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Heme oxygenase (HO), which converts heme as a substrate into

biliverdin,! and coupled oxidation, treatment of heme with dioxygen
in the presence of a reducing agéimyolve introduction of meso
hydroxy group in the initial stage of heme cleavage. However, the
details of the next stages of heme oxidation have received little
study. The model complex (pHe(OEPO) 1) (OEPO is the trianion

of octaethyloxophlorin, py is pyridine) is a stable intermediate which
has been isolated and characterized crystallographicalhd
spectroscopically,but which also reacts readily with dioxygen to
undergo ring opening to eventually produce biliver8lidnfortu-
nately, the reaction of with dioxygen occurs without the buildup
of detectable concentrations of observable intermedfafés.
explore the reactivity ol further, we have examined its ability to
interact with nitric oxide, a small molecule known to bind to hemes
in a fashion similar to that of dioxygen.

Exposure 6a 3 mM pyridine solution ofl at 22 °C to nitric
oxide under the strict exclusion of dioxygen results in a color change
from green to red-brown and the formation of a new species
{(py)(ON)Fe(OEPQO), (2) as shown in Scheme 1. The reaction

Scheme 1

*+py

(2) {(PyY)ON)FeOEPO)},
(1) (py)oFe(OEPO)

has been monitored Y4 NMR spectroscopy as shown in Figure
1. Trace A shows a portion of tHél NMR spectrum ofl which
has been reported previousdlifrace B shows the spectrum of the
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Figure 1. H NMR spectra (400 MHz) of a solution of (pHe(OEPO)
(A) before addition of NO, (B) after exposeure to NO, and (C) after partial
purging with No. All spectra were taken at 2 in the strict absence of
O,. Resonances labeledare assigned to (pyje(OEPO)1, while those
labeled? are assigned tH(py)(ON)Fe(OEPQJ),. Resonances from the meso
protons are labeled m and'nwhile those of the methylene groups are
labeled GH».

resonances at67.4 and—42.1 ppm and methylene resonances at
—0.9 and 10.9 ppm at 2Z. At —10°C where all of the resonances
are well resolved, the entiriH NMR spectrum of2 consists of
eight equally intense methylene resonances with chemical shifts
of 18.9, 8.4, 4.3, 2.0, 1.6, 1.2-1.6, —4.8 ppm, two meso
resonances at95.9 and—148.2 ppm, and four methyl resonances
at 2.4, 1.8, 1.4, 1.2 ppm. This pattern of resonances indicates that
the two sides of the porphyrin are different in the product and is
consistent with the structure obtained from crystallography.
Careful layering of a dioxygen-free, nitric oxide-saturated
n-hexane solution over the solution ®fn pyridine resulted in the
gradual crystallization of black plates @fpy in 50% yield. The
structure of these crystals has been determined by X-ray crystal-
lography® Figure 2 shows a view of the entire molecule. The
asymmetric unit consist of a (py)(ON)Fe(OEPO) portion which is

same sample after the addition of nitric oxide. All of the resonances connected to a second portion through a newdond. There is

of 1 have disappeared, and a new set of resonances d2iéds
grown. Purging the solution with dinitrogen reverses the reaction.

a crystallographic center of symmetry at the middle of this bond.
The C15-C15A bond distance (1.610(5) A) is long but comparable

Trace C shows the same sample after a short purge with dinitrogen 10 the corresponding distance (1.614(8) A) in the related dfiNgr-

The resonances @have diminished in intensity, while those bf
have grown. Further purging with dinitrogen results in the loss of
all resonances d&. The resulting solution can then be treated with
nitric oxide to reform the resonances af

For clarity, only a portion of the paramagnetically shiftel
NMR spectrum of2 is shown in Figure 1 which exhibits meso
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(OEPO},.” The Fe-N—O unit is ordered and directed toward the
meso-G=C function of the macrocycle and away from the €15
C15A bond that joins the two porphyrins. The macrocyclic ligand
has a ruffled distortion that places C5 and C15 on the same side of
the porphyrin as the FeNO group and positions the €51 group

with its short G=0 bond distance (1.237(3) A) in close proximity

to the NO ligand. Since further attack updnby O, involves
reaction in the vicinity of the oxygenated meso position, the
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Figure 2. (A) Perspective view of (py)(ON)Fe(OEPQ), showing 30% thermal contours for all non-hydrogen atoms. Selected bond distances (A): Fe
N1, 1.978(2); FeN2, 1.983(2); FeN3, 2.012(2); Fe-N4, 2.009(2); Fe-N5, 1.744(2); Fe-N6, 2.310(2); N5-02, 1.190(3); O+C5, 1.237(3); C15C15,
1.610(5). Selected bond angles (deg): -D&B—Fe, 138.3(2); N5 Fe—N1, 91.27(10); N5 Fe—N2, 89.88(10); N5 Fe—N3; 98.63(10); N5-Fe—N4, 97.31-
(10); N5-Fe—N6. 173.19(10); N6-Fe—N1, 81.98(9); N6-Fe—N2, 89.05(9); N6-Fe—N3, 88.11(9); N6-Fe—N4, 83.83(9); N:-Fe-N3, 170.09(9); N2
Fe—N4, 172.81(9). (B) Drawing of two-half-molecules pfpy)(ON)Fe(OEPQ), (ethyl groups omitted) which emphasizes the tilting of the axial pyridine
ligands and shows the interaction between the NO group of one molecule with the pyridine ligand of another. The nonberdédBoend O2--C39B

distances are 3.429(3) and 3.625(4) A.

positioning of the NO ligand so that the ©Z5 distance is only

Supporting Information Available: X-ray crystallographic data

3.100(3) A presents a highly suggestive model for the next stage for 2 in CIF format. This material is available free of charge via the

of attack upon the heme periphery.

The dimensions of the FEN—O portion are similar to those
found in five- and six-coordinate hemes of otfi&eNG 7 units8°
The Fe-N—O unit is bent at an angle of 138.3{2and the Fe-

N5 bond is short 1.744(2) A. The NBO2 bond is unusually long,
1.190(3) A, for an ordered N®The Fe-N5 bond is tilted by 5.2
from perpendicular to the plane of the, Nnit, and the iron is
asymmetrically positioned with two short (1.978(2), 1.983(2) A)
and two longer (2.009(2), 2.012(2) A) Fé&l(pyrrole) distances.
These features are similar to those in (ON)Fe(OERhe Fe-N6
distance (2.310(2) A) is much longer, as are otherRelistances
to axial ligands in six-coordinateFeNG 7 hemes The infrared
spectrum of the solid showgNO) at 1645 cm?.

As seen in B of Figure 2, the pyridine ligand is tilted away from
the N5-Fe—N6 axis. This distortion appears to be a result of the

molecular packing that places the NO group of an adjacent molecule
near the pyridine ligand, but an electronic effect such as that

observed for (ON)Fe(OERNCeH.4F)'* may be operative.

The formation of the dimeR can be viewed as a coupling of
two ligand radicals that results from stabilization of the upper
resonance structure @fin Scheme 1 by coordination of NO to the
Fe(ll) form of this complex. Reactions with NO should be

informative in examining the reactivity of meso-oxygenated hemes

that are protected from dimerization through incorporation of
suitable substituents or in proteins such as HO.
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