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Synthesis, Characterization, and Crystal Structure
of a Chiral Platinum(II) Complex with 2-(4-Methoxy-Phenyl)-
Imidazo[4, 5-f][1,10]-Phenanthroline Binding Interaction with DNA!
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Abstract—A new platinum(IT) complex of [Pt(Chda)(4-MOPIP)]?>*2CI~ - H,0 (I) (Chda = cyclohexanedi-
amine; 4-MOPIP = (4-methoxy-phenyl)-imidazo[4,5-f][1,10]-phenanthroline) has been synthesized by
hydrothermal methods and characterized by elemental analysis, IR, single-crystal X-ray diffraction (CIF file
CCDC no. 1472980), UV-Vis and fluorescent spectrum. In complex I, the platinum adopts a four-coordi-
nated square planar geometry. The DNA-binding interaction has been investigated. The complex can bind to
DNA by intercalative mode, presenting the high DNA-binding affinity.
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INTRODUCTION

Many small molecules are essential for clinical uses
like treatment of cancer, genetic disorders and viral
diseases due to their strong ability to bind with nucleic
acids and subsequent modification of genetic material
[1—-3]. As suggested by the biological studies, the anti-
cancer property of small molecule depends on their
ability to interact with DNA. Since this can frequently
breaks DNA in cancer cells which causes blockage in
cells division followed by cell death [4]. In general,
small molecules interact with nucleic acids by covalent
and noncovalent interaction. Furthermore, the non-
covalent interaction can be classified in different
modes, such as intercalation, groove binding and elec-
trostatics binding. However, for cancer chemotherapy
only DNA intercalative and groove binding com-
pounds are extensively used [5]. On the other hand,
From the ligand point of view imidazole is an import-
ant moiety which plays a vital role in the activity of
many biological systems like iron-heme, vitamin B12,
histamine, histidine, biotin, etc. In addition, its deriv-
ative can influence to stimulate the central nervous
system, inhibit inflammation, combat against neuro-
degenerative diseases along with the anticancer and
antifungal activities [6]. In addition, some experimen-
tal and theoretical studies of the DNA binding and
related properties of the Ru(II) polypyridyl complexes

! The article is published in the original.

have been reported [7—9]. These studies have provided
significant contributions to understanding the trend in
DNA-binding and related properties of the complexes
inhibitors for cancer chemotherapy, we have recently
designed and synthesized one new chiral platinum(II)
complex in our laboratories and examined their inter-
action with G-quadruplex DNA. The synthetic routes
for the preparation of complex I [Pt(Chda)(4-
MOPIP)]?"2CI~ - H,O (I), where Chda = cyclohexane-
diamine; 4-MOPIP = (4-methoxy-phenyl)-imid-
azo[4,5-1][1,10]-phenanthroline, are shown in Scheme 1.

EXPERIMENTAL

Materials and physical measurements. All reagents
were bought from commercial sources and used with-
out further purification. '"H NMR spectra were carried
out on a Bruker Avance 400 MHz NMR Spectrometer
[10]. IR spectra were recorded in the range 4000—
400 cm™! on Perkin-Elmer Spectrum One FT/IR
spectrometer using a KBr pellet. Elemental analysis
(C, H, N) was performed on a Perkin-Elemer 240011
CHN elemental analyzer. UV-Vis absorption titration
was performed on a Cary 100 Conc. UV-visible spec-
trophotometer (Agilent Technologies, Australia). Flu-
orescence study was performed on a Shimadzu RF-
5301/PC spectrofluorometer (Tianmei Technologies,
Japan). Calf thymus DNA (ct-DNA, ds26 DNA, Htel
and Htel-1) was purchased from Sigma. Buffer (5 mM
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tris(hydroxymethyl)aminomethane  hydrochloride,
50 mM NacCl, pH 7.35) was used for UV-Vis absorp-
tion and FID assays. Assumed a molar absorption is
6600 M~! cm~! (260 nm) [11], the concentration of
CT-DNA was spectrophotometrically determined. In
the presence of a buffer containing 1% DMSO, the
UV-Vis absorption titration of complexes I was per-
formed by using a fixed complex concentration to
which increments of the DNA stock solution were
added (|[DNA]/[complex] ranged from 0 to 10). In
DNA interaction studies, the complex was dissolved
in DMSO for preparation of stock solution at 2.0 X
10~® M. Before the UV-Vis absorption spectrum was
recorded, Complex-DNA solutions were allowed to
incubate for 10 min. FID measurements were per-
formed as described previously [12].

Synthesis (see Scheme) and characterization of
compound II were performed in [13].

Synthesis of complex I. K,PtCl, (5.0 mmol) was
first dissolved in DMSO (5 mL) and heated to near
boiling. This hot solution was added to a hot solution
of compound 2 (5.0 mmol) in DMSO (5 mL). Finally
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(1R,2R)-diaminocyclohexane (5.0 mmol) in 30 mL
MeOH—-MeCN (20:1) was added to the hot solution,
and the mixture was stirred at reflux for 12 h, cooled to
room temperature. After filtration, the filtrate was
allowed to stand at ambient temperatures for about
5 days, and red rhombic crystals were obtained (yield
24% based on compound II), filtered off, washed with
distilled water and dried in air.

For [Pt(Chda)(4-MOPIP)|?"2CI~ - H,0
Anal. calcd., %: C, 43.12; H, 3.90;
Found, %: C, 43.23; H, 3.93;

N, 11.61.
N, 11.66.

IR data (KBr; v, cm™!): 3376, 3226, 2940, 1591,
1461, 1360, 1242, 1175, 1027, 810, 753, 715.

'H NMR (DMSO; 400 MHz; 8, ppm): 9.24 (d.,
J=17.9 Hz, 2H), 8.87 (s., 2H), 8.34 (d., / = 8.2 Hz,
2H), 8.05—7.97 (m., 2H), 7.21 (s., 2H), 7.04 (d., J =
8.3 Hz, 2H), 6.52 (s., 2H), 3.84 (s., 3H), 2.13 (d., J =
11.9 Hz, 1H), 1.96 (s., 1H), 1.81 (s., 2H), 1.62 (s., 1H),
1.45 (d., J=22.8 Hz, 1H), 1.22 (s., 1H).

OCHj; [ ocH; |*
O O I HN" N HoN  NH,
K,PtCl, Compound III
— DZMSO4 - 2C

— — NHyAc, reflux __ _

N N N N
Compound I Compound IT

Complex I
Scheme 1.

X-ray structure determination. The diffraction data
for I were collected on a Bruker Smart Apex CZN dif-
fractometer with graphite-monochromated MoK,
radiation (A= 0.71073 A) at 296 K. Absorption correc-
tion was applied by Sadabs [14]. The structure was
solved by Direct Methods and refined with full-matrix
least-squares technique using Shelxtl [15]. All non-
hydrogen atoms were refined with anisotropic dis-
placement parameters. The hydrogen atoms were
positioned with idealized geometry and refined with
fixed isotropic displacement parameters. Experimen-
tal details for X-ray data collection of complex are pre-
sented in Table 1, selected bond lengths and angles for
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complex I are listed in Table 2, while the hydrogen
bond lengths and bond angle are listed in Table 3.

Supplementary material for structure I has been
deposited with the Cambridge Crystallographic Data
Centre (CCDC no. 1472980; deposit@ccdc.cam.ac uk
or http://www.ccdc.cam.ac.uk).

RESULTS AND DISCUSSION
The structure unit of complex I with labeled atoms
is shown in Fig. 1. In complex I, the platinum(II) cen-
ter adopts four coordinated square planar geometry
and is surrounded by one deprotonated 2-(4-
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Table 1. Crystallographic data and refinement details for complex I

Parameter Value
Empirical formula Cy6H33NqO,4CIPt
Formula weight 724.12
Crystal system Triclinic
Space group Pl
a, A 7.9337(7)
b, A 9.8688(10)
c, A 17.7833(17)
o, deg 85.460(8)
B, deg 80.005(8)
v, deg 70.310(9)
v, A3 1290.7(2)
Z 2
Pcaled> 8 Cl’l’l73 1.863
u, mm-~! 5.585
F(000) 716
0 Range for data collection, deg 2.91-25.01
Index ranges (4, k, [) —9<h<9, —-11<k<11,—-19<5/<21
Reflections measured 8909
Unique reflections (Riy,) 4560 (0.0878)
Observed reflections (1 > 26([)) 4475
Refinement parameters 342
R, wR,, S 0.0696, 0.1906, 1.326

Largest diff. peak and hole, ¢/A 3

2.160 and —2.207

Table 2. Selected bond lengths (A) and angles (deg) for I

Bond d, A Bond d,A
Pt(1)—N(1) 2.013(7) Pt(1)—N(5) 2.042(8)
Pt(1)—N(2) 2.006(8) Pt(1)—N(6) 2.015(8)

Angle o, deg Angle , deg
N(1)Pt(1)N(5) 178.1(3) N(2)Pt(1)N(5) 98.6(3)
N(1)Pt(1)N(6) 99.4(3) N()Pt(1)N(6) 178.3(3)
N(Q)Pt(1)N(1) 80.7(3) N(6)Pt(1)N(5) 81.3(3)

methoxy-phenyl)-imidazo[4,5-f]- [1, 10]phenanth-
rolin ligand and one hexamethylene diamine, in which
the N(1) and N(2) atoms are from the bidentate
4-MOPIP and the other N(5) and N(6) atoms are
from one (1R,2R)-hexamethylene diamine. The
Pt(1)—N bond lengths are in the range of 2.006—
2.042 A, which are within the normal range. The
whole molecule retains the planar structure, which
may favor the intercalation between the neighboring
bases of the G4-DNA.
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In complex I, there exist interesting intermolecular
hydrogen bonding interactions. The O—H:*N and N—
H--O hydrogen bonds are between nitrogen atoms
(N(3), N(4) and N(5)) from 2-(4-methoxy-phenyl)-
imidazo[4,5-f]- [1, 10]phenanthrolin and the water
molecule (O(2) and O(3)) with O---N separations of
2.816(10) and 3.200(13) A (Fig. 1, Table 3). The
hydrogen bonds are involved in chloridions of
[Pt(Chda)(4-MOPIP)]>"2Cl~ - H,0 and water mole-
cules (O(3)) and nitrogen atoms (N(6)) of 2-(4-
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Table 3. Geometric parameters of hydrogen bonds for complex I

D—H-A Distance, A Angle (]i)e_HmA’ Symmetry code
D_H HeA DA g

0(2)—H(24)"N(3) 0.85 1.99 2.816(10) 162
0(2)—H(2B)N(5) 0.85 2.36 3.200(13) 170 l—x, 1—p 1—z
0(3)-H(3B)-~CI(1) 0.82 2.56 3.324(8) 156) l—x, 1—p 1—z
O(4)-H(4A4)(N4) 0.85 2.00 2.853(10) 176 1+x,9,2
0(4)-H(4B)-0(3) 0.85 1.88 2.730(11) 177 14x,9,2
N(5)-H(54)0(3) 0.90 2.59 2.985(12) 107 X2y 1—z
N(5)-H(5B)-+0O(2) 0.90 2.50 3.200(13) 135 l—x, 1=y, 1—z
N(5)-H(5B)~0(3) 0.90 255 2.985(12) 11 —x,2—y,1—7
N(6)-H(6B)~CI(1) 0.90 2.40 3.283(8) 166

methoxy-phenyl)-imidazo[4,5-f]-[1, 10]phenanthro-
lin. O—H-:-O hydrogen bonds are between oxygen
atoms (O(3) and O(4)). The O(2)—H(2A4)---N(3) dis-
tance of 2.816(10) A and the O(4)—H(4A4)--N(4) dis-
tance of 2.853(10) correspond to strong interactions
(Fig. 1, Table 3). As a consequence, the interchain
hydrogen-bonding interactions all help stabilizing the
two-dimensional framework.

Absorption titration is the most common method
for investigating the interaction of transition metal
complexes with DNA. In general, transition metal
complexes exhibit hypochromism and red shift in their
electronic spectra when bound to DNA. The degree of
hypochromism depends on the binding mode and
affinity. The DNA sample was sequentially added in
aliquots to the complex solutions, and the absorbance
spectra were recorded after each addition. Based on
previous studies [16], the absorption bands at A =
385—412 nm are assigned to metal-to-ligand charge
transfer (MLCT) and ligand-to-ligand charge transfer
(LLCT) transitions. As shown in Fig. 2, the hypochr-

@
®
®O0
®C
@ Cl

Fig. 1. The structure unit of complex I.
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omisms of MLCT bands of complex I for CT-DNA,
Htel and Htel-1 were calculated to be approximately
63.64, 43.59 and 47.37%, respectively. The addition of
the G rich sequence to the solutions of complex I led
to the red shifts of 1, 1 and 1 nm of the band at 290,
290, and 275 nm, respectively. These experimental
data indicated that complex I preferred to bind with
the G-quadruplex.

When the complex is being added into DNA solu-
tion, it is probably penetrated into adenine base stacks
in DNA helix, causing the changes of base hydropho-
bic interaction and van der Waals forces and affecting
the stability of DNA conformation and unwinding the
double-helical structure of DNA. It can be considered
that interaction of the complexes with the DNA base
pairs may destroy DNA helix, stimulate DNA cleavage
and increase UV-Vis absorption of purine and pyrim-
idine bases and then hypochromic effect occurs [17].
According to [18], the intercalation of complexes into
DNA base pairs is accompanied by bathochromism
and hypochromism, while groove binding or electro-
static interaction shows no (or minor) change in the
UV-Vis absorption spectra. In conclusion, complexes
I may bind to CT-DNA, Htel and Htel-1 via an inter-
calative mode.

The intrinsic binding constant (K,) of complex I
with DNA by UV-Vis absorption spectral analysis was
calculated by the equation [19]:

[DNA]/(e, — €&) = [DNA]/(g, — &) + 1/[ Ky (&, — €],

where [DNA] is the concentration of DNA per nucle-
otide in base pairs, €, indicates the extinction coeffi-
cient of complexes at a given DNA concentration, and
€rand g, represent the extinction coefficients of com-
plexes free in solution, and the complexes fully bound
to DNA, respectively, K, is the equilibrium binding
constant. In the plot of [DNA]/(g, — &) vs. [DNA],
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Fig. 2. UV-Vis absorption spectrum of complex I with increasing concentrations of ct-DNA (a), Htel (b) and Htel-1 (c) (Jcom-
plex] = 1.0 X 107° mol/L, [DNA]/[complex] ranged from 0 to 10).

K,, the intrinsic binding constants, can be given by the
ratio of the slope to intercept. K, values, the binding
constants of complexes I for Htel and Htel-1, are
2.24 x 10° and 1.12 x 10° M, respectively.

As the primary pharmacological target of many
antitumour drugs, DNA and DNA binding activities
of metal complexes provide important insight for the
development of effective metal-based chemothera-
peutic drugs. To determine whether the induced apop-
tosis is mediated through the intrinsic apoptotic path-
way, the binding affinities of complexes I with G-qua-
druplex DNA (Htel and Htel-1) compared to double
helix DNA (ds26 DNA) were studied using a FID
assay (Fig. 3) 12]. As shown in Fig. 3, complexes I are
approved to be effective G-quadruplex DNA binders
(i.e. 0.35 UM < S4DCq, < 0.55 uM) [20]. Complex I
exhibit better binding affinities to ds26 (%**DCs, >
0.37 uM).

\O
(e}
1

W
o

TO displacement, %
w A
o O

[\
o

—_
(e}

0 0.5 1.0 1.5 2.0 2.5

Complex 1, pm

Fig. 3. FID assay for complex I bound with different types
of DNA, including ds 26, Htel and Htel-1.
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