
Reduced heptadecavanadate [V17O42]4– has been synthe-
sized from [H3V10O28]

3– by the reaction using palladium 1,5-
COD complex, and characterized by a single crystal X-ray
structure analysis.  The structure can be regarded as a fused
decavanadate and consists of an arrangement of thirteen edge
shared VO6 octahedra and four VO5 square pyramids.

The structural growth of polyoxometalate by a self-assem-
bled reaction1 is a current interest due to their potential applica-
tion as catalysts as well as nanosized molecular systems.2 We
describe here the synthesis and structure of a novel heptadeca-
vanadate which includes a highly condensed V–O octuple-
cubane core.3

The synthesis of reduced polyoxovanadates is a relatively
recent development in polyoxometalates chemistry.  While
readily available VV isopolyvanadates are mainly limited to
have decavanadate structures,4 mixed valent species exhibit
unique structures, such as cage-like spherical clusters.  The
spherical vanadate clusters have been observed with encapsulat-
ing negative charged ions.5,6 In this communication, we exam-
ined a polymerization growth of decavanadate in acetonitrile by
using an organometallic complex as reducing reagent toward
vanadium(V) atoms.

The reduced heptadecavanadate (n-Bu4N)4[V17O42] (1),
was isolated by the reductive coupling reaction of decavanadate
(n-Bu4N)3[H3V10O28] with [Pd(1,5-COD)Cl2] in refluxing ace-
tonitrile under nitrogen (Yield: 80%).7 The reaction without
using [Pd(1,5-COD)Cl2] was unsuccessful.  The control experi-
ments with other reducing agent such as sodium borohydride
gave no isolable product.  The decavanadate(VV) in these reac-
tion mixture is partly reduced to VIV in the formation of 1, and
thus exposure of the reaction mixture to the atmosphere must be
avoided to suppress air oxidation of reduced vanadate and
organometallic fragment.8 It should be noted that the refluxing
of [V10O28]

n– without [Pd(1,5-COD)Cl2] in acetonitrile produces
[CH3CN·(V10O32

4–)] or (n-Bu4N)3[H3V13O34] depending on the
reaction conditions.4b,d Complex 1 shows a characteristic IR
band of ν(V=Oterminal) centered at 993 cm–1.  The IR bands in the
region 723–812 cm–1 were assigned to the ν(V–O) bonds.

The X-ray structure determination reveals9 two crystallo-
graphically independent anions of 1 in the asymmetric unit
showing the same geometry.  The structure provides a rare
example of polyoxometalate framework that possesses an inver-
sion center at the vanadium atom on the center of a core.6 The
anion shown in Figure 1 reveals that the cluster is actually
regarded as an O–V–O (3 × 3 × 3) cubic closest packed distort-
ed-supercubane (octuple cubane) core, V13O14, capped by four
V=O groups.  Each V=O group is bounded to the four faces of
supercubane core with approximate D4h symmetry.  The super
cubane core is distorted from the positions of an idealized cubic
closest lattice.  The structure of cluster anion consists of an

arrangement of thirteen edge-shared VO6 octahedra and four
VO5 square pyramids (V5 and V7).  The V–O interatomic dis-
tances at V5–O20 (2.514(4)) and V7–O21 (2.479(4)) are too
large to form bonds to fulfill the bond valence sum.  The close
structural relationship between the heptadecavanadate and
decavanadate can be easily understood from the polyhedral rep-
resentation in Figure 2.  The heptadecavanadate may be regarded
as the edge-sharing condensation of two decavanadates.  The
related hetero-tetradecavanadate, K7[AsV14O40] has been report-
ed.10 The cluster 1 has two additional V=O capping group and
iso-polyanion framework instead of hetero-polyanion frame-
work  of [AsV14O40]

7– which As5+ sits on the center.  
The methyl groups of two acetonitrile molecules were

found to be weakly interacted with the four terminal oxygen
atoms bounded to the vanadium center at the corner of super-
cubane core (Cmethyl–O1 = 3.397(8), Cmethyl–O2 = 3.341(8),
Cmethyl–O3 = 3.298(8), Cmethyl–O4 = 3.310(8) Å).  This orienta-
tion of methyl groups of acetonitrile molecules heading toward
the oxide-mimic surfaces is very interesting and has been
observed in inorganic–organic hybrid type polyoxoanion sup-
ported organometallic compounds.11 The mean bond valences
for the remaining oxygen atoms of the cluster show no sign of
protonation.

The redox titration12 and bond valence sum of vanadium
and oxygen suggested that the cluster is V(V)12V(IV)5 mixed
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valence anion.  The vanadium atoms at V5, V5’, V7, V7’ and
V9 are formally regarded as V(IV) site.  The deep blue-green
color of 1 with a broad absorption maximum (820 nm) is char-
acteristic of reduced polyoxovanadate.  The magnetic moment
at room temperature shows the value of 3.41 B.M.(per mole-
cule), supporting the antiferromagnetic interaction between
vanadium centers.6

In conclusion, the first example of the heptadecavanadate
has been synthesized from decavanadate by the reductive cou-
pling reaction with organometallic palladium complexes.  The
assembling of polyoxovanadates into larger reduced polyoxo-
vanadates by utilizing organometallic palladates has proved to
be useful, and we will continue our efforts to explore such
reductive coupling synthetic strategies as well as detailed reac-
tion pathway.
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