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Abstract: In this research, two new azo dyes, 9-(2-Hydroxy-ethoxymethyl)-2-(2-hydroxy5nitrophenylazo)-1,9-
dihydro-purin-6-one  and  4-(2-Hydroxy-napHthalen-1-ylazo)-N-(5-methyl-isoxazol-3-yl)-benzenesulfonamide,
derived from Acyclovir and Sulfamethoxazole was synthesized. The first dye synthesis was started by diazation of
acyclovir, then combined with 4-nitrophenol activated with potassium hydroxide 10%, yielding 80%, and its purity
was verified by thin layer chromatography (TLC). The second dye synthesis was started by diazation of
Sulfamethoxazole then combined with B-naphthol activated with potassium hydroxide 10%, yielding 87%, and its
purity was verified by thin layer chromatography (TLC). The identity of the resulting pigments was determined
based on spectroscopic methods such as infrared spectroscopy, proton nuclear magnetic resonance spectrum and
UV-VIS spectrum. The results of this study showed that they were in agreement with the blistered formula of the
dyes. The biological activity of the resulting pigments was studied on two common and clinically pathogenic
bacteria E.Coli and Steaphylococcus. It was found that the dye has a good inhibitory ability towards the growth of

both bacteria, more than it is in the case of acyclovir and Sulfamethoxazole.

Keywords: Acyclovir, Azo; Biological activity; Inhibitory diameter Sulfamethoxazole.

1. Introduction:

Man’s love for colors in general goes back to prehistoric
times; however, this matter did not happen in reality until
the modern era, when access to the full range of rainbow
colors was available to the majority of humanity. Azo
compounds occupy about 60-70% of the dyes, and the
reason for their name is due to the presence of the azo group
-N=N- with sp2 hybridization associated with the aromatic
system. Titration such as methyl orange and methyl red.
Acyclovir is one of the most common antivirals that has
been shown to be effective against human herpes viruses,
including herpes simplex virus 1, which enters the body and
hides in the cells of the nervous system and is associated
with the outbreak of the herpes lesion of the face and mouth
known as cold sores, while herpes virus type 2 is associated
with systemic ulcers. In addition to a third type called the
herpes zoster virus, the same virus that causes chickenpox.
The azo compounds derived from Sulfamethoxazole have
also demonstrated great biological efficacy, as the
sulfanilamide and Sulfamethoxazole compounds have great
efficacy in treating many diseases, reducing the effect of

VOLUME 19, 2022

toxins that cause respiratory problems, and preventing the
transmission of bacterial infection.

On this research, we aim to preparation of azo dye in the
laboratory, determine of the structure of the resulting
pigment using the available spectroscopic methods and
study the biological activity of the resulting dye against
Gram-positive and Gram-negative bacteria.

2. Materials and Methods:

2.1. Equipment and tools:

Nuclear magnetic proton resonance device model 400MHz
from Bruker/Swiss company, infrared spectrophotometer
model IRAffinity-1S from Shimazu/Japan, visible and
ultraviolet  spectrophotometer  model  UV-VIS-1800
Shimazu/Japan, electro thermal melting point devise from
Kruss/Germany, sensitive balance type Sartorius BL-210S,
heater equipped with a magnetic drive type P-Selecta 243
and UV lamp with two lamps (254nm, 366nm) from
DESAGA company / Germany were used.

2.2. Chemicals:
Acyclovir, potassium hydroxide 10%, hydrochloric acid,
sodium nitrite, concentrated sulfuric acid, ethanol, para-
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nitrophenol, dimethylformamide (DMF), ethyl acetate,
hexane, sodium bicarbonate, acetonitrile, dimethyl sulfoxide
(DMSO), sodium chloride, Sulfamethoxazole ,3-Naphthol,
sulfuric acid, silica gel 60F254 size /20X20/ from Merck
company/ Germany with analytical grade were used.

2.3. Preparation of azo dye derived from acyclovir:

First, mix (0.01mol) acyclovir with (10ml) concentrated
hydrochloric acid and (10ml) distilled water in a single-hole
swab fitted with a magnetic stirrer. Then, the mixture was
placed in an ice bath, in order to maintain a temperature
(00C), and sodium nitrite solution was added to the dialysis
solution. A pale-yellow transparent solution was observed,
indicating the formation of highly soluble diazonium salt
and the stirring was continued at the temperature (00C). An
aqueous solution of (0.01mol) of para-nitrophenol in an
appropriate amount of 10% potassium hydroxide was slowly
added dropwise at the same reduced temperature (0oC) to
start the coupling reaction, forming a yellow solution and
the pH of the resulting solution (pH = 5-6) is adjusted using
a saturated solution of potassium carbonate and the mixture
was continued to stir for 3-4 hours. The yellow precipitate is

filtered off and washed with distilled water, then with
sodium chloride solution and again with distilled water. The
resulted compound is purified by recrystallization by
ethanol, a fine yellow precipitate with a melting point of

o
N
HN
)\)‘I\> Hcl / NaNO,
N N

H,N N \/O\/\OH T=(0-5)

(217 oC) was obtained, with a yield of 80%, the purity was
verified using thin layer chromatography (Fig. 1).

p- Nitro phenol

— Acyclovir

Azo daye

Figure 1: 4-nitrophenol azocyclovir dye

The azo dye was prepared from the diazotization reaction of
the drug compound acyclovir in order to obtain the
diazonium chloride salt, and then the coupling reaction with
para-nitrophenol was carried out according to the following
scheme (1).
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9-(2-Hydroxy-ethoxymethyl)-2-(2-hydroxy-5-nitro-phenylazo)-1,9-dihydro-purin-6-one

Scheme 1: Synthesis of azo dye from acyclovir

2.4 Preparation of azo dye derived from Sulfamethoxazole:

First, put in a single-hole flask fitted with a magnetic stirrer
(0.001lmol 0.5gr,) of Sulfamethoxazole, add 5ml of
concentrated hydrochloric acid and 10ml of distilled water,
and stir until complete dissolution process with cooling in an
ice bath to 0°C temperature. The prepared sodium nitrite
solution (0.19gr in 2ml of concentrated sulfuric acid and 5ml
of distilled water) was added dropwise, while continuing the
process of stirring and cooling and maintaining the zero-
degree temperature to ensure the completion of the dialysis
process. Then diazium salt was slowly added dropwise at the
same reduced temperature (0°C) to start the mating reaction
and after that activated solution (0.288gr beta-naphthol in
20ml of potassium hydroxide 10%) was added very slowly to
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the dialysis solution, where an orange-coloured solution is
formed, the pH of the resulting azo dye solution is adjusted to
pH = 8 by a saturated solution of potassium bicarbonate, and
the mixture is left to stir for five hours. Then the orange-
colored precipitate is filtered and washed with cold distilled
water, sodium chloride solution and distilled water
respectively. The precipitate was dried after washing for 24
hours at laboratory temperature, and purified by
recrystallization with ethanol, so an orange-coloured dye.,
melting point 225-226°C, was obtained with a yield of 87%.
The product was confirmed by TLC thin Ilayer
chromatography using (ethyl acetate: hexane) with a ratio of
1:1 mobile phase and 70% alcohol as a solvent (Fig. 2).
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B -Naphthol

AZO DYE

Sulfamethoxazol

Figure 2: Sulfamethoxazole azo dye
The azo dye was prepared from the diazotization reaction of diazonium chloride salt, and then the coupling reaction with

the drug compound Sulfamethoxazole in order to obtain the B-naphthol was carried out according to the following
scheme (2).

NH,
NaNO, H,so,

OH
KOH

_—
T=(0-5)

Naphthalen-2-ol

O—N

4-(2-Hydroxy-naphthalen-1-ylazo)-N-(5-methyl-i 1-3-yl)-benzer vidl

Scheme 2: Synthesis of azo dye from Sulfamethoxazole
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2.5. Antibacterial assay:

Two samples of the resulting dye were prepared at
concentrations (50-100 pg/ml), the pharmaceutical substance
(acyclovir-Sulfamethoxazole) at concentrations (50-100
pg/ml) and the reference substance (gentamicin) at
concentration (100 pg/ml) using DMSO solvent were
prepared. The samples were placed inside dishes by stainless
steel cylinders with inner diameter (6mm) and outer (8mm)
containing Gram-positive (Staphylococcus Aureus) and
Gram-negative (Pseudomonas aeruginosa) bacteria with
100000 CFU. The dishes with a cellular medium were
incubated for 24 hours at temperature of 36.5-370C.

3. Results & Discussion:

3.1. Chemical synthesis and characterization of Acyclovir
Azo dyes:

3.1.1. FT-IR Spectrum:

The FT-IR spectra of the resulting dye and the raw
materials (acyclovir and para-nitrophenol) used to prepare
the product were recorded in Figure (3) and (4) respectively.
It was observed that the absorption due to the amine group
(NH2) in acyclovir had disappeared, which appears at the
wave number (3341,3284 cm-1). The emergence of a new
absorption band at the site (1508 cm-1) belonging to the azo
group (-N=N-) in the product. Other absorption bands are
also noted in the table (1).
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Figure 3: Infrared spectrum of azo dye
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Figure 4: Comparison of IR spectra of pigment and starting materials
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Table 1: Absorption bands of functional groups characteristic in IR spectroscopy of Azo Dye and reactants

O
ou HN)I\/ILN\
N¢N)§N N\/o\/\OH
NO,
(Cm?1)
o-H NH, N-H N . B B
Stretch Stretch stretch | CH(SPY) | C=0 c=C N=N C-NO2 c-0 C-N Comp
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3327 ; - 3084 - | 15011408 | - | 1515-1346 1256 e
3503 : 3336 3115 | 1692 | 1543-1489 | 1508 | 1521-1336 29y AZO
1593(C=N)

respectively, and five single signals at 4.75ppm) belong to
proton Hd, and at 8.12 ppm for He, 3.70 ppm for Ha, 10.11
ppm for Hg, 12.04 ppm for Hf, in addition to other shifts

shown in Table (2).

3.1.2. 1H-NMR Spectrum:
The 1H-NMR spectrum of 1H-NMR was recorded using

chloroform moderator dye solvent, where two triple signals of
Hb and Hc appear at the shift (1.50 and 1.11 ppm)
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Figure 5: 1H-NMR spectrum of Azo Dye
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Table 2: Chemical Shifts in the 1H- NMR Spectrum of the Azo Dye

NO,

'H-NMR (8-ppm)

Sign symbol

3.7 (1Hs)

a

1.11 (2H,t, J=20Hz)

b

1.50 (2H,t, J=20Hz)

475 (2H, m)

8.12 (1H,s)

12.04 (1H,5)

10.11 (1H,s)

g

7.02-7.85 (3H,m)

H-Aromatic

3.1.3. UV-VIS Spectrum:

Figure (6) shows the absorption spectrum of the azo dye
prepared by UV-VIS spectroscopy using dimethylformamide
solvent. We notice from the spectrum the appearance of a
maximum absorption band Amax at 275 nm due to the n—n*
transition, and the appearance of a peak with a maximum
absorption at 450 nm due to the n—n* transition, which is a
sterically permissible transition.

4343904

@
9 1338050

-1.3676'3|J_|
2000 £50.0 1100.0
nm.

Figure 6: UV-VIS spectrum of Azo Dye
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3.2. Chemical  synthesis and  characterization  of
Sulfamethoxazole Azo dye:
3.2.1. FT-IR Spectrum:

The FT-IR spectrum of the Sulfamethoxazole azo dye was
recorded in Figure (7), and its data were compared with the
data of the FT-IR spectrum of the raw materials
(Sulfamethoxazole, beta-naphthol) used to prepare the dye
(Fig.8), the disappearance of the absorption due to the amine
group (NH2)) in Sulfamethoxazole, which appears at the
wave number (3341-3284 cm-1), and the appearance of a new
absorption band in the site (1506 cm-1) dating back to ( -
N=N-) in pigment , other absorption bands shown in Table (3)
were also observed.
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Figure 7: Infrared spectrum of azo dye
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Figure 8: Comparison of IR spectra of pigment and starting materials

Table 3: Absorption bands of functional groups characteristic in IR spectroscopy of Azo Dye and reactants

HoO,
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628(C-5) &=
3.2.2. 1H-NMR Spectrum: 9.38ppm (for the proton Ha, and at 11.17 ppm) for Hb, and 6

The proton NMR spectrum (Fig.9) of the Sulfamethoxazole .40 ppm for Hc, 2.36 ppm for Hd, 12.04 ppm for Hf, and the
azo dye was recorded in the modulator chloroform, where the aromatic protons are shown within the range (7.40-8.01 ppm
spectrum shows the appearance of four single signals at according to Table (4).
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Figure 9: 1H-NMR spectrum of Azo Dye

Table 4: Chemical Shifts in the 1H- NMR Spectrum of the Azo Dye
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3.2.3. UV-VIS Spectrum:

Figure (10) shows the absorption spectrum of the azo dye
prepared by UV-VIS spectroscopy using dimethylformamide
solvent. We notice from the spectrum the appearance of

Spectrum Point Pick Report

a maximum absorption band Amax at 295 nm due to the
n—7* transition, and the appearance of a peak with a
maximum absorption at 435 nm due to the n—n* transition,
which is a sterically permissible transition.
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Figure 10: UV-VIS spectrum of Azo Dye

3.2. Antibacterial assay:
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After 24 hours of incubating the dishes in the microbiological
incubator we found that: In the dish containing the gram-
positive bacteria (Staphylococcus Aureus), areas of inhibition
(a halo of no growth) were observed for the resulting pigment
compared with the area of inhibition for the drug (acyclovir-
Sulfamethoxazole) and the reference substance (gentamicin).
In the dish containing the gram-negative bacteria
(Pseudomonas aeruginosa)), the inhibition zones (the halo of
no growth) compared with the inhibition zone for the drug
(acyclovir-Sulfamethoxazole) and gentamicin. By measuring
the diameter of the inhibition zones for the samples, as shown
in Table (5) and Table (6), we conclude that the dye has
activity and is able to stop the growth of Gram-negative and
Gram-positive bacteria according to Concentrations used.

Staphylococcus Aureus

Figure 11: Regions of inhibition of Azo dye, acyclovir and
gentamicin towards both bacteria

Figure 12: Regions of inhibition of Azo dye, Sulfamethoxazole and
gentamicin towards both bacteria

Table 5. Antimicrobial activity of the compound’s solutions against
the tested bacterial strains.

Inhibitory Sample
diameter. | concentration Sample Type of germ
(mm) (Hg/ml)
9 50 AZO
8 50
acyclovir Staphylococcus
8 100 Aureus(S.T)
11 100 AZO
15 100 gentamicin
10 50 AZO
L 50 acyclovir Pseudomonas
10 100 Aeruginosa(P.S)
11 100 AZO
13 100 gentamicin

Table 6. Antimicrobial activity of the compound’s solutions against the tested bacterial strains

Inhibitory
. Sample
diameter. concentration(ug/ml) Sample Type of germ
(mm)
3 50 AZO
50
2 Sulfamethoxazole Sfphylocgglt_:us
. 100 ureus(S.T)
9 100 AZO
14 100 gentamicin
10 50 AZO
13 30 Pseudomonas
Sulfamethoxazole Aeruginosa(P.S)
100 g '
14
10 100 AZO
18 100 gentamicin
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4. Conclusion:

1) New azo dyes were synthesized based on a
pharmacologically active substance (Acyclovir)and
(Sulfamethoxazole) with excellent selectivity and a good
yield.

2) The biological activity of the dyes was studied, and the
results showed that it possesses effectiveness and a good
ability to stop the growth of Gram-negative bacteria and
Gram-positive bacteria according to the concentrations used.
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