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Sapindoside E (I) is  the only g lycos ide  of Sapindus mukoross i  (Chinese soapber ry)  belonging to the acy los ides  
[1]. Acid hydro lys i s  has shown that i t  cons i s t s  of hederagenin ,  D-glucose ,  L - a r a b i n o s e ,  D-xylose ,  and L - r h a m n o s e  
( 1 : 2 : 2 : 2 : 3 ) .  

In o r d e r  to s impl i fy  the proof of the s t ruc tu re  of the g lycos ide  I and s imul taneous ly  to e lucidate  the composi t ion 
of i ts  acyl  moie ty ,  we saponif ied the e s t e r  bond with caus t ic  potash.  The resu l t ing  g lycos ide  was ident ical  in 
chromatograph ic  mobi l i ty  and monomer ic  composi t ion with sapindoside  B [2]. The o l igosacchar ide  (II) was found to 
contain g lucose ,  xy lose ,  and rhamnose .  

To determine the type of bonds between the monosaccharides, sapindoside E was converted into the 
permethylated derivative and then treated with lithium aluminum hydride. In the reduced glycoside 3,4-di-O-methyl- 
L-arabinose, 2,4-di-O-methyl-L-rhamnose, and 2,3,4-tri-O-methyl-D-xylose were identified by thin-layer and gas- 
liquid chromatography in the presence of markers, and in the reduced oligosaccharide 3,4-di-O-methyl-L-arabitol, 
2,4-di-O-methyl-L-rhamnose, 2,3-di-O-methyl-D-xylose, 3,4-di-O-methyl-D-glucose, 2,3,4-tri-O-methyl-L- 
rhamnose, and 2, 3,4,6-tetra-O-methyl-D-glucose. When the saponin was cleaved by Smith's method [3], rhamnose 
and glycerol were found. 

The r e su l t s  of methyla t ion and of per ioda te  oxidation show that the acyl  moie ty  of sapindoside  E has a s t r uc tu r e  
which is the same,  or  s i m i l a r ,  to the ca rbohydra t e  component on C 3 of the aglycone of sapindoside  D [4]. To de te rmine  
the sequence of the monosaccha r ide s  at tached to the carboxyl  group in the g lycos ide  I we used pa r t i a l  hyd ro lys i s ,  
which, however ,  did not give s a t i s f ac to ry  r e su l t s .  

The action of diastase on the oligosaccharide II gave a new oligosaccharide IU which, on acid hydrolysis, split 
into glucose, rhamnose, and xylose and had a xylose residue at the reducing end. According to the Rf value and the 
methylation products, this compound was identical with the oligosaccharide arising in the diastase cleavage of 
sapindoside D and having the following structure. 
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Thus, the most  p robable  s t ruc tu re  for sapindoside  E can be exp re s sed  by fo rmula  I. 
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E X P E R I M E N T A L  

Chromatography was ca r r i ed  out with type C paper of the Volodarskii  Leningrad Mill and with KSK si l ica  gel 
using the following solvent sys tems :  1) bu tan- l -o l -e thano l -25% ammonia  (9 : 2 : 5) ; 2) ethyl a c e t a t e - m e t h a n o l - w a t e r  
(10 : 2 : 3), 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) benzene-ace tone  (2 : 1), and 5) ch lo roform-e thy l  
acetate (3 : 1). The sugars  were  developed with ani l ine phthalate and the glycosides with ant imony t r ichlor ide  in 
chloroform and with H2SO 4. 

Isolation of sapindoside E. The total saponins (12 g) were ehromatographed several  t imes  on s i l ica  gel in sys tem 
1. This gave 4 g of an individual substance with mp 164-166 ° C, [ a ] ~ - 4 5 . 4  ° (C 1.76, methanol).  

Hydrolysis  of sapindoside E. A mixture  of 100 mg of sapindoside E and 10 ml of 2% H2SO 4 was heated in a sealed 
tube at 110 ° C for 5 hr .  Then the hydrolysate was diluted with 15 ml of water and extracted with ether.  After 
concentrat ion of the organic layer ,  the res idue was rec rys ta l l i zed  from methanol.  This gave 25 mg of a substance with 
mp 226-228 ° C, [a]~ + 79 ° (C 2.0, chloroform). F r o m  its chromatographic mobil i ty in a thin layer  of s i l ica  gel in sys tem 
5, the compound was identical  with hederagenin.  By paper chromatography in sys tem 3, a rabinose ,  xyl0se, rhamnose ,  
and glucose were  found in the aqueous solution after neutra l iza t ion with EDE-10P res in  (OH-form). 

Methylation of sapindoside E. The saponin (100 mg) was methylated by Hakomori ' s  method [5], yielding 100 mg 
of permethylated product.  A mixture  of 40 mg of the fully methylated substance and 0.1 ml of 72% perchlor ic  acid in 
I ml of methanol was heated in a sealed tube at 100 ° C for 5 hr .  After the react ion ceased,  the mixture  was diluted 
with water  and the precipi ta te  was f i l tered off. After neutra l iza t ion of the f i l t ra te  the following~sugar der ivat ives  were 
identified in a thin layer  of Silica gel in sys tem 4: 3 , 4 - d i - O - m e t h y l - L - a r a b i n o s e ,  2 , 4 - d i - O - m e t h y l - L - r h a m n o s e ,  
2, 3 -d i -O-methy l -D-xy lose ,  3 ,4 -d i -O-me thy l -D-g lucose ,  2 , 3 , 4 - t r i - O - m e t h y l - D - x y l o s e ,  2, 3 , 4 - t r i - O - m e t h y l - L -  
rhamnose ,  and 2 ,3 ,4 ,  6 - t e t r a -O-mcthy l -D-g lucos  e. 

Aluminum hydride cleavage of the methylated sapindoside E. A solution of 0.6 g of the methylated saponin in 60 
ml of absolute te t rahydrofuran was t reated with 0.2 g of l i thium aluminum hydride. The mixture  was heated at the boil 
for 10 hr .  A reduced glycoside and an ol igosaccharide were  obtained. By methanolysis  and subsequent  separat ion of 
the methyl glycosides in a thin layer  of s i l ica  gel and also by gas- l iquid chromatography the reduced glycoside was 
found to contain 3 , 4 - d i - O - m e t h y l - L - a r a b i n o s e ,  2 , 4 - d i - O - m e t h y l - L - r h a m n o s e ,  and 2,3,  4 - t r i -O-me thy l -D-xy lose ,  and 
the ol igosaeeharide 2 ,3 -d i -O-me thy l -D-xy lose ,  2 , 4 - d i - O - m e t h y l - L - r h a m n o s e ,  3 ,4 -d i -O-me thy l -D-g lucose ,  2, 3 ,4-  
t r i - O - m e t h y l - L - r h a m n o s e ,  2 ,3 ,4 ,  6 - t e t r a -O-methy l -D-g lucose ,  and 3 ,4 -d i -O-methy la rab i to l .  

Alkaline saponification of sapindoside E. A mixture  of 1 g of the substance and 50 ml of 10% aqueous ethanolic 
caustic potash was heated at 80 ° C for 5 hr .  After the el iminat ion of the alkali ,  the solution was extracted repeatedly 
with isoamyl  alcohol. The organic layer  was evaporated and, after chromatographic purification in sys tem 1, the 
substance was hydrolyzed with 2% H2SO 4. Arabinose ,  rhamnose ,  and xylose were detected. The aqueous layer  was 
evaporated and hydrolyzed under  the conditions descr ibed above. Glucose, rhamnose ,  and xylose were identified. 

Par t ia l  hydrolysis  of sapindoside E. A mixture  of 1 g of the saponin and 30 ml of 10% oxalic acid was heated at 
78 ° C for 10 hr .  Then the react ion mixture  was diluted with water  and extracted with isoamyl  alcohol. After 
concentra t ion,  the extracts  were chromatographed in sys tem 2. This yielded 0.1 g of hederagenin,  0.16 g of a 
monoside with mp 226-228 ° C, [a ]~ + 58.2 ° (C 2.6, methanol),  0.28 g of sapindoside A with mp 214-216° C, [a ]~ + 16.5 ° 
(C 4.85, methanol),  and 0.37 g of sapindoside B with mp 276-278 ° C, [o~]~ +17.5 ° (C 2.85, methanol). 

Smith degradation of sapindoside E. A solution of 1.2 g of sodium metaper iodate  in 350 ml of water was added to 
0.5 g of the glycoside in 75 ml of water .  After the consumption of the oxidizing agent had become constant ,  the 
solution was deionized and evaporated.  The res idue was dissolved in 25 ml of water and 0.25 g of sodium borohydride 
was added. After a day, the solution was neutra l ized and the eluate was evaporated. The resul t ing polyo[ was 
hydrolyzed, and rhamnose  and glycerol  were found by paper chromatography.  

Enzymatic  hydrolysis  of the saponified ol igosaccharide using d ias tase .  A few m i l l i g r a m s  of dias tase  was added 
to 0.3 g of the ol igosaccharide in 100 ml of phosphate buffer, and the mixture  was thermosta ted at 35 ° C. Then a less  
polar ol igosaccharide was found in the subs t ra te .  The substance was obtained in the individual state by paper 
chromatography.  The ol igosaceharide (10 rag) was hydrolyzed with 2% H2SO4, and xylose,  glucose, and rhamnose  were 
identified. The same ol igosaccharide (10 rag) was reduced with sodium borohydride and hydrolyzed as descr ibed above. 
Xylitol,  glucose,  and rhamnose  were  identified by paper chromatography.  
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CONCLUSIONS 

The s t ruc tu r e  of sapindos ide  E, a nonaoside of hederagenin ,has  been es tab l i shed .  
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