 

Lb: R, =H, R2=R3=Ne 
2a : Rt =R3=Me, RpH 

2b: R,=Ht R2=R3=Me 

Scheme 1. 

12”ketodihydro acid 4a (~haracterised as its methyl 
ester), albeit in poor yield. T%e thin-layer chromatog~m 
of the total reaction product, however, indicated the 
formation, in trwes, of two more compounds which were 
different from Za and 3a. Under identical reaction con- 
dition, II, on the other hand, remained unchanged. This 
therefore demands the generation of 7 for the formation 
of the 12~,13~-epoxide 6a acting as the obligatory in- 
t~rmediate for 49. 

The report by Kitagawa ef a/.‘* of the formation of 28 
which was considered to be a precursor of a number of 
physiologicai~y active saikogenins, prompted us to pre- 
pare its ursane counterpart 2e, as it would also serve to 
establish the validity of the mechanistic path “d” for the 
formation of &I and 2b. In one of the methods, uvaol was 
treated with NBS’ in aqueous dioxan in presence of 
light. This has yielded two compounds, A, C3&+,01Br 
(M” 521). m.p. 189” and B, CWH,,OzBr (M’ 519). m.p. 
204”, which were shown to have the structures 3f and 3g. 
respectively from their spectral data. Reduction of 3g with 
NaBH, afforded 3f confirming their inte~elationship. 

Attempted dehydrobromination of 3f with coilidine* at 
I40”, however, regenerated uvaol. Collidine being a bulky 
base faits to abstract the axial hydrogen at C-11 due to 
severe I$-diaxial interactions in the transition state, and 
instead, eliminates the bromine at C-12 as a bromonium 
ion. Treatment of 3f with LiF’ in DMF providing a base 

like F- of considerably smaller volume dso failed to 
bring about the desired dehydrobromination, 

In an alternative method, acetyl methyt ursolate (II) 
was treated with NBS’ to give a compound, CUHWO, 
(M” 526), m.p. 235”, which shows IJV absorption, r\,,, 
250 nm (log P 4.06). characteristic of an enone. This and 
its other spectral data are consistent with the structure 
lo. Reduction of lo with LAH afforded the trio1 lp [Y,,,,~ 
33~-33S~~m-i (OH)] which appears to be fairly stable- 
compared to its reported.’ oleanane isomer fq. Treat- 
ment of lp with TsOH gave the compound C, CWHUI02 
(M’ 44% m.p. 210”. It shows the IR band at 334Qcm-’ 
for hydroxyl group and formed a monoacetyI derivative, 
C,,H,O, (M‘ 482). m.p. 220’. Compound C was shown 
to have the structure 2~ on the basis of the PMR and 
mass spectral data of the compound and its monoacety~ 
derivative. Its formation can be explained by the cyclis- 
ation of the I%hydroxymethyl group of lp to form the 
13(28)-oxide ring with concomitant acid catalysed eli- 
mination of the II-hydroxyi group and mi~ation of the 
12,i~double bond to 11,~2-~sition. 

Treatment of Ip’with H20z/TsOH in a manner similar 
to that used by Kitagawa et 01.~~ with Iq, on the other 
hand, gave besides 2~. a second compound D, CX,H&I 
(M”‘ 456). m.p. 235”, the latter being the major com- 
pound. Compound D shows IR band at 3520-34Wcm-’ 
for hydroxyl group. It formed a diacetyl derivative, 
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8a: Rl=R3=R5=H9 RZ=Rd=Me 

8b: Rl=Rz=R5=H, R3=Rb=Me 

8c: Rl=R5=Ac, RfH, R2=R@4e 

C3,HJ20J (M” 540), m.p. 185”. The PMR spectra of 
compound D and its diacetate coupled with their typical 
taraxerene type of mass spectral fragmentations’ est- 
ablish the structure 8~ for compound D. 

The formation of 8r from lp by the action of 
H20JTsOH may be assumed to be initiated by the 
generation of an I I-hydroperoxy function.4b followed by 
acid-catalysed rearrangement involving migration of l4- 
methyl to C-13. The alternative route involving nucleo- 
philic participation of the l7-hydroxymethyl group to 
give the I l,l2-epoxide of 2c does not work at all with lp. 
whereas under identical reaction condition lq is repor- 

ted4b 10 give both 8b and the ll.lZepoxide of 2d, the 
latter being the major product. Such difference in the 
chemical behaviour of lp and lq may again be assumed 
to be due to the steric effect of the IPmethyl group in 
the former. The severe nonbonded interaction between 
l4- and I9-methyl groups in the II-hydroperoxy inter- 
mediate derived from lp forces the reaction exclusively 
towards the thermodynamically less stable9 product 8a 
totally suppressing the alternative course to give the 
I I.IZepoxide of 2~. In absence of any such steric inter- 
action the results with lq are those to be expected. 

It would be interesting lo note that 2c is a compound 
very close to the one conceived as an intermediate (path 
“d”. Scheme I) for the formation of 2a and 2b. Although 
m-chloroperbenzoic acid at ambient temperature failed 
to epoxidise 2e, the latter on treatment with H202 in 
boiling HOAc afforded a compound, C,,H,.,O, (M’ 498). 
m.p. 170”. which from its various spectral data was 
shown to be the desired epoxide 2f. This therefore speaks 
strongly in favour of the mechanistic path “d” for the 
formation of 2s and 2b. 

EXPEMMENTAL 

M.ps were determined in a Kofler block and were uncorrected. 
IR spectra were run in KBr disc in Beckman Infrared Soec- 
trophotometer (Model 20). PMR spectra were recorded in a 
80 MHz Varian CFl’-20 instrument in CDCll usinn TMS as the 
internal standard. Mass spectra were run in an AEI MS9 instru- 
ment equipped with a direct inlet system and operating at 70eV. 
m/e values of only the most characteristic peaks are given and 
the figures in the first brackets attached to m/e values indicate 
relative abundance. Silica gel (60-100 mesh) was used for column 
chromatography and silica gel G for TLC performed at room 
temperature. All analytical samples were routinely dried over 
P?O( at 55-138” depending on the m.ps of the compounds for 24 h 

in uacuo. Anhydrous Na$O, was used for drying organic 
solvents and petrol used had b.p. 60-80’. 

Formation of 2b and 3b. Oleanolic acid acetate (0.45 g), m.p. 
263”, in glacial HOAc (5.5 ml) was stired and treated with 3.9 ml 
of a mixture of 30% HIO? (2.8ml) and glacial HOAc (2.8ml) 
uniformly during IS min at 100-105” and the reaction was left. 
After 2 h the remaining soln was added during IO min and the 
reaction was left for a further I h. The mixture was diluted 
(75ml) and was extracted with ether, washed, dried and the 
solvent evaporated. The residue was methylated with 
diazomethane in the usual manner and then chromatographed. 
The petrol-EtOAc (50: I) eluate on evaporation gave the methyl 
ester of lb (0.4g). m.p. 210’. The early fractions of the petroi- 
EtOAc (IO: I) Pave 2b (0.025R). crvstallised from CHCII-MeOH 
(1:2). m.p. 299, [ajo 442” $HC?,); Rf 0.30 in petrol-EtOAc 
(4: I); vrna, 1765 (y-lactone). 1720 and 1240 (OAc). 870 (epoxidc) 

cm-‘; dppm 4.4, IH. m (-CIjOAc), 3.0. 2H. s. Wl1/2 3Hz 

0 
I 

(-d-b-), 2%3H, s (-OCOCIj,) and 0.8-l.24(7 Me); m/e 
512 (M’ , 30), 497(20), 468(7), 4S2(9), 277(57). 263(57), 249(17). 
235(13), 234(17), 218(W), 217(54), 205(41), 204(98). 203(89), 
189(100), 175(54) and 133(54). 

Later fractions of petrol-EtOAc (5: I) gave 3h (0.01 g), crys- 
tallised in fine needles from petrol-EtOAc. m.p. 277, [a]o + 58.8” 
(CHCI,); RI 0.5 in petrol-EtOAc (2: I): vmpr 3540 (OH), 1770 

(v-lactone). 1730 and 1240 (OAc); 8,,, 4.4, IH. m ()CljOAc), 

3.80. IH, m. wh/2 7 HZ ()CHOH). 1.97.3H. s (OCOClj,) and 

0.79-1.23 (7Me): m/e 514 (hi’ . 21). 499(42). 496(12). 454(23), 
453W). 300(16). 264(30). 250(28). 249Q8). 246(23), 234(16). 
218(44). 205(65). 204(42). 203(30). 189(100). 177(53) and 175(39). ._. 

A&f-cofojysed hydrolysis oj Zb andforr&ion of 3e and 3d. 2b 
(0.015 g) in 6N H?SO, (2.5 ml) and abs EtOH (3 ml) was refluxcd 
for 4Omin according to the method of Kitagawa et al.‘* The 
product was chromatographed and the petrol-EtOAc (5: I) eluate 
gave 3e (0.012g) which on acetylation with AczO/Py gave Jd 
(0.01 g). crystallised from petrol-EtOAc, m.p. 272”. It was iden- 
tical in all respects with the compound obtained by chromic acid 
oxidation of 3h following the method of Kitagawa et 01.‘~ 

Treatment of uuool (lc) and etyrhrodiol (Id) with H*O:/HOAc 
and formation of le. If. lg and lh, II and 11. Uvaol (0.5 g) and 
erythrodiol (0.25g) were treated separately with 30% H?Oz in 
HOAc in the same manner as in lb. The products in each case 
after usual workup were chromatographcd. From the products of 
lc, the petrol-EtOAc (50: I) eluate gave lg (0.043 g). crystallised 
from CHClrMeOH (1:9). m.p. 151”; vmlr 1245 and 1735cm. 

@AC); 8,,, 5.16, IH. m (>C =Clj-CH1-), 4.53. IH. m 

()CljOAc). 3.83, 2H. AB q. J IO Hz (+&OAc). 2.03. 6H. s 

(-0CXMX) and O.&l.23 (7Me). The early fractions of the 
petrol-EiOAc (20: I) yielded If (0.015 g). _ crystallised from 
CHClrMeOH (1:9). m.o. 242”. (Found: C. 79.5: H. 10.7. 
CI?H~OI requires: c. 79.j; H. 10.8%) Ye., 3560 (OH), 1720 and 

1265 (OAc) cm-‘; 8,,, 5.1. IH, m (>C = Clj-CHr), 4.4, IH, m 

()CHOAc). 3.35. 2H, AB q. J IO Hz (+ij>OH). 2.05. 3H. s 

WCOCHI) and 0.86-1.24 (7 Me). The later fractions of Ihe 
petrol-EtbAc (20: I) afforded 1; (0.3458). crystallised from 
CHClrMcOH. m.o. 159’. (Found: C. 79.2: H. 10.9. CI?H,~O, 
requires: C. 79.3: ‘H, 10.8&.) pm., 3620 (OH). 1725 and 1% 

(OAc) cm-‘: 6,,, 5.19. IH. m (>C = Clj-CH?), 3.77.2H. AB q. 

J IOHt ($-Clj~OAc), 3.28, IH. m ()CljOH), 1.99 3H, s 

(-OCOCIj,) and 0.76-1.20 (7 Me). 
The products from Id on similar chromatography gave lj 

(0.023 g). crystallised from CHCh-MeOH (I : 9). m.p. 182”; 6,,, 
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5.1, lH. m (>C = CH-CH& 4.42. IH, m ()CHOAc). 3.88, 2H. 

AB q. J l0H.z ($-CHzOAc). 1.95,6H, s (-0COCHs) and 0.8-1.2 

(7Mc). lh (0.008g). m.p. 155’ and li (O.lOg). m.p. 181”. both 
crystallised from CHCl&eOH (I :9). (For 1dFounb: C, 79.4; H, 
10.7. CQHVO~ reauires: C. 79.3: H. 10.8%. For Ii Found: C. 79.2: 
H. 10.91 C,rHr!O; requires. C. 79.3; H, 10.8%) Ii: Y.... 3480 

(OH). 1260 and 1710 (OAc) cm-‘; S,,, 5.1, IH. m (>C =CH- 

CHr). 3.75, 2H. AB q, J IOHz ($-CHzOAc), 3.15. IH, m 

()CHOH), 1.98. 3H. s (-0COCH~) and 0.87-1.26 (7 Me). lb: 

6,,, 5.1. IH, m (>C = CH-CHr), 4.5, IH, m ()CHOAc). 3.35, 

2H. AB q. J IOHz (-C-C&OH), 2.0, 3H, s (-OCOCHs) and 

0.85-1.2 (7 Me). Both le’and lf gave lg and both HI and II gave 
11 on acetylation. 

Attempted formation of perursolic acid acetate (7). lr (0.3 8) in 
benzene (IO ml) was kept overnight under anhyd condition with 
oxalyl chloride (I ml) in the cold. Benzene was removed under 
reduced pressure. The residue in toluene (I5 ml) was stirred with 
30% Hz02 (0.5 ml) and l(N) NaOH (0.3 ml) at room temperature 
for 3 h. The product on neutralisation and usual workup did not 
liberate iodine from an acidified solution of KI. It was chroma- 
tographed and the petrol-EtOAc (50: I) eluate furnished la 
(O.O8B), crystallised from CHCIs-MeOH, m.p. 295”, Y~,~ 1800 
(-COCI), 1240 and 1730 (OAc) cm-‘. Stirring In with NazOz in a 
mixture of toluene and DMSO for 3 h also did not bring about a 
change. 

Reaction of uuaol (lc) with NBS. lc (0.5 g) in dioxan (I5 ml) 
exposed to light from a 500 Watt electric lamp was stirred’ for 
I h at room temperature with freshly crystallised NBS (0.3 g) in 
presence of finely powdered CaCO, (0.1 I g). It was filtered and 
the filtrate was diluted with water, extracted with ether, dried and 
the solvent removed. The residue was chromatographed. The 
petrol-EtOAc (80: I) eluate gave 3g (O&g), crystallised from 
CHCb-MeOH (I :9). m.p. 204”. (Found: C, 69.1; H, 8.9. 

CaHqO?Br requires: C. 69.4; H. 9.0%) pm,r 1698 (>C=O) cm“; 

S,,, 4.17. IH. m; Wh/2 3 Hz (-CH+ZH-(Br)-$-), 3.45, 2H. AB 

q, J 7Hz (-C-GCH&). 2.55. 2H. m (-CO-Cl&-) and 0.8& 

1.26 (7Me). m/e 519 (Mt. 2). 439(40), 431(17). 301(13). 299(15). 
245(l I), 234(21). 233(100). 231(36). 219(38). ZlS(28). 207(13), 
205(43). 203(51), 201(24). 191(42) and 163(17). 

The petrol-EtOAc (50: I) furnished Jf(O.06 g) crystalliscd from 
CHCb-McOH. m.p. 189’. (Found: C, 69.2; H, 9.2. CaH&Br 
requires: C. 69.09; H. 9.42%) vm,% 34OOcm.’ (OH); 8,,, 4.2, IH. 

m. Whl! 3 Hz (-CH1_CHqB+C-). 3.45. ZH, AB q, J 7Hz 

($-0-C&C-), 3.16. IH, m ()CH-OH) and 0.8-1.26 (7 Me). 

NaBHI reduction of 3g. 3g (0.015 g) in MeOH was treated with 
NaBH* (0.006 g) in portions and the soln was kept overnight. The 
product after usual workup gave 31(0.013 g). 

Arfempred dehydrobrominarion of I with collidine and LiF. (a) 
31 (0.05 g) in collidine (5 ml) was heated at 140” for 2 h in an 
atmosphere of nitrogen. The product was acidified with 6(N) 
HCI. extracted with ether dried and the solvent removed. The 
residue was chromatographed. The petrol-EtOAc (IO: I) eluate. 
on evaporation. gave lc (0.045 g). 

(b) 31 (0.02g) in dry DMF (IOml) was refluxed with LiF 
(0.155 g) for 2.5 h. The product was then diluted with water, 
acidified with cone HCI and extracted with ether. The residue on 
removal of solvent was chromatographed to give 31 (O.OOSg) in 
petrol-EtOAc (50; I) eluate. Petrol-EtOAc (IO: I) eluatc afforded 
an uncharacterised compound (0.012 g), crystallised from CHCIT 
MeOH(l:9).m.p.>300’. 8,,,4.85(lH.s).3.24(lH.s),3.12(2H. 
AB q. J 7 Hz) and 0.76-0.97 (7 Me). 

NBS oxidafion of II and formation of lo. II (I g) in dioxan 
(30 ml) was stirred at room temperature with freshly crystallised 
NBS (0.6 g) in presence of finely divided CaCOz (0.226 g) as in lc. 
The product, worked up in the usual manner, was chromato- 
graphed. The petrol-EtOAc (IO: I) eluate gave lo, m.p. 235”, vm,, 

1732 (COMc), 1235 and 1720 (OAc), 1620 and I658 (>C = 7-C = 

0) cm-‘: m/e 526 (M’ , 65). Sll(9), 467(16). 466(16), 317(100), 
27609). 261(19), 257(63). 249(12), 248(U), 217(56), l89@9) and 
175(W). 

LAH reduction oj lo. lo (0.3 g) in THF (I5 ml) was reduced by 
a slurry of LAH (0.5 g) in THF (IO ml) in the usual manner. The 
product after usual workup was repeatedly crystalliscd from 
petrol-EtOAc to give pure lp (0.25 g), m.p. 213”. (Found: C, 78.9: 
H, 10.9. CJOH~OOJ requires: C, 78.6; H. I I.@%); m/e 458 (Me , 2), 
441(28). 440(81), 27l(ll), 234(37). 216(ll), 207(31), 203(100) and 
189(18). 

Formation of 2c f’“m Ip. A soln of lp (O.lZg) in a mixture of 
CHzClr (IO ml) and BuOH (2 ml) was stirred with TsOH (0.035 g) 
at room temperature for 27 h. The product after removal of 
solvent under reduced pressure was worked’b up to give a 
residue which was chromatographed. The petrol-EtOAc (IO: I) 
&ate gave 2c (O.lOSg). crystallised from CHCb-MeOH (1:9), 
m.p. 210”. (Found: C, 81.6; H, 11.0. C&I.& requires: C, 81.8; 

H, 10.9%.) &, 5.67, IH. d, J IOHz (+CH = CH-), 5.37. IH, 

dd. J, IO Hz, Jz 3 Hz (+CH = CH-CH-), 3.34,2H, AB q, J 6 Hz 

(-$-O-C&-$-), 3.20, IH, m ()CHOH) and 0.72-1.02 (7Me); 

m/e 440 (M’, 42) 409(9), 290(26), 25705). 20600), 2OY35), 
189(19), 175(21), 173(23), 161(60). 135(63), 95(89) and 8l(lOO). 
Acetyl derivative (2e), crystalliscd from CHClrMeOH (1:9). 
m.p. 22V; vm.r I250 and 1730cm- (OAc); I$,,,,,, 5.67, IH. d, J 
IOHz (H-12), 5.35, IH, dd, Jr IOHz Jz 3 Hz (H-II). 4.45, IH. m 
(H-3), 3.32, ZH, AB, q, J 6 Hz (Hz28) .1.95.3H, s (OCOCHr) and 
0.8-1.0 (7 Me). 

Treafment of lp with HzD$TsOH and jonnation of 2c and 8a. 
A soln of lp (0.2 g) in a mixture of CHzClz (6 ml) and ‘BuOH 
(2 ml) was stirred with 30% H?Oz (0.5 ml) and TsOH (0.06 g) at 
room temperature for 42 h. The product was worked up as before 
and chromatographcd. The petrol-EtOAc (IO: I) eluate gave 2c 
(0.07 g), and petrol-EtOAc (5 : I) cluate yielded lp (0.02 g). Fur- 
ther elution of the column with petrol-EtOAc (I: I) gave 8a 
(0.1 g), crystallised from petrol-EtOAc. m.p. 235”. (Found: C. 
78.7; H. 10.6. CaHaO, requires: C. 78.9; H. 10.5%) vmll 3400- 

3520 (OH), 880 (-CH' Y’CH-) cm-‘; 6 5 47 IH m (-H:C- ppm . I * 

CH = C-). 3.25, IH, m ()CHOH). 3.12; ZH, s (-C&OH), 3.05. 

0 

IH, 1. J 5 Hz and 2.87, IH. d. J 5 Hz (-CH-CH’-‘C&-) and 

0.75-1.1 (7Mc); m/e 456 (M’ , II). 425(25). 407(47), j91(33). 
317(67), 301(68), 287(49), 271(59), 267(72). 253(100). 241(99), 
237(93). 227(99). 21709). 205(99), 203(98). 191(97), 189(91) and 
l75(92). Diacetatc (8c) crystallised from CHClrMcOH. m.p. 

0 

l85”, VW, 1250 and 1740 (OAc). 880 (-CH’-‘CH-) cm-‘. 6,,, 

5.48. IH. m (-CHICH = C-J. 4.48, IH. m ()CHOAc). 3.68,ZH. 

s (-CHrOAc). 3.05. IH, 1. J 5Hz and 2.87, IH, d. J 5Hz. 
0 

(-CH-CH’-‘Cl+). 2.04. 6H, s (OCCCH,). 0.88-1.24 

(7 Me). m/e 540 (M! , 30). 481(78), 48lX45). 465(5l). 420(28). 
389(18), 344(25), 29Yll). 279(29). 262(10), 22933). 202(57). 
189(76). 175(71) and 135(100). 

Treatment of 2t with m-chloroperbenzoic acid and 
Hr&/HOAc. (a) 2e (0.3 g) in CHzCIj was stirred with m-chloro- 
perbenzoic acid (0.2 g) at room temperature for 22 h. The product 
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was worked up in the usual manner. The PMR spectrum of the 
product did not show any signal for epoxide proton. 

(b) tC (0.3 g) was refluxed with 30% Hz@ in glacial HOAc in a 
manner similar to that used for lb. Usual workup of the product 
followed by ~~omato~aphy gave 2f (O.O3g), crystalliscd from 
patrol-EtOAc, m.p. 170”. (Found: C, 77.0; H, 10.1. C,zHwO, 
requires: C. 77.1; H, 10.09&) vmar 1242,1742 (OAc). 870 (epoxide) 

cm-‘: S,,m 4.54. IH. m (&fOAc), 3.49, tH, AB q, J 7Hz 

(-C&-O-$-), 3.02. IH, br. signal. Wh/2 4 Hz (H-i I), 2.82, IH. d. 
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