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SUMMARY 

The conversion of phenols into coloured derivatives using the reaction with 
4-aminoantipyrine and an oxidizing agent has been described. p-Unsubstituted 
phenols or phenols substituted with halogeno, carboxy or sulpho groups in the p 
position react to form red antipyrylquinoneimines. Phenols with p-alkoxy groups 
react only partially. p-Alkylphenols give yellow products under the same conditions. 
The red dyes are most effectively separated using the partition system formamideln- 
hexane-benzene (I : 1) on paper or thin layers of cellulose, whereas the solvent system 
dimethylformamide/n-hexane is suitable for the yellow products. The separation of 
isomeric m- and p-alkylphenols is carried out on Silufol sheets using benzene-acetone 
(3 :I) as the mobile phase. The separation of m- and p-halogenophenols is achieved 
by the elimination of the halogen in p-position. The yellow products are‘relatively 
Iess stable both in solution and on chromatograms, and therefore the coloured 
derivatives shouid be freshly prepared. 

INTRODUCXfON 

Monohydric phenols represent a group of compounds that can easily be 
subjected to paper or thin-Iayer chromatography (TLC). Many solvent systems and 
methods of detection have been reported’“. Some problems, however, have been 
encountered, caused by poor separation of m- and pisomers, e.g. m- and p-cresols, 
especially when partition systems were used. Therefore, various methods have been 
recommended for the conversion of phenols into derivatives with greater structural 
differences. Azo dyes prepared by reaction with arenediazonium salti, and antipyryl- 
quinoneimine dyes, prepared by reaction with 4-aminoantipyrine (4-amino-2,3-di- 
methyl-l-phenyl-5pyrazoIone) and an oxidizing agent are examples of such deriva- 
tives. These reagents attack different positions of the benzene nucleus depending on 
the type and position of the substituents present. 

l Part LXXXVIII: D_ Snob1 and I GaspaS, Chem. LiEty, in press. 
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The conversion of phenols into antipyrylquinoneimine dyes and the chrome- 
tographic separation of these dyes has been recommended by several authors, es- 
pecially for the separation of isomeric cresolsc6, xylenois’ and naphthoisB_ Several 
other papers have dealt with the problem of the separation of phenols in water, etc.g.zo_ 

Phenols react with the Emerson reagent to form intensely red antipyrine dyes 
(antipyrylquinoneimines). The m- and p-isomers. can be separated -because the dyes 
are formed only from phenols with the position para to the hydroxy group either un- 
substituted or substituted by such groups (e.g. the halogens) as are eliminated during 
the oxidative coupling reaction. In the case ofp-alkyl-substituted phenols the products 
are yellow and their chromatographic behaviour is significantly different from that of 
the red dyes. 

We have extensively studied the Emerson reaction of monohydric phenols 
from the point of view of the photometric determination of variously substituted 
phenols 11-14. The structure of the resulting antipyrylquinoneimines has been con- 
firmed, and their chemical and spectral properties, the optimum reaction conditions 
and the effect of difFerent substituents on the course of the reaction have been deter- 
mined. Chromatographic methods were used to evaluate the reaction products 
throughout the investigation. A special study dealt with the chromatographic behav- 
iour of the yellow products derived from palkyl-substituted phenols15. In this paper, 
we use the above results to evaluate the application of these derivatives to the chro- 
matographic separation of phenols, and su mmarize the scope and limitation of the 
procedure. 

EXPERIMENTAL, 

Materials 
The phenols used for the reaction were standard chemicals from our collection, 

the identity and purity of which were checked by melting-point determination and 
paper chromatographyX6. 

All reagents were reagent-grade chemicals. 

General procedure for the preparation of the dyes 

A 2.5ml volume of a 0.01 M solution of a particular phenol in ethanol was 
treated with 1 ml of 4-aminoantipyrine solution (OS % solution in the buffer solution), 
25 ml of buffer solution (B&ton-Robinson buffer, pH 7.5-10.0) and 1 ml of a 2% 
potassium hexacyanoferrate@II) solution in the buffer solution. (The hexacyano- 
ferrate soiution was stable when stored in darkness.) The reaction mixture was ex- 
tracted with 1 ml of chloroform, and a 5~1 aliquot of the separated chloroform layer 
was spotted on the starting line of the chromatogram. 

Paper chromatography 

Whatman No. 3 paper was used throughout the experiments- ?ihe impregnation 
was carried out with a 20 y0 solution of formamide in ethanol or 50% solution of 
dimethyiformamide in benzene. The impregnated paper was dried for 10-15 min at 
room temperature, and the chloroform solutions were then applied. Development 
was carried out with heptane-benzene (1 :I) in the former case and heptane in the 
latter. 
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Silufol precoated sheets (Sklairny Kavalier, Votice, Czechoslovakia) were used 
for adsorption chromatography. Benzene-acetone (3 : 1) wzs used as mobile phase. 

Lucefol precoated sheets @Cavalier) impregnated with formamide (a IO%- 
alcoholic solution of fo rmamide) were used for partition chromatography. n-Heptane- 
benzene (1:l) was used as the mobile phase. 

RESULTS ANR DISCUSSION 

The reaction of phenols with 4-aminoantipyrine and the oxidizing agent in 
which the red quinoneimines are formed takes place at the position para to the 
hydroxy group. All other original substituents are retained. Quantitative elimination 
of the p-substituent occurs if it is hydrogen, a halogen, a carboxy group or a sulpho 
group : 

HO -Q- X 

N 

oxid 
-- 

- 
0 

# 
N--C = C-CH3 

- I I 
c=c 

‘N’ 

N--C% 

I ’ 

X = H. halogens, COOH Ot- S03H 

In the case of p-alkoxyphenols only partial elimination of the p-substitueht - __ 
was ob- 

served. Thus, these phenols also show spots of the corresponding p-unsubstituted 
phenols on the chromatograms. This can result in errors when the reaction is used for 
the identification of unknown mixtures of phenols, e.g. in water. 

p-Alkyl-substituted phenols react to form yellow precipitates. We have pre- 
viously reForted15 that this reaction takes place in one position or&o to the hydroxy 
group only, even if both o-positions are free (e.g. in p-cresol). Furthermore, qua&it% 
tive elimination of the o-halogen atom was observed in the case of 6-bromo-2,4-di- 
methylphenol, whereas two products were found in the reaction with 6-chloro-3,4- 
climethylphenol. 3,4_Dialkylphenols also give two spots due to the formation of two 
possible isomeric products. The yellow products characteristic of the p-alkylphenols 
are less stable than the red dyes, both in solution and on the chromatograms. There- 
fore, freshly prepared products should be used for chromatography when p-alkyl- 
phenols are expected in the reaction mixture. 

Canadian authorsL7*18 have reported that the yellow products have structures 
I and are converted easily into white compounds IL. 

T ; X = alkyL IC; X = dkyl 



156 X GASPARR?, D. SVOEODOVk 

. Preparation of derivatives 
Our previous investigation of the Emerson reaction of phenoW established 

the optimum reaction conditions. The optimum cond.itions for the photometric pro- 
cedure were found, and discrepancies between the results of previous-authors could 
be expkined. 

Chromatography of the red antipyrylqu~noneimines 
The most efficient separation of the red dyes was achieved using the partition 

system formamide/n-hexane-benzene (1: I), in both paper and cellulose TLC!. Adsorp- 
tion chromatography on silica gel layers was studied for comparison. RF values ob- 
tained using both separation mechanisms are summarized in Table I. The relation- 
ship between the structures of the dyes and their chromatographic behaviour was 
studied from four points of view. 

(1) Homologous series. The Rp values of 2- and 3=alkylsubstitu&d phenol 
derivatives increase in alI cases with the length of the alkyl chain. The A& values for 
the methylene group are of the same order in paper and cellulose TLC as expected, 
whereas they are considerably lower in adsorption chromatography (see Table II). 

(2) Influence of the halogen atoms. On substitution by halogen atoms the RF 
values are increased in the series F < Cl < Br; in the case of &line, however, some 

TABLE1 _ 

RF VALUE : OF PHENOLS CHROMATOGRAPHED IN THE FORM OF THE RED ANTIPYRYL- 
QUINONEIMINE DYES 

Method I: paper &romatography, fo rmamide/n-heptant+benzne (1 :l). Method II: thin-layer chromatography, 
Lucefol she&s impreguated with fo rmamide/n-heptane-benzene (1 :l)_ Method III: thin-layer chromatography, 
Silufol sheets/betin~acetone (3:l). 

Pheno! RF Phenol RF 

1 II zzz Z zz zzz 

Phenol 
tMetlxylphend1 
3-Meshylphenol 
2-Ethylphenol 
3-Ethylphenol 
ZaPropylpknoI 
2-Isopropylphenol 
2-sec.-Butylphenol 
2-wt.-Butylphenol 
3-rert.-Butylphenol 
2-Phenylphenol 
3-Phenylphenol 
2,5-Dimetbylphenol 
2,6-Dimethylphenol 
3,5-Dimethylphenol 
3-Methyl-S-isopropylphenol 
2-Isopropyl-5-methyIpheno1 
2-Methyl-&err_-butylphenol 
2$-Diethylphenol 
2-Ethyld-roar.-butylphenol 
2-Fluorophenol 

0.05 0.07 0.20 
0.16 0.21 0.26 
0.11 
0.35 

:z 
ok 
0.69 
0.72 
0.45 
0.39 
0.30 
0.34 
0.39 
0.43 

0.72 
0.82 
0.76 
- 

0.07 

0.13 
0.45 

o”z 
ok 
0.82 
0.83 
0.56 

:z 
0:39 
0.48 
O-49 
0.53 
- 
0.92 
0.84 
- 
0.08 

0.22 
0.29 
0.24 
0.33 
0.34 
0.36 
0.44 
- 

0.30 
0.26 
0.27 
0.28 
0.26 
0.27 
0.45 
0.52 
0.47 
0.77 
0.26 

3-Fluorophenol 
2-Chlorophenol 
3-Chlorophenol 
2-Ikomophenol 
3-Bromophenol 
ZIodophenoI 
3-Iodophenol 
2,6_Dichlorophenol 
2,6-Dibromophenol 
2-BromoA-chlorophenol 
2,6-Di-iodopbenol 
2,3,6-Tricblorophenol 
2,3,5&i-Tetrachlomphenol 
6-Bromo-2-methylphenol_ 
6-Bromo-2,5-dimeffiylphenol 
2-Cbloro-3,5_dime&ylphenol 
2,6-Dibromo-3,5dimethylphenol 
2,6-Di-iodo-3,5-dimetbylphenol 
Dicblosophene 
Hexachlorophene 

0.09 0.11 
0.12 0.13 
0.20 0.22 
0.13 0.15 
022 O-26 
0.22 - 
0.19 021 
0.24 023 
0.25 0.25 
0.23 0.25 
0.32 0.33 
0.33 0.47 
0.65 0.52 
0.67 0.48 
0.32 0.40 
0.23 0.26 
0.34 0.43 
0.39 0.45 
- - 
- - 

0.26 
- 
0.28 
0.25 
027 
0.30 
0.30 
0.35 
0.37 
0.36 
0.47 
0.47 
- 

0.47 
0.45 
- 

0.47 
0.57 
0.02 
0.47 
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TABLE II 

d& VALUES FOR METHYLENE GROUPS IN POSITIONS 2 AND 3 

Methods I, II and III as in Table I. 
- 
Substifuen~ I N III 

Rw AR, & ARM %I 

H 1.279 - 1.123 - 0.602 
2-CH, 0.720 -0.559 0.575 -0.548 0.454 
2-CzHs 0.269 -0.451 0.087 -0.488 0.389 
2-/&H, -0.052 -0.321 7O.213 -0.3aO 0.307 
3-CH3 0.908 -0.371 0.825 -0.298 0.545 
3-CzHs 0.525 -0.383 0.389 -0-436 0.501 

A& 

- . 
-0.148 
-0.065 
-0.082 
-0.057 
-0.u44 

irregularities were observed, The difference between the influence of chlorine and 
bromine is small. The relationship can be seen from the data in Table I. The influence 
of the halogen atoms in 2JLdihalogenophenols can be seen from Table III. Again the 
AR, values for the 2,6dihalogeno groups are higher in the partition systems, but the 
differencies are practically the same. 

TABLE 111 

d RM VALUES FOR 2&DIHALOGENO SUBSTITUTION 

Methods I, II and III as in Table I. 

I II III 

RM A&I RM ARM RX ARAM 

0.501 1.279 - -0.778 0.525 1.123 ' - -0.598 0.602 0.269 - -ix333 
0.477 -0.802 0.477 -0.64.6 0.231 -0.371 
0.327 -0.952 0.308 -0.815 0.052 -0.550 

(3) Influence of the number of halogen atoms. The presence of each further 
chlorine atom results in an increase of the RF values in the case of phenol, so that the 
RF values increase in the series IIIOIIO < di < tri < tetra. The influence of the 
halogen atom in the case of 3,5dimethylphenol is very interesting. Whilst the RF 
values are increased when phenol or Z-methylphenol are substituted by halogens, in 
the case of 3,5diiethylphenol the RF values are decreased when the partition 
systems are used (see Table I). 

(4) Separation of 2- and 3-isomers. Eight such isomer-k pairs of phenols were 
investigated (see Table IV). 2-Akylphenols always have higher RF values. YiYize dif- 
ference in their chromatographic behaviour when compared with 3-isomers and 
expressed as the d& values is of the same order in both partition systems, but 
considerably lower in the adsorption system. 

Ckrornatograpky of the yellow dyes 

The yellow dyes &rived from p_-alkylphenols~ behave chromatographicahy in 
a considerably less polar nranner than the red dyes. Therefore, they have bigb RF 
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TABLE IV 

SEPARATION OF 2- AND 3+SOMERS 
Methods I, II and III as in TabIe I. 

Substituent Z zz ZZZ 

&i A&f f&t A& RAf ARM 

2-C!H, O-720 

3-CH, 0.908 

2-G& 0.269 

3-C& 
2-tert.-CaHp 

3-tert_-G& 
2-Phenyl 

3-Pkeilyl 0.368 
2-F 1.123 

3-F 1.005 
2-a 0.865 

3-c: 0.602 
2-Br 0.825 

3-Br 0.545 
2-I 0.545 

3-I 0.630 

0.525 
-0.410 

-0.087 
0.194 

0.188 

0.256 

0.323 

0.174 

-0.118 

-0.263 

-0.280 

0.085 

O-575 

0.825 
0.087 

0.389 
-O&3? 

-O_IOS 
0.070 

0.308 
1.061 

0.90s 
0.825 

0.545 
0.753 

0.4s 
- 

- 

0.250 

0.302 

0.584 

0.238 

-0.153 

-0.280 

-0.299 

- 

0.454. 

0.091 
0.545 
0.389 

0.112 
0.501 
- 

- 
- 

0.368 
0.086 

0.454 
0.454 

0.0 
0.454 
- 

- 
- 

0.477 
-0.045 

0.432 
0.368 

0.368 
0.0 

v&es in all systems used for the separation of red dyes. The partition system dimethyl- 
formamide/n-hexane was found to be the most efficient for the separation of their 
homologous series. (For RF values see ref. 15.) 

Separation of m- and p-isomers 
It has been found that the yellow products derived from p-akylphenols are 

well separated from the red dyes in both partition and adsorption systems. Silica get 
layers (Sihsfol), with the mobile phase benzene-acetone (3:1), can be used for rapid 
separation of a particular pair of isomers, e.g. m- and p-cresols, whereas the partition 
system must be used when unknown mixtures of phenols are to be separated. 

Individual pairs of 3- and Chzdogenophenols can be separated, hecause red 
dyes identical with those from p-unsubstituted phenols are formed from 4-halogeno- 
phenois, whereas ;he m-isomer does not lose its halogen atom under the conditions. 

CONCLUSIONS 

The chromatography of phenols after conversion- into antipyrine dyes 
represents a sensitive and suitable method for the identikation of phenols in mix- 
tures. The advantage lies in the simple preparation of the coloured derivatives and 
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their isolation. A further advantage is that when small or trace concentrations of 
phenob are involved, the concentration and isolation of the coloured derivatives is 
more convenient in comparison with that of the free phenols_ 

A suitable solvent system must be chosen according to the separation desired. 
The partition solvent system formami de/n-hexane-benzene (1 :I) was found to be the 
most efhcient for the separation of the red dyes, whereas the less polar yellow deriva- 
tives of p-akylphenols were separated using the system dimethylformz.mide/rz-hexane. 

The separation of 3- and 4-aikylphenols (e.g. nz- and p-cresol) was achieved on silica 
gel thin-layers (Sihrfol), using the mobile phase benzene-acetone (3 : 1). The 3- and 4- 
halogenophenols were also separated, owing to the elimination of thep-halogen atom. 

If this method is used for the identification of phenols in unknown mixtures, 
such factors should be borne in mind as the elimination of some substituents in p- 
or a-positions, respectively, the formation of identical derivatives from different 
phenols, the formation of two yellow products from one phenol, and the decreased 
stability of the yellow products. However, some of these factors can be used to ad- 
vantage in the separation of particuiar pairs of compounds. 
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