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Abstract
This study aimed to investigate the in vitro activity the antifungal activity of chalcone-coumarin-based heterocyclic polymers (8a–8e) against four clinically relevant fungal strains: Candida albicans, Aspergillus niger, Cryptococcus neoformans, and Fusarium solani. Using MIC₅₀ values with fluconazole as the reference drug, the study highlighted the superior antifungal potential of these polymers, particularly 8c, which demonstrated significantly lower MIC₅₀ values compared to fluconazole against C. albicans (12.31 ± 0.85 µg/mL vs. 28.51 ± 1.98 µg/mL) and F. solani (13.57 ± 0.79 µg/mL vs. 30.92 ± 2.12 µg/mL). The enhanced efficacy of compound 8c is attributed to the synergistic effects of chalcone and coumarin moieties, which improve membrane disruption, ergosterol biosynthesis inhibition, and enzymatic interference. Polymer 8e also showed potent activity, particularly against C. albicans (14.72 ± 0.96 µg/mL) and F. solani (16.89 ± 0.87 µg/mL), then the fluconazole. While 8a and 8b exhibited moderate activity, 8b showed comparable activity to fluconazole against A. niger (50.39 ± 3.12 µg/mL vs. 35.88 ± 2.04 µg/mL). Polymer 8d showed intermediate efficacy, especially against C. albicans (19.84 ± 1.23 µg/mL) and F. solani (16.34 ± 1.09 µg/mL). Polymer 8a shows a significantly higher binding affinity (–8.92 kcal/mol) toward fungal Nmt protein compared to fluconazole (–5.44 kcal/mol), suggesting stronger and more stable interactions. These findings underscore the potential of chalcone-coumarin heterocyclic polymers as promising antifungal agents, with 8c and 8e being particularly effective against resistant strains.
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Introduction
Heterocyclic polymers represent a vital class of functional materials in medicinal chemistry due to their structural diversity, tunable properties, and broad spectrum of biological activities [1], [2]. Among the numerous heterocyclic scaffolds, chalcones and coumarins have attracted significant attention for their potent pharmacological profiles, particularly their antimicrobial and antifungal activities [3]–[5]. Chalcones, bearing an α,β-unsaturated carbonyl moiety, are well known for their ability to disrupt microbial cell membranes, inhibit biofilm formation, and interfere with key enzymatic pathways in pathogens [6], [7]. On the other hand, coumarins, which are benzopyran-2-one derivatives, exhibit a wide range of bioactivities, including anticoagulant, anti-inflammatory, and antimicrobial effects, and have been extensively investigated as core structures in drug discovery [8], [9].
The increasing prevalence of drug-resistant fungal pathogens, such as Candida albicans, Aspergillus niger, and Cryptococcus neoformans, presents a major public health challenge and underscores the urgent need for alternative therapeutic agents with enhanced potency and reduced toxicity [10], [11]. Current antifungal drugs like azoles and polyenes often face limitations due to poor solubility, resistance, and off-target effects [12],[14]. This has catalyzed research into polymer-based therapeutics that offer advantages such as improved stability, controlled release profiles, and better interaction with biological membranes [15], [16].
In this context, the development of chalcone–coumarin hybrid polymers offers a promising strategy to enhance antifungal efficacy by integrating two bioactive moieties into a single macromolecular framework [17], [18]. Such integration may enhance molecular recognition, membrane permeation, and enzyme inhibition, leading to synergistic antifungal activity [19]. Moreover, the incorporation of heteroaromatic triazole linkers through click chemistry provides further structural stability and bioactivity to the resulting polymers [20], [21].
In addition to experimental evaluations, molecular docking studies were conducted to assess the binding affinity and interaction of the synthesized compounds with fungal target proteins, including lanosterol 14α-demethylase and N-myristoyltransferase—key enzymes involved in fungal survival and pathogenesis [22], [23]. Docking simulations offered mechanistic insight into the potential binding modes and supported the observed biological activity profiles of the polymers.
The present study focuses on the design, synthesis, and structural characterization of novel chalcone–coumarin-based heterocyclic polymers via copper(I)-catalyzed azide–alkyne cycloaddition (CuAAC). The synthesized compounds were thoroughly characterized using ¹H NMR, and ¹³C NMR[24]. Their antifungal efficacy was evaluated in vitro against clinically relevant fungal strains using minimum inhibitory concentration (MIC₅₀) assays, zone of inhibition studies, and cell viability measurements [25]. The combined experimental and computational results provide a promising platform for the development of next-generation antifungal therapeutics.
Result and Discussions
Chemistry
The final heterocyclic polymer hybrid compound was synthesized using a multi-step protocol, optimizing each step for maximum efficiency, yield, and scalability, as illustrated in Scheme 1-4. Initially, Compound 1 was obtained via aldol condensation of a methoxy-substituted aromatic compound with hydroxybenzaldehyde in ethanol under basic conditions, using sodium hydroxide as a catalyst. The resulting chalcone derivatives were crystallized and purified. Next, Compound 3 was synthesized via condensation with a hydrazine derivative in glacial acetic acid, yielding a high-purity product after column chromatography. Compound 4 was prepared by reacting compound 3 with propargyl bromide in dry acetone under reflux using potassium carbonate as the base. Simultaneously, Compound 6 was synthesized by substituting dibromoalkanes with sodium azide in ethanol, resulting in an azide derivative after refluxing for 6 h.
The final Cu(I)-catalyzed azide-alkyne cycloaddition (CuAAC) reaction was employed to couple compounds 4 and 6 using copper(I) iodide as the catalyst in dry DMF. The reaction proceeded at room temperature to selectively form the triazole-linked product, which was purified using column chromatography. This robust synthetic pathway enabled the preparation of structurally diverse derivatives with significant potential for further applications. Various reaction conditions for CuI-catalyzed process yield. The highest yield (92%) was obtained with 1% CuI in DMF at 100°C for 6 h with KOH as the base. Polar solvents, such as DMF and DMSO, enhanced the solubility and reaction kinetics, leading to higher yields compared to non-polar solvents, such as toluene. Higher temperatures (100–120°C) also contributed to higher yields, while KOH and K₂CO₃ were more effective bases than NaOH and Et₃N, optimizing reaction efficiency.
The 1H NMR spectrum of compound 1 showed characteristic aromatic proton peaks in the range of δ ~6.8–8.0 ppm, with hydroxyl (-OH) protons appearing around δ ~9.0 ppm. The 1H NMR spectrum of compound 3 revealed aromatic multiplets (δ 6.5–8.0 ppm) and broad hydroxyl protons (δ 9.0–10.0 ppm). In compound 5, aromatic protons from the coumarin ring system appear at δ 7.0–8.5 ppm, and methylene protons at δ 3.0–4.5 ppm are influenced by adjacent electronegative atoms. The FTIR spectrum of 7a showed characteristic carbonyl (C=O) and nitro (–NO₂) stretching bands, confirming the presence of key functional groups.
In the 1H NMR of compound 7a, aromatic protons are found in the range of δ 6.5–8.5 ppm, and methylene protons bridging the triazole and coumarin units appear at δ 3.5–5.5 ppm. 13C NMR revealed signals corresponding to aromatic (δ 110–160 ppm) and quaternary carbons near δ 150–160 ppm. During polymerization, the disappearance of the hydroxyl (-OH) proton peak and shifts in the proton peaks indicate successful transformation from monomer to polymer, reflecting changes in the electronic and steric environment within the polymer backbone. The NMR data confirmed successful polymerization by showing significant shifts in both proton and carbon environments. The disappearance of the hydroxyl proton peak indicates its consumption during polymerization, whereas changes in proton shifts near electronegative groups suggest structural modifications. Aromatic and methylene protons, along with carbon signals in the 110–160 ppm range, confirmed the incorporation of triazole linkages and nitro-functionalized coumarin derivatives. These observations validated the formation of a triazole-linked aromatic polymer, highlighting its molecular complexity and structural integrity in the supplementary data.
Antifungal activity
The antifungal activities of the synthesized chalcone-coumarin-based heterocyclic polymers (8a–8e) were thoroughly investigated against four clinically relevant fungal strains: Candida albicans, Aspergillus niger, Cryptococcus neoformans, and Fusarium solani. Antifungal efficacy was assessed using MIC₅₀ values, with fluconazole serving as a standard reference drug (Fig.1). This comprehensive evaluation provided valuable insights into the antifungal potential of these novel polymers, highlighting their possible mechanisms of action and emphasizing the significance of their structural features. The integration of chalcone and coumarin moieties into these heterocyclic polymers offers a promising approach for developing potent antifungal agents, addressing the increasing need for effective treatments against resistant fungal infections.
Among the tested polymers, 8c exhibited remarkable antifungal potency, with MIC₅₀ values significantly lower than that of fluconazole across all tested strains. Notably, for C. albicans (12.31 ± 0.85 µg/mL) and F. solani (13.57 ± 0.79 µg/mL), 8c displayed higher efficacy compared to fluconazole (28.51 ± 1.98 µg/mL and 30.92 ± 2.12 µg/mL, respectively), indicating its superior potential as an antifungal agent. This enhanced performance is attributed to the synergistic effects of the chalcone and coumarin moieties, which enhance membrane disruption, ergosterol biosynthesis inhibition, and enzymatic interference. Polymer 8e also demonstrated potent antifungal activity, particularly against C. albicans (14.72 ± 0.96 µg/mL) and F. solani (16.89 ± 0.87 µg/mL), outperforming fluconazole. Its enhanced activity is likely due to strong interactions with fungal cell wall components, leading to loss of structural integrity and cell death. Compounds 8a and 8b exhibited moderate antifungal activity but were less effective than fluconazole in most cases, except against A. niger, where 8b (50.39 ± 3.12 µg/mL) showed comparable activity to fluconazole (35.88 ± 2.04 µg/mL). Polymer 8d, with an intermediate activity, was more effective than fluconazole against C. albicans and F. solani, emphasizing the role of its electron-donating groups in membrane penetration. This comparison with fluconazole highlights the potential of 8c and 8e as superior antifungal agents, particularly for strains resistant to conventional treatments. These findings underscore the significance of chalcone-coumarin integration and warrant further studies on molecular interactions.
	IC₅₀ (µg/mL)

	Entry
	Candida albicans
	Aspergillus niger
	Cryptococcus neoformans
	Fusarium solani

	8a
	35.42 ± 2.15
	42.15 ± 2.39
	48.96 ± 2.75
	39.78 ± 2.21

	8b
	41.27 ± 2.64
	50.39 ± 3.12
	57.24 ± 3.46
	46.31 ± 2.89

	8c
	12.31 ± 0.85
	16.05 ± 0.91
	20.62 ± 1.08
	13.57 ± 0.79

	8d
	19.84 ± 1.23
	24.63 ± 1.45
	30.57 ± 1.76
	21.35 ± 1.32

	8e
	14.72 ± 0.96
	19.24 ± 1.02
	24.38 ± 1.21
	16.89 ± 0.87

	Fluconazole
	28.51 ± 1.98
	35.88 ± 2.04
	41.74 ± 2.35
	30.92 ± 2.12
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Fig.1: 3D bar graphs showing the concentration-dependent antibiofilm activity of the tested compound against various bacterial strains, as quantified by absorbance at 600 nm. (A) Candida albicans (SC5314), (B) Aspergillus niger (ATCC 6275), (C) Cryptococcus neoformans (ATCC 52817), and (D) Fusarium solani (ATCC 36031). Each set of bars corresponds to escalating concentrations of the compound (10 -130 μM) compared to the positive control (Flucoazole). Values are represented as mean ± SD, n = 3.
Zone of inhibition
Based on the Zone of Inhibition (ZOI) data, the antifungal activities of various compounds were assessed against four pathogenic fungal species: Candida albicans, Aspergillus niger, Cryptococcus neoformans, and Fusarium solani. The results provide a comparative analysis of the effectiveness of these compounds in inhibiting fungal growth, with a particular focus on comparing their efficacy with that of fluconazole, a known antifungal agent.
Compound 8e demonstrated the highest antifungal efficacy among all the tested fungi. The zone of inhibition ranged from 30.58 mm against Candida albicans to 46.55 mm against Cryptococcus neoformans. This compound exhibited potent activity against all species, particularly Cryptococcus neoformans, which showed a significant inhibition zone of 46.55 mm. This strong performance suggests that compound 8e could be a promising candidate for treating infections caused by Cryptococcus neoformans, which is often difficult to treat owing to its resilience. When compared to Fluconazole, which showed ZOI values of 17.82 mm for Candida albicans and 31.05 mm for Cryptococcus neoformans, compound 8e clearly outperformed fluconazole, especially against Candida albicans and Cryptococcus neoformans.
Compound 8d exhibited notable antifungal activity. The ZOI values of compound 8d ranged from 24.73 mm against Candida albicans to 38.27 mm against Cryptococcus neoformans. Although these values are slightly lower than those for compound 8e, they are still considerable and suggest that 8d could be an effective treatment option, particularly against Cryptococcus neoformans and Fusarium solani. In comparison, Fluconazole showed ZOI values of 17.82 mm against Candida albicans and 20.23 mm against Fusarium solani, making compound 8d more effective than fluconazole against these two species. Compound 8b showed moderate activity, with ZOI values ranging from 4.03 mm against Aspergillus niger to 13.69 mm against Cryptococcus neoformans. These values indicate weaker antifungal activity compared to compound 8e and compound 8d, and Fluconazole, which showed ZOI values of 25.19 mm against Aspergillus niger and 31.05 mm against Cryptococcus neoformans. Compound 8b was less effective, particularly against Aspergillus niger and Fusarium solani, where its inhibition zones were notably smaller than those of fluconazole.
The weakest performer in this study was compound 8c, with ZOI values ranging from 1.62 mm against Candida albicans to 9.93 mm against Cryptococcus neoformans. These values were much lower than those of fluconazole, which exhibited consistent inhibition zones above 20 mm for all the species tested. This suggested that compound 8c may require further modification to improve its antifungal properties. These results suggest of this study indicate that compound 8e has the most promising antifungal activity, particularly against Cryptococcus neoformans and Candida albicans, with efficacy surpassing that of fluconazole. Compound 8d also showed significant potential, although it was slightly less potent than compound 8e. However, compounds 8b and 8c exhibited weaker antifungal effects, suggesting that further optimization is required to achieve better inhibition.  These findings support the continued exploration and development of these compounds as potential antifungal agents, with compound 8e being the most potent candidate.
	Zone of Inhibition (mm)

	Entry
	Candida albicans
	Aspergillus niger
	Cryptococcus neoformans
	Fusarium solani

	8a
	9.15
	13.94
	19.88
	10.66

	8b
	4.03
	8.55
	13.69
	6.2

	8c
	1.62
	5.36
	9.93
	2.88

	8d
	24.73
	31.46
	38.27
	29.09

	8e
	30.58
	39.7
	46.55
	35.62

	Fluconazole
	17.82
	25.19
	31.05
	20.23



Molecular Docking Results
Molecular docking studies using the protein with PDB ID 1IYL demonstrated a strong and stable binding interaction between the ligand 8a monomer and the active site of the protein. Fig. 2. presents a molecular docking analysis of the selected ligand with fungal N-myristoyltransferase (Nmt), demonstrating the binding conformation and key interactions stabilizing the ligand within the active site of the protein. In panel (a), the ligand is deeply embedded in the active site of Nmt and surrounded by α-helices and β-sheets, indicating a favorable orientation within the binding pocket. The structural fit suggests that the ligand is well-accommodated and likely interferes with the enzymatic activity. Panel (b) provides a detailed 3D ball-and-stick view, where specific amino acids, ALA115, ASP302, ASN13, ALA119, and SER155, are involved in direct interactions with the ligand. These include hydrogen bonds, π-interactions, and hydrophobic contacts, which play crucial roles in stabilizing the ligand-protein complex. Panel (c) illustrates a 2D interaction map that highlights the nature and type of noncovalent interactions. Key hydrogen bonds (green lines) were formed with SER155 and ASP302, indicating strong polar interactions that are essential for binding affinity. π-Alkyl interactions (pink) with ALA15 and ALA119 and π-lone pair interactions (light green) with aromatic rings contribute to additional stabilization. However, the presence of an unfavorable acceptor-acceptor interaction (orange line) with ASP201 may slightly reduce the binding efficiency, but does not critically affect the overall complex formation. These docking results suggest that the ligand exhibits a strong and specific binding affinity for the fungal Nmt active site, making it a promising candidate for further development as an antifungal agent. The multiple stabilizing interactions observed are indicative of good structural complementarity and the potential inhibition of enzymatic function. Further validation through molecular dynamics simulations and in vitro antifungal assays is recommended to confirm the predicted efficacy and stability of this ligand-protein complex with ligand-binding affinity (ΔG = -8.92 kcal/mol). 
Fig. 3. illustrates the docking interaction of a Fu\fluconazole standard antifungal drug or ligand molecule within the active site of fungal N-myristoyltransferase (Nmt), offering insights into binding orientation and key residue interactions. Panel (d) shows the 3D binding pose of the ligand within the active site, embedded in a structurally well-defined region of the enzyme surrounded by α-helices and β-sheets. The ligand adopts a stable conformation, suggesting favorable steric compatibility with the binding pocket. Panel (e) presents a zoomed-in view of labeled residues such as SER208, ASP302, ALA119, ALA303, PHE260, TYR19, LYS18, and TRP20, all of which contribute to stabilizing the ligand via a network of interactions including hydrogen bonding, π–π stacking, and hydrophobic contacts.
Panel (f) provides a 2D interaction map, revealing diverse non-covalent interactions: conventional hydrogen bonds (green) with ALA15, ALA119, and SER208; a π–π stacked interaction (purple) with PHE260; and π-alkyl/π–sigma interactions (pink) with TYR19, TRP20, and LYS18. Additional carbon–hydrogen bonds (light blue) and halogen bonds (cyan) with ASN13 further reinforced the stability of the ligand within the binding pocket. An unfavorable bump interaction (red) was noted with SER208, which may indicate a slight steric clash, although it does not appear to destabilize the overall binding. These results suggested that the ligand forms multiple strong and specific interactions with catalytically and structurally important residues in the fungal Nmt enzyme. The involvement of residues such as ASP302, PHE260, and TRP20 indicates deep anchoring within the active site, which could effectively hinder enzyme function. This profile supported the potential of the ligand as a robust antifungal agent with fluconazole binding efficacy (ΔG = -5.44. kcal/mol). Molecular docking studies were conducted to evaluate the binding potential of Polymer 8a and fluconazole with fungal Myristoyl-CoA:protein N-myristoyltransferase (Nmt), a key enzyme responsible for catalyzing the transfer of the myristoyl group to the N-terminal glycine residue of eukaryotic and viral proteins. The docking results revealed that Polymer 8a exhibited a significantly stronger binding affinity of –8.92 kcal/mol, compared to fluconazole, which showed a binding energy of –5.44 kcal/mol. This substantial difference in binding energy suggests that Polymer 8a has a more favorable and stable interaction with the active site of the Nmt enzyme.
The enhanced binding affinity of Polymer 8a may be attributed to its larger structural framework, which enables multiple interactions, such as hydrogen bonding, π–π stacking, and hydrophobic contacts with key active site residues. In contrast, fluconazole, a known antifungal agent, exhibits weaker binding, which may reflect its limited interaction profile with the Nmt active site. These findings highlight the potential of Polymer 8a as a promising antifungal candidate for targeting Nmt.
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Figure 2: Molecular docking 8a monomer with PDB ID: 1IYL. (a) 3D surface view of the ligand within the protein binding site. (b) 3D interaction view highlighting key ligand-protein interactions. (c) 2D schematic of ligand-protein binding interactions (ΔG = -8.92 kcal/mol).
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Figure 3: Molecular docking Ampicillin with PDB ID: 1IYL. (a) 3D surface view of the ligand within the protein binding site. (b) 3D interaction view highlighting key ligand-protein interactions. (c) 2D schematic of ligand-protein binding interactions (ΔG = -5.44 kcal/mol).
Materials and Method
Synthetic Procedure:
The synthetic route began with the aldol condensation of methoxy-substituted aromatic compounds (e.g., methyl salicylate) and hydroxybenzaldehyde in ethanol using catalytic sodium hydroxide (10 mol%) to afford Compound 1, a chalcone derivative, in 90% yield. This was followed by condensation with a hydrazine derivative in glacial acetic acid under ambient conditions to yield Compound 3 (hydrazone) with 86% yield. Subsequent O-propargylation of Compound 3 using propargyl bromide and K₂CO₃ in dry acetone under reflux yielded Compound 4 (89%). Parallel synthesis of coumarin derivatives (Compounds 5a–e) was performed by refluxing hydroxy-substituted chromenones with respective dibromoalkanes and K₂CO₃ in acetone to afford bromoalkylated products in 80–85% yields. These bromo derivatives were then converted to azide analogs (Compounds 6a–e) via nucleophilic substitution with sodium azide in ethanol under reflux to yield 72%. Using copper(I)-catalyzed azide-alkyne cycloaddition (CuAAC), Compounds 4 and 6a–e were subjected to click chemistry in DMF with CuI and K₂CO₃ at 120°C under nitrogen for 10 h, yielding monomers 7a–e with excellent yields (up to 95%). Optimization studies for the CuAAC conditions were carried out varying catalyst loadings, solvents, and bases, with optimal results obtained using 1 mol% CuI and K₂CO₃ in DMF. Final polymerization was carried out by reacting the triazole-linked monomers (7a–e) with a difunctional alkyne under CuAAC conditions in dry DMF with CuI and K₂CO₃ at 120°C for 12–24 h. The resultant click polymers (Compound 8 series) were precipitated in cold methanol, filtered, washed, and dried under vacuum to yield structurally defined polytriazole scaffolds suitable for biological and material studies.
Fungal strain
The antifungal activity of the synthesized polymer was assessed against four fungal strains, Candida albicans, Aspergillus niger, Cryptococcus neoformans and Fusarium solani. These fungal strains were sourced from a certified microbial culture collection and cultured on nutrient agar plates at 30°C before use in the experiments. These growth conditions ensured that the fungal strains were in their optimal state for evaluating the antifungal activity of the polymer.
Preparation of Inoculum:
The fungal strains were cultured in 20 mL of sterile Sabouraud dextrose broth (SDB) at 30°C for 24 h. The fungal inoculum was then adjusted to a concentration of 1 × 10 colony-forming units (CFU)/mL using a spectrophotometer ( 530 nm) to ensure uniform inoculum density for each test.

Antifungal study
The antifungal activity of the synthesized polymers was evaluated using the same approach as that used for the antimicrobial assay. First, the nutrient broth was prepared and autoclaved at 120 psi for 20 min. The fungal strains Candida albicans, Aspergillus niger, Cryptococcus neoformans, and Fusarium solani were inoculated in nutrient broth and incubated at 30°C for 24 h. The fungal inoculum was prepared by diluting a standardized fungal suspension to a final concentration of 1 × 10 CFU/mL, adjusted using the McFarland scale (0.5). In a 96-well plate, 180 µL of the fungal suspension was added to each well, followed by 20 µL of various concentrations of the test compounds or fluconazole as the standard. The control wells contained a fungal suspension but no test compound. After thorough mixing, plates were incubated at 30°C for 48 h. Following incubation, the absorbance of each well was measured at 600 nm using a Readwell Touch Automatic ELISA Plate Reader (Robonik India Private Limited). The growth inhibition percentage was calculated using the formula, 
where Ti is the growth of the microorganisms in the presence of the test compound, and C is the growth in the control wells. All experiments were performed in triplicate.
Percentage growth inhibition= Ti/C x 100
Zone of inhibition by Kirby-Bauer
The antifungal activity of the novel chalcone-coumarin-based heterocyclic polymer was evaluated using the disk diffusion method. The polymer was dissolved in DMSO and serial dilutions were prepared to obtain concentrations ranging from 1 to 100 µg/mL. Fungal strains Candida albicans, Aspergillus niger, Cryptococcus neoformans, and Fusarium solani were cultured in Sabouraud dextrose broth for 24 h at 30°C and adjusted to a concentration of 1 × 10 CFU/mL. Nutrient agar plates were inoculated with the fungal suspensions and impregnated with 6 mm paper disks containing different concentrations of the polymer, as well as fluconazole as a positive control and DMSO as a negative control. The plates were then incubated at 30°C for 48 h. After incubation, the zones of inhibition were measured in millimeters. The minimum inhibitory concentration (MIC) was determined as the lowest concentration at which no fungal growth was observed. 
Molecular docking 
[bookmark: _Hlk197093536]Choose Protein
For the docking study, the fungal myristoyl-CoA:protein N-myristoyltransferase (Nmt) enzyme, represented by (PDB ID: 1IYL), was chosen as the target protein. Nmt plays a vital role in post-translational modification of proteins by catalyzing the transfer of the myristoyl group from myristoyl-CoA to the N-terminal glycine of substrate proteins. This modification is essential for proper protein localization and function in eukaryotic cells, including in pathogenic fungi. Genetic and biochemical studies have identified Nmt as a critical enzyme for fungal viability and virulence, making it an attractive and validated target for antifungal drug development. 
Ligand-Preparation
The ligands used in this study were either retrieved from the PubChem database or constructed using molecular modeling software. The structures were prepared for docking by first optimizing their geometry to eliminate steric clashes. Hydrogen atoms were added and appropriate partial charges were assigned using Open Babel and AutoDockTools. Energy minimization was performed using the MMFF94 force field to ensure that the ligands adopted their most stable conformations. The prepared ligands were saved in the PDBQT format required for docking.
Protein preparation
The target protein, identified by PDB ID: 1IYL, was obtained from the Protein Data Bank. Prior to docking, the protein structure was refined by removing water molecules, heteroatoms, and co-crystallized ligands that could interfere with ligand binding. Hydrogen atoms were added to account for the correct protonation states, and any missing amino acid residues or side chains were reconstructed using AutoDock tools. The structure was then subjected to energy minimization to stabilize its conformation. A grid box was defined around the active site to accurately restrict the docking simulation to the region of interest. These steps ensured that the protein was properly prepared for a reliable molecular docking analysis.
Conclusion
In conclusion, chalcone-coumarin-based heterocyclic polymers (8a–8e) demonstrated significant and varied antifungal activity, with polymers 8c and 8e emerging as the most promising candidates. Polymer 8c exhibited superior antifungal efficacy, with MIC₅₀ values lower than fluconazole for Candida albicans (12.31 ± 0.85 µg/mL) and Fusarium solani (13.57 ± 0.79 µg/mL), highlighting its potential as a potent antifungal agent. This enhanced performance can be attributed to the synergistic effects of chalcone and coumarin moieties, which likely disrupt fungal cell membranes, inhibit ergosterol biosynthesis, and interfere with key enzymatic processes. Polymer 8e also showed remarkable activity, particularly against C. albicans (14.72 ± 0.96 µg/mL) and F. solani (16.89 ± 0.87 µg/mL), possibly due to strong interactions with fungal cell wall components, leading to the loss of structural integrity and subsequent cell death.
Although polymers 8a and 8b exhibited moderate antifungal activity, they were less effective than fluconazole in most cases, except for Aspergillus niger, where 8b (50.39 ± 3.12 µg/mL) showed comparable activity to fluconazole (35.88 ± 2.04 µg/mL). Polymer 8d displayed intermediate antifungal activity, being more effective than fluconazole against C. albicans (19.84 ± 1.23 µg/mL) and F. solani (16.34 ± 1.09 µg/mL), suggesting that its electron-donating groups may enhance membrane penetration.
These findings highlight the potential of chalcone-coumarin heterocyclic polymers as promising antifungal agents, particularly for treating resistant strains that are less responsive to conventional treatments. The superior activities of 8c and 8e underscore the importance of their structural features in enhancing antifungal potency. Further studies on their molecular interactions, optimization of their chemical structures, and exploration of their mechanisms of action are warranted to better understand their full potential and pave the way for their development as therapeutic agents in the fight against fungal infections.
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