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EPR spectra of two copper(II) binuclear complexes, [Cu(II)(1-phenylamidino-O-
methylurea)2(H2O)]2(Cl2)2 (1) and [Cu(II)(1-phenylamidino-O-i-butylurea)tmen]2(Cl2)2 � 2H2O
(2), at room temperature showed fine structure transitions (DMs¼�1) and a very weak half-
field signal corresponding to forbidden transitions (DMs¼�2). The spectrum of 1 showed
disappearance of normal and half-field transitions when cooled to 77K, suggesting
antiferromagnetical coupling dicopper complex which is also supported by the low magnetic
moments (meff¼ 1.64B.M.). The isotropic exchange interaction constant J (41 cm�1) for 2

indicated that interaction between the two spins of the binuclear complex is ferromagnetic,
confirmed from the high magnetic moment value (meff¼ 2.25 B.M.). The binding of these
complexes with calf thymus DNA suggested that these complexes interact with DNA by
electrostatic or groove binding, not by intercalation. The two complexes have good
antibacterial activity against tested bacteria responsible for urinary tract infection.

Keywords: Binuclear; EPR; DNA; Antimicrobial activity

1. Introduction

The interaction of transition metal complexes, particularly biocompatible copper(II)
complexes, with DNA under physiological conditions has been a subject of extensive
study [1–5]. In addition to biological relevance of transition metal complexes containing
more than one metal, binuclear copper(II) complexes have been used extensively to
derive magneto structural correlations to understand spin–spin coupling in different
structures [6]. Magnetic parameters measured by EPR are related to the structure of
paramagnetic species, the number of ligands, the bonding parameters, and arrangement
of ligands around the metal [7]. In most cases, where site symmetry at the paramagnetic
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ions is identical and exchange interaction is mediated through a shared ligand,
formation of antiferromagnetically coupled dimers result in localized S¼ 0 singlet state.
Ferromagnetic interaction can arise from the interaction of unpaired spins at different
site symmetries in bimetallic systems and offers a greater variety of magnetic order at
low temperatures [8]. Therefore, systems containing two strongly coupled unpaired
electrons (with effective spin S¼ 1) attract considerable attention because of their
interest to inorganic and bioinorganic chemists [9].

Many papers have been published on supramolecular architectures based on
[CuL2]

2þ cations in which copper(II) is coordinated by tetradentate bis(amidino-
O-alkylurea) ligands which have hydrogen bonding potential (eight N–H donor centers
and two oxygen acceptor centers). Transition metal complexes containing ligands with
hydrogen bonding capabilities have been used to bind DNA bases and other anions and
to construct networks of coordinated complexes connected through intermolecular
interactions [10]. DNA provides a range of binding sites and binding modes for covalent
and non-covalent interactions, including intercalation, groove bindings, electrostatic
force and hydrogen bonds with metal complexes. Interest in metal complex binding to
DNA has been motivated by the desire to understand the basics of these interactions
and also to develop metal complexes into anti-inflammatory, antifungal, antibacterial,
or anticancer reagents [11]. We have investigated antibacterial and antifungal properties
of bis(1-n-butylamidino-O-alkylurea)copper(II) complexes [7]. Recently, Chaveerach
et al. [12] investigated DNA binding and cleavage of copper(II) complexes with
1-amidino-O-methylurea and N-methylphenyl-amidino-O-methylurea and their
antibacterial activities. DNA binding interactions on bis(1-amidino-
O-alkoxyethylurea)nickel(II)nitrate complexes have also been reported [13].

In continuation of our effort to synthesize binuclear copper(II) complexes containing
ligands with versatile hydrogen bonding capabilities [7, 14–17], we report here
spectroscopic investigations on two binuclear complexes, antiferromagnetically coupled
[Cu(II)(1-phenylamidino-O-methylurea)2(H2O)]2(Cl2)2 and ferromagnetically coupled
[Cu(II)(1-phenylamidino-O-i-butylurea)tmen]2(Cl2)2 � 2H2O, for insight into the chem-
ical and structural factors that govern the formation of binuclear complexes. The
interaction with calf thymus (CT) DNA was investigated by electronic absorption
titration, quenching the fluorescence of the DNA-ethidium bromide (EB) system, and
DNA thermal denaturation studies. The antibacterial activity of the two complexes is
also reported.

2. Experimental

2.1. Methods and materials

All chemicals were of reagent grade. Phenyldicyanodiamide (PD) was prepared by
following published procedure [18]. The purity was checked by IR spectra.

2.2. Preparation of complexes

2.2.1. [Cu(II)(1-phenylamidino-O-methylurea)2(H2O)]2(Cl2)2 (1). This complex was
prepared according to published procedure [19] by refluxing PD (2mol) and cupric
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chloride dihydrate (1mol) in methanol on a water bath for 5 h. Color – light violet,
Yield – 75%, m.p.: 148�C, �max (DMF) – 18382 cm�1 ("¼ 108 (mol L�1)�1cm�1), meff –
1.64 B.M., Anal. Calcd for C36H52Cl4Cu2N16O6: C, 40.26; H, 4.84; N, 20.87; and Cu,
11.83. Found: C, 40.42; H, 4.75; N, 21.10; and Cu, 11.80.

2.2.2. [Cu(II)(1-phenylamidino-O-i-butylurea)tmen]2(Cl2)2 E 2H2O (2). This mixed
ligand complex was prepared by the following two steps:

1. Preparation of dichloro-mono-(1-phenylamidino-O-i-butylurea)copper(II): The
complex was prepared using our published procedure [15] by refluxing cupric
chloride (1mol) and PD (1mol) in iso-butanol on a steam bath for 2 h. The intense
blue complex was filtered off immediately, washed several times with acetone, and
dried in air. Color – intense blue, Yield – 80%, m.p.: 195�C, Anal. Calcd for
C12H18Cl2CuN4O: C, 39.07; H, 4.88; N, 15.19; and Cu, 17.23. Found: C, 38.92;
H, 4.81; N, 15.20; and Cu, 17.31.

2. Preparation of [Cu(II)(1-phenylamidino-O-i-butylurea)tmen]2(Cl2)2 � 2H2O (2),
where tmen¼N,N,N0,N0-tetramethylethylenediamine: The blue dichloromono-
(1-phenylamidino-O-i-butylurea)copper(II) (0.1mol) was dissolved in hot ethanol
and 0.1mol of tmen was added with constant stirring in a beaker on a steam bath for
30min. After keeping overnight in a refrigerator, the complex was obtained, washed
repeatedly with ethanol, and dried in air. Color – violet, Yield – 65%, m.p.: 128�C,
�max(DMF) – 19880 cm�1 ("¼ 100 (mol L�1)�1cm�1), meff – 2.25 B.M., Anal. Calcd
for C36H72Cl4Cu2N12O4: C, 42.98; H, 7.16; N, 16.71; and Cu, 12.63. Found:
C, 42.99; H, 7.04; N, 16.75; and Cu, 12.58.

2.3. Physical measurements

Microanalyses were performed on a C, H, N analyzer Perkin Elmer 2400 model; IR
spectra were recorded as KBr disks on a Shimadzu FTIR-8400S. The amount of copper
was determined by fusing the complex with KHSO4, then extracting with a mixture of
HNO3 and H2SO4 and finally by performing an iodometric titration. Electronic spectra
were recorded on a Perkin Elmer UV-Vis Lamda 35 spectrophotometer. EPR
experiments were conducted using a BRUKER ESP-300 spectrometer operated at
X-band frequency (9–10GHz) with 100 kHz field modulation. DPPH was used as field
marker. Temperature was varied in the range 77–400K using variable temperature
accessory Eurotherm BVT 2000 with liquid nitrogen as coolant in a flow system. The
EPR parameters for copper complexes have been precisely determined from the
calculated spectra, which were obtained with Bruker SIMFONIA program based on
perturbation theory (Weber, R.T., WIN-EPR SIMFONIA manual, 1995).
Magnetic moments at room temperature (meff) were measured using Sherwood
scientific susceptibility balance (MSB). Molar conductance in MeOH was measured
at room temperature on an Eutech instrument con 510 conductivity. Thermal studies
of the compounds were carried out in air with a Shimadzu thermal analyzer
DT-30. The fluorescence spectra were recorded by a Perkin Elmer LS55
spectrophotometer.

1588 S.P. Devi et al.
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2.4. DNA interaction studies

CT-DNA and Tris–HCl molecular biological grade were purchased from Merck
(India), EB was obtained from Sigma and all other chemicals were of spectroscopic
grade. DNA concentration was determined by absorption spectroscopy using the molar
absorption coefficient (6600 (mol L�1)�1cm�1) at 260 nm [20]. Solution of CT-DNA in
5mmolL�1 Tris–HCl/50mmol L�1 NaCl (pH¼ 7.4) buffer gave ratio of UV absor-
bance at 260 and 280 nm, A260/A280 �1.9 indicating that the DNA was sufficiently free
of protein [21]. The stock solution of DNA prepared in the buffer kept at 4�C was used
within 4 days. Tris–HCl buffer solution was prepared using deionized, sonicated triply
distilled water.

DNA absorption experiments were carried out by varying the DNA concentration
and maintaining the complex concentration constant. Absorbance values were recorded
after each successive addition of DNA solution. The intrinsic binding constant (Kb) was
determined according to the following equation [22]

½DNA�=ð“A � “FÞ ¼ ½DNA�=ð“B � “FÞ þ 1=Kbð“B � “FÞ

where “A, “F, and “B correspond to apparent, free, and bound metal complexes
extinction coefficients, respectively. In the plot [DNA]/(“A�“F) versus [DNA], Kb is
given by the ratio of the slope to intercept.

The fluorescence spectral method using EB as reference was used to determine the
relative binding properties of the complexes to CT-DNA. Fluorescence intensities of EB
at 597 nm with an excitation wavelength of 274 nm were measured at different complex
concentrations. The apparent binding constant (Kapp) was calculated using the
following equation [23]:

KEB ½EB� ¼ Kapp½complex�

where the complex concentration was the value at a 50% reduction of the fluorescence
intensity of EB and KEB¼ 1.0� 107 (mol L�1)�1, [EB]¼ 1.3 mmolL�1.

DNA melting experiments were carried out by monitoring the absorption intensity
of CT-DNA (260 nm) at various temperatures both in the absence and presence of the
complexes. Measurements were carried out using a Perkin Elmer Lambda 35
spectrophotometer equipped with a Peltier temperature controlling programmer
(PTP6). The experiments were repeated at least three times to get the average value
of the melting temperature.

2.5. Antimicrobial activity

The antimicrobial activity was performed by filter paper disc diffusion technique [24].
The blood agar was used to culture the bacteria. The molten blood agar medium (45�C)
was poured into sterile glass petri plates and allowed to solidify. Overnight broth
cultures of bacteria (106 cfumL�1) were swabbed on the solidified media. The sterile
filter paper discs were loaded with different concentrations of synthesized complexes
and standard antibiotic, namely gentamycin sulfate, on separate discs by dipping the
discs in respective solutions for 5 s. Discs with DMSO served as a control. Then, these
discs were gently lifted and kept on the inoculated plates. The plates were then
maintained at room temperature for 2 h to allow diffusion of the solutions into the

Dicopper complexes 1589

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

33
 1

3 
O

ct
ob

er
 2

01
3 



medium and incubated at 37� 2�C. Inhibition was recorded by measuring the diameter
of the inhibition zone at 24 h. The experiment was repeated three times with three
replicates of each treatment. The antimicrobial activities of the synthesized complexes
were compared with the standard antibiotic, namely gentamycin sulfate.

3. Results and discussion

3.1. Electronic spectra

The unusual violet coloration of 1 and 2 arises from the strong ligand field in [CuN4]
2�.

The electronic spectra of solid complexes showed a broad band at ca 20,000 cm�1 due to
high-energy d–d electronic transitions. This absorption is similar to that observed in
square planar copper(II)-O-alkyl-1-amidinourea complexes [25]. Absorption spectra of
1 and 2 recorded in DMF showed typical broad absorption bands at ca 18,382 cm�1 for
1 and 19,880 cm�1 for 2 which may be due to axial ligation of solvent. An intense
absorption at ca 25,900 cm�1 in the solution spectra is due to charge transfer [25].

3.2. IR spectra

IR spectrum of PD (figure S1) shows �C	N at 2167 cm�1 and �C¼N at 1656 cm�1 [14, 15,
26]. In IR spectra of the complexes (figures S2 and S3), there is no band at 2167 cm�1,
suggesting the absence of a nitrile group in these complexes. Instead the complexes have
a very strong �a(C–O–C) stretch at ca 1190 cm�1 and �s(C–O–C) at ca 962 cm�1 [27]. The
lowering of �C¼N to 1571–1573 cm�1 and appearance of �C–N at 1392 cm�1 indicates
coordination through C¼N of phenylamidine. The fragment N¼C�O�C of 1-
phenylamidino-O-alkylurea is delocalized and the bond order of the ¼C�O� group is
raised, giving a new �C¼N at 1683–1689 cm�1 after coordination [14, 15, 27–29]. The IR
spectrum of 1 shows weak bands at 860 and 898 cm�1 for �r and at 560 cm�1 for �wagg
of coordinated water [30] and at 440 cm�1 for Cu–O bonding [31]. In the IR spectrum of
2, a broad and strong bands at 3261 cm�1 is assigned to �N�H of the primary amine [32,
33] and medium bands at 3639 and 1640 cm�1 may be assigned to �(O–H) and �(H–O–H),
respectively, for lattice water present in the complex [34, 35]. A band at 1092 cm�1 is due
to �C�C of N,N,N0,N0 tetramethylethylenediamine [36]. In the IR spectrum of 2

recorded carefully after heating the complex and KBr at 100�C, a decrease in band
intensity assigned for �(OH) was observed, suggesting loss of water in this temperature
range which is supported by thermal studies of the complex.

3.3. Thermal studies

Thermal analysis data of 1 showed 19% weight loss in the range 150–240�C, which may
be due to the combined loss of two coordinated waters along with ligands. In the
thermal analysis data of 2, loss of water started at ca 50�C and was completed at ca
100�C, indicating the loss of lattice water. Successive changes of the complex may be
suggested due to the loss of ligands. The weight loss at 550�C is accompanied by an
exotherm which may be due to oxidation during heating.

1590 S.P. Devi et al.
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3.4. EPR spectra

The EPR spectrum of 1 at room temperature showed an intense resonance at g¼ 2.050

superimposed on a very weak doublet (DMs¼�1). In addition to this, a very weak

half-field signal at ca 1630G due to DMs¼�2 transition was seen (figure 1a); the

simulated spectrum is shown in figure 1b. An important observation in the EPR

spectrum of this complex was the disappearance of normal and half-field transitions

DMs¼�1 and DMs¼�2, respectively, of binuclear complex when cooled to 77K

(figure 1c). The decrease in the intensity of allowed and forbidden transitions suggests

antiferromagnetic coupling between two interacting Cu(II) ions [37]. The low �eff

(1.64B.M.) value at room temperature further supports this observation.
EPR spectrum of 2 (figure 2a) recorded in the solid state consists of two intense bands

separated by 500G with some perpendicular components. On either side of these intense

bands, a signal consisting of several narrow lines nearly double the perpendicular

separation was observed. The EPR studies conclusively establish the formation of

Figure 1. EPR spectra of 1 in the solid state: (a) at 300K; (b) second derivative spectrum at 300K; (c) at
77K; and (d) second derivative spectrum at 77K.

Dicopper complexes 1591
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binuclear species in [Cu(II)(1-phenylamidino-O-i-butylurea)tmen]2(Cl2)2 � 2H2O (2)
(presence of a weak half-field signal at magnetic field ca 1600G due to DMs¼�2
transition which is forbidden and therefore weak and an intense doublet centered at ca
3325G having zero field splitting,D¼ 0.0485 cm�1 due to allowed transition DMs¼�1).

Figure 2. EPR spectra of 2 in the solid state: (a) at 300K, (b) simulated spectrum using the EPR parameters
as given in table 1; (c) at 140K; and (d) at 94K.

1592 S.P. Devi et al.
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The high magnetic moment 2.5 B.M. also supports the formation of a binuclear complex.
EPR spectra of 1 in MeOH (figure S4) and 2 in DMF (figure S5) at low temperature

consist of mononuclear species indicating dissociation of weak hydrogen bonds
responsible for stacking of two mononuclear species in the solid state, which is also

supported by conductance in MeOH (�M¼ 154–168��1cm2mol�1 for bi-univalent
electrolyte). The two unpaired electrons are delocalized on two coppers (63Cu, I¼ 3/2,

abundance 69.2%; 65Cu, I¼ 3/2, abundance 30.8%) resulting in a seven-line hyperfine
structure with intensity following binomial distribution which is clearly seen in the

low-field parallel component. The resulting hyperfine coupling constant in 1 and 2 are
reduced to half (A¼ 95G) compared to hyperfine coupling constant of the corresponding

mononuclear complexes (A¼210G) in frozen DMF or MeOH. In 2, a mixture of
mononuclear and binuclear species forms (figure S5). Assuming that the two monomer

planes of 2 are parallel in a dimer, and the principal axes of the g and A tensors coincide,
various spin interactions in the dimer system are described to a good approximation by

the spin Hamiltonian (1)

H ¼ H:g:SþHd þ S:A:Iþ JS1:S2 ð1Þ

where S¼S1þS2, I¼ I1þ I2 and g and A are the g tensor and the hyperfine tensor, D

and E the second-order crystal field terms with axial and rhombic structure parameters,
and S the total spin of the electron, appropriate for the monomer [38]. In polycrystalline

sample, EPR signals have been simulated by generating 9000 random orientations of
the magnetic field and by summing the corresponding 9000 absorptions. The final signal

was obtained by performing a convolution (Gaussian or Lorentzian line shape) of each
transition line, adding all contributions and calculating the first-derivative signal; the

line width of each component has been optimized to obtain the best accord with
observed experimental values. Errors in calculating the spin Hamiltonian parameters g,

A (hyperfine coupling constant) and D (zero field splitting) are �0.0002, �2.0 and
�5.0G, respectively. There is a close resemblance between the experimental (figure 2a)

and simulated spectra (figure 2b) suggesting overall goodness-of-fit. The EPR
parameters g||, g?, and ACu

jj were measured from anisotropic spectra of magnetically

dilute copper complexes in frozen solution and are shown in table 1 along with EPR
parameters of copper(II) mononuclear (M) and binuclear (B) complexes with different

ligands for comparison. When the g tensor is axially symmetric and g|| axis is parallel to
the vector joining the copper(II) ions, Hd can be rewritten [39] in the form (2) where

D¼ (3/4) g2jj�
2
h(1�3cos2�)/r3imax and � is the angle between g|| and magnetic field

direction

Hd ¼ D½S2
z � ð1=3ÞSðSþ 1Þ� ð2Þ

The spin Hamiltonian parameters for 2 are typical of those values for copper(II)
complexes coordinated to nitrogen ligands with a square planar coordination. We have

evaluated the angle � (33�) using the equation g2z ¼ g2jjcos
2�þ g2?sin

2� [38], where
g|| (2.1943) and g? (2.0530) represent g values for the mononuclear complex, � is the

angle between Cu–Cu direction, and the g|| is replaced by g2z (2.1521) as g|| and Cu–Cu
direction for binuclear complex (2) do not coincide. The isotropic exchange interaction

constant J or the separation between the singlet and triplet was calculated from the
temperature dependence of the intensity of half-field signal (DMs¼�2) [40]. The

increase in intensity of the EPR signal with lowering of temperature is much more than
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expected from the Boltzmann population difference within the triplet manifold.

It appears that the isotropic exchange interaction between interacting spins of the
binuclear complex is ferromagnetic. The J value estimated for 2 was 41 cm�1. The

average distance r between the two unpaired electrons was calculated using

D¼ 3g2ß2/2r3¼ 1.39� 104 (g/r3) [41] and r for 2 is given in table 1, where D is in

gauss and r in Angstroms. The plausible structure of 1 may consist of two discrete

monomers [Cu(1-phenylamidino-O-methylurea)2]
2þ with two coordinated waters.

Cu(1-amidino-O-methylurea)2 is nearly planar, with Cu located in centrosymmetric

square planar coordination of four equivalent N¼H donors. The discrete

Cu(1-amidino-O-methylurea)2 molecules form parallel planes. Water is coordinated

to copper, however, the distance between Cu and apical water is large. The perfect

square planar coordination of four equivalent nitrogen donors around Cu(II) is further
confirmed by recording the EPR spectrum of 1 in MeOH where the perpendicular

component clearly shows well resolved nine components of superhyperfine structure

with superhyperfine coupling constant of the order of 15G typical of nitrogen

coordination (14N, I¼ 1, 100% abundance). In complex 2, there is unresolved

superhyperfine structure seen on the perpendicular component as Cu is coordinated
to two types of nitrogen donors. On the basis of our experimental evidence, we suggest

the most probable structures of the monomers in figures 3 and 4 for 1 and 2,

respectively.

Figure 4. Proposed structure of [(Cu(II)(1-phenylamidino-O-i-butylurea)tmen]Cl2 �H2O.

Figure 3. Proposed structure of [Cu(II)(1-phenylamidino-O-methylurea)2(H2O)]Cl2.
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3.5. DNA interaction studies

Absorption titration was carried out to investigate the binding affinity of the complexes
with CT-DNA. Intercalation into the DNA helix generally results in hypochromism
and bathochromism of the absorption, due to strong stacking intercalation between the
aromatic chromophore and DNA base pairs [42–44]. Absorption intensity of a complex
is increased (hyperchromism) upon increasing the concentration of CT-DNA due to
degradation of the DNA helix structure [45]. The extent of hyperchromism is indicative
of the amount of intercalation. The absorption spectra of [Cu(II)(1-phenylamidino-
O-methylurea)2(H2O)]2(Cl2)2 and [Cu(II)(1-phenylamidino-O-i-butylurea)tmen]2(Cl2)2 �
2H2O (figure 5) in the presence of increasing CT-DNA concentration show that as the
concentration of DNA increases the band at 232 nm exhibits hyperchromism, indicating
partial or non-intercalative interactions between the complexes and DNA. The values
of Kb for 1 and 2 are 0.13� 106 and 1.5� 106 (mol L�1)�1, respectively.

EB emits intense fluorescence in the presence of DNA, due to strong intercalation
between adjacent DNA base pairs. The addition of a second DNA binding molecule
can quench the DNA-EB adduct emission by either replacing the EB or by accepting
the excited state electron of EB through a photoelectron transfer mechanism [46, 47].
The emission spectra of EB bound to DNA with various concentrations of 1 and 2

(figure 6) reduce in intensity, indicating that the complex binds to DNA. The
association constant (Kapp� 10�6 (mol L�1)�1) values of 1 and 2 are 2.0 and 2.2,
respectively.

Thermal behavior of DNA in the presence of metal complex can give insight into
their conformational changes when temperature increases and information about the
interaction strength of the complex with DNA. Double-stranded DNA tends to
gradually dissociate to single strands with increase in solution temperature and
generates a hyperchromic effect on the absorption spectra of DNA bases
(�max¼ 260 nm). In order to identify this transition process, the melting temperature
(Tm), which is defined as the temperature where half of the total base pairs are

Figure 5. Absorption titration spectra of complexes in the absence (bottom curve) and presence
(subsequent curves) of CT-DNA from 0 to 15 mmolL�1. [complex]¼ 10 mmolL�1. Arrow shows the
absorbance change with increasing DNA concentrations and inset plot of [DNA]/(“A�“F) vs. [DNA] with 1,
(a) and 2, (b).
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non-bonded, is a valuable parameter. Generally, intercalation of small molecules results
in a considerable stabilization of DNA which corresponds to increase in melting
temperature [48]. The melting temperature of DNA was 75�C under our experimental
conditions. Under the same set of conditions, addition of 1 and 2 (figure 7) get minor
increases to ca 77�C (DTm �2

�C) suggesting DNA binding is primarily electrostatic or
groove binding.

Figure 7. Melting curves of CT-DNA (60mmolL�1) in the absence (i) and presence of 3mmolL�1 (ii);
5 mmolL�1 (iii); 7 mmolL�1 (iv) of 1, (a) and 2, (b).

Figure 6. Emission spectra of EB in the (A) absence, (B) presence of DNA and (C) DNA-EB with 1,
(a) and 2, (b).
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3.6. Antimicrobial activity

Ismail [49] reported biological activity studies of copper(II) complexes of an antipyrine
Schiff base and discussed the major factors affecting the activities of metal complexes in
connection with the structure of the complex, electronic state of the copper, and the
copper content in the complex. In bridged dimers, the copper content is higher and the
metal center is more exposed structurally as compared to bis-ligand complexes. Such
exposure facilitates the attachment of substrates to the metal center and thus increases
the biological activity. In order to investigate further the relation between biological
activities and binuclear copper(II) complexes having different structures, we have
chosen 1 and 2 for this study.

The results of antimicrobial activity of 1 and 2 are summarized in table 2. The two
complexes show good antibacterial activity against all the tested bacteria. Complex 1 has
moderate antibacterial activity against Escherichia coli and Klebsiella pneumoniae, while
2 shows moderate activity against Proteus mirabilis. The chelating activity tends to make
the complexes more potent bactericidal agents [50–52]. The chelated complexes
deactivate various cellular enzymes, which play a vital role in metabolic pathways of
the bacteria. The increased antimicrobial activity of 2 over 1 is probably due to its
conjugation effect. Urolithiasis is one of the most common diseases faced by the human
society. It is synonymous to calculus formation in the urinary collecting system but most
often calculus arises in the kidney. Organisms commonly encountered in urinary tract
infection include E. coli, Klebsciella spp., Proteus spp., Pseudomonas spp., Streptococcus
spp., etc. It has been reported that 20% of strains of E. coli responsible for urinary tract
infection in patients carry transferrable resistance determinants and are resistant to
several antimicrobial drugs. Klebsiella aerogenes strains are resistant to a wider range of
antibiotics than most E. coli strains [53]. The present investigation strongly suggests that
both the binuclear complexes possess potent antimicrobial activity that could inhibit the
growth of pathogenic bacteria. They would provide a potential alternative to antibiotics
for controlling some of the microorganisms causing urolithiasis.

4. Conclusions

From magnetic moment values and EPR intensity with lowering of temperature,
[Cu(II)(1-phenylamidino-O-methylurea)2(H2O)]2(Cl2)2 forms an antiferromagnetically
coupled binuclear complex. However, [Cu(II)(1-phenylamidino-
O-i-butylurea)tmen]2(Cl2)2 � 2H2O exists as a ferromagnetically coupled copper(II)
binuclear complex. Absorption titration studies with thermal denaturation studies of
the two complexes show that they bind to DNA by electrostatic or groove binding.
DNA binding of the complexes is also supported from fluorescence spectroscopic
studies. The two complexes inhibit the growth of urolithiatic microorganisms.
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