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ABSTRACT

Asimpler,moreproductivevariationonthepreviouslydescribedCInfect.

Immun.,43,245(1984)]synthesisofthehaptenicnon-reducing-enddisaccharide

ofphenolicglycolipidIofMycobacteriumlepraeisdescribed.Benzyl2
,3-O-

isopropylidene-4-O-(3-O-methyl-2,4-di-O-acetyl-6-O-trityl-,B-D-glucopy-

ranosy1)一 α 一L-rhamnopyranoside,synthesizedasdescribedpreviously
,wasde.tri-

tylatedandde-isopropylidenated,andmethylatedwithdiazomethane/BF3-etherate

togivemostlythebenzyl2,3-di-O-methyl-4-O-(2,4-di-O-acetyl-3
,6-di-O-

methyl一 β 一D-glucopyranosy1)一 α 一L-rhamnopyranoside,butalsosomebenzyl2
,3-

di-0-methyl-4-0-(2,6-di-0-acety1-3,4-di。0-methy1一 β 一D-glucopyranosy1)一 α 一

L-rhamnopyranoside,duetoacetylmigration.Likewise,benzyl2
,3-O-isopro-

pylidene-4-0-(2,4,6-tri-0・acety1-3-0-methy1一 β 一D-glucopyranosyl)一 α 一L-

rhamnopyranosideuponde-isopropylidenationandmethylationyieldedbenzyl2
,3-

di-0-methyl-4-0-(2,4,6-tri-0-acety1-3-0-methy1一 β 一D-91ucopyranosy1)一 α 一

L-rhammopyranoside.Deacetylationandhydrogenolysisofthesedisaccharidede-

rivativesyieldedunblockeddisaccharideswhicharesuitableprecursorsofneo-

glycoconjugatestobeusedintheserodiagnosisofleprosyandprobingthemolecular

requirementsforantibodybindingandimmunogenesity.
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1.INTRODUCTION

Inpreviouspapers,"Z'3'wehavereportedonthesynthesisofthedi-andtri-

saccharideunitsoftheMycobacteriumleproespecificphenolicglycolipidI

(PGL-1)antigen.Serologicalanalysisofthesyntheticcompoundsshowedthat

onlydi-andtrisaccharidescontainingthefull3,6-di-O-methyl-,B-D-glucopy-

ranosylterminuswereactiveagainsthumanlepromatousleprosysera."Itwasalso

previouslydemonstratedthatthenon-reducingenddisaccharide,2,3-di-O-methyl-

4-0-(3,6。di-0-methyl一 β 一D-glucopyranosyl)-L-rhamnopyranose,wasasactive

astheentiretrisaccharideunitinantibodyinhibition"andthataneoglycopro-

teinpreparedbyreductiveaminationoftheenddisaccharidewasserologically

highlyactiveindirectassays.4)

Thereportedsyntheticprocedureswerecomplicated,andyieldsofthefinalpro-

ductswerelessthandesirable.Oneofthereasonsforinadequateyieldswasa

benzylationstepresultinginanintractableemulsion.Inordertobypassthis

stepandtosimplifythesyntheticpathway,methylationofpartiallyacetylated

disaccharidesusingdiazomethane/BF3-etherate,whichdoesnotcauseacetylmi-

grationordeacetylation5)wasused.Inordertoultimatelystudytherelation-

shipbetweenstructureandserologicalactivities,othercompoundsrelatedtothe

naturaldisaccharidewerealsosynthesizedbythismodifiedroute.Giggetal6'

havealsodescribedahighlysatisfactoryrouteforsynthesisofthenon-reducing-

enddisaccharide.

II.RESULTSANDDISCUSSION

A・Synthesisof2,3-di-0-methyl-4-0-(3,6-di-0-methy1一 β 一D-glucopyranosyl)-

U-rhamnopyranoseUsingDiazomethane/BF3-etherate・
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Ac=COCH3,

OR3

ORS

OOCH2Ph

R400Rs

Rl8R23Ac,R33Tr,R4-R581p

R。=RZ3Ac,R33R4aR5=H

RI3Ac,R2=Me,R-Ac3-R43R8Me

Ro=R23Ac,R3=R43R5=Me

Ro3Ac,R28HgR38R43R58Me

Rl8RZ3H,R-3-R43R53Me

Ro8H,R23Me,R3=H.Ra=RS8Me

Ip=;C(CH3)2,Me=CH3,Ph=CH2CeHa,Tr=C(CgHS)3
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Compound1,whichwassynthesizedbythereportedprocedure?'wastreatedwith

60°oaceticacidtogivethede-tritylated,de-isopropylidenateddisaccharide2

inabout56°oyieldafterpurificationbysilicagelcolumnchromatography.Me-

thylationof2withdiazomethaneusingcatalyticamountsofBF3-etherategave

completemethylationbutresultedintwoproducts:3,RfO.64inbenzene-acetone

(4:1),25°oyield;4,RfO.56,75°oyield.Thesetwowereseparatedbysilicagel

columnchromatography.Theywerehydrolyzedandconvertedtothealditolace-

tatesandanalyzedbyGLC/MSusinganOV225S.C.O.T.column.Com-

pound3gavetwopeakswithRtO.92and4.37inaratioofabout1:1.Thefrag-

mentationpatternofthepeakofRtO.92(m/z43,101,117,143,203)wasthat

ofa1,4,5-tri-O-acetyl-2,3-di-O-methyl-6-deoxyhexitolandthatoftheRt

4.37peak(m/z43,87,129,189)wasofa1,2,5,6-tetra-O-acetyl-3,4-di-O-

methylhexitol.Accordingly,3wasa3,4-di-O-methylglucosyl-2,3-di-Q-methyl-

rhamnosidederivative$)Ithasbeenreportedthatacetylgroupsdonotmigrate

undertheconditionsused.5)However,theresultssuggestthattheacetylgroup

onthe4-OHmigratedto6-OH.NMRof3indicatedbenzyl2,3-di-O-methyl-

4-0-(2,6-di-0-acetyl-3,4-di-0-methyl一 β 一D-glucopyranosyl)一 α 一L-rhamnopyra-

noside.Compound4alsogavetwoalditolacetatepeakswithRtO.92and3.60in

aratioofabout1:1.ThefragmentationpatternofthepeakofRtO.92(m/z

43,117,143,203)wasthatofa1,4,5-tri-Q-acetyl-2,3-di-O-methyl-6-

deoxyhexitolandthatofRt3.60(m/z43,87,113,129,189,233)wasofa1,

ア　2

,4,5-tetra-O-acetyl-3,6-di-O-methylhexitol.Thus,4wasa3,6-di-O-methyl-

glucosyl-2,3-di-O-methylrhamnosidederivative.NMRof4indicatedbenzyl2,

3-di-0-methyl-4-0-(2,4-di一 σacetyl-3,6-di-0-methyl一 β 一D-glucopyranosyl)-

a-L-rhamnopyranoside.

Treatmentof4withtheusualconcentrationofsodiummethoxide(0.01M,see

EXPERIMENTAL)resultedinincompletedeacetylation,togive5NMR

of5showedoneacetoxylsignal.InordertodeterminethepositionoftheO-

acetylgroup,5wasmethylatedwithdiazomethane/BF3-etherateandthealditol

acetatesprepared.GLCoftheseshowedtwopeaks,RtO.92andRt2.57in

aratioofabout1:1.ThemassfragmentationpatternsoftreepeaksofRtO.92

(m/z43,101,117,143,203)andRt2.57(m/z43,129,161,189;hence,1,

2,5-tri-Q-acetyl-3,4,6-tri-O-methylhexitol)indicatedthat5wasthe2-O-

acetylderivativeof6.Treatmentwithrelativelyconcentratedsodiummethoxide

(0.1M)gavethecompletelydeacdtylatedcompound6.Hydrogenolysisof6with

H2inthepresenceofPd-Cgave8,quantitatively.

Thissyntheticpathwayismuchsimplerandresultedinmuchbetteryieldsthan

thatdescribedpreviously.Accordingly,thisprocedurewasusedforfurthersyn-

thesis.
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B.Synthesisofthe3-O-MethylglucosylDisaccharide・Previously,wehad

shownanear-absoluterequirementforthe3-O-methylgroupontheterminal3,

6-di-a-methylglucopyranosylunitforbindingtoanti-glycolipidantibodiesa)

Inordertoeventuallyexaminetheroleofthe6-O-methylgroupinantibody

recognition,12wassynthesized.

ORZ

O

。MeO・CHZPh

R,R300R4

9R,=R2=Ac,R3-R4=lp

ioR88R28Ac.R-3-R43H

R,=R2=Ac,R3=R4=Me

12NRI8R=2H●R3=R4=Me

Mildacidtreatmentofgwith60°oaceticacidgavede-isopropylidenatedcom-

pound10,buttheyieldwaslessthan25°o.However,heatingindilutedHCl

resultedinpreferentiallossoftheisopropylidenegroupandbetteryields.Me-

thylationofgwithdiazomethane/BF3-etherategave11,anddeacetylationwith

sodiummethoxidegave12.TheNMRspectrumof12,showingthreeOCH3sig-

pals(3.52ppm,1xOCH3;3.44ppm,2xOCH3),supportedtheproposedstruc-

ture.ToconfirmthepositionsoftheOCH3group,12washydrolyzedwith3M

trifluoroaceticacid,thealditolacetatespreparedandanalyzedbyGLC/MS.

Twoproductsonlywerepresent,RtO.92andRt5.96,whichwerecompletely

coincidentwiththederivativesofauthentic2,3-di-O-methylrhamnoseand3-O-

methylglucose,respectively.MSofthepeaksofRtO.92andRt5.96showed

m/z43,101,117,143,203andm/z43,87,99,129,189,203,respectively.

Theseresultswereincompleteaccordwiththeproposedstrtctureof12.

皿.EXPERIMENTAL

A.Benzyl4-0-(2,4-di-0-acetyl-3-0-methyl一 β 一D-glucopyranosyl)一 α 一L。

xhamnopyranoside(2)

Compound1(33.8g,includingsmallamountsoftritylalcoho1)wasdissolved

in500mlof60°oaceticacidandrefluxedfor1.5hr.Themixturewaschilled
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andtheprecipitateremoved,pouredontoice-water,extractedwithchloroformtwi-

ce,washedwithsaturatedsodiumhydrogencarbonate,andwater.Itwasdriedwith

sodiumsulfate,evaporated,andpurified

give12.3gof2.[α]D-65.70(c1.12,

2:1).ProtonNMR(CDCI3,60MHz)

(4H),4.84-4.3(3H),4.2-3.0(IOH)

1.28(d,3H,J7.2Hz,Rha-Me).IR

H),3200-2800(s,C-H),1760-1720(s,

acetylC-O),1200-950(s,broad,

monosubstitutedbenzene).

B.Benzyl2,3-di-O-methyl-4-O-(2,

bysilicagelcolumchromatography,to

chloroform),RfO.33(benzene-acetone,

:δ,7.45(s,5H,CH2φ),5.25-4.85

3.41(s,3H,OMe),2.1(6H,2xOAc),

(liquidfilm):cm-',3750-3200(s,O-

C=O),1500(w),1380(m),1230(s,

C-O-C),913(m),815(m),740,700(s,

4:1).ProtonNMR(CDCI3,60MHz).δ,7.35(s.5H),4.96-4.45(5H),4.40-

4.10(2H),3.8-3.1(7H),3.52(s,6H,2xOMe),3.41(s,3H,OMe),3.39

(s,3H,OMe),2.11,2.06(2s,6H,2xOMe),1.25(d,3H,J7.2Hz,Rha-

Me).IR(liquidfilm)cm',3150-2750(s,C-H),1738(s,C=O),1440

(m,aromaticC-C),1380(s,aromaticC-C),1225(s,acetylC-O),1150-

1000(s,broad,C-O-C),900,838,798(w),740,(s,monosubstitutedbenzene).

4,Ca]D-52.15(c1.185,chloroform),RfO.56(benzene-acetone,

6-di一 ひacetyl-3,4-di。amethyl一 β 一D-

glucopyranosyl)-a-L-rhamnopyranoside(3)andbenzyl2,3-di-O-methyl-4-O-(2,4-

di-0-acetyl-3,6-di一 ひmethyl一 β 一D-glucopyranosy1)一 α 一L-rhamnopyranoside(4).

Compound2(7g)wasdissolvedin120mlofdrydichloromethane.Borontri-

floride-ethercomplex(0.4ml)wasaddedatO°C.Dichloromethane-diazomethanewas

addeddropwiseatO°Cuntillthefaintyellowcolorpersisted.After1.5hrat

O°C,thewhiteprecipitatewasremoved.Thefiltratewaswashedwithsaturated

sodiumhydrogenchrbonate,water,thendriedandevaporatedtoasyrup.Thesyrup

waschromatographedonasilicagelcolum,togive3(1.3g)and4(2.18g).

Compound3,[α]D-49.91(cl.23,chloroform),RfO.64(benzene-acetone,

Compond

4:1).ProtonNMR(CDCI3,60MHz).δ,7.37(5H;CH2φ),5.2-4.3(7H),

3.8-3.3(7H),3.47,3.43,3.39,3.32(4s,12H,4xOMe),2.11,2.08(2s,6H,

2xOAc),1.31(d,3H,J7.2Hz,Rha-Me).IR(liquidfilm)cm',3100-2800

(m,C-H),1750(s,C=O),1450(m),1375(m),1220(s,acetylC-O-C),1150-

1000(s,broad,C-O-C),905(w),840,800(w),735,700(m,monosubstituted

benzene).

C・Benzyl2,3-di-0・methy1-4-0-(2-0-acetyl-3,6-di-0-methy卜 β 一D-glu-

copyranosyl一 α 一レrhamnopyranoside(5)・

Compound4(970mg)wasdissolvedin20mlofdrymethanol,andO.4Msodium

methoxidewasaddedtoafinalconcentrationofO.01M.Themixturewasboiled

for2min,stoodfor40minatroomtemperature,neutralizedwithAmberlite

IRl20(H+),andevaporatedtoasyrup.Thesyrupwaspurifiedbysilicagel

columchromagraphy,giving5(420mg).[α]D-58.11(c1.25,chloroform),Rf

O.51(benzene。acetone,2:1).ProtonNMR(CDCI3,60MHz):δ,7.32(5H,

CH2φ),5.0-4.31(5H).3.8-3.20(9H),3.09(broad,1H,OH),3.49,3.43,
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3.41,3.28,(4s,12H,4xOMe),2.09(s,3H,OAc),1.28(d,3H,J7.2Hz,

Rha-Me).IR(liquidfilm)ctn',3700-3200(m,O-H),3100,2800(s,C-

H),1745(s,C=O),1450(m),1370(m),1235(s,acetylC-O),1150-1000(s,

broad,910(w),800(w),750,700(m,monosubstitutedbenzene).

D.Benzyl2,3-di-amethyl-4-0。(3,6-di-0-methyl一 β 一D-glucopyranosyl)-

a-L-rhamnopyranoside(6).

Compound4(600mg)wastreatedasaboveexceptthatthesodiummethoxide

concentrationwasO.1M.Silicagelcolumnchromatographygave6(470mg).

[α]D-64.13(c1.01,chloroform).RfO.36(benzene-acetone,2:1)・Rroton

NMR(CDCI3,60MHz):δ.7.35(5H,CH2φ),4.96(IH),4.7-4.3(3H),

3.9-3.3(12H),3.60(s,6H,2xOMe),3.49(s,6H,2xOMe),1.38(d,3H,

J7.2Hz,Rha-Me).IR(liquidfilm):cry1,3800-3100(s,O-H),3100-2800

(s.C-H),1450(m),1380(w),1290(w),1200(w),1270-980(s,broad,C-O-C),

940,905,880.840.800(w),750,700(m,monosubstitutedbenzene).

EPreparationof8from6byhydrogenolysis.

6(480mg)wasdissolovedin20mlofdryethanol.Palladium-carbonchtalyst

(10%,100mg)wasaddedandstirredovernightat35℃underhydrogengas.Fil-

trationandevaporationgave8(340ma).Thephysicaldatahavealreadybeenreported.

F.Benzyl2,3-di-0-methyl-4-0-(3,4-di-0-methyl一 β 一n-glucopyranosyl)-

a-z-rhamnopyranoside(7).

Compound5(190mg)wasdeacetylatedasfor6withO.1Msodiummethoxide・

Silicagelcolumnchromatographygavepure7(78.2mg).Ca]D-42.28(c2..60,ch-

loroform),RfO.42(benzene-acetone,2:1).ProtonNMR(CDC13,60MHz)

:δ,7.35(5H,CH2φ),4.95(1H),4.7-4.3(3H),3.85-320(12H),3.68

(s,6H,2xOMe),3.48(s,6H,2xOMe),1.35(d,3H,J7.2Hz,Rha-Me).IR

(liquidfilm):cm3650-3150(s,O-H),3100-2800(s,C-H),1450(m),1380

(w),1280(w),1195(w),1270-980(s,broad.C-O-C),945.905,880,840,795(w),

740,695(m,monosubstitutedbenzene).　
G・Benzyl4-O-(2,4,6-tri-O-acetyl-3-O-methyl-/4-n-glucopyranosyl)-

a-L-rhamnpyranoside(10).

Compound9(220mg)wasrefluxedfor45minin8mlofO.05MHC1。ethanol

(1:1).Themixturewaschilledandevaporatedwithrepeatingadditionofme-

thanoltoasyrup.Thesyrupwaspurifiedbysilicagelcolumnchromatography,

giving10(179ma).Ca]D-22.54(c5.98,chloroform),RfO.51(benzene-ace-

tone,2:1).ProtonNMR(CDCI3,60MHz):δ,7.36(5H,CH2φ),5.3-

4.5(5H),4.4-4.0(2H),4.0-3.2(7H),3.41(s,3H,OMe),2.65(broad,2H,

OH),2.18,2.12,2.09(3s,9H,3xOAc),1.32(d,3H,」7.3Hz,Rha-Me).IR

(liquidfilm):cm',3700-3150(m,O-H),3100-2800(m,C-H),1745(s,C=

O)1450(w),1370(s),1230(s,acetylC-O),1120(w),1100-1000(s,broad,C-

_O-C),980,905,810,750,700(w).

H.Benzy豆2,3-di-0。methyl-4-0-(2,4,6-tri-0-acetyl-3-0。methy1一 β 一

D-glucopyranosyl)-Q'-L-rhamnopyranoside(11).
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Methylationof10(179mg)withdiazomethane-BF3wascarriedoutasstated

before,theproductwaspurifiedbysilicagelcolumnchromatography,togive11

(99mg).[α]D-48.60(c1.557,chloroform),RfO.68(benzene-acetone,4:1).

ProtonNMR(CDC13,60MHz)8,7.35(5H),5.2-4.5(5H),4.4-3.8

(2H),3.8-3.3(7H),3.45(s,6H,2xOMe),3.38(s,3H,OMe),2.10(s,6H,

2xOAc),2.06(s,3H,OAc),1.29(d,3H,」7.1Hz,Rha-Me).IR(li-

quidfilm);chf1,3100-2800(m.C-H),1743(s,C=0),1450(w),1370(m),1230

(s,acetylGO),1120(m),1100-1000(s,broad,C-O-C)975,905,895,

840,800.745,700(w).

1・Benzy12,3-di-0-methyl-4-0-(3-0-methy1一 β 一D-glucopyranosyl)一 α 一L-

rhamnopyranoside(12).

Treatmentof11(80mg)withO.1Msodiummethoxidewascarriedoutasfor6.

PurificationwascarriedoutbypreparativeTLCusingsilicagelplate,to

give12(35mg).[α]D-54.99(c1.033,methanol),RfO.20(benzene-acetone,

2:1).ProtonNMR(CD30D.60MHz):δ,7.32(5H,CH2φ),4.95(s,

1H),4.7-4.4(4H),3.8-3.4(7H),3.62(s,3H,OMe),1.30(d,3H,」7.OHz,

Rha-Me).IR(liquidfilm):c面1,3700-3100(s,0-H),3030-2800(m,C-H),

1450Cm),1390(w),1300-950(s,broad,C-O-C),910,880,840,800,750,700(W).
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