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ABSTRACT: The synthesis of the sterically saturated
uranium(IV) complex U[N(SiMe;),], (1) is demonstrated
from the one-electron oxidation of U[N(SiMe,),]; with a
variety of oxidants in THF. A high yielding synthesis of 1
directly from UIL,(THF), is provided.

D irecting structure and reactivity in synthetic uranium
complexes has relied heavily on the stabilization provided
by steric protection.’ In fact, much of the development in low
valent uranium chemistry can be attributed to the facile
synthesis of sterically saturated U[N(SiMe,),] o a ubiquitous

starting material that has led to numerous recent discoveries in Figure 1. Thermal ellipsoid plot of 1 at 30% probability. Hydrogen
coordination and reduction chemistry.®> Herein, we report the atoms are omitted for clarity. Bond lengths (A) and angles (deg):
synthesis of U[N(SiMe,),],, a stable complex that we have U(1)-N(1), 2.2941(17); U(1)-N(2), 2:2958(17); U(1)-N(3),

2.2977(17); U(1)=N(4), 2.3013(17); N(1)-U(1)-N(2),
111.12(6); N(1)-U(1)-N(3), 106.18(6); N(1)-U(1)—-N(4),
111.72(6).

observed as a recurring product in the redox chemistry of
U[N(SiMe;),]5. The title compound is a rare example of a
complex comprising four bis(trimethylsilyl)amide ligands. We
expect that the identification of U[N(SiMe;),], will be useful to
the investigation of redox chemistry for this important ligand
framework.

In the course of investigating the one-electron oxidation
chemistry of U[N(SiMe;),];,”>™ we noted a persistent side
product by "H NMR at —3.2 ppm in dg-benzene, particularly o ] ]
when these reactions were carried out in THF. Furthermore, Scheme 1. 0x1da?10n Reac?lonsaof U[N(SiMe;),]; to Form 1
attempts to generate a cationic uranium(IV) complex in THF That Proceeded in Low Yields
repeatedly led to the rapid catalytic polymerization of the N(SiMe3),
solvent, in which the '"H NMR spectrum displayed poly-THF y .\-LlJ-m ; + polv-THF
and the resonance at —3.2 ppm as the sole products. Extraction (Me38')2r_¢ { N(SiMe3), * Poly-
of this mixture with a 1:4 mixture of Et,O/hexanes and (Me3Si),N
crystallization at —21 °C allowed for an initial isolation of
U[N(SiMe;),], (1) in low yield (Figure 1). T(a}

The crystal structure of 1 revealed a pseudotetrahedral

U[N(SiMe;),]; reacted with AgBF,, [TEMPO][BF,],
AgPF,, FcPF, or [Ph;C][PF] in THF to produce 1 in low
yields (Scheme 1). Oxidants containing the noncoordinating
anions BF,” and PF¢~ produced 1 almost immediately and

coordination environment. Within each uranium-amide linkage, (Me38i}2N“"}J ~N(SiMe3),
the two U—N=—Si angles differ by ~12°. Comparison of the (Me3Si);N

average U—N bond lengths in 1 of 2.297(2) A with the (b)
reported structure of [K(THF)s][U[N(SiMe;),],] (1-K) of i |

2.432(7)* shows a difference of 0.135 A. This difference is the |
same as the difference in ionic radii of six-coordinate 1+ {Me3Si)2N""}J""N{SiM93)2
uranium(III) and uranium(IV) ions.’ Similar data are not (Me3Si)N

available for a coordination number of four, but the difference is
expected to be comparable. Also, the U-N bond lengths in 1
are only slightly longer than the average U—N bond lengths in
U[N(SiMe,H),], of 2.281(5).6 Therefore, the steric crowding
enforced by the four amide ligands is not so substantial that it Received: May 11, 2013
restricts U—N bonding. Published: June 7, 2013

“Conditions: (a) THF, AgBF, or [TEMPO][BF,] or AgPF, or FcPFy
or [Ph;C][PF4]. (b) THEF, Cul or Agl or L, or Hgl,.
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polymerized the solvent at varying rates, typically leading to
solidification of the reaction mixture within 30 min to 1 h. PF,’
and to a lesser extent BF;,® are capable of initiating the ring-
opening polymerization of THF, however we observed THF
polymerization even when we did not detect the expected
fluorine abstraction product UF[N(SiMe;),];.” The formation
of 1 under these conditions is attributed to ligand
redistribution.

Unlike the oxidants comprising the noncoordinating BF,~
and PF4™ anions, iodide-based oxidants, including Cul, Agl, I,,
and Hgl,, generated a mixture of 1 and UI[N(SiMe;),]5,"°
which were in practice inseparable. This product distribution is
attributed to the reaction of the iodide-based reagents as either
inner sphere or outer sphere oxidants. An inner sphere
oxidation pathway would form the uranium(IV)-iodide
complex while the outer sphere oxidation leads to the
formation of 1 through ligand redistribution.

Since the synthesis of 1 through oxidative ligand-redistrib-
ution proceeded in inherently low yield, we pursued a more
rational approach. We reasoned that direct oxidation of 1-K
would provide a convenient pathway for the synthesis of 1
(Scheme 2). The synthesis of 1-K has been previously reported

Scheme 2. Stepwise Synthesis of 1 and 1-K
Uls(THF); + 4 KN(SiMes),
THFi- 3KI

N(SiMes);

K(THF)g|(Me3Si),N™ ;' ~N(SiMe3),

(Me3Si),N (-9

Cul, THF“K”, THF

N(SiMes),

(Me;Si),N™ [/ ~N(SiMe3),
(Me3Si)N

(1)

through the reduction of U[N(SiMe;),]; with KCq in THF
under N,; however, no yield was provided for 1-K.* The
addition of 4 equiv of KN(SiMe;), to UL;(THF), in THF led
to the formation of 1-K as the sole uranium containing product,
which was easily separated due to its high solubility in pentane,
allowing for its isolation in 76% yield. Importantly, no evidence
for a cyclometalated product was observed in this reaction.

Variable amide coordination with different alkali-metal salts
of the N(SiMe,),” ligand has been observed previously in the
synthesis of uranyl complexes."" The "H NMR spectrum of 1-K
displayed variable peak positions among different samples,
which prompted further investigation. The —SiMe; protons
appeared between —6 and —10 ppm in C¢Dg, and a varying
amount of KN(SiMe,), was observed from solutions of 1-K.
Interestingly, exposure of solid 1-K to a dynamic vacuum for
several hours resulted in complete conversion to U[N-
(SiMe;),]; and KN(SiMe;), with a loss of the associated
THEF resonances.

The direct oxidation of 1-K with a mild oxidant such as Cul
led to quantitative formation of 1. Conversely, the reaction of 1
with K° in THF produced 1-K. The Cul oxidation of 1-K
formed in situ from ULy(THF), allowed for the direct one-pot

7327

synthesis of 1 in 94% yield. We also attempted to prepare 1
directly from a uranium(IV) precursor. The reaction of UCI,
with 4 equiv of NaN(SiMe,), is reported to form the
metallacycle U[N(SiMe;),],(CH,SiMe,NSiMe;) (2)."* In our
hands no evidence for the formation of 1 was observed under
these reaction conditions. We also attempted the reaction of
UL,(OEt,), with 4 equiv of NaN(SiMe,),, which also rapidly
produced 2 without the formation of 1, as judged by '"H NMR
spectroscopy. In contrast, the reaction of UL,(OEt,), with 4
equiv of KN(SiMe,), generated an approximately equimolar
mixture of 1 and 2, as judged by "H NMR, that was not easily
separated.

The steric bulk provided by the four bis(trimethylsilylamide)
ligands prevents further reactivity at the metal center in 1.
Notably, cyclometalation to form 2 through the loss of
HN(SiMe;), was not observed at room temperature, though
complete conversion to form 2 was observed after refluxing 1 in
toluene for 2 h. We may therefore reasonably rule out 1 as an
intermediate in the room temperature formation of 2."* It was
recently shown that U[N(SiMe;),]; slowly disproportionates in
arene solvent to form {U[N(SiMe;),],},(u—n’n-arene) and
2.%" On the basis of our observations, it is likely that 1 initially
forms in this reaction, then converts into 2 upon heating. In
this context, DFT calculations were performed to assess the
relative stability of 1 and 2. Indeed, the conversion of 1—-2 was
found to be exothermic, with AG,, = —38.9 kcal/mol (see
Supporting Information for details).

Despite the strong thermodynamic driving force for
cyclometalation, experimentally the stability of 1 was greater
than anticipated. For example, exposing a solution of 1-K to air
led to immediate formation of 1 as judged by 'H NMR. A
CDCI, solution of 1 left open to ambient atmosphere was quite
stable and exhibited approximately 50% decomposition to
HN(SiMe;), over the course of 24 h, indicating that the
complex decomposes only slowly in the presence of water but is
stable to oxygen. Additionally, 1 was found to be stable on
alumina. Although not strictly necessary given the high yield on
recrystallization of 1 from pentane, it is remarkable that the use
of flash chromatography through alumina is a viable means of
purification of the complex.

The high stability of 1 and its persistence as a product of the
redox chemistry of U[N(SiMe,),]; prompted us to perform
complete characterization of the complex (see Supporting
Information for details). Electrochemical measurements were
carried out on 1 to assess its redox stability (Figure S1). In the
cyclic voltammogram of 1 performed in CH;CN, two sets of
waves were observed, assigned to the U couple at +0.49 V
and the U™™ couple at —2.05 V versus Fc/Fc'. The U™/
reduction potential is shifted to a more negative potential than
the reported U™ couple of U[N(SiMe;),]; at —1.24 V,'*
consistent with the greater stabilization of the uranium(IV)
oxidation state upon coordination of a fourth amide ligand.
Despite the electrochemically accessible 5+ oxidation state,
none of the oxidants that were used to produce 1 further
oxidized the complex. Attempts to collect electrochemical data
on 1-K were hindered by the poor stability of the complex
under the conditions of the experiment. Temperature depend-
ent magnetic susceptibility measurements carried out on 1
yielded a room temperature moment ¢ = 2.94 i (Figure 2,
top). The data showed a substantial decrease in the moment at
low temperature and no saturation of the moment in the field
dependent measurement at 2 K, features characteristic of a
uranium(IV) ion."® The near-IR spectrum of 1 in toluene
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Figure 2. Temperature dependent magnetic behavior of 1 at an
applied field of 2 T (top) and near-IR spectrum of 1 as a 59.5 mM
solution in toluene (bottom).

exhibited numerous transitions within a Sf state manifold
(Figure 2, bottom).' Together the characterization data are
consistent with signatures of a Sf* uranium(IV) ion.

In conclusion, we have demonstrated the synthesis of the
homoleptic uranium(IV) amide complex U[N(SiMe;),],
through a rational synthetic route and as a common product
to various oxidation reactions. The compound is a rare example
of a coordination environment with four bis-
(trimethylsilylamide) ligands at a single metal ion. We expect
the characterization data for the complex will be of interest
given the ubiquitous use of U[N(SiMe;),]; in uranium
chemistry.
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Synthetic details and characterization, electrochemical data,
UV-—vis data, magnetism data, and X-ray crystal structure data
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