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Many iron-catecholato complexes have been investigated to
get insights into chemical and structural features of catechol
dioxygenases which catalyze the oxidative cleavage of catechol
ring (Chart 1).1-4 However, most of the previous catechol
dioxygenase models are octahedral Fe(III) complexes with
tetradentate ligands.5-7 The Fe(III) catecholato complex with the
TACN ()1,4,7-triazacyclononane) ligand is the only known
example of a complex with a tridentate ligand, and it is notable
that the reaction of this catecholato complex with O2 results in
extradiol ring cleavage.8 We have been investigating Fe com-
plexes with the trigonally capping hydrotris(pyrazolyl)borate
ligands ()TpR; R denotes substituents of the 3- and 5-positions
of pyrazolyl rings), which can mimic the coordination environ-
ment made by three histidyl residues often found in metallopro-
teins.9 Because the hindered TpR ligands can stabilize coordi-
natively unsaturated (i.e., 4- or 5-coordinated) iron centers,9,10

TpRFe-catecholato complexes should show unique structural and
chemical properties. In this paper, we report the structural
characterization and the reactivity toward O2 of coordinatively
unsaturated ferrous and ferric catecholato complexes with the TpR

ligands (R) But,Pri and Pri2). We have found that O2 treatment
of the TpPri2 complex results inextradiol cleavage, for which a
vacant coordination site for O2 is essential. At first, the highly sterically hindered TpBut,Pri was adopted to

isolate mononuclear Fe complexes. Reaction of an Fe(II)-
catecholato complex, TpBut,PriFeII(DBCH) (1),11,12with O2 afforded
the corresponding Fe(III)-catecholato complex, TpBut,PriFeIII (DBC)
(2), but neither extra- nor intradiol cleavage occurred (Scheme 1
a). A UV-vis spectrum of2 (toluene solution) showed broad
intense absorptions at 672 and 830 nm which were assigned as
catecholate-to-Fe(III) charge-transfer bands.13 However, the
pattern of the spectrum was slightly different from those of the
previously reported 6-coordinate Fe(III)-DBC complexes; the
higher energy band of2 was red-shifted compared to those of
the 6-coordinate complexes.5,6,12 X-ray crystallographic analysis
(Figure 1) has revealed that the geometry of the Fe(III) center is
a 5-coordinate trigonal bipyramid with the trigonal basal plane
defined by the two pyrazolyl nitrogen atoms (N21 and N21′) and
one oxygen atom from DBC (O2). The C-O bond lengths of
the catecholate moiety (1.35(2) and 1.38(2) Å) are longer than
those in the chelating semiquinonate (1.265-1.301 Å),14,15

indicating that2 is not an Fe(II)-semiquinonato complex but an
Fe(III)-catecholato complex. This coordination environment
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around the Fe(III) center is similar to that of the inactive Fe-
(III)-substrate coordinated form of the extradiol enzyme.3b To
our knowledge,2 is the first example of the structurally
characterized 5-coordinated trigonal-bipyramidal Fe(III) complex
with the chelating catecholate ligand. However, further oxidative
catechol ring cleavage was not observed probably due to the steric
hindrance of the TpBut,Pri ligand. Then, the less hindered 3,5-di-
isopropyl ligand was adopted in order to realize oxidative catechol
cleavage.
The TpPri2 derivative, TpPri2FeIII (DBC) (3), was prepared by

reaction of the Fe(II) chloride complex, TpPri2FeIICl,10a with
DBCH2 in the presence of Et3N followed by chemical oxidation
by KMnO4 in toluene.16 However, the coordination environment
of the metal center revealed by the X-ray crystallography of a
purple single crystal of3‚MeCN (obtained by recrystallization
from a MeCN solution) was quite different from that of the above-
mentioned TpBut,Pri derivative2. The Fe(III) center has a 6-co-
ordinate octahedral geometry containing one molecule of MeCN
at the sixth coordination site. Two oxygen atoms of the chelating
DBC ligand occupy the equatorial sites, and the Fe-O bond
lengths of 1.929(3) and 1.969(3) Å are similar to those of the
previously reported 6-coordinate Fe(III)-DBC complexes.5 The
catecholate C-O bond lengths of 1.334(5) and 1.340(5) Å are
longer than those of semiquinonate C-O, although they are the
shortest C-O lengths of the Fe(III)-DBC complexes.5 It is not-
able that dissociation of the MeCN ligand was observed in
solution. A purple MeCN solution exhibited two intense absorp-
tions at 574 and 1046 nm which were similar to those found for
[FeIII (6TLA)(DBC)]+,12 but upon dissociation into toluene the
color changed to deep blue (λmax) 612 nm in the 400-1200 nm
range). Because the spectral feature of the toluene solution is
clearly different from that of2 which contains the trigonal-
bipyramidal Fe(III) center (vide supra), the Fe(III) center of3
must have a 5-coordinate square-pyramidal geometry in nonco-
ordinating solvents.
As we expected, reaction of the Fe(III)-catecholato complex

bearing the TpPri2 ligand3with O2 resulted in oxidative cleavage
of DBC, and the reaction pattern was unique. The blue toluene
solution of3 changed to brown within 1 h upon exposure to O2
at room temperature. GC-MS analysis of organic products in
the brown reaction mixture revealed that mainly extradiol cleavage
occurred. Interestingly, intradiol cleavage was also observed as
a minor side reaction, but no quinone product was detected.17,18

In contrast, the trigonal-bipyramidal Fe(III)-DBC complex2was

relatively stable under an O2 atmosphere; no spectral change
(UV-vis-near-IR spectrum) was observed after exposure to O2

for 2 h.19 On the basis of the reactivity of the [FeIII (DBC)-
(TACN)]+ complex, an O2 activation process by a 5-coordinate
Fe(II)-semiquinonato species,20which is an alternative resonance
structure of the Fe(III)-catecholato species, might be involved
in the extradiol catechol cleavage.8 In addition, recent spectro-
scopic and crystallographic studies of the extradiol enzymes have
suggested that the substrate adduct has a 5-coordinate Fe(II) center
with a vacant O2-binding position.1,4c Our observations are con-
sistent with these hypotheses; the red shift of the LMCT band
and the short C-O bond lengths of3‚MeCN imply the semi-
quinonate character of the DBC ligand, and the square-pyramidal
Fe center of3 (in noncoordinating solvents) readily binds O2 to
form an octahedral structure and activates O2 to carry out the
extradiol ring cleavage (Scheme 1b). On the other hand, the
trigonal-bipyramidal Fe(III) complex2, which is formed by O2
oxidation of the tetrahedral Fe(II) complex1, is relatively stable
under the same conditions (Scheme 1a). The differences in
reactivity toward oxidation between3 and2may be attributed to
the structural environments around the Fe centers (geometries of
Fe, size of the Fe-surrounding cavities) tuned by TpR.21

In conclusion, by using the hindered TpBut,Pri and TpPri2 ligands,
structural and functional models for the catechol dioxygenases
have been successfully prepared and characterized. Both of the
Fe(III)-catecholato complexes,2 and3, contain coordinatively
unsaturated Fe(III) centers, but their geometries and reactivity
toward O2 are considerably different. In particular, the TpPri2

complex3 reacts with O2 to cause extradiol cleavage.22,23 In order
to elucidate factors determining the ring cleavage pattern, further
investigations involving the detailed characterization and oxidation
reaction analysis of a series of the TpRFe-catecholato complexes
are in progress.
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Figure 1. Structures of2 (a) and 3‚MeCN (b) drawn at the 50%
probability level. The TpRmoieties except the metal-coordinating N atoms
and the catecholate But groups are omitted for clarity.
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