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In popular  medic ine  aqueous alcoholic ex t rac t s  of the roots  of Chenopodium anthelmint icum (drug 
w o r m s e e d  goosefoot) ,  which contains saponins,  are  used as a sedat ive  and analgesic  agent [1]. 

We have inves t igated the roots  of drug w o r m s e e d  goosefoot  col lected in October ,  1968 in the Pol tava  
oblast  of the Ukrainian SSR. Af te r  the purif icat ion of the ex t rac t  by th in - l aye r  ch romatography ,  we e s t a b -  
l ished the p r e se nce  in it of two compounds which we have ca l led  chenopodium saponins A and B. 

In both c a s e s ,  the hydrolyt ic  c leavage  of the g lycosides  yielded the aglycone - echinocyst ic  acid [2]. 
In subs tance  A, glucose,  a rab inose ,  and xylose  were  found, while saponin B also contains rhamnose .  The 
se lec t ive  alkaline saponif icat ion of glycoside B led to its convers ion  into saponin A. 

The type of bond between the monosaccha r ides  was de te rmined  by methyla t ion  [3]. After  the c leavage 
of the pe rme thy la t ed  s aponin A, 2 , 3 , 4 - t r i - O - m e t h y l - D - x y l o s e ,  2 , 3 , 6 - t r i - O - m e t h y l - D - g l u c o s e ,  and 3 ,4-d i -  
O - m e t h y l - L - a r a b i n o s e  were  identified, while for  the pe rme thy la t ed  glycoside B 2 , 3 - d i - O - m e t h y l - L - r h a m n -  
ose and 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e  were  found in addition. The aluminum hydr ide  c leavage of the 
methy la ted  chenopodium saponin B gave a reduced glycoside having the s ame  set  of sugar s  as in the ca se  
of compound A, and also an o l igosacchar ide  decomposing into 2 , 3 - d i - O - m e t h y l - L - r h a m n i t o l  and 2,3,4,6-  
t e t r a - O - m e t h y l - D - g l u c o s e .  

The a t tachment  of one ca rbohydra t e  chain to the hydroxyl  at C 3 of the aglycone was a s sumed  by anal-  
ogy with other  t r i t e rpene  g lycos ides  [4]. 

The sequence of suga r s  in the ca rbohydra te  chain at the C 3 of the aglycone was es tab l i shed  by the 
isolat ion,  on par t ia l  acid hydrolysis ,  of echinocyst ic  acid arabinoside  and a d i sacchar ide  consis t ing of 
a rab inose  and xy lose .  

On the bas i s  of these  resu l t s ,  the mos t  probable  s t ruc tu re  of chenopodium saponins A and B can be 
r e p r e s e n t e d  by the following fo rmulas ,  I and l-I: 

I R =DXylp l+6DOlp ~2LArp 

RI=H 
II R =DXylp I--,-6DGIp +2LArp -~ 

R~=DOIp 1---*4LRhap .+ 
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E X P E R I M E N T A L  

The work  was c a r r i e d  out with type KSK s i l ica  gel and alumina (activity grade  II) and with c h r o m a t o -  
graphic  pape r  of the Volodarski i  Leningrad  Mill with the use of the following solvent s y s t e m s :  1) bu tan-1-  
o l - a c e t i c  a c i d - w a t e r  ( 4 : 1 : 5 ) ;  2) b u t a n - l - o l - b e n z e n e - p y r i d i n e - w a t e r  ( 5 : 1 : 3 : 3 ) ;  3) t o luene -e tha n o l  
(10:1);  4) b e n z e n e - a c e t o n e  (2 : 1); 57 c h l o r o f o r m - m e t h a n o l - w a t e r  (55 : 35 : 1007; and: 6) c h l o r o f o r m -  
ethyl aceta te  (2:1) .  

The comminuted  a i r - d r y  roots  (1 kg) were  ex t r ac t ed  with 70% aqueous methanol .  Yield 50 g. The 
evapora ted  ex t r ac t  was d isso lved  in 500 m l  of wa t e r  and ex t rac ted  succes s ive ly  to decolora t ion  with ch lo ro -  
fo rm,  diethyl e ther ,  and pe t ro leum e ther .  The contaminat ing subs tances  were  removed ,  and the aqueous 
solution was ex t rac ted  with butanol.  The organic  ex t r ac t s  were  concent ra ted  to d rynes s  giving 15 g of 
r e s idue .  

Separa t ion of the Chenopodium Saponins.  The combined subs tances  (3 g) were  d isso lved  in 30 ml  of 
mix tu re  5 and the solution was t r a n s f e r r e d  to a column of s i l i ca  gel (100 x 7 cm) .  Elution was p e r f o r m e d  
with the s a m e  mix ture ,  10-ml  f rac t ions  being col lected.  The p r o c e s s  was moni tored  in thin l aye r s  of 
s i l ica  gel in s y s t e m s  1 and 5. F rac t ions  3 to 5 contained saponin A with mp  257-259°C, [~]~ +53 ° (c 0,77; 
methanol)  and f rac t ions  13 to 15 saponin B with mp 230-232°C, [a]~ +15 ° (c 1.3; H 2 0  ) . 

Hydrolys i s  of Chenopodium Saponins A and B. Glycoside A (2 g) was heated with 40 ml  of TTc HC1 in 
methanol  (1 : 1) at 100°C for  6 h. The hydro lysa te  was diluted with water ,  and the prec ip i ta te  that deposi ted 
was f i l t e red  off and dr ied.  Glucose,  a rab inose ,  and xylose  were  identified in the f i l t ra te  by pape r  ch ro -  
ma tography  in s y s t e m  2. The genin obtained, a f t e r  r ec rys t a l l i za t ion  f rom absolute methanol ,  had mp 304- 
306°C, [a]~ +35.5 ° (c 2.5; ch loroform)  and, f r o m  i ts  Rf  value (sys tem 6), was identical  with echinocyst ic  
acid.  The analogous opera t ions  were  p e r f o r m e d  for  the second saponin.  The hydrolysa te  of the chenopodi-  
um saponin B was found to contain glucose,  a rab inose ,  xylose ,  and rhamnose ,  and the aglycone was echino-  
cys t ic  acid.  

Alkaline Hydro lys i s  of the Chenopodium Saponins.  A mix tu re  of 500 mg of the saponin B and 50 ml  of 
5% aqueous ethanolic KOH was heated  in the wa te r  bath for  4 h. The reac t ion  mix tu re  was neut ra l ized  with 
acet ic  acid and ex t rac ted  with butanol.  Evapora t ion  of tbe organic  ex t r ac t s  gave 300 mg of a glycoside hav-  
ing the s ame  R# value as chenopodium saponin A. The progenin  obtained (20 rag) was heated with 7 ml  of 
2% H2SO 4 at ll~)°C for  4 h. After  c leavage,  the hydro lysa te  was found to contain glucose,  a rab inose ,  and 
xylose 

The analogous reac t ions  were  p e r f o r m e d  on 100 mg of chenopodium saponin A. T h i n - l a y e r  ch ro -  
matography  in s i l i c a g e l i n  s y s t e m s  1 and 5 showed that  the glycoside had undergone no change.  

Stepwise Hydrolys is  of Chenopodium Saponin B (II). The chenopodium saponin II (200 rag) was heated 
with 30 ml  of 10~0 oxalic acid at 80°C fo r  3 h. An analys is  of the reac t ion  mix tu re  by th in - l aye r  c h r o m a -  
tography in s y s t e m  1 showed the p r e s e n c e  of th ree  g lycos ides  of different  po la r i t i es  (III, IV, V). The s e p -  
ara t ion of these  subs tances  on a column of s i l i ca  gel in the s ame  s y s t e m  gave 20 mg of (HI), 35 mg of (IV), 
and 40 mg of (V). Ten m i l l i g r a m s  of each  substance  was heated  with 5 ml  of 2% sulfur ic  acid at l l0°C for  
4 h. By pape r  ch roma tog raphy  in s y s t e m  2, glucose,  a rab inose ,  and xylose were  identified in the case  of 
the progenin (V), g lucose and arabinose  for  the glycoside (IV), and a rab inose  for  the l eas t  po la r  substance .  

Methylation of Saponins A and B. Glycoside B (100 mg) was methyla ted  by H a k o m o r i ' s  method [3]. 
The cour se  of the reac t ion  was moni to red  by ch roma tog raphy  in a thin l a y e r  of a lumina in s y s t e m  4 and by 
IR spec t roscopy .  Af te r  the end of the react ion,  the mix ture  was ex t rac ted  with ch lo ro fo rm.  The evapora ted  
ex t r ac t s  were  d issolved in 4 ml  of mix tu re  3 and deposi ted on a column of a lumina.  Elution was p e r f o r m e d  
with the s ame  sy s t em ,  3 -ml  f rac t ions  being col lected.  The separa t ion  was moni to red  in a thin l aye r  of 
a lumina in s y s t e m  2. Yield 80 rag. 

Saponin A (150 rag) was methyla ted  by the same  method.  The yield of pe rme thy la t e  was 120 rag. 

Methanolysis  of the Methylated Chenopodium Saponins.  The product  obtained a f t e r  the methyla t ion of 
saponin B was d isso lved  in 5 ml  of absolute methanol  and 3 ml  of conc. hydrochlor ic  acid, and the solution 
was heated  in a sea led  tube at 100°C for  5 h. 

The hydrolysa te  was shown by gas- l iquid ,  paper ,  and th in - l aye r  ch roma tog raphy  in the p r e sen ce  of 
authentic r e f e r ence  m a t e r i a l s  to contain 2 , 3 , 4 - t r i - O - m e t h y l - D - x y l o s e ,  2 , 3 , 6 - t r i - O - m e t h y l - D - g l u c o s e ,  
2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e ,  3 , 4 - d i - O - m e t h y l - L - a r a b i n o s e ,  and 2 , 3 - d i - O - m e t h y l - L - r h a m n o s e .  
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In the case  of chenopodium saponin A, in a s i m i l a r  manner ,  3 , 4 - d i - O - m e t h y l - L - a r a b i n o s e ,  2 ,3 ,6 - t r i -  
O-me thy l -D-g lucose ,  and 2 , 3 , 4 - t r i - O - m e t h y l - D - x y l o s e  were  obtained. 

To 0.5 g of comple te ly  methyla ted  chenopodium saponin B in 50 ml  of absolute t e t r ahydro fu ran  was 
added 0.25 g of l i thium aluminum hydride .  The mix tu re  was heated  with s t i r r i ng  for  10 h. Af ter  the so lu-  
tion had been worked up as desc r ibed  p rev ious ly  [5], 3 ,4 -d i -O-me thy la rab inose ,  2 ,3 ,4 - t r i -O-methy lg lucose ,  
and 2 ,3 ,4 - t r i -O-me thy lxy lose  were  found in the reduced  glycoside by t h in - l aye r  ch romatography ,  and 2,3- 
d i -O-me thy l rhamni to l  and 2 ,3 ,4 ,6 - t e t r a -O-methy lg lucose  in the o l igosacchar ide .  

Pe r ioda te  Oxidation of the Chenopodium Saponins.  To 30 mg of NaIO 4 in 25 ml  of wa te r  were  added 
10 mg of sodium bicarbonate  and then 15 mg of saponin,and the mix tu re  was left  at room t e m p e r a t u r e  for  
60 h. After  th is ,  0.05 mg of ethylene glycol  was added to the mix tu re  and it was evapora ted  and the res idue  
was subjected to acid hydro lys i s .  P a p e r  ch roma tog raphy  es tab l i shed  the comple te  absence of monosac -  
cha r ides .  

S U M M A R Y  

1. It has been shown that  the roots  of Chenopodium anthelmint icum contain two t r i t e rpene  g lycos ides .  

2. Chenopodium saponin A is a t r ios ide  and chenopodium saponin B a pentaoside of echinocyst ic  acid.  
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