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Abstract Heterocyclization of the highly versatile ethyl 2-arylhydrazono-2-phenylthiocarbamoyl acetate derivatives 2
with 2-chloro-N-aryl-acetamide reagents in the presence of sodium ethoxide furnished the corresponding 4-arylazo
-3-hydroxythiophene dyes 4 and 5. These dyes were applied as disperse dyes for dyeing polyester fibers and their charac-

teristics and fastness properties have been measured.
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1. Introduction

A wider variety of thiophenes, prepared directly by the
Gewald synthesis or after subsequent dramatization[1,2],
was used to produce a range of yellow-red to green dyes
[3,4]. An important commercial aspect of certain dyes is
their sensitivity towards alkali, which can destroy the
chromophore, allowing discharging or clearing without the
need for reducing agents[5,6]. Not only does this property
confer better fastness in tests employing alkaline washing
liquors, but it also permits removal of any disperse dye
cross-staining the cellulosic component of polyester- cot-
ton/viscose blends with mild alkali, improving wet fastness,
brightness and productivity[7]. Disperse dyes of azo
benzo[b] thiophene derivatives had generally good colour-
ation and fastness properties on polyester[8]. On the other
hand, organic dyes containing thiophene[9] and alkyl sub-
stituted thiophene moiety were synthesized highly efficient
dye-sensitized solar cell[10] which could be used in several
applications using molecular engineering techniques[11].
Also in the area of electrooptical applications, azodyes con-
taining thiophene moiety were used in development of ma-
terials for quadratic nonlinear optics, due to their large f
value owing to lower resonance energy, therefore increasing
the electron transmission between donor and acceptor
groups[12].

2. Results and Discussion
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2.1. Synthesis and Spectral Characteristics of
4-arylazo-3-hyd roxythiophene Dyes 4 and S

Treatment of ethyl a-pheny- Ithiocarbamoylacetoace-
tate 1[13] with the appropriate aromatic diazonium salt in
ethanol containing sodium acetate effected acetyl group
cleavage (Japp-Klingmann reaction) with the formation of
the corresponding thiocarbamoyl intermediates 2[14]. The
versatile ethyl 2- arylhydrazono- 2-phenylthiocarbamoyl
acetate derivatives 2 underwent heterocyclization with 2-
chloro-N-aryl-acetamide reagents, namely chloro-N-phenyl-
acetamide and chloro- N-(p-tolyl) -acetamide, in the pres-
ence of sodium ethoxide to furnish the corresponding
4-arylazo-3-hydroxythiophene dyes 4 and 5. The formation
of thiophene derivatives 4 and 5 from the reaction of 2 with
appropriate alkylating agent such as chloroacetamide de-
rivatives seems to follow the sequence outlined in scheme 1
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Scheme 1. Synthesis of S5-anilino-4-arylazo-3-hydroxythiophene dyes 4

and 5.
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It is suggested that the reaction starts through nucleo-
philic attack of the thiolate group to form the nonisolable
S-alkylated intermediate 3 which via nucleophilic substitu-
tion and intramolecular cyclocondensation by ethanol
elimination gave the corresponding polyfunctionally sub-
stituted thiophenes 4 and 5.

The structure of the highly functionalized thiophene dyes
4 and 5 was elucidated on the basis of their elemental
analyses and spectral data. The IR spectra of the dyes 4 and
5 showed absorption bands in the range 1636-1666 and
3147-3194 cm' due to the presence of conjugated carbonyl
and hydroxyl group, respectively. The strong decrease in
the carbonyl and hydroxyl absorption frequencies is attrib-
uted to the highly chelated intramolecular H-bond structure.

The 'H NMR spectrum of 5¢ showed a singlet at & 2.4
due to methyl protons (Ar-CHj3) and a singlet at § 3.8 for the
methoxy protons (Ar-OMe), in addition to a multiplet in the
region § 6.8-7.6 corresponding to the aromatic and CONH
protons. The presence of a broad singlet at 6 10.4 was at-
tributed to the presence of NH group, while the singlet cor-
responding to the chelated OH group is downfield shifted to
6 11.2 ppm..

2.2. Absorption Spectral Characteristics

The visible absorption data for the synthesized dyes were
measured in chloroform and are listed in table 1.

Table 1. Electronic absorption spectra of dyes 4 and 5 in chloroform
Absorption Amax nm
Dye No.
4 5
a 447 449
b 450 450
c 460 462
d 474 480
e 462 460

The absorption maxima of the synthesized dyes ranged
from 447 to 480 nm. Within the series of azo dyes investi-
gated, the relation between the shift observed in the absorp-
tion maxima, and polar characteristics of substituent, may
be summarized as follows:

1. The introduction of an electrondonating group in the
para position in the arylhydrazono moiety gives a batho-
chromic shift relative to the unsubstituted compound.

2. The introduction of a nitro group gives a better ex-
haustion and noticeable depth of color on dye.

3. The bathochromic shift accompanying the substituents
in the diazo component was in the following order H —
CH3 i OCH3 ~Br— N02

2.3. Analysis of Dyeing Performance from Aqueous
Dispersions

This work describes the application of the synthesized
compounds as new disperse dyes for dyeing polyester fibers
where a range of bright color shades has been obtained as
the visual color shades varied from yellow, golden yellow,
orange, green, reddish brown to brown. Generally, variation
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in color of these dyes results from the alternation in the di-
azonium and coupling components. The performance is
further examined by means of the following techniques:

2.3.1. Color Fastness Evaluation

The synthesized disperse dyes under investigation were
applied to polyester fibers at 2% shade by high temperature-
pressure technique (130°C), where they produced generally
deep and bright hues, ranging from yellow to reddish brown.
The dyes on polyester fibers were evaluated in terms of
their fastness properties as shown in table 2.

Table 2. Fastness properties of dyes 4 and 5 on polyester fibers
D W P R S L
Acid. Alk. Dry Wet 1807 210° 40
C hr.
4a 4-5 4-5 4-5 4 3 4 4 3
4b 4-5 4 4-5 2-3 3-4 2-3 2 4
4c 4-5 4-5 4-5 34 4 2-3 2 4-5
4d 45 4-5 4-5 34 4 4 4 6
4e 4-5 4 4-5 2-3 4 2-3 2 6
Sa 4-5 4-5 4-5 4 4 2-3 3-4
Sb 4-5 4-5 4-5 4 4 4 4 6
Sc 4-5 4 4 5 5 4 2 6
5d 45 4-5 4-5 4 4 4-5 2-3 5
Se 4-5 4 4 2-3 2-3 4 2 4

D: Dye No., W: washing fastness, P: perspiration fastness, R: rubbing fastness,
S: sublimation fastness, L: light fastness

From the results tabulated in the above table, we could
find out that:

1-The rather good fastness properties to washing may be
due to:

a) The absence of solubilising groups, which renders
solubility, and wash ability of the dye-out of the fibers.

b) The size of the dye molecule is considered relatively
large.

¢) The good intrafiber diffusion of the dye molecules in-
side the fibers.

2-The fastness to acid perspiration is rather satisfactory
ranging 4-5. Such results can be expected considering the
fact that the prepared arylazothiophene dyes are relatively
stable in acid medium, similar to the conditions used in this
test. On the other hand, fastness to alkaline perspiration can
be considered good fastness 4-5.

3-The fastness to rubbing (wet and dry) is boarder line
and this may be attributed to inadequate diffusion of dye
molecule into the fibers.

4-The majority of these dyes were found to have good
sublimation fastness 4 according to the international Geo-
metric Grey Scale.

5-The presence of the electron-withdrawing (nitro or
bromo) group in the diazo components improves the light
fastness. In most cases, the best light fastness was obtained
by the dyes containing a nitro group in the diazo component
(e.g. dye 4d, 4e, 5d and 5Se).
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Table 3. Color measurements of dyes 4 and 5 using CIE system by degree units over the X, Y and Z color coordinate

Dye K/S L* a* b* Cc* h AL Ac AH AE
4a 1.46 73.0 6.26 31.9 32.6 78.9 - - - -
4b 11.3 51.6 27.1 49.3 56.3 61.2 214 23.7 -17.7 36.6
4c 11.8 76.5 6.81 47.0 474 81.8 3.48 14.9 2.85 16.3
4d 8.44 71.6 9.48 49.8 50.7 79.2 -1.47 18.2 0.33 18.1
4e 2.43 58.2 7.58 44.6 453 80.4 -14.8 12.7 1.46 20.8
5a 7.73 62.1 15.5 383 41.1 67.2 - - - -
5b 1.92 72.8 -7.78 17.5 19.2 114 10.7 -21.9 46.7 332
5¢ 6.63 64.3 -2.71 40.1 40.2 93.9 2.24 -0.91 26.7 18.7
5d 7.46 80.1 -5.5 36.5 36.9 98.6 18.1 -4.25 314 33.8
5e 8.24 78.7 0.45 65.9 65.9 89.6 16.6 24.7 224 352

Table 4. Characterization data of prepared azo dyes 4 and 5

Dye Molecular formula MWL . Elemental analy;lis: Calc. (found) N
4a Cy3HsN4O5S 414.48 66.65(66.71) 4.38(4.34) 13.52(13.48)
4b C24H2oN4O,S 428.51 67.27(67.41) 4.70(4.78) 13.07(13.15)
4c C24H2oN4OsS 444.51 64.85(64.78) 4.54(4.58) 12.60(12.66)
4d C3H17N5048 459.48 60.12(60.24) 3.73(3.81) 15.24(15.34)
4e Cy3H,7BrN4O,S 493.38 55.99(55.91) 3.47(3.49) 11.36(11.31)
Sa C24H2oN4O,S 428.51 67.27(67.34) 4.70(4.78) 13.07(13.02)
5b C5H2N40,S 442.53 67.85(67.71) 5.01(5.08) 12.66(12.60)
5¢ CysH»N4OsS 458.53 65.48(65.41) 4.84(4.90) 12.22(12.33)
5d C24H 9Ns04S 473.5 60.88(60.71) 4.04(4.12) 14.79(14.73)
Se C4H9BrN,O,S 507.4 56.81(56.89) 3.77(3.71) 11.04(11.12)

2.3.2. Color Difference Measurements

The color parameters of the dyed polyester fibers were
measured using the GretagMacbeth CE 7000a spectropho-
tometer and showed in table 3. The assessment of
color-dyed fibers was made in terms of tristimulus col-
orimetry. The following CIELAB coordinates are measured,
lightness (L*), chroma (C*), hue angle from 0° to 360° (h),
(a*) value represents the degree of redness (positive) and
greenness (negative) and (b*) represents the degree of yel-
lowness (positive) and blueness (negative). A reflectance
spectrophotometer (GretagMacbeth CE 7000a) was used for
the colorimetric measurements on the dyed samples. K/S
value given by the reflectance spectrometer is directly cor-
related with the dye concentration on the dye substrate ac-
cording to the Kubelka—Munk equation: K/S = (1-R)*/2R,
where K = absorbance coefficient, S = scattering coefficient,
R = reflectance ratio.

2.4. Characterization Data of Prepared Azo Dyes 4 and 5

Microanalysis of the elements: carbon, hydrogen and ni-
trogen for the prepared azo dyes 4 and 5 were shown in
table 4.

3. Conclusions

A set of 10 disperse dyes 4 and 5 were synthesized by
azo coupling. All of them were investigated for their dyeing
characteristics on polyester fibers and showed good affinity
to polyester fibers. These results are in line with the previ-
ously reported by Miiller[15] on the effect of substituent in
the dye structure and hue. The electronic absorption spectra
give bright hues from yellow to brown on polyester fibers.

The dyed fibers exhibit very good to excellent washing,
perspiration and sublimation fastness properties with little
variation in the good to excellent rubbing fastness. The re-
markable degree of levelness and brightness after washing
is indicative of good penetration and the excellent affinity
of these dyes for polyester fiber. This in combination with
the ease of preparation makes them particularly valuable.

4. Experimental

4.1. Materials and Instrumentation

Microanalysis of the elements: carbon, hydrogen and ni-
trogen were determined at Microanalytical Laboratories,
Faculty of Science, Mansoura, Cairo and Alexandria Uni-
versities. All melting points are in degree centigrade and are
uncorrected. Infrared spectra were recorded on a Perkin
Elmer 14 spectrophotometer using potassium bromide
Waffer technique. '"H NMR spectra were measured on a
Bruker WP 300 in CDCl;, DMSO or CF;COOD as solvent,
using TMS as an internal standard. Mass spectra were re-
corded on a Finnigan MAT 212 instrument. The substrate
used for dyeing (100% polyester fiber) was kindly provided
by Misr Beida Dyers Company, Alexandria, Egypt, a prod-
uct of Misr For Synthetic Fibers Company, Kafr El-Dawar,
Egypt. All applications, fastness properties and color meas-
urements of the dyes were studied in Laboratories and
Reasearch sector in Misr Beida Dyers Company, Alexan-
dria, Egypt. The colorimetric measurements for the dyed
polyester fibers were carried out using a reflectance spec-
trophotometer (GretagMacbeth CE 7000a). Fastness to
washing was carried out using the automatic launder Ro-
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tadyer (sponsored by the British Standard Institute — Society

of Dyers and Colourists, fastness to perspiration was as-

sessed according to the test sponsored by the (BSS), fast-

ness to rubbing was carried out according to the standard

method of testing (BSS) using Crockmeter of Electric

Hungarian FD-17 type, fastness to sublimation was carried

out using the Electric Japanese Thermotester T-10 type and

fastness to light was carried out using the “Weather-o-meter”
(Atlas Electric Devices Co. USA), AATCC standard test

method.

4.2. Dyestuff Synthesis

Compounds 1 and 2 were prepared according to Ref.
[13,14]. Their analytical data agreed with the published
work.

Synthesis
dyes 4 and 5

To a solution of 2 (0.005 mol) in ethanolic sodium eth-
oxide (prepared by dissolving 0.23 gm sodium metal in 30
ml absolute ethanol), the appropriate chloroacetamide de-
rivatives (0.005 mol) was added. The reaction mixture was
heated under reflux for 2 h. The reaction mixture was
poured into cold water, neutralized with dilute HCL, and the
solid product that formed was filtered off and recrystallized
from ethanol or DMF-ethanol (1: 2) mixture to afford the
corresponding thiophene dyes 4 and 5.

4-(2-phenyldiazenyl)-3-hydroxy-N-phenyl-5-(phenylamin
o)thiophene-2-carboxamide (4a, C,3H sN40,S)

Yield 40%; brown; M.p.: >265°C; IR (v/cm'l): 3214,
3147 (NH and OH) and 1636 cm™ (CO).

4-(2-p-tolyldiazenyl)-3-hydroxy-N-phenyl-5-(phenylamin
o)thiophene-2-carboxamide (4b, C,4H,0N4O,S )

Yield 80%; brown; M.p.: 238°C; IR (v/cm'l): 3237, 3163
(NH and OH) and 1649 cm™’ (CO); 'H NMR (CDCly/
CF;COOD): &/ppm = 2.4 (s, 3H, CH;), 7.1-7.8 (m, 14H,
Ar-H).

4-(2-(4-methoxyphenyl)diazenyl)-3-hydroxy-N-phenyl-5-(
phenylamino)thiophene-2-carboxamide (4c, C,4H;0N40;S)

Yield 82%; brown; M.p.: 160°C; IR (v/cm'l): 3245, 3194
(NH and OH) and 1653 cm™ (CO); 'H NMR (CDCly/
CF;COOD): &/ppm = 3.8 (s, 3H, CH;), 6.9-7.7 (m, 14H,
Ar-H).

4-(2-(4-nitrophenyl)diazenyl)-3-hydroxy-N-phenyl-5-(phe
nylamino)thiophene-2-carboxamide (4d, C,3H7N50,4S)

Yield 23%; brown; M.p.: 175°C; IR (v/cm'l): 3264, 3182
(NH and OH) and 1661 cm™ (CO); EI- MS: m/z (%) = 459
M", 71).

4-(2-(4-bromophenyl)diazenyl)-3-hydroxy-N-phenyl-5-(p
henylamino)thiophene-2-carboxamide (4e, Co,3H;BrN4O,S)

Yield 30%; brown; M.p.: 135°C; IR (v/cm'l): 3257, 3273
(NH and OH) and 1658 cm™ (CO).

4-(2-phenyldiazenyl)-3-hydroxy-5-(phenylamino)-N-p-tol
yithiophene-2-carboxamide (5a, C,4H»)N4O,S)

Yield 40%; brown; M.p.: >265°C; IR (v/cm'l): 3222,
3151 (NH and OH) and 1661 cm™ (CO).

4-(2-p-tolyldiazenyl)-3-hydroxy-5-(phenylamino)-N-p-tol

of  5-anilino-4-arylazo-3-hydroxythiophene
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ylthiophene-2-carboxamide (5b, C,5sH;oN40,S)

Yield 82%; yellow; M.p.: 193°C; IR (v/cm'l): 3255, 3167
(NH and OH) and 1664 cm” (CO); '"H NMR (DMSO):
&/ppm = 2.35 (s, 3H, CH3), 2.40 (s, 3H, CH3;), 7.00-7.60 (m,
14H, Ar-H and CONH), 10.2 (s, 1H, NH), 11.1 (s, 1H, OH).

4-(2-(4-methoxyphenyl)diazenyl)-3-hydroxy-5-(phenylam
ino)-N-p-tolylthiophene-2-carboxamide (5¢, C,sH,N405S)

Yield 50%; orange; M.p.: 192°C; IR (v/cm'l): 3248, 3158
(NH and OH) and 1662 cm” (CO); '"H NMR (DMSO):
d/ppm = 2.4 (s, 3H, CH3), 3.8 (s, 3H, CH3), 6.8-7.6 (m, 14H,
Ar-H and CONH), 10.4 (s, 1H, NH), 11.2 (s, 1H, OH).

4-(2-(4-nitrophenyl)diazenyl)-3-hydroxy-5-(phenylamino)
-N-p-tolylthiophene-2-carboxamide (5d, Cy4H gN5O4S)

Yield 27%; brown; M.p.: 153°C; IR (v/cm'l): 3282, 3177
(NH and OH) and 1666 cm™ (CO); EI- MS: m/z (%) = 473
(M", 100).

4-(2-(4-bromophenyl)diazenyl)-3-hydroxy-5-(phenylamin
0)-N-p-tolylthiophene-2-carboxamide (5e, Cy,H,9BrN,O,S)

Yield 32%; brown; M.p.: >265°C; IR (v/cm'l): 3266,
3163 (NH and OH) and 1660 cm™ (CO).

4.3. Dyeing and Fastness Determinations

4.3.1. Preparation of Dye Dispersion

The required amount of the dye (2% shade) was dis-
solved in acetone and added dropwise with stirring to a so-
lution of Setamol WS (0.5-1.5), an anionic dispersing agent
of BASF (sodium salt of a condensation product of naph-
thalene sulfonic acid and formaldehyde).The dye was pre-
cipitated in a fine dispersion ready for use in dyeing after
evaporation of the solvent by warming.

4.3.2. Dyeing Procedure

The dye bath (1:20, good to dye liquor ratio) in a sealed
stainless steel dye pots of 250 ml capacity in “Galvanin-
Marino VI-Italy” dyeing machine. Additional dispersing
agent (0.5-1.0 g/l) was added and the pH of the bath ad-
justed to 5.5 using glacial acetic acid. Dyeing carried out by
raising the dye bath temperature from 20 to 130°C at a rate
of 3°C /min and holding at this temperature for 60 min be-
fore rapidly cooling to 50°C at 9.9°C/min. The dyed fibers
was then rinsed with cold water, reduction-cleared using
sodium hydroxide (2 g/l) and sodium hydrosulphite (1 g/l)
and soaped with 2% nonionic detergent and ammonia (pH
8.5) at 50°C for 30 minutes to improve washing fastness.

4.3.3. Color Fastness

4.3.3.1. Fastness to Washing

A specimen of dyed polyester sample was stitched be-
tween two pieces of undyed cotton and polyester fabrics (10
cm x 4 cm), all approximately of equal weight and then
washed at 50°C. The staining on the white adjacent fabrics
was assessed according to the international Grey scale
[16,17], where 1 = poor, 2 = fair, 3 = moderate, 4 = good, 5
= excellent.
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4.3.3.2. Fastness to Acid and Alkaline Perspiration

The AATCC standard test method 15 —1960 was used.
The acid solution (pH = 3.5) contained sodium chloride (10
g/1), lactic acid U.S.P 85% (1g/1), disodium orthophosphate
anhydrous (1 g/l) and histidine monohydrochloride (0.25
g/l). The alkaline solution contained sodium chloride (10
g/l), ammonium carbonate (4 g/l), disodium orthophosphate
anhydrous (1 g/1) and histidine monohydrochloride (0.25
g/l).

A composite specimen was made from the dyed sample
as a layer between undyed cotton and polyester fabrics as
the same weight as the dyed sample, composite specimen
was immersed in the perspiration solution for 30 minutes
with occasional agitation and squeezing to insure complete
wetting, then stitched between the plastic in such a way that
the dyed sample will be in a vertical position when placed
in the oven.

The loaded sample was kept in an oven at 37°C for 68
hours, so that fibers were dried by conventional means. The
change in color of the dyed material and staining on the
undyed adjacent fabrics was assessed according to the in-
ternational Grey scale.

4.3.3.3. Fastness to Rubbing

The dyed polyester fiber was placed on the base of
crockmeter, so that it rested flat on the abrasive cloth with
its long dimension in the direction of rubbing. A square of
white testing cloth was mount over the end of the finger
which protects downward on the dry specimen sliding back
and forth twenty times by making ten complete turns of the
crank at the rate of one turn per second. For wet rubbing
test, the testing squares were thoroughly wet in distilled
water and squeezed between filter papers through hand
wringer under standard conditions. The rest of the proce-
dure is the same as the dry crocking test. The staining on
the white cloth was assessed according to the international
Grey scale.

4.3.3.4. Fastness to Sublimation

The fastness to sublimation was assessed according to
ISO/R 10S/IV — Part 2. The dyed polyester fiber was
stitched between two pieces of white polyester and cotton
fabrics, all of equal length. The samples were treated at
185°C and 210°C for 30 seconds. After conditioning the
sample for 16 hours, the change in color of the dyed sample
and the staining of white ones were assessed according to
the Grey scale.

4.3.3.5. Fastness to Light

The tested samples and standard blue scales were ex-
posed to the “Weather-o-meter” (Atlas Electric Devices Co.
USA)[16,17]. The exposure of both was discontinued at one
of the time indicated in AATCC standard of 5, 10, 20, 40,
80, 160, 320 and 640 hours, at which it shows just appre-
ciable fading. In the present work the dyed fabrics were
exposed to light for 40 hours, after which the fibers were

allowed to lie in the dark at room temperature for about two
hours in order to cool-off and regain normal moisture from
air. The samples were viewed in the daylight fluorescent
lamp.

The changes in color were assessed according to the fol-
lowing scale ratings; (1-poor, 3-moderate, 5-good, and 8-
very good) standard of AATCC.
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