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u-1,2-Peroxodiiron(lll) species have been spectroscopically
identified as reaction intermediates for the dioxygen activating
diiron proteins or some variants such as methane monooxygenase
(MMO), ribonucleotide reductase (RNR), stearoyl-acyl carrier
protein A°-desaturase A°D), and ferritin}:2 Some of them are
further activated to bigf-oxo)diiron(IV) or bisg-oxo)diiron(l11,1V)

centers of those proteins have a common carboxylate-rich environ- ©
ment (four carboxylate and two N donors for MMO, RNR, and
A°D). Various synthetic (peroxo)diiron(lll) complexes including
three structur‘_s\lly characte_rlzed cc_)mplexes have t_Jeen developed,Figure 1. ORTEP views (50% probability) &t-B(3-CIPh) (A) and3 (8).
and they provided a cherr_ucal baS|s_ for understanding o_f_ structural gejected bond distances (A) and angles (degfB(3-CIPh): Fel-O1,
and various spectroscopic properties of the (peroxo)diiron com- 1.867(4); Fe+03, 2.006(4); Fe104, 1.986(4); FetN1, 2.208(4); Fet
plexes3—6 To obtain further fundamental insights into structural N2, 2.232(5); FexN3, 2.204(4); Fe202, 1.887(4); Fe203, 1.943(4);
and spectroscopic properties and reactivities of the (peroxo)diiron- F82-06, 1.999(4); Fe2N4, 2.183(5); Fe2NS, 2.193(5); Fe2N6, 2.221-
IIl) species, further model (peroxo)diiron(lll) complexes are (5); 01-02, 1.396(5); Fed-Fe2, 3.396(1); Fe103-Fe2, 118.6(2); Fel
(1) species, nodel (peroxo)diiron(lll) comp 01-02, 123.1(3); Fe202-01, 120.4(3); Fet01-02-Fe2,—14.5(4).
needed, which have a biologically relevant ligand environment such

as terminal cgrbq_xylate(s) and bridging hydroxide or_oxide COM- (3 377(2)-3.462(3) Afabwhereas longer than that 8f(3.171(1)

monly found in diiron(ll) forms! Here, we report the first struc- A). Méssbauer spectra @fB(3-CIPh), and3 at 80 K showed single

turally characterized ((-hydroxo)-peroxo)diiron(lll) complex :

[Fez(gMeg-BPP}(OH)(é)]g( (2_))(?‘ px :) Cng(Os) (2_0%) quadrupole doublets with (AEg) = 0.50 (1.31) and 0.50 (1.46)
' ' mm/s, respectively. ThAEq values are comparable to thatfo

B(3-CIPh), (2-B(3-CIPh})) and (-oxo)(u-peroxo)diiron(lll) com- _
i ) i . (AEg) = 0.44 (1.56) mm/s) but larger than that of {f&Me,-BPP)-
plex [Fe(6Me;BPPLO)(O2)] (3) with a tripodal ligand (6Me a1 5" (AE) = 0.42 (1.16) mms), suggesting that the

BPPY having a terminal carboxylate and the relationship among ide al d q | lectri
ligand environmental effects, spectroscopic properties, and reactiv-perOXI € "_’ISO acts as a strongedonor and causes a arger electric
; field gradient around the Fe(lll) centers as the oxo bridge.

ity. . o . o
Reaction of [Fe(6Me,-BPPY(O)(OH)](OTf)-3.5H,0 (1)8 with It is noted that the bridging hydroxide and oxide significantly
~100 equiv of HO, in methanol at-80 °C gave a blue complex influence the spectroscopic properties. The electronic spectrum of

2, which can be further converted to a purple com@éy addition 2-OTf showed an intense peroxider{ orbital)-to-Fe(lll) (d.

of Et;N. Crystal structure o2-B(3-CIPh), showed that the complex ~ Orbital) LMCT band at 644 nm ¢ = 3000 M~* cm™), whereas
has an F&u-OH)(u-1,2-0) core and each iron has a six-coordinate that of3 showed a CT band at 577 nm# 1500 M™* cm™?) (Figure
structure with NO;3 donors (Figure 1A). Two iron centers are 2). Such a significant blue shift and low intensity of the CT band
inequivalent; the peroxo oxygen in the Fel site is trans to a tertiary of 3 can be partly ascribed to a strongedonation of the bridging
amine nitrogen, while that in the Fe2 site is trans to a carboxylate oxide, which increases the, drbital energy of Fe(lll) centers
oxygen. The structure @ is similar to2-B(3-CIPh),, but unfor- (diminishing the Lewis acidity of Fe(lll) centers), increases the
tunately,u-oxo andu-1,2-peroxo groups are disordered over two energy gap between,drbitals andz,* orbital of the peroxide,
positions with 0.5 occupancy (Figure 1B). Detailed discussion about and decreases an overlap between them, leading to a blue shift and
metric parameters & may not be warranted, but comparison of low intensity of the CT bané.The terminal carboxylate also
the structural features withis useful. The O+ 02 bond length of influences the CT energy and reactivity. A closely relatedxo)-
2-B(3-CIPh) is 1.396(5) A (cf. 1.41(1) A foB), which is slightly (u-peroxo)diiron(lll) complex [Fg6Mes-tpak(0)(0,)]2 (5) having
shorter than those of the (peroxo)diiron(lll) complexes (1.406(8) N, donors exhibits a CT band at 648 ne= 1200 M~ cm1),6.9
1.426(6) A)? The Fe--Fe distance (3.396(1) A) &is comparable  hich is red-shifted relative to that 6f indicating that the terminal
to those of the complexes with a bridging phenolate or alkoxide carboxylate also functions as a stronger donor. In addifaran

 Kanazawa University. be converted into a bigfoxo)diiron(lll,1V) species by G-O bond

; Okazaki National Research Institutes. cleavage, which is accelerated by treatment of HCI®contrast,
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Figure 2. Electronic spectra a2-OTf (a) and3 (b) in CHsOH at—80°C
and resonance Raman spectrdprepared from K0, (c) and B8O,
(d)) and3 (prepared from K80, (e) and H0; (f)) in CH3OH at—80°C.

caused the conversion #'° suggesting an increase of basicity of
the bridging oxide by stronger donation of the carboxylaté.in
The resonance Raman spectr&a@id3 (Figure 2¢-f) showed
several features which shifted downward $@-substitution. For
complex2, we assigned two bands at 919 and 896 ko the
v(0O—0) as a Fermi doublet (the intrinsig-o° = 908 cnrl; 881
and 850 cm! for an'80, sample yo-o° = 861 cn11).1 The bands
at 548 {80, 536 cnTl) and 498 {80,: 493 cnrl) can be assigned
to thev,dFe—Oop) + vadFe—0o-o) andvyFe—Ooy), respectively,
based on normal coordinate analysis (NGAJhe analysis also
indicated that the bands at 473 and 456 ¢man be assigned to
vg(Fe—0o-0) as a Fermi doubletvfeo° = 460 cnr?l; 447 cnrt
for a 80, sample). For compleg, a band at 847 cni (80, 814
cm™1) can be assigned to th§O—0) and a band at 465 crh
(*80,: 446 cnTY) to thevy(Fe—0p-o). Thev(O—0) of 2 is similar
to those of (peroxo)diiron(lll) complexes (88900 cnr?)35
whereas it is significantly higher than that (847 cnt') and5
(848 cn11).8 It has been shown that th¢O—0) andv{(Fe—0o-0)
depend on the FeO—0 angle; as the FeO—0 angle becomes
larger, thev(O—0O) becomes higher and thrg(Fe—Oo-0) becomes
lower by mechanical couplingThis is also the case fd (Fe—
0—-0,, = 121.8) and3 (Fe—=O—-0 = ~115): thev(O—0) of 2
(908 cn1?) is higher than that oB (847 cnt?), and thevy(Fe—
Oo-0) of 2 (460 cnT?) is lower than that o8 (465 cnTY). However,
a large change in the(O—0) (A = 61 cnt) and a small change
in the v(Fe—0Oo_0) (A = 5 cnT1) between2 and 3 also suggest

of RNR-W48F/D84E {700 nm) compared to those of the model
complexes suggests the high Lewis acidity of Fe(lll) centers in
RNR-W48F/D84E relative to the model complexes except for
[Feo{ HB(3,597%pz)s} (O2)(PhCQ),). 2°

In summary, structures and spectroscopic properties of eth (
hydroxo){-peroxo) and g-oxo)(u-peroxo)diiron(lll) complexes
provide fundamental chemical insights into the naturewef @-
peroxo)diiron(lll) complexes, although further comprehensive
structural and spectroscopic data of model complexes and proteins
are needed.
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