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Abstract

A number of red to violet thienyl-2-azo and thienyl-5-azo disperse dyes were prepared using Gewald’s methodology. Structural
characterization of these novel dyes was carried out using IR, NMR and mass spectroscopy. UVevisible studies of these azo dyes in
a number of polar solvents showed a considerable difference in the lmax. The introduction of various substituents to these azo dyes

as well as the polarity of solvents resulted in absorption in the visible region ranging from 461 to 555 nm.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Interest in the design of azo dyes containing hetero-
cyclic moieties stems from their high degree of brightness
compared to azo dyes derived from anilines [1e11]. The
2-aminothiophene based azo dyes are known as disperse
dyes with excellent brightness of shade. This class of dyes
was established as an alternative to more expensive
anthraquinone dyes [12,13]. The thiophene-containing
azo dyes have many advantages including a colour
deepening effect as an intrinsic property of the thiophene
ring and small molecular structure leading to better
dyeability. The heterocyclic nature of the thiophene ring
has also allowed for excellent sublimation fastness on the
dyed fibers [14,15]. Increasing the electron-withdrawing
strength of the substituents on the thiophene ring
resulted in bathochromic shifts [16]. Additionally, the
sulfur atom plays a decisive role by acting as an efficient
electron sink as explained by valence band theory [17].
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A one-pot procedure by Gewald [18,19] created an
efficient route to the synthesis of thiophenes based
heterocyclic dyes. A number of researchers studied
aminothiophene derivatives as azo disperse dyes in the
dyeing of synthetic fibers [20e28], blended polyester/wool
fibers [29,30], and more recently in optical data storage
devices [31]. This class of compounds also showed
semiconducting properties [32].

Our recent research program has been focused on the
incorporation of aryl and hetaryl azo dyes in or pendent
to the backbone of polynorbornenes, polyether and
polythioethers [33e35]. In light of the interesting cise
trans photoisomerization behaviour, these materials
may have potential optical applications.

In the present work, o-acetoacetotoluidide, o-acetoa-
cetanisidide, 4#-chloro-acetoacetanilide, and N-(2,4-
dimethylphenyl)-3-oxobutyramide as 1,3-dicarbonyl
derivatives were applied using Gewald’s reaction for
the synthesis of 2- and 5-aminothiophenes. The resulting
aminothiophenes were diazotized and coupled with
phenol or naphthol derivatives and/or amine couplers
affording a variety of azo dyes based on thiophene
moieties. Using the same strategy, the synthesis of
aminothiophenes can be further broadened by using
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di- and tri-substituted acetoacetanilide with electron-
donating or electron-withdrawing groups to yield a new
wider variety of aminothiophenes prepared directly by
Gewald’s synthesis.

2. Results and discussion

In this study, aminothiophene intermediates 1e12

were prepared using Gewald’s methodology through the
reaction outlined in Scheme 1. This convenient meth-
odology includes the condensation of the 1,3-dicarbonyl
compounds, o-acetacetotoluidide, o-acetoacetanisidide,
4#-chloroacetoacetanilide and N-(2,4-dimethylphenyl)-
3-oxobutyramide, with the activated nitriles such as
malononitrile, ethyl- and methylcyanoacetate in the
presence of sulfur in ethanol/basic media.

The aminothiophene intermediates 1e12 were char-
acterized using 1H and 13C NMR, IR and mass
spectroscopy (Tables 1 and 2). The IR spectra of
aminothiophene intermediates 1, 4, 7 and 10 showed
absorption peaks in the range 2203e2213 cm�1 due to
the presence of cyano group. The amino group
absorption for 1e12 appeared in the range of 3555e
3262 cm�1 while the carbonyl absorption in the range
1630e1664 cm�1. The m/z fragmentation in Table 1
showed the base peak for compound 1 at 107
(MC� 164) while compounds 2 and 3 showed base
peaks at 212 and 198, respectively, (MC� 106) due to
the cleavage of the amide bond. Further evidence was
observed for aminothiophenes 4e6 where the base peaks
at 165, 212 and 198 (MC� 126) corresponding to the
loss of MCC 2 peak due to the presence of
other isotope of the chloro susbstituents. The mass
spectral data for aminothiophenes 7e12 are listed in
Table 1 and followed the same patterns as compounds
1e6.

The 1H NMR spectrum of aminothiophene 1 showed
two singlets at 2.23 and 2.45 ppm due to the two methyl
groups, one on the phenyl ring and the other attached to
C-2 of the thiophene ring. The presence of a broad
singlet at 7.75 ppm was attributed to the presence of
NH2 group on the thiophene ring, while the NH group
of the amide linkage is upfield shifted to 9.18 ppm, as
compared to the starting o-acetoacetotoluidide that
showed NH signal at 9.49 ppm. The formation of the
thiophene intermediate 1 was evident by the disappear-
ance of the CH2 peak in the 1H NMR of
o-acetoacetotoluidide at 3.60 ppm. 13C NMR spectrum
of aminothiophene 1 showed resonance at 15.00 and
18.10 ppm for the two methyl groups while the
corresponding values for the starting o-acetoacetotolui-
dide appeared at 17.81 and 30.10 ppm as well as the
disappearance of the CH2 peak at 51.63 ppm due to the
formation of aminothiophene 1. Further confirmation
of aminothiophene 1 was also indicated by the presence
of amide carbonyl linkage at 165.30 ppm, and the
disappearance of the acetyl carbonyl of o-acetoacetoto-
luidide that had resonated at 203.07 ppm. As can be
seen in Table 2, the signals of the NH groups of
aminothiophenes 2e12 shifted upfield as compared with
their corresponding values for the starting materials
(d NHZ 9.49, 10.21, 9.48 and 9.41 ppm for o-acetoa-
cetotoluidide, 4#-chloro-acetoacetanilide, o-acetoaceta-
nisidide and N-(2,4-dimethylphenyl)-3-oxobutyramide,
respectively). As an example, the NH group of
4#-chloroacetoacetanilide appeared at 10.21 ppm is
shifted to 9.68 ppm upon the formation of amino-
thiophene 4. It is also important to note that the
inductive effect of the chloro substituent was the main
reason for the downfield shift in the NMR values of
compounds 4e6 from their corresponding aminothio-
phene derivatives 1e3 and 7e12. This is consistent with
the assignments of Silverstein et al. [36] where the shifts
of the aromatic carbon atom directly attached to the
substituent have been correlated with substituent
electronegativity after correcting for the magnetic
anisotropic effects.

A number of azo dyes were prepared by diazotizing
aminothiophene intermediates using nitrosyl sulfuric
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Table 1

Characterization of aminothiophene intermediates

Intermediates Molecular formula M.Wt. Yield

(%)

Mp

( �C)

Mass m/z

(%)

IR nmax(cm
�1, KBr)

1 C14H13N3OS 271 72 235e237 271 (MC, 19), 165 (49),

107 (100)

3364, 3323, 3217 (NH), 2203 (CN), 1638 (CO)

2 C16H18N2O3S 318 70 128e130 318 (MC, 24), 212 (100) 3396, 3262, 3153 (NH), 1645, 1630 (CO)

3 C15H16N2O3S 304 69 127e129 304 (MC, 22), 198 (100) 3396, 3266, 3152 (NH), 1645, 1632 (CO)

4 C13H10ClN3OS 291 73 233a 291 (MC, 24), 293

(MCC 2, 9), 165 (100)

3378, 3311, 3195 (NH), 2204 (CN), 1638 (CO)

5 C15H15ClN2O3S 338 74 170 338 (MC, 15), 340

(MCC 2, 6), 212 (100)

3481, 3341, 3305 (NH), 1663, 1620 (CO)

6 C14H13ClN2O3S 324 70 165e167 324 (MC, 16), 326

(MCC 2, 5), 198 (100)

3475, 3337, 3303 (NH), 1664, 1620 (CO)

7 C14H13N3O2S 287 75 212 287 (MC, 29), 165 (35),

123 (100)

3432, 3360, 3202 (NH), 2213 (CN), 1632 (CO)

8 C16H18N2O4S 334 71 154e156 334 (MC, 29), 212 (100),

166 (74)

3396, 3293, 3299 (NH), 1645, 1626 (CO)

9 C15H16N2O4S 320 68 139e141 320 (MC, 32), 198 (100) 3439, 3408, 3290 (NH), 1647, 1632 (CO)

10 C15H15N3OS 285 69 234e236 285 (MC, 22), 165 (35),

121 (100)

3378, 3323, 3214 (NH), 2204 (CN), 1632 (CO)

11 C17H20N2O3S 332 71 126e128 332 (MC, 29), 212 (100),

166 (46)

3553, 3427, 3273 (NH), 1661, 1589 (CO)

12 C16H18N2O3S 318 65 141 318 (MC, 27), 198 (100) 3555, 3427, 3271 (NH), 1662, 1588 (CO)

a Literature value: 226 �C.
acid and coupling with resorcinol (a), 2,3-dihydroxy-
naphthalene (b) and/or amine couplers such as: 2-(N-
methylanilino)ethanol (c); 2-(N-ethylanilino)ethanol (d)
and 3-[(2-hydroxyethyl)phenyl-amino]propionitrile (e),
as shown in Scheme 2.

The IR spectra of the prepared azo dyes showed the
characteristic absorptionpeaksdue to stretching frequency
of the OH group in the region 3245e3515 cm�1 and
the stretching frequency of the NH group in the region
of 3270e3314 cm�1. An overlap between NH and OH
stretching frequencies for the azo dyes 1d, 5a, 10c, 10d,
10e, 11a and 11b, was also observed as indicated inTable 3.
An absorption peak in the region 2222e2228 cm�1 due to
nCN was observed for the azo dyes 1d, 4a, 4c, 4d, 4e, 10a,
10c, 10d and 10e, while the aliphatic nitrile appeared in
the region 2247e2248 cm�1 for the dyes 4e, 5e, 10e and
11e, indicative to the presence of the terminal e
CH2CH2CN of the coupling component. The IR spectra
of the prepared azo dyes also showed an absorption peak
in the region 1445e1521 cm�1, attributed to nN]N, while
the observed peak in the region 1622e1736 cm�1 was due
to the nC]O, as outlined in Table 3.

The mass fragmentation for the prepared azo dyes in
Table 3 showed the cleavage of the CeC next to the
oxygen atom for azo dyes 1d, 2d, 4c, 4d, 4e, 5c, 5e, 10c, 10d
and 10e, where the coupling components are of the amine
type. Thus, a peak due to loss of CH2OH is of general
occurrence, which agrees with that previously reported by
Chao et al. [37].

The 1H and 13C NMR data for the prepared azo dyes
are given in Table 4. In comparison between the 1H
NMR spectra of the azo dyes and their starting
aminothiophene intermediates, it was observed that
the NH peaks of azo dyes were shifted downfield relative
to their values for aminothiophenes 1, 2, 4, 5, 10 and 11.
For example, the NH peak for azo dye 1d appeared at
9.80 ppm while that of aminothiophene 1 was observed
at 9.07 ppm. The NH peaks detected at 10.43, 10.35,
10.36 and 10.49 ppm for azo dyes 4a, 4c, 4d and 4e,
respectively, while the NH peak of the starting amino-
thiophene 4 appeared at 9.68 ppm. It was also observed
that most of the methyl groups resonated at downfield
values as compared with their starting aminothiophene
intermediates. As well, all the aromatic protons for the azo
dyes showed downfield values, and in some cases one set
of the doublets arising from the coupling site overlapped
with the aromatic protons of the diazonium site, as can
be seen in the azo dyes 2d, 4a, 4c, 4d, 5e, 10e and 11e.

The 13C NMR data for the azo dyes as outlined in
Table 4 showed the CeCN peak downfield shifted in the
region 108.42e109.90 ppm as compared with their
starting aminothiophenes 1, 4, 7 and 10, where it
resonated in the region 88.13e88.59 ppm. The observed
chemical shifts for CeCN are similar to those reported



Table 2

NMR

Interm ), d (ppm)

1 61 (CN); 125.73, 125.86, 126.05, 130.34 (ArCH); 133.07, 136.53

40.23,160.60 (AreC thiophene); 165.30 (CO amide)

2 ); 59.27 (CH2); 125.45, 125.61, 125.93, 130.23 (ArCH); 132.82,

112.83, 140.41, 161.40 (AreC thiophene); 165.01 (CO ester);

3 ); 125.51, 125.66, 125.98, 130.29 (ArCH); 132.88, 136.75 (Are

2, 161.53 (AreC thiophene); 165.13 (CO ester); 165.25 (CO

4 ); 121.89, 128.43 (ArCH); 127.17, 137.91 (AreC); 88.19, 112.67,
iophene); 165.30 (CO amide)

5 (CH2); 121.57, 128.42 (ArCH); 126.91, 138.11 (AreC); 105.55,

reC thiophene); 164.94 (CO ester); 165.28 (CO amide)

6 51, 128.38 (ArCH); 126.96, 138.09 (AreC); 105.60, 112.58,

iophene); 164.84 (CO ester); 165.22 (CO amide)

7 3); 115.41 (CN); 110.97, 120.43, 121.13, 124.41 (ArCH); 127.27,

13.96, 149.38, 159.70 (AreC thiophene); 165.56 (CO amide)

8 (OCH3); 59.36 (CH2); 110.91, 120.37, 120.99, 124.19 (ArCH);

105.91, 113.14, 140.45, 160.58 (AreC thiophene); 164.91 (CO

e)

9 (OCH3); 110.90, 120.37, 120.99, 124.20 (ArCH); 127.43, 149.27

140.46, 160.59 (AreC thiophene); 164.92 (CO ester); 165.39 (CO

10 ); 115.58 (CN); 125.89, 126.51, 130.83 (ArCH); 132.95, 133.88,

13.42, 139.93, 160.58 (AreC thiophene); 165.93 (CO amide)

11 6 (CH3); 59.30 (CH2); 125.72, 126.45, 130.79(ArCH); 132.81,

105.58, 112.85, 140.40, 161.45 (AreC thiophene); 164.98 (CO

e)

12 3 (CH3); 125.72, 126.45, 130.79(ArCH); 132.78, 134.08, 134.60

140.21, 161.46 (AreC thiophene); 164.97 (CO ester); 165.10 (CO
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data of aminothiophene intermediates

ediates 1H NMR in (DMSO-d6), d (ppm) 13C NMR in (DMSO-d6

2.23 (3H, s, CH3); 2.45 (3H, s, CH3); 7.19e7.44 (4H, m, ArCH); 7.75 (2H, br

s, NH2); 9.07 (1H, s, NH)

15.00, 18.10 (CH3); 115.

(AreC); 88.28, 113.36, 1

1.28 (3H, t, CH3); 2.21 (3H, s, CH3); 2.57 (3H, s, CH3); 4.23 (2H, q, CH2);

7.40e7.09 (4H, m, ArCH); 7.75 (2H, br s, NH2); 9.13 (1H, s, NH)

14.27, 16.43, 18.06 (CH3

136.69 (AreC); 105.59,

165.12 (CO amide)

2.19 (3H, s, CH3); 2.55 (3H, s, CH3); 3.74 (3H, s, CH3); 7.09e7.38 (4H, m,

ArCH); 7.73 (2H, br s, NH2); 9.12 (1H, s, NH)

16.49, 18.12, 50.69 (CH3

C); 105.73, 112.95, 140.5

amide)

2.31 (3H, s, CH3); 7.33 (2H, d, JZ 8.2 Hz, ArCH), 7.64 (2H, d, JZ 8.6 Hz,

ArCH); 7.77 (2H, br s, NH2); 9.68 (1H, s, NH)

14.98 (CH3); 115.43 (CN

141.01, 160.51 (AreC th

1.27 (3H, t, CH3); 3.43 (3H, s, CH3); 4.22 (2H, q,CH2); 7.34 (2H, d, JZ 9.0,

ArCH); 7.64 (2H, d, JZ 8.7, ArCH); 7.76 (2H, br s, NH2); 9.80 (1H, s, NH)

14.26, 16.54 (CH3); 59.31

112.48, 140.90, 161.46 (A

2.40 (3H, s, CH3); 3.65 (3H, s, CH3); 7.24 (2H, d, JZ 8.6, ArCH); 7.55 (2H, d,

JZ 8.2, ArCH); 7.67 (2H, br s, NH2); 9.70 (1H, s, NH)

16.53, 50.67 (CH3); 121.

140.94, 161.48 (AreC th

2.42 (3H, s, CH3); 3.83 (3H, s, OCH3); 6.86e7.07 (3H, m, ArCH); 7.98 (1H, d,

JZ 7.8, CH); 7.78 (2H, br s, NH2); 8.46 (1H, s, NH)

14.79 (CH3); 55.95 (OCH

139.53 (AreC); 88.59, 1

1.28 (3H, t, CH3); 2.59 (3H, s, CH3); 3.84 (3H, s, OCH3); 4.22 (2H, q, CH2);

6.92 (1H, t, ArCH); 7.04 (2H, br m, ArCH); 7.99 (1H, d, JZ 7.4, ArCH); 7.80

(2H, br s, NH2); 8.50 (1H, s, NH)

14.22, 15.95(CH3); 55.89

127.43, 149.27 (AreC);
ester); 165.38 (CO amid

2.59 (3H, s, CH3); 3.73 (3H, s, CH3); 3.83 (3H, s, OCH3); 6.91 (1H, t, ArCH);

7.02 (2H, br m, ArCH); 8.01 (1H, d, JZ 7.6, ArCH); 7.81 (2H, br s, NH2);

8.47 (1H, s, NH)

14.23, 50.68 (CH3); 55.90

(AreC); 105.92, 113.14,
amide)

2.14 (3H, s, CH3); 2.25 (3H, s, CH3); 2.38 (3H, s, CH3); 6.94 (1H, s, ArCH);

7.01 (1H, d, JZ 7.8, ArCH); 7.20 (1H, d, JZ 7.8, ArCH); 7.68 (2H, br s,

NH2); 8.96 (1H, s, NH)

14.92, 17.98, 20.54 (CH3

134.84 (AreC); 88.13, 1

1.27 (3H, t, CH3); 2.14 (3H, s, CH3); 2.24 (3H, s, CH3); 2.53 (3H, s, CH3); 4.21

(2H, q, CH2); 6.95 (1H, d, JZ 8.2, ArCH); 7.01 (1H, s, ArCH); 7.21 (1H, d,

JZ 8.2, ArCH); 7.70 (2H, br s, NH2); 9.04 (1H, s, NH)

14.28, 16.42, 18.06, 20.5

134.82, 136.68 (AreC);
ester); 165.11 (CO amid

2.15 (3H, s, CH3); 2.24 (3H, s, CH3); 2.53 (3H, s, CH3); 3.73 (3H, s, CH3); 6.95

(1H, d, JZ 8.2, ArCH); 7.02 (1H, s, ArCH); 7.21 (1H, d, JZ 7.8, ArCH);

7.71 (2H, br s, NH2); 9.06 (1H, s, NH)

14.30, 18.01, 20.51, 50.5

(AreC); 105.55, 112.96,
amide)
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Scheme 2.
previously by Gewald [38] and Hallas [23]. Similarly, the
CeCOOR signals for the azo dyes were downfield
shifted and appeared in the region 127.60e130.11 ppm
in comparison to their values in the 13C spectra of the
aminothiophenes 2, 5, 8 and 11, where the CeCOO
signals appeared in the region 105.55e105.91 ppm. On
the other hand, the cyano group resonated upfield and
appeared at 114.03, 113.55, 113.92, 114.04, and
113.76 ppm for the azo dyes 1d, 4a, 4c, 4d and 4e,
respectively, while the values for aminothiophenes 1 and
4 were 115.61 and 115.43 ppm, respectively.

2.1. Absorption spectra

Absorption spectra of the azo dyes derived from
aminothiophene derivatives were recorded in various
solvents and the results are summarized in Table 5. The
colour of these azo dyes depends on the nature of both
the diazo and the coupling components.

The electronic spectra of these dyes showed an
absorption band in the region 469e540 nm in ethanol,
466e546 nm in acetone, 494e555 nm in dimethyl
formamide (DMF), 464e546 nm in dichloromethane
(DCM), and 461e546 nm in acetonitrile. This band was
due to electronic transitions involving the whole
conjugate system (both of the phenyl and five-membered
sulfur heterocycles and the azo groups are assigned to
a transition of pep) type).

The introduction of the cyano group as an electron-
withdrawing subsituent onto the thiophene ring produ-
ces a bathochromic shift of the absorption band, while
the replacement of the cyano group by an ethyl ester
group exerts a notable hypsochromic shift. This was
observed for the azo dye 1d where the introduction of
the cyano group as an electron-acceptor results in
a bathochromic shift of 29e31 nm, as compared with
the ethyl ester group in the diazo component of azo dye
2d. This is attributed to more extensive electron
delocalization and the smaller steric requirements of
the rod-like cyano group [39].

Bathochromic shifts of the visible absorption band
were also observed on increasing the solvent polarity as
seen in Table 5, where a difference of 7e66 nm in lmax

was noticed upon measuring the azo dyes in ethanol and
DMF. This is expected for a system in which the excited
state is more polar than the ground state [40,41].

The data in Table 5 reveal that the change in the lmax

value depends on the nature of the coupling site as well
as the nature of the substituents at the terminal amino
group. Bathochromic shifts were observed on replacing
resorcinol at the coupling site with 2-(methylphenyla-
mino-)ethanol, where a difference of 53e55 nm in lmax

was seen upon comparing the azo dyes pairs 4a and 4c,
and 10a and 10c using the same solvent. However,
hypsochromic shifts of 14e17 nm in lmax values were
found by replacing the CH3 at the terminal amino group
of the coupling site by CH2CH2CN, as can be seen for
the three pairs of azo dyes 4c and 4e, 5c and 5e, and 10c

and 10e. Inductive electron-withdrawal by the
CH2CH2CN group leads to a reduction in the elec-
tron-releasing tendency of the terminal nitrogen atom
and a consequent hypsochromic shift of the visible
absorption band. This is in agreement with that
previously reported by Patel et al. [42]. Meanwhile, the
substituents on the phenyl ring of the diazonium site
exerted a negligable change in lmax on comparing azo
dyes 1d, 4d and 10d.

2.2. Conclusion

Thienyl-2-azo and thienyl-5-azo disperse dyes have
been synthesized and their spectral properties investi-
gated. The nature of the coupling components as well as
the solvent polarity afforded a bathochromic shift with
aminothiophene derivatives. The absorption maxima of
the investigated azo dyes showed larger bathochromic
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Table 3

Characterization of prepared azo dyes

Dye Molecular formula M.Wt. Yield (%) Mp ( �C) Appearance Mass m/z (%) IR nmax(cm
�1, KBr)

1e C24H25N5O2S 447 85 172 reddish

violet

447 (MC, 47); 416 (100) 3384 (br s, OH & NH), 2224 (CN),

1640 (CO), 1520 (N]N)

2e C26H30N4O4S 494 65 115 reddish

brown

494 (MC, 40); 463 (100) 3428 (OH), 3270 (NH), 1714, 1647

(CO), 1449 (N]N)

4a C19H13ClN4O3S 412 70 261 orange 412 (MC, 30); 414

(MCC 2, 11); 286 (100)

3515 (OH), 3275 (NH) 2227 (CN),

1700 (CO), 1486 (N]N)

4d C22H20ClN5O2S 453 65 205 violet 453 (MC, 35); 455

(MCC 2, 12); 422

(100); 296 (75)

3443 (OH), 3309 (NH), 2222 (CN),

1650 (CO), 1520 (N]N)

4e C23H22ClN5O2S 467 66 162 violet 467 (MC, 41); 469

(MCC 2, 15); 436 (100)

3448 (OH), 3314 (NH), 2222 (CN),

1665 (CO), 1521 (N]N)

4f C24H21ClN6O2S 492 70 180 brown 492 (MC, 28); 494

(MCC 2, 14) 461

(MC, 46); 366 (MC, 15)

165 (MC, 100)

3474 (OH), 3283 (NH), 2222, 2248

(CN), 1640 (CO), 1490 (N]N)

5a C21H18ClN3O5S 459 79 254 orange 459 (MC, 29); 461

(MCC 2, 11) 333

(100); 197 (77)

3283 (br s, OH & NH), 1707, 1671

(CO), 1517 (N]N)

5d C24H25ClN4O4S 500 78 125 red 500 (MC, 25); 502

(MCC 2, 9); 469 (29);

374 (13); 212 (100)

3422 (OH), 3293 (NH), 1710, 1650

(CO), 1518 (N]N)

5f C26H26ClN5O4S 539 65 138e140 red 539 (MC, 27), 541

(MCC 2, 10), 508 (35),

413 (45), 212 (100)

3448 (OH), 3299 (NH), 2247 (CN),

1707, 1646 (CO), 1518 (N]N)

10a C21H18N4O3S 406 84 245e247 reddish

orange

406 (MC, 53), 286 (68),

258 (15), 121 (100)

3445 (OH), 3292 (NH), 2228 (CN),

1622 (CO), 1488 (N]N)

10d C24H25N5O2S 447 82 135 reddish

brown

447 (MC, 49), 416 (100),

327 (35), 107 (65)

3425 (br s, OH & NH), 2222 (CN),

1643 (CO), 1445 (N]N)

10e C25H27N5O2S 461 79 158e160 reddish

violet

461 (MC, 56), 430 (100),

341 (25), 121 (78)

3375 (br s, OH & NH), 2223 (CN),

1640 (CO), 1518 (N]N)

10f C26H26N6O2S 486 85 130 reddish

violet

486 (MC, 30), 455 (45),

366 (20), 121 (100)

3452 (br s, OH & NH), 2222, 2248

(CN), 1642 (CO), 1516 (N]N)

11a C23H23N3O5S 453 86 180 orange 453 (MC, 48), 333 (100),

197 (67), 121 (87)

3242 (br s, OH & NH), 1707, 1618

(CO), 1518 (N]N)

11c C27H25N3O5S 503 82 254e255 red 503 (MC, 44), 383 (100),

212 (28), 121 (19)

3426 (br s, OH & NH), 1711, 1643

(CO), 1493 (N]N)

11f C28H31N5O4S 533 79 120 reddish

violet

533 (MC, 40), 413 (100) 3420 (OH), 3300 (NH), 2247 (CN),

1709, 1646 (CO), 1512 (N]N)
shifts in DMF than in other solvents. On changing the
substituent on the phenyl ring of the diazo components,
there is no significant change in lmax, however, the
replacement of the cyano group on the thiophene ring
by ethyl ester groups exerts hypsochromic shifts of 29e31
nm in lmax.

3. Experimental

3.1. Materials and instrumentation

Melting points reported were determined by open
capillary method and were uncorrected. The IR analyses
were performed on Bomem Grams, Hartmann & Braun
(KBr pellet). The 1H and 13C NMR spectra were
recorded at 200 and 50 MHz, respectively, on a Gemini
200 NMR spectrometer, with chemical shifts calculated
in hertz, referenced to solvent residues. Mass spectra
were reported on Hewlett Packard 5989 B Mass
spectrometer. The electronic spectra were recorded on
Shimadzu UV-2501PC, UVevisible recording spectro-
photometer. o-Acetoacetotoluidide, o-acetoacetanisidide,
4#-chloroacetoacetanilide and N-(2,4-dimethylphenyl)-
3-oxobutyramide were purchased from Aldrich and used
without further purification. All other chemicals used
were of laboratory grade.
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Table 4

NMR data of azo dyes

Azo

dyes

1H NMR in (DMSO-d6), d (ppm) 13C NMR in (DMSO-d6), d (ppm)

1e 1.16 (3H, t, CH3); 2.23 (3H, s, CH3); 2.57 (3H, s, CH3);

3.60 (2H, t, CH2); 3.80 (4H, m, 2CH2); 4.23 (1H, t, OH);

6.93 (2H, d, JZ 9.2, ArCH); 7.76 (2H, d, JZ 9.4, ArCH);

7.20e7.37 (4H, m, ArCH); 9.80 (1H, s, NH)

12.08, 14.42, 17.95 (CH3); 45.65, 52.34, 58.47 (CH2); 112.47, 126.08,

126.18, 126.29, 130.39 (ArCH’s); 108.52, 128.95, 133.40, 160.13

(AreC thiophene); 135.78, 140.68, 141.59, 153.05 (AreC aromatic);

114.03 (CN); 166.79 (CO amide).

2e 1.29 (3H, t, CH3); 1.35 (3H, t, CH3); 2.23 (3H, s, CH3);

2.63 (3H, s, CH3); 3.50 (2H, br m, CH2); 3.57 (2H, br m,

CH2); 4.26 (2H, q, CH2); 4.38 (2H, q, CH2); 4.6 (1H, t,

OH); 6.86 (2H, d,JZ 9.0, ArCH); 7.18 (2H, d, JZ 6.4,

ArCH); 7.23 (2H, br m, ArCH); 7.36 (2H, d, JZ 6.2

ArCH); 7.70 (2H, d, JZ 9.0 ArCH); 9.77 (1H, s, NH)

12.06, 14.16, 14.35, 18.04 (CH3); 45.40, 52.25, 58.46, 61.12 (CH2);

111.90, 126.11, 130.41, 135.67 (ArCH’s); 129.94, 132.43, 133.32,

161.01 (AreC thiophene); 136.02, 139.00, 141.68, 151.90 (AreC

aromatic); 162.26 (CO ester); 163.71 (CO amide).

4a 2.53 (3H, s, CH3); 6.45 (1H, br s, ArCH); 6.47 (2H, d,

overlapped ArCH); 7.39 (2H, d, JZ 9.0, ArCH); 7.67

(4H, doublet overlapped, ArCH); 10.43 (1H, s, NH); 11.13

(1H, br s, OH hydrogen bonded)

14.38 (CH3); 103.17, 110.62, 121.97, 123.66, 128.61 (ArCH’s);

113.55 (CN); 109.68, 121.55, 130.00, 159.92 (AreC thiophene);

127.87, 137.34, 133.40, 141.03, 159.72 (AreC aromatic); 166.19

(CO amide).

4d 2.53 (3H, s, CH3); 3.15 (3H, s, CH3); 3.62 (4H, br m,

quartet overlapped, 2CH2); 4.24 (1H, t, OH); 6.93 (2H,

d, JZ 9.2 ArCH); 7.40 (2H, d, JZ 8.6, ArCH); 7.71 (2H,

d, JZ 9.0 ArCH); 7.73 (2H, d, overlapped, ArCH); 10.35

(1H, s, NH)

14.41, 39.33 (CH3); 54.27, 58.35 (CH2); 112.58, 121.93, 128.59

(ArCH’s); 113.92 (CN); 108.43, 128.47, 141.27, 160.03 (AreC

thiophene); 127.76, 137.42, 141.70, 154.09 (AreC aromatic); 167.15

(CO amide).

4e 1.15 (3H, t, CH3); 2.53 (3H, s, CH3); 3.54 (4H, br m,

2CH2); 3.75 (2H, q, CH2); 4.23 (1H, t, OH); 6.95 (2H,

d, JZ 8.2, ArCH); 7.39 (2H, d, JZ 7.2, ArCH); 7.70

(2H, d, JZ 7.4 ArCH); 7.70 (2H, d overlapped, ArCH);

10.36 (1H, s, NH)

12.15, 14.51 (CH3); 45.74, 52.42, 58.56 (CH2); 112.56, 122.05, 128.66,

128.71 (ArCH’s); 114.04 (CN); 108.42, 128.40, 141.42, 160.15 (AreC

thiophene); 127.87, 137.50, 141.68, 153.19 (AreC
aromatic); 167.06 (CO amide).

4f 2.54 (3H, s, CH3); 2.86 (2H, t, CH2); 3.63 (4H, br m,

2CH2); 3.89 (2H, t, CH2); 4.23 (1H, t, OH); 7.03 (2H, d,

JZ 9.0, ArCH); 7.40 (2H, d, JZ 9.0, ArCH); 7.71 (2H, d,

JZ 9.0 ArCH); 7.78 (2H, d, JZ 9.4, ArCH); 10.49

(1H, s, NH)

14.39 (CH3); 15.33, 46.70, 52.76, 58.27 (CH2); 112.85, 121.94, 128.61

(ArCH’s); 113.76, 119.04 (CN); 109.02, 124.15, 141.27, 159.96 (AreC

thiophene); 127.82, 137.37, 142.52, 152.53 (AreC armatic); 165.73

(CO amide).

5a 1.33 (3H, t, CH3); 2.51 (3H, s, CH3); 4.36 (2H, q, CH2);

6.37 (1H, s, ArCH); 6.56 (2H, d, JZ 8.6, ArCH); 7.38

(2H, d, JZ 9.0, ArCH); 7.60 (2H, d, JZ 8.8, ArCH); 7.71

(2H, d, JZ 8.6, ArCH); 10.45 (1H, s, NH); 11.08 (OH

hydrogen bonded); 12.56 (NH hydrazo form)

14.00, 15.06 (CH3); 61.34 (CH2); 103.105, 110.65, 121.76, 128.60,

132.86 (ArCH’s); 127.72, 130.75, 140.54, 160.64 (AreC thiophene);

128.01, 137.50, 132.61, 156.59, 159.56 (AreC aromatic); 162.48 (CO

ester); 164.97 (CO amide).

5d 1.36 (3H, t, CH3); 2.56 (3H, s, CH3); 3.02 (3H, s, CH3);

3.40 (4H, br m, 2CH2); 4.39 (2H, q, CH2); 4.49 (1H, t, OH);

6.88 (2H, d, JZ 9.0, ArCH); 7.40 (2H, d, JZ 9.0, ArCH);

7.70 (2H, d, JZ 9.0, ArCH); 7.72 (2H, d, JZ 8.6, ArCH);

10.37 (1H, s, NH)

14.11, 14.72, 39.30 (CH3); 54.13, 58.32, 61.09 (CH2); 112.01, 121.75,

126.05, 128.58 (ArCH’s); 127.60, 130.67, 139.46, 160.92 (AreC
thiophene); 129.58, 137.64, 141.80, 152.98 (AreC aromatic); 162.14

(CO ester); 163.57 (CO amide).

5f 1.36 (3H, t, CH3); 2.46 (3H, s, CH3); 2.84 (2H, t, CH2); 3.60

(4H, br m, 2CH2); 3.85 (2H, t, CH2); 4.40 (2H, q, CH2); 4.74

(1H, t, OH); 6.98 (2H, d, JZ 9.0, ArCH); 7.40 (2H, d,

JZ 8.6, ArCH); 7.72 (2H, d, JZ 9.0, ArCH); 7.73 (2H, d,

JZ 8.6, ArCH); 10.40 (1H, s, NH)

14.28, 18.50 (CH3); 15.31, 46.63, 52.66. 58.15, 61.17 (CH2); 112.36,

121.75, 125.96, 128.60 (ArCH’s); 119.16 (CN); 130.11, 131.38, 139.34,

159.88 (AreC thiophene); 127.62, 137.57, 142.28, 151.30 (AreC

aromatic); 160.83 (CO ester); 163.48 (CO amide).

10a 2.18 (3H, s, CH3); 2.25 (3H, s, CH3); 2.55 (3H, s, CH3); 6.43

(1H, s, ArCH); 6.48 (2H, d, JZ 9.0, ArCH); 6.99 (2H, d,

JZ 8.2, AreCH); 7.04 (1H, s, ArCH); 7.21 (2H, d, JZ 8.2,

ArCH); 7.63 (2H, d, JZ 9.0, ArCH); 9.74 (1H, s, NH); 11.21

(br s, H-bonded)

14.42, 17.92, 20.56 (CH3); 103.23, 110.67, 124.69, 126.12, 126.65,

130.96 (ArCH’s); 113.64 (CN); 109.90, 130.78, 135.54, 160.06

(AreC, thiophene); 133.15, 133.23, 133.34, 140.38, 159.40, 165.50

(AreC aromatic); 166.10 (CO amide).

10d 2.19 (3H, s, CH3); 2.27 (3H, s, CH3), 2.56 (3H, s, CH3);

3.15 (3H, s, CH3); 3.48 (2H, t, CH2); 3.62 (2H, br m, CH2);

4.24 (1H, t, OH); 6.92 (2H, d, JZ 8.6, ArCH); 6.98

(1H, s, ArCH); 7.04 (2H, d, JZ 7.8, ArCH); 7.22 (2H, d,

JZ 7.8, ArCH); 7.76 (2H, d, JZ 9.4, ArCH); 9.71

(1H, s, NH).

14.40, 17.87, 20.51, 39.28 (CH3); 45.15, 58.35 (CH2); 112.49, 126.08,

126.55, 130.88 (ArCH’s); 114.00 (CN); 108.68, 129.99, 140.53, 160.12

(AreC thiophene); 133.17, 135.39, 141.69, 153.96 (AreC aromatic);

166.65 (CO amide).
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Table 4 (continued)

Azo

dyes

1H NMR in (DMSO-d6), d (ppm) 13C NMR in (DMSO-d6), d (ppm)

10e 1.16 (3H, t, CH3); 2.18 (3H, s, CH3); 2.26 (3H, s, CH3); 2.55

(3H, s, CH3); 3.56e3.59 (6H, br m, 3CH2); 4.22 (1H, t, OH);

6.92 (2H, d, JZ 8.2, ArCH); 6.98 (1H, s, ArCH); 7.04 (2H, d,

JZ 9.0, ArCH); 7.21 (2H, d, JZ 7.8, ArCH); 7.75 (2H, d,

JZ 7.8, ArCH); 9.69 (1H, s, NH).

12.06, 14.38, 17.86, 20.50 (CH3); 45.63, 52.34, 58.46 (CH2); 112.41,

126.08, 126.55, 130.87 (ArCH’s); 114.01 (CN); 108.56, 129.08, 140.52,

160.13 (AreC thiophene); 133.17, 135.37, 141.59, 152.99 (AreC
aromatic); 166.65 (CO amide).

10f 2.18 (3H, s, CH3); 2.26 (3H, s, CH3); 2.56 (3H, s, CH3);

2.86 (2H, t, CH2); 3.55e3.73 (4H, br m, 2CH2); 3.88

(2H, t, CH2); 4.24 (1H, t, OH); 6.99e7.06 (3H, br m,

ArCH’s of the phenyl group attached to

thiophene intermediate); 7.22 (2H, d, JZ 7.8, ArCH);

7.78 (2H, d, JZ 9.0, ArCH); 9.74 (1H, s, NH).

14.40, 17.88, 20.53 (CH3); 15.38, 46.75, 52.78, 58.25 (CH2); 112.79,

126.11, 126.61, 126.82, 130.92 (ArCH’s); 113.86, 119.09 (CN);

109.69, 129.96, 140.60, 160.11 (AreC thiophene); 133.14, 133.22,

135.49, 142.25, 152.41 (AreC aromatic); 166.18 (CO amide).

11a 1.34 (3H, t, CH3); 2.19 (3H, s, CH3); 2.25 (3H, s, CH3);

2.55 (3H, s, CH3); 4.36 (2H, q, CH2); 6.37 (1H, s, ArCH);

6.55 (2H, d, JZ 8.8, ArCH); 6.99 (2H, d, JZ 8.2, ArCH);

7.05 (1H, s, ArCH); 7.22 (2H, d, JZ 8.0, ArCH); 7.60 (2H,

d, JZ 9.0, ArCH); 9.76 (1H, s, NH); 11.02 (br s, OH,

H-bonded); 12.59 (br s, NH, hydrazo form)

14.03, 15.08, 17.92, 20.53 (CH3); 61.33 (CH2); 103.14, 110.61, 126.02,

126.58, 130.92 (ArCH’s); 128.11, 131.34, 140.03, 156.48 (AreC
thiophene); 132.59, 133.09, 133.25, 135.35, 154.32, 160.79 (AreC

aromatic); 162.55 (CO ester); 164.87 (CO amide).

11f 1.36 (3H, t, CH3); 2.19 (3H, s, CH3); 2.26 (3H, s, CH3);

2.56 (3H, s, CH3); 2.84 (2H, t, CH2); 3.61 (4H, br m, 2CH2);

3.84 (2H, t, CH2); 4.40 (2H,q, CH2); 5.22 (1H, br s, OH);

6.95e7.02 (2H, br m, ArCH); 7.06 (1H, s, ArCH); 7.22

(2CH, d, JZ 8.2, ArCH); 7.72 (2H, d,JZ 8.6, ArCH); 9.72

(1H, s, NH)

14.29, 17.90, 20.51 (CH3); 15.34, 46.64, 52.67, 58.16, 61.16 (CH2);

112.34, 125.90, 126.05, 126.55, 130.88 (ArCH’s); 119.20 (CN); 130.67,

133.12, 142.31, 159.54 (AreC thiophene); 131.62, 133.32, 135.27,

138.75, 151.20 (AreC aromatic); 160.91 (CO ester); 163.59

(CO amide).
3.2. Synthesis of thiophene intermediates 1e12

Aminothiophenes derived from 1,3-dicarbonyl com-
pounds, active a-methylene nitriles, and sulfur were
prepared using a ‘‘one-pot’’ Gewald’s reaction [43].

3.2.1. 5-Amino-4-cyano-2-methylthiophene-3-
carboxylic acid O-tolylamide (1)

o-Acetoacetotoluidide (20.15 g, 0.1 mol), malononi-
trile (6.96 g, 0.1 mol), and sulfur (3.37 g, 0.1 mol) in
ethanol were stirred in the presence of morpholine
(8.97 g, 0.1 mol) at 60e70 �C for 3 h. The resulting thick
dark solution was cooled and stored overnight in
a refrigerator, followed by filtration, washing with
ethanol and then ethanol/water solution and dried. A
grey powder was obtained and recrystallization from
ethanol afforded a crystalline solid, 72% yield, mp 235e
237 �C.

3.2.2. Ethyl-2-amino-5-methyl-4-O-tolyl carbamoyl-
thiophene-3-carboxylate (2)

o-Acetoacetotoluidide (20.22 g, 0.1 mol), ethylcya-
noacetate (11.96 g, 0.1 mol), and sulfur (3.39 g,
0.1 mol) were refluxed in ethanol at 55e65 �C for 2 h
Table 5

UVevisible spectra of azo dyes derived from aminothiophenes

Dye Ethanol Acetone DMF DCM Acetonitrile

lmax log 3 lmax log 3 lmax log 3 lmax log 3 lmax log 3

1e 539 4.46 544 4.47 553 4.44 541 4.59 543 4.72

2e 508 4.75 513 4.72 523 4.62 512 4.85 514 4.76

4a 484 4.24 476 4.48 535 4.49 473 4.47 474 4.39

4d 539 4.40 543 4.45 555 4.48 542 4.49 545 4.38

4e 536 4.47 540 4.58 552 4.35 546 4.56 542 4.43

4f 522 4.56 530 4.46 540 4.45 522 4.33 525 4.45

5a 472 4.51 467 4.42 494 4.37 472 4.27 460 4.43

5d 506 4.43 512 4.41 521 4.25 513 4.38 511 4.25

5f 492 4.38 499 4.36 511 4.53 493 4.35 497 4.42

10a 482 4.29 475 4.44 522 4.32 476 4.10 473 4.20

10d 535 4.38 542 4.19 553 4.29 539 4.17 542 4.25

10e 540 4.58 546 4.36 555 4.45 544 4.54 546 4.58

10f 519 4.43 526 4.46 538 4.52 517 4.49 525 4.43

11a 469 4.47 466 4.31 535 4.58 464 4.45 461 4.54

11c 510 4.38 513 4.30 517 4.26 523 4.25 512 4.12

11f 490 4.49 495 4.40 507 4.30 488 4.18 495 4.28
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using morpholine (9.0 g, 0.1 mol). The resulting dark
solution was cooled and stored overnight in a refriger-
ator, followed by filtration, washing with a small
amount of ethanol, and then ethanol/water mixture
and dried. A white powder was obtained and
recrystallization from ethanol afforded a crystalline
white solid, 70% yield, mp 128e130 �C.

3.2.3. Methyl-2-amino-5-methyl-4-O-tolylcarbamoyl-
thiophene-3-carboxylate (3)

Morpholine (8.92 g, 0.1 mol) was added to a mixture
of o-acetoacetotoluidide (20.04 g, 0.1 mol), methylcya-
noacetate (10.38 g, 0.1 mol), sulfur (3.36 g, 0.1 mol) and
ethanol (20 ml) at 50 �C. The mixture was stirred at
70 �C for 3 h. The resulting solution was cooled down
by adding crushed ice and placing it in a refrigerator
overnight, followed by filtration, washing and drying. A
white product was obtained and recrystallization yielded
a crystalline product, 69% yield, mp 127e129 �C.

Following the same route for thiophene intermediates
1e3, o-acetoacetanisidide, 4#-chloroacetoacetanilide and
N-(2,4-dimethylphenyl)-3-oxobutyramide were reacted
with malononitrile or ethylcyanoacetate and/or methyl-
cyanoacetate and sulfur in ethanol/basic solution and
refluxed to afford the aminothiophene intermediates 4e12.

3.3. Preparation of azo dyes

3.3.1. General procedure for diazotization using
nitrosylsulfuric acid [23]

Sodium nitrite (2.1 mmol) was added portion wise to
10 ml of sulfuric acid at 10 �C and heated to 60 �C with
stirring for 15 min. The solution was cooled to below
5 �C and a mixture of acetic and propionic acids were
added at below 30 �C. The finely ground aminothio-
phene derivatives (1e12, 2 mmol) were slowly added
within 30 min below 5 �C and the whole mixture was
stirred at 0e5 �C for 2e4 h.

3.3.2. General procedure for coupling
The coupling components, either resorcinol (a) or

2,3-dihydroxynaphthalene (b) (2 mmol), were dissolved
in 10% sodium hydroxide and then cooled to 0 �C by
adding ice. The diazonium solution previously prepared
was added drop wise over 30 min with stirring. The
mixture was stirred for a further 2 h at 5e10 �C, and the
pH of this solution was adjusted to 4e5 by adding acetic
or hydrochloric acid slowly prior to filtering, then water-
washed until neutral, dried and crystallized from
ethanol/DMF (9:1 solvent mixture).

The coupling components, 2-(N-methylanilino)etha-
nol (c) or 2-(N-ethylanilino)ethanol (d) and/or
3-[(2-hydroxyethyl)phenyl-amino]propionitrile (e) were
dissolved in acetic acid and cooled to 5 �C, following the
previous step for the addition of diazonium mixture.
This was then stirred for a further 2 h before diluting,
raising the pH of the solution to 4e5 using 10% sodium
hydroxide or sodium acetate solution if necessary. The
resulting product was then filtered off, washed with
water until acid-free and then dried. The crude product
was purified by Alumina column chromatography using
1:1 hexane:ethyl acetate.
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