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The reaction of Ta(=CHCMe3 )(PR3 )2 Ci3 and W(=O)(OCMe, )4 yields mixed 
oxo-alkylidene complexes of tungsten(V1). Two have been subjected to single- 
crystal X-ray structural analysis. W(=O)(=CHCMe, )(PEt3 )* CIZ is disordered, 
but a fuh characterization of W(=O)(=CHCMe, )(PMe, )Z Cl2 has been com- 
pleted. The 0x0 and aIkyIidene ligands occupy mutually cis locations with 
W=O 1.701(15) A, W=CHCMe3 2.006(15) W and <O=W=C 101.6(8)“. 

Although alkyhdene derivatives of tantalum and niobium are now well 
characterized Cl], there are few such complexes known for the other transi- 
tion metals. Recently, alkylidene transfer from ta&&un has been shown [Z] 
to yield alkylidene complexes of tungsten, via eq. 1. 

Ta(=CHCMe, )(PR, )* Cl, + W(=O)(OCMe, )4 + 

Ta(OCMe, ), Ci + W(=O)(=CHCMe, )(PR3 )2 Cl, (1) 

The resulting products of interest are formally oxo-alkylidene complexes 
of tungsten(V1) and are catalysts for the metathesis of both -terminal and 
internal olefins [2] . 

We now report the results of single-crystal X-ray diffraction studies on the 
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cataIyticaIIy active complexes W(=O)(=CHCMes )(PEts )z C12 and 
W(=O)(=CHCMes )(PMe, )2 CI, . 

The complex W(=O)(=CHCh?e, )(PEt, )* CI, crystallizes in the centro-sym- 
metric orthorhombic space group Pbcn with a 14.397(4), b 13.755(4), c 
X2.388(3) A, 17 2453 A3, M = 577.18, DC = 1.56 g cmm3, 2 = 4, and 
~(Mo-R,) 53-3 cm-‘. 

Diffraction data were collected via the coupled 6 (crystal)-20 (counter) 
technique [4] on a Syntex P21 diffractometer. Refinement of anisotropic 
thermal parameters for the tungsten atom and isotropic thermal parameters 
for the other non-hydrogen atoms led to R = 13.9% for 1139 independent 
reflections. While the overall coordination geometry was determined, there 
was a severe disorder problem. The moIecule lies on a C, axis which results 
necessarily in disorder of chloride and 0x0 ligands (see Ia and Ib) and there 
is additional rotational disorder involving portions of the CHChles and PEts 
Iigands. We therefore turned our attention to the species W(=O)(=CHCMe, )- 
(PMe, )* CI, _ This crystallizes in the non-centrosymmetric orthorhombic 
space group P21 2, 21 with a 11.356(2), b 11.845(3), c l&876(4) A, V 2001 A3 
&f = 493.02, DC 1.64 g cmm3, 2 = 4, and p(hIIo-K,) 65.2 cm-’ _ 
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Diffraction data were collected as before. AI1 nonhydrogen atoms were 
located and refined (using anisotropic thermal parameters for the heavy atoms), 
leading to R 10.3% for 2629 independent reflections with 28 < 40”. This com- 
plex is ordered. The derived molecular geometry is shown in Fig. 1. 

The tungsten(V1) atom has a rather distorted octahedral coordination 
environment. The tungstenalkylidene bond length W=C(l) is 2.006(15) A, 
with the W=C(l)-C(2) angle being increased from a normal sp’ angle to a 
value of 141.1(16)” (cf. W=C 1.942(9) A and W=C-C 150.4(S)” in 
W(=CCMe3 )(=CHCMe, )(CH, CMe, )[Mez P(CH, )* PMe, ] [5,6] ). 

The trimethylphosphine ligands and the 0x0 ligand are bent away from 
the neopentylidene moiety with C(l)=W-P(1) 96.5(5)“, C(l)=W-P(2) 
92-S(6)” and C(l)=W=O 101.6(S)“; the angle C(l)=W-Cl(l) is acute with a 
value of 85.5(6)“, while C(l)=W-Cl(B) 168.2(6)“. The trimethylphosphine 
ligands are additionally bent away from the 0x0 ligand with P(l)-W=O 
97-O(6)” and P(2)-W=O 97-g(6)“, resulting in a tnms angle, P(l)-W-P(2), 
of only 160.5(2)“. 

The-tungsten--oxide linkage, W=O, is l-701(15) A in length, while the 
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Fig_ 1. The geometry of the W(=O)(=CHCMe, )(PMe, )2 Cl, molecule. Hydrogen atoms are omitted ad 
carbon atoms of the methyl groups are reduced for clarity. 

tungsten-phosphine distances are W-P(l) 2.536(7) A and W7-P(2) 2.510(9) A. 
The tungsten--chloride distances are slightly different, with that tram to the 
neopentylidene hgand being marginally longer than that trams to the 0x0 
ligand. (W-Cl(2) 2.508(8) A vs. W-Cl(l) 2.485(5) A). 

The complexes W(=O)(=CHCMe, )(PR3 )2 Cl, undergo abstraction of phos- 
phine with Pd(NCPh), Cl,, yielding the five-coordinate oxo-alkylidene species 
W(=O)(=CHCMe, )(PRs )Clz , II, one example of which (R = Et) has previously 
been studied 133 and found to have bond lengths.significantly shorter (W=O 
l-661(11) A, W=C 1.882(14) A, W-Cl 2.379(5)-2.389(5) A) than in the 
octahedral species*. 

The present tungsten(V1) oxo-alkylidene complexes are of particular interest 
because of their close chemical relationship to high oxidation state tungsten 
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and molybdenum derivatives used industrially for carrying out olefin meta- 
thesis reactions [7-J-01. 
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