CHEMISTRY OF HETEROCYCLIC COMPOUNDS

63

INVESTIGATIONS IN THE FIELD OF POLYMEROCYANINES
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Dimerocyanines containing rhodanine residues with an alkyl or a sub-
stituted alkyl group on the nitrogen atom have been synthesized. The
influence of these substituents on the color and photo properties of

these dimerocyanines and their solubility in ethanol has been studied.

We have previously shown [1—3] that dimethine-
zero-methinedimerocyanines that are derivatives of
3-ethylrhodanine, in particular those containing res-
idues of aryl-substituted thiazoles, are extremely
effective sensitizers of silver halide emulsions. How-
ever, the very low solubility of these dyes in ethanol
interferes with their study and practical utilization.

It might be assumed that the solubility of these dyes,
like that of the dimethinemerocyanines [4, 5], could be
increased by introducing onto the nitrogen atoms of
the rhodanine residues higher hydrocarbon radicals,
either unsubstituted or containing polar substituents.

In this connection it is extremely important that
the substituent introduced should not exert an adverse
effect on the sensitizing capacity of the dye.

In the present work, in order to obtain ethanol-sol-
uble dimerocyanines we synthesized dyes of the gen-
eral formula I containing on the nitrogen atoms of the
rhodanine nuclei n-butyl, n-amyl, n-heptyl, alkoxy,
or alkoxycarbonylalkyl groups. Theabsorptionspectra
of these dyes were measured and their photographic
properties were studied.
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Z = Nitrogen-containing heterocycle

R’and R”=n-C:;Hy, n-C;Hy, n-CH;,
(CH;);0COC,H;, (CH;);0COCH; or (CH;)nCOOR”’, where n=2 or 5;
R”=H, CHs;, n-CH:, i-CH,, n-CHy, i-CH,.

The dyes I were synthesized by a known method
[2] from the dimethinecyanine dyes II, which were
converted by heating with dimethyl sulfate into quater-
nary salts, the latter then being condensed with the
corresponding 3-substituted rhodanines.

The influence of the substituents mentioned on sol-
ubility, coloration, and photo properties was studied
on the dimerocyanine dyes derived from 4, 5-diphenyl-
thiazole (Table 1).

As can be seen from the figures in these tables,
the attachment of higher hydrocarbon radicals or
acyloxylalkyl groups to the nitrogen atoms of the oxo-

*For part I, see [2].

methylene residues considerably increases the sol-
ubility of the dimerocyanines in ethanol and has little
effect on their color and zone of sensitization. The
greatest solubility is achieved by the introduction of
two n-heptyl groups.

The dye with a n-amyl group on the nitrogen atom
of the terminal rhodanine residue has a similar sen-
sitizing action of the ethyl derivative. With a further
increase in the molecular weight of the alkyl groups
and in the number of them in the molecule of the dye,
the sensitizing action gradually decreases, and the
dye with two n-heptyl groups has practically no sen-
sitizing action on a silver halide emulsion. The attach-
ment of a g-propionyloxyethyl or a y-propionyloxypropyl
group to the nitrogen atom of the terminal rhodanine
residue leads to a considerable decrease in sensitizing
action.

An alkoxylcarbonyl group in a hydrocarbon radical
causes a marked increase in solubility (compare dyes
3 and 13 and 4 and 14).

It is interesting that the attachment of w-alkoxy-
carbonylalky! substituent to the nitrogen atom of the
terminal rhodanine residue has a great influence on
the solubility (compare dyes 11 and 13).

With respect to their absorption maxima and their
photographic properties, the dimerocyanines with
w-alkoxycarbonylalkyl groups on the nitrogen atoms
do not differ from the corresponding N-ethyl deriva-
tives.

Similar characteristics are found for the dimero-
cyanine dyes derived from other nitrogen-containing
heterocycles (Table 2).

EXPERIMENT AL

2=(y-Hydroxypropyl)rthodanine was obtained in a similar manner
to 3-(B-hydroxyethyl)rhodanine [6] from 15 g of y-propanolamine
(0.2 mole) and 22.6 g (0.1 mole) of bis(carboxylmethyl) trithiocar-
bonate. Yield 22g (79%) in the form of a yellow viscous oil. Found,
%e: N 7.05, 7.19. Calculated for GyH,NO,S,, %: N 7.33.

3-(B-Propionyloxylethylythodanine. A mixture of 8 g (0.045 mole)
of 3-(B-hydroxyethyl)rhodanine and 11.7 g (0,09 mole) of propionic
anhydride was heated in the water bath for 1 hr and was then distilied
in vacuum, a fraction with bp 160°~170° C (4 mm) being collected.
Yield 2.25 g (21%), in the form of a yellow viscous oil readily soluble
in ethanol, benzene, and ether. Found, %: N 6.09, 6.13, Calculated
for Cgt{NO3S,, %: N 6.22,

3-(y-Propionyloxypropyl)rhodanine was obtained in a manner sim-
ilartothat of the preceding compound from 8.6 g (0.045 mole) of 3-(y-hy-
droxypropylythodanine and 11.7 g (0,09 mole) of propionic anhydride,
Yield 2.5 g (23%), bp 145°-150° C (4 mm) in the form of a dark yel-
low viscous oil, readily soluble in ethanol, benzene, and ether. Found,
%: N 5,67, 5.81, CgH;3NO;S,, %: N 5.89.
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Table 3
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C,Hy
R
Solubility in N, %
boiling etha| Amaxs Yield,
R Mp,*C | oL ml /e nm* |Empirical formula calcu-| %
’ found
of dye lated
(CH,),COOH 184—185 300 552 CasHysNo03S; 15.32,548] 5.66 | 53
(CH)sCOOH 216—217 200 552 CosHpsN20sS3 |5.21;5.29 | 521 | 444
(CH_),COOC,H; 139—140 200 552 Co7HpsN203Ss |5.50; 5.64 | 5.85 | 62.2
{CH,)2COOC4Hg-n | 114—116 50 552 CooHycN204Ss [4.95;5.12| 5.08 | 65.4
(CH,),COOC4H,-i | 128—130 70 552 CpoHyoNz05Ss [5.22;5.16 | 508 | 54.5
(CH3)sCOOC;H; 106—107 100 552 CsoH32NpO3S; [5.02;5.17 | 4.95 | 42.8
(CHy)sCOOCHy-n | 115117 60 552 CagHasNgOsSs [4.82;5.00| 4.72 | 57.6
n-CHy5 155—156 120 553 CaoH3oN0:Ss |545; 5.59 | 5.38 | 404

*For the 3-ethyl-substituted dimethylmerocyanine (R = CqH3), Apax 553 nm.

The dimethylmerocyanines II that were derivatives of 4, 5-diphe-
nylthiazole were obtained by condensing 0.001 mole of the diethyl
sulfate derivative of 2-B-anilinovinyl-4, 5-diphenylthiazole with 0.001
mole of one of the appropriate N-substituted rhodanines [7, 8] in acetic
anhydride (4 ml) in the presence of 0.003 mole of triethylamine with
30 minutes heating in the boiling water bath,

The dyes were purified by crystallization from ethanol. The yields
of the dyes, their properties, and their analyses are given in Table 3,
The other merocyanines required for the synthesis of the dimerocyani-
nes have been described previously [9].

3-n-Amyl-5-(3'-ethyl-4', 5'~diphenyl-2'-thiazolinylideneethyl-
idene)~-4-oxothiazolidine-2-thione. A mixture of 1 g (0.004 mole) of
2-methyl-4, 5-diphenylthiazole and 0.64 mi (0.048 mole) of diethyl
sulfate was heated at 130° C for 30 min. To the resulting quaternary
salt were added 1.24 g (0.004 mole) of 3-n-amyl-5-anilino~
methylenerhodanine, 8 ml ofacetic anhydride, and 1.68 m1 (0,012 mole)
of triethylamine, and heating was continued at 100° C for another 20
min. The solidifying reaction mixture was diluted with 8 ml of eth-
anol and left overnight in the refrigerator. Yield 1 g (51%), mp 159°~
160° C. After crystallization from ethanol (1 g from 140 mi) it formed
fine purple needles with mp 162°-163° C. Weight 0.75 g. Found, %:
N 5.71, 5.55. Calculated for Cy7HyeN, OS5, %: N 5.68.

The dimerocyanines I that were derivatives of 3-alkyl- and 3-acyl-
oxyalkylrhodanines were obtained by condensing 0.001 mole of a qua-
ternary salt of a merocyanine [2] with 0,001 mole of rhodanine in 8 ml
of pyridine with boiling for 10 min, The corresponding derivatives of
3-(w-alkoxycarbonylalkylyrhodanines were obtained by heating 0.001
mole of one of the above-mentioned quaternary salts with 0,001 mole
of rhodanine in pyridine (4 ml) in the presence of 0.001 mole of tri-
ethylamine at 105°~110° C for 20 min. In all cases, the solidified
reaction mixture was diluted with 3—~4 ml of ethanol and left in the
refrigerator overnight. The crystals that deposited were filtered off
and recrystallized from ethanol. The yields, properties, and analyses
of the dyes are given in Tables 1 and 2,
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