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We have described the structures of the carbohydrate components of the glycosides of Panax ginseng C. A. 
Meyer (ginseng), panaxosides D, E, and F III, which are the first known representatives of neutral triterpene 
glycosides of the dammarane series which have two carbohydrate chains. Recently Tschesehe et al. have reported the 
isolation of some steroid saponins of the furostane series containing carbohydrate chains attached to the hydroxyl at 
C-3 and C-26 of the genin 121. 

In this paper we give the resu l t s  of a study of the s t ruc ture  of the carbohydrate chains of panaxosides B' and C. 
We have s ta tedpreviously  131 that panaxoside C is a te traoside whose carbohydrate moiety includes glucose and 
rhamnose  in a rat io of 3 : 1. However, a study of hydrolysate of panaxoside C by gas- l iquid chromatography (GLC) 
showed that these monosacchar ides  are presen t  in a rat io of 2 : 1 (Fig. 1). The resu l t s  obtained are in agreement  with 
the e lementary  analysis  of panaxoside C for an empir ical  formula  of C48H80017 • 2H20. As the genin we took the 
s t ructure  proposed previously 141, according to which the hydroxyl groups are presen t  at the C-3, C-6, and C-12 
atoms. 
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Fig. 1. GL chromatogram of the TMS ethers  
of the reduced monosacchar ides :  1) rhamnitol ,  
2) glucitol, and 3) i - inosi to l  (standard). 

The methylation of panaxoside C by Kuhn's method 15[ and by Purd ie ' s  method ]61 with subsequent acid cleavage 
has shown that the hydrolysate contains two terminal  methylated monosaceharides  : 2, 3, 4, 6 - t e t r a -O-methy l -D-g lucose  
and 2, 3 , 4 - t r i - O - m e t h y l - L - r h a m n o s e ,  and also 3,4, 6 - t r i -O-methy l -D-g lucose ,  which was identified by comparison 
with an authentic sample 17[ and also by its capacity for being oxidized both by Bonner ' s  reagent  181 and periodate with 
the formation of 2, 3 , 5 - t r i -O-me thy l a r ab inose  171. The absence of dimethylated glucose and the presence  of two 
terminal  monosacchar ides  shows that the carbohydrate chains are  grafted to panaxoside C in two positions,  and the 
presence  of 3,4, 6 - t r i -O-methy l -D-g lucose  shows the 1 ~ 2 bond between the monosaccharide fragments .  What has 
been said above is confirmed by the GLC of the carbohydrate moiety of methylated panaxoside C, for whose 
composit ion a 1 : 1 : 1 rat io was obtained (Fig. 2), agreeing with the resu l t s  of the GLC of an authentic equimolecular  
mixture.  

Consequently, the structure of the carbohydrate moiety of panaxoside C can be represented by the following two 
var iants :  

D - -  Gl l  ~ 2 D - -  Gll  ~'[ 
L - -  R h a l ~  and 

L - - R h a l ~ 2 D - - G I  ~ }  

D - -  Gl l  : 

Panaxoside B' has constants which differ from those of the panaxoside B descr ibed previously ]91. The 
hydrolysate of the completely methylated panaxoside B' obtained by success ive  methylation using the methods of 
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Hakomori  I101 and Purd ie  161 contained 2 ,3 ,4 ,  6 - t e t r a - O - m e t h y l - D - g l u c o s e  and 3,4, 6 - t r i - O - m e t h y l - D - g l u c o s e  in a 
ra t io  of 2 : 1 (Fig. 3). Taken in combination with the resu l t s  of e l emen ta ry  analysis  for the empi r i ca l  fo rmula  
C48H800~8, this means  that panaxoside B' is a t r ios ide  with two carbohydrate  chains whose glucose f ragments  are  
connected by a 1 ~ 2 bond. For  the carbohydrate  chains the following s t ruc tu re  may be proposed:  

D -  Gl l  -~ 2 D - -  GIi  -4~ 

D - -  Gll  ~]"  

E X P E R I M E N T A L  

Chromatography was ca r r i ed  out with KSK s i l ica  gel, a lumina (activity grade  III), M paper of the Leningrad 
No. 2 paper  mil l ,  and the following solvent  sys t ems :  1) c h l o r o f o r m - m e t h a n o l - w a t e r  (2 : 1, to saturation),  2) butan- 
1 - o r - e t h a n o l - w a t e r  (10 : 2, to saturation),  3) b e n z e n e - b u t a n - l - o l - p y r i d i n e - w a t e r  (1 : 5 : 3 : 3), 4) to luene-e thanol  
(9 : 1), 5) methyl  ethyl ketone saturated with 1% ammonia  solution, 6) benzene-e thy l  acetate  (3 : 2), 7) 
ch lo ro fo rm-me thano l ,  8) c h l o r o f o r m - e t h y l  acetate,  and 9) ch lo ro fo rm-e thano l .  

/8 8 b" 4 2 g 
T ime ,  m in  

Fig. 2. GL ch roma tog ram of the methyl  glycoside 
of the methylated monosacchar ides  of panaxoside 
C : 1) the 2, 3 , 4 - t r i - O - m e t h y t - L - r h a m n o s i d e ,  2 
and 3) the 2, 3,4,  6 - t e t r a - O - m e t h y l - D - g l u c o s i d e s  
( a -  and f i - i somers ) ,  4 and 5) the 3,4,  6 - t r i - O -  
methy l -D-g lucos ides  (c~- and f i - i somers ) .  

The monosaechar ides  were  revea led  with aniline phthalate and the glycosides and their  de r iva t ives  with a 
sa turated solution of SbCI3 in ch loroform and with conc H2SO4. Gas- l iquid chromatography was ca r r i ed  out in a Tsve t -2  
ins t rument  (produced by the Exper imenta l  Design Bureau for Automation, Dzerzhinsk) fi t ted with a dif ferent ia l  sys tem 
having two f lame ionization de tec tors  (consumption of hydrogen and nitrogen 33 m l / m i n  and of a i r  260 ml /min)  and in 
a Pye Argon chromatograph  with a f i- ionization de tec tor  (rate of flow of argon 40 mi /min) .  Gas- l iquid  chromatography 
was carried out in stainless-steel columns (i00 x 0.3 cm) containing 5% neopentyl glycol succinate on Chromosorb W 
(60-80 mesh) (column i) and 10% SE-30 on Chromosorb W (60-80 mesh) treated with hexamethyldisilazane (column 2), 
and also in a glass column (120 x 0.3 cm) containing 10% poly(ethylene glycol suecinate) on Chromosorb W (60-80 
mesh) treated with dichlorodimethylsilane (column 3). All the solutions were evaporated in vacuo at temperature not 
exceeding 55 ° C. The elementary analyses of all the compounds corresponded to the calculated figures. 

Panaxoside  B' .  A mixture  of panaxosides B' and C, 0.9 g, was t r ans fe r red  to a column of s i l ica  gel (3 x 30 cm) 
and etuted in sys tem 7 with a gradient  of increas ing  concentrat ion of methanol f rom 0 to 20%. The f rac t ions  col lected 
were  moni tored  by th in- layer  chromatography on s i l ica  gel in sys tems  1 and 2. This gave 0.4 g of panaxoside B' with 
mp 175-177 ° C (from a mix ture  of methyl ethyl ketone and butan-l-ol) ;[c~]~ + 11.3 ° (c 0.106, ethanol). 

Acid hydrolys is  of panaxosides B' and  C. A mixture  of 20 mg of one of the g lycos ides  and 1 ml  of 3.5% H2SO 4 
was heated at 100 ° C for 3 hr. The hydrotysate  was neutra l ized with Dowex 1 x 4 anion-exchange res in  (HCO~ form) 
and evaporated in vacuo. Using PC and GLC, glucose was identified in the mix ture  of products  f rom the hydrolysis  of 
panaxoside B ~', and glucose and rhamnose  f rom panaxoside C. 

Methylation of panaxoside B' .  With s t i r r ing ,  0.06 g of sodium hydride was heated with 2 ml of dimethyt sulfoxide 
at 60-70 ° C in a cu r ren t  of ni t rogen for  1 hr.  Then 0.15 g of the glycoside in 2 ml of dimethyl sulfoxide was added to 
the cooled reagent .  The mixture  was kept at 20-22 ° C for  8 hr  and then, with ice water cooling, 4 ml of CH3I was 
added and the reac t ion  was continued under the same conditions for 3 hr. The mixture  was diluted with water  and 
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extracted with ch loroform,  and the organic  layer  was washed with water  and evaporated to dryness .  The res idue  was 
dissolved in 3 ml of CH3I and t reated with 0.7 g of Ag20, and the mixture  was s t i r r ed  in a cu r ren t  of ni trogen at 
20-22 ° C for 20 hr. After the addition of half-amounts  of CH3I and Ag~O, s t i r r ing  was continued for another 20hr .  The 
solid mat te r  was f i l te red  off and the f i l t ra te  was evaporated in vacuo. This gave 0.09 g of chromatographica l ly  
homogeneous product (system 4). 

! 

It7 8 8 ,~ 2 
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Fig. 3. GL chromatogram of the methyl glycosides 
of the methylated monosacchar ides  of panaxoside 
B ' :  1 and 2) the 2, 3,4, 6 - t e t r a - O - m e t h y l - D -  
glucoside (c~- and t3-isomers) ,  3 and 4) the 3 , 4 , 6 -  
t r i -O-me thy l -D -g lucos ide  (ce- and/3- i somers) .  

Hydrolysis of methylated panaxoside B'. A mixture  of 0.02 g of the panaxosidc and 1 rnl of 3% HCl in methanol  
was heated at 100 ° C for  6 hr.  Then 1 ml of water was added and the mix ture  was heated for  another 5 hr. After  
neutral izat ion with Dowex 1 x 4 anion-exchange r e s in  (HCO~ form) the hydrolysate  was shown by chromatography on 
paper  (system 5) and in a thin l ayer  of s i l i ca  gel (system 6) with authentic samples  to contain 2, 3,4,  6 - t e t r a - O - m e t h y l -  
D-glucose  and 3, 4, 6 - t r i - O - m e t h y l - D - g l u e o s e .  

Methylation of panaxoside C. A solution of 4 g of the glycoside in 15 ml of d imethyl formamide  was t reated with 
18 g of finely ground BaO, 4 g of Ba(OH)2" 8H20, 0.04 g of BaO2, and 15 ml of CH3I, and the mix ture  was heated with 
vigorous s t i r r ing  at 55 ° C for 10 hr.  Then it was cooled and poured into 40 ml of saturated Na2S203 solution. The 
prec ip i ta te  was separa ted  off, the f i l t ra te  was extracted with ch loroform (5 × 30 ml), and the organic l ayer  was washed 
with water and evaporated to dryness .  After  remethyla t ion,  3.2 g of a yellow vi t reous  product  appearing on plates  
coated with alumina (system 6) in the form of two spots was obtained. The product,3.2 g, was dissolved in 25 ml of 
CH3I and, with s t i r r ing ,  15 g of Ag20 was added in six port ions at shor t  in te rva ls .  Methylation with the addition of 
f resh  portions of reagents  at 35-40 ° C las ted 40 hr. The prec ip i ta te  was f i l t e red  off and the f i l t ra te  was evaporated in 
vacuo. The chromatographic  behavior  of the mixture  was identical with that of the product of the preceding 
methylation. The product  obtained was t r ans fe r r ed  to a column of s i l i ca  gel (3 × 60 cm) and was eluted with sys tem 8 
with a gradient  of increas ing  concentrat ion of ethyl acetate  f rom 0 to 100~o. Two substances were  isola ted:  1.82 g with 
[c~]~-8.0 ° (c 3.0, methanol) and 0.2 g with [ce]~ + 3.7°(c 1.36, methanol),  whose hydrolysates  were  found to contain the 
same set  of methylated monosacchar ides  : 2 ,3 ,4 ,  6 - t e t r a -O -m e thy l -D -g lucose ,  3, 4, 6 - t r i - O - m e t h y l - D - g l u c o s e ;  and 
2, 3 , 4 - t r i - O - m e t h y l - L - r h a m n o s e .  

Separat ion of the mixture  of methylated monosacchar ides ,  Methylated panaxoside C, 1.82 g, was hydrolyzed 
under the conditions descr ibed  for methylated panaxoside B'. The mixture  of methylated monosacchar ides  (0.72 g) 
was t r ans fe r red  to a column of s i l ica  gel (2 × 60 cm) and eluted in sys tem 9 with a gradient  of increas ing  concentrat ion 
of ethanol f rom 0 to 100%. The f ract ions  were analyzed in a thin layer  of s i l ica  gel in sys tem 6. Frac t ion  I contained 
0.04 g of 2, 3, 4 - t r i - O - m e t h y l - L - r h a m n o s e  giving an aniline der iva t ive  with mp 115-117 ° C {from a mix ture  of e ther  
and pe t ro leum ether).  L i t e ra tu re  data: mp 123-125 ° C II11. A mixture  with an authentic sample  gave no depress ion  of 
the melt ing point. F rac t ion  II consis ted of 0.3 g of a mixture  of 2 , 3 , 4 - t r i - O - m e t h y l - L - r h a m n o s e  and 2,3,  4, 6 - t e t r a -  
O-me thy l -D-g lucose .  F rac t ion  III consis ted of 0.07 g of 2 ,3 ,4 ,6 - t e t r a -O-me thy l -D-g lucose  with mp 76.79°C (from 
pe t ro leum ether),[ce]~ + 78°0 ° (e 2.46, methanol).  L i te ra tu re  data: mp 98°C,[~ ]~ + 81.3"1121. A mix ture  with an authen- 
tic sample showed no depress ion  of the mel t ing  point. F rac t ion  IV consis ted of 0.11 g of a mix ture  of 2 ,3 ,4 ,6 - t e t r a -O-  
me thy l -D-g lucose  and 3 , 4 , 6 - t r i - O - m e t h y l - D - g l u c o s e ;  and f rac t ion V consis ted of 0.15 g of 3 , 4 , 6 - t r i - O - m e t h y l - D -  
glucose.  

Qualitative and quantitative analysis  of mix tures  of de r iva t ives  of the monosaocharides by the GLC method. A) 
To 15 mg of the panaxoside was added 3 mg of i - inos i to l ,  which had been suggested as an internal  standard 113], and 
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the mixture  was hydrolyzed with 3.5~o aqueous H2SO 4. The mixture  of monosacchar ides  and i - inos i to l  was reduced with 
sodium borohydride 1141 and was si lylated and hydrolyzed by Sweeley's method 1151. The mixture  of t r imethyls i ly l  
(TMS) ethers of the polyols was chromatographed in a Tsvet -2  in s t rumen t  (column 15 with a tempera ture  p rogram 
ranging from 155 to 200 ° C at a ra te  of heating of 2 ° C /min  and with the evaporator  at a t empera ture  of 200-300 ° C. 
The value of K (correct ion factor  for the f lame- ioniza t ion  detector) was calculated for the TMS ether  of glucitol as 1.1, 
and for the TMS ether of rhamnitol  as 1.4. 

B) After the hydrolysis  of 15 mg of methylated panaxoside with 1 ml of 3% HC1 in methanol (10 hr at 100 ° C) a 
mixture  of methyl glycosides of methylated sugars  was obtained. Qualitative analysis  was ca r r i ed  out on a Pye Argon 
chromatograph (column 3) under i so thermal  conditions (column tempera ture  164 ° C). The mola r  rat io of the 
components of the mixture  was de termined on a Tsvet-2  ins t rument  (column 25 with a t empera ture  p rogrammed from 
110 to 195 ° C at a ra te  of heating of 10 ° C/rain.  Standard mixtures  were prepared by taking aliquots of methanolic 
solutions of the synthesized monosacchar ide  methyl ethers ,  2, 3,4, 6 - t e t r a -O-methy l -D-g lucose  (78.3 rag/25 ml), 
3, 4, 6 - t r i -O-me thy l -D-g lucose  (74.0 rag/25 ml), and 2, 3, 4 - t r i - O - m e t h y l - L - r h a m n o s e  {68.7 rag/25 ml), and convert ing 
them into the methyl glycosides by the method descr ibed above. The chromatograms for the s tandard mixture  and for 
the mixture  of methyl glycosides of methylated monosacchar ides  of panaxoside C were s imi la r .  Chromatography of 
the methyl glycosides of methylated panaxoside B' gave a pat tern identical with the chromatogram of an authentic 
mixture  of 2, 3,4,  6 - t e t r a -O-methy l -D-g lucos ide  and 3, 4, 6 - t r i -O-me thy l -D-g lucos ide  (molar rat io 2 : 15. 

C O N C L U S I O N S  

It has been found that panaxosides B' and C are t r ios ides  containing two carbohydrate chains, in which the 
monosacchar ide  res idues  are connected by a 1 ~ 2 bond. 

The carbohydrate  moiety of panaxoside B' contains glucose and that of panaxoside C contains glucose and 
rhamnose  (2 : 1). 
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