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Summary: The novel ansa-yttrocene complex [(η5-C9H5-
2-Me)2SiMe2]Y[N(SiHMe2)2], derived from a linked bis-
(indenyl) ligand, has been prepared by an amine elimi-
nation reaction. Utilization of Y[N(SiHMe2)2]3(THF)2 as
a sterically flexible amide precursor ensures a high-yield
synthesis, favorable solubility behavior, and the forma-
tion of two â-Si-H agostically fused metallacycles.

Since the discovery that lanthanidocene (d0fn) com-
plexes excellently model homogeneous Ziegler-Natta-
type polymerization catalysts,1 several chiral C1- and
C2-symmetric ansa-bridged precatalysts have been de-
veloped to meet the demands of enantioselective syn-
thesis of both polymers2 and fine chemicals.3 So far,
salt metathesis starting from anhydrous lanthanide
chlorides is the only well-established access to such
lanthanidocene derivatives.4-6 However, this route is

encumbered by lengthy, tedious, often low-yield syn-
thesis and ate-complex formation resulting in alkali-
metal- and solvent-contaminated products.7 Curiously,
few efforts have been made to extend the ligand
spectrum to indenyl or fluorenyl congeners,4 considering
the benefit to research and industry which evolved from
Brintzinger-type C2-symmetric ansa-zirconocenes.8 We
recently started the synthesis of such fused-ring lan-
thanidocene complexes.9 Here we describe, as part of
our studies on efficient precatalyst design by utilizing
optimized synthesis conditions,6b,10 a simple and effec-
tive method of preparing solvent-free complexes of rare-
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earth metals with ansa-bridged indenyl ligands, fea-
turing an extraordinary â-Si-H agostic interaction.
Y[N(SiHMe2)2]3(THF)2 (1)11 reacts with the bis(in-

denyl) ligand (C9H6-2-Me)2SiMe2 (2)12 in toluene to form
the yellow compound 3, which can be isolated in 95%
yield (Scheme 1).13 As indicated by GC-MS analysis
of the evaporated solvent, only refluxing of the reaction
mixture for 18 h afforded total conversion. Application
of the recently established extended silylamide route10,11
turned out to be crucial in synthesizing the first ansa-
bridged indenyl complex of the rare-earth metals. When
Y[N(SiMe3)2]3 is used instead of 1, only decomposition
without any further reaction is observed after prolonged
heating.14 Although the pKa values of the bis(trimeth-
ylsilyl)amides should lead to deprotonation of 2,15
shielding of the bulky trimethylsilyl groups seems to
prevent the exchange reaction (kinetic control).11 On
the other hand, the enhanced flexibility within 1,
originating from the sterically less demanding dimeth-
ylsilyl group and THF dissociation, ensures ligand
approach and proton transfer. Most likely, ligand
association proceeds via the mono-THF adduct 4, which
can be obtained by refluxing amide 1 in toluene (Scheme
1).16

The product is formed in a rac-3:meso-3 ratio of 3:1,
as detected by 1H NMR. The pure rac form can be
crystallized from toluene or n-hexane, where it easily
redissolves upon heating. Spectroscopic data and el-
emental analysis are consistent with the displacement
of THF in heteroleptic complex 3. IR spectroscopy
provided the first indication of an unusual bonding mode
of the bis(dimethylsilyl)amide ligand in rac-3. The
Si-H stretching frequency is shifted by 268 cm-1 to
1804 cm-1 compared to precursor 1 (2072 cm-1). Such
a distinct weakening of the Si-H bond is usually
assigned to agostic interactions.17,18

1H NMR spectroscopy clarifies the significant pertur-
bation of the Si-H environment. The Si-H resonance
of rac-3 occurs at δ 2.97 and is thus 2 ppm upfield
compared to the signal of 1. Such drastic upfield shifts
have also been found in related zirconocene complexes.17
The Si-H resonance in rac-3 resembles a nonet which
is derived from a doublet of septets, as peak intensities
suggest. The doublet splitting of 4.6 Hz in addition to
the 3JH,H coupling (2.44 Hz) is to be assigned to a
H‚‚‚Y‚‚‚H coupling.19 Significant lengthening of the
Si-H bond is also suggested by the comparably small
value of the 1H-29Si coupling constant (1JSi,H ) 142
Hz).20 The 29Si NMR spectrum displays a doublet of
septets at -22.4 ppm for the bis(dimethylsilyl)amide
ligand. Perhaps the most striking feature of rac-3 is
its rigidity in solution, as evidenced by the H‚‚‚Y‚‚‚H
coupling. Additionally, in the temperature range from
-80 to +130 °C the 1H and 13C resonances of the silyl
methyl (amido) group appear as two doublets and a
doubled singlet, respectively, as expected for two methyl
groups with different chemical environments. The
signals of the bridged meso-3 are rather broad at room
temperature, clearly pointing to a flexible geometry. The
chemical shift of the Si-H group of meso-3 (δ 4.3 ppm)
ranges between the shifts of rac-3 and precursor 1.
An X-ray crystal structure analysis of rac-321 revealed

that the molecule is located on a 2-fold axis. The
resulting trans coordination of the chelating bis(indenyl)
ligand determines the C2 symmetry of the thermody-
namically more favorable rac complex (Figure 1). Bond
distances (Y-C, 2.627(3)-2.697(3) Å) and bond angles
(ring centroid-Y-ring centroid, 123.14(2)°) of the chelat-
ing moiety correlate well with the corresponding values
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(20) Lukevics, E.; Pudowa, O.; Sturkovich, R. Molecular Structure
of Organosilicon Compounds; Ellis-Horwood: Chichester, U.K., 1989.
Silicon hydrides generally display 1JSi,H values in the range 160-200
Hz; 1JSi,H(1) ) 164 Hz.

(21) Crystal data for rac-3 (C26H36Si3NY): monoclinic, C2/c with a
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Scheme 1a

a Legend: 2 ) (C9H6-2-Me)2SiMe2; R ) SiHMe2.
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for other ansa-yttrocene complexes.22 However, the bis-
(dimethylsilyl)amide fragment which completes the
pseudotetrahedral coordination geometry revealed an
unprecedented structural detail. Despite the quite
normal Y-N bond length of 2.237(4) Å,23 both “SiHMe2”
fragments seem to be sterically frozen by close â-Si-
H-Y contacts and thus explain the 1H and 13C NMR
findings. Usually, “Cp2Y[N(SiMe3)2]” species display
only one close Ln‚‚‚Si contact.23,24 The Y‚‚‚Si distances
of 3.082(1) Å are even in the range observed for Ln-Si

σ-bonds, as exemplified by Cp*2Sm[SiH(SiMe3)2] (Sm-
Si, 3.052(8) Å).25 The silicon hydride in rac-3 could be
located in a difference Fourier map and was successfully
refined. The SiH-Y distance of 2.54(2) Å is slightly
above the range recently reported for SiH-Er agostic
interactions in Er[NtBu(SiHMe2)]3 (2.32(3)-2.41(3) Å),26
which can be explained by the changed covalent radius
of yttrium, the changed coordination number, and a
probably strained double-agostic interaction.
The unique agostic interaction is further documented

in the bond angles of the YNSi2 fragment, which are
remarkably contracted for Y-N-Si (103.4(1)°) and
extremely enlarged in the case of Si-N-Si (153.3(2)°).
To our knowledge this is well above the values reported
for Si-N-Si angles so far (121.6(4)-133(1)°).22 All
atoms participating in the agostically fused four-
membered rings are located in one plane (torsion angle
H2-Si2-N1-Y1, -2.79(11)°).
In summary, these preliminary results show that

proper synthesis conditions such as precursor design are
important for the preparation of indenyl-based ansa-
yttrocene complexes. The steric and electronic pecu-
liarities of the chelating bis(indenyl) moiety imply a
remarkable bis(dimethylsilyl)amide bonding based on
a 2-fold, strong Si-H-metal coordination. Si-H-metal
interactions are assumed to be mechanistic intermedi-
ates in the dehydrogenative polymerization of hydrosi-
lanes by lanthanidocene complexes.25 Stimulated by the
plethora of interesting spectroscopic and structural
details of complex 3, we are currently evaluating the
preference and extent of this coordination mode by (i)
steric and electronic fine-tuning of the chelating unit,
(ii) ligand exchange reactions, and (iii) application in
catalytic transformations.
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Figure 1. PLATON drawing of rac-3. Atoms are repre-
sented by thermal ellipsoids at the 50% level. Except for
H(2) and H(2a), all hydrogen atoms are omitted for clarity.
Pertinent distances (Å) and angles (deg): Y(1)-Si(2), 3.082-
(1); Y(1)-N(1), 2.237(4); Si(2)-H(2), 1.45(2); Si(2)-N(1),
1.666(1); Y(1)-N(1)-Si(2), 103.4(1); Si(2)-N(1)-Si(2)a,
153.3(2); Si(2)-Y(1)-N(1), 31.72(2); Y(1)-Si(2)-N(1), 44.9-
(1); N(1)-Si(2)-C(5), 114.6(1); N(1)-Si(2)-C(6), 117.1(2);
C(5)-Si(2)-C(6), 109.0(2); N(1)-Si(2)-H(2), 100(1).
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