9702 J. Am. Chem. So@001,123,9702-9703

High Oxidation-State (Formally d° Tungsten Silylene
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Transition metal silylene complexes are of interest as silicon Li(EtoQ)2 5B(CeFs)g | - LiCI
analogues of metal carbenes, and as possible intermediates in a CeHsF
number of metal-catalyzed transformations involving organosili-
con compoundsln metal carbene chemistry, it is well established
that the reactivity and electronic structure of the,@iBand (R Sy o
= H, alkyl, or aryl) are highly dependent on the nature of the | 2 -
metal fragment to which it is bourfd.ate transition metal carbene ~. __W_owmp BCeFsa 2
complexes are typically electrophilic at carbon, while early metal P | N~y
centers often give rise to nucleophilic carbene ligands. To date, & F’<

a number of base-free transition metal dialkyl and diaryl silylene
complexes have been synthesized, and these feature ruth&nium,
osmium? iridium,>® and platinun® in relatively high @ con-
figurations @ = 6). In general, these late metal silylene complexes Given the promise of this silylene-extrusion reaction as a general
have been shown to be very electrophilic at silicon. Thus, it is of route to metal silylene complexes, we sought to synthesize d
interest to investigate silylene complexes involving strongly €xamples via reactions of hydrosilanes with coordinatively
z-donating early transition metal centers with lowabnfigura- unsaturated but inherently electron-rich fragments of the type
tions. Such species may exhibit novel chemical properties for the [Cp*L2W]*.** A possible precursor to such a fragment is Cp*-

metal silylene fragment, opening pathways to new transformations (MesP)(*-Me,PCH,)W(H)CI, which appears to be in equilibrium
for organosilicon compounds. Our efforts to synthesize base-free with Cp*(MesP),WCI.1? In an attempt to develop a route to the

silylene complexes of the more electropositive early transition

[Cp*(dmpe)W] fragment, Cp*WCJ* was reduced with 3.0 equiv

metals initially focused on the group 6 metals, and herein we of Na/Hg (0.8% w/w) in the presence of dmpe. This procedure

report base-free tungsten silylene complexes of the type [Cp*-

(dmpe)(HYW=SIiR,][B(C¢Fs)4], (Cp* = 1°-CsMes, dmpe= Me,-

afforded crystalline orange-reg%CsMe,CH,)(dmpe)W(H)CI @)-
in 75% yield after recrystallization from pentane (Scheme 1).

PCHCH,PMe,). These compounds were prepared with use of a Thus, unlike Cp*(MeP),WCI, which undergoes intramolecular
new, reactive tungsten-based synthon featuring a doubly metalatedC—H activation of a phosphine ligand, 16-electron Cp*(dmpe)-
Cp* ligand. Previously, base-stabilized silylene complexes of the WCI degrades via metalation of the Cp* ligaHd® The NMR

CpW(CO), fragment (Ch= CsHs, CsMes) have been reporteéd?

We have established routes to platinum and iridium silylene
complexes involving activation of two silicerhydrogen bonds
of a hydrosilane, via oxidative addition and subseqeeatimina-
tion.>8 Significantly, this route requires access to coordinatively
unsaturated metal centers (eq 1).

LM + R,SiH, — L (H),M=SiR, (1)

spectra ofl reflect the absence of mirror or rotational symmetry.
For example, the four methyl groups of the dmpe ligand give
rise to individual doublet resonances.98, 1.23, 1.29, and
1.53 in the'H NMR spectrum. Compountl was also character-
ized by X-ray crystallographip.

Reaction ofl with [Li(OEt,),5[B(CsFs)4] in fluorobenzene
under argon gives f(-CsMe3(CHy),) (dmpe)W(HY][B(CeFs)4l, 2,
(Scheme 1), a rare example of a “doubly tucked” Cp* metal
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dihydride complexX81” Compound?2 can be generated and used

in situ or isolated as an orange crystalline solid in 70% yield by
crystallization from fluorobenzene/pentane. Consistent with the
structure shown in Scheme 1, th& NMR spectrum o contains

two resonances assigned to the Cp* methyl group$,1a68 and
1.85. Two singlets are observed for the diastereotopic hydrogens
of the two equivalent methylene groupséa®.64 and 1.77, and
tungsten hydride ligands are observed as a doublet of doublets at
0 —2.11 Qup = 38 Hz,Jyp = 58 Hz,Juw = 49 Hz). Complex2

was also characterized crystallographically, and an ORTEP
diagram of the cation is displayed in Scheme 1. This species
appeared to be a potential source of the [Cp*(dmpé)ifggment,
providing the facile reductive elimination of two-€4 bonds.

At room temperature in fluorobenzer@reacts _W'th dimeth- Figure 1. ORTEP diagram of one of the crystallographically independent
ylsilane over 3 days. under argon to form the SI]erne C‘?mp'ex cations in the X-ray structure of dimethylsilylene comp8ax Hydrogen
[Cp*(dmpe)(HW=SiMe;][B(CFs)s] (3a), isolated in 65% yield  41oms were omitted for clarity.
after crystallization from fluorobenzene/pentane (eq 2). The

suggest classical dihydride character, rather than the presence of

e 1t - . a dihy_d_rogen Iigand_i_n these cor_nple>8ésTo investigate the
>_§| P - msH >_<| B(CoFs)a possibility of W(HY--Si interactions in these compounds, thgs;
S p Wi BCefes 222 s \pﬁ)W§Si/R ) coupling constants were determined frdk-detected, 107°Si
L_H P ke “R HMQC BIRD filtered NMR experiment’ Since these coupling
\, P N H
~ H constants (7, 17, and 17 Hz f8g, b, andc, respectively) are
2 3 Siiyﬁﬁne less than 20 Hz, it appears that there is little or no interaction
3c: Ry = Phy between the hydride and silylene ligands in these complexes.

The new compounds reported here represent high oxidation-

analogous diphenyl- and phenylmethylsilylene complegbsid state silylene complexes in a formall§ ellectron c_onfiguration.
3¢, respectively) were synthesized in the same fashion from the Alternatively, these complexes may be viewed &mdharacter,
corresponding silanes. in preparations3af b, andc it is most if tungsten-based electrons are not invoked in bonding to the

convenient to use a one-pot synthesis in which the chloride is Silylene ligand. In preliminary reactivity studies, we have found
abstracted froni in the presence of the silane. These reactions that3areacts with 1 equiv of pyridine to form an isolable adduct,
likely proceed via S+H oxidative addition to a 16-electron  he dark red complex [Cp*(dmpe)(WY/SiMex(py)I[B(CoFs)d] (4).
“mono-tucked” cation, which appears to be thermally accessible Whereae this behavior is similar to yvhat is expected for.a late
at room temperature but was not observed spectroscopically. Metal silylene complex, the reaction dfa with MeCl in

The characterization @&aas a silylene complex was confirmed ~ fluorobenzene at 96C for 20 min produces MsiCl, formally
by a downfield resonance in t&SiH} NMR spectrum a® by insertion of dimethylsilylene into the-6CI bond. This latter
314. Silylene complexe3b and 3¢ exhibit similarly downfield- reaction contrasts with what has been found for the late metal
shifted?®Si{ 1H} NMR resonances @297 and 277, respectively. ~ COmplex [,Cp*(MQP)ZOFf'MeZ][B(CG,FS)4]' which reacts with
X-ray quality crystals of the orange dimethylsilylene dihydride @ky! chlorides to form [Cp*(MgP),0sSiMeCI][B(CeFs)y]. Future
complex3awere obtained from a fluorobenzene/pentane solution WOk will explore further concepts of the reactivity of these new
of the complex. The structure contains two independent cation tungsten silylene complexes.
anion pairs in the asymmetric unit, and one of the cations is shown  Acknowledgmentis made to the National Science Foundation for their
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pendent cations possess very short tungssiicon bond dis- U.C. Berkeley for obtaining the crystal structure of compoudnd
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structural database revealed a range of 2:38908 A for W-Si characterization of, 2, 3a—c, and4 (PDF) and X-ray crystallographic
bond lengths. information ford, 2, and3a (CIF). This material is available free of charge

To investigate possible HH and Si-H interligand bonding ~ Via the Internet at http://pubs.acs.org.
interactions in complexe3a—c, various spectroscopic methods  ja0165436

were employed._ On _the bas_is o NMR Ty relaxat_ion experi- (18) Crabtree, R. H.; Lavin, M.; Bonneviot, l. Am. Chem. Sod.986
ments, the hydride ligands in the silylene dihydride complexes 108 4032. B _ o
appear to be classical in nature. Using the null methodTie  (1°) e Shecte Bacamelers, i i couring Comslant conaten
(min) values for the dihydride ligands iBia, b, andc were employed is adapted from the 2D BIRD and double quantum filt&rEHSi
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