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Synthesis, Crystal Structure and the Interaction with DNA of the Fe(Il)
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Abstract: The crystal structure of the complex [Fe(phon);](Cl0;),2CH;CN (phon=1,10-phenanthroline-5,6-dione)
has been determined via the X-ray diffraction method and refined via the full-matrix least-squares methods to R=
0.069 1 and wR,=0.143 7 using 4 966 reflections with />2¢ (/). This complex crystallizes in the orthorhombic system,
space group P2,2,2, with a=1.381 8(4), b=1.416 7(4), ¢=2.053 3(6) nm and Z=4. The X-ray analysis revealed that
the Fe(Il) ion is coordinated by the six nitrogen atoms from three ligands in a slightly distorted octahedral
arrangement. The C—H---O and C=0---7 interactions extend the complex into a quasi 2D networks, and such
weak interactions further stabilized the complex. The complex was characterized via FT-IR and UV-Vis. The
interaction between the complex and calf thymus DNA was investigated using UV spectra. The intrinsic binding
constant (K;) for the complex to DNA was calculated to be 2.2x10° L-mol™. CCDC: 672079.
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As a versatile ligand for the assembly of metal
organic materials, 1,10-phenanthroline-5,6-dione (phon)
is linked to metals with an N-N chelate with a free o-
quinoid group or an 0O-O chelate with two free
diiminic nitrogen atoms and a bridging mode with two
different coordination sites!"®. This ligand has the
ability to form stable complexes with a wide variety of
metal inos and carries an o-quinone moiety with pH-
dependent electroactivity™.

Metal complexes of the type [M(LL);]*", where LL
is either phon or 1,10-phenanthroline ligand, are
particularly attractive species for the development of
new diagnostic and therapeutic agents that can
recognize and cleave DNA. The ligand or the metal in
these complexes can be varied in an easily controlled
manner to facilitate an individual application, thus
providing an easy access to the details involved in
DNA-binding and cleavage®". In the present study,
the synthesis, characterization, crystal structure, and
the interaction with DNA of the complex [Fe(phon);]
(ClO4),*2CH;5CN is reported.

1 Experimental

1.1 Materials and methods

All reagents for syntheses and analyses were of
analytical grade and the aqueous solution was
prepared using doubly distilled water. Phon was
synthesized according to the method described in a

2 Elemental analyses were conducted

previous study
using a Perkin-Elmer 240C analyzer. FT-IR spectra
(KBr pellet) were obtained using a FT-IR 170 SX
(Nicolet)

spectra were obtained via UV-Vis spectroscopy using

spectrometer. The electronic absorption
a Jasco V-570 spectrophotometer.
1.2 Synthesis of [Fe(phon);](Cl0O;),-2CH;CN

A solution of phon  (0.063 0 g, 0.3 mmol) in ethanol
(5 mL) was added with Fe(Cl10s);-9H,0 (0.038 5 g, 0.1
mmol) dissolved in 5 mlL ethanol. The reaction
mixture was stirred at room temperature for 30 min to
produce a red solution. An aqueous solution of NaNs
(0.0070 g, 0.2 mmol) was added to the reaction
Fe-phon-Ns

complex. However the product precipitated as a deep

mixture to obtain the mixed-ligand

red solid was the title complex. The complex was
collected via suction filtration, washed with cold water
and diethylether, and then air-dried. Crystals for the
determination were prepared by recrystallizing the
above material from acetonitrile. Yield: 42% . Anal.
Caled. For CyH,CLEFeNOu(%): C, 47.69; H, 2.48; N,
11.23. Found(%): C, 47.19; H, 2.58; N, 11.23. FT-IR
(KBr, em™): 3 369w, 1 701s, 1 569s, 1 429s, 1 299s,
1 122s, 1 089s, 941m, 813m, 720m, 626s.
1.3 Solution preparation of DNA

Calf thymus DNA  (ct-DNA, purchased from
Siama) was dissolved in Tris-HCI buffer (5 mmol L™
Tris-HCI, 50 mmol L ™" NaCl, pH 7.2, Tris =Tris
(hydroxymethyl)aminomethane). ct-DNA was purified
following standard procedures. A UV-Vis spectro-
photometer was employed to check DNA purity (A x/
A x>1.84)" and concentration (£=6 600 L-mol™-cm™
at 260 nm)". Stock solution was stored at 4 “C and
used in no more than 4 d.
1.4 Crystal structure determination
[Fe (phon),
(C103), -2CH;CN was collected on a Bruker Smart
1000 CCD area detector using graphite-monochro-
(A=0.071 073 nm) with @

scan mode at 293 (2) K. Unit cell dimensions were

Diffraction intensities for complex

matized Mo Ko« radiation

obtained with least-squares refinements. Semiempirical
absorption corrections were applied using SADABS

U5 The structures were solved by direct

program
method using the SHELXS-97"" and refined by full-
matrix least-squares methods on F? by SHELXL-97"".
Hydrogen atoms were included in calculated positions
and refined with fixed thermal parameters riding on
their parent atoms. Further crystallographic data and
experimental details for structural analyses are
summarized in Table 1. The selected bond lengths
and bond angles are listed in Table 2.

CCDC: 672079.
2 Results and discussion

2.1 Synthesis and characterization
The elemental analyses of the complex [Fe(phon)s]
(ClO4),*2CH;CN is consistent with a 1:2 anion: cation

stoichiometry, as confirmed via X-ray crystal structure
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Table 1 Crystal data and structure refinement summary for [Fe(phon);](ClO;),- 2CH;CN

Empirical formula C,oH,CLFeNgO 4 F(000) 1968

Formula weight 967.42 Crystal size / mm 0.22x0.18x0.16
Temperature / K 293(2) Range of 6/ (°) 1.75~26.45
Crystal system Orthorhombic Range of h, k, [ -17/17, -17/11, -25/25
Space group P22.2, Reflections collected 23 423

a/ nm 1.381 8(4) Independent reflections (R;,) 8238 (0.077 5)
b/ nm 1.416 7(4) Reflections observed (I>207(1)) 4 966

¢/ nm 2.053 3(6) Flack 0.44

Volume / nm* 4.020(2) Goodness-of-fit on F 1.016

D,/ (g-em™) 1.5909 Ry, wRy (I>20(1)) 0.069 1, 0.143 7
A 4 R\, wR, (all data) 0.133 4, 0.1692
u/ mm™ 0.59 Largest diff. Peak and hole / (e-nm™) 549 and -468

Table 2 Selected bond lengths (nm) and angles (°) for [Fe(phon);](Cl0,),-2CH;CN

Fe(1)-N(1) 0.198 0(5) Fe(1)-N(3)
Fe(1)-N(2) 0.197 2(5) Fe(1)-N(4)
N(3)-Fe(1)-N(4) 82.3(2) N(2)-Fe(1)-N(5)
N(3)-Fe(1)-N(2) 89.1(2) N(3)-Fe(1)-N(1)
N(4)-Fe(1)-N(2) 93.4(2) N(4)-Fe(1)-N(1)
N(3)-Fe(1)-N(5) 92.9(2) N(2)-Fe(1)-N(1)
N(4)-Fe(1)-N(5) 88.72(19) N(5)-Fe(1)-N(1)

0.196 1(5) Fe(1)-N(5) 0.197 6(5)
0.197 1(5) Fe(1)-N(6) 0.198 0(5)
177.3(2) N(3)-Fe(1)-N(6) 173.3(2)
98.0(2) N(4)-Fe(1)-N(6) 93.4(2)
174.7(2) N(2)-Fe(1)-N(6) 96.3(2)
81.33(18) N(5)-Fe(1)-N(6) 81.9(2)
96.5(2) N(1)-Fe(1)-N(6) 86.7(2)

determination, which indicates Fe () regardless of
starting from Fe(Cl05);-9H,0.

The IR spectrum of phon clearly exhibits a band
at 1 675 cm™ that is ascribable to a stretching frequency
of the C=0 bands on the ligand®". This band was
observed to be not shifted much in the corresponding
complexes, which is reasonable because the C =0
moieties are far from the coordination site of the
ligand with the metal ion!"®. The IR spectrum of the
complex showed a band approximately 1 701 c¢m ™,
which was assigned to the ¥(C=0) band of an o-quinoid
group of the phon ligand. In the M(0,0’-phon); (M=V
and Ti) and M(0,0’-phon);(M'L,); M=V, M'L,= TiCl4,
M=Ti, M'L,=TiCp2 and M=V, M'L,=TiCp2), phon
ligand was coordinated to the metal ion as a phen-
semiquinonate or phen-diolate via oxygen atoms. In
these complexes, the carbon-oxygen stretching
vibration of approximately 200 to 300 cm™ shifted to
the lower wave number®. The strong absorption bands
at 1 089 and 626 cm™ were assigned to ClO,~ and

demonstrated the presence of ClO, as a counter ion.

The electronic spectrum of the complex [Fe(phon)s]
(Cl0O3),2CH;CN recorded in dimehtylformamide solution
exhibited three absorption bands in the UV region and
one band in the visible region. These bands centered
at 257, 298 and 311 nm and were assigned to ligand-
centered (m—7*) transition™", The absorption band
centered at 485 nm was assigned to the intense d—
7* metal-to-ligand charge transition. This band is
similar to that of the corresponding phenanthroline
complexes except that there is a blue shift in the
maximum wavelength of absorption™. This effect
essentially reflects the enhanced 7 acidity of the phon
ligand relative to that of phenanthroline'".

2.2 Crystal structure

The ORTEP structure of [Fe(phon)s](ClO;),+
2CH;CN with atom labeling is shown in Fig.1. The
complex [Fe(phon);](Cl03),2CH;CN crystallizes in the
orthorhombic P2,2,2, space group. The analogous
complex [Fe (phon);] (C10s), -H,O crystallizes in the
same space group. However, [Fe (phon);](Cl10;), - H,0

[21]

was weekly reflecting™. The complex [Fe(phon)s]
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Fig.1 ORTEP view of the complex [Fe(phon)s](Cl103),*
2CH;CN showing the labeling of atoms with
thermal ellipsoids at 30% probability

(C104),-2CHACN

[Fe(phon);]** cation, non-coordinated C10,~ counterious

consists of a chiral octahedral

and acetonitrile molecules. The crystal structure of the
complex [Fe(phon);|(ClO;),-2CH;CN is not resoluted
and racemic mixtures, which is confirmed by the

(0.44). The Fe (I) atom is six-

coordinated with an approximately ideal octahedral

Flack parameter

geometry, by six nitrogen donors of three ligands. In
the complex cation, the Fe(ll) atom is constrained to
lie on the least-squares plane defined by N (1), N(3),
N(4) and N(6) set of atoms with the largest deviation
being 0.008 40 nm at the N(1) atom, which deviates
by only 0.000 86 nm form the mean plane. The sum
of the bond angles within the plane is very close to
360°with N(1)-Fe(1)-N((6) 87.6(2)°, N(6)-Fe(1)-N(4)
93.4(2)°, N(4)-Fe(1)-N(3) 82.2(2)° and N(I1)-Fe-N(1)
98.0(2)°, respectively. The N(5)-Fe(1)-N(2) bond angle
(180°) by only 2.7°in this

complex, which can be defined as the apex of the

deviates from linearity

octahedron. The bite angles for all three bidentate
ligands are in the range of 81.33° to 82.3°. The Fe(Il)-
N bond lengths range from 0.196 1(5) to 0.198 0(5) nm,
with an average of 0.197 3 nm. The mean Fe-N dist-
ances and the N-Fe-N angles are in the range usually
found in other Fe-phenanthroline derivatives®>.

The most interesting feature of the crystal
structure of the complex is the presence of intermole-
cular hydrogen bonds and C=0---7 interactions. The
CH, group of one ligand and the O atom of the
adjacent C=0 group form the intermolecular C—H---O

hydrogen bond . The C---O and H---O distances are
0.300 5 and 0.235 0 nm, respectively, falling into the
normal range of hydrogen bond interactions. The bond
angle is 127.2°. The C=0 group of one ligand and the
adjacent aromatic cycle (the ring, comprising atoms
C16-C19, C23 and C24, is designated as ring 1 with
centroid Cg) involved in the C=0 --- 7 interactions.
The C---centroid and O---centroid distance is 0.423 1
and 0.320 1 nm, respectively, wherein the angle at
the O atom is 145.5°, which fall into the normal range
of C=0---77 interactions™. The C-H:--O hydrogen
bonds are responsible for the formation of infinite
chains along the b axis; the C=0---7 interactions join
along the ¢ axis, producing 2D layers to the a axis of

the crystal (Fig.2).

Symmetry codes: ' 0.5+x, —=y+2.5, —z; " 1.5-x, —y+2, 0.5+z

Fig.2 2D structure linked by C-H---O and C=0---r
interactions in [Fe(phon);](C10s),» 2CH;CN

2.3 Interaction with ct-DNA

DNA binding is a critical step in DNA cleavage.
Therefore, the potential DNA binding caability of the
complex [Fe (phon);](Cl03), -2CH;CN  was studied via
UV spectroscopy following the intensity changes of the
-7r* transition band at 225 nm. The electronic
spectra of the complex [Fe(phon);](Cl0s),-2CH;CN in
the absence and the presence of ct-DNA are
illustrated in Fig.3. Upon the addition of an increasing
amount of DNA  (from 0 to 6.95x10° mol -L™") to the
complex (1.00x107° mol L"), a 74% hypochromism
and a red shift
spectral changes are consistent with the intercalation
of the Fe(Il) complex into the DNA base stack!,

(K}) was deter-
26]

(of 5 nm) were observed. These

The intrinsic binding constant
mined according to the following equation'

cI)N—\/(ga_gf):cI)N—\/(gh_gf)+1/[Kh(€b_8f)] (1)
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Fig.3 (a) Change in the absorbance peak of [Fe(phon);|(C105),-2CH;CN titrated with increasing DNA;

(b) Plot of cpn/(e.~&1) versus cpya

where c¢py, is the total concentration of base pairs, and
&., & and &, correspond to the extinction coeffi-cients
for the absolutely bound Fe(Il) complex, free Fe (Il)
complex, and the actually bound Fe (II) complex,
respectively. In the plots of ¢p/(.—&) versus cpaa,
K, is given by the ratio of the slope to the intercept.
The K, value obtained for the complex is 2.2x10° L-
mol ™, which is higher than those observed for
[Fe (phen)]** (4.68x10° L +mol )" and [Ru(phen)]s**
(5.5%10* L -mol )™ This result is expected, since
phon possesses a greater planar area and extended 7
system than that of phen, leading to phon penetrating

more deeply into and makes stacking more strongly.
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