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A  B  S  T  R A C T 
A sequence of novel 2-(4-benzoyl-2-methyl-phenoxy)-N-(3-chloro-2-oxo-4-phenyl-azetidin-1-yl)-acetamide analogues 9(a–

n) were synthesized through a multistep process. The newly developed compounds were thoroughly characterized, and their 

antimicrobial activities were evaluated using disc diffusion and broth dilution methods. Additionally, all compounds in the 

series (9a–n) were tested against various bacterial and fungal strains, with Ketoconazole, Chloramphenicol, and Amoxicillin 

serving as reference drugs. Among them, compounds 9a, 9e, and 9g exhibited significant inhibition against the tested strains. 

Furthermore, molecular docking studies were conducted on the most potent compounds to analyze their three-dimensional 

geometric interactions with target proteins. 
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1. Introduction 

For several years, the rise of microorganisms resistant to 

nearly all classes of antimicrobial agents have become a 

significant public health concern. The discovery and design 
of new antimicrobial drugs have been a primary focus for 

researchers in the pursuit of more effective treatments. In 

recent decades, the issue of multidrug-resistant 

microorganisms has reached alarming levels worldwide. 

The World Health Organization (WHO) has identified 

antimicrobial resistance (AMR) as one of the top ten global 

public health threats. In the United States alone, over 2.8 

million antibiotic-resistant infections occur annually, 

leading to more than 35,000 deaths. Additionally, in 2017, 

approximately 223,900 individuals required hospitalization 

due to Clostridioides difficile, with at least 12,800 fatalities 
reported [1-4]. Resistance to multiple antimicrobial agents, 

including β-lactam antibiotics, macrolides, quinolones, and 

vancomycin, has been documented. Moreover, numerous 

clinical reports highlight the increasing prevalence of 

methicillin-resistant Staphylococcus aureus (MRSA), drug-

resistant Streptococcus pneumoniae, carbapenem-resistant 

Enterobacteriaceae (CRE), erythromycin-resistant group A 

Streptococcus, and clindamycin-resistant group B 
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Streptococcus, all of which contribute to severe infections, 

particularly in developed countries [5,6]. In addition to 

bacterial resistance, systemic fungal infections have 

become a growing concern. The first orally active 

antifungal agent, ketoconazole, proved effective against a 

wide range of systemic and superficial fungal infections. 

Since then, several azole antifungal agents, such as 

itraconazole, fluconazole, voriconazole, and ravuconazole, 

as well as the glucan synthesis inhibitor caspofungin, have 

been introduced into clinical practice. 

 

Antibiotics have played a crucial role in combating 
bacterial infections and improving public health. However, 

their effectiveness is diminishing due to increasing bacterial 

resistance and associated toxicity concerns [7,8]. The rise of 

drug-resistant infections presents a significant challenge to 

the medical community, necessitating the search for novel 

antimicrobial agents with reduced resistance. 

 

2-Azetidinone, a four-membered heterocyclic amide 

commonly known as β-lactam, is widely recognized for its 

structural presence in broad-spectrum β-lactam antibiotics, 

including penicillins, cephalosporins, carbapenems, and 
monobactams. These compounds have been extensively 

utilized as chemotherapeutic agents for bacterial and 

microbial infections. Beyond their biological properties, β-

lactams also serve as crucial synthetic intermediates in 

organic synthesis, such as in the semi-synthesis of Taxol. 

Similarly, benzophenone analogues have demonstrated 

significant potential as anticancer, anti-inflammatory, and 

antimicrobial agents [9-12]. 

 

In view of these factors, we designed and synthesized 

hybrid molecules combining benzophenone with an 

azetidinone moiety. The antimicrobial and antifungal 
activities of these newly developed compounds were further 

analyzed through in silico docking simulations [15,16]. The 

targets for antimicrobial docking studies were selected 

based on literature highlighting β-lactams as potent 

inhibitors of transpeptidases, a crucial enzyme class in 

bacterial cell wall synthesis. Likewise, antifungal targets 

were chosen based on evidence that azetidinones effectively 

inhibit CYP51 and other P450 enzymes in fungi. The 

inhibition of these enzymes disrupts fungal membrane 

integrity by accumulating methylated sterol precursors of 

ergosterol, similar to the action of ketoconazole, which was 
used as a reference drug in invitro studies [17-20]. 

 

2. Methodology 

All solvents and reagents were procured from Sigma 

Aldrich Chemicals Pvt. Ltd., India. Melting points were 

measured using an electrically heated VMP-III melting 

point apparatus. FT-IR spectra were recorded on an FT-IR 

Jasco 4100 infrared spectrophotometer using KBr discs and 

Nujol. The ¹H NMR spectra were obtained on a Bruker 

DRX 400 spectrometer at 400 MHz, with TMS as the 

internal standard. Mass spectra were recorded using an LC-
MS (API-4000) mass spectrometer. Additionally, elemental 

analysis of the compounds was conducted using a Perkin 

Elmer 2400 elemental analyzer. 

General Procedure for the Synthesis of Phenyl 

Benzoates 3(a–b): Substituted benzoates 3(a–b) were 

prepared by benzoylating o-cresol (1, 0.001mol) with the 

respective benzoyl chlorides 2(a–b) (0.001mol) in the 

presence of a 10% sodium hydroxide solution. The reaction 

mixture was stirred at 0°C for 2–3 hours and monitored 

using thin-layer chromatography (TLC) with an n-hexane: 

ethyl acetate (4:1) solvent system [21,22]. Upon 

completion, the organic layer was extracted with ether (3 × 

15 mL), washed with 10% sodium hydroxide solution (3 × 

30 mL) and water (3 × 25 mL), then dried over anhydrous 

sodium sulfate. The solvent was evaporated, and the 
resulting solid was recrystallized from ethanol to obtain 

pure compounds 3(a–b). Characterization data are provided 

in the Supplementary File [23,24]. 

General Procedure for the Synthesis of Substituted 4-

Hydroxy Benzophenones 4(a–b) 

Substituted 4-hydroxy benzophenones 4(a–b) were 

synthesized via the Fries rearrangement. Compounds 3(a–b) 

(0.001 mol) were treated with anhydrous aluminum 

chloride (0.002 mol) as a catalyst and heated at 150–170°C 

under neat conditions for 2–3 hours. After cooling to room 

temperature, the reaction mixture was quenched with 6N 
HCl in the presence of ice-cold water and stirred for 2–3 

hours. The resulting solid was filtered and recrystallized 

from ethanol to obtain pure compounds 4(a–b) [25-27]. 

General Procedure for the Synthesis of Ethyl 2-(4-

Benzoyl-2-Methylphenoxy) Acetates 5(a–b) 

Compounds 5(a–b) were synthesized by refluxing a mixture 

of compounds 4(a–b) (0.013 mol) and ethyl chloroacetate 

(0.026 mol) in dry acetone (35 mL) with anhydrous 

potassium carbonate (0.019 mol) as a weak base for 8–9 

hours. After cooling, the solvent was removed by 

distillation, and the residue was triturated with cold water to 

eliminate potassium carbonate. The mixture was extracted 
with ether (3 × 50 mL), and the ether layer was washed 

with 10% sodium hydroxide solution (3 × 50 mL) and water 

(3 × 30 mL), then dried over anhydrous sodium sulfate. 

Evaporation of the solvent yielded a crude solid, which was 

recrystallized from ethanol to obtain pure compounds 5(a–

b) [28,29]. 

General Procedure for the Synthesis of Substituted 2-(4-

Benzoyl-2-Methylphenoxy) Acetohydrazides 6(a–b) 

To a solution of compounds 5(a–b) (0.01 mol) in ethanol 

(10 mL), 99% hydrazine hydrate (0.01 mol) was added 

dropwise while stirring continuously at room temperature 
for 2 hours. The resulting white solid was filtered and 

recrystallized from methanol to obtain pure compounds 

6(a–b) [30,31]. 

General Procedure for the Synthesis of Substituted 2-(4-

Benzoyl-2-Methylphenoxy)-N 

Benzylideneacetohydrazides 8(a–n) 
A solution of compounds 6(a–b) (0.01 mol) in absolute 

ethanol (50 mL) was combined with a catalytic amount of 

acetic acid and an equimolar quantity of the corresponding 

aldehydes 7(a–g). The reaction mixture was refluxed for 8–

10 hours, then cooled to room temperature, poured onto 
crushed ice, filtered, washed, dried, and recrystallized from 

acetonitrile to obtain compounds 8(a–n) in good yield [32-

34]. 
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General Procedure for the Synthesis of 2-(4-Benzoyl-2-

Methylphenoxy)-N-(3-Chloro-2-Oxo-4-Phenylazetidin-

1-yl)-Acetamides 9(a–n): A solution of compounds 8(a–n) 

(0.01mol) and triethylamine (0.01mol) in dioxane (50 mL) 

was cooled and stirred. To this well-stirred, chilled solution, 

chloroacetyl chloride (0.01mmol) was added drop wise over 

20 minutes. The reaction mixture was then stirred for an 

additional 3 hours and allowed to stand at room temperature 

for 48hr. After completion, the mixture was concentrated, 

cooled, and poured into ice-cold water. The resulting solid 

was filtered, dried, and purified by column chromatography 

over silica gel using a 30% ethyl acetate: 70% benzene 
solvent system. Recrystallization from a suitable solvent 

yielded pure 2-azetidinone derivatives 9(a–n) [35-40]. 

Pharmacology 

Docking Simulation (Methodology) 

Molecular docking simulations were performed using 

AutoDock Tools version 4 (ADT4) [41]. The structural data 

for the target proteins—5E1G for antibacterial studies and 

3LD6 for antifungal studies—were obtained from the 

RCSB PDB database (http://www.rcsb.org/pdb/, accessed 

on 5 February 2025). These proteins were selected based on 

literature reports indicating that β-lactam and azetidinone 
derivatives are potent inhibitors of microbial and fungal 

targets, making them promising candidates for 

antimicrobial and antifungal therapy [42-45]. Additionally, 

the synthesized compounds shared key substructural 

features with the co-crystal ligand of the target proteins, 

further justifying their selection for docking studies. Before 

performing the docking simulations, all co-crystal ligands, 

ions, and water molecules were removed from the protein 

structures. The proteins were then prepared by neutralizing 

charges, adding polar hydrogens, and defining rotatable 

bonds using ADT4 [46-49].  

 
The ligand structures were generated using ChemDraw 

Ultra 12.0, energy-minimized with the MM2 force field, 

and saved in PDB format. Docking simulations for all 

ligands against the selected protein targets were conducted 

using the Lamarckian Genetic Algorithm (LGA) model 

[50], a widely employed method for predicting binding 

modes and conformations [51-53]. The grid was centered at 

the active site pocket of each protein with a grid box size of 

120 × 120 × 120 Å³ and a grid-point spacing of 0.425 Å. 

Among all ligand-receptor interactions, compounds 9a, 9e, 

and 9g exhibited the highest binding affinity, forming 
significant hydrogen bonds. Table 1 presents the docking 

results for compounds 9a, 9e and 9g including key 

parameters such as binding energy, hydrogen bond 

interactions and ligand efficiency (LE) [47]. The ligand 

efficiency was calculated as the ratio of Gibbs free energy 

of binding (G) to the number of non-hydrogen atoms in the 

compound, mathematically expressed as: 

 

LE = (G) / N 

 

Where G represents the Gibbs free energy of binding and N 
denotes the number of heavy atoms in the compound. Using 

the thermodynamic equation for Gibbs free energy, ∆G = 

−RT ln Ki, and approximating Ki with IC50 (a less rigorous 

estimation), ligand efficiency (LE) can be determined using 

the following formula: 

LE = 1.4 (pIC50) / N 

In addition to ADT4, BIOVIA and PyMOL were also 

employed for visualizing and presenting the ligand-protein 

conformations [54,55]. 

 

3. Results and Discussion 

Structure-Based Design: 

A comprehensive literature review was conducted to highlight 

the significance of four-membered nitrogen-containing 

heterocyclic compounds, particularly azetidinones, as well as 
benzophenone analogues. The study revealed that researchers 

have reported outstanding antimicrobial activity in azetidinone 

derivatives. Additionally, several benzophenone analogues 

previously reported by our group have shown promising 

antimicrobial properties. Moreover, widely recognized 

antimicrobial drugs such as penicillins, cephalosporins, 

carbapenems, and monobactams contain a β-lactam ring 

(Figure 1). β-Lactam antibiotics currently represent the most 

extensively used class of antibacterial agents in the treatment of 

infectious diseases, accounting for 65% of all injectable 

antibiotic prescriptions in the United States (Figure 2). 
 

Notably, the target compounds incorporate key pharmacophoric 

elements essential for antimicrobial activity, including a β-

lactam ring, a distal benzoyl group, a lipophilic aryl group, and 

the donor nitrogen atom of the acetamide bridge. Additionally, 

the carbonyl oxygen of the lactam ring forms hydrogen bonding 

interactions with Arg144 and Tyr75, while the amide oxygen 

also interacts with Arg144. The substituted phenyl ring exhibits 

pi-cation interactions with Pro87, Asn89, Glu240, and Arg84 

residues. Based on these insights, we designed new analogues 

incorporating N-CO and other pharmacophores crucial for 

antimicrobial activity (Figure 3). 

 
Figure 1. β-Lactam antibiotics 

 

 
Figure 2. Proportion of prescriptions in the United States 

for injectable antibiotics by class for years 2004–2014. 
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Figure 3. Design strategy 

 

The synthesis of the title compounds 9(a–n) was carried out 

following the reaction sequence outlined in Scheme 1. All 

synthesized compounds were characterized using IR, NMR, 
and mass spectrometry. The starting materials, substituted 

phenyl benzoate analogues (3a–b), were prepared by the 

benzoylation of o-cresol (1) with the corresponding benzoyl 

chlorides 2(a–b) in the presence of 10% sodium hydroxide 

solution. These intermediates underwent Fries 

rearrangement under neat conditions using anhydrous 

aluminum chloride as a catalyst, yielding hydroxy 

benzophenones 4(a–b). 

 

Etherification of compounds 4(a–b) with ethyl 

chloroacetate in dry acetone resulted in substituted ethyl 2-
(4-benzoylphenoxy) acetates 5(a–b). These were then 

treated with hydrazine hydrate in ethanol under continuous 

stirring to obtain substituted 4-benzoyl-phenoxy aceto 

hydrazides 6(a–b). Subsequent treatment of compounds 

6(a–b) with substituted aldehydes 7(a–g) in absolute 

ethanol, along with a catalytic amount of acetic acid, and 

refluxing for 8–10 hours, led to the formation of substituted 

2-(4-benzoyl-2-methylphenoxy)-N-(2-benzylidene) 

acetohydrazides 8(a–n). 

 

Finally, the compounds 8(a–n) were reacted with 

chloroacetyl chloride in dioxane using triethylamine as a 
catalyst. The reaction mixture was cooled and stirred, and 

chloroacetyl chloride was added dropwise over 20 minutes, 

followed by continued stirring for three hours, leading to 

the formation of the title compounds, substituted 2-(4-

benzoyl-2-methyl-phenoxy)-N-(3-chloro-2-oxo-4-phenyl-

azetidin-1-yl)-acetamides 9(a–n). To confirm the structure 

of the synthesized compounds, representative examples 

from each series were analyzed. Compound (3a) was 

characterized by the presence of a carbonyl stretching band 

for the ester group at 1715 cm⁻¹ in the IR spectrum, nine 

aromatic protons between 7.0 and 7.8 ppm in the proton 
NMR spectrum, and a stable (M + 1) peak at m/z 213 in the 

mass spectrum.  

 

Similarly, compound (4a) was confirmed by the 

disappearance of the ester carbonyl stretching band of 

compound (3a) in the IR spectrum, the presence of an OH 

stretching band at 3510–3600 cm⁻¹, a broad singlet for the 

OH proton at δ 12.0 ppm in the NMR spectrum, and a 

stable (M + 1) peak at m/z 213 in the mass spectrum. 

Compound (5a) was identified by the appearance of the 

ester carbonyl stretching band at 1760 cm⁻¹ in the IR 

spectrum, the disappearance of the OH proton singlet of 

compound (4a), and the presence of triplet and quartet 

peaks for CH₃ and CH₂ protons at δ 2.31 and 4.15 ppm, 

respectively, in the NMR spectrum. The mass spectrum 

showed a stable (M + 1) peak at m/z 299. 

 
The formation of compound (6a) was confirmed by the 

presence of NH and NH₂ stretching bands at 3120–3220 

cm⁻¹ and an amide carbonyl stretching band at 1670 cm⁻¹ in 

the IR spectrum. The proton NMR spectrum displayed a 

singlet peak for the amide −NH at δ 9.55 ppm and a singlet 

for NH₂, while the disappearance of triplet and quartet 

peaks for CH₃ and CH₂ from compound (5a) further 

confirmed the transformation. The mass spectrum exhibited 

a stable (M + 1) peak at m/z 286. 
 

For compound (8a), the disappearance of the NH₂ band of 

compound (6a) and the appearance of a C=N stretching 

band at 1630 cm⁻¹ in the IR spectrum, along with a singlet 

peak for the HC=N proton at δ 8.45 ppm and an increase in 

aromatic protons in the NMR spectrum, confirmed its 

formation. The mass spectrum revealed significant (M⁺) 
and (M + 2) peaks at m/z 407 and 409, respectively. 

 
Finally, compound (9a) was verified by the disappearance 

of the C=N stretching band from compound (8a) and the 

appearance of a carbonyl stretching band of the azetidinone 

ring at 1655 cm⁻¹ in the IR spectrum. The proton NMR 

spectrum confirmed this with the disappearance of the 

HC=N singlet and the appearance of an N-CH singlet at δ 

5.45 ppm and a Cl-CH singlet at δ 5.6 ppm. The mass 

spectrum exhibited significant peaks at m/z 483 (M⁺) and 

485 (M + 2), confirming the successful synthesis of 

compound (9a). 

 

Molecular Docking Study 

The antibacterial and antifungal activities of the synthesized 

compounds were predicted through in silico molecular 

docking studies using protein targets (PDB ID: 5E1G) for 

antibacterial and (PDB ID: 3LD6) for antifungal activity. 

Among all tested compounds, the docking results 

highlighted 9a, 9e, and 9g as the most promising 

candidates, exhibiting strong binding affinities and well-

defined hydrogen bonding interactions with key amino 

acids within the active site pockets of the target proteins. 

Compound 9a displayed the best binding energy of −8.99 

kcal/mol against the 5E1G protein, forming three hydrogen 
bonds with ligand efficiency and inhibition constant values 

of −0.27 and 2.14 µM, respectively (Table 4). In this 

binding conformation, the THR320 residue formed a 

hydrogen bond with the oxygen atom of the carbonyl group 

connecting the phenyl and phenoxy rings at a distance of 

1.84 Å. Additionally, CYS354 and HIS336 established two 

hydrogen bonds with the oxygen atoms (=O and –O–) in the 

acetamide bridge at distances of 1.95 Å and 2.42 Å, 

respectively. Furthermore, the HIS352 residue exhibited 
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two pi-cation and pi-pi stacking interactions with the 

phenoxy ring, along with another pi-cation interaction with 

the chlorophenyl ring (Figure 5). Other docking 

conformations of 9a with the 5E1G protein also 

demonstrated favorable results (Table 4). 

 

Compound 9e exhibited remarkable binding interactions 

with both protein targets, achieving a strong binding energy 

of −11.57 kcal/mol with the 3LD6 protein. This interaction 

involved the formation of four hydrogen bonds, with ligand 

efficiency and inhibition constant values of −0.32 and 3.31 

µM, respectively (Table 4). The shortest hydrogen bond in 
this complex was formed between the LYS156N residue 

and an oxygen atom of the nitro group at a distance of 1.67 

Å. Another oxygen atom of the nitro group formed a 

hydrogen bond with TYR145 at a distance of 1.98 Å. 

Additionally, TYR131 and ARG382 residues contributed 

two hydrogen bonds with the oxygen atom attached to the 

azetidine moiety at distances of 1.80 Å and 2.47 Å, 

respectively. The phenyl ring also participated in two pi-pi 

stacking interactions with TRP239 and a pi-cation 

interaction with HIS236 (Figure 5). Further details of 

compound 9e's docking conformations with the 3LD6 
protein are summarized in Table 4. 

 

Additionally, compound 9e displayed significant binding 

affinity towards the 5E1G protein, with a best binding 

energy of −9.86 kcal/mol, forming five hydrogen bonds. 

The ligand efficiency and inhibition constant were recorded 

as −0.27 and 59.52 µM, respectively (Table 4). In this 

binding conformation, one of the oxygen atoms of the nitro 

group formed two hydrogen bonds with HIS352 at 

distances of 1.80 Å and 2.60 Å. Another oxygen atom from 

the nitro group established two hydrogen bonds with 

HIS336 and ASN356 residues at distances of 2.14 Å and 
2.30 Å, respectively. Furthermore, the oxygen atom of the 

azetidine moiety formed the shortest hydrogen bond with 

THR320 at a distance of 1.69 Å. This conformation was 

further stabilized by a pi-pi stacking interaction between the 

centroid of the chlorophenyl ring and TRP340 (Figure 5). 

Other docking conformations of compound 9e with the 

5E1G protein are listed in Table 4. 

 

 
Figure 4. 2D interaction plots of the ligands at the active site 

of the proteins showing pi- cation and hydrogen bond 

interactions. 

 

For the docking results of compound 9g with the 3LD6 

protein, the best conformation exhibited a ligand efficiency 

of −0.31 and an inhibition constant of 27.82 µM, with a 

binding energy of −10.31 kcal/mol. This conformation 

featured a single hydrogen bond between the TYR145 

residue and the nitrogen atom in the acetamide group at a 

distance of 2.04 Å. Additionally, a pi-pi stacking interaction 

was observed between the TYR131 residue and the centroid 

of the phenoxy ring (Figure 4). The parameters for all other 

docking conformations of compound 9g with the 3LD6 

protein are summarized in Table 1. 

 

Thus, compounds 9a and 9e fit well into the binding pocket 

of the 5E1G protein, interacting with several hydrophobic 
residues, hydrogen bonds, and pi contacts involving key 

amino acids such as TYR308, TYR318, THR320, GLY332, 

VAL333, PHE334, HIS336, TRP340, SER351, HIS352, 

GLY353, CYS354, and ASN356. These interactions closely 

resemble those observed in the cocrystallized ligand and 

other known 5E1G inhibitors. 

 

Similarly, compounds 9e and 9g were well accommodated 

within the active site of the 3LD6 protein, forming multiple 

hydrogen bonds, hydrophobic interactions, and pi contacts 

with key residues including TYR131, LEU134, TYR145, 
THR135, PHE152, LYS156, HIS236, TRP239, ILE377, 

MET380, MET381, ARG382, HIS447, CYS449, and 

MET487. These interactions are analogous to those 

observed with the original 3LD6 protein inhibitor. 

 

Figure 6 provides three-dimensional representations of the 

ligand-protein complexes, offering a detailed view of how 

the ligands are positioned within the active site groove of 

the proteins. Additionally, Figure 7 illustrates the ribbon 

model of the protein targets with the ligands depicted in a 

ball-and-stick representation for the most stable 

conformations. 
 

 
Figure 5. 3-D close view visualization of the ligand-protein 

complexes showing the enfolding f the ligands in the active site 

groove of the proteins. 

 

 
Figure 6. Ball and stick representation of the ligands with 

ribbon model of the protein targets showing hydrogen bond as 

dashed lines. 
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The docking simulations were validated by redocking 

the original inhibitors and co-crystal ligands with the 

same proteins, showing strong overlap with our 
ligands. The RMSD values for 9a and 9e docked with 

5E1G were 0.172 and 0.201, respectively (Figure 8a), 

while 9e and 9g docked with 3LD6 had RMSD values 
of 0.182 and 0.216, respectively (Figure 8b). The in 

silico docking results aligned with experimental 

findings, highlighting the significance of the 

acetamide group, azetidinone, and phenyl ring in the 
biological activity of these compounds as potential 

antibacterial and antifungal agents. 

 

 
Figure 7. Overlapping of cocrystal ligands (blue color) with 

our synthesized compounds, 9a (yellow color), 9e (purple 

color) and 9g (cyan color) docked with; (a) 5E1G and (b) 

3LD6 proteins. 
 

Table 1. Results of in silico docking studies for 9a, 9e and 9g ligands with 3U2K, antibacterial, and 1JIP, antifungal, targets 

Conf 

No. 

Ligand Protein B.E 

(kcal/mol) 

L.E IC₅₀ 
(μM) 

vdW-HB-

Des-Energy 

(kcal/mol) 

HB of Residues 

and Ligands with 

Bond Length (Å) 

Pi 

Interactions 

(Å) 

RMSD 

1 9a SEIG -9.99 -

0.27 

2.14 -10.99 THR320:N-HO 

(1.85), CYS385:N-

HO (1.95) 

HIS352-Cg2 

(3.92) 

0.172 

1 9e 3LD6 -9.86 -

0.27 

59.52 -11.98 THR320:OH-O 

(2.00), HIS323:N-

HO (1.91) 

TRP540-Cg1 

(3.59) 

0.201 

2 9a SEIG -11.57 -

0.32 

3.31 -12.07 LYS156:N-HO 

(1.8), TYR318:N-

HO (1.9) 

HIS326-Cg3 

(3.96) 

0.218 

2 9g 3LD6 -10.31 -

0.31 

27.22 -12.42 TYR313:N-HO 

(2.3), ARG438:N-

HO (2.4) 

TRP329-Cg3 

(3.32) 

0.214 

3 9a SEIG -8.67 -

0.26 

644.19 -11.08 THR320:OH-O 

(2.0), HIS323:N-

HO (1.9) 

TYR318-Cg2 

(2.25) 

1.311 

3 9e 3LD6 -9.81 -
0.26 

42.7 -12.06 HIS323:N-HO 
(2.0), THR320:OH-

O (2.1) 

TRP540-Cg1 
(3.59) 

0.865 

4 9a SEIG -8.52 -

0.26 

566.15 -11.08 THR320:OH-O 

(2.0), TYR318:N-

HO (2.0) 

TYR318-Cg2 

(3.8) 

10.361 

4 9g 3LD6 -9.57 -

0.27 

126.48 -12.04 LYS156:N-HO 

(2.0), HIS323:N-

HO (2.1) 

THR320-Cg2 

(2.8) 

3.352 

5 9a SEIG -8.07 -

0.22 

1.21 -10.99 ASN386:N-HO 

(1.78) 

THR320-Cg2 

(2.77) 

0.951 

5 9g 3LD6 -9.38 -

0.30 

62.5 -11.89 PHE234-Cg3 (4.0) LYS156-Cg2 

(2.85) 

1.392 

6 9a SEIG -7.99 -

0.29 

5.39 -12.08 LYS156:N-HO 

(2.5) 

TRP540-Cg1 

(3.92) 

3.334 

6 9g 3LD6 -9.10 -

0.28 

13.85 -11.32 ILE399:N-HO 

(2.11) 

TRP329-Cg3 

(3.92) 

3.319 

7 9a SEIG -7.74 -

0.26 

256.46 -8.90 TYR313:N-HO 

(3.0) 

TRP540-Cg1 

(2.92) 

8.952 

7 9g 3LD6 -9.00 -
0.25 

39.54 -11.06 ILE305:N-HO 
(2.01) 

TRP540-Cg1 
(3.92) 

9.612 

8 9a SEIG -8.07 -

0.27 

316.41 -11.06 THR320:OH-O 

(2.17) 

TYR318-Cg2 

(2.8) 

9.234 

8 9g 3LD6 -9.10 -

0.18 

397.02 -10.26 LYS156:N-HO 

(2.16) 

LEU316-Cg2 

(2.5) 

12.234 

9 9a SEIG -7.15 - 1.64 -7.97 HIS352:N-HO TRP540-Cg2 11.381 
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0.18 (1.67), ASN386:N-
HO (1.67) 

(4.00) 

9 9e 3LD6 -5.15 -

0.15 

16.1 -7.18 TRP319:N-HO 

(1.43) 

HIS352-Cg2 

(2.91) 

14.918 

10 9a SEIG -6.05 -

0.18 

50.95 -10.31 HIS352:N-HO 

(1.19), ASN386:N-

HO (1.66) 

TRP540-Cg1 

(3.92) 

4.035 

10 9g 3LD6 -7.66 -

0.23 

2.43 -9.78 GLY446:N-HO 

(2.91) 

ILE430-Cg2 

(2.92) 

0.744 

 

4. Conclusion 
In conclusion, a series of benzophenone-fused 
azetidinone derivatives were successfully synthesized 

through a multi-step process. The structural 

confirmation of all synthesized compounds was 

carried out. Additionally, these newly developed 
derivatives were evaluated for their antibacterial and 

antifungal activities. Insilico docking results aligned 

with the experimental findings, emphasizing the 
crucial role of the acetamide group, azetidinone, and 

phenyl ring in the biological activity of these 

compounds as potential antibacterial and antifungal 
agents. 
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