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Summary: The first example of an f-element ketimido
complex has been prepared. Complex 2 is surprisingly
unreactive and displays unusual electronic properties.
The physical properties and chemical stability of this
complex suggest higher U—N bond order due to signifi-
cant ligand to metal -bonding in the uranium ketimido
interactions.

The reactivity of the uranium—nitrogen o-bond has
played a central role in the development of modern
organometallic uranium chemistry.! Uranium amide
complexes, like their transition-metal counterparts,
constitute an important class of compounds that have
been exploited as valuable precursors for the synthesis
of a large array of coordination compounds due to their
propensity to undergo protonolysis? with acidic sub-
strates and insertion reactions® with small polar mol-
ecules. In fact, recent work has capitalized on the highly
reactive nature of the U—N linkage in complexes of the
type (CsMes),U(NHR), to develop organouranium-
catalyzed chemistry.*

We have been interested in the development of new
synthetic entries toward uranium complexes containing
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multiply bonded functional groups.> One particular
target of interest has been the ketimido, or azavinyli-
dene, functionality (—N=CR3), which has much prece-
dence within the d-block metals but is less known for
the f-elements.® The ketimido ligand is attractive from
the standpoint that it can serve not only as a o-donor
but also as a w-donor. The ability of the ketimido ligand
to function as a z-base to an actinide metal center is of
interest, since the resulting metal complex might be
expected to experience enhanced stability due to higher
bond order between the metal and ligand. Thus, the
preparation of actinide ketimido complexes could shed
light on the importance of f-orbital participation in
bonding schemes for actinide metals in lower oxidation
states (I11, 1V). To this end, we have developed a direct
route to access uranium complexes possessing the
ketimido functional group. Herein, we report the syn-
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thesis and characterization of the first actinide ketimido
complex, (CsMes),U(—N=CPh,)..

Entry into this new class of organouranium complexes
is achieved by treatment of a diethyl ether solution of
(CsMes),UCH, (1) with 2 equiv of a reducing species
(provided by KCs), followed by reaction with 1 equiv of
benzophenone azine, Ph,C=NN=CPh,. Filtration and
removal of solvent furnishes a brown powder, which
may be recrystallized from hot hexanes to provide
(CsMes),U(—N=CPh,), (2) in 68% vyield (eq 1).” Our
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convenient synthetic route into the bis(amide) ligand
system takes advantage of KCg for the reduction of 1 to
generate the uranium(l11) complex (CsMes),UCI(KCI),
which is known to function as an uranium(l1) synthetic
equivalent.>¢d Reductive cleavage of the N—N bond in
benzophenone azine affords 2 in high yield.

The modest isolated yield reflects the high solubility
of the complex rather than the formation of any byprod-
ucts. When the reaction is monitored by 'H NMR
spectroscopy, 2 is the only observable uranium-contain-
ing product and is formed in >95% yield. Also, the NMR
spectrum of 2 is sharp and paramagnetically shifted,
which suggests that the complex is a U(IV) species.

The identity of complex 2 as a uranium(lV) bis-
(ketimido) complex was unambiguously ascertained
by a single-crystal X-ray diffraction study (Figure 1).8
The molecular structure of 2 reveals a typical bent-
metallocene framework with a pseudotetrahedral coor-
dination environment about the uranium atom. Within
the metallocene wedge lie the two ketimido ligands,
which are terminally bound via nitrogen to the uranium
metal center (U(1)—N(1) = 2.179(6) A, U(1)—N(2) =
2.185(5) A, and N—U—N = 107.2(2)°). Importantly, the
uranium—nitrogen bond distances in 2 are significantly
shorter compared to other structurally characterized
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through a Celite-padded frit to remove any residual KCI. The filtrate
was collected, and the volatiles were removed under reduced pressure
to give crude 2 as a dark yellow crystalline solid. Analytically pure
samples of 2 were obtained by recrystallization from hot hexanes (0.888
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Figure 1. Molecular structure of 2 with thermal ellipsoids
at the 25% probability level. Selected bond distances (A)
and angles (deg): U(1)—N(1), 2.179(6); U(1)—N(2), 2.185(5);
N(1)—C(1), 1.293(8); N(2)—C(14), 1.281(8); U(1)—N(1)—C(1),
173.4(6); U(1)—N(2)—C(14), 176.5(5); N(1)—U(1)—N(2),
107.2(2).

uranium(lV) bis(amido) complexes (e.g.: (CsMes),U-
{NH(2,6-Me,CgsH2)} 2, U—N = 2.267(6) A;42 (CsMes),U-
{NH(4-CICsH4)}2, U-N = 2.269(4) A9).

The most striking aspects of the structure are the
nearly linear U—N—C bond angles (U(1)—N(1)—C(1) =
173.4(6)° and U(1)—N(2)—C(14) = 176.5(5)°), which may
be consistent with the formulation of the ligands as
ketimido groups with the uranium metal center accept-
ing density from the nitrogen 2p lone pairs. Complex 2
is reminiscent of high-valent uranium(V1) bis(imido)
complexes which have significant uranium—imido multi-
ple bond character, as typified by the complex (CsMes),U-
(=N-—Ph),, which exhibits a U-N—-C bond angle of
177.8(6)° and U—N = 1.952(7) A.19 The metal center in
complex 2 is not U(V1), which is evident upon compari-
son of the U—N bond distances in the two systems as
well as the NMR and UV—visible—near-IR spectra.

In addition, the planes defined by N(1)=C(1)(Cipso)2
and N(2)=C(14)(Cipso)2 are essentially orthogonal
(111.1 and 85.1°, respectively) to the Cp(centroid)—U—
Cp(centroid) (Cp = CsMes) plane. The two N=C frag-
ments each have bond lengths (N(1)—C(1) = 1.293(8)
A, N(2)—C(14) = 1.281(8) A) typical for an sp? carbon—
nitrogen double bond.!! The N=C bond distances
compare well with those found in other structurally
characterized ketimido complexes.® All of the combined
structural features suggest that there is significant
ligand to metal #-bonding in both uranium ketimido
interactions.

The bis(ketimido) complex 2 is rather interesting in
that it is an f2 system and yet it does not behave
chemically or electronically like known U(IV) amido
complexes.'? Perhaps the most distinguishing chemical
property of complex 2 is that it displays no reaction
chemistry with substrates such as benzophenone, phenyl-
acetylene, diphenylacetylene, carbon monoxide, pyridine
N-oxide, or dihydrogen. This is in marked contrast with
observations reported by Marks and Eisen, who have
shown that uranium(lV) amide complexes of the type
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(CsMes),U(NR'R), readily insert carbon monoxide to
form bis(carbamoyl) complexes, (CsMes),U(;72-CONR'R),,%
as well as undergo amine elimination upon reaction
with phenylacetylene to generate the bis(acetylide)
complex (CsMes),U(—C=CPh),.#2 Although steric argu-
ments are often made to account for the variability in
reactivity between different amido groups, such an
argument cannot be made in the case with the bis-
(ketimido) complex, since the phenyl groups are one
atom removed from the nitrogen atom, thereby provid-
ing easier access to the metal center compared to amido
ligands. Thus, the lack of reactivity evinced by complex
2 simply reflects the stronger bond in the uranium—
ketimido interaction.

The U(1V) bis(ketimido) complex shows interesting
electrochemistry. Two reversible reduction processes
can be observed at E;, = —2.51 and —2.79 V, and
a reversible oxidation step is found at —0.48 V (vs
[FeCp2]?). This is in contrast to the electrochemistry
typically observed for other (CsMes),UX; (X = Me,
CHyPh, CI) systems, which display a reversible redox
wave at ~—2 V attributable to the U(IV/II1) couple and
only irreversible oxidative chemistry.’® In comparison
to the simple U(IV) metallocene systems, the metal
center in the bis(ketimido) complex has become more
difficult to reduce and easier to oxidize (both the
U(Vv/Inn and U(V/1V) couples are shifted to more
negative potentials), which is consistent with a more
electron-rich U(IV) metal center sustained by donation
of electron density from the ketimido ligand.

The novelty in the electronic structure is also manifest
in the electronic absorption spectrum for complex 2. The
room-temperature UV—visible—near-IR spectrum, re-
corded in toluene solution from 1600 to 300 nm, displays
relatively few near-IR electronic transitions, the most
prominent of which occur at 1185 and 1245 nm, with ¢
values (295 and 425 M~ cm™1, respectively) being
rather large for nominally parity forbidden transitions.
This is clearly distinct from the electronic absorption
spectra typically observed for actinide complexes with

(13) Morris, D. E.; Kiplinger, J. L.; Burns, C. J. Manuscript in
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f2 electronic configurations, which are rich with narrow
line width, low molar absorptivity (<100 M~ cm™1)
transitions derived from the 3H ground state.!*

In summary, the first ketimido complex of an f-
element has been isolated. The structural features of
the complex suggest a model of bonding that involves
significant stabilization of the ligand m-electron pairs
by metal-based orbitals, resulting in higher bond order
in the uranium—ketimido interactions. That the nitro-
gen lone pairs strongly interact with the uranium metal
center is manifested in the chemistry (or lack thereof)
and unusual electronic properties of this complex.
Interestingly, the combined data are suggestive of
electronic delocalization throughout the N—U—N core
and indicate that the f-electrons in mid-valent organo-
uranium complexes might play a considerable role in
bonding and reactivity. The synthetic methodology
presented in this contribution can be applied to the
preparation of a wide variety of uranium(lV) ketimido
complexes. We are currently exploring the generality
of this chemistry as well as the behavior of this new
class of actinide complexes.
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