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Unprecedented reduction of the uranyl ion [UO,]** into a polyoxo
uranium(1V) cluster: Synthesis and crystal structure of the first
f-element oxide with a Mg(n3-O)g core
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The smooth comproportionation reaction of the U(vI) and
U@m) complexes UO,(OTf), and U(OT¥)s, afforded the hexa-
nuclear U(1v) oxide cluster [Ug(ns-O)s(n-OTf)s(py)s], a rare
example of a metal oxide with a Mg(u3-O)g core.

The occurrence of the actinyl species [AnO,]"* (An = U, Np, Pu,
Am) in the nuclear industry and the natural environment is a
strong incitement to the understanding and control of their
physicochemical properties and chemical behaviour.! The U=0
bonds of the rrans dioxo uranyl(vi) ion [UO,J*" are so strong that
they are often considered as chemically inert, and their activation
aimed at the formation of new uranium complexes represents a
challenging synthetic goal>® In particular, attracting perspectives
in the chemistry of uranium would be afforded by the use of the
uranyl moiety as a convenient oxide precursor for the synthesis of
new soluble homo and heteronuclear polyoxo aggregates. In the
course of our studies on the chemistry of uranyl complexes in
strictly anhydrous organic media,* we found that UO,(OTf),
undergoes an unprecedented redox reaction with U(OTf); to
afford a novel hexanuclear uranium oxide,” [Ug(ps3-O)s(tio-
OTfh)s(py)s] (1), which is also a rare exampleG’7 of a metal oxide
with a Mg(p3-O)g core.

Reaction of UO,(OTTY), with 2 equivalents of U(OTf);inal:1
mixture of pyridine and acetonitrile at 20 °C led to the immediate
formation of a green solution which slowly deposited light green
crystals of 1-2py upon heating at 120 °C.T This compound was
also synthesized in a reproducible manner from pyridine or
pyridine-tetrahydrofuran, while the isomorphous complex 1-Et,O
crystallized upon slow diffusion of diethyl ether into a pyridine
solution of 1.

The crystal structure of 1 in 1-2py and 1-Et,Of exhibits an
octahedral-like skeleton of uranium atoms which are held together
by triply bridging oxygen atoms located above each of the eight
triangular faces of the octahedron. The U2 and U4 atoms lie on
the crystallographically imposed C, axis, which corresponds to a
pseudo S, axis for the point symmetry of the complex core; a view
of 1 along this axis is represented in Fig. 1. The eight bidentate
triflate ligands are divided into two groups; four of them bridge
the adjacent metal atoms in the equatorial plane (U1, U3 and the
symmetry-related atoms), whereas the four others connect the
apical U2 and U4 atoms to Ul and U1’ for the former and U3
and U3’ for the latter. All the uranium atoms are eight-coordinate
(Fig. 2), since they complete their coordination sphere with one
(U1 and U3) or two pyridine molecules (U2 and U4), and are in an
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approximate square antiprismatic environment, in which one of
the square faces is shared with the cube of pz-oxygen atoms. The
geometry of the UgOg core is only slightly distorted from the ideal
Oy, point symmetry; the U-O(oxo) distances vary from 2.208(3) to
2.326(3) A, with an average value of 2.25(3) A (including both
compounds 1-2py and 1-Et,O, as all the other values reported
below). This mean value is close to that of 2.24(7) A for the p3-0xo
bridges reported in the literature® The neighbouring U---U
distances are ranging from 3.6356(3) to 3.6994(5) A and average
3.666(18) A, which rules out any strong interaction between the
U(1v) ions. The distances between opposite uranium centres are in
the range 5.1297(4)-5.2789(6) A. The U-O and U---U distances in
the Ug(u3-O)g core of 1 are shorter as expected, by 0.1 and 0.2 A
respectively, than the corresponding distances in the Ug(u3-OH)g

Fig. 1 View of complex 1 in 1-2py down the C; axis. The H atoms, the C
atoms of the pyridine ligands and the CF; groups of the triflate ligands
have been omitted for clarity. Displacement ellipsoids are drawn at the
30% probability level. Selected average bond lengths (including both 1-2py
and 1-Et,0) [Al: <U(1)-O(ox0)> 2.26(3), <U(1)-O(OTH> 2.512(18),
U(1)-N(1) 2.635(13), <U(Q2)-O(oxo)> 2.239(18), <U(2)-O(OTf)>
2.587(14), <U(2)-N(2)> 2.663(15), <U(3)-O(ox0)> 2.27(4), <U(3)-
O(OTf)> 2.51(3), U(3)-N(3) 2.641(1), <U(4)-O(0ox0)> 2.248(19), <U(4)-
O(OTH> 2.566(3), U4)-N(4) 2.669(11). Symmetry code = 1 — x, y,
25—z
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Fig. 2 View of the core of complex 1 and its environment of
coordinating atoms at the periphery. Dark- and light-coloured atoms
represent nitrogen and oxygen atoms, respectively. Symmetry code ": 1 — x,
y,25—z

framework of the uranium phosphate compound [Ug(p3-OH)g(io-
O,P(OPh),);»] and the Ug(uz-O)4(13-OH), core of the sulfate
complex [UgO4(OH)4(SO4)e].>'® The mean U-O bond length of
the bridging triflate ligands is equal to 2.53(4) A and is
identical to that measured in the tetranuclear compound
[{U(OTf)(terpy)o(n-O)p-OTHU(terpy)}>  (w-OTH(n-O)[OTH,. !
The U-N distances, which average 2.652(18) A, are in the range
of the U-N(py) distances found in uranium(I1v) complexes, which
is 2.54-2.70 A."?

The 'H NMR spectra of 1-2py in acetonitrile exhibit three
broad resonances which indicate that the coordinated and free
pyridine molecules are rapidly exchanging in solution. The single
signal in the '°F NMR spectrum at 20 °C suggests that the triflate
ligands are scrambling over the whole Ug octahedron; broadening
of this resonance occurred at lower temperature, but the slow-limit
spectrum could not be obtained.

Complexes with a Mg(u3-X)g or Mg(3-X),(13-Y)s—,, cluster core
form a large class of complexes with a variety of d transition
metals and bridging heteroatoms,>”"> including the series of
compounds [M;Mog(p3-X)g] (X = S, Se, Te) known as Chevrel
phases.'* However, such species are rather uncommon with the
f-elements; only a few lanthanide clusters with similar geometry
have been reported,'® whereas in the actinide family, they are
restricted to the aforementioned uranium sulfate and phosphate
complexes.”'*!® It is noteworthy that in the series of Me(ui3-O)g
clusters, 1 is the first which is not an organometallic species, the
other few examples being cyclopentadienyl complexes of d
transition metals which were prepared either by hydrolysis of
monomeric precursors or by oxidation of very reactive metal
complexes.®” These reactions, in addition to the reductive coupling
of oxo-halide precursors,'” constitute in fact the classical synthetic
routes to polyoxo aggregates.*” To the best of our knowledge,”'®
the synthesis of an oxide cluster involving a redox reaction between
a high-valent metal oxide and a low-valent complex of the same
metal, has no precedent.

The mechanism of formation of 1 is still unclear; the "’F NMR
spectra of the reaction mixture exhibit broad resonances,
suggesting the presence of exchanging triflate ligands in solution,
and are not informative. The failure to produce 1 by reduction of

UO,(OTHY), with classical reducing reagents indicates that U(OTf);
does not act only as a one-electron reducing reagent. It seems likely
that the formation of 1 results from the comproportionation
reaction depicted by eqn. (1), and we are currently working to
elucidate the mechanism, through {'H}NMR observation of the
intermediates involved in analogous reactions of UO,(OTf), and
U(111) organometallic species.

4UO,(OTY), +8U(OTH), BN [UgOs(OTf)5(py)g] + 6U(OTE), (1)

These results clearly evidence the possibility of using the [UO,**
ion in redox reactions with other low-valent metal compounds to
give new homo- or heteropolynuclear complexes with stable oxide
frameworks. It seems surprising that, despite the high oxophilicity
of the f-elements, polyoxo aggregates are quite uncommon and
have been most generally obtained by oxidation of low-valent
species by adventitious traces of oxygen or water.!"!? In parallel
to the ligand-controlled hydrolysis of the f element ions giving
oxo/hydroxo polynuclear complexes,® the smooth synthesis of
such polyoxo uranium complexes in anhydrous media is also very
attractive for both fundamental and applied aspects, in particular
in the field of catalysis and materials.
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Notes and references

+ Synthesis and characterizing data: In a glove-box under argon, a flask was
charged with UO,(OTf), (200 mg, 0.35 mmol) and U(OTY); (482.4 mg,
0.70 mmol) in a 1 : 1 mixture of acetonitrile and pyridine (10 mL). The deep
green solution was heated at 120 °C for 48 h, and deposited green crystals
of 1-2py which were filtered off, washed with the mixture of solvents by
Soxhlet technique, and dried under vacuum. Yield : 177 mg (85% based on
uranyl). Elemental analysis (%)) calc. for C58H50F24N1003283U65 C 1968, H
1.42, N 3.96; found: C 19.48, H 1.39, N 3.90. 'TH NMR (200 MHz, [*HgJthf,
23 °C): & = 8.54, 8.18 and 7.09 (broad signals of pyridine). ’F NMR
(188 MHz, [*HgJacetonitrile, 23 °C): 6 = 10.5 ( 0 for CF5CO,D). IR (nujol
mulls in KBr pellets):v(cmfl) = 1604(w), 1446(s), 1366(m), 1319(s), 1212(s),
1187(m), 1067(w), 1041(w), 1024(s), 1019(s), 800(w), 757(w), 703(m),
632(m), 557(m), 513(m).

I Crystal data for 1-2py: CssHsoF24N1003:SsUe, M = 3539.74, monoclinic,
a = 252878(14), b = 15.0388(9), ¢ = 26.581(3) A, f = 116.656(5)°,
V = 9034.3(13) A space group C2/c, Z = 4, T = 100Q2) K,
(MoKo) = 11.035 mm ™!, 73593 measured reflections, 8545 independent,
5920 with 7 > 20(I), 654 parameters, R1 = 0.026, wR2 = 0.057. Crystal
data f(]}’ 1-Et;0: Cs;HsgF24NgO33SgUs, M = 3455.66, monoclinic,
a = 253194(5), b = 15.0312(2), ¢ = 26.9908(5) A, p = 116.9200(10)",
vV = 9159.1(3) A% space group C2c, Z = 4, T = 100Q2) K,
(MoKo) = 10.881 mm ', 78194 measured reflections, 8681 independent,
7212 with I > 20(I), 615 parameters, R1 = 0.026, wR2 = 0.071. The data
were collected on a Nonius Kappa-CCD diffractometer with Mo-Ku
radiation. Absorption effects were empirically corrected. CCDC 262836
(1-2py) and CCDC 262837 (1-Et,0). See http://www.rsc.org/suppdata/cc/
b5/b503830h/ for crystallographic data in CIF format.
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