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Uranium-hydrogen interactions: synthesis and crystal structures
of tris(/V,/N-dimethylaminodiboranato)uranium(im)f
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The reaction of UCl, with Na(H;BNMe,BH3) in diethyl ether
affords the uranium(i) product U(H3;BNMe,BH3)3, which has
been crystallized in two different structural isomers depending on
the crystallization solvent. Both forms are polymeric, but the
nature of the bridging interaction is different in the two forms.

Uranium hydride, UH3, has been proposed to be an ideal
material for the generation of safe nuclear power, owing to its
ability to serve simultaneously as a fuel and neutron energy
moderator.' It forms the basis of Los Alamos’s Hyperion
Power Module, a self-contained transportable reactor
generating 70 MW of thermal energy that is suitable for a
variety of moderately sized power applications. The key design
principle, first articulated in the 1960s,” is that runaway
nuclear reactions are automatically prevented: any over-
temperature excursion forces hydrogen out of the material,
thus reducing the neutron energy moderation necessary for
nuclear criticality.

In B-UHj;, each uranium center is surrounded by 12 hydrogen
atoms.” The structure of the thermodynamically less stable
o-UH; has also been reported but the positions of the
hydrogen atoms have not been clearly assigned.* Molecular
complexes that contain U-H bonds are also known,>® but in
only two cases is the uranium center ligated exclusively by
hydrogen atoms: U(BH,)4* and U(BH;Me),.” In U(BHy),
two of the BH, groups are terminal and bound in a n* fashion,
but two bridge to adjacent metal centers in a 1n%,n? binding
mode; as a result, the uranium centers are each surrounded by
14 hydrogen atoms. In U(BH;Me), each n* BH;Me ligand is
terminal and the uranium centers are bound to 12 hydrogen
atoms. The homoleptic U™ complex U(BH3); has not been
fully characterized even though it is the suspected product
from the thermal decomposition of U(BHy),.”'%!!

As part of our effort to explore the remarkable chemistry
of the N,N-dimethylaminodiboranato (DMADB) ligand,'>™ '
we now report the synthesis of the new complex tris(N,N-
dimethylaminodiboranato)uranium(i). Its structure is the
first of a molecular uranium(mr) complex in which the coordi-
nation sphere of the uranium center consists entirely of
hydrogen atoms. Specifically, we find that the addition of four
equiv. of Na(H;BNMe,BH3) to a suspension of UCl, in
diethyl ether results in the evolution of gas and the slow
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formation of a brown solution and a white precipitate.
The evolution of gas and color change correspond to the
reduction of U™ to U™.13

Removal of the solvent, followed by crystallization of the
residue from pentane at —20 °C, yields U(H;BNMe,BH3);, 1a,
as light brown crystals.'® The yield of this product is somewhat
low, owing to its low solubility in pentane. Extraction with
toluene gives higher yields (see below).

In 1a (Fig. 1), three chelating DMADB ligands are arranged
in a propeller-type arrangement around the uranium atom.
Each of the three DMADB ligands is bound via four B-H-U
bridges. The uranium atom is displaced 0.30 A out of the plane
of the three nitrogen atoms; this displacement opens up an
additional coordination site, which is occupied by a hydrogen
atom from a DMADB ligand on an adjacent uranium center.
As a result, the uranium centers are bound to 13 hydrogen

Fig. 1 Molecular structure of U(H;BNMe,BH3);, 1a, obtained from
pentane. Top: monomeric unit in the chain. Bottom: the polymeric
structure. Ellipsoids are drawn at the 35% probability level, except for
hydrogen atoms, which are represented as arbitrarily sized spheres. In
the image of the chain structure, the hydrogen atoms on the methyl
groups have been removed for clarity.
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atoms and are connected into chains. The “intermolecular”
U-H distance is calculated to be 2.50 A, which compares well
to the average U-H distance of 2.49 A for the three chelating
DMADRB ligands.

The six U---B distances to the chelating DMDBA ligands
range from 2.842(6) to 2.935(6) A; the seventh U- - -B contact
involving the intermolecular interaction is much longer:
3.525(6) A.

The complex U(H3;BNMe,BH;); can also be crystallized
from toluene. Interestingly, the resulting red crystals are
structurally isomeric; we will refer to this form of
U(H3;BNMe,BHs;);, as 1b."7 In this structural isomer, there
are two chelating DM ADB ligands and one bridging DMADB
ligand per uranium atom. Each BHj unit from the bridging
DMADRB is bound in a n* fashion to different uranium atoms,
so that the connectivity of each bridging ligand is
U(n’*-H3;BNMe,BH;-1*)U (Fig. 2). The coordination number
of each uranium center in 1b is 14, as opposed to 13 in 1a. The
four U- - -B distances involving the chelating DMADB ligands
[2.861(7) to 2.902(6) A] are similar to those seen in 1a, but the
two U---B distances involving the bridging DMADB ligands
are much shorter [2.670(6) and 2.665(6) A]. This shorter U- - -B

Fig. 2 Molecular structure of U(H;BNMe,BHj3);, 1b, obtained from
toluene. Top: monomeric unit in the chain. Bottom: the polymeric
structure. Ellipsoids are drawn at the 35% probability level, except for
the hydrogen atoms, which have been represented as arbitrarily sized
spheres. In the image of the chain structure, the hydrogen atoms on the
methyl groups have been removed for clarity.

distance is similar to those observed for n>-BH,~ groups in
U™ complexes.®

When 1a and 1b are dissolved in an aromatic solvent
(benzene or toluene), they give identical "H NMR spectra.
The IR spectra of 1a and 1b, collected as Nujol mulls of
ground crystals, are very similar despite the structural
differences. Both contain a strong terminal B-H stretch at
2399 cm~! and strong B-H bridging stretches at 2202 and
2168 cm™'. To determine whether the crystal structures of 1a
and 1b are representative of bulk samples, XRD data were
collected from powders obtained by removing the solvent from
the pentane and toluene extracts. The XRD pattern of the
powder obtained from the toluene extract agrees with the
single-crystal XRD data collected for 1b (ESIf, Fig. S1). In
contrast, the XRD pattern of the powder obtained from the
pentane extract suggests that a mixture is present, of which 1a
(but not 1b) is a component.

The reaction chemistry of these interesting new uranium
hydride species will be detailed in a future report.
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