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The iron oxaphlorin complex, (py¥e(OEPO) 1), 2 has been Scheme 1
identified as an intermediate in the degradation of heme in pyridine
by the coupled oxidation proce$3.he coupled oxidation process
utilizes dioxygen and a reducing agent to convert heme into
verdoheme and an iron biliverdin complex (g8 (OEB) (2).56
Coupled oxidation can also be performed on heme proteind
has been used as a model for degradation of heme catalyzed by
heme oxygenaseAlthough 1 is sufficiently stable to be isolated
when handled under the strict exclusion of dioxy§énis known
to be highly reactive toward further oxidation. Nevertheless, the
reaction ofl with dioxygen has only been examined in the presence
of the sacrificial reducing agent that is a part of the coupled
oxidation proces$.Here, we report a study of the reaction bf
with dioxygen in pyridine solution without additional reducing
agents present.
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2 trace A, a portion of the paramagnetically shiftetNMR spectrum
22 of (py).Fe(OEPO) is shown. The two prominent resonances arise
from two of the four chemically distinct methylene groupslof
The other methylene resonances occur in the crowdetDGpm
2m range, and the meso resonances occur far upfield as noted
previously!~# Upon addition of dry dioxygen and storage under 1
; . : atm of dioxygen, a series of changes occur over a period of several
100 50 0 -50 hours.
A The spectrum shown in trace B was taken after 4 h. At this point,
the resonances of have vanished, while several sets of new
resonances have developed. The most intense of these are labeled
2 and are identified as belonging to (gy§"(OEB) (2) by
comparison with the previously obtained spectrum of this spécies.
Several other resonances are apparent in the spectrum, and at least
- - - : two new species are present.
100 50 0 -50 After the sample was left standing for 1 day, further changes
Figure 1. 500 MHz 'H NMR spectra taken from a solution of (pie- occur which produce a sample with the spectrum shown in trace C
(OEPO) () at 23°C in pyridineds (A) before addition of @, (B) 4 h after of Figure 1. This sample is stable, becalideNMR spectroscopic
exposure to @ and (C) 1 day after exposure te.QResonances labeled 1 g, 5 mination reveals no changes on further exposure to dioxygen
are assigned to the methylene resonances obRpYPEPO) 1), those . . . . .
labeled 2 and 2m are assigned to the methylene and meso resonances dqrar. At this stage, there is no evidence of the presence of either
(py)2Fe(OEB), and those labeled 3 and 3m are assigned to the methylenel or 2 in the sample, and several of the unidentified resonances in
and meso resonances &).( trace B have vanished as well. The resonances labeled 3 and 3m
. ) . . in trace C of Figure 1 are indicative of the formation of the product
A_d_d't'on of dlooxygen to a solu_t|on of (pye(OEPO) 1) in (py)F€'"(HETP) @) (HETP is the dianion of the hexaethyltripyrrole
pyridine-ds at 23 °C results a series of changes that have been shown in Scheme 1). The pattern of resonance8 fen in trace

1 A
followed by *H NMR spectroscopy as shown in Figure 1. The g consistent with the proposed structure, which has six chemically
species identified in these processes are shown in Scheme 1. INistinct methylene groups and two meso protons

B

t University of California, Davis. Attempts to crystalliz& directly from the pyridine solution have
+University of Wroctaw. not been fruitful. However, evaporation of the pyridine solution of
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Figure 3. The 500 MHz'H NMR spectrum of a chloroforna-solution at

23 °C of the crystal of f-BusN)[CIF€" (SETP)}1.5cyclohexan®.5water

(4) used for the X-ray study. The meso proton resonances are labeled m,
and the other resonances are assigned to the methylene protons.

The results presented here show that heme degradation can
proceed beyond the ring opening that produ@ess well as
verdoheme. In independent experiments, we have shown that
pyridine solutions of octaethylverdoheme and2oéire converted
into 3 by exposure to dioxygen. A recent study of the reaction of
(py).Fe(meso-NHOEP) with dioxygen has produced a meta-stable,
ring-opened tetrapyrrole that has been oxygenated at a second meso-
position and that serves as a model for the oxidative removal of
the terminal pyrrole grouf?
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Figure 2. A perspective view of the anion im{BusN)[CIFe"'(HETP)
1.5cyclohexan®.5water 4) showing 30% thermal contours for all non-
hydrogen atoms. Selected bond distances for molecules 1 and 2 (&): Fe
N1, 1.990(7), 2.049(8); FeN2, 2.077(8), 2.077(9); FeN3, 2.001(7),
2.001(6); Fe-O1, 2.008(11), 1.933(14); FeCl, 2.251(3), 2.253(3). Selected
bond angles (deg): NiFe—N2, 85.3(3), 85.2(3); N2Fe—N3, 86.7(3),
83.7(4); N-Fe—N3, 143.6(3), 140.0(3); NtFe—-01, 75.1(3), 76.5(5);
N3—Fe—01, 100.2(4), 102.4(4); NiFe—CI1, 108.5(2), 111.0(3); N2
Fe—Cl1, 101.1(2) 100.4(3); N3Fe—Cl1, 107.9(2), 108.8(2); O1Fe—-ClI1,
99.3(3), 97.6(4).

3 to dryness, dissolution in chloroform, followed by the addition

of solid tetra@-butyl)lammonium chloride to the sample, filtration,

and careful layering witm-hexane produces deep red crystals of

(n-BusN)[CIFE" (HETP)}1.5cyclohexan®.5water 4) in 45% vyield.

A sample suitable for single-crystal X-ray diffraction allowed

identification of the anion, whose structure is shown in Figute 2.
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