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Solid state structures of molecular uranyl compounds are
commonly described in the literature.1,2 The vast majority of
these species have been isolated from aqueous media, and the
presence of water often influences the resulting structures
through hydrogen bonding and/or inner-sphere water coordina-
tion. The development of nonaqueous uranyl chemistry has
demonstrated the existence of novel coordination geometries
in the absence of these effects.3-5 Further studies are required
to examine the potentially unique electrochemical and spectro-
scopic properties of these products. Until recently, the develop-
ment of nonaqueous uranyl chemistry has been inhibited by a
lack of appropriate starting materials. Several thermal routes
for the synthesis of anhydrous UO2Cl2 have been reported.6

However, they are generally unsuitable for the generation of
reagents because of difficulties encountered separating precur-
sors and/or side products from UO2Cl2, the unavailability of a
commercial source for starting materials, e.g., UCl4, or the
limited scale of preparation.7 Our group has been interested in
the development of nonaqueous uranyl chemistry in order to
examine physical properties of uranyl species unstable to
hydrolysis.3-5 The expansion of this chemistry has been
facilitated by the development of a simple one-pot dehydration
of UO2Cl2‚x(H2O) (x ) 1, 3) for the preparation of UO2Cl2(THF)3
(1). The previously reported dimeric derivative, [UO2Cl2(THF)2]2

(2),8,9 may be isolated upon desolvation of1. Compound2 is
an excellent starting material for the further synthesis of uranyl
alkoxides and uranyl amides.

Compound1 is obtained upon reaction of excess ClSiMe3

with UO2Cl2‚x(H2O) in tetrahydrofuran (eq 1).10 The method

is adapted from similar dehydration reports.11-13 By allowing
a tetrahydrofuran solution of1 layered with hexane to cool to
-30 °C, shiny yellow blocks are isolated in good yield. The
molecular structure of1 was determined from single-crystal
X-ray diffraction analysis,14 and it consists of a uranyl monomer.
A view of the molecule is shown in Figure 1. The uranium is
coordinated in a pseudopentagonal bipyramidal fashion by two
apical oxo groups, and three equatorial THF ligands and two
nonadjacent chlorides form the equatorial plane. The oxo groups
of the uranyl moiety lie trans to one another with a bond angle
of O(1)-U-O(2) ) 176.2(3)°. This angle lies within the range
reported for the majority of other uranyl complexes.2 The
U-O(oxo) distances are identical at 1.766(6) and 1.765(6) Å
for O(1) and O(2), respectively. These values are comparable
to those reported for seven-coordinate uranyl complexes includ-
ing [UO2Cl2(THF)2]2 (2) (1.76(3) and 1.74(2) Å),8 UO2Br2(THF)3
(1.75(1) and 1.77(1) Å),15 and cis-UO2Cl2(Ph3PO)2 (1.771(4)
Å).16 The U-Cl bond distances, 2.698(2) and 2.687(2) Å, are
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UO2Cl2‚x(H2O) + 6 ClSiMe398
THF

UO2Cl2(THF)3 + x O(SiMe3)2 + 2x HCl (1)

x ) 1, 3
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similar to the U-Cl(terminal) bond lengths for2 (2.66(3) and
2.65(2) Å),8 and they lie within the range of other uranyl-Cl
distances reported in the literature (2.64-2.78 Å).9,17 The
U-O(tetrahydrofuran) bond distances in1 (2.467(6), 2.443(6),

and 2.464(5) Å) are within range of those reported for2
(2.32(3)-2.49(4) Å)8 and UO2Br2(THF)3 (2.45(2), 2.47(1), and
2.46(2) Å).15 Other seven-coordinate uranyl structures where
there is a THF ligand have U-O(THF) distances that fall within
this range.

One of the tetrahydrofuran molecules coordinated to1 is
labile, as elemental analysis of crystals dried either in an inert
atmosphere box or under vacuum indicates the presence of only
two THF molecules per uranyl chloride. This material is
identical to the structurally identified [UO2Cl2(THF)2]2 (2), as
confirmed by comparison of the powder X-ray diffraction pattern
with the calculatedd-spacings from the single-crystal structure
determination.8,9 The infrared spectrum of2 has two peaks that
lie within the expected range for the uranyl asymmetric stretch
at 875 and 841 cm-1.4 This complex has previously been isolated
only as a side product obtained from the unexpected oxidation
of bis(acetylacetonato)dichlorouranium(IV) in THF, or from
recrystallization of contaminated UCl4 in tetrahydrofuran. No
general method of preparation or physical characterization data
were referenced in either report.

Compound2 readily redissolves in tetrahydrofuran, giving
1. The1H NMR spectrum for1 in THF-d8 shows two resonances
(δ 3.62 (s,R-THF) and 1.77 (s,â-THF)). These resonances are
identical to those of free THF, suggesting that the labile THF
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Scheme 1

Figure 1. Molecular structure and atom-labeling scheme for UO2Cl2-
(THF)3, (1) with H atoms omitted (50% probability ellipsoids). Selected
bond lengths (Å): U-O(1) 1.766(6), U-O(2) 1.765(6), U-Cl(1)
2.698(2), U-Cl(2) 2.687(2), U-O(3) 2.467(6), U-O(4) 2.443(6),
U-O(5) 2.464(5). Selected bond angles (deg): O(1)-U-O(2) 176.2(3),
Cl(1)-U-O(4) 72.4(2), Cl(1)-U-O(3) 73.4(2), Cl(2)-U-O(4) 73.1(2),
Cl(2)-U-O(5) 75.4(2), O(3)-U-O(5) 67.8(2).
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ligands are completely displaced by THF-d8 in solution.
Compound2 is a useful anhydrous uranyl starting material of
well-defined stoichiometry. Yellow tetrahydrofuran solutions of
this compound react at room temperature with a variety of alkali
metal salts to yield uranyl products of metathesis reactions
(Scheme 1, i-iv).3,5,18,19The coordinated THF may be readily
replaced by stronger Lewis bases (Scheme 1, v).16,20,21For this
reason, it must be protected from atmospheric moisture because

it readily exchanges coordinated tetrahydrofuran for water in
air. Evaluation of the use of this material to prepare other uranyl
complexes unstable in aqueous solution is in progress. For
example, we have now developed synthetic routes to several
uranyl alkoxide and amide compounds, including stable cluster-
like aggregates.

The simple preparation of [UO2Cl2(THF)2]2 (2) is allowing
studies of the electronic structure of the uranyl moiety, in
particular the basicity of the uranyl oxo groups in nonaqueous
media.
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