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A Stepwise Growth of Polyoxovanadate by Reductive Coupling Reaction with Organometallic
Palladium Complex: Formation of [{(n3-C,H,)Pd},V 401,17, [V 10026+ and [V 1504(C1)]*
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The three step synthesis of pentadecavanadate, (n-
BusN),[V15034(Cl)] has been achieved by a stepwise growth
process. The reaction of (n-Bu,N)VO, with [(n3-C,H,)PdCI],
gives a tetravanadate supported organometallic compound
[{(n3-C,H,)Pd},V,0,,]%. The thermal decomposition of
[{ (n3-C,H,)Pd},V ,0,,]%> leads to the formation of reduced
species [V 00,6+, which is then converted into a larger cluster
[V15036(CI)]*

The chemistry of reduced polyoxovanadates which exhibit
non-carbon cage structures like fullerenes has developed in the
last decade.! A series of spherical vanadium oxides formed by
linking of VO, polyhedra allows an inclusion of anionic guest
in the cage.? These condensed VO, polyhedra have been pre-
pared based on self-assemble process by control of pH valuesin
agueous media by one step reaction. The syntheses of reduced
vanadate in organic media have been undeveloped due to the
lack of synthetic methodology. In this communication, we
describe the three step synthesis of pentadecavanadate in ace-
tonitrile, which constructs the vanadium oxide cage structures
without apH control.

Thefirst step is the supporting reaction to the organometal-
lic palladium species. The tetravanadate supported
organometallic palladium complex [{(n3-C,H,)Pd},V,0,,]%
(1) was obtained by the reaction of [Pd(n3-C,H-)CI], (236 mg,
0.6 mmol) with (n-Bu,;N)VOj, (410 mg, 1.2 mmol) in 5 cm® of
acetonitrile (Yield: 313 mg, 43%).2 The crystal structure of
PPh, salts of 14 reveals the tetravanadate supported organopal-
ladium complex.> The cyclic tetravanadate structure was sup-
ported by two (n3-C,H,)Pd groups on both side of the tetra-
vanadate ring with an inversion center on the center of the mol-
ecule. The geometrical data are in agreement with the available
structures of tetravanadate supported compounds of Rh or Ir.5

The four vanadium atoms and the bridging oxygens O(4)
and O(4") are found to be planar (deviation is 0.080(5) A for
O(4)) which is a part of the V,O, eight membered ring. The
square plane around Pd(1) is defined by the C(1), C(3), O(1)),
and O(6) atoms (largest deviation from the mean plane is
0.067(4) A for C(3) and the palladium atom is 0.092(3) A out
of this plane). The planes defined by the V(1)-V(2)-V(1)-V(2)
and C(1)-C(3)-0O(1")-0(6) sets of atoms form a dihedral angle of
43.8(2)°.

The second step is the thermal decomposition of 1. 10 cm?3
of the pale yellow acetonitrile solution of 1 (241 mg, 0.20
mmol) was refluxed for 2 h under N, atmosphere to give a con-
densed cluster (n-BuyN),[V19046]-H,0 (2) (Yield: 50 mg,
33%).% The X-ray structure determination reveals the spherical
structure which has a cyclic octavanadate capped by the two
V(IV) tetragonal pyramids (Figure 2).” The average bond
parameters for 2 are seen to be similar to those previously

Figure 1. Structure of the [{(13-C4H;)Pd},V40,,]>" anion.
Selected distances (A) are as follows: Pd(1)-O (1), 2.126(4);
Pd(1)-0(6), 2.119(3); Pd(1)-C(1), 2.126(5); Pd(1)-C(2),
2.130(5); Pd(1)-C(3), 2.104(5); V(1)-O(1), 1.676(3);
V(1)-0(2), 1.623(3); V(1)-0O(3), 1.805(3); V(1)-0@4),
1.790(3); V(2)-0(3), 1.807(3); V(2)-0@4), 1.785(3);
V(2)-0(5), 1.614(3); V(2)-0(6), 1.685(3).
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Figure 2. Structure of the [V10026]4" anion. Selected distances
(A) are as follows: V(V)-Ot, 1.58(1)-1.63(1); V(V)-Ob,

1.64(1)-1.82(1);  V(IV)-=0t, 1.59(1)-1.58(1); V(IV)-Ob,
1.90(1)-1.96(1); V(IV)--V(IV), 4.5004); V(V)--V(V),
3.208(5)-3.310(4); V(IV)--V(V), 3.556(4)-3.609(4).
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observed in tetraethylammonium salt of [V 40, core® In
the case of 2, absence of hydrogen bonds from the packing
water molecule elongates the V'V-V'Y bonds 0.6 A compared to
the tetraethylammonium salt (VIV-V'V 4.44 A).

The last step is the reaction with organometallic palladium
without the isolation of supported species. The mixture of 2
(382 mg, 0.20 mmol) and [Pd(cod)Cl,] (114 mg, 0.40 mmol) in
10 cm? acetonitrile was refluxed overnight. After addition of
30 cm® of ether, the black precipitate was washed with ether
three times and recrystallized from acetonitrile/ether to give
deep blue crystal of (n-BuyN),[V15035(Cl)] (3) (Yield 270 mg,
86%).° The ORTEP drawing is shown in Figure 3. The
[VIVgVVO46(Cl)]* anion is a spherical cluster (Dgyp) by linkage
of fifteen tetragonal V Oz pyramids encapsulating chloride
anion and formally contains six V'V and nine VV centers. The
V-V distances (2.83-3.03 A) are significantly shorter than the
values of reported V5 clusters (3.2-3.6 A) which have higher
negative charges of 6—to 7- This is due to the lower nega-
tive charge of cluster 3 which decreases the cluster shell size
and shortens the metal-metal distances.

Figure 3. Structure of the [V,5036(Cl)]4' anion. Selected
distances (A) are as follows: V=-0t, 1.46(9)-1.59(2); V-Ob,
1.78(1)-2.15(2); V-V,  2.821(7)-3.033(6); V--Cl,
3.070(6)-3.704(6).

The mean bond valences for the remaining oxygen atoms
of the cluster show no sign of protonation. The intense purple
color of 3 with a broad absorption maximum (898 nm) is char-
acteristic of reduced polyoxovanadate. The magnetic moment
a room temperature shows the value of 2.35 B.M. (spin only
value is 4.24 B.M.) supporting the strong antiferromagnetic
interaction between vanadium centers compared to the highly
negative charged species.!! The observation is consistent with
the web of short V-V distances around the spherical cluster.

In conclusion, the synthesis of pentadecavanadate has been
achieved by the following three reaction steps: 1) supporting
reaction of tetravanadate to r-allyl palladium complex 1, 2) for-
mation of spherical cluster 2 by the thermal decomposition of 1,
and 3) reductive coupling of decavanadate with [Pd(cod)Cl,]
which leads to a chloride included cluster 3. The reductive cou-
pling reaction of polyoxovanadate by the use of organometallic
compound is attractive in that it provides an easy access to a
larger polyoxovanadate core.
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