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We have p rev ious ly  r e p o r t e d  the pa r t i a l  s t ruc tu re  of a t r i t e r p e n e  g lycos ide ,  saponas ide  D, f rom the roo ts  of 
S aponar ia  off_._~icinalis [1]. 

This  pape r  g ives  the r e su l t s  leading to a defini t ive s t ruc tu re  for  th is  g lycos ide .  To de t e rmine  the sequence of 
m onosaccha r ide s  in the ca rbohydra t e  chains we used  pa r t i a l  hyd ro lys i s  with oxal ic  acid.  A t r i o s i d e  and t e t r ao s ide  of 
gypsogenin and a lso  a t r i s a c c h a r i d e  were  i so la ted .  The l a t t e r  cons i s t s  of ga lae tose ,  a rab inose ,  and xylose .  Since the 
a r ab inose  r e s idue  is p r e sen t  only in the ca rbohydra t e  chain a t tached to the hydroxyl  group of the g-y,psogenin, this  
f r agment  is  a t tached to the glucuronic  acid.  Hence, the branching  in this  chain is  due to the rhamnose .  To de te rmine  
the points  of a t tachment  of the suga r s  to the glucuronic  acid  we studied in deta i l  not only the o l i g e s a c c h a r i d e s  but a lso  
the p rogen ins  fo rmed  on pa r t i a l  hyd ro ly s i s .  Smith oxidat ion [2] of the gypsogenin t r i o s i d e  containing glucuronic  acid, 
xylose ,  and a rab inose ,  y ie lded  glucuronic  acid  and g lyce ro l .  Consequently,  the above-ment ioned  o l igosaccha r ide  is  
a t tached to the th i rd ,  and the rhamnose  r e s idue  to the fourth,  hydroxyls  of the glucuronic  acid,  as  was a lso  conf i rmed 
by the methyla t ion  of the t e t r a o s i d e  containing glucuronic  acid,  xylose ,  a r ab inose ,  and rhamnose  in the ca rbohydra t e  
moie ty .  Af te r  the c leavage of the pe rme thy l a t ed  product ,  the hydro lysa te  of the t e t r a o s i d e  was found to contain 
2 -O-methy lg lucu ron ic  acid,  2, 3 - d i - O - m e t h y l x y l o s e ,  2, 3, 4 - t r i - O - m e t h y l - r h a m n o s e ,  and 2 , 3 , 4 - t r i - O - m e t h y l a r a b i n o s e .  
The r e s u l t s  of the methyla t ion  of the t e t r ao s ide  show that  the a rab inose  is a t tached to the fourth,  and the ga lac tose ,  
consequent ly ,  to the second, hydroxyls  of the xy lose .  

On the b a s i s  of these  r e s u l t s ,  the s t ruc tu re  of the ca rbohydra t e  chain at C 3 of gypsogenin appea r s  as  i l l u s t r a t ed  
in the fo rmula  of the comple te  s t ruc tu re  of saponas ide  D. 

The s t ruc tu re  of the ca rbohydra t e  chain a t tached to the carboxyl  group of the aglycone was e luc ida ted  by means  
of the Smith degrada t ion  of saponas ide  D. Careful  hyd ro lys i s  of the polyol  fo rmed  made it pos s ib l e  to i so la te  a 
g lycos ide  containing xylose ,  fucose,  and glucuronic  acid.  This shows that  t he re  is  a 1-'3 bond between the xylose  and 
the fucose .  

F u r t h e r  informat ion  on the s t ruc tu r e  of saponas ide  D was obtained by t r ea t i ng  it with d i a s t a se .  Af te r  60 hr ,  the 
subs t r a t e  was found to contain a t r i s a c c h a r i d e  which was i so la ted  in p r e p a r a t i v e  amount.  

This f ragment  cons i s ted  of xylose ,  ga lac tose ,  and g lucose .  Since glucose  is  found only in the chain a t tached to 
the carboxyl  group of the gypsogenin,  it  is  obvious that  th is  t r i s a c c h a r i d e  is  a t tached to the th i rd  hydroxyl  of the 
fucose.  Since 2 -O-methy l fucose  was found among the methyla t ion  produc ts  of saponas ide  D, the rhamnose  r e s idue  is 
a t tached to the C 4 hydroxyl  of the fucose .  

The s t ruc tu re  of the saponin was shown f inal ly  by a de ta i led  study of the t r i s a c c h a r i d e  obtained by the act ion of 
d i a s t a s e  on saponas ide  D. When this  o l igosaccha r ide  was t r e a t e d  with the fungus Rhizopus a r r h i z u s ,  a g lucose  r e s idue  
was sp l i t  off and a d i s accha r ide  cons is t ing  of ga lac tose  and xylose  was fo rmed .  The exis tence  o f a l ~ 4  bond between 
these  monosaecha r ide s  was conf i rmed  by the methyla t ion  of the d i s a c c h a r i d e  and c leavage  of the product ,  giving 
2, 3 - d i - O - m e t h y l x y l o s e  and 2 ,3 ,  4 - t e t r a - O - m e t h y ! g a l a c t o s e .  F u r t h e r m o r e ,  th is  type of bond in the d i s a c c ha r ide  was 
addi t ional ly  conf i rmed by the r eac t i ons  with t r i pheny l t e t r azo l i um ch lor ide  and with d iphe ny l a mine -a n i l i ne .  

What has been said  above p e r m i t s  the final s t ruc tu re  of the ca rbohydra t e  chain at the second functional group of 
the aglycone,  and, t he re fo re ,  of saponas ide  D as  a whole, to be r e p r e s e n t e d  in the following way. 
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Chromatography was ca r r i ed  out with type KSK si l ica  gel, a lumina,  and type "M" paper of the Leningrad no. 2 
paper  mil l ,  with the following sys tems  of solvents:  1) 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 : 5), 2) b u t a n - l - o l - e t h a n o l -  
25% ammonia  (7:2 : 5), 3) b u t a n - l - o l - p y r i d i n e - b e n z e n e - w a t e r  (5 : 3 : 1 : 3), 4) to luene-e thanol  (9:1),  5) b u t a n - l - o l -  
e thano l -wa te r  (4 : 1 : 5), 6) benzene -ace tone  (2 : 1), and 7) ethyl ace ta te -e thanol  (25 : 1). 

The glycosides were revealed  with conc H2SO 4 and the sugars  by spraying the chromatogram with ani l ine 
phthalate. 

Par t i a l  hydrolysis  of saponaside D. A solution of 3.0 g of saponaside D in 500 ml of 10% oxalic acid was heated 
at 75 ° C for 5 hr. Then the hydrolysate was neut ra l ized  with AV-17 anion-exchanger .  The aqueous eluate was 
exhaustively extracted with isoamyl alcohol. By chromatography on s i l ica  gel in sys tem 2 the organic layer  was found 
to contain the s ta r t ing  mater ia l  (I), gypsogenin glucuronoside (II), and glycosides III and IV, and also the saponified 
glycoside of saponaside D (V). The alcoholic extract  was evaporated and ehromatographed on s i l ica  gel in the same 
sys tem.  This gave 0.2 g of II, 0.3 g of III, 0.5 g of IV, 0.5 g of V, and 0.3 g of I. 

The hydrolysis  of III with Ki l ian i ' s  mixture  gave gypsogenin~ glucuronic acid, xylose, and arabinose  [3]. Using 
SmithVs method, 46 mg of III was oxidized. After the cleavage of the polyol with an ammoniacal  solution of s i lver  
n i t ra te  [4] chromatography on paper  in sys tem 3 showed the presence  of glucuronic acid and glycerol .  

Substance IV (10 mg) was heated with 5 ml of KilianUs mixture  at 100 ° C for 5 hr.  Glueuronic acid, xylose, 
arabinose ,  and rhamnose  were found in the hydrolysate.  

The Smith degradation of IV formed glucuronie acid, glycerol  and ethylene glycol. Using KuhnTs method, 100 mg 
of IV was methylated [5]. After the cleavage of the permethyla ted  product obtained, 2, 3, 4 - t r i -O-me thy la rab inose ,  
2, 3, 4 - t r i - O - m e t h y l r h a m n o s e ,  2, 3 -d i -O-methylxylose ,  and 2-O-methylg lucuronic  acid were identified in the 
hydrolysate by chromatography on s i l ica  gel in sys tem 6 and by gas- l iquid  chromatography in the presence  of 
re fe rence  samples .  

By paper  chromatography in sys tem 5, the ol igosaccharide VI was found in the aqueous layer  after extract ion 
with isoamyl alcohol. The hydrolysis  of VI gave xylose, arabinose ,  and galactose.  A solution of 10 mg of VI in 3 ml of 
water  was t rea ted  with 10 mg of sodium borohydride.  After a day, the solution was deionized and hydrolyzed. 
Galactose, arabinose ,  and xylitol were detected. The periodate oxidation of VI and subsequent hydrolysis  gave xylose 
and glycerol .  

Smith degradation of saponaside D. A solution of 10 g of saponaside D in 150 ml of water  was t rea ted  with 2.5 g 
of NaIO 4. After the complete consumption of the periodate,  the solution was deionized and evaporated. The res idue was 
dissolved in 50 ml of water and t rea ted  with 0.5 g of sodium borohydride.  After a day the solution was neut ra l ized  and 
the eluate was concentrated.  The polyol formed was hydrolyzed with 0.1 N H2SO 4 at room tempera tu re  for a day. 
Pur i f ica t ion of the product gave 0.5 g of the glycoside VII with mp 216-220 ° C, [~]~ +15.4 ° (c 2, 6; methanol).  10 mg 
of VII was hydrolyzed with KilianiVs mixture .  Xylose, fucose, and glucuronic acid were identified. Hederagenin was 
obtained by chromatography on s i l ica  gel in sys tem 7. 

Substance VH (0.4 g) was cleaved by Smith 's  method as descr ibed  above. Chromatography on s i l ica  gel in 
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sys tem 2 yielded 0~2 g of the glycoside VIII with [ ¢]~ -21 ° (c 0.96; methanol).  When VIII was subj ected to acid 
hydrolys is ,  fucose and glueurenic  acid were identified. 

Enzymatic  hydrolysis  of saponaside D with dias tase .  A solution of 0.5 g of saponaside D in 50 ml of phosphate 
buffer was t rea ted  with a few m i l l i g r a m s  of dias tase  and the mixture  was kept at 30 ° C for 60 hr. The subst ra te  was 
found to contain the ol igosaccharide IX, which was isolated by chromatography on ca rbon-Ce l i t e  (1 : 1)~ being eluted 
with mix tures  of water and ethanol with the concentra t ion of the la t te r  increas ing  gradual ly  to 16%. The separat ion of 
the f rac t ions  was checked by paper  chromatography in sys tem 3. The f rac t ions  containing the individual 
ol igosaceharide were combined and evaporated. Yield 300 rag, [~]~ +43.3 ° (c 3.25; water).  

Substance IX (10 mg) was hydrolyzed (1% II2SO4, 100 ° C, 2 hr), and galactese,  glucose, and xylose were 
identified. 10 mg of IX was reduced with sodium borohydride and cleaved as descr ibed above. Ga!actose, glucose, and 
xylitol were found. 

Enzymatic  cleavage of the ol lgosacehartde IX by the fungus Rhizopus a r rh lzus .  A solution of 200 mg of IX in 
100 ml of phosphate buffer was t rea ted  with the fungus Rhizopus a r rh izus  and was shaken at 30 ° C. After 100 hr, i n  

addition to the s ta r t ing  mater ia l  and glucose, the ol igosaccharide X was detected, and this was isolated in the same 
way as IX. The acid hydrolysis  of X gave xylose and galactose.  25 mg of X was subjected to Kuhn methylation.  The 
cleavage of the permethyla ted  product gave 2, 3, 4, 6 - t e t ra -O-methy lga lac tose  and 2, 3-di-O-rnethylxylose .  

With t r iphenyl te t razol ium chloride [6], the disacchar ide  X formed a red  spot on a white background. Compound 
X gave a posit ive react ion with d ipheny lamine-an i l ine  [7]. 

Table 

Comparison of the Molecular  Rotations of the Progenins  and 
Oligosaccharide in Order  to Determine the Configurations of the 

Sugars in the Saponin 

Methyl glycosides of the  
monosaccharides 

Methyl D-gatactopyranoside 

Methyl L-rhamnopyranoside 

Methyl L-arabopyranoside 

Methyl D-xylopyranoside 

Methyl D*glucopyranosiduronic 
acid 

Methyl D-fucopyranoside 

Methyl D-xylopyranoside 

Methyl D-galactopyranoside 
Methyl D-glucopyranoside 
Methyl D-xylopyranoside 
Calculated : 

[?d !D0' deg t 

+3d) 

--111 

+ 28 

+263 

307 

+851 

+25,3 

-~ :380 

+253 

Glycoside 

I 
0 The pentaoside V 

The tetraosidc IV 
+ 1 7 0  The tetraoside IV 

The trioside Ill 
4 402 t The trios de III 

tThe bioside XI* 
-- l 0S The bioside XI 

The monooside II 

- -  62 The monooside II 
Gypsogenin 
The bioside VIII 

- -  29 The monooside II 
--108 The tetraoside VII 

The trioside XII ** 
(calculated) 

066  rhe oligosaccharideIX 

-'108 

I[M}~, ±c, 
] deg deg 

+474 6K 
-141 
--141 
+11! 25~ 
+111 2 c 

' 40 
4-140 
+109 31 

÷1091 , 
+433  - 324 ! 
- -  174  i 
-}-109 ] --283 
+174 , 
+111 ~- 63 

-~220 

Methyl/3-xylopyranoside + methyl 
galactoside + methyl glucoside 

¢e c¢ 
a 

(z 

Methyl L-rhamnopyranoside --Ill 4-i70 

+581 
+ 206 

I +201 

]and the nonaoside ! 
I Xln*** (calculatod) i +651 

- - 1 4  

*Obtained by the saponification 6f the glycoside VII. 
**The bioside XI + methyl fl-fucopyranoside. 

***The sum of [ M ] ~  for the aglycone and [M] ~ for methyl glycosides of known configuration. 

Form 
of the 
bond 

The configurations of the glycosidic bonds were de termined from Klyne 's  ru le  [8] (table). 

C O N C L U S I O N S  

The complete s t ruc ture  of the t r i t e rpene  glycoside saponaside D has been establ ished.  
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