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A series of copper (II) complexes a–d with Schiff bases ligands derived from the condensation reactions
between 2-pyridinecarboxaldehyde and different polyamines (ethylenediamine, diethylenetriamine,
triethylenetetramine and tetraethylenepentamine) were synthesized and characterized by elemental
analysis, FT-IR spectroscopy, HRMS, molar conductance and molecular modeling studies. The interactions
of the copper complexes a–dwith DNA were investigated by the UV spectra, viscosity measurements and gel
electrophoresis under physiological conditions. The experimental results indicated that four complexes could
bind to DNA via an intercalative mode and showed a different DNA cleavage activity with the sequence:
dNcNaNb.
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Investigations on the interaction between transition metal com-
plexes and DNA has attracted many interests due to their importance
in cancer therapy and molecular biology [1–9]. Among them, Schiff
base metal complex is a kind of attractive reagent due to their special
activities in pharmacology and physiology [10–16]. During the last
decade, transition metal complexes of Schiff base derived from 2-
pyridinecarboxaldehyde and different amines have received consid-
erable attention on the part of synthetic and biological activities of
DNA binding and cleavage with high sequence and structure
selectivity [17–20]. However, to the best of our knowledge, less
attention was paid on the interaction of DNA and Schiff base metal
complexes derived from 2-pyridinecarboxaldehyde and polyamines
such as ethylenediamine, diethylenetriamine, triethylenetetramine
and tetraethylenepentamine. In this communication we describe the
synthesis, DNA binding and cleavage abilities of a series of copper (II)
complexes with Schiff base ligands derived from 2-pyridinecarbox-
aldehyde and different polyamines (Scheme 1).

The copper (II) complexes a–dwere prepared bya typical procedure.
Polyamine (0.12 g, 2 mmol) was added to 2-pyridinecarboxaldehyde
(0.43 g, 4 mmol) and refluxed in methanol for 4 h. Copper (II) chloride
dehydrate (0.34 g, 2 mmol) dissolved in methanol was added to
this solution and refluxing was continued for another 1 h. Then the
mixture was concentrated under reduced pressure. The resulting green
solid was filtered off, washed with diethyl ether and dried in vacuo.We
got the likely composition of complexes: [CuL1] Cl2·2H2O (a), [CuL2]
Cl2·2H2O (b), [CuL3] Cl2·H2O (c) and [CuL4] Cl2·H2O (d) [21–24]
through elemental analyses, HRMS, IR spectra and molar conductivity
measurements. Since no single crystals suitable for X-ray determination
could be isolated, structural information for these complexes were
obtained from the B3LYP/6-311G** optimization calculations as shown
in Fig. 1. The lengths of coordination bonds are labeled in the figure.

The mode of the four complexes bound to DNA was investigated by
absorption spectra. Hyperchromic effect and hypochromic effect are the
spectra features of DNA concerning its double-helix structure. This
spectra change process reflects the changes of DNA in its conformation
and structures after the complex binds to DNA [25,26]. Hypochromism
results from the contraction of DNA in the helix as well as from the
conformation on DNA, while hyperchromism results from the damage
of the DNAdouble-helix structure. The absorption spectra of DNA in the
absence and the presence of copper (II) complexes a–d were given in
Fig. 2 respectively. The addition of copper (II) complexes to DNA caused
appreciable increase in the absorption intensity, which was a typical
hyperchromic effect. These results suggested that the binding of copper
(II) complexes with DNA was an intercalative mode.

Spectroscopic data are necessary, but not sufficient to support a
binding mode. Hydrodynamic methods such as viscosity measurements
which are sensitive to length increase of DNA are regarded as the most
effectivemeansof studying thebindingmodeof complexes toDNA in the
absence of crystallographic structural data and NMR [27]. For further
clarification of the binding mode, viscosity measurements were carried
out. A classical intercalative mode causes a significant increase in
viscosity of DNA solution due to an increase in separation of base pairs at
intercalation site andhencean increase inoverallDNA length.However, a
partial and/or nonclassical intercalation of complex may bend (or kink)
the DNA helix, resulting in the decrease of its effective length
and, concomitantly, its viscosity [28,29]. The effect of the copper (II)
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Scheme 1. Schiff base ligands derived from 2-pyridinecarboxaldehyde and different
polyamines.
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complexes on the viscosity of CT-DNA solution is given in Fig. 3. The plots
show that the relative viscosity of DNA increasedwith the addition of the
copper (II) complexes, which are ascribed to classical intercalative
bindingmode. Fromthe relative viscosity values, it is clear that complexd
shows much higher binding affinity than the complex a, b and c.

Besides the above methods, interactions between the copper (II)
complexes and DNA were also investigated by the cleavage assay of
plasmid DNA (pUC 19). The cleavage of the plasmid DNA was
analyzed by monitoring the conversion of supercoiled circular DNA
(Form I) to nicked DNA (Form II). The amounts of strand scissionwere
assessed by agarose gel electrophoresis.

First we compared the cleavage abilities of the copper (II)
complexes a–d at a concentration of 1.25 mM and an incubation
time of 12 h. Fig. 4 showed the results. Lane 1 in the figure showed the
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Fig. 1. The optimized structures of the complexes a–dwith lengths of coordination bonds. Th
and the white balls for hydrogens.
control DNA without any additives. It is obvious that copper (II)
complex d (lane 5) catalyzed the cleavage of plasmid DNA (pUC 19)
much more efficiently than copper (II) complex a (lane 2), b (lane 3)
and c (lane 4) under physiological conditions. Electrophoresis and
densitometry indicated that the copper (II) complexes a–d resulted in
35%, 4%, 54% and 82% of nicked DNA respectively. Therefore, our
subsequent efforts focus on the reactivity of the copper (II) complex d.

The cleavage of DNA by different concentrations of the copper (II)
complex d was studied for 24 h. The intensity of the nicked DNA
(Form II) band increased apparently with the increase of the complex
concentration as shown in Fig. 5. Increasing the concentration of
complex d in the order of 0.25, 0.75, 1.25 and 1.75 mM resulted in 24%,
55%, 76% and 97% nicked DNA, respectively.

In summary, a series of the copper (II) complexes a–d with Schiff
base ligands derived from 2-pyridinecarboxaldehyde and polyamines
were synthesized and characterized. The interactions of complexes a–
d with DNA were studied by UV spectra, viscosity and gel
electrophoresis under physiological conditions. The results indicate
that the Schiff base copper (II) complexes a–d are capable of binding
DNA by an intercalative mode and cleaving DNA without the use of
any exogenous agents. Moreover, complex d shows the considerably
high binding and cleavage abilities. The results revealed that the
structure difference on the polyamine might lead to obvious
D

B

e red ball stands for copper atom, the blue balls for nitrogens, the grey balls for carbons
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Fig. 2. Absorption spectra of CT-DNA in the absence and presence of copper complex a (i), b (ii), c (iii) and d (iv). [DNA]=0.9×10−4 mol/L, [CuL]2+=0, 0.5, 1.0, 1.5, 2.0, and 2.5 μM
respectively. The arrow shows the intensity changes on increasing the copper complex concentration.
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difference of DNA binding and cleavage abilities of the complexes. The
–NH– of polyamine might play a key role in the DNA recogni-
tion process. More in-depth studies about binding and cleavage
mechanisms will be continued in our laboratory.
Fig. 3. Effects of increasing amount of copper complexes a (■), b (●), c (▲) and d (▼)
on the viscosity of CT-DNA, [DNA]=1.0×10−4 mol/L.

Fig. 4. Effect of different copper (II) complexes a–d (1.25 mM)on the cleavage reactions of
pUC 19 DNA (12.5 μg/mL) in a Tris–HCl buffer (100 mM, pH 7.4) at 37 °C for 12 h. (A)
Agarose gel electrophoresis diagram: lane1, DNA control; lane 2,a; lane 3,b; lane4, c; lane
5, d. (B) Quantitation of % plasmid relaxation (Form II%) relative to plasmid DNA per lane.
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Fig. 5. Effect of concentration of complex d on the cleavage of pUC 19 DNA (12.5 μg/mL)
in a Tris–HCl buffer (100 mM, pH 7.4) at 37 °C for 24 h. (A) Agarose gel electrophoresis
diagram: lane 1, DNA control; lanes 2–5, [complex d]=0.25, 0.75, 1.25 and 1.75 mM.
(B) Quantitation of% plasmid relaxation (Form II%) relative to plasmid DNA per lane.
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