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ABSTRACT 

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

replaced by an imine or azomethine group. Research has shown significant progress in 

utilization of transition metal complexes as drugs to treat several human diseases like 

carcinomas, lymphomas, infection control, anti-inflammatory, diabetes, and neurological 

disorders. Transition metals exhibit different oxidation states and can interact with a number 

of negatively charged molecules. They are widely used for industrial purposes and also 

exhibit a broad range of biological activities. To provide an update on recent advances in the 

use of transition metals especially binuclear complexes, a vast search was undertaken to 

identify the recent relevant literature. 
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INTRODUCTION 

The term ‘‘dinucleating ligands’’ was first introduced in 1970 by Robson [1] to 

describe the class of polydentate chelating ligands which able to bind simultaneously two 

metal ions. The study of binuclear transition metal complexes forms an extremely active area 

of research in modern coordination chemistry [2]. A bimetallic core is versatile at the active 

site of many metalloenzymes and plays an essential role in biological systems by the 

interplay of a pair of metal ions [3]. In the last decade, a large number of bimetallic Schiff 

base complexes of different structural types have been researched [4]. These complexes span 

the gamut in their new applications, donating types, structures and biological activities [5]. 

The binuclear complexes have greater cleaving efficiency than mononuclear complexes. The 

Schiff base complexes are able to inhibit the growth of several animal tumors, and some 

metals have shown good antitumor activity against animal tumors [6]. Metal complexes of 

these bases have numerous applications including antibacterial, antifungal and antiviral 

activities as well as other biological applications. Several applications have been related for 
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these complexes in chemical analysis, absorption and transport of oxygen, in pesticides and 

heterogeneous and homogeneous catalysis for oxidation and polymerization of organic 

compounds [7]. The vast application of these complexes resulted in an enhance research 

activity in the field of coordination chemistry leading to very interesting conclusions. 

Uma et al
8
 prepared a novel complexes was carried out by the reaction of di(2-

pyridyl)amine ,4,4′-dibromobiphenyl and Cu(ClO4)2.6H2O. They have studied DNA binding 

studies for the synthesized complexes. This dimeric copper (II) complex is found to be a very 

efficient catalyst for the cleavage of plasmid DNA in the absence of any added cofactor. The 

amount of conversion of supercoiled form (Form I) of plasmid to the open circular form 

(Form II) depends on the concentration of the complex as well as the duration of incubation 

of the complex with DNA. The maximum rate of conversion of the supercoiled form to the 

nicked circular form at pH 7.5 in the presence of 150 μM of the complex was found to be 

1.8×10
−3

 s
−1

. 
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M. N. Patel et al
9 

reported a novel complex which is derived from anisidine, 2, 3-

butanedione, piperazine ring of ciprofloxacin with Co(NO3)2.6H2O. Synthesized compounds 

were found to be more potent compare to drugs, ligands and metal salt against selective 

gram(+ve) and gram(-ve) organisms. Interaction of the complexes with nucleic acid (DNA) 

were investigated using spectroscopic technique, viscosity measurement and gel 

electrophoresis. 

The interaction of complexes with DNA revealed that all the complexes can bind to 

DNA by the intercalative mode. The best inhibition of the compounds studied in this work is 

provided by the compound V (MIC = 0.28 µM) against S. Aureus. Hence complexation of  

ligands with metal is responsible for the better MIC value than ligands itself. From the gel 

electrophoresis data it is crystal clear that there occurs a mark increase in DNA cleavage 

property of ciprofloxacin on complexation. 
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A new tetradentate diimine–dioxime ligand containing a donor set of N4, and its 

homo-, heterodinuclear and homotrinuclear copper(II) complexes were prepared the catalytic 

activities of the complexes for the disproportionation of  hydrogen peroxide were investigated 

in the presence of imidazole. The synthesized complexes display efficiency in the 

disproportion reactions of  hydrogen peroxide, producing water and dioxygen in catalase-like 

activity. The interaction between these complexes and DNA has also been investigated by 

agarose gel electrophoresis. These results indicate that although the examined complexes 

induces very similar conformational changes on supercoiled DNA with conversion of the 

supercoiled form to the nicked form then the linear form in a sequential manner, complexes 

showed effective activity. The different DNA cleavage efficiencies of the ligand and the 

complexes may be due to the different binding affinity of the complexes to DNA
10
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Mohammad Shakir et al
11

 synthesized a Schiff base ligand, N,N′_-bis-(2 

thiophenecarboxaldimine)-3,3′-diaminobenzidine (L) obtained from condensation of 2-

thiophenecarboxaldehyde and 3,3′-diaminobenzidine. The complexes were behaved as 1:2 

electrolytic nature. Absoption and fluorescence spectroscopic studies were studied to find the 

DNA binding ability of the complexes. 

The prominent shift in the absorption spectra also suggests the tight complexation of 

synthesized molecule with DNA, which resulted in the change in the absorption maxima of 

the DNA. Hence the overall results suggested that Co(II), Ni(II), Cu(II) complexes have 

higher binding affinity toward DNA than free Schiff base ligand. Fluorescence measurements 

interaction between DNA and the tested molecules can be ordered as DNA–Cu(II) complex > 

DNA–Ni(II) complex > DNA–Co(II) complex > DNA–Ligand. On the basis of above-

mentioned results, we suggested that the both the ligand and its complexes have ability to 

interact with DNA. However, the affinity for DNA is more in case of complexes as compared 

to the ligand. This difference in their DNA binding affinity could be attributed to the presence 

of an electron deficient centre in the charged complexes where an additional interaction 

between the complexes and phosphate rich DNA back bone may occur. 
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P. Jayaseelan et al
12

 has been synthesized bimolecular complexes a new tetradentate 

binucleating ligand [H4L]. The bonding sites are the nitrogen atoms of the azomethine and 

the oxygen atoms of the phenolic groups. The anti-microbial activities were screened against 

one Gram-positive bacteria (Streptococcus pyogenes) and one Gram-negative bacteria 

(Klebsella pneumoniae). The anti-fungal activity was screened against Asperigillus flavus. 

All complexes showed significant anti-bacterial and anti-fungal activities. The DNA binding 

studies was performed by electronic spectroscopy, cyclic voltammetry studies and viscosity 

measurements. The cleavage studies of these complexes are investigated by gel 
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electrophoresis method in presence of peroxide. All complexes cleaved efficiently and the 

complex interacts with DNA through intercalating way. 
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A new tetradentate imine ligands are derived from Schiff base condensation in a 1:2 

molar ratio of the 1,2,4,5-tetra-amino benzene with 2-hydroxy benzaldehyde, (L
1
), 2,4-

dihydroxy benzaldehyde (L
2
) and 2-hydroxy naphthaldehyde (L

3
) were synthesized. These 

ligands react with CoCl2 in refluxing ethanol to yield a series of cobalt(II) complexes of the 

type [M2 
II
L

n
] nH2O. The probable mechanistic implications of the catalytic oxidation 

reactions were discussed
13

. 
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Chira R. Bhattacharjee et al
14

 reported a novel photoluminescent salicylaldimine 

ligands condensed from 3′, 3′, 4′, 4′ tetraminobiphenyl and 4- substituted long alkoxy 

salicylaldehyde possessing two sets of tetradentate [N2O2] donor site and their binuclear 

zinc(II) complexes have been synthesized. The mesogenic, photophysical properties and DFT 

calculations of the synthesized complexes were investigated. 
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The ligands besides being fluorescent exhibit monotropic nematic/ SmC mesophase 

transition, however, the complexes lack any mesomorphism but exhibited intense 

fluorescence. Interestingly different chain lengths of alkoxy group promoted quite different 

mesomorphic behavior. Based on spectral and DFT study, four coordinate distorted square 

planar geometry around Zn(II) center has been conjectured. The strategy adopted herein can 

be effectively employed to access a variety of newer bimetallic systems with tunable 

molecular construction motifs leading to smart multifunctional materials. An attractive option 

would be to access paramagnetic photoluminescent bimetallomesogens. 

 

V. T. Kasumov et al
15

 synthesized new salen type ligands, N,N′-bis(X-3-tert-

butylsalicylidene)-4,4′-ethylenedianiline [(X = H (1), 5-tertbutyl (2)] and N,N′-bis(X-3-tert-

butylsalicylidene)-4,4′-amidedianiline [X = H (3), 5-tert (4)] and their copper(II) complexes. 

Their spectroscopic (IR, 
1
H NMR, UV/ vis, ESR) properties, as well as magnetic and redox-

reactivity behavior are reported. Chemical oxidation of ligands leads to the formation of a 

new band in the 500–530 nm region assignable to phenoxyl radicals. Along with the 

disapperance of the d–d and LMCT bands, a weak shoulder around 500–560 nm was 

observed for the oxidized complexes. The electrochemical behaviour of copper complexes 

also exhibit the presence of noninteracting copper(II) centers where the redox processes 

occur. Thus, according to electrochemical and chemical study results, metal centered 

oxidation can be proposed for these complexes. 
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B. N. Achar et al
16

 synthesized hexasulphonated binuclear complexes of copper, 

nickel and cobalt pthalocyanines. The remarkable increase in the electrical conductivities 10
6
-

10
7
 times after iodine doping have been identified. 
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M. Motswainyana et al
17

 prepared two new phenylene bridged binuclear bis (imino-

quinolyl) palladium (II) complexes were prepared from the reaction of the ligand 1,4-bis 

(imino-quinolyl) benzene, L1 with either Pd (cod) Cl2 or Pd (cod) Cl Me. The molecular 

structure of L1 was confirmed by single crystal X-ray diffraction analysis.  
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The complexes also successfully catalysed the Heck coupling reactions of 

iodobenzene with butyl acrylate, giving yields of over 85%. On analysis, again the Heck 

product showed the trans-butyl cinnamate as the major coupling product, with selectivity 

ranging from 85 to 88%. The initial rate was also observed to be significantly higher (over 

75% yield) after only 1 h. It is worth mentioning here that our proposed work was aimed at 

synthesizing new complexes whose ligand backbone would stabilize intermediate oxidation 

state of active species Pd, while promoting the conversion of aryl halides into Heck products. 

This objective is confirmed by the high activities observed in the initial stages of the 

reactions. 

Novel chiral binuclear Mn(III)-Schiff-base complexes was carried out by the 

asymmetric epoxidation of trans-stilbene with pyridine N-oxide in 2 mL CH2Cl2 followed by 

Mn(III) salts and the application of these complexes in the asymmetric epoxidation of trans-

stilbene is described, catalytic mechanism was also discussed briefly. The catalytic results 

indicate the utilization of these binuclear Mn(III)-complex catalysts result in high to moderate 

yields
18
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Xiaohong Chang et al
19 

worked on reactions of µ2-Chloro bridged cyclometallated 

Pd(II) complexes [Pd{(4-R) C6H3CH]NC6H3-2,6-i-Pr2}(µ- Cl)]2 (R= H, OMe) with aromatic 

N- heterocycles such as 1-methylimidazole, 4,4′-bipyridyl (bpy), 1,2- bis(4-pyridyl)-ethene 

(bpe), 2,5-bis(4-pyridyl)-1,3,4-thiadiazole (bpt) and 2,4,6-tris-(4-pyridyl)-1,3,5- triazine (tpt), 

generated binuclear complexes [Pd{(4-R)C6H3CH]NC6H3-2,6-i Pr2}(Cl)]2(µ-Y) (R=H, 
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OMe). All these complexes were fully characterized by FT-IR, NMR spectroscopy, elemental 

analysis and/or X-ray crystallography. 

Suitable crystals for X-ray analysis of  complexes were obtained by recrystallization 

from CH2Cl2/ hexane. X-ray data of complexes were collected on a D-MAX 2200 VPC 

diffractometer. All the determinations of unit cell and intensity data were performed with 

graphite-monochromated Mo Ka radiation (l¼0.71073 
_
A). The data of complexes were 

collected at room temperature using the u-scan technique. Details of the data collection and 

refinement are summarized in. All calculations were carried out with the SHELX-97 

programs. All structures were solved by direct methods. All non-hydrogen atoms were 

refined with anisotropic thermal parameters by using full-matrix least-squares methods. 
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Takeshi Fujinami et al
20

 designed two binuclear iron(III) complexes, 

[L
1
Fe

III
(bpy)Fe

II
IL

1
](BPh4)2 and [L

2
Fe

III
(bpy)Fe

III
L

2
](BPh4)2, were synthesized and 

characterized.  

The magnetic susceptibility measurements of 1 and 2 showed one-step and two-step 

SCO behaviors, respectively. Complexes 1 and 2 had a similar 4,4′-bipyridine bridged 

binuclear structure. Complex 1 consisted of one crystallographically equivalent Fe
III

 site, in 

which all the saturated six-membered chelate rings at the aminopropyl moieties have 

disorder. During one-step SCO from the 2HS to 2LS state of 1, the disorder at the chelate 

rings remained. Complex 2 consisted of two crystallographically inequivalent Fe
III

 sites, in 

which one Fe site has disorder at the saturated six-membered chelate rings but another Fe site 

does not. Due to the crystal packing effects and/ or ligand strain owing to the disorder, the 

two Fe
III

 sites in the binuclear molecule become crystallographically inequivalent. The 

transition temperatures of the two Fe
III

 lattice sites depend on the ligand field strength 

associated with different degree of distortion of the [FeN4O2] sites. Complex 2 has the order 

and disorder Fe
III

 sites to generate two-step SCO, while complex 1 has the equivalent 

disorder Fe
III 

site to give one-step SCO. There are several examples, where the SCO 
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complexes contain the disorder problems such as order-disorder rearrangement. These data 

demonstrate that more functional SCO compounds could be achieved, if we could use 

disorder efficiently. 
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M. T. Raisanen et al
21

 have been reported a novel, bridged bis(salen-type) ligand 

precursors, 1,1,3,3 tetrakis(salicylidene-3-iminopropyl)butylenediamine and 1,1,3,3 

tetra(salicylideneiminomethyl)propane, were prepared by Schiff base condensation of 

salicylaldehyde with appropriate tetraamines. And the complexes were characterized in 

detail. 

A new homobinuclear Co(II) salen-type complexes were synthesized and fully 

characterized by several methods. Magnetic measurements showed that high-spin complexat 

300 K with leff values of 6.35 B.M. respectively. The values suggest square-pyramidal 

around the Co(II) centers in,respectively, which are in accordance with the modelled 

structures. In the optimized structure the Co(II) centers are in nearly square-pyramidal 

geometry. UV–Vis spectroscopic studies showed that complex  is capable of reversible O2 

coordination at 298 K in DMF with pyridine as base.  Despite of their O2 coordination ability, 

the complexes showed low catalytic activities in the oxidation of veratryl alcohol in basic 

aqueous solutions with O2 as oxidant. 
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Magdy Shebl
22

 designed a tetradentate N2O2 donor Schiff base ligand, H2L, was 

synthesized by the condensation of 4, 6-diacetylresorcinol with benzylamine. The structure of 

the ligand was elucidated by elemental analyses, IR, 
1
H NMR, electronic and mass spectra. 

Reaction of the Schiff base ligand with vanadyl(IV) ion in 1:2 molar ratio afforded binuclear 

metal complexes. The spectroscopic data showed that, the Schiff base ligand acts in all metal 

complexes as neutral or dianionic tetradentate ligand through the two azomethine nitrogen 

atoms and the two oxygen atoms of the two phenolic groups. 
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P. Mosae Selvakumar et al
23

 worked on imine based bis-bidentate ligands  with 

copper(II) acetate in 2:2 equivalent of L:M ratio, resulted in a series of binuclear [Cu2(m-

xysal)2] neutral complexes. An appropriate catalytic study converting 4-nitrobenzaldehye to 

corresponding nitroaldol was carried out. The catalytic activity performed following Henry 

reaction by complex  catalyzing the 4-nitrobenzaldehyde to the corresponding nitroalcohol 

gave 85% yield at 70 ⁰C. 
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CONCLUSION 

 

The chemistry of Schiff bases is a field that is being noticed. Schiff base ligands are 

considered privileged ligands because they are easily prepared by a simple condensation of 

an aldehyde and primary amines. Binuclear Schiff base compounds and their metal 

complexes had a variety of applications including clinical, analytical, industrial they also play 

important roles in catalysts. In this review, the overall view of binuclear Schiff base and its 

complexes have been summarized from 2000-2013. 
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