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Gypsophil la  acutifol ia  Fisch.  (big gypsophilla),  family Caryophyl laceae  is used in some count r ies  as 
a source  for  the industr ia l  product ion of t r i t e rpene  glycosides ,  although their  chemica l  nature  has not been  
studied. The resu l t s  of a p r e l i m i n a r y  invest igat ion have shown that the plant contains a saponin, which we 
have cal led acutifol ioside [1]. 

The g a s - l i q u i d  chromatography  of the sugars  in the f o r m  of t r i f luoroace ta tes  of the cor responding  
polyols  [2] showed that acutifol ioside includes four  galactose  res idues  and one res idue each of glucuronic 
acid, glucose,  a rab inose ,  fucose,  xylose,  and rhamnose .  

The s t ruc tu re  of acutifol ioslde is l a rge ly  s i m i l a r  to that of saponaside D [3]. In pa r t i cu la r ,  the meth-  
ods and approaches  to the de terminat ion  of i ts  s t ruc tu re  have been s im i l a r .  In view of this, we did not con- 
s ide r  it des i rab le  to d iscuss  in detail  the whole course  of the determinat ion of the s t ruc tu re  ofacut i fol ios ide 
but decided to d i rec t  attention only to the nodal points of the exper iment .  

As alkaline saponif icat ion showed, the acyloside pa r t  of the molecule  of the glycoside includes ga lac -  
tose,  glucose,  xylose,  fucose,  and rhamnose ,  and the O-glycosidic  moiety  includes galactose  and arab inose .  

An analys is  of the saponin methyla ted  by Hakomor i ' s  method [4] showed the p r e sence  of comple te ly-  
methyla ted  rhamnose ,  a rab inose ,  and ga lac tose .  Among the pa r t i a l ly -me thy la t ed  compounds by di rec t  com-  
pa r i son  we identified 2 -O-me thy l -D- fucose  and 2 ,3 ,6 - t r i -O-me thy l -D-g lucose .  The s t ruc tu re  of the 2,3,6- 
t r i - O - m e t h y l - D - g l u c o s e  was additionally conf i rmed by m a s s  s p e c t r o m e t r y  [5]. The glucuronic acid was 
identified in the f o r m  of 2 -O-me thy l -D-g lucose  af ter  p r e l i m i n a r y  cleavage of the pe rme thy la t e  of the sapo-  
nin with l i thium te t rahydroa lumina te .  In addition to the compounds mentioned, we found xylose in the fo rm 
of the t r imethy ls i ly l  der iva t ive  in a hydrolyzate  of methylated acutifol ioside by p a p e r  and g a s - l i q u i d  chro-  
matography.  

On making use  of the poss ib i l i ty  of se lected c l eavage  in the saponin of the O-acylglycosid ic  bondunder  
the action of l i thium te t rahydroa lumina te ,  we showed that the methylated monosacchar ides  are  dis tr ibuted 
over  the functional groups  of gypsogenin: 

Acutifolioside permethylate 
I LiAIH 

Reduced glycoside 

2-O-methyl-D-glucose; 
2,3,4-tri-O-methyl-L- 
arabtnose; and 2,3,4,6- 
6-tetra-O-methyl-D-galactose 

Reduced oligosaccharide 

2-O-methyl-D- fucitol; D-xylose; 
2,3,6-tri-O-methyl-D-glucose; 
2,3,4,6-tetra-O-methyl-D-galactose; 
and 2,3,4-tri-O-methyl-L-rhamnose. 

Among the products  of the pa r t i a l  hydrolys is  of the glycoside by oxalic acid we detected a bioside 
containing glucuronic acid and a rab inose .  When this was oxidized with sodium per iodate ,  gypsogenin glu- 
curonoside was fo rmed .  This shows a 1 ~ 3  bond between the pentose and the uronic acid. This  type of 
bond is conf i rmed  by the resu l t s  of methylat ion,  and the l i thium te t rahydroa lumina te  reduction and hydroly-  
s is  of the methyla ted  bioside.  As the r e su l t  of these p r o c e s s e s  we i d e n t i f i e d 2 , 3 , 4 - t r i - O - m e t h y l - L - a r a b i n o s e  
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and 2 ,4 -d i -O-me thy l -D-g lucose .  The remethy la t ion  of the glycoside obtained by the te t rahydroa lumina te  
reduct ion of the pe rme thy la t ed  bioside led to the isolation of 2 , 4 , 6 - t r i - O - m e t h y l - D - g l u c o s e *  in place of 
2 , 4 - d i - O - m e t h y l - D - g l u c o s e .  In view of the fact that 2 - O - m e t h y l - D - g h c o s e  was obtained f r o m  the meth-  
yla ted acutifol ioside,  it may be a s sumed  that the branching at the glucuronic acid is due to the p r e s e a c e  of 
a ga lac tose  res idue  at the C 4 a tom.  Hence, a pa r t i a l  s t ruc tu re  of acutifolioside has the fo rm 

" C ~ "  CO01 t 
LAr~pl ~3TIG~cApI-OJ,.><J.~ " 

CHO 
1 

.l]~dep 
When acutifol ioside was degraded with sodium per iodate  by Smith 's  method, a hederagenin t r ios ide  

was isola ted which included res idues  of glucuronic acid, fucose,  and xylose.  A second applicat ion of this 
p rocedu re  to the compound obtained enabled hederagenin fucoside to be obtained. Consequently,  there is a 
1--* 3 bond in the O-acy l -g lycos id i c  pa r t  of the saponin molecule  between the fucose and the xylose.  

The p r o b l e m  of proving the posi t ion of the t e rmina l  monosacchar ides  proved  to be very  complicated,  
and it was solved by studying the products  of the pa r t i a l  d ias tase  hydrolys is  of the o l igosacchar ide  obtained 
by the saponif icat ion of the initial glycoside with 10% aqueous ethanolic alkali .  By p r e p a r a t i v e  ch romatog-  
raphy on pape r  we isolated f r o m  it two new o l igosacchar ides .  The f i r s t  of them, according  to the resu l t s  
of per ioda te  oxidation and methylat ion,  had the s t ruc tu re  of D - g l u c o p y r a n o s y l - ( 1 - - 4 ) - D - x y l o s e ,  and the 
second cons is ted  of glucose,  ga lac tose ,  and xylose .  Its reducing end was also xylose.  When a pe rme thy la t e  
of this o l igosacchar ide  was cleaved,  comple te ly -me thy la t ed  galactose,  2 , 3 , 6 - t r i - O - m e t h y l - D - g l u c o s e  and 
f ree  xylose  were  identified. Hence, the mos t  probable  s t ruc tu re  for  the second o l igosacchar ide  is: 

1 DGal/, 
I 2 

DOalp I 4 DOlcp 1--4 DXylpl 
3 
I 

1 DGalp 

AS the s t ruc tu re  of the pen tasacchar ide  shows, the rhamnose  residue in the saponin is located on the 
C 4 a tom of the fucose.  Thus, on the bas i s  of the ma t e r i a l  p resen ted ,  it is poss ib le  to p ropose  the following 
s t ruc tu re  for  acutifol ioside f r o m  Gypsophil la  acutifolia:  

! 
Ar{Zpl ~3rls.ecA pl-O c~-c~fl  t I ILRhclp IDG.Iz~p 

The saponin f r o m  Gypsophil la  acutifolia Fisch.  is the f i r s t  example  of a t r i t e rpene  glycoside with 
such an unusually high degree  of branching of the ca rbohydra te  chains.  

E X P E R I M E N T A L  

The following solvent  s y s t e m s  were  used for  chromatography:  1) b u t a n - l - o l - e t h a n o l - w a t e r  (10 : 2 : 
5); 2) 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); 3) 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); 4) ben-  
z e n e - a c e t o n e  (2 : 1); and 5) c h l o r o f o r m - a c e t o n e  (4 : 1). G a s - l i q u i d  chromatography  was p e r f o r m e d  on a 
Hewle t f -Packard  model 5750 ins t rument  with a f lame ionization detector .  For  quanti tat ive de terminat ions ,  
a Hewle t f -Packard  3370A in tegra to r  was used.  The s ta in less  s tee l  column, 3 m long and 3 m m  in internal  
d iamete r ,  was filled with 17o of XE-60 on Gas Chrom Z 80/100 mesh,  the c a r r i e r  gas  was ni t rogen at the 
ra te  of 36 m l / m i n ,  and the t empe ra tu r e  was 280°C. 

Alkaline Saponification of Aeutifol ioside.  A mix ture  of 15 g of the glycoside (I) and 500 rnl of a 107o 
aqueous alcoholic solution of caust ic  potash  was heated in a cu r ren t  of ni t rogen at 100°C for  5 h. Then the 
reac t ion  mix tu re  was neut ra l ized  and ex t rac ted  with i soamyl  alcohol.  The organic l aye r  was concentra ted 
and pur i f ied on s i l iea  gel in s y s t e m  1. This  gave 5 g of the glycoside (II) with nap 201-203°C, [~]~+51 ° 

*The samples  of some of the methyla ted  sugar s  were  kindly given to us by P. Kovacs (Chemical Insti tute 
of the Slovak Academy of Sciences,  Czechoslovakia) .  
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(c 2.0; methanol). According to paper chromatography in system 3, substance {II) consisted of galactose, 
arabinose, glucuronic acid, and gypsogenin. 

The oligosaccharide (III) from the aqueous layer  was deposited on a column of silica gel and chro- 
matographed in system 1. Then the oligosaccharide was eluted with pure methanol. 

The oligosaccharide (III) (10 mg) was hydrolyzed with 2°~ H2SO 4 at 100°C for 4 h. Galactose, glucose, 
xylose, and rhamnose were identified by paper chromatogarphy in systems 2 and 3. 

Methylation and Lithium Tetrahydroaluminate Cleavage of Acutifolioside. By Hakomori, s method, 5 g 
of the saponin (I) was converted into the permethylated compound and this was then subjected to methanolysis 
to the monosaccharides. The aqueous and chloroform fractions of the decomposition'products were sep- 
arated preparatively on silica gel in system 4. The organic layer was found to contain completely meth- 
ylated arabinose, rhamnose, and galactose, while the aqueous layer contained 2-O-methyl- D-fucose, 2, 3, 6- 
tr i-O-methyl-D-glucose,  methyl 2-O-methyl-D-glucuronate, and free xylose. 

After tetrahydroaluminate decomposition of the fully-methylated acutifolioside, in the reduced oligo- 
saccharide 2-O-methyl-D-fucitol,  free xylose (in the form of the trimethylsilyl derivative), 2,3,6-tri-O- 
methyl-D-glucose, and fully-methylated rhamnose and galactose were identified by thin-layer and g a s -  
liquid chromatography, and the reduced glycoside was found to contain 2-O-methyl-D-glucose, 2,3,4-tri- 
O-methyl-L-arabinose,  and 2,3,4,6=tetra-O-methyl-D-galactose. 

Partial  Hydrolysis of Acutifolioside. The glycoside (8 g) was hydrolyzed with 10% oxalic acid at 75°C 
for 5 h. Thin-layer chromatography on silica gel in system 1 showed the presence of gypsogenin glucurono- 
side, compound (II), and also a glycoside (V) containing glucuronic acid and arabinose residues in the carbo- 
hydrate moiety. 

The methylation of substance (IV)gave 2,3,4-tr i -O-methyl-L-arabinose and methyl 2,4-di-O-methyl- 
D-glucuronate. Reduction of the permethylated glycoside with lithium tetrahydroaluminate followed by re-  
methylation with methyl iodide and silver oxide gave 2,3,4-tr i-O-methyl-L-arabinose and 2,4,6-tri-O- 
methyl-D-glucose. 

Smith Degradation of Acutifolioside. The Smith degradation of 10 g of glycoside (I) gave 3 g of the 
glycoside {VI) with rap 196-198°C and [a]~+94 ° (c 2.0; methanol). 

The hydrolysis of compound WI) with Kiliani's mixture yielded gluceuronic acid, fucose, and xylose. 
The reoxidation of substance (VI) by Smith's. method gave hederagenin fucoside with mp 242-244°C and 
[a]~+24 ° (c 2.0; methanol). 

Enzymatic Hydrolysis of the Oligosaccharide {III). A few milligrams of diastase was added to a solu- 
tion of 5 g of compound (HI) in 200 ml of phosphate buffer. After a day, 2 oligosaccharides WI and VII) 
were detected in the substrate, and these were obtained in preparative amounts by paper chromatography. 
According to paper chromatography, oligosaccharide (VI) consisted of xylose, glucose, and galactose. After 
reduction with sodium tetrahydroborate followed by acid hydrolysis, glucose, galactose, and xylitol were 
identified. In the products from the permethylate of (VI), xylose, 2,3,6-tri-O-methyl-D-glucose, and 2,3,4,6- 
tetra-O-methyl-D-galactose were found. 

The oligosaccharide (VII) was cleaved with 2% H2SO 4 (100°C, 5 h) into xylose and glucose, and after 
reduction with sodium tetrahydroborate and acid hydrolysis it yielded xylitol and glucose. 

The oligosaccharide (VII) (40 rag) was methylated by Hakomori's method, and 2,3-di-O-methyl-D- 
xylose and 2,3,4,6-tetra-O-methyl-D-glucose were identified by chromatography in a thin layer  of silica gel 
in system 5. 

C ONC LU SIO NS 

The structure of the triterpene glycoside from Gypsophilla acutifolis Fisch. has been established. 

1. 
2. 
3. 
4. 
5. 
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