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Abstraet: Cyclic ailylsiloxanes were prepared from allyldimethylsilyl ethers of various aikenols by 
using a catalytic ring-clusing metathcsis (RCM) reaclion. The transformation of these cyclic 
ailyls/loxanes into stereuseiectively substituted tetrahydrofurans and tetrahydropyrans was achieved by 
using a silyl modified Sakurai reaction. © 1997 Elsevier Science Ltd. 

Recently, the construction of carbo and heterocycles by catalytic ring-closing olefin metathesis has 
emerged as a powerful synthetic tool. 1 Transition metal catalyzed processes especially ruthenium-carbene 

catalysts are particularly selective for the transformation of polyfunctional precursors of enhanced complexity. 

This methodology is now finding increasing use in synthesis. 25 

A recent report from Caubbs et al.6 prompts us to disclose our own resuhs concerning the construction 

of cyclic allylsiloxanes of type B from allyldimethylsilylethers of type A by using a RCM reaction, and their 

transformation into stereospecifically substituted oxygenated heterocycles C. 
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Allyldimethylsilylethers 1 4  were prepared by silylation of the concsponding alkenols 7 in quantitative 

yield (method A: AllylMe2SiO, Et3N, DMAP cat. in CH2C12). Alternatively, allyldimethylsilylethers can be 

obtained by tethering suocesively allylmagnesium bromide and alkenols on Et2NSiMezCI (method B). s 

Treatment of a solution of 1-4 in dichloromethanc or benzene by a catalytic amount of 

C12(PCy3)2Ru=CHPh 9 (3 to 6 moi%) under the conditions indicated, leads to the formation of the 

corresponding cyclic allylsiloxanes 5-8 in good to moderate yields (Table 1). We have to point out that 

compounds with 6-, 7- and 8-membered rings were obtained under similar conditions in good yield. When a 

substituent was present at C-2 (compound 8), the ruthenium catalyst was sensitive to steric effects6 and the 

yiel~ were somewhat lower. 

Since compounds S-8 contain an allylic silane, the condensation of those compounds with aldehydes, 

ketones and keuds has been achieved under Sakurai modified conditions.Z0 Carbonyl compounds or their ketals 

were reacted with compounds 6-8 in dichlommethane at -78°C in the presence of a catalytic amount of 
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trimethylsilyl triflate (TMSOTO. A smooth reaction ensued, giving the corresponding desired tetrahydrofurans 

or tetrahydropyrans in good yields and with high diastereoselectivity (Table 2). Examination of the crude 

material by 1H NMR showed diastereoisomeric ratio (d.r.) up to 95/5. 

Table 1: Preparation and ring-closing metathesis of allyldirnethylsilylethers A 

Substrate 

Ph Si-- 
/ 

A 

1 n = 0 , R = H  

2 n = I , R = H  

3 n = 2 , R = H  

4 n = l , R = M e  c 

Preparation 

Yield(%)" 

Method 

A B 

99 64 

99 60 

100 

I00 

Ring-closing olefin 
metathesis 

Solvent T Conc Time 
(M) (h) 

CH2CI 2 rt 0.5 1 

rt 0.5 3 
CH2C12 

reflux 0.5 1 

CH2C12 reflux 0.1 3 

60°C 0.1 48 
C ~ 6  

80°C 0.01 48 

Products 

O-Si--  
/ 

B 

Yield(%)" 

5 88 b 

6 8O 

88 

7 85 

31 
8 

48 

a) Isolated yield of analytically pure material after flash column chromatography on silica gel. 
b) This sensitive compound was isolated by distillation. 
c) anti diasm-~isomer 

The relative configuration of 9, 10 and 1311 have been assigned unambiguously from their 1H NMR 

spectra with the help of differential nOe experiments (Scheme 1). The relative configurations of I1, 12, 14 and 

15 have been attributed accordingly. 

Scheme 1: Observed differential nOe effects in compound 13 

The formation of tetrahydrofurans and tetrahydropyrans can be interpreted in terms of the following 

hypothetical mechanism. Reaction of the silylether moieties of the cyclic allylsiloxanes with the electrophiles 

(carbonyl compounds or their acetals activated by the Lewis acid TMSOTf) generates oxonium ions which can 

be trapped intrarnolecularly by the allylsilane, thus generating the oxygenated beterocycles and a new Lewis acid 

species (Scheme 2). A chairlike transition state in which the substituents preferentially occupy pseudo-equatorial 

positions can account for the stereochemical outcome of this reaction, which parallels the results previously 

obtained in a related kind of cyclizationJ °~ 



7863 

Scheme 2: Mechanism for the formation of tctrahydrofurans and tctrahydropyrans 

R , . , A  R 3 - -  .SiMe3 
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Table 2: Transformation of cycfic allylsiloxanes into oxygenated heterocycles 

Substrate Electrophile a Product Yield (%) b 

Me2C(OMe)2 

MeCHO 

Cyclohexanone 

Me2C(OMe) 2 

MeCHO 

Me2C(OMe) 2 

MeCHO ¢ 

9 

P h ~ M e  
10 

Me',,,,/___ ~ 

n,,~ ' 'Me 
Ph i2 Me 

Ph ~ "  0 +'~ Me 
13 

Ph 'v "O" i .  
14 Me 

82 

83 

70 

72 

78 

85 

84 

15 
a) A solution of 6-8 and of the electrophfle (3 equiv for Me2C(OMe)2 , 3 equiv for MeCHO 
and 1 equiv for cyclohexanone) was treated at -78°C with TMSOTf (10-15 mol%) for 30 min. 
b) Isolated yield of analytically pure material after flash column chromatography on silica gel. 
c) The reaction mixture was wanned up to -50°(2. 
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We have shown that RCM reactions can be used to build silicon containing betetocycles. The lauer 

compounds subjected to a modified Sakurai reaction can lead to substituted tetrahydrofurans or 

tetrahydropyrans. 

Further work is in progress to apply this methodology in natural product synthesis. 
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