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ABSTRACT A new complex [Cu1s(tfc)s(H20)4]-3H20 (1, Htfc = 4-(trifluoro-methyl) nicotinic acid) has been
synthesized and characterized by X-ray single-crystal diffraction, elemental analysis, IR spectra and thermo-

gravimetric analysis. 1 belongs to orthorhombic system, space group Pccn with a = 44.507(2), b = 10.7710(6), ¢ =
11.7544(7) A, V = 5634.9(6) A3, Z = 1, D= 1.803 mg-cm3, F(000) = 3068, x = 1.266 mm., the final R = 0.0488
and wR = 0.1103 with I > 2¢(l). The Cu(ll) ion is coordinated by two N and two O atoms from different Htfc as
well as two O atoms from two coordinated water molecules, forming a 0D motif with distorted octahedral geometry.

The adjacent OD units are linked into 2D structures through bridge connection coordination mode. In addition, the

binding properties of the complex with CT-DNA were investigated by fluorescence and ultraviolet spectra. UV

spectra indicate classical intercalation between the complex and CT-DNA. Moreover, the interactions between the

ligand and the complex with CT-DNA were studied by EtBr fluorescence probe, which proved that these

compounds bind to CT-DNA through an intercalation mode. The binding constants were 0.76 and 1.15 for Htfc and

complex 1, which means 1 has stronger interaction with CT-DNA than Htfc.
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1 INTRODUCTION

Compounds composed of central metal ions and various
multi-functional organic ligands have received increasing
attention owing to their unique structural features and
potential application in promising bioactive agents(t-3,
Complexes have been widely used in DNA structural probest* ],
molecular optical opening of DNAI!, footprint reagents of
DNAIT and fracture reagents of DNAL 9. In addition, it has
been widely accepted that DNA is the primary biological
targets of many drugs in vivol'®. Studies of the interaction
between Cu(ll) complexes and DNA have attracted great
interest, because complexes with different crystal structures
have different binding effects on DNAMY, So far, a large
number of Cu(ll) compounds have been studied on their
structures as well as physical and chemical properties!'? 131,
However, its relationships between structures and DNA

interactions are still not particularly clear.

As one of the heterocycles, pyridine derivatives exhibit
significant pharmacological activities like anticancer® and
antibacterial®® which are good ligand candidates. What’s
more, complexes constructed by fluorinated pyridine
carboxylic acid ligands have already attracted much interest
due to their extensive biological activity™s: 171, They show a
number of different coordination modes due to dual
functionality of donor N atom which is a stabilizer of
transition metal ions at lower oxidation state and O atom that
is a stabilizer for transition metal in their higher oxidation
statesl'®l. The introduction of fluorine could significantly
enhance the chemical stability and bioactivity of the
compounds*®24, So, 4-(trifluoro-methyl) nicotinic acid (Htfc)
was chosen by us as a ligand, which can be regarded as an
excellent building block for the construction of new coor-
dination compounds!?2,
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In this work, a new complex [Cuus(tfc)s(H20)4]-3H20 has
been synthesized and characterized by X-ray single-crystal
diffraction, elemental analysis and infrared spectra. The
intercalation of the complex with CT-DNA was also studied
by fluorescence and ultraviolet spectra methods which
showed the reference value to the design of new drugs as
well.

2 EXPERIMENTAL

2.1 Materials and general methods

All chemicals were commercially available and used as
purchased. Calf Thymus DNA (CT-DNA) and ethidium
bromide (EB) were purchased from Sigma-Aldrich Co.
Tris-HCI buffer solution (C = 0.1 mol-L1, pH = 7.4) was used
for fluorescence spectrum. The concentration of CT-DNA was
200 g-mL*? and stored at 4 °C. The interactions between
compounds and CT-DNA are measured using literature
method[?3. Elemental analyses (C, H and N) were performed
on a Vario EL Il analyzer. Infrared spectra were obtained
from KBr pellets on a BEQ VZNDX 550 FTIR instrument
within the 400~4000 cm? region. Thermogravimetric analysis

was carried out on a TA Instrument NETZSCH STA 449 C
simultaneous TGA at a heating rate of 10 °C-min under
hydrostatic air. Fluorescent data were obtained from a Hitachi
F-7000 instrument. UV-vis spectral measurements for the
synthesized complexes were made using a TU-1800 beam
recording spectrophotometer.
2.2 X-ray crystallography

Bruker Siemens Smart Apex Il CCD diffractometer with
graphite-monochromated MoKe radiation (A = 0.71073 A) at
293(2) K. Cell parameters were retrieved using SMART
software and refined using SAINTPLUS for all observed
reflections. Data reduction and correction for Lp and decay
SAINTPLUSI?4
Absorption corrections were applied using SADABS. All

were performed with the software.
structures were solved by direct methods using SHELXS-97[%%]
and refined with full-matrix least-squares refinement based on
F2 using SHELXL-97[%1, For compound 1, a total of 6471
reflections were collected in the range of 2.90<<0<27.52°, of
which 4570 were independent (Rint = 0.0669). The final R =
0.0488 and wR = 0.1103 with | > 24(l). The selected bond

distances and bond angles are listed in Table 1.

Table 1. Selected Bond Lengths (A) and Bond Angles (°) for Complex 1
Bond Dist. Bond Dist.
Cu(1)-0(1) 2.003(2) Cu(1)-0(7) 2.346(3)
Cu(1)-0(3) 2.001(2) Cu(1)-0(8) 2.429(3)
Cu(1)-N(1)#1 2.002(3) Cu(1)-N(2)#2 2.015(3)
Angle © Angle ©)
O(1)-Cu(1)-0(7) 92.28(9) 0(3)-Cu(1)-N(2)#2 88.58(10)
O(1)-Cu(1)-0(8) 85.36(9) N(L)#1-Cu(1)-N(2)#2 176.16(10)
0(3)-Cu(1)-N(1)#1 89.69(10) N(1)#1-Cu(1)-O(1) 89.04(10)
0(3)-Cu(1)-0(1) 178.48(10) N(L)#1- Cu(1)-O(8) 88.71(11)

Symmetry codes: #1: x, —-y+3/2, z -1/2; #2: X, —y+1/2, z-1/2

2.3 Synthesis of [Cua s(tfc)s(H20)4]*3H20

A water solution (5 mL) of Cu(NOs)2-2H20 (24.16 mg, 0.1
mmol) was added to a solution of Htfc (9.50 mg, 0.05 mmol)
in CH3OH (10 mL) and water (5 mL). The pH of the mixture
was adjusted to 9 by adding sodium hydroxide (0.5 mol-L?)
with stirring. After ca. 30 min of vigorous mixing, the
resulting solution was filtered and left to stand under ambient
conditions. Upon slow evaporation of the solvents, blue
transparent block crystals of complex were obtained after ca.
8 days in a yield of 68% (based on Htfc). Anal. calcd. for
C21H17Cu1sF9N3O10: C, 19.22; H, 1.11; N, 2.94%. Found: C,
19.20; H, 1.13; N, 2.96%. IR (KBr, cm): 3431(w), 1633(s),

1375(s), 1281(m), 1193(w), 948(w), 848(w), 687(w), 470(w).

3 RESULTS AND DISCUSSION

3.1 Structural description

Single-crystal X-ray diffraction analysis reveals that
complex [Cuus(tfc)s(H20)4]-3H20 crystallizes in the orthro-
hombic system, space group Pccn. As shown in Fig. 1, Cu(ll)
ion is six-coordinated with two carboxylate oxygen atoms
(O(1), O(3)) and two nitrogen atoms (N(1), N(2)) from the tfc
ligands as well as two oxygen atoms of coordination water

molecules (O(7), O(8)), which resemble a slightly distorted
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octahedral geometry. Two carboxylate oxygen atoms and two
oxygen atoms from the coordination water molecule are in the
equatorial plane (O(1), O(3), O(7) and O(8)). N(1) and N(2)
from pyridine ring occupy the axial positions. As shown in
Table 1, the Cu-O bond lengths range from 2.001(11) to
2.430(11) A, while the distance of Cu-N(1) is 2.002(3) A,

which all fall in normal ranges?”l. The O-Cu-O bond angles

vary from 89.95(10)° to 180.00(14)° and the N(1)-Cu(1)-N(2)
bond angle is 176.16(11)°.

In this structure, the carboxylic groups and nitrogen atom
in adjacent tfc ligands are linked to the Cu(ll) ion, forming a
1D zigzag chain. Then, such 1D chains are connected into a

2D plain from tfc ligands with alternant 24-membered rings
(Fig. 2).
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¢

Fig. 1.
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Coordination environment of complex 1 (hydrogen atoms are omitted for clarity)
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Fig. 2. 2D structure diagram in complex 1

3.2 IR spectra

IR measurement has been performed between 400~
4000 cm™. The IR spectrum of 1 shows a broad absorption
band at 3431 cm, corresponding to the O-H stretching of
coordinated water molecules in the complex[?l. The C-N
absorption peaks of pyridine can be observed at 1320 cm.
The Vasym(COO") and vsym(COO") absorption can be observed

as strong bands at 1633 and 1375 cm, respectively. The
A(Vasym(COO") — vsym(COO")) for 1 is 258 cm?, indicating that
the coordination of carboxylate groups is closer to
monodentate rather than to bidentate model?°l. This result is in
agreement with the crystal structure. These indicate that the
carboxylic acid groups were converted into carboxylate

anions due to the formation of the stable complex[3,
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3.3 Thermogravimetric analysis

Thermogravimetric experiments were conducted to study
the thermal stability of 1, which is an important parameter for
metal-organic framework materials. As shown in Fig. 4, the
first weight loss of 7.6% in the range of 132.7~201.6 °C
corresponds to the complete loss of four coordinated water
molecules and three unbound water (calcd.: 8.2%). The main
framework remains intact until heated to 338.5 °C, and then

IR spectra of Htfc and complex 1

releases all the ligands completely from 338.5 to 501.7 °C,
giving CuO as the final decomposition product with the
residue percent of 14.3% (calcd.: 14.5%). The residual sample
was characterized by X-ray powder diffraction (XRPD) at
room temperature. As shown in Fig. 5, all diffraction peaks
are in good agreement with the standard diffraction data for
CuO (JCPDS card file No. 45-0937).
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Fig. 4. TG curve of complex 1

3.4 UV spectra

The UV-vis spectra are used to study the interactions of
compounds with CT-DNA. As exhibited in Fig. 6, the
absorption spectra were recorded at room temperature at
200~300 nm by keeping the concentration of complex (1 x
10®%) while varying the CT-DNA concentration from 0, 2, 4, 6,
8 and 10 mol-L1. The absorbance of the complexes decreases
obviously at 225 nm due to the z-z* transition of the pyridine

Fig. 5. XPRD patterns of the residual and CuO

ringBy, With increasing the concentration of CT-DNA, a
red-shift and hypochromic effect could be observed in the
absorption of complexes, which may be attributed to
accumulation of z electrons with the base pairs in the DNA
structure, resulting in the subtractive effect and red shift of the
absorption spectral®d. Therefore, these changes indicate the
classical intercalation mode between the complex and

CT-DNALEI,
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Fig. 6.

Complex 1 of CT-DNA under UV spectra at different concentrations

(compounds = 1 % 10° mol-L™; 105 Cona/(mol-L?) 1~6: 0, 2, 4, 6, 8, 10)

3.5

Fluorescence spectroscopy has been used to investigate the

EB-DNA binding study by fluorescence spectrum

interaction between the complex and DNA using ethidium
bromide (EB) as a probe. EB is often used as a probe for
spectroscopy studies of interactions between DNA and
potentially embedded species®*. Competitive binding of the
complex to DNA and EB will result in the displacement of
bound EB and a decrease in the fluorescence intensity. This
property can be used to monitor the binding mode by the
ability of a compound to prevent the intercalation of EB from
DNA. For the fluorescence quenching experiments of the
ligand and complex 1, the EB solution was added to the
prepared buffer solution of CT-DNA for 1 h and then added to
the solution of the ligand and complex 1 from O to 10.3 p

s 8 B
g 8 B
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g
2
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Fig. 7.

mol-L~%. An excitation wavelength of 520 nm was used and
the emission spectra were recorded at 520~700 nm range. The
peaks of ligand and complex were at 615 and 617 nm,
respectively. Fig. 7 shows the effects of the ligand and
complex 1 by steady state fluorescence emission experiments.
The fluorescence intensity of EB-DNA system is weakening
along with increasing the concentration of the ligand and
complex 1. It suggests that the compounds displaced EB from
the CT-DNA-EB systems, and inserted into CT-DNA. In
addition, the red shift of EB-DNA fluorescence peak occurred.
It is caused by EB from the hydrophobic environment into
hydrophilic, which further indicates that the tested compounds
have intercalation with DNA[3],

1
4 Complex 1
6

o0 650 700
Wavelength(nm)

Effects of Htfc and 1 on the fluorescence spectra of EB-DNA system

(EB =2 x 10°mol-L; 10°Cona= 1.33 % 10°° mol-L; 10%Chire/(mol-L %) 1~6: 0, 1.0, 2.7, 5.0, 7.0, 10.3)

The classical Stern-Volmer equation is used to quanti-
tatively determine the magnitude of the binding strength of
the complex with CT-DNAREI:

lo/l =1+ KgqR

Where Kgq is a linear Stern-Volmer quenching constant and
r is the concentration ratio of the quencher to CT-DNA , and
lo and | represent the fluorescence intensities in the absence
and presence of the quencher, respectively. The binding
constants (Ksq) reveal the strength of the interaction between
CT-DNA and the compounds. In the quenching plots of lo/l

versus r, the Ksq values were given by slopes. Usually, a
bigger binding constant means a greater binding affinity to the
CT-DNA. Thus, the Ksq value of complex 1 was 1.15, which
is much higher than the ligand (0.76). The results show that
the interactions of complex 1 with CT-DNA are stronger than
the ligand probably due to the structure rigidity and
metal-ligand synergism effect of 1B7. In addition, the
introduction of trifluoromethyl group enhances the water
solubility and lipophilicity of complex 1, thereby heightening
its biological activity!3el,
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4 CONCLUSION through bridge connection from the tfc” ligands. In addition,
the interactions of the ligand and 1 with CT-DNA have been
In conclusion, a new complex [Cuas(tfc)s(H20)4]-3H20 has investigated through fluorescence and ultraviolet spectra,
been successfully synthesized from a novel picolinic acid which declared the intercalation mode of CT-DNA by the
ligand of Htfc = (4-(trifluoromethyl) nicotinic acid). The ligand and 1. The results were expected to give some
structure was characterized by X-ray single-crystal diffraction,  significant insight into the interactions of transition metal
elemental analysis, IR spectra and thermogravimetric analysis. ~ complexes and CT-DNA, which show great reference value
The neighboring 1D chains are connected into a 2D structure  for a model of application for drug design.
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