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—I
Ruthenium complexes of vinylimidazole (VIMD) and 4-ethylaminomethyl pyridine (EMP) ligands were synthesized and characterized |
by XRD and spectroscopic methods. The binding of these Ru(IIII) complexes with calf thymus-DNA has been studied by UV-visible |
spectroscopic and electrochemical studies. A prominent increase in the intensity of fluorescence spectra of these complexes with CT-DNA
was observed and a distinct UV-visible spectral shift in presence of CT-DNA is probably due to an interaction of these complexes with |
CT-DNA. The evidence of DNA binding has been found from the change in the intensity of fluorescence and UV visible spectra. Also, the |
electron transfer ability of these complexes is very important in order to rationalize their activity towards the biological system therefore, |
we have studied the electrochemical studies of these complexes by using cyclic voltammetry. From this study, it is possible to draw some |
ideas on electrochemical potentials of the complexes relevant to biological reduction possibly Ru(III)/Ru(II). Both complexes were also
tested for antimicrobial activity against bacterial strain and responses well as antimicrobial agent. I
|
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INTRODUCTION known anticancer agent cisplatin has come up with the simple
two NH, groups attached to platinum, but this complex is
reported to be highly toxic. For this complex, the Pt coordination
at N7 of guanine is the only binding after dissociation of Cl
atom. On the other hand, Ru metal complexes are less toxic
than cisplatin as reported in many literatures [5-10]. So, the
geometry and electronic properties can be important to under-
stand the more detail of the complexes for application to
various areas. Due to presence of certain useful ligands in metal
complexes anticancer or antitumor activity may be enhanced.
Since the discovery of cisplatin, ruthenium complexes have
been synthesized as potential candidate in the treatment of
cancer and studied quite extensively due to their low toxicity
and impressive biological activity [11-14]. Among the ruthenium
complexes, NAMI-A and KP1019/KP1339 have entered clinical
trials successfully [6-10,15,16]. It is due to the fact that ruthe-
nium complexes offer a potential role as antitumor agents over
platinum(II) complexes, with the properties of a novel mecha-
nism of action, the prospect of non-cross-resistance, reduced
toxicity and a different spectrum of activity [17,18].

Ruthenium(III) complexes containing biological active
ligands have been known for their intriguing role in the area
of anticancer drug design [1-5]. Considerable attention has
been paid during the last decades to study the fused aromatic
ligand complexes of ruthenium as DNA binding agent. The
binding of ruthenium complexes originates from the Ru coordi-
nation as well as aromatic ligands interaction that the flat shape
aromatic ligand are excellent molecule to recognize the comple-
mentary shapes of aromatic bases of DNA. In order to enhance
the interaction of Ru complexes, it should be drawn consider-
able attention on the situation where the three interactions are
predominant. They are (i) Ru coordination, (ii) the contribution
of aromatic ring intercalation with DNA bases, and (iii) the
configuration of ligands at the binding site. The aromatic ligands
with extended 7t electrons to the aromatic ring such as imidazole
derivatives have been used in several complexes. DNA binding
of several ruthenium complexes have been reported where the
flexibility of ligands at the binding site is also highlighted.
Indeed Ru and Pt have similar metallic properties, the well-
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Ruthenium complexes of vinyl imidazole (VIMD) and other
pyridine complexes are found to be attractive agents and can interact
with DNA efficiently. Ruthenium complexes can exist in diffe-
rent oxidation states (II and III) [5]. Several of ruthenium(II)
and ruthenium(IIT) compounds with aromatic ligands are found
as promising anticancer agents. The DNA binding ability of
these complexes depends on the existence of stable oxidation
state of the complex. It has been found that certain ruthenium
complexes can act as pro-drug in Ru(IIl) oxidation states and
on reduction to Ru(Il) oxidation state in solid tumor masses
where low oxygen content act as reducing environment [6,7].
There are several ruthenium(II/IIT) complexes containing 2,2’-
bipyridine (bpy), 1,10-phenanthroline(phen) and o-phenyline-
diamine (o-phen) ligands. Most of these complexes can interact
strongly with DNA and proteins [5,6]. The ligands, phen and
bpy are semi-intercalators (wedging an opening between adja-
cent base pairs) or quasi-intercalation (indenture of one base
pair) [7-9]. The bipyridine ligand has a tendency to align itself
parallel with the base pairs with somewhat stacking interaction
with DNA compared to phen ligand [10,15]. So ruthenium(II)
complexes with bipyridine and o-phenyldiamine ligands may
be good DNA binding agent that may be relevant to anticancer
activity [5]. It has been reported that DNA binding affinity of
ruthenium(II) bipyridyl complex can be enhanced by incorpo-
rating a carboxylic functionality. Furthermore, these compounds
are also used for many purposes, like design and development
of new drugs due to their potential for binding to DNA through
multiple interactions.

Vinyl imidazole is one of the important ligands, which is
also known to exhibit antibacterial, antifungal and other impor-
tant biological activities. Some materials such as poly(N-imid-
azole) grafted chitosan, imidazole-imidazolium containing
polymers, poly(3-hydroxyoctanoate) grafted vinyl imidazole
etc. have been known for their antibacterial activities [19,20].
One of the advantage of using imidazole and it’s derivatives is
that it can also achieve the stable configuration by undergoing
various aromatic transformations in spite of their chemical
and thermal stability of the ring. For this advantage of the
aromatic ligands, such as vinyl imidazole and the heterocylic
ligands are strongly desired for improved and cost effective
biological applications [21].

As we know that the heterocyclic compounds are often
used in drug discovery because of their affinity towards biolo-
gical system. Pyridine is six-membered heterocyclic compounds
and its structural similarity in many naturally occurring bioactive
comounds is remarkable. Pyridine derivatives display various
biological properties antiviral, antitumour, analgesic, local
anaesthetic, antimicrobial, fungicidal, herbicidal, insecticidal,
antihistaminic, anti-inflammatory, anticancer, efc. [22-31]. So,
we have synthesized Ru complexes with biologically active
ligands, N-vinyl imidazole (VIMD) and 4-ethyl-aminomethyl
pyridine (EMP). The complexes can be active anticancer
compound, but sometimes low solubility in water is another
disadvantage. In fact, the solubility may be enhanced by using
DMSO molecules as ligand in ruthenium complexes. Hence,
dimethyl sulfoxide (DMSO) complexes of both Ru(Il) and
Ru(III) are as good as cisplatin in terms of anticancer activity

[24-31]. Here, the present studies have been focused on the
synthesis, characterization and DNA binding of Ru(III)
complexes containing aromatic ligands and DMSO molecule.

EXPERIMENTAL

The solvents, dimethyl sulfoxide (DMSO) and ethanol
were used as received. The compounds, 4-ethyl amino methyl
pyridine and vinyl imidazole were also used in the synthesis
without purification. Analytical grade RuCls-3H,0, calf thymus
DNA (CT-DNA) and Tris-buffer have been purchased from
Sigma-Aldrich Chemical company. The CT-DNA was dissolved
in 5 mM tris buffered saline (pH 7.4, TBS) and dialyzed over-
night against the same buffer so that A,e/Axs of the dialyzed
solution can remain > 1.8.

Characterization: The IR spectra of the complex were
recorded as KBr pellets on a Shimadzu IR Affinity-1 Perkin-
Elmer FT-IR spectrophotometer. The UV-visible spectra were
measured in DMSO solvent in a Shimadzu UV-2401 PC spectro-
photometer.

Synthesis of ruthenium vinyl imidazole DMSO
complex (Ru-VIMD): RuCl;-3H,0 (0.1 g) was refluxed with
3 mL ethanol and 3 mL of IN HCl for 1 h. The solution was
cooled at room temperature before adding the ligand. Vinyl
imidazole dissolved in 1 mL ethanol (1:1) and 1 mL of 5SM HCI
and added to the above solution. The mixture was stirred for
0.5 h and again 0.5 mL. DMSO was added. The solution was
further stirred for 0.5 h and refluxed at 50 °C for 1 h. After
cooling the solution at room temperature, obtained red crystals
were recrystallized from acetonitrile and methanol solution.
IR (Vinax, cm™): 2956 (C-H methyl), 1556 (C=N arom.), 1424
(C=0), 1224 (C-N), 1103 (S=0 for S bonded DMSO), 576
(Ru-Cl), 516 (Ru-N) and 833 (C-S, DMSO), 756 (C-H bending
ring), 482 (Ru-0), 460 (Ru-S).

Synthesis of ruthenium 4-ethyl amino methyl pyridine
DMSO complex (Ru-EMP): RuCl;-3H,0 (0.1 g) was refluxed
with 10 mL ethanol and 1 mL of 5N HCl for 1 h. After refluxing
the solution was cooled at room temperature. Ligand 4-ethyl
aminomethyl pyridine ligand dissolved in 1 mL ethanol (1:1)
and 2 mL of 5SM HCl by slow heating. The solution was further
refluxed for 1 h and then 0.5 mL DMSO was added after cooling
the solution. The solution was further refluxed at 50 °C for 1 h.
After cooling at room temperature, obtained orange crystals
was recrystallized from acetonitrile and methanol. IR (Vinax,
cm™): 3417 (-NH proton), 2985 (C-H methyl), 1562 (C=N
arom.), 1463 (C = C), 1298 (C-N), 1078 (S=0O for S boned
DMSO), 820 (C-S, DMSO), 634 (Ru-Cl), 507 (Ru-N) and
472 (Ru-0).

Crystallography of complex: Fine crystals were selected
and mounted on glass capillary and data were collected at room
temperature. Single crystal X-Ray diffraction data were
recorded at 100 K with Bruker smart AREX2 diffractometer
with graphite-monochromatized Mo-Ko: radiation by ¢- scans.
The molecular graphic structure was analyzed by ORTEP plot
program. Crystal dimensions were determined from the setting
angles. The structures were solved by the Patterson method.
SHELXTL routine analysis was used for empirical absorption
correction.
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Antimicrobial activity: The in vitro antibacterial activities
of the ligands and metal complexes were investigated using
Gram-positive bacteria, Gram-negative bacteria and yeast by
applying the disc diffusion method. Antimicrobial activity of
Ru(VIMD) and Ru(EMP) complexes were tested against four
bacterial strains such as Staphylococcus aureus, Klebsiella
pneumonia, Acinetobactes banmani, Pseudomonas aeroginesa
and one fungal/yeast strain Candida albicans by agar well
diffusion method. A lawn of microorganisms was prepared by
pipetting and evenly spreading inoculums onto agar set in petri
dishes, using nutrient agar for the bacteria. The plates were
incubated for 24 h at 37 °C. The stock solutions were prepared
in dimethyl sulfoxide. The presence of clear inhibition zones
around the discs indicates the antimicrobial activity of complex.
Same concentrations of both the complexes were used in this
study.

RESULTS AND DISCUSSION

IR studies: The coordination of Ru with aromatic ligand
in Ru-VIMD complex at 516 cm™ (Ru-N) was shown and the
corresponding values for Ru (EMP) was observed at 507 cm’
(Ru-N). The shift in Ru-ligand bonding is also indicative of
the strength of Ru-ligand coordination bond. EMP ligand is
better electron density donor than VIMD, which thereby resulted
strengthening the coordination bond.

'"H NMR spectra: The 'H NMR spectra have been
recorded on a Bruker DPX 300MHz NMR spectrometer using
TMS as the internal standard. "H NMR signals for Ru-VIMD
complex were observed at 7.83 ppm and 5.89 ppm H (imid-
azole) at 5.38 ppm (for =CH, vinyl) and 1.76 ppm for H (DMSO).
'H NMR signals for Ru-EMP complex were observed at 6.63
ppm and 6.61 ppm for H (benzene ring) at 2.07 ppm (for
—COCH;) and 1.54 ppm (for H DMSO).

UV-visible spectra: The UV-visible absorption spectra
of ruthenium complexes in DMSO solution showed two charact-
eristic peaks near visible region. The A, value of Ru-VIMD
and Ru-EMP complexes were recorded where intra ligand wt-1*
transition for these complexes were observed at 296 nm
(Ru-VIMD) and 301 nm (Ru-EMP). LMCT transition for Ru-
VIMD and Ru-EMP complexes were observed at 378 nm and
410 nm, respectively.

The electronic spectra observed two absorption bands,
which are attributed to ©-t* and n-7* transitions. The electronic
spectra of the complexes at bands are due to the coordination
of Ru with ligand. The higher energy absorption bands are
assigned to intraligand T—7* transitions and lower energy
absorption band were assigned to metal dt — ligand pr*
MLCT transition. Both the complexes show a typical MLCT
band in the range 400 nm to 500 nm. Inter-ligand transition
band was observed in the range 250 nm to 300 nm.

UV-visible absorption titration: The measurement of
UV absorption of compounds was conducted in the Tris HCI
buffer (pH 7.4). The CT-DNA stock solution was added to a
fixed concentration of complex and spectra were recorded for
further increments of CT-DNA concentrations. The solutions
were allowed to incubate for 30 min before the absorption spectra
were recorded. After adding CT-DNA at different concentra-

tions shifting of spectra in the visible region at Am. was
observed. With the increase of the CT-DNA concentrations, the
absorbance of the complex spectra decreases. These spectral
characteristics suggest the possible interaction between the
complex and CT-DNA.

Interaction of the complexes with CT-DNA was monitored
by UV-visible absorption spectra. The experiment was perfor-
med by maintaining a constant concentration of the complex
while varying the concentration of CT-DNA, from 0 to 2.37 x
10 M. The binding strength was estimated from the intrinsic
binding constant, from the ratio of slope and intercept of the
graph from the following equation:

[DNA] _ [DNA] N 1
(e,—¢&) (g,—¢) K(g —¢)

where €,, €& and €, are the extinction coefficient of, observed
solution, free complex and the ruthenium complex, when it
fully bound to CT-DNA, respectively. The binding constants
for Ru-VIMD and Ru-EMP complexes are found to be 0.3181
x 10° and 0.936 x 10° M respectively. Fig. la-b represents
the spectra of these complexes and with increasing concen-
trations of CT-DNA. On increasing the concentrations of CT-
DNA, absorbance of both these complexes found to be decreases.
Ru-VIMD complex was found to exhibit hypochromism at 378
nm (19.12%) and for Ru-EMP complex at 410 nm (32.10%).

Fluorescence emission studies: Emission and excitation
spectra in buffer solution were recorded on a Hitachi EPA-2A
fluorescence spectrophotometer, which contains a 150-W xenon
lamp for excitation, a grating monochromator (600 grooves/
mm, blazed at 300 nm) for exciting light and a grating mono-
chromator (600 grooves/mm, blazed at 500 nm) for lumine-
scence spectroscopy. The luminescence from the sample solution
in a rectangular cell of 1 cm path length was detected by a
Hamamatsu TV photomultiplier R-136 placed at right angles
to the exciting beam. For most ruthenium complexes, presence
of one or two chloride ion has been indicated for binding with
DNA or proteins after dissociation of CI atoms. Fluorescence
emission study was performed by keeping the concentration
of metal complex constant and followed by adding different
concentrations of CT-DNA. On addition of several concentrations
of CT-DNA, the emission intensities of this complex increases
and implies the possible interaction of complex with CT-DNA.
Emission intensity of complexes Ru-VIMD and Ru-EMP at
exciting wavelength 280 nm are obtained and these are found
to depend on DNA concentrations. Fig. 2a-b shows the emission
spectra of Ru-VIMD and Ru-EMP complexes with different
concentrations of CT-DNA. The binding of Ru complexes with
CT-DNA were observed by monitoring the change in inten-
sities of fluorescence spectra of these complexes but the emission
wavelength was not changed. Concentrations of these metal
complexes are kept constant throughout the experiment and
fluorescence spectra were recorded after adding various
concentrations of CT-DNA. It has been observed that emission
intensity of complex Ru-VIMD shows 33.61% increase in
presence of 2.37 x 10°M CT-DNA and for Ru-EMP in presence
0f2.37 x 10° M CT-DNA, 83.21% increase in emission inten-
sity is observed at 350 nm wavelength. As, it can be observed
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Fig. 1. UV-visible spectra of (a) Ru-VIMD and (b) Ru-EMP complex in Tris-buffer (pH = 7.4) with increasing concentrations of CT-DNA
(from 0 to 2.37 x 10° M DNA)
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Fig. 2. Fluorescence spectra of (a) Ru-VIMD (b) Ru-EMP complex (exciting wavelength = 280 nm) with different concentrations of CT-
DNA (from 0 to 2.37 x 10° M DNA)

Wavelength (nm)



Vol. 33, No. 4 (2021)

Synthesis of Ruthenium Complexes of Vinyl Imidazole and 4-Ethylaminomethyl Pyridine Ligands 863

that after adding CT-DNA, the emission intensities of this
complex substantially increased and it implies the binding of
this complex with DNA. In general, the hydrophobic environ-
ment inside the CT-DNA restricts the mobility of the complex
from entry within DNA for binding, hence the observation
clearly indicates the coordination of Ru complexes with certain
site of DNA.

Cyclic voltammetry studies: In this work, synthesized
Ru complexes were used for further electrochemical studies.
The aim of this electrochemical study in presence of CT-DNA
is to examine the change of redox potential due to DNA binding
for further applications as anticancer agent or DNA cleaving
agent. The voltammogram shows distinct oxidation and redu-
ction peaks of a reversible electron transfer reactions. Cyclic
voltammetric study of Ru-VIMD was carried out in DMSO
solution containing TBAP as supporting electrolyte using Ag/
Ag" as reference electrode and a platinum electrode was used
as working electrode. The inert environment was maintained
by passing N, gas through the solution to remove oxygen. It
was observed a positive shift of potential for Ru-EMP complex
cathodic peak (E.) occurs at 0.593 V and anodic peak (E,) of
Ru-EMP complex was found to be 0.678 V. After adding 20
puL of 0.5 mM CT-DNA E. occurred at 0.602V and E, of Ru-

EMP complex was found to be at 0.683 V. Again for Ru-VIMD
complex, cathodic potential shifts from 0.231 to 0.241 V and
anodic potential 0.342 to 0.356 V after adding 20 uL of 0.5
mM CT-DNA (Figs. 3 and 4). After adding 20 uL of 0.5 mM
CT-DNA, the current diminishes 12.28% for Ru-VIMD and
32.25% for Ru-EMP complex, respectively. The results indi-
cate the possibility of binding of this complex with CT-DNA.
Cyclic voltammograms of Ru-VIMD and Ru-EMP complexes
at different scan rate (100-400 mV) are shown in Figs. 3 and 4,
respectively. Plot of current vs. square root of scan rate are also
shown in Figs. 3b and 4b. The electrochemical characteristics
of the complex such anodic oxidation cathodic reduction of
the redox potential clearly indicated the shifting towards the
anodic after mixing with CT-DNA. It might be due to difference
in electronic effect after binding with CT-DNA. However, the
nature of binding can’t be established from this experiment. It
is therefore assumed that the complex might act as anticancer
agent. Another point of view to be addressed about DNA binding
is probably obtained from the understanding of redox reactions.
Indeed the behaviours of oxidation and reduction potentials
of these complexes vary to some extent and the corresponding
plot with CT-DNA. Also the potential shifts resulting from the
binding of complexes with CT-DNA could be due to change
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of Ru(Il) to Ru(Ill) or vice-versa. These results apparently
indicate that Ru(Il) or Ru(III) coordination with DNA is apparent
since the potential shifts are found to be towards higher poten-
tials, which may be interpreted due to CT- DNA binding with
these complexes.

The presence of substituents can induces potential values,
which is observed for these two different substituents i.e. VIMD
and EMP, which contributes to the extent of potential shift as
well as CT-DNA binding ability. The roles of electronic effect
and the coordination ability of ligand with Ru can be high-
lighted in this aspect. Also more stable complex can produce
less shift whereas more shift is expected for less stable complex.
This trend is the same in regards of CT-DNA binding ability
of these complexes. The chemical reaction involving this reac-
tion is the electrochemical reduction capability of Ru(III) after
binding with CT-DNA. However, ligand effect was ignored
towards CT-DNA on the electrochemical shift due to Ru coordi-
nation. So, Ru(IIl) complex of VIMD shows better reduction
reaction towards DNA. The nature of the voltamograms of the
two complexes are almost similar. The shift in redox potential
may be due to the involvement in Ru center in CT-DNA binding.
In the sense, the reactivity or coordination ability of Ru towards
donor sites of DNA might be related to difference in electro-
chemical shift.

Antimicrobial activity: The synthesized Ru complexes
were screened in vitro for their antibacterial activities. The
Ru-EMP complex shows low to moderate zone of inhibition
against the studied bacterial strains. Ru-VIMD complex had
again displayed moderate zone of inhibition against all the
tested bacterial strain. From Fig. 5, it is evident that Ru-EMP
complex show better antimicrobial property than Ru-VIMD
complex. An increase in the bacterial activity is due to the effect
of metal ion on the normal state of the cell progress other
structural components may also be involved by inhibiting
enzyme activity due to deactivation of metal coordination. The
m-electrons may also involved by delocalization and thereby
increases lipophilicity of the complexes. It forms the complex
permeation through lipid bilayer of the cell membrane of bacteria.

Crystallographic studies: The crystallographic data
collected for both Ru-VIMD and Ru-EMP complex are given
in Table-1. The ortep diagrams of Ru-VIMD and Ru-EMP comp-
lexes are shown in Figs. 6 and 7. In the asymmetric structure

144

I S. aureus
3 K. pneumoniaj
12 ] I A. banmani
] I P. aeroginesa
107 Il C. albicans

Zone of inhibition (mm)
P28

N
I

0_-

Ru-EMP

Ru-VIMD
Ruthenium complex

Fig. 5. Bar representation of zone of inhibition of Ru-VIMD and Ru-EMP
complexes

TABLE-1

SUMMARY OF THE CRYSTALLOGRAPHIC
DATA COLLECTIONS FOR COMPLEXES

Parameters Ru-EMP complex Ru-VIMD complex
Crystal system Triclinic Orthorhombic
Wavelength 0.71073 A 0.71073 A
Space group P1 P bam
Empirical formula CoH;N¢0,,SsCl,Ru;  C,;HN,OSCI,Ru
Formula weight 3549.53 479.08
Z 1 4
Unit cell a=7.7110(5); a=13.5309(16);
dimensions b=14.7774(11); b =20.971(3);

¢ =32.027(2) ¢ =7.0987(8)
o= 88.153(4)°; a=90°%
B =83.225(4)°; B =90
v="74.888(4)° v=90°
T (K) 296 296
Volume 3498.6(4) A° 2014.3(4) A2
Density 1.685 g cm™ 1.580 g cm™
Absorption 1.619 mm’' 1.414 mm'
coefficient
Toax> Tomin 29.431, 2.357 30.230, 1.325
R(reflections) 0.0778(20045) 0.1115(1627)
wR2 0.1982 0.3438
F(000) 1707.0 920.0
Index ranges -10<=h<=10 -19<=h<=19
-20<=k<=20 -29<=k<=29
44 <=1<=44 -10<=1<=10
Reflections 49447 10348
collected
No of parameters 1381 122
Goodness-of-fit on 1.153 1.096

N

//\_ Cl >F:\ Cl
loSNs

cr \ )

c2

Fig. 6. Asymmetric unit of the crystal structure of Ru-VIMD complex

unit, Ru metal is coordinated to N-atom of vinylimidazole and
4-ethylaminomethyl pyridine ligand in both Ru-VIMD and
Ru-EMP complex, dimethyl sulfoxide ligand coordinated
through S-atom with Ru metal in both the structures. The Ru-
VIMD complex crystallizes as orthorhombic system having
a=13.5309, b=20.971, ¢ =7.0987 and o. = 90°, B = 90°, Y=
90°. The crystal system of Ru-EMP complex is triclinic having
a=7.7110,b = 147774, ¢ = 32.027(2) and o. = 88.153, B =
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C13

ci

Fig. 7. Asymmetric unit of the crystal structure of Ru-EMP complex (eight asymmetric unit of Ru-EMP are found in the crystallographic

structure)

83.225,y="74.888. The selected bond lengths and bond angles
of Ru-VIMD and Ru-EMP complexes are given in Tables 2 and
3. The coordinated bond length, i.e. Ru-N bond length for Ru-
VIMD complex is 2.180 A and for Ru-EMP complex is 2.129 A.

TABLE-2 X
SELECTED BOND DISTANCES (A) AND
BOND ANGLES (°) Ru-VIMD COMPLEX

Bond length (&) Bond angle (°)
Ru(1)-Cl(2) 2.334 N(8)-Ru(1)-CI(3) 88.71
Ru(1)-CI(3) 2.371 N(8)-Ru(1)-Cl1(2) 89.68
Ru(1)-Cl(11) 2.280 S(4)-Ru(1)-Cl(2) 90.83
Ru(1)-Cl(12) 2.280 S(4)-Ru(1)-Cl(3) 90.79
Ru(1)-N(8) 2.180 Ru(1)-S(4)-C(14) 119.00
Ru(1)-S(4) 2.292 Ru(1)-S(4)-O(13) 113.78
C(9)-C(10) 1.344 0O(13)-S(4)-C(14) 103.38
C(10)-N(8) 1.341 N(8)-C(5)-N(6) 110.88
C(11)-C(12) 1.343 N(6)-C(9)-C(10) 106.86
C(5)-N(6) 1.362 C(9)-C(10)-N(6) 109.45
C(5)-N(8) 1.312 C(5)-N(6)-C(11) 126.58

TABLE-3 .
SELECTED BOND DISTANCES (A) AND
BOND ANGLES (°) Ru-EMP COMPLEX

Bond length A Bond angle (°)
Ru(1)-CI(3) 2347 N(1)-Ru(1)-CI(3) 88.01
Ru(1)-Cl(2) 2.336 N(1)-Ru(1)-Cl(2) 88.38
Ru(1)-Cl(13) 2.364 S(4)-Ru(1)-Cl1(2) 92.75
Ru(1)-Cl(14) 2.345 S(4)-Ru(1)-CI(3) 90.89
Ru(1)-N(5) 2.129 Ru(1)-S(4)-C(14) 93.81
Ru(1)-S(4) 2292 Ru(1)-S(4)-0(13) 114.08
C(7)-C(6) 1.418 0(13)-S(4)-C(14) 105.07
C(7)-N(1) 1.390 N(1)-C(7)-C(6) 110.88
C(8)-C(5) 1.450 N(12)-C(9)-C(10) 111.33
C(8)-N(12) 1.526 C(9)-C(10)-N(12) 125.39
C(9)-N(12) 1.490 C(5)-N(12)-C(11) 119.63

Conclusion

Ruthenium complexes were synthesized with two biol-
ogically active ligands vinyl imidazole (VIMD) and 4-ethyl-
aminomethyl pyridine (EMP). The synthesized complexes were
found in crystalline form and found to be six coordinated. The
DNA binding of these synthesized complexes were studied

by UV visible, fluorescence emission and electrochemical
method. More hypochromism effect of Ru-EMP complex after
adding CT-DNA has been observed. From cyclic voltammo-
gram, it has been found after adding CT-DNA more current
diminishes in Ru-EMP complex than Ru-VIMD complex.
Emission inten-sity of Ru-EMP complex found to be higher
than Ru-VIMD complex. The binding constant for Ru-VIMD
and Ru-EMP complex were found to be 0.3181 x 10° and 0.936
x 10° M, respectively. The extent of spectral shift usually
depends on the affinity of these complexes for interaction with
CT-DNA. Synthesized complexes displayed moderate zone
of inhibition against all the tested Gram-positive and Gram-
negative bacterial strain.The positive shifts found for all the
complexes indicate reliable binding of these complexes with
CT-DNA. It was expected that the redox shifts obtained from
electrochemical studies could also be contributed from the
stacking interactions of substituted vinyl imidazole ligand
within the base pairs of CT-DNA.

Supplementary file: The CCDC files No. 204955 and
2049756 contains the supplementary crystallographic data of
the ruthenium(III) complexes of vinylimidazole (VIMD) and
4-ethylaminomethyl pyridine (EMP), respectively. These data
can be obtained free of charge from the Cambridge Crystallo-
graphic Data Center via www.ccdc.cam.ac.uk.
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