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ABSTRACT 

The synthesis of a series of bright deeply colored styryl dyes derivedfrom the 
title compounds and various aromatic and heteroaromatic aldehydes is 
described. Some of the dyes were subjected to oxidative cyanation to obtain 
the cyanated analogues. The absorption-emission spectra of the dyes were 
recorded and the dyeing properties on polyester of some of the dyes was 
studied. 

1 INTRODUCTION 

A series of bright disperse dyes based on the l,l-dicyano-2,4-diaryl- 
butadiene system (1) has been recently reported.’ These compounds were 
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the acyclic analogues of the deeply colored dyes described in patent 
specifications relating to the dicyanostyryl product2v3 (2) derived from the 
benzothiophene dioxide heterocycle. Whereas the dyes thus patented are 
blue, the analogues of them synthesized by us were red. The bathochromicity 
observed in the former dyes can be attributed to the rigidity imparted to the 
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double bonds of the bis-styryl system by the five-membered ring, in addition 
to the strong electron-withdrawing nature of the sulfone group. 

The ~nzothiophene system and its potential to yield deep attractive 
colors attracted our attention. It was our aim to study whether it could be 
employed to generate a range of colored products which could be applied to 
polyester to yield good lightfast dyeings. The present paper describes the 
synthesis of disperse dyes derived from 3-oxo-2,3-dihydrobenzo[b]thio- 
phene-~,l-dioxide (5) and 3-di~yanomethylene-2,3-dihydro~nzo~~]thio- 
phene- 1, l-dioxide (8) (Scheme 1). 

2 RESULTS/DISCUSSION 

The synthesis of the key intermediate (5) starts from anthranilic acid4 (3) or 
ethyl benzoylacetate5 (6) as described in the literature. The synthesis of the 
dicyanomethylene derivative was achieved by the reaction of 5 with 
malononitrile (7) under controlled conditions. 

The reaction of the active methylene group in 5 with various aromatic and 
heteroaromatic aldehydes (9) under the usual conditions of the Knoevenagel 
reaction gave the 3-oxobenzothiophene-2-styryl dyes lOa-10j in good yields. 
Some compounds of this type have been previously reported.6 Similarly 
the reaction of 3-dicyanomethylene-2,3-dihydrobenzo[~]thiophene-l,1- 
dioxide (8) with aromatic and heteroaromatic aldehydes (9) resulted in the 
very deeply colored dyes lla-lle {Scheme 2). Some of these compounds 
were applied as disperse dyes to polyester under high-temperature and - 
pressure dyeing conditions and yielded yellow to greenish-blue shades. 

It was felt that the cyanation of the styryl dyes 10 and 11 would lead to 
more deeply colored products. Thus, in accordance with usual cyanation 
procedures, the dyes lOa-1% and lla-llb were reacted in dimethyl- 
formamide with sodium cyanide, followed by oxidation with bromine. A 
bathochromic shift, in the order of 70-80nm, was obtained in the case of 
dyes derived from 5. However, a reverse effect was observed in the case of the 
dicyanostyryl dyes lla-llb, which showed pronounced hypsochromic shift 
in their abso~tion maxima after the introduction of the third nitrile 
function. This was attributed to the loss of planarity of the dye structure in 
13a-13b (see Scheme 3). The cyanated dyes 12a and 12b gave excellent violet 
to bluish-violet shades on polyester, whilst the tricyano dyes 13a and 13b 
were unstable under the conditions of dyeing. 

The absorption~mission spectra of the dyes show that the dyes are 
fluorescent, thus rationalizing their bright hues on polyester, although with 
the exception of dye 1Oj all showed poor light and sublimation fastness. 
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3 EXPERIMENTAL PROCEDURES 

All melting points are uncorrected. Infrared spectra were recorded in Nujol 
mull on a Per-kin-Elmer 397 spectrophotometer, and PMR spectra on a 
Varian EM-360L spectrophotometer using TMS as internal standard. 

The starting materials p-dimethylaminobenzaldehyde,7 7-diethylamino- 
coumarin-3-carboxaldehyde,8 7-methoxy-3-chloroquinoline-3-carboxalde- 
hyde,g 5-chloro-4-formyl-3-methyl-l-phenylpyrazole,10 1,3-diphenylpyra- 
zole-4-carboxaldehyde’ ’ and 4-(2-acetamido-4-diethylamino)phenylazo- 
benzaldehyde12 were prepared by known methods. 

3.1 Preparation of ~ox~2,~hydro~~o[ b] thiophe~-l,l~ioxide (5) 

3-Oxo-2,3-dihydrobenzo[b]thiophene-l,l-dioxide (5) was prepared by the 
literature procedure. 5 The intermediate ethyl 1-thianaphth-3-one-2- 
carboxylate was obtained in 75% yield, m.p. 140°C. [IR: 1670cm-’ (ester 
function). PMR (CDCI,): 1.3 (t, 3H, methyl protons of the ester function), 4~3 
(q, 2H, methylene protons of the ester function), 7.6 (s, 4H, aromatic 
protons), 9.1 (s, lH, hydroxylic proton).] 

A suspension of ethyl 1-thianaphth-3-one-2-carboxylate (25.48, @Ol mol) 
in alcoholic sulfuric acid (lOOmI, loo/,) or aqueous sulfuric acid (lSOm1, 
10%) was refluxed for 3-5 h. The crystalline white solid which separated on 
cooling was filtered, washed well with cold water and dried. It was 
recrystallized from ethanol, giving 5 (14g; 77%), m-p. 134135°C (ethanol). 
[IR: 1’730cm- l carbonyl function; PMR (CDCI,): 4-O (s, 2H, methylene 
protons), 7.8 (m, 4H, aromatic protons). 

3.2 Preparation of 3-dicyanomethylene-2,3-dihydrobenzo[b]thiophe~e-l,1- 
dioxide (8) 

To a suspension of 5 (18.2 g, 001 mol), in anhydrous ethanol (50 ml), 
containing piperidine (1 ml) and glacial acetic acid (3 ml), was added 
malononitrile (7.3 g, O-01 1 mol). The mixture was heated gradually to reflux, 
and after refluxing for 1 h, it was cooled to lO-15°C. The yellow crystalline 
solid was filtered with cold ethanol and dried, giving 17.5 g (76%) of 8, m.p. 
197-199°C (ethanol). [IR: 222Ocm- 1 (CN function). PMR (CDCl,): 4.5 
(s, 2H, CH2), 7.9 (m, 3H, 4-, 5- and 6-position protons).] 

3.3 Preparation of styryl derivatives from 3-oxo-2,3-dihydrobenzo[ li] thio- 
phene-l,l-dioxide (5) and 3-dicyanomethylene-2,S_dihydrobeazo[ b] thio- 
phene-1,1-dioxide (8) 

To a suspension of 3-oxo-2,3-dihydrobenzo[~]thiophene-1,1-dioxide (5) 
or 3-dicyanomethylene-2,3-dihydrobenzo[Ib]thiophene-l,l-dioxide (8) 



T
A

B
L

E
 

2 7”
 

(2
 

m
 

:I
 

'C
N

 

8,
 F-

” 
R

’ 

C
or

n-
 

R
’ 

po
un

d 
no

. 

ll
a 

ll
b 

ll
e 

R
 

M
ol

. 
fo

rm
ul

a 
M

.P
. 

(“
c)

 
Y

ie
ld

 
A

bs
or

pt
io

n 
m

ax
. 

l(
nm

) 
lo

g 
E

 
E

m
is

si
on

 
P

M
R

 
da

ta
: 

6 
@

pm
) 

b S 
C

ry
st

n 
W

I 
(D

M
F

) 
t?

lll
X

. 
k 

so
lv

en
t 

D
M

F
 

C
H

,C
O

O
E

t 
l(

nm
) 

B
 

%
 

H
 

p-
D

im
et

hy
l-

 
3 

&
H

I 
,N

,D
,S

 
24

0 
78

 
59

2 
57

0 
4.

3 
60

 
3.

0[
s,

 
6I

-k
 N

W
&

I,
 

2 
am

in
op

he
ny

l 
D

M
F 

7.
5 

(m
. 

8H
, 

ar
om

at
ic

 
H

),
 

E
 

8.
4 

(b
ro

ad
 

s,
 l

H
, 

-C
H

) 
5 

H
 

2-
M

et
ho

xy
-r

l-
di

et
hy

l-
 

C
,,H

,,N
,W

 
23

0 
75

 
60

8 
59

6 
47

 
61

1 
l.O

[t
, 

6H
, 

N
(C

H
,]

, 
6’

 
am

in
op

he
ny

l 
b 

D
M

F 
3.

4 
(m

, 
7H

, 
O

C
H

, 
z 

pr
ot

on
s,

 
an

d 
C

H
, 

z 
pr

ot
on

s)
, 

67
 

[b
ro

ad
 

&
 

‘&
 

si
ng

le
t 

2H
, 

pr
ot

on
s 

or
th

o 
to

 N
(C

H
,C

H
,)

, 
Q

 

gr
ou

p]
, 

7.
5 

(m
, 

5H
, 

s 

ar
om

at
ic

 
%

3 
(b

ro
ad

 
si

ng
le

t, 
lH

, 
-C

H
 

pr
ot

on
s)

 
; b 2 L

 
H

 
C

m
et

ho
xy

ph
en

yl
 

C
,,H

,,N
,W

 

ll
d 

ll
e 

13
a 

13
b 

H
 

5-
C

hl
or

o-
3-

 
m

et
hy

l-
l-

ph
en

yl
- 

C
py

ra
zo

ly
l 

H
 

7_
di

et
hy

la
m

in
o-

 
3-

co
um

ar
in

yl
 

C
N

 
p-

D
im

et
hy

l-
 

am
in

op
he

ny
l 

C
N

 
2-

M
et

ho
xy

-C
 

di
et

hy
la

m
in

op
he

ny
l 

C
z,

H
,,C

IN
,W

 

C
Z

~H
I~

N
JW

 

C
,,H

,,N
,W

 

C
,,H

,,N
,%

S 

21
0 

70
 

E
tO

H
 

18
2 

72
 

E
tO

H
 

9 2 

21
5 

D
M

F 
18

0(
d)

 
Ph

C
l 

18
7(

d)
 

Ph
C

l 

65
 

62
8 

60
8 

4.
4 

64
1 

80
 

50
2 

48
2 

4.
2 

82
 

46
2 

44
0 

3.
9 

R
 



46 V. U. Shenoy, V. P. Patel, S. Seshadri 

(001 mol) in lOm1 of ethanol was added the appropriate aromatic or 
heteroaromatic aldehyde (9) (O-01 mol). (In the case of 5-chloro-4-formyl-3- 
methyl-1-phenylpyrazole, piperidine acetate was used as catalyst.) The 
suspension was refluxed for 2-3 h, after which the solution was cooled and 
the crystalline styryl derivatives (lOa-1Oj and lla-lle) filtered, washed with 
a little ethanol and dried. The derivatives were characterized by their melting 
points, IR spectra, elemental analyses and, in some cases, PMR spectra. 
Relevant data are shown in Tables 1 and 2. 

3.4 Cyanation of the styryl dyes lOa-1Oc and lla-llb 

The appropriate styryl dye lOa-1Oc or lla-llb (O-01 mol) was suspended in 
dimethylformamide (10ml) and sodium cyanide (O-02 mol) added. The 
solution was stirred at room temperature for l-2 h and then cooled to 0*5”C 
in an ice-bath. To the cooled solution was added bromine (O-01 mol) 
dropwise, and the solution stirred at room temperature for 1 h and then 
added to ice-water. The cyanated styryls 12a-12c and 13a-13g) were filtered, 
washed with water and dried. The yields, melting points and other 
characteristics are given in Tables 1 and 2. 
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