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Prepara t ions  f rom the leaves of Eleutherococcus  senticosus possess  physiological  activity [1, 2], and 
the re fo re  they a re  of i n t e re s t  for  chemical  study. An investigation of a methanolic ex t rac t  of the leaves 
that we have pe r fo rmed  has shown that they do not contain the phenol glycosides found in the roots  of the 
plant [3], but they contain at leas t  th ree  glycosides of oleanolic acid. P r e l i m i n a r y  information on the i s o -  
lation of the total  glycosidic f ract ion f rom the leaves has been published previous ly  [4]. The p r e s e n t p a p e r  
descr ibes  the isolat ion of the oleanolic acid glycosides,  which have been cal led in o rde r  of increas ing  po-  
la r i ty  e leu theros ides  H, L, and M. The acid hydrolysis  of these compounds gave oleanolic acid. 

Eleutheroside  H is  a mix ture  of two glycosides,  I and K, with s imi la r  polar i t ies ,  which i t  was pos -  
sible to separa te  in the form of the corresponding methylated der ivat ives .  F u r t h e r m o r e ,  glycosides I and 
K have been obtained by the alkaline hydrolysis  of e leutheros ides  L and M, respect ively ,  which may indi-  
cate a biogenetic connection between the two groups of glycosides.  

The acid hydrolys is  of e leutheros ides  I and K fo rmed  L- rhamnose  and L-arabinose .  The molecu la r  
weights, de te rmined  f rom the yield of genin, and the e lementa ry  analyses  showed that these glycosides a re  
biosides. The per iodate  oxidation of e leutheros ides  I and K led to the complete decomposit ion of the mono-  
sacchar ide  res idues ,  which shows the absence of 1,3-glycosidic linkages in the carbohydra te  chains of the 
glycosides.  The t r ea tmen t  of the e leutheros ides  with diazomethane and subsequent hydrolysis  of the com-  
pounds fo rmed  gave methyl  oleanolate.  Consequently, the carbohydra te  chain is  at tached to the C-3 hy-  
droxyl of the genin. 

The analyses  of e leutheros ides  L and M are  s imi lar .  The acid hydrolysis  of these glycosides formed 
D-glucose,  L - rhamnose ,  and L-arab inose  in a mola r  ra t io  of 2 : 2 : 1 (GLC) (Fig. 1). The molecular  weights 
of these compounds show the p resence  in thei r  carbohydra te  chain of five monosacchar ide  res idues .  The 
alkaline hydrolys is  of e leutheros ides  L and M gave e leutheros ides  I and K, respect ively ,  and an ol igosac-  
char ide consist ing of glucose and rhamnose  res idues .  The alkaline hydrolys is  of e leutheros ides  L and M 
in the p resence  of potass ium borohydride with subsequent hydrolys is  of the ol igosacchar ides  obtained 
formed sorbitol ,  in addition to the monosacchar ides  mentioned above. It  follows f rom this that e leu thero-  
sides L and M contain two carbohydra te  chains, one attached to the hydroxyl at C-3 and consist ing of L-  
arabinose and L - rhamnose  res idues ,  and the other  connected by an O-acylglycosidic bond through a glucose 
res idue.  The la t te r  includes D-glucose and L- rhamnose  res idues .  The per iodate  oxidation of e leu thero-  
sides L and M led to the complete  decomposit ion of the monosaechar ide  res idues ,  which shows the absence 
of 1,3 linkages and of branching in the i r  carbohydra te  chains.  

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

Pape r  chromatography (PC) was pe r fo rmed  on Fi l t rak  FN-12 paper  in the following solvent sys tems:  
1) b u t a n - l - o l - p y r i d i n e - w a t e r  (6 : 4 : 3); 2) ethyl a c e t a t e - a c e t i c  a c i d - w a t e r  (2 : 1 : 3). F o r  th in- layer  ch ro -  
matography (TLC), the following sys tems  were  used: 3) c h l o r o f o r m - m e t h a n o l  (9 : 1); 4) c h l o r o f o r m - m e t h -  
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Fig. 1. Gas- l iquid  ch ro -  
matography  of a mix tu re  
of the monosacchar ides  
obtained in the hydro lys i s  
of e leutheros ide  L, in the 
fo rm of the TMS e the r s  of 
the cor responding  polyols:  
peaks:  1) a rabinose;  2) 
rhamnose;  3) glucose; 4) 
inositol  (standard).  

anol (4 : 1); 5) b u t a n - l - o l - e t h a n o l - w a t e r  (7 :2  : 5); 6) c h l o r o f o r m - m e t h -  
a n o l - w a t e r  (95 : 5 : 3 drops),  7) c h l o r o f o r m - b e n z e n e - e t h y l  acetate  (3 : 2 : 1: 
and 8) c h l o r o f o r m - e t h y l  aceta te  (18 : 3). 

The glycosides  and the i r  genins were  revea led  with a sa tura ted  so -  
lution of ant imony t r ich lor ide  in ch loroform with additions of antimony 
pentachlor ide  and thionyl chloride.  The monosacchar ides  and the i r  de-  
r iva t ives  were  revea led  on pape r  with aniline phthalate and on TLC with a 
solution of orcin [5]. 

The gas- l iquid  ch romatography  (TLC) of the t r imethy ls i ly l  e thers  
(TMS) of the monosacchar ides  and the polyols der ived f rom them was 
p e r f o r m e d  on a Tswet t -2  chromatograph  (Exper imenta l  Design Bureau 
for  Automation, Dzerzhinsk) with a f lame- ioniza t ion  detector .  

A s t a i n l e s s - s t e e l  column containing 10% of SE-30 on Chromosorb  W 
(60-80 mesh) washed with acid, with a p r o g r a m m e d  t e m p e r a t u r e  f rom 165 
to 200°C at the ra te  of 2.5 deg/min ,  was used for  separa t ion.  The c a r r i e r  
gas was nitrogen at the r a t e  of 30 m l / m i n .  

To calcula te  mo lecu la r  weights, two accura te ly  weighed samples  of 
the glycosides  (50-200 rag) were  taken in each case ,  and they were  by-  

drolyzed with 2 N sulfuric acid (4 ml) for  6 h. The p rec ip i t a tes  of the genin were  sepa ra ted  off, washed 
with water ,  and dried in vacuum with heating to constant  weight. 

All the solutions were  evapora ted  in vacuum at 35-40°C. The mel t ing  points were  de te rmined  in a 
Boetius appara tus  (Karl  Ze iss ,  Jena,  German  Democra t i c  Republic), and the specif ic ro ta t ions  on an S -PU-  
EM spec t ropho topo la r imete r .  The IR spec t r a  were  r eco rded  on a UR-20 spec t ropho tomete r  (Karl Ze iss ,  
Jena, German  Democra t i c  Republic). The analyses  for  the e leu theros ides  and the i r  de r iva t ives  c o r r e -  
sponded to the calculated f igures .  

Isola t ion of the Glycoside Fract ion.  The a i r - d r y  leaves  of the e leutherococcus  col lected in August-  
September  (380 g) were  exhaust ively  ex t rac ted  with hot methanol .  The solution was evapora ted  to a vol -  
ume of 1.5 l i ter .  The ex t rac t  was boiled with OU-A carbon for  10 rain, evaporated,  and diluted with a s ev -  
enfold volume of water .  The prec ip i ta te  was sepa ra ted  by centr ifuging and was c rys t a l l i zed  f rom meth -  
anol. This gave crude  e leutheros ide  H. Yield 2 g (0.6~o). The aqueous ex t rac t  was ex t rac ted  with butanol. 
On cooling, the evapora ted  butanolic ex t r ac t  deposited a prec ip i ta te  containing a mix tu re  of the glycosides  
L and M. Yield 4.2 g (1.1~0). 

Isolat ion of the Individual Oleanolic Acid Glycosides.  The mix ture  of e leu theros ides  L and M (16 g) 
was chromatographed  on a column of s i l ica  gel (8.5 × 35 cm) in sy s t em 4. This gave 2.3 g of e leutheros ide  
L with mp 200-202°C (isopropanol),  [ a ] ~ - 2 1 . 0  ° (in ethanol). Found, %: tool. wt. 1224; 1251. C5~H96025. 
Calculated: tool. wt. 1204. In addition, 3.8 g of e leutheros ide  M was i so la ted  with mp 217°C (isopropanol),  
[ a ] ~ - l S . 0  ° (in ethanol). Found; mol.  wt. 1251, 1252. C59H96025. Calculated: mol.  wt. 1204. 

The acetylat ion of e leutheros ide  L with acet ic  anhydride in pyridine gave the cor responding  aceta te  
with rap 155°C (ethanol), [ a ] ~ - 0 . 5  ° (in ethanol). The aceta te  of e leutheros ide  M was obtained s imi la r ly ,  
rap 148°C (ethanol), [ a ] ~ - l . 0  ° (in ethanol). 

Identif icat ion of the Genins of Eleutheros ides  L and M. After  r ec rys ta l l i za t ion  f rom ethanol, the 
genins p roved  to be identical  with one another  and with an authentic sample  of oleanolic acid [by the i r  be-  
havior  on TLC in s y s t e m s  6-8, by the nature  of the i r  IR and m a s s  spec t ra ,  by the mel t ing  points of the " 
samples  o b t a i n e d -  287-288°C (ethanol), [ a ] ~ +  67.0 ° (in e thanol)-  and by amixed  mel t ing  point]. Thegenins  
were  t r ea ted  with an e therea l  solution of diazomethane.  The resul t ing  methyl  e s t e r s  were  identical  with 
one another  and with methyl  oleanolate (by the i r  behavior  on TLC in s y s t e m s  6 and 7). The ace ta tes  of the 
genins were  a lso  identical  with the aceta te  of oleanolic acid (TLC in s y s t e m s  6 and 7). 

Alkaline Hydro lys i s  of Eleutheros ides  L and M. A mix ture  of 67 mg of glycoside L and 3 ml  of 2% 
caust ic  soda was heated  in an a tmosphere  of argon for  2 h. The prec ip i ta te  that deposited was separa ted  
off, d issolved in methanol ,  and deionized with Amber l i t e  IR-120 (H+). This gave e leutheros ide  I. Yield 31 
rag, mp 238-246°C, [ a ] ~ + 3 0 . 7  ° (in methanol).  Found: tool. wt. 693, 749. C41H66Oll. Calculated: tool. wt. 
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734. Eleu theros ide  M (60 mg) was t r ea t ed  s imi la r ly ,  giving e leutheros ide  K. Yield 22 mg,  mp 220-221°C 
[~]~+32.2°  (in methanol) .  Found: tool.  wt. 693, 749. C41H66Oll. Calculated:  tool. wt. 734. The f i l t r a tes  
were  neu t ra l i zed  with Amber l i t e  IR-120 (H+), evapora ted ,  and hydrolyzed with sulfur ic  acid.  l ~ a m n o s e  
and glucose were  detected in the hydro lysa tes  by PC in s y s t e m s  1 and 2 and by the GLC of the c o r r e s p o n d -  
ing TMS e thers .  

Eleutheros ide  L (29 mg) and e leutheros ide  M (35 mg) were  heated  with 0.5% caust ic  soda solution 
and a tenfold excess  of po t a s s ium t e t r ahydrobora t e  fo r  5 h in an a tmosphe re  of argon.  The p rec ip i t a t e s  
that  deposi ted were  sepa ra t ed  off. The f i l t r a t e s  were  t r e a t e d  with Amber l i t e  IR-120 (I-1 +) and hydrolyzed 
with sulfur ic  acid. In addition to the comple te  se t  of monosacchar ides ,  sorbi to l  was identified in the hy-  
d ro lysa tes  by PC in s y s t e m s  1 and 2 and by the GLC of the cor responding  TMS e thers .  

Acid Hydro lys i s  and Determinat ion  of the Monosacchar ide  Composi t ions of the Eleutheros ides .  
E leu theros ides  I and K (10 rag) were  hydrolyzed with sulhu ' ic  acid (1 mD at 100°C for  7 h. The hydro ly-  
sa tes  were  neu t ra l i zed  with BaCOn, t r e a t ed  with Amber l i t e  IR-120 (H+), evaporated,  and used  for  the de-  
t e rmina t ion  of the monosaccha r ide  composi t ion.  Eleutheros ides  L and M were  hydrolyzed s imi la r ly .  In 
the hydro lysa tes  of I and K, rhamnose  and arab inose  were  detected by PC in s y s t e m s  1 and 2. In the hy-  
d ro lysa te s  of e leu theros ides  L and M, rhanmose ,  a rab inose ,  and glucose were  detected.  The GLC of the 
cor responding  TMS e the r s  conf i rmed  the r e su l t s  obtained. 

Fo r  additional identification, the monosacchar ides  were  sepa ra t ed  p repa ra t ive ly .  On a column of 
ce l lu lose  powder  (2 x 48 cm) 400 m g  of the mix tu re  of monosaccha r ides  obtained on hydrolyzing the c o m -  
bined e leu theros ides  L and M was deposited.  Elution was p e r f o r m e d  with bu t an - l -o l  2/3 sa tu ra ted  with 
water .  The separa t ion  was moni to red  by PC in s y s t e m  1. F rac t ions  17-34 contained L - r h a m n o s e ,  y ie ld  
94.6 mg  [~]~+  8.0 (in water) .  L i t e r a t u r e  data: [~ ]~+  8.5 ° (in water)  [6]. F rac t ions  48-64 consis ted  of L-  
a rab inose ,  yield 28.4 mg  [~]~+91 .2  ° (in water) .  L i t e r a tu re  data: [~]~+ 105 ° (in water)J6]. F r o m  f r a c -  
t ions 72-92 D-glucose  was isolated;  yield 98.2 m g  [~]~+ 53.1 ° (in water) .  L i t e ra tu re  [~]~+ 52.7 ° (in wa-  
ter)  [6]. 

Quanti tat ive Analysis  of the Monosacchar ides .  Eleutheros ide  L (46 mg) was hydrolyzed and t r ea t ed  
by the method desc r ibed  above.  To the aqueous solution of monosaccha r ides  was added 6 mg  of sodium 
t e t r ahydrobora t e  and the mix tu re  was s t i r r e d  for  4 h. The solution was neut ra l ized  with Amber l i t e  IR-120 
(H +) and evapora ted  with an excess  of methanol ,  and the res idue  was dried.  Inosi tol  (4.64 mg) was used  as  
in ternal  s tandard .  The TMS e the r s  of the polyols  were  obtained in the usual  way [8]. The cor rec t ion  co-  
eff icients  K for  the de tec tor  used  were  as  follows for  the TMS e the r s  of the polyols  mentioned: sorbi to l  
0.66; rhanmito l  0.80; a rab i to l  0.90. The ra t io  of a rab inose  to rhamnose  to glucose was 1 : 2 : 2 (see Fig. 1). 
Simi la r  r e su l t s  were  obtained for  e leutheros ide  M. 

Pe r ioda te  Oxidation of the Oleanolic Acid Glycosides:  The oxidation mix tu re  was p r e p a r e d  in the 
following way: 134 mg of per iodic  acid was dissolved in a smal l  amount of wa te r  and neut ra l ized  with so -  
dium bicarbonate  to pH 7. The solution was diluted with 15 ml of ace ta te  buffer  (pH 4.5). 

The e leu theros ides  (10-15 mg) were  oxidized in 5 ml  of the mix tu re  in the dark  at  20°C for  12 h. 
After  the addition of ethylene glycol,  the solution was reduced  with sodium t e t r ahydrobora t e  (with s t i r r ing)  
for  3 h. Then i t  was  neu t ra l i zed  with Amber l i t e  IR-120 (H +) and evapora ted  with an excess  of methanol .  
The resu l t ing  syrups  were  hydrolyzed as desc r ibed  above. The hydrolysa tes  were  studied by PC in s y s -  
t e m s  1 and 2. No monosaccha r ides  were  detected.  

S U M M A R Y  

F r o m  the l eaves  of Eleutherococcus  sent icosus  four  g lycos ides  of oleanolic acid have been isolated,  
and they have been cal led e leu theros ides  I, K, L, and M. Eleutheros ides  I and K a re  biosides  whose c a r -  
bohydrate chains cons i s t  of L - a r a b i n o s e  and L - r h a m n o s e  res idues .  Eleutheros ides  L and M are  pen ta -  
os ides  and differ  f rom I and K, respec t ive ly ,  by the fact  that  they contain a t r i s accha r ide  consis t ing of D-  
glucose and L - r h a m n o s e  a t t achedby  an O-acylglycos id ic  bond to the ca rboxy  group. The absence  of b ranch-  
ing and of 1,3 bonds in the ca rbohydra te  chains of the e leu theros ides  has  been shown. 
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