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Abstract

- Zeinab K. Hamza® - Shaban Elkhabiry*

Our team created and produced an innovative range of bioactive disperse dyes, depending on the functionalizing neocryp-
tolepines connected to an azo-benzene sulfonyl moiety using various diaminoalkyl linker chains. These types of dyes are
successfully applied to the creation of pastes for silkscreen printing of polyester fabric. To ascertain the dye strength, poly-
ester printed samples underwent testing for washing, rubbing, perspiration, sublimation, and light fastness. In addition, L",
a’, and b" were used to evaluate the hue of the color dyes. Using the colony forming unit (CFU) method, the antibacterial
activity of the printed polyester fabrics was assessed. The anti-gram positive actions of fabric samples treated with 6¢ and
6f against S. aureus were encouraging. In contrast, fabrics treated with 6b, 6d, and 6e showed only mild anti-gram negative

activity against the test bacterium L. monocytogenes.
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1 Introduction

Azo dyes currently have the largest dye chemistry produc-
tion volume, and in the future, their relative significance
might further rise. They are essential to the management of
the dye and printing industries [1]. By changing between azo
components with electron-withdrawing groups and coupling
components with electron-donating groups, azo dyes show
a range of colors, from yellow to blue—green [2, 3]. Due to
their high degree of brightness when compared to azo dyes
derived from aniline, the development of azo dyes based on
sulfonyl group has attracted interest for an extended time
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[4-11]. In addition, textile printing, as distinct to dying, is
the technique of transferring colors to fabric with specific
patterns or designs [12, 13]. As a result, a number of vari-
ables, including the type of dyes chosen and the amount
of dye employed, might influence the dyes used for print-
ing. In other respects, they are controlled by the thickening
used, the thick and sticky printing paste composition, the
fabric composition, as well as the pattern of the fabric to be
printed. On the other hand, due to their various biological
actions, naturally occurring indole, quinoline, and indolo-
quinoline heterocyclic cores are particularly interesting and
have motivated numerous researchers to synthesize series of
hybrid systems with different spacers [14—17].

One type of tetracyclic indoloquinoline alkaloid is
neocryptolepine. The ring systems of tetracyclic indoloqui-
nolines are important structural elements found in natural
products that display many kinds of biological activities. For
example, the two typical alkaloids that were isolated from
the roots of the African plant Cryptolepis sanguinolenta are
cryptolepine (I, indolo[3,2-b]quinoline) and neocryptolepine
(IL, indolo[2,3-b]quinoline) (Fig. 1). Despite their relatively
straightforward chemical structures, these indoloquinolines
exhibit potent biological properties, including antiplasmo-
dial, antibacterial, antifungal, and antimalarial activities
[18-21]. The main objective of our research is to synthe-
size new monoazo disperse dyes with a sulfonamide group,
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Fig. 1 Indoloquinolines from Cryptolepis sanguinolenta

which is an efficient way to enhance the fastness of azo dyes
on fabrics [22]. Functional finishing and dyeing must be
done in one phase by creating disperse dyes with an anti-
bacterial component integrated into dye molecules. The two
antibacterial components (neocryptolpine and sulfonyl) will
be combined to form a scaffold that will be coupled by a
cleavable azo linker. It was considered to be advantageous to
synthesize a new series of azo-sulfonamide neocryptolpine
derivatives by simple and efficient methods. Furthermore,
the novel uses of azo dye in polyester printing fabric were
assessed. The novel disperse dyes have exceptional antibac-
terial action and outstanding color fastness when applied
using a printing technique.

2 Experiment

2.1 Chemicals and Reagents and Their Importance
in the Printing Paste

All chemicals and reagents were of commercial grade.
Thickener EM-630 is an anionic acrylic polymer, serving
as coloring carrier in fabric printing with disperse dyes on
polyester fabrics (Guangdong EM Chemicals Technology
Co., Ltd.). The pH of printing paste was adjusted at 6 using
sodium dihydrogen phosphate (NaH,PO,, 98.0%). Lyoprint
EV (dispersing agent) was delivered from Ciba Company,
Switzerland. 100% polyester fabric having plain weave
(150 g/m?, 56 ends/cm, 34 picks/cm) was kindly obtained
from El-Mahalla Company for Spinning and Weaving, El-
Mahalla, Egypt and treated before printing with an aqueous
solution containing 2 g/L nonionic detergent (Sera Wash
M-RK, DyStar, Egypt) at a liquor to goods ratio of 50:1 and
at 80 °C for 30 min, and then rinsed and allowed to dry in
the open air.

2.2 Instrumentation of Spectral Analyses
and Melting Points

Melting points were determined using a digital melting point

apparatus (Electro Thermal 9100, Electro Thermal Engi-
neering Ltd, serial No. 8694, Rochford, United Kingdom)
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and are uncorrected. The reaction progress was monitored
by thin layer chromatography (TLC) using silica gel plates
(POLYGRAM SILG/UV254, 0.20 mm), which were visu-
alized under UV light 254 and 365 nm. Elemental analyses
were carried out on a Perkin—Elmer 2400 analyzer (USA),
and were found within +0.4% of the theoretical values. The
infrared spectra were recorded on a Perkin—-Elmer FTIR
1430 spectrophotometer using KBr disk technique. 'H- and
13C-NMR spectra were measured with a Jeol spectrometer
(Japan) at 500 and 125 MHz, respectively, using TMS as the
internal standard. Hydrogen coupling patterns are described
as (s) singlet, (d) doublet, (t) triplet, (q) quartet, and (m)
multiplet. Chemical shifts were expressed in parts per mil-
lion (ppm) relative to a reference standard.

2.3 Synthesis of Dyes

According to literature, the compounds methyl-
2-(arylamino)-1H-indole-3-carboxylates 2a-c,
5,6-dihydro-1H-indolo[2,3-b]quinolin-11-ones 3a-c,
11-chloro-6H-indolo[2,3-b] quinolines 4a—c, and 11-ami-
noalkylaminoneocryptolepines Sa—f have already been pub-
lished using previously established methods [23, 24].

2.3.1 General Procedure for the Synthesis of (E)-N-(Amin
oalkylaminoneocryptolepines)-4-(Phenyldiazenyl)
Benzenesulfonamides 6a—f

After completely dissolving 2-substituted-5-methyl-
5H-indolo]2,3-b]quinolone-11-amines 5a—f (1 mmol) in dry
DMF (2 mL), 4-phenyl azo benzene sulfonyl chloride (1.2
equiv, 340 mg) in dry DMF (1 mL) was added drop by drop
while stirring in presence of triethylamine (2.0 equiv). The
reaction was allowed to proceed at room temperature until
TLC indicated that the reaction was finished (2—4 h). Using
AcOEt-2N ammonia in MeOH (9:1v/v) as an eluent, the
crude product was refined by flash chromatography, yielding
pure products 6a—f as orange and yellow solids.
(E)-N-(3-((5-methyl-5H-indolo[2,3-b]quinolin-11-yl)
amino)propyl)-4-(phenyldiazenyl) benzenesulfonamide
(6a): Yield 415 mg (75%), orange solids; mp 180-182 °C;
IR (KBr) v, /cm™! 3445, 2926, 2857, 1589, 1456, 1282.'H
NMR (600 MHz, DMSO-dy) & 8.48 (m, 2H, NH), 8.37 (d,
J=28 Hz, 2H), 7.94-7.90 (m, 2H), 7.89 (m, 2H), 7.79 (d,
J=8.0 Hz, 2H), 7.64 (dt, J=17.0, 8.5 Hz, 3H), 7.53-7.48
(m, 1H), 7.33-7.29 (m, 1H), 7.20 (t, /=4 Hz, 1H), 7.11 (m
1H) 6.89 (d, J=4 Hz, 1H), 6.79 (d, /=4 Hz, 1H) 4.14 (s,
3H), 3.84 (m, 2H), 2.76 (m, 2H), 1.85-1.83 (m, 2H). 1*C
NMR (101 MHz, DMSO) & 153.54, 151.84, 142.05, 137.14,
132.43, 131.17, 129.66, 129.50, 127.79, 127.28, 126.77,
125.07, 124.13, 123.12, 123.05, 122.92, 122.63, 122.29,
122.16, 120.15, 118.88, 115.86, 115.44, (27C, Ar), 45.50
(1C, CHj), 36.03 (1C, CH,), 32.98 (1C, CH,) 30.57 (1C,
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CH,). Anal. Calcd for C5,HN¢O,S (548.20): C, 67.86; H,
5.14; N, 15.32; S, 5.84; found: C, 67.22; H, 5.32; N, 15.98;
S, 5.65.
(E)-N-(2,2-dimethyl-3-((5-methyl-5H-indolo[2,3-b]
quinolin-11-yl)amino)propyl)-4-(phenyldiazenyl)benzene-
sulfonamide (6b): Yield 420 mg (72%), yellow solids; mp
162-164 °C; IR (KBr) v, /cm™! 3453, 2927, 2850, 1590,
1457,1131. "H NMR (400 MHz, DMSO-dy) 8 8.49 (m, 2H,
NH), 7.98 (d, J=4 Hz, 2H), 7.97-7.94 (m, 2H), 7.89 (d,
J=4.0 Hz, 2H), 7.83 (dt, J=38, 8.5 Hz, 3H), 7.66-7.64 (m,
2H), 7.52 (d, J=4 Hz, 2H), 7.49 (d, J=4 Hz, 1H), 7.33 (t,
J=4Hz, 1H), 7.14 (t, J=4 Hz, 1H), 6.81 (d, /=4 Hz, 1H)
4.16 (s, 3H), 3.74 (d, J=4 Hz, 2H), 2.60 (d, /=4 Hz,, 2H),
0.73 (2, 6H). 3C NMR (101 MHz, CDCl,) § 151.91, 151.66,
150.67 (2C), 131.69(2C), 129.65(4C), 129.51, 128.00(3C),
126.79, 123.03(5C), 122.91(2C), 122.61(2C), 122.19(20),
116.48, (27C, Ar), 67.03 (1C, CH,), 45.27 (1C, CH,), 25.23
(1C, CHjy), 23.06, (1C,), 8.43(2C, 2CHj;). Anal. Calcd for
C33H3,NgO,S (576.23): C, 68.73; H, 5.59; N, 14.57; S, 5.56;
found: C, 68.52; H, 5.31; N, 14.02; S, 5.11.
(E)-N-(3-((2-bromo-5-methyl-5SH-indolo[2,3-b]quino-
lin-11-yl)amino)-2,2-dimethylpropyl)-4-(phenyldiazenyl)
benzenesulfonamide (6¢): Yield 401 mg (61%), orange sol-
ids; mp 184-186 °C; IR (KBr) v, /em™" 3441, 2920, 2840,
1560, 1383, 1070. 1H NMR (400 MHz, DMSO-d,) & 8.68
(s, 1H, NH), 8.43 (s, 1H, NH), 8.15-7.96 (m, 2H), 7.95-7.91
(m, 2H), 7.89 (m, 2H), 7.84 (dt, J=4, 8.5 Hz, 4H), 7.78 (d,
J=4 Hz, 2H), 7.77-7.71 (m, 2H), 6.65 (d, /=4 Hz, 1H),
6.62-6.50 (m, 1H), 7.19-7.16 (dd, J=4 Hz, 1H) 4.38 (s,
3H), 4.03 (s, 2H), 3.24 (d, J=4 Hz, 2H), 1.28 (s, 6H). °C
NMR (101 MHz, CDCl;) & 149.54, 136.49, 131.86, 130.19,
125.21, 124.79, 124.12, 122.16, 118.68,117.19, 116.26,
114.66, (27C, Ar), 62.62 (1C, CH,), 53.35 (1C, CH,) 36.24,
(1C, CH;) 33.12 (1C, CH), 24.01, 21.70 (2C, 2CH,). Anal.
Calcd for C53H;;BrNO,S (654.14): C, 60.46; H, 4.77; Br,
12.19; N, 12.82; O, 4.88; S, 4.89; found: C, 60.82; H, 4.71;
N, 12.22; S, 4.41.
(E)-N-(3-((2-fluoro-5-methyl-5H-indolo[2,3-b]qui-
nolin-11-yl)amino)propyl)-4(phenyldiazenyl)benzene-
sulfonamide (6d): Yield 401 mg (56%), yellow solids;
mp 201-203 °C; IR (KBr) v, /cm™~' 3449, 2925, 2857,
1590, 1458, 1072. '"H NMR (400 MHz, DMSO) & 8.78 (d,
J=4Hz, 1H), 7.90-7.87 (m, 2H), 7.62 (d, J=4.0 Hz, 2H),
7.61 (dt, J=4, 8.5 Hz, 4H), 7.35 (t, J=4 Hz, 2H), 7.20-7.15
(m, 3H), 6.91 (d, J=4 Hz, 1H), 6.80 (d, /=4 Hz, 1H),
4.12 (s, 3H), 3.84 (s, 1H, NH), 3.56 (s, 1H, NH) 3.35 (dd,
J=4 Hz, 2H), 2.78 (d, J=4 Hz, 2H), 1.89-1.86 (m, 2H).
13C NMR (101 MHz, DMSO) & 153.92, 152.33, 152.24,
152.05, 142.52, 136.41, 133.88, 130.04, 129.91, 128.22,
127.18, 126.67, 125.68, 123.43, 123.32, 123.03, 122.60,
120.56, 118.06, 115.83, (26C, Ar), 67.45(1C, CH,), 52.45
(1C, CH,), 45.80 (1C, CHj), 25.55(1C, CH,). Anal. Calcd
for C5,H,;FN(O,S (566.19): C, 65.71; H, 4.80; F, 3.35; N,

14.83; O, 5.65; S, 5.66; found: C, 65.14; H, 4.41; N, 14.91;
S, 5.88.

(E)-N-(1-((5-methyl-5H-indolo[2,3-b]quinolin-11-yl)
amino)propan-2-yl)-4-(phenyldiazenyl)benzenesul-
Jonamide (6e): Yield 348 mg (54%), orange solids; mp
190-193 °C; IR (KBr) v, /em~! 3436, 2914, 2820, 1510,
1320, 1030. '"H NMR (400 MHz, DMSO) § 8.46 (S, 2H,
NH), 8.02 (d, /=8 Hz, 2H), 7.94-7.90 (m, 4H), 7.80-7.76
(m, 3H), 7.61 (d, J=4 Hz, 2H), 7.51 (t, J=8 Hz, 2H), 7.39
(t, J=8 Hz, 1H), 7.10-7.06 (m, 2H), 6.77 (d, /=4 Hz, 1H),
4.12 (s, 3H), 3.85-3.78 (m, 2H), 2.81 (s, 1H),1.20 (s, 3H).
13C NMR (101 MHz, CDCl,) § 162.72, 156.47, 153.94,
152.29, 148.38, 144.0, 137.68, 132.78, 131.12, 130.04,
128.06, 125.26, 124.34, 124.11, 123.52, 123.32, 122.53,
121.20, 118.64, 116.83, 115.76, 115.46, 104.95, (27C, Ar),
54.0 (1C, CH,), 50.59 (1C, CH,), 32.77 (1C, CH), 18.77
(1C, CHy). Anal. Calcd for C5;H,5N¢O,S (548.20): C, 67.86;
H, 5.14; N, 15.32; 0, 5.83; S, 5.84; found: C, 67.20; H, 5.56;
N, 15.50; S, 5.88.

(E)-N-(4-((5-methyl-5H-indolo[2,3-b]quinolin-11-yl)
amino)butyl)-4-(phenyldiazenyl) benzenesulfonamide
(6f): Yield 402 mg (71%), yellow solids; mp 214-216 °C;
IR (KBr) v,,,./cm™" 3415, 2960, 2890, 1490, 1350, 1055.
"H NMR (400 MHz, DMSO) § 8.51(d, J=4 Hz 2H, NH),
7.97 (d, J=8 Hz, 2H), 7.95-7.92 (m, 4H), 7.88-7.75 (m,
3H), 7.62 (t, J=8.0 Hz, 1H), 7.56 (dd, /=8, 8 Hz, 2H),
7.41 (t, J=8 Hz, 1H), 7.28-7.21 (m, 1H), 7.07 (t, J=4 Hz,
1H), 6.92 (d, J=4 Hz, 1H), 6.80 (d, /=4 Hz, 1H) 4.14 (s,
3H), 3.78 (t, J=8 Hz, 2H), 2.71 (t, J=4 Hz, 2H), 1.68 (t,
J=8 Hz, 2H), 1.34 (t, J=8 Hz, 2H). >*C NMR (101 MHz,
CDCl,) 6 153.99, 152.27, 148.82, 142.78, 137.75, 132.81,
131.16, 130.05, 129.22, 128.27, 127.75, 125.08, 124.41,
124.30, 123.52, 123.33, 122.48, 121.19, 120.56, 118.62,
116.70, 116.03, 115.53, (27C, Ar), 45.27, (1C, CHy), 25.13
(1C, CH,), 23.06 (1C, CH,), 28.31 (1C, CH,), 26.84 (1C,
CH,). Anal. Calcd for C;,H;,N¢O,S (562.22): C, 68.31; H,
5.37; N, 14.94; O, 5.69; S, 5.70; found: C, 68.77; H, 5.04;
N, 14.93; S, 5.88.

2.4 Printing and Fastness Determination
2.4.1 Printing Paste Procedure

The essential component ratios for the printing paste are
displayed in Table 1. Using the conventional silkscreen-
printing method, polyester fabric samples were printed using
the aforementioned printing paste. After letting the prints
samples dry at room temperature, they were thermofixed for
4 min at 180 °C. Enhancing the mobility of dye molecules
and hastening the transfer of dye from the printed film to the
fabric are contingent upon the fixing temperatures. During
thermofixing process, the textiles were subjected to simul-
taneous temperature treatment and stretching (tension). The

@ Springer



Fibers and Polymers

Table 1 Ratios used to prepare the components for the printing paste

Dye 2g
Synthetic thickener 75¢
Lyoprint EV(dispersing agent) 3g
Sodium dihydrogen phosphate S5¢g
Water X
Total 100 g

textiles samples are stretched between a metal holder and
inserted into a thermofixation device (180 °C for 4 min in
an automatic thermostatic oven (Fyianyuan Instrument Co.,
model number LD-3642 China).The prints underwent four
distinct washing procedures: two rounds of cold water treat-
ment, two rounds of hot water treatment, two rounds of cold
water treatment, 30 min at 60 °C, 2 g/L nonionic detergent,
and drying.

2.4.2 Color Assessment

Using a Hunter Lab Ultra Scan PRO spectrophotometer, the
colorimetric properties of the printed polyester fabric sam-
ples were measured following methods. It is assumed that
the (K/S) values are proportionate to the dye concentration
on the fiber under the printing conditions, at least at the
dye concentration used (3.0 g in the paste), after the printed
samples have been completely cleaned. The color intensity
was determined using the Kubelka—Munk equation Eq. (1)
as K/S value [4]:

(1-R)?

K/S=
/ 2R

ey

R =decimal fraction of the dyed fabric reflection,
K =absorption coefficient, and S =scattering coefficient.

2.4.3 Fastness Properties Methods

Standard ISO procedures were used to assess the fast-
ness characteristics of printed samples. These procedures
included washing, rubbing, perspiration, light, and subli-
mation. The outcomes are documented in Tables 3 and 4.
The wash fastness test was assessed in accordance with the
standard method ISO 105-C06 B2S (2012) using 4 g/L of
ECE detergent, 1 g/L of sodium perborate, 25 steel balls)
at 50 °C for 30 min and at a liquor ratio of 50:1 [25]. The
rubbing fastness test was carried out in accordance with
ISO 105-X12:2001 as follows; the dyed polyester fabric
was placed on the base of the Crockmeter, so that it rested
flatly on the abrasive cloth with its long dimension in the
direction of rubbing. A square of white testing fabric was
allowed to slide on the tested fabric back and forth twenty
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times by making ten complete turns of the crank. For the wet
rubbing test, the testing squares were thoroughly immersed
in distilled water. The rest of the procedure was the same
as in the dry test. The staining on the white testing fabric
was assessed according to the gray scale: 1—poor, 2—fair,
3—moderate, 4—good, and 5—excellent [26]. Fastness to
acidic and alkaline perspiration was determined with a per-
spirometer set at specific pressure, temperature and time in
accordance with ISO 105-E04. Any change in color of the
dyed samples (Alt) and color staining on the adjacent undyed
cotton (SC) and polyester (SP) fabrics was then assessed
with the corresponding ISO grey scales for color change and
staining rates [27]. Light fastness was also assessed using a
Xenon arc lamp test in accordance with ISO 105-B02 [28].
The dry heat fastness test was carried out using a fixometer
at 180 or 210 °C in accordance with ISO 105-P01 [29]. Any
change in color (Alt) of the specimens and color staining
of the adjacent cotton (SC) and polyester (SP) was then
assessed with the corresponding ISO grey scales for color
change and staining.

2.5 Microorganisms

The strains used in the antimicrobial activity test such
as Salmonella typhimurium ATCC 14028, Staphylococcus
aureus ATCC 6538, Escherichia coli ATCC 8739, Listeria
monocytogenes ATCC 5980, and Bacillus cereus B-3711
were collected from the Dairy Department, National Research
Centre, Egypt. The well diffusion agar method [30] was used
to test the antibacterial activity of (6a—6f). The compounds
were screened for antibacterial activity against two gram posi-
tive bacteria (Staphylococcus aureus and Bacillus cereus) and
three gram negative bacteria (Escherichia coli, Salmonella
typhimurium, and Yersinia enterocolitica). First, the examined
microorganisms were struck on Mueller—Hinton agar medium
to initiate their activation. They were removed from the agar
medium surface after being incubated for the entire night at
37 °C. In nutritional agar (Merck, Germany), fresh inoculants
were prepared for antimicrobial testing and incubated for 24 h
at 37 °C. A sterile 3 mM phosphate buffer (KH,PO4; pH 6.8)
was used to dilute the incubated test culture, resulting in a final
concentration of 1.5-3 x 10> CFU/mL. Subsequently, 20 ul of
per strain were swabbed onto the nutrient agar surface. The
compounds (6a—6f) under investigation were produced as
stock solutions at a concentration of 1 mg/mL. To aid in the
diffusion of the chemicals into the agar medium, dimethyl sul-
foxide solution (DMSO) was added. For the anti-bacterial and
antifungal assay (10 pg/disk), sterile discs were impregnated
with 10 pL of each compound. For each spread plate that was
infected, a loading control containing 10 uL. of dimethyl sul-
foxide (DMSO) was also created. Using sterile forceps, the
discs of (6a—6f) were placed on the agar plate. Gently press
down on each disc to guarantee full contact with the agar
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surface. The flipped plates were incubated for 18 h at 37 °C to
grow bacteria. Using sliding calipers that are held on the back
of the inverted Petri plate, the diameter of the inhibitory zones
was measured to the closest whole millimeter, including the
diameter of the disc. (ZOI) of diameter, given in centimeters,
was recorded as mean values (n=23). When the diameter of
the inhibition zone was between 10 and 15 mm, it was defined
as having high activity; when it was between 7 and 10 mm, it
was classed as having low activity; and when it was less than
7 mm, it was classified as having no activity. Every data were
computed in triplicate using a mean + SD pattern.

2.5.1 Assessment of Antibacterial Activity of the Printed
Fabrics

The antibacterial activity of fabric samples treated with syn-
thetic chemicals 6a—f was assessed using the colony forming
unit (CFU) method [31]. Staphylococcus aureus ATCC 6538-P
(a G+ ve bacterium) and Escherichia coli ATCC 25933 (a
G-ve bacterium) were the test strains that were used. 100 uL
of freshly made liquid nutrient broth containing 5 g/L pep-
tone and 3 g/L beef extract at pH 6.8 were filled with bacte-
rial stocks (100 pL of stock with a CFU value of about 108)
and incubated for a whole day. In 100 mL conical flasks, the
bacterially infected medium was supplemented with fabrics
each containing roughly 250 mg. 20 uL of bacterial inoculums
was added to each flask containing 10 mL of culture media,
with the control group consisting of inoculated flasks without
samples. Following a 24-h incubation period at 37 °C, each
sample containing the culture and the controls was serially
diluted (10-1-10—4). Colony forming units (CFU) were used
to measure the microbial inhibition. 50 uL of each dilution
was added to petri dishes containing solidified nutrient agar
medium, and the reduction growth (R%) between treated and
untreated samples was computed using the following formula:

R(%) = (B—A)/B x 100 2)

where A is CFU/mL for treated sample after 16 h incuba-
tion and B is CFU/mL for untreated sample after the same
period of incubation time. At 600 nm, the incubated liquid
culture medium's optical density was measured. The optical
density figure was consequently directly proportional to the
number of bacteria in the media; the higher the growth, the
higher the turbidity.

3 Results and Discussion

In this study, a series of neocryptolpine derivatives were
conjugated with the azo-sulfonyl moiety through sulfona-
mide bond, utilizing different lengths of the diaminoalkyl
spacers. 11-Chloroneocryptolepine derivatives would be

promising precursors for the development of new func-
tional substrates. The methodology for the synthesis of the
building blocks, chloroneocryptolpines, has been already
published according to previously method [23, 24]. The
typical procedure includes a variety of steps, starting
with the reaction between substituted N-methylaniline
and indole-3-carboxylate using N-chlorosuccinnimide as
a coupling reagent to generate the corresponding N-methy-
anilinoindole-3-carboxylate 2a—c. The thermal cyclization
of the 2a—c took place under refluxing with diphenyl ether
through intramolecular acylation at the C-2 of aniline,
forming the tetracyclic indoloquinolinone 3a—c. Upon
treatment, the indoloquinolinones with oxyphosphoric acid
afforded the desired precursors, 11-chloroneocryptolepines
4a-c, as a result of dehydrative chlorination. Monofunc-
tional neocryptolepines with the free amino group Sa—f
were synthesized through the amination process of the
chloro neocryptolepines 4a—c¢ with varying diaminoalkyl
linkers Scheme 1.

Azo chromophore-linked neocryptolpine dyes 6a—f were
synthesized by the sulfonylation of aminoalkylamines Sa—f
with the electrophilic reagent, azo benzene sulfonyl chlo-
ride in the presence of dry DMF under basic condition, as
depicted in Scheme 2.

3.1 Color Strength Measurements (K/S)
and Analyses

A Hunter Lab Ultra Scan PRO spectrophotometer was used
to measure the colorimetric properties of all the dyed sam-
ples. The value of (a") indicates the degree of redness (posi-
tive) and greenness (negative), and the value of (b") indicates
the degree of yellowness (positive) and blueness (negative).
L stands for lightness (100 denotes white, 0 denotes black)
[32]. The Kubelkae Munk equation shows a direct correla-
tion between the recorded K/S values provided by the reflec-
tance spectrometer and the dye concentration on the dye
substrate. Table 2 presents the acquired results.

On polyester fabrics, the color coordinates indicate that
the dyes have good affinity with moderate to very good
brightness and depth.The color lightness value (L") of the
dyes 6a—f vary from (16.44-33.03). It was observed that all
of the colors showed good saturation. In our investigation,
the hues of the colors are pushed towards reddish and yel-
lowish on the red—green axis and yellow—blue axis, respec-
tively, according to the color coordinates a” and b” values.
The K/S values, which determine the range of print values,
are clearly influenced by the chemical structure and kind
of substituent on the aromatic moiety of the dye generated.
The results were better and the color strength of the dyes
was higher. This might be by introducing —SO,NH- group
is effective in increasing the fastness and K/S values [33].
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Scheme 1 Synthesis chlo-
roneocryptolepine and the
corresponding aminoalkylami-
noneocryptolepine derivatives. N
Reagents and conditions: (i) H
(a) N-chlorosuccinimide,
1,4-dimethylpiperazine,

CH2CI2, 0 °C, 2 h; (b) trichlo-

roacetic acid, RT, 2 h; (ii)

diphenyl ether, reflux, 1-3 h;

(iii) POCI3, toluene, reflux,

6-12 h; (iv) appropriate amines,

135-155°C. 1-4h

COOCH; Ri

Y%

NHCH,

c:Ri=F

v
Ri< ‘O \/\\/ /’O
SN

la-c; a: Rj=H
b: R;=Cl

: R1=H, R2=H, R3= H, n=1
5b: R1=H, R2=CH3, R3= CH3, n=1
5C: R1=Br, R2=CH3, R3= CH3, n=1

0
i Rl\éc\oo}Q LR O
/ L
NN N"ON
| H | H

CH; CH;
2a-c 3a-c
iii
n Cl

NoesY

5d: R1=F, R2=H, R3= H, n=1
Se: RIZH, RZZH, R3: CH3, n=0
5f: R,=H, R,=H, Ry= H, n=2

S5a-f +

Ry Rs T N
HN_ >y N CH,
n=0,1,2 davc
R2 = H, CH3
R3 = H, CH3
R 8 N0
R, HN—ISI N
n O

R;=H,R,=H,R;=H, n=1

6b: R;=H, R,=CH;, R;= CHj3, n=1
: R;=Br, R,=CHj;, R;= CH3;, n =1
6d: R,=F,R,=H, R;=H, n=1

6e: R;=H, R,=H, R;= CHj3, n=0

6f: R,=H, R,=H, R;=H, n=2

Scheme 2 Synthesis of (E)-N-(Aminoalkylaminonecryptolepines)-4-(phenyldiazenyl benzenesulfonamides derivatives. Reagents and condi-

tions: (i) DMF, trimethylamine, 2-4 h

3.2 Structure Activity Relationship (SAR) Studies
on Color and Fastness Properties

By changing the length and structure of the linker that
connects the two nitrogen atoms as well as the substitu-
tion pattern of the distal amino group, we tried to investi-
gate a variety of indoloquinoline analogues with different
side-chains. This resulted in various color strength (K/S)
and fastness properties of the synthesized azo disperse
dye derivatives.

@ Springer

The side chains at C11 of Sa—f were introduced by using
the reaction 4a—c with branching 1,2-diaminopropane and
1,3-diaminopropanes 6b, 6c¢, and 6e. They were compared
to compounds 6a, 6d, and 6f, which lacked a branched ami-
noalkylamino substituent at C-11, in terms of color strength
and fastness properties. According to the data, dye 6c
absorption wavelength (4,,,,) 420 nm, which is a significant
improvement (4,,,,) over other dyes. This could be because
having bromine atoms in it. There is an effect known as the
“heavy atom effect” when bromine is involved [34]. It was
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Table 2 Color assessments

. Dye Color shade  Photo of Absorption  K/S L a b" c h

of the synthes.lzed dyes on printed (A, (nm)]

polyester fabrics sample
6a Orange I 405 812 20.17 65.02 20.12 6921 25.18

|

6b Yellow ' 395 11.02 1644 22.11 66.05 88.16 20.13
6¢ Orange l 420 9.43 33.03 7632 12.03 8897 13.09
6d Yellow l 402 11.65 20.11 3991 6441 70.12 3590
6e Orange . 404 12.12 2212 61.16 16.08 6590 36.80
6f Yellow n 407 11.07 20.19 3740 60.66 70.02 35.14

where K/S color strength, L Lightness, a” degree of redness, b* degree of yellowness, ¢* chroma, /& hue

noticed that the length of alkyl diamine linking group allo-
cated between the indoloquinoline and phenylazosulphonyl
groups has slightly effect on the color strength and the dye
uptake of the shorter propane-1,2-diamine group 6e was
higher than the dyes 6a and 6f of propyl and butyl groups,
respectively. Table 3 shows that all dyes have good fastness
properties for washing, perspiration, sublimation, and light.
However, when rubbing, the large dye molecules (such as
6¢) readily generate as big particles of dye floating color on
the surface of the fiber after printing. Furthermore, the dye's
concentration is typically excessively high, which reduces
its fastness against rubbing [35].

3.3 Fastness Properties
3.3.1 Washing Fastness

The capacity of colored materials to hold onto their color
after being washed with soap and detergent is known as
wash fastness. Results from polyester textiles printed with
dyes 6a—f ranged from good to excellent (3-5). Due to
their increased size, they will be pushed into the inter-
polymer chain area of the polyester fabric, increasing the
quantity of aromatic rings and hydrophobicity.

Table 3 Fastness properties

. Sample  Light = Washing fastness Rubbing fast-  Perspiration fastness
of the synthesized dyes on ness
polyester fabrics Acidic Alkali
Staining Alt Dry  Wet
SC Sp SC SP Alt SC Sp Alt
6a 6 34 34 45 45 2-3 34 34 34 45 4 4-5
6b 7 34 4-5 34 23 34 45 34 45 34 34
6¢ 7 4-5 23 45 4 2-3 45 23 34 4 2-3 34
6d 6 4-5 4 4-5 45 34 34 4 34 45 4 4-5
6e 5 4 4 45 34 34 45 45 34 34 34 45
of 7 34 4 34 4-5 34 45 4 45 34 34 34

Fixation of prints was carried out thermofixation. Alt, alteration of color; SC, staining of cotton; SP, stain-
ing of polyester. rate for light fastness: 4—8 (acceptable), 1-3 (not acceptable); rate for different fastness:
3—5 (acceptable), 1-2 (not acceptable)
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3.3.2 Perspiration Fastness

Table 3 provides information on perspiration fastness (in
basic and acidic solutions). The molecular weight of the dye
and the force of attraction that binds the azo dispersion dye
to the polyester fabric have an impact on how well the dye
is removed from the fabric's surface. The grey scale was
used to evaluate the differences in color. The polyester fab-
ric printed with dyes Sa—f produced very good-to-excellent
(4-5) results.

3.3.3 Rubbing Fastness

Table 3 illustrates how the surface of the printed polyester
fabric was cleaned of loosely oriented or adherent dye struc-
ture. After printing, the dye has a lower rubbing colorfast-
ness, a larger dye molecule, and is more inclined to produce
big dye particles floating on the fiber's surface. The aim of
this experiment (both wet and dry) is to find out how much
color is transferred by rubbing from the surface of colored
materials to another undyed fabric surface. Most of dyes
have good rubbing fatness, which may be due to greater
dye fixing on fabric or enough dye molecule absorption into
textiles.

3.3.4 Light Fastness

One of the most crucial things to check for dyed textiles that
will be exposed to light during use is their light fastness. It
establishes how long and printed dyes resist fading under
sunlight irradiation. On a normal blue scale of one to eight,
where one was very poor and eight was excellent, it was
given a grade. Light fastness describes how well a dye resists
fading when exposed to sunlight. Most produced heterocy-
clic disperse azo dyes have acceptable light fastness (5-7).

3.3.5 Sublimation Fastness

The results for sublimation fastness are displayed in Table 4.
Heat treatment has an impact on the migration of azo dis-
persion dyes from polyester fabric surfaces. Positive find-
ings that matched the global geometric gray scale were rou-
tinely obtained from the sublimation fastness tests using the
undyed polyester-cotton fabric. The successful sublimation
of colors may depend on various elements, such as the pres-
ence of SO,NH groups in all dyes and the polarity of the
substituent groups [36].

3.4 Antimicrobial Activities
The antibacterial activities of the screened compounds

(6a—6f) differed depending on the tested compound and the
screened microbial strains, according to the results of the
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Table 4 Sublimation fastness
properties of the synthesized
dyes on polyester fabrics

Sample Dry heat  Dry heat
fastness at fastness
180 °C at210 °C

SC Sp SC Sp

6a 45 4 34 34
6b 34 45 34 34
6¢c 45 34 34 23
6d 45 4 34 34
6e 45 45 45 34
6f 45 4 4-5 45

Alt alteration of color, SC stain-
ing of cotton, SP staining of
polyester

antimicrobial activities of the compounds (Table 5). The
chemicals under investigation demonstrated varying degrees
of inhibition of the metabolic growth of the tested bacte-
ria, indicating their broad spectrum features. The diverse
configurations and substituents of the examined compounds
undoubtedly held a significant influence and were deemed
the fundamental element responsible for their biological
action. The presence of indoloquinoline functional groups
may account for the observed compounds' activity.

Herein, we highlighted that compound (6a) exhibited
promising antibacterial activity against S. typhmirum and
L. monocytogenes (17.5 +0.07 and 15.5 + 0.14 mm, respec-
tively) (Fig. 2A, D), and moderate activity against S. aureus
and B. cerus (9.5 + 0.07 and 12 mm) (Fig. 2B, C). On the
other hand, compound (6b) showed a potent activity against
S. typhmirum strain (14.5 + 0.35 mm); also, compounds (6d,
6e and 6f) displayed satisfactory activities against S. typh-
mirum range between (9.5-15.5 mm). However, an entirely
different trend in antibacterial activity against E. coli was
observed with all compounds that were inactive Table 5. The
presence of electron withdrawing group (F) substituent on
compound (6d) improves the antibacterial activity against
S. aureus and S. typhmirum (15 and 13 + 0.14, respectively)
that is supported by Sharma studies [37].

3.4.1 Colony-Forming Unit (CFU) Results

Printed polyester fabrics by dyes 6a—f were screened for
their in vitro antibacterial activities against Staphylococ-
cus aureus (Gram positive) and L.monocytogenes (Gram
negative). The results obtained are recorded in Table 6.
Using the AATC 100-1999 method, the antibacterial
activity of treated fabrics was also studied. Table 6 shows
the results of antibacterial test after four washings cycle
of polyester fabrics that were printing with noval syn-
thetic dyes. As can be seen from the results in Table 6,
the colored materials exhibit varied degrees of inhibition
against the tested bacteria. According to the antimicrobial
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Table 5 Antibacterial activity

. Compounds Test Microorganisms

of dyes (6a—6f) against Gram-
positive and Gram-negative Gram + ve bacteria Gram -ve bacteria
bacteria in terms of the diameter - -
of the inhibition zone diameter S. aureus B. cerus S. typhi L. monocytogenes E. coli
M a
fnmm 6a 9.5+0.07 12 155+0.14 17.5£0.07 -

6b 9 14.5+0.35 9 -

6¢ 12+0.18 9 9 10+0.21 -

6d 15 9 13+0.14 9 -

6e 13 10+0.43 10+0.34 9 -

6f 12 9 14+0.21 12 -

Cefoperazone 11 12.5+0.7 13.5+0.3 12 12.75+£0.3

(100 pg/mL)

The values (average of triplicate) are diameter of zone of inhibition at (1 mg/mL)
Cefoperazone (100 pg/ mL) 12.75+0.3 13.5+0.3 12

Fig.2 Effect of synthesized compounds (6a: 6f) on the growth of
pathogenic bacteria and by disc diffusion assay. A S. typhmirum, B S.
aureus, C B. cerus, D L. monocytogenes

results, Staphylococcus aureus is significantly inhibited
by the dyed fabric with color (6f) within 18 h of contact
time. Interestingly, the fabric colored with 6b showed the
strongest antibacterial activity against L. monocytogenes,
with a reduction of more than 85%, among all dyed fab-
rics. The method of antimicrobial activity evaluation and
the population of microorganisms determine the level of
interest in a particular antimicrobial azo sulfonamide dye.
In addition, newly produced substances have the ability to
prevent bacterial growth by deactivating protein synthesis
by reacting with thiol groups [38—40] or to prevent DNA
replication by reacting with phosphorus moieties.

Table 6 Antibacterial activity expressed in reduction percent (R%) of
the printed polyester fabrics after washing 4 cycle

Staphylococcus aureus (Gram-posi-
tive bacteria)

L. monocytogenes (Gram-
negative bacteria)

Sample Bacterial Reduc-  Sample Bacterial
tion (%) Reduc-
tion(%)
Control (PE 10.21 Control (PE 7.64
undyed) undyed)
6a(PE) 77.91 6a(PE) 53.39
6b(PE) 72.09 6b(PE) 87.40
6¢(PE) 84.78 6¢(PE) 65.90
6d(PE) 65.23 6d(PE) 73.13
6e(PE) 81.14 6e(PE) 86.21
6f(PE) 89.90 6f(PE) 81.14

4 Conclusions

A novel class of dispersing azo dyes with a chromophore
of neocryptolepine has been synthesized and evaluated.
The new synthetic dyes allowed for silkscreen printing on
polyester fabrics. The dyes produced have color measure-
ments and light fastness capabilities ranging from moder-
ate to high, concerning washing, perspiration, rubbing, and
light fastness. Once the dyes are successfully synthesized,
new antimicrobial azo disperse dyes with improved signifi-
cance tests ought to be created.
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