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Introduction

Schiff base are the compound containing azomethine group 
(-HC=N-). They are the condensation products of ketones (or) 
aldehydes with primary amines (Scheme 1). They were first 
reported by Hugo Schiff in 1864. Formation of Schiff base 
generally takes place under acid or base catalysis or with heat. 
Schiff bases are some of the most widely used organic compounds. 
Schiff bases have also been shown to exhibit a broad range of 
biological activities, including anti-fungal, anti-bacterial, anti-
malarial, anti-proliferative, anti-inflammatory activities. Schiff 
base ligands which usually contain O and N donor atoms have 
played an important role in coordination chemistry and recently, 
considerable attention has been paid to nitrogen and other 
donors. Schiff bases are active against a wide range of organisms 
since they play an important role in living organisms, such as 
decarboxylation, transamination and C-C bond cleavage. 

Scheme 1: Formation of Schiff base.

Many Schiff base complexes show excellent catalytic 
activity in various reactions. Over the past few years, there 
have been many reports on their applications in homogeneous 
and heterogeneous catalysis. The high thermal and moisture 
stabilities of many Schiff base complexes were useful attributes 
for their application as catalysts in reactions involving at high 
temperatures. The activity is usually increased by complexation  

 
therefore, to understand the properties of both ligands and 
metal can lead to the synthesis of highly active compounds. The 
influence of certain metals on the biological activity of these 
compounds and their intrinsic chemical interest as multi dentate 
ligands has prompted a considerable increase in the study of 
their coordination. Development of a new chemotherapeutic 
Schiff bases and their metal complexes is now attracting the 
attention of medicinal chemists. 

Increase in the biological activity was reported by the 
implementation of transition metal complexes of Schiff bases. 
Synthesis, characterization and structure activity relationship 
(SAR) of Schiff bases are been studied worldwide. Several 
studies showed that the presence of a lone pair of electrons 
in sp2 hybridized orbital of nitrogen atom of the azomethine 
group is of considerable chemical and biological importance 
[1]. They interfere in normal cell processes by the formation of 
a hydrogen bond between the active centers of cell constituents 
and sp2 hybridized nitrogen atom of the azomethine group [2]. 
Therefore, it will be interesting to study the antibacterial activity 
of Schiff base. 

Copper, Nickel, Iron and Zinc complexes of Schiff bases 
(Figure 1) was synthesized. The metal complexes were screened 
for antibacterial activity against some clinically important 
bacteria, such as Pseudomonas aeruginosa, Proteus vulgaris, 
Proteus mirabilis, and Klebsiella pneumoniae and Staphylococcus 
aureus. Antibacterial activity was determined by the Agar Ditch 
technique using DMF (polar) and 1, 4-dioxane (nonpolar) as 
solvents. The Schiff bases showed greater activity than their 
metal complexes. The metal complexes showed differential 
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effects on the bacterial strains investigated and the solvent used, 
suggesting that the antibacterial activity is dependent on the 
molecular structure of the compound, the solvent used and the 
bacterial strain under consideration. Amongst the four metals, 
zinc complex showed the best antibacterial activity followed by 
the iron complex in 1, 4-dioxane. Iron complex showed the best 
antibacterial activity in DMF [3]. 

Figure 1 

Figure 2

Four novel metal complexes of Co(II), Ni(II), Cu(II) and Zn(II) 
were synthesized from Schiff base derived from amoxicillin and 
picolinaldehyde by NK Chaudhary et al. [4]. The ligand and metal 
complexes were screened for antibacterial potency against 
four human pathogenic clinical strains of bacteria and the data 
revealed their promising antibacterial activity. Schiff bases of 
type (Figure 2) were synthesized from the condensation of 
2-(hydroxyl naphthaldehyde and sulfonamides (sulfathiazole, 
sulfa pyridine, sulfadiazine, sulfamerazine and sulfa-guanidine). 
Antimicrobial activities of these Schiff bases have been evaluated 
against certified and resistant Gram positive (Staphylococcus 
aureus, Enterococcus facelis) and Gram negative (Streptococcus 
pyogenes, Salmonella typhi, Shigelladysenteriae, Shigellaflexneri, 
Klebsiella pneumonia) pathogens. Performance of these Schiff 
base against the resistant pathogens are better than standard 
stain and MIC (Minimum Inhibitory Concentration) data lie 32-
128 μg/ml while parent sulfonamides are effectively inactive 
(MIC >512 μg/ml). The DFT optimized structures of the Schiff 
bases have been used to accomplish molecular docking studies 
with DHPS (dihydropteroate synthase) protein structure to 
establish the most preferred mode of interaction [5].

A novel Schiff base was derived from simple condensation 
of 2-hydroxy-6-isopropyl-3-methyl benzaldehyde and 1, 2 
-diaminopropane in 2:1 M ratio. Mn, Co and Ni complexes of the 
Schiff base have been prepared by Samina K Tadavi et al. [6]. All 

the synthesized compounds were screened for their antimicrobial 
activity and for DNA cleavage activities. Fe(III), Co(II) and Ni(II) 
complexes (Figure 3) of sulphametrole derived Schiff bases were 
synthesized by Mohamed et al. [7]. The metal complexes good 
antibacterial activity against Escherichia coli, Pseudomonas 
aeruginosa and Staphylococcus pyogones. The complexes caused 
inhibition for Escherichia coli. The importance of this lies in the 
fact that these complexes could be applied fairly in the treatment 
of some common diseases caused by Escherichia coli. The 
complexes were found to inhibit Gram-positive bacterial strains 
(Staphylococcus Pyogones and Pseudomonas aeruginosa). 

Figure 3

A new series of oxovanadium (IV) complexes have 
been designed and synthesized from a new class of triazole 
Schiff bases derived from the reaction of 3, 5-diamino-1, 
2, 4-triazole with 2-hydroxy-1-naphthaldehyde, pyrrole-
2-carboxaldehyde, pyridine-2-carboxaldehyde and acetyl 
pyridine-2-carboxaldehyde, respectively by Zahid H Chohan et 
al. [8]. The biological activity of the complexes have been studied 
against four Gram-negative (Escherichia coli, Shigellaflexenari, 
Pseudomonas aeruginosa, Salmonella typhi) and two Gram-
positive (Staphylococcus aureus, Bacillus subtilis) bacterial 
strains, in vitro antifungal activity was studied against 
Trichophytonlongifucus, Candida albican, Aspergillusflavus, 
Microscopumcanis, Fusariumsolani and Candida glaberata. The 
Schiff bases showed weaker to significant activity against one 
or more bacterial and fungal strains. In most of the cases higher 
activity was exhibited upon coordination with vanadium (IV) 
metal. Brine shrimp bioassay was also carried out for in vitro 
cytotoxic properties against Artemiasalina. 

Novel Schiff bases of type (Figure 4) were reported by 
Ehab M Zayed et al. [9]. Their biological activities have been 
tested in vitro against Escherichia coli, Proteus vulgaris, 
Bacillissubtilies and Staphylococcus aurous bacteria in order 
to assess their antimicrobial potential. DNA binding, cleavage 
and cytotoxicity characteristics of a novel Schiff base ligand 
3-(benzothiazol-2- yliminomethyl)-naphthalen-2-ol and its 
ruthenium(II) complexes have been investigated. Ruthenium (II) 
complexes show more binding ability than the ligand. In vitro 
cytotoxicity study of the ligand and the complexes exhibited 
antitumor activity against tumor cells [10]. A total of 24 Schiff 
base compounds were synthesized using a simple approach with 
cinnamaldehyde derivates and 8 amino acids by Wang et al. [11]. 
The antimicrobial activities of these compounds were evaluated 
against Aspergillusniger, Penicilliumcitrinum, Escherichia 
coli and Staphylococcus aureus. Results from the structure 
activity relationship suggest that both -p-Cl on benzene ring 
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of cinnamaldehyde and the number of -COOK of amino acid 
salts significantly contributed to antimicrobial activity. NK 
Chaudhary et al. [12]. prepared six Schiff bases by reacting 
3, 3’ -diaminodipropylamine with different benzaldehyde 
derivatives. The prepared compounds were evaluated for in vitro 
antimicrobial activity against a number of pathogenic Gram-
positive and Gram-negative bacteria. These compounds showed 
bacteriostatic rather than bactericidal activities against Gram 
positive and Gram-negative bacteria. In addition, compound 
(Figure 5) exhibited significant anticandida activity with the 
minimum inhibitory concentration of 24 lg/ml and is, therefore, 
considered as a promising and potential antifungal agent. 

Figure 4

Figure 5

A Novel Schiff base, 3-(((4-chlorophenyl)imino)methyl)
benzene-1,2-diol was successfully synthesized along with a 
structurally similar Schiff base 3-(((4-bromophenyl)imino)
methyl)benzene-1,2-diol. Both the Schiff bases were used to 
synthesize their zinc (II) and cobalt (II) complexes. These 
compounds were screened for enzyme inhibition, antibacterial, 
cytotoxic and invivo antidiabetic activities. Results indicate 
that zinc complex is a good inhibitor of alkaline phosphatase 
enzyme and possess highest potential against diabetes, 
blood cholesterol level and cancer cells [13]. New ether 
based Schiff bases were synthesized from 5-chloro-2-hydroxy 
benzaldehyde and primary amines (1-amino-4-phenoxybenzene, 
4-(4-aminophenyloxy) biphenyl, 1-(4-aminophenoxy) naphthalene 
and 2-(4-aminophenoxy) naphthalene). From these Schiff bases 
copper (II) complexes were synthesized. The synthesized Schiff 
bases and copper (II) complexes were further assessed for 
various biological studies. In DNA protection assay significant 
protection behavior was exhibited by simple ligand molecules 
while copper (II) complexes showed neutral behavior [14]. 

A Schiff base 1-((3-nitrophenylimino) methyl) naphthalen-2-
olate and its Zn(II) and Co(II) metal complexes were successfully 
synthesized. All these prepared compounds were screened for 
enzyme inhibition, antibacterial, cytotoxic and invivo antidiabetic 
activities and found active against one or other activity [15]. 
A new Schiff base 2,4-diiodo-6-((2-phenylaminoethylimino)
methyl)phenol and its Cu(II), Ni(II), Co(II), Mn(II) and Zn(II) 
metal complexes have been synthesized. Metal complexes 
showed good antibacterial activities. Elham S Aazam et al. [16]. 
Synthesized 2, 3-bis-[(3-ethoxy-2-hydroxybenzylidene) amino] 
but-2-enedinitrile Schiff base ligand and its corresponding 
copper and nickel complexes. The antibacterial activity of the 
copper complexes were screened against Escherichia coli, which 
demonstrated Minimum Inhibitory Concentration and Minimum 
Bactericidal Concentration values lower than those values of 
the commercially prepared complexes [17]. Three mononuclear 
complexes, one Cu(II) complex and two Zn(II) complexes have 
been synthesized through treating the corresponding metal salts 
with Schiff bases of trimethylsilyl-propyl-p-aminobenzoate with 
salicylaldehyde) and o-vanillin. The antifungal and antibacterial 
properties of the prepared compounds against Aspergillus 
fumigatus ATCC 66567, Penicillium chrysogenum ATCC 20044, 
Fusarium ATCC 20327, Bacillus sp. ATCC 31073, Pseudomonas 
sp. ATCC 15780 were evaluated. Both Schiff bases and metal 
complexes showed better antimicrobial activity compared to the 
standard compounds Caspofungin and Kanamyci [18]. 

Mostafa Y Nassar et al. [19]. Synthesized Co (II) and Ni(II)-
triazole Schiff base complexes by refluxing the prepared triazole 
Schiff bases with CoCl2•6H2O or NiCl2•6H2O. The prepared 
Co(II) and Ni(II) complexes were screened for antifungal 
(Candida albicans and Aspergillus flavus) and antibacterial 
(Staphylococcus aureus and Escherichia coli) activities. 
Schiff bases (2-(1-hydrazonoethyl) phenol), (2, 4-dibromo 
6-(hydrazonomethyl) phenol) and (2-(hydrazonomethyl) 
phenol) were prepared as new hydrazone compounds via 
condensation reactions. Their biological activities have been 
tested in vitro against Escherichia coli, Proteus vulgaris, 
Bacillissubtilies and Staphylococcus aurous bacteria in order 
to assess their anti microbial potential [20]. Hydrazone 
hesperetin Schiff base N-[(±)-[5, 7-dihydroxy-2-(3-hydroxy-
4-methoxy-phenyl)chroman-4-ylidene]amino]benzamide has 
been synthesized by Elizbieta Lodyga Chruscinska et al. [21]. 
The corresponding Cu(II) complexes were also synthesized. 
The studies on DNA interactions, antimicrobial and cytotoxic 
activities have been undertaken to gain more information on the 
biological significance of the complexes. 

Jaganathan Venkatesan et al. [22]. Synthesized new 
sulfonamide Schiff bases namely, 4-(benzylideneamino)
benzenesulfonamide and 4-((4-methylbenzylidene)amino)
benzenesulfonamide from benzaldehyde. The Schiff bases 
showed good antibacterial activity. New Zn(II) binary complex 
was synthesized from well defined Schiff base, the antimicrobial 
properties of the material were demonstrated against Gram-
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positive (Staphylococcus aureus, Bacillus subtilis, Bacillus 
cereus) and negative (Escherichia coli, Pseudomonas aeruginosa, 
Xanthomonas campestris) bacteria using modified agar diffusion 
methods. All zinc loaded nanoparticles were less antimicrobially 
active than zinc compounds alone, as encapsulation controls 
their release, thereby attenuating their antimicrobial activity 
[23]. New Schiff base ligand was prepared via condensation of 
o-phthaldehyde and 2-aminobenzoic acid in 1:2 ratio. Metal 
complexes were prepared and screened for biological activity. 
The biological data showed that the metal complexes to be more 
potent/antibacterial than the parent Shciff base ligand against 
one or more bacterial species [24]. Newly synthesized Schiff 
base 2-((2-((2-(allylthio)-1-carboxyethyl)imino)ethylidene)
amino)-4-(methylthio)butanoic acid have good antioxidant 
property, which was revealed by reduced oxidative stress and 
enhanced functions of the endogenous antioxidative against 
CCl4 intoxication. It also protects the functional activities of 
the various mitochondrial tricarboxylic acid cycle and oxidative 
phosphorylation enzymes [25]. 

Three Schiff base compounds of N′-substituted 
benzohydrazide and sulfonohydrazide derivatives, 
N ′ - ( 2 - hyd rox y- 3 - m e t h ox y b e n z yl i d e n e ) - 4 - t e r t - b u t yl - 
benzohydrazide, N′-(5-bromo-2-hydroxybenzylidene)-
4-tert-butylbenzohydrazide and N′-(2-hydroxy-3-
methoxybenzylidene)-4-methylbenzenesulfonohydrazide 
were synthesized. The compounds have been screened for 
their biological activities including, antibacterial, antifungal, 
cytotoxic, enzymatic activities. The synthesized compounds 
were also found to be effective against alkaline phosphatase 
enzyme. They also show significant to good antimicrobial activity 
against six bacterial and five fungal strains. The MIC (Minimum 
Inhibitory Concentration) for antibacterial activity ranges from 
1.95-500 μg/mL [26]. New Schiff bases from sulfanilamide, 
3-fluorosulfanilamide or 4-(2-aminoethyl)-benzenesulfonamide 
were synthesized by Mariangela Ceruso et al. [27].Their 
antifungal, antibacterial and antiprotozoan activities have 
been determined against the pathogenic fungus Cryptococcus 
neoformans, the bacterial pathogen Brucellasuis and the 
protozoan parasite Leishmaniadonovanichagasi, responsible 
for Leishmaniasis. The results of these inhibition studies show 
that all three enzymes were efficiently inhibited by sulfonamide 
Schiff bases. 

Omyma AMA et al. [28]. Synthesized Schiff bases, 2-[(pyridin-
2-ylmethylidene) amino]-6-aminopyridine and 2-[(pyridin-
2-ylmethylidene)amino]phenol. Cr, Mo, and W complexes of 
these Schiff basees were prepared. The catalytic activity of the 
complexes towards hydrogen peroxide decomposition reaction 
was investigated. Both the ligands and their complexes have been 
screened for antibacterial activities. Novel Schiff base ligand was 
prepared via condensation of benzyl and triethylenetetraamine. 
The complexes are prepared using Mn(II), Co(II), Ni(II), Cu(II), 
Zn(II), Cd(II) salts. The metal complexes were screened for its 
antibacterial activity. The activity data show that the metal 
complexes have antibacterial activity more than the parent 

Schiff base ligand [29]. New Azo Schiff base compounds have 
been synthesized from the reaction of m-hydroxy benzoic 
acid with 1,5-dimethyl-3-[2-(5-methyl-1H-indol-3-yl)-
ethylimino]-2-phenyl-2,3-dihydro-1H-pyrazol-4-ylamine and 
with 3-[2-(1H-indol-3-yl)-ethylimino]-1,5-dimethyl-2-phenyl-
2,3-dihydro-1H-pyrazol-4-ylamine. The free ligands and their 
complexes were screened for their biological activity against 
bacterial species, two Gram positive bacteria (Bacillus subtilis 
and Staphylococcus aureus) and two Gram negative bacteria 
(Escherichia coli and Pseudomonas aeruginosa) [30]. 

Some new water-soluble complexes (M = Zn, Cu, 
Ni, Mn) of Schiff base N,N′-bis(5-sulfosalicyliden)-3,4-
diaminobenzophenone were synthesized. The synthesized Schiff 
base and its metal complexes were screened for antibacterial 
activity. The growth inhibitory effects of the complexes toward 
the cancer cell line were measured [31]. New acyclic Schiff 
base and its chromium (III) complexes were synthesized by 
microwave irradiation method. The complexes were screened 
for antimicrobial activity and showed inhibitory effect towards 
the Gram positive and Gram negative bacteria [32]. Nadia 
Ribeiro  et al. [33]. Synthesized Schiff base by the condensation 
of 5-methyl-1H-pyrazole-3-carbohydrazide with different 
aromatic aldehydes-pyridoxal, salicylaldehyde, 3-methoxy-2-
hydroxybenzaldehyde, 3-ethoxy-2- hydroxybenzaldehyde and 2 
hydroxynaphthene-1-carbaldehyde. The corresponding copper 
complexes were prepared. Metal complexes and Schiff base were 
screened for antibacterial studies. The growth inhibitory effects 
of the complexes toward the cancer cell line were measured. 

Deepak Kumar et al. [34]. Synthesized benzyl-[3-
(benzylamino-methyl)-cyclohexylmethyl]-amine derivatives 
with different substitution pattern on the aromatic ring and 
evaluated for their antibacterial activity against Gram-positive 
and Gram-negative bacterial strains. Most of the compounds 
exhibit potent activity against Pseudomonas aeruginosa 
and Staphylococcus epidermidis with minimum inhibitory 
concentration values ranging from 0.002 to 0.016 μg/mL. A 
novel Schiff base ligand was prepared by the condensation of 
3, 4-(methylenedioxy) aniline and 5-bromo salicylaldehyde. 
The corresponding Zn(II), Cd(II), Ni(II), Cu(II), Fe(III), Co(II), 
Mn(II) Hg(II), and Ag(I) complexes were prepared. The in vitro 
antimicrobial effects of the synthesized compounds were tested 
against five bacterial and three fungal species by well diffusion 
method. Metal complexes show more biological activity than the 
Schiff base [35]. 

Rabiul Hasan et al. [36]. Synthesized nickel (II) complexes 
of the dibasic tridentate Schiff bases. The bio efficacy of the 
prepared complexes has been examined against the growth 
of bacteria and fungi in vitro to evaluate their antimicrobial 
potential. Gehad et al. [37]. Synthesized metal complexes from 
2,6-pyridinedicarboxaldehydebis (p-hydroxyphenylimine) and 
2,6-pyridinedicarboxaldehydebis (o-hydroxyphenylimine). 
Fe(II), Co(II), Ni(II), Cu(II) and Zn(II) complexes of the ligands 
were also prepared. The synthesized ligands, and their metal 
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complexes were screened for their antibacterial activity against 
bacterial species, Escherichia coli, Pseudomonas aeruginosa, 
Staphylococcus aureus and Fungi (Candida). The activity data 
show that the metal complexes to be more potent/antibacterial 
than the parent organic ligands against one or more bacterial 
species. 

Mehmet Aslantas et al. [38]. synthesized trans-N,N′-bis[(2,4-
dichlorophenyl) methylidene] cyclohexane-1,2-diamine and 
its copper(II), nickel(II) and palladium(II) metal complexes. 
The antimicrobial activity studies of the ligand and its metal 
complexes were carried out on various bacteria and fungi [39]. 
Metal complexes of Schiff base prepared by the condensation of 
4-aminoantipyrine and 2-aminophenol. The synthesized ligand, 
in comparison to its metal complexes was screened for their 
antibacterial activity against bacterial species, Escherichia coli, 
Pseudomonas putida, Exiguobacteriumacetylicum and Bacillus 
simplex. The activity data show that the metal complexes 
to be more potent/antibacterial than the parent Shciff base 
ligand against one or more bacterial species. Kalanithi M et 
al. [40]. synthesized tridentate Co(II), Ni(II), Cu(II) and Zn(II) 
complexes of chalcone based ligands 2-[1-(3-(1H-imidazol-1-yl)
propylimino)-3-(phenylallyl)]phenol, 2-[1-(3-(1H-imidazol-1-
yl)propylimino)-3-p-tolylallyl]phenol, and 2-[1-(3-(1H-imidazol-
1-yl)propylimino)-3-4-nitrophenylallyl]phenol (Figure 6) [41]. 
The antimicrobial activity of the ligands and the metal complexes 
against the species Pseudomonas aeruginosa, Escherichia coli, 
Staphylococcus aureus, Bacillus subtilis, Candida albigans 
and Aspergillusniger has been carried out and compared. The 
electrochemical behavior of copper (II) complex was studied 
using cyclicvoltammetry.

Figure 6

Conclusion

In this review, an attempt has been made to cover the 
recently reported Schiff bases and their metal complexes which 
are possessing medicinal and biological activities. Most of the 
Schiff bases reported were simple to synthesize and contains 
numerous biological applications. Still there is hope to develop 
novel Schiff bases and their metal complexes which can be 
applied in medicinal field.
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