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Severa l  new polymethine  dyes of the cyanine and merocyanine  s e r i e s  with 1 - m e t h y l - l H -  
imidazo[4,5-b]pyr idine  res idues  were  synthesized,  and the i r  colors  were  studied. Replace-  
men t  of the benz imidazole  res idue  in the cyanine dyes by a 1 -me thy l - lH- imidazo [4 , 5 -b ] -  
pyridine res idue  leads  to deepening of the dye color.  

We have p rev ious ly  r epo r t ed  the synthes is  of some polymethine dyes that contain res idues  of qua te r -  
na ry  sa l t s  of 1 -methy l (pheny l ) - lH- imidazo[4 ,5 -c ]pyr id ines  [1, 2]. 1 -Methy l - lH- imidazo[4 ,5 -b]pyr id ine  de-  
r iva t ives  could be of definite in te res t  as dyes. In this case ,  because  of s t e r i c  hindrance,  it might  have been 
expected that the a lkylat ion of 1 ,2 -d imethy l - lH- imidazo[4 ,5 -b ]pyr id ine  (I) would give only the monoqua te r -  
nary  sa l t  and, consequently,  dyes that do not contain a pyridine r ing n i t rogen a tom in the onium state.  This 
a s sumpt ion  was conf i rmed  af te r  we had commenced  our  r e s e a r c h  by the fact  that 3 -methy l -3H- imidazo[4 ,  
5-b]pyridine r e a c t s  with alkylat ing agents  to fo rm the monoqua te rnary  sal t  at the ni t rogen atom of the 
imidazole  r ing [3]. 

Base I was obtained by heating 2 -amino-3 -me thy laminopyr id ine  (II) with acet ic  anhydride. Compound 
II was synthes ized  via the C la rk -Lewis  and Thompson scheme  [4]. The qua te rna ry  sal ts  (Ilia, b) were  ob- 
tained by heating base  I with alkyl e s t e r s o f  p- toluenesulfonic  acid. 

~--N-c., 

I I l l  a, b 

a) R= c,lt0; b) R= n-CsH17 

The following different  types of polymethine dyes were  synthes ized f r o m  qua te rna ry  sa l t s  III: a s y m -  
m e t r i c a l  carbocyanine  (IV), uns ym m et r i c a l  carbocyanine  dyes (Va-e, Table 1), d imethyl idynemerocyanines  
(Via-k, Table 2), a d imerocyanine  (VII), and a merocyaninocyanine  (VIII). 

One should note the lower  reac t iv i ty  of the C-methyl  group of III as compared  with the methyl  group 
of the d iqua ternary  sa l t  of 1 ,2 -d ime thy l - lH- imidazo[4 ,5 -c ]pyr id ine  [2], which has a pronounced effect  on 
the yields of the dyes. Thus, for  example ,  s y m m e t r i c a l  carbocyanine  dye IV could be obtained i n a y i e l d  of 
~ 570 when IIIa was heated at  190 ~ C with ethyl o r tho fo rmate  in ni t robenzene in the p re sence  of t r ic thylamine  
and acet ic  acid,  while a s y m m e t r i c a l  carbocyanine  dye with a 1 -me thy l - lH- imidazo[4 ,5 -c ]pyr id ine  qua te r -  
nary  sa l t  r e s idue  is fo rmed  under quite mi ld  conditions (at 130 ~ C in nltrobenzene) [2]. The fo rmat ion  of the 
dyes is accompanied ,  in a number  of cases ,  by the appearance  of deeply colored products ,  f rom which the 
dyes were  f reed  by ch romatography  on a luminum oxide. 

*See [1] for communication If. 
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We have investigated the absorption spectra of alcohol solutions of the synthesized dyes. The absorp- 
tion maximum of the symmetrical carbocyanine dye (IV) at 514 nm is shifted by 24 nm to the long-wavepor- 
tion of the spectrum as compared with the absorption maximum of l,l-dimethyl-3,3-diethylimidaearboeya- 
nine iodide [5], while the absorption maximum of dye VIe is shifted to the long-wave portion by 7 nm as 
compared with the absorption maximum of the corresponding imidadimethinemeroeyanine [5]. 

~:2H s i @ I C~ H s 

VIII 

Dyes wi th  1 - m e t h y l - l H - i m i d a z o [ 4 , 5 - b ] p y r i d [ n e  r e s i d u e s  a r e  m o r e  h ighly  co lo r ed  than  the c o r r e s p o n d -  
ing dyes  tha t  con ta in  a 1 - m e t h y l - l H - i m i d a z o [ 4 , 5 - c ] p y r i d i n e  q u a t e r n a r y  s a l t  r e s i d u e  ( A h m a  x fo r  IV, Vb, and 
VIc is 11 nm,  20 nm,  and 2 nm,  r e s p e c t i v e l y )  [2]. The h y p s o c h r o m i e  sh i f t s  of the a b s o r p t i o n  m a x i m a  of a 
n u m b e r  of  u n s y m m e t r i c a l  c a r b o c y a n i n e s  (V) tha t  con ta in  3 ,3 -d ime thy l indo len ine ,  benzo th i azo l e ,  and b e n -  

* H e r e  and e l s e w h e r e ,  Z denotes  the 1 - m e t h y l - l H - i m i d a z o [ 4 , 5 - b ] p y r i d i n e  r e s idue .  
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z o s e l e n a z o l e  r e s i d u e s  a r e  qu i te  s i g n i f i c a n t  (up to 16 nm,  Tab le  1) a s  c o m p a r e d  wi th  those  of the  c o r r e s p o n d -  
tag u n s y m m e t r i c a l  c a r b o c y a n i n e  dyes  wi th  1 - m e t h y l - l H - i m i d a z o [ 4 , 5 - c ] p y r i d i n e  q u a t e r n a r y  s a l t  r e s i d u e s  
(up to 6.5 nm) [2]. The h y p s o c h r o m i c  sh i f t  of  the a b s o r p t i o n  m a x i m u m  for  VIc is  9 nm as  c o m p a r e d  wi th  
the c o r r e s p o n d i n g  s y m m e t r i c a l  dyes .  The ana logous  sh i f t  f o r  the d i m e t h y l i d y n e m e r o c y a n i n e  wi th  a 1 - m e -  
t h y l - l H - i m i d a z o [ 4 , 5 - c ] p y r i d i n e  q u a t e r n a r y  s a l t  r e s i d u e  is 12.5 nm [2], wh i l e  tha t  fo r  the c o r r e s p o n d i n g  
i m i d a d i m e t h y l i d y n e m e r o c y a n i n e  is  4 nm [5]. F r o m  t h e s e  r e s u l t s ,  i t  can  be  conc luded  that  the  1 - m e t h y l - l H -  
i m i d a z o [ 4 , 5 - b ] p y r i d i n e  r e s i d u e  in  the  i n v e s t i g a t e d  dyes  has  l o w e r  b a s i c i t y  than  the b e n z i m i d a z o l e  r e s i d u e s  
in the  c o r r e s p o n d i n g  dyes ,  but ,  a s  shou ld  have  b e e n  e x p e c t e d ,  g r e a t e r  b a s i c i t y  than  the 1 - m e t h y l - l H - i m i d a z o -  
[ 4 , 5 - c ] p y r i d i n e  q u a t e r n a r y  s a l t  r e s i d u e s .  

The s y n t h e s i z e d  dyes  s e n s i t i z e  s i l v e r  h a l i d e  e m u l s i o n s  [6]. 

E X P  E RI1V[ E N T A L  

1 , 2 - D i m e t h y l - l H - i m i d a z o [ 4 , 5 - b ] p y r i d i n e  (I). A m i x t u r e  of 1 g (8 m m o l e )  of  2 - a m i n o - 3 - m e t h y l a m i n o -  
p y r i d i n e  [4, 7] and 8 ml  of a c e t i c  a n h y d r i d e  was  h e a t e d  a t  140 ~ C fo r  4 h. The e x c e s s  a c e t i c  a n h y d r i d e  was  
r e m o v e d  b y  v a c u u m  d i s t i l l a t i o n ,  and the  r e s i d u e  was  d i s s o l v e d  in w a t e r  and n e u t r a l i z e d  wi th  p o t a s s i u m  c a r -  
bona te .  The b a s e  was  e x t r a c t e d  wi th  c h l o r o f o r m  to g ive  1.04 g (84.6%) of c o l o r l e s s  p l a t e s  wi th  m p  166- 
167~ ( f rom benzene ) .  Found." N 28.3%. C8HgN 3. C a l c u l a t e d :  N 28.6%. 

1 , 2 - D i m e t h y l - l H - i m i d a z o [ 4 , 5 - b ] p y r [ d i n e  E t h y l - p - t o l u e n e s u l f o n a t e  (I l ia) .  A m i x t u r e  of 0.73 g (5 m m o l e )  
of I and  2.5 g (12.5 m m o l e )  of e thy l  p - t o l u e n e s u l f o n a t e  was  h e a t e d  a t  130~ fo r  10 h. The r e a c t i o n  m i x t u r e  
was  s t i r r e d  wi th  a c e t o n e ,  and  the p r e c i p i t a t e  was  r e m o v e d  by  f i l t r a t i o n  to g ive  1.21 g (70.3%) of c o l o r l e s s  
p r i s m s  wi th  m p 1 6 4 ~  C [ f rom a c e t o n e  - a l coho l  (3. '1)] .  Found :  11.9%. C17H21N303S. Ca lcu l a t ed :  N12 .1%.  

Compound IIIb was  o b t a i n e d  unde r  s i m i l a r  cond i t ions  and was  u sed  wi thou t  add i t i ona l  p u r i f i c a t i o n  in 
the following, e x p e r i m e n t s .  

B i s ( 1 - m e t h y l - 3 - e t h y l i m i d a z o [ 4 , 5 - b ] p y r i d i n e - 2 , 2 ' ) t r i m e t h y l i d y n e c y a n i n e  Iodide  (IV). A m i x t u r e  of 0.34 
g (1 m m o l e )  of  I l i a ,  0.28 g (2 m m o l e )  of  e thyl  o r t h o f o r m a t e ,  2.5 m l  of  n i t r o b e n z e n e ,  0.04 g (0.5 m m o l e )  of 
a c e t i c  ac id ,  and  0.05 g (0.5 m m o l e )  of t r i e t h y l a m i n e  was  h e a t e d  a t  190~ fo r  7 ra in .  The dye was  p r e c i p -  
i t a t e d  wi th  e t h e r ,  c h r o m a t o g r a p h e d  on a l u m i n u m  oxide  (as a s o l u t i o n  in c h l o r o f o r m ) ,  and  c o n v e r t e d  to 0.01 
g (47%) of  r e d  n e e d l e s  of  the  iod ide  wi th  m p  269-270~ ( f rom e thanol )  and  ~ m a x  514 nm (in e thanol ) .  Found :  
C 51.8; H 5.5%. C21H25IN6. C a l c u l a t e d :  C 51.64; H 5.15%. 

1 - M e t h y l - 3 , 3 ' - d i e t h y l ( i m i d a z o [ 4 , 5 - b ] p y r i d i n e - 2 - ) t h i a c a r b o c y a n i n e  Iod ide  (Vb, Tab le  1). A m i x t u r e  of 
0.34 g (1 m m o l e )  of I l i a ,  0.3 g (1 m m o l e )  of 3 - e t h y l - 2 - ( f i - m e t h y l t h i o v i n y l ) b e n z o t h i a z o l i u m  m e t h y l s u l f a t e ,  6 
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ml of dry  pyridine,  and 0.4 ml  of t r i e thy lamine  was heated at 120 ~ C for  4 h. The dye was prec ip i ta ted  with 
e ther ,  ch romatographed  on a luminum oxide (as a solution in chloroform) ,  and conver ted  to the iodide. 

Compounds Va, c - e  (Table 1) were  s i m i l a r l y  obtained by the condensation of IIIa,  r e spec t ive ly ,  with 
2- (P -acetani l idovinyl) -3 ,3-dimethyl indolenine  methiodide,  3 - e thy l -2 -  (fi -methoxyvinyl)  benzoese lenazo l ium 
methylsu l fa te ,  3 -e thy l -2 - ( f i -me thy l th iov iny l ) -5 -methoxybenzose lenazo l ium methylsu l fa te ,  and 3 -e thy l -2 -  
( f i -methoxyvinyl)-  4,5- diphenylthiazolium methylsul fa te .  

Dimethyl idynemeroeyanines  (VIb-k, Table 2). A mix ture  of 1 m m o l e  of the appropr ia te  III,  1 mmole  
of 3 -a lky l (a ry l ) -5 -ace tan i l idomethy lenerhodanine ,  5 ml  of pyr idine,  and 0.1 ml  of t r ie thylamine  was heated 
at 125~ for  4 h. The dye was purif ied by ch romatography  on a luminm oxide (as a benzene solution) and 
was c rys ta l l i zed  as red  needles f rom alcohol. 

Compound Via was s i m i l a r l y  obtained by the condensation of IIIa with 3 -e thy l -5 -ace tan i l idomethy lene -  
oxazolidinethione. 

Dimerocyanine  (VII). A mix tu re  of 0.06 g (0.2 mmole)  of d imethyl idynemerocyanine  VIc and 0.05 g of 
dimethyl  sulfate  was heated at 120~ for  30 rain, the d a r k - r e d  m a s s  was washed  with benzene,  and 0.03 g 
(0.2 mmole)  of 3-ethylrhodanine,  2 ml  of pyridine,  and 0.1 ml  of t r ie thylamine  were  added. The mix tu re  
was heated  at 120~ for  3 h, and the prec ip i ta te  was r e m o v e d  by  f i l t ra t ion  and washed  with 5 ml  of alcohol 
to give 0.03 g (34.5%) of violet  needles with mp 281-282~ (washed with hot alcohol) and Ama x 574 nm (in 
chloroform). Found: N 15.1%. C21H23NsO2S 3. Calculated: N 14.8%. 

Dimethylidynemerocyaninoeyanine (VIII). A mixture of 0.06 g (0.2 mmole) of VIc and 0.05 g of di- 
methyl sulfate was heated at 120~ for 30 rain, 0.06 g (0.2 mmole) of 2-methyl-3-ethylbenzothiazoliam 
tosylate, 3 ml of pyridine, and 0.I ml of triethylamine were added, and the mixture was heated at 130~ for 
2 h. The dye was precipitated with ether and converted to 0.04 g (33.3%) of violet prisms of the iodide with 
mp 243-244~ (from ethanol) and ~max 600 nm (in ethanol). Found: N 11.25%. C26H28INsOS 2. Calculated: 
N 11.2%. 
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