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Pyrazolone derivatives (Z)-4-((2-hydroxyethylimino)(p-tolyl)methyl)-3-methyl-1-phenyl-1H-pyrazol-
5(4H)-one [PMP-EA] (1), (Z)-1-(3-chlorophenyl)-4-((2-hydroxyethylimino)(p-tolyl)methyl)-3-
methyl-1H-pyrazol-5(4H)-one [MCPMP-EA] (2), and (Z)-4-((2-hydroxyethylimino)(p-tolyl)methyl)-
3-methyl-1-p-tolyl-1H-pyrazol-5(4H)-one [PTPMP-EA] (3) have been synthesized and character-
ized. The molecular geometry of 2 has been determined by single-crystal X-ray study. These
ligands exist in amine-one tautomeric form in the solid state. Three copper(II) complexes, [Cu
(PMP-EA)(H2O)2] (4), [Cu(MCPMP-EA)(H2O)2] (5), and [Cu(PTPMP-EA)(H2O)2] (6), respec-
tively, have been synthesized using these ligands and characterized by microanalytical data, molar
conductivity, IR, UV–Visible, FAB-Mass, magnetic measurement, TG-DTA studies, and ESR spec-
tral studies; Cu(II) is five-coordinated with [ML(H2O)2] composition. The interaction of the com-
plexes with CT-DNA (calfthymus) was investigated using different methods. The results suggest
that the copper complexes bind to DNA via intercalation and can quench the fluorescence intensity
of EB bound to DNA.

Keywords: Schiff bases; Crystal structure; Cu(II) complexes; DNA binding

1. Introduction

Pyrazolone-5 derivatives form an important class of compounds important in medicinal
chemistry for their high biological activity [1, 2]. Even the simplest pyrazolone-5 deriva-
tives are well-known analgesics, widely used in medicine. 4-Acyl pyrazolone derivatives
have many potential dimmers with diverse coordination, capable of chelating and bridging
properties [3].

Schiff bases of acyl pyrazolones are ligands for many metal ions, promoted by high
sensitivity with a series of ions. Schiff bases have diverse biological, pharmacological,
antitumor activity and exceptional chelating ability [4–6].

*Corresponding author. Email: rajendra_jadeja@yahoo.com

Journal of Coordination Chemistry
Vol. 66, No. 6, 20 March 2013, 1094–1106

Journal of Coordination Chemistry
ISSN 0095-8972 print/ISSN 1029-0389 online � 2013 Taylor & Francis

http://dx.doi.org/10.1080/00958972.2013.776164

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

52
 1

3 
O

ct
ob

er
 2

01
3 



The chemistry of pyrazolone derivatives has expanded with synthesis of their metal
complexes. Ligands and complexes possess strong biological activity [7]. Chemistry of
pyrazolone containing metal complexes has been reviewed [8, 9].

Transition metal complexes have DNA binding affinity with open coordination positions
for DNA binding and hydrolysis generating reactive oxygen containing species for DNA
oxidation [10, 11]. We have opted for the biocompatible Cu(II), widely distributed in bio-
logical systems and its complexes have a broad spectrum of biological action. Cu accumu-
lates in tumors due to selective permeability of the cancer cell membranes [12]. A number
of copper complexes have been screened for anticancer activity both in vivo and in vitro
[13]. Several Cu(II) Schiff base complexes have been the subject of investigation for DNA
binding and cleavage [14–16]. Coordination compounds of copper, in both oxidation
states, have been used in metal-mediated DNA cleavage through generation of hydrogen
abstracting activated oxygen species [17, 18].

Our group has been actively engaged in studying 4-acyl pyrazolone derivatives and their
complexes [19–24]. Among these studies, 4-acyl pyrazolone derivatives exhibit various
coordination patterns and properties. However, little has appeared on the biological activity
derived from 4-acylpyrazolone and 2-ethanolamine. Herein, we report the synthesis, struc-
tural characterization and biological activity of Cu(II) complexes.

In continuation to our previous work, dealing with the search for potent metal-based
cancer chemotherapeutics, reduced toxicity and specific DNA target interaction [22, 23],
we have carried out modulation of the Schiff base ligand scaffold.

2. Experimental

2.1. Materials and methods

Reagents and chemicals of analytical grade were procured from commercial sources. Sol-
vents used for electrochemical and spectroscopic studies were purified using standard pro-
cedures [25]. The disodium salt of calf-thymus DNA (CT-DNA), purchased from Sigma,
was stored at 4 °C and used as received. Stock solution of DNA was prepared by dissolv-
ing appropriate amount of DNA in H2O and stored at 4 °C. The ratio of absorbance at 260
and 280 nm (A260/A280) was checked to be �1.96, indicating that the DNA is sufficiently
free from protein [26]. The concentration of DNA was determined spectrophotometrically
at 260 nm after 1 : 100 dilution using the known molar extinction coefficient value of
6700M�1 cm�1 [27]. Ethidium bromide (EB) was obtained from Hi-media laboratories
Pvt. Ltd., Mumbai. Double-distilled water was used for preparing all solutions. Purity of
the ligands and complexes was evaluated by thin layer chromatography.

Elemental analyses (C, H, N) of the compounds were performed on a model 2400 Per-
kin–Elmer elemental analyzer. Infrared spectra (4000–400 cm�1, KBr discs) of the samples
were recorded on a model RX 1 FTIR Perkin-Elmer spectrophotometer. 1H NMR spectra
were recorded with a Bruker AV 400MHz using DMSO-d6 as solvent and TMS as an
internal reference. The electronic spectra (in DMF at room temperature) from 400 to
800 nm were recorded on a Perkin-Elmer Lambda 35 UV–Vis spectrophotometer. GC–MS
spectra of all the ligands were recorded on a Trace GC ultra DSQ II. Simultaneous TG/
DTA was recorded on an EXSTAR6000 TG/DTA6300. Fluorescence spectra were recorded
on a JASCO, FP-6300 fluorescence spectrophotometer. Molar conductivities of 10�3M
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solutions of the complexes in DMF were measured at room temperature with an Elico CM
180 direct reading digital conductivity meter. Copper was determined by EDTA after
decomposing the complexes with HNO3. Magnetic susceptibility measurements were car-
ried out by employing the Guoy method at room temperature on a powdered sample of
complexes using [HgCo(CN)4] as calibrant. ESR spectrum of the Cu(II) complex was
recorded on a X-band instrument at the ESR laboratory, IIT, Bombay, at room temperature
and liquid nitrogen temperature for polycrystalline and solution state, respectively.

2.2. DNA binding experiments

Absorption titration experiments for complexes were performed by maintaining constant
metal complex concentration of 1mM while varying the concentration of CT-DNA from 0
to 350 μM. From absorption data, the intrinsic binding constant Kb was determined from a
plot of [DNA]/(ɛa� ɛf) versus [DNA] using the equation:

½DNA�=ðea � ef Þ ¼ ½DNA�=ðeb � ef Þ þ ½Kbðeb � ef Þ��1

where [DNA] is the concentration of DNA in base pairs. The apparent absorption coeffi-
cients ɛa, ɛf, and ɛb correspond to Aobsd/[M] (where M=Cu2+), to the extinction coefficient
for free Cu(II) complex and to the extinction coefficient for the Cu(II) complex in the fully
bound form, respectively.

Fluorescence quenching experiments were conducted by adding Cu(II) complex solution
at different concentrations to the samples containing 3.3 μMEB and 3 μM DNA in buffer
(150mM NaCl and 15mM trisodium citrate at pH 7.03). All the samples were excited at
546 nm and emission was recorded at 550–750 nm. The Stern–Volmer constant Ksv for
each complex was calculated according to the following equation:

F0=F ¼ 1þ Ksv½Q�

where F0 and F are the emission intensities in the absence and presence of quencher,
respectively, Q is the concentration of the quencher and Ksv is the Stern–Volmer constant,
obtained from the slope of the plot of F0/F versus [Q].

Viscosity experiments were carried out by using an Ostwald's capillary viscometer,
immersed in a thermostated water bath with the temperature setting at 30 ± 0.1 °C for
15min. DNA samples with an approximate average length of 200–500 base pairs were
prepared by sonication in order to minimize complexities arising from DNA flexibility [4].
Flow time was measured with a digital stopwatch. Each sample was measured in triplicate
and an average flow time was considered for the final calculation. Data were presented as
(η/η0)

1/3 versus the mole ratio of Cu(II) complex to DNA, where η is the viscosity of
DNA in the presence of the complex and η0 is the viscosity of DNA alone.

2.3. Synthesis of PMP, MCPMP and PTPMP

PMP (5-methyl-4-(4-methyl-benzoyl)-2-phenyl-2,4-dihydro-pyrazol-3-one), PTPMP (5-
methyl-4-(4-methyl-benzoyl)-2-p-tolyl-2,4-dihydro-pyrazol-3-one), and MCPMP (2-(3-
chloro-phenyl)-5-methyl-4-(4-methyl-benzoyl))-2,4-dihydro-pyrazol-3-one) were synthesized
according to method reported [23].

1096 Joseph V.A. et al.
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2.4. Synthesis of Schiff base ligands

PMP (10mmol) was dissolved in minimum absolute ethanol. To this solution, a solution
of 2-ethanolamine (10mmol) in 20mL ethanol was added dropwise. The reaction mixture
was refluxed for 6 h. After cooling a microcrystalline yellow compound separated, [PMP-
EA] (1) was filtered, washed with water and then with ethanol and dried under vacuum.

A similar procedure was followed for synthesis of [MCPMP-EA] (2) and [PTPMP-EA] (3)
using 2-(3-chloro-phenyl)-5-methyl-4-(4-methyl-benzoyl))-2,4-dihydro-pyrazol-3-one [MCPMP]
and 5-methyl-4-(4-methyl-benzoyl)-2-p-tolyl-2,4-dihydro-pyrazol-3-one [PTPMP], respectively.
Synthesis of the ligands is summarized by scheme 1.

1: Yield 81.85%, m.p. 150 °C. Anal. Calcd for C20H21N3O2 M.W.: 335.40, C(71.62%),
H(6.31%), N(12.53%), found: C(71.28%), H(6.21%), N(12.91%); 1H NMR (DMSO): δ
1.80(s, 3H, PZ C–CH3), 3.19(s, 3H, TL C–CH3), 7.02–7.41(m, 5H, Ph), 7.99–8.07(m, 4H,
TL), 5.07(m, 1H, –OH), 3.42–3.45(t, 2H, N–CH2–), 3.37–3.40(t, 3H, –CH2–O), 11.23(s,
1H, –NH). IR (KBr, cm�1): 3354(m) (O–H), 2924(m) (N–H), 1536(s) (C=N, cyclic), 1615
(m) (C=O, pyrazolone ring), 1222(s) (C=N, azomethane); MS: m/z = 257.14
[C14H16N3O2]

+, 97.08 [C4H4N2O]
+.

2: Yield 82.68%, m.p. 165 °C. Anal. Calcd for C20H20ClN3O2 M.W.: 369.84, C
(64.95%), H(5.45%), N(9.59%), found: C(64.41%), H(5.29%), N(9.66%); 1H NMR
(DMSO): δ 1.39(s, 3H, PZ C–CH3), 3.20 (s, 3H, TL C–CH3), 7.09–7.60(m, 4H, Ph),
7.96–8.05(m, 4H, TL), 5.08(s, 1H, –OH), 3.41–3.46(t, 2H, N–CH2–), 3.49–3.52(t, 2H, –
CH2–O), 11.26(s, 1H, –NH). IR (KBr, cm�1): 3418(m) (O–H), 2923(m) (N–H), 1539(s)
(C=N, cyclic), 1620(m) (C=O, pyrazolone ring), 1227(s) (C=N, azomethane); MS:
m/z = 369.10 C20H20ClN3O2]

+, 339.14 [C18H14ClN3O2]
+, 264.17 [C12H10ClN3O2]

+, 257.15
[C14H16N3O2]

+, 97.07 [C4H4N2O]
+.

3: Yield 80.85%, m.p. 160 °C. Anal. calc. for C21H23N3O2 M.W.: 349.43, C(72.18%),
H(6.63%), N(12.03%), found: C(72.68%), H(6.21%), N(12.51%); 1H NMR (DMSO):

N

N

CH3

O

C

+ NH2-CH2-CH2-OH
Ethanol

Reflux N

N

CH3

OH

C
N

CH2
CH2

OH

R1

R2

R1

R2

H3C

O

H3C

1: R1=H, R2=H; 2: R1=H, R2=Cl; 3: R1=CH3, R2=H

Scheme 1. Synthesis of Schiff bases.

Cu(II) Schiff bases 1097

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

52
 1

3 
O

ct
ob

er
 2

01
3 



δ 1.34(s, 3H, PZ C–CH3), 3.18 (s, 3H, TL C–CH3), 7.07–7.39(m, 5H, Ph), 7.86–7.94(m,
4H, TL), 5.05(s, 1H, –OH), 3.44–3.45(t, 2H, N–CH2–), 3.49–3.50(t, 2H, –CH2–O), 11.24
(s, 1H, –NH). IR (KBr, cm�1): 3347(m) (O–H), 2923(m) (N–H), 1526(s) (C=N, cyclic),
1607(m) (C=O, pyrazolone ring), 1220(s) (C=N, azomethane); MS: m/z = 349.28
[C21H23N3O2]

+, 348.10 [C21H22N3O2]
+, 200.03 [C11H9N2O2]

+, 119.13 [C8H7O]
+, 90.06

[C7H7]
+.

2.5. Synthesis of Cu(II) complexes

All the Cu(II) complexes of Schiff bases were prepared by the following method. Cu–acetate
(2mmol) was dissolved in a minimum amount of water and the solution was added to a hot
ethanolic solution of the corresponding Schiff base (2mmol). A crystalline solid formed, was
filtered, washed with hot distilled water and then ethanol and dried under vacuum. Synthesis
of the complexes is summarized by scheme 2.

[Cu(PMP-EA)(H2O)2] (4): Yield 58.62%, m.p.>250 °C. Anal. Calcd for
C20H23CuN3O4: M.W.: 432.96, C(55.48%), H(5.35%), N(9.71%), Cu(14.68%), found: C
(55.95%), H(5.76%), N(9.72%), Cu(14.81%). IR (KBr, cm�1): 3429(m) (O–H coordinated
H2O), 1579(s) (C=N, cyclic), 1494(m) (C–O), 449(m) (Cu–N), 474(m) (Cu–O); MS: m/
z = 431.2 [C20H22CuN3O4]

+, 370.3 [C18H17CuN3O2]
+, 372.3 [C18H19CuN3O2]

+, 327.2
[C12H15CuN3O4]

+, 235.1 [C7H14CuN3O2]
+, 202.3 [C11H11N3O]

+, 122.0 [C5H7N3O]
+. Elec-

tronic spectrum in DMF [λ/nm]: 638 (dxz; dyz ! dx2�y2 , square-pyramidal); ΛM/S m2M�1

(in DMF, r.t.) = 39; μeff (B.M.) = 1.79.
[Cu(MCPMP-EA)(H2O)2] (5): Yield 59.86%, m.p.>260 °C. Anal. Calcd for

C20H22ClCuN3O4: M.W.: 467.41, C(51.39%), H(4.74%), N(8.99%), Cu(13.60%), found: C
(51.68%), H(4.67%), N(8.54%), Cu(13.51%). IR (KBr, cm�1): 3430(m) (O–H coordinated
H2O), 1596(s) (C=N, cyclic), 1480(m) (C–O), 445(m) (Cu–N), 468(m) (Cu–O); MS:

N

N

CH3

O

C
N

CH2 CH2

O

H3C

Cu
OH2

OH2

R2

R1

Ethanol,M:L-1:1N

N

CH3

OH

C
N

CH2
CH2

OH

R1

R2

H3C

Cu-acetate

4: R1=H, R2=H; 5: R1=H, R2=Cl; 6: R1=CH3, R2=H

Scheme 2. Synthesis of complexes.
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m/z = 470.4 [M+ 2 peak, C20H22ClCuN3O4]
+, 431 [C20H18ClCuN3O2]

+, 398.3
[C20H19CuN3O2]

+, 307.3 [C13H13CuN3O2]
+, 381.2 [C19H17CuN3O2]

+, 350.3 [base peak,
C18H13CuN3O]

+, 351.3 [C18H14CuN3O]
+, 307.3 [C18H17N3O2]

+. Electronic spectrum in
DMF [λ/nm]: 682 (dxz; dyz ! dx2�y2 , square-pyramidal); ΛM/Sm

2M�1 (in DMF, r.t.) = 36;
μeff (B.M.) = 1.76.

[Cu(PTPMP-EA)(H2O)2] (6): Yield 55.76%, m.p.>250 °C. Anal. Calcd for
C21H25CuN3O4: M.W.: 446.99, C(56.43%), H(5.64%), N(9.40%), Cu(14.22%), found: C
(56.75%), H(5.96%), N(9.72%), Cu(14.61%). IR (KBr, cm�1): 3436(m) (O–H coordinated
H2O), 1597(s) (C=N, cyclic), 1477(m) (C–O), 430(m) (Cu–N), 478(m) (Cu–O); MS: m/
z = 446.11 [C21H25CuN3O4]

+, 410.9 [C21H21CuN3O2]
+, 396 [C20H19CuN3O2]

+, 368
[C18H15CuN3O2]

+, 292 [C12H11CuN3O2]
+, 216 [C6H7CuN3O2]

+, 155 [C6H9N3O2]
+. Elec-

tronic spectrum in DMF [λ/nm]: 636 (dxz; dyz ! dx2�y2 , square-pyramidal); ΛM/Sm
2M�1

(in DMF, r.t.) = 26; μeff (B.M.) = 1.78.

2.6. X-ray structure determination

Single-crystal X-ray diffraction for 2 was carried out. X-ray intensity data were collected
on a Bruker CCD area-detector diffractometer equipped with graphite monochromated
MoKα radiation (λ= 0.71073Å) at 23 °C. The crystal used for data collection was of
0.30� 0.20� 0.20mm. Cell dimensions were determined by least-square fit of angular set-
tings of 5610 reflections in the h range 2.48° < h< 25.00°. The intensities were measured
by Ø and ω scan mode for h range 3.42° to 25.00°. 2965 reflections were treated as
observed (I> 2σ(I)). Data were corrected for Lorentz, polarization and absorption factors.
The structure was solved by direct methods using SHELXS97 [28]. All nonhydrogen
atoms of the molecule were located in the best E-map. Full-matrix least-squares refinement
was carried out using SHELXL97 [28]. Atomic scattering factors were taken from Interna-
tional Tables for X-ray Crystallography (1992, Vol. C, tables 4.2.6.8 and 6.1.1.4). The
crystallographic data are summarized in Supplementary material. An ORTEP [29] view of
the ligand with atomic labeling is shown in Supplementary Material [30]. The geometry of
the molecule has been calculated using the software PLATON [31] and PARST [32].

3. Results and discussion

The ligands were prepared by refluxing an appropriate amount of 4-toluoyl pyrazolone
with 2-ethanolamine in ethanol. The structures of the synthesized ligands were established
from IR, NMR and microanalytical data. Cu(II) complexes of these ligands were prepared
by using the respective metal salt as acetate with the corresponding ligands in molar ratio
of metal : ligand as 1 : 1.

The complexes are green, air and moisture-free amorphous solids, insoluble in common
organic solvents but soluble in DMF and DMSO. Molar conductance values of the com-
plexes in DMF (10�3M solution at 25 °C) indicate that the complexes have molar ratio of
metal:ligand as 1 : 1. The molar conductance values 39.00 (4), 36.00 (5), and 26.00 (6)
Ohm�1 cm2mol�1 indicate that they are nonelectrolytes [33]. The magnetic moments of
the complexes were recorded at room temperature for 4, 5, and 6 as 1.79, 1.76, and 1.78
BM, respectively, consistent with spin only value.

Cu(II) Schiff bases 1099
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3.1. Molecular structure of 2

The molecular structure of 2 with the atom-numbering scheme is illustrated in Supplemen-
tary Material. The crystal packing of the ligand projected down the a axis is illustrated in
Supplementary material. Important bond lengths and angles for the ligand are listed in
Supplementary material. The crystal structure description is discussed in the Supplemen-
tary material.

3.2. IR spectral studies

The bonding mode of the ligand coordinated to Cu(II) ion was further elucidated by com-
parison with IR spectra of the ligands and complexes. From the crystal structure, we can
see that the ligand exists as the keto form in the solid state. The broad peak at
�2923 cm�1 in the free ligands corresponds to v(N–H). Strong bands at �1536 and
�1615 cm�1 are assigned to v(C=N) and v(C=O) of the pyrazolone ring, consistent with
keto form in the solid state.

In IR spectra of the complexes, C=O and N–H stretches disappear and a new band
attributed to v(C–O) appears at �1480 cm�1. Absorptions of C–OH and C=N slightly shift
to lower wavenumber, indicating coordination of oxygen from 2-hydroxyethylimino and
azomethane nitrogen. New bands at 445 and 468 cm�1 are assigned to Cu–N and Cu–O
stretches. These results indicate that the ligand undergoes isomerization from keto to enol
during coordination and then loses two protons to coordinate with Cu(II) as a double-nega-
tive bidentate ligand [34]. The IR spectra of 3 and its complex 6 are shown in
Supplementary material.

3.3. 1H NMR spectral studies

The 1H spectra of the ligands were carried out in DMSO-d6 at room temperature. The data
are reported along with possible assignments in the experimental section. All protons were
found in their expected region. 1H NMR spectrum of 1 is shown in Supplementary
material.

3.4. Electronic spectral studies

Electronic spectra distinguish geometries of the complexes. Electronic absorption of the
complexes in DMF solution shows a d-d transition at 550–660 nm, which can be assigned
as the dxz; dyz ! dx2�y2 transition, revealing that the Cu(II) is five-coordinated [35–39].

3.5. Thermal studies

Thermal stability and thermal behavior of the complexes were studied by thermogravimet-
ric analysis (TGA–DTA–DTG) under nitrogen atmosphere from 25 to 700 °C. Correlations
between decomposition steps of the complexes with the corresponding weight losses are
almost the same for the complexes. No mass loss was observed up to 240 °C. The first
decomposition at 250–310 °C probably is due to loss of coordinated water [40]. Above
300 °C, the complexes decompose gradually due to fragmentation and thermal degradation
of the organic moiety; continuous loss of weight is observed up to 700 °C. This process is
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accompanied by an exothermic process at 300 °C in DTA and DTG curves of the com-
plexes. TG–DTA–DTG spectrum of 5 is given in Supplementary Material. For these com-
plexes, mass loss corresponds to 8.31% (Calcd 8.35% for 4), 7.24% (Calcd 7.20% for 5),
and 8.05% (Calcd 8.08% for 6) for two water molecules. Thus, there are two coordinated
waters in all three complexes.

3.6. ESR spectral studies

The X-band ESR spectra were recorded for solution and powder samples for 6 at RT and
LNT (Supplementary material). The spectrum of the complex at 300K shows one intense
isotropic band in the high-field region. Hamiltonian parameters g||, g\, A||, and A\ were
also calculated (table 1). For 6, G= 2.13, indicating that the ligands are strong field ligands
and the metal–ligand bonding in these complexes is covalent. It also indicates that the ste-
reochemistry of the complex is square-pyramidal [41].

The orbital reduction factors (K|| and K\) also indicate that the complex has covalent
character and in-plane π-bonding is present in the complex. In the case of pure σ-bonding

Table 1. ESR parameters of 6.

Hamiltonian parameters
Degree of geometrical

distortion
Interaction coupling

constant
Orbital reduction

factors

g|| g\ A|| A\ g||/A|| G K|| K\

2.21 2.10 260 20 85 2.13 0.794 0.0.418

Figure 1. Electronic spectra of 4 (A), 5 (B) and 6 (C) (1�10�3M) in DMF in the absence and presence of
CT-DNA. The arrow shows the absorbance changes upon increasing DNA concentrations.
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K|| =K\, whereas K|| <K\ implies considerable in-plane π-bonding, while for out-of-plane
π-bonding K|| >K\. For the present complex, the observed order is K|| (0.79) >K\ (0.41),
implying a greater contribution from out-of-plane π-bonding than from in-plane π-bonding.
In absence of any crystal structure evidence, from electronic and ESR spectral
measurements, we predict square-pyramidal geometries for these five-coordinate copper
complexes.

3.7. Mass spectral studies

Electron impact mass spectral data are reported in the experimental section. All the com-
plexes give a molecular ion peak corresponding to their molecular weight. The GC–MS
spectrum of 3 is shown in Supplementary material and representative ESI-mass spectra of
4 and 5 are shown in Supplementary material.

3.8. DNA binding studies

3.8.1. Absorption spectral studies. With increasing concentration of CT-DNA, absorp-
tions of the complexes were affected, resulting in hypochromism and a slight red shift due
to intercalative binding between DNA and the metal complexes. Hypochromism results
from contraction of DNA in the helix axis, as well as from change in conformation, while
hyperchromism results from damage of the DNA double helix structure [42–45].

Figure 2. Plots of [DNA]/(ɛa� ɛf) vs. [DNA] for titration of DNA with 4 (A), 5 (B) and 6 (C).
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The absorption spectra of complexes in the absence and presence of DNA are given in
figure 1.

To further illustrate the DNA binding strength, the intrinsic binding constant Kb was
determined for the complexes as 0.9� 105 M�1 (4), 1.2� 105 M�1 (5), and 1.41�105

M�1 (6). The binding constants were lower than those observed for classical intercalators
(ethidium-DNA, 1.4� 106 M�1) [46]. The diminution of the intrinsic binding constants
could be explained by the steric constraints imposed by the ligand framework and thus
encouraging a partial intercalation binding for the complexes. Our results are consistent
with earlier reports on binding to DNA in Cu complexes [47, 48]. Plots of [DNA]/(ɛa–ɛf)
versus [DNA] are shown in figure 2. From the values of the binding constants, 6 is stron-
gest binder and the order of binding is 6 > 5> 4.

3.8.2. Competitive studies on DNA binding with EB. Further experiments were carried
out to gain support for the mode of binding of the complexes with CT-DNA. Ethidium
bromide was used which emits fluorescence in the presence of CT-DNA due to its strong
intercalation. Quenching of the fluorescence of EB bound to DNA was measured with
increasing amount of metal complexes.

As depicted in figure 3, the fluorescence intensity of EB decreases with increasing
concentration of the complexes, indicating that some EB molecules are released from the
EB–DNA complex after exchange with 4, 5 and 6. This may be due to either the metal

Figure 3. Emission spectra of EB bound to DNA in the absence and presence of 4 (A), 5 (B) and 6 (C). [EB] =
3.3 μM, [DNA] = 3 μM; λex = 546 nm. The arrow shows intensity changes on increasing complex concentration.
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complex competing with EB for DNA binding sites or a more direct quenching interaction
on the DNA itself [46]. We assume the reduction in the emission intensity of EB on
increasing the complex concentration could be caused by displacement of the DNA-bound
EB by the Cu(II) complexes. Such quenched fluorescence of EB bound to DNA is also
found in other copper complexes [49, 50]. A plot of relative fluorescence intensity (F0/F)
versus concentration for complexes is shown in figure 4.

Stern–Volmer constants calculated for all the complexes are 1.26� 107 M�1,
1.30� 107M�1 and 1.31�107 M�1, in agreement with literature [49, 50]. The values
show that 6 has higher binding capacity than the other two complexes.

1

1.2

1.4

1.6

1.8

2

0 0.02 0.04 0.06 0.08

F
0 
/F

Concentration
Complex-4 Complex-5 Complex-6

Figure 4. Plot of relative fluorescence intensity (F0/F) vs. concentration for 4–6 in buffer solution (150 mM
NaCl and 15 mM trisodium citrate at pH 7.03) (λem = 610 nm).

Figure 5. Effect of increasing amounts of 4 (A), 5 (B) and 6 (C) on the relative viscosities of DNA at 30.0 ± 0.1 °C.
[DNA] = 50 μM, [Complex]/[DNA] = 0, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, respectively.
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3.8.3. Viscosity studies. Binding of the complexes to CT-DNA was further investigated
by viscometric studies. A classical intercalation results in lengthening of the DNA helix as
the base pairs are separated to accommodate the binding molecule, leading to an increase
in DNA viscosity. However, a partial and/or non-classical intercalation may bend (or kink)
the DNA helix, resulting in decrease of its effective length and concomitantly its viscosity
[45, 46, 51]. The effects of all the complexes on the viscosity of CT-DNA are shown in
figure 5.

A significant increase in viscosity of DNA on addition of the complex due to intercala-
tion increases the effective size of DNA, increasing the viscosity [52, 53]. The binding
order of the complexes is 6 > 5> 4.

4. Conclusions

A series of Cu(II) complexes with Schiff base ligands derived from 4-toluoyl pyrazolones
and 2-ethanolamine was synthesized and characterized. Spectral data show that all the
Schiff bases are tridentate, bonding to Cu(II) through the deprotonated enol-O, deproto-
nated acidic-O, and azomethine nitrogen. Analytical data show the presence of one Cu(II)
per one ligand and suggest a mononuclear square-pyramidal stereochemistry. The binding
behavior of the metal complexes with DNA was studied by UV spectra, viscosity, and
fluorescence assay under physiological conditions. All experimental evidence indicates that
these complexes bind to CT-DNA via intercalation. Among the three complexes, 6 has
highest binding affinity.

Supplementary material

CIF file for the X-ray crystal structure has been deposited with the Cambridge Crystallo-
graphic Data Center (CCDC 817981). Copies of this information can be obtained free of
charge at www.ccdc.cam.ac.uk/conts/retrieval.html or from the CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK (Fax +44 1223/336 033. E-mail: deposit@ccdc.ac.uk).
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