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The allylation of carbonyl derivatives such as aldehydes, ketones, Table 1. Catalytic Allylation Using Allylsilane?

and imines is one of the most important carb@arbon bond- 1) CuCl - TBAT (¥ mol %) )

forming reactions because of the versatility of homoallylic alcohols X CHF;;:: t'jf,'ﬁ:::;:;i,:q”w) XH

and amines as synthetic intermedigt@snong various allyimetal RJ\Hz 2 R! 2 -~

reagents, allylsilanes and allylstannanes are very useful because of p— P Gt (¥ mol %) product _tmeh _yielamat

their moderate reactivity, which can be increased by catalyst oo

activation and thus allows for application to catalytic enantio- ; x,©/ }:ﬁinge : :: f: gg

selective reactions. Allylsilanes are generally more desirable,

particularly for environmental reasons, because they are less toxic 3° g0 1e 1 2c B 92

and more stable than allylstannanes. The low reactivity of allyl- . CHO

silanes, however, has limited their synthetic utifitfhe present ! Momom"‘ b 10 2 o8

contribution describes a new catalytic allylation methodology using 5 T e 1 2e 4 o

allylsilanes that can be applied to a broad range of carbonyl cHo

derivatives including imines. 6 O 1" 1 2 25 97
To overcome the low reactivity of allylsilanes, our initial idea cHo

was to use the dual activation concept: if a catalyst activates both 7 /;/\/ 9 ! % 4 l

an allylsilane and a carbonyl substrate simultaneously, high catalyst g o 1h 10 oh o4 87

activity is obtained. A fluoride anion can activate the silylated A _cHo

nucleophiles. Therefore, we investigated the combination of a . O e

fluoride anion and a Lewis acid metal to activate an allylsilane 9 9 sax=H 2 4a 4 %0

and a substrate, respectiveéllyltrimethoxysilane should be more 1? J@)\ 2: ;((:S'Me § :: 1“0 gg

suitable for the present purpose than allyltrimethylsilane because N

it can form a pentacoordinate silic&tmore easily than allytri- 1 ©)\/ ad 2 ad 7 0

methylsilane. Thus, using tetrabutylammonium difluorotriphenyl- o

silicate (TBAT; 10 mol %} and allyltrimethoxysilan®&(1.5 equiv), 13 A~ e 2 de 5 o4

the combination was screened with various Lewis acids for the o

reaction of benzaldehyde as a substrate. Although combinations " /\);\/ a 2 a a0

with hard Lewis acids such as#&ICl, ZrCl,2THF, and HfC}-

2THF did not promote the reaction at all, a facile and clean ' % 2 ‘0 58%

conversion was obtained using soft metals such as AgCl (60% yield) 16° A)Ok an 2 15 o0

and CuCl (100% vyield; 1.5 h). Completely optimized reaction N

conditions were determined (1 mol % of CuCl and TBAT in THF e Jf" 5a » ca s o6

at room temperature) after surveying the copper salts, the fluoride PhT H

anion sources, solvents, and the catalyst loa8ling. 18 j‘f" 5b 10 8b 6 92
As shown in Table 1, the reaction proved to be general and could N e

be applied to a broad range of aldehydes, ketones, and imines. 19’ /\/\)'\H 5¢ 10 6c 6 90

Specifically, the reaction proceeds smoothly under very mild ot LB s s od w65

conditions at ambient temperature and neutral pH with a syntheti- Ph

cally accep.table catalyst loading{10 mol %). The applicability aFor experimental procedures, see Supporting Informatitsolated

to the relatively complex substratéh clearly demonstrates these g, < pesilylation was conducted with TBAF.A mixture of diastereo-
advantages (entry 8).The reaction was completely chemoselective, mers was used.2 equiv of allylsilane was usedBuOH (1 equiv) was
and the lactone was tolerated. Enddte gave the 1,2-addueth slowly added for 5 h.

with complete regioselectivity (entry 18). Imines, including crotylsilanes, and the reactions witla proceeded with complete
aliphatic imines and a ketoimine, gave the allylated compounds in y-selectivity, givingsyn7 as the major isomer from bot and
high yield with slow addition (5 h) of a proton sourc&uOH Z-crotylsilanes (Scheme 1). Therefore, this new allylation reaction
(entries 17-20)1? The present reaction was also applicable to is general and synthetically useful.

To gain insight into the reaction mechanism, we traced the
*To whom correspondence should be addressed. E-mail: mshibasa@ reaction procedure observid$= NMR in THF (Scheme 233 The

W‘%é%mg?sﬁ;{?f Tokyo. reaction of CuCl with TBAF (1:1) afforded a ne¥¥F NMR peak
*PRESTO. (—155.7 ppm, broad) that was assigned to be CuF on the basis of
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Scheme 2. Proposed Scheme for Generation of Reactive Species
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