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ABSTRACT

Thebromideoftheperacetateofthenon-reducing-enddisaccharideofphe-

nolicglycolipidIofMycobacteriumlepraewascoupledwithlaurylalcoholor

3-phenylpropanolinacetonitrileinthepresenceofmercurycyanide.Thepro-

ductwasthe1:1mixtureofα 一andβ 一1inkeddisaccharides.Thecoupling

ofthebromidewithstearylalcoholinnitromethane-toluenegavemainlya-

linkedstearyldisaccharide.Thecompletelossofthestereoselectivityin

acetonitrilewasthoughttobeduetothelackofneibouringgroupparticipation.

Theactivitiesofthesedisaccharidesandsomeothersyntheticdisaccharides

weretestedinELISAinhibitionassayanddirectELISA.Nocompound

testedinthisstudyshowedloweractivitythanfreedisaccharideinELISA

inhibitionassay.Amongthetesteddisaccharides,thecompoundswithlong

lipophilicchainaslaurylandstearyldisaccharidesshowedhighactivityin

bothELISAinhibitionassayallddirectELISA.Ontheotherhandthe

compoundswithshortchainshowedonlythesameleveloftheactivityasthatof

freedisaccharideinELISAinhibitionassay.Andthesecompoundsshowed

noactivityindirectELISA.Theseresultssuggestthatlonglipophilic

compoundslikelaurylorstearylalcoholshouldbechosenforthedevelopment

ofthesyntheticantigenconvenientfordirectELISA.
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1.INTRODUCTION

ThetrisaccharideO-(3,6-di-0-methyl一 β 一D-glucopyranosy1)一(1→4)-0-

(2,3-di-0-methyl一 α 一L-rhamnopyranosyl)一(1→2)-3-0-methyl一 α 一L-

rhamnopyranoseisthespecies-specificsegmentofphenolicglycolipidI(PGLI)

whichistheantigenveryspecifictoルlycobacteriumlaprae.1-:i'Thesyntheticstudy

ofthetrisaccharideandrelatedsaccharideshaverevealedthatnonreducingend

disaccharidehasthesameserologicalactivityasthetrisaccharide.3-7}Thisresult

showsthepossibilityofdevelopingnewmethodofserodiagnosisofleprosyinfec-

tionbyusingthissyntheticdisaccharide.WeusedELISAinhibitionassay

tomeasuretheactivitiesofthesynthesizedsaccharidesinthepreviousstudy.3)

But,thismethodisrathercomplicatedandisnotsuitablefortheuseincli-

nicalorpreventiveworksofleprosy.Inordertoovercomethis,thesynthesisof

thedisaccharidescarringthelinkerarmtoaccesstoproteincarrierhasbeen

reported.8'1:i)

Andalsotheserologicalactivityoftheprotein-disaccharideconjugatewhich

waspreparedbyreductiveaminationhasbeenreported.姻IDuringthecourseofthis

study,wehavefoundthatsomedisaccharideswithaglyconeattachedtomicroplate.

ThissuggeststhatdirectELISAispossibleifproperaglyconeisemployed.

Inthispaper,wedescribethesynthesisofsuchdisacchaiesandtheirserological

activitiesinELISAinhibitionassayanddirectELISA.

II.RESULTSANDDISCUSSION

A.Synthesis

Fig.1showsthesyntheticpathwaytothedisaccharideswithseveralkindsof

aglycone.ThedisaccharideO-(3,6-di-0-methyl一 β 一D-glucopyranosyl)一(1→

4)-2,3-di-O-methyl-a-L-rhamnose(1)wasacetylatedandbrominatedby

titaniumtetrabromide.'`"Bromide(2)wasunstableanditspreparationcontained

substantialamount(ca.30%)ofdegradedproduct.Butitwasusedforthe

nextreactionwithoutfurtherpurification.Laurylalcoholwasstirredwith2

inacetonitrileinthepresenceofmercurycyanide.Thereactionwasalmost

completeafter3hr.Laulyldisaccharidefractionwasseparatedbysilica

gelcolumnchromatographyfromthereactionproducts.T.L.C.ofthelauryl

disaccharidefractionwithsolventsystemofbenzene-acetone(41)showedonly

onespotandN.M.R.supportedthatthisfractionwasthedisaccharidewith

laurylgroupasanaglycone.Butthelauryldisaccharidefractionshowedrela-

tivelysmallspecificrotationvalue(Ca]p-20.6°)andalsoshowedtwospots

onT.L.Oafterdeacetylationwithsodiummethoxide.Therefore,theywere

sepeartedeachotherbyapreparativeT.L.C;.togive3and4inaratioof

about11.N.M.R.oflesspolarcpmpound,3,showedtwoanomericproton
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Fig.1.Synthesisofthedisaccharideshavingvariouskindsofaglycone.
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signalsat4.81ppm(J=OHz)and4.42ppm(doulet,J=8.3Hz)duetothe

α 一1inkedrhamnoseandβ 一linkedglucoseresidues
,respectively.Thelargenega-

tivespecificrotationvaluealsosupportedthestructureof4.

Compound2wasalsostirredwith3-phenylpropanolunderthesamecondition

forIauryialcoholtogivetheanomericmixtureof3-phenylpropyldisaccharide

asthecaseoflaurylalcohol.Theyweredeacetylatedandthenseparetdeach

otherbysilicagelcolumnchromatogaphytogivetheanomericmixtureofa-

linkeddisaccharide(5)andβ 一1inkeddisaccharide(6)inaratioofabout1:1,

whichweresupportedbyN.M.R.andspecificritationvalue.

Thecompletlossofthestereoselectivityandtheunstabilityofthebromide

wasthoughttobeduetothepresenceofC-2-OMegroupontherhamnoseresi-

due,becauseneibouringgroupassistanceisnotpresentin2-methylatedsaccha-

rides.Therefore,inordertoimprovetheselectivityandstability,nitro-

methane-toluenesystemwasemployed.'f"Stearylalcoholwasstirredwith2in

nitromethane-toluene(53)inthepresenceofmercurycyanidetogivemainly

a-linkedstearyldisaccharideincontrasttotheabovetwocases.Theyield

ofthedisaccharidederivativeswasalmostsameCca.25°o)asthoseoflauryl

disaccharideand3-phenylpropyldisaccharide.Deacetylationofthestearyl

disaccharidefractionundermildconditiongavepartiallydeacetylateddisaccharide

C7)andtherepeatedtreatmentof7withsodiummethoxidegavecompletely

deacetylatedstearyldisaccharide(8).Inordertodeterminethepositionof

O-acetylgroup,7wasmethylatedwithnitromethane-borontrifluorideandthen

hydrolyzedwithtrifluoroaceticacidandconvertedintoalditolacetates.They

wereanalyzedbyG.C.withacolumnofOV225andbyG.C.-M.S.witha

OV-1capillarycolumn.G.C.ofthealditolacetaetsgavetwopeakswithre-

lativeretentiontimeofRt=0.92(miz43,101,117,143,161,203)andRt

1.92(m/z45,129,161,189),showing8wasthedisaccharidewithO-acetyl

groupon2-C-OHofthe3,6-di-0-methylglucoseresidue.

B.Serology

Inordertotesttheeffectoftheaglyconetotheserologicalreactivityof

thedisaccharide,thesynthesizeddisaccharidesdiscussedinthispaperandse-

veralothersyntheticcompoundswhichhadnaturaldisaccharidepartsweretested

byELISAinhibitionassay.Namely,thedisaccharidewasincubatedwith

standardLLserum,andthentheremainingactivitywasmeasuredbystandard

ELISAprotocol.TheresultsofELISAinhibitionassayisgiveninFig.

2.Controlsugarslikerhamnose,maltoseorglucosedidnotshowaninhibition

activity.Freenaturaldisaccharide(1,ND)showedabout40%inhibitionover

thesamplesugarconcentrationof250nmole/ml,whilePGLIshowedveryhigh

inhibitionactivityofabout75°oinhibitionat25nmole/ml,whichwasthehighest

activityamongthetestedcompounds.Oneofthereasonesfortheloweractivi一
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Thetesteddisaccharidesweredividedintotwogroupsaccordingtothedegree

oftheinhibitionactivity.Oneisthegroupwhichshowedalmostsameactivl-

tyasND.Thisgroupincludedbnzyldisaccharide(9,α 一ND-Bn),1ひ

(methoxycarbonylethyl)phenyldisaccharide(10,a‐ND‐P)and3-phenylpropyl

disacchaccharides(5,α 一ND-PRand6,β 一ND-PR),whichallhad

aglyconeswithrelativelyshortcarbon-chains.Theotheristhegroupwhich

showedmuchhigherinhibitionactivitiesthanthatofND.Thisgroupincluded

lauryldisaccharides(3,α 一ND-Land4,β 一ND-L),stearyldisaccharide

(8,a‐ND‐S)andpartially-acetylatedstearyldisaccharide(7a‐ND‐

S‐2'‐OAc),whichallhadtheaglyconeswithlongcarbon-chains.Thefact

thatnodisaccharidetestedinthisexperimentshowedloweractivitythanND

suggestedthatwecanuseanyaglyconewithoutthelossoftheactivity,which

isveryimportantforthedevelopmentofthebestcompoundforthepracticaluse.

However,thefactthatα 一ND-Landβ 一ND-Lhadhigheractivitythan

thata‐ND--Ssuggestedthatthelengthofthechainoftheaglyconewasnot

onlyonefactor.

Itwasfoundthatα 一andβ 一anomershowedalmostsameactivityinallcom-

pounds.Thisshowedthattheaglyconeattachedtothenaturaldisaccharidedid

notdecreasetheinhibitionactivityofthenaturaldisaccharide.Theseresults

agreewiththefactthatnaturaltrisaccharide,itsepimerinrhamnose-rhamnose

linkageandNDshowedthesameactivityinELISAinhibitivnassay.1零)

TableI.TheresultsofdirectELISA
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Inordertoseetheactivitiesofthesynthesizeddisaccharidesindirect

ELISA,ELISAplatewascoatedwithsyntheticdisaccharideandthese-

rologicalactivitywasmeasuredbystandardELISAprotocol.Theresults

giveninTableIshowedthatND,α 一ND-PRandβ 一ND-PRdidnot

showtheactivity.a-ND-Bn,a-ND-P,a-ND-Sanda-ND-S-

2'‐OAcshowedtheactivitiesbuttheirlevelswerelow,whilePGLIwas

highlyactive.a-ND-Lshowedrelativelyhighactivity ,butβ 一ND-Lhad

onlylowactivityincontrasttotheresultsofELISAinhibitionassay .This

meansthatthedifferenceofthereactivitiesofthesyntheticdisaccharideto

antibodyindirectELISAisnotduetotheanomericconfigurationinfreeso-

lutionbutisduetohowcloselytheanibodycanbepresenttothesaccharideat-

tackedtotheplate.Asthedisaccharideisthoughttoattachtotheplateat

theaglyconepartsanda‐ND‐Lhasanangledform,thepossibilitythatthe

sugarpartofthedisaccharideispresentinapartfromthesurfaceoftheplate

ishigherinα 一ND-Lthaninβ 一ND-L.Thisisprobablyoneofthereasone

whytheα 一ND-Lwasmoreactivethanβ 一ND-LindirectELISA.acety-

lateddisaccharides(11,a‐ND‐P‐2'‐OAcand12
,a‐ND‐P‐4'‐OAc)

showedrelativelyhighactivitiesindirectELISA,suggestingthepossibility

todevelopmereserologicallyactivedisaccharidethanNDbyintroducingproper

groupstothefreehydroxygroupsonthesugarresidues.

IQ.EXPERIMENTAL

OpticalrotationsweremeasuredwithaHoribaSEPA200polarimeter,using

10-cmmicrotube(2ml).T.L.C.wasconductedonplatesofMercksilicagel60

F-254(0.25mm);compoundsweredetectedbycharringwith10%sulfuricacid.

1.R.spectrawererecordedwithaHitachi210infraredspectrometer.IH-N.M.R.

spectrawererecordedwithHitachiR24Bnuclearmagneticreasonancespec-

trometer.G.C.-M.S.wasconductedwithHitachiM70massspectrometerwitha

OV-1capillarycolumn(25m).

0-(2,4-Dム0-acet二yl-3,6-dか0-methyl一 β 一D-glucopツransyl)一(1→4)-2,3-

di-O-methyl-a-L-rhamnopyranosylbromide(2).一 一 一Compound1(330mg)was

acetylatedandbrominatedwithtitaniumtetrabromidebythemethodofPaulsen,15'

togive502mgofbromide2.Thispreparationcontainedabout30°oofdeg-

radationproduct,maybe1-OHdisaccharide,RfO.58(benzene-acetone,41).

N.M.R.(CDC13,60MHz)δ:6.50(s,H-1).

LaurylO-(2,4-(li-O-acetyl-3,6-(距 一〇-meth二yl一 β 一D-glucopyranosyl)一(-Z→

4)-2,3-di-O-methyl-a-an(ノ β 一L-rhamnopッranoside(3and4).一 一 。Compound

2(125mg)andlaurylalcohol(35mg)werestirredinlmlofacetonitrileatroom

temperatureovernigtinthepresenceofmercurycyanide(35mg).Thereactionmix一
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turewasproccessedaspreviouslyreportedandthenevaporated.Theresiduewas

chargedonasilicagelcolumninbenzene.Thefactionselutedby2°ot-butanol

inbenzenewerecollected,giving31.5mgoftheacetylatedlauryldisaccharide

fracti・n,whichwasan・mericmixture,[α]20D-20.6.(cO.28,chl・r・f・rm),RfO・51

(benzene-acetone,21).

Thelauryldisaccharidefraction(31.5mg)wasdissolvedin3mlofdrymetha-

nol.Sodiummethoxide(1.3M,0.3ml)wasaddedandthemixturewasboiledfor

lmin,thenstoodfor30minatroomtemperature.Themixturewasneutralized

withAmberliteIR-120(H})andevaporate.Densitometryoftheresidualsyrup

onT.LC.plateshowedtwospots(α 一andβ 一anomers)inaratioofabout1:1.

TheywereseparatedbypreparativeT.L.C.,togive3C5.13mg)and4(8.88

20
mg).For3「 α]D-46.20(cO.17,chloroform),RfO.52(benzene-acetone,2:1).

1.R.Lmax(liquidfilm)cm-':3700‐3200(s,OH),2950,2860(vs,C-H),1460,

1445,1380,1370,1285(m),1120,1070(vs,broad,C-O-C).N.M.R.(CDC13,

60MHz)δ:4.81(s,1H,H-1),4.42(d,1H,」1,
,2,8.3Hz,H-1'),4.0-

3.0(14H),3.68,3.47,3.46,3.40(4s,12H,OMeX4),1.8‐1.1(23H,methy-

leneoflaurylgroupandRha-Me),0.95(m,3H,Meoflaurylgroup).For4

a]D9.9°(cO.28,chloroform),RfO.45(benzene-acetone,1.R.Amax(liquid

film)cm-':3700‐3200(s,OH),2950,2860(vs,C-H),1445,1460,1370,1310,

1290(m),1120,1070(vs,broad,C-0-C),980,770(m).N.M.R.(CDCI3,

60MHz)δ:4.43(d,1H,」1,
,2,8.3Hz,H-1'),4.38(s,1H,H-1),4.0-3.0

04H),3.70,3.66,3.50,3.40(4s,12H,OMeX4),1.8‐1.1(23H,methy-

leneoflaurylgroupandRha-Me),0.95(m,3H,Meoflaurylgroup).

3-Phe耽 ソ1propylO-(3,6-(∫`-0-m(ethyl一 β 一D-glucopyranosyl)一(1→4)-2,3-

di-O-methyl一 α 一an(1β 一L-rhamnopyranosi{メe(5α η,(16).一 一 一Compound2(125

mg)and3-phenylpropanol(26mg)werecoupledandprocessedasfor3and4,

togive26.5mgofthe3-phenylpropyldisaccharidefraction(anomericmixture),

〔α]zo_23D.20(c1.47,ch1・r・f・rm),R」0.44(benzene-acet・ne,4:1)l

The3-phenylpropyldisaccharidefraction(49mg)wasdeacetylatedandseparated 20
bypreparativeT.LC.,togive5(10.2mg)and6(12・3mg)・For5:[α]D

--39
.8°(cO.37,chloroform),RjO.39(benzene-acetone,21).1.R.Amax

(1iquidfilm)cm-':3600‐3100(s,OH),1440(m),1110,1060(vs,broad,C-

0-C),700(w).N.M.R.(CDC13,60MHz)δ:7.27(s,5H,ph),4・45

(d,1H,Ji'
,z,8.2Hz,H-1'),3.9-3.0(14H),3.70,3.50,3.50,3.41(4s,

12H,OMeX4),2,9‐2.5(m,2H,ph-CHZ-CH2-),2.1‐1.6(m,2H,ph-
20

CH2-CH2-),1.35(d,3H,」5
,66Hz,Rha-Me).For6:[α]D3.460(c

O.60,chloroform),RfO.33(benzene-acetone,21).1.R.ymaX(liquidfilm)

cm':3600‐3100(s,OH),1440(m),1110,1060(vs,C-O-C),980,700(m).

N.M.R.(CDC13,60MHz)δ:7.24(s,5H,ph),4.45(d,1H,」1,
,2,8.3

Hz,H-1'),4.43(s,1H,H-1),3.9-3.0(14H),3.70,3.65,3.49,3.40

(4s,12H,OMeX4),3.0‐2.5(m,2H,ph-CHI-),2.2‐1.7(m,2H,ph一
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CHaCH2),1.40(d,3H,J6Hz,Rha-Me).

S'tearylO-(2-0-acetyl-3,6-di--0-me`ん ツZ一 β 一D-glucop二yranosyl)一(.Z→ ・4)-

2,3-di-4-meth二yz一 α 一L-rん αm,nop二yranoside(7)an(1stearylO-(3,6-di-(>m(多

thyl一 β 一D-gZαcoP=ソranosyl)一(1→4)-2,3。(1♂-Q-methニ ソ1一 α 一L-rん α7ηπoP=ソranosi(1ε

(8).一 一 一compound2(125mg)andstearylalcohol(42mg)werestirredat

35Cfor3hrinnitromethane-toluene(53)inthepresenceofmercury

cyanide,andproccessedasusual.Theproductwaspurifiedbysilicagelcolumn

20

chromatographytogivestearyldisaccharidefraction:[a)D-20.8°(c1.21,

chloroform),RfO.56(benzene-acetone,41).

Thestearydisaccharidefraction(39mg)wasdeacetylatedwithsodiummethoxide

20

(0.01M)andpurifiedbypreparativeT.L.C.,togive7(27.5mg),[a] D
‐34
.5°(cO.43,chloroform),RfO.62(benzene-acetone,21).1.R.Lmax

(liquidfilm)cm-1:3700‐3100(s,OH),3050‐2800(vs,CH),1750(vs,C=O),

1460,1450(s),1370(s),1230(s,O-C=O),1170‐1000(vs,broad,C-O-C).

N.M.R.(CDCI3,60MHz)δ=4.80(s,1H,H-1),4.77(d,1H,」1, ,2,

7.8Hz,H-1'),3.7‐3.3(13H),3.51,3.46,3.41,3.38(4s,12H,4XOMe),

2.09(s,3H,2'-OAc),1.26(35H,methyleneofstearylgroupandRha-Me),

0.95(m,3H,Meofsteearylgroup).

Compound2(20mg)wasdeacetylatedagainwithsodiummethoxide(0.1M)and 20
purifedbypreparativeT.L.C.,togive8(9.8mg),Ca)D‐39.6°(cO.34,

chloroform),RfO.33(benzene-acetone,21).1.R.ymaX.(liquidfilm)cm-'

3700‐3100(s,OH),1110,1070(s,broad,C-O-C).N.M.R.(CDC13,

60MHz)δ:4.80(s,1H,H-1),4.41(d,1H,J1, ,2,7.5Hz,H-1'),

3.8‐3.0(14H),3.68,3.48,3.48,3.39(4s,12H,OMeX4),1.25(35H,

methyleneofstearylgroupandRha-Me),0.90(m,Meofstearylgroup).

ELISAinhibitionassay.一 一 一Disaccharidederivativedissolvedinethanol

wasaddedtotheserum(50μ1,1000timesdilutedwith20%fetalcalfserum-

phosphatebufferedsaline)ofactiveLLpatient(standardserum)tothefinal

concentrationsof100,2500r500nmole/ml.Itwasincubatedat37Cfor3

hrandthenremainingactivitywasmeasuredbystandardELISAprotocolre-

portedpreviously."

DirectELISA.一 一 一Amethanolsolutionofthesyntheticdisaccharide

(5ug/well)wasaddedtothewellsofpolystylenemicroplate(lmmunoPlate

II,Nunk,Kamstrup,Denmark),andthesolventwasevaporatedbyheatingat

60C.Thedriedwellswereblockedandtheactivitiesofthedisaccharideswere

measuredbystandardELISAprotocolreportedpreviously."
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