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Abstract Nonsymmetrical sihkclals R’OSiR2OR” other than R = Me were efticiently prepared by the activation of 
4-pentenyl siIy1 ethers with IDCP in the presence of an alcohol. In addition, hialkylsilyl ethen muld be prepared 
fran lhe comspondins IrialkylsiIyl pentemyl ether. 

In a program centered on the use of the temporary silicon connection in intramolecular 

glycosylationP we were recently confronted with the problem of having to construct a nonsymmetrical 

silaketal, R’OSiRxOR”, other than the usually employed dimethylsilaketal (R = Me) owing to, in certain 

circumstances, the acidic instability of the latter. The usual protocol for dimethylsilaketal formation, 

however, could not be applied as this calls for the silylation of one alcohol with excess Me2SiCl2, 

subsequent removal of the volatile dichlorosilane and the eventual addition of the second alcohol. The 

higher boiling points of other dialkyldichlorosilanes make this procedure incompatible for the preparation of 

analogous silaketals. Complications of this sort have already been encountered by Craig for the preparation 

of nonsymmetrical diphenylsilaketals3 Gillard et al. introduced t-Bu$i(OTf)Cl for the preparation of di-t- 

butylsilaketals although the second silylation step proved sometimes difficult due to the sterically demanding 

t-butyl grot~p.~*~ 
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Figure 1 ? I 

We conceived that a two-step sequence might be feasible as shown in Figure 1 whereby the 

intermediate product a would be sufficiently stable to undergo purification. Activation of a and hence 

silylation with the second alcohol would lead to the derived silaketal. As an activating group, we chose the 

4-pentenyl silyl etheq its activation was anticipated to proceed upon addition of iodonium dicollidine 

perchJorate (IDCP) as described by Fraser-Reid for glycosylation with U-pentenyl glycosides.6 

$ This paper is dedicated to Professor Anders Kjzr on the occasion of his 75th birthday. 
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In order to test this approach, the pentenyl silyl ethers 1 and 2 were prepared Treatment of 

commercially available diphenyl- or diisopmpyldichlorosilane with 4-pentcnd at O’C as described by 

Gillards et al. and purification by distillation furnished the corresponding 4-pentenyl chlorosilyl ethers. 

Simple silylation of alcohol 3 gave the required precursors 1 and 2 in an approximately 75% yield, easily 

purified by chromatography. Subjecting a dichloromethane solution of 1 or 2 and an alcohol (1.0 cquiv.) to 

1.5 equiv. of IDCP at 2o’C led to a quick conversion of the pentenyl ethers affording the desired silaketals in 

good yields. The results are shown in Table 1. The reactions were usually completed within 15 min and 

were easily performed on an approximately 0.1 mm01 scale.7 Again, the silaketals could be purified by 

chromatography showing no sign of decomposition. 
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Table 1: Silake.tal Formation 
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For the high yields obtained, it was necessary that the alcohol be present before adding IDCP. 

Introduction of the alcohol aftnr IDCP activation led to a significant decrease in the nonsymmetrical silakctal 

yield as welI as the formation of the symmetrical silsketal (R’O)$+. Attempts to Proceed via a twostep 
procedure by conversion of 1 to the corresponding silyl bromide or chloride upon activation with Br2. 
Bu4NBr3 or IQ and subsequent treatment with the alcohol and TEA also led to substantial amounts of the 

sytnmetrical silalcetal. A possible scenario rationalizing these results is presented in Figure 2. Activation 

with IDCP gives the silyloxonium intermediate which may be transformad into the silyl petchl~rate.~*~ 

Which of the two responsible for the actual silylation was not determined, but in the absence of an alcohol 

these potentially reactive interm&iates may react with either the original silaketal lo or eollidiue,9a to give a 

symmetrical silaketal and a silyl perchhuatc or IUI Wsiiyl collkiinim perchlorate, respectively. l 
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Figure 2 

That the other etheral oxygen is not required for efficient silylation was shown from the silylation of 3 

with either r-butyldimethylsilyl (TBDMS) or ~-bu~l~pheny~s~y~ (T@DPS) pentenyl ethers to give 4a or b in 

excellent yields. Noteworthy is the silylation of the pentenyl mannoside 5 in 84% yield, where the 4- 

pentenyl silyl ether was selectively activated_ 
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Another notable example of regioselective iodination was demonstrated with compound 6, easily 

prepared from 5 and displaying two potentially reactive 4-pentenyl ether fnnctionalities in the same 

compound. Nevertheless, upon treatment with alcohol 3 (1 ecptiv.) and LDCP (1.5 equiv.) a 78% yield of the 
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silaketal7 was obtained in which the 4-pentenyl siJy1 ether had selectively been activated. This successful 

kinetic differentiation suggests the interesting possibility of performing a two-step silylation and 

intramolecular glycosylation in situ with excess IDCP, hence avoiding the isolation of the intermediate 

silaketaJ as reported earlier. 1 This approach is currently being pursued in our laboratory. 

-+ 
“< 

-a- -+- 
Cl’ o- / 

BnO 
/To ’ 3 (l.Oquiv.) 

5 
TEA,DW BnO 

* En 
88% qzl- / 

Acknowledgment: We thank G. Keravis. Centre de Mesures Physiques, UniversitC d’Grl&ns for mass 
spectroscopic data. 

References and Notes 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

a) Stork, G.: Kim. G. J. Am. Chem. Sot. 1992, 114. 1087-1088; b) Bols, M. J. Chem. Sot., Chem. 

Commun. 1992,913-914; c) ibid 1993, 791-792; d) Bols, M. Acta Chem. &and. 1993, 47, g29- 

834; e) Bols, M. Tetrahedron 1993, 49, 10049-10060. 

For other examples of intramolecular glycosylations other than the silicon-tethered see: a) Barnsi, 
F.; Hindsgaul, 0. J. Am. Chem. Sac. 1991, 113, 9376-9377; b) Barre& F.; Hindsgaul, 0. Synlert 

1992,759-76 1. 

a) Craig, D.; Reader, J. C. Tetrahedron L&t. 1990, 31. 6585-6588; b) Craig, D.; Reader, J. C. 

Tetrahedron f&t. 1992,33.4073-4076; c) Craig, D.; Reader, J. C. Tetrahedron L&t. 1992,33,6165- 
6168. 
Gillard, J. W.; Fortin, R.; Grimm, E. L.; Maillard, M.; Tjepkema, M.; Bernstein, M. A.; Glaser, R. 

Tetrahedron L.ett. 1991, 32,1145-l 148. 

Simple nonsymmetrical silalcetals have also been prepared but the intermediate monochlorosilane was 

purified by distillation. Gillard. J. W.; Fortin, R.; Morton, H. E.; Yoakim, C.; Qucsnelle, C. A.; 

Daignault, S.; G&don, Y. J. Org. Chem. 1988, 53,2602-2608. 
Fraser-Reid, B.; Udodong, U. E.; Wu. Z.; Ottosson, H.; Merritt, J. R.; Rao, C. S.; Roberts, C.; 

Madsen, R. Synlett 1992,927-942. 
Typical procedure: A solution of 1 (82 mg, 0.11 mmol) and octanol (1.5 mg, 0.11 mmol) in DCM (2 

mL.) was stincd for 30 min in the presence of 3 A molecular sieves (-200 mg). IDCP (68 mg, 0.145 

mmol) was added and the mixture was stirred for 1 h. The molecular sieves were filtered off and the 

organic phase was washed with a Na2S203 solution, dried, and evaporated to dryness. Flash 

chromatography (hexane:ethyl acetate, 8:l) gave the corresponding octyl silaketal (78 mg, 90% 

yield). 

Kim, M.; Hiio, T.; Sajurai, H. J. Am. Chem.Soc. 1992,X14,6697-6700. 

For the application of silyl perchlorates as active silylating agents see: a) Barton, T. J.; Tully. C. R.; 

J. Org. Chem. 1978,43, 3649-3653; b) Hakimelahi, G. H.; Proba, Z. A.; Ogilvie, K. K. Tetrahedrota 

L&t_ 1981,22,4775-4778; c) Sviridov, A. F.; Ermolenko, M. S.; Yashunsky, D. V.; Borodkin, V. S.; 

Kochetkov, N. K. Tetrahedron L-ett. 1987, 28, 3835-3838; d) Hardinger, S. A.; Wijaya, N. 

Tetrahedron Len. 1993, 34, 3821-3824. 

Murthi, K. K.; Salomon. R. G. Tetrahedron L.&t. 1994, 35,517-520. 

(Received in France 17 August 1994, accepted 7 September 1994) 


