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Studies on the Constitution of Spergulagenin A—A Novel
Triterpene from Mollugo spergula

(Miss) Parul Chakrabarti

Spergulagenin A, a new triterpenoid sapogenin isolated from Mollugo apergula, was
previously® shown to be a completely saturated peatacyoclio triterpene containing & keto
and three hydroxyl groups. It was assigned the molecular formula C,,H,,0, which
has now been confirmed by molecular weight determination (M*=474) by mase spectro-
metryt. Further studies on the conatitution of spergulagenin A are described in this paper.

Spergulagenin A on potassium borohydride reduction furnishes a tetraol, C,.H,,0,,
m.p. 335-340°(dec.). Spergulagenin A triacetate forms an oxime, CygH,,(,N, m_p. 213-216°
(dec.) which on treatment with acetic anhydride and fused sodium acetate furnighes an
oxime tetra-acetate, OygH,;OsN, m.p. 207-208° (dec.). Its IR spectrum shows band at

1780 and 1200 em™" (=N—0Ac); 1720 and 1255 cm™* (-OAc¢) and 1625 om™" (—é=N—).
The formation of the above oxime tetra-acetate confirms that the carbonyl group in sper-
gulagenin A is a ketone and not an aldehyds as in the latter case a nitrile would have been
formed under the above conditions. Moreover, spergulagenin A tribenzoate' is recovered
unchanged after oxidation with CrO, in acetic acid. The NMR spectrum of spergulagenin
A triacetate, which will be discussed later in detail, does not ehow any gignal for aldehydio
proton. All these facts conclusively prove the presence of a keto group in spergulagenin A,

All the three hydroxyl groups in speriulagenin A are most probably secondary
sinae no aoidic product is obtained when epergulagenin A is oxidiged with CrO, in acetic
acid. Moreover, the NMR spectrum of spergnlagenin A triscetate shows the presence of

H
three protons on acetoxy bearing carbon é—OAc; broad unresolved bands in the region
4.3-5.48), Bpergulagenin A forms the triacetate on treatment with acetic anhydride and

pyridine at O°. The ease of acetylation suggests that all the three secondary hydroxyl
groups are equatorially orientated.

On oxidation with Kiliani’s reagent in acetons, spergulagenin A furnighes a colour-
less compound C,.H,,0,", m.p. 279-282° (dec.), [ x],4°-+13.4°. It does not give any ealour
with alcoholis ferrio chloride. Its IR spectrum shows a strong broad unreeolved band inthe
region of 1690-1710em™" for carbonyl groups. Itshows end absorption at 205 m (¢ 3,078),
indicative of an isolated double bond particularly in view of the absence of any such
UV absarption in ease of spergulagenin A. The oxidation product, however, does not

1. Chakrabart! and Barus, 7. Ind. Cham. Sos., 1965, 42, 137,

1The suthor is indebted to Prof. G. Dicras?i, Stanford, U.S.A., for the mass spectrum of spergu-
lagenin A and the ORD curve of spergulagenin A trincetate.
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dsvelop any oolour witn tetranitromethane far unsaturation. The above negative colour
reaction eannot, however, completely rule out the poseibility of the presence of unssturation
as many insaturated triterpenoid compounds are known (cf. iscaeesigenin oxide”, dumar-
tierigenin® otc.) which do not respond to this colour test. The NMR speotrum of the above
oxidation product does not show any signal for vinyl proton which suggests that the doubie
bond, if present, must be tetrasubstitated. Further work is being dona to clarify this point.

The oxidation product on refluxing with alcoholic caustic potash (5%) furnishes a
ecolourless praduct, CyoH a0, m.p. 208-300°, [ «],3%°-121°, which shows UV absorption
maxima at 239 my (e14.700) but no end absorption at 206 mp. Itse IR spectram shows
bends ai 1090 and 1705 c¢m~' (non-conjugnted ketone) and 1616 am—" (conjugated
ketone). Thus the IR and the UV spectra show the presence of «,f-unsaturated keto
group in the alkali treated product. It does not develop any colour either with tetranitro-
methanc or alenholio ferric chloride. Neithar spergulagenin A nor its oxidation produet

consumet periodic acid.

The NMR spoctrum® of spergulagenin A triacstate js highly informative. It shows

four sharp signals at 1.4 (3H). 2.0 (3H), 2.02(3H) and 2.17 (3H)3. The signals at 1.9,2.0.
and 2.024 aro attributed tc the nine protons of three acetoxy methyl groups (-0-CO-CH,).
The signal at 2,178 ie assigned to the methyl protons of an acetyl group (CHy.CO) on the
basis of the fullowing factse. Firstly, the NMR spoctrum of spergulagenin A triacetate, as
m;nbiumnl varlier, shows mignals only for three protons on acetoxy bearing carbon

(-IC-O—COGH,). Secondly, spergulagenin A triacetate on Wolff-Kishner reduetion furnighes
8 triol, C3oH,,04, mp. 246-248°, [ x]y3*°+37.3° (EtOH), which forms a triacetate,
CaH,05. m.p. 245-247°, [ «],%%°+45.4°. The NMR spectrum of this triscetate shows
signale at 2.088 ($H, sharp singlet, unnplg;) and 2.188 (3H, singlet) for the nine methyl

protons of the three acetoxy group (—0—|(JJ—CH s) but the signal at 2,178 attributed to
an acetyl group (CH,.CO), found in thaspeatrum of spergulagenin A triacetate, is not
observed in this case. These facts clearly show that tbe carbonyl function in spergulagenin
A is present as an acetyl group (CH,.CO) i.e. methyl ketone and not as a six-membered
ring ketone a3 thought pravioualy’. Finally, the mass spectral studies, as discussed balow,

also show the prosence of an acetyl group in epergulagenin A.

The mass speotrum of spergulagonin A, shows the molecular ion peak st m/fe 474
togethear with the ion species currespondiog to the loas of & molecule of water, i.e., m/e 458
(M-H,0)t. Besidea these there is a woak peak at m/e 431 and an intenss peak at m/fe 413
which correspond to the loss of mass unit 4¢3 (CH,.CO) from the molecular ion and the ion
gpocies (M-H,O)* respectively. This is further carroborated by the fact that the mase spec-
trum of the triol, obtained by Wolff-Kishner reduction of spergulagenin A triacetate, does
not show any loas of £3 maes unit either from the molecalar ioa (M! 460) or the (M-H,0)*
peak; instead thers are peaks at mfe 431 and mfe 413 corresponding to the loss
of en ethyl group (CH,CH,} from the molecular ion and the (M-H,O)* peak respectively.
Ethyl group 18 obviously formed by the roduction of the acetyl (CH,.CO) group in spergula-

9. Thomas, Tayahkedres, 1966, 22, 351.

3. Djcrassi ¢l al., 7. Amér. Ghon. Sec., 1956, 78, 5685.
#*The NMR and mass spectra of spergulagenin A triacetate were obtained by courtesy of Prof.
R. Tichesche, Bonn, West Germany, to whom the author’s thanks are due.
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genin A during Wolff-Kishner reduction. Thus the NMR data and the mass epectral ana-
lyses definitely establish the presence of an acetyl group (CH,.CO) in spergulagenin A.

In the mass spectrum® of spergulagenin A triacetate (M* 800), the splitting of three
acctoxy groups is evident from the peaks at mje 540 (M-ACOH)*, 480 (M-2 X ACOH)* and
420 (M-3 x ACOH)* respectively. Each ion species again splits ofl very easily an acetyl
group giving rise to peaks at m/e 407, 437 and 377 respectively.

The mass speotra of spergulagenin A, its triacetate and ita oxidation product
ehow peaksat m/e 207, 240 and 205 which correspond to the ion species [a (R== gﬂ:)

b (R=<]ng) and Ic (R=0) respectively. The ion fragments(Ia) and (Ib) further lose
one molecule of wate: and acetic acid respectively giving rise to the peak at mjs 189.
This type of fragmentation is ve-y suggestive of 3-hydroxy-4, 4-dimethyl triterpencet.
Mass spectral etudies also show the absence of any other oxygen function in ring A and
B of spergulagenin A.
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The optical rotatory dispersion eurvet of spergulagenin A triscetate demonstrates
a positive Cotton effect [(P)304+2630° and (P) 268—28°].

It may be mentioned hete that in any known C-30 pentacyclic triterpene skeleton an
acetyl group (CH,.CO) cannot be accommodated as such. Triterpene embodying this system
and baving a C-30 formulation is yet to be reported. In this respest spergulagenin A-
appears to be a novel type of pentacyulic triterpene.

Further work is in progres

Procedure®*

Potassium Borohydride Reduction of Spergulagenin A.—To a solution of spargulagenin
A (200 mg) in ethanol (40 ml), potassiam borohydride (200 mg) was added and the mixture
was kept overnight at room temperature and then poured onto crushed ice. It was worked
up ia the wsual way. The product was crystallized from ethanol, and had m.p. 335-340°
(dec.). (Found: C, 76.35; H, 11.08. C,,H,0, requires: C, 756.63; H, 10.92%,).

Preparation of the Orime of Spergulagenin A Triacelate.—A mixture of spergulagenin
A triscetate (200 mg) and hydroxylamine hydrochloride (300 mg) in pyridine (3 ml) was

heated on a steam bath for 18 hr and kept at room temperature for 24 hr and then worked

4. Budzikiewicx o ol., 7- Amer. Chem. Soc., 1963, 83, 3688.

*¥M. P.’s are unenrected and recorded in bisulphate bath. Optical rotations are in chlaroform
solutions uplesi mentioned otherwise-
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in the usual way. It was crystallized from methanol, snd bad m.p. 213-215° (deo.)
(Found: C. 69.61; H, 9.17. CagH,,0,N roquires: C, 70.24; H, 9.26%).

Ozime Tetra-acetate.—The oxime (160 mg) was heated on steam bath with fused
sodinm acetate (300 mg) and aoetic anhydride (5 ml) for 3 hr and then worked up in the
ususl way. Crystallization from methanol yielded a colourless compound, m.p. 207-208°
(doe). (Found: G, 60.11; H, 8.63. CyaHyOslN requircs C, 69.41; H, 8.98%).

Oridation of Spergulagenin A Tribenzoate with CrO, in Actiic Acid.—A solution of
spergalagenin A tribenzoate (200 mg) in glacial acetic acid was treated at room temperature
with a 8skution of CrQO4 (400 mg) in acetic acid(90%, 10ml) till brown colour persisted (3 hr.).
On working up in the usual way, only unchanged tribenxzoate (m.p. 817-319°) could be
obtained.

Spergulagenin A Triacelate. — A solation of spergalagenin A (500 mg) in dry pyridine
{3 ml) and acotio anhydrido ( 3 ml) was kept at O° for 16 hr, On working up only spergula-
gouin A trincotate, m.p. 236-238°, [ <], %°+18° was obtained.

Treatment of the Chromic Acid Ozidation Product of Spergulagenin A.—The oxidation
prodact, Cy,H, 0%, (500 mg) was refluxed with aleoholic caustic potash (59, 50 ml) for
1 hr. On working up, & highly orystalline matorial, m.p. 298-300° (doc.) was obtained.
(Found: G, 79.35; H, 9.209%,; Mt 450. C,.H,,0, requires: C, 80.0; H, 9.33%,; mol. wt. 450).

A methanolic solution (20 ml) of the oxidation product (15 mg) was treated with an
aqueoas solutioa (2ml ) of periodio acid (20 mg) overnight at room temperature. On working
up only unchanged product was obtained.

Under similar condition spergulagenin A also was recovered unchangad.

Wolff-Kishner Reduclion of Spergulagenin A Triacelate —A solution of spergulagenin
A triacotate (1 g.) in absolute alcohol ( 30 ml) and diethylene glycol (30 ml) was refluxed
with iydrazine hydrate (85%,, 30 ml) for #hr. Then solid caustic potash (8 g.) was added
aad solvount di-tilled off until the mixture refluxed freely at 195-200°, where it was kept for
4br. On working up in usual way and crystallization from aqueous methanol a compound
m.p. 246-248°, was obtained. (Found: C, 78.24; H, 11.289%,; M* 460, C,,H,,04 requires
C, 78.26; H, 11.30%; mol. wt. 460).

The above triol (500 mg) forms a triacetate, m.p. 245-247°, on heating with pyridine
(5 ml) and acetic anhydride (5 ml). (Found: G, 74.11; H, 10.14. C;sH,40s requires C, 73.72;
H, 9.89%).

The aathor is indebted to Dr. D. M. Bose, Direotor, and Dr. A. S8en, Head of the
Department of Chemistry for their kind interest in the work and to Dr. A. K. Barus,
Reader in Chemistry, Bose Institute, for helpful discussions and suggestions. The aathor
is grateful to Dr. B. C. Das, C.N.R.8., Gif-Bur-Yvette, Paris, for some of the mass and
NMR spectra. She also expresses her gratefulness to Dr. S.C. Bhattacharyya, IL.LT.,
Bombay and Dr. A. K. Ganguly, Ciba Rosearch Centre, Bombay, for IR and NMR spectra.
This work is supported in part by the National Institute of Sciences of Indis, to which the
suthor’s thanks are due.
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