Organometallics 1993, 12, 1497-1498 1497

Synthesis of Mixed-Ring Organoactinide Complexes. 2.
(CsHs)(CsMe;) U(THF) and Its 4,4’-Dimethyl-2,2’-bipyridine
Derivative
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Summary: The (pentamethylcyclopentadienyl)uranium-
(IID) complex (CsMe;)UI,(THF); reacts with K;CgHg in
THF to form the mixed-ring uranium(III) complex
(CgHg)(CsMes)U(THF) (1). Treatment of 1 with 4,4'-
dimethyl-2,2'-bipyridine (Megbpy) gives the 10-coordi-
nate complex (CsHg)(CsMesYU(Megbpy) (2). The syn-
theses of 1and 2and the X-ray structure of 2are described
herein.

Transition-metal! and lanthanide? mixed cyclopenta-
dienyl-cyclooctatetraenyl complexes were reported in the
late 1960s and mid-1970s, respectively. However, to date,
there have been no reports of the incorporation of this
combination of ring systems on a uranium(III) metal center
and, until recently,? this combination of ring systems had
not been used on any actinide metal center. Our interest
in this ligand combination stems from its unique ability
to offer multiple coordination sites and, hence, multiple
sites of reactivity at a neutral, electrophilic metal center
in a pseudo-bent-metallocene coordination sphere.  Here
we report our preliminary results on the synthesis and
characterization of the first mixed-ring uranium(III)
complex.

Treatment of the monocyclopentadienyl complex
Cp"'UIz(THF)s“ (Cp* = CsMe5') with KzCOT (COT =
CgHs?) in THF forms the mixed-ring complex (COT)-
(Cp*)U(THF) (1) (eq 1).5 Complex 1 isisolated as a brown
microcrystalline powder from hexane/ THF (5:1) solution
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: THF
(Cp*UL(THF), + K,COT —

(COT)(Cp*)U(THF) + 2KI (1)
1

in ca. 756% yield. The assignment of complex 1 as the
THF adduct is supported by <H NMR,5IR,$ and elemental
analysis.?

Treatment of 1 with 4,4’-dimethyl-2,2'-bipyridine
(Mezbpy) in toluene at 25 ° C followed by removal of solvent -
and recrystallization from THF/Et,0 at —40 °C yields dark
green crystals of the bipyridine adduct (COT)-
(Cp*)U(Mesbpy) (2) in 70% yield” (eq 2).

tol

(COT)(Cp*)U(THF) + Me,bpy —
(COT)(Cp*)U(Me,bpy) (2)
2

The structure of 2 was determined from X-ray diffrac-
tion data collected at =70 °C.8 An ORTEP diagram of 2
is presented in Figure 1. The U-Cp* and U-COT distances
compare well with those found in other uranium(III)
complexes. The average U-Cc,+ distance of 2.752 A is
within the range of U-C distances observed in mono-,*
bis-,? and tris(cyclopentadienyl)!® complexes of ura-
nium(I1II) (2.780, 2.76-2.79, and 2.668-2.703 A, respec-
tively). The U-Ccor distances (average 2.703 A) compare
well with the only other structurally characterized UM
COT complex reported, [K(diglyme)1[U(Me-COT),],!12
where the average U-C distance to the COT ring opposite
the K counterion is 2.707 A. This U-C distance in 2 is
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Figurel. ORTEP drawing of complex 2. Selected distances
and angles: U(1)-CgHg(1) (centroid), 2.01 &; U(1)-CsMes(1)
(centroid), 2.49 A; U(1)-N(1), 2.429(11) A; U(1)-N(2), 2.423
(11) A; CsHg(1) (centroid)-U(1)-CsMe;s (centroid), 138.2°;
N(@1)-U(1)-N(2), 64.6(4)°.

slightly longer than that found for several UIV-COT half-
sandwich complexes,?! as expected on the basis of the
larger ionic radius of U(III). The U-N distances of 2.429
and 2.423 A are in the range of other structurally
characterized U(III) complexes containing pyridine-type
ligands.!2 Although there are no other structurally char-
acterized mixed-ring uranium systems with which to
compare, the Cp—U-COT angle of 138.2° is essentially
identical with the Cp-Th-COT angle in the mixed-ring
thorium(IV) systems (CsHg)(CsMes)Th(u-Cl):Mg-
(CH2CMeg)(THF)3 and (CsHs)(CsMes) Th[CH(SiMes)e], >
where the Cp—Th-COT angles are 138.0 and 138.1°,
respectively. The centroid—metal-centroid angle in 2 also
compares well with those of several Lewis base adducts of
the mixed-ring lanthanide complexes.?
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was confirmed by the visible spectrum of the Yb-bpy
complex, which contained three broad absorption bands
between 800 and 900 nm, characteristic of the 2,2’
bipyridine radical anion. Nosuch absorptions are observed
in the visible spectrum of complex 2. Furthermore, in the
H NMR of 2, we see no appreciable shift of the COT
resonance (-53.4 ppm) relative to 1 (-52.3 ppm) that would
indicate a change from U(III) to U(IV)!5 upon coordination
of bpy. The absence of any observed redox chemistry in
the Ull-bpy complex can be rationalized on the basis of
the oxidation potential of complex 2 versus that of
(CsMes): YbY. The redox potential, E°, for complex 2 is
-0.69 V (vs SHE in THF),%¢ and the redox potential of
(CsMes). YbL is 1.40 V (va SHE in CH3CN),!4 indicating
that the mixed-ring uranium(III) complex is much more
stable with respect to oxidation and bipyridine radical
anion formation than the Yb complex. These data,
together with the visible spectrum, 'H NMR data, and
structural data, support the assignment of 2 as a simple
Lewis base adduct of a mixed-ring uranium(III) complex.

Complexes 1 and 2 represent the first examples of mixed-
ring uranium(I1I) complexes. Reactivity studies of com-
plex 1 with a variety of organic substrates are currently
in progress.
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