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The oxidative stability of the porphyrin macrocycle is essential 3-
for the functioning of the many heme proteins that expose hemes
to oxidants such as dioxygen and hydrogen peroxide and use highly
oxidized iron porphyrins to carry out their functiohSuch highly
oxidized forms include the ferryl ion (Pe=0O) found in compound 2
Il of horseradish peroxidase as well as the oxidized porphyrin radical 3
found along with the ferryl ion in compound!IDespite the high
oxidation states involved, the heme molecule remains intact in the
course of the oxygen atom-transfer processes. To control the level 14
of heme, nature utilizes heme oxygenase, which oxidizes heme, as
a substrate, and converts it into biliverdin, free iron ion, and carbon
monoxide in a process that involves the activation of three
molecules of dioxyge@23 Coupled oxidation, treatment of heme 0
with dioxygen in the presence of a reducing agent, has been used 400
to mimic heme degradation in the presence of dioxyy&wth
processes involve introduction of meso hydroxy group as a Figure 1. The UV/vis absorption spectra of a pyridine solution of
fundamental step of the heme cleavage. Here we show that((PY)2F€!(HzN-OEP) before (red line) and after (green line) exposure to
. . . . . air. The inset shows an expanded version of the spectrum of the green
introduction of a single amino group at a meso position can render i ormediate2.
a heme extremely sensitive to ring opening by dioxygen.
Exposure of a red pyridine (py) solution of diamagnetic m
(py)2Fe!(H,N-OEP) @) (H,N-OEP is the dianion omeseamino-
octaethylporphyrin) at 23C to air results in the immediate
formation of a green intermedia® Under identical conditions,
(py)Fe'(OEP) is unchanged by exposure to air. Relevant UV/vis
absorption spectra are shown in Figure 1. The changes seen in
Figure 1, particularly the drop in the intensity of the Soret band at
420 nm, indicate that the porphyrin has undergone ring opening to
produce an open-chain tetrapyrrole. Verdoheme, the green pigment
with an oxygen atom in place of a meso CH unit, is not formed
since its characteristic absorptions at 384 and 651 nm are absent T T T
in the spectrum in Figure 4. 40 0 &/ppm 50
Concurrently the formation of the green intermediateas been Figure 2. (A) Portion of the 500-MHz'H NMR spectrum of the green
monitored by'H NMR spectroscopy. As seen in Figure 2, the intermediate2 formed by addition of air to a pyridinds solution of

h . ; (py)2F€' (H2N-OEP) at 25°C. The meso resonances at 100 and 50 ppm are
paramagnetically shifted spectrum consists of three meso-H r'€S0-omitted to allow expansion of the methylene resonances. (B) The 76.7 MHz

nances at 99, 50, and38 ppm and 16 resonances due to the 2 NMR spectrum of the green intermedi@éormed by addition of air to
methylene protons. A COSY experiment (Supporting Information) a pyridine solution of (pyyFe'(H.N-OEPmesads) at 25 °C. The scalar

reveals that the methylene resonances are coupled pairwise as showgpnnectivity of the methylene resonances is marked in trace A.
in Figure 2 and that they are also coupled to methyl resonances
which lie in the crowded region from 0 to 10 ppm. The assignment of magnesium porphyrins proceeds in an analogous fashion to
of the meso resonances has been confirmed by the observation oproduce formylbiliverdirk. The upfield and downfield shifts for
the 2H NMR spectrum of 2-meseds) (trace B of Figure 2) which methylene and meso protons is associated with the presence of a
was formed by oxygenation of (ppe' (H.N-OEPmeseds). significant degree of ligand radical character. kaxophlorin
The overall pattern of resonances with 16 methylene resonancescomplexe$© and a verdoheme hydrolysis prodéftall with radical
and three meso resonances indicates that oxygenation is accharacter, also show a pattern of methylene resonances with both
companied by a significant lowering of the symmetry of the upfield and downfield hyperfine shifts.
porphyrin and is consistent with the formation of either of the two ~ The conversion ofl to 2 is clearly distinct from coupled
hypothetical species shown asn Scheme 1. The photooxidation  oxidation, since no external reducing agent is needed to effect
 University of California - Davis. oxidative cleavage of (pyfre'(H.N-OEP) () and verdoheme is
* University of Wroctaw. not formed.
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Scheme 1

Figure 3. A perspective view 0B showing 50% thermal contours for all
While the green intermediais stable in solution for several ~ non-hydrogen atoms. Selected bond distances (A): molecule 2-N@2

! : S 1.952(3), Fe2N8 1.973(3), Fe2N7 2.035(2), Fe204 2.205(2), O5
days in the strict absence of air, it is transformed slowly by further C39 1.234(3), N16.C58 1.145(4); molecule 1 with coordinated ethanol:

air exposure over several hours irm 80% yield (MALDImass  Fe1-N1 1.984(2), FetN2 2.040(2), FeN3 2.011(2), FetO1 2.3155(19),
spectrum (negative ion mode), 632 (MH), IR, »(CN), 2211 cm?) Fel-03 2.111(2), 0+ C15 1.250(3), 02C1 1.249(3), 03-C37 1.451(4),
which has been isolated by ethanol addition. The structurg@ of N5-C20 1.151(4).

has been determined by X-ray crystallographyhe solid contains

two independent molecules with no crystallographically imposed in CIF format. This information is available free of charge via the
symmetry. A drawing of one is shown in Figure 3. The other Internet at http://pubs.acs.org.

molecule is similar but has an axial ethanol ligand. As seen in Figure
3, the (py)Fe'(HoN-OEP) () has been transformed into a linear References
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