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Treatment of VCI3(thf)3 with dipyridylamine, sodium hydride
and sodium acetate yields a mnovel cyclic octanuclear
vanadium(III) complex; the X-ray structure analysis reveals a
cyclic vanadium core. The vanadium ions are alternatively
bridged by hydroxide, ethoxide and carboxylate.

A growing number of dinuclear vanadium(IIl) compounds
with oxygen donor ligands have been synthesized and
structurally characterized as interest in related biological units

and magnetic properties.l‘10 Our interest in vanadium(IIT)
chemistry stems in part from synthesis of polynuclear
vanadium(IIl) aggregates. However, few examples of high-
nuclearity vanadium(III) complexes are known. Binding ability
of carboxylato, alkoxo and/or oxo ligands is widely employed
for the assemblage of di- and poly-metallic units. In the present
communication acetate and benzoate were used to afford a tri-

and octanuclear vanadium(Ill) complexes, [V8(u-OH)4(p-
OEDg(1-CH3C00)12] O ad V3O
CeHsSCOO)6(EtOH)3]*  (2), which were characterized

crys[allographically.1 LI2 ap complexes were prepared under
an Ar atmosphere using standard Schlenk techniques.
VCIz(thf)3 was prepared according to the literature methods. 13
For the compound 1, NaH (0.02g, 5Smmol) and dpya (dpya =
di-2-pyridylamine) (0.09g, Smmol) were stirred in thf, followed
by the addition of sodium acetate (0.08g, 10mmol). Then the
ethanolic solution of VCl3(thf)3 (0.2g, Smmol) was added to the
suspension. Hexane was layered slowly on the filtrate. Small
amount of black crystals were obtained. The compound 2 was
synthesized by adding ethanol solution of VCIz(thf)3 (0.2g,
Smmol) to ethanol solution of dpya (0.09g, Smmol) and benzoic
acid (0.13g, 10mmol). Single crystals of 2 were obtained from
the hexane-layered ethanol solution.

The molecular structure of 1 is shown in Figure 1, indicative
of an octameric form having eight distorted octahedral vanadium
ions of Og environment. The molecule has an crystallographic
C2 axis passing through the center of the cavity. All vanadium
atoms, O(1), O(5), O(6), O(7), O(10) and O(12) are sitting on
the crystallographic mirror plane. The near Dgqp symmetry of
the whole molecule is clearly seen.

There are no other small anions in the lattice and therefore the
molecule is neutral, indicating that the possible oxidation states
of vanadium atoms are V(IV) or V(III); V(III) states occur when
the inner oxygen atoms of O(1), O(1"), O(7) and O(7") are
protonated to be hydroxo-bridges.  There are three possible
valence states, (1) all V(III) atoms and all hydroxo bridges, (2)
n(V(II))/n(V(IV)) =3 and the ratio of the number of OH-to 02
is 1, and (3) n(V{ID)/n(V(IV)) = 1 and all oxo bridges (n
denotes the number of atoms or groups). The vanadium(III)
compounds having a [V(III)(u—X)(pL-RCOO)ZV(III)]2+ core
have so far been synthesized and characterized X-ray
crystallographically. Their V-O distances and V-O-V angles for
X = 02 fall within the range of 1.777A to 1.792(4)A and
130.2(2)° to 143.7(13)°, respectively while those values for X =
OH- range from 1.934(2)A to 1.959(10)A, and from 123.5(3)°
to 133.1(5)°, respectively.4’5*14 The V-O(hydroxo) distances
are longer than the V-O(oxo) distance, ! supporting that the
moieties of O(1), O(1") O(7) and O(7") are hydroxo groups.
The angles of 1 also fall within the range of the case for X =
OH-. Therefore the oxidation state III for all the vanadium ions
is most possible.

Figure 1. CHARON drawing of 1 showing the atom-labeling
scheme. Hydrogen atoms are omitted for clarity in this figure.
Selected Bond Distances (A) and Angles (deg) are as follows:
V(D-O(1), 1.951(7); V(1)-0(2), 2.011(6); V(1)-O(11Y,
1.981(5); V(1)-O(12), 2.025(7); V(2)-0(1), 1.865(8); V(2)-
O(3), 2.006(6); V(2)-O(4), 1.968(5); V(2)-0(5), 2.037(8):
V(3)-0(4), 1.981(5); V(3)-O(6), 2.026(8); V(3)-O(7), 1.942(7):
V(3)-0(8), 2.011(6); V(4)-O(7), 1.875(7); V(4)-O(9), 2.006(6):
V(4)-0(10), 2.032(8); V(4)-O(11), 1.967(5); V(1)-O(1)-V(2),
127.5(4); V(2)-0(4)-V(3), 99.93); O(4)-V(3)-0(7), 95.2(2):
V(3)-0(7)-V(4), 127.3(4)

The compound 1 has two characteristic features.  Firstly, 1
has two types of grouped bridging ligands; one is
(OH)(CH3COO)y  (type A) and  the other is
(C2H50)2(CH3COO0) (type B).  These types are arranged
alternatively to form a cyclic compound.  Therefore the two
distances of vanadium atoms are obtained; 3.4A and 3.0A for V-
type A-V and V-type B-V, respectively.

Figure 2. View of the structure of 1 parallel to the
crystallographic ¢ axis, showing the infinite channel passing
through the interior holes. Carbon atoms of ethoxo ligands and
methyl groups are omitted for clarity.
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Secondly, the cyclic compounds are stacked along the ¢ axis in
the crystal lattice to produce an infinite channel passing through
the interior holes. The diameter of the ring is 6A, which is
defined as the average distance of O(1)**O(1) and
O(7)*+*0(7"). The four oxygen groups, directed toward the
center of the hole, could be able to trap ionic species such as

metal jons, organic and inorganic ions.15 To our knowledge,
one vanadium(IV) cyclic compound, [(r-
C4Ho)4N]o[VRO(OCH3)16(C204)], has been isolated!®
which has oxalate as a template in the cavity indicating no more
space to trap anions. The macrocyclic framework in 1 is, thus;,
one of host candidates for host-guest chemistry, such as
[NaFeg(OCH3)12(dbm)g]Cl (dbm = dibenzoylmethane) and
{[TIO(02CCxF5)2)gnCyHg. 1718

Throughout the synthesis of cyclic polynuclear compounds,
we also found a new synthetic route for oxo-centered
trivanadium(III) complexcs,lg'21 by which the corresponding
benzoate form provides a single crystals.  The structure of
trinuclear cations is shown in Figure 2. The vanadium atoms
show octahedra formed by VOg coordination geometry.

Figure 2. ORTEP drawing of 2 showing the atom-labeling
scheme. Phenyl groups, carbon atoms of ethanol and hydrogen
atoms are omitted for clarity. Atoms are represented by their
50% probability ellipsoids.  Selected Bond Distances (A) and
Angles (deg) are as follows:

V(1)-0(1), 1.990(7); V(1)-0(3), 2.025(6); V(1)-0(10),
1.995(7); V(1)-0(12), 2.010(7); V(1)-0(13), 2.064(6); V(1)-
0(31), 1.929(6); O(1)-V(1)-0(3), 90.5(3); 0O(3)-V(1)-0(10),
89.0(3); O(3)-V(1)-0(12), 173.4(3); O(3)-V(1)-0(13), 88.7(3);
0(3)-V(1)-0(31), 93.6(3); 0(1)-V(1)-0(10), 172.0(3); O(1)-
V(1)-0(12), 87.5(3); O(1)-V(1)-0(13), 85.7(3); O(1)-V(1)-
0(31), 93.4(3); 0O(10)-V(1)-0(12), 92.2(3); 0(10)-V(1)-0(13),
86.3(3); O(10)-V(1)-0(31), 94.7(3); O(12)-V(1)-0(13), 84.9(3);
0(12)-V(1)-0(31), 92.8(3); O(13)-V(1)-0(31), 177.5(3); V(1)-
0(31)-V(2), 119.6(3); V(1)-0(31)-V(3), 119.9(3); V(2)-0(31)-
V(3), 120.5(3)
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