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Theu-oxo bridge is a common structural component of non-
heme iron protein$,but information about its reactivity is
limited.12 Here we demonstrate control of the rate of reductive
1-0x0 bridge cleavage on the basis of obligatory ligation within
one and only one of the two cyclophane-flavities trans to
the oxo bridge in [Fe((DMG)BP)].0, 1* (Figure 1).

Three ligated forms ofl (eqs 1 and 2; L= amines,
imidazoles, pyridines, nitriles, etc.) have been charactefized
and the X-ray structures fdrand1-(BuNHy), reported® The

Kl
FeN,—O—FeN, + L =LFeN,~O—FeN, (1)

K
LFeN,—O—FeN, + L ==LFeN,—O—FeNL (2)

unligated dimer], is diamagnetic with a bent oxo bridge (2%6
and the iron atoms lie 0.3 A out of the;Nlanes with the
shortest known FeO bond (1.71 A). Thd-(BuNH,), complex

is paramagnetic{= 2.9 ug, Fe—0 1.76 A, Fe-O—Fe 178.6)

with the iron atoms in the Nplanes. A significant rearrange-
ment of the BPhsuperstructure accompanies ligation and gives
rise to a negative cooperativity in the binding of some ligafids, Figure 1. Proposed geometry of the precursor complex for reduction
thus permitting a direct study of the intermediate monoligated of a PY adduct of [Fe((DMG)BP].O with 4-ert-butylcatechol.
form. Geometries for the halves of theoxo species are based on X-ray

Studie$ of reaction 3 or 4 were carried out in GEl, using coordinate® for 1 and1-(BuNH)2.*®

the Substrgte dgrt-butylcgtechol (HQ). The klnetlgs obey the Table 1. Ligand-Binding Data and Rate Constants for Reduction of
rate law given in eq 5 with the parametes reflective of the [LFe((DMG)BPh),],0 with 4-tert-Butylcatechdl

LFeN,~O—FeNL + H,Q - 2FeNL, T H0+Q (3) L 0gK®  logkef  logkef  ELOV
CHsCN 1.6 —2.36 —0.76 0.34
ey PhCN 03 ~1.51 121 0.38
LFeN,~O—FeN, + H,Q —-—~2FeNL, + Q+ H,0 (4) NPT 23 -366  -136 045
(+3L) TCNE 3.7 e 0.78
1-MelM 3.8 -3.15 +0.62 0.08
—d[Fe,0/dt = +"/,d[Fe(Il)]/dt = k,,JFe,0] 4-NMe,PY 1.7 25 -0.8 0.15
PY -0.7 —0.74 —1.44 0.25
= H /(1 + K.JL 5 2,6-MePZ 0.6 —2.3 —-1.70 0.29
Kobs = KedH2QI/( JL]) (5) PRV 06 by 180 05
independently verified speciation of tieeoxo complex. a3 CH,Cl,, 25°C.  From spectrophotometric titration (eq 2J0g Keq

These results are compelling evidence that in the reaction = log K + log kne: @ ligand electrochemical parametémore positive
with 4-tert-butylcatechol, thenonoligated species is the redox- values indicate preferential stabilization of the lower oxidation state.

active form. In the terminology appropriate to linked func- e A direct reaction between TCNE and® occurs. Calculated from
Ked and Ko.
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deficient regions of the ligand and the negativdéace of the of the hydrogen-bonded precursor complex. The displacement
surrounding phenyfsresult in enhanced binding in the BPh  of the iron toward the oxo ligand it (Figure 1) expands the
system. The PhCN experiences repulsive contacts within thesize of the oxo cavity (interplanar distances are 3.983 Avs
cyclophane-like binding cavities and shows reduced affinity. 3.588 A in1-(BuNH,),). Bending opens the oxo cavity along
Pyridines and pyrazines show reduced valuetdicompared precisely that edge appropriate for hydrogen-bond interaédions
to BR, analogue®) associated with repulsive interfacial contacts with the approaching substrate.
which are introduced only when both cavities are occupied. The The asymmetry generated in the-F@—Fe bridge by ligation
constantk.e: shows that these peripheral contacts are a sourceto only one of the two trans sites appears to be crucial.
of allosteric control of the reactivity at the remote oxo site. ~ Monoligation may be considered to increase the contribution
The redox step is proposed to involve attack on the oxo group from a L—Fe&¥—0O—Fé' resonance forr® This would explain
as shown in Figure 1, leading directly to the quinone and Fe- the peculiar trend seen et Trans ligands which stabilize
(1) products. This mechanism avoids complications associated the higher oxidation state (on the basis of Lever’s paramet¥js
with proton-coupled electron transfewhich would accompany  increase the rate afduction!
electron transfer from the trans site. The obligatory nature of  Electronic effects of the cis Nligand are in the direction
the site-differentiated monoligated species is thought to be a expected on the basis & parameters and opposite to that
result of both conformationt and electronic factors. found for the trans ligand. The analogous [LFe((DMG)BF.O
Barriers toward bending and substrate access are expectedomplexes are stronger oxidants and react much faster than the
to be reduced in a monoligated species favoring the formation BPhy analogue (19times for L = CH3CN; less for ligands
which experience significant steric reductionsinin the BPh
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