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Handytic Arcvnix~t.ic S&t&utim. Part l X . *  Competitive Experiments 
on the Aryhtion of Chlorobenxene and Nitrobenzene with p-Chloro- 
pheuyl Micah. 

By J. I. G. CADOGAN. ID. €3. HEY, and G-U~ETB H. WILLIAMS. 
[peprint Order h'o. 5953.1 

Competitive experiments have been carried out  on the action of $-chloro- 
phenyl radicals derived from 9-chlorobenzoyl peroxide on mixtures of nitro- 
benzene with chlorobenzene and benzene. The relative rate ratios derived 
therefrom are lower than the corresponding ratios previously obtained with 
phenyl radicals. This is considered to  be due to the electrophilic character 
which is mferred on the p-chlorophenyl racfical by the inductive effect of the 
chlorine atom. 

Is Parts I-VIII (J., 195,2892 ; 1952,2094 ; 1053,44,3412 ; 1954,794,2747,3353; 195.5, 6) 
the determination of the effects of substituent atoms or groups on the course of the 
homolytic phenylation of a number of aromatic compounds was reported. The method 
employed was the measurement of partial rate factors, which express the rate of substitution 
at  the positions concerned relative to the rate of substitution at one position in unsub- 
stituted benzene, for the various nuclear positions at which phenylation is possible. The 
present communication is concerned with the effect of a substituent, chlorine, in the 
attacking radical, on the nuclear substitution. Di-Cp-chlorobenzoyl) peroxide was used 
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as the source of p-chlorophenyl radicals. This substance has been used for the aryl- 
ation of pyridine, 2- and 4-fi-chlorophenylpyridine being produced, by Hey and Walker 
(J., 1948, 2213). This, and many other examples of aromatic arylation reactions with 
substituted radicals which have been reported, have demonstrated that substituted radicals 
behave similarly to phenyl radicals. Hey, Nechvatal, and Robinson (Part I, ZOC. cit.) showed 
that this similarity was supported in a quantitative sense when they demonstrated that the 
percentage of meta-substitution in nitrobenzene was unaffected by the introduction of 
bromo- and methyl substituents into the para-position of the substituting phenyl radical. 
On the other hand, De Tar and Kazimi (Amer. Chem. SOC., Abs. 122nd Meeting, 1952, 
49M) have shown that the amount of meta-substitution in nitrobenzene is increased on using 
m- and j5-nitrophenyl, in place of phenyl, radicals. In addition, Dannley and Sternfeld 
( J .  Amer. Chem. SOC., 1954,76,4543) have shown that there was a marked decrease in the 
extent of attack on the side chain of benzotrichloride, and a marked increase in the amount 
of the meta-isomeride resulting from nuclear arylation of this compound when &-@I- 
chlorobenzoyl) peroxide was used in place of benzoyl peroxide. Even more marked effects 
in the same sense were observed when di-(jmitrobenzoyl) peroxide was used as the source 
of radicals. Shamura  and Migita (Bull. Chem. SOC. Japan, 1954, 27, 228) have reported, 
from semi-quantitative measurements of the ratios of isomerides obtained in the reactions 
of N-nitrosoaceto-P-anisidide and N-nitrosoacetanilide with nitrobenzene, that the mixture 
obtained from the former reagent contains less of the metn-isomeride than that obtained 
from the latter. Up to the present no measurements of relative rates of substitution with 
substituted phenyl radicals have been reported, although such measurements are easier 
from a practical viewpoint, and yield as much information as measurements of ratios of 
isomerides. The determination of the rates of substitution, with 9-chlorophenyl radicals, 
of nitrobenzene relative to chlorobenzene and benzene is therefore now reported. 

EXPERIMENTAL METHODS AND RESULTS 
Divect Determination of 'ysK.--Experiments 1 and 2 were carried out with di-(p-chloro- 

benzoyl) peroxide (8 g.) in an equimolar mixture (200 ml.) of nitrobenzene and chlorobenzene. 
The reactions were allowed to proceed in a thermostat at 80" for 72 hr. The isolation and 
analysis of the mixed diphenyls were carried out by the standard procedure (Part 11, Zoc. cit.). 
In the final distillation fore-runs were collected, consisting of mixed fractions containing the last 
traces of nitrobenzene (the higher-boiling solvent) and the first traces of dichlorodiphenyls. 
The fore-runs were analysed by the micro-Carius method, and a correction in terms of dichloro- 
diphenyls was applied to the composition of the diaryl fraction. A fraction taken immediately 
before the fore-run proved to consist entirely of nitrobenzene, showing that neither the fore-run 
nor the diaryl fraction was contaminated with residual chlorobenzene, and that the whole of 
the dichlorodiphenyls formed was contained in the diaryl fraction and the fore-run. The 
absence of chloronitrodiphenyls from the fore-runs is inferred from the observation that these 
compounds did not distil until a temperature 50" above that a t  which the fore-runs were collected 
had been reached. The high-boiling residue (0-2 g.) left after the distillation was of negligible 
iduence. The results are given in Table 1. 

TABLE 1. 
Expt. no. 

Diary1 fraction (g.) (b. p. 55-130°/0-1 mm.) .............................. 
Nitrodiaryls (%) .................................................................. 
Fore-run (g.) (b. p. 41-55°/0.1 mm.) ....................................... 
Chlorine in fore-run ( Y L )  ......................................................... 
Dichlorodiphenyls in fore-run (g.) ............................................. 
Corr. wt. of diaryl fraction (g. )  ................................................ 
Nitrodiaryls, con. (%) ............................................................ 
'TZ, K ................................................................................. 
(P-ClC,H,CO,), accounted for (%) .......................................... 
P-Cl*C,H,*CO,H (g.) ............................................................... 

Hence, PhpNhK = 1-49 

1 

63-01 

10-2 

4-308 

0.304 

0.098 
4.406 

61-61 
1.53 
3-72 

84.0 

2 
4-420 

60.27 
0-558 
0.00 
0.000 
4-420 

60.27 
1.45 
3.73 

85-0 

Direct Determination of Phg%K.-It was reported in Part I1 (Zoc. cit.) that the direct deter- 
mination of this ratio for phenylation was rendered extremely difficult by the high volatility of 
diphenyl, which gave rise to considerable losses of diphenyl in the nitrobenzene fraction during 
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the final distillation. This difficulty does not arise in the present determination, when p -  
chlorophenyl radicals are used in place of phenyl radicals, since khlorodiphenyl is considerably 
less volatile than diphenyl, and the necessary separation is therefore easily accomplished. A 
correction for the slight loss of kchlorodiphenyl which occurs in this way is made possible by the 
analysis of foreruns. 

Expts. 3 and 4 were carried out with di-(9-chlorobenzoyl) peroxide (8 g.), which was allowed 
to decompose for 72 hr. in a thermosat at 80" in an equimolar mixture (200 ml.) of nitrobenzene 
and benzene. The isolation and analysis of the diaryl fraction were carried out by the standard 
procedure. Fore-runs were taken, and the necessary corrections to the composition of the 
diaryl fractions were made. Fractions taken immediately before the fore-runs proved to 
consist entirely of nitrobenzene. Once again, the small amount (0.2 g.) of high-boiling material 
left after the distillation was of negligible influence. The results are given in Table 2. 

TABLE 2. 
Expt. no. 3 

Diary1 fraction (g.) (b. p. 55-130"/0~1 mm.) .............................. 3.543 
Nitrodiaryls (%) .................................................................. 72.97 
Fore-run (g.) (b. p. 41--55"/0-1 mm.) ....................................... 4.286 
Chlorine in fore-run (yo) .......................................................... 1-69 
Chlorodiphenyls in fore-run (g.) ................................................ 0.364 
Corr. wt. of diaryl fractions (g.) ................................................ 3-907 
Nitrodiaryls, corr. (%) ............................................................ 66-18 

................................................................................. 1.50 
P-Cl*C,H,.CO,H (g.) ............................................................... 3-70 
(p-Cl*C,H,.C0,)2 accounted for (",) .......................................... 83.0 

Hence, Ph:2gK = 1.53 

4 
3-705 

71.24 
3-501 
1-30 
0-234 
3.939 

67.01 
1.55 
3-71 

82-5 

Preparatiopz of Reagents.-Benzene, chlorobenzene, and nitrobenzene were purified according 
Di-(p-chlorobenzoyl) peroxide was prepared 

The product was purified 
to the procedures described in Part I1 (Zoc. c i t . ) .  
fromp-chlorobenzoyl chloride by Hey and Walker's method (Zoc. cit.). 
by recrystallisation to constant m. p. [138O (decomp.)] from chloroform-methanol. 

DISCUSSIOX 
Thc results of the above experiments on homolytic p-chlorophenylation, in comparison 

with the corresponding figures for phenylation (Part 11, loc. cit.), are : 
PhNOaK PhN&K 

PhCl PhH PhCl PhH 
P h X O z K  PhNOzh7 

Plienylation ............... 3-78 4.0 Decrease (:;) ............... 46-0 61.5 
p-Cldorophenylation ...... 1-49 1-53 

It is apparent that the relative rate ratios in both cases have decreased significantly 
on replacement of the phenyl by the 9-chlorophenyl radical, the decrease being greater in 
the nitrobenzene-benzene competitive experiments. In  order to interpret this result it 
is necessary to consider the corresponding rate ratios for electrophilic substitution. 
Although 'Y,K has not been determined directly for nitration, it has been established 
that the rate ratio is very small compared with Z G K  and, further, that both ratios are 
very much less than unity. On the other hand, these relative rate ratios for phenylation 
are somewhat greater than unity, and are more nearly equal. 

The results of the experiments with 9-chlorophenyl radicals suggest that the inductive 
(-1) effect of the chlorine atom results in the withdrawal of electrons from the ring, thus 
reducing the probability of localisation of a single electron a t  the $am-position in the 
radical. The p-chlorophenyl radical thus assumes some measure of electrophilic character. 
The extent to which this process takes place is uncertain, but it is predictable that a com- 
parison of the phenyl radical with the 9-chlorophenyl radical should reveal differences in 
behaviour derived from such an effect. This is the explanation of the decrease in the rate 
ratios for 9-chlorophenylation when compared with phenylation. Moreover, a greater 
decrease would be expected in the value of 'y;gK than in that of mn%K on using a 
P-chlorophenyl radical in place of a phenyl radical, since, for electrophilic substitution 
(nitration), ' Z z K  is much greater than Y s K ,  nitrobenzene being deactivated to a 
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very much greater extent than chlorobenzene. The experimental observations are in 
accord with this requirement. Polar effects of a similar nature have been observed by 
Kooyman, van Helden, and Bickel (PYOC. k. ned. Akad. Wetenschap., 1953, B, 56, 75) on 
the rate of removal of hydrogen atoms from the methyl group of substituted toluenes by the 
strongly electronegative radicals Br* and (CH,*CO),N-, and by van Helden and Kooyman 
(Rec. Trav. chim., 1954, 73, 269) on the atomic chlorination of substituted toluenes and 
some aliphatic compounds. 

These conclusions, if correct, therefore adumbrate the concept of a whole series of free 
radical reagents of varying electrophilic or nucleophilic character, since the presence of 
an electron-repelling group in a phenyl radical should confer a measure of nucleophilic 
character on the radical. The phenyl radical itself is regarded as unique in being 
the only reagent for aromatic substitution so far investigated in which polar influences 
are absent, since there is no reason to postulate any polarisation of this radical. The 
polar influences of the directing groups do not therefore play a part in determining the course 
of reaction, which is governed only by the factors discussed in previous papers of this series, 
and by Hey and Williams (Discuss. Faraday SOC., 1953, 14, 216). 

In addition to the alteration of relative rates of substitution, the assumption of electro- 
philic or nucleophilic character on the part of the substituting radical would be expected 
to  give rise to the formation of different proportions of the ortho-, meta-, and para-isomerides 
from those which are formed in the phenylation reaction. Such an effect has been reported 
by Dannley and Sternfeld (Zoc. cit.) in the 9-chlorophenylation of bemotrichloride, and 
interpreted by these workers in a manner similar to that which we have outlined. Further 
work on these lines with 9-chlorophenyl and other substituted radicals is now in progress. 
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