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Abstract: The paper describes the synthesis of 3-amino-4-phenylthieno�2,3-c�isothiazole

and ethyl 3-amino-4-phenylthieno�2,3-c�isothiazole-5-carboxylate and their utilization to

prepare a range of azo disperse dyes. These novel aryl azo dyes were studied with respect to

their colour and constitution relationship. The application of these dyes on a polyester fabric

and their fastness properties were evaluated. These dyes were characterized by NMR, IR

and visible absorption spectroscopy.
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INTRODUCTION

The use of heterocyclic intermediates, such as amino substituted thiazole,1,2

benzothiazole3–6 and benzoisothiazole,7,8 is well established, and the resultant dyes
exhibit better tinctorial strength and brighter dyeing than their conventional carbo-
cyclic counterparts. Heterocyclic based azo dyes are not only important for their excel-
lent properties as disperse dyes for polyester fabrics; they have also been used in
non-textile applications, such as lasers, functional dye applications, reprographic tech-
nology, photodynamic therapy and non-linear optical systems.9,10

Many dyes with good fastness properties to light as well as sublimation are pre-
pared from isothiazoles. These dyes can be used to dye cellulose acetate, nylon, poly-
ester and modified acrylic fibres. In the designing of disperse dyes, linear conjugated
structures including a versatile small heterocyclic system, play an important role in ob-
taining deep hue dyes and in bringing about improvements of dyeing and fastness
properties. The dyes derived from fused amino isothiazoles could well be used to pro-
duce bright shades with adequate light fastness and dyeability on cellulose acetate.
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In this communication, the facile synthesis of two novel thieno�2,3-c�isothiazole

intermediates with diazotizable amino group, and of new azo disperse dyes (1a–f),

(2a–f) derived from them for application to polyester fabrics, is described.

RESULTS AND DISCUSSION

It was envisaged to synthesize novel thieno�2,3-c]isothiazole derivatives possessing

an isothiazole moiety fused to a thiophene structure with a phenyl ring for extended con-

jugation. For this purpose, acetophenone and ethyl benzoylacetate were selected as the

starting materials. They were reacted with 2-cyanothioacetamide and sulphur in pres-

ence of morpholine following the Gewald procedure to yield the key intermediates,

3-amino-4-phenylthieno�2,3-c�isothiazole and ethyl 3-amino-4-phenylthieno�2,3-c�isothi-

azole-5-carboxylate. The characteristic data of the isothiazole derivatives were obtained

by elemental and spectral analyses and are presented in the Experimental. The IR spectra

of the isothiazole derivatives showed absorption bands of the amino group at 3330 and

3410 cm–1. The 1H-NMR spectra of the two intermediates showed a 2H singlet of an

amino group at � 2.4 and � 6.2, respectively, which were D2O exchangeable. All data

confirmed the expected structure of the isothiazole intermediates.

These two amino compounds (6a), (6b) were diazotized using nitrosylsulphuric

acid in glacial acetic acid and coupled with various substituted N,N-dialkylated ani-

lines to yield the title novel azo dyes (1a–f), (2a–f) (Scheme 1) in good yields. The

physical properties and characteristic data of dyes (1a–1f), (2a–2f) are presented in the

Experimental for each of the azo derivatives. The IR spectra of the hetarylazo dyes
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Dye R1 R2 R3

1a,2a CH3 CH3 H

1b,2b C2H5 C2H5 H

1c,2c C2H4OH C2H4OH H

1d,2d C2H4OH C2H4OH NHCOCH3

1e,2e C2H4OH C2H4OH CH3

1f,2f C2H4OH C2H4OH Cl



showed bands at 1580–1645 cm–1 due to the azo group. The peak corresponding to the

amino group at 3330 cm–1 and at 3410 cm–1 for the intermediates (5a) and (5b), re-

spectively, were absent in all the dyes.

The absorption spectral characteristics of the dyes prepared in this study are sum-

marized in Table I. The absorption maxima for the dyes were in the range of 540–572

nm. As expected, the incorporation of an ethoxycarbonyl group resulted in a bathochro-

mic shift in the range of 4–16 nm. All these dyes have quite high �max values.

TABLE I. Visible absorption spectral data for dyes (1a–1f), (2a–2f)

Dye Absorption �max/nm log �

1a 540 4.05

1b 546 4.12

1c 550 4.18

1d 565 4.21

1e 560 4.20

1f 556 4.19

2a 556 4.12

2b 560 4.26

2c 558 4.21

2d 570 4.41

2e 572 4.36

2f 565 4.28

The dyes were applied to polyester fabric at 2 % shade. The data on the fastness

properties of the dyes are given in Table II. Lightfastness was good to very good for all
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Scheme 1. Synthesis of monoazo dyes (1a-1f), (2a-2f).



the dyes except for 1e. Washing, rubbing and sublimation fastness properties were

found to be excellent for all dyes.

TABLE II. Fastness properties of the dyesa (1a–1f), (2a–2f)

Dye Light fastness Wash fastness
Rubbing fastness

Sublimation fastness
Dry Wet

1a 6 5 5 5 5

1b 5 5 5 5 5

1c 5 5 5 5 5

1d 5 5 5 5 5

1e 4 5 5 5 5

1f 5 5 5 5 5

2a 6 5 5 5 5

2b 5 5 5 5 5

2c 5 5 5 5 5

2d 5 5 5 5 5

2e 5 5 5 5 5

2f 5 5 5 5 5

a = light fastness, 1–8 scale; wash fastness, rubbing fastness and sublimation fastness, 1–5 scale

TABLE III. Colour values of the dyes (1a–1f), (2a–2f) (light source D65/10º observer)

Dye L* a* b*

1a 26.91 21.20 0.24

1b 24.42 17.17 1.59

1c 29.15 17.1 –2.73

1d 37.59 10.85 –12.63

1e 33.47 5.03 –8.42

1f 35.41 10.82 –7.04

2a 38.18 15.46 –6.41

2b 31.56 17.63 –6.61

2c 37.13 5.77 –7.41

2d 32.85 11.52 –20.74

2e 41.82 16.5 –15.52

2f 25.07 12.94 –9.35

The colour values of the dyes on polyester fabric are shown in Table III. There ap-

pears to be a general correlation between the hues of the dyeings on polyester with the
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absorption characteristics observed in solution. All the dyes were found to be brighter

from the L* values, redder from the a* values and bluer from the b* values.

EXPERIMENTAL

Materials and methods

The materials used were of technical grade. All the melting points are uncorrected and are in ºC.
The infrared spectra were recorded on a Bomem Hartman and Brawn MB-series FTIR spectrophoto-
meter. The 1H-NMR spectra were recorded on a Hitachi 60 MHz instrument R-1200C and the chemical
shifts are given in the � (ppm) scale. Absorption spectra in dimethylformamide solutions were recorded

on a Genesys-2 spectrophotometer. The dyeing on polyester fabric was performed using the High Tem-

perature High Pressure dyeing method. The dyed fabrics were analyzed colourimetrically using a

CE-7000A, Gretag Macbeth computer colour matching system and its accessories. The colour values

were expressed in the CIE L*a*b* system. The light fastness testing was conducted according to the test
method BS 1006, the wash fastness testing according to the AATCC Test Method 61-1996 and the rub
fastness testing was performed using the AATCC Test Method 8-1995.

Synthesis

Synthesis of 2-amino-4-phenyl-3-thioacetamidothiophene (5a). A mixture of acetophenone (12.00
g, 0.1 mol) (3), 2-cyanothioacetamide (10.20 g, 0.1 mol) (4) and sulphur (3.20 g, 0.1 mol) in 20 ml abso-
lute alcohol in presence of morpholine (3–4 drops) as catalyst was heated on a water bath at 60–65 ºC for
4–5 h. The reaction mixture was cooled to room temperature, whereby the product precipitated. It was
then filtered, washed with cold ethanol and dried. The crude product was recrystallized from dimethyl-
formamide to give pure 5a (15.21 g, 65 %) m.p. 172–173 ºC. Elemental analysis. Calcd. for
C11H10N2S2: C, 56.41, H, 4.27, N, 11.96. Found: C, 56.29; H, 4.11; N, 11.98.

Synthesis of 3-amino-4-phenylthieno�2,3-c�isothiazole (6a). 2-Amino-4-phenyl-3-thioacetamidothiophene
(5a) (2.34 g, 0.01 mol) (3) was suspended in 120 ml ethanol and heated to boiling under stirring. Aque-
ous hydrogen peroxide (24 ml 30 %) was added rapidly to the reaction mixture and a clear solution was
obtained in two minutes. The reaction mixture was cooled to room temperature and diluted with water
(80 ml). The precipitated solid was filtered, washed with water, dried and crystallized from dimethylfor-
mamide to give 6a (1.64 g, 70 %) m.p. 113 ºC. Elemental Analysis. Calcd. for C11H8N2S2: C, 56.41; H,
3.44; N, 11.96. Found: C, 56.31; H, 3.31; N, 12.06. IR: 3330 cm-1 (–NH2). 1H- NMR (CDCl3): � 2.4 (s,
2H, NH2) (D2O exchangeable), � 7–9 (m, 6H, aromatic).

Synthesis of ethyl 2-amino-4-phenyl-3-thioacetamidothiophene-5-carboxylate (5b). Acetophe-
none (3a) was replaced with ethyl benzoylacetate (3b) and the same procedure as for 5a was followed to
synthesize the titled intermediate (5b) (1.96 g, 64 %) m.p. 141–143 ºC. Elemental analysis. Calcd. for
C14H14N2O2S2: C, 32.67; H, 4.57; N, 9.11. Found: C, 32.34; H, 4.69; N, 9.01.

Synthesis of ethyl 2-amino-4-phenylthieno�2,3-c�isothiazole-5-carboxylate (6b). Ethyl 2-ami-
no-4-phenyl-3-thioacetamidothiophene-5-carboxylate (5b) was taken in place of 2-amino-4-phe-
nyl-3-thioacetamidothiophene (5a) and the procedure followed was same as that for 6a (2.10 g, 69 %)
m.p. 117–119 ºC. Elemental analysis. Calcd. for C14H12N2O2S2: C, 55.26; H, 3.95; N, 9.21. Found: C,
54.97; H, 3.61; N, 8.98. IR: 3410 cm-1 (–NH2), 1710 cm-1 (>C=O). 1H-NMR (CDCl3): � 0.4 (q, 2H,
CH2), � 2.2 (s, 3H, CH3), � 6.2 (s, 2H, NH2) (D2O exchangeable), � 7–9 (m, 5H, aromatic).

General method for the preparation of dyes (1a–f), (2a–f). 3-Amino-4-phenylthieno�2,3-c�iso-

thiazole (6a) or ethyl 3-amino-4-phenylthieno�2,3-c�isothiazole-5-carboxylate (6b) (0.01 mol) was dis-
solved in acetic acid (10 ml) at 10 ºC and stirred for 15 min. After complete dissolution, nitrosylsulphuric
acid (4.6 ml), equivalent to sodium nitrite (0.011 mol), was slowly added at 5 ºC under constant stirring
for 1 hour. The excess nitrous acid was destroyed using sulphamic acid.

A substituted N,N-dialkylaniline (0.01 mol) was dissolved in acetic acid (20 ml) and cooled to 10
ºC with crushed ice (10 g). The clear diazo solution was slowly run into the above solution at 10–15 ºC
under vigorous stirring over a period of 30 min. The pH of the reaction was maintained at 4.4–5.5 by the
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addition of solid sodium acetate in portions, throughout the coupling period. The reaction mixture was
poured onto ice and water followed by the addition of sodium carbonate solution (20 %) until neutral.
The separated dye was filtered, washed with water, dried and recrystallized from dimethylformamide to
give the pure dye.

3-{[4-(N,N-Dimethylamino)phenyl]azo}-4-phenylthieno[2,3-c]isothiazole (1a). The dye (1a) was
obtained as a reddish blue powder (yield 63 %) m.p. 213 ºC. Elemental analysis. Calc. for C19H16N4S2:
C, 62.64; H, 4.40; N, 15.38. Found: C, 62.51; H, 4.28; N, 15.49. IR: 1640 cm-1 (–N=N–), absence of
(–NH2). 1H-NMR (CDCl3): � 1.1 (t, 6H, CH3), � 7–9 (m, 10H, aromatic).

3-{[4-(N,N-Diethylamino)phenyl]azo}-4-phenylthieno[2,3-c]isothiazole (1b). The dye (1b) was
obtained as a reddish blue powder (yield 64 %) m.p. 227 ºC. Elemental analysis. Calc. for C22H20N4S2:
C, 64.29; H, 5.10; N, 14.29. Found: C, 64.20; H, 5.21; N, 14.38. IR: 1645 cm-1 (–N=N–), absence of
(–NH2). 1H-NMR (CDCl3): � 1.2 (t, 6H, CH3), � 2.4 (q, 4H, CH2), � 7–9 (m, 10H, aromatic).

3-{[4-(N,N-Bis(2-hydroxyethyl)amino)phenyl]azo}-4-phenylthieno[2,3-c]isothiazole (1c). The dye
(1c) was obtained as a reddish blue powder (yield 71 %) m.p. 194 ºC. Elemental analysis. Calc. for
C21H20N4O2S2: C, 59.43; H, 4.72; N, 13.21. Found: C, 59.28; H, 4.60; N, 13.40. IR: 1610 cm-1

(–N=N–); absence of (–NH2). 1H-NMR (CDCl3): � 2.1–2.4 (m, 8H, CH2), � 7–9 (m, 10H, aromatic), �

9.1 (s, 2H, OH) (D2O exchangeable).
3-{[3-Acetamido-4-(N,N-bis(2-hydroxyethyl)amino)phenyl]azo}-4-phenylthieno[2,3-c]isothiazole (1d).

The dye (1d) was obtained as a reddish blue powder (yield 79 %) m.p. 209 ºC. Elemental analysis. Calc.
for C23H23N5O3S2: C, 57.38; H, 4.78; N, 14.55. Found: C, 57.46; H, 4.60; N, 14.40. IR: 1625 cm-1

(–N=N–); absence of (–NH2). 1H-NMR (CDCl3): � 1.9 (s, 3H, CH3), � 2.2–2.6 (m, 8H, CH2) � 7.1 (s,
1H, NH) (D2O exchangeable), � 7.2–9 (m, 9H, aromatic), � 9.1 (s, 2H, OH) (D2O exchangeable).

3-{[4-(N,N-Bis(2-hydroxyethyl)amino)-3-methylphenyl]azo}-4-phenylthieno[2,3-c]isothiazole (1e).
The dye (1e) was obtained as a reddish blue powder (yield 66 %) m.p. 239 ºC. Elemental analysis. Calc.
for C22H22N4O2S2: C, 60.27; H, 5.02; N, 12.79. Found: C, 60.12; H, 5.18; N, 12.61. IR: 1620 cm-1

(–N=N–); absence of (–NH2). 1H-NMR (CDCl3): � 2.1 (s, 3H, CH3), � 2.2–2.5 (m, 8H, CH2), � 7–9 (m,
9H, aromatic), � 9.2 (s, 2H, OH) (D2O exchangeable).

3-{[4-(N,N-Bis(2-hydroxyethyl)-3-chlorophenyl]azo}-4-phenylthieno[2,3-c]isothiazole (1f). The
dye (1f) was obtained as a reddish blue powder (yield 66 %) m.p. 241 ºC. Elemental analysis. Calculated
for C21H19ClN4O2S2: C, 54.96; H, 4.15; N, 12.21. Found: C, 55.01; H, 4.02; N, 12.34. IR: 1640 cm–1

(–N=N–); absence of (–NH2). 1H-NMR (CDCl3): � 1.8–2.1 (m, 8H, CH2), � 7–8.2 (m, 9H, aromatic), �

8.9 (s, 2H, OH) (D2O exchangeable).
Ethyl-3-{[4-(N,N-diethylamino)phenyl]azo}-4-phenylthieno[2,3-c]isothiazole-5-carboxylate (2a).

The dye (2a) was obtained as a reddish blue powder (yield 58 %) m.p. 180 ºC. Elemental analysis. Calc.
for C22H20N4O2S2: C, 60.55; H, 4.58; N, 12.84. Found: C, 60.41; H, 4.66; N, 12.71. IR: 1635 cm-1

(–N=N–); absence of (–NH2). 1H-NMR (CDCl3): � 1.1 (q, 2H, CH2), � 2.1 (s, 3H, CH3), � 2.8 (t, 6H,
CH3), � 7–8.2 (m, 9H, aromatic).

Ethyl-3-{[4-(N,N-diethylamino)phenyl]azo}-4-phenylthieno[2,3-c]isothiazole-5-carboxylate (2b).
The dye (2b) was obtained as a reddish blue powder (yield 61 %) m.p. 217 ºC. Elemental analysis. Cal-
culated for C24H24N4O2S2: C, 62.06; H, 5.17; N, 12.06. Found: C, 61.98; H, 4.97; N, 12.21. IR: 1610
cm-1 (–N=N–); absence of (–NH2). 1H-NMR (CDCl3): � 1.1 (q, 2H, CH2), � 2.1 (s, 3H, CH3), � 2.8 (t,
6H, CH3), � 3.1 (q, 4H, CH2), � 7–8.2 (m, 9H, aromatic).

Ethyl-3-{[4-(N,N-bis(2-hydroxyethyl)amino)phenyl]azo}-4-phenylthieno[2,3-c]isothiazole-5-carboxylate
(2c). The dye (2c) was obtained as a reddish blue powder (yield 64 %) m.p. 197 ºC. Elemental analysis.
Calc. for C24H24N4O4S2: C, 58.06; H, 4.83; N, 11.29. Found: C, 57.96; H, 4.69; N, 11.19. IR: 1580 cm-1

(–N=N–); absence of (–NH2). 1H-NMR (CDCl3): � 1.1 (q, 2H, CH2), � 2.4 (s, 3H, CH3), � 2.8 (q, 8H,
CH2), � 7–8.2 (m, 9H, aromatic), � 9.1 (s, 2H, OH) (D2O exchangeable).

Ethyl-3-{[4-(N,N-bis(2-hydroxyethyl)amino)phenyl]azo}-4-phenylthieno[2,3-c]isothiazole-5-carboxy-
late (2d). The dye (2d) was obtained as a reddish blue powder (yield 77 %) m.p. 217 ºC. Elemental analy-
sis. Calc. for C26H27N5O5S2: C, 56.41; H, 4.88; N, 12.65. Found: C, 56.22; H, 4.63; N, 12.49. IR: 1595
cm-1 (–N=N–); absence of (–NH2). 1H-NMR (CDCl3): � 1.1 (q, 2H, CH2), � 1.9 (s, 3H, CH3), � 2.2 (t,
3H, CH3), � 2.8 (q, 8H, CH2), � 7.1 (s, 1H, NH) (D2O exchangeable), � 7.2–8.2 (m, 8H, aromatic), � 9.1
(s, 2H, OH) (D2O exchangeable).
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Ethyl-3-{[4-(N,N-bis(2-hydroxyethyl)amino)-3-methylphenyl]azo}-4-phenylthieno[2,3-c]isothiazole-
5-carboxylate (2e). The dye (2e) was obtained as a reddish blue powder (yield 72 %) m.p. 271 ºC. Ele-
mental analysis. Calc. for C25H26N4O4S2: C, 58.82; H, 5.09; N, 10.98. Found: C, 58.52; H, 4.98; N,
10.79. IR: 1620 cm-1 (–N=N–); absence of (NH2). 1H-NMR (CDCl3): � 1.1 (q, 2H, CH2), � 2.2(t, 3H,
CH3), � 2.8 (q, 8H, CH2), � 3.1 (s, 3H, CH3), � 7.2–8.2 (m, 8H, aromatic) � 9.2 (s, 2H, OH) (D2O ex-
changeable).

Ethyl-3-{[4-(N,N-bis(2-hydroxyethyl)amino)-3-chlorophenyl]azo}-4-phenylthieno[2,3-c]isothia-
zole-5-carboxylate (2f). The dye (2f) was obtained as a reddish blue powder (yield 68 %) m.p. 183 ºC. El-
emental analysis. Calc. for C24H23ClN4O4S2: C, 54.28; H, 4.33; N, 10.56. Found: C, 54.02; H, 4.19; N,
10.49. IR: 1610 cm-1 (–N=N–); absence of (NH2). 1H-NMR (CDCl3): � 1.8–2.1 (m, 8H, CH2), � 2.2 (t,
3H, CH3), � 2.8 (q, 4H, CH2), � 7.0–8.1 (m, 8H, aromatic), � 8.9 (s, 2H, OH) (D2O exchangeable).

CONCLUSION

The study describes the synthesis of some novel heterocyclic based monoazo dis-

perse dyes using 3-amino-4-phenylthieno�2,3-c�isothiazole and ethyl 3-amino-4-phe-

nyltieno�2,3-c�isothiazole-5-carboxylate as diazo components together with an evalu-

ation of their spectral characteristics and fastness properties. The dyes showed excel-

lent washing and rubbing fastness and good to very good light fastness properties.

I Z V O D

SINTEZA I PRIMENA 3-ARILAZO-4-FENILTIENO�2,3-c�IZOTIAZOLA I

ETIL-3-ARILAZO-4-FENILTIENO�2,3-c�IZOTIAZOL-5-KARBOKSILATA

G. G. PAWAR, P. BINEESH, P. S. R. KUMAR, D. W. RANGNEKAR i V. R. KANETKAR

Dyes Research Laboratory, Mumbai University Institute of Chemical Technology, Nathalal Parekh Marg, Matunga, Mumbai-400 019,

India

Opisana je sinteza 3-amino-4-feniltieno�2,3-c�izotiazola i etil-3-amino-4-feniltie-

no�2,3-c�izotiazol-5-karboksilata i wihovo kori{}ewe za dobijawe celog niza azo disper-

znih boja. Ove nove boje su prou~avane sa gledi{ta me|usobnog odnosa strukture i boje.

Ispitana je i primenqivost ovih boja na poliestarske materijale kao i wihovu trajnost.

Boje su karakerisane pomo}u NMR, IR i vidqive apsorpcione spektroskopije.

(Primqeno 22. jula 2004)
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