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The mononuclear iron complex 1, Fein(Hbida)Cl(H2O), was synthesized using a tripodal tetradentate ligand, 
jV-(benzimidazol-2-ylmethyl)iminodiacetic acid (Habida), which has two carboxylate groups, one benzimida- 
zoyl group, and one tertiary amine where it serves as a tetradentate chelating ligand for the octahedral Fe(III) 
ion. The four equatorial positions of the octahedral complex are occupied by two monodentate carboxylates, a 
benzimidazole nitrogen, and an oxygen of a water molecule. One of the axial positions is occupied by an apical 
nitrogen of the Hbida and the other by a chloride anion. The mononuclear octahedral complex 1 mimics the 
geometry of the key intermediate structure of the catalytic reaction cycle proposed for the FeSODs, which is a 
distorted octahedral geometry with three histidyl imidazoles, an aspartyl carboxylate, a superoxide anion, and 
a water molecule. The redox potential of complex 1, Ei々 is -0.1 IV vs. Ag/AgCl (0.12 V vs. NHE), which is 
slightly lower than those reported for the most FeSODs. The magnetic susceptibility of complex 1 at room 
temperature is 5.83 儿给 which is close to that of the spin only value, 5.92 ^ ofhigh-spin d‘ Fe(III).
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Introduction

The modeling studies that mimic the active sites of 
metalloenzymes are important for understanding the reac­
tion mechanism of the metalloproteins and for developing 
small molecular weight biomimetic catalysts? The super­
oxide dismutases (SODs) are metalloenzymes that catalyze 
the disproportionation of superoxide to water or hydrogen 
peroxide, and play a key role in protecting aerobic cells 
against oxidative damage through a cyclic oxidation-reduc­
tion mechanism? Even though many low molecular weight 
SOD mimics were reported earlier,3 most of them were not 
based on the active site structures of Fe-?4 Mn-?3 Cu/Zn-?6 
and Ni-SOD? Only a few biomimetic SOD mimics were 
synthesized by using ligands that have similar donor 
environments present in the Fe-8 and Mn-SOD9 active sites. 
The intermediate state of the Fe-SOD active site contain a 
superoxide ligated to the metal center increasing the coordi­
nation number from five to six, The geometry of intermedi­
ate state structure of the proposed catalytic reaction cycle of 
Fe-SOD is assumed to be a distorted octahedral coordination 
environment composed of three oxygen and three nitrogen
atoms provided by three histidyl imidazoles, 
carboxylate, a superoxide, and a water molecule.

aspartylan
io

Recently, we reported a mononuclear Fe(III) complex 
containing a tripodal tetradentate ligand, tris(2-benzimida- 
zolylmethyl)amine (ntb), [FeTTT(ntb)C12]ClO4,1 la which do 
not have oxygen donor atoms, and has only four nitrogen 
atoms ofH3ntb and two chloride anions. The redox potential 
of the complex is slightly higher than the values known for 
Fe-SODs?fThe Fe(III)/Fe(II) redox reaction in dmf is quasi- 

reversible and occurs at +0.25 V (E1/2) (0.48V 啓 NHE). In 
this study, we modified the tripodal tetradentate ligand ntb? 
containing three benzimidazole groups, into H3bida contain­
ing one benzimidazole group and two carboxylic acid 
groups; synthesized and characterized a mononuclear high 
spin Fe(III) complex with a biomimetic tripodal tetradentate 
ligand, 7V-(benzimidazol-2-ylmethyl)iminodiacetic acid 
(H3bida) that has two nitrogen and two oxygen donor atoms.

Experiment Section

Materials. The following commercially available chemicals 
were purchased and used without further purification: Fe(III) 
chloride hexahydrate from Aldrich Inc.; methanol from 
Junsei. 7V-(Benzimidazol-2-ylmethyl)iminodiacetic acid 
(H3bida) was prepared according to literature procedure?2

Instrumentations. Elemental analysis was performed at 
the Elemental Analysis Laboratory of Korean Basic Science 
Institute on a CE Flash EA 1112 series elemental analyzer 
Infrared spectra were recorded as KBr pellets in the range 
4000-400 cm-' on a Bio-Rad FT-IR spectrometer Thermo- 
gravimetric analysis was performed on a Scinco Simultane­
ous Thermal Analyzer (STA) S-1000 thermal analyzer under 
a stream of N2 with a heating rate of 10 °C/min between 
ambient temperature and 500 °C. Room temperature mag­
netic susceptibility of well ground solid sample was measur­
ed by using an Evans balance. The measurement was 
calibrated against Hg-[Co(SCN)4] standard?3

Synthesis. FenT(Hbida)Cl(H2O)? L A 0.16 g (0.62 mmol) 
amount of H3bida was dissolved in 30 mL of methanol 
Then a 0.17 g (0.63 mmol) amount of Fe(III) chloride 
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hexahydrate was added to the solution. The solution was 
stirred till the solution become clear, it was allowed to stand 
fbr 7 days, when orange crystals separated out of the 
solution (0.12 g, 54.5% yield). Anal. Calcd for Feni(Hbida)- 
C1(H2O) (FeCi2Hi5N3O6Cl) (fw 281.27): C 36.98 H 4.05 N 
10.46. Found: C 37.09 H 3.89 N 10.8L IR (cm-): 3570.9 
(w), 3380.8 (br), 3198.4 (b以 3115.0 (w), 3055.6 (w), 2976.2 
(w), 2928.5 (w), 2849.3 (bt), 2781.8 (w), 2639.1 (w), 1742.7 
(w), 1635.8 (w), 1620.5 (w), 14923 (w), 1475.9 (s), 1475.7 
(s), 1447.9 (w), 1428.4 (w), 1393.2 (w), 1377.4 (m), 1344.7 
(m), 1319.0 (w), 1282.6 (s), 1230.3 (s), 1208.4 (m), 1152.5 
(m), 1120.9 (w), 1108.7 (w), 1049.1 (s), 1007.7 (w), 1000.5 
(w), 968.8 (s), 936.0 (s), 919.0 (s), 903.2 (w), 861.9 (w), 
753.7 (m), 743.9 (w), 723.2 (w), 677.1 (m).，如f = 5.83 何. 
Ei/2 =-0.1 IV 稻.Ag/AgCl (0.12 V 個 NHE).

X-ray Crystallography. The crystal was coated with 
paratone oil to prevent loss of crystallinity on exposure to 
air. The data collection was performed at -100 °C with Mo 
Ku radiation (人=0.71073 A) on a Bruker SMART CCD 
equipped with a graphite crystal, incident-beam monochro­
mator. The SMART and SAINT software packages14 were 
used for data collection and integration, respectively. The 
collected data were corrected fbr absorbance using SADABSb 
based upon Laue symmetry using equivalent reflections. 
Structures were solved by direct methods and refined by 
foil-matrix least-squares calculations with the SHELXTL- 
PLUS software package.16 All non-hydrogen atoms were 
refined anisotropically; hydrogen atoms were found by 
difference Fourier peaks, and refined isotropically. The 
methyl protons of free methanol solvent molecule was

Table 1. Crystal structure and refinement data for 1
Empirical formula FeCi3Hi7N3O6Cl
Formula weight 402.60
Temperature 173(2) K
Crystal system^ space group Orthorhombic, Pbca
Unit cell dimensions a =13.718(2) A

b= 14.243(2) A
c= 17.235(3) A

Volume 3367.6(9) A3
Z, Calculated density 8, 1.588 mg/m3
Absorption coefficient 1.088 mm-1
Reflections collected / uniq냐e 19525 / 4064 [R(int) = 0.0261]
Final R indices 卩 > 2b(I)] R1 = 0.0407, wR2 = 0.1118
R indices (all data) R1 = 0.0590, wR2 = 0.1257

assigned isotropic displacement coeflEicients U(H) = L5U 
(C-methyl) and its coordinates were allowed to ride on 
respective atoms. Cry아al and intensity data are given in 
Table 1. * *

Electrochemistry. Electrochemical measurement was 
performed on a BAS CV-50W under argon atmosphere in a 
conventional three-electrode cell consisting of Ag/AgCl (3 
M KC1) reference electrode, Pt wire counter electrode and a 
glassy carbon working electrode. The glassy carbon elec­
trode was polished freshly using alumina before each scan. 
A solution of the complex in dmf (-mmol/dm3) was used for 
recording cyclic voltammogram of the complex 1 with 
tetrabutylammonium tetrafluoroborate ([CH3(CH?)3]4NBF4) 
of 0.1 mol/dm3 as the supporting electrolyte.

Results and Discussion

Preparation and Characterization of Complex L 
Feni(Hbida)Cl(H2O)? 1 can be synthesized using Fe(III) 
chloride as a metal source and Hbida2' as a dianionic tripodal 
tetradentate ligand with two carboxylates and one benz­
imidazolyl group. (Scheme 1) The mononuclear Fe(III) 
complex (1) has octahedral geometry. The magnetic moment 
of complex 1 at room temperature, 5.83 徊,is comparable to 
the spin-only value of high spin d> Fe(III), 5.92 ^b.

Molecular Structure of Complex 1. An ORTEP drawing 
of complex 1 is shown in Figure 1. Hsbida behaves as a 
tetradentate ligand that has two methylcarboxylate groups 
and a benzimidazolylmethyl group extending from central 
tertiary amine nitrogen. The four equatorial coordination 
positions of the Fe(III) complex are occupied by two oxygen 
atoms (Ol, 03) of carboxylates, a nitrogen atom (N2) of 
benzimidazole in the Hbida2- and an oxygen atom (05) of 
the water molecule. One of the axial positions is occupied by 
apical nitrogen (Nl) of the Hbida2- and the other by a 
chloride (Cll) anion. Complex 1 has mononuclear octa­
hedral geometry. The complex 1 is neutral, as the ligand 
Hbida2- is dianionic due to two deprotonated carboxylate 
group and a protonated amine (N3) of the benzimidazoyl 
group. The geometry of the complex 1 is very similar to that 
of the Fe(III) complex of ntb ([Feni(ntb)C12]ClO4)10a except 
that the two of the basal nitrogen atoms of the benz­
imidazoyl groups are replaced by the oxygen atoms of the 
carboxylic groups.

The average bond distance between the Fe(III) ion and the 
two basal oxygen atoms of carboxyl groups is 1.995 A

Scheme 1. Reaction scheme for FeIII(Hbida)Cl(H2O)s 1.
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Figure 1. ORTEP drawing (30%) of Fera(Hbida)Cl(H2O)s 1. Both 
carboxylic protons were deprotonated and one amine proton of the 
benzimidazoyl group was protonated and the ligand served as 
dianionic Hbida2-.

Table 2. Selected Bond Distances (A) and Angles ( 0 ) for 1
Fe(l)-O(l)
Fe(l)-O(3)
Fe(l)-O5

1.990(2) 
2.0002(18)
2.047(2)

Fe(l)-Cl(l)
Fe(l)-N(l)
Fe(l)-N(2)

2.2431(8)
2.255(2)
2.080(2)

O(l)-Fe ⑴-O ⑶ 90.34(8) O(5)-Fe(l,)-Cl(l) 96.02(7)
O(3)-Fe(l)-O(5) 86.21(9) N(2)-Fe(l,)-Cl(l) 104.51(7)
O(l)-Fe(l)-O(5) 166.50(9) O(l)-Fe(l)-N(l) 80.89(8)
O(l)-Fe(l)-N(2) 90.59(8) O(3)-Fe(l)-N(l) 77.24⑺

O(3)-Fe(l)-N(2) 153.20(8) O(5)-Fe(l)-N(l) 85.62(8)
O(5)-Fe(l)-N(2) 86.69(9) N(2)-Fe(l)-N(l) 76.47(8)
O(l.)-Fe(l)-Cl(l) 97.46(6) Cl(l)-Fe(l)-N(l) 178.1.2(6)
O(3)-Fe(l)-Cl(l) 101.92(6)

(1.990, 2.000 A). The bond distance between the Fe(III) ion 
and the chloride anion at the trans position of the apical 
tertiary nitrogen atom is 2.243 A. The bond distance 
between the Fe(III) ion and the apical chloride is very close, 
2.240 A of the [Fe(Hbbea)Cb]" complex,1 lb and about 0.03 
A longer than that in [Fe(ntb)Cb]ClO4 complex.113 The bond 
distance between the Fe(III) ion and the apical nitrogen atom 
(Nl) of 2.255 A is about 0.15 A longer than 2.105 A of the 
general distance between Fe(III) ion and the basal nitrogen 
atom of benzimidazoyl group. The bond distance between 
the Fe(III) ion and the basal nitrogen (N2) atom of benzimi­
dazolyl group is 2.080 A. The bond distance between the 
Fe(III) ion and the oxygen atom of the water molecule is 
2.047 A. These bond distances are summarized in Table 2. 
Crystallographic data for the 아ructure reported here have 
been deposited with Cambridge Crystallographic Data Center 
(Deposition No. CCDC 606115). The data can be obtained 
free of charge via http://www.ccdc.cam.ac.uk/perl/catreq.cgi 
(or from the CCDC, 12 Union Road, Cambridge CB2 IE乙 

UK; fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac. 
uk).
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Figure 2. Cyclovoltamogram for Fera(Hbida)Cl(H2O)s 1.

Electrochemical Property. The redox potential of 
[Fe(ntb)Cb]+ prepared using a neutral tripodal tetradentate 
ligand tris(2-benzimidazolylmethyl)amine (ntb), +0.25 V 
(E\/2)(0.48 V vs. NHE),lla was reported to be slightly higher 
than those of the native FeSODs, -0.03 〜+0.17 V (E") (0.2 
〜0.4 V V5. NHE)2f. The Fe(III)/Fe(II) redox reaction of 
complex 1 is quasi-reversible and occurs at -0.11 V (E1/2) 
(0.12 V vs. NHE), as shown in Figure 2. However, this value 
is a slightly lower than those of the native FeSODs. The 
introduction of two negatively charged carboxylate groups 
shifts the redox potential of complex 1 to the negative 
direction. It may possible to tune the redox potential of the 
model complex via the control of the charge of the ligand 
used.

Thermal Analysis. The weight loss of about 2.34% (calcd 
2.37%) below 90 °C in the TGA of complex 1 corresponds 
to the loss of half of free water molecule per unit cell. The 
second loss corresponding to the release of the coordinated 
water molecule is detected between 90 and 130 °C (obsd 
5.02%, calcd 4.89%). The decomposition temperature for 1 
was observed to be about 200 °C. The total destruction of the 
complex by the oxidation of the organic component, finally 
leaves stoichiometric amount of iron oxide as the residues 
(obsd 20.70%, calcd 18.98%). (Figure 3)
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Figure 3. TG/DSC curves for FeIir(Hbida)Cl(H2O), 1. Dashed line 
is for the TG curve, solid line for the DSC curve.

(M
u
」)  m

으

LL

o

-50

http://www.ccdc.cam.ac.uk/perl/catreq.cgi
mailto:deposit@ccdc.cam.ac


1600 Bull. Korean Chem. Soc. 2006, Vol. 27, No. 10 Dohyun Moon et al.

In conclusion, we have synthesized and characterized a 
mononuclear high spin Fe(III) complex containing a biomi­
metic dianionic tripodal tetradentate ligand, Hbida2- which 
has two carboxylate groups and one benzimidazoyl group. 
Two of the basal positions of the octahedral Fe(III) complex 
are occupied by the oxygen atoms of two monodentate 
carboxylate groups in ^^-configuration, and the remaining 
basal positions by a nitrogen atom of the benzimidazoyl 
gr이ip and an oxygen atom of the water molecule. One of the 
axial positions of the complex is occupied by an apical 
tertiary nitrogen atom of the ligand, and the remaining site 
by a chloride anion. The redox potential of complex 1 is 
slightly lower than those of the native Fe-SODs. To tune the 
redox properties of the SOD mimetics, we may need to 
control the charge of the ligand used, The ligand with two 
benzimidazoyl groups and one carboxyl group might lead to 
the complex with proper redox properties for FeSOD 
mimetics.
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