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INTRODUCTION 

The rapid and continuous evolution of multidrug-

resistant (MDR) bacterial pathogens stands as one of 

the most formidable threats to global public health and 

modern clinical medicine [1,2]. Common bacterial 

strains, encompassing both Gram-positive species 

like Staphylococcus aureus and Gram-negative 

species like Escherichia coli and Pseudomonas 

aeruginosa, have engineered sophisticated 

mechanisms to evade conventional antibiotic 

regimens [3,4]. This ongoing resistance crisis sharply 

compromises the efficacy of standard clinical 

treatments, leading to heightened mortality rates, 

prolonged hospitalizations, and escalated healthcare 

costs [5.6].  Because the misuse and over-prescription 

of antibiotics have accelerated this selective 

evolutionary pressure, the identification and structural 

development of novel, low-toxicity chemical 

scaffolds capable of bypassing existing bacterial 

resistance networks remain an urgent imperative for 

medicinal chemists worldwide [7]. 

Among the privileged structural frameworks heavily 

explored in drug discovery, chalcones have emerged 

as highly attractive core templates [8.9].  Structurally, 

chalcones consist of two aromatic rings linked by a 

three-carbon enone system, which serves as an 

extraordinarily flexible framework for diverse 

chemical modifications [10,11].  This reactive Michael 

acceptor system allows chalcones to readily interact 

with various sulfhydryl groups or nucleophilic 

residues within bacterial target proteins [12]. Beyond 

their structural utility, chalcones possess an 

impressive spectrum of biological profiles, including 

potent anti-inflammatory, antioxidant, anticancer, and 

crucially, antimicrobial actions [13,14]. Several natural 

and synthetic chalcone derivatives have demonstrated 
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success in inhibiting bacterial cell wall biosynthesis, 

disrupting membrane integrity, and impeding nucleic 

acid synthesis [15]. 

To maximize therapeutic efficacy and address cell 

wall permeability issues particularly in notoriously 

defensive Gram-negative bacteria modern structural 

modifications focus heavily on molecular 

hybridization [16].  Merging the chalcone template 

with specialized heterocyclic matrices has proved to 

be an exceptionally efficient strategy for generating 

highly potent candidates [17]. In this context, the 

thiophene ring a sulfur containing five membered 

heterocycle is highly valued in medicinal chemistry 

due to its unique electronic characteristics, stability, 

and bio-isosteric [18]. Thiophene derivatives have 

historically formed the structural backbone of several 

notable clinical agents, including the anti-

inflammatory drug Tenoxicam and various 

cephalosporin antibiotics. Incorporating a thiophene 

core into a molecular architecture enhances overall 

lipophilicity, which significantly facilitates the 

passive diffusion of molecules across complex lipid 

bilayers and bacterial cell membranes, ultimately 

optimizing target binding inside the cell [19].  

Recent literature highlights the immense success of 

this hybrid approach. For instance, investigations into 

newly synthesized heteroaryl based chalcones 

demonstrated exceptional in vitro growth inhibition 

profiles against aggressive pathogenic bacteria, 

supported by computational models showing robust 

binding capacity to essential cellular targets like DNA 

gyrase and Topoisomerase IV [1]. Similarly, recent 

efforts focused on functionalized chalcone hybrids 

revealed profound efficacy, where molecular docking 

studies validating robust binding dynamics either 

matched or outperformed standard commercial 

therapeutics like Ciprofloxacin and Amoxicillin [20].   

Spurred by these collective insights, the objective of 

the current investigation is to build upon the 

synergistic potential of both the chalcone and 

thiophene moieties. In this work, we report the design, 

synthesis, and spectroscopic characterization of a 

series of chalcone derivatives bearing a core 

thiophene scaffold. The newly synthesized targets 

were systematically screened for their in vitro 

antibacterial performance against a representative 

panel of Gram-positive and Gram-negative bacterial 

strains. To gain deeper insight into their molecular 

mechanism, molecular docking studies were carried 

out against glucosamine-6-phosphate synthase, the 

target enzyme to reveal key ligand-receptor 

interactions.  

MATERIALS AND METHODS:  

All substances and solvents were of a high analytical 

standard and sourced from SDFCL. The melting 

points were evaluated in open capillary tubes and 

remain unmodified. The progress and purity of 

compounds was evaluated by thin-layer 

chromatography utilizing with F-252 silica gel 

precoated aluminum plates using petroleum ether-

ethyl acetate (9:1) as a developing solvent and spots 

were visualized by exposing the plates in iodine 

vapors. Infrared spectra were measured on a 

Shimadzu spectrophotometer employing the KBr 

pellet technique (λ max in cm-1). 1H Nuclear magnetic 

resonance spectra were recorded on BRUKER 

ADVANCE (400 FT- NMR) spectrophotometer using 

dimethyl sulfoxide (DMSO- d6) as a solvent and 

tetramethyl silane as internal reference (chemical 

shifts, δ in ppm). The Waters UPLC-TQC Mass 

Spectrometer was utilized to observe mass spectra. 

Compound 3a 3b 3c 3d 3e 3f

R 2-Cl 3-Cl 2-NO2 3-NO2 4-NO2 4-OH
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Scheme 

General Procedure  

Preparation of 1-(-5-bromothiophen-2-yl)-3-aryl-

prop-2-en-1-one. (3a-f):  

The substituted chalcones were prepared by reacting 

equimolar quantity of aromatic aldehydes (0.001mol) 

and 2-acetyl-5-bromothiophene in ethanol. 40% KOH 

was added to the reaction mixture drop wise with 

constant stirring at room temperature. After the 

completion of reaction, the precipitate thus obtained 

was separated by filtration, washed with cold ethanol, 

dried and purified by recrystallization from ethanol.  

Spectral data of some of the newly synthesized 

chalcones (3a-f) 

1-(5-bromothiophen-2-yl)-3-(2-chlorophenyl) 

prop-2-en-1-one (3a): 1H-NMR (DMSO-D6, 

400MHz, δ in ppm): 7.53(d, 1H, Ar—H), 8.31 (d, 1H, 

Ar—H), 7.10 (d, 1H, Ar—H), 7.02 (d, 1H, Ar—H), 

7.60 (m, 1H, Ar—H), 7.37 (d, 1H, H— C═C), 7.80 
(d, 1 H, ═CH—C═O). IR (KBr, cm-1): 3100 cm-1 

(C—H Aromatic), 1641 cm-1 (C═O), 1560 cm-1 

(C═C Aromatic), 1403 cm-1(C═C). Mass (ESI-MS): 

326 (M+1). 

1-(5-bromothiophen-2-yl)-3-(4-nitrophenyl) prop-

2-en-1-one (3e): 1H-NMR (DMSO-D6, 400MHz, δ 
in ppm): 8.17 (d, 2H, Ar—H), 8.30 (d, 2H, Ar—H), 

7.32 (d, 1H, Ar—H), 7.57 (d, 1H, Ar—H), 7.80 (d, 

1H, H— C═C), 8.02 (d, 1 H, ═CH—C═O). IR (KBr, 
cm-1): 3099 cm-1 (C—H Aromatic), 1643 cm-1 

(C═O), 1489 cm-1 (C═C Aromatic), 1407 cm-

1(C═C). Mass (ESI-MS): 338 (M+2). 

S. N. Entry Ar Colour % Yield 
Melting Point 

in 0C 

3a —2Cl—C6H5 Yellow 92% 100 

3b —3Cl—C6H5 Pale Green 86% 125 

3c —2NO2—C6H5 Green 90% 121 

3d —3NO2—C6H5 Pale Brown 82% 112 

3e —4NO2—C6H5 Brown 88% 148 

3f —2OH—C6H5 Dark Brown 76% 120 

Table-I: Physical Data of Newly Synthesized Chalcones

Antibacterial Assay 

All the synthesized chalcones were screened for 

antimicrobial activity by using two organisms namely 

Escherichia coli and Staphylococcus aureus, using 

streptomycin as a standard drug. Agar well-diffusion 

method was followed to determine the antimicrobial 

activity. Bacterial cultures were grown in exponential 

phase in nutrient broth at 37 ºC for 8 h and adjusted to 

a final concentration 0.5 McFarland turbidity 

standard. The nutrient agar plate (thickness 4 to 5 mm) 

surface is inoculated by spreading a volume of the 

microbial inoculums over the entire agar surface. A 

hole with a diameter 6 to 8 mm has punched 

aseptically with a sterile stainless-steel borer. 30 μl of 
the chemical agent of desired concentration was 

introduced into the well with the help of micropipette 

and allowed to diffuse at room temperature for 1 h. 

The plates were incubated at 37 ºC for 18 h for 

bacterial pathogens. The diameter of the inhibition 

zone (mm) was measured with zone reading scale. 

The antibacterial activity of the synthesized chalcones 

against mention organisms is given in Table-II. 
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S. N. Compound 

Antibacterial Activity (Zone of Inhibition in mm) 

E. Coli S. Aureus 

3a 11 11 

3b 10 -- 

3c 11 12 

3d 10 11 

3e -- -- 

3f 11 12 

Streptomycin 18 19 

Table-II: Antibacterial Activity of Chalcone

Molecular Docking Methodology 

To elucidate the binding modes, ligand–protein 

interactions, and binding affinities of the synthesized 

5-bromothiophene-based chalcone derivatives, 

automated molecular docking simulations were 

performed using the CB-Dock 2 server and visualized 

using Dassault Systèmes BIOVIA Discovery Studio 

Visualizer. The co-crystallized ligand, GLP (2-amino-

2-deoxy-6-O-phosphono-𝛼-D-glucopyranose), 

served as the reference standard. The binding 

affinities (docking scores in kcal/mol) and detailed 

ligand receptor interactions (hydrogen bonding, 

hydrophobic contacts, and unfavorable interactions) 

are summarized in Table-III. 

S. N. Compound 

Docking 

Score 

(kcal/mol) 

Key Hydrogen-

Bonded Residues 

Major Non-Covalent 

Interactions & Unfavorable 

Contacts 

GLP -6.5 

SER303, SER347, 

THR352, VAL399, 

ALA602 

Unfavorable Donor–Donor: 

SER349 

vdW: CYS300, GLY301, 

GLN348, GLY350, SER401, 

GLU488, LEU601, LYS603, 

SER604, VAL605 

3a -6.6 LYS603 

𝜋–Anion: GLU488 

Alkyl / 𝜋–Alkyl: CYS300, 

LEU601 𝜋–Donor H-bond: SER401, 

SER604 

3b -6.5 THR302 

Alkyl / 𝜋–Alkyl: CYS300, 

LEU601, VAL605 𝜋–Donor H-bond: GLN348, 

SER303 
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3c -7.3 

SER347, GLN348, 

SER349, THR352, 

VAL605 

Alkyl / 𝜋–Alkyl: LEU601 

Carbon H-bond / 𝜋–Donor: 

LYS603, SER604 

3d -7.3 LYS487 

Unfavorable Positive–Positive: 

LYS487 𝜋–Sigma / 𝜋–Alkyl: LEU480, 

LEU484 

3e -7.4 
SER347, SER349, 

THR352 

Alkyl / 𝜋–Alkyl: CYS300, 

VAL605 𝜋–Donor H-bond: SER303 

3f -7.0 
SER347, GLN348, 

SER349, THR352 

Alkyl / 𝜋–Alkyl: CYS300, 

VAL399, VAL605 𝜋–Donor H-bond: SER303 

Table-III: Molecular docking scores and interaction profile of GLP and synthesized chalcone 

derivatives. 

RESULTS AND DISCUSSION:  

Molecular Docking Analysis 

To evaluate the binding efficacy and explore the 

molecular mechanisms of the synthesized 5-

bromothiophene-based chalcone derivatives, 

automated molecular docking simulations were 

conducted using CB-Dock 2, and the resulting non-

covalent interactions were visualized using Discovery 

Studio Visualizer. The reference co-crystallized 

ligand, GLP (2-amino-2-deoxy-6-O-phosphono-𝛼-D-

glucopyranose), was docked under identical 

conditions to establish a baseline binding score (-6.5 

kcal/mol).  

Among the series, the nitro-substituted derivatives 

exhibited superior binding affinities over GLP, with 

compound 3e (4-NO2, −7.4 kcal/mol), compound 3c 

(2-NO2, −7.3 kcal/mol), and compound 3d (3-NO2, −7.3 kcal/mol) showing the highest binding potency, 

driven primarily by strong conventional hydrogen 

bonds with polar active-site residues SER347, 

SER349, and THR352. The phenolic hydroxyl 

derivative, compound 3f (4-OH), also demonstrated 

significant binding enhancement (−7.0 kcal/mol) 
through key hydrogen-bonding interactions with 

SER347, GLN348, SER349, and THR352. In 

contrast, the chloro-substituted derivatives 3a (2-Cl, −6.6 kcal/mol) and 2b (3-Cl, −6.5 kcal/mol) 
displayed binding scores comparable to GLP, relying 

predominantly on hydrophobic 𝜋–alkyl interactions 

with CYS300, LEU601, and VAL605 with minimal 

hydrogen bonding. Across all synthesized analogues, 

the hydrophobic 5-bromothiophene core reliably 

anchored within the binding pocket through 

hydrophobic contacts with CYS300 and LEU601. 

While compound 3d introduced an unfavourable 

positive–positive interaction with LYS487, 

compounds 3e and 3f formed favourable, 

unobstructed interaction networks without 

electrostatic penalties, establishing them as the most 

promising lead candidates among the evaluated 

chalcones. 
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2D and 3D molecular docking interaction of 3c with glucosamine-6-phosphate (GlcN-6-P) 

synthase 

 

 

2D and 3D molecular docking interaction of 3e with glucosamine-6-phosphate (GlcN-6-P) 

synthase 

  

2D and 3D molecular docking interaction of 3f with glucosamine-6-phosphate (GlcN-6-P) 

synthase 
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Antibacterial Activity  

The in vitro antibacterial activity of the synthesized 5-

bromothiophene chalcone derivatives (3a–3f) was 

evaluated against Escherichia coli and 

Staphylococcus aureus using the agar well diffusion 

assay, with Streptomycin (18 mm against E. coli and 

19 mm against S. aureus) serving as the positive 

standard. Among the evaluated series, compounds 3c 

and 3f demonstrated the highest antibacterial potency, 

producing inhibition zones of 11 mm against E. coli 

and 12 mm against S. aureus, followed closely by 3a 

(11 mm against both) and 3d (10 mm against E. coli, 

11 mm against S. aureus). In contrast, compound 3b 

showed weak, strain-selective activity against E. coli 

(10 mm) with no inhibition against S. aureus, while 

compound 3e proved completely inactive against both 

tested bacterial strains. Importantly, these 

experimental antibacterial findings strongly align 

with the theoretical predictions obtained from 

molecular docking simulations. The superior 

antibacterial performance of 3c and 3f directly 

correlates with the top-ranked in silico docking 

profiles—particularly those of the 4-NO2 and 4-OH 

derivatives—which exhibited strong binding 

affinities (−7.0 to −7.4 kcal/mol) driven by extensive 

hydrogen bonding with active-site residues SER347, 

SER349, and THR352. Conversely, the diminished or 

complete lack of bioactivity observed for 3b and 3e 

mirrors the lower docking scores (−6.5 kcal/mol) and 

unfavourable electrostatic/steric contacts observed 

during computational modelling. Consequently, the 

experimental bioassay results validate the docking 

models, establishing the most active 5-

bromothiophene chalcones as promising candidate 

scaffolds for future antibacterial optimization. 

CONCLUSION 

In conclusion, a series of 5-bromothiophene-based 

chalcone derivatives was successfully synthesized 

and structurally elucidated using standard 

spectroscopic techniques (FTIR, 1H NMR and mass 

spectrometry), which unequivocally confirmed the 

characteristic 𝛼, 𝛽-unsaturated enone linkage 

(−CH = CH−) and target molecular frameworks. 

Subsequent in silico molecular docking simulations 

demonstrated that electron-withdrawing nitro 

derivatives (4-NO2, -7.4 kcal/mol) and electron-

donating hydroxyl derivatives (4-OH, -7.0 kcal/mol) 

exhibited superior binding affinities compared to the 

benchmark standard GLP (-6.5 kcal/mol). These high 

docking scores were stabilized by extensive 

hydrogen-bonding networks with key active-site 

residues (SER347, SER349, and THR352) and 

hydrophobic anchoring via the 5-bromothiophene 

core. Aligning well with these computational 

predictions, the in vitro bioassay against E. coli and S. 

aureus identified compounds 3c and 3f as the most 

active analogues within the series, displaying 

maximum inhibition zones of 11–12 mm. The strong 

agreement between spectral verification, molecular 

docking scores, and experimental antibacterial 

activities validates the proposed binding mode and 

highlights compounds 3c and 3f as viable lead 

scaffolds for further chemical optimization and 

antibacterial drug development.  

ACKNOWLADGEMENT  

The author gratefully acknowledge the Sophisticated 

Analytical Instrument Facility (SAIF), CSIR-Central 

Drug Research Institute (CDRI), Lucknow, India, for 

providing spectral characterization services for the 

synthesized compounds. The author is also deeply 

thankful to department of Microbiology, for providing 

the laboratory facilities and technical support to carry 

out the antibacterial activity evaluations. 

Additionally, gratitude is extended to Department of 

Chemistry, Adarsha Science, J. B. Arts and Birla 

Commerce Mahavidyalaya, Dhamangaon Rly, for 

providing the necessary research infrastructure and 

support. 

REFERENCES 

1. Akhter, F., Marufa, S. S., Shohag, S. M. A. U., 

Nishino, H., Alam, M. S., Haque, M. A., & 

Rahman, M. M., Synthesis, antimicrobial 

evaluation, ADMET prediction, molecular 

docking and dynamics studies of pyridine and 

thiophene moiety-containing chalcones. Royal 

Society Open Science, 2025, 12(1), Article 

241411. https://doi.org/10.1098/rsos.241411 

2. Antimicrobial resistance: Global report on 

surveillance and pipeline analysis., 2024,  World 

Health Organization. 

3. Boucher, H. W., Talbot, G. H., Benjamin, D. K., 

Bradley, J., Guidos, R. J., Jones, R. N., ... & 

Infectious Diseases Society of America., 10 × '20 



S. V. Manohare, Int. J. Sci. R. Tech., 2026 3(8), 639-647 |Research 

                 

              INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY                                                              646 | P a g e  

Progress—development of new drugs active 

against Gram-negative bacilli: an update from the 

Infectious Diseases Society of America,  Clinical 

Infectious Diseases, 2013, 56(12), 1685–1694. 

https://doi.org/10.1093/cid/cit152 

4. Davies, J., & Davies, D., Origins and evolution of 

antibiotic resistance. Microbiology and 

Molecular Biology Reviews, 2010, 74(3), 417–
433. https://doi.org/10.1128/MMBR.00016-10 

5. Laxminarayan, R., Duse, A., Wattal, C., Zaidi, A. 

K., Wertheim, H. F., Sumpradit, N., ... & Cars, O.. 

Antibiotic resistance—the need for global 

solutions. The Lancet Infectious Diseases, 2013, 

13(12), 1057–1098. 

https://doi.org/10.1016/S1473-3099(13)70318-9 

6. Ventola, C. L., The antibiotic resistance crisis: 

part 1: causes and threats. Pharmacy and 

Therapeutics, 2015, 40(4), 277–283. 

7. Aslam, B., Wang, W., Arshad, M. I., Khurshid, 

M., Muzammil, S., Rasool, M. H., ... & 

Salvatierra, L. N., Antibiotic resistance: a 

rundown of a global crisis. Infection and Drug 

Resistance, 2018, 11, 1645–1658. 

https://doi.org/10.2147/IDR.S173867 

8. Gogoi, P. P., Pucho, M., Jamir, P., Boruah, N., 

Singha, B., Longkumer, P., ... & Sinha, U. B., 

Chalcones as Emerging Antibacterial Scaffolds: 

A Mini Review. Mini-Reviews in Medicinal 

Chemistry, 2025,  25(19), 1517–1538. 

https://doi.org/10.2174/01138955754149872509

18162246 

9. Zhuang, C., Zhang, W., Sheng, C., Zhang, W., 

Xing, C., & Miao, Z., Chalcone: A Privileged 

Structure in Medicinal Chemistry. Chemical 

Reviews, 2017, 117(12), 7762–7810. 

https://doi.org/10.1021/acs.chemrev.7b00020 

10. Dhaliwal, J. S., Moshawih, S., Goh, K. W., Loy, 

M. J., Hossain, M. S., Hermansyah, A., ... & 

Ming, L. C., Pharmacotherapeutics applications 

and chemistry of chalcone derivatives. 

Molecules, 2022.  27(20), Article 7062. 

https://doi.org/10.3390/molecules27207062 

11. de Oliveira, A. S., Cenci, Arthur R., Gonçalves, 

L., Thedy, M. E. C., Justino, A., Braga, A. L., & 

Meier, L., Chalcone Derivatives as Antibacterial 

Agents: An Updated Overview. Current 

Medicinal Chemistry, 2024, 31(17), 2314–2329. 

https://doi.org/10.2174/09298673306662302201

40819 

12. Sulistianingrum, R., Suryadi, H., & Hayun, H. 

New structure development of chalcone to 

discover potent antibacterial agents: A systematic 

review. Journal of Advanced Pharmaceutical 

Technology & Research, 2024,  15(2), 94–105. 

13. da Silva, L., Donato, I. A., Gonçalves, C. A. C., 

Scherf, J. R., dos Santos, H. S., Mori, E., ... & da 

Cunha, F. A. B., Antibacterial potential of 

chalcones and its derivatives against 

Staphylococcus aureus. 3 Biotech, 2022, 13(1), 

Article 9712905. https://doi.org/10.1007/s13205-

022-03398-7 

14. Jaishree, V., Ramadas, D., & Radhakrishnan, N., 

Synthesis and biological evaluation of some novel 

thiophene derivatives. Journal of Enzyme 

Inhibition and Medicinal Chemistry, 2012, 27(4), 

585–593. 

15. Ouyang, Y., Li, J., & Wang, H. Mechanisms of 

natural and synthetic chalcones against drug-

resistant bacterial strains. Phytomedicine, 2021, 

90, Article 153641. 

16. Peter, S., Recent developments on coumarin and 

related heterocyclic hybrids as antimicrobial 

agents. Mini-Reviews in Medicinal Chemistry, 

2025, PMC12729795. 

17. Kumari, S., Verma, R., & Mishra, A., Privileged 

scaffolds in medicinal chemistry: A structural 

overview of hybrid molecules. Bioorganic & 

Medicinal Chemistry, 2021, 41, Article 116214. 

18. Chunaifah, I., Venilita, R. E., Tjitda, P. J. P., 

Astuti, E., & Wahyuningsih, T. D., Thiophene-

based N-phenyl pyrazolines: Synthesis, 

anticancer activity, molecular docking and 

ADME study. Journal of Applied Pharmaceutical 

Science, 2024. 14(4), 83–92. 

https://doi.org/10.7324/japs.2024.146832 

19. Wulan, F. F., et al. Investigating chlorothiophene-

based chalcones as anticancer and antimicrobial 

agents: Synthesis, biological evaluation, and 

computational insight. Arabian Journal of 

Chemistry, 2026, Article 105634. 

20. Gündoğdu, Ö., Molecular Docking Studies and 
ADME Predictions on Synthesized Chalcone 

Compounds Targeting EGFR. Hittite Journal of 

Science and Engineering, 2023, 10(2), 167–175. 

https://doi.org/10.17350/hjse19030000304 



S. V. Manohare, Int. J. Sci. R. Tech., 2026 3(8), 639-647 |Research 

                 

              INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY                                                              647 | P a g e  

 

HOW TO CITE: S. V. Manohare*, Synthesis, 

Characterization, Antibacterial Screening And 

Molecular Docking Study Of Chalcones Containing 

Thiophene Motif, Int. J. Sci. R. Tech., 2026, 3 (8), 639-

647. https://doi.org/10.5281/zenodo.21980372 


