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Abstract  Nine variously substituted azo dyes derivatives 2-10 of antipyrine were prepared. The effects of the nature and 
orientation of the substituents on the color and dyeing properties of these dyes on polyester fibres were evaluated. The 
newly synthesized compounds were characterized by elemental analyses and spectral data (IR, 1H NMR, 13C-NMR and 
MS). The investigated dyes were applied to polyester f a b r i c s  and showed good light, washing, heat and acid perspiration 
fastness. The remarkable degree of brightness after washings is indicative of good penetration and the excellent affinity 
of these dyes for the fabric. The results in general revealed the efficiency of the prepared compounds as new azo dyes. 
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1. Introduction 
In recent years, there has been increasing interest in syn-

theses of heterocyclic compounds that have biological and 
commercial importance. Antipyrine compounds play an 
important role in modern organic synthesis, not only because 
they constitute a particularly useful class of heterocyclic 
compounds[1-3], but also because they are of great bio-
logical interest. They have been found to have biological[4], 
clinical[5], and pharmacological[6, 7], activities. One of the 
most important derivatives of antipyrine is 4-amino-     
antipyrine, which is used as a synthetic intermediate to pre-
pare polyfunctionally substituted heterocyclic moieties with 
anticipated biological activity[8], analgesic[9, 10], anti- 
inflammatory[10], antimicrobial[11-13], and anticancer[14], 
activities. It was of interest to study the reactivity of anti-
pyrinylhydrazonomalononitrile towards different nitrogen 
nucleophiles as well as activated nitriles. 

Considerable studies have been devoted to azo dyes   
derived from 4-aminoantipyrine[15-19]. Fadda et al[20-24], 
have been reported the synthesis of different azo disperse 
dyes for synthetic fibres. Recently, other studies reported the 
application of synthesized azo dyes to polyester fab-
rics[25-27]. Thus, we have initiated a program of applying 
the synthesized dyes derived from 4-aminoantipyrine to 
polyester as disperse dyes to study their colour measurement 
and fastness properties.  
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We aim to synthesize a series of new dyes derived from 
4-aminoantipyrine to apply these new dyes to polyester 
fabrics with the hope to get excellent fastness results. 

2. Results and Discussion 

2.1. Chemistry 

The synthetic strategies adopted to obtain the target 
compounds are depicted in Scheme 1. Diazonium salt of 
4-aminoantipyrine undergo a coupling reaction with 
malononitrile in ethanolic sodium acetate solution at 0-5oC 
to give hydrazonomalononitrile derivative 2[28]. Compound 
2 reacted with different secondary aminesnamely;[piperidin
e, morpholine, piperazine, pyrrolidine, diphenyl amine, ethyl 
2-(4-chlorophenylamino)acetate, N- methylglucamine and 
1-phenylpiperazine] in refluxing ethanol to afford the cor-
responding 1:1 acyclic enaminonitrile adducts 3-10, respec-
tively. The formation of enaminonitriles 3-10 was illustrated 
through the initial addition of the secondary amines to cyano 
function to form the imino form followed by[1, 5]H migra-
tion to form the enamine form. The general structural for-
mula for dyes 2-10 is as shown in Scheme 1. The structures 
of enaminonitriles 3-10 were confirmed by elemental 
analyses and spectral data. The IR spectra exhibited absorp-
tion bands due to stretching vibrations of NH2 group within υ 
= 3450-3301 cm-1, within υ = 2186-2171 cm-1 due to CN 
function and within υ = 1648-1610 cm-1 due to carbonyl 
groups. The 1H-NMR spectrum of compound 3 revealed the 
presence of three multiplet signals at δ 1.58-1.69, 3.52-3.62 
and 7.31-7.52 ppm attributable to (3CH2, piperidine), (2CH2, 
piperidine) and aromatic protons, respectively, revealed two 
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singlet signals at δ 2.63 and 3.16 ppm due to methyl and 
N-methyl protons, respectively and amino protons appeared 
at δ 7.13 ppm as broad singlet signal. The 13C-NMR spectra 
revealed signals due to cyano group within δ = 114.8-114.3 
ppm. Furthermore, the detailed 1H-NMR and 13C-NMR 
spectra for each compound were mentioned in the experi-
mental section. Moreover, the mass spectroscopic meas-
urement of compounds 3-5 and 8-10 showed the molecular 
ion peaks at 367 (M+, 12.3), 368 (M+-1, 6.7), 477 (M+, 100.0), 
495 (M+, 17.5), 368 (M+, 11.4) and 444 (M+, 5.0), respec-
tively, which are equivalent with the molecular formula of 
the structures. 

However, no details regarding the dyeing behaviour of 
these compounds as disperse dyes for dyeing polyester fibres 
have been reported. 
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Scheme 1.  Synthetic route for the preparation of acyclic enaminonitriles 
3-10 

2.2. Dyeing of Polyester Fabrics and Dyeing Properties 

2.2.1. Colour Measurement 

The effect of nature of different substituents on dyeing 
behaviour, colour hue and depth was discussed. This in-
vestigation depends on some spectral data of the dyed 
materials. The most commonly used function f(R) is the 
one developed theoretically by Kubelka and Munk. In 
their theory, the optical properties of a sample are de-
scribed by two values "K" is the measure of the light ab-
sorption and "S" is a measure of the light scattering. On 
textiles, "K" is determined primarily by the dyestuffs and 
"S" only by the substrate. From the wave length Kubelka 
and Munk calculate the following relationship for reflec-
tance R of thick, opaque sample with the constant of "K" 
and  

"S": K/S = (1-R)2/ 2R             (1) 
In this equation R is used as a ratio, e.g. 32% reflectance 

as 0.32. The K/S value at λmax was taken as a measure of 
colour depth. 

On the other hand, the psychometric coordinates (L*, a*, 
b*) for each dyed sample were obtained which illustrate 
the colour hues, where "L*": the lightness ranging from 0 
to 100 (0 for black and 100 for white). "a*": the red-green 
axis, (+) for red, zero for grey and (-) for green. "b*": the 
yellow –blue axis, (+) for yellow, zero for grey and (-) for 
blue. 

The parent dyestuff 2  is taken as the standard in 
colour difference calculation (ΔL*, ΔC*, ΔH*, and ΔE)[20, 
24, 29]. The results are measured using CIE-LAB tech-
niques and given in Table (1), where ΔL*: lightness dif-
ference, ΔC*: chroma difference, ΔH*: hue difference and 
ΔE: total colour difference. The negative sign of ΔL indi-
cates that the dyed fiber becomes darker than the standard 
but, a positive sign indicates that the dyed fiber become 
lighter than the standard.  

Table 1.  Optical measurements of compounds 2-10 

Dye R% a* b* L* C* H* ∆L ∆C ∆H ∆E K/S 
2 56.11 -0.48 5.03 88.96 5.05 95.44 --- --- --- --- --- 
3 35.78 4.48 12.63 78.49 13.4 70.47 -10.47 8.35 -24.97 28.33 1.15 
4 36.41 -3.59 12.87 8.09 13.36 105.58 -80.87 8.31 10.14 81.93 1.11 
5 22.34 -4.67 18.42 86.57 19.0 104.24 -2.39 13.95 8.80 16.67 2.70 
6 30.37 -4.73 13.8 87.57 14.59 108.92 -1.39 9.54 13.48 16.57 1.60 
7 52.43 -1.19 4.98 87.98 5.12 103.39 -0.98 0.07 7.95 8.01 0.43 
8 52.43 -0.96 6.10 88.03 6.18 98.94 -0.93 1.13 3.50 3.79 0.43 
9 28.68 4.30 13.08 76.93 13.77 71.80 -12.03 8.72 -23.64 27.92 1.77 

10 32.43 3.89 13.34 81.85 13.9 73.75 -7.11 8.85 -21.69 24.48 1.41 

Table 2.  Fastness properties of compounds 2-10 

Dye Washing Rubbing Sublimation Acid perspiration Light 
75oC Dry Wet 180oC 210oC  4 h 

2 3-4 4-5 4 4-5 4 4-5 7-8 
3 4-5 4-5 4 4 4 4-5 7 
4 4-5 4-5 4-5 4-5 4 4-5 7 
5 4-5 4-5 4-5 4-5 4 4-5 7-8 
6 4-5 4-5 4 4 4 4-5 7-8 
7 4-5 4-5 4-5 4-5 4 4-5 7-8 
8 4-5 4-5 4 4-5 4 4-5 7 
9 4-5 4 4 4 4 4-5 7-8 

10 4-5 4-5 4-5 4-5 4 4-5 7 
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The negative sign of ΔC indicates that the dyed fiber 
becomes duller than the standard but, a positive sign 
indicates that the dyed fiber become brighter than the stan-
dard. The negative sign of ΔH indicates that the colour 
directed to red colour while, a positive sign indicates that 
the colour directed to yellowish. 

The values of K/S of compounds 2-10  vary from 0.43 to 
2.70. The introduction of N-methylglucamine, pyrrolidine, 
piperazine and N-phenyl piperazine moieties in dyes 5 ,  6 , 9  
and 10 ,  respectively increase the strength of K/S value and 
deepens the colour compared with the parent dye 2  (Table 
1). 

All dyes with (+ve ΔC) values and are brighter than the 
parent dye 2 . All dyes with (-ve ΔL) values and are darker 
than the parent dye 2 . The positive value of a* and b* in-
dicates that all group shift the colour hues of the dye to red-
dish direction on the red-green axis and to yellowish direc-
tion in the yellow-blue axis, respectively. 

2.2.2. Assessment of Colour Fastness 

Most influences that can affect fastness are light, 
washing, heat and perspiration and atmospheric pollution. 
Conditions of such tests are chosen to correspond closely to 
treatments employed in manufacture and of ordinary use 
conditions[30]. Results are given after usual matching of 
tested samples against standard reference (the grey 
scale)[30]. The results revealed that these dyes have good 
fastness properties (Table 2).  

3. Conclusion 
Newly synthesized azo dyes incorporated antipyrine 

moiety seems to be interesting for application to polyester 
fabrics. Furthermore, optical measurements and fastness 
properties were investigated. Nine useful disperse dyes 
2-10 were synthesized by diazo coupling of 
4-aminoantipyrine with malononitrile followed by addition 
of different secondary amines to the obtained coupling 
product. The dyes 2-10 were investigated for their dyeing 
characteristic on polyester and showed good light, wash-
ing, heat and acid perspiration fastness. The remarkable 
degree of brightness after washings is indicative of good 
penetration and the excellent affinity of these dyes for the 
fabric due to the accumulation of polar groups. The results 
in general revealed the efficiency of the prepared compounds 
as new azo dyes. 

4. Experimental 
4.1. Synthesis 

All melting points are recorded on Gallenkamp electric 
melting point apparatus. The IR spectra υ cm-1 (KBr) were on 
Perkin Elmer Infrared Spectrophotometer Model 157, Grat-
ing. The 13C-NMR and 1H-NMR spectra were run on Varian 
Spectrophotometer at 100 and 400 MHz, respectively, using 

tetramethylsilane (TMS) as an internal reference and using 
dimethylsulfoxide (DMSO-d6) as solvent. The mass spectra 
(EI) were run at 70 eV with JEOL JMS600 equipment and/or 
a Varian MAT 311 A Spectrometer. Elemental analyses (C, 
H and N) were carried out at the Microanalytical Center of 
Cairo University, Giza, Egypt. The results were found to be 
in good agreement with the calculated values. 4-Amino 
antipyrine (1) (mp 106-110oC) was purchased from Aldrich 
Company. The dyeing assessment, fastness tests, color 
measurements were carried out in El-Nasr Company for 
Spinning and Weaving El-Mahalla El-Kubra, Egypt. 

Synthesis of 2-[(1,5-dimethyl-3-oxo-2-phenyl-2, 3- di-
hydro-1H-pyrazol-4-yl)-hydrazono]-malononitrile (2) 

A well stirred solution of 4-aminoantipyrine (1.02 g, 5 
mmol) in 2 N HCl (1.5 mL) was cooled in ice salt bath and 
diazotized with 1 N NaNO2 solution (0.35 g, 5 mmol; in 2 
mL water). The mixture was then tested for complete diazo-
tization using starch iodide paper which gives a weak blue 
test. If the mixture does not give the test, more sodium nitrite 
was added dropwise until a positive test is obtained and the 
color is stable for few minutes. If, on the other hand, strong 
test for nitrite is obtained, a few drops of a dilute solution of 
the base hydrochloride is added until the nitrite test is nearly 
negative. The above cold diazonium solution was added 
slowly to a well stirred solution to malononitrile (0.33 g, 5 
mmol) in ethanol (20 mL) containing sodium acetate (0.43 g, 
5.2 mmol) and the mixture was cooled in an ice salt bath. 
After the addition of the diazonium salt solution the reaction 
was tested for coupling reaction. A drop of the reaction 
mixture was placed on a filter paper and the colorless ring 
surrounding the spot dye was treated with a drop of an alka-
line solution of a reactive coupler, such as sodium salt of 
3-hydroxy-2-naphthanilide. If un-reacted diazonium salt is 
present, a dye is formed. The presence of un-reacted coupler 
can be determined in a similar manner using a diazonium salt 
solution to test the colorless ring. After the coupling reaction 
is complete, the reaction mixture was stirred for 50 minutes 
at room temperature. The crude product was filtered, dried 
and recrystallized from ethanol to give antipyrinylhydrazo-
nomalononitrile (2) (93%), mp 140oC; yellowish orange 
crystals; 1H-NMR (400 MHz, DMSO-d6): δ, 2.26 (s, 3H, 
CH3), 3.25 (s, 3H, N-CH3), 7.35-7.56 (m, 5H, Ph), 12.1 (br., s, 
1H, NH); MS: (m/z, %): 281 (M++1, 4.3), 280 (M+, 13.4), 
188 (5.2), 91 (8.1), 56 (100.0). 

General procedure for the synthesis of 3-amino-2- 
(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-
ylazo)-[3-substituted]-1-yl-acrylonitriles 3-10 

A mixture of 2 (1.4 g, 5 mmol) and the appropriate sec-
ondary amine namely; piperidine (0.49 mL, 5 mmol), mor-
pholine (0.43 mL, 5 mmol), N-methylglucamine (0.98 g, 5 
mmol), pyrrolidine (0.41 mL, 5 mmol), diphenyl amine (0.85 
g, 5 mmol), ethyl 2-(4-chlorophenylamino)acetate (1.07 g, 5 
mmol), piperazine (0.43 g, 5 mmol) or 1-phenylpiperazine 
(0.81 g, 5 mmol) in ethanol (15 mL) was refluxed for 5 h. 
The reaction mixture was left to cool and the precipitated 
solid was filtered off, dried and recrystallized from 
EtOH/DMF (2:1) mixture to afford the corresponding 
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acyclic enaminonitriles 3-10, respectively. 
3-Amino-2-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-

1H-pyrazol-4-ylazo)-3-piperidin-1-yl-acrylonitrile (3) 
Yield (91%), mp 209oC; dark green crystals; IR (KBr) ύ 

(cm-1), 3392, 3334 (NH2), 3189 (NH), 2960 (C-H, stretching), 
2171 (CN), 1639 (CO), 1448 (N=N); 1H-NMR (400 MHz, 
DMSO-d6): δ, 1.58-1.69 (m, 6H, 3CH2, piperidine), 2.63 (s, 
3H, CH3), 3.16 (s, 3H, N-CH3), 3.52-3.62 (m, 4H, 2CH2, 
piperidine), 7.13 (br., s, 2H, NH2), 7.31-7.52 ppm (m, 5H, 
Ph); 13C-NMR (100 MHz, DMSO-d6): δ, 183.2, 160.4, 160.1, 
136.6, 136.5, 129.1, 129.0, 119.7, 119.5, 114.8, 113.2, 113.1, 
113.0, 95.7, 46.8, 46.2, 46.1, 39.8, 25.9, 25.8, 25.7, 13.1 ppm. 
MS: (m/z, %): 367 (M+, 2.3), 366 (M+-1, 14.5), 338 (12.2), 
280 (11.0), 215 (11.0), 189 (77.9), 152 (100.0), 86 (12.8), 63 
(26.7). Anal. for C19H25N7O (367.45): Calcd. C, 62.10; H, 
6.86; N, 26.68%; Found: C, 62.23; H, 6.91; N, 26.76%. 

3-Amino-2-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-
1H-pyrazol-4-ylazo)-3-morpholin-4-yl-acrylonitrile (4) 

Yield (83%), mp 232oC; light brown crystals; IR (KBr) ύ 
(cm-1), 3385, 3337 (NH2), 3197 (NH), 2967 (C-H, stretching), 
2186 (CN), 1637 (CO), 1470 (N=N); 1H-NMR (400 MHz, 
DMSO-d6): δ, 2.22-2.25 (m, 4H, 2CH2, morpholine), 2.44 (s, 
3H, CH3), 3.10 (s, 3H, N-CH3), 3.58-3.74 (m, 4H, 2CH2, 
morpholine), 7.24 (br., s, 2H, NH2), 7.36-7.51 ppm (m, 5H, 
Ph); 13C-NMR (100 MHz, DMSO-d6): δ, 183.2, 160.5, 160.3, 
136.6, 136.5, 129.4, 129.1, 119.7, 119.5, 114.8, 113.3, 113.1, 
113.0, 95.7, 67.2, 64.9, 47.1, 46.8, 39.8, 13.1 ppm. MS: 
(m/z, %): 368 (M+-1, 6.7), 367 (M+-2, 15.5), 275 (7.7), 214 
(13.4), 188 (14.6), 108 (24.6), 96 (17.8), 56 (100.0); Anal. 
for C18H23N7O2 (369.42): Calcd. C, 58.52; H, 6.28; N, 
26.54%; Found: C, 58.61; H, 6.33; N, 26.61%. 

3-Amino-2-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-
1H-pyrazol-4-ylazo)-3-[methyl-(2,3,4,5,6-pentahydroxy-
hexyl)-amino]-acrylonitrile (5) 

Yield (83%), mp 205oC; dark yellow crystals; IR (KBr) ύ 
(cm-1), 3451, 3436 (OH), 3358, 3301 (NH2), 2954 (C-H, 
stretching), 2186 (CN), 1648 (CO), 1459 (N=N); 1H-NMR 
(400 MHz, DMSO-d6): δ, 2.47 (s, 3H, CH3), 3.16 (s, 3H, 
N-CH3), 3.35-3.41 (m, 5H, CH2-N-CH3), 3.86-3.93 (m, 2H, 
CH2O), 4.36-5.14 (br, m, 5H, 5OH), 7.33 (br., s, 2H, NH2), 
7.35-7.53 ppm (m, 5H, Ph); 13C-NMR (100 MHz, DMSO-d6): 
δ, 183.3, 160.6, 160.1, 136.6, 136.5, 129.1, 129.3, 119.8, 
119.5, 114.8, 113.5, 113.1, 113.1, 95.7, 72.9, 72.8, 71.6, 71.3, 
70.8, 64.9, 51.6, 46.8, 39.8, 35.9, 13.2 ppm. MS: (m/z, %): 
477 (M+, 100.0), 438 (97.0), 282 (78.8), 279 (48.5), 241 
(93.9), 178 (69.7), 163 (57.6), 144 (63.6), 104 (45.5), 94 
(15.2), 57 (30.3); Anal. for C21H31N7O6 (477.51): Calcd. C, 
52.82; H, 6.54; N, 20.53%; Found: C, 52.91; H, 6.59; N, 
20.72%. 

3-Amino-2-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-
1H-pyrazol-4-ylazo)-3-pyrrolidin-1-yl-acrylonitrile (6) 

Yield (88%), mp 229oC; light brown sheets; IR (KBr) ύ 
(cm-1), 3367, 3272 (NH2), 3183 (NH), 2944, 2875 (C-H, 
aliphatic), 2173 (CN), 1641 (CO), 1467 (N=N); 1H-NMR 
(400 MHz, DMSO-d6): δ, 1.92-2.09 (m, 4H, 2CH2, pyr-
rolidine), 2.44 (s, 3H, CH3), 3.10 (s, 3H, N-CH3), 3.50-3.69 
(m, 4H, 2CH2, pyrrolidine), 6.73 (br., s, 2H, NH2), 7.31-7.51 

ppm (m, 5H, Ph); 13C-NMR (100 MHz, DMSO-d6): δ, 183.3, 
160.5, 160.1, 136.8, 136.5, 129.1, 129.0, 119.7, 119.6, 114.8, 
113.4, 113.1, 113.0, 95.8, 49.5, 49.6, 26.2, 26.1, 26.0, 46.8, 
39.8, 13.1 ppm. Anal. for C18H23N7O (353.42): Calcd.: C, 
61.17; H, 6.56; N, 27.74%; Found: C, 61.26; H, 6.61; N, 
27.83%. 

3-Amino-2-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-
1H-pyrazol-4-ylazo)-3-diphenylamino-acrylonitrile (7) 

Yield (75%), mp 98oC; light black powder; IR (KBr) ύ 
(cm-1), 3352, 3271 (NH2), 2179 (CN), 1644 (CO), 1472 
(N=N); 1H-NMR (400 MHz, DMSO-d6): δ, 2.42 (s, 3H, CH3), 
3.18 (s, 3H, N-CH3), 6.63-7.54 (m, 15H, Ar-H), 8.14 ppm 
(br., s, 2H, NH2); 13C-NMR (100 MHz, DMSO-d6): δ, 183.4, 
160.4, 160.1, 140.8, 136.7, 136.5, 129.8, 129.7, 129.6, 129.2, 
129.0, 119.7, 119.6, 119.2, 119.1, 118.7, 118.7, 118.6, 118.4, 
114.8, 113.4, 113.1, 113.2, 95.7, 46.9, 39.8, 13.3 ppm. Anal. 
for C26H25N7O (451.52): Calcd.: C, 69.16; H, 5.58; N, 
21.71%; Found: C, 69.27; H, 5.63; N, 21.79%. 

[1-Amino-2-cyano-2-(1,5-dimethyl-3-oxo-2-phenyl-2,3
-dihydro-1H-pyrazol-4-ylazo)-vinyl]-(4-chloro-phenyl)-a
mino]-acetic acid ethyl ester (8) 

Yield (75%), mp 88-90oC; light black powder; IR (KBr) ύ 
(cm-1), 3358, 3266 (NH2), 2183 (CN), 1740 (C=O, ester), 
1648 (CO), 1479 (N=N); 1H-NMR (400 MHz, DMSO-d6): δ, 
1.29 (t, 3H, CH2CH3, J= 7.2 Hz), 2.41 (s, 3H, CH3), 3.18 (s, 
3H, N-CH3), 3.82 (s, 2H, CH2), 4.12 (q, 2H, CH2CH3, J= 7.2 
Hz), 6.2 (br, s, 2H, NH2), 7.01-8.12 (m, 9H, Ar-H); 
13C-NMR (100 MHz, DMSO-d6): δ, 183.2, 169.5, 160.5, 
160.1, 142.3, 136.6, 136.5, 129.3, 129.1, 129.0, 122.8, 119.7, 
119.6, 115.2, 115.3, 114.8, 113.3, 113.1, 113.0, 95.7, 62.1, 
50.3, 46.8, 39.8, 14.8, 13.1. MS: (m/z, %): 495 (M+, 0.5), 447 
(0.2), 214 (7.5), 212 (19.6), 141 (33.0), 139 (100.0), 56 
(16.0); Anal. for C24H26ClN7O3 (495.96): Calcd.: C, 58.12; H, 
5.28; N, 19.77%; Found: C, 58.21; H, 5.34; N, 19.81%. 

3-Amino-2-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-
1H-pyrazol-4-ylazo)-3-piperazin-1-yl-acrylonitrile (9) 

Yield (72%), mp 89-90oC; dark red powder; IR (KBr) ύ 
(cm-1), 3450, 3379 (NH2), 3159 (NH), 2929 (C-H, stretching), 
2174 (CN), 1639 (CO), 1494 (N=N); 13C-NMR (100 MHz, 
DMSO-d6): δ, 183.3, 160.4, 160.1, 136.7, 136.5, 129.1, 
129.0, 119.7, 119.5, 114.8, 113.3, 113.1, 113.0, 95.7, 50.6, 
50.5, 46.8, 46.9, 46.6, 39.8, 13.1. MS: (m/z, %): 368 (M+, 
0.4), 343 (1.0), 228 (2.9), 201 (6.9), 189 (10.0), 160 (17.5), 
135 (69.5), 73 (100.0), 65 (20.8); Anal. for C18H24N8O 
(368.44): Calcd.: C, 58.68; H, 6.57; N, 30.41%; Found: C, 
58.63; H, 6.51; N, 30.38%. 

3-Amino-2-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-
1H-pyrazol-4-ylazo)-3-(4-phenyl-piperazin-1-yl)-acrylon
itrile (10) 

Yield (86%), mp 230oC; yellow powder; IR (KBr) ύ (cm-1), 
3390, 3334 (NH2), 2925, 2809 (C-H, aliphatic), 2173 (CN), 
1610 (CO), 1490 (N=N); 1H-NMR (400 MHz, DMSO-d6): δ, 
2.44 (s, 3H, CH3), 3.10 (s, 3H, N-CH3), 3.28-3.36 (m, 4H, 
2CH2, piperazine), 3.72-3.82 (m, 4H, 2CH2, piperazine), 
6.12 (br., s, 2H, NH2), 6.81-7.53 (m, 5H, Ph); 13C-NMR (100 
MHz, DMSO-d6): δ, 183.2, 160.4, 160.1, 149.7, 136.6, 136.5, 
130.2, 130.1, 129.1, 129.0, 119.7, 119.5, 118.4, 114.8, 114.4, 
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114.3, 113.2, 113.1, 113.0, 95.7, 50.7, 50.6, 47.3, 46.8, 39.8, 
13.1. MS: (m/z, %): 444 (M+, 5.0), 375 (0.4), 228 (46.6), 214 
(65.3), 188 (82.4), 162 (59.7), 132 (94.7), 120 (100.0), 99 
(67.3), 88 (42.7), 73 (81.9), 66 (24.3); Anal. for C24H28N8O 
(444.53): Calcd.: C, 64.84; H, 6.35; N, 25.21%; Found: C, 
64.92; H, 6.39; N, 25.27%. 

4.2. Dyeing Procedures 

4.2.1. Preparation of Dye Dispersion 

The required amount of the dye (2% shade) was dissolved 
in suitable solvent (DMF) and added drop wise with stirring 
to a solution of Dekol-N (2 g/dm3), an anionic dispersing 
agent of BASF, then the dye was precipitated in a fine 
dispersion ready for use in dyeing. 

4.2.2. Dyeing of Polyester at 130oC under Pressure Using 
Fescaben as a Carrier 

The dye bath (1:20 liquor ratio) containing 5 g/ dm3 5 g 
dm-3 Levegal PT (Bayer) as a carrier, 4% ammonium sul-
phate and acetic acid at pH= 5.5, was brought to 60oC. The 
polyester fabric was entered at this degree and run for 15 
minutes. 2% Dye in the fine dispersion was added, tem-
perature was raise to the boil within 45 minutes, dyeing was 
continued at the boil for about 1 hour, then dyed material 
was rinsed and soaped with 2% nonionic detergent to im-
prove rubbing and wet fastness. 

4.2.3. Assessment of Colour Fastness (Tables 2) 

Fastness to washing, perspiration, light and sublimation 
was tested according to the reported methods. 

i. Fastness to washing 
A specimen of dyed polyester fabric was stitched between 

two pieces of un-dyed cotton fabric, all of equal diameters 
and then washed at 50oC for 30 minutes. The staining on 
the un-dyed adjacent fabric was assessed according to the 
following grey scale: 1-poor, 2-fair, 3-moderate, and 4- 
good, 5-excellent. 

ii. Fastness to perspiration 
The samples were prepared by stitching pieces of dyed 

polyester fabric between two pieces of un-dyed cotton fabric, 
all of equal diameters and then immersed in the acid medium 
for 30 minutes. The staining on the un-dyed adjacent fabric 
was assessed according to the following grey scale: 1-poor, 
2-fair, 3-moderate, and 4-good, 5-excellent. The acid so-
lution (pH= 3.5) contain sodium chloride 10 g/l, lactic acid 
1 g/dm3, disodium orthophosphate 1 g/dm3 and histidine 
monohydrochloride 0.25 g/dm3. 

iii. Fastness to rubbing 
The dyed polyester fabric was placed on the base of 

Crocketeer, so that it rests flat on the abrasive cloth with its 
long dimension in the direction of rubbing. A square of 
white testing cloth was allowed to slide on the tested fabric 
back and forth twenty times by making ten complete turns 
of the crank. For wet rubbing test, the testing square was 
thoroughly wet in distilled water. The rest of the procedure 

is the same as the dry test. The staining on the white testing 
closed was assessed according to grey scale: 1-poor, 2-fair, 
3-moderate, and 4-good, 5-excellent. 

iv. Fastness to sublimation 
Sublimation fastness was measured with an iron tester 

(Yasuda no. 138). The samples were prepared by stitching 
pieces of dyed polyester fabric between two pieces of 
un-dyed polyester, all of equal diameters and then treated at 
180oC and 210oC for 1 min. Any staining on the un-dyed 
adjacent fabric or change in tone was assessed according to 
the following grey scale: 1-poor, 2-fair, 3-moderate, and 
4-good, 5-excellent. 

v. Fastness to light 
Light fastness was determined by exposing the dyed 

polyester on a Xenotest 150 (Original Hanau, chamber 
temperature 25-30oC, black panel temperature 60oC, 
relative humidity 50-60%, and dark glass (UV) filter system) 
for 40 hours. The changes in colour were assessed according 
to the following blue scale: 1-poor, 3-moderate, 5-good, and 
8-very good. 

4.2.4. Colour Assessment 

Tables (1) report the colour parameters of the dye fabrics 
assessed by tristimulus colorimetry. The colour parameters 
of the dyed fabrics were determined on a spectro multichannel 
photo detector (model MCPD1110A), equipped with a D65 
source and barium sulphate as a standard blank. The values 
of the chromaticity coordinates, luminance factor and the 
position of the color in the CIELAB color solid are reported. 

In this study, the dyeing performance of the prepared dyes 
2-10 on polyester fibres has been evaluated. The results are 
listed in Table 2. Generally, the fastness properties of dyes 
2-10 on polyester fibres were studied (Table 2) and it was 
observed that: (a) Fastness to washing on polyester fibres is 
generally acceptable (3-5), according to the International 
Geometric Grey Scale. (b) These dyeing showed good sta-
bility to acid perspiration (rating 4-5). (c) The light fastness 
ranges are 7-8 on polyester fibres. (d) All of the dyes have 
acceptable fastness to rubbing (4-6) for wet and dry fibres. 
This may be attributed to good penetration. 
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