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Two novel hexadecametal-oxygen cluster compounds,
{Ni[(NH,),(C,H,),NHL};[PMo"';Mo";V"¥;0,,]- [(NH,),-
(C,H,),NH]'‘H,0 1 and {Col(NH,),(C,H,),NH],},Na-
[PMoY'Mo0",VV,0,,]-:8H,0 2 are synthesized by a
hydrothermal method, and characterized by X-ray
crystallography, showing that the anion of 1 has a novel
tetra-capping mode, and that the first hexadecametal-
oxygen host shell is observed in 2.

Transition metal oxide clusters are currently receiving consider-
able attention due to their diverse structural flexibility and
superior electrical, magnetic, photochemical and catalytic
properties."”? Moreover, polyoxometalates of Keggin structures
exhibit potent anti-HIV activity and some of them are under
pre-clinical evaluations for the treatment of HIV.? It is therefore
vital to design and synthesize novel metalates with different
structural characteristics in order to explore their properties.

One of the strategies used in the synthesis of polyoxo-
metalates is to employ a specific cation as inducing agent.
Successful examples include the formation of the cluster anion
[M;¢V140s]™ in the presence of Cs*,* the synthesis of
[V100:0(H;0),(PO,),]°” and [VO,]," using [(CH;),NH,]" and
[Cu(dpa)]* (dpa = 4,4'-dipyriylamine).’ In the last few years
one of the important advances in transition metalate chemistry
has been the study of capping structural polyanions and closed
host cage structural metal-oxygen cluster compounds (a small
guest is in the host shell).**!" Here we present the synthesis
and structural investigations of novel mixed Mo/V metalates
with different structures, designated as {Ni[(NH,),(C,H,),-
NH],}5[PMo"sMoY; VY0, [(NH,),(C,H,),NH]-H,0 1 and
{Co[(NH,),(C,H,),NH],},Na[PMo"{Mo",V";0,]-8H,0 2,
and we show the important role that the cation plays in the
synthesis.

Compound 1 was synthesized as dark-green block-like
crystals in 34% yield (based on W, 0.37 g) by the hydrothermal
method. A mixture of NH,VO; (0.40 g), Ni(OAc), (0.35 g),
Na,MoO, (0.6 g), triethylenediamine (1.5 ml) and H,O (10 ml)
was neutralized to pH = 4.0 with 50% phosphorous acid. It was
sealed in a 15 cm® Teflon-lined reactor, and kept at 160 °C for
ten days. After being cooled to room temperature, the block-
like dark-green crystals were separated (0.38 g) with filtration,
then washed with water and dried in air. Analysis found: C,
12.10; N, 10.65; H, 3.20. Calc.: C, 11.89; N, 10.40; H, 3.29%.
The IR spectrum exhibited a complex pattern of bands at 1079,
950 and 770 cm™*, ascribed to v(P-0), ¥(M=0), (M-O-M)
(M =V or Mo), respectively. Dark-green block crystals of 2
(0.30 g, yield 46% based on V) were obtained under the same
reaction conditions using CoCl, (0.3 g) instead of Ni(OAc),.
Analysis found: C, 7.50; N, 6.60; H, 2.68. Calc.: C, 7.38; N, 6.46;
H, 2.61%. The IR spectrum exhibited a complex pattern of
bands at 1050, 980 and 790 cm ™!, ascribed to v(P-O), w(M=0),
v(M-O-M) (M =V or Mo), respectively. The two compounds
were characterized by single-crystal X-ray diffraction.t

The structure of 1 contains a novel tetra-capping Keggin
structural anion (Fig. 1), which is based on the well-known
a-Keggin structure with four additional five-coordinated ter-
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Fig. 1 The tetra-capping Keggin structure for the anion of compound
1.

minal VO** units and contains a central P>* in a tetrahedral
environment. The PO, tetrahedron has P-O distances of
1.547(13)-1.557(11) A, and bond angles in the range 107.7(7)—
110.4(5)°. The structure of 1 is formed by capping the classic
a-Keggin anion of idealised T, point symmetry at four of the
six faces defined by C, symmetry axes. The unusual feature of 1
is that the V=0 groups cap four of the [PMo";Mo¥V?,0,]*
Keggin anions to give a structure in which the eight V atoms
form a central belt, and each trimetallic group of [MoY;Mo"-
VIV, (POYI™ (Keggin part) contains one V and two Mo atoms.
The two Mo, rings are bonded above and below this Vy belt.
The V-O and Mo-O bond lengths in MoOg¢ octahedra are
Mo-0,, 1.664(6)-1.706(5) A; Mo-0O,, 1.853(10)-2.037(10); and
Mo-0O,, 2.425(10)-2.487(10), V-O,, 1.562(14)-1.713(10); and
V-0,, 1.890(11)-2.105(9) A, respectively. The assignment of
the oxidation states of molybdenum atoms is based on bond
valence sum calculations,!! which gives values of 5.768 for Mo,
5.307 for Mo,, 5.552 for Mo, and 5.845 for Mo,, the average
value calculated for the oxidation of Mo is 5.634 (expected
value for MoY;MoVY is 5.625), and the calculated result is con-
sistent with the formula of heteropoly compound 1. The cluster
anion charge is balanced by the cation, {Ni[(NH,),(CH,),-
NH],}*" and the remaining lattice volume is occupied by water
and triethylenediamine molecules. The cluster anions and
cation are linked by hydrogen bonds.

By replacing Ni** by Co?* in a similar hydrothermal reaction
to that for 1, compound 2 was obtained, in which the first hexa-
decametal host shell, [MoY,MoYVV,0,]°", containing a dis-
ordered guest PO,* is discovered, as shown in Fig. 2. This shell
structure is similar to that of the host cage [V,30,(VO,)]* >
The host cage of 2 is composed of eight VO4 square pyramids
which are linked together through shared edges to form a
central belt. In each shared corner four square pyramidal MoO,
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Fig. 2 The hexadecametal-oxygen host shell for the anion of
compound 2.

are bonded above and between the central Vg belt. The Mo-O
and V-O distances are Mo-O,, 1.652(10)-1.678(7), Mo-O,,
1.834(11)-1.991(9), and V-O,, 1.600(8)-1.643(13) and V-O,,
1.918(7)-1.983(9) A, respectively. As found in [V 30,,(VO,)]¢~,*
the disordered PO, tetrahedron is in the center, and the P-O
bond distances are 1.501(8)-1.503(8) A, which are 0.05 A
shorter than the P-O bond lengths in 1. The O(10) atom of the
disordered PO, tetrahedron forms a weak contact with the
Mo(2) atom with a distance of 2.516(11) A, which is longer
than the Mo—O, bond length in 1 and other Keggin structural
compounds.' The host shell lies on a four-fold axis, centred on
the P(1) atom. Although a similar symmetry has been observed
previously in an inorganic supramolecule,>® this appears to be
the first example of a hexadecametal-oxygen host shell struc-
ture. The Co*" cations are coordinated by two triethylene-
diamine ligands, and Co-N distances are between 2.019(16)
and 2.145(15) A. Bond valence calculations give values of
5.7335, 5.970 and 5.596, respectively, for Mo atoms (average
value of 5.767, expected value of 5.75 for Mo¥,MoV%).

In conclusion, we have demonstrated that cations play a cru-
cial role in the synthesis of mixed Mo/V hexadecametal-oxygen
cluster anions, by defining their structural features and main-
taining charge balance. Synthesis of larger metal-oxygen
cluster anions by careful selection of initiator cation and an
exploration of the properties of these metalates is currently
under way.

This work was supported by the Major State Basic Research
Development program (Grant no. G2000077500).

Notes and references

T Crystal data for 1: C,gHy;Mo0gN,;Ni;0,5PVy, orthorhombic, Cmc2(1),
a=14.293(3), b=22.480(5), ¢=26.103(5) A; V'=8387(3) A}, Z=4.
Data were collected on a CAD 4 diffractometer at 20 °C in the range
1.69 < 20 < 29.98 using the y scan technique. Based on 3889 reflections
with 1> 20(l,) and 577 parameters gave R (Rw)=0.0685 (0.1819).

Crystal data for 2: C;¢HgCo,M04N,NaOs, VP, tetragonal, P4(2)/
nem, a=b=22.057(3), c=14.125(3) A, V= 6872.3(19) A}, Z=4. Data
were collected on a CAD 4 diffractometer at 20 °C in the range
1.85 <20 < 29.97 using the y scan technique. Based on 3059 reflections
with 1> 20(1,) and 247 parameters gave R (Rw)=0.0784 (0.1817). An
empirical absorption correction was applied. These structures were
solved by direct methods and refined using SHELX-97 programs.'? All
non-hydrogen atoms (except disordered water molecules) were refined
anisotropically, and the remaining disordered O atoms (water mole-
cules) were refined anisotropically. CCDC reference numbers 150889
and 150890. See http://www.rsc.org/suppdata/dt/b0/b010227j/ for
crystallographic data in CIF or other electronic format.
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