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Abstract-lsobornyloxy aluminium dichloride reduction of the ketolactone 2a of betulinic acid (la) gave the axial 

alcohol 2b as the preponderant product. Hydroxylactone B of la therefore must have the equatorial OH function 

contrary to our previous conclusion. The so-called “hydroxylactone A” has been found to be the ring A rearranged 

product 3a. Reexamination of earlier work has shown that la yields a mixture of 2e and 5a in presence of HBr-A&H. 

and a mixture of 2d and 3a with retluxing formic acid. Bromination of la affords le. 

We reported’ that treatment of betulinic acid (la) with 
glacial acetic acid: cone sulphuric acid: water (50: I : I) 
afforded a high melting ( > 330”) acetyl lactone which on 
saponification yielded hydroxylactone B, m.p. > 330°, 
[aID + 57”. The latter was earlier obtained on hydrolysis of 
the formyl lactone of la by Robertson et al.’ who also 
reported hydroxylactone A, m.p. > 320”, [a]*, + 75*2“, 
prepared from la or its acetate (lb) with hydrogen 
bromide in acetic acid or by refluxing lb with formic acid, 
followed by saponification in each case. Chromic acid 
oxidation of both the hydroxylactones A and B to the 
same ketolactone and other considerations led Davy rt 
al.’ to believe the two hydroxylactones to be identical. 
We, however, observed that the product prepared through 
formic acid treatment of lb could be easily differentiated 
from hydroxylactone B by TLC and IR and as such 
accepted the suggested’ epimeric nature of the two 
compounds at C-3 centre. 

Now, the ketolactone from hydroxylactone B predo- 
minantly regenerated the original alcohol on reduction 
with sodium borohydride or sodium-alcohol.‘~6 On the 
other hand, the preparation of hydroxylactone A from Ib 
was not expected to involve any inversion at the C-3 
centre. These observations could be explained either by 
assuming a(axial) configuration for the OH group in 
hydroxylactone A and consequently in la or by presuming 
the above reductions of the ketotactone to take an 
abnormal course to yield axial alcohol (in hydroxylactone 
B) as the major product. Since there could be no doubt 
about the 3p configuration of the alcoholic function in la, 
we were forced7 to envisage a conformational transmis- 
sion effect originating in ring E of the ketolactone to 
rationalise what appeared to be an unusual reduction. 

In a recent investigation on the reduction of 3- 
ketotriterpenoids’ with isobornyloxy aluminium 
dichloride-a stereospecific reagent* known to yield 
preponderantly the axial alcohol-we obtained from the 
ketolactone (2a) a new product, m.p. 306”, [cul” + 45”, 
designated as epibetulinic acid lactone (2b) different from 
both hydroxylactones A and B. It was also found to be the 
major product of Meerwein-Pondorff-Verley reduction 

of the ketolactone, the other product being hydroxylac- 
tone B. The NMR spectra, besides showing a one proton 
singlet around 6 4.0 ppm for a-proton on the lactone ring 
common to the three compounds, revealed that the new 
compound contains a 3a (axial) alcoholic function (IH, t, 
W,,, = 5 Hz, 6 3.39) which must be equatorial (I H, q, 
W,,, = I6 Hz, S 3.25) in hydroxylactone B(2c) as would be 
expected of normal reductions, while the so-called 
“hydroxylactone A” was not an alcohol at all. These 
observations therefore rendered the very basis of our 
previous conclusions’ invalid and prompted us to under- 
take the thorough reexamination of the reactions of 
formic acid, hydrogen bromide-acetic acid and of bromine 
on betulinic acid or its acetate’,4 to elucidate the structure 
of “hydroxylactone A” and to remove confusion in the 
literature. 

Action of formic u&f. Betulinic acid (la) on refluxing 
with 98% formic acid afforded a mixture of formyl lactone 
B (3/? - formyloxy - l8a - oleanano - 2X,19/3 - lactone; 
2d)‘.“ and the so-called “hydroxy-lactone A”.’ The latter, 
along with acetyl lactone B (38 - acetoxy - l8a - oleanano 
- 28,198 - lactone; 2e)‘.4 was also obtained from lb on 
similar treatment. The same “hydroxylactone A” was also 
obtained’ by us on treating la with PC&. 

“Hydroxylactone A” analysed for &H,O, (M’ 43X). 
The IR and NMR spectra supported the presence of a 
lactone ring and evidently there cannot be any other 
oxygen function in the compound. Its mass spectrum, 
unlike that of hydroxylactone B, showed the M-43 ion as 
the base peak. Formation of the compound from la 
involving loss of a molecule of water would, on 
mechanistic ground, require ring A contraction with better 
stabilisation of the double bond at 3(5) under acidic 
condition leading to structure 3a. This was confirmed by 
its oxidation with osmium tetroxide. Under the condition 
a-apoallobetulin (3b) was cleaved to the diketone (4a),9 
“hydroxylactone A” afforded the expected diketolactone 
(4b). The mass spectrum of the product (M’ 470) showed 
M-43 and M-71 fragments besides the base peak at m/e 
372 which could arise by McLtierty rearrangement as 
follows: 
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The structure of “hydroxylactone A” could thus be 
established as A - neo - 18a - olean - 3(5) - eno - 28,198 - 
lactone (3a). It was earlier reported” from montan wax. 

Compound 3a was also the predominant product when 
2d was refluxed with excess of formic acid, while heating 
lb with the same acid at 100“ yielded mainly 2e. Evidently, 
refluxing is a necessary condition for ring A contraction 
with the reagent. Though PC&, P,O, or Fuller’s earth are 
known to bring about such change, this appears to be the 
first report of ring contraction in triterpene series with 
formic acid. Incidentally, the present work indicates that 
p-apoallobetulin, a minor product ( < 2% yield) obtained 
by Ruzicka et al.” on refluxing betulin (lc) with the same 
reagent, was possibly an impure variety of IY- 
apoallobetulin.’ 

Action of HBr-acetic acid. On treatment with this 
reagent, la or lb yielded two major products, one of 
which was identified as 2.e. The other component showed 
the IR peaks for acetoxy and y-lactone functions similar 
to 2e; the NMR spectrum confirmed the presence of an 
equatorial acetoxy function at C-3 but did not exhibit the 
singlet near 6 4eOppm for the ~-proton on the lactone 
ring. Structure 5a (38 - acetoxylupano - 28,198 - lactone) 
thus appeared likely for the compound. This conclusion 
was supported by the mass spectrum of the corresponding 
hydroxylactone (Sb) which was differentiated from that of 
2c by the base peak at M-28 most probably due to the loss 
of an ethylene rather than carbon monoxide molecule as 
shown below: 
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The product from lb analysed for C32H490,Br (M+ 576, 
578) and formed a methyl ester. Structure Id has been 
assigned to the bromoacid on the basis of following 
evidences: the mass spectrum of Id showed a peak at m/e 
395 which did not contain bromine and could conceivably 
arise from the M-60 ion by expulsion of the side chain 
with two hydrogen transfers. The NMR spectrum exhi- 
bited, inter alia, a slightly broad singlet (2H) at S 397 ppm 
for the -CH,Br protons and two singlets (1H each) at 6 
5.02 and 5.15 ppm for the =CH, protons. 

The bromination of betulinic acid thus takes a course 
similar to that of lupeol reported by Gupta et al.” who 
also observed the isomerisation of the ally1 to the vinyl 
bromide on keeping with hydrobromic acid for a longer 
period. The spectral data of our compounds however 
excludes any such possibility under the conditions used. 

The results of lactonisation and bromination reactions 
of betulinic acid reported so far by earlier workers and 
those now observed by us are summa&d in Table 1. It 
may be noted that different possible products involving 
the double bond with or without rearrangement of rings A 
and E could be characterised. The difficulty in purifying 
the resulting complex mixture explains the confusion 
prevailing in the literature which could be clarified in the 
present work. 

EXPERIMENTAL 

All m.ps were determined in open capillaries and are uncor- 

rected. Optical rotations were measured in CHCI, in a Hilger- 

Sb 

The structural assignment was finally confirmed by 
direct comparisont of the hydroxylactone with an 
authentic specimen prepared earlier by Allison er 01.‘~ 
from la by mercuric acetate oxidation followed by 
hydrogenation. 

Action of .bromine. Robertson ei a1.3 reported a 
monobromolactone by adding bromine in acetic acid to an 
ethereal solution of lb. Later, Bruckner Jr. et al.” 
obtained monobromoacids by treating la or lb with 
bromine in chloroform. We have now observed that even 
Robertson’s procedure leads to monobromoacids rather 
than the lactones. 

?We are grateful to Dr. W. Lawrie of the University of 

Strathclyde for the comparison. 

Watts M-5 I1 Microptic photoelectric polarimetre and IR spectra 
as nujol mulls (unless otherwise specified) with a Perkin-Elmer 

Infra-cord (Model 137) instrument. Mass spectra were recorded in 

RMU-6L spectrometer at 80 eV using the direct inlet system. 
Petroleum ether refers IO fraction of b.p. 60-80”. TLC was done 

on silica gel G plates using (A) &Ho, or (B) CsH6: EtOAc (9: 1) as 
solvent system. Anhydrous Na,SO, was used as the drying agent 
and silica gel (BDH) as adsorbent for chromatography. 

Isobornyloxy aluminium dichloride reducfion oj 2a 
Isolation of lactone 2b and its acetate 2f. Reduction of 2a 

(0.17g) by this reagent in the usual way’ furnished 2c and its 
3-epimer (2b) in l7:83 ratio. Crystallisation of 2b from CHCl,-pet. 

ether gave colourless prisms, m.p. 304-306”, Ia],+45-0” (C O-60); 

v,.. 3480 (OH), I760 (C=O), 1155, 1120, 1070,995,970,930 cm-‘. 

(Found: C, 78.59; H. 10-44. C,J-l,O, requires: C, 78.89; H, 

10.59%). 
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la: R = X = H, R, = COOH 
b: R=Ac, R,=COOH, X=H 
c: R = X = H, R, = CHzOH 
d: R=Ac,R,=COOH,X=Br 
e: R = H, R, = COOH, X = Br 
f: R = AC, R, = COOMe, X = Br 
g: R = H, R, = COOMe. X = Br 

3a: R =0 
b: R= Hz 

2s R=O 
b: R=BH, aOH 
c: R = aH, j3OH 
d: R = aH, pOCH0 
e: R = aH, POAc 
f: R = /3H, aOAc 

Sa: R = AC 
b: R=H 

4a: R = H2 
b: R=O 

Table I. Summary of products obtained from la or lb 
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