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The bis(«-oxo)dimetal core is a common structural motif for 
higher valent dinuclear manganese complexes1,2 and is believed 
to be present in the active sites of Mn catalase3 and the oxygen-
evolving complex of photosynthesis.4 Crystallographically 
characterized examples of such cores for iron are thus far 
unknown; however, bis(M-oxo)diiron species have recently been 
suggested as possible intermediates in the oxygen activation 
mechanism of methane monooxygenase.5,6 Our interest in this 
subject has led to the isolation of a high-valent intermediate 
formulated as a bis(M-oxo)diiron(III,IV) complex on the basis 
of a number of spectroscopic measurements.6 We have also 
characterized the complex [Fe2(0)(OH)(6TLA)2](C104)3 (I),7 

the only diiron complex with a («-oxo)(a-hydroxo)diiron(III) 
core.8 Treatment of 1 with 1 equiv of Et3N affords [Fe2(O)2-
(6TLA)2](C104)2 (2),9 die first complex with a bis(M-oxo)diiron-
(III) core. We describe its structural and magnetic properties 
here. 

The crystal structure of 2,10 shown in Figure 1, consists of a 
centrosymmetric Fe2(M-O)2 rhomb with the 6TLA nitrogens 
completing the coordination sphere of each metal center. 
Compared to diiron(III) complexes with a single oxo bridge,11 

2 exhibits some unique structural features. Firstly, the Fe -
fi-0 bonds of 2, namely 1.841(4) A for the Fe-fi-0 bond trans 
to the amine nitrogen and 1.917(4) A for the Fe-fi-0 bond 
trans to one of the pyridines, are significantly longer than those 
of any (M-oxo)diiron(HI) complex (range 1.73—1.83 A).11 We 
attribute the lengthening of the Fe-fi-O bonds to the presence 
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Figure 1. ORTEP drawing of the cation of 2 with atom labeling scheme. 
Selected bond lengths (A) and bond angles (deg) are as follows: Fel—Ol, 
1.841(4); FeI-Ol ' , 1.917(4); FeI -Nl , 2.192(5); Fe I -N i l , 2.272(5); F e I -
N21, 2.249(4); Fel-N31, 2.252(5); Fe l -Fel ' , 2.714(2); F e I - O l - F e I ' , 
92.5(2); N 2 1 - F e l - 0 1 , 166.8(2); N21A-FelA-01A', 105.7(2). 

of a second oxo bridge that mitigates the Lewis acidity of the 
iron center. In agreement with this notion, the Fe-fi-O and 
average Fe-N bonds of its conjugate acid 1 are shorter than 
those of 2 (Table I).8 Similarly, the average Mn-fi-0 bond 
found for [Mnm

2(«-0)2] complexes (1.84 A)2 is noticeably 
longer than that found for [Mnm

2(M-0)] complexes (av 1.79 A).1 

Secondly, the Fe-O-Fe angle of 92.5(2)° is the smallest for 
(M-oxo)diiron(in) complexes and may reflect increased repulsion 
between the two oxo bridges. Thirdly, the oxo bridges of 2 
have a significant asymmetry (Ar = 0.076 A); this asymmetry 
may be an intrinsic feature of the Fe2O2 rhomb, as suggested 
from a comparison with Fe2(M-OH)2 and Fe2(M-OR)2 complexes, 
which have comparable Ar values.12 In contrast, the [Mnra

2-
(M-O)2] complexes do not exhibit such pronounced asymmetry.2 

Lastly, the Fe-Fe separation decreases from 2.95(1) A in 1 to 
2.714(2) A in 2, making the latter the smallest separation 
observed for a (w-oxo)diiron(UI) unit11 but comparable to those 
observed for [Mn2(M-O)2]"

4" (n = 2, 3, 4) complexes.1,2 This 
shortening of the metal—metal distance upon deprotonation has 
also been observed for the series [Mn2(a-OH)2(salpn)2]

2+, [Mn2-
(a-O)0<-OH)(salpn)2]

+, and [Mn2(«-0)2(salpn)2].
13 

Polycrystalline 2 exhibits a 4.2 K zero field Mossbauer 
spectrum (Figure 2A) consisting of one sharp doublet with AEQ 
= 1.93 mm/s and d = 0.50 mm/s (relative to Fe metal at 298 
K). Its 8.0 T spectrum (Figure 2B) exhibits a pattern typical 
of a diamagnetic complex. These properties (AEQ, d, S = 0 at 
4.2 K) are very similar to those observed for the antiferromag-
netically coupled diiron(III) sites of iron—oxo proteins and 
relevant model compounds including I.5814 However, 1 and 2 
differ from other (u-oxo)diiron complexes in their magnetic 
properties. The temperature dependence of the magnetic 
susceptibility of 2, shown in Figure 3, is best fit with J = +54-
(8) cm-1 (H = TSi-S2). Independently, we have determined J 
with Mossbauer spectroscopy,15 obtaining J = +68(10) cm-1. 
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Table 1. Comparison of the Properties of 1 and 2 

property 
KFe-^-O), A 
KFe-^-OH), A 
av r(Fe-N), A 
/•(Fe-Fe) 
ZFe-^-O-Fe (deg) 
6 (mm/s) 
A£Q (mm/s) 
7 (cm"1, H = ./Si-S2) 

[Fe2(0)(OH)(6TLA)2]-
(C104)3 (1) 

1.82° 
1.99° 
2.20* 
2.95(1)" 

106° 
0.51 
1.66 

112 

[Fe2(0)2(6TLA)2]-
(ClO4);. (2) 

1.841(4), 1.917(4) 

2.24 
2.714(2) 

92.5(2) 
0.50 
1.93 

61c 

° Derived from EXAFS data from ref 8. * Derived from crystal-
lographic data from ref 8 . c Average of values from susceptibility and 
Mossbauer studies. 
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Figure 2. 4.2 K Mossbauer spectra of polycrystalline 1 recorded in 
zero field (A) and in a parallel applied field of 8.0 T (B). The solid 
line in (A) is a least-squares fit to one quadrupole doublet. The solid 
line in (B) is a spectral simulation for AEQ = +1.93 mm/s and r\ = 
0.8, assuming an isolated ground state with S = O. 
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Figure 3. Magnetic susceptibility data for 1 and 2. The dots represent 
experimental data. Solid lines were calculated with the expressions of 
ref 21 for 1 using g = 2.0, J= +113 cm - 1 , a monomeric high-spin 
Fem impurity Q = 0.002, and diamagnetic correction for sample holder 
and sample, 0 cm2/mol. Solid lines were calculated with the expressions 
of ref 21 for 2 using g = 2.0, J = +54 cm"1, Q = 0.014, and 
diamagnetic correction for sample holder and sample, —0.0015 cm2/ 
mol. 

For comparison, the susceptibility data for 1 are also shown in 
Figure 3; they are best fit with J = +113(10) cm-1. The J 
values of 1 and 2 are significantly smaller than those of all other 
(a-oxo)diiron(III) complexes.11 Indeed, the J value of the bis-
(M-OXO) complex 2 approaches values observed for (a-alkoxo)-
diiron(in) (52 cm"1 for [Fe2HPTB(02CC6H4-4-F)2](C104)3, and 

49 cm"1 for [Fe2(5,6-Me2HPTB)(OH)(N03)2](N03)2) and (/*-
hydroxo)diiron(m) (34 cm"1 for [Fe2(OH)(02CCH3)2(HBpz3)2]-
ClCu) complexes.17'18 

(M-Oxo)diiron(m) complexes have / values ranging from 180 
to 250 cm"1.11 The J value is thought to reflect essentially the 
exchange pathway through the oxo bridge and should depend 
on the Fe-O bond lengths and the Fe-O—Fe angle. It has 
been noted that J is not very sensitive to the Fe-O—Fe angle. 
This insensitivity has been rationalized by Girerd et al., who 
considered the angular dependence of the z2—z2, xz—xz, and 
z2— xz interactions for angles from 120° to 180°.19 Since 2 has 
two /1-0x0 exchange pathways, one might have expected a 
substantially larger / man observed for complexes with only 
one oxo bridge. However, it has been noted by Goran and 
Lippard that J decreases sharply (roughly exponentially) with 
the length of the shortest Fe-O-Fe pathway.20 Thus the longer 
Fe-O—Fe bonds found for 1 and 2 would be expected to give 
rise to smaller J values. Interestingly, the J values of 1 and 2 
are even smaller than predicted by the correlation of Goran and 
Lippard (170 and 80 cm-1 based on average Fe-O distances 
of 1.82 and 1.88 A, respectively). Since 1 and 2 represent the 
first (a-oxo)diiron(III) complexes with such acute Fe-O—Fe 
angles, it is likely that these smaller angles play a role in the 
weakening of the antiferromagnetic interaction. 

In conclusion, we have synthesized the first bis(«-oxo)diiron-
(DI) complex and found it to have novel structural and magnetic 
properties. These provide benchmarks with which to judge the 
proposition that such cores may participate in the oxygen 
activation mechanisms of methane monooxygenase and related 
enzymes. 
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(15) Determination of J by Mossbauer spectroscopy is possible because 
the 57Fe nucleus senses an internal magnetic field when paramagnetic excited 
states of the spin ladder become thermally populated. In the high-
temperature limit and for fast spin relaxation, the internal field, #int, for 
the present system is related to the molar susceptibility x by HtM = xHappAl 
(INgijivB), where A is the magnetic hyperfine coupling constant of the high-
spin Fe™. Using A = —29 MHz, a value typical for octahedral N/O 
coordination,16 / was determined by fitting a series of Happi = 8.0 T spectra 
recorded between 4.2 and 150 K to H = TSrS2 + I{S,-D,-S,- + 2/SHap -̂S,}, 
with i = 1,2; for J = 68 cm - 1 and D\ = D2 = 0, this Hamiltonian gives a 
readily observable H1n, = -0.6 T at 100 K. For T > 50 K and |£>,| < 5 
cm"', the Mossbauer spectra are essentially independent of D1-. 
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