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Two new copper(Il) complexes have been synthesized by reacting 2-oxo-1,2-dihydroquinoline-3-carbal-
dehyde(2’-hydroxybenzoyl)hydrazone (H,L) (1) with CuCl,-2H,0 or Cu(NOs3),-3H,0, in order to obtain a
clear picture on the role of counter ion in the biological properties of the complexes so obtained. Single-
crystal X-ray diffraction studies revealed that both the complexes [CuCI(HL)(H,0)]-CH3OH (2) and
[Cu(HL)(CH30H);]NOs3 (3) have square pyramidal geometry with the ligand coordinating through uni-
negative tridentate ONO~ fashion. The UV-Vis and fluorescence spectroscopy experimental evidences

Keywords: strongly suggested that the ligand and the two Cu(Il) complexes could interact with calf thymus DNA
Copper(Il) complexes . . . . . .
DNA binding (CT-DNA) through intercalation. The interactions of the compounds to bovine serum albumin (BSA) were

investigated by UV-Vis, fluorescence and synchronous fluorescence spectra. The results indicated that all
the three compounds could quench the intrinsic fluorescence of BSA in a static quenching way. Investi-
gations of antioxidative properties showed that all the compounds have strong radical scavenging prop-
erties. Cytotoxic studies showed that the two copper(Il) complexes exhibited effective cytotoxic activity
against HeLa cancer cells. Overall, the complex 3 has exhibited better biological activity than that of the
complex 2 and the ligand.

Protein binding
Antioxidant
Cytotoxicity

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Metal complexes have been widely applied in the field of med-
icine for centuries, although their molecular mechanism has not
yet been entirely understood [1,2]. It is well known that metal ions
present in the complexes are not only accelerating the drug action
but also increase the effectiveness of the organic ligands [3]. The
medicinal properties of metal complexes depend on the nature of
the metal ions and the ligands [4]. The interest in preparation of
new metal complexes has forced the study of the interaction of
metal complexes with DNA and protein for their potential applica-
tions in biotechnology and medicine. Among the various interac-
tions of metal complexes with DNA, intercalation is one of the
most important DNA binding modes, which is related to the antitu-
mor activity of the complex [5]. Moreover, the studies on interac-
tion of protein with metal complexes can provide information of
the structural features that determine the therapeutic effectiveness
of the complex and have become an interesting field in recent
years [6].
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Copper with its bio-essential activity and oxidative nature has
attracted numerous inorganic chemists to address Cu(ll) com-
plexes with medical applications [7-10]. Copper(Il) complexes
containing heterocyclic bases have been extensively explored in
virtue of their strong interactions with DNA and cytotoxic activity
[11-13]. In this connection, it is well known that hydrazones rep-
resent an important class of compounds in medicinal chemistry
with great potential for chemotherapeutic applications [14,15].
Hence, it is important to know whether the Cu(Il) complexes con-
taining hydrazones can show different DNA binding, antioxidant
and cytotoxic activities because of the inclusion of the copper(Il)
ion and also the effect of structural and electronic properties aris-
ing out of the coordination [16-18]. In this regard, copper(Il) com-
plexes containing 2-o0xo-1,2-dihydroquinoline-3-carbaldehyde
hydrazones have gained only a little attention [19,20].

Moreover, only a less attention has been in the study of the struc-
ture activity relationship of the complexes on their biological activity.
In this line, we have recently reported that the copper(Il) complexes
derived from 2-0xo0-1,2-dihydroquinoline-3-carbaldehyde N-substi-
tuted thiosemicarbazones and their structure activity relationship
on biological properties such as protein binding, antioxidative and
cytotoxic activity [21]. However, the structural and biological proper-
ties of hydrazone transition metal complexes derived from 2-oxo-1,2-
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dihydroquinoline-3-carbaldehyde have not been explored well. This
aroused our interest in the synthesis of the ligand, 2-oxo0-1,2-dihydro-
quinoline-3-carbaldehyde(2’-hydroxybenzoyl)hydrazone, and its
copper(Il) complexes with a view towards evaluating their structure
activity relationship on biological properties such as DNA and protein
binding, antioxidative and cytotoxic activity after the recent report of
the reaction of 2-oxo-1,2-dihydroquinoline-3-carbaldehyde(2’-
hydroxybenzoyl)hy d razone with Cu(NOs), [20]. We carried out the
same reaction and obtained a different complex for which the struc-
ture has been proved by single crystal X-ray studies. Moreover, no
work seems to have been on CuCl, with the above ligand. So here in,
we report a comparative study of the biological properties of two
new Cu(Il) complexes synthesized from the same ligand with differ-
ent Cu(Il) salt namely chloride and nitrate, in order to have a correla-
tion on the structure and activity.

2. Experimental
2.1. Materials/instrumentation

All starting precursors were of analytical grade, and double-dis-
tilled water was used throughout the experiments. 2-0Oxo-1,2-dihy-
droquinoline-3-carbaldehyde was prepared according to the
literature procedure [22]. The reagents and solvents were purchased
commercially and used without further purification unless other-
wise noted. Ethidium bromide (EB), calf thymus DNA (CT-DNA), bo-
vine serum albumin (BSA) 2,2’-diphenyl-1-picrylhydrazyl (DPPH)
and 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) were purchased from Sigma-Aldrich and used as re-
ceived. Elemental analyses (C, H, N) were performed on Vario EL III
Elementar analyzer instrument. IR spectra (4000-400 cm™!) for
KBrdisks wererecorded on a Nicolet Avatar Model FT-IR spectropho-
tometer. '"H NMR spectra were recorded on Bruker AMX 500 at
500 MHz using tetramethylsilane as an internal standard. Melting
points were determined with a Lab India instrument. Electronic
absorption spectra were recorded using Jasco V-630 spectropho-
tometer. Emission spectra were measured with Jasco FP 6600 spec-
trofluorometer. Solid state magnetic susceptibility measurements
were carried out at room temperature on a Faraday balance cali-
brated using mercury(Il) tetrathiocyanatocobaltate(II).

2.2. Preparation of compounds

2.2.1. Synthesis of 2-oxo-1,2-dihydroquinoline-3-carbaldehyde(2'-
hydroxybenzoyl)hydrazone (H>L) (1)

It was prepared with some modifications as described [20]. 2-
hydroxybenzohydrazide (1.52 g, 0.01 mol) dissolved in warm meth-
anol (50 mL) was added to a methanol solution (50 mL) containing
2-0x0-1,2-dihydroquinoline-3-carbaldehyde (1.73 g, 0.01 mol).
The mixture was refluxed for an hour during which a yellow precip-
itate was formed. The reaction mixture was then cooled to room
temperature and the solid compound formed was filtered. It was
then washed with methanol and dried under vacuum. Yield, 93%.
M.p. 315-317 °C. Elemental Anal. Calc. for C;7H3N305: C, 66.72; H,
4.19; N, 13.71. Found: C, 66.44; H, 4.26; N, 13.67%. UV: /pax (nm):
375. IR Vmax (cm™1): ve—o: 1655, ve—n: 1559. '"H NMR (DMSO-dg
500 MHz, s, singlet; d, doublet; t, triplet; m, multiplet): 6 12.04 (s,
1H, O(4)H); 12.00 (s, 1H, N(3)H); 11.87 (s, 1H, N(2)H); 8.71 (s, 1H,
C(1)H); 8.49 (s, 1H, C(6)H); 7.86-7.91 (m, 2H, C(7,10)H); 7.52-7.56
(t, 1H, C(9)H); 7.42-7.46 (t, 1H, C(8)H); 7.33-7.35 (d, 1H, C(17)H);
7.20-7.24 (t, 1H, C(16)H); 6.93-6.98 (m, 2H, C(14,15)H.

2.2.2. Synthesis of the complex [CuCI(HL)(H>0)]-CHs0H (2)

A warm methanol solution (20 mL) containing H,L (154 mg,
0.5 mmol) was added to a methanol solution (20mL) of
CuCl,-2H,0 (85 mg, 0.5 mmol). The resulting greenish solution

was refluxed for 30 min. Green single crystals suitable for X-ray
studies were obtained on slow evaporation. They were filtered
off, washed with cold methanol, and dried under vacuum. Yield,
84%. M.p. 329-332 °C. Anal. Calc. for C;gH;5CICuN30s: C, 47.37,
H, 3.91; N, 9.21. Found: C, 47.48; H, 3.98; N, 9.23%. UV: /mnax
(nm): 369, 400, 421. IR: Vimax (M '): Ve—o: 1629, veen: 1586. Lies
(300 K): 1.76 ug.

2.2.3. Synthesis of the complex [Cu(HL)(CH30H);]NOs (3)

It was prepared by the same procedure as described for 2 using
H,L (154 mg, 0.5 mmol) and Cu(NOs),-3H,0 (121 mg, 0.5 mmol).
Green single crystals were obtained. Yield, 82%. M.p. 331-334 °C.
Elemental Anal. Calc. for C;;H;;CuNsOg: C, 50.07; H, 4.22; N,
13.87. Found: C, 50.15; H, 4.21; N, 13.92%. UV: Aqnax (nm): 367,
400, 424. IR: Viax (cm™1): ve—o: 1642, veen: 1590. e (300 K):
1.79 pg.

2.3. Crystallography

Single-crystal X-ray diffraction data of 2 and 3 were collected
on BRUKER GADDS and BRUKER SMART 1000 X-ray (three-circle)
diffractometers, respectively. Integrated intensity information for
each reflection was obtained by reduction of the data frames with
the program arex2 [23]. The integration method employed a three
dimensional profiling algorithm and all data were corrected for
Lorentz and polarization factors, as well as for crystal decay effects
with the program saint [23]. The structure was solved by direct
methods using the program sheLxs-97 [24]. The refinement and all
further calculations were carried out using sHeLxi-97 [24]. The
non-H atoms were refined anisotropically, using weighted full-ma-
trix least-squares on F2. In 3, two molecules were found in the
asymmetric unit and the absence of additional symmetry was con-
firmed using piaton [25]. The hydrogen atoms bound to carbon
were placed in idealized positions and refined using a riding mod-
el. Hydrogen atoms attached to N and O were located from differ-
ence Fourier maps and were set riding on the respective parent
atom. Relevant data concerning data collection and details of the
structure refinements are summarized in Table 1.

2.4. DNA interaction experiments

All the experiments involving the binding of compounds 1, 2
and 3, with CT-DNA were carried out in a doubly distilled water
buffer with tris(hydroxymethyl)-aminomethane (Tris, 5 mM) and
sodium chloride (50 mM) and adjusted to pH 7.2 with hydrochloric
acid. A solution of CT-DNA in the buffer gave a ratio of UV absor-
bance of about 1.9 at 260 and 280 nm, indicating that the DNA
was sufficiently free of protein. The DNA concentration per nucle-
otide was determined by absorption spectroscopy using the molar
extinction coefficient value of 6600 dm>mol~'cm~' at 260 nm. The
compounds were dissolved in a mixed solvent of 5% DMSO and 95%
Tris-HCI buffer. Absorption titration experiments were performed
with fixed concentrations of the compounds (25 M) while gradu-
ally increasing the concentration of DNA (2.5-25 uM). While mea-
suring the absorption spectra, an equal amount of DNA was added
to both the test solution and the reference solution to eliminate the
absorbance of DNA itself. The same experimental procedure was
followed for emission studies also. The compound 1 and the com-
pounds 2 and 3 were excited at 375 and 400 nm, respectively and
their corresponding emission spectra were monitored at the range
of 400-540 nm. EB-DNA experiments were conducted by adding
the solution of the compounds to the Tris—HCI buffer of EB-DNA.
The change of fluorescence intensity was recorded. The excitation
and the emission wavelength were 515nm and 602 nm,
respectively.
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Crystal size (mm?)

Index ranges

Number of observed reflections [I > 2a(I)]
Independent reflections

Absorption correction

Maximum and minimum transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit (GOF) on F?

Final R indices [I > 2a(I)]

R indices (all data)

0.23 x 0.06 x 0.06

—-8<h<9, -10<k<10,-14<1< 14
13,488

2528 [Rine = 0.0307]
Semi-empirical from equivalents
0.8217 and 0.5080

full-matrix least-squares on F?
2528/0/257

1.070

Ry =0.0296, wR, = 0.0797

R; = 0.0346, wR, = 0.0814

Table 1
Experimental data for crystallographic analyses.
2 3

Empirical formula C;18H18CICuN305 C19H20CuN4Og
Formula weight 455.34 495.93
T (K) 110(2) 293(2)
Wavelength (A) 1.54178 0.71073
Crystal system triclinic triclinic
Space group P1 P1
Unit cell dimensions
a(A) 8.4254(3) 10.792(17)
b (A) 9.4613(4) 13.59(2)
c(A) 12.7830(5) 16.66(3)
o (°) 71.314(3) 107.51(2)
B(°) 71.855(2) 101.68(2)
7 (°) 75.074(2) 104.705(19)
Vv (A3) 903.08(6) 2148(6)
V4 2 4
Density (calc.) (Mg/m?) 1.675 1.533
Absorbance coefficient (mm™') 3.406 1.070
F(000) 466 1020

0.80 x 0.72 x 0.48
-13<h<14,-17<k<17, -21<1<21
23,465

9636 [Rine = 0.0354]
Semi-empirical from equivalents
0.6276 and 0.4814

full-matrix least-squares on F?
9636/0/577

1.039

Ry =0.0361, wR, = 0.0935

Ry =0.0527, wR; = 0.1006

2.5. Protein binding studies

The excitation of BSA at 280 nm and the emission at 346 nm
were monitored for the protein binding studies. The excitation
and emission slit widths and scan rates were maintained constant
for all the experiments. Samples were carefully degassed using
pure nitrogen gas for 15 min. Quartz cells (4 x 1 x 1 cm) with high
vacuum Teflon stopcocks were used for degassing. Stock solution
of BSA was prepared in 50 mM phosphate buffer (pH 7.2) and
stored in the dark at 4 °C for further use. Concentrated stock solu-
tion of compounds were prepared by dissolving the compounds in
DMSO:phosphate buffer (1:50) and diluted suitably with phos-
phate buffer to required concentrations for all the experiments.
Titrations were manually done by using micropipette for the addi-
tion of compounds. For synchronous fluorescence spectra also, the
same concentration of BSA and compounds were used and the
spectra were measured at two different A/ (difference between
the excitation and emission wavelengths of BSA) values such as
15 and 60 nm. If it is assumed that the binding of compounds with
BSA occurs at equilibrium, the equilibrium binding constant can be
analyzed according to the Scatchard equation:

log[(Ip — I)/1] = log Kyin + nlog[Q] (1)

Where I and I are the fluorescence intensities of the BSA in the ab-
sence and presence of compound; [Q] is the compound concentra-
tion; Kpi, is the binding constant of compound with BSA and n is
the number of binding sites. The value of Ki;, can be determined
from the slope of the plot of log[(Ip — I)/I] versus log[Q].

2.6. Antioxidant assays

The DPPH radical scavenging activity of the compounds was
measured according to the method of Blois [26]. The DPPH radical
is a stable free radical having Ay.x at 517 nm. A fixed concentration

of the experimental compound ((1 mL; 5-100 pM) was added to
solution of DPPH in methanol (125 puM, 2 mL) and the final volume
was made up to 4 mL with double distilled water. The solution was
incubated at 37 °C for 30 min in dark. The decrease in absorbance
of DPPH was measured at 517 nm.

The hydroxyl (OH) radical scavenging activities of the com-
pounds have been investigated using the Nash method [27]. In vitro
hydroxyl radicals were generated by Fe3*/ascorbic acid system. The
detection of hydroxyl radicals was carried out by measuring the
amount of formaldehyde formed from the oxidation reaction with
DMSO. The formaldehyde produced was detected spectrophoto-
metrically at 412 nm. A fixed concentration of the experimental
compound (1 mL; 5-100 uM) was added to a mixture of 1.0 mL
of iron-EDTA solution (0.13% ferrous ammonium sulfate and
0.26% EDTA), 0.5 mL of EDTA solution (0.018%), and 1.0 mL of
DMSO (0.85% DMSO (v/v) in 0.1 M phosphate buffer, pH 7.4) were
sequentially added in the test tubes. The reaction was initiated by
adding 0.5 mL of ascorbic acid (0.22%) and incubated at 80-90 °C
for 15 min in a water bath. After incubation, the reaction was ter-
minated by the addition of 1.0 mL of ice-cold trichloroacetic acid
(17.5% w|v). Subsequently, 3.0 mL of Nash reagent was added to
each tube and left at room temperature for 15 min. The intensity
of the color formed was measured spectrophotometrically at
412 nm against reagent blank.

Assay of nitric oxide (NO) scavenging activity is based on the
method [28], where sodium nitroprusside in aqueous solution at
physiological pH spontaneously generates nitric oxide, which
interacts with oxygen to produce nitrite ions that can be estimated
using Greiss reagent. Scavengers of nitric oxide compete with oxy-
gen leading to reduced production of nitrite ions. For the experi-
ment, sodium nitroprusside (10 mM) in phosphate buffered
saline was mixed with a fixed concentration of the compound
(1mL; 5-100 uM) and incubated at room temperature for
150 min. After the incubation period, 0.5 mL of Griess reagent
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containing 1% sulfanilamide, 2% H3PO,4 and 0.1% N-(1-naphthyl)
ethylenediaminedihydrochloride were added. The absorbance of
the chromophore formed was measured at 546 nm.

The superoxide (0, ™) radical scavenging assay was based on the
capacity of the compounds to inhibit formazan formation by scav-
enging the superoxide radicals generated in riboflavin-light-NBT
system [29]. Each 3 mL reaction mixture contained 50 mM sodium
phosphate buffer (pH 7.6), 20 pg riboflavin, 12 mM EDTA, 0.1 mg
NBT and 1 mL experimental compound solution (5-100 ptM). Reac-
tion was started by illuminating the reaction mixture with differ-
ent concentrations of complex for 90s. Immediately after
illumination, the absorbance was measured at 590 nm. The entire
reaction assembly was enclosed in a box lined with aluminum foil.
Identical tubes with reaction mixture kept in dark served as blanks.

For the above four assays, all the tests were run in triplicate and
various concentrations of the compounds were used to fix a con-
centration at which compounds showed in and around 50% of
activity. In addition, the percentage of activity was calculated using
the formula, % of activity = [(Ag — Ac)/Ao] x 100 (Ag and Ac are the
absorbance in the absence and presence of the tested complex,
respectively). The 50% of activity (ICsg) can be calculated using
the percentage of activity results.

2.7. Cytotoxicity assay

Cytotoxicity studies of the compounds and cisplatin were car-
ried out on human cervical cancer cells (HeLa) and NIH 3T3 mouse
embryonic fibroblasts which were obtained from National Centre
for Cell Science, Pune, India. Cell viability was carried out using
the MTT assay method. The HelLa cells were grown in Eagles min-
imum essential medium containing 10% fetal bovine serum (FBS).
NIH 3T3 fibroblasts were grown in Dulbeccos Modified Eagles
Medium (DMEM) containing with 10% FBS. For screening experi-
ment, the cells were seeded into 96-well plates in 100 pLL of respec-
tive medium containing 10% FBS, at plating density of 10,000 cells/
well and incubated at 37 °C, 5% CO,, 95% air and 100% relative
humidity for 24 h prior to addition of compounds. The compounds
were dissolved in DMSO and diluted in respective medium con-
taining 1% FBS. After 24 h, the medium was replaced with respec-
tive medium with 1% FBS containing the compounds at various
concentration and incubated at 37 °C, 5% CO,, 95% air and 100% rel-
ative humidity for 48 h. Triplicate was maintained and the medium
containing without the test compounds were served as control.
After 48 h, 10 pL of MTT (5 mg/mL) in phosphate buffered saline
(PBS) was added to each well and incubated at 37 °C for 4 h. The
medium with MTT was then flicked off and the formed formazan
crystals were dissolved in 100 pL of DMSO and then measured
the absorbance at 570 nm using micro plate reader. The % of cell
inhibition was determined using the following formula and graph
was plotted between % of cell inhibition and concentration and
from this ICsq value was calculated. % inhibition = [mean OD of un-
treated cells (control)/mean OD of treated cells (control)] x 100.

3. Results and discussion
3.1. Synthesis and characterization

The synthetic routes of the ligand, 2-oxo0-1,2-dihydroquinoline-
3-carbaldehyde(2’-hydroxybenzoyl)hydrazone and its copper(Il)
complexes have been outlined in Scheme 1. The ligand was
prepared by the condensation reaction of 2-0xo-1,2-dihydroquino-
line-3-carbaldehyde with 2-hydroxybenzohydrazide in methanol.
It was characterized by elemental analysis, IR, and'H-NMR spec-
troscopy. The assignments for IR and '"H NMR spectra are given in
the preparation section. The copper(Il) complexes were prepared

by the direct reaction of the ligand with copper(Il) salts in metha-
nol. The single crystals of new copper(Il) complexes were isolated
by slow evaporation of the reaction mixture over a period of 30-
35 days. The IR peak shift in ve—g and vc—y of the ligand in the
complex gave an idea about its coordination to copper(ll). The
experimental p.g values of 1.76 and 1.79 for 2 and 3 confirmed
the +2 oxidation state of copper in the complexes. All the com-
pounds are air stable for extended periods and remarkably soluble
in methanol, ethanol, DMF and DMSO. Unlike 1 and 2, the 3 is highly
soluble in water. The structures of the new copper(ll) complexes
were determined by single crystal X-ray crystallographic studies.

3.2. X-ray structural characterization

The ortep diagram of [CuCl(HL)(H,0)]-CH3O0H is shown in Fig. 1.
Important bond lengths and angles are summarized in Table 2. The
complex contains a penta coordinated copper(ll) ion coordinated
with one ONO tridentate uni-negative ligand, one coordinated
chloride ion and one water molecule along with one methanol
molecule in the lattice. The copper(ll) ion lies at about 0.238 A
above the average basal plane towards the axial O3 atom. The dihe-
dral angle between the mean planes of the five-member chelate
ring and the six-member one is 1.86°. Since the hydrazone moie-
ties have both the hydrogen bond donors and the hydrogen bond
acceptors, the species provide the possibility of forming hydrogen
bonds in the crystal. In fact, the crystal lattice of the complex
showed a two dimensional array in which each unit of the complex
is hydrogen bonded to the other involving N2 and N3 nitrogen
atoms and the 01, 02, 03, 04 and 020 oxygen atoms (Fig. S1, Sup-
porting Information). The hydrogen bonding parameters for 2 have
been given in Table S1 (Supporting Information).

An orter view of the cationic complex|Cu(HL)(CH3OH),]NOs is
given in Fig. 2. The crystal structure consists of discrete [Cu(HL)(-
CH50H),]* cations and nitrate anions. Five donor atoms in a square
pyramidal fashion (4 + 1) surround the copper(Il) ion in the com-
plex. The basal plane is made up from the O, N, and O atoms of
the tridentate uni-negative ligand and one oxygen atom of the
methanol molecule, while the oxygen from another methanol mol-
ecule has taken the apical vertex. Cu(ll) ion lies at 0.186 A above
the average basal plane towards the apical oxygen of methanol
molecule. In addition, there is an appreciable Jahn-Teller effect
highlighted by an axial Cu-036 distance (2.262(4) A) significantly
longer than that observed for Cu-035 distance (1.968(2) A). The
dihedral angle between the mean planes of the five member chela-
tion ring and the six member one is 4.60° which ensures that the
planarity of square should be appreciable. The molecular packing
suggests that the stabilization of the lattice must have been due
to several hydrogen bonds, mainly involving the N2, N3, 03, 035,
036 and 051 atoms (Fig. S2, Supporting Information). The hydro-
gen bonding parameters for 3 have been given in Table S2 (Sup-
porting Information). It is to be noted that in the X-ray structural
analysis, two crystallograhically distinct molecules were found in
the asymmetric unit but both have almost similar structural
parameters (bond angle and bond length). So the structure of one
of the molecule has been discussed above. Important bond lengths
and angles for both the complexes are summarized in the Table 2
and they agree well with those found in related copper(Il) com-
plexes [19-21].

3.3. DNA binding studies

3.3.1. Absorption spectroscopic studies

The application of electronic absorption spectroscopy is one of
the most useful techniques for DNA-binding studies of small mol-
ecules [30]. The absorption spectra of the ligand (1), complexes 2
and 3 in the absence and presence of CT-DNA (at a constant
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Fig. 1. orter view of the molecular structure and atom-labeling scheme of 2. Thermal ellipsoids are drawn at 50% probability level. The methanol molecule has been omitted

for clarity.

concentration of compounds) are given in Fig. 3. In the presence of
DNA, the absorption band of the ligand at about 375 nm exhibited
hypochromism of about 17.91%. Complex 2 exhibited hypochro-
mism of about 49.62%, 51.07% and 46.97% with red shift of about
1, 2 and 4 nm at 369, 400 and 421 nm, respectively. On the other
hand, 3 exhibited hypochromism of about 51.32%, 53.09% and
52.61% with red shift of about 2, 1 and 3 nm at 367, 400 and
424 nm, respectively. These results suggested an intimate associa-
tion of the compounds with CT-DNA and it is also likely that these
compounds bind to the helix via intercalation [31]. After the com-
pounds intercalate to the base pairs of DNA, the ©* orbital of the
intercalated compounds could couple with 7 orbitals of the base
pairs, thus decreasing the m — w* transition energies. Therefore,
these interactions resulted in the observed hypochromism [32].
The complexes 2 and 3 showed more hypochromicity than the li-
gand, indicating that the binding strength of the copper(Il) com-
plexes are much stronger than that of the free ligand. In order to
compare quantitatively the binding strength of the compounds,
the intrinsic binding constants (K,) of them with CT-DNA were
determined from the following equation [33],

[DNAJ/(&s — &) = [DNA]/ (&, — &) + 1/Kp (&, — &) (2)

where [DNA] is the concentration of DNA in base pairs, the apparent
absorption coefficient ¢,, ¢ and &, correspond to Ayps/[compound],
the extinction coefficient of the free compound and the extinction
coefficient of the compound when fully bound to DNA, respectively.
The plot of [DNA]/(e; — &) versus [DNA] gave a slope and the inter-
cept which are equal to 1/(&, — &) and 1/Ky(&p — &), respectively; Ky
is the ratio of the slope to the intercept. Plots of [DNA]/(&; — &) ver-
sus [DNA] for the compounds with CT-DNA are shown in Fig. 3D.
The magnitudes of intrinsic binding constants (K;,) were calculated
to be 7.796 x 10* M, 1.193 x 10° M~" and 1.712 x 10° M~! corre-
sponding to compounds 1, 2 and 3, respectively. The observed value
of Ky, revealed that the ligand and the Cu(Il) complexes bind to DNA
via intercalative mode [19,20]. And also, complex 3 is strongly
bound with CT-DNA than that of 2 and 1 and the order of binding
affinity is 1 <2 < 3. From the electronic absorption studies, though
it has been found that the three compounds can bind to DNA by
intercalation, the binding mode need to be proved through some
more experiments.
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Table 2
Selected bond lengths (A) and angles (°) for 2 and 3.
2 3

Cu(1)-0(1) 1.987(16) 1.942(3)

Cu(1)-N(1) 1.963(2) 1.952(3)

Cu(1)-0(2) 1.967(16) 1.952(3)

Cu(1)-Cl(2) 2.244(7)

Cu(1)-0(3) 2.225(16)

Cu(1)-0(35) 1.968(2)
Cu(1)-0(36) 2.262(4)
C(1)-N(1) 1.291(3) 1.290(3)
C(1)-C(2) 1.442(4) 1.466(3)
C(2)-C(3) 1.452(3) 1.470(3)
C(3)-0(1) 1.278(3) 1.271(3)
C(11)-0(2) 1.294(3) 1.300(3)
C(11)-N(2) 1.329(3) 1.333(3)

N(1)-N(2) 1.374(3) 1.395(2)

N(1)-Cu(1)-0(1) 90.78(7) 93.12(10)
0(2)-Cu(1)-0(1) 171.17(6) 174.00(6)

N(1)-Cu(1)-0(2) 80.45(7) 81.88(11)
0(2)-Cu(1)-0(3) 92.21(7)
0(1)-Cu(1)-0(3) 91.01(6)

N(1)-Cu(1)-0(3) 104.85(7)

N(1)-Cu(1)-Cl(2) 155.54(6)
0(2)-Cu(1)-Cl(2) 92.35(5)
0(1)-Cu(1)-Cl(2) 95.29(5)
0(3)-Cu(1)-Cl(2) 98.72(5)
0(1)-Cu(1)- 0(35) 88.15(11)

N(1)-Cu(1)-0(3 162.11(8)
0(2)-Cu(1)- 0(35) 95.60(12)
0(1)-Cu(1)- 0(36) 93.81(10)

N(1)-Cu(1)-0(3 96.50(10)
0(2)-Cu(1)- 0(36) 90.06(10)
0(35)-Cu(1)-0(36) 101.22(12)
C(1)-N(1)-N(2) 116.8(2) 118.53(18)
C(1)-N(1)-Cu(1) 128.85(17) 128.06(13)
N(2)-N(1)-Cu(1) 114.21(14) 113.39(16)
C(11)-N(2)-N(1) 111.00(19) 110.43(18)
C(3)-0(1)-Cu(1) 127.88(16) 127.16(15)
C(11)-0(2)-Cu(1) 110.92(15) 110.14(15)
N(1)-C(1)-C(2) 124.2(2) 123.64(18)
0(2)-C(11)-N(2) 123.2(2) 124.01(18)
0(1)-C(3)-C(2) 124.5(2) 125.66(17)
C(1)-C(2)-C(3) 123.0(2) 122.20(18)
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3.3.2. Fluorescence titration measurements

To further confirm the interactions between the studied com-
pounds and CT-DNA, emission experiments were carried out. The
H,L and the Cu(Il) complexes exhibited weak luminescence in
Tris—-HCl buffer with a maximum wavelength of about 437 and
447 nm, when excited at 375 and 400 nm, respectively. The results
of the emission titration for the complexes and the ligand with CT-
DNA that are illustrated in the titration curves are shown in Fig. 4.
The intensity of the emission for compounds 1, 2 and 3 increased
with the increase of DNA concentration. Upon the addition of CT-
DNA, the emission intensities at 447 nm were increased by around
2.55 and 2.75 times for the complexes 2 and 3, respectively. But,
the emission intensity of the ligand (1) at 437 nm increased only
around 1.63 times. This phenomenon is related to the extent to
which the compound penetrates into the hydrophobic environ-
ment inside the DNA, thereby avoiding the quenching effect of sol-
vent water molecules. The binding of complexes 2, 3 and free
ligand to CT-DNA leads to a marked increase in the emission inten-
sity, which also agrees with those observed for other intercalators
[34]. These results show that the complexes bind more strongly
than the free ligand. From the observed intensity enhancement
of the two complexes in the presence of CT-DNA, it can be seen that
3 has more DNA-binding ability than 2. The higher binding affinity
of the Cu(II) complexes is attributed to the extension of the 7 sys-
tem of the intercalated ligand due to the coordination to Cu(II) ion.
Since the complexes have greater planar area than that of the free
ligand, enabling the complexes penetrating more deeply into, and
stacking more strongly with the base pairs of the DNA.

3.3.3. Competitive binding between EB and the compounds for CT-DNA

Steady-state competitive binding experiments using the com-
pounds 1, 2 and 3 as quenchers were undertaken to get further
proof for the binding of the compounds to DNA via intercalation.
Ethidium bromide is a planar cationic dye which is widely used
as a sensitive fluorescence probe for native DNA. EB emits intense
fluorescent light in the presence of DNA due to its strong
intercalation between the adjacent DNA basepairs [35,36]. The

Fig. 2. ortep view of the molecular structure and atom-labeling scheme of 3. Thermal ellipsoids are drawn at 50% probability level. The nitrate ion has been omitted for clarity.
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Fig. 3. Absorption spectra of compounds 1 (A), 2(B) and 3 (C) (25 uM) in the presence of increasing amounts of CT-DNA (0, 2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20, 22.5, and 25 puM;
subsequent spectra). Arrows show the absorbance changes upon increasing DNA concentration. (D) Plots of [DNA]/(¢, — &) versus [DNA] for the compounds with CT-DNA
(K =7.796 x 10° M, 1.193 x 10° M~" and 1.712 x 10° M~! corresponding to compounds 1, 2 and 3, respectively).

displacement technique is based on the decrease of fluorescence
resulting from the displacement of EB from a DNA sequence by a
quencher and the quenching is due to the reduction of the number
of binding sites on the DNA that is available to the EB. The fluores-
cence quenching spectra of DNA-bound EB by compounds 1, 2 and
3 shown in Fig. 5 illustrate that as the concentration of the com-
pounds increases, the emission band at 602 nm exhibited hypo-
chromism, up to 29.87%, 52.02% and 57.91% of the initial
fluorescence intensity accompanied by a hypsochromic shift of 2,
3 and 5 nm for 1, 2 and 3, respectively. The observed decrease in
the fluorescence intensity with a blue shift clearly indicates that
the EB molecules are displaced from their DNA binding sites and
are replaced by the compounds under investigation [37]. Quench-
ing data were analyzed according to the following Stern-Volmer
equation,

Io/I = K4[Q] + 1 3)

where Ij is the emission intensity in the absence of quencher, I is
the emission intensity in the presence of quencher, Kq is the
quenching constant, and [Q] is the quencher concentration. The K,
value is obtained as a slope from the plot of Iy/I versus [Q].

The quenching plots illustrate that the quenching of EB bound
to CT-DNA by 2, 3 and free ligand (1) are in good agreement with
the linear Stern-Volmer equation, which also proves that they bind
to DNA. In the Stern-Volmer plots (Fig. 5D) of Io/I versus [Q], the
quenching constant (Kq) is given by the ratio of the slope to the
intercept. The K, values for 1, 2 and 3 were 1.075 x 10* M},
2.757 x 10*M~! and 3.490 x 10* M}, respectively. Further, the
binding constant (K,pp) values obtained for the compounds using
the following equation,

Keg[EB] = Kapp[compound] (4)

(where the compound concentration has the value at a 50% reduction
of the fluorescence intensity of EB, Kg=1.0x10’M~! and
[EB]=0.5uM) were 8.190x 10*M~!, 1278 x10°M~' and
1.694 x 10° M ! for 1, 2 and 3, respectively. These data suggested
that the interaction of the copper(Il) complexes with CT-DNA is stron-
ger than that of the free ligand, which is consistent with the above
absorption and emission spectral observations. Since these changes
indicate only one kind of quenching process, it may be concluded that
1, 2 and 3 bind to CT-DNA via the same mode. Furthermore, such
quenching constants and binding constants of the ligand and Cu(II)
complexes suggest that the interaction of all the compounds with
DNA should be of intercalation [38]. On the basis of all the spectro-
scopic studies, we come to the conclusion that copper(Il) complexes
and free ligand can bind to CT-DNA in an intercalative mode and that
the Cu(IlI) complexes bind to CT-DNA more strongly than the free li-
gand. Though the two copper(ll) complexes have almost similar
square pyramidal geometry, the cationic nature and the presences
of two coordinated methanol moleculesin 3 are likely to be the reason
for the observed strong affinity of 3 with DNA over 2.

3.4. Protein binding studies

3.4.1. Fluorescence quenching of BSA by H,L and its two Cu(Il)
complexes

Serum albumin is the protein which increases the apparent sol-
ubility of drugs in plasma and modulates their delivery to cell. So,
it is of important to understand the mechanism of interaction of a
bioactive compound with protein. The nature and magnitude of
drug-protein interaction influence the biological activity such as
efficacy and delivery rate of the drug [39]. In addition, it is also
important to study the binding parameters of drugs with protein
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in order to control the pharmacological response of drugs and de-
sign of dosage forms. Serum albumin is considered as a model for
studying drug-protein interaction in vitro since it is the major
binding protein for drugs and other physiological substances. The
analysis of chemical compounds bound to BSA has been carried
out by examining the respective fluorescence spectra. Changes in
molecular environment in the vicinity of fluorophore can be ac-
cessed by the changes in fluorescence spectra in the absence and
presence of the compounds and hence, provide clues to the nature
of the binding phenomenon. The interaction of our compounds
with BSA protein was studied by fluorescence measurement at
room temperature. A solution of BSA (1 M) was titrated with var-
ious concentrations of the compounds (0-5puM). Fluorescence
spectra were recorded in the range of 290-440 nm upon excitation
at 280 nm. The effect of compounds on the fluorescence emission
spectrum of BSA is shown in Fig. 6. Addition of the compounds
to the solution of BSA resulted in significant decrease of the fluo-
rescence intensity of BSA at 346 nm, up to 42.78%, 54.23% and
56.67% of the initial fluorescence intensity of BSA accompanied
by a hypsochromic shift of 4, 7 and 9 nm for 1, 2 and 3, respec-
tively. The observed blue shift is mainly due to the fact that the ac-
tive site in protein is buried in a hydrophobic environment. This
result suggested a definite interaction of all the three compounds
with the BSA protein. Quenching can occur by different mecha-
nisms, which are usually classified as dynamic quenching and sta-
tic quenching; dynamic quenching refers to a process in which the
fluorophore and the quencher come into contact during the
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Fig. 7. Absorption spectra of BSA (10 uM) and with compounds, 1, 2 and 3 (5 pM).

transient existence of the excited state. Static quenching refers to
fluorophore-quencher complex formation in the ground state. A
simple method to explore the type of quenching is UV-Vis absorp-
tion spectroscopy. UV-Vis spectra of BSA in the absence and pres-
ence of the compounds (Fig. 7) show that the absorption intensity
of BSA was enhanced as the compounds were added, and there was
a little blue shift of about 1, 2 and 2 nm for 1, 2 and 3, respectively.
It revealed that there exists a static interaction between BSA and
the added compounds due to the formation of ground state com-
plex of the type BSA-compound as reported earlier [40]. To study
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Fig. 6. The emission spectrum of BSA (1 UM; /ex = 280 nm; Aem; = 346 nm) in the presence of increasing amounts of compounds 1 (A), 2 (B) and 3 (C) (0, 1, 2, 3,4 and 5 uM).
Arrow shows the fluorescence quenching upon increasing concentration of the compounds.
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Table 3
Quenching constant (Kg), binding constant (Ky;,) and number of binding sites (n) for
the interactions of compounds with BSA.

Compound Kq (M) Kpin (M) n

1 1.435 x 10* 3.178 x 10* 0.734
2 2.320 x 10° 1.456 x 10° 0.954
3 2,519 x 10° 1.858 x 10° 1.084

the quenching process further, fluorescence quenching data were
analyzed with the Stern-Volmer equation (Eq. (3)) and Scatchard
equation (Eq. (1)). The quenching constant (Kq) can be calculated
using the plot of Ip/l versus [Q] (Fig. 8A). From the plot of
log(Ip — I)/I versus log[Q] (Fig. 8B), the number of binding sites
(n) and binding constant (Ky;,) have been obtained. The calculated
Kq, Kpin and n values are given in Table 3. The calculated value of n
is around one for all the compounds indicating the existence of just
a single binding site in BSA for all the compounds. The value of K,
and Ky;, for 1, 2 and 3 suggested that the complexes interact with
BSA more strongly than the ligand. Among the two square planar
complexes, the cationic complex (3) which possesses two coordi-
nated methanol has better interaction with BSA than the neutral
complex (2).

3.4.2. Characteristics of synchronous fluorescence spectra

To investigate the structural changes occurred to BSA upon the
addition of our compounds, synchronous fluorescence spectra of
BSA were measured before and after the addition of test compounds
to get valuable information on the molecular microenvironment,
particularly in the vicinity of the fluorophore functional groups
[41]. It is a well-known fact that the fluorescence of BSA is normally
due to the presence of tyrosine, tryptophan and phenylalanine resi-
dues and hence, spectroscopic methods are usually applied to study
the conformation of serum protein. According to Miller [42], in syn-
chronous fluorescence spectroscopy, the difference between excita-
tion and emission wavelength (AL = Zemi — Zexi) reflects the spectra
of a different nature of chromophores. If the A/ value is 15 nm, the
synchronous fluorescence of BSA is characteristic of tyrosine residue
where as a larger A/ value of 60 nm is characteristic of tryptophan
[43]. The synchronous fluorescence spectra of BSA with various con-
centrations of test compounds were recorded at AA=15nm and
A/ =60 nm are shown in Figs. 9 and 10, respectively. In the synchro-
nous fluorescence spectra of BSA at A4 =15, addition of the com-
pounds to the solution of BSA resulted in a small decrease of the
fluorescence intensity of BSA at 301 nm, up to 9.59%, 15.00% and
18.13% of the initial fluorescence intensity of BSA for 1, 2 and 3,

respectively. At the same time, in the case of synchronous fluores-
cence spectra of BSA at A4 =60, addition of the compounds to the
solution of BSA resulted in significant decrease of the fluorescence
intensity of BSA at 342 nm, up to 23.43%, 41.21% and 48.17% of the
initial fluorescence intensity of BSA accompanied by a small blue
shift of 2, 3 and 5 nm for 1, 2 and 3, respectively. The synchronous
fluorescence spectral studies clearly suggested that the fluorescence
intensities of both the tryptophan and tyrosine were decreased but
the emission wavelength of the tryptophan residues is blue shifted
with increasing concentration of compounds. At the same time,
thereis no change in the emission wavelength of tyrosine. It suggests
that the interaction of compounds with BSA affects the conformation
of tryptophan micro-region [21]. It reveals that the hydrophobicity
around tryptophan residues is strengthened. The hydrophobicity
observed in fluorescence and synchronous measurements con-
firmed the effective binding of all the compounds with the BSA.
Hence, the strong interaction of these compounds with BSA sug-
gested that the compounds may be fit for anticancer studies.

3.5. Evaluation of radical scavenging ability

Since the experiments conducted so far revealed that the ligand
and its Cu(Il) complexes exhibit good DNA and protein binding
affinity, it is considered worthwhile to study the antioxidant prop-
erties of these compounds. Radical scavenging activity is known to
be one of the most important biological properties of metal com-
plexes of quinoline derivatives, because they react with toxic free
radicals and thus prevent damage to living organism. Moreover,
our recent investigation suggested that there may be a relationship
between the DNA/protein binding and the antioxidant properties
of the compounds [37,38,44,45]. So the radical scavenging activi-
ties of our compounds along with standards, butylatedhydroxyani-
sole (BHA) and butylatedhydroxytoluene (BHT) in cell free system
have been examined with reference to hydroxyl radicals, DPPH
radicals, nitric oxide, superoxide anion radicals and the determina-
tion of ICsq values. It is to be noted that no significant radical scav-
enging activities were observed in all the experiments carried out
with CuCl, and Cu(NOs),, even upto 1.0 mmol of concentration un-
der the same experimental conditions. The ICsq values (Fig. 11)
indicated that the three compounds showed antioxidant activity
in the order of 3>2>1 in all the experiments. The DPPH radical
scavenging power of the tested compounds was the most and
super oxide anion radical scavenging was the least. These results
are much better than that observed for standard antioxidants
BHA and BHT. From the above results, it can be concluded that
the scavenging effects of the free ligand is significantly less when
compared to that of their corresponding Cu(Il) complexes which
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is due to the chelation of the organic ligand with the Cu(lII) ion.
Moreover, fromthe results obtained for the two Cu(Il) complexes,
it can be inferred that the difference in the nature of the complex
and the co-ligands present in the complexes are likely to induce
variations in antioxidant activities. Among the two complexes,
the highest activity for 3 might be due to the presence of two coor-
dinated methanol and cationic nature of the complex over the neu-
tral square pyramidal complex (2).

3.6. Cytotoxic activity evaluation by MTT assay

The positive results obtained from the previous biological studies
namely, DNA binding, BSA binding and antioxidative studies of 1, 2
and 3 encouraged us to test their cytotoxicity against cancer cells.
In order to understand the in vitro cytotoxicity of our compounds
1,2 and 3, experiments were carried out using human cervical cancer
cell line (HeLa) and normal mouse embryonic fibroblasts cell line
(NIH 3T3). Compounds 1, 2 and 3 were dissolved inDMSO and blank
samples containing same volume of DMSO are taken as controls to
identify the activity of solvent in this cytotoxicity experiment. Cis-
platin was used as a standard to assess the cytotoxicity of com-
pounds. The results were analyzed by means of cell viability curves
and expressed as ICsg is shown in Fig. 12. The ligand did not show
any significant activity even up to 200 uM of concentration on HeLa
cells. However, complexes 2 and 3 showed excellent activity on HeLa
cells. The ICsq value of 23.67 uM for 3 demonstrated a much higher

inhibitory effect than 2 (32.31 uM). The in vitro cytotoxic activity
studies indicate that the two Cu(Il) complexes have excellent activ-
ities against HeLa than the corresponding ligand but showed signif-
icantly less activity than cisplatin (ICso = 9.42 uM). In addition, ICs¢
values of all the compounds against NIH 3T3 mouse embryonic fibro-
blasts (normal cells) are found to be above 200 M which confirmed
that the compounds are very specific on cancer cells. But, copper(II)
chloride and copper(Il) nitrate did not show any significant activity
even up to 300 uM of concentration on the HelLa cells which con-
firmed that the Cu(II) chelation with the ligand is the only responsi-
ble factor for the observed cytotoxic properties of the new
complexes. The two Cu(II) complexes which possess better cytotoxic
activities than ligand may be attributed to the extended planar
structure induced by the © — 7* conjugation resulting from the che-
lating of the metal ion with ligand. In addition, though both the Cu(II)
complexes have square pyramidal geometry, the inhibitory rate of 3
against HeLa cancer cells is higher than 2 (Fig. 12), which may be due
to the presence of two coordinated methanol and cationic nature of
the complex [21].

4. Conclusion

A 2-0x0-1,2-dihydroquinoline-3-carbaldehyde(2’-hydroxy-
benzoyl)hydrazone and its two copper(ll) complexes have been
synthesized. Single crystal X-ray diffraction studies revealed that
the both [CuCI(HL)(H,0)]-CH30H (2) and [Cu(HL)(CH50H),]NO3
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(3) have square pyramidal geometry with the ligand coordinating
through uni-negative tridentate ONO~ fashion. The change of
counter ion (Cl~ to NO3 ™) in Cu(lI) salts did not alter the coordina-
tion mode of ligand and the geometry of the resulted complexes.
The DNA binding properties of the two Cu(Ill) complexes and the
free ligand were investigated by absorption and fluorescence mea-

surements. The results supported the fact that the compounds bind
to CT-DNA via intercalation. The binding constants show that the
DNA binding affinity increased in the order 1 <2 < 3. Binding of
the compounds with BSA monitored byUV-visible and fluorescence
spectroscopy revealed the presence of static quenching and the re-
sults of synchronous spectral studies indicated that the com-
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pounds bound with BSA mainly in tryptophan residues. In addition,
the compounds also exhibited good antioxidant activities and the
activity of 3 is better than that of 2 and 1. The results of cytotoxic-
ity study showed a linear relationship between the concentration
of the Cu(Il) complexes and the percentage inhibition of HeLa tu-
mor cell growth without apparent damage to the normal cells.
From the biological activity experiments, we observed that the cat-
ionic Cu(lIl) nitrate complex (3) which has two methanol molecules
as co-ligands exhibited more potential than the neutral Cu(Il) com-
plex containing one water molecule and a chloride ion as co-li-
gands. So, overall, a structural dependent biological activity was
observed which has been explained based on their structures.
The findings are significant for us to explore further the DNA and
protein interaction, antioxidative and cytotoxic activities of the
transition metal complexes containing different 2-oxo-1,2-dihy-
droquinoline-3-carbaldehyde Schiff-bases.
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Appendix A. Supplementary data

Packing diagram of the unit cell showing hydrogen bonding of 2
and 3 has been given in Figs. S1 and S2, respectively. The hydrogen
bonding parameters for 2 and 3 have been given in Tables S1 and
S2, respectively. CCDC 825145 and 825268 contain the supplemen-
tary crystallographic data for complexes 2 and 3, respectively.
These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_re-
quest/cif. Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.ica.2011.12.038.
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