POLYMETHINE DYES FROMISOMERIC
2-METHYLTHIONAPHTHENOTHIAZOLES
V.* THIENO[3,2-e]BENZOTHIAZOLE DERIVATIVES AS DYES

Z.1. Moskalenko UDC 547.735.789:543 .422.6:668.8

A number of quino (2)monomethylidyne-, carbo-, mero-, dimero-, and rhodacyanines (thieno-
[3,2-e]benzothiazole derivatives) were synthesized. It is shown that replacement of the
vinylene group by a sulfur atom in one of the benzene rings of the naphtho[1,2~d]thiazole
residues in the cyanines and merocyanines does not affect the positions of their absorption
maxima, )

Several cyanine dyes — thieno[3,2~d]benzothiazole derivatives — have been described in the patent
literature [2,3]. It seemed of interest to make a more detailed study of the properties of various polymeth~
ine dyes with thieno[3,2-e]benzothiazole residues, which are isosteres of the corresponding 2-methyl-
naphtho[l,2-d]thiazole derivatives, which have been extensively studied and are finding practical application.
For this, we synthesized a number of quino (2)monomethylidyne~, carbo-, mero-, dimero-, and rhoda-
cyanines, Of the known [2,3] methods for the preparation of 2-methylthieno[3,2-elbenzothiazole V), we
selected that presented in the scheme below (§— IV) because of the greater accessibility of the starting
compounds. I this case, substantial changes that make it possible to simplify the synthesis were intro-
duced into the individual steps of the synthesis of IV,
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Compound IV was converted to quaternary salts (V and VI) by the action of methyl and ethyl tosylates.

Dyes based on V and VI were obtained by the usual methods adopted for the synthesis of such types of com-
pounds [4-6]. A comparison of the absorption spectra of the carbocyanines (X-XII) and the dimethylidyne-
merocyanines (XXI) of thieno[3,2-e]benzothiazole (Table 1) with the spectra of the corresponding isosteric
naphtho[l,2~-d]Jthiazole dyes (Xa-XMa [7,8] and XIla [9]) demonstrates that replacement of one vinylene
group in the benzene rings of the naphtho[l,2-d]thiazole residues by a sulfur atom has practically no effeet
on the positions of their absorption maxima. The same dependence is also observed in other classes of
dyes that are thieno[3,2-e]benzothiazole derivatives.

- The magnitudes of the hypsochromic shifts of merocyanines XXI and XXIa (26.5 and 25.5 nm, respec-
tively), calculated from the absorption maxima of the corresponding symmetrical dyes, demonstrate that the
basicities of the thieno[3,2-elbenzothiazole and naphtho[l,2-d]thiazole residues are extremely close.

*See [1] for communication IV.
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EXPERIMENTAL

4,5,6,7-Tetrahydro-4-thionaphthenone (I), This compound was obtained by the reaction of y- (o -
thienyl)butyryl chloride with anhydrous stannic chloride in benzene [10].

5-Bromo-4,5,6, T-tetrahydro-4~thionaphthenone (). This compound was synthesized by the action of
bromine on I in absolute ether at ¢° [11].

2-Methyl-4,5-dihydrothieno[3,2-eJbenzothiazole (III). A solution of 23 g (0.1 mole) of Il in 100 ml of
methanol was added with stirring in the course of 1 h to a refluxing mixture of 15 g (0.2 mole) of thioacet-
amide and 15 g (0.17 mole) of anhydrous sodium carbonate in 100 ml of methanol, and the mixture was
stirred for 30 min, after which 150 ml of methanol was removed by distillation. Water (500 ml) was added
to the residue, and the liberated oil was extracted with ether. The base was extracted from the ether ex-
tracts with 3 N hydrochloric acid, The acid extract was neutralized with sodium carbonate, and the result-
ing oil was extracted with ether, The ether extracts were dried with calecium chloride, and the ether was
removed by distillation to give 15 g (71.4%) of colorless crystals of III with mp 49° [3].

2-Methylthieno[3,2-e]benzothiazole V). A mixture of 5.2 g (0.025 mole) of IIT and 0.8 g (0.025 g~
atom) of sulfur was heated at 120° for 10 min, and the temperature was then raised to 250° in the course of
an hour, Water (30 ml) and 5 ml of 25% sodium hydroxide solution were then added to the dark crystalline
product, and IV was removed by steam distillation to give 4 g (80.0%) of colorless plates with mp 86-87°
(87.5° [3]). The picrate of IV was obtained as yellow needles (from ethanol) with mp 176-177°. Found: N
13.0%. CyH;NS, - CgH3N;0,. Calculated: N 12.9%. :

1,2-Dimethylthieno[3,2-e]benzothiazolium Tosylate (V). A mixture of 0.6 g (0.003 mole) of IV and
0.6 g (0.003 mole) of methyl p-toluenesulfonate was heated at 135° for 2 h, The resulting glassy mass was
triturated with 3 ml of anhydrous acetone, and the crystalline product was removed by filtration and washed
with 2 ml of acetone to give 0.94 g (80.0%) of V with mp 191-193°. Recrystallization from acetone gave
colorless needles with mp 203-204°. Found: C 55.0; H4.1; N 3.6; S 24.3%. Cy3H;NOsS;. Calculated: C
55.1; H4.3; N 3.6; S 24.5%.

1-Ethyl-2-methylthieno[3,2-e]benzothiazolium Tosylate (VI). A mixture of 2 g (0.01 mole) of IV and
2.5 g (0.012 mole) of ethyl p-toluenesulfonate was heated at 135° for 6 h, and the resulting crystalline mass
was triturated with 5 ml of anhydrous acetone, removed by filtration, and washed with 2 ml of acetone to
give 3.6 g (90.0%) of VI with mp 178-180°, Recrystallization from ethanol gave colorless needles with mp
190-191° (from ethanol). Found: C 56.2; H 4.6; N 3.7; S 23.6% . CygH;sNO,S;. Calculated: C 56.3; H 4,7;
N 3.4;8 23.7%.

Monomethylidynecyanines (VII-IX, Table 1). These compounds were obtained by heating 0.001 mole
of VI with 0.001 mole of 1-ethyl-2-ethylmercaptoquinolinium iodide at 95-98° for 10 min and also by heating
its 6~methyl and 6-methoxy derivatives in 2 ml of pyridine in the presence of 0.003 mole of triethylamine.

Symmetrical Carboeyanines (X-XIV, Table 1), These compounds were synthesized by the condensa~
tion of 0.001 mole of V or VI with 0,002 mole of ethyl orthoformate, ethyl orthoacetate, or ethyl ortho-
propionate in 3 ml of pyridine at 125° for 30 min,

Unsymmetrical Carbocyanines (XV-XX, Table 1), These compounds were obtained by the reaction of
0.001 mole of quaternary salt IV with 1-ethyl-2- (@ -anilinovinyljnaphtho[1,2-dlthiazolium tosylate, 1-methyl~
or 1-ethyl-2- (8 -methylmercaptopropenyl or butenyl)naphtho[1,2-d]thiazolium methane (or ethane) sulfonate,
as well as with the corresponding benzothiazolium salts, respectively, in 2 ml of alcohol or acetic an-
hydride in the presence of 0.002 mole of triethylamine at 100° for 10 min.

Dimethylidynemerocyanines (XXI and XXII, Table 1). These compounds were synthesized by heating
a mixture of 0,001 mole of VI and 0.001 mole of 5-acetanilidomethylene-3-ethyl- or -3-butylrhodanine in
2 ml of aleohol in the presence of 0.002 mole of triethylamine.

Dimerocyanine XXIII and Rhodacyanines XXIV-XXVI (Table 1), These dyes were obtained by heating
0.001 mole of XXI or XXII with 0.002 mole of dimethyl sulfate at 125° for 15 min and condensation of the
products with 0,001 mole of 3-butylrhodanine and also by heating 2-methyl-3-ethyl-4,5-diphenylthiazolium
ethanesulfonate and V1, respectively, in 3 ml of pyridine at 125° for 10-45 min.
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