
Novel mono- and trinuclear iron(III) complexes with
mixed ligands, FeIII(acac)(N-PhO-sal)(MeOH) 1 and
FeIII

3(acac)(N-PhO-sal)4 2 have been prepared and character-
ized, where acacH and N-PhOH-salH denote acetylacetone and
N-2-hydroxyphenyl-salicylideneamine, respectively.  The vari-
able temperature magnetic susceptibilities (2-350 K) for com-
plex 2 indicate that there is an intramolecular antiferromagnetic
interaction among the iron(III) ions, and that spin-crossover
behavior may take place from S = 5/2, 5/2 and 5/2 ground states
to S = 1/2, 5/2 and 1/2 (Fe1, Fe2 and Fe1*) near 60 K and
below.

Polynuclear iron(III) complexes continue to be of interest
in relation to oxidation and oxygenation of organic substances
catalyzed by non-heme diiron enzymes such as methane
monooxygenase (MMO), ribonucleotide reductase (RNR R2).1

Recently, understanding the coordination environment around
the iron ion, catalytic mechanism and magnetic properties for
these systems have been gradually clarified by several analyti-
cal methods.  In addition, the magnetic interaction representing
spin-crossover behavior for iron complexes has been investigat-
ed in order to explain biological functions of iron active cen-
ters.2 So far, the major part of iron(III) complexes exhibiting
spin-crossover properties, however, has been limited for
mononuclear or linear polynuclear complexes except few exam-
ples for a bent trinuclear complex.2 In this paper, we describe
the preparation, molecular structures and magnetic properties of
the novel mono- and trinuclear iron(III) complexes.

The mononuclear iron(III) complex, FeIII(acac)(N-PhO-
sal)(MeOH) 1 was obtained between ligand substitution reac-
tion of FeIII(acac)3 (0.965 g, 2.73 mmol) and N-PhOH-salH
(0.584 g, 2.74 mmol) in methanol (MeOH) as black prismatic
crystals (0.70 g, 70% yield), where acacH and N-PhOH-salH
denote acetylacetone and N-2-hydroxyphenyl-salicylide-
neamine.  On the other hand, when acetonitrile (MeCN),
dichloromethane or cyclohexane was used as a solvent in place
of MeOH, the trinuclear iron(III) complex, FeIII

3(acac)(N-PhO-
sal)4 2 was obtained in 75% yield.  Clearly, two types of differ-
ent complexes are obtained depending on the solvents used.
This may be caused by protecting further substitution reaction
of acetylacetonato ligands with N-PhOH-salH by relatively
strong coordination of MeOH molecules to the central iron(III)
ion.  These complexes were characterized by elemental analy-
ses, spectroscopic methods, X-ray crystallography, and electro-
chemical and magnetic susceptibility measurements.4,5

Moreover, the variable temperature magnetic susceptibilities
for complex 2 were measured over the range of 2-350 K, and
the data were fitted by applying the isotropic spin-exchange
Hamiltonian and Van Vleck equation.

Figure 1 shows the molecular structure of complex 1 in

which the central iron(III) ion adopts a six-coordinate tetrago-
nally distorted octahedron: The NO2 and O donor atoms of N-
PhO-sal and acac, respectively, form an equatorial plane, and
two O donor atoms of MeOH and the acac occupy the two axial
posisitions.6 The average of Fe-O (ca. 1.993 Å) and Fe-N
(2.119 Å) distances are in the range normally observed for
iron(III)-Schiff base complexes.3 Moreover, the unit cell for the
crystal structure of complex 1 has been found to consist of two
crystallographically independent monomers of the same struc-
ture.

Figure 2 shows the molecular structure of complex 2 in
which each of three iron(III) ions adopts a six-coordinate dis-
torted octahedron.6 Each of the two terminal iron(III) ions (Fe1
and Fe1*) is coordinated with two N-PhO-sal ligands and has a
meridional configuration: both N-PhO-sal ligands bridge two
iron ions (Fe1 and Fe2, or Fe1* and Fe2) by their phenolic oxy-
gen donor atoms of o-aminophenol moiety.  The average of

248 Chemistry Letters 2000

Copyright © 2000  The Chemical Society of Japan

Preparation, Structures and Properties of Novel Mono- and Trinuclear Iron(III) Complexes with
Mixed Ligands

Toshio Nakamura, Etsuko Kuranuki, Kenshin Niwa, Manabu Fujiwara, and Takayuki Matsushita*
Department of Materials Chemistry, Faculty of Science and Technology, Ryukoku University, Seta, Otsu 520-2194

(Received December 7, 1999; CL-991032)



non-bridging Fe-O distances (ca. 1.926 Å) is shorter than the
average of bridging Fe-O distances (ca. 2.047 Å), and all of the
bridging Fe-O distances are similar value (2.084 Å in Fe1 and
2.011 Å in Fe2).  This means that the bridging oxygen donor
atoms coordinate almost equally with both Fe1 (Fe1*) and Fe2,
which provide distorted octahedral environments around the
iron(III) centers.  The Fe1-Fe2 distance (3.223 Å) falls within
the range normally observed for µ-phenoxo iron(III) com-
pounds.3 The central iron(III) ion (Fe2) is coordinated with a
O6 donor set from the acac and two N-PhO-sal ligands. That is,
the Fe1 and Fe2 are surrounded by clearly different coordina-
tion environments.  The arrangement of three iron(III) ions is
not linear (Fe1-Fe2-Fe1* 130.49(6)°), because of compelling
them to adopt an octahedral configuration.  Such a difference in
coordination environment around the central iron(III) ions
reflect their redox potentials: the redox couples of Fe(III) ⇔
Fe(II) are observed at the potentials of -0.59 and -1.02 V (vs.
SCE) for complex 2 in MeOH which can be assigned to those
of Fe2 and Fe1 (Fe1*), respectively.  On the other hand, only
the redox couple of Fe(III) ⇔ Fe(II) for complex 1 is observed
at the potential of -0.61 V (vs. SCE).

Figure 3 shows the plots of the magnetic susceptibility and
effective magnetic moment per complex 2 molecule against
temperature over the range of 2-350 K, using a Quantum
Design Model MPMS-5S superconducting quantum interfer-
ence device (SQUID) in an applied magnetic field of 1000 G.
The magnetic moments gradually decrease from 9.35 µB at 350
K to 6.81 µB near 60 K and then steeply to 6.24 µB at 15 K.7

The magnetic data between 80 and 300 K are fairly fitted with
the calculated values by the theoretical treatment derived from
the isotropic spin-exchange Hamiltonian H = -2JS1(S2+S3) and
the Van Vleck equation, where all three iron(III) ions are S =
5/2. By assuming there is no magnetic interaction between the
terminal iron(III) ions: J11* = 0, we obtained J12 = J1*2 = -3.54
cm-1 and g = 1.98, where J12, J1*2 and J11* correspond to the
magnetic exchange coupling parameters between Fe1-Fe2,
Fe1*-Fe2 and Fe1-Fe1*, respectively.  However, the magnetic
data near 80 K and below deviated from the same calculation as
mentioned above.  Therefore, we presume that by cooling com-
plex 2, the spin states of the iron (III) ions may change from S =
5/2 (3Fe) to S = 1/2 (Fe1 and Fe1*) and S = 5/2 (Fe2). In com-
plex 2, the more reasonable fitting was obtained with assump-
tion that the extent of the low-spin state (1/2) of Fe1 and Fe1*
may increase with a decrease in the temperature.  To clarify
such a spin-crossover behavior Mössbauer spectra of complex 1
and complex 2 were measured at room temperature and 30 K.
In both complexes the isomer shifts decreased and the quadru-
pole and splittings increased at lower temperature.  The differ-

ences in their vales between both temperatures are considerably
larger for complex 2 than for complex,7 which is consistent
with the spin-crossover behavior of complex 2.  The detailed
magnetic behavior near 80 K and below is now in progress.
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