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Abstract
The two new mixed ligand Ni(ll) complexes of
the type [Ni(Phen),(L)](PF¢). (1), and

[Ni(bpy)2(L)](PF¢). (2) (where, L= 5-methyl-1,3,4-
thiadiazole-2-thiole phen=1,10-phenanthroling,
bpy=bipyridine) were synthesized and structurally
characterized. Elemental analysis, magnetic and
spectroscopic data suggested octahedral geometry for
both the complexes. Binding of these complexes with
CT-DNA were analyzed by absorption spectra,
viscosity and thermal denaturation studies. Detailed
analysis revealed that the metal complexes
intercalates into the DNA base stack as intercalator
with binding constant K, = 1.7x10 * M for complex
(1) and K,= 1.5x10* M* for Complex (2) respectively.
The photocleavage activities of the complexes were
studied with supercoiled (SC) pUC19 DNA by using
gel electrophoresis, and the results show that
complexes have potent nuclease activity.

Key Words: Mixed Ligand; CT-DNA; Viscosity;
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. INTRODUCTION

The discovery of cis platin as an anticancer agent
explore the interaction of transition metal complexes
with DNA has been a subject of intense research in
the field of bioinorganic chemistry[1,2]. But the use
of cisplatin to cure variety of cancers is still limited
by dose-limiting side effects [3] and inherited or
acquired resistance phenomena, only partially
amended by employment of new platinum drugs
[4,5]. These drawbacks of platinum drugs stimulated
the researchers to develop alternative strategies, based
on different metals, with improved pharmacological
properties and aimed at different targets [6]. The
interaction of transition metal complexes with DNA
through either hydrolytic or oxidative pathway has
gained much attention in recent days. Because the

transition metal complexes having unique
electronic and spectroscopic signatures which offer a
multitude of coordination geometries and mechanism
of cytotoxic action which is related to DNA binding
affinity [7] and can also vary accordingly as the
biological activity is strongly dependent on structure—
activity relationship. Besides this, metal complexes
also utilize or create open coordination positions for
DNA binding and hydrolysis generates reactive
oxygen-containing species or other radicals for DNA
oxidation [8,9].

Ligands in the metal complexes play a major
role in their binding to DNA [10]. 2,2-bipyridine and
1,10-phenanthroline are strong bidentate ligands
which form stable chelates with many transition
metals. These ligands have a starring role in the field
of chemistry and molecular recognition due to their
usefulness in medicine and in the industry [11]. Metal
complexes of S-, N-, and O-chelating ligands have
attracted considerable attention because of their
interesting physico-chemical properties, pronounced
biological activities and their use as models for
metalloenzyme active sites[12]. Thiadiazole is an
important class of S, N-containing heterocycles and
has been reported to be biologically compound [13]
The therapeutic and diagnostic properties of transition
metal complexes have attracted considerable attention
leading to their application in many areas of modern
medicine [14] Nickel is an essential element present
in several enzymes and plays a vital role in
physiological processes as a cofactor in the
absorptionof iron from the intestine[15]. With the
biological importance of nickel, it is important to
study their complexes with bioactive ligands to
understand functions of the complexes and to find
new bioactive compounds [16,17].

Complexes of nickel with nitrogen-based
heterocyclic ligands have been widely investigated
owing to their potential applications as functional
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solid  materials,  photosensitization  reactions,
bioinorganic chemistry, medicine, catalysis and a
variety of biological activities, such as antimalarial,
antibacterial, antitumoral and antiviral activities [18].
Ni(ll) complexes, which strongly bind and cleave
DNA, exhibit prominent anticancer activities and
regulate apoptosis [19]. Various mixed-ligand metal
complexes were found to be particularly useful
because of their potential to bind DNA via a
multitude of interactions and to cleave the duplex by
virtue of their intrinsic chemical, electro- chemical,
and photochemical reactivities [20]. Hence the
efficient enhancement of DNA binding and cleavage
activity of mixed ligand metal complexes and in
continuation of our research work [21-23] stimulate
us to design, synthesized and characterized new
Nickel(ll) complexes of mixed ligands,1,10 -
phenanthraline/2,2-bypyridine and 5-methyl-1,3,4-
thiadiazol-2-thiol to evaluate and understand the
factors on the DNA-binding and cleavage properties.
Furthermore, the DNA binding properties of the
complexes have been investigated by thermal
denaturation, UV-absorption, viscosity and as well as
its cleavage activity towards DNA has been studied
by gel electrophoresis.

1. EXPERIMENTAL

All chemicals used in present work were of
analytical reagent grade purchased commercially.
Commercial solvents were distilled and then used for
the preparation of ligand and its complexes. 2,2-
bipyridine, 1,10-phenanthroline NiCl,.6H,0, Tris-
HCI and ammoniumhexaflurophosphate (NH4PFg)
were purchased from Merck (India), calf thymus (ds)
DNA and super coiled (SC) pUC19 DNA were
purchased from Bangalore Genie (India), Agarose
(molecularbiology grade) and ethidium bromide were
purchased from Himedia. Tris—-HCI buffer solution
used for binding andcleavage studies was prepared
using deionised double distilled water.

A. Physical measurements

Micro analyses (C, H, and N) were
performed in Carlo-Erba 1106-model 240 Perkin-
Elmer analyzer. Melting points were determined in
open capillaries and are uncorrected IR spectra were
recorded with Shimadzu model FT-IR
spectrophotometer by using KBr pellets. 1H-NMR
spectra were recorded on a Bruker AC-P500
spectrometer (300 MHz) at 25°C in CDCl; with TMS
as the internal reference. UV visible absorption
spectra were recorded using Shimadzu 1650 PC
model UV spectrophotometer at room temperature.
Viscosity measurements were carried out on
Brookfield viscometer at room temperature. Thermal
denaturation studies were carried out with aPerkin-
Elmer Lambda 35 spectrophotometer equipped with a
Peltier teyrrcontrolling programmer.

B. DNA binding and cleavage experiments

The concentration of CT DNA was
measured by using its known extinction coefficient at
260 nm (6,600 M cm™) [24] . The absorbance at 260
nm (Agg) and at 280 nm (Ayg) for CT DNA were
measured to check its purity. The ratio Aygy /Azg0 Was
found to be 1.84, indicating that CT-
DNA was satisfactorily free from protein
[25]. Buffer [50 mM tris(hydroxymethyl)aminometha
ne, pH7.2, 50 mM NaCl] was used for the
absorption, viscosity and thermal denaturation and
cyclic voltammetric experiments.

Absorption titration experiments  were
carried out by varying the DNA concentration (0-100
uM) and maintaining the complex concentration
constant (30 uM). Absorption spectra were recorded
after each successive addition of DNA and
equilibration (approximately 10 min). The observed
values for the complexes were then fit in to Eq.1 to
obtain the intrinsic binding constant, K, [26].
[DNA]/(Sa-Sf) = [DNA]/( Sb'Sf) + 1/Kb(8a'8f)

[1]

Where ¢, gand g, are the apparent, free and bound
metal complex extinction coefficients, respectively. a
plot of [DNA]/ ( &y-¢5) versus [DNA] gave a slope of
1/(ep-¢¢) and a y intercept equal to 1/K(ep-g5), Where
Ky is the ratio of the slope to the y intercept.

Viscosity measurements were carried out at
25+1 °C using semimicro dilution capillary
viscometer at room temperature. Measurement of
DNA viscosity is regarded as the least ambiguous and
the most critical test of a DNA binding model in
solution and affords stronger arguments for an
interactive DNA binding mode [27,28]. The DNA
viscosity is enhanced significantly due to complete or
partial intercalation of drugs in to DNA base stacking
but it is slightly disturbed by electrostatic or covalent
binding of molecules [29]. To understand the nature
of DNA binding of the mixed ligand metal
complexes, viscosity measurements were carried out
on CT DNA by varying the concentration of the
added complexes. Flow times were measured, using a
digital stopwatch, at least three times and were
accepted if they agreed within 0.1s. Reduced specific

viscosity was calculated according to Cohen and
1/3

Eisenberg [30]. Plots of (W/m) (n and n are the
(o] 0

reduced specific viscosities of DNA in the presence
and absence of the drug) vs. [drug]/[DNA] were
constructed.  Data were presented as (n/n,) Vs
binding ratio, where n is the viscosity of DNA in the
presence of complex and n,is the viscosity of DNA
alone.

Thermal denaturation experiments were
carried out by monitoring the absorption of CT DNA
at 260 nm at various temperatures in the presence (5-
10 uM) and the absence of each complex. The
melting temperature (T, the temperature at which
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50% of double stranded DNA becomes single
stranded) and the curve width (o7, the temperature
range between which 10 and 90% of the absorption
increases occurred) were calculated as reported

Electrophoresis through agarose is the
standard method used to separate, identify or purify
DNA fragments.Using this technique, bands
containing as little as 1-10 ng of DNA can be
detected by direct examination of the agarose gel
(stained with ethidium bromide) in the UV light.
When an electric field is applied across the gel, DNA,
which is negatively charged at neutral pH, migrates
toward the anode. The intact supercoiled (Form 1)
DNA migrates faster than the single nicked (Form II)
in the gel. This technique has been employed to
identify the product/s of the DNA photocleavage,
which was carried out in this work.

I11.  PREPARATION

A. Synthesis of ligand
Ligand 1,10-phenanthroline, bipyridine and

5-methyl-1,3,4-thiadiazole-2-thiole (L) was
purchased from Sigma Aldrich (Bangalore).

— 2

__ | ~
=
| o N CHgy
=N J/ /k
NV _ N | e
A
| TSN SH
N
S
=

B. Synthesis of Complexes

The complexes [Ni(phen),Cl,] /
[Ni(bpy)2Cl,]  were prepared by literature method
[31]. Solution  containing  [Ni(phen),Cl;] /
[Ni(bpy)2Cl,] (0.49 g, 1 mmol) and 5-methyl-1,3,4-
thiadiazole-2-thiole (L) (0.1322g, Immol) (50 ml) in
ethanol was refluxed for 1 hr with stirring and further
stirred for 4-5 hr under nitrogen. Then it was filtered
and the crude complex was precipitated upon addition
of saturated ethanolic solution of ammonium
hexaflurophosphate. The complex was filtered and
recrystallized (acetone-ether).
Anal. Calc. for C27H20N582NiP2F12: C, 38.61; H, 2.38;

N, 10.00; Ni,6.98 ; Found: C,38.61 ; H,2.39 ;
N,10.01 ; Ni,6.24, P = 2.98 £0.02 BM.

Anal. Calc. for Cy3H,0NgS,NiP,F,: C, 38.85; H, 2.52;
N, 10.60; Ni, 7.41. Found: C,38.85 ; H,2.53 ;
N,10.61 ;Ni, 7.42;ues =2.92 £0.02 BM

_ - 2+
]
‘ S X CH3
N N%
R _/\ s
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Scheme 1. Structure of [Ni(phen),(L)](PFe), .2H,0 [1] : Scheme. 2. Structure of [Ni(bpy)2(L)](PFe)2 .2H,0 [2]

IV. RESULT AND DISCUSSION

A. Characterization of Ni(ll) complexes

The elemental analytical data, IR and
magnetic moment data of the new complexes are
agreed with the theoretical values within the limit of
experimental error and confirmed the formula of the
complexes  were  [Ni(phen)2(L,)](PFe),  and
[Ni(bpy)2(L,)](PFe).- They are insoluble in water, but
soluble in DMF, DMSO and in buffer (pH 7.2)
solution. Magnetic moment of Ni(ll) complexes lie
in the range 2.91-3.12BM at room temperature.
These values are in tune with a high spin
configuration and show the presence of an octahedral
environment around the Ni(ll) ion in all the
complexes [32,33].

a. IR-Spectra
The ligand 5-methyl-1,3,4-thiadiazole-2-
thiol shows absorption bands at 2868 and 1590 cm—1

due to v(SH) and v(C=N), respectively. The v(C=N)
band shifted to 1580 cm—1 for complexes (1) and (2),
respectively. This indicate that the nitrogen atom is
involved in coordination to the Ni(ll) ion. Besides,
the complexes show low frequency in the region 410—
445cm—1 are assigned to (M-N) bands [34-38]. In
addition the IR spectrum of the PFg salt of each
complex showed a strong band in the region 843-847
cm—1 ascribable to the counter anion and this band
was absent for the corresponding chloride salts [39].

b. UV-visible spectra

The absorption spectra of the ligand L, and
these complex with ligand L, were recorded in
DMSO solvent in the range of 200-800nm. The UV-
visible spectra of this ligand 5-methyl-1,3,4-
thiadiazole-2-thiole (L,) was characterized by
prominent bands at 300nm due to intraligand
transition ©t- 7t* transition. Spectra of complexes 1 and
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2 showed four bands in the region
225nm,270nm,294nm,450nm and
245nm,296nm,307nm,530nm respectively.

Spectra of complexes have bands lower than
400nm due to intramolecular #n- #n* and n- w*
transitions for aromatic ring. Bands at 450nm and
530nm are spectral features of octahedral complexes.
These observations suggest an octahedral geometry of
Ni(I1).[40].

B. DNA binding Studies

1. Absorption spectra

In the presence of increasing concentrations
of calf thymus DNA, the intra ligand and metal-to-
ligand (MLCT) transitions of the complex were
significantly perturbed, indicating interaction of the
complex with DNA. Fig.1 and Fig.2 shows the
absorption spectra of the complex in the presence of

07500

increasing amounts of CT-DNA at room temperature.
With increasing CT-DNA concentration, 4-6 nm red
shifts were observed for the complexes at MLCT
band. The percentage hypochromicity of the MLCT
band upon binding to DNA was observed to be 34%
for complex (1) 33% for (2) respectively. In order to
further investigate the binding strength of the
complex, the intrinsic binding constant K, of the
complex with CT-DNA was determined by
monitoring the changes of absorbance in the MLCT
band with increasing concentration of DNA. This
values are comparable is larger than those of so-called
DNA-intercalative Ru(ll) complexes (1.1x10* - 4.8
x10* M) [41,42] for Ru(bpy)2(dppz)]** (>10°) [43].
The observed K, values for the complexes are in the
order of 1.7x10* (1) > 1.5x10" (2) respectively. These
spectral characteristics uggest that the complexes
interact with DNA, most likely through intercalative
mode.
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Fig.1. Absorption spectra of complex in Tris-HCL buffer upon addition of CT DNA. [Ni]=0.5 ¢M, [DNA]=0.1u4M. Arrow
shows the absorbance changing upon the increase of DNA concentration.
The inner plot of [DNA]/ (&-&) vs [DNA] for the titration of DNA with Co(I11) complex
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Fig.2. Absorption spectra of complex in Tris-HCL buffer upon addition of CT DNA. [Ni]=0.5 uM, [DNA]=0.14M.
Arrow shows the absorbance changing upon the increase of DNA concentration.

The inner plot of [DNA]/ (&-&) vs [DNA] for the titration of DNA with Co(I11) complex

2. Viscosity measurements

To further explore the binding of complexes
to CTDNA, viscosity measurements were carried out
on CT-DNA by varying the concentration of the
added complexes. Viscosity measurements that are

sensitive to length change of DNA are regarded as the
least ambiguous and the most critical tests of binding
mode in solution in the absence of crystallographic
structural data [44]. It is popularly accepted that a
classical intercalation mode results in lengthening the
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DNA helix, as base pairs are separated to
accommodate the binding ligand, leading to the
increase of DNA viscosity. In contrast, a partial
and/or nonclassical intercalation of ligand could bend
(or kink) the DNA helix, reduce its effective length
and, concomitantly, its viscosity [45,46]. Fig.3. shows
the effects of complexes together with Ethidium
bromide on the viscosity of rod-like DNA. Ethidium
bromide is a known DNA classical intercalator and

4.0 4
—a— Complex (1)
—e— Complex (2)

3.5 1

3.0

0

increases the relative specific viscosity by
lengthening of the DNA double helix through the
intercalation mode [47]. Upon increasing the
containing of complexes the relative viscosity of
DNA increases steadily, similar to the behavior of the
ethidium bromide. The increased degree of viscosity,
which may depend on the affinity for DNA. The
viscosity results show that the complexes intercalate
between the base pairs of DNA.
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Fig.3. Effect of increasing amounts of the complex [Ni(phen),(L,)](PFs),
1 on the relative viscosities of CT-DNA at 25 (£0.1) <C.

[Ni(opy)2(L2)I(PFe)2 .2H20 ][

3. Thermal denaturation studies

According to the literature [48-50], the
intercalation of natural or synthesized organics and
metallointercalators ~ generally  results in a
considerable increase in melting temperature (Tm).
The DNA melting experiment for the new complexes
revealed that Tm of CT-DNA increase in the presence
of the complexes under our experimental conditions.

2HO0 ] [--V¥--]and

The observed melting temperatures in the absence of
complexes were 68-71.6 + 0.5 °C, whereas in the
presence of complexes were 80-81.8 £+ 0.5 °C,
respectively. The moderate increases in Tm of the
Ni(Il) complexes are comparable to those observed
for classical intercalators [48-50], and lend strong
support for intercalation into the helix.

—=— CT DNA
4.5+

—e— Complex1 + CT DNA
Comlex 2 + CT DNA
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Fig. 4. Melting curves of CT-DNA in the absence and presence of complexes

C. DNA Cleavage Studies

The photocleavage of super coiled (SC)
pUC19 DNA (0.1 pL(0.2 pg)) to its nicked circular
(NC) form was determined by agarose gel

electrophoresis in Tris-HCI buffer(50 mM, pH 7.2)

containing NaCl (50 mM).The cleavage reactions
mixture containing, 0.53 uM, 1.06puM and 2.12 pM

complexes in 20pul buffer were photo irradiated using

monochromatic UV or visiblelight. The samples were
then incubated for 1 hour at 37" C followed by
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addition to the loading buffer containing 25%

bromophenolblue, 0.25% xylene cyanol, 30%
glycerol (3 pL) and finally loaded on 0.8% agarose
gel containing 1.0 pg/mL ethidium bromide.
Electrophoresis was carried out at 50 V for 2 hours in

Tris-borate  EDTA (TBE) buffer. Bands were

visualized by UV light and photographed to
determine the extent of DNA cleavage from the
intensities of the bands wusing syngene Gel
Documentation System. The wavelength used for the
photo-induced DNA cleavage experiments were 365
nm.

DNA is converted from Form | to Forms Il and Il
due to the activities of the complexes. We can
observe the fastest migration in the case of SC form
(Form 1) if only one strand is cleaved. The super coils
relax to convert into a slower-moving form (Form 1)
if only one strand is cleaved. A linear form (Form
Il) is produced, when both strands are cleaved,
which migrates between Forms 1 and Il. In the
absence of the complex (lane 1) Fig. 5 & 6 DNA

remains in the super coiled (SC) form. Incubation
with different concentration of complex the plasmid
DNA is converted from Form | to Forms Il at
concentration of 0.17x10%, 0.34x10® and 0.51x10°
ug for lane 2, 3, 4 respectively. When the complex
concentration increased, the intensity of the circular
supercoiled DNA (Form-I) decreases while that for
the nicked (Form-Il) apparently increases. Both the
complexes exhibit nuclease activity. At the
concentration 0f0.17x10%, 0.34x107 (lanes 2 and 3)
complexes (1) and (2) show lesser cleavage activity
whereas at higher concentration of 0.51x10° pg
(lanes 4) shows higher cleavage activity. From these
experimental results, we infer that the complex (1)
containing 5-methyl-1, 3, 4-thiadiazole-2-thiole (L;)
and phenanthroline ligand shows more cleavage
activity than the complexes (2) containing 5-methyl-
1,3,4-thiadiazole-2-thiole and bypyridine ligands.
The cleavage activity observed for the complexes is
in the order Ni(bpy)2(L,) <Ni(phen),(L,) (Fig.5 & 6).

Lane: 1 2 3

SC: Super coiled

NC: Nicked circular

Fig.5. DNA cleavage activity of the complex 2. Lane 1: Control, Lane 2-4: complex (2) with increasing concentration
0.17*107, 0.34*10° and 0.51*10° pg,

Lane: 1

NC: Nicked circular

SC: Super coiled

Fig.6. Lane 1: Control, Lane 2-4: complex (1) with increasing concentration 0.53*107%, 1.06*10°® and 2.12*10° umol.

CONCLUSION

In this paper, two new mixed ligand
complexes of Ni(ll) has been synthesized and
characterized. Moreover, the DNA-binding properties
of the mixed ligand complexes of Ni(ll) were
investigated by electronic absorption, thermal
denaturation, and viscosity measurements. The DNA

photocleavage studies were monitored by Gel
Electrophoressisby using pUC19 DNA. The
experimental results indicate that the mixed ligand
complexes of Ni(ll) can bind to CT-DNA by partial
intercalation mode. Information obtained from our
study will be helpful to understand the mechanism of
interactions  of  thiadiazole alongwith 1,10
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phenanthroline/2°2 bipyridine and their complexes

with nucleic acids and should be useful

in the

development of potential probes of DNA structure
and conformation.

[

[’

(8]

[9]

[20]

[11]

[12]

[13]

[16]

REFERENCES

L.N. Ji, X.H. Zou, J.G. Liu, “Shape- and enantioselective
interaction of Ru(l1)/Co(lll) polypyridyl complexes with
DNA”, Coord. Chem. Rev. 216 (2001) 513-536.

F. Arnesano, G. Natile, “Mechanistic Insight into the cellular
uptake and processing of cisplatin 30 years after its approval
by FDA”, Coord. Chem. Rev. 253 (2009) 2070-2081.

Y.W. Jung, S.J. Lippard, “Direct cellular response to
Platinum-induced DNA damage”, Chem. Rev. 107 (2007)
1387-1407.

T. Boulikas, A. Pantos, E. Bellis, P. Christofis, “Designing
platinum compounds in cancer: structures and echanisms”,
Cancer Ther. 5 (2007) 537-583.

R. Gust, W. Beck, G. Jaouen, H. Schoenenberger,
“Optimization of cisplatin for the treatment of hormone
dependent tumoral diseases: Part 1: Use of steroidal ligands”,
Coord. Chem. Rev. 253 (2009) 2742-2759.

P.C.A. Bruijnincx, P.J. Sadler, “New trends for metal
complexes with anticancer Activity”, Curr. Opin. Chem.
Biol. 12 (2008) 197-206.

J. Tan, B. Wang and L. Zhu, DNA binding, cytotoxicity,
apoptotic inducing activity, and molecular modeling study of
quercetin zinc(ll) complex, Bioorg. Med. Chem., 17 (2009)
614-620.

L. J. K. Boerner and J. M. Zaleski, Metal complex-DNA
interactions: from transcription inhibition to photoactivated
cleavage Curr. Opin. Chem. Biol., 9 (2005) 135-144.
Prabhakara, M.C. and Bhojya Naik, H.S. (2008). Binding and
photocleavage of DNA by mixed ligand Co(lll) and Ni(ll)
complexes of  thiophene[2, 3-b] quinoline and
phenanthrolie/bipyridine. Biometals 21: 675-684.

V. Hero, S. Poornima, E. Sundaravadivel and M.
Kandaswamy  International Journal of  Inorganic and
Bioinorganic Chemistry 2012, 2(4): 58-67
O.M. Adelaide,0.0. Abidemi and A. D.Olubunmi, Synthesis,
characterization and antibacterial studies of some copper (I1)
complexes of 2,2°-bipyridine and 1.10-phenanthroline
J.Chem. and Pharm. Res. 2013, 5(8):69-73
Salman M. Saadeh, Synthesis, characterization and biological
properties of Co(ll), Ni(Il), Cu(ll) and Zn(Il) complexes with
an SNO functionalized ligand, Arabian Journal of Chemistry
(2013) 6, 191-196
N. Wang, Q. Y. Lin, J. Feng, Y. L. Zhao, Y. J. Wang, S. K.
Li, Crystal structures, DNA interaction and antiproliferative
activities of the cobalt(Il) and zinc(ll) complexes of 2-amino-
1,3,4-thiadiazole with  demethylcantharate, Inorganica
Chimica Acta 363 (2010) 3399-3406
A. B. P. Lever, “The Electronic Spectra of Tetragonal Metal
Complexes Analysis and Significance,” Coordination
Chemistry Reviews, Vol. 3, No. 2, 1968, pp.119-140
S.Y. Ebrahimipour, M. Mohamadi, J. Castro, N. Mollania,
H.A. Rudbari, A. Sacca. Synthesis, spectral
characterization, structural studies, molecular docking and
antimicrobial evaluation of new dioxidouranium(VI)
complexes incorporating tetradentate N,O, Schiff base
ligands, RSC Adv., (2015) (5) 95104-95117
M. Amirnasr, R.S. Sadeghi Erami, K. Mereiter, K.S. Job, S.
Meghdadi, S. Abbasi, Syntheses, characterizations, X-ray
crystal structures, and antibacterial activities of Co(ll), Ni(ll),
and Zn(11) complexes of the Schiff base derived from 5-nitro-
2-hydroxybenzaldehyde and benzylamine, J. Coord. Chem.,
68, (2015) 616-631.

[17] P. Subbaraj, A. Ramu, N. Raman, J. Dharmaraja. Synthesis,

characterization, and pharmacological aspects of metal(ll)
complexes incorporating 4-
[phenyl(phenylimino)methyl]benzene-1,3-diol, J.  Coord.
Chem., 67, 2747 (2014).

[18]

[19]

[20]

Animesh Patray, Supriti Seny, Sandipan Sarkary, Ennio
Zangrandoz and Pabitra Chattopadhyay Journal of
Coordination Chemistry Vol. 65, No. 23, 10 December 2012,
40964107

V. Hero, S. Poornima, E. Sundaravadivel and M.
Kandaswamy DNA Binding and Cleavage studies of Cu(ll),
Ni(ll) and Zn(Il) complexes of N-(5-aminopentyl)-3-[[(5-(N-
hydroxy acetamido) -pentyl]carbamoyl]propionohydroxamic
acid in aqueous medium International Journal of Inorganic
and Bioinorganic Chemistry 2012, 2(4): 58-67

Omar H. Al-Obaidi Chemistry Department, Education
College for Women, Al-Anbar University, Ramadi, Iraq
Received July 1, 2012; revised August 9, 2012; accepted
August 30, 2012, Open Journal of Inorganic Non-metallic
Materials, 2012, 2, 59-64

[21] B. Vinay Kumar, H.S. Bhojya Naik, D. Girija, N. Sharath, and

[22]

[23]

[24]

Joy Hoskeri, H Prabhakara M.C. Synthesis, DNA-binding,
DNA-photonuclease profiling and antimicrobial activity of
novel tetra-aza macrocyclic Ni(ll), Co(ll) and Cu(ll)
complexes constrained by thiadiazole, Spectrochim. Acta A:
Mol. Biomol. Spectrosc., (2012):

Prabhakara, M.C. Basavaraju, B. and Bhojya Naik, H.S.
(2007). Co(lll) and Ni(ll) complexes containing bioactive
ligands: synthesis, DNA binding and photocleavage studies.
Bioinorg.Chem.Applin., 7-13.

Sudhamani, C.N., Bhojya Naik, H.S., Ravikumar Naik, T.R.,
Prabhakara, M.C. (2009). Synthesis, DNA binding and
cleavage studies of Ni(ll) complexes with fused aromatic N-
containing ligands, Spectrochimica Acta Part A 72, 643-647.

M.E. Reichmann, S. A.Rice, C. A.Thomas, P. Doty, A
Further Examination of the Molecular Weight and Size of
Desoxypentose Nucleic Acid, .J. Am. Chem. Soc. 1954, 76,
3047.

[25] V.G.Vaidyanathan, B.U. Nair. Synthesis, characterization and

[26]

[27]

[28]

[29]

[30]

[31]

binding studies of chromium(lIl) complex containing an
intercalating ligand with DNA J. Inorg. Biochem. 2003, 95,
334.

A.Wolfe, G. H.Shimer, T.Meehan. Polycyclic aromatic
hydrocarbons physically intercalate into duplex regions of
denatured DNA, Biochemistry. 1987, 26, 6392-6396.

B.Norden, T.Tjerneld. Structure of methylene blue-DNA
complexes studied by linear and circular dichroism
spectroscopy, Biopolymers. 1982, 21, 1713.

L. Lerman. Structural considerations in the interaction of

DNA and acridines, J. Mol. Biol. 1961, 3, 18.
S. Ramakrishnana, M. Palaniandavar. Mixed-ligand
copper(ll) complexes of dipicolylamine and 1,10-
phenanthrolines: The role of diimines in the interaction of
the complexes with DNA, J. Chem. Sci. 2005, 117, 179-186.
G. Cohen, H.Eisenberg. Viscosity and sedimentation study of
sonicated DNA- proflavine complexes, Biopolymers 1969, 8,
45-55.

M.C. Prabhakara, H.S. Bhojya Naik, V. Krishna, H.M.
Kumaraswamy, Binding and oxidative cleavage studies of
DNA by mixed ligand Co(lll) and Ni(ll)complexes of
quinolo[3,2-b]benzodiazapine and 1,10-phenanthroline.
Nucleos.Nucleot. Nucl. Acid 26 (2007) 459

[32] Obaleye, J. A., Orjiekwe, C. L. and Edward, D. A. Synthesis,

transition metal complexes of (1-cinnamyl) and (1- benzyl)-
2, 4 diaza-1, 3-butanedione. Bull. Chem. Soc. Ethiopia.,
1(1997) 11-18.

[33] A.L Vogel, A Textbook of Qualitative Inorganic Analysis,

[34]

[35]

[36]

[37]

4th ed., Longmans, Green, London, (1978), p. 567.

J.A. Obaleye, C.L. Orjiekwe, J. Bivalent metal complexes of
sodium ascorbate. Sci., I. R. Iran 9 (1998) 148-152.

W. Geary, The use of conductivity measurements in organic
solvents for the characterisation of coordination compounds.
J. Coord. Chem. Rev. 7 (1971) 81-122.

J.H. Rayner, H.M. Powell, Crystal structure and thermal
behaviour of manganese(ll) and zinc(ll) complexes. Bull.
Chem. Soc. Jpn. 42 (1963) 123.

O.A. Odunola, J.A.O. Woods, K.S. Patel, Magnetic moments
and infrared spectroscopy of some compounds. Synth. React.
Inorg. Met. Org. Chem.7, (1992) 35-41.

ISSN: 2393 - 9133

www.internationaljournalssrg.org

Page 14



http://www.sciencedirect.com/science/article/pii/S1878535210002078
http://www.sciencedirect.com/science/article/pii/S1878535210002078
http://www.sciencedirect.com/science/article/pii/S1878535210002078
http://www.sciencedirect.com/science/article/pii/S1878535210002078
http://www.sciencedirect.com/science/article/pii/S0020169310004196
http://www.sciencedirect.com/science/article/pii/S0020169310004196
http://www.sciencedirect.com/science/article/pii/S0020169310004196
http://www.sciencedirect.com/science/article/pii/S0162013403001326
http://www.sciencedirect.com/science/article/pii/S0162013403001326
http://www.sciencedirect.com/science/article/pii/S0162013403001326
http://www.sciencedirect.com/science/article/pii/S0022283661800041
http://www.sciencedirect.com/science/article/pii/S0022283661800041
http://www.sciencedirect.com/science/article/pii/S0022283661800041

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

ISSN: 2393 - 9133

SSRG International Journal of Applied Chemistry (SSRG-1JAC) — volume 4 Issue 3 Sep to Dec 2017

R.L. Carlin, First transition series, in Transition Metal
Chemistry, Transition, Met. Chem. 684 (1965).

A.K. Lallan mishra, R.S. Yadav, C.S. Phadke, Choi, Koji
Araki, Studies on Some New Ru(l1l) Complexes Using aryl-
azo Pentane- 2,4-dione and 2,6-bis (2'-Benzimidazolyl)
Pyridine as Ligands: Synthesis, Spectroscopic, Luminescent,
Electrochemical and Biological Activities, Metal Based
Drugs 8 (2) (2001) 65-71.

Animesh Patray, Supriti Seny, Sandipan Sarkary, Ennio
Zangrandoz and Pabitra Chattopadhyay, Journal of
Coordination Chemistry Vol. 65, No. 23, 10 December 2012,
4096-4107.
J. K. Barton, A. Danishefsky, J. Goldberg,
Tris(phenanthroline)ruthenium(l): stereoselectivity  in
binding to DNA. J. Am. Chem. Soc., 1984, 106 (7), pp
2172-2176.

S. A. Tysoe, R. J. Morgan, A. D. Baker, T. C. Strekas,
Spectroscopic investigation of differential binding modes of
.DELTA.- and .LAMBDA.-Ru(bpy)2(ppz)2+ with calf
thymus DNA, J. Phys. Chem., 1993, 97 (8), pp 1707-1711.

J. M. Kelly, A. B. Tossi, D. J. McConnell, C. OhUigin, A
study of the interactions of some polypyridylruthenium(ll)
complexes with DNA using fluorescence spectroscopy,
topoisomerisation and thermal denaturation, Nucleic Acids
Res (1985) 13 (17): 6017-6034.

S. Satyanarayana, J.C. Dabrowiak, J. B. Chaires, Neither
.DELTA.- nor .LAMBDA -tris(phenanthroline)ruthenium(l1)
binds to DNA by classical intercalation,
Biochemistry, 1992, 31 (39), pp 9319-9324

S. Satyanarayana, J.C. Dabrowiak,J. B. Chaires,
Tris(phenanthroline)ruthenium(Il) ~ enantiomer interactions
with  DNA: Mode and specificity of binding

Biochemistry, 1993, 32 (10), pp 2573-2584.

Y. Xiong, X. F. He, X. H. Zou, J. Z. Wu, X. M.
Chen, L. N. Ji, RH. Li, J. Y. Zhouand K. B. Yu,
Interaction  of  polypyridyl ruthenium(ll) complexes
containing non-planar ligands with DNA, J. Chem. Soc.,
Dalton Trans., 1999, 19-24
B.Y. Wu, L. H. Gao, Z. M. Duan, K. Z. Wang, Syntheses
and DNA-binding studies of two ruthenium(ll) complexes
containing one ancillary ligand of bpy or phen:
Ru(bpy)(pp[2.3]p)2](C1O4). and Ru(phen)(pp[2,3]p)2](CIO.).,
99 (2005) 1685-1691.

S. Mahadevan and M. Palaniandavar, Spectroscopic and
Voltammetric Studies on Copper Complexes of 2,9-
Dimethyl-1,10-phenanthrolines Bound to Calf Thymus DNA
Inorg. Chem., 1998, 37 (4), 693-700

G. A. Neyhart, N. Grover, S.R. Smith, W. A. Kalsbeck, T.
A. Fairley, M. Cory, H. H.Thorp, Binding and Kkinetics
studies of oxidation of DNA by oxoruthenium(lV), J. Am.
Chem. Soc., 1993, 115 (11), 4423-4428.

R.M. Hartshorn, J. K. Barton, Novel dipyridophenazine
complexes of ruthenium(ll): exploring luminescent reporters
of DNA, J. Am. Chem. Soc., 1992, 114 (15), 5919-5925.

www.internationaljournalssrg.org

Page 15


http://pubs.acs.org/author/Barton%2C+Jacqueline+K.
http://pubs.acs.org/author/Danishefsky%2C+Avis
http://pubs.acs.org/author/Goldberg%2C+Jonathan
http://pubs.acs.org/author/Tysoe%2C+Steven+A.
http://pubs.acs.org/author/Morgan%2C+Robert+J.
http://pubs.acs.org/author/Baker%2C+A.+David
http://pubs.acs.org/author/Strekas%2C+Thomas+C.
javascript:;
javascript:;
javascript:;
javascript:;
http://pubs.acs.org/author/Satyanarayana%2C+S.
http://pubs.acs.org/author/Dabrowiak%2C+James+C.
http://pubs.acs.org/author/Chaires%2C+Jonathan+B.
http://pubs.acs.org/author/Satyanarayana%2C+S.
http://pubs.acs.org/author/Dabrowiak%2C+James+C.
http://pubs.acs.org/author/Chaires%2C+Jonathan+B.
http://pubs.rsc.org/en/results?searchtext=Author%3AYa%20Xiong
http://pubs.rsc.org/en/results?searchtext=Author%3AXiao-Feng%20He
http://pubs.rsc.org/en/results?searchtext=Author%3AXiao-Hua%20Zou
http://pubs.rsc.org/en/results?searchtext=Author%3AJian-Zhong%20Wu
http://pubs.rsc.org/en/results?searchtext=Author%3AXiao-Ming%20Chen
http://pubs.rsc.org/en/results?searchtext=Author%3AXiao-Ming%20Chen
http://pubs.rsc.org/en/results?searchtext=Author%3AXiao-Ming%20Chen
http://pubs.rsc.org/en/results?searchtext=Author%3ALiang-Nian%20Ji
http://pubs.rsc.org/en/results?searchtext=Author%3ARun-Hua%20Li
http://pubs.rsc.org/en/results?searchtext=Author%3AJian-Ying%20Zhou
http://pubs.rsc.org/en/results?searchtext=Author%3AKai-Bei%20Yu
http://www.sciencedirect.com/science/article/pii/S0162013405001546
http://www.sciencedirect.com/science/article/pii/S0162013405001546
http://www.sciencedirect.com/science/article/pii/S0162013405001546
http://www.sciencedirect.com/science/article/pii/S0162013405001546
http://pubs.acs.org/author/Mahadevan%2C+Sethuraman
http://pubs.acs.org/author/Palaniandavar%2C+Mallayan
http://pubs.acs.org/author/Neyhart%2C+G+A
http://pubs.acs.org/author/Grover%2C+N
http://pubs.acs.org/author/Smith%2C+S+R
http://pubs.acs.org/author/Kalsbeck%2C+W+A
http://pubs.acs.org/author/Fairley%2C+T+A
http://pubs.acs.org/author/Fairley%2C+T+A
http://pubs.acs.org/author/Fairley%2C+T+A
http://pubs.acs.org/author/Cory%2C+M
http://pubs.acs.org/author/Thorp%2C+H+H
http://pubs.acs.org/author/Hartshorn%2C+Richard+M.
http://pubs.acs.org/author/Barton%2C+Jacqueline+K.

