HETERYLARYL N-HYDROXYTRIAZENES
I. SYNTHESIS OF N-HYDROXYTRIAZENES, QUATERNARY SALTS,
AND CYANINE DYES WITH HYDROXYTRIAZENE GROUPS
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N-Hydroxytriazenes were obtained by the coupling of phenylhydroxylamine with diazotized
5(6)-amino~2-methylbenzothiazole, 1~phenyl-2-methyl-5~aminobenzimidazole, and 3-amino-
pyridine. Quaternary salts, which were used for the synthesis of eyanine dyes, were syn~
thesized by alkylation of the N-hydroxytriazenes with methyl and ethyl iodides.

Very little study has been devoted to heterylaryl N~hydroxytriazenes. Only aliphatic aromatic, aro-
matic, and several heteroaromatic N-hydroxytriazenes — 2-benzothiazolylhydroxylamine derivatives — have
been described [1,2]. In recent years N-hydroxytriazenes have been attracting the attention of researchers
owing to their complexing ability. Several alkylaryl and diaryl N-hydroxytriazenes have been proposed as
analytical reagents for metal cations [3].

One method for the preparation of N-hydroxytriazenes is coupling of diazonium salts with hydroxyla-
mine derivatives in the presence of sodium acetate or a mineral acid. We used this method to synthesize
heteroaromatic N-hydroxytriazenes (I-IV) from phenylhydroxylamine and diazotized 5 (6)-amino-2-methyl-
benzothiazole, 1-phenyl-2-methyl-5-aminobenzimidazole, and 3~aminopyridine (Table 1). The N-hydroxy-
triazenes are yellow substances that are soluble in organic solvents and almost insoluble in water; they
also have all of the properties characteristic for alkylaryl and diaryl N~hydroxytriazenes. Blue, black,
and green colorations appear when a drop of aqueous FeCl; solution is added to an alcohol solution of the
hydroxytriazene. The N-hydroxytriazenes are decomposed by mineral acids and melt with decomposition.

Like aromatic hydroxytriazenes, the UV spectra of alcohol solutions of the investigated hydroxytria-
zenes have two sharply expressed absorption maxima at 260 and 360 nm, as well as a small inflection at
320-350 nm, The long-wave maximum corresponds to the absorption of the hydroxytriazene group and is
bathochromically shifted for hydroxytriazenes I and I as compared with 1,3~diphenyl-3-hydroxytriazene
(348 nm). The position of the hydroxytriazene group in the benzothiazole ring affects the intensity of the
hydroxytriazene maximum. A hydroxytriazene group in the 6 position of the benzothiazole ring is in con-
jugation with the heterocyclic nitrogen atom, which leads to an increase in the absorption intensity. This
sort of conjugation is absent in the 5 position.

The previously undescribed quaternary salts of N-hydroxytriazenes (V-VIII) were obtained by the
reaction of N-hydroxytriazenes with alkylating agents (methyl and ethyl iodides). The quaternary salts of
N-hydroxytriazenes are colorless or slightly yellowish, crystalline substances that are soluble in alcohol
and almost insoluble in organic solvents (Table 1).

The presence of an active methyl group in the 2 position of the quaternary salts made it possible to
synthesize the previously unreported cyanine dyes with hydroxytriazene groups (Table 2) by known methods
[4,5]. From a comparison of the absorption maxima of the cyanine dyes that we obtained with the absorp-
tion maxima of the corresponding dyes that do not contain hydroxytriazene groups, it can be concluded that
the introduction of a hydroxytriazene group into the benzothiazole and benzimidazole rings of the cyanine
dyes leads to a slight bathochromic shift of the absorption maximum. A comparison of the absorption max-
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ima of dyes with hydroxytriazene groups with the maxima of unsubstituted dyes and dyes that have
electron-donor and electron-acceptor groups confirms the electron-donor character of the hydroxy-
triazene group.

EXPERIMENTAL

Heteroaromatic N-Hydroxytriazenes (I~-IV). A solution of a diazonium salt, obtained by diazotization
of 0.018 mole of the appropriate amino derivative of benzothiazole, benzimidazole, or pyridine by the usual
method, was added to 2 g (0.018 mole) of phenylhydroxylamine dissolved in 200 ml of water acidifed with
40 ml of concentrated HCI. The mixture was cooled with ice. The viscous, amorphous precipitate that
formed after 0.5 h was removed by filtration, washed with ice water, dried in a vacuum desiceator, and
washed with benzene and ether (Table 1).

Quaternary Salts of N-Hydroxytriazenes (V-VIII). A mixture of 0.01 mole of the hydroxytriazene and
0.5 mole of alkyl halide was heated in a sealed ampul at 55~60° for 20 h. The ampul was cooled and opened,
and the residue was extracted and washed with hot benzene (Table 1),

3-Ethyl-5~[3-methyl~5- (3-phenyl~-3-hydroxy-1-triazeno)benzothiazolinylidene-2-ethylidene]thiazoli-
dine-2~thion-4-one (IX). A mixture of 0.001 mole of 1-(2~methyl-6-benzothiazolyl)-3-phenyl-3-hydroxy-
triazene, 0.001 mole of 5-acetanilidomethylidyne-3~ethylrhodanine, 0.001 mole of triethylamine, and 5 ml
of ethanol was heated on a water bath for 0.5 h. The mixture was cooled, and the precipitated product was

removed by filtration and washed with water, aleohol, and ether (Table 2). Compound XV (Table 2) was
similarly obtained.

[1-Phenyl-3-methyl-5- (3-phenyl-3-hydroxy-1-triazeno)-2-benzimidazolyl]-[1-ethyl-2-quinolinyl]tri-
methylidynecyanine Iodide (XVI). A mixture of 0.001 mole of 1-(1-phenyl-2-methyl-5-benzimidazolyl)-3-
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phenyl-3~hydroxytriazene, 0.001 mole of 2-w-acetanilidovinylquinoline ethiodide, and 0.001 mole of tri-
ethylamine in 5 ml of acetic anhydride was heated for 30 min. The mixture was cooled, and the precipi~
tated dye was removed by filtration and washed with alcohol and ether (Table 2). Compounds X and XIV
(Table 2) were similarly obtained.

[3-Methyl-5- (3-phenyl-3~hydroxy-1-triazeno)-2-benzothiazolyl]-[3-ethyl-2-benzothiazolylJmono-
methyldynecyanine Iodide (XI). Amixture of 0.001 mole of 1-(2-methyl-b~benzothiazolyl)-3-phenyl-3-
hydroxytriazene, 0.001 mole of 2- methylmercaptobenzotmazole methiodide, and 0.001 mole of triethylamine
in 5 ml of absolute ethanol was heated on a water bath for 1 h and cooled, and the resulting premmtate was
removed by filtration and washed with alcohol and ether (Table 2).

2~ (p~Dimethylaminostyryl)-1- (2-methyl-5~benzothiazolyl)-3-phenyl- 3-hydroxytriazene Methiodide
(X11). A mixture of 0.001 mole of 1~(2-methyl-5-benzothiazolyl)-3-phenyl-3-hydroxytriazene methiodide
and 0.001 mole of p-dimethylaminobenzaldehyde in 5 ml of acetic anhydride was heated for 0.5 h and cooled,
and the resulting precipitate was removed-by filtration and washed with water, alcohol, and ether (Table 2).
Compound XIII (Table 2) was similarly obtained.

The UV spectra of alcohol solutions were recorded with an SF-4A spectrophotometer. The absorption
spectra in the visible region were recorded with an SF-10 spectrophotometer.

LITERATURE CITED

V. Ya. Pochinok, E. D. Smaznaya-Il'ina, and M. S. Marenets, Ukr. Khim. Zh,, 19, 179 (1953).
V. Ya. Pochinok, Triazenes [in Russian], Kiev (1968).

D. N. Purohit, Talanta, 14, 353 (1967).

F. M. Hamer, J. Chem. Soc., 206 (1928).

K. Miz, Theory of the Photographic Process [in Russian], Moscow—Leningrad (1949).

G W N

713



