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Abstract: The concise enantioselective synthesis of iminolyxitol egcosidase inhibitors starting from
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bases followed by substrate-directed dihydroxylation and amino dehydration gave the polyhydroxylated
pyrrolidines in excellent overall yields (19.6% for 3 —> 8, 9.9% for 9 —> 13.) © 1998 Elscvier Science Ltd. All

rights reserved.

The inhibition of glycoconjugate processing enzymes (e.g. glycosidases, glycosyltransferases) is an
effective method for modulating celi-surface glycosylation and attendant cellular functions such as recognition
and metabolism.1 Polyhydroxylated pyrrolidines have been shown to be potent inhibitors of various
glycosidases and strong synergistic inhibitors of glycosyltransferases.2 In particular, 1,4-dideoxy-1,4-imino-
D-lyxitol (1)3 and 1,4,5-trideoxy-1,4-imino-L-lyxitol (2)4 have been shown to be reversible inhibitors of
a-galactosidase from green coffee beans and a-fucosidase from bovine kidney, respectively. (Figure 1)
Recently a number of both carbohydrate® and non-carbohydrate® based syntheses of furanose-derived
azasugars has been reported. In our effort to develop new methodology for the efficient synthesis of these

biologically interesting compounds we have adapted amino acid-based approaches used for the synthesis of
alvenenhinanlinide 7 enhinancined® and amina enaare? ta tha nurrnlidine nolunle 1 and 2
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Figure 1
Our retrosynthetic strategy depended on the closure of diols such as A which can be synthesized from
the corresnondineg allvlic alcohols B vig diastereoselective dihvdroxvlation. The R-amino alcohols B are
¢ corresponding aliviic alcohols 2 via diastereoselective dihydroxylation, Ihe g-amino alcohols B are
roadily nranarmed fram tandam raduntinn_allbanvlatinn ~f fiillu neatacntad aminn acide € (Cohama 1) adnetinn
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bromide in THF at -78°C to give an easily separable mixture of diastereomers 4a and 4b (1.7:1) in 70% yield.
(Scheme 2)811 We have previously shown this method to be threo selective (>20:1) when non-coordinating
solvents such as hexane, hexane/CH>Cl> or toluene have been used,? however, the stereoselectivity drops
significantly in ethereal solvents. In our attempts to reverse the selectivity of this reaction, vinyl magnesium
bromide in a strongly coordinating solvent was used (commercially available as a 1 M solution in THF) which
enabled us to obtain substantial amounts of the epimeric erythro product.12 Racemization of the original

chiral center has not been observed in either case.
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Scheme 2
Next, the threo amino alcohol 4a was acylated using pivaloylchloride in 92% yield followed by

substrate-directed osmylation of the resulting pivalate § with catalytic amount of K70sO2(OH)4 and
K3Fe(CN)g to afford a mixture of diols 6 in good yield (70% isolated yield of 6a) and selectivity (ratio of
6a:6b 7:1).13 Whereas the use of CH3SO2NH, increased the turnover of the catalyst as described by

Sharpless,13 the addition of amine bases (e.g. pyridine) to the reaction mixtures was unnecessary (presumably

dne to tha o ha imi 1 o
due to the presence of the imine nitrogen) and actuall
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product 6a was treated with LiBHg4 under reflux in THF:MeOH, which simu
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cleaved the pivalate protecting group to provide the amino triol 7 in 84% yield.
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Scheme 3

The cyclization of compound 7 was accomplished in 82% yield in the presence of Ph3P, CCls and
triethyl amine in DMF to afford the protected D-iminolyxitol 8.15 (Scheme 4) The structure of 8 was

confirmed by single crystal X-ray analysis.!6
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o ponneil s bCDlII base of L-alanine memy1 ester was utilized for the Synll'leblb of pmynyu Xyiaca
pyrrolidine 2. The reductive-alkenylation of the Schiff base amino ester 9, followed by protection of the
resulting alcohol 10a as the pivalate 11 and dihydroxylation as before (6:1 ratio of 12a:12b) gave the requisite
protected triol in excellent overall yield (60% yield of isolated 12a). Selective TEMPO-catalyzed oxidation!?
of the primary alcohol using NaOCl as a primary oxidant, followed by reductive-amination of the crude
aidehyde with NaCNBH3 in the presence of acetic acid (pH 5) provided the corresponding pyrrolidine 13 in
51% yield for both steps.?® (Scheme 5)
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Cleavage of the N-benzhydryl protection is easily accomplished with Hp/Pd-C, and the pivalate esters
are cleanly saponified with 3 equiv. Bu4NOH in aqueous dioxane In conclusion, the efficient synthesis of

iminolyxitols 8 (19.6% overall from 3) and 13 (9.9% overall from 9) was achieved from readily available
crystalline Schiff bases. This methodology is currently being applied to the synthesis of (-)-swainsonine and

some related analogs.
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