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2-Amino- and 2-hydroxy-6-substituted-5-arylazonicotinates monoazo disperse dyes 6 and
7a,b were prepared via condensation of 3-oxo-3-substituted-2-arylhydrazonals 2a-c with
ethyl cyanoacetate using microwave irradiation as an energy source. Fastness properties of
the dyed samples were measured. All of the dyed fabrics tested, displayed excellent washing

and perspiration fastness and moderate light fastness. Finally, the biological activities of the
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evaluated.

synthesized disperse dyes against Gram-positive and Gram-negative bacteria, and yeast were

1. Introduction

Disperse dyes are organic colors having less water
solubility and are applied in colloidal aqueous dispersions to
hydrophobic textile fabrics in which the dyes literally dissolve
and produce desired coloration. The development of disperse
dyes is due to significant increase in the world production of
polyester fabrics as compared to other fabrics. A monoazo dye
with a heterocyclic system would be considered as a useful
class of disperse dyes [1-5]. Derivatives of nicotinates have a
long history of use as heterocyclic components for various
disperse dyes [6-8]. Moreover, they have been proven to
constitute the active part of several biologically active
compounds [9-12]. Several studies have shown that microwave
irradiation is a beneficial method to promote diverse organic
transformations that occur in remarkably reduced reaction
times and improved yields [1]. As an extension of our previous
studies [13] on the synthesis of a variety of 2-amino and 2-
hydroxy-6-substituted-5-arylazonicotinates  disperse dyes
under traditional heating way. In this article, we report a new
synthesis of theses dyes under microwave irradiation and their
application for dyeing polyester fabrics. Also, the present study
was undertaken to investigate the biological activity of the
synthesized disperse dyes against Bacillus subtilus and
Staphylococcus auerus (Gram-positive bacteria), Escherichia coli
and Pseudomonas aeruginosa (Gram-negative bacteria), and
Candida albicans (Yeast).

2. Experimental

2.1. Instrumentation

Melting points were recorded on a Gallenkamp apparatus.
IR spectra were recorded using KBr pellets on a JASCO FTIR-
6300 FT-IR spectrophotometer. 1H- and 3C-NMR spectra were
recorded on Bruker DPX 400 MHz super-conducting NMR
spectrometers with proton spectra measured at 400 MHz and
carbon spectra at 100 MHz, respectively. Mass spectra were
measured on a high resolution GC/MS DFS-Thermo.
Microanalyses were performed on Elementar-Vario Micro cube
Analyzer. Compounds 2a-c are prepared according to our
previous work [13,14].

2.2. Ethyl 2-amino-5-((4-chlorophenyl)diazenyl)-6-
(naphthalen-2-yl)nicotinate (6)

A mixture of the arylhydrazonal 2a, (10 mmol), ethyl
cyanoacetate (1.2 g, 10 mmol) and ammonium acetate (2 g) in
acetic acid (2 mL) were irradiated by focused microwave at 180
°C for 30 sec (monitored by TLC using 1:1 (vv);
EtOAc:petroleum ether as eluent). The build-up of pressure in
the closed reaction vessel was carefully monitored. After the
irradiation, the reaction tube was cooled with high-pressure air
through an inbuilt system in the instrument until the
temperature had fallen below 50 °C. The mixtures were cooled
and then poured into ice-water. The formed precipitate was
collected by filtration washed with water and recrystallized
from ethanol (Scheme 1). Color: Orange. Yield: 86%. (3.71 g).
M.p.: 90 °C (Lit. [13] Yield: 77%. M.p.: 89-90 °C). FT-IR (KBr cm-
1): 3444, 4350 (NHz), 1743 (CO). *H NMR (400 MHz, DMSO-ds,
8, ppm): 1.37 (t, 3H,/ = 7.4 Hz, CHs), 4.39 (q, 2H, ] = 7.4 Hz, CHz),
7.56-7.62 (m, 4H, Ar-H), 7.72 (d, 2H, ] = 8.0 Hz, Ar-H), 7.93-8.02
(m, 4H, Ar-H), 8.12 (br, 2H, NHz), 8.35 (s, 1H, Ar-H), 8.62 (s, 1H,
pyridine H).
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Scheme 1

13C NMR (100 MHz, DMSO-ds, 8, ppm): 14.2 (CHs), 61.2
(CHz), 105.1, 124.0, 126.5, 126.6, 127.2, 127.4, 127.5, 128.2,
128.6, 129.4, 129.5, 131.0, 132.2, 133.1, 134.6, 134.9, 136.6,
150.9, 159.8, 166.2 (CO). MS (m/z, (%)): 430 (M*, 100), 431
(M*+1, 55). Amax (DMF, nm): 377. Anal. calcd. for C24H19CIN4O2:
C,66.90; H, 4.44; N, 13.00. Found: C, 66.88; H, 4.38; N, 13.11%.

2.3. General procedure for the preparation of compounds
(7a,b)

Independent mixtures of compound 2b or 2c¢ (0.01 mol),
ethyl cyanoacetate (0.01 mol), and ammonium acetate (0.5 g)
in acetic acid (2 mL) were irradiated by focused microwave at
180 °C for 30 sec (monitored by TLC using 1:1(v:v);
EtOAc:petroleum ether as eluent). The build-up of pressure in
the closed reaction vessel was carefully monitored. After the
irradiation, the reaction tube was cooled with high-pressure air
through an inbuilt system in the instrument until the
temperature had fallen below 50 °C. The mixtures were cooled
and then poured into ice-water. The solids that formed were
collected by using filtration and crystallized from ethanol to
give compound 7a,b (Scheme 2).

Ethyl 2-hydroxy-5-(phenyldiazenyl)-6-(1H-pyrrol-2-yl)-
nicotinate (7a): Color: Dark brown. Yield: 72%. (2.43 g). M.p.:
203-205 °C (Lit. [13] Yield: 60%. M.p: 202-204 °C). FT-IR (KBr
cm-1): 3300 (OH), 3064 (NH), 1598 (CO). tH NMR (400 MHz,
DMSO-ds, 8, ppm): 1.30 (t, 3H, J = 7.2 Hz, CH3s), 4.31 (q, 2H, ] =
7.2 Hz, CHz), 7.10-7.77 (m, 8H, Ar-H), 8.31 (s, 1H, pyridyl-H);
11.89 (s, 1H, NH, D20 exchangeable), 12.18 (s, 1H, OH, D20
exchangeable). 13C NMR (100 MHz, DMSO-ds, §, ppm): 13.9
(CHs), 61.7 (CH2), 110.9, 117.2, 121.2, 123.0, 126.0, 127.5,
128.8, 129.0, 130.9, 131.4, 141.3, 141.8, 175.0, 176.9 (CO). MS
(m/z, (%)): 337 ([M+1]*, 95). Amax (DMF, nm): 312. Anal. calcd.
for C18H16N403: C, 64.28; H, 4.79; N, 16.66. Found: C, 63.97; H,
4.63; N, 16.44%. HRMS (EI, m/z) for CisHisN4O3; calcd.
336.1216; found: 336.1216%.

Ethyl 2-hydroxy-6-(pyrazin-2-yl)-5-(p-tolyldiazenyl)-
nicotinate (7b): Color: Brown powder. Yield: 71% (2.58 g).
M.p.: >300 °C (Lit. [13] Yield: 68%. M.p: >300 °C). FT-IR (KBr
cm-1): 3312 (OH), 1610 (CO). H NMR (400 MHz, DMSO-ds, 8,
ppm): 1.30 (t, 3H, / = 7.2 Hz, CH3), 2.33 (s, 3H, CHs), 4.23 (q, 2H,
] =7.2 Hz, CHz), 7.06-7.77 (m, 6H, Ar-H), 8.16 (s, 1H, Ar-H), 9.04
(s, 1H, arom-H), 12.00 (s, 1H, OH, D20 exchangeable). 13C NMR

(100 MHz, DMSO-ds, 6, ppm): 13.9 (CHs), 20.7 (CH3), 55.8 (CH2),
112.6, 117.1, 121.3, 123.2, 125.6, 127.5, 128.8, 129.2, 1324,
135.0, 139.9, 157.5, 161.9, 165.7 (CO). MS (m/z, (%)): 363 (M+,
9). Amax (DMF, nm): 308. Anal. calcd. for C19H17Ns0s: C, 62.80; H,
4.72; N, 19.27. Found: C, 62.55; H, 4.65; N, 19.16%.

2.4. High temperature dyeing method (HT)
2.4.1. Materials

Scoured and bleached polyester 100% (150 130 g/m?, 70/2
denier) was obtained from El-Shourbagy Co., Egypt. The fabric
was treated before dyeing with a solution containing non-ionic
detergent (Sera Wash M-RK, 5 g/L) and sodium carbonate (2
g/L) in a ratio of 50:1 at 60 °C for 30 min, and then thoroughly
washed with water and air dried at room temperature.

2.4.2. Dyeing

The dye baths were prepared from the dye (2% weight of
fabric) to a final liquor of 50:1 (w:w). The pH value of the bath
was adjusted to 4.5-5.0 with acetic acid (10%) in the presence
of a 1:1 ratio of the dispersing agent (Sera Gal P-LP). The
temperature was raised to 130 °C at the rate of 7 °C/min, and
dyeing continued for 60 min. After dyeing, the fabrics were
thoroughly washed and then subjected to a surface reduction
cleaning [(2 g NaOH + 2 g sodium hydrosulphite)/L]. The
samples were heated in this solution for 30 min. at 85 °C and
then thoroughly washed and air-dried.

2.5. Color measurements and analyses
2.5.1. Color measurements

The colorimetric parameters (Table 1) of the dyed
polyester fabrics were determined on a reflectance
spectrophotometer. The color yields of the dyed samples were
determined by using the light reflectance technique performed
on UV/VIS Spectrophotometer. The color strengths, expressed
as K/S values, were determined by applying the Kubelka-Mink
[15] equation (1) as follows:

K/S=[(1-R)?/2R] - [(1-Ro)?/ 2R] (1)
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where R = decimal fraction of the reflectance of the dyed fabric;
R, = decimal fraction of the reflectance of the undyed fabric; K =
absorption coefficient; S = scattering coefficient.

2.5.2. Fastness tests
2.5.2.1. Fastness to washing

After washing using 5 g/L of the nonionic detergent
Hostapal CV and 2 g/L of sodium carbonate at 80 °C for 15 min,
the dyed fabrics were tested by using ISO standard methods
[16]. A specimen of dyed polyester fabric was stitched between
two pieces of undyed cotton and wool fabrics, all of equal
length, and then washed at 95 °C for 30 min. The staining on
the undyed adjacent fabrics was assessed according to the
following gray scale: 1-poor, 2-fair, 3-moderate, 4-good, 5-
excellent.

2.5.2.2. Fastness to perspiration

The samples were prepared by stitching a piece of dyed
polyester fabric between two pieces of cotton and wool fabrics,
all of equal length, and then immersed in the acid or alkaline
solution for 30 min. The staining on the undyed adjacent fabrics
was assessed according to the following gray scale: 1-poor, 2-
fair, 3-moderate, 4-ood, 5-excellent. The acid solution (pH =
4.5) contains sodium chloride (10 g/L), sodium dihydrogen
orthophosphate (1 g/L) and histidine monohydrochloride (0.25
g/L). The alkaline solution (pH = 8.7) contains sodium chloride
(10 g/L), disodium orthophosphate (1 g/L) and histidine
monohydrochloride (0.25 g/L).

2.5.2.3. Fastness to light

Light fastness was determined by exposing the dyed
polyester on a Xenotest 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 following blue
scale: 1-poor, 3-moderate, 4-good, 6-very good, 8-excellent.

2.6. Antimicrobial activities test
The antimicrobial activities of arylhydrazonals and

disperse dyes were tested using Agar-well diffusion technique
[17], against five different microbial cultures. Pure cultures of

Bacillus subtilus and Staphylococcus auerus (Gram-positive
bacteria), Escherichia coli and Pseudomonas aeruginosa (Gram-
negative bacteria), and Candida albicans (Yeast) were involved
in the test. An aliquot of 0.1 mL of each bacterial strain was
inoculated and spread on nutrient agar (NA) while 0.1 mL of
the yeast was spread on potato dextrose agar (PDA). The
inoculated plates were supplied with 100 pL of each of the
tested arylhydrazonals and disperse dyes with a total final
concentration of 100 mg/mL. The arylhydrazonals and
disperse dyes were included in 4 mm wells produced by sterile
cork borer. The NA plates were incubated at 37 °C for 24 hours
while PDA plates were incubated at 25 °C for 24-48 h. The
zones of inhibition around the wells were determined and the
average based on 3 replicas was recorded. Cycloheximide and
Ampicillin both used as references in the experiment where
Cycloheximide known to inhibit eukaryotic organisms while
Ampicillin inhibit prokaryotes. Picture were taken for some of
the plates after 24, 72 and 120 h using digital camera to
determine the nature of the chemicals if they were cytolytic or
cytostatic

3. Results and discussion

Recently we have reported the synthesis of 2-amino- and 2-
hydroxy-6-substituted-5-arylazonicotinates dyes [13]. Herein,
in an attempt to improve and facilitate the synthesis of these
disperse dyes, we report a new strategy for the preparation of
these disperse dyes in better yields by condensing of
arylhydrazonals 2a-c with ethyl cyanoacetate under microwave
irradiation as an energy source. We observed that reaction of
2a with ethyl cyanoacetate in presence of excess of ammonium
acetate in a focused microwave oven at 180 °C for 30 sec. 2-
aminoarylazonicotinate disperse dye 6 is produced. It is
believed that the pathways for this process involve initial
reaction of 2a with ethyl cyanoacetate to yield the hydrazono-
enone 3 that then cyclizes to generate the pyran-imine 4. In the
presence of a high concentration of ammonium acetate, pyran-
imine 4 participates in ring opening to yield amidine 5 that
then cyclizes followed by water elimination to yield 6 (Scheme
1).

In contrast, when the condensation reaction of 2b,c with
ethyl cyanoacetate in the presence of a catalytic amount of
ammonium acetate and a few drops of acetic acid by heating in
a focused microwave oven at 180 °C for 30 sec. leads to yield
the 2-hydroxy-6-substituted-5-aryl azonicotinate 7a,b.
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Table 1. Optical measurements of the synthesized monoazo disperse dyes on the polyester fabrics t.

Dye No K/S at (Amax) L* a* b* c* h

6 17.50 (370) 60.72 11 414 42.84 7513
7a 17.74 (355) 43.33 7.16 28.39 29.28 75.84
7b 19.00 (365) 53.61 9.99 42.91 44.06 76.89

1 K/S = Amount of dye absorbed on the surface of the fabrics; L* = Lightness; C* = Chroma (The brightness or dullness of colour on polyester fabrics); a* = whose
value represents the degree of redness (positive) and greenness (negative); b* = whose value represents the degree of yellowness (positive) and blueness
(negative); h = Hue.

Table 2. Fastness properties of monoazo disperse dyes on polyester fabrics *.

Dye Color shade on polyester Wash fastness Perspiration fastness Light fastness
no Alkaline Acidic
Alt SC SwW Alt SC SW Alt SC SW
6 Yellowish-orange 5 5 5 5 5 5 5 5 5 8]
7a Dark brown 5 5 5 5 5 5 5 5 5 3
7b brown 5 5 5 5 5 5 5 5 5 3

* Alt = alteration; SC = staining on cotton; SW = staining on wool.

Table 3. Inhibition zone diameter of the tested arylhydrazonals and disperse dyes that showed strong antimicrobial activities against the tested microorganisms.
Compound no Inhibition zone diameter (Nearest mm) *

B. subtilis S. aureus E. coli P. aeruginosa C. albicans

Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
2a 15.2+0.4 13.4+0.5 15.0£0.3 15.8+0.4 31.5+1.5
2b 12.8+0.5 16.0+0.2 17.8+1.2 20.7+0.3 33.0+ 0.7
2c 15.2+0.4 13.4+0.5 15.0£0.3 15.8+0.4 31.5+1.5
6 12.7+0.2 11.7+0.4 14.7+0.4 16.1+0.5 12.2+0.2
7a 0.7+£0.7 - 2.9+5.8 - 13.4+0.4
7b 12.4+0.2 12.3+0.3 12.7+0.4 13.0+0.5 11.6+ 0.4
Ampicillin 151 18.4+3.5 18.6+1.3 16.0+0.5 -
Cyloheximide - - - - -

* (-): No Inhibition; ampicillin: antibacterial (100 mg/mL); cycloheximide: antifungal (100 mg/mL), SD = Standard deviation.

It is believed that the pathways for these processes involve
initial reaction of 2b,c with ethyl cyanoacetate to yield the
hydrazono-enone 3 that then cyclizes to generate the pyran-
imine 4. In the absence of ammonium ion, compound 4
undergoes a Dimroth type rearrangement to yield 7ab
(Scheme 2).

The disperse dyes 6 and 7a,b were applied to polyester
fabrics at 2% (o.w.f) shade using high temperature dyeing
method at 130 °C. Color shades were obtained, varying from
pale yellowish-orange to dark brown. The dyeing on the
polyester fabrics was evaluated in terms of their fastness
properties (e.g., fastnesses to washing, perspiration, and light).
The optical measurements and fastness properties data for the
dyed fabrics are listed in Tables 1 and 2. The color of dyeing on
polyester fabrics is expressed in terms of CIELAB values (Table
1), and the following CIELAB coordinates were measured:
lightness (L*); chroma (C*); hue angle (h) from 0 to 360 °; a*,
whose value represents the degree of redness (positive) and
greenness (negative); and b*, whose value represents the
degree of yellowness (positive) and blueness (negative). A
reflectance spectrophotometer was used for the colorimetric
measurements of the dyed samples. The K/S values given by
the reflectance spectrometer were calculated at Amax
(wavelength of maximum absorption) and were directly
correlated with the dye concentration on the dye substrate
according to the Kubelka-Munk equation. In general, the
positive values of b* (yellow-blue axis) indicated that the color
hues of the arylazonicotinates disperse dyes 6 and 7a,b on the
polyester fabric shifted to the yellowish directions.

The physical data for the dyed fabrics, given in (Table 2),
shows that these disperse dyes displayed excellent washing
and perspiration fastness and moderate light fastness levels.

The inhibition zone diameter data for the arylhydrazonals
and disperse dyes, given in (Table 3), shows that all of the
tested compounds showed strong positive antimicrobial
activities against at least one of the tested microorganisms. All
arylhydrazonals and disperse dyes show strong ability to
inhibit the growth of Candida albicans which is appoint if
observations that deserve further investigation.

Disperse dye 6 (Figure 1), arylhydrazonal 2b (Figure 2),
and arylhydrazonal 2¢ (Figure 3), which showed the strongest
inhibition zones among the five tested microbes, also all of
these compounds showed cytolytic effect even after five days of
incubation, there were no growth recorded in the inhibited
zone for all five tested microbes.

24 hours 72 hours

120 hours

Figure 1. Bacillus subtilus treated with 100 mg/mL of dye 6 after 24, 72, and
120 hours of incubation.

4. Conclusion

In conclusion, in the investigation described above, a series
of arylazonicotinates disperse dyes were synthesized in a good
yields via condensation of arylhydrazonals with cyanoacetate
using microwave irradiation as an energy source. The dyed
polyester fabrics, which display yellowish-orange to dark
brown hues, were displayed excellent washing and



perspiration fastness and moderate light fastness. Finally, the
biological activities of the synthesized disperse dyes against
Gram positive bacteria; Gram negative bacteria and yeast were
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discussed.

72 hours

24 hours

120 hours

Figure 2. Bacillus subtilus treated with 100 mg/mL of arylhydrazonal 2b
after 24, 72, and 120 hours of incubation.

24 hours 72 hours

120 hours

Figure 3. Bacillus subtilus treated with 100 mg/mL of arylhydrazonal 2c
after 24, 72, and 120 hours of incubation.
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