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SUMMARY 

Thin-layer and paper chromatographic procedures are described for the separa- 
tion and identification of six chlorinated derivatives of hydroquinone. Adsorption 
thin-layer chromatography (silica gel) or reversed-phase paper chromatography (olive 
oil -stationary phase and diluted acetic acid -mobile phase) did not enable satis- 
factory separation of dichloro-derivatives. These compounds have been clearly 
separated on kieselguhr thin layers and paper impregnated with formarnide using 
three solvent systems. 

INTRODUCTION 

In a study of the preparation of chlorinated derivatives of +benzoquinone by 
oxidation of chlorinated hydroquinonesl, it was found necessary to develop a method 
for the chromatographic separation and qualitative detection of chlorinated deriva- 
t ives of hydroquinone. 

As in our previous communication 2, the aim of our investi.gation was to find a 
simple procedure for the separation of z,6-dichloro-, z,3,5-trichloro- and 2,3,5,6- 
tetrachloro-derivatives, 

EXPERIMENTAL 

Preparation of fiurc com$oacnds 
The methods of preparation of the individual compounds and their melting 

points (after recrystallization) are given in Table I. A commercial sample of hydro- 
quinone was recrystallized from benzene (m.p. 170.3”). The reports of some 
authors3-0 are conflicting...i.n.several respects, especially with regard to the ease with 
which a pure halogenated hydroquinone may be isolated. For instance, as opposed 
to the report of PERATONER AND GENCO~, we were not able to isolate pure 2,3-di- 
chlorohydroquinone from the reaction mixture (2-chlorohydroquinone was present 
as a by-product). For our purposes this compound was obtained using preparative 
TLC. 2% solutions of the compounds in acetone were applied. 
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TABLE I 

THE CMLORINATED DERIVATIVES 01’ MYDROQUINONE 

z-Chlorohyclroquinonc 104.0 3 
z,3-.Dichlorohyclroquinone 144.5 
2,5-Dichlorohyclroqluinone 170.0 :: 
2,,G-Dichlorohydroquinonc 162.5 G 
2,3,5~Tiichlorohyclroquinonc 136.5 
2,3,5,6-Tctra.chlorohyclroquinone 234.0 z 

--- 

U, The melting points were determined using Kofler’s microscope. 
1’ This compound was prcparecl by chlorination of hyclroquinone in glacial acetic acid 

and was obtained together with chloranil as a by-product. The pure substance was obtained b? 
recrystallization of reaction mixture from water and ethanol. 

Mobile ijiaases 
All solvents (analytical grade) were distilled and used without further purifica- 

tion. All developing solutions were mixed on v/v basis immediately before being 
put into the developing chamber. The following solvent systems were used: S1 = 
benzene-ethyl acetate (5 : I) ; Sz = chloroform-ethyl acetate (2 : I) ; S3 = chloroform- 
acetone (5 :I) ; S, = water-acetic acid (2 :I) ; S, = chloroform-acetone (6: I). . . . 

Statio+%ary $&ases 
Solutions of formamide (Carlo Erba) in ethanol and olive oil in benzene were 

used for impregnation. I, = 10% formamide in ethanol; I, = 20% formamide ir 
ethanol; I, = 10% olive oil in benzene. 

Prt$arative thin-layer claromatogrc@lty 
Plates with layers (Silica Gel DF 5 with a UV indicator, Camag) I mm thicli 

were prepared in the usual way (heating at 120°, 24 11). A Camag chromatocliargel 
was used to apply the samples in the form of bands. Solvent system S, was used fo: 
the separations and the bands were located under UV light (254 nm). 

KieseZgulzr layers. A slurry was obtained by adding 50 ml of distilled wate 
to 25 g of Kieselguhr G (Merck), Plates, 20 x 20 cm, with thin layers (0.3 mm) wen 
prepared using a Camag applicator, The plates were dried for I h at room tempera 
ture and then heated for I 11 at 120~ in an oven, The plates were cooled and store< 
in a desiccator for at least 24 h before use. The impregnation was made in a chromate 
graphy chamber by allowing an impregnation solution to ascend the plate.by capillar: 
action., The solvents were then evaporated into the air from the layer at roon 
temperature. 

e Sdica gel layers. 15 x 15 cm reflex silica gel foils Silufol @ UV 254 (I<avalier 
n.p.) with a UV indicator were used, 

Clzrontatogra@ic ~~~cedzc~e. The solutions of pure substances’or their mixture 
were applied on .the starting line (1.5 cm from the lower’ edge of the plate). Afte 
drying the spots, the .plates were placed in developing chambers saturated wit1 

J. Clrro~riatogr., Go. (197x) 377-380 



‘rI,C AND PC OF CHLORINATED I~BRIVATIVES OF HYDROQUINONI’: 379 

solvents and developed by the ascending method, until the solvent front had 
travelled 15 cm beyond the original spots. The precoated silica gel foils were 
developed to a height of IO cm. All experiments were carried out at 21 -& IO. 

Chromatography was carried out on Whatman No. I paper. The paper was 
impregnated by passing it through a solution of the stationary phase. The time for 

RI.- VALUES FOR THE THIN-LfiYER CI~IROhlA’L’OGRAI’I~IIC SEI’ARATION OP ‘TIIE CI4LORINATIID DERIVA- 
TIVES OF IIYDROQUINOXB 

KG = Icicscl~uhr ; SC; -I silica gel. 

Corn#wld KG’L/.S, ll KG/S,l, KG/.S,T, SG/SG 
--. --_-__.__-_-__----_----I.-------_-.-~---- 

I-Iyclroquinonc 0.12 0.12 0.11 0.15 

2-Chlorohyclroquinonc 0.34 0.2G 0.2G 0.35 
2,3-Dichlorohyclroquinonc 0.52 0.40 0.35 O.jjG 
2,5-7~ichlorol~yclroquinonc 0.58 0.45 0.43 0.57 
2,G-DichlorohyclroqL~i~~o~~~ 0.64 0.50 0.4s O-59 
2.3,5-Trichlorohyclroquinonc 0.76 0.63 . 0.f.k 0.70 
2,3,5,6-Tctrachlorohydroquinonc 0.83 0.72 0.70 O.S3 

n Dried for 15 niirl after imprcgmtion in all other casts clricd for 20 min. 

drying the paper after impregnation and for the applications of the hydroquinones 
to the start was so arranged that the chromatogram was placed in the chromato- 
graphy chamber, previously saturated with vapours of the solvents to be used, in the 
15th or 20th min after starting the impregnation. After the solvent front had 
travelled 25-27 cm from the starting line, the chromatograms were thoroughly air 
dried at room temperature. 

Satisfactory colour development (Table IV) was achieved within 30 set after 
completing the spraying with a solution of ammonia (or an aliphatic amine) in water 
(D,). The spots‘ on the silica gel layers were visualised using D, and UV light (DJ. 
For detection of the spots on kieselguhr layers and paper chromatogratns the 

Ii]** VALUES 1~012 THE PAPER CHROhI~~TOGRAPI~IIC SISPARA’CION 017 TIII’: Cl-ILORINATISD DIZRIVATIVES 
OX’ NYDROQUINOSE 

---_---_-.__- __._ ------..---.-.--.-----~----...--.--. 

C0,rzfi01md SJ, W’D s., r:, 

I-Iydroquinonc O.Ts 0.14 0.77 
2-~l~loroliyclroquinonc 0.34 0.29 0.71 
2,3-DicliloroliyclroquiiIoI~c O.dG 0.43 o.co 

2,5-Dicl~loroliyclI~oq~ii~io~~c 0.52 O.@ 0.02 

2 ,G-Dicliloroliyclroquino~ic “-57 0.53 0.Gq 
2,3,5~l’ricliloroliyclroclui1ionc o.GG o.G3 0..{8 

2,3,5,G-‘l’ctracl~loroliyclroquinonc 0.72 0.70 0.2G 
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following detection method (DJ was used. After treatment of the plate with D,, 
the layer was dried, a 0.3Oh solution of fluorescein in ethanol was applied and the 
spots were finally located under UV light (350 nm). The detection limits of all the 
compounds (under experimental conditions) are given in Table IV. Detection methods 
used were: D, = 25% ammonia; D, = UV light (254 nm) ; D, = D, + 0.50/O solution 
of fluorescein in ethanol + UV light (350 nm). 

RESULTS AND DISCUSSION 

All separations were carried out, using the various solvents (S) and impregna- 
tion solutions (I) given on p. 375. The Rp values of chlorinated derivatives of hydro- 
quinone in the ‘systems used are given in Tables II and III. 

Solvents S,, Ss and S, were found to be the most satisfactory developing systems 
both for the identification and separation of the chlorinated derivatives of hydro- 

TABLE IV 

DETECTION LIMITS (X 10-O 6) AND COLOURS OP CI~ILORINATEI> DBRIVATIVIZS OF l~IYDROQUINONl~ 
(AFTER DETECTION) 

I? = paper; SG = silica gel; KG = kicsclguhr. 

Com$ound SG - Ir’Glb P Coto~~rrs o*t SG and P 

Hydroquinone 
2-Chlorohydroquinone 
2,3-Dichlorohydroquinonc 
2, g-Dichlorohydroquinone 
2,6:Dichlorohydroquinone 
2,3;5-Trichlorohydroquinonc 
2,3,5,6-Tetrachlorohydroquinone 

I.0 
1.0 
1.0 
1.0 
1.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 

;:: 
5.0 

I.5 dark brown 
I+5 dark brown 
I.5 red brown 
I.5 red brown 
I.5 red brown 
2,o light brown 
2.0 light green 

a’Quenching of spots (D3). 

quinone on kieselguhr layers and papers impregnated with formamide as’s stationary 
phase. No solvent system was found in the present study which yielded a good 
separation of the dichloro-derivatives of hydroquinone on silica gel (or kieselguhr 
impregnated with olive oil). When the three systems mentioned above were used, 
z,3-dichloro-, z,s-dichloro- and z,G-dichlorohydroquinones were clearly separated. 

Because of its symmetry, substitution of hydrogen by chlorine at any site in 
the hydroquinone molecule should have the same effect on the RM value. It follows 
from graphical correlation (separation on kieselguhr thin layers and paper impreg- 
nated with formamide) that the dependence between RJ~ or RF values and the number 
of,Cl atoms in the hydroquinone molecule is linear with the exception of 2,3,5,6tetra- 
chlorohydroquinone, whose AM or Rp value lies outside the linear dependence. We 
hope to explain this phenomenon in a later paper. 
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