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Synthesis and Crystal Structure of
UO.CIx(THF)3: A Simple Preparation of an
Anhydrous Uranyl Reagent

UO,Cl,x(H,0) + 6 CISiMe, —
UO,CL(THF), + x O(SiMe,), + 2x HCI (1)

x=1,3

Marianne P. Wilkerson,™* Carol J. Burns,* ¥

i o Seot is adapted from similar dehydration repofts!® By allowing
Robert T. Paine; and Brian L. Scott

a tetrahydrofuran solution df layered with hexane to cool to
) . . —30 °C, shiny yellow blocks are isolated in good yield. The
Chemical Science and Technology Division, Los Alamos  molecular structure ol was determined from single-crystal
National Laboratory, Los Alamos, New Mexico 87545, and X-ray diffraction analysig# and it consists of a uranyl monomer.
Department of Chemistry, University of New Mexico, A view of the molecule is shown in Figure 1. The uranium is
Albuguerque, New Mexico 87131 ., dinated 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
Solid state structures of molecular uranyl compounds are of O(1)-U—0O(2) = 176.2(3}. This angle lies within the range
commonly described in the literatu¥8.The vast majority of reported for the majority of other uranyl compleXe3he
these species have been isolated from aqueous media, and thg—0O(oxo) distances are identical at 1.766(6) and 1.765(6) A
presence of water often influences the resulting structuresfor O(1) and O(2), respectively. These values are comparable
through hydrogen bonding and/or inner-sphere water coordina-to those reported for seven-coordinate uranyl complexes includ-
tion. The development of nonaqueous uranyl chemistry hasing [UO,ClATHF);]2 (2) (1.76(3) and 1.74(2) A UO.Br(THF);
demonstrated the existence of novel coordination geometries(1.75(1) and 1.77(1) A¥ and cis-UO,Cly(PhsPO) (1.771(4)
in the absence of these effeéts.Further studies are required  A).16 The U-Cl bond distances, 2.698(2) and 2.687(2) A, are
to examine the potentially unique electrochemical and spectro-
scopic properties of these products. Until recently, the develop- (10) At room temperature, an excess of CIS§(80 mL, 0.24 mol) was
ment of nonaqueous uranyl chemistry has been inhibited by a ~ added to a flask containing a slurry of WCl>x(H;0) (x = 1, 3)

. . . (14 g) and tetrahydrofuran (100 mL). The solution was stirred for 1
lack of appropriate starting materials. Several thermal routes h. The solution was concentrated to 50 mL by removal of solvent
for the synthesis of anhydrous WCl, have been reported. under vacuum, and hexane (50 mL) was added. After the solution
However, they are generally unsuitable for the generation of had been stirred vigorously for 5 min, the liquids were decanted away.
reagents because of difficulties encountered separating precur-
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The dull yellow powder was washed with hexanex(B0 mL), and
‘ pala the product was dried under vacuum: yield 13.5 g (79%)adR

sors and/or side products from WCl,, the unavailability of a

commercial source for starting materials, e.g., )J@r the

limited scale of preparatiohOur group has been interested in

(Nujol mull): 1347 (s), 1295 (m), 1246 (m), 1214 (w), 1172 (m),
1136 (w), 1042 (m), 1007 (s), 961 (s), 949 (s), 921 (s), 891 (w), 875
(s), 841 (s), 683 (w) cmt. Anal. Calcd for GH16Cl,04U: C, 19.81;

H, 3.32. Found: C, 19.60; H, 3.30.

the development of nonaqueous uranyl chemistry in order to (11) So, J.-H.; Boudjouk, Ainorg. Chem.199Q 29, 1592.
examine physical properties of uranyl species unstable to (12) Samuels, J. A.; Chiang, W.-C.; Huffman, J. C.; Trojan, K. L.; Hatfield,

hydrolysis3=> The expansion of this chemistry has been
facilitated by the development of a simple one-pot dehydration

of UO.Clx(H20) (x = 1, 3) for the preparation of UCI(THF);
(2). The previously reported dimeric derivative, [W,(THF)]»
(2),8° may be isolated upon desolvation hf Compound? is

an excellent starting material for the further synthesis of uranyl

alkoxides and uranyl amides.

Compoundl is obtained upon reaction of excess CISiMe
with UO,Cl,x(H20) in tetrahydrofuran (eq 2. The method

T Chemical Science and Technology Division, Los Alamos National

Laboratory.
* University of New Mexico.
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P2i/c, a = 6.8225(4) A,b = 16.791(1) A, c = 15.6088(9) A,

B = 92.893(1y, V = 1785.9(2) B, Z = 4, pcaica = 2.073 g cm3,
F(000) = 1048,1 = 0.710 73 A,T = —70 °C, u(Mo Ka) = 9.401
mm~L. Crystals ofl were covered with mineral oil under an argon
stream, and an irregular block of dimensions 0x18.12 x 0.12 mm

was mounted on a glass fiber using silicon grease. It was placed under
the —70 °C liquid N2 vapor cold stream on a Siemens P4/CCD/PC
diffractometer with sealed Mo & X-ray source. A hemisphere of data
was collected using a combination ¢f and w scans, with 30 s
exposures and ®3rame widths. Data collection, indexing, and initial
cell refinement were handled using SMART softwéteFrame
integration and final cell refinement were carried out using SAINT
software?® The SADABS software package was used to perform the
absorption correctior®.The structure was solved using Patterson and
difference Fourier techniques. The hydrogen atom positions were fixed
on ideal positions. The hydrogen atoms were refined using a riding
model, with isotropic temperature factors fixed to 1.2 times the
equivalent isotropit) of the carbon atom to which they were bonded.
The final refinements included anisotropic temperature factors on all
non-hydrogen atoms. Structure solution refinement, graphics, and
creation of publication materials were performed using SHELXTL
5.1 software?® For 3592 reflections, refinement by full-matrix least-
squares techniques df? converged with R1= 0.040 and wR2=
0.107, where RI= ol |Fo| — |Fdl|/o]Fq|, WR2 = [Y[W(Fs? — F2)?/
SIW(FAF1Y2 andw = 1/[0%(Fo?) + (0.10000P)3. SHELXTL PC
42/360 software was used for structure solution, refinement, graphics,
and publication materials. Additional details of data collection and
structure refinement are given in the Supporting Information.
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Figure 1. Molecular structure and atom-labeling scheme for,OR
(THF)3, (1) with H atoms omitted (50% probability ellipsoids). Selected
bond lengths (A): W-O(1) 1.766(6), U-O(2) 1.765(6), U-CI(1)
2.698(2), U-CI(2) 2.687(2), U-O(3) 2.467(6), U-O(4) 2.443(6),
U—0(5) 2.464(5). Selected bond angles (deg): ©{1)0(2) 176.2(3),
Cl(1)-U—0(4) 72.4(2), Cl(1U—0(3) 73.4(2), Cl(2yU—0(4) 73.1(2),
Cl(2)—-U—0(5) 75.4(2), O(3yU—-0(5) 67.8(2).

similar to the U-Cl(terminal) bond lengths fo? (2.66(3) and
2.65(2) A)8 and they lie within the range of other uramyCl
distances reported in the literature (26478 A)%17 The
U—O(tetrahydrofuran) bond distanceslii2.467(6), 2.443(6),

(2.32(3)-2.49(4) AP and UQBry(THF);3 (2.45(2), 2.47(1), and
2.46(2) A)15 Other seven-coordinate uranyl structures where
there is a THF ligand have-tO(THF) distances that fall within
this range.

One of the tetrahydrofuran molecules coordinatedL tis
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 [URI(THF),]2 (2), as
confirmed by comparison of the powder X-ray diffraction pattern
with the calculatedl-spacings from the single-crystal structure
determinatior?:® The infrared spectrum & has two peaks that
lie within the expected range for the uranyl asymmetric stretch
at 875 and 841 crit.* This complex has previously been isolated
only as a side product obtained from the unexpected oxidation
of bis(acetylacetonato)dichlorouranium(lV) in THF, or from
recrystallization of contaminated UCh tetrahydrofuran. No
general method of preparation or physical characterization data
were referenced in either report.

Compound?2 readily redissolves in tetrahydrofuran, giving
1. TheH NMR spectrum forl in THF-dg shows two resonances
(6 3.62 (s,a-THF) and 1.77 (sp-THF)). These resonances are
identical to those of free THF, suggesting that the labile THF
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ligands are completely displaced by THE-in solution.
Compound? is a useful anhydrous uranyl starting material of
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Notes

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 [ULZIx(THF),]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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well-defined stoichiometry. Yellow tetrahydrofuran solutions of
this compound react at room temperature with a variety of alkali 1C990159G
metal salts to yield uranyl products of metathesis reactions
(Scheme 1, i-iv.51819The coordinated THF may be readily
replaced by stronger Lewis bases (Scheme 18%921For this
reason, it must be protected from atmospheric moisture becaus
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