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Synthesis and Structure of a Base-stabilized Silyl(silylene)tantalum Complex
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Thermal reaction of Cp,Ta(n>-C3Hg) with HSiMe,SiMe,-
OMe in toluene at 60 °C gave Cp,Ta{SiMe,---O(Me)---SiMe; }
(7%) and Cp,TaH(SiMe,SiMe,OMe), (8%). The former me-
thoxy-stabilized silyl(silylene) complex was characterized by
X-ray diffraction study.

Over the past few decades, transition-metal silylene com-
plexes with metal—silicon double bonds have attracted much in-
terest as silicon analogues of carbene complexes, and as possible
intermediates in various transformation reactions of organosili-
con compounds.' Until now, a wide variety of silylene com-
plexes have been synthesized as not only a base-stabilized form
but also a base-free form.? To our best knowledge, all these ex-
amples are Fischer-type ones, in which the metal—silicon bond is
polarized in a M®~—Si®" manner.? Theoretical studies on early
transition metal-silylene complexes have been reported by
Nakatsuji et al.* They concluded that the Schrock-type metal—
silylene complex L,Nb=SiR, is more stable than the Fischer-
type L,M=SiR; (M = Fe and Cr), although silylene complexes
of group 5 transition metals have not been prepared yet.
We herein report the synthesis and structure of methoxy-bridged
silyl(silylene)tantalum complex.

Heating a toluene solution of endo-Cp,Ta(H)(1*>-C3Hg)’ (1)
and HSiMe,SiMe; at 40°C for 16h gave a yellow solid of
Cp,Ta(H)(SiMe,SiMe3), (2) in 85% yield (eq 1).° Monitoring
the reaction by NMR indicated the evolution of propane. The
existence of the Ta—H moiety was indicated by 'HNMR (ben-
zene-dg, & —3.03) and IR spectroscopic data (Nujol, Vr, g
1797 cm™"). In the Si{'H} NMR spectrum (benzene-dg), the
signals of a disilanyl ligand are observed at § —14.9 and —8.7,

although their assignment is not clear.
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Klazinga and Teuben reported the reaction of endo-
Cp,Ta(H)(1*>-C3Hg) with CO giving Cp,Ta(C3H;)(CO) exclu-
sively, indicating that the initial step is the insertion of propene
into the Ta—H bond.? The reaction in eq 1 would start from the
same reaction, leading to the coordinatively unsaturated species,
[CpaTa(CsH7)]. Successive oxidative addition-reductive elimi-
nation processes give 2. In order to isolate the silyl(silylene)
complex generated by the reductive elimination of HSiMe;-
SiMe; from 2 followed by 1,2-migraion of the silyl group, 2
was treated with 4-dimethylaminopyridine (DMAP), which has
been recognized as a useful base for stabilization of silylene

+ HSiMe,SiMe3

complexes.” However, this was not the case. Heating the solution
at 80 °C gave a complicated mixture containing HSiMe,SiMe;.
No evidence was obtained for the formation of the DM AP-stabi-
lized silyl(silylene) complex.

Silyl(silylene) complexes have been synthesized as four-
membered ring compounds by introducing the internal base such
as methoxy and diethylamino groups.”*” Thermal reactions of
endo-Cp,Ta(H)(n>-C3Hg) with HSiMe,SiMe,OMe in ben-
zene-dg at 60 °C for 3h gave Cp,TaH(SiMe,SiMe,OMe), (3)
and Cp,Ta{SiMe,--O(Me)---SiMe,} (4) in 33 and 23% NMR
yields, respectively (eq 2). Further heating of the mixture
did not affect the molar ratio of the products. The large scale
reaction allowed the isolation of 3 and 4 in 8 and 7% yields,
respectively.’
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The spectroscopic feature of 3 is quite similar to that of 2.
The "H NMR spectrum (benzene-ds) shows five signals at &
—3.10 (1H, TaH), 0.33 (12H, SiMe,), 0.53 (12H, SiMe,), 3.33
(6H, OMe), and 4.64 (10H, Cp), which is in good agreement
with the structure of 3. The existence of Ta—H is also supported
by IR spectrum (Nujol), showing a band at 1789 cm™! (vr,_p).
The 2°SiNMR spectrum (benzene-dg) shows signals at § —9.9
and 19.5. Complex 4 exhibits a downfield-shifted 2°Si NMR
signal at § 127.8. The Si NMR chemical shift is characteristic
of the base-stabilized silylene complexes.? In the 'HNMR spec-
trum of 4 in benzene-dg, three signals are observed at & 0.37
(12H, SiMe,), 2.73 (3H, OMe), and 4.28 (10H, Cp), which is
consistent with the structure having a mirror plane composed
of tantalum, oxygen, and two silicon atoms. Moreover, the
upfield shift of the '"HNMR signal for the methoxy group
(6 2.73) is characteristic of methoxy-bridged silyl(silylene)
complexes.’

Cooling the hexane solution of 4 at —50°C allowed the
growth of yellow crystals suitable for X-ray diffraction study.
Molecular structure of 4 is depicted in Figure 1.° According to
the Cambridge Crystallographic Database (version 5.26), the
Ta-Si distance of 2.605(1) and 2.597(1) A is the shortest yet re-
ported for tantalum complexes with Cp or substituted cyclopen-
tadienyl ligands (2.62-2.74 A). The Si—O bonds in 4 (1.873(4)
and 1.891(4) A) are much longer than a normal silicon—oxygen
single bond (1.63 A), and is the longest yet reported for me-
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Figure 1. Molecular Structure of 4. The thermal ellipsoids are
at the 50% probability level, and hydrogen atoms are omitted
for clarity. Selected bond distances (A) and angles (°): Ta—
Si(1) = 2.605(1), Ta-Si(2) =2.597(1), Si(1)-O = 1.873(4),
Si(2)-0 = 1.891(4), Si(1)-Ta-Si(2) = 67.30(4), Ta-Si(1)-
C(11) = 124.3(2), Ta-Si(1)-C(12) = 125.5(2), C(11)-Si(1)-
C(12) = 102.5(3), Ta-Si(2)-C(13) = 125.0(2), Ta-Si(2)—
C(14) = 126.0(2), C(13)-Si(2)-C(14) = 101.9(2).

thoxy-bridged silyl(silylene) complexes (1.79-1.84 A).” These
structural features are consistent with the bonding scheme of 4
having unsaturated Ta—Si bonds and dative O-Si bonds. The
sums of the bond angles of three bonds around the Si(1) and
Si(2) atoms except the O-Si dative bonds are 352.3 and
352.9°, respectively, implying the considerable contribution of
the 77 interaction between the sp>-hybridized Si atoms and the
tantalum center. The Ta-Si(1)-O-Si(2) four-membered ring is
almost planar: Dihedral angle between the planes defined by
Ta-Si(1)-Si(2) and Si(1)-Si(2)-O is 174.3°.

Complex 4 is the first silylene complex having group 5 tran-
sition metal.'” The reactivity is of great interest. A preliminary
reactivity study of 4 was carried out with MeOH. Addition of
2.1 equiv. of MeOH to a benzene solution of 4 resulted in an
immediate reaction, and after workup, complex 5 was obtained
as a yellow solid in 90% yield.!! The *Si{'H} NMR signal (8
68.5) in benzene-ds was shifted to the higher field compared
with that of 4. The "HNMR spectrum (benzene-dg) shows four
signals at § —4.74 (1H, TaH), 0.50 (12H, SiMe,), 3.41 (6H,
OMe), and 4.57 (10H, Cp), supporting the structure of 5. The
reaction of 4 with MeOH is considered to be initiated by
nucleophilic attack of MeOH to the silylene silicon atom.
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In summary, we succeeded in the synthesis and X-ray

characterization of the group 5 transition metal silylene complex

4 for the first time. Further reactivity studies of 4 toward various
nucleophiles and electrophiles are under active investigation.
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