Synthesis and structure of N-heterocyclic carbene complexes of uranyl
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Treatment of UO,Cl,(thf); in THF with two equivalents of
1,3-dimesitylimidazole-2-ylidene (IMes) or 1,3-dimesityl-
4,5-dichloroimidazole-2-ylidene (IMesCl,) yields novel
monomeric uranyl N-heterocyclic carbene complexes, repre-
senting the first examples of actinyl carbon bonds.

The coordination chemistry of N-heterocyclic carbenes (NHC)
is a topic of much current interest, motivated in part by
promising applicationsin homogeneous catalysist and materials
science.2 NHC complexes have also been identified as principal
species formed upon dissolution of certain metal saltsin N,N’-
dialkylimidazolium-based room-temperature ionic liquids
(RTILS).3 We have recently initiated a general program to
characterise the basic coordination chemistry and electro-
chemical properties of lanthanide and actinideions dissolved in
RTILs with the goal of developing advanced, environmentally
responsible, nuclear processing and purification strategies. In
support of this effort, the reaction chemistry of isolable and
easily handled NHC ligands with lanthanide* and actinide
complexes is of interest. Given the central role of actinyl ions
(e.g. MO2*, M = U, Np, Pu) in nuclear chemistry,> we report
here the synthesis and structural characterisation of ur-
anyldichloride complexes stabilised by sterically demanding
NHC ligands. Well characterised 1,3-dimesitylimidazole-2-yli-
dene ligands were chosen in this study in order to favour highly
crystalline reaction products, amenable to detailed structural
characterisation.

Addition of a THF solution containing two equivalents of
IMes? or IMesCl,7 to abright yellow solution of UO,Cl,(thf)38
in THF rapidly gives a bleached yellow solution from which
pale yellow powders separate that correctly analyse for
UOCl,L,[L = IMes1, IMesCl; 2, seeeqgn. (1)].1 Theisolated
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powders are insoluble in aiphatic hydrocarbons, dlightly to
moderately solublein THF and toluene, and readily decompose
in CH,Cl,.

Crystals suitable for X-ray structural analysis could be
obtained for 1 as the THF solvate, by carefully layering a cold
solution of UO,Cl(thf)sin THF with asecond solution of IMes,
followed by slow diffusion over several days at —30 °C. For 2,
simply cooling a saturated THF solution at —30 °C overnight
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gavewell formed single crystals.$ Thermal ellipsoid representa-
tions of 1 and 2 are shown in Fig. 1. For both complexes the
uranium(vi) metal atom lies at the centre of a nearly perfect
octahedron The uranyl U-O bond lengths of 1.761(4) and
1.739(3) A (1 and 2, respectively) are within the range
previoudy observed in UO,Cl,L, complexes.12 The sig-
nificantly shorter U-O bond length observed for 2 is consistent
with IMesCl, being aweaker o-donor ligand compared to IMes,
which isalso reflected in UO, vibrational data (videinfra). The

Fig. 1 Thermal ellipsoid representation of (a) 1 and (b) 2 shown at the 50%
probability level. THF solvent of crystallisation and hydrogen atoms have
been omitted for clarity.
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U—CI bond lengths also fal within the normal range. The
uranium—carbene bond lengths are considerably lengthened at
2.626(7) and 2.609(4) A (1 and 2, respectively) compared to the
U-L bond lengths in UO,Cl,L, complexes [L = OPPhg,®°
OC(CHCHPh),,10 OP(NMey)3,1t or OC(NMey),1?], which are
observed between 2.27 and 2.30 A. The electron-withdrawing
4,5-dichloro substituents of IMesCl, are expected to reduce the
bonding radius of the carbenelone pair, which isreflected in the
relative U-C bond lengths of 1 and 2 [2.626(7) and 2.609(4) A,
respectively]. The imidazol-2-ylidenerings lie nearly coplanar,
twisted aong the C(1)-U(1)—-C(1A) axis by ca. 6° (1) and 8°
(2). The plane defined by N(1)-C(1)-N(2) eclipses the O-U-O
axis[torsion angles: ca. 11° (1) and 4° (2)], thereby minimising
steric interaction between the mesityl substituents and the
chloride ligands. Instead, the mesityl groups form a basket
around the uranyl oxo ligands in which the closest non-bonded
oxygen contacts are ca. 3.1-3.2 A to the ipso-mesityl car-
bons.

A measure of the relative donor strength of the NHC ligands
in UO,Cl,L, complexes can be estimated using vibrational
spectroscopy. Within an isostructural series of uranyl com-
plexes, the frequency of the symmetric (v;) and asymmetric (vs)
UO, stretchisinversely proportional to the donor strength of the
equatorial ligandswhich lie orthogonal to the[UO,]2+ moiety.13
For 1 and 2, the highest intensity peak in the IR spectra (Nujol),
assigned to the asymmetric UO, stretch is observed at 938 and
942 cm—1, respectively. These values are among the highest
reported for UO,Cl,L, complexes,*4 suggesting correspond-
ingly weak electron donation from the NHC ligands. A slightly
higher frequency v; observed for 2 is consistent with the
electron withdrawing effect of the 4,5-dichloro substituted
imidazol-2-ylidene ligand. It should be pointed out that the
weak donor ability of NHC ligandsin these uranyl complexesis
in marked contrast to their exceptionally strong donor strength
observed in low vaent transition meta complexes.’> The
isolation of uranyl complexes stabilised by soft o-donor ligands
like NHCs is without precedent. Prior to this report, actinyl
complexes have been exclusively stabilised by hard donor
ligands (e.g. halide, oxygen and nitrogen ligation). In fact, even
tertiary phosphine complexes are unknown in the actinyl series.
A useful comparison can be madeto arelated tungsten complex,
WO.Cl,L, (L = 1,3-dimethylimidazol-2-ylidene),16 which fur-
ther demonstrates the suitability of NHCs as competent
stabilising ligands for hard, Lewis acidic metal complexes.

The synthetic and structural results reported in this work
suggest that related actinide NHC complexes might reasonably
be formed in RTIL solutions. Through control of the effective
pH of these media, the concentration of free NHCs could be
reversibly adjusted to allow manipulation of the coordination
sphere of dissolved metal ions. Novel separations technology
based on the imidazolium-RTIL/NHC interconversion is cur-
rently under development. Extension of this synthetic and
structural investigation to transuranium actinyl complexes and
to low valent actinides is being actively pursued.

Wethank Dr David L. Clark of the Glenn T. Seaborg Institute
for Transactinide Science for providing financial support of this
work. Los Alamos National Laboratory is operated by the
University of Californiafor the U.S. Department of Energy.

Notes and references

T Preparation of UO,Cl,(IMes), 1: to a solution of [UO,Cl(thf),], (100
mg, 0.103 mmol) dissolved in THF (4 mL) was added a second THF
solution (4 mL) of IMes (125 mg, 0.415 mmol). The resulting yellow
suspension was stirred for 15 min, diluted with hexanes (5 mL), then filtered
off and washed with hexanes (2 X 2 mL). Yield 145 mg (74%). 1H NMR
(300 MHz, toluene-dg): 62.08 (s, 6H, p-CH3), 2.26 (s, 12H, 0-CH3), 6.26 (S,
2H, 4,5-imidazole-CH), 6.49 (s, 4H, 3,5-mesityl-CH). IR (Nujul): v (cm—1)

1304 (w), 1273 (m), 1229 (m), 1160 (w), 1100 (m), 1064 (w), 1033 (w), 962
(w), 938 (vs), 920 (s), 847 (m), 749 (m), 722 (m). Ana. Calc. for
CaoH4sCloN4O5U: C, 53.11; H, 5.09; N, 5.90. Found: C, 53.62; H, 5.76; N,
5.71%.

Preparation of UO,Cly(IMesCl,), 2: a similar procedure as that
described for 1 was followed. Yield 62%. 1H NMR (300 MHz, toluene-ds):
62.02 (s, 6H, p-CH3), 2.25 (s, 12H, 0-CH3), 6.47 (s, 4H, 3,5-mesityl-CH).
IR (Nujul): v/em—1 1304 (w), 1273 (m), 1195 (w), 1180 (w), 1149 (w), 1131
(m), 1076 (w), 1036 (w), 984 (w), 942 (vs), 851 (M), 733 (W), 722 (w). Anal.
Calc. for C4oHa4ClgN4OLU: C, 46.34; H, 4.07; N, 5.15. Found: C, 47.23; H,
4.56; N, 4.63%.
¥ CryStal data: for 1-6THF: C66H96C|2N408U, M = 138240, a =
29.330(1), ¢ = 18.879(1) A, V = 14065(1) A3, trigonal, space group R3, Z
=9, T=203K,R1(l >20)= 0.0656, and wR2(I > 20) = 0.1311.

For 2.-THF: CsoHeoCleN4O4U, a = 10.1563(5), b = 17.3511(8), ¢ =
13.6466(6) A, B= 95.162(1)°, V = 2480.2(2) A3, monoclinic, space group
P2/n,Z = 2, T = 203 K, RY(l > 20) = 0.0456, and wR2(I >20) =
0.0855.

The reflection data for both structures were collected on a Bruker P4/
CCD using a combination of ¢ and @ scans. The structures were solved
using standard direct methods techniques (SHELXS-97),27 and refined
using full-matrix least squares based on F2 (SHELXL-97).17 Hydrogen
atom positions were idealized, and al non-hydrogen atoms were refined
anisotropically. Disordered lattice THF molecules in both structures were
eliminated from the refinement using PLATON/SQUEEZE.18 CCDC
reference numbers 160347 and 160348 for 1 and 2, respectively. See http:
Ihwww.rsc.org/suppdatal/cc/b1/b102649f/ for crystallographic datain CIF or
other electronic format.
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