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The carboxylate-bridged non-heme diiron centers in the R2
protein of ribonucleotide reductase (RNR-R2) and the hydroxylase
component of soluble methane monooxygenase (MMOH) activate
dioxygen to produce a functional tyrosyl radical and to convert ) ) )
methane to methanol, respectivély. A structurally analogous ~ F€BR with 2 equiv of TIQCATr (2) in 45 mL of THF (Scheme
diiron unit has also been identified iA® stearoyl-acyl carrier ~ 1)- Compound3 served as a convenient starting material for
protein desaturasé\@D), an enzyme that introduces a cis double Subsequent ligand exchange reactions. When g0GHSolution
bond into a saturated fatty acid substfatd@o date no accurate ~ Of 3 was treated with 2.2 equiv of pyridine, [e-O,CAr)2(O,-
structural and functional model of these centers has beenCAN2(PY)z] (4) was obtained in 75% yield after recrystallization.
reportect” In the present paper we describe the use of a sterically AS illustrated in Figure 1, the diiron(Il) core is composed of
hindered carboxylate that has enabled us to access coordinativelyWo five-coordinate iron atoms related by a crystallographic
unsaturated carboxylate-bridged diiron(ll) complexes that are NVersion center. ‘These atoms are bridged by two carboxylates
geometrically analogous to those of the reduced RNR-R2, Which coordinate in an unsymmetricainsynbidentaté® mode.
MMOH,® and A9D° enzyme active sites. Moreover, reaction of The remaining coordination sites are f|I[ed by two terminal
these complexes with dioxygen in GEl, afforded metastable chelating car_box_ylates and b)_/ two pyndme_hgands. _The geometry
green species that convert nearly quantitatively into a compound of the res_ultlng iron centers is best described as highly distorted
having the unprecedentetdanstrans-bis(u-hydroxo)bis(-car- trigonal bipyramidal. The Fey(u-O.CAr)(O:CAr)z} core struc-
boxylato)diiron(lll) core. Addition of 2,4,6-trtert-butylphenol ~ ture of4is nearly congruent with that &, in which the Fe--Fe
to the colored intermediates generated the phenoxyl radical, distance is 4.2822(7) A. The zero-field Sbauer spectra
chemistry analogous to that observed in RNR-R2. _obtalned at 77 K for3 and 4 are also quite similar. Both the

In an effort to find carboxylate ligands capable of forming iSOmer shifts,0 = 1.24 mm/s for3 and 1.17 mm/s fod, and
kinetically stable dinuclear iron complexes, we investigated duadrupole splitting parametersEq = 2.85 mm/s for3 and 2.98

sterically hindered carboxylic acids derived framterphenyl. ~ MmVs for4, are characteristic of high-spin iron(ll) species. When
In particular, molecular modeling suggested that 2,@-thfyl)- 3 was allowed to react with 1-methylimidazole (1-Melm) instead
benzoate )1°12 might facilitate formation of the desired his( of pyridine, the structurally analogous diiron(Il) complex {ie

carboxylato)diiron(ll) core. The introduction @ktolyl groups O,CAI(O,CAn)2(1-Melm),] (5) was obtained. Recrystallization

at the 2- and 6-positions of the bridging benzoate not only from QHZCIg/pentane affordeq crystals for. an X-ray structure

provides a hydrophobic cavity in the vicinity of the dimetallic analy5|s which revealed two different coordination modes _for the

center but also serves effectively to shield against undesiredterminal carboxylate ligands. In one of two moleculessah

bimolecular decomposition pathways which typically occur in the asymmetric unit, these ligands have undergone carboxylate

reactions of dioxygen with diiron(ll) complexé! shifts from the chelating geometry observed in the analogous
A neutral bis(-carboxylato)diiron(Il) complex, [Fu-O,CAr),- complex4 to monodentate terminal coordination. The resulting

(O,CANA(THF),] (3), was prepared by reaction of 1.84 mmol of ~Structure contains two four-coordinate iron(ll) centers and nearly
reproduces the geometry of the reduced RNR-R2 and MMOH
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Figure 1. ORTEP diagram of [F£u-O-CAr)2(O2CAr)2(py)2] (4) (top)

and [Fe(u-OH)(u-O,CAr)(O2CAr(py)2] (6) (bottom, one of two
molecules in the asymmetric unit) showing 50% probability thermal
ellipsoids for non-hydrogen atoms. For clarity, all atoms of the 2,6-di-
(p-tolyl)benzoate ligands, except for the carboxylate groups and the
a-carbon atoms, were omitted. Selected interatomic distances (A) and
angles (deg): (top) FekFelA, 4.2189(13); Fe1O1, 2.006(3); Fet

02, 1.957(3); Fex03, 2,358(3); Fe104, 2.047(3); FexN1P, 2.132-

(4); FeI-O1-C14A, 135.6(3); Fe1AO2A—C14A, 152.8(3); O3 Fel-

04, 59.18(11); OtFel-02, 116.42(13); N1PFel-01, 98.65(13);
N1P-Fel-02, 96.26(13); N1PFel-04, 90.01(13); N1PFel-03,
148.25(13). (bottom) Fed:FelA, 2.8843(9); Fet010, 2.012(2); Fet
O10A, 1.986(2); FetO1B, 2.040(2); FetO2BA, 2.076(2); Fet 01,
1.969(2); FetN1, 2.149(3); O2-0O10A, 2.888(3); Fet010-FelA,
92.33(10); O16-Fel-0O10A, 87.66(10).

provides in a discrete dinuclear complex a carboxylate-bridged
bis(u-hydroxo)diiron(lll) fragment similar to that present in
oxidized MMOH (Figure 1). The Fe-Fe distances of 2.8472-
(8) and 2.8843(9) A for the two chemically equivalent molecules
of 6 in the crystallographic asymmetric unit are substantially
shorter than those in the precurgoowing to the presence of the
two bridging OH groups. These units were unambiguously
assigned as hydroxide ions by the-R@ bond distances ranging
from 1.969(3) to 2.012(2) A and by the location and refinement
of the hydrogen atoms in the X-ray crystal structure determination.
The two bridging carboxylate groups éare disposed trans to
one another across th&e,(OH),}** plane, and the two terminal
carboxylate ligands are hydrogen-bonded to the bridging hydroxo
ligands (O2---H-O10A, 2.888(3) A). In contrast to the
relatively small difference in intermetallic distance between
doubly bridged big(-hydroxo)diiron(lll) (3.078-3.155 Ay6-18

and triply bridged big{-hydroxo){-carboxylato)diiron(lll) (3.042
A)1°® cores, the Fe-Fe distance shortens significantly (see
above) upon addition of a fourth, carboxylate, bridge. The short
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Fe--Fe distance (2.46 A) derived from an EXAFS analysis of
intermediate G® and the recent discovery of tveynsynbridging
carboxylate residues in the X-ray structure of reduced form Il
crystals of MMOH from Methylococcus capsulatu@Bath)?
suggest that similar quadruply bridged species may occur in the
MMOH reaction cycle.

At present we do not know exactly hofvconverts to6 upon
addition of dioxygen. Formal reduction of,@ two OH™ ions
would be a four-electron process. If two electrons come from
iron, the other two might arise from hydrogen atoms. One source
of the latter could be the methyl groups on the carboxylate ligands,
but we can rule out that possibility from the high yield of the
reaction and our ability to extract the ligand from the thermolysis
reaction mixture and establish its integrity by NMR spectros-
copy and mass spectrometry. Oxidation4ofo the diiron(lll)
level followed by hydroxide addition from adventitious water
could also account for the formation @& This oxidation
chemistry inspired us to investigate the reaction of the deep green
metastable species formed by oxygenatiod att —78 °C with
2,4,6-tritert-butylphenol, an analogue of the tyrosine residue
present at the active site of the RNR-R2 enzyme. The result was
the formation of the corresponding phenoxyl radical, as demon-
strated both by UV/Vis Anax = 383, 401 nm) and EPRg(=
2.0045 at 77 K) spectroscopy. Although the details of the formal
O—H bond homolysis in this reaction have not yet been
elucidated, it provides the first example where the oxidation
chemistry of RNR-R2 has been successfully mimicked with a
synthetic structural analogdé.

In summary, novel big-carboxylato)diiron(ll) complexes have
been assembled which reproduce many features of the catalytic
centers in carboxylate-bridged non-heme diiron proteins. The
mechanism of formation of the quadruply bridged diiron(lll)
complex, as well as the structures of metastable species involved
in the pathway, are currently under investigation.
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