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POLYMETHYLENE DYES DERIVED FROM HETEROCYCLIC BASES CONTAIN- 
ING CONDENSED THIOPHENE RINGS 

IV. Der iva t ives  of Th i enopyr id ine s -5  a n d - 6  

V. G. Zhi ryakov and P . I .  Abramenko  

Khimiya  Ge te ro t s ik l i chesk ikh  Soedineni i ,  Vol. 3, No. 4, pp. 621-625,  1967 

UDC 547 .73 .82 '735 .07 :541 .  651 

Some new polymethine dyes of the cyanine and merocyanine series 
which are derivatives of 5- and 6- thienopyridines are synthesized. 
Replacement of a vinyl group at a sulfur atom in the condensed ben- 
zene ring of quinoline in dyes which are derivatives of this base, 
always leads to a bathochromic shift of the absorption maximum of 
the corresponding dyes. 

We have p r e v i o u s l y  de sc r i bed  [1-4]  po lymeth ine  
dyes which a r e  de r iva t ives  of 4-  and 7 - th i enopyr i -  
d ines  and of 1 - th ionaph thenopyr id ines .  It was shown 
that the abso rp t ion  m a x i m a  of such dyes a r e  shif ted 
towards  the shor t  wave pa r t  of the s p e c t r u m  in com-  
pa r i son  with the compounds  i so s t e r i c  to them. 

The p r e s e n t  paper  d e s c r i b e s  the syn thes i s  of some 
po lymeth ine  dyes in the cyanine  and m e r o c y a n i n e  s e r i e s ,  
having s t r u c t u r e s  I I I - IV,  of de r iva t ives  of 6 - m e t h y l -  
t h i e n o [ 2 , 3 - b l p y r i d i n e  (I) and 5 - m e t h y l t h i e n o [ 3 , 2 - b l -  
py r id ine  (II) p r e v i o u s l y  d e s c r i b e d  by us [5, 6]. 

I I1 

~ ( C H =  CH)n--C. ~ ' " ~ ( C .  - Ctl ) n=r--~S 
i •  l f oA-N/Ls  
R I I I  R C2Hs lV ] 

C2tt 5 

Z = thienc~2, a-b]- or -[3, 2-b]pyridine groups 
n = 1 or 2, X = acid group 
R = CH 3 or G2H 5 

Such dyes a r e  i s o s t e r e s  of the c o r r e s p o n d i n g  2 - qu i n -  
ol ine  d e r i v a t i v e s .  

The e a r b o e y a n i n e s  (n = 1) we re  syn thes i zed  by con-  
dens ing  q u a t e r n a r y  sa l t s  of the app rop r i a t e  bases  with 
ethyl o r tho fo rma te  by hea t ing  in n i t r o b e n z e n e  (see 
[7]). The d i e a r b o c y a n i n e  dyes (n ~- 2) were  obtained by 
r e a c t i n g  the e thiodides  of the app rop r i a t e  ba se s  with 
malona ldehyde  d ian i l  hydroch lo r ide  (see [8]), the r e -  

act ion being run in acet ic  anhydr ide  solut ion,  in the 
p r e s e n c e  of t r i e thy l amine .  

Table 1 

Absorption Maxima in the Spectra of 
Carbo- and Dicarboeyanines 

Z in formula IV 

quinoline-2 
thieno[2, 3-b]pyridine-6 
thieno[3, 2-b]pyridine-5 
thieno[3, 2-b]pyridine-5 
quinoline - 2 
thieno['2, 3-b]pyridine-6 
thieno[3, 2-b]pyridine-5 

~max 
n R (in EtOH),,nm 

l C2Hs 607 
1 C2H5 618 
1 C2H5 614 
1 CH3 614 
2 C2H5 7~7 
2 C~Hs 718 
2 C2H~ 708 

Di-  and t e t r a m e t h i n e m e r o c y a n i n e s  were  syn thes i zed  
by condens ing  the ethiodides of the app rop r i a t e  ba se s  
with 3 - e t h y l - 5 - ( a - a c e t a n i l i n o m e t h y l e n e ) -  or  3 - e t h y l -  
5-  ( y - a c e t a n i l i n o a l l y l i d e n e ) t h i a z o l i d i n e - 2 - t h i o n - 4 - o n e  
in abso lu te  ethanol  in the p r e s e n c e  of t r i e t h y l a m i n e  
with hea t ing  (cf. [9, 10]). 

Table  1 gives the pos i t ions  of the abso rp t ion  m a x i m a  
of the c a r b o -  and d i ca rbocyan ines  syn thes ized .  

The data of Table  1 shows that r e p l a c e m e n t  of a 
v inyl  group by a su l fu r  a tom in the benzene  r ing  of 
quino[2]cyanines  leads to ba thochromic  d i s p l a c e m e n t  
of the absorp t ion  m a x i m a  for  the c o r r e s p o n d i n g  c a r b o -  
and d i ca rbocyan ines .  The dyes which a r e  de r iva t i ve s  
of 6- thieno[2,  3 -b ]pyr id ine  a r e  somewhat  m o r e  deeply 
co lored  than the c o r r e s p o n d i n g  i s o m e r i c  dyes.  
The vinyl  shift  of the abso rp t ion  m a x i m u m  on pa s s ing  
f rom e a r b o -  to d i ca rbocyan ines  in the cases  of the 
dyes which a r e  de r ived  f rom 5- and 6 - th i enopyr id ines ,  
r e spec t ive ly ,  ge ne r a l l y  amount s  to about I00 nm.  Re- 

p l a c e m e n t  of ethyl by methyl  at the n i t rogen  h e t e r o -  

Table  2 

P a r a m e t e r s  of Spec t r a  of Di-  and T e t r a m e t h i n e m e r o e y a n i n e s  

Z in formula IV 

2- quinoline 
6-thienc~2, 3- b]pyridine 
5-thieno[2, 3-b]pyridine 
2-quinoline 
6-thieno[2, 3-b]pyridine 
5-thienc(2, 3-b]pytidine 

I 

I ~ (in EtOH), nm Hypsochromic 
me}o- ---- .  . . . . . . . .  shift, nm �9 ,oxazlnes cyanines 

cyamnes i 

565 542 607 9.5 
576 5-12 618 4.5 
570 542 614 8.0 
660 613 707 " 0 
668 5i3 718 2,5 
655 613 708 4.5 
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Dye formula 

~ C H - - C H ~  S 

C2H5 J 
C2H 5 @ c , - c . - ,  J . s  

C2Hs I 
C2H 5 

I ~  
ca H5 t 

C2fl s 

~ c . - - c . = c . - - c . %  s, 
I ~ 

C2H5 I 
C,fl% 

Table 4 

Quaternary 
salt, g 

0,61 

0.61 

Amount 

Rhodanine 
derivative 

0,61 

0.61 

1,22 1,30 

122 1.30 

Solvent, 
ml 

10 

10 

50 

50 

Table 4 (eont'd) 

Appearance 

Violet prisms 

Violet needles 

Green prisms 

Dark violet prisms 

Mp (deeomp), 
~ 

263--265 

Formula 

CI6HI6N2OSa 

N, 

Found 

7.88 

Cal- 
c u -  

lated 

Yield, 

239--241 

234--235 

231--233 

C16HI6N2OSa 

C,sHIsN2OSa 

CISHIsN2OSa 

8,07 

7,43 

7,47 

8.04 65.0 

8,04 72,0 

7.49 20.0 

7.49 25,0 
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a t o m  is ,  f u r t h e r m o r e ,  p r a c t i c a l l y  w i t h o u t  e f f e c t  on 
t h e  c o l o r s  of t h e  d y e s .  

T a b l e  2 g i v e s  t he  p o s i t i o n s  of t he  a b s o r p t i o n  m a x -  

i m a ,  a n d  a l s o  t h e  h y p s o c h r o m i c  s h i f t s  of t h e  a b s o r p -  
t i on  m a x i m a  of t h e  s y n t h e s i z e d  d i -  a n d  t e t r a m e t h i n e -  
m e r o c y a n i n e s ,  c a l c u l a t e d  f r o m  v a l u e s  of t h e  a b s o r p -  
t i on  m a x i m a  of t he  c o r r e s p o n d i n g  o x a n i n e  a n d  c y a n i n e  
d y e s .  

F r o m  T a b l e  2 i t  is  e v i d e n t  t h a t  i s o m e r i c  d i -  a n d  
t e t r a m e t h i n e m e r o c y a n i n e s ,  d e r i v a t i v e s  of 5-  a n d  6 -  
t h i e n o p y r i d i n e s  a r e  s o m e w h a t  m o r e  d e e p l y  c o l o r e d  
t h a n  t he  d y e s  i s o s t e r i c  to  t h e m  j u s t  a s  in  the  c a s e  of 

c y a n i n e  d y e s .  T h e  h y p s o c h r o m i c  s h i f t s  of t he  a b s o r p -  
t i on  m a x i m a  of  d i m e t h i n e m e r o c y a n i n e s  w h i c h  a r e  
d e r i v a t i v e s  of t h i e n o p y r i d i n e s  a r e  s o m e w h a t  l e s s  t h a n  

f o r  qu ino[2 ,  2 ' ] c a r b o c y a n i n e ,  w h i l e  on  t he  o t h e r  h a n d ,  
w i t h  t e t r a m e t h i n e m e r o c y a n i n e s  t he  h y p s o c h r o m i c  s h i f t s  

of t h e  a b s o r p t i o n  m a x i m a  of  d e r i v a t i v e s  of 5-  a n d  6 -  
t h i e n o p y r i d i n e s  s o m e w h a t  e x c e e d  t he  a n a l o g o u s  s h i f t s  
f o r  qu ino[2 ,  2 ' ] d i c a r b o c y a n i n e .  E v i d e n t l y  t h i s  i n d i c a t e s  
t h a t  t h e  s t r u c t u r e  of t h e  d i m e t h i n e m e r o c y a n i n e  d y e s  
w h i c h  a r e  d e r i v a t i v e s  of 5-  a n d  6 - t h i e n o p y r i d i n e s ,  in 
e t h a n o l  s o l u t i o n s ,  c a n  b e  m o r e  a c c u r a t e l y  d e s c r i b e d  

a s  a n  i n t r a i o n i c  one .  

EXPERIMENTAL 

Carbocyanine dyes were synthesized by condensing the ethiodides 
of the appropriate heterocyclic compounds with ethyl orthoformate 
in nitrobenzene at 180 ~ C for 30-40 rain. To isolate the dyes, ether 
was added to the reaction products after coding, the precipitated 
solid or resinous mass dissolved in EtOH with heating, and the dye 
isolated as iodide by precipitation with a 10% KI solution. To purify 
the dye it was recrystallized from EtOH, or first chromatographed on 
alumina, and then recrystallized to constant mp from EtOH. Prior to 
analysis the dye was vacuum dried to constant weight over PzOs. 

The conditions for preparing the dyes, their appearances, some of 
their physical constants, and analytical data are given in Table 3. 

Diearboeyanine dyes were prepared by condensing the ethiodides 
of the appropriate heteroeyelic bases with malonaldehyde dianil hy- 
drochloride in acetic anhydride or pyridine, at respectively 125~ 
or 105"-110" C, in the presence of Et3N. The methods used for iso- 
lating and purifying the dyes were similar to those used for the carbo- 
cyanines. Reaction conditions, appearances, some physical constants, 
and analytical data are given in Table 3. 

Dimethlnemeroeyanine dye~ were synthesized by condensing ethi- 
odides of the appropriate heterocyclic bases with 3-ethyl-5-(acetani- 

linomethylene)thiazolidine-2-thion.-4-oae in absolute EtOH in the 
presence of EtaN, heating on a boiling water bath for 30 rain. The dye 
that precipitated on cooling was filtered off, washed with EtOH, and 
dried in air. To purify the dye it was reerystallized from EtOH, to 
constant rap. Prior to analysis it was vacuum dried to constant weight 
over PzOs. Reaction conditions, appearances, some physical constants, 
and analytical data are given in Table 4. 

Tetramethinemerocyanine dyes were prepared by condensing the 
ethiodides of the appropriate heterocyclie bases with 3-ethyl-5-(ac- 
etanilinomethylallylidene)thiazolidine-2-thion-4-one in absolute 
EtOH. in the presence of Et3N by heating on a boi]ing water bath for 
1 hr. 

To purify the dyes they were chromatographed on alumina and 
recrystallized to constant mp from EtOH. Prior to analysis a dye was 
vacuum dried to constant weight over PzOs. 

Reaction conditions, appearances, some physical constants, and 
analytical data are given in Table 4. 
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