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Abstract

The development and resistance of bacteria to antibiotics, make us in a continuous race with
time to prepare inhibition compounds against advanced bacteria. The fundamental geal of the
present research is to connect two effective groups such as the Sulfonamide and B-lactam
Groups. The first step involved the preparation of cyano derivatives from the reaction of
sulfamethoxazole with sodium nitrate to form diazonium salt followed by a coupling reaction of
the diazonium salt with sodium cyanate. The Cyano derivative was treated with urea in an acidic
medium to form an Oxadiazol derivative. The last derivative was condensed with various
aromatic aldehydes to yield the Schiff base derivatives. In the presence of triethylamine, the
Schiff bases combined with chloroacetyl chloride to give derivatives of azetidinone. Boling
Point, TLC, FTIR, and H-NMR techniques were used to determine the results. The synthetic
derivatives were tested for their antibacterial efficacy against three strains of Escherichia coli,
Staphylococcus aureus and Pseudomonas aeruginosa. All compounds under investigation
displayed strong antibacterial activity when compared to ampicillin.
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1. Introduction

Sulfonamides are widely employed in treating a
variety of bacterial infections, including those of the
intestinal, urinary, and respiratory tracts. Their
research is an exciting and promising field of
medicinal chemistry [1]. Sulfamethoxazole (SMX) or
N1 - (5-methyl-3-isoxazolyl) sulfanilamide is one of
the sulfonamide antibiotics that used to treat
bacterial infections such prostatitis, bronchitis, and
urinary tract infections. Additionally, it works well
against bacteria with both Gram negative and
positive chromosomes, including Escherichia coli
and Staphylococcus aureus [2-3]. Sulfamethoxazole
is a crystalline powder that is white to slightly off-
white in color and virtually odorless. The main type
of sulfamethoxazole detected in human urine is its
N4-acetyl derivative, which is produced during
metabolism. Human urine also contains smaller
amounts of the intact drug as well as three other,
incompletely characterized metabolites.
Sulfamethoxazole is almost totally present in intact
form in human blood [4]. Treatment of respiratory
illnesses like pneumonia frequently involves the use
of trimethoprim and sulfamethoxazole. Other well-
known conditions that can be treated with
sulfamethoxazole include gastroenteritis, diarrhea,
and coccidiosis. Sulfamethoxazole is used to treat a
doi.org/10.31838/hiv23.02.6

wide number of animals, which results in the
excretion of un-metabolized or active metabolites,
which leaves behind residues [5-6].

Schiff bases have the general formula RC=NR and
are the condensation products of an amine and a
ketone or an aldehyde. These Schiff bases may
function as bidentate, tridentate, tetradentate, or
hexadentate donor ligands [7]. Because they may
possess a wide range of structural properties,
including anticonvulsant, anticancer, antimalarial,
anti-tubercular, antitumor, antifungal, anti-
inflammatory, anti-carcinogenic activity,
antibacterial, and antioxidant properties [8]. In the
food industry [11], as dyes and pigments [12], for
catalysis [13], as chemosensors and polymer
stabilizers, among other applications, schiff bases are
one of the most commonly used organic
compounds.

Because of their ability to adsorb and create a
corrosion-mitigating surface coating through their
electron-rich centers, particularly the imine moiety,
schiff bases can also be utilized as corrosion
inhibitors for a variety of metal-electrolyte systems.
In actuality, this moiety's -acceptor properties allow
it to provide a firm link with metallic ions [14-15].
The chemistry of -lactams has assumed an important
position in organic chemistry since Sir Alexander
Fleming's 1928 discovery of Penicillin and the
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subsequent discovery of Cephalosporin, both of
which were successfully used as antibiotics [16-17].

One of the most important four-membered
heterocyclics used in chemical synthesis and
medicinal chemistry is azetidines or -lactam

compounds [18]. Many broad-spectrum -lactam
antibiotics, such as penicillin, cephalosporin,
carbapenems, nocardicins, monobactams, clavulanic

acid, sulbactams, and tazobactams, have the
structural property of the azetidinone. These
antibiotics  have  been  widely used as

chemotherapeutic medications for the treatment of
bacterial infections and microbial diseases [19]. As
anti-tubercular [20], anti-bacterial [21], anti-fungal
[22], anti-inflammatory  [23], anticancer [24],
antitumor [25], enzyme inhibitors [26], cytotoxic [27]
and vasopressin vla antagonist [28], and other
biologically active compounds, azetidinones are of
great interest.

2. 2. Experimental

For the purpose of knowing the main devices in this
research. The melting point was measured using the
Electro Thermal Technique (SMP30) type. Using
glass Thin Layer Chromatography 1020 GS - Silica
gel 60, this test was measured to identify the
progression of the reactions. At the Pharmacy
Faculty of Kufa University, a Fourier transform
infrared (FT-IR) spectrum was captured using an FT-
IR spectrophotometer-8400s, Shimadza  (KBr).
Tetramethylsilane (TMS) was used as the internal
reference when nuclear magnetic resonance (H-
NMR) measurements were taken at Teheran
University in Iran utilizing a Bruker-400 MHz. Using
an incubator from Memert-Germany, varied
temperatures were maintained as needed for the
development of the organisms. The agar medium,
which was provided by Prestige Medical-England,
was sterilized in an autoclave. DMSO was used as the
solvent and Muller Hinton agar for the bacteria test
to determine biological activity.

2.1. Synthesis Part

2.1.1. Synthesis of 4-cyano-N-(5-methylisoxazol-3-
yllbenzenesulfonamide B [29-30]

Sulfamethoxazole A (0.01mole, 1.5 g) was mixed with
(5 ml) concentrated hydrochloric acid. With stirring,
(0.01mole, 0.4 g) of sodium nitrate was added. The
temperature of the reaction was maintained up to O-
5 °C. Drop by drop, the diazonium salt solution was
incorporated into the Sodium cyanide solution
(0.01mole, 0.29 g). The reaction mixture stirred for
one hour under the same cold conditions. The
resulting are filtered, cleaned with distilled water,
then crystallized again using acetone. Color: Brown
(85 %). Melting Point :( 135 -137 OC). Rf = (0.7), the
TLC for the reaction was completed by using
(benzene: methanol, 3:1).

FT-IR (KBr, cm™): 2351.23 u(C N), 3379.29 u(N-H)
Sulfonamide, 1678.07 u(C=N), 1543.50 u(O-N),
1583.56 v (C=C) aromatic.1TH-NMR (ppm) &H: 7.13-
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7.46 (m, 4H, Ar-H), 11.04 (s, TH, NH-SO2), 2.35 (s,
1H, CH3).

2.1.2. Synthesis of 4-(5-amino-1,3,4-oxadiazol-2-yl)-
N-(5-methylisoxazol-3-yl)benzenesulfonamide C
[31-32]

In 100% ethanol, 4-cyano-N-(5-methylisoxazol-3-
yllbenzenesulfonamide (0.006 mol) was combined
with 0.012 mol of urea before being gradually mixed
with acetic acid. The reaction was put onto ice and
allowed to reflux for 14 hours, generating a white
precipitate. The final product (75%) was re-
crystallized from acetone after being rinsed with
water. Rf: 0.47, melting point: 198-200 °C, TLC
(Benzene: Methanol, 3:1).

FT-IR (KBr, cm™): 3388.49, 3348.22 u(NH,), 3323.11
u(N-H) Sulfonamide, 1535.50 u(O-N), 1582.56 v
(C=C) aromatic."H-NMR (ppm) &H: 7.6 (s, 2H, NH,),
7.32-7.95 (m, 4H, Ar-H), 11.01 (s, TH, NH-SO,).
2.1.2. Synthesis of Schiff bases derivatives
D 1-3 [33]

The different compounds (4-methoxybenzaldehyde,
4-hydroxysalicylaldehyde, and 4-
hydroxybezaldehyde) were combined with 4-(5-
amino-1,3,4-oxadiazol-2-yl)-N-(5-methylisoxazol-3-
yl) benzenesulfonamide and (30 ml) absolute
ethanol. Glacial acetic acid was added in three
drops. The reaction was stirred and refluxed for (8-
10 hours). The goods were dried, water-washed, and
then crystallized once more from hot ethanol. Table
(1.

FT-IR (KBr, cm™) Ds: 1645 u(C=N), 3301.25 u(N-H)
Sulfonamide, 1533.43 u(C=C) aromatic."H-NMR
(ppm) 8H: 8.55 & ppm (s, 1H, CH=N), 3.75 6 ppm (s,
3H, OCHjy), 6.6-7.2 6 ppm (m, 8H, Aromatic ring-H),
11.21 (s, TH, NH-SO,).

FT-IR (KBr, cm™) D 1653 u(C=N), 3332.61 u(N-H)
Sulfonamide, 1540.18 u(C=C) aromatic."H-NMR
(ppm) &6H: 8.37 & ppm (s, 1H, CH=N), 3.78 6 ppm (s,
2H, OH), 6.9-7.8 6 ppm (m, 8H, Aromatic ring-H),
11.15 (s, TH, NH-SO,).

FT-IR (KBr, cm™) Ds: 1627 u(C=N), 3363.02 u(N-H)
Sulfonamide, 1549.31 u(C=C) aromatic."H-NMR

(ppm) 6H: 8.61 & ppm (s, 1H, CH=N), 3.43 6 ppm (s,
1H, OH), 6.7-7.7 & ppm (m, 8H, Aromatic ring-H),
11.18 (s, TH, NH-SO,).

General Product]

Comp| formula Color % M.P |R.f
D1 |C20H17N505S|  Brown | 72% 112%' 0.63
D2 |C19H15N5068| Light yellow | 75% 1166%' 0.59
D3 |C19H15N505s| Brownish | 5 e | 172 1y 47

green 174

2.1.3. Synthesis of Azetidionone derivatives
E 1-3 [34-3¢]

Generally, Schiff base D1.3(0.001 mmol) and triethyl
amine (0.002 mmol) were dissolved in 30 ml of
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dioxane. Chloroacetyl chloride (0.001 mmol) was
gradually added drop by drop. After that, the
reaction was stirred for a further three hours and let
to remain at room temperature for 48 hours.The
resulting combination was cooled, poured and then
placed into ice cold water , where it was filtered and
dried. The final result (73%) was re-crystallized from
Acetone. The general formula, color, product
percentage, melting point and retention factor of the
compounds were reported in Table 2.

FT-IR (KBr, cm™) Eq: 1652.13 u(C=0 Azetidionone),
724.23 u(C-Cl), 1355.46 u(N-CH)."H-NMR (ppm) &H:
1.9 & ppm (d, TH, N-CH-C), 2.76 ppm (d, 1H, C-CH-
Cl), 6.7-7.7 & ppm (m, 8H, Aromatic ring-H), 11.12 (s,
1H, NH-SO,).

FT-IR (KBr, cm™) E,: 1658.02 u(C=0 Azetidionone),
732.14 u(C-Cl), 1359.25 u(N-CH)."H-NMR (ppm) &H:
1.8 8 ppm (d, TH, N-CH-C), 2.56 ppm (d, 1H, C-CH-
Cl), 6.7-7.9 & ppm (m, 8H, Aromatic ring-H), 11.22 (s,
1H, NH-SO,).

FT-IR (KBr, cm™) Es: 1656.33 u(C=0 Azetidionone),
731.16 u(C-Cl), 1352.34 y(N-CH)."H-NMR (ppm) &H:
2.1 8 ppm (d, 1H, N-CH-C), 2.36 ppm (d, 1H, C-CH-
Cl), 6.8-7.9 & ppm (m, 8H, Aromatic ring-H), 11.02 (s,
1H, NH-SO,).

General Product
Comp formula Color % M.P |R.f
Er | CoHisCINSOS| Palewhite | 72% | /70" (063
E; |CoHiuCINSOS| Palewhite | 75% | 190" 1059
Yellowish o 172-
Es [CxH16CIN506S RS 74% 174 0.67

2.2. Antibacterial activity

As an application side of this article, the bacterial
activity of the prepared derivatives was studied by
the disc diffusion method. Three kinds of positive
and negative bacteria (Escherichia  coli,
Staphylococcus  aureus, and  Pseudomonas
aeruginosa) were diffused and activated on Muller
Hinton agar. Using a cork borer, three identical holes
of 6 mm in diameter were drilled into each Petri dish.
During the 24-hour period at 37 °C, the diluted
synthesized compounds were inserted into the
pores. The inhibition zones were then measured
using a ruler and the findings were compared to
those obtained from standard compounds
(ampicillin) based on the diameter of the inhibitory
zone in mm [37-38].

2.3. Molecular Docking
2.3.1. Protein Selection and Preparation

By keeping in view of the pathogenic species against
which in vitro anti-bacterial activities were checked
3D structure of protein comprising these species
essential components were selected. DNA gyrase
subunit of Staphylococcus aureus (PDB ID: 6FM4)
was selected as target [39], penicillin binding
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proteins (PBPs) involved in catalytic activity of
Pseudomonas aeruginosa cell wall (PDB ID: 6R3X)
was selected as co-crystal structure [40] while
primosomal protein of Escherichia coli complexed
with single stranded DNA (PDB ID: 2CCZ) [41] was
chosen for validating the in vitro activity via in silico
activity. Crystal structures of these proteins were
downloaded in PDB format and imported to
Discovery Studio Visualizer. Protein preparation was
carried out by removing water molecules and adding
hydrogen atoms [42-43] Binding site sphere was
generated by selecting native ligand and attributes
of site sphere were copied to configuration file for
docking by using Auto dock software and saved in
PDB format for further processing in MGL Tools [44-
46).

2.3.2. Configuration of Ligand and Protein
by Auto Dock Tools for Docking

Selected protein structures were loaded to Auto
Dock (MGL) Tools for protein structure was edited by
computing Gasteiger charges and adding Kollmann
charges. While AD4 type radii and atomic radii were
assigned to protein structure. Ligand was loaded to
Auto Dock Tools by detecting and choosing root.
Accompanying these changes both macromolecule
and ligand was selected for docking and finally saved
in PDBQT format to concerned directory for docking
[47-49].

2.3.3. Docking and Scoring Function

Auto Dock Vina Program was used for molecular
docking simulation of targeted ligands to receptor
active site. Software exhaustiveness was set to 8 for
docking simulation. Grid spacing of protein was
defined automatically using the native ligand
coordinates in such a way that default radius was
assigned the binding site radius along with XYZ
coordinates. Discovery Studio Visualizer was used for
3D rendering of best docked pose which was
selected on the basis of highest binding affinity value
and low RMSD value [50-51].

3. 3. Discussion

3.1. Chemical part

Through practical results, Boling point, TLC, FTIR,
and H-NMR techniques, Azetidionone derivatives
were synthesized from cyclocondensation between
different Schiff bases with chloroacetyl chloride
compound. The first step started by preparing the
diazonium salt of sulfa compound and reacted the
latter with sodium cyanide to produce (B)
compound, Scheme 1. According to FT-IR spectrum
of the compound B, It is noted that the (CN) group
in the compound appears at 2351.23 cm-1 clearly.
Peaks for aromatic rings were seen in the TH-NMR at
7.13 and 7.46 ppm, 11.04 & ppm for (NH-SO2), and
2.35 6 ppm for (s, TH, CH3).
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Scheme 1. Synthesis (B) compound

The 4-cyano-N-(5-methylisoxazol-3-yl)
benzenesulfonamide (B) was treated with urea in
acidic medium to form (C) compound, Schem 2. The
compound was confirmed by FTIR and TH-NMR. The
FTIR spectrums were observed two bands for v (NH2)
at 3388.49, 3348.22 cm-1, and (N-N) group at
1538.32 cm-1. While TH-NMR peaks, the (NH2)
group was observed at 7.6 & ppm a special group in
the above compound.
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Scheme 2. Synthesis (C) compound

Schiff bases are chemical compounds that resemble
aldehydes or ketone in which the carbonyl group has
been changed to an azomethine or imine group. The
condensation of an amino molecule with carbonyl
compounds produces the adaptable ligands known
as schiff bases. Three new Schiff bases derivatives
were synthesized from Oxadiazol derivative with 4-
methoxybenzaldehyde,  4-hydroxysalicylaldehyde,
and 4-hydroxy- bezaldehyde, Scheme 3. Schiff bases
derivatives were characterized by the clear group (-
HC=N-), where the group appears in the FT-IR
spectrum between (1627-1653) cm-1. While in the
TH-NMR spectra, the imine group was appeared
between (8.37-8.61) ppm.

Q
\ =
N

N '
o
i }‘“{“ Ar-COH N i} VR
NS Ny, Glacial acetic HN‘ﬁ L =
o o 2 o © VT
c o
5 4
Y, Ho 2
P HO

p-methoxybenzalde hyde oH

Scheme 3. Synthesis of Schiff bases derivatives

Azetidinones are one of the important compounds
prepared from the reaction of the imine group in
Schiff bases with chloroacetyl chloride. Azetidinone
compounds were identified by FTIR and H-NMR.
These compounds were characterized by the
presence of distinct groups such as (C=0O: 1652-
1658, N-CH: 1352-1359, C-Cl: 724-731) cm-1. In the
H-NMR, the values of (N-CH-C, C-CH-Cl) groups
were shown at (1.8-2.1), and (2.3-2.7) respectively,
Scheme 4.
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Scheme 4. Preparation of Azetidinine compounds
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3.2. Biological part

For pharmaceutical applications of azetidinone, the
new compounds were then synthesized to have high
activity against many types of bacteria. Using Muller
Hinton Agar, the synthesized chemical derivatives E
(1-3) were tested against selected microorganisms.
The accompanying table 3 and figure 1 show the
biological outcomes of produced compounds in
comparison to standard compounds (ampicillin).

Antibacterial test
Sample |Staphylococcus |Escherichial Pseudomonas
aureus coli aeruginosa
E1 Sl aRaliats +++
E2 +++ ++ +++
E3 — _ T
Ampicillin it it +++
Where, — = Resistant, + = 1-10 cm, ++ = 10-20 cm, +++
= 20-30cm.
30
— 25
- b 20
B Staphylococcus aureus
M Escherichia coli P
Pseudomonas aeruginosa L 10
5
T o]
Ampicillin E3 E2 E1

Figure 1. The results of antibacterial activity of
compounds E (1-3)

Through the table 3 and figure 1, we note that
compounds E1-2 gave high biological activity
against selected microorganisms. While the
compound E3 gave low activity for Staphylococcus
aureus and Escherichia coli and moderate activity for
Pseudomonas aeruginosa. When comparing the
activity of the standard compound with the prepared
compounds, some of the synthesized compounds
gave stronger activity than the standard compound,
and some compounds gave similar activity, and
some were weaker towards the types of bacteria.

3.3. Docking Analyses

Molecular docking simulation was carried out to
rationalize the anti-bacterial potential of synthesized
compounds by demonstrating the binding affinity of
synthesized compounds into the active site of
targeted receptor macromolecule. Docking process
begin with validation, by checking the RMSD values
of native ligand with re-docked co-crystal structure
of respective protein. Staphylococcus aureus RMSD
value for native and re-docked ligand is 1.094A,
RMSD value for Pseudomonas aeruginosa is 2.149A
and targeted macromolecule structure for
Escherichia coli was a nucleic acid having RMSD
value of 0.000A, superimposed native ligand and re-
docked ligand is shown in figure 1. RMSD values
within the range of 2A proved the validation of
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docking protocol with respective synthesized
molecules [52]. Ampicillin was used as standard drug
in both in vitro and in silico analysis [53]. Molecular
docking studies with all receptor sites revealed that
Ampicillin has binding affinity value of -6.1kcal/mol

New Sulfamethoxazole Derivatives; Synthesis, Identificatio....

Escherichia coli and -7.9 kcal/mol for Pseudomonas
aeruginosa respectively [54-55]. It can be seen in
table 4 that inhibition potential of compounds
obtained by in vitro antibacterial analysis is well
correlated with binding affinity score as revealed by

for Staihylococcus aureus, -7.6 kcal/mol for molecular-docking

Staphylococcus aureus
Receptor amino
Binding acids/chain
Compounds |Antibacterial Test Target Affinity Score| involved in Category (Type)
(kcal/mol) Hydrogen
Bonding
E1 it 6.4 MET1121 Conventional
SER1084 Carbon-Hydrogen
Staphylococcus aureus Gyrase MET1121 Conventional
E2 +++ (PDB ID: 6FM4) -6.6 SER1084 Carbon-Hydrogen
Organism: Staphylococcus F chain Conventional
E3 = aureus -6.4 ASP1083 Conventional
Standard: o+ 6.1 MET1121 Conventional
Ampicillin
Escherichia coli
SER79 Conventional
ol T U SER8S Carbon-Hydrogen
E2 ++ Escherichia coli primosomal -8.9 LEU16 Conventional
E3 protein PriB (PDB ID: 2ccz) 98 SER55 Conventional
- Organism: Escherichia coli ) HIS26 Carbon-Hydrogen
Standard: -+ 7.6 | No H-bonding
Ampicillin
Pseudomonas aeruginosa
E1 s 94 TYR409 Convent?onal
TYR532 Conventional
Pseudomonas aeruginosa TYRA0? Conventional
E2 S T . -9.1 TYR487 Conventional
Penicillin-Binding protein 3 THR487 Conventional
E3 + (PDBID'(ﬁ':I?x?(:S))r anism: 9.4 S Comvendent|
Pseudomonas aegruginosa ' TYRS32 Convent?onal
Standard: ASN351 Convent!onal
Aieiailia +++ -7.9 TYR409 Convent!onal
TYR328 Conventional

3.3.1. Binding Affinity Analysis

Trend in table 1 showed that compound E2
generated the highest binding affinity value of -6.6
kcal/mol and also had maximum inhibitory zone of
20-30cm for Staphylococcus aureus antibacterial
activity. In case of Escherichia coli inhibition both by
in vitro and in silico analysis compound E1 generated
the best binding affinity score of -10.7 kcal/mol and
highest inhibitory zone. In the same way compound
E1 is most potent in inhibiting the bacterial activity
of Pseudomonas aeruginosa with maximum zone of
inhibition along with highest binding affinity value of
-9.4 kcal/mol [56].

In case of Staphylococcus aureus receptor protein
(PDB ID: 6fm4) E1 and E2 substituted R group had
same orientation and E3 R group was oriented in
opposite direction. While high binding affinity of E2
was due to more number of H-bonding interaction
as compared to E1 and E2 [57-58].

Receptor protein of Pseudomonas aeruginosa has
two H-bonds and ten Van der Waals interactions with
E1, with E2 it displayed three H-bonding and ten
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other electrostatic interactions while E3 displayed
three H-bonding and five electrostatic interactions.
But highest binding affinity value of E1 and E3 was
due to the best fitness of docked pose into catalytic
site, as substituted R group had more stability within
the binding domain of receptor protein [59-60]
Molecular docking analysis results for Escherichia coli
revealed that E1 had two H-bonding and four
electrostatic interactions, E2 had one H-bonding and
three electrostatic interactions and E3 had two H-
bonding and six Van der Waals interactions.
However, high binding affinity of E1 was attributed
to the orientation pattern within the binding catalytic
domain. As it can be seen in figure 2, that except E1
all compounds were away from the catalytic site of
receptor [61-62]

Overall it was concluded that methoxyphenyl
derivative E1 of sulfonamide can be considered as
critical moiety to develop as broad spectrum

antibiotic agent [63-64]. Meanwhile,
dihydroxyphenyl E2 and hydroxyphenyl E3
derivatives  provide bulkiness for  properly

embedding into the protein active site.
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Best fit pose of all potent compounds displaying H-
bonding and other Van der Waals forces within the
receptor active site is shown in figure 2 [65-66]. In
order to get better orientation and conformation
best output pose of each docked compound was
superimposed to standard Ampicillin within the
binding site sphere, shown in fig 3, also displaying
binding site amino acids. Assessment of
superimposed structures showed that all the
compounds had similar alignment to reference drug
except for substituted R groups and fits well into
active site of receptor [67].

Figure 2. (A) Validation of docking simulation for
Pseudomonas aeruginosa protein PDB ID: 6r3x
possessing native ligand in orange color and re-docked
ligand in magenta color (B) Validation of docking
simulation for Staphylococcus aureus protein PDB ID:
6fm4 possessing native ligand in cyan color and re-
docked ligand in green color (C) Validation of docking
simulation for Escherichia coli nucleic acid PDB ID: 2ccz
possessing unprepared structure of nucleic acid in cyan
color and structure prepared for docking in cyan color

é

Figure 3. Representation of best docked pose into the
receptor catalytic cavity along with standard Ampicillin.
Amino acids shown in catalytic site were involved in
interaction with compounds. Standard Ampicillin was
shown in yellow color, compound E; in green color,
compound E; in blue and compound E3 in magenta
color.

4. Conclusion

Due to the rapid development of bacteria against
various antibiotics, a series of azetidinone derivatives
were prepared from a starting substance
sulfamethoxazole. Azetidinone derivatives were
identified by many techniques such as melting point,
thin layer chromatography, FT-IR, and H-NMR. Then,
the biological activity of azetidinone derivatives of
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three types of bacteria was studied using Molegro
Virtual Docker (MVD). It was found that some of the
prepared derivatives have high biological activity

against the selected types of bacteria
(Staphylococcus  aureus,  Escherichia coli &
Pseudomonas aeruginosa).
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