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In preceding communicat ions [1, 2 ], we have given informat ion on the isolation of glycosides f rom 
Phaseolus  vulgar i s  (kidney bean). In this paper  we r epo r t  the de terminat ion  of the s t ruc tu re  of phaseolo-  
side D , the ma in  component of the glycoside fract ion.  On acid hydrolys is  with Kil iani 's  mixture ,  the phaseol-  
oside was cleaved into a sapogenin and the following monosacchar ides :  glucuronic acid, galactose,  glucose,  
a rabinose ,  and rhamnose .  The aglycone was identified by its melt ing point, specific rotat ion,  and ch rom-  
atographic behavior ,  and the corresponding p roper t i e s  of i ts der iva t ives ,  as soyasapogenol C. The s t ruc -  
tu re  of this substance has been conf i rmed by mass  s p e c t r o m e t r y . *  

To de te rmine  the type of bonds between the monosacchar ides ,  the phaseoloside was exhaust ively 
methylated by Hakomori ' s  method [3]. The resul t ing permethyla ted  der ivat ive  was cleaved with pe rch lo r i c  
acid, and the hydrolys is  products  were  separa ted  on a column of s i l ica gel.  Six individual substances were  
detected.  3 ,4-Di-O-methylglucose  was identified by paper  chromatography and chromatography in a thin 
l aye r  of s i l ica  gel in the p resence  of a r e f e r en ce  sample.  Pe rmethy la ted  galactose and rhamnose ,  and also 
2 ,3 ,6 - t r i -O-methy lga lac tose  and 3 ,4-d i -O-methylarabino  se,  were  identified by gas- l iquid chromatography 
in the p r e s e n c e  of r e f e r ence  samples .  F r o m  its chromatographic  behavior ,  an unidentified substance 
must  be rega rded  as a dimethyl der ivat ive .  Its demethylat ion gave glucuronic acid. In addition, the methyl -  
ated sugar  cannot be detected on paper  by Bonnet ' s  reagent  [4], which would show the p resence  of a m e -  
thoxygroup of C 2 of the glucuronic acid. The react ion with t r iphenyl te t razol ium chloride is  also negative [5]. 
The glucuronic acid in the initial saponin is unaffected by per iodate  oxidation. Consequently,  the compound 
may be ascr ibed  the s t ruc tu re  of methyl 2 ,4-d i -O-methylg lucuronate .  

The sequence of monosacchar ides  in the carbohydra te  chain was de te rmined  by means  of par t ia l  
hydrolys is  with oxalic acid. This gave a glucuronoside (II), a bioside (III), a t r ios ide  (IV), and a pentaoside 
(V) of soyasapogenol C. 

In addition to glucuronic acid, the bioside contained arabinose and the t r ios ide  contained arabinose  
and galactose .  The cleavage of the pentaoside gave glucuronic acid, galactose ,  glucose,  arabinose,  and 
rhamno se.  

To obtain more  complete information on the s t ruc ture  of the saponin, enzymatic  hydrolys is  with di- 
as tase  was used. This gave a d isacchar ide  consist ing of glucose and galactose having the glucose at the r e -  
ducing end. The reac t ion  with t r iphenyl te t razol ium cMoride was negative for  glucose,  which shows the 
p re sence  of a 1 ~ 2 bond between the monosacchar ides .  

The s t ruc tu re  of the saponin was finally establ ished by methylating the pentaoside of soyasapogenol C. 
On subsequent hydro lys i s ,  2 ,4-d i -O-methylg lucuronic  acid, 3 ,4 -d i -O-methy la rab inose ,  2 ,3 ,6 - t r i -O-me thy l -  
galactose ,  2 ,3 ,4 - t r i -O-methy lg lucose ,  and 2 ,3 ,4 - t r i -O-methy l rhamnose  were  identified. The co nfigurations 
of the glycoside cen te rs  in phaseoloside D were  de termined f rom the d i f ferences  in the molecu la r  rotat ion 
of the glycoside and its progenins  (Table 1) using Klyne 's  rule  [10]. The position of at tachment  of the ca rbo-  

*The mass  spec t ra  of soyasapogenol C and its acetate  were  r eco rded  and in te rpre ted  by O. S. Chizhov (In- 
stitute of Organic Chemis t ry ,  Moscow). 
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T A B L E  1. 

Methyl glycosides 
of the mono- 
saceharides 

Methyl D-galacto- 
pyranosid-e [6] 

Methyl- L- rhamno- 
pyranoside [7] 

Methyl D-gluco- 
pyranoside [8] 

Calculated for 
Methyl + Methyl 

D-gludo L-rhgmno 

Methyl Digalacto- 
pyranosme 

Methyl L-arabo- 
pyr~noside [9] 

Methyl D-glucopyranos- 
iduronic acid 

Calculated for 
Methyl Methyl 

L-arabo D-glucur. 

i ;  

[~]~,deg 

+380 0 

--111 +170 

+309 -- 66 

+380 0 

~28 [402 

+307 --62 

Glycosides 

Phaseoloside D 

Pentaoside V 

Trioside IV 

T~oside IV 

Bioside III 
Bioside III 

Soya~apogenol 

[M]~, 
deg 

+524 
+ 84 

+ 84 

+304 

+304 

--112 
--112 

+308 

Ac 

+44(] 

--220 

+198 
+479 
+177 
+104 
+416 

--420 

+335 
--  34 
+709 
+340 

Form 
of bond 

h y d r a t e  cha in  to the  a g l y c o n e  w a s  e s t a b l i s h e d  by  a n u m b e r  of c h e m i c a l  r e a c t i o n s  wh ich  we sha l l  d e s c r i b e  
in  a subsequen t  p a p e r .  

Combin ing  a l l  t h e s e  r e s u l t s ,  the  s t r u c t u r e  of p h a s e o l o s i d e  D m a y  be r e p r e s e n t e d  in the  f o r m  of the  
f o r m u l a  

COOk . z ~  

~lOk--a r--n--CH~ ~w" Og 0 
CH3 ~ 0 2 

o. o, , o ' s - - r  
,CHzOH 0 U i ,  w 

EXPERIMENTAL 

Chromatography was carried out with KSK silical gel, 'M' [slow] paper of the Leningrad Volodarskii 
Mill, and the following solvent systems: i) butan-l-ol-benzene-pyridine-water (5 : 1 : 3 : 3) ; 2) chloro- 
form-methanol-water (55 : 35 : I0) ; 3) toluene-ethanol (9 : i) ; 4) ethyl acetate-methanol-water (I0 : 2 : 5) ; 
5) chloroform-ethyl acetate (4 • I) ; and 6) benzene-acetone (2 : i). 

The sugars were revealed on the paper chromatograms with aniline phthalate and on the plates with 
eonc. H2SO 4. Gas-liquid chromatography (GLC) was performed on a Pye argon chromatograph [column 
120 × 0.5 cm, 5~ poly(neopentyl glycol succinate) on Chromosorb W]. The methyl glycosides of the methyl- 
ated sugars were chromatographed at 142, 153, and 161°C at a flow rate of argon of 80 ml/min. 

Isolation of Phaseoloside D. One kilogram of the dry seeds of the kidney bean (1968 crop, Moldavian 
SSR) was extracted with methanol until the reaction for saponins was negative. The methanolic extracts, 
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a f t e r  concentra t ion,  w e r e  suspended in w a t e r  and ex t rac ted  with butanol. Af ter  the butanol had been dr iven 
off, the saponin f rac t ion  was r ep ree ip i t a t ed  with acetone f r o m  methanol .  This  gave 2 g of total  g lycos ides .  

The total  g lycos ides  (1 g) were  ch romatographed  on a column of s i l ica  gel .  The column was  eluted 
with s y s t e m  2. The f rac t ions  containing the phaseolos ide  D were  evapora ted ,  and the res idue  was c r y s t a l -  
l ized f r o m  methanol .  Yield 0 . i  g, mp 218-220°C (methanol),  [O~]D +38 ° (c 1.05, methanol) .  

Hydro lys i s  of Phaseolos ide  D. A solution of 100 mg of I in 5 ml  of Ki l ian i ' s  mix tu re  was  heated at 
110°C fo r  5 h. The prec ip i ta te  of the aglycone that deposited was  f i l te red  off and r e e r y s t a l l i z e d  f r o m  m e t h -  
anol. Yield 30 rag, mp 238-240°C, [O~]D +70 ° (eMoroform);  ace ta te ,  mp 192-193°C. L i t e r a t u r e  data for  
soyasapogenol  C, mp 239-240°C, [C~]D +71 ° (eMoroform);  ace ta te ,  mp 197-198°C [11]. With r e spec t  to 
ch roma tog raphy  in a thin l aye r  of s i l ica  gel in s y s t e m  5, the soyasapogenol  C and i ts  ace ta te  were  identical  
with authentic sample s. 

The filtrate was shown by paper chromatography in system 1 to contain glucuronie acid, galactose, 
glucose, arabinose, and rhamnose. 

Methylation of I. A solution of 500 mg of I in the minimum volume of dimethyl sulfoxide was treated 
with 3 ml of methanesulfinyl carbanion. The mixture was stirred in a current of argon at room tempera- 

ture for 10 min, after which an excess of methyl iodide was added and stirring was continued for another 
20 min. Then the reaction mixture was diluted with water and extracted several times with chloroform. 
The completeness of the methylation was checked by chromatography on alumina in system 3 and by IR 
spectroscopy in the 3440-cm -t region. The product was freed from the initial saponin by chromatography 
in a column of a lumina in benzene containing 5% ethanol.  The yield of pe rme thy la t ed  product  was 350 mg.  

A 90-rag sample  of the substance  obtained was  t r ea t ed  with 10 ml  of absolute  methanol  and 1 ml of 
72% pe rch lo r i c  acid.  Af te r  heating in a wa t e r  bath (100°C, 5 h), the solution was  diluted with wa te r ,  the 
aglycone was  f i l te red  off, and the f i l t ra te  was analyzed for  sugars .  

Separat ion and Identif icat ion of the Methylated Monosacchar ides .  A 200-mg sample  of the mix ture  of 
methyla ted  sugar s  was  deposi ted on a column of SiO 2 (d 2.5 cm,  h 20 cm) charged with benzene and was  
Muted with benzene containing 1-50% of acetone (gradient).  Six f rac t ions ,  numbered  VI-XI in o r d e r  of the 
inc reas ing  po la r i ty  of the suga r s ,  were  obtained. 

On demethyla t ion  with boron chloride in methylene chloride [12], r h a m n o s e ,  ga lac tose ,  glucuronic  
acid,  ga lac tose ,  a rab inose ,  and glucose were  identified in s y s t e m  1. 2 , 3 , 4 - T r i - O - m e t h y l - L - r h a m n o p y r a n -  
oside,  2 ,3 ,4 ,6 - t e t r a -O-me thy lga l ac topy ranos ide ,  2 ,3 ,6 - t r i -O-me thy lga l ac topy rano  side,  and 3 ,4 -d i -O-  
me thy la rabopyranos ide  were  identified by GLC in the p r e sence  of m a r k e r s .  On demethylat ion,  f rac t ion  XI 
gave g lucose .  3 ,4 -Di -O-methy lg lucopyranos ide  was identified by p a p e r  and th in - l aye r  ch roma tog raphy  in 
the p r e s e n c e  of m a r k e r s .  Compound XI was  revea led  by Bonne t ' s  reagent  and a lso  by t r ipheny l t e t razo l ium 
chlor ide .  

Pa r t i a l  Hydro lys i s  of I.  A mix tu re  of 1 g of I and 30 ml  of 10S oxalic  acid was  heated at 78°C for  10 h. 
Af ter  cooling, the reac t ion  mix tu re  was diluted with wa te r  and exhaust ive ly  ex t rac ted  with i soamyl  alcohol.  
The res idue  a f t e r  the evapora t ion  of the alcohol was ch romatographed  on a column of s i l ica  gel (d 2.5 cm,  
h 25 cm) in s y s t e m  4, giving four  compounds (]I-V). 

A mix tu re  of 10 mg of II  and 1 ml  of 2% H2SO 4 was  heated at 110°C for  5 h, and glucuronic  acid was 
found in the hydro lyza te :  Under s i m i l a r  conditions the c leavage of III (mp 132-135°C, [a]D -15°  , c  1.35, 
methanol) gave glucuronic  acid and a rab inose ;  IV (rap 135-138°C, [a]D +34.2°, c 1.17, methanol) gave 
glucuronic  acid, a rab inose ,  and ga lac tose ;  and V (mp 206-208°C, [a]D +7°, c 1.44, methanol) gave glucuronic  
acid,  a rab inose ,  ga lac tose ,  g lucose,  and rhamnose .  

Methylat ion of V. Compound V (50 rag) was  methyla ted  by H a k o m o r i ' s  method as  desc r ibed  above.  
This  gave 70 mg of pe rme thy la t ed  glycoside .  In the p r e s e n c e  of m a r k e r s ,  by ch roma tog raphy  on pape r  in 
s y s t e m  1 and by GLC, methyl  2 ,4 -d i -O-methy lg lueurona te ,  3 ,4 -d i -O-me thy la r ab inose ,  2 , 3 , 6 - t r i - O - m e t h y l -  
ga lac tose ,  2 , 3 ,4 - t r i -O-me thy lg lucose ,  and 2 , 3 , 4 - t r i - O - m e t h y l r h a m n o s e  were  identified. 

Enzymat ic  Hydro lys i s  of I. A solution of 500 mg of phaseolos ide  D in 50 ml  of phosphate buffer  was  
t r ea t ed  with 2-4 mg of d ias tase  and heated at 30°C fo r  24 h. The subs t ra te  was  found to contain the ol igo-  
sacchar ide  XII, which was pur i f ied  by p r e p a r a t i v e  p a p e r  ch roma tog raphy  in sy s t em 1. This  g a v e  30 mg of 
pure  XII, 10 mg of which was hydro lyzed  with 1% H2SO 4 at l l0°C for  4 h. The hydrolyzate  was  found to con-  
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tain glucose and galactose. Another 10 mg of XII was reduced with sodium borohydride and hydrolyzed as 
described above. This gave galactose and sorbitol. The reaction of XII with triphenyltetrazolium chloride 
was negative. 

C O N C L U S I O N S  

The main component of the glycoside fraction of the kidney bean has been isolated; it consists of 
crystalline phaseoloside D, whose complete chemical structure has been shown. 
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