POLYMETHINE DYES — INDOLO|[3,2-d]THIAZOLE DERIVATIVES

P.I. Abramenko and T, K, Ponomareva UDC 547,759.3'789.3:668.8:543 .422.6

New polymethine dyes with an indolo{3,2-d]thiazole residue are described, and their spectral
properties are discussed. Replacement of the vinylene group in the naphtho[1,2-dJthiazole
residue by an NH group leads to a considerably greater bathochromic shift of the absorption
maximum of carbo- and merocyanines as compared with replacement by a sulfur atom. The
basicity of the indolo[3,2-d]thiazole residue is higher than the basicity of the naphtho[1,2-d]-
thiazole and thionaphtheno[3,2~-d]}thiazole residues. ‘

Naphthothiazole and thionaphthenothiazole derivatives that are carbocyanine dyes are effective spec-
tral sensitizers of silver halide materials [1-3].

We have synthesized various classes of polymethine dyes (II-IV) with a new heterocyclic base
residue — indolo[3,2-d}thiazole — in order to study their color and investigate their photographic properties.

The positions of the absorption maxima of the synthesized carbo- and merocyanines and, for com-
parison, the corresponding benzothiazole, naphtho[l,2-d]Jthiazole, and thionaphtheno[3,2~-d]thiazole deriva-
tives, as well as the hypsochromic shifts for unsymmetrical carbocyanines and the basicities (A), meas-
ured for the ethylates of symmetrical carbocyanines, are presented in Table 1.

The positions of the absorption maxima of p-dimethylaminostyryl dyes that are derivatives of the
synthesized base, benzothiazole, and naphtho[1,2-d]thiazole are presented in Table 2 along with the calcu-
lated hypsochromic shifts.

The data in Table 1 demonstrate that all of the carbocyanines and merocyanines derived from indolo-
[3,2-d]thiazole are more deeply colored than the corresponding naphtho[1,2-dJthiazole and thionaphtheno- -
[3,2-d]thiazole derivatives (by 35 and 30 nm, respectively, in the case of symmetrical carbocyanines).

Thus replacement of the vinylene group by NH leads to a considerably greater bathochromic shift of
the absorption maxima of carbo- and merocyanines as compared with replacement by a sulfur atom; this
can probably be explained by the difference in the degree of conjugation with the primary chromophore of
the 7 electrons of the indole ring as compared with the benzene and thiophene rings (in the case of dyes
with a thionaphtheno[3,2-d]thiazole residue).
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Z is an indolof3,2-d]Jthiazole residue, Z* is an indolo[3,2-d]thiazole, benzoxazole,
benzothiazole, benzoselenazole, napththothiazole, or a derivative residue, R and R' are
alkyl or sulfoalkyl groups, A=H or alkyl, n=0or 1, and X is an acid residue.
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TABLE 1. Characteristics of Carbo- and Merocyanines

Z in formula II Z' in formula IL Hypso-
Com- \mat Bomic| op | ok
poun (R=R’'=Csl1;, n=1 and A=H) anol ;};;ft. :
Benzothiazole Benzothiazole 558 2,84 —0,66
v Indolo[3,2~d]Jthi~ | Indolo[3,2-d]- 632 4,1-10°2 1,79
azole thiazole
Naphtho(1,2-d]- Naphtho[1,2-d]- 5975 1,154 —0,04
thiazole thiazole
Thionaphtheno[3, | Thionaphtheno[3, 6026 35107
2-d]Jthiazole 2-d]thiazole
VI | Indolo[3,2-d]thi- | Benzothiazole 587 8,0
azole
Thionaphtenof 3, Benzothiazole 5808 0
2=d]thiazole
VII | Indolof3,2-d]thi- Naphthof1, 2-d}- 607 75
azole thiazole
Thionaphthenof3,2 | Naphtho[1,2-d}~ 6026 25
2=-d]thiazole thiazole
VI | Indolo[3,2-d]thi- Benzoxazole 550 85
azole
Naphtho[1,2-d}~- Benzoxazole 542 1,0
thiazole
1X | Indolo[3,2-d]jthi- Benzoselenazole 583 19,0
azole
Z in formula III | | |
X Indolo[3,2~d]thiazole 576 11,0
Naphtho[1,2-d]jthiazole 5427 26,5
Thionaphtheno[3,2-d]thiazole 5533 19

* The hypsochromic shifts are the deviations of the absorption maxima
from the arithmetic mean values calculated (in the case of unsymmetri-
cal carbocyanines) from the absorption maxima of the corresponding
symmetrical dyes with indolo[3,2-d]thiazole and benzoselenazole (A 4%
572 nm) [9], benzothiazole, naphtho[l,2~d]thiazole or benzoxazole (A 4%
485 nm) [10] residues, or, in the case of dimethylidynemerocyanines,
from the absorption maxima of the corresponding symmetrical carbo-
cyanines and monomethylidyneoxanine — a derivative of 3-ethylrhod-
anine (A max 542 nm),

t The A value is the molar concentration of hydrochloric acid that in-
duces conversion of the carbocyanines (1 * 10° M solution in 57% ethanol)
to the diacid salt [4,8].

TABLE 2. Characteristics of the Styryl Dyes

x A
Compound ‘ Z in formula IV (R = C,Hg) (irrzn:ft;aiz) . gﬁ?:o;knifmm
I d
‘ Benzothiazole 528 56
Nezlphmo[l,z-d]ﬁliazole 542 61,5
X1 ’ Indolo[3,2-d]thiazole 506 - 115

*The hypsochromic shifts are the deviations of the absorption maxima
of the styryl dyes from the arithmetic mean values calculated from the
absorption maxima of the corresponding symmetrical carbocyanines
and Michler's blue hydrol in nitromethane (A ;pax 610 nm).

It is seen from a comparison of the hypsochromic shifts of unsymmetrical carbocyanines, dimethyl-
idynemerocyanines (Table 1), and p~dimethylaminostyryl dyes (Table 2) that the basicity of the indolo-
[3,2-dlthiazole residue is higher than the basicity of both the naphtho{l,2-d]thiazole and thionaphtheno--
[3,2-d]thiazole residues (see also the experimental A values in Table 1),
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EXPERIMENTAL

2~Methylindolo[3,2-d]thiazole. This compound was obtained as colorless needles (from ethanol) with
mp 242-243° by heating 2-hydroxy-3-~acetamidoindole with phosphorus pentasulfide in xylene [11]. UV spec-
trum (in ethanol): Amax, nm (£ - 107%): 229 (6.75), 278 (2.43).

2-Methyl-3-(y ~sulfopropyl)indolo [3,2-d]thiazolium Betaine, This compound was obtained in 75% yield
by refluxing 2-methylindolo[3,2-d]thiazole with an equimolar amount of propane sultone in xylene for 20 h,
The light yellow prisms (from anhydrous ethanol) melted above 300°, Found,%: C 50.2; H 4.4; N9.1; 8
20.5. Cy3H;yN,048,. Calculated,%: C 50.3; H 4.5; N 9.0; S 20.7.

3-(y -Sulfopropyl)~-1'-ethyl-6'-methylindolo[3,2-d]thiazoloquino-2'-monomethylidynecyanine Betaine
(XII). This compound was obtained in 78% yield by heating 0.3 g (0,001 mole) of 2-methyl-3-(y -sulfopropyl)~
indolo [3,2~-d]thiazolium betaine with 0.25 g (0.001 mole) of 1-ethyl-6-methylquinoline-2-sulfo betaine in 15
ml of anhydrous ethanol for 60 min on a boiling-water bath in the presence of triethylamine. The dark-red
prisms (from ethanol) melted above 300° and had Amax 522 nm (in ethanol). Found,%: C 62.6; H 5.2; N
8.7; 8 18.4, CyH,:N;0,8,. Calculated,%: C 62.6; H 5.2; N 8.7; S 13.4.

3,3'-Diethylindolo [3,2-d]thiazolocarbocyanine Iodide (V). This compound was obtained in 16% yield
by heating 0.68 g (0.002 mole) of 2-methylindolo[3,2-d]thiazole ethiodide with 24 g of ethyl orthoformate in
100 ml of acetic anhydride at 130-135° for 10 min, The dark blue prisms (from ethanol) had mp 243-244°,
Found,%: C 52.5; H 3.9; 8 11.2;1 22.2, C,;HyIN,S,. Calculated,%: C 52.6; H 4.0; S 11.2; 1 22.3.

Unsymmetrical Chain-Unsubstituted Carbocyanines (VI, VII, VIII, and IX). These dyes were synthe-
sized by heating 0.34 g (0.001 mole) of 2-methylindolo(3,2-d]Jthiazole ethiodide with an equimolar amount
of 2-(B ~acetanilidovinyl)-substituted benzothiazole, naphtho[1,2-d]thiazole, benzoxazole, or benzoselen-
azole ethiodides, respectively, at 100-105° for 15 min in 10 ml of pyridine in the presence of triethylamine.
To isolate the dyes, ether was added to the cooled reaction mass, and the resulting precipitate or resinous
mass was dissolved by heating in ethanol. The solution was treated with 10% aqueous potassium iodide
solution, The dyes were purified by recrystallization from ethanol (Table 3).

Mesoalkyl-Substituted Unsymmetrical Carbocyanines (XIII-XX, XXII, and XXIII). These dyes were
synthesized by heating 0.001 mole of 2-methylindolo[3,2-d]thiazole ethiodide or ¥ -sulfopropylbetaine with
0.001 mole of the ethylmethosulfates of 2-{8 -methylmercaptobutenyl) derivatives of naphtho[1,2~d]thiazole,
5-methoxybenzothiazole, or benzoselenazole in 10 ml of anhydrous ethanol for 2 h on a boiling-water bath
in the presence of triethylamine. To isolate the bromides of the 3,3'-diethylcarbocyanines (XIII, XVI, and
XVII), ether was added to the cooled reaction mass, and the precipitate was dissolved in hot ethanol. The
solution was treated with 10% potassium bromide solution, and the dye was recrystallized from alcohol
(Table 3). Toisolate sulfobetaines XIV, XV, XVII, and XIX~-XXIII, the reaction mixture was cooled, and the
dye was removed by filtration, washed with anhydrous ethanol, and purified by recrystallization from an-
hydrous ethanol (Table 3).

3-Ethyl-5-[3'-ethylindolo[3,2-d}thiazolinylidene-2' ~ethylidene[thiazolidine-2-thion-4-one (X). This
compound was obtained in 31% yield by heating a mixture of 0.34 g (0.001 mole) of 2-methylindolo[3,2-d]-
thiazole ethiodide, 0.30 g (0.001 mole) of 3-ethyl-5-(acetanilidomethylene)thiazolidine-2~thion~-4-one, 10,
ml of anhydrous ethanol, and 0.2 g (0,002 mole) of triethylamine on a boiling-water bath for 1 h. The dark
violet plates melted above 300° (from anhydrous ethanol). Found,%: C 55.6; H 4.25; N 10.8; S 24.8,
Cy3HyyNOS;. Calculated,%: C 55.8; H 4.4; N 10.8; S 24.8.

2-(p-Dimethylaminostyryl)indolo [3,2~d]thiazole Ethobromide (XI). This compound was synthesized
in 35% yield by heating 0.34 g (0.001 mole) of 2-methylindolo[3,2-d]thiazole ethiodide with 0.22 g (0.0014
mole) of p-dimethylaminobenzaldehyde in 10 ml of anhydrous ethanol for 1 h on a boiling-water bath in the
presence of piperidine. The dark red prisms (from ethanol) had mp 216-217°. Found,%: C 58.8; H 5.0;
Br 18.5. CyH,»BrN;S. Calculated,%: C 58.9; H 5.1; Br 18.6.

2~(p-Dimethylaminostyryl)~3-(y ~sulfopropyl)indolo [3,2-d}thiazolium Betaine (XXI). This compound
was similarly obtained in 26% yield from 0.30 g (0.001 mole) of 2-methyl-3-¢ -sulfopropyl)indolo[3,2-d]-
thiazolium betaine and 0.22 g (0.0014 mole) of p~dimethylaminobenzaldehyde. The violet prisms (from an-
hydrous ethanol) had mp 295-296°. Found,%: C 59.7; H5.1;S 14.4, CyyHy3N;O58,. Caleulated,%: C 59.8;
H5.2; 5 14.5.
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