JIAICIS

COMMUNICATIONS

Published on Web
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The search for complexes that exhibit selective HC bond
activation is the focus of considerable research in organometallic
chemistry at the present time, primarily due to the potential for
functionalization of readily available hydrocarbons into more
desirable productd® Our previous contributions to this area have
included the development of 16e alkylidéfieand acetylerfe®
nitrosyl complexes of tungsten that activate aliphatic and aromatic
C—H bonds selectively under mild conditions. We now wish to
report the generation of a reactive 16e allene complex, Cp*W(NO)-
(7>-H,C=C=CMe,) (A), that effects single and triple-€H bond
activations of hydrocarbon substrates under thermal conditfons.

The chemistry we have discovered is summarized in Scheme 1.
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Thermolysis of the 18e complex Cp*W(NO)(GEMes)(;3-3,3-
Me,CsHs) (1) in Me,Si at 50°C for 6 h results in the evolution

Figure 1. Solid-state molecular structure ®fvith 50% probability thermal
ellipsoids shown. Selected interatomic distances (A) and angles (deg):
W(1)—N(1) = 1.760(5), W(1)-C(16)= 2.217(6), W(1}-C(11)= 2.182(6),
W(1)—C(12)= 2.433(6), N(1)-O(1) = 1.237(7), C(11yC(12)= 1.46(1),
C(12)-C(13) = 1.348(9), W(1yN(1)—0O(1) = 170.7(5), N(1yW(1)—
C(16)= 96.7(2), W(1)}-C(11)-C(12)= 81.2(4), C(11)-C(12)-C(13)=
124.9(7), C(12)C(13)-C(14)= 125.6(7), C(12)C(13)-C(15)= 120.1(7).

69% vyield by recrystallization from ether/hexanes -a80 °C.
Consistently, a similar thermal reaction bin C¢Dg leads to the
formation of the corresponding deuterated complex, Cp*W(NO)-
(CeDs)(173-3,3-Me-allyl-d;) (3-dg). Interestingly,3-ds exists as a
mixture of three isotopomers, with deuterium being incorporated
at the two methyl groups and the central allyl carbon, whose exact
modes of formation remain to be ascertained. The thermolysis

of neopentane and the quantitative formation (as determined by reaction in GDs exhibits first-order kinetics for the loss @fat 50

IH NMR spectroscopy) of the 18e alkyhllyl complex, Cp*W-
(NO)(CH:SiMes)(1°-3,3-Me,C3H3) (2). Complex 2 is thermally
stable in MgSi, and the know# bis(alkyl) complex, Cp*W(NO)-
(CH,SiMey),, is not formed on prolonged reaction timésis an
orange air-stable solid that can be isolated in 60% yield by
crystallization from the final reaction mixture at30 °C. Its solid-
state molecular structuf®(Figure 1) exhibits metrical parameters
that are consistent with solution NMR dé&teaand reflecto—n
distortion'® of the dimethylallyl ligand (i.e., C(A1HC(12)= 1.46-
(1) A and C(12>-C(13) = 1.348(9) A). Furthermore, the asym-
metric allyl ligand is rotated away from the idealized exo or endo
orientations to maximize the-interaction between the nonbonding
orbital of the allyl ligand and the metal centér.

In a similar manner, Cp*W(NO)(&s)(173-3,3-M&CsHa3) (3) is
produced quantitatively via thermolysis df under the same
conditions in benzene solutioB.is isolable as orange blocks in

°C (kobs = 2.2(1) x 10* s71), a feature consistent with the rate-
determining step being the intramolecular generation of interme-
diate A.

The thermal reaction df in a solution of excess trimethylphos-
phine (10 equiv) in cyclohexane cleanly affords the base-stabilized
form of A, Cp*W(NO)(#7?>-H,C=C=CMe,)(PMey) (4), which has
been isolated in 24% yield. The solution molecular structuréd of
is readily inferred from it$3C {*H} and'H NMR spectra (GDg),
which display a central allene carbon resonancé &65.67 and
CH; (0 = 2.44, 1.78), CH (6 = 0.67, 1.97), and PMg0 = 1.27)
proton resonances which also exhibit the expected NOE enhance-
ments (as determined by selective NOE spectrosc@p§A single-
crystal X-ray crystallographic analysis dfhas been conducted,
and the resulting ORTEP of its solid-state molecular structure is
shown in Figure 22 The nonlinear nature of the dimethylallene
carbon backbone (C(11C(12)-C(13) = 134.0(5)) and the

* To whom correspondence should be addressed. E-mail: legzdins@chem.ubc.carelatively long C(11}-C(12) bond length of 1.436(7) A are
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