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Abstract - Schiff base metallic complexes have received 

significant attention in the scientific community for their 

unique properties and versatile applications across 

various fields, including industry and biology. These 

complexes display various biological activities, including 

antiviral, cytostatic, antibacterial, anticancer, and 

antifungal properties. The influence of certain metals on 

the biological activity of these compounds and their 

intrinsic chemical interest as multidentate ligands has 

prompted a considerable increase in the study of their 

coordination behaviour. This review discusses the 

structural features of metal complexes of the first series 

of transition metals with Schiff bases as ligands having 

different type donor sites. Major developments in this 

field over the past few years and recent research have 

also been briefly discussed. Further perspectives 

concerning the synthesis, structural aspects, 

characterization, and applications are presented. 
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1. INTRODUCTION 
 

The coordination chemistry of transition metal 

complexes has gained momentum in recent years 

because of their versatile applications in various fields 

of chemical and medical sciences and comprises a 

large body of bio-inorganic chemistry research [1]. 

The term “Schiff base” is named in recognition of the 

Italian–German chemist, the noble prize winner Hugo 

Schiff (1834–1915), who first synthesized this group 

of compounds. A Schiff base (SB) is comprised of 

imine group (–RC=N–) and is generally synthesized 

by condensation between a primary amine (R-NH2) 

and an active carbonyl (RCOR′) compound (an 

aldehyde or ketone) [Scheme 1] [2]. 
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Scheme 1: General method of Synthesis of Schiff base [2] 

Schiff Bases are used extensively as organic 

compounds that coordinate with metal ions through 

imine or azomethine nitrogen (C=N) and support an 

ample spectrum of biological behaviours of these 

azomethinic compounds [3].The interaction study 

between DNA and transition metal  Schiff base 

complexes has fascinated several benefits because of 

their importance in molecular biology, chemotherapy 

and the design of new kinds of pharmacological 

molecules [4] [5] [6]. Transition metal complexes 

containing Schiff base ligands have a wide range of 

biological applications, including antibacterial, 

fungicidal, anti-inflammatory, agrochemical, and 

antiviral therapy [7]  [8] [9].They also have various 

properties as biochemical, clinical, and 

pharmacological. The presence of the imine group in 

these compounds is the main reason they show many 

biological properties [10] [11] [12]. A wide variety of 

applications of several SBs is reported in various 

fields, including the organic and inorganic chemistry, 

analytical, catalysis, pharmaceutical, biological, food 

and dye industries, and pharmacological activities [13] 

Such as anti-inflammatory [14], antitumor [15], 

anticonvulsant [16], antifungal [17], analgesic [18], 

antibacterial [19], antimalarial [20], antiviral [21], 

anthelmintic [22], antioxidant [23] and so forth. SBs 

effortlessly form stable complexes with main group 

elements, transition metals, lanthanide, and actinides 

elements as they easily retain tenability of their stereo-

electronic structures, which  explains why they are 

regarded as “privileged ligands” [10]. 
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2. TRANSITION METAL COMPLEXES OF 

SCHIFF BASE LIGAND 
 

2.1 TITANIUM COMPLEXES 

A titanium (IV) Schiff base complex, [Ti(L)2]·H2O, 

was synthesized by treating TiO(acac)2 with an ONO-

donor Schiff base ligand (H2L) derived from the 

condensation of 4-aminobenzohydrazide and 3-

methoxysalicylaldehyde. The synthesized ligand and 

its respective complex were characterized by various 

spectroscopic techniques and elemental analysis 

(CHN). A single-crystal X-ray diffraction (SC-XRD) 

analysis was also accomplished to ensure the 

molecular structure of the complex. The geometry 

around the central metal ion in [Ti(L)2]·H2O  was 

distorted octahedral as revealed by the data collected 

from diffraction studies. Hirshfeld surface analysis 

showed that H…H interatomic contact is the most 

significant contributor to the crystal packing of the 

complex. Moreover, theoretical calculations of the 

Schiff base complex were carried out by DFT at the 

B3LYP/Def2-TZVP level of theory, which showed a 

good correlation with the experimental findings [24]. 

The titanium (IV) complexes of Schiff bases derived 

from aroylhydrazine e.g. benzoylhydrazine, salicy-

loylhydrazine, nicotinic acid hydrazide with aldehyde 

or ketone are reported and characterized based on 

spectroscopy, magnetic susceptibility and molar 

conductance measurements. Complexes are found to 

possess 1:2 (metal:ligand) stoichiometry. The 

prepared ligands were act as dibasic tridentate ligands. 

On the basis of experimental evidences octahedral 

geometry has been proposed for prepared complexes. 

Geometry was confirmed by the optimized structure 

obtained from computational study. The synthesized 

ligands, in comparison to their titanium (IV) 

complexes, were also screened for their microbial and 

antioxidant properties [25]. 
 

2.2. VANADIUM COMPLEXES 

A novel oxovanadium complex, prepared from the 

reaction of hydrated VOSO4 with an azo-ligand 

derived from the synthesis of 2-hydroxy-5-

(phenyldiazenyl)benzaldehyde and L-serine, was 

structurally investigated using powder XRD, Rietveld 

analysis, infrared, ultraviolet-visible (UV-Vis), 

circular dichroism (CD), fluorescence measurements, 

cyclic voltammograms (CV), electron spin resonance 

(ESR), and a superconducting quantum interference 

device (SQUID). In addition, the stability of the 

complex in the presence of laccase was also explored. 

The UV–Vis absorption spectra of the studied 

complex exhibited a maximum degradation of ∼ 60% 

and minimum degradation of approximately ∼ 10% 

after two days of exposure to laccase based on the 

decrease in absorbance induced by azobenzene π-π* 

absorption. However, the rate of degradation is 

considerably slower than predicted [26]. 

Four dioxidovanadium (V) complexes with formula 

[VO2(L)]− (where L = Schiff base ligand, formed by 

reacting 3-hydroxy-2-naphtoic hydrazide with 5-

chlorosalicylaldehyde or 5-bromosalicylaldehyde) 

have been isolated and structurally characterized based 

on elemental analysis, IR and UV–Vis spectra results. 

The X-ray crystal structure diffraction analyses of all 

complexes indicate a distorted square pyramidal 

geometry for the vanadium (V) atom, being 

coordinated by the tridentate Schiff base and two 

oxido groups. The complexes are charge-balanced by 

triethylammonium or diethylammoniumcations, and 

the hydrogen bond interactions between the ionic 

species are discussed. Ionic vanadium complexes are 

characterized by better solubility in water compared to 

neutral molecules, and this represents an important 

feature if these compounds have to be used as 

pharmaceuticals. The stability of the complexes at 

pH = 2 and 7 was established by UV–Vis spectroscopy 

and compared to the previously studied potential 

insulin-mimetic vanadium (III-V) complexes with 

Schiff base ligands. The effect of the cation on the 

solubility of the complexes in water and their stability 

in solution has been described in detailed [27]. 

The green synthesis of a Schiff base (H2L) and its 

vanadium complex Na[VO2L] have been studied. The 

compounds were derived from salicylaldehyde, 

diethylenetriamine and vanadyl sulphate by applying 

grinding method to overcome environmental issues 

with solvents (Scheme 2). The compounds were 

characterized with elemental, EDX, magnetic 

susceptibility, molar conductance and spectroscopic 

analysis. The synthesized vanadium (V) complex was 

an efficient and selective catalyst towards oxidation of 

organic sulfides and alcohols. A suitable mechanism 

for catalytic oxidation was proposed which was 

verified by theoretical calculations using the 

GAUSSIAN16 suite. Na[VO2L] exhibited strong 

antibacterial activity against Gram-positive and Gram-

negative bacterial strains [28]. 
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Scheme 2: Green synthesis of H2L and Na[VO2L][28] 

A new ONO-tridentate Schiff base ligand (H2L) 

derived from 3-methoxysalicylaldehyde and nicotinic 

hydrazide was synthesized and characterized by 

elemental analysis, spectral studies and powder XRD 

studies. Then, oxovanadium (V) Schiff base complex 

VOL was prepared and characterized by different 

techniques. Moreover, the catalytic activities of 

complexes were investigated for the synthesis of 

benzimidazoles, benzoxazoles, and benzothiazoles 

under reflux conditions as well as through ultrasonic 

irradiation. The results revealed several advantages of 

this procedure, including high product yields, short 

reaction times, facile work-up procedure, simplicity in 

operation, eco-friendly reaction conditions, and green 

aspects by avoiding toxic catalysts and solvents [29]. 
 

2.3 CHROMIUM COMPLEXES 

2-((4-Hydroxyphenylimino) methyl)-6-

methoxyphenol (OVAP) ligand was synthesized by 

refluxing 2-hydroxy-3-methoxybenzaldehyde with p-

aminophenol and its chromium metal complex 

[Cr(OVAP)2] (Scheme 3). The ligand and its metal 

complexes were characterized by different spectral 

techniques, elemental analysis and conductivity 

measurements. The elemental analysis and mass 

spectral studies suggest 1:2 metal ligand stoichiometry 

of the type ML2. All the spectral results suggests 

octahedral geometry for [Cr(OVAP)2]. Kinetic 

parameters of the complex was estimated by Coats–

Redfern method, and the complex was found to be 

thermally stable. DNA binding affinity of this metal 

complex was explored by means of fluorescence, 

ultraviolet (UV)–visible and viscosity studies and the 

studies suggested intercalative mode. The Kb values 

from the absorption study is 2.98 x105 and Ksv values 

from fluorescence studies are 3.79 x104 for complex 

[Cr(OVAP)2] [30]. 
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Scheme 3: Synthesis of ligand (OVAP) and its complex [Cr(OVAP)2][30] 
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Cr (III) metal complex of Schiff bases was synthesized 

from the condensation reaction between 4-

(dimethylamino)benzaldehyde and 4-amino-3-

hydroxy-naphthalene-1-sulfonic acid. Their structure 

was investigated by different physicochemical 

techniques. The elemental analysis data suggested a 

1:1 [M:L] ratio for the complex. The molar 

conductance measurements of the complex indicate 

their electrolytic nature in DMSO as a solvent. The 

absorption bands in the electronic spectra verified an 

octahedral environment around the metal ions in the 

complex [31]. A novel ligand was synthesized from 

sulfadimidine sodium and 2-hydroxy-1-

naphthaldehyde and coordinated with Cr (II) to 

produce novel micro- and nanocomplexes that was 

characterized by various physicochemical and spectral 

analyses. XRD and TEM results revealed that the nano 

sized Chromium complex was found to be in the sub-

nano scale, and temperature variations have a 

significant impact on the size of the nano complexes. 

The obtained results from the theoretical study are in 

good agreement with the experimental results. The 

antitumor studies on Chromium nanocomplex showed 

an inhibition of HEPG-2 cell line and the antitumor 

activity of the nano complex was improved after 

heating them at 200 °C. Furthermore, a molecular 

docking study revealed that Chromium nano complex 

has the highest activity with the receptor of (PDB ID: 

5A19) and (PDB ID: 6lu7) in liver cancer and COVID-

19, respectively [32]. A  new chromium (III) complex 

was synthesized and characterized by spectral, 

elemental analysis, TGA, conductivity, XRD, SEM, 

and magnetic susceptibility measurements. Structural 

analysis revealed a bi-dentate chelation and octahedral 

geometry for the synthesized complexes. The optical 

band gap of the Cr (III)-L complex was found to 3.25 

eV, and revealing semiconducting properties. The X-

ray diffraction patterns showed nano-crystalline 

particles for the obtained complexes. In addition, the 

synthesized metal complexes were examined as 

corrosion inhibitors for mild steel in acid solution. The 

electrochemical investigations showed a maximum 

inhibition efficiency of  95.45%. Frontier Molecular 

orbital (FMO) and Natural bond orbital (NBO) 

computations showed good tendency of the ligand to 

donate electrons to the metal through nitrogen atoms 

while the resultant complexes tended to donate 

electrons to mild steel more effectively through 

oxygen atoms and phenyl groups [33]. 

2.4 MANGANESE COMPLEXES 

Four Mn (II) complexes based on the 2,6-

diacetylpyridine bis(isonicotinoylhydrazone) (H2L1) 

and 2,6-diacetylpyridinebis(nicotinoylhydrazone) 

(H2L2), were prepared using different synthetic 

conditions. Discrete mononuclear 

[Mn(H2L1)2(H2O)2](NO3)2 (1) and trinuclear 

[Mn3(H2L1)2(NCS)2Cl4(H2O)2] (2) complexes and two 

2D coordination polymers 

{[Mn3(L1)3(H2O)2]1.5C2H5OH}n (3) and 

{[MnL2]dmf}n (4), where dmf = N,N-

dimethylformamide have been formed. Single-crystal 

X-ray diffraction study shows that H2L1 and H2L2, 

which differ only by para or meta position of radicals 

with respect to the nitrogen atoms in the terminal 

pyridyl fragments, demonstrate chelate or chelate-

bridging coordination mode with N3O2, or N4O2 and 

N5O2 donor atoms, respectively. The planar-chelate 

coordination of these ligands provides the pentagonal-

bipyramidal surrounding of Mn (II) and the terminal 

pyridyl moieties promote bridging function and 

structure expansion in 2–4 as well as octahedral Cl2N4 

coordination geometry for one of Mn (II) atoms in the 

trinuclear complex 2. All compounds have been 

investigated in the solid state by IR spectroscopy and 

thermal analysis in order to understand the influence 

of the inorganic anion presence/absence on the 

stability  of synthesized compounds [34]. 

The synthesis, characterization, and examination of 

anti-corrosion performance of 2-furaldehyde 

semicarbazone Schiff base (FSC) complex of  

manganese (II) (scheme 4) on XC38 carbon steel 

immersed in 1 M HCl solution are performed using 

experimental investigations and quantum chemical 

simulation approaches. The theoretical approaches 

used were DFT calculations and MC simulation. The 

inhibition effect was also studied by electrochemical 

impedance spectroscopy (EIS), and potentiodynamic 

polarization (PDP). Electrochemical testing results 

show that these chemical compounds are particularly 

powerful inhibitors, which FSC-Mn provides a 

considerable inhibition of 91.48%at 500 ppm [35].  
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Scheme 4: Structure of 2-furaldehyde semicarbazone 

Schiff base –MnComplex [35] 

Six catalysts MnL1 –MnL6 , containing two crown 

ether rings and their analogs supported on the MCM-

41 heterogeneous substrate (MnL1MCM41-

MnL5MCM41) were synthesized and characterized. A 

mixture of molecular oxygen, as an oxidant, and these 

catalysts were used for the epoxidation of styrene. As 

a general result, the supported catalysts showed better 

performance compared with the unsupported analogs. 

On the other hand, the supported species, in addition 

to recyclability, did not require an axial base and 

reducing agent [36]. 

The Schiff base ligand 2-hydroxybenzalidene-1-

naphthylamine and its Mn (II) complex was 

synthesized and characterized using, conductivity 

measurement, magnetic susceptibility, elemental 

analyses, melting point/decomposition temperature, 

spectral analysis and solubility test. The molar 

conductance values range (6.52 – 23.1 Ω-1cm2mol-1) 

revealed non-electrolytic nature of the complex. The 

magnetic susceptibility values; 5.91 BM indicated Mn 

(II) complex as paramagnetic. The high decomposition 

temperature range (201–223°C) indicated good 

stability of the complexes. The infrared spectra 

analysis results suggested that the Schiff base behave 

as bidentate ligand coordinates to metal ion via 

azomethine nitrogen and phenolic oxygen (scheme 5). 

The antimicrobial activity of the Schiff base and its 

metal complexes were carried out using agar well 

diffusion method against two bacteria strains; 

(Salmonella typhi and streptococcus pneumoniae) and 

two fungal isolates; (Aspergillus fumigatus and 

Rhizopus species). The results revealed that the Schiff 

base and its metal complexes exhibited moderate 

antimicrobial activity as compared with the standard 

drugs; (Gentamycin and Nystatin) [37]. 

N

O N

O

Mn

 
Scheme 5: Structures of Mn( II )- Schiff base 

complex [37] 

A novel Schiff base octaazamacrocyclic ligands 

(N8MacL1-N8MacL3) and their Mn (II) complexes 

[Mn(N8MacL1)Cl2-Mn(N8MacL3)Cl2](Scheme6) 

were synthesized.The synthesized compounds were 

characterized by spectral techniques, powder X-ray 

diffraction studies, together with elemental (CHN) 

analysis, molar conductance, and magnetic 

susceptibility measurements. Calculations based on 

density functional theory (DFT) help in determining 

the stability of synthesized macrocylic ligands. 

Electronic spectra led to the assignment of an 

octahedral geometry to the synthesized macrocyclic 

complexes. In vitro cytotoxicity of macrocyclic 

ligands and their Mn(II) complexes was examined 

against three distinct cancerous cell lines, including  

HeLa, A549, and MCF7 cells. Moreover, 

the antimicrobial activity of the synthesized 

compounds was also evaluated against bacterial (E. 

coli, B. subtilis) and fungal strains (C. albicans, F. 

oxysporum). The results indicate that the macrocyclic 

Mn(II) complexes have more antimicrobial potential 

than macrocyclic ligands against tested pathogens 

[38]. 
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Scheme 6: Mn(II) complexes [Mn(N8MacL1)Cl2-

Mn(N8MacL3)Cl2] [38] 
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2.5 IRON COMPLEXES 

Two new azomethine chelates for Fe (III)  were 

prepared from two dibasic tetradentate chelating imine 

ligands. 2,2′-((1E,1′E)-((4-nitro-1,2-phenylene) 

bis(azanylylidene))bis(methanylylidene))bis(4-

bromophenol)(NABS) and 2,2′-((1E,1′E)-((4,5-

dimethyl-1,2-phenylene)bis(azanylylidene)) 

bis(methanylylidene)) bis(4-bromophenol) (MABS) 

Schiff base ligands were uesd for spectral  studies. 

Alternative spectral and physicochemical tools were 

applied to inspect the structural composition of the 

compounds under investigation. The synthesized 

compounds examined as an anticorrosive films of C-

steel in acidic chloride medium utilizing theoretical 

and electrochemical studies such electrochemical 

impedance spectroscopy (EIS), potentiodynamic 

polarization (PDP), and potentiodynamic anodic 

polarization curve (PAP) approaches. The prepared 

Schiff bases and their iron complexes exhibited 

protection capacity around 96.8% in the presence of 

0.5 mmol/L. A good agreement among experimental 

techniques and corresponding density functional 

theory (DFT) results was found, which confirmed the 

purity of the studied compounds and suggested 

octahedral geometry around Fe(III) ions in both 

MABSFe and NABSFe complexes [39]. 

bis-2-((1E)-((Z)-2-(1,2-diphenylethylideneamino) 

phenylimino)methyl)phenol(L1)  

and bis-2-((1E)-((E)-2-(1-phenylethylideneamino) 

phenylimino)methyl)phenol (L2) Schiff base ligand 

and its Fe (III) complexes synthesized and chara-

cterized by elemental analysis, molar conductance, 

magnetic susceptibility and various spectral analysis. 

Using Gaussian 09 molecular modelling, bond lengths, 

bond angles and Mulliken charge were also evaluated. 

In addition to this study of HOMO and LUMO 

molecular orbital have been performed. The spectral 

data revealed that the Schiff base acts as atetradentate 

ligand coordinating through phenolic oxygen and 

imino nitrogen and their Fe (III) complexes have 

octahedral geometry (scheme 7). Oxygen binding 

study suggested that complex 1 and 2 exhibits 

significant binding affinity with oxygen.The 

compounds were screened for antibacterial activity 

against gram negative bacteria Escherichia coli and 

compared with Amoxicillin. Complexes have 

exhibited significant antibacterial activity. The 

corrosion inhibition effect of ligands and complexes 

on mild steel in acidic medium was studied for 24, 48 

and 72 h using weight loss measurement [40] 

NN

H CH3

O O

Fe

H2O

Cl

NN

H

O O

Fe

H2O

Cl

Scheme 7: Structure of complex 1and 2 in octahedral 

geometry[40]. 

A new tetradentate Fe (II) Schiff base complexes have 

been prepared by the interaction of iron (III) 

acetylacetonate with the ligand obtained from the 

reaction of ethylenediamine and 50-(N-methyl-N-

phenylaminomethyl)-20-hydroxyacetophenone in 

methanol (Scheme 8). This complex has been 

characterized by means of different spectroscopic 

techniques and elemental analysis. In addition 

thermogravimetric (TG) and differential thermo-

gravimetric analysis (DTG) have been utilized to 

investigate the thermal stability of these complexes. 

Cyclic voltammetry has been employed to examine the 

electrochemical behaviour of the synthesized complex 

in dimethyl sulfoxide (DMSO) at a glassy carbon 

electrode. This complex displayed one quasi-

reversible single electron transfer peak near 0.255 

Vvs. Finally, the antioxidant activity of the newly 

prepared complexes has been investigated using the 

2,2-diphenyl-1-picrylhydrazyle (DPPH) free radical 

scavenging assay [41].  
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Scheme 8:   Synthesis of Schiff base complex of 

Fe(II) [41] 

Developed three reduced amino acid based Schiff base 

ligands using L-alanine, L-phenylalanine and L-

tyrosine as precursors and then these derived ligands 

were coordinated with FeCl3·6H2O to form the 

corresponding iron (III) complexes Ala-FeCl, Ph-FeCl 

and Tyr-FeCl, respectively. The ligands and 
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complexes have been characterized using spectral, 

elemental analysis, ICP-AES analysis. After the 

structural characterization, these complexes were 

applied for the oxidation of cyclohexane using 

hydrogen peroxide as the oxidant under mild 

conditions. The activity tests showed that the L-

phenylalanine-derived reduced Schiff base iron (III) 

complex (Ph-FeCl) afforded the highest yield of 

cyclohexanol and cyclohexanone (total yield up to 

23.2%) [42]. 

 

2.6. COBALT COMPLEXES 

Novel dinuclear complex [Co2(HL1)2(H2O)2]·8H2O 

(1) obtained from the Schiff base ligands H3L1 (formed 

in situ). The bonding characteristics of the ligands, and 

distorted octahedral geometry around Co (II) 

centre,and its characterization data including X-ray 

studies. The moderate ferromagnetic exchange 

between the metal centres in molecules has been 

ascertained by variable temperature magnetic 

measurements. Theoretical calculations (DFT) also 

support these magnetic interactions.  Complex 1 

exhibits potential activity towards the oxidation of the 

3,5-DTBC to 3,5-DTBQ and could be employed as 

model metalloenzyme (catechol oxidase). This activity 

has been authenticated by DFT and is attributed to the 

higher charge contribution on metal in case of complex 

1. Moreover, the present complex1 screened for HeLa 

and A549 cells lines have been proven to show better 

anticancer activity than cis-platin with IC50 ≈ 7.0 at 

48 h [43]. 

A new Schiff base ligand and its Cobalt (II) complexes 

[CoCl·L(H2O)2]·2H2O was synthesized (scheme 9). 

Geometric structures of newly synthesized metal 

complexes were determined based on the results of 

spectral, CHN microanalysis, magnetic susceptibility 

and thermal analysis. All spectroscopic data supports 

the formation of an octahedral structure to the Co (II) 

complex. In vitro anticancer activities of the newly 

synthesized compound were evaluated on the human 

Caco-2 cancer cell line and biocompatibility 

characteristics were determined in the L-929 normal 

cell line by using the MTT assay. These synthesized 

complexes can be developed as chemotherapeutic 

agents for colon cancer treatment and can yield 

promising results in combined applications with EP. 

Further, studies are needed to expand the application 

of ECT with different complexes, drugs and vaccines 

[44]. 
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Scheme 9: The structure of Schiff base complex [44] 

Synthesis of four cobalt (II) complexes with the 

reduced Schiff base N-(2-hydroxybenzyl) 

phenylalanine (PhAlaSal) in alkaline aqueous solution 

by pH-metry. UV–Vis and ESI–MS studies confirmed 

the model of proposed species. Kinetic analysis 

indicated that the single and bi-ligand cobalt(II) 

complexes transitioned from octahedral to tetrahedral 

structures. This PhAlaSal alone appears a more 

effective antimicrobial than the analogous Schiff base 

derivative N-(2-hydroxybenzyl)alanine (AlaSal) 

probably due to the presence of the benzyl group. Due 

to their cytotoxicity, Schiff base complexes are not 

suitable for use against fungal and bacterial infections, 

but may effectively prevent cancer cell growth [45]. 

Schiff base ligand (HL)=2-(((2-hydroxyethyl)imino) 

methyl)phenol) and its complex of cobalt (III) having 

the formula [CoL3](CoSal)  have been synthesized 

(Scheme 10) and characterized micro-analytically and 

spectroscopically. The nature of these interactions has 

been addressed with the aid of Hirshfeld surface 

analysis. This compound have been used as sensitizer 

in TiO2 based dye sensitized solar cells (DSSCs) and 

the DSSC experiments revealed that Co-Sal offers 

high photovoltaic performance. The Co-Sal exhibited 

a Jscof 9.75 mA cm−2 with a Voc of −0.648 V, incident 

photon to current conversion efficiency (IPCE) of 57% 

and η of 3.84%. The better photovoltaic performance 

of Co-Sal could be attributed to better light absorption 

and dye loading [46]. 
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Scheme 10: Synthetic routes for the sensitizer [46] 

Two complexes of cobalt (II) were prepared with new 

Schiff base and amide ligand by using a common 

condensation reaction between benzidine with 4- 

hydroxy-3-methox benzaldehyde to prepare a first 

ligand while the other ligand was prepared between 4-

chlorobenzoicacid and 1,4-diamino benzene. Both 

ligands have been added to Cobalt(II) yielded two 

complexes to identify all of these compounds in 

addition to measure the molar conductivity of 

complexes, at end all the evidences proved that 

formation of complexes with sp3d2 hybridization and 

octahedral geometry. After the incubation period at 37 

°C for 24 h, the biological behavior of the binding 

produced with its antibacterial compounds against 

(Staphylococcus aureus and Escherichia coli) at 

different concentrations (10, 50 and 200) ppm was 

examined. The results showed that the performance of 

the prepared compounds was better in resisting and 

reducing the growth of bacteria tested at high 

concentrations [47]. 

 

2.7 NICKEL AND PALLADIUM COMPLEXES 

Two Ni(II) complexes [Ni2(L1)2(SCN)2(dmf)2] (1) and 

[Ni(L2)(SCN)] (2) [where HL1 = 2-ethoxy-6-[(2-

phenylamino-ethylimino)-methyl]-phenol,HL2 = 2-

[(2-pyrrolidin-1-ylethylimino)-methyl]-phenol,dmf 

= N,N-dimethylformamide], have been synthesized 

and characterized by single crystal X-ray diffraction, 

IR and mass spectroscopic studies. In the 

centrosymmetric complex 1 two Ni(L1) fragments are 

connected via µ2-oxo bridges and the metals complete 

the octahedral coordination with one thiocyanate and 

one DMF solvent molecule. In complex 2 the Ni(II) 

ion is coordinated by the tridentate Schiff base and a 

thiocyanate in a square planar environment. Both the 

complexes form 1D supra-molecular network through 

C-H…π interactions and complex 2 also via H-

bonding. The interaction of complexes with serum 

albumins was investigated using UV–Vis absorption 

and fluorescence spectroscopic techniques [48]. 

Schiff base ligand [3-(2-hydroxyphenylimino)-1,3-

dihydroindol-2-one] was synthesized by the 

condensation reaction of isatin with 2-aminophenol. 

The Schiff base and its metal complex with Ni (II)  was 

permeated by  some physicochemical measurements. 

Based on analytical data allied with spectroscopic 

studies spilled that Ni (II) offered square planar 

geometry. The complex was undergone thermal 

analysis (TGA and DTG); complexes were found 

thermally stable up to 200°C. The ligand and the 

complex were played mild to sturdy antibacterial 

activity against numerous pathogenic bacteria species, 

although growth inhibitory activities of complex were 

enhanced comparatively than their respective ligands. 

Additionally, molecular docking analysis and quantum 

computational calculations based on the density 

functional theory (DFT) approach were used to study 

the molecular characteristics of the novel complexes 

and provide in-depth insights into their involvement in 

their ability to restrict bacterial growth[49]. 

New Schiff base was synthesized from condensation 

of anthracene-10-carbaldehyde with 4-amino-3-

mercapto-1,2,4-triazin-5(4H)-one. Resulted azometh-

ine was characterized via elemental analysisand 

spectroscopic studies. Thereafter, novel Schiff base 

complex with Ni (II) metal was prepared and 

characterized by analytical, conductivity data and 

various spectroscopic techniques, magnetic moment as 

well as cyclic voltammetry. Low conductivity data of 

compoundreveal their neutral and non-electrolytic 

character. Antimicrobial potentials of Schiff base and 

its metal chelate was evaluated against wide spectrum 

of bacterial cultures such as P. aeruginosa, S. aureus, 

B. subtilis, E. coli and fungi like A. niger and A. flavus 

[50]. 

A new nickel (II) complex (NiLUns) is synthesized by 

the reaction of unsymmetrical tetradentatesalophen-

based Schiff base (H2LUns) with Ni(CH3COO)2.4H2O. 

The different techniques were used for structural 

elucidation of the H2LUns and NiLUns complex. The 

crystal structure of the nickel complex was studied in 
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detail with the help of the X-ray diffraction techniques. 

It was revealed from the diffraction data that the ligand 

chelates the Ni (II) ion by using its ONNO set of donor 

sites and forms a square planar geometry (scheme 11). 

The different types of strong as well as weak 

intermolecular interactions were explored with the 

help of Hirshfeld surface investigation. The theoretical 

parameters of the optimized structures were calculated 

by the DFT employing the B3LYP/Def2-TZVP level 

of theory. Furthermore, the synthesized NiLUns 

complex was screened against four different bacterial 

strains to evaluate its biocidal potential, which 

revealed that metal chelate is slightly more active than 

the free ligand. The synthesized NiLUns complex is 

novel concerning its spectroscopic analysis, 

diffraction studies, theoretical investigation, and 

antibacterial screening [51]. 

C C

HH

O O

O O

CH3

N N

Ni

 
Scheme 11: Square planar geometry of Ni(II) 

complex [51] 

The new tetradentate Schiff base and its Pd (II) and Ni 

(II) complexes have been prepared via condensation 

reaction (scheme 12). The formation of the Schiff base 

and its metal complexes was verified through the 

physicochemical and spectroscopic analysis. The 

shifting of significant peaks in spectra indicated that 

the complexation had taken place through the 

deprotonation of phenolic proton and shifting of 

azomethine nitrogen. Based on single-crystal X-ray 

diffraction, it can be concluded that the ligand 

coordinated to Pd (II) and Ni (II) ions through ONNO 

donor atoms and the [Pd (AD1Me)] and [Ni(AD1Me)] 

adopted distorted square planar geometry. The 

Hirshfeld surface analysis revealed H··· H contacts in 

the crystal structure of [Pd(AD1Me)] and 

[Ni(AD1Me)], contributing to their stability. The 

closest interactions between Pd (II) complex units are 

H···H (63.4%), C···H (22.7%), and O···H (8.1%). 

Meanwhile, those for the Ni (II) complex are H···H 

(63.0%), C···H (23.2%), and O···H (7.4%). Although 

the [Pd(AD1Me)] showed a positive value of percent 

growth inhibition against all bacteria strains compared 

to the ligand and [Ni(AD1Me)], the compound is still 

considered a negative inhibitor likely owing to the 

absence of interactions between the molecule and the 

pathogen-specific protein in the bacteria [52] 
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Scheme 12: Synthesis of H2AD1Me, [Pd(AD1Me)] and  [Ni(AD1Me)] [52] 

 

2.8. COPPER COMPLEXES 

A novel series of Cu(II) complexes, including 

[Cu(L1)2](1), [Cu(L2)2] (2), [Cu(L3)2] (3), [Cu(L4)2] 

(4), with  Schiff base ligands HLn a mixture of  

4-aminoantipyrine and the respective salicylaldehyde 

3-methoxysalicylaldehyde=HL1,  

4-methoxysalicylaldehyde=HL2,  

5-methoxysalicylaldehyde=HL3  

and 6-methoxysalicylaldehyde =HL4) have been syn-

thesized (scheme 13) and characterized by elemental 

analysesand various spectroscopic techniques. The 

single crystal X-ray structure of complex 2, illustrates 

the steric effect imposed by the methyl group has a 

profound influence on the Cu (II) geometry, 

rearranging into a distorted tetrahedral geometry. 

Theoretical calculation of the synthesized compounds 

were carried out by DFT using B3LYP method with 

employing the def2-SVPD (for ligands) and def2-

SV(P) (for complexes) basis sets. Calculated data are 

in good accordance with the experimental 

investigations. The in vitro biological activities of the 

synthesized ligand and their copper (II) complexes 

were evaluated against Staphylococcus aureus and 

Escherichia coli. The activity data showed that the 

metal complexes have a promising biological potential 

comparable with the parent Schiff base ligands against 

bacterial species [53]. 
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Scheme 13: The synthesis pathways of the HL1-HL4 ligands and Complex 1-Complex 4[53] 

The ligand (2-[4-(2,1,3-benzothiadiazole)imino] 

methyl-phenol) HL1 containing the electron poor 

benzothiadiazole (BTD) unit, conveniently prepared 

by condensation of 4-amino-2,1,3- benzothiadiazole 

and salicylaldehyde has been structurally 

characterized by single crystal X-ray diffraction. . 

DFT calculations revealed the existence of two close 

in energy conformers for HL1 and HL2, one 

corresponding to the experimental X-ray structure and 

the other to the chelating tridentate form. Reaction of 

HL1 and HL2 with copper (II) hexafluoro-

acetylacetonate(hfac), provided the neutral complexes 

[Cu(L1 )(hfac)] (1), [Cu(L2 )2] (2) which were 

structurally characterized with a focus on the 

coordination sphere of the metal centre and on the 

intermolecular interactions. Cryomagnetic 

measurements show for both copper(II) complexes a 

Curie-Weiss behaviour indicating the occurrence of 

very weak antiferromagnetic interactions due to the 

large separation between the metal ions in the crystal 

structures and the existence of intermolecular π-π 

stacking interactions [54].  

A mononuclear copper(II) complex, 

[CuL(ClO4)(H2O)].THF (1) from a naphthaldehyde 

based Schiff base probing ligand  1-(benzothiazol-2-

yl-hydrazonomethyl)-napthalen-2-ol (LH)  has been 

prepared (scheme 14) and characterized by FT-IR, 

UV–Vis, EPR, CHN analysis, electrical conductivity 

and magnetic susceptibility measurements. The X-ray 

crystal structure of complex 1 has also been 

determined. In vitro enzymatic activity of LH and 

complex 1 on digestive enzymes like amylase, trypsin 

and lipase has been investigated. Molecular docking 

studies have also been performed to corroborate this 

bioactivity. LH displays quenching of fluorescence 

intensity only upon addition of a Cu2+ ion at 459 nm. 

Other metal ions under present study, however, offer 

no influence. The low limit of detection value 0.35 µM 

indicates that LH offers high selectivity towards Cu2+. 

Calculations at the level of DFT were also undertaken 

to have an insight into the electronic environment of 

both [CuL(ClO4)(H2O)].THF (1) and LH [55]. 
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Scheme 14:   Synthetic route of LH and complex 1[55] 

Cu (II) binary complexes of the type [Cu(Ln)2], where 

n=1–3, HL1=2-((E)-(3,5-dimethylisoxazol-4-ylimino) 

methyl)-6-tert-butylphenol (C1) HL2=2-((E)-(3,5 

dimethylisoxazol-4-ylimino)methyl)-4-bromo-6-

methoxyphenol (C2) HL3=2-((E)-(3,5-

dimethylisoxazol-4-ylimino)methyl)-5-methylphenol 

(C3) have been synthesized and characterized by 

analytical, structural, and spectral methods. The 

antioxidant studies of novel Cu(II) complexes 

revealed, significant activity against DPPH radical. 

The synthesized compounds were monitored for 

antimicrobial activities and the results of these studies 

indicated that the complexes exhibit a good 

antimicrobial efficiency compared to ligands. Spectral 

evidence showed the intercalative mode of DNA 

binding with the complexes. These techniques were 

found to be an intercalative binding mode of 

synthesized complexes with CT–DNA. The order of 

binding affinity is found to be C1 > C3 > C2. Agarose 

gel electrophoresis results revealed that all Cu (II) 

complexes induced double strand breaks of pBR 322 

plasmid DNA in the presence of H2O2 and UV light 

[56]. 

 

2.9: ZINC METAL COMPLEXES 

Binuclear zinc (II) Schiff base complexes were 

synthesized through the reaction of ONNO 

tetradentate Schiff base ligands derived from the 

condensation of 2,2-dimethyl-1,3-propanediamine and 

5-chlorosalicylaldehyde or 5-bromosalicylaldehyde 

with zinc acetylacetonate salt. The structures of 

synthesized products were explored spectroscopically 

and elemental analysis. Structural analysis of the 

complexes revealed that the compound is a 

centrosymmetric dimer in which the five coordinated 

Zn (II) atoms are linked to the opposite metal centre 

by making μ-phenoxo bridges through one of the 

phenolic oxygen atoms of Schiff base ligands. The 

nature and types of non-covalent interactions present 

among the sample molecules were also investigated by 

using the quantum theory of atoms in molecules and 

non-covalent interactions calculations. The theoretical 

calculations, performed by density functional theory 

using the B3LYP/def2-TZVP level of theory, direct 

that the intended outcomes are in compliance with the 

actual consequences. Furthermore, from antimicrobial 

screenings it was revealed that the zinc complexes are 

more active as compared to the ligands [57]. 

Newly synthesized mononuclear zinc (II) complex 

containing an azo Schiff base ligand (L), prepared by 

condensation of 2-hydroxy-5-(otolyldiazenyl) 

benzaldehyde and propylamine, were obtained and 

then characterized using spectroscopy, and X-ray 

diffraction. Ligand L behaves as a bidentate chelate by 

coordinating through deprotonated phenolic oxygen 

and azomethine nitrogen. The zinc complex 

crystallizesin orthorhombic systems. In this complex 

the Zn (II) ion is in a distorted tetrahedral environment. 

The photochemical behaviors of ligand L, and 

[Zn(L)2] were investigated. The azo group in L 

underwent reversible trans–cis isomerization under 

UV and visible irradiation. This process was inhibited 

for the complexes. In addition, ligand L and its zinc 
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complex was assessed for their in vitro antibacterial 

activities against four pathogenic strains [58]. 

A facile method for synthesizing trinuclear zinc (II) 

complexes  

[{(N3)Zn(L1)}2Zn] (1), [{(SCN)Zn(L1)}2Zn] (2), 

[{(SCN)Zn(L2)}2Zn] (3), [{(N3)Zn(L2)}2Zn] (4), 

and[{(N3)Zn(L3)}2Zn]CH2Cl2 (5) with H2L1=2,20-

[(1,3-propanediyl)bis(iminomethylene)] 

bis[6ethoxyphenol],H2L2=2,20[(2,2dimethyl1,3proan

ediyl)bis(iminomethylene)]-bis[6-methoxyphenol] 

ligands and H2L3=2,20-[(2,2-dimethyl-1,3-

propanediyl)bis(iminomethylene)]bis[6-

ethoxyphenol], were synthesized (scheme 16) and 

characterized by elemental and spectral analyses. X-

ray crystallographic analyses have confirmed their 

structures. All complexes may be used as sensors for 

the detection of nitroaromatics in DMF via turn-off 

fluorescence response [59]. 

 
Scheme 16 : Synthesis of ligand and its Zn(II) complexes[59] 

Zn (II) complexes of Schiff bases have potential 

applications in biomedical sciences as imaging agents, 

cancer therapeutics and diagnostics. Thus, it is 

important to understand their interaction with carrier 

proteins, like serum albumins. It focuses on the 

binding interactions between Human serum 

albumin (HSA) and Zn salampy, making use of 

fluorescence spectroscopic techniques at ensemble as 

well as at single molecular level. An idea about 

the binding constant is obtained from the quenching of 

the single Trp (Tryptophan) residue of HSA by Zn 

salampy. Fluorescence correlation spectroscopy 

(FCS) has also been used to monitor the protein-ligand 

binding. The location of Zn salampy in its complex 

with HSA is determined by competitive binding 

experiments and molecular docking calculations. The 

binding constant obtained from the Zn salampy-HSA 

interaction falls in the ideal range for biological 

applications and the location is found to be in the 

proximity of Sudlow's site I. The esterase activity of 

HSA is retained in the presence of the Zn salampy. 

Hence, it is concluded that this Zn salampy may be a 

potential probe and biomarker in biomedical 

applications [60]. 

Novel Zn (II) complex namely[LTHZnX2] (X = Cl, Br) 

with the iminomethylthiophene-derived ligand (LTH), 

were synthesized (scheme 15) and characterized. X-

ray crystallography revealed diverse coordination 

geometries of the resultant Zn (II) complex. DFT 

calculations showed that the rotation of the thiophene 

moiety of the ligand (LTH)  can be observed or Zn (II) 

center, confirmed by VT-NMR. The preliminary 

polymerization studies carried out by isopropoxide 

derivatives of the studied complexes resulted in high 
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activities with moderate to high hetero tacticities and 

low molecular weights of PLA. The complexe’s 

geometry might help steer the catalytic performance 

and stereoselectivity of these complexes [61]. 
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Scheme 15: Synthesis of ligand and complex [LTHZnX2][61] 

 

CONCLUSION 
 

In this review article, we have highlighted the 

synthesis, structural diversities, and coordination 

modes exhibited by the metal complexes with Schiff 

bases having different donor sites. Taking into 

consideration all the aforementioned results, the 

perspectives concerning future projects relevant to the 

study of metal Schiff base complexes should comprise 

the factors that provide the new compounds with 

structural, spectroscopic, and biological properties 

attractive to synthetic chemists. More specifically, in 

this study, the spectrums of metal ions used to 

synthesize the metal Schiff base complexes have been 

broadened. 
 

REFERENCE 
 

[1] F. Glaser and O. S. Wenger, “Recent progress in 

the development of transition-metal based 

photoredox catalysts,” Coord. Chem. Rev., vol. 

405, p. 213129, Feb. 2020, doi: 

10.1016/j.ccr.2019.213129. 

[2] W. Al Zoubi, A. A. S. Al-Hamdani, and M. 

Kaseem, “Synthesis and antioxidant activities of 

Schiff bases and their complexes: a review,” 

Appl. Organomet. Chem., vol. 30, no. 10, pp. 

810–817, 2016, doi: 10.1002/aoc.3506. 

[3] W. Al Zoubi and Y. G. Ko, “Organometallic 

complexes of Schiff bases: Recent progress in 

oxidation catalysis,” J. Organomet. Chem., vol. 

822, pp. 173–188, Nov. 2016, doi: 

10.1016/j.jorganchem.2016.08.023. 

[4] H. Goudarziafshar, S. Yousefi, Y. A. Tyula, M. 

Dušek, and V. Eigner, “Template synthesis, 

DNA binding, antimicrobial activity, Hirshfeld 

surface analysis, and 1D helical supramolecular 

structure of a novel binuclear copper(II) Schiff 

base complex,” RSC Adv., vol. 12, no. 22, pp. 

13580–13592, May 2022, doi: 

10.1039/D2RA00719C. 

[5] M. Sharma et al., “Bis- and mixed-ligand 

copper(II) complexes of nalidixic acid the 

antibacterial drug: Mode of nalidixate 

coordination determines DNA binding and 

cleavage and cytotoxicity,” Inorganica Chim. 

Acta, vol. 504, p. 119450, May 2020, doi: 

10.1016/j.ica.2020.119450. 

[6] C. Kakoulidou, P. S. Gritzapis, A. G. 

Hatzidimitriou, K. C. Fylaktakidou, and G. 

Psomas, “Zn(II) complexes of (E)-4-(2-

(pyridin-2-ylmethylene)hydrazinyl)quinazoline 

in combination with non-steroidal anti-

inflammatory drug sodium diclofenac: 

Structure, DNA binding and photo-cleavage 

studies, antioxidant activity and interaction with 

albumin,” J. Inorg. Biochem., vol. 211, p. 

111194, Oct. 2020, doi: 

10.1016/j.jinorgbio.2020.111194. 

[7] T. Ashraf, B. Ali, H. Qayyum, M. S. Haroone, 

and G. Shabbir, “Pharmacological aspects of 

schiff base metal complexes: A critical review,” 



© August 2023| IJIRT | Volume 10 Issue 3 | ISSN: 2349-6002 
 

IJIRT 161416 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 627 

Inorg. Chem. Commun., vol. 150, p. 110449, 

Apr. 2023, doi: 10.1016/j.inoche.2023.110449. 

[8] Alka, S. Gautam, R. Kumar, P. Singh, N. 

Gandhi, and P. Jain, “Pharmacological aspects 

of Co(II), Ni(II) and Cu(II) schiff base 

complexes: An insight,” Results Chem., vol. 5, 

p. 100849, Jan. 2023, doi: 

10.1016/j.rechem.2023.100849. 

[9] S. Shekhar, A. M. Khan, S. Sharma, B. Sharma, 

and A. Sarkar, “Schiff base metallodrugs in 

antimicrobial and anticancer chemotherapy 

applications: a comprehensive review,” 

Emergent Mater., vol. 5, no. 2, pp. 279–293, 

Apr. 2022, doi: 10.1007/s42247-021-00234-1. 

[10] X. Liu and J.-R.Hamon, “Recent developments 

in penta-, hexa- and heptadentate Schiff base 

ligands and their metal complexes,” Coord. 

Chem. Rev., vol. 389, pp. 94–118, Jun. 2019, 

doi: 10.1016/j.ccr.2019.03.010. 

[11] K. Buldurun, N. Turan, A. Savcı, and N. Çolak, 

“Synthesis, structural characterization and 

biological activities of metal(II) complexes with 

Schiff bases derived from 5-

bromosalicylaldehyde: Ru(II) complexes 

transfer hydrogenation,” J. Saudi Chem. Soc., 

vol. 23, no. 2, pp. 205–214, Feb. 2019, doi: 

10.1016/j.jscs.2018.06.002. 

[12] R. Fekri, M. Salehi, A. Asadi, and M. Kubicki, 

“Synthesis, characterization, anticancer and 

antibacterial evaluation of Schiff base ligands 

derived from hydrazone and their transition 

metal complexes,” Inorganica Chim. Acta, vol. 

484, pp. 245–254, Jan. 2019, doi: 

10.1016/j.ica.2018.09.022. 

[13] I. P. Ejidike and P. A. Ajibade, “Transition 

metal complexes of symmetrical and 

asymmetrical Schiff bases as antibacterial, 

antifungal, antioxidant, and anticancer agents: 

progress and prospects,” Rev. Inorg. Chem., vol. 

35, no. 4, pp. 191–224, Dec. 2015, doi: 

10.1515/revic-2015-0007. 

[14] M. Hanif et al., “Microwave-Assisted 

Synthesis, In Vivo Anti-Inflammatory and In 

Vitro Anti-Oxidant Activities, and Molecular 

Docking Study of New Substituted Schiff Base 

Derivatives,” Pharm. Chem. J., vol. 52, no. 5, 

pp. 424–437, Aug. 2018, doi: 10.1007/s11094-

018-1835-0. 

[15] S. M. Wilkinson, T. M. Sheedy, and E. J. New, 

“Synthesis and Characterization of Metal 

Complexes with Schiff Base Ligands,” ACS 

Publications, Dec. 29, 2015. 

https://pubs.acs.org/doi/epdf/10.1021/acs.jche

med.5b00555 (accessed Aug. 11, 2023). 

[16] S. M. M. Ali et al., “In vivo anticancer activity 

of vanillin semicarbazone,” Asian Pac. J. Trop. 

Biomed., vol. 2, no. 6, pp. 438–442, Jun. 2012, 

doi: 10.1016/S2221-1691(12)60072-0. 

[17] “Synthesis, Crystal Structures, Magnetic 

Properties and Catecholase Activity of Double 

Phenoxido-Bridged Penta-Coordinated 

Dinuclear Nickel(II) Complexes Derived from 

Reduced Schiff-Base Ligands: Mechanistic 

Inference of Catecholase Activity | Inorganic 

Chemistry.” 

https://pubs.acs.org/doi/10.1021/ic202748m 

(accessed Aug. 11, 2023). 

[18] G. Fareed, G. H. Rizwani, M. Ahmed, M. A. 

Versiani, and N. Fareed, “Schiff bases derived 

from 1-aminoanthraquinone: a new class of 

analgesic compounds,” Pak. J. Sci. Ind. Res. 

Ser. Phys. Sci., vol. 60, no. 3, pp. 122–127, 

2017. 

[19] S. Jana, S. Dalapati, and N. Guchhait, “Proton 

Transfer Assisted Charge Transfer Phenomena 

in Photochromic Schiff Bases and Effect of –

NEt2 Groups to the Anil Schiff Bases,” J. Phys. 

Chem. A, vol. 116, no. 45, pp. 10948–10958, 

Nov. 2012, doi: 10.1021/jp3079698. 

[20] V. Facchinetti, R. da R. Reis, C. R. B. Gomes, 

and T. R. A. Vasconcelos, “Chemistry and 

Biological Activities of 1,3-Benzothiazoles. 

Mini-Reviews in Organic Chemistry,” 2012, 

doi: 10.2174/157019312799079929. 

[21] M. J. Chow, C. Licona, D. Yuan Qiang Wong, 

G. Pastorin, C. Gaiddon, and W. H. Ang, 

“Discovery and Investigation of Anticancer 

Ruthenium–Arene Schiff-Base Complexes via 

Water-Promoted Combinatorial Three-

Component Assembly,” J. Med. Chem., vol. 57, 

no. 14, pp. 6043–6059, Jul. 2014, doi: 

10.1021/jm500455p. 

[22] S. A. Khan, A. M. Asiri, K. Al-Amry, and M. A. 

Malik, “Synthesis, Characterization, 

Electrochemical Studies, and In Vitro 

Antibacterial Activity of Novel 

Thiosemicarbazone and Its Cu(II), Ni(II), and 



© August 2023| IJIRT | Volume 10 Issue 3 | ISSN: 2349-6002 
 

IJIRT 161416 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 628 

Co(II) Complexes,” Sci. World J., vol. 2014, pp. 

1–9, 2014, doi: 10.1155/2014/592375. 

[23] G. Kalaiarasi, S. Dharani, H. Puschmann, and R. 

Prabhakaran, “Synthesis, structural 

characterization, DNA/protein binding and 

antioxidant activities of binuclear Ni(II) 

complexes containing ONS chelating ligands 

bridged by 1,3-

bis(diphenylphosphino)propane,” Inorg. Chem. 

Commun., vol. 97, pp. 34–38, Nov. 2018, doi: 

10.1016/j.inoche.2018.09.004. 

[24] H. Kargar, M. Fallah-Mehrjardi, R. 

Behjatmanesh-Ardakani, M. N. Tahir, M. 

Ashfaq, and K. S. Munawar, “Synthesis, crystal 

structure determination, Hirshfeld surface 

analysis, spectral characterization, theoretical 

and computational studies of titanium(IV) 

Schiff base complex,” J. Coord. Chem., vol. 74, 

no. 16, pp. 2682–2700, Aug. 2021, doi: 

10.1080/00958972.2021.1972984. 

[25] M. N. Uddin et al., “Synthesis, characterization, 

molecular modeling, antioxidant and microbial 

properties of some Titanium(IV) complexes of 

schiff bases,” J. Mol. Struct., vol. 1166, pp. 79–

90, Aug. 2018, doi: 

10.1016/j.molstruc.2018.04.025. 

[26] N. Katsuumi, R. Miyazaki, D. Nakane, M. 

Azam, and T. Akitsu, “Synthesis and 

characterization of a novel oxovanadium 

complex and stability of azo groups in the 

presence of laccase,” J. Mol. Struct., vol. 1285, 

p. 135465, Aug. 2023, doi: 

10.1016/j.molstruc.2023.135465. 

[27] A. Jurowska, J. Szklarzewicz, I. Glos, M. 

Hodorowicz, E. Zangrando, and G. Mahmoudi, 

“Effect of di- and tri-ethylammonium cations on 

the structure and physicochemical properties of 

dioxido vanadium(V) Schiff base complexes,” 

J. Mol. Struct., vol. 1281, p. 135109, Jun. 2023, 

doi: 10.1016/j.molstruc.2023.135109. 

[28] J. J. Boruah, Z. S. Bhatt, C. R. Nathani, V. J. 

Bambhaniya, A. K. Guha, and S. P. Das, “Green 

synthesis of a vanadium(V) Schiff base complex 

by grinding method: study on its catalytic and 

anti-bacterial activity,” J. Coord. Chem., vol. 

74, no. 12, pp. 2055–2068, Jun. 2021, doi: 

10.1080/00958972.2021.1942861. 

[29] H. Kargar, K. Kargar, M. Fallah-Mehrjardi, and 

K. S. Munawar, “Syntheses, characterization, 

and catalytic potential of novel vanadium and 

molybdenum Schiff base complexes for the 

preparation of benzimidazoles, benzoxazoles, 

and benzothiazoles under thermal and ultrasonic 

conditions,” Monatshefte Für Chem. - Chem. 

Mon., vol. 152, no. 6, pp. 593–605, Jun. 2021, 

doi: 10.1007/s00706-021-02780-0. 

[30] K. Bengi, S. Maddikayala, and S. R. 

Pulimamidi, “DNA binding, cleavage, docking, 

biological and kinetic studies of Cr(III), Fe(III), 

Co(II) and Cu(II) complexes with ortho-vanillin 

Schiff base derivative,” Appl. Organomet. 

Chem., vol. 36, no. 1, p. e6451, 2022, doi: 

10.1002/aoc.6451. 

[31] F. M. Elmagbari, A. N. Hammouda, H. A. M. 

Bennour, R. M. EL-Ferjani, and Y. O. B. Amer, 

“Synthesis and Characterisation of Cr(III) and 

Co(II) Schiff Base Complexes,” Mater. Sci. 

Appl., vol. 14, no. 2, Art.no. 2, Feb. 2023, doi: 

10.4236/msa.2023.142004. 

[32] S. Hosny, M. S. Ragab, and R. F. Abd El-Baki, 

“Synthesis of a new sulfadimidine Schiff base 

and their nano complexes as potential anti-

COVID-19 and anti-cancer activity,” Sci. Rep., 

vol. 13, no. 1, Art.no. 1, Jan. 2023, doi: 

10.1038/s41598-023-28402-9. 

[33] S. Melhi, M. A. Bedair, E. H. Alosaimi, A. A. 

O. Younes, W. H. El-Shwiniy, and A. 

M. Abuelela, “Effective corrosion inhibition of 

mild steel in hydrochloric acid by newly 

synthesized Schiff base nano Co( ii ) and Cr( iii 

) complexes: spectral, thermal, electrochemical 

and DFT (FMO, NBO) studies,” RSC Adv., vol. 

12, no. 50, pp. 32488–32507, 2022, doi: 

10.1039/D2RA06571A. 

[34] L. Croitor et al., “Evolution from discrete 

mononuclear complexes to trinuclear linear 

cluster and 2D coordination polymers of Mn(II) 

with dihydrazone Schiff bases: Preparation, 

structure and thermal behavior,” Polyhedron, 

vol. 206, p. 115329, Sep. 2021, doi: 

10.1016/j.poly.2021.115329. 

[35] C. Boulechfar et al., “Corrosion inhibition of 

Schiff base and their metal complexes with [Mn 

(II), Co (II) and Zn (II)]: Experimental and 

quantum chemical studies,” J. Mol. Liq., vol. 

378, p. 121637, May 2023, doi: 

10.1016/j.molliq.2023.121637. 



© August 2023| IJIRT | Volume 10 Issue 3 | ISSN: 2349-6002 
 

IJIRT 161416 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 629 

[36] B. Maleki, R. Sandaroos, and S. Peiman, 

“Mn(III) Schiff base complexes containing 

crown ether rings immobilized onto MCM-41 

matrix as heterogeneous catalysts for oxidation 

of alkenes,” Heliyon, vol. 9, no. 4, p. e15041, 

Apr. 2023, doi: 10.1016/j.heliyon.2023.e15041. 

[37] I. K. Aminu and A. A. Daura, “Synthesis, 

Characterization and Study of Antimicrobial 

Activity of Mn(II) and Ni(II) Complexes with 

Schiff Base Derived from 2-Hydroxy-

benzaldehyde and 1-Naphthylamine,” Am. J. 

Appl. Chem., vol. 11, no. 3, Art. no. 3, Jul. 2023, 

doi: 10.11648/j.ajac.20231103.13. 

[38] Mamta, Subhash, Pinki, and A. Chaudhary, “In 

vitro cytotoxicity and antimicrobial evaluation 

of novel 24–28 membered Schiff base 

octaazamacrocyclic complexes of 

manganese(II): Synthesis, characterization, 

DFT and molecular docking studies,” J. Mol. 

Struct., vol. 1275, p. 134667, Mar. 2023, doi: 

10.1016/j.molstruc.2022.134667. 

[39] H. M. Abd El-Lateef, A. D. M. Mohamad, M. 

R. Shehata, and A. M. Abu-Dief, “Targeted 

synthesis of two iron(III) tetradentate dibasic 

chelating Schiff base complexes toward 

inhibition of acidic induced steel corrosion: 

Empirical and DFT insights,” Appl. Organomet. 

Chem., vol. 36, no. 7, p. e6718, 2022, doi: 

10.1002/aoc.6718. 

[40] S. N. Shukla, P. Gaur, M. L. Raidas, and B. 

Chaurasia, “Tailored synthesis of 

unsymmetrical tetradentate ONNO schiff base 

complexes of Fe(IIl), Co(II) and Ni(II): 

Spectroscopic characterization, DFT 

optimization, oxygen-binding study, 

antibacterial and anticorrosion activity,” J. Mol. 

Struct., vol. 1202, p. 127362, Feb. 2020, doi: 

10.1016/j.molstruc.2019.127362. 

[41] N. Maghraoui et al., “Synthesis, 

characterization, thermal stability, 

electrochemical behavior, and antioxidant 

activity of new oxovanadium(iv) and iron(ii) 

tetradentate Schiff base complexes,” Arab. J. 

Chem., vol. 14, no. 3, p. 103025, Mar. 2021, doi: 

10.1016/j.arabjc.2021.103025. 

[42] A. Zheng, Q. Zhou, B. Ding, D. Li, T. Zhang, 

and Z. Hou, “Reduced Amino Acid Schiff Base-

Iron(III) Complexes Catalyzing Oxidation of 

Cyclohexane with Hydrogen Peroxide,” Eur. J. 

Inorg. Chem., vol. 2021, no. 33, pp. 3385–3395, 

2021, doi: 10.1002/ejic.202100356. 

[43] M. Naqi Ahamad et al., “Anticancer properties, 

apoptosis and catecholase mimic activities of 

dinuclear cobalt(II) and copper(II) Schiff base 

complexes,” Bioorganic Chem., vol. 95, p. 

103561, Jan. 2020, doi: 

10.1016/j.bioorg.2019.103561. 

[44] M. E. Alkış, Ü. Keleştemür, Y. Alan, N. Turan, 

and K. Buldurun, “Cobalt and ruthenium 

complexes with pyrimidine based schiff base: 

Synthesis, characterization, anticancer activities 

and electrochemotherapy efficiency,” J. Mol. 

Struct., vol. 1226, p. 129402, Feb. 2021, doi: 

10.1016/j.molstruc.2020.129402. 

[45] M. Woźniczka et al., “Equilibria of complexes 

in the aqueous cobalt(II)–N-(2-

hydroxybenzyl)phenylalanine system and their 

biological activity compared to analogous 

Schiff base structures,” Comput. 

Struct.Biotechnol. J., vol. 21, pp. 1312–1323, 

Jan. 2023, doi: 10.1016/j.csbj.2023.01.035. 

[46] C. Gautam et al., “Copper( ii ) and cobalt( iii ) 

Schiff base complexes with hydroxy anchors as 

sensitizers in dye-sensitized solar cells 

(DSSCs),” RSC Adv., vol. 13, no. 13, pp. 9046–

9054, 2023, doi: 10.1039/D3RA00344B. 

[47] J. H. Abdulameer, L. S. Mahdi, and M. J. Mosa, 

“Complexation of cobalt (II) with new Schiff 

base and amide ligands,” J. Popul. 

Ther.Clin.Pharmacol., vol. 30, no. 5, Art. no. 5, 

Apr. 2023, doi: 10.47750/jptcp.2023.30.05.049. 

[48] M. K. Mahish, E. Zangrando, A. Patra, P. 

Vojtíšek, and S. C. Manna, “Thiocyanato and 

Schiff base coordinated mono/di-nuclear Ni(II) 

complexes: Syntheses, crystal structures and 

protein binding,” Polyhedron, vol. 243, p. 

116543, Oct. 2023, doi: 

10.1016/j.poly.2023.116543. 

[49] M. S. Hossain et al., “Co(II), Ni(II), and Cu(II) 

Complexes Containing Isatin-Based Schiff Base 

Ligand: Synthesis, Physicochemical 

Characterization, DFT Calculations, 

Antibacterial Activity, and Molecular Docking 

Analysis,” Russ. J. Gen. Chem., vol. 92, no. 12, 

pp. 2723–2733, Dec. 2022, doi: 

10.1134/S1070363222120222. 

[50] P. Turk, K. Singh, and A. Dhanda, “Synthesis, 

spectroscopic, electrochemical, thermal and 



© August 2023| IJIRT | Volume 10 Issue 3 | ISSN: 2349-6002 
 

IJIRT 161416 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 630 

antimicrobial studies of Ni(II), Zn(II), Cu(II) 

and Co(II) metal complexes of novel bidentate 

schiff base ligand,” J. Iran. Chem. Soc., vol. 19, 

no. 9, pp. 3797–3813, Sep. 2022, doi: 

10.1007/s13738-022-02567-y. 

[51] H. Kargar, M. Ashfaq, M. Fallah-Mehrjardi, R. 

Behjatmanesh-Ardakani, K. S. Munawar, and 

M. N. Tahir, “Unsymmetrical Ni(II) Schiff base 

complex: Synthesis, spectral characterization, 

crystal structure analysis, Hirshfeld surface 

investigation, theoretical studies, and 

antibacterial activity,” J. Mol. Struct., vol. 1265, 

p. 133381, Oct. 2022, doi: 

10.1016/j.molstruc.2022.133381. 

[52] N. H. Nasaruddin et al., “Synthesis, Structural 

Characterization, Hirshfeld Surface Analysis, 

and Antibacterial Study of Pd(II) and Ni(II) 

Schiff Base Complexes Derived from Aliphatic 

Diamine,” ACS Omega, vol. 7, no. 47, pp. 

42809–42818, Nov. 2022, doi: 

10.1021/acsomega.2c04688. 

[53] H. Kargar et al., “Synthesis, crystal structure, 

theoretical calculation, spectroscopic and 

antibacterial activity studies of copper(II) 

complexes bearing bidentate schiff base ligands 

derived from 4-aminoantipyrine: Influence of 

substitutions on antibacterial activity,” J. Mol. 

Struct., vol. 1230, p. 129908, Apr. 2021, doi: 

10.1016/j.molstruc.2021.129908. 

[54] N. Plyuta, T. Cauchy, A. Hauser, F. Lloret, M. 

Julve, and N. Avarvari, “Zinc(II) and copper(II) 

complexes with benzothiadiazole Schiff-base 

ligands,” Polyhedron, vol. 224, p. 115994, Sep. 

2022, doi: 10.1016/j.poly.2022.115994. 

[55] N. Kr Mandal, N. Bandyopadhyay, P. Arya, S. 

Chowdhury, N. Raghav, and J. Prakash Naskar, 

“Synthesis, characterization, structure, in vitro 

enzymatic activity and sensing aspects of a 

copper(II) complex stabilized from a 

naphthaldehyde based Schiff base ligand,” 

Inorganica Chim. Acta, vol. 544, p. 121229, 

Jan. 2023, doi: 10.1016/j.ica.2022.121229. 

[56] M. Pradeep Kumar, D. Ayodhya, and Shivaraj, 

“Novel copper (II) binary complexes with N,O-

donor isoxazole Schiff base ligands: Synthesis, 

characterization, DPPH scavenging, 

antimicrobial, and DNA binding and cleavage 

studies,” Results Chem., vol. 5, p. 100845, Jan. 

2023, doi: 10.1016/j.rechem.2023.100845. 

[57] H. Kargar et al., “Binuclear Zn(II) Schiff base 

complexes: Synthesis, spectral characterization, 

theoretical studies and antimicrobial 

investigations,” Inorganica Chim. Acta, vol. 

530, p. 120677, Jan. 2022, doi: 

10.1016/j.ica.2021.120677. 

[58] S. Slassi, A. El-Ghayoury, M. Aarjane, K. 

Yamni, and A. Amine, “New copper(II) and 

zinc(II) complexes based on azo Schiff base 

ligand: Synthesis, crystal structure, 

photoisomerization study and antibacterial 

activity,” Appl. Organomet. Chem., vol. 34, no. 

4, p. e5503, 2020, doi: 10.1002/aoc.5503. 

[59] M. Karmakar, S. Roy, and S. Chattopadhyay, 

“A series of trinuclear zinc( II ) complexes with 

reduced Schiff base ligands: turn-off fluorescent 

chemosensors with high selectivity for 

nitroaromatics,” New J. Chem., vol. 43, no. 25, 

pp. 10093–10102, 2019, doi: 

10.1039/C9NJ02060H. 

[60] D. K. Sahoo, S. Dasgupta, T. Kistwal, and A. 

Datta, “Fluorescence monitoring of binding of a 

Zn (II) complex of a Schiff base with human 

serum albumin,” Int. J. Biol. Macromol., vol. 

226, pp. 1515–1522, Jan. 2023, doi: 

10.1016/j.ijbiomac.2022.11.263. 

[61] J. Lee et al., “Synthesis and Characterization of 

Zinc(II), Cadmium(II), and Palladium(II) 

Complexes with the Thiophene-Derived Schiff 

Base Ligand,” ACS Omega, vol. 8, no. 6, pp. 

6016–6029, Feb. 2023, doi: 

10.1021/acsomega.2c08001. 

 


