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Abstract

In the present work, novel azo compounds of sulfamidazole were created via the reaction of diazonium salt of sul-
famidazole with several aromatic molecules including (resorcinol, 2-nitro phenol, 3-nitro phenol, and 4-nitro phenol))
(Z1eZ4). The new compounds (Z1-Z4) were identified using FTIR, 1HNMR techniques, in addition to melting point
measurements. The biological activity of compounds (Z1-Z4) was studied against four kinds of bacteria including
Escherichia coli, Klebsiella pneumonia, Salmonella, and Staphylococcus aureus. The findings showed that all compounds
(Z1-Z4) were active against the examined bacteria. Theoretical studies of the antibacterial ability of the prepared com-
pound against DNA gyrase enzyme using MOE.2015 were performed. Also, studying their inhibition ability against
tested bacteria in vacuum media was carried out theoretically. This was achieved using the DFT [6-311/ B3LYPþG (2d,
2p)] method.

Keywords: Density functional theory, Dyes, HOMOeLUMO, Molecular docking, Sulfamidazole

1. Introduction

A zo compounds are a class of organic com-
pounds that gained a lot of attention by

scientific community. These compounds are
distinguished by their brightly-colored [1]. So, they
have been widely utilized in dyes and paint syn-
thesis [2e4]. Due to the exceptional thermal and
optical features of azo compounds, they have many
applications in different fields. For instance, they
use as toner, ink-jet printing, and visual recording
medium [5]. Also, they have been labelled as anti-
diabetic, anti-neoplastic and antibacterial agents
[6], in addition to their use as anticancer drug [7].
Restraining DNA, RNA and tumorigenesis are
other uses of azo compounds [8,9]. One of the sulfa
drugs with a sulfonamide antimicrobial activity is
4-amino-N-(4-methylpyrimidin-2-yl) benzene sul-
fonamide (AMBPS). This drug is a powerful in-
hibitor for bacteria that resist tetracycline, and
considered a potent agent for treating infectious

diseases including pneumonia, tuberculosis and
leprosy [10]. In addition to its use in treatment of
wastewater, AMBPS used as a high-value agent in
biological researches. The AMBPS binding with
sulfamerazine resulting in obstructing RNA syn-
thesis, which lead to inhibition of growth of bac-
teria. Also, it is thought that congestive heart
failure is affected by AMBPS- sulfadiazine
hydrogen bonds [11]. As vital bacterial enzymes,
DNA gyrase and topoisomerase IV considered a
necessary objects in development of new antibac-
terial drugs [12,13]. In addition to invention and
improvement of new antibiotics, rising the effi-
ciency of the antibiotic that in use represents the
ultimate strategy of researchers for facing antibiotic
resistance [14]. Due to the significant applications
in industry and biology like antibacterial [15,16],
antitumor [17], enzyme inhibitors [18], and
chelating material [19], amino phosphonates have
been drawn much interest of the scientists. The
important applications of these materials make
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them favorable drugs for extra development. In the
field of drug synthesis and optimization, amino
phosphonates are regarded as auspicious sub-
stances as they are phosphorus correspondents of
a-amino acids (naturally formed) [20]. This work
aims to synthesize new azo sulfamidazole (sulf)
derivatives and test their antibacterial activity to-
wards DNA gyrase enzyme via MOE 2015 program.
Global reactivity descriptors of the compounds are
calculated to understand their stability, structures,
and reactivity via parameters of quantum me-
chanics utilizing the DFT [6-311/ B3LYPþG (2d, 2p)]
method.

2. Experimental

2.1. Chemicals and apparatus

Most solid chemicals and solvents were acquired
from SigmaeAldrich and used directly without
additional purification. Sulfamidazole was pur-
chased from the state company for drug industries
and medical appliances (SDI) in Samarra, Iraq.

2.2. Instruments

Infrared spectra were recorded using a Shimadzu
FT-IR 8400. 1H NMR spectra were carried out using
a Bruker machine at 400 MHz. All theoretical cal-
culations were achieved using a computer Intel
(core i7)/hp, RAM (64), Gaussian-View6.0, and the
program Gaussian 09W.

2.3. Procedure for synthesis of diazonium salt (S1)

A concentrated hydrochloric acid (2.5 ml, 11.6N)
was added to (10 mmol) of Sulfamidazole with 10 ml
distilled water, and then cooled in an ice bath for
10 min [21]. A solution of sodium nitrate (NaNO2)
(0.70g, 1 mmol in 10 ml) water was added to sulfa-
midazole solution and stirred for 25 min in an ice
bath at (0-5) oC. The precipitate was kept for syn-
thesizing of dyes.

2.4. General procedure for synthesis of phenolic
dyes (Z1-Z4)

A series of phenol derivatives compounds
including resorcinol, 2-nitro phenol, 3-nitro phenol
and 4-nitro phenol (10 mmol) were mixed with
(50 ml, 10%) sodium hydroxide solution. The
mixture was then cooled to below 5 �C. The pro-
duced sodium phenolate solutions were added
carefully (drop by drop) to diazonium chloride so-
lution (mentioned before) with continuous stirring.
The mixture was left stirring at a temperature below

5 �C for half an hour. The precipitated material was
separated and collected. Then, it was firstly rinsed
by cold methanol before it was rinsed by cold water
[22]. The obtained product was left to dry at room
temperature for 24 h to form crystalline dyes with
red, brown, orange and yellow color. FTIR spectra of
Sulfamidazole dyes and their physical properties
are shown in Table 1 and Table 2.

2.5. Study of antibacterial activity

The azo compounds (Z1-Z4) were tested against
four strains of bacteria (Escherichia coli, Klebsiella
pneumonia, Salmonella, and Staphylococcus aureus).
The tests used the diffusion plate's technique in disc-
agar. The experiments were carried out at the
research laboratory, College of Science, Wasit Uni-
versity. Four bacteria strains were grown and incu-
bated for 1 day at 37 �C. Furthermore, a
concentration (100 mg/ml) of the synthesized com-
pounds in DMSOwas prepared [23]. To demonstrate
the compound activity towards the examined bac-
teria strains after one day, inhibition zone was uti-
lized to incubate the sample. The formed solutions
activities of created compounds were compared with
the activity of standard drug (Sulfamidazole). In
equal amount of the produced solutions (20 ml),
filter paper (Whatman no.3 with size of 6 mm) was
soaked. Discs with both naturally formed and syn-
thesized products were employed to wrap Muller
Hinton agar.

2.6. Molecular docking study

The computerized method that is commonly
employed for the binding orientation prediction of
simple drug molecule, and subsequently prediction
of the molecule activity and affinity towards a pro-
tein, is referred as insilico molecular docking. Aim-
ing to recognize the interactions between the created
molecules (Z1-Z4) with the enzyme DNA-gyrase
(MOE-2014.0901) software was utilized to carry out
molecular docking study. For every compound, an
upper limit of 30 conformers was considered in the
docking method. The visualization of the ligand -
receptor binding interactions was conducted.

Table 1. Physical properties of compounds (Z1-Z4).

Code Physical properties

M.p OC solvent color Yield%

Z1 202e204 Ethanol Red 76
Z2 213e215 Ethanol brown 63
Z3 223e225 DMSO orange 80
Z4 218e220 Ethanol yellow 73
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ChemDraw Professional 15.0 was utilized to draw all
the created compounds (Z1-Z4). Energy minimiza-
tion was run on Chem3D Ultra 15.0 with the
MMFF94 force field. Protein Data Bank (BDP) was
the source of the crystal structure of the enzyme
DNA gyrase (PDB ID: 1KZN). The resolution that
was greater than 2.30Ao and comprising the gene
code of the same bacterial was the principle for the
protein selection. Eliminating the clorobiocin in the
sequence editor technique was applied to prepare
the enzyme. A molecule of H2O was introduced in
the active sites to guarantee the generation of
hydrogen bond between the ligands and the target.
This attributed to significant role of H2O molecule
located in the active site of the targeted enzyme.
Prior to the adding of hydrogen atoms, the

missing and broken bonds because X-ray diffraction
were corrected by the protein structure. Docking
and scoring calculations were performed utilizing
the Molecular Operating Environment (MOE-
2014.0901). As it is stated, the RMSD values perfect
score is closer to 2 Å and the energy of score should
be ¼ �7 kcal/mol or less value. In order to verify the
docking results, these values were employed as a
standard value [24,25].

2.7. Study of absorption, distribution, metabolism,
excretion and toxicity (ADMET)

In the field of drug designing, because of the un-
fortunate drug properties and various undesired
effects, several drugs did not succeed in clinical
trials and subsequent development processes. In
this work, all optimized compounds were investi-
gated by the online web tool Swiss ADME. While,
insilico, toxicity evaluation were conducted utilizing
an online server ProTox-II, which exhibited antici-
pated oral toxicity, cytotoxicity, mutagenicity, carci-
nogenicity, hepatotoxicity, and values of immune
toxicity of molecules (Z1-Z4).

2.8. Calculations models

In the theoretical study, the compounds (Z1-Z4)
were studied using (Gaussian 09W and Gauss View
6.0) program. The quantum chemical calculations

were carried out using density functional theory
(DFT) with function (B3LYP), 6-311Gþ(d, p) basis
range was utilized. This function provides precise
electronic properties and geometries for organic
compounds and gives similar results [26]. The cal-
culations have been carried out under vacuum.

3. Results and discussion

3.1. Characterization

In this study, all dyes (Z1-Z4) were synthesized by
coupling reaction between diazonium salt (electro-
phile) with sodium phenolate via an electrophilic
aromatic substitution reaction. Scheme 1 explains
the reaction steps synthesis of dyes (Z1-Z4). FTIR
spectra of sulfamidazoles (Z1-Z4) showed absorp-
tion bands at (3410, 3237, 3247 and 3448) cm�1

attributed to OH -phenol groups, respectively (3069-
3148, 3064-3124, 3166-3051 and 3017-3138) cm�1

assigned to CeH aromatic in Z1-Z4, respectively.
(2733-2991, 2734- 2994, 2887-2947, and 2748-2909)
cm�1 belong to aliphatic CeH, and (1591, 1555,
1532&1570) cm�1 due to C¼C. FT-IR measurements
data of azo-molecules (Z1-Z4) are shown in Table 2.
FT-IR spectra of the prepared azo compounds (Z1-
Z4) showed the disappearance of absorption band of
NH2 in sulfamidazole. Moreover, FT-IR spectra
exhibited the presence of (N¼N) bands at (1472,
1453, 1454, and 1449) cm�1, which is a proof for

Table 2. FT-IR spectral data of azo compounds (Z1-Z4).

Comp Major FTIR Absorption (cm�1)

ʋ(OeH) ʋ(CeH) Aliph ʋ(CeH) Arom ʋ(N¼N) ʋ(C¼C) Arom

Z1 3410 2733e2991 3069e3148 1472 1591
Z2 3237 2734e2994 3064e3124 1453 1555
Z3 3247 2887e2947 3166e3051 1454 1532
Z4 33448 2748e2909 3017e3138 1449 1570

Scheme 1. Preparation route of the compounds Z1-Z4.
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formation the targeted compounds [27]. 1HNMR
spectra of compounds (Z1eZ4) are shown in Table 3
and Figs. 1e2.

3.2. The activity of azo compounds against
bacterial

Antibacterial activity of Sulfamidazole derivatives
(Z1-Z4) against four types of bacteria, including E.
coli, K. pneumonia, Salmonella, and S. aureus, were
also determined using Sulfamidazole as a reference,
and DMSO as solvent. The compounds Z1, Z3 and
Z4 were found to be highly active against all types of
bacteria, whereas, the compound Z2 was found to
be medium active against S. aureus and Salmonella.
But this compound (Z2) showed a weak activity
against K. pneumonia, and E. coli. Table 4 exhibits

antibacterial activity data. Fig. 3 shows the inhibi-
tory effects around each disc.

3.3. Study theoretical to antibacterial activity

The compounds (Z1-Z4) were subjected to docking
into the binding site of the DNA-gyrase (PDB code
1KZN) to evaluate their capabilities in inhibition the
disease. The acquired results are listed in Table 5.
The molecular docking score of molecules (Z1-Z4)
fluctuated from (�5.7038 to �6.2705) kcal/moL, and
the RMSD extended from 2.0374 to 2.3957 Å (see Fig.
4). Moreover, the optimal ligand binds with a
particular receptor occurs when RMSD value about
2 Å and the energy equal to �7 kcal/mol [26,28].
These two values were dependent as standards to
verify the molecular docking data. Table 5 displays

Table 3. 1H NMR spectral data of compounds (Z1-Z4).

Cod. Name 1H NMR (400 MHz, DMSO-d6, d/ ppm)

Z1 (Z)-4-((2,4-dihydroxyphenyl)diazenyl)-N-(4-methylpyrimidin-2-yl)
benzenesulfonamide

2.82 (s, 3H, methyl),
6.5e8.31(9H, AreH),
10.1(s, H, phenol).
11.9(s,H,HNSO2)

Z2 (Z)-4-((3-hydroxy-4-nitrophenyl)diazenyl)-N-(4-methylpyrimidin -2-yl)
benzenesulfonamide

2.42 (s, 3H, methyl),
6.7e8.4(9H,AreH),
12.4(s, H, phenol).
11.34(s,H,HNSO2)

Z3 (Z)-4-((3-hydroxy-5-nitrophenyl)diazenyl)-N-(4-methylpyrimidin -2-yl)
benzenesulfonamide

2.51 (s,3H,methyl), 6.90e8.779(9H,AreH),
9.98(s, H, phenol).

Z4 (Z)-4-((2-hydroxy-5-nitrophenyl)diazenyl)-N-(4-methylpyrimidin -2-yl)
benzenesulfonamide

2.505 (s,3H,methyl), 6.86e8.24(9H,ArH),
11.7(s,H,HNSO2), 12,51(s,H,phenol).

Fig. 1. 1HNMR spectral data of compound Z3.
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the obtained results of the examined compounds,
which indicated good molecular docking scores. The
compounds Z2 and Z4 have the highest docking
score �6.2705 and �6.2108 kcal/moL, respectively.

3.4. Study ADME properties

To design novel compounds for drug industry and
development, the physicochemical properties play

very important function and must be taken into
account. Molecular weight (MW), the heavy atoms
number, hydrogen bond acceptors (HBA), hydrogen
bond donors (HBD), rotatable bonds, molar refrac-
tivity, and topological polar surface areas (TPSA) are
the molecule parameters that used to assess a
drugelikeness profile. The calculation of com-
pounds Z1-Z4 parameters were performed and lis-
ted in Tables 5e8. The drugelikeness profiles were
computed according to Lipinski's (MW � 500;
HBA�10 and HBD�5), Ghose's (160 � MWt �480;
40 �MR � 130 and 20 � atoms �70), Veber's.
(rotatable bonds �10 and TPSA �140), Egan

(TPSA �131.6) and Muegge (200 � MW � 600; ar-
omatic rings number �7; various rotatable bonds
�15; HBA �10 and HBD �5)” [29,30]. The rule-
based score describes the molecules into four
possible score categories i.e. 11%, 17%, 55%, and
85%. The satisfactory possibility score is 55%, which

Fig. 2. 1HNMR spectral data of compound Z4.

Table 4. Activity of compounds (Z1-Z4) against bacteria.

code E. coli Staphylococcus
aureus

Klebsiella
pneumonia,

Salmonella

Z1 10 14 15 16
Z2 8 14 8 12
Z3 12 14 10 16
Z4 12 15 14 17
Sulfamidazole

(sulfa)
20 16 e e

DMSO e e e e

Fig. 3. The inhibitory effects around each disc.
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designates that it fulfilled the rule of five. The tested
molecules Z1-Z4 have appeared with a score of 85%,
which indicates that they agreed all the five rules
with adequate bioavailability. Furthermore, the
created compounds availability was evaluated for
quantifying the molecular structure complexity. The
findings disclosed that the score varied from 2.37 to
3.32. This demonstrates that the compounds do not
have a complex synthetic route as shown in Table 5.
The expected lipophilicity mean data was evaluated
and computed aiming for the determination of the
compounds solubility medium (whether it is

aqueous or not) taking into consideration log Po/w
assent value. Accordingly, the most negative value
of log Po/w lead to the highest solubility of the
compound. The findings disclosed that the mole-
cules Z1-Z4 are soluble in non-aqueous media.
Furthermore, the nature of solubility is designated
by assent log S value. In this regards, very weak
solubility: log S value less than �10, moderate: log S
less than - 6, good: log S less than �4, very good: log
S less than �2, and high: log S less than O(18). The
produced compounds were proposed to display a
little GI absorption and deficiency of bloodebrain

Table 5. Molecular docking and RMSD data of the tested molecules (Z1-Z4).

No. Score
(kcal/moL)

RMSD (Å) Bonds between Atoms of Compounds and Residues of Active Site of

Compd.
atoms

Receptor
atoms

Receptor
Residues

Interaction d(Å) E (kcal/mol)

Z1 �5.7038 2.3957 O OD1 ASP73 HdD 2.25 �2.3
Z2 �6.2705 2.0374 6-ring N VAL120(A) Pi-H 4.40 �0.1
Z3 �5.9650 2.0843 O OE1 GLU50(A) H-D 2.32 �0.6
Z4 �6.2108 2.1239 e e e e e e

Ligand
(Clorobiocin)

�5.8172 2.0414 5-ring CD ILE78 Pi-H 3.97 �0.6

sulfa �5.9634 2.1354 6-ring CD Pro79 Pi-H 4.24 �0.7

Fig. 4. Binding affinity of compounds Z2 eZ3 with DNA-gyrase.
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permeate. Resulting in severe brain toxicity and
there is no possibility for bloodstream. It was
designated that when log Kp with a greater negative
value, skin permeates will be lesser. Accordingly,
Z1-Z4 compounds exhibited the lowest skin
permeate. This attributed to the high values of
negative log Kp of these molecules as shown in
Table 8. In addition to the bioavailability of drugs,
metabolism has a significant role in drugedrug in-
teractions. Also, metabolism parameters are neces-
sary to recognize whether a molecule has an
inhibition activity against certain proteins or not.
The evaluation results of metabolism parameters of
prepared compounds, Z1-Z4, exhibited that all these
compounds were non-substrates of permeability
glycoprotein (P-gp). This protein (P-gp protein) is

essential for evaluating active efflux via biological
membranes and cytochrome P450 (CYP) enzymes.
Moreover, it is noticed that Z1-Z4 compounds were
non-substrates of CYP2D6 inhibitor, while Z2 and
Z3 compounds were found to be substrates of
CYP3A4. Nevertheless, all molecules were deter-
mined as substrates of CYP2C9 inhibitor, while all
molecules were non-substrates of CYP2C19 inhibitor
as shown in Table 9.

3.5. Toxicity prediction results

The toxicity of compounds (Z1-Z4) were calculated
using ProTox-II online software [31] (see Table 10).
Organ toxicity results suggested that compounds
(Z2-Z3) were predicted to be hepatotoxicity, while

Table 9. Predicted metabolism parameters of the compounds (Z1-Z4).

Compd. p-gp substrate CYP1A2 inhibitor CYP2C19 inhibitor CYP2C9 inhibitor CYP2D6 inhibitor CYP3A4 inhibitor

Z1 No Yes No Yes No No
Z2 No Yes No Yes No Yes
Z3 No No No Yes No Yes
Z4 No Yes No Yes No Yes
Sulf. No No No No No No

Table 6. Physicochemical properties of synthesized compounds Z1-Z4.

NO. Formula MWt.
(g/moL)

Heavy
atoms

HBA HBD Rotatable
Bonds

Fraction
Csp3

Molar
Refractivity

TPSA (Å2)

Z1 C17H15N5O4S 385.40 27 8 3 5 0.06 98.78 145.51
Z2 C17H14N9O5S 414.40 18 9 2 6 0.06 105.57 171.10
Z3 C17H14N9O5S 414.40 18 9 2 6 0.06 105.57 171.10
Z4 C17H14N9O5S 414.40 18 9 2 6 0.06 105.57 171.10
Sulf. C11H12N4O2S 264.30 12 4 2 3 0.09 68.52 106.35

Table 7. Drug likeness, bioactivity and synthetic accessibility score.

Code. Lipinski Ghose Veber Egan Muegg bioactivity
Score

Synthetic
accessibility

Z1 Yes; 0 violation Yes No, 1Volation.
TPSA>140

No, 1Volation.
TPSA>131.6

Yes 0.55 3.10

Z2 Yes; 1violation:
Nor O > 10

Yes No, 1Volation.
TPSA>140

No, 1Volation.
TPSA>131.6

No, 1Volation.
TPSA>150

0.55 3.21

Z3 Yes; 1violation
Nor O > 10

Yes No, 1Volation.
TPSA>140

No, 1Volation.
TPSA>131.6

No; 1violation:
TPSA .150

0.55 3.32

Z4 Yes; 1violation
Nor O > 10

Yes No, 1Volation.
TPSA>140

No, 1Volation.
TPSA>131.6

No; 1violation:
TPSA .150

0.55 3.28

Table 8. Predicted absorption and distribution parameters of compounds Z1-Z4.

Compd. lipophilicity Water Solubility pharmacokinetics

Consensus
Log Po/w

Log Po/w
(SILICOS-IT)

Consensus
Log S (ESOL)

Solubility
Class

(cm/s)LogS
(SILICOS-IT)

Solubility
Class

GI BBB Log Kp
(cm/s)

T1 2.06 1.71 �3.58 soluble �5.93 Moderately soluble Low No �7.31
Z2 1.81 0.05 �4.12 moderately soluble �5.86 Moderately soluble Low No �6.97
Z3 1.65 0.05 �3.78 soluble �5.86 Moderately soluble Low No �7.36
Z4 1.68 0.05 �3.78 Soluble �5.86 Moderately soluble low No �7.36
sulf 0.72 0.21 �1.86 Very soluble �4.18 Moderately soluble High No �7.81
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toxicological endpoint data indicated that all com-
pounds with no mutagenicity and no cytotoxicity. All
molecules were predicted to be carcinogenic. The
compounds (Z1-Z4) were non- Mutagenic. The
toxicity classes for all compounds were 6. LD50 de-
scribes the amount at which half of examined sub-
jects die after being exposed to the tested molecule.
Based on the globally harmonized classification
system of chemical substances labelling (GHS),
classes of toxicity are described. Class I: deadly if
consumed (LD50 � 5); Class II: deadly if consumed
(5 < LD50 � 50); Class III: toxic if consumed
(50 < LD50 � 300); Class IV: destructive if.
Consumed (300 < LD50 � 2000); Class V: can

destructive if consumed (2000 < LD50 � 5000), and
Class VI: non-toxic (LD50 > 5000) [32].

3.6. Global reactivity descriptors

By the B3LYP scheme at 6-311 Gþ(d, p) level,
the geometric parameters optimization of Z1-Z4
azo dyes. The calculations were done without

corrections of solvent. The calculations converged to
a minimum accurate energy that was reinforced by
the lack of imaginary frequencies. Consistent with
the pattern of atom numbering, the final optimized
compound structures were achieved an illustrated
in Tables 11 and 12. Accordingly, calculations of
several structural parameters including bond dis-
tances and bond angles were performed. Through
the molecular orbital borders, the energy depen-
dence inverse of the orbital energy deference sta-
bility, DE ¼ E LUMO-E HOMO, participates in the
authoritarian contribution. Electrons donation
mostly done by molecules that have high values of
EHOMO. Moreover, energy of HOMO (E HOMO)
can express the capability electron transfer. Ten-
dency of molecule to accept electron is evaluated by
energy of LUMO (E LUMO). Molecular activity
characterizing also governed by vital factor, which is
the energy gap (DE) between the orbital borders,
where its efficiency improves when the energy gab
is slight [33]. Global reactivity indices have impor-
tant properties that authorize us to know the

Table 10. Insilco toxicity evaluation of the compounds (Z1-Z4).

Code Organ Toxicity Toxicity - endpoints Predicted
LD50 (mg/kg)Hepatoto xicity Carcinogenicity Immunotoxicity Mutagenicity Cytotoxicity

Z1 e þ e e e 25000
Z2 þ* þ e e e 25000
Z3 þ þ e e e 25000
Z4 þ þ e e e 25000
Sulf e** þ e e e 25000

**inactive; *active.

Table 11. Selected molecular structure parameters of compounds Z1 and Z2.

Compound Z1 Compound Z2

Bond length (A�) Bond angles (Å) Bond angles (A�) Length Bond (Å)

N19N11 1.24 N19N11C10 107.52 N19N11C10 107.25 N19N11 1.24
C23O27 1.35 C24C23O27 119.97 C24N41O42 118.39 N41O42 1.19
O26C21 1.35 O26C21C20 119.98 C23O26H39 108.01 C23O26 1.35
N12C1 1.34 N12C1N16 126.04 N2S3O4 109.48 N2S3 1.69
O4S3 1.45 O4S3C5 109.42 C15N16C1 115.59 C15N16 1.43

Table 12. Selected molecular structure parameters of compounds Z3 and Z4.

Compound Z3 Compound Z4

Bond angles (A�) Bond length (Å) Bond angles (A�) length (Å) Bond

N16N24C25 107.5 1.24904 N16N24 C42N23O24 119.48 N23O24 1.31
C36N41O42 60.3 1.24807 N41C36 C40N20N12 107.48 N20N12 1.249
C34O15H1 108.007 1.35430 C34O15 C1O21H38 119.99 C1O21 1.355
N39S29O18 109.423 1.44983 S29O18 N3S4O18 109.47 S4O18 1.449
C22N23C27 115.58 1.3453 N23C27 N3C39N17 117.01 N3C39 1.352
C27N19C20 115.62 1.34197 C27N19 N3N13C39 116.95 N13C39 1.342
C34C28N16 119.98 1.25963 C28N16 C16N17C39 115.64 N17C39 1.342
N39C27N23 116.99 1.26571 C27N39 C41C42N22 120.03 C42N22 1.248
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chemical reactivity and kinetic stability of com-
pounds as (m ¼ - c), the absolute electronegativity
(c) is identified as (c ¼ (IP þ EA)/2), global hardness
and global softness (S) is stated as (h ¼ (E LUMO e

E HOMO)/2) and (S ¼ 1/2h), the electrophilicity (u)
can be calculated using the electronic chemical po-
tential and the chemical hardness (u ¼ m2/2 h). The
improved density distributions of LUMO and
HOMO for vacuum-phase compounds are dis-
played in Table 13 and Fig. 5. Regarding the electron
density, red denotes a high value, whereas green
denotes a low value. The surface electrons that were
trapped represented by the green region [34e36].
Therefore, consideration of these two regions dis-
tribution is too important. The electronic density
around the receptor was very high due to the atom's
nonbonding electrons were in the N¼N arrange-
ment. Although all molecules have a high electronic
density and belongs to the double bond and aro-
matic molecule area, the receptor site is mostly
aromatic.

Fig. 5. The orbitals energy levels (HOMOeLUMO) of the examined compounds (Z1-Z4).

Table 13. DFT calculations of the inhibitors under vacuum medium at
the equilibrium geometries as calculated using DFT method.

code IE(eV) EA (eV) u (eV) S h (eV)

Z1 4.026832 2.763651 9.125899 1.583304 0.631591
Z2 4.923195 3.545451 13.01367 1.451649 0.688872
Z3 5.219806 3.914446 15.97923 1.532145 0.65268
Z4 7.154035 4.156089 10.66721 0.667123 1.498973

code HOMO (eV) LOMO (eV) DE (eV) m(Debye) c(eV)

Z1 �4.02683 �2.76365 1.26318 2.923977 3.395241
Z2 �4.92231 �3.54545 1.37774 7.148079 4.234323
Z3 �5.21980 �3.91444 1.30536 5.419016 4.567126
Z4 �7.15403 �4.15608 2.99795 8.843941 5.655062
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4. Conclusions

A molecular docking study of sulfamidazole de-
rivatives with the crystal structure of (PDB code
1KZN) enzyme revealed that these compounds
interact with this enzyme satisfactorily. These re-
sults were reinforced by the low binding energy and
high binding length with the active spots of the
protein. The compounds Z2 and Z4 were found to
have the highest docking score �6.2705 and �6.2108,
respectively. Moreover, the toxic, absorption, and
physiochemical properties study of the prepared
compounds aims to recognize the similarity of their
features with drugs. It can be concluded that sulfa-
midazole derivatives could be utilized for drug
improvement by designing and modifying com-
pounds to be more active. Sulfamidazole derivatives
compounds (Z1-Z4) were synthesized via a diazo-
nium reaction and these compounds contain azo
moiety. The compounds were characterized utiliz-
ing FT-IR, 1HNMR, in addition to melting point
measurements. Regarding study antibacterial study,
against four bacterial strains (E. coli, K. pneumonia,
Salmonella, and S. aureus). It was concluded that the
azo compounds possess a moderate activity against
all bacterial strains at (100 mg/ml) concentration. To
sum up, the dye compounds (Z1-Z4) are very
important and could be considered as an essential
material for future active medications, especially
when they are used as inhibitors for E. coli, K.
pneumonia, Salmonella, and S. aureus bacteria.
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