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Introduction

In 1864, Hugo Schiff described the condensation between an aldehyde and an amine leading to the formation of a Schiff base [1, 2]. He studied the reaction of aniline with acetaldehyde, valeraldehyde, benzaldehyde and cinnamaldehyde,         Fig. 1.  The first paper he had published was entitled “A New Series of Organic Bases” (“Eine neue Reihe organischer Basen”) [3].
Schiff bases have a potential metal binding ability due to presence of σ, π- interacting capability towards metal ions [4]. The carbon nitrogen double bond (C=N) functional group is the special characteristic of Schiff bases. They have the general formula RR׳C=NR״, where R, R׳and R״ are an alkyl or aryl group, (but not hydrogen) that makes the Schiff base a stable imine. Commonly known Schiff bases have NO or N2O2 donor atoms but NS, NN, ONO, NNO donor sequences are also possible and oxygen can be replaced by S, N or Selenium. They are able to coordinate metal ions through the imine nitrogen and another group usually linked to the aldehyde or ketone. Scientists still prepare Schiff bases, as active and well-designed Schiff base ligands are considered “privileged ligands” [4] due to ease of preparation, good chelating property and also due to presence of interesting properties such as artificial chemical nucleases in  DNA binding study, which plays a major role as molecular tool in biochemistry  [5-7]. They are able to stabilize many different metals in various oxidation states, controlling the performance of metals in a large variety of useful catalytic transformations [8]. The substitution at the aromatic ring of Schiff bases can modify the electronic and steric properties of the resulting complexes and because of its open structure it can form metal complexes of various sized  [9, 10].
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Fig. 1. Reaction of aniline with carbonyl compounds by Hugo Schiff (1864)
Schiff bases are one of the most widely studied organic compounds in coordination chemistry. They are good chelating ligands for the synthesis of many stable complexes [11-13]. There are several reaction pathways to synthesize Schiff bases and the most common one is an acid catalysed condensation reaction of an amine with an aldehyde (or ketone) under refluxing conditions [14, 15]. The reaction mechanism for the synthesis of Schiff base ligand is shown in Fig. 2.
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Fig. 2. Reaction Scheme for the preparation of Schiff bases; where R'= H or alkyl group; R, R"= phenyl or substituted phenyl group

The first step is the attack of nucleophillic nitrogen atom of amine on the carbonyl carbon, resulting in an unstable intermediate (corbinolamine). Elimination of the H2O group results in the formation of Schiff base ligands. In very acidic solutions the amine is protonated and the reaction cannot proceed and in very basic reaction conditions the reaction is hindered as sufficient protons are not available. As compared to the aldehydes, ketones are found less reactive in Schiff base formation due to steric hindrance at the reaction centre [16].
For the designed and construction of a bridged Schiff base ligand, a diamine compound and two molecules of aldehyde (or ketone) is required according to the structure of interest. Such well-defined bridged Schiff base ligands are preferable for the synthesis of dinuclear metal-complexes.

Schiff bases are classified as symmetrical and asymmetrical in nature. Salen/ Salen-type are categorized as symmetric whereas sulphonamide imines, hydrazones and aminoguanidine derivatives are considered as asymmetric Schiff bases [17-20]. Schiff base ligands easily form complexes with almost all metal ions [21, 23, 25].
 Applications of Schiff bases and their metal complexes
Over the past three decades, the chemistry of Schiff bases have developed rapidly. The versatile applications of Schiff base ligands and their complexes in biological, analytical and industrials fields make further investigations in this area are highly desirable [22-24]. The present review highlights the uses of Schiff bases and their metal complexes to some extent.
Catalytic Activity
Recent study shows that there have been many reports on the applications of Schiff base complexes in homogeneous and heterogeneous catalysis [8]. Due to the observed catalytic activity of Schiff base complexes in polymerization of olefins, synthesis of commercially important products has increased [26-28]. Schiff base complex catalyzed ring opening polymerization of cycloalkenes at low temperature provides a control on the molecular weight of the polymers [29, 30]. Used of Schiff base complexes as catalysts are more favourable for the oxidation of hydrocarbons and it has been a field of academic and industrial interest [31-35]. Cobalt(II) and Chromium(III) Schiff base complexes are effective in the ring opening of large cycloalkanes [36, 37]. The ring closing metathesis reactions to synthesize functionalized olefins were enhanced by Phosphine substitution in N-heterocyclic carbene Schiff base ligands [38]. Schiff base complexes showed significant applications in reduction of ketones to alcohols [39-42]. An improved enantioselectivity in hydrosilation reactions was observed by using phosphine derivative Schiff base complexes [43]. The chiral Schiff base complexes were useful as efficient catalysts in Michael addition reaction [44]. A new catalytic route for hetro-annulation reaction using Schiff base complexes have been reported using transition metal ions    [45-48]. Schiff base complexes showed catalytic activity in carbonylation of alcohols and alkenes at low pressure [49-52]. Bimetallic or dinuclear Schiff base complexes showed catalytic activity in carbonylation reactions [53]. It is reported that the Heck reaction was successfully catalysed by using Schiff base complexes [54-58]. The nickel(II) and copper(II) Schiff base complexes have increased enantioselectivity in alkylation of enolates [59]. The presence of copper(II) and manganese(III) Schiff base complexes improved enantiomeric synthesis of aziridines and amides with chiral metalolloporphyrins [60-64]. The diimine complexes of rhodium significantly catalysed isomerization of norbornadiene to quadricyclane [65-66]. The aluminium–salen Schiff base complexes were useful in catalysing the addition of hydrogen cyanide to N-allylbenzaldimine [67]. An improved enantioselectivity in the cyclopropanation reactions using Schiff base complexes as catalysts was observed   [68-70]. In the presence of Schiff base complexes of transition metal ions the cyanohydrins were synthesized successfully reacting trimethylsilylcyanide (TMSCN) with aldehydes [71-73]. Schiff base complexes also desymmetrize meso compounds with significant yield and enantiomeric excess [74]. Lanthanum(III) Schiff base complexes have shown the catalytic activity in asymmetric Diels–Alder reactions [75-76]. 
Antimicrobial, Anticancer/Antitumor Activities

Schiff bases and their metal complexes have shown a variety of biological actions due to the presence of azomethine functional group [77-80]. Rathelot et al. [81] described the synthesis of Schiff base-functionalised 5-nitroisoquinolines derivative compounds which showed promising antimalarial activity. Musiliyu et al. [82] described a series of N,N′-Bis(2-hydroxylbenzyl)-1,2-ethanediamine derivatives and its Schiff bases. The compounds displayed highest level of resistance with S. aureus. Chohan et al. [83] synthesized and characterized a series of new antibacterial and antifungal Schiff bases derived from sulphonamides and their transition metal complexes incorporating cobalt(II), copper(II), nickel(II) and zinc(II) ions. They were screened for in-vitro antibacterial activity against Gram-negative and Gram-positive bacterial strains and showed that the metal complexes were more antibacterial and antifungal as compared to the uncomplexed Schiff bases. L. Shi et al. [84], prepared a series of 26 Schiff bases by reacting 5-chloro-salicylaldehyde and primary amines. The compounds were assayed for antibacterial and antifungal activities and showed the most favourable antimicrobial activity. Raman et al. [85] prepared Neutral tetradentate chelate complexes of Cu(II), Ni(II), Co(II), Mn(II), Zn(II) and VO(II) in EtOH using Schiff bases derived from acetoacetanilido-4-aminoantipyrine and           2-aminophenol/2-aminothiophenol. The in vitro antimicrobial activity of the investigated compounds were tested against the microorganisms and found that most of the metal chelates have higher antimicrobial activity than the free ligands. Nerkar et al. [86], reported that the Schiff base derivatives of pyridine carbohydrazide has anticancer activity. Amit Singh et al. [87] synthesised the ligands N-benzyl-2-(diethylamino)acetamide, and 2-(diethylamino)-N-phenylethylacetamide and their copper(II) complexes. Screening results for anti-proliferative studies against the U87 and HeLa cancerous cells indicated a promising activity. A series of 5- or 7-substituted 3-{4-(5-mercapto-1, 3, 4-oxadiazol-2-yl)phenylimino}-indolin-2-one derivatives were synthesized by treating 5-(4-aminophenyl)-1, 3, 4-oxadiazole-2-thiol with different tin derivatives by Gudipati et al. [88]. All the synthesized derivatives were screened for anticancer activity against HeLa cancer cell lines using MTT assay and results indicated that C5 substituted derivatives might be useful for anticancer drug development in the future. Osowole et al., [89] described the synthesis, characterization and in vitro anticancer and antimicrobial activities of  VO(IV), Mn(II), Co(II), Ni(II), Cu(II), Zn(II) and Pd(II) complexes of Schiff base, 3-{[(4,6-dimethoxypyrimidin-2-yl)imino]methyl} naphthalen-2-ol. They showed the compounds had potent anticancer activity against MCF-7 (Human breast adenocarcinoma) cells. Mohsin Ali et al., [90] evaluated the anticancer activity of vanillin semicarbazone (VSC) ascites carcinoma (EAC) cells in Swiss albino mice and concluded that the VSC could be considered as potent anticancer agent. 
From the literature survey the following conclusions could be made:

i) Schiff base ligands and their metal complexes had versatile applications in coordination chemistry, pharmacology, biological and industrial areas and are desirable for the design and construction of new chemotherapeutic agents.
ii) They have good antimicrobial, antitumor/ anticancer activity. Most of the Schiff bases showed enhanced antimicrobial/antitumor activity upon complexation with metal ions.
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