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INTRODUCTION

Heterocyclic molecular hybrids, formed by merging distinct
heterocyclic rings, are pivotal in medicinal chemistry, designed
to optimize drug properties [1,2]. Pyridines and benzofurans,
representing unique heterocyclic compounds, exhibit diverse
structural and biological properties [3]. Pyridine is ubiquitously
found as a six-membered heteroaromatic nucleus in several
natural sources, such as alkaloids and vitamins. Recognized
for its pharmacophoric potential, pyridine derivatives showcase
antibacterial [4], antitubercular [5], antifungal [6], anticancer
[7], anti-inflammatory [8], antimicrobial and antiviral [9] prop-
erties. Notably, pyridine compounds with a cyano-substituent
at position-3 have shown promising applications in treating
various diseases [10].
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Benzofurans, with a fused benzene ring and an oxygen atom
in a five-membered ring, are essential in organic synthesis,
known for their diverse properties, including antitubercular
[11], antibacterial [12], antifungal [13], anti-inflammatory [14],
antimicrobial, anticancer, antioxidant and anti-Alzheimer’s
effects [15]. The fusion of pyridines and benzofurans into hybrids
represents an exciting frontier in medicinal chemistry and drug
discovery [16]. By combining these elements, researchers can
design molecules with enhanced bioactivity, improved pharma-
cokinetics and a broader therapeutic application range [17-19].

Expanding on previous investigations into heterocyclic
small molecules, and drawing inspiration from studies invol-
ving pyridine and benzofuran derivatives [20-22], our research
achieves a significant milestone with the successful synthesis
of pyridine-benzofuran hybrids. This synthesis embodies a meti-
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culous design targeting specific pharmacophores, reflecting
a strategic approach in the pursuit of novel compounds with
enhanced therapeutic properties. Focusing on the global challe-
nges of infectious diseases and antibiotic resistance [23-25],
present study is dedicated to unraveling the inherent antimicro-
bial properties of these hybrids. With the potential to contribute
substantially to effective solutions against infectious diseases,
the synthesized compounds mark a pivotal step forward in
medical therapeutics.

To understand these synthesized molecules, the computa-
tional tools, including PASS, Syntelly and PLATO as well as
the dual-target docking studies [26] were introduced and also
evaluated the binding affinity of the hybrids to mycobacterial
and antibacterial targets. These studies provide insights into
the potential modes of action underlying the observed anti-
microbial activity. This research holds significant promise,
offering valuable insights into the development of novel anti-
microbial agents.

EXPERIMENTAL

All chemicals used in this study were procured from Sigma-
Aldrich Co. (St. Louis, USA), Merck (Whitehouse Station, USA),
Qualigens Fine Chemicals (Mumbai, India), Loba Chemie Pvt.
Ltd. (Mumbai, India) and Himedia Laboratories Pvt. Ltd (Mumbai,
India). Melting points of the synthesized compounds were
determined using a digital melting point apparatus equipped
with open capillary tubes and are uncorrected. Compound purity
was evaluated through thin-layer chromatography (TLC) using
pre-coated silica gel strips. A solvent system comprising a 2:1
ratio of hexane to ethyl acetate was employed and chromato-
graphic spots were visualized using an ultraviolet chamber.
Infrared spectra were recorded using a Shimadzu FT-IR 4000
instrument equipped with KBr disks. The CHNO elemental
analysis was conducted using the Perkin-Elmer Series II 2400
CHNS/O Elemental Analyzer. This mass spectra were obtained
using a JEOL GC mate II GC-mass spectrometer operating at
70 eV. The 1H NMR spectra were collected using a Bruker AVIII-
500 MHz FT-NMR spectrometer. Tetramethylsilane served as
the internal standard and DMSO was the preferred solvent.

Synthesis of 5-chloro-2-acetylbenzofuran (2): A mixture
containing 5-chlorosalicylaldehyde (1), chloroacetone (4.63 g,

0.05 mol) and anhydrous K2CO3 (15 g) was gently refluxed in
dry acetone (50 mL) for 12 h. After the completion of reaction,
the reaction product was filtered and the filtrate was subjected
to solvent removal under reduced pressure. This process yielded
5-chloro-2-acetylbenzofuran (2) as a light brownish solid. The
obtained product was further purified by recrystallization from
ethanol. Yield: 75%, m.p.: 83-85 ºC. IR (KBr, νmax, cm–1): 1666
(C=O), 1461 (C=C) and 790 (CCl), MS (m/z, %): 194 (M+)
and 196 (M+2+), 1H NMR (δ ppm): 7.2-7.8 (4Ar-H), 2.6 (3H,
s, CH3).

Synthesis of 6-(5-chloro-1-benzofuran-2-yl)-2-oxo-4-
(substituted phenyl)-1,2-dihydropyridine-3-carbonitriles
(OCP 1-6): Condensation of various aromatic aldehydes (0.01
mol), 5-chloro-2-acetyl benzofuran (2) (1.94 g, 0.01 mol) and
ethylcyanoacetate (1.13 g, 0.01 mol) in boiling ethanol (5 mL)
with ammonium acetate (1.15 g, 0.01 mol) through refluxing
for 4 h and then yielded 6-(5-chloro-1-benzofuran-2-yl)-2-oxo-
4-(substituted phenyl)-1,2-dihydropyridine-3-carbonitriles
(OCP 1-6). Following refluxing, the reaction mixture was
cooled and the isolated solid product was collected via filtration
(Scheme-I). Subsequent crystallization from ethanol ensured
compound purity, confirmed by TLC using a hexane and ethyl
acetate mixture as mobile phase.

6-(5-Chloro-1-benzofuran-2-yl)-2-oxo-4-phenyl-1,2-
dihydropyridine-3-carbonitrile (OCP1): Yield: 75%: m.p.:
250-252 ºC; FT-IR (KBr, νmax, cm–1): 3342 (NH), 2245 (C≡N),
1660 (C=O), 1458 (C=C), 800 (C-Cl); 1H NMR (DMSO-d6, δ
ppm): 4.68 (1H, s, NH), 7.09 (1H, s), 7.41-7.88 (8H, 7.48 (d),
7.53 (d), 7.53 (d), 7.59 (d), 7.71 (t), 7.82 (d)), 8.33 (1H, d); MS
(m/z, %): 346.05 (M+). Anal. calcd. (found) % for C20H11N2O2Cl:
C, 69.27 (69.31); H, 3.20 (3.19); Cl, 10.22 (10.26); N, 8.08
(8.10): O, 9.23 (9.25).

6-(5-Chloro-1-benzofuran-2-yl)-4-(4-chlorophenyl)-2-
oxo-1,2-dihydropyridine-3-carbonitrile (OCP2): Yield:
62%: m.p.: 244-246 ºC; FT-IR (KBr, νmax, cm–1): 3362 (NH),
2242 (C≡N), 1663 (C=O), 1448 (C=C), 788 (C-Cl); 1H NMR
(DMSO-d6, δ ppm): 4.42 (1H, s, NH), 7.07 (1H, s), 7.45 (1H, d),
7.52-7.72 (5H, 7.58 (d), 7.58 (d), 7.66 (d)), 7.82 (1H, d), 8.31
(1H, d); MS (m/z, %): 380.01 (M+). Anal. calcd. (found) %
for C20H10N2O2Cl2: C, 63.01 (63.05); H, 2.64 (2.68); Cl, 18.60
(18.62); N, 7.35 (7.38): O, 8.39 (8.45).
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6-(5-Chloro-1-benzofuran-2-yl)-4-(4-hydroxyphenyl)-
2-oxo-1,2-dihydropyridine-3-carbonitrile (OCP3): Yield:
65%: m.p.: 265-267 ºC; FT-IR (KBr, νmax, cm–1): 3762 (OH),
3325 (NH), 2223 (C≡N), 1665 (C=O), 1452 (C=C), 804 (C-Cl);
1H NMR (DMSO-d6, δ ppm): 4.65 (1H, s, NH), 6.89-7.10 (3H,
6.95 (d), 7.05 (s)), 7.38-7.62 (4H, 7.45 (d), 7.55 (d), 7.57 (d)),
7.81 (1H, d), 8.31 (1H, d), 9.6 (1H, s, OH); MS (m/z, %): 362.04
(M+). Anal. calcd. (found) % for C20H11N2O3Cl: C, 66.22 (66.20);
H, 3.06 (3.09); Cl, 9.77 (9.74);N, 7.72 (7.75): O, 13.23 (13.26).

6-(5-Chloro-1-benzofuran-2-yl)-4-(4-bromophenyl)-2-
oxo-1,2-dihydropyridine-3-carbonitrile (OCP4): Yield:
72%: m.p.: 300-302 ºC; FT-IR (KBr, νmax, cm–1): 3328 (NH),
2252 (C≡N), 1662 (C=O), 1459 (C=C), 547 (C-Br), 802 (C-
Cl); 1H NMR (DMSO-d6, δ ppm): 4.68 (1H, s, NH), 7.06 (1H, s),
7.39-7.70 (6H, 7.45 (d), 7.47 (d), 7.58 (d), 7.63 (d)), 7.82 (1H,
d), 8.31 (1H, d); MS (m/z, %): 423.96 (M+). Anal. calcd. (found)
% for C20H10N2O2BrCl: C, 56.43 (56.45); H, 2.37 (2.39); Br,
18.77 (18.82); Cl, 8.33 (8.36); N, 6.58 (6.61): O, 7.52 (7.55).

6-(5-Chloro-1-benzofuran-2-yl)-4-(4-methoxyphenyl)-
2-oxo-1,2-dihydropyridine-3-carbonitrile (OCP5): Yield:
58%: m.p.: 275-277 ºC; FT-IR (KBr, νmax, cm–1): 3350 (NH),
2206 (C≡N), 1668 (C=O), 1450 (C=C), 811 (C-Cl); 1H NMR
(DMSO-d6, δ ppm): 3.88 (3H, s, OCH3), 4.9 (1H, s, NH), 7.05
(1H, s), 7.21 (2H, d), 7.45 (1H, d), 7.52-7.72 (3H, 7.57 (d),
7.66 (d), 7.81 (1H, d), 8.31 (1H, d); MS (m/z, %): 376.06 (M+).
Anal. calcd. (found) % for C21H13ClN2O3: C, 66.94 (66.97);
H, 3.48 (3.50); Cl, 9.41 (9.44); N, 7.43 (7.47): O, 12.74 (12.78).

6-(5-Chloro-1-benzofuran-2-yl)-4-[4-(dimethylamino)
phenyl]-2-oxo-1,2-dihydropyridine-3-carbonitrile (OCP6):
Yield: 60%: m.p.: 251-253 ºC; FT-IR (KBr, νmax, cm–1): 3354
(NH), 2253 (C≡N), 1681 (C=O), 1455 (C=C), 780 (C-Cl); 1H
NMR (DMSO-d6, δ ppm): 2.91 (6H, s), 6.62 (2H, d), 7.00
(1H, s), 7.38-7.60 (2H, 7.44 (d), 7.55 (d)), 7.63-7.87 (3H, 7.69
(d), 7.81 (d)), 8.29 (1H, d); MS (m/z, %): 389.09 (M+). Anal.
calcd. (found) % for C22H16N3O2Cl: C, 67.78 (67.81); H, 4.14
(4.17); Cl, 9.09 (9.14); N, 10.78 (10.82): O, 8.21 (8.24).

Biological activity: The title compounds underwent
pharmacological activity prediction using the online tool PASS.
This advanced system compares their structures with well-
established biologically active substances, predicting potential
pharmacological properties that can later be confirmed through
experiments. PASS boasts a vast database, incorporating thou-
sands of substances from the training set, facilitating an objective
estimation of potential biological activities. Notably, it requires
only the structural formula or SMILES of the chemical comp-
ound, making it applicable at an early stage of investigation
[27]. Upon submitting the structures of the title compounds to
the PASS online program, diverse potential mechanisms of
action and biological activities were predicted.

Syntelly: Syntelly, an artificial intelligence platform for
organic and medicinal chemistry, offers rapid access to experi-
mental data and predicts properties of over 150 million organic
compounds. It includes a visual module for exploring chemical
space and generating structures with predefined properties. The
primary database serves as a hub for searching molecules by
inputting names in various formats. A traffic light system on
the molecule card compares safety parameters, covering toxicity,

physico-chemical attributes, biological characteristics and
environmental properties [28].

PLATO: Polypharmacology pLATform predictiOn
(PLATO) is a user-friendly web platform for drug discovery,
serving the dual purpose of identifying potential protein drug
targets and calculating bioactivity values for small molecules.
Predictions are based on the similarity principle, employing
reverse ligand-based screening with a dataset of 632,119 comp-
ounds known to be experimentally active on 6004 protein targets.
The efficient backend implementation ensures speedy results,
typically returned in less than 20 seconds. The intuitive graphical
user interface allows for easy input and the transparent output
is presented in a standard portable document format report
[29].

Dual target docking studies

Preparation of target molecules: To prepare the target
molecules, a dual-target docking study was conducted using
the GLIDE docking program (Schrödinger 2020-1) [30]. The
synthesized compounds (OCP 1-6) underwent docking within
the active sites of two crystal structures viz. Mycobacterium
tuberculosis enoyl-ACP reductase (PDB code: 2PR2) and
Escherichia coli Topoisomerase IV ParE 24kDa subunit (PDB
code: 1S14). The quality of the target protein structures was
rigorously assessed using tools such as ERRAT, Verify 3D
and the Structural Analysis and Verification Server [31-33].
These analyses confirmed the acceptability and high quality
of all protein models. Furthermore, a detailed analysis of the
Ramachandran plot was conducted using RAMPAGE to
evaluate dihedral angles and permissible conformations [34].

Preparation of ligand molecules: In the process of prepa-
ring ligand molecules, the 2D chemical structures of compounds
OCP 1-6 were initially drawn using ChemDraw Ultra Version
8.0.3 [35] and saved in binary format. Subsequently, these struc-
tures were converted into the SDF format using the Open Babel
GUI version 2.4.1, a versatile virtual screening tool designed
for Windows [36,37]. Following that, a thorough energy mini-
mization was performed using the OPLS3e force field with
Ligprep. This process included ionization at a target pH of 7.0
± 2.0, desalting and the preservation of specified chiralities [38].
To facilitate a comparative assessment of binding affinities,
ATP was employed as reference ligand in the docking experi-
ments. The results were comprehensively evaluated by exami-
ning binding interactions and docking scores obtained from
GLIDE_SP ligand docking.

Antitubercular activity: The synthesized 6-(5-chloro-
1-benzofuran-2-yl)-2-oxo-4-(substitutedphenyl)-1,2-dihydro
pyridine-3-carbonitriles (OCP 1-6) underwent screening for
antitubercular activity using the microplate Alamar blue assay
method (MABA). Each compound was tested against the M.
tuberculosis H37 RV strain, with isonicotinic acid hydrazide
(INH) as the standard drug for comparison. For the assay setup,
200 µL of sterile deionized water was added to the outermost
wells of a sterile 96-well plate to prevent medium evaporation
during incubation. Subsequently, 100 µL of Middlebrook 7H9
(MB 7H9) broth was dispensed into the wells and the synthe-
sized compounds were serially diluted directly on the plate.

Vol. 36, No. 3 (2024) Synthesis of Oxacyanopyridine-Benzofuran Hybrids and in vitro Antimicrobial Activity  595



The antitubercular activity was assessed at final drug concen-
trations of 0.2, 0.4, 0.8, 1.6, 3.125, 6.25, 12.5, 25, 50 and 100
µg/mL.

The plates were covered, sealed with parafilm and incubated
at 37 ºC for 5 days. After the incubation period, 25 µL of freshly
prepared 1:1 mixture of Alamar blue reagent and 10% Tween
80 was added to each well. The plates underwent an additional
24 h incubation. Interpretation of the results was based on the
observed color change in the wells: a blue colour indicated no
mycobacterial growth, while a pink colour signified myco-
bacterial growth [39].

Antibacterial activity: The antibacterial activity of the
synthesized compounds (OCP 1-6) was assessed using the agar
cup plate method against a spectrum of bacteria, including
Gram-negative organisms like Escherichia coli and Pseudomonas
aeruginosa, as well as Gram-positive organisms, such as Bacillus
subtilis and Staphylococcus epidermatitis. Evaluation was
conducted via the minimum inhibitory concentration (MIC)
method, with ciprofloxacin as reference standard.

In the procedure, brain heart infusion agar was brought
to room temperature and colonies were transferred to the plates.
Their turbidity was visually adjusted to match a 0.5 McFarland
turbidity standard. Swabbing the entire agar plate surface three
times, with a 60º rotation between each streaking, ensured the
uniform distribution. After allowing the inoculated plate to
stand for at least 5 min, a 5 mm hollow tube was pressed onto
the agar, creating five wells. Then, 75, 50, 25, 10 and 5 µL of
the synthesized compounds were added to the respective wells.
After 24 h of incubation at 37 ºC, the inhibition zone diameter
was measured in mm. The MIC procedure involved repeating
serial dilution up to a 10-9 dilution for each synthesized comp-
ound [40,41].

RESULTS AND DISCUSSION

Among the various reported methods for synthesizing 3-
cyano-2-oxa-pyridines [42], the present research makes a
notable contribution through an efficient one-pot multi-
component reaction method. The literature recommends
condensation of chalcone with ethyl cyanoacetate and
ammonium acetate to synthesize these chemicals, although
this approach is time-consuming [43]. In present work, we
employed a solvent-based one-pot multi-component reaction,
offering a quicker and more practical alternative.

The purity of the synthesized compounds, including 2 and
OCP 1-6, was verified through TLC using a mobile phase
composed of hexane and ethyl acetate mixture. Confirmation
of their identity was established by the presence of a single spot
on TLC, well-defined melting points and distinctive spectral
features. The infrared spectra of the synthesized compounds
(OCP 1-6), distinctive bands were observed around 3350, 2240
and 1660 cm-1, confirming the presence of N-H, CN and C=O
bonds within the oxacyanopyridine ring. These observations
signify the successful formation of the target compounds. The
1H NMR spectra of these synthesized compounds revealed
signals for aromatic protons resonating within the range of δ
7.1 to 8.0 ppm. Additionally, the signals for the characteristic
dihydropyridine –NH group were observed around δ 4.0 ppm.

Notably, compound OCP 3 exhibited a proton singlet at δ 9.6
ppm, corresponding to the proton of the hydroxy group located
at the para position of phenyl ring attached to the 4th position
of the dihydropyridine ring system. Mass spectrometry analysis
further validated the presence of the expected molecular ion
peak (M+) fragments for the synthesized compounds.

Prediction of biological activity: Table-1 presents PASS-
predicted biological activity profiles based on an extensive
training dataset of 60,000 biologically active compounds across
4,500 distinct activities. Calculated probabilities (Pa and Pi)
indicate specific activity likelihood. Initially, all the synthesized
compounds were projected to exhibit antitubercular and anti-
bacterial activities with Pa values below 0.5. However, the
experimental assessments contradicted these predictions,
revealing significant antitubercular and antibacterial activities,
challenging PASS’s forecasts. In summary, PASS predicts
promising the pharmacological potential for these compounds,
especially in antitubercular and antibacterial contexts. The
subsequent experiments can validate these predictions, exploring
their potential as novel pharmacologically active substances.

Toxicity properties predicted by syntelly: The utilization
of computational models, as proposed by various researchers,
emerges as an effective strategy to reduce drug attrition due to
toxicity, providing a valuable tool for decision-making across
diverse industries. As reported by Sharma et al. [44] toxicity
prediction plays a crucial role in supporting the development
of safer drugs, minimizing environmental impact and contri-
buting to public health. Table-2 provides an overview of the
predicted toxicity properties of the synthesized compounds
using Syntelly software. Specifically, the blood-brain barrier
permeability of the synthesized compounds OCP 1-6 was asse-
ssed, with compound OCP-3 being predicted to be imperme-
able. Importantly, all compounds exhibited safety in terms of
cardiotoxicity, mutagenicity and carcinogenicity. However, the
predictions highlighted potential hepatotoxic and reproductive
toxic characteristics for these synthesized compounds.

Quantitative bioactivity profiling by PLATO: The quan-
titative bioactivity profiling by PLATO (Polypharmacology
pLATform predictiOn) holds significant value in drug disco-
very and development. This approach allows researchers to
comprehensively assess the interactions of potential drug
candidates with a wide range of biological targets [45].

The polypharmacological effects of the synthesized
compounds (OCP 1-6) are summarized in Table-3. Notably,
all compounds, with the exception of OCP-2, were predicted
to interact with M. tuberculosis targets. Additionally, they
exhibited some potential interactions with bacteria, viruses and
other pathogenic microbial targets. This observation under-
scores their potential as antimicrobial agents, particularly against
M. tuberculosis targets. However, it is essential to acknowledge
that these compounds also demonstrated off-target interactions
with human targets, signaling a need for caution due to potential
adverse effects or the possibility of engaging in other signifi-
cant biological activities. A comprehensive understanding of
these polypharmacological effects is crucial for informed
decision making in the development of these compounds as
potential therapeutics.
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Dual target docking studies: The effectiveness of mole-
cular docking in drug discovery is evident in its ability to provide
valuable insights into ligand-receptor interactions, facilitating
the rational design of therapeutic agents [46,47]. Before embar-
king on docking studies, the assurance of target protein quality
is paramount. The assessment of 3D models using RAMPAGE,
a tool employing Ramachandran plot calculations, confirmed
the reliability and accuracy of the predicted protein structures
(Fig. 1). High percentages in the favoured and allowed regions
for both 2PR2 and 1S14 suggested excellent model quality
[48,49]. Further validation using ERRAT and verify 3D [50]
reinforced the quality of the target protein models, with ERRAT

analysis yielding quality factors exceeding the 95% rejection
limit. Verify 3D analysis provided additional insights into the
structurally acceptable environment of the models, with non-
negative scores for all amino acids in 2PR2 and a majority in
1S14 (Fig. 2).

Glide, a reputable Schrödinger docking software, was
employed to predict docking scores for each ligand against
both target proteins [51]. Visual representations in Figs. 3 and 4
displayed the docking of compounds OCP 1-6, with OCP-4
achieving the highest docking score. Importantly, all comp-
ounds exhibited promising docking scores comparable to their
respective standards.

TABLE-1 
PREDICTED BIOLOGICAL ACTIVITY SPECTRUM OF SYNTHESIZED COMPOUNDS (OCP 1-6) 

Compound Pa Pi Activity 
0.627 0.018 Kinase inhibitor  
0.194 0.181 Antimycobacterial  
0.050 0.020 Enoyl-[acyl-carrier-protein] reductase (NADH) inhibitor  

OCP 1 

0.119 0.108 Bacterial efflux pump inhibitor  
0.623 0.018 Kinase inhibitor  
0.196 0.178 Antimycobacterial  
0.051 0.020 Enoyl-[acyl-carrier-protein] reductase (NADH) inhibitor  

OCP 2 

0.120 0.104 Bacterial efflux pump inhibitor  
0.634 0.017 Kinase inhibitor  
0.612 0.011 CYP1A1 substrate  
0.208 0.163 Antimycobacterial  

OCP 3 

0.059 0.011 Enoyl-[acyl-carrier-protein] reductase (NADH) inhibitor  
0.503 0.034 Kinase inhibitor  
0.206 0.162 Antituberculosic  
0.263 0.107 Antimycobacterial  

OCP 4 

0.041 0.041 Enoyl-[acyl-carrier-protein] reductase (NADH) inhibitor  
0.584 0.022 Kinase inhibitor  
0.197 0.177 Antimycobacterial  
0.133 0.050 Bacterial efflux pump inhibitor  

OCP 5 

0.045 0.030 Enoyl-[acyl-carrier-protein] reductase (NADH) inhibitor  
0.539 0.022 CYP1A substrate  
0.489 0.037 Kinase inhibitor  
0.336 0.010 Cell wall biosynthesis inhibitor  

OCP 6 

0.044 0.031 Enoyl-[acyl-carrier-protein] reductase (NADH) inhibitor  
0.810 0.003 Antituberculosic  
0.798 0.004 Antimycobacterial  
0.371 0.038 Antibacterial  

Isoniazid 

0.226 0.042 Trans-2-enoyl-CoA reductase (NAD+) inhibitor  
0.639 0.008 Antimycobacterial  
0.588 0.009 Antibacterial  
0.452 0.019 Antituberculosic  

Ciprofloxacin 

0.304 0.086 Antiviral (Adenovirus)  
 

TABLE-2 
PREDICTIVE TOXICITY PROPERTIES USING SYNTELLY 

Compound Blood brain barrier 
permeability 

Cardiotoxicity Mutagenicity Carcinogenicity Hepatotoxicity Reproductive 
toxicity 

OCP 1 YES No No No YES YES 
OCP 2 YES No No No YES YES 
OCP 3 No No No No YES YES 
OCP 4 YES No No No YES YES 
OCP 5 YES No No No YES YES 
OCP 6 YES No No No YES YES 

Isoniazid No No YES No YES YES 
Ciprofloxacin No No YES No YES YES 

 

Vol. 36, No. 3 (2024) Synthesis of Oxacyanopyridine-Benzofuran Hybrids and in vitro Antimicrobial Activity  597



TABLE-3 
QUANTITATIVE BIOACTIVITY PROFILING USING PLATO 

Compound Target Source IC50
a EC50

b 
Serine/threonine-protein kinase PIM1  Homo sapiens  24.6 nM 264Nm 
Monoamine oxidase B  Homo sapiens  868 nM 6.29 µM 
Thymidine phosphorylase  Escherichia coli K-12  14.2 µM – 

OCP 1 

Thymidylate kinase  Mycobacterium tuberculosis  302 nM – 
Human immunodeciency virus type 1 reverse transcriptase  Human immunodeciency virus 1  614 nM 298 nM 
Cannabinoid CB1 receptor  Homo sapiens  60.8 nM 177 nM 
Streptokinase A  Streptococcus pyogenes  – 3.82 µM 

OCP 2 

Thymidine phosphorylase  Escherichia coli K-12  14.1 µM – 
Matrix metalloproteinase 13  Homo sapiens  29.3 nM – 
Enoyl-acyl-carrier protein reductase  Plasmodium falciparum 2.54 µM – 
Phosphotyrosine protein phosphatase  Mycobacterium tuberculosis  4.83 µM – 

OCP 3 

Thymidylate kinase  Mycobacterium tuberculosis  210 nM – 
Induced myeloid leukemia cell di erentiation protein Mcl-1  Homo sapiens  3.55 µM 2.85 µM 
Hepatitis C virus NS5B RNA-dependent RNA polymerase  Hepatitis C virus  916 nM 142 nM 
Thymidine phosphorylase  Escherichia coli K-12  13.7 µM – 

OCP 4 

Thymidylate kinase  Mycobacterium tuberculosis  258 nM – 
Cannabinoid CB1 receptor  Homo sapiens  67.3 nM 177 nM 
Hepatitis C virus NS5B RNA-dependent RNA polymerase  Hepatitis C virus  906 nM 142 nM 
Enoyl-acyl-carrier protein reductase  Plasmodium falciparum  2.60 µM – 

OCP 5 

Thymidylate kinase  Mycobacterium tuberculosis  259 nM – 
Induced myeloid leukemia cell di erentiation protein Mcl-1  Homo sapiens  3.46 µM 2.86 µM 
Hepatitis C virus NS5B RNA-dependent RNA polymerase  Hepatitis C virus  855 nM 130 nM 
Streptokinase A  Streptococcus pyogenes  3.83 µM – 

OCP 6 

Thymidylate kinase Mycobacterium tuberculosis 256 nM – 
 

The interactions between the synthesized compounds (OCP
1-6) and the amino acid residues of target proteins 2PR2 and
1S14 were elucidated. All the synthesized compounds, except
for OCP-2 and 6, demonstrated both hydrogen bond and hydro-
phobic interactions with 2PR2 (Table-4). Moreover, compounds
OCP-1, 3, 4 and 5 exhibited the hydrophobic interactions similar
to the standard drug isoniazid (INH), albeit at different inter-
action sites. Additionally, compound OCP-3 shares the same
hydrogen bond interaction site (GLY 96) with the standard
drug. With nearly equivalent binding affinities, as indicated
by docking scores close to the standard score and insights from
dual-target docking studies, these findings underscore the
potential therapeutic relevance of the synthesized compounds.

The absence of hydrophobic interactions with the 1S14
target protein observed in the synthesized compounds high-
lights the need for a meticulous examination of their molecular
design, structural features and potential optimization strategies.
Employing both experimental and computational approaches
will be essential to address these challenges and guide the
refinement of the synthesized compounds, aiming for enhanced
interactions with the target protein.

Antimicrobial activity: The antitubercular and anti-
bacterial activities of all synthesized compounds (OCP 1-6)
were systematically evaluated. In particular, the antitubercular
activity of the synthesize oxacyanopyridines (OCP 1-6) was
assessed against M. tuberculosis H37Rv in Middlebrook 7H9
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broth media (MB 7H9 broth), with isoniazid (INH) serving as
standard drug (Table-5).

Results from the antitubercular activity screening revealed
distinct behaviour among the synthesized compounds. Notably,
compounds OCP-2, 4 and 5, featuring p-chloro, p-bromo and
p-methoxy groups on the aromatic moiety at the 4th position
of dihydropyridine ring, respectively, exhibited activity at

OCP 1 OCP 2 OCP 3

OCP 4 OCP 5 OCP 6

Fig. 4. Docking of oxacyanopyridine-benzofuran hybrids (OCP 1-6) with 1S14 protein

TABLE-4 
DOCKING SCORE AND MOLECULAR INTERACTION OF OXACYANOPYRIDINE- 

BENZOFURAN HYBRIDS (OCP 1-6) WITH 2PR2 AND 1S14 PROTEINS 

2PR2 protein 1S14 protein 
Compound 

Docking score H-Bond interactions Hydrophobic 
interactions 

Docking score H-Bond interactions Hydrophobic 
interactions 

OCP 1 -8.428 THR 196 PHE 149 -5.657 GLY 1073 – 
OCP 2 -7.147 LYS 165 – -6.611 – – 
OCP 3 -8.706 GLY 96, MET 98 PHE 149 -6.406 – – 
OCP 4 -6.797 LYS 165 PHE 149 -5.408 – – 
OCP 5 -8.245 MET 98, THR 196 PHE 149 -5.631 GLY 1073 – 
OCP 6 -8.208 – – -5.622 GLY 1073 – 

Isoniazid -7.244 VAL 95, GLY 96 PHE 41 – – – 
Ciprofloxacin – – – -7.066 ASP 1069, GLY 1073 VAL 1118 
 

concentrations of 25, 50 and 100 µg/mL. In contrast, the
remaining compounds (OCP 1 and 6) exhibited no activity at
any concentration, with the exception of compound OCP-3,
which showed activity at concentrations of 50 and 100 µg/mL.

In interpreting these results, a thorough exploration of
the structure-activity relationship (SAR) within the synthesized
compounds is essential. The observed variations in the activity
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TABLE-5 
ANTI-TUBERCULAR ACTIVITY OF  

OXACYANOPYRIDINE-BENZOFURAN HYBRIDS (OCP 1-6) 

Minimum inhibitory concentration 
Compound 

25 µg/mL 50 µg/Ml 100 µg/mL 

OCP 1 R R R 
OCP 2 S S S 
OCP 3 R S S 
OCP 4 S S S 
OCP 5 S S S 
OCP 6 R R R 

Isoniazid S S S 
 

levels can be ascribed to specific structural features or substi-
tuent effects. In particular, halogens at the para-position of the
phenyl ring at the 4th position of dihydropyridine stand out as
electron-modulating groups that are good for antitubercular
activity. The presence of halogens at the para position seems
to exert a modulatory effect on the antitubercular properties
of the synthesized compounds. This electron modulation may
contribute to enhanced interactions with the target, potentially
influencing the biological activity. Furthermore, a comparative
analysis with the standard drug, isoniazid, provides valuable
insights into the relative efficacy of the synthesized compounds
in the context of antitubercular activity. The favourable effects
observed with specific structural modifications, particularly the
introduction of electron modulating groups, suggest a promi-
sing avenue for further optimization.

In the assessment of antibacterial activity using the agar
cup-plate method, all the synthesized compounds (OCP 1-6)
were tested, with ciprofloxacin as reference standard. The anti-
bacterial activity demonstrated at 100 µg was remarkable,
exhibiting the effectiveness similar to the reference standard,
ciprofloxacin (Fig. 5). Specifically, compounds OCP-2, 3, 4
and 5, featuring p-chlorophenyl, p-hydroxyphenyl, p-bromo-
phenyl and p-methoxyphenyl group at the 4th position of the
dihydropyridine ring, respectively, displayed a significant
activity. In contrast, the remaining compounds (OCP-1 and
6) exhibited relatively less activity.

Ciprofloxacin OCP 1 OCP 2 OCP 3 OCP 4 OCP 5 OCP 6
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Fig. 5. Antibacterial activity of oxacyanopyridine-benzofuran hybrids
(OCP 1-6)

The observed variations in activity levels can be attributed
to specific structural features or substituent effects within the
compounds. The electron-modulating groups, such as halogens
at the para position of the phenyl ring located at the 4th position
of dihydropyridine, were found to be favourable for both anti-
bacterial and antitubercular activities. This consistent trend

across different biological activities suggests that these synthe-
sized compounds possess substantial potential as broad spectrum
antimicrobial agents. These findings emphasize the promising
avenue for the development of novel antibacterial agents,
further accentuating the versatility and potential clinical signi-
ficance of the synthesized compounds.

Conclusion

This work introduces an innovative approach for the synthesis
of 3-cyano-2-oxa-pyridines, a class of compounds with diverse
applications. This study successfully achieved the synthesis and
characterization of a novel series of oxacyano pyridine hybrids
(OCP 1-6). Starting from 5-chlorosalicylaldehyde, a meticulous
multistep synthetic strategy was employed, integrating pyridine
and benzofuran motifs into the molecular structure. Utilizing
computational tools, the research predicted diverse pharmaco-
logical properties of the synthesized hybrids, encompassing
antitubercular and antibacterial activities, toxicity profiles and
potential molecular targets. In vitro assessments, complemented
by Schrödinger docking simulations, provided insights into the
efficacy of the synthesized compounds against Mycobacterium
tuberculosis enoyl-ACP reductase and E. coli Topoisomerase
IV. The antitubercular and antibacterial evaluations highlighted
the significant activity of compounds OCP-2, 3, 4 and 5 sugge-
sting their potential as promising agents against these microbial
strains. The structure-activity relationship (SAR) analysis empha-
sized the impact of specific structural features, particularly
electron-modulating groups, on the observed biological activities.
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