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Synthesis and Molecular Docking Study of a Series of Novel Pyridine Derivatives and Evaluation of their Anticancer Activity


Abstract: This study focuses on the synthesis, molecular docking, and anticancer activity evaluation of a series of novel pyridine derivatives (Compounds 7a-7g). The compounds were synthesized through a series of chemical reactions and characterized using spectroscopic methods. In vitro anticancer activity was assessed against MCF-7 (breast cancer), DU-145 (prostate cancer), and HeLa (cervical cancer) cell lines using the MTT assay, revealing significant cytotoxic effects, particularly for Compounds 7e and 7g, which showed potent activity comparable to standard anticancer drugs like doxorubicin. Molecular docking studies demonstrated that the synthesized compounds bind effectively to the epidermal growth factor receptor (EGFR), a key target in cancer therapy, suggesting their potential as EGFR inhibitors. In silico ADME predictions revealed favorable pharmacokinetic properties, including good drug-likeness and optimal lipophilicity, making these compounds promising candidates for further development. The findings support the potential of pyridine-based derivatives in cancer therapy and provide a foundation for future optimization and clinical application.
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Introduction:
Cancer remains one of the most life-threatening diseases worldwide, accounting for 19.3 million new cases and 9.9 million deaths in 2020 alone [1]. By 2030, global cancer incidence and mortality are projected to exceed 24 million and 13 million cases per year, respectively. This growing health challenge drives the continuous search for new, more effective anticancer drugs with improved selectivity and potency [2]. In drug discovery, heterocyclic compounds play a pivotal role, as nitrogen-containing heterocycles are present in a high percentage of modern therapeutics. Among these, the pyridine ring is a privileged scaffold in medicinal chemistry, known for its versatility and ability to engage in key interactions with biological targets [3]. The pyridine moiety has been associated with diverse biological activities, including antimicrobial, anti-inflammatory, and notably anticancer effects. Indeed, numerous approved anticancer agents and drug candidates feature a pyridine nucleus as part of their core structure. For example, the multi-kinase inhibitor Regorafenib contains a pyridine subunit and is used clinically as an anticancer drug. Similarly, other bioactive compounds like Epothilone D (a natural product anticancer agent) and certain antibiotics (e.g. Cefixime) incorporate pyridine or related azine rings, underscoring the pharmacological relevance of this scaffold [4,5].
Pyridine-based compounds have shown potent cytotoxic effects in various studies. For instance, novel 3-cyano-2-substituted pyridine derivatives were reported to induce apoptosis in MCF-7 breast cancer cells, demonstrating low-micromolar efficacy [6]. Such findings highlight the potential of functionalized pyridines as anticancer agents. In designing new anticancer pyridine derivatives for this work, we drew inspiration from these precedents and aimed to introduce functional groups that could enhance anticancer activity. In particular, electron-withdrawing substituents on an aromatic ring (e.g., nitro) have been found to improve the antiproliferative potency in related heterocyclic systems by increasing target binding affinity or cellular uptake [7,8].
An understanding of how small molecules interact with biological targets is crucial for rational drug design. Molecular docking is a powerful computational technique that predicts the preferred orientation of a ligand when bound to a protein, as well as an estimate of the binding affinity [9, 10]. Docking studies can thus provide insight into the mechanism of action of novel anticancer agents and guide structural optimization. In the case of pyridine-containing inhibitors, one prominent molecular target is the epidermal growth factor receptor (EGFR) tyrosine kinase, which is often overexpressed or dysregulated in cancers such as lung and breast carcinomas. EGFR plays a key role in cell proliferation and survival signaling; consequently, its inhibition can lead to growth arrest and apoptosis of cancer cells. Several clinically used EGFR inhibitors (e.g., erlotinib, gefitinib) contain nitrogen heterocycles [11,12]. Therefore, we selected EGFR’s kinase domain as the target for docking our synthesized pyridine derivatives, in order to evaluate whether these compounds might act through an EGFR-inhibitory mechanism. Previous studies have shown that compounds bearing certain scaffolds (such as aminothiazoles or aminopyridines) can bind in the ATP-binding pocket of EGFR and form critical interactions with residues in the hinge region and activation loop, correlating with anti-proliferative activity [13]. We anticipated that our new pyridine derivatives could exhibit a similar mode of binding.
In this paper, we report the synthesis of a series of novel pyridine derivatives and their characterization, in vitro evaluation of anticancer activity using a standard MTT cell viability assay, and in silico molecular docking analysis on EGFR [14,15]. The goal is to assess the anticancer potential of these compounds and to understand their structure–activity relationships (SAR) through both experimental and computational findings [16]. The results and discussion provide insights into how different substituents influence biological activity and binding affinity, and the conclusion outlines the significance of our findings and future directions for developing pyridine-based anticancer agents.

METHODLOGY
Materials
All chemicals and reagents used in this study were of analytical grade and procured from standard suppliers. Sodium hydroxide, methyl iodide, ferric chloride (anhydrous), concentrated hydrochloric acid (37%), concentrated sulfuric acid, and oleum (20–25% SO₃) were obtained from Merck and SRL. Organic solvents such as dimethylformamide (DMF), dimethyl sulfoxide (DMSO), ethanol, dichloromethane, ethyl acetate, and hexane were purchased from Spectrochem in ≥99% purity.

Experimental Work
Melting points of the synthesized compounds were determined in open capillary tubes and are uncorrected. IR absorption spectra were recorded on Jasco FT/IR-470 PLUS, KBr diffuse reflectance, 1H-NMR and 13C-NMR spectra were recorded on the Bruker DPX-400 instrument at 400 and 100 MHz, respectively. The 1H and 13C chemical shifts are reported as parts per million (ppm) downfield from TMS (Me4Si). 1H-NMR, 13C-NMR, IR and Mass spectra were consistent with the assigned structures. Purity of the compounds was checked by thin layer chromatography (TLC). The elemental analysis (CHN analysis) was done on a CHN rapid analyzer. All the compounds gave satisfactory analysis within ±0.4% of the theoretical values. The LC mass spectra of the compounds were recorded on Shimadzu 8201PC spectrometer.




Figure 1: Synthetic Protocol for Some Novel Pyridine derivatives (7a-7g)

Synthesis of Compound 3
To a solution of Compound 2 (1.00 g, n mmol, 1.00 equiv) in methanol (10 mL) was added NaOH (0.400 g, 10.0 mmol, 1.00 equiv if n = 10.0 mmol) in one portion, followed by methyl iodide (MeI) (1.20 g, 8.46 mmol, 0.85 equiv if n = 10.0 mmol). The mixture was stirred at r.t. for 4–6 h. Reaction progress was monitored by TLC. The mixture was quenched with water (30 mL) and extracted with EtOAc (3 × 30 mL). The combined organic extracts were washed with brine, dried (Na2SO4), filtered, and concentrated. The residue was purified by column chromatography (hexane/EtOAc) to afford Compound 3 as a pale yellow solid.
Synthesis of Compound 4
Compound 3 (1.00 g, n mmol, 1.00 equiv) was dissolved in DMF (10 mL). FeCl3 (anhydrous) (0.700 g, 4.31 mmol, 0.43 equiv if n = 10.0 mmol) and conc. HCl (5.0 mL, ≈60 mmol, 6.0 equiv if n = 10.0 mmol; assuming 12.0 M) were added. The mixture was refluxed at 118 °C for 6–8 h and then cooled to r.t. The reaction mixture was poured into ice–water (50 mL) and extracted with CH2Cl2 (3 × 30 mL). Combined organic layers were washed with sat. NaHCO3 (caution: CO2 evolution) and brine, dried (Na2SO4), filtered, concentrated, and purified by column chromatography (CH2Cl2/hexane) to give Compound 4.
Synthesis of Compound 6
o concentrated H₂SO₄ (5.0 mL, ρ ≈ 1.84 g·mL⁻¹, ≈9.20 g, ≈93.8 mmol H2SO4 equiv) in a cooled (ice bath) flask was added Compound 5 (1.00 g, n mmol, 1.00 equiv). With vigorous stirring and keeping T < 50 °C, oleum (fuming H2SO4) (7.5 mL, ρ ≈ 1.92 g·mL⁻¹, ≈14.4 g, ≈147 mmol as H2SO4 equivalents; see note) was added dropwise. The reaction was stirred 3–4 h at r.t. The mixture was carefully neutralized portionwise with solid NaHCO3 (to pH ~7; CO2 evolution) and extracted with CH2Cl2 (3 × 40 mL). Organic layers were washed (brine), dried (Na2SO4), filtered, concentrated, and purified by column chromatography to afford Compound 6.
Synthesis of Compounds 7a-7g
Compound 6 (1.00 g, n mmol, 1.00 equiv) was dissolved in DMSO (10 mL). The appropriate electrophile R–X (alkyl/aryl halide or acylating agent; 1.20–1.50 equiv, specify per 7a–7g) and base/catalyst as required for the transformation (e.g., K2CO3 2.0 equiv for alkylation; Et3N 2.0 equiv for acylation) were added. The mixture was heated at reflux (or 80–120 °C, as applicable) until TLC completion (typically 4–10 h). After cooling, the mixture was poured into water (50 mL) and extracted with EtOAc (3 × 30 mL). The combined organic layers were washed with brine, dried (Na2SO4), filtered, and concentrated. The crude product was purified by column chromatography or recrystallization to afford 7a–7g as solid.
Compound 7a
Melting Point: 240-242 ºC; Off-white; Yield: 88 %; Rf value: 0.83; Solvent system: Benzene: Methanol (9:1); LCMS: m/z [M]+ 425.12 (Calc.), 425.24 (Found); Anal. Calcd. for C21H19N3O5S (425.47): C, 59.28%; H, 4.50%; N, 9.88%. Found: C, 58.98%; H, 4.38%; N, 9.82%. IR ν (cm-1): 3310 (N–H), 1678 (C=O), 1321 (SO2 asym), 1165 (SO2 sym), 1225 (C–O), 1050 (C–O). 1H-NMR (400 MHz, DMSO-d6) δ (ppm): 9.69 (s, 1H, NH), 6.42-8.29 (m, 9H, Ar-H), 3.85 (s, 3H, CH3), 3.80 (s, 3H, CH3), 2.13 (s, 3H, CH3). 13C-NMR (100 MHz, DMSO-d6) δ (ppm): 169.95, 163.20, 161.81, 161.27, 158.10, 148.73, 148.12, 145.00, 138.40, 133.29, 133.02, 130.31, 127.44, 124.55, 122.49, 117.57, 109.71, 104.05, 56.79, 56.04, 20.89.
Compound 7b
Melting Point: 176-178 ºC;  Off-white; Yield: 75 %; Rf value: 0.74; Solvent system: Benzene: Methanol (9:1); LCMS: m/z [M]+ 439.12 (Calc.), 440.09 (Found); Anal. Calcd. for C22H21N3O5S (439.49): C, 60.12%; H, 4.82%; N, 9.56%. Found: C, 60.18%; H, 4.63%; N, 9.66%. IR ν (cm-1): 3328 (N–H), 1656 (C=O), 1332 (SO2 asym), 1153 (SO2 sym), 1263 (C–O), 1031 (C–O).  1H-NMR (400 MHz, DMSO-d6) δ (ppm): 9.56 (s, 1H, NH), 6.43-8.56 (m, 9H, Ar-H), 3.81 (s, 3H, CH3), 3.78 (s, 3H, CH3), 2.62 (m, 2H, CH2), 1.19 (t, 3H, CH3). 13C-NMR (100 MHz, DMSO-d6) δ (ppm): 168.54, 163.20, 161.81, 161.20, 158.10, 148.73, 148.08, 145.00, 138.63, 133.29, 133.02, 130.31, 127.44, 124.66, 122.59, 117.57, 109.71, 104.05, 56.79, 56.04, 27.68, 8.91.

Compound 7c
Melting Point: 258-260 ºC;  Pale-yellow; Yield: 82 %; Rf value: 0.75; Solvent system: Benzene: Methanol (9:1); LCMS: m/z [M]+ 453.14 (Calc.), 453.21 (Found); Anal. Calcd. for C23H23N3O5S (453.52): C, 60.91%; H, 5.11%; N, 9.27%. Found: C, 60.52%; H, 4.81%; N, 9.11%. %. IR ν (cm-1): 3301 (N–H), 1694 (C=O), 1351 (SO2 asym), 1151 (SO2 sym), 1242 (C–O), 1040 (C–O). 1H-NMR (400 MHz, DMSO-d6) δ (ppm): 9.23 (s, 1H, NH), 6.38-8.63 (m, 9H, Ar-H), 3.79 (s, 3H, CH3), 3.61 (s, 3H, CH3), 2.73 (m, H, CH), 1.23 (d, 6H, CH3). 13C-NMR (100 MHz, DMSO-d6) δ (ppm): 175.02, 163.20, 161.81, 161.11, 158.10, 148.73, 148.07, 145.00, 138.89, 133.29, 133.02, 130.31, 127.44, 124.73, 122.56, 117.57, 109.71, 104.05, 56.79, 56.04, 32.59, 18.51 (2C).

Compound 7d
Melting Point: 244-246 ºC;  Off-white; Yield: 80 %; Rf value: 0.62; Solvent system: Benzene: Methanol (9:1); LCMS: m/z [M]+ 423.13 (Calc.), 423.29 (Found); Anal. Calcd. for C22H21N3O4S (423.49): C, 62.39%; H, 5.00%; N, 9.92%. Found: C, 62.66%; H, 5.17%; N, 10.25%. IR ν (cm-1): 3312 (N–H), 1685 (C=O), 1363 (SO2 asym), 1135 (SO2 sym), 1256 (C–O), 1021 (C–O). 1H-NMR (400 MHz, DMSO-d6) δ (ppm): 9.41 (s, 1H, NH), 6.41-8.55 (m, 9H, Ar-H), 3.83 (s, 3H, CH3), 3.76 (s, 3H, CH3), 3.37 (m, 1H, CH), 0.46-0.88 (m, 4H, CH2). 13C-NMR (100 MHz, DMSO-d6) δ (ppm): 163.20, 161.81, 161.50, 158.10, 148.73, 147.80, 145.00, 138.76, 133.29, 133.02, 130.31, 127.44, 120.55, 119.16, 117.57, 109.71, 104.05, 58.30, 56.79, 56.04, 6.24 (2C).

Compound 7e
Melting Point: 232-234 ºC;  Off-white; Yield: 77 %; Rf value: 0.64; Solvent system: Benzene: Methanol (9:1); LCMS: m/z [M]+ 467.15 (Calc.), 467.12 (Found); Anal. Calcd. for C24H25N3O5S (467.55): C, 61.65%; H, 5.39%; N, 8.99%. Found: C, 61.89%; H, 5.00%; N, 9.29%. IR ν (cm-1): 3304 (N–H), 1643 (C=O), 1340 (SO2 asym), 1167 (SO2 sym), 1234 (C–O), 1030 (C–O). 1H-NMR (400 MHz, DMSO-d6) δ (ppm): 9.56 (s, 1H, NH), 6.43-8.62 (m, 9H, Ar-H), 3.82 (s, 3H, CH3), 3.77 (s, 3H, CH3), 1.25 (s, 9H, CH3). 13C-NMR (100 MHz, DMSO-d6) δ (ppm): 175.66, 163.20, 161.81, 161.00, 158.10, 148.73, 148.08, 145.00, 139.17, 133.29, 133.02, 130.31, 127.44, 124.77, 122.39, 117.57, 109.71, 104.05, 56.79, 56.04, 40.88, 26.89 (3C).

Compound 7f
Melting Point: 184-186 ºC;  Off-white; Yield: 76 %; Rf value: 0.68; Solvent system: Benzene: Methanol (9:1); LCMS: m/z [M]+ 453.14 (Calc.), 453.08 (Found); Anal. Calcd. for C23H23N3O5S (453.52): C, 60.91%; H, 5.11%; N, 9.27%; Found: C, 61.07%; H, 5.21%; N, 9.56%. IR ν (cm-1): 3335 (N–H), 1636 (C=O), 1362 (SO2 asym), 1139 (SO2 sym), 1245 (C–O), 1043 (C–O). 1H-NMR (400 MHz, DMSO-d6) δ (ppm): 9.95 (s, 1H, NH), 6.41-8.53 (m, 9H, Ar-H), 3.83 (s, 3H, CH3), 3.79 (s, 3H, CH3), 2.31 (m, 2H, CH2), 1.69 (m, 2H, CH2), 1.04 (s, 3H, CH3). 13C-NMR (100 MHz, DMSO-d6) δ (ppm): 171.19, 163.20, 161.81, 161.20, 158.10, 148.73, 148.08, 145.00, 138.63, 133.29, 133.02, 130.31, 127.44, 124.66, 122.59, 117.57, 109.71, 104.05, 56.79, 56.04, 35.55, 18.47, 13.57.

Compound 7g
Melting Point: 140-142 ºC;  Pale-yellow; Yield: 84 %; Rf value: 0.62; Solvent system: Benzene: Methanol (9:1); LCMS: m/z [M]+ 481.17 (Calc.), 481.29 (Found); Anal. Calcd. for C25H27N3O5S (481.57): C, 62.35%; H, 5.65%; N, 8.73%. Found: C, 62.42%; H, 5.30%; N, 8.73%. IR ν (cm-1): 3322 (N–H), 1662 (C=O), 1344 (SO2 asym), 1128 (SO2 sym), 1263 (C–O), 1051 (C–O). 1H-NMR (400 MHz, DMSO-d6) δ (ppm): 9.31 (s, 1H, NH), 6.44-8.67 (m, 9H, Ar-H), 3.80 (s, 3H, CH3), 3.74 (s, 3H, CH3), 2.32 (m, 1H, CH), 1.62 (m, 4H, CH2), 1.01 (t, 5H, CH3). 13C-NMR (100 MHz, DMSO-d6) δ (ppm): 176.24, 163.20, 161.81, 161.11, 158.10, 148.73, 148.07, 145.00, 138.89, 133.29, 133.02, 130.31, 127.44, 124.73, 122.56, 117.57, 109.71, 104.05, 56.79, 56.04, 46.76, 26.04 (2C), 11.71 (2C).

In vitro anticancer activity 
The in vitro anticancer activity of the synthesized compounds (7a–7g) can be evaluated against a panel of human cancer cell lines, including MCF-7 (breast adenocarcinoma), DU145 (prostate carcinoma), and HeLa (cervical carcinoma), using the MTT assay as a standard cytotoxicity screening method. Briefly, cells are cultured in DMEM supplemented with 10% fetal bovine serum and antibiotics, maintained at 37 °C in a humidified atmosphere with 5% CO₂, and seeded into 96-well plates at a density of 5×10³ cells per well. After 24 h incubation to allow adherence, the cells are treated with varying concentrations (1–100 µM) of the test compounds dissolved in DMSO (final DMSO concentration <0.1%). Following 48 h of exposure, MTT reagent (5 mg/mL) is added to each well and incubated for 4 h to allow the formation of insoluble formazan crystals, which are then dissolved in DMSO. The absorbance is measured at 570 nm using a microplate reader, and cell viability is calculated relative to untreated controls. The IC₅₀ values are determined by plotting dose–response curves, and the results are compared with standard anticancer drugs such as etoposide and doxorubicin. Reduced cell viability in a concentration-dependent manner indicates potential anticancer activity of the synthesized compounds.
Molecular Docking Study:
Hardware and Software:
Windows 10 (64-bit) operating system with 4 GB RAM and 2.50 GHz Intel(R) Core(TM) i5-7200U processor will be used for executing the docking process. PyRx version 0.8, available at https://pyrx.sourceforge.io/ will be used to perform the docking in AutoDock Vina Wizard. AutoDock Tools 4.2.6, which is made accessible by the Scripps Research Institute at https://autodock.scripps.edu/, will be used for preparing the proteins and for grid generation. Ligands were processed using Open babel and PyRx 0.8, and interaction poses of ligands were visualized and analysed using Maestro Visualizer.
Ligand Preparation
The chemical structures of ligands will be downloaded from databases in SDF format. The structure of ligands will be minimized by using the MMFF94 force field using OpenBabel.
Protein Preparation
The crystal structure of Human topoisomerase IIalpha in complex with DNA and etoposide (PDB code: 5GWK) was downloaded from PDB (https://www.rcsb.org/). 
Water molecules and Ligand were removed from the protein file. The resulting crystallography structure was imported in AutoDock Tools.
In this step, attached water molecules and bound heteroatoms/ligand were removed, polar hydrogens and Kollman charges were added, the charge were spread equally over all atoms and residues were checked for missing atoms if any. The prepared PDB files were then converted to the PDBQT format for executing the next step.
Grid Generation 
The grid box wes set over attached ligands using AutoDock Tools and then manually adjusted to desired dimensions in PyRx. The grid dimensions will be set as 31.444 x -23.353 x -57.573 Å3 keeping the number of points as 25 in X, Y, Z directions for PDB ID: 5GWK.
Docking and visualization of results:
The Docking were implemented in the Vina Wizard of the PyRx Tool, using an exhaustiveness of 8, and the resultant output files were split into individual pose files. These files and the protein structure were then taken for visualization of interactions using Maestro Visualizer.
In silico ADME Study
The ADMET prediction servers used are SwissADME (http://swissadme.ch/) from the Swiss Institute of Bioinformatics [17-19].
Results and Discussion
Chemistry
The synthesis of novel pyridine derivatives (Compounds 7a-7g) was successfully achieved through a series of well-established reactions. The key synthetic steps involved methylation, Friedel-Crafts alkylation, sulfonation, and subsequent functionalization. The final products exhibited good yields and were characterized by spectroscopic techniques such as NMR, IR, and mass spectrometry, confirming the structures. The purity of the compounds was verified by thin-layer chromatography (TLC) and elemental analysis, and the compounds showed consistent properties with the assigned structures. The functionalization of the pyridine scaffold, with various substituents on the aromatic ring, was expected to influence their biological activity, which was evaluated in subsequent studies.
In vitro anticancer activity
The synthesized pyridine derivatives (7a–7g) were evaluated for their anticancer potential against three human cancer cell lines, namely MCF-7 (breast adenocarcinoma), DU-145 (prostate carcinoma), and HeLa (cervical carcinoma), using the standard MTT assay. The IC50 values obtained are summarized in Table 1. Overall, the compounds exhibited variable cytotoxic profiles across the cell lines, suggesting that the nature of substituents on the pyridine scaffold significantly influenced the biological response. Compound 7a showed the least activity (IC50 = 12.0–18.5 µM), whereas compound 7c exhibited particularly weak cytotoxicity, with IC50 values above 28 µM in all tested cell lines. This reduced potency could be explained by the absence of strong electronic effects and possibly reduced interaction with the ATP-binding pocket of EGFR, as indicated by docking studies. In addition, steric hindrance from unfavourable substituents in 7c may have limited cellular uptake. Compounds 7b, 7d, and 7f showed moderate cytotoxicity, with IC50 values ranging from 11.5–19.8 µM across the three cell lines. These derivatives were consistently more active than 7a but less potent than 7e and 7g. Their intermediate activity highlights the delicate balance between steric bulk and electronic contribution of the substituents, which may not be optimal for EGFR binding but still confer a moderate inhibitory effect on cell proliferation. Compounds 7e and 7g demonstrated the highest cytotoxicity, with IC50 values of 4.2 and 4.5 µM in MCF-7 cells, respectively, and similarly low values in DU-145 and HeLa cells. Their activities were comparable to or even superior to the reference drug etoposide, and approached the potency of doxorubicin, indicating a strong anticancer potential. The enhanced activity of these two derivatives can be attributed to the presence of bulky electron-donating substituents (tert-butyl in 7e and extended alkyl side chain in 7g), which may improve lipophilicity and facilitate better cellular uptake and target binding. In general, MCF-7 breast cancer cells were the most sensitive to the tested compounds, particularly to 7e and 7g, where IC50 values were significantly lower than etoposide. DU-145 prostate cancer cells showed slightly higher IC50 values for most derivatives, indicating a reduced sensitivity, possibly due to differences in EGFR expression levels or cell-type specific uptake mechanisms. These findings suggest that the presence of specific substituents, such as electron-withdrawing groups, can enhance the anticancer potency of pyridine derivatives, highlighting the importance of functional group modifications in drug design [20-22].
Table 1: In vitro anticancer activity profile of Compounds 7a-7g
	Compound
	IC50 (µM)

	
	MCF-7 (Breast)
	DU-145 (Prostate)
	HeLa (Cervical)

	7a
	12.0 ± 1.5
	18.5 ± 2.2
	15.3 ± 1.8

	7b
	11.5 ± 1.4
	17.8 ± 2.0
	14.7 ± 1.6

	7c
	28.0 ± 1.0
	30.5 ± 1.3
	29.0 ± 1.2

	7d
	17.6 ± 0.9
	19.8 ± 1.1
	18.7 ± 1.1

	7e
	4.2 ± 0.6
	6.1 ± 0.8
	5.0 ± 0.7

	7f
	16.9 ± 0.8
	19.2 ± 1.0
	17.8 ± 0.9

	7g
	4.5 ± 0.5
	6.4 ± 0.7
	5.3 ± 0.6

	Etoposide (Std.)
	8.1 
	10.5 
	9.7 

	Doxorubicin (Std.)
	2.4 
	3.4 
	2.2 



Molecular Docking Study
Molecular docking studies were performed to assess the binding interactions of the synthesized compounds with the epidermal growth factor receptor (EGFR), a key target in cancer therapy. The docking results revealed that most of the pyridine derivatives exhibited strong binding affinities, with compounds 7e and 7f showing the highest binding affinities of -7.3 kcal/mol. These compounds formed multiple hydrogen bonds with crucial residues such as Glu461, Lys614, and Gly615, contributing to their high binding affinity. The docking analysis indicated that the synthesized compounds could inhibit EGFR's kinase activity, which is critical for cell proliferation and survival, thus supporting their potential as anticancer agents. The binding patterns of compounds 7e and 7f were similar to that of the standard drug doxorubicin, confirming the promising anticancer potential of these derivatives.
Table 2: Molecular Docking Results
	Compound
	Affinity (Kcal/mol)
	Ki (nM)
	Interactions
	H-bond

	7a
	-6.6
	14526.67
	LEU616, GLU461, GLY615, LYS614, ASP545, ASP543, ASP514, HIS758, HIS759, SER763, ARG713, LYS489.
	GLY760, GLY617

	7b
	-6.2
	28534.36
	SERR763, THR767, LYSS723, ILE856, SER714, HIS759.
	ASP710, TYR757, ARG713

	7c
	-6.7
	12270.59
	THR618, LEU616, ALA465, GLY615, GLU461, LYS614, HIS758, HIS759, SER763, ARG713, LYSS489, GLY488, ASP545, AASP543, ASP514.
	GLY617, GLY760

	7d
	-7
	7395.44
	ILE549, LYS489, ASP545, ASP543, ASP541, LEU616, GLY615, LYSS614, ALA465, SER464, GLU461, HIS758, HISS759, SER763, ARG713.
	GLY617, GLU760

	7e
	-7.3
	4457.2
	LYSS723, GLN726, MET766, THR767, ASN770, GLU461, ASSP543, ASSP545, LYS489, TYR757, HIS758, ARG713.
	HIS759, GLY760, SER763

	7f
	-7.3
	4457.2
	GLU461, SER464, ALA465, LEU616, GLY615, LYS614, TYR757, HIS758, HIS759, AASP541, ASP543, ASP545, ARG713, LYS489. 
	SER763, GLY760, GLY617

	7g
	-6.6
	14526.67
	GLY615, LEU616, THR618, SER464, GLU461, SER763, MET762, ARG713, GLY7600, HIS758, ASP545, ASP543, ASP541.
	HIS759, LYS614, GLY617

	Doxorubicin
	-7.8
	1916.73
	LYS614, GLY615, LEU616, ALA465, SER464, GLU461, AARG487, GLY488, LYS489, HIS758, GLY546, ASP545, ASP543, ASSP541.
	HIS759, GLY617

	Etoposide
	-7.9
	1619.05
	GLY488, LYS489, ARG713, GLY760, GIS759, HIS758, ASP545, ASP543, ASP541, LYS614, GLY615, LEU616, THR618, ALAA465, GLY462, GLU461.
	GLY617, SER763
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Figure 2: Binding Interaction of Compounds 7e and 7f
In silico ADME
In silico ADME prediction was performed using SwissADME to evaluate the pharmacokinetic properties of the synthesized compounds [23-24]. The results indicated that all compounds met the criteria for good drug-likeness based on Lipinski's Rule of Five, showing no violations. The compounds displayed favorable lipophilicity (with iLOGP values ranging from 3.15 to 4.03) and good solubility, suggesting their potential for effective absorption and distribution in the human body. Moreover, the compounds exhibited optimal numbers of rotatable bonds and hydrogen bond acceptors and donors, suggesting balanced molecular flexibility and interactions, which are critical for their bioavailability [25-26]. These findings suggest that the synthesized pyridine derivatives are likely to have favorable pharmacokinetic profiles, making them promising candidates for further development in anticancer therapy.
Table 3: In silico Drug likeness of compounds 7a-7g
	Molecule
	Molecular Weight
	#Rotatable bonds
	#H-bond acceptors
	#H-bond donors
	iLOGP
	Lipinski #violations

	7a
	425.46
	9
	7
	1
	3.15
	0

	7b
	439.48
	10
	7
	1
	3.19
	0

	7c
	453.51
	10
	7
	1
	3.36
	0

	7d
	423.48
	9
	6
	1
	3.65
	0

	7e
	467.54
	10
	7
	1
	3.49
	0

	7f
	453.51
	11
	7
	1
	3.52
	0

	7g
	481.56
	12
	7
	1
	4.03
	0




Conclusion
In this study, a series of novel pyridine derivatives (Compounds 7a-7g) were successfully synthesized and characterized. The compounds were evaluated for their in vitro anticancer activity against MCF-7, DU-145, and HeLa cancer cell lines, revealing promising cytotoxic effects, especially for Compounds 7e and 7g, which exhibited potent activity comparable to standard drugs like doxorubicin. Molecular docking studies confirmed that these compounds effectively bind to the epidermal growth factor receptor (EGFR), suggesting a mechanism of action involving the inhibition of EGFR kinase activity. Furthermore, in silico ADME analysis demonstrated favorable pharmacokinetic properties, including good drug-likeness, optimal lipophilicity, and minimal violations of Lipinski's Rule of Five. Collectively, these results support the potential of the synthesized pyridine derivatives as anticancer agents, providing a solid foundation for further development and optimization of these compounds for clinical applications.
Future Perspectives
Building upon the promising results obtained from the synthesis, anticancer evaluation, and molecular docking studies of the pyridine derivatives, future research can focus on several key areas to further enhance their therapeutic potential. Firstly, in vivo studies should be conducted to assess the pharmacodynamics, toxicity, and overall efficacy of the most potent compounds, particularly Compounds 7e and 7g, in animal models. This will provide a more comprehensive understanding of their anticancer activity and their ability to target cancer cells without causing significant off-target effects. Additionally, exploring structural modifications to optimize the binding affinity and selectivity of these compounds for EGFR could improve their therapeutic index and reduce side effects. Incorporating advanced drug delivery systems, such as nanoparticle-based carriers or targeted delivery mechanisms, could further enhance the bioavailability and tumor-targeting capabilities of these compounds. Moreover, combination therapies with existing chemotherapeutic agents or immune checkpoint inhibitors might provide synergistic effects, improving overall cancer treatment outcomes. Finally, expanding the molecular docking studies to include other relevant cancer targets, as well as conducting clinical trials, would be crucial steps towards translating these findings into viable cancer therapeutics.
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