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ABSTRACT: The high level of stereochemical control exhibited in the Sharpless epoxidation of 
prochiral divinyl alcohols has been exploited in short enantioselective syntheses of the dideoxy sugars 
D-digitoxose and D-olivose. 

Recent communications have reported that the Sharpless epoxidation of prochiral divinyl alcohols 

proceeds with enantiotopic group and diastereotopic face selectivity.* This extremely high level of 
stereocontrol is a fundamental property of the Sharpless epoxidationlkinetic resolution.3 The kinetic 
resolution aspect of the Sharpless reaction results from the fact that for a dl-pair of an allylic alcohol one 
face of one enantiomeric olefin is significantly more reactive than the other three olefin faces. Thus, one 
enantiomer is epoxidized with face selectivity and the other enantiomer is kinetically resolved. As 

explained by Schreiber,*a,b in the Sharpless epoxidation of divinyl carbinol” with (+)-DIPT the pro-S 
vinyl group is epoxidized with diastereofacial selectivity whereas the minor enantiomer (resulting from 
addition to the pro-R olefin) is kinetically resolved via a double addition process. We have carried out 
this reaction under catalytic conditions5 (10% Ti(OiPr)4, 12% (+)-DIPT,150% tBuOOH, crushed 4A 

molecular sieves, -2O”C, 90 Hrs., distillative workup, 60% yield) to give 1 and now report the use of this 
reaction in the enantioselective syntheses of differentially protected D- digitoxose and D-olivose.6 
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The target compound in this study was digitoxose. We required a synthesis that would be applicable 
to both the natural (D) and unnatural (L) enantiomers. A simplistic retrosynthetic analysis of D-digitoxose 

(2) involves nucleophilic ring opening of bis-epoxide 3 (a meso compound) with both hydride and an 
acyl anion equivalent. Control of absolute configuration can be achieved if the two enantiotopic epoxide 
groups can be differentiated or selectively operated upon. 
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The group selectivity inherent in the Sharpless epoxidation of divinyl carbinol will readily allow for the 
differentiation of these enantiotopic epoxide groups. The synthesis of the enantiomeric L-sugars can be 

obtained using the enantiomeric (-)-tartrate. 
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Epoxide 1 was found to be very prone to Payne rearrangement 7. During several attempts to protect 
the free alcohol group this rearrangement proved to be quite problematic. However, benzylation (NaH, 
benzyi bromide, Bu4NI , THF)pc proceeded rapidly at room temperature to afford 4 without 

rearrangement of the epoxide. Treatment of 4 with excess LAH at 0°C afforded alcohol 5s in 95% yield. 
The plan at this stage was to use the free hydroxyi group of 5 to direct the epoxidation of the double 
bond in a 1,3-syn fashion using the carbonate extension protoco1.Q in the event, 5 was converted into 
the carbonate 6 (NaH, BOC-ON, 85%). Treatment of 6 with bromine10 and solid K2CO3 in CH2C12 at 

-50°C (65% yield) proceeded in a diastereoselective fashion (8:l) to give 7 ; however, the observed 
stereochemistry was opposite to that which was predicted. 11 Bromocarbonate 7 was readily converted 
into epoxide 8 upon treatment with excess K2CO3 in aqueous methanol. Epoxide ring opening of 8 
was achieved by silylation (TMS-Cl, Et3N), treatment of the resulting sibyl ether with vinylmagnesium 
bromide in the presence of cuprous iodide, followed by desilylation (K2CO3, MeOH) to give 9 in 70% 

overall yield. Ozonolysis followed by reductive workup (MeSMe) afforded 4-O-benzyCD- olivose (IO)12 

in 90% yield. 
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Silyfation (T5SCf, DMAP, CH2C12) of 5 readily afforded 11. Osmylation {cat. 0~04, NMO; 85% 

overall from 5) of 11 proceeded in a highly diastereoseiective l3 fashion (121) to afford 12 as the major 
product. Selective tosylation (TsCI, py) of 12 followed by treatment with base (K2CO3, MeOH) afforded 

the desired a-epoxide 13 in 70% overall yield. 
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The conversion of 13 into 4-0-benzyl-D-digitoxose (15), via 14 [(CH2=CH)$uCNLi2, BF3.0Et214 
-78°C; nBu4NF; 75% overall] was achieved by methodology analogous to the conversion of 8 into 10 . 

Surprisingly, epoxide 13 was significantly less reactive than the isomeric epoxide (derived from 
silylation of 8). Epoxide 13 was unreactive towards vinyl cuprates in the absence of BF3.0Et2; however, 
epoxide ring opening occurred readily in the presence of BF3.0Et2 at -78°C. Ozonolysis of 14 followed 

by reductive workup (MeSMe) afforded 4.O-benzyl-D-digitoxose 151s in 90% overalt yieid. 
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The methodology described in this paper is applicable , in principle, to the synthesis of six out of the 
eight possible stereoisomers (I, II and III and their enantiomers) of differentially protected 1,2,3-trials, 
where A and B are groups which can be introduced as nucleophiles. 
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