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Background 
Chalcones are extremely desirable compounds due to their simple structure, ease of 
production, and potential biological functions, such as antibacterial, antioxidant, 
anticancer, etc. 
Objective 
To synthesis, examine, and select new chalcones derived from 5-formyl-1,4-
dihydropyridine, and evaluate the ability as antimicrobials using Staphylococcus 
aureus, Escherichia coli, and molecular docking. 
Materials and methods 
Chalcone derivatives of 1,4-Dihydropyridine (1,4-DHPs) were synthesized by a 
condensation process. Fourier-transform infrared spectroscopy (FTIR), proton 
nuclear magnetic resonance (1H NMR), carbon-13 nuclear magnetic resonance (13C 
NMR), and mass spectrometry were employed to analyze all produced compounds, 
including ethyl 6-chloro-5-formyl-2-methyl-4-(3-chlorophenyl)-1,4-dihydropyridine-
3-carboxylate and its acetophenone derivatives. The efficacy of the produced 
compounds as antibacterial agents was established through assessment.  
Results and conclusion 
The multidrug-resistant microorganisms Staphylococcus aureus and Escherichia coli, 
chemicals Ch1 and Ch2 demonstrated significant antibacterial efficacy. Compound 
Ch1 demonstrated a notable 31 mm zone of inhibition against S. aureus at a 
concentration of 70 µg, and a substantial 30 mm inhibition zone against E. coli at the 
identical concentration. The results exceeded the reference drugs Cephalexin 30 
µg/ml and Ciprofloxacin 5 µg/ml. The compounds Ch1, Ch2, Ch3 and Ch4 at 
concentration of (30, 50 and 70) µg exhibited statistically significant (P > 0.05). In 
silico studies were used to analyze the chalcone derivatives under study. Their 
potential as antibacterial agents were assessed by analyzing their interactions with 
the receptor proteins for Staphylococcus aureus (PDB ID: 1N67) and Escherichia coli 
(PDB ID: 6G9S). These substances were found to bind to the receptor effectively. 
The compounds with the highest activity, according to molecular docking studies, 
had the highest binding scores with the Staphylococcus aureus protein.  
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Introduction      
Global research interest in chalcone chemistry is 

intensifying. Tambor and Kostanecki (1899) coined 

the name "chalcone". Chalcone is alternatively 

referred to as benzylidene acetophenone or benzyl 

acetophenone. Chalcone is an α, β-unsaturated 

ketone consisting of two benzenoid rings linked by 

a three-carbon aliphatic chain. The rings are 

replaced by unique groups. The linear configuration 

and pronounced electrophilicity of the α,β-

unsaturated ketone system have been shown [1-4]. 

Chalcones can be manufactured by two reactions: 

the Claisen-Schmidt condensation and the base-

catalyzed aldol condensation involving appropriate 

aldehydes and ketones, or through an acid-

catalyzed process followed by dehydration [5, 6].  

The backbone of chalcone is found to be very 

effectual as intermediate for the production of 

substances with clinical potential against 

miscellaneous diseases [7]. Some applications of 

chalcones have been published for their biological 
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[8,9]. Chalcones (α,β-unsaturated ketones) 

have many proven biological effects[10] such as 

anticancer[11,12], antifungal[13,14], anti-

inflammatory[15], neuroprotective[16], 

antimalarial[17,18], antibacterial[19], 

antilipidemic[20], antihyperglycemic [21], 

antiplatelet[22] and antimycobacterial[23]. 

Chalcones with an N-heterocyclic moiety such as 

pyridine, pyrazoline, dihydropiridine, and 

quinolone scaffolds take the role of space of 

medicine[24]. Regarding the antimicrobial activity 

of 1,4-DHPs, some derivatives have also been 

exhibited to be powerful antitubercular agents [25-

28] with capability to inhibit both Gram-negative 

and Gram-positive bacteria [29,30].  

Generally, the importance of having 1,4-DHPs in 

the structure of synthesized chalcones is that it 

may improve the biological activity of these 

synthesized compounds, like the presence of a 1,4-

DHPs ring and no substitution at N atom and low 

weight droop (almost alkyl groups) at the positions 

C2 and C6 , and phenyl ring or substituted phenyl 

ring. Additionally, chiral center in C4 position as 

well as presence ester groups in C3 and C5 

positions, all these conditions supported sufficient 

biological activity by their electronic and steric 

effects
 
[31, 32]. The purpose of this work is to 

investigate some novel substituted chalcones 

based on 1,4-DHPs derived from 5-formyl-1,4-

dihydropyridine-3-carboxylate. We also 

investigated the effect of substituents on the 

biological activity of these compounds. 

 

 

Materials and methods 
Instruments 
Chemical substances and solvents were obtained from 

Merck, Sigma, and Fischer, and were of the utmost 

purity. The solvent DMSO-d6 and the internal 

standard Si(CH3)4 (TMS) were utilized. The IR 

spectra are recorded on a KBr disc with a Shimadzu 

FTIR (Affinity-1) within the 4000-400 cm-1 range. 

The Brucker 400 spectrometer was utilized to 

investigate the 1H and 13C NMR spectra. The 

Agilent technology (HP) model 5973 was evaluated 

for EI-MS using electron impact ionization at 70 eV. 

The melting point was ascertained using the melting 

point/SMP40 instrument. 

Chemistry section Synthesis of ethyl 2-methyl-4-

(3-chlorophenyl) -6-oxo-1,4,5,6 

tetrahydropyridine -3-carboxylate (A)  

One-pot, 3-chlorobenzaldehyde (1.40 g , 10 mmol), 

Meldrum’s acid (1.44 g , 10 mmol), ethyl 

acetoacetate  (1.30 g , 10 mmol) and ammonium 

acetate   (0.809 g, 10.5 mmol) in (10 ml) glacial 

acetic acid  was refluxed for 12 h with monitored 

by TLC . Mixture of reaction was cooled; the 

precipitated was collected by filtration, 

recrystallized from methanol. Yield 60%, and m.p 

155-157    C , 
1
H-NMR (400 MHz, DMSO-d6) δ 

10.07(s, 1H, NH), (8.09 – 7.63)(m, 4H, Ar-H) , 

4.30 (broad s, 1H , C-H DHPo ring) , 4.01 ( broad 

s, 2H, OCH2CH3) , 3.02 (dd, 1H, CH2 DHPo ring) , 

2.35 (s, 3H, CH3 attached with DHPo ring) , 1.09 (t, 

3H, CH3CH2O). 
13

C-NMR(100 MHz, DMSO-d6) δ, 

169.8, 166.6, 104.5, 60.0, 38.17, 37.62, 18.72, 14.5 

. IR(ʋ, cm
-1

) : 3234 (NH), 3132 (C-H sp
2
), 2819 (C-

H sp
3
), 1697 (C=O ester), 1631 (C=O cyclic amid), 

1529 (C=C ring), 1350 (C-N), 1199 (C-O) . MS: EI 

(70 Ev, m/z), 293.2[M
+
], 287 (base peak), 259.1, 

231.2, 115.2, 102.2. 

Synthesis of ethyl 6-chloro-5-formyl-2-methyl-4-

(3-chlorophenyl)-1,4-dihydropyridine-3-

carboxylate (A-CHO)   

 phosphoryl chloride POCl3 (1.5 ml, 16 mmol) was 

added dropwise at room temperature to a mixture of 

anhydrous N, N-dimethylformamide (1.24 ml, 16 

mmol) and dry dichloromethane for 30 min. then a 

solution compound A (1.216 g, 4 mmol) in 16 ml of 

dry dichloromethane was added to the reaction 

mixture; the reaction continued stirring at room 

temperature for 24 hrs. A solution of sodium 

acetate (16 g in 24 ml of water) was slowly added. 

After stirring for 1 hr, the product was extracted by 

DCM. The solvent was dried and evaporated. the 

product collected and recrystallized from methanol. 

Light-yellow powder. Yield 69%, m.p 172-174   C , 

IR (ʋ, cm
-1

) : 3323 (NH), 2854 and 2762 (CHO), 

1701 (C=O ester), 1649 (C=O aldehyde) . 
1
H-NMR 

(400 MHz, DMSO-d6) δ, 10.5 (S,1H, NH), 9.6 (s, 

1H,CHO), 8.0 – 7.5 (m, 4H, Ar-H), 5.0 (s, 1H, CH- 

DHP ring), 4.0 (q, 2H, J =8 ,CH2-O ester) , 2.3 (s, 

3H, CH3 attach with DHP ring) , 1.1 (t, 3H, J = 8 , 

CH3-CH2O) . 
13

C-NMR (100 MHz, DMSO-d6) δ , 

187.0, 166.1, 148.2, 134.6, 38.6, 18.3, 14.3 . MS : 

EI (70 Ev, m/z) , 339.3 [M
+
], 333.3, 228.2 (base 

peak), 200.2, 154.2, 118.2, 76.1.  

General procedure of synthesis of chalcone 

analogues Ch(1-4) 

 A mixture of substituted acetophenone (2 mmol), 

5-formyl-1,4-dihydropyridine (A-CHO) (0.678 g, 2 

mmol) and ammonium acetate (0.77 g, 15 mmol) in 

10 ml absolute ethanol was stirred at 50-60 
o
C for 

12 hrs. The reaction was monitored by TLC. The 

colored solid was separated, filtered, and 

recrystallized from ethanol. 

Ethyl(E)-6-chloro-5-(3-(2-fluorophenyl)-3-

oxoprop-1-en-1-yl)-2-methyl-4-(3-chlorophenyl) 

-  1,4-dihydropyridine-3-carboxylate : (Ch1)  

Light greenish yellow crystal from 2-fluoro 

acetophenone 0.276 g , yield 70% , m.p  222-224   

 C , IR (ʋ, cm
-1

) : 3207 (NH), 3050 (CH-sp
2
), 2981 

(CH-alkene), 2931 (CH-sp
3
), 1708 (C=O ester), 

1666 (C=O ketone), 1627 (C=C), 1595 (C=C Ar-

ring), 
1
H-NMR (400 MHz, DMSO-d6) δ 10.1 (s, 
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1H, NH), 8.04 (d, 1H, HC=C trans , J = 16 HZ), 

7.49 (d,1H, HC-C=O, J = 16 HZ), 5.0 (s, 1H, CH 

DHP ring), 3.9 (q, 2H, CH2-O), 2.3 (s, 3H, CH3 

attach with DHP ring), 1.1 (t, 3H, CH3CH2O) . 
13

C-

NMR (100 MHz, DMSO-d6) δ, 187.5, 168.8, 166.1, 

148.6, 124.9, 60.0, 43.0, 18.5, 14.4 . MS : EI(70 Ev, 

m/z) , 459.1[M
+
], 356.2, 251.2, 209.2 (base peak), 

181.1, 163.1, 92.1 . 

Ethyl(E)-6-chloro-5-(3-(4-nitrophenyl)-3-

oxoprop-1-en-1-yl)-2-methyl-4-(3-chlorophenyl)-

1,4-dihydropyridine-3-carboxylate : (Ch2)  

Yellow crystal from 3-nitro acetophenone 0.398 g, 

yield 72% , m.p  216-218    C , IR (ʋ, cm
-1

) : 3207 

(NH), 3053 (CH-sp
2
), 2981 (CH-alkene), 2931 

(CH-sp
3
), 1710 (C=O ester), 1666 (C=O ketone), 

1627 (C=C), 1595 (C=C Ar-ring), 
1
H-NMR (400 

MHz, DMSO-d6) δ 10.1 (s, 1H, NH), 8.04 (d, 1H, 

HC=C trans , J = 16 HZ ), 7.54 (d,1H, HC-C=O, J = 

16 HZ), 5.0 (s, 1H, CH DHP ring), 3.9 (q, 2H, CH2-

O), 2.3 (s, 3H, CH3 attach with DHP ring), 1.1 (t, 

3H, CH3CH2O) . 
13

C-NMR (100 MHz, DMSO-d6) 

δ, 188.1, 168.8, 166.1, 148.6, 127.2, 60.0, 43.0, 

19.0, 14.6 . MS : EI(70 eV, m/z) , 486.3[M
+
], 

493.3, 356.3, 330.3, 302.2, 258.2, 209.2 (base 

peak), 181.1, 163.1, 92.1 . 

 

Ethyl(E)-6-chloro-5-(3-(2-chlorophenyl)-3-

oxoprop-1-en-1-yl)-2-methyl-4-(3-chlorophenyl) 

-1,4-dihydro pyridine-3-carboxylate : (Ch3)    

Yellow crystal from 2-chloro acetophenone 0.308 

g , yield 76% , m.p  241-242    C , IR (ʋ, cm
-1

) : 

3207 (NH), 3050 (CH-sp
2
), 2981 (CH-alkene), 

2931 (CH-sp
3
), 1708 (C=O ester), 1666 (C=O 

ketone), 1629 (C=C), 1595 (C=C Ar-ring), 
1
H-

NMR (400 MHz, DMSO-d6) δ 10.1 (s, 1H, NH), 

8.04 (d, 1H, HC=C trans, J = 16 HZ), 7.57 (d,1H, 

HC-C=O , J = 16 HZ), 5.1 (s, 1H, CH DHP ring), 

3.9 (q, 2H, CH2-O), 2.36 (s, 3H, CH3 attach with 

DHP ring), 1.1 (t, 3H, CH3CH2O) . 
13

C-NMR (100 

MHz, DMSO-d6) δ, 189.5, 168.8, 166.1, 148.6, 

125.9, 60.0, 43.0, 18.5, 14.4 . MS: EI(70 eV, m/z) 

, 475.1[M
+
], 356.3, 330.3, 251.2, 209.2(base 

peak), 181.2, 163.2, 92.1 .       

Ethyl(E)-6-chloro-2-methyl-4-(3chlorophenyl) -5-

(3-oxo-3-(m-tolyl)propo-1-en-1-yl)-1,4-

dihydropyridine-3-carboxylate : (Ch4)  

Orange crystal from 3-methyl acetophenone 0.268 

g , yield 82% , m.p  215-217    C , IR (ʋ, cm
-1

) : 

3255 (NH), 3053 (CH-sp
2
), 2981 (CH-alkene), 

2931 (CH-sp
3
), 1708 (C=O ester), 1666 (C=O 

ketone), 1629 (C=C), 1595 (C=C Ar-ring), 
1
H-

NMR (400 MHz, DMSO-d6) δ 10.1 (s, 1H, NH), 

8.03 (d, 1H, HC=C trans , J = 16 HZ ), 7.57 (d,1H, 

HC-C=O , J = 16 HZ), 5.0 (s, 1H, CH DHP ring), 

3.9 (q, 2H, CH2-O), 2.35 (s, 3H, CH3 attach with 

DHP ring), 2.30 (s, 3H, CH3 Ar-ring), 1.1 (t, 3H, 

CH3CH2O) . 
13

C-NMR (100 MHz, DMSO-d6) δ, 

191.6, 168.1, 166.2, 148.6, 127.5, 60.0, 43.0, 23.7, 

18.5, 14.4 . MS: EI(70 eV, m/z) = 455.2[M+], 

356.3, 330.3, 251.2, 209.2 (base peak), 181.1, 

163.1, and 92.1.     

In vitro antibacterial activity   

The bactericidal efficacy of the produced chemicals 

(A, A-CHO, Ch1, Ch2, Ch3, and Ch4) was assessed 

on Muller Hinton agar medium utilizing the Disc 

diffusion Bauer-Kirby method. Two clinical 

isolates were used (Staphylococcus aureus and 

Escherichia Coli), obtained from the research 

laboratory of the college of Pharmacy, University 

of Basrah, Department of Laboratory Science. The 

nutrient agar, Mckonky agar and Muller–Hinton 

agar were used according to the manufacturer’s 

instructions. The isolates were diagnosed by 

conventional biochemical reactions such as, 

catalase, oxidase, lactose fermentation, gram stain 

and microscopic examination [33].  

Biological activity assay     

Disc diffusion Baueyer – Kirby method was used, 

where the discs were sterilized by ultraviolet rays. 

Then, these discs were immersed in synthesized 

compounds solution at concentration (10 , 30 , 50 

and 70 ) µg/ml of DMSO solvent after were 

activated in the liquid culture medium by Nutrient 

Broth  for 3 hours . The antibiotic discs 

(Cephalexin 30 µg/ml and Ciprofloxacin 5 µg/ml) 

were used as standard drugs from Bioanalysa 

company. Following the addition of synthetic 

chemicals and standard medicinal substances to the 

growth plates, the plates were incubated at 37 ⁰ C 

for 24 hours. Subsequently, we measured the zones 

of bacterial growth inhibition for each chemical in 

millimeters (mm). The IC50 values were estimated 

based on the method by Soothill et al. [34]. 

Molecular docking studies  

The Protein Data Bank (PDB) 

(https://www.rcsb.org/) was utilized to collect 

Staphylococcus aurous (PDB ID: 1N67) and 

Escherichia coli proteins (PDB ID: 6G9S). The 

molecular docking was performed using the web-

based Swissdock application (https://www. 

swissdock.ch/docking). The data were scored and 

ranked by full fitness (kcal.mol
-1

), and the 

estimated Gibbs free energy ΔG (kcal.mol
-1

) was 

used to indicate spontaneous binding. MD 

simulations were performed using the Schrodinger-

Desmond module. The water-saturated solvated 

system was created using the Desmond System 

Builder tool. The simulation box was orthorhombic, 

with periodic boundary conditions positioned 10 

units from the protein's surface. Counter ions were 

supplied in sufficient quantities to balance the 

water-saturated solvated system. Prior to starting 

the simulation, an equilibration approach was used 

to confirm that the system was stable. The 
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simulation lasted 100 nanoseconds, with a 

temperature of 310 kelvin and an ambient pressure 

of 1.013 bar. A simulation interaction diagram was 

used to thoroughly examine the MD simulation 

findings. Root Mean Square Deviation (RMSD) 

was analyzed. The ligand interaction figure, the 

amino acid residues that interact with the ligand in 

each trajectory frame, and the trajectory of different 

ligand attributes [35-37]. 

Statistical analysis 

Statistical analysis was performed to compare the 

significant and insignificant differences in the 

microbial inhibition of the synthesized and standard 

compounds using Analysis of Variance (ANOVA). 

 

Results and discussions 

Spectral diagnosis, the complete set of spectral data 

of studied compounds was gathered in the 

supplementary materials. In this study, prepared 

1,4-dihydropyridine (DHPo) one-pot reaction. the 

5-formyl-1,4-dihydropyridine was synthesized by 

Vilsmeier-Haack reaction. Chalcones were 

synthesized by Claisen – Schmidt reaction. This 

reaction entailed the interaction of 5-formyl-1,4-

dihydropyridine-3-carboxylate (A-CHO) with 

several acetophenones in the presence of NH4OAc. 

The yields of the resultant chalcones range from 

66% to 82%. All produced compounds were 

characterized using spectroscopic techniques 

including infrared, 1H-NMR, 13C-NMR, and EI-

Mass. A medium band within the range of (3323–

3207) cm
-1

 was seen in the IR spectra of all 

produced compounds, attributable to the NH group 

of the DHPs ring. The carbonyl group of the ester is 

responsible for the absorption band in the region of 

1710–1697 cm<sup>-1</sup> [35]. Additionally, 

IR spectra showed a band at 1649 cm
-1

 back to C=O 

aldehyde in the A-CHO compound and the 

disappearance of the band at 1631 cm
-1

 back to 

C=O cyclic amide. In chalcone compounds (Ch1-

Ch4), we show some important bands, such as the 

band in 1666 cm
-1

 corresponding to C=O and the 

band in 1627 cm
-1

 corresponding to C=C of 

chalcones, respectively. The band at 2981 cm-1 

indicated the presence of HC=CH of α-H and β-H. 

The 
1
H-NMR spectra of all synthesized compounds 

were appeared singlet signal within the range δ 

(10.50 – 10.07) ppm attributed to –NH proton of 

DHPs ring, singlet signal within the  range δ ( 5.1 – 

4.3 ) ppm indicated to –CH proton in DHPs 

ring[38,39]. The most important feature of the A-

CHO compound, show a distinctive signal at δ 9.6 

ppm attributed to –CHO proton [40]
 

which 

disappeared during the synthesis of chalcones. 

Chalcone molecules display a signal in the region 

of δ 7.57–7.47 ppm, whereas the signal in the range 

of 8.04–8.04 ppm is ascribed to α-H and β-H, 

respectively [41]. This signifies the synthesis of 

trans chalcones. The chemical shifts of 
13

C-NMR 

spectra were displayed in the expected regions. The 

mass spectra of synthesized compounds showed the 

peaks of molecular ions at the anticipated m/z 

values, and the chalcone compounds were 

characterized by a base peak at 209.2 m/z ethyl 6-

chloro-5-ethynylnicotanate [C10H8ClNO2]
+ 

. 

Antibacterial activity results 
Chalcones are known to display a variety of 

biological activities, which are affected by the 

replacements attached to the chalcone ring [42]. 

The Bauer-Kirby disc diffusion method was 

utilized to assess the biological activity of the 

produced compounds in this research. The zone of 

inhibition (ZOI) was employed to quantify the 

outcomes of each drug. The sensitivity of S.aureus 

to the synthesized compounds was tested using 

different concentrations (10, 30, 50 and 70) µg/ml 

and show different responses, Fig. 1. In 10 µg/ml 

concentration, the results of A and  A-CHO 

compounds show no response to inhibition of 

growth of the mentioned bacteria while, the Ch1 , 

Ch2 , Ch3 and Ch4 show a relative inhibition zone. 

In 30 and 50 µg/ml, the results of the synthesized 

chalcone derivatives were good results. At a dosage 

of 70 µg/ml, the Ch1 and Ch2 compounds exhibited 

the highest antibacterial effectiveness against gram-

positive bacteria (S. aureus), with a statistically 

significant difference (P > 0.05). Chalcone 

derivatives at the highest concentration against the 

examined pathogen which have mighty inhibition 

zone exceeding both reference drugs, Cephalexin 

(30 µg/ml) and Ciprofloxacin (5 µg/ml), Fig. 3 and 

Table 1. The sensitivity of E. Coli to the 

synthesized compounds was examined by using 

different concentrations (10, 30, 50 and 70) µg/ml 

and show different results, Fig. 2. In 10 µg/ml 

concentration, antimicrobial process of A and A-

CHO compounds show no response to inhibition of 

growth of gram negative bacteria (E. coli) but, the 

Ch1, Ch2 , Ch3 and Ch4 compounds show an 

important inhibition zone. At concentrations (30, 

50) µg/ml,the synthesized chalcone derivatives 

gave a significant results . Especially, the 

concentration at 70 µg/ml, the synthesized 

chalcones show highest potent as  antibacterial 

efficacy against E. coli with a significant difference 

P > 0.05 and the highest value were also for Ch1 

and Ch2 compounds, Table 2. Chalcone derivatives 

at the 70 µg/ml concentration against the tested 

pathogen which have excellent inhibition zone and 

more than both reference drugs, Cephalexin (30 

µg/ml) and Ciprofloxacin (5 µg/ml), Fig. 3. Soothill 

et al.'s [34] calculation method was used to estimate 

IC50 values for potential compounds CH1 and CH2. 

Compound CH1 had IC50 values of 23.20 µg/ml for 
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S. aureus and 20.90 µg/ml for E. coli. Compound 

CH2 had a IC50 values of 23.60 µg/ml against S. 

aureus and 20.40 µg/ml against E. coli, as shown in 

Fig. 4. The compound Ch1, which contains an 

electron-withdrawing fluoro group at position 2 in 

the aromatic ring (ketone), has been demonstrated 

to be a robust antibacterial agent [43]. The 

compound's antibacterial activity is activated by the 

presence of a fluoro group on either ring in 

chalcone[44,45]. Additionally, the compound Ch2 

exhibited antimicrobial activity due to the electron-

withdrawing NO2 group at position 4
 

[46,47]. 

Additionally, the compound Ch3 , presence chloro 

group in this synthesized chalcone give a good 

potent antibacterial agent and great results of 

efficacy in inhibiting the microbial strains which 

consistent with previous studies[48]. Konduru et al. 

(2013) substantiated this information and its 

consequences by demonstrating that the 

antibacterial activity of the hybrid Halo-chalcone 

(Cl, F, Br) had considerable efficiency against 

various microorganisms [49].  In Ch4 compound, 

zone of inhibition against S. aureus and E. coli was 

good compared with standard drugs where the 

composition characterized of Ch4 by the presence of 

methyl group in position 3 at aromatic ring of part 

ketone which give significant antibacterial agents 

[50].  

Structure – activity relationship (SAR)  

Structure-activity relationship (SAR) studies object 

to explain the structural properties of chalcone 

derivatives that are very important for their 

antibacterial activity and selectivity
 

[51]. SAR 

studies have disclosed that substitution design on 

the chalcone scaffold, as well as position and nature 

of additional chemical moieties, remarkably impact 

the antibacterial activity of chalcone
 

[52]. For 

example:  

1) Ch1 (2-fluoro substitution): the fluoro 

group considered bioisostere, in addition to 

strengthens hydrogen bonding with key 

residues which enhances inhibitory 

potency. 

2) Ch2 (4-nitro substitution): the nitro electron 

– withdrawing group and strengthens 

hydrogen bonding often enhance 

antibacterial potency by improving 

membrane permeability and binding 

affinity to microbial target[53]. 

3) Ch3 (2-chloro substitution): the chloro 

group substitution increased toxicity on the 

chalcone scaffold which enhances 

inhibitory potency . 

4) Ch4 (3-methyl substitution): the methyl 

group supports additional hydrophobic 

interactions and improves electron density, 

boosting activity[54] (Fig. 5). 

 Molecular docking results  
Currently, molecular bioinformatics docking 
studies are highly beneficial in the drug 
development industry due to their emphasis on 
potential targets and the reduction of the time and 
cost required to evaluate new compounds [55]. 
Consequently, molecular docking simulations are 
one of the most critical methods for predicting the 
interaction between a substrate and its receptor. By 
employing molecular docking modeling to ascertain 
the binding mode of the target proteins 
(Staphylococcus aureus protein PDB ID: 1N67 and 
Escherichia coli protein PDB ID: 6G9S) with 
chalcone derivatives at the active site, it was 
possible to determine whether the examined 
compounds obstruct the proteins and, as a 
consequence, alter cellular migration [56]. The 
ADT software was employed to precisely dock the 
investigated compounds into the active pocket of 
proteins. The docking study's results indicated a 
satisfactory match between the binding sites of the 
two proteins, with affinity energies ranging from 
7.59 to 9.31 kJ/mol for the 6G9S protein and 8.39 
to 10.13 kJ/mol for the 1N67.  Additionally, Tables 
3 and 4; Fig. 6 and 7 illustrate the binding 
interactions between amino acid residues and 
ligands. The docking data indicated that the 
Staphylococcus aureus protein exhibited the 
maximum affinity energies with compounds ch1, 
ch3, and ch4, respectively, at 10.13 kJ/mol, 9.13 
kJ/mol, and 9.99 kJ/mol. The docking results 
between the chalcone and Escherichia coli protein 
indicated that ch2 exhibited the highest affinity 
energies (9.31 kJ/mol) among the other variants, 
which was consistent with the antibacterial test 
results. The results of the antibacterial test are 
consistent with this. The docking data results of the 
ligand-S. aureus interaction that was investigated 
are as follows: Compound ch1 formed two 
hydrogen bonds with amino acid residues (HIS 
252A and VAL 450A) and exhibited a number of 
hydrophobic interactions with amino acid residues, 
including ASP 385A, ARG 395A, TYR 448A, 
ASN 284A, and ASP 340A. Compound ch3 formed 
three hydrogen bonds with amino acid residues 
(VAL 450A, HIS 252A, and TYR 399A) as a side-
chain acceptor. In addition to hydrophobic 
interactions with amino acid residues, such as GLU 
342A, THR 397A, and ASP 385A. Compound ch4 
formed two hydrogen bonds with amino acid 
residues (HIS 252A and VAL 450A) and exhibited 
a number of hydrophobic interactions with those 
residues, including ASN 284A, TYR 448A, ILE 
339A, and THR 397A. The docking data result of 
the interaction compound ch2 with the s. aureus 
protein indicated that three hydrogen bonds were 
formed as a side-chain acceptor with amino acid 
residues (GLN 455A, SER 330A, and SER 387A) 
and multiple hydrophobic interactions were formed 
with amino acid residues (ASP 389A, LYS 333A, 
GLY 546A, and THR 529A). 
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Scheme 1 Synthesis routes of studied compounds Ch (1-4). 

 

 

 

       A                           A-CHO                       Ch1 

 

        Ch2                                      Ch3                                 Ch4 

 

Fig. 1   Effect of synthesized compounds on S. aureus. 
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A                           A-CHO                        Ch1 

 

Ch2                                         Ch3                                              Ch4 

 
Fig. 2 Effect of synthesized compounds on E. coli. 

Table 1 Antimicrobial activity against S. aureus of Synthesized compounds and standard drugs 

Comp.  Diameter of inhibition zone (mm) 

S. aureus per 1ml DMSO 

5µg 10µg 30µg 50µg 70µg 

A R* R* 7 10 13 

A-CHO R* R* 8 12 14 

Ch1 R* 12 17 24 31 

Ch2 R* 10 15 21 27 

Ch3 R* 8 13 19 24 

Ch4 R* 6 11 16 22 

Ciprofloxacin 20 - - - - 

Cephalexin - - R* - - 

When R* = Resistance; - = without concentration 

 

Table 2 Antimicrobial activity against E. coli of synthesized compounds and standard drugs . 

Compound 

Diameter of inhibition zone (mm) 

E. coli per 1ml DMSO 

5µg 10µg 30µg 50µg 
70µg 

 

A 
R* 

R* 6 9 
12 

 

A-CHO 
R* 

R* 7 12 
14 

 

Ch1 
R* 

11 18 23 
29 

 

Ch2 
R* 

10 17 22 
27 

 

Ch3 
R* 

8 14 18 
24 

 

Ch4 
R* 

7 12 17 
23 

 

Ciprofloxacin 21 - - - 
- 

 

Cephalexin - - R* - 
- 

 

 When R* = Resistance; - = without concentration 
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Fig. 3 Effect of standard drugs on S. aureus and E. coli. 

 

 

 

 

Fig. 4. A: IC50 value of Ch1 compound against S. aureus. B: IC50 value of Ch1 compound against E. coli. C: IC50 value of Ch2 

compound against S. aureus. D: IC50 value of Ch2 compound against E. coli   . 
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Fig. 5 Structure-Activity Relationship of the potent compounds Ch1-Ch4 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 Hydrogen bonds and other binding interactions with residues in the 1n67 active site are displayed in the interaction profiles of 

compounds ch1–ch4. The ligands essential functional groups and spatial orientation within the binding pocket are shown in the 

diagrams. 

 

Fig. 7 Hydrogen bonds and other binding interactions with residues in the 6G9S active site are displayed in the interaction profiles of 

compounds Ch1–Ch4. The ligands essential functional groups and spatial orientation within the binding pocket are shown in the 

diagrams. 
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Conclusion   

A new chalcone derivatives were synthesized by 

Claisen – Schmidt condensation reaction with 5-

formyl dihydropyridine. The studied compounds 

were examined for antibacterial activity against 

Gram-positive S. aureus and Gram-negative E. coli. 

Most of them showed a good inhibition than the 

standard drugs (Cephalexin 30 µg, Ciprofloxacin 5 

µg). The study also showed that Ch1 and Ch2 were  

 

found to be better than standard drugs. Merit 

investigations to develop these compounds for 

future research. 
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