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Abstract: The synthesis of 3-aryl-1-butenes is performed by hydrovinylation of styrene and alkyl-
substituted styrenes catalyzed by [Ni(MeCN)g}[BF4]5/EtyAICI/PPh3 under mild conditions with
very good activities and selectivities.

The 3-aryl-1-butenes are important intermediaries for the synthesis of 2-arylpropionic acids that are
widely used as anti-inflammatory drugs, such as Ibuprofen and Naproxen.! Moreover, these olefins have
been also used as monomers for homopolymerization or copolymerization of olefins.2 Among various
routes, the catalytic hydrovinylation of styrene by transition metal complexes has been shown to be
particularly adequate for the syntheis of such compounds.>” Indeed, it has been already shown that the
combination of nickel allyl complexes/alkylaluminum compounds in the presence of a chiral azaphospholene
at low temperatures (- 70 °C) enables the enatioselective hydrovinylation of styrene‘"’ We have recently
described the selective ethylene dimerization to 1-butene with high activity catalyzed by a dicationic nickel
complex and alkylaluminum compound.¢ We now report the application of this catalytic system to the
hydrovinylation of various styrene derivatives under mild conditions (eq.1).
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After intensive investigation on the reaction conditions (nature of cocatalyst: AlEt;Cl;, AIEtCl,,
AIEt,Cl, AlEt; ; PPhy/Ni ratio, reaction time and temperature) we have found mild reaction conditions and
procedure that afford 3-phenyl-1-butene with high regioselectivity and yield. Thus 4.6 mL of styrene (40
mmol), 48 mg of [Ni(MeCN)g][BF,4], (0.1 mmol), 105 mg of triphenylphosphine (0.4 mmol), 0.28 mL of
diethylaluminum chloride 1.8M solution in toluene (0.5 mmol) and 20 mL of dichloromethane were placed
in a 100 mL-stainless steel autoclave under argon and the mixture was stirred at room temperature for 30
minutes under 10 atm of ethylene. After releasing the excess of ethylene, the reaction mixture was distilled
(58-60° C, 7 torr) to afford 4.8 g of 3-phenyl-1-butene (90% yield).7 The cis and trans 2-phenyl-2-butene
have been the only by-products detected in the reaction mixture. The most probable catalytic species for the
dimerization and codimerization olefin reaction is a nickel-hydride complex. > These species are probably
formed from alkylnickel complex formed by the reaction between dicationic nickel complex and the
alkylaluminum compound. The observed high chemoselectivity is presumably the result of the Ni-H bond
reacting more rapidly with the activated C=C bond of the styrene than with that of the ethylene and/or the
higher stability of the n’-benzylic-nickel compared with an ethyl-nickel intermediate. Steric effects of
triphenylphosphine ligand prevent a second styrene molecule from approaching the resulting Ni-C bond, but
not the smaller ethylene molecules, and as a result the styrene is only hydrovinyled as 3-phenyl-1-butene and
neither oligomerized nor polymerized. It is interesting to note that the formation of butenes was observed in
all the reactions, however under the best conditions, the hydrovinylation of styrene is highly favored.

The hydrovinylation of styrene derivatives substituted at the aromatic ring or vinyl group has been
performed under the same conditions as for styrene (Table 1). There is no noticeable influence of an alkyl
group alkyl in p-position at the aromatic ring and so the hydrovinylation of p-methylstyrene gave results
similar to those observed with styrene (compare entries 1 and 2). Despite of a low activity, the
hydrovinylation is completely chemo- and regio-selective if the styrene is substituted by a methyl in the vinyl
fragment (entry 3). This low activity is probably due to the steric effects of the methyl group at the a-
carbon that aggravates the approach to the nickel-hydride bond present in the catalytically active species.
The hydrovinylation of o-methyl-styrene catalyzed by a cationic allyl-nickel gave lower conversion and yield
(0.6%)*. The p-methoxy-styrene is hydrovinyled with a low conversion and only 70% of the hydrovinyled
product is the 3-( p-methoxy-phenyl)-1-butene (entry 4). There is no reaction at all in the case of the o-, m-,
and p-chloro-styrene or 2-vinyl-pyridine (entries 5 and 6).

This lack of activity can be explained by the Lewis basicity of these substrates that are present in
excess and can react with the alkylaluminum Lewis acid so preventing the formation of the catalytic active
species. The same effect can account for the very low activity of the p-methoxy-styrene.



Table 1. Hydrovinylation of styrene derivatives with [Ni(MeCN)6][BF4]2/AlEt2CV/PPh3
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In summary, we have described a simple and efficient method for the preparation of a series of 3-aryl-
1-butenes that are valuable intermediates for the synthesis of important biologically active drugs. Studies of

asymmetric induction and heterogenization of the catalytic system are in progress.
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