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C—H Bond Activation by a Ferric Methoxide Scheme 1
Complex: A Model for the Rate-Determining Step

in the Mechanism of Lipoxygenase
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potential. A short irorligand bond distance observed in the
ferric form is attributed to a hydroxide ligaril. Reduction of
this species results in little change in the coordination envi-
_ _ ronment beyond lengthening a single irdigand bond distance.
Lipoxygenases (LOs) are mononuclear, non-heme iron en- A new ligand has been designed and synthesized (Scheme
zymes found in both plants and animals that catalyze the 1) to mimic specific attributes of the iron coordination site in
oxidative conversion of 1,4-diene-containing fatty acids to alkyl LOs, namely a 5-coordinate environment which can accom-
hydroperoxides:? The rate-determining step (RDS) of the mogate a sixth exogenous solvent ligand. The ligand, 2,6-bis-
mechan!sm is generally accepted to be a hydrogen atom (2-pyridyl)methoxymethane)pyridineP¥’5), is composed of
abstgactlon (HA) of the weak, substrate-8 bond ¢-77 kcal/ five pyridine subunits and accommodates a single metal in a
mol)® to generate a substrate-radical which is subsequently nearly idealized square pyramidal coordination. A 6-coordinate
trapped by dioxygeft> The species postulated to be responsible ferrous complex is isolated directly from a 1:1 mixture of Fe-
for the HA is a ferric-hydroxide complex, which is subse- (OTf), and PY5 as a methanol solvate: [FRY5)(MeOH)]-
quently reduced by the H-atom to a ferrousater complex OTf), (1).17 As in the resting state forms of the various plant
(eq 1)® The reactivity of LOs under anaerobic conditions are 314 animal LO481%the complex is air-stable and high-sph.
The structure ofl-MeOH?'?2 reveals a 6-coordinate ferrous
Fll_OH + m — = FellH,0 + ”‘;{—“ cation bound to all five of the pyridyl subunits and an exogenous
R R R methanol ligand. The FeO bond length of 2.04 A is notably
short for methanol bound to a divalent metal. The oxidation
consistent with this mechanism as substrate reduces the activgpotential of+0.930 V (in methanol vs SHE}, is similar to
ferric site and generates alkyl-radicafs.However, this mech-
anism contrasts with traditional biological mechanisms which
are generally thought to proceed through a high-valent-ron
oxo or ferric-peroxy specie%1° Presented here is an example
of C—H bond HA by a ferrie-methoxide complex providing
chemical precedent for the proposed RDS of LOs. Additionally, coordination environment similar to that foundifRMS error
the properties of the substrates and products predict that this= 0.21 A), although the metals differ in oxidation state. Two
reaction is thermodynamically favorable. The chemical simi- |arge structural changes occur upon oxidationldb 2: the
larities of this model complex to the iron-sites in LOs strongly Fe—0O bond length is dramatically decreased from 2.04t¢
support a HA by a ferrie hydroxide species. ~1.78 @) A and the FeeO—CH;z angle is significantly opened
The iron coordination environment in LOs generates an iron from 134 (1) to 165 (2). This short bond length and large
center with a very positive Fe(lll)/Fe(ll) reduction potential angle are the extremes for terminally bound methoxides in
(~0.6 V vs SHE)* X-ray structural analysis and spectroscopy  structurally characterized iron comple%&and have only been
suggest that 6-coordinate ferrous and ferric forms of soybean-1opserved with more electron-deficient metals such as tita#fium
LO have a single exogenous water and hydroxide ligand, and zirconiun?® These structural parametersdire consistent
respectively:?~¢ Of the remaining five endogenous ligands, with multiple-bond character of the F©Me bond, similar to
only one is anionic, which is consistent with the positive redox that proposed to occur jm-oxo—ferric dimer complexe® The
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other ferrous complexes composed of neutral nitrogen atom
ligands?3.24

Oxidation of1 with 0.5 equiv of either KO, or iodosobenzene
in MeOH vyields the stable ferric complex [FRY5)(OMe)]-
(OTf)2 (2). The structure oR-MeOH125 (Figure 1) reveals a

neutralPY5 ligation to a ferric center generates an extremely
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Scheme 2

energy (kcal/mol) in MeOH
[Fe"'(PYS)(OMe))** +e” — [Fe'(PY5)OMe)]'™*  (Epe=0.660 V) -15
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(Fe'(PY5)(OMe)) ' + HY — [Fel((PYS)MeOH)I™*  (pK,=9.7) -13
H — 1/2 H, } _56%
1/2 Hy — HY+e
[Fe™(PY5)(OMe))?* + H —= [Fe!(PY5)(MeOH)]'*  -BDE (O-H) -84

in methanol and 5.70.4) x 1074 s 1 in acetonitrile. Isotope
effects kcengkcspg) Of 2.7 (MeOH) and 4.0 (CECN) are
observe# when using the perdeuterated analog of CHDhus,
C—H bond scission is associated with the RDS of the reaction
of the ferric complex with the substrate. The similar rate
constants in both protic (MeOH) and aprotic (§&N) solvents
Figure 1. ORTEP drawing of the cation o2 with atom labeling are consistent with a mechanism of HA.

scheme. Selected bond lengths (A) and bond angles (deg) are as Thermodynamic considerations predict that for CHD to
follows: Fel-N1, 2.147(4); FetN2, 2.154(4); FetN3, 2.178(4); reduce? to 1, the energy of the ©H bond created il must
Fel-N4, 2.223(4), FexN5, 2.107(4); Fe+ O3, 1.782(3); O3-C30, be similar to the energy of the cleaved substrateHCbond.
1.375(7); C36-03—Fel, 164.9(4). The O—H bond strength of the ligated methanol adduct iis
estimated as 84 kcal/mol in methanol from the reduction
potential of2 (0.660 V) and the proton affinity ot (pKa =
9.7)% in methanol (Scheme 2J73° This suggests tha is
thermodynamically competent to abstract a H-atom from any
substrate with a €H BDE ~ 84 kcal/mol. Indeed, a linear
correlation between lok and the C-H BDE of effective
reducing substrates is consistent with a HA mecharifsth?!

A new pentadentate ligand®Y5, has been designed and
synthesized to mimic the Lewis acidic iron site in LOs. The
ferric—methoxide complex dPY5 is reduced by substrates with
weak C-H bonds to yield the ferrousmethanol complex in a
process most consistent with HA from substrate. This provides
not only the first chemical precedent for the proposed RDS in
the mechanism of LOs but also a thermodynamic rational of
why this reaction is favorable.
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Figure 2. Plot of observed rate of decay #{1.25 mM) with substrate.

1
0.00 0.50

Lewis acidic metal center. The short F@Me (1.78 A)
distance is reminiscent of the short-F@ distance (1.88 A)
observed in the proposed ferribydroxide species in activated
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(BDE) of 73 kcal/mol® CHD reduce< to 1 with the formation  4cterization data foPYS5, crystallographic and spectroscopic data for
of benzen# in a reaction consistent with second order kinetics 1, 2, and [ZnPY5)(MeOH)](OTf),, a structural overlay of on2, and
(eq 2). As measured in both methanol and acetonitrile, the plots of kinetic data (25 pages). See any current masthead page for
ordering and Internet access instructions.
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