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A series of thiadimerocyanine dyes that are derivatives of 3-ethyl-4- 
oxothiazolidine-2-thione with methyl-, ethoxy-, and ethylamino 
groups in the a and a '  positions of the polymethine chain have been 
synthesized. The colors and sensitizing properties of these dyes have 
been studied. 

In a p r e c e d i n g  commun ica t i on  [2] devoted  to d i m e r o -  
cyanine  dyes  d e r i v e d  f rom rhodan ine  we s tud ied  the 
inf luence  of the n a t u r e  of the h e t e r o c y c l i c  n i t r o g e n -  
con ta in ing  r e s i d u e s  and the length of the  p o l y m e t h i n e  
cha ins  on the p r o p e r t i e s  of t he se  dyes .  Subs t i tuen t s  
in the  po lyme th ine  cha ins  of the  m e r o c y a n i n e  dyes  
have a c o n s i d e r a b l e  inf luence  on the c o l o r  [3 -7 ] ,  both  
b a t h o c h r o m i c  and h y p s o c h r o m i c  d i s p l a c e m e n t s  of the  
a bs o rp t i on  m a x i m u m  being  found a c c o r d i n g  to the  
n a t u r e  and the pos i t i on  of the  subs t i t uen t s  and a l so  
the n a t u r e  of the  n i t r o g e n - c o n t a i n i n g  h e t e r o c y c l i c  r e s -  
idue.  The ques t ion  of the inf luence  of subs t i t ue n t s  in 
the po lymeth ine  chain  of d i m e r o c y a n i n e s  on t h e i r  c o l o r  
and pho tog raph ic  p r o p e r t i e s  has  been l i t t l e  s tud ied  up 
to the p r e s e n t  t i m e  [8 -12] .  

We have c a r r i e d  out the s y n t h e s i s  of t h i a d i m e r o -  
cyan ines  with me thy l ,  e thoxy,  and e t h y l a m i n e  g roups  
in the  a and a t pos i t i ons  of the po lyme th ine  chain  
having the g e n e r a l  f o r m u l a  I and have m e a s u r e d  t h e i r  
ab s o rp t i on  s p e c t r a  in e thanol .  
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c2xs I 
R andRI = tl. C.II 3, OC2H 5, NHCIHs;m and n =0,1 C~H s 

In the s y n t h e s i s  of d i m e r o c y a n i n e s  with OC~H 5 and 
CH 3 g roups  in the a and a '  pos i t i ons  and the NHC2H ~ 
group in the a pos i t i on  of the po lyme th ine  chain ,  we 
s t a r t e d  f rom the m e r o c y a n i n e s  (II,  X = S), which w e r e  
c o n v e r t e d  into q u a t e r n a r y  s a l t s  by hea t ing  with  d i m e -  
thyl  su l fa te ,  t h e s e  being condensed  with 3 - e t h y l r h o -  
danine o r  i t s  e thy l idene  d e r i v a t i v e  (HI). 

x i 
c = ( c x - c  ) _-~--r---~ .3c - c  =F--~ '  
" "o=t,.N,J=~ o=*,.~=s 

t i 
CsH5 II C2H s III C+H s 

R=H,  CH s, OC~Hs, NHC2Hs; RI= tl, CH3, OC~H+ 

Dyes  with an e thy l amino  group in pos i t i on  a '  of 
the po lyme th ine  chain  ( t a b l e , d y e s  8 and 12), l ike  the 
t h i a m e r o c y a n i n e s  [4], w e r e  ob ta ined  in good y i e l d s  
by hea t ing  the c o r r e s p o n d i n g  a - e t h o x y - s u b s t i t u t e d  

* F o r  p a r t  II ,  See [1]. 

d i m e r o c y a n i n e s  wi th  e thy l a mine  in abso lu t e  e thanol .  
At the  s a m e  t i m e ,  i t  was  i m p o s s i b l e  to obta in  a -  
e t h y l a m i n o - s u b s t i t u t e d  d i m e t h i n e - z e r o m e t h i n e -  and 
b i s ( d i m e t h i n e ) d i m e r o c y a n i n e s  ( t ab le ,  dyes  4 and 5, 
r e s p e c t i v e l y )  by th i s  method.  The m o b i l i t y  of the  
ethoxy group  in the a pos i t i on  of the m e r o c y a n i n e  
d e r i v a t i v e s  of 4 - t h i a z o l i d i n o n e  [4] is  due to the  d i s -  
p l a c e m e n t  of e l e c t r o n s  f r o m  i t  to the c a r b o n y l  oxygen 
of the  oxome thy lene  r e s i d u e  which i s  g r e a t e r  the 
s t r o n g e r  the e l e c t r o n - a c c e p t i n g  p r o p e r t i e s  of the  
s u b s t i t u e n t  in pos i t i on  2 a r e  ( c o m p a r e  [ 13]). A c c o r d i n g l y ,  
the r e a c t i v i t y  of an e thoxy group in the a '  pos i t i on  
of  the d i m e r o c y a n i n e s  i s  the s a m e  as  that  in m e r o -  
cyanine  d e r i v a t i v e s  of 4 - o x o t h i a z o l i d i n e - 2 - t h i o n e  
( I I ,X = S) and i s  much  l e s s  in the  a pos i t ion .  In the 
l a t t e r  c a s e ,  t h e r e  is  a d i s p l a c e m e n t  of e l e c t r o n s  
f r o m  the n i t r o g e n  a tom of the c e n t r a l  t h i azo l id inone  
r e s i d u e  to the c a r b o n y l  oxygen of the t e r m i n a l  r h o -  
danine  n u c l e u s ,  which is  l e s s  e l e c t r o n e g a t i v e  than 
the th ione su l fur .  

The a b s o r p t i o n  m a x i m a  in e thano l  of the dyes  syn-  
t h e s i z e d  a r e  given in the t ab le  (the m e a s u r e m e n t s  
w e r e  c a r r i e d  out on a S F - 2  M s p e c t r o p h o t o m e t e r ) .  
It can be seen  f r o m  t h e s e  f i g u r e s  that  the in t roduc t ion  
of m e t h y l ,  e thoxy ,  and e thy l amino  g roups  into the 
a and a' positions of dimethine-zero-methine and 
zero-methinedimethinedimerocyanines (1-8) and 
also in the a'  position of bis(dimethine)dimerocya- 
nines (9-12) has approximately the same influence 
on the color as in the case of the thiadimethinemero- 
cyanines [3,4]. When the a-hydrogen atom of a thia- 
bis(dimethine)dimeroeyanine is replaced by a methyl 
or an ethoxy group (13-14), the distribution of the 
electron density in the chromophoric system appar- 
ently becomes more uniform and the color deepens 
considerably. For the same reason, the hypsochro- 
mic shift of the absorption maximum due to the in- 
troduction of an ethylamino group is only 24 nm. It 
i s  known that  the in t roduc t ion  of m e t h y l  and ethoxy 
g roups  into  the a pos i t i on  of the  po lyme th ine  chain  
of a t h i a d i m e t h i n e m e r o c y a n i n e  l e a d s  to a c o n s i d e r -  
ab le  i n c r e a s e  in i t s  s e n s i t i z i n g  ac t ion  [14]. In the  
c a s e  of the  d i m e r o c y a n i n e s  tha t  we have  s tud ied ,  the 
in t roduc t ion  of t h e s e  subs t i t uen t s  does  not have such 
a f a v o r a b l e  inf luence  on the s e n s i t i z i n g  p r o p e r t i e s  
of t h e s e  dyes .  

EXPERIMENTAL 

The ethyl methyl sulfate compounds of the thiamerocyanine de- 
rivatives of 2-methylthio-4-thiazolinone required for the synthesis 
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of the dimerocaynines were obtained by heating 1 mole of the cor- 
responding meroeyanine (II, X = S) with 3 moles of dimethyl sulfate 
under the following conditions: for the thia-zero-methinemerocya - 
nines (II, n = 0) at 125"-130" C (here and below the bath tempera-  
ture is given) for 10 min; for the thiadimethinemerocyanine (II, n = 
1, R = H), at 140" C for 15 min; for the a-ethoxythiadimethinemero- 
cyanine (II, n = 1;R = OCzHs), at 140" C for 10 min; for the a -methyl -  
thiadimethinemerocyanine (II, n = 1, R = CH3), at 130" C for 15 min; 
and, finally, for a-ethylaminothiadimethinemerocyanine (II, n = 1, 
R = NHCzHs), at 130" C for 10 rain. The quaternary salts obtained 
were washed with absolute ether and were used for the synthesis of 
the dimerocyanines without isolation. 

Synthesis of the dimerocyantnes. The dimerocyanines were ob- 
tained by condensing 0.001 mole of one of the above-mentioned qua- 
ternary salts with 0.001 mole of 3-ethyl-4-oxo-thiazolidine-2-thione 
or one of its ethylidene derivatives III. In all cases, the dyes that 
deposited on cooling were filtered off and purified by being boiled 
with 100-300 ml of ethanol (2-3 times). The purity of the products 
obtained was checked by chromatography on activated alumina. The 
conditions of condensation and the yields, melting points, and anal- 
yses of the dyes are given in the table. 

3-Ethyl-5-(3 ' -  ethyl -2 ' -  benzothiazolinylidene) -2-(3 "-ethyl-4"-  
oxo -2 "-thioxo- 5 "-t l iazolidinylidene- a"-ethylaminoethylidene)-4 - 
thiazolidinone (table, 8). A mixture of 0.52 g (0.001 mole) of 3-ethyl-  
5-(3 ' -ethyl-2 ' -benzothiazol inyl idene)-2-(3"-ethyl-4"-oxo-2 "- thi-  
oxo -5 "-thiazolidinylidene - a"  - ethoxyethylidene) -4-thiazolidinone, 
10.4 ml of 33% ethanolic ethylamine, and 5 ml of absolute ethanol 
was heated in the boiling water bath for 2 hr and was left overnight. 
On the following day, the precipitate was filtered off and washed on 
the filter with ethanol. Yield 0.46 g. For purification, the dye was 
boiled with ethanol (2 • 50 mi). 

3 -Ethyl-5 -(3 ' -e thyl-2 ' -  benzothiazolinylideneethylidene) - 2 -(3 "- 
ethyl-4"-oxo-2"-thioxo-5"-thiazol idlnyl idene-  a"-ethylamlnoethyl-  
idene)-4-thiazolidinone (table, 12). A mixture of 0.54 g (0.001 mole) 
of 3 -ethyl-5 - (3 ' -e thyl-2 '  -be nzothiazolidinylideneethylidene) -2 -(3 "- 
ethyl-4"-oxo-2"-thioxo-5"-thiazol idinyl idene-  a"-ethoxyethylidene)- 
4-thiazolidinone, 12 ml of 29~ ethanolic ethylamine, and 5 ml of 
absolute ethanol was heated in the boiling water bath for 40 min and 
was left overnight. On the following day the precipitate was fikered 
off and washed with ethanol. Weight 0.5 g, mp 227* C. After purifi- 
cation by boiling with ethanol (60 ml): mp 228* C, weight 0.38 g. To 

remove a contaminating dye forming a blue band on alumina, the 
product was chromatograpbed on alumina in benzene solution. Yield 
0.34 g. 
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