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A B S T R A C T

This investigation unveils the synthesis and characterization of a binuclear copper(II) chelate [(Cubmpt)2] (1)
and four heteroleptic copper(II) chelates [Cu(bmpt)(hb1)] (2), [Cu(bmpt)(hb2)] (3), [Cu(bmpt)(hb3)] (4) and [Cu
(bmpt)(hb4)] (5) based on an ONS donor thiosemicarbazone ligand, 5‑bromo-3-methoxysalicylaldehyde-N4-
phenylthiosemicarbazone (H2bmpt) and the heterocyclic bases 1,10-phenanthroline (hb1), 2,2′-bipyridine (hb2),
4,4′-dimethylbipyridine (hb3), 5,5′-dimethylbipyridine (hb4) as ancillary ligands. The crystal architectures of
chelates 3 and 5 are ascertained using single crystal X-ray diffraction method and it is observed that they occupy
triclinic P1 and monoclinic P21/c crystal lattice systems correspondingly. Copper(II) ion exhibits an asymmetric
square pyramidal arrangement in both complexes. The DNA binding studies suggest a groove binding mecha-
nism, with complex 4 exhibiting the highest binding value. The experimental findings on DNA binding are
strongly validated by complementary in-silico investigations employing molecular docking analyses. The FMO
analysis of the compounds indicates that the dimeric complex 1 possesses the highest chemical reactivity and
polarizability. Hirshfeld surface analysis shed light on noncovalent interactions among complexes (3a and 5) and
the results corroborate the crystal structure studies. The in vitro cytotoxicity studies involving Dalton Lymphoma
Ascites (DLA) cell lines revealed that complex 5 exhibited the highest cytotoxicity.

1. Introduction

The transition metal complexes are playing an increasingly impor-
tant role as antiproliferative agents [1] due to the toxicity of cisplatin
and its derivatives to healthy cells. Also, many cancer types develop
resistance to cisplatin after repeated treatment, diminishing its efficacy.
This has driven research into alternative metal-based complexes which
can overcome these limitations. Thiosemicarbazones being multidentate
chelating ligands can effectively attach to a diverse range of transition
metals. By modifying the ligand and the donor atoms, the pharmaco-
logical characteristics of metal chelates can be finely tuned.

Thiosemicarbazones exhibit versatility as they are synthesized
through the condensation reaction involving thiosemicarbazides with

aldehydes/ketones in acidic conditions and are capable of displaying a
diverse array of biological activities [2–4]. The varied chelating
behavior of thiosemicarbazones [5,6], due to potential donor atoms
within their structural framework, captivates coordination scientists.
Thiosemicarbazones are promising anticancer agents, and their mode of
activity is connected to their ability to chelate with metals. Copper is a
transition metal that assumes a crucial function in several biological
processes because of its capacity to engage in redox reactions. Cu(II)
complexes of thiosemicarbazones show improved biological activity in
comparison to thiosemicarbazones alone, thus serving as potent cyto-
toxic agents [7,8] and inhibitors of DNA synthesis [9]. These copper
complexes have antitumor activity by effectively inhibiting DNA
topoisomerase-II, an enzyme crucial for DNA topology regulation [10].
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