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Abstract

This review explores the role of metal complexes in bioinorganic chemistry, focusing on their coordination

behavior, interactions with biological macromolecules, and diverse applications in medicine and technology.

Transition metal complexes exhibit unique electronic and structural properties that enable them to bind

selectively to DNA and proteins, making them valuable tools in therapeutic and diagnostic applications. The

review also discusses characterization techniques and future directions for the development of multifunctional

and biocompatible metal-based agents.

Introduction

Bioinorganic chemistry is an interdisciplinary field that investigates the role of metal ions in biological

systems. Metal complexes are integral to numerous physiological processes, including oxygen transport,

electron transfer, and catalysis. The discovery of cisplatin as an anticancer agent marked a turning point in the

application of coordination compounds in medicine [1]. Since then, a wide range of metal complexes have

been developed for therapeutic, diagnostic, and catalytic purposes. This review highlights the coordination

chemistry of metal complexes, their interactions with biomolecules, and their applications in various

biomedical and technological domains.

Coordination Chemistry of Metal Complexes

Transition metal complexes are formed by the coordination of metal ions with ligands, which can be neutral or

anionic species donating electron pairs. Common ligands include polypyridyls, Schiff bases, and macrocyclic

compounds. The geometry of these complexes varies depending on the metal center and ligand field, with

common geometries including octahedral, square planar, and tetrahedral arrangements. The electronic

configuration of the metal ion influences its redox properties, magnetic behavior, and photophysical

characteristics, which are critical for their biological activity and technological applications [2].
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Biological Interactions

Metal complexes interact with biological macromolecules such as DNA and proteins through various

mechanisms. In DNA binding, complexes can intercalate between base pairs, bind to the phosphate backbone,

or form covalent adducts with nucleobases. For example, platinum-based drugs like cisplatin form cross-links

with guanine residues, disrupting DNA replication and transcription [3]. Ruthenium polypyridyl complexes

are known for their ability to intercalate DNA and generate reactive oxygen species upon light activation.

Protein targeting involves coordination to amino acid residues such as histidine, cysteine, and methionine,

affecting enzyme activity or protein folding. These interactions can inhibit enzymatic pathways or mimic

natural metalloenzymes, offering therapeutic potential in diseases such as cancer and infections [4].

Applications

Metal complexes have found extensive applications in medicine and technology. In oncology, platinum-based

drugs remain the cornerstone of chemotherapy, while newer agents based on ruthenium, gold, and copper are

being explored for their selective cytotoxicity and reduced side effects [5]. Photodynamic therapy (PDT)

utilizes light-activated metal complexes to generate cytotoxic species that selectively kill cancer cells. In

diagnostics, luminescent complexes of lanthanides and transition metals are used as probes and sensors due to

their unique emission properties. Metal complexes also serve as enzyme mimics, replicating the catalytic

functions of natural metalloenzymes in redox reactions and hydrolytic processes. These applications

underscore the versatility of metal complexes in addressing biomedical challenges.

Characterization Techniques

The study of metal complexes in bioinorganic chemistry relies on a suite of analytical techniques. UV-Vis

spectroscopy provides insights into electronic transitions, while NMR and EPR spectroscopy offer information

on the local environment of nuclei and unpaired electrons, respectively. X-ray crystallography is essential for

determining the three-dimensional structures of complexes, revealing coordination geometries and ligand

orientations. Electrochemical methods such as cyclic voltammetry are used to investigate redox properties.

Computational modeling complements experimental data by predicting electronic structures and binding

affinities [6].

Future Directions

The future of metal complexes in bioinorganic chemistry lies in the development of multifunctional agents

that combine therapeutic and diagnostic capabilities. Targeted delivery systems using nanoparticles or

biomolecule conjugates can enhance selectivity and reduce systemic toxicity. Advances in green chemistry

aim to improve the sustainability and biocompatibility of metal-based drugs. Moreover, the integration of
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artificial intelligence and machine learning in ligand design holds promise for accelerating the discovery of

novel bioactive complexes. Continued interdisciplinary collaboration will be key to unlocking the full

potential of metal complexes in medicine and materials science [7].
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