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INVESTIGATIONS IN THE FIELD OF POLYMEROCYANINES 

II. D imerocyan ine  Dyes that a re  Der iva t ives  of 3 -Alky l rhodan ines*  

L. T. Bogolyubskaya ,  M. S. Lyubich,  V. A. Bogolyubski i ,  Z. P. Sytnik,  
N. V. Kudryavskaya ,  and R. V. T imofeeva  

Khimiya  Gete ro t s ik l i chesk ikh  Soedineni i ,  Vol. 4, No. 1, pp. 8 1 - 8 6 ,  1968 

UDC 547.789.3.5.07+668.8 

Dimerocyanines containing rhodanine residues with an alkyl or a sub- 
stituted atkyl 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 p r ev ious ly  shown [1-3] that d ime th ine -  
z e r o - m e t h i n e d i m e r o e y a n i n e s  that a re  de r iva t i ve s  of 
3 -e thy l rhodan ine ,  in p a r t i c u l a r  those con ta in ing  r e s -  
idues  of a r y l - s u b s t i t u t e d  th iazo les ,  a re  e x t r e m e l y  
effect ive s e n s i t i z e r s  of s i l v e r  hal ide emu l s ions .  How- 
eve r ,  the v e r y  low so lubi l i ty  of these  dyes in e thanol  
i n t e r f e r e s  with the i r  s tudy and p r a c t i c a l  u t i l iza t ion .  
It might  be a s s u m e d  that the so lub i l i ty  of these  dyes ,  
like that of the d i m e t h i n e m e r o e y a n i n e s  [4,5], could be 
i nc r ea sed  b y  in t roduc ing  onto the n i t rogen  a toms  of 
the rhodanine  r e s i d u e s  h igher  hydroca rbon  r a d i c a l s ,  
e i the r  unsubs t i tu ted  or conta in ing  po la r  subs t i tuen t s .  

In this  connect ion  it  is  e x t r e m e l y  impor t an t  that 
the subs t i tuen t  in t roduced  should not  exe r t  an adve r se  
effect on the s e n s i t i z i n g  capaci ty  of the dye. 

In the p r e s e n t  work,  in o rde r  to obtain e t h a n o l - s o l -  
uble d i m e r o c y a n i n e s  we syn thes ized  dyes of the gen-  
e r a l  f o rmu la  I con ta in ing  on the n i t rogen  a toms of the 
rhodanine  nuc le i  n - b u t y l ,  n - a m y l ,  n -hep ty l ,  alkoxy, 
o r  a lkoxycarbonyla lky l  groups .  The abso rp t ion  s p e c t r a  
of these  dyes were  m e a s u r e d  and the i r  photographic  
p r o p e r t i e s  were  studied.  
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Z = Ni t r  heterocycle 

R'and  R"=n-C.~Hg, n - C s H . ,  n-CTHis, 
(CH~)2OCOC~H~, (CH~)~OCOC~H~ o r  (CH~)nCOOR",  w h e r e  n = 2  or  5; 

R " = H ,  C~Hs, n-C~H,, i-C~Hy, n-C~Hg, i-C.~Hg. 

The dyes I were  syn thes ized  by a known method 
[2] f rom the d ime th ineeyan ine  dyes II, which were  
conver ted  by hea t ing  with d imethyl  sulfa te  into q u a t e r -  
n a r y  sa l t s ,  the l a t t e r  then being condensed with the 
c o r r e s p o n d i n g  3 - subs t i t u t ed  rhodanines .  

The inf luence  of the subs t i tuen t s  men t ioned  on so l -  
ubi l i ty ,  co lora t ion ,  and photo p r o p e r t i e s  was s tudied 
on the d imeroeyan ine  dyes der ived  f rom 4 , 5 - d i p h e n y l -  
th iazole  (Table  1). 

As can be seen f rom the f igures  in these  t ab les ,  
the a t t achment  of h igher  hydroca rbon  r a d i c a l s  or  
acyloxylalkyl  groups to the n i t r ogen  atoms of the oxo- 

*For  pa r t  I, see  [2]. 

me thy lene  r e s i d u e s  cons ide rab ly  i n c r e a s e s  the so l -  
ub i l i ty  of the d i m e r o c y a n i n e s  in  ethanol  and has l i t t le  
effect on the i r  co lor  and zone of sens i t i za t ion .  The 
g rea t e s t  so lubi l i ty  is  achieved by the in t roduc t ion  of 
two n -hep ty l  groups.  

The dye with a n - a m y l  group on the n i t rogen  atom 
of the t e r m i n a l  rhodanine  r e s idue  has a s i m i l a r  s e n -  
s i t i z i ng  act ion of the ethyl der iva t ive .  With a fu r the r  
i n c r e a s e  in the m o l e c u l a r  weight of the alkyl groups  
and in the n u m b e r  of them in the molecu le  of the dye, 
the s e n s i t i z i n g  act ion gradua l ly  d e c r e a s e s ,  and the 
dye with two n -hep ty l  groups  has p r a c t i c a l l y  no s e n -  
s i t i z i ng  act ion on a s i l v e r  hal ide emuls ion .  The a t tach-  
m e n t  of a 13- pr  opi onyl oxyethyl or a T- pr  opi onyl oxypr opyl 
group to the n i t rogen  atom of the t e r m i n a l  rhodanine  
r e s i d u e  leads  to a cons ide rab le  d e c r e a s e  in s e n s i t i z i n g  
action.  

An a lkoxylcarbonyl  group in a hydroca rbon  r a d i c a l  
c auses  a m a r k e d  i n c r e a s e  in so lub i l i ty  (compare  dyes 
3 and 13 and 4 and 14). 

It is i n t e r e s t i n g  that the a t t achment  of c0-alkoxy- 
ca rbony la lky l  subs t i t uen t  to the n i t r ogen  atom of the 
t e r m i n a l  rhodanine  r e s idue  has a grea t  inf luence  on 
the so lubi l i ty  ( compare  dyes 11 and 13). 

With r e s p e c t  to t he i r  absorp t ion  m a x i m a  and t he i r  
photographic  p r o p e r t i e s ,  the d i m e r o c y a n i n e s  with 
c0-alkoxycarbonyla lkyl  groups  on the n i t rogen  a toms 
do not  differ  f rom the c o r r e spond i ng  N-ethyl  d e r i v a -  
t ives .  

S i m i l a r  c h a r a c t e r i s t i c s  are  found for the d i m e r o -  
cyanine  dyes de r ived  f rom other  n i t r o g e n - c o n t a i n i n g  
he t e rocyc l e s  (Table  2). 

EXPERIMENTAL 

2-(y-Hydroxypropyl)rhodanine was obtained in a similar manner 
to 8-(B-hydroxyethyl)rhodanine [6] from 15 g of y-propanolamine 
(0.2 mole) and 22.6 g (0.1 mole) of bis(earboxylmethyl) trithiocar- 
bonate. Yield 22g (79%) in the form of a yellow viscous oil. Found, 
%: N 7.05, %19. Calculated for C~HgNC~S2, %: N 7.33. 

3-(B-Propionyloxylethyl)rhodanine. A mixture of 8 g (0.045 mole) 
of 3-(/3-hydroxyethyl)rhodanine and 11.7 g @,09 mole) of propionic 
anhydride was heated in the water bath for 1 hr and was then distilled 
in vacuum, a fraction with bp 160~ ~ C (4 ram) 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 CsHltNO~Sz, %: N 6.22. 

3-(7-Proplonyloxypropyl)rhodanine was obtained in a manner sim- 
ilar to that of the preceding compound from 8.6 g (0.045 mole) of 3-(y-hy- 
droxypropyl)rhodanine and 11.7 g (0.09 mote) of propionic anhydride. 
Yield 2.5 g (23%), bp 145~ ~ C (4 ram) in the form of a dark yel- 
low viscous oil, readily soluble in ethanol, benzene, and ether. Found, 
%: N 5.67, 5.81. CsH13NOsS2, %: N 5.89. 
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R Mp ,  �9 C 

(CH~)2COOH 
(CH~) 5COOH 
(CH~)2COOC2Hs 
(CH2) 2COOC4Hg-n 
(CH2) 2COOC4Hvi 
(CH2)sCOOC2H, 
(CH2)~COOC~Hg-n 
n-CrHI5 

184--185 
216--217 
139--140 
114--116 
128--130 
106--107 
115---117 
155--156 

T a b l e  3 
H.C~-- , f ~S  

7 o 
C.~Hs [ 

R 

olubility i~ Empirical f o r m u l ~  o i l ing  etha- Lraax, 
nol ,  m l / g  nm* 
o f  dye  

230• 552 
552 

200 552 
50 552 
70 552 

100 552 
60 552 

120 553 

C~HuN2OaS3 
C~sH~sN~OaSa 
C27H~NaOsSa 
C29H~N2Oa'S3 
C29HaoN2OaS~ 
Ca0Ha~N~OaSa 
C~2HasN2OsSs 
C~Ha2N2OsSa 

N.% 

f o u n d  calcu- 
lated 

5.32; 5.48 5.66 
5.21; 5.29 5.21 
5.50; 5.64 5.85 
4.95; 5.12 5.08 
5.22; 5.16 5.08 
5.02; 5.17 4.95 

[4.82; 5.00 4.72 
15"45; 5.59 5.38 

Yield, 
% 

53 
44.4 
62.2 
65.4 
54.5 
42.8 
57.6 
40.4 

* F o r  the 3-ethyl-substituted dimethylmerocyanine  ( R  = C 2 H 5 )  , k m a  x 5 5 3  nm. 

The dlmethylmeroeyantnes II that were derivatives of 4, 5-diphe- 
nylthiazole were obtained by condensing 0.001 mole of the diethyl 
sulfate derivative of 2-/3-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 '-dlphenyl-2 '-thiazolinylldeneethyl - 
idene)-4-oxothiazo]idlne-2-thione. A mixture of I g (0.004 mole) of 
2-methyl-4, 5-diphenykhiazole and 0.64 ml (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-ardlino- 
methylenerhodanine, 8 ml of acetic anhydride, and 1.68 ml (0.012 mole) 
of triethylamine, and heating was continued at I00 ~ C for another 20 
rain. 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 ml) it formed 
fine purple needles with mp 162~ ~ C. Weight 0.75 g. Found, %: 
N 5.71, 5.55. Calculated for C27H2sN2OS s, %: N 5.68. 

The dimerocyanines I that were derivatives of 3-alkyl- and 3-acyl- 
oxyatkylrhodanines were obtained by condensing 0.001 mole of a qua- 
ternary salt of a merocyanine [2] with 0.001 mole of rhodanine in 3 ml 
of pyridine with boiling for 10 rain. The corresponding derivatives of 
3-(aJ-alkoxycarbonylalkyl)rhodanines were obtained by heating 0.001 
mole of one of the above-mentioned quaternary salts with 0.0Ol mole 
of rhodanine in pyridine (4 ml) in the presence of 0.001 mole of tri- 
ethylamine at 105~ ~ 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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