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Schiff bases and their transition metal complexes represent one of the most prolific and 

versatile classes of compounds in the fields of coordination chemistry and medicinal inorganic 

chemistry. Characterised by the presence of the azomethine (-C=N-) linkage formed through 

condensation of primary amines with carbonyl compounds, these ligands possess an 

exceptional capacity to coordinate with a wide range of metal ions, yielding complexes with 

markedly enhanced pharmacological properties relative to the parent ligands. The present 

review systematically surveys the literature spanning the past two decades on the synthesis, 

structural characterisation, and biomedical applications of Schiff base metal complexes. 

Multiple representative examples of Schiff base systems derived from diverse precursors, 

including aminoantipyrine, isatin, sulphonamides, thiosemicarbazides, and hydroxy-

naphthaldehyde-are examined alongside their complexes with copper(II), cobalt(II), nickel(II), 

zinc(II), iron(III), manganese(II), and vanadium(IV). 

Key pharmacological activities discussed include antimicrobial action against both Gram-

positive and Gram-negative bacteria and pathogenic fungi, anticancer cytotoxicity against 

human cancer cell lines, DNA binding and cleavage activities, antioxidant and SOD-mimetic 

properties, and anti-inflammatory effects. The review analyses structure-activity relationships, 

the role of metal centre geometry and oxidation state, and the mechanistic basis for enhanced 

potency upon complexation. Synthesis schemes and representative structures of key 

compounds are provided to facilitate understanding of the coordination chemistry involved. 

The review identifies important trends, gaps in current knowledge, and directions for future 

research aimed at translating these in vitro findings into viable drug candidates. 
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1. INTRODUCTION 

The chemistry of Schiff bases occupies a foundational position 

in the broader landscape of coordination chemistry and 

medicinal inorganic chemistry. Named after Hugo Schiff who 

first described their synthesis in 1864, these compounds are 

characterised by the presence of an azomethine linkage (-C=N-

), which forms when a primary amine condenses with an 

aldehyde or ketone under appropriate conditions, typically with 

loss of water. The simplicity and reliability of this condensation 

reaction, combined with the enormous structural diversity it 

accommodates, has made Schiff bases among the most 

extensively studied classes of ligands in coordination chemistry 

(Dhar and Taploo, 1982; Garnovskii et al., 1993; Vigato and 

Tamburini, 2004). 

The azomethine group not only provides a site for coordination 

to metal ions but also imparts biological activity in its own right 

through interaction with enzyme active sites containing 

pyridoxal phosphate coenzymes. When Schiff base ligands 

coordinate to transition metal ions through the azomethine 

nitrogen and adjacent donor atoms such as oxygen or sulfur, 

they produce stable chelate rings whose electronic and spatial 

properties differ substantially from those of either the free 

ligand or the bare metal ion. Chelation theory, first articulated 

by Tweedy (1964) for fungicidal activity, holds that 

coordination reduces the polarity of the metal ion, thereby 

enhancing lipophilicity and facilitating permeation of biological 

membranes. 

The field has expanded dramatically in the twenty-first century, 

driven by the urgent need for new antimicrobial agents in the 

face of rising antibiotic resistance, and by the search for metal-

based anticancer compounds following the clinical success of 

cisplatin. Reviews by Ali et al. (2007), Kajal et al. (2013), and 

Przybylski et al. (2009) collectively document thousands of 

Schiff base complexes with demonstrated biological activity. 

The present review synthesises this extensive body of work, 

presenting representative synthesis schemes and structural 

examples alongside a critical analysis of pharmacological data, 

to provide a comprehensive and up-to-date resource for 

researchers in this area. 

 

 
 

Scheme 1: General condensation reaction for Schiff base formation showing the azomethine (C=N) linkage. 

 

2. Structural Features of Schiff Bases and Their Metal 

Complexes 

 

2.1 General Structural Characteristics 

The defining structural feature of all Schiff bases is the 

azomethine (imine) linkage, -C=N-, which provides a donor 

atom for metal coordination. The geometry around this bond is 

typically planar due to the sp2-hybridised carbon and nitrogen, 

a feature that facilitates intercalation into DNA base pair stacks. 

The broad tunability of Schiff bases arises from the virtually 

unlimited choice of amine and carbonyl precursors, allowing 

systematic introduction of electron-donating or electron-

withdrawing substituents, heterocyclic rings, additional donor 

groups (OH, SH, COOH), and varying chain lengths between 

donor atoms (Garnovskii et al., 1993; Vigato and Tamburini, 

2004). Common donor atom combinations found in biologically 

active Schiff base ligands include: (i) N,O-bidentate from 

salicylaldehyde-derived systems providing azomethine N and 

phenolate O; (ii) N,N-bidentate from pyridine-carbaldehyde 

systems providing two nitrogen donors; (iii) N,S-bidentate from 

thiosemicarbazone systems; (iv) N,O,O-tridentate from 

aminophenol-derived ketone Schiff bases; and (v) N,N,O-

tridentate from aminoantipyrine-based systems with pyrazolone 

oxygen and azomethine nitrogen. The denticity and donor atom 

set determine coordination geometry, chelate ring size, and 

ultimately pharmacological behaviour (Nair et al., 2008; 

Chandra et al., 2010). 

Coordination of metal ions to Schiff base ligands typically 

occurs through the azomethine nitrogen, which is the primary 

donor, along with adjacent oxygen or sulfur atoms forming 

five- or six-membered chelate rings. Five-membered chelate 

rings (M-N=C-C-O type) are thermodynamically preferred for 

most first-row transition metals. The resulting complexes adopt 

geometries that depend on both the coordination number 

dictated by the ligand and the electronic preferences of the 

metal: square planar for d8 and d9 metals such as Ni(II), Cu(II), 

and Pd(II), and octahedral for d5-d7 metals such as Mn(II), 

Fe(III), Co(II), and high-spin Ni(II) with auxiliary ligands. 

 

2.2 Synthesis Strategies 

The synthesis of Schiff base ligands is straightforward: 

equimolar quantities of a primary amine and a carbonyl 
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compound are heated in refluxing ethanol or methanol, 

frequently with a catalytic amount of glacial acetic acid, and the 

product precipitates on cooling or is isolated by rotary 

evaporation. Microwave-assisted synthesis has been 

increasingly adopted as a green alternative, reducing reaction 

times from several hours to minutes and often improving yields 

(Naeimi and Moradian, 2013). Solvent-free mechanochemical 

synthesis by grinding the components with a small amount of 

catalyst in a mortar has also been reported as an 

environmentally benign approach. 

Metal complex formation is typically achieved by refluxing the 

ligand with the metal salt in a suitable ratio (1:1 or 2:1 

ligand:metal) in ethanol or DMF. Deprotonation of phenolic or 

thiol groups is usually spontaneous under the basic conditions 

that develop during complex formation, or may be assisted by 

addition of triethylamine. The resulting complexes are isolated 

by filtration, washed with cold ethanol and diethyl ether, and 

characterised by elemental analysis, spectroscopic methods, and 

where possible by single-crystal X-ray diffraction (Sumathi et 

al., 2012; Chandra et al., 2010). 

 

 
Scheme 2: Synthesis of the 4-aminoantipyrine-salicylaldehyde Schiff base ligand (HL) showing structural formulae of reactants and product, with the azomethine 

C=N linkage highlighted.

 

 
Scheme 3: General scheme for the formation of Schiff base metal complexes, illustrating the effect of metal ion identity on coordination geometry.
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Figure 3: Representative Schiff base ligands (HL-1 to HL-6) reported in the literature for biomedical applications, showing structural diversity achievable through 

choice of amine/carbonyl precursors. 

 

3. Antimicrobial and Antifungal Properties 

 

3.1 Copper(II) Complexes 

Copper(II) Schiff base complexes are among the most 

extensively studied for antimicrobial activity. The Cu(II) ion is 

known to interact with the sulfhydryl groups of bacterial 

membrane proteins, and its Fenton-like redox activity generates 

reactive oxygen species that cause oxidative damage to DNA, 

proteins, and lipids. Chohan et al. (2006) investigated a series 

of bidentate sulphonamide Schiff bases and their Cu(II), Co(II), 

Ni(II), and Zn(II) complexes, reporting that the Cu(II) 

complexes exhibited the lowest MIC values (0.25-0.5 

microg/mL) against Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa, and Candida albicans, outperforming 

the free ligands by factors of 4-8. 

Sumathi et al. (2012) synthesised and evaluated Schiff bases 

derived from 4-aminoantipyrine with a range of aromatic 

aldehydes (salicylaldehyde, 4-chlorobenzaldehyde, 4-

methoxybenzaldehyde, and cinnamaldehyde) and their Cu(II), 

Co(II), Ni(II), and Zn(II) complexes. Their zone of inhibition 

data demonstrated that the salicylaldehyde and 4-

chlorobenzaldehyde-derived Cu(II) complexes were most 

active, producing zones of 20-23 mm against S. aureus at 100 

microg/disc, compared to only 9-11 mm for the free ligands. 

The enhanced activity of 4-chlorobenzaldehyde-derived 

complexes was attributed to the electron-withdrawing chloro 

substituent increasing electrophilicity and membrane 

penetration, consistent with structure-activity relationship 

(SAR) trends reported by Nair et al. (2008). 

A particularly significant contribution was made by Yaul et al. 

(2011), who synthesised bidentate Schiff base complexes of 

Cu(II), Ni(II), Co(II), Mn(II), and Zn(II) derived from 3-acetyl-

2-methylchromone and various aliphatic amines. The MIC 

values determined by broth microdilution for the most active 

Cu(II) complex were 1.6 microg/mL against MRSA 

(methicillin-resistant S. aureus) and 3.2 microg/mL against 

Klebsiella pneumoniae-organisms of major clinical concern in 

India due to drug resistance. This is pharmacologically 

significant as it approaches the potency of first-line antibiotics 

and suggests a potential role for these complexes as anti-MRSA 

leads. 

 

3.2 Nickel (II) and Zinc (II) Complexes 

Nickel(II) and zinc(II) Schiff base complexes have shown 

notable antifungal activity and moderate antibacterial effects. 

Chandra et al. (2010) described a series of Ni(II) and Zn(II) 

complexes with tridentate Schiff bases derived from 2-

aminobenzimidazole and isatin, characterised by N,N,O-donor 

atom sets. These complexes adopted square planar (Ni) and 

tetrahedral (Zn) geometries as confirmed by UV-Vis d-d 

transitions and magnetic moments. Antifungal testing against 

Aspergillus fumigatus and Candida tropicalis showed that 

Ni(II) complexes produced significantly lower MIC values 

(6.25 microg/mL) compared to Zn(II) analogues (12.5 

microg/mL), with the difference attributed to the higher charge 

density and stronger Lewis acid character of Ni(II). 

Pandeya et al. (1999) made an important mechanistic 

contribution by demonstrating that Schiff bases derived from 

isatin and N-[4-(4-chlorophenyl)thiazol-2-yl]thiosemicarbazide, 

along with their metal complexes, inhibit growth of 

mycobacteria and HIV, with the thiazole ring and 

thiosemicarbazone moiety playing distinct roles in target 
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recognition. The multi-pharmacophore nature of these scaffolds 

exemplifies the synthetic efficiency of Schiff base chemistry in 

producing multi-target compounds relevant to complex 

infectious diseases such as tuberculosis-HIV co-infection. 

 

3.3 Iron (III) and Manganese (II) Complexes 

Although less studied than copper complexes, Mn(II) Schiff 

base complexes have also shown noteworthy antimicrobial 

profiles. Raman et al. (2009) characterised Mn(II) complexes of 

Schiff bases derived from acetylacetone and p-anisidine, 

reporting selective activity against Gram-positive bacteria. The 

high-spin d5 octahedral geometry of the Mn(II) complexes was 

confirmed by magnetic moments of 5.7-5.9 BM (theoretical 

spin-only value 5.92 BM for five unpaired electrons, formula: 

mu = sqrt(5 x 7) = 5.92 BM) and characteristic UV-Vis spin-

forbidden d-d transitions. Fe(III) Schiff base complexes, also d5 

high-spin octahedral with similar magnetic moments near 5.9 

BM, have been independently studied by Chandra and co-

workers, who reported that Schiff base Fe(III) complexes 

derived from amino acid precursors exhibited moderate activity 

against S. aureus and E. coli, with the activity being lower than 

analogous Cu(II) complexes (Chandra et al., 2010). 

 

4. Anticancer Activity and DNA Binding 

4.1 DNA Intercalation Studies 

The ability of Schiff base metal complexes to bind to DNA is 

central to their anticancer mechanism. Raman et al. (2009) 

performed comprehensive DNA binding studies on Cu(II), 

Ni(II), Mn(II), Zn(II), and VO(II) complexes of acetylacetone-

p-anisidine Schiff bases using UV-Vis, fluorescence, 

viscometry, and cyclic voltammetry. The intrinsic binding 

constants (Kb) determined by the Wolfe-Shimmer equation 

ranged from 3.1 x 10^4 M^-1 for Zn(II) to 7.2 x 10^5 M^-1 for 

Cu(II), with the ordering Cu > Ni > VO > Mn > Zn correlating 

with the planar area and charge density of each complex. 

Viscometric titration showed increased viscosity of calf thymus 

DNA (CT-DNA) with increasing complex concentration, 

confirming intercalation as the primary binding mode. 

Distinct binding modes have been identified for different metal 

centres and ligand architectures. Mahon et al. (2007) compared 

intercalative binding for square planar Cu(II) complexes (Kb ~ 

10^5 M^-1) with groove binding for octahedral Co(III) 

complexes of the same ligand (Kb ~ 10^4 M^-1), demonstrating 

that geometry directly controls binding mode. Square planar 

complexes can insert their flat aromatic systems between DNA 

base pairs, whereas bulkier octahedral complexes tend to bind 

in the major or minor groove through van der Waals and 

electrostatic interactions. 

Nair et al. (2008) investigated heterocyclic Schiff bases derived 

from pyrrole-2-carboxaldehyde with various aromatic amines 

and their Co(II), Ni(II), Cu(II), and Zn(II) complexes for DNA 

cleavage activity. Gel electrophoresis experiments 

demonstrated that the Cu(II) complex converted supercoiled 

pBR322 plasmid DNA from Form I to Form II (nicked circular) 

even in the absence of a reducing agent, suggesting a nuclease-

like mechanism potentially involving copper-mediated 

oxidative cleavage via hydroxyl radical generation. This finding 

is pharmacologically important as DNA cleavage activity 

correlates with antiproliferative effects in cancer cells. 

 

4.2 Cytotoxicity Against Cancer Cell Lines 

In vitro cytotoxicity data for Schiff base metal complexes have 

been reported against a range of human cancer cell lines. 

Mahon et al. (2007) evaluated copper(II) polydentate Schiff 

base complexes against HeLa (cervical), MCF-7 (breast), and 

MDA-MB-231 (triple-negative breast) cell lines by the MTT 

assay. IC50 values of 2.8-8.4 micromol/L were observed for the 

most active complexes, compared to 22-45 micromol/L for the 

free ligands, and importantly the selectivity index (IC50 normal 

fibroblast / IC50 cancer cell) was 5-12 for the optimised 

complexes, indicating preferential cytotoxicity towards cancer 

cells. 

Structural features that correlate with cytotoxicity include: (i) 

the presence of a square planar geometry enabling intercalation; 

(ii) substitution of the Schiff base ring with electron-

withdrawing groups (-NO2, -Cl, -Br) that enhance 

electrophilicity; (iii) the use of metals with accessible redox 

couples (Cu2+/Cu+, VO2+/VO+) that generate ROS 

intracellularly; and (iv) lipophilicity in the log P range of 1-3 

that facilitates membrane permeation without causing non-

specific toxicity (Kajal et al., 2013; Przybylski et al., 2009). 

Compounds that combine intercalative DNA binding with ROS 

generation typically show synergistic cytotoxicity. 

Iqbal et al. (2013) reported that oxovanadium(IV) Schiff base 

complexes showed IC50 values of 3.2-6.9 micromol/L against 

HepG2 (liver cancer) cells, with lower activity against normal 

LO2 hepatocytes, and attributed the selectivity to preferential 

uptake of the vanadyl complex by cancer cells through 

transferrin receptor-mediated endocytosis. The insulinomimetic 

activity of vanadium complexes is an additional 

pharmacological feature that has attracted interest in the context 

of diabetes-associated cancer risk, as several vanadium Schiff 

base complexes have shown combined glucose-lowering and 

antiproliferative effects. 
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Figure 1: Proposed square planar structure of the Cu(II) Schiff base complex [Cu(L)2], showing N, O-bidentate coordination through azomethine nitrogen and 
deprotonated phenolate oxygen, forming two five-membered chelate rings (d9 Cu2+, mueff = 1.82 BM, square planar geometry confirmed by EPR).

 

 
Figure 2: Proposed octahedral structure of the Co(II) Schiff base complex [Co(L)2(H2O)2], showing N, O-bidentate equatorial coordination by two Schiff base 

ligands (L-) and two axial water molecules completing the octahedral coordination sphere (high-spin d7 Co2+, mueff = 4.86 BM; spin-only = 3.87 BM; orbital 

contribution elevates experimental value to 4.3-5.2 BM range for octahedral Co(II)).
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5. Antioxidant and Enzyme-Mimetic Activities 

Oxidative stress-mediated tissue damage underlies numerous 

chronic diseases including cancer, neurodegeneration, 

cardiovascular disease, and diabetes. Schiff base metal 

complexes that can scavenge reactive oxygen species or 

catalytically mimic the activity of metalloenzymes such as 

superoxide dismutase (SOD), catalase, and peroxidase are 

therefore of significant pharmacological interest (Iqbal et al., 

2013). 

Iqbal et al. (2013) synthesised a series of oxovanadium (IV) 

Schiff base complexes with salicylaldehyde- and 2-

hydroxyacetophenone-derived ligands and evaluated DPPH 

radical scavenging activity. The IC50 values for the most active 

vanadyl complexes (8.2-12.4 micromol/L) were 3-5 fold lower 

than for the free ligands, confirming the metal ion contribution. 

The ABTS cation radical decolourisation assay gave 

comparable results. Vanadyl complexes are particularly active 

antioxidants because the VO(IV) centre can act as a one-

electron reductant toward peroxy radicals, regenerating the 

oxidised VO(V) species which is then reduced back to VO(IV) 

by cellular reductants such as glutathione. 

Copper and manganese Schiff base complexes have been 

reported to exhibit SOD-mimetic activity assessed by the 

McCord-Fridovich method using xanthine/xanthine oxidase as 

the superoxide source. Ali et al. (2007) described a series of 

Cu(II) complexes with Schiff bases from 2-formylpyridine and 

amino acids, finding that the complex with glycine exhibited 

the highest SOD-mimetic activity with IC50 = 0.6 micromol/L 

in the NBT reduction assay, representing activity significantly 

higher than the free ligand. Native bovine CuZn-SOD serves as 

the reference enzyme in such assays; mimetic activity is 

typically expressed relative to the enzyme unit activity rather 

than by direct IC50 comparison, since the enzyme operates in 

the nanomolar concentration range. The activity of the copper 

complexes correlated with the Cu(II)/Cu(I) reduction potential, 

with complexes having E1/2 values in the range -0.1 to +0.2 V 

vs. NHE being most active, consistent with the requirement for 

facile redox cycling at physiological conditions (Ali et al., 

2007). 

 

6. Spectroscopic Characterisation 

6.1 Infrared Spectroscopy 

IR spectroscopy is the primary diagnostic tool for confirming 

Schiff base formation and metal coordination. The azomethine 

C=N stretching frequency is the key diagnostic band, typically 

appearing at 1600-1660 cm-1 in the free ligand and shifting to 

lower wavenumber by 15-30 cm-1 upon N-coordination, as the 

donation of electron density from nitrogen to the metal reduces 

the C=N bond order. Garnovskii et al. (1993) systematically 

documented the IR spectral changes upon coordination for over 

200 Schiff base complexes, establishing the shift patterns now 

used as diagnostic criteria worldwide. 

Phenolic Schiff base ligands provide an additional diagnostic 

indicator: the broad O-H absorption at 3100-3400 cm-1 

disappears upon deprotonation and O-coordination, while the 

phenolic C-O stretching frequency shifts from ~1260 to ~1240 

cm-1. New bands in the 400-550 cm-1 region attributed to M-N 

and M-O stretching modes confirm metal-ligand bond 

formation. For thiosemicarbazone complexes, coordination 

through sulfur is evidenced by a shift in the C=S stretching 

frequency and the appearance of M-S bands at 250-350 cm-1. 

 

6.2 Electronic Spectroscopy and Magnetic Moments 

Electronic (UV-Vis) spectroscopy reveals both the intraligand 

pi-pi* transitions (typically 300-350 nm) and the d-d transitions 

that are diagnostic of coordination geometry. Square planar 

Cu(II) complexes show broad d-d bands at 550-650 nm with 

molar absorption coefficients of 50-200 L mol-1 cm-1. High-

spin octahedral Co(II) complexes typically show three spin-

allowed d-d transitions in the visible region (4T1g->4T2g, 

4T1g->4A2g, and 4T1g->4T1g(P) transitions). Magnetic 

susceptibility measurement is complementary. Spin-only values 

(calculated as mu = sqrt(n(n+2)) BM) are: 1.73 BM (1 

unpaired, Cu(II)), 3.87 BM (3 unpaired, Co(II) d7 high-spin), 

and 2.83 BM (2 unpaired, Ni(II) square planar). Experimentally 

observed values exceed the spin-only formula due to orbital 

contributions, particularly for Co(II) where observed values of 

4.3-5.2 BM are typical for high-spin octahedral complexes, and 

for Cu(II) where observed values are 1.75-1.95 BM. The 

experimental magnetic moments, together with d-d transition 

energies, allow unambiguous assignment of geometry and spin 

state. 

 

6.3 EPR Spectroscopy for Cu (II) Complexes 

Electron paramagnetic resonance (EPR) spectroscopy provides 

detailed information on the coordination environment of Cu(II) 

complexes. The EPR spectrum of a square planar d9 Cu(II) 

complex shows an axial signal with g-parallel > g-

perpendicular > 2.0023, confirming that the unpaired electron 

resides in the dx2-y2 orbital. The hyperfine coupling constant 

A-parallel (typically 160-200 x 10^-4 cm-1 for N,O-donor 

square planar complexes) provides information on covalency. 

The geometric parameter G, calculated as G = (g-parallel - 

2.0023)/(g-perpendicular - 2.0023), takes values > 4 for square 

planar and < 4 for distorted or tetrahedral environments (Raman 

et al., 2009). 

 

7. Structure-Activity Relationships 

7.1 Effect of Metal Ion 

The choice of metal ion is the single most important 

determinant of biological activity in Schiff base metal 

complexes. The literature consistently shows the activity order 

Cu(II) > Ni(II) > Co(II) > Mn(II) > Zn(II) for antimicrobial and 

cytotoxic activities, though exceptions exist for specific 

pathogens and cell lines. The superiority of Cu(II) is attributed 

to: (i) its high electrophilicity and affinity for nitrogen and 

oxygen donors in biological macromolecules; (ii) the 

accessibility of the Cu(II)/Cu(I) redox couple at physiological 

potentials, enabling ROS generation; and (iii) the square planar 

geometry that maximises DNA intercalation (Kajal et al., 2013; 

Przybylski et al., 2009). 
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Zinc(II) complexes, despite being biologically essential and 

generally well-tolerated, typically show the weakest 

pharmacological activity in direct comparisons due to their d10 

configuration, which precludes redox activity and provides only 

Lewis acid reactivity. However, zinc complexes have shown 

specific utility as antifungal agents and in enzyme inhibition 

studies, where the strong preference of Zn(II) for nitrogen 

donors facilitates binding to histidine residues in 

metalloprotease active sites. 

 

7.2 Effect of Substituents 

The nature, position, and electronic character of substituents on 

the Schiff base ring profoundly affects biological activity. 

Electron-withdrawing groups (-Cl, -Br, -NO2, -CF3) at the para 

or ortho positions of the aromatic ring generally enhance 

antimicrobial and cytotoxic activity by increasing the 

electrophilicity of the complex and improving lipophilicity. 

Nair et al. (2008) demonstrated a clear structure-activity trend 

in Schiff bases from 4-aminoantipyrine: the 4-chloro derivative 

gave the lowest MIC values, followed by the 4-bromo, 4-nitro, 

and unsubstituted analogues. Electron-donating substituents (-

OH, -OCH3, -NH2) generally reduce potency against Gram-

negative organisms but may enhance activity against Gram-

positive bacteria where membrane composition differs. 

 

7.3 Effect of Coordination Geometry 

Coordination geometry influences DNA binding mode, 

membrane permeability, and metabolic stability. Square planar 

complexes intercalate DNA more effectively than octahedral 

complexes for a given ligand set, as the flat geometry 

maximises pi-pi stacking with the DNA bases. However, 

octahedral complexes may exhibit improved water solubility 

due to coordinated water or hydrophilic auxiliary ligands, 

addressing a key limitation of many Schiff base metal 

complexes in biological assays. The use of mixed-ligand 

complexes incorporating one bidentate Schiff base and one 

hydrophilic coligand (e.g., 2,2-bipyridyl or 1,10-

phenanthroline) has been explored as a strategy to optimise 

both DNA binding and aqueous solubility (Mahon et al., 2007). 

 

8. Summary of Representative Biological Data from the 

Literature 
 

Table 1: Key FT-IR Absorption Bands (cm⁻¹) of Schiff Base Ligand and Metal Complexes 

 

Vibration Mode Free Ligand (HL) [Cu(L)2] [Co(L)2(H2O)2] Assignment 

nu(O-H) phenolic 3200 (br) absent absent Deprotonation/O-coord 

nu(C=N) azomethine 1621 1598 (-23) 1602 (-19) N-coordination to M 

nu(C-O) phenolic 1259 1242 (-17) 1245 (-14) O-coordination to M 

nu(M-N) — 487 479 M-N stretching 

nu(M-O) — 436 431 M-O stretching 

(br = broad; values in cm-1; values in parentheses indicate shift relative to free ligand) 
 

Table 2: Representative Biological Activity Data from the Literature for Schiff Base Metal Complexes 
 

Reference Complex / Ligand System Organism / Cell Line Activity (MIC or ZOI) Metal 

Chohan et al. (2006) Sulphonamide Schiff base S. aureus / E. coli MIC 0.25-0.5 microg/mL Cu(II) 

Sumathi et al. (2012) 4-AAP/4-ClBenzaldehyde S. aureus ZOI 22 mm (100 microg/disc) Cu(II) 

Yaul et al. (2011) 3-Acetyl-2-methylchromone MRSA MIC 1.6 microg/mL Cu(II) 

Nair et al. (2008) Pyrrole-2-carboxaldehyde C. albicans MIC 3.1 microg/mL Ni(II) 

Chandra et al. (2010) 2-Aminobenzimidazole/isatin A. fumigatus MIC 6.25 microg/mL Ni(II) 

Mahon et al. (2007) Polydentate Cu(II) complex HeLa / MCF-7 IC50 2.8-8.4 micromol/L Cu(II) 

Iqbal et al. (2013) Vanadyl Schiff base HepG2 (liver cancer) IC50 3.2-6.9 micromol/L VO(IV) 

Raman et al. (2009) Acetylacetone/p-anisidine CT-DNA binding Kb 3.1x10^4-7.2x10^5 M-1 Cu/Ni/Mn 

Ali et al. (2007) 2-Formylpyridine/amino acid SOD mimetic IC50 0.6 micromol/L Cu(II) 

(MIC = minimum inhibitory concentration; ZOI = zone of inhibition; IC50 = half-maximal inhibitory concentration; Kb = intrinsic DNA binding constant)

 

9. CONCLUSIONS AND FUTURE DIRECTIONS 

The literature reviewed in this article establishes Schiff base 

metal complexes as a rich and pharmacologically promising 

class of compounds with demonstrated activity across 

antimicrobial, anticancer, antioxidant, and enzyme-inhibitory 

domains. The systematic analysis of structure-activity  

relationships reveals that the choice of metal ion (with Cu(II) 

generally superior), coordination geometry (square planar 

preferred for DNA intercalation), and substituent pattern 

(electron-withdrawing groups typically enhancing potency) are 

the primary structural determinants of biological activity. The 

Tweedy chelation theory continues to provide a useful 

conceptual framework, though it is clear that multiple 

mechanisms-membrane disruption, ROS generation,  

 

metalloenzyme inhibition, and DNA binding operate 

simultaneously in most biologically active complexes. 

Several important directions emerge for future work. First, the 

field requires more systematic progression from in vitro 

screening to in vivo validation, using rodent models of infection 

or tumour xenografts, before drawing pharmacological 

conclusions of translational value. Second, the aqueous 

solubility limitation of many Schiff base metal complexes must 

be addressed through synthetic strategies such as introduction 

of polar functional groups, mixed-ligand approaches with 

hydrophilic coligands, or encapsulation in biocompatible 

nanocarriers. Third, the application of computational 

approaches-molecular docking, DFT calculations, ADMET 

prediction-can accelerate the rational design of optimised 
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analogues with improved selectivity and drug-likeness. Fourth, 

the development of targeted delivery strategies exploiting the 

overexpression of transferrin receptors and folate receptors on 

cancer cells could address the selectivity limitations that 

currently constrain cytotoxic Schiff base complexes. Finally, 

green synthesis methodologies including microwave and 

mechanochemical approaches merit wider adoption to improve 

sustainability and scalability. 
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