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In preceding investigations,  it was shown [i] that the main phenolic compounds of the roots  of Lupinus 
luteus L. (European yellow lupin) are  five substances of flavonoid nature which have been charac te r i zed  on 
the basis of a number of indices as isoflavone glycosides.  The resul ts  of a study of the s t ruc ture  of these 
compounds by UV spec t roscopy  and also by color  react ions shows that each of these glycosides  has a free 
hydroxy groups in position 5. 

In an investigation of the aglycones obtained by the acid hydrolys is  of the glycosides,  it was found 
that g lycosides  B and C (Table 1) contain the same aglycone, which was identified as genistein (4 ' ,5 ,7 - t r i -  
hydroxyisoflavone) [2]. Glycosides B and C were  charac te r i zed  by their  bathochromic shifts and the prod-  
ucts  of acid and enzymat ic  hydro lys is  as genistein 7-O-fl-D-glucoside and genistein 7 -O-~-D-g lucosy l -  
glucoside, respect ively .  

Glycosides D and E also have the same aglycone, the UV spec t rum of which (see Table 1), unlike that 
of genistein, has a shoulder in the 280-290 nm region,  which gave grounds for regard ing  it as orobol 
(3 ' ,4 ' ,5 ,7- te t rahydroxyisof lavone)  or an orobol derivat ive [3]. F r o m  a considerat ion of the UV spec t ra  
with diagnostic additives, it can be seen that the substance contains hydroxy groups in posit ions 5 and 7, 
but no shift of the maximum was found with sodium acetate and boric acid. The alkaline degradation of the 

TABLE 1. Chromatographic  and Spectral  Charac te r i s t i c s  of the 
Isoflavones of the Roots of Lupinus luteus L. 

Substance 

A genistein C-monoglu- 
coside (A) 

Genistein 7-0-/3-D-glu- 
eoside (E) 

Genistein 7-O-t3-D-glu- 
eosyl~lueo$ide (C) 

3', 4 -Meth~ lenediox y - 
orobol 7-O-13-D-glu- 
coside (D) 

3' ,4' -Meth~lenedioxy- 
orobol 7-O-/~-D-gli~- 
cosylglucoside (EI 

3',4'-Methylenedioxy- 
orobol 

Genistein 

Value of 
RJx 100 
n systems Color of the 

complex 
with DSA 

I 2 

0,64 0,54 Brown 

0,64 0,41 Yellow- 
orange 

0,31 0,63 Yellow 

0,56 0,55 Dark 
orange 

0,28 0,70 Orange 

0,89 0,38" I Orange 

I 
0,91 0,26"], Orange 

' I yellow 
i 

UV absorption maxima, 
rfiethanol, nm 

264 282 280 280 
335 320 385 345 
262 270 275 262 
325 355 310 325 

380 
259 261 275 259 
320 345 380 3~0 
260 268 275 260 
285 350 305 285 
330 380 330 
258 261 275 258 
285 350 380 285 
330 330 
260 275 275 269 
285 325 327 345 
335 390 
262 275 270 272 
325 320 315 325 

375 

* System 2 for the ag lycones -15% acetic acid. 
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Fig. 1. IR s p e c t r u m  (KBr) of 5 , 7 - d i h y d r o x y - 3 ' 4 ' - m e t h -  
ylenedioxyisoflavone (3 ' ,4 ' -methylenedioxyorobol ) .  

aglycone led to phloroglucinol,  3 ,4-methylenedioxybenzoic  (piperonylic) acid and 3 ,4-methylenedioxyphenyl -  
acet ic  (homopiperonyl ic)  acid, which were  identified by their  chromatographic  behavior ,  UV spec t ra ,  and 
color  reac t ions  [4-6], the mos t  informat ive  of which is the b r i c k - r e d  colorat ion on c h r o m a t o g r a m s  with FeC13. 
Consequently, the aglycone of glycosides  D and E has  a 3 ' , 4 ' -me thy lened ioxy  group. The p r e sence  of a 
methylenedioxy group in the molecule  of the aglycone is  conf i rmed by the format ion of a g reen  colora t ion 
on react ion with I-I~SO 4 and gall ic  acid [7], and a lso  by the bands in the IR spec t rum cha rac t e r i s t i c  for such 
groul~ings at  2950, 2780, 1480, 1400, 1360, 1040, 926, andS00 cm -1 [8, 9] (Fig. 1). 

Substance A did not give the aglycone on enzymat ic  hydro lys i s  and acid hydro lys i s  with 570 HCI even 
for  8 h. The shift  of the m a x i m u m  in the UV spec t rum of the substance with addit ives showed the p re sence  
in it  of three  hydroxy groups  in posi t ions 4 ' ,  5, and 7. Acid hydro lys i s  by Ki l iani ' s  method and reduct ion 
of the glycoside with hydriodic acid led to the l iberat ion of genistein.  The aqueous res idue  was found by 
paper  ch roma tog raphy  with m a r k e r s  to contain D-glucose  and a smal l  amount of L - a r a b i n o s e .  The same  
sugars  were  obtained by the oxidation of the glycoside with f e r r i c  chlor ide.  The weight ra t io  of sugar  and 
aglycone (60 : 40) c h a r a c t e r i z e s  substance  A as a monoglucoside.  What has  been said  above pe rmi t s  the 
conclusion that this substance  is a genistein C-monoglucoside.  

Substance D. A f ree  hydroxy group was found spec t ropho tomet r i ca l ly  only in posi t ion 5 (see Table  1}. 
There  was no d i sp lacement  of the m a x i m u m  with sodium aceta te .  On acid and enzymat ic  hydro lys i s  the 
glycoside yielded 3 ' ,4 ' -me thy lened ioxyorobo l  and D-glucose  in a ra t io  of 50 : 30. Consequently,  glycoside 
D i s 3 ' , 4 ' -me thy lened ioxyorobo l  7-O-f l -D-glucos i  de. 

Substance E. Analys is  of the ba thochromic  shifts  of the UV spec t rum showed the p r e sence  of a f r ee  
hydroxy group in posi t ion 5. The hydroxy group in position 7 is substi tuted.  Acid and enzymat ic  hydro l -  
ys is  gave 3 ' ,4 ' -me thy lened ioxyorobo l  and D-glucose  in a ra t io  of 50 : 60. This  shows that the molecule  of 
the glycoside contains two glucose res idues  at tached to the aglycone in posit ion 7. Thus,  substance E can 
be c h a r a c t e r i z e d  as  3 ' , 4 ' -me thy lened ioxyorobo l  7-O-f l -D-glucosylglucoside .  

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

The subs tances  i so la ted  were  eh romateg raphed  on FN3 paper  in the following solvent  sys t ems :  1) 
i s o b u t a n o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 5); 2) 570 acet ic  acid; 3) b u t a n - l - o l - p y r i d i n e - w a t e r  (6 : 4 : 3); 4) ben-  
z e n e - a c e t i c  a c i d - w a t e r  (125 : 72 : 3). The UV spec t r a  of the subs tances  were  taken on a SF-4A spee t ro -  
photometer ,  and the IR spec t r a  on a UR-20 ins t rument .  

Isola t ion of the Substances.  The isoflavone glycosides  were  isolated by the p r epa ra t i ve  c h r o m a t e g -  
raphy  on paper  of ethanolic ex t r ac t s  f rom lupin roo ts  col lected in the f lowering phase.  To obtain the 
aglycones aqueous ex t r ac t s  f rom the roo t s  p rev ious ly  pur i f ied and evapora ted  to smal l  volume were  hy-  
dro lyzed with 5% HC1. The aglycones were  ex t rac ted  with diethyl e the r  and sepa ra t ed  on a column of poly-  
amide (d = 4 cm,  h = 80 cm).  Elution was p e r f o r m e d  with a mix tu re  of ch lo ro fo rm and acet ic  acid (3 : 2). 
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Alkaline Cleavage of the Aglycones.  A solution of 25 mg  of one of the aglycones  in 20 rnl of 25% 
aqueous NaOH was hea ted  in a sea led  tube in the boiling wa te r  bath for  2 h. Af ter  neutra l iza t ion,  the c l eav -  
age products  were  ex t rac ted  with ethyl ace ta te  and chrornatographed in s y s t e m s  2 and 4. 

Acid Hydro lys i s .  A solution of 10 mg  of one of the g lycos ides  in 5 rnl of 5% aqueous HC1 was heated 
in the wa te r  bath fo r  2 h. On hydro lys i s  by Ki l ian i ' s  method,  the glycoside was d isso lved  in 5 rnl of a m i x -  
tu re  of 35 pa r t s  of acet ic  acid,  35 pa r t s  of wate r ,  and 10 pa r t s  of hydrochlor ic  acid. The mix tu re  was 
heated  in the boiling wa te r  bath for  6 h. After  hydro lys i s ,  the aglycones  were  ex t rac ted  with ethyl aceta te  
and chrorna tographed in s y s t e m  4. The aqueous res idue  was neut ra l ized  on a cohmm of KU-2 ion-exchange 
r e s i n  and the suga r s  were  chrornatographed in s y s t e m  3. 

Enzymat ic  Hydro lys i s .  A p repa ra t ion  of the enzyme B-glucos idase  obtained f r o m  ap r i co t  seeds  was 
added to a solution of 5-10 rng of a g lycoside  in 3 rnl of water ,  and the mix tu re  was p laced  in a t h e r m o s t a t  
at  37~C for  24 h. The aglycones  were  detected by ch roma tog raphy  in s y s t e m  4, and the sugar s  in s y s t e m  3. 

Oxidation of the Genis te in  C-Monoglucoside.  A tenfold amount  of FeC13 was added to a solution of 
30 rng of the glucoside in 1 ml  of wa te r  and the mix tu re  was boiled in a sea led  tube in the wa te r  bath for  
6-10 h. Then it  was  cooled and was brought  to pH 8 with an aqueous solution of NaOH, and the prec ip i ta te  
that  had deposi ted  was f i l t e red  off. The aqueous solution was acidif ied with hydrochlor ic  acid,  purl  f e d  by 
the addition of anion- and ca t ion-exchange  r e s in s ,  and dried,  and the suga r s  were  chrorna tographed in s y s -  
tern 3. 

Reduction of the Genistein C-Monoglucoside.  With a 6-fold amount  of phenol, 5-10 rng of the gluco-  
side was d isso lved  in 1 rnl of hydriodic acid. The mix tu re  was heated  in a sea led  tube on an e lec t r i c  hot 
plate for  6 h. Af ter  cooling, a smal l  amount  of 20% aqueous sodium bisulfite was added to the mix ture .  
The res inous  res idue  that  fo rmed  was s e p a r a t e d  off, washed with water ,  and d isso lved  in methanol .  The 
aglycone was studied by ch roma tog raphy  in s y s t e m  4. 

The authors  thank V. I. Litvinenko for  a s s i s t ance  and observa t ions  in the acquisi t ion and discuss ion 
of the exper imen ta l  r e su l t s .  

CONCLUSIONS 

F o r  the f i r s t  t ime  in the isof lavone s e r i e s ,  a compound which has  the s t ruc tu re  of 5 ,7-d ihydroxy-  
3 ' ,4 ' - rne thy lenedioxyisof lavone  (3 ' ,4 ' - rnethylenedioxyorobol)  and two of i ts  g lucosides  - 3 ' ,4 ' - rne thy lene-  
dioxyorobol  7-O-f l -D-glucos ide  and 3 ' , 4 ' -me thy lened ioxyorobo l  7-O-f l -D-glucosylg lucos ide  - a n d  a lso  a 
genistein C-rnonoglucoside,  have been desc r ibed .  The isof lavones  were  i so la ted  f rom the roo ts  of Lupinus 
luteus L. by p r e p a r a t i v e  ch roma tog raphy  on paper  and on columns of polyamide.  In addition, the p r e v i -  
ously known genistein,  genistein 7-O-f l -D-glucos ide  (genistin), and genistein 7-O-f l -D-glucosylg lucos ide  
have been obtained. 
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