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Abstract

Here in this paper we report a new series of 1,3,4-thiadiazole based heterocyclic monoazo dyes which
have been derived by the diazotization of N 4-(5-benzyl-1,3,4-thiadiazol-2-yl)-1,3-thiazole-2,4-diamine with various
phenyl pyrazolone as coupling components. The structure of the synthesized dyes was characterized by
elemental analysis, IR, 1H NMR and UV spectroscopy with a view to determine their chemical structure. All the
synthesized compounds were evaluated for their dyeing performance and fastness properties. The synthesized
disperse dyes were found to possess very good dyeing properties.
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Introduction

Disperse dyes are very important class of
dyes due to their brilliancy, wide range of hue and
excellent fastness properties1,2. They are used for dyeing
hydrophobic fibres like nylon, polyester and acrylic
fibres from an aqueous dispersion3,4. Azo disperse
dyes are cost effective and they cover the various
shades and possess good fastness properties5-7. Now
a days, heterocyclic dyes have attracted much more

interest because of their greater molar extinction
coefficients, br ightness in colour and high
chromophoric strength and fastness8. The heterocyclic
azo dyes having sulphur, either alone or in combination
with nitrogen provide commercially important azo dyes.
1,3,4-thiadiazole is a planar aromatic five member ring
system which displays exceptional chemical behaviour
and exhibits a broad spectrum of biocidal activities
possibly due to the presence of toxophoric –N-C-S
moiety9-11. Amino thiadiazoles are very useful
compounds as intermediates in the dyestuff
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industry12, 13. Pyrazolone based heterocyclics are
important dyes and pigments. Some azo pyrazolone
derivatives have various applications in the synthesis
of dyes and complexes14,15. Recently, Arylazopyra-
zolone based disperse dyes is well established because
of their  good spectral and dyeing properties.
Pyrazolones as coupling components are especially
important colorants for yellow to orange dyes in
industrial applications16-21. Amino thiadiazole based
dyes incorporated pyrazolone moiety generally exhibit
good tinctorial strength and brighter dyeing22.

The purpose of the present investigation was
to obtain pyrazolone dyes with good tinctorial
strength, we report here the synthesis and study of
the dyeing properties of the dyes based on 5-benzyl-
1,3,4-thiadiazol-2-amine.

Methods and Materials

All the chemicals used were of analytical
reagent grade and were used without further
purification. Melting points were taken in open
capillary on Stuart SMP 10 melting point apparatus
and are uncorrected. The purity of all compounds was
determined by thin-layer chromatography (TLC) using
silica gel-G coated Al-plates (0.5 mm thickness, Merck)
and spots were visualized under UV radiation. IR
spectra were recorded on Perkin-Elmer 1600 FTIR in
KBr pellets. 1H NMR spectra were taken on a Bruker
Avance II 400 NMR MHz in DMSO as solvent and
TMS as internal standard and elemental analysis of
“Nitrogen” was carried on Carlo Erba 1108 instrument
at SAIF Central Instrumentation Laboratory, Panjab
University, Chandigarh. Absorption spectra of the
dyes were recorded on a Shimadzu UV-1800
spectrophotometer in DMSO and water.

Synthesis of 5-benzyl-1, 3, 4-thiadiazole-2-amine (1):
A mixture of thiosemicarbazide (0.46 g, 0.005

mol), phenyl acetic acid (1.36g, 0.01 mol), and
concentrated   H2SO4 (15 mL)  was  refluxed for 4 hours
and cool filtrate was poured onto crushed ice. The
resulting filtrate was rendered alkaline by slowly
adding liquor NH3 solution. The solid material obtained
was filtered off, washed with water and dried. White
solid, yield 85%, m.p. 202-203 ºC;  Anal. Calcd. for

C9H9N3S ; N= 21.97. Found: N= 20.22

Synthesis of N-(5-benzyl-1,3,4-thiadiazol-2-yl)-2-
chloroacetamide (2) :

In a 250 mL RBF, the solution of 5-benzyl-1,
3, 4-thiadiazol-2-amine (5 g, 0.026 mol) in acetic acid
(80.0 mL) was cooled to 0-5°C, chloroacetylchloride
(5.9 mL, 0.052 mol) was slowly added to RBF. with
continuous stirring at 0-5°C. The reaction mixture was
stirred in ice-bath for 1 hour then at 15 to 20°C and it
was further refluxed at 75-80°C for 1 hour and stirred
for 4 hours at room temperature. The reaction mixture
was finally poured in a beaker containing crushed ice
and then maintaining  pH  7.0 to 8.0 by the 20%  sodium
acetate solution. The solid residue thus obtained was
filtered, washed with cold water and dried. White
solid,  Yield 65%.

Synthesis of N4-(5-benzyl-1,3,4-thiadiazol-2-yl)-1,3-
thiazole-2,4-diamine (3):

N-(5-benzyl-1,3,4-thiadiazol-2-yl)-2-
chloroacetamide (1.5g, 0.006 mol) and thiourea (0.7g,
0.009 mol) in methanol (30 mL) was refluxed for 4 hours
at 60-65°C. The excess of solvent was distilled off and
the solid was obtained. Brown crystals, Recrystallization
from ethanol: water (80: 20) m. p. = >300oC Yield: 85.86%
Anal. Calcd. for  C12H11N5S2: N= 24.20. Found:
N= 23.89;  IR (KBr, cm-1): 3516.35 (-NH2), 3286 (Ar-H),
3180.72(-NH-), 1548.89 (-C=N-), 1415.80 (-CH2-), 1153.47
(-C-N-) and 692.47 (C-S-C) 1H NMR (400 MHz, DMSO-
d6, δ/ppm): 1.73 (s, 2H, -CH2), 4.36 (s,1H, CH of thiazole
ring) 7.13-7.27 (m, 5H, Ar-H), 7.29 (s, 2H, -NH2)  and
8.196  (s, 1H, -NH)

Diazotization of N4-(5-benzyl-1,3,4-thiadiazol-2-yl)-
1,3-thiazole-2,4-diamine :

Compound (3) (2.0 g, 0.01 mol) was dissolved
in acetic acid (6.0mL). It was cooled below 5°C in ice-
bath. Solution of sodium nitrite (0.69 g, 0.01 mol) in
concentrated H2SO4 (3.0 mL) previously cooled to 0°C
was added over a period of 5 min. with stirring and
maintained the temperature at 0-5°C. Stirring was
continued, maintaining the same temperature for an
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hour, with positive test for nitrous acid on starch iodide
paper, excess of nitrous acid was removed by adding
required amount of urea. This clear diazonium salt
solution was used for coupling reaction.

Coupling of diazotized solution with different
substituted pyrazolone coupling component:
Formation of Dyes (AD1-AD8)

Substituted pyrazolone (0.01mol) coupling
component was dissolved in 10% sodium hydroxide
solution (6.0 mL). The solution was cooled to 0-5°C in
an ice-bath. To this well-stirred solution, the above
diazonium solution was added dropwise keeping the
temperature below 5°C. The reaction mass was further
stirred for 2 hours at 0-5°C maintaining the pH at 8.0
by adding the required amount of 10% sodium
carbonate solution. The dye was isolated by filtration,
washed with cold water, dried and powdered.

Reaction Scheme
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Results And Discussion

Chemistry :
5-benzyl-1, 3, 4-thiadiazol-2-amine  reacted

with chloroacetylchloride at 0o-5oC gave solid N-(5-
benzyl-1,3,4-thiadiazol-2-yl)-2-chloroacetamide  which
reacted with thiourea resulting in the formation of  N 4-

Table 1. The characterization data of dyes
Substituent Melting point λmax Yield %                        Nitrogen

NO. R1 R2 R3 (°C) nm Found Calc.
AD1 -Cl -H -H 142-145 445 83 22.05 22.01
AD2 -NO2 -H -NO2 168-170 462.5 80 22.89 22.77
AD3 -H -H -H 92-96 407.5 78 23.53 23.61
AD4 -H -CH3 -H 204-208 442.5 75 22.80 22.93
AD5 -H -NH2 -H 120-124 438 65 25.60 25.75
AD6 -H -H -Cl 130-135 450.5 79 22.05 22.01
AD7 -Cl -H -Cl 152-154 458.5 85 20.67 20.62
AD8 -Cl -Cl -H 160-163 458 80 19.11 19.02



(5-benzyl-1,3,4-thiadiazol-2-yl)-1,3-thiazole-2,4-diamine
in the presence of methanol.  Finally diazotization of
N 4-(5- benzyl-1,3,4-thiadiazol-2-yl)-1,3-thiazole-2,4-
diamine  and its coupling with substituted pyrazolones
yielded final dyes AD1-AD8.
 

Spectral properties :

Table 2  IR and 1H NMR spectral properties of synthesized dyes
No.                    IR (KBr, cm-1) 1H NMR (400.1 MHz, DMSO-d6, δH ppm) spectral

data
AD1 3553 (-OH ), 3412 (Ar-H), 3068 (-NH), 1545.03 2.38-2.42 (s, 3H, -CH3), 3.42-3.62 (s, 2H, -CH2), 5.35

(-C=N), 1479.45 (N=N), 1348.44 (-CH2), (s, 1H, -NH), 7.24-8.20 (m, 10H, Ar-H) and 11.79
1153.47  (-C-N), 831.35 (substituted benzene), (s, 1H, -OH)
752.26 (C-Cl) and 692.47 (C-S-C).

AD2 3503 (-OH ), 3372 (Ar-H), 3063 (-NH), 1548.03 2.20-2.40 (s, 3H, -CH3), 3.38-3.60 (s, 2H, -CH2), 5.80
(-C=N), 1520.05 (-N=O), 1469.45 (N=N), (s, 1H, -NH), 7.20-8.24 (m, 9H, Ar-H) and 11.93
1328.44    (-CH2), 1159.47 (-C-N), 835 (s,1H,  -OH)
(substituted benzene) and 692.47 (C-S-C).

AD3 3513 (-OH ), 3402 (Ar-H), 3062 (-NH), 1534.03 2.18-2.36 (s, 3H, -CH3), 3.32-3.50 (s, 2H, -CH2), 5.75
(-C=N), 1465.45 (N=N), 1358.44 (-CH2), (s, 1H, -NH), 7.20-8.14 (m, 11H, Ar-H) and 11.65
1150.47     (-C-N),  and 695.47 (C-S-C). (s, 1H, OH)

AD4 3551 (-OH), 3324 (Ar-H), 3058 (-NH),  2900 1.99-2.10 (s, 3H, -CH3), 2.18-2.36 (s, 3H, -CH3 ),
(C-H,  stret.  CH3  group),  1524 (-C=N),  1504 3.31-3.39  (s, 2H, -CH2), 5.70 (s, 1H, -NH), 7.14-7.86
(N=N),  1344  (-CH2) 1147 (-C-N), 867.35 (m, 10H, Ar- H) and 11.93 (s, 1H, -OH)
(substituted benzene)  and 705.47 (C-S-C)

AD5 3523.46 (-OH), 3240.52 (-NH2), 3336.06 (Ar-H), 2.05-2.17 (s, 3H, -CH3), 3.65-3.76 (s, 2H, -CH2), 5.37
3052.51(-NH), 1556.61 (-C=N), 1504.22 (N=N), (s, 1H, -NH),  7.29-8.34 (m, 10H, Ar-H), 8.65 (s, 2H,
1334.78 (-CH2), 1159.26 (-C-N), 827.49 -NH2)  and 11.62 (s, 1H, -OH)
(substituted benzene) and 640.39 (C-S-C).

AD6 3553.24 (-OH ), 3362 (Ar-H), 3068 (-NH), 2.32-2.40 (s, 3H, -CH3), 3.40-3.62 (s, 2H, -CH2), 5.05
1549.03   (-C=N), 1449.45 (N=N), 1335.44 (s, 1H, -NH), 7.14-8.10 (m, 10H, Ar-H) and 11.09
(-CH2), 1142.47  (-C-N), 829.35 (substituted (s, 1H, -OH)
benzene), 770.26 (C-Cl) and 680.47 (C-S-C).

AD7 3533.54 (-OH ), 3325 (Ar-H), 3065 (-NH), 2.08-2.32 (s, 3H, -CH3), 3.22-3.42 (s, 2H, -CH2), 5.78
1541.03   (-C=N), 1465.45 (N=N), 1340.44 (s, 1H, -NH), 7.20-8.15 (m, 9H, Ar-H) and 11.65
(-CH2), 1150.47  (-C-N), 830.35 (substituted (s, 1H, -OH)
benzene), 780.26 (C-Cl) and 684.47 (C-S-C).

AD8 3525.43 (-OH ), 3365 (Ar-H), 3058 (-NH), 2.28-2.52 (s, 3H, -CH3), 3.42-3.60 (s, 2H, -CH2), 5.95
1539.03   (-C=N), 1470.45 (N=N), 1338.44 (s, 1H, -NH), 7.22-8.00 (m, 9H, Ar-H) and 11.40
(-CH2), 1148.47  (-C-N), 835.35 (substituted (s, 1H, -OH)
benzene), 750.26 (C-Cl) and 630.47 (C-S-C).

Visible absorption spectroscopic properties
of dyes:

The visible absorption spectra   of dyes were
recorded in DMSO and are shown in Table 1. The colour
intensity and visible absorption spectra of the dye is
affected by substituents of the coupling components.
The value of λmax  ranges from 407-462 nm which
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Table:3 Shade and fastness properties of dyes on fabrics
No. Shade on polyester Wash fastness Sublimation fastness Light fastness

fabrics
AD1 Turmeric Yellow 4 2 3-4
AD2 Dark Orange 4-5 3 4
AD3 Light Yellow 4-5 3 4
AD4 Pinkish Orange 4 3 4-5
AD5 Yellow 4-5 2 4-5
AD6 Turmeric Yellow 4-5 3 4
AD7 Dark Orange 4-5 3 3-4
AD8 Dark Orange 4 2 4

depends on the coupling components used. The colour
for each dye was varying i. e. light yellow, turmeric
yellow, pinkish orange, dark orange due to the
oscillation of electrons and the presence of additional
substituents. Due to addition of electon withdrawing
group such as –NO2, -Cl, -CH3 bathochromic effect is
generated and resulted in a shift of λmax  to a longer
wavelength and shade of the dyes deepened.

IR and 1H NMR spectral data :
IR spectrum of all the dyes, exhibited O-H

stretching band in the region  3503-3553 cm-1, C-H
stretching vibrations at 3324-3412 cm-1, N-H stretching
vibrations at 3052-3068 cm -1, -N=N stretching
vibrations at 1449-1504 cm-1, -CH2 stretching vibrations
at 1328-1358 cm-1  , C-N stretching vibrations at 1540-
1552 cm-1, C-Cl stretching vibrations at 750-780 cm-1,
C-S-C stretching vibrations at 630-705 cm-1.  The 1H
NMR spectra of the  dye showed the signals as
presented in    Table-2.

Dyeing of fabric :
A series of disperse dyes were synthesised

in order to assess their stability for dyeing polyester
fabrics. The yield of these dyes ranged from 65 to
85%. The structures were identified and established
based on the analytical and spectral evidences. All
the dyes were applied on polyester fabrics  in 2%

shade according to usual procedure, pH was adjusted
7.0 using soda ash solution during HTHP dyeing
method. The variation in the hues of the dyed fabric
results from both the nature and position of the
substituent present in the coupling components. The
degree of levelness after washing indicates good
dispersion and affinity of these dyes to the fabric.

Fastness properties of dyed fabric :
The fastness ratings are shown in Table-3.

The light fastness properties were assessed in
accordance with BS: 1006-1378 and the wash fastness
test in accordance with IS: 765-1979. The light fastness
of all the dyes exhibited the rating 4-5 for polyester
which showed that light fastness was fair to good.
The wash fastness of all the dyes had the rating 4-5
for polyester which indicated that wash fastness was
good to excellent and the sublimation fastness  of all
the dyes had the rating 2-3 for polyester which showed
sublimation fastness was good.

Conclusion

Synthesis of N 4-(5-benzyl-1,3,4-thiadiazol-2-
yl)-1, 3-thiazole-2,4-diamine based pyrazolone disperse
dyes by using various substituted phenyl pyrazolone
coupling components has been described. The value
of λmax was in range from 407-462 nm, which is in the
range of yellow to orange. These dyes gave yellow,

Abbreviations:
Light fastness: 1-poor, 2- slight, 3-moderate, 4-fair, 5-good, 6-very good, 7-excellent.

Fastness of washing, sublimation, perspiration, rubbing: 1-poor, 2-fair, 3-good, 4-very good, 5-excellent.
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pinkish orange, dark orange colour on polyester
fabrics. The fastness properties were found to be good
to very good.
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