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AMrect-The structure and stenochemistry of spcrgulagenic acid-a new tritcrpenoid sapogcnin from 
Mullugo spqula has been atablishcd as 3f3-hydroxy-okan-l2-cne-28,3@dioic acid. 

SPWGULAGEMC acid, a new triterpene isolated from Mollugo spergula,’ was earlier 
shown to be 38-hydroxy-olean-12ene-28, xdioic acid by its conversion to oleanolic 
acid.2 The second carboxyl group in spergulagenic acid was located either at C-4 
or at C-20 on the basis of ease of saponification of the corresponding yrbomethoxy 
group in dimethyl spergulagenate (Ib). The former position was ruled out because 
3-keto dimethyl spergulagenate (Ie) does not undergo decarboxylation on saponi- 
fication. The configuration of the C-20 carboxyl group in spergulagenic acid was 
considered to be a (equatorial, i.e. C-29) but further studies described in this paper 
show it to be 8 (axial, i.e. C-30) and accordingly the structure and stereochemistry 
of spergulagenic acid is represented as 38-hydroxy-olean-12ene-28,3Odioic acid (Ia). 

The mass spectrum (Fig. 1) of acetyl dimethyl spergulagenate (Ic, M = 556) is in 
complete agreement with the assigned structure and shows typical retro-Diels-Alder 
fragmentation pattern expected of olean-12-enes3 The principal ion fragments are 
summarized in scheme I. The mass spectrum (Fig. 2) of the trio1 (If, M = 458) 
obtained by LAH reduction of Ib provides further_evidence for the proposed structure 
(ride scheme II). 

The mass spectral analysis clearly shows that both the carboxyl groups in sper- 
gulagenic acid must be located in rings C, D and E. One of them has already been 
shown’ to be at C-17. Mass spectral studieqhowever, cannot eliminate C-14 as 
another possible site for the second carboxyl group in addition to C-20. However, 
the non-identity of acetyl dimethyl spergulagenate (Ic) with acetyl dimethyl cincholate 
(Ig)4 as shown by direct comparison of their mixed m.p, leaves hardly any doubt 
about the location of the second carboxyl group at C-20. 

Earlier the second carboxyl group in spergulagenic acid was thought to be a 
(equatorial, i.e. C-29) firstly because the carbomethoxy group at C-20 in dimethyl 
spergulagenate could easily be saponified to yield the dicarboxylic acid monomethyl 
ester (Id), which was previously represented as Ih, and secondly because the optical 
rotations of 3-ketodimethyl spergulagenate, m.p. 204-206”. [a]i3”’ + 113” and the 
dicarboxylic acid monomethyl ester, m.p. 292-294”. [a]i2” +97” (EtOH) prepared 
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(~9)~~ ,R s (JO) 

I II 

a R,=~~H;Rt=R,=cH,;~,=~,=~OO~ 

b R, =eH; R, = R, = CH,; R, = R, = COOCH, 

:H 
c R, qOAcv . R, = R, = CH,; R, = R, = COOCH, 

d R, =<EH; R, = R, = CH,; R, = COOCH,; R, = COOH 

c R, = 0; R, = R, = CH,; R, = R, = COOCH, 

f R, s& R, = R. = CH,; R, = R, = CH,OH 

g R, =eAc; R, = R, = COOC& R, = R, = CH, 

h R, <EH; R, = R, = CH,; R, = COOCH,; R, = COOH 

i R, =<g,; R, = R, = CH,; R, = COOH; R, = CH,OH 

j 
,H 

R, =cOH, . R, = R, = CH,; R, = COOH; R, = CH,OH 

k R, <EAc: R, = R, = CH,; R, = R, = COOCH, 

I R, =pGH; R, = R, = R, = CH,; R, = COOH 

m RI = 0; R, = R, = CH,; R, = COOCH,; R, = COOH 

n R, -<EAc; Rx = R, = CH,; R, = COOCH,; R, = COOH 

o R -.’ , -&; R, = R, = CH,; R, = COOCH,; R, = CO. O.COCH, 

from dimethyl spergulagenate (Ib) were found to be quite different from those of the 
two degradation products (Ie), m.p. 199201”. [a],, +73” and (Id), m.p. 292-293”. 
[a],, + 59” (EtOH) prepared from queretaroic acid (Ii) by Djerassi et al.’ Unfortu- 
nately, authentic samples of these two degradation products were not available for 
comparison purposes. Recently Tursch et al6 has fully elucidated the structure and 
stereochemistry of mesembryanthemoidigenic acid as (Ij) and they also showed its 
non-identity with queretaroic acid by direct comparison of their methyl esters. 
Acetyl dimethyl spergulagenate (Ic) has been found to be different from compound 
(Ik) prepared from mesembryanthemoidigenic acid (Ij) by direct comparison of 
mixed m.p. The configuration of the C-20 carboxyl group in spergulagenic acid 
cannot, therefore, be a (equatorial, i.e. C-29) as in that case acetyl dimethyl sper- 
gulagenate would have been identical with compound (Ik). Therefore the C-20 
carboxyl group in spergulagenic acid appears to be l3 (axial, i.e. C-30). 
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-Hl+ 

AcO 

m/e 249 if) 

+ 

m/e i47 (b) 

I -(H + COOCH,) 

i/e 246 (c) m/e 187 (a) 

m/e 233 (e) .kHEbtE 1 

Katonic acid (11) which contains a C-20 a carboxyl group (i.e. C-29), when treated 
with acetic anhydride and perchloric acid furnished a product showing UV absorption 
max at 273 mu (E = 8900). King and Morgan’ represented the product as II, the 
validity of which was, however, questioned by Tursch et al6 The compound Im, a 
degradation product of mesembryanthemoidigenic acid, also furnished under the 
same condition, a product showing UV-absorption maximum at 269 mu (E = 7500). 
The monoacetyl derivative* In of the dicarboxylic acid monomethyl ester (Id) 

l The monoacetyl derivative (In) d the dicarboxylic acid monomethyl ester (Id) described before’ 
has now ken found to be a mixturc of the acetate (In) and the mixed anhydride (IO) (vide experimental). 
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H,OH 

H,OH 

m/e 207 

+ 

SCHEMEH 

prepared from dimetbyl spergulagenate did not yield any product showing charm 
teristic UV absorption max when treated with acetic anhydride in presence of 
percbloric acid and this evidence supports the $ (axial, i.e. C-30) rather than CI 
(equatorial, i.e. C-29) orientation of the C-20 carboxyl group in spergulagenic acid. 
Moreover, the molecular rotation change f + 354”) on me~yiation of the dicarboxylic 
acid monomethyl ester (Id) yielding dimethyl spergulagenate (Ib) also suggests 
&orientation (C-30) of the carboxyi group attached to C-20 in sperguiagenic acid 
(t&&z Table 1). Thus s~rgui~e~i~ acid is represented as 3~by~oxyol~-lone- 
28,3@dioic acid (ia). 
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TABLE I 

Compound PGzuoal,,-[Ml,alom 

Dcoxyglycyrrhctic acid acetate 
(3~-acctoxy-okan-l22n-3@oic-acid) 
Acetyl methyl dcoxy glycyrrhctate 

3@-Acctoxy- 16-0x0- 
13p.28-cpoxyokanan-30oic acid 
Corresponding methyl ester 

+ 55”8 

+430V 

Katonic acid (3a-hydroxy 
okan- 12tn-29-oic-acid) 
Methyl katonate 

+ 5.5”’ 

Dicarboxylic acid 
monomethyl ester (Id) 
Dimcthyl spcrgulagenate (Ib) 

+ 35.5” 2 

EXPERIMENTAL 

Mps arc uncorrected and recorded in a bisulphatc bath Optical rotations arc in CHCl, unless specified 
otherwise and W absorption spectra in EtOH solution. IR spectra are determined as Nujol mulls. 
Mass spectra arc rcsordcd in an A.E.L MS 9 mass spcctromcta operating at 70 cV. 

Preparation of the monoocctyl derioa~fac (In) cf he dicmboxylic acid wwnomethyl ester (Id). Compound 
Id (500 mg) was heated with Ac,O (8 ml) and pyridinc (5 ml) over stcambath for 3 hr and then worked 
up in the usual way. The crude product showed two spots in TLC. It was crystaihxed from CHCl,-McOH. 
m.p. 26&263”, but TLC experiment still showed two spots IR spectrum: v, 1800 @hydride). 1735 
and 1244 (OAc) and 1720 (COOMe and COOH) cm- I. The above mixture (lo + In; 100 mg) was rcnuxcd 
with EtOH (95’/* 50 ml) for 8 hr. The product showed only one spot in TLC. On crystallization from 
CHCl,-McOH a product In, m.p. 198-204”. was obtained. Its IR spectrum showed bands at 1735 and 

1242 (OAc) and 1715 (COOMc and COOH) en- ‘, but no band at 1800 cm-’ for anhydride, thus ensuring 
complete conversion of lo, a mixed anhydride of In and AcOH, to In (Found: C_ 73.35; H, 8.91; C,,H,,06 
requires : C. 73Q6 ; H, 923 %.) 
Trearmenr of In with acetic onhydride and perchloric acid A soln of In (20 mg) in Ac,O (10 ml) was kept 
with pcrchloric acid (05 ml) overnight at room temp. On working up in the usual way, a product was 
obtained which showed only a terminal absorption at 208 mp for trisubstitutcd doubk in tbc W spectrum. 
TLC experiment showed it to be tbc starting material 
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