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Introduction and background: cancer is one of the most important common leading causes of death in the world. Chemotherapy is the most common method available for treatment of cancer. Resistance to cytotoxic drugs remains an obstacle in the successful therapy of various cancers.Therefore; several investigations have been focused on finding novel chemotherapeutic agents with potential of multiple mechanism of anticancer activity. One pathway being targeted for antineoplastic therapy is the anti-apoptotic B-cell lymphoma-2 (Bcl-2) family of proteins. Acetonaphto derivatives have been reported as cytotoxic agents affecting aforementioned pathway. According to these facts and also with the aim of developing the chemistry of potentially bioactive heterocyclic compounds, phenanthrene triazine derivatives containing different thioaryl chain at C3 position of triazine ring were taken into consideration as new probably effective compounds to be synthetized and assessed.
Methods: six derivatives of phenanthro[9,10-e][1,2,4]triazine scaffold containing different thiobenzyl groups synthesized via two steps procedure including reaction of phenanthrene-9,10-dione with thiosemicarbazide in reflux condition to form phenanthro[9,10-e][1,2,4]triazine-3-thiol (intermediate product). This compound was further reacted with the different benzyl halide derivatives to achieve final products through SN2 mechanism. After work up procedure, final products were further purified by column chromatography and their structure were determined and confirmed using different spectroscopic methods including IR, Mass, 1H-NMR. Cytotoxicity activities of prepared compounds were assessed using MTT assay on MCF7 cell line which is one of highly resistant human cancerous cell lines. In attempt to evaluate the binding mode of this scaffold with Bcl-2, docking procedure was performed using AutoDock 4.2 software and results have been processed, analyzed and shown by different software like viewerlite, pymol, moe and maestro. 

Results: although the yield of production wasn’t excellent, acceptable in vitro cytotoxic effects of these derivatives in compare with the results of thioalkyl derivatives of this scaffold were noticeable. Evaluated compounds exhibited moderate to good cytotoxic activities. The most potent cytotoxic compound of this series bearing benzyl substituted moiety (5A) demonstrated considerable cytotoxic potential in MCF-7 cell line. (IC50=15.7 ± 2.6 (µM)). Comparing IC50 results revealed that solubility plays an important role in efficacy of this scaffold derivatives. Based on in silico results, synthesized molecules demonstrated desirable binding energies toward Bcl-2 active site ranging from -12.1 to -12.8 kcal/mol.
Discussion and conclusion: Docking results of target compounds into Bcl-2 active site didn’t correlate exactly to the experimental biological data; however comparison of thioalkyl and thioaryl derivatives revealed that substitution of thioaryl pendants into the phenantro[9,10-e][1,2,4]triazine core resulted in better binding interaction with Bcl-2 binding site than thioaryl ones. Accordingly the preferable cytotoxic potential of thioaryls could be interpreted by better ΔGb achieved through the docking study. Molecular docking study of compounds into Bcl-2 enzyme suggested that phenanthrene ring established favorable π-π stacking interaction with side chain of Phe105 and the N4 position of triazine ring involved in hydrogen bond interaction with C=O of Ser106 in most cases. Furthermore, additional cation-π stacking interactions was observed between benzyl group of compound 5A and Arg102 of active site which could favored the preferable cytotoxic profile of this compound in cytotoxic assays. The submitted study has been done to be helpful for targeting of Bcl-2, besides DNA intercalation, with the aim of developing apoptosis-inducing agents.
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