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Abstmct: Aldol reaetionsof chelatedaminoacid esterenolateswith chiral aldehydesgivesrise to
polyhydroxylatedaminoacidain a highlystereoaelectivefmhion.Theaeoxygenatedaminoacidscanbe
convertedinto polyhydroxylatedpipecolinicacidsand azaaugarsby cyclizationusingthe Mitaunobu
reaction.A interestingepimerizationwasobservedduringthecyclization.@ 1997 ElsevierscienceLtd.

Based on their structural relationship to sugars, polyhydroxylated piperidines (azasugars) and pipecolinic

acid derivatives are interesting candidates for the inhibition of various glycosidases. Protonated azasugars act

as transition state analogues of these enzymes. ’ Deoxynojirimycin,2 isolated from Bacillus strains,3 and

deoxymannojirimycin,4 from Lonchocarpus sp.,s are specific inhibitors of glucosidases,2 mannosidaaes6 and
S iso]ated from Baphia racemosa,gfucosidases.’ (2S,3R,4R,5S)-Trihydroxy pipecolinic acid, acts as a

glucoronidase and fucosidase inhibitor. ’” This biological activity is important for the therapy of diabetes,”

cancer’2 and viral infections. ’3

In the meanwhile, several interesting syntheses of natural as well as synthetical deoxyazasugars’4 and

related pipecolinic acid derivatives’s were described. The interesting properties of these compounds

encouraged us to develop our own approach to their syntheses, based on asymmetric aldol reactions of

chelated ester enolates. The retrosynthetical analysis of the azasugars (scheme 1) leads to the corresponding

pipecolinic acid derivatives, which can be obtained from acyclic polyhydroxylated amino acids. These should

be accessible via aldol reaction of amino acid ester enolates and chiral polyhydroxylated aldehydes.

For some time our group has been interested in reactions of metal chelated enolates of N-protected

amino acid esters. Depending on the metal ion used, these chelated enolates show higher stability than the

corresponding lithium enolates. In addition, because of the fixed enolate geometry, their reactions are more

selective than those of the lithium enolates. Besides chelate enolate Claisen rearrangements,’6 particuku-yaldol

reactions give very good results. ” Herein the application of an asymmetric version of this reaction to the

synthesis of polyhydroxylated amino acids and azasugars is described.
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Deprotonation of akmine ester 1 with an excess of LDA and subsequent transmetalation with tin

chloride, probably results in the formation of chelated enolate 2 (Scheme 2). Addition of chiral aldehyde 318

gave rise to the aldol products 4 and 5 in a 4:1 ratio and excellent yield. The induced diastereoselectivity

(cordig. of P-OH) was %y. for the major diastereomer 4. Diastereomerically pure 4 could be obtained by a

single crystallization step (55’%0 yield tlom 1). The pure minor diastereomer 5 could be obtained by flash

chromatography. After cleavage of the benzyl ether and subsequent cyclization under Mitsunobu conditions,19

the a-methylated pipecolinic acid derivatives 6 and 7 respectively could be obtained in high yields.zo
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These cyclic derivatives could also be used to determine the configuration of the two stereogenic centers

formed in the aldol reaction. Fig.1 shows the coupling constants and the NOE’S observed. Irradiation into the

a-methyl group of 6 gave only one NOE to the vicinal (3-H,while, in the same experiment, 7 shows three

NOE’S. This can be explained by an axial orientation of the methyl group in 7, whereas in 6 the methyl group

is oriented in the equatorial position. The axial orientation of the P-OH group is confirmed by a small coupling

constant (- 2.5 Hz) between the P-H and the axial Y-H.
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For the synthesis of rz-unsubstituted pipecolinic acids, glycine ester 8 was reacted with chiral aldehyde
921~der the conditions described (Scheme 3). In this case the induced diastereoselectivity(b-c) wasalsO

very high (> 95°/0 ds) while the cx-centergave a 1:1 epimeric mixture. Obviously, this position is configuratio-

nally labile and epimerization occurs under the reaction conditions used. Nevertheless, the aldol product 10

was directly used for the following azasugar synthesis. Protection of the O-OH group was necessary in this

case to avoid their elimination during the Mitsunobu reaction. The THP protecting group was especially

suitable for this purpose. Cleavage of the silyl protecting group and cyclization in the presence of an excess of

Mitsunobu reagents gave only one diastereomer of the pipecolinic acid derivative 13.20Addition of an excess

Red-Al resulted in a simultaneous cleavage of the N-Tosyl protecting group and reduction of the ester moiety.

Removal of the acid labile protecting groups gave rise to 1-deoxyaltronojirimycin (15).20
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Scheme 3

The repeated epimerization of the ct-chiral center was surprising and obviously occurred before the

cyclization and only in the presence of an excess of Mitsunobu reagents. Cyclization of the separated (by

chromatography) epimers of 12 with a stoichiometrical amount of PPh@EAD gave the corresponding

pipecolinic acid derivatives 13 and l-epi-13 respectively, without epimerization.20Although no epimerization

was observed by treating 13 with an excess of Mitsunobu reagents. Obviously the cyclization occurs under

kinetically controlled conditions from a rapid epimerization equilibrium.

In summary, we have shown that aldol reactions of chelated amino acid ester enolates with chiral

aldehydes give rise to polyhydroxylated amino acids and azasugars in a straightforward and highly stereo-

selective fashion.
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