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ABSTRACT

Schiff base plays a key role in the evolution of coordination chemistry as they form stable coordination
compounds with most of the transition metal ions. Some important transition metals such as Co, Mn, Ni,
Zn, and Cu have a significant role in the synthesis of the Schiff base metal complex. The synthesis of
Schiff base transition metal Cu(Il) complexes using Schiff base as ligands is studied keeping in view the
possibility of obtaining coordination compounds of new structure with more stability. They also show
excellent biological activities such as anti-inflammatory, analgesic, antibiotic, antioxidative, antifungal,
antibacterial, antiviral, and enzymatic activities. The ligand and metal complexes are characterized
by elemental analyses, molar conductivity, magnetic moment, FT-IR, UV-Vis, Mass, and 'H-NMR
spectrometry as well as thermal analyses. This review paper summarizes to know about the chemistry of
different derivatives of substituted Schiff bases and their Cu(II) complexes with their biological importance.
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INTRODUCTION

Schiff bases are a class of organic compounds
characterized by the presence of azomethine
(-CH=N-) linkage. Due to the lone pair of the sp?
nitrogen in the azomethine group, Schiff bases have
the potential in coordination chemistry as ligands
with high-design flexibility and high functionality.[!)
They play a vital role in various scientific fields
such as biology, medicine, inorganic chemistry,
organic, and analytical chemistry. Many Schiff
bases and their metal complexes are well known
to possess catalytic properties,””! antibacterial,
antifungal, antituberculosis, antihelminthic,
anticancer, and antioxidant activities.*-%! Transition
metal complexes which usually contain nitrogen,
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sulfur, or oxygen as ligand atoms have become
increasingly important because these Schiff bases
can bind with different metal centers involving
various coordination sites and allow successful
synthesis of metal complexes.l” The high affinity
for the chelation of the Schiff bases toward oxygen
as ligand atoms has become increasingly important
because these Schiff bases can bind with different
metal centers involving various coordination
sites and allow the successful synthesis of metal
complexes.” The high affinity for the chelation of
the Schiff bases toward the transition metal ions
is utilized in preparing their solid complexes.?®
Among transition metals, copper has its own unique
identification due to its coordinating ability with
various ligands to form a variety of geometrical
structures such as square planar, square pyramidal,
distorted square pyramidal, and octahedral. The
copper (1) complexes have also been investigated
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against a variety of bacterial, fungal, as well as
viral strains and showed profound activities against
various diseases. !

PYRIDYL-BASED SCHIFF BASES

Pyridyl is a heterocyclic organic moiety with the
chemical formula C.H,N. Pyridyl is derived from
pyridine by the removal of a hydrogen atom from
a ring carbon atom. The physical properties of
pyridyl in several important compounds led to a
special interest in the study of these compounds
in a number of directions. Pyridyl is a colorless
liquid and smells like pyridine. In recent years,
pyridyl and their derivatives have gained a lot of
prominence due to their various biological activities
such as antimicrobial, anticancer, anticonvulsant,
antitumor, antiHIV-1 activity, antibacterial, and
antifungal activity.['>!3]

BIOLOGICAL IMPORTANCE OF
COPPER AND COPPER COMPLEXES

Copper is the third most abundant essential trace
mineral in the body, after iron and zinc. Copper
has been recognized as an essential nutrient since
the 1920s.'Y In the past 70 years, much has been
learned about the important biological role of
copper and copper-dependent enzymes.!'S! Copper
is a first-row transition metal which is a member
of group 11 of the periodic table. Copper(Il) metal
complexes with various Schiff base ligands possess
anti-inflammatory activity, and many popular anti-
inflammatory drugs are their copper chelates. Interest
in copper complexes as an anti-inflammatory and
anti-arthritic drug is evidenced by the large number
of reviews and symposia proceedings published
in recent years.!'® This review aims at having an
insight into the application of Cu(Il) complexes of
pyridyl-based Schiff bases as antimicrobial agents.
The summary of the reported work on the biological
activity of Cu(Il) complexes with Schiff bases has
been briefly discussed.

Ramadan et al reported preparation and
characterization of Cu(Il) complexes of three
tridentate pyridyl hydrazones. The ligands of Schiff
base were prepared by condensation of 6-chloro-
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2-hydrazopyridine with alpha-formyl(L1), alpha-
acetyl(L2), or alpha-benzoyl(L3) pyridine. The
structural characterization of the compounds
prepared was based on elemental analyses,
electrical conductance data, magnetic moment
measurements, '"H NMR, IR, UV-Visible and ESR
spectroscopic methods. The copper(Il) complexes
have been assigned a monomeric square-planar
and a dimeric structure with a chloride bridge in
square-pyramidal geometry. In the presence of
molecular oxygen, Cu(Il) complexes catalyse the
oxidative transformation of catechol (benzene-
1,2-diol) to the corresponding o-benzoquinone.!”
Raman et al. have reported the synthesis of novel
N,O, type Schiff base metal complexes of Cu(II)
from a new Schiff base ligand derived from
4-aminoantipyrine, salicylaldehyde, and 2-amino-
3-hydroxypyridine. The ligand and its complexes
have been characterized on the basis of elemental
analyses, magnetic susceptibility, FAB mass
spectrometry, UV-Vis, IR, 'H-NMR, ESR, and CV
spectral studies as well as conductivity data. On the
basis of spectral studies, a square-planar geometry
for the complexes has been proposed. The in vitro
antimicrobial activity of the investigated compounds
was tested against bacteria such as Staphylococcus
aureus, Escherichia coli, and Klebsiella pneumoniae
and fungi such as Candida albicans and Rhizopus
stolonifer!'8 Gupta et al. worked on the transition
metal complex of Cu(IT) with abidentate ligand bis(2-
pyridinecarboxaldehyde) ethylenediamine prepared
by the condensation of 2-pyridylcarboxylaldehyde
and ethylenediamine. The metal complex has been
characterized on the basis of elemental analysis,
conductance and magnetic data, infrared, 'HNMR
data. From elemental analysis, the complexes have
been found to possess 1:2 (metal: ligand) ratio.
Octahedral geometry for metal(Il) complexes has
been proposed. The ligand and metal complexes
were screened for their physiological activities
against E. coli, Staphylococcus aureus, Bacillus
subtilis, and Salmonella typhi." Mishra et al
synthesized coordination complexes of Cu(Il) with
the Schiff bases derived from isatin, 3-chloro-4-
floroaniline, and 2-pyridinecarboxaldehyde with
4-aminoantipyrine synthesized by conventional
as well as microwave methods. These compounds
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have been characterized by elemental analysis,
molar conductance, electronic spectra, FT-IR, FAB
mass, and magnetic susceptibility measurements.
FAB mass data show degradation of complexes.
The Schiff base and metal complexes show good
activity against the bacteria Staphylococcus aureus,
Escherichia coli, and Streptococcus faecalis and
fungi Aspergillus niger, Trichoderma polysporum,
Candida albicans, and Aspergillus flavus.*"
Shamkhy et al. reported novel tridentate Schiff base
prepared from the condensation of phenyl(pyridin-
4-yl)methanone, and the Schiff base was then
reacted with transition metal salts of Cu(Il) to
form coordinated complexes. The novel Schiff
base benzyl-2- [phenyl(pyridin-4-yl)methylidene]
hydrazinecarbodithioate and the new metal
complexes were characterized through various
physicochemical and spectroscopic techniques.
The FTIR results show that the Schiff base exists in
thione form because it contains functional group —
NH(C=S)SR, while the metal complexes contain two
ligands. Based on the ultraviolet-visible analyses,
it shows that the Schiff base shows absorption for
n-m * and 7- * while the metal complexes have
absorption due to d-d transitions. The result of the
magnetic susceptibility measurement indicates the
octahedral geometry for Cu(L,),.?"! Florencia et al.
reported that the three novel mononuclear Cu(II)
complexes with dipicolinate and pyridyl-based
ligands have been isolated and characterized. X-ray
diffraction studies accounted for slightly distorted
square-pyramidal structures. Their structural and
electronic properties have been studied by DFT
methods. Electronic UV—Vis spectra were simulated
for both dinuclear complexes in the framework
of the TD-DFT methodology to assign the origin
of the absorption bands. All the complexes were
screened for antifungal and antibacterial activity.*?
Jana et al. have synthesized mononuclear Cu(II)
complex [Cu(L)Cl from a tridentate Schiff
base ligand, piperidin-2-ylmethyl-pyridin-2-
ylmethylene-amine(L). The single-crystal X-ray
complex structure shows a square-pyramidal
geometry. The complex was tested against several
bacteria and showed good antibacterial activities
against almost all of the bacteria.”®! Abdullahi
et al. have synthesized some aminopyridine- and
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(aminomethyl)pyridine—salicylaldimine copper(Il)
complexes. Theligands were prepared by condensing
salicylaldehyde and o-vanillin  with 2-and
3-amino- and (aminomethyl)pyridine, respectively.
The complexes were characterized by micro-
analytical, electronic, infrared, and conductivity
data. The structures of the Schiff base ligands were
further confirmed from 'H- and *C-NMR spectral
data. All the ligands and their Cu(Il) complexes
were screened for their antimicrobial activity
against Staphylococcus aureus, Bacillus subtilis,
Escherichia coli, and Candida albicans.* Yuliia
et al. reported the preparation and characterization
of novel copper(Il) complexes of 3-(2-pyridyl)-
1,2,4-triazole. Magnetic properties reflect Cu-
Cu antiferromagnetic interaction. Complexes
were characterized by elemental analysis, mass-
spectrometry, IR- spectroscopy, and X-ray analysis.
Magnetic measurements revealed that both
compounds exhibit antiferromagnetic interaction.*!

CONCLUSION

From the above review, it is clear that pyridyl-based
Schiff bases and their Cu(Il) complexes possesses
a number of biological applications. These
complexes have bright future in pharmaceutical
as well as chemical science. Metal complexes of
Cu(IT) were easy to produce, economically viable,
and had numerous applications owing to their
high catalytic activities, antibacterial, antifungal
properties, antitumor, and good biological
activities. Review reflects the contribution of Schiff
bases to the design and development of novel lead
having potential biological activities with special
reference to Cu(Il) metal complexes of pyridyl-
based Schiff bases.
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