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Three isomeric biscyanine dyes have been synthesized, each of which 
forms a pair of indothiazolocarbocyanines attached to a p-phenylene 
group through the 4, 4' (I), 5, 5' (II), and 3, 3' (III) positions of the thia- 
zole nuclei. It has been found that in the biscyanines II and III the 
polymethine chromophores are conjugated and influence one another, 
which is shown by the splitting of the absorption bands of these dyes. 
In the biscyanines I, no interaction of the chromophores is observed. 

In 1965, A. I. K i p r i a n o v  and I. L.  1Viushkalo [I] 
found that  in b i s c y a n i n e  dyes  the  p o l y m e t h i n e  c h r o m o -  
p h o r e s  of which a r e  of the  s a m e  length  and a r e  con ju -  
gated with one a n o t h e r ,  t h e s e  c h r o m o p h o r e s  inf luence  
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Fig .  1. A b s o r p t i o n  cu rves  of the  b i s -  
cyan ine  I and the monocyan ine  VII. 

one ano the r  a s  two connec ted  v i b r a t i o n a l  s y s t e m s  
tuned in unison.  The  two a b s o r p t i o n  bands  of such  a 
b i s c y a n i n e  do not co inc ide  with  the  a b s o r p t i o n  b a n d s  of  
the two monocyan ine  dyes  c o r r e s p o n d i n g  to  t h e m ,  but  
a r e  sh i f t ed ,  one in the  d i r e c t i o n  of h i g h e r  and the o th -  
e r  in the d i r e c t i o n  of l o w e r  f r e q u e n c i e s .  

In the  c a s e  of b i s c y a n i n e s  with a c o m p l e t e l y  s y m -  
m e t r i c a l  s t r u c t u r e ,  the  conjugat ion  of the  c h r o m o -  
p h o r e s  m u s t  l e ad  to  a s p l i t t i n g  of the  a b s o r p t i o n  band 

of the  m o t h e r  m o n o c y a n i n e  into two b a n d s ,  one of 
l o n g e r  and one of s h o r t e r  wave leng th .  Th is  type  of 
s y m m e t r i c a l  b i s c y a n i n e  has  been  ob ta ined  and s tud ied  
in the  p r e s e n t  work .  

We s y n t h e s i z e d  t h r e e  dyes  ( I - I I I ) ,  each  of which 
c o n s i s t e d  of a p a i r  of i n d o t h i a z o l o c a r b o e y a n i n e s  con-  
nec t ed  with one a n o t h e r  t h rough  a p - p h e n y l e n e  nuc leus :  
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The d i f f e r e n c e  in the  s t r u c t u r e  of t h e s e  t h r e e  i s o -  
m e r i c  b i s c y a n i n e s  c o n s i s t s  in the  fac t  that  in dye  I the 
connec t ion  be tween  the two monoc ya n ine s  is  e f fec ted  

th rough  the p o s i t i o n s  4 of the  t h i a z o l e  nuc le i ,  in dye II  
t h rough  p o s i t i o n s  5, and in dye III  t h rough  p o s i t i o n s  3. 

B i s c y a n i n e s  of ana logous  s t r u c t u r e  in which the 
t h i azo l e  nuc le i  of the  m o n o c y a n i n e s  a r e  connec ted  
th rough  b iphenyl  r e s i d u e s  have  been  d e s c r i b e d  by  E. D. 
Sych [2]. In t h e s e  b i s c y a n i n e s ,  no sp l i t t i ng  of the a b -  
s o r p t i o n  bands  was o b s e r v e d .  However ,  i t  is  known tha t  

the  b ipheny l  s y s t e m  is a v e r y  poo r  conduc to r  of e l e c -  
t r o n i c  in f luences  [3]. 

The s y n t h e s i s  of the  b i s c y a n i n e s  I - I I I  was  c a r r i e d  
out by  the  condensa t i ons  u sua l  fo r  t h e s e  t y p e s  of dyes .  
It was  c o m p l i c a t e d  in the  l a t e r  s t a g e s  by  the d i f f i cu l ty  
of pu r i fy ing  the r e l a t i v e l y  h i g h - m o l e c u l a r - w e i g h t  c o m -  
pounds obta ined .  The b i s c y a n i n e s  I w e r e  s y n t h e s i z e d  
in the  fo l lowing way: 

tt'CH2 Br CO--C6H4--COCH~Br 2 CH3CSNH 2 

�9 ct l3--  Ctl 3 
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The s a m e  s a l t  V, on r e a c t i o n  with  1 m o l e  of the  a l -  
dehyde  VI,  f o r m e d  the  m o t h e r  dye VII: 

CH 3 --  - -  CH--CH CH-- 

CH 3 CH3 2 CIO 4 CH 3 

VII 

The b i s c y a n i n e  ]I was  p r e p a r e d  by  a s o m e w h a t  m o r e  
c o m p l e x  method:  

P=Ss, 
n- CH3CO N H CH2CO--C6H4-- CO CH2 NH COCH 3 
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s 7 ~  s 
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The m o t h e r  dye IX c o r r e s p o n d i n g  to the  b i s c y a n i n e  
II  was  obta ined  in a s i m i l a r  m a n n e r  to dye VII: 

%7" '  

I I I 
CH a CH3 2 CIO~ CH3 

IX 

The fol lowing r o u t e  was used  for  the  s y n t h e s i s  of 
the  b i s c y a n i n e  Ill :  

. .  CH3CO N H--C6H4-- N H COCH a P 2S-~ ft. CHaCS N H_CgH4__NH CSCH 3 
S S 
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I 

2 el 
• 

The m o t h e r  dye XI was ob ta ined  s i m i l a r l y  to VII 
and IX: 

%=/_" CH 3 
2 ClO~ XI 

The a b s o r p t i o n  s p e c t r a  of a l l  the  t h r e e  bi s cyan ines  and 
the  m o n o c y a n i n e s  c o r r e s p o n d i n g  to t h e m  w e r e  d e t e r -  
mined  in e thano l i e  so lu t ions .  F i g u r e  1 g ives  the  a b -  
s o r p t i o n  c u r v e s  of the  b i s c y a n i n e  I and i ts  m o t h e r  dye 
VII. 
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Fig .  2. A b s o r p t i o n  s p e c t r a  of 
the  b i s c y a n i n e  II  and the dye  IX . ,  

The a b s o r p t i o n  c u r v e s  of the  b i s c y a n i n e  I ( k m a x  
544 nm) and the m o n o c y a n i n e  VII ( k r a a x  538 nm) a l m o s t  
a g r e e  both with r e s p e c t  to t h e i r  s h a p e s  and to the  p o s i -  
t ions  of the  m a x i m a ,  but the  i n t e n s i t y  of the  a b s o r p t i o n  
band in I (e 1.02 • 105) is  f a r  h i g h e r  than  in VII  (e 0.66 • 
x 105). Hence ,  i t  fo l lows  tha t  in th i s  c a s e  t h e r e  is  p r a c -  
t i c a l l y  no i n t e r a c t i o n  be tween  the  c h r o m o p h o r e s  of the  

b i s c y a n i n e  L 

T h e r e  m a y  be  two r e a s o n s  for  th i s .  A p p a r e n t l y ,  the 
m o r e  i m p o r t a n t  of t h e m  is tha t  in the  t h i azo l e  cyan ines ,  
as  has  been  shown by Sych [4], e l e c t r o n i c  in f luences  
a r e  t r a n s m i t t e d  v e r y  feeb ly  to the  c h r o m o p h o r e  (conju-  
gat ion th rough  the su l fu r  a tom) .  The second  r e a s o n  is 
a d i s t u r b a n c e  of the  e o p l a n a r i t y  of the  benzene  nuc leus  
wi th  the two ne ighbo r ing  t h i azo l e  nuc le i  b e c a u s e  of 
s t e r i c  h i n d r a n c e  [5]. 
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Fig. 3. Absorption spectra 
of the biscyanine Ill and the 

dye XI. 

Figure 2 gives the absorption spectra of the biscya- 
nine II and its mother dye IX. 

Here the picture is different. As we expected, the 
chromophores of the biscyanine interact. The absorp- 
tion band of the mother monocyanine IX (kma x 562 nm, 
e 0.8 • 105) is split in the spectrum of the biscyanine II 
into two bands (kma x 602 nm, e 1.18 x 105, and krnax 
530 nm, e 0.7 x 105). It is known that position 5 in the 
thiazole cyanines, unlike position 4, is very sensitive 
to the electronic influence of substituenLs (conjugation 
with the ehromophore through the nitrogen atom) [4]. 
In these dyes the steric hindrance preventing the co- 
planarity of the benzene nucleus and the Lhiazole nuclei 
is also smaller than in the preceding case. 

The absorption spectra of the biseyanine Ill and its 
mother dye XI are given in Fig. 3. 

There is also interaction of the chromophores here, 
but it is not expressed so clearly as in the preceding 
c a s e .  The a b s o r p t i o n  band of the  m o t h e r  dye  XI ( k m a  x 
540 nm,  e 0.70 x 105) i s  sp l i t  in the b i s c y a n i n e  rrr into 

two bands  (Area x 548 nm,  e 0.79 x 105, and kma  x 
516 nm,  e 0.70 x 105). The conjuga t ion  of the  c h r o m o -  
p h o r e s  is  weakened ,  p r o b a b l y  th rough  s t e r i c  h ind rance .  

E X P E R I M E N T A L  

p-Diacetylbenzene [6] and p-bls(bromoaeetyl)benzene [7] were 

obtained by published methods. 
p-Bis-(2-methyl-4-thlazolyl)benzene (IV). A mixture of 2.15 g of 

p-bis(brornoacetyl)benzenc and I g of thioacetarnide was heated at 
140 ~ C for I hr. The product was washed with benzene and dissolved in 

water, and the base was precipitated with ammonia. Yield I g (55%), 
nap 216-216 ~ C (decornp from ethanol) (the melting points are uncor- 
rected). Found, %: S 28.82, 23.80. Calculated for C14HI2N2S2, %: 

S 23.52, 
The biKmethyl totylate) derivative (V)'was obtained by heating 

the base IV with methyl p-toluenesulfonate at 170* C for 30 rain. 
Yield 81%, mp 275~ (decornp). Found, %: S 19.88, 19.86. Calcu- 
lated for C=Hz2N20~S3, ~: S 19.87. 

Th* biteytnino I. A mixture of 0.8 g of the salt V, 0.4 g of 2- 
forrnylmethylene-1, 3, 3-trimethylindoline (VI) and 3 rnl of acetic an- 
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hydride was boiled for 5 min. The dye was precipitated with the ether 
and was purified by chromatography on alumina in chloroform con-  
taining ethanol. The dye was converted into the perchlorare by the 
action of sodium perchloram. Yield 35 mg (10%o), mp  281 ~ C (de- 
comp). Found, %: S 7.28, 7.10, Calculated for C42H4sCI2N~OsS2, 0]0: 
s 7.38, 

The dye VII was obtained by heating a mixture of 0.8 g of the sall~ 
V, 0.07 g of the aldehyde VI, and 3 ml  of acetic anhydride, and the 
dye obtained was purified in the same way as the preceding one. 
Yield 25 mg (9%), mp 220 ~ C (decomp). Found, 0]0: S 9.35, 9.29. 
Calculated for C29H31C12N3OsS~, %: S 9.35. 

p-Bls(acetylamlnoacetyl)benz~ne, p-Bis(aminoaceryl)benzene 
hydrochlorlde was obtained from p-bis(bromoacetyl)benzene via the 
hexamethylenete t ramine complex as described by Burns et al. [9]. 
Two grams of thls salt was dissolved in 15 ml  of water and, at 0 ~ C, 
4,5 ml  of acetic anhydride was added. Then, with stirring, sodium 
hydrogen carbonate was added until a precipitate had formed. The 
precipitate was washed with ice water and crystallized from ethanol. 
Yield 1.33 g (65%), mp 284-235* C. Found, %: N 10.21, 10.35. 
Calculated for C~4H~6N204, %: N 10.14. 

p-Bis(2-methyl-5-thlazolyl)benzene (VIH). The eyelizat ion of the 
preceding compound to the base VIII was carried out by analogy with 
[2]. In a mortar, 4,85 g of p-bis(acetylaminoacetyl)benzene was ground 
with 3.5 g of phosphorus pemasulfide, and then 15 ml  of pyridlne was 
added and the mixture was heated at 160 ~ C for 15 min,  The pyridinc 
was distiI1ed off in vacuum, the light brown mass was extracted with 
15% sodium hydroxide solution, and the residue was crystallized from 
ethanol, Yield 2 g (42%), mp 258 ~ C (decomp_). Found,%: S 23.53, 
23.69, Calculated for C14Ht2N2S2 , %: S 23.52. 

The bis(methyl tosylate) derivative of the base was obtained s imi  a 
larly to the bistosylate V, mp 245 ~ C (decomp). 

The biseyantne II was obtained from the preceding salt in a similar 
manner to the biscyanine I, Yield 12%, mp 275* C (deeomp), Found, 
%: S 7.23, 7.18, Calculated for C4zH4bClzN,~OsSz, %: S 7.38. 

The dye IX was obtained from the same components with a large 
excess of the bisquatemary salt in a similar manner to dye VII. Yield 
12%, mp 205"C (decomp~. Found,%: S 9,24, 9.06. Calculated for 

C2~Hs~CI2N3OsS2, %: S 9.35, 
N, N'-Bis( thtoaeetyl)-p-phenylenediamtne.  A mixture of 10 g of 

N, N ' -d iace ty l -p-phenylenediamine  [9] and 10 g of phosphorus penta-  
su!fide in 15 ml  of pyrldine was heated at 110-115 ~ C for 20 rain, The 
pyridine was distilled off in vacuum and the residue was dissolved in 
5% sodium hydroxide and precipitated from the solution with carbon 
dioxide.  Yield 2 g (17%), yellow needles, mp 229 ~ C (from ethanol, 
decomp). Found, o/o: S 28.31, 28,35. Calculated for C~0HI2N2S~, %: 
S 28.57, 

2, 2', 4, 4 ' -p-Phenylene-3 ,  3'-bir~hlazollum dichloride (X). A mix-  
ture of 1.7 g of the preceding compound and 1.26 g of chloroacetone 
was heated at 100 ~ C for 5 min.  The mel t  was washed with benzene and 
ether and crystallized from ethanol, Yield 1.02 g (350/0), mp 292-293 ~ C 
(decomp). Found, 0]0: S 16.97, 17.04. Calculated for CI6H~sCI2N2S~, 
%: S 17.15. 

The dlperchlorate was obtained from the dichloride by the action of 
sodium perchlorate. It did not mel t  below 330 ~ C. Found, % : S 12.73, 
12.68. Calculated for C~6H~sCI~N2OsS2, 0/0: S 12.77. 

The bi~cyanine III was obtained from the preceding salt and VI in 
acetic anhydride. The dye was precipitated with e the rand  recrystallized 
from a mixture of ethanot and nitromethane.  Yield 10~ mp 230 ~ C 
(decomp). Found, %: S %09, 7.09. Calculated for C42H4sCI2N4OsS2, 

0/0: S 7.38. 
The dye XI was obtained from the same components with an excess 

of the bisquaternary salt in a similar manner to dye VII. Yield 11%, 
mp 181 ~ C (decomp). Found, %: S 8.85, 8.97. Calculated for 

C~oHaICI2N~OsS2, %: S 9.35. 
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