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ABSTRACT

The new Ru (I1) complex [Ru(py)s(dppz)]** (dppz = dipyrido phenazine) have been synthesized and characterized
by different analytical techniques like elemental analysis, LC-MS, H NMR, *C NMR. The interaction of this
complex with calf thymus DNA has been explored by electronic absorption spectroscopy, Fluorescence
measurements, viscosity measurements. Their photocleavage behaviour towards pBR 322 and anti microbial
properties of this complex was also investigated. The experimental results show that the complex binds with DNA
by intercalation mode.
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INTRODUCTION

Ruthenium (II) complexes with polypyridine liganddue to a combination of easily constructed rigidral
structures spanning all three spatial dimensiorts anrich photophysical properties have attractexhsiderable
attention.[1-3] Recently ruthenium (I1) polypyridgomplex ion [Ru(pheniippzf" was shown to be a remarkable
luminescence light switch for DNA. In aqueous siolo$ this compound lacks luminescence but it shiovense
luminescence in the presence of DNAPIpyridophenazine complexes of ruthenium (lI) @ahown interesting
properties that could be used for the developroéeensors of high sensitivity and selectivithisT quenching of
luminescence in aqueous media is possibly due # itileraction of the phenazine nitrogens of the
dipyridophenazine ligand with water via hydrogbonding or excited state proton transfer.[5,6]

Liang-Nian ji et al [7] reported the synthesis agtthracterization of a new polypyridyl ligand 2-(4henoxy-
phenyl)- imidazo phenanthroline (PPIP) and its enthm (Il) complexes [Ru(bpyPPIP)f*. The DNA binding
properties of the two Ru(ll) complexes were exploby spectroscopic methods and viscosity measursiidmeir
photocleavage behaviors towards pBR 322 were algestigated. The preparation of polypyridyl rutheni (Il)
complexes have received considerable attentiomguhie last decade because of their potentialrusevel probes

of nucleic acid structure and probing photoseresiti DNA cleavage.[8-16] The mixed ligand complexes
[Ru(phen) dppzf* and [Ru(bipy) dppzf* have been proposed as luminescent DNA probesebahis of their
strong binding to double helical DNA.[17-20]

This study demonstrates that the ancillary ligamdth hydrogen bonding potential supports thericdlative
interaction of ligands with extended aromatic sirmypd enhances the DNA binding affinity.
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Ru(l)-dppz complexes with bidentate ancillary hgls e.g., bpy, phen, dmb, dmp etc., have beenlyanggported
for their interesting properties.[21,22] Changingdpstitutive group or substituent position on thieicalative ligand
can also create some interesting differencesenXNA-binding properties, currently, a great defl efforts are
focused on modifying the main ligand dppz.[23-A% complexes [Ru (L)(dppz)f* (L= imidazole, 1-me
imidazole) were early synthesized and characterifg@] The interaction of these complexes with DMA&re
studied.

Now we are reporting the synthesis, characterinabb[Ru (py) (dppz)] (Cla),.2H,O using different techniques.
The binding of this complex with CT DNA was expldrasing electronic absorption measurements, floerese
measurements, viscosity measurements. Their phievage behaviour towards pBR 322 was studied. The
antimicrobial property towards E.Coli bacteria vadso studied.

EXPERIMENTAL SECTION

2.1 Materials

All the common chemicals utilized in this study webtained from Sigma Aldrich. The solvents weuechased
from Merck. DNA was purchased from Sigma Chemicads sonicated and purified according to the previo
literature.[31]

2.1a Physical measurements

Elemental analysis (C, H and N) was performed ashrIEA 1112 series Thermofinnigon, Molecular \ueig
determinations were performed on LC-MS 2010A Shimadith Column- C-18, Detector-UV (254) with MS pe
of ESI,*H and**C NMR Spectra were recorded on a Bruker ARX-300RSpectrometer with DMSO as Solvent
at COSIST, University of Hyderabad, Hyderabad cEtmic absorption spectra were recorded dilieo BL 198
Model spectrophotometer with temperature control.

2.1b Spectroscopic characterization

[Ru(Pyx(dpp2z)] (CIGQ),2H,O Complex was characterized by elemental analy#isg].Calc. for Gg Has NgCl,
ORu: C,50.2; H, 3.74; N, 12.32; found C, 49; H, 3.8lf 12.12% ) given in figl , ESI-MS m/z = 897 (-Z)
displays intense molecular peaks at 737, 656 &8dgiven in fig 2. In pyridine scrambling of hydien occurs
before fragmentation.[3ZH NMR ( DMSO) H(Hg) 7.65 ppm H(Hs) 7.58 ppm and Hat 7.92 ppm for pyridine
and dipyridophenazine 8.1(1H), 8.12(2H), 8.13(3811,5(4H), 8.25(5H) given in fig 3°C NMR spectrum dppz
signals at 150, G- 120.8, G-129.4, G-129.6, G-135.7, G-142.8, G- 129.6, G- 129.4 and Pyridine signals at
152.2ppm(G Cg) 129.3ppm(G,Cs) 140 ppm(G) given in fig 4.

2.2 Synthesis: ligands like phen-dione and dipyridophenazidepg) were synthesized as per the reported
procedures.[33,34]

2.2a Synthesis of Phen-dione: 1,10 Phenanthroline hydrate (1gm ), Potassiummlzte or Sodium bromide
(5.95gm ) were taken in a flask. cong3®, (20ml) was added through the ice cooled walldaskf drop by drop
followed by conc. HN@ ( 10 ml). Reflux for 2 hrs, the mixture was takena 400ml of HO. The solution was
neutralized with NaHC@and then extracted with GBI,. Removal of CHCI, give 0.91gm of Phen-dione as yellow
needles followed by recrystallization with ethanptoluene.

2.2b Synthesis of Dipyrido phenazine(dppz) : A solution of Phendione (0.210 gm) and ortho pfemediamine
(OPDA 0.124 gm) in ethanol (20ml) was heated arfldixed for 4hrs. After cooling, the yellow precigie was
collected by filtration, washed with cold ethanoblavacuum dried.

2.2c Synthesis of [Ru(dppz)Cl,] : Catherine J.Murphy et al [35] reported the sysihef [Ru(dppz) Cl] via
moadification of the literature method for [Ru(bpy)Id36]. A 0.5572 gm amount of RugxH,O and a 0.7583 gm
amount of dipyridophenazine were added to 50ml M HCI and stirred for about 30 min under nitrogen
atmosphere and then allowed to sit under nitrdgerl0 days. The insoluble product was filteredsthed with
water and dried in air.

2.2d Synthesis of [Ru(Py)4(dpp2)] (ClO4),2H,0: According to the reported procedure of Liang-riNi et al [37]
[Ru(L)4 (dppz)f* was synthesized. A mixture of [Ru(dppz)J00.131 gm ) Pyridine (0.34gm ) and DMF ( N,N-
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dimethyl formamide ) 20ml was refluxed under argdgmosphere for 8hrs to give a dark red soluthdter being

cooled to room temperature, the solution was éifeto remove a small amount of insoluble companenhe

filtrate was reduced to 5ml and then diluted withril water. Upon dropwise addition of saturatedeaas NaClQ

solution, a lot of red solid was collected byrfition. It was purified by column chromatograpmyaumina using
acetonotrile-toluene as eluent. The deep red ptodas further recrystallized with acetonitrilether and dried in
vacuo.

2.3 DNA binding studies:

Concentration of CT DNA was measured by usingritswvn extinction coefficient at 260 nm.[38] Buffé (5mM
tris, pH 7.1, 50mM NaCl) was used for absorptitration experiments and luminescence measuremeuatfer C
(1.5 mM NaHPQ,, 0.5mM NaHPQ,, 0.25mM NaEDTA, pH =7.0) was used for the viscometric titoas.

2.3a Electronic absorption measurements. The application of electronic absorption spectopy in DNA-binding
studies is one of the most useful techniques.[38§okption titration experiment was performed by mtainng the
metal complex concentration constant(#0)and varying the concentration of DNA from 2002uM. While
measuring the absorption spectra, equal amountNoA& Was added to both complex solution and theresfee
solution to eliminate the absorbance of DNA itsefom the absorption data, the intrinsic bindiogstant K was
determined from the plot of [DNA]K, — &) vs [ DNA ], where [ DNA ] is the concentration ofNA in base pairs,
€, the apparent extinction coefficient obtained bicualating Aysd [cOmplex] ands; corresponds to the extinction
coefficient of the complex in its free form. wheyrefers to the extinction coefficient of the compie the fully
bound form.

[DNA]/ (ea—er) =[DNA]/ (ep —&f) + L/(K (ep — &) 1)

Each set of data, when fitted to the above equatiave a straight line with a slope of 1f (& —&). K, was
determined from the ratio of the slope to intetcdfe binding constants indicate that the comfdiexis more
strongly.

2.3b Fluorescence Measurements: Fluorescence quenching experiments [40] wereezhoit at 28C by addition
of microlitre aliquots of 0.02M KFe(CN)] to 2ml samples of the complex. For the quenchexgeriments,
samples were excited at 559 nm and emission wastoned. In experiments ionic strength was maintdjreCl
was added along with JEe(CN)] such that the final, total concentration of Kas constant. Emission was
recorded in the absence and presence of 20uI00T-DNA.

FJ/F =1+ K[ K4Fe(CN)], where F is the intensity of fluorescence in the absenteqwencher, F is the
fluorescence intensity in the presence of quendnad K, is the Stern- Volmer quenching constant. Quenching
curves were analyzed by linear and nonlinear lsgsiares methods. [41]

2.3c Viscometry: Viscosity experiments were carried out using dblehode viscometer maintained at a constant
temperature at 30.0 + 6@ in a thermostatic waterbath. Each compound w#®duced into the degassed
DNA solution. Mixing of the complex and DNA was dohy bubbling with nitrogen. Flow time was measungth

a digital stop watch and each sample was meastimeg times and an average flow time was caledld®educed
specific viscosity was calculated according to Goaed Eisenberg. [42] Plots of{no]l’3 (n andn, are the reduced
specific viscosities of DNA in the presence aalasence of the complex.) versus [complex]/[DNA] reve
constructed. Plot ofyf n0]1’3 versus [DNA] was found to be similar to that repdrin the literature.[43]

2.3d DNA Photocleavage: Irradiation of sample containing pBR 322 DNA ahé complex were carried out for
1hr. The cleavage reaction on plasmid DNA was nooeit by agarose gel electophoresis. When circuésngd
DNA was subjected to gel electrophoresis, relagifast migration will be observed for the intacpstcoiled form
(Form 1). If scission occurs on one strand (nickitige supercoils will relax to generate a sloweoving open
circular form (Form 1l) [44]. If both strands aréeaved, a linear form (Form IIl) will be generatdtht migrates
between Form I and II.

2.3e Anti microbial activity: The prescence of metal ions in biological matterated great interest and curiosity
among chemists as well as biologists, due to dugimicrobial activities. It may be anticipated ttlaastable metal
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chelate will produce its effect either by structuwafunctional activation or inactivation of a segtible biological
site. Attempts have been made to correlate thdiggadf the metal drug chelates with their antimubial activity.
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Fig 2: LC-MS spectrum of [ Ru (Py) (dppz)] (ClO4).

RESULTS AND DISCUSSION

3.1 The electronic absorption measurement:

The electronic absorption spectroscopy is the rmostmon way to investigate the interactions of metahplexes
with DNA [45-50]. A metal complex binding to DNA ithugh intercalation usually results in hypochromiand
bathochromism, due to the intercalation mode inmglva strongs—7z/stacking ineraction between an aromatic
chromophore and the base pairs of DNA. It seentmtgenerally accepted that the extent of the hymmoism in
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the UV- Visible band is consistent with the stréngf intercalative interaction. [51-54] The alj#®ton spectra of
complex [Ru(py)(dppz)](CIQ), in the absence and presence of CT-DNA ( at a cohstancentration of
complexes, [Ru] = 2M) are measured. The absorption spectra of comghexvs three bands with comparable
intensity as in fig-5, lying in the range of 2@BOnm. The first one is a strong and broad alieorppand centered
at 360 nm, which is generally assigned to a stngletal to ligand transfer (MLCT). There are twarrow
separated bands within the range of 265 - 255/4md. one strong and narrow band centered at 22®oth, of
them are characteristic of the intraligand (l=yz7transitions. These assignments of absorption baadsbe
confirmed and analyzed in detail by TDDFT calciolas in aqueous solution. With the increase in eatration of
DNA, the absorption band of the complex displayacléypochromism. The spectral characteristics asigipat the
Ru(ll) complex interact with DNA.
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Fig 3: *H NMR spectrum of [ Ru (Py) (dppz)] (ClO.).
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Fig 4: °C NMR Spectrum of [ Ru (Py) (dppz)] (ClO4)2
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Fig 5 —UV-Visible spectra of [Ru(py)(dppz)](CIO.).
Triss HCl buffer upon addition of CT DNA in absence (top) and presence of CT DNA (bottom) the[Ru] = 10 uM; [DNA] = 0-126 uM.
Insert: plotsof [DNA] / (X - %) vs[DNA] for the titration of DNA with complex

540 550 560
Wavelength[nm]

Fig 6 — Fluorescente emision spectra of complex [Ruwy)4(dppz)]ClO,2H,0 in aqueous buffer
Tris 5mM, NaCl 50mM, pH 7.0) in the presence of CT DNA, [Ru] = 20uM,
[DNA] /[Ru] 0,5,10,15,20 (The arrow shows the intensity changes upon increasing concentration)
Insert: Plots of relative integrated emission intensity vs [DNA] / [Ru].

The intrinsic binding constants,Kof complexes was measured to be 2.06%M® respectively. The Kvalues are
in the same order of those bidentate [Re(dppz)f" complexes. Where L= bpy, phen, dmb, dmp. This ssgghat
the complex most likely intercalatively bind to BN involving a strong stacking interaction betwdbe aromatic
chromophore (dppz) and the base pairs of the DNAndicates that the ancillary ligands Pymielienhance the
DNA — binding affinity. The DNA- binding constanf complex shows that it has larger hypochromisie/abut

smaller K value.

3.1a Fluorescence emission studies:
In the absence of CT- DNA, complexRu (Py) (dppz)] (CIQ), emit luminescence in tris buffer at ambient

temperature, with a maximum appearing at 559nm.nUgadition of CT DNA the emission intensities bfst
complex increase and it implies that complex irttrd strongly with DNA and was protected efficigntThe
hydrophobic environment inside the DNA helix redigithe mobility of the complex at the binding siEmission
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quenching experiments using [Fe(GN) as quencher may provide further information abthe binding of
complexes with DNA, the emission of complex waficiently quenched by [Fe(CNJf" as in fig-6 & 7and the
plot was not linear which imply that the quenchprgcess is both dynamic and static.[55] Howeveth@presence
of DNA. the Stern — Volmer plots are changed titally and the emission intensity was hardlfeefed by the
addition of anionic quencher. This may be explaibgdepulsion of the highly negative [Fe(GN) from the DNA
polyanion backbone which hinders access of [Fe{EN) the DNA bound complexes. [56] The plot for DA
bound complexes become linear, indicative d§ atynamic quenching , which was consistent wfita strong
DNA - binding affinity of complex. The curvatureflects degrees of protection or relative actdityi of bound
cations, a larger slope for the Stern — Volmer euparallels poorer protection and low bindingrhithe results, it
was suggested that the complex has a stronger Di#aing affinity

lofl

0 T T T 1
a 0.0z 0.04 0.03

[Fe{CN)6]4-

Fig-7: Emission quenching of [ Ru (Py) (dppz)] (ClO4). with increasing [Fe(CN)]* in the presence and absence of DNA
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Fig 8: Effect of increasing amount of complexes ( [Ru(pyldppz)]Cl042H,0 & [Ru(4-Et-py) «(dppz)]*")on the relative viscosity of CT
DNA at 25+ 0.£C.
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Fig 9: Photo cleavage studies of [Ru(py(dppz)]*
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Fig 10: Anti microbial activity of [ Ru (Py)4 (dppz)] (ClO4)

3.1b Viscosity studies:

Viscosity measurements were carried out to elueidtite binding mode of the complex, by keeping [ADMN
0.4mM and varying the concentration of the complighe changes in relative viscosity of rod- like-ONA in the
presence of [ Ru(pyidppz)f* were observed.. From the figure it was observatwith the addition of increasing
amounts of complex to the DNA the relative visopsit DNA increases steadily. The increased degfegscosity,
which inturn depend on the binding affinity to DNAhese results suggests that the complex inteecabatween
the base pairs of DNA and the binding affinity cofmplex is also more, which is consistent with abeve results
inserted in fig 8

3.1c Photoactivated cleavage of pBR 322 DNA:

There was substantial and continuing interest MAQendonucleolytic cleavage reactions that wettvaiked by
metal ions [57,58] The cleavage reaction on pldsBNA can be monitored by agarose gel electroier&Vhen
circular plasmid DNA was subjected to electrophigrerelatively fast migration was observed foe tlintact
supercoil form (Form 1). If scission occurs omecstrand (nicking), the supercoil will relax tengrate a slower
moving open circular form ( Form Il ). If bothrahds were cleaved, a linear form (Form IIl) thagrates
between Form | and Il will be generated. [59].Bighows gel electrophoresis separation of pBRI3®2A after
incubation with the complex and irradiation atB86. No DNA cleavage was observed for contralswhich
complex was absent ( lane 0), or incubation hef plasmid with the Ru (ll) complex in dark. Witlcreasing
concentrations of the Ru(ll) complexes ( lane8 ), the amount of Form | of of pBR 322 DNA dirish
gradually, whereas Form Il increases and FornwHk also produced (lane 9). Under comparable expetal
conditions, the complex exhibits more effective DslAavage activity.

3.1d Anti microbial activity:

The antimicrobial screening effects of these complexese tested against Escherichia coli bacteria by the well
diffusion method [60], using agar nutrient as thedimm. In a typical procedure the agar medium inasulated
with microorganisms. The well was filled with thest solution using a micropipette and the plate wasbated, 24
h for bacteria at 35°C. During this period, thet teslution was diffused and the growth of the irated
microorganisms was affected. The inhibition zones wdgveloped, at which the concentration was notéx
increase in the delocalization of electrons over the whole chelate ring enhancegp#mnetration of the complexes
blocking of the metal binding sites in the enzyraémicroorganisms.[61] This complex also disturtys tespiration
process of the cell and thus block the further ghowf the organisms. [62]

[Ru(Py)(dppz)] (CIQ), is active in inhibiting the growth of bacterias®own in fig 10.
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CONCLUSION

The study has provided an apparently novel mefoo&u(py)(dppz)f* to bind with DNA intercalatively. These
complexes inhibit the growth of bacteria showine &antimicrobial activity and also cleave the PRrI2NA.
Hence this complex can be used as an antitumounatickncer agent. Complexes with ethylene diaralse has
been studied to show an antitumour and anticarmogepties. [63,65]
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