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Abstract: Oxidation of the dithioacetai groups in the O-acetylated 5-azido-5-deoxy dibenzyl dithioacetal 3 of D-xyiose and 
that (7) of D-ribose leads to triamline derivatives 4 and 8, the products of sequential oxidation ~ the bis(sulfones), loss of AcOH 
between C-I and C-2 and, spontaneous intramolecular 1,3-dipolar cycloeddition of an azido ketene intermediate. A possible 
explanstionofthe observed diastereoselectivity is discussed. Copyright © 1996 Elsevier Science Ltd 

The isolation, synthesis, and biological properties of imino sugars continues to be of interest sinee many 

of these compounds are capable of acting as inhibitors of glycoprocessing enzymes.1 Reports have appeared in 

the literature detailing the synthesis of bicyclic triazoline 2 and tetrazole 3,4,5 imino sugar derivatives, several of 

which have been shown to be potent inhibitors of glycosidases. As part of our ongoing interest in the chemistry 

of sugar ~-azidodeoxy dithioecetals 6 we were interested in the synthesis of {u-azido ketene dithioacetal derivatives 

and their subsequent utility in the preparation of imino sugar analogs. 

A previous attempt at using a sugar-derived ketene dithioacetal as a dipolarophile in inwan~lecular 

cydcedditions with an to-azido substituent proved unsuccessful, 7 However, we know show here that exhaustive 

oxidation of the dithioacetal moiety of to-azido D-xylose and D-ribose dibenzyl dithioacetals initiates a sequence of 

reactions resulting in the clean formation of bicyclic triazoline derivatives v/a intramolecular cycloaddition of the 

azide functionality to an in situ-generated ketene dithioacetal bis(sulfone). These compounds may be considered 

as bicyclic analogs of 1,4-dideoxy-l,4-iminopentitols such as the naturally occurring 1,4-dideoxy-l,4-imino-D- 

arabinitol. 8 

The known 5-azido-5-deoxy-l,2-O-isopropylidene-et-D-xylofuranose 9 (1, Scheme 1) was converted into 

the dibenzyl dithioacetal derivative 2 (50%) by treatment with {x-toluenethiol and trifluoroacetic acid. 

Conventional acetylation then afforded triacetate 3 (87%). Treatment of this derivative with an excess (4.2 

equivalents) of m-chloropc~xybenzoic acid at 0 ° (in analogy with the MacDonald-Fischer reaction 1°) and 

subsequent stirring at room temperature for 8 h, afforded a single product formulated as the bicyclic triazoline 4 in 

85% yield. Assignment of compound 4 as the diastereomer shown is based on a coupling constant of -2 Hz 

between H-2 and H-3 of the pyrrolidine ring. 11 Examination of molecular models reveals that a much larger 
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coupling would be expected had the other possible diastexeomff been formed by cycloaddition to the oplx, site face 
of the dienophile (v/de supra). 
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Scheme 1. Reagents and conditions: i. BnSH, CF3CO2H, CHCI 3, RT, 12 h. ii. Ac20, pyridine, RT, 12h. 

iii. m-CPBA (4.2 equiv), CH2CI2, 0°-RT, 8 h. 

The same sequence of transformations performed on methyl 1,2-O-isopropylidene-l~-D-ribofuranose 12 (5) 
gave a similar result (Scheme 2). Treatment of 5 with ct-toluenethiol and trifluon3ecetic acid gave the dithioacetal 

6 (55%) which was then protected as the triacetate 7 (90%). Exhaustive oxidation of 7 with excess m-CPBA 
again led to a single compound, identified as bicyclic triazoline 8 (92%). Again, the formulation of compound 8 
as the diastereome~ shown is based on the coupling constant between H-2 and H-3 of the pyrrolidine ring. 13 In 
this case, a J2,3 value of 5.5 Hz could be reconciled only with the diastereomef shown. 
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Scheme 2. Reagents and conditions: i. BnSH, CF3CO2H, CHCI3, RT, 12 h. ii. Ac20, pyridine, RT, 12 h. 

iii. m-CPBA (4.2 equiv), CH2C12, 0°-RT, 8 h. 

The formation of compounds 4 and 8 may be explained by a sequence involving exhaustive oxidation of 
the dithimcetal moieties in trlacetates 3 or 7 to the corresponding bis(sulfones) (gen~lly depicted as 9, Scheme 
3), loss of the dements of acetic acid between C-1 and C-2 to form ketene dithioacetal intermediates (10), and 
subsequent intramolecular dipolar cycloaddifion to yield the tfiazoline products. It is noteworthy that the three 
steps in the formation of D-xylo compound 4 from 3, and D-r/bo analog 8 from 7, occur in the same flask at low 
tempe~m'e, and result in the formation of only one diastereomeric product in each case. 
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Scheme 3 

The formation of only one of the two potential diastereomers during the 1,3-dipolar cycloaddition step, 

from both the D-xy/o derivative 3 and the cos'responding D-r/bo analog 7, can best be explained by considering 

the diastereomeric transition states possible in each case. For the D-xylo derivative 3, dipolar cycloaddition of the 

azide can, in principle, occur at either of the two prochiral faces of the ketene dithioacetal bis(sulfone) function v/a 

two different transition states fr.s.). If the reaction proceeded through a T.S. such as 11 (Scheme 4), the 

"convex" product 4 would he formed and the coupling constant between H-2 and H-3 of the pyrrolidine ring 

would be expected to be small. The alternative situation, where the azide would add to the opposite face of the 

alkene, would proceed v/a a T.S. such as 12 and result in the "concave" bicyclic triazoline 13. This compound 

would he expected to have a larger coupling between H-2 and H-3. 

H b_ ~+ H H b-.~+_ffiN H N 
AcO . N- N,,. AcO'~""I'N°AcO~,,J~ oN*' - ' ~  A ~ ~ ~  A c O ~ - - - J N ' ~  SO2Bn AcO~, , - . -N" % 

A c O ~  N 
T "vve.~-SO2Bn Bn A c O ~  "SO2Bn H I~ _/_ _SO2Bn 
H ,~O2Bn H H H SO2Bn 

11 4 Jz, J = 1.9 Hz 12 13 

Scheme 4 

Similarly, in the case of the D-r/bo analog 7, two diastereomeric T.S. are possible (I 4 and 16, Scheme 5) 

which would afford two diastercomeric products (15 and $ respectively). Proton NMR evidence in the D-r/bo 

case indicates that $ is formed exclusively (J2,3 = 5.5 Hz) and thus T.S. 16 must be favored over the alternative 

14. A possible explanation for the different diastercoselcctivity observed in the D-xylo and D-r/bo series involves 

considering the configuration of the acetate group at C-3 of the sugar precursors (i.~ C-3 of the eventual 

l~rrolidine ring in 4 and $). In the D-xylo case (Scheme 4), the apparently favored T.S. 11 has the bulky 

C(SO2Bn)2 function afigned anti to the acetate group at C-3. The other potential situation (12) has the two groups 

aligned ILV.13. A similar situation appears to occur in the D-r/bo analog wherein T.S. 14 has the C(SO2Bn)2 and 

the C-3 acetate ILV.II, whereas T.S. 16 has the two groups anti. It is possible that the preferential arai alignments of 

bulky adjacent functional groups in intermediates 10 (Scheme 3) account for the observed diasten~sdectivity. 
The fresher utility of sugar m-azido ketene dithioacetal derivatives in the synthesis of imino sugar derivatives is 

currently under investigation. 
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