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The isolat ion from Saponaria officinalis  (bouncingbet, fu l l e r ' s  herb) of a t r i t e rpene  glycoside, saponaside D, the 
aglycone of which is gypsogenin, has been reported [1]. In this paper the r e su l t s  of exper iments  giving information on 
the s t ruc ture  of the substance are  reported.  

Saponaside D was exhaustively methylated. The resulting product was cleaved with perchloric acid, and the 
methylated monosaccharides formed were chromatographed on silica gel. Seven individual substances were detected. 
By chromatography on paper and in a thin layer of silica gel and also by gas chromatography in the presence of 
reference samples, completely methylated glucose, galactose, arabinose, and rhamnose and also 2-O-methylfucose 
were identified. From their chromatographic behavior, another two substances may be assigned to monomethylated 
compounds. When they were demethylated, in the one case xylose and in the other case glucuronic acid were 
identified. 

The xylose f ragment  is not oxidized in the init ial  saponin. The dimethylxylose obtained f rom the methylated 
saponaside D also undergoes no change under the action of Bonner ' s  reagent  [2]. After the hydrolysis  of this 
monosacchar ide  with sulfur ic  acid, the product had acquired a capacity for being oxidized by periodic acid. The 
react ion with t r iphenyl te t razo l ium chloride shows the presence  in this xylose der iva t ive  of a free hydroxyl at position 
2. In addition, the substance has a low mobil i ty  on paper chromatography in borate buffer,  i . e . ,  the formation of a 
complex with boric  acid takes place. Consequently,  the compound may be ascr ibed  the s t ruc tu re  of 3-O-methylxylose .  

T rea tmen t  of the par t ia l ly  methylated glucuronic acid with l i thium a luminum hydride gave a monomethyl 
der ivat ive of glucose.  This shows that the carboxyl group cannot be at the position of branching of the carbohydrate  
chain in the saponin. When saponaside D was oxidized with periodate the glucuronic acid remained  unchanged; methyl 
glucuronoside was revealed  by Bonne t ' s  reagent .  All this permi ts  the assumption that the second substance i s  the 2- 
O-methyl  or the 4-O-methyl  der ivat ive  of glucuronic acid. The decision in favor of 2-O-methylg lucuronic  acid was 
made on the basis  of the fact that on chromatography on paper in borate buffer the substance re ta ins  i ts  mobil i ty .  

The resu l t s  of methylat ion were confirmed by periodate oxidation, in which the saponin absorbed 12 moles  of 
periodate and l iberated 6 moles  of formic acid. This shows an unusual ly  high degree of branching of the 
ol igosaccharide chains of the saponin. 

To elucidate the type of linkage of the monosaccharides with the two functional groups of the aglycone, the 
methylated saponin was treated with lithium aluminum hydride. In this way it was found that the residues of 2-0- 
methylglucuronic acid, 3-O-methylglucose, and completely methylated arabinose, rhamnose, and galactose were 
attached to the hydroxyl of gypsogenin. The carbohydrate chain attached to the carboxyl group contained completely 
methylated galactose, glucose, and rhamnose, and also 3-O-methylxylose. 2-O-Methylfucitol was identified among the 
products of aluminum hydride cleavage, and therefore fucose is attached directly to the carboxyl group of gypsogenin. 
This was also confirmed by the saponification of the saponin with alkali followed by hydrolysis of the fragments 
obtained. The saponification products of the saponin included glucuronic acid, galactose, xylose, arabinose, and 

rhamnose. 

An acid hydrolysate  of the ol igosaccharide contained galactose,  glucose, xylose, and rhamnose .  The absence of 
fucose from the hydrolysates  shows its d i rect  a t tachment  to the carboxyl group of the gypsogenin. According to the 
l i t e ra tu re ,  such monosacchar ides  a re  not p rese rved  on hydrolysis  [3]. The glucuronic acid is attached to the C(~) 
hydroxyl of gypsogenin. This was establ ished by analogy with other t r i t e rpene  saponins [4,5]. 

Since no par t ia l ly  methylated sugars  other than 2-O-methylfucose ,  2 -O-methylg lucuronic  acid, and 3-O- 
methylxylose were found, it  is obvious that one xylose res idue is attached to glucuronic acid and the other to fucose. 
The resu l t s  obtained make it possible to asc r ibe  the following part ial  s t ruc ture  to saponaside D: 
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"~CO0-Fuc ~Xyl-~R, 
q. q, 

R R OHC " 

where  R = Rha or  Oat o r  Ara  and Rt = Rha or  Ol or  Gal. 

P rev ious ly  the mos t  highly branched o l igosaechar ide  f ragments  known were  p resen t  in the saponin isolated by 
Tschesche  et al. f rom Radix s a r s apa r i t l a e  [6]. The degree  of branching of saponaside D is g r ea t e r  than this .  

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

Chromatography was c a r r i e d  out with s i l i ca  gel of type KSK, alumina of act ivi ty  grade II, and paper of types M 
and S of the "Goznak" Leningrad mi l l ,  with the following sys tems  of so lvents :  1) benzene-e thano l  (10 : 1), 2) methyl  
ethyl ketone saturated with ammonia ,  3) benzene -ace tone  (2 : ]), 4) b u t a n o l - b e n z e n e - p y r i d i n e - w a t e r  (6 : 1 : 3 : 3) ; 5) 
bu tano l -e thano l -0 .05  M borax solution (5 : 1 : 4), and 6) b u t a n o l - e t h a n o l - w a t e r  (10 : 2 : 5). The spots of the glycosides  
were  r evea led  with cone H2SO4 and those of the sugars  with anil ine phthalate.  The ]R spec t ra  were  r ecorded  on a UR- 
10 spee t rophotomete r .  

Methylation of saponaside D. A solution of 5.0 g of the glycoside in 75 ml of d imethy l fo rmamide  was t rea ted  with 
35 ml of methyl  iodide, and then 25.0 g of bar ium oxide and 0.8 g of bar ium hydroxide were  added with s t i r r ing .  After 
this the react ion product was methyla ted fur ther  with methyl  iodide in the p resence  of s i lve r  oxide (5 t imes) .  The 
deg ree  of methylat ion was checked by IR spec t roscopy f rom the d isappearance  of the peak in the 3500 cm -1 region,  and 
also by chromatography in a thin fixed l ayer  of s i l i ca  gel in sy s t em 1. The product obtained, I, was purif ied on a 
column of s i l i ca  gel in the same  sys tem.  

Found, %: C 58.32; H 8.28; OCH3 33.20. Calculated for C113Hls0049, %: C 58.13; H 8.21; OCH3 34.14. 

Methanolysis  of the permethyla ted  glycoside .  3.0 g of product I was heated with 50 ml  of a mix tu re  of 72% 
pe rch lo r i c  acid and methanol (1 : 2) in a sealed tube at 100 ° C for 5 hr .  After  the end of the react ion,  the mix ture  was 
diluted with water  and the prec ip i ta te  that deposi ted was f i l t e red  off. After  neutra l izat ion with IR-45 anion-exchanger  
(OH- form) and subsequent evaporat ion,  the mixture  was chromatographed in a thin l ayer  of s i l i ca  gel in sys tem 3. The 
plates  were  ,~prayed with H2SO4; seven methyl  g lycos ides  were  detected.  

Separat ion and identif icat ion of the methylated sugars .  The mix ture  of methyl  glycosides  was d issolved in 200 ml 
of water  and ext rac ted  exhaust ively with ch loroform.  On chromatography on s i l i ca  gel in sys tem 3, it was seen that  the 
aqueous layer  contained the par t ia l ly  and the ch loroform layer  the comple te ly  methylated monosacchar ides .  These  
ex t rac t s  were  evaporated to min imum volume and chromatographed on s i l i ca  gel in sys tem 3. Seven individual methyl  
g lycos ides  I I -VIII ,  numbered in the o rde r  of increas ing  polar i ty ,  were  obtained. 

When the methylated substances I I -V were  demethylated with boron t r i ch lo r ide  [7], ga lac tose ,  glucose,  
a rab inose ,  and rhamnose  were  identified by chromatography on paper in sys tem 4. Compounds I I -V remained  
unchanged under the action of methyl  iodide. Ful ly  methylated ga lae tose  (II), g lucose (III), a rabinose  (IV), and 
rhamnose  (V) w e r e  identified by gas chromatography in the p resence  of r e f e r e n c e  samples .  Among the par t ia l ly  
methylated products,  substance VII was detected and identified by chromatography on paper and in a thin l ayer  of 
s i l i ca  gel and by gas- l iqu id  chromatography in the p resence  of r e f e r ence  samples  as 2 -O-methy l fucose .  On 
demethyla t icn ,  substance VI gave glucuronic acid. On t r ea tmen t  with l i thium aluminum hydride,  VI was conver ted  into 
a monomethylglucose .  The glucuronic acid was not decomposed in the init ial  saponin while the methyl  glucuronoside 
was decomposed under the action of Bonne t ' s  reagent .  When chromatographed on paper impregnated with 0.05 M borax  
in sys tem 5, substance VI re ta ined its mobil i ty .  On t r ea tmen t  with boron t r i ch lo r ide ,  substance VIII gave xylose.  The 
xylose  was p r e s e r v e d  in the ini t ial  saponin. Substance VII underwent no change under the action of per iodic  acid,  and 
on being heated with HzSO4 with subsequent detection by means of Bonne t ' s  reagent ,  it underwent oxidation. 

When t rea ted  on paper with t r iphenyl te t razo l ium chlor ide ,  substance VII gave a red colorat ion.  This compound 
fo rms  a bor ic  complex on chromatography on paper  in sys tem 5. 

Aluminum hydride c leavage  of methylated saponaside D. To 1.0 g of I in 100 ml of absolute te t rahydrofuran  was 
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added 0.5 g of l i thium aluminum hydride.  The mix tu re  was heated to the boil for  10 hr.  After  the react ion mixture  had 
been worked up [8], the reduced glycoside IX and an o l igosacchar ide  X were  obtained. Methanolysis  and the subsequent 
separa t ion  of the methyl  g lycos ides  in a thin l ayer  of s i l i ca  gel ,  and also gas- l iqu id  chromatography permi t t ed  the 
ident if icat ion in compound IX of complete ly  methylated res idues  of rhamnose ,  a rab inose ,  and galae tose ,  and also the 
monosacchar ides  VI and VIII. 

In the reduced o l igosaechar ide  X, the complete ly  methylated methyl  g lycos ides  of rhamnose ,  glucose,  and 
ga lae tose ,  and compound VIII and 2-O-methyl fuc i to l  were  found. 

Alkaline saponification of saponaside D. A mixture  of 0.5 of the substance and 25 ml of 10% aqueous ethanolic 
caust ic  potash was heated at 80 ° C for 5 hr .  After  the alkali  had been e l iminated,  the solution was exhaust ively 
ex t rac ted  with- isoamyl alcohol .  Af ter  purif icat ion of the ethanolic layer  on a column in sys tem 6, the substance was 
subjected to acid hydro lys i s .  Galactose,  a rab inose ,  xylose,  glucuronic acid, and rhamnose  w e r e  identified.  

The substance f rom the aqueous l aye r  was deposited on a column of s i l i ca  gel and chromatographed  in sys tem 6 
and was then eluted with pure  methanol.  The methanolic  f rac t ions  w e r e  combined and evaporated and the res idue  was 
hydrolyzed as desc r ibed  above. Galac tose ,  glucose,  xylose,  and rhamnose  w e r e  identified.  

P repara t ion  of gypsogenin g lucuronoside .  A mix ture  of 1.0 g of saponaside D and 20 ml of 2% H2SO 4 was heated 
at 80 ° C for 5 hr .  The prec ip i ta te  that deposited was f i l te red  off, washed with water  to neutra l i ty ,  and dissolved in 
methanol ,  and the methanol ic  solution was decolor ized  with act ivated carbon;  then the product was repea ted ly  
r e c r y s t a l l i z e d  f rom methanol  and dr ied  in vacuum; mp 203-205 ° C (decomp.). 

Found, %: C 63.85; H 8.35. Calculated for C~6H54OI0 • 2H20, %: C 65.04; H 8.49. 

C O N C L U S I O N S  

1. It has been shown that saponaside D is a decaoside of gypsogenin. 

2. It has been es tabl ished that the carbohydra te  moiety attached to the hydroxyl group of the aglycone c o m p r i s e s  
ga lac tose ,  a rab inose ,  xytose,  rhamnose ,  and glucuronic acid and that at tached to the carboxyl  group of gypsogenin 
c o m p r i s e s  galactose ,  glucose,  xylose,  fucose,  and rhamnose .  

3. It has been shown that glucuronic  acid is attached d i rec t ly  to the hydroxyl of the gypsogenin by a f i -glyeosidic  
l inkage and a fncose res idue  is at tached d i rec t ly  to the carboxyl  group. 
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