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ABSTRACT

Mononuclear copper(ll) complexes [Cu(bitg¢®lO,4). (1) and [Cu(bitpy)(CD](Cl) @) (where bitpy = 4'-
(benzimidazolyl)-2,2":6',2"-terpyridine) have besmthesized. Physico-chemical techniques likeexitahanalysis,
ESI-MS, UV-Visible, Infra red and EPR spectroscdpthniques were employed to characterize the sgiztd
complexes. The complexes are one-electron parartiagmal exhibit quasi-reversible cyclic voltammetrésponse
at 100 mVs in DMSO-TBAP for the CUCU couple. Oxidative DNA cleavage of the complexes diso been
studied. Both the complexes however successfullingted an oxidative cleavage of plasmid DNA, produc
single strand break.
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INTRODUCTION

Copper is a biologically relevant element and mangymes that depend on copper for their activityehbeen
identified. Because of possessing biologically asitde redox potential and relatively high nuclesgbaffinity, the
investigation of copper complexes as chemical rasds is well renowned.[1] Recent reports showgdbate of the
mono-, di- and multinuclear metal complexes off'CFe*, zZr?*, R/, Co®™ with pyridyl, benzimidazolyl,
ferrocenyl and others exhibit strong chemical nasés activity under physiological conditions.[25¢ing a
transition metal, Cu gets biologically convertedwsen different redox states namely oxidized Cudhd reduced
Cu (). This unique attribute has made copper metayet manifested as an important catalytic coefafor a
variety of metabolic reactions in biological systemNumerous Cu(ll) complexes showing enhanced anti-
inflammatory and anti-ulcerogenic activity, as wels reduced gastrointestinal toxicity compared he t
uncomplexed drug, have been prepared and strugtwtehracterized.[6] Other studies have concerdrate the
potential chemotherapeutic properties of coppeethasompounds.[7-8] Copper enzymes are widely Oisieid
within the body; they perform several diverse fimts.[9] It includes transport of oxygen and eless, catalysis in
oxidation reduction reactions and the protectiorthaf cell against damaging oxygen radicals. Theraution of
transition metals (Mn, Fe, Cu) with dioxygen (iretbresence of a reductant) often generates reaskygen
species that ultimately may cleave DNA.[1The single- or double-strand oxidative DNA cleavageedox-active
metal complexes like [Fe(edtg}]or Cu(1,10-phenanthrolingl,, is initiated by the production of reactive oxygen
species through a Fenton-type mechanism.[11-13]r&ently reported the oxidative cleavage of DNAfbwyl
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terpyidine containing copper complex. In continaatof our work, herein, we report the synthesis amatlease
activity of Cu(ll) complexes (1 and 2) containingnizimidazolyl terpyridine ligand.

MATERIALS AND METHODS

2-acetyl pyridine, copper(ll) chloride dihydratedacopper(ll) perchlorate hexahydrate, agarose (ootde biology
grade) and ethidium bromide were procured from Sigktdrich, USA and used as received. Other matetiké
sodium hydroxide, ammonium acetate and solventsdilethanol, acetonitrile were of reagent grade. ligand,
bitpy (benzimidazolyl terpyridine) was prepared ngsipublished procedure.[1Buffers were prepared using
deionised and sonicated triple distilled watersThHydroxymethyl) aminomethane—HCI (Tris—HCI) buffpH, 7.2)
was used for DNA cleavage studies. UV-visible sect the complexes were recorded on a Perkin—Elraetbhda
35 double beam spectrophotometer atC2%lectron paramagnetic resonance spectra ofdppec(ll) complexes
were obtained on a Varian E 112 EPR spectromed®espkctra were recorded as KBr pellets in the 40000 cnt
region using a Shimadzu FT—IR 8000 spectrophotam€ielic voltammetric studies of the complexes evearried
out by using three electrode system in a singlepastment comprising of glassy-carbon working els#r and
potentials were referenced to standard calometrelde. Positive ion electrospray ionization masscija of the
complexes were obtained by using Thermo Finniga@ 18000 advantage max ion trap mass spectrometethe\l
DNA gel images were taken using UVITEC gel docuraBah system and fragments were analysed using
UVichem and UVI-band software.

2.1 Synthesis of [Cu (bitpy)](ClO ), (1)
Caution! During handling of the perchlorate salts of metaimplexes with organic ligands, care should beriak
because of the possibility of explosion.

The ligand benzimidazolyl terpyridine (bitpy) wapared by slight modification of the reported muaere and the
authenticity was confirmed from ESI-MS, m/z = 3B@y+H']. The complex was prepared in high yield. To a hot
solution of Cu(CIQ),. 6H,O (0.5 g, 1.3 mmol) in methanol, bitpy (0.94 g, Zu6nhol) was added slowly and the
reaction mixture was refluxed for 15 min. A greefidsthat separated out upon slow evaporation efsiiivent, was
filtered and washed with diethyl ether. Yield: 1 %84 %). Anal. Calc. for £H30CuN;(OsCly: C, 54.98; H, 3.15;
N, 7.38; Cu, 6.61. Found: C, 54.92; H, 3.11; N27@u, 6.57. ESI-MS: m/z = 760.2, [M-@§*-H".

2.2 Synthesis of [Cu(bitpy)(CD)]CI (2)

The complex was prepared in good yield from thectiea of CuC}-2H,O in methanol with benzimidazolyl
terpyridine ligand. Benzimidazolyl terpyridine (8.9, 3 mmol) and Cugl2H,O (0.5 g, 3 mmol) were dissolved in
methanol individually and the solutions were warme&d the hot solution of bitpy, copper chloride wadded
slowly with constant stirring when the colour chadgo intense green. The green precipitate of tpper—bitpy
complex obtained was filtered and dried. Yield:31gl(78 %). Anal. Calc. for GH;5Cl,CuNs: C, 54.61; H, 3.12; N,
14.47; Cu, 13.13; found: C, 54.58; H, 3.08; N, $4Gu, 13.09. ESI-MS1/z = 447.07 [M — L.CI]".

2.3 DNA Cleavage Experiment

The cleavage of DNA in the absence and presenem alctivating agent 40, was monitored using agarose gel
electrophoresis. Supercoiled pUC18 plasmid DNA imi& Tris-HCI buffer at pH 7.2 was treated with cep(l)
complex. The samples were incubated for 1 h &E.3The reactions were quenched using loading b&&5 %
bromophenol blue, 40 % (w/v) sucrose and 0.5 M EEfylene Diamine Tetra Acetic Acid) and then ledan
0.8 % agarose gel containing 0.5 mg/mL ethidiummbde. Another set of experiment was also performsgidg
DMSO (Dimethyl sulphoxide) and histidine in order find out the type of molecule involved in the astage
mechanism.The gels were run at 50 V for 3 h in-bdsc acid-ethylenediamine tetraacetic acid (TBE]jfer and
the bands were photographed by a UVITEC gel doctetien system.

RESULTS AND DISCUSSION

3.1 Synthesis and spectral characterization

The complex [Cu(bitpy](ClO,),, where bitpy is the tridentate ligand 4'-(benziazdlyl)-2,2":6',2"-terpyridine
have been isolated from methanolic solution comgimexahydrated copper(ll) perchlorate as thdisgamaterial.
Whereas the complex [Cu(bitpy)CI|CI have been pregaby reacting copper(ll) chloride dehydrate with

(benzimidazolyl)-2,2":6',2"-terpyridine in a 1:4tio in methanol. Both the complexes were obtainegood yield
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and characterized by using elemental analysis, U8/-¥SI-MS and EPR spectral techniques. The awcalytata
obtained for the new complexes agree well with pieposed molecular formula. The ESI mass spectra of
[Cu(bitpy),](ClO4), and [Cu(bitpy)CI]CI, which are shown in figure Bplayed the molecular ion isotopic peak at
m/z 760.2 and 447.07 respectively. These peaksreliable with the proposed molecular formula of the
corresponding copper(ll) complexes. The structofdmth the complexes are shown in figure 1.

MeOH
+ cu(clo,),

Reflux 15 min

MeOH
+ Cu(Cl),
Stirred 2 h

Figure. 1. Schematic representation for synthesf complexes 1 and 2

3.2 Electronic spectral analysis

The electronic spectra of both the complexes inaadgile showed two bands in the region of 287-3bi@ and a
broad band in the 594-698 nm region. The electrspiéxtra ofl. and 2 showed two types of transitions, the first
one appeared at range 287-357 nm which can benasisign-n* and n-n* transitions due to transitions involving
molecular orbitals located on the benzimidazolypyedine ligand. For an unsubstituted terpyridawenplex, these
bands are in the region of 228-324 nm. These bhate also been shifted in the spectra of the nawptexes
indicating the involvement of the lowering of theJMO (Lowest Unoccupied Molecular Orbitalj*j energy in the
bitpy ligand owing to a more extended conjugatiaiative to the terpy ligand. Both the complexes are
paramagnetic, indicating the presence of coppehén+2 oxidation state. Three d-d transitions arssiple for
copper(ll) complexes. They arg,d,- d.>,% d,’-d’~> and ¢,-d,>,°. However, only a single broad band is observed
for both the copper(ll) complexes. This indicates total sum of all the above transitions. The dness associated
with the d—d bands is generally taken as an indicadf the geometrical distortion of the complerrfr perfect
planar symmetry. Spectrum afshows a band at 287.4 nm and a shoulder at 312,5vhich can be attributed to
intra ligand transitions of the bitpy ligand. Broagktal to ligand charge transfer (MLCT) transitibas been
observed at 344 nm. Compl@xshows the intra ligand transitions at 291.6 nm arghoulder at 342 nm. Broad
MLCT band has been observed at 356.2 nm for conthl©omplexed and2 show their ligand field transitions as
broad bands at 688 nm and 697.5 nm respectively.
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3.3 IR and EPR spectral analysis

IR spectra provide the valuable information abdwat mature of the binding mode and functional gratipched to

the metal ion. The IR spectra spectra show ban@®88t and 3406 cihwhich was assigned as N-H stretching
frequency for complet and2. Medium intensity bands at 3061 and 3045"dor 1 and2 were attributed to C-H
stretching vibration. Presence of perchlorate iod ahloride ion in the IR spectra of compléxand 2 were
confirmed by the appearance of a band at 1087 afddch’ respectively. In both the complex, other medium
intensity bands appeared at 1614-1616 and 1469-tA73and have been assigned to C=C and C=N stretching
vibrations.

Complex 2 Complex 1
Figure.2. EPR Spectra of Cu(ll) Complexes

The epr spectra of complédxand2 (figure 2) show axial signal at 300 K from a statipper (I1) centre with dxy?
as the ground state. And also the spectra shovinbeese band in the high field region, which awrizpic due to
tumbling motion of the molecules. The g value fomplex 1 and 2 are 2.11 and 2.08 respectively.

3.4 Electrochemical studies

The redox behavior of copper complexes is studiigd the help of cyclic voltammetry. Cyclic voltamigrams of
the copper complexes were recorded in DMSO (Dimethiphoxide) solution at 300 K using tetrabutylmomium
perchlorate (TBAP) as supporting electrolyte. Thelic voltammogram of compleg in DMSO solution shows a
quasi reversible peak at -0.16 V and for com@ex -0.8 V with largeAEp values of 320 and 121 mV respectively
at a scan rate of 100 mV:sThe redox process is assigned td/Cu couple.[15-16]

3.5 DNA Cleavage Studies of Cu(ll) Complexes

The characterization of DNA recognition by trarmitimetal complex has been aided by the DNA cleavage
chemistry that is associated with redox-active lootp-activated metal complexes.[17] DNA cleavageastrolled

by relaxation of supercoiled circular form of pUCD8IA into nicked circular form and linear form. Wheircular
plasmid DNA is conducted by electrophoresis, ttstefst migration will be observed for the superabflerm (Form

). If one of the strands is cleaved, the supescaill relax to produce a slower-moving open ciesulorm (Form

I). If both strands are cleaved, a linear formr¢gdll) will be generated that migrates in betwéarm Il and Form

[ll. Many copper complexes have been shown to edaMA in the presence of,B, due to their ability to behave
like a Fenton catalyst.[18] DNA cleavage was mamitoby gel electrophoresis on plasmid pUC18 DNA smidhe
metallonuclease activity of the newly synthesizegdper complexes have been ascertained.
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Figure.3. ESI-MS Spectra of Cu(ll) Complexes

open circular DNA g ? P

Nick in close proximity First nick
to first nick

linear DNA —_— — —

supercoiled DNA W —

Figure. 4. Schematic representation of unselectivdeavage on a DNA plasmid

Control experiments suggest that untreated DNA BNA incubated with either complexdsand?2 or peroxide
alone did not show any significant DNA cleavagenéia 1-4 in figure 5). However, in the presence yafrbigen
peroxide, copper complex was found to exhibit naséeactivity. As shown in figure 6, with the incgeaf complex
concentration, the intensity of supercoiled DNA davas found to decrease and the intensity of nidkad DNA
was found to increase apparently. When the commexentration was 6 M in the presence of hydrqmeoxide,
no cleavage was observed (lanes 2-3 in figure @)X & increasing the complex concentration to 48, uM
supercoiled DNA was completely cleaved into nickean (lanes 6 and 9 in figure 6). It is believedttivhen the
present redox active copper complexes were intedastith DNA in the presence of hydrogen peroxideaas
oxidant hydroxyl radicals might be produced.[19-2Bgse hydroxyl radicals are responsible for cleavagDNA.
In order to establish the reactive species resptmfir the cleavage of DNA, we carried out theakpent in the
presence of histidine and DMSO. When the standgddoltyl radical scavenger DMSO was added to theti@a
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mixture of the complex and DNA, the DNA cleavagéindty of 1 and 2 decreases significantly (lanear@ 9 in
figure 5). Interestingly, on addition of histidite the reaction mixture, the DNA cleavage activitys not inhibited
greatly (lanes 7 and 10 in figure 5). This conataki shows the involvement of the hydroxyl radicathe observed
nuclease activity of complex 1and 2 in the presefiqeroxide.

1 23 4567 8 9 10

m -
Form I
Figure. 5. Cleavage of pUC18 DNA by 48 uM complex @nd 2) in the presence of peroxide (100 uM). DNMas incubated with complex
for 60 min in Tris buffer (pH 7.2) at 37°C. Lane 1, DNA control; lane 2, DNA + peroxide (10QM); lane 3, DNA + 1 (48 uM) alone; lane
4, DNA + 2 (48 uM) alone; lane 5, DNA + 1 (48 uM) peroxide (100 pM); lane 6, DNA + 1 (48 uM) + perade (100 uM) +10 mM DMSO

;lane 7, DNA + 1 (48 uM) + peroxide (100 uM) + 1M Histidine; lane 8, DNA + 2 (48 uM) + peroxide (D0 uM); lane 9, DNA + 2 (48
MUM) + peroxide (100 uM) + 10 mM DMSO ; lane 10, DNAr 2 (48 uM) + peroxide (100 uM) + 10 mM Histidine.

1 2 34 5 67 8 9
Form I

Figure. 6. Concentration dependent DNA cleavage bgomplex 1 & 2 (6-48 uM) in Tris buffer (pH 7.2) at37°C in the presence of HO,.
Lane 1, DNA + peroxide (100 pM); lane 2, DNA + 16(uM) + peroxide (100 uM); lane 3, DNA + 2 (6 UM} peroxide (100 pM); lane 4,
DNA + 1 (12 pM) + peroxide (100 uM); lane 5, DNA 1 (24 uM) + peroxide (100 pM); lane 6, DNA + 1 @uM) + peroxide (100 pM);
lane 7, DNA + 2 (12 pM) + peroxide (100 pM); lane,®NA + 2 (24 uM) + peroxide (100 pM); lane 9, DNA 2 (48 uM) + peroxide (100

uM).

CONCLUSION

We have prepared two copper(ll) completemnd2 having 4'-(benzimidazolyl)-2,2".6',2"-terpyriditigand with a
metal to heterocyclic base ratio as 1:2 and 1:pedsely. Both the complexes were characterizedsdnyous
physico-chemical techniques and a six coordinatetbrded octahedral environment has been proposedh&
complex 1 and four-coordinate geometry with considerableatetdral distortion in the square plane has been
tentatively proposed for complex DNA cleavage was brought about by the copper ¢exegin the presence of
hydrogen peroxide. The involvement of hydroxyl rdiin the oxidative cleavage reactions is eviddritem the
inhibition reactions in presence of DMSO.
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