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The reaction of half-sandwich lutetium dialkyl complex
Cp�Lu(CH2SiMe3)2(THF) (Cp�= C5Me5) with ruthenium–
trihydrido–phosphine complexes Cp�Ru(PR3)H3 (R3 = Ph3,
Ph2Me, PhMe2, and Me3) at 50

�C afforded the corresponding
Lu/Ru heterobimetallic dihydride complexes, which was
accompanied by selective C–H bond activation of the phosphine
ligand. The reaction of such a resulting phosphinomethyl-
bridged Lu/Ru complex with PhSiH3 led to selective dehydro-
genative silylation at the ‘‘CH2’’ unit.

d–f Heterobimetallic hydride complexes consisting of a
lanthanide (f-block) metal and a late d-block transition metal
are of much interest because of the synergistic effects that may
result from the two substantially different metal centers. Despite
continuous interest in this area, well-defined d–f heterometallic
hydride complexes are still limited, and most of them are con-
structed by use of the bis(cyclopentadienyl)-ligated lanthanide
precursors. The reaction chemistry of d–f heterometallic hydride
complexes has so far remained almost unexplored.1 Therefore,
the synthesis and reactivity examination of d–f heterometallic
hydride complexes with new structures remain an important
research subject.

We have recently found that mono(cyclopentadienyl)-ligat-
ed rare-earth (group 3 and lanthanide metal) dialkyl2 or dihy-
dride3 complexes can show unique reactivities that differ from
those of the bis(cyclopentadienyl)-ligated analogues in olefin
polymerization catalysis and other reactions with unsaturated
organic substrates. During these studies, we became interested
in the use of such half-sandwich rare–earth complexes as build-
ing blocks for the synthesis of rare-earth and d-block heteromul-
timetallic complexes. We report here the synthesis, structural
characterization, and C–H bond activation reactions of Lu/Ru
heterobimetallic hydride complexes. These complexes represent
the first examples of d–f heteromultimetallic complexes that are
constructed by a half-sandwich lanthanide unit.

The reaction of the half-sandwich lutetium dialkyl complex
Cp�Lu(CH2SiMe3)2(THF) (Cp� = C5Me5) (1)4 with 1 equiv.
of the PPh3-coordinated ruthenium trihydrido complex
Cp�Ru(PPh3)H3

5 in C6D6 afforded the Lu/Ru heterobimetallic
dihydrido complex Cp�Lu(THF)(�-H)2(�-�1:�1-C6H4PPh2)-
RuCp� (2) in 90% isolated yield with liberation of tetramethyl-
silane (Scheme 1). This reaction proceeded formally via ‘‘depro-
tonation’’ of the ruthenium hydride by the alkyl groups of 1
followed by activation of a phenyl ortho-C–H bond of the
Ru-bound-PPh3 ligand at the Lu metal center. The reaction
of 1 with the PMe3-coodinatied Ru hydrido complex
Cp�Ru(PMe3)H3

5 gave analogously the methyl C–H bond acti-
vation product Cp�Lu(THF)(�-H)2(�-�1:�1-CH2PMe2)RuCp

�

(3). When the mixed methyl/phenyl phosphine complexes

Cp�Ru(PMe2Ph)H3 and Cp�Ru(PMePh2)H3 were used to react
with 1, the C–H bond activation took place selectively only
at the methyl group to give Cp�Lu(THF)(�-H)2(�-�1:�1-
CH2P(Me)Ph)RuCp� (4)6 and Cp�Lu(THF)(�-H)2(�-�1:�1-
CH2PPh2)RuCp

� (5), respectively. This is in sharp contrast
with what was observed previously in the homoleptic Rh7 or
Ru8 complexes, in which the metallation of a phenyl group
or both a phenyl and a methyl group took place in the mixed
methyl/phenyl phosphine ligands.

1HNMR monitoring of the reaction of 1 with 1 equiv. of
Cp�Ru(PMe3)H3 in toluene-d8 at 0 �C showed the formation
of an intermediate assignable to Cp�Lu(THF)[(�-H)2(PMe3)-
RuCp�]2 (6) together with a small amount of 3 and the unreacted
1 (Scheme 2). When the reaction mixture was warmed to room
temperature, complex 3 increased gradually with decrease
of 6 and 1, and the reaction was completed in about 2 days.
These results suggest that the Lu/Ru heterobimetallic complex
3 could be formed first by the reaction of the dialkyl Lu complex
1 with two molecules of Cp�Ru(PMe3)H3 to give the trimetallic
complex 6, followed by C–H bond activation of a methyl
group in PMe3 at the Lu center and simultaneous release of
one molecule of Cp�Ru(PMe3)H3 (Scheme 2).

Complexes 2–5 were fully characterized by NMR (1H, 13C,
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and 31P), X-ray, and micro elemental analyses.9 The X-ray
structures of 2 and 5 are shown in Figure 1. The Lu and Ru
atoms in 2 are bridged by two hydrido ligands and one ortho-
phosphinophenyl unit (Figure 1, left). The bond distance of the
Lu1–Ru1 bond (2.8797(4) Å) in 2 is much shorter than that of
the only previously reported Lu–Ru bond in (THF)(C5H5)2-
LuRu(CO)2(C5H5) (2.995(2) Å).

1f The Lu1–Ru1 bond distance
(2.8517(4) Å) in 5 is further shorter probably because of its
phosphinomethyl bridge (Figure 1, right). The bond distances
of the Lu1–H bonds (av. 2.15(4) Å) and the Ru1–H bonds
(av. 1.60(4) Å) in 2 are comparable with those in 5 (2.12(3)
and 1.65(3) Å), respectively.

The reaction of 3 with PhSiH3 at room temperature led to
dehydrogenative silylation at the methylene unit to give 7
(Scheme 3).10 This reaction could proceed via the intermediate
A.11 However, formation of such an intermediate (or any other)
was not observed even at low temperatures, suggesting that the
dehydrogenation of the methylene C–H bond could be very fast.

In summary, we have demonstrated for the first time that a
half-sandwich lanthanide dialkyl complex such as 1 can serve
as a useful building block for the synthesis of d–f heteromultime-
tallic complexes. The easy formation of complexes 2–5 and 7
demonstrated that C–H bond activation could take place facilely
in a d–f heteromultimetallic hydride complex. Further studies on
the synthesis and reactivity of d–f heteromultimetallic hydride
complexes with other metal combinations are in progress.
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Figure 1. ORTEP drawings of 2 (left) and 5 (right) with 30%
thermal ellipsoids. Selected bond lengths (Å) and angles (�)
for 2: Lu1–Ru1, 2.8797(4); Lu1–C1, 2.364(4); Ru1–P1,
2.2735(9); Ru1–Hav., 1.60(4); Lu1–Hav., 2.15(4); Lu1–Ru1–P1,
82.11(2); Ru1–Lu1–C1, 92.80(9); Ru1–P1–C2, 120.10(11);
P1–C2–C1, 116.6(3); Lu1–C1–C2, 118.5(2). 5: Lu1–Ru1,
2.8517(4); Ru1–P1, 2.2931(10); Lu1–C1, 2.333(4); P1–C1,
1.806(4); Ru1–Hav., 1.65(3); Lu1–Hav., 2.12(3); C1–Lu1–Ru1,
82.26(9); P1–Ru1–Lu1, 69.54(3); C1–P1–Ru1, 113.21(13);
P1–C1–Lu1 90.77(15).
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