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Abstract—The processes of indirect cathodic amination of para, ortho, and meta-chloroanilines by means of
the Ti(IV)–NH2OH system in aqueous solutions of 9–17 M sulfuric acid are studied. The efficiency and regi-
oselectivity of radical cation substitution increase with the increase in electrolyte acidity and temperature.
Functionalization of para-chloroaniline in 17 М H2SO4 produces 4-chloro-1,3-phenylenediamine with the
mass fraction of 99.7%. Its yield corresponding to the complete conversion of hydroxylamine is 91%. The
only side product of amination is para-phenylidenediamine.
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INTRODUCTION
Amination of aromatic substrates with the use of

hydroxylamine and the Ti(IV)/Ti(III) mediator sys-
tem produces the corresponding mono and/or
diamino compounds [1, 2]. The isomeric composition
and the yields of phenylenediamines depend on the
sulfuric acid concentration and the nature of substitu-
ent in the aromatic ring. The latter factors probably
determine the relative content of molecular associates
ArNH2 ⋅ , ion pairs , , and cations

 in the catholyte [3–8]. In associates, the aro-
matic rings are activated with respect to electrophilic
reagents. In ion pairs, due to the action of hydrosulfate
ions, the effect of ammonium groups is limited by the
field effect [9] and the rings are deactivated in the
lesser extent than in cations. In associates and cations,
the amino and ammonium groups, respectively, are
responsible for orientation of substitution [10],
whereas in ion pairs, it is the substituent which is the
responsible, except for deativated positions in the aro-
matic ring (in the ,  ion pair, the para-
and meta-positions are probably virtually equivalent
for the attack of an amino radical cation).

Functionalization of anisole, a substrate activated
with respect to amino radical cations, produces virtu-
ally the only substitution product—4-methoxy-1,3-

phenylenediamine [5], which allows its highly selec-
tive synthesis to be carried out from para- and ortho-
anisidines [8]. At the same time, the amination of
chlorobenzene, i.e., a deactivated compound, pro-
duces all isomeric chlorophenylenediamines except
for 5-chloro-1,3-isomer [7]. This is explained by the
fact that whereas anisidines in sulfuric acid solutions
are in fact present only in the form of cations bound
and partly unbound into ion pairs [3, 5, 8], the chloro-
anilines are present also as molecular associates [7],
because the chlorine atom that pulls the electron den-
sity away from the ring in isomeric chloroanilinium
makes easier the abstraction of a proton from the
ammonium group by a sulfate ion.

Although the amination produces five isomeric
chlorophenylenediamines, the analysis of their distri-
bution as a function of sulfuric acid concentration [7]
and the results of the trial electrolysis in the system
Ti(IV)–NH2OH–п-ClC6H4NH2 [3] point to the pos-
sibility of selective synthesis of one isomer, namely,
4-chloro-1,3-phenylenediamine (4-Cl-1,3-PDA),
which can be used, for example, in the synthesis of
heat-resistant, fireproof, highly lasting fibers, films,
and varnishes [11]. In this study we investigated the
processes of amination of para, ortho, and meta-chlo-
roanilines with the aim of finding the conditions that
would favor the formation 4-Cl-1,3-PDA and obtain-
ing the data that would confirm the correctness of
interpretation of our earlier results on chlorobenzene
amination [7].

1 Published on the basis of materials of the XIX All-Russian Confer-
ence “Electrochemistry of Organic Compounds” (EKHOS-2018)
(with international participation), Novocherkassk, 2018.
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