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SYNTHESIS OF TETRACARBOCYANINES BY THE SCISSION OF THE PYRYLIUM

RING OF BENZOPYRYLOCYANINES

A. I. Tolmachev, V. P. Sribnaya, and I. K. Ushenko
Khimiya Geterotsiklicheskikh Soedinenii, Vol. 4, No.
UDC 547.789.6'814.07:543.422.4

It has been shown that the reaction of monomethinecyanines con-
taining 4-benzopyrylium residues with quaternary salts of derivatives
of 2-[(17,5",5"~trimethylcyclohex-1'-en-3"-ylidene )-methyl benzo-
thiazole leads to the scission of the pyrylium ring and the addition of
the quaternary salt to the position of scission. The reaction gives
tetracarbocyanines containing an o-hydroxyphenyl or an o-acetoxy-
phenyl substituent in the polymethine chain in addition to a hydro-
carbon ring.

Previously, one of us has described a reaction be-
tween unsymmetrical benzopyrylomonomethinecyanines
of type I and compounds with active methyl or methyl-
ene groups [1,2]. It was shown that if quaternary salts
of 2-methyl-substituted nitrogen heterocycles were
used as the nucleophilic components in this reaction,
dicarbocyanines containing o-hydroxyphenyl groups as
substituents in the polymethine chain were obtained
[1]. The reaction of I with cyclic ketomethylene com-
pounds forms tetramethinemerocyanines and the re-
action with propenyl derivatives of quaternary salts of
nitrogen heterocycle tricarbocyanines [2]. It appeared
of interest to study the applicability of this reactionfor
the synthesis of dyes with longer polymethine chains,
in partiuclar tetracarbocyanines. This deserved atten-
tion because dyes of this type are photosensitizers for
photo emulsions in the IR region of the spectrum [3]
and methods for their synthesis are inadequately de-
veloped.

In the present work we studied the reaction of mono-
methinecyanines of the type of I with quaternary salts
of 2-[(1',5",5"-trimethylcyclohex-1'-en-3'-ylidene)meth-
yllbenzothiazole of type II. As a result of the reaction,
during which the pyrylium ring opened, thiatetracarbo-
cyanines were formed with hydrocarbon residues and
o-hydroxyphenyl substituents in the chromophore (III).
The reaction took place when the reactants were heated
briefly in the water bath in pyridine in the presence of
an equimolecular amount of triethylamine. With an ex-
cess of triethylamine, in addition to the tetracarbocy-
anine, the dicarbocyanine IVwas formed in considerable
amount. Inthe performance of the reaction, the mixture
had to be protected from sunlight, since the dyesformed
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are unstable to light. The reaction is best carried out
in the presence of a small excess of acetic anhydride.
In this case, the phenolic hydroxyl of the dye is acety-
lated, which is shown by the presence in the IR spectra
of the compounds formed of a band characteristic for
the carbonyl group (at 1760 cm™).

In the present work, inaddition to 1[4], the monometh-
inecyanines Ia—g given in Table 1 were synthesized
by the condensation of 4-methoxybenzopyrylium salts
with substituted 3-ethyl-2-methylbenzothiazolines. All
these compounds dissolve in ethanol with an orange
coloration.
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*Here, and subsequently, the values of Az, are given for alcohol solutions.

Starting from these dyes and the quaternary salt
II, and also its 5-methoxy (Ila), 6-methyl (IIb), and
6,7-tetramethylene (lic) derivatives, the thiatetra-
carbocyanines (III, mla—h) (Table 2) have been syn-
thesized by the scheme given above. It is interesting
to note that the absorption maximum of the tetracarbo-
cyanine III is displaced 25 nm to the long-wave region
in comparison with the absorption maximum of the
analogous tetracarbocyanine not containing an o-hy-
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Absorption Maxima of the Monomethinecyanines Ia—g
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Table 2

The Tetracarbocyanines I1I, IIla-h
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Table 3
Monomethinecyanines Ia—g
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Ia } 932 CullN:0:S, i 1186, 1180 | 1190 | 32
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e | 261 CagHasN206S, 1130, 1131 ¢ 1121 45
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Thiatetracarbocyanines Illa—h
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me | 197 CisHygIN 0,5, 1 S 7.72; 769 } S 78 | 27
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droxyphenyl substituent in the chromophore, while this
group in the meso position of a thiacarbocyanine does
not affect its coloration [5] and in position 9 of a thia-
dicarbocyanine shifts the absorption maximum in the
long-wave direction by only 14 nm [1].

It was noted previously that benzothiapyrylomono-
methinecyanines (for example, V) react with a greater
difficulty than their oxygen analogs with compounds
having active methyl groups. The monomethinecyanine
V does not react at all with compounds of type II under
the conditions given above. The lower electron affinity
of V as compared with I was difficult to predict before-

hand.
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EXPERIMENTAL

The monomethinecyanines (Ia-g) were obtained by the following
procedure, The derivatives of 3-ethyl-2-methylenebenzothiazoline
were obtained by the general method [6], i.e., by the treatment with
caustic soda of the comesponding quaternary salt in agueous acetone.
The product obtained by the dilution of the filirate with water was
washed with ice water. They were white amorphous substances.

A solution of 0.01 mole of the corresponding 3-ethyl-2-methylene-
benzothiazole in 3 ml of glacial acetic acid was added to a solution
of 0.012 mole of 4-methoxybenzopyrylium o-nitrobenzene sulfonate
[71, or its T-methyl or 7-methoxy derivative (the latter were obtained
by the addition of methyl o-nitrobenzenesulfonate to, respectively,
T-methyl- and 7-methoxychromones [8]) in 15 ml of acetic anhy-
dride. The mixture was heated at 100° C for 1 hr, and the product
that precipitated on cooling was filtered off and crystallized. I the
dye did not precipitate, the mixture was diluted with ether, and the
product was triturated with 15 ml of ethanol and filtered. Table 3
gives the yields, decomposition points, and analytical results for the
monomethinecyanides Ia-g. Compound Ie was crystallized from
glacial acetic acid, Ia and Ig from a mixture of ethanol and nitro-~
methane, and the other substances from ethanol.

2-[(1’, 5%, 5"-Trimethylcyclohex-1"-en-3"-ylidene )methy1]}-6, 7-
tetzamethylencbenzothiazole Hc) was obtained in a similar manner
to II [9]. A mixture of 10 g (0.025 mole) of the ethyl tosylate of 2-
methyl-6, 7-tetramethylenebenzothiazole and 6.9 g (0.05 mole) of
isophorone was heated at 150--155° C for 17 hr. The reaction mixnure
was poured into 220 ml of water and exiracted with ether (3 x 200
ml). To the aqueous solution was added a solution of 8 g of potassium
iodide in 15 ml of water. After standing for 3 hr at 0° C, the precipi-
tate was filtered off, washed with 10 ml of ice water, and crystallized
from methanol. Yield 2.7 g (23%), decomp. p. 230—231° C. Found,

%: S 6.49, 6.52. Calculated for CygH3INS, %: S 6.68.
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2-[(1', 5*, 5’-Trimethylcyclohex-1'*-en-3"-ylidene Jnethyl]-5-
methoxybenzothiazole ethiodide (Ia) and 2-[(1°, 5", 5'-trimethylcyclo~
hex-1*-en~3"-ylidene Jnethyl]-6-methylbenzothiazole ethiodide (IIb)
were obtained by heating the ethyl tosylates of the corresponding 5-
methoxy- and 6-methylbenzothiazoles with isophorone at 135—140° C
for 16 hr. The products were isolated in a similar manner to He. The
yield of Ha was 20%, decomp. p. 231—232° C. The yield of IIb was
16%, decomp. p. 229-—230° C. For IIa, found, %: S 6.91, 6.87.
Calculated for C,oH,6INOS; %: S 7.03.

8,8'-Diethyl-9, 11-( 8, 8-dimethyltrimethylene )}-15-(o-hydroxy -
phenyl)thiatetracarbocyanine iodide (ITf). A mixture of 0.508 g of I
0.425 g of I, 0.1 g of riethylamine, and 10 ml of pyridine was heated
at 100° C for 5 min. The cooled solution was poured into a mixture of
50 ml of ice water and 50 ml of ether, The solution was decanted off
and the viscous oil that had separated was repeatedly washed with
ether and water. The solidifying substance was filtered off, washed
on the sintered glass filter with 5 ml of cold ethanol, and dissolved in
50 ml of methanol heated to the boil. The solution was filtered, the
filtrate was treated with a methanolic solution of potassium jodide,
and the mixture was cooled in ice. The dye was filtered off and was
washed with methanol, water, methanol, and ether. Green micro-
crystalline product with a metallic luster. Yield 0.4 g (52%), decomp.
p. 196” C. Found, %: S 8.33, 8.43. Galculated for C;H»IN,08,, %
S 8.71.

The other thiatetracarbocyanines were synthesized analogously,
except that in the preparation of MIb—h 0.15 m1 of acetic anhydride
was added to the mixture (see Table 4).
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