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Dinuclear metal centers have been found in a number of
enzymes that catalyze hydrolytic reactions, such as the purple
acid phosphatases! (Fe),alkaline phosphatase?and phospholipase
C3 (Zn), urease* (Ni), methionine aminopeptidase® (Co), and
arginase® (Mn). Although the exact roles of the metal ions are
not known, it is postulated that the dinuclear center facilitates
hydrolysis by using one metal center to activate substrate and the
other as a Lewis acid to increase the pK, of bound water, thus
efficiently delivering the hydroxide nucleophile to the substrate.”
Dicobalt® and dicopper® complexes have been demonstrated to
facilitate hydrolysis of amides, phosphate esters, and nitriles, but
diiron complexes have not. We report here a (u-oxo)diiron(I11)
complex with a terminal hydroxide that can hydrate acetonitrile
to acetamide.

The reaction of Fe(Cl04)3-10H;0 with TPA.3HCIO4,gand 4
equiv of triethylamine affords the dinuclear complex [Fe,0O-
(TPA),(H;0)(Cl04)](ClOy); (1). The structure of 11! (Figure
1) shows a nearly linear (p-oxo)diiron(III) core, with an Fe—
O-Fe angle of 174.1(4)° and an Fe-Fe distance of 3.570(9) A.
The core parameters are consistent with those found for other
monobridged (u-oxo)diiron(III) complexes.!? Each iron is
coordinated to a TPA ligand, with the amine nitrogen trans to
the oxo ligand, as is found in [Fe,O(bpp)2(H20),](C104),.!3 Fe2
has a perchlorate as the sixth ligand, with an Fe-O distance of
2.140(7) A; Fel has a water as the sixth ligand, with an Fe-O
distance of 2.094(7) A. The Fe-N,, bonds are slightly shorter
on Fe2 (av 2.106 A) than on Fel (av 2.137 A), reflecting the
stronger Lewis acidity of Fe2, due in part to the poor electron-
donating capability of the perchlorate ligand.
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Figure 1. Corestructure of 1and 2a showing a partial numbering scheme
(carbon atoms are not labeled). The hydrogen atoms are omitted. Selected
bond distances (A) and angles (deg): 1, Fel-Fe2 3.570(9), Fel-012
1.791(7), Fe2-012 1.783(7), Fel-0O1 2.094(7), Fe2-02 2.140(7), Fel-
N1A2.216(8), Fel-N2A 2.153(9), Fe1-N3A 2.134(8), Fe1-N4A 2.124-
(8), Fe2-N1B 2.237(8), Fe2-N2B 2.118(8), Fe2-N3B 2.100(8), Fe2-
N4B 2.100(8), Fe-O-Fe 174.1(4); 2a, Fel-Fe2 3.346(9), Fel-012
1.779(5), Fe2-012 1.826(5), Fe1-01 2.049(6), Fe2-02 1.907(7), Fel-
N12.256(7), Fel-N11 2.131(9), Fel-N12 2.160(7), Fel-N13 2.17(1),
Fe2-N2 2.217(7), Fe2-N21 2.146(9), Fe2-N22 2.246(8), Fel-N23
2.127(9), Fe—O-Fe 136.3(3).

Complex 1 shows no distinct absorption features, consistent
with a nearly linear Fe-O-Fe angle.'* Its 'H NMR spectrum'’
shows that the six pyridine rings of the two TPA ligands are
equivalent, suggesting that the aqua and perchlorate ligands are
labile in solution. Treatment of 1 with 1 equiv of triethylamine
affords a green complex, 2, with distinct absorption features at
486 (e =360 M~ cm™!) and 608 nm (¢ = 130 M~! cm™!) (Figure
2) thatare diagnostic of a bent (u-oxo)diiron(IIT) TPA complex.!®
Its "H NMR spectrum!7shows that 2 retains its dinuclear structure
in solution. X-ray crystallography shows the corresponding
5-ethyl-TPA complex 2a (Figure 1) to be [Fe,O(H;0,)(5-Et-
TPA);](Cl04)s,'® a (u-oxo)diiron(IIT) complex supported by a
H;0,_bridge. The O1-O2 separation is 2.464(9) A, indicative
of a strong hydrogen bond between the oxygen atoms, a feature
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Figure 2. Upper panel: time course of the conversion of 2 (—)to3 (- -)
in CH3CN as followed by visible spectroscopy. Lower panel: NMR spectra
of 3 in derived from the reaction of 2 with CD3CN . See ref 19 for signal
assignments.

also found in other metal complexes containing the H30,_ligand.!®
The presence of the H;O,. bridge in 2a engenders a smaller Fe—
O-Fe angle (136.3(3)°) and a shorter Fe—Fe distance (3.346(9)
A) than those in the monobridged 1. The bending of the Fe—
O-Fe unit results in steric interactions between the TPA ligands
which are alleviated by the coordination of the amine nitrogen
on Fe2 cis to the oxo bridge; this unsymmetric arrangement of
the TPA ligands is found in other dibridged diiron(III) TPA
complexes.!6 The Fe2-02 bond (1.907(7) A) is shorter than the
Fel-O1 bond (2.049(6) A), allowing us toassign O1 as a terminal
water ligand and O2 as a terminal hydroxo ligand. Indeed, 2a
is the first iron(III) complex having a terminal hydroxo ligand
to be characterized by X-ray crystallography.2

While 1 is stable even in refluxing acetonitrile, 2 converts to
form a new brown species, 3, when allowed to stand in acetonitrile.
Complex 3 has visible features at 460 (¢ = 780 M-! cm™!), 502
(e = 700 M-t cm-1), and 696 nm (¢ = 90 M-! cm™!) and a 'H
NMR spectrum indicative of inequivalent TPA ligands (Figure
2). The 'H NMR and visible spectra of 3 are very similar to
those of [Fe;O(TPA),(CH,CO,)](ClO,);;!68 however, the ex-
pected 'H NMR resonance of the methyl group of the bridging
acetate at § 13.7 is absent. When 2 is incubated in CD;CN, 2H
NMR shows the appearance of a new paramagnetically shifted
feature at & 16.9 (Figure 2 inset). Thus CD;CN has been
converted to an iron ligand, affording a complex that is similar,
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Scheme 1. Proposed Mechanism for Hydration of
Acetonitrile by 2
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but not identical, to [Fe;O(TPA);(CH;CO,)](ClO,);. This new
complex, [Fe;O(TPA),(CH3;CONH)](ClO,); (3) canbe prepared
independently by treatment of 2 with acetamide.! In 3, the
acetamide is bound as an anionic ligand, presumably bridging
the two irons as in the corresponding acetate derivative.

The conversion of 2 to 3in acetonitrile solvent displays pseudo-
first-order kinetics, with a half-lifeat 40 °C of 7.4 h. The addition
of water to the reaction mixture slows the rate of reaction, and
when 400 equiv of water is added, the half-life increases to 19
h. This inhibitory effect of added water on the reaction rate
suggests that water and acetonitrile compete for binding to the
iron and that acetonitrile must displace the water ligand before
the hydration can take place (Scheme 1). Once coordinated, the
acetonitrile can then be attacked by the hydroxide on the other
iron, resulting in the bridging acetamidatoligand. Kineticstudies
to substantiate this mechanism are in progress.

In this paper we have reported the structure of a (u-oxo)-
diiron(I1I) complex with a terminal hydroxide and its hydration
of acetonitrile. The observed reactivity supports the proposed
mechanism for acetonitrile hydration by dicobalt complexes,22
where coordinated hydroxide was implicated as the nucleophile
but was not directly observed. These results provide insight into
what roles the individual metal centers may play in the active site
of a bimetallic hydrolase.

Note Added in Proof: The X-ray structure of 2, [Fe,O-
(H;0;)TPA;](ClO,);, was recently reported by Toftlund and
co-workers.2? They also observed the hydration of CH;CN by
2.
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