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Summary: The structural elucidation of the cyclic products derived from 2,3- 
g-isopropylidene derivatives of aldehydo-aldose and allylsilanes, vinyl 
ethers. or vinvl sulfides indicated that tetrahydrofuran derivatives were 
formed-by cyclisation accompanied with migration of the isopropylidene group. 

Reactions of carbonyl compounds with allylsilanes in the presence of a 

Lewis acid have been shown to be useful for the synthesis of homoallyl alco- 

hols.' When this allylation was applied to 2,3-g-isopropylidene derivatives 

of aldehydo-aldose 1 using boron trifluoride etherate as a Lewis acid, 1:l 

cycloadducts were predominantly formed instead of the expected homoallyl 

alcohols. 2 Furthermore, the reaction using vinyl ethers or vinyl sulfides 

in place of the allylsilanes provided similar cycloadducts.3 It seemed 

reasonable to speculate that the structures of the cycloadducts might be 

oxetanes 4 formed by intramolecular cyclisation of cationic intermediates 34 

as reported in the previous papers. In the course of our laboratory's 

continuing study of the cycloadducts , we noticed that the structures should 

correctly be tetrahydrofuran derivatives 5 rather than oxetanes 4.' The 

reaction would proceed accompanied with migration of the isopropylidene 

group and the simultaneous formation of a tetrahydrofuran ring from the 

cationic intermediate 3 (Scheme 1). In the present letter, structural 

elucidation of the tetrahydrofuran 5 by means of chemical transformations 

and by an X-ray crystallographic structure analysis is described. 
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The reaction of 2,3;4,5-di-0-isopropylidene-aldehydo_D-arabinose(6) 

with phenyl vinyl sulfide(7) in the presence of 1.1 equivalent of boron 

trifluoride etherate in dichloromethane at -78 OC for 15 min gave a diaster- 

eomerically pure cycloadduct6 (75% yield), which was then transformed ac- 

cording to the following procedure. The isopropylidene groups were removed 

by acid hydrolysis. Oxidative cleavage of the resulting tetraol with sodium 

metaperiodate and subsequent sodium borohydride reduction and acetylation 

provided, unexpectedly, a tri-substituted tetrahydrofuran 8.7 In the se- 

quence of these reactions, the possibility of ring expansion of an oxetane 

such as 4 to a tetrahydrofuran during the acid hydrolysis cannot be ruled 

out. Therefore, another transformation was carried out under non-acidic 

conditions; treatment of the cycloadduct with N-bromosuccinimide in the 

presence of water, followed by reduction and acetylation led to 1,4-di-g- 

acetyl-3,5;6,7-di-0-isopropylidene-2-deoxy-D-~luco-heptitol~9~.8 The 'H-'H 

decoupling experiments of 9 proved that the two acetyl groups were 

introduced at the C-l and C-4 hydroxyl functions. These results suggest 

that the tetrahydrofuran moiety is present in the starting "cycloadduct", 

which is illustrated as compound 10. 
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Scheme 2 

(E)-Cinnamyltrimethylsilane(ll) reacted with the aldehyde 6 at -50 to 

-40 OC for 2 h to afford tetrahydrofuran 12 (80% yield), whose structure was 

also confirmed after the conversion to 13 as shown in Scheme 3. The rela- 

tive stereochemistry of 13 was established by the coupling constants of both 

12 (J2,3=5.0 Hz, J3,4=0 Hz) and 13 (J2,3=8.2 Hz, J3,4=5.4 Hz, J4,5=5.4 Hz). 
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It should be pointed out that the trimethylsilylmethyl and the phenyl sub- 

stituents on the tetrahydrofuran bear a cis relationship even when (E)- 

cinnamylsilane is used as a starting material. 

Similarly, tetrahydrofuran 15 was produced as a single diastereomer by 

each of the reactions using three different E/Z-ratio mixtures of methyl 

styryl ether (14) in the presence of 10 mol% of boron trifluoride etherate 

at -78 OC (Eq. 1). This stereoselectivity may be explained in terms of the 

combination of Cram's cyclic model and an "acyclic extended" transition 

state model;' the most favored transition states resulting from the (z)- and 

(E)-styryl ethers can be illustrated as 16 and 17," each of which affords 

cationic intermediates 18 and 19, respectively. The subsequent cyclization 

may proceed exclusively from 18 because of the steric preference to provide 

15 as the sole product. For the rigorous confirmation of the molecular 

structure of 15, an X-ray crystallographic analysis was carried out to give 

the structure of Figure 1." 
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17 19 Figure 1. ORTEP view of 15 

Scheme 4 

In conclusion, it has been shown that allylsilanes, vinyl ethers, or 

vinyl sulfides react with 2;3-g-isopropylidene derivatives of aldehydo- 

aldose in the presence of boron trifluoride etherate to afford tetrahydro- 

furan derivatives, presumably resulting from intramolecular cyclization 

accompanied with migration of the isopropylidene group in the cationic 

intermediates (Scheme 1). This reaction is useful for the stereoselective 

formation of substituted tetrahydrofurans. Its application to the synthesis 

of biologically interesting compounds is currently in progress. 
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