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Our interest in glycoside bond formation 1 and in organic reactions promoted by porous solids 2-6 

brought to our attention a recent report involving molecular sieves in disaccharide formation. 7 We have 

found now that some zeolites are especially effective and convenient to use in promoting stereoselective 

(x,ot-disaccharide formation via direct dimerization of various pyranose and furanose free sugars, 

characterized by an unactivated anomeric hydroxyl group (Eq. 1). Some ot,¢x-disaccharides (e.g. 

trehalose) are ubiquitous and biologically important compounds found naturally as mycobacterial 

glycolipids that have both toxic properties as well as medicinal value as antitumor and immunostimulant 

compounds. 8 Methods for stereocontrolled synthesis of ~x,ot-disaccharides, however, have been of 
variable success. 7'9"15 
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Although many organic synthesis procedures involve molecular sieves, 16-18 most often as a 

scavenger for water, 19 the nature and hydration level of such zeolites are seldom considered explicitly. 

Nevertheless, molecular sieve hydration has been reported to affect the diastereoselectivity of palladium- 

catalyzed cyctization of 1,2-divinylcyclohexane with chiral carboxylic acids 20 as well as the 

enantioselectivity of some asymmetric Diels-Alder cycloadditions. 6 Also, the presence of sieves has been 

reported to raise the yields in some asymmetric aziridination reactions, 21 and the timing of when sieves are 

added to a reaction mixture has been reported to influence the stereochemical outcome of asymmetric 

titanium-promoted oxidations of sulfides into sulfoxides. 22'23 

The recent Japanese report that molecular sieves (of unspecified origin) are crucial for the 

successful formation of 1,1'-disaccharides directly from 1-hydroxy sugars using trimethylsilyl triflate 

(TMS-OTf) as promoter 7 as well as our recent interest in zeolites 6 prompted us to investigate the effect of 

the source and hydration level of the sieves on this important carbohydrate dimerization reaction. After 

examining commercial 4/~ molecular sieves, each of about 16% water content, from Aldrich, Janssen, 

Lancaster and Davison Chemical Companies, we found that commercial Davison SP 7-8461 sieves gave 

by far the best results; varying the water content of these sieves from 2.5-16% gave no significantly 

different results. Different batches of the Davison SP 7-8461 sieves gave the same dimerization results. 

Therefore, our routine procedure involved use of the commercial Davison SP 7-8461 sieves having about 

3% water content directly as received. The most noteworthy differences between the Davison zeolites and 

the others are the significantly lower concentrations of calcium oxide and magnesium oxide and the 

significantly higher concentrations of ferric oxide, sodium oxide and sulfate ions in the Davison zeolites. 24 

The Davison molecular sieves were not the most caustic, nor did they differ much from the other zeolites 

in terms of A1203 or SiO2 content. At this time, it is not clear which (if any) of these variables is most 

important for the observed high ct,~-selectivities. 

The following features of the results summarized in Table 1 using optimized amounts of TMS-OTf 

are especially noteworthy: (1) simply by changing the nature of the zeolite, we have shown that 

considerably higher ct,ct-selectivities can be achieved relative to the literature report 7 in formation of the 

protected ~,t~-trehalose 1, l'-disaccharide in entry 1; (2) likewise for entry 2, the stereochemical et,ct- 

selectivity is much higher than that reported previously; 7'25 (3) although the two results for the unsaturated 

pyranose in entry 4 are similar, the literature procedure 25 involves coupling of two different pyranoses, 

the anomeric acetate of the pyranose free sugar shown in entry 4 and the corresponding glucal; (4) 

although the two results for the furanose in entry 5 are similar, the literature procedure 26 requires use of 

phosgene to pre-form a reactive alkylating iminium ion to activate the anomeric hydroxyl group; and (5) 

the results in gram-scale dimerizations for entries 1 and 5 (and presumably also for all of the other entries) 

are essentially the same as in the 100 milligram-scale reactions shown in Table I. A control reaction 

showed that all of the trehalose 1,1'-disaccharides diastereomers in entry 1 were stable to the reaction 

conditions. Thus, this heterogeneous zeolite procedure offers a simple, convenient, direct and 

environmentally friendly method for ct,~-selective dimerization of some free pyranose and furanose 

sugars, and these results underscore the importance of the source and the nature of the zeolite for optimum 

ct,et-stereocontroi. 



6281 

Table 1. 1,1'-Disaccharide Formation 

Ent~ 
TMS-OTf 

Sugar 1,1'-Disaccharide (ratios) % yield (eauiv) Comments 

~x~x- ~6- l~- 
BnO.....~ 2.8 1.0 0. l 76 2.0 this work 

B n O " ~ L ~ _ O \  1.8 4.0 1.0 75 2.0 Ref. 7 
B n O ~  O'~BnOH 

OAc 
BnO. / O ~ 7.8 1.0 -- 47 1.5 this work 

1.2 1.0 -- 35 1.5 Ref. 7 

B n O ~  O~BnOH 

A n  
3 BnO ~ " ~ ' v ~  3.0 1.0 -- 34 1.0 this work 

B n O ~ O H  
OBn 2.4 1.0 -- 38 1.5 Ref. 7 

AcO _ 4 ~ only . . . .  36 0.25 this work 

AeO% ~ only . . . .  44 Ref. 25 
O 

OH 

5 BnO,,~ _ only . . . .  62 1.0 this work 

~ n ~ O  OH only . . . .  70 Ref. 26 

OBn 

We hope that publication of these results will further emphasize to the organic chemistry 

community that the choice of a particular molecular sieve may have a profound effect on the outcome of 
some chemical reactions. 27'29 
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