
New polymeric oxovanadium(V) complexes with tetraden-
tate Schiff base ligands, [VO(Xsalen)]SbF6 (H2Xsalen: N,N'-di-
Xsalicylidene-1,2-ethanediamine; X=5-MeO (methoxy) and H )
were prepared from monomeric [VO(Xsalen)(H2O)]NO3·H2O
by changing the counter anion.  X-Ray crystal structure analysis
of [VO(5-MeOsalen)]SbF6 showed that the complex has
…VV=O…VV=O… chains in the crystals.

Synthesis of new linear chain polynuclear metal complexes
is an attractive study for their physical properties (e.g. magnet-
ism and electrical conductivity) and structural characteristics.
Most oxovanadium(IV) complexes with tetradentate Schiff base
ligands have monomeric structures with a five coordinate square-
pyramidal geometry.  However, several oxovanadium(IV) com-
plexes like [VO(salpn)] (H2salpn: N,N'-disalicylidene-1,3-
propanediamine) have linear chain structures
(…VIV=O…VIV=O…) with a distorted octahedral geometry in
the solid state.1 The mixed valence Schiff base-
oxovanadium(IV)(V) complex [{VO(salen)}2]I5·CH3CN also
has a linear chain structure (…VIV=O…VV=O…) in the solid
state.2 On the other hand, only monomeric structures were
reported for tetradentate Schiff base-oxovanadium(V) complex-
es.  They have a distorted octahedral geometry with weak coor-
dination of a solvent molecule3 or a counter ion4 trans to the
oxo ligand.  However, recently we have prepared polymeric
oxovanadium(V) complexes from monomeric oxovanadium(V)
complexes by changing the counter ion.  This paper reports the
first preparation and X-ray structure analysis of a polymeric
Schiff base-oxovanadium(V) complex.

Monomeric oxovanadium(V) complexes [VO(Xsalen)(H2O)]-
NO3·H2O (X=5-MeO, H) were prepared by oxidation of
[VO(Xsalen)] with (NH4)2Ce(NO3)6 in acetonitrile.5

Crystalline dark blue complexes were obtained in 74–82%
yields.6 The IR spectra of the complexes show a V=O stretch-
ing band at 970 cm-1 for [VO(5-MeOsalen)(H2O)]NO3·H2O and
at 975 cm-1 for [VO(salen)(H2O)]NO3·H2O, respectively.  X-
Ray structure analysis of [VO(5-MeOsalen)(H2O)] NO3·H2O (I)
was carried out.7 The space group is P21/c and Z = 8.  The two
independent complex cations in the unit cell have an almost
identical structure.  An ORTEP drawing of one of the independ-
ent complexes is shown in Figure 1.  The complex has a distort-
ed octahedral structure with weak coordination of a water mole-
cule trans to the oxo ligand (V=O: distance: 1.584(2) and
1.587(2) Å, V…OH2 distance: 2.307(2) and 2.268(3) Å).  The
water molecule coordinated to the vanadium atom is hydrogen
bonded with the oxygen atoms of the NO3

- ion and water of
crystallization in the O…O range 2.715(4)—2.845(4) Å.

Polymeric [VO(Xsalen)]SbF6 was prepared from
monomeric [VO(Xsalen)(H2O)]NO3·H2O by changing the
counter anion.  To an acetonitrile solution (300 cm3) of

[VO(Xsalen)(H2O)]NO3·H2O (1.5 mmol) was added excess
sodium hexafluoroantimonate (0.52 g, 3 mmol).  The reaction
mixture was stirred for 30 min, and evaporated to dryness.  The
residue was dissolved in acetonitrile (100 cm3), and an undis-
solved part was removed by filtration.  The filtrate was evapo-
rated to dryness, and a dark blue residue was suspended with a
small amount of ethanol (ca. 30 cm3), and collected by filtra-
tion.  Yields: 48—56%.8

The IR spectra of [VO(Xsalen)]SbF6 did not show a V=O
stretching band around 970 cm-1.  To assign a V=O stretching
band, isotopic oxygen atom exchange reaction between the
complexes and H2

18O was carried out.9,10 To an acetonitrile
solution (10 cm3) of [VO(Xsalen)]SbF6 (0.01 mmol) was added
0.02 cm3 (ca.1 mmol) of H2

18O (95 > atom%).  The solution
was stirred at 25 °C under an argon atmosphere for 1 day, and
evaporated to dryness.  The IR spectra of the products showed a
V=18O stretching band at 829 cm-1 for [V18O(5-
MeOsalen)]SbF6 and at 870 cm-1 for [V18O(salen)]SbF6, with a
large decrease in intensity of a V=16O stretching band at 878
cm-1 for [V16O(5-MeOsalen)]SbF6 and at 913 cm-1 for
[V16O(salen)]SbF6, respectively.  The fairly lower V=O stretch-
ing frequencies of the SbF6 salts (878 and 913 cm-1) than those
of the monomeric NO3 salts (970 and 975 cm-1) suggest the for-
mation of linear chain structures (…VV=O…VV=O…) in the
SbF6 salts.1,11

X-Ray crystal structure analysis of [VO(5-MeOsalen)]SbF6
(II) was carried out.12 The space group is P1

- , and Z=2.  The
oxo ligands are located on inversion centers (O2A and O2B).
There are positional disorders on the vanadium atom and the
fluorine atoms of the SbF6

- anion.  All the non-hydrogen atoms
were treated anisotropically.  It was assumed that site occupan-
cy factors of the disordered vanadium atom (V1A and V1B) are
50% each with sharing the Schiff base ligand, and those of the
disordered fluorine atoms (F28A–F33A and F28B–F33B sets)
are 60% and 40%, respectively.  The oxygen atoms located on
inversion centers (O2A and O2B) and the disordered vanadium
atoms (V1A and V1B) are arranged almost linearly along the c
axis (Figure 2).  The positional disorder of the vanadium atoms
can be interpreted with two possible orientations of the linear
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chain represented as …V1A=O2A…V1B’=O2B’… (V=O units
enclosed by parallelograms) and …V1A’=O2A…V1B=O2B…

(V=O units enclosed by circles).
The structure of the complex cation in the linear chain of

(II) in one of the orientations (V=O units enclosed by parallelo-
grams) is shown in Figure 3.  The molecule has a distorted octa-

hedral geometry with weak coordination of the oxo ligand of
the adjacent molecule at the sixth position.  However, the V=O
distances in (II) (1.577(2) and 1.571(2) Å) are a little shorter
than those in (I) (1.584(2) and 1.587(2) Å), although the V=O
stretching band of (II) is largely shifted to lower energy than
that of (I).  The short V=O distances in (II) may be an artifact
due to the positional disorder of the vanadium atom.  In any
case, the V…V distance and the V=O stretching frequecy of (II)
(3.83 Å and 878 cm-1) indicate that the complex has a linear
…VV=O…VV=O…chain structure in which the V=O units are
a little more weakly bonded to each other than those of
[VO(salpn)]( V…V distance: 3.78 Å, ν(V=O): 854 cm-1).1

Polymeric [VO(Xsalen)]SbF6 were prepared from
monomeric [VO(Xsalen)(H2O)]NO3·H2O by changing the

counter anion as mentioned above.  The formation of the poly-
meric structure in the SbF6 salts may be attributed to a non-
coordinating property of the SbF6

- anion, weak Lewis basicity
of acetonitrile used as a solvent, and crystal packing efficiency.
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