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Review on Schiff Base: A Scrupulous Binding Detector for Metal Ions
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Abstract: The Schiff bases find interesting application in the field of analytical, biological, medicinal and chemistry etc. 
Hence, there is an increasing interest in the synthesis of new Schiff bases. Schiff bases find application as ionic and neutral 
analyses by complexation, applications as a microbial and drug delivery. Synthesis of Schiff base and their complexes with 
transition metal ions herald many promises in the field of coordination chemistry.   
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1. Metal complexes 
Metal complexes are of different class of compounds and are always interesting for researches. Particularly metal ion 

plays an important role in biochemical reactions that’s why bioinorganic chemistry of coordination compounds has always 
been a challenge to the inorganic chemists. Metal complexes are demanding area of inorganic chemistry [1-3]. Coordination 
compounds are those molecular compounds where the common metal ion is bonded with various types of ligands and 
show various characteristics properties [4]. When a metal ion is associated or attached with an electron donor, the resulting 
compound is called a metal complex or a coordination compound. ligand and metal ion where one of them donate a pair 
electron and other one accept electron which act as lewis base and lewis acid respectively [5-7]. 

In 1916, Alfred stock was first ever used the term ligand in relation to silicon chemistry and it come from the latin 
word litare. The term ligand is used in two different ways, first in which ligand may function as donor atom, present in a 
molecule which is attached to central metal ion or whole ligand can be used as a molecule. Second, a ligand attached with 
central metal ion to form electron pair bond with one or more donor atoms,and these bond are originally ionic or covalent [8, 9].

Complexes or coordination compounds are those in which central metal atom or ion is surrounded by ions or 
molecules called ligands containing non metals. These ligands are capable to donate one or more electrons to the empty 
metal orbitals to produce covalent coordinate linkage. The structure of coordination compounds was satisfactorily 
explained by Alfred Werner, a Swiss chemist who won the Noble prize for this in 1893. According to Werner’s theory, 
every metal has two types of valency i) Primary valency i.e. its oxidation state and ii) Secondary valency i.e. its 
coordination number. Primary valency isnon directional and satisfied by ionic charge of oppositely charged ions while 
secondary valency is directional and gives particular geometry to the molecule.

 Valence Bond Theory (VBT), Crystal Field Theory (CFT), MolecularOrbital Theory (MOT) and Ligand Field Theory 
(LFT) are widely used theories to explain the nature of coordinate linkage in complexes. VBT was given by paulingand 
was quite successful in describing and predicting much of the magnetic behavior, stereochemistry, kinetics and some other 
physical and chemical properties. Pauling [10] and Gould [11] gave semi qualitative calculations correlating the stability of 
complexes on the basis of back donation of electron charge from metal to ligand. The Crystal Field Theory (CFT) was 
developed by Bethe [12] and Van Vleck [13] in which attraction in between metal and ligands in a complex are assumed as 
purely electrostatic forces. This theory explains that electrostatic forces give rise to splitting of d-orbitals and the magnitude 
of splitting depends upon nature of ligands, charge on metal ion and the position of metal ion in the periodic table.

M.O.Theory has given idea regarding bonding, anti bonding and non bonding orbitals, σ-bonds and π-bonds, σ* anti 
bonding orbitals to serve as π-acceptors. This theory contains the best aspects of both VBTheory and Crystal Field Theory 
[14].

Ligand Field Theory could do somewhat more justification for describing metal-ligand interaction and becomes 
helpful in explaining the visible absorption spectra of the complexes. Advanced Ligand Field Theory has been discussed 
by Kettle [15].
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2. Schiff base
Schiff base is a compound named after Hugo Schiff [16], having general formula R-CH=N-R’, where R and R’ may be 

alkyl or aryl groups. These compounds are basic by nature and they can be synthesized by condensation of primary amine 
(alkyl/aryl) with the compounds cantaining ketonic or aldehydic carbonyl [17]. They are named as azomethines or imines 
also [18, 19]. Therefore Schiff bases are imines bearing a hydrocarbyl (eg-ethyl, phenyl) group on nitrogen atom with general 
formula R2C=NR’ (R’≠H). Azomethine is defined as a compound having structure RN=CR2 (R≠H). It is considered that the 
compounds with formula RN=CRH (R≠H) are included in azomethines and so azomethines are called Schiff bases also. 
Synthesis of a Schiff base from aromatic amine and a carbonyl compound i.e. aldehyde or ketone is a nucleophilic addition 
reaction. 

Scheme: Synthesis of a Schiff base from aromatic amine and a carbonyl compound i.e. aldehyde or ketone is a nucleophilic addition reaction

Schiff bases have number of bonding sites and capable of donating proton or electron that cause to higher coordination 
polyhedra or to form complexes. It plays a key role to investigate geometries of coordination compound which also show 
higher kinetic and thermodynamic stability with various transition metal ions. It is the backbone of the structural chemistry. 
The compact nature of polydentate Schiff bases forms them more effective in attaining high coordination structure. Hence 
bident, trident or tetradent of ligands are used to form coordination compounds with metal ion. 

3. Applications of schiff bases
Various Schiff bases and their transition metal complexes have such important commercial, medicinal and synthetic 

application which provides the interesting research area. Schiff bases containing reactive group i.e. azo-methine 
(-R-CH=N-) and its biological importance have gained attention for studies in the fungicidal and insecticidal fields and 
also the intermediate of the azo-methine group shows biologically importance properties in large number of the enzymatic 
reactions. 

Very wide applicability of Schiff base metal complexes like catalytic activity, pesticidal activity, medicinal importance 
etc. shows bright path for researchers in the field. Aromatic Schiff bases or their metal complexes catalyze reactions 
on oxygenation [20, 21], hydrolysis [22], electroreduction [23] and decomposition [24]. Amino acid derived Schiff base and 
heterolytic ketone derived Schiff base show antimicrobial activity [25]. Isatin derived Schiff base show Anti-HIV activity  
[26]. Insecticidal activity is observed in the Schiff bases derived from sulfane thiadizole and salicylaldehyde [27]. Schiff bases 
are also used as plant growth regulator and root growth activator [28, 29]. Azo group containing metal complexes are used 
for dying cellulose polyester, polyfibres, food packages, wools, leathers etc [30-32]. Salicylidine anthranilic acid possesses 
antiulcer activity and complexation behavior with Cu(II) complexes. 

Some Schiff bases and their metal complexes containing Cu, Ni, Co and Zn were synthesized from salicylaldehyde 
and 2,4-dihydroxy benzaldehyde with glycine and l-alanine which possess anti-tumor activity [33] and their reactivity 
order within metal complex was observed Ni>Cu> Zn> Co. Schiff base metal complexes also show antifertility i.e. they 
can alter reproductive physiology [34]. Organo cobalt complexes with tridentate Schiff base act as initiator of emulsion 
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polymerization and co-polymerization of dienyl and vinyl monomers [35]. 
Too much interest in imines or azomethines is the fact as they are widely distributed in many biological systems 

and they are used in organic synthesis, chemical catalysis, medicine, pharmacy and chemical analysis as well as new 
technologies [36]. 

The development and research in the field of bioinorganic chemistry has increased the interest in Schiff base as well 
as their transition metal complexes also. Metal complexes of Schiff base derived from 2-thiophene carboxaldehyde and 
2-amino benzoic acid with Fe(III), Cu(II), Co(II) and Ni(II) exhibiting biological activity were reported [37]. The Schiff 
bases of 3-(2-hydroxy-3-ethoxy benzylidene amino)-5-methyl isoxazole and 3-(2-hydroxy-5-nitro benzylidene amino)-5 
methyl isoxazole were screened against Aspergillus niger and Rhizoctonia solani [38]. Anticancer activity on MDA-MB-231 
breast cancer cells was observed in the Schiff base complexes of Cu (II), Cd (II), and Zn (II) derived from 2-acetyl pyridine 
and L- tryptophan [39].

Promising anti inflammatory activity was observed in the Schiff bases derived from 4-amino antipyrine (4-amino-
1,5-dimethyl-2-phenylpyrazole-3-one) and benzaldehyde [40]. A very rapid increase in multi drug resistant bacteria and 
fungi has made it mandate for scientists to research new anti microbial compounds as well as coordination compounds 
of biologically important molecules [41-43] . Anticancer potential of benzophenone-Bis-Schiff base was studied on Human 
Pancreatic Cancer cell line by Khalid Mohammed Khan et al.[44]. Tetradentate Schiff base ligands of 3, 4-diamino 
benzophenone were synthesized and studied by Mozaffar Asadi et al. [45].  Antioxidant potential of Schiff bases containing 
benzophenone was studied by Ghulam Fareed et al.[46]. Synthesized Schiff bases from salicylaldehyde and diamines are 
considered to be exceptionally suitable in food industries due to their remarkable light resisting capacity, storage ability as 
they do not allow the degradation of food in the presence of acidic gases like CO2. 

4. Conclusion 
The general introduction to metal complexes, binding theories and comprehensive literature survey on synthesis, 

modifications, functionalization and applications of Schiff bases and metal complexes in solution.
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