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Abstract. A new 2-step, l-pot procedure for the stereoselective glycosylation of allylic alcohols with 1,2-di-O- 
benzoy@-D-glucopyranosides to produce 2-hydroxy-P-D-glucopyranosides has been developed. The required 
precursor for the glycosylation was readily obtained from ti-0-bcnzyl-Dglucal in 2 steps (91% overall). 

We recently reported that 2-hydroxy-3,4,6-tri-0-benzyl-P-D-glucopyranose was an extremely efficient 
new chiral auxiliary for the stereoselective cyclopropanation reaction of substituted allylic alcohols (eq 1)_2 The 
numerous potential applications of this chiral auxiliary in a number of stereoselective reactions led us to develop 
new and general routes for its incorporation on several allylic alcohols. 

Yields: S?% 
Diasiereoselwtiviiies: 2503 

A unique feature of this glycoside is that the C-2 hydroxy group has to be differentially protected from the other 
hydroxy groups so it can be revealed in the step prior to the cyclopropanation reaction. One method that directly 
produces 2-hydroxy-P-D-glucopyranosides was developed by Danishefskya (eq 2). Stercoselective epoxidation 
of tri-0-benzyl-D-glucal with dimethyldioxirane followed by solvolysis with an alcohol afforded the 
corresponding 2-hydroxy-P-D-glucopyranosides in good yields. Similarly, we found that when allylic alcohols 
were used as nucleophiles, yields ranged from 65 to 9O%, depending on the number of equivalents of the 
alcohol present in the reaction. Zinc chloride was added as a Lewis acid to facilitate epoxide opening when the 
reaction was run with a stoichiometric amount of the allylic alcohol. 3 Even though this method was extremely 
direct, scaling up was problematic due mainly to the very low concentration of the dimethyldioxirane solution 
(up to 0.08M) obtained from acetone and oxone. 

One alternative which circumvented this problem was to use methyl(trifluoromethyl)dioxirane, since this reagent 
can be obtained in higher concentration [0.6 to 0.9 M) from trifluoroacetone and oxone. The reaction 
proceeded as with dimethyldioxirane and the diastereofacial selectivity of the epoxidation reaction was also 
similar.6 Although this reaction was fully applicable to allylic alcohols it suffered from the relatively high cost of 
trifluoroacetone, the tedious large scale preparation and low stability of the reagent. 
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A third alternative would require using 1,2-di-O-benzoyl-3,4,6-tri-O-benzyl-~-D-glucopyranose (3p)7 as 
the glycosylation precursor. It is well-established that glucopyranosides bearing a substituent capable of 
neighboring-group participation at C-2, undergo stereospecific glycosylation upon treatment with a variety of 
Lewis acids.8 Subsequent base-catalyzed cleavage of the O-2 benzoyl would provide direct access to the desired 
compounds. 

To bc a useful and practical chiral auxiliary for the cyclopropanation reaction, the precursor 3 had to be 
available in a small number of steps from commercially available starting material. A very efficient approach was 
developed as illustrated in Scheme 1. Readily available tri-O-benzyl-D-glucal was treated with catalytic osmium 
tetroxide in the presence of N-methylmorpholine-N-oxide to produce stereoselectively dial 2 (98%) as a mixture 
of anomers.9 Conversion of the diol to a dibenzoate was the critical step in the development of the new 
glycosylation precursor. Treatment of dio12 with benzoyl chloride in pyridine at room temperature led to a 1:l 
anomeric mixture of diknzoate 3. It was clear that in the subsequent Lewis acid mediated glycosylation, the a 
anomer (Ja) was not reactive enough and extensive decomposition of the allylic alcohol occured instead of 
glycosylation.10 The p anomer, however, was a suitable precursor and therefore had to bc synthesized 
stereoselcctivelv,~~ Formation of the dialkoxide from dio12 (BuLi, C&e, 2 eq, 5 “C) followed by warming to 
80 “C prior to t6e addition of knzoyl chloride afforded the desired anomer 3pin a relatively go&l yield (85% 
l3;a >18:1).12~13 Subseauentlv. it was found that a much simder nrocedure could produce the desired 
compound in a higher yield. W-ien benzo 

B 
1 chloride was added td a solution of diols 2 ii refluxing pyridine, 

dibenzoate 3p was isolated in 93% yield ( :u >18:1) as a stable white solid. The glycosylation precursor was 
therefore obtained in 2 steps (91% overall yield) from commercially available starting material. 
Scheme 1 

IhO7 Bf-lO- BnO- 

Conditions 8:~ (Yields) 

Pyridine, PhCOCI, 25 ‘C 1:1 (>95%) 

Pytidine, PhCOCI, 115 ‘C ,18:1 (93%) 

BuLi (2 eq), PhCOCI, 80 ‘C z-1 8:l (85%) 

Several Lewis acids were initially surveyed for the subsequent glycosylation reaction (BBr3, SnC4, 
BF3.OEt2, TMSOTf) (eq 3).t4 TMSOTf (1 eq) was found to be the most promising reagent but the 
glycosylation yield was still too low (ca. 60%) to be acceptable. l5 Several relevant observations were made at 
this point. First of all, allylic alcohols decomposed rapidly upon treatment with TMSOTf in the absence of the 
dibenzoate. Secondly, the P-dibcnzoate anomerized to the unreactive a anomer under the reaction conditions 
both in the presence or in the absence of the allylic alcohol. Finally, increasing the number of equivalents of the 
allylic alcohol resulted in a decrease in the yield of glycosylated material. 

In order to minimize the amount of anomerization and alcohol decomposition in the presence of a large 
amount of TMSOTf, the TMS ether of the alcohol was chosen as the nucleophile instead of the free alcohol. 
This modification allowed us to use only a catalvtic amount (0.05 eu) of TMSOTf to promote the glvcosvlation 
and prevented any triflic acid formation: After ~onsiderable‘optimi~ation, it was found that if the>6actik was 
can&d out with a slight excess of dibenzoate 3p (1.5 eq.), the-yield of glycosylated material was significantly 
increased (Table 11.16 Trisubstituted olefins and cinnamvl alcohol could not be successfullv installed on the 
glycoside. ‘In these’cases, decomposition of the alcohol wds significantly faster than glycosylafion. Importantly, 
however, an excess of dibenzoate 3fl was not necessary when saturated aliphatic alcohols were used as 
nucleophiles and the corresponding !.!Lglucopyranosides were isolated in high yields. 
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Table 1, Optimization of the glycosylation conditions. 

‘;;:+(= ,,d;;;, es) - B::+O,R 

3P 
CICH&H&I, 25 ‘C 

ROTMS (# equivalents) # equivalents (3p) YIELD (%)” 

TMSO& Pr 

TMSo- 

TMSOhMe 

(1.0) 
](l.O) 

(1.0) 

(2.0) 
(10.0) 

(1 .O) 

(1 .O) 

1.1 49% 

1.5 83% 

2.0 83% 

1.0 55-70%b 

1.0 cl 0% 

1.5 82% (1 h) 

1.5 88% (1.5 h) 

TMSO--/IS\Pr 
(1 J) 

TMSO-OTBDPS (’ .‘) 
Me 

1.5 87% (2 h) 

1.5 50% (30 min)’ 

TMSO 

TMSO._,+._/ Ph 

(1 .O) 1.5 39% (30 min)’ 

(1 .O) 1.5 ~5% (~5 min)’ 

TMSO- (1 .O) 
(1.0) 

1.1 83% 

1.5 92% (1 h) 

TMSO 

74% (3.5 h) 

=Yield of pure, chromatographically isolated P-glucopyranosides. In all cases, the a anomer could not be 

detected by tic analysis. v lelds were not reproducible and varied from 55-70%. ?lc analysis showed 

complete disappearance of the starting TMS ether after that time. 

Cleavage of the 2-bcnzoyl group could be achieved under standard conditions to produce the desired 
cyclopropanation precursors. 
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