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1-(Alkyl benzimidazolyl)-, 1-benzothiazolyl- and 1-benzoxazolyl-
3-methyl-5-phenylformazans containing sulfo groups (in the meta

or para position) in the phenyl residue have been synthesized, It has
been established that some of them can be used as analytical reagents,

Arylformazans containing sulfo groups are widely
used as analytical reagents [1, 2].

We have synthesized unsymmetrical formazans of
the benzimidazole, benzothiazole, and benzoxazole
series containing sulfo groups and suitable for the
photometric determination of metal ions in aqueous
solutions. The synthesis was effected by the azo-
coupling of diazotized sulfanilic and diazotized meta-
nilic acids with acetaldehyde benzazolylhydrazones.

As can be seen from the table, the color of the
formazans obtained depends on the nature of the het-
erocycle to a greater extent than on the position of
the sulfo group and deepens in the following sequence:
benzoxazole—benzothiazole—benzimidazole. In an al-
kaline medium the color of the solutions deepens from
yellow~-orange (400~470 nm) to red-violet (500~540 nm).
The benzothiazole and benzoxazole formazans contain-
ing sulfo groups in the meta positions (VI) and (VIII)
possess the greatest solubility in water. Thus, the
solubility of the formazan VIII is 1-1.5% at 16°C. All
the formazans are readily soluble in water at pH 10-12 in
the form of their salts (sodium, potassium, ammonium).

When metal salts are added to solutions of the
formazans, deeply colored solutions of complex com-
pounds are formed: from deep blue to blue-green for
copper and nickel and red-violet for zinc.

It has been established spectroscopically that the
pH limits within which the complexes of nickel, copper,
and zinc with the formazans I, I, VI, and VIII exist
depend only on the metal ion and are practically inde-
pendent of the nature of the heteroatom in the formazan.
The nickel complexes exist over the widest pH range
(4—11.5). The copper complexes are stable between
pH 3 and 7. The nickel complexes have a very narrow
range—pH 6—9.

In order to determine the possibility of using it as
an analytical reagent for the Cu®* ion, 1-(1'-benzyl-
benzimidazolyl)-3-methyl-5-p-sulfophenylformazan
(I) was studied in more detail. With the bivalent
copper ion the formazan I forms a compound an
aqueous solution of which is colored deep blue
or grayish according to the ratio of the reactants.

*For part XXI, see [5].

The appearance of the color on complex formation
takes place instantaneously and the coloration re-
mains unchanged for several hours. The sensitivity
of the reaction is 5 - 1077 mole/ml. The maximum
absorption of the complex is in the range from
582 to 610 nm, and the formazan itself has practically
no absorption in this range. The molar absorption
coefficient calculated at A = 582 nm is 3000 and at
A =610 nm it is 2750. Within the range of concentra-
tions of copper of 2 - 105 to 6. 1078 g and above the
solutions obey the Lambert-Bouguer-Beer Law. The
investigations carried out show that the formazan I
can be used as an analytical reagent for copper. The
determination of copper under the given conditions is
interfered with by zinc, nickel, cobalt, manganese,
and cadmium ions.
1-Benzoxazolyl-3-methyl-5-m-sulfophenylform-
azan (VIII) is no less promising.

EXPERIMENTAL

1-(1'-Benzylbenzimidazolyl }-8-methyl-5-p-sulfophenylformazan
(I). The diazonium solution prepared from 0.95 g (5.5 mmole) of
sulfanilic acid, 0.38 g (5.5 mmole) of sodium nitrite, and 25 ml of
2 N HCI was added to a solution of 1.32 g (5 mmole) of acetalde-
hyde 1-(1'-benzylbenzimidazolyl)-hydrazone obtained by the method
of Rybakova and Bednyagina [3] in 60 ml of ethanol cooled to 3~5° C.
The solution was brought to pH 3-4 with 2 N NaOH, whereupon the
formazan precipitated; then it was filtered off, washed on the filter
with hot water until chloride ions had been eliminated from the fil-
trate, and dried at 100° C,

The formazans II, III, and IV were obtained similarly. According
to the results of elementary analysis and their spectral characteris-
tics, compounds I~IV consisted of pure formazans sparingly soluble in
ethanol, acetone, chloroform, and benzene and readily soluble in
pyridine and dimethylformamide. They form brown microcrystalline
powders with various tinges.

Acetaldehydes of benzothiazolylhydrazone and benzoxazolylhydra-
zone were obtained as described previously [4].

1-Benzothiazolyl-3-methyl-5-sulfophenylformazans (V, VI) and
1-benzoxzazolyl-3-methyl-5-sulfophenylformazans (VII, VII) were
obtained similarly, but after the azo-coupling reaction the products
were precipitated at different pH values of the medium: the formazans
V and VIII at pH 5-5.5 and the formazans VI and VII atr pH 2-3, In
the case of compound VI, the solution was first brought to a weakly
alkaline pH and then 2 N HC1 was added to pH 2~3, In the preparation
of VI, the reaction solution was evaporated to 1/3 bulk. The formazan
VIII was crystallized from ethanol, giving nodules of yellow micro-
crystals, The formazans of the benzothiazole and benzoxazole series
consisted of yellow or orange microcrystalline powders.

The study of the properties of the formazan I and its complex with
Cu*t was carried out photometrically on an FEK-56 photocolorimeter
with filters nos. 7 and 8 at pH 6; the visible region of the spectrum
was recorded on an SF-10 instrument.
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