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Abstract

Styrenes were alkylated with alkyl tosylates, sulfates and bromides in the presence of a zirconocene catalyst and

"BuMgCl in THF. By the use of this reaction, primary and secondary alkyl groups can be introduced

regioselectively at the benzylic carbon of styrenes to give o-substituted ethylbenzenes. ® 1998 Elsevier Science Ltd. Al
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Zirconocene complexes catalyze the addition of organometallic reagents,’ such as
organoaluminum,? -zinc,’ and -magnesium* compounds, to alkenes and alkynes. These
reactions are synthetically useful for preparation of organometallic reagents with concomitant
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For example, into a mixture of styrene (3.0 mmol), octyl tosylate (2 equiv) and a catalytic
amount of zirconocene dichloride (0.05 equiv) was added a THF solution of "BuMgCl (2
equiv, 0.9 M, 6.6 mL) at 20 °C. The solution was stirred at 50 °C for 2 h and the products
were extracted with ether. GC analysis of the crude mixture indicated the formation of 2-
phenyldecane (1) in 62% yield (Table 1, run 1). The product was obtained in pure form in
42% yield by HPLC. In this reaction octane was formed by the reduction of octyl tosylate as
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Table 1 Zirconocene-Catalyzed Alkylation of Aryl Alkenes

nn alkene R-X product yield (%)?
1 N "Oct-OTs Ph\,/ )
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products are known compounds except 5.° "A stoichiometric amount of ethyl! sulfate 8 mmol) was
used. “Based on 1-hromooctane used. Styrene (1.5 equiv) and "BuMqCl (3 equiv) wera used

Table I summarizes representative results obtained using various alkenes and the
alkylating reagents. Under the same conditions, methyl and ethyl tosylates afforded cumene
(2) and sec-buthylbenzene (3) in 56% and 65% yield, respectively (runs 2 and 3). Reactions
of styrene with ethyl tosylate using 'PrMgBr and EtMgBr in place of "BuMgCl afforded 2 in
poor yields (6% and 17%, respectively) but no reaction took place with MeMgCl and PhMgCl
under the same conditions. The reaction also failed when ethyl triflate was used as the
alkylating reagent due to its rapid reaction with the Grignard reagent, whereas ethyl sulfate
afforded 3 in 76% yield (run 4). Although 1-bromooctane gave 2-phenyldecane (1) only in
34% yield under the same conditions, 1 was formed in 65% yield based on 1-bromooctane
when excess amounts of styrene and "BuMgCl were used (run 5). p-Fluorostyrene and

p-methyl styrene yielded the corresponding products 4 and 5° in 59% and 70% yields,
respectively (runs 6,7). The result of run 7 shows that chloro substituents are not affected in
this reaction system. When cyclohexyl tosylate was employed as an alkylating reagent the
corresponding product 6 was formed in 44% yield (run 8), indicating that secondary alkyl
groups can be introduced by this reaction. Since alkenes having no aromatic substituent are
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reluctant to this alkylation reaction, carbon—chains having a carbon—carbon double bond can
also be mtroauced successfully (run 9). Under the same conditions, Cp,TiCl, and Cp,HICl,

were ineffective.

We carried out several control experiments in order to elucidate the reaction pathway.
Since it is known that a titanocene complex catalyzes hydromagnesiation of styrene to give
benzylmagnesium chloride,® we first examined whether a similar hydromagnesiation process
is involved in the present reaction. A mixture of styrene, "BuMgCl (2 equiv), and a catalytic
amount of Cp,ZrCl, in THF was stirred at 50 °C for 2 h. Subsequent addition of D,0O did not
afford monodeuterated ethylbenzene. This result ruled out the hydromagnesiation
mechanism. We then carried out a reaction of styrene with ethyl tosylate in the presence of
"C,;H,sMgCl using a catalytic amount of "Cp,Zr", prepared from Cp,ZrCl, and 2 equiv of
"BuMgCl via Cp,Zr"Bu,.” Quenching the reaction with D,0 afforded nearly equal amounts of
non-deuterated nrgd_l icts 3 and 1-tetradecene (eq. 2). This result suggests that B—hvdmgen of

the tetradecyl group was removed and transferred into the terminal carbon of styrene leadmg
n
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(2 equiv) (2 equiv) Et
3,62% 5Fo

It should also be noted that a stoichiometric reaction of "Cp,Zr" with styrene and octyl
tosylate gave neither 1, octane nor octene (eq. 3).8 On the other hand, a similar reaction in
the presence of "BuMgCl (1 equiv) afforded 1 in 31% yield (eq. 4). These resuits indicate
that "BuMgCl promotes the present alkylation reaction.

e T - , N T Ph___"Oct
"CpaZrt  + P~ +  "OctOTs ——ff— \T/ &)
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hes ~ e 50°C,2h

Although the mechanistic details of this reaction are still under investigation, a plausible
reaction nathway is shown in Scheme 1. It is possible that a zirconate complex’ 8 or a
benzylmagnesium comnound“’ 9 serves as the key intermediate which reacts with an
arbon leading to the dialkyl zirconocene complex 10. The
roceeds exclusively at the less hindered butyl group'' to
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Scheme 1 Et .~ //\r "BuMgCl
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