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Mononuclear iron complexes having a peroxo group suoj¥-as
peroxide ;1-hydroperoxide, alkylperoxide, or peroxocarbonate are
of particular importance for understanding the reaction mechanisms
in various oxidation reactions catalyzed by mononuclear iron
enzymes and their functional modéisThe O-O bond cleavage
of the peroxo group is a key step of dioxygen activation by metal
complexes. On the other hand, the-O bond formation is also —I N
essential for the dioxygen formation by water oxidation. Reversible
O—-0 bond cleavage and formation were first observed in the
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equilibrium betweenu-1%n2-peroxo)Cu(ll} and bisf-oxo)Cu(lll), =00 v 700 500 500 7090

complexes by Tolman and co-worké&rand more recently by Raman shift / cm™

others? Recently, reversible ©X bond formation between Fe-  Figure 1. Raman spectra_cﬁ-lso—lao (a) at—40 °C, warming at 20C
(IV) — or Mn(V)—(oxo)(porphyrin) complexes and X (% CI-, (b) for 5 min, (c) for 10 min, (d) for 30 min, and (e) that dfscrambled

in acetonitrile at—40 °C. Insets (tand &) are Gaussian analyses of the

Br-, Phl) have also been reportedderein we report the first »(O—0) bands of () and (&).

example of reversible ©0 bond cleavage and formation of a

peroxo group involving an iron(lll) complex containing a peroxo-
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Figure 2. Time courses of ESI-TOF/MS intensity changed afi DMF at
) ) o 20 °C under CQ (bubbling for 3 min). Conversion profiles of (4}%0—
Complex1 is stable at-40 °C in acetonitrile and DMF under 180 (mv/z = 480), (b)1-180—160 + 1-160—180 (m/z = 478), (c)1-160—160

CO, for weeks. The resonance Raman spectrum of [Fe(§0)— (m/z= 476), and (d) decomposition profile af Solid lines are the fitting
180C(0)0)] (1-180—%0) in acetonitrile at—40 °C shows av- curves using eqs-24 with ke = 2.4 x 10 st andky = 3.4 x 107 s™™.
(O—0) band at 842 cnt (Figure 1a)_. Upon warming the solution ;T:ngtsi:; :)Sf mZinEsSingg: g'\:'es ni'?emcélriigr}i?%f:ﬁgj" ith time, where
up to 20°C, we observed that drastic spectral changes occurred to

give new bands at 858, 868, and 884 ¢nspectra b-d and ¢). conversion from [Fe(grj**O—160C80)0)]~ to [Fe(qn}(*eO—
By comparing the authentic samplé-gcrambled) prepared from  180C(80)'80)]~ was observed by the reaction with&O, (Figure
180-labeled HO, (H%0,/H,'80'"80/H,180, = 25:50:25), we as- S1), indicating that oxygens of the peroxo moiety come frofiOg

signed these bands to th@>—0) vibrations of1-180—160, 1-160— It was also found that exchange of the £@oiety (O-O—C(=
180, and1-1%0—160, respectively. These spectral changes clearly O)O) and isotope exchange of the-@ moiety O—O—C(=0)0)
demonstrate the successive conversion fib#0—180 through occur independently, and the former is much faster than the latter,

1-180—160 and1-%0—180 to 1-1%0—1¢0, where the intensity ratio  and this was confirmed by the reactions witt O, and G280, by

of 1-180—1%0 and 1-160—180 is the same as that observed for ESI-TOF/MS spectroscopy (Figures S1 and S2). The results indicate
1-scrambled (cf. spectrd and é), indicating that the formation that, unlike [RhCI(G-O—C(O)O)(PEtPh)],6 formation of per-
rates of these two species are the same. The ESI-TOF/MS intensityoxocarbonate il does not involve @O bond cleavage of the

changes of three isotopomersf0—180, 1-180—-160 + 1-160— peroxide and there is a rapid equilibrium betwe&nand
180, and1-160—10) in DMF at 20°C also showed the successive [Fe(qny(0.)]~ (eq 1). Although [Fe(gnrfO.)]~ has not been
conversion from1-%0—180 (m/z = 480) throughl-%0—160 + detected at present, side-on perexmn(lll) species have been

1-160—180 (m/z = 478) t0 1-%0—0 (m/z = 476) together with well-establishedd”
the decomposition ofl (Figure 2). In addition, the reverse _
P (Figure 2) [Fe(an)(O,C(O)O)] = [Fe(@ny(O,)] +CO, (1)

T Kanazawa University. . - .
£ Okazaki National Research Institutes. The decomposition rate dfis highly dependent on the reaction

5§ Nagoya University. conditions such as concentrations of £&hd HO (vide infra),
4550 = J. AM. CHEM. SOC. 2005, 127, 4550—4551 10.1021/ja0427202 CCC: $30.25 © 2005 American Chemical Society
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Scheme 1.
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but the conversion profiles shown in Figure 2 are not significantly
affected (Figures S3 and S4), suggesting that @@ HO are not
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sion pathways are shown in Scheme 1. The first stepi©®ond
cleavage of the peroxo moiety to generate a high-valelft=F@

or F&/=0 species as found for M(lll)(peroxocarbonato)(porphyrin)
(M = Mn and Fe) which is assumed to be a rate-determining
step in the conversion processes. Although such high-valentiron
oxo species have not been detected in this study=F@ species
have been well-establishé#? Rotation around the ©C bond (G=
Fe—0O—C(0)0) and reformation of the ©0O bond producd-180—

180 and 1-180—1%0 in a 1:1 ratio. Then rapid equilibrium with
1-180—160 and CQ generated-180—160 (25%) andl1-1%0—180
(25%), where the overall conversion1e6¥0—1%0 and1-160—180

is 50% based o0i-180—180 (step 1 in Scheme 1). Conversion to
1-160—-160 occurs only from1-160—180 (step 2), but not from
1-180—160 (step 3), where the conversion fror-10—160 +
1-160—180) to 1-160—160 is 25%. This proposed mechanism yields
the following rate equations including the decompositiori.of

d[Al/dt = —(kJ2 + ky)[A] )
d[Bl/dt = (k/2)[A] — (k/4 + ky)[B] ®3)
d[Cl/dt = (k/4)[B] — k4C] (4)

wherek. andky are the first-order rate constants for the-O bond
cleavage and the decomposition hfrespectively A = 1-180—
180, B = (1-'80-1%0 + 1-1%0—-180), C = 1-1%0-1%0. The
conversion profiles of the above three isotopomers and decay of
can be reasonably fitted with = 2.4 x 103 s andky = 3.4 x
104 st as shown in Figure 2 (solid line&).In this mechanism,
there is a possibility of direct exchange of the oxo group of putative
FeV=0 or F&’=0 species with wate. However, addition of water
(500 equiv) causes no change in the conversion kate= (2.2 x
1073 s71), although the decomposition rate is much accelerdtgd (
= 1.4 x 108 s71, see Figure S3). The same is true for the,CO
concentration effect (see Figure S4Yhus the results indicate that
a direct exchange of the oxo group of putativé"Fe or F&¢/=0

species is not significant and the oxygens of the peroxo group come

from the oxygens of C@(see also Figure S1).

In summary, we have succeeded in the first observation of the

reversible G-O bond cleavage and reformation of the peroxo group
via the formation of a high-valent iron-oxo species such a%Fe

O or F&=0, which binds its counterpart, carbonate radical or
carbonate, in close proximity. This proximity effect may be
responsible for the reformation of the-@ bond.
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