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Absurd-The action of hydrogea peroxide on ursolic acid acetate ia boiliag acetic acid bas been niavestigated, 
aad the three oxidation products, designated as Ur, Ua and Urn, have been reisolated. Tbe stmckre of U, has ken 
revised to & aad that of UO has been established as llr on the basis of specti aad chemical evidence. Additional 
spectral data are provided ia support Of the ShvCWre Of $1 (Sn). The stere0ekCtrOaic factors tespoasiMe for the 
un~stabilityoftbeepoxidetunctioninu*~~reprranoementt~~~~~~(~) 
aad the facile conversion of the latter to the eaol-acetate (lOa), compared to the noma khaviour of the 
stractanity similar compounds, Sb sad M of the oieaaaae series, have been ratioaaiii. 

Oxidative ~sfo~tion reactions of the pentacyclic 
triterpenoids of the Q- and &amyrin series have been the 
subject of considerable chemical interest since early 
nineteen tkir6e.s. A huge number of such reactions which 
are mostly initiated by the 12,13double bond in the 
aforesaid triterpeaoid skeletons has been studied by 
several groups of workers.‘-” In 1946 Jeger d alp stu- 
died the action of hydrogen peroxide on ursolic acid 
acetate (I) in hot glacial acetic acid and reported the 
isolatior If three crystalline compounds which, in the 
present dtscussion, are designated as Urr f&H&, m.p. 
##)-82”, [alD+51” (CHcI3), Um Cdbo%~ mP. m 
[ah,+ W (CHCls) and Urn, f&H&, m.p. 321” [methyl 
ester, C33H~ZO~, m.p. 246-W, [ah,+ 35” (CHCMI. These 
authors, however, did not assign any structure to &I, but 
proposed, mainly on the basis of analytical data and 
some chemical evidence, the partial structures 2 and 3 
for Ur and Urn, respectively. Extension of these partial 
formulations in the subsequently established nrsane 
skeleton gave the complete structure 4 and !!a for Ur and 
Um, respectively. Later in 1957, Simonsen and Ross’* 
referred tu this work in the review on terpenoids and 
stroqgly disapproved the formulation 4 for Ur. They 
suggested the stntctures 6 or 7 for Ur niithout, however, 
providing any positive evidence in support of their pro- 
position. This has prompted us to undertake a thorough 
reinvest@tion of this work. Accordingly, Ur, Un and the 
methyl ester of. Utn were reisolated and the reported 
molecuhu formulae of the compounds were con&med by 
their mass spectrometrically derived molecuhu weights 
of 512,514 and 528 respectively. Jn this communication 
we report spectral and chemical evidences which neces- 
sitated revision of the structure of Ur, and established 
those of Un and Urn. 

The JR spectrum of Ur shows bands for acetoxy (1725 
and 1240 cm-‘) and epoxide (872 cm-‘) function and an 
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intense band at 17aScm-’ which clearly indicates the 
presence of a @ctone rather than an c-htctone as 
required by the formuIation 4. Examination of Dreiding 
model also shows that construction of 4 is stericahy 
impossible. The most decisive evidence against the 
structure 4 was provided by the PMR spectrum of Ur 
showing usual signals for seven C-methyls (S 0.821.23), 
the C-3 acetoxy function (6 2.06, 3H, s) and the C-3 
methine proton (6 4X,1 H, m). ‘Ihe spectrum, however, 
shows no other downfield signal below 4ppm which 
couldbeascriitoamethineprotongeminaltothe0 
atom of a lactone function, and, instead, contains two 
one-proton signals at 6 295 (d, J 4Hz) and 3.10 (br. 
signal, Wh/2 = 4 Hz). The chemical shifts and the split- 
ting patterns of these protons are strikiqly similar to 
those reported”7~*‘~‘s for the vicinal &oriented 
hydrogens in several oxirane systems. The presence of 
two such protons, the absence of any &tonic methine 
proton and the chamcte&tic y-&one absorption in the 
JR spectnnn of Ur thus completely invalidated the for- 
mulation 4 derived by extension of the partial sttucture 2 
proposed for the compound by Jeger et al These obser- 
vations, at the same time, also ruled out the ahernative 
structures 6 and 7 for UI suggested by Siionsen and 
Ross, but are best explained in terms of the suucture 8t 
The formation of Ur as formulated above finds strong 
analogy among structurally similar compound 8b 
obtained by p~~~~~n of 01eanoJic acid.’ The two 
often signaks at S 295 and 3.10 have been assigned, 
respectively, to the C-12H and C-IlH of Ur. The 
observed WhD (4 Hz) of the signal for C-l IH supports 
the oorientation of the epoxide function, which is also 
preferred on steric grounds. 

The mass fragmemations of Ur exhiiit striking 
similarity with those of the isomeric epoxy-v-la&one 8b 
of the 0Jeanane series. Beside8 the molecular ion (m/c 
512). the sign&ant peeks at at/c 468,227,263. U9.235, 
218,217,205,204,203, 189 and 175 appear& bltheMS 
ofU~canbebestrationaJised(!&%eme 1)intermsoftbe 
structure 8a 

Purther evidence in support of the structure 8a for Ur 
was provided by the fohowing logon reactions 
of the compound. Acid-catalysed hydrolysis of Ur with 
6N aqueous ethanohc 8uJphuric acid for 1Ohr under 
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a: R-H; b: RIM@ 

rehxing conditions followed by acetylation of the reac- 
tion products atforded, on chromatographic resolution, 
besides an appreciable amount of Ur, a new compound 
CwH& (M+’ 554). m.p. #)8”. The IR spectrum of the 
latter shows bands at 172U and 1240 (-O-C-CH,) and 

8 
1755 (+c.t&e) cm-‘. The PMR spectrum of the com- 
pound exhibits. besides the usual s&nals for seven C- 
methyls (S O&3-1.23), the C-3 acetoxy (6 2.05, 3H, s) 
and the C-3 methine (8 4.53, 1 H, m) protons, two ad- 
ditional signals at S 2.15 (3 H, s) and 5.85 (1 H, broad 
signal with fine splitting, Wh/2= 3Hz) which strongly 
suggest the presence, in its molecule, of an en&acetate 

function of the type -~HCHC(OA+, - or -CH- & 

This is further supported by the fact 

that acid-hydrolysis of the above acetate 8ave the cor- 
responding deacetyl derivative, C&I&, @I+’ 470), m.p. 
283-85’, which shows in its IR spectrum bands at 3450 
(-OH), 1765 (y-lactoae) and 1698 cm-‘, the last one being 
attriited to a &membered cyclic ketone. Moreover, the 
above deacetyl derivative has been readily converted to 
the aforesaid enol-acetate by the action of acetic anhy- 
dride and pyridine. These observations thus tkmly est- 
ablish the presence of an epoxide function at C-11 and 
C-12 in Ur and are intelligible in terms of a rearrange_ 
ment of the latter to either a 12-keto @a) or an ll-keto- 
(Sa) +vztone derivative, which on acetylation gives the 
enol-acetate lOa or lob. The position of the enol-acetate 
function in the latter and that of the keto ~goup in the 
former has been settled by comparison of their various 
spectml properties with those of the uurespondin8 
compounds of the oleanane series. For this purpose an 
authentic sample of 3p - acetoxy - 12a - hydroxy - olean - 
2.8 - oic - 13(28) - lactone (llb) was oxidised with 
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CG/Py to give the corresponding 12-keto-compound 9e. 
The !atter upon retluxing with Ac20/Py was converted 
for the first time to a compound, C~lroos (M+’ 
554). m.p. 2550, which from its various spectral data was 
shown to have the enol-acetate structure 1% isomeric 
with that derived from Ur. Acid-hydrolysis of either 1Oc 
or 9e gave the 12-keto-compouad, C&O, (M” 470), 
m.p. 304” identical with W, obtained by acid-catalysed 
rearmqmment of 8b. As expected, refhtxing 9d with 
AczO/Py regenerated 10c. The olefinic proton of the 
latter appears at 6 5.88 having identical splitting pattern 
(Wh/2 = 3 Hz) with that of the enol-acetate derived from 
Ur. By analogy, the structures of the &derived enol- 
acetate and its deacetylderivative were postulated as 10s 
and 9a respectively. The virtual identity of the mass 
spectra of 9a and lea with those of 9d and 19c, respec- 
tively, is also in accord with this conclusion. Further, the 
striking resemblance of the CD curve of 9a to that of %I, 
as well as to that of 9q”” all showing characteristic 
negative Cotton effect supports the location of the keto 
group in 9a and hence the enol-acetate function in 101 at 
C-12 AU these observations in turn finally establish the 

structure of Ur as 3/J - acetoxy - lla$?u - epoxyursan - 
28 - oic - 13(28) - lactone (84. 

It may be noted that U,(Sa) and the analogous com- 
pound Sb of the oleanane series exhibit a remarkable 
difference in reactivity of their epoxide function towards 
acid. The latter shows normal behaviour of an epoxide 
derivative undergoing smooth acid-catalysed (refhuring 
with 6 N aqueous ethanolic H&I4 for only 20 nut) rear- 
rangement to the 12-keto compound 9d, while the former 
under similar reaction conditions is mostly changed to its 
deacetyl derivative (8c). C&L.Q (IS’ 470). m.p. 296’, 
u,, 3300 (OH) and 17I5 (+ctone) cm-‘, convertible to 
U, on reacetylation. Working under the conditions of 
Jeger ei al.” (retluxing a solution of U,. in 
MeOH/Cd&/conc HCl for 35hr) followed by acetyl- 
ation of the total reaction products, we could, however 
detect by means of UC the presence of the et&acetate 
1Oa in extre.mely poor yield. The initial formation in very 
poor yield of the 12-keto compound 9s from which 101 is 
obtained as above possibly escaped the notice of the 
previous workers. Even by increasing the concentration 
of the acid and the reaction period (retluxing a sohrtion 
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a : RI =% =Rs =R7 =H; Re=&=Me; R2,RpO 

b : RI -Rg -& -R7 =H; Rs_R&le; RQRs-O 
c: Rl-Ac; %-R&+-H; &4+Me;R2~&-0 

d : RI=&-RS ‘I& ‘H; &‘R8’Me; R&j-O 
e t RI-AC; b-R5 -R&4; WRgMe; R2rbM0 

AcO 

a:RpR,pH;RgQAc;RpR@e 

b: RI-Ok; RpR&; fL=F+# e 
c: Rpb=H; R2tOAc; R,pRs=Me 
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a : RI% -Me; R2-H 

b: RI-H; &-b-Me 

of Ur in 6 N ethanolic HSO, for IOhr) the maximum 
yield of 9s that could be obtained is about 2546, the rest 
beh the deacetyl-Ur (8c). A further interesting obser- 
vation is that the 12-keto compound 9a is smoothly 
converted (on slight warming with Acfi/Py) to the enol- 
acetate lOa, wbmcas the analogous 12-keto compound 
W, derived from either 8b, or !Je gave the enol-acetate 
derivative 10~ only after prolonged re!lux with ActO/Py. 
The stereo-electronic factors responsible for the obser- 
ved difference in the reactivities of the epoxide function 
in 8a and 8h and that of the 12-keto group in 9s and W 
(and hence of SC) may be explained by exammation of 
the conformations of 84 8b, 9a, 9d and of tbe enol- 
aceWes 101, and 1Oc represented as 1% 12b, l* 131 
and 14s ad 14b respectively, (Scheme 2) constructed on 
the basis of their Dreidiqt models. 

In both 12s and 12b cleavage of bond (a) with con 
comitant hydride shift from C-12 and usual hydrolysis of 
3-acetoxy function leads to the formation of the cor- 
responding 12-keto derivatives 13a and 13b. The aher- 
native cleavage of the bond (b) to give the corresponding 
ll-keto compound is presumably inhibited due to the 
destablixation of the incipient carbonium ion to be for- 
med at C-12 by the electron-withdrawing inductive effect 
of the lactone function at C-13. Now, it may be seen that 
the OH group in tbe mcipient carbonium ion at C-11 
formed by cleavage of the bond (a) in 12a would be 
under severe steric interaction with C-l!We group, rais- 

ing the energy of the transition state too high. As a 
result, the reaction leading to the formation of 13a from 
12a is unusually suppressed. On the other hand, no such 
steric factor is operative in 12b (R,= H) and con- 
sequently it reananges smoothly to 13b. The latter 
should again behave as a compound containing a normal 
keto-methylene group and as expected forms the enol- 
acetate 14b only under relbtxing conditions. The situation 
with 13a, on the other hand, is altogether ditferent. The 
12-keto and the 1PMe groups in 13a are again under 
severe steric strain which increases the thermodynamic 
instability of the compound. The driving force for the 
facile formation of the enol-acetate 14s from 13a is 
obviously the release of the above steric strain. 

Uu shows in its IR spectrum bands for acetoxy fUnc- 
tion (1725 and 1230 cm-‘), y&tone (1775 cm-‘) and OH 
group (33OOcm-‘). The presence of an OH function in 
Uu is also supported by the formation of an acetyl 
derivative, C!J&O~ (M” 556), m.p. 302’, v,. 1775, 
1746 and 12SOcm-‘. The PMR spectrum of Uu shows, 
besides the usual signals for seven C-Me (S 0.86-1.22) 
and the secondary acetoxy function at C-3 (6 2.05,3 H, 
s and 4.50, 1 H, m), the presence of a one-proton broad 
signal at 6 4.03 (Wh/2 = 8 Hz) attriiutable to a carbinyl 
proton geminal to an axial OH group. The OH proton 
appears at S 3.70 disappearing on deuterium exchange. 
The mass spectral fragmentations of Uu exhibit striking 
sim&rities with those of 38 - acetoxy - 12~ - hydroxy - 
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r:R1=H~R2=R3 =Me 
b:R, ‘R2 ‘MegR3=H 

l :Rl =I+, R2=R3=Me 

b:R1=R2w4QIR3=H 

Scheme 2. 

olean - 28 - oic - 13(B) - lactone (Ilb). ‘llxsc obser- 
vations are thus consistent with aft aoal0gOUS sttucturc 

llr for Un, the seterochemistry of the OH group being 
assigned on the basii of similar splitting pattern of the 
signals due to the hydroxy methine protons in Urr and 
llb. 

More compelI@ evidence in support of the structure 
llr for UIr has been secured from the following reac- 
tions and its chemical correlation with U,. Oxidation of 
Un with CrOJPy gave a compound, C3&&~ (M+: 512), 
m.p. 274”. which shows in its IR spectrum bands for 

acctoxy group (1725 and 125Ocm-‘), 7-lactone 
(1765 cm-‘) and a Cmembered cyclic keto-wbonyl 
(1705 cm-‘) function. The MS of the compound is strik- 
ingly similar to that of the 12-keto-compound 9e of the 
oleanane series. These together with its characteristic 
PhIR spectral data strongly support the structwe !k for 
the compound. This is further corroborated by the fact 
that the physical constants of this compound compare 
excellently with those reported for 3j3 - acetoxy - 12 - 
0x0 - ursan - 28 - oic - 13QE) - lactone prepared by 
Mezzetti ct ul.’ Although a direct comparison could not 

16 
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be made, it appears that the two ~rn~~~ are identical 
in all respects. Tbis is also bone out by the fact that on 
Watment with Ac&Py, 9e gave the same enoi-acetate 
1011 derived from Ur. Alternatively, acid-hydrolysis of 9e 
or 10s gave the identical 12-keto-compound 9a obtained 
from Ur. These chemical correlations thus firmly est- 
ablish tire structure of Un as 38 - acetoxy - 124 - 
hydroxy - ursan - 28 - oic - 13(28) - la&one (11~). 

URI was isolated as its metbylester. Ibe JR (v, 1725, 
1700 and 12SOcm-‘) and PMR [S 0.72-0.98 (7-G 
nWhyls); 2.05, 3 H, s and 4.5, 1 H, m (~Jj-OCOC~,); 

243, 2H, m and 2.66, 1 H, br signal (- 
F 

H-C&-;- 

0 

F 7 
J_J- H-); 3.73, 3 H, s (-C!O&ie)] spectral data of the 

methyl ester of Urn recorded for the tirst time, when 
considered along with its physical c4mstants strongly 
support its identity with 38 - acetoxy - metbylketodi- 
hydroursolate (56) prepared independently by Ruxicka tz 
uLto and Mattson d d”* ~o~~n~y, the structure of 
Urn should be represented as Sa as postulated by Jeqer et 
af.? the stereo&em&y of C-13 H being tentatively 
assigned as u on the basis of its mode of formation. 

Fdy it would be instructive to comment on the 
mechanism of formation of Ur, Uu and Urn. Altbougb 
the precise mechanism is still obscure, it appears quite 
clear that the formation of all the three ~rn~ds is the 
result of an initiaJ reaction of peracetic acid (formed in 
sJ@) with the 12,Sdouble bond of ursolic acid acetate. 
A plausible mechanistic rationale as depicted in Scheme 
3 may be envisaged as a working hypothesis. The reac- 
tion of peracetic acid on the 12,KMouble bond of ursolic 
acid acetate may directly lead to the formation of Uu, 
t&e y-la&one function being formed by the nucl~p~c 
participation of the c-17 carboxylic group. Alternatively, 
the same reaction may result in the initial formation of a 
12,llepoxyderivative 15, with the carboxyl group 
remaining intact. Acid-catalysed manangement of 15 
[cleavage of bond (II)] with concomitant hydride shift 
forms Uur. Opening of the epoxide function in 15 by the 
afternative cleavage of bond (a) followed by lactonisation 
may give the intermediate, 16, which on subsequent 
epoxidation may lead to the fomration of U,. The for- 
mation of the latter through the intermediacy of the 
hydroperoxide 17 (Scheme 3), analogous to those con- 
ceived by Corey ei al.’ in the autooxidation of Q- and 
~-~~s, and by Ki@jawa ef &” in the pbotoche- 
mical adoption of okanolic acid seems unlikely in 
the present case in view of the reaction conditions, viz 
boiling acetic acid, unfavourable for the availability of 
the triplet oxygen necessary. 

M.ps were de- in a K&ler block and were atnamed. 
IMess otbe&ae stated, fR spectra were nm in Nujol mulls in 
Beckman I&red SpcctropbotomeW (Model 20). PMR spectra 
were recorded iu a 6OMz instlument in CDCC solution using 
TMsasintcmai&lndxrd.Mpss~wmnmillanWMs9 
hMnmwntequ&dwitbadircctinlstsy~temandoper&gat 
7OeV. hfetastabk peaks are iudi&cd by m* and r.i stands for 
rslntive imkdty. silicct gd gio-rmmcsb) w uwd for d3ii333 

Cathy and silica gel G for tic performed at room temp. 
(25-359. An Malytkal sampks were routinely dried over P& at 
5~1uTdtpeadaaeontbc~~ofthecompouadsfor2(hrin 
wcuo. Anbydrops Na$B, was used for drying cqanic solvents 
and petrd used had b.p. 60-80”. 

~~~~~ of fJr (84. CJ, (118) and ~h~#t~ of VIII 
(SW. Pure urxoiic acid acetste (0.9g for each set of wztions) 
m.p. 28T w dissolved in gkcii HOAc (27ml). A mixtum of 
30% II& (5.7 ml) aud giacial HOAc (5.7 ml) wan pnparcd from 
wllicb 7.smi were added uniformly to tbe ursolic acid acetate 
sola during 15mia. After 2br tbc remaining eoln was added 
during 1Omi11 and the reaction was aikwed to proceed for 
another hr. M these operations were done at a temp. of 100-105” 
with contimmus stir+. Tbe mixture was then largely diluted 
F75ml). The solid SepaIaM wss coikcted, waabed with water 
and crystaUi5ed from MeGH to give UI (0.15& m.p. 280@; R, 
0.65 in petrol-EtOAc (3: 1) M the developer; m/c (r.i): 512 (W’, 
31.8). 497 (15.9),494 (7.9),484 (9.5), 468 (7.8). 452 (11.1). 437 (79), 
316 (10.3). 300 (15.9), 278 (16.6). 277 (72.2), 263 (61.9). 250 (19.0). 
249 0,235 (i&3), 232 (19). 231 (20.6). 218 (15.9). 217 (39.7). 206 
(13.5h= (49.2),204 (53.91, ~3 (58.7), 190 (u.9), 189 (too), itut 
WI, 187 (28.61, 175 Ml), 163 (23). 161 (22.3). 159 (21.4). 147 
(45.31, 135 (57), 134 (23.91, 133 (36.51, 123 (27j, 121 (47.7). 119 
(63.5). 109 (42) and 105 (42): m* m/r 482.5.399.384.371.5.228.5. 
i79, i&5, iti, 152.89, ‘n-Ad 75: . . . ’ . 

The combined mother liquor after crystalWion of U, was 
evaporated to drynsss alJd the residue was methyiated witb 
CH,N, ia the usual mauner. The metbykted product wa!J 
C~~~~. Tbc petrols (3: 1) eluate furnished xftcr 
evaporation a further Bmount (0.005 gl of UI. The conceotrated 
pctroi-C&, (1: 1) eluate tiorded a solid which cryshdiised 
from MeGH to give q ctbykster of ursolic acid acetate (0.01 R). 
~vapar&n of the eariy fra&ns of t& C&-CHCI3 (4:i) 
eluate yield a solid which crystallkcd from MeGH to give 
mcthykstcz of Um (O&5& m.p. 246-e 4 0.45 ia W 
EtGAc (3: 1) xs the developer. The iatcr fractions of C&CHCi3 
(4tl) eluate, on removal of solvent, gave a solid wbkh cryxki- 
liWdfrom8cetolWnctbW l to give Un (0.12& m.p. 27p, RI 0.5 
in pebd-EtOAc (2: 1) as tbe developer; m/c (ri.): 514 (I@’ 14), 
496 (26.2), 454 (u), 436 (9.8). 300 (33.7), 251 (20.3), 250 (25.6), 
249 (29.6). 246 (26.2), 234 ~91,206 (u), 205 urn). 2o4 (48.8). 203 
(24.4). 190 (26.11, 189 (83.7). 175 (UJ), 161 (25.6). 147 (19.1). 136 
(26.3, 135 0, 134 (18). 133 (17.4). 123 (233). 121 (29.1), 119 
(22.1). 109 (25.5), 107 (26.7) and 105 (14.5); m* m/e 384, 212. 
175.s 170.7,146..5,152.8,143f aad 105J. 

Acid catalysed hydndysis of U, @a) 
(3 A da of U, (0.1s) in C& (lml) ti MeGH (4ml) was 

retluxed witb wont HCl (O.Jml) for 3Jhr acco&ng to the 
merhodofJcgererrIf.~Tbcresidueobt&uiafterremovalof 
solvent under reduced pressure was diluted with water, extra&d 
with etber and d&d. Evaporation of ether kft a residue which 
waatreatedwithA@Pyandthemixturewaswarmedonn 
waterbatbfor3Omio.Tbemixturewasdiiutedwithwaterand 
thelibemtedsoMwascoUcctuJanddrkd.Tkofthisaolid 
sbowedthatitwasamixtureofmosUyurtcbangedU~aodtnicca 
of l(I, R, 0.6 in petrol-EtGAc (4: 1) as tbe developer. The 
mixture was cbromatogmpbed. PetNd-EtOAc (10: 1) eluate gave 
Ut (0.~~. and petr&EtGAc (9: 1) e&e on evaporxtion 
a&rdedoniyatraccof lo& 

(iii A mixtum of UI (0.148). 6 N Ii&W, (15 ml) and abs EtGH 
(2Oml)wasre5uxedforiObrovcraiowtlame.Aftercodiq& 
EtGH was removed u&r reduced pressure. The residue after 
dihl&llwitbwatnr~CXtr&!tedwithetbsrPaddlied.lb3moWl 
of solveat kft a residue widcb wax acetykted with Ac#Py as 
pbovc,~tbemixhnewaswortedap,atsointhesama~. 
!%ikr c-y of tbe resction products afforded UI 
(0.1 n) mkd lik (0.03 a) crystal&d in line aeedks from pet& 
Et& (6: I), m.p. 288”. iFoormd: C, 73.a; H, 9.05. C&i,@, 
requires: C, 73.65; H, 9.03%). m/r (r.i.) 554 (M+‘, 8.6). 512 (8.6), 
510 (6.41, 497 (7.01, 468 (6.4), 460 (5.4). 291 (45.2), 250 (9.7). 249 
(527). 221 (129). 201 (215). 203 (too). ta9 (10.8). 175 114). 135 
i23.7j; 133 iis.ij; 121 ii9.4j-aad it9 ii9.4); & n;ie m3Ia~i73.4 
aad 141.8. 

(iii Amixtureof U,(0.#0).6NH2SO.(3ml)~absEtOH 
(6 ml) was m&ed for #Imia over a low tlame. EtGH was 
nmOVCdUDdiXI@dllKd~.ThedUCW8SdilUtCdti 

water, cxhctcd with CHCi3 xnd dried. Tbe CHCi3 kya wu 
concentrxtui and chromatogn@ed. Pet&EBOAC (10: 1) duatc 
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gave unchanged LJ, (0.005 g). Petrol-EtOAc (7: 1) eluate fur- 
nished & (0.033g) crystallised from the same solvent mixture 
(5: 1). q .p. 296’, R, 0.35 in petrol-EtoAc (3: 1) as the developer. 
(Found: C. 7650; II, 9.81. C&O, requires: C, 76.60: H, 
9.79%). 

0.01 g of 8c was acetylated with Acfi/Py in the usual wr 
to give 0.009 g of UI. 

Acid-cafalysed hydrvlysis of 1L lo h and its ngaemtbn 

from 9a A mixture of 1L (0.05 g), 6 N I&SO, (5 ml) and abs 
EtOH (5 ml) was relluxed for 30 min over a low flame. After 
cooling, EtOH was removed under reduced pressure. The residue 
was diluted with water, extracted witb ether and dried. Removal 
of solvent left a residue which crystaUised from petrol-EtOAc 
(4: I) to give 9a (0.045 g), m.p. 283-85”; & 0.3 in petrol-EtOAc 
(3:l) as the developer (Found: C, 76.53; H, 9.81. C&O, 
requires: C, 76.60; H, 9.79%). c.d. (M&H): [B]=-1954 and 
[gb+2077. 

ccqolmd k (0.01 e) was treated with 1 drop of Pyridiac and 
A@ (1 ml). The mixture was warmed on a water bath for 
30 min. Usual work up gave 1L (0.009s). 

Chtvmk acid aridation of llb to 9c and the formation of ldc 
ftum !k. Compound lib (O.lg) was oxidised by Cq to 9e 
(0.087 g), m.p. 270” following the method of Kitagawa et al. c 0.05 g 
of9(waJtreatedwithAc2O(2ml)andpyridine(05ml)aadtbe 
mixture was gently retluxed for 3 hr. After cooling, the product 
wasworLedupinthesamemanaerasintheceJeof1~~e 
crude solid obtained was chromatographed. PetroCEtGAc (12: 1) 
eluate gave unchanged 9c (0.03 g). Petrol-EtGAc (1 I : 1) eluate, 
00 evaporation, gave lgc (0.015g) crystallkud from the same 
solvent mixture (8: I), m.p. 255”: & 0.6 in petrol-EtOAc (4: I) as 
the developer. (Found: C, 73.59; H, 9.00. C&I& requires: C. 
73.65; H, 9.03%). m/e (r.i): 554 (M+‘, 2.0), 512 (7.3), 510 (2.0), 497 
(7.0), 468 (8.0), 466 (5.7). 302 (4.7), 301 (18), 292 (6.0), 291 (28.7), 
w) (4.7). 249 (23.4), 231 (17.3), 221 (15.7), 205 (8.7). 204 (20.7), 
203 (100). 189 (17.3). 175 (26.6). 135 (14.0), 133 (11.3) and 121 
(13.3). 

Acid-catalysed hy&ulyds of 1Oc and 9t to kl and the mge~w- 
ation of 18c fmm W. A mixture of l(c (0.04g). 6 N H2SGI 
(3.6 ml) aad abs EtOH (4.6 ml) was refluxed for 20 min OVCT a low 
dame. It was then worked up as in the case of acidu~talyscd 
hydrolysis of 101 to give 9d (0.038g) crystallised from petrol- 
EtGAc (3:I), m.p. 304” (Found: C, 76.53; H, 9.83. C&O, 
nquires: C, 76.60; H, 9.79%). CD (MeOH): [e],, t297.3, [Ok 
594.6 and [&t 3642. 

A mixture of k (0.01 g). 6 N HaO, (1 ml) and abs EtGH 
(1.5 ml) was refhued for 30 min. The mixture was then worked 
up as above to give M (0.009 g). 

A soln of 9d (0.02g) in pyridine (0.1 ml) and AC& (1 ml) was 
gently relluxed for 3 hr. After cool& the mixture was worked 
upinthesamemanaerasinthecaseofaoetylatiooofPLTbe 
crudeproductwaschro~hed.3-O-acetyl-12-kelo- 
deaadic lactone (0.012g) was obtained from the petrol-EtGAc 
(12: 1) eluate. Further elutioo of the column with petrol-EtGAc 
(I 1: 1) gave 1L (0.006 s). 

AC&&on of Q,. A mixture of Uu (0.028). pyridine (0.1 ml) 
andAcP(Iml)waswermedooawaterbathfor30minandthen 
kept overnight. It was then worked up in tbc usual manner to 
give 12-&cetyl-Un (0.018g). crystallked from petrol-EtGAc 
(5: 1). m.p. M29 (Pound: 
73.38; H, 9.35%). 

C, ?3.s; H, 9.40. C,,H& requires: C. 

Chmmic acid oxlddion of Cl,, and the fonwtion of 9~. To a 
Jtimdsolnofu,*(o.lg)inacetonc(25ml)wssaddedQopwise 

CIQ soin (1.5ml) (compositioo: CrO,, 1.33g; coot H2SOI. 
1.5ml: Hfl, 3.8ml) at mom temp. and tbc mixture was kat 
stirred to; further ti min and then-diluted with water. The WI& 
ppt that sppeartd was collected by Bltration, dried and chroma- 
@qaphed Petrol-EtGAc (IO: 1) eluate oo evaporation, gave 9c 
(0.07 g) crystallked from petrol-EtOAc (4: 1). m.p. 274’. (Found: 
C, 7i95; H, 9.40. C&I,& requires: C, 7j.00;H, 9.38&), m/r 
(r.i.): 512 (M”, 39), 468 (18.3), 453 (7.4.452 (7.3), 250 (19.5). 249 
(100). 248 (24.4), 218 (27.3). 205 (28.5), 204 (34.2), 203 (24.4), 190 
(122), 189 (62.2). 175 (24.4), 161 (13.4), 147 (17.1), 135 (19.5), 134 
(12.2). 133 (122). 121 (20.7) and 119 122): q * m/c 468.428.5.399. 
Us. 196.5, i65.j; I43j aad 121. . .. ’ ’ . 

Fotmation of 1L from 9~. A mixture of 9c (0.02g). A& 
(1 ml) and pyridine (0.5 ml) was warmed 00 a water bath for 
30min and kept overnight at room temp. Usual work up of the 
reactioo mixture gave lOa(O.018 g). 

Acid-c&u/y&b&/ysi.s of 9i. A solo of 9c (0.015 g) in 6 N 
H& (1.5 ml) and abs EtOH (2 ml) was retluxcd for 30 min over 
alowdame.ThemixturewasworLtdupasintbewcoftbc 
hydrolysis of IL to give 9a (0.013 g). 

Acknowledgements-We thank Dr. B. C. Das, C.N.R.S., Gif-Sur- 
Yvette, France for the mass spectra, I)r. D. N. Roy, University 
of Toronto, Canada for the PMR spectra, Professor W. Klyne, 
West6eld College, London for t& CD curves and Ik. I. 
Kitagawa, Faculty of Pharmacwtical Sciences, Osaka Uni- 
versity, Japan for the generous supply of an authentic sampk of 
3B - acetoxy - 12~ - hydroxy - olean - 28 - ok - 13(zS) - lactone. 

‘I. A@a, E. J. Corey. A. C. Hortmann, J. Klein, S. Proskow and 
J. J. Ursprung, I. 09. Cikan 38.1698 (K&5). 

?. Mexxetti, G. Grzaksi and V. BeUavita, Ptanfa hi&a to(3), 
244 (1971). 

‘E. W. Fiiocane and J. B. Thomson, Chem. Common 1220 
(I=). 

Q.B.Boar,D.C.Kniebt,J.F.McGhiea~~iD.~.R.Barto~.~. 
Ch. Sot. (C), 678 (1970). 

‘C. W. Picard, K. S. Sharples and F. S. Spring, Ibid 1045 (1939). 
y. W. Picard and F. S. Spring, Ibid 1387 (1940). 
“I. Kitagawa, K. Kitagawa and I. Yosioka, Tctmhcdrorr Lmm 
509 (1%8); *Ibid 2643 (1968); % Tehuhdmn 28,907 Wm. 

‘L. Ruxicka and Coben, Hdo. Chim. Acta a, 804 (1937). 
%. Je=ger, R. Barth and L Ruxicka, Ibid 29.1999 (1946). 
‘5. Dreid& 0. Jeger and L Ruxicka, &id. 33.1325 (1950). 
“‘R Budxiarek, J. D. Johnston, W. Mansoo and F. S. Spring, 1. 

Ckem. Sot. 3019 (1951); ‘W. Mansoo and F. S. Spring, Ibid 
3332 (1951). 

‘J. Simonsea and W. C. J. Ross, & Tetpaws, Vol. V, p. 127. 
Cambridge university Pless, Cambridge (1957). 

“K. Mmata, S. Imai, M. Imankhi, M. Goto and K. )rdorits. 
Ttmhb~ Lutm 3215 (1965). 

“K. Mmta, S. Imai, M. Immisbi and M. Goto, Yakmgakm zarsfi 
m, 744 (1970). 

lrK. Tori, T. Komeno and T. Nakagawa, J. Org. Chem. 29,1136 
(1964). 

“P. F. Witz, H. Hermanu and J. M. L G. Gwisson, BrrlL Sot. 
CXm. I% 1101 (1%3). 

“V. G. Snatxke and M. H. EJgamal, Ann. Cti. 7sI), 1W (1972). 


