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Abstract. p-Phenylenediamine was tetrazotized with sodium nitrite in an excess amount of
concentrated hydrochloric acid media at —10°C. It was also tetrazotized almost completely in 45%
perchloric acid media. The two diazo groups in the tetrazonium salt were substituted by halogen,.
and the degree of tetrazotization reaction was observed by dihalobenzene yielded.

The result of the tetrazotization was dependent upon the stability of the tetrazonium salt, and
the stability was determined by concentration and quantity of the acid media. In dilute acid
media the tetrazonium salt was unstable and completely decomposed. In concentrated acid media,
though the tetrazonium salt was stable, tetrazotization reaction was retarded. To harmonize the
two opposing tendencies it was advisable to find the optimum acidity of media at which the salt
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was fairly stable. About 40-459% of the acid media was suitable.

The fact that the H* ion behaved as a negative catalyst supported the assumption that the diazo-

tization reaction is primarily a reaction between the free amine and a nitroso group. The reaction

of tetrazotization is expressed with respect to the kinetics and mechanism of diazotization.

Introduction

Although the properties of diazonium salts
and the mechanism of diazotization were ex-
tensively investigated by many worker's, the
tetrazotization of aromatic diamines has been
in a difficult situation. In previous communi-
cations, there were many trials on the tetrazo-
tization of p-phenylenediamine and substituted
ones. The efforts, however, failed in the di-
azotization of the both amino groups. Griess!
found that it was impossible to convert p-phe-
nylenediaminobenzoic acid into the tetrazonium
compound. It has also been observed that ni-
trous acid converts only one of the amino
groups of p-phenylenediaminosulfonic acid® Si-
milar examples were shown by o-nitro-p-phe-
nylenediamine® and p-phenylenediaminoarsenic
acidt. Cain® and Morgan® have failed to give
a satisfactory explanation for the partial di-
azotization of p-phenylenediamines.

The earlier authors, including Schoutissen,
have explained the failure of tetrazotization by
normal method by saying that the basicity of
these substituted aromatic diamines are remar-
kably reduced by the introduction of a extre-
mely electronegative group, thus they do not
have sufficiently high electron density to form
an ammonium salt which, they thought, con-
tributes to the diazotization.

p-Phenylenediamine also has not been tetra-
zotized by normal method though it has no
substituents in the ring. Whereas the diazoti-
zation of one of the amino groups will not be

troublesome and proceed in dilute mineral acid
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in consequence of the relatively strong basic
property of p-phenylenediamine. This was also
interprted by Schoutissen to mean that the first
diazonium group being strongly electronegative,
it will reduce the basicity of the second amino
group in para position to a great extent, there-
fore diazotization of the second amino group
will not be expected. Then, he emphasized to
use high concentration of mineral acid media
to form a sufficient amine salt which contributes
to the diazotization.

The authors found that the above explanation
was not correct and the failure was due to the
stability of the tetrazonium salt, which was
stable only in the high acidity. Although tetra-
zonium salt was stable at high acidity of the
media, the formatiom of the salt was retaded
rather than accelerated.

Schoutissen succeeded in the “diazotization of
very weakly basic amines”™ and the “tertazoti-
zation of p-phenylenediamines™ in the media
of concentrated phosphoric acid, using nitrosyl
sulfuric acid as diazotizing agent. However,
he could not tetrazotize p-phenyenediamine in
strong mineral acid which he recommended to
use. We found that his method was inconve-
nient by high viscosity of concentrated phos-
phoric acid and that the yield was not so
excellent as he reported.

Tetrazotization of p-phenylenediamine was
also tried by Belov and Kozlov® in the media
of organic acids, including formic, acetic, tri-
chloroacetic, tartaric, and oxalic acid. They
found from the experiments that tetrazotization
of p-phenylenediamine in dilute RCOOH led ta
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in concentrated
solutions bis (diazo) compound was formed;

monodiazo compound, and

however, in the latter cases quinone formation
interfered with the reaction and this effect
increased with weakening of the acid strength
of the RCOOH used.

Since the works of Schoutissen, the tetrazo-
tization of p-phenylenediamine has hardly been
invesigated and overlooked and long-forgotten.
It is well-known fact that the aromatic mono-
amines are usually diazotized in strong mineral
acid. Nevertheless, p-phenylendeiamine has
never been tetrazotized in strong mineral acids.
Karl Schnitz-Spahn!?® found that the tetrazotiza-
tion of p-phenylenediamine was effected in
concentrated sulfuric acid, and he was able to
separate a small amount of solid tetrazonium
sulfate at a temperature below 0°C, though the
yield was disregarded. But the method is in-
convenient because high viscosity of concen-
trated sulfuric acid gives a trouble in filtering
procedure of product and the exothermic pro-
perty of concentrated sulfuric acid on dilution
gives a difficulty in regulating the temperature
in overall procedures of experiments.

Now, the authors’ efforts were crowned with
success in the tetrazotization of p-phenylene-
diamine in strong acids media. We found that
p-phenylenediamine was tetrazotized with a
good result in an excess amount of concentra-
ted hydrochloric acid, whereas it was not po-
ssible in a dilute media of the acid. We found
also it was possible to tetrazotize p-phenylene-
diamine almost completely in 40-45% perchloric

acid media, though it was somewhat explosive.

+-—-
NH N=N
HY
+ NaNO2 e or HCioa)

Experimental

1. Tetrazotization in Concentrated Hydro-
chloric Acid. (1) In a three-necked round-
bottomed flask fitted with a mechanical stirrer,
3.62 gr(0. 02 mole) of p-phenylenediamine dihy-
drochloride was dissolved in 20 ml of water. To
this solution 200 ml of concentrated hydrochloric
acid was added and cooled in an ice-salt mix-
ture, then white suspension was formed. To
this suspension, with stirring, an aqueous solu-
tion of 3gr of sodium nitrite was added drop
by drop from a separatory funnel during 30
minutes. After the addition of nitrite, stirring
was continued for 2 hours at —10°C. To re-
move the excess nitrite, 1 gr of urea was added
and stirred for 20 minutes. The tetrazonium
salt solution colored pale yellow suspending
some white precipitates.

(2) Same experiments were tried with 3.62 gr
of p-phenylenediamine dihydrochloride in the
media of concentrated hydrochloric acid less
than 100 ml. After the addition of about 2/3
of the nitrite solution, the reaction mixture
suddenly began to hydrolyse evolving nitrogen
violently. In a few minutes the reaction mixture
the flask was
overflowed with foam, and the mixture changed
to dark brown.

was thoroughly decomposed,

Similar behavior was also observed in the
experiments where various concentrations of
dilute hydrochloric acids were used as media.
These facts showed that the tetrazonium salt
was unstabl in dilute acid and in a small
amount of concentrated acid media.

(3) A solution of 6gr of freshly prepared
cuprous chloride in concentrated hydrochloric
acid was slowly poured with stirring into the
tetrazonium salt solution prepared from (1).
Nitrogen gas evolved violently and the mixture

darkened to brown. Stirring was continued for
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