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From a methanolic extract  of the roots of Saponaria officinalis L. (bouncingbet; fu l le rs '  herb) we have isolated 
two t r i t e rpene  glycosides,  der iva t ives  of gypsogenin and of gypsogenie acid [1]. A study of the extract  by paper 
chromatography has shown that it  contains three  ol igosaccharides (A, B, and C) with Rf values of 0.17, 0.06, and 0.03, 
respect ively .  The main  component of the mixture  proved to be ol igosaccharide C, which we have called saponarose  
(12%of the weight of the extract) .  The amount of ol igosaccharide B was smal l ,  and its Rf  value is close to that of 
oligosacchar~de C. Consequently, it was impossible  to isolate this ol igosaecharide in the pure state.  Oligosaccharide 
A amounted to only 1.5% of the mixture ;  it differed in polar i ty  f rom the two preceding compounds and could 
therefore ,  be isolated in the individual state.  The preparat ion of the combined ol igosacchar ides ,  their separat ion f rom 
t r i t e rpene  glycosides,  and their  separat ion into the individual components was ca r r i ed  out by part i t ion chromatography 
on a column of cel lulose.  They were freed from minera l  impur i t ies  ei ther by gel f i l t ra t ion on Sephadex G-25 or by 
dia lys is .  

Oligosaceharide A consis ts  of a c rys ta l l ine  compound decomposing into D-glucose on being heated with dilute 
acids.  In its constants ,  chromatographic behavior,  and e lementary  ana lys is ,  it was completely identical  with 
gentiobiose.  

Saponarose, forming the bulk of the mixture, is an amorphous powder which is hydrolyzed by mineral acids 
forming D-glucose and D-galactose in a ratio of 4 : i. A determination of the molecular weights of the oligosaccharide 
and its acetate showed that it is a pentasaccharide. It did not reduce Fehling's solution, did not form a phenylosazone, 
and underwe~it no change under the action of dilute alkalis, which shows the presence of a I-1 bond in it. 

The full methyl ether of saponarose was obtained by treating it with dimethyl sulfate and water with subsequent 
methylation by means of methyl iodide in dimethylformamide. The IR spectrum of the product obtained lacked the 
absorption bands of free hydroxyl groups. After its hydrolytic decomposition, 2,3,4, 6-tetramethyl-D-glucose, 2,4, 6- 
trimethyl-D-galaetose, and 2,3,4,6-tetramethyl-D-galaetose were identified. Consequently, the sugar chain has a 
straight structure, the glucose occupying a terminal position, and the galactoses are connected with one another by 
1-3 bonds. The latter is also confirmed by the results of periodate oxidation. Thus, the action of potassium periodate 
on the compound and subsequent heating with dilute mineral acids gave a hydrolysate containing galactose (the glucose 
had completely disappeared). The fact that the glucose is attached to a chain consisting of galactose by a i-I bond is 
shown by the results of mild partial hydrolysis. We have succeeded in showing that when saponarose is heated in 
aqueous solution with KU-2 ion-exchange resin at 50-60 ° C glucose is the first of the monosaccharides split out. 

Heating with dilute acetic acid led to a more far-reaching decomposition of the molecule of the oligosaecharide 
and fromthe reaction mixture it was possible to isolate a product corresponding in Rf value and elementary analysis to 
a trisaccharide..This compound consisted only of galaetose, it reduced Fehling's solution, and its full methyl ether 
decomposed on hydrolysis into 2,4, 6-trimethyl-D-galactose and 2,3,4,6-tetramethyl-D-galactose. 

The configuration of the glycosidic centers was calculated by means of Klyne's rule. It was found that the 
calculated value of the molecular rotation is in good agreement with that found experimentally if one /~-bond and four 
&-bonds are present in the oligosaccharide (see table). 

The p~esence of ~ -  and fi-glycosidic centers  in the ol igosaccharide is also shown by the charac te r i s t i c  
f requencies  at 845 em -1 (~-configurat ion)  and 890 cm -1 (fl configuration) in the IR spect rum [4]. 

As can be seen from the table, calculation according to Klyne does not make it possible to determine the position 
of the fi-linkage, since close values of AC are obtained when it is present in any position. However, the fact of the 
predominant formation of the trisaccharide in the hydrolysis of saponarose with dilute acetic acid permits the ~- 
linkage to be assigned to the end of the galactose chain. In this case the trisaccharide may be formed by the rupture of 
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the  weak  1 - 1  a n d / ? - l i n k a g e s  at the  ends of the  chain .  

Substance 

Methyl D-galactopy- 
ranoside [ 2 ] 

Methyl INglucopy- 
ranoside [ 3 ] 

Saponarose 

[al  (water), 
degrees 

A! 

194 2 196.6--0.42 r 
I 

:94.2i I 5S.~S!7-94.2 
828.7[ 

i i 

Most probable i [M]D = 
linkage ~ .4/. [~]D 

100 deg. 

4~ Gal ~ I~ G! 

( ~ d q )  Ga l+  IaO[ 

1460.8 

I452.9 
l%2,8 

On the ba s i s  of  what  has  been  sa id  above ,  the c o m p l e t e  s t r u c t u r a l  f o r m u l a  of s a p o n a r o s e  m a y  be r e p r e s e n t e d  in 
the fo l lowing  way:  

t,~ H 

cH0~ ,:c,i_~_"~ "~i--0.q pc--% 
, , .~ ~ " T M ~ u \  h ~/P--'--f 0 Y---t'n~4 ":,;,~';7o,,:o~ J~ 2'b-H.. A-° nH O, 0 
~,~_? ~--~0~ '-° OH - 

HO 

EXPERIMENTAL 

C h r o m a t o g r a p h y  was  c a r r i e d  out with c e l l u l o s e  powder  obta ined  f r o m  type  M L e n i n g r a d  c h r o m a t o g r a p h i c  pape r  
and on Sephadex G-25  ( c o a r s e ) .  The  fo l lowing  so lven t  s y s t e m s  w e r e  used :  1) b u t a n - l - o l  s a t u r a t e d  wi th  w a t e r ,  2) 
b u t a n - l - o l - a c e t i c  a c i d - w a t e r  (4 :  i : 5), 3) b e n z e n e - b u t a n - l - o l - p y r i d i n e - w a t e r  (10:  50 :  30:  30), 4) b u t a n - l - o l - e t h a n o l -  
w a t e r  (5 : 1 : 4) and 5) t o l u e n e - b u t a n - l - o l - w a t e r  (60 : 38 : 2). 

Sepa ra t i on  and p u r i f i c a t i o n  of o l i g o s a c c h a r i d e s  A and C. A m e t h a n o l i c  e x t r a c t  of the roo t s  of Sapona r i a  
o f f i c ina l i s  (45 g) was  d i s s o l v e d  in w a t e r  and the  so lu t ion  was e x t r a c t e d  with b u t a n - l - o l .  The  aqueous  so lu t ion  was  
e v a p o r a t e d  to s m a l l  v o l u m e ,  t r a n s f e r r e d  to a co lumn conta in ing  i kg of c e l l u l o s e  powder ,  and e lu ted  with  s y s t e m s  1 
and 2, 5 0 0 - m l  f r a c t i o n s  be ing  c o l l e c t e d .  The  s e p a r a t i o n  of the f r a c t i o n s  was  m o n i t o r e d  by pape r  c h r o m a t o g r a p h y  in 
s y s t e m  2. 

The ist and 2nd fractions contained gypsoside (9.3 g), the 3rd and 4th gentiobiose (2.7 g), the 5th-7th a mixture 
of oligosaccharides A, B, and C (4 g), and the 7th-10th saponarose (23.5 g). 

Gen t iob io se .  The  unpur i f i ed  p roduc t  obta ined  in the p r e v i o u s  e x p e r i m e n t  (2.7 g) was  t r a n s f e r r e d  to a co lumn 
con ta in ing  100 g of Sephadex  G-25 and was e lu ted  with w a t e r ,  the e lua te  being c o l l e c t e d  in f r a c t i o n s  of  2 5 - 3 0  ml .  The  
3 r d - 6 t h  f r a c t i o n s  con ta ined  2.4 g of o l i g o s a c c h a r i d e  C which ,  a f t e r  d ry ing  in v a c u u m  o v e r  P2Og, had mp  190 ° C, [a]D ÷ 
÷ 6 ° (c 1.3; wa t e r ) .  

Found,  %: C 41.83; H 6.15. Ca l cu l a t ed  fo r  CtzHz2Otl, %: C 42.10; H 6.43. 

When it was heated with 5% HCI, the hydrolysate was found by paper chromatography in system 2 and 3 to contain 
D-glucose. The melting point of the phenylosazone from the hydrolysate was 208 ° C. 

S a p o n a r o s e ,  1) The  unpur i f i ed  p roduc t  (3.5 g) was  t r a n s f e r r e d  to a co lumn  con ta in ing  100 g of Sephadex G-25  and 
was e lu ted  with  w a t e r ,  5 0 - m l  f r a c t i o n s  be ing  c o l l e c t e d .  F r a c t i o n s  3 - 6 ,  by r e p r e c i p i t a t i o n  f r o m  m e t h a n o l i c  so lu t ion  
wi th  ace tone  and d ry ing  in v a c u u m  o v e r  P20~, y i e lded  2.9 g of s a p o n a r o s e ,  mp 272-275  ° C, [a]}~ -~ 167 • 3 ° (c 1.2; 
wa te r ) ;  r ee l .  wt.  780 ( c ryoscopy) .  The  o l i g o s a c c h a r i d e  did not r e d u c e  F e h l i n g ' s  so lu t ion .  

2) The  unpur i f i ed  p roduc t  (5 g) was  p l a c e d  in a ce l lophane  bag (two l a y e r s )  and d i a lyzed  in f lowing w a t e r  fo r  10 
days .  Then  the  con ten t s  of the bag w e r e  e v a p o r a t e d  to d r y n e s s  and r e p r e c i p i t a t e d  f r o m  m e t h a n o l i c  so lu t ion  with  
ace tone .  Th i s  gave  0.4 g of the p roduc t  d e s c r i b e d  above .  

S a p o n a r o s e  a c e t a t e .  The  s u b s t a n c e  (0.25 g) was d i s s o l v e d  in a m i x t u r e  of 2 ml  of ace t i c  anhydr ide ,  6 m l  of 
py r id ine ,  and 1 ml  of d i m e t h y l  su l fox ide  and lef t  at  r o o m  t e m p e r a t u r e  fo r  2 days .  Then  the r e a c t i o n  m i x t u r e  was  
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p o u r e d  in to  w a t e r  and  t he  p r e c i p i t a t e  was  r e c r y s t a l l i z e d  f r o m  60% e thano l  g iv ing  the  a c e t a t e  wi th  m p  1 0 5 - 1 0 7  ° C,  [ ~ ] ~  + 
+ 154 + 3 ° (c 2 .4;  c h l o r o f o r m ) ,  m o l .  wt .  1475 ( c r y o s c o p y ) .  

F o u n d ,  %: C 49 .90 ;  H 5 .90 .  C a l c u l a t e d  fo r  C~aHa6043, %: C 49 .80 ;  H 5 .57 .  

H y d r o l y s i s  of s a p o n a r o s e .  T he  s u b s t a n c e  (0.12 g) was  h e a t e d  w i t h  7 m l  of 5% HC1 in the  w a t e r  b a t h  for  2 h r .  T h e n  
the  r e a c t i o n  m i x t u r e  w a s  d i l u t e d  to 25 m l .  D - G a l a c t o s e  and  D - g l u c o s e  (4 : 1) w e r e  i d e n t i f i e d  by  p a p e r  c h r o m a t o g r a p h y  
in s y s t e m  3 u s i n g  Z a i t s e v a  and  A f a n a s ' e v a ' s  m e t h o d  [5]. 

M e t h y l  e t h e r  of s a p o n a r o s e .  A s o l u t i o n  of 3.5 g of s a p o n a r o s e  in 45 m l  of w a t e r  was  t r e a t e d  w i t h  45 m l  of 
d i m e t h y l  s u l ! a t e .  Wi th  coo l i ng  to 0 ° C, 67 m l  of 40% a q u e o u s  a l k a l i  was  added  o v e r  8 h r  and  s t i r r i n g  was  c o n t i n u e d  fo r  
a n o t h e r  15 h~:. T h e n  75 g of c a u s t i c  s o d a  w a s  added  and 110 m l  of d i m e t h y l  s u l f a t e  was  r u n  in o v e r  8 h r  w i th  coo l i ng  
and  s t i r r i n g .  T h e  p r e c i p i t a t e  t h a t  d e p o s i t e d  w as  f i l t e r e d  off,  the  r e a c t i o n  m i x t u r e  w a s  e x t r a c t e d  w i th  c h l o r o f o r m  (5 × 
× 100 m l ) ,  and  t he  s o l v e n t  w as  e v a p o r a t e d  to d r y n e s s .  T h e  r e s i d u e  (3 g) was  d i s s o l v e d  in 50 m l  of d i m e t h y l f o r m a m i d e ,  
15 g of b a r i u m  ox ide  was  added ,  and  t he  m i x t u r e  was  s t i r r e d  fo r  3 h r .  T h e n  15 m l  of m e t h y l  iod ide  w a s  added  and  t he  
m i x t u r e  was  h e a t e d  and s t i r r e d  fo r  6 h r ,  a n o t h e r  2 - 3  g of b a r i u m  oxide  and  3 - 5  m l  of m e t h y l  iod ide  b e i n g  added  e v e r y  
2 h r .  The  r e a c t i o n  m i x t u r e  w as  p o u r e d  in to  a s a t u r a t e d  s o l u t i o n  of s o d i u m  t h i o s u l f a t e  and  e x t r a c t e d  w i th  c h l o r o f o r m  
(5 × 100 ml ) ,  and  t he  s o l v e n t  w as  e v a p o r a t e d  to d r y n e s s .  The  oi ly  p r o d u c t  (3.2 g) w a s  t r a n s f e r r e d  to a c o l u m n  of s i l i c a  
gel  (2 x 25 c m ) .  E lu t ion  w i t h  c h l o r o f o r m  y i e l ded  1.5 g of l iqu id  m e t h y l  e t h e r  w i th  [ a ] ~  • 132 ° (c 5 .0 ;  c h l o r o f o r m ) .  

T h e  IR s p e c t r u m  l a c k e d  t he  a b s o r p t i o n  band  of an  OH g r o u p .  

Found ,  %: C 52 .78 ;  H 7 .88 .  C a l c u l a t e d  f o r  C47H86026, %: C 52 .90 ;  H 8.07.  

H y d r o l y s i s  of t h e  m e t h y l  e t h e r  of s a p o n a r o s e  and  s e p a r a t i o n  of t he  m e t h y l a t e d  s u g a r s .  A s o l u t i o n  of 0.5 g of t he  
s u b s t a n c e  in 50 m l  of 2% m e t h a n o l i e  HC1 w a s  h e a t e d  in the  w a t e r  b a t h  fo r  6 h r .  T h e n  the  m i x t u r e  was  d i l u t ed  twofold  
and  h e a t e d  fo r  a n o t h e r  3 h r .  T h e  h y d r o l y s a t e  w as  n e u t r a l i z e d  w i th  AV-17  a n i o n - e x c h a n g e r  and  e v a p o r a t e d  to d r y n e s s .  
T h e  s y r u p  o b t a i n e d  w as  u s e d  f o r  the  s u b s e q u e n t  s e p a r a t i o n .  By p a p e r  c h r o m a t o g r a p h y  in s y s t e m  4 w i t h  an  a u t h e n t i c  
r e f e r e n c e  s a m p l e ,  2 , 3 , 4 , 6 - t e t r a m e t h y l - D - g l u e o s e  was  i d e n t i f i e d .  T h e  h y d r o l y s a t e  (0.5 g) was  t r a n s f e r r e d  to a c o l u m n  
of p o w d e r e d  c e l l u l o s e  (1 : 50) and  e l u t e d ,  1 5 - m l  f r a c t i o u s  b e i n g  c o l l e c t e d .  

T h e  s e p a r a t i o n  of t he  f r a c t i o n s  w as  c h e c k e d  by p a p e r  c h r o m a t o g r a p h y  ( s y s t e m  4).  E i g h t  f r a c t i o n s  w e r e  c o l l e c t e d .  
F r a c t i o n  2 (0.05 g) c o n s i s t e d  of p u r e  2 , 3 , 4 ,  6 - t e t r a m e t h y l - D - g a l a c t o s e  w i th  [(~]~ 90 • 3 ° (c 2; e t h a n o l ) .  A c c o r d i n g  to 
t he  l i t e r a t u r e :  [c~]~ • 118 ° [6]. 

A s m a l l  p o r t i o n  of the  s a m p l e  (O.01 g) w as  h e a t e d  w i t h  0.5 m l  of 48% H B r  fo r  5 m i n  in the  bo i l i ng  w a t e r  b a t h .  
T h e n  t he  m i x t u r e  was  d i l u t e d  w i t h  w a t e r  and  e x t r a c t e d  w i th  b e n z e n e .  D - G a l a c t o s e  was  i d e n t i f i e d  in t he  h y d r o l y s a t e  by  
p a p e r  c h r o m a t o g r a p h y  in s y s t e m  3 w i th  a r e f e r e n c e  s a m p l e .  

F r a c t i o n s  3 - 8  c o n t a i n e d  as  u n r e s o l v e d  m i x t u r e .  It w a s  d e p o s i t e d  in 0 . 0 3 - g  p o r t i o n s  on s h e e t s  (58 x 100 cm)  of 
S c h l e i c h e r  und  Schul l  p a p e r  and  c h r o m a t o g r a p h e d  in s y s t e m  4. N a r r o w  s t r i p s  of t he  c h r o m a t o g r a m s ,  cu t  f r o m  the  
e d g e s  and  f r o m  the  c e n t e r s  of the  s h e e t s ,  w e r e  t r e a t e d  w i t h  a n i l i n e  p h t h a l a t e  and  f r o m  t h e s e  t h e  z o n e s  on the  m a i n  
s h e e t s  w e r e  found.  T h e y  w e r e  cu t  out  and  e x t r a c t e d  f r o m  e t h a n o l  in  a Soxh l e t  a p p a r a t u s  fo r  3 h r .  In add i t i on  to t he  
a b o v e - d e s c r i b e d  2 , 3 , 4 , 6 - t e t r a m e t h y l - D - g a l a c t o s e ,  2 , 4 ,  6 - t r i m e t h y l - D - g a l a c t o s e  w a s  i s o l a t e d  in the  f o r m  of a s y r u p  
w i t h  [ ~ ] ~  + 80 + 3 ° (c 1; e t h a n o l ) .  L i t e r a t u r e :  [(~]D + 92° [7]. On d e m e t h y l a t i o n  by h e a t i n g  w i t h  48% of h y d r o b r o m i c  
ac id  by the  :method d e s c r i b e d  a b o v e ,  D - g a l a c t o s e  was  o b t a i n e d .  

P e r i o d a t e  o x i d a t i o n  of s a p o n a r o s e .  A s o l u t i o n  of 0.07 g of s a p o n a r o s e  in 5 m l  of w a t e r  w a s  t r e a t e d  w i t h  150 m l  of 
KIO4 and  25 m l  of a c e t a t e  b u f f e r  w i th  pH 3.6 (28.4 m l  of a c e t i c  a c id  and 2.8 g of s o d i u m  a c e t a t e  in 500 m l  of w a t e r )  and  
was  l e f t  in  the  d a r k  a t  r o o m  t e m p e r a t u r e  f o r  2 d a y s .  T h e n  a few d r o p s  of e t h y l e n e  g l y c o l w e r e  added  and  t he  s o l u t i o n  
was  e v a p o r a t e d  to d r y n e s s  in  v a c u u m .  T h e  r e s i d u e  was  t r e a t e d  w i th  10 m l  of 5% HC1 and  the  m i x t u r e  was  h e a t e d  fo r  6 
h r .  D - G a l a o t o s e  was  i d e n t i f i e d  in the  h y d r o l y s a t e  by  p a p e r  c h r o m a t o g r a p h y  in s y s t e m  3. 

Par t i%l  h y d r o l y s i s  of s a p o n a r o s e .  A) A s o l u t i o n  of 0.2 g of s a p o n a r o s e  in 20 m l  of w a t e r  was  h e a t e d  w i th  2 g of 
K U - 2  i o n - e x c h a n g e r  in the  H - f o r m  a t  5 0 - 6 0  ° C,  s a m p l e s  b e i n g  t a k e n  a f t e r  5,  15, 30,  and  60 m i n .  T h e  s a m p l e s  w e r e  
d e p o s i t e d  on s t r i p s  of  c h r o m a t o g r a p h i c  p a p e r  and  c h r o m a t o g r a m s  w e r e  r u n  in s y s t e m  3. D - G l u c o s e  was  i d e n t i f i e d  in 
the  s e c o n d  ,~ample and  D - g l u c o s e  and  D - g a l a c t o s e  in t he  s u b s e q u e n t  o n e s .  
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B) The o l igosacehar ide  (0.7 g) was heated with 30 ml of 1 M acet ic  acid in the boiling water  bath for 3 hr .  Then 
the reac t ion  mix ture  was evaporated to dryness  in vacuum and the res idue was t r a n s f e r r e d  to a column (2.5 × 30 cm) 
of ce l lu lose  and was eIuted with sys tem 2, 20-ml  f ract ions  being col lected.  F rac t ions  10-14 contained 200 mg of a 
t r i s a c e h a r i d e .  After  reprec ip i ta t ion  f rom 90% aqueous methanol with acetone and drying over  P20~ in vacuum, mp 
183-186 ° C, [ ~ ] ~ +  144 ° (e 1.26; water) .  

Found, %: C 42.36, 42.66; H 6.80, 7.02. Calculated for C~8H3201~, %: C 42.85; H 6.35. 

The product (0.01 g) was heated with 5% HC1. D-Galac tose  was identified in the hydrolysate  by paper 
chromatography  in sys tem 3. 

The t r i s accha r ide  (0.025 g) was methylated by being heated in a tube with 0.25 g of bar ium oxide and 1.5 ml of 
methyl  iodide in 1 ml of d imethy l fo rmamide  at 90 ° C for 9 hr .  After  the usual working up p roces s ,  the methyl  e ther  
obtained was hydrolyzed with 2% methanol ic  HC1. 2, 3 , 6 - T r i m e t h y l - D - g a l a e t o s e  and 2,3,  4, 6 - t e t r am e thy l -D- ga l ae to s e  
were  identif ied by paper chromatography in sys tem 4. 

CONCLUSIONS 

It has been found that the roots of Saponaria offic.inali.s L. contain three  o l igosaechar ides .  

Two of them have been isola ted:  gent iobiose and the pentasacchar ide  saponarose .  It has been shown that the 
l a t t e r  is O-f l -D-ga lac topyranosy l - (1  ~ 3 ) - O - a , D - g a l a c t o p y r a a o s y l - ( l  ~ 3 ) - O - ~ - D - g a l a e t o p y r a n o s y l - ( l  ~ 3)-O-o~-D- 
galactopyranosyl- (1  ~ 1 ) - a -D-g lucopyranos ide .  
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