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Abstract: A nigid bicvclic a an

\ rigid bicyclic analogue of o-L- .f,nzos., prepared from a mcmna etom‘de of L-
gulonolactone m an overall yield of 36% without the need for column chromatography, is a
potem mhibiior of fucosidases and a weak inhibitor of a fucosyl iransferase.

© 1997 Elsevier Science Ltd. All rights reserved.
Analogues of L-fucose 1 may inhibit enzymes which hydrolyse (fucosidase)' or make (fucosyl transferases)’
oligosaccharides, or may bind to receptors which are important components of cell-cell recognition such as
Lewis x.” There are an enormous number of potential applications of materials that have specific interactions in
any of these biological processes, not only as potential chemotherapeutic agents but more certainly as probes
for the understanding of a number of processes in which the immundominant sugar L-fucose is involved.*
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The bicyclic anhydrosugar 2° is a conformationally fixed mimic of a-L-fucose 1, in which the three
hydroxyl groups of the fucopyranose ring [which appear to be a pre-requisite for fucose recognition in
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enzymes and receptors are present. The ease of synthesis and the stability of the intramolecular ketal 2
[formed by dehydration of the heptulose 6, itself efficiently prepared from L-gulonolactone 9] indicated that
the hemiaminals 3 and 4 mxgh{ also be stable. Such structures should constitute a new set of fucose mimics

with interesting biological properties; interactions between a protonated nitrogen and the enzyme or receptor
might provide strong binding of the mimic. The hemiaminals 3 and 4 should be accessible by dehydration of
annnoketones 7 and 8, derivable form the readily available epimeric L-gulo- and D-mannono-lactones,
respectively. This paper reports the synthesis of the stable 3 from 9 in an overall yield of 36% in a sequence
that avoids any chromatography; 3 is a potent inhibitor of fucosidases and a weak inhibitor of a fucosyl
transferase. Both N-alkyl and N-acyl derivatives of 3 are easily prepared. In contrast, the isomeric bicyclic
amine 4 is in equilibrium with significant amount of the monocyclic imine 5 and is relatively unstable; the
mixture of 4 and § causes no inhibition of fucosidases, surprising in that further reduction of the mixture
gives a-homofuconojirimycin 10, the most potent inhibitor of fucosidases yet reported.”
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For the svnthesis of 3. L.oculonolactone 9 wag first converted into the easilv crvetalliced
synthesis of 3, L-gulonoiactone nrst converted Imto 1€ casuy crystaised
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chioride in pyridine and dichioromethane, foliowed by treatment of the resuiting mesyiate with sodium azide in
DMF, gave the azide 12, oil, [a]p?2 +33.9 (c. 1.0 in CHCl3), in an overall yield of 61%. Addition of methyl
lithium to the azidolactone 12 in tetrahydrofuran afforded, after work-up, a single crystalline lactol 13,” m.p.
91-93°C, [a]p?! +4.4 (c, 1.0 in CHCIl3), 68% yicld. Removal of the isopropylidene group in 13 by
hydrolysis with Amberlite IR-120 (H+) ion exchange resin gave the azido heptulose 14 [drawn as an open
chain structure but which exists as a mixture of anomeric cyclic forms]. Hydrogenation of the hydrolysate in
the presence of palladium on charcoal followed by purification by ion exchange chromatography gave the

bicyclic hemiaminal 3'° in 85% yield
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hydrogenanon of 3 with butyraldehyde in the presence of palladium on carbon in methanol resulted in
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The azidolactol 19, prepared from D-mannonolactone as previously described,'! was a key
intermediate in the synthesis of the isomeric amine 4 which contains a piperidine moiety [Scheme 2]. Initial

hydrogenation of 19 in t_hyl acetate in the presence of palladium black gave the corresponding amine 20
which snomgmgously gy sed to form the stable imine 21 m.p. 94 96 °C, [a]p20 -48.4 (c 1. O in CHCh)

the intram lecular hemiaminal 23 and the imine 24 in 99% yield. The composition of this mixture was solvent
dependent, with the bicyclic form 23 predominating in CD3CN and D0, whilst in dg-DMSO both
ci_,,ponents were present in roughly equal amounts. The same equilibrium mixture of 23 and 24 was also
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formed, in 30% yield, by hydrogenation of the desilylaied azidolactol 22. in ethanol with a catalyst of
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ladium on carbon. Further hydrogenation of 23 and 24 in ethanol in the presence of Adams' catalyst gave

al F nc
the acetonide 26 from which the isopropylidene group was removed by acid hydrolysis with aqueous
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Scheme 2: (i) H,, Pd black, EtOAc (ii) Bu,N'F, THF (iii) H,, Pd/C, EtOH

(iv) Amberlite IR-120, H* form, H,O (v) H,, PtO,, EtOH (vi) CF,COOH, nzu

All attempts to remove the isopropylidene group from the mixture of 23 and 24 by acid hydrolysis
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Preliminary investigations of the effects of both bicyclic systems 3 and 4 on human liver glycosidases,
tran C

other glycosidases and a fucosy! transferase were conducted. The stable bicyclic amine 3 was a powerful and
selective inhibitor of fucosidases, with a K; value of 6 uM against human liver a-fucosidase and a K; value of
68 uM against human placenta o-fucosidase; there was no significant inhibition of any other glycosidase '
Thus the bicyclic mimic 3 is as potent as the best pyrrolidine fucosidase inhibitors," although it is much less
potent than either a-L-homofuconojirimycin 10 or deoxvfuconourlmvcm 7 There was also some inhibition of
human a-3 fuco ltransferase's by 3 with an IC,, of approximately 35 mM based on 60% inhibition at 50

mM and 36% mhlbmon at 25 mM'®. The N-acetylated amine 18 had no effect on any of the enzymes studied
indicating that a basic site may be helpful in increasing binding between the bicyclic fucose mimics and the
target enzymes. Although N-alkylation has significant effect on many biological properties of amino sugars,”
no enhancement of either the fucosidase or transferase inhibition was found with the N-butyl 15 and N-benzyl
16 derivatives.
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In contrast, the relatively unstabie bicyclic system 4 showed no inhibition of any of the glycosidases.
Since the further reduction product of 4 is the very powerful inhibitor 10 and the open chain form § contains a
pnpendme nng with admmcdly a rather non-basic imine nitrogen, this is somewhat surprising. It also shows
lly reduced plpenumc 10 in the samples prepdma of the mixture of 4 and 5. In
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