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Abstract-One spirostanol glycoslde and two furostanol glycosldes have been isolated from a methanol extract of 
the stems and roots of Solanum mgrum and Identified as 3-O-(b-lycotetraosyl)-(25R)-Sa-splrostan-3/?-o] (uttronm A), 
3-O-(~-lycotetraosyl)-26-O-(~-~-glucopyranosyl)-(25R)-22a-methoxy-5u-furostane-3~,26-diol(uttros~deA) and 3-0- 
(~-lycotetraosyl)-26-O-(~-D-glucopyranosyl)-(25R)-Sa-furostane-3~,22c(,26-triol (uttroside B). 

INTRODUCTION 

Solanum rugrum (local name ‘Makol’) grows wdd m India 
and IS reported [1, 21 to be useful for treatment of plies, 
gonorrhoea, inflammatory swellmgs and chrome clrrhosls 
of the hver and spleen Different parts of this plant have 
been reported [3-91 to contam the steroidal alkaloid 
glycosldes solasonme, a- and P-solamargme, a- and 
P-solamgrine, as well as the steroidal sapogenms tigogenin 
and diosgenm. However, no chemical work has been done 
on the saponm content of this plant. 

RESULTSANDDlSCUSSlON 

The crude saponin mixture obtamed from a methanol 
extract of the stems and roots of this plant gave uttronin A 
(1) with typlcal splroketal absorptlons m the IR spectrum 
of a splrostanol glycoside. Also isolated were uttrosldes A 
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(2) and B (3) shown to be ohgofurostanosldes [lo] which 
exhibited no spiroketal absorptlons m their IR spectra 
and were positive to Ehrhch reagent [l l] Acid hydrolysis 
of l-3 furmshed only tlgogenm (mmp, co-TLC, mass 
spectrum and superimposable IR spectrum with an 
authentic sample [9]). The aqueous hydrolysate of 1 
contained D-galactose, D-ghCOSe and D-XylOSe m the ratlo 
of 1.2.1 whde that of 2 and 3 contamed these sugars m the 
ratio of 1.3: 1 (GC of the aldltol acetates). The type of 
linkages in the carbohydrate moletles were established by 
NMR and apphcatlon of Klyne’s rule [ 123. 

In order to determine the structure of the carbohydrate 
moiety of 1, It was permethylated by Hakomorl’s method 
[13] to yield the permethylate (la) which m Its mass 
spectrum showed peaks at m/z 1202 [Ml+, 1011 [M - trl- 
0-methylxylose + H] +, 967 [M - tetra-0-methylglucose 
+ H]+, 219 and 175 (termmal glucose and xylose umts). 
On methanolysls followed by hydrolysis la gave a 
mixture of methylated sugars ldentlfied as 2,3,4,6-tetra-O- 
methyl-D-glucose, 2,3,4-tri-O-methyl-D-xylose, 2,3,6-tn- 
0-methyl-D-galactose and 4,6-dt-O-methyl-D-glucose. 
The latter two sugar derlvatlves were Identified by com- 
parison of their constants with the respective literature 
values. 4,6-Dl-O-methyl-D-glucose also gave a pmk colour 
with Wallenfels’ reagent [14] These studies indicate that 
m 1 D-glucose and D-XylOSe are the termmal sugars 
attached through another D-ghCOSe and D-galactose to 
the C-3 hydroxyl of tlgogenm. 

In order to determine the exact linkages of the mono- 
saccharides m the sugar moiety of 1, It was partially 
hydrolysed to afford tlgogenin, and three new saponms 
designated as PS,, PS2 and PS3. Acid hydrolysis of these 
three saponms gave tlgogenin as the aglycone, the 
aqueous hydrolysate of PS, contained D-galactose, while 
that of PS2 and PS3 contained D-glucose and D-galactose 
All these sapomns were permethylated PS, permethylate 
on hydrolysis gave 2,3,4,6-tetra-O-methyl-D-galactose 
and tlgogenm. Thus, PS, was characterized as 3-@(p-D- 

galactopyranosyl)-(25R)-Su-spirostan-38-01. This result 
showed that m 1 the first sugar attached to tlgogenm was 
D-galactose. 

PS, permethylate on hydrolysis afforded 2,3,4,6-tetra- 
O-methyl-D-glucose and 2,3,6-tn-O-methyl-D-galactose, 
showing that the terminal glucose m PS, 1s attached at C-4 
of galactose which is m turn glycosylated with tigogenm. 
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Uttromn A permethylate (la). Crystalked from Et@-petrol, 

mp 89-91”; [a]b” - 43” (CHCI,: c 1); IR v%crn-‘. no OH, 982, 

920, 898, 856; EIMS (probe) 70eV, m/z: 1202 [Ml+, 1011,967, 
583,399,219,187,175,143,139,111,101,88,75,55. (Found: C, 

61.70; H, 8.55%. C&-I106022 requires C, 61.89, H, 8.82x.) 
MethanolyslsfoUowed by hydrolysis oflr A soln of la (250mg) 

m dry 10% HCI-MeOH (50ml) was refluxed on a water bath 

(5 hr), the MeOH evaporated, H,O (20ml) was added and the 
mixture heated for 3 hr on a water bath. The ppt was filtered and 

the aq. hydrolysate was neutralized (Ag&OJ, filtered and the 

filtrate coned PC of the coned filtrate showed the presence of 
2,3,4-tn-O-methyl-D-xylose, 2,3,4,6-tetra-O-methyl-D-glucose, 
4,6-di-O-methyl-D-glucose and 2,3,6-tn-O-methyl+galactose 

(solvent Ci, R, values 0.93, 1.00,046 and 0.71, respectively). The 
IdentIty of 4,6-di-O-methyl-D-glucose was revealed by spraymg 

the chromatogram with triphenyl tetrazohum chloride to give a 

pmk spot (RG 0.46). 
The identities of 2,3,4-tn-O-methyl-Dgalactose and 4,6-dl-O- 

methyl-r>-glucose were further confirmed by their isolation by 

prep. TLC (solvent D, I, as vlsuahzmg agent), physical constants 

and direct comparison (co-TLC) with an authentic sample [17]. 

2,3,6-??I-O-methyl-Dgalactose. [a] 6” + 80” (H,O, c 1.0) [ht. 
[ 171 [a]D + 80” (H,O, c 0 5), not crystallizable] 

4,6-Do-O-methyl-D-glucose. Mp 158-161” (EtOAc), [a]60 

+ 104” +64” (H,O, c 1.0) [ht. [17]: mp 159-162” (HOAc), [a]D 

+ 104” + 64” (H,O, c O.S)]. 

NaIO, oxldatlon of 1. Compound 1 (20mg) was dispersed in 

H,O-MeOH (1.1, 10ml) and NaIO, (25mg) was added. The 

reaction mixture was kept in the dark at room temp. (48 hr) and 
ethylene glycol added to destroy excess NaIO,. It was filtered, 
washed with H,O and the ppt was acid hydrolysed followed by 

the usual work-up which showed the presence of D-glucose only 

(PC, solvent F, R, 0.18). 

Methanolysls ofPS, permethylate. PSa permethylate (1OOmg) 

was methanohzed as before, cooled, filtered and the filtrate was 

neutralized (Ag,COJ) and filtered The filtrate was coned and 

subjected to prep. TLC (solvent system H, I, as visualizing agent) 

to isolate methyl-3,4,6-tn-O-methyl-B-D_glucopyranoside, EIMS 

(m/z): 205,191,173,149,141,127,102,101,99,89,88,87,75 (base 

peak), 74, 71, 59 and 45. 

Methanolysts followed by hydrolysis of PSI, PS, and PS, 
permethylates. The permethylates PS,, PS, and PS, (50 mg, each) 
were methanohzed and hydrolysed as before. The aglycone ppt 
was identified as tlgogemn PS, hydrolysate contained 2,3,4,6- 

tetra-0-methyl-D-galactose (PC, RG 0.88, solvent G); PS2 hydro- 

lysate contained 2,3,4,6-tetra-O-methyl-D-glucose and 2,3,6-tn- 

0-methyl-D-galactose (PC, RG 100 and 0 71, respectively) and 

PS3 hydrolysate contamed 2,3,4,6-tetra-O-methyl-D-glucose, 
3,4,6-tn-O-methyl-D-glucose and 2,3,6-tn-O-methyl-D-galactose 

(RG 1.00, 0.84 and 0.71, respectively). Spraying the paper with 

Wallenfels’ reagent revealed a pmk coloured spot for 3,4,6-tn-O- 

methyl-r>-glucose. 
Uttroslde A (2) The mixture of 2 and 3 (50 mg) was boded with 

dry MeOH (20 ml) for 4 hr It was crystallized from MeOH to 

yield colourless 2, mp 22&225” (dec.); [alp - 49” (MeOH, c 10); 
IR v!$;crn-’ 3400 (OH), no splroketal absorptlons. (Found: C, 

54.65, H, 8 30 C,,H,,02, H,O requires. C, 54 89; H, 7 81x.) 
LIttroslde B (3). The mixture of 2 and 3 (SOmg) was refluxed 

with Me&O-H,0 (4: 1, 10 ml) for 12 hr and the soln coned. 

The sohd deposited was collected and recrystalhzed from 
Me,CO-H,O to yield 3, mp 210-215” (dec.), [alho- 

(pyndme, c 1.0); IR v&&cm -I 340&3450 (OH), no splroketal 

absorptlons. (Found C, 5490, H, 8.10. C56H94028.H20 re- 
quires. C, 54.55; H, 7 79 T0 ) 

Enrymatlc hydrolysrs of 2 and 3. The rnlxture of 2 and 3 (50 mg) 

was taken-up m H,O (10 ml), b-glucosidase (5 mg) was added and 

the aq. layer covered with toluene. The reactlon mixture was kept 

at room temp. for 48 hr. TLC (solvent B) and PC (solvent F) 

showed the formation of 1, sapomn PS, and D-glucose. 

NaBH, reduction of2 and 3. To a mixture of 2 and 3 (50 mg) in 

H,O was added NaBH, (500 mg) and the mixture kept at room 

temp. for 24 hr The resulting soln was hydrolysed with 3 N HCl 

(50ml) on a boding water bath for 6 hr, extracted with Et,0 and 
the solvent removed from the extract to give a sapogemn mixture. 

It was chromatographed (solvent C) to afford tigogenm with 

dihydrotigogenin. Dihydrotlgogemn: colourless needles 

(MeOH), mp 163-167”; IRv$&cm-‘: 3400 (OH), no spiroketal 

absorptlons, EIMS (probe) 70eV. m/z. 418 [Ml+, 400,344,341, 

313,273,255 and 144. Identlty confirmed by direct comparison 
mmp and co-TLC with an authentic sample [17] 

CrO, oxrdatlon of 2 and 3. Compounds 2 and 3 (650mg) were 

kept m pyndme-Ac,O (1.1, 50 ml) for 48 hr at room temp. The 

reaction mixture was poured mto se-cooled H,O (lOOmI), 

filtered and the ppt, after pyridme was removed by repeated 
washing with H,O, was dried The acetates (700mg) thus formed 

m Ac,O (20ml) were refluxed for 1 hr After cooling, H,O (10ml) 

was added to the mixture which was then evaporated to dryness. 

To the residue was added HOAc (15 ml) and NaOAc (300mg). 

The mixture was cooled to 15” and cold (5-10”) CrO, (500 mg) 
m 50 % HOAc (5 ml) was added The reaction mixture was stirred 

for 3 hr at room temp , diluted with H,O (50ml) and extracted 
with Et,O. The Et,0 extract was washed with H,O and 

evaporated To the residue (1 g) m t-BuOH (25 ml) was added 

KOH (1.5 g) m H,O (5 ml) and the rmxture was stirred at 30” for 
4 hr under N1. Afterwards H,O (25 ml) was added, t-BuOH was 

removed and the remammg mass extracted with n-BuOH The 
n-BuOH extract was evaporated and the residue was hydrolysed 

by refluxmg with 1 N HCl-toluene (30ml) for 3 hr. After cooling 

the toluene phase was separated, evaporated and the acetate of 

the product was prepared as usual to give 3p-acetoxy-5a-pregn- 
16-en-20-one, mp 162-163”, IR vg’&cm-’ 1724,1662,956,918, 

895, 820; EIMS (probe) 70eV, m/z 358 [Ml’; UVI, nm: 239 
(lit [19]. mp 162”). The aq. phase adJusted to pH 3 with 2N HCI 

was extracted with n-BuOH and CHCI, alternately. The aq. 

phase was then neutralized with 2 N NaOH and evaporated. The 

residue was acetylated (AC,@pyndme, 1. I) and worked up as 

usual and treated with ethereal CH,N, (15 ml) for 15 nun. The 
reaction mixture was evaporated to gve a syrup of &hydroxy-y- 

methyl-n-valenc acid methyl ester glucoside tetra-acetate, EIMS 
(probe) 70eV, m/z (rel mt ). 331 (0.65), 242 (0 8), 200 (1 O), 169 

(13 0), 145 (l.O), 129 (77), 115 (32), 97 (1.5). 

Acknowledgements-Thanks are due to Professor Dr G 

Snatzke, University of Bochum (West Germany) and Dr. 
G. Eckhard, University of Bonn (West Germany) for mass 
spectra. 0.P S. thanks the UGC for a fellowship and the 

Umverslty of Garhwal, Srmagar (U P) for grantmg study leave 

REFERENCES 

Nadkarm, M K and Nadkarm, A K (1954) Imilan Materla 
Me&a p 1152 Popular Book Depot, Bombay 

Chopra, R N, Chopra, I C, Nanda, K L and Kapoor, L D. 

(1958) Indrgenous Drugs of I&a p 524 Dhar, Calcutta. 

Schrelber, K. (1968) AIkalmds (N Y) 10, 1 
Schrelber, K (1981) Akalolds (N Y) 19, 81 

Malhka, M , Mythlrayea, C, Krlshnamurthy, V and 
Madhavaknshna, W (1976) Leather Scr (Madras) 23, 401. 
Varshney, I P and Dube, N K (1970) J Indian Chem Sot. 

717 
Pkheldze, T A, Karesehdze, E V , Kachukhashvlh, T N and 
Kemertehdze, E P. (1967) Tr /-go Vses Sezda Farm 215 



244 S C SHARMACIU~ 

)i Pkheldze, T A (1976) Bcol AC< Vechchrqt~a F/q Gruz 9 

9 Sharma. S C and Chand. R (1979) Pharmax 34, X50 
IO Shxma. S C , Chand. R. Bhattl, B S and Sm. 0 P (1982) 

Plunta Med 46, 48 
I1 Klyosaua,S ,Hutoh,M .Komori,T .Nohara,T .Hosokawa, 

I and Kawdsakl. T (1968) Chem Pharm Bull (To/,&o) 16 
1162 

I Z Klyne. W ( 1950) B~othrm J 47, 4 

I3 Hakomorl S (1964) J Bm hem (Tokyo) 55, 205 


