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Ah&act-The main features of the peroxidation of 4-chlotottniline are the production of 2-amino-S- 
(4cbloroenilino-)beazoquiaone_di_4chloro in high yield and the elimination of chloride ion. Two 
intermediates, (N-(echlorophcnyt-)pphenylenbdiaminc and 4-chloro-N’+-chlorophenyl-)o-phenykne- 
diamine), have been proposed; and it has been shown that whik the former may be an intermediate the 
latter is not : the latter gives rise to 2-amino_Echlorobenzoquinonedi~hloroanil a compound which we 
have detected in the 4-chloroantie oxidation producta This compound is stable to the conditions of 
oxidation and is not the precursor of the main oxidation ptiuct. 

The relative yields of the oxidation products have been shown to depend on the initial concentration of 
4-chloroaniline. 

DAMELS and Saunders1 recorded the major products of the oxidation of Qchloro- 
aniline by peroxidase-hydrogen peroxide as : Z-amino-5-(4-chloroanilino-)benzo- 

(I); tetra+chloroazophenine 4,4’-dichloroazobcnzene 
and chloride 

It was that chloride is produced amount approximately to 
that required for formation of from four of Q-chloro- 

In order elucidate the of the it is to determine 
which stage the production I elimination chloride ion place. Two 

primary intermediates been considered; N-(4_chlorophenyl-)p 
phenylenediamine produced from molecules of with the 

of hydrogen and 4-chloro-N2-(4-chlorophenyl-)henylenedi- 
amine (V) produced by oxidative coupling of two molecules of 4-chloroaniline. 

We have shown that addition of IV to the initial solution of 4-chloroaniline results 
in increased yield of I, and diminution of the chloride ion concentration. These 
results correspond quantitatively to the consumption of IV to produce I by oxidative 
coupling with two molecules of 4-chloroaniline. The action of peroxidase-hydrogen 
peroxide on IV alone gives an intractable black solid which is not produced when 
4-chloroaniline is present. The addition of IV to the oxidation of 4-chloroaniline does 
not produce a significant quantity of any compound which is absent from the oxida- 
tion products of 4-chloroaniline. It therefore seems probable that IV is an inter- 
mediate in the oxidation. 

Addition of V to the initial solution of 4chloroaniline results in the production 
of 2-amino-5-chlorobenzoquinone-di4chloroanil (VI), compound which have 
detected the oxidation of I-chloroaniline. presence of increases 

* XVII. Temhcdrm (1967). 
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the yield of VI, diminishes that of I and considerably reduces the chloride ion concen- 
tration. These results correspond quantitatively to the consumption of V to produce 
VI by oxidative coupling with a molecule of 4-chloroaniline. The action of pcroxidase- 
hydrogen peroxide on V alone gives an intractable black solid which is not produced 
when 4-chloroaniline is present, The addition of V to the oxidation of 4-chloroaniline 
does not produce a significant quantity of any compound which is absent from the 
oxidation products of 4-chloroanilinc. Further experiments have shown that VI is 
stable to the conditions of the oxidation; it does not undergo Michael addition with 
4-chloroaniline at the S-position followed by chloride ion -elimination to give 1. 
It therefore appears that V is not an intermediate in the production of I but is respon- 
sible for the production of VI. 

There is no evidence that V is produced by an ortho-semidine rearrangement of 
4,4’-dichtorohydrazobenzene, the assumed precursor of III in the oxidation. We have 
shown that under the conditions of the oxidation 4,4’dichlorohydrazobenzene is 
converted exclusively to III. 

Another feature of the reaction is the dependence of the yields of I and VI on the 
initial amine concentration. Experiments carried out on solutions of 4-chloroaniline 
in which the amine concentration has ranged from 1 mM to 40 mM (saturated at 
PI-I 45) have shown that the percentage by weight of VI in the oxidation product 
falls while that of I increases as the amine concentration is increased. At 1 mM each 
is present to the extent of 25”/, while at 40 mM the oxidation product contains 
0.5 % of VI and 85% of I. Attack by 4-chloroaniline on the 4-position of the initially 
formed intermediate followed by chloride ion elimination to give IV is favoured by 
increasing amine concentration. A similar effect has recently been observed in the 
peroxidation of ptoluidine.’ 

V is also produced by the action of lead dioxide-acetic acid on cl-chloroaniline. 
Oxidation under these conditions does not give rise to I, nor to any chloride ion 
elimination. 

EXPERIMENTAL 

Mot&& Md equfpmmt. All oxidations wen car&d out us& a purilied homa-radish peroxidw 
(RZ - Q3), rupplial by Seravac Laboratoria Ltd, and 20 volume HtOp AU chtomotogmphy was 
carried out on alumina. TLC was carrial out on alumina ‘0’ rupplied by E Merck AC3, using 25 % henzena 
in light petroleum (b.p. So-800) as eluent. 

Oxidation qfa mixzure qf4-chioruanUfne and N-(2_chlorophmyl-)~~~ny~ed~~~ (IV) 
Compound IV was preparod as deucribod by MI. Farbcnindwltria AO,j m.p. 69” (lit. 71”). (Found: 

C, 655; Ii, 5.1; N, 13.1. CaIc. for C,lH,,CINa: C, 65.9; H, 5.1; N, 12+8%,) NMR and mass spectra con- 
sistent with the structure of IV. N’-Benroy de&-&e m.p. 1%“. (Found: C, 714; H, 4+9. C,,H,,CIN1O 
requims: C!, 70-7; H, 47%.) 

HIOI (1 ml) and peroxidase (1.5 mg) wen added to a soin of 4-chloroanilinc (@639 g) and IV (0109 I) 
in 1M acetate buffer (SO ml). A rod-brown colouration was observed and after 5 min the additions of 
porioxidasc and HtOi were repeated. After 3 hr tho red-brown pp? which had formed was filtarod On, 
washed and dried (@577 g). A parallel experiment containing no IV also gave a r&-brown solid (Q531 g). 
The ppts obtained from the filtrates by treatment with silver nitrate and HNOs consrponded to O-7 and 
l-1 mg equivelents of chloride ion respectively. Chromatograpbic separation of the oxidation products 
showed that in both cases the product contained 85:; by weight of I. 

Oxtdatbn of a mixture oJ4-chkoanlllne and echloro-N’-(echlorophmny~-)o_phcny~8~d~~ (V) 
During4 hr the followitq additions wcm made with stirring to 1M acetate buffor (SO ml, pH &fZ, 
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(a) 4-Chioroanilinc (41 mg) and compound V (82 mg, prepared as described by Wilbcrg f off-white 
necdlsr, mp. 90“ (lit. 91”)) in diI AcOH (loo/, 10 ml). 

(b) HtOt (1 ml) every f hr. 
(c) peroxidaw: (1 mg) every 2 hr. 

A red-purple colour appeared on addition of the enzyme and after 1) hr a red-brown ppt formed. After 
allowinS to stand overnight thi8 wu _Mtarcd off, wa8hsd and dried (117 mg). The pale pink tiltnto gave a 
negative reaction with per&idaehydrogen poroxide and contained 8 pg aquivts of chloride ion, A 
parallel ax~ent in whidr V w8s lot introduced gxvc rixc to 80 pg uquivta of chloride ion in the filtrate. 
Chromatognphic separation of the oxidation products showed that the product of the former experiment 
contained 40% by wt of VI and 10% of I, and that from tbc latta experiment CM% of VI and 85% of 1. 
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Preparatfon of empound VI by the oxfdatton of 4-chloroanflfnc 
(a) Wfth geroxfda.~-H~O~ The oxidation products were obt&nsd according to the method of Deni& 

and Saunders.’ The behaviour on TLC was: Compound I, brown, @ 0.3 ; II, roddirh-purple, C+7 ; IIt 
yellow, 10. The filtered solid from the oxidation gave in addition the following cpotr: red, 1pfO.25; black, 0. 
The solid (0.1 g) wan subjected to preparative TLC and the band at lifOQ5 extracted to give a red solid, 
(@S mg) m.p. and mixed m.p. with authentic aample of 2-amf~S-chlorobm~f~~f~~o~~ 
(VI), 208” (dec). A mixtun of the solid with authentic VI could not be separated on TLC. 

(b) Wtth lead dfoxfdc-acetfc acti, 4-Chloroaniline (5 g) waIs dissolved in ether (120 ml) and glacial 
AcOH ( 10 ml). l%e eoln waa stirred under reflux and PbOt (AR,, 25 0) waa added in rmall portions over 15 
min. The mixture was heated for 2 hr, and a deep rod colour developed. The ruepension wax filtered to 
remove lead salts; and the filtrate wu shaken with Na,COsaq to remove AcOH and washed with water. 
The ether layer waa dried (Na,SOJ and the ether evaporated A deep brown solid (40 0) wee obtained 

This solid (la g) was chromatographd using 1: 1 Chf:light petroleum (b.p. 60-80”) and the following 
bands wen eluted: 

(a) A fast runaing yellow band; evaporated to a yellow solid (0+35 0) which W~II recrystallized (n-hexane); 
m.p. and mixed m.p. with 4,4’dichloroaxob 186” (lit. 188”). 

(b) A slower running red band; on partial evaporation and standing deposited red needles of 2-amkeS- 
ch&roknxoqulnontdt-4-chloroanff (O-19 g, 15 %) m-p. 210” (dec). (Found: C, 57.3 ; H, 39; N, 11.3. 
CIIHIICISN, requires: C, 57-4; H, 3.2; N, 11.2%) Mats rpectrum: m/e 382, (% of bese poalc 5); 381,(5); 
380x32); 379@4); 378X87); 377d25); 376,(100); 375x9); 374x15); 343x10); 342,(10); 341x8); 340,(7); 307,(8); 
306,(6); 305,(B). M (Cl - 35) : 375. IR spectrum, (Nujol) &owed prominent ban&, at 3420,33W, 1625,1585, 
1560,1300,1240,1222,1201,1165,1104,1087,1007,887,880,847,805, 697,689cm’‘. A quantity of Pow 
running tarry material was aloo obtained. 

Analysis of the solid oxidation product on TLC showed that I was not produced, and the aqueous 
extract from the reaction mixture contained no chloride ion. 
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