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The spontaneous self-organization of coordination com-
pounds has been studied intensively over the last few
decades.!! One area of particular interest is the assembly of
multistranded helicates.”® As most strategies for the syn-
thesis of helicates with high nuclearities make use of long and
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flexible organic ligands, many linear helicates have been
prepared.’*! Because of their unique physical and chemical
properties, helicates have been used as components of
functional materials and devices.*”! These applications
could experience remarkable development if clusters with
novel properties were introduced into the helicates.

There are few examples of cluster helicates, in which
metal clusters define the helical axis.[” However, Saalfrank
and co-workers have introduced [M;0]*" (M =Mn", Zn", or
Cd") clusters into helicates.™ This result prompted us to
synthesize a cluster helicate with a similar cluster core.
Herein, we report the first pentanuclear bis(triple-helical)
complex, [{Fe"(u-L)s},Fe"s(n-0)]*" (L~ =3,5-bis(pyridin-2-
yl)pyrazolate), in which an [Fe';O]*" core® is wrapped by
two terminal [Fe""L;]™ units.
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The reaction of HL with FeCl,-4H,O in the presence of
NaNCS under an N, atmosphere led to [{Fe"(p-L);},Fe";(u-
0)](NCS), 10H,0 (1) in 80% yield” The Maossbauer
spectrum of 1 at 78 K consists of three quadrupole doublets
with relative peak areas of 2:1:2, which correspond to two
types of high-spin iron(II) ions (isomer shift (IS)=1.03 mm
s™!, quadrupole splitting (QS)=3.34 mm s™'; IS=1.03 mm
s7', QS =2.81 mm s™') and one type of low-spin iron(II) ion
(IS=046mm s', QS=026mm s'), respectively
(Figure 1).1? These Mossbauer data are consistent with the
structure determined by X-ray diffraction.
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Figure 1. Mssbauer spectrum of a powder sample of 1 at 78 K;
T=transmittance, v =velocity; experiment: circles, fit: lines; see text
for details.

The structure of the cation of 1 at 93K is shown in
Figure 2.1 Despite the helical configuration of the cation,
which has C, point symmetry, the space group of 1is /4, and a
pair of enantiomers is present in the crystal. The cation
consists of six L~ ligands, two iron ions, and an [Fe™;0]*" core.
The core consists of a triangle of three iron ions (Fe(1), Fe(2),
and Fe(2*)) with a ps;-oxygen atom in the center. The Fe-O-Fe
angles of the core are 120.9(1) and 118.1(1)°. The remaining
two iron ions (Fe(3) and Fe(3*)) take part in terminal triple-
stranded [Fe"L;]™ units. The Fe(3) and Fe(3*) ions, which are
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Zuschriften
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Figure 2. Structure of the [{Fe"(u-L);},Fe";(1-O)]*" cation of 1. a) ORTEP representa-
tion; displacement ellipsoids set at 50% probability; noncoordinated atoms of the
L™ ligands omitted for clarity. b) Ball-and-stick representation; Fe(1) orange, Fe(2)/
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Fe(2*) yellow, Fe(3)/Fe(3*) purple, O red; C, H, and N gray.
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in the low-spin state (S =0), each occupy distorted octahedral
coordination environments composed of six nitrogen atoms,
two from each of three L~ ligands. Together, the two [Fe"L,]~
units function as a complex ligand to enclose the [Fe';0]*"
core, like a candy in a wrapper, by using the remaining
coordination sites of the L~ ligands. The coordination
environments of the Fe(1), Fe(2), and Fe(2*) ions of the
core each consist of one O*~ ion and four nitrogen atoms from
two L™ ligands, which form distorted N,O trigonal bipyramids
(with trigonality indices of 7=0.73 (Fe(1)) and 0.87 (Fe(2)/
Fe(2+)).' Therefore, it is plausible that the Fe(1) and Fe(2)/
Fe(2*) ions are in the high-spin state (S =2), consistent with
the Mossbauer spectrum. Although many oxo-centered
trinuclear iron(III) complexes have been reported,®!? to
our knowledge, the cation of 1 contains the first example of an
oxo-centered trinuclear iron(II) unit. The cation has a pseudo
three-fold axis passing through Fe(3) and Fe(3'). Unlike the
long organic ligand strands that are generally used for the
construction of helicates with high nuclearities, the planar L™
ligand is short and rigid. However, the m stacking of the L~
ligands of the two homochiral [Fe"L;]” units leads to
bis(triple-helical) strands. The central [Fe™;O0]*" core is
bound by the remaining coordination sites of these [Fe"L,]"
units.

The temperature dependence of the magnetic suscepti-
bility (yu) of 1 is shown in Figure 3, in the form of a y\,T
versus T plot. The yu7T value at 300 K is approximately
5emuKmol™ per formula unit, which is smaller than the
spin-only value for three high-spin iron(II) ions (9.003 emuK
mol™"). Below 300K, yyT decreases monotonically with
decreasing temperature, indicating intramolecular antiferro-
magnetic coupling. Thus, we fit the essential features of the
experimental curve by using the simple triangle model (H =
—278,85), resulting in J=-29.0cm™' and g=2.29.
Unfortunately, no similar systems with well-characterized
Fe"-O-Fe" magnetic interactions are available for comparison
with the properties of 1. However, weak antiferromagnetic
interactions have been reported for [Mn"(u-O)-
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Figure 3. Temperature dependence of y,T for 1; y,, = magnetic
susceptibility; experiment: circles, fit: line; see text for details.

(0,CMe)q(py)sl(py) (py=pyridine; J=-10.9 cm™), and

ferromagnetic interactions have been reported for [Mn™;-

(p-O)(p-bamen);](ClO,)-2H,O (H,bamen = 1,2-bis(biace-
tylmonoximeimino)ethane) and  [Mn™;(u-O)(0,CMe);,-
(mpko);](Cl10,)-3 CH,Cl, (Hmpko = methyl 2-pyridyl ketone
oxime).l*¥ These findings can be rationalized by noting that
the high-spin d* manganese(III) ion has an electronic config-
uration of (t,,)*(e,)" in an octahedral field, whereas the high-
spin d® iron(Il) ion has an electronic configuration of
(e”")*(e")*(a,)! in a trigonal bipyramidal field. Unpaired
electrons in the e, or ¢’ orbitals contribute to antiferromag-
netic exchange pathways, because the e, or €’ orbitals are
involved in o interactions.

In conclusion, we have shown that L™ and iron(II) ions
undergo homochiral self-assembly into a bis(triple-helical)
cluster in which an [Fe";O]*" core is stabilized by bridging two
mononuclear [Fe"L,]~ units. We believe that this synthetic
strategy could offer new possibilities for the construction of
helicates with unique cluster cores and novel properties.
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