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Glycos ides  of gypsogenin have been found in many plants of the family Caryophyl laceae  [1-5]. How- 
ever ,  not even the s imples t  of these compounds has  been synthesized.  This  is poss ib ly  due to the labil i ty 
of gypsogenin [6]. We have a t tempted  to synthesize  gypsogenin glucoslde by the o r thoes t e r  method, which 
has been applied successfu l ly  to the synthes is  of s teroid  and t r i t e rpene  glycosides  [7-9]. The glycosylat ion 
of gypsogenin methyl  e s t e r  and of free gypsogenin was p e r f o r m e d  with glucose (ethyl or thoaceta te)  (I) in the 
p resence  of catalyt ic  amounts  of m e r c u r i c  bromide  in n i t romethane.  

The aceta te  of the glucoside of gypsogenin methyl  e s t e r  (II) was  synthesized by the react ion of gypso-  
genin methyl  e s t e r  with glucose (ethyl or thoaceta te)  (I) with a yield of ~ 20 %. Gypsogenin 3-g lucopyranos ide  
(III) was  obtained af ter  the ha lo lys i s  of compound (II) with l i thium iodide [10]. In addition to this,  it was  
isolated by the d i rec t  condensation of gypsogenin with compound (I) followed by alkaline saponif icat ion of 
the condensation product.  

The acid hydro lys i s  of substance (III) formed gypsogenin and glucose.  Calculat ions by Klyne ' s  method 
showed the exis tence  of a f l-glycosidic bond in the glycoside synthesized.  
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We have recent ly  for the f i r s t  t ime isolated f rom the plant Saponaria  offieinalts  L. a gypsogenic acid 
glycoside which we called saponaros ide  [11l. It was  shown that the l a t t e r  is gypsogenic acid 3- /3-D-xylopy-  
ranoside .  In the p resen t  pape r  we give the synthes is  of this glycoside by the o r t h o e s t e r  method. We ob-  
tained the initial  gypsogenic acid by the oxidation of gypsogenin with potass ium d ichromate  [12]. In o rde r  
to synthesize the xyloside of gypsogenic acid, the dimethyl  e s t e r  of this acid was condensed with xylose 
(ethyl orthobenzoate)  (IV) in the p resence  of a 0.02 M solution of m e r c u r i c  bromide  in n i t remethane .  

Tile use  of the ethyl or thobenzoate  instead of the ethyl or thoace ta te  of xylose  for  synthes is  in this 
case  was  due to the g r e a t e r  reac t iv i ty  of the f o r m e r  [13]. Compound (IV) is readi ly  obtained f rom benzoy-  
lated xylosyl  bromide .  The condensation p e r f o r m e d  led to the benzoate of the xyloside of gypsogenic acid 
dimethyl  e s t e r  (V). 
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A f t e r  the h a l o l y s i s  of compound  (V) with  l i t h i u m  iod ide  in co t l i d ine ,  g y p s o g e n i c  ac id  3 - x y l o p y r a n o s i d e  
(VI) cou ld  not be i s o l a t e d .  Th i s  compound  was  ob t a ined  by  the d i r e c t  r e a c t i o n  of  g y p s o g e n i c  ac id  with x y -  
l o se  (ethyl  o - b e n z o a t e )  (IV) fo l lowed by the a lka l i ne  s a p o n i f i c a t i o n  of  the r e s u I t i n g  p r o d u c t .  In i t s  c o n s t a n t s  
and c h r o m a t o g r a p h i c  b e h a v i o r ,  the g l y c o s i d e  s y n t h e s i z e d  c o i n c i d e d  c o m p l e t e l y  wi th  an au then t i c  s a m p l e  of 
gypsogen i c  a c i d  3 - f l - D - x y l o p y r a n o s i d e  ( s a p o n a r o s i d e ) .  

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

F o r  co lumn  c h r o m a t o g r a p h y  we u sed  type KSK s i l i c a  ge l .  T h i n - l a y e r  c h r o m a t o g r a p h y  (TLC) w a s  
p e r f o r m e d  on "Si lufot"  p l a t e s  wi th  a f ixed l a y e r  of  s i l i c a  gel .  The fo l lowing  so lven t  s y s t e m s  w e r e  u s e d  for  
c h r o m a t o g r a p h y :  I)  c h l o r o f o r m - m e t h a n o l  (98 : 2) c h l o r o f o r m - m e t h y l  e thy l  ke tone  (98.5 : 1.5); 3a) benzene  
- e t h e r  (3 : 1); 3b) b e n z e n e - e t h e r  ( 1 : 3 ) ;  4) e t h e r - e t h y l  a c e t a t e  (3 : 1); 5) b u t a n - l - o I - a c e t i c  a c i d - w a t e r  (4 : 
1 : 5); 6) e thy l  a c e t a t e - m e t h a n o l  (95 : 5). 

The s u g a r s  and the s u g a r  o r t h o e s t e r s  w e r e  r e v e a l e d  with a so lu t ion  of  an i l ine  ph tha l a t e ,  and the g l y -  
c o s i d e s  wi th  a s a t u r a t e d  so lu t ion  of  SbC1 a in c h l o r o f o r m .  The m e l t i n g  po in t s  w e r e  d e t e r m i n e d  on a E o f l e r  
b lock .  The  n i t r o m e t h a n e  was  r e d i s t i l l e d  o v e r  u r e a  and twice  o v e r  1)205. The e l e m e n t a r y  a n a l y s e s  of  the 
s u b s t a n c e s  g iven  c o r r e s p o n d e d  to the c a l c u l a t e d  f i g u r e s .  

3 , 4 , 6 - T r i - O - a c e t y l - i , 2 - O - ( e t h y t  o r t h o a c e t y l ) - ~ - D - g l u c o p y r a n o s e  (I). A so lu t ion  of  2.4 g of a c e t o -  
b r o m o g l u c o s e  [14] in 10 ml  of n i t r o m e t h a n e ,  2 m l  of  a b s o l u t e  e thanol ,  and 5 ml  of  f r e s h l y  d i s t i l l e d  2 , 6 -  
lu t id ine  w a s  kept  at 37 ° C for  2 d a y s .  Then the m i x t u r e  w a s  d i lu t ed  twofold  with c h l o r o f o r m  and was  w a s h e d  
with  a co ld  s a t u r a t e d  so lu t ion  of sod ium c a r b o n a t e  (2 × 10 ml)  and with  co ld  w a t e r  (5 × 10 ml) .  The c h l o r o -  
f o rm  l a y e r  was  d r i e d  o v e r  MgSO 4 and e v a p o r a t e d  a t  60 ° C in vacuum.  Th i s  gave 2.1 g of  c r u d e  p roduc t ,  
which  w a s  t r a n s f e r r e d  to a co lumn  (3 ×30 cm) of  s i l i c a  ge l  and e l u t e d  with  150 mt  of  s y s t e m  1. The y i e l d  
of  p r o d u c t  c h r o m a t o g r a p h i c a l l y  h o m o g e n e o u s  in s y s t e m  2 was  1.5 g (68 %), m p  91-92 ° C, [ ~ ] ~  40 ° (c 1.2; 
c h l o r o f o r m ) .  L i t e r a t u r e  da ta :  mp  92-94 ° C, [o~]~+36 ° ( ch lo ro fo rm)  [15]. 

2 , 3 , 4 , 6 - T e t r a - O - a c e t y l - f l - D - g l u c o p y r a n o s i d e  of  G ypsoge n in  Methy l  E s t e r  (II). A so lu t ion  of  0.48 g 
(1 m m o l e )  of  gypsogen in  m e t h y l  e s t e r  and 0.38 g (1 m m o l e )  of 3 , 4 , 6 - t r i - O - a c e t y l - l , 2 - O - ( e t h y l  o r t h o a c e t y l ) -  
~ - D - g l u c o p y r a n o s e  (t) in 10 m l  of  n i t r o m e t h a n e  was  h e a t e d  in a f l a sk  with  a c o n d e n s e r  fo r  d i r e c t  d i s t i l I a t i o n  
at  the bo i l ing  po in t  of the so lven t .  A f t e r  5 m l  of  n i t r o m e t h a n e  had d i s t i l l e d  off, 0.5 ml  of  a 0.02 M so lu t ion  
of m e r c u r i c  b r o m i d e  in benzene  w a s  added  to the f a l s k  and the m i x t u r e  w a s  h e a t e d  for  4 h with the add i t i on  
of f r e s h  n i t r o m e t h a n e  a s  i t  d i s t i l l e d  off so tha t  the vo lume  o f  the r e a c t i o n  m i x t u r e  r e m a i n e d  cons t an t .  Then 
the  so lu t ion  w a s  coo led ,  a few d r o p s  of p y r i d i n e  w a s  added ,  and i t  w a s  e v a p o r a t e d  at  60-70  ° C in vacuum.  
The r e s i d u e  w a s  t r a n s f e r r e d  to a co lumn  (3 ×30 cm)  of s i l i c a  ge l  and was  e tu t ed  in s y s t e m  3a  with  the c o l -  
l e c t i on  of  1 5 - m l  f r a c t i o n s .  S e p a r a t i o n  w a s  m o n i t o r e d  by TLC in s y s t e m  3b. F r a c t i o n  1 con ta ined  0.14 g of  
compound  (I), f r a c t i o n s  2 and 3 con t a ined  0.37 g of  gypsoge n in  me thy l  e s t e r ,  and f r a c t i o n s  4 and 5 c o n t a i n e d  
0.16 g of  compound  (II), The  y i e l d  of  the l a t t e r  was  20%, m p  164-167° C ( f rom e thanol ) ,  [ a ] ~ +  17 ° (c 1.1; 
c h l o r o f o r m ) .  

Gypsogen in  3 - f l - D - G l u c o p y r a n o s i d e  (III). A. Compound  (II) (0.16 g) w a s  a d d e d  to a so lu t ion  of  2.5 g 
of a n h y d r o u s  l i t h i u m  iodide  in 8 mt  of  d r y  c o t l i d i n e ,  and the m i x t u r e  was  hea t ed  in a n i t r o g e n - f i l l e d  tube at  
160 ° C fo r  7 h. Then the c o l l i d i n e  was  d i s t i l l e d  off at  70 ° C, the r e s i d u e  w a s  d i s s o l v e d  in 15 ml  of w a t e r ,  
and the so lu t ion  w a s  a c i d i f i e d  with a c e t i c  a c id  and e x t r a c t e d  with  b u t a n - l - o l  (4 × 10 ml) .  Teh butanol ic  e x -  
t r a c t s  w e r e  w a s h e d  with  w a t e r ,  and e v a p o r a t e d ,  and the r e s i d u e  (0.12 g) w a s  t r a n s f e r r e d  to a co lumn  (2.5 × 
15 cm) of  s i l i c a  ge l  and e tu t ed  in s y s t e m  4. Th i s  gave  50 m g  of  compound  (III), mp  237-241 ° C ( f rom e t h a -  
nol) ,  [e~]~+21 ° (c 1.3; p y r i d i n e ) .  
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B. The condensation of 0.3 g (0.62 mmole) of gypsogenin and 0.3i  g (0.83 mmole) of 3 ,4 ,6 - t r i -O-  
ace ty l - l , 2 -O- (e thy l  or thoacety l ) -~-D-glucopyranose  was per formed in 10 ml of ni tromethane under the con-  
ditions descr ibed above. The residue af ter  the evaporation of the react ion mixture was dissolved in 5 ml 
of a 10 % solution of KOH in methanol and the solution was kept at room tempera ture  for a day and was then 
neutral ized with KU-2 cation-exchange res in  and evaporated. The resul t ing  residue (0.45 g) was t r ans -  
fe r red  to a column (3 x30 cm) of sil ica gel and was eluted in sys tem 4, 20-ml fract ions being collected. 
The p rocess  was monitored by TLC in the same solvent system. Frac t ions  1-3 contained 0.2 g of gypso-  
genin, fraction 4 contained 30 mg of a mixture of gypsogenin and gypsogenin fl-D-glucopyranoside,  and f r ac -  
tions 5-7 contained 50 mg of gypsogenin f l-D-glucopyranoside with mp 239-244" C, [oz]~)+22 ° (c 1.0; py r i -  
dine). 

Gypsogenin f l-D-glucopyranoside (III) (20 rag) was dissolved in 3 ml of 5 % hydrochloric  acid in aque- 
ous methanol and the solution was heated in the boiling-water bath for 6 h. The precipitate was fil tered off, 
dried in vacuum, and was shown by TLC on sil ica gel in sys tem 3b to be identical with an authentic sample 
of gypsogenin. The filtrate was neutral ized with I~DIS-10P anion-exchange res in ,  and in it glucose was 
shown to be identical with a m a r k e r  by paper chromatography in sys tem 5. 

3 ,4 -Di -O-benzoy l - l ,2 -O- (e thy l  orthobenzoyl)-c~-D-xylopyranose (IV). A solution of 2 g of 2 ,3 ,4 - t r i -  
O-benzoyl -~-D-xylopyranosyl  bromide [16] in 8 ml of nitromethane,  1.5 ml of absolute ethanol, and 4 ml of 
f reshly distilled 2,6-1utidine was kept at 37 ° C for 2 days. Then the react ion mixture was diluted twofold 
with ice water  and was extracted with ch loroform (4 x 10 ml). The chloroform ext rac ts  were washed with 
cold saturated sodium carbonate solution (3 x 10 ml) and then three t imes with water ,  dried over  MgSO o 
and evaporated in vacuum at 60°C. Of the resul t ing mixture,  2.5 g was t r ans fe r r ed  to a column (3 x30 cm) 
containing silica gel and was eluted with 150 ml of system 1. This gave 1.45 g of substance (IV) with mp 
180-181°C (from methanol), [c~]~+33 ° (c 1.5; chloroform).  Yield 78 %. 

The or thoes te r  (IV) was hydrolyzed by dilute acids under the conditions descr ibed by Kochetkov et al. 
[13] and it feebly reduced FehlingTs solution. 

2 ,3 ,4-Tr i -O-benzoyl- f l -D-xylopyranos ide  of Gypsogenic Acid Dimethyl Es t e r  (V). A mixture of 0 .51g 
(1 mmole) of gypsogenic acid dimethyl es te r ,  0.49 g (1 mmoIe) of 3 ,4 -d i -O-benzoy l - l ,2 -O- (e thy l  or thoben-  
zoyl) -~-D-xylopyranose  (IV) in 10 ml of ni tremethane,  and 0.5 ml of 0.02 M mercur i c  bromide was heated 
at the boiling point of nitromethane with the simultaneous distillation and additional fresh port ions of the 
solvent for 4 h. Then the solution was cooled, a few drops of pyridine was added, and it was evaporated in 
vacuum at 60 ° C. The residue af ter  evaporation was t r ans fe r red  to a column (3 x30 cm) of sil ica gel and 
was eluted in sys tem 4, 20-ml fract ions being collected. 

The p rocess  was monitored by TLC in sys tem 3b. Fract ion 1 contained 0.33 g of substance (IV), f rac -  
tions 2 and 3 contained 0.41 g of gypsogenic acid dimethyl es ter ,  and fract ions 4-6 contained 0.16 g of sub- 
stance (V). The yield of (V) was 16 ~7c, mp 217-219°C (from ethanol), [c~]~- 3 ° (c 1.0; chloroform).  

Gypsogenic Acid 3-f l-D-Xylopyranoside (VI). The condensation of 0.48 g (1 mmole) of gypsogenic acid 
and 0.49 g (1 mmole) of 3 ,4-di-O-benzoyl- l ,2--O-(ethyl  orthobenzoyl)-o~-D-xylopyranose in 10 ml of ni t ro-  
methane was per formed as descr ibed above. The react ion mixture was evaporated in vacuum at 70" C, the 
residue was dissoIved in 3 ml of 10 7c KOH tn methanol, and the solution was kept for a day at room tem-  
pera ture ,  neutral ized with KU-2 cation-exchange resin,  and evaporated. This gave 0.8 g of a mixture which 
was deposited on a column (3 x 30 cm) containing silica gel. Elution was per formed in sys tem 6, 15-ml 
fract ions being collected. The separation was monitored by TLC in sys tem 4. Frac t ions  1 and 2 contained 
0.3 g of substance (IV), fract ions 3 and 4 contained 0.32 g of gypsogenic acid, and fract ions 5-8 contained a 
mixture of gypsogenic acid and gypsogenic acid 3-f l -D-xylopyranoside (VI) - 0.15 g. After r ech roma tog -  
raphy,  fract ions 5-8 yielded 70 mg of gypsogenic acid 3-f l -D-xylopyranoside (VI). Yield 11%, mp 216- 
220 ° C (from methanol). I t  gave no depression of the melt ing point with an authentic sample of gypsogenic 
acid 3-f l-D-xylopyranoside (saponaroside) [11]. [(~]~ - 11 ° (c 1.0; pyridine). 

S U M M A R Y  

1. Gypsogenin 3-f l -D-glucopyranoside has been obtained for the f i rs t  time. 

2. The natural 3-(fl-D-xylopyranoside) of gypsogenic acid (saponaroside) has been synthesized. 
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