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The chemistry of diiror-dioxygen complexéds of particular

importance to gain insight into the structure and functions of

hemerythrin (Hr) the R2 protein of ribonucleotide reductase
(RNR)/ and methane monooxygenase (MMOMHTr plays the
role of a dioxygen transport, and it binds, @versibly in a

hydroperoxo fashion. The reduced forms of RNR R2 and MMO

activate Q to oxidize tyrosine to tyrosine radical and to

hydroxylate methane to methanol, respectively. Recently, a

“peroxo intermediate” (compounkd) has been detected as an
intermediate of dioxygen activation by the diiron center in
MMO.6

Only a few iron(ll) complexes that bind On a u-peroxo
fashion have been known? We have demonstrated that
dinuclear cobalt(ll) and iron(ll) complexes [€@r Fe(L)-
(RCOO)F*+ form u-peroxo species, and that the dioxygen
affinity and thermal stability of the:-peroxo species toward

irreversible oxidation are highly dependent on the stereochem-
istry of the bridging skeleton, electron donor ability, and steric

bulkiness of the dinucleating ligands €& an NsO donor ligand
with a phenolate or alkoxide bridging group)}! Que et al.

pointed out that polar solvents such as DMSO greatly stabilize

u-peroxo specied. In this communication, we describe the
preparation and crystal structure of a noweperoxo diiron
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Figure 1. Absorption spectral changes for geh-bimp)(GHsCOO)-
(02)]%" (1) in acetonitrile at 20°C demonstrating the reversible
oxygenation-deoxygenation cycles. Spectrum (a) under @) after
deoxygenation by boiling the solution undey; Kt) after reoxygenation
under Q; (d) after redeoxygenation by boiling the acetonitrile solution
under N.
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complex, [Fe(Ph-bimp)(GHsCOO)(Q)](BF 4)2*2CH;CN-C,Hs-
OGHs-H,0 (1). The complex shows a higher thermal stability
toward irreversible oxidation than the previously reported

u-peroxo diiron complexes and has a very high dioxygen

affinity. This is the first example of a crystallographically
characterizectis-u-1,2-peroxo diiron complex that binds,O
reversibly at ambient temperature.

The reaction of 2 equiv of Fe(BJ»*6H,0 with 1 equiv of
HPh-bimpg2 and GHsCOONa in EtOH under hNgave [Fe(Ph-
bimp)(GHsCOO)](BF)2:3H,0 (2). Two iron centers ir2 are
coordinatively unsaturated and readily react withi®@aceto-
nitrile to generate an oxygenated complex The electronic
spectrum of2 in acetonitrile displays two €dd bands at 853
nm (€ = 12 dn? mol~ cm™1) and 1900 nmd = 22 dn?® mol~*
cm™1), typical of high-spin five-coordinate iron(ll) centet33

The complexl has an intense dark green color, its electronic
spectrum in CHCN at 20°C showing a broad absorption band
at 800-500 nm ¢ = ca. 1700 driimol~! cm™1), as seen in
Figure 1 (spectrum A). Boiling the G&N solution ofl under
N resulted in decolorization of the solution (spectrum B).
Bubbling of G, through the solution restored the original dark
green color (spectrum C). Thus, compléxs substantially
thermally stable toward irreversible oxidation compared to the

u-peroxo complexes reported so far.

A single crystal suitable for X-ray crystallography was
obtained by a diffusion of diethyl ether into an acetonitrile
solution of2 under Q at —20 °C. The molecular structure of
the dinuclear cation ot is shown in Figure 2. The complex
has a triply bridged structure witbis-1,2-peroxide,u-phe-
nolate of Ph-bimp, ang-benzoate, which is quite similar to
that of au-peroxo dicobalt complex, [G(opmp)(GHsCOO)-
(O2)](BF4)2°H20 (3).102 Such acis-u-1,2-peroxo coordination
mode has been suggested for JAeEt-HPTB)(GHsCOO)-
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Figure 2. ORTEP view of [Fe(Ph-bimp)(GHsCOO)(Q)]?" (1).
Hydrogen atoms are omitted for clarity. Selected bond distances (A)
and angles (deg): FelD1, 1.944(4); Fe1 O3, 2.018(5); FetO4,
1.998(5); Fe+N1, 2.252(4); FexN2, 2.110(5); FetN3, 2.237(5);
Fe2-02, 1.864(4); Fe203, 2.001(4); Fe205, 2.102(5); Fe2N4,
2.325(4); Fe2N5, 2.097(5); Fe2N6, 2.178(6); 0+02, 1.426(6);
Fel-Fe2, 3.327(2); Fe1t03—Fe2, 111.7(2); Fet01-02, 118.1(3);
Fe2-02-01, 121.4(3); Fet01-02—-Fe2, 9.89.

(02)]?" and its analogs on the basis of spectroscopic stddigs.

Each iron center has a distorted octahedral geometry with a

facial-NsOz donor set, but the two iron centers are not equivalent
(vide infra). The O+02 bond length is 1.426(6) A, which is
comparable to those & [1.43(3) A] and shorter than that in
[Fes(02)(0)2(CsHsCOO) o(H20),] [1.480(12) ARS and in the
range observed for the-peroxo transition metal complexé&s.
The Fe-O(peroxide) bonds are asymmetric [FeQ1 = 1.944-
(4) and Fe2-02 = 1.864(4) A] and significantly shorter than
the average FeO(phenolate and benzoate) lengths [2.030(5)
A]. The Méssbauer spectrum of a powdered samplé af 77

K exhibited two sets of quadrupole doublety & 0.58 mm
s tandAEg; = 0.74 mm s?, andd, = 0.65 mm st andAEq;

= 1.70 mm s?, ratio of areas= 1.1:1), which can be assigned
to two distinct high-spin iron(lll) centers. Thus the-@ bond
length and Masbauer data suggest the3FeO2 —Fe**
formulation” The average FeO(peroxide, phenolate, and
benzoate) bond length [1.988(5) A] ih is slightly longer
than that of the iron(lll) site of a mixed-valence complex
[Fex(bimp)(GHsCOOY]?+ (4) [Fe—O(phenolate and benzoate)
= 1.973(2) A]!8 The average FeN(imidazole) bond length
of 1[2.156(5) A] is substantially longer than that of either iron-
(1) site [2.097(2) A] or iron(ll) site [2.124(3) A] iid4. Such

a significant elongation of the FeN(imidazole) bonds seems
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benzoate (O4). A similar elongation of the-Rd bonds due

to 6-methyl groups of pyridyl groups was previously observed
for [Fex(Mes-tpdp)(GHsCOO)(HO)1(BF4)..° Phenyl groups at
the fourth position of the imidazole groups coordinated to Fe2
form a hydrophobic pocket in which the peroxide resides (Figure
S1, supporting information).

Previously, we found that a dinucleating ligand which has
weaker electron donor atoms and sterically bulkier substituents
providing a hydrophobic environment around the énding
site suppresses the irreversible oxidafloithe phenyl groups
in Ph-bimp appear to have both effects: 4-phenyl groups of
imidazole groups cause an elongation of the-Néimidazole)
bonds that weakens the electron donor ability of the imidazole
groupd® and form a hydrophobic pocket surrounding the
coordinated peroxide. These two effects are expected to
suppress the irreversible oxidation and facilitate the reversible
oxygenation.

The equilibrium constant) of eq 1 for the oxygenation of
2 was measured by spectrophotometric titration in;CN at
20°C under various partial £pressures (Figure S2, supporting
information). K[P(O2)12 = 1/K] of 2 was estimated to be ca.

K
[Fe,] + O, = [Fe,(O,)] 1)
0.5 Torr! (ca. 2 Torr). The dioxygen affinity of2 is
significantly higher than that of [RéMe4-tpdp)(GHsCOO)E"
(5) and [Fe(Ph-tidp)(GHsCOO)F" (6), which have 1,3-
diamino-2-propanolate bridging skeleto®Q.).» = ca. 6 Torr
at —41 °C in CHyCI; for 5 andP(0Oy)1» = ca. 17 Torr at—40
°C in CHyCI, for 6].92° Such an increased dioxygen affinity
was also observed for the corresponding cobalt complex
compared to [Cg(tpdp)(CHCOO)E+.10b.¢ Thus the dioxygen
affinity of the present type of complex is highly dependent on
the stereochemistry of the bridging skeleton; a 2,6-bis(aminom-
ethyl)phenolate bridging skeleton appears to be suitable for the
formation of an additionak-peroxo bridge compared to a 1,3-
diamino-2-propanolate bridging skeleton.

In summary, sterically bulky substitutents of the present type
of dinucleating ligands which weaken the electron donor ability
and form a hydrophobic pocket for an, ®inding site would
suppress irreversible oxidation and facilitate reversible oxygen-
ation. In addition, the dioxygen affinity seems to be highly
dependent on the stereochemistry of the bridging skeleton of
the dinucleating ligands. Further studies are needed in order
to fully understand the basis of the observed high thermal
stability toward irreversible oxidation and high dioxygen affinity
in this system.

Acknowledgment. We thank Professor T. Kitagawa and Dr. Y.
Mizutani of the Institute for Molecular Science for Raman spectral

to be due to unfavorable steric interaction between the hydrogenmeasurement. This work was partly supported by the Ministry of
atoms of the 4-phenyl group of the coordinated imidazole groups Education, Science, and Culture Grant-in-Aid for Scientific Research.

and the oxygen atoms of the bridging peroxide (02) and

(14) (a) Nishida, Y.; Takeuchi, M.; Shimo, H.; Kida, $iorg. Chim
Acta1984 96, 115-119. (b) Murch, B. P.; Bradley, F. C.; J.; Que, L., Jr.
J. Am Chem Soc 1986 108 5027-5028. (c) Brennan, B. A.; Chen, Q.;
Juarez-Garcai, C.; True, A. E.; O’'Connor, C. J.; Que, L.Jilirg. Chem
1997, 30, 19371943.

(15) Micklitz, W.; Bott, S. G.; Bentsen, J. G.; Lippard, SJJAm Chem
Soc 1989 111, 372-374.

(16) (a) Kitajima, N.; Moro-oka, YChem Rev. 1994 94, 737-757 and
references therein. (b) Pecoraro, V. L.; Baldwin, M. J.; Gelasc&hem
Rev. 1994 94, 807-826 and references therein. (c) Jones, R. D.;
Summerville, D. A.; Basolo, FChem Rey. 1979 79, 139-179 and
references therein. (d) Niederhoffer, E. C.; Timmons, J. H.; Martell, A. E.
Chem Rev. 1984 84, 137-203 and references therein.

(17) In order to confirm the peroxide oxidation state, we attempted to
detect the G-O stretching mode in the resonance Raman spectrum.
Attempts so far were unsuccessful.

(18) Mashuta, M. S.; Webb, R. J.; McCusker, J. K.; Schmitt, E. A;;
Oberhausen, K. J.; Richardson, J. F.; Buchanan, R. M.; Hendrickson, D.
N. J. Am Chem Soc 1992 114, 3815-3827.

Supporting Information Available: Analytical data ofl and 2,
experimental data for structural determination, tables of fractional
atomic coordinates, thermal parameters, and bond lengths and angles
for 1, a space-filing view ofl showing a hydrophobic cavity
surrounding the @binding site (Figure S1), and plot 8{O;) vs P(02)/

(A — Ag) for 1 (Figure S2) (21 pages). This material is contained in
many libraries on microfiche, immediately follows this article in the
microfilm version of the journal, can be ordered from the ACS, and
can be downloaded from the Internet; see any current masthead page
for ordering information and Internet access instructions.

JA953705N

(29) Exo(I,1NI/1L11 and LI/ values of [Fe z(Ph-bimp)(GHs-
COO)] " are 156-160 mV higher than those of [Eimp)(GHsCOOY] *.
Suzuki, M., et al., unpublished result.

(20) Sugimoto, H.; Nagayama, T.; Hayashi, Y.; Suzuki, M.; Uehara, A.
Details of thermodynamic study of the M&dp and Ph-tidp complexes
will be published elsewhere.



