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Important Role of Tetrahydrofuran Ring in Activation of Hydrogen Peroxide
in the Presence of Binuclear Iron(III) Complexes with Linear (-Oxo Bridge
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Binuclear p-monooxo bridged iron(Ill) complex with
tripodal-like ligand containing tetrahydrofuran ring exhibits much
higher activity for alkane hydroxylation reaction in the presence
of hydrogen peroxide than that of pyridine analogue; origin for
high activity of the former complex was developed.

Structural and alkane functionalization studies of plausible
biomimetic models of methane monooxygenase(MMO) have
been an active area of research.] Recent spectroscopic studies
including an X-ray crystallography2 on MMO have shown that
the active site has a diiron u-hydroxo structure with both
terminal and p-carboxylato anions. Until now, many binuclear
iron(Ill) compounds with p-oxo bridge have been used as a
model,] however detailed activation mechanism of dioxygen
molecule in MMO remains unsolved at present. In this article we
will show that tetrahydrofuran ring in the vicinity of an iron(I1l)
atom exhibits very important role in activating hydrogen
peroxide, leading to facile hydroxylation reaction of cyclohexane
or adamantane.

Figure 1. ORTEP drawing of complex 1.
Fe(1)-Cl(1), 2.279(5); Fe(1)-0(1), 2.227(13); Fe(1)-0(3),
1.780(3): Fe(1)-N(1), 2.128(13); Fe(1)-N(2), 2.212(14);
Fe(1)-N(3), 2.154(14), Fe(2)-CI(2), 2.272(4); Fe(2)-0(3),
1.778(3); Fe(2)-0(2), 2.225(12); Fe(2)-N(4), 2.144(12);
Fe(2)-N(5), 2.224(11); Fe(2)-N(6), 2.118(12) A.

The chemical structures of the ligand cited in this study are
illustrated below;
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Reaction of a methanol solution of the ligand, ferric chloride
and triethylamine provided the binuclear iron(Ill) compounds
with formula, Fe;OCly(L)>2F, and the crystal structures of the
three new compounds were determined; structure of complex
with (tfpy), 13 is illustrated in Figure 1. Complex 1 has a linear
u-oxo strucutre and an Fe-Fe separation of 3.558 A. These
features are completely the same as those of the corresponding
(tpa) compound,4 where (tpa) represents tris(2-pyridylmethyl)-
amine. The structural properties of (epy) complex are essentially
the same as those of 1.5 In the case of (mopy) compound,6 a
bent structure(Fe-O-Fe, 176.0°) is observed, while other
structural features are very similar to those observed in 1 and
other related complexes.

Table 1 shows the turn-over numbers of the products when
cyclohexane was reacted with the binuclear iron(III) complex
and hydrogen peroxide.” It should be noted here that formation
of oxidized products is greatly dependent on the complex used,
ie., complexes 1 and that with (epy) exhibit high activity
whereas those of (tpa), (fpy) and (mopy) show almost negligible
activity. Since the spectral change is almost negligible on the
addition of hydrogen peroxide to a solution of the iron(Ill)
complex used in this study, it is clear that a binuclear unit with -
oxo bridge remains in the reaction mixture.

In our previous papers, we have shown that the peroxide

Table 1. Turn-over numbers of oxidized products’
catalyzed by an iron(III) complex

ligand cyclohexanol cyclohexanone
(tfpy) 3.9 2.0
(epy) 2.4 1.7
(tpa) 0.0 0.0
(mopy) 0.2 02
(fpy) 0.6 0.2
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anion coordinating to a metal ion with nl-coordination mode
(see Scheme 1, (b)) shows an electrophilic nature, tending to
attack the carbon atom.8 The MNDO/PM3 calculations® have
shown that tetrahydrofuran or CH3CHpOCHj3 moiety has
occupied C-H bonding orbitals with rather higher energy.l?
Based on these results, it seems reasonable to assume that at the
first stage, the coordination of peroxide anion may occur at the
site of chloride anion(Scheme 1, (b)); then the coordinating
peroxide anion may interact with the C-H bond of the
tetrahydrofuran ring through the charge transfer forcell(see
Scheme 1, (c); in this case, the peroxide anion may act as an
electron acceptor, i.e., an electrophile). The presence of the
interaction assumed above may be supported by the fact that
cyclohexanehydroperoxide forms in the reaction mixture of
hydrogen peroxide, cyclohexane, and a binuclear iron(III)
compound.12 The lower energies of the o-type C-H bond of the
pyridine or furan ring may predict very weak interaction between
the ring and peroxide adduct. Crystal structure determination on
the (mopy) complex revealed that interaction between the
peroxide adduct and C-H bond of the (mopy) ligand is unlikely
because of the longer distance between them, which may be due
to steric repulsion between the pyridine ring and morpholine ring.
Above discussions and the results in Table 1 indicate that
interaction between the iron(IIT)-peroxide adduct and the
chemical group in the vicinity of the metal ion should control the
activation of peroxide anion, and thus hydroxylation reaction of
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the alkanes. Our results may give valuable informations on
elucidating the dioxygen activation in MMO.
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