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Iron(iv) Porphyrins from Iron(iii) Porphyrin Cation Radicals 
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The preparation and spectroscopic data of FeTMP(C104)2 [(I), TMP = 5,10,15,20-tetramesitylporphyrinato] are 
reported; the reaction of (1) with NaOMe-MeOH gave a new red species, (2), which is indicated to exist (a) as a 
symmetrically ligated complex with a vacant dx2-y2 iron orbital (lH n.m.r.1 and (b) in the iron(iv) state (Mossbauer 
spectroscopy ). 

The importance of oxidized iron-porphyrin complexes in 
heme-containing enzymes is now fully appreciated. 1-3 
However, the electronic structures and mechanistic inter- 
relationships of such species have remained obscure owing to 
the lack of simple chemical examples. Recently, at least three 
types of iron(1Ii) porphyrin cation radical complexes have 
been recognized.4-8 Further, an oxo-iron(rv)g and an oxo- 
iron(1v)'O porphyrin cation radical10.11 have been charac- 
terized. Only the O X O - , ~ ~  nitrido-, and carbido-13 ligands are 
known to stabilize the iron(1v) state with respect to the 
iron(II1) porphyrin cation r a d i ~ a l . 1 ~  We report here the first 
direct conversion of an iron(Ir1) porphyrin cation radical into 
an iron(1v) porphyrin by ligand metathesis. 

The treatment of perchlorato-5,10,15,20-tetramesity1- 
porphyrinatoiron(II1) [FeTMP(C104)] with an excess of 
iron(Ir1) perchlorate in methylene chloride at room tempera- 
ture resulted in the formation of a bright green solution. 
Removal of the solvent and recrystallization of the resulting 
solid from toluene-hexane afforded crystalline material which 
gave a satisfactory elemental analysis for FeTMP(C104)2, (1). 
Solutions of (1) in toluene or methylene chloride were stable 
for short periods at room temperature; however, immediate 
reduction of (1) occurred in methanol or acetone at room 
temperature. The spectroscopic properties of (1) were similar 
to other iron(rI1) porphyrin cation radical complexes.5--7 The 
visible spectrum of (1) displayed a broad absorbance at 
800 nm and other absorbances as shown in Figure l(a). The 
infrared spectrum of (1) showed an intense band at 1270 
cm-115 and there were no apparent e.s.r. signals for (1) at 
110 K. The 1H n.m.r. spectrum of (1) at 25 "C in CD2C12 was 
similar to that of FeIIITPP(C104)25,7 (TPP = tetraphenyl- 
porphyrinato) (pyrrole H,  6 18.7; rnetu H, 55; o-methyl, 20; 
p-methyl, 12.5). The assignment of the pyrrole and metu 
protons was confirmed by comparison of the spectra of the 
corresponding deuteriated porphyrins. The titration of (1) 
with one equivalent of tetrabutylammonium iodide regener- 
ated FeTMP(C104). This result and the spectroscopic data are 
consistent with a one-electron oxidation of the porphyrin ring. 

The addition of two equivalents of sodium methoxide in 
methanol to CD2C12 solutions of (1) at -50 "C caused the 
immediate production of a bright red species (2) with a visible 
spectrum dramatically different from that of (1) [Figure l(b)]. 

p o ,  OMe 

= Porphyrin 0 dianion 

The oxidation of FeTMP(0H)l" with iodosylmesitylene (Mes- 
10) in methylene chloride-methanol also produced (2) but the 
addition of methanol to (1) did not. The 360 MHz 1H n.m.r. 
spectrum of (2) in CD2C12 at -78 "C shows a pyrrole 
resonance at very high field (6 -37.5) and other resonances 
near the expected diamagnetic positions (rnetu H,  7.72, s; 
p-methyl, 2.86, s; o-methyl, 2.4, br.). A broad resonance in 
the spectrum of (2) prepared in methanol at 6 3.6 which was 
absent in samples prepared from CD30D was assigned to 
co-ordinated methoxide. The general features of this spec- 
trum are similar to those reported recently for low spin, 
six-co-ordinate manganese(111) porphyrin complexes. 16 

The e.s.r. spectrum of (2) shows only weak signals due to 
high-spin iron(Ir1). The Mossbauer spectrum of 57Fe-(2) (aFe 
-0.025 mm/s, AEo 2.1 mm/s) is unlike those reported for 
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Figure 1. (a) Visible absorption spectrum for (1) in CH2CI2 at 25 "C; 
(b) visible absorption spectrum of (2), 1.28 x 1 0 - S M  in CH2CI2- 
methanol at -40 "C. 
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Figure 2. Comparative Mossbauer data for iron porphyrins; high-spin FeIII, 0 low-spin FeIII, 0 intermediate spin (admixed) 
FeIII, 0 high spin Fe", A low-spin Fe", A 0x0- and imido-FeIV, * (2). Cf. refs. 11, 17, and 18. Inset shows the zero field 
Mossbauer spectrum of 57Fe-(2) at 4.2 K. 

iron(II1) porphyrins and similar to the relatively few known 
iron(1v) species (Figure 2). 11317118 The sharp quadrupole 
doublet for (2) (Figure 2 inset) was unaffected by changes in 
temperature or a small transverse magnetic field indicating a 
non-Kramers spin system. 

Taken together these results indicate that the co-ordination 
of methoxide, a strong n-donating ligand, has shifted the site 
of oxidation from the porphyrin ring in (1) to the iron in (2). 

Support of this research by the National Institutes of Health 
(to J. T. G. and to G. L.) is gratefully acknowledged. 
Fellowship support for R. Q. was provided by the Dow 
Chemical Company. 

Received, 12th June 1984; Corn. 816 

References 
1 W. D. Hewson and L. P. Hager, in 'The Porphyrins,' ed. D. 

Dolphin, Academic Press, New York, 1979, Vol. VIII, pp. 

2 H. B. Dunford and J.  S. Stillman, Coord. Chem. Rev., 1976, 19, 

3 R. H. Felton, G. S. Owen, D. Dolphin, and J. Fajer, J. Am. 

4 P. Gans, J.-C. Marchon, C. A. Reed, and J.-R. Regnard, Nouv. J. 

295-332. 

187. 

Chem. SOC., 1971,93, 6332. 

Chim., 1981, 203. 

5 G. Buisson, A. Deronzier, E. Duee, P. Gans, J.-C. Marchon, and 
J.-R. Regnard, J .  Am. Chem. Sac., 1984, 104, 6793. 

6 M. A. Phillippi and H. A. Goff, J .  Am. Chern. SOC., 1982, 104, 
6026. 

7 W. F. Scholz, C. A. Reed, Y. J.  Lee, W. R. Scheidt, and G.  Lang, 
J. Am. Chem. SOC., 1982, 104,6791. 

8 H. M. Goff and M. A. Phillippi, J. Am. Chem. SOC., 1983, 105, 
7567. 

9 D. H. Chin, G. N. La Mar, and A. L. Balch, J. Am. Chem. SOC., 
1980, 102, 4344. 

10 J.  T. Groves, R. C. Haushalter, M. Nakamura, T. E. Nemo, and 
B. J. Evans, J. Am. Chem. SOC., 1981, 103, 2884. 

11 J. E.  Penner-Hahn, T. J. McMurry, M. Renner, L. Latos- 
Grazynsky, K. S. Eble, I. M. Davis, A. L. Balch, J .  T. Groves, 
J. H.  Dawson, and K. 0. Hodgson, J .  Biol. Chem., 1983, 258, 
12761. 

12 W. Hiller, J. Strahle, A. Datz, M. Hanack, W. E. Hatfield, L. W. 
ter Haar, and P. Gutlich, J. Am. Chem. SOC., 1984, 106, 329. 

13 K. M. Kadish, R. K. Rhodes, L. A. Bottomley, and H. M. Goff, 
Inorg. Chem., 1981,'20,3195; D. R. English, D. N. Hendrickson, 
and K. S. Suslick, ibid., 1982, 22, 367. 

14 F. Arena, P. Gans, and J.-C. Marchon, J .  Chem. SOC., Chem. 
Commun., 1984, 196. 

15 E. T. Shimomura, M. A. Phillippi, H. M. Goff, W. F. Scholz, and 
C. A. Reed, J. Am. Chem. SOC., 1981, 103,6778. 

16 A. P. Hanson and H. M. Goff, Inorg. Chem., 1984, in the press. 
We thank Professor Goff for this information prior to publication. 

17 B.  Boso, G. Lang, T. J. McMurry, and J .  T.  Groves, J .  Chem. 
Phys., 1983, 1122 and references therein. 

18 G. Simonneaux, W. F. Scholz, C. A. Reed, and G. Lang, 
Biochim. Biophys. Acta, 1982, 716, 1 .  




