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Trialkylaluminum and triarylborane compounds are commonly
used as activators for generating cationic alkylmetallocenes which
are effective olefin polymerization catalysts.1 For example,
(AlR3)x and related compounds function as Lewis acids and can
provide alkyl initiating sites in the conversion of complexes such
as Cp2MCl2 to species such as [Cp2MR][R3AlCl] (M ) Ti, Zr,
Hf; “Cp2” ) separate or linked cyclopentadienyl ligands with
various degrees of alkylation) and the powerful Lewis acid,
B(C6F5)3, has been used to abstract alkyl ligands from Cp2MR2

complexes to form catalytically active [Cp2MR][RB(C6F5)3]
complexes.1 In the past it has been assumed that the Cp2 bis-
(cyclopentadienyl) ligand sets function as inert spectator ligands
which provide solubility, stability, and the proper steric environ-
ment for catalysis. We now report that in certain cases the
frequently used C5Me5 ligand is not inert to triarylborane and
trialkylaluminum activators.
This discovery was made in a study of the reactivity of the

sterically crowded complexes (C5Me5)3Sm2 and (C5Me5)3U.3

These compounds initiate the catalytic polymerization of ethylene
to high molecular weight,3 and the reaction chemistry of (C5-
Me5)3Sm4 suggested that the polymerization could occur through
anη1-C5Me5 intermediate. To provide more information on the
existence of anη1-C5Me5 species, (C5Me5)3Sm was reacted with
B(C6F5)3 and Al2Me6 to determine if a C5Me5 ligand could be
abstracted like an alkyl ligand to form an [η1-(C5Me5)B(C6F5)3]-

anion or a Sm(µ-η1-C5Me5)(µ-Me)AlMe2 bridging unit,5 respec-
tively.
A reaction does occur between (C5Me5)3Sm and B(C6F5)3 upon

mixing in toluene,7 but as shown in eq 1, the isolated products
do not retain all of the C5Me5 ligands intact. Tetramethylfulvalene

(TMF) was identified as one product by1H NMR spectroscopy
and the samarium product was identified as [(C5Me5)2Sm][η3-
HB(C6F5)3], 1, by multinuclear NMR spectroscopy, elemental
analysis,7 and single-crystal X-ray diffraction8 (Figure 1). The
samarium atom in1 is ligated by two C5Me5 rings, two fluorine
atoms from different arene rings, and the hydride. In contrast,
in the related complex [(C5Me5)2ZrH][η2-HB(C6F5)3],9 no hydride
coordination is observed and two fluorine atoms from the same
ring are coordinated to zirconium.
Further confirmation of the composition of1was obtained from

the independent synthesis of1 via eq 2. [(C5Me5)2Sm(µ-H)]212

reacts instantly with B(C6F5)3 in toluene to give a product whose
1H NMR spectrum is identical to that of1.13
It is interesting to note that eq 1 is the reverse of the synthesis

of (C5Me5)3Sm from tetramethylfulvalene and [(C5Me5)2Sm(µ-
H)]2.3 Equation 1 can be viewed as a Lewis acid assisted
â-hydrogen elimination from a putative (C5Me5)2Sm(η1-C5Me5)
unit which shows no tendency toâ-hydrogen eliminate to give
[(C5Me5)2Sm(µ-H)]2. The most closely related reactions in the
literature are the internal metalations of (C5Me5)- in complexes
highly reactive inσ-bond metathesis. In these cases, formation
of a formally dianionic (C5Me4CH2)2- ligand results.10,14

(C5Me5)3Sm also reacts with Al2Me6. In this case, anη1-C5-
Me5 ligand is found in the product,15 but single-crystal X-ray
diffraction16 shows that it has completely left the coordination
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toluene (5 mL) caused an immediate brown to red color change. The solvent
and tetramethylfulvalene (identified by1H NMR spectroscopy) were removed
by rotary evaporation to afford (C5Me5)2Sm[µ-HB(C6F5)3] as a red powder
(0.246 g, 98% yield).1H NMR (C6D6): δ -0.63 (C5Me5). 13C NMR (C6D6):
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1H NMR spectrum (C6D6) was identical to that of1.
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sphere of samarium and is attached to only aluminum as shown
in eq 3 and Figure 2. The structure of2 is closely related to that

of (C5Me5)2Sm[(µ-Me)2AlMe2]2Sm(C5Me5)2, 5,6 except that an
η1-C5Me5 ligand is attached to each Al in place of a methyl group
in 5. Equation 3 parallels the formation of5 from (C5Me5)2-
SmMe(THF) and Al2Me6.6 Since the C5Me5 ligands bound to
aluminum in the structure of2 remain on the same side of the

SmCAlCSmCAlC ring, two differentη5-C5Me5 environments are
present. This arrangement is preserved in solution to at least-60
°C: two singlets are found for these rings. Another singlet is
observed for the C5Me5 ring attached to Al which is consistent
with earlier observations on the fluxional hapticity of cyclopen-
tadienyl groups bound to aluminum.17 No evidence was found

for a monomer-dimer equilibrium as was observed for5 and
related species.18

The reactions reported here show that the C5Me5 ligand is not
necessarily inert in the presence of Lewis acids commonly used
as activators in olefin polymerization systems. The conversion
in eq 1 of M-C5Me5 to M-H, a potential initiating site for olefin
polymerization,19 and the abstraction of C5Me5 in eq 3 to form a
bridged complex of the cationic [(C5Me5)2Sm]+ moiety both lead
to units which can be effective in polymerization.
Although these examples were observed with (C5Me5)3Sm,

which has previously been shown to have unusual chemistry,4

they show that under the proper conditions, the C5Me5 ligand
can react with Lewis acids. Since the special chemistry of (C5-
Me5)3Sm appears to arise from the steric crowding of this ligand
set, similar steric crowding (and reactivity) could be available
via other ligand sets.
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Figure 1. Thermal ellipsoid plot of [(C5Me5)2Sm][η3-HB(C6F5)3], 1, with
ellipsoids drawn at the 50% probability level. Bond distances (Å) and
angles (deg) include the following: Sm(1)-H(1), 2.45(5); B(1)-H(1),
1.18(5); Sm(1)-F(1), 2.537(2); Sm(1)-F(6), 2.546(2); Sm-C(C5Me5)
av, 2.69(3); Cnt(1)-Sm(1)-Cnt(2), 136.4; C(22)-F(1)-Sm(1), 134.0-
(2); C(28)-F(6)-Sm(1), 117.1(2).

Figure 2. Ball-and-stick plot of (C5Me5)2Sm[(µ-Me)2Al(C5Me5)Me]2-
Sm(C5Me5)2, 2.
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