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The isolation of flavonoid substances from some species of the genus Astragalus  L. of the Georgian 
flora has  been reported previously Ill .  Continuing investigations of the flavonoids of plants of this genus, 
from Astragalus  caucas icus  PaU., we have obtained a substance which we have called ascaside.  

Ascaside gives the react ions specific for flavonoids [2]. Its flavonoid nature was confirmed by c h a r -  
acter is t ic  absorption,~u_ bands in the IR spect rum (3400, 3030, 2900, 1690, 1515, 1550, and 1580 cm -1) and UV 
spectrum (~2ax 5OH 352, 255 nm). 

The NMR spectrum of the t r imethyls i lyt  e ther  of the glycoside showed the following signals: doublet 
at 6.8 ppm with J = 8.5 Hz due to thepro tons  in positions 3' and 5' of the flavonoid nucleus, and doublets at 
5 6.11 ppm (J = 2.5 Hz) and 6.25 ppm (J = 2.5 Hz) which can be assigned to the protons in positions 6 and 8. 
The presence of signals corresponding to three anomeric protons in the 6 5.49, 4.73, and 4.25 ppm regions 
shows that there are three sugar res idues  in ascaside [3]. 

The substance under investigation was readily hydrolyzed by 2% sulfuric acid, forming D-galactose,  
L- rhamnose ,  and an aglycone which was identified from its e lementary  composition, physicochemical  p r o -  
pert ies ,  and IR and UV spectra  as kaempferol.  

The NMR spectrum of the glycoside showed doublets at 1.15 and 0.8 ppm belonging to the two methyl 
groups of L- rhamnose  residues.  F rom the resul ts  obtained, the carbohydrate  moiety of the glycoside can 
be represented by two molecules of L- rhamnose  and one of D-galactose,  which was confirmed by the r e -  
suits of qualitative hydrolysis .  

The position of at tachment of the sugars  was shown by UV spectroscopy with diagnostic reagents  
(Table 1). A compar ison of the bathochromic shift of the aglycone and of the glycoside under investigation 
on the addition of aluminum chloride showed that in the glycoside the 3-hydroxy group of the aglycone mole -  
cule is substituted. 

The action of the enzymes of the grape snail [4] and of rhamnodiastase [5, 6] on ascaside did not 
change its molecule. This gives grounds for assuming that it does not contain D-galactose as a terminal  
sugar and that a galacto < 6 ~ l > - L - r h a m n o s e  bond can be excluded. 

The D-galactose found in the reaction mixture af ter  periodate oxidation and hydrolysis  of the reaction 
product shows the substitution of the C a hydroxy group by one of the L- rhamnose  res idues  [7] and the for-  
mation of an acetonide shows the presence of free hydroxy groups of L- rhamnose  residues at C 2 and C 3 [8]. 

When the glycoside was methylated [9] and then hydrolyzed, 3-hydroxy-4 ' ,5 ,7- t r imethoxyf lavone was 
obtained, while when the carbohydrate  fraction was chromatographed on paper in the water - sa tura ted  methyl 
ethyl ketone system and other sys tems  [9, 12], two methylated sugars  were found which from their  Rg val-  
ues corresponded to 2,6--di--O-methyl-D-galactose and 2 ,3 ,4 - t r i -O-methy l -L- rhamnose .  

E X P E R I M E N T A L  M E T H O D  

The UV spectra  were obtained on a Hitachi spec t rometer  in ethanol, the IR spectra  on a UR-10 in- 
strument in the form of tablets with KBr, and the NMR spect ra  on a H i t a c h i - P e r k i n - E l m e r  R 20 A ins t ru-  
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T A B L E  1. 
I t s  A g l y c o n e  

Ab- 
Substance ~9or ~" ]erhanollS°ln" in 

band t ~.,am 

R e s u l t s  of  a U V - s p e c t r a l  A n a l y s i s  of  A s c a s i d e  and 

+ aluminum] + boric I+ sodium 
acetate+S°dium chloride / acid ~: s°di" [ e t h ° x i d e u m  acetate 
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m e n t  (at 60 MHz) with  TMS a s  s t a n d a r d .  

I so l a t i on .  The f l avono ids  w e r e  e x t r a c t e d  f r o m  1.3 kg of the a i r - d r y  c o m m i n u t e d  l e a v e s  of  A. c a u -  
c a s i c u s  wi th  13 l i t e r s  of  80 % e thano l .  The e x t r a c t  w a s  e v a p o r a t e d  u n d e r  v a c u u m  un t i l  the e thano l  had  been 
c o m p l e t e l y  e l i m i n a t e d .  The  aqueous  r e s i d u e  w a s  f i l t e r e d  and t r e a t e d  with  c h l o r o f o m .  The aqueous  l iquid  
w a s  m i x e d  wi th  7 l i t e r s  of  ace tone .  The r e s i n o u s  s u b s t a n c e s  tha t  p r e c i p i t a t e d  w e r e  s e p a r a t e d  off. The 
a c e t o n e  w a s  d i s t i l l e d  off f r o m  the aqueous  ace tone  f i l t r a t e ,  and the a que ous  r e s i d u e  (2.7 l i t e r s )  w a s  e x -  
t r a c t e d  with  2.3 l i t e r s  of  e thy l  a c e t a t e  and t h r e e  l i t e r s  of a m i x t u r e  of  e thy l  a c e t a t e  and e thano l  (4 : 1). The 
e x t r a c t s  w e r e  c o n c e n t r a t e d  s e p a r a t e l y  and s u b j e c t e d  to q u a l i t a t i v e  a n a l y s i s  by PC in v a r i o u s  s y s t e m s .  I t  
w a s  found that  the two r e s i d u e s  had  i d e n t i c a l  f lavonoid  c o m p o s i t i o n s  and e a c h  c o n t a i n e d  t h r e e  s u b s t a n c e s .  

The to t a l  m a t e r i a l  (10 g) w a s  d i s s o l v e d  in 5 m l  of e thano l ,  the so lu t ion  w a s  m i x e d  with 8 g of  p o l y -  
a m i d e ,  and the r e s u l t i n g  p r o d u c t  w a s  d r i e d  at  r o o m  t e m p e r a t u r e .  The d r y  p o w d e r  w a s  d e p o s i t e d  on a c o l -  
umn (3.5 ×40 cm)  of  p o l y a m i d e  s o r b e n t .  The  co lumn  was  w a s h e d  f i r s t  wi th  pu re  c h l o r o f o r m  and then with  
m i x t u r e s  of c h l o r o f o r m  and e thano l  in v a r i o u s  r a t i o s .  The f r a c t i o n s  c on t a in ing  a s c a s i d e  w e r e  c o m b i n e d ,  
the  so lven t  w a s  d i s t i l l e d  off, and the r e s i d u e  w a s  then s e p a r a t e d  by p r e p a r a t i v e  c h r o m a t o g r a p h y  on p a p e r  
in the b u t a n - l - o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 2) s y s t e m .  The a s c a s i d e  zone (Rf 0.47) w a s  cu t  out  and e lu t ed  
wi th  aqueous  e thano l ,  the e thano l  w a s  d i s t i l l e d  off, and the a que ous  l iqu id  w a s  r e c h r o m a t o g r a p h e d  on a c o l -  
umn  of  Sephadex  LH-20 (2 × 20 cm) .  

The f r a c t i o n s  con t a in ing  a s c a s i d e  w e r e  c o m b i n e d ,  the so lve n t  was  d i s t i l l e d  off, and  the f l avonoid  was  
c r y s t a l l i z e d  f r o m  e thanol .  Th i s  gave 0.17 g of ye l low a c i c u l a r  c r y s t a l s  of a s e a s i d e ,  C33H40Ois, mp  180-182 ° 
C, [c~]~-840 (c 0.1; a b s o l u t e  e thanol ) .  

In the c y a n i d i n  r e a c t i o n  the g l y c o s i d e  w a s  c o l o r e d  b r igh t  r ed ,  and B r y a n t ' s  t e s t  showed i t s  g l y c o s i d i c  
n a t u r e  [2]. 

Ac id  H y d r o l y s i s  o f  A s c a s i d e .  An a c c u r a t e l y  we ighed  5 0 - m g  s a m p l e  of the  g l y c o s i d e  w a s  h y d r o l y z e d  
wi th  5 m l  of 2% HzSO 4. The ag lycone  tha t  d e p o s i t e d  w a s  s e p a r a t e d  off by f i l t r a t i o n ,  w a s h e d  with  w a t e r ,  and 
d r i e d .  The we igh t  of  ag lycone  w a s  19 mg,  o r  38'~c, which  c o r r e s p o n d s  to a t r i g l y c o s i d e .  

The a g l y c o n e  c r y s t a l l i z e d  f rom 60 % e t h a n o l  in the f o r m  of ye l low a c i c u l a r  c r y s t a l s  wi th  mp  273-  
274 ° C. I t  w a s  iden t i f i ed  a s  k a e m p f e r o l  [1]. 

The ac id  h y d r o l y z a t e  a f t e r  the s e p a r a t i o n  of the ag lycone  was  n e u t r a l i z e d  wi th  AV-17  a n i o n - e x c h a n g e  
r e s i n  (OH-). The e l u a t e s  w e r e  d i s t i l l e d  to give a s y r u p y  r e s i d u e  (30 mg),  and t h i s  w a s  c h r o m a t o g r a p h e d  on 
p a p e r  in the b u t a n - I - o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 2) and the p y r i d i n e - b e n z e n e - b u t a n o l - w a t e r  (3 : 1 : 5 : 3) 
s y s t e m s .  The  c h r o m a t o g r a m s  showed  the p r e s e n c e  of two c a r b o h y d r a t e s  at  the l e v e l s  of  au then t i c  s a m p l e s  
of  D - g a l a c t o s e  and L - r h a m n o s e .  

E n z y m a t i c  H y d r o l y s i s  of  A s c a s i d e .  A so lu t ion  of 20 m g  of  the s u b s t a n c e  in 3 m l  of w a t e r  w a s  t r e a t e d  
wi th  10 mg of an e n z y m e  p r e p a r a t i o n  of He l ix  p l e c t o t r o p i s  [4] in 2 m l  of  w a t e r  o r  with r h a m n o d i a s t a s e  [5, 
6], and the m i x t u r e  was  kept  a t  37°C for  48 h. In  both c a s e s  the s t a r t i n g  m a t e r i a l  w a s  r e c o v e r e d .  

P e r i o d a t e  Ox ida t ion  of  A s e a s i d e .  The compound  u n d e r  i n v e s t i g a t i o n  (10 mg) w a s  added  to 30 m g  of  
NaIO 4 in 25 m l  of  w a t e r  and the m i x t u r e  w a s  l e f t  fo r  t h r e e  d a y s  in a d a r k  p l ace  [7]. Then  0.1 ml  of  e thy l ene  
g l y c o l  w a s  a d d e d  and,  a f t e r  1 h, the m i x t u r e  w a s  d e i o n i z e d  with K U - 2  c a t i o n - e x c h a n g e  r e s i n .  The l iquid  
was  f i l t e r e d  and the so lven t  w a s  d r i v e n  off  u n d e r  vacuum.  Then the r e a c t i o n  m i x t u r e  w a s  w o r k e d  up a s  
d e s c r i b e d  in the l i t e r a t u r e  [11]. 

A s c a s i d e  Ace ton ide .  A so lu t ion  of  10 m g  of  the g l y c o s i d e  in 5 ml  of  a b s o l u t e  ace tone  w a s  t r e a t e d  with  
100 m g  of a n h y d r o u s  c o p p e r  su l f a t e  and the m i x t u r e  w a s  bo i l ed  wi th  a c a l c i u m  c h l o r i d e  tube fo r  4 h. O n  a 
p a p e r  c h r o m a t o g r a m ,  the ace ton ide  f o r m e d  a p p e a r e d  as  a d a r k  r e d  spot ,  and i t s  m o b i l i t y  (Rf 0.39) d i f f e r e d  
s h a r p l y  f r o m  that  of  the i n i t i a l  s u b s t a n c e  (Rf 0.79).  
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Kuhn Methylation of Ascas ide  [9]. The flavonoid (100 mg) was d isso lved  in 3 ml  of dimethyl  f o r m a -  
mide which had been f resh ly  dist i l led ove r  phosphorus pentoxide and had been previous ly  heated to 40 ° C, 
3 ml of methyl  iodide was added, and then, with s t i r r ing ,  1 g of s i l ve r  oxide was introduced in smal l  p o r -  
tions over  30 min. The react ion  mix ture  was then worked up as desc r ibed  by Patkhulaeva et al. [10]. The 
methylated glycoside was hydrolyzed with 2 ~ HzSO 4. The hydrolyzate  deposi ted c r y s t a l s  of the methyl  de-  
r ivat ive of the aglycone with mp 159-164 ° C, which we identified as 4 ' , 5 , 7 - t r i - O - m e t h y l k a e m p f e r o l  [13]. 
The carbohydra te  f ract ion of the hydrolyzed methylated product  was ch romatographed  on paper  in the s y s -  
t ems  given by Aspinall  and Wood [12] in para l le l  with 2 ,3 ,4 ,6 - t e t r a -O-me thy l -D-g lucose  to de te rmine  the 
values of Rg (g = 2 ,3 ,4 ,6 - t e t r a -O-methy l -D-g lucose ) .  Two methylated sugar s  were  found cor responding  to 
2 ,6 -d i -O-me thy l -D-ga l ac to se  and 2 , 3 , 4 - t r i - O - m e t h y l - L - r h a m n o s e .  

SUMMARY 

A new flavonoid glycoside has been isolated from Astragalus caucasicus Pall. and has been called 
ascaside; its most probable structure has been established as kaempferol 3-O-[3,4-di-O-o~-L-rhamnosyl- 
galae topyrano side ]. 
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