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Abstract—Preparation conditions were optimized for 2-methyl-5-chlorobenzothiazolium quaternary salts with
long-chain N-alkyl substituents (C;,H,s, C;sHs;, CigHs7). They were used in the synthesis of thiatrimethinecyanines
conteining in the meso-position phenyl, p-chlorophenyl, or p-fluorophenyl groups.

Organized molecular ensembles of organic compounds
found application in the modern systems for information
recording and processing [ 1]. An important place among
them belongs to J-aggregates of polymethine dyes [2].
Recently high values of nonlinear cubic susceptibility were
discovered in thin films of J-aggregates of 2,2'-quino-
monomethinecyanines prepared without application of
stabilizing polymers and without using Lengmuir—Blodgett
technique [3]. The necessary condition of this aggregation
is an amphiphilic character of the molecules imparted by
long alkyl substituents at the heterocyclic nitrogen atoms.
In order to get additional data on the effect of the dye
structure on the aggregation and film-forming properties
we undertook in this study a synthesis of amphiphilic
thiatrimethinecyanines of a general formula L.

The presence in the molecule of dyes I of a trimethine
chain results in the absorption shift to longer waves region
compared to 2,2'-quinomonomethinecyanines [4], and the
aryl substituents in the meso-position permit a variation
of'the electronic effect on the external polymethine chain.
We selected as the initial heterocycle 5-chloro-
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CioHy (d), CysHsy (e), CisHyy (); X =F, Alk = C,H,, (g).
CysHz, (h), CgHs7 (i).

substituted 2-methylbenzothiazole II for certain data ex-
isted [5] showing that the presence of chlorine in the
5,5'-positions of a thiamonomethinecyanine molecule fa-
vored the J-aggregation.

We formerly [6] showed the possibility of J-aggreg-
ation for dye Ic obtained in a low yield by N-alkylation
of compound II with octadecyl p-chlorobenzene-
sulfonate followed by condensation of intermediately
arising quaternary salt with trimethyl orthobenzoate by
procedure [7]. In this study we performed the stage-
by-stage investigation of the synthesis of dyes I using
the high-resolution 'H NMR spectroscopy as described
in [4] for the preparation of amphiphilic 2,2'-quinomono-
methinecyanines. The analysis of reaction mixtures
obtained from compound II and p-chlorobenzene-
sulfonates synthesized by procedure [7] of general
formula C,H,,,;0SO,CcH,Cl-p [(IIT): n = 12 (a), n =
15 (b), n = 18 (¢)] in the process carried out at 130—
160°C (Table 1) demonstrated that the reaction proceeded
similarly to that of 2-methyl-quinoline [4]. A typical
composition of the reaction mixture obtained by heating
benzothiazole IT with sulfonic ester III is presented on
the scheme.

In the reaction mixture besides quaternary salt IV
were identified initial compounds IT and I1I, 2-methyI-5-
chlorobenzothiazole p-chlorobenzenesulfonate V, and also,
as expected [4], the products of side transformations VI
and VII of the initial sulfonic ester. The optimum
composition of reaction mixtures in all cases was attained
at 150°C, and the content of the target products IVa—
IVe did not exceed 50%. It is presumable (cf. [4]) that
the alkylation efficiency of initial heterocyclic compounds
II is reduced by competing conversions of carbocations
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Table 1. Composition of reaction mixtures obtained in reaction of benzothiazole II with p-chlorobenzenesulfonates I11a—IIlc
(according to "H NMR data)*II + Illa—c—>1I + Illa-c + IVa-c +V + Vla-c + VIla-c

Reaction Content, %
temperature,
oC I HIa—IIlc IVa-IVe \% VIa—Vie VIIa-VIlc
a | b (¢ a b (¢ a b c a b (¢ a b (¢ a b c
130 30 130 30 25 30 35 25 20 20 @ 15 10| 10 | <5 50 — | <5 5 5
140 20 40 | 20 10 | 20 | 30 40 | 25 30 20 510 5 5 - 5 5 >5

150 5.5 20 5 — 20 50 45
160° - - 15 - - 25 50 40

35 | 30 30 10 5/ >5 5 5 10 10
35 | 30 30 15 5 5. <5 10 10 10

2 The data are given with an accuracy of 5%. The overall content of compounds listed in the Table is taken for 100%. The presence of
unidentified impurities is not excluded. A signal with a chemical shift of ~5.4 ppm and multiplicity of additional signals suggest formation
of alkenes (A) with an internal double bond; the mixture “b” may contain ~15% of alkene (A).

arising intermediately from sulfonic esters ITI under the
reaction conditions.

Quaternary salts IVa—IVe were isolated in 26-39%
yield by washing the mixtures in succession with ethyl
ether and acetonitrile. Their composition and structure
was proved by elemental analysis and 'H NMR spectra.

Dyes Ia—f were prepared by boiling in pyridine salts
IVa—IVc¢ with trimethyl orthobenzoate, ortho(p-chloro-
benzoate), and ortho(p-fluorobenzoate) VIIIa—VIlle
obtained from the corresponding benzotrichlorides [8].
Yields of the dyes after isolation from the mixture and
purification attained 10-28%. We failed to increase the
yield by carrying out the synthesis in DMSO instead of
pyridine that had brought the success in [4]. The
composition and structure of dyes was proved by
elemental analysis and '"H NMR spectra (Tables 2 and
3). Electron absorption spectra of the dyes in CHCI; are
identical and virtually coincide with the spectrum of their
N,N’-diethyl-substituted analog [9]. As should be expected
[10], the length of N-alkyl group does not affect the dye
absorption in the monomer state.

EXPERIMENTAL

"H NMR spectra were recorded on spectrometers
Bruker DRX-500 and AC-200 from solutions in CDCls.
Chemical shifts are reported in the & scale. Electron
absorption spectra are registered on spectrophotometer
HP-8453 from solutions in CHCI; (longwave absorption
maxima are reported).

The column chromatography was performed on
alumina of'the Il activity grade. For solvent mixtures used
as eluents the volume ratios are given.

Synthesis of 2-methyl-3-alkyl-5-chlorobenzo-
thiazolium p-chlorobenzenesulfonates (I'Va—c). A
mixture of 5 mmol of 2-methyl-5-chlorobenzothiazole 1T
[11]and 5 mmol of the respective alkyl-p-chlorobenzene-
sulfonate ITI was heated for 5 h under conditions indicated
in Table 1. The reaction mixtures were analyzed by 'H
NMR spectroscopy (cf. [4]). The composition of mixtures
is ccompiled in Table 1.

On cooling the solidified reaction product was ground
with Et,0, the precipitate was filtered off and washed in

Scheme.
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succession with Et,O and MeCN. The residue was
recrystallized from MeCN. Yields obtained under
optimum conditions (at 150°C), melting points, and
elemental analyses of benzothiazolium salts IVa—IV¢ are
given in Table 2, 'H NMR spectra in Table 3.

By evaporation in a vacuum of acetonitrile filtrate a
substance was separated containing according to the 'H
NMR spectrum predominantly 2-methyl-5-chlorobenzo-
thiazole p-chlorobenzenesulfonate V with a little of salt
IV as impurity. "H NMR spectrum of compound V: 3.11 s
(3H, Me), 7.28 d 2H, H,,.»/ 7.5 Hz), 7.50 d.d (1H, HY,
J; 8,J,1Hz),7.75 d (2H, Hyom. J 7.5 Hz), 7.84 d (1H,
H’, J 8 Hz), 8.13 d (1H, H?, J 1 Hz), 12.40 br.s (1H,
NH).

Preparation of 2-[3-(3-alkyl-5-chloro-2(3H)-
benzothiazolidene)-2-aryl-1-propenyl]-3-alkyl-5-
chlorobenzothiazolium iodides (Ia—Ii). A mixture of
2 mmol of the respective benzothiazolium salt IVa—
IVe, 6 mmol of trimethyl orthobenzoate, ortho(p-chloro-
benzoate) or ortho(p-fluorobenzoate) VIIIa—VIIle, and
2 ml of pyridine (dried over KOH and distilled) was boiled
for 1.5 h. The reaction mixture was cooled, poured into
~20% water solution of KI, and extracted with CH,Cl,.
The extract was washed with 2% HCI and with water,
and dried with CaCl,. The solvent was distilled off in a
vacuum. The residue was two-fold subjected to
chromatography on a column packed with Al,O3,
collecting a violet fraction of dye (eluent CH,Cl,—MeCN,
4:1). The solution was evaporated, the residue was
dissolved in CH,Cl, and precipitated with Et,O. The
relatively less stable dyes If, Ig were prepared by boiling
for 45 min and were subjected only once to chromato-

graphy.
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