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INTRODUCTION 

Although a large number of solvent systems have been used for the paper chroma- 
tography of flavonoid compoundsl-3 few are capable of separating flavone, isoflavone 
and flavanone aglycones over a wide range of &? values. The most commonly used 
solvent system vz-butanol-acetic acid-water (4: I : 5 by vol., or its many single phase 
variations) clearly separates flavonoid glycosides with good definition of spots, but 
tends to concentrate most aglycones over a narrow range of bigb RF values. Aqueous 
solvents containing various amounts of acetic acid likewise give narrow spreads of 
RF values for non-glycosidic flavonoids (see Tables in refs. 1*3**)_ 

In work on ether-soluble polyphenolsj and hydrolysates of plant extracts we have 
found the solvent system benzene-acetic acid-water (125 :72 :3 by vol.) to be most 
useful for the separation of these compounds. This single phase benzene solvent was 
devised by SMITHY, as an improvement on the organic phase of benzene-acetic acid- 
water (2 :z: I by vol.) commonly used for the chromatography of phenolic acid&‘. 
Excellent separations were obtained with this as the first solvent in two-dimensional 
chromatography, followed by 3 IV ammonia5 or aqueous acetic acid as the second 
solvent. In the present study the chromatographic behaviour in this solvent system of 
43 natural or synthetic flavones, isoflavones, flavanones, flavonols and flavanonols is 
reported. 

Solutions of the flavonoid compounds in ethanol (IO-_, 30 yg ofmaterial) \vere applied 
as narrow bands (ca. 0.5 x z cm) on Whatman hTo. I paper and chromatographed in 
benzene-acetic acid-water (125 : 72 :3 by vol.) by the descending technique. All 
compounds were chromatographed under comparable conditions at temperatures in 
the range 30’ & z”. One hour or longer was allowed for the preliminary equilibration 

h of the papers. Under these conditions the solvent took 3.5-d h to descend 40 cm. 
- l3ecause of its volatility, the present solvent system is very sensitive to temperature 
effects, and phasic separation in the paper has sometimes been observed at higher 
temperatures, particularly with thicker grades of paper. 

J.C?z~ormto~., g (x962) ++.g-45_1 
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Location of compounds was by the usual methods (viz. U.V. zk NH,, U.V. +- 
AlCl,)l. In the case of the flavanones and flavanonols the identity of the spots was 
confirmed by spraying with the specific NaBI-I, reagent 8. Diazotised sulphanilic acid 
(Pauly’s reagent) was used as a general spray reagent. This reagent was prepared as 
described by Snwrx-r~ with the following slight modifications. A 0.69 y0 solution of 
NaNO, was used instead of the 5 y0 solution and the reagent was applied by spraying 
instead of dipping. 

RESULTS 

&? values for the compounds studied are given in Table I. These values were obtained 
under closely comparable conditions and in most cases represent average values of 

TABLE I 

XF VALUES OF FLAVONOID AGLYCONES IN BENZENE-ACETIC ACID--WATER (125 : 72 :3) 
AND THEIR COLOUR REACTIONS WITH SULPHANILIC ACID 

FZavawo92e 

I 

2 

3 
4 _ 

2 

s7 
9 

10 

II 

j,;;3~E~-OH (Eriodictyol) 

5: 7,4’-OH (Naringenin) 
7,4’-OH; 3’-OMe 
5,7,3’-OH ; 4’-OMe (Hcsperetin) 
5,7,4’-OH: 3’-OMe (Homoerioclictyol) 
7-OH 
j,7-OH (Pinocembrin) 
4’-OH; 8,3’-OMe 
6,7,i’,4’-OMe 
S-OH ; 7,4’-OMe 

Flavalzonol 
I3 5,7,3’,4’-OH (Tasifolin) 
13 J, 7-OH (Pinobanlcsin) 

Is0ftnv022e 

14 5,7,3’,4’-01-I (Orobol) 
I 5 7,4’-OH (Daidzein) 
16 5,7,4’-OH (Genistein) 
17 5,7,3’.-OH; 4’-OMe (Pratensein) 
IS ?-OH; 4’-OMe (Formononetin) 
19 5,7-OH ; 4’-OMe (I3iochanin A) 
30 3,7,“‘-OH; 6,s’ -0Me (Poclospicatin) 
21 J,z’-OH; 6,7,j’-OMe 

PZavoute 
22 j,7,3’,4’-01-I (I~uteo~in) 0.17 
33 J,7,4’-OH (Apigenin) 0.33 
‘4 ~,7,3’-OH ; 4’-OMe (Diosmetin) 0.47 
25 5,7,4’-OH ; 3’-OMe (Chrysoeriol) 0.47 
26 J, 7, S-OH CNorwogonin) 0-g I 
“-7 5,6,7-OH (Baicnlein) 0.61 
28 _j, 7-OH ; 4’-OMe (Acacetin) 0.75 
29 5,7-O&1 (Chrysin) 0,7s 
30 J-OH ; 7-OMe (Tectochrysin) o,93 

0.29 

0.45 
0.49 
0.55 
0.60 
0.6; 
0.79 
o.so 
0.85 

o.s7 
0.93 

0.09 
0.66 

0.20 I+ 

0.3.5 R-Br 
0.41 l3r 
o-54 Br-0 
0.72 - 

0.77 Br 
o. 76 Br-0 
0. SG Br-0 

Hr-0 
R-Br 
0-Br 
R-Br 
0 
0 
I? 
Br-0 
1’ 

0 

13r-0 
Y-Br 

Ur-0 
Ur-0 
R-33r 
Br-0 
- 
- 
Br-0 
Br-0 
Br-0 

(continrreft on p.:dgt) 
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TABLE I (cot~lintretl) 

Fzavonoz 

31 5,6,7,3’,4’-OH (Quercetagetin) 
32 7,5,3’,4’-01-I 
33 6,7,3’,4’-OI-I 
34 7,3’,4’-OH (Fisetin) 
35 5,7,5’,6’-OI-1 
3G 5,7,3’.4’-OH (@cm&in) 
3 7 5,7,4’-OH (Kaempferol) 
3S 7,3’,4’-OMe 
39 Flavonol 

Flavonol 3-nzethyl ether 

40 5,7-OH ; 3’,4’-OMe 
4t 5,7-OH; 4’-OhIe 
42 5,7,3’,4’-OMe 
43 5-OH: 7,3’,4’-OMc 

0.00 

0.02 

0.02 

0.09 

0.09 

0.10 

0.30 
0.89 

0.g1 

0.77 
0.79 
o.S6 
0.93 

- 
Br-0 
Br-0 
Br-0 
Br-0 
- 

Br-0 
Br-0 

O-Y 

* Sources of compounds: compounds 3, 5, 23, 31, 34, 36, 37 were from commercial sources: 
17, 3s were isolated from plant materialso* lo; 15, 16, IS, 19 were previously synthesisedrl; the rest 
were donated by other WOrkerS (See ACKNOWLEDGEMENTS). 

**Br = brown; 0 = orange ; Pu = purple; R = red ; I? = pink ; Y = yellow; - = no colour. 

5 or G individual ‘determinations. They are reproducible to within * 0.02. Good 
discreet spots were obtained from all compounds studied. The colours given with the 
diazotised sulphanilic acid reagent are also listed in Table I. Glycosides and antho- 
cyanidins move very slowly in this solvent and were not included in the study. 

DISCUSSION 

It can be seen from the RF values given that the benzene-acetic acid-water solvent 
system is capable of separating aglycones of all the classes of flavonoid compounds 
tested giving a good range of h?p values for a large variety of structural patterns. This 
solvent system, being much less polar, complements the polar aliphatic solvents 
typified by butanol-acetic acid-water. Corresponding RF values in benzene-acetic 
acid-water are in general much lower than in the butanol solvent, with the result that 
substances such as the flavonoid aglycones which are very mobile in the latter are well 
distributed in the former. Glycosides and the more highly hydroxylated aglycones are 
not very mobile in the present’ solvent system however, and are best separated in 
butanol-acetic acid-water. 

With the exception of bisdiazotised benzidinel”, diazotised aromatic amines do 
not appear tp have been used extensively as spray reagents for flavonoid compounds 
although they are commonly used for other phcnolic substances6s13. We have found 
diazotised sulphanilic acid to be an excellent reagent, usually giving shades of brown 

*but often more distinctive colours which are useful as further aids to identification. It 
:.gives less intense backgrounds than other diazonium salts and the colours of the spots 
keep for long periods without appreciable change. 

The well known general principles governing the bchaviour of phenolic compounds 
_. 

.I. Cltvomatog., 9 (1961) 449-454 
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‘in partition chromatography3~ 14s l6 
the R&I values 

are well borne out in the present study. In Fig. I 
14[R~ = log ,@/Rp - I)] 0% some selected structures are presented. It 

is readily apparent that the order of RF values is the same in each class indicating 
that the effects of structural variations upon RF values are similar in all classes of 
flavonoids studied. Comparison of compounds having the same substitution patterns 
(graphs A, B, C, etc. in Fig. r) show that in all cases RF values vary regularly in the 
order: flavanone > isoflavone > flavone. Roux and co-worl<ersl6-17 have noted the 
greater mobility of flavan derivatives in both adsorption and partition systems, and 
attribute this to the non-planar ring structure in these compounds. 

RF RM 

0.1 ’ I 
a2 

i 
0.5 

0.3 
F 

0.5 0 

0.6 
i 

. 

Luteolin 
Orobol 

\ (A) 

Kaempferol(3,5,7,4~0H) 
. 

Acacetin (El 
Plnobanksln 

Blochanin A (3,5,7-O II 1 
* 

Chrysin (F) 
Pinocembrin 

Flavones lsoflavones Flavananes 

Fig. I. Relation of R&I to structure in different classes oE flavonoids when chromatographcd in 
benecne-acetic acid-water. Graph (A) 5,7,3’,4’-OH; (B) 7,4’-OH; (C) 5,7,4’-OH; (D) ~,7,3’-OH; 

4’-OiVIe and 5,7,4’-OH; 3’-OMe; (E) 5,7-OH; 4 ‘-OMe; (F) 5,7-OH. 

The principle that hydrosyl groups decrease and methoxyl groups increase the 
RF value is also well demonstrated., The positive ARnf effect of a hydroxyl group 
(other than a s-OH, to be discussed below) is clearly illustrated in Fig. I (cj’. graphs 
A and C, C and F, and D and E). In contrast to the observation of BATE-SMITH AND 

WESTALL~* that in butanol-acetic acid-water the rise in Rp for, the methylation of a 
hydroxyl group is.much less than the rise in RF caused by the complete removal of a 
hydrosyl group, the lyophilic effect of a methosyl group is much greater in benzene- 
acetic acid-water. Methylation almost completely reverses the effect of hydrqxylation 
(cj’. graphs C, E, and F, Fig. I) or actually causes a greater RF rise than dehydrosyl- 
ation (cj’. graphs A, C, and D, Fig. ,I). The greater lyophilic effect of the methoxyl. 
group in benzene. solvents is also apparent in the previous results of SI~WS~N AND 
GARDENIA. 

The abnormal effect .of s-OH and 3-OH groups in partition chromatography, due “1: 
to their formation of hydrophobic chelate ring systems with the q-carbonyl group has 
been. clearly demonstrated by Smrsorv and co-workersl*JO. In the present work the 

J. Chromatog., g (1962) 449-454 
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increase in RF due to the introduction of a S-OH group is again illustrated in Fig. I 
(cj. graphs B and C, and B and F). Numerous other examples can be found in results 
listed in Table I. The suppression of the normal positive ARM contribution of a 
hydrosyl, due to hydrogen bonding of the 3-OH group, can be demonstrated by 
comparisons of the RM values for kaempferol, luteolin and apigenin, and for those of 
pinobanksin, naringenin, and pinocembrin (Fig. I). The second example suggests that 
simultaneous hydrogen bonding of both 5- and 3-OH groups18 is also possible in 
flavanonols. 

The benzene-acetic acid-water solvent system, because of excellent separations 
it gives with many classes of phenolic compounds, is recommended as the solvent of 
choice for the first direction in the two-dimensional paper chromatography of less 
water-soluble polyphenols in plant extracts Also because of the regular manner in 
which mobility varies with structure in the classes of flavonoids studied, comparisons 
of RAT values in this solvent would be useful for the prediction of structures of un- 
known substances belonging to these classes of natural products. 
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SUMMARY 

The Rp values of 43 natural and synthetic flavonoid aglycones in the solvent system 
benzene-acetic acid-water (125 : 72: 3 by vol.) are recorded. Diazotised sulphanilic 
acid has been found to be a useful general spray reagent for these compounds. 

Excellent separations are obtained for all the classes of compounds studied. The 
effect of structural variation upon 2?~ is similar for all classes. All the known effects of 
hydrosylation, methylation and chelation on the chromatographic behaviour of 
flavonoids were observed in this solvent system. Rp values for compounds having the 
same substitution pattern vary in the order flavanone > isoflavone > Aavone. 

. 
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