
Pergamon 
Tetrahedron Letters, Vol. 38, No. 32, pp. 5697-5700, 1997 

© 1997 Elsevier Science Ltd 
All rights reserved. Printed in Great Britain 

0040-4039/97 $17.00 + 0.00 
PII: S0040-4039(97)01249-5 

Combinatorial Chemistry of Piperidine Based Carbohydrate Mimics. 

Elisabeth Byrgesen, John Nielsen,* 

Department of Organic Chemistry, The Technical University of Denmark, Building 201, DK-2800 Lyngby, Denmark 

Marianne Willert and Mikael Bols* 

Department of Chemistry, University of Aarhns, Langelandsgade 140, DK-8000 Aarhus, Denmark 

Abstract: Piperidine carboxylic acids and 4-hydroxypiperidine-3-carboxylic acid, the latter obtained from 
bakers yeast reduction of the corresponding piperidone, were coupled in solid-phase synthesis to form 
simplified oligosaccharide analogues, A split-and-mix synthesis approach was used to create small 
combinatorial libraries which were characterised by LC-MS and screened as inhibitors of glycosidases. 
© 1997 Elsevier Science Ltd. 

Oligosaccharides constitute an interesting and innovative group of compounds to explore for bioactivity 
since these molecules may lead to new drugs, therapeutic treatments or diagnostic applications in a number of 
areas. Thus, the sLe x tetrasaccharide or analogues hereof may be used to treat inflammation, I while other 
oligosaccharides or analogues may be specific glycosidase inhibitors with the potential of treating diabetes, 2 
AIDS 3 or cancer. 4 Therefore, the application of combinatorial chemistry to synthesise compounds of this class 
would be highly attractive, 5 but is hampered by the fact that solid-phase synthesis of oligosaccharides is still in 
its infancy. 6 

We have chosen to approach this problem by synthesising oligosaccharide analogues possesing an 
amide bond in place of the glycosidic linkage, which will allow exploitation of the powerful techniques of 
solid-phase peptide synthesis and combinatorial chemistry. The fundamental concept, as outlined below in Fig 
1, employs various hydroxy- or hydroxymethyl substituted piperidine carboxylic acids, e.g. 1 as residues in a 
peptide 2 which have a high degree of resemblance with oligosaccharide 3, Other peptide based carbohydrate 
mimetics have been reported recently, 7 however, in contrast to these reports our approach would lead to 
compounds bioisosteric with an oligosaccharide. 
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Fig 1. Structure of monomer and oligomer of oligosaccharide analogue. 

In this paper we report a solid-phase combinatorial synthesis of trisaccharide mimetics containing 4- 
hydroxypiperidine-3-carboxylic acid 4. Compound 4 resembles L-ribose and L-arabinose while its enantiomer 
resembles the corresponding D-sugars. 
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Fig 2. Comparison of monomer 4 with pentoses. 

Encouraged by the report that optically pure 6, could be obtained in 78% yield, with high 
diastereoselectivity and enantioselectivity 8 by bakers yeast reduction of readily available ketone 5, 9 w e planned 
to obtain 4 by mild saponification of 6 (scheme 1). We were, however, unable to reproduce the results as 
described but instead made two important observations. First, when the bakers yeast reduction of 5 (Table 1) 
was carried out with fermenting bakers yeast (sucrose added) the alcohol 6 was obtained (m.p. and NMR as ref. 
8) with complete diastereoselectivity but no enantioselectivity, t° This was in contrast to other bakers yeast 
reductions of cyclic ~-ketoesters, which usually give high enantioselectivity, u Varying the source or amount of 
yeast or time did not improve stereoselectivity. Secondly, when non-fermenting conditions were 
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Scheme 1. A: The synthetic scheme for the synthesis of 8. B: Chiral HPLC of 7 (retention time in rain). 

used, 12 6 was obtained with a rotation from +15 ° to +23 ° (in 2 experiments), which was close to the +25 ° 
previously described. However this material was found to have an enantiomeric excess of only 24% and thus 
much lower than the reported 93% e.e. s. The enantiomeric excess of the samples of  6 was conveniently 
measured by removal of the BOC-group from 6 with TFA, reaction of the resulting piperidine with Sanger's 
reagent t3 (2,4-dinitrofluorobenzene, DNPhF) to give 7 and analysis of 7 on chiral HPLC (Scheme 1B).14 

Since optically pure 6 could not be obtained we employed the racemic 8 in our subsequent library 
construction. Hydrolysis of (_+)-6 with LiOH in THF gave 8 (mp. 140-144°C, MS(El) m/z 246 (M+l), 146 (M- 
BOC)) in 92% yield. 

A small combinatorial library of 27 members using 3 different monomers was made using the split-and- 
mix strategy. The monomers were N-tert-butoxycarbonyl-4-piperidinecarboxylic acid 9, N- ter t -  
butoxycarbonyl-R-pipeeolic acid 15 10 and the above described BOC-protected 4-hydroxypiperidine-3- 
carboxylic acid 8. The monomers 9 and 10 were both BOC-protected according to a non-aqueous procedure 16. 



5699 

Table 1. Conversion of  5 to 6 usinl~ Commercial Bakers Yeast. 

Sucrose added Time (days) Yield 6 (recovered 5) [13t,]D of 6 (e.e.) 
+ 

+* 

+ 

4- 

* Yeast obtained from Sigma. 

1 39% (28%) + 0.2 ° (0%) 
1 47% (27%) + 0.4 ° 
3 34% (55%) -2 ° 
5 23% (43%) -4 ° 
1 39% (7%) + i  5 o (24%) 
1 37% (33%) +22 o 

The solid-phase synthesis was carried out on a MBHA-resin 17 using HATU Is (N-[(dimethylamino)-H-1,2,3- 
triazolo[4,5-b]pyridin-l-yl-methylene]-N-methylmethanaminium hexafluorophosphate) as coupling reagent in 
DCM/DMF (1:1 ). 19,20 

The 3 sub-libraries of  each 9 members thus obtained were cleaved from the resin using HF and extracted 
with TFA. 21 The different sub-libraries were analyzed on HPLC 22 and LC-MS 23 and tested for glycosidase 

inhibitory activity. Neither ot-glucosidase (yeast), [3-glucosidase (almonds), isomaltase (yeast), ct-fucosidase 

(human placenta), ~-mannosidase (snail), 13-galactosidase (E. Coli) were inhibited significantly. Studies to test 

this library and larger libraries for bioactivity including enzyme inhibition and lectin binding is underway. 
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Fig 3. Building blocks in the combinatorial synthesis. 

In this communication, we have reported the first example of  a solid-phase combinatorial synthesis of  
an amine based carbohydrate mimetic. This approach has been found to be a viable way to prepare libraries of  
bioisosteric carbohydrate mimetics. 
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