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INTRODUCTION

Now a day, a far-reaching number of works have been
done on the transition metal Schiff base complexes derived
from pyrazolone derivatives due to their potential applications
in biological, pharmacological, clinical and analytical fields
[1-4]. Among the pyrazolone derivatives, 4-Aminoantipyrine
has two potential donor sites which have been further improved
by condensing it with aldehydes, ketones, thiocarbazides and
carbazides [5,6]. Aminothiazoles have the ability to act as primary
amine and condensing it with 4-aminoantipyrine derivative
and enhance tridentate to tetradentate [7,8]. The interaction
of Schiff base metal complexes with DNA has gained much
interest towards their applications as therapeutic agents.
Transition metal ions are essential for the normal functioning
of living organisms. Therefore, it is not surprising that transition
metal complexes are of great interest as effective drugs and
these complexes with tunable coordination environments and
versatile spectral and electrochemical properties offer a great
scope for design of new species that are suitable for DNA
interactions [9-11]. The literature survey revealed that more
attention has been given to Schiff base complexes derived by
using 4-aminoantipyrine as a basic fundamental moiety. But
no work has been reported on the condensation of such
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derivatives with 2-aminothiazole [12-20]. Hence, in this paper,
we report herein the synthesis, characterization and biological
investigations of Cu(II), Ni(II), Co(II), Mn(II) and Zn(II) metal
complexes derived from benzylidene-4-imino-2,3-dimethyl-
1-phenyl-3-pyrazolin-5-one and 2-aminothiazole, which can
utilized for biological screening activities and may consent
the development of new drugs for the treatment of diseases.

EXPERIMENTAL

Benzaldehyde, 4-aminoantipyrine, 2-aminothiazole and all
metal salts were purchased from Merck (Darmstadt, Germany).
All the solvents used for spectroscopic and electrochemical
studies which have purified by standard procedures [21,22].
CT-DNA was procured from Bangalore Genei (India). Agarose
(molecular biology grade) and Ethidium bromide (EB) were
obtained from Sigma-Aldrich (St. Louis, Missouri, USA).
Tris(hydroxymethyl)aminomethane hydrochloride (Tris-HCl)
buffer solution was prepared using deionized and double
distilled water. Himedia chemicals were used as such for
antimicrobial studies.

Elemental Analyzers (C, H and N) were carried out with
an Elementar Vario EL III Carlo Erba 1108 analyzer and Fast
atomic bombardment mass spectra (FAB-MS) were obtained



using a Mass Spectrometers Jeol SX-102 (FAB) in a 3-nitro-
benzylalcohol matrix. The X-band ESR spectra of the copper
complex in DMSO solution at 77 K were recorded on a JEOL
47 series ESR spectrometer at Sophisticated Analytical Instru-
mentation facility, IIT, Mumbai. 1H NMR spectra (300 MHz)
of the Schiff base and its zinc complex were recorded on a
Bruker Advance DRX 300 FTNMR spectrometer using CDCl3

as solvent (TMS used as internal standard). Powder XRD
patterns (XPERT-PRO) and cyclic voltamogram were recorded
at Alagappa University, Karaikudi. SEM was recorded under
ultra high vacuum with AlKα excitation at 250 W in Bharathidasan
University, Trichy, India. For electrochemical measurements
CHI 620C electrochemical analyzer was used. It contains three
electrode systems; glassy carbon electrode as working electrode,
platinum wire as auxiliary electrode and Ag/AgCl as reference
electrode. Solutions were deoxygenated by purging with N2

prior to measurements. Tetra butyl ammonium perchlorate was
used as supporting electrolyte. Molar conductance of the chelates
(10-3 M) was measured at room temperature using Deepvision
Model-601 digital conductivity meter. Magnetic susceptibility
measurements of chelates were carried out by employing Gouy
balance at room temperature. CuSO4·5H2O was used as cali-
brant. The purity of Schiff base and its metal-chelates were
checked by thin layer chromatography [23].
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Scheme-I: Preparation of benzylidene-4-imino-2,3-dimethyl-1-phenyl-3-
pyrazolin-5-one

Synthesis of Schiff base (HL): An ethanolic solution (30
mL) of benzylidene-4-imino-2,3-dimethyl-1-phenyl-3-
pyrazolin-5-one (10 mmol, 2.91 g) was refluxed with 2-amino-
thiazole (20 mmol, 2.002 g) in the presence of anhydrous
K2CO3 (2 g) for about 16 h (Scheme-II). The resulting solution
was filtered and the solvent was removed by evaporation in
water bath. The red pasty mass obtained was stirred with 50
mL deionized water. The product obtained was filtered, washed
with water and recrystallized in methanol.

Synthesis of metal chelates: An ethanolic solution (50
mL) of CuCl2/NiCl2/CoCl2/MnCl2 and ZnCl2 (5 mmol) and Schiff
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Scheme-II: Synthesis of benzylidene-4-imino-2,3-dimethyl-1-phenyl-3-
pyrazolin-5-imino-2-thiazole

base (5 mmol) was boiled under reflux about 6 h (Scheme-III).
The solvent was reduced to one third in water bath. The resultant
solution was cooled and stirred with 10 mL of petroleum ether
(40-60 ºC) . The precipitated metal-chelates was filtered and
recrystallized from methanol.
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Scheme-III: Synthesis of Schiff base metal chelates; where, M = Cu(II)/
Ni(II)/Co(II)/Mn(II) and Zn(II) ions

Antimicrobial assay: The synthesized Schiff base (HL)
and its metal chelates were tested for their in vitro antimicrobial
activity against two Gram-positive (Staphylococcus aureus and
Bacillus subtilis) and three Gram-negative (Escherichia coli,
Klebsiella pneumonia and Salmonella typhi) bacterial strains
and for in vitro antifungal activity against Candida albicans,
Rhizoctonia bataicola, Aspergillus flavus, Aspergillus niger
and Rhizopus stolonifer by well diffusion method using
nutrients agar as medium for bacteria and potato dextrose agar
as medium for fungi respectively. The stock solution (10-2 mol
L-1) was prepared by dissolving the compounds in DMF and
the solutions were serially diluted in order to find the minimum
inhibitory concentration (MIC) values. In a usual procedure
[24], a well was made on the agar medium inoculated with
microorganisms. The well was filled with the test solution using
a micropipette and the plates were incubated, 48 h for bacteria
and 72 h for fungi at 35 °C. During this period, the test solution
was diffused and the growth of inoculated microorganisms
was affected. Tetracycline and nystatin were used as standard
control drugs for bacteria and fungi respectively.

DNA interaction studies: The solutions of Calf Thymus
DNA (CT-DNA) in tris-hydrochloric acid and sodium chloride
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buffer (pH = 7.2) in water with a ratio 1.9 of A260/A280 UV absor-
bance, signifying that DNA was suitably liberated from protein.
For 25 cycles sonicated, concentrated stock DNA solutions
prepared in buffer and 30 s each cycle consistence, with minute
intervals. The DNA concentration was measured by using its
molar extinction coefficient at 260 nm after required dilutions.
DNA stock solutions were stored at 4 ºC and used within a day.
Copper complexes/DNA was prepared by dissolving in alcohol
and diluted with buffer solution to the requisite concentration
for all the desired experiments. For absorption measurement
and cyclic voltammogram experiments, the DNA solutions
were pretreated with the solution of the complex to ensure no
change in their concentration.

Electronic absorption spectroscopic studies: Absorption
spectral titration experiments were performed by keeping the
concentration of complex as constant while varying the con-
centration of CT-DNA. It was achieved by dissolving required
amount of the copper complex and stock solutions of DNA
which is sustaining the total volume as constant. This resulted
in a series of solutions with varying concentrations of DNA
but with constant concentration of the complex. The absorbance
was measured after successive addition of CT-DNA pretreated
with the complex.

Cyclic voltammetric studies: In cyclic voltammetry measu-
rements, the freshly polished glassy carbon electrode was
modified by transferring a droplet of 2 µL of 5 × 10-3 M of CT-
DNA on the surface and dried in air. Then the electrode was
rinsed with distilled water. A CT-DNA modified glassy carbon
electrode was used as a working electrode, Ag/AgCl as standard
electrode and Pt wire as auxiliary electrode. A known concen-
tration of freshly prepared complex solution was used to record
the cyclic voltammogram and compared with cyclic volta-
mmogram of CT-DNA – [CuL2]Cl2 complex.

RESULTS AND DISCUSSION

Physical characterization, micro analytical, molar conduc-
tance and magnetic susceptibility data of the complexes are
given in Table-1.

The analytical data of the metal complexes correspond
well with the general formula [ML2]Cl2 where M= Cu(II),
Ni(II), Co(II), Mn(II) and Zn(II); L = C21H19N5S. The electrolytic
nature of the complexes was confirmed from their magnetic

susceptibility data. The higher conductance values of the chelates
support their 1:2 electrolytic natures [25] and are consistent
with other related complexes. Presence of the chloride ion is
evident from the Volhard’s test and that of the sulfate ion from
the BaCl2 test.

Mass spectra: FAB-Mass spectrum was clearly obtained
for the Schiff base (L) and shows its characteristic molecular
ion peak (C21H19N5S) at m/z 373 [M+]. Also, the FAB-Mass
spectrum of [CuC42H38N10S2]Cl2 complex which exhibits a
molecular ion peak at m/z 881 [M+], which confirms the
expected stoichiometry of complex as [ML2]Cl2. This is further
supported by elemental analysis data of Schiff base and its
complexes. Also, the entire XRD spectra had polycrystalline
with good crystalline in nature.

X-ray diffraction studies: The XRD patterns of Schiff
base and its [CuL2]Cl2, [MnL2]Cl2 and [ZnL2]Cl2 complexes
were shown in Fig. 1. The Schiff base (Fig. 1a) shows the peaks
at 10.3195°, 12.417°, 14.625°, 15.528°, 21.654°, 24.642°,
29.261°, 31.8758°, 33.19° and 42.001° suggested that it is poly-
crystalline structure. The 100 % intensity appears at 21.654°
for Schiff base (L) and the same was observed in all the
complexes indicate that the metal ion is incorporated within
the ligand environment. Some new peaks were also observed
in the XRD pattern of metal complexes. The peak intensity at
21.733° for [MnL2]Cl2 complex (Fig. 1c) is increased when
compared to Schiff base while [CuL2]Cl2 (Fig. 1b) and
[ZnL2]Cl2 (Fig. 1d) complexes is reduced. The strongest broad
diffraction peaks for the above two complexes were observed
at 27.928° and 31.762° respectively which suggests the quantum
confinement in Schiff base by the attachment of donor atoms
to metal ion in the chelates [26,27]. The decrease in intensity
of these peaks in [CuL2]Cl2 and [ZnL2]Cl2 complexes represents
the reduced crystalline size due to the increasing full width
half maximum (FWHM) values.

The crystallite sizes were calculated for prominent peaks
for the prepared Schiff base metal complexes using following
Debye-Scherrer’s formula:

θβ
λ=

cos
9.0D

where, λ is the wavelength of CuKα used, β is full width at
half maximum of the peak position in radian; θ is Bragg
diffraction angle at peak position in degrees. The average

TABLE-1 
CHARACTERIZATION OF PHYSICAL, ANALYTICAL, MOLAR CONDUCTANCE  

AND MAGNETIC SUSCEPTIBILITY DATA OF METAL-CHELATES 

Elemental analysis (%): Found (calcd.) 
Compound Colour m.,p. (°C) 

M C H N S Cl 
Λm (Ω-1 cm2 
mol-1) (10-2) 

µeff 
(BM) 

L Reddish 
brown 

157 – 67.52 
(67.56) 

5.06 
(5.09) 

18.74 
(18.77) 

8.57 
(8.58) 

– – – 

[CuL2]
 Cl2 Brown 324 7.17 

(7.21) 
57.18 

(57.21) 
4.27 

(4.31) 
15.86 

(15.89) 
7.24 

(7.26) 
8.02 

(8.06) 
68 1.83 

[NiL2]
 Cl2 Brown 346 6.67 

(6.70) 
57.53 

(57.55) 
4.30 

(4.34) 
15.95 

(15.99) 
7.28 

(7.31) 
8.09 

(8.11) 
56 2.91 

[CoL2]
 Cl2 Reddish 

orange 
355 6.71 

(6.74) 
57.50 

(57.53) 
4.32 

(4.34) 
15.93 

(15.98) 
7.27 

(7.31) 
8.08 

(8.11) 
74 3.94 

[MnL2] Cl2 Pale 
orange 

325 6.28 
(6.31) 

57.78 
(57.80) 

4.33 
(4.36) 

16.02 
(16.06) 

7.30 
(7.34) 

8.11 
(8.14) 

86 5.98 

[ZnL2]
 Cl2 Pale green 338 7.38 

(7.41) 
57.12 

(57.14) 
4.27 

(4.31) 
15.85 

(15.87) 
7.23 

(7.26) 
8.01 

(8.05) 
64 – 
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Fig. 1. Powder XRD pattern of Schiff base (a) and its [CuL2]Cl2 (b),
[MnL2]Cl2 (c) and [ZnL2]Cl2 (d) complexes

crystallite size of Schiff base and its [CuL2]Cl2, [MnL2]Cl2

and [ZnL2]Cl2 complexes are 57, 56, 42 and 36 nm, respectively.
The minimum crystalline size was observed for [ZnL2]Cl2 com-
plex and it has better crystalline nature than other complexes.

Morphological study: The surface morphology of Schiff
base and its complexes were studied by using scanning electron
microscope (SEM). SEM images for Schiff base (a) and its
[CuL2]Cl2 (b), [MnL2]Cl2 (c) and [ZnL2]Cl2 (d) comp-lexes
were shown in Fig. 2. From the SEM image of the Schiff base
and its [CuL2]Cl2, [MnL2]Cl2 and [ZnL2]Cl2 complexes,
irregular spherical grain structure for Schiff base, cloud like
model for [CuL2]Cl2, well dispersed, heterogeneous sized with
highly agglomerated grains for [MnL2]Cl2 and cauliflower
model like structure for [ZnL2]Cl2 complex was observed.

Furthermore, the crystalline size of complexes was reduced
when compared with ligand due to incorporation of metal ion.
The minimum crystalline size was found for [ZnL2]Cl2 complex
which is further supported by XRD data. The SEM image of
the complexes confirms the presence of ligands in the metal-
chelates. Hence, the metal ion affects the morphology of Schiff
base in the metal-chelates [28-30].

IR spectra: The IR spectra provide most valuable infor-
mation concerning the coordinating sites of Schiff base. A
comparative study of the IR spectra of Schiff base and its metal-

Fig. 2. SEM images for Schiff base (a) and its [CuL2]Cl2 (b), [MnL2]Cl2 (c) and [ZnL2]Cl2 (d) complexes

Vol. 30, No. 3 (2018) Biological Screening Studies of DNA Relate Metal Complexes  597



chelates revealed that certain peaks are common and therefore,
only provides important peaks, which have been either shifted
or newly appeared, are discussed. The IR spectra of the Schiff
base showed that the characteristic ν(C=N) bands in the 1651
cm-1 region which is shifted to lower frequencies in the spectra
of all the metal chelates (1645-1640 cm-1) representing the
involvement of azomethine nitrogen in coordination to the
metal ion [31]. The ν(C-S) stretching frequency of the thiazole
ring was appeared at 780 cm-1 and it was shifed to 775-765
cm–1 region due to chelation. This is further supported by the
appearance of new bands at 518-513 and 462-442 cm–1 region
attributed to ν(M–N) and ν(M–S) frequencies, respectively in
all the metal chelates [32].

1H NMR spectra: The 1H NMR spectra of Schiff base and
its zinc complex were recorded in CDCl3 solution (Fig. 3). The
Schiff base exhibits the following signals: phenyl as multiplet
at 7.53–7.58 δ, =CCH3 at 2.60 δ, –N–CH3 at 3.18-3.30 δ,
–CH– at 5.78 δ, -N-C=CH at 7.93-8.23 and -C-S-CH- at 7.69-
7.71 δ (thiazole ring). A slight downfield shift was observed
in all the signals in the spectrum of zinc complex clearly indicated
that the coordination ligand system with metal ion.

11 10
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9 8 7 6 5 4 3 2 1 0 -1
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Fig. 3. 1H NMR Spectra of Schiff base (a) and [ZnL2]Cl2 complex (b) in
CDCl3 solution.

Electronic absorption spectra: The electronic absorption
spectra can regularly provide quick and reliable information
about the ligand arrangement in metal complexes. It is also
serves as a useful tool to distinguish among the square-planar,
square-pyramidal, tetrahedral and octahedral geometries of the
complexes. The absorptions in the ultraviolet region are attri-
buted to transitions within the ligand orbital and those in the
visible region are probably due to allowed metal-to-ligand
charge transfer transitions.

The ligand (L) in MeCN shows an absorption bands at
about 248 nm and 304 nm which are assigned as intraligand
charge transfer bands. The UV-visible spectrum of [CuL2]Cl2

complex in acetonitrile shows three bands which are assigned
as an intraligand charge transfer bands (236 nm and 308 nm)
and a d-d band (2Eg → 2T2g), (702 nm). The d-d band (668
nm) strongly favours octahedral geometry around the metal
ion. This is further supported by the magnetic susceptibility
value (1.83 BM).

The [NiL2]Cl2 complex in MeCN solution shows three d-d
bands at 786, 690 and 553 nm which are assigned as 3A2g(F)
→ 3T2g(F), 3A2g(F) → 3T1g(F) and 3A2g(F) → 3T1g(P) transi-
tions, respectively. The appearance of a band in the near IR
region (786 nm) is characteristic for octahedral geometry. This
is also confirmed by the magnetic susceptibility value (2.91
BM). It also shows two intra-ligand charge transfer (INCT)
band at 242 and 298 nm.

The [CoL2]Cl2 complex in MeCN shows two strong
absorption peaks at 267 nm, 298 nm UV region which are
assigned as INCT bands. It also shows three absorption beaks
at visible region around 495, 698 and 772 nm which are desig-
nated as 4T1g(F) → 4T2g(F), 4T1g(F) → 4A2g(F) and 4T1g(F) →
4T1g(P) d-d transitions respectively. A characteristic band at
772 nm confirms the existence of cobalt ion in the octahedral
environment. The magnetic susceptibility value (3.93 BM) also
supports this geometry [33].

Electrochemical behaviour: The cyclic voltammogram
of [CuL2]Cl2 complex in MeCN solution at 300 K shown in
Fig. 4.
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Fig. 4. Cyclic voltammogram of [CuL2]Cl2 complex in MeCN at 300 K
(0.1 M TBAP) scan rate 100 mV s-1

It shows two reduction peaks for Cu(II) → Cu(I) at Epc =
-0.09 V and Cu(I) → Cu(0) at Epc = + 1.11 V in the cathodic
region. The corresponding oxidation peaks were observed in
the anodic region at Epa = 1.13 V for Cu(0) → Cu(I) and Epa =
0.41 V for Cu(I) → Cu(II) with respect to Ag/AgCl electrode.
A single electron transfer was takes place in all the peaks based
on their Ipa/Ipc ratio. The difference between the anodic and
cathodic peaks for both couples are very high which indicates
the higher stability of electrochemically generated Cu(I) and
Cu(0) ionic species under experimental condition [34].

EPR spectral study: The EPR spectra of the [CuL2]Cl2

complex was recorded in DMSO at 77 K and is shown in Fig. 5.
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Fig. 5. EPR spectrum of [CuL2]Cl2 complex at 77 K in DMSO solution

The observed spin Hamiltonian parameters values All (151 ×
10-4 cm-1) > A⊥ (71 × 10-4 cm-1); gll (2.31) > g⊥ (2.075) > 2
ensures that the system coincides well with axially elongated
octahedral geometry [35,36] and the unpaired electron occupies
in dx2-y2 orbital. The exchange interaction parameter for the
copper complex (G = 4.13) indicates that there is no substantial
exchange interaction between copper ions.

The molecular orbital coefficients viz., in-plane σ-bonding
(α2 = 0.7983), in-plane π-bonding (β2 = 0.9158) and out-plane
π-bonding (γ2 = 0.8232) value indicates that the presence of
substantial interaction in the in-plane σ-bonding (α2) while
in-plane π-bonding (β2) is almost ionic. This fact also suggests
that there is no appropriate ligand orbital contribution in the
dxy orbital of copper ion. Furthermore, out-plane π-bonding is
more covalent than the in-plane π-bonding. This is further
supported by orbital reduction factors Kll and K⊥. They were
calculated from the simplified expressions: Kll

2 = α2β2 and
K⊥

2 = α2γ2. Significant information about the nature of the
bonding in the complex can be derived from the relative magni-
tudes of Kll and K⊥. In case of pure s-bonding Kll = K⊥, whereas
Kll < K⊥ implies considerable in-plane π-bonding, while for
out-of-plane π-bonding Kll > K⊥. For the present copper
complex Kll (0.7310) > K⊥ (0.6523), suggesting predominant
out-plane π-bonding while the in-plane π-bonding is weaker.

The X-band ESR spectrum of [MnL2]Cl2 complex in
DMSO solution was recorded at 77 K and is given in Fig. 6.

It shows a six-line hyperfine splitting due to Mn(II) (I =
5/2) ion. The spin Hamiltonian parameters of [MnL2]Cl2

complex in DMSO solution at 77 K (Aiso = 110 × 10-4 cm-1 and
giso = 1.99 < 2) are similar to those of mono nuclear hexa-
coordinate manganese complexes with ground state 6S5/2,
indicates that there is no significant magnetic interaction between
the manganese(II) ions. This fact is also supported by the
magnetic susceptibility data of the complexes [37,38].

Thermogravimetric analysis: Thermal analysis plays an
important role in the study of physico-chemical behaviours
and of decomposition, being unaffected at below about 150
°C and 150-220 °C. It indicates the absence of water molecules
in both coordination sphere and ionization sphere [39]. The
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Fig. 6. ESR spectrum of [MnL2]Cl2 complex at 77 K in DMSO solution

anhydrous complexes remained stable ranges among 220-400
°C and subsequently showed rapid degradation due to decom-
position of the organic constituents of the complexes. The
decomposition continued up to about 700 °C and a stable product
(as oxide) was formed as indicated by consistency in weight
in the plateau of the thermogram.

DNA-Absorption spectral titration: The positive syner-
gistic results were obtained from the antimicrobial studies are
encouraged to investigate the interaction between DNA and
copper complex. Absorption spectral titration is an important
technique to find out binding mode and binding affinity of
synthesized compounds with CT-DNA [40]. Absorption spectra
of copper complex in presence and absence of DNA in Tris-
HCl buffer (pH 7.0) are shown in Fig. 7.

Upon addition of DNA increases to [CuL2]Cl2 complex,
the peak intensity changes arise in the intra-ligand charge
transfer band (INCT) at 244 and 281 nm. As a result shows
that, the hypochromism (46.53 %) with red shift (5.5 nm) was
observed. These spectral characteristics suggest that, [CuL2]Cl2

complex interact with DNA via stacking interaction between
the aromatic chromophore of the ligand through intercalative
mode and the base pairs of DNA [41]. Moreover, the binding
affinity (Kb) of [CuL2]Cl2 complex (6.424 × 103) is lower than
classical intercalator (Ethidium bromide 1.4 × 106). The DNA
binding of metal complexes have well established to narrate
antimicrobial studies.

Cyclic voltammogram of [CuL2]Cl2 complex with DNA
were recorded at 300 K in the presence and absence of DNA
in Tris-HCl buffer (pH 7.2) are shown in Fig. 8. It shows a
direction reduction peak at Epc = 0.015 V for Cu(II) → Cu(I)
and Epc = 0.98 V for Cu(I) → Cu(0) in the cathodic regions.
At anodic side, oxidation peak was observed at Epa = 0.87 V
[Cu(0) → Cu(I)] and Epa = -0.022 V [Cu(I) → Cu(II)] regions.
It reveals that the cyclic voltammogram pattern of [CuL2]Cl2

complex was totally altered due to strong binding of CT-DNA.
Antimicrobial assays: An in vitro antimicrobial activity

results of the Schiff base metal complexes was tested against the
three Gram-negative (Escherichia coli, Klebsiella pneumonia
and Salmonella typhi) and two Gram-positive (Staphylococcus
aureus and Bacillus subtilis) bacterial strains and for in vitro
antifungal activity against Candida albicans, Rhizoctonia

Vol. 30, No. 3 (2018) Biological Screening Studies of DNA Relate Metal Complexes  599



1.2

0.8

0.4

0

0.9

0.6

0.3

1.0

0.5

0

A
b

so
rb

a
nc

e

A
bs

or
b

an
ce

A
bs

or
ba

nc
e

300 400 500 600
Wavelength (nm) Wavelength (nm) Wavelength (nm)

(a) (b) (c)

R = 0

R = 50

R = 0, 10, 15, 20, ... 45, 50

1.7

1.6

1.5

1.4
1.3

1.2

1.1

[D
N

A
] (

–
) 

× 
10

ε a
f

–
9

ε

0  1.5 3.0 4.5 6.0 7.5 9.0
[DNA] × 10–5

239 nm
244 nm

268 nm
281 nm

Fig. 7. Absorption spectra (a) of [CuL2]Cl2 complex (1 × 10-5 M) in presence and absence of increasing amounts of CT-DNA (0-50 × 10-3 M).
Inset: Linear plot of [DNA]/(εaεf) versus [DNA] for the titration of DNA with [CuL2]Cl2 complex. For ligand peaks (b) and [CuL2]Cl2

complex bound peaks (c) at room temperature in 50 mM Tris-HCl/NaCl buffer (pH = 7.2)

200

100

0

-100

-200

C
ur

re
n

t (
µ

A
 c

m
)

–2

-1000 -500 0 500 1000

Potential (V)  Ag/AgClvs.

Fig. 8. Cyclic voltammogram of [CuL2]Cl2 complex with DNA in Tris-
HCl buffer at 300 K Scan rate 100 mV/s

bataicola, Aspergillus flavus, Aspergillus niger and Rhizopus
stolonifer by disc diffusion method.

The values of minimum inhibitory concentration (MIC)
of Schiff base transition metal-chelates are summarized in
Tables 2 and 3. A comparative study of Schiff base (L) and its
metal-chelates (MIC values) indicate that metals exhibit higher
antimicrobial activity than Schiff base (free ligand) which is
shown in Fig. 9(a). From the MIC values, it was found that the
[CuL2]Cl2 and [ZnL2]Cl2 were somewhat more potent among
the other investigated Schiff base metal-chelates.

Overtone’s concept [42] and Tweedy’s chelation theory
[43], revealed that such increased activity results of the
complexes have explained clearly by the researchers using the
different micro-organisms. The lipid membrane that surrounds
the cell positive discrimination route only the lipid-soluble
resources due to which liposolubility is a significant factor, which
controls the anti-fungal activity results by overtone’s theory of
cell permeability.

The metal ion polarity have reduced to a larger extent
due to the overlap of Schiff base orbital and partial sharing of
the positive charge of the metal ion with donor groups on
chelation effects. Besides, it increases delocali-zation of π-
electrons over the entire chelate rings and better enhanced
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lipophilicity of metal-chelates in Fig. 9(b). This kind of
increased lipophilicity enhances the penetration of metal-
chelates into lipid membranes and blocking of the metal
binding sites in the enzymes of microorganisms. Besides, the
mode of action of the compounds could involve the formation
of a hydrogen bond through the azomethine group with the
active centre of cell constituents, ensuing in interferences with
the normal cell process. Moreover, it disturbs the respiration
process of the cell and accordingly blocks the synthesis of the
proteins that restricts further growth of the organisms [44,45].

Conclusion

Cationic Cu(II), Ni(II), Co(II), Mn(II) and Zn(II) complexes
have been synthesized from the Schiff base derived from
benzylidene-4-imino-2,3-dimethyl-1-phenyl-3-pyrazolin-5-
one and 2-aminothiazole. The synthesized compounds were
characterized by microanalytical data, FAB-Mass spectra,
Powder XRD, SEM, FTIR, UV-visible, 1H NMR, EPR, CV
and thermal analysis techniques. The analytical data and FAB-
Mass of the complexes give the general formula as [ML2]Cl2.
Powder XRD data and SEM images ensure that the comp-
lexes are nano size grain with good polycrystalline structure
and crystalline nature. The magnetic susceptibility and electro-
nic absorption spectra of the complexes indicate that all the
complexes exhibit the octahedral geometry around the central
metal ion. The observed ESR parameters clearly suggest that
the complex is axially elongated octahedral geometry. DNA
interaction studies of [CuL2]Cl2 complex using electronic
absorption spectra and cyclic voltammogram measurements
revealed that the binding occurs through intercalation between
[CuL2]Cl2 complex and CT-DNA. The in vitro biological
screening effects of the investigated compounds were tested
against various bacteria and fungi. The minimum inhibitory
concentration values indicate that most of the complexes have
higher toxicity than the ligand against the microorganisms.
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