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In the preceding communication we have descr ibed  the isolat ion f rom the leaves of Eleutherococcus 
senticosus of four glycosides of oleanolic acid and have given p re l iminary  information on thei r  s t ruc ture .  
The p resen t  paper  gives a proof  of the s t ruc tu res  of the carbohydra te  chains of e leutheros ides  I, K, L, and 
M by the methylat ion method. 

The exhaust ive methylat ion of the combined e leutheros ides  I and K by Kuhn's method [1] followed by 
chromatographic  separat ion led to the isolat ion of the two fully methyla ted e leutheros ides  I and K. The 
same products  were  isola ted in the methylat ion of the glycosides formed by the alkaline cleavage of 
e leutheros ides  L and M, respect ive ly .  

When methylated e leutheros ide  K was hydrolyzed,  2 , 3 ,4 - t r i -O-me thy l -L - rhamnose  and 3 ,4-di -O-  
me thy l -L - a r a b inose  were  identified, while the hydrolys is  of methylated e leutheroside I gave 2 ,3 ,4 - t r i -O-  
m e t h y l - L - r h a n m o s e  and a d i -O-methy l -L-a rab inose  differing f rom that mentioned above. Since there  a re  
no 1,3 bends in the molecule  of e leutheros ide  I, this may  be 2 ,3 -d i -O-methy l -L-a rab inose .  

The above informat ion and the resu l t s  of a calculation of molecular  rotat ion according to KlyneVs 
rule  [2] p e r m i t  the following s t ruc tu res  to be proposed  for  e leutheros ides  I and K: 

a --  L - -  R h a  (1 -- 4) a -- L -- Ara(l -- 3)--  O -- R -- COOH 
- -  L - -  R h a ( 1  - -  2) a - -  L --Ara(1 - -  3) - -  O - -  R - -  COO}'I 

where R-COOH is an oleanolic acid residue;  
tLha is  a rhamnopyranose  residue;  and 
A ra is an a rabopyranose  res idue.  

Consequently,  e leutheroside  I is  mubenin B, which has been descr ibed  previous ly  [3]. 

The hydrolys is  of the fully methyla ted  e leutheroside  L gave 2 ,3 ,4 - t r i -O-me thy l -L - rhamnose ,  2,3- 
d i -O-me thy l -L-a rab inose ,  and 2,3,4- and 2 ,3 ,6 - t r i -O-methy l -D-g lucoses .  The acid hydrolysate  of meth-  
ylated e leutheros ide  M contained 3 ,4 -d i -O-me thy l -L-a rab inose  together  with the methyl  e the rs  of L - r h a m -  
nose and D-glucose mentioned above. The reduction of methylated e leutheros ide  L with li thium t e t r ahy-  
droaluminate  gave a bioside of e ry throdio l  and a t r i sacchar ide .  The hydrolys is  of the bioside led to 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 -d i -O-methy l -L-a rab inose .  When the t r i s acca r ide  was hydrolyzed,  
2 , 3 , 4 - t r i - O - m e t h y l - L - r h a m n o s e ,  2 ,3 ,6 - t r i -O-methy l -D-g lucose  and 2 ,3 ,4 - t r i -O-methy lsorb i to l  were  iden-  
tiffed. A s imi la r  t r i s accha r ide  was formed in the reduction of methylated e leutheros ide  M. With the t r i -  
sacchar ide  was isola ted a bioside the hydrolys is  of which gave 2 ,3 ,4 - t r i -O -m e th y l -L - rh am n o se  and 3,4-  
d i -O-me thy l -L-a rab inose .  Thus, e leutheros ides  L and M have the same carbohydra te  chains attached to 
the ca rbexy  group of the oleanolic acid, and the difference between them consis ts  only in the nature  of the 
carbohydra te  chain at C-3 of the genin. On the basis of this and the calculation of molecu la r  rotat ion by 
Klyne 's  rule,  e leutheros ides  L and M have the s t ruc tu res  
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a- -  L -- Rha (1--  4) c~-- L- -  Ara(1 -- 3) -- O ~  

L - -  Rha(1 --4) ~-- D - -  GI (1 -- 6) X R 
X [~-- D - -  GI (1 - - 2 8 ) - - O - -  C O 

~ - - L - - P h a  ( 1 - - 2 )  : ~ - - L - - A r a ( 1 - - 3 ) O ~  

a -- L -- Rha (I -- 4) ~ -- D -- GI (1 -- 6) >< __.._.._.~1~ 
X ~ - - D - -  GI (1 - - 2 8 ) - - 0 - -  C = O 

where R is an oleanolic acid residue. 

Consequently, eleutheroside M is identical with the hederasaponin B descr ibed previously [4]. 

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

Chromatography was per formed on Whatman 3M paper  in the following solvent sys tems:  1) butan-1- 
o l - e t h a n o l - w a t e r  (40 : 11 : 19); 2) methyl ethyl ketone saturated with 1% aqueous ammonia. The following 
sys tems were used for th in- layer  chromatography (TLC): 3) ch lo ro fo rm-e thano l  (22 : 0.8), 4) c h l o r o f o r m -  
ethyl acetate (18:3),  5) c h l o r o f o r m - a c e t o n e  (7: 1), 6) benzene-ace tone  (3:1).  

The gas-Hquid chromatography (GLC) of the methyl glycosides of the methylated monosaechar ides  
was per formed on a Tswett-2 chromatograph with a f lame-ionization detector.  A column containing 15% 
of butanediol succinate on Chromosorb  W (40-60 mesh) washed with acid and t reated with chlorodimethyl-  
silane with a p rogrammed  tempera ture  f rom 120 to 200°C at the rate of 5 deg/min was used. 

Methylation of Eleutherosides I and K. The methylation of 0.5 g of combined eleutherosides I and K 
was performed in solution in 5 ml of dimethylformamide (DMFA) with 5 ml of methyl iodide in the p r e s -  
ence of 1 g of s i lver  oxide in an atmosphere  of argon in the dark at 50-60°C for 40 h. During the process ,  
new 5-ml portions of methyl iodide and 1-g port ions of s i lver  oxide were added three t imes.  The reaction 
mixture was poured into chloroform, the precipi tate  was separated by filtration, and the fil trate was t reated 
with a saturated solution of sodium thiosulfate, dried, and evaporated. This gave 0.55 g of a mixture of 
fully methylated eleutheroside I and K (the IR spect rum lacked the absorption band of a hydroxyl). 

This mixture (0.5 g) was deposited on a cohmm (2 x 30 ml) of sil ica gel and was eluted with chloro-  
form containing increas ing  concentrat ions of methanol. The yield of methylated eleutheroside I was 70 mg 
[c~]~+3.2 ° (in chloroform) and that of K was 136 mg [~]~+22.4 ° (in chloroform).  Their  IR spectra  lacked 
the absorption band of hydroxyl. Similar compounds were formed by the methylation of eleutherosides I 
and K obtained by the alkaline hydrolysis  of eleutherosid~s L and M, respectively.  

Methylation of Eleutherosides L and M. The methylation of 0.50 g of eleutheroside L and of 0.52 g 
of eleutheroside M, each dissolved in 6 ml of DMFA, was per formed as descr ibed above. The yield of 
fully methylated eleutheroside L was 0.55 g, [ a ] ~ - l l . 5  ° (in chloroform) and that of fully methylated eleu-  
theroside M 0.60 g, [ a ] ~ - 1 9  ° (in chloroform).  

Methanolysis and Hydrolysis  of the Methylated Eleutherosides.  Methanolysis was per formed with 
5% HCIO 4 in absolute methanol in sealed tubes at 100°C for 6-7 h. The reaction mixtures  were t reated 
with Dowex 1 × 4 res in  (HCOs-) and evaporated. By GLC and TLC in sys tems  5 and 6 the methanolysates 
of eleutherosides I and K were each shown to contain the methyl glycosides of 2 ,3 ,4 - t r i -O-methy l rham-  
nose and of a d i -O-methylarabinose ,  the arabinose derivatives being different for the two eleutherosides.  
The methyl glycosides were hydrolyzed with 2 N sulfuric acid at 100°C for  6 h. The acid solutions were 
neutralized with barium carbonate,  t reated with Amberli te IR-120 (It + ), and evaporated. The methylated 
monosacehar ides  were chromatographed on paper in sys tems 1 and 2. The hydrolysates  of eleutherosides 
I and K were found to contain 2 ,3 ,4- t r i -O-methyl rhamnose  and, in addition, the hydrolysate of eleuthero-  
side I contained 2 ,3-di -O-methylarabinose ,  which was not revealed by Bonner ' s  reagent  [5], unlike the 3,4-  
d i -O-methylarabinose  present  in the hydrolysate f rom glycoside K. The methanolysates of the methylated 
eleutherosides L and M were investigated s imilar ly.  They contained the methyl glycosides of 2 ,3 ,4- t r i -O-  
methylrhamnose and 2,3,4- and 2 ,3 ,6- t r i -O-methylg lucoses  while the methanolysate of methylated L also 
contained methyl 2 ,3-di-O-methylarabinoside  and the methanolysate of methylated eleutheroside M con-  
tained methyl 3 ,4-di-O-methylarabinoside .  These resul ts  were confirmed by the PC of the corresponding 
hydrolysates .  

598 



The mixture  of methyl  glycosides (1 g) i sola ted f rom the methanolys is  of 1.6 g of the combinedmeth-  
ylated e leutheros ides  L and M was deposited on a column of si l ica gel (4 x 23 era) and eluted with ch loro-  
fo rm and then with increas ing  concentra t ions  of methanol in chloroform.  The f ract ions  consist ing of the 
methyl  glycosides of the individual methylated monosacchar ides  were  combined, evaporated,  and hydro-  
lyzed with 2 N sulfuric acid, as descr ibed  above. The samples  of methylated monosacchar ides  were  ad-  
ditionally chroraatographed on a column of cel lulose (2 x 22 cm) in the wa te r - sa tu ra t ed  methyl  ethyl ketone 
sys tem.  The methyla ted monosacchar ides  were  identified by deraethylation with boron t r ib romide  [6] and 
identification of the f r ee  monosacchar ides  and by additional methylation [1] with the identification of the 
products  obtained. 

As a resu l t  we identified and corapared with authentic samples  2 ,3 ,4 - t r i -O- rae thy l -L- rhamnose  with 
[a ]~+ 28 ° (in water) and 2 ,3 ,4 - t r i -O-methy l -D-g lucose  with [ a ]~+  79 ° (in water) (on reduction with sodium 
te t rahydrobora te  and subsequent per iodate  oxidation, 2 ,3 ,4- t r i -O-rae thylxylose  was formed);  2 ,3 ,6 - t r i -O-  
methyl -D-glucose  with [~]~+ 70 ° (in water) (after  reduction and per iodate  oxidation, 2 ,3-d i -O-rae thyl -  
th reose ,  chromatographica l ly  identical  with the 2 ,3 -d i -O-methy l th reose  obtained in the oxidation of 2,3,6- 
t r i -O-methy l so rb i to l ,  was obtained); 3 ,4 -d i -O- rae thy l -L-a rab inose  with [a]~ + 180 ° (in water) ( revealed by 
Bonne t ' s  reagent);  and 2 ,3 -d i -O-methy l -L-a rab inose  (not revea led  with Bonner ' s  reagent) .  

Reduction of the Methylated Eleutherosides  L and M. To a solution of 0.45 g of methylated eleu-  
theros ide  M in f resh ly  dist i l led te t rahydrofuran  (THF) was added 0.1 g of lithium tetrahydroalt tmlnate.  
The mixture  was s t i r r e d  for 1 h and was then boiled for 4 h and left  overnight.  The excess  of lithium te t -  
rahydroaluminate  was decomposed with water .  The precipi ta te  was separa ted  off and was washed with 
THF and with e ther .  The aqueous layer  was ex t rac ted  with e ther .  The e the rea l - t e t rahydrofuran  solutions 
were dr ied and evaporated to dryness .  Yield 0.41 g. This res idue was dissolved in e ther ,  and the e therea l  
solution was ex t rac ted  with water.  The aqueous layer  was evaporated to dryness .  The yield of raethylated 
reduced t r i s accha r ide  (I) was 67.3 rag, [ a ] ~ - 3 4 . 2  ° (in chloroform).  The e therea l  layer  was evaporated to 
dryness .  The resul t ing  product  was chromatographed on a column of si l ica gel (2.5 x 18 cm), being eluted 
with chloroform.  The yield of the raethylated bioside of e ry th rod io l  (II) was 250 rag [~]~+ 20.9 ° (in chlo-  
roform).  

The raethylated e leutheroside  L (0.17 rag) was reduced and t r ea t ed  s imilar ly .  This gave the raeth-  
ylated reduced  t r i s accha r ide  (Ill) with a yield of 20 mg, [ a ] ~ - 3 2 . 7  ° (in chloroform) ,and the raethylated bio- 
sides (IV) with a yield of 86 rag, [~]~+ 1.9 ° (in chloroform).  

_Hydrolysis of the Methylated Biosides. (II) and (IV). The methanolysis  and hydrolys is  of the meth-  
ylated biosides (II) and (IV) were  pe r fo rmed  by the usual method. By GLC, methyl 2 , 3 , 4 - t r i -O -m e thy l -L -  
rhanmoside and methyl  3 ,4 -d i -O-methy l -L-a rab inos ide  were identified in the raethylated bioside l-t, and 
methyl  2 ,3 ,4 - t r i -O-me thy l -L - rhamnos ide  and methyl  2 ,3 -d i -O-methy l -L-a rab inos ide  in the methylated 
bioside (IV). These  resu l t s  were  conf i rmed by the PC of the corresponding hydrolysates  in sys tems l a n d 2 .  

Hydrolys is  of the Methylated Tr i saecha r ides  (I) and (lID. The methylated t r i sacchar ide  (I) (67 rag) 
was hydrolyzed as descr ibed  above. The mixture  of methylated monosacchar ides  was chroraatographed on 
a column of si l ica gel (1.5 x 9 cm), elution being pe r fo rmed  with mix tures  of ch loroform and increas ing 
amounts of acetone.  2 ,3 ,4 -Tr i -O- rae thy l -L- rhamnose ,  2 ,3 ,6 - t r i -O-methy l -D-g lucose ,  and 2 ,3 ,4 - t r i -O-  
raethylsorbi tol  were  isolated and identified by comparison with authentic samples.  

The hydrolys is  of the methyiated t r i sacchar ide  (I~) gave s imi la r  resu l t s .  

SUMMARY 

The complete  s t ruc tu res  of e leutheros ides  I, K, L, and M have been established.  Glycoside I is  iden- 
t ical  with mubenin B and glycoside M with hederasaponin B. It has been shown that e leutheroside  K is  the 
3 - [ O - c ~ - L - r h a m n o p y r a n o s y l - ( l ~  2 ) -~-L-a rabopyranos ide ]  of oleanolic acid. In e leutheroside L, the L-  
rhamnose and L-arab inose  res idues  a re  connected by a 1-* 4 bond, and a t r i sacchar ide  consist ing of O - a -  
L- rhamnopyranosy l - (1 -*  4)-O-f l -D-glucopyranosyl-(1  ~ 6)-f l-D-glucopyranose is  connected with the c a r -  
boxy group. 
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