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The impetus for this work lies both in antiviral chemotherapy
and oxidations by the environmentally attractive oxidap©H

based on early transition metal oxygen anion clusters (poly-

oxometalates or POMs for short). POMs have significant
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including many polytungstophosphates, to form polyperoxo-
metalates, including the catalytically effective and much studied
{POWO(O2)24} 3~ .17

[H,PW,,0,8 " + [NbgO, % + 6H,0, + 8H" —
[PW1o(NDO)Osl ™ (1) + 11H,0 (1)

Reaction of [HP,W1204g/ 12~ and [NkO1g8~ in aqueous HCI/
LiCl forms 1 in 84% yield, indicating that decomposition does
not effectively compete with eq 1 under these conditi®rkhe
initially amorphousl contains HO, and CI which are both
removed by size exclusion chromatography of the lithiated
complex. Research ohis complicated by the fact that it is
unstable. While it is much more stable in the presence,@i,H
in aqueous solution than in the abserités unstable both in
solution and in the solid stateRecrystallization to obtain both
analytically pure bulk material and diffraction quality single
crystals ofl must be conducted in aqueous®4.2° The best
crystals are formed in the simultaneous presence of Kir,

applications in catalysis (including some processes recently and Cs.30

commercialized), medicine, and other areas of current interést.
The title POM, [BW12(NbO,)s0s¢12~ (1), was an attractive

The X-ray structure ofl (Figure 1§ is consistent with the
synthesis (eq 1) and the other data discussed below. It derives

target for three reasons: First, molecular modeling data indicatedfrom the classical WellsDawsona-[P,W;40s7] core 32 with a
it should be a good HIV-1 protease inhibitor, and this has proved contiguous longitudinal strip of six tungsten terminal oxo groups

to be the case (I& = 0.084uM).* Second, NB-containing

(W—0) (one on each cap position and two on each belt position)

POMs are usually more potent antiviral agents and less toxic replaced by six Nb@groups. Each of the six Nb atoms is

than their Nb-free analogs? Third, 1 would facilitate evalu-
ation of the structural and chemical features of two or more
adjacent (NMO,) peroxo (henceforth Nbg) units, a structural
element of central significance in synthetic N&hemistry—12
and of potential importance inJ, activation!® There was
concern thatfl could not be prepared as the only clear route to
1 (eq 1), involving a highly labile polytungstophosphate,
Ho[PaW1,04g]12-,14 and aqueous #D,. While H,O, is catalyti-
cally activated by some POMs for highly selective oxidation
of organic substrate’$; 8 it rapidly degrades other POMs,

ligated by four doubly-bridging O atoms, one quadruply-
bridging O atom (cap sites) (or triply-bridging O atom on belt
sites), and one termingP-coordinated peroxo unit, while each

of the 12 W atoms exhibits the conventionad €ordination
polyhedrat This n2-peroxo-containing distorted pentagonal
bipyramidal coordination polyhedron is seen for the metal
centers in only one other conventional (highly condensed)
polyoxoanion, thefs-[(Co"O4)W11031(02)4]*% complex of
Baker and co-worker¥3* None of the other structurally
characterized polyperoxotungstates or polyperoxomolybdates
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Figure 1. The structure of [RV12(NbO;)eOsg]12, 1. W1, W4, W5,
W10, W11, and W16 have c#&s W + ca.%s Nb character; Nb3, Nb8,
Nb9, Nb14, Nb15, and Nb18 have & Nb + ca. /s W character.
Selected average bond lengths (A) and bond angles (deg)OW.73
(3); W—0y, 1.92 (2); W-0Oy, 1.87 (2); W-0O¢, 2.41 (2); W-0y, 2.39
(2); Nb—0, 1.95 (2); Nb-Oy, 2.04 (2); Nb-Op, 1.93 (3); Nb-O,
2.35 (2); Q—0,, 1.43 (4); P-O, 1.53(2); P-Oq, 1.59 (2); Q—Nb—
O,, 43.7(12), where O= terminal oxo, @ = doubly-bridging oxo, @
= doubly-bridging oxo between W and Nb. & triply-bridging oxo,
Oq = quadruply-bridging oxo, and 3= peroxo oxygen.

have a conventional polyoxometalate strucf®. The average
0,—Op, distance inl (1.43 A) is slightly shorter than that for
noncoordinated €~ (1.49 A5 and is mainly attributed to the
decrease in repulsion between the lone electron pairs on eac
oxygen in Q%~. The average NbO, distance of 1.93 Ais 0.1

A shorter than that in the monomeric tetraperoxo niobium
complex, [Nb(Q)4]3,36-37while the average £-Nb—Op angle

of 43.7 is close to that in [Nb(@4]3 (43.3). The relative
orientations of the Nb@units at the belt positions is noteworthy;
two of them (Nb8,019,020 and Nb14,051,052) lie in the plane
defined by the WNb, belts, while the other two (Nb9,021,-
022 and Nb15,053,054) lie perpendicular. The arrangement
of peroxo groups most likely derives from catieanion
interactions in the crystal lattice (e.g., Cs7, 022, and O53 are
within van der Waals radii of each other) and the coordination
geometrical requirements around the metals (see Supportin
Information). The orientation of the NBQunits lowers the
polyanion symmetry tC;.

(31) Crystal data for (kCs;éK3.1Li0.3)[P2W12ANbO,)eOs¢]-11H,0O: orange-
yellow crystal, dimensions 0.0 0.02 x 0.05 mm, monoclinic space group
P2y/c, with a = 13.5718(2) Ab = 22.0858(1) Ac = 24.0698(3) A =
96.675(13, V = 7165.87(14) A D, = 4.617 g cm3, Z = 4. The data
were collected on a Siemens SMART system using Mor&diation ¢ =
0.71073 A) and corrected for absorption. The structure was solved by direct
methods and refined by full-matrix least-square dntéchniques using
SHELXTL V5.03 with anisotropic temperature factors for all W, Nb, Cs,
K, and Li atoms and isotropic temperature factors for the remaining atoms.
As some of the metal sites within the polyanion and cation positions were
severely disordered, a common situation for crystal structures of such
complexes (cf. Weakley, T. J. R.; Finke, R. {Borg. Chem.199Q 29,
1235-1241, footnote 13), mixed form scattering factors, and unit occupan-

cies with common coordinates and anisotropic parameters were employed

for those atoms during refinement. As a result of orientational disorder at
ca. 15% of the sites in the polyanidn the Nb atoms are at heavy-atom

Communications to the Editor

The 31P (1 peak;o rel to 85% HPO/D,O = —7.99 ppm)
and18 (3 peaks of equal ared;rel to 2 M NaWOQ, in D,O
—122.4,—158.1, and—203.5 ppm) NMR spectra indicate
that 1 has effectiveC,, symmetry in solution (see Supporting
Information). Fast rotation on the NMR time scale of each
peroxo unit about the axis through each Nb and the center of
the O-O bond would explain the apparent increase in symmetry
from C; to Cy,, but this is quite unlikely given both the small
thermal ellipsoids of the peroxo oxygens (Figure 1; see
Supporting Information) and the NMR line widths (see Sup-
porting Information). Fast exchange between peroxide bound
to Nb and in solution could also explain the spectra but this
can be ruled out from the half-life df in H,O,-free HO (ca.

12 h). The likely explanation for the NMR spectra is that a
number of orientational isomers with respect to the Nb@its

is present but that peroxo orientation has a minimal impact on
the NMR spectra. The O—0O, vsym NbO,, andvasymNbO, are
resolved stretches at 872, 666, and 596 &mespectively, in
the infrared, consistent with?-peroxo group$’

The NbQ groups inl can be reduced by several reagents in
H,0 to the corresponding terminal N® groups which can
undergo dimerization via Nb-O-Nb linkages (both processes are
already documented for Np@r NbO groups in polyanions)?
lodometric titration of 1 yields 6.2 + 0.4 NbQ groups.
Reduction ofl by NaHSQ is nonselective resulting in many
species including dimeric polyanions indicated both by negative
ion FAB-MS® and IR (the 682 cmt stretch characteristic of
linear No—O—Nb is formed)® While the FAB-MS technique
itself can lead to dimerization of monomeric Npolyoxometa-
lates?® the results withl are unequivocal:1, either in HO,-

free solution or in the solid state, decomposes to the corre-

sponding RPWia(NbOX(NbOo)s—x, X = 1—6, species that
dimerize#® In contrast], in 0.5 M aqueous kD5, is relatively
stable up to pH 10.7. Furthermore, the FAB-MS of such
samples exhibit no peaks indicative of dimers; only those of
monomericl are present. Reduction &fby hydroquinone or
DMSO is selective. Initially a new species with only oHe
NMR peak (0.2 ppm downfield frort) and four NbQ groups
from iodometric titration is produced. After several days, both
reductants produce many species with a nec@fNbO, per
equivalent of initiall remaining. The data are consistent with
rapid selective reduction of the cap Np@roups followed by

gslow reduction of the belt Nbgroups and implicate that the

cap (@) position of the classical WelisDawson polyanion is
less sterically encumbered than the belt)(position#! In
summary, both FAB-MS and IR data show thiatoes not form
dimers above pH 8 or in the presence aid4d
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positions 1, 4, 5, 10, 11, and 16, and at ca. 85%, they are at positions 3, 8,

9, 14, 15, and 18. At final convergend®, = 9.65% and GOF= 1.166
based on 9092 reflections witf, > 4o(Fo).
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