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Precursor to an Fé' FeV Species via a Peroxo Intermediate
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The formation of the diiron(lll) clustertyrosyl radical cofactor
of the R2 protein of ribonucleotide reductase®f coli (RNR
R2,,)* from its diiron(Il) precursor and ©has been the subject
of intense recent investigatidnthe reduced diiron center (Rg

appears likely to traverse through peroxo (R2-P) and high-valent

(R2-X) intermediates en route to R2with oxidation states

designated in Scheme 1. To date, this redox process has not been

modeled in its entirety by one biomimetic system, although
synthetic precedents for the individual steps of the cluster
assembly reaction have been repofedBuilding on our earlier
success in generating Fe(lll)Fe(IV) species from the reaction of
diiron(lll) precursors with HO,* we report herein the first
example of a synthetic diiron(ll) complex that reacts with
dioxygen to generate in sequence an Fe(lll)Fe(ib@roxo species
and an Fe(lll)Fe(IV) compleX.

The anaerobic reaction of equimolar amounts of Fe(;]O
6-Mes-TPA,” and NaOH in methanol yields an orange powtier
which can be recrystallized from MeCNAEXE X-ray crystal-
lography shows thét corresponds to [R€:-OH),(6-Mes-TPA),]-
(ClOq), (Figure 1) with a centrosymmetric K©H), core. The
four nitrogen atoms of the tetradentate ligand complete the iron

coordination sphere to form a distorted octahedral environment.

The Fe(u-OH), diamond core ha€,, symmetry, with Fe-OH
bond lengths of 1.973(2) and 2.168(2) A. The 1.973(2) A distance
associated with Fe1O1 is trans to the tertiary amine N and is
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Figure 1. Representation of the crystal structure of'ffe-OH)x(6-Mes—
TPA);]?*. Ellipsoids are drawn at the 50% probability level, and the ligand
hydrogen atoms are omitted for clarity. Selected interatomic distances
(A) and angles (deg): FedO1, 1.973(2); FetO1*, 2.168(2); Fet

N1, 2.222(2); FetN3, 2.285(2); FexN2, 2.326(3); Fet N4, 2.290(3);
Fel-Fel* 3.187(1); FetO1—-Fel*, 100.55(9).

one of the shortest Fe-OH bonds thus far observéd¢omparable
in length to the Fé—4-OH bonds in diiron(lll) complexes that
range from 1.937 to 2.055 &:1°0On the other hand, the Fel
O1* bond length of 2.168(2) A associated with the—zeOH
trans to a pyridine is one of the longest'FeH bonds observed
to date'! The two F&—OH bonds average 2.07 A, which is
comparable to that found for [F@-OH)x(Tp35P9),] (2.03 A)
The diiron center ofl thus appears to result from the weak
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association of two Fe(OH)(6-Me TPA) units. This core, how-

ever, remains intact in solution, as evidenced by the presence of

an X-band EPR feature gt= 16 in parallel modet2 K that is
characteristic of weakly coupled diiron(ll) centéfs.
Bubbling dioxygen into a CkCl, solution of 1 at —40 °C

generates within 5 min an EPR-silent, metastable green species,

2 (Amax = 490 and 640 nmg = 1100 Mt cm™? for both bands),
which is very similar to that derived from the reaction of
[FE"5(u-O)o(6-Mes—TPA),)2" (3) with H,O,.4¢ A comparison of
absorption features indicates tHais quantitatively converted to
2. Electrospray mass spectral date?okveal a positive ion with
m/z 923 with a mass and isotope pattern corresponding to the
peroxo specie§[Fex(u-0)(0,)(6-Me;—TPA),](ClO,)} +. The reso-
nance Raman spectrum ®thows features at 848 and 462 ¢m
both of which downshift with*®O, (Figure 2)'3 The 848 cm?
peak A0 = 46 cnTl) and the Fermi doublet centered at 462
cm ! (A0 = 21 cn?) are respectively assigned tgO—O0)
and v(Fe—0), by analogy to features found for other-1,2-
peroxo)diiron complexe® ¢ Unlike the latter compoundg,also
shows an intense feature at 531 @nwith an %0 shift of 21
cm1, which is consistent with anothe(Fe—0) mode. We assign
this feature to the,d Fe—O) mode, recently found for the peroxo
intermediates of W48F/D84E RNR R2, stearoyl-AGPdesatu-
rase, and ferritit? Thus,2 serves as the first model diiron(I1H)

peroxo species to contain the three prominent oxygen-sensitive

vibrations seen for these enzyme peroxo intermediates.
Intermediate2 decays slowly at-30 °C in the presence of 1
equiv of HCIQ, to a brown species, following first-order kinetics
over at least seven half-lives (Figure B= 1.2 x 1073 s™).
When this decay is monitored by EPR, a species with an isotropic
signal atg = 1.999,4, is observed to grow with a time course
commensurate with the decay @f(Figure 3). This signal is
identical to that seen for an Fe(lll)Fe(lV) species in the reaction
of 3 with H,O,.4¢ At 20 K, this signal exhibits a peak-to-peak
width of 2.9 mT that broadens by 0.3 mT wheg is added
to the solution ofl prior to the addition of @ (Figure 3, inset),
a broadening comparable to that seen for'[FeY(O),(6-Me-
TPA);]3" and R2-X4416 These observations support the notion
that the isotropic signal arises from a high-valent metal complex
that has solvent exchangeable oxygen atoms.
Double integration of the isotropic signal arising from the decay
of 2in the presence of 1 equiv of HCj@eveals that is generated
in 30% yield from1. Addition of 2,4,6-tritert-butylphenol to this
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Figure 2. Resonance Raman spectra of frozen solutiord génerated
in CH,Cl, at —40 °C with (A) 180, and (B)180,; excitation wavelength
632.8 nm.
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Figure 3. Comparison of decay of the peroxo spedesd the formation

of 4. The solid line follows the UV-vis decay o2 at 640 nm. The dotted
line represents the predicted amountdoformed from the decay a2,
assuming a 30% conversion dfto 4. The solid circles are the actual
amounts of4 generated as determined by EPR. The inset is of the EPR
spectra of4 with (dotted) and without (solid) enrichment #O from
H,170. Conditions: T = 20 K, 0.1008 mW.

solution results in the formation of the phenoxy radical in 34%
yield from 1, showing tha# is capable of oxidizing phenols in

a manner similar to that seen for R2-X. At present, the source of
the electron needed for the conversior2ad 4 is not established.
One possible candidate is,®, which could dissociate frorg,

but more work is needed to confirm this hypothesis. In summary
1 represents the first synthetic diiron(ll) complex that can access
each step of the cluster assembly process proposed for RNR R2.
Because all of these species can be identified spectroscopically,
this system can provide valuable insight into the oxygen activation
mechanisms of RNR R2 and other nonheme diiron enzymes.

Acknowledgment. This work was supported by the National
Institutes of Health (GM-38767). We are grateful to Victor G.
Young, Jr. and the X-ray Crystallographic Laboratory at the
University of Minnesota for assistance and expertise in the X-ray
diffraction experiments. We also thank Dr. Raymond Y. N. Ho
for assistance with the resonance Raman studies.

Supporting Information Available: X-ray crystallographic file, in

shifts observed suggest that other assignments should be considered (re€IF format, for complext. This material is available free of charge via

3c).
(16) Ravi, N.; Bollinger, J. M., Jr.; Huynh, B. H.; Edmondson, D. E.; Stubbe,
J.J. Am. Chem. S0d 994 116, 8007-8014.

the Internet at http:/pubs.acs.org.
1C991482M





