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Summary. The presence of a stereocenter close to the double bond of an allylsilane has an influence 
on the stereochemistry of the reaction with electrophiles. The stereoselectivity follows the rule of 
electrophilic attack on a trigonal carbon adjacent to a stereogenic center proposed by Houk. From 
chiral allylsilanes and achiral aldehydes it is possible to prepare homo ally1 alcohols with three 
stereocenters with a good stereoselectivity. 

The stereochemistry of the reaction of substituted allylsilanes with electrophiles is affected by the 

nature of the substituents. The influence of a stereocenter on the a carbon of the allylic fragment 

(allylsilane of type I in Scheme 1) has been widely investigated.’ The effect of a stereocenter present on 

one ligand of the silicon atom (allylsilane of type II in Scheme 1) has also been studied.* Only a brief 

examination of the situation we represented as Ill in Scheme 1 has been previously reported relatively 

to epoxidation, deuterodesilylation and reaction with chlorosuffonyl isocyanate.3 

00 Scheme 1 

We report here the results of the reaction of allylsilanes, containing a stereogenic center in position 

4 with respect to the SiRs group (type Ill in Scheme l), wfth several electrophiles, showing that the 

influence of this stereocenter on the stereoselectivity of the reaction can be rationalized using the model 

of approach of nucleophiles to double bonds (Houk model)4 so that this type of allylsilane can be 

successfully employed in the synthesis of chiral molecules. 

We used E allylsilanes as starting materials.5 1-(Trfmethylsilyl)-3-phenyl-2-pentene (1) was prepared 

in a 9:l E/Z ratio using the Seyferth-Fleming-Paterson allylsilane synthesis starting from 2- 

phenylpropanal.6 Allylsilanes 2 and 3 were prepared starting from the corresponding alkenes 4 and 5 

by metallation with butyllithium and potassium fert-butoxide in THF at -78’C and, after 2 h at this 

temperature, reaction of the ally1 potassium derivatives with trimethylchlorosilane.’ (Scheme 2) 
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2.4 R=C2H5 

3.5 R=C(CH& Scheme 2 

The z system of allylsilanes 1-3 has two diastereotopic faces and the level of the stereocontrol in the 

reaction with electrophiles could be related to the nature of the substituents on the allylsilane 

stereocenter. 

We performed the reactions of l-3 with electrophiles which do not need the presence of a Lewis acid, 

such as m-chloroperoxybenzoic acid (MCPBA), phenylsulfenyl chloride (PhSCI) and chlorosulfonyl 

isocyanate (CSI), or with aldehydes activated by TiC14. 

The stereoselectivity of the reaction with small electrophiles, such as MCPBA,s was quite poor3 as 

reported in Table 1. Better results in terms of selectivity were obtained using PhSCI’ and CSI”, as 

reported in Table 2. 

Table 1. Reaction of l-3 with MCPBA 

l-3 J-s 6-8 H 

Allylsilane Product Yielda Diastereoisomeric excess (d.e.)b 
1 R = CsHrj 6 62%’ 10%c 
2 R = C2H5 7 54% 0 
3 R = C(CH3)3 8 65% 50% 
a)Glc yields refed to 1-octanol employed as internal standard, without the correction due to the calibration facto 
b)Determined by 

9 
Ic analysis of the crude reaction mlxture. c)lt has been previously reported 71% yield and a 53 : 47 ratio 

diastereolsomers. 

--~- ~ 
Table 2. Reactions of 1-3 with PhSCl and CSI 

, ASiNe, + E - R 
+ 

\ 

l-3 E 9-14 

Allylsilane Electrophile Product Yielda d.e.b 
1 R = CeH5 PhSCl 9 E = PhS 72% 90% 
2 R = CsH!j PhSCl 10 E = PhS 64% 20% 
3 R = C(CH3)3 PhSCl 11 E = PhS 70% 98% 
1 R = CsH5 CSI 12E = CN 60%’ QOo/bc 
2 R = CsHs CSI 13E = CN 67% 24% 
3 R = C(CH3)3 CSI 14E = CN 61% 98% 
a)Glc yields refer? to 1-octanol employed as Internal standard, without the correction due to the calibration factors 
b)Determlned by 

9 
Ic analysis of the crude reaction mixture. c)t has been previousfy reported 32% yield and a 95 : 5 ratio o 

diastereoisomers. 
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The stereochemistry of the major products was found to be 2RS(2S*, 3S*) and was proved, for 

compounds 9 and 12, by separation of the major isomer by column chromatography on silica gel and 

the chemical correlations” reported in Scheme 3. 

1: Na104 
q 2 4\ MeOH/H20 

C6H6y5 - C6HsL 

9 SC6H5 15 

1) HCI/MeOH 
C6H5&\ 2) NaOH/MeOH 

1 )H2/Pd 

12 EN 

C,,,&\ 2)RuC13/Na104 

16 EOOH 

17 $OOH 16 Scheme 3 

The results of the condensation of allylsilanes l-3 with acetaldehyde or P-methylpropanal in the 

presence of TIC14 are reported in Table 3.‘* The stereochemistry of the major products was proven in 

the case of compounds 19 and 22 by the chemical correlations’3 described in Scheme 4 and was found 

to be 2RS(2S*, 3S*, 4R*). 

Nolo4 

R’ 
KMn04 

0 0 

19.22 x 27.26 
Scheme 4 

Table 3. Reactions of 1-3 with aldehydes activated by Tic14 

R 

4llylsilane 
1 R=GjHs 
2 R = CsH5 
3 R = C(CH3)3 
1 R = CsH5 
2 R = CsH5 
3 R = C(CH3)3 

LSiMe3 + R, AH TiC’~cH2C’2 R’ 

-6 

’ R 

1-3 
H 

19-24 

Aldehyde Product Yielda Diastereoisomers distributionb 
R’ = CH3 19 65% 69:23:6:2 
R’ = CH3 20 71% 50 : 30 : 10 : IO 
R’ = CH3 21 59% 83:10:5:2 
R’ = CH(CH& 22 69% 76 : 21 : 2 : 1 

R’ = CH(CH& 23 70% 59: 21 : IO: 10 
R’ = CH(CHs)2 24 39% 88 : 8 : 3 : 1 

~)Glc yields referl to l-octand employed as internal standard, without the correction due to the calibratior 
,)Determined by glc analysis of the crude reaction mixture 
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The above results were interpreted on the basis of the following considerations: a) in the reactions 

with electrophiles which do not have prostereogenic faces, increments in the hindrance of R improve 

the stereoselectivity, and also the size of the electrophile has a relevant effect; b) in the reactions with 

electrophiles having prostereogenic faces we observed a correlation between the increase in steric 

hindrance of the R and R’ groups and the increase in stereoselectivity. 

Two models can then be invoked to describe the mode of approach of the two A systems. The 

diastereoselection between the z faces of the allylsilanes arises from the transition state A in Scheme 

5, which resembles one of those suggested by Houk,4 whereas the antlperiplanar transition state5 (Model 

6 in Scheme 5) dictates the stereochemistry of the two new stereogenic centers of the products. 

SiMe, E+ 

Model A 
Scheme 5 

We have demonstrated that chiral allylsilanes can be used to prepare molecules with two new 

stereocenters controlled by the chirality resident in the reagent (it is a case of efficient reagent control)‘4. 

Applications of chiral (and homochiral)‘4 allylsilanes in the stereocontrolled synthesis of enantiomerically 

pure compounds will be the subject of a following report. 
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