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Synthesis and Characterization of Ferric Complex of Biomimetic Tripodal Ligand, 
Bis(2-benzimidaz이ymethyl)ethanolamine
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2923 / 2692 [R(int) = 0.0479]
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R1 = 0.0592, wR2 = 0.1203

Department of Chemistry, College of Science, Hanyang University, 1271 Sa-1-dong, Ansan, Kyunggi-do 425-170, Korea 
Received July 15, 1999

Model systems that mimic the active sites of the metallo­
proteins are very important tools for understanding the reac­
tion mechanism of the metalloproteins and for the 
development of the new low molecular weight biomimetic 
molecules. Superoxide dismutases (SODs) are metalloen- 
zymes that disproportionate superoxide radical, a toxic 
byproduct of cellular respiration, to molecular oxygen and 
hydrogen peroxide through a cyclic oxidation-reduction 
mechanism as shown below.1 *
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Many low molecular weight biomimetic molecules have 
been proposed as Mn- and Fe-SOD mimics.2,3 However, 
these structures are quite different from the active site struc­
ture of Mn- and Fe-SODs.4 The active site geometry of Fe- 
SOD is the distorted trigonal bipyramid with nitrogen/oxy- 
gen mixed donor atoms. Recently, we reported a mononu­
clear iron complex containing tripodal tetradentate ligand, 
tris(2-benzimidazolymethyl)amine (ntb) that had four nitro­
gen donor atoms. However, the SOD activity of the complex 
is an order of magnitude smaller than that of the best 
known.5 In this study, we synthesized and characterized a 
mononuclear high spin Fe(III) complex with a biomimetic 
tripodal ligand, bis(2-benzimidazolymethyl)ethanolamine 
(Hbbea) which had three nitrogen atoms and one oxygen 
atom.

Experiment지 Section

Materi지s. The following chemicals were used as received 
with no further purification: iron(III) chloride hexahydrate 
and DMSO-d6 from Aldrich Inc.; methanol from Carlo Erba. 
Hbbea was prepared according to literature procedure.6

Instrumentation. C, H, N and Fe determinations were 
performed by the Elemental Analysis Laboratory of the 
Korea Institute of Basic Science. Infrared spectra were 
recorded as KBr pellets in the range 4000-600 cm-1 on a 
Bio-Rad FT-IR spectrometer. Absorption spectra were 
obtained using a Perkin Elmer Lambda spectrometer. NMR 
spectra were obtained using a Varian-300 spectrometer. Pos­
itive-ion FAB mass spectra were obtained using a JEOL 

HX110A/HX110A tandem mass spectrometer in glycerol 
matrix. Room-temperature magnetic susceptibilities of well­
ground solid samples were measured by using an Evans bal­
ance. The measurements were calibrated against a Hg- 
[Co(SCN 시 standard.7

Synthesis. [FeIII(Hbbea)Cl2]Cl, 1. A 0.65 g (2.0 mmol) 
amount of Hbbea was dissolved in 30 mL of methanol.
When a 0.54 g (2.0 mmol) amount of iron(III) chloride 
hexahydrate was added to the solution. After an hour of stir­
ring the solution was filtered. The red powder was obtained 
(0.83 g, 96% yield). Slow evaporation of the filtrate solution 
for 4 days gave red crystals. The IR spectrum of the crystal 
was identical to that of the red powder sample. Anal. Calcd. 
for [FeIII(Hbbea)Cl2]Cl (FeC18H19N5OCl3) (F.W. = 483.59): 
C 4471 H 3 96 N 14 48 Fe 11 55 % Found*  C 44 48\_z, ft. 丄, ，•丿.丿u； , T.m； e, .jj /u. oun니. _/, r*T.m ；
H, 4.00; N, 14.48; Fe, 11.52%. H NMR (DMSOd): 8 27; 
39; 60. FAB mass spectrum: m/z of [Fe(Hbbea)Cb - HCl]+, 
412. UV-vis (MeOH)[為获(£)]: 236.5 nm (16100 M-1cm-1), 
270 nm (18900 M-1cm-1), 277 nm (18600 M-1cm-1), 321 nm 
(4000 M-1cm-1). Meff: 5.70 击

1

X-ray crystallography. A single crystal suitable for X- 
ray analysis was attached to a glass fiber. Preliminary exam­
ination and data collection were performed with Mo Ka 
radiation (= 0.71069 A) on an Enraf-Nonius CAD4 com­
puter-controlled 陥axis diffractometer equipped with a 
graphite crystal, incident-beam monochromator. Cell con­
stants and orientation matrix for data collection were 
obtained from least-squares refinement, using the setting 
angles of 25 reflections. Data were collected at room tem­
perature using the w scan technique. Three standard reflec­
tions were monitored every 1 h, but no intensity variations

Table 1. Crystal Data and Structure Refinement for 1 

Empirical formula
Formula weight
Temperature
Crystal system, space group 
Unit cell dimensions

Volume
Z, Calculated density 
Absorption coefficient 
Reflections collected / unique 
Final R indices [I > 2o(I)] 
R indices (all data)
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were monitored. Lorentz and polarization corrections were 
applied to the data; however, no correction was made for 
absorption. The structure was solved by direct methods 
using SHELXS-868 and refined by full-matrix least-squares 
calculation with SHELXL-97.9 Three non-coordinating 
methanol sites were identified, and one of them was disor­
dered. All non-hydrogen atoms were refined anisotropically; 
all hydrogen atoms were allowed to ride on geometrically 
ideal positions with isotropic temperature factors 1.2 times 
those of the attached non-hydrogen atoms. Crystal and inten­
sity data are given in Table 1.

Results and Discussion

Preparation and Characterization of Complex 1. 
[Fe(Hbbea)Cl2]Cl, 1 can be synthesized using ferric chloride 
as a metal source and Hbbea as a neutral tripodal tetradentate 
ligand. The magnetic moment of complex 1 at room temper­
ature, 5.70 卩b, is comparable to the spin-only value of high 
spin d5 Fem, 5.92 卩b. The DMF solution of complex 1 in a 
glycerol matrix gave a peak at m/z 498 in the FAB mass 
spectrum. This peak corresponds to the five-coordinate metal 
complex ion, [Fe(Hbbea)Cl - H]+. Paramagnetically shifted 
1H NMR spectrum of complex 1 in DMSO-d6 gave three 
broad bands at 27, 39, 60 ppm which are tentatively assigned 
as the benzimdazole protons of the ligand. Similar downfield 
bands were observed and assigned to the benzimidazole pro­
tons of the ligand in the complex, [Fe(ntb)Cl2]-ClO4.5

Molecular Structure of Complex 1. An ORTEP draw­
ing of complex 1 is shown in Figure 1. Complex 1 is a cis­
dichloro distorted octahedral complex. Two nitrogen atoms 
of benzimidazole groups and an oxygen atom of alcohol 
group in the Hbbea, and a chloride anion formed the base of 
the octahedral geometry. One of two axial positions was 
occupied by apical nitrogen of Hbbea and the other site was 
occupied by another chloride anion. Two chloride anions in 
complex 1 are in a cis geometry. The geometry of the com­
plex 1 is very similar to that of the iron(III) complex of ntb 
([Fe(ntb)Cl2]ClO4). An oxygen atom of the alcohol group 
replaced one of the basal nitrogen atoms of the benzimida­
zole group.

The average bond distance between the iron(III) ion and 
the two basal nitrogen atoms of the benzimidazole groups is

Figure 1. ORTEP drawing of the cation of complex 1, [Fe- 
(Hbbea)Cl2]+.

Table 2. Selected Bond Lengths (A) and An이es (o) for 1

Fe(1)-N(1)
Fe(1)-N(2)
Fe(1)-N(4)

2.296(4)
2.086(4)
2.070(4)

Fe(1)-O(1)
Fe(1)-Cl(1)
Fe(1)-Cl(2)

2.131(4)
2.240(1)
2.285(2)

N(2)-Fe(1)-N(1) 74.8(2) Cl(2)-Fe(1)-N(2) 91.25(12)
N(4)-Fe(1)-N(1) 75.98(15) O(1)-Fe(1)-N(4) 83.0(2)
O(1)-Fe(1)-N(1) 76.65(15) Cl(1)-Fe(1)-N(4) 103.82(12)
Cl(1)-Fe(1)-N(1) 162.85(11) Cl(2)-Fe(1)-N(4) 91.00(12)
Cl(2)-Fe(1)-N(1) 94.58(11) Cl(1)-Fe(1)-O(1) 86.27(12)
N(4)-Fe(1)-N(2) 150.7(2) Cl(2)-Fe(1)-O(1) 170.36(12)
O(1)-Fe(1)-N(2) 90.3(2) Cl(2)-Fe(1)-Cl(1) 102.57(6)
Cl(1)-Fe(1)-N(2) 104.13(12)

2.078 A (2.086, 2.070 A). The bond distance between the 
iron(III) ion and the oxygen atom of the alcohol group is 
2.131 A, which corresponds to the distance between the 
iron(III) ion and the alcoholic oxygen atom, not alkoxy oxy­
gen atom. The bond distance between the iron(III) ion and 
the basal chloride is 2.285 A while the distance between the 
iron(III) ion and the chloride anion at trans position of the 
apical nitrogen is 2.214 A. The bond distance between the 
iron(III) ion and the basal chloride is about 0.06 A shorter 
than that in [Fe(ntb)Cl2]ClO4.5 The bond distance between 
the iron(III) ion and the apical nitrogen atom (N1) of 2.296 
A is about 0.22 A longer than those between the iron(III) ion 
and the basal nitrogen atoms of the benzimidazole groups 
(Table 2). Similar elongations are also observed in the other 
iron10 complexes of tripodal tetradentate ligands with benz­
imidazolylmethyl group.

In conclusions, we synthesized and characterized a mono­
nuclear high spin iron(III) complex with a biomimetic tripo- 
dal ligand, Hbbea that had three nitrogen atoms and an 
oxygen atom. Currently, we are investigating the reactivity 
of the complex 1 with O2- radical and bases, and SOD activ­
ity of the complex 1.

Supplementary Material. The following are available 
on request from the correspondence author: Tables giving 
the structure determination summary, atomic coordinates, 
temperature factors, bond lengths, bond angles, and anisotro­
pic thermal parameters for non-hydrogen atoms and atomic 
coordinates for hydrogen atoms, FOFc tables, ORTEP draw­
ings with complete atomic numbering for 1, and 1H NMR 
spectrum of complex 1 in DMSO-d6.
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