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The catechol dioxygenases are iron enzymes that catalyze
the oxidative cleavage of catechols as part of Nature’s strategy
to degrade aromatic molecules in the environment.! There has
been significant progress toward understanding the mechanism
of Fe(IIl)-containing intradiol-cleaving enzymes, such as pro-
tocatechuate 3,4-dioxygenase (3,4-PCD), but less is known of
the Fe(II)-requiring extradiol-cleaving catechol dioxygenases.?
Spectroscopic studies of catechol 2,3-dioxygenase (2,3-CTD)
indicate the presence of a square pyramidal high-spin iron(II)
center,* ¢ while EPR studies of the 2,3-CTDNO and 2,3-
CTDrsubstrates'NO complexes show the availability of three sites
on the enzyme-active site for exogenous ligand binding, two
for substrate and one for NO (and presumably O,).”~° To date,
there is no synthetic mononuclear iron(II)—catecholate complex
with which to compare spectroscopic data on the enzyme—
substrate complexes of extradiol dioxygenases. In this paper,
we report the structure and properties of the first mononuclear
iron(I)—catecholate complex, [Fe'(6TLAYDBCH)](C104) (1).'°

Complex 1 was synthesized by reacting equimolar amounts
of Fe(ClO4),6H,0, 6TLA, DBCH,, and Et;N in methanol under
argon to afford a light green solid which can be recrystallized
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from EtOH/Et;0.!! The crystal structure of 1!2 shows that the
iron center is in a distorted octahedral environment featuring a
tripodal tetradentate 6TLA ligand and a bidentate catecholate
ligand (Figure 1). The 6TLA ligand coordinates to the Fe(II)
center in a manner typical for high-spin Fe(Il)-6TLA com-
plexes with the Fe1—N1 and Fel—N21 bonds shorter than the
other two Fe—N bonds.’*~!¢ To minimize steric interactions
among the a-methyl groups of 6TLA, the two trans pyridine
nitrogen atoms are pushed apart, giving rise to the longer Fe—N
bonds.

The catecholate ligand binds to the iron asymmetrically with
two distinct Fe—O bond lengths of 2.263(8) and 1.953(8) A.
The shorter Fe1—02 bond is trans to the amine (N1) ligand,
while the longer Fel—O1 bond is trans to a pyridine nitrogen
(N21). This 0.31-A difference in Fe—O bonds and the presence
of one ClO4~ anion per molecule unit suggest that the catechol
is a monoanion. The shortness of the Fe—02 bond is consistent
with its being the anionic oxygen of the DBCH ligand; its length
of 1.953(8) A is typical of Fe(Il)—OAr bond distances,!”~2
which are among the shortest for high-spin Fe(I)—O bonds.
Dissociation of the O2—H bond appears to be preferred despite
steric interactions between the 3-tert-butyl group of the DBCH
ligand and the a-methyl groups of the 6TLA ligand which give
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Figure 1. ORTEP drawing of the cation of 1 with atom-labeling
scheme. Selected bond lengths (A) are as follows: Fel—0l1, 2.263(8);
Fel—-02, 1.953(8); Fel—N1, 2.21(1); Fe1—=N11, 2.30(1); Fel —N21,
2.172(9); Fel—N31, 2.31(1).

rise to an O2—Fel—N21 angle of 110.9(3)°, instead of the
expected 90° value for an ideal octahedron.

The structure of 1 is unprecedented in having a chelated but
monoanionic catecholate. The only other known Fe(Il)—
catecholate complexes are [Fe2(DBC)a(py)s] (2), [Fe2(DBC),-
(py)s] (3), and [Fes(DBC)4(py)s] (4), which have coordination
environments similar to that of 1 but are polynuclear.?! In2-4,
each dianionic DBC ligand is chelated to an iron(II) center and
bridged to at least one other Fe(Il) center via one of the DBC
oxygens; this coordination mode gives rise to a short Fe—

O(DBC) bond (1.94—1.97 A) for the terminal DBC oxygen and

a longer Fe—O(DBC) bond (2.08—2.24 A) for the bridging
oxygen. The significant asymmetry in catecholate binding found
in 1 is also observed for 3 and 4, the effect of a proton being
approximately equivalent to that of having at least one other
Fe(II) center coordinated to the bridging catecholate oxygen.

The crystal structure of 1 provides insight into the enzyme—
substrate complex of catechol 2,3-dioxygenase (2,3-CTD) from
Pseudomonas putida. Fe K-edge EXAFS analysis of the
enzyme—substrate complex reveals an iron environment that
consists of one ligand at 1.93 A and four others at 2.10 A6
The 1.93-A iron—ligand distance is amazingly similar to the
1.95 A Fe—O(catecholate) distance found in 1, suggesting that
the substrate is bound to the iron active site in a manner similar
to that found in 1. Complex 1 thus represents a plausible
structural model for the enzyme—substrate complexes of ex-
tradiol catechol dioxygenases and suggests that the substrate
may bind as a monoanion in 2,3-CTD.

We have also investigated whether 1 serves as a functional
model for an extradiol-cleaving dioxygenase. The UV—vis
spectrum of 1 (Figure 2) consists of only one dominant
absorption band at 395 nm (e 2200 M~! cm™!), giving rise to
the typical light yellow color of other high-spin Fe'6TLA and
FellTPA complexes.!*'622 Upon exposure to O; at 20 °C, 1 is
converted within minutes (#12, = 1.1 min under pseudo-first-
order conditions) to an intense purple-blue species with two
intense bands at 600 and 1020 nm (Figure 2) which are similar
to those of [Fe'lL(DBC)] complexes and assigned as catecho-
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Figure 2. UV—vis absorption data showing the formation of [Fe!!-
(6TLA)DBC)* upon exposure of 1 to an O; atmosphere in CH3CN at
2Q °(]?. The pseudo-first-order rate constant of formation is 0.64(1)
min -,

late-to-iron(IIT) charge-transfer transitions.>~25 The purple-blue
species also exhibits EPR signals at g = 7.5, 4.3, and 1.9 which
are typical of a high-spin iron(III) species (§ = 5/, E/D = 0.06).
The purple-blue species further reacts with O (#;, = 2.5 h under
pseudo-first-order conditions) to afford two major organic
products, 3,5-di-tert-butyl-1-oxacyclohepta-3,5-diene-2,7-dione
(53%) and 3,5-di-tert-butyl-5-(carboxymethyl)-2-furanone (36%),
both of which derive from the oxidative cleavage of the C1—
C2 bond of the catecholate (intradiol cleavage). O uptake
studies show that 1.3(1) mol of O; is consumed/mol of 1. This
result is consistent with the oxidation of 4 molecules of 1 by 1
molecule of O; to [Fe''(6TLA)DBC]" in the intital fast phase
(i.e. 0.25 Oy per 1 with O; being reduced to H,O) and, in the
slower phase, the intradiol cleavage of the bound DBC on each
[Fel'(6TLA)DBC]* by another molecule of O, as observed for
[Fe"{L)DBC] complexes.?25 We ascribe the observed reactiv-
ity of 1 to its coordinative saturation. We note that the enzyme—
substrate complex of 2,3-CTD is five-coordinate according to
MCD and XAS studies,>® so the availability of a vacant
coordination site on the Fe(II) complex may allow O, to bind
to the iron(Il) center and facilitate its attack on the bound
catecholate to afford extradiol cleavage.?® Current efforts are
directed toward the synthesis of five-coordinate Fe(II)—cat-
echolate complexes to test this hypothesis.
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