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We have previously reported the isolation from the roots of Silene nutans L. o f  a tri terpene glyco- 
side - nutanoside - containing gypsogenin as the aglycone and having nine monosaccharide residues [1 ]. In 
the present paper we give experimental results permitting the complete structure of this glycoside to be 
established. Nutanoside permethylate, obtained by treating the initial glycoside with methyl iodide and 
sodium hydride gave on hydrolysis a mixture of various methylated monosaceharides which were separated 
prepara}ively by paper chromaeography and were identified by gas-liquid chromatography (GLC) by the 
constants of +he compounds, and also by some chemical reactions. The following were obtained: 2 moles 
of 2,3,4,6-tetra-O-methyl-D-glucose, and 1 mole each of 2,3,4-tri-O-methyl-D-glucose, 2,3,4-tri-O- 
methyt-L-arabinose,  3,4,6-tri-O-methyl-D-galactose, 2,3-di-O-methyl-D-fucose, 2,3-di-O-methyl-D- 
galactose, and 2-O-methyl-L-rhamnose.  The isolation of four completely methylated sugars shows the 
highly branched nature of the carbohydrate chains of nutanoside. It is obvious that the branching centers 
are galactose and rhamnose. 

Further information on the structure of each of the carbohydrate chains of nutanoside was obtained by 
by the methylation of the acid glycoside and pentasaccharide formed on alkaline hydrolysis [1]. In the hy- 
drolysate of the permethylate of the acid glycoside 2,3,4-tri-O-methyl-D-xylose,  2, 3 ,4- t r i -O-methyl-L-  
arabinose and 2,3-di-O-methyl-D-galactose were identified. 

It was necessary to determine to which of the hydroxyls of  the galactose the arabinose residue was 
attached and to which the xylose residue. To solve this question, partial hydrolysis of the acid glycoside 
was performed. A trioside was obtained which contained, in addition to g'ypsogenin and glucuronic acid, 
one mole each of galactose and xylose. The hydrolysis of the permethylate of this glycoside showed that 
the xylose was attached to the galactose by a 1-4 bond, since of the two possible compounds [2,3,6- and 2,3, 
4- tr i -O-methyl-D-galactose (Rg 0.64 and 0.71, respectively)], the latter was found. On partial hydrolysis, 
a progenin was also isolated, the constants and composition of which agreed with the vaccaroside described 
previously [2]. The periodate oxidation of nutanoside by Smith's method gave a glycoside containing, in ad- 
dition-to the aglycon e, glucuronic acid and rhamnose [1J. Consequently, the glucuronic acid is attached 
directly to the hydroxyl of the gypsogenin and rhamnose to the carboxyl, and the trisaccharide chain in the 
acid glycoside is attached to the hydroxyl at the C-3 atom of the glucuronic acid. The enzymatic hydroly- 
sis of nutanoside with diastase also showed only this glycoside, which confirms the presence of a bond of 
the glucuronic acid and rhamnose with galactose or glucose. 

This s tructure of the carbohydrate chainattached to the carboxyl of gy-psogenin was established from 
the results of a comparison of periodate oxidation, methylation, and enzymatic hydrolysis. When the per -  
methylate of the pentasaccharide was heated with acids, 2-O-methyl-L-rhamnose,  3,4, 6~ri-O-methyl-D- 
galactose, 2,3-di-O-methyl-D-fucose, and 2 moles of 2,3,4,6-tetra-O-methyl-D-glucose were formed. As 
has been shown above, the rhamnose is attached directly to the carboxyl of the gypsogenin and has branch- 
ing at the hydroxyls on carbon atoms 3 and 4. The enzymatic hydrolysis with diastase of the pentasac- 
charide gave a disaccharide containing rhamnose and glucose. Its permethylate was reduced with sodium 
tetrahydroborate and hydrolysed with hydrochloric acid. The resulting 2,3-dimethylrhamnitol gave a posi- 
tive reaction for an c~-diol grouping, which it would not do in the case of 2,4-dimethylrhamnitol. Conse- 
quently, the terminal glucose is attached to the hydroxyl at the C-4 atom of the rhamnose residue. The 
hydroxyl at its C-3 atom bears a straight chain consisting of three monosaccharide residues - galactose, 
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fucose, and glucose. This is shown by the methylation of the pentasaccharide. In addition, this t r i sac-  
charide was obtained in the enzymatic hydrolysis ofnutanoside. Since in the tr isaccharide on reduction 
with sodium tetrahydroborate the gatactose is converted into duleitol and the other two monosaccharide 
residues are unchanged, it is clear that the galactose is attached to the C-3 atom of the rhamnose, the in- 
termediate link is the fucose residue, and the chain is terminated by the glucose residue. 

The configurations of the glycosidic centers of the linear chains were calculated by Klyne's rule 
taking into account the molecular rotations of nutanoside, the intermediate glycosides, the aglyeone, and 
the di- and tr isaccharides with reduced terminal units. Thus, the facts given above permit  the following 
proposal for the full structure of nutanoside: 

° ° °  

EXPERIMENTAL 

Chromatography was carried out with ASK silica gel, Schleieher und Scliill No. 2043 paper, and with 
the following systems of solvents: I)butan-l-ol-ethanol-water (4:1 : 5); 2) benzene-butan-l-ol-pyridine 
-water (I : 5 : 3 : 3); 3) butan-l-ol-acetic acid-water (5 : 1 : 4); 4) ethyl acetate-methanol-water-acetic 
acid (10 : 4 : 2 : I); and 5) chloroform-methanol (20 : 1.5). Gas-liquld chromatography was performed in a 
"Tswett-l" chromatograph with a flame ionization detector at 175°C in a column I m long and 4 mm in 
diameter [Celite-545 treated with an alkali, with 15~ of poly(butane-l,4-dlol sueeinate)]. 

Methylation of Nutanoside. With stirring, 0.6 g of Nail and 7 ml of Ch3I were added over an hour to 
a solution of 0.7 g of nutanoside in 50 ml of dimethylformamide. Then the mixture was stirred for about 
2 h, after which it was poured into water and extracted with chloroform (3 x 75 ml). The extract was 
washed with thiosulfate solution and with water and was evaporated. The residue (0.33 g) was transferred 
to a column of alumina (3 g) and eluted with 30 ml of chloroform. This gave0.3 gofnutanoside permethy- 
late with mp 120-125°C [o~] D + 5 ° (c I; pyridine). 

A mixture of 0.I g of this product and 3 ml of absolute methanol containing 5% of HCI was heated at 
85 ° C for 4 h. The mixture of eompletely-methylated monosaccharides was extracted with chloroform and 
analyzed by GLC. Peaks were found with retention times in relation to methyl fi-2,3,4,6-tetra-O-methyl- 
D-glucoside as follows: I, 1.38, 1.05, 0.45, and 0.52. Literature data: i and 1.43- methyl ~- and fl-2,3,4, 
6-tetra-O-methyl-D-glucosides; 1.04- methyl fl-2,3,4-tri-O-methyl-L-arabinoside; 0.46 and 0.57- methyl 
c~_ and fl-2,3,4-tri-O-methyl-D-xylosides [3]. 

Nutanoside permethylate (0.2 g) was heated in 5 ml of methanol containing 5% of hydrochloric acid 
for 3 h. The mixture of methylated monosaecharides was separated preparatively on sheets of paper (29 x 
58 era) in system 1. This gave the following sugar methyl ethers. 

2,3,4,6-Tetra-O-methyl-D-glucose (12 rag}, [cz] D + 82 ° (c I; water) Rg 1.0. Literature data: Rg 1.0 
[4], [o~] D + 83.3 ° (water) [5]. 

2,3,4-Tri-O-methyl-D-xylose (8 mg), [c~] D + 60 ° (e I; water), Rg 0.93. Literature data: [~]D + 64-5° 
(water), Rg 0.94 [6]. 

2,3,4-Tri-O-methyl-L-arabinose (7 rng), [~]D + 120° (c 0.5; water), Rg 0.88. Literature data: [o~] D 
+ ] 33.4 ° (water) [7]. 

3,4,6-Tri-O-methyl-D-galactose (14 rag) [o~] D + 40 ° (c I; water), Rg 0.72. The substance gave posi- 
tive reactions with triphenyltetraT.olium chloride and with the KIO4-benzidine reagent [8]. On demethyla- 
tion with boron trichloride [9], galactose was identified by paper chromatography in systems 2 and 3. 
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2 ,3 -Di -O-me thy l -D- fucose  (13 mg), [O~]D + 60 ° (c 0.5; water),  Rg 10.63. The reac t ion  fo r  an cl-diol 
grouping was negative,  but a f ter  reduction with NaBH 4 it was posi t ive ,  rhe  t r iphenyl te t razol inm chloride 
tes t  was negative [8]. 

2 - O - M e t h y l - L - r h a m n o s e  (11 mg),  mp 106-108°C [o~] D + 33.3 ° (c 0.6; water),  Rg 0.54. L i t e r a tu re  
data: mp 113-114 ° C [O~]D + 31 ° (water) [10]. The reac t ion  for  an c~-diol grouping was posit ive.  The t r i -  
phenyl te t razol ium tes t  was  negative.  A mixture  of 2 mg of the substance  and 1 ml  of  absolute methanol  
containing 4% of HC1 was heated at 100 ° C for  1 h. The methyl  glycoside gave a pos i t ive  reac t ion  for  an ~ -  
diol grouping: 

2 , 3 -D i -O -m e t hy l -D-ga l ac t o s e  (12 rag), [~]D + 62° (c 0.8; water),  Rg 0.5. L i t e r a t u r e  data: Rg 0.55 
[11], [C~]D + 57 --~ + 105 ° (water) [12]. On demethylat ion with boron t r ichlor ide ,  galactose  was identified. 
The KIO4-benzid ine  reac t ion  was negative,  but a f ter  reduction with sodium te t rahydrobora te  it was pos i -  
tive. The t r iphenyl te t razo l ium chloride tes t  was negative.  

Methylation of the Acid Glycoside. The methyla t ion of 0.1 g of the compound was p e r f o r m e d  as 
descr ibed  above. This gave  0.087 g of pe rme thy la t e  with mp 120-125 ° C [o~] D + 30 ° (cl; pyridine) .  The 
product  was heated  in 3 ml  of 5% aqueous ethanolic hydrochlor ic  acid for  3 h. 2 ,3 ,4 -Tr i -O-methy l -D-  
xylose,  2 , 3 , 4 - t r i - O - m e t h y l - L - a r a b i n o s e ,  and 2 ,3 -d i -O-me thy l -D-ga l ac to se  were  identified in the hydro l -  
ysa te  by paper  chromatography .  

Par t i a l  Hydrolys is  of the Acid Glycoside. A solution of 0.14 g of the glycoside in 40 ml  of isopropanol 
- w a t e r - s u l f u r i c  acid (2 : 1 : 0.1) was heated at  85 ° C for  15 rain. After  neut ra l iza t ion  with Ba(OH) 2, the hy-  
d ro lys i s  products  were  ex t rac ted  with butanol (3 × 100 ml). The solvent was evapora ted  off and the res idue,  
amounting to 0.11 g, was t r a n s f e r r e d  to a column containing 30 g of s i l ica  gel. Elution was p e r f o r m e d  
f i r s t  with 220 ml  of c h l o r o f o r m - e t h y l  acetate  (1 : 3) and then with s y s t e m  4, 1 .5 -ml  f rac t ions  being col -  
lected. Frac t ions  6-14 yielded 10 mg  of vacca ros ide  with mp 186-189 ° C, [~]D + 26"6° (c 1.5; pyridine).  
After  hydro lys i s  with Ki l ian i ' s  mixture ,  glucuronic acid and its lactone were  identified by paper  c h r o m a -  
togrography in s y s t em  3, and gypsogenin by th in- layer  chromatography  in sys t em 5 with an authentic s a m -  
ple. F rac t ions  15-18 contained 25 mg of a t r ios ide  with mp 205-207 ° C, [~]D + 10° (c 3; pyridine).  

Pa r t  of the t r ios ide  was heated in 1 ml of 5% hydrochlor ic  acid for  3 h. Glucuronic acid, galactose,  
and xylose  were  identified in the hydrolysate  by paper  chromatography  in s y s t e m s  2 and 3. 

A solution of 20 m g  of the t r ios ide  in 1 ml of d imethy l fo rmamide  was t r ea ted  with 1 ml  of CH 31 and 
0.5 g of  BaO, and the mix tu re  was p laced in a tube and heated at 100 ° C for  19 h. The produc t  was d i s -  
solved in 3 ml  of 5% aqueous methanol ic  hydrochlor ic  acid and heated at 80 ° C for  3 h. 2 ,3 ,4 -Tr i -O-me thy l -  
D-xylose  with Rg 0.91 and 2 , 3 , 6 - t r i - O - m e t h y l - D - g a l a c t o s e  with Rg 0.73 were  identified in the hydro lysa te  
by paper  ch romatography  in s y s t e m  1. L i t e ra tu re  data: Rg 0.93 and 0.71, r e spec t ive ly  [4]. 

Methylation of the Pentasacchar ide .  The methylat ion of 0.1 g of the substance was p e r f o r m e d  as 
descr ibed above. The pe rme thy la t e  (0.07 g) was heated in 7 ml  of 5% hydrochlor ic  acid fo r  3 h. In the 
hydrolysa te  by pape r  ch romatography  in s y s t em 1 with authentic samples  the following sugar  de r iva t ives  
were  identified: 2 ,3 ,4 ,6 - t e t r a -O-me thy l -D-g lucose ,  3 ,4 ,6 - t r i -O-methy l -D-ga lac tose ,  2 , 3 - d i - O - m e t h y l - D -  
fucose,  and  2 - O - m e t h y l -  L - r h a m n o s e .  

Enzymat ic  Hydro lys i s  of  the Pentasaechar ide .  A solution of 0:17 g of t h e p e n t a s a c c h a r i d e  in 20 ml  
of phosphate buffer  was t r ea ted  with 17 mg  of d ias tase ,  and the mix tu re  was left  at 37 ° C for  14 h. The sub-  
s t ra fe  was sepa ra ted  p r e p a r a t i v e l y  on sheets  of paper  (29 x 58 cm) in s y s t e m  2. This  gave 17 rag of d i sac -  
char ide  as an amorphous  powder;  a f t e r  reduction with sodium te t rahydrobora te ,  [~]D 0° (c 0.6; water) .  
The d i sacchar ide  was methyla ted  as descr ibed  above. P a r t  of the pe rme thy la t e  was reduced and hyd ro -  
lyzed. The product  was p laced on a paper  ch romatogram;  the 2 ,3-d imethyl rhamni to l  gave a pos i t ive  r e a c -  
tion fo r  an ~-diol  grouping. Another pa r t  of the pe rme thy la t e  was heated with 3% hydrochlor ic  acid for  1 
h, and the hydro lysa te  was  found to contain 2 ,3 ,4 ,6 - t e t r a -O-me thy l -D-g lucose  with Rg 1.0, and 2 ,3 -d i -O-  
m e t h y l - L - r h a m n o s e  with Rg 0.74. 

Enzymat ic  Hydro lys i s  of  Nutanoside. A solution of 0.5 g of nutanoside in 30 ml  of phosphate buffer  
was t rea ted  with 13 mg  of d i a s t a se  and the mix ture  was kept  at 37° C ' for  38 h. Two glucosides were  found 
in the subs t ra te  by chin- layer  chromatography  in s y s t e m  4. The addition of an excess  of ethanol gave 0.1 
g of the initial  nutanoside, R f  0.05. The f i l t ra te  was evapora ted  and the res idue  was dissolved in wa te r  and 
ex t rac ted  with butanol. 
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The butanolic ex t rac t  was evaporated until  a prec ip i ta te  deposited, and this was f i l te red  off giving 
0.1 g of a glycoside with mp 205-207°C, [e~] D + 20 ° (c 1; pyridine),  .Rf 0.3. After hydro lys i s  with 5% hydro-  
chlor ic  acid, glucuronic acid and rhamnose  were  found in the hydrolysa te  by paper  chromatography in 
sys tems  2 and 3. 

The aqueous ex t rac t  was evaporate~l. The 0.2-g res idue  was separa ted  prepara t ive ly  on sheets of 
paper  in sys tem 3. This gave 25 mg of a t r i sacchar ide  with [c~] D + 60 ° (c 0.5; water).  A mixture  of 10 mg 
of the product  and 1 ml of 3% hydrochlor ic  acid was heated at 90 ° C for  1.5 h. Galactose, glucose, and fu-  
cose were  found in the hydrolyzate .  The t r i sacchar ide  (13 mg) was reduced with sodium te t rahydroborate .  
The product ,  with [~]D - 24° (e 0.75; water) was hydrolyzed.  On a paper  chromatogram run in sys tem 2 
with ma rke r s ,  aniline phthalate showed the p r e sen ce  of glucose and fucose,  and the KIO4-benzidine reagent  
showed the p r e sence  of glucose, fucose,  and dulcitol. 

S U M M A R Y  

The complete s t ruc tu re  of nutanoside - a t r i t e rpene  glycoside isolated f rom the roots  of Silene 
nutans L. - h a s  been established. 
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