Available online at www.der phar machemica.com

Scholars Research Library FQ\«%;%_'I

N\ Y

l=w=

Scholars Research

¥ De,.
x>

Der Pharma Chemica, 2015, 7(10): 186-201
(http://derpharmachemica.com/archive.html)

I SSN 0975-413X
CODEN (USA): PCHHAX

Synthesis, spectroscopic characterization and DNA interaction of schiff base
curcumin Cu(l1), Ni(l11) and Zn(l1) complexes

Priyadharshini N, lyyam Pillai S', Subramanian S* and P. Venkatesh™

'P.G and Research Department of Chemistry, Pachpa/apCollege, Chennai, Tamilnadu, India
2Department of Biochemistry, University of Madrasijfidly Campus, Chennai, Tamilnadu, India

ABSTRACT

A series of Cu(ll), Ni(ll) and Zn(Il) complexes leabeen synthesized with newly synthesized Sclséf therived
from curcumin and hydrazine hydrate. The structdesltures have been arrived from their FT-{R, NMR, *C

NMR, mass, UV-vis spectroscopic studies. The hindehaviours of the synthesis complexes towardstloahus
DNA have been investigated by absorption spectras®on spectra, viscosity measurements and ciraitdoroic

studies. The DNA binding constants reveal thattfadise complexes interact with DNA via intercalatrigding
mode with binding constants gKof 5.01 x 16 M, 4.61 x 16 M" and 4.38 x 1OM™ and K,,, of 6.04 x 1M,

5.72 x 16 M™* and 5.46 x 10M™.

Keywords: Curcumin, DNA binding, Viscosity, Intercalation, dnazine hydrate.

INTRODUCTION

The need to improve drug design for minimizing theic side effects and understand the mechanishiobdgical
reactions has given a thrust for continuous reseiarenedicinal inorganic chemistry. In drug desitargeting is an
important phenomenon because; toxicity is oftenoantered only if the drugs are not delivered to specific
tissues, cells and receptors where they are refjliréhe active species of drugs contain metal glewes, then the
complexes can spontaneously undergo biologicalticecsuch as ligand substitution and redox reastid hus,
enumerating the mechanism of the active specidsialagical reactions is expected to yield valuainfermation
about using the metal complexes as drugs [1]. énfigld of medicinal research, Schiff base metahplexes of
mixed aromatic ligands are the main focus for thegeitbpment of new therapeutic agents [2]. The autidon of
transition metal complexes with DNA has been a esxtbpf passionate research in the field of bioiaaig
chemistry, ever since the discovery of cis-platinam anticancer agent. As an important intentiomrdgfcancer
drugs, DNA plays a central role in replication,nseription, and regulation of genes. DNA has straffjnity
towards many organic compounds and transition nedaiplexes. In its polyionic form, DNA can attreamy
cationic species and also neutral organic compouFgisse compounds may react with or bind to DNAhvhitgh
affinity and cause the decay of cell at an appetpriime [3]. Many studies indicate that transitinatal complexes
can interact non-covalently with DNA by intercatatj groove binding, or external electrostatic higdj4]. Many
important applications of these complexes requirgt they could bind to DNA in an intercalative mof#§.
However, while groove binding determines only dittleviations in the B-form structure of the DNA Buhelix,
the intercalation mode induces the most drama#éngés in the DNA structure [6]. Molecules with exted planar
aromatic systems can be inserted between paired Dakes through-n stacking so as to afford significant
unwinding, stiffening and lengthening of the helbhis is why intercalators can transcend resistggf@nomena
common to other drugs [7,8]. Hence, it is very imgot to develop compounds with both strong antiart and
DNA-binding properties for effective cancer therafphe specific roles of ligands analogous to théemdes that
bind to or modulate the function of biological rpters make them good candidates for drug developrierecent
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years, the design and synthesis of new ligands euithbined biological, structural and coordinatisopgerties have
burgeoned. Interest in these studies stems not foaty the different coordination modes but alsonfroheir
chemical reactivity. Hydrazine derivatives contaiN-heterocycles and their complexes exhibit gtrantitumor
and antivirus activities [9,10]. Curcumin(1,7-bid{ydroxy-3-methoxyphenyl)-1,6 heptadiene -3,5-diprie an
important natural phytochemical compound foundhia thizomes of Curcuma longa or turmeric, which besn
used in China to treat digestive and neuropsydbidisorders [11]. The medicinal activity of curcumhas been
known since ancient times. It has also been usedpgmtodynamic agent useful for the destructiobasfteria and
tumor cells. Multiple therapeutic activities haweeb attributed to curcumin mostly because of itsiafltammatory
and anti-oxidant effects. As such, curcumin wasdpmeinantly used to treat inflammatory conditionsliling
bronchitis, colds, parasitic worms, leprosy, atibrand inflammations of bladder, liver, kidney askin, and to
improve symptoms such as fever and diarrhea. litiaddcurcumin is thought to have beneficial effem diseases
of the neurological system including Alzheimer'sehise [12].

However, the structural and biological propertiéhydrazone transition metal complexes derived framcumin
and salicylaldehyde have not been explored welils @housed our interest in the synthesis of thenkigL, and its
copper(ll), Zinc(Il) and Nickel(ll) complexes with view towards evaluating their structure activiationship on
biological property as DNA binding.

MATERIALSAND METHODS

2.1. Reagentsand instruments

All reagents, curcumin, salicylaldehyde, hydraziydrate and metal(ll) chlorides were of Merck pretduand they
were used as supplied. Commercial solvents wetdlelisand then used for the preparation of ligandsd their
complexes. DNA was purchased from Bangalore Geimgig). Tris(hydroxymethyl)aminomethane—HCI (Tris—
HCI) buffer solution was prepared using deionizad aonicated triple distilled water. The IR spdcstadies were
carried out in the solid state as pressed KBr fgelising a Perkin-Elmer FT-IR spectrophotometatharange of
400-4000 cm-1. Th&H NMR and**C NMR were obtained using Bruker AM-500 instrumah600 and 125 MHz
respectively. UV-Vis spectra were recorded usingeakin ElImer Lambda 35 spectrophotometer operatiritpe
range of 200-900 nm with quartz cells andre given in Ncm™. The emission spectra were recorded on Perkin
Elmer LS-45 fluorescence spectrometer. Viscositpsueements were recorded using a Brookfield Prograie

LV DVII+ viscometer. The electro spray mass speeatrere recorded on a Q-TOF micro mass spectrometer.
Circular dichoric spectra of CT-DNA were obtainesing a JASCO J-715 spectropolarimeter equipped with
Peltier temperature control device at 25 + 0.1°@ Wil cm path length cuvette.

2.2 Synthesis of Schiff baseligand L

Methanol

I I

NH, NH,
A methanolic solution (20 mL) of hydrazine hydrg@002 mol, 0.270 gm) was slowly added to a methano
solution (20 mL) of curcumin (1 gm, 0.0054 mol) kwitonstant stirring as shown in Scheme 1. Thisti@ac
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mixture was stirred for 6 h, and then refluxed8dr on water bath. Removal of solvent at reducedqure gave the
crude product. The product was washed twice wigthgi ether and recrystallized from chloroform.

2.3 Synthesis of Schiff baseligand L1 and its metal complexes

A methanolic solution (20 mL) of ligand L (0.002®hi gm) was slowly added to a methanolic solut@mmL) of
salicylaldehyde (0.6 gm, 0.0050 mol) with constgtitting as shown in Scheme 2. This reaction mituas stirred
for 6 h, and then refluxed for 8 h on water batémRval of solvent at reduced pressure gave theequrmtuct. The
product was washed twice with diethyl ether andysallized from chloroform.

All complexes were synthesized using the same plioeeas given below:

A methanolic solution (20 mL) of ligand (L) (1.0 g®.0020 mol) was added slowly to an equimolar amhadi

appropriate metal chloride salts in methanol (20 milth constant stirring. The mixture was stirred & h, and the
reaction was carried out for 6 h under reflux agesented in Scheme 2. After cooling the reactiotiure to room
temperature, the resulting product was washed dvétinyl ether and dried in vacuo.

( )

Methanol

Ox

OH

Methanol

- J

2.4 DNA binding experiments

2.4.1 Absorption spectral studies

Absorption titration experiments were performedvayying the concentration of CT-DNA (0, 40, 80, 12®0,
200, 300 and 400 pM) while keeping the drug andmittal complexes concentration constant (40 pMe Th
reference solution was the corresponding buffeutsmi. Upon measuring the absorption spectra, amlegmount

of CT-DNA solution was added to both the compoumiutton and the reference solution to eliminate the
absorbance of DNA itself. The solutions were alldwe incubate for 10 min at room temperature betbe
absorption spectra were recorded. Each samplei@olatas scanned in the range of 200— 400 nm. Tretidin
processes were repeated until no change in therapeadicating binding saturation had been achdevEhe
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equilibrium binding constant (Kb) values for thdeiraction of the complex with CT-DNA were obtainfedm
absorption spectral titration data using the foltgyequation (1) [13].

[DNAY/ (&a- &) = [DNAJ/ (e - &) + 1/Ks (eo - &) )

Whereea is the extinction coefficient observed for tharde transfer absorption at a given DNA concermmatif
the extinction coefficient at the complex free iusion, eb the extinction coefficient of the complex wheriyfu
bound to DNA, Kb the equilibrium binding constaatd [DNA] the concentration in nucleotides. A pdéfDNA]/
(ea - f) versus [DNA] gives Kb as the ratio of the sldpethe intercept. The non-linear least square aimkyas
performed using Origin lab, version 6.1.

2.4.2 Fluorescence emmission spectral studies

The emission spectrum is obtained by setting tletation monochromator at the maximum excitatiorvetangth
and scanning with emission monochromator. Ofterexaritation spectrum is first made in order to confithe
identity of the substance and to select the optinexaitation wavelength. Further experiments werrgiea out to
gain support for the mode of binding of complexeshwCT-DNA. Non-fluorescent or weakly fluorescent
compounds can often be reacted with strong fluasogsh enabling them to be determined quantitativ®ly.this
basis molecular fluorophore Ethidium Bromide wasdug/hich emits fluorescence in presence of CT-DNi& tb
its strong intercalation. Quenching of the fluoessme of EthBr bound to DNA were measured with iasieg
amount of metal complexes as a second molecul&tard—Volmer quenching constang,Kvas obtained from the
following equation [14].

[/I=1 + Kgyr. 2

Where }, is the ratio of fluorescence intensities of thenplex alone, | is the ratio of fluorescence inites of the
complex in the presence of CT-DNA. Ksv is a lin8&rn — Volmer quenching constant and r is the w@tthe total
concentration of quencher to that of DNA, [M]/ [BIN A plot of 5/ | vs. [complex]/ [DNA], Ksv is given by the
ratio of the slope to the intercept. The apparémlibg constant (i) was calculated using the equatiorglcB] /
Kapdcomplex], where the complex concentration wasviilee at a 50% reduction of the fluorescence ittt
EB and kg = 1.0 x 16 M™ ([EB] = 3.3uM).

2.4.3 CD spectral studies

Circular dichroic spectra of CT DNA in the preserms®al absence of metal complexes were obtained ing as
JASCO J-715 spectropolarimeter equipped with aidPektmperature control device at 25 + 0.1 °C with.1 cm
path length cuvette. The spectra were recordedeimegion of 220-320 nm for 2@® DNA in the presence of 100
uM of the complexes.

2.4.4 Viscosity measurements

To find the binding mode of the complexes towardsHNA, viscosity measurements were carried out 3RDINA
(0.5 mM) by varying the concentration of the comgple (0.01 mM, 0.02 mM, 0.03 mM, 0.04 mM, 0.05 mNData
were presented ag/(o) versus binding ratio of concentration of comptexthat of concentration of CT-DNA ,
wheren is the viscosity of DNA in the presence of compdaxino is the viscosity of DNA alone.

RESULTS

3.1 Structural characterization of the Schiff base ligand

3.1.1 FT-IR spectral analysis

In order to find binding modes of Schiff base ligarand salicylaldehyde with transition metal idifs spectra of
compounds were recorded. The IR spectra of thedidashowed a broad band in the region 3473'cassignable
to intra-molecular hydrogen bonded —OH groups. PBhenyl group shows C-H stretching at 3026 crin the
spectra of Schiff base ligand and their complegesppearance of carbonyl band and a new strong dlaad that
appears at 1642 chregion is attributed to thC=N) band, confirming the formation of the Schi#fse ligand. The
spectrum of the ligand L and L1 shows—C=N bandkénregion 1640 cm, which is shifted to lower frequencies in
the spectra of the complexes 1621 tindicating the involvement of —C=N nitrogen in cdimation to the metal
ion. In order to study the bonding mode of Schiff baséhe metal complexes, the IR spectrum of the ligsand is
compared with the spectra of the complexes. Assagraf the proposed coordination sites is furthgpsrted by
the appearance of medium bands around 512 which could be attributed toe M—N. The IR spectra of metal
complexes are like to each other, except for slgitifts and intensity changes of few vibration peakused by
different metal(ll) ions, which indicate that thensplexes have similar structure. The representapeztra of the
ligand and the metal complexes are shown in Figu&and Figure S1.
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Figure 1. FT-IR spectrum of the Schiff baseligand (L)
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Figure 2. FT-IR spectrum of the Schiff baseligand (L 1)

3.1.3 Mass spectral analysis:

The molecular ion peak [flat m/z = 396 confirms the molecular weight of ®ehiff base ligand L §H,N,O,.
The peaks at m/z = 366, 288, 232, 192, 154 andct@4sponds to the various fragmentgHz,N4Os, CisH2oN4O;,
C1oH16N4O, CioH16N4, C7H14N4andCH N, respectively as shown in Figure 3. This confirmesiolecular structure
of the ligand L. The molecular ion peak Mat m/z = 604 confirms the molecular weight of Behiff base ligand
L1 CzsH3N4Og. The peaks at m/z = 512, 450, 374, 332, 216, D78 corresponds to the various fragments
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C33H2gN4O6, 023H26N402' CooH2oN4O5, CoiH2aN4, CiaHooN2 andC10H12N2 and GHs reSpeCtively as shown in Figure
S2. This confirms the molecular structure of tigafid L1.

The molecular ion peak [Nl at m/z = 672 confirms the molecular weight of tBehiff base Cu (Il) complex
CasH3eN4OsCu. The peaks at m/z = 579, 455, 404, 376, 269 B8 corresponds to the various fragments
Ca3H3oN40,CuU, GaHogN4O,Cu, GoHo4N4O,Cu, GH2oN4O.Cu, GoH14N4OCuU and GHgN4Cu respectively as shown
in Figure 4. The molecular ion peak [Mat m/z = 667 and 674, confirms the molecular Wweigf the Schiff base
Zn(ll) and Ni(ll) complex GsHzeN4sO4M [M = Zn and Ni]. The type of fragmentation obseavin Zn(ll) and Ni(ll)
complex was similar with that of the Cu(ll) complekhe mass spectra of the Zn(ll) and Ni(ll) complexs
depicted in Figure S3 and S4.
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Figure 3. ESI-Mass spectrum of Schiff baseligand (L)
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Figure 4. ESI-Mass spectrum of Cu(ll) complex

3.1.2 Uv-vis spectral analysis:

The electronic spectra of the ligand and their eepe complexes were recorded in DMSO at room &gatpre. In
the spectrum of the ligand as shown in Figure ts@abland in the 370 nm range are assigned to tifetnansitions
of the azomethine group. During the formation of tomplexes, these bands are shifted to lower wagt,
suggesting that the nitrogen atom of the azometdionep is coordinated to the metal ion. The valnethe 250 -
300 nm range are attributed to the* transition of the aromatic ring. In the spectfatee complexes, these bands
are shifted slightly to lower wave length. The &lecic spectrum of the Cu(ll) complex in DMSO extsba d—d
band at 690 nm (Figure 5b), which can be assigneklet combination o1B,, °E, and®B, 4 °B,, transitions [15] in a
distorted square planar copper(ll) environment. Nigl) complex is diamagnetic and the band arodd® nm
could be assigned i‘@xlg lBlg transition, consistent with other square-planakeii(ll) complexes [16].
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Figure 5. Electronic spectrum of the (a) ligand (L), (b) Cu(ll) and Ni(ll) complexes
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Figure 6. *H-NMR spectrum of Schiff base ligand (L)

3.1.4NMR spectral analysis:
'H NMR spectra of Schiff base ligand L showmehk a5 1.292 ppm as singlet is due to the presence of The

six methyl protons were observed as singlet arauBB7 ppm. The doublets aroudd.45 ppm are owing to the
presence of ethylene protons. The Niotons were observed arouhd.43 ppm as singlet. Other peaks aroéind
6.52 — 6.40 ppm as multiplet is due to the preserigerotons in benzene ring. The Figure 6 shows'th&IMR
spectra Schiff base ligand L. THE NMR spectra of schiff base ligand L is depictedigure 7. In the spectra the
peak até 18.7 ppm is due to the presence of,@bup. The peak & 56.2 ppm is due to the presence of methyl
carbon. The peak &t 135.9 and 139.0 ppm is due to the presence ofegthycarbon atoms. The other peaks are

owing to the presence of aromatic carbons.
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Figure 7. ®*C-NMR spectrum of Schiff baseligand (L).
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'H NMR spectra of Schiff base ligand L1 showsshk ats 1.26 ppm as singlet is due to the presence of The
six methyl protons were observed as singlet ar@auBdt6 ppm. The doublets aroudid.56 ppm are owing to the
presence of ethylene protons. Other peaks ardunb2 — 6.40 ppm as multiplet is due to the preseigrotons in
benzene ring. In the spectra the NHoton was disappeared and showed a new pea&.a6 ppm corresponding to
imine group. The Figure S5 shows fitt NMR spectra Schiff base ligand L1. THE NMR spectra of schiff base
ligand L1 is depicted in Figure S6. In the spetiiapeak ab 18.02 ppm is due to the presence of,@Qkbup. The
peak atd 54.39 ppm is due to the presence of methyl carbbhe peak aé 129.5 and 138.2 ppm is due to the
presence of ethylene carbon atoms. The other makswing to the presence of aromatic carbonshEurtore the
peak ab 168.57 is owing to the presence of imine group.

3.2 DNA binding experiments

3.2.1 Absorption spectral studies

DNA binding experiments were carried out in 0.5miisFHCI/NaCl buffer [50mM Tris—HCI and 5mM NacCl (pH
7.2)] using DMF solution (15uL) of the complexedsaarption titration measurements were done by agryine
concentration of CT DNA but keeping the metal cosmptoncentration as constant. The representatiserption
spectra of Cu(ll) complex in presence and absefic&@TeDNA are shown in Figure 8. The absorption $peof
other complexes are given in supplementary filgfé S7and S8). The binding mode of complexes teD&A
helix has been followed through absorption speditedtions. With increasing concentration of CT-BNhe
absorption bands of the complexes were affectadtigg in the tendency of hypochromism and a mireat shift
was observed in all the complexes. Complex bindmith DNA through intercalation usually results in
hypochromism and blue shift, due to the intercaéatinode involving a strong stacking interactionwestn an
aromatic chromophore and the base pairs of DNA. &kent of the hypochromism commonly parallels the
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intercalative binding strength. In order to compguantitatively the binding strength of the coppemplexes, the
intrinsic binding constants Jof the complexes with DNA were obtained by moriitgrthe changes in absorbance
with increasing concentration of DNAtrinsic binding constantsJof complexes of are obtained as 5.01 %XIO

1 4.61 x16M™'and 4.38 x 1DM™ respectively. The significant difference in DNAaHing affinity of the three
metal(ll) complexes could be understood as a reduthe fact that the complex with higher numbefrsnetal(ll)
chelates showed stronger binding affinity with DN@ur results are consistent with earlier reportgpmeferential
binding to CT-DNA in the metal complexes [17].

2.00+

2.0
1.54 %, L5
@ >
(5] -
E E' 1.0
il 3 0.5
2 , ) _
05 ""\‘ o / .I"'-, 0.0 T T T T 1
\ ‘. 0 5 10 15, 20 25
: [DNA] x 10
0.00 T T : ; —
200.0 250 300 350 400 450 500.0

Wavelength (nm)

Figure 8. Absor ption spectra of complex Cu(l1) (1x 10°M ) in the absence and presence of increasing amounts of CT-DNA (0-2.5 x 10°
M ) at room temperaturein 50 mM Tris-HCI / NaCl buffer (pH = 7.5). The Inset showsthe plots of [DNA] / (es-€5) versus [DNA] for the
titration of DNA with Cu(ll), Ni(l1) and Zn(Il) complexes.
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Figure 9. Emission spectrum of EB bound to DNA in the presence of Cu(l1): ([EB] = 3.3uM, [DNA] =40 puM, [complex] = 0-25 uM,
Aex= 440 nm). I nset shows the plots of emission intensity I,/ | vs[DNA] / [complex] for thetitration of DNA with Cu(ll), Ni(Il) and Zn(Il)
complexes.

3.2.2 Emission spectral studies

In order to further study the binding propertiestitd complexes with DNA, competitive binding expeent was
carried out. Relative binding activity of the comexds towards CT-DNA was studied by the fluorescespeetral
method using ethidium bromide (EB) bound CT-DNAusian in Tris—HCI/NaCl buffer (pH = 7.2). As a tyail

indicator of intercalation, EB is a weakly fluorest compound. But in the presence of DNA, emisgitensity of
EB is greatly enhanced because of its strong iakation between the adjacent DNA base pairs [18dneral,
measurement of the ability of a complex to affénet intensity of EB fluorescence in the EB-DNA adduallows
determination of the affinity of the complex for BiNwhatever the binding mode may be. If a complex displace
EB from DNA, the fluorescence of the solution vl reduced due to the fact that free EB moleculegeadily
guenched by the solvent water [19]. In the expentnehen the Zn(I)Mn(ll) complex was added to 8B-DNA
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system, the emission intensity was reduced. Thestom spectra of EB bound to DNA in the absencepadgence
of the complexes are given in Figure 9, Figure 89 810. It can be noted that the fluorescence sitieaf the EB-
DNA solutions decreases with the addition of thenplex obviously. The results suggest that the cempglan
replace the EB and bind to the DNA molecule. Thenghing plots (insets in Figure 9) illustrate thhe
fluorescence quenching of EB bound to DNA by Cu)(l) and Zn(ll) complexes in linear agreementhahe
Stern—Volmer equation, which confirms that the ctamgs bound to DNA. The Jg, values for Cu(ll), Ni(ll) and
Zn(I1) complexes are found to be 6.04 X*10?, 5.72 x 16 M™ and 5.46 x 1DM™*.—respectively. The attained
results are in consistent with that of absorptipactroscopic studies. Anyway, it may be concluded the entire
complexes bound to DNA via the similar mode anddhenching constants of the synthesized complexe=ats
that the interaction of the compound with DNA stiblok intercalation [20].

3.2.3 Viscosity studies

Viscosity, sensitive to volume increases, is regdrds the one of the least ambiguous and the mitisaictests of
binding interactions with DNA in solution in the s@nce of crystallographic structural data.In otdeconfirm the
binding mode of the present complexes, the visgaagasurements were carried out on CT-DNA by varyhe
concentration of added complex. The effect of Ni(To(ll) and Cu(ll) complexes on the viscosity BNA is
depicted in As shown in Figure 10, the specificcosty of the DNA increases obviously with incredse
concentration of the complex. This again suggéststhe binding mode between the complex and DNAIkhbe a
classical intercalation mode [21, 22].

1.4+
1.2
1.0
0.8-
I ]
< 0.6
0.4-

0.2

1.0 1.2 14 1.6 1.8
[Complex]/[DNA]

Figure 10. Viscosity measurements of the Cu(l1), Ni(l1) and Zn(Il) complexes.

3.2.4 Circular dichoric spectral studies

The conformational changes of CT-DNA induced by thnthesized complexes were monitored by CD
spectroscopy in buffer at room temperature (Fidure The positive band at 275 nm and the negatieecab 245 nm
in the CD spectrum are due to the base stackingtl@dight-handed helicity of B-DNA, respectivelg3]. On
addition of complexes to DNA solutions, perturbagian ellipticity of the two bands on the CD spaatf DNA are
observed as represented in Figure 10, which rethealeffect of the complexes on base stacking agit-ri
handedness of CT DNA as well. Without significaed shift or blue shift, there was a decrease im#gative band
and increase in the positive bands their interssiflde increased intensity in the positive band imayue to the
intercalation of the complexes has effect on ithe stacking of DNA base pairs. The decreased intensithe
negative band suggests that the complexes can dniwén DNA helix and lead to some loss of heliciyhich
induces a more A-like conformation in DNA [24-28)ore significant changes for the negative bandcaid that
the complexes may have a more evident effect omdfieity of B-DNA than on the base stacking. Thebanges
suggest that the stacking mode and the orientatidmase pairs in DNA were disturbed with the bindiof the
complexes, and certain conformational changes, sscthe conversion from a more B-like to a moreika-|
structure within the DNA molecules happened. Thalsservations clearly indicate that the binding mofiehe
complexes should be intercalative, the stackinthefcomplex molecules between the DNA base paasi¢éo an
enhancement in the positive band and the partiainding of the helix decreases intensity of theatag band. So,
the main interactions of the complexes with DNA barascribed to the intercalative mode.
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Figure 11. CD spectrarecorded over the wavelength range 220-320 nm for solutions containing 2:1 ratio of CT-DNA (200 pM) and
Cu(ll), Ni(l1) and Zn(11) complexes (100 uM).

CONCLUSION

In conclusion, we have successfully synthesizedetlmew transition metal hydrazone complexes anthctaised
using various spectroscopic methods like FT-IR, NMR/-vis and Mass spectra. The DNA binding of metal
complexes examined by absorption and fluorescepeetrml techniques revealed an intercalative iotera
between them and CT-DNA with binding constants iagdrom 1G-10° M™*. Among the investigated complexes,
the one containing copper as the central metalstoowed better binding affinity than the other twamplexes
containing Zinc and nickel ions as metal countdgoaaspectively.
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Figure S1. FT-IR spectrum of the Schiff baseligand (L1).
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Figure S2. Mass spectrum of Schiff baseligand (L 1).
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Figure S3:
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Figure S3. Mass spectrum of Ni(ll) complex.
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Figure $4. ESI-Mass spectrum of Zn(l1) complex
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Figure S5:
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Figure S5. *H-NMR spectrum of Schiff baseligand (L 1)
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Figure S6. *C-NMR spectrum of Schiff baseligand (L 1).
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Figure S7.
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Figure S7. Absor ption spectra of complexes Ni(l1), (1 x 10° M ) in the absence and presence of increasing amounts of CT-DNA (0-2.5 x
10°M ) at room temperaturein 50 mM Tris-HCI / NaCl buffer (pH = 7.5).
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Figure S8. Absor ption spectra of complexes Zn(I1), (1 x 10° M ) in the absence and presence of increasing amounts of CT-DNA (0-2.5 x
10°M ) at room temperaturein 50 mM Tris-HCI / NaCl buffer (pH = 7.5).
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Figure S9.
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Figure S9. Emission spectrum of EB bound to DNA in the presence of Ni(l1); ((EB] = 3.3uM,  [DNA] =40 pM, [complex] = 0-25 uM,
Aex= 440 nm).

Figure S10.
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Figure S10. Emission spectrum of EB bound to DNA in the presence of Zn(I1); ((EB] = 3.3 uM,  [DNA] =40 uM, [complex] = 0-25
pM, dex= 440 nm).
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