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Reactions of the tungsten({I) complex WCl,(PMePh,), (1a)
show a high propensity to form metal-ligand multiple bonds, and
this provides the driving force for a number of interesting
transformations. Alcohols are deoxygenated to hydrocarbons,?
epoxides to alkenes,’ and CO, to CO,* all with the production of
tungsten(IV) oxo compounds; imido, sulfido,* phosphinidine,* and
alkylidene complexes® are formed in related reactions. This report
describes reaction of 1a and WCl,(PMe,), (1b) with (allyloxy)-
trimethylsilane to give rare examples of oxo—allyl complexes’ and
remarkable reactions of 1b with vinyl- and allylsilane reagents
which rearrange to give tungsten carbyne compounds.®

Reactions of 1 require significant initial binding of the substrate
to the tungsten center. This is a primary reason why deoxygen-
ation of simple alcohols by 1a is slow and why deoxygenation of
ethers such as Et,O or MeOSiMe,, while thermodynamically
favorable,’ does not occur. Addition of a potential tungsten binding
site to the substrate, however, can circumvent this kinetic barrier.!
For instance, allyl alcohol and 1-buten-4-ol are rapidly deoxy-
genated by 1a to give alkenes and W(O)Cl,(PMePh,); because
the alkene function acts as a “tether” to bring the oxygen close
to the metal.?

Use of a “tether” allows extension of this chemistry to silyl
ethers. For example, 0.45 mL of (allyloxy)trimethylsilane reacts
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Figure 1. ORTEP drawings of W(O)(#*-C;H;)ClI(PMe,), (2b; top) and
W (=CCH,)(PMe,),Cl (3; bottom) with 40% probability thermal ellip-
soids. Selected bond distances (A) and angles (deg) for 2b: W-Cl1 2.639
(9), W-P1 2.483 (9), W-P2 2.491 (9), W-C1 2.29 (4), W-C2 2.25 (4),
W-C3 2.31 (3), O1-W-P1 93,5 (8), O1-W-P2 90.8 (8), O1-W-Cl1
161.8 (9), O1-W-Cl 114.4 (13), O1-W-C2 102.6 (14), O1-W-C3
111.0 (11), P1-W-P2 102.4 (3), C1-C2-C3 127 (4). For 3: W-P 2.464
(2), W-Cl 2.589 (15), W-C3 1.76 (4), P-W-Cl 80.75 (9), P-W-C3
99.25 (9), W-C3-C4 176 (3), P-W-P’ 161.51 (18), P-W-P” 91.48 (9).

with 0.50 g of 1b in 50 mL of toluene to give an orange solution
after heating of the solution at 65 °C overnight. Subsequent
workup!! gives the tungsten—oxo—allyl complex 2b in 74% yield.
1a also reacts with (allyloxy)trimethylsilane to give a tungsten—
oxo—allyl complex W(O)(»n*-C;H;)(PMePh,),Cl (2a) (eq 1). The

L ll
WCLL, + Me;Si0”N7 o \w—> + Me;SiCl (1)
it

1a,b C1 2a,b

tungsten abstracts the oxygen atom and retains the organic
fragment; the silicon removes a chloride. The formation of the
strong W=0 multiple bond and the n*-allyl provide the driving
force for cleavage of the Si—O bond.!? The X-ray crystal structure
of the PMe, derivative 2b (Figure 1)!3 shows a pseudooctahedral
complex (the n*-allyl ligand occupying two sites), with a short
tungsten—oxo distance of 1.651 (17) A.'* The allyl ligand lies
cis to the oxo, as expected for a ligand with r-acceptor orbitals,*
and the W-C distances are typical for tungsten n’-allyl com-
pounds.'* NMR data for 2a and 2b are consistent with similar
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structures in solution.'® The analogous 2-methylallyl complex
is formed slowly from 1a and CH,=CMeCH,0SiMe;.

Since CH=CRCH,0SiMe; delivers an allyoxy fragment to
tungsten, we investigated whether CH,—~CHSi(OMze); would
transfer a methoxy group, with the vinyl acting as the tether. A
clean reaction is observed with 1b, but the product is the carbyne
complex W(=CCH,)(PMe,),Cl (3) (eq 2).1” Thus vinyl is
transferred instead of methoxy, with rearrangement of CH,~
CH— to CH;C==. The carbyne complex 3 has been charac-
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terized by NMR!¢ and an X-ray crystal structure,!® which is quite
similar to the structures of W(=CCH.)(PMe;),Me and W(=
CH)(PMe,),CL'® An intermediate is observed in the formation
of 3, believed to be the vinylsilane complex WCI,[CH,=
CHSi(OMe),](PMe,), on the basis of its paramagnetic NMR
spectrum,!® consistent with the vinyl acting as a tether. Vinyl-
silanes CH,~~CHSiMe; and CH,=CHSIi(OEt)Me, also react
with 1b to give 3, but carbyne products have not been observed
starting from 1a.

Kinetic and mechanistic studies are in progress to map out this
transformation in detail. Labeling studies indicate that the formal
vinyl to methylcarbyne rearrangement (eq 2) involves net
movement of the methine hydrogen to the methylene group.
Reaction of *CH,=CHSiMe,; gives W(=C!*CH,)(PMe,),Cl
with <1% label at the carbyne carbon, and CH,=—CDSiMe; gives
W(=CCH,D)(PMe,),Cl, with <5% CHD, product (by 13C
NMR). A crossover experiment using a 50:50 mixture of
BCH,=CHSiMe; and CH,=CDSiMe; shows that the reaction
is not intramolecular: both W==CB3CH,; and W=C!*CH,D
(60:40) are observed by 1°C NMR. These data are consistent with
the mechanism proposed by Green for the other reported vinyl
to carbyne rearrangement:?® deprotonation of the vinyl complex
gives a vinylidene, which protonates to form the carbyne.

Allylsilanes also react with 1b to give a carbyne complex, in
this case the ethylcarbyne W(=CCH,CH;)(PMe;),Cl (4) (eq
3). A remarkable amount of hydrogen migration has to occur
to complete this allyl to ethylcarbyne transformation. The 'H,
3P, and 13C NMR spectra of 4 are very similar to those of 3,
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indicating the same basic structure. Reactions of 1b with al-
lylsilanes are slower than reactions of 1b with vinylsilanes.
Equations 2 and 3 are a new and quite convenient route to
tungsten—carbon multiple bonds.

Three unusual transformations are reported here: formally
allyloxy to oxo—allyl, vinyl to methylcarbyne, and allyl to
ethylcarbyne. These reactions support the idea that the alkene
function acts as a “tether” in the activation of silyl ethers, with
the silicon acting as the organic fragment donor and as chloride
acceptor. Once a substrate is bound to the tungsten, the formation
of a very strong metal-ligand multiple bond, W=0 or W=C,
provides the driving force for cleavage of the Si—O bond and for
the unusual rearrangements.
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Design and synthesis of organic molecules in very high-spin
ground states are current subjects of great importance.! The basic
principle underlying the design is the desire to endow organic
molecules with many half-filled orthogonal orbitals. Their presence
is dictated by symmetry and can be achieved in two ways: or-
thogonality in space and topological symmetry. Carbenes in triplet
ground states are examples of the former. In #-diradicals, parallel
alignment of the two spins can become favored if the radical
centers are placed in phase with the spin polarization of the
intervening w-bonds. A Schlenk hydrocarbon in the triplet ground
state is such an example.> Poly(m-phenylenecarbenes) 13 combine
these two concepts in the construction of higher spin organic
molecules.!* The spin alignment in 1 is, however, one-dimen-
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