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bstract

Salicylaldehyde 2-phenylquinoline-4-carboylhydrazone (H2L), and its novel cobalt(II), nickel(II) complexes (M·HL·3H2O)·NO3 (M Co (1),
Ni (2)), have been synthesized and characterized by elemental analysis, molar conductivity, mass spectra and IR spectra. The interaction
f these complexes with calf-thymus DNA was investigated by UV absorption spectroscopy, fluorescence spectroscopy, circular dichroism (CD)
pectroscopy, cyclic voltammetry, and viscosity measurements. The two complexes showed absorption hyperchromism in the range of 190–280 nm.
he binding constant have been determined using absorption measurement and found to be 0.89 × 105 M−1 and 2.2 × 105 M−1, respectively. Results
uggest that the two complexes bind to DNA via a groove binding mode.

2007 Elsevier B.V. All rights reserved.
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. Introduction

The DNA-binding metal complexes have been extensively
tudied as DNA structural probes, DNA-dependent electron
ransfer probes and so on during the past decade [1–3]. In these
omplexes, metal or ligands can be varied in an easily controlled
ay to facilitate the individual applications. There are several

ypes of sites in the DNA molecule where binding of metal com-
lexes can occur: (i) between two base pairs (intercalation), (ii)
n the minor groove, (iii) in the major groove, and (iv) on the
utside of the helix [4]. Numerous biological experiments have
lso demonstrated that DNA is the primary intracellular target of
nticancer drugs due to the interaction between small molecules
nd DNA, which can cause DNA damage in cancer cells, block-
ng the division of cancer cells and resulting in cell death [5–7].

n addition, the apoptosis can also cause the cell death [8].

Schiff bases play an important role in bioinorganic chem-
stry as they exhibit remarkable biological activity. Such as the
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r(III) complexes of Schiff bases like salen bring about apop-
osis which can lead to DNA damage, plasmid cleavage, and
rotein cleavage [9–12]. The acid hydrazides R–CO–NH–NH2,
class of Schiff base, their corresponding aroylhydrazones,
–CO–NH–N CHR′, and the dependence of their mode of
helation with transition metal ions present in the living sys-
em have been of significant interest [13–17]. The coordination
ompounds of aroylhydrazones have been reported to act as
nzyme inhibitors [18] and are useful due to their pharmacolog-
cal applications [19–21]. Previously some work demonstrated
hat 4-quinolinecarboxylic acid amides and hydrazides, sub-
tituted at position 2, exhibit pronounced antiinflammatory
nd analgesic activity at a quite low toxicity [22–26], but
o metal complexes of such drug have been reported in
he past which can have better pharmaceutical effect possi-
ly. Therefore, studies of the metal complexes are important
o explore the possible new drug compare with the present
rug.

In the present work, we synthesized and characterized the

alicylaldehyde 2-phenylquinoline-4-carboylhydrazone (H2L)
nd its cobalt(II) and nickel(II) complexes. In addition, the DNA-
inding properties with them have been studied with a view to
valuating their pharmaceutical activities.

mailto:zengzhzh@yahoo.com.cn
mailto:zengzhzh@lzu.edu.cn
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. Experimental

All reagents and solvents were purchased commercially and
sed without further purification unless otherwise noted. Calf-
hymus DNA (CT-DNA) was obtained from Sigma Chemicals
o. (USA) and used as received. Solutions of CT-DNA in 50 mM
aCl, 5 mM Tris–HCl (tris(hydroxymethyl)aminomethane
ydrochloride) (pH 7.2) gave a ratio of UV–vis absorbance of
.8–1.9:1 at 260 and 280 nm, indicating that the DNA was suf-
ciently free of protein [27]. The concentration of DNA was
etermined spectrophotometrically using a molar absorptivity
f 6600 M−1 cm−1 (260 nm) [28]. Double-distilled water was
sed to prepare buffers.

.1. Physical measurement

The melting points of the compounds were determined on
Beijing XT4-100× microscopic melting point apparatus (the

hermometer was not corrected). Carbon, hydrogen, and nitro-
en were analyzed on an Elemental Vario EL analyzer. Infrared
pectra (4000–400 cm−1) were determined with KBr disks on

Therrno Mattson FTIR spectrometer. The UV–vis spectra
ere recorded on a Varian Cary 100 UV–vis spectrophotometer.
he fluorescence spectra were recorded on a Hitachi RF-4500
pectrofluorophotometer. 1H NMR spectra were measured on a
arian VR 300-MHz spectrometer, using TMS as a reference

n CDCl3 or DMSO-d6. Mass spectra were performed on a VG
AB-HS (FAB) instrument and electrospray mass spectra (ESI-
S) were recorded on a LQC system (Finngan MAT, USA)

sing CH3OH as mobile phase.

.2. DNA binding experiments

Absorption titration experiments were performed by main-
aining the metal complex concentration as constant at 10 �M
hile varying the concentration of the CT-DNA within
.5–10 �M. While measuring the absorption spectra, equal
uantity of CT-DNA was added to both the complex and the
eference solution to eliminate the absorbance of DNA itself.

For fluorescence measurements, fixed amounts (10 �M) of
he complex 1 and 2 were titrated with increasing amounts
0–50 �M) of CT-DNA. The excitation and emission wavelength
ere 358 and 414 nm, respectively. Excitation and emission slit
ere set at 10 nm.
The CD spectra were recorded on an Olos RSM 1000 at

ncreasing complex/DNA ratio (r = 0.0, 0.5). Each sample solu-
ion was scanned in the range of 220–320 nm. A CD spectrum
as generated which represented the average of three scans

rom which the buffer background had been subtracted. The
oncentration of DNA was 1.0 × 10−4 M.

Viscosity experiments were conducted on an Ubbelodhe vis-
ometer, immersed in a thermostated water-bath maintained
t 25 ± 0.1 ◦C. Titrations were performed for the complexes

1–10 �M), and each compound was introduced into the CT-
NA solution (10 �M) present in the viscometer. Data were
resented as (η/η0)1/3 versus the ratio of the concentration of the
ompound to CT-DNA, where η is the viscosity of CT-DNA in

w
C
l

ig. 1. The synthetic route of the ligand: (i) C2H5OH, reflux, 20 h; (ii) C2H5OH,
eflux, 4 h; (iii) CH3OH, reflux, 3 h.

he presence of the compound and η0 is the viscosity of CT-DNA
lone. Viscosity values were calculated from the observed flow
ime of CT-DNA containing solutions corrected from the flow
ime of buffer alone (t0), η = t − t0 [29].

Cyclic voltammetry experiments were performed at room
emperature under an inert atmosphere (N2) with a conven-
ional three-electrode electrochemical cell, and using a CHI-420
lectrochemical workstation (made in Shanghai, China). The
hree-electrode system used in this work consists of a glassy
arbon electrode as working electrode, a saturated calomel
lectrode (SCE) as reference electrode and a Pt foil auxiliary
lectrode. Solution was prepared by dissolving the complexes
n DMF and 0.1 M NaClO4 was used as supporting electrode.

.3. Synthesis of the ligand

The ligand (Fig. 1) was prepared according to a method of the
iterature [30]. 2-phenylquinoline-4-carboxylic acid (12.49 g;
0 mmol) was esterified to 2-phenylquinoline-4-carboxylate
yield: 12.86 g (93%)), treatments of the esters with N2H4
ave the corresponding hydrazine (10.98 g; (90%)), which was
efluxed 3 h mixed with 2-hydroxybenzalhedyde, the H2L was
btained in 86% yield.

Ester: yellowish solid, m.p. 51 ◦C. 1H NMR (300 MHz,
DCl3, s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet)
(ppm): 1.49–1.53 (t, 3H, –CH3), 4.52–4.59 (q, 4H, –CH2–),
.49–7.81 (m, 5H, –Ph), 8.20–8.27 (m, 3H, –quinoline), 8.40 (s,
H, –quinoline), 8.73–8.76 (d, 1H, –quinoline).

Hydrazine: white solid, m.p. 222 ◦C. 1H NMR (300 MHz,
MSO-d6) δ (ppm): 4.73 (s, 2H, –NH2), 7.58–8.31 (m, 10H,
Ar), 10.04 (s, 1H, –NH–).

H2L: white solid, 1H NMR (300 MHz, DMSO-d6) δ (ppm):
.93–8.41 (m, 14H, –Ar), 8.62 (s, 1H, –CH–), 11.08 (s, 1H,
NH–), 12.47 (s, 1H, –OH). IR (KBr) (cm−1): νO–H 3436, νN–N
144, νC O 1676, νC N 1564, δN–H 1492, νC–N 1357. UV: λmax
nm): 220, 261, 329. FAB-MS: 368.4.

.4. Synthesis of the complexes

.4.1. Synthesis of (Co·HL·3H2O)·NO3 (1)

H2L (0.919 g, 0.25 mmol) and NaOH (0.01 g, 0.25 mmol)

as mixed in 10 ml C2H5OH and stirred for 0.5 h,
o(NO3)2·6H2O (0.0873 g, 0.3 mmol) was added to the yel-

owish solution. The solution turned to deep red immediately
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nd further stirred 3 h at room temperature, the orange precip-
tate 1 was isolated by filtration and washed by C2H5OH and
hen dried under vacuum. Yield: 51%. (Found: C, 51.14; H,
.16; N, 10.52. Calc. for CoC23H22N4O8: C, 51.03; H, 4.10;
, 10.35%). IR (KBr) (cm−1): νO–H 3409, νC O 1599, νC N
518, νNO3 1386, νCo–O 617, νCo–N 470. ES–MS [CH3OH, m/z]:
Co·HL·NO3 + H)+ 488.3, (Co·HL·NO3–NO3)+ 425.3.

.4.2. Synthesis of (Ni·HL·3H2O)·NO3 (2)
Compound 2 was prepared in a similar way to that of complex

except for Ni(NO3)2·6H2O instead of Co(NO3)2·6H2O, and
he yellow precipitate was formed after the solution was stirred
h. Yield: 56%. (Found: C, 51.16; H, 4.20; N, 10.28. Calc. for
o4C92H74N12O15: C, 51.05; H, 4.10; N, 10.35%). IR (KBr)

cm−1): νO–H 3393, νC O 1604, νC N 1544, νNO3 1384, νNi–O
99, νNi–N 465. ES–MS [CH3OH, m/z]: (Ni·HL·NO3 + H)+

88.1, (Co·HL·NO3–NO3)+ 425.1.

. Results and discussion

The complexes are stable in atmospheric conditions and solu-
le in ethanol, methanol, DMF and DMSO. The ΛM values of the
omplexes in methanol are 94 and 98 S cm2 mol−1, respectively
nd in accord with them being formulated as 1:1 electrolytes
31].

.1. IR spectra

The IR spectra of the two complexes are very similar. The
C O of the free ligand are at 1676 cm−1, for complex 1 and 2 this
eak shifted to 1599 and 1604 cm−1, ν(ligand–complexes) is equal
o 77 and 72 cm−1, respectively. The band at 617 and 599 cm−1

or 1 and 2 is assigned to νM–O [32]. This data strongly indicates
hat the oxygen of the carbonyl has formed a coordinative bond
ith the metal ions. The band at 1564 cm−1 for the free ligand is

ssigned to the νC N stretch, which shifts to 1518 and 1544 cm−1

or the complexes 1 and 2. Weak bands at 470 and 465 cm−1 for
omplexes 1 and 2 are assigned to νM–N [33]. These further
onfirm that the nitrogen of the imino group bonds to the metal
ons. The absorption band near 1384 cm−1 indicates that free
itrate is also present [34].

.2. UV spectra

The study of the electronic spectra in the ultraviolet and visi-
le ranges for the metal complexes and ligand was carried out in
buffer solution. The electronic spectra of ligand had a strong
and at λmax = 220 nm, a medium band at λmax = 261 nm, and a
eak band at λmax = 329 nm. The complexes yield two bands,

nd the bands at 220 nm are shifted to 206 nm. These indicate
hat complexes are formed.

.3. Structure of the complexes
Since the crystal structure of the metal complexes has
ot been obtained yet, we characterized the complexes and
etermined its possible structure by elemental analyses, molar

D
i
i
2

Fig. 2. The suggested structure of the complex. M Co, Ni.

onductivity, mass spectra, IR data and UV–vis measurements.
he likely structure of the complexes is shown in Fig. 2.

.4. DNA-binding studies

.4.1. Electronic absorption titration
Absorption titration can monitor the interaction of a metal

omplex and DNA. In general, hypochromism and red-shift are
ssociated with the intercalative binding of the complex to the
elix, due to strong stacking interactions between the aromatic
hromophore of the complex and the base pairs of DNA [35].
he complexes show absorbance, which is due to metal-to-

igand charge transfer interactions. The complexes have three
eplaceable H2O molecules and hence can coordinate with
ucleotide bases. The intensity of the metal-to-ligand charge
ransfer (MLCT) band of the complexes, observed at the range
f 190–280 nm (Fig. 3(a) and (b)), were monitored as a function
f added DNA. Under the identical experimental conditions, the
omplexes didn’t show bands in the visible area, so we just dis-
uss here the UV bands show apparent changes when interact
ith CT-DNA. Upon addition of CT DNA, the absorption bands
f 1 and 2 at about 206 nm show hyperchromism, and is accom-
anied by a small shift of 2 nm in λmax, from 206 to 208 nm of 1,
nd no shift for 2, that is consistent with groove binding, leading
o small perturbations. This hyperchromism can be attributed to
xternal contact (surface binding) with the duplex. Some similar
yperchromism have been observed [36–38].

The absorption data were analyzed to evaluate the intrinsic
inding constant Kb, which can be determined from Eq. (1) [39],

[DNA]

(εa − εf)
= [DNA]

(εo − εf)
+ 1

Kb(εb − εf)
(1)

here [DNA] is the concentration of DNA in base pairs, the
pparent absorption coefficient εa, εf and εb correspond to
obsd/[M], the extinction coefficient of the free compound and

he extinction coefficient of the compound when fully bound to

NA, respectively. In plots of [DNA]/(εa − εf) versus [DNA], Kb

s given by the ratio of slope to the intercept. The intrinsic bind-
ng constants Kb of complexes 1 and 2 were 0.89 × 105 M−1 and
.2 × 105 M−1, respectively. The results indicate that the bind-
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Fig. 3. Absorption spectra of the complex 1 (a) and 2 (b) inTris–HCl
buffer upon addition of calf-thymus DNA. [complex] = 1 × 10−5 M,
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DNA] = (0–1) × 10−5 M. Arrow shows the absorbance changing upon
ncreasing DNA concentrations. Inset: plots of [DNA]/(εa–εf) versus [DNA]
or the titration of DNA with the complex.

ng strength of complex 2 is stronger than that of 1. The Kb value
btained here is lower than that reported for classical intercala-
or (for ethidium bromide and [Ru(phen)DPPZ] whose binding
onstants have been found to be in the order of 106–107 M)
40,41]. The observed binding constant is more in keeping with
he groove binding with DNA, as observed in the literature [42].

.4.2. CD spectral studies
Circular dichroic spectral techniques give us useful infor-

ation on how the conformation of DNA is influenced by the
inding of the metal complex to DNA. The observed CD spec-
rum of calf-thymus DNA consists of a positive band at 277 nm
ue to base stacking and a negative band at 245 nm due to
elicity, which is characteristic of DNA in the right-handed

form. While groove binding and electrostatic interaction of
mall molecules with DNA show little or no perturbations on
he base stacking and helicity bands, intercalation enhances the
ntensities of both the bands, stabilizing the right-handed B con-
ormation of CT-DNA. The CD spectra of DNA taken after

ncubation of the complexes with CT DNA are shown in Fig. 4.
n all two cases, the intensities of both the negative and posi-
ive bands decrease significantly (shifting to zero levels). This
uggests that the DNA binding of the complexes induces certain

s
d
l
p

ig. 4. CD spectra of CT-DNA (100 mM) in the absence (Solid line) and pres-
nce of compound 1 (Dash line) and 2 (Dot line) (50 mM).

onformational changes, such as the conversion from a more B-
ike to a more C-like structure within the DNA molecule [37].
hese changes are indicative of a non-intercalative mode of bind-

ng of these complexes and offer support to their groove binding
ature [43]. The changing intensity follow the order of 2 > 1.

.4.3. Fluorescence studies
It is noted that both complexes are in a DNA concentration-

ependent manner and exhibit two emission bands (Fig. 5(a)
nd (b)), which is similar to the literature observed previously
44,45]. The intensity of emission at 412 nm increases steadily
ith the increasing concentration of the CT-DNA. On the other
and the intensity of the 446 nm exhibit small increase when
ind to DNA. The emission maximum at about 412 nm shift
y 2 nm to longer wavelength (414 nm) for compound 1, and no
hift for 2. This effect arises because, in the presence of DNA, the
etal complex is bound in a relatively non-polar environment

ompared to water. The increase in the fluorescence intensity
s less than that for the intercalators. The binding site size was
etermined from the binding stoichiometry of the complex-DNA
sotherm as shown in Fig. 6(a) and (b). The intersection point
f the binding isotherm, gives a binding site size of ten base
airs per bound complex molecule. The binding site size allows
ne to distinguish between intercalating and non-intercalating
inding agents [46]. Molecules showing large binding site sizes
re indicative of non-intercalation as a probable mode of bind-
ng and they require correspondingly lower concentrations to
aturate the sites. The binding isotherm of complex 1 and 2 is
gain indicative of non-intercalative binding of the complexes
o DNA.

.4.4. Viscometric titration
Hydrodynamic methods that are sensitive to length are

egarded as one of the least ambiguous and most critical tests
f a binding mode in solution in the absence of crystallographic

tructural data. Intercalating agents are expected to elongate the
ouble helix to accommodate the ligands in between the base
eading to an increase in the viscosity of DNA. In contrast, com-
lex that bind exclusively in the DNA grooves by partial and/or
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Fig. 5. Emission spectra of the complex 1 (a) and 2 (b) inTris–HCl
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Fig. 6. Fluorescence binding isotherms for the association of complex 1 and 2
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DNA that makes the complexes readily reducible. The decreased
extents of the peak currents observed for the complexes upon
addition of CT DNA may indicate that complex 2 possesses
uffer upon addition of calf-thymus DNA. [complex] = 1 × 10−5 M,
DNA] = (0–5) × 10−5 M. Arrow shows the intensity changing upon increasing
NA concentrations.

on-classical intercalation, under the same conditions, typically
ause less pronounced (positive or negative) or no change in
NA solution viscosity [47]. The values of (η/η0)1/3 were plot-

ed against [complex]/[DNA] (see Fig. 7). The results reveal
hat the complexes 1 and 2 effect relatively inapparent increase
n DNA viscosity, which is consistent with DNA groove binding
uggested above, which is also known to enhance DNA viscosity
48]. The increased degree of viscosity, which may depend on
ts affinity to DNA follows the order of 2 > 1, which is consistent
ith our foregoing hypothesis.

.4.5. Voltametric studies
The application of electrochemical methods to the study of

etallointercalation and coordination of transitional metal com-
lexes to DNA provides a useful complement to the previously
sed methods of investigation, such as UV–vis spectroscopy
49,50]. Fig. 8 shows the cyclic voltammograms of the com-
lexes at the absence and presence of DNA. It can be seen that the

athode and anode peak currents decreased gradually with the
ddition of DNA. The decrease in current may be attributed to the
iffusion of the complexes bound to the large, slowly diffusing
NA molecule. The decreases in the peak currents are ascribed

F
v

ith DNA in Tris–HCl buffer (pH 7.2), containing 50 mM NaCl. The binding
toichiometry in terms of number of nucleotide bases/drug molecule is the value
t the intersection of the two straight lines.

o the stronger binding between the complexes and DNA. In
ddition, the peak potentials, Epc and Epa, as well as E1/2 had
shift to more positive potential. The shift of the redox poten-

ial of the complexes in the presence of DNA to more positive
alues indicates a binding interaction between the complex and
ig. 7. Effect of increasing amounts of the Co and Ni complex on the relative
iscosity of calf-thymus DNA at 25.0 ◦C.
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Fig. 8. Cyclic voltammogram of 0.50 mM complex 1 (upon) and 2 (below).
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hows the current and potential changing upon increasing DNA concentrations.
1: 0, 0.02, 0.03,0.04, 0.05 mM DNA) (2: 0, 0.01, 0.02, 0.03, 0.04 mM DNA).

igher DNA-binding affinity than complex 1 does. The results
arallel the above spectroscopic and viscosity data of Co and Ni
omplexes in the presence of DNA.

. Conclusion

Two new Co(II) and Ni(II) complexes have been synthesized
nd characterized. The DNA-binding properties of these com-
lexes were examined by absorption and fluorescence and CD
pectra, CV and viscosity measurements. Experimental results
ndicate that the complexes can bond to CT-DNA take the mode
f groove binding, and complex 2 have stronger binding affinity
han 1.
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