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ABSTRACT

A novel series of arylazo-sulphonamide derivatives 3 and 4 were synthesized. The structures of the
synthesized dyes were confirmed by elemental analyses and spectral data (UV-Vis, IR, and *H NMR spectra).
The synthesized dyes were applied to polyester fibres as disperse dyes in which their fastness properties and
color measurements were evaluated. Dyed polyester fibres displayed antibacterial efficacy against gram positive
bacteria (S. aureus) and gram negative bacteria (E. coli), the most promising compounds were the
sulphonamides 3 and 4 and this is related to the presence of nitrile group.
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Introduction

The realisation of the requisite sulphanilamide skeleton for antibacterial activity, of course, led to a
considerable increase in the synthesis of novel derivative series. The first clinically available antibacterial
agents were the sulphonamides, discovered as by-products of the azo dye, Prontosil (Wainwright et al., 2011).
Different methods were reported for the synthesis of azo sulpha drugs (EI-Sonbati et al., 2001; El-Sonbati et al.,
2010). It was found that azo sulpha drugs exist mainly as a chelated hydrazo-keto structure but under the
influence of high electron accepting substituents and in highly polar solvents, the azo sulpha drug compound
was liable to exist in hydrazone-azo tautomeric equilibrium (Mubarak et al., 2014; El-Bindary et al., 2000; Al-
Sarawy et al., 2006; El-Sonbati et al., 2002). Recently, substituted pyridines are reported as important
pharmaceuticals and agrochemicals (Tripathi et al., 2011; Kim et al., 2004).

In continuation of our previous studies (Gaffer et al., 2011), we report herein the synthesis of some new
sulphonamides and their application as disperse dyes for dyeing polyester fibres. Also, the antibacterial
activities of the dyed polyester fibres were studied.

2. Experimental:
Materials and Instrumentations:

Coupling reactions of acetyl acetone with sulphonamide derivatives were carried out according to the
previous reported methods (Mijin et al., 2010). Polyester fibres were kindly supplied by Misr Co. for synthetic
fibres, Kafr El-Dawar, Egypt. The dispersing agent Setamol WS was supplied by BASF (Germany). The
melting points of the synthesized dyes were measured by electrothermal Gallenkamp melting apparatus.
Elemental analyses were carried out at the Microanalytical Unit, National Research Centre, Dokki, Egypt; the
results are in agreement with the calculated values. The UV-visible spectra were recorded with a Perkin-Elmer
Lambda 551 S spectrometer using dichloromethane as the solvent. The IR spectra (KBr) were recorded on a
Mattson 5000 FTIR spectrometer (not all frequencies are reported). The *H- and **C-NMR spectra were carried
out on a Bruker WP 300 spectrometer at 300 and 75 MHz, respectively using tetramethylsilane (TMS) as an
internal standard and DMSO-dg as solvent.

Methods:
Synthesis of 3-(arylazo)pentane-2,4-dione derivatives la-f:

A solution of sodium nitrite (0.70 g in 10 mL water) was gradually added to a well-cooled (0-5°C) solution
of aromatic amines (10.0 mmol) in concentrated HCI (3.0 ml). The diazonium salt solution was added with
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continuous stirring to a cold (0-5°C) solution of acetyl acetone (10.0 mmol) in ethanol (50.0 ml) containing
sodium acetate (4.0 g). The reaction mixture was stirred at (0-5°C) for 2 h. The precipitated solid was collected
by filtration, dried and recrystallized from ethanol to give arylazo dyes la-f.

General procedure for the synthesis of 5-arylazo nicotinonitrile derivatives 3a-f:

To a solution of each of compounds 1a-f (5 mmol) and acetyl acetone (5 mmol) in 25 mL glacial acetic acid
was refluxed for 6 h and then left to cool at room temperature. The solid products were collected by filtration,
washed with cold water and recrystallized from ethanol to give compounds 3a-f, respectively.

4-((5-Cyano-2,4-dimethyl-6-ox0-1,6-dihydropyridin-3-yl)diazenyl)benzenesulphonamide (3a):

M.p. 237-239°C, yield (74%); IR (KBr): v/em™ = 3387, 3339, 2207, 1614, 1156 and1084; 'H-NMR
(DMSO-dg) 6 (ppm) = 2.1, 2.3 (s, 6H, 2CH3), 4.31 (s, 1H, CONH), 7.28-7.75 (d.d, 4H, Ar-H, J = 1.5, 7.6 Hz),
14.11 (s, 2H, SO,NH,); *C-NMR (DMSO-dg) J (ppm) = 167.3, 163.8 (CO), 151.3, 144.0, 128.6, 129.1 (Ar-C),
133.4 (C-NH), 118.7 (CN), 108.8 (C-CN), 104.3 (C-N=N), 15.1, 11.2 (2CH;). Anal. Calcd. for C14,H13N503S
(331.35): C, 50.75; H, 3.95; N, 21.14%. Found: C, 50.87; H, 3.88; N, 21.02%.

N-((4-((5-Cyano-2,4-dimethyl-6-ox0-1,6-dihydropyridin-3-yl)diazenyl)phenyl)sulfonyl) acetamide (3b):

M.p. 268-270°C, yield (69%); IR (KBr): v/em™ = 3356, 3331, 2212, 1608, 1686, 1143 and 1077; *H-NMR
(DMSO-dg)  (ppm) = 1.97, 2.2 (s, 6H, 2CH3), 2.9 (s, 3H, CH3CO), 4.11 (s, 1H, CONH), 6.79-7.74 (d.d, 4H,
Ar-H, J = 1.5, 7.6 Hz), 13.82 (s, 1H, SO,NH). Anal. Calcd. for C14H1sNsOsS (331.35): C, 51.47; H, 4.05; N,
18.76%. Found: C, 51.53; H, 4.12; N, 18.81%.

N-((4-((5-Cyano-2,4-dimethyl-6-0x0-1,6-dihydropyridin-3-yl)diazenyl)phenyl)sulfonyl) benzamide (3c):

M.p. 266-268°C, yield (72%); IR (KBr): v/em™ = 3385, 3334, 2207, 1614, 1154 and 1085; ‘H-NMR
(DMSO-dg) 6 (ppm) = 1.77, 2.2 (5, 6H, 2CHy), 4.11 (s, 1H, CONH), 6.73-7.84 (m, 9H, Ar-H), 13.94 (s, 1H,
SO,NH). Anal. Calcd. for CyH1:NsO,S (435.46): C, 57.92; H, 3.93; N, 16.08%. Found: C, 57.98; H, 3.96; N,
16.13%.

5-Cyano-2,4-dimethyl-6-oxo-1,6-dihydropyridin-3-yl)diazenyl)-N-(pyrimidin-2-yl)benzene sulphonamide (3d):

M.p. 243-245C, yield (74%); IR (KBr): viem™ = 3346, 3282, 2209, 1612, 1167 and 1085; 'H-NMR
(DMSO-dg) & (ppm) = 1.83, 2.1 (s, 6H, 2CHy), 4.23 (s, 1H, CONH), 6.81-8.12 (m, 7H, Ar-H), 14.01 (s, 1H,
SO,NH). Anal. Calcd. for CgH;sN;03S (409.42): C, 52.80; H, 3.69; N, 23.95%. Found: C, 52.86; H, 3.74; N,
24.04%.

4-((5-Cyano-2,4-dimethyl-6-ox0-1,6-dihydropyridin-3-yl)diazenyl)-N-(4,6-dimethyl pyrimidin-2-
yhbenzenesulfonamide (3e):

M.p. 252-254°C, yield (72%); IR (KBr): v/em™ = 3341, 3277, 2205, 1614, 1167 and 1084; 'H-NMR
(DMSO-dg) 6 (ppm) = 1.78, 1.95 (s, 6H, 2CH3), 2.31, 2.33 (s, 6H, 2CHj3, pyrimidine), 4.03 (s, 1H, CONH),
6.81-7.12 (d.d, 4H, Ar-H, J = 1.4, 7.6 Hz), 8.1 (s, 1H, pyrimidine), 13.65 (s, 1H, SO,NH). Anal. Calcd. for
CoH19N703S (437.47):C, 54.91; H, 4.38; N, 22.41%. Found: C, 54.87; H, 4.32; N, 22.37%.

4-((5-Cyano-2,4-dimethyl-6-ox0-1,6-dihydropyridin-3-yl)diazenyl)-N-(thiazol-2-yl)benzene sulfonamide (3f):

M.p. 287-289°C, yield (72%); IR (KBr): v/em™ = 3360, 3330, 2213, 1616, 1143 and 1077; ‘H-NMR
(DMSO-dg) d (ppm) = 1.83, 2.2 (s, 6H, 2CH5), 4.19 (s, 1H, CONH), 6.81-8.12 (m, 6H, Ar-H), 14.06 (s, 1H,
SO,NH); *C-NMR (DMSO-dg) d (ppm) = 172.3 (S-C=N), 167.6, 164.2 (CO), 151.7, 142.5, 130.0, 129.7 (Ar-C),
138.3, 114.0 (CH=CH, thiophene), 133.7 (C-NH), 118.6 (CN), 109.2 (C-CN), 103.9 (C-N=N), 15.5, 11.3
(2CH3). Anal. Calcd. for C17H14NgO3S, (414.46): C, 49.26; H, 3.40; N, 20.28%. Found: C, 49.31; H, 3.46; N,
20.30%.

General procedure for the synthesis of 2-chloro-5-arylazo nicotinonitrile derivatives 4a-f:
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A sample of each of compounds 3a-f (0.01 mol) in phosphorus oxychloride (20 ml) was refluxed in an oil
bath for 6 h. The reaction mixture was poured into cold H,O and neutralized with dilute Na,COj;. The
precipitated solid product was filtered off, dried and recrystallized from ethanol or a mixture of ethanol / DMF
(2:1) to afford the corresponding 3-arylazopyridine derivatives 4a-f, respectively.

4-((6-Chloro-5-cyano-2,4-dimethylpyridin-3-yl)diazenyl)benzenesulfonamide (4a):

M.p. 300-303°C, yield (63%); IR (KBr): v/em™ = 3277, 2202, 1156 and 1084; *H-NMR (DMSO-dg) J (ppm)
= 2.51, 2.87 (s, 6H, 2CH,), 6.91-7.82 (d.d, 4H, Ar-H, J = 1.5, 7.6 Hz), 13.86 (s, 2H, SO,NH,), *C-NMR
(DMSO-dg) J (ppm) = 167.8, 155.4 (C-Cl), 151.0, 144.0, 128.6, 129.6 (Ar-C), 133.9 (C-NH), 118.7 (CN), 110.9
(C-CN), 104.3 (C-N=N), 15.5, 11.3 (2CHz3). Anal. Calcd. for C14H,CIN5O,S (349.80):C, 48.07; H, 3.46; N,
20.02%. Found: C, 48.13; H, 3.51; N, 20.13%.

N-((4-((6-Chloro-5-cyano-2,4-dimethylpyridin-3-yl)diazenyl)phenyl)sulfonyl)acetamide (4b):

M.p. 300-303°C, yield (66%); IR (KBr): v/em™ = 3268, 2205, 1691, 1161 and 1079; H-NMR(DMSO-d¢) &
(ppm) = 2.49, 2.84 (s, 6H, 2CHy), 2.6 (5, 3H, CH,CO), 6.91-7.82 (d.d, 4H, Ar-H, J = 1.4, 7.6 Hz), 13.86 (s, 1H,
SO,NH). Anal. Calcd. for CyH1.CINsO;S (391.83): C, 49.04; H, 3.60; N, 17.87%. Found: C, 49.12; H, 3.69; N,
17.94%.

N-((4-((6-Chloro-5-cyano-2,4-dimethylpyridin-3-yl)diazenyl)phenyl)sulfonyl)benzamide (4c):

M.p. 298-300°C, yield (64%); IR (KBr): v/em™ = 3232, 2202, 1687, 1161 and 1083; *H-NMR(DMSO-dg) &
(ppm) = 2.53, 2.88 (s, 6H, 2CH5), 6.91-7.82 (m, 9H, Ar-H), 14.04 (s, 1H, SO,NH). Anal. Calcd. for
C,1H16CINsO3S (453.90): C, 55.57; H, 3.55; N, 15.43%. Found: C, 55.62; H, 3.59; N, 15.52%.

4-((6-Chloro-5-cyano-2,4-dimethylpyridin-3-yl)diazenyl)-N-(pyrimidin-2-yl)benzenesulfon-amide (4d):

M.p. 300-302°C, yield (64%); IR (KBr): viem™ = 3234, 2207, 1171 and 1085; H-NMR (DMSO-ds) &
(ppm) = 2.47, 2.81 (s, 6H, 2CHy), 6.98-7.86 (m, 7H, Ar-H), 13.65 (s, 1H, SO,NH). Anal. Calcd. for
C15H1CIN;0,S (427.87): C, 50.53; H, 3.30; N, 22.92%. Found: C, 50.48; H, 3.26; N, 22.87%.

4-((6-Chloro-5-cyano-2,4-dimethylpyridin-3-yl)diazenyl)-N-(4,6-dimethylpyrimidin-2-yl)  benzenesulfonamide
(4e):

M.p. 300-302°C, yield (61%); IR (KBr): v/em™ = 3241, 2203, 1167 and 1085; *H-NMR (DMSO-dg) J (ppm)
=2.52,2.93 (s, 6 H, 2CH3), = 2.30, 2.34 (s, 6H, 2CHj of pyrimidine), 6.92-7.56 (d.d, 4H, Ar-H, J = 1.4, 7.6 Hz),
8.3 (s, 1H, pyrimidine), 14.05 (s, 1H, SO,NH). Anal. Calcd. for Cy0H;5CIN;O,S (455.92): C, 52.69; H, 3.98; N,
21.51%. Found: C, 52.74; H, 4.51; N, 21.58%.

4-((6-Chloro-5-cyano-2,4-dimethylpyridin-3-yl)diazenyl)-N-(thiazol-2-yl)benzenesulfon-amide (4f):

M.p. 300-303°C, yield (61%); IR (KBr): v/em™ = 3253, 2211, 1148 and 1077; *H-NMR (DMSO-ds) J (ppm)
= 2.52, 2.83 (s, 6H, 2CH3), 6.79-8.02 (m, 6H, Ar-H), 14.01 (s, 1H, SO,NH). Anal. Calcd. for C17H;3CINGO,S,
(432.91): C, 47.17; H, 3.03; N, 19.41%. Found: C, 47.25; H, 3.11; N, 19.47%.

Dyeing procedure:

Dyeing at 130-135°C and high pressure (24-30 psi) is a convenient method for dyeing polyester fibres in the
laboratory. A laboratory model glycerin-bath high temperature beaker dyeing machine was used. A dispersion of
the dye was produced by dissolving the appropriate amount of dye (2% shade) in 1 mL acetone and then added
dropwise with stirring to the fabric- liquor ratio (1:20) containing 1% Setamol WS as anionic dispersing agent of
BASF. The pH of the dye bath was adjusted to 5.5 using aqueous acetic acid and the wetted-out polyester fibers
were added. Dyeing was performed by raising the dyeing bath temperature up to 130°C at a rate of 3°C/min with
the holding at this temperature for 60 min under pressure. After cooling to 50 °C, the dyed fibers were rinsed
with cold water (1 g/l sodium hydroxide, 1 g/l sodium hydrosulfite, 10 min, 80°C). The samples were rinsed
with hot and cold water and finally air-dried.

Color fastness tests:
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Most influences that can affect fastness are light, washing, heat, perspiration and atmospheric pollution.
Conditions of such tests are chosen to correspond closely to treatments employed in manufacture and of
ordinary use conditions (Anon et al., 2005). Results are given after usual matching of the tested samples
against standard reference (the grey scale) (Anon et al., 2005). Fastness to washing: A specimen of dyed
polyester sample was stitched between two pieces of undyed cotton and polyester fibres (10 cm x 4 cm) all of
equal weight and then washed at 50°C for 30 min. The staining of adjacent fibres was assessed using the grey
scale: 1-poor, 2-fair, 3-moderate, 4-good, 5-excellent.

Fastness to Perspiration:

A composite sample was sandwiched on each side by the undyed cotton, all of equal length, and then
immersed in the acid or alkaline solution for 30 min. The staining on the undyed adjacent fabric was assessed
according to the grey scale: 1-poor, 2-fair, 3-moderate, 4-good, 5-excellent. The acid solution (pH = 3.5)
contained sodium chloride (10 g/l), lactic acid (1 g/l), disodium orthophosphate (1 g¢/I) and histidine
monohydrochloride (0.25 g/). The alkaline solution (pH = 8) contained sodium chloride (10 g/l), ammonium
chloride (4 g/l), disodium orthophosphate (1 g/I) and histidine monohydrochloride (0.25 g/l).

Fastness to rubbing:

The dyed polyester fibers were placed on the base of Crockmeter, so that they rested flat on the abrasive
cloth with its long dimension in the direction of rubbing. A square of white testing cloth was mounted 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 though hand wringer under standard
conditions. The rest of the procedure is the same as the dry crocking test.

Fastness to sublimation:

Sublimation fastness was measured with an iron tester (Yasuda no. 138). The dyed samples were stitched
between two pieces of undyed polyester, all of equal length and then treated at 180 and 210°C each for 1 min.

Fastness to light:

Light fastness was determined using a Xenon test 150 (Original Hanau, chamber temperature 25-30°C,
black panel temperature 60°C, relative humidity 50-60%, dark glass (UV filter system for 40 h). The changes in
color were assessed according to the blue scale: 1-poor, 3-moderate, 5-good, 8-very good.

Color assessment:

The colorimetric parameters of the dyed polyester fibers were determined on a reflectance
spectrophotometer (Gretag-Macbeth CE 7000a), equipped with a D65/10° source and barium sulphate as
standard blank, UV excluded, specular component included and thee repeated measurements average settings.

Antimicrobial activity:

Antimicrobial activity of the dyed polyester fibres was evaluated by a quantitative shake-flask method
antimicrobial test method. Gram-positive bacteria such as Staphylococcus Aureus ATCC X6538P and Gram-
negative bacteria such as Escherichia Coli ATCC 25922 strains were used. The bacteria strains were obtained
from the Regional Center for Mycology and Biotechnology, AL-Azhar University, Nasr City, Cairo.

Tryptic soy agar and trypyic soy broth were used to increase the growth of bacterial cultures of E. coli and S.
aureus, respectively. Bacteria were cultivated at 35°C for 24 h. Potassium hydrogen phosphate buffer solution
(pH 7.2) was used as a test medium. Sterile potassium hydrogen phosphate buffer solution (100 mL) was added
to sterile Erlenmeyer flask (300 mL) which was the inoculated with 1.0 mL of a bacterial inoculum and a piece
(1 x 1 cm) of dye free fabric. Time zero counts were made by removing 1.0 mL of aliquots from the Erlenmeyer
flask, and triplicate withdraw of 0.1 mL of it was placed in a separate media and after 24 h of incubation at 37°C,
the initial number of bacterial colonies or the zero time counts of viable bacteria were determined. One gram of
sterile dyed fabric cut into pieces (1 x 1 cm) was incubated in the flask and shaken for 1 h. One hour counts
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were made in accordance with the above described procedure. The flask was shaken at 37°C for the prescribed
different times (1-12 h) and the previous steps were repeated for each sample.

Percentage of the bacteria reduction (R, %) was calculated from the following equation: {R = [(B — A)/B] %
100}, where B is number of bacterial colonies from undyed fibres and A is number of bacterial colonies from
dyed fibres (Ye et al., 2005).

Results and Discussion

Scope and applicability of arylazo dyes la-f as a unique precursor for the synthesis of some new
sulphonamide azo dyes and their applications as azo-disperse dyes for dyeing polyester fibers. The synthetic
strategies adopted to obtain the target compounds are depicted in Scheme 1. The key starting material arylazo
dyes la-f were prepared by coupling reactions of sulphonamide diazonium salts with acetyl acetone. Refluxing
of dyes la-f in acetic acid with cyanoacetamide 2 gave the corresponding 5-arylazo-4,6-dimethyl-2-oxo-1,2-
dihydro pyridine-3-carbonitriles 3a-f.

The IR spectra of 3a-f exhibited strong absorption bands at 3243, 2195 and 1612 cm™ due to stretching
vibrations of NH, CN and CONH, groups, respectively. The *H NMR spectrum of 3a revealed four singlet
signals at 0 = 2.10, 2.30, 4.31 and 13.40 ppm corresponding to two methyl, amidic and SO,NH group protons,
respectively and multiplet at 6 = 7.20-7.80 ppm corresponding to four aromatic protons. Treatment of
compounds 3a-f with phosphorus oxychloride yielded the corresponding arylazo derivatives 4a-f (Scheme 1).

O

o o T 3 HNJ\/CN NC I\ N
SO N INCE - Iy oG
+ Ar—N=N Cl - > |

AcONa Ny ACOH | A 07N Me
Ar H
1a-f 3a-f
oil bath | POCl,
Me
NC. N\\N/Ar
|
o) o N— Cl N Me
n n H f
a, Ar = —O§—NH2 d, Ar :4@*§—N—<\ :/> 4a-
(e} (o) N
CHj
QnQ Qny N=
b, Ar = S-N-C-CH;, e, Ar= §—N—<\ /
o] o] N
CHs
0,0 o]
n H 1 n H
= —N|—(C— — — 4
c,Ar—Og N-C-Ph f,Ar—Oa N—<]

Scheme 1: Synthesis of arylazo derivatives 4a-f.

The structures 4a-f were elucidated by elemental analysis and spectral data. The IR spectra in general,
showed stretching frequencies of NH group at 3232 cm™ and CN group at 2205 cm™. The *H-NMR spectrum
(DMSO-dg) of 4a revealed three singlet signals at ¢ 2.51, 2.87 and 13.86 ppm due to the two methyl and
SO,NH; protons, respectively.

Dyeing and fastness properties:

The functionalized sulphonamide disperse dyes 1, 3 and 4 were applied to polyester fibres at 2% shade at
high temperature pressure technique (130°C) and range of color shades has been obtained as the visual color
shades varied from yellow to orange which is also supported by the results obtained by (Nagaraja et al. 2003).
The dyeing processes on polyester fibres were evaluated in terms of their fastness properties (e.g. fastness to
washing, perspiration, rubbing, sublimation, and light) using a standard method (Anon et al., 2005). The results
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in Tables 1-3 revealed that these dyes have good fastness properties.

Table 1: Fastness properties of the synthesized dyes 1a-f on polyester fibres.
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Dye Washing Perspiration Rubbing Sublimation Light (40 h)
Acid Alkali Dry Wet Staining at 180°C Staining at 210°C
la 4 4 4 3-4 3-4 3-4 3-4 5-6
1b 4-5 4 4-5 3 3 4 4 6
1c 4-5 4-5 4-5 3-4 3-4 4 4 6
1d 4-5 4 4 3-4 3-4 3 3 6
le 4-5 4-5 4-5 3 3 3-4 4 5-6
1f 4-5 4-5 4-5 4 4 4 4 7
Table 2: Fastness properties of the synthesized dyes 3a-f on polyester fibres.
Dye Washing Perspiration Rubbing Sublimation Light (40 h)
Acid Alkali Dry Wet Staining at 180°C Staining at 210°C
3a 4 4 4 4 3-4 3 3 5-6
3b 4-5 4 4-5 3 3 4 4 6-7
3c 4-5 4-5 4 3-4 4 4 4 6
3d 4-5 4 4 4 4 3 3 6
3e 4 4-5 4-5 3 3 3-4 4 6
3f 4-5 4-5 4-5 3 3 4 4 6
Table 3: Fastness properties of the synthesized dyes 4a-f on polyester fibres.
Dye Washing Perspiration Rubbing Sublimation Light (40 h)
Acid Alkali Dry Wet Staining at 180°C Staining at 210°C
4a 4-5 4-5 4-5 4 4 3 3 6
4b 4-5 4 4 3 3 4 4 6-7
4c 4-5 4-5 4-5 3-4 3 4 4 5-6
4d 4-5 4 4 4 4 3 3 7
4e 4-5 4-5 4-5 3 3 3-4 4 6
4f 4-5 4 4 4 4 4 4 5-6

Color assessment:

The color results from dyeing polyester fibres is expressed in terms of CIELAB values (Tables 4-6) and 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
yellowness (positive) and blueness (negative). A reflectance spectrophotometer (Gretag Macbeth CE 7000a)
was used for the colorimetric measurements on the dyed samples. The K/S values given by the reflectance
spectrometer are calculated at A and are directly correlated with the dye concentration on the dye substrate
according to the Kubelka—Munk equation (Blanchard et al., 1999) : K/S = (1-R)%/2R, where K is the absorbance
coefficient, S is the scattering coefficient and R is the reflectance ratio.

Table 4: Optical measurements of the synthesized dyes 1a-f on polyester fibres.

Dye Absorption Ams /nmM K/S L* a* b* C* H
la 441 11.27 42.67 3.28 1241 43.58 66.71
1b 452 13.36 40.99 -1.23 41.81 54.73 79.81
1c 455 13.71 41.47 -1.78 37.20 54.76 78.21
1d 463 13.86 89.36 2.64 3.14 43.51 77.34
le 465 12.76 72.91 4.17 47.57 48.62 76.13
1f 481 13.89 73.22 7.44 23.11 53.85 82.13

Table 5: Optical measurements of the synthesized dyes 3a-f on polyester fibres.

Dye Absorption Amax/nm K/S L* a* b* C* H
3a 446 14.16 81.07 3.34 20.41 40.58 68.71
3b 442 15.43 40.99 1.41- 14.81 54.73 76.51
3c 463 15.23 74.23 1.63- 14.20 48.71 77.41
3d 458 14.76 89.36 4.13 15.14 43.51 78.64
3e 448 14.05 72.91 4.17 15.57 58.63 78.13
3f 444 16.63 73.22 6.61 14.19 43.85 85.13

Table 6: Optical measurements of the synthesized dyes 4a-f on polyester fibres.

Dye Absorptionima/nm K/S L* a* b* c* H
4a 446 16.47 71.07 3.34 11.37 40.58 78.42
4b 442 17.43 40.99 -1.92 3.65 54.73 81.31
4c 463 17.77 44.25 -2.47 3.81 48.71 82.24
4d 458 18.34 69.36 2.66 11.73 43.51 84.84
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4e 448 18.14 71.23 3.12 11.89 58.63 84.44
4f 444 19.76 76.22 3.87 12.47 43.85 86.26

Generally, color hues of the sulphonamide dyes 3b, 3c, 4b, 4c (which are substituted with nitrile group) on
polyester fibre are shifted to the greenish directions, this is indicated by the negative values of a* (red-green
axis). (ii) The positive values of b* (yellow-blue axis) indicate that the color hues of the sulphonamide dyes 1, 3
and 4 on polyester fibre are shifted to the yellowish directions.

Antibacterial activity of the synthesized dyes 1, 3 and 4:

Antibacterial activity of the dyed polyester fibres with dyes [(2% w.o.f.), pH 5.5, L.R. 20:1, temperature
130°C for 60 min] was studied against gram positive (S. aureus) and gram negative (E. coli) bacteria as shown
in (Tables 7-9): (1) All the dyed fibres exhibited good antibacterial activity against gram positive and gram
negative bacteria with different degrees depending on the type of the dye. (2) Antibacterial activity of the fibres
increase by increasing the contact time until 6 h of contact. (3) The functionalized sulphonamide dyes 3, 4
(which are substituted with nitrile group) exhibited higher antibacterial efficacy compared with the other dyes
1a-f. Such a conclusion is also supported by the results obtained by (Balaz et al., 1985; Singh et al., 1985).

Table 7: Effect of contact time on antibacterial efficacy of dyes 1a-f on polyester fibres.

Contact time (h) Bacteria Bacteria reduction (%) for the dyed fibre
la 1b 1c 1d le 1f
1 E. coli (-ve) 36 35 36 37 33 38
S. aureus (+ve) 25 27 25 25 26 27
2 E. coli (-ve) 36 37 35 37 35 37
S. aureus (+ve) 28 26 28 27 27 28
4 E. coli (-ve) 38 36 34 39 33 38
S. aureus (+ve) 31 28 33 31 31 33
6 E. coli (-ve) 42 38 37 40 39 41
S. aureus (+ve) 36 35 36 34 34 36
Table 8: Effect of contact time on antibacterial efficacy of dyes 3a-f on polyester fibres.
Contact time (h) Bacteria Bacteria reduction (%) for the dyed fibre
3a 3b 3c 3d 3e 3f
1 E. coli (-ve) 26 28 26 31 29 30
S. aureus (+ve) 25 22 25 24 24 26
2 E. coli (-ve) 26 27 28 26 25 27
S. aureus (+ve) 27 31 26 28 26 27
4 E. coli (-ve) 37 36 34 39 33 36
S. aureus (+ve) 36 35 34 38 38 37
6 E. coli (-ve) 42 37 42 40 40 35
S. aureus (+ve) 38 37 38 34 36 38
Table 9: Effect of contact time on antibacterial efficacy of dyes 4a-f on polyester fibres.
Contact time (h) Bacteria Bacteria reduction (%) for the dyed fibre
4a 4b 4c 4d 4e 4f
1 E. coli (-ve) 27 26 25 32 31 32
S. aureus (+ve) 25 27 25 26 28 29
2 E. coli (-ve) 27 26 28 32 31 33
S. aureus (+ve) 28 36 28 30 32 38
4 E. coli (-ve) 33 36 34 39 33 36
S. aureus (+ve) 31 29 30 35 35 37
6 E. coli (-ve) 42 46 48 41 38 49
S. aureus (+ve) 34 38 38 36 36 37
4. Conclusion:

We have studied the dyeing of polyester fibres using the functionalized sulphonamide dyes 1, 3 and 4 which
were synthesized through coupling reactions. The fastness properties of the dyed polyester fibres with the
synthesized sulphonamide dyes were evaluated. All dyes exhibited very good fastness to washing, and
perspiration depending on the amount of dye fixed. The light fastness results of the dyed polyester ranges from
very good to excellent. Finally, all the dyed fibres exhibited antibacterial efficacy against gram-positive (S.
aurus) and Gram-negative (E. coli) bacteria, and the dyes containing substituted cyano derivatives showed
higher activities than other unsubstituted cyno dyes.
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