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We have p rev ious ly  e s t ab l i shed  the s t r u c t u r e s  of phaseolos ides  D and E f r o m  Phaseo lus  vulgar is  L. 
(kidney bean) [1]. Phaseo los ide  D is a hexaoside and E an octaoside of soyasapogenol  C. 

7he sequence of bonds in the carbohydra te  chains of these g lycosides  was deduced f r o m  the r e su l t s  
of methylat ion.  However ,  in some  cases  it is imposs ib le  unambiguously to de te rmine  the dimensions  of 
the oxide r ings  of the monosacchar ides  by this method. The r e su l t s  of per iodate  oxidation did not sa t i s fy  
us, e i ther .  To answer  this quest ion a se t  of progenins  was obtained (Table 1). If a progenin  contains a 
hexose in the furanose fo rm p r e s e n t  at the nonreducing end of the carbohydra te  chain, its oxidation gives 
formaldehyde ,  the amount of which is e a s y  to m e a s u r e  by a method r ecen t ly  p roposed  by V. E. Vas 'kovski i  
and S. V. Isa i  [2]. The appl icat ion of it to our  progenins  and to the initial g lycosides  gave negative r e su l t s ,  
which shows the absence of the furanose  fo rms  of the sugar s  in the saponins studied and conf i rms  the r e -  
sa l t s  obtained by methyla t ion  and per iodate  oxidation. 

To de te rmine  the posi t ion of a t tachment  of the glucurontc acid to the aglycone [1] and, consequently 
that  of the whole carbohydra te  chain in saponins D and E,  and also to show the configurat ion of the g lyco-  
s idic  center ,  we synthes ized  glucosiduronates  of t r t t e rpene  aglycones by a method which we had developed 
p rev ious ly  [3]. F i r s t ,  f r o m  the total saponins ,  the methyl  glucosiduronate  of soyasapogenol  C was i so la ted  
by Smith ' s  method.  In o r d e r  to accumula te  the initial soyasapogenol  C (I), which is the aglycone of p h ase -  
olos ides  D and E, instead of subject ing the glycosides  to acid hydro lys i s ,  which causes  considerable  de-  
s t ruc t ion  of the aglycone,  we used per ioda te  oxidation with subsequent  alkal i  degradat ion  by a published 
method [4] for  obtaining native aglycones.  

The methyl  glucosiduronate  of soyasapogenol  C was synthes ized  by condensing the o r t h o e s t e r  (IID 
with monot r i ty l soyasapogenol  C (II). Tr iphenylmethyl  chloride (TrCI) e ther i f ies  p r i m a r y  hydroxy groups 
but r e ac t s  s lowly with s econda ry  hydroxy groups.  A model  expe r imen t  with methyl  oleanolate,  which con- 
tains a s econda ry  alcohol group at Ca, which is analogous to the hydroxyl  at  C a in soyasapogenol  C, showed 
that  TrCl  does in fact  s c a r c e l y  r e a c t  with it. Converse ly ,  the condensation of soyasapogenol  C with TrC1 
under the s ame  conditions led to a monotr i ty l  der iva t ive  to which, on the bas i s  of the considera t ions  given, 
the s t ruc tu re  of 2 3 - O - T r - s o y a s a p o g e n o l  C (II) mus t  be assigned.  

TABLE 1. Produc t s  of the Pa r t i a l  Acid Hydro l -  
ys i s  of Phaseo los ides  D and E 

Substance e/ ]mp, Y: [~ID' [ Monosaccharide comp. 
deg 

Monooside 
Bioside 
Trioside 
Pentaoside 

Monooside 
Bioside 
Trioside 
Pentaoside 
Phaseoloside 

Phaseoloside D 

0,86 136--8 [+19 GA 
0,50 132--5 ~ 15-- GA. Ara 

0,26 206--8 ~+ 7 I GA, Ara, Gal, Rha 
Phaseoloside E 

0,85 132-4 I +21 GA 
0,65 136--8 ] --12 GA, Ara 
0,30 140--I ] +30 GA; Ara, Gal 
0,23 203--4 ] +10 GA,, Ara. Qal, fi 
0,'20 218--20 +4-38 GA,,Rha,G, Rha Ara, Oal. 
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Then compound ( I I )  was condensed with the methyl glucuronate or thoes te r  (III). 
formed as in the synthesis  of the glucuronoside of methyl oleanolate [3, 5]. 

The react ion was pe r -  

e 0 . . ~ :  "" TrCE e 
~eOHzC n- Ol~ 

COOMe E.tOH COOMe t ~ ' ~  
+ - . 

u --~ OEt oAc 
ME t "  

COOMe " ~  
eO o~ 

The result ing product,  without isolation in the pure state,  was subjected to detritylation, methanolysis ,  
and saponification followed by purification by chromatography on a column of si l ica gel. The s t ructure  of 
the progenin (IV) synthesized was confirmed by its hydrolysis ,  after which glucuronic acid was detected 
chromatographical ly  and electrophoret ical ly .  The glycoside synthesized did not differ f rom a natural s am-  
ple of the methyl e s t e r  of the monooside of soyasapogenol C by its melting point, IR spectrum,  and specific 
rotation. 

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

Nitromethane was redist i l led at 100-200 mm over  urea and then twice over  phosphorus pentoxide; 
chloroform and carbon tetrachloride were redist i l led twice over  calcium carbonate;  alumina was neutral-  
ized by being boiled with a 50-fold volume of distilled water  (to activity grade III according to Brockmann). 

Thin- layer  chromatography was per formed on alumina in sys tem 1 [ ch lo ro fo rm-me thy l  ethyl ketone 
(98.5 : 1.5)] and on si l ica gel in sys tem 2 [ch lo ro fo rm-e thano l  (6 : 1)], and the substances were revealed by 
means of a solution of SbC13 +5% of SbC15 in chloroform or conc. H2SO 4. Sugars were revealed by ch roma-  
tography on paper  in sys tem 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)] and t rea tment  of the chro-  
ma togram with aniline phthalate. The solvent sys tems  are shown at the end of each experiment.  The mel t -  
ing points were determined on a Kofler block. The e lementary  analysis agreed with the calculated figures 
for all the substances.  

Size of the Oxide Rings in Phaseoloside D and E. In a 25-ml measur ing  flask,, 20 mg of arabitol was 
dissolved in 2 ml of a 0.03 M solution of HIO 4 and 2 ml of 1 M sodium bicarbonate solution, and the mixture 
was kept at room temperature  for 20 min. Then 0.6 ml of 5% phenylhydrazine hydrochloride solution was 
added and, after  3 min, 1 ml of 40% NaOH solution. After  5 rain, 7.5 ml of isopropanol was added, and the 
volume of the mixture was made up to the mark  with distilled water.  The solution had a bright red color. 

Under s imi la r  conditions, samples of phaseolosides D and E, and also of their progenins (see Table 1), 
remained pale yellow. A s imi la r  colorat ion was observed in a blank experiment  per formed with the r e -  
agents mentioned in the absence of glycosides and sugars .  

P repa ra t ion  of the Methyl Glucosiduronate of Soyasapogenol C. To a solution of 150 mg of a mixture 
of phaseolosides D and E in 14 ml of 30% (by volume) methanol in water  was added 360 mg of sodium meta -  
periodate in 70 ml of 30% methanol. The mixture was left in the dark at 22°C for 90 h. After the end of 
oxidation, the solution was extracted with chloroform,  washed with water ,  dried, and evaporated to dryness .  
The residue was dissolved in a mixture of 5 ml of water  and 10 ml of dioxane, and 20 mg of NaBH 4 was 
added, and then it was again left at 22°C for 24 h. After  this, it was diluted with water  and extracted with 
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ch loroform,  and the ex t r ac t  was evapora ted .  The solid res idue  was t r a n s f e r r e d  to a tube, 10 ml  of 0.1 N 
HC1 in absolute methanol  was added, and the mix ture  was heated at 8ffC for  17 h. The hydrolys is  product ,  
a f te r  evapora t ion  in vacuum with methanol  (2-3 t imes},  was chromatographed  on a column of a lumina (d 
2 cm;  h 12 cm; gradient  elution f rom benzene to chloroform}. This gave 35 mg of a ch romatograph ica l ly  
homogeneous compound ( sys tem 2}. Af ter  r e c r y s t a l l i z a t i o n  f r o m  a mix tu re  of diethyl e the r  and pe t ro leum 
e ther ,  the subs tance ,  with the composi t ion C37H5808, had mp 248-250°C, [~ ]~+28  ° (c 1.5; chloroform}. The 
IR s p e c t r u m  showed absorp t ion  bands at 1710-1740 cm -1, cor responding  to an e s t e r  group. A solution of 
10 mg of the product  in a mix tu re  of 4 ml of 3% sul fur ic  acid and 2 ml  of methanol  was boiled under ref lux 
at 100 ° C for  4 h and was then neut ra l ized  w i t h b a r i u m  carbonate .  Glucuronic acid was detected by pape r  
ch romatography  in s y s t e m  3 and by e l ec t rophores i s .  

Action of TrCI  on Methyl Oleanolate.  To 1 ml of a solution of 50 mg of methyl  oleanolate in dry  p y r i -  
dine was added 25 mg of TrC1, and the mix tu re  was allowed to stand at  r oom t e m p e r a t u r e  for  24 h. Then 
it was  poured into ice wa t e r  and was exhaust ive ly  ex t rac ted  with ch loroform.  After  evapora t ion ,  the s ta r t ing  
m a t e r i a l  was r ecove red .  Yield 42 mg. 

P r e p a r a t i o n  of 23 -O-Tr -Soyasapogeno l  C (ID. To a solution of 150 mg of soyasapogenol  C in 3 ml  of 
d ry  pyridine was added 125 mg of TrC1, and the mix tu re  was kept at 22°C for  24 h. After  working up as in 
e x p e r i m e n t  3, the product  was chromatographed  on a column of s i l i ca  gel (d 2.2 cm,  h 11 cm;  elution g rad i -  
ent  f rom benzene to chloroform}.  This gave 60 mg (25%) of compound (ID with the composi t ion  C¢stt6~O2, 
mp 197-197.5°C (from ethanol,  [ ~ ] - 1 7  ° (c 2; chloroform) .  The IR s p e c t r u m  of (II) had absorp t ion  bands 
with wavelengths of 610 cm -1, 1600-1700 cm -1, and 3400-3600 cm -1, cor responding  to phenyl and hydroxy 
groups.  

Methyl 3 -O- f l -D-Glucos idurona te  of Soyasapogenol C (IV}. To 0.340 g (0.5 m m o l e ) o f  compound (II) 
was  added 0.290 g (0.75 mmole)  of the o r t h o e s t e r  (III) [3], and the mix tu re  was boiled in n i t romethane under 
the conditions of the o r t h o e s t e r  method of g lycosyla t ion  [6, 7]. Af ter  pur i f icat ion on s i l ica  gel by gradient  
elution f rom benzene to ch lo roform,  0.150 g (30.6~c) of the glucuronic acid der iva t ive  IV, ch roma tog raph -  
ical ly  homogeneous in s y s t e m  i , w a s  obtained. A mix tu re  of 0.135 g of this subs tance ,  0.3 ml of wa te r ,  and 
3.7 ml  of ace t ic  acid was heated in the boiling w a t e r  bath for  2.5 h, and then the mix tu re  was evapora ted  
with toluene until the ace t ic  acid had been e l iminated.  Af ter  this,  the d ry  res idue  was t r ea t ed  with 10 ml  
of 0.1 N HCI in methanol ,  this mix ture  was heated at 80°C for  10 h and evapora ted ,  the resul t ing  res idue  
was dissolved in 10 ml  of 0.1 N sodium methoxide in absolute methanol ,  and the solution was lef t  at  22°C 
for  24 h. Then it was  neut ra l ized  with IR-120 cat ion-exchange r e s i n  {I-I + form} and evapora ted ,  and by 
ch romatography  on a column of s i l i ca  gel (d 2 cm,  h 10 cm with gradient  elution f r o m  benzene to ch loro-  
form} it yielded 0.35 g (43%} of synthet ic  (IV}. On c rys ta l l i za t ion  f rom a mix ture  of diethyl e ther  and p e t r o -  
l eum e ther ,  white needles  deposited with the composi t ion C37H~808, mp 248-250°C, [~ ]~+28  ° (c 1; chloro-  
form}. A mix tu re  of synthet ic  and natural  s a m p l e s o f t h e  g lucos idurona tesof  soyasapogenol  C showed no 
depress ion  of the mel t ing  point. The IR s p e c t r a  of the two samples  were  identical.  Substance (IV} (0.01g) 
was hydrolyzed under the conditions of expe r imen t  2. Af ter  s i m i l a r  working up, glucuronic  acid was iden- 
tified by pape r  ch roma tog raphy  in s y s t e m  3. 

S U M M A R Y  

1. The dimensions  of the monosacchar ide  r ings have been conf i rmed by the phenylhydrazine method. 

2. An independent synthes is  of the methyl  glucosiduronate  of soyasapogenol  C, the progenin  of phase -  
olosides  D and E, has been  p e r f o r m e d .  
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