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The reaction of Ni(ClO4)2.6H2O with 3-ferrocenyl-5-(2-
pyridyl)pyrazole (Hfcpp) and Et3N in acetonitrile yielded a
pentadecanuclear heterometallic complex of [Ni7(fcpp)8(OH)4]-
(ClO4)2.6CH3CN (1). Complex 1 has a heptanuclear wheel core
composed of seven NiII ions, and eight ferrocenyl groups are
attached to the core through pyrazolyl groups. Magnetic suscep-
tibility measurements for 1 revealed that overall antiferromag-
netic interactions are operative within the heptanuclear core.

Research on multinuclear transition-metal complexes is a
flourishing field, and they may exhibit interesting catalytic and
physical properties due to synergy of assembled metal ions
in molecules.1–3 Pyrazole derivatives are well-known bridging
ligands, and their multinuclear cyclic clusters such as [{cis-
Cu(�-OH)(�-pz)}n] (n ¼ 6, 8, 9, 12, and 14) (pz = pyrazolato
anion),4a [Au3(�-3,5-Me2-pz)3],

4b and [Pt3Br2(�-pz)6]
4c have

been reported. Recently, Meyer et al. have reported pyrazo-
late-based dinuclear NiII complexes, which showed reversible
two-step reduction processes and catalytic activity for olefin
polymerization.5 Ferrocenyl units are, on the other hands,
frequently employed as redox-active sites in supramolecular
assemblies,6 which is due to their reversible redox properties
as well as their synthetic versatilities. Clusters with ferrocenyl
groups may exhibit synergistic functions due to multinuclear
cores and redox active ferrocenyl groups.7 We report here a nov-
el heterometal complex of [Ni7(fcpp)8(OH)4](ClO4)2.6CH3CN
(1) (Hfcpp = 3-ferrocenyl-5-(2-pyridyl)pyrazole, Chart 1).

A ligand, Hfcpp, was prepared by a cyclization reaction of
1-ferrocenyl-3-(2-pyridyl)-1,3-propanedione with hydrazine.8

The reaction of Ni(ClO4)2.6H2O with Hfcpp and Et3N in aceto-
nitrile yielded a pentadecanuclear complex of 1 as red tablets.9 1
crystallized in monoclinic space group P21=n,

10 and the complex
molecule locates on the inversion center (Figure 1). 1 has a hep-
tanuclear wheel-like core structure consisting of three octahe-
dral, two square-pyramidal, and two square-planer nickel ions.
Peripheral Ni ions, linked to the central Ni ion (Ni4) via four
�3-hydroxo and two pyrazolyl bridges, are doubly bridged to
each other by �3-hydroxo and pyrazolyl groups. The central
Ni ion (Ni4) has a six-coordinated NiN2O4 chromophore. The
wheel core has eight ferrocenyl groups attached to pyrazolyl
groups, and fifteen metal ions are assembled into a single
molecule. Coordination geometry of Ni1 is square-planer with
two pyrazolyl and one pyridyl nitrogen and one hydroxo oxygen
atom. The nickel ions (Ni2) have a square-pyramidal coordina-

tion environment, where two hydroxo oxygen and two pyrazolyl
nitrogen atoms occupy the equatorial positions and one pyridyl
nitrogen atom coordinates from the apical position. The
coordination structure of each Ni3 ion is regarded as an N5O
chromophore from three pyrazoyl and two pyridyl groups and
�3-hydroxo groups. The bridging angles of �3-hydroxide are
97.1(4) and 99.7(3)� for Ni2–O1–Ni4 and Ni2–O2–Ni4,
113.9(4) and 116.6(3)� for Ni2–O2–Ni3 and Ni3–O2–Ni4,
respectively. In the ferrocenyl moieties, the average coordina-
tion bond lengths (Fe–C) are 2.008–2.022 Å, characteristic of a
low-spin iron(II) ion in ferrocene. In 1 pyridyl and cyclopenta-
dienyl groups, coordinated to Ni1, Ni3, and Fe2 ions, respective-
ly, are almost parallel to each other with close interatomic
contacts of 3.216(10)–3.231(14) Å. Note that bulky diamagnetic
ferrocenyl groups separate the wheel cores, and the shortest
interatomic distance of paramagnetic Ni ions in neighboring
molecules is 11.548(3) Å.

Magnetic susceptibility measurements for 1 were performed
in the temperature range of 1.8–300K, and a �mT versus T plot
is shown in Figure 2. Hence, two square-planar Ni ions in the
complex molecule are diamagnetic, 1 has five paramagnetic
Ni ions. A �mT value is 5.37 emumol�1 K at 300K, which
corresponds to the value expected for the uncorrelated five NiII

ions (5.00 emumol�1 K with g ¼ 2). The �mT values gradually
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Chart 1.

Figure 1. ORTEP views of 1. (a) Complex cation and (b) core
structure (A key to symmetry operation #: �x, �y, �z).
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decreased as the temperature was lowered, reaching the value of
0.08 emumol�1 K at 1.8K. This suggests substantial antiferro-
magnetic interactions operative among Ni ions, which was
confirmed by the negative Weiss constant (� ¼ �22:50K) with
Curie constant of 5.78 emumol�1 K. Hydroxo and pyrazolate-
bridged NiII complexes have been reported to show antiferro-
magnetic interactions with J � �20K.5a,11

An electrochemical measurement on the ligand Hfcpp re-
vealed the reversible one-step 1e� oxidation on the ferrocenyl
group at E00 ¼ 0:430V (versus SCE). In 1 a quasi-reversible
oxidation wave was observed at E00 ¼ 0:597V (Figure 3). Cou-
lometry with applied potential at 0.9V confirmed that the num-
ber of electrons per molecule upon oxidation is 8.1, suggesting
that the redox wave was attributed to the one-step 8e� oxidation
on eight ferrocenyl groups.

In summary, we synthesized a pentadecanuclear complex of
1, which is composed of eight FeII ions and seven NiII ions. 1
showed antiferromagnetic interactions in the heptanuclear wheel
core as well as quasi-reversible redox behavior in the eight
ferrocenyl groups.
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Figure 2. �mT vs. T plot of 1.

Figure 3. Cyclic voltammogram of 1 at a platinum electrode in
0.01mol dm�3 [Bu4N][PF6]/acetone at a scan rate of 0.05V s�1.
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