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s, mechanisms, and bioactivity
evaluations of a novel Zn(II) complex
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Zn(II)-based anticancer drugs can be suitable alternatives to conventional Pt(II)-based drugs because of the

unique chemical properties of Zn(II) and low toxicity. In this study, a new hexadentate and heteroleptic Zn(II)

complex ([Zn(bpy)2(OAc)2], 1) was prepared with a conventional N,N-donor ligand (2,20-bipyridine) and
a leaving group (OAc) and characterized via ESI-MS, UV-Vis, and FT-IR spectroscopy. Kinetic and

mechanistic investigations of 1 were performed using two biologically relevant ligands (DL-penicillamine

and L-cysteine) to understand its selectivity and reactivity. Substitution reactions were determined to be

two-step processes in the associative activation mode. Bioactivity studies of 1 revealed moderate to

strong DNA-binding, cleaving ability, and antimicrobial properties.
Introduction

Transition metal complexes are being explored as alternative
antitumor agents to Pt(II) complexes, owing to their lower
toxicity and higher efficacy compared to that of the latter.1 In
particular, Ru(III), Ga, and As complexes have emerged as
promising anticancer drugs.2 Some Zn(II) coordination
complexes also showed promising DNA binding ability and
antitumor activity.3,4 This is attributed to their unique chemical
properties, diverse biological functionality, and lower toxicity at
even higher doses compared to other metals,5,6 negligible side
effects compared to the available anticancer drugs,7 and
affordability.

Zn has three unique chemical properties: (i) it has a 3d10

electronic conguration in the +2 state; thus, the Zn(II) coordi-
nation complexes have no ligand-eld stabilization energy.8

Hence, they do not have preferential geometry and can form
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readily exchangeable, exible, but strong complexes with
organic ligands;9 (ii) Zn(II) has a lled 3d orbital and is thus
redox inactive. Hence, they are highly stable in biological reac-
tions and can easily enter biological systems without causing
oxidative stress-mediated damage; and (iii) Zn(II) is classied as
a borderline metal ion by Pearson in 1963.10 Therefore, it does
not have preference among N, O, or S for coordination. In
addition, Zn is an essential trace element and the second-most
abundant element in the body.11 It is crucial for all forms of life
on the planet. Zn is present in all body uids and tissues, with
maximum fractions in the muscle tissue, skeleton, and liver.12 It
has diverse biological functions owing to its redox-inactive
nature. Zn(II) complexes strengthen the immune system;13

regulate RNA transcription and DNA synthesis;14 heal
wounds;15,16 maintain cell growth, cell division, differentiation,
proliferation,17 and prostaglandin function;14 regulate body
uid pH; enhance collagen formation in hair, nails, and skin;18

and improve memory and mental health.
The physicochemical properties of Zn(II), such as its

diamagnetism, strong Lewis acidity, and d10 conguration,
enable the formation of different coordination geometries with
chelating ligands of diverse donor atoms and hapticity.3 More-
over, Zn(II) complexes have exhibited antiproliferative activity,
fast ligand exchange, Lewis acid activation, and catalytic activ-
ities in hydrolysis and DNA cleavage.19,20 In addition, they are
non-toxic, even at high dosages. They have a preventative effect
on infectious diseases and are less harmful anticancer drugs.21

In particular, zinc phthalocyanines serve as photosensitizers or
light-sensitive compounds during the photodynamic treatment
of tumor cells by producing reactive oxygen species (ROS).22

Moreover, Zn(II) forms dimeric and polymeric complexes with
various donor atoms, such as N, O, and S, in ligands of different
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