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THE object of the present paper is to 
draw attention to the appKcation of 

chloH^nil (tetrachloro-p-benzoquinone) (I) 
as a» intermediate for dyes and its use 
in various other industries. It is also an 
extremely interesting chemical as it 
undergoes a variety of reactions'which 
ai-e briefly discussed. 

Chloranil (I) is prepared technically 
from o-chlorophenol or aniline by 
treatment with gaseous chlorine under' 
acidic conditions.^ .- It crystallizes as 
yellow prisms from benzene and as flakes 
from toluene or acetic acid melting at 
290°. Its dipole-moment is 0.86D. It 
shows three absorption maxima, one in 
the far ultraviolet, one in the near ultra­
violet and the third in the visible region. 

The two carbonyl groups that con­
stitute the ^-quinoncid system in (I) 
make the chlorine atoms highly labile 
and reactive. Substituents first replace 
one pair of para chlorine atoms. Under 
forcing conditions, all the four chlorine 
atoms are replaceable. 

Reaction of (I) with aqueos caustic 
soda, sodium carbonate or bicarbonate 
gives the disodium salt of 2:5-dichloro-
3:6-dihydroxy-/3-benzoquinone (chloran-
ilic acid).' Treatment of (I) with dilute 
aqueous ammonia gives 2:5-dichloro-3-
amino-6-hydroxy-p-benzdquinone, where­
as concentrated alcoholic ammonia gives 

2: 5-dichloro -3:6-diamino -j7-benzoquin-
one: Reaction' of (I) with aqueous 
sodium nitrite and methanolic potassium 
cyamide leads to 3 •. 6-dinitio-2:5-di-
chloro- and 3:6-dicyano-2:5-dichloro-p-
benzoquinone respectively, whereas man­
ganese dioxide and hydrochloric acid 
gives hexachlorocyclohexa-l-ene-3:6-
dione. Phosphorous trichloride or penta-
chloride reacts with (I) at 200° giving 
hexachlorobenzene. Interaction of di­
lute acidic solution of potassium bisul­
phite and (1) results in the formation of 
2:5 -dichlorohydroquinone -3:6 -disul-
phonic acid whereas with concentrated 
solutions, hydroquinone-tetrasulphonic 
acid-monosulphuryl ester is obtained^ 

Chloranil is easily reduced to tetra-
chlorohydroquinone (11), by sulphurous, 
hydrochloric, hydrobromic and hydriodic 
acids.̂  Acetyl chloride reacts with (I) to 
give the diacetyl derivative of (11)." " (I) 
acts as an oxidising agent when it con­
verts leuco base of Malachite Green to 
Ivlalachite Green and dimethylaniline to 
Methyl Violet.̂  It is a useful dehydro-
genating agent being used for aromatis-
ing hydroaromatic compounds.',' De-
hydrogenation occurs by hydrogen trans­
fer and (I) is converted into (II). Tetra-
lin is thus converted into naphthanele, 
tetrahydrocarbazole to carbazole, phenyl-
cyclohexane to diphenyl, thujone to car-
vacrol, ethyl benzene to styrene etc. 
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Sodio-derivatives of aliphatic alcohols 
react with (I) to give-generally 2:5-di-
cTiloro- 3:6- dialkox'y-p- benzoquinones' 
(III)'. However, in the case of methanol 
and ethanol, 2: 6-dichloro-3:5-dialkoxy 
derivatives have been isolated in addition 
to (III) by Kehrmann/ Chloranil reacts 
with potassium phenate in aqueous 
medium to give 2:5-dichloro 3:6-diphen-
oxy-p-benzoquinone (III, R=Ph)J With 
excess of potassium phenate, tetraphen-
oxy-p-benzoquinone results. (Ill, R=Ph) 
is a very interesting intermediate, for in 
its reactions with pyridine, alkali, and 
sodio-derivatives of compounds contain­
ing a reactive methylene group, it gives 
the same reaction products as those ob­
tained from (I). The phenoxy groups are 
thus prekcentially pephced leaving the 
chlorine atoms unaffected. Since chlora­
nil also gives the same reaction products 
as (III, R=Ph), the substituent groups 
in the above reactions with (I) are at­
tached to the 2:5-positions in the quin-
one nucleous. Aliphatic and aromatic 
thiols react with (I) to give tetraitwalkyi-
or tetra/rmryl-p-benzoquinones (IV)*,'. 

5K 

(Hi) ( i v ) 

R=AlkyI or aryl group 
Chloranil forms addition compounds 

with a large number of organic com­
pounds like phenylhydrazone, diphenyl-
amine, pyrrole, indole, carbazole, etc. 
With hydroquinone, it forms a quin-
hydrone (V). Addition compounds from 

naphthalene, acenaphthene, durene etc. 
have also been described.* 
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( y ) iSD) 
R=Alkyl or aryl group 

Aliphatic and aromatic primary 
amines react with (I) to give 2:5-dial-
kylamino or diarylamino-3:6-dichloro-
p-benzoquinone (Vl).̂  The reaction be­
tween (I) and amines is of great technical 
importance in the synthesis of oxazine 
and thiazine dyes. The utilisation of (I) 
as a dye intermediate will be discussed 
later. 

Chloranil reacts with sodio derivatives 
of compounds containing a reactive me­
thylene group such as, ethyl acetoacetate, 
diethyl malonate, acetylacetone etc. to 
give compounds of the type (VII)." 
However, when the condensation between 
(I) and compounds containing a reactive 
methylene group is carried out in pyridine, 
5:11 -substituted benzo-(l: 2-b, 4:5-b')-
dipyrrocoline-6:12-quinone (VIII) and 
5:7-substituted benzo-(l: 2-b, 5:4-b')-
dipyrrocoline-6:12-quinone . (IX) are 
formed which are useful "as vat dyes." 
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R=COOEt, COCH3, COPh etc. 
R̂  - COOEt, COCH,, COPh etc. 
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Interaction of chloranil and excess of water-soluble betaine (XI). With equi-
pyridine gives a pyridinium complex (X) molar quantities of (I) and pyridine the 
which on treatment with water yields the mono-betaine (XII) is obtained.'^ 

« ) C3) (130 
Chloranil reacts with ara'azo-i^obuty- formation of the above is explained on 

ronitrile in chlorobenzene at 100° to give the basis of the formation of dimethyl 
a mixture of (XIID and (XIV). The cyanomethyl radical." 
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Being a p-benzoquinone derivative, CI) methylene-9-anthranol, (XVI), (XVII) 
takes part in Diels-Alder reaction. With and (XVII) are formed.'̂  
anthracene, it gives (XV) and with 10-
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ClL12^) 

from (I) and arylamines are mordant 
dyes for wool. The arylamines used con­
tain carboxylic and hydroxyl groups as 
in p-aminosalicylic acid, o-aminosali-
cylic acid, 4-amino-2-naphthol-3-carboxy-
lic acid etc. Mordant dyes for wool are 
obtained by treating (I) with sodium sul­
phide, sodium thiosulphate or potassium 
thiocyanate and condensing the resulting 
product with 4-aminodiethylaniline-thio-
sulphonic acid. 

Cyclopentadiene reacts with (I) to give 
(XIX). The synthesis of 2:3dichloro-
1-4-naphthoquinone from (I) and buta­
diene has recently been investigated by 
Gaertner." 

The utilisation of (I) as a polymerisa­
tion inhibitor has been recently investi­
gated. (I) can be used with advantage for 
the polymerisation of methyl acrylate, 
vinyl chloride, isoprene etc. With styr-
rene (1) forms a copolymer in presence 
of benzoyl peroxide. The use of chlora-
nil for cold mastication of rubber has 
recently been suggested. The tensile 
strength of plasticised cellulose ethers 
can be greatly increased by admixture 
with chloranil. During the polymerisa­
tion of butadiene, the addition of (I) gives 
soft rubber. Thus in the synthetic rub­
ber and plastic industry chloranil is 
being increasingly used. 

Chloranil is also used as an agricul­
tural insecticide and antimildew agent in 
the United States, where it is marketed 
as " Sp^rgon ". 

Dyes derived from chloranil:— 

As already, mentioned, chloranil, is an 
important intermediate for the manu­
facture of̂  oxazine and thiazine 
dyes'', ^°. A few vat dyes are also 
knowji from chloranil. 

Some of the 2:5-diarylamino-3; 6-
dichioro-p-benzoquinones (VI) obtained 

Helindone Brown CV (XX), a vat dye 
for wool with exceptional fastness for 
light and milling, is obtained by treat­
ing (VI,R=Ph) with sodium hydrogen 
sulphide followed by oxidation. Heating 
(I), aniUne, sulphur and water at 165°, 
Helindone Khaki CR is obtained. 

Oxazine dyestuffs constitute the most 
important class of dyes from (I). Sirius 
Supra and Sirius Light colours include a 
few dyes derived from chloranil. These 
possess excellent light fastness. Sirius 
Supra Blue FFRL (XXI) is prepared 
from (I) and 3-amino-N-6thylcarbazole 
as shown below. 

Sirius Light Blue F3RL is obtained 
from (I) and 3-amino-carbazole. Other 
important dyes in this group are Sirius 
Light Blue F3GL (from chloranil and 1-
aminopyrene), Sirius Light Violet FFR 
(from chloranil and aminofluorene), 
Sirius Light Blue FF2GL (from chloranil 
and 4-aminodiphenylamine-2-sulph6nic 
acid) and Sirius Light Blue FFB (from 
chloranil and 4-chloro-4'- aminodipheny-
lamine-2'-sulphonic acid). 
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Sul^hovvQ^- icv^ 

(XXI ) 

Unsymetrical dioxazine dyes of the type ( X X i l ) are also known. 

(ITyTiT) 

A French patent^' describes the syn- acids and cyclising the resulting product 
.thesis of dyes of the type (XXIII) by to the dioxazine followed by condensa-
condensing (I) with arylamine carboxylic tion with aminoanthraquinones. 

0 Ci : o 
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Synthesis of sulphur dyes from (I) has oxazine (XXIV), obtained from chlor-
also been described. Immedial Bordeaux anil and 3'-nitro-4-benzamidoaniline. 

• 3BL is prepared by the thionation of the 

-CONH 
^v\'<^i 

(xjuy) ^ y y V ") 

Thionation of (XXV) gives Immedial from (I). Indanthrene Printing Blue 3R 
New Blue 5R. (XXVI), the most important vat printing 

colour in this series is prepared as 
Several thiazine dyes are also prepared shown below. 

cl 

:JKlO»v'»•t'P'̂  

(xxvi) 

2-Mercapto-p-toludine and (I) react to- thiazine obtained from (I) and 2-mer-
gether to give the thiazine (XXVII), capto-p-phenitidine, is obtained Imme-
which on thionation gives Immedial Red dial Red Brown CL4B. 
Brown CL3R. Similarly from the 

'3-V.5V0 
Cl 
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Chloranil has been employed in the 
elucidation of the constitution of Hydron 
Blue, an important sulphurised vat dye 
obtained from carbazole indopheloP^ 

Recently, the synthesis of vat dyes by 

the condensation of chloranil with 'J.-
and /3-naphthols and their derivatives 
has been undertaken. Condensation of 
(I) with a-naphthol and ;S-haphthol gives 
(XXVIII) and (XXIX) respectively." 

V 

CX XV (I!) (f X X ^ ^ ) 

The synthesis of substituted benzodi-
pyrrocolinequinones from (I), com­
pounds containing a reactive methylene 
group and pyridine has already been re­
ferred to earlier.'" Some of these dye at­
tractive shades on cotton as vat dyes. 
References : 

1. F I A T , 1313 Vol. I, 78. 
2. U.S. Patent, 2,422,089 (1947). 
3. Beilstein Organische Chemie, 7, 636 

(1925)-
4. Arnold et al., J. Am. Chem. Soc, 61 , 

1407 (1940), 
5. Barclay and Campbell, J.Chem.Soc, 

530 (i945)-
6. Kehrmann, J.pr.Chem., (2), 40, 368 

(1889), (2), 43, 260 (1891). . 
7. Jackson and Grindley, Am.Chem.J., 

. 17. 595 (1895). 
8. Grindley and Sammis, ibid., 19, 290 

(i89f)". 

9. Blackball and Thomson, J.Chem.Soc, 

" 3 8 (1954)-

10. Tilak and Venkiteswaran, J.Sci.Ind. 
Res., 15B, 561 (1956). 

11. "Schonberg and Ismail, J.Chem.Soc, 
1374 (1940). 

12. Bickels and Waters, ibid.-, 1764 
(1950). 

13. Clar, Ber., 64, 1676 (1931) ; 69, 1686 
(1936). 

14. Gaertner, J.Am.Chem.Soc, 76, 6150 
(1954)-

15. Venkataraman, "Chemistry of Syn­
thetic Dyes" (Acadamic Press, New-
York), 785-91, 1072, 1094, 1104-05, 
(1952). 

16. Lubs, " Chemistry of Synthetic Dyes 
and Pigments" (Reinhold Publishing 
Corpn., New York), 289-91, 330, 

(1955)-
17. French Patent, 789,805 (1935). 
18. Fierz-David, et al., J.Scc.Dyers and 

Cclourists, 51, 50 (1935). 
19. Tilak and Venkiteswaran, Unpublish­

ed work. 




