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Abstract. Functionalized (E)crotylsilanes 1 bearing a bis-homoallylic hydroxyl group undergo diastereoselcctive 
cvcloaroaanation and ewxidation reactions to produce substituted letrehydrofurans 3 and 5 respectively after art acid 

Research conducted in our laboratories has established the utility of chiral (/+crotylsilanes as 

reagents for highly diasterco- and enantioselective condensation reactions with acetals.’ In subsequent 

reporta we have described enantioselective tetrahydrofuran annulations based on Lewis acid promoted 

addition reactions of the silane reagents to achiral and chiral aldehydes.2 Those studies resulted in the 

development of a useful strategy for the asymmetric construction of 2,5-cis and 2,5-tram substituted 

tetrahydrofurans and documented the participation of chii (&crotylsilanes in a highly diastereoselective 

tetrahydrofuran annulation. The historical importance of cyclopropanes and epoxides in organic 

synthesis has helped provide the stimulus to further probe the utility of our developing chiral allylsilane 

bond construction methodology. We have learned that the crotylsilanes 1. bearing a primary hydroxyl 

group derived from a LiAlH,t reduction of the corresponding ester undergo cyclopropanation and 

epoxidation reactions with useful levels of diastereoselection. The two pmcesses result in the formation 

of silyl-functionalixed tetrahydtofurans. This study expands the scope of these silane reagents in acyclic 

stereocontrol and illustrates how: (i) the stereocenter bearing the silicon group diits the addition to one 

of the x-faces of the adjacent olefin and the stereoselective heterocyclization. (ii) the o-donating silicon 

group activates the cyclopropyl and epoxide rings by Q + (T* orbital overlap, stabilizing the emerging & 

carbocation. The two elcctrophilic substitution processes are illustrated in Scheme I leading to their 

respective silyl-functional&d furans. 
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Previous studies have demonstrated that chiral allyl-,s vinyl-4 allenylsilanes,s as well as secondary 

allylic alcohols6 participate in stereoselective cyclopropanation and epoxidation reactions. Based on those 

reports we Projected that chiral (E’)-crotylsilane reagents would show useful levels of selectivity in similar 

electrophilic additions. In this Letter, we wish to report the results of our experiments concerning the 

AIMe3-CH212 promoted cyclopropanation. We are also disclosing comparative results of peracid and 

VO(II)-TBHP catalyzed epoxidations of the illustrated chiral silane reagents. Representative examples 

obtained for the electrophilic addition processes with the silane reagents are summarized in Tables I and 

II.7 

Tetrahydrofurans via Diastereoselective Cyclopropanations of (E)-Crotylsilanes. 

The tetrahydrofurans 3. were produced in nearly diastereomerically pure form under mild reaction 

conditions (entries 1-3. Table I). s In a two-step sequence: [i] a diastereoselective cyclopropanation 

employing a modified Simmons-Smiths reaction with the known aluminum complex AIMe3-CH212J0 

followed by; [ii] treatment of the mixture of cyclopropanes 2. with a catalytic amount of p-TsOH 

(CH;?CI2, RT) afforded the tetrahydrofurans in high yield. The substituted alcohols lb and lc showed 

greater selectivity in the cyclopropanation while the presence of the hydroxy group on the reagent 

increased the rate of reaction as well as the selectivity, compare entries 1 and 4 in Table I. Interestingly, 

the parent methyl ester (Scheme I) reacted only very slowly, and exhibited no selectivity under the 

cyclopropanation conditions described above. 

Table 1 

LOP AlLies, CH& do’ cat. p-TsOH PhMe*Si3 2 ’ 

Me,&Ph Me,&Ph 
-9 HO 

1 2 3 

Diastereoselectivity Tetrahydrofuran Product 3 

Entry Crotylsilane [anti / syn ] (%yield 2)a % yield (2,3-anti : syn)b 

1. (3S)-la, R = P = H 3 : 1 (79 %) 86% >30: 1 

2. (2K 3S)-lb, R = Me, P = H 20 : 1(81 %) 74% >30: 1 

3. (2R, 3S)-lc, R = Bn, P = H 6 : 1 (67 %) 79% >30: 1 

4. (3S)-ld, R = H, P = tBuPh2Si 1.5 : 1 (67 %) ______ _____- 

a All AIMe3 promoted cyclopropanatlons were run in CH2Cl2. with CH212 (2.8 equiv) at 0 “C and allowed to warm to 
ambient temperature for 8 h. hAssignment of relative stereochemistry was based on difference N.O.E. measurements. 
Absolute stereochemisny is assigned by analogy based on the chirality of starting crotylsilane. 

Tetrshydrofurans via Diastereoselective Epoxidations of (B)-Crotylsilanes. In an 

analogous manner, the crotylsilane bis-homoallylic alcohols undergo highly diastereoselective 
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epoxidation reactions promoted by m-CPBA” or VO(acac)2-TBHF’.** In the examples shown below in 

Table II, the hydroxyl group helps to support the Sense of diastercoselection by working synergystically 

with the topology of the trans-olefin substrate. 1s In general, high levels of selectivity were observed both 

for pcmcid and transition metal-catalyzed epoxidation/cyclization as the furans were isolated directly from 

the reaction mixture. The sensitivity of the reaction diastereoselection to the presence of the hydroxyi 

group is shown below in equation 1. In contrast to the examples in Table II, when the primary alcohol is 

protected the m-CUBA-catalyzed epoxidatlon proceeded without selectivity.14 

Table II 

Epoxidation Tetrahydrofuran Product 5 

entry Crotylsilane conditionsa> b % yield (2,3-a& : syn)c 

1. (3S)-la, R = H m-CPBA (1.5 equiv) Sa 81% (6: 1) 

2. (3S)-la, R = H VO(acac)2 (0.05 equiv) / TBHP (2 cquiv) Sa 68% (15 : 1) 

3. (2R, 3R)-ld, R = OMe m-CPBA (1.5 cquiv) 5b 66% (19 : 1) 

4. (2R, 3R)-ld, R = OMe VO(acac)2 (0.05 equiv) / TBHP (2 cquiv) Sb 54% (15 : 1) 

5. (2R, 3S)-le. R = Bn m-CPBA (1.5 cquiv) SC 70% (30 : 1) 

6. (2R. 35)-k, R = Bn VO(acac)2 (0.05 equiv) / TBHP (2 equiv) SC 46% (15 :l) 

7. (2S, 3R)-lf, R = Me m-CPBA (1.5 equiv) Sd 50% (15 : 1) 

8. (2s. 3R)-lf, R = Me VO(acac)2 (0.05 equiv) / TBHP (2 cquiv) Sd 20% (20: 1) 

a Ail reactions utilizing meta-chloro perhenzoic acid were run in dry benzene (18 h). b The reactions that used catalytic 
VO(acac)2 and TBHP were run in CH2Cl2 for 3 h at 0 “C and then 12 h at mom temperature. c Assignment of relative 
stereochemistry was based on difference N.O.E. measurements. Absolute stereochemistry is assigned by analogy based on 
the chirality of starting crotylsilane. 

UOSi’BuPh, 

Me,BiPh 

mCPBA 
Benzene, 0 “C + RT 

0 
WOSitBuPh, 

3 eq. 1 
Me&Ph 

Diastereosektion = 1 : 7 

The isolation of the 2,3-anti isomer is consistent with the stepwise mechanism proposed to rationalize 

the formation of related tetrahydrofurans; initial electrophilic addition occurs by an anti additionls 

followed by the formation of a stabilized @silyl carbocation. The intrinsic stcrcoselcctivity of the 

fundamental SN2-like process predicts that the hydroxyl group will trap the emerging carbocation with 

inversion of the original stereochemisny at the C2 position. 
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In conclusion, the use of chiral (E)-crotylsilancs in cyclopropanation and cpoxidation reactions 

provides a highly stereoselective process for the formation of silyl-functionalised tetrahydrofurans and 

continues to expand the scope and utility of this emerging ally1 metal chemistry. 
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