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1. Introduction:  
                                                                                                                                              

  The term <<Schiff base>> comes from the name of Hugo Schiff (1834–1915) , an Italian-naturalized chemist, German by nationality, who synthesized the first so-called Schiff base (SB) in 1864. Schiff bases (SBs), characterized by an imine  or azomethine  group, are generally synthesized by condensation reactions of carbonyl functionalities (ketone or aldehyde) with primary amines.(Xiang et al, 2018).


2. Application:

SBs have gained considerable attention due to their remarkable biological activities (such as antiapoptotic, antifungal, antibacterial, anti-inflammatory and antiviral activities), catalytic activities , electroluminescent properties , fluorescence properties, nonlinear optical (NLO) properties , and applications in sensors  and organic photovoltaic materials . Owing to the easy tunability of their stereo-electronic structures, most SBs are fascinating ligands, because they readily form stable complexes with most of the transition metals. Consequently, during the last decades the symmetrically-substituted SB metal complexes have been intensively studied because of their specific eminent catalytic activities, and this field has been the subject of numerous reviews. (Xiang et al, 2018).
 	Transition metal complexes of Schiff base ligands have been extensively studied due to their ease of preparation, availability of low cost raw materials, and formation of stable and chelated coordination complexes with most of the transition metals. Applications of Schiff bases and their transition metal complexes have been largely investigated in the fields of biochemistry, catalysis, and medicine.Their transition metal complexes have been evaluated for their variety of biological properties such as antibacterial, antioxidant , antifungal and anti-HIV, anticancer, antiamoebic, herbicidal activities.(C.E. Satheesha et al, 2016).




3.Complexes:

3.1.synthesis, spectral characterization and in vitro microbiological evaluation of novel glyoxal, biacetyl and benzil bis-hydrazone macrocyclic Schiff bases and their Co(II), Ni(II) and Cu(II) complexes:

A series of binuclear Co(II), Ni(II) and Cu(II) complexes were synthesized by the template condensation of glyoxal, biacetyl or benzil bis-hydrazide, 2,6-diformyl-4-methylphenol and Co(II), Ni(II) or Cu(II) chloride in a 2:2:2 M ratio in ethanol. These 22-membered macrocyclic complexes were characterized by elemental analyses, magnetic, molar conductance, spectral, thermal and fluorescence studies. Elemental analyses suggest the complexes have a 2:1 stoichiometry of the type [M2LX2].nH2O and [Ni2LX22H2O].nH2O (where M = Co(II) and Cu(II); L = H2L1, H2L2 and H2L3; X = Cl; n = 2). (B.lakshmi et al , 2011).

[image: ]
Fig.(1): Structures of the hexadentate Schiff bases H2L1, H2L2 and H2L3, five coordinated square pyramidal geometry of the Co(II) (1, 2 and 3) and Cu(II) (7, 8 and 9) complexes and six coordinated octahedral geometry of the Ni(II) (4, 5 and 6) complexes.



3.2. Synthesis, spectroscopic characterization and antimicrobial studies of Co(II), Ni(II), Cu(II) and Zn(II) complexes with Schiff bases derived from 5-bromo-salicylaldehyde:	


In this study, the new Schiff base ligands derived from condensation of amine and 5-bromo-salicylaldehyde were characterized. All compounds, the Schiff bases and the metal complexes, were characterized by elemental analyzes, FT-IR, 1H NMR, 13C NMR and magnetic susceptibility measurements. The synthesized ligands, along with their metal (II) complexes, were screened for their in vitro antibacterial activity.(Ahmed et al, 2013).

[image: ]
                                   Fig.(2):the general scheme of the complexes.


3.3.Synthesis, characterisation and antimicrobial activity of new palladium and nickel complexes containing Schiff bases:


New Schiff base ligands were synthesized by condensation of 2-(3,4-dimethoxyphenyl)ethanamine with 2-hydroxy benzaldehyde (L1H) and 2'-hydroxy acetophenone (L2H) respectively. Reaction of L1H or L2H with Na2PdCl4 or NiCl2.6H2O in 2:1 ratio obtained four new coordination complexes 1M(L1–2)2] (where M = Pd(II); 1 and 2 and M = Ni(II); 3 and 4). Both the ligands and four complexes were characterised by elemental analysis, FT-IR and UV–Vis, spectroscopy. L1H, L2H, 1 and 2 were also characterised by 1H and 13C{1H} NMR spectroscopy.(C.E. Satheesha et al, 2016).

[image: ]
Fig.(3): Synthesis of Schiff base ligands L1H and L2H and complexes [M(L1–2)2]( 1–4).



3.4.Co(II), Ni(II) and Cu(II) complexes of bidentate Schiff bases:

Cobalt (II), nickel (II) and copper (II) complexes of type ML2Cl2, where M is CoII, NiII and CuII, and L is Schiff base formed by condensation of 2-thiophenecarboxaldehyde and propylamine, N-[2-thienylmethylidene]-1-propanamine (TNAP), or ethylamine, N-[2- thienylmethylidene]ethanamine (TNAE), have been prepared and characterised by elemental analysis, magnetic and spectroscopic measurements. Elemental analysis suggests the stoichiometry to be 1:2 (metal:ligand).(Cezar&Angela, 2000).

The proposed structural formulas of these compounds are presented in the figure:
[image: ]   

Fig.(4): The structural formulas of the complexes:
 a.[ML2Cl2] (M = CoII, NiII, CuII; L = TNAP and TNAE); R=CH3, H
 b.[Ni(TNAP)2]Cl2.



3.5. Schiff bases functionalized with PPh2 and SPh groups and their 
Ni(II) and Pd(II) complexes: Synthesis, crystal structures 
and applications of a Pd complex for Suzuki–Miyaura Coupling:




The reactions of 2-hydroxyacetophenone with NH2CH2CH2SPh and NH2CH2CH2PPh2 have resulted in Schiff bases having the chemical formulae [image: ], which are potential (N,O,S) and (N,O,P) type ligands. Using an appropriate ketone, the Schiff base [image: ]  has also been synthesized in a similar fashion. L1, L2, L4 and the compounds obtained by borohydride reduction of L1 and L2, viz. 2-HO–C6H4CH(CH3)–NHCH2CH2Y [Y = SPh (L3) or PPh2 (L5)] have been explored as ligands.(P. Raghavendra Kumar et al, 2008).

[image: ]                                                  
                                        Fig.(5): Structures of L1 to L5.

[image: ]                          Fig.(6):synthetic scheme of the ligands and the complexes
                 [image: ]
Fig.(7):ORTEP diagram of 1 (thermal ellipsoids are drawn with 30% probability).

3.6. Structural and antimicrobial studies of coordination compounds 
of VO(II), Co(II), Ni(II) and Cu(II) with some Schiff bases 
involving 2-amino-4-chlorophenol:


The coordination complexes of VO(II), Co(II), Ni(II) and Cu(II) with the Schiff bases derived from 2-hydroxyacetophenone/2-chlorobenzaldehyde with 2-amino-4-chlorophenol were synthesized and characterized by elemental analysis, molar conductance, electronic spectra, FT-IR, ESR, FAB mass, thermal and magnetic susceptibility measurements. The FAB mass and thermal data show degradation of the complexes. The ligand A (2-hydroxyacetophenone-2amino- -4-chlorophenol) behaved as tridentate and ligand B (2-chlorobenzylidene-2- -amino-4-chlorophenol) as bidentate.(A.P. Mishra et al, 2009).

 [image: ]
Fig.(8):Structures of the synthesized complexes with Schiff base (ligand): a) A (n = 1,2,3; x = 0,1,2) and b) B (n = 0,1,2 ; x = 0,1,2).

3.7. Salicylaldimine   Schiff bases – Generation of self-assembled and chiral complexes with Ni(II) and Zn(II) ions. An unusual antiferromagnetic interaction in a triply bridged Ni(II) dimer:	


Four new complexes of nickel(II) and zinc(II) with Schiff bases obtained from the condensation of salicylaldehyde and N,N-dimethyl-ethylene/propylenediamine and their reduced products have been synthesized and characterized by spectroscopic methods and single crystal X-ray structural analysis. Complex 1 is a six coordinated mononuclear complex of Ni(II), having a self assembled 2D structure with alternate cages and cavities running perpendicular to the c axis. The octagonal cavities are occupied by water molecules which are weakly hydrogen bonded to the eight oxygens lining the inner side of these cavities.(Vimal K. Bhardwaj et al, 2012).

                            [image: ]
Fig.(9):Showing the ligands used in this study.
[image: ]
Fig.(10):ORTEP diagram of 1 at 50% probability showing the ﬁnal structure and the labelling scheme used. Lattice water has been removed.

3.8. Ni(II) complexes with Schiff bases derived from amino sugars:


 	It was found by 1H and 13C NMR spectroscopy that the Schiff base, 2-deoxy-2-(2-hydroxybenzaldimino)-D-glucopyranose exhibits enol-imine/keto-amine and anomeric equilibria in methanolic, and in dimethyl sulfoxide solutions. The reaction of the Schiff base with nickel acetate gave the bidentate, mononuclear Ni(II) complex that was characterized by spectroscopic methods and by cyclic voltammetry.(Juan Costamagna et al, 2003).


[image: ]
Fig.(11):Enol-imine versus keto-amine and anomeric equilibria of the Schiff base, 2-deoxy-2-(2-hydroxybenzaldimino)-Dglucopyranose, in MeOH or DMSO solution.

                                [image: ]
Fig.(12):Structure of bis-N-[2-deoxy-D-glucopyranosyl-2-(2-hydroxybenzaldiminate)]Ni(II)


3.9. Spectroscopic, electrochemical and biological studies of the metal complexes of the Schiﬀ base derived from pyrrole-2-carbaldehyde and ethylenediamine:

The new symmetrical Schiff base [image: ] bis(pyrrole-2-carbaldehyde)ethylenediamine and its Mn(II), Co(II), Ni(II) and Cu(II) complexes were synthesized and characterized by spectral, magnetic and electrochemical studies.(Bibhesh K. Singh et al, 2017).



                  [image: ]
                                        Fig.(13): Proposed structure of the complex.


3.10. Synthesis, characterization and thermogravimetric analysis of Co(II), Ni(II), Cu(II) and Zn(II) complexes supported by ONNO tetradentate Schiﬀ base ligand derived from hydrazino benzoxazine:

A new series of Co(II), Ni(II), Cu(II) and Zn(II) metal complexes of a novel ligand 3-(2-(1-(2,4-DihydroxyPhenyl)ethylidene)hydrazinyl)-2H-benzo[b][1,4]oxazin-2-one, (DPE-HBO) were prepared and characterized.(N. Kavitha&P.V. Anantha, 2017)  [image: ]
                        Fig.(14):Proposed structure of Co(II) and Ni(II) complexes









[image: ]                           Fig.(15): Proposed structure of Cu(II) and Zn(II) complexes.
3.11. Synthesis and binding mode of N, N’-bis(4-methoxybenzylidene)ethan-1,2-diamine with Co(II), Ni(II) and Hg(II):


The Schiff base ligand, N, N’-bis(4-methoxybenzylidene)ethan-1,2-diamine and its metal complexes of Co(II), Ni(II) and Hg(II) have been successfully synthesized and characterized physicochemically and infrared spectroscopically.(Abubakr Abdullahi Ahmed et al, 2021).



   [image: ]
                        Fig.(16):Proposed geometric structure of the Metal(II) Complexes

 
3.12. Theoretical and electrochemical studies on organometallic symmetrical Schiff base complexes of Zn(II), Cu(II), Ni(II) and Co(II):


The electronic communication between two redox centres through a Schiff base complex has been investigated in a series of ethylenediimine-bis(1-ferrocenyl-1,3-butanedionate) complexes of Zn(II) 1, Cu(II) 2, Ni(II) 3 and Co(II) 4.(Mauricio Fuentealba et al, 2007).


[image: ]                                     
                                                            Fig.(17):Preparation of complexes 1–4





3.13. Another step toward DNA selective targeting: NiII and CuII complexes of a Schiﬀ base ligand able to bind gene promoter G-quadruplexes:


 	We have designed, synthesized and characterized a new water soluble Salen-like Schiﬀ base ligand and its NiII and CuII metal complexes. The same compound exhibited dose-dependent cytotoxic activity.(Alessio Terenzi et al, 2016).


[image: ]

Fig.(18):Structures of (a) the newly synthesized NiII (1) and CuII (2) metal complexes and of (b) the Salnaphen-like NiII complex (3).


3.14. Synthesis and characterizations of NiO nanoparticles  via solid-state thermal decomposition of nickel(II) Schiff base complexes:


To raise the need of new precursors in the synthesis of NiO nanoparticles, mononuclear nickel(II) Schiff base complexes, viz. Ni(salbn) and Ni(Me2-salpn), were employed as precursor in solid-state thermal decom-position.(Aliakbar Dehno Khalaji& Debasis Das, 2014). 


                          [image: ]

                                  Fig.(19):Chemical structures of Ni(salbn) (1) and Ni(Me2salpn) (2)

3.15. Synthesis, characterization and equilibrium study of the dinuclear adducts formation between nickel(II) Salen-type complexes with diorganotin(IV) dichlorides in chloroform:


 nickel(II) complexes of tetradentate Schiﬀ base ligands ([NiL]) where L = [3-methoxysalen, N,N0-bis(3-methoxysalicylidene)ethylenediamine], [4-methoxysalen, N,N0-bis(4-methoxysalicylidene)ethylenediamine], [5-methoxysalen, N,N0-bis(5-methoxysalicylidene)ethylenediamine], [salen, N,N0-bis(salicylaldehydo)ethylenediamine], [5-chlorosalen, N,N0-bis(5-chlorosalicylidene)ethylenediamine] and [5-bromosalen, N,N0-bis(5-bromosalicylidene) ethylenediamine] as donors have been investigated in chloroform as a solvent by means of UV–Vis spectrophotometeric analysis.(Mozaffar Asadi et al, 2007).


[image: ]

Fig.(20):Structural representation of the nickel Schiﬀ base complexes, A = MeO, H, Br and Cl; B, C = MeO.


3.16. N/N Bridge Type and Substituent Eﬀects on Chemical and Crystallographic Properties of Schiﬀ-Base (Salen/Salphen) Niii Complexes:
In total, 13 ligands R-salen (N,N’-bis(5-R-salicylidene)ethylenediamine (where R = MeO, Me, OH, H, Cl, Br, NO2) and R-salphen (N,N’-bis(5-R-salicylidene)-1,2-phenylenediamine (where R=MeO,Me,OH,H,Cl,Br)and their13 nickel complexes NiRsalen and CuO photocatalytic CuO photocatalytic NiRsalphen were synthesized.(Cynthia S. Novoa-Ramirez et al, 2020).

[image: ]
Fig.(21). Chemical structure of the ligands and the complex.


3.17. Synthesis, Characterization, Antioxidant, and Antibacterial Studies of Some Metal(II) Complexes of Tetradentate Schiff Base Ligand: (4E)-4-[(2-{(E)-[1(2,4Dihydroxyphenyl)ethylidene]amino}ethyl)imino]pentan-2-one :
 	Co(II),Ni(II),Cu(II),andZn(II)complexesof(4E)-4-[(2-{(E)-[1-(2,4-dihydroxyphenyl)ethylidene]amino}ethyl)imino]pentan-2one have been synthesized and characterized by elemental analyses, molar    conductance, electronic and IR spectral studies, and XRD.(Ikechukwu P. Ejidike&Peter A. Ajibade, 2015). 
[image: ]                                                            
                                                    Fig.(22):Synthesis of Schiff base ligand(H2LL).                
[image: ]                [image: ]

Fig.(23): Structure of Schiff  base ligand(H2LL)            Fig.(24):Proposed structure of metal complexes.

3.18.synthesis,X-ray structural characterization and solution studies of                      a mononuclear Ni(II)-Schiff base complex bearing free formyl groups :


 	A new mononuclear Ni(II)-Schiff base complex has been synthesize  and structurally characterized through X-ray crystallograghy.(Shankareswar Gupta et al, 2003).   


.                                     [image: ]          

                                                                      Fig.(25). Synthetic scheme.                                                                               
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