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ABSTRACT 

The investigation of transition metals in pharmaceutical chemistry encompasses a vital and 

burgeoning area of research, focusing on the unique chemical properties and versatile 

applications of these elements in medicinal contexts. Transition metals, characterized by their 

variable oxidation states and ability to form complex compounds, offer significant potential in the 

design and development of novel therapeutic agents. Their catalytic properties facilitate crucial 

biochemical reactions, enhancing the efficacy of drug formulations and targeting mechanisms. 

Recent advances have highlighted the role of transition metals in anticancer therapies, where 

metal-based drugs, such as platinum complexes, have shown promising results in clinical trials. 

Furthermore, the exploration of transition metals extends to antimicrobial agents, diagnostic 

imaging, and drug delivery systems, providing innovative solutions to persistent medical 

challenges. The intersection of coordination chemistry and pharmacology presents opportunities 

for creating more effective and selective treatments, addressing issues of drug resistance and side 

effects. Continued research in this domain is essential for advancing pharmaceutical sciences, 

leading to the development of new drugs with improved therapeutic profiles and paving the way 

for personalized medicine approaches. 
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I. INTRODUCTION 

The current arsenal of effective anticancer drugs is extremely all-encompassing, with agents that 

can attack not just one, but many different cellular and biological features of different tumour 

types. Anticancer drug development over the past half-century has shifted from conventional 

cytotoxicity to the rational design of selective agents that act on specific cellular targets. Many 

obstacles must still be overcome, but a potential solution may lie at the intersection of structural 

biology and chemistry in the search for effective new cancer treatments. 

Metal ions, such as zinc and copper, are essential to the proper functioning of organisms and are 

widely utilized by many biological systems in nature. Copper, iron, and manganese, among other 

transition metals, are typically found in the active regions of proteins and enzymes and are engaged 
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in a variety of biological activities, including electron transport, catalysis, and structural functions. 

However, abnormalities in the control of several of these crucial metals during normal metabolic 

processes have been linked to the advent of many pathological illnesses, including cancer. Trace 

metals are only needed in extremely small precisely controlled amounts for these cellular 

processes. By comparison, other metals like as arsenic, cadmium, chromium, and nickel are less 

advantageous since they create a wide range of hazardous side-effects, including carcinogenesis. 

Throughout history, numerous metal-containing compounds have been used to treat various 

diseases. Metal complexes have acquired popularity as diagnostic tools and anticancer agents in 

medicinal chemistry, a field previously dominated by organic chemistry. 

Therapeutic potentials of metal-based compounds date back to ancient antiquity. Even back then, 

ancient civilizations like the Assyrians, Egyptians, and Chinese understood the value of employing 

metal-based compounds like cinnabar (mercury sulfide) to heal illness. The introduction of 

“theoretical science”, by Greek philosophers (Empedocles and Aristotle) in the 5th and 4th century 

BC, improved the understanding of metal-based compounds as medicinal agents. Many platinum 

analogues have been studied for their potential as anticancer drugs, but other metal complexes 

containing metal ions, such as zinc(II), copper(II), gold, and copper chelating agents, have also 

garnered significant interest. Furthermore, the clinical studies of ruthenium-containing compounds 

demonstrate the promising future of using non-platinum metal-based compounds in the treatment 

of cancer. 

The first publications on the therapeutic use of transition metal complexes in cancer and leukaemia 

come from the sixteenth century. In 1960 the anti-tumor action of an inorganic compound cis-

diammine-dichloroplatinum (II) (cisplatin) was identified. Cisplatin has turned into one of the most 

often used and most efficient cytostatic medication for treatment of solid carcinomas. Other metal 

like gallium, germanium, tin, bismuth, titanium, ruthenium, rhodium, iridium, molybdenum, 

copper, gold were demonstrated beneficial against cancers in man and animals. 

II. REVIEW OF LITERATURE 

Shumi, Gemechu ET AL., (2022) the aberrant differentiation of cells in or on a region of the body 

is one of the defining characteristics of cancer. The majority of the chemotherapeutic medications 

that are now in use were first created to target fast proliferating cells, such as cancer cells; however, 

these treatments also cause harm to healthy epithelial cells. Consequently, this has severe 

repercussions for normal cells and is responsible for the development of a variety of illnesses. 

Recent years have seen the development of a number of different approaches to the delivery of 

cytotoxic medications to malignant areas, with the goal of minimizing systemic toxicity and other 

associated undesirable effects. Among them, cancer targeting techniques that are based on 

biomolecule-conjugated metal complexes have shown enormous opportunities for improvement 

in cancer treatment. The purpose of this study is to examine a number of chemoselective 

biomolecules-bound metal complexes that have the potential to be target agents for cancer 
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treatment. The purpose of this study was to provide an in-depth analysis of the several extracellular 

and intracellular targeting mechanisms that are used in cancer treatment. We also discussed the 

newest therapeutic tactics and the clinical challenges that are now being faced in targeted cancer 

treatment. These techniques have the potential to pave the way for the future direction of metal 

complexes-based targeted cancer therapy. 

Kostova, Irena. (2022). With the advancements that have been made in the realm of bioinorganic 

chemistry, the function of transition metal complexes as the therapies that are used the most often 

is becoming an increasingly appealing topic of study. The complexes of transition metals offer a 

vast range of interesting pharmacological characteristics, including anticancer, anti-inflammatory, 

antioxidant, anti-infective, etc., actions. The use of transition metal complexes as viable 

alternatives to biologically active organic molecules, particularly as anticancer medicines, has been 

shown within the scientific community. The performance of metal coordination compounds in 

biological systems is expected to be generally different from the action of medications that do not 

include metals, and this difference may give chances for diagnostic and/or therapeutic applications 

that are not available with other pharmaceuticals. The fast development and use of metallocenes 

and metal complexes of elements from Groups 4 to 7 in cancer diagnosis and treatment have been 

discussed in this study. These elements range from the fourth to the seventh group. The majority 

of the heavy metals that are being reviewed in this article are metals that have recently been 

identified. Because of this, the use of their metal-based compounds has garnered a great deal of 

interest with regard to the coordination and organometallic chemistry contained within them. An 

increased number of systematic research on their biological activity, biocompatibility, and toxicity 

are required as a result of all of this, and more investigations are required. 

Rusanov, Daniil ET AL., (2021) Metformin is a medicine that is often used for the treatment and 

management of children and adults who have type 2 diabetes. It belongs to a family of compounds 

known as biguanides, which are distinguished by a broad variety of varied biological 

characteristics, such as anticancer, antibacterial, antimalarial, cardioprotective, and other actions. 

The fact that biguanides are able to rapidly form complexes with practically all transition metals 

and serve as good N-donor bidentate ligands is a previously established fact. Recent research 

shows that the mechanism of action of metformin and its analogues is connected to the metal-

binding capabilities that they possess. Because of these discoveries, we decided to compile a 

summary of the information that is now available on the synthesis methods and biological 

characteristics of a variety of metal complexes with metformin and its analogues. In our study, we 

revealed that the coordination of biologically active biguanides to a variety of metal centers often 

led to an improvement in the pharmacological profile. This improvement included a reduction in 

drug resistance as well as an expansion of the biological activity spectrum. Additionally, 

coordination to the redox-active metal centers, such as Au(III), made it possible to use a variety of 

activatable techniques, which resulted in the selective activation of the prodrugs and a reduction 

in off-target toxicity. 
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III. TRANSITION METALS IN MEDICINAL CHEMISTRY 

Transition metals play a pivotal role in medicinal chemistry due to their diverse chemical 

properties and versatile applications. These metals are integral in catalysis, serving as catalysts in 

organic synthesis for the creation of complex molecules, including pharmaceuticals. Furthermore, 

they contribute to essential biological processes such as oxygen transport, where iron-containing 

compounds like hemoglobin and myoglobin facilitate reversible binding and release of oxygen in 

the bloodstream and muscles, respectively.  

Transition metals are also crucial for electron transfer pathways in respiration and photosynthesis, 

as seen in cytochromes containing iron and copper centers. Moreover, many enzymes rely on 

transition metal ions as cofactors for catalytic activity, highlighting their significance in 

metalloenzymes involved in DNA replication and repair. Notably, platinum-based drugs like 

cisplatin exhibit potent anticancer properties by forming DNA adducts, underscoring the 

importance of understanding transition metal coordination chemistry in drug design.  

Additionally, these metals find utility as imaging agents in MRI due to their paramagnetic 

properties, aiding in the visualization of anatomical structures and pathological conditions. In the 

realm of antibacterial agents, metals such as silver and copper demonstrate antimicrobial activity 

and are explored as alternatives to combat multidrug-resistant bacterial infections. 

IV. CLASSES OF DRUG MOLECULE 

Drug molecules encompass a diverse array of compounds classified into several categories based 

on their chemical structures, mechanisms of action, and therapeutic applications. Small molecules, 

comprising organic compounds with molecular weights typically below 900 Daltons, constitute 

the largest class of drugs. They include widely used therapeutics such as analgesics (e.g., aspirin), 

antibiotics (e.g., penicillin), antihypertensives (e.g., lisinopril), and anticancer agents (e.g., 

paclitaxel). Biologic drugs, on the other hand, are large, complex molecules derived from living 

organisms or produced through biotechnological methods.  

This class encompasses proteins, peptides, antibodies, nucleic acids, and vaccines, offering highly 

specific and effective treatments for various diseases, including autoimmune disorders and cancer. 

Nucleic acid-based drugs, including antisense oligonucleotides, small interfering RNAs (siRNAs), 

and gene editing agents like CRISPR/Cas9, target nucleic acids to modulate gene expression or 

inhibit pathogen replication, holding promise for treating genetic disorders and viral infections. 

Peptide and protein drugs, which mimic endogenous peptides or proteins or target specific 

receptors/enzymes, include insulin, monoclonal antibodies (e.g., adalimumab), and growth factors, 

offering targeted therapies for conditions like diabetes and autoimmune diseases.  

V. COORDINATION CHEMISTRY AND STRUCTURAL CHARACTERIZATION 
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Coordination chemistry delves into the study of coordination compounds, which are molecules or 

ions comprising a central metal atom or ion coordinated to one or more ligands. The field explores 

the diverse structures, properties, and reactivities of these compounds, offering insights into 

fundamental chemical principles and practical applications across various disciplines. Central to 

coordination chemistry is the coordination bond, formed through the sharing of electron pairs 

between the metal and ligands. This bond is characterized by its directional nature and can vary in 

strength depending on factors such as the nature of the metal ion, the identity of the ligands, and 

the coordination geometry. 

Structural characterization plays a pivotal role in elucidating the architecture and behavior of 

coordination compounds. Techniques such as X-ray crystallography, nuclear magnetic resonance 

(NMR) spectroscopy, infrared spectroscopy (IR), and mass spectrometry provide invaluable 

insights into the geometry, connectivity, and bonding interactions within coordination complexes. 

X-ray crystallography, in particular, enables the determination of precise molecular structures by 

analyzing the diffraction patterns of X-rays scattered by crystalline samples. This technique reveals 

detailed information about bond lengths, angles, and coordination environments, facilitating the 

interpretation of complex coordination geometries and stereochemical features. 

NMR spectroscopy, on the other hand, offers insights into the electronic environment and 

coordination dynamics of metal centers and ligands. By examining the chemical shifts, coupling 

constants, and relaxation rates of nuclei within coordination complexes, NMR spectroscopy 

provides information about ligand binding modes, metal-ligand interactions, and structural 

changes induced by environmental factors such as solvent and temperature. IR spectroscopy 

complements these techniques by probing the vibrational modes of coordination compounds, 

providing information about bond strengths, ligand coordination, and symmetry elements present 

in the molecular structure. 

VI. CONCLUSION 

The investigation of transition metals in pharmaceutical chemistry holds immense promise for 

advancing medical science and therapeutic interventions. The unique properties of transition 

metals, such as their variable oxidation states and catalytic capabilities, enable the development of 

innovative drugs and treatments with enhanced efficacy and selectivity. The success of metal-

based drugs in areas like cancer therapy and antimicrobial treatments underscores their potential 

in addressing complex medical challenges. Ongoing research in this field is crucial for overcoming 

current limitations in drug design, improving patient outcomes, and fostering the growth of 

personalized medicine. The continued exploration of transition metals will undoubtedly contribute 

to the evolution of pharmaceutical chemistry, leading to more effective and targeted healthcare 

solutions. 
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