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Studies oa the Constltutioo o£ SpergulageaJa A-A Novel 
Triterpeae from Mollugo spergula 

(Mill) Parol Cbakrabarti 

Spergnlagenin A. a. new ~riterpenoid sapogenin isolated from MolJvgo ~r:rpla., was 
~vionsly' ahown to be a. completely saturated pootaoyclio ~riterpone containing • keto 
and three hydroxyl group~~. It was &Migncd the moleclllar formula C10B~04 which 
h&s now boon confi:rmed by molecula.r weight determination (M.+-474:) by mBE spectro­
metryt. Further studies on tb.e const.it.utionof apergulageninA a.re described in this p&per. 

Bpergulagenin A on pot&1111ium borohydride reduction furnishes a. tetraol, C1.,H~O,, 
m.p. 335-340°( dec.). Spergulagenin A triacetate fol'1DIJ an oxime, Cs&H"li70,N. m.p. 213·2lft0 

(deo.) which on treatment with acetic a.nhydride and foJSed eodium acetate furn.iahea an 
oxime tetra-a.ceta.te, 0 51H_,80 8N, m.p. 207-208° (dec.). Its IR llptiCtr'Um BhoWB band &t 

1760 a.nd 1200 em-• (=N-OAc); 1720 a.nd 1255 t.m-• (-OAc) a.nd 1625 em-• (-6=-N-). 
The forma.tion of the above oxime tetra-acetate oonfii'Dlll that the carbonyl group in sper· 
gnla.genin A is a ketone and not a.n aldehyde a !I in the la.tt& oa.se a. nitrile would have been 
formed under the above conditions. Moreover, spergula.genin A triben.zoate• is recovered 
unchanged after oxidation with Cr011 in acetic acid. Tne NMR spectrum of spergWagenin 
A triaceta.te, which will be disc.uesed later in detail, does not ah.ow any aignal fOl' aldehydic 
p-roton. All these fa.ilts c.on.clusively prove the preeenoo of a. keto group in spergulagoniD A. 

All the three hydroxyl groups in B,t181'iSulagenin A a.re moat probably aecondary 
sinoe no a.oidic product is obtained when spergn1a.genin A is oxidimed with CrOI' in acet.io 
acid_ Moreover, the NMR. spectrum of spergn.Iagenin A triaoetate shows the preaen~ of 

H 

three protons on acetoxy bearing carbon ~-OAe; broa.d IUU'eSOlved bands in the regioa 
4-.3-6.48). Spargu.la.genin A forms the tria.ceta.te on trea.tmont witb a.oetio anhydride aod 
ppidine at 0°. Tti.e ea.se of acetylation auggesta that uJI the threo aecoDda.ry hydroxy] 
groups a.re equa.torially orientated. 

On oxidation with Kiliani'a reagent in aoetone. apergulagenin A fwniaheB a colour· 
1esB oompound C.aHuo,.•, m.p. 279-282" (dec.), [ <JDs•o+l3.4". Itd.oesiJ.Ot give any colour 
with alooholio ferrio ablor ide. Its IR spEctrum ab.ows a strong b.road UDreBOITed band in the 
region ofl690-1710 ooc• for oa.rbonyl groop11. It ahoWB end a.baorption at 205 m~~o (• 3,078), 
indicative of an iaolated double bond pa.rticularly in view of the absence of any llllah 
UV a.bsorption in CBBB of apergulaganin A. The oxidation product, howevel', does not 

J, .Chalaabu't.l 11.11d .BanD.,.]. I,.d. C.V.. S.., 1965, tz, 137. 
f'l'be IQilho: h IDdebted to Pro£. C. I>jc:ru8i, St.&Db-d, U.S.A., rar the :u.u spa:lnlm oL IJlaBD" 
t.pnu. A &Dd the OllD curve of apersul~~p~~ia A triacetate. 
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dP'elop a.ny colour witn tetnmitrom.eth&ne far Uli.B&tnration. The above negative oolotll" 
reattion car mot-, however. oomple.tely rule out t.ne poiiBibility of the presenoe of unsa.turation 
u manr munttuatod triterpenoid oomponnds aro known (cf. iSO&eiiOiganin oxide", dumor­
bi8l'igenin! otc.) which do not Teapond to this colour teet. The NMR speotnun of the above 
orid&t.ion product does not show any signal for vinyl proton whic.h sugsesta tb&t the doubie 
bond, if prOHOnt, must be tetrYubBtit-o~.ted. Furthlll' work is being doni! to clarif'yth.ia poi.Dt. 
The oxlda.tiun product on refluxing with alcoholic call8tic potaah (5%) fw-niahea a 
eolourless :produot, C80H 4.01 • m.p. 296-300°, [ o(]11

3ao.J2l0 , which ahows UV absorption 
:ma.xima. o.t. ::!:W m!J. (El4,700) bat no end ab110rption at 206 .orp.. 11.8 IR spectrum Bb.01n 
bands at 111!.10 o.nd 1705 cm- 1 (non-conjugu.ted Wo1H1) and 1615 om-• (conjugated 
ketone). Thmt theIR o.nd the UV apec:tra show the presence of o(,,6-01111Bturated keto 
group in t.ht o.lkali treated product. It doea not develop any colour either' with tetran.itro­
methllnc or o.h·uholic farrio chlorido. Neithor spergulasenin A nor ita oxida.tkln product 
OODIIU!llO!! 1.10riudil' acid. 

T!oc ~'1IH H_poctrum• of spergnlagenin A t.ria.c9tatf' ja highly infonn&tive. It Bhowrs 
four shu.r11 .;iJnlllls o.t LU (:JH). 2.0 (3H), 2.02 (3H) s.nd 2.17 (3H)8. The signal! at 1.9,2.0. 
and ~.n::o .no ntt.rihuted tc the nino protons of throe acetoxy methyl groups (.....()...C0...1). 

Tho signnlnt :!.178 ia aBSigned t-o tho methyl protons of an ac.etyl group (C81.CO) on the 
ba.sis of tlto f,JIIuwing factOJ. Fir~y. tho NMR Hpootrum of spergulagenin A tria.oeta.te, BB 

mentioned oorlier, show• aigna.la only for three protons on a.cetoxy bearing carbon 
H 
I 

( ....C-Q--COCH ~). Soo;:,ndly. spergnlo.gen in A tria.«!et&te on Wolfl-Killh.ner reduction :furniaheB 
11 triol, (',0lf~~05 , m.p. 246-248°, [ co<] 0

3•
0 +37.3° (EtOH). which forms a tria.eetate, 

CI&H~a06. m.p. :.!45-247°, [ oo(]D310+4-6.4°. The NliR. spectrum of this triaoeta.te shows 
signo.lil a.t 2.0M8 (flH, sha.rp singlet, UDHplit) aad 2.188 (3H, singlcot) foT the nino methyl 

0 
u 

protons of the three s.netoxy group (-o-c-cH1 ) but the signa.l o.t 2.178 a.ttrib11ted to 
a.n acetyl group (CH1 .CO), found in th::~ spootrum of epergulagenin A tria.ootate. is not 
obi!IPTVOil in thit1 case. These fsots clearly show tha.t tbe carbonyl function in sperguJagenin. 
A iB presont a.s a.n acetyl group (CH1 .CO) i.e. methyl ketone and not BiJ a. six-membered 
ring ketone a~ thought previously'. Finally, the mass speotra.lltudies, aa diBOtJsaed below, 
also show the pr(l86[loe of o.n a.cetyl group in spergulagenin A. 

The 111&1111 speotrum of apergula.@ooin A, Bhowe tha moleoular ion peak at m/e 474 
togoth~ wilili the ion epeoiOB oorrespondi.og t-o lobe 10118 of 11. moleonle of wa.ts-, i.e., m/e ~ 
(M-H.O)t. :&sidell these thore is a. woak peo.k at mfe 431 and o.n intenBe peak at m/e 4:13 
which rorreapond to the loBS of maBB unit 43 (CH1 .CO) from the molecular ion a.nd the ion 
~iee (M-H.O)' rC~~~pe~:tively. Thia is further oorroborated by the fact that the m&l8 apea· 
1.rum ofthe trio], obtained by Wolff-Kishnerreduction of spergnlageni.a.A triacetate, does 
not llb.ow any loas of 4:3 mass unit either from the moleca.la.r ioa (:Mf 460) or the (M-H,O)t 
peak; instMd there are peaks at mfe 4.31 nnd mfe 413 C01T8Bp0nding to the 10118 
of a.n ethyl group (CH1CH.) from the molooulo.c ion and the (:M-H.O)+ peak respoctively. 
Ethyl group 11 obviously formed by therodnotion of the acetyl (Clla.CO) grou.piD a_pMgala-

2- 'I'homall; T~. 196ti,"22. -"I. 
s. Djcr»>i dIlL, :J. ~- Qan. S.., 1956, 711, 5685. 

•The NMll aud mau •pectra of~~ A triacetat.e were obtained by eourt~ of Pror. 
R· Tlchelehe, Bonn. Wen Germany, to whom the author'• tban).l an: due. 
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genin A dariD.g Wolff-Kishn&r red. notion. Thus the NMR data and the :ma.aa "1* traJ ana­
lyaes definitely 811ta.blisb the preBen.ce of a.n acetyl group (CH9 .CO) in spergulagenin A. 

In the mase spec'mm • of Bp&t"galagenin A b'iacel;&to (M+ 600), the split tins of three 
&C(toxy groups is evident from the peaks at m1e 540 (.M.-ACOH}.._, 480 (M-2 xAOOH)+ and 
4:20 (l(-3 xACOH)+ respaotively. Each ion apeciea again split& off very 6&8ily an M.ety] 
group giviDJ!" rise to peaks at mfe 49'7, 437 and 377 rBIIpOOtively. 

The m888 speo~ of apergulagenin A, its tri&cetate and its oxidation produot 

ebow ~bat m/e 207,249 and205 whioh oorrel!lpond to the ion species Ia (R-=(~H ), 

Ib (R=(gAO) an~ lc (R-==0) respectively. The ion fragmenWI{Ia) and (lb) further lose 

one molecule of wa.te: and a.ootic a.oid re!!poe:tively giving rise to the pe&k. at mid 189. 
Thill type of fragment.&tion is ve-y eoggest1ve of 3-hydroxy-4, 4-dimethyl tr~. 
Ma.u spectral studi88 also show the absoo.oo of any other oxygen funetion in ring A and 
B of spe:rgulagooin A. 

The. optical rotatory di11persion ourvet of epergulagenio A triaoeta.te demoD.Btrates 
a. positive Cotton effect [(d))304+2630° &n.d. (d)) 268-28°]. 

It may be mootioned hore that in a.ny known C-30 pentacyalic triterpene Bkeleton an 
acetyl gr~up (CH3.CO) oannot be a.<.eommoda.ted as &ueh. Triterpene embodying thi& system 
a.nd h.a.ving a. C-30 formulation is yet to be reported. In thi11 reapeot spergnlagen.in A 
appears to be a. novel type of pentaoyvlio triterpene. 

Further work is in progreR 

Proudure .. 

Pola&tliv.m ]Jorrihyilf'iM. Reductio?& of ~ia A .-To a BOlution of spergulaganin 
A (200 mg) in ethanol (40 m.l), potassi.un borohyd:ride (200 mg) was added and the mixture 
WBII kept overnight at room temperature and then pourtiCl on to oruahed ioe. It was w~kod 
up i.a. the 'oJBtl&l way. The product was crystallized from ethanol, and bad m.p. 335-340° 
(deC.). (l!'ound: C, 76.36; H, ll.OS. C...,H ... 0 4 requires: C, 76.63; H, 10.9.2%). 

PrepcirG&ioa of &lu Ozime of B~it& A TriacdGie.-A m.iDure of~ 
A tri&oetate (200 mg) IWi hydroxyla.mine hydroohloride (300 mg) in pyridine (3 ml) wu 
heated on a steam bath for 18 hr and kept at room temperatnre for .24 hr and then YI)Z'bd 

4. B11dalkiewlcl , •.• j . .A.w. a... Soc., 1963,85, 3688. 
• ...-. P. '1 11re 1JIIalrftiCted IDii recorded iD bilalpbate bath. Optk:l.1 roiAliba.• are iA ~ 
~ ....- mo:Dtiaacd othm-wile-
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up in tbe usu&l way. It waa crysta.llized from methanol, and had m.p. 213-215a (cleo.) 
(l'ound: C. 69.61; H, 9.17. ~6H8707N requires: C, 70.24,; H, 9.26%)-

0zrime Tetra-acetale.-The oxime (160 mg) was heated on steam bath with fased 

10dinm &4llltate (300 mg) and a.oetio anhydride (5 ml) for 3 hr and then worked up in the 
usual way. Crysto.lliza.tioa from methanol yielded a oolourl.eas compound, m.p. 207-208" 
(dm.). (Found: C, 60.11; H, 8.63. C..H11110aN roquiros C, 69.-il; H, 8.98%)-

0zidation of Spergv.Jagmin. A TMuoale with Cr03 in Ar.e'io Acid.-A solution of 
l!plll'g'<~l&gcmin A tribenzoate (200 mg) in glacial acetic acid wBB treated at room temperatm:e 
witha.a:>lationofC..03 (400 mg) in a.cet.ic acid(90%.IOml) till brown colour J)er&isted (31u.). 
On.•orking up in the Ll&ual way, only 'illlDhangod tribenzoate (m.p. 317-319") could be 
obtained. 

Sperv~i• A Triaulale. -A aomtion of a_perg..tlagenin A (500 mg) in dry pyridine 
(3 ml) and acotio anhydrido ( 3 ml) was kept at 0"_ for 16 hr. On working up only spergu.la· 
genin A tdll.{'.otn.i;e, m.p. ~}6 -23S", [ -<]D s:sa +rJS" was obtained. 

TrtalrMnt of 'M OhromiG Acid Oxidation Prodv.ct of Spt:r(J'IIlagsnin. A.-The oxidation 
product, (\0H,404', (500 mg) was refluzod with alcoholic oau11tic potash (6%, 60 ml) fQJ: 

l h ... On woTking up, a highly oryst&Uino matorial, m.p. 296-300'" (doc.) was obt&ined. 
(Foand.: C, 7!1.35; H, 9.20%; :M+ 450. C1aHu03 roquiros: C, 80.0; H, 9.33%; mol wt. 450). 

A moth'J.nolio solution (20 ml) of the oxidation produ<.t (Hi mg) waa treated with an 
&qUBOJI! 110Iutioo. (2m I ) of peticxl io ac;id ( 20 mg) oVE: might & t room tempera turn. On working 
up ooly unchanged produLt wae obtained. 

Under simila.r condition 11pergula.ganin A also wa.s recovered wwba.ngad. 

_Woljf-KW.ur RtdMClioa of8peruvl.ag~:nin A Triacdak:-A aolution of apergulage.ni.a 
A tria.cetate (I g.) in absolute alcohol ( 30 ml) and diethylene glycol (30 ml) W&S re6uxed 
with hydrazine. hydrate (85%, 30 ml) for !hr. Then solid caustic potBIIh (8 g.) was added 
aocholvont di~tilled off until the mixtw-e refl;.n;ed. freely at J 95-200'", wher~ it W&ll kept for 
4 hr. On working up in wrual way and crydtallizat.ion from aqueoUII methanol a compound 
m.p. 246-24:8", was obta.i.n.ed. (Found: C, 78.24; H, 11.28%; M-t 460. CsaH~03 requires 
C, 78.26; H, 11.30%; mol. wt. 460). 

The above triol (500 m.g) forma a tri&CC.'to.te, m.p. :245-247°, OJl heating witb pyridine 
(6 ml) and acetic anhydride ( 5 ml). (Found: 0, 74.11; H, IO.H:. C.SHaaOs req11ire~~ (', 73.72; 
H, 9.89%). 
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