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Summary: Allyltrifluorosilane/CsF systems form pentacoordinate allylsilico- 
nates which undergo chemoselective, regiospecific and highly stereoselective 
allylation of aldehydes, presumably via six-membered cyclic transition states. 

Previously we have reported that an allylic nucleophilic species is 

generated readily from trimethylallylsilane by the catalysis with fluoride 

ions. 2 The reaction provides a versatile method of introducing an ally1 group 

into carbonyl compounds. 3 However, the exclusive regiospecificity of allyla- 

tion, which is characteristic of the Lewis acid-catalyzed allylation with 

allylsilanes, 4 disappeared. Herein, we report a novel allylation of aldehydes 

with allyltrifluorosilanes in the presence of fluoride ions, which is not only 

useful as chemoselective, regiospecific and highly stereoselective allylation 

but affords an interesting mechanistic probe for the fluoride-catalyzed reac- 

tion of allylsilanes.5 

R'R2C=CHCH2SiF 
F-/THF 

3 + R3CH0 ) H2C=CHCR1R2CHR3 
dH 

(1) 

Typically, 2,2-dimethyl-1-phenylbut-3-en-l-01 was prepared by the fol- 

lowing procedure: a mixture of benzaldehyde (1.00 mmol), prenyltrifluorosi- 

lane (2.01 mmol), and cesium fluoride (2.36 mmol) in THF (5ml) was stirred at 

room temperature for 16 h. After methanolysis with MeOH-HCl of the reaction 

mixture, the solvent was evaporated and the residue was purified by TLC af- 

fording 2,2-dimethyl-I-phenylbut-3-en-l-01 in 96 % yield. 

The results of allylation of various aldehydes with allyltrifluorosilanes 

and cesium fluoride are shown in Table 1. The allylation was regiospecific 

where the carbon-carbon bond formation occurred exclusively at the y-carbon of 

allylsilanes. No other regio-isomers were detected in all the cases in Table 

1. Although allylation of carbonyl compounds with allylsilanes and Lewis 

acids has been well established as a procedure for the regiospecific prepara- 

tion of homoallyl alcohols,5 the yields are often lowered by the undesired 

side reactions.6r7 Advantageously, the present allylation can be carried out 

under very mild and neutral conditions affording the homoallyl alcohols in 

excellent yields. The use of allyltrifluorosilanes 8 is essential for the 

successful regiospecific allylation. Thus, prenylmethyldifluorosilane reacted 

with benzaldehyde under more rigorous conditions to afford a mixture of the 
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regioisomers of homoallyl alcohols, 4-methyl-1-phenylpent-3-ene-l-01 and 2,2- 

dimethyl-I-phenylbut-3-en-l-01 in the yields of 37 and 45 %, respectively. 

Prenyltrimethylsilane and prenyldimethylfluorosilane did not react with benz- 

aldehyde in the presence of cesium fluoride even by heating for a prolong 

time. Tetrabutylammonium fluoride can be used similarly as a fluoride ion 

source, while potassium fluoride was less effective. 

There has been extensively investigated the stereochemical control in 

addition of crotylmetals to aldehydes from both mechanistic and synthetic view 

points-l2 Recently, reactions of crotyltrimethylsilanes with aldehydes in the 

presence of Lewis acids have been found to proceed via acyclic transition 

states to give erythro products regardless of the stereochemistry of the 

starting crotylsilanes. 13 In contrast to this, (E)- and (Z)-crotyltrifluoro- 

silane/CsF systems showed high threo- and erythro-selectivity, respectively, 

in the addition to aldehydes. As shown in Table 1, the ratio of diastereomers 

was found to be actually the same as the starting E/Z ratio of crotylsilanes. 

A similar selectivity was found for the crotylation of 2-ethylbutanal.14 The 

allyltrifluorosilane/CsF systems are highly promising as synthetic reagents 

for diastereospecific allylation of aldehydes. 

The present reaction may be rationalized by the following mechanism 

illustrated in Scheme 1, as suggested by the similarity of the diastereoselec- 

tion to the allylboronate addition.15 Thus, the nucleophilic attack of a 

Scheme 1. Mechanism of the Crotylation 

wSiF3 + MF - -%FkM+ 
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fluoride ion to an allyltrifluorosilane may afford rather stable pentacoordi- 

nate allylsiliconate which in turn reacts with an aldehyde via a six-membered 

cyclic transition state. This may be caused by the significant Lewis acidity 

of the tetrafluorosiliconate16 and the enhanced nucleophilicity I7 of the y- 

carbon of the allylsiliconate. 18 

Table 1. Reaction of Allyltrifluorosilanes with Aldehydes in the Presence of 

Cesium Fluoride.a 

Allylsilane Aldehyde Reaction Products (% Yield) 
Conditions 

(CH3)2C=CHCH2SiF3 PhCHO 

(la) 

la 

la 

la PhCH=CHCHO 

la PhCH2CH0 

CH3CH=CHCH2SiF3 

(lb, E/Z= 90/10) 

PhCHO 

lb (E/Z= 21/79) 

lb (E/Z= 90/10) 

PhCHO 

n-C8Hj7CH0 

lb (E/Z= 90/10) (CH~CH~)~CHCHO 

lb (E/Z= 21/79) 

lb (E/Z= 90/10) 

(CH3CH2j2CHCH0 

PhCH=CHCHO 

lb (E/Z= 90/10) PhCH2CH0 

rt, 16 h 

rt, 24 h 

reflux, 36 h 

rt, 28 h 

rt, 16 h 

rt, 16 h 

rt, h 

rt, h 

24 h 

rt, h 

rt, 28 h 

rt, 6 h 

(96) 
bH 

H bH 17-" (g3) 

CH2=CHC(CH3)2;;(CH2CH3)2 (92) 

CH2=CHC(CH312;;CH=CHPh (94) 

CH2=CHC(CH3)2g;CH2Ph (90) 

CH2=CHCH(CH3)CHPh (93) 

(2, threo/er$hro= 88/12) 

2 (93) (threo/erythro= 19/81) 

CH2=CHCH(CH3)CHC H i)H 8 17-" ("le 

CH2=CHCH(CH3)g;(CH2CH3)2 

(3, threo/erythro= 

3 (84) 27173) 

CH2=CHCH(CH3)CHCH=CHPh 
6H 

CH2=CHCH(CH3)CHCH2Ph 
OH 

a. molar ratio the starting was used; aldehyde: an 

cesium fluoride= 2.0: 2.3. 

Yield after by Kugelrohr or preparative 

C. The ratio of diastereomers was determined by 'H nmr analysis. 

d. The ratio of diastereomers was determined by glc analysis. 

e. The ratio of diastereomers was not determined. 
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