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Abstract: Two organosulfonate complexes, [M(phen),(ans),] - H,O (M=Cd 1, M=Pb 2), were obtained from the reaction
of 1,10-phenanthroline (phen), sodium 4-aminonaphthalene-1-sulfonate tetrahydrate (Naans) and Cd(OAc),+2H,0 or
Pb(NO;), in a mixed solvent of water and methanol at 25 “C. The compounds were characterized by elemental
analysis, IR, and X-ray diffraction single crystal structure analyses. Interactions of the complexes with calf thymus

DNA
steady-state emission quenching by [Fe(CN)s]*, DNA competitive binding with ethidium bromide (EB)), and viscosity

(ctDNA) were investigated by UV-Vis spectra, luminescence spectra (including luminescence titrations,
measurements. The experimental results indicated that there were two interactions between the complexes and DNA,
namely the electrostatic interaction and intercalation, with the binding constants of 1.82x10° L- mol™ for 1 and 4.96x

10* L-mol™ for 2 in buffer of 50 mmol - L."! NaCl and 5 mmol - ! Tris-HCI (pH 7.0). CCDC: 669692, 1; 674923, 2.
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The properties of DNA binding to transition-metal
complex, especially polypyridyl Ru(Il) complexes, have
been well studied" . Tt is found that the complex can
bind to DNA in noncovalent binding fashions of elec-
trostatic, groove, and intercalative binding including

classical intercalation, semi-intercalation, and quasi-
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intercalation™. As far as the mixed-ligand complex is
concerned, the planarity of its main ligand is thought to
play a key role in interaction with DNAP® and the
ancillary ligand can make something indirectly affect
on the DNA binding properties by changing the
planarity of the main ligand and hydrophobicity of the
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complex!™. Due to the characteristic helical structure of
DNA, the nucleic bases are located in an almost
coplanar arrangement, which allows planar polycylic
aromatic molecules to intercalate between two base
pairs . As far as we know, almost all intercalators are
the cations of ogranometallic complex except for some
organic dyes. In order to study further the DNA-binding
mode of the complex, a series of mixed-ligand
complexes constructed by aromatic sulfonate and
bidentate chelating ligands such as 1,10-phenan-
throline and 2,2’ -bipyridine, were synthesized. These
compounds were found exhibiting stronger fluorescence
property in aqueous solution.

Herein, we prepared two new complexes, [Cd(phen),
(ans),] *H,O 1 and [Pb (phen),(ans),] -H,0 2, whose
crystal structures were determined by single crystal X-
ray diffraction. Both complexes also behave as the
neutral complex because they were hardly ionized in
aqueous solution, as proved by the conductivity. The
DNA-binding properties of the complexes were
explored by electronic absorption, fluorescence studies
and viscosity measurements. Experimental results
indicated that both complexes bind to DNA by means of
two interactions of electrostatic interaction and inter-

calation modes.
1 Experimental

1.1 Preparation of complexes [Cd(phen),(ans),]

H,O (1) and [Pb(phen),(ans),] - H,0 (2)

5.0 mL methanol solution of phenanthroline
monohydrate  (0.200 g, 1 mmol) was added to an
aqueous solution (15 mL) of Cd(OAc),-2H,0 (0.267 g, 1
mmol). After the mixture was stirred for about 2 h at 25
°C, the solution was treated with sodium 4-aminona-
phthalene-1-sulfonate tetrahydrate (0.642 g, 2 mmol) in
5 mL methanol. After filtration, the pale yellow solution
was allowed to stand at room temperature. Crystals
suitable for X-ray single crystal analysis were obtained
by slow evaporation of solvent at room temperature
(0.561 g, 60%). Caled. for C4H3,CANGO;S, (%): C 56.51,
H 3.68, N 8.97. Found (%): C 56.34, H 3.77, N 9.12%.
IR (KBr disc, em™): 3 450s, 3 360s, 3 247m, 3 064 w,
1624m,1579m, 1516s,1429m, 1 224m, 1 158s, 1 142s,

1040s, 1 021m, 852w, 727s, 685s, 599m, 505w.

Complex 2 was prepared via analogous procedure
to that used for 1 above, and Pb(NO;), (0.331 g, 1 mmol)
replacing Cd (OAc), -2H,0. Caled. for Cu,H3NqO,PbS,
(%): C 56.45, H 3.64, N 8.95. Found(%): C 56.11, H
3.84,N 8.87. 1R (KBrpellet, cm™): 3 365s, 3 354m, 3 241
m, 3 066w, 1 627m, 1 571m, 1 515s, 1 425m, 1 214s,
1177s,1143s,1036s,1016s, 842m, 722s, 680s, 596m.
The molar conductances (A,;) in DMF are 16.8 and 17.5
S+cm?+mol ™ for 1 and 2, respectively, indicating that
two complexes are nonelectrolyte!"”.
1.2 Physical measurements

Elemental analyses were performed on a Carlo
Erba 1105 elemental analyzer. Infrared spectra (KBr
disc, 4000~400 cm™) were recorded on a FTIR NEXUS
instrument. The pH of buffer solution was measured by
DELTA pH instrument. UV-Visible spectra were
carried out on UV-2450 spectrophotometer. Emission
F-4500 fluorescence
spectrophotometer. The conductivity was tested by
JENCO Model 3010 conductivity meter.

All the experiments involving in the interaction of

spectra were obtained on

the complexes with DNA were carried out in aerated
buffer (50 mmol :L™" NaCl and 5 mmol - L™ Tris-HCI,
pH 7.0). The absorption and emission titrations with
ctDNA were performed by keeping the concentrations
of the complex constant while varying the DNA
concentrations. A solution of ctDNA gave a ratio of UV
absorbance at 260 and 280 nm of about 1.85:1, indi-
cating that the DNA was sufficiently free of protein. The
concentration of DNA was calculated by &,4,=6 600 L -
mol™-em™ M. Steady-state emission quenching experi-
ments were carried out using [Fe(CN)e]* as the quench-
er. The experiments of DNA competitive binding with
EB were carried out in the buffer solution after DNA
was pretreated with EB in the ratio cpw/cm=5 for 30
min, varying the concentrations of the complex at room
temperature. Viscosity experiments were carried out on
an Ubbelodhe viscometer immersed in a thermostated
waterbath maintained at 28 £0.1 “C. Flow time was
measured, and each sample was measured at least three
times, and an average flow time calculated. Data were

presented as  (n/19)" vs cy/cpna, where 77 and 7, are the
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viscosities of DNA in the presence and absence of the
complex, respectively. Viscosity values were calculated
from the observed flow time of DNA-containing solution
(t>100 s) corrected for the flow time of buffer alone (zy),
n=(t—to)/t".
1.3 Crystal structure determination

X-ray diffraction data for the two complexes were
collected on a Bruker SMART APEX CCD diffractome-
ter with a graphite-monochromatized Mo Ko radiation
(A=0.071 073 nm) at 19(2) C. A total of 12 089 and
24 255 reflections were collected in the range 1.73°~
26.25° and 1.70° ~27.50° using an @ scan mode for
complexes 1 and 2, respectively, of which 7 628 and
8 888 were unique (R;,=0.040 6 and 0.079 2) and 3 726
and 5 434 with I>20(I) were considered as observed.
(SADABS) was
applied to the raw intensities . The structures were

solved by direct methods and refined on F? by full-

An empirical absorption correction

matrix least-squares techniques with SHELX-97 progr-

am™, All non-hydrogen atoms and hydrogen atoms were

refined anisotropically and isotropically, respectively.
Geometrical calculations and the molecular diagrams
were obtained with the program PLATON™. The refine-
ments were converged at R=0.035 6 and wR =0.085 3
(w=1/[6*(F,)+(0.050 0P)*+0.131 6P|, P=(F,+2F?)/3, S=
1.035, (A/0),x=0.005) for 1 and R=0.063 2 and wR =
0.112 2 (w=1/[8*(F.?)+(0.034 OP)*+5.353 9P|, P=(F,*+
2F3/3,5=1.027, (Al0),,=0.001) for 2. The largest and
minimum peaks in the final difference Fourier map
were 500 and =422 e +nm™~ for 1 and 882 and -756 e -
nm~ for 2, respectively. Crystal parameters and details
of the data collection and structure refinement were
given in Table 1. Selected bond lengths and angles were
listed in Table 2. Because of the disorder about the ans
ligand containing S1, the bond lengths and angles
involving in the disorder atoms and Pb(Il) atom didn’t
be listed in the table. The disordered atoms were
refined using FVAR, second variable facility of
SHELX-97 program.
CCDC: 669692, 1; 674923, 2.

Table 1 Crystallographic data for the complexes [Cd(phen),(ans),]- H,O (1) and [Pb(phen),(ans),]- H,O (2)

Crystal data 1

Empirical formula CuH3CdN6O-S,
Formula weight 935.29
Crystal system Triclinic
Space group Pl

a/ nm 1.247 56(8)
b/ nm 1.317 34(9)
¢/ nm 1.363 40(9)
al (%) 98.514 0(10)
B/ 105.791 0(10)
v /(% 111.664 0(10)
V [/ nm® 1.924 9(2)

A 2

p/ mm™ 0.739

F(000) 952

6 range for data collection / (°) 1.73~26.25

Index ranges

No. refln. /unique (R;,)
Data / restraints / parameters 7 628 /6 /559
Goodness-of-fit on F* 1.035

Final R indices [I>20(])]
R indices (all data)

500 and -422

Largest difference peak and hole / (e+nm™)

-15<h<10,-15<k<16,-16<[<16
12 089 /7 628 (0.040 6)

R=0.035 6, wR,=0.085 3
R=0.043 6, wR,=0.090 8

2

CuHNeO,PhS,

1030.08

Monoclinic

P2\/n

1.348 50(9)

1.602 13(11)

1.810 82(12)

90

95.453 0(10)

90

3.894 5(5)

4

4.502

2 040

1.70~27.50
-14<h<17,-20<k=<20,-23</< 14
24 255/ 8 888 (0.079 2)
8 888 /461 / 548

1.027

R=0.063 2, wR»=0.112 2
R=0.115 4, wR»=0.129 4
882 and -756
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Table 2 Selected bond lengths (nm) and angles (°) for the complexes [Cd(phen),(ans),]- H,O (1)

and [Pb(phen),(ans),]- H,O (2)

Cd(1)-0(1) 0.227 8(19) Cd(D)-N(1) 0.236 6(2) Cd(1)-N@3) 0.234 3(2)
Cd(1)-0(4) 0.227 0(2) Cd(1)-N(©2) 0.234 2(2) Cd(1)-N@) 0.263(2)
0(4)-Cd(1)-0(1) 88.13(8) N(2)-Cd(1)-N(4) 89.96(7) N(2)-Cd(1)-N(3) 107.66(7)
0(1)-Cd(1)-N(2) 152.09(7) 0(4)-Cd(1)-N(1) 106.91(8) 0(1)-Cd(1)-N(4) 100.32(7)
0(1)-Cd(1)-N(3) 100.23(7) 0(4)-Cd(1)-N(2) 92.55(7) N(3)-Cd(1)-N(4) 70.86(7)
0(4)-Cd(1)-N(4) 156.63(8) 0(4)-Cd(1)-N(3) 86.28(7) 0(1)-Cd(1)-N(1) 81.85(7)

Ph(1)-N(2) 0.255 8(6) Ph(1)-N(4) 0.254 4(7) Ph(1)-0(3) 0.268 6(5)
Ph(1)-N(3) 0.255 9(6) Pb(1)-N(5) 0.251 9(6)
N(5)-Pb(1)-N(2) 84.8(2) N(3)-Pb(1)-0(3) 76.13(17) 0(2B)-Ph(1)-0(3) 132.1(7)
N(4)-Ph(1)-N(2) 137.02) N(5)-Ph(1)-N(4) 65.2(2) N(4)-Pb(1)-N(3) 79.4(2)
N(5)-Pb(1)-0(3) 142.15(18) N(2)-Pb(1)-0(3) 109.67(18)
N(5)-Pb(1)-N(3) 79.45(18) N(4)-Ph(1)-0(3) 82.11(18)

2 Results and discussion

2.1 Crystal structure

In spite of the different cell systems, the
asymmetric units of both complexes are identical,
namely one neutral compound and one crystal water
molecule. Thus, the crystal description is put emphasis
on complex 1. As shown in Fig.1, the Cd(Il) atom has a
distorted octahedral environment, and is coordinated by
four N atoms from two phen ligands and by two O atoms

belonging to two monodentate ligands of ans. The
distances of the Cd-N (Table 2), and the mean Cd-

N is 0.23535 (2) nm, which are shorter than the dista-
nces of Cd-N within [(phen),Cd (u-SCeH,CH;-p)], (PF¢),
(0.236 5(4)~0.243 2(4) nm)"", and longer than the len-
gth of the equivalent part in [Cd,(bipy),(H,0),(1,5nds)]
(1,5nds) -4H,0 (0.232 8(3)~0.233 7(3) nm; bipy is 2.2'-
bipyridine and 1,5nds is 1,5-naphthalenedisulfonate)"”.
The distances of Cd-O are 0.227 0(2) and 0.227 81(2)
nm, which is in agreement with the Cd-O(S) distance in
[Cd (bipy),(H,0) (peds)] -4H,0 (0.227 9(3) nm; peds is
4,4-phenyletherdisulfonate) and shorter than the Cd-O
(S) distance of [Cd,(bipy)s(H,0),(1,5nds)](1,5nds) - 4H,0
(0.2320(2) nm)™"",

Disorder refining to a 0.646:0.354 ratio; H atoms are omitted for the clarity

Fig.1 ORTEP drawings with atomic numbering scheme at 30% for [Cd(phen),(ans),]- H,O (1) and [Pb(phen),(ans),|- H,O (2)
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The phen rings are essentially planar (the r.m.s.
deviations are 0.003) and the greatest deviations from
the mean plane are 0.003 5(4) and 0.005 2(4) nm for
C19 and C35, respectively. The naphthalene rings are
also planar (r.m.s. 0.003) and the greatest deviations
from the mean plane are 0.003 6(4) nm for C7 and
0.004 9(3) nm for C26, respectively. The S and N atoms
are slightly deviated 0.006 5(1) and 0.008 8(4) nm, and
0.009 6(1) and 0.065 4(4) nm from the maternal naph-
thalene planes, respectively.

Due to the characteristic conjugated structure of
phen and ans ligands, there are not only intramolecular
but also intermolecular -7 stacking interactions
between adjacent ans and phen ligands. The centroid-
centroid distance between the C5-C10 benzene ring
(centroid Cgl) belonging to the naphthalene ring system
and the C39-C43/N4 pyridine ring (Cg2) of phen ligand
is 0.364 42(19) nm, and the dihedral angle a (between
planes Cgl and Cg2) and deviation angle 8 (between
the Cgl-Cg2 vector and the normal to C3-C7/C12
benzene ring) are 7.867 0° and 1.44°, respectively,
which indicates that there are significant -7 stacking
interactions between phen containing N3/N4 and ans
containing S1. At the same time, the planes between
intermolecules also show obvious

- stacking

interactions, and the centroid-centroid distances are
0.39044(19) nm for Cg2 and Cg2' ( 1-x, 1—y, 1-z) and
0.381 03(19) nm for Cg3 (N1/C11-C14/C22) and Cg4*
(C14-C17/C21-C22; 7 2—«, 1-y, 2—z), respectively.
Within complex 2, Pb(Il)) atom sharing with the

same coordination geometry of Cd(Il) is coordinated by

(mol - L2+ cm)

2 0.61

Cona ! (8, = )x10"/

0 24 6 81012141618
Conn / (pmol - L)

DNA

04 :::7“

Relative intens

0.0

Wavelength / nm
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four N atoms of phen ligands, and by two O atoms from
monodentate ans ligands. The distances of Pb-N (Table
2), and the mean length of Pb-N is 0.254 5(6) nm, which
is in agreement with the distance of Pb-N within
[Pb (phen) (2-ans),], (0.255 3(3) nm; 2-ans is 2-amino-
naphthalene-1-sulfonate) ". The distance of Pb-O is
0.268 6 (5) nm, which is longer than the length of the
equivalent Pb-O in [Pb (phen) (2-ans),], (0.248 3 (3) ~
0.254 2 (3) nm). The greatest deviations for the mean
plane (phen rings) are 0.006 0(9) and 0.008 6(10) nm for
C10 and C20, respectively. The greatest deviation of the
naphthalene ring is 0.004 0 (9) nm for C28. 0.010 2(7)
and 0.003 5(2) nm are the deviations from the naphtha-
lene ring for N1 and S2, respectively.
2.2 UV-Vis spectra

The interactions of [Cd(phen),(ans),] - H,O (1) and
[Pb(phen),(ans),| - H,O (2) with ctDNA were investigated
by means of spectrometric titration and viscosity
measurements to evaluate its binding affinities and
modes ", Electronic absorption spectroscopy was an
effective method in examining the interaction with
DNA™!. The absorption spectra of 1 and 2 in the absence
and presence of ctDNA at various concentrations were
given in Fig.2. Upon increasing concentrations of
ctDNA, all the absorption bands of the complexes
displayed clear hypochromicities. The absorption bands
of 1 at 221.5 and 291 nm exhibited hypochromism of
24% and 21%, respectively, at a ratio of cpx/ce=3.78;
and the most hypochromism by 33% appeared at 267.5
nm peak with bathochromism of 5 nm ranging from
267.5 nm to 272.5 nm. For 2, the absorption bands of at
0.8
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Arrows show the absorbance changes upon increasing ctDNA concentration

Insets: plots of (g,—&)/(e,—&) vs cpn and the linear fit for the titration of the complexes with ¢tDNA
Fig.2  Absorption spectra of complexes 1 (A) and 2 (B) in 50 mmol-L" NaCl and 5 mmol- L Tris-HCI buffer (pH 7.0)
in the presence of increasing amounts of ctDNA (cy=25 pmol- L7, ¢p=0~100 pwmol - L)



B

2 WY T 45 PR HLAS PR TIC 5 W0 B A 1 3R AT J2 5 DNA 3 1 o

1799

222, 267 and 292.5 nm exhibited hypochromism of
42.5, 44.45% and 18.5%, and bathochromism of about
6, 4 and 4 nm, respectively, at a ratio of ¢py/cp,=3.94.
These results suggest an association of such two
complexes with ctDNA.

In order to compare quantitatively the binding
strength of the complexes, their intrinsic binding
constants with ¢tDNA were obtained by monitoring the
changes in absorbance at 267.5 and 267 nm for 1 and
2. The following equation was applied™:

cow/(E—e)=con/(e-e)+1/[K (&)

Where ¢y, is the concentration of DNA in base
pairs, the apparent absorption coefficients ¢,, &; and &,
correspond to A 4./ cy, the extinction coefficient for the
free complex and the extinction coefficient for the
complex in the fully bound form, respectively. The plot
cona ! (£.~&1) Vs cona gave a slope of 1/(e,~&,), and the in-
tercept equals to 1/K,(e,—&y); K, is the ratio of slope to
the intercept. The binding constants K, of 1.82x10° L+
mol ™" and 4.96x10* L. -mol ™ were obtained for 1 and 2,

respectively. Obviously, the intrinsic constants were

smaller than those of the reported Ru(ll) complexes with
semi- or classic intercalation modes into the base pairs
of DNA, whereas the degree of hypochromism are much
larger than those of Ru(ll) complexes™>.. The reasons
for this phenomenon may be that the ratios of ¢py/ce=
3.78 and cpw/ep, = 3.94 are larger than cpyy/cr, of Ru(ll)
compounds and that the intercalation and electrostatic
interaction are coexistence between DNA and 1 or 2.
When the hypochromism and binding constants were
calculated, however, the electrostatic interaction was
included. The existence of electrostatic interaction
would be proved by the luminescence studies later in
this paper.
2.3 Luminescence studies

The complexes in aerated buffer solution at room
temperature emitted strongly with luminescence peak at
438 nm with the excitations at 251 and 333 nm for 1
and 430 nm with the excitations at 250 and 333 nm for
2. The changes in emission spectra of the complexes
with increasing DNA concentrations are shown in Fig.3.

As DNA was successively added into the complex
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Arrows show the absorbance changes upon increasing ctDNA concentration; Insets: plots of /y/] vs cpyy and the nonlinear fit for the

titration of the complexes with ¢tDNA

Fig.3 Changes in the emission spectra of complexes 1 and 2 (3.45 wmol- L") with increasing concentrations of ctDNA (0~20
pmol - L for 1 and 0~40 pmol - L™ for 2), (A), (B), (C) and (D) are A.,=251/250 nm and 333 nm for 1 and 2, respectively
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solution, the luminescence intensities of the complexes
are hardly changed for the 333 nm excitation. As for the
excitation at 251 or 250 nm, however, the emission
intensities of both complexes are reduced and have a
10% value of Iy (cpna=0 mol - L™) at epn/cca=6.2 for 1
and 10% at cpna/em = 10.5 for 2. The decrease magnitude
is proportional to the complex’s concentration in the
buffer, and the quenching magnitude of 1 is larger than
that of 2.

The results of steady-state emission quenching
experiments using [Fe(CN)g]* as the quencher are shown
in Fig.4. In the absence and presence of ctDNA, the
emissions of the complexes with excitated wavelength
251 nm for 1 and 250 nm for 2, were efficiently quen-
ched by [Fe(CN)g]*". The quenched magnitudes in pres-
ence of ctDNA are evidently smaller than those of the
absence of ctDNA. However, with or without ctDNA,

the intensities of emission changed slightly for the
excitated wavelength of 333 nm, which was similar to
the results of spectrofluorimetric titration experiments.

Obviously, the phenomena are different from the
reported compounds bound to ¢ctDNA with intercalation
mode[16.17,22,B].

In order to test if the compounds could bind to
DNA by intercalation, EB was employed®>\. Tt is well
known that EB can intercalate specifically into DNA.
Competitive binding of other drugs to DNA and EB will
result in displacement of bound EB and a decrease in
the fluorescence intensity. However, not only the DNA
intercalators but also groove DNA binders can cause
the reduction in EB emission intensities®.. The fluores-
cence-based competition technique can provide indir-
ect evidence for the DNA-binding mode. Fig.5 presents

the emission spectra of DNA-EB system with increasing
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W, O, A and V illustrate the relative intensities of emission in the abhsence of and the presence of
ctDNA with A,,=251/250 nm and 333 nm for 1 and 2, respectively

Fig.4 Emission quenching of complexes 1 (A) and 2 (B) (20 pmol- L") with increasing concentrations of [Fe(CN)q*
(0~100 wmol-L™) in the absence of and the presence of ctDNA (200 wmol - L)
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Fig.5 Emission spectra of EB bound to ctDNA in the presence of complexes 1 (A) (0~35 wmol-L™) and 2 (B) (0~45 pmol- L)
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amounts of 1 and 2. It is clear that the fluorescence
intensity of DNA-EB system decreases upon the
addition of the complexes. The results imply that the
complexes may bind to ¢tDNA via intercalation mode,
because they can not be bound to DNA in the groove
sites. According to linear Stern-Volmer equation, the K,
values for 1 and 2 are 3.5x10* and 1.4x10* L +mol 7,
respectively. This order is well consistent with the
results of spectrofluorimetric titration.

Besides the results of the competitive binding
experiments, the other fluorescent phenomena are
different from those observed for Ru (II) complexes
binding to DNA in semi- or classical intercalation
modes. The reasonable explanations may be followings:
first, the complexes are constructed by 1,10-phenan-
throline and 4-aminonaphthalene-1-sulfonate, which
both ligands exhibit good luminescence properties. In
buffer solution, the excitations and emissions are 245
and 435 nm for 4-aminonaphthalene-1-sulfonate, 302
and 384 nm for 1,10-phenanthroline, respectively. Due
to the coordination to metal atom, the excitations are
red-shift to 250/251 and 333 nm in the complexes,
which is different from the electrolyte complex [Cd
(phen),] (NOs), emitted luminescence peak at 363 nm
with excitation 293 nm™". Second, the molecular struct-
ures of the complexes are different from those of Ru(Il)
complexes, despite of having the same distorted
octahedral coordination geometries, as shown in Fig.1.
No doubt, the complexes have larger steric hindrance to
the binding ability to c¢tDNA than the reported Ru (II)
complexes. On the other hand, the amino H atoms
laying the other end of naphthalene ring can form
hydrogen bonds with O atoms from the deoxyribose-
phosphate backbone. Third, as a common fluorescence
quencher [Fe(CN)qJ*~ can reduce the emission intensity
of 4-aminonaphthalene-1-sulfonate, but can not quench
1,10-phenanthroline in buffer. Thus, the intercalator
was 1,10-phenanthroline and hydrogen bond was
simultaneously formed by amino H and O belonging to
the phosphate, and the interaction was smaller than the
reported Ru(ll) complexes demonstrated by the binding
and quenching constants. The combined interactions
cause the remarkable decrease of luminescence peaks
for 251/250 nm excitation and negligible change for the

333 nm excitation. Based on the same reasoning, it is

acceptable that the results of the steady-state emission

quenching experiment are similar to those of
spectrofluorimetric titration.

Taking changes about conformation of DNA and
the cationic

electrostatic  potential into account,

molecule is usually more favorable than the uncharged
compound associated with DNA #®!. The DNA binding
constant for EB is 2.6x10° L-mol™ (/=0.1 mol - L)%,
hence the much larger ratios of cqy/ cpp=2.7 and cp,/
cip = 3.4 were acceptable. Furthermore, the quenching
constants K, 3.5x10" L-mol™ and 1.4x10* L-mol™ of 1
and 2 are greatly smaller than those of Ru(ll) complexes,
which is also in agreement with the results of electronic
absorption titration with the binding constants K,
(1.82 x10° L. »mol ™" and 4.96 x10* L. -mol ™) through
electrostatic absorption titration.
2.4 Viscosity studies

Optical photophysical probes provide necessary,
but not sufficient, evidence to support the binding mode
of the complex!". To clarify the nature of the interaction
between the complexes and DNA further, viscosity
measurements were carried out and the results were
presented in Fig.6. Intercalation is expected to lengthen
the DNA helix as the base pairs are pushed apart to
accommodate the bound ligand, leading to an increase
in the DNA viscosity. In contrast, a partial, non-
classical intercalation of ligand could bend (or kink) the
DNA helix,
concomitantly, its viscosity . On the other hand, for
[Ru(bipy)s]**, which has been well known to bind with
DNA by the electrostatic mode, there is no effect on the

reduces its effective length and,

relative viscosity of the DNA solution®'. Tn our case, as

1.20 1

—a—Cd

000 005 010 015 020 025 030 035
CM/CDNA
Fig.6  Effect of increasing amounts of complexes 1 (H)
and 2 (O) on the relative viscosity of ¢tDNA
(0.45 mmol- L") at 28+0.1 °C
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shown in Fig.6, with an increasing amount of the
complexes, the relative viscosities of DAN were slowly
aggrandized, which was similar to and smaller than the
effects of most reported complexes with intercalation to
DNA, such as [Ru(phen);]**, [Ru(phen),dppz[** and [Ru
(bipy),dppz]* as well 231 And these results are well
consistent with the results absorption and fluorescence

experiments.
3 Conclusions

In  summary, two organosulfonate complexes
[Cd(phen),(ans),] - H,O and [Pb(phen),(ans),] -H,0 had
been synthesized and characterized. The Cd* and Pb*
having the same coordination geometries are
respectively coordinated by four N atoms from two
phen ligands and by two O atoms from ans ligands,
showing a distorted octahedral environment. The

UV-Visible

luminescence studies and viscosity measurements

experimental  results  of spectra,

reveal that the complexes bind to DNA by means of

intercalation and electrostatic interaction binding

models. DNA-binding affinity of 1 is higher than that
of 2. As the neutral complexes, their abilities to bind
to ctDNA are weaker than those of the cationic
complexes. Based on these results, the -cationic

complexes containing aromatic sulfonate are in

progress.
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