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INTRODUCTION 

Microbial infections are a growing problem in contemporary medicine, and the use of 

antibiotics is inevitable. The global sales of antibiotics are generally higher when compared 

to other drugs which are prescribed. Antibiotic resistance is a major problem in hospitals as 

well as in community settings. A continuous increase in the number of infections caused by 

bacterial resistance to one or multiple class of antibiotics poses a significant threat as it may 

lead to treatment failures and associated complications [1]. Thus the treatment of bacterial 

infections remains a challenging therapeutic problem. Despite the many antibiotics and 

chemotherapeutics available, the emergence of old and new antibiotic resistant bacterial 

strains in the last decades constitutes a substantial need for new classes of antibacterial agents 

[2]. Schiff base metal complexes are an area of increasing interest. These complexes have 

numerous applications, such as, in the treatment of cancer, as antibactericide agents, as 

antivirus agents, as fungicide agents and for other biological properties [3]. This review 

mainly focussed on the microbial activity of some Schiff bases. 

Azza A.A. Abou-Hussein et al
4 

synthesized mono- and bi-nuclear acyclic and 

macrocyclic complexes with hard-soft Schiff base, H2L, ligand derived from the reaction of 

ABSTRACT 

Schiff bases are aldehyde- or ketone-like compounds in which the carbonyl group 

is replaced by an imine or azomethine group. These compounds are very important in 

medicinal and pharmaceutical fields because of their wide spectrum of biological 

activities. Most of them show biological activities such as antibacterial, antifungal as well 

as antitumor activity. This short review compiles examples of the most promising 

antimicrobial Schiff bases. This review summarizes the synthesis and biological activities 

of Schiff bases and its complexes. 
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4,6-diacetylresorcinol and thiocabohydrazide. The Schiff base ligand H2L and its metal 

complexes were evaluated for their antimicrobial activity against one strain Gram-positive 

bacteria S. aureus and P. fluorescens as Gram-negative bacteria as well as one pathogenic 

fungus, as F. Oxysporum. The data were compared with standard antibiotics, chloramphencol 

as Gram-negative and Cephalothin as standard reference for Gram–positive bacteria. 

Cycloheximide was used as antifungal standard reference. The in vitro antibacterial and 

antifungal activities demonstrated that the complexes have higher antimicrobial activity in 

comparison with that of the ligand. 
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Sobha et al
5
 prepared series of Cu(II), Ni(II) and Zn(II) complexes of the type ML 

have been synthesized with Schiff bases derived from o-acetoacetotoluidide, 2-

hydroxybenzaldehyde and o-phenylenediamine/1,4- diaminobutane explore the activity of the 

Schiff base ligands and there metal(II) complexes against bacteria, while ampicillin is used as 

a standard drug for comparison. The microorganisms used in the present investigations 

included S. aureus, P. aeruginosa, E. coli, S. epidermidis and K. pneumoniae. The diffusion 

agar technique was used to evaluate the antibacterial activity of the synthesized metal 

complexes. The complexes were more potent bactericides than the free Schiff bases. This 

higher antimicrobial activity of the metal complexes compared to Schiff bases may be due to 

the change in structure due to coordination and chelating tends to make metal complexes act 

as more powerful and potent bactereostatic agents, thus inhibiting the growth of the 

microorganisms. 
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       M= Cu(II), Ni(II) and Zn(II) 

 

Co(II), Ni(II), Cu(II) and Zn(II) complexes of the Schiff base derived from indole-3-

carboxaldehyde and m-aminobenzoic acid were synthesized. The in vitro antifungal and 

antibacterial screening of the complexes were checked. In some cases, ligand and its 

complexes have similar activity against bacterial and fungal species. The in vitro fungal 

activity results revealed that complexes are more microbial toxic than the ligand. The in vitro 

antibacterial activity results revealed that the ligand was bacteriostatic against bacterial 

strains except P. vulgaris and K. Pneumonia. The activity order of the synthesized 

compounds is as follows: Cu(II) > Co(II) >Ni(II) > Zn(II)> L
6
. 
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M= Co(II), Ni(II), Cu(II) and Zn(II) 

Neelakantan et al
7
, 

Metal
 complexes was synthesized with Schiff bases derived from o 

phthalaldehyde (opa) and amino acids viz., glycine (gly) l-alanine (ala), l-phenylalanine (pal).  
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M= Co(II), Ni(II), Cu(II) and Mn(II) 

The antimicrobial activities of the title Schiff base metal complexes (50µg per test) in 

vitro were tested against eleven microbes by the modified disc diffusion method. Cu(II) and 

Ni(II) complexes exhibit inhibition towards all the studied microorganisms. However, Co(II) 

and Mn(II) complexes exhibit less inhibition and VO(II) complexes have no activity towards 

the microorganisms. 

Four new N2O2 type tetradentate Schiff base complexes of Co(III), derived from the 

condensation of meso-1,2 diphenyl-1,2-ethylenediamine (mesostilbenediamine) with 

salicylaldehyde derivatives, were synthesized. The in vitro antimicrobial activity of the Schiff 

base complexes was tested against human pathogenic bacteria such as Salmonella typhi, 

Pseudomonas aeruginosa, Klebsiella pneumonia, Staphylococcus aureus and Listeria 

monocytogenes.  
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The antibacterial activity studies for the complexes and standard compounds 

(Gentamicin and Ciprofloxacin), evaluated by Kirby- Bauer disc diffusion method and serial 

dilution sensitivity test against both Gram-positive and Gram-negative bacteria. DMSO 

solvent was also used as positive control. As it could be seen from these results, both Gram 

positive and Gram negative bacteria were affected by these antibacterial agents and S. typhi 

was the most sensitive microorganism to the studied complexes. On the other hand, P. 

aeruginosa and S. aureus were, to some extent, more resistant to these compounds
8
.  

Govindaraj Saravanan et al
9 

developed a series of 1-(substitutedbenzylidene)-4-(4-(2 

(methyl/phenyl)-4-oxoquinazolin-3(4H)-yl) phenyl)semicarbazide derivatives were 

synthesized with the aim of developing potential antimicrobials. The in vitro antibacterial and 

antifungal properties were tested against some human pathogenic microorganisms by 

employing the disc diffusion technique and agar streak dilution method. All compounds 

showed activity against the entire strain of microorganisms. The relationship between the 

functional group variation and the biological activity of the evaluated compounds were well 

discussed. Based on the results obtained, compounds were found to be very active which 

were subjected to antimicrobial assay. 
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Noor-ul H. Khan et al
10

 prepared the complexes were screened in vitro for their 

microbial activity against five gram (+), five gram (−) and three fungal pathogens using agar 

cup method. The complexes were found to exhibit considerable activity against gram (+) 

bacteria used in the present study and the results are comparable with standard antibiotics 

streptomycin. 

Zhi-hong Xu et al
11

 , Salicylaldehyde 2-phenylquinoline-4-carboylhydrazone (H2L), 

and its novel tetranuclear cobalt(II), nickel(II) complexes have been synthesized. The in vitro 

antibacterial activity of complexes against Escherichia coli, Staphylococcus aureus, Bacillus 

subtilis was screened and compared to the activity of the free ligand. 
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Thirteen optically active 1-naphthyl keto-oxiranes (1-naphthyl-4-yl[3 (substituted 

phenyl)oxiran-2-yl]methanones) have been synthesised by phase transfer catalysed 

epoxidation of 1-naphthyl chalcones. The yields of oxiranes are more than 95%. These 

multipronged activities present in different keto epoxides are intended to examine their 

activities against respective microbes-bacteria’s, fungi and insect antifeedant activities 

against castor semilooper.  
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The antibacterial activities of all prepared epoxides have been evaluated against two 

gram positive pathogenic strains Staphylococcus aureus, Enterococcus faecalis while 

Escherichia coli, Klebsiella species, Pseudomonas and Proteus vulgaris were gram negative 

strains. The disc diffusion technique was followed using the Kirby–Bauer method, at a 
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concentration of 250 µg/mL with Ampicillin and Streptomycin taken as the standard drugs. 

Measurement of antifungal activities of all epoxides have been done using Candida albicans 

as the fungal strain and the disc diffusion technique was followed for the antifungal activity 

while for the two other stains Penicillium species and Aspergillus niger, dilution method was 

adopted. The drugs dilution was 50 µg/mL. Griseofulvin has been taken as the standard drug. 

All the synthesized compounds showed good activity
12

. 

Farukh Arjmand et al
13

 has been synthesized the ligand by the condensation reaction 

of 2-mercaptobenzimidazole and diethyloxalate. The ligand was allowed to react with 

bis(ethylenediamine)CuII/ NiII complexes to yield complexes.  
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M= Co(II) & Ni(II) 

The antibacterial and antifungal studies of the synthesized compounds were carried 

out against S. aureus, E. coli and A. niger. All the compounds tested, was found to be the 

most active against bacterial and three fungal pathogens. The order of inhibition was found to 

be:  

Mercaptobenzimidazole < [C16H10O2N4S2] < [Cu(en)2]Cl2 < [C20H22N8S2N8Cu]Cl2. 

Raman et al
12

 depicted the synthesis and characterization of copper(II) and zinc(II) 

coordination compounds of 4-(3′,4′-dimethoxybenzaldehydene)2-3-dimethyl-1-phenyl-3 

pyrazolin-5-semicarbazone , 4- (3′,4′-dimethoxybenzaldehydene)2-3-dimethyl-1-phenyl-3-

pyrazolin-5-thiosemicarbazone, 4-(3′- hydroxy-4′-nitrobenzaldehydene)2-3 dimeth yl-1-

phenyl-3-pyrazolin-5-semicarbazone and 4-(3′- hydroxy-4′-nitrobenzal dehydene)2-3-

dimethyl-1-phenyl-3-pyrazolin-5-thiosemicarbazone.  
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The Schiff bases and their metal complexes were screened for their antifungal and 

antibacterial activities against different species of pathogenic fungi and bacteria and their 

biopotency has been discussed. These results exhibited markedly an enhancement in activity 

on coordination with the metal ions against four testing bacterial strains. This enhancement in 

the activity is rationalized on the basis of the structures of by possessing an additional 

azomethine (C= N) linkage which imports in elucidating the mechanism of transamination 

and resamination reactions in biological system. The order of inhibition with respect to metal 

ions of is Cu > Zn. It is found that these complexes show strong antimicrobial activity at 

lower concentration when compared to earlier reported. But some Zn have higher 

antibacterial and antifungal activity for B. Subtilis, R. stolonifer,  and P. putita respectively 

compared to the corresponding copper complex
14

. 

Mahalakshmi et al
15

 derived the binuclear Schiff base complexes are formed newly 

using different transition metals at their stable oxidation state as Cu(II), Ni(II), and VO(II). 

3,3′,4,4′-tetraminobiphenyl and 2-aminobenzaldehyde were condensed to form a new Schiff 

base ligand having an two N4 group responsible for better chelating to the metal centers. The 

free ligand and their metal complexes were screened for their antimicrobial activities against 

the following species: Klebsiella pneumoniae, Escherichia coli and Staphylococcus aureus. A 

comparative study of minimum inhibitory concentration (MIC) values of the Schiff base and 

 its complexes indicate that the metal complexes exhibit higher antibacterial activity than the 

free ligand. As the test solution concentration increases, the biological activity also increases. 
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The minimum inhibitory concentration (MIC) values of the investigated compounds are 

summarized.  The observed MIC values indicate that the complexes have higher 

antimicrobial activity. The metal complexes Cu(II), Ni(II) and VO(II) have higher 

antimicrobial activity than the ligand. 
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M= Cu(II), VO(II) & Ni(II) 

 

M.N. Patel et al
16

 designed novel homodinuclear zinc(II) complexes with the 

quinolone antibacterial drugs ciprofloxacine and neutral bidentate ligands have been 

synthesized. The efficiencies of the ligands and the complexes have been tested against three 

Gram(-ve), E. coli, S. merscences, P. aeruginosa, and two Gram(+ve), S. aureus, B. subtilis, 

microorganisms. From the experiment they found that all the metal complexes were more 

active than the metal salts and ligands. 
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A new series of oxovanadium(IV) complexes have been designed and synthesized 

with 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. In order to evaluate the 

biological activity of Schiff bases and to assess the role of vanadium(IV) metal on biological 

activity, the triazole Schiff bases and their oxovanadium(IV) complexes have been studied 

for in vitro antibacterial activity against four Gram-negative (Escherichia coli, Shigella 

flexenari, Pseudomonas aeruginosa, Salmonella typhi) and two Gram-positive 

(Staphylococcus aureus, Bacillus subtilis) bacterial strains, in vitro antifungal activity against 

Trichophyton longifucus, Candida albican, Aspergillus flavus, Microscopum canis, Fusarium 

solani and Candida glaberata. The simple 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
17

.  
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Narsidas Parmar et al
18

 developed series of nine new biologically active Schiff bases 

were synthesized by a condensation of 4-acyl-5-pyrazolones with aromatic diamines 4a–d, 

and characterized by elemental analysis, mass and spectroscopic data. The antimicrobial 
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screening test results exhibited a poor activity compared to other standard drugs. From the 

result it shows that compounds exhibited moderate activity against E. coli and B. subtilis 

respectively in comparison to standard antibiotic streptomycin. On the other hand antifungal 

study shows excellent activity against P. Infestanse and Aspergillus fumigates. Compared to a 

standard griseofulvin, compounds exhibited excellent activity against P. infestanse. Thus, 

from the structural examination, it concludes that Schiff bases, particularly, from 4-butyryl-5-

pyrazolone possess good antibacterial and antifungal activities which may be due to 

electronegative alkyl group. 
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X =-C6H4(o/m/p)- , -(2-Me)(C6H3(m)- 

Javed Sheikh et al
19

, the clinically active functionalized b-diketones 1-(20,40 

dihydroxyphenyl)-3-(200-substitutedphenyl)- propane-1,3-dione (L1)–(L2) have been 

synthesized from Baker–Venkataraman transformation of 2,4-diaroyloxyacetophenones. Two 

gram-positive (S. aureus ATCC 25923 and B. Subtilis ATCC 6633) and two gram-negative 

(E. coli ATCC 25922 and P. aeruginosa ATCC 27853) bacteria were used as quality control 

strains. For determining anti-yeast activities of the compounds, the following reference 

strains were tested: C. Albicans ATCC 10231 and C. glabrata ATCC 36583. Ampicillin 

trihydrate were used as standard antibacterial and antifungal agents, respectively. The MICs 

of the chemical compound assays were carried out as described by Clause with minor 
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modifications. The minimum inhibitory concentrations of the chemical compounds were 

recorded as the lowest concentration of each chemical compound in the tubes with no growth 

(i.e., no turbidity) of inoculated bacteria. 

O

OO

O

HO

HO

OH

OH

M

 

 

CONCLUDING REMARKS 

Schiff bases have been widely explored for medicinal applications. However, the 

biological activity of this class of compounds deserves further investigation. Although the 

research on this subject is incipient, a number of reports disclosing the effects of the Schiff 

bases on the pathogens of clinical interest have recently been increasing. Schiff base 

compounds have been shown to be promising leads for the design of more efficient efficient 

antimicrobial agents.  
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