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Dimethylidynemerocyaninocyanines ~ substituted benzimidazole derivatives -- were syn- 
thesized. A decrease in the basicity of the benzimidazole ring with intensification 
of the electronegative properties of the substituent gives rise to a small (up to i0 
nm) heightening of the color of the dyes obtained. The latter are rather effective 
spectral sensitizers of silver halide photographic emulsions. 

Complex trinuclear dyes -- merocyaninocyanines ("rhodacyanines") [i] -- which, in addition 
to relatively high effectiveness, have component stability [2], continue to occupy an impor- 
tant position among spectral sensitizers that are currently being used in the manufacture of 
various sorts of motion picture and photographic materials. Although a significant number of 
publications have been devoted to the synthesis and investigation of the properties of this 
group of dyes, which differ with respect to the nature of the nitrogen-containing heterocyclic 
residues [2-5] and other structural elements [6-9], virtually no study has been devoted thus 
far to imidamerocyaninocyanines. At the same time, it is known that carbocyanine [10-12], 
merocyanine [13], and dimerocyanine [14] dyes with residues of substituted benzimidazoles are 
effective spectral sensitizers of silver halide photographic emulsions. In this connection it 
seemed of undoubted interest to synthesize and investigate the properties of imidadimethyli- 
dynemerocyaninocyanines with the I structure. We were able to obtain these dyes (Table I) in 
satisfactory yields by condensation of acetanilinomethylene-substituted monomethylidynecyanines 
IV [15] with quaternary salts of substituted 2-methylbenzimidazoles V in dimethyl suifoxide 
(DMSO) or absolute alcohol in the presence of triethylamine via the scheme presented below. 
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It should be noted that only traces of merocyaninocyanines I are formed in the reaction 
of monomethylidynecyanines III with quaternary salts V in a mixture of acetic anhydride, pyri- 
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dine, and triethylamine by the method in [16]. This is evidently associated with the de- 

creased reactivity of the methyl group in quaternary salts V. 

In the preparation of betaines II we used 1,3-propanesultone as the alkylating agent in- 
stead of the dialkyl sulfates and alkyl esters of arenesulfonic acids that have been previ- 
ously used for this purpose. The synthesis of monomethylidynecyanines III on the basis of 
these betaines excludes the formation of highly volatile and toxic alkyl mercaptans, and this 
substantially improves the working conditions and prevents contamination of the atmosphere in 
the preparation of III on an industrial scale [17]. The acetylation of monomethylidynecya- 
nines IIIwas realized in acetic anhydride in the presence of triethylamine with moderate heat- 
ing [15, 18]. 

As one should have expected [3], a decrease in the basicity of the benzimidazole ring 
with intensification of the electronegative properties of the R I substituent * gives rise to a 
small (up to i0 nm) heightening of the color of I. As in the case of imida- and other carbo- 
cyanine dyes [19], a decrease in the polarity of the solvent leads to a shift of the absorp- 
tion maxima of imidameroc~aninocyanines to the long-wave part of the spectrum. Thus the ab- 
sorption maxima of dyes I-2 and I-7 are shifted from 591 nm in alcohol to 601 nm in chloro- 
form and 609 nm in benzene, and the absorption maxima of dye 1-12 are shifted from 602 nm in 
alcohol to 611 nm in chloroform and 612 nm in benzene. 

The synthesized merocyaninocyanines are rather effective spectral sensitizers of silver 
halide photographic emulsions in the zone of the spectrum up to 660 nm with maximum sensitiza- 
tion at 600-630 nm. 

EXPERIMENTAL 

3-Ethy•-5-pheny•-2-[(5-ani•in•methy•ene-4-•x•-3-ethy•thiaz••idin-2-y•idene)methy•]benz- 
oxazolium Ethylsulfate (IIIb). A mixture of 0.77 g (2 mmole) of 3-(3-ethyl-4-oxo-5-anilino- 
methylene-l,3-thiazol-2-inia-2-thio)propanesulfonate, 0.73 g (2 mmole) of 2-methyl-5-phenyl- 
3-ethylbenzoxazolium ethylsulfate, 40 ml of anhydrous chloroform, and 0.42 ml (3 mmole) of 
triethylamine was refluxed for 5.5 h and allowed to stand at 20~ for 12-15 h. The resulting 
precipitate was removed by filtration, washed on the filter with 2 ml of chloroform, and re- 
fluxed with 5 ml of absolute ethanol to give 0.63 g (54%) of orange prisms with mp 295-300~ 
(dec.) and ~max (alcohol) 476 nm (e 65,000). Found: S 10.9%. C3oH28N306S2. Calculated: S 
10.9%. 

3-Ethy•-5-pheny•-2-[(5-acetani•in•methy•ene-4-•x•-3-ethy•thiaz••idin-2-y•idene)methy•]- 
benzoxazolium Ethylsulfate (IVb). A mixture of 0.69 g (1.2 mmole) of IIIb and 2.4 ml of ace- 
tic anhydride was heated at 60~ and stirred for 5 min, after which 0.34 ml (2.4 mmole) of 
triethylamine was added, and the mixture was stirred at the same temperature for another i0 
min and allowed to stand at 20~ for 12-15 h. Ether (i0 ml) was added, and the resulting 
precipitate was removed by filtration and~washed successively on the filter with 0.4 ml of a 
mixture of alcohol with ether (I:i), 0.02 ml of dry acetone, and 1 ml of ether to give 0.76 
g (100%) of a product with mp 246-248~ Recrystallization from ethanol (1:120) gave 0.51 g 
(67%) of dark-yellow plates with mp 248-2510C and %max (alcohol) 440 nm (s 69,000). Found: 
S 9.8%. C32HsoN3OTS2. Calculated: S 10.1%. 

~,3-Diethy~-5-trif~u~r~methy~su~f~ny~-2-[(5-acetani~in~methy~ene-4-~x~-3-ethy~thiaz~i- 
din-2-ylidene)methyl]benzimidazolium Perchlorate (IVf). A mixture of 1.53 g (2.3 mmole) of 
~,3-diethy~-5-trif~u~r~methy~su~f~ny~-2-[(5-ani~in~methy~ene-4-~x~-3-ethy~thiaz~idin-2-y~id- 
ene)methyl]benzimidazolium perchlorate [17] and 2.25 ml of acetic anhydride was heated with 
stirring at 50~ for 5 min, after which 0.64 ml (4.6 mmole) of triethylamine was added, and 
the mixture was allowed to stand at 20~ for 2 h. Absolute ether (20 ml) was added to the 
resulting precipitate, and the latter was triturated with the ether, removed by filtration, 
and washed on the filter with another 20 ml of ether to give 1.38 g (100%) of a product with 
mp 195-197~ Recrystallization from propyl alcohol (1:220) gave 0.80 g (58%) of light-brown 
prisms with mp 213-2160C and %max (alcohol) 348 and 310 nm (g 49,000 and 46,000). Found: 
C1 5.3%. C27H2sCIF3N40sS2. Calculated: C1 5.2%. 

3-Ethy~-2-{[5-~-R-3-ethy~-5-R~-benzimidaz~in-2-y~idene)ethy~idene-4-~x~-3-R2-thiaz~ o 
lidin-2-ylidene]methyl}azolium Iodides (Imidamerocyaninocyanines I, Table i). These compounds 
were obtained by heating 0.25 mmole of the corresponding monomethylidynecyanine IV and 0.25 

*Hammett o constants: 0.44 for 2-benzothiazolyl, 0.52 for COOC~Hs, and 0.96 for CF3S02, 
P 
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mmole of quaternary salt V in 1.5-3 ml of dimethyl sulfoxide (method A) or in 1,5 m! of abso- 
lute ethanol (method B) in the presence of 0.3-0.37 mmole of triethylamine for 20-30 min at 
I00-I05~ (bath temperature), after which 3 ml of a 10% aqueous solution of potassium iodide 
heated to 700C (dyes 2r4, 6-11, and 13) was added, and the mixture was allowed to stand for 
12-16 h in a refrigerator (dyes 3 and 13) or at 20-25~ (dyes 2~ 4, and 6-11). For the iso~ 
lation �9 dyes 1 and 12 the reaction solution was cooled to 20-25~ 1.5 ml of alcohol was 
added, and the mixture was maintained at 4-8~ for 1.5-2 h. The liberated dyes were removed 
by filtration, washed successively on the filter with 5-7 mi of water, 0.5-1 ml of alcohol, 
and 2-5 ml of ether, and crystallized from alcohol. Dyes ii and 13 were washed by refluxing 
with 30 and i0 ml of alcohol, after which they were also crystallized from alcohol. 

For the isolation of dye 5, 3 ml of a 10% aqueous solution of sodium perchlorate heated 
to 70~ was added to the hot reaction solution, and the mixture was allowed to stand at 20- 
25~ for 1 h. The liberated resinous precipitate was removed by filtration, washed on the 
filter with 30 ml of water, and triturated with 5 ml of water. The solid material was removed 
by filtration, washed with 30 ml of water, dried, and refluxed with 12 ml of alcohol. The 
undissolved residue was removed by filtration, washed on the filter with 0.5 ml of alcohol 
and 5 ml of ether, and recrystallized from alcohol. 
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