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POLYMETHINE DYES CONTAINING CONDENSED THIOPHENE RINGS 

VI. Thienothienothiazole Derivatives* 
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Several new polymethine dyes of the cyanine and merocyanine series 
with thieno[2', 3':5, 4]thieno[2, 3-d]thiazole residues have been synthe- 
sized, rt has been shown that the replacement of one vinylene group 
in the benzene rings of 6, 7-benzobenzothiazole by a sulfur atom in the 
eyanines and merecyanlnes causes a considerably greater deepening of 
the color of the dyes than the replacement of two vinylene groups in 
both condensed rings of 6, 7-benzobenzothiazole residues. 

We have p r e v i o u s l y  s tud ied  po lymeth ine  dyes  with 
r e s i d u e s  of the i s o m e r i c  t h i eno th i azo l e s  [1] and th io -  
naph theno th iazo les  [2] i s o s t e r t e  with the  c o r r e s p o n d i n g  
4, 5 -  and 6, 7 -benzobenzo th i azo l e  dyes .  In the p r e s e n t  
p a p e r  we d e s c r i b e  the s y n t h e s i s  and a s tudy of the 
c o l o r a t i o n  of s o m e  new eyanine  and m e r o c y a n i n e  dyes  
(I, II) d e r i v e d  f r o m  2 -me thy l th i eno  [2' ,  3'  :5, 4 ] th ieno-  
[2, 3 -d ] th i azo le  (III) [3]. Such dyes  a r e  i s o s t e r s  of the 
c o r r e s p o n d i n g  d e r i v a t i v e s  of 2 - m e t h y l - 6 ,  7 - b e n z o -  
benzo th i azo le  in the condensed  benzene  r ings  of which 
two vinylene g roups  have  been  r e p l a c e d  by su l fu r  
a t o m s .  
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n = 1 or 2; z and z' are given in Tables 1 and 2 

I I I  

The dyes  w e r e  ob ta ined  by the g e n e r a l  methods  u sed  
fo r  the s y n t h e s i s  of compounds  of th is  type [4 -7 ] .  

Table  1 g ives  the a b s o r p t i o n  m a x i m a  of the  c a r b o -  
cyan ines  s y n t h e s i z e d  and a l s o ,  fo r  c o m p a r i s o n ,  those  
of the  dyes  i s o s t e r i c  with t hem.  

The da t a  of Table  1 show tha t  the t h i eno th i eno th i a -  
zole  dyes  have c o l o r s  which a r e  d e e p e r  than those  of 

*For  p a r t  V, s ee  [8]. 

the  c o r r e s p o n d i n g  6, 7 -benzobenzo th i azo l e  d e r i v a t i v e s  
but  a r e  h ighe r  than the ana logous  dyes  with th ionaph-  
theno th iazo le  r e s i d u e s .  Thus,  the r e p l a c e m e n t  of one 
v inylene  group in the benzene  r ings  of the  6, 7 - b e n z o -  
benzo th i azo le  r e s i d u e s  by a su l fur  a tom in the cyan ines  
c a u s e s  a c o n s i d e r a b l y  g r e a t e r  deepen ing  of the c o l o r  
of the dye than the  r e p l a c e m e n t  of the  v inylene groups  
by  su l fur  a t o m s  in both condensed  r i n g s  of the  6, 7-  
benzobenzo th i azo l e  r e s i d u e s .  At  the  s a m e  t i m e ,  on 
p a s s i n g  f r o m  th i eno th i azo le  d e r i v a t i v e s  to the  c o r r e -  
sponding th i eno th ieno th iazo le  d e r i v a t i v e s  a deepen ing  
of the co lo r  of the  dyes  t a k e s  p l ace .  

As u sua l ,  the  r e p l a c e m e n t  of the ethyl  group on the 
he t e ro  a tom of n i t rogen  in the  cyanine  dyes  by a methy l  
group has  p r a c t i c a l l y  no inf luence on the eo to r .  The 
v inylene  shif t  in the a b s o r p t i o n  m a x i m u m  on p a s s i n g  
f r o m  the c a r b o -  to the d i c a r b o e y a n i n e  a l so  has  i ts  
usua l  value of about  100 rim. 

Table  2 g ives  the  pos i t i ons  of the a b s o r p t i o n  m a x i -  
ma  of the m e r o c y a n i n e s  s y n t h e s i z e d  and of the t o r t e -  
spending  d e r i v a t i v e s  of 6, 7 -benzobenzo th i azo l e  and 
th ionaphtheno th iazo le ,  and a l so  t h e  va lues  of 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 the 
m e r o c y a n i n e s  ca l cu l a t ed  f r o m  the a b s o r p t i o n  m a x i m a  
of 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  d y e s .  A c o m p a r i s o n  
of the h y p s o e h r o m i c  sh i f t s  of the m e r o c y a n i n e s  given 
in the tab le  shows that  they  d i f f e r  l i t t l e  f r o m  one 
ano ther  in b a s i e i t y .  

EXPERIMEN TAL 

C y a n i n e  dyes .  S y m m e t r i c a l  c a r b o c y a n i n e s  w e r e  o b t a i n e d  b y  h e a t i n g  

a lky l  iod ide  d e r i v a t i v e s  o f  t he  bases  wi th  e thy l  o r t h o f o r m a t e  in a c e t i c  

a n h y d r i d e  at  1 2 0 - 1 3 0 "  C for 1 hr .  T h e  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  

w e r e  syn thes i zed  by  c o n d e n s i n g  t he  e t h i o d i d e s  of  the  bases  wi th  t he  

e t h i o d i d e  o f  2 - ( $ - a c e t a n i l i n o v i n y l ) b e n z o t h i a z o l e  (XVI) ,  6, 7 - b e n z o -  

b e n z o t h i a z o l e  (XVII) ,  or 3, 3 - d i m e t h y l i n d o l e n i n e  (XVII I )  in a c e t i c  

a n h y d r i d e  in the  p r e s e n c e  of  t r i e t h y l a m i n e  a t  1 2 0 - 1 2 5  ~ C for 1 0 - 2 0  

m i n .  The  d i c a r b o e y a n i n e s  w e r e  o b t a i n e d  by h e a t i n g  t he  e th iod ides  of  

Table  1 

A b s o r p t i o n  Max ima  in the  Spe c t r a  of the C a r b o c y a n i n e s  in Ethanol  

Corn- In formula , n = 1 
kmax, nm pound Z Z' 

IV 
V 

VI 

VII 
VIII 

IX 

6,7-Benzobenzot hiazole 
Thionaphtheno[ 2,3-d ] thiazole 
Thieno[2' ,3 '  : 5, 4]thieno[2, 3-d]- 
thiazole 
Thieno[2' ,  3' : 5, 4]thieno[2, 3-d]thiazole 
Thieno[2 ~, 3' : 5, 4]thieno[2, 3-d]thiazole 
Thieno[ 2 ~, 3 ~ : 5, 4]thieno[2, 3-d]thiazole 

6,7-Benzobenzothiazole 
Thionaphtheno[ 2,3-d]thiazole 
Thieno[2' ,  3' : 5, 4]thieno[2,  3-d]- 
thiazole 
Benzothiazole 
3, 3~Dimethytindolenine 
6, 7-Benzobenzothiazole 

593 [2 ] 
630 . [  2 ] 

618"* 
5~8 
566 
602 

*In the dicarbocyanine, at 725 nm [2]. 
**In the dicarbocyanine (Via) at 711 nm and in the methyl derivative (Vlb) at 616 nm. 
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T a b l e  2 

P a r a m e t e r s  of  t h e  A b s o r p t i o n  S p e c t r a  of  t he  D y e s  in E t h a n o l  

Com- 
pound  Z in formula II 

Kmax, nm 

n = l  I n=2  

Hypsochromic 
shifts, nm 

n=l I n~2 

I 
X, XI 6,7-Benzobenzothiazole 540 I 631 27.5 - -  

XII, XIII Thionaphtheno[2, 3-dlthiazole 559 a ] 644 27 25 
XIV, XV Thieno[2', 3' : 5, 4]thieno[2, 3-d]thiazole 558 648 24 [ 14 

Note: the absorption maximum of the corresponding oxanines in ethanol are at 542 nm (n = 1) and 
at 613 nm (n = 2) [51. 

"O 

O e~ 

O 

VI 

VIb 
Via 

VII 

IX 

VII I  

XIV 

XV 

T a b l e  3 

C h a r a c t e r i s t i c s  o f  t h e  D y e s  

Amount 

I " = , ~ 1  = .1 

External form 

0.74 0.5 5 

0.70[ 0.6 5 
0.72 0.36 6 

0.35 0~4r I 5 

X05II 
0.35 5 

0.36 0.46! 3 
XVI I li 

0.70 06 I 10" 
xixl 

0.72 1.3 150" 
I xxi 

Dark blue 
prisms 

Blue prisms 
Dark green 

prisms 
Light green 

prisms 
Dark green 

prisms 
Violet needles 

Violet needles 

Green prisms 

Mp 
(dec~ Empirical formula 

N,% 

fo. d iaL 

257--259 

23430~36 

251--253 

257--259 

i 243--245 
1 
201--203 

251--253 

C21HITIN2S6 

C 19HtslN2S6 
C2aHtgIN2S6 

C~IHI9IN~S4 

C=sH2tIN2S4 

Cz,HzsIN2S3 

c t s a  14 NzOSs 

ClaH16NzOSs 

4.54 21.3 
4.39; 4.46 4 76 

4.57; 4.64 " 19.6 
4.29; 4.41 4.36 9.7 

4.89; 4.96 5.06 44 

4.53; 4.56 4.63 48A 

4.89; 4.93 4.96 46 

6.24; 6.38 , 12.8 
1 

*Ethanol  
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the bases with the hydrochloride of the dianil of malonaldehyde in 
acetic anhydride in the presence of triethylamine at 120-125 ~ for 30 
rain. 

Merocyanine dyes. The di- and tetramethine merocyanines were 
obtained by heating mixtures of the ethiodides of the bases with 5- 
acetanilinomethylene-3-ethyl- (XIX) or 5-(y-acetanilinoallylidene)- 
3-ethyl-4-oxathiazolidine-2-thione (XX) in anhydrous ethanol in the 
presence of triethylamine in the boiling water bath for 30-60 min. For 
purification, the dyes were chromatographed on alumina and crystal- 
lized from ethanol. Before analysis, the dyes were dried in vacuum over 
phosphorus pentoxide to constant weight. Some constants of the dyes 
and the results of their anaIyses are given in Table 3. 
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