
A cyclic nonanuclear complex with 2,6-bis(salicylidene-
aminomethyl)-4-methylphenol (H3L), [Fe6Na3(L)3(CH3COO)12],
has been synthesized and characterized by X-ray crystallography
and magnetic susceptibility measurement.

Oligonuclear metal complexes have been the focus of
active research because of their unique structures and magnetic
properties.1 We have been engaged in coordination chemistry
of multidentate Schiff-base ligands in order to examine the
potential utility as “building blocks” in combination with link-
age ligands for oligonuclear or polynuclear formation.2-5 In the
previous study, we isolated a pentanuclear iron(III) complex by
the reaction of a Schiff-base ligand 2,6-bis(salicylide-
neaminomethyl)-4-methylphenol (H3L) with iron(III) ion in
benzene, which is formed by association of the two dinuclear
Fe2L units by virtue of linking to the fifth iron(III) moiety.2

During the course of our studies on this system, we have found
an unprecedented Fe6Na3 cyclic core could be achieved when
the reaction was performed in acetonitrile.  Here we report the
synthesis and characterization of [Fe6Na3(L)3(CH3COO)12] (1)
as the first example of heterometal cyclic complex with the
Schiff-base ligands.

Treatment of H3L with basic iron(III) acetate in acetonitrile
containing a methanol solution of sodium hydroxide resulted in
deposition of black crystals (1).6 X-Ray crystallography of 1
revealed the compound to be a rare example of a cyclic nonanu-
clear structure as shown in Figure 1.7 The molecule contains
six iron and three sodium atoms in an alternating cyclic
arrangement of [Fe2(L)(CH3COO)2]- and sodium ions.  Each
pair of iron atoms is bridged by the central phenoxo-oxygen
atom (O2, O5, and O8) of L3- (Figure 2).  The Fe-Fe distances
are in the range from 3.533(4) to 3.539(3) Å.  Two acetate ions
are incorporated in each dinuclear iron units as exogenous syn-
syn bridges.  Each iron atom adopts a distorted octahedral coor-
dination geometry with Fe-O and Fe-N distances in the ranges
1.91(1)—2.10(1) and 2.12(1)—2.16(1) Å, respectively.  The
two terminal phenoxo-oxygen atoms (O1, O3; O4, O6; O7, O9)
of each L3- act as bridging groups as further coordinated to
sodium atom with one of the exogenous acetate bridges in a
monatomic bridging, resuting in η3 bridges of the acetate ions.
Interestingly, the iron and sodium atoms are further bridged by
an acetate ion in a syn-syn mode.  Each sodium atom takes a
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distorted octahedral geometry with Na-O distances in the range
2.28(1)—2.58(1) Å.  The Fe-Na distances are in the range
3.376(7)—3.443(7) Å.  Thus, the adjacent metal-metal separa-
tions alternate between two short (Fe-Na) and one long (Fe-Fe)
contacts in the distorted nonagon.  The interior Fe-Fe-Na and
Fe-Na-Fe angles of the nonagon are 118.5(2)—120.4(2)° and
142.1(2)—144.2(2)°, respectively.  This kind of cyclic nonanu-
clear species is unknown, although few cyclic hexanuclear
iron(III) complexes have been reported recently.8-11 In some of
the latter cases, the alkali ion is incorporated in the center of the
cyclic ring.  The present complex is very unique in this regard,
because the alkali ions take part in making up the ring.  The
syn-syn bridging form including the η3 bridging of the carboxy-
late groups can be confirmed by the infrared spectrum of 1
[νas(COO) 1585, νs(COO) 1441 cm-1].12

Room temperature magnetic moment of 1 is 12.59 B.M.
per nonanuclear molecule.  The value is indicative of the pres-
ence of an antiferromagnetic interaction, because the spin-only
value is 14.49 B.M. for the six local S = 5/2 and three diamag-
netic S = 0 spins.  As shown in Figure 3, the magnetic moment

gradually decreases upon cooling from 12.59 B.M. at 300 K to
1.13 B.M. at 4.0 K.  Fitting of the data gives values of J = -9.3
cm-1, θ = 2.0 K, and g = 2.01.13 The result shows that the
intradimer (within the [Fe2(L)(CH3COO)2]

- unit) interaction is
antiferromagnetic.  It is known that the bridging angle is impor-
tant  in determining the nature of the magnetic exchange inter-
action.14 The Fe-O-Fe angles within the dinuclear units of 1 are
121.2(4)—122.9(5)°, resulting in the long Fe-Fe distances.
Similar structural parameters are found in few dinuclear
iron(III) complexes containing the (µ-phenoxo)(µ-acetato)2
structural entity [Fe-Fe 3.528(8) Å and Fe-O-Fe 118.3(4)° for
[Fe2(bbpmp)(CH3COO)2]ClO4 (H3bbpmp = 2,6-bis[(2-hydroxy-
benzyl)(2-pyridylmethyl)aminomethyl]-4-methylphenol),15

3.567(3) Å and 117.5(3)° for [Fe2(biomp)(CH3COO)2]ClO4
(H3biomp = 2,6-bis[((2-hydroxybenzyl)((1-methylimidazol-2-
yl)methyl)amino)methyl]-4-methylphenol)16].  In these com-
plexes, an antiferromagnetism was observed and similar J val-
ues (-6.0 and –6.4 cm-1) were reported.  Therefore, the present J
value is not unusual as the intradimer interaction and the θ
value of 2.0 K could be due to the weak ferromagnetic interac-
tion caused by the cyclic assemblage of the dinuclear iron and
sodium ions.  
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