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ABSTRACT. Rates and isomer distribution for the transformation of four N-chioramines
to the nuclear substituted chloroanilides have been studied in acctic acid (99% v/v).
containing hydrochloric acid or toluenc-p-sulphonic acid as promoters of the change.
The reaction was found to be first order with respecet to toluene-p-sulphonic acid and
also first order with respect to N-chlorocompound. The effect of hydrochloric acid
concentration has also been studied and an explanation is put forward to account for
the details of the course ol the reaction.

In our previous paper (Sirag et al.) the kinetics and activation energy for the
rearrangement of some N-chloramines to the corresponding nuclear substituted
anilides have been investigated under the influence of hydrochloric acid as a pro-
moter of the change. These results were in agreement with the results obtained by
other workers (Hughes and Ingold 1952, Abdel Rahman et al. 1970) for the rear-
rangement of N-chloramines. The accepted mechanism for these transformations
in the presence of hydrochloric acid involves formation of free molecular chlorine
and free anilide according to equation (1)

PhNCICOR + HCl — Cl, + PhANHCOR — C,H,CINHCOR + HCl (1)

Other workers (Atkins ef al. 1968, Coulson et al. 1967) studied the rearrangement
of N-chloroacetanilide under different free radical conditions and proposed mecha-
nisms to describe the course of the change in different conditions. They suggested
(i) autocatalysis of hydrogen chloride generated during the reaction, (ii) homolytic
reaction followed by faster heterolytic reaction catalysed by hydrogen chloride and
(iii) contribution to the overall reaction by hypochlorites.
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In the present paper, the rearrangement products of four N-chloramines (na-
mely N-chloro-N(4'-chlorobenzoyl)aniline (I); N-chloro-N(4'-chlorobenzoyl)-2,5-
dimethylaniline (II); N-chloro-N(4’-chlorobenzoyl)-2,4-dichloroaniline (111); and
N-chloro-N(4'-chlorobenzoyl)-2-chloroaniline (IV) were analysed quantitatively
and the results have been discussed in terms of substituent effect in reactivity and
orientation.

Experimental

a) Preparation and Purification of Material

The following compounds were prepared and purified by standard methods
described elsewhere (Vogel 1958, Effenberger and Gleiter 1964).

(i) 4-Chlorobenzoyl chloride was obtained as pale yellow liquid, b.p. 220°C
(lit. b.p. 220-222°C, Harris 1965).

(if) N-(4'-chlorobenzoyl) aniline was obtained as colourless needles, m.p. 194-
195°C (lit. m.p. 194-195°C, Harris 1965).

(iti) N-(4'-chlorobenzoyl)-2,5-dimethylaniline was obtained as colourless
needles, m.p. 160°C.

Mass specira: MIZ = 259, 261 (M¥); 139, 141 (CIC,H,-CO-); 120 (C¢Hs-
(CH,),»-NH-); 111, 113 (C,H,Cl).

Elemental analysis: Found: C, 69.09; H, 5.38%
CsH,, CINO requires: C, 69.36; H, 5.39%.

(iv) N-(4'-chlorobenzoyl)-2.4-dichloroaniline was obtained as colourless need-
les. m.p. 156-157°C (lit. m.p. 156-157°C, Effenberger and Gleiter 1964).

(v) N-(4'-chlorobenzoyl)-2-chloroaniline was obtained as colourless needles,
m.p. 129-130°C.

Mass spectra: M/Z. = 265, 267, 269 (M*); 104 (-C,H,CO-); 139, 141 (CI-C4H;-
CO-); 167 (-CH,-NH-CH,-).
b) Preparation of N-Chlorocompounds

N-chlorocompounds were prepared by the method described by Hickinbottom
(1968) and percentage active chlorine was determined iodometrically which was
100 percent active.

(i) N-Chloro-N-(4'-chlorobenzoyl) aniline was obtained as colourless needles,
m.p. 87-88°C (lit. m.p. 87-88°C).

(Found active chlorine, 13.31%; C;HyClLNO requires active chlorine 13.33%).
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(ii) N-Chloro-N-(4'-chlorobenzoyl)-2,5-dimethylaniline was obtained as co-
lourless needles, m.p. 202-205°C.

(Found active chlorine, 12.04%; C,;sH;;CLNO require active chlorine
12.06%).

(iii) N-Chloro-N-(4'-chlorobenzoyl)-2,4-dichloroaniline was obtained as col-
ourless needles, m.p. 104°C.

(Found active chlorine, 10.57%; C;;H,CI,NO requires active chlorine
10.59%).

(iv) N-Chloro-N-(4'-chlorobenzoyl)-2-chloroaniline was obtained as colourless
needles, m.p. 121-122°C.

(Found active chlorine, 11.80%; C,;HiCI;NO requires active chlorine,
11.80%).

¢) Method of Kinetic Measurement

All the reactions were carried out in a darkened flask. Measured quantities of
the reactants were thermostated in the water bath at 40°C unless mentioned other-
wise. The reaction was started by adding hydrochloric acid or toluene-p-sulphonic
acid. The aliquot (5 cm®) portions were withdrawn at definite time intervals and
quenched in the titration flask which contained 10 cm® of 10% potassium iodide
solution. The liberated iodine was determined by titration against sodium thiosul-
phate solution using starch as indicator.

Identification of Products

The products were identified under the same conditions chosen for the kinetic
measurements. The anilides which were obtained as reaction products, were hyd-
rolysed by boiling the anilide under reflux with 100 cm® of hydrochloric acid (2 M)
for about an hour. The products were extracted with diethyl ether, washed in turn
with water, sodium carbonate solution, water and dried over sodium sulphate. The
solvent was removed under reduced pressure and the remaining crude products
were dissolved in chloroform/petroleum ether (97 : 3 v/v). The chloroanilines were
analysed by thin layer chromatography and high performance liquid chromatog-
raphy by running reaction mixtures against authentic samples of the expected prod-
ucts.

1. Thin Layer Chromatography

The stationary phase was silica gel for chromatography with chloroform and
petroleum ether (97 : 3 v/v) as moving phase.
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Il. High Performance Liquid Chromatography

The chloroanilines were also confirmed by high performance liquid chromatog-
raphy using model Pye Unicam PU 4020 u.v. detector at 272 nm attached to PM
8251 recorder. The moving phase was chloroform/petroleum ether (97:3 v/v) with
flow rate 1.0 cm min~". The yields obtained are given in Table 1.

Table 1. The Quantitative Analysis of Rearrangement of N-Chloramines
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The acid part of the hydrolysis for all the reaction mixtures was identified as p-chlorobenzoic acid (m.p.

238-239°C; lit. m.p. 238-239°C).
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Results and Discussion

The progress of the reaction was observed by measuring the disappearance of
N-chlorocompound iodometrically. The concentration of N-chlorocompound was
varied from 0.01 to 0.05 M keeping other variables constant. The first order rate
constants have been calculated by applying the following equation:

2.303 a
k= —log -
: T
where a is the initial concentration of N-chlorocompound and (a — x) is its concen-
tration at time t. The values of k; as calculated at different times during a single
kinetic run were consistent.

The effect of concentration of hydrochloric acid was studied by changing its
concentration and keeping other variables constant. The results are given in Table
2. The plot of rate constant versus concentration of hydrochloric acid was a straight
line (Fig. 1). This shows first order dependence of rate on hydrochloric acid con-
centration. The reaction was also studied in the absence of chloride ions by using
toluene-p-sulphonic acid as promoter. Toluene-p-sulphonic acid is known to give
protons. The rate of reaction was observed at different toluene-p-sulphonic acid
concentration and keeping other variables constant. The plot of rate constant ver-
sus the concentration of toluene-p-sulphonic acid was a straight line passing
through origin (Fig. 2). This shows first order dependence of rate on toluene-p-sul-
phonic acid concentration and it also confirms that there is no reaction in the
absence of protons.

Table 2. Variation of rate with the variation of concentration of
hydrochloric acid

[N-chloro-N-(4'-chlorobenzoyl)-2-chloroaniline] = 2.00 x 107> M
Acetic acid, 99% v/v; Temp, 40°C

[HCI] x 10° k, X 10°
(M) (sec™)
1.00 1.11
1.50 1.68
1.80 2.00
2.00 2.2
5.00 5.55
10.00 11.10

20.00 22.20
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Fig. 1.

Variation of rate on hydrochloric acid concentration [[N-chloro-N-(4’-chlorobenzoyl)-2-aniline|
= 2.00 x 1072M Acetic acid, 9% v/v; Temp., 40°C].
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Fig. 2. Variation of rate on toluene-p-sulphonic acid concentration [ N-chloro-N-(4'-chlorobenzoyl)-2-
aniline] = 2.00 x 107’M; Acetic acid, 99% v/v; Temp., 40°C].
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In view of the above consideration, the probable mechanism of the rearrange-
ment of N-chlorocompound under the influence of hydrochloric acid is represented

in Scheme 1, and the probable mechanism of the change under the influence of
toluene-p-sulphonic acid is represented in Scheme 2.

Scheme 1.
H

CI-N-CO.CH,Cl Cl- N—CO CeH,Cl

e _ = @

(intermediate)

H-N-CO.C¢H,Cl
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(n

fast

Cl* + ClI” ——=Cl,

H-N-CO.C4H,Cl

H-N-CO.CsH,Cli H-N-CO.C4H,Cl
@ C12 @
Cl Cl

(ortho and para positions) (ortho and para positions)
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Scheme 2.
H
|
CI-N-CO.C4H,ClI CI-N*-CO.C4H,Cl
+H* — =
ky
(intermediate)
H-N-CO.C¢H,ClI
(intermediate) e .
+ CI*
(1T)
H-N-CO.C¢H,Cl H-N-CO.C¢H,Cl
+ CI* -
(ortho and para positions)
Rate of reaction = kj [intermediate] (2)

By applying the steady-state approximation for the concentration of intermediate,
we obtain equation (3)

k[ N-chlorocompound][H*]
k; + ks

Substituting the value of intermediate from equation (3) into equation (2), we get,
k,k3[N-chlorocompound][H*]

3

[intermediate] =

Rate of reaction = K, + K, (4)

or,

Rate of reaction = k’[N-chlorocompound][H*] (5)
k' = klk3




The Studies of Substituent Effect in Reactivity and ... 479

The equation (5) explains the order of reaction with respect to N-chlorocompound
and hydrogen ions.

The rate of rearrangement under the influence of hydrochloric acid is higher
than that brought about by toluene-p-sulphonic acid. The reason being that in case
of hydrochloric acid, in addition to the reaction of CI™ with compound (II) to give
the rearrangement products, there is a possibility of a reaction of molecular halo-
gen with compound (II), since molecular halogen can be formed by the union of
C1™ and Cl1™ from hydrochloric acid. On the other hand, in case of toluene-p-sul-
phonic acid clearly this can not be the case when no chiloride ion 1s present. This
is in agreement with rate values obtained for these transformations under the
influence of these acids.

The rate of rearrangement of different N-chlorocompounds are given in Table
3. They are in the following order:

CI-N-CO.C¢H,Cl  CI-N-CO.C¢H,C1  CI-N-CO.C,H,Cl  CI-N-CO.C,H,ClI

fegfoNofe;

Comparison of the rates of rearrangement of these N-chlorocompounds, given in
Table 3, clearly indicate that their order of basicity of the anilides, i.e., anilides
with electron releasing substituents rearrangement faster than those with electron
withdrawing substituents. The most reactive compound of the series has two elec-
tron donating (methyl groups) and the least reactive of the series has two electron
withdrawing substituents (chlorine atoms). This emphasises an electrophilic nature

Table 3. Variation of rate of rearrangement of N-chlorocompounds with varying the sub-
stituents

[N-chlorocompound] = 2.00 x 1072 M; [HCI] = 2.00 X 1072 M;
Acetic acid, 99% v/v

k; x 10* (sec™)

N-Chlorocompound 30°C 40°C 45°C 50°C 60°C
Compound I 1.89 3.7 5.50 7.24 14.10
Compound 11 3.71 7.58 11.00 15.50 29.60
Compound 111 0.73 1.43 2.27 3.09 5.82

Compound [V 1.1 2,22 3.34 4.45 8.70




480 Batoul Bashir Sirag et al.

of the reaction which confirms the attack of proton obtained from hydrochloric
acid or toluene-p-sulphonic acid on nitrogen of the N-chlorocompound shown in
the first step of the given schemes.

The quantitative isomer product distribution is given in Table 1. This clearly
shows that in isomer distribution the directive influence is governed by p-
chlorobenzamide group which is known to direct incoming substituents to the
ortho and para positions. Since this group is bulky, it is expected to exert mechan-
ical hinderance to substitution at a position ortho to it. Thus, the para isomer
predominates in all products identified for these rearrangements (Table 1). The
ortho substitution i1s decreased markedly when one of the ortho position is already
occupied by a methyl or chloride substituent (compound II and compound V).
However, in compound III there is only one free ortho position thus only 2.4,6-
trichloroaniline was obtained as a rearrangement product.

It can reasonably be concluded that the electron releasing substituent (like
methyl group) which avail electrons on the ring as well as on nitrogen as an exocyc-
lic atom facilitate the course of the reaction and the steric hinderance has a great
influence on isomer distribution.
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