ChemComm

“) ChemComm
-

Lewis Acid Capping of a Uranium(V) Nitride via a
Uranium(III) Azide Molecular Square

Journal: | ChemComm

Manuscript ID | CC-COM-02-2020-001356.R1

Article Type: | Communication

SCHOLARONE™
Manuscripts



Page 1 of 4

ChemComm

Lewis Acid Capping of a Uranium(V) Nitride via a Uranium(lll)

Azide Molecular Square

Received 00th January 20xx,
Accepted 00th January 20xx

Hohloch,®* and John Arnolda?*
DOI: 10.1039/x0xx00000x

Reaction of (Cpi*@),Ul with NaN; resulted in formation of
tetrameric  uranium(lll) azide-bridged ‘molecular square’
[(Cp™®),U(u-n*:n*-N3)]s (1). Addition of B(CgFs); to 1 induced loss
of N, at room temperature, yielding the uranium(V) borane-
capped nitrido (Cp™™#),U(u-N)B(C¢Fs)s (2).

Studies of uranium nitrido complexes, L,U=N, have been
motivated by their ability to provide insight into the
fundamental nature of actinide-ligand multiple bonds'3 and
their potential to act as molecular models for uranium nitride
(UN, U,N3, and UN,) materials, which are of considerable
interest in the context of next-generation nuclear fuels.*=12 Our
group and others are interested in discovering new ways to
convert molecules containing uranium into materials, and
while considerable progress has been made towards uranium
oxide materials,’32° much less is known about potential
uranium nitride precursors.

Uranium azides have received considerable attention for
their ability to act as precursors to wuranium nitrido
complexes, 221 however, it remains an outstanding challenge
to predict the products of reactions of low-valent uranium
species with small molecules and ions, such as N3~, as relatively
subtle structural differences in supporting ligands have been
shown in multiple cases to exert a large effect on factors such
as product nuclearity and oxidation state.??727

Evans and coworkers showed that reaction between
[(CsMe4R),U][(u-Ph),BPh,] (R = H, Me) and NaN; led to the
formation of octa-uranium(lV) complexes [(CsMesR),U(u-
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N)Cp*,U(u-n':n*-N3)]ls, molecules with alternating bridging
nitrido and azide ligands.?®2 The metallocene uranium(lll) azide
(CsMe4R),U(N3) can be implicated as an intermediate, but it is
unclear if the subsequent loss of N, occurs from mononuclear
or multi-metallic azide-bridged species,?® especially because
both terminal?® and bridging3%3! uranium(lll) azides have been
isolated with different supporting ligand systems.

Here we report the effect of using the Cp*™ ligand (Cp'P™ =
tetra(isopropyl)cyclopentadienyl) on the reactivity of
metallocene uranium(lll) azides reveal significant
differences compared to earlier reports using Cp* or CsMe,H.

and

In particular, we isolated a much lower molecularity tetrameric
bis-CpP™ uranium(lll) azide-bridged ‘molecular square’ that
could be directly converted to a mononuclear, uranium(V)
borane-capped nitrido using the strong Lewis acid B(CgFs)s.

Reaction of one equivalent of NaN; with (Cp*™),UI32 in THF
overnight led to green oily solids after removal of solvent.
Single crystals suitable for X-ray crystallographic analysis (see
below) were grown by recrystallization of the crude material
from pentane and revealed the green crystalline product to be
the tetrameric uranium(lll) azide ‘molecular square’
[(CpP*),U(u-n*:n*-N3)14 (1) (Scheme 1). A sharp, strong azide
stretch observed at 2100 cm™ is almost identical to that seen
in the precursor material NaN3 (2104 cm™1). Importantly, there
is a large difference in both the nuclearity and oxidation state
between 1 and the octa-uranium(lV) complex [(CsMesR),U(u-
N)Cp*,U(u-nt:n*-N3)ls (R = H, Me) formed under related
conditions with less bulky Cp ligands.28

While extremely uncommon, an example of this square
motif has been reported by Liddle and coworkers in a tetra-
uranium(lV) complex [(Tren®™BS)U(u-n:n*-N3)]s (TrenPMBs =
N(CH,CH,NSiMe,'Bu)s), which has both a different uranium
oxidation state and an entirely different supporting ligand
scaffold from 1.33 A trimeric metallocene uranium(lV)
‘molecular triangle’ [Cp*,U(Ns)(u-n*:n*-N3)]; has also been
isolated, further illustrating the challenge in predicting the
structures and aggregation of uranium azides.3*
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Scheme 1 Synthesis of complexes 1 and 2.
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The solid-state structure of 1 is shown in Fig. 1, and selected structural metrics are
provided in Table S1 (ESIt). Fig. 1 X-ray crystal structure of [(Cp'*™),U(u-n*:n*-N3)],4 (1)
with 50% probability ellipsoids. Isopropyl groups are displayed as wireframes; hydrogen
atoms and positional disorder are omitted for clarity. Selected structural metrics are
listed in Table S1 (ESIT).

Complex 1 crystallizes in the space group P4,2,2 with
individual molecules of 1 lying on a crystallographic 2-fold axis.
The average U-N distance in 1 is 2.508(8) A, much longer than
the U—-N,,¢e bond length of 2.321(4) A in the uranium(lll)
terminal azide complex Tp*,U(Ns) (Tp* hydrotris(3,5-
dimethylpyrazolyl)borate), as would be expected for a bridging
species.?® Furthermore, a U-N,,i¢e distance of 2.298(8) A was
found in the azide-bridged uranium(lll/IV) complex [{(*
BuArQO)stacn}Ul,(u-n*:n*-N3) ((¥BYArO)stacn = 1,4,7-tris(3,5-di-
tert-butyl-2-hydroxybenzylate)-1,4,7-triazacyclononane),3! and
a U—N,,ige distance of 2.40(2) A was found in the azide-bridged
uranium(l/1l1) complex [Na(18-crown-6)][(CsHsSiMes)sU],(u-
n*:n*-N3).3° The long U-N distances in 1 are presumably a
result of the bulky Cp** groups. Notably, however, U-N,,i4e
distances in the uranium(1V) species [(CsMe4R),U(u-N)Cp*,U(u-
n*:n*-N3)ls (R = H, Me) were found to range from 2.449(14) to
2.525(7) A;28 this similarity is surprising given that uranium(IV)
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has an effective ionic radius roughly 0.135 A smaller than that
of uranium(IIl).?>

While 1 is stable when stored
temperature, it was found to turn brown over days when
exposed to room light. Photolysis of 1 as a suspension in

in the dark at room

pentane led to complete conversion to a dark red-orange
solution after a week, but no products could be isolated from
the resulting mixture. Similarly, toluene suspensions of 1
rapidly changed color to dark red-orange between 90-100 °C,
producing intractable mixtures. If terminal nitrido species form

in these reactions, they undergo rapid intramolecular
decomposition pathways, such as addition of C(sp3)-H
bonds.36:37

With these findings in mind, we sought to use a protection
The strong Lewis acid
form stable metal

strategy to trap a nitride species.
B(CeFs)3
azidoborates,363839 pbut the reactivity of this moiety appears to

has been found to
vary by metal and oxidation state. The niobium(V) azidoborate
(BDI)Nb(NtBu)(Ph)[(u-n1:n1-N3)B(CcFs)s]  (BDI N,N"-bis(2,6-
diisopropylphenyl)-3,5-dimethyl-8-diketiminate) could be
photolyzed to form a borane-capped nitrido,3® while loss of N,
via azide photolysis was deactivated in the uranium(IV)
complexes (CsMe4R),U[N(SiMes),](N3) (R = Me, Et) upon
capping of the azides with B(CgFs)3.3¢

In contrast to these earlier reports, we found that addition

of B(CeFs)s to 1 induced loss of N, at room temperature
without the necessity of light, leading to the isolation of the
borane-capped nitrido complex (Cp'P™),U(u-N)B(CsFs)s (2) as
dark red crystals in 64% yield (Scheme 1). The IR spectrum of 2
showed no azide stretching bands, and the identity of the
product was confirmed through X-ray crystallographic studies
(see below). A related borane-capped nitrido species,
(IN("Bu)a][{N(*Bu)(3,5-Me,CeH3)}3U(u-N)B(CsFs)s]), albeit
prepared via a quite different synthetic pathway, was
described by Cummins and coworkers.*°

The solid-state structure of 2 is shown in Fig. 2, and
selected structural metrics are shown in Table S2 (ESIt). The
U-N bond length of 1.893(2) A in 2 is slightly shorter than
those of the only other two structurally characterized
uranium(V) borane-capped nitrido complexes,
[N("Bu)a][{N(‘Bu)(3,5-Me,CeH3)}3U(1-N)B(CeFs)s] (1.914(4) A)*©
and [K(benzo-15-crown-5)][(Tren™S)U(u-N)BPh;] (1.911(6) A)
(Tren™PS = N(CH,CH,NSi'Pr3)3)** but longer than the U—N,yido
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distances generally observed in terminal or alkali metal-
capped uranium(V) nitrido complexes.??#274> Notably, a close
contact of 2.597(2) A is observed in 2 between the uranium
center and one

Fig. 2 X-ray crystal structure of (Cp®™),U(u-N)B(CsFs)s (2) with 50% probability
ellipsoids. Hydrogen atoms and positional disorder are omitted for clarity. Selected
structural metrics are listed in Table S2 (ESIT).

of the fluorine atoms on the coordinated B(CgFs)s (F(1) in Fig.
2). The presence of only one nitrogen atom between the
uranium center and the borane along with the C-F>U close
contact enables the B(CgFs); molecule to exert considerable
steric pressure on the (Cp'P™),U fragment in 2; one effect of
this is the quite small (for the (CpP™),U fragment) Cp(cent)—U—
Cp(cent) angle, 129.60(4)°.

While uncommon, C—F>U close contacts have been
observed in the solid-state structures of several uranium(IV)
complexes: U-F distances of 2.648(1) and 2.599(1) A were
determined in U[N(CgFs),]4,*® and U—F distances of 2.762(6)

and 2.789(5) A were found in
[Cp*,Co][U{OB(CsFs)s},(Aracnac)(OEt,)] (Aracnac =
3.38
|
o 1.01
o
:>< J
=)
|
0.79
200 400 600 800 1000
B, (mT)
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ArNC(Ph)CHC(Ph)O, Ar = 3,5-Bu,CgH3)*”. The C—F bond making
a close contact with the uranium center in 2 is

Fig. 3 X-band EPR spectrum of 2 (black trace) simulated with an effective S = % spin
system with g = [3.38, 1.01, 0.79] (red trace). Conditions: frequency = 9.4 GHz;
temperature = 10 K; modulation amplitude = 0.5 mT. The residual features near the
baseline likely arise from spin-spin dipolar interactions in the powder sample.

longer (1.394(3) A) than any of the other C—F bonds in 2
(1.338(3) to 1.354(4) A); a comparable slight elongation was
observed in the C—F bonds interacting with the cerium(lll)
center in Ce[N(CsFs),]5.% While NMR spectroscopy has been
used to study a variety of C—F->Ln/An interactions in the
solution-state,*® such analysis was not possible for 2 due to
poor solubility and solution-state instability.

The powder continuous-wave (CW) X-band EPR spectrum
of 2 shows a rhombic system with effective g-values of [3.38,
1.01, 0.79], giving gavg = 1.72 (Fig. 3). The g-values are deviated
significantly from g. (2.0023), which is consistent with the 5!
electronic configuration of 2. Similar g-values have been
observed in another uranium(V) systems with a
pseudotetrahedral ligand field.>® Despite the relatively small
C—F->U close contact in the solid-state of 2, no clear hyperfine
coupling to fluorine was observed in the CW EPR spectrum,
possibly due to the broad spectral line shape.

To summarize, reaction of (Cp*),Ul with NaNj; yields the
unusual uranium(lll) azide-bridged tetramer [(Cp'P™),U(u-n*:n*-
Ns)ls (1), a rare example of a ‘molecular square’. Isolation of a
uranium(lll) azide species using Cp'P™ stands in contrast to
previous octa-uranium(lV) complexes formed using less bulky
Cp* or CsMeyH, a finding that further demonstrates the
importance of supporting ligand effects in actinide chemistry.
Reaction of 1 with B(CgFs)s results in loss of N, and formal
trapping of a nitride fragment as the uranium(V) nitridoborate
(Cp'P),U(u-N)B(C6Fs)s (2). Future work will seek to elucidate
the properties that govern the conversion of low-valent
uranium azides to nitrides.
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