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Alkylidene complexes of the general formula LnM=CHR are 
now recognized as key derivatives used to initiate olefin metathesis 
reactions1 and ring-opening metathesis polymerization (ROMP) 
processes.2-7 In addition, such complexes can be employed in 
stoichiometric reactions as "Wittig-type" reagents to produce 
olefins from ketones and esters.8-12 One of the preparative routes 
to generate an alkylidene unit on a metal is via a-hydrogen 
abstraction, whereby a bis(hydrocarbyl) precursor eliminates 
alkane either photochemically or thermally.13"15 While this 
process is common for the synthesis of group 5 and 6 alkylidene 
derivatives,1314 it is quite uncommon for group 4 derivatives.1617 

For example, Cp*2TiMe2 does eliminate CH4, but the final product 
is not a methylidene derivative.18 Attempts to prepare alkylidene 
derivatives of zirconium via a-hydrogen abstraction of bis-
(neopentyl)-type complexes led to disproportionation and Zr-C 
bond homolysis to give Zr(III) dimers.16 In fact, the only 
reports of alkylidene complexes of Zr involve the in situ detection 
of thermally labile Cp2Zr=CH2(PMePh2) via reaction of 
H2C=PPh3 with a zirconocene phosphine complex19 and the 
preparation of Cp2Zr=CHCH2R(L)-type complexes as thermally 
labile oils by HMPA-induced bridge cleavage of alkylidene-
bridged zirconocene-aluminum precursors.20 In this report we 
present the synthesis and solid-state structure of the first authentic 
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example of a stable alkylidene complex of zirconium formed via 
an a-hydrogen abstraction process. 

The starting zirconium complex, [77'-C5H3-1,3-(SiMe2CH2-
PPr^)2]ZrCl3 (1, [P2Cp]ZrCl3), prepared by addition of [J;5-
C5H3-l,3-(SiMe2CH2PPri

2)2]Li21 to ZrCl4(THT)2 (THT = 
tetrahydrothiophene) in toluene, reacts with 1 equiv of Mg(CH2-
Ph)2-2THF22 to generate a 1:1 mixture of the corresponding 
monobenzyl derivative, [P2Cp]ZrCH2Ph(Cl)2 (2) and the tris-
(benzyl) complex [P2Cp]Zr(CH2Ph)3 (3); none of the expected 
bis(benzyl) derivative could be detected by either 31Pj1Hj or 1H 
NMR spectroscopy. However, when this mixture of 2 and 3 was 
photolyzed or thermolyzed, a smooth reaction was observed and 
the benzylidene complex [P2Cp] Zr=CHPh(Cl) (4) was isolated 
in 85% yield after crystallization from pentane (Scheme I).23 

Particularly diagnostic of the benzylidene unit is the presence 
of a resonance at 8.1 ppm in the 1H NMR spectrum for the 
benzylidene proton (Zr=CWPh) and a doublet of triplets at 229.4 
ppm in the coupled 13C NMR spectrum due to the benzylidene 
carbon (Zr=CHPh); the rather low carbon-hydrogen coupling 
constant, 1ZHC. of 86.8 Hz, can be ascribed to evidence of an 
agostic interaction with the Zr center.24 

The structural assignment of the benzylidene complex based 
on solution data has been confirmed by an X-ray crystal structure 
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Figure 1. Labeled ORTEP view of 4. Important bond distances 
(angstroms) and angles (degrees): Zr-Cl 2.5418(13), Zr-Pl 2.8299-
(16), Zr-P2 2.8425(17), Zr-CpI 2.564(4), Zr-Cp2 2.521(4), Zr-Cp3 
2.499(4), Zr-Cp4 2.544(4), Zr-Cp5 2.575(4), Zr-C19 2.024(4), C19-
C20 1.456(5), C19-H19 0.93(4), Zr-H19 2.07(4), Zr-Cp(cent) 2.234, 
Pl-Zr-P2 153.58(4), Cl-Zr-Pl 77.23(4), Cl-Zr-P2 76.35(4), Cl-Zr-
C19110.11(ll),Pl-Zr-C1994.47(12),P2-Zr-C1994.20(12),Zr-C19-
C20 169.2(3), Zr-C19-H19 79.8(23), C20-C19-H19 111.0(23). 

determination;25 the results are summarized in Figure 1 along 
with some selected bond lengths and bond angles. The critical 
feature is the benzylidene unit with a Zr-C bond distance of 
2.024(4) A and the presence of an agostic C—H-Zr interaction; 
this hydrogen was located and refined. The Z r - H distance is 
2.07(4) Aand the Zr-C19-C20angleisl69.2(3)°;theZr-C19-H 
angle is 79.8(23)°. A series OfNOEDIFF1H NMR experiments 
confirms that the solid-state structure is maintained in solution. 
For example, irradiation of the unique cyclopentadienyl proton 
(CP5-H) results in significant enhancement of both ortho protons 
of the phenyl group but no enhancement of the benzylidene 
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hydrogen; irradiation of the remaining two equivalent cyclopen
tadienyl protons (CP2-H and CP3-H) leads to no enhancement 
of any protons on the benzylidene unit. That the benzylidene 
fragment is found syn to the unique cyclopentadienyl carbon 
(CP5) is surprising, and thus far we cannot explain the 
stereoselectivity of this reaction. Variable-temperature NMR 
studies show that phosphine dissociation is slow (undetectable) 
on the NMR time scale, and, in addition, no rotation of the 
benzylidene unit about the Z r = C double bond is observed. 

The mechanism of this reaction is under investigation. How
ever, the evidence for an a-abstraction process comes from some 
simple stoichiometry experiments. If the starting trichloride 1 
is allowed to react with 0.5 equiv of Mg(CH2Ph)2-2THF, the 
monobenzyl complex 2 can be prepared cleanly; similarly, the 
reaction of 1.5 equiv of Mg(CH2Ph)2-2THF generates the tris-
(benzyl) derivative 3, free of other species. Neither of these two 
species is thermally sensitive or reacts with light as a separate 
species. However, if they are mixed in equimolar amounts and 
thermolyzed at 65 0 C for 3 h, the benzylidiene complex is 
generated quantitatively by NMR spectroscopy. Therefore, we 
presume that the bis(benzyl) complex [P2Cp]Zr(CH2Ph)2Cl, 
although undetectable, is being formed in equilibrium with the 
mono- and tris(benzyl) derivatives, but it is the bis(benzyl) 
derivative that is photochemically and thermally labile. Exper
iments are in progress to test this hypothesis as well as to examine 
the generality of this process by the attempted preparation of 
other zirconium bis(hydrocarbyl) complexes stabilized by this 
new ancillary ligand. 

Preliminary reactivity studies of the benzylidene complex 4 
show that it is very reactive. For example, addition of acetone 
results in the formation of the corresponding olefin, Me2C=CHPh, 
quantitatively (by GC-MS); other reactions include adduct 
formation with ethylene, while reactions with H2 and PhSiH3 
generate hydride Zr derivatives. Investigations into the nature 
of these reaction products are currently in progress. 
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