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A new m-oxamido-bridged dicopper(II) complex, [Cu2(pdmaeox)(bpy)(H2O)](pic) �H2O
[H3pdmaeox¼N-phenolato-N0-[2-(dimethylamino)ethyl]oxamide, Hpic¼ 2,4,6-trinitrophenol,
bpy¼ 2,20-bipyridine], has been synthesized and characterized by elemental analyses, molar
conductivity measurement, infrared, and electronic spectra studies, and X-ray single-crystal
diffraction. The complex crystallizes in the triclinic system, P�1 space group, with crystal-
lographic data: a¼ 10.7815(2) Å, b¼ 11.3598(2) Å, c¼ 14.1389(3) Å, and z¼ 2. In
[Cu2(pdmaeox)(bpy)(H2O)]þ, one copper(II) resides in the inner site with a square-planar
coordination geometry and the other is chelated by the two exo-oxygen atoms of the cis-
pdmaeox3� ligand in a square-pyramidal environment. The Cu� � �Cu separation through cis-
pdmaeox3� bridge is 5.1834(4) Å. The crystal structure is stabilized by hydrogen bonds and �–�
stacking interactions. The interaction of the dicopper(II) complex with herring sperm-DNA
(HS-DNA) has been investigated by electronic absorption titration, fluorescence titration,
electrochemical titration, and viscosity measurements. The results reveal that the interaction of
the dicopper(II) complex with HS-DNA might be electrostatic binding. The effects of bridging
ligand on the interaction of the dinuclear complex with HS-DNA were preliminarily
investigated.

Keywords: Crystal structure; Binuclear copper(II) complex; DNA interaction;
m-Oxamido-bridge

1. Introduction

Studies on transition-metal complexes with DNA gain insight into the reactive models
for protein–nucleic acid interactions and probes of DNA structure, and get information
about drug design and tools of molecular biology [1–6]. Modes of DNA noncovalent
interaction with metal complexes include electrostatic effect, groove binding, and
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intercalation; effectiveness mainly depends on the mode and affinity of the binding
between the complexes and DNA [7]. As attention has been focused on interactions
with DNA [8–11], many copper(II) complexes have been synthesized and their DNA-
binding properties studied [12–17], because copper(II) plays an important role in the
body, and numerous copper(II) complexes possess anticancer, anticarcinogenic, and
antimutagenic effects both in vitro and in vivo [18]. Relatively few studies on
dicopper(II) complexes have been reported [19–22] compared with the number of
studies dealing with mononuclear copper(II) complexes. However, the fact that a
number of nucleases have two or three metal ions in their catalytic centers [23]
stimulated us to design and synthesize new dicopper(II) complexes to get more
information about their DNA-binding properties.

N,N0-bis(substituted)oxamides are good candidates as binucleating bridging ligands
because their coordinating ability toward transition-metal ions can be modified by
changing the amide substituents [24–28]. Compared with extensive research in
symmetrical N,N0-bis(substituted)oxamide polynuclear systems, only a few dissymme-
trical N,N0-bis(substituted)oxamide polynuclear complexes have been reported due to
the difficulties in their synthesis [29, 30]. However, complexes bridged by dissymme-
trical N,N0-bis(substituted)oxamides have shown important properties [31–35]
prompting us to design and synthesize new polynuclear complexes with dissymmetrical
N,N0-bis(substituted)oxamides.

In this article, we describe the synthesis and structure of a new m-oxamido-bridged
dicopper(II) complex, [Cu2(pdmaeox)(bpy)(H2O)](pic) �H2O, using N-phenolato-N0-[2-
(dimethylamino)ethyl]oxamide (H3pdmaeox) as a bridging ligand and end-capped with
2,20-bipyridine (bpy). The DNA-binding properties of the dicopper(II) complex have
been studied. To the best of our knowledge, this is the first report about the DNA-
binding of the dicopper(II) complex bridged by dissymmetrical N,N0-bis(substitute-
d)oxamide containing phenolato group.

2. Experimental

2.1. Materials

N-phenolato-N0-[2-(dimethylamino)ethyl]oxamide (H3pdmaeox) was synthesized
following the reported method [36]. Ethidium bromide (EB) and herring sperm-DNA
(HS-DNA) were purchased from Sigma Corp. and used as received. All other chemicals
were of reagent grade and obtained commercially.

2.2. Synthesis of [Cu2(pdmaeox)(bpy)(H2O)](pic) .H2O

A methanol aqueous solution (5mL) of copper(II) picrate hexahydrate (0.0627 g,
0.1mmol) was added dropwise into a methanol solution (5mL) containing H3pdmaeox
(0.0140 g, 0.05mmol) and piperidine (0.0128 g, 0.15mmol). The mixture was stirred
quickly for 30 min, then a methanol solution (5mL) containing 2,20-bipyridine
(0.0078 g, 0.05mmol) was added slowly. The resulting solution was stirred for 5 h at
333K. The obtained brown suspension was filtered and the precipitate was
recrystallized in a mixture of methanol, water, and acetonitrile (volume ratio
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of 1 : 1 : 1). Brown crystals of the dicopper(II) complex suitable for X-ray analysis were
obtained from the solution by slow evaporation at room temperature after 3 days.
Yield: 65%. Anal. Calcd for C28H28Cu2N8O12 (%): C, 42.27; H, 3.55; N, 14.08.
Found (%): C, 42.24; H, 3.58; N, 14.32.

2.3. Physical measurements

Carbon, hydrogen, and nitrogen microanalyses were performed on a Perkin-Elmer 240
elemental analyzer. Molar conductance was measured with a Shanghai DDS-11A
conductometer. Infrared (IR) spectra were recorded on a Nicolet-470 spectro-
photometer from 4000 to 400 cm�1 as KBr pellets. The UV-Vis spectrum was recorded
in a 1-cm-path length quartz cell on a Cary 300 spectrophotometer. Fluorescence was
tested on an Fp-750w fluorometer. Cyclic voltammetric (CV) experiments were carried
out using a CHI 832B electrochemical analyzer with a glassy carbon working electrode
(GCE), saturated calomel reference (SCE), and a platinum wire auxiliary electrode.

2.4. Crystal structure determination

X-ray diffraction was made on a Bruker APEX area-detector diffractometer with
graphite monochromatic Mo-Ka radiation (�¼ 0.71073 Å) at 296K. The crystal
structure was solved by the direct method followed by Fourier syntheses. Structure
refinement was performed on F2 by full-matrix least-squares procedures using
SHELXL-97 [37]. Water hydrogens were located in a difference Fourier map and
then treated as riding, with Uiso(H)¼ 1.5Ueq(O). The remaining hydrogens were placed
in calculated positions, with CH¼ 0.93 Å (aromatic), 0.96 Å (methyl), and 0.97 Å
(methylene), and refined in riding mode, with Uiso(H)¼ 1.2Ueq(C) for aromatic and
methylene groups or 1.5Ueq(C) for methyl groups. Crystal data of the dicopper(II)
complex are summarized in table 1, and selected bond lengths and angles are listed
in table 2.

2.5. DNA-binding studies

All experiments involving HS-DNA were performed in Tris-HCl buffer solution
(pH¼ 7.19), prepared using deionized and sonicated triply distilled water. A ratio of
UV absorbance A260/A280 (of 1.95) of the resulting solution was determined at 260 and
280 nm, which indicated the isolation of the DNA from protein [38], and the
concentration was determined by UV absorbance at 260 nm, assuming
�260¼ 6600Lmol�1 cm�1 [39]. Stock solution of the DNA was stored at 277K and
was used in no more than 4 days. A concentrated stock solution of the dicopper(II)
complex was prepared by dissolving the complex in DMSO and diluting with Tris-HCl
buffer to certain concentrations for all the experiments. Absorption spectral titration
was performed by keeping the concentration of the dicopper(II) complex constant while
varying HS-DNA concentration. An equal volume of HS-DNA was added into the
complex solution and reference solution to eliminate the absorbance of the DNA itself.
A stock solution of the dicopper(II) complex (1� 10�3mol L�1) in Tris-HCl buffer was
freshly prepared. The EB Tris-HCl solution (5 mL, 1mmol L�1) was added to 1mL of
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HS-DNA solution (at saturated binding levels) [40] and stored in the dark for 2 h before
use. Then the solution of the dicopper(II) complex was titrated into the DNA/EB
mixture and diluted in Tris-HCl buffer to 5mL, producing solutions with varied mole
ratio of the dicopper(II) complex to HS-DNA. Before measurements, the mixture was
shaken and incubated at room temperature for 30 min. The fluorescence spectra of EB
binding to HS-DNA were obtained at an emission wavelength of 584 nm and an
excitation wavelength of 522 nm in the fluorometer. CV experiments on the dicopper(II)
complex were taken by maintaining constant concentration of the dicopper(II) complex
while varying HS-DNA concentration using Tris-HCl buffer solvent. Viscosity
measurements were carried out using an Ubbelodhe viscometer immersed in a
thermostatic water bath maintained at 289(�0.l)K. HS-DNA samples approximately

Table 1. Crystal data and details of the structure determination.

Empirical formula C28H28Cu2N8O12

Formula weight 795.66
Temperature (K) 296
Crystal system Triclinic
Space group P�1

Unit cell dimensions (Å, �)
a 10.7815(2)
b 11.3598(2)
c 14.1389(3)
� 87.9970(10)
� 74.3170(10)
� 68.4820(10)
Volume (Å3), Z 1547.02(5), 2
Calculated density (g cm�3) 1.708

�(Mo-Ka) (mm�1) 1.454
F(000) 812
Crystal size (mm3) 0.04� 0.06� 0.29

Radiation (Å) (Mo-Ka) 0.71073
Limiting indices �13� h� 14;

�14� k� 14;
�18� l� 17

Total, unique data, R(int) 13226, 7134, 0.029
� range (�) 1.93, 27.68
Observed data [I 42	(I )] 4856
R, wR2, S 0.0411, 0.0888, 1.031
Max., avg shift/error 0.000, 0.000

Table 2. Selected geometric parameters (Å, �).

Cu1–N1 1.919(2) Cu1–N2 1.922(2)
Cu1–N3 2.010(2) Cu1–O1 1.9363(18)
Cu2–N4 1.972(2) Cu2–N5 1.976(2)
Cu2–O2 1.9579(18) Cu2–O3 1.9613(19)
Cu2–O4 2.273(2) – –
N1–Cu1–N2 83.45(9) N2–Cu1–N3 84.20(9)
O1–Cu1–N1 84.87(8) N4–Cu2–N5 81.95(10)
N4–Cu2–O4 100.21(9) N5–Cu2–O4 91.78(9)
O2–Cu2–O3 86.05(8) O2–Cu2–O4 91.23(8)
O3–Cu2–O4 95.71(8) – –

Binuclear copper(II) 1363
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200 base pairs in length were prepared by sonication to minimize complexities arising
from DNA flexibility [41]. Flow times were measured with a digital stopwatch, and each
sample was measured three times to calculate the average flow time. Relative viscosities
for HS-DNA in the presence and absence of the dicopper(II) complex were calculated
from the equation 
¼ (t�t0)/t0, where t is the observed flow time of the DNA-
containing solution and t0 is that of Tris-HCl buffer alone. Data were presented as
(
/
0)

1/3 versus binding ratio [42], where 
 is the viscosity of HS-DNA in the presence of
the dicopper(II) complex and 
0 is the viscosity of HS-DNA alone.

3. Results and discussion

3.1. Synthetic route and general properties of the dicopper(II) complex

Use of a binucleating bridging ligand that offers both coordination geometry and ligand
field strength suitable for metal ions is an effective method for synthesizing dinuclear
complexes. In this study, we sought a Cu(II)–Cu(II) dinuclear complex and chose
N-phenolato-N0-[2-(dimethylamino)ethyl]oxamide (H3pdmaeox) as the bridging ligand.
2,20-Bipyridine was used as terminal ligand. In preparing the dinuclear complex,
piperidine deprotonates H3pdmaeox for coordination through oxamido nitrogens.
In fact, elemental analyses, IR and electronic spectral studies, and single-crystal X-ray
diffraction indicate that the reaction of H3pdmaeox with Cu(pic)2 � 6H2O and bpy in
1 : 2 : 1 mole ratio yielded the dinuclear complex [Cu2(pdmaeox)(bpy)(H2O)](pic) �H2O,
as expected. The dicopper(II) complex is soluble in acetone, DMF, and DMSO giving
stable solution and is moderately soluble in water, methanol, and practically insoluble
in carbon tetrachloride, chloroform, and benzene at room temperature. In the solid
state, the dicopper(II) complex is stable in air allowing physical measurements. The
molar conductance of the dicopper(II) complex (71��1 cm�2mol�1, in
1� 10�3mol L�1 DMF solution) falls in the expected range for 1 : 1 electrolytes [43],
suggesting that the picrate anion in the complex is outside the coordination sphere.
These observations agree with the following IR spectra.

3.2. IR and electronic spectra

In order to clarify the mode of bonding, the IR spectrum of the dicopper(II) complex
was analyzed in a careful comparison with that of free H3pdmaeox. The carbonyl
(C¼O) stretching vibration at 1662 cm�1 for the free ligand is red shifted to 1647 cm�1

in the dicopper(II) complex, indicating that the oxygens of the carbonyl take part in
coordinating to copper(II) [44]. This shift has often been used as a proof of an oxamido-
bridge [24]. Bands associated with �(C¼N) and (C¼C) of bpy at 1516, 1468, and
1426 cm�1 suggest coordinated nitrogen from bpy in the dinuclear complex. Free Hpic
has �s(NO2) at 1344 cm�1 and �as(NO2) at 1555 cm�1. However, in the dicopper(II)
complex, the �s(NO2) of pic

� at 1344 cm�1 splits into two bands at 1316, 1365 cm�1, and
the �as(NO2) of pic

� emerges at 1565 cm�1, suggesting that the nitryl oxygens of pic�

take no part in coordination [45].
In order to obtain further structural information, the electronic spectrum of the

complex was recorded in DMF solution, and three absorption bands with varied
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intensities are observed. The intense band at 242 nm of the dicopper(II) complex is
attributed to bpy (�–�*) transition, while the less intense band at 300 nm typical of
charge transfer between bpy and metal (ligand-to-metal charge transfer, LMCT).
The band at 352 nm corresponds to charge transfer transition between picrate and
metal [46].

3.3. Crystal structure

The structure of [Cu2(pdmaeox)(bpy)(H2O)](pic) �H2O consists of a dicopper(II) cation
[Cu2(pdmaeox)(bpy)(H2O)]þ, a picrate anion, and a lattice water molecule. An ORTEP
of the complex is illustrated in figure 1. Two copper(II) ions are bridged by
cis-pdmaeox3� with a Cu � � �Cu distance of 5.1834(4) Å. Cu1 at the inner site of
pdmaeox3� has a square-planar coordination geometry. The four coordination atoms
from pdmaeox3� displace off the plane from 0.0544(10) Å (N3) to 0.0684(12) Å (N1).
The five-membered chelate ring Cu1–N2–C9–C10–N3 takes a twist conformation with
the puckering parameters [47] of Q¼ 0.383(3) Å and ’¼ 121.0(4)�, while the other two

Figure 1. An ORTEP view of the complex with atom-numbering scheme and thermal ellipsoids at
30% probability level. Hydrogens are shown as small spheres of arbitrary radii. Dashed lines show
hydrogen bonds.

Binuclear copper(II) 1365
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chelate rings are almost planar. Cu2 is located in a square-pyramidal environment with
� of 0.07 [48]. The basal plane is defined by two exo-oxygens of oxamido groups of
pdmaeox3� and two nitrogens from bpy, from which the maximum displacement of
defined atoms is 0.0362(11) Å for N5. The apical site is occupied by water (O4), by
which Cu2 is pulled 0.1623(11) Å out of the basal plane. The stronger donor abilities of
the deprotonated amido nitrogens compared to the amino nitrogens [49] show bond
lengths of Cu1–N1 [1.919(2) Å] and Cu1–N2 [1.922(2) Å], shorter than that of Cu1–N3
[2.010(2) Å] (table 3). In pic�, three nitros (N6, N7, and N8) twist from the benzene ring
plane by 22.5(6)�, 12.6(2)�, and 52.4(3)�, respectively.

In the crystal, two [Cu2(pdmaeox)(bpy)(H2O)]þ link through hydrogen bonds
between coordination water molecules and phenolic oxygens to form a dimer. These
dimers are assembled by pic� and lattice water molecules into a 1-D chain parallel to
the c-axis (figure 2). An offset �–� stacking interaction is observed between benzene
ring and neighboring pyridine ring containing N5 at 1 �x, �y, 1�z, denoted iii in
figure 3. The centroid–centroid distance is 3.7117(18) Å and the angle of the two ring
planes is 4.87(15)�. The smallest separation is 3.299(3) Å for C18iii.

Comparing the crystal structure of [Cu2(pdmaeox)(bpy)(H2O)](pic) �H2O with that of
previously reported analog [Cu2(oxpn)(bpy)(pic)(H2O)](pic) [50], we find that the two
dicopper(II) complexes have the same end-capped ligand (bpy) and counter anion
(pic�), and both of them crystallize in triclinic system. The main difference between
them is that the bridging ligand in [Cu2(pdmaeox)(bpy)(H2O)](pic) �H2O is
N-phenolato-N0-[2(dimethylamino)ethyl]oxamide (pdmaeox), and in [Cu2(oxpn)(bpy)
(pic)(H2O)](pic) is N,N0-bis(aminopropyl)oxamido (oxpn), which results in the
difference of binding mode for pic�. In the present complex, pic� is only a counter
anion, however, in [Cu2(oxpn)(bpy)(pic)(H2O)](pic), one pic� is a counter anion and the
other is coordinated. The difference of the binding mode for pic� in the two
dicopper(II) complexes affects DNA-binding properties (vide infra).

3.4. DNA-binding studies

3.4.1. Electronic absorption titration. Electronic absorption spectroscopy is an
effective method to examine binding modes of metal complexes with DNA [51].
In general, the hypochromism and red shift are associated with the binding of metal
complexes to the DNA helix, due to intercalation involving a strong stacking
interaction between the aromatic chromophore of complexes and the base pairs of

Table 3. Hydrogen-bonding geometries for the complex (Å, �).

D–H � � �A D–H H � � �A D � � �A D–H � � �A

O4–H4A � � �O1i 0.87 1.97 2.817(3) 167.4
O4–H4B � � �O6 0.91 2.03 2.899(3) 160.0
O5–H5A � � �O1i 0.95 2.00 2.926(3) 164.8
O5–H5B � � �O6 0.91 2.00 2.896(3) 170.9
C21–H21 � � �O10ii 0.93 2.49 3.399(4) 166.6

Symmetry codes: i
�x, �y, 1 � z; iix, y, zþ 1.

1366 H.-H. Lu et al.
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DNA [52]. Absorption spectra of the dicopper(II) complex in the absence and presence
of HS-DNA are given in figure 4. When titrated by HS-DNA, the dicopper(II) complex
exhibits hypochromic effect and no red shift, implying that the interaction mode
between the dicopper(II) complex and HS-DNA might be electrostatic [53].

Figure 3. A perspective drawing of �–� stacking interactions in the crystal perpendicular to the plane of
benzene ring (symmetry code: iii1� x, �y, 1� z).

Figure 2. A 1-D hydrogen-bonding structure parallel to the c-axis. Hydrogen bonds are shown as dotted
lines; hydrogens uninvolved have been omitted for clarity (symmetry codes: i

�x, �y, 1� z; iix, y, zþ 1).

Binuclear copper(II) 1367
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To quantitatively evaluate the binding magnitude of the dicopper(II) complex with
HS-DNA, the intrinsic binding constant Kb was determined by monitoring changes in
absorbance at 300 nm using the following equation [54]:

½DNA�=ð"a � "fÞ ¼ DNA=ð"b � "fÞ þ 1=Kbð"b � "fÞ, ð1Þ

where [DNA] is the concentration of DNA, "f, "a, and "b refer to the extinction
coefficients for the free complex, for each addition of HS-DNA to the complex and for
the complex in the fully bound form, respectively. Kb is estimated to be
3.39� 104 (mol L�1)�1 (R¼ 0.9977 for six points) by the ratio of slope to the intercept
of the plot of [DNA]/("a�"f) versus [DNA] (figure 5). The Kb value is lower than those
of typical intercalators (e.g., EB-DNA, 	106 (mol L�1)�1) [55] and previously reported
tetracopper(II) complex (Kb, 1.47� 105 (mol L�1)�1) [56], but higher than that of
previously reported electrostatic binding dicopper(II) complex [Cu2(heap)(H2O)2]
(pic)2 � 2H2O (Kb, 2.67� 104 (mol L�1)�1) [57]. The effect may be attributed to more
�-electrons provided by bpy and aromatic ring in the present complex
[Cu2(dmaeox)(bpy)(H2O)](pic) �H2O, which increases the affinity of the dicopper(II)
complex with HS-DNA.

3.4.2. Fluorescence titration. To further investigate the interaction between
dicopper(II) complex and HS-DNA, EB fluorescence displacement experiment was
performed, which has been widely used to characterize the interaction of complexes
with DNA by following the changes in fluorescence intensity. The intrinsic fluorescence
intensity of DNA is low, and that of EB in Tris-HCl buffer is not high due to quenching
by solvent. However, the fluorescence intensity of EB can be enhanced on the addition
of DNA owing to its intercalation into the DNA. Once the complexes intercalate into
DNA, the binding sites of DNA available for EB will be decreased, therefore, the
fluorescence intensity of EB-DNA will be quenched [58]. As illustrated in figure 6, the
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Figure 4. Electronic absorption spectra of the complex in Tris-HCl buffer upon titration of HS-DNA.
Arrow indicates the direction of change upon increase of DNA concentration.
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fluorescence intensity of EB-DNA at 584 nm exhibits a remarkable decrease with

increasing concentration of the dicopper(II) complex, suggesting that some EB

molecules were released after exchange with the dicopper(II) complex, resulting in

fluorescence quenching of EB. The quenching of EB bound to HS-DNA by the

dicopper(II) complex is in agreement with the linear Stern–Volmer equation [59]:

I0=I ¼ 1þ Ksv½Q�, ð2Þ

where I0 and I represent fluorescence intensities in the absence and presence of

quencher, respectively. Ksv is referred to as the Stern–Volmer constant and [Q] is the
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Figure 6. Fluorescence intensity of EB-DNA as the system was titrated with the complex. Arrow shows the
direction of change upon increasing the complex concentration.
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Figure 5. Plot of [DNA]/("a� "f) vs. [DNA] for the absorption titration.
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concentration of quencher. In the quenching plot of I0/I versus [complex] (figure 7), Ksv

value is given by the ratio of the slope to intercept as 5.69� 104 (R¼ 0.9990 for
11 points).

3.4.3. Electrochemical titration. CV technique provides a useful complement to the
previously used methods of investigating binding of metal complexes to DNA [60]. At a
scan rate of 0.24 V s�1, the CV behaviors of the dicopper(II) complex without and with
HS-DNA were studied and the results are shown in figure 8. In the absence of HS-DNA
(curve a), the dicopper(II) complex exhibits two redox couples corresponding to couple
1: Cu(II)Cu(II)/Cu(II)Cu(I); couple 2: Cu(II)Cu(I)/Cu(I)Cu(I), with the cathodic (Epc)
and anodic peak potentials (Epa) being �0.3515V (Epc1) and �0.0256V (Epa1),
�0.8632V (Epc2), and �0.5717V (Epa2), respectively, and one reduction peak at
�0.9685V (Epc3) corresponding to Cu(I)Cu(I)/Cu(I)Cu. The formal potentials of the
free dicopper(II) complex (Eo0

f ) are �0.1886V (couple 1) and �0.7175V (couple 2).
In the presence of HS-DNA (curve b) with R¼ 3 (R¼ [DNA]/[complex]), the peak
currents decreased, simultaneously, the cathodic peak potentials (Epc) and the anodic
peak potentials (Epa) exhibited significant shifts. The potentials shifted to be �0.3637V
(Epc1) and �0.0552V (Epa1), �0.8973V (Epc2), and �0.5915V (Epa2), and �1.0027V
(Epc3), respectively. The formal potentials of the bound complex (Eo0

b ) (couple 1:
�0.2095V; couple 2: �0.7444V) shift to more negative potential, indicating interaction
may exist between the dicopper(II) complex and HS-DNA.

The shift in the value of the formal potential (DEo0) was used to estimate the ratio of
equilibrium binding constants KR/KO corresponding to the model of interaction
described by Bard and Carter [61]:

DEo0 ¼ Eo0

b � Eo0

f ¼ 0:059logðKR=KOÞ, ð3Þ

where Eo0

b and Eo0

f are the formal potentials of the bound and free complexes,
respectively, and KR and KO are binding constants for reduction and oxidation forms to

1
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Figure 7. Plot of I0/I vs. [complex] for fluorescence titration.
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HS-DNA, respectively. We calculate KCu(II)Cu(I)/KCu(II)Cu(II) and KCu(I)Cu(I)/KCu(II)Cu(I)

as 0.44 and 0.35, respectively. The results suggest that the Cu(II)Cu(II) form exhibits

stronger DNA-binding than the Cu(II)Cu(I) form, and Cu(II)Cu(I) form than

Cu(I)Cu(I) form. The present studies lead us to conclude that the dicopper(II) complex

may interact with HS-DNA in the mode of electrostatic [62]. It should be pointed out

that the Cu(II)Cu(I) species certainly has a lower overall charge than the related

Cu(II)Cu(II) but also a very different structure because Cu(I) would be tetrahedral.

This would also play a non-negligible role on the proposed electrostatic interaction

between DNA and the dicopper(II) unit. Further investigation of these and similar
systems is required in order to get a reasonable explanation and deeper insight into the

electrochemical titration of metal complexes with DNA.

3.4.4. Viscosity measurement. Due to its sensitivity to change of length of DNA,
viscosity determination is regarded as the most effective means to study the binding of

complexes to DNA in solution and provides strong arguments for intercalative binding

mode [63, 64]. To further confirm the interaction mode of the dicopper(II) complex and

HS-DNA, viscosity measurement was carried out. The effects of the dicopper(II)

complex on the viscosity of HS-DNA are shown in figure 9. On increasing the amount
of the dicopper(II) complex, the relative viscosity of HS-DNA is almost unchanged,

consistent with electrostatic binding mode of interaction [65]. Thus, the results obtained

from viscosity studies validate those obtained from electronic absorption titration,

fluorescence titration, and electrochemical titration.

Figure 8. Cyclic voltammograms of the complex in (a) the absence and (b) the presence of DNA with scan
rate of 0.24V s�1.
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Comparing the DNA-binding property of [Cu2(pdmaeox)(bpy)(H2O)](pic) �H2O

with that of [Cu2(oxpn)(bpy)(pic)(H2O)](pic) [50], we find that not only the interaction
mode but also the DNA-binding ability is different. In the former case the binding
mode is electrostatic with the intrinsic binding constant (Kb) of 3.39� 104 (mol L�1)�1,
while the latter has intercalation and Kb up to 7.4� 104 (mol L�1)�1. The differences

may be attributed to the smaller steric hindrance of the bridging ligand oxpn than that
of pdmaeox, which increases the affinity of [Cu2(oxpn)(bpy)(pic)(H2O)](pic) with
HS-DNA. Further investigations using various bridging ligands are still required
in order to confirm this effect and are in progress in our laboratory.

4. Conclusions

The aim of this article is to investigate the interaction of dinuclear complex with DNA.
For that, a new m-oxamido-bridged dicopper(II) complex, [Cu2(pdmaeox)(bpy)

(H2O)](pic) �H2O, has been synthesized and structurally characterized by single-crystal
X-ray diffraction. To the best of our knowledge, this is the first report about DNA-
binding of dicopper(II) complex bridged by dissymmetrical N,N0-bis(substituted)ox-
amide containing phenolato group. Furthermore, the interaction of the dicopper(II)

complex with HS-DNA has been investigated by electronic absorption titration,
fluorescence titration, electrochemical titration, and viscosity measurements. The
bridging ligands in dinuclear complexes may influence not only the interaction mode
but also the DNA-binding ability. These results confirmed that the interaction of the

dinuclear complexes toward HS-DNA may be modified and tuned by changing the
bridging ligands. This strategy should be valuable in designing new dinuclear complexes
and understanding the binding properties between the complexes and DNA.

0.7

0.8

0.9

1

1.1

1.2

1.3

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

[Complex]/DNA

[h
/h

0]
1/

3

Figure 9. Effect of increasing amount of complex on the relative viscosity of HS-DNA at 289(�0.1)K.
[DNA]¼ 0.1mmolL�1.
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Supplementary material

Crystallographic data (excluding structure factors) for the structure reported in this
work have been deposited at the Cambridge Crystallographic Data Center and
allocated the deposition number CCDC 787066.
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