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Six ferrocenedicarboxylate units were supported by a
supercubane framework to create a new nano-scale
ferrocene assembly with a spherical motif, whose structure
and redox properties were characterized.

The synthesis of nano-scale molecules with many ferrocene
moieties has received intense attention for the development
of nano-scale organometallics.1–3 For the assembly of the ferro-
cene units, much effort has been devoted to preparing core
frameworks that support the multi-ferrocene units. Aromatic,4

dendrimeric,3 and inorganic frameworks have been used as the
cores to date. Among these frameworks, inorganic ones 1,5–8

might be useful for the construction of crystalline nano-scale
organometallics that are suitable not only for preparation of
nano-scale organometallics with homogeneous molecular sizes,
but also for regular arrangement of the nano-scale molecules
in the solid state. In spite of this intense interest, the synthetic
examples are still limited to a few compounds.1,6,7

We have focussed on multi-nuclear manganese oxide as
a useful inorganic framework to support the ferrocene units.
We have succeeded in the synthesis and structural characteriz-
ation of a new nano-scale ferrocene assembled molecule,
[Mn13O8(OCH3)6(fcdc)6]�8H2O�2CH3OH�2(CH3)2CO (1) (fcdc
= 1,1�-ferrocenedicarboxylate).

Compound 1 was obtained as deep brown crystals by dif-
fusion of an acetone solution of H2fcdc into a methanol
solution of Mn(CH3CO2)2�4H2O under air. † The crystals are
slightly soluble in general organic solvents or water. The single
crystal X-ray analysis‡ clearly demonstrates that the com-
pound has six fcdc units supported by the large distorted
cationic cubane, [Mn13O8(OCH3)6]

12�, which is called a super-
cubane.9 Fig. 1 illustrates the overall structure and the
supercubane framework with numbering scheme. The super-
cubane is made up of thirteen manganese ions, six methoxide
groups, and eight oxide atoms. It has crystallographic inversion
symmetry, in which the Mn(7) atom is located at the inversion
centre. The eight vertices of the supercubane are occupied by
the six methoxide oxygen atoms and two oxide atoms, in which
the two oxide atoms [O(1 and 1*)] are in inverse sites of the
cubane. The other six oxide atoms are placed near the centre of
each face. Twelve of the manganese ions are located near the
centre of each edge, and the other one is at the body centre.

The thirteen manganese ions of the supercubane show mixed
valence states, which were assigned by a bond valence sum
analysis according to the literature.9,10 The results show that
Mn(7) at the body centre of the supercubane is Mn(),
and that six of the manganese ions, Mn(1 and 1*), Mn(2 and
2*), Mn(5 and 5*), are Mn(). Each Mn() ion forms one
longer Mn–O bond by Jahn–Teller distortion. The other six
manganese ions are Mn(). As illustrated in Fig. 1b, the Mn()
ion, i.e., Mn(7), is surrounded by six O2� anions, while the
six Mn() ions are bound by the three O2� anions and one

methoxide oxygen atom. On the other hand, Mn() ions are
bound by two O2� anions and two methoxide oxygen atoms.
That is, manganese ions with the higher oxidation state are
surrounded by more negative anionic oxygen donors.

Fig. 1 Views of the crystal structure of 1 (a) and part of the
supercubane framework (b) (30% probability level, hydrogen atoms are
omitted for clarity). Symmetry equivalent positions: * = �x, �y, �z.
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The cationic supercubane supports six fcdc units. Every face
of the supercubane contains four manganese ions at the four
edges. The four oxygen donors of the two carboxylate ligands
of the fcdc bind to the four manganese ions. As a result, each
manganese ion is based on a distorted octahedral geometry
(Fig. 1a). A similar supercubane is found in the basic framework
of the reported compound, [Mn13O8(OCH3)6(benzoate)12],

9

which contains twelve benzoate anions instead of the six fcdc
units of 1. The edge length of the supercubane is about 6 Å.
Connections of six fcdc units to this cubane create a nano-scale
molecule about 21 Å across the molecule; the distance between
the terminal hydrogen atoms of the cyclopentadienyl rings
at the inverse sides of the molecule is about 19 Å. Although
various nano-scale ferrocene assemblies have been prepared by
using inorganic frameworks, only two ferrocene assembled
motifs are known, i.e., linear 7 and disk-like (drum,6 square 8

and wheel 1). The homogeneous arrangement of the ferrocene
units in all directions found in 1 is unprecedented. That is,
compound 1 is a new nano-scale ferrocene assembly that has a
spherical motif with a homogeneous molecular size.

Each nano-scale unit of 1 is well associated via inter-
molecular CH–π interactions between cyclopentadienyl rings to
produce a well-ordered three-dimensional arrangement. The
cavities created among the spherical molecules are filled with
crystalline solvent, water, acetone, and methanol molecules.

One of the unique features of ferrocene and its derivatives is
their high redox ability. We characterized the electrochemical
behaviour of the new ferrocene assembled compound 1 by
measurement of its CV in the solid state.1,5,11,12 Fig. 2 shows

the CV charts of 1 and H2fcdc, which was measured for
comparison. H2fcdc shows the H2fcdc�/H2fcdc couple as a
quasi-reversible wave at 447 mV (vs. SCE). The corresponding
couple is observed at 420 mV for 1. As shown in Fig. 2b, the
quasi-reversible wave of 1 is observed as a single peak, demon-
strating that each fcdc unit of 1 is independently oxidized and
reduced. This is because each fcdc unit, which is in a similar
environment, does not strongly interact with the others. The

Fig. 2 Solid state cyclic voltammograms of H2fcdc (a) and 1 (b).

slight negative shift of the potential of 1 from that of H2fcdc
seems to be due to the electron withdrawing effect of the
supercubane framework. In contrast to the case of H2fcdc, 1
shows an irreversible oxidation at a higher potential than
approximately 600 mV, which could be ascribed to oxidation of
the supercubane core.13

In summary, an inorganic supercubane framework was
exploited for an assembly of six ferrocene units to create a
new nano-scale ferrocene assembly that arranges itself three-
dimensionally. The obtained material shows a high redox activ-
ity based on the ferrocene moieties. This spherical structure of
about 2 nm in size is an unprecedented ferrocene assembled
motif among the nano-scale ferrocene assemblies reported to
date.
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Notes and references
† Yield: 33%. Anal. calc. for C86H102Fe6Mn13O50: C, 34.60; H, 3.44.
Found C, 34.85; H, 3.22%.
‡ Crystallographic data for 1: C86H102Fe6Mn13O50, M = 2985.0, triclinic,
space group P1̄ (no. 2), a = 13.998(4), b = 14.616(4), c = 15.45(4) Å, α =
63.32(1), β = 74.33(1), γ = 79.72(1)�, V = 2707(1) Å3, Z = 1, Dc = 1.831 g
cm�3, µ(Mo-Kα) = 2.321 mm�1, F(000) = 1499, T  = 233 K, λ = 0.7107 Å,
ω scans, R = 0.059, wR = 0.064 for 7877 unique reflections (Rint = 0.027)
with I > 2σ(I ) and 686 parameters. The data collection was performed
on a Rigaku CCD Mercury system. The structure was solved by direct
methods using SIR-92.14 All non-hydrogen atoms were treated aniso-
tropically. Hydrogen atoms were included but not refined. CCDC refer-
ence number 196077. See http://www.rsc.org/suppdata/dt/b2/b210475j/
for crystallographic data in CIF or other electronic format.
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