Scientific Reviews
&
Chemical Communications

Sci. Revs. Chem. Commun.: 3(1), 2013, 1-15
SRCC ISSN 2277-2669

APPLICATIONS OF COPPER - SCHIFF’'s BASE COMPLEXES
: AREVIEW

RISHU KATWAL", HARPREET KAUR? and BR1J KISHORE KAPUR

Department of Chemistry, Shoolini University, SOLAN — 173212 (H.P.) INDIA
"Department of Chemistry, Punjabi University, PATIALA — 147002 (Punjab) INDIA

(Received : 13.09.2012; Revised : 19.09.2012; Accepted : 21.09.2012)

ABSTRACT

Schiff bases are versatile ligands synthesized from the condensation of an amino compound with carbonyl
compounds and these coordinate to metal ions via azomethine nitrogen Schiff’s base and their copper complexes possess
remarkable properties as catalysts in various biological systems, polymers, dyes, antimicrobial activities, antifungal activities,
antiviral activities insecticides, antitumor and cytotoxic activities, plant growth regulator, enzymatic activity and
pharmaceutical fields. A variety of Schiff’s base and its complexes have been studied extensively. Several model systems,
including those with bidentate, tridentate, tetradentate, multidentate Schiff base ligands, and their coordination chemistry of
copper attracts much attention because of its biological relevance and its own interesting coordination chemistry such as
geometry, flexible redox property, and oxidation state. This review summarizes the application of copper Schiff bases
complexes.
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INTRODUCTION

Schiff bases derived from an amino and carbonyl compound are an important class of ligands that
coordinate to metal ions via azomethine nitrogen and have been studied extensively'. In azomethine
derivatives, the C=N linkage is essential for biological activity, several azomethine has been reported to
possess remarkable antibacterial, antifungal, anticancer and antimalarial activities>>. The complexes of
copper with Schiff bases have wide applications in food industry, dye industry, analytical chemistry,
catalysis, fungicidal, agrochemical, anti-inflammable activity, antiradical activities and biological activities”.
Schiff-base complexes are considered to be among the most important stereo chemical models in main group
and transition metal coordination chemistry due to their preparative accessibility and structural variety’.
Copper (IT) complexes show distorted octahedral and tetrahedral symmetries due to d’ configuration (Jahn-
Teller effect). The distortion is usually seen as axial elongation consistent with the lability and geometric
flexibility of the complex. Therefore, typical Cu (II) complexes have square planar or square pyramidal
geometries with weakly associated ligands in the axial position (s), but some copper (II) complexes possess
trigonal bipyramidal geometry. The fundamental role of copper and the recognition of its complexes as
important bioactive compounds in vitro and in vivo aroused an ever-increasing interest in these agents as
potential drugs for therapeutic intervention in various diseases. The vast array of information available for
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their bioinorganic properties and mode of action in several biological systems combined with the new
opportunities offered by the flourishing technologies of medicinal chemistry, is creating an exciting scenario
for the development of a novel generation of highly active drugs with minimized side effects, which could
add significantly to the current clinical research and practice. A considerable number of schiff’s base copper
complexes have potential biological interest, being used as more or less successful models of biological
compounds®. Not only they have played a seminal role in the development of modern coordination
chemistry, but also they can also be found at key points in the development of inorganic biochemistry,
catalysis and optical materials’.

Antimicrobial activities

Antibacterial activities

Tetradentate Schiff base ligands derived from Knoevenagel condensation of B-ketoanilides and
furfural with o-phenylenediamine and diethylmalonate and their Cu (II) complexes showed antibacterial
activity against Escherichia coli, Salmonella typhi, Staphylococcus aureus, Klebsiella pneumoniae and
Pseudomonas aeruginosa by disc diffusion method. It has been reported that complexes have higher
antibacterial activity than that of free ligand®’. Bidentate Complexes of Cu (IT) with Schiff bases derived
from 2,6-diacetylpyridine (L'), 2-pyridine carboxaldehyde, 3-amino-5-methyl isoxazole with 5-methyl
furan-2-carboxyaldehyde, 5-methyl thiphene-2-carboxaldehyde and pyridine-2-carboxaldehyde coordinate
through the azomethine nitrogen, furfural oxygen, thiophene sulphur and pyridine nitrogen, respectively
show antibacterial activity against Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae,
Mycobacterium Smegmatis, Pseudomonas aeruginosa, Enterococcus cloacae, Bacillus megaterium and
Micrococcus leteus. The results showed that L' ligand has a greater effect against E. coli than the other
bacteria, while it has no activity against S. aureus. Metal complexes have a greater effect against almost all
bacteria'®!". Schiff base of aroyl-hydrazone and its copper complexes has been screened for antibacterial
activity against two Gram positive bacterial strains (B. subtilis and S. aureus) and two Gram-negative
bacterial strains (E. coli and P. fluorescence) by the (MICs) method. Schiff base showed significant activity
against two Gram-negative bacterial strains with MIC but inactive against two Gram positive bacterial
strains'?. Bidentate Schiff base complex derived by the condensation of Cinnamaldehyde hydrazone with
different benzaldehyde Cu (II) compounds screened more active against gram positive bacteria Bacillus
subtilis than gram negative bacteria E. Coli'*. Azo Schiff’s base ligand (N'E)-N'~(5-((4-chlorophenyl)
diazenyl)-2-hydroxybenzylidene)-2-hydroxyl benzohydrazide complexes with VO (II), Co (II), Ni (II),
Cu (II), and Zn (II) has been studied against several microorganisms by the well diffusion method. In
general, the activity order of the synthesized compounds can be represented as Cu (II) > Co (II) > Ni (II) >
Zn (II) > VO (II) > Ligand"*.

Bidentate complexes of Co (II), Cu (II) and Cd (II) with benzofuran-2-carbohydrazide and
benzaldehyde [BPMC] or 3,4-dimethoxybenzaldehyde [BDMePMC] showed biological activities but Cu (II)
complex of [BPMC] and [BDMeOPMC] are more active against S. aureus as compared to Co (II) and
Cd (II) complexes. Bidentate ligand of 2-[(2-[1-(hydroxyphenyl) ethyl] aminophenyl) ethanimidoyl] phenol
derived from o-phenylenediamine are effective against'> Bacillus cereus, Staphylococcus aureus and E. Coli.
Cu (IT) complexes with o-phenylenediamine (L') and 2—hydcoxyacetophonone (L?) has been screened for
antibacterial activity against Bacillus cereus, Staphylococcus aureus and E. Coli and tested by Mueller-
Hinton agar plates. E. coli resistance L* was given best results due to the presence of hydroxyl group (2 OH)
in the compound and L' as free ligand is biological less effective than that of its coordinate with copper due
to the presence of (Cu") ion'®. Antibacterial activity of the Clomiphene citrate copper complex has been
determined against E.coli, Staphylococcus aureus and Xanthomonas vesicatoria by Disk diffusion method'”.
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The mixed ligand complexes of Cu (II) with Schiff bases N-(2-hydroxy-1-naphthylidene)-4-
chloroaniline (L') and N-(2-hydroxybenzylidene)-2,3-dimethylaniline (L?) reported to show some
antibacterial activity to certain extent against E.coli, S. aureus, B. subtilis, and S. typhi., but their complexes
exhibit comparatively greater amount of activity against these bacteria'®. Mixed ligand complexes of Cu (II)
Schiff base ligands derived from o-hydroxy benzaldehyde and amino phenols has been reported to show
antibacterial activities'®. Schiff bases derived from 2-formylindole, salicylaldehyde and N-amino rhodanine
and their copper complexes have been screened for antimicrobial activities against Bacillus cereus,
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and Candida albicans. The results
indicated that the free ligands do not have any activity, where as their complexes showed more activity
against same bacteria®’. Mixed ligand complexes of o-vanillidene-2-aminobenzothiazole and 1,10-
phenanthroline has been screened for their in vitro biological activities against bacterial activity against
Escherichia coli, Pseudomonas aeruginosa, Salmonella Typhi and Vibrio parahaemolyticus by well
diffusion method using agar nutrient*'.

It has been reported that the novel 14-membered macro cyclic Schiff base derived from
3-cinnamalideneacetanalide and o-phenylenediamine, gave good results in the presence of copper ion in the
ligand system®. Twenty Schiff bases of 2-amino-5-aryl-1,3,4- oxadiazoles were synthesized with different
aromatic aldehydes were investigated against Proteus mirabilis and bacilius subtilis™>. Two thiocyanato-
bridged dinuclear copper (II) complexes derived from 2,4-dibromo-6-[(2-diethylaminoethylimino)methyl]
phenol and 4-nitro-2-[(2-ethylaminoethylimino) methyl]phenol showed wide range of antibacterial activity®.
Complexes of a tridentate Schiff base from the condensation of S-benzyldithiocarbazate with
salicylaldehyde showed very strong activity against bacteria®. Copper (II) complexes of Schiff’s base
derived from o-phenylenediamine and 5-bromosalicylaldehyde possess growth inhibitory activity against
E. coli and staphylococcus aureus®®. Schiff base, synthesized from 5-bromo-3-fluorosalicylaldehyde and
benzidine and its complexes with transition metal ions such as; Cu (II) and Ni (II) has been tested against
four pathogenic bacteria (S. aureus and B. subtilis) as Gram-positive bacteria and (E. coli and
K. pneumoniae) as Gram-negative bacteria. Copper complex showed higher activity than Ni complex”’.

The metal complexes show higher activity than the free ligand against the same organism under
identical experimental conditions, such increased activity of the metal chelates can be explained on the basis
of chelation theory®®. Antibacterial activity studies of Cu (II) complex of Schiff base derived from 3,3'-{1,2-
phynylenebis-[nitrilo(£) methylylidine]} diquinolin-2-ol has been carried out. A cup plate method has been
employed for the in vitro study of antibacterial effect against, Staphylococcus aureus, E. coli. Screening data
indicated that the metal chelates exhibit a higher inhibitory effect than the free ligand®. Complexes of
chlorosalicylidene aniline with Co (II) and Cu (II) screened for antibacterial activity against several bacterial
strains, Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa. The metal complexes
showed enhanced antibacterial activity as compared to uncomplexed ligands. Copper complex showed
greater activity against Pseudomonas aeruginosa as compared Co (IT) complex™. Schiff bases ligands and
their copper complexes synthesized from sulphonamide and resacetophenonehave been evaluated for their
antimicrobial activity against both Gram-positive and Gram-negative bacteria B. megaterium, E. coli,
B. subtilis, P. fluoresces. The comparison of antimicrobial activities of the free ligands and complexes shows
that the presence of metal causes more inhibition i.e., more activity’'. Similarly schiff base Cu (II)
complexes of the type [HLMCIH,0] and [HLMOACcH,0] synthesized by condensation of oxalyldihydrazide
and 3-tert-butyl-2-hydroxy-3-(3-phenylpent-3-yl) benzaldehyde have been screened for their antibacterial
activity against the bacteria Staphylococcus aureus and Bacillus subtilis (as gram positive bacteria) and
Pseudomonas aeruginosa, Escherichia coli and Salmonella typhi (as gram negative bacteria). The results
compared with standard drug (Imipenem) have indicated that compounds were more active than the standard
drugs®?. Copper (I) 4-benzylimino-2,3-dimethyl-1-phenyl pyrazal-5-one complex showed remarkably active
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against Staphylococcus aureus as compared with zinc complex. The standard drug used (ciprofloxacin) did
not show any inhibition™ against Staphylococcus aureus. Schiff base derived from sulfonamide and their
copper (II) complexes have been screened for their in vitro antibacterial activity against bacterial strains,
Escherichia coli, Shigella flexneri, Pseudomonas aeruginosa, Salmonella typhi**. Copper (II) complexes
with Schiff bases derived from pyrrole-2-carboxaldehyde and 2-hydroxy-1-naphthaldehyde and
2,3-diaminopyridine showed antibacterial activity”.

Antifungal activities

The antimicrobial activity of the N-(2-hydroxy-1-naphthylidene) phenylglycine and its copper
complexes has been investigated. The antifungal screening data indicated that the activity of the ligand has
increased upon complexation. Cu (II) complexes have shown better antifungal activity compared to the
ligand and the corresponding metal salts®®. Tetradentate Schiff base and their Cu (II) complexes showed
antifungal activity against Aspergillus niger, Rhizopus stolonifer, Aspergillus flavus, Rhizoctonia bataticola
and Candida albicans by well diffusion method’. Antifungal activity of the Clomiphene citrate Cu
compounds has been determined against two fungi, 4. flavusand, A. niger, by Batemann poisoned food
technique'”.

The fungicidal effect of salicylaldimine containing formaldehyde and piperazine moity and its metal
polychelates has been determined against Candida albicans, Aspergillus. Cu (I1) polychelate exhibited high
activity against Candida albicans and the other show mild activity. The presence of N and O donor groups
in the ligand and its metal polychelates inhibited enzyme production because enzymes that require free
hydroxyl group for their activity appear to be especially susceptible to deactivation by the metal ion of
polychelates. All the metal polychelates are more toxic than the ligand®’. Neutral complexes of Cu (II) with
Schiff bases derived from 3-nitrobenzylidene-4-aminoantipyrine and aniline or p-nitroaniline or
p-methoxyaniline showed antifungal activity. A comparative study of the MIC values for the ligands and
their complexes indicates that the complexes exhibit higher antifungal activity. Such increased activity of the
complexes can be explained on the basis of overtone’s concept and Tweedy’s chelation theory®. Inhibition
is enhanced with the introduction of an electron withdrawing nitro group in the phenyl ring®. Cu (II)
complexes with Schiff base 3,3’-thiodipropionic acid bis (4-amino-5-ethylimino-2,3-dimethyl-1-phenyl-3-
pyrazoline showed antifungal activity against Alternaria brassicae, Aspergillus niger and Fusarium
oxysporum and results indicate that the complexes show the enhanced activity in comparison to free ligand*.

Copper Schiff base ligand like, 3-amino-5-methyl isoxazole with pyridine-2-carboxaldehyde,
5-methylfuran-2-carboxyaldehyde and S5-methylthiophene-2-carboxaldehyde were screened for antifungal
activity'®. Copper (II) complexes of Schiff base ligands derived from 2-substituted anilines and
salicylaldehyde exhibit good broad-spectrum antifungal in vitro*'. Cu (II) complexes has been synthesized
by the addition of Cu (II) acetate to ligand, i.e., 1,10-phenanthroline and 2,2’-bipyridyl, which led to the
precipitation of binary complexes. The complex has been tested for antifungal activity against the human
and plant fungal pathogens. The [Cu(Sala)bpy] H,O complex has been found to have some inhibitory effect
against Candida sp. and Mucor sp., Alternaria alternate, Fusarium sp., Penicillum sp. Copper (II) complex
with binuclear Schiff base, synthesized from benzidine and 5-bromo-3-fluorosalicylaldehyde has been tested
against stone pathogenic fungi; A. fumigates’’. Mixed ligand complexes of o-vanillidene-2-
aminobenzothiazole and 1, 10-phenanthroline has been screened for their in vitro antifungal activities
against fungus: Aspergillus niger, Penicillium, Trichoderma viride*".

Antifungal activity studies of Cu (II) complexes of Schiff base derived from 3,3'-{1,2-
phynylenebis[nitrilo(£) methylylidine]} diquinolin-2-ol have been carried out. A cup plate method
employed for the in vitro study of antifungal effect against, C. albicans and A. niger and the screening data
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showed that the metal chelates exhibit a higher inhibitory effect than the free ligand®’. Schiff’s base
synthesized from sulphonamide and resacetophenone and its metal complexes showed antifungal activity
against 4. awamori. The comparison of antimicrobial activities of the ligands and complexes shows that the
presence of metal causes more inhibition i.e., more activity’'. Copper (II) complexes of oxalyldihydrazide
and 3-tert-butyl-2-hydroxy-3-(3-phenylpent-3-yl) benzaldehyde ligand show a significant degree of
antifungal activity against Aspergillus sp., Rizoctonia sp. and Penicillium sp. The complexes are highly
effective against Aspergillus sp. All the metal complexes exhibited greater antifungal activity against
Aspergillus sp. as compared to the standard drug Miconazole™. Schiff base ligands derived from
sulfonamide and their copper (II) complexes have been tested antifungal activity against fungal strains,
Trichophyton longifusus, Candida albicans, Aspergillus flavus, Microsporum canis, Fusarium solani and
Candida glabrata®.

Antimalarial activity

It has been reported that thiosemicarbazones and its derivatives show antimalarial activities*. The
primary task of researchers is to investigate new compounds in respect to their activity against malaria. A
correlation between the structure and biological activity has been established indicating that the tridentate
(NNS) 2-(N)-heterocyclic thiosemicarbazones and its complexes are most efficient as therapeutic agents®.

Schiff base ligand 2-acetylpyridine thiosemicarbazones and their copper complexes possess
significant antimalarial activities*’. The presence of a 2-pyridylalkylidene moiety or selenocarbonyl group
has been shown to be essential for antimalaria activities*. These features would also be expected to promote
effective transition-metal chelating properties™. It has been reported that the presence of certain bulky
groups at position N, of the thiosemicarbazones moiety greatly enhances the antimalarial activity®’.
Heterocyclic ligands based on ferrocene, pyridine and thiosemicarbazones derivatives and these compounds
as ligands for the preparation of transition metal complexes and test their biological activities against
malaria*®??. Acetylferrocenyl-4-phenyl thiosemicarbazone, acetylferrocenyl-4-methyl thiosemicarbazone,
acetylferrocenyl-2-thiophene carboxyl semicarbazone, acetylpyridine-2-thiophenecarboxyl semicarbazone
and their copper (IT) complexes has been screened against malaria parasite Plasmodium falciparum® . Cu (1)
complexes of buparvaquone 3-trans (4-tert.-butylcyclohexyl)methyl-2-hydroxy-1,4-naphthoquione has been
tested for their in vitro antimalarial activity against Plasmodium falciparum strains™*.

Antitumor and cytotoxic activities

Metal complexes of Schiff’s base derived from 2-thiophene carboxaldehyde and 2-aminobenzoic
acid (HL) has been tested as anticancer activity”. L-glutamine schiff’s base has proteasome inhibitory
activity in human breast cancer and leukemia cells. The complex selectively inhibits the proteasomal activity
and induces the cell death in cultured breast cancer cells, but not normal, immortalized breast cells>®. A
tridentate Schiff base derived from the condensation of S-benzyldithiocarbazate with salicyldehyde and its
copper complexes showed cytotoxic properties’’. Copper (II) complexes containing Schiff bases derived
from S-benzylde thiocarbazate and saccharinate showed anticancer properties. These complexes have been
active against the leukemic cell line (HL-60) but only [Cu (NNS) (sac)] found to exhibit strong cytotoxicity
against the ovarian cancer cell line (Caov-3). The activities being higher than the standard anticancer drug
Doxorubicin®®. Complexes of copper (II), with isatin-thiosemicarbazones can inhibit cell proliferation of
human leukemia U937cell lines®. Isatin-Schiff base copper (II) complexes, obtained from isatin and 1,3-
diaminopropane or 2-(2-aminoethyl)pyridine possess pro-apoptotic activity®.

Besides oxindoles, different Lewis bases coordinated to copper (II) ions have their biological
activities enhanced, and some of them has been already studied as potential cancer chemotherapeutic
61
agents” .
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A number of Cu (II) chelate complexes that exhibit cytotoxic activity through cell apoptosis or
enzyme inhibition has been reviewed®. Copper complexes of pyridine-2-carbohidrazide derivatives inhibit
the expression of cellular-Src, a non-receptor tyrosine kinase, which plays a significant role in growth-
mediated signaling pathway, thereby, showing cytotoxicity against colon cancer cell lines. Similarly Cu (II)
chelates of salicylaldoxime and resorcylaldoxime are potent antiproliferative agents, exhibiting strong
cytotoxic effects comparable to that of standard drug adriamycin®*. The diverse biological activity of these
complexes compared to one of the widely used platinum anticancer drugs cisplatin, indicates different
mechanism (s) of action, which have not been yet resolved. The complex 2,6-bis-(benzimidazo-2-yl)
pyridine copper (II) chloride has been shown to exhibit metalloprotease activity®.

Complexes of carboxamidrazones showed antiproliferative activity against B16F10 mouse
melanoma cells®. Coordination of N-substituted adenines to Cu (II) also results in enhanced cytotoxic
activity against various forms of human cancer®’.

Copper has been coordinated with phenanthroline, 8-hydroxyquinolinate, (pyridine-2-ylmethylamino)
methyl phenolate pyrrolidine or dithiocarbamate. The free ligands themselves are not efficient inhibitors and
the complex formation is necessary for proteasome inhibition®. Thus Schiff base complexes of
thiosemicarbazones have been extensively studied to synthesize efficient anticancer drugs®. Such complexes
have been also found to inhibit enzymatic activity and induce cell apoptosis’®, such activity is usually
correlated with anticancer drug validity. Similarly Cu (II) complexes of nitrophenone thiosemicarbazones
has been found to exhibit significant antitrypanosomal activity in vitro”'. A number of binary Cu (II) Schiff
base complexes of quinolone derivatives’?, 2-carboxaldehyde thiosemicarbazones derivatives™ and benzene
sulfonamide derivatives™. Binary Cu (I) complexes of N, N'-disubstituted thioureas and 1,3,5-triaza-7-
phosphaadamantane exhibit moderate cytotoxicity against various human cell lines’”.

Copper complex with mixed ligands such as; phenanthroline or 2,2'-bipyridine and acetylacetonate
or glycinate are known as casiopeinas’®. They exhibit significant antineoplastic activity in vitro and in vivo,
against a variety of tumor cell lines. The complex of o-iodohippuric acid exhibits both antitumor and
nuclease activity. Healthy cells are not affected under the same conditions’’. A number of mixed ligand
complexes with Schiff bases and 2-amino-2-thiazoline were reported to show significant anticancer activity
against various cell lines’®®?. They have been found to exhibit cytotoxicity against human leukemia cells,
with the sparfloxacin complex being the most potent®. Ferrocene-conjugated reduced Schiff base copper (II)
complexes of L-methionine and phenanthroline bases showed cytotoxic in HeLa (human cervical cancer)
and MCF-7 (human breast cancer) cells®. A few Cu (I) complexes has been tested in vitro as potential
anticancer drugs. Mixed ligand Cu (I) complexes of triazolylborate and alkyl/aryl-phosphines has been
found to be effective against A549 adenocarcinoma cells that are resistant to the widely used anticancer drug,
cisplatin®. Copper (I) hydrazone complexes show antioxidant activities against ABTS, O,” and OH radicals
and in vitro cytotoxic activity of compound was assessed using tumour (HeLa, A431) and non-tumour
(NIH373) cell lines®. Pyrrolidine dithiocarbamate-copper complexes has been found®’ to suppress the
proliferation of BE (2) C cells, a human neuroblastoma cell line, with an (half maximal inhibitory
concentration) ICsy = 8.0 uM, which is more potent than cisplatin 1Csy= 80 puM.

Anti- inflammable activity

Anti-inflammatory activity studies of Co (II) complexes of derived from 3,3'-{1,2-phynylene bis
(nitrilo (E£) methylylidine)} diquinolin-2-ol showed that the metal chelates exhibit a higher inhibitory effect
than the free ligand. The anti-inflammatory activity data showed that the metal chelates showed significant
anti-inflammatory activity than the free ligand when compared with that of standard diclofenac®.
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Complexes of Co (II), Ni (II), Cu (II) and Zn (II), have been synthesized from the Knoevenagel condensate
Schiff base ligand derived from f-ketoanilide and furfural with o-phenylenediamine and diethylmalonate.
Ligand and its complexe have been tested for their in vivo and in vitro anti-inflammatory activity against
Male Wister Albino rats’. Among the metal complexes, copper complex has significant activity. Cu (II)
schiff base complex showed wide range of anti-inflammatory activity®®'. Chelate Cu (II) complex of
N-pyridinobenzamide-2-carboxylic acid (PBCA) has been tested in vivo for anti-inflammatory activity®*.
The complex showed a greater decrease (26.5%) in inflammation compared with free PBCA (20.2%) against
the cotton pellet granuloma pouch test in rats. Copper (II) complexes with amino acids has been tested for
antiinflammatory®*.

Catalytic activity

Many copper (II) Schiff base complexes are known to be useful reagents for oxidative’® and
hydrolytic cleavage of DNA. In addition to the biological properties a large number of copper (II) Schiff
base complexes has been used as catalysts in the aziridination” and cyclopropanation of olefins’® and in the
per oxidative oxidation of phenol to dihydroxy benzenes’’, in which they act as models for catalase enzymes.
Dinuclear Schiff base complexes of copper (IT) ions has been used successfully in hydroxylation of phenol®®.
Copper (II) complexes of indoxyl thiosemicarbazone (ITSC) show one pair of well defined reduction peaks
at different potential in the forward scan, which represent the reduction of Cu®" to Cu’ by one electron
process and subsequent oxidation of Cu”. The quasireversible nature of the Cu®*"/Cu’ is due to inherent
reducing tendency of thiosemicarbazone ligands®. Ternary complexes of Cu (II) containing NSO donor
schiff base showed DNA cleavage activity. In the presence of 3- mercaptopropionic acid (5 mM) as a
reducing agent, the complexes (40 uM) show efficient DNA cleavage activity giving the order NSO-dppz >
ONO-dppz > NSO-dpq > ONO dpq'®. Schiff base derived from 2-carboxybenzaldehyde and
3,3",4,4'-tetraminobiphenyl binuclear Cu(Il) complex cleaves pUC18 DNA in presence of the oxidant

Copper-Schiff-base complexes has been used as catalysts for oxidation of alcohols and widely

studied for the DNA-binding and DNA-cleaving properties and mimic of galactose oxidase'**.

Zeolite--encapsulated Cu(salen) and Cu(5-Cl-salen)'®, copper acetate monohydrate'®, copper
phthalocyanines'®, copper salens'*''"% copper tetrahydro-salophen complexes showed catalytic activity
and the activity for the decomposition of H,O,, fert-butylhydro peroxide, oxidation of phenol and para-
xylene, oxidation of methane, propane, aliphatic and aromatic hydrocarbons, hydroxylation of phenols to
diphenols, epoxidation of olefins, oxyhalogenation of aromatic compounds, oxidation of cyclohexane''*'!*,
Copper (II) Schiff base complexes [N,N'-(ethylene)-bis-(5-nitro-salicylaldiimine)] showed excellent catalytic
activity and product selectivity in the oxidation reactions and [N,N'-(ethylene)-bis-(3-methoxy
salicylaldimine)] Cu(MeO-salen)-NaY showed excellent catalytic activity and product selectivity in the
hydroxylation of phenol and 1-naphthol''>"''®, Self- activating nuclease activity (DNA cleavage) of Copper (II)
Schiff base complexes has been reported''’”. According to Raman ez al.''®, copper complexes of the Schiff
base derivatives of anthranilic acid and acetoacetanilide bind to DNA in the and enhances nuclease activity
of Thymus DNA (CT-DNA).

Copper complexes derived from 4-aminoantipyrine enhances DNA cleavage'"”. Some Schiff base-
copper (II) complexes showed catalytic activity in the dismutation of superoxide radicals and
disproportionation of hydrogen peroxide'**'**. Copper (II) complex with a tridentate imine, was intercalated
revealed an efficient catalyst for phenol oxidation using hydrogen peroxide as oxidant. Schiff base of amino-
polystyrene with salicylaldehyde and their Cu (II) complex has been tested by studying the oxidation of
cyclohexene, styrene and benzyl alcohol in the presence of fert.-butyl hydroperoxide as oxidant'**'%.
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Catalytic activities of Schiff base aqua complexes of copper (II) towards hydrolysis of amino acid esters has
been reported'?®. Dinuclear copper salicylaldehyde-glycine Schiff-base complex [Cu,(Sal-Gly),(H,0),] has
been used as glass carbon electrode exhibited good electrocatalytic oxidation properties to ascorbic acid'’.
Copper (I1I) Schiff’s base complex catalyzed the atom transfer polymerization of methacrylate.

Catalytic oxidative polymerization of 2, 2'-dihydroxybiphenyl (DHBP) has been performed by using
both the Schiff base monomer-Cu (II) complex and Schiff base polymer-Cu (II) complex compounds as
catalysts and hydrogen peroxide as oxidant'*®. Polymer bound copper (I) azabis (oxazoline) ligands
catalyzed asymmetric cyclopropanations and Cu (II)-Aza (bisoxazoline)-Catalyzed asymmetric
benzoylations'*"'*. Binuclear copper complex with tetraglycol aldehyde-phenylalanine Schiff base has been

used as a good catalyst polymerization of methyl methacrylate''.

Complex stability for asymmetric copper-catalyzed cyclopropanations in ionic liquid i.e. bis
(oxazoline)-azabis (oxazoline)'** have been studied. Copper (II) complex was found to be efficient catalyst
for the oxidation of alkenes, alkanes and aromatic alcohols in the presence of hydrogen peroxide as
oxidant'**. Copper (II)-bis (oxazoline) complexes for catalytic activity'**. Chiral oxazoline-Schiff base
copper (II) complex has been used as catalysts for asymmetric Henry reaction'*>. Development of
bifunctional aza-bis (oxazoline) copper catalysts for enantioselective Henry reaction'*®. Chiral bis (oxazoline)
copper (II) complexes used as a versatile catalysts for enantioselective cycloaddition, Aldol, Michael, and
carbonyl ene reactions'’. Oxidation product of the binuclear copper (I) complex Cu,L (ClO4), (L = N,N’-
bis-(6-methyl-2-pyridyl) (2'-pyridyl) methyl m-xylylidene imine) has been found to be a catalyst for the
oxidation of 3,5-ditert.-butylcatechol to 3,5-ditert-butyl-o-benzoquinone by molecular oxygen'*.

Pesticidal activity

Copper complexes of semicarbazones and phenolic hydrazone have been used as herbicides,
insecticides, nematocides, and redenticides'**'*!. Phenoxyacetic acid and its derivatives act as herbicides'**'%,
Aryloxyacetate anions as acid ligands in the corresponding (carboxylato) copper (II) complexes possess
herbicidal activities'**'*. Pesticidal activities of Schiff’'s bases like; N-(1-phenyl-2-hydroxy-2-
phenylethylidine)-2'4'-dinitrophenyl hydrazine], N (1-phenyl-2-hydroxy-2-phenyl ethylidine)-2'-hydroxy
phenylimine and [N-(2-hydroxybenzylidine)-2'-hydroxy phenyl amine] derived from benzoin,
salicylaldehyde, 2-aminophenol and 2,4-dinitrophenyl hydrazine and their copper complexes has been
studied against Tribolium castaneum"**'*’. 2-Hydroxybenzalmethylene-0,0'-diethyl phosphorohy drazono
thionate (HL) and its complexes with copper (II) possess some insecticides activities'*®. The complex of
copper and N-salicylidene-O,S-dimethylthio phosphorylimine (HSMa) showed much higher pesticidal rates
on poisoning Aphis fabae and Metatetranychus ulmi, compared with methamidophos a commercial

pesticide'®’.

Miscellaneous applications

Popova and Berova reported that copper and its complexes are good for liver function, its level in
blood and urine has influence in pregnancy disorders, nephritis hepatitis, leprosy, anemia and leukemia in
children'®. Semicarbazone Cu (II) complexes to mimic superoxide dismutase activity and use as
hypnotic'*'""*.  Copper (II) complexes with phenolic hydrazone; 4-[(2-(4,8-dimethylquinolin-2-yl)
hydrazono)methyl] benzene-1,3-diol; (H,L) has been used as dyes, bakelite, drugs, and stabilizers for
polymers'**"'** Some Schiff bases possess simple harmonic generation activity'>. Amido-Schiff base form
chelates with Cu (II) and act as a thrombin inhibitor'*®. Copper complex with isatin (1H-indole-2,3-dione)
and its derivatives have shown a variety of biological effects, including inhibition of monoamine oxidase'”’.
Magneto-spectral properties of Cu (II) complexes of 4-[N-(benzylidene)amino]-, 4-[N-(4-methoxy
benzylidene)amino]- and 4-[N-(4-dimethylamino benzylidene) amino]- thiosemicarbazone'*® have been
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reported. Antioxidant, pro-oxidant effect of (4-(1-phenylmethyl cyclobutane-3-yl)-2-(2-hydroxy benzylidene
hydrazino) thiazole) and its metal complexes has been reported®. Copper (II) N-salicylidene-amino
acidates, copper (II) complexes derived from salicylaldehyde, a- or f-alanine and its thioureas derivative
and copper (II) complexes derived from pyruvic acid and f-alanine has been studied in vitro and in vivo

methods for antiradical activity'®'®'. Plasticized membranes using Schiff’s base complex derived from 2,3-

diaminopyridine and o-vanilin act as copper (II) selective electrochemical sensors'®%.

CONCLUSION

Schiff” bases and their transition metal complexes possess a number of biological applications. Metal
complexes show higher activity than free ligands. Among transition metal complexes the activity of copper
complexes is high. These compounds shows bright path towards pharmaceutical as well as chemical
sciences. But still there is need to explore the biological properties of these already synthesized copper
complexes and to synthesize new complexes with more properties.
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