P-ISSN: 2349-8528
E-ISSN: 2321-4902

WWwWWw .(',ll(']" i.i(lll I'llill.(’U“l
1JCS 2024; 12(5): 131-134
© 2024 1JCS

Received: 03-07-2024
Accepted: 06-08-2024.

Dr. Bansuri K Nandaniya
S.E.T Science College and PG
Center, Junagadh, Gujarat,
India

Dr. Siva Prasad Das
Department of Chemistry,
University Institute of Science,
Chandigarh University, Mohali,
Punjab, India

Divyesh R Chhuchhar
Noble University Junagadh,
Gujarat, India

Mayur G Pithiya

Shree Savaj Dairy Junagadh
District Co-operative Milk
Producers Union LTD. Gujarat,
India

Mayur D Khatariya
Surendra Nagar University,
Gujarat, India

Dr. Darsan Jani
Noble University Junagadh,
Gujarat, India

Dr. Kiran B Dangar

Shree Savaj Dairy Junagadh
District Co-operative Milk
Producers Union LTD. Gujarat,
India

Corresponding Author:

Dr. Kiran B Dangar

Shree Savaj Dairy Junagadh
District Co-operative Milk
Producers Union LTD. Gujarat,
India

International Journal of Chemical Studies 2024; 12(5): 131-134

Studies

International Journal of

Schiff base metal complexes: Advances in
synthesis, characterization, and exploration of
their biological potential

Dr. Bansuri K Nandaniya, Dr. Siva Prasad Das, Divyesh R Chhuchhar,
Mayur G Pithiya, Mayur D Khatariya, Dr. Darsan Jani and Dr. Kiran B
Dangar

Abstract

Schiff base metal complexes are an important class of coordination compounds with significant
biological relevance due to their ease of synthesis, structural versatility, and enhanced biological activity
when coordinated with metal ions. Schiff bases, formed by the condensation of primary amines with
carbonyl compounds, can act as bidentate or multidentate ligands, coordinating with transition metals
such as copper, nickel, cobalt, zinc, and iron. This review discusses the design principles of Schiff base
metal complexes, focusing on ligand modification strategies and the choice of metal ions, as well as
synthesis methods and advanced characterization techniques. The biological activity of these complexes,
including their antimicrobial, anticancer, antioxidant, and enzyme inhibition properties, is reviewed with
a focus on structure-activity relationships. Additionally, the review highlights the therapeutic potential of
these complexes, emphasizing their application in drug development, as well as their challenges and
prospects in medicinal chemistry.

Keywords: Schiff base metal complexes, carbonyl compounds, bidentate, biological activity, therapeutic
potential

1. Introduction

Schiff bases, containing an azomethine functional group (-C=N-), are synthesized via the
condensation of primary amines and aldehydes or ketones M. These compounds have garnered
attention due to their ability to act as ligands, coordinating with a variety of metal ions to form
stable metal complexes . The coordination of metal ions to Schiff base ligands often
enhances the biological activity of the complexes, making them promising candidates for
pharmaceutical applications [,

Transition metals like copper, nickel, cobalt, iron, and zinc are widely used to form Schiff base
metal complexes due to their ability to adopt different coordination geometries and oxidation
states, as well as their involvement in biological processes. The resulting complexes exhibit
enhanced activities compared to the free ligands, attributed to the metal ion's role in facilitating
cell membrane permeation and interaction with biomolecules 1.

2. Designing of Schiff base metal complexes

2.1 Ligand design

Schiff base ligands are typically derived from the condensation of aromatic aldehydes or
ketones with primary amines 1. By modifying the structure of either the aldehyde/ketone or
the amine, one can fine-tune the electronic, steric, and hydrophobic properties of the resulting
complex [, This flexibility allows for the optimization of biological activity by targeting
specific molecular mechanisms 71,

Table 1: Structural variation of Schiff base ligands

Ligand Aldehyde Source
Salicylidene ethylenediamine Salicylaldehyde
2-Hydroxybenzylidene aniline 2-Hydroxybenzaldehyde Aniline
N,N'-Bis(salicylidene)ethylenediamine Salicylaldehyde Ethylenediamine

Amine Source Biological Activity
Ethylenediamine | Anticancer, Antibacterial
Antifungal, Antioxidant

Enzyme Inhibition

~131~


https://www.chemijournal.com/

International Journal of Chemical Studies

Incorporating different functional groups, such as hydroxyl,
halogen, or nitro substituents, can further modify the ligand's
electron-donating or withdrawing capabilities, impacting its
biological properties when coordinated with metal ions [,

2.2 Metal lons
The choice of metal ion is crucial in the design of Schiff base

https://www.chemijournal.com

metal complexes, as the metal ion directly influences the
complex's geometry, redox properties, and biological activity
Bl Transition metals such as Cu(ll), Zn(1l), Ni(ll), and Co(ll)
are frequently employed due to their ability to adopt multiple
oxidation states and coordination geometries 1. The
biological relevance of these metals in enzymatic processes
also enhances the therapeutic potential of the complexes [,

Table 2: Biological activities of Schiff base metal complexes with different metals

Metal lon| Common coordination geometry | Example complex Biological activity Mechanism of action
Cu(ll) Square planar or Octahedral [Cu(sal-en)] Anticancer, Antimicrobial ROS generation, DNA binding
Zn(11) Tetrahedral [Zn(sal-BHA)] | Enzyme Inhibition, Antioxidant | Enzyme binding, Radical scavenging
Co(ll) Octahedral [Co(sal-en)] Antifungal, Anti-inflammatory Disruption of fungal cell walls
Fe(l1) Octahedral [Fe(sal-en)] DNA Cleavage, Antimalarial Redox cycling, DNA cleavage

3. Synthesis of Schiff base metal complexes

The synthesis of Schiff base metal complexes is typically
straightforward, involving the direct coordination of Schiff
base ligands to a metal salt in an appropriate solvent [*2,
Refluxing the mixture facilitates complex formation, followed
by isolation through filtration or crystallization 131,

3.1 Synthetic methodology

One-Pot Synthesis: Schiff bases are formed in situ by the
reaction of aldehydes and amines in the presence of metal
salts, allowing direct coordination to occur 14,

Post-Synthesis Coordination: Pre-formed Schiff base ligands
are mixed with metal salts to form the desired complex under
reflux (91,

4. Characterization techniques

4.1 Spectroscopic techniques

UV-Visible Spectroscopy: Provides information on d-d
transitions, charge transfer bands, and ligand-metal
coordination. Metal-ligand charge transfer (MLCT) bands
confirm the formation of complexes [,

4.1.1 IR spectroscopy: Identifies functional groups and
monitors changes in the imine (C=N) stretch, which shifts
upon metal coordination 1171,

4.1.2 Example: The C=N stretching frequency in free ligands
is typically around 1600-1650 cm™, but shifts to lower
wavenumbers (1550-1580 cm™) upon metal coordination 81,

NMR spectroscopy: Useful for characterizing diamagnetic
Schiff base complexes, particularly those involving Zn(Il) or
Cu(l). The shifts in proton and carbon signals help determine
the coordination environment 19,

4.2 X-ray crystallography

This technique provides detailed information about the three-
dimensional arrangement of atoms, allowing for precise
determination of coordination geometries, bond lengths, and
angles within the complex. The molecular structure also
offers insight into the relationship between structure and
biological activity 2%,

4.3 Mass spectrometry and elemental analysis

Elemental analysis verifies the metal-ligand stoichiometry,
while mass spectrometry confirms the molecular weight of the
complex and provides information on its fragmentation
pattern [21,

4.4 Thermal analysis

Thermal stability is evaluated using thermogravimetric
analysis (TGA) and differential scanning calorimetry (DSC)
221, These techniques provide information about
decomposition temperatures, which is crucial for determining
the stability of the complexes in biological environments %31,

5. Biological activities of Schiff base metal complexes

5.1 Antimicrobial activity

Schiff base metal complexes exhibit broad-spectrum
antimicrobial activity, particularly against pathogenic bacteria
and fungi. Metal ions such as Cu(ll) and Zn(ll) enhance the
interaction ~ with  microbial membranes, increasing
permeability and leading to cell death 24,

5.2 Anticancer activity

Schiff base metal complexes show significant cytotoxicity
against cancer cell lines. Mechanisms include the induction of
apoptosis via reactive oxygen species (ROS) generation, DNA
binding, and disruption of cellular redox balance 2,

Table 3: Schiff base metal complexes with anticancer activity

Complex Metal lon | Cancer cell line tested ICso value (UM) Mechanism of action
[Cu(sal-en)] Cu(ll) HelLa, MCF-7 3.5 (HeLa), 5.2 (MCF-7) ROS generation, DNA binding
[Zn(sal-BHA)] Zn(ll) MDA-MB-231, A549 2.1 (MDA-MB-231), 4.0 (A549) Enzyme inhibition, ROS scavenging

[Co(sal-en)] Co(ll) HT-29, SK-BR-3 6.5 (HT-29), 5.8 (SK-BR-3) DNA binding, Apoptosis

5.3 Antioxidant activity

Schiff base metal complexes, particularly those involving
transition metals such as copper and iron, demonstrate strong
antioxidant properties by scavenging free radicals and
inhibiting oxidative stress [, The antioxidant capacity is
directly related to the redox potential of the metal center 271,

5.4 Enzyme inhibition
Many Schiff base metal complexes act as inhibitors of key

enzymes such as acetylcholinesterase (AChE), tyrosinase, and
carbonic anhydrase. These enzymes are implicated in diseases
like Alzheimer's, cancer, and metabolic disorders [?8],

6. Therapeutic potential and future directions

Schiff base metal complexes offer a versatile platform for
drug development, as their biological activity can be fine-
tuned by altering the ligand structure and choice of metal ion
[291, These complexes have demonstrated significant potential
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in treating cancer, bacterial infections, and neurodegenerative
diseases. However, challenges remain, including the need to
improve the bioavailability, selectivity, and stability of these
complexes in biological systems (2%,

7. Future research should focus on

7.1 Nanotechnology applications: Incorporating Schiff base
metal complexes into nanocarriers to improve drug delivery
and targeting.

7.2 Structure-activity relationships: Understanding how
subtle changes in ligand structure affect biological activity, to
optimize therapeutic efficacy.

7.3 Hybrid compounds: Developing hybrid systems that
combine Schiff base metal complexes with other drug
molecules to achieve synergistic effects and reduce side
effects.

8. Conclusion

Schiff base metal complexes represent a promising avenue in
bioinorganic chemistry, offering enhanced biological activity
compared to free ligands. Their ability to coordinate with
biologically relevant metal ions makes them potential
candidates for a variety of therapeutic applications. This
review highlights the importance of careful ligand design and
metal selection in optimizing the biological efficacy of Schiff
base metal complexes. Advanced characterization techniques
provide essential insights into their structure, directly
correlating with their biological function. Despite the
challenges, continued research in this field holds the potential
for developing novel therapeutic agents with wide-ranging
applications in medicine.
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