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Abstract: The synthesis of 1-deoxymannojirimycin (1) is readily achieved in four steps from l-methyl-2,3- 
isopropylidene-D-mannofuranoside (2). The key step is a double reductive amination of 5-keto-D-mannose (3) 
using NaBHsCN, entailing a marked divergence in stereocontrol relative to the reported use of catalytic methods. 

Azasugars have generated a great deal of interest because they inhibit glycosidase enzymes’ and may have 

therapeutic potential as antiviral, anti-HIV, antidiabetic, and anticancer agents.” A important member of this class 

of compounds is 1-deoxymannojirimycin (1) which inhibits mannosidase I (important in glycoprotein processing) 

and mammalian fucosidases.5 A number of syntheses of 1 have been reported,‘js7 many of which employ 

intramolecular reductive cyclizations under catalytic hydrogenation conditions or azide reductions with subsequent 

displacements, with suitable protecting-group manipulations. In addition, a number of routes to prepare 1 have 

utilized enzymatic transformations. at-l,p.qJa Previously, we reported concise syntheses of 2,5-anhydro-imino-D- 

glucitol (4) and 1-deoxynojirimycin (5) by a double reductive amination of 5-keto-D-fructose (6) and 5keto-D- 

glucose (7), respectively.8a We have since extended this approach to the preparation of other important natural and 

unnatural azasugars and have also used model systems to investigate issues of stereocontrol. We describe here the 

preparation of 1-deoxymannojirimycin (1) via the new dicarbonyl sugar 5-keto-D-mannose (3). 
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i’ This paper is dedicated to Prof. Murray Goodman (UC, San Diego) on the occasion of his 65th birthday. 
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5-keto-D-mannose (3) is a logical precursor for making 1 by our methodology. We envisoned that 3 could 

be readily obtained from I-methyl-2,3-isopropylidene-D-mannofuranoside (2).9 Selective oxidation10 of the 5 

hydroxyl group of 2 provided ketosugar 8 (70%). Subsequent hydrolysist* provided 5-keto-D-mannose (3) 

nearly quantitatively. Unlike 5-keto-D-glucose (7), which exists predominantly as a P-pyranose in water (300- 

MHz H-l NMR, DzO), compound 3 exists as a more complex mixture of interconverting forms. 
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With 3 in hand, the critical double reductive amination was investigated. This transformation was effected 

with benzhydrylamine and NaBH3CNt2 to produce a 2: 1 ratio of piperidines 9 and 10, having the D-manno and L- 

gulo configurations, respectively (45%); these were readily separated by chromatography. Hydrogenolysis of 9 

followed by treatment with Dowex SOW-X8 resin provided I-deoxymannojirimycin (1,90%). This material was 

converted to its HCl salt which was identical to an authentic sample.13 
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The stereocontrol (2:l D-manno:L-gulo) observed in the double reductive amination of 3 is particularly 

intriguing in light of our results with 5-keto-D-glucose (7), in which the D-gluco product formed in a >95:5 ratio 

relative to the L-ido isomer.*a Substrates 3 and 7 differ only in the configuration at C-2 which is relatively remote 

from the key stereodetermining reduction. Furthermore, hydrogenation of I-azido-I-deoxy-5-keto-D-mannose 

(11) using catalytic amounts of noble metals afforded the D-manno product almost exclusively.6i-1@+q In the 

reduction of 11, and also of 3, one can consider the key cyclic iminium ion intermediate to be 12. In the 

analogous reduction of 7, the corresponding reactive species is 13. The hydroxyl groups are drawn in 12 and 13 

largely in the equatorial configuration, but they could also invert to the axial position to relieve Al.2 strain with the 

C-5 hydroxymethyl group.14 The attack of hydride on 12 and 13 is predicted to occur axially providing mainly 

the D-manno and D-gluco products respectively. The stereochemistry of reduction is the same in reaction of 13 

with either NaBHsCN* or with catalytic hydrogenation. 61-t,p.q There is some confusion in the literature on this 

point, as there is a report that the L-ido (not rhe L-gluco) product was obtained upon such a reaction involving the L 

isomer of 13, but this stereochemical assignment was determined to be in error. 7d Alternatively, reduction of 12 
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reveals a divergence in the results between the two methods, with the high stereocontrol seen under catalytic 

conditions (>95:5)6i-1.P.q eroding to ca. 2:l with NaBH3CN. In this case, a seemingly remote hydroxyl group 

influences the stereochemistry of hydride delivery. Perhaps the hydroxyl at C-2 of 12 is interacting with the 

hydride reducing agent or 12 can adopt conformations in which the stereocontrol would be altered. Experiments 

are being conducted with additional dicarbonyl substrates to probe these stereochemical questions in greater detail. 
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In summary, 1-deoxymannojirimycin (1) has been synthesized in four steps with an overall yield of 17%. 

The key step is a double reductive amination of 5-keto-D-mannose (3), which provides a 2:l mixture of 

stereoisomers. This result stands in marked contrast to those observed when similar reactions are carried out under 

catalytic hydrogenation conditions and highlights the mechanistic divergence of these two pathways for the 

formation of azasugars. Finally, this synthesis of 1 can be readily extended to the synthesis of N-substituted 

derivatives. 
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