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DNA Targeting Rigid Dinuclear Ruthenium-Arene Complexes
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Abstract: Three dinuclear Ru(Il)-arene complexes [Ruy(n®p-bip),(1,3-bib),XY]X, (X=Y=CI~ (1), X=Y=Br" (2), X=I"
and Y=CI" (3); 1,3-bib=1,3-di(1H-imidazol-1-yl)benzene, p-bip=biphenyl) were synthesized and fully characterized
by '"H NMR and ESI-MS. Single crystal X-ray diffractions studies showed that complex 1 owns a rigid ML, bowl-
like structure, where one Cl~ is trapped inside the cavity to balance the charge. Complex 3 showed the best
anticancer activities among complexes 1~3. The ICs, value of 3 towards to human lung cancer cells (A549)
reached to 13.9 pwmol L™, which is comparable to that of cisplatin (IC5=15.2 wmol -L™"). Complexes 1~3 have
shown strong interactions with DNA and could induce the unwinding of the DNA superhelix structure. CCDC:
1875666, 1.
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0 Introduction serious side-effects and resistance™. Piano-stool-like
metal-arene complexes, especially the Ru(ll)-arene

Cisplatin, as the most widely used anticancer complexes, have been considered as the most potent
drug, has attracted more and more concerns due to the substitutes for the cisplatin, because of their unique
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and versatile biochemical properties. In addition, the
multinuclear metal-arene complexes have indicated
the enhanced anticancer activities than the correspon-
ding mononuclear complexes®”. In our previous study,
dinuclear Ru(Il)-arene complexes based on the rigid
imidazole-containing ligand 1,3-di (1H-imidazol-1-yl)
benzene (1,3-bib) and caped p-cymene (p-cym) with
various counter anions, have shown strong DNA
interactions and distinct anticancer behaviors®. As is
known, the arene group, as the core component in the
metal-arene complex, has important impact on the
anticancer activities, which could facilitate the entry
of the substrate into cells!.

In order to study the effect of arene ligands on
the anticancer activities, we changed the arene group
from the p-cym group to the biphenyl group (p-bip),
since the p-bip has higher hydrophobicity than p-cym,
which could increase cellular accumulation and the
anticancer activity®', Three new dinuclear Ru(Il)-
arene complexes have been synthesized and studied.
These complexes were listed as [Ru,(n®p-bip),(1,3-
bib),XY]X, (X=Y=Cl~ (1), X=Y=Br™ (2), X=I" and Y=
ClI” (3)) and the single crystal structure of 1 has been
resolved. Bowl-like structure of 1 has been observed
and one counter anion is included in the center of the
structure. Among complexes 1~3, complex 3 indicated
the best anticancer activity with 1Cs, values of 13.9
and 15.2 pmol -L™ towards HeLa and A549 cancer
cells, respectively, due to the existence of the I~ anions.
Strong interactions between complexes 1~3 to DNA
have been studied and confirmed by UV-Vis spectra,

CD spectra, and gel electrophoresis experiments.
1 Experimental

1.1 Materials and methods
Reactions were carried out under argon by using
standard Schlenk techniques. All solvents were of

analytical grade. Chemicals were obtained from

commercial sources and used without further

purification. The ligand 1,3-bib and dimer [RuCly(n®-
p-bip)], were synthesized according to the literature

[11-12]

methods!"'"?. Deuterated solvent for NMR purposes

were obtained from Merck and Cambridge Isotopes. 'H

NMR spectra were recorded on a Bruker AVANCE
400 spectrometer at ambient temperature. Electrospray
ionization mass spectra (ESI-MS) were obtained using
an LCQ spectrometer (Thermo Scientific). A Varian
Cary 50 Probe UV-Vis spectrophotometer was used for
UV scanning. The circular dichroic spectra of DNA in
the region between 200 and 350 nm were obtained by
using an Applied-Photophysics Chriascan spectro-
photometer operating at 25 °C.

1.2 Syntheses of complexes

1.2.1  [Ruym®-p-bip)y(1,3-bib),Cl,]Cl, (1)

Ligand 1,3-bib (42.0 mg, 0.2 mmol) and Ru,(n-
p-bip),Cl, (65.2 mg, 0.1 mmol) were stirred in 20 mL
CH;0H solution at 65 °C. After refluxing for 12 h
under the N, protection, the solvent was removed under
vacuum and the crude product was further purified by
silica gel chromatography using CH,Cl,/CH;OH as the
elute. Pale yellow product was collected with a yield
of 85% based on the consumed Ru(ll) dimer. Elemental
analysis Caled. for Ru,CigHuCLNgO4(%): C 51.99, H
4.00, N 10.10; Found(%): C 51.48, H 3.96, N 10.19.
'H NMR (DMSO-ds, 400 MHz): 6 10.31 (s, 4H, 1,3-bib),
8.95 (s, 2H, 1,3-bib), 7.98 (1, 4H, J=1.7 Hz, 1,3-hib),
7.85~7.80 (m, 4H, 1,3-bib), 7.70 (d, 6H, J=1.5 Hz, 1,3-
bib), 7.44~7.36 (m, 10H, p-bip), 6.71 (d, 4H, J=6.0 Hz,
p-bip), 6.50 (1, 4H, J=6.3, 5.5 Hz, p-bip), 6.21 (i, 2H,
J=5.6 Hz, p-bip). ESI-MS(+): Caled. for [Rux(n®p-bip),
(1,3-bib),Cl5]* ([RuyCagHyoNsCls]*) m/z: 1 037.38, Found:
1 039.08; Caled. for [Ruy(n®p-bip),(1,3-bib),Cl,**
([Ru,CusHyoNsCLJ*) m/z: 500.96, Found: 501.25.

1.2.2  [Ruyn®-p-bip),(1,3-bib),Br,|Br; (2)

To a CH;0H solution (5 mL) of complex 1 (16.09
mg, 0.015 mmol), 5 ml, CH;0H containing AgCF;S05
(15.42 mg, 0.06 mmol) was added. After stirred for 12 h
at room temperature, the AgCl precipitate was removed
by filtration, and the CH;0H solution (15 mL) contain-
ing KBr (89.25 mg, 0.75 mmol) was added dropwise to
the resulting solution. After 12 h, the solvent was
removed under vacuum and the crude product was
further purified by silica gel chromatography using
CH,Cl,/CH;0H as the eluent. Pale yellow product was
collected with a yield of 79% based on the consumed
analysis  Caled.  for

complex 1.  Elemental
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Ru,CysHyBriNgO(%): C 45.44, H 3.34, N 8.83; Found
(%): C 4499, H 3.31, N 8.90. 'H NMR (DMSO-ds,
400 MHz): 6 9.87 (s, 4H, 1,3-bib), 8.78 (s, 2H, 1,3-bib),
7.94 (s, 4H, 1,3-bib), 7.86~7.61 (m, 10H, p-bip), 7.53
(s, 4H, p-bip), 7.48~7.30 (m, 6H, p-bip), 6.78 (d, J=5.9
Hz, 4H, p-bip), 6.52 (1, J=5.7 Hz, 4H, p-bip), 6.13 (t,
J=5.5 Hz, 2H, p-bip). ESI-MS(+): Caled. for [Ruy(n®-p-
bip)y(1,3-bib),Brs]" ([RusCisHaoNgBrs]") m/z: 1 170.74,
Found: 1 170.83.

1.2.3  [Ruy(n®-p-bip)y(1,3-bib),CII]I; (3)

To a CH;0H solution (5 mL) of complex 1 (16.09
mg, 0.015 mmol), 5 ml. CH;0H containing AgCF;S05
(15.42 mg, 0.06 mmol) was added. After stirred for 12
h at room temperature, the AgCl precipitate was
removed by filtration, and the CH;OH solution (15
mL) containing KI (124.50 mg, 0.75 mmol) was added
dropwise to the resulting solution. After 12 h, the
solvent was removed under vacuum and the crude
product was further purified by silica gel chromato-
graphy using CH,Cl/CH;OH as the eluent. Pale red
product was collected with a yield of 80% based on
the consumed complex 1. Elemental analysis Caled.
for Ru,CgHyuCIlNgO(%): € 42.23, H 3.10, N 8.21;
Found(%): C 41.81, H 3.06, N 8.29. '"H NMR (DMSO-

ds, 400 MHz): 6 10.15 (s, 4H, 1,3-bib), 8.81 (s, 2H, 1,3-
bib), 7.93 (d, J=16.6 Hz, 4H, 1,3-bib), 7.78 (d, J=6.9
Hz, 4H, 1,3-bib), 7.75~7.62 (m, 6H, 1,3-bib), 7.44~7.35
(m, 10H, p-bip), 6.70 (d, J=5.9 Hz, 4H, p-bip), 6.47
(t, J=5.7 Hz, 4H, p-bip), 6.19 (t, J=5.5 Hz, 2H, p-bip).
ESI-MS(+): Caled. for [Rua(m®p-bip).(1,3-bib),ClI,]*
([RuyCisHyoNsCIL]Y) m/z: 1 220.29, Found: 1 220.83.
1.3 X-ray crystallographic study

Diffraction data were collected using a Bruker
Apex 2 CCD with Ka radiation (A=0.071 073 nm) at
296(2) K for complex 1 using the w-26 scan method.
Absorption corrections were applied using a multi-
scan technique'™. An empirical absorption correction
was applied. All the structures were solved by direct
methods using SHELXS-2014 and refined by the full-
matrix least-squares techniques using the SHELXL-
2014™ program within  WINGX. All non-hydrogen
atoms were refined anisotropically and the hydrogen
atoms of the organic molecule were refined at
calculated positions, assigned isotropic thermal para-
meters, and allowed to ride their parent atoms. The
crystallographic data and detailed bond distances and

angles were listed in Table 1 and 2.

CCDC: 1875666, 1.

Table 1 Crystallographic data of 1

Formula RuyCysHuCLN5O, F(000) 2240

Formula weight 1 108.85 0 range / (°) 1.2~28.1

Crystal system Monoclinic Limiting indices -17T<sh<17,-12<k<12,-45<[<45
Space group P2y/c Reflection collected, unique 35 046, 10 018

a/nm 1.383 13(19) Ry 0.061

b/ nm 0.925 39(13) Completeness to 6#=25.00° / % 92.70

¢/ nm 3.478 1(5) Data, restraint, parameter 10 018, 0, 583

B/(°) 94.371(2) Goodness-of-fit on F 1.043

A 4 Final R indices [[>20(])]' R=0.048 0, wR»=0.102 6

D,/ (g-em™) 1.659

‘Ri=2NFJ-IFN X IF); wR=| X w(IF P=IF.P) X w(F)1"”, where w=1/[c(F)+(aPy+bP], P=(F+2F?2/3.

Table 2 Selected bond lengths (nm) and angles (°) for 1

Rul-N1 0.210 3(3) Rul-Cl1
Rul-N8 0.210 1(3) Ru2-N4
N1-Rul-Cl1 86.47 (8) N1-Rul-N8
N8-Rul-Cl1 85.06 (10) N4-Ru2-CI2

0.240 9(1) Ru2-N5 0.209 5(3)
0.211 1(4) Ru2-C12 0.240 0(1)
89.44 (12) N5-Ru2-CI2 86.95 (9)

88.17 (9) N4-Ru2-N5 87.28(13)
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1.4 UV studies

Complexes 1~3 were characterized by UV-Vis
spectroscopy. All the complexes were dissolved in
DMSO/H,0 (1:9, V/V), and the final concentration is
100 pmol L. The absorbance was recorded at time
intervals of 1 h at 298 K for 17 h.
1.5 Cell viability assay

Hela, A549 and LO2 cells were obtained from
the Experimental Animal Centre of Sun Yat-Sen
University (Guangzhou, China) and cultured in DMEM
(Dulbecco” s modified Eagle’ s medium, Gibco BRL)
containing 10% FBS (fetal bovine serum, Gibco BRL),
100 pg-mL™" streptomycin and 100 U-mL™ penicillin
(Gibco BRL). Cells were grown at 37 °C in a 5%(V/V)
CO, humidified incubator. The cytotoxicity of the tested
complexes towards different cell lines was determined
by MTT assay. Cells were cultured in 96-well plates
for 24 h. Cells were incubated with a series of
concentrations of complexes for another 48 h. 20 L
MTT solution (5 mg-mL™) was added into each well
and incubated for another 4 h. The culture media was
removed and 150 pl. DMSO was added into each
well. The plate was shaken for 10 min. The absorbance
at 492 nm was measured by a microplate reader'>".,
1.6 UV-Vis spectroscopy studies of DNA binding

property

Calf thymus DNA (CT-DNA) was purchased from
Sigma. Phosphate buffer saline (PBS, 5 mmol -L™', pH
=7.4) was used for the spectral studies on DNA binding
properties of the complexes. The PBS was prepared by
ultra-pure water at room temperature. The stock CT-
DNA solution was stored at 4 °C. The concentration of
CT-DNA  was determined by UV-Vis
measurements at 260 nm after proper dilution with
PBS buffer, taking 6 600 L-mol™-cm™ as the molar
absorption coefficient. The ratio of UV absorbance
(Ax/A o) was ca. 1.9, indicating that the CT-DNA

solution was sufficiently free of protein. Titration

absorption

experiments were performed at room temperature. The
(100 pmol -L™) were

first placed in a 1 em path quartz cuvette and aliquots

working solution of complexes

of a CT-DNA stock solution was added, with mixing

for 8 min to allow equilibrium to be reached. The

absorption studies were conducted with a fixed complex
concentration and alternating the CT-DNA concentra-
tion. We observed a subtractive role from each reading
on the UV-Vis when the complex and CT-DNA was
incubated. With the increasing concentration of CT-
DNA, the absorbance change at the metal-to-ligand
charge transfer (MLCT) region. The binding constants
(K;) were determined from the spectroscopic titration
data with the following equation!®'7®:

conl(&—e)=con/(ev—€)+1/[K (-9
where cpyy is the concentration of the DNA; &, (£,=A 4./
Ceomley) 18 the apparent absorption coefficient; &; is the
extinction coefficient for the free complex; &, stands
for the absorption coefficient of the complex when
fully bounded to DNA. Linear fitting of cp/(€.—&)
with ¢pya from the above equation allowed us to
calculate K, for the complex binding to CT-DNA.
1.7 Circular dichroism spectroscopy studies of

DNA binding property

The interaction of complexes with CT-DNA was
studied by CD spectroscopy in PBS buffer (50 mmol -
L™, pH=7.4). A series of samples containing different
concentration 1atios  (Cumle/Cona) Were prepared and
incubated at 25 °C for 24 h. The concentration of CT-
DNA was set at 100 wmol+L™" and the ratio increased
from 0.02 to 0.12. CD spectra were recorded in the
cuvette of 1 c¢cm path length, with the range of 200~
350 nm, the scan rate of 100 nm +min~" and the slit
width of 1 nm.
1.8 Gel electrophoresis experiments

Closed circular supercoiled pBR322 plasmid
DNA was used for the gel electrophoresis experiments,
which was purchased from Sangon Biotech (Shanghai,
China). DNA (1 pL, 200 wmol -L™") was treated with
ultrapure water (4 wlL), PBS (5 pL, 100 mmol - L.™'), and
different concentrations of complexes (10 L, ¢ e/
coa=0.25, 0.5, 0.75, 1.0, 1.5 and 2.0, respectively).
The mixture was incubated at 37 “C for 12 h in the
dark, then loading buffer (4 pL, 0.05% bromophenol
blue, 30 mmol - L' EDTA, 36% glycerol, 0.05% xylene
cyanol FF) was added. Electrophoresis was carried out
in a native agarose gel (0.8%) in 1XTAE (iris base,
acetic acid, and EDTA) buffer for 2 h at 70 mA. The
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gel was subsequently stained with 1 pg-mL™ ethidium
bromide and visualized under a UV trans-illuminator

and photographed by using a digital camera™.

2 Results and discussion

2.1 Design and syntheses of macrocyclic
di-ruthenium complexes 1~3
Macrocyclic di-ruthenium complex 1 was obtained
from the direct reaction of the ligand (1,3-bib) with the
dimer [Ru(n®-p-bip)Cl,],, while complexes 2 and 3 were

a e f 2
RE_ L+ N N, Methanol
| ~C < s/ 33K c
1,3-bib
Scheme 1

2.2 X-ray crystallography

Complex 1 crystallizes in P2,/c space group, and
shows a classic “bowl-like” macrocyclic structure with
Cl™ as the counter anions (Fig.1). Each Ru(ll) is coor-
dinated by six carbon atoms from one phenyl ring, two
nitrogen atoms from two 1,3-bib ligands and one CI-
anion. The bond lengths of Ru-N and Ru-Cl are in a
range of 0.208 6(8)~0.211 2(8) nm and 0.239 8(3)~
0.240 5(3) nm, respectively, and the bond angles of
N-Ru-Cl and N-Ru-N are in a range of 85.3°~88.4°
and 87.1(3)°~89.3(3)°, respectively. The bond lengths
and angles are similar to the previously reported Ru(Il)
-arene complexes®™. One Cl™ is captured into the bowl-
like structure through the hydrogen bonds (Table S1),
which is similar to the previously reported complex
[Ru, (p°-p-cymene), (1,3-bib),Cl,] (NO3),®™. The trapped
Cl~ could be ensured from the results of ESI-MS. For
example, for complex 1, the peak at 1 039.08 was
clearly [Ruz(17%-p-bip)a(1,3-bib),Cly] *
(Caled. m/z: 1 037.38) (Fig.S2)®. The upper and bottom
planes of the bowl-like complex 1 are defined by Cl1,
C5, C14 from the arene group and C48, C38 and C33
from the 1,3-bib ligands, respectively (Fig.1a). The

observed for

diameter of the upper and bottom bases of the “bowl”

~N ./
Ry

prepared by reaction of complex 1 with appropriate
silver salts (Scheme 1)"L All complexes were obtained
in good yields and characterized by 'H NMR and ESI-
MS (Fig.S1~S4, Supporting Information). In the complex
2, the coordinated and the counter anions Cl~ were
fully replaced by anion Br~, which were confirmed by
the ESI-MS results. However, only one coordinated C1”
in complex 3 was replaced by a 1™ and the formula of
[Ruy(m®-p-bip)a(1,3-bib),CII]I, was confirmed by the
ESI-MS results.

2+

KBr

\ AgCF.SO
g
R A 12017 -

N\ Cad
S, “
1

Synthetic routes for complexes 1~3

were 1.25 or 0.94 nm, with a distance of 0.43 nm
between the two bases. Comparing to [Ruy(n®-p-cymene),
(1,3-bib),Cl,] (NO;),, complex 1 owned a larger open
window (0.94 nm vs 0.91 nm) and longer distance
between two bases (0.43 nm vs 0.4 nm). The Rul -
Ru2 distance is 0.97 nm in complex 1. The dinuclear
units are further connected by the 77-7 interactions
between two paralleled phenyl rings from two adjacent
units with the “center-to-center” distances of 0.346
and 0.378 nm, and the dihedral angle of 0° and 4.8°,
respectively.
2.3 Cytotoxicity of complexes 1~3 in vitro

The cytotoxicity was evaluated in A549 (human
lung cancer), HeLa (human cervical cancer), and LO2
(human normal liver cell line) by the colorimetric
MTT assay for 48 h. Cisplatin was also tested as a
positive control. The results are listed in Table 3 and
show that complexes 1~3 own less toxicity to normal
(LO2) with an ICs, value of 28.5, 13.6
and 13.0 wmol -L ™", respectively, comparing to the

human cells

cisplatin with the ICs, value of 1.5 pwmol L. Among
1~3, complex 3 shows the best anticancer activity to
the cancer cells HelLa and A549 with ICs, value of 15.2
and 13.9 pmol - L', respectively, which is comparable
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Fig.1 (a) X-ray structure of complex 1, where one Cl~ anion was enveloped as a guest molecular, and the other Cl-,

partial hydrogen atoms, and the free water molecules are omitted for clarity; (b) Side-viewing of bowl-like

complex 1 in space filling mode; (c¢) -7 stacking interactions between two parallel phenyl rings of two

adjacent units, with a “center-to-center” distance of 0.346 and 0.378 nm, respectively

Table 3 1ICy values of complexes 1~3 as obtained from MTT assay

pmol - L
Compound HeLa A549 LO2
1 25.6+1.7 45.4+2.3 28.5+0.8
2 21.9+2.1 28.9+1.4 13.6+0.8
3 15.2+1.1 13.9+1.1 13.0£0.5
Cisplatin 7.9+0.4 15.2+0.5 1.5+0.1

to that of cisplatin. In general, the anti-proliferative
efficacy of dinuclear Ru () complexes are in the
following order: 3 > 2 > 1, which indicates the important
role of the counter anions, since the halide exchange
could modify the cellular uptake and accumulation
pathways®. Comparing to the other dinuclear Ru(Il)-
arene with I~ as the counter anions, [Ruy(n®p-cymene),

(m-bib))l,]I,  (m-bib =1,3-bis (1H-imidazol-1-yl)methyl)

benzene) and [Ru,(n*-p-cymene),(1,3-bib),ClL,]l,, com-
plex 3 showed a significant enhancement in the anti-
cancer activity to A549 cancer cells with 1Cs, value of
13.9 pmol - L™ vs 150.1 wmol-L™" and 30.9 pmol -1,
respectively®, The results here indicate that both the
ligand and the arene group play important roles for
the enhancement of the anticancer activity of these

dinuclear Ru-arene complexes”. In addition, complex



1506 xoHL ot ¥ R %35 %
3 exhibits much higher anticancer activity comparing 2.0
to several reported mononuclear complexes towards o
A549 cell lines™. 154 :E L5x10¢
2.4 UV studies _memu
The UV studies of the complex in solution is < e

important for biological application. As shown in Fig.
S5, the the

complexes 1 and 2 showed only minimum or no change,

characteristic absorption bands for
while the bands for complex 3 displayed slight
hypochromicity, indicating that complexes 1~3 could
maintain their structural integrity in aqueous solution
at 298 K. Previously reported dinuclear Ru(Il)-arene
complex with rigid ligand have also showed high

stability under physiological conditions™?!,

2.5 Interaction with CT DNA

In order to understand the interactions of Ru(ll)-
arene complexes with potent targets in the cancer cells,
especially DNA, the DNA titration experiment was
studied by the UV-Vis, CD and DNA electrophoresis.

The UV-Vis spectra of the titration experiments
of CT-DNA by complexes 1~3 at 25 °C are shown in
Fig.2 and S6. Complex 3 showed a maximum absorption
wavelength at 240 nm and it slightly blue-shifted to
237 nm with the addition of 0.66 equal amounts of
CT-DNA. The hypochromicity percentage of the MLCT
band (metal to ligand charge transfer) was observed to
be 50.3% at 241 nm, which suggests the strong stacking
interaction between 1,3-bib ligands and the base pairs
of DNA®. Similar blue-shift bands were detected for
complexes 1 or 2 from 241 to 238 nm or 244 to 242
nm, respectively. The hypochromicity percentage of
complexes 1 and 2 were observed much less than that
of complex 3, as 15.1% and 24.1% with the addition
of 0.8 and 0.88 equal amount of CT-DNA, respectively,
which suggests that complex 3 showed the strongest
binding ability to DNA®. The intrinsic binding cons-
tants (K,) of complexes 1~3 to CT-DNA were 1.62x
104, 6.27 x10° and 2.07 x10* L -mol 7', respectively.
Comparing to our previous reported dinuclear Ru(Il)-
arene complexes with p-cymene as the arene group,
the binding capacity to DNA has been dramatically
decreased, which may result from the substitution of

125]

biphenyl group

0.0 2.0X107* 40X10°* 6.0Xx10°*

Cpa / (mol-L)

Absorbance
(=]
1

Complex 3
0.5
—— +0.64eq. CT-DNA

0.0

400 500

Wavelength / nm

300
Arrow in the picture shows the absorbance change by the
increasing of CT-DNA concentration; Inset: plot of &, versus
cpn for the titration of DNA with Ru(Il) complexes

Fig.2  Absorption spectra of complex 3 in PBS buffer at
25 °C on addition of CT-DNA

To further examine the binding mode between
complexes 1~3 with CT-DNA, CD titration experiments
were also performed. The positive band at about 278
nm is due to the base stacking and the negative band
at about 248 nm is due to the right-handed helicity,
which are both the characteristics of B-DNA. The
increasing of the ratio of c.ume/cona and  dramatic
decreasing of the ellipticity for negative bands suggest
that 1~3 could unwind the DNA helix and lead to the
loss of helicity through rotation of the bases (Fig.3 and
S7),

The effect of the binding of complex 3 on plasmid
DNA was also investigated by DNA electrophoresis

44
3 —|
24
0
9
E
2
4 J
o CcomplexS/ Coxa
M 1 0.00 ——0.02
- — 004 —0.06
- =008 " ———-0110
1 ===210012
-4 T T : T T
250 275 300 325
Wavelength / nm
Original DNA concentration: 0.1 mmol - L'
Fig.3 CD spectra of CT-DNA bound by 3 with ¢ ue/con

ratio ranging from 0 to 0.12
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studies. Closed circular DNA can reduce its superh-
elical density and decrease the DNA migration rate in

271 Positive

agarose by binding of unwinding agents
charged metal complexes could bind to the negative
charge part of DNA®?. Complex 3 induced significant
changes in the migration of DNA (Form I ) at 2.5 wmol
‘L7 (Fig.4), suggesting that complex 3 could unwind
the DNA superhelix.

Complex 3

0 2:5 5 75 10 15

20 (umol-L7")
Form I
—

Form I

Fig.4  Gel electrophoresis assay of pBR322 DNA treated

with complex 3 with variable concentrations

Comparing complexes 1~3 with other dinuclear
[Ruy (17°-p-cymene),(1,3-bib),C1,]X, complexes (X=Cl",
I-, NO;~, BF,", PFs~, CF;S0;7)®, even all complexes
share the similar bowl-like structure, the best cytotoxi-
city to A549 cancer cell among complexes 1~3 (13.9
pmol - L") is much better than that of Ru-n°-p-cymene
complexes  (30.9 pmol-L™®. Tn addition, even all
complexes could interact with DNA, the binding
(~10* L+mol™) is much

weaker than that of Ru-n°p-cymene complexes (~10°

capacity of complexes 1~3

L-mol™). The differences may result from the effect of

distinct arene groups (n°-p-cymene vs biphenyl).
3 Conclusions

In summary, three Ru(ll)-arene complexes contain-
ing the rigid imidazole ligand with distinct counter
anions were successfully synthesized and characterized.
The single crystal diffraction displays that one counter
anion Cl - could locate in the cavity of dinuclear
structure of complex 1. The cytotoxicity assay indicates
that complex 3 exhibits the best cytotoxicity toward to
A549 cell line, which is comparable to that of
cisplatin. All three complexes show strong interactions
with CT-DNA and could unwind the DNA superhelix.
The different anticancer behaviors of 1~3 suggest that
the coordinative and counter anions and the arene
groups in the metal-arene complexes might play very

important roles to adjust their anticancer capacities.

Further studies will be continued and focused on the
mechanism of the anticancer activity of these Ru(Il)-

arene COmpleXeS.
Supporting information is available at http://www.wjhxxb.cn
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