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Quaternary Salts from 2-(Methylpyridyl or Quinolyl)benz-X-azoles 17

and Related Polymethine Dyes (1)

FErmanno Barni and Piero Savarino

Istituto di Chimica Organica Industriale, Universita di Torino, 10125 C. so M. D’Azeglio 48, lalia
Received July 18,1977
The quaternisation of 2(methylpyridy! or quinolyl)benz-X-azoles mainly leads to the corre-
sponding pyridinium and quinolinium salts, from which polymethine dyes are prepared. The
electronic spectra and the methyl protons chemical shifts are briefly discussed.
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leterocyclic azine and azole nuclei may be connected
in many ways. We previously studied the type | fused
systems (2), and recently the systems [1 and I (3).
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agents, owing to the presence of azine (A arrows) and
azole (B arrows) nitrogens, represents a typical aspect in
their chemistry.

Type 1 bases gave salts, except in one case, at the A site
and the corresponding polymethine dyes were prepared
(4-7). In this paper we describe the quaternisation of 11
and 111 bases (X = O, S) and the preparation of the related
styryl and unsymmetrical dyes.

The bases of types 11 and Il show quaternisation
generally at the A sites, in agreement with the basicity of
isolated systems (i.e., pyridines and quinolines > benz-
azoles). The reactions however require reaction times
longer than those of the related methylpyridines and
methylquinolines and the yields are generally lower. Benz-
oxazole derivatives (X = O) follow this rule regardless of
their position in the azine rings; benzothiazole derivatives
(X = S) exceed this rule only when they are linked to the
o positions of the azine rings. This behaviour is reasonable
on the basis of electronic and steric effects, as benzo-
thiazole shows both greater basicity and steric hindrance
than benzoxazole. It is well known from kinetic studies
on quaternisation (8) that the presence of bulky alkyl
groups in the a position of pyridine gives rise to a large
decrease of the reaction rates, while the situation 1s re-
versed when the groups are in the y-position.

Structures, physical constants, analysis and spectra of
methiodides are listed in Table I. Compounds 16, 17,18
are benzothiazolium salts whose formation could be as-
cribed to steric hindrance of the benzothiazolyl group
on the azine nitrogen and to the facility of attack of the
reactant to the benzothiazole nitrogen. The analogous
benzoxazole compounds (3, 4, 11) are, as expecled, pyri-
dinium and quinolinium methiodides.

The assignment of the structure of the salts is made on
the basis of chemical and spectroscopic evidence. When
quaternisation occurs in the azine nuclei, the enhanced
reactivity of the methyl groups towards aldehydes allows
the formation of polymethine dyes; on the contrary, if
the benzazole nucleus is quaternised, the reactivity of the
methyl groups is too weak to give, under the usual con-
ditions, a polymethine dye. In effect the dyes, reported
in Table I1, are obtained from pyridinium and quinolinium
methiodides (1-15).

'H nmr spectroscopy is a very useful tool to charac-
terize the quaternary slats. The spectra of the salts (T'able
1) show two signals related to methyl protons. The down-
field signals (in the range 4.98-5.66 7) arc assigned to
+:\N—(JH3 protons, which appear slightly deshiclded with
respect to the corresponding protons in methylpyridinium
and methylquinolinium methiodides (5, 6, 14, 15); the
upfield ones (in the range 6.76-7.25 7 excluding compounds
16, 17, 18) are assigned to t(Z-CH3 protons, which are
also slightly more deshielded than the corresponding pro-
tons in reference compounds 5, 6, 14, 15. The A8 values
of the compounds 1-4 (Table I) are consistent with the
values of the reference compounds 5. 6; the same behaviour
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Figure 1. Electronic absorption spectra of compounds: —*—*—°—
methiodide No. 2(———— freebase), —***—***— methiodide
No.8 (————— free base).
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Table 1 (Continued)
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General Structure

Compound 18

Compounds 16 and 17
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significant patlerns, pairing any methiodide Lo the corre-
sponding base (3). Figure 1 shows the spectra of the
compounds 2 and 8 in which a 2-benzothiazolyl group is
linked to the y-position of the azine ring; the spectral
pattern of the bases is essentially retained in pyridinium
methiodides, while the main absorption of quinolinium
methiodides is split into two maxima. Quaternisation
results in a marked bathochromic shift with a weak hyper-
chromic effect. The spectra of compounds 10 and 13 in

which a 2-benzothiazolyl is linked to the 6 position of

quinoline (Figure 2) are characterised by three main bands
(the central one is more intense) with a typical pattern

with respect to the corresponding bases. In the spectra of

benzothiazolium type salts (Figure 3; compounds 16 and
18) the pattern of the bases is remarkably retained with a
strong hypochromic effect accompanied by a shift of the
absorption to shorter wavelengths.

As reported above, the pyridinjum and quinolinium
quaternary salts were condensed with p-dimethylamino-
benzaldehyde and with (3-methyl -2-benzothiazolynily-
dene)ethanal to give p-dimethylaminostyryl dyes and un-
symmetrical thiacarbocyanines, respectively. In Table 11,
structure, melting points, spectra and sensitometric data
of dyes are reported. According to the longer chromo-
phoric chain and to the possibility of a more extended
conjugation, dyes with the y-linked polymethine portion
absorb, as expected, at longer wavelengths than a isomers.

\
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i

The same effect is revealed by a comparison between the
quinoline dyes and the corresponding pyridine ones. The
presence of a benz-X-azolyl in pyridine and quinoline
nuclei is accompanied by a bathochromic effect (18-66
nm), being styryl dyes more affected than unsymmetrical
dyes.

The styryl dyes were tested as sensitizers for photo-
graphic emulsions. From data in Table 11 a loss of the
sensilizing properties of dyes is observed when a benz-X-
azolyl is present. This could be due to a combined effect
of the electron withdrawing properties of the benz-X-
azolyl (9,10) and of its hindrance to the package of the
molecules on silver halide grains.

EXPERIMENTAL

Nmr spectra were obtained with a Jeol C-60 HL spectrometer,
in DMSO-dg solution (6%) using TMS as internal standard. Elec-
tronic spectra were recorded, in ethanol, on a Unicam SP 1700
spectrophotometer.

Methiodides.

Compounds 1-15 and 17 were prepared refluxing the corre-
sponding free bases (3) with a strong excess of methyl iodide over
a period of 34 hours. For quinoline derivatives (7-13), it is

(Quaternary Salts from 2-(Methylpyridyl or QuinolyDbenz-X-azoles 21

preferable to carry the reaction in presence of acetone. The
crude products were collected, washed with ethyl ether, and
crystallized from ethanol. The quaternisation to compounds 16
and 18 was performed with an excess of methyl iodide in a sealed
tube (105°, 12 hours), ethyl ether was added and the recovered
methiodide was crystallized from ethanol,

The yields were in the range 60-70% for methiodides 1-15and
in the range 15-20% tor methiodides 16-18.

Dyes.

The dyes were prepared by refluxing a suitable methiodide
(3 x 1073 mole) for 45 minutes in acetic anhydride (20 ml. for
pyridinium salts and 40 ml. for quinolinium salts) with p-dimethyl-
aminobenzaldehyde (3.5 x 103 mole) (styryl dyes) or (3-methyl-
2.benzothiazolynilydene)ethanal (11) (3.5 x 10 3 mole) (unsym-
metrical dyes). Cyanines from methiodide 3 were obtained by
reaction in absolute ethanol (piperidine as catalyst) under milder
conditions (45°, 30 minutes). Dyes from methiodide 11 were not
recovered owing to decomposition during the reaction. The crude
products were collected, washed with ethyl ether, and crystallized
as indicated in Table 1L

Sensitometric Tests.

The dyes were tested as sensitizers for bromo-chloride type
photographic emulsions following standard procedures. The re-
sults of the relative sensitivity data are expressed as log E (E = ex-
posure) (sign minus means lower sensitivity and sign plus means
higher sensitivity in comparison with the test emulsion not con-
taining the dye).
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