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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
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biphenyl group
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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
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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
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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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