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Benzylzirconium Compounds 
By U. ZUCCHINI, U. GIANNINI,* E. ALBIZZATI, and R. D'ANGELO 

(Centvo Richewhe MiEano, Montecatini Edison S.P.A.,  Via G. Colombo 81, 20133 MiEano) 

S.uvvLnzavy Tetrabenzylzirconium, prepared by reaction of 
benzylmagnesium chloride with ZrCI,, reacts with HC1 
gas to give benzylzii-conium chlorides ; the benzylzir- 
conium compounds show catalytic activity in the poly- 
merization of a-olefins. 

WE describedl the synthesis and characterization of some 
benzyl derivatives of titanium with unusual thermal 
stability and interesting catalytic properties in the poly- 
merization of olefins. Since carbon-zirconium bonds are 
usually more stable than titanium-carbon bonds,, we have 
now prepared some benzyl derivatives of zirconium and 
studied their reactivity. 

From the reaction of CIMgCH,Ph with ZrC1, in diethyl 
ether at  - 25" a crystalline yellow product was obtained, 

m.p. 133-134" (diethyl ether, pentane, toluene). The 
analytical data and the molecular weight (,! 438) deter- 
mined by cryoscopy in benzene are consistent with the 
formula Zr(CH,Ph), (I). 

Compound (I) is stable for a long time if kept in the solid 
state a t  or in solution in the dark O", and decomposes 
slowly in hydrocarbon solution at  110" to yield toluene 
(2-6 moles per g. atom of Zr) and low-valency zirconium 
compounds, which are being now characterized. The 
reaction of CH,OD with (I) in benzene solution gives 4 moles 
of PhCH,D per g. atom of zirconium. Compound (I) also 
reacts with oxygen, absorbing two moles of it per g. atom of 
zirconium ; hydrolysis of the oxidized product gives benzyl 
alcohol, although not in a quantitative yield (5076 with 
respect to the benzyl groups present in the compound). 
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Unlike the related titanium compound, Zr(CH,Ph), reacts 
with hydrogen a t  50" and atmospheric pressure, forming 
toluene. In this connection, it was observed that reduction 
products of Zr(CH,Ph), also behave as hydrogenation 
catalysts for the aromatic rings at 50". Moreover, Zr(CH,Ph), 
reacts with COz much more rapidly than does Ti(CH,Ph), 
(2 moIes per g. atom of zirconium). The different reactivity 
of the benzyl derivatives of zirconium and titanium is 
prob ibly due to the higher polarity of the Zr-C bond, as may 
he expected from the lower electronegativity of Zr as com- 
pared with Ti. iZs already observed for the titanium deriva- 
tive, Zr(CK,Ph), was found to be a good catalyst for a- 
cilefin isomerizations and hydrogenations even at  atrnos- 
pheric pressure and at  0", at which temperature (I) does not 
react with hydrogen in the absence of olefins. 

The n.m.r. spectrum of (I) in deuteriated benzene at 30" 
shows a sharp singlet at  T 8.47 corresponding to the methy- 
lene protons, and two multiplets a t  T 3.62 and 2.94 assigned, 
respectively, to 2-H and 6-H; and 3-, 4-, and 5-H in the 
phenyl group. The n.m.r. spectrum at  room temperature is 
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virtually the same as that a t  -60" in deuteriated toluene. 
These data, coupled with the results obtained from the 
reaction with CH,OD, provied evidence for the u nature of 
the bonds between the benzyl groups and the metal; how- 
ever, a considerable shift of the signal due to the ovtho- 
hydrogens of the aromatic ring was observed, which 
indicates a strong interaction with the metal atom. 

Compound (I) reacts with ]I or 2 moles of HC1 gas in 
aromatic solvents, the expected amounts of toluene and 
(PhCH,),ZrCl (11) (1n.p. 89'), or (PhCH,),ZrCl, (111) 
(decomposes above 100") are formed. Compounds (11) and 
(111) are soluble in aromatic and chlorinated solvents and 
are monomers on the basis of crysocopic measurements 
on their benzene solutions. Halogenated derivatives are 
thermally less stable than Zr(PhCH,),. All benzyl deriv- 
atives of zirconium show catalytic activity in the 
polymerization of ethylene and of a-olefins. 
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