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A new pentadentate N-isobutyrylsalicylhydrazidate ligand (H3ibushz,
C11H14N2O3) and a self-assembly synthesis of the first 24-
azametallacrown-8, [Fe8(C11H11N2O3)8(CH3OH)8]‚0.5CH2Cl2‚7.5CH3-
OH‚3.5H2O, have been reported. Eight Fe(III) ions and eight
deprotonated ibushz3- ligands construct a planar 24-membered
ring based on the M−N−N−M linkage. The chiralities of the iron
atoms on the 24-azametallacrown-8 ring alternate between the Λ
and ∆ forms. The title octanuclear azametallacrown has no
crystallographic centrosymmetry, while all the known metallacrowns
and azametallacrowns with an even nuclear number have crystal-
lographic centrosymmetry. The study of 1H NMR spectra suggests
that the title compound retains its metallacrown structure in solution
at room temperature over a period of at least three months. There
exists a strong antiferromagnetic exchange interaction between
the iron paramagnetic centers.

Metallacrowns are a new class of metallamacrocycles,
which have gained increasing attention over the past decade
because of their potentially unique properties.1-7 These
metallacrowns exhibit selective recognition of cations and
anions,1-3 can display intramolecular magnetic exchange

interactions,1,5,6 and can be used as building blocks for two-
dimensional or three-dimensional network structures.8 The
ability to control the generation of metallacrowns with
different nuclear numbers, desired structures, and properties
is still a substantial challenge. Metallacrowns with higher
nuclear number are quite rare to date. Only two 30-
metallacrown-10 complexes with-[M-N-N]- linkages
have been observed.5

Metallacrowns are expected to show quite interesting
magnetic behavior owing to the incorporation of several
transition metal ions in close proximity.1 The structural
features of metallacrown can lead to high magnetic moments
per compound through ferromagnetic exchange or coupling
to low-spin paramagnetic states.9 However, only a few
examples of metallacrowns with more than six nuclei have
been studied magnetically5 because of the computational
difficulties in the calculation of the energy matrix (high
dimensions). We now report syntheses, structure, and
magnetism of a designed pentadentate ligandN-isobutyryl-
salicylhydrazidate,1, (H3ibushz, C11H14N2O3)10 and octa-
nuclear azametallacrown [Fe(C11H11N2O3)(CH3OH)]8‚0.5CH2-
Cl2‚7.5CH3OH‚3.5H2O, 2.10 The title ferric metallacrown2
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is the first example of 24-membered metallacrown [24-
MNMnIII N(shz)-8], which expands the ring size of known
metallacrown clusters from 9-metallacrown-3, 12-metalla-
crown-4, 15-metallacrown-5, and 18-metallacrown-6 to a 24-
membered ring system. This demonstrates that the formation
of cyclic metallacrown structure with higher nuclear number
is closely related to the number of the donor atoms of the
ligand, as well as the rigid nature of the group toward to the
center of the metallacrown cavity in the designed ligand.
Compared with 18-azametallacrown-6, 24-azametallacrown-8
may result from the steric factor of isobutyryl in the ligand.
The introduction of a bulkier group such as a phenyl group
at the alkyl site of the ligand resulted in the expansion of
the metallacrown ring from octanuclear to the decanuclear
metallacrown.5

The molecular structure11 of the title azametallacrown is
shown in Figure 1. Eight Fe(III) ions and eight deprotonated
N-isobutyrylsalicylhydrazidate (ibushz3-) ligands construct
a planar 24-membered ring based on Fe-N-N-Fe linkage
in the title azametallacrown.

All known metallacrowns and azametallacrowns with even
nuclear numbers have a crystallographic inversion center in
the center of the cavity at least. However, the title octanuclear
azametallacrown has no crystallographic centrosymmetry.
The neighboring Fe‚‚‚Fe interatomic distances are 4.872-
(2)-4.906(2) Å. The Fe‚‚‚Fe‚‚‚Fe interatomic angles in the
24-membered core ring are in the range 129.22(4)-132.59-
(4)°. These values are quite close to the value of the interior
angle in an n-octagon (135°).

The flexibility around the N-N single bond and the
conformational adaptability of the deprotonated pentadentate
ligand ibushz3- allow for the formation of the title octa-
nuclear complex and for the propeller configuration of the
iron(III) ions. The chiralities of the iron atoms alternate
between theΛ and ∆ forms.5,12-16 The four methanol
molecules coordinated at the Fe centers withΛ configuration
are on one face of the azametallacrown, and the remaining
four methanol molecules coordinated at the other Fe centers
with ∆ configuration are on the other face of the azametal-
lacrown. The two faces of each azametallacrown molecule
have opposite chiralities.

The peripheral diameter of the core ring in2, measured
between the opposite carbon atoms (C29-C77, plus 0.77 Å
for the van der Waals radii of carbon), is 20.44 Å. The
approximate dimensions of the oval-shaped cavity are about
4.25 Å in internal diameter at the entrance, measured between
the opposite carbon atoms in the butyryl groups of the
ibushz3- ligands (C34-C82, less 0.77 Å for the van der
Waals radii of carbon), about 11.31 Å in diameter, measured
between the opposite iron atoms (Fe1-Fe5, Fe2-Fe6, Fe3-
Fe7, and Fe4-Fe8, less 1.24 Å for the van der Waals radii
of iron) at its widest point.

All iron atoms in2 (Figure 1) are in a distorted octahedral
FeN2O4 environment. The equatorial coordination sites of
the octahedral iron(III) center are occupied by one phenolate
oxygen O(1), one diazine nitrogen N(1), and one carbonyl
oxygen O(3) of a trianionic pentadentate ligand ibushz3- and
one carbonyl oxygen O(30) of a neighboring ligand ibushz3-,
the axial positions occupied by the diazine nitrogen N(16)
of the neighboring ligand ibushz3- and oxygen atom O(4)
of a coordinated neutral methanol molecule. The bond
distances for Fe-N(diazine), Fe-O(phenolate), and Fe-
O(carbonyl) are in the ranges 2.045-2.11, 1.901-1.933, and
1.985-2.025 Å, respectively. The Fe(III)-O(CH3OH) bond
distances are from 2.11 to 2.154 Å.

The solution integrity of azametallacrown2 was investi-
gated in acetonitrile-d3, acetone-d6, and dimethyl sulfoxide-
d6 using paramagnetically shifted1H NMR spectroscopy. The
chemical structure of the ligand H3ibushz and the1H NMR
spectra of complex2 in different solvents are shown in
Figures 2 and 3, respectively. The chemical shifts and line
widths of complex2 in the three different solvents are quite
similar to each other. The assignment of the1H NMR spectra
was carried out on the basis of the relative intensities,
broadening, and substitution of appropriate ligands. Since
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Figure 1. The molecular structure of [Fe8(C11H11N2O3)8(CH3OH)8].

Figure 2. Chemical structure of ligand H3ibushz.

COMMUNICATION

Inorganic Chemistry, Vol. 43, No. 7, 2004 2223



the oxygen atom of the methanol coordinates with a
paramagnetic ferric ion directly, either the proton in the OH
group or protons in the methyl group of the methanol are
broadened beyond detection. Because the methyne proton
in the C9 position is close to the paramagnetic ferric ion, the
broad peak of 82.7 ppm at low field was readily assigned to
the methyne proton. Similarly, the peak at 7.0 ppm was
assigned to the peak arising from the methyl protons at the
C10 and C11 positions since the methyl protons are far from
the ferric ion. The remaining four peaks at 61.3, 31.4,-43.9,
and -48.7 ppm were tentatively assigned to the four
unequivalent phenyl protons of the bridging ligands. Similar
upfield peaks of the manganese metallacrown were observed
and assigned to the phenyl protons of the salicylhydroximate
(shi3-) ligand using deuterium exchange experiments.12 The
large movement of the1H NMR signals of phenyl protons
of the bridging ligand was considered to be the influence of
the paramagnetic ferric ions. These results are similar to those
reported by Lah.14 These NMR studies demonstrated that
the title metallacrown compound retained its structure in
solution at room temperature since its1H NMR spectra were
unchanged for three months. The stability in solution might
come from the formation of the three chelating rings around
the metal ions.

An isomer shift (IS) of 0.38 mm s-1 and quadrupole
splitting parameter (QS) of 1.23 mm s-1 shown in the solid-
state Mössbauer spectrum of title compound are characteristic
of high-spin Fe(III) ions.17,18

There are eight six-coordinate iron(III) ions that are
paramagnetic in title compound2. The paramagnetic centers
were likely to interact since there was a bond pathway to
facilitate superexchange between the ions. As shown in
Figure 4, with decreasing temperature, the molar effective
magnetic moment (µeff) values first decrease slightly till
reaching 10.27µB at 60 K, and then decrease rapidly after
60 K till reaching 2.44µB at 4.2 K. Theµeff value at 270 K

is 14.89µB, which is smaller than the sum value expected
for eight spin-only paramagnetic systems withS) 2.5 (µeff

) 16.73 µB). This behavior is characteristic of antiferro-
magnetic exchange coupling between the Fe(III) spin5/2
centers, a feature common to most polynuclear iron com-
plexes. Except for the very low temperature data, the
temperature dependence of the magnetic susceptibility is
typical of a Heisenberg chain of antiferromagnetically
coupledSi ) 5/2 ions.18 This is further suggested by a negative
Weiss constantθ ) -118.3 K, derived from the Curie-
Weiss law fit in the temperature ranging from 63 to 272 K.
The magnetic superexchange interaction would propagate
between the neighboring centers (J1) and between the near-
neighboring centers (J2). J3 is neglected because of the
distances between the opposite centers being beyond 11.633-
(2) Å. When the eight Fe(III) centers are simplified to be
arranged in the symmetry ofD8h, a least-squares fit for the
data withT > 63 K obtains the parametersJ1/k ) -5.65(4)
K and J2/k ) -3.11(6) K and the agreement factorF )
∑[(øobs - øcal)2/øobs] ) 3.33× 10-3. The negative values of
J demonstrate an antiferromagnetic coupling between the
paramagnetic centers.
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Figure 3. 1H NMR spectra of complex2 in different solvents: (a) CD3-
CN, (b) acetone-d6, and (c) DMSO-d6.

Figure 4. The effective magnetic moment (µeff) and the inverse suscep-
tibility ( øm

-1) data as a function of temperature (T) for complex2, where
open dots (O) depict observed results, and solid lines (s) attached toøm

-1

and µeff depict fitting curves based on the Curie-Weiss law and on a
simplified exchange fit, respectively.
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