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During the last two decades, transition-metal silylene complexes
have become of interest as silicon analogues of carbene complexes
and as potential intermediates in various metal-catalyzed syntheses
and transformations of organosilicon compounds.1 Since two base-
stabilized silylene complexes, (CO)4FedSi(OtBu)2‚HMPA2 and
[Cp*(PMe3)2RudSiPh2‚NCMe] (BPh4),3 were independently iso-
lated in 1987, several studies of base-stabilized or base-free
transition-metal silylene complexes have been published to date.
All of these complexes are classified as Fischer-type, which typic-
ally have electrophilic silicon and nucleophilic metals.4 Although
Tilley et al. have recently reported high oxidation-state tungsten-
silylene complexes, [Cp*(dmpe)H2WdSiR2][B(C6F5)4],5 there are
few examples of early transition-metal silylene complexes,6,7

especially for group 4 metals, such as titanium, zirconium, and
hafnium, owing to a lack of suitable synthetic methods.

Meanwhile, we have recently prepared 1,1-dilithiosilane (1) as
an extremely useful coupling reagent, interaction of which with
1,1-difunctional electrophiles results in the formation of a variety
of unsaturated derivatives containing heavier group 14 elements.8

Using this synthetic approach, we quite recently succeeded in the
first isolation of stable 1,3-disila-2-gallata- and -indataallenic anions9

and amino-substituted silaborene,10 featuring double bonds between
a silicon atom and group 13 elements. Here, we present the synthesis
and characterization of the first stable Schrock-type hafnium-
silylene complex as a new application of the dilithiosilane deriva-
tive.

First, we attempted the coupling reaction of1 with 0.9 equiv of
(η-C5H4Et)2HfCl2 in dry toluene at-50 °C. The reaction mixture
immediately changed to a dark-green solution, suggesting the
generation of the 16-electron hafnium-silylene complex, (η-C5H4-
Et)2HfdSi(SiMetBu2)2 (2) (Scheme 1).11,12Unfortunately, silylene
complex2 could not be isolated because of its thermal instability,
and decomposition of2 occurs rapidly even at 0°C to give a
metallacycle (3), which most likely results from the intramolecular
C-H insertion reaction of2.11 However, indirect evidence for the
formation of2 was given by reaction with MeOH and D2O at-50
°C to afford the corresponding dihydrosilane (tBu2MeSi)2SiH2 (4)
and didueteriosilane (tBu2MeSi)2SiD2 (5) in nearly quantitative
yields by nucleophilic attack on the Hf center.11 The reactivities
reported so far have shown that the MdSi double bond in the
silylene complexes is highly polarized in a Mδ-dSiδ+ manner.4

Indeed, these complexes undergo nucleophilic attack at the silicon
atom instead of the transition metal M. However, the present
complex2 has an opposite polarity Mδ+dSi δ- by the influence of
two factors: the use of the early transition metal and the introduction
of the electropositivetBu2MeSi groups at the silylene center.

To provide further evidence for the generation of2, we carried
out an addition of PMe3 to the hafnium center of2. Thus, treatment
of 2 with excess amounts of PMe3 at -50 °C resulted in the
formation of the hafnium-silylene phosphine complex, (η-C5H4-
Et)2(PMe3)HfdSi(SiMetBu2)2 (6), which was isolated as air-

sensitive red crystals in 33% yield after crystallization from pentane
at -30 °C (Scheme 2).13 Complex6 represents the first example
of a compound with a SidHf double bond as well as a Schrock-
type 18-electron silylene complex, and it was characterized by
spectroscopic data. In the1H and 13C NMR spectra of6, the
resonance signals of the two ethylcyclopentadienyl andtBu2MeSi
groups became nonequivalent owing to the SidHf double bond.
The29Si NMR spectrum of6 showed three doublet signals at 16.8,
24.7, and 295.4 ppm withJSiP coupling constants of 2.6, 4.5, and
15.0 Hz, which are assignable to twotBu2MeSi groups and a silylene
ligand, respectively. The remarkable downfield shift of the silylene
signal (295.4 ppm) is characteristic of base-free silylene complexes
and is consistent with those reported for the tungsten-silylene
complexes, [Cp*(dmpe)H2WdSiR2][B(C6F5)4] (286-314 ppm).5

The 31P NMR spectrum of6 displayed a signal at-8.6 ppm.
The molecular structure of6 was unambiguously determined by

X-ray crystallographic analysis, and an ORTEP drawing of6 is
shown in Figure 1.14 The most important feature is the Si1-Hf1
bond length of 2.6515(9) Å, which is approximately 5% shorter
than those of related complexes with Si-Hf single bonds, (CpCp*Hf-
(SiH2Ph)Cl, 2.729(3) Å;15 Cp2Hf[Si(SiMe3)3]2, 2.850(4) Å;16

Cp2(PMe3)Hf(Me3Si)2SidSi(SiMe3)2, 2.8309(6) and 2.8332(5) Å17),
obviously indicating the double-bond character between the silicon
and hafnium atoms. The silylene ligand has a planar geometry, with
the sum of the bond angles around the silicon center being 359.8°.
The hafnium atom of6 lies 2.18-2.19 Å from the C5H4Et ring
centroid, and the centroid-Hf-centroid angle (128.7°) is similar
to typical hafnocene derivatives. Furthermore, the Hf1-P1 bond
length (2.6619(9) Å) is slightly shorter than that found in the

Scheme 1

Scheme 2

Published on Web 11/30/2006

16024 9 J. AM. CHEM. SOC. 2006 , 128, 16024-16025 10.1021/ja067251d CCC: $33.50 © 2006 American Chemical Society



hafnocene disilene complex, Cp2(PMe3)Hf(Me3Si)2SidSi(SiMe3)2

(2.705(3) Å).17

The nucleophilic character of these new hafnium-silylene
complexes was confirmed by density-functional theory (DFT)
calculations for the model complexes (η-C5H4Et)2HfdSi(SiMe3)2

(7) and (η-C5H4Et)2(PMe3)HfdSi(SiMe3)2 (8).18 As expected, the
natural population analysis (NPA) charge distributions for7 and8
revealed that the silicon atoms have substantial negative charges
(Si, -0.40; Hf, 1.25 for7; and Si,-0.34; Hf, 0.78 for8). The
UV-vis spectrum of silylene complex6 in hexane shows three
absorption maxima at 261 (ε 13300), 327 (ε sh, 2300), and 513
nm (ε 3800). The longest wavelength absorption band at 513 nm
is attributable to theπ(HOMO)fπ*(LUMO) transition of the Sid
Hf double bond (Figure 2b). On the other hand, the UV-vis
spectrum of2 in hexane at 223 K shows characteristically red-
shifted absorption maxima at 411 and 635 nm.19 The former
absorption band at 411 nm can be assigned to theπ(HOMO)fπ*-
(LUMO + 1) transition of the SidHf double bond, while the latter
at 635 nm would be assigned to theπSidHf(HOMO) f dz2(LUMO)
interaction (Figure 2a).
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Figure 1. ORTEP drawing of hafnium-silylene phosphine complex6 (30%
thermal ellipsoids). Hydrogen atoms are omitted for clarity. Selected bond
lengths (Å): Si1-Hf1 ) 2.6515(9), Hf1-P1 ) 2.6619(9), Si1-Si2 )
2.4512(13), Si1-Si3 ) 2.4643(13), Hf1-C22 ) 2.544(4), Hf1-C23 )
2.477(4), Hf1-C24) 2.446(4), Hf1-C25) 2.461(3), Hf1-C26) 2.521-
(4), Hf1-C29 ) 2.554(3), Hf1-C30 ) 2.510(4), Hf1-C31 ) 2.465(3),
Hf1-C32 ) 2.463(4), Hf1-C33 ) 2.509(3), Selected bond angles (deg):
Si1-Hf1-P1 ) 91.19(3), Hf1-Si1-Si2 ) 127.74(4), Hf1-Si1-Si3 )
123.77(4), Si2-Si1-Si3 ) 108.27(5), Cp1-Hf1-Cp2 ) 128.7.

Figure 2. Representation of the frontier molecular orbitals of model
complexes (η-C5H4Et)2HfdSi(SiMe3)2 7 (a) and (η-C5H4Et)2(PMe3)Hfd
Si(SiMe3)2 8 (b).
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