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POLYMETHINE DYES DERIVED FROM HETEROCYCLIC BASES CONTAINING 
CONDENSED THIOPHENE RINC_~ 

VII. Thionaphthenopyrid-3-yl and Thienothienopyrid-6-yl Derivatives* 
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The synthesis of polymethine dyes of the cyanine and merocyanine 
series derived from 3-methylthionapbtheno[2,3-b]pyridine, 3-methyl- 
t b ionaph theno[3 ,  2 -b ]py r id ine ,  6 - m e t h y l t h i e n o [ 2 ,  3 -b ] t h i eno [2 ,  3 - b ] -  

py r id ine ,  and  6 - m e t h y l t h i e n o [ 3 , 2 - b ] t h i e n o [ 2 . 3 - b ] p y r i d i n e  is descr ibed .  

The color  of the dyes ob ta ined  is discussed.  It has  been  shown tha t  the  

r e p l a c e m e n t  of v iny lene  groups b y  sulfur a toms  in one of  the  two ben -  

zene  rings of the  he te ro  residue in 2-subs t i tu ted  5, 6 -benzoqu ino l ines  in 

c y a n i n e  dyes  leads  to a b a t h o c h r o m i c  shift of  t he  absorpt ion  m a x i m a .  

We have described polymethine dyes derived from 
5- and 6-substituted thienopyridines previously [1]. It 

Table 1 

Absorption Maxima of the Carbo- and Dicarbo- 
cyanines in Ethanol 

Z in formula I 
~-max, nm 

n=l 

5, 6-Benzoquinol-2-yl 
Thionaphtheno[ 2, 3-b]pyrid-3-yl 
Thionaphtheno [ 3,2-b ] pyrid-3-yl 
Thieno[ 2, 3-b]thieno[ 2, 3-b] pyrid-6-yl 
Thieno [ 3,2-b ] thieno [ 2, 3-b ] pyrid-6-yl 
Thionaphtheno[ 3, 2-b]pyrid-3-yl 
Thieno[2, 3-b]thieno[2, 3-b]pyrid-6-yl 

634141 
648 
668 
650 
656 
665* 
646* 

n = 2  

7 4 3  
780 
742 
760 

*Methanol. 

was shown that the absorption maxima of such dyes 
are displaced into the long-wave part of the spectrum 
as compared with the corresponding 2-substituted 
quinoline derivatives. In the present paper we de- 
scribe the synthesis of polymethine dyes of the eyanine 
and merocyanine series of s tructures I and II derived 
f rom new heterocyclic bases containing condensed 
thiophene rings: 3-methylthionaphtheno [2, 3-b]- and 

*For part VI, see [8]. 

[3,2-b]pyridines (III, IV) [2] and 6-methylthieno [2, 3-b]-  
thieno [2, 3-b] - and -thieno [3,2-b]thieno [2, 3-b ]pyridine s 
(V, VI) [3]. 

I x -  [ 
C2H 5 C0H 5 C2H S [ 

- C2H ~ | II 

III IV ", 

~ ~ - - C H 3  ~ - - C H  3 

V Vl 

The positions of the absorption maxima of the carbo-  
and dicarbocyanine dyes derived from the bases syn- 
thesized, and also f rom bases isosteric with them are 
given in Table 1. 

The data of Table 1 show that the replacement of 
vinylene groups by sulfur atoms in one or two benzene 
rings of the residues of 2-methyl-5,6-benzoquinoline 
in the cyanines causes a bathochromic shift of the ab- 
sorption maxima of the dyes. Dyes with residues of 
thionaphthene[3, 2-b]- or thieno[3,2-b]thieno[2, 3-b]- 
pyridine have somewhat deeper colors than the cor -  
responding derivatives of thionaphtheno [2, 3-b]- or  
thieno[2, 3-b]thieno[2, 3-b]pyridine. As usual, the 
replacement of the ethyl group on the heteroeyclic 
nitrogen atom by a methyl group has practically no 
influence on their coloration. The vinylene shift of 
the absorption maximum on passing from the carbo- 
to the diearboeyanines retains its usual value of about 
100 nm. 

Table 2 

Absorption Maxima of the Meroeyanines in Ethanol 

Z in formula II 

5, 6-Benzoquinol-2-yl 
Thionaphtheno[ 2, 3-b ] pyrid-3-yl 
Thionaphtheno [ 3,2-b I pyrid-3-yl 
Thieno[2, 3-b]thieno[2, 3-b]pyrid-6-yl 
Thieno[ 3, 2-b]thieno[2, 3-b]pyrid-6-yl 

kmax, nm 

merocyanines 

n=l n=2 

584 
586 ~ 4  
605 706 
581 682 
588 685 

cyanines 

n=l 

63514l  
648 
668 
650 
656 

Hypsochromic 
shifts, nm 

n~l 

4.5 
9.0 
0 

15 
11 

Note:  the hypsochromic shifts are the deviations of the absorption maxima of the dimethylmero- 
cyanines from the arithmetic mean values calculated from the absorption maxima of the corresponding 
carbocyanines (n - 1) and the monomethine o xanine derived from 3-ethylrhodanine [ 5 ] (~-max at 
542 nm in ethanol). 



T
ab

le
 3

 

C
h

ar
ac

te
ri

st
ic

s 
of

 t
he

 C
y

an
in

e 
D

ye
s 

m
 

0 m
 

F
or

m
ul

a 

I 
I"
 

I 
C2
11
5 

Ce
il
 5 

%
t.

. 
S 

S 

I 
I"
 

I 
C2

1t 5
 

C2
H

 5 

I 
I" 

i 
C

H
 3 

C
H

 3 

I 
I"

 
t 

C2
H

 5 
C

2t
l 5

 

C2
H

 5 
C2

1t 5
 

I 
"

~
 

C
II 

: 
C

tl-
-C

II 
=

~
-

~
 

S-
-S

~ 5
 

--
 �

9 
I 

I"
 

I 
C2

11
5 

C
2t

l 5 

0.
71

 

0.
71

 

0.
70

 

0.
45
 

0.
56

 

0.
72

 

A
m

ou
nt

 

~
ee

 

0.
7 

0.
7 

0
.6

 

0.
70

 

0.
2 

0.
70

 

3.
0 

E
xt

er
na

l 
fo

rm
 

D
ar

k 
bl

ue
 p

ri
sm

s 

D
ar

k 
bl

ue
 p

ri
sm

s 

D
ar

k 
bl

ue
 p

ri
sm

s 

D
ar

k 
bl

ue
 p

ri
m

s 

D
ar

k 
bl

ue
 p

ri
sm

s 

D
ar

k 
bl

ue
 p

ri
sm

s 

M
p,

 ~
 

(d
ec

om
p.

) 

27
7-

-2
78

 

25
9-

-2
60

 

21
4 

--
21

5 

22
0-

-2
21

 

21
0-

-2
11

 

23
0-

--
23

2 

E
m

pi
ri

ca
l 

I 

C2
91

-1
2~

.I N
zS

~ 

C
~g

H
25

IN
~S

~ 

C
27

H
2]

I N
2S

2 

C
zI

H
~7

I N
2S

z 

C
31

 H
27

1 N
~S

2 

C2
5H

21
1 N

2S
4 

fo
rm

ul
a 

N
,%

 

Y
ie

ld
, 

4.
59

 
4,

72
 

31
 

4.
61

 

4.
62

 
4.

72
 

29
.3

 
4.

66
 

4.
78

 
4,

94
 

28
.6

 
"4

.8
7 

4.
41

 
4.

53
 

21
.6

 

4"
17

 

4.
ol

 
4,

53
 

10
.3

 
4.

38
 

4.
51

 
4.

63
 

26
.8

 
4.

56
 

~v
 

O
 

c]
 

c]
 

c]
 

O
 

0 



r Oo
 

T
a

b
le

 3
 (

C
o

n
t'

d
.)

 

Fo
rm

ul
a 

A
m

ou
nt

 

Ex
ter

na
l f

or
m

 
M

p, 
~ 

/ 
(d

ec
om

p.
) 

Em
pi

ric
al 

fo
rm

ul
a 

N
, 

%
 

t Y
iel

d,
 

%
 

I~
'~

 I~
---

S [~
t 

i7
 C i

f =
 C

 it -
 C

 It =
~

 
C2

115
 

C2
H 5

 

]-
-3

 

I 
I"

 
I 

CE
I 3 

CH
3 

I 
I-

 
I 

C2
H

s 
C

2l
t s 

S,.
. 

S 

"r
 

' 
-'

f'
s"

 
C2

H 5
 

C2
H 5

 

0.
36

 

0.
68

 

0.
96

 

0.
56

 

0.
3 

0.
6 

0.
4 

0.
24

 

Gr
ee

n p
ris

m
s 

Da
rk

 bl
ue

 ne
ed

les
 

Da
rk

 bl
ue

 p
ris

m
s 

Da
rk

 bl
ue

 pr
ism

s 

26
5-

-2
67

 

24
1-

-2
43

 

24
4-

-2
46

 

21
7-

-2
19

 

C
2s

H
~t

 I N
~S

4 

C
zs

H
I7

,IN
2S

4 

C
2d

'I2
s,

 IN
2S

4 

C
2~

H
23

,1
N

2S
4 

4.
59

 
4.

68
 

4.
71

 
4.

79
 

6.
39

 
6.

47
 

6.
36

 
6.

43
 

4.
63

 

4.
85

 

6.
50

 

6.
50

 

14
.6

 

18
 9.
6 

10
.3

 

0 0 



T
ab

le
 4

 

C
h

ar
ac

te
ri

st
ic

s 
of

 t
h

e 
M

er
o

cy
an

in
e 

D
y

es
 

O
~ 0 

Fo
rm

ul
a 

~
'=

C
 

H
 --

C
tl

=
--

 
S 

C
2H

 s 
N

 
, 

I 
S

 
C2

H
s 

C
zH

s 
I C2

H
s 

~S
I~

--
'C

U
 

--
C

ti 
::

 C
U 

--
C

tt
 =

r-
--

-S
 

J 
o~

n)
%

s 
C

 z 
II

 

C
2H

 s 

~
=

 
C

H
--

 C
H ~

 CH
 --

C
H

 ~
r-

--
--

-S
 

I C
2H

 s 
o

//
~

J%
s 

I 

:=
 C

 tl
--

 C
 H

 =
}-

'-
--

S
 

C
~H

6 

I%
.s 

o//l
"-~

)'~
s 

c~
.'
t 

qu
at

er
- 

na
ry

 
sa

lt
, g

 

0.
71

 

0.
71

 

A
m

ou
nt

 

3
-e

th
y

lr
h

o
- 

d
an

in
e 

de
ri

va
ti

ve
, 

g 0.
60

 

0.
60

 

so
l-

 
ve

nt
, 

m
l 

E
xt

er
na

l f
or

m
 

V
io

le
t n

ee
dl

es
 

V
io

le
t n

ee
dl

es
 

M
p 

(d
ec

om
p.

),
 

~ C
 

27
0-

-2
71

 

26
4 -

-2
65

 E
m

pi
ri

ca
l 

C
2o

H
I8

O
N

2S
3 

C
2o

H
 ls

O
N

2k
,q

s 

0.
70

 
0.

65
 

!0
 

0.
70

 
0.

65
 

10
 

0.
18

 
0.

15
 

G
re

.e
n 

pr
is

m
s 

L
ig

ht
 g

re
en

 p
la

te
s 

5.
0 

V
io

le
t n

ee
dl

es
 

24
6-

-2
47

 

25
6-

-2
58

 

24
3-

-2
45

 

C
2~

H
20

O
N

2S
s 

C
22

H
~0

O
N

2S
a 

C
2
2
H
2
0
O
N
2
S
~
 

fo
rm

ul
a 

N
,%

 ca
lc

u-
 

fo
u

n
d

 
la

te
d

 

6.
87

 
7.

03
 

6.
93

 

6.
91

 
7.

03
 

6.
97

 

6.
41

 
6

.~
 

6.
43

 

6.
39

 
6.

59
 

6.
48

 

7_
10

 
7.

13
 

7.
16

 

Y
ie

ld
, %

 

59
 

56
 

18
 

16
 

43
 

O
 

c~
 

O
 

0 r t~
 



T
a
b

le
 4

 (
C

o
n

t'd
.)

 

Fo
rm

ul
a 

C2
 H

5 
I C2

H
 s 

S 

S 
z- 

Cz
Hs

 
I C~

Hs
 

~
~

C
H

-
-

C
 

H
 =C

H
--

 C
H

 =
.r

--
--

S 

I 
o~

/%
/1%

s 
C2

Hs
 

I C
 2 H

S 

--
 

= 
C

H
--

C
H

 =
C

H
--

C
H

=
(.

 
S 

C
~l

ts 
[ C
2t

t 5
 

qu
at

er
- 

na
ry

 
sa

lt
, 

g 

A
m

ou
nt

 

so
l-

 
ve

nt
, 

m
l 

3-
et

hy
lr

ho
- 

da
ni

ne
 

de
ri

va
ti

ve
, 

g 

E
xt

er
na

l 
fo

rm
 

M
p 

(d
ec

om
p.

) 
~ C

 
E

m
pi

ri
ca

l 
fo

rm
ul

a 

0.
60

 

0.
60

 

0.
65

 

0.
65

 

D
ar

k 
vi

ol
et

 p
ri

sm
s 

D
ar

k 
vi

ol
et

 p
ri

m
s 

L
ig

ht
 g

re
en

 p
ri

sm
s 

G
re

en
 p

ri
sm

s 

24
1-

-2
43

 

25
9-

-2
61

 

24
7-

-2
49

 

24
1 

24
3 

C
ts

H
I6

N
2O

S4
 

C
L

sH
I~

N
2O

S4
 

C
20

H
Is

N
2O

S4
 

C
~o

H
Ia

N
2O

S4
 

m
. 

%
 

fo
un

d 
ca

lc
u.

 
la

te
d 

6.
83

 ]
 

6.
92

 
6.

89
 

6.
81

 
6.

92
 

6.
89

 

6.
43

 
6.

50
 

6.
57

 

6.
37

 
6.

50
 

6.
49

 

Y
ie

ld
, %

 

49
.6

 

41
.3

 

13
.9

 

14
.6

 

7~
 

> t~
 

�9
 

C
) 

t~
 

7~
 

�9
 

t~
 

r~
 



CHEMISTRY OF HETEROCYCLIC COMPOUNDS 371 

Table 2 gives the pos i t ions  of the absorp t ion  m a x i m a  
of the merocyan ine  dyes der ived  f r o m  the 3 - m e t h y i -  
th ionaphtheno-  and 6 -methy l th ieno th ienopyr id ines  and 
also those of dyes i so s t e r i c  with them and the hypso-  
chromic  shifts  ca lcula ted  for  them.  

It can be seen  f r o m  Table  2 that the d i -  and t e t r a -  
methine  m e r o c y a n i n e s  with a thieno [3, 2-b]thieno [2, 
3 - b ] p y r i d - 6 - y l  r e s idue  or  with the i s o m e r i c  th io-  
naph thenopyr id -3 -y l  r e s idues  have a deeper  co lora t ion  
than the dyes de r ived  f r o m  2 -me thy l -5 ,  6 -benzoquino-  
l ine  that a re  i so s t e r i c  with them,  jus t  as  in the case  of 
the cyan ines .  

W i t h a  d e c r e a s e  in the po la r i ty  of the solvent ,  the 
absorp t ion  m a x i m a  of the d imeth ine  merocyan ine  dyes 
desc r ibed  shift f i r s t  in the long-wave d i r ec t ion  and 
then in the shor t -wave  d i r ec t ion .  This shows that the 
s t r uc tu r e  of these  dyes in ethanol approx imates  to an 
in t e rna l ly  ionic s t r u c t u r e .  A compar i son  of the values  
of the hypsochromic  shifts  given in Table  2 shows that 
the bas i c i t i e s  both of the thionaphtheno[2,  3 - b ] - p y r i d - 3 -  
yl r es idue  and of the i s o m e r i c  th i eno th ienopyr id -6 -y l  
r e s idue  are  somewhat  h igher  than the bas ic i ty  of the 
5, 6 -benzoqu ino l -2 -y l  r e s idue .  However,  the th ionaph-  
t h e n o [ 3 , 2 - b ] p y r i d - 3 - y l  r e s idue  is probably  less  bas ic  
than the r e s idues  of the other  bases  desc r ibed .  

EXPERIMENTAL 

Cyanine dyes. The earbocyanines were synthesized by condensing 
the alkyl iodide derivatives of the bases with ethyl orthoformate in 
nitrobenzene (see [6]) at 180-185 ~ C for 20-40 rain. The diearbo- 
cyanines were obtained by the reaction of the ethiodides of the bases 
with the hydrochloride of the dianil of malonaldehyde (see [7])in acetic 
anhydride at 120-130 ~ C for 30-60 rain in the presence of triethyl- 
amine. For purification, the dyes were chromatographed on alumina in 
chloroform and were then crystallized from ethanol. Some constants 
and the results of the analyses of the dyes are given in Table 3. 

The merocyanine dyes (Table 4). The dimethine merocyanines 
were obtained by condensing the ethiodides of the bases with the 
5-acetanilinomethylene derivatives of 3-ethylrhodanine in absolute 
ethanol in the presence of triethylamine with heating in the boiling 
water bath for 30-80 rain. The tetramethine mer.oeyanines were synthe- 
sized sirnilarly by condensing the ethiodides of the bases with 5-(y- 
acetanilinoallylidene)-3-ethyl-4-oxothiazolidine-2-thione in absolute 
ethanol. For purification, before crystallization from ethanol the dyes 
were chromatographed on alumina in chloroform solution. 
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