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Abstract: The short syntheses of three pseudosugars, pseudo-[~-D-altropyranose, pseudo-ct-L-mannopyranose and 
pseudo-13-D-glucopyranose starting from homochiral microbial metabolites obtained from complimentary sources are 
described. 

Since their initial synthesis and subsequent isolation from natural sources in 1966 and 1973 respectively, 

pseudo sugars have been of considerable synthetic and medicinal interest. 1,2 Pseudo sugars differ from the 

parent carbohydrates in that they possess an endocyclic methylene unit instead of oxygen atom and many have 

interesting properties such as acting as inhibitors of glucose stimulated insulin release, 3 as glycosidase and 

other specific enzyme inhibitors, 4 and being useful as non-nutritive artificial sweeteners. 5 With these and other 

important pharmaceutical properties interest in these compounds is high and to date all of the basic sixteen 

racemic and ten optically active pseudo hexopyranoses have been synthesized, lb 

Previous work in these laboratories has expanded the use of highly functionalized arene mutant microbial 

metabolites as homochiral starting materials for organic synthesis. Using these versatile metabolites as 

homochiral starting materials has allowed the rational and in some cases stereodivergent synthesis of cyclitols, 

carbohydrates, aza sugars and aminosugars. 6 

We now wish to report the synthesis of the pseudosugar, pseudo-13-D-altropyranose pentaacetate from the 

iodobenzene metabolite 1 (scheme 1), and also to describe the syntheses of pseudo-~-D-glucopyranose and 

pseudo-ct-L-mannopyranose derivatives from dehydroshikimic acid 2 obtained from natural saccharides using a 

recombinant aromatic aminoacid pathway (scheme 1). 7 

Scheme 1. Asterisk denotes related carbon atoms 
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Use of just one of these microbial starting materials, such as 1 for example, would, after oxidation and 

hydro×ymethylation, give access to several pseudo sugars. To reach other sugars would involve inversion 

chemistry at, at least, one of the centers generated by the dioxygenase which, for efficiency's sake, we prefer to 
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avoid. This situation can be circumvented by utilizing the stereochemically complimentary dehydroshikimic 

acid 2 as a pool material. As shown in scheme 1 iodobenzene metabolite 1 has a cis diol moiety and in the 

analogous positions on metabolite 2, after elaboration (vide infra), a trans diol unit is readily installed. Using 

both microbial metabolites 1 and 2 as stereochemically complimentary starting materials will allow, by 

judicious design, access to a wide range of pseudosugar targets of both the L and D series, three of which are 

outlined below. 

Iodocyclohexadienediol I is made by whole cell fermentation of iodobenzene with Pseudamonas Putida 39D 

and is available from Eastman Fine Chemicals. The diol 1 was converted to the acetonide 3, which on 

treatment with catalytic osmium tetroxide and N-methylmorpholine-N-oxide (NMO) cooxidant stereoselectively 

gave the diol 4 (scheme 2). Treatment with dimethoxpropane (DMP) and tosic acid monohydrate (TsOH.H20) 

in acetone furnished the bis acetonide 5 in 75% yield from dienediol 1 with only one final chromatographic 

purification. Deiodomethoxycarbonylation of the vinyliodide 5 was achieved by halogen lithium exchange with 

tertiary butyllithium, quenching with carbon dioxide and esterification with potassium carbonate and methyl 

iodide to give the ~x,13-unsaturated ester 6 in 90% yield. Stereoselective hydrogenolysis over palladium on 

charcoal gave the saturated ester 7 in 92% yield. DIBAL-H reduction of the ester 7 yielded the alcohol 8 in 

74% yield. The acetonide protecting groups were cleaved with wet Amberlyst 15 resin in methanol and the 

resultant crude pentol peracetylated. The single pentaacetate 9, obtained in 41% overall yield from the dienediol 

1, was assigned the pseudo-l~-D-altropyranose structure on the basis of extensive 1D 1H nmr spectroscopic 

analysis. 8 
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i. DMP, TsOH; ii. OsO4, NMO, tBuOH, H20; iii. DMP, TsOH, 75% from 1; iv. (a) tBuLi, Et20 ,  I 
o " V i  -78 C, CO2, (b) MeI, K2CO3, Me2CO, 90%; v. Pd/C, H2 50 psb EtOAc, EtOH, 92%; . DIBAL-H, i o . . . .  % from PhMe, -78 C, 74%; vii. Amberlyst 15 resm, wet MeOH; vnl. Ac20 , Py, DMAP, 89 8. 

Although aromatic derived dienediols have previously been used in other pseudosugar syntheses 9 this 

represents the first synthesis of an optically active pseudo-~-D-altropyranose ([~]31 -8.1 (c = 1.16, CHCI3)), 
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although the 13-L version ([o~] 24 +7 (c = 0.75, CHCI3)) was synthesized by Suami in 1984 using a much 

lengthier route. 10 Other methods used routinely in these laboratories to obtain all the diastereoisomers of diol 4 

from diene 3 (scheme 2) are presently underway. Elaboration of these products will give entry to other 

pseudosugars motifs. Syntheses of the remaining pseudosugars will require one or more of the asymmetric 

centers created by the dioxygenase to be inverted. In practical terms this approach tends to add at least two 

steps to a synthesis sometimes making them unattractive for scale up. With this in mind we undertook to 

synthesize pseudo glucopyranose from a different microbial metabolite, dehydroshikimic acid 2, as the gluco- 

configuration is one that is not readily available from the dienediol I by the methods outlined above. 

The bis silylether 10 was made by the known route of Ganem in 55% overall yield from dehydroshikimic 

acid 2 (Scheme 3). 11 Total reduction of ester and ketone moieties with DIBAL-H proceeded in 72% yield 

giving an inseparable 2:1 mixture of diastereoisomeric alcohols 11. Hydroboration of the diastereomeric mix 

of alcohols occurred stereoselectively anti to the pro C-3 hydroxyl group 12 to give the readily separable 1,2- 

disilylprotected pseudo-~-D-glucopyranose 12 and pseudo-(x-L-mannopyranose 13 in 28% and 44% 

respectively (here again 1H nmr analysis was greatly simplified by the peracetylation of the individual triols). 

This represents a highly concise synthesis of both sugars in 11% and 17% overall yield respectively. 

Scheme 3 
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Unlike the dienediol 1 which requires further carbon-carbon bond formation, dehydroshikimic acid 2 is 

well suited as a starting material for the synthesis of pseudosugars as it has the requisite number of carbon 

atoms. With 2 all the reactions performed are either protections or adjustments of oxidation state, which gives 

rise to the very short pseudosugar syntheses shown. The use of more selective reducing agents 13 in the 

reduction of the ketone moiety of 10 will in future bring about even easier access to molecules of this kind. 

Another shikimate metabolite, quinic acid, has recently been used as the starting material in the synthesis of 

carbocyclic sugar analogs. 14 These syntheses tended to be long (over 12 steps) as several manipulations of the 

ring oxygenation are required to attain the basic oxygenation pattern of the simple hexose sugars. Utilization of 

dehydroshikimic acid also now commercially available as a starting material reduces the number of steps 

required as only reduction of the two carbonyl systems and selective oxidation of the alkene is required. 

In summary, we hope to have highlighted the potential of the microbial metabolites | and 2 as pool materials 

for pseudosugar synthesis. The syntheses reported are both simple, short and compare favorably with present 

literature routes. The limitations to the type of pseudosugar obtainable from either dienediol 1 or 
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dehydroshkimic acid 2 due to their inherent hydroxyl group stereochemistry can be overcome not by lengthy 

inversion sequences but by the judicial choice of the other stereochemically complimentary starting material. 

Other applications of these compounds to sugar synthesis will reported in the future. Also, in line with this 

groups interest in the general synthesis of novel glycoconjugate carba analogs with potential antidiabetic 

activities, 15 the intermediates 8 and 11 are currently being converted to organometallic reagents that will be 

coupled to dienediol derived epoxides. 
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