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Chemical oxidation of tetradurylporphyrinatoiron(IIl) chloride
followed by the addition of 2-methylimidazole at -78 °C gave the
first example of the low spin ferric porphyrin radical cation with
orienta ionally fixed imidazole ligands, [Fe(TDP")(2-Melm),J%+.
The degree of asymmetric spin distribution on the pyrrole
carbons in the radical cation was estimated to be close to that in
the starting low spin complex, [Fe(TDP)(2-Melm),]*, which was
ascribed to the orthogonality of porphyrin a, with imidazole &
orbitals.

Porphyrin radicals have been extensively studied since they
are playing important roles in biological oxidations catalyzed by
peroxidase, catalase, and cytochrome P450.! Furthermore, recent
studies using model complexes have suggested the involvement
of porphyrin radicals in heme catabolism.? In most of the heme
proteins, central iron is coordinated by either one or two histidyl
imidazoles which are orientationally fixed relative to the porphyrin
plane. Thus, molecular orbitals of the porphyrin could be
perturbed through electronic and steric interactions with the orien-
tationally fixed imidazole ligands.>* Such interactions are
expected to induce asymmetric spin distribution on the porphyrin
ring; unpaired electron resides on some specific carbon and
nitrogen atoms of the heme. In order to elucidate if this is the
case, ferric porphyrin radical cations with orientationally fixed
imidazole ligands are necessary. In this paper, we would like to
report the first example of such complexes together with their
peculiar 'H NMR spectra.

Tetradurylporphyrinatoiron(IIl) chloride [Fe(TDP)]Cl was
chemically oxidized in a CD,Cl, solution by the addition of
excess phenoxathiinylium hexachloroantimonate.>”” The oxidized
porphyrin complex, which was stable at least for 3 hrs at room
temperature, gave a !H NMR spectrum shown in Figure 1a. The
complex was assigned to the high spin iron(Ill) radical cation,
[Fe(TDP?)](SbClg)(Cl), based on the characteristic pyrrole and
aryl signals.”-8 To the high spin radical cation was added a
CD,Cl, solution of 2-Melm at -78 °C. The 'H NMR spectrum,
taken at -56 °C after the addition of 4.0 equiv of the ligand,
exhibited well resolved signals as shown in Figure 1b. The four
separate signals at 8 -45.6, -45.9, -51.7 and -54.7 ppm, assigned
to the pyrrole protons of the low spin radical cation [Fe(TDP)(2-
Melm), ](SbClg)(Cl) based on the spectral comparison with the
analogous complex,’ clearly indicate that the rotation of the
coordinated imidazole ligands is hindered on the NMR time
scale.10 Since the sample still contained ca. 20% of the starting
high spin radical cation as revealed by the para-H signal at d 16.6
ppm, another two equiv of 2-Melm was added. The resultant
spectrum showed complete conversion to the low spin radical
cation, although each signal at a paramagnetic region broadened
considerably. Integral intensities of the six signals at & 25 to 50
ppm suggested that three of them correspond to 6H, and the other
three to 2H. To assign these signals, perdeuterated 2-Melm was
added to the high spin complex.!! Only three signals were
observed in this region as shown in Figure 1c. Thus, the signal

[Fe(TDP")(2-Melm),]*

at the lowest magnetic field 8 49.5 ppm (6H) was assigned to the
methyl of the coordinated 2-Melm and the signals at 8 42.4 and
34.0 ppm were assigned to the ortho-methyls. Other methyl
signals appeared in less paramagnetically shifted positions as
shown in Figure 1f: ortho-methyls, & 8.0 and 6.7; meta-
methyls, 8 4.7, 3.7, -0.6, and -0.7 ppm.}2 Two signals at & -1.0
and -2.1 ppm, each corresponding to 2H, were assigned to the
para-H of the duryl ring based on the spectral comparison with
the para-D complex. The signal assignment thus determined is
given in Figure 1b and Figure 1f. The fact that four signals were
observed for the pyrrole and ortho-methyl protons and two
signals for the para-H at -56 °C indicates that the frozen con-
formation of this complex is the one where two ligands are placed
perpendicularly in the deformed porphyrin cavities developed
along the Cmeso-Fe-Cmeso axes as observed in [Fe(TMP)(1,2-
Me,Im);]Cl04 and [Fe(TMP)(2-Melm),]Cl in the solid and in
solution, respectively.13-15 The low spin radical cation was stable
at -56 °C for at least 3 hrs. It was quickly reduced, however,
to the low spin [Fe(TDP)(2-Melm),]* on standing the sample at
room temperature for 10 seconds. The reduced low spin complex
gave four pyrrole signals at lower magnetic field, 8 -10.1, -13.9,
-16.1, and -18.7 ppm, at -56 °C as shown in Figure 1d.

In order to compare the spectral properties of [Fe(TDP)(2-
Melm), ]2+ with those of the complex carrying rapidly rotating
imidazole ligands, the corresponding bis(imidazole) complex [Fe-
(TDP")(HIm),]?* was prepared. In Figure le is given the 'H
NMR spectrum taken at -56 °C in CD,Cly. As expected, the
pyrrole signal appeared at 8 -49.1 ppm as a single line, indicating
that the ligand is rapidly rotating on the NMR time scale. The
ortho-methyl, meta-methyl, and para-H also gave single lines
at 19.0, 2.2, and -1.8 ppm, respectively. It is noteworthy that
these signals are quite close to the average values of the split
signals in [Fe(TDP")(2-Melm),]2*; -49.5 for the pyrrole protons
and 22.8, 1.8 and -1.6 ppm for the ortho-, meta-, and para-
protons, respectively. Three signals at 8 36.9, 34.6, and 29.3
ppm were assigned to the ring protons of the coordinated
imidazole ligands based on their integral intensities.

The large paramagnetic shifts of the aryl protons are indicative
of the formation of ay, type radical where large spin density is on
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Figure 1. 1H NMR spectra taken in CD,Cly solution at -56 °C: (a) high
spin [Fe(TDP")]?+, (b) low spin [Fe(I‘DP')(Z—MeIm)Z]Z’r obtained by the
addition of 4.0 equiv of 2-MeIn into [Fe(TDP*)]2+, (c) low spin [Fe(TDP")-
(2,-MeIm)2]2+ where all the protons of 2-Melm except N-H are deuterated, (d)
low s?in [Fe(l‘DP)(Z—MeIm)Z]+ obtained after standing [Fe(TDP')2-Me-
Im),] * at room temperature for 10 seconds, (¢) low spin [Fe(TDP")-
(HIm), ]>* obtained by the addition of 1.5 equiv of Him into [Fe(TDP")J%+,
and (f) expansion of -5 to 15 ppm region of [Fe(TDP" )(2-Melm), ] * obtained
by the addition of 6.0 equiv of 2-Melm. Signal assignment: o, m, and p;
ortho-, meta and para-protons; a, imidazole methyl; b, imidazole C-H; c,
imidazole N-H; d, para-H of [Fe('I‘DP')]2+; s, solvent; ox, reduced oxidant.
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the meso carbons and pyrrole nitrogens.16 The 'H NMR spec-
trum in Figure 1b has revealed that the dispersion of the four
pyrrole signals, defined by the chemical shift difference between
the highest and lowest pyrrole signals, is 9.1 ppm in the low spin
radical cation at -56 °C. This value is quite close to that of the
corresponding low spin complex [Fe(TDP)(2-Melm),]*t, 8.6
ppm at the same temperature as shown in Figure 1d. These results
suggest that the degree of asymmetric spin distribution on the
pyrrole B carbons in [Fe(TDP)(2-Melm),]2* is close to that in
the low spin [Fe(TDP)(2-Melm),]t. A large upfield shift of the
pyrrole protons, observed on going from [Fe(TDP)(2-Melm),]*
to [Fe(TDP")(2-Melm),]?*, indicates that the spin density on the
pyrrole B carbons increases upon oxidation. Thus, the similar
dispersion of the pyrrole protons in [Fe(TDP')(Z-MeIm)2]2+ and
[Fe(TDP)(2-Melm),]* strongly suggests that the orthogonality of
ay, with imidazole 7 orbitals is maintained in this highly deformed
porphyrin complex.

This work was supported by a Grant-in-Aid for Scientific
Research (No0.07640732) from Ministry of Education, Science
and Culture of Japan,

References and Notes

1 B. Meunier, Chem. Rev., 92, 1411 (1992).

2 1. Morishima, H. Fujii, Y, Shiro, and S. Sano, Inorg.Chem.,34,
1528 (1995); A. L. Balch, L. L. Grazynski, and T. N. St.Claire,
Inorg. Chem.,34, 1395 (1995).

3 F. A. Walker, U. Simonis, H. Zhang, J. M. Walker, T. M. Ruscitti,
C. Kipp, M. A. Amputch, B. V. Castillo IIl, S. H. Cody, D. L.
Wilson, R.E.Graul, G. J. Yong, K. Tobin, J. T. West, and B. A
Barichievich, New, J. Chem., 16, 609 (1992).

4 M. Nakamura, T. Ikeue, S. Neya, N. Funasaki, and N. Nakamura,
Inorg.Chem. in press (1996).

5 Abbreviations: TDP, TMP, and TPP are dianions of 5,10,15,20tetra
duryl-, 5,10,15,20-tetramesityl-, and 5,10,15,20-tetraphenyl-porphyrins,
respectively. 2-Melm and HIm are 2-methylimidazole and imidazole,
respectively.

6 Tetradurylporphyrin was prepared from 2,3,5,6-tetramethylbenzaldehyde
and pyrrole by Lindsey's method. 1H NMR (CDCl3, 8) 0-CHj3, 1.66;
m-CHs, 2.41; p-H, 7.33; py-H, 8.50; NH, -2.43. R. W. Wagner, D.
S. Lawrence, and J. S. Lindsey, Tetrahedron Lett., 28, 3069 (1987).

7 P. Gans, G. Buisson, E. Duee, J-C, Marchon, B. S. Erler, W. Scholz,
and C. A. Reed, J. Am. Chem. Soc., 108, 1223 (1986).

8 M. A. Phillippi and H. M. Goff, J. Am. Chem. Soc., 104, 6026
(1982); Z. Gross and S. Nimri, J. Am. Chem. Soc., 117, 8021
(1995).

9 H. M. Goff and M. A. Phillippi, J. Am. Chem. Soc.,105, 7567
(1983).

10 M. Nakamura and J. T. Groves, Tetrahedron, 44, 3225 (1988); M.
Nakamura, K. Tajima, K. Tada, K. Ishizu, and N. Nakamura, Inorg.
Chim. Acta, 224, 113 (1994).

11 J. Kincaid, P. Stein, and T. G. Spiro, Proc. Natl. Acad. Sci. 76, 549
(1979). The extent of deuteration is larger than 98 %. The H-D
exchange took place at the N-H position during the work up process.

12 These signals were assigned based on the integral intensities and the
spectral comparison with the corresponding [Fe(TMP-)(2-Melm),]2*+.

13 0. Q. Munro, H. M. Marques, P. G. Debrunner, K. Mohanrao, and W.
R. Scheidt, J. Am. Chem. Soc., 117, 935 (1995).

14 F. A. Walker and U. Simonis, J. Am. Chem. Soc., 113, 8652 (1991)

15 M. Nakamura and N. Nakamura, Chem. Lett., 1991, 1885.

16 J. Fajer, D. C. Borg, A. Forman, D. Dolphin, and R. H. Felton, J.
Am. Chem. Soc., 92, 3451 (1970); H. Fujii, J. Am. Chem. Soc.,
115, 4641 (1993).



