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INDIA 
and 
Mohanmrad N. -tar* 
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A B S T R A C T  

Chromatographic separation of 24 synthetic isoflavones 

on stannlc molybdate papers has been described. Various ana- 

l y t i c a l l y  and biochemically Important separations, such as 

separation of isomers and tha t  of having same molecular weights 

have been achieved, O u t  of d i f fe ren t  solvent systems used 

aqueous methanol was found t o  be the best  eluent. 

I13 T R 0 D U C T I 0  N 

It i s  a well established f a c t  now tha t  papers impreg- 

nated with ion exchangers combine the advantages of ion 

exchange, adsorption and par t i t ion.  Such papers are therefore 

par t icular ly  useful In d i f f i c u l t  separations and are frequently 

being used. The chromatography of isoflavones has been reviewed 

* f o r  correspondance 
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1096 RAWAT, AKHTAR. AND AKKMR 

by Harborne ( 1 b Seshadri et.  61. ( 2,3 1 have studied the paper 

chromatographic behaviour of isoflavones and these methods 

were used to investigate the isonavone glycosides present i n  

sophora japonlca f ru i t s (b ) .  Afterwards, separation of soybeam 

isoflavones from the i r  5-hydroxy derivatives by thin layer  

chromatography has been reported by Chuanwang(5). In our 

laboratories chromatographic studies of both inorganic and 

organic substances on stannic molybdate papers (6,7 , 8) 
have revealed tha t  the separations achieved are  rapid,  

reproducible, select ive and clean, However no attempt has 

been made t o  u t i l i z e  these papers for the systematic 

separation of synthetic isoflavones. The present chapter 

deals with the e f f ec t  of various inorganic and organic 

eluents on the chromatographic movement of synthetic 

isoflavones on these papers. 

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

Atmaratus : Chromatography was performed on Miaturn ::0.3 
paper s t r i p s  o r  75~3.5 cm using 20x5 cm ordinary glass jars. 

Materials: Stannic chloride pentahydrate (Poland) and sodium 

molybdate, -3Ledel (Germany) were used. A 1 1  o t n e r  reagents 

and chemicals were of B.D.11. And& grade. 

?reDaration of Ion-Exchange Papers: 

s ize  were f i r s t  impregnated i n  aqueous stannlc chloride 

solution ( 0 . 2 V )  for 3 to  5 seconds. The excess of the reagent 

w a g  removed by placing the strips over a f i l t e r  sheet for 

15 minutes. The dried strips were thfn dipped in to  sodium 

molybdate solution (0.29 in water) fo r  5 seconds and the 

Paper s t r i p s  of required 
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SYNTHETIC ISOFLAVONES 1097 

strips were redried as before. In  order t o  remove excess 

reagent the paper s t r ip s  were washed i n  dis t i l led water, 

dried final17 as usual and used as such. 

PreDaration of isoflavone solutions and Detector: Isoflavone 

solutions (1%) were prepared In  10%- ethanol. An aqueous 

solution of 6% Ferr ic  chloriae in demineralized water was 

used fo r  the deteatlon of spots on the paper s t r ip s .  The 

spots were generally v i s ib l e  on heating the s t r i p s  a t  60 

t o  8OoC. 

Procedure : Isoflavone solutions were apolied t o  the strips 

two or three times with the help of f ine  glass cap i l l a r i e s  

and dried subsequently. The papers were f i r s t  conditioned 

for 10 t o  15 minutes in the jars. They were then dipped in 

the solvent and the solvent ascent was 11 cm i n  each case. 

R E S U L T S  

The chromatographic beliavlour of the following 24 

synthetic isoflavones has  bean studied: 

1. 

2. 

3. 
4. 

5. 
6 .  

7 .  

8.  

5,7, L'-Trimethoxy-6-me thyl  - 
2-Carkoxy- 5,7-dimethoxy-8-me thyl- 

6-Carbmethoxy- 5-hydroxy-6-methyl- 

bcarboxy- 5- hydroxy-8-me thyl- 

2-Carbmethoxy- 5,7,2- t r i e  thoxg-8-methyl - 
2-Carboxy-2', 5-dimethory-8-methyl - 
5,7-Dihydroxy-&methyl - 
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9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17- 

18, 

190 

20. 

21 

22 

23 

24. 

RAWAT, AKHTAR, AND AKHTAR 

2-Carbe thoxy- 5,7-dlhydroxy-4' -me thoxy-8-me thyl  - 
2-Methyl- 5-hYdrOXy- 5; 7-dimethoxy-8-me thyl- 

6-Carboxy-7-hydroxy-8-methyl - 
2-Carbow- 5,7- dihydroxy- &me thyl- 

2-Carb0~y- 5,7- dihydroxy- 8-me thyl - 
2-Me thyl- 5-acetoxy-7, &dime thow-8-me thyl- 

2,6-Dimethyl-5-hydroxy-7-methoxy- 

2-Carbe thoxy-5,7-dihydroxy-8-methyl- 

2-C arboxy- 5,7- dihydroxy- 4 I -me tho xy- 9- methyl- 

5,7,2 ' -Trie thoxy-&me thyl- 

bCarboxy-8-hydroxy- 

2-Carbme thoxy- 

5-Carboxy-7-hydroxy - 
2-Carboxy- 8-hydroxy - 
2-Carbethou- 5, 7-dihydroxy-k1-me thow- &methyl- I and 

5-hydroxy-7-methoxy-8-methyl - 
The following system vere used as the developer 

reagents : 

I. Sodium n i t r a t e :  ( a )  0 . O l W  (b) 0.091 ( c )  0.1M (d )  0.5); 

(el 1 .ON 

11. Nitr ic  Acid: (a) p%O, (b) pR=1 ( c >  pH=2) ( d )  PIT-3 

(el pH=4 ( f )  pF=5 

111. Methanol : ( a )  5% (b) 10% f c )  25% (d )  50% 

( e l  75$(f) 100% 

IV. Ethanol : 50% 

V. Propanol : 508 

On the basis  of the d i f f e ren t i a l  migration of the 

isoflavones on stannic molybdate papers binary, ternary and 
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SYNTHETIC ISOFLAVONES 1099 

quarternary separations have been achieved using d i f f e r e n t  

solvent  systems (Table I>. 

TABLE I 

1. 

2. 

39 

4. 

5. 

6 .  

7. 

3. 

9.  

10.  

I ? .  

BINARY 
6- Carboxy-ow- 8-me thY1- 
2-Carboxy-2', 5-dim&thoxy-8-methyl- 

6- Carbow- 5- hydroxy-&me t h y l  - 
2-Carbe thoxy- 5,7-dihydroxy- %me thyl- 

2-methyl-5-hydroxy-5,7 I-dimethoxy- 
2-Carboxy- 5.7- dihydroxy- &me t h y l  - 
2-methyl-5-hydroxy-5,7'-dUnethoxy- 
2-Carb0~-5,7-dihydro1~-8-me thy1 - 
2-Carboxy- 5,7- dihydroxy-&me thyl- 
2-Carboxy-5,7-rlihydroxy-&methyl- 

2-Carboxy- 8-hydro- - 
5-Carboxy-7- hydroxy - 
2-C*bo~y-8-hydro~y - 
2-Carboxy-5,7-dihydroxy-8-methyl- 

6- C arboxy- 7- hydro xy - 
2-Carboxy-5,7-dihydroxy-8-me thyl- 

5- hydroxy- 6- carbme thoxy- 6-me thyl- 
2, &dimethyl- 5-hydroxy-7-me thoxy - 
2-Carboxy-5,7-dimethoxy-8-methyl- 
2-Carbethoxy-5,7-dlhydroxy-8-methyl- 

2-Carboxy-2 ,5-dimethoxy-8-methyl- 
2-C arbe thoxy- 5,7- dlhydroxy- 8-me thyl- 

0.00 
0.42 

0.00 
0.45 

n.oo 
0.83 
0.00 
0.84 

0.20 
0.43 

0.00 
0.75 
0.00 
0.76 

0.40 
0.67 
0.00 
0.78 
0.00 
0.80 

0.00 
0.78 

Sodium n i t r a t e  
(1  .OM) 

( 1  .OM) 
Sodium n i t r a t e  

Methanol, ( 5:; ) 

14e thanol ( 5j; 

Methanol (10 : ; )  

Methanol ( 1 Oq$) 

Methanol ( 1 OO:?) 

(continued) 
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1100 RAWAT. AKHTAR, AND AKHTAR 

TABLE I (continued) 
------------- 

S.No. Mixture Rf Value Eluent -- - -- 
TZRNtlRY 

12. 2-Carbethoxy-5,7-dihydroxy-a-methyl- 0.02 Sodiim nitrate( 1 

2-Carboxy-5,7-dihydroxy-$-methyl- 0.22 
2-C~b0~-8-hydroxy+ 0.54 

13. 2-Carbethoxy-5,7-dlhydroxy-8-methyl- 0.02 Sodium nitrate( 1 .OM 
2-Carboxy- 5,7- dlhydroxy- 4' -me tnoxy- 8- 

methyl- 0.41 
6-C =bow- 8-hydrory - 0.72 

QUARTERNARY 
14. 2-Carbethoxy-5,7-didroxy-8-met~~l- 0.02 Sodiim nitrate( 1 .W 

2-Carboxy- 5,7- dlhydroxy- 4' -me thou-8- 0.41 
2-Carboxp- 5,7-dlhydroxy-a-me th'jl- 0.22 

6- Carboxy- 8- hydroxy- 0.72 

n.00 Sodium nitrata(1 .OM 
2- C arbory- 8- hydro xy- 0.20 

2-me thyl- 5- hydroxy- 5-7- dime thoxy- 0.70 

methyl+ 

15. 6-Carboxy-5-hydroxy-&meWlyl- 

2-Carboxy- 5,7-dihydroxp- &me thyl- 0.50 

.- - 

DISCUSS ION 

The superiority of stannlc molybdate papers over 

plain papers can easily be judged from the resolving 

capabilities and the compactness of the spots. n e s e  special 

features make these papers promising for Lhe separation of 

isoflavones. 

The best results were achieved by eluting with water- 

methanol solutions, whereas in inorganic solvents or vater 
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SYNTHETIC ISOFLAVONES 1101 

alone it is not possible t o  obtain a migration for most of 

the isoflavones from the s t a r t i ng  point. The Inorganic 

solvents a l s o  proved unsatisfactory as they produce elongated 

spots. 

short  e lut ion duration. Moreover, with this eluent compact 

spots are obtained. 

Methanol-water system gave the best  results In a 

F i g . 1  shows some peculiar trends of % values with 

Increasing percentage of methanol i n  the eluent. The 

greatest  change in % value occurs a t  alcohol contents 

between 25% and 50% 

25% a ser ies  of  s t ra ight  l i n e s  is obtained. 

these curves can be explained by assuming that the addition 

of methanol to  the eluent causes, other than an increase i n  

the so lubi l i ty  i n  the mobile phase, a decrease In  i n t e r a c t ~ o n s  

between the isoflavones and the exchanger. Smh interact ions 

seem t o  be completely eliminated when methanol content i n  
the eluent exceeds 50%. 

When alcohol content is less than 

The trend of 

I 
1.0 , 

U a 

FIG.l Plots Of RF vs % C H 3 0 H  
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1102 RAWAT, XKHTAR, rLUD AICHTIR 

Cther important point which emerge from these s tudies  

I s  tha t  on changing from m f  methanol to propanol a general 

incrdase i n  the F$ values i s  observed (Flg.2). The behaviour 

of isoflavones a t  d i f fe ren t  pH values is p a r t i c u l a r l y  

Interesting. Moat of the isoflavones remain at  s t a r t i n g  

point when eluted with n i t r i c  acid, while those which 

more show an increase i n  % values as the pH of the eluent 

increases. This trend shows tha t  a f f i n i t y  of lsoflavones 

decreases as the pH of eluent Increases (Fig.3). 

Table 1 shows some ana l j t i ca l ly  and biochemically 

important separation i.e. separation of somers and separation 

of isoflavones having same molecular weights. Following 

mixtures of isomers have separated: 

1 2-Carboxy-5,7-~hydroxy-tEmethyl isoflavone from 

2-Carbow-5, 7-dlhydroxy-6-methyl lsoflavone i n  105 

methanol . 

0.1 :L 0.0 CH$H c2wH C-fl7OH 

FIG 2 Effect of various alcohols 
on Pc ialues 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHETIC ISOFLAVONES 1103 

1.0 

0.9 
08 
0.7 
0.6 

01 
0.3 
02 
0.1 
OD 

CE" 05 

0 1.0 2.0 3.0 L O  5.0 
Prl  

FlG.3 Effect q pH on RFvolues 

2. 2-Carboxy-8-hydroxy isoflavone f roa 5-carhoxy-7-hyrtro:cy 

isoflavone In 50% methanol. 

Following mixtures of isof lavanes having same molecular 

weight have been separated successfully:  

1 . 2-me thyl- 5-hydro*-5 ' ,7- dimethoxy-8-metbfl isoflavone 

from 2-carboxy- 5 7- dihydroxy-&me thyl  isoflavone i n  

5$ methanol. 

2. 2-methjjl-5-hydroxy-5; 7-dimethoxy-8-methyl isoflavone 

f rot3 2- c: arbo xy- 5 * 7a dihydr oxy- 8- methyl is of 1 avone i n  

5s methanol and 

3. 2-Carboxy-2' ,5-dirnethoxy-&methyl isoflavone from 

2-Carbethoxy-5,7-dihydroxy-Rmethyl isoflavone i n  100% 

methanol. 
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