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The involvement of oxoiron(lV) porphyrim-cation radical Scheme 1

species as intermediates in catalytic cycles of peroxidases, CI0, L
catalasesand cytochrome P-450s, is well-knowrFor the case

L=Im, Ph
of peroxidases and catalases, an oxoiron(lV) porphysaation B @
radical, called compound |, has been identified as a reactive

intermediaté. A compound | species has also been proposed 04 *O

as the reactive oxygenating intermediate of cytochrome P2450. 8
Interestingly, in spite of the fact that compound | is common 0

to a series of enzymes, the reactivity of the compound | species L=Im, Ph

differs from one enzyme to another. In cytochrome P-450, the » > »

compound | species catalyzes the direct transfer of a single
oxygen atom to a variety of substrafgswhile for the case of
peroxidase and catalase, it catalyzes the oxidation of the organic_ i ) .
Compounds and hydrogen peroxide' respectp{]ﬁé@ These ||gand f|e|d8 OZOHE was used as an 0X|dant, SInce 0ozone
diverse functions are generally thought to depend on heme©xidation of an iron(lll) porphyrin forms only an oxoiron(IV)
structures, such as, for example, porphyrin peripheral structuresPorphyrin zz-cation radical complex and dioxygen, which is
and the heme proximal ligand, as well as protein structures in €asily removed by bubbling with nitrogen da¥.

the immediate vicinity of the heme. Indeed, different proximal A ferric mono(imidazole) complex, (P)i¢m), was prepared
ligands in these enzymes (e.g., imidazole in peroxidase, by addition of 1 equiv of imidazole to (P)H¢CIO,4) in
phenolate in catalase, and thiolate in cytochrome P-450) suggestlichloromethan&® The absorption spectrum of (P)it¢m),

that the proximal ligand structure controls the reactivity of which has peaks at 385, 503, and 626 nm, closely resembled

clo, L

compound | species. that of the resting form of horseradish peroxidase (HRP).
While a few reports on the effect of the axial ligand of When (P)F# (Im) was oxidized in dichloromethane &80 °C
oxoiron(lV) porphyrinz-cation radicals have appearethere by ozone, a green complex was formed. The absorption

are no reported oxoiron(lV) porphyrin-cation radical com-  spectrum of the green complex showed the characteristic features
plexes having imidazole and phenolate as axial ligands. We of the oxoiron(IV) porphyrinz-cation radical, namely a Soret
have prepared imidazole, JP€¥O(Im), andp-nitrophenolate,  band at 390 nm with decreased intensity and a broad band
(P)FeVO(OAr), complexes of an oxoiron(IV) 2,7,12,17-tet- around 640 nm. The spectral features of the green complex
ramethyl-3,8,13,18-tetramesitylporphyrircation radical. These  were not identical with those of the previously characterized
radical complexes may be more desirable than thoseeso (P)FEYO(MCB) (389 and 624 nm) but were close to those of
tetraarylporphyrins as spectroscopic models for biological heme compound | (402 and 650 nm) of HRP. The absorption
enzymes because of similarities in the porphyrin structure to spectrum of the green complex was also formed with isosbestic
those of naturally occurring compounds. points when 1 equiv of imidazole was titrated into a perchlorate
We examined the preparation of “YPe¢¥O(Im) by two oxoiron(IV) porphyrin z-cation radical complex, ¢fFFeVO-
alternative routes, shown in Scheme 1. We employed perchlo-(c|o,), prepared from the oxidation of (P)it€CIO,) by ozone

ratoiron(lll) 2,7,12,17-tetramethyl-3,8,13,18-tetramesityporphy- iy dichloromethane at80°C. These findings suggest that the
rin, (P)F&'(ClO,), as the starting complex because the perchlo- green complex is (FeYO(Im)

rate ligand is easily displaced by imidazole due to its weak
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Figure 1. 'H-NMR spectra for the titration of ¢(fFeYO(ClO,) with
imidazole at—80 °C in dichloromethaneh. Concentration of iron
porphyrin: 5.3 mM. Imidazole added: (a) 0.0 equiv; (b) 0.5 equiv; (c)
1.0 equiv; (d) mesah (P)F€YO(CIO,) with 1.0 equiv of imidazole;
(e) (P)FEVO(CIO4) with 1.0 equiv of imidazoleds.
and perchlorate anion ligan#fs.With the addition of imidazole,
the signals for (BF€YO(CIO,) decreased in intensity and new
signals appeared (Figure 1b,c). The signals foiFg O(ClOy)

o

(b)

(a)
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The temperature dependence of NMR signals ofF@’ O-
(Im) showed normal Curie law behavior from100 to —40
°C, suggesting that the axial imidazole binds tightly with the
porphyrin iron. From the Curie plots for (F€YO(Im), we
estimated the pyrrole methyl signals to be 71 ppm af@5
which is close to the methyl signals (average; 64 ppm at 25
°C) of compound | of HRP?

The small paramagnetic shift of the meso proton signal of
(P)FEYO(Im) indicates an radical state, as has been observed
for (P)FEVO(CIO4) and (P)FEVO(MCB)! The NMR spectral
change with imidazole coordination may be explained by a
minor change in spin distribution in thearbital in (P)FeYO-

(Im) resulting from vibrational mixing'2 and/or a withdrawal

of iron(IV) into the porphyrin plane with imidazole coordination.
Although it has been proposed that the HOMO of the compound
| species is altered with coordination of strong donor imidazole
and oxo ligands on the basis of thg assignment of compound

| of HRP* the present study demonstrates that the HOMO
remains unchanged on coordination with imidazole. Further-
more, all of the present results forfPevYO(Im) indicate the

ay, radical state of compound | of HRP.

We also examined the oxidation of (PYR©Ar) with ozone
in dichloromethane at95°C. The absorption spectrum of (P)-
Fe''(OAr) (405, 493, 617 nm) is similar to that of the resting
form of catalase (405, 505 and 625 nit}> On oxidation by
ozone, the absorption spectrum of (PJF®Ar) quickly changed
to a spectrum which had absorption peaks at 392 and 655 nm.
The absorption spectrum was different from those OfR&’ O-
(ClOy), (P)FEYO(MCB), and (AFEYO(Im) but closely re-
sembled that of compound | of catalase, which has absorption
peaks at 400 and 662 nf!5> While (P)FeYO(Im) was stable
at —80 °C for 1 h, the oxidized complex of (P)l¢OAr) was
quite unstable even at95 °C and decomposed to a ferric
complex within a few minutes showing a new spectrum with
absorption peaks at 387 and 640 nm. We attempted to obtain
an H-NMR spectrum of the oxidized complex but failed
because of its short lifetime. Although further work will be
needed to define the structure of the oxidized complex of (P)-
Fe'' (OAr), the absorption spectral features imply the formation
of the p-nitrophenolate complex of the oxoiron(IV) porphyrin
z-cation radical, (P)FEO(OAr).

We have prepared imidazole apehitrophenolate complexes

were nearly displaced by the new signals when 1 equiv of of oxoirpn(IV) porphyrimr-cation radicals anpl characterized
imidazole was added, and further addition of imidazole caused them using absorption and NMR spectroscopies. Further work,

reduction to an oxoiron(IV) porphyrin complex. As shown in
Figure 1c,d, the meso proton signal of)f@YO(Im) is observed

at —1 ppm. The pyrroles-methyl proton was assigned the
signal at 111 ppm. Therproton ando-methyl signals of the
pyrrole -mesityl group were observed at 12 and 7 ppm,
respectively. The splitting of meta proton amnethyl signals

is also indicative of two different axial ligands: oxo and
imidazole coordination. More unambiguous evidence of-(P
FeVO(Im) is the iron-bound-imidazole signals-aB and—14
ppm, which was confirmed by using imidazalgas the titrant

including stabilization of the phenolate complex and the
reactivity of these complexes, is currently in progress.
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Supporting Information Available: Figure S1, showing absorption
spectra of (BF€VO(Im) and (P)FeYO(OAr), Figure S2, showing
absorption spectral changes during the titration of (PYH©, with
imidazole in dichloromethane, and Figure S3, showitigNMR spectra

(Figure 1e). The assignment of these imidazole signals is alsofor the titration of (P)F&CIO, with imidazole in CRCI, at 24°C (3

supported by?H-NMR measurements. All of these results
indicate the formation of @FeVO(Im) with the addition of 1
equiv of imidazole to (AFEYO(CIO;). As observed for
absorption spectral measurements, tHeNMR spectrum of
(P)FeYO(Im) was also observed when (PJR&n) was oxidized
by ozone in dichloromethand-at —80 °C.
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