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Abmrzct:A rigidbicyclic analogge of a-L-fpcose, prepsred from a monoacetonide of L-
gulonolactone in an overatl yield of 36% with6utthe need fti. cohmm chromatography,is a
potentinhibitorof fueoaidases~d a weak inhibitorof a fucosyl transferaae.
r?)1997ElwvierScienceLtd.Allrightsresewed.

Analogues of L-fhcoae1 mayinhibitenzymeswhich hydrolyse(fucosida&e)lor make (fucosyl,twnsferases)’
oligosaccharides,or may bind to receptorswhich are importantcornpdnentsof cell-cellrecognitionsuch as
Lewis X.3Thereareanenormousnumberof potentialapplicatlmgofmaterialsthathavesp=ific intet’=tionsin
anyof thesebiological pmcesaes,not onlyas potentiti chemothdqe utic agentsbut more certainlyas probes
for the understandingof a numberof processesin whichthe imndominant sugarL-fucow is involved.’
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l%ebicyclic ~ydtoaugi #isaeOnf_ “ ally fried mimicof a,L-fuc& 1, in which the three
hydroxylgroups of @e fUCOpyIWQWring,[which appwu m. & a p-requisite for’;~se =Wition in
enzymesand mceptom’]m prea&. The ease of synthesis and the stabilityof the int&nolecularketal 2
[formedby dehydrationof the heptylpse6, itself effici~tly preparedfrom L-gulonolactone!b]indicatedthat
thehemiaminals3 and4 mightalso be stable. Such structures shouldconstitutea new sel of fucose mimics
with interestingbiologicalprtqwrdes;interactionsbetw&t a proMatM nitrog.mand the enzymeor receptor
mightprovidestrongbindingof the tliimiC.?%ehdmiamr“rids~ “and should be a&aaibie’by dehydrationof
aminoketones7 attd 8, derivabie form tlk readily av-’ ephnerid‘Lgtd&’and Wmummo—lactones,
rqectivety. Thispaperreportsfhesynthesisofthdatable 3 from 9 in air dwkall yieldof 36% in a aeqmmce
that avoids any ohrcmmtegraphy;‘3is a @tent inhibitorof fu@Mklasesand a weak “inhibitorof a ibcosyl
tmnsferase.Both N-alkyl and MM@ derivativesof 3 m -y prepared. In contrast, the isomedc bieyclic
-4 ia in cq@briUrnWithsi@kartt ~ of the ~c~ M 5 ~d is m~w@ ~: he
mixtweof 4 and 5 causes no inhibitionof fucosidaaea,surprising in that ,firther reductionof the mixture
givesa-homofuconojirimycin10, themostpotent inhibitorof fucosidasesyet reported.’
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For the synthesis of 3, L-gulonolactone9 was first converted into the easily crystallised
monoacetonide11, m.p. 153-154”C,[U]D20+75.8 (c, 1.1in CHCIJ)(lit.s 153-154”C,[U]D24+91.5 (c, 1.0

in CHCI~)[Scheme 1]. Selectiveesterifkation of the primary hydroxyl group in 11 by methanesulfonyl

chlorideinpyridineanddichlommethane,followedby treatmentof the resultingmesylatewith sodiumazidein
DMF,gave the azide 12, oil, [(X]D22+33.9 (c. 1.0in CHC13),in an overallyield of 61%. Additionof methyl

lithiumto the azidolactone12 in tetrahydrofurantiorded, afterwork-up,a singlecrystallineIactol13,9 m.p.
91-93”C, [a]&l +4.4 (c, 1.0 in CHC13),68% yield. Removal of the isopropylidenegroup in 13 by

hydrolysiswith AmberliteIR-120 (H+) ion exchangeresin gave the azidoheptulose14 [drawn as an open

chainstructwebut whichexists as a mixtureof anomericcyclicforms]. Hydrogenationof the hydrolysatein

the presenceof palladiumon charcoalfollowed by purificationby ion exchangechromatographygave the
bicyclichemiamimd3’0in 85%yield.
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Scheme1:(i) MeSO*Cl,CH2CIZ,pyridine,-20W;thenNaNJ,DMF(ii) MeLi,THF,-70T (iii) .rnbediteIR-120,H+form,
H20 (iv) H,, Pal/C,H20 (v) n-PICHO,H2,Pd black,MeOH(vi) PhCH2Br,K2C03,DMF(vii) AC20,pyridine(viii) E@, MeOH

Derivatives of 3 bearing an alkyl or acyl group on the nitrogen were easily prepared. Thus,
hydrogenationof 3 with butyrakiehydein the presence of palladiumon carbon in methanol resulted in
reductiveaminationto afford the N-butyl analogue15, m.p. 139-140”C,[a]D21-84.2 (c. 0.53 in MeOH)

de gave the N-benzyl amine 16, m.p. 190-while rdkylationof 3 with benzyl bromide in dimethylformami
191”C,[a]&2 -54.5 (c. 0.62 in MeOH); Peracetyhtionof 3 with acetic anhydridein pyridinegave the
tetraacetate17, m.p. 134-135oC, [a]&4 -63.2 (c, 1.1 in CHC13),which with basic methanolgave the N-
acetylatedtriol 18, m.p. 178-180W, [U]D24-73.5 (c, 1.15in EtOH). Thus, the bicyclewith the nitrogenin
the bridgeof the fucose system 3 gave stablederivativessuitablefor biologicalevaluationin short efficient
syntheticsequences.

The azidolactol 19, prepared from D-mannonolactoneas previously described,” was a key
intermediatein the synthesisof the isomericamine4 whichcontainsa piperidinemoiety[Scheme2]. Initial
hydrogenationof 19 in ethyl acetate in the presence of palladiumblack gave the correspondingamine20
whichspontaneouslycyclisedto formthe stable imine21, m.p.94-96oC, [a]&O -48.4 (c, 1.0 in CHC13),
in69%yield. Desilylationof 21 withtetrabutylammoniumfluoridein THF gave an equilibriummixtwe’zof
the intramolecularhemiaminal23 and the imine24 in 99%yield.Thecompositionof this mixturewas solvent
dependent, with the bicyclic form 23 predominatingin CD3CN and D20, whilst in d6-DMSOboth
componentswem present in roughlyequal amounts. The sameequilibriummixtureof 23 and 24 was also
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formed, in 90% yield, by hyeon of (be c@ilylated@dcd@o122. in ethanoiwith a +yst of
palladiumon carbon, Furtherh@rogenation~f K.and24 ia ethanolin @ewesencc Ofti’ camlystgave
the acetonk 26 from which @ isopropylidenegqup v removed by acid hydmiysh with aqueous
trifluoroaceticacid to afforda-L-homofucOnojirimycinm h 85%yieidOvm,the 2 steps.

1- -1

Kb: _ --

H6-bt+
23

~z:(i)%~ black EtOAc(ii)Bu#JT. THF(iii)~, Pal/C,EWH
(iv) tibmlitc IR-120,W fore, H$O(v) H2,Pt02, EtOH(vi) CP#OOH, HzO

Ail attmqts to mnove the isopropyiidenegroupfrqp themixtureof 23 and 24 by acid hydrolysis
uccessful, indicatingthat the bicyeiicaminewere uns 4 wa$ sensitive to acid hydrolysis. Accordingly,the

impqyl~w - WaS removed from 22 b 88% y&ld bY hydrolysis with acidic ion exch~ resin.
Partialhydqenatm“ .in ettqol in the pmence of @il@iuinon carbonof the mixtmeof unptected lactols
25, [a]#-5 +2.2++41.5 (24 h) (c, 1.0 ‘in EtOH), gave the unstabiebicyclic system 4, which existed in
equilibriumwitha smallamountof the openimine!$.’3.Uniih a numberof 5 ring su~ imines,” this system
showed no tendencyto hydrateor to dinwrisein solution. However, over a period ofdays, 4 decomposed
intoa complexmixtureof products.

Preliminaryinvestigationsof the effectsof bothbicyclicsystems3and 4 %hummliver glycoeidases,
othergiycosidaaesand a fucosyltrsnsferaaewem*ted. Tbc stable bicyclicamine3 was a powerfuland
seiectivcinhibitorof fucosidaaea,,witha Kjvaiue~6 M agiiht+humanWera-tisidase mda Ki V* of
68 @l againsthumanplacenta a-fucosidase;th$mwas no significantinhibitionof any other glycoaidase‘S
Thusthebicyclicmimic3 is w potent as tho best P’@Wine fucosidaaeinhibitors,” aithougbit is much less
potentthaneithera-L-bomofuceno”’“JmmY& 10or de@yfimor@irimycin.’7’Tberewas MmsmmeWbition of
humana-3 tiwosyltransferase’8 by 3 with an M&of approxhnateiy35 mhl baaed on 60% inhibitionat 50
MMand36%inhibitionit 25 inM’9.TheA%cetylatedamine18 had no effecton any of the ensymesstudied
indicatingthat a basic site may M heipfulin incmadw q betweenthe bicyclicfacose mimics and the
targetenzymes.AlthoughN-aikyiationhas significanteffecton many biologicalpmpties of aminoSugars,zo
noenhancementofeitber the fucddaae or tmpsferaseinhibitionwasfoundwith the IWmtyl15 andN-benzyl
16 CieliViitiVeS.
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In contrast,the relativelyunstablebicyclicsystem4 showed no inhibitionof any of the glycosidases.
Sincethe furtherreductionproductof 4 is the verypowerfulinhibitor10 andthe openchainform5 containsa
piperidineringwithadmittedlya rathernon-basiciminenitrogen,this is somewhatsurprising. It also shows
thatthereis no traceof the fullyreducedpiperidine10 in the samplespreparedof the mixtmeof 4 and 5. In
anyevent thechemicalinstabilityof 4 makesthis an unattractiveclass of compoundsto investigatefurtheras
potentialbiologicalprobes.In summary,thispapershowsthat rigidbicyclicanaloguesof L-fucoseare readily
available,andconstitutea newclassof carbohydratemimicswith novelbiologicalproperties.2’
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