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Oxidative heme catabolism, either by heme oxygehase
by the coupled oxidation proceduteesults in the removal of
a methine group from the iron porphyrin with the eventual
release of carbon monoxide, iron, and biliverdin. Three
molecules of dioxygen are involved in the overall reaction. It
is widely believed that the process involves initial meso
hydroxylation of the heme to form an iron oxophlorin (or iron
meso-hydroxyporphyrin) as an intermediate. A number of
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The results of a single-crystal X-ray diffraction study are shown
in Figure 1> The iron is situated at a center of symmetry; hence,
there is disorder in the position of the meso oxygen atom which
has partial occupancies of 0.39 at O (and its symmetry-generated
equivalent) and 0.11 at'@and its symmetry-generated equiva-
lent).

The axial Fe-N(3) distance is 2.265(2) A, and the in-plane
Fe—N(1) and Fe-N(2) distances are 2.055(2) and 2.051(2) A.
These distances indicate that thg-¢¢ and dz orbitals are
partially occupied and are consistent with high-spin Fe(lll) or
high-spin Fe(ll)® The various magnetic, structural, and spec-
troscopic data that have been collected on this speicidiate
that it has a complex electronic structure in which ligand and
metal orbitals are mixed in a fashion that is not readily
categorized by conventional oxidation and spin state assign-
ments. While the overall oxidation levelof (py).Fe(OEPQO)
is consistent with contributions from resonance structdies
1b, andlc, the structural parameters, along with the observation
that the known Fe(l) porphyrin is low sp#,suggest that the
contribution fromlc is nearly negligible.

A cyclic voltammogram of (pyFe(OEPO) in a dioxygen-

hypothetical mechanistic schemes have been drawn to accounfree pyridine solution is shown in Figure 2. A reversible one-

for this proces$? While many of these propose direct
coordination of dioxygen to iron, few have been concerned with

electron oxidationE;, = —192 mV) to form [(py}Fe(OEPO)}
as well as a one-electron reductidf 4 = —1023 mV) to form

the effects of other axial ligands, and none have given any [(Py)-Fe(OEPO)] are observed. The oxidation process occurs
consideration to the significance of outer-sphere electron transferat an unusually low potential. (The ferrocene/ferrocenium
reactions. Here we report the structural characterization of the process occurs at140 mV under these conditions.)

iron complex, (pyridineje(octaethyloxophlorin), (pyfre-
(OEPO), 1,2 a likely intermediate in coupled oxidatiénand

its redox behavior which includes the discovery of a facile, one-
electron oxidation.

1b

Ic

Dark blue crystals of (pgfFe(OEPO) were obtained by
dissolution of F¢'(OEPO})* in dioxygen-free pyridine followed
by precipitation through slow diffusion of dioxygen-free ethanol.
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Initial spectroscopic characterization of the oxidation product,
[(py)2Fe(OEPO)}, has been obtained both through controlled
oxidation of (py}Fe(OEPO) with diiodine or by reaction of
pyridine with BrFd' (OEPQ).” A common product is produced
in either route. This even-electron species is characterized by
an electronic absorption spectrum withax, M (€, L mol=!
cmb): 424 (9.9x 10%, 608 (1.0x 10%, and 648 (1.1x 10%
and by the'H NMR spectrum shown in part A of Figure 3. In
contrast to (py)Fe(OEPO) whoséH NMR spectrum at 30C
spans a 180 ppm range with meso resonance4@8 and—148
ppm, the spectrum of [(pyFe(OEPO)T nearly falls in the
conventional diamagnetic region. However, the meso reso-
nances occur at unusual upfield positions which are highly
dependent on temperature. The temperature dependence is
shown in part B of Figure 3 and suggests that this species has
a diamagnetic ground state with a nearby, partially populated
paramagnetic state.

In pyridine solution (py)Fe(OEPO) is very air sensitive, and
in the presence of dioxygen it is converted into diamagnetic
verdoheméd¢ the paramagnetic iron(lll) complex of octa-
ethylbilindione® and other paramagnetic products. The obser-
vation that the one-electron process that interconvertskpy)
(OEPO) and [(py)Fe(OEPO)} occurs at an especially low
potential indicates that such one-electron processes need
consideration in formulating an overall mechanism for heme
destruction. In the coupled oxidation process in pyridine, is it
necessary for an oxidant (dioxygen) to convert {pg(OEPO)
into [(py).Fe(OEPO)T before further oxidation at the meso
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a = 99.57(2%, 8 = 90.08(2), y = 113.68(2}, V = 947.8(6) B, andZ =

1. Refinement of 3341 reflections with 255 parameters and one restraint
yielded wR2= 0.079 (based oF?) and a conventional R% 0.036 (based

on F) for 2985 reflections withl > 2.0 gl. The crystal used for data
collection was transferred to a dioxygen-free environment and dissolved in
dioxygen-free pyridine. The U¥vis spectrum of this sample was identical

to those reported previously.
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Figure 1. Perspective view of (pyFe(OEPO) with 50% thermal K]
contours for all atoms. The site’ @hich is shown with a dashed line E 0 .
is the site of minor fractional occupancy (0.11), while the site O has a 52
fractional occupancy of 0.39. Bond distances (A):—Rg1), 2.055- -4 ;
(2); Fe=N(2), 2.051(2); Fe-N(3), 2.265(2); C(6)-0, 1.289(4); C(1y 25 3 3 4 45 5 55
O, 1.340(13). 1000/T

Figure 3. (A) Methylene (CH) and meso (m,f resonances in the

1H NMR spectrum of [(pyy-e(OEPO)} at —20 °C in dichloromethane-

d>. The sample was prepared by the addition of £L80f dioxygen-

free pyridineds to a dioxygen-free dichlorometharig-solution of
BriFe''(OEPO).” The resonances denoted by * are due to the methylene
protons of octaethylverdoheme, bis(pyridine)iron(ll)(octaethyl-5-
oxaporphyrinfé (B) Plot of chemical shift versus Tfor the two meso
resonances.

dation process and of heme oxidation catalyzed by heme
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Figure 2. Cyclic voltammogram recorded from a dioxygen-free Acknowledgment. We thank the National Institutes of Health (GM-
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was silver/silver chloride, and the scan rate was 25 mV/s. The

ferrocene/ferrocenium process occurs+et40 mV in this solvent/ Supporting Information Available: Tables of atomic coordinates,
supporting electrolyte system. bond distances and angles, and anisotropic thermal parameters for

(py)Fe(OEPO) (9 pages). This material is contained in many libraries
carbon occurs, or is it necessary that a reductant protecton mic_rofiche, immediately follows this article in the microfilm version
(py)Fe(OEPO) from this one-electron oxidation? The observa- of the journal, can be ordered from the ACS, and can be downloaded
tion of the individual interconversions between well-defined fom the Intemet; see any current masthead page for ordering
iron complexes that are likely to be involved in heme degrada- "ormation and Intemet access instructions.

tion sets the stage fan situ monitoring of the coupled oxi-  JA953410+




