
The tripodal ligands (6Me2-BPG and BPG) containing the
carboxylate donor afford two types of Fe2(O)(OH) and
Fe3(O)2(OH) core complexes, depending upon the methyl-sub-
stituent effect on the 6-position of the pyridyl ring.

Bimetallic oxo frameworks M2(µ-O)2 have been shown as
a common motif of a reactive high valent bimetallic species of
CuIII

2, FeIIIFeIV, NiIII
2, and CoIII

2 and a key intermediate for
oxygenation of C–H bond in ligands.1 Especially, an Fe2(O)2
core2 has been proposed as a key intermediate in the process of
dioxygen activation by diiron centers in methane monooxyge-
nase (MMOH) and ribonucleotide reductase (RNR), whose
coordination environments are carboxylate-rich relative to that
of hemerythrin (Hr).3 Recently Que et al. have reported the
structures and properties of the Fe2(O)2, Fe2(O)(OH), and
Fe3(O)3 core complexes with the tetradentate ligands having
four nitrogen donors,4 but there is no structurally characterized
Fe2(O)2, Fe2(O)(OH), and Fe3(O)3 core complexes with a termi-
nal carboxylate oxygen donor.  Therefore, it is important to
explore how the nature of carboxylate donor in a terminal lig-
and influences the structures and properties of the cores men-
tioned above.  Here we report the structures and properties of a
(µ-oxo)(µ-hydroxo)diiron(III) and a bis(µ-oxo)(µ-hydroxo)tri-
iron(III) complex with the tripodal ligands (6Me2-BPG and
BPG)5 containing the carboxylate group.

Reaction of [Fe2(6Me2-BPG)2(O)(AcO)]ClO4 (1) with 2
equiv of Et3N in methanol affords red crystals, [Fe2(6Me2-
BPG)2(O)(OH)]ClO4 (2).6 An ORTEP view of 2 is shown in
Figure 1.7 Two Fe ions are bridged by oxo and hydroxo oxy-
gens to form a (µ-oxo)(µ-hydroxo)diiron(III) core.  2 is the first
structurally characterized (µ-oxo)(µ-hydroxo)diiron(III) com-
plex with the carboxylate oxygen donor, while three structurally
characterized Fe2(O)(OH) complexes, [Fe2(X)2(O)(OH)](ClO4)3
(X = 6Me3-TPA (3), BQPA (4), BPEEN (5)), with the N4
tetradentate ligands have been reported.4 Each Fe ion in 2 has
an octahedral geometry consisted of N3O3 donor set, where
three N donor atoms are in a mer-arrangement.  The Fe···Fe
separation is 2.899(2) Å, which is in the middle of the range for
the Fe2(O)(OH) core complexes (2.835(1)–2.948(3) Å).4 The
Fe–O–Fe and Fe–OH–Fe angles are 103.9(4) and 91.5(3)˚,
respectively, which are comparable to those of 5 (Fe–O–Fe:
100.2(2); Fe–OH–Fe: 91.1(2)˚).4c The Fe–Ooxo and Fe–OOH
bonds trans to the carboxylate oxygens (Fe(1)–O(6): 1.873(8)
Å, Fe(2)–O(5): 2.083(9) Å) are significantly longer than their
respective bonds trans to the amino nitrogens (Fe(2)–O(6):
1.807(7) Å, Fe(1)–O(5): 1.962(6) Å) owing to the trans effect
of the stronger electron donor ability of the carboxylate oxygen.
The observed asymmetry of the Fe–Ooxo (∆r = 0.066 Å) and

Fe–OOH (∆r = 0.121 Å) bonds in 2 is significantly larger than
those in 5 (Fe–Ooxo: ∆r = 0.004 Å, Fe–OOH: ∆r = 0.017 Å).4

Thus the terminal carboxylate donor gives rise to a significant
distortion of the Fe2(O)(OH) diamond core as compared with
the pyridyl nitrogen donor in N4 tetradentate ligands.4 It is
noted that deprotonation of the bridging hydroxide ion from the
Fe2(O)(OH) core in 3 takes place to produce a Fe2(O)2 core,4a

whereas 2 does not afford a Fe2(O)2 core even under more basic
conditions.  This fact suggests that the terminal carboxylates
lower a Lewis acidity of the Fe center in 2, which make the
deprotonation of the bridging hydroxide ion difficult. 

The Mössbauer spectrum of 2 at 84 K consists of a sharp
single quadrupole doublet with δ = 0.51, ∆EQ = 2.19, and Γave =
0.43 mm/s, which is characteristic of high spin (µ-
oxo)diiron(III) complexes.8 The value of ∆EQ for 2 is signifi-
cantly larger than that of 3 (∆EQ = 1.66 mm/s),4b implying a
larger electric field gradient around the iron(III) ions, probably
due to perturbation from the terminal carboxylate group in
6Me2-BPG.

Reaction of [Fe2(BPG)2(O)(AcO)]ClO4 (7) with 2 equiv of
Et3N in methanol affords black crystals, [Fe3(BPG)3(O)2(OH)]-
ClO4 (8·ClO4).

9 X-ray crystallography of [Fe3(BPG)3(O)2(OH)]-
CF3SO3 (8·CF3SO3),

10 reveals that 8·CF3SO3 has the first exam-
ple of a bis(µ-oxo)(µ-hydroxo)triiron(III) core with a hexagon-
like ring (Figure 2).  Each Fe ion assumes an octahedral geome-
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try with the N3O3 donor set, where three N donor atoms are in a
mer-arrangement as observed for 2.  The average Fe–Ooxo bond
distance (1.82 Å) is slightly shorter than that of 2 (1.84 Å) and
the average Fe–OOH bond distance (1.98 Å) is also shorter than
that of 2 (2.02 Å).  The average Fe–O–Fe angle (142.7˚) is
much larger than the Fe–OH–Fe angle (129.4(2)˚).  The
Fe–Ooxo and Fe–OOH bond distances are also substantially
affected by the terminal carboxylate in the trans-position as
observed for 2; the Fe–Ooxo and Fe–OOH bonds trans to the car-
boxylate oxygens (Fe(1)–O(3): 2.012(4) Å, Fe(2)–O(1):
1.873(4) Å, Fe(3)–O(2): 1.811(4) Å) are significantly elongated
compared with those trans to the amino nitrogens (Fe(3)–O(3):
1.938(4) Å, Fe(2)–O(2): 1.784(4) Å, Fe(1)–O(1): 1.795(4) Å).

Recently, Que et al. reported a tri(µ-oxo)triiron(III) com-
plex, [Fe3(5Et3-TPA)3(O)3]

3+ (9) with four nitrogen donors.4c

In contrast to the formation of the Fe3(O)3 core in 9, the
Fe3(O)2(OH) core is formed in 8.  This fact also reflects the
stronger electron donor ability of the terminal carboxylate oxy-
gen.  It must be noted that introduction of the methyl groups
into the 6-position of the pyridyl ring causes a remarkable
structural change between 2 and 8, i.e., 2 has the Fe2(O)(OH)
core, whereas 8 has the Fe3(O)2(OH) core.  Such a change of
the core structure reflects the unfavorable steric interaction
between 6-methyl groups on the pyridyl ring.

The Mössbauer spectrum of 8·CF3SO3 at 293 K exhibits a
broad single quadrupole doublet with δ = 0.35, ∆EQ = 1.62, and
Γave = 0.76 mm/s, which is due to overlapping of closely spaced
two sets of quadrupole doublets attributable to the bis(µ-
oxo)FeIII and the (µ-oxo)(µ-hydroxo)FeIII moieties.  It should
be noted that Mössbauer spectrum of 8·CF3SO3 at 293 K signif-
icantly differs from that at 95 K; the two peaks becomes broad-
er at 95 K.  The spectral change may be explained by the relax-

ation effect due to a long Fe···Fe distance (3.404(2)–3.572(1)
Å).  Further, the peak of lower energy side is broader than that
of higher energy side at 95 K.  Since the broaden peak is
observed at a lower energy side, the quadrupole splitting
parameter e2qQ is negative, i.e., | ± 3/2> state in Mössbauer
excited state is lower than | ± 1/2> state.

In conclusion, the tripodal ligands containing the carboxy-
late donor afford two types of Fe2(O)(OH) and Fe3(O)2(OH)
cores, depending upon the methyl-substituent effect on the 6-
position of the pyridyl ring. The stronger electron donor ability of
the terminal carboxylate causes a significant asymmetric distor-
tion for the rhomb Fe2(O)(OH) and hexagon Fe3(O)2(OH) cores.
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