Synthesis and dyeing properties of novel disperse
dyes. Part 2: Pyrazole disperse dye derivatives
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Several new disperse dyes derived from thiosemicarbazides and acetoacetanilide have been
synthesised. The dye structures were ascertained by chemical analysis and infrared measurements.
Prepared dyes were used for dyeing nylon fabric by the exhaustion method. The colour strengths and
dye fixation on the fabric were also determined. The results suggest a practical significance.

INTRODUCTION

Thiosemicarbazides are versatile reagents that have been
used as synthetic intermediates for a large number of
heterocyclic compounds [1-4]. Heterocyclic compounds,
containing a pyrazole ring system, have received
considerable attention from the industrial point of view as
dyes for synthetic fabrics [5,6]. Our research has
previously reported some aspects of the preparation and
application of certain azo disperse dyes [7-10]. Here we
report a new series of reactions involving the use of
chemical reagents in the synthesis of pyrazole disperse
dye derivatives. We also describe the subsequent appli-
cation of the dyes on a nylon fabric.

EXPERIMENTAL

All melting points are uncorrected. IR spectra were
recorded on potassium bromide peliets on a Pye Unicam
SP-1000 spectrophotometer. 'H NMR spectra were
recorded on a Varian EM 300 MHz spectrophotometer
with deuterochloroform as solvent and tetramethylsilane
(TMS) as internal reference. Chemical shifts are expressed
as o units (ppm). Analytical and spectral data were
obtained from the Microanalytical Data Center of Cairo
University.

Dye synthesis

Compounds 1a-1g were reacted with acetoacetanilides
2a-2g, which gave the thiosemicarbazone derivatives, 3a-
3g [11]. The structure of 3 was established from analytical
and spectra data. The '"H NMR spectrum of 3a showed a
D,O exchangeable singlet at § = 2.19 ppm for the CH,
group, a singlet at § = 3.91 ppm for the CH; group, a
multiplet over the range § = 7.32-7.35 ppm for aromatic
protons, and a multiplet over the range § = 8.92-9.24 ppm
for the three NH groups. The IR spectrum of 3a showed
stretching over the range 3440-3410 cm™ for the four NH
groups, at 3045 cm™! for the CH aromatic, at 1680 cm™! for
the C=0 group, at 1660 cm™! for the C=N group, and at
1210 em™ for the C=S group.

The reactivity of compounds 3 towards the coupling
reaction with diazonium salts was also studied. Thus,
compounds 3 reacted with benzenediazonium chloride in
alcoholic sodium acetate to give aryl hydrazono deriv-

atives 4. In turn, compounds 4 underwent ready cyclis-
ation in refluxing sodium ethoxide to give pyrazole
derivatives through water elimination. The structure of 5
was established based on analytical and spectral data
together with the synthesis of via another reaction route
(Scheme 1). The reaction of 1 with aryl hydrazono
acetoacetanilide derivatives 6 gave rise to the same
products 5 (with identical and mixed melting points).
Dye structures are shown in Figure 1.

General procedures

For acetoacetanilide-B-(4'-aryl-3'-thiosemicarbazone) deriv-
atives 3a-3g: To a solution of 1a-1g (0.01 mol) in ethanol was
added each of the acetoacetanilide derivatives 2a-2g
(0.01 mol). The reaction mixture was heated under reflux
for 6 h. The solid product, formed in each case upon
cooling, was collected by filtration.

For B-(4"-aryl-3'-thiosemicarbazone}-a-phenyl hydra-
zonoacto acetanilide derivatives 4a—g: To a cold solution of
3a-3g (0.01 mol) in ethanol (40 ml) containing sodium
acetate (3.0 g), benzene diazonium chloride (0.01 mol)
prepared by the addition of sodium nitrite (0.7 g in 5 ml
water) solution to a cold solution (0.5 °C) of aniline (0.01
mol) containing the appropriate amount of hydrochloric
acid was added while stirring. The reaction mixture was
left at room temperature for 2 h and the solid product
formed was collected by filtration.

Methods

To produce 1-arylaminothioxo-4-arylazo-5-arylamino-3-

methyl pyrazole, 5a-5g, two distinct approaches were

adopted:

(a) Solutions of 5 (0.01 mol) in sodium ethoxide (0.01 mol),
prepared by adding sodium metal (0.01 mol) to
absolute ethanol {40 ml), were heated under reflux for
6 h. The solid products formed upon pouring into ice
water containing a few drops of hydrochloric acid
(until pH 6) was collected by filtration.

(b) Compounds 6 (0.01 mol) were added to solutions of 1
(0.01 mol) in ethanol. The reaction mixtures were
heated under reflux for 6 h. The solid products formed
on cooling were collected by filtration.
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5¢ 2-Methylbenzene
59 2-Methylbenzene

Figure 1 Dye derivatives used in the present study

Materials

Nylon 6 fabric, kindly supplied by the El-Nasr Company
for Spinning, Weaving and Knitting (Shourbagi), Cairo,
was used in this investigation after treatment with an
aqueous solution containing 2 g/l nonionic detergent at
80 °C for 30 min, followed by a thorough rinsing and
drying. The nonionic wetting agent Nonidet LE was
kindly supplied by Shell Textile Chemicals, Cairo.

Dyeing procedure

Unless otherwise stated, dyeing was performed using a
solution containing 1% owf dye and 2 g/l nonionic wetting
agent. The dye solution was adjusted to pH 5 using acetic
acid. A liquor ratio of 30:1 was used. The dyeing operation
was carried out according to the exhaustion method for 60
min at 100 °C using a laboratory dyeing apparatus. At the
end of the dyeing time, the sample was removed,
thoroughly washed several times with cold water, soaped
for 5 min at 50 °C, and finally rinsed and dried under
ambient conditions.

ASSESSMENT

Colour strength

Colour strength, expressed as the ratio of absorption
coefficient K to the scattering coefficient S of the dyed
fabric sample, was calculated from the reflectance values
measured with a Hunterlab (USA) colour meter (model
D25H/L-2). The reflectance data obtained on dyed
samples were converted to their K/S values using the
Kubelka-Munk equation (Eqn 1) [12]:
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where R is the decimal fraction of the reflectance of the
coloured fabric and R, is the decimal fraction of the
reflectance of the uncoloured fabric.

Dye fixation

The amount of dye fixed with fabric sample {expressed as
residual colour strength) was calculated as described
above.

RESULTS AND DISCUSSION

A series of pyrazole derivatives were prepared in order to
evaluate their suitability for dyeing the polyamide fabric.
Relevant physical and analytical data and other data from
spectroscopic examination are detailed in Tables 1 and 2.
After application of these pyrazole derivatives to the
polyamide fabric, the dyed samples were assessed for
colour strength (expressed as K/S values) as well as dye
fixation expressed in terms of residual colour strength.

Colour strength
The results listed in Table 3 show that the dyeing fabrics
have different colour strengths. The difference in colour
strength depends on the substitutes present and/or the
position of the substitutes on the structure of the newly
synthesised dyes (i.e. type and positions of substitutes in
the three benzene rings of the newly synthesised
compounds).

A chromophore-containing compound is called a
‘chromogen’: its colour depends on the nature, number



Table 1 Physical and analytical data of the newly prepared compounds (in ethanol)

Analysis (calc./found)

Yield Molecular Mol.
Compound Mp.{°C) (%) formula wt C (%) H (%) N (%)
5a 70 73 CpsHxNgSCl,  509.4 58.9 4.3 16.5
58.6 4.2 16.4
5b 111 67 Co4H;gNgSCly 529.8 544 36 15.8
53.9 3.4 15.7
5c 145 71 C,HiaN;O,SCl,  574.8 50.1 3.1 17.0
50.3 34 17.5
5d 90-92 72 Ca3H1aNgSCI 446.9 61.8 4.2 18.8
62.0 4.0 18.3
Se 172 67 CpuHp NSCI 460.9 62.5 45 18.9
62.3 4.1 18.7
5t 163 60 CasHaiNgSCL, 5439 55.2 3.8 15.4
54.9 36 15.7
5g 105 78 CosHyNgSCl,  543.9 55,2 3.8 15.4
55.0 3.6 15.0

Table 2 IR and "H NMR data of the newly prepared compounds

Comp.

IR (cm™)

H NMR (ppm)

Sa

5b

5¢

5d

5e

5t

5g

3463-3375 (NH,, NH)
3185 (CH aromatic)
2974 (CH aliphatic)
1210 (C=8)
3495-3376 (NH,, NH)
3106 (CH aromatic)
2902 (CH aliphatic})

3300-3100 {NH,, NH)
3009 (CH aromatic)
2952 (CH aliphatic)

3450-3200 (NH,, NH}
3050 (CH aromatic)
2950 (CH aliphatic)

3400-3350 (NH,, NH)
3050 (CH aromatic)
2950 (CH aliphatic)

3450-3340 (NH,, NH)
3045 (CH aromatic)
2945 (CH aliphatic)

34903300 (NH, NH})
3050 (CH aromatic)
2950 (CH aliphatic)

2.23 (s, 3H, CHy)
7.09-~7.7 {m, 11H, phenyl proton)
8.56 (s, 1H, NH)

2.3 (s, 3H, CHy)
6.8-7.4 (m, 11H, phenyl proton)
8.24 (s, 1H, NH)

2.3 (s, 3H,CHj)
7.2-7.4 (m, 11H, phenyl proton)
8.1 (s, TH, NH)

2.2(s, 1H,CHj,)

7.2-7.8 (m, 14H, phenyl proton}
8.2 (s, 1H, NH)

2.3 (s, 3H, CHy)

2.6 (s, 3H,CHy)

6.9-7.0 (m, 13H, phenyl proton)
8.7 (s, 1H, NH)

2.0(s, 3H, CHy)

2.2 (s, 3H, CHy)

6.8-7.0 (m, 10H, phenyl proton)
8.4 (s, 1H, NH)

1.23 (s, 3H, CHy)

2.2 (s, 3H, CHy)

6.5-6.9 (m, 10H, phenyl proton)
8.4 (s, TH, NH)

Table 3 Colour strength of nyion fabric
as a function of chemical structure of
synthesised new pyrazole derivatives

Colour strength
Compound (K/S)
Sa 24.25
5b 174
5¢ 12.06
5d 19.4
5e 18.2
5f 24.36
5g 20.36

and position of the ‘auxochromes’ [10,13,14]. Auxo-
chromes may shift the absorption towards higher
wavelengths and thus the colour of the dye will deepen.
Such groups are called ‘bathochromes’ (i.e. having
electron-donating substitutes such as OH, NH,, CH3);
these are said to have a bathochromic effect. A group
having the opposite, hyposochromic, effect is called a
‘hypochrome’ (i.e. having electron-attracting substitutes
such as CHO, COR, NO,, CI).

From these results (Table 3) it is clear that the magnitude
of colour strength obtained when using dyes containing
higher number of electron-donating substitutes (methyl
group) and lower number of electron-attracting sub-
stitutes (chlorine atoms and/or nitro groups, e.g. dyes 5a,
5f and 5g) is much higher than the colour strength
obtained when using dyes containing higher number of
electron-attracting substitutes and lower number of
electron donating substitutes (e.g. dyes 5c, 5b, 5e and 5d).

Dye fixation

Table 4 shows the effect of duration (10-30 min) at
different temperatures (60, 70 and 90 °C) on the dye
fixation (expressed as residual colour strength) of
polyamide fabric dyed with the dyes in question.

The results of Table 4 imply that the residual colour
strength, in particular at 60 °C, is characterised by a slight
decrease with increasing washing time. In addition the
magnitude of dye removal from polyamide fabric during
washing depends on the molecular weight and/or
molecular size of the dyes, as well as the ability of the dye
to form hydrogen bonds with the polyamide fabric. The
higher the molecular weight of the dye, or the larger the
number of the substitutes capable of hydrogen bond
formation, the lower is the magnitude of dye removal
under the influence of washing solution. For instance,
after washing for 30 min at 90 °C, the losses in colour
strength amounts to 30% for dye 5d (molecular weight
446.9). This compares with 12% loss in colour strength for
dye 5¢ (molecular weight 574.8).
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Table 4 Effact of duration at different temperatures on the colour strength of nylon fabric dyed with pyrazole derivatives

Colour strength (K/S)
After washing at 60 °C After washing at 70 °C After washing at 80 G
Compound  Before
washing 10min  20min 30 min 10min 20 min 30 min 10min 20 min 30 min
S5a 24.25 21.8 21.1 20.8 20.7 20.4 201 19.9 19.7 194
sh 171 15 14.8 145 145 14.3 14.0 145 14.4 14.2
¢ 12.06 112 11.0 10.8 11.0 10.8 10.6 11.0 10.8 10.6
&d 19.4 15.5 15.3 15.0 149 147 145 14.7 14.2 13.6
5e 18.2 15.5 15.1 14.8 15.0 146 14.2 14.4 14.0 136
5f 24.36 22.0 21.7 21.4 21.7 214 21.1 214 21.0 20.7
59 20.36 221 21.8 214 21.8 215 21.2 21.5 21.2 17.3
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