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A 6sfroclr Tin flV) &bride mediated [3+2] cychnddilioas ofallylsilanes with optically active a-ketoestem derived 
from Iquebrachitol afforded tehabydrofunm derivatives via 1.2~silyi migration with high level of diastereoaelectivity. 
Removal d the chiral auxiliary gave silyl-substituted teuahydrofiuans of excellent optical pmity. 

Natural compounds containing chiral tetrahydrofurans have been of special interest due to their wide 

spread occurrence and their intriguing biological activities. 2 Numerous methods for the preparation of optically 

active tetrahydrofumns have been developed. 3 We have recently reported that tin (IV) chloride promoted [3+2] 

cycloaddition of allylsilanes and a-keto esters afforded silyl-substituted tetrahydrofurans of excellent 

diastereoselectivity via 1 &ilyl migration.4 Thus, allylsilanes represent very useful synthetic equivalents of 2- 

silyl-substituted 1,3-dipcles.~ 

In the course of investigating the utility of L-quebrachitol (lL-(-)-2-O-methyl-chiro-inositol), which is a 

naturally occurring optically active cyclitol obtained from an exudate of the rubber tree,%10 we have 

demonstrated that chit-al cyclitols derived from L-quebmchitd were excellent chiral auxiliariea tt-14 

3;R= Ph 5;R=Ph 
4;R=CH3 6;R=CH3 

d; si= SiSu’Phs 

We wish to report here highly selective asymmetric synthesis of 2.2-disubstituted tetrabydrofurans, which 
employs tm (IV) chloride mediated diasteteoselective [3+2] cycloaddition of allylsilanes with chiral a-keto 

esters (1 and 2) time arc derived from L-quebrachitol. * Although Panek have recently reported Lewis acid 

promoted diastereoselective addition of chiral crotylsilanes to aldehydes leading to optically active 
tctrahydrofurans,~ ready availability of the chiral a-keto esters provide an advantage of our strategy over 

Panck’s pro~ocd, in which less accessible chiral allylsilanes were employed. 

8401 



8402 

Table 1. Results of the tin (IV) chloride promoted cyclycltddftfon of allylailane with 1 in CH&@ 

Entry si Reaction conditions 31% 71% 61% DeofSl% Eeof 51% 

1 SiMes r.t. 5 min 72 22 Mb’ >98 95 

2 SiPhMe2 r.t. 5 min 78 20 72’) >98 ~98 

3 SiMe$u’ -78’C, 10 min 83 2 78” r98 98 

4 SiPhs”’ r.t. 25 min 85 0 73b’ >98 98 

a) 1.1 equiv of tin (IV) chloride and 1.2 equiv of aflylsilane were employed. b) Reduction with LiBH,. 
c) Reduction with LiAIH4. 

a-Keto esters 1 and 2 were readily prepared from L-quebrachitol. t tb As reported ph _.F 
previously, highly diastemoselective allylation of 1 with allyltrimethylsilane took place by R’CI 

use of tin (IV) chloride, affording exclusively 7 in 92% yield with >98% de.12 While * 
studying the allylation of 1, we found that a tetrahydrofuran 3a was best obtained in 72% 7 

yield by addition of a diluted solution of tin (IV) chloride (1.1 equiv) in CH2Cl2 to a 

mixture of 1 andallyltrimethylsilane (1.2 equiv) in CH2Cl2 at room temperature for 5 min (Table 1, Entry 1). 

Reductive removal of the chirai auxiliary with LiBQ gave a chiral tetrahydrofuran 5a as a single diastereomer 

in 85% yield. The cycloannulation proceeded successively with other allylsilanes, resulting in the formation of 

tetrahydrofurans (5b, c, d) of excellent optical purity (Entries 2,3. and 4). I-Butyl substituted allylsilanes had 

higher propensity to form 5-membered rings. Optical purity of 5&d was determined by chiral HPLC analysis 

(CHIRAL CELL OD, Dalcel chemical Co., Ltd.) of their acetates. 

Table 2. Results of the tin (IV) chloride pmmotecl cycloaddition of atlykilanes with 2 in CH&l;) 

Ylekl 
Entry Si 41% 81% LhOf 61% Ee of 6/%b) 

1 SiMes 86 SO” >95 >98 

2 SiPhMe2 48 70d’ 90 >98 

3 sipllgut 71 100”’ 66 64 

a) Reactions were carried out at mom temperature for 5 min with 1.1 equiv of tin (IV) 
chloride and 1.2 equiv of ellylsilane. b) E.e. of the major dir of 6 _ c) Reduction 
with LiBH,. d) Reduction with LiAIH4. 

Tin (IV) chloride catalyzed cycloadditionof allyltrimethylsilane wi th 2 also afforded a tetrahydrofuran 4a 

in 66% yield. (Table 2. Entry 1) Reductive removal of the chiral auxiliary with LiB& furnished 6s as a single 

diastereomer in >%% ee, which was determined by 270 MHz tH NMR analysis as its MTPA ester. A t-butyl 

substituted allylsilane showed lower diastereoselectivity (Entry 3). 

vimMe 
CH3 

1- 
SnCl, r.t. 5 min 

R*>y-w 

0 ‘SimMe2 

LiBH4 t H/F_oc” 

65% “, 
50% 

6 9 
SiPhh& 

97% 88 
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The cycloaddition of 1 with a-methyl substituted allylsilane (2 equiv) followed by reduction led to a 

2,2,4,5substituted tetrahydrofuran 9 as a single diastereomer with 97% ee. 

t-&OK 

Ph 

0 
1) t-&OK. DMSO 

Wk., t 

‘-, 
2) n-BWF, Ws WOs 

SlphMe;! 3) Ac20. Py 
5b 50x 

Finally transformation of the silyl moieties was examined. Removal of a trimethylsilyl group of 5a by 

means of &BuOK afforded a 2,2-disubstituted tetrahydrofuran (IO).15 Although Panek had demonstrated that 

dimethylphenylsilyl group of tetrahydrofuran could be transformed to hydroxyl group by use of Hg salt with 

retention of the configuration,~~16 . It was found that this transformation was achieved without heavy metal salt; 

successive treatment of Sb with Z-BuOK-DMSO, ~-Bu&IF-H~@-M~OH-KHC~,~~ and AC+-Py gave an 

optically pure 4-hydroxy-tetrahydrofuran as its diacetate (II). 

Relative stereochemistries of Sa and 9 were confirmed by chemical correlation of the tetrabydrofurans 

whose structures had been established by the NOE study in our previous report.4v18 Those of other 

tetrahydrofurans were deduced by analogy. 

The establishment of the absolute configuration at C(2) in 5a was made as follows: BF3~2 mediated 

ring opening of 3a followed by hydrolysis afforded (S)-2-hydroxy-2-phenyl-4-pentenoic acid ([CZ]D22 +26 o (c 

0.47, CHCI3) (I&l9 [aID** +29” (c 1. CHCl3)). This result revealed that the present diastereofacial selectivity 

was same as those of the SnCl4 promoted addition of allylsilanes and silyl enol ethers to 1. 12.13 The absolute 

stereochemical assignment of other tetrahydrofumns was based on the diastcreofacial selectivity observed for 5a. 

A typical experimental procedure for the preparation of 3a is described (Entry 1, Table 1). To a solution of 

1 (153 mg, 0.261 mmol) and allyltrimethylsilane (50 pL, 0.54 mmol) in CH2Cl2 (1.5 mL) was added dropwise 

a 0.3 mol/L solution of tin (IV) chloride in CH2Cl2 (1.7 mt, 0.29 mmol) at room temperature. After bemg 

stirred at the temperature for 5 min, the reaction mixture was quenched by addition of triethylamine (0.1 mL) 

followed by Hz0 (5 mL). The aqueous layer was extracted with ethyl acetate and the combined organic layers 

wcrc wahed with brine, dried over anhydrous Na@Oa and concentrated to dryness. Purification of the crude 

mixture by preparative TLC (Si@, hexane: ethyl acetate = 10: 1, v/v, developed twice) gave 3a (13 1 mg, 72%) 

and 7 (35 mg, 22%). 

In summary, we have developed a novel method for the preparation of optically active tetrahydrofurans 

taking advantage of the [3+2] cycloaddition of allylsilanes with a-keto esters derived from a chirai cyclitol. 

Acknowledgments: The authors wish to express our gratitude to The Yokohama Rubber Co., Ltd. (Tokyo, 

Japan) for the generous gift of Lquebmchitol. 
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