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Abstract

The current study outlines a straightforward and efficient method for creating new quinazolinone disperse dyes based on
pyrazolone moieties, starting with quinazolinone and a variety of substituted pyrazolone as couplers. The synthesized dyes
were characterized using a variety of spectroscopic and analytical methods. The synthesized dyes' ultraviolet—visible spectra
showed bands brought on by several molecular transitions. We investigated in detail the multifunctional characteristics such
color representation, dyeing duration, concentration, pH, buildup, and fastness properties of the dyed samples. Fastness
properties and colorimetric data showed satisfactory results, demonstrating the effectiveness of these dyes in dyeing polyester
fabrics. A pH of 5 and a dyeing temperature of 130 °C were the ideal conditions for dyeing polyester fabrics. Additionally, an
ultraviolet protection factor test was performed on the dyed fabrics, and the results showed that these dyes provide the best
UV protection. These dyes are suitable for industrial dyeing applications since they are easy to manufacture and scale up.
Additionally, in-vitro testing was done to determine the dyes' antibacterial effectiveness against various bacteria and fungi.
The antibacterial activity of the dyes was moderate to very good against both Gram-positive and Gram-negative bacteria,
as well as fungi.
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1 Introduction are simple to synthesis and have a variety of commercial

uses, such as paper printing, cosmetics, plastic, polymer col-

Because of its excellent physical properties, process ability,
lower price, superior mechanical properties, high strength,
wear resistance, and other attributes, polyester, specifically
polyethylene terephthalate (PET), is the most widely used
material in the apparel and textiles industry[1, 2].

Due to their extensive application in industry and science,
azo dyes are a crucial class of colorant chemicals [3]. Azo
dyes are the most widely used synthetic dyes because they
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oring, and textile dyeing [4, 5], as well as advanced appli-
cations in organic synthesis [6-8]. They have found use in
the pharmaceutical and biological industries [9-11] as their
anti-inflammatory [12, 13], anticancer [14, 15], antibacterial
[16-18], and antifungal [19, 20] properties as well as their
use in protein synthesis, DNA/RNA inhibition, and nitro-
gen fixation [21]. Additionally, because of their affordability,
simplicity of synthesis, stability, and range of colors, azo dye
synthesized is superior to that of natural dyes in the dyestuff
industry. It is well known that azo dyes with a heterocyclic
moiety have certain characteristics, including high coloring
power, high tinctorial strength, fastness, and high thermal
stability. Moreover, azo dyes have a stronger cell bathochro-
mic effect than dyes with simple aromatic systems [22-25].

Pyrazole and its derivatives have a wide range of applica-
tions in the fields of materials science, dyes, agrochemicals,
and medicine [26]. Pyrazolone derivatives' broad range of
pharmacological characteristics, which include antimicro-
bial, antitumor, CNS activity, anti-inflammatory, antioxidant,
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anti-tubercular, antiviral, lipid-lowering, antihyperglycemic,
and protein inhibitory activities, have been documented [27,
28]. These days, a number of FDA-approved drugs with
pyrazolone nucleus have been investigated (Fig. 1). Exam-
ples of these include metamizole, edaravone, aminophena-
zone, eltrombopag, and dichloralphenazone. A number of
pyrazolone-containing investigational small molecules, such
as sulfamazone, propyphenazone, and nifenazone [29] have
been considered as potential drugs.

Quinazolinone derivatives, a significant class of
alkaloids, have demonstrated a wide range of biological
properties, including anti-cancer, antiviral, antibacterial, and
antiparkinsonism [30-32]. This suggests that quinazolinone
derivatives are more biocompatible, which is a benefit when
considering them as potential fluorophores in biological
research.

In comparison to azo dyes synthesis from a simple
aromatic amine, azo dyes integrating heterocyclic moieties
show improved coloring capabilities, tinctorial strength,
thermal stability, and more favorable solvatochromic
behavior [33, 34].These dyes are also utilized as
chemotherapeutic and antibacterial agents to stain and
paralyze particular microorganisms [35]. Azo dyes
with enhanced dyeing and outstanding pharmacological
activities were reported earlier by different researchers and
produced from pyrazolone and quinazolinone moieties, it
has been demonstrated that dyes-based materials have
good fastness and stability characteristics [36—-39]. Fabric
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strength and quality decline as well as odors, discoloration,
and health problems are all brought on by microbes such
bacteria, fungi, and mildew [40, 41]. To prevent bacterial
growth in fabrics, antibacterial fabrics were created and
are now utilized in diverse environments, including the
medical industry and daily life [42].

As a part of our continuous interest on synthesis of
new heterocyclic dyes [43-47], the goal of this study
is to synthesize a series of new disperse quinazolinone
dyes based on pyrazolone derivatives and study their
applications as disperse dyes to polyester fabrics,
Color representation, colorimetric data, UV protection
and multifunctional features have also been studied.
In addition, the synthetic dyes were tested in-vitro
against different bacteria and fungi. Numerous studies
demonstrated the outstanding characteristics of
quinazolinone-pyrazolone monoazo dyes. When the new
quinazolinone-pyrazolone dyes are compared to some of
the previously published dyes [48, 49], the results indicate
that the published dyes primarily yellow and light-yellow
shades, whereas the new dyes deeper shades. Furthermore,
it was found that the percentage of dye bath exhaustion on
polyester fabrics was acceptable and fairly good, whereas
the exhaustion of new dyes is excellent. The light fastness
of dyed fibers is fair to good, whereas that of new dyes is
good to very good.
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Fig. 1 Drugs containing pyrazolone as a bioactive heterocyclic pharmacophore
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2 Experimental Sections

2.1 Instrumentation of Spectral Analyses
and Melting Points

All data on chemicals and instruments are available in the
supplementary file (Section S1).

2.2 General Method for the Synthesis of Compound
2and3

4-Amino acetophenone (1.35 g, 10 mmol) was refluxed for
6 h (TLC control) with an ethanolic solution of compound
1a or 1b (10 mmol) in a few drops of acetic acid. The
reaction mixture was then added to ice water, filtered, and
dried.
3-(4-((1-(4-aminophenyl)ethylidene)amino)phenyl)-2-
phenylquinazolin-4(3H)-one (2)

MP. 85-87 °C; yield: 88%; IR (KBr) v: 3412 (NH,), 3066
(CH-arom), 2923 (CH-aliph), 1735 (CO), 1622 (C=N);
'H-NMR (400 MHz, DMSO-dg) & 12.21 (s, 2H, NH,),
6.51-8.69 (m, 17H, Ar-H), 2.34 (s, 3H, CH;); '3C-NMR
(101 MHz, DMSO-dj) 6 170.58 (C=N schiff base), 165.23
(C =0 quinazolinone), 154.03 (C=N quinazolinone),
141.66 (C-NH,), 113.02-135.11 (Ar-C), 26.32 (CHj;);
Anal. Calcd for C,3H,,N,O (430.51) C, 78.12%; H, 5.15%;
N, 13.01%; Found: C, 77.96%; H, 5.03%; N, 12.91%.

3-((1-(4-aminophenyl)ethylidene)amino)-2-
phenylquinazolin-4(3H)-one (3)

MP. 150-152 °C; yield: 87%; IR (KBr) v: 3422
(NH,), 3026 (CH-arom), 2942 (CH-aliph), 1765 (CO),
1625 (C=N); TH-NMR (400 MHz, DMSO-dy) d 12.15
(s, 2H, NH,), 7.17-8.69 (m, 13H, Ar-H), 2.25 (s, 3H,
CH;); BC-NMR (101 MHz, DMSO-d,) § 170.54 (C=N
schiff base), 165.23 (C=0 quinazolinone), 159.52 (C=N
quinazolinone), 141.67 (C-NH,), 117.08-135.09 (Ar-C),
29.31 (CH;); Anal. Calcd for C,,H gN,O (354.41) C,
74.56%; H, 5.12%; N, 15.81%; Found: C, 74.36%; H, 5.02%;
N, 15.61%.

2.3 General Method for the Synthesis
of Quinazolinone Azo Compounds 4a-e and 5a-e

A cooled solution of sodium nitrite (0.9 g, 12.7 mmol)
in water was added dropwise to a cooled solution of
compounds 2 and/or 3 (13.7 mmol) in concentrated HCI.
The diazonium salt was then dropped into a cooled mixture
of various pyrazolone derivatives (8.5 mmol) in pyridine
(10 ml). The reaction mixture was stirred overnight at 0 °C,
the product was filtered, crystallized from ethanol, and
drying it to produced compounds 4a-e and Sa-e.

3-(4-(((Z2)-1-(4-((E)-(1-(2,4-dinitrophenyl)-5-oxo0-3-
phenyl-4,5-dihydro-1H-pyrazol-4-yl)diazenyl) phenyl)
ethylidene)amino) phenyl)-2-phenylquinazolin-4(3H)-one
(4a)

MP. 138-140 °C; yield: 84%; IR (KBr) v: 3029
(CH-arom), 2925 (CH-aliph), 1681(CO), 1644 (C=N),
1598 (N=N); '"H-NMR (400 MHz, DMSO-d,) & 12.14
(s,1H,OH or NH), 7.55-8.68 (m, 25H, Ar-H), 6.07 (s, 1H,
CH-pyrazolone), 2.34 (s, 3H, CH;); '*C-NMR (101 MHz,
DMSO-dg) & 170.51 (C=N schiff base), 165.25 (C=0
pyrazolone), 163.10 (C=0 quinazolinone), 155.50 (C=N
quinazolinone), 145.00 (C=N pyrazolone), 120.45-141.65
(Ar-C), 94.75 (CH pyrazolone), 27.21(CH;); Anal. Calcd
for C,3H,oN¢Og (767.22) C, 67.27%; H, 3.81%; N, 16.42%;
Found: C, 67.13%; H, 3.63%; N, 16.28%.

3-(4-(((Z)-1-(4-((E)-(5-0x0-3-(pyridin-3-yl)-4,5-dihydro-
1H-pyrazol-4-yl)diazenyl) phenyl) ethylidene) amino)
phenyl)-2-phenylquinazolin-4(3H)-one (4b)

MP. 230-232 °C; yield: 86%; IR (KBr) v: 3424 (NH),
3023 (CH-arom), 2923 (CH-aliph), 1711 (CO), 1665
(C=N), 1552 (N=N); 'H-NMR (400 MHz, DMSO-dy)
6 12.37 (s,1H,OH or NH), 12.05 (s, 1H, NH), 7.61-9.19
(m, 21H, Ar-H), 6.08 (s, 1H, CH-pyrazolone), 2.46 (s, 3H,
CH;); BC-NMR (101 MHz, DMSO-d,) § 160.51 (C=N
Schiff base), 155.50 (C=0 pyrazolone), 154.10 (C=0
quinazolinone), 149.22 (C=N quinazolinone), 148.79
(C=N pyrazolone), 116.37-146.11 (Ar-C), 81.95 (CH
pyrazolone), 27.07 (CH;); Anal. Calcd for C34H,,NgO,
(602.66) C, 71.75%; H, 4.35%; N, 18.59%; Found: C,
71.65%; H, 4.23%; N, 18.39%.

3-(4-(((Z)-1-(4-((E)-(1-(2,4-dinitrophenyl)-5-0x0-3-
(pyridin-3-yl)-4,5-dihydro-1H-pyrazol-4-yl)diazenyl)
phenyl)ethylidene)amino)phenyl)-2-phenylquinazolin-
4(3H)-one (4¢)

MP.140-142 °C; yield: 85%; IR (KBr) v: 3033
(CH-arom), 2927 (CH-aliph), 1745 (CO), 1679 (C=N),
1609 (N=N); "H-NMR (400 MHz, DMSO-d,) & 12.16
(s,1H,OH or NH), 7.17-8.68 (m, 24H, Ar-H), 6.14 (s, 1H,
CH-pyrazolone), 2.42 (s, 3H, CH;); 3C-NMR (101 MHz,
DMSO-dy) & 170.52 (C=N Schiff base), 165.22 (C=0
pyrazolone), 160.04 (C=0 quinazolinone), 152.84 (C=N
quinazolinone), 141.65 (C=N pyrazolone), 117.13-135.08
(Ar-C), 100.01 (CH pyrazolone), 14.01 (CH;); Anal. Calcd
for C,,H,gN ;O (768.75) C, 65.62%; H, 3.67%; N, 18.22%;
Found: C, 65.39%; H, 3.47%; N, 18.12%.

3-(4-(((Z)-1-(4-((E)-(5-0x0-1-phenyl-3-(pyridin-3-yl)-
4,5-dihydro-1H-pyrazol-4-yl)diazenyl) phenyl)ethylidene)
amino)phenyl)-2-phenylquinazolin-4(3H)-one (4d)

MP. 180-182 oC; yeld: 87%; IR (KBr) v: 3068
(CH-arom), 2850 (CH-aliph), 1667 (CO), 1598 (C=N),
1550 (N=N); '"H-NMR (400 MHz, DMSO-d,) § 12.13
(s,1H,OH or NH), 7.46-8.88 (m, 26H, Ar-H), 6.18 (s, 1H,
CH-pyrazolone), 2.46 (s, 3H, CH;); 3C-NMR (101 MHz,
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DMSO-dy) & 178.01 (C=N Schiff base), 173.01 (C=0
pyrazolone), 165.84 (C=0 quinazolinone), 156.90 (C=N
quinazolinone), 146.25 (C=N pyrazolone), 117.03-142.70
(Ar-C), 81.90 (CH pyrazolone), 27.13 (CH;); Anal. Calcd
for C,,H;,NgO, (678.76) C, 74.32%; H, 4.46%; N, 16.51%;
Found: C, 74.32%; H, 4.26%; N, 16.43%.

3-(4-(((Z)-1-(4-((E)-(5-0x0-3-(pyridin-3-yl)-1-(2,4,6-
trichlorophenyl)-4,5-dihydro-1H-pyrazol-4-yl) diazenyl)
phenyl) ethylidene) amino) phenyl)-2-phenylquinazolin-
4(3H)-one (4e)

MP. 120-122 °C; yield: 83%; IR (KBr) v: 3040
(CH-arom), 2924 (CH-aliph), 1680 (CO), 1646 (C=N),
1598 (N=N); 'H-NMR (400 MHz, DMSO-dg) 6 12.14
(s,1H,OH or NH), 7.54-8.89 (m, 23H, Ar-H), 7.20 (s, 1H,
CH-pyrazolone), 2.47 (s, 3H, CH;); '*C-NMR (101 MHz,
DMSO-dg) 6 170.48 (C=N Schiff base), 165.25 (C=0
pyrazolone), 152.00 (C=0 quinazolinone), 149.99 (C=N
quinazolinone), 146.50 (C=N pyrazolone), 120.43—-146.21
(Ar-C), 99.95 (CH pyrazolone), 18.01 (CH;); Anal.
Calcd for C,,H,,C1;NgO, (782.08) C, 64.50%; H, 3.48%;
Cl, 13.60%; N, 14.33%; Found: C, 64.42%; H, 3.32%; Cl,
13.42%; N, 14.17%.

3-(((Z)-1-(4-((E)-(1-(2,4-dinitrophenyl)-5-ox0-3-phenyl-
4,5-dihydro-1H-pyrazol-4-yl)diazenyl) phenyl) ethylidene)
amino)-2-phenylquinazolin-4(3H)-one (5a)

MP. 165 °C; yield: 83%; IR (KBr) v: 3050 (CH-arom),
2919 (CH-aliph), 1728 (CO), 1666 (C=N), 1595 (N=N);
'H-NMR (400 MHz, DMSO-d¢) 6 13.43 (s,1H,OH
or NH), 7.44-8.32 (m, 21H, Ar-H), 6.53 (s, 1H,
CH-pyrazolone), 2.46 (s, 3H, CH,); BC.NMR (101 MHz,
DMSO-d,) 6 178.01 (C=N Schiff base), 171.74 (C=0
pyrazolone), 166.95 (C=0 quinazolinone), 161.70 (C=N
quinazolinone), 156.30 (C=N pyrazolone), 120.57-144.52
(Ar—C), 99.99 (CH pyrazolone), 22.41 (CH,); Anal. Calcd
for C3;H,5C13NOy (691.66): C, 64.25%; H, 3.64%; N,
18.23%. Found: C, 64.15%; H, 3.42%; N, 18.15%.

3-(((Z)-1-(4-((E)-(5-0x0-3-(pyridin-3-yl)-4,5-dihydro-
1H-pyrazol-4-yl)diazenyl) phenyl)ethylidene)amino)-2-
phenylquinazolin-4(3H)-one (5b)

MP. 180-182 °C; yield: 86%; IR (KBr) v: 3429 (NH),
3052 (CH-arom), 2954 (CH-aliph), 1665 (CO), 1598
(C=N), 1556 (N=N); "TH-NMR (400 MHz, DMSO-d,)
6 12.52 (s,1H,OH or NH), 12.23 (s, 1H, NH), 7.45-8.82
(m, 17H, Ar-H), 6.60 (s, 1H, CH-pyrazolone), 2.46 (s, 3H,
CH,); 13C-NMR (101 MHz, DMSO-d,) § 167.85 (C=N
Schiff base), 161.61 (C=0 pyrazolone), 160.42 (C=0
quinazolinone), 156.43 (C=N quinazolinone), 147.00
(C=N pyrazolone), 116.60-145.29 (Ar—C), 90.21 (CH
pyrazolone), 27.09 (CH;); Anal. Calcd for C;,H,,N30O,
(526.569) C, 68.43%; H, 4.21%; N, 21.28%; Found: C,
68.23%; H, 4.13%; N, 21.12%.

3-(((Z)-1-(4-((E)-(1-(2,4-dinitrophenyl)-5-0x0-3-
(pyridin-3-yl)-4,5-dihydro-1H-pyrazol-4-yl)diazenyl)

@ Springer

phenyl)ethylidene)amino)-2-phenylquinazolin-4(3H)-one
(5¢)

MP. 140-142 °C;Yield 84%; IR (KBr) v: 3088
(CH-arom), 2932 (CH-aliph), 1717 (CO), 1606 (C=N),
1512 (N=N); "H-NMR (400 MHz, DMSO-dg) & 11.09
(s,1H,OH or NH), 8.21-9.17 (m, 20H, Ar-H), 7.17 (s, 1H,
CH-pyrazolone), 242 (s, 3H, CH;); >*C-NMR (101 MHz,
DMSO-dg) 6165.89 (C=N Schiff base), 162.28 (C=0
pyrazolone), 160.00 (C =0 quinazolinone), 155.06
(C=N quinazolinone), 147.26 (C =N pyrazolone),
113.05-134.82 (Ar-C), 80.89 (CH pyrazolone), 27.21
(CH;); Anal. Calcd for C5cH, 4N, ,Og (692.65) C, 65.43%;
H, 3.49%; N, 20.22%; Found: C, 65.25%; H, 3.37%; N,
20.08%.

3-(((Z)-1-(4-((E)-(5-0x0-1-phenyl-3-(pyridin-3-yl)-
4,5-dihydro-1H-pyrazol-4-yl)diazenyl) phenyl)ethylidene)
amino)-2-phenylquinazolin-4(3H)-one (5d)

MP. 125-127 °C; yield: 84%; IR (KBr) v: 3062
(CH-arom), 2942 (CH-aliph), 1666 (CO), 1594 (C=N),
1552 (N=N); TH-NMR (400 MHz, DMSO-d) & 13.54
(s,1H,OH or NH), 7.44-7.99 (m, 22H, Ar-H), 7.22 (s, 1H,
CH-pyrazolone), 2.46 (s, 3H, CH,); 3C-NMR (101 MHz,
DMSO-dg) & 168.41 (C=N Schiff base), 161.69 (C=0
pyrazolone), 156.95 (C =0 quinazolinone), 156.40 (C=N
quinazolinone), 149.89 (C=N pyrazolone), 116.87-147.11
(Ar-C), 74.78 (CH pyrazolone), 27.09 (CH;); Anal. Calcd
for C3H,4NgO, (602.66) C, 71.75%; H, 4.35%; N, 18.59%;
Found: C, 71.75%; H, 4.25%; N, 18.47%.

3-(((Z)-1-(4-((E)-(5-0x0-3-(pyridin-3-yl)-1-(2,4,6-
trichlorophenyl)-4,5-dihydro-1H-pyrazol-4-yl)diazenyl)
phenyl)ethylidene)amino)-2-phenylquinazolin-4(3H)-one
(Se)

MP. 110-112 °C; yield: 87%; IR (KBr) v: 3068
(CH-arom), 2925 (CH-aliph), 1666 (CO), 1596 (C=N),
1553 (N=N); 'H-NMR (400 MHz, DMSO-dg4) 6 9.23
(s,1H,OH or NH), 7.44-8.99 (m, 19H, Ar-H), 6.52 (s, 1H,
CH-pyrazolone), 2.46 (s, 3H, CH;); '*C-NMR (101 MHz,
DMSO-dg) 6 161.71 (C=N Schiff base), 156.26 (C=0
pyrazolone), 155.52 (C =0 quinazolinone), 151.29 (C=N
quinazolinone), 148.29 (C=N pyrazolone), 126.56-147.25
(Ar-C), 84.30 (CH pyrazolone), 26.35 (CH;); Anal. Calcd
for C;4H,;C13NgO, (705.98) C, 61.25%; H, 3.28%; Cl,
15.06%; N, 15.87%; Found: C, 61.13%; H, 3.16%; Cl,
14.92%; N, 15.67%.

2.4 Electronic Spectral Studies

The electronic spectra of the quinazolinone dyes 4a—e
and 5a-e were studied in the UV region at a molar
concentration of 1x 10~ mol/L in ethanol, benzene, and
dimethylformamide (DMF).
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2.5 Dyeing Procedure
2.5.1 General Procedure for Dyeing of Polyester Fabric

The polyester fabrics were dyed using the synthetic dyes as
reported [50, 51]. Detailed information about the procedure
for dyeing of polyester fabric was reported in the supporting
information (Section S2) (Fig. 2).

2.5.2 Measurement for the Dyeing Properties

2.5.2.1 Fastness Properties According to the ISO 105-C02
(1989), ISO 105-X12 (1987), ISO 105-EO4 (1989), ISO
105-F04, and AATCC 16-2004 test methods, respectively,
the colored PET fabrics fastness properties against washing,
rubbing, perspiration, sublimation, and light were assessed
[19].

2.5.2.2 Colorimetric Analysis The color parameters of the
dyed PET fabric were measured using a spectrophotometer
(Gretag Macbeth, CE 7000 A). The following CIELAB
coordinates were measured: lightness (L"), chroma (CY),
the degree of redness (+ve) and greenness (-ve) (a*), and
the degree of yellowness (+ ve) and blueness (-ve) (b"). The
color strength (K/S) values were obtained according to the
Kubelka—Munk equation (AATCC, 1991) [52].

2.5.2.3 Ultraviolet Protective Factor (UPF), UV-A and UV-B
Transmission The UPF and ultraviolet radiation (UV-R)
transmission through dyed was determined according to S/
NZS 4399:1996 standard procedure. The ultraviolet trans-
mission through the fabric was determined by a Cary Varian
300 UV-Vis spectrophotometer under AATCC 183:2010
UVA Transmittance [53-55]. The ability of textile fabrics
to protect human skin from ultraviolet radiation is measured
by the UPF (ultraviolet protection factor). The ratio of how
long it takes for skin to become red (erythematous) when

Fig.2 Dyeing procedure of
PET using the synthesized
compounds
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exposed to sunlight continuously is used to express it [56].
The following Eq. (1) is used to compute the UPF [57, 58]:
MEDprotected skin 1
MED M

unprotected skin

UPF =

where after 22 +2 h of continuous exposure, the minimum
erythemal dose (MED) is the amount of radiant energy
required to cause the first detectable reddening of skin. In
Table 1, the various UPF ratings are listed.

2.6 Biological Section
2.6.1 Antimicrobial Evaluation

The bacterial strains used to evaluate the antibacterial
activity of the dyes were two gram positive bacteria
(Staphylococcus aureus, Bacillus subtilis), and two
Gram-negative bacteria (Escherichia coli, Pseudomonas
aeuroginosa). The anti-fungal activities of the compounds
were tested against two fungi (Candida albicans, Aspergillus
flavus) according to the method reported [59, 60] (Section
S3). The %Activitylndex for the complex was calculated by

Eq. (2).

% Activity Index

__ Zone of inhibition by test compound (diameter) « 100 2

Zone of inhibition by standard (diameter)

Table 1 Classification scheme for UPF rating

UPF rating % UVR transmitted Protection category
15-24 6.7-4.2 Good

25-39 4.1-2.6 Very good
40-50+ <25 Excellent

130 °C, 60 min.

Dispersing agent
. 1 . T .

3 °C/min

60 °C, 10 min.
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N NH,

Scheme 1 Synthesis of compounds 2, 3

3 Results and Discussion
3.1 Synthesis and Characterization

The starting compound 1a and/or 1b was condensed with
p-amino acetophenone by one-pot two-component sys-
tems in the presence of ethanol and acetic acid to yield
the corresponding compounds 2, 3 as shown in Scheme 1.
The characteristic spectral analysis of FT-IR, '"H-NMR,
13C-NMR, and mass spectra used to verify the synthetic
compounds' structural integrity are included in the sup-
plementary file (Figs. S1-S4). The nucleophilic attack
of the amine group on the electrophilic carbonyl carbon
of the acetophenone to generate an imine is the first
reversible step in the mechanism of azomethine synthe-
sis. The formation of azomethine from an imine depends
largely on the water removal rate in the final step. Depic-
tions of compounds 2, 3 were established based on their
elemental analyses and spectral data (FT-IR, '"H-NMR,
BC_.NMR, and MS). The FT-IR absorption bands of the
compounds 2, 3 appeared at 1600-1673 cm™! for the
C =N quinazolinone ring, and 1510-1517 cm™! are due
to azomethine group C =N- and the 1440-1510 cm™!
are due to the C =0 of quinazolinone ring, respectively.
The 'H-NMR spectra revealed doublet signals at range
0 12.15-12.21 ppm can be attributed to the NH, protons
which was exchangeable with D,0, the singlet signal at
2.25-2.34 ppm is due to CH; protons. '*C-NMR spectra
of compounds 2, 3 showed signals at § 26.32-29.31 that
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belong to the (CH,), signals at 6 170.54-170.58 ppm cor-
respond to the (C =N imine), the signals at § 165.23 ppm
are due to (C=0 quinazolinone), the signals at o
154.03—-159.52 ppm are attributed to the (C =N quina-
zolinone). The number of signals found is corresponding
to the magnetically nonequivalent carbon atoms. Moreo-
ver, the mass spectra of the azomethine compounds 2, 3
displayed peaks at m/z which match their exact molecular
mass. Details of selected spectroscopic data are reported
in the experimental section.

The synthesis procedure for azo disperse dyes 4a—e and
Sa-e is shown in Schemes 2 and 3. The diazonium salts of
compound 2, 3 coupling with different pyrazolone deriva-
tives in pyridine yielded the corresponding compound 4a—e
and Sa-e in good yield. The structures of dyes 4a—e and
5a-e were confirmed by means of FT-IR, 'H-NMR, "*C-
NMR, mass spectrometry, and elemental analyses. Thus,
the FT-IR spectra of dyes 4a—e and 5a-e showed charac-
teristic bands at 3349-3416 cm™' and 1498-1587 cm™' due
to the N-H stretching vibration and the azo group (N=N)
bending vibration, respectively. Moreover, a strong band at
1704-1727 cm™! corresponding to the C=0 group of the
pyrazolone moiety and an absorption band at 1588—-1987
cm™! due to the C =N stretching vibration of the quina-
zolinone moiety were observed. The "H-NMR spectra of
dyes 4a—e and 5a-e exhibited a singlet signal ascribable to
an NH proton at § 12.05-12.23 ppm, which was exchange-
able with D,O for compound 4b and Sb, and a broad peak
at 8 9.23-13.54 ppm, which can be attributed to enolic OH
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Scheme 4 Keto-enol tautomerism

or tautomeric hydrazone NH protons (keto—hydrazo or
enol-azo forms). These results revealed that the single tau-
tomeric form of the dyes is predominant in the solution state
(T2 or T3 in Scheme 4), whereas the azo—keto tautomers
are preferred in the solid state (Scheme 1). The BC-NMR
spectral data of dyes 4a—e and 5a-e were in accord with
the predicted structures, and the mass spectra confirmed the
expected molecular weights (see experimental section).

3.2 Visible Absorption Spectroscopic Properties
of Dyes 4a-e and 5a-e

In general, heterocyclic-based azo disperse dyes have a
stronger bathochromic effect than their benzenoid analogues,
with larger solvatochromic effects because of their higher
polarity, particularly in the excited state [61, 62]. In ethanol
(a polar protic solvent), DMF (a dipolar aprotic solvent),
and benzene (a nonpolar solvent), the electronic absorption
spectra of the dyes 4a-e and 5a-e were measured at room

temperature and quantified at a concentration of 107> mol/L.
Results of 4,,,, and molar absorptivity (¢) are summarized in
Table 2 and Figs. 3, 4, 5, 6, 7 and 8. Due to the

presence of electronic transitions in the conjugate system
made up of phenyl rings, heterocyclic moieties, and the azo
group, which can be classified as the m—* transition type,
all dyes displayed only one absorption maximum in the
visible region in the range of 359—490 nm. Overall, it was
discovered that the dye absorption maxima were influenced
by the substituents’ nature on N1 of pyrazolone moieties,
position, as well as the diazo component.

3.2.1 Solvent Effect on the Absorption Spectra

Table 2 demonstrates that the dyes 4a-e and Sa-e were more
sensitive to polar aprotic solvents than polar protic solvents
or nonpolar solvents. The decreased contribution of etha-
nol to the transition energy as a polar protic solvent may
be explained by the strong hydrogen bonding between the
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Table2 Absorption spectra of No Absorption 4,,,, (nm) & Absorption 4,,,,, € Absorption ,,,, €
dyes 4a-e and Sa-e (Benzene) (nm) (EtOH) (nm) (DMF)
4a 411 1780 423 2000 490 2410
4b 373 965 388 1080 465 4109
4c 387 872 420 1240 483 1733
4d 376 755 405 1380 467 1156
4e 376 480 413 1220 477 2343
S5a 407 1720 431 1120 435 2783
5b 359 670 389 1720 386 1100
5c 371 630 418 1780 430 1133
5d 360 778 396 1256 415 1099
Se 362 798 408 1324 421 1120
4
Benzene

Absorbance
N
1

300 400 500
Wave length(nm)

600

Fig. 3 Absorption spectra of dyes 4a-e in benzene (3 x 10~ M)

2.0

1.5

Absorbance

300 400 500
wavelength(nm)

Benzene

Fig.4 Absorption spectra of dyes 5a-e in benzene (3 x 107> M)
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Fig.5 Absorption spectra of dyes 4a-e in EtOH (3x 107> M)
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24
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Fig.6 Absorption spectra of dyes 5a-e in EtOH (3 x 107> M)
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Fig. 7 Absorption spectra of dyes 4a-e in DMF (3 x 107> M)
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Fig.8 Absorption spectra of dyes 5a-e in DMF (3 x 10~ M)

ethanolic hydrogen, nitrogen and oxygen centers. Due to
DMF's polar and alkaline properties, which account for the

Table 3 Shade of fabric samples
dyed with 4a-e and 5a-e at 2%
of level

5a

- ﬁ - - -
5b Sc S5d Se

majority of solute—solvent interactions, all dyes showed the
maximum sensitivity in this solvent.

3.2.2 Substituent Effects on the Absorption Spectra

Because dyes 4a-e and Sa-e contain & electrons, they can be
subjected to UV—vis absorption measurements to determine
the electron shell state. The main difference between dyes is
the nature of the substituents on the pyrazolone moiety, i.e.,
di-NO, in 4a, 4¢, 5a and 5c, 3-Cl in 4e and Se, and phenyl
in 4d, and 5d. As shown in Figs. 3,4, 5, 6, 7 and 8, the order
of 1,,,. was 4a>4c>4e>4d > 4e, Sa>5c>5e>5d > Se,
respectively. The 4,,,, of dye 4a, 4¢ (374-422 nm) and
4e was higher than that of dye 4b and 4d, which is due
to the bathochromic shift of the absorption band caused
by the presence of the electron-withdrawing NO, and Cl
group, respectively. In addition, the 4,,,, of dye 5a, 5S¢ and
Se was higher than that of dye 5b and 4d (370-416 nm),
which is due to the bathochromic shift of the absorption
band caused by the presence of the electron-withdrawing
NO, and ClI group, respectively. Additionally, the 4,,,. of
a series of dyes 4a-e higher than that of a series of dyes
5a-e due to the bathochromic shift of the absorption band
caused by the presence of the electron-withdrawing phenyl
moiety. This result revealed that as the conjugation in the
dye molecules increases or decreases, the absorption bands
exhibit bathochromic or hypsochromic shifts, respectively.
The extent of this shift depends most likely on the impact of
the structural changes in the phenyl nucleus.

3.3 Dyeing Properties on Polyester Fabrics
3.3.1 Assessment of the Fastness Property

To assess the dyes' fastness qualities, 2% owf of the dyes
were applied to polyester fabrics. The strong dye—dye and
dye—fiber interaction energy, which prevents the dye mol-
ecule from moving to the fiber surface, is responsible for
the very good washing fastness values of (4), as shown in
Table 3, 4. Furthermore, a remarkable color levelling was
obtained after washing, revealing the excellent penetration
and affinity of the dyes for the fabric, and the dyes' inclusion
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Table 4 Evaluation of fastness

. . Dyes No Washing fastness Rubbing  Perspiration fastness Sublimation  Light
properties of synthesized dyed fastness — . fastness
on polyester Acidic Alkaline

Alt St* St** Dry Wet Alt St* St** Alt St* St** 210 180
4a 4 4 4 4-5 4 4 4 4 4 4 4 34 4 4
4b 4 4 4 4-5 4 4 4 4 4 4 4 34 4 4
4c 4 4 4 45 4 4 4 4 4 4 4 4 4-5 4-5
4d 4 4 4 4-5 4 4 4 4 4 4 4 34 4 4
4e 4 4 4 4-5 4 4 4 4 4 4 4 34 4 4
Sa 4 4 4 4-5 4 4 4 4 4 4 4 3 34 4
Sb 4 4 4 4-5 4 4 4 4 4 4 4 3 34 4
Sc 4 4 4 4-5 4 4 4 4 4 4 4 4 4-5 4
5d 4 4 4 4-5 4 4 4 4 4 4 4 4-5 4-5 4-5
Se 4 4 4 4-5 4 4 4 4 4 4 4 34 -4 4

St.* Staining on cotton, St. ** Staining on wool, Alt. Alteration in color

Rate for light fastness: 4-8 (acceptable), 1-3 (not acceptable); rate for different fastness:3-5 (acceptable),

1-2 (not acceptable)

of a hydrophobic group (C =O0) prevents them from migrat-
ing back to the washing solution bath. Fastness to both acidic
and alkaline perspiration was very good (4). These findings
show that the dyes are stable in both alkaline and acidic
media. Because of the high rate of dye molecule absorption
into the materials, the rubbing fastness (both wet and dry)
had excellent values (4-5). All of the synthesized dyes have
good to very good sublimation fastness properties, which
helped to produce a high molecular absorption coefficient as
opposed to merely large dye movement at high temperatures.
All of the synthesized dyes had very good light fastness (4,
4-5) fastness properties. The good fastness properties may
be attributed to the strong dye—dye interaction energy that
can prevent dye molecules from migrating to the fiber sur-
face and the covalent bonding between the dye and the fiber.
Due to the dyes' excellent substance compatibility with the
fiber, all showed strong color yields.

3.3.2 Color Assessment

After application to polyester fabrics, dyes 4a—e and Sa-e
showed good color depth and leveling qualities owing to
the presence of chromophores in their structures (Table 5).
According to the color coordinates, polyester fabrics with
good evenness, brightness, and color depth had a good affin-
ity for the dyes. The darkness or lightness of the dyes on
polyester fabrics was measured by comparing the L" values,
where positive and negative values correspond to lightness
and darkness, respectively. As shown in Table 4, the L" val-
ues of dyes 4a—e and 5a-e vary from (59.99-74.84). Dyes
5, 10 and 11 are lighter compared with the other dyes. All
the dyes are shifted to the reddish direction on the red-green
axis according to the positive values of a". Also, all the dyes
are shifted to the yellowish direction on the yellow-blue axis
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Table 5 Optical measurements of all synthesized dyes on polyester
fabrics (light source D65/10° observer)

Dyes no L a’ b AE

4a 63.85 8.34 52.16 66.36
4b 71.91 6.8 63.31 75.42
4c 68.97 5.43 46.38 59.24
4d 59.99 25.81 69.98 87.09
4e 64.87 3.69 26.19 24.23
Sa 64.60 7.62 62.74 75.81
5b 71.57 541 58.73 70.59
5¢ 74.84 2.71 33.56 45.41
5d 60.43 2441 67.08 83.91
Se 67.31 12.53 67.08 80.1

according to the positive values of b”. These results demon-
strate that the investigated dyes had good affinity as well as
good leveling properties according to the visual observations
of the colored fabrics.

3.3.3 Effect of pH on the Color Strength

One of the most important factors to consider when deter-
mining the best dyeing conditions for a dispersion dye on
polyester fabrics is the pH of the dye bath. A series of dyeing
tests were conducted using a dye concentration of 1% owf
and a series of dyeings were carried out by varying the dye-
bath pH from 3 to 11 at a dyeing temperature of 130 °C to
examine the color strength of dyed polyester in terms of K/S
on polyester fabrics. As shown in (Fig. 9 and Table 6). Dyes
4d, 5a-d dyes give higher K/S values at pH 3 while dyes 4b,
4e and Se give highest color strength (K/S) values at pH 5
and a better color yield on polyester fabrics was obtained
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Fig.9 Effect of dyeing pH on (K/S) values of polyester fabric dyed

Table 6 Effect of dyeing pH on the color strength (K/S) values of pol-
yester fabric dyed with dyes 4a-e and 5a-e

Dye no K/S

PH3 PH5 PH7 PH9 PH11
4a 5.78 10.49 12.80 9.73 7.59
4b 6.58 7.27 2.25 1.78 1.33
4c 5.81 7.12 11.45 8.03 5.08
4d 27.55 26.83 23.64 14.39 13.98
4e 0.92 2.39 1.59 1.09 1.07
Sa 21.98 21.82 21.65 17.30 16.03
5b 9.02 8.20 5.43 3.98 2.78
Sc 3.15 2.77 2.45 2.13 1.33
5d 21.25 19.91 13.96 7.68 5.08
Se 2.07 2.73 0.60 0.59 0.36

at higher pH 7 for dye 4a, 4c. Moreover, in the most cases
of dyes a more pronounced decrease in the dye uptake with
increasing the pH (9, 11) was observed compared with dyes
4d, and 5a, which may be attributed to the higher aggrega-
tion of dyes due to its higher molecular weight.

Fig. 10 Effect of dyeing time on
(K/S) values of polyester fabric
dyed

K /S 60 min
K /S 30 min
K /S 30 min
e K /S 15 mMin

3.3.4 Effect of the Dyeing Time on the Color Strength

The influence of dyeing time on the exhaustion percentage
for dyes 4a—e and 5a-e was determined using a dye con-
centration of 2% owf at pH 8 on polyester fabrics (Fig. 10
and Table 7). The results revealed that the amount of dye
adsorbed on fabrics increased with an increase in the dyeing
time. The percentage of dye exhaustion increased signifi-
cantly in the early stages of dyeing (until 60 min) probably
due to its high substantivity and then increased gradually in
the last 60 min until reaching equilibrium at 110 min of dye-
ing time for fabrics. It was also found that the total fixation
yield of the dyes increased as the dyeing process progressed,
i.e., higher color strength values were observed.

3.3.5 Effect of Dye Concentration on Color Strength

Relationship of K/S value at the maximum wavelength and
dye amount was established for synthesized 4a-d and Sa-e
and shown in (Fig. 11 and Table 8). If there is enough dye
present to saturate the fiber at high dye concentrations, the
depth of shadow generally increases as the availability of
the dye molecules in the dye bath also increases, allowing
for more dye molecules to attach to the fiber. Additionally,
high dye concentration results in more accessible dye sites
on the fiber and less competitive hydrolysis, which raises
the K/S value. The results show that the K/S value of dyed
fabric increased gradually as the dye concentration shifted
from 1 to 3%. Therefore, a dye concentration of 3% owf was
determined to afford the optimum exhaustion.

3.3.6 Ultraviolet Protection Factor (UPF)
Since covering up with clothing is the most practical and
natural approach to shield the body from the elements, there

is a growing demand on the market for apparel that can pro-
vide effective UV radiation protection. The link between sun

[ 100

r 80

r 40

5e 5d 5c S 5a 4e 4d 4c 4b 4a
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Table 7 Effect of dyeing time on the color strength (K/S) values of
polyester fabric dyed with synthesized dyes

Dye no K/S

15 min 30 min 45 min 60 min
4 5.18 7.08 10.4 13.01
5 2.5 3.38 4 5.16
6 10.14 11.86 12.22 12.27
7 24 24.86 25.58 27.53
8 0.84 1.45 1.52 1.65
9 11.46 13.88 21.97 25
10 4.87 5.18 7.01 8.98
11 15.38 16.98 18.12 22.01
12 8.4 10.41 13.26 19.24
13 5.73 10.59 12.54 16.86

exposure and various forms of skin cancer, accelerated skin
ageing, cataracts, and other eye conditions is widely known.
There is evidence that UV light reduces the effectiveness of
the immune system. Blocking of UV is dependent on mul-
tiple factors, including fiber type, synthesis of dyes, fabric
construction and dyeing, as a darker color increases protec-
tion [63]. Because of the "hole effect,” UV textiles are typi-
cally made entirely of synthetic fibers such as polyester and
nanofibers that are woven tightly together to allow for much
less direct skin exposure to UVR [64]. Excellent UPF rat-
ings were obtained by polyester fabrics, far exceeding a UPF
of 50. Low fabric porosity has been linked to the polyester
clothing's success in lowering UVR transmittance, suggest-
ing that clothing with higher BSA coverage can serve as a
stronger barrier against sun exposure and lessen the need for
sunscreen application [64].

Tables 9 provide the polyester fabric's UV protection
factor results for all synthetic dyes. The UPF rating for
4a-e dyed polyester is excellent, with a value in the range

Fig. 11 Effect of dye concentra-
tion on (K/S) values of polyester
fabric dyed

3%

2%
— 1%
— 0.5%
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of 25.49-152.23 except dye 4a is very good UPF. This
means that the transmittance percentage in the UV-B
region of 290-315 nm is 0.01-0.06, and the UV-A range of
315-400 nm is 0.01-0.09, respectively, (blocking 100%) of
the UV light.

For 5a-e dyed polyester the UPF rating is excellent, with
a value in the range of 38.60-177.32 except dye Sd is very
good UPF. This means that the transmittance percentage in
the UV-B region of 290-315 nm is 0.01-0.06, and the UV-A
range of 315400 nm is 0.01-0.09, respectively, (blocking
100%) of the UV light. As a result, all synthesized dyes
provide the textile material with excellent ultraviolet Pro-
tection (Fig. 12 and Table 9). Based on the previous results
[65], protection from ultraviolet radiation increases with
the increase brighter-colored fabric dyes, and since all the
synthesized dyes are distinguished by the brightness of the
color, Blocking of UV of these dyes are excellent. Further-
more, the reason that UPF values are higher on polyester

Table 8 Effect of dye concentration on the color strength (K/S) values
of polyester fabric dyed with synthesized dyes

Dye no K/S
0.5% 1% 2% 3%
4a 2.01 2.37 3.12 3.89
4b 2.48 4.8 7.56 8.47
4c 1.72 2.81 2.97 4.7
4d 8.68 9.74 12.02 18.19
de 0.94 1.25 1.45 3.18
S5a 3.14 13.01 14.63 25.67
5b 4.02 15.32 17.12 18.97
5¢ 2.00 4.2 11.33 12.2
5d 18.09 20.73 21,06 26.63
Se 2.23 6.23 11.78 16.11
70
60
50
40
30
20
A 10
T 0

Se 5d Sc Sb S5a 4e 4d 4c 4b 4a Dye

No.
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Table 9 Ultraviolet protection factor rating

Dyesno  UPFrange  Protection category  Effective UV-R
transmission (%)
UV-B*  UV-A®
4a 25.49 Very good 0.06 0.09
4b 60.63 Excellent 0.03 0.03
4c 152.23 Excellent 0.01 0.01
4d 65.51 Excellent 0.02 0.01
4e 57.76 Excellent 0.03 0.02
Sa 45.04 Excellent 0.04 0.05
5b 107.42 Excellent 0.01 0.01
5c 56.11 Excellent 0.04 0.03
5d 38.60 Very good 0.07 0.06
Se 177.32 Excellent 0.01 0.01

UV-B? Transmittance (mean transmittance percentage in the range
(290-315 nm)

UV-AP Transmittance (mean transmittance percentage in the range
(315400 nm)

fabric may be explained by the larger percentage of dye
exhaustion and compact structure of polyester fabric.

3.4 Antibacterial Activity

Gram-positive and Gram-negative pathogen bacteria are
responsible for an alarming rise in infectious diseases that
are fatal [66]. The antibiotic is currently one of the most
effective tools against infectious diseases. However, the
development of antibiotic resistance and the scarcity of
recently created antimicrobial drugs represent a serious
threat to human and animal health [67]. One of the most
effective approaches to lower antimicrobial resistance is
the prudent use of antibiotics. One of the most active areas

Fig. 12 Inhibition zones (mm)
of novel compounds against dif-
ferent bacteria and fungi

m UPF Range

of study to reduce the risk of contagious diseases brought
on by hazardous bacteria, fungi, viruses, and parasites is
the quest for compounds with highly antimicrobial action
[68]. This severe effect causes researchers to synthesize
more effective antibacterial agents. The heterocyclic dyes
containing quinazolinone have received great attention
in biological and pharmacological fields due to their sig-
nificant broad antimicrobial spectrum [69-71]. This has
a strong impact, leading our group to synthesize anti-
bacterial agents more effectively. The synthesized dyes
4a-e and 5a-e were tested for their in vitro antibacterial
activities against a panel of two gram positive bacteria
(S. aureus, B. subtilis), and two-Gram negative bacteria
(E. coli, P. aeuroginosa). The anti-fungal activities of the
compounds were tested against two fungi (C. albicans, A.
flavus). The diameter of inhibition zones (IZ) of the newly
synthesized compounds were compared with the reference
drugs Ampicillin and Clotrimazole. The obtained results
are presented in (Table 10, Fig. 13), in general, for Gram-
negative bacteria (E. coli) dyes 4a, Sa, and Se displayed
very good activities, dyes Sc and 5d displayed moderate
activities, dyes 4b and 4c¢ displayed weak activities, while
dyes 4d and 5b gave no activities comparison with refer-
ence drug ampicillin. For P. aeuroginosa strains dyes 4a,
5a, 5¢, 5d and 5e displayed very good activities, dyes 4b,
4c and 4e displayed weak activities, while dyes 4d gave
no activities in comparison with reference drug ampicillin.
For Gram-positive bacteria (S. aureus) dyes 4a, 4e, Sc,
5d and Se displayed very good activities, dyes 4b, 4c, 4e
and Se displayed moderate activities, while dye 4d gave
no activities in comparison with reference drug ampicillin.
for Gram-negative bacteria (B. subtilis) dyes 4a, 5a, Sc,
and Se displayed highest activities, dyes 4b, 4c, and 5d
displayed very good activities, dyes 4e and 5b displayed
moderate activities, while dye 4d gave no activities in

UPF range

r 180
- 160
- 140
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- 100
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%

A. flavus
Diameter of

%

C. Albicans
Diameter of

B. subtilis
Diameter of %

%

S. aureus
Diameter of

%

P. aeuroginosa
Diameter of

%

E. coli
Diameter of

Table 10 Diameters of inhibition zones (mm) of synthesized dyes 4a-e, and 5a-e against different tested bacteria and fungi at 37 °C after 24 h

Compound
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Activity
index

inhibition zone

(mm)

Activity
index

Activity inhibition zone
(mm)

index

Activity inhibition zone
(mm)

index

Activity inhibition zone
(mm)

index

Activity inhibition zone
(mm)

index

inhibition zone

(mm)

18 72.0
11

70.4

19
12

11

69.6

16
10
10

NA

50.0

12

60.9

14

44.0

11

da

44.0

44.4

435

37.5

34.8

24.0

4b
4c

40.0

10

NA

40.7

435

29.2

26.1

20.0

18.5

NA

NA

NA

4d
de

32.0

37.0

10
21

30.4

25.0

21.7

12.0

76.0

19

77.8

73.9

17

50.0

12

69.6

12 48.0 16

NA

S5a

24.0

333

34.8

25.0

13.0

5b
5c

52.0

13
14
16

NA

51.8

14
16
17
NA

27

65.2

15
13
19
23

11 45.8
10
13

24

12 52.2
11
NA

36.0

56.0

59.2

56.5

41.7

47.8

36.0

5d
Se

54.2 82.6 63.0 64.0

14 56.0 17 73.9
25 23

Colitrimazole NA

100 100 100

100

Ampicillin

100

25

100

NA

NA

comparison with reference drug ampicillin. With respect
to antifungal activity, all dyes exhibited very good to
excellent activities against C.albicans, while dyes 4d and
Sb displayed moderate activities against C. albicans in
comparison with the reference drug Colitrimazole. Moreo-
ver, dyes 4a, Sa, and Se displayed highest activities, dyes
4b, 4c¢, Sc, and 5d displayed very good activities, dyes 4b
and 5b displayed moderate activities, while dyes 4d gave
no activities against A. flavus in comparison with reference
drug Colitrimazole. The above data demonstrated that the
slight change in the molecular configuration of the tested
compounds strongly affected antimicrobial activity.

4 Conclusion

In conclusion, disperse Quinazolinone dyes 4a—e and Sa-e
based on pyrazolone moieties were synthesized in good
yields. Spectroscopic and elemental analyses were used to
determine the structure of the synthesized dyes. The dyes
were successfully applied to polyester fabrics to produce
shades with satisfactory color evenness and color depth.
Dyes 4a—-de and 5a-e showed good fastness to light (4,
4-5). Fastness to both acidic and alkaline perspiration was
very good (4), the rubbing fastness (both wet and dry) had
excellent values (4-5), and very good washing, sublimation
fastness (4). According to the color coordinates, the dyes
exhibited an excellent affinity for polyester fabrics with
good to very good brightness and color depth. For dyeing
polyester fabrics, the best pH and dyeing temperature was 5
and 130 °C, respectively. The percentage of dye exhaustion
increased significantly in the early stages of dyeing (until
60 min) probably due to its high substantivity and then
increased gradually in the last 60 min until reaching
equilibrium at 110 min of dyeing time for fabrics. A dye
concentration of 3% owf was determined to afford the
optimum exhaustion. The UPF rating for dyed polyester
is excellent; with a value in the range of 38.60-177.32
except dye 4a is very good UPF. The results of color
strength tests were excellent, which demonstrates that the
dyes showed a high level of fabric attraction and solubility.
Furthermore, their remarkable degree of evenness indicates
their good diffusion, penetration, and fabric affinity. The
newly synthesized dyes also exhibited antimicrobial
properties, which render them promising as safe, disperse
dyes for fabrics with antimicrobial effect. Considering that
the synthesis of these dyes is simple and inexpensive and
that they show dyeing qualities comparable to those of
commercial dyes, this study provides access to a new group
of dyes to satisfy the growing demand for dyes in the textile
industry.
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