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Abstract A series of transition metal complexes of Co(II),
Ni(II), Zn(II), Fe(III) and VO(IV) have been synthesized
involving the Schiff base, 2,3-dimethyl-1-phenyl-4-(2-hy-
droxy-3-methoxy benzylideneamino)-pyrazol-5-one(L), ob-
tained by condensation of 4-aminoantipyrine with 3-
methoxy salicylaldehyde. Structural features were obtained
from their FT-IR, UV–vis, NMR, ESIMass, elemental analysis,
magnetic moments, molar conductivity and thermal analysis
studies. The Schiff base acts as a monovalent bidentate ligand,
coordinating through the azomethine nitrogen and phenolic
oxygen atom. Based on elemental and spectral studies six
coordinated geometry is assigned to Co(II), Ni(II), Fe(III) and
VO(IV) complexes and four coordinated geometry is assigned
to Zn(II) complex. The interaction of metal complexes with
Calf thymus DNA were carried out by UV–VIS titrations,
fluorescence spectroscopy and viscosity measurements. The
binding constants (Kb) of the complexes were determined as
5×105 M−1 for Co(II) complex, 1.33×104 M−1 for Ni(II)
complex, 3.33×105 M−1 for Zn(II) complex, 1.25×105 M−1

for Fe(III) complex and 8×105 M−1 for VO(IV) complex.
Quenching studies of the complexes indicate that these com-
plexes strongly bind to DNA. Viscosity measurements indicate
the binding mode of complexes with CT DNA by intercalation
through groove. The ligand and it’s metal complexes were

screened for their antimicrobial activity against bacteria. The
results showed the metal complexes to be biologically active,
while the ligand to be inactive.

Keywords Metal complexes . Schiff bases .

4-aminoantipyrine . Antimicrobial activity . DNA binding

Introduction

The Schiff bases of 4-aminoantipyrine and its complexes have
variety of applications in the biological, clinical, analytical and
pharmacological fields [1–6]. It is known that some drugs
showed increased activity when administered as metal chelates
rather than as organic compounds. The coordinating property
of 1-phenyl-2,3-dimethyl-4-aminopyrone (4-amino antipyrine)
can be modified into a flexible ligand system by condensation
with a variety of reagents like aldehydes, ketones,
thiosemicarbazides, carbazides etc. [7–15]. A number of metal
chelates are of current interest due to their important applica-
tions in nucleic acid chemistry as DNA probes of DNA struc-
ture in solutions, reagents for themediation of strand scission of
duplex nucleic acid under physicochemical conditions and as
chemotherapeutic agents and in the genomic research.

The interaction between DNA and transition metal com-
plexes is an important fundamental issue in life sciences.
These complexes can bind to DNA in non-covalent modes
such as electrostatic, intercalative and groove binding. The
above applications require that the complex binds to DNA
through an intercalate mode, where in, the planar aromatic
heterocyclic group is inserted and stacked between the base
pairs of DNA. The mode is related to in-vivo replication and
transcription of DNA, mutation of genes, variations of species
in their character and to the action mechanism of some
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synthetic chemical nucleases. Considering the relevance and
significance of Schiff base complexes in DNA binding, we
report the synthesis, characterization, DNA binding and anti-
bacterial activity studies of Co(II), Ni(II), Zn(II), Fe(III) and
VO(IV) complexes of Schiff base (2,3-dimethyl-1-phenyl-
4-(2-hydroxy-3-methoxybenzylideneamino)-pyrazol-5-one)
derived from 4-aminoantipyrine and ortho-vanillin.

Experimental

All the chemicals used were of AR grade. 4-Aminoantipyrine,
metal salts, 3-methoxy salicylaldehyde, Tris–HCl, Ethidium
bromide (EB) and CT DNA. They were purchased from
Sigma Aldrich chemicals. All other chemicals and solvents
were of analytical reagent grade and used without further
purification. Millipore water was used for preparing buffer.

All the experiments involving with the interaction of the
ligand and complexes with CT DNA were carried out in tris
buffer (5 mM Tris–HCl, 50 mM NaCl, pH 7.0). The solution
of CT-DNA in the buffer gave ratios of UV absorbance of
about 1.8–1.9:1 at 260 nm and 280 nm indicating its purity.
DNA concentration per nucleotide was determined by absor-
bance at 260 nm by using molar extinction coefficient
(6,600 M−1 cm−1) [16]. The ligands and complexes were
dissolved in a solvent mixture of DMSO and Tris–HCl buffer
at the concentration 1.0×10−5 M. The stock solution of DNA
was stored at 4 ° C and used within 5 days, because continues
freezing of DNA causes precipitation.

Physical Measurements

Elemental analysis of the ligand and it’s metal complexes was
carried out using a Perkin-Elmer 240C (USA) elemental
analyser. Molar conductances of the metal complexes were
measured in DMSO solution, using Digisun digital conduc-
tivity meter. Magnetic susceptibilities of the complexes were
measured on Guoy balance, model 7550, using Hg
[Co(NCS)4] as standard. The diamagnetic corrections of the
complexes were done using Pascal’s constants. Thermo gravi-
metric analysis of the complexes were carried on Shimadzu
DTG-60H system in the temperature range of 0–1,000 °C.

Melting points of the ligand and m.p/decomposition temper-
ature of complexes were determined on Polmon instrument
(MP-96). IR spectra were recorded in KBr discs on Brucker
FT-IR spectrometer from 400 to 4,000 cm−1. Electronic spec-
tra were recorded with Elico SL 159 UV-Visible Spectropho-
tometer from 200 to 1,100 nm. 1H NMR spectra were record-
ed in CDCl3, on Brucker 400 MHz spectrometer. The mass
spectra were recorded by ESI technique on LCQ ion trap
thermo Finningan Sanjose CA (USA) mass spectrometer.

Synthesis of Ligand

Ligand(L) [2,3-Dimethyl-1-Phenyl-4-(2-Hydroxy-3-Methoxy
Benzylideneamino)-Pyrazol-5-One]

A mixture of 4-aminoantipyrine (0.05 mol) and 3-methoxy
salicylaldehyde (0.05 mol) in ethanol, on refluxing for 2 h,
with constant stirring, resulted in dark yellow solid product. It
was filtered, washedwith petroleum ether and recrystallized in
ethanol. Purity of the resultant Schiff base compound was
checked by TLC. Yield: 85–90 % [17] (Scheme 1).

Synthesis of Complexes

In the preparation of the metal complexes, the metal and the
ligands were mixed in 1:2 molar ratio using required quanti-
ties of ethanol. Hot ethanolic solution of ligand (0.01 mol) and
hot ethanolic solution of corresponding metal salts
(0.005 mol) (MX2, where M=Co(II), Ni(II), Zn(II), Fe(III)
and VO(IV); X=chlorides/nitrates; for VO(IV);X=SO4) were
mixed together, refluxed for 2–3 h and left for evaporation at
room temperature for 3 days. Coloured solid metal complexes
were obtained. The products were filtered, washed with cold
ethanol and dried under vacuum over calcium chloride.

[Co(3-OMe SALAAP)2]H2O

IR max : 3,387 cm
−1(νO-H/H2O), 1,636 cm

−1 (νC=N), 1,664 cm
−1

(νC=O), 1,385 cm−1 (νC-O), 547 cm−1 νM−O, 466 cm−1 (νM−N)
Anal.Calc for C38H36N6CoO6 Cal: C 62.21, H 4.91, N 11.45
:found :C 62.25, H 4.93, N 11.46;μeff : 4.92BM UV–vis(nm)
307,397, 497, 670 :ESI-MS (m/z): 732, [Co(L)2]

+

N
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Scheme 1 Reaction scheme for
the synthesis of ligand (L)
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[Ni(3-OMe SALAAP)2]H2O

IR max : 3,377 cm−1(νO−H/H2O), 1,604 cm−1 (νC=N),
1,664 cm−1 (νC=O), 1,381 cm−1 (νC−O), 547 cm−1 νM−O,
466 cm−1 (νM−N) Anal.Calc for C38 H36 N6 Ni O6 Cal: C
62.12, H 5.12, N 11.51 :found :C 62.46, H 4.90, N 11.44;μeff :

2.79 BM UV–vis(nm) 312,345, 467, 762 :ESI-MS (m/z): 731
[Ni(L)2]

+

[Zn(3-OMe SALAAP)2]H2O

IR max : 3,398 cm−1(νO−H/H2O), 1,600 cm−1 (νC=N),
1,665 cm−1 (νC=O), 1,372 cm−1 (νC−O), 546 cm−1 νM−O,
465 cm−1 (νM−N) Anal.Calc for C38H36N6ZnO6 Cal: C

61.70, H 4.87, N 11.36 :found :C 61.73, H 4.86, N 11.38;
:ESI-MS (m/z): 737, [Zn(L)2]

+

[Fe(3-OMe SALAAP)2]H2O

IR max : 3,387 cm−1(νO−H/H2O), 1,636 cm−1 (νC=N),
1,664 cm−1 (νC=O), 1,385 cm−1 (νC−O), 547 cm−1 νM−O,
466 cm−1 (νM−N) Anal.Calc for C38H36N6CoO6 Cal: C
62.21, H 4.91, N 11.45 :found :C 62.25, H 4.93, N 11.46;
:ESI-MS (m/z): 732, [Co(L)2]

+

[VO(3-OMe SALAAP)2]H2O

IR max : 3,413 cm−1(νO−H/H2O), 1,582 cm−1 (νC=N),
1,663 cm−1 (νC=O), 1,382 cm−1 (νC−O), 547 cm−1 (νM−O),

Fig. 1 Mass spectrum of
Co(II)-M SALAAP

Fig. 2 Mass spectrum of
Zn(II)-M SALAAP
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465 cm−1 (νM−N) 964 cm−1 (νV=O), Anal.Calc for
VOC38H38N6O7 Cal: C 60.31, H 5.06, N 11.11 :found :C
60.34, H 5.12, N 11.19; :ESI-MS (m/z): 737, [VO(L)2]

+-H2O

DNA Binding Studies

Absorption Spectra

Absorption spectra were recorded on Elico SL 159 UV-
Visible spectrophotometer using 1 cm quartz microcuvettes.
Absorption titrations were performed by keeping the concen-
tration of the complex constant (10 μM) and by varying the
concentration of CT–DNA from 10 to 100 μM. For the
complexes, the binding constants (Kb), have been determined
from the spectroscopic titration data using the following Eq. 1.

DNA½ �= εa−ε fð Þ ¼ DNA½ �= εb−ε fð Þ þ 1=Kb εb−ε fð Þ ð1Þ

The apparent extinction coefficient εa, was obtained by
calculating Aobs/[complex], εf and εb correspond to the ex-
tinction coefficient for the free (unbound) and fully bound
complex respectively. A plot of [DNA]/(εa−εf) vs. [DNA]
will have a slope equal to 1/(εb−εf) and an intercept equal to
1/Kb(εb−εf), Kb is then given by the ratio of the slope and the
intercept.

Fluorescence Titration

To understand the interaction pattern of the complexes with
DNA, fluorescence titration method was used. Fluorescence
measurements were carried out by keeping the concentration
of complexes constant (15 μM), and concentrations of CT

DNA varied from 10 μM to 100 μM. An excitation wave-
length of 335 nm was used.

Viscosity Measurements

Viscometric titrations were performed with an Ostwald vis-
cometer maintained at room temperature. The flow times were
measured with a digital timer and each sample was
measured five times for accuracy and an average flow
time was calculated. Data was presented as (η/ηo)

1/3

versus [complex]/[DNA], where η is the viscosity of
DNA in the presence of complex and ηo is the viscosity
of DNA alone. Viscosity values were calculated from
the observed flow time of DNA containing solutions(t)
corrected that buffer alone (to). η=t− to.

Antibacterial Study

The antibacterial activity of the complexes was studied against
Gram-positive bacteria Staphylococcus aureus and Gram-
negative bacteria Escherichia coli. The solutions of metal
complexes and ligand were prepared in DMSO at a concen-
tration of 200 μg/ml, 100 μg/ml, and 50 μg/ml. Paper discs of
whattman filter paper no.1 were sterilized in an autoclave and
saturated with solution of metal complexes in DMSO or
DMSO as a negative control and were placed aseptically in
the petridishes containing nutrient agar media inoculated with
the above mentioned two bacteria separately. The petridishes
were incubated at 37 °C and the inhibition zones were record-
ed after 24 h of incubation period.

Results and Discussion

The Schiff base ligand, 2,3-dimethyl-1phenyl-4-(2-hydroxy-
3-methoxybenzylideneamino)-pyrazol-5-one (M SALAAP)
was yellow coloured solid and is stable at room temperature.
It is soluble in ethanol and dimethyl sulphoxide (DMSO).

The complexes of Co(II), Ni(II), Zn(II), Fe(III) and VO(IV)
with M SALAAP ligand were found to be stable at room
temperature and non hygroscopic. They are insoluble in water,
but soluble in DMSO and ethanol. All the complexes were
characterized by various spectral and analytical methods.

Table 1 Mass spectral data of ligand and its complexes

Compound Calculated mass Obtained mass m/z Peak assigned

Ligand(L) 337 338 M+1

Ni(II) complex 730 731 M

Co(II) complex 730 732 M+1

Zn(II) complex 737 737 M,M+2

Fe(III) complex 764 765 M+1

VO(IV) complex 756 737 M-H2O

Table 2 IR Absorption frequen-
cies of free ligand and their metal
complexes (in cm−1)

Ligand/complex OH/H2O C=N C=O C−O M−O M−N V=O

Ligand 2,826 1,598 1,663 1,364 – – –

Ni(II) complex 3,377 1,604 1,664 1,381 547 466 –

Co(II) complex 3,387 1,636 1,664 1,395 547 466 –

Zn(II) complex 3,398 1,608 1,664 1,372 546 465 –

Fe(III) complex 3,386 1,585 1,663 1,365 547 466 –

VO(IV) complex 3,413 1,582 1,664 1,382 547 465 964
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Based on the data of elemental analysis and ESI Mass, the
composition was assigned to the complexes. The conductance
values of all complexes were measured in DMSO solvent. The
results suggest, the non-electrolytic nature of complexes in the
solvent [18] and also that no anions are present outside the
coordination sphere.

1H NMR Spectra and 13C NMR Spectra

The 1H NMR spectrum of ligand (L) displays multiplet
signals at 6.8–7.8 δ which are attributed to the aromatic
protons. The signal due to the methoxy protons was
observed as a singlet at 3.9δ, =C–CH3 at 2.4 δ, –N–
CH3 at 3.3 δ, and azomethine proton (−CH=N-) at 9.8
δ, intramolecular hydrogen bonded OH group at 13.9 δ as
singlets.

The 13CNMRSpectra of the Schiff base ligand is recorded in
CDCl3. The azomethine carbon (C7) gives a peak at 163.7–
164.7 δ, =C–CH3 (C10) at 10.14–10.25 δ, –N–CH3 (C11) at
35.21–35.61δ, C=O (C12) at 161.7–160.6 δ,−OCH3(C19) gives
a peak at 56.06 δ.

M SALAAP (L)

Table 3 Electronic absorption
spectral and magnetic moment
data of complexes

Compound Maximum absorption
wavelength (in nm)

Band assignment Magnetic moment
μ (B.M)

Geometry

Ligand 302,342,402 INCT – –

Ni(II) complex 312,345 INCT

467 3A2g(F)→
3T1g(p) 2.79 Octahedral

762 3A2g(F)→
3T1g(F)

Co(II) complex 307,397 INCT

497 4T1g(F)→
4T1g(p) 4.92 Octahedral

670 4T1g (F)→
4T2g(F)

Zn(II) complex – – – Tetrahedral

Fe(III) complex 306,364 INCT 5.65 Octahedral

464 6A1g→
4T2g

762 6A1g→
4T1g

VO(IV) complex 307,339 INCT 1.93 Octahedral

447 2B2→
2B1

567 2B2→
2A1

Fig. 3 TGA OF Zn(II)-M
SALAAP
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ESI-MS Spectra and IR Spectra and Type of Bonding

Mass Spectra of complexes provides a vital clue for elucidat-
ing the structure of compounds (Figs 1 and 2). The ESI mass
of the ligands and its metal complexes recorded at room
temperature were used to compare their stoichiometry
(Table 1).

The important IR spectral data of the ligand and its com-
plexes are summarized in Table 2. The C=N (of azomethine)
observed at 1,598 cm−1 in the spectra of the ligand shows a
shift by 6–38 cm−1 in all the complexes. These are suggestive
of the participation of the azomethine nitrogen in coordination
[19]. No shift is observed in pyrazol-carbonyl ( C=O,
1,663 cm−1) band, indicating the non participation of C=O
group in coordination with the metal ion. The IR broad bands of
metal complexes in the range of 3,377–3,413 cm−1 indicate the
presence of coordinated/lattice water molecules as also

supported by thermal analysis [20–23]. The C−O (phenolic)
modes of the ligand appear at 1,364 cm−1, shifted to higher
frequency in the complexes indicate the complex formation via
deprotonation of phenolic OH [24]. The non ligand bands 546
to 547 cm−1 and 465 to 466 cm−1 are assigned to M−O and M−N

respectively [25]. In addition, the vanadyl complex displays a
band at 964 cm−1 assignable to V=O modes [26].

Electronic Absorption Spectra and Magnetic Moments

The electronic absorption (UV–VIS) spectra of metal com-
plexes were recorded in DMSO, in the range of 200–1,100 nm
and the data is listed in Table 3. The magnetic moment data
and the proposed geometry of the complexes are also present-
ed in the same table. These values are closer to the reported
complexes [27].

Table 4 Antimicrobial activity of complexes (Zone of inhibition in mm)

Compound E.coli 200 μg/ml Staph 200 μg/ml E.coli 100 μg/ml Staph 100 μg/ml E.coli 50 μg/ml Staph 50 μg/ml

`MSALAAP – – – – – –

Ni(II) complex – ++ – + – –

Co(II) complex ++ ++ – – – –

Zn(II) complex – + – – – –

Fe(III) complex + + – – – –

VO(IV) complex – + – – – –

DMSO control – – – – – –

High active = +++ (inhibition zone > 15 mm); Moderately active = ++ (inhibition zone > 10 mm)

Slightly active = + (inhibition zone >5 mm); Inactive = – (Inhibition zone <5 mm)

Fig. 4 Absorption spectrum of complex [Co(II)M-SALAAP)] in Tris
HCl buffer at 25 °C in the presence of increasing amounts of DNA.
Conditions: [Co] =10 μM, [DNA] =10–100 μM. The arrow indicates the
change in absorbance upon increasing the DNA concentration. Insert:
Plot of [DNA]/(εa−εf) vs. [DNA]

Fig. 5 Absorption spectrum of complex [Ni(II)M-SALAAP)] in Tris
HCl buffer at 25 °C in the presence of increasing amounts of DNA.
Conditions: [Ni] =10 μM, [DNA] =10-100 μM. The arrow indicates the
change in absorbance upon increasing the DNA concentration. Insert:
Plot of [DNA]/(εa−εf) vs. [DNA]
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Thermal Analysis

Generally, two types of water molecules are associated with
the complexes viz, lattice water and coordinated water. The
lattice water is lost at low temperature (60–120 °C), where as
the coordinated water molecule is lost at high tempera-
tures(150–200 °C) [28].

Thermogram (Fig. 3) of Zn(II)-M SALAAP indicate a total
weight loss of 59 % up to 1,000 °C. A small weight loss in the
range of 80–100 °C is assigned to loss of lattice water. Max-
imum and gradual weight loss in the range of 360–1,000 °C is
attributable to the decomposition of ligand moiety. The resi-
due at 1,000 ° C indicate the nonvolatile metal component
present in the complex. The DTA of the complex showed
endothermic peaks at 80°, 310 and 710 °C, which are due to
loss of water and subsequent decomposition of the metal
complex.

Thermogram of VO(IV)-M SALAAP complex indicate a
total weight loss of 56 %, up to 1,000 °C, which occurred in
two steps. The maximum and gradual weight loss in the range
of 280–330 °C and 390–1,000 °C, are attributable to loss of
coordinated water molecule and complete decomposition of
the ligand moiety.

Antibacterial Activity

The antibacterial activity of the ligand and it’s complexes with
Co(II), Ni(II), Zn(II), Fe(III) and VO(IV) have been studied
against E.coli and Staphylococcus aureus by paper disc meth-
od. The concentration of these samples were maintained as
200 μg/ml, 100 μg/ml and 50 μg/ml in DMSO. In the present
study, the zones of inhibition of antibacterial activity have
been presented in Table 4. The results indicate that the Co(II)
complexes show highest activity against E.coli and S.aureus
at 100 μg/ml and 50 μg/ml respectively. The mode of action
of the compounds may involve in formation of a hydrogen
bond through the azomethine group with the active centres of
cell constituents, resulting in an interference with the normal
functioning of the cell [29]. However, the ligand was found to
be biologically inactive. The complexes show antibacterial
activity against selected bacteria, results of this work can show
that the approach of coordinating 4-aminoantipyrine deriva-
tives with pharmacologically interesting metals could be a
suitable strategy to develop novel therapeutic tools for the
medicinal treatment.

DNA Binding Studies

In general, complexes with aromatic moieties, which bind to
DNA, through intercalation usually results in, hypochromism
and bathochromism. This is due to the stacking interaction
between aromatic chromophore of the complexes and the base
pairs of DNA. The absorption spectra of the complexes,
Co(II)-M SALAAP(1), Ni(II)-M SALAAP(2), Zn(II)-M

Fig. 6 Absorption spectrum of complex [Fe(III)M-SALAAP)] in Tris
HCl buffer at 25 °C in the presence of increasing amounts of DNA.
Conditions: [Fe] =10 μM, [DNA] =10–100 μM. The arrow indicates the
change in absorbance upon increasing the DNA concentration. Insert:
Plot of [DNA]/(εa−εf) vs. [DNA]
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SALAAP (3), Fe(III)-M SALAAP(4) and VO(IV)-
MSALAAP(5) in the absence and presence of calf thymus
DNA are illustrated in Figs. 4, 5, and 6. In the presence of
DNA, decrease of peak intensities were observed, in the
absorption spectra of complexes.

Hypochromism was suggested to be due to the interaction
between the electronic state of the intercalating chromophore
and that of the DNA bases. In addition to the decrease in
intensity, a small red shift (bathochromism) was also observed
in the spectra. These spectral changes are consistent with the
intercalation of complexes into the DNA base stack. The plot
of the absorption titration data according to Eq. 1 gave a linear
plot and resulted in an intrinsic binding constant (Kb) of 5×
105 M−1 for complex 1, 1.33×104 M−1 for complex 2, 3.33×
105 M−1 for complex 3, 1.25×105 M−1 for complex 4, 8×
105 M−1 for complex 5.

Four metal complexes exhibi t a maxima at
601 nm(1), 602 nm(2), 601 nm(3),600 nm(4) in tris-
buffer at ambient temperature. Addition of DNA leads
to quenching of emission intensity of the complexes. On

increasing the concentration of CT DNA, emission in-
tensity of four complexes(1–4) decreases. The
quenching of luminescence of complexes by DNA was
consistent with a photo electron transfer from the gua-
nine base of DNA to the excited MLCT(Metal ligand
charge transfer) state of metal complexes [30–32].

Fluorescence Spectroscopy

The fluorescence quenching experiments were performed to
get an estimate on the relative binding affinity of the com-
plexes to CT-DNA with respect to EB. Ethidium bromide
(EB) emits intense fluorescence light in the presence of
DNA, due to complete intercalation between the adjacent
DNA base pairs. It is known that the enhanced fluorescence
can be quenched by the addition of a competing agent
[33]. The extent of fluorescence of EB bound to DNA,
is used to determine the extent of binding between the
competing agent and DNA. The emission spectra of EB
bound to DNA, in the absence and in the presence of
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complexes are given in Figs. 7, 8, 9, and 10. The
addition of the complexes to DNA pretreated with EB
caused appreciable reduction in emission intensity, indi-
cating that the complexes bind to DNA at the sites occupied
by EB. The above data were analysed by means of the Stern-
Volmer equation.

The classical Stern—Volmer equation [34] is, Io/I=Kr,
where Io and I are the fluorescence intensities in the absence
and the presence of complex, respectively, Kr is a linear Stern-
Volmer quenching constant dependent on the ratio of rEB (the
ratio of the bound concentration of EB to the concentration of
DNA) and r is the ratio of total concentration of complex to
that of DNA. The fluorescence quenching curves of EB bound
to DNA are also shown in Figs. 7, 8, 9, and 10 inset. The
quenching plots illustrate, that the quenching of EB bound to
DNA by the complexes, are in good agreement with the linear
Stern—Volmer equation. It proves that the complexes bind to
DNA. In the linear fit plot of Io/I versus [complex]/[DNA], K
is given by the ratio of the slope to the intercept. The K values
for complexes with metal ions Co-II, Zn-II, Fe-III and VO-IV,
0.356, 0.210, 0.487, 0.354, respectively. Based on the K

values the order of binding strength of metal complexes to
CT DNA is found to be Fe-III>Zn-II>VO-IV>Co-II. These
results show that all the complexes interact with DNA through
minor groove binding. These results should be considered as
promising lead compounds for the development of targeted
drugs for cancer treatment.

Viscosity Measurements

To authenticate the intercalative binding, viscosity experiments
were performed. It is well known that the relative viscosity of
CT-DNA solution on interaction with complex will increase for
intercalative binding mode, remain same for classical groove
binding and decrease for partial intercalation [35–37]. The
effect of complexes on the viscosity of DNA depicted in
Fig. 11, shows steady increase in the viscosity of the DNA
with the addition of increasing amounts of the complexes. Such
behaviour is consistent with other intercalaters (i.e., EB), which
increase the relative specific viscosity for the lengthening of the
DNA double helix resulting from intercalation. The results
clearly indicate that all the complexes intercalate between
adjacent base pairs, causing an extension in the helix there by
increasing the viscosity of DNA.

Conclusions

The metal complexes of Co(II), Ni(II), Zn(II), Fe(III) and
VO(IV) and with Schiff base MSALAAAP were synthesized
and characterized. The formulations are in accordance with
the data of elemental analysis and physicochemical measure-
ments. Based on these observations, the metal ions found to
coordinate through phenolic oxygen, azomethine nitrogen of
antipyrine ring . These complexes were also found to show
significant anti bacterial and DNA binding activity.
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