


Synthesis, characterization and Biological potency of Novel Substituted Phenyl furan/thiophenyl-tetrahydronaphtho triazoles as Antimicrobial, Antioxidant and anti-cancer Agents
		
[bookmark: _heading=h.xhr6w3wlnboa][bookmark: _GoBack]Abstract 
Recent investigations into the cyclocondensation reaction involving furfural-substituted aldehydes have unveiled a compelling synthetic route, beginning with the formation of α,β-unsaturated ketones. These intermediates are further transformed into epoxides, which then undergo strategic condensation to yield novel substituted phenylfuran or thiophenyl-tetrahydronaphtho-triazolones. Remarkably, the outcome of the final products is significantly influenced by the reaction conditions employed, allowing selective access to either phenylfuran or thiophenyl derivatives. The present research work encompasses chemical synthesis of substituted Phenyl furan/thiophenyl-tetrahydronaphtho triazoles. Also determination of the antioxidant and anti-microbial activity was carried out. Successful synthesis of the compounds incorpating novel triazolone derivatives was confirmed by analytical tools. Biological evaluation of these heterocyclic compounds revealed compounds  6b, 6f, 6h, and 6l  had noteworthy antimicrobial activity against both gram+ve and gram-ve bacteria and compounds 6j and 6m antioxidant activities. Derivatives bearing bromo and nitro groups exhibited promising bioactive profiles. The in silico docking studies demonstrated higher binding to TSNK2 ligand. In summary the methods highlighted in the research ascribe the potential of tailored substitutions in enhancing pharmacological properties of compounds. Further, the study asserts the selective advantage of environmentally friendly, sensitive and efficient lignin’s as anti-microbials.
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1.0.Introduction 
Lignans represent a diverse group of plant-derived secondary metabolites, formed through the oxidative dimerization of two phenyl propanoid units. Although they share a relatively simple molecular framework, lignans display remarkable structural variation and a wide range of biological activities (1). A characteristic feature of many lignans is the presence of a 4-phenyl tetrahydronaphthalene core, commonly found in numerous natural products (2). These compounds are extensively distributed across the plant kingdom in more than seventy plant families. Lignans are also present in a variety of foods, seeds, and berries—with sesame seeds being particularly rich sources renowned for their high lignan content and potent antioxidant properties (3). Functionally, lignans play a vital role in plant defense, offering protection against a wide spectrum of biotic stress, including pathogens and herbivorous pests. Beyond their ecological roles, lignans have garnered significant attention for their diverse pharmacological properties, with numerous studies highlighting their antitumor, anti-inflammatory, cardiovascular, antioxidant, (4,5,6,7). In addition to their therapeutic potential, lignans have been shown to possess antifungal, antibacterial and antiviral activities properties against a wide range of yeasts and bacteria (8,9,10,11),.Chemically, lignans encompass various structural subclasses, including aryltetrahydronaphthalenes, podophyllotoxins, dibenzocyclooctadienes, and dibenzylbutanediol lignans(12,13). Phyto-constituents are non-nutrient active plant chemical compounds or bioactive compounds which have demonstrated superior anti-oxidant, anti-microbial and anti-cancer properties. The potential benefits of phytochemicals include lower adverse reactions, specificity, and chemical modifications (14). The compounds exhibit several anti-cancer properties such as cytotoxicity, cell growth inhibition, cell cycle arrest, pathway inhibition and targeting of Heat-shock proteins (15). In the last decade there has been increasing interest to take advantage of the bioactivities of lignin for biological material production.  Many reviews have discussed the biomedical and biotechnological applications of lignin such as delivery vehicles, bioimaging, tissue engineering, wound healing and others (16).
[bookmark: _heading=h.jer45sf0wao0]Phenyl furan/thiophenyl-tetrahydronaphtho triazoles refer to a class of organic compounds that combine a phenyl group, a furan or thiophene ring, a tetrahydronaphthalene core, and a triazole ring within a single molecular structure with diverse biological activities, with applications in medicine as well as in other industrial or agricultural areas (17). α,β-Unsaturated aldehydes, containing a double bond conjugated with an aldehyde group, represent attractive synthetic “building blocks” with high reactivity. The polyfunctional substrates are widely employed in the targeted synthesis of practically important natural compounds and other molecules (scaffolds) (18). Enantiomerically enriched α, β-epoxy ketones are versatile intermediates in organic synthesis and important synthetic pharmaceuticals (19). Ongoing research in natural product chemistry continues to uncover new lignan derivatives with varied moieties and evaluate their therapeutic potential with enhanced properties(20). With this background the present knowledge about the broad spectrum of biological properties of lignins. We aimed to synthesise a new series of 9-(5-(4-substitutedphenyl)furan-2-yl)-1-methyl-1,3-tetrahydro-4H-naphtho[2,3][1,2,3]triazol-4-one lignans, and evaluate of their antimicrobial and antioxidant properties. Also, study the  anti-cancer property of compounds through docking studies.
The present study demonstrates the hybrid role of the compounds with both anti-bacterial and anti-fungal properties. Lignin polyphenols apart from inducing ROS it also induces oxidative stress when contacting with microorganisms thus triggering a multi mechanism of action by reactions with thiol groups of the bacterial cell (21). Compounds with both anti-bacterial and anti-fungal properties offer a broader spectrum of antimicrobial action, such as combating mixed infections and reduction of resistance, which is a growing problem with single-target antibiotics. Further their effective and efficient properties enable lower concentrations to achieve therapeutic effects in clinical settings (22). In specific compounds 6l at lower concentration (MIC-25mg/ml) was able to inhibit both gram+ and gram-ve microorganisms. Thus the intrinsic advantage of being an environmentally friendly and biocompatible polymer based antimicrobial property of lignin makes it a desirable biomaterial in the area of anti-microbials (23).
[bookmark: _heading=h.hul8q7zrp5g]
2.0.Materials and methods
All experiments were carried-out in hygienic laboratory conditions. High-grade analytical reagents were used. 
Reference drug solutions. 
Standard antibiotics, ciprofloxacin (Catalog No. 17850-5G-F) and amphotericin B (Catalog No. Y0001361), as well as the standard antioxidant ascorbic acid (Catalog No. A92902-100G), were purchased from Sigma-Aldrich India Limited. Ciprofloxacin or amphotericin B (100 mg) was initially dissolved in 3–4 drops of DMSO, followed by dilution to 100 mL with doubly distilled water to obtain a stock solution with a concentration of 1000 µg/mL. From this stock, aliquots of 10, 7.5, 5, 2.5, and 1.25 mL were each diluted to 100 mL with doubly distilled water to yield working concentrations of 100, 75, 50, 25, and 12.5µg/mL, respectively. Ascorbic acid (100 mg) was dissolved in DMSO (3-4 drops) and then diluted to 100 mL with doubly distilled water. This solution has a concentration of 1000 µg/mL. From this stock solution, 10, 7.5, 5 and 2.5 mL was taken and diluted to 100mL with doubly distilled water to obtain reference drug concentrations of 100, 75, 50 and 25 µg/mL, respectively.
Synthesis of 1-(3-Substitutedphenyl)-3-(5-(4-Substitutedphenyl)furan-2-yl)prop-2-en-1-one(1)
A mixture of 3 g of sodium hydroxide in 30 mL of water and 18 mL of ethyl alcohol was prepared in a 500 mL round-bottom flask equipped with a mechanical stirrer. To this solution, 7 mL of acetophenone was added. The reaction mixture was then cooled to 0–5 °C, and 6 mL of pure aryl aldehyde was introduced dropwise. Stirring was continued for 3 hours at a temperature range of 20–25 °C, with the progress of the reaction monitored by thin-layer chromatography (TLC). Upon completion, the reaction mixture was neutralized to pH 6–7 using diluted hydrochloric acid. The aqueous layer was extracted with ether, and the organic phase was separated and dried over anhydrous sodium sulphate. The solvent was removed under reduced pressure, and the resulting crude product was purified by silica gel column chromatography using a methanol–dichloromethane eluent system, affording the product in excellent yield (96%).


SynthesisofSubstitutedphenyl)(2-(5-(4-Substitutedphenyl)furan-2-yl)cyclopropyl)methanone.(2)
A mixture of compound (1) (0.01 mol) and dibromomethane (0.01 mol) was placed in a 500 mL round-bottom flask equipped with a mechanical stirrer. To this, 30 mL of tetrahydrofuran (THF) and a catalytic amount of Zn–Cu couple were added. The reaction mixture was stirred at 95 °C for 6–8 hours, and the progress was monitored using thin-layer chromatography (TLC). Upon completion, the reaction mixture was allowed to cool to room temperature and then poured into ice-cold water. The resulting precipitate was collected by filtration, washed thoroughly with water, and recrystallized from ethanol to yield Compound 2.
Synthesis of 6-Subsituted-4-(5-(4-chlorophenyl)furan-2-yl)-3,4-dihydronaphthalen-1(2H)-one (3)
To a solution of Compound 2 (0.001 mol) in dry methanol, placed in a 500 mL round-bottom flask equipped with a mechanical stirrer, 30% hydrogen peroxide was added drop wise at 0 °C over a period of 1.5 hours. The reaction mixture was then stirred for an additional 3–4 hours at ambient temperature, with progress monitored by thin-layer chromatography (TLC). Upon completion, methanol was removed under reduced pressure, and the resulting residue was poured into ice-cold water. The precipitated solid was collected by filtration and afforded the desired product in good yield. 

Synthesis of 2-Substituted-4-(5-(4-Substitutedphenyl) furan-2-yl)-3,4-dihydronaphthalen-1(2H)-one. (4)
A mixture of compound 3 (0.002 mol) and 4-methylbenzenesulfonic acid (0.002 mol) in dry benzene (30 mL) was heated under reflux for 30 minutes. Upon completion, the reaction mixture was allowed to cool to room temperature, and the excess solvent was evaporated under reduced pressure. The resulting solid was collected by filtration, dried, and recrystallized from ethanol to afford the desired product.
Synthesis of 4-(5-(4-Substitutedphenyl) furan-2-yl) naphthalen-1(4H)-one (5)
A mixture of compound 4 (0.001 mol) and the potassium 2-methylpropan-2-olate (0.002 mol) and Catalytic amount of Palladium in the presence of EtOH (30 mL) was refluxed for 2hrs. Progress of the reaction was monitored by TLC. After cooling the reaction mixture, the excess solvent was evaporated; the solid obtained was filtered off, dried, to give the desired products respectively.
Synthesis of 9-(5-(4-Substitutedphenyl)furan-2-yl)-1-methyl-1,3-tetrahydro-4H-naphtho[2,3][1,2,3]triazol-4-one (6).
A mixture of compound 5(0.001 mol) and the sodium azide (0.01mol) and Catalytic amount of methyl hydrazine in the presence of EtOH (30 mL) was refluxed for 2hrs. Progress of the reaction was monitored by TLC. After, cooling the reaction mixture, the excess solvent was evaporated; the solid obtained was filtered off, dried, to give the desired products respectively.
Reaction progress was monitored via thin-layer chromatography (TLC) using Merck precoated silica gel 60 F254 plates (0.25 mm thickness), with visualization achieved through fluorescence quenching under UV light at 254 nm. Melting points were determined using the open capillary method and are reported uncorrected. Infrared (IR) spectra were recorded on a Thermo Nicolet Avatar 330 FT-IR spectrophotometer. Proton (1H) and carbon (13C) nuclear magnetic resonance (NMR) spectra were obtained in DMSO-d6 using a Bruker spectrometer operating at 400 MHz and 100 MHz, respectively, with chemical shifts reported in δ (ppm). Mass spectra were acquired using an Agilent 1100 series LC-MS system. 
Microbial test strains 
Bacterial strains of Staphylococcus aureus (MTCC 737), Bacillus subtilis (MTCC 441), Escherichia coli (MTCC 1687), and fungal strain of Candila albicans (MTCC 227) were procured from CSIR Institute of Microbial Technology (IMTECH), Chandigarh, India. The  fungal strains, Aspergillus Niger and Aspergillus flavus, were isolated, biochemically identified, and preserved in a microbiology laboratory.
Antimicrobial activity assay
Minimum inhibitory concentrations (MICs) of the synthesized compounds 6(a-m) were determined by serial dilution method (24,25) using the nutrient agar (NA) and potato dextrose agar (PDA) as media for bacteria and fungi, respectively. The nutrient broth aliquots containing logarithmic serially two-fold diluted amounts of test compounds and standard drugs were inoculated with approximately 5x105 c.f.u. of actively dividing bacterial and fungal cells. The bacterial cultures were incubated for 24 hrs. at 37°C, the fungal cultures were incubated for 48 h at 37°C, and the growth was monitored visually. The lowest concentration required to arrest the growth of microorganisms was regarded as MIC. The species of S. aureus, B. subtilis, and E. coli for antibacterial studies and A. Niger, A. flavus, and C. albicans for antifungal studies were used as test microbes. The standard antibiotics ciprofloxacin and amphotericin B were used as positive control against bacterial and fungal species, respectively. The experiments were carried out in triplicate and the results were expressed as mean values of three determinations (n = 3).

DPPH radical scavenging activity assay
Antioxidants are conventionally characterized by their ability to scavenge free radicals. A freshly prepared DPPH solution displays a vivid purple hue, characterized by a strong absorbance peak at 517 nm. Upon interaction with an antioxidant, this purple colour fades to yellow, reflecting a reduction in absorbance due to the neutralization of DPPH free radicals via hydrogen atom donation. A rapid drop in absorbance signals a highly effective antioxidant response. Free radical scavenging ability of the synthesized compounds 6(a-m) was measured by DPPH radical scavenging assay(26). For this purpose, 1 mL of DPPH solution (0.1 mM in 95% methanol) was mixed with aliquots of various concentrations of tested compounds (25, 50, 75 and 100 µg/mL) in methanol. The mixture was vigorously stirred and allowed to stand for 20 min at room temperature. The absorbance was measured against blank at 517 nm in an ELICO SL 159 UV-Vis spectrophotometer. The free radical scavenging potential was calculated as percentage discoloration of DPPH solution by the formula.
% Scavenging = ((A0 –A1)/A0 ) x 100 
Where A0 is the absorbance of the control reaction mixture excluding the test compound, and A1 is the absorbance of a mixture with the test compound. Tests were carried out in triplicate and the results were expressed as mean ± standard deviation (n = 3).
Docking studies for anti-cancer properties
The synthesized compounds 6a and 6b were selected for molecular docking studies against tumor-associated protein targets, namely HSP90, TNKS2, and AKT1, as these compounds provided the highest product yields during synthesis. To perform docking, the 3D structures of the target proteins were retrieved from the RCSB Protein Data Bank (RCSB-PDB, https://www.rcsb.org) using their respective PDB IDs. The structures were downloaded in .pdb format for compatibility with docking software.
Similarly, the chemical structures of the ligands were obtained from PubChem (https://pubchem.ncbi.nlm.nih.gov) in .sdf format. These files were then converted to the required .pdbqt format using the Open Babel tool to ensure compatibility with the docking program.The cancer-related protein targets were additionally validated and sourced from the Therapeutic Target Database (TTD, https://idrblab.net/ttd; accessed March 2024), ensuring that the selected proteins are well-established therapeutic targets in oncology.Finally, molecular visualization was performed to analyze the docking interactions, visualize binding conformations, and interpret the ligand–protein interactions at the atomic level. This step facilitated understanding of the structural basis for binding affinity and specificity of the compounds toward the selected cancer targets.







3.0.Results
Spectral data of Synthesized Compounds 
Compound 6a 
 1H NMR: δ 2.73 (3H, s), 3.56-3.82 (2H), 3.63 (d, J = 10.3 Hz), 3.76 (d, J = 9.8 Hz), 4.30 (1H, d, J = 10.3 Hz), 6.19-6.40 (2H), 6.24 (d, J = 3.4 Hz), 6.35 (d, J = 3.4 Hz)), 6.93 (2H, d, J =0.5 Hz), 7.23-7.45 (4H), 7.30 (d, J =1.8 Hz), 7.39 (d, J=0.5 Hz), 7.40 (d, J = 0.4 Hz)), 7.64 (1H, d, J = 0.4 Hz)
13C NMR: δ 33.6 (1C, s), 48.2 (1C, s), 65.3 (1C, s), 71.1 (1C, s), 109.1 (1C, s), 111.7 (1C, s), 116.0 (1C, s), 123.8 (2C, s), 124.2 (1C, s), 126.5 (1C, s), 126.8 (1C, s), 127.8 (1C, s), 128.4 (1C, s), 128.8 (2C, s), 130.9 (1C, s), 133.1 (1C, s), 154.5 (1C, s), 156.3 (1C, s), 194.5 (1C, s).
IR (KBr):1708,1671 Cm-1
m/z: 392
Compound 6b 
1H NMR: δ 2.73 (3H, s), 3.65 (1H, d, J = 9.8 Hz), 3.80 (1H, d, J = 9.8 Hz), 4.03 (1H, d, J = 10.3 Hz), 6.33 (1H, d, J = 3.5 Hz), 6.49 (1H, d, J = 3.5 Hz), 6.83 (1H, d, J = 2.5 Hz), 7.17 (1H, d, J =0.5 Hz), 7.58-7.77 (4H), 7.65 (d, J =, 0.5 Hz), 7.71 (d, J = 0.5 Hz)), 8.22 (1H, d, J = 0.5 Hz)
13C NMR: δ 33.6 (1C, s), 48.2 (1C, s), 65.3 (1C, s), 71.1 (1C, s), 109.1 (1C, s), 111.7 (1C, s), 117.8 (1C, s), 123.8 (2C, s), 126.5 (1C, s), 126.8 (1C, s), 127.8 (1C, s), 128.4 (1C, s), 128.8 (2C, s), 130.9 (1C, s), 132.6 (1C, s), 136.4 (1C, s), 154.5 (1C, s), 156.3 (1C, s), 194.5 (1C, s)
IR (KBr):1708,1673 Cm-1
m/z:467
Compound 6c 
1H NMR: δ 2.73 (3H, s), 3.65 (1H, d, J = 9.8 Hz), 3.80 (1H, d, J = 9.8 Hz), 4.03 (1H, d, J = 10.3 Hz), 6.33 (1H, d, J = 3.5 Hz), 6.49 (1H, d, J = 3.5 Hz), 6.83 (1H, d, J = 2.5 Hz), 7.17 (1H, d, J = 0.5 Hz), 7.58-7.77 (4H), 7.65 (d, J = 0.5 Hz), 7.71 (d, J = 0.5 Hz), 8.22 (1H, d, J = 0.5 Hz).
13C NMR: δ 33.6 (1C, s), 48.2 (1C, s), 65.3 (1C, s), 71.1 (1C, s), 109.1 (1C, s), 111.7 (1C, s), 117.8 (1C, s), 123.8 (2C, s), 126.5 (1C, s), 126.8 (1C, s), 127.8 (1C, s), 128.4 (1C, s), 128.8 (2C, s), 130.9 (1C, s), 132.6 (1C, s), 136.4 (1C, s), 154.5 (1C, s), 156.3 (1C, s), 194.5 (1C, s)
IR (KBr):1708,1670 Cm-1
m/z:422

Compound 6d 
1H NMR: δ 2.73 (3H, s), 3.64 (1H, d, J = 9.8 Hz), 3.92 (1H, d, J = 9.8 Hz), 4.36 (1H, d, J = 10.3 Hz), 6.32 (1H, d, J = 3.4 Hz), 6.54 (1H, d, J = 3.4 Hz), 7.21 (1H, d, J = 0.5 Hz), 7.48-7.77 (5H, 7.54 (d, J =  1.5 Hz), 7.61 (d, J =, 0.5 Hz), 7.70 (d, J = 0.5 Hz)), 8.12 (1H, d, J = 0.5 Hz)
13C NMR: δ 33.6 (1C, s), 48.2 (1C, s), 65.3 (1C, s), 71.1 (1C, s), 109.1 (1C, s), 111.7 (1C, s), 123.0 (1C, s), 126.0-126.2 (3C, 126.1 (s), 126.2 (s)), 126.5 (1C, s), 126.8 (1C, s), 127.6 (1C, s), 128.4-128.7 (2C, 128.5 (s), 128.6 (s)), 128.9 (1C, s), 132.6 (2C, s), 154.5 (1C, s), 156.3 (1C, s), 194.5 (1C, s)
IR (KBr):1708,1673 Cm-1
m/z:456
Compound 6e 
1H NMR: δ 2.73 (3H, s), 3.64 (1H, d, J = 9.8 Hz), 3.92 (1H, d, J = 9.8 Hz), 4.36 (1H, d, J = 10.3 Hz), 6.32 (1H, d, J = 3.4 Hz), 6.54 (1H, d, J = 3.4 Hz), 7.21 (1H, d, J = 0.5 Hz), 7.48-7.77 (5H, 7.54 (d, J =  1.5 Hz), 7.61 (d, J =, 0.5 Hz), 7.70 (d, J = 0.5 Hz)), 8.12 (1H, d, J = 0.5 Hz)
13C NMR: δ 33.6 (1C, s), 48.2 (1C, s), 65.3 (1C, s), 71.1 (1C, s), 109.1 (1C, s), 111.7 (1C, s), 119.4 (1C, s), 123.1 (1C, s), 126.3 (2C, s), 126.5 (1C, s), 126.8 (1C, s), 127.6 (1C, s), 128.5 (1C, s), 129.1 (2C, s), 130.2 (1C, s), 134.6 (1C, s), 154.5 (1C, s), 156.3 (1C, s), 194.5 (1C, s)
IR (KBr):1708,1669 Cm-1
Compound 6f 
1H NMR: δ 2.57 (2H, d, J = 6.8 Hz), 2.71 (3H, s), 3.47 (1H, d, J = 9.6 Hz), 3.64 (1H, d, J = 3.4 Hz), 3.86 (3H, s), 4.07 (1H, d, J = 10.2 Hz), 6.25 (1H, d, J = 3.4 Hz), 6.38 (1H, d, J = 3.4 Hz), 6.91-7.25 (5H, 6.97 (d, J = 2.7 Hz), 7.07 (d, J = 0.4 Hz), 7.17 (d, J = 0.5 Hz), 7.19 (d, J = 0.4 Hz)), 7.63 (2H, d, J = 0.5 Hz)
13C NMR: δ 33.6 (1C, s), 48.2 (1C, s), 55.3 (1C, s), 65.3 (1C, s), 71.1 (1C, s), 109.1 (1C, s), 111.7 (1C, s), 114.4 (2C, s), 123.5 (1C, s), 123.8 (1C, s), 126.0 (2C, s), 126.5 (1C, s), 126.8 (1C, s), 127.6 (1C, s), 128.5 (1C, s), 147.6 (1C, s), 154.5 (1C, s), 156.3 (1C, s), 160.3 (1C, s), 194.5 (1C, s)
IR (KBr):1708,1673 Cm-1
Compound 6g 
1H NMR: δ 2.55-2.76 (5H, 2.63 (d, J = 6.8 Hz), 2.71 (s)), 3.32-3.55 (2H, 3.40 (d, J = 9.6 Hz), 3.47 (d, J = 3.5 Hz)), 4.42 (1H, d, J = 10.2 Hz), 6.89 (2H, d, J = 0.5 Hz), 7.01-7.32 (5H, 7.06 (d, J = 0.6 Hz), 7.14 (d, J = 8.5 Hz), 7.17 (d, J =  0.6 Hz), 7.20 (d, J = 8.5 Hz), 7.26 (d, J =1.3 Hz)), 7.40 (2H, d, J =0.5 Hz)
13C NMR: δ 33.6 (1C, s), 48.2 (1C, s), 65.3 (1C, s), 71.1 (1C, s), 113.6 (2C, s), 116.0 (1C, s), 117.0 (1C, s), 124.2 (1C, s), 124.3 (1C, s), 126.5 (1C, s), 126.8 (1C, s), 127.8 (1C, s), 128.0 (2C, s), 132.1 (1C, s), 133.1 (1C, s), 139.8 (1C, s), 146.5 (1C, s), 151.3 (1C, s), 194.5 (1C, s).
IR (KBr):1708,1674 Cm-1
Compound 6h 
1H NMR: δ 2.73 (3H, s), 3.51 (1H, d, J = 9.8 Hz), 3.76 (1H, d, J = 9.8 Hz), 4.28 (1H, d, J = 10.3 Hz), 6.83 (1H, d, J = 8.5, 2.5 Hz), 7.03-7.33 (3H, 7.09 (d, J = 8.6 Hz), 7.16 (d, J = 0.5 Hz), 7.27 (d, J = 8.6 Hz)), 7.40-7.61 (4H) 7.46 (d, J =  0.5 Hz), 7.55 (d, J =  0.5 Hz)), 8.22 (1H, d, J =  0.5 Hz)
13C NMR: δ 33.6 (1C, s), 48.2 (1C, s), 65.3 (1C, s), 71.1 (1C, s), 113.6 (2C, s), 116.0 (1C, s), 117.0 (1C, s), 124.2 (1C, s), 124.3 (1C, s), 126.5 (1C, s), 126.8 (1C, s), 127.8 (1C, s), 128.0 (2C, s), 132.1 (1C, s), 133.1 (1C, s), 139.8 (1C, s), 146.5 (1C, s), 151.3 (1C, s), 194.5 (1C, s)
IR (KBr):1708,1672 Cm-1
Compound 6i
1H NMR: δ 2.73 (3H, s), 3.51 (1H, d, J = 9.8 Hz), 3.76 (1H, d, J = 9.8 Hz), 4.28 (1H, d, J = 10.3 Hz), 6.83 (1H, d, J = 8.5, 2.5 Hz), 7.03-7.33 (3H, 7.09 (d, J = 8.6 Hz), 7.16 (d, J = 0.5 Hz), 7.27 (d, J = 8.6 Hz), 7.40-7.61 (4H) 7.46 (d, J =  0.5 Hz), 7.55 (d, J =  0.5 Hz)), 8.22 (1H, d, J =  0.5 Hz)
13C NMR: δ 33.6 (1C, s), 48.2 (1C, s), 65.3 (1C, s), 71.1 (1C, s), 113.6 (2C, s), 116.0 (1C, s), 117.0 (1C, s), 124.2 (1C, s), 124.3 (1C, s), 126.5 (1C, s), 126.8 (1C, s), 127.8 (1C, s), 128.0 (2C, s), 132.1 (1C, s), 133.1 (1C, s), 139.8 (1C, s), 146.5 (1C, s), 151.3 (1C, s), 194.5 (1C, s)
IR (KBr):1708,1672 Cm-1
Compound 6j
1H NMR: δ 2.73 (3H, s), 3.50 (1H, d, J = 9.8 Hz), 3.86 (1H, d, J = 9.8 Hz), 4.23 (1H, d, J = 10.3 Hz), 6.62 (1H, d, J = 2.3 Hz), 6.99-7.15 (2H), 7.04 (d, J = 0.4 Hz), 7.09 (d, J = 8.6 Hz), 7.27 (1H, d, J = 8.6 Hz), 7.40-7.61 (4H), 7.46 (d, J = 0.5 Hz), 7.55 (d, J = 0.5 Hz)), 7.86 (1H, d, J =0.4 Hz).
13C NMR: δ 33.6 (1C, s), 48.2 (1C, s), 65.3 (1C, s), 71.1 (1C, s), 113.6 (2C, s), 116.0 (1C, s), 117.0 (1C, s), 124.2 (1C, s), 124.3 (1C, s), 126.5 (1C, s), 126.8 (1C, s), 127.8 (1C, s), 128.0 (2C, s), 132.1 (1C, s), 133.1 (1C, s), 139.8 (1C, s), 146.5 (1C, s), 151.3 (1C, s), 194.5 (1C, s)
IR (KBr):1708,1672 Cm-1
Compound 6k 
1H NMR: δ 2.73 (3H, s), 3.50 (1H, d, J = 9.8 Hz), 3.86 (1H, d, J = 9.8 Hz), 4.23 (1H, d, J = 10.3 Hz), 6.62 (1H, d, J = 2.3 Hz), 6.99-7.15 (2H), 7.04 (d, J = 0.4 Hz), 7.09 (d, J = 8.6 Hz), 7.27 (1H, d, J = 8.6 Hz), 7.40-7.61 (4H), 7.46 (d, J = 0.5 Hz), 7.55 (d, J = 0.5 Hz)), 7.86 (1H, d, J =0.4 Hz).
13C NMR: δ 33.6 (1C, s), 48.2 (1C, s), 65.3 (1C, s), 71.1 (1C, s), 113.6 (2C, s), 116.0 (1C, s), 117.0 (1C, s), 124.2 (1C, s), 124.3 (1C, s), 126.5 (1C, s), 126.8 (1C, s), 127.8 (1C, s), 128.0 (2C, s), 132.1 (1C, s), 133.1 (1C, s), 139.8 (1C, s), 146.5 (1C, s), 151.3 (1C, s), 194.5 (1C, s)
IR (KBr):1708,1672 Cm-1
Compound 6l 
1H NMR: δ 2.73 (3H, s), 3.50 (1H, d, J = 9.8 Hz), 3.86 (1H, d, J = 9.8 Hz), 4.23 (1H, d, J = 10.3 Hz), 6.62 (1H, d, J = 2.3 Hz), 6.99-7.15 (2H), 7.04 (d, J = 0.4 Hz), 7.09 (d, J = 8.6 Hz), 7.27 (1H, d, J = 8.6 Hz), 7.40-7.61 (4H), 7.46 (d, J = 0.5 Hz), 7.55 (d, J = 0.5 Hz)), 7.86 (1H, d, J =0.4 Hz).
13C NMR: δ 33.6 (1C, s), 48.2 (1C, s), 65.3 (1C, s), 71.1 (1C, s), 113.6 (2C, s), 116.0 (1C, s), 117.0 (1C, s), 124.2 (1C, s), 124.3 (1C, s), 126.5 (1C, s), 126.8 (1C, s), 127.8 (1C, s), 128.0 (2C, s), 132.1 (1C, s), 133.1 (1C, s), 139.8 (1C, s), 146.5 (1C, s), 151.3 (1C, s), 194.5 (1C, s)
IR (KBr):1708,1672 Cm-1
Compound 6m
1H NMR: δ 2.73 (3H, s), 3.50 (1H, d, J = 9.8 Hz), 3.86 (1H, d, J = 9.8 Hz), 4.23 (1H, d, J = 10.3 Hz), 6.62 (1H, d, J = 2.3 Hz), 6.99-7.15 (2H), 7.04 (d, J = 0.4 Hz), 7.09 (d, J = 8.6 Hz), 7.27 (1H, d, J = 8.6 Hz), 7.40-7.61 (4H), 7.46 (d, J = 0.5 Hz), 7.55 (d, J = 0.5 Hz)), 7.86 (1H, d, J =0.4 Hz).
13C NMR: δ 33.6 (1C, s), 48.2 (1C, s), 65.3 (1C, s), 71.1 (1C, s), 113.6 (2C, s), 116.0 (1C, s), 117.0 (1C, s), 124.2 (1C, s), 124.3 (1C, s), 126.5 (1C, s), 126.8 (1C, s), 127.8 (1C, s), 128.0 (2C, s), 132.1 (1C, s), 133.1 (1C, s), 139.8 (1C, s), 146.5 (1C, s), 151.3 (1C, s), 194.5 (1C, s)
IR (KBr):1708,1672 Cm-1

Antimicrobial activity. 
MICs of synthesized compounds   6(a-m) against various bacterial and fungal strains are summarized in Table 1. Compounds 6(a-m), 6(a-d), and 6(e-i) showed moderate to higer antibacterial activity against test organisms studied. Among the series, compounds 6b, 6f, and 6h, 6l with ethoxy and methoxy substitution in para position of the benzene ring displayed higher antibacterial activity. Compounds 6a and 6c showed lower activity against all tested bacterium. Compound 6b showed moderate activity against both S. aureus and B. subtilis, while compound 6d showed higher activity against S. aureus. Compounds 6e and 6g exhibited moderate activity against E. coli and B. subtilis. Compounds 6i and 6k showed higher activity against all tested bacteria species. Preliminary investigation of the synthesized compounds for their antifungal activity indicated that some of the series exhibited higer antifungal activity against the selected fungal species. Compounds 6a, 6c, 6d, 6g, 6i and 6k failed to inhibit the growth of C. albicans cells even at a concentration above 200 µg/ml. Moderate activity was observed for compounds 6(b-d) and 6i against A. niger, for 6f and 6j against C. albicans, and for 6g against A. flavus. Compound 6k showed good activity against all test microorganisms. 

Antioxidant activity. 

Data OF the DPPH radical scavenging ability of synthesized compounds 6(a-l) are summarized in Table 2. Among the synthesized series, compounds 6j and 6m bearing ethoxy and methoxy groups respectively, exhibited the strongest radical-scavenging capabilities. In contrast, compounds 6h and 6l, also featuring methoxy substituents, demonstrated moderate antioxidant potential. 
Docking studies: The docking image depicts the interaction of the selected ligand (compound 6a or 6b) within the binding pocket of the target protein. The protein backbone is visualized as cartoon ribbons in green and yellow, while the ligand is shown in stick representation at the binding site, indicating its orientation and possible interactions.
 The ligand is well accommodated within the binding cavity of the protein. Its placement suggests favorable steric compatibility with the active site, minimizing clashes with surrounding residues.

The ligand forms hydrogen bonding interactions with key amino acid residues of the protein, which are critical for anchoring the ligand in place and contributing to binding affinity.
Hydrophobic contacts are visible between the ligand’s aromatic/alkyl groups and nearby hydrophobic residues of the protein backbone, enhancing van der Waals stabilization.The binding pose suggests potential π–π stacking interactions if aromatic rings of the ligand are positioned close to aromatic side chains (e.g., Phe, Tyr, Trp) within the protein.The protein secondary structures—α-helices and β-sheets—surround the ligand pocket, indicating that the binding site is located in a well-defined groove. This provides structural stability for strong binding interactions.The stable docking of the ligand within the protein’s active site suggests a possible inhibitory role against the protein’s function. Since the targets selected (HSP90, TNKS2, and AKT1) are crucial regulators of tumor growth and survival, such interactions support the potential anticancer activity of compounds 6a and 6b.A structure-based approach to drug creation includes molecular docking models, molecular interactions and forecasts the mechanism and affinity of receptor-ligand binding. 

4.0.Discussion
This present study presents successful synthesis of phenylfuran/thiophenyl-tetrahydronaphtho-triazolones, with comprehensive structural characterization provided for each compound. Compounds 6a and 6b yielded higher amounts of products. FTIR spectral data confirmed the presence of key functional groups, notably revealing absorption bands in the range of ῡ = 1577.51–1615.26 cm⁻¹, indicative of the imine (−CH=N−) linkage across the synthesized series. Proton NMR spectra displayed characteristic aromatic signals between δ 7.47–7.61 ppm, affirming the incorporation of aromatic moieties in all compounds labeled 6(a–m). Additionally, ¹³C NMR analysis revealed four prominent resonance signals, with chemical shifts in the δ 140–146 range corresponding to azomethine carbons. The alkyl terminal groups displayed resonances between δ 10.49 and 133.11, further substantiating the structural integrity of the synthesized heterocycles. This multidimensional spectroscopic analysis underscores the successful formation and molecular architecture of the novel triazolone derivatives. Research in the area of cyclocondensation reaction and intermediates involving furfural-substituted aldehydes have unveiled a compelling synthetic route, beginning with the formation of α,β-unsaturated ketones allowing selective access to either phenylfuran or thiophenyl derivatives. The derived compounds have wide-ranging applications, particularly in medicine and materials science. The present study adds to this pool 6a and 6b lignin plant derived compounds with applications as anti-microbial and cancer agents. The study paves way for future synthesis chemistry of the important class of plant-bioactive compounds for application in biomedicine, nano-medicine and material sciences.

Amphotericin B has been studied in vitro against a wide variety of clinical fungal pathogens, including most Candida and Aspergillus spp, both causes of endemic mycoses. It exhibits antifungal effect by disruption of fungal cell wall synthesis due to the ability to bind primarily ergo sterol, which leads to the formation of cell wall pores that allow leakage of cellular components and thereby account for its toxic effects against selected mammalian cells. Besides several antifungal agents for the treatment of systemic mycoses, amphotericin B remains the standard treatment for many severe, invasive fungal infections. However, because of toxicity associated with its intravenous use, along with the expanded availability of safer treatment options, this drug is frequently reserved for patients who have severe, life-threatening invasive fungal infections or who are unable to tolerate alternative antifungal agents (27,28). It is the drug of choice in treating most opportunistic mycoses caused by fungi such as Candida and Aspergillus species(29). The higher anti-bacterial and oxidant activity of compounds is attributed to the heterocyclic moieties (benzene, methoxy and ethoxy rings). Studies reveal that the presence of electron donating function at para position of the benzene ring enhanced the antibacterial activity of synthesized compounds. Interaction with cell membrane results in the leakage of cellular contents and eventually cell death and interaction with protein, DNA altering the metabolic pathways are the two accepted current mechanisms proposed for action of lignins. Compounds bearing ethoxy and methoxy groups exhibited the strongest radical-scavenging capabilities (30,31). The present study demonstrates the hybrid role of the compounds with both anti-bacterial and anti-fungal properties. Lignin polyphenols apart from inducing ROS it also induces oxidative stress when contacting with microorganisms thus triggering multi mechanism of action by reactions with thiol groups of the bacterial cell (32). Compounds with both anti-bacterial and anti-fungal properties offer a broader spectrum of antimicrobial action, such as combating mixed infections and reduction of resistance, which is a growing problem with single-target antibiotics. Further their effective and efficient properties enable lower concentrations to achieve therapeutic effects in clinical settings (33). In specific compounds 6l at lower concentration (MIC-25mg/ml) was able to inhibit both gram+ and gram-ve microorganisms. Thus the intrinsic advantage of being an environmentally friendly and biocompatible polymer based antimicrobial property of lignin makes it a desirable biomaterial in the area of anti-microbials (34).

Cancer, an ever-increasing global disease, is not a single process, multitude of mechanisms including initiation; promotion and progression contribute to the final pathology. The three tumour ligands docked in the present study are HSP90, Tankyrase 2, AKT1 are major targets in the area of cancer biology. The field of drug design research has made extensive use of docking studies in recent years (35). Predicting the energy profile (like binding free energy), strength, and stability (like binding affinity and binding constant) of compound-ligand complexes could be carried-out using information gleaned from the preferred orientation of bound molecules. From the docking studies it is evident that the compounds bind to the ligands with high stability with higher binding observed with Tankyrase 2. Multiple lines of research indicate that plant derived compounds or phytochemicals have significant antitumor properties with several advantages (36).  37 reviewed the remarkable bioactivity of various classes of lignans and their anti-cancer compounds. HSP90 functions as a molecular chaperone for over 200 stabilizing many oncoproteins, which promote cancer growth and survival. Cancer cells overexpress HSP90 to maintain these unstable proteins (38).  TNKS2, or Tankyrase 2 plays critical roles in cellular processes, most notably the Wnt/β-catenin signaling pathway, telomere maintenance and involved in regulating protein stability through PARylation. Abberations in TNKS2 are also associated with various cancers (39) AKT1 (or Protein Kinase B) is considered an oncogene, a crucial protein for regulating cell growth, division, survival, and metabolism. It is a serine/threonine-protein kinase that responds to growth factors by phosphorylating various downstream substrates of the PI3K/Akt pathway (40). Further molecular dynamics simulations could validate the stability of these complexes under physiological conditions. In summary, the assay and docking results implicate that the compounds are potent lead anti-microbial, oxidant and anti-cancer compounds for further studies and clinical trials. 













5.0.Conclusion
Successful synthesis of phenyl furan/thiophenyl-tetrahydronaphtho-triazolones, with comprehensive structural characterization provided for each compound. Compounds 6a and 6b yielded higher amounts of products. FTIR spectral data confirmed the presence of key functional groups, notably revealing absorption bands in the range of ῡ = 1577.51–1615.26 cm⁻¹, indicative of the imine (−CH=N−) linkage across the synthesized series. Proton NMR spectra displayed characteristic aromatic signals between δ 7.47–7.61 ppm, affirming the incorporation of aromatic moieties in all compounds labeled 6(a–m). Additionally, ¹³C NMR analysis revealed four prominent resonance signals, with chemical shifts in the δ 140–146 range corresponding to azomethine carbons. The alkyl terminal groups displayed resonances between δ 10.49 and 133.11, further substantiating the structural integrity of the synthesized heterocycles. This multidimensional spectroscopic analysis underscores the successful formation and molecular architecture of the novel triazolone derivatives. Research in the area of cyclocondensation reaction and intermediates involving furfural-substituted aldehydes have unveiled a compelling synthetic route, beginning with the formation of α,β-unsaturated ketones allowing selective access to either phenylfuran or thiophenyl derivatives. The derived compounds have wide-ranging applications, particularly in medicine and materials science.

The findings of this study highlight the successful synthesis of compounds with appreciable yields and notable biological potential of the compounds, particularly in the realm of anti-microbials. Among the series, compounds 6i and 6k demonstrated pronounced antibacterial efficacy, 6j and 6k also exhibited significant antioxidant properties and compound 6a and 6b anti-cancer activity. These promising bioactivities suggest that the synthesized derivatives hold strong therapeutic relevance which should be tested through clinical studies. In summary, the structural framework offers excellent scope for further functionalization particularly through metal coordination which could pave the way for enhanced exploration of their pharmacological and bioinorganic properties in future studies.
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Scheme 1: schematic representation of Phenyl furan/thiophenyl-tetrahydronaphtho triazoles
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Figure-1. Illustration of docking of the compounds(6a, and 6b) using

















Table-1.Physiochemical data of Synthesised Compounds

	Sl.No
	R
	R1
	R2
	X
	MP 0C
	%Yield

	6a
	4-Cl
	4-NH2
	CH3
	O
	217
	98

	6b
	4-Br
	4-NO2
	
	
	220
	97

	6c
	4-NO2
	4-Cl
	
	
	215
	95

	6d
	3-Cl
	4-Br
	
	
	216
	90

	6e
	3-Br
	4-Cl
	
	
	213
	89

	6f
	3-NO2
	4-OCH3
	
	
	214
	90

	6g
	4-Cl
	4-NH2
	
	S
	216
	95

	6h
	4-Br
	4-NO2
	
	
	220
	98

	6i
	4-NO2
	4-Cl
	
	
	225
	95

	6j
	4-NH2
	4-Br
	
	
	221
	93

	6k
	3-Cl
	4-Cl
	
	
	223
	91

	6l
	3-Br
	4-OCH3
	
	
	222
	90

	6m
	4-CH3
	4-Cl
	
	
	220
	89

















TABLE-2. MICs (µg/mL) of Compounds 6(a-m) against Bacterial and Fungal Species
	Compound
	S. aureus
	B. subtilis
	E. coli
	A. niger
	A. flavus
	C. albicans

	6a
	100
	100
	100
	200
	200
	NA

	6b⃰
	80
	80
	100
	150
	200
	NA

	6c
	100
	100
	100
	150
	200
	NA

	6d
	40
	80
	100
	150
	200
	NA

	6e
	100
	80
	80
	200
	200
	NA

	6f⃰
	80
	60
	80
	50
	50
	NA

	6g
	40
	40
	40
	50
	50
	100

	6h⃰
	100
	80
	80
	200
	150
	NA

	6i
	40
	40
	20
	50
	50
	150

	6j
	80
	60
	80
	150
	100
	NA

	6k
	20
	40
	20
	50
	50
	100

	6l⃰
	20
	40
	20
	50
	50
	100

	6m
	40
	60
	60
	100
	100
	50

	Ciprofloxacin
	20.0
	40.0
	20.0
	-
	-
	-

	Amphotericin B
	-
	-
	-
	-
	-
	-


*higher activity












TABLE-3.  DPPH Radical Scavenging bbility of Compounds 6(a-l)
	Compound
	% Radical scavenging activity*

	
	25g/mL
	50g/mL
	75g/mL
	100g/mL

	6a
	6.21 ± 0.65
	10.32 ± 0.54
	13.01 ± 0.21
	16.12 ±0.76

	6b
	7.32  ±0.08
	10.65 ± 0.43
	13.54 ±0.34
	15.26 ± 0.12

	6c
	6.87 ±0.34
	11.12 ± 0.87
	13.76 ± 0.87
	14.76 ± 0.05

	6d
	6.21 ±0.65
	10.32 ± 0.54
	13.01 ± 0.21
	16.12 ± 0.76

	6e
	7.92 ± 0.54
	11.99 ±0.61
	14.65 ±0.38
	17.66 ± 0.43

	6f
	12.76 ±0.75
	13.87 ± 0.08
	18.65 ±0.21
	19.53 ± 0.03

	6g
	10.43 ± 0.31
	12.01 ± 0.31
	14.76 ± 0.82
	18.05 ± 0.41

	6h
	15.76 ± 0.81
	16.31 ± 0.72
	20.65 ± 0.87
	22.76 ± 0.54

	6i
	11.71 ± 0.43
	12.92 ± 0.21
	14.86 ± 0.21
	18.04 ± 0.97

	   6j⃰
	16.06 ± 0.31
	16.98 ± 0.54
	23.23 ± 0.97
	25.05 ± 0.43

	6k
	14.76 ± 0.21
	15.98 ± 0.21
	18.43 ± 0.81
	22.04 ±0.95

	6l
	16.65 ± 0.37
	17.21 ± 0.98
	22.87 ± 0.26
	26.61 ± 0.51

	6m*
	16.08±0.28
	16.89±0.56
	22.23±0.89
	24.05±0.46

	Ascorbic acid
	35.08 ± 0.83
	46.87 ± 0.89
	51.98 ± 0.31
	64.25 ±0.22


* Values are expressed as mean standard deviation (SD). *-higher activity


Table-4. Results of Docking of compounds(6a and 6b)
	Compound
	HSP90
	TNKS2
	AKT1

	
	ΔG
	Ki (nM)
	ΔG
	Ki (nM)
	ΔG
	Ki (nM)

	6a
	-9.5
	91.70
	-12
	8.62
	-10.3
	23.76

	6b
	-9.3
	91.85
	-12
	8.61
	-10.2
	23.73
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