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The terminal organoimido-metal unit, [MdNR]z, is a funda-
mental functional group in d- and f-element chemistry.1 Across
the transition series, well-characterized examples are numerous
but occur exclusively within a zone of stability bounded by the
group 4 elements and by the descending diagonal of manganese,
ruthenium, and iridium.1,2 Terminal imido-metal complexes at
the margins of this interval are the least stable and attract special
interest for their reactivity.3 On iron, terminal imido ligation has
never been directly observed,4 although its intermediacy has been
invoked in reaction mechanisms by analogy to isoelectronic oxo
chemistry.5 As noted in a comprehensive review by Wigley,1a

“...species thought to contain FedNR groups appear to be fleeting
transients that are inherently unstable and, in the absence of
organic substrate to accept the [NR] ligand, will quickly rearrange
or decompose.”6 We report here the first characterized, stable
terminal organoimide on iron.

The anaerobic reaction of FeCl3 with 2 equiv of LiNHtBu7 in
THF immediately gives a deep brown-black solution. Heating at
70 °C for 6 h, followed by solvent removal,n-pentane extraction,
and filtration affords a dark solution containing almost exclusively
[Fe4(µ3-NtBu)4Cl4] (1) and [Fe4(µ3-NtBu)4(NtBu)Cl3] (2). Clusters
1 and2 usually form in approximately equimolar ratios, with a
combined yield of∼15% based on iron. Separation of the two
products is problematic due to comparable solubilities and
instability toward standard chromatographic adsorbents; nonethe-
less, successive fractional crystallizations at-30 °C allow

isolation of pure1 (from benzene, as the solvate) or pure2 (from
toluene) as black crystals (∼1-2% yield for each).8a,b,9 The
majority of the solid reaction mass remains undissolved after both
n-pentane and benzene washes. The presence of LiCl has hindered
our efforts to fully define the composition of this fraction, but
dissolution of the material in DME, followed by cooling to
-30 °C, gives black crystals of [Li(DME)3][Fe4(µ3-NtBu)4Cl4]
([Li(DME) 3]+[1]-).8c The reaction stoichiometry appears optimum
for the formation of species1 and2; at higher (1:2.5) or lower
(1:1.5) iron/amide ratios, yields of clusters1 and2 diminish, while
other paramagnetic species, currently under investigation, become
prominent.

Compounds1, [Li(DME) 3]+[1]-, and 2 are close structural
relatives of our previously reported [Fe4(µ3-NPh)4(SR)4] imido-
cubanes (3).8,10,11Cluster1 crystallizes from benzene with imposed
D2d (4hm2) symmetry; the equivalent tetrahedral Fe(III) sites are
each ligated by a terminal chloride and three bridgingtert-
butylimides (Figure 1). The anion ([1]-) present in[Li(DME) 3]+[1]-

is related to1 by a one-electron reduction; the structural metrics
(see Figure 1 legend) of the 1Fe(II)/3Fe(III) cluster, however,
are virtually identical to those of the all-ferric species, with only
very minor increases in iron-ligand bond lengths for the reduced
cluster. Cluster2, which crystallizes from toluene with mirror
symmetry, is a site-differentiated derivative of cubane1, with
one terminal chloride ligand replaced by a terminaltert-butylimide
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Figure 1. Structure of [Fe4(µ3-NtBu)4Cl4] (benzene monosolvate,1‚C6D6)
with thermal ellipsoids (35% probability level) and selected atom labels;
hydrogens are omitted for clarity. Selected distance (Å) and angle (deg)
ranges [mean]: Fe-N, 1.932(3)-1.938(3) [1.934(3)]; Fe1-Cl1, 2.166(2);
Fe‚‚‚Fe, 2.592(1)-2.616(1) [2.60(1)]; N-Fe-N, 94.3(2)-95.8(1) [95.3(8)];
Fe-N-Fe, 84.1(1)-85.2(2) [84.5(6)]; Cl-Fe-N, 118.3(1)-122.99(8)
[121(3)]. The anionic reduced cubane in [Li(DME)3][Fe4(µ3-NtBu)4Cl4]
([Li(DME) 3]+[1]-, structure not shown) is nearly indistinguishable from
1, and has the following selected distance (Å) and angle (deg) ranges
[mean]: Fe-N, 1.936(5)-1.961(6) [1.952(8)]; Fe-Cl, 2.207(2)-2.215(2)
[2.211(3)]; Fe‚‚‚Fe, 2.593(1)-2.635(1) [2.61(2)]; N-Fe-N, 94.6(2)-
96.9(2) [95.7(7)]; Fe-N-Fe, 83.0(2)-84.7(2) [84.0(6)]; Cl-Fe-N,
118.5(2)-123.7(2) [121(2)].
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(Figure 2). The complex is charge neutral and, therefore, formally
possesses an oxidized 3Fe(III)/1Fe(IV) core. The near-linear
terminal imide moiety is firmly established by the short Fe-N
distance (1.64 Å), indicative of a metal-ligand multiple bond;
this distance is comparable to the shortest equivalent length found
in nitrido-bridged iron dimers (FedN-Fe, 1.62-1.74 Å, mean
1.68(4) Å)12 and is much shorter than that of terminal iron-amide
(Fe-NR2, 1.88-1.93 Å, mean 1.91(1) Å)13 or iron-alkoxide (Fe-
OR, 1.78-1.90 Å, mean 1.85(4) Å)13 bonds. Aside from the short
terminal FedNtBu bond length, the general molecular dimensions
of 2 differ little from those of1, [1]-, or 3. The self-assembly of
clusters1, [1]-, and 2 from FeCl3 represents a new synthetic
avenue10 to the chemistry of imidoiron cubanes that complements
the oxidative route developed for thiolatocubane3.11

Clusters1 and 2 are readily identified in solution by their
distinctive paramagnetically shifted1H NMR spectra.9 Molecular
composition and solution integrity are supported by the mass
spectrometric detection of prominent parent ion signals from
evaporated solutions of pure1 or pure2.14 The IR spectra of1
and 2 are almost identical and dominated by prominent bands
associated with the bridgingtert-butylimide ligands.15 Terminal
imide2 also shows two additional weak, but sharp bands at 1262
and 955 cm-1 that might be the coupledν(FedN) andν(N-C)
modes.16

The electronic properties of1 and2 were probed by EPR and
Mössbauer spectroscopies. The even-spin, all-ferric cubane1 is
EPR silent at 5 K in perpendicular and parallel modes. At the
same temperature, terminal imidocubane2 exhibits in perpen-
dicular mode an axial EPR signal.17 Pulsed EPR nutation
experiments assign this signal to an apparentS ) 1/2 state; the
temperature dependence of the signal indicates that this state is
either the ground spin state or a very low-lying excited state (<4
K). The zero-field Mössbauer spectrum of polycrystalline1 at
4.2 K displays a quadrupole doublet with an isomer shift and a
quadrupole splitting (δ ) 0.35(1) mm/s,|∆EQ| ) 0.55(1) mm/s)
characteristic of high-spin Fe(III).18,19 The zero-field 150 K
spectrum of a mixture of1 and2 (29(2) and 71(2)%, respectively,
as quantitated by1H NMR) shows two quadrupole doublets. The
predominant doublet represents 79(2)% of the iron in the sample
and has average Mo¨ssbauer parameters (δ ) 0.36 mm/s,|∆EQ|
) 0.43 mm/s) that again indicate high-spin Fe(III). The minority
doublet (δ ) -0.17(2) mm/s,|∆EQ| ) 0.38(3) mm/s) has an
isomer shift and quadrupole splitting that identifies the remaining
21(2)% of the iron in the sample as Fe(IV). If a valence-localized
3Fe(III)/1Fe(IV) formulation is assumed for cluster2, we would
expect an iron distribution of 82(2)% Fe(III) and 18(2)% Fe(IV)
in the 29:71 mixture of clusters. The Mo¨ssbauer data confirm
this calculated distribution and therefore the presence of valence
localization in the 3Fe(III)/1Fe(IV) core of2.20

Although the [FedNR]2+ functionality is expected to parallel
the well-studied [FedO]2+ moiety in aggressive reactivity,1a,5

terminal imidocubane2 is surprisingly inert. Preliminary reactivity
studies show that both chlorocubane1 and terminal imidocubane
2 are chemically robust and unreactive at room temperature toward
a number of reagents including aniline, styrene, and triph-
enylphosphine; in contrast, thiolatocubane3 rapidly exchanges
arylimido core ligands with free anilines under the same condi-
tions.11 We believe thetert-butyl substituents, as arrayed around
the cubane geometry, enforce steric barriers that hinder access to
both the cluster core and the terminal iron-ligand bonds, while
the N-anion donors establish an environment that supports high-
valent iron.12,21 These steric and electronic characteristics would
explain the stability of the unprecedented terminal imidoiron group
on 2, and furthermore suggest the [Fe4(µ3-NtBu)4]z cubane motif
as a platform to access other “reactive”iron-ligand multiple bonds
for close study.
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Figure 2. Structure of [Fe4(µ3-NtBu)4(NtBu)Cl3] (2) with thermal
ellipsoids (35% probability level) and selected atom labels; hydrogens
are omitted for clarity. The cluster is bisected by a crystallographic mirror
plane, generating two orientations for thetert-butyl substituent of the
terminal imido ligand; only one orientation is shown. Selected distance
(Å) and angle (deg) ranges [mean]: Fe1-N1, 1.635(4); Fe1-N(2,4),
1.913(2)-1.917(3) [1.914(2)]; Fe(2,3)-N(2-4), 1.938(3)-1.953(3)
[1.945(5)]; Fe-Cl, 2.1794(9)-2.194(1) [2.184(9)]; Fe‚‚‚Fe, 2.5774(9)-
2.6157(7) [2.60(1)]; C1-N1-Fe1, 178.6(3); N-Fe-N, 93.7(1)-96.7(1)
[95(1)]; Fe-N-Fe, 83.1(1)-85.1(1) [84.5(7)]; N1-Fe-N(2,4) 120.6(1)-
122.1(2) [121.1(9)]; Cl-Fe-N, 119.47(9)-125.02(8) [121(2)].
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