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Introduction

Long_rangecouplingconstantsoverfourbonds(41),whichareclosely

correlatedwithstereochemistry,providevaluableinformationonstructures,

conformationsandconfigurationsoforganiccompounds(1,2).Itisgenerally

knownthattheoccurrenceofintensive4/long-rangecouplingsinsaturated

cyclicsystemsrequiresabondingsystemofthecoupledprotonsintheplanar

W-arrangement(3,4),andindeedtheprotonsofa1,3-diequatorialorientation

inapyraroidcarbohydratewiththechairconformationhavebeenreportedto

show4ノ 。,,.Onthecontrary,therehavebeenseveralreportsdemonstrating

occurrenceof1,3-diaxiallong-rangecouplingsinhalogenocyclohexanones(5)

andcarbohydrates(6-8).Inapreviouspaper(9),theauthorhasreporteda

small4ノ,,,long-rangecouplingconstant(1.OHz)betweenH-2andH-4inmethyl

2-O-acetyl-4,6-O-benzylidene-a-D-Yibo-hexopyranosid-3-ulose(1).

Thiscommunicationdescribestheexistenceof4ノ 。,.long-rangecouplings1)and

therelativesignsofthelong-rangecouplingsusingaseriesofmethyl4,6-0-

benzylidene一 α一andβ 一D-hexopyranosid-2-and3-closederivatives(1-8)(Fig.1)

whichmayserveasgoodmodelsforp.m.r.studyonulosederivativesbyvirtue

oftheirconformationalrigidnessduetothetransfused4,6-0-benzylidene

acetalring.
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5R1=OMe,R2=R4=H,R3=OTs

6R1=R3=OMe,Rz=R4=H

7R1=R4=H,R2=OMe.R3=OAc

8R1=OMe,R2=R3=H,R4=C1

Structuralformular.

1)Asmilarstudyon41a,along-rangecouplingsofhexopyranosiduloses,butwithno

conformationaldiscussion,byCollinsetal.

ofthisstudy.
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(23)hasbeenreportedatthecompletion
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Discussion

Thep.m.r.spectraofcompounds1-6wereobtainedfromsolutioninchloro-

form-dandthedataobtainedfromfirst-orderanalysesofthespectraare

summarizedinTable1.Theseassignmentswerefurtherconfirmedby

Table1.Chemicalshifts(T)andcouplingconstants(Hz)ofmethyl

4,6-O-benzylidene-a-and/3-n-hexopyranosidulosederivatives

inCDC13at90MHz

Compounds

benzylic

H-1

H-2

H-3

H-4

0Me

OAc

CH3

J1,2

J,,a

J2,4

J3,4

J4,5

1

4.44(s)

4.81(d)

4.62(q)

5,20(q)

6.57(s)

7.80(s)

4.3

1,0

95

2

4.41(s)

4.67(d)

4.37(q)

6.53(s)

4.5

10

3

4.45(s)

5.38(d)

4.50(q)

5.63(q)

6.44(s)

7.82(s)

8.0

1.4

9.5

4

4,44(s)

5.42(d)

4.98(q)

5.71(q)

6.53(s)

7.59(s)

7.4

1,2

9.8

5

5.63(s)

5.40(d)

6.62(s)

7.77(s)

0

0

9.8

6

4.42(s)

5.62(s)

6.29(s)
6.39(s)

0

0

s=singlet;d=doublet;q=quartet.

decouplingexperimentsandatypicalexampleisshowninFig.2.Irradiation

oftheH-1signalcausesthequartetofH-2tocollapseintoanarrowdoublet.

IrradiationofH-2signalresultsincollapseoftheH-4quartettoalarge

spacingdoubletandtheH-1doublettoasharpsinglet.IrradiationoftheH-4

signalalsocausestheH-2quartettoadoublet.Theseresultsdistinctlyindicate

theexistenceofthe4/long-rangecouplingbetweenH-2andH-4.Thestable

conformationofmethy14,6-0-benzylidene-mandβ 一D-YZbO-hexopyranosid-3-ulose

derivatives(1-4),inwhichconformationalchangesareexpectedbyintroduction

ofacarbonylgrouptothepyranoidring,wasconcludedbyapplyingtheKarplas

equation(10)tothevicinalcouplingconstantsobtainedfromthespectra.Itis

generallyknown(11)thattheH-4,H-5,H-6,andff-6'signalsofbenzylidene

derivativesappearasanunresolvedcomplexband,makingtheirJ4,5coupling

constantsdifficulttoanalyse.However,itisofinteresttonotethatthesignal

ofH-40fcompounds1,3and40ccursatrelativelylow-field,andhencetheJ4,5

valuescouldbereadilymeasured.Sincethechairconformationisconsidered

tobereasonableinthebenzylideneacetalring,inwhichthelargephenyl

groupadoptstheequatorialorientation(11),itfollowsthatthepossiblecon-

formationforthepresent3-ulosederivatives(1-4)arethechair(C14),the

boats(B4'1)and(B5,2),andtheskewboat(S51)(11,12).Theproton-proton
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dihedralanglesofthepyranoid

intheaboveconformationsare

marizedinTable2.

Table2.Dihedralanglesbetween

substituentsonthe

n-glucopyranosidering

　

ring

sum一

Conformation

a

ψ1,2

R
φ4,5

サ

Chair

Boat

Boat

Skew

(C14)

(B4'1)

CB5,2)

(S51)

60°

60°

60°

71°

180°180°

60°180°

60°180°

49°169°

H騨2 H-'OM-5M-4

..i11

4.985.385.63

Fig.2Doubleresonandespectraofmethyl

2-O-acetyl-4,6-O-benzylidene-13-n-

yibo-hexopyranosid-3-ulosein

CDC13(T).

However,afavoredconformationforthea-D-3-ulosesis

samechairconformationasthatforthe,C3

atC-1ismorestableinaxialthaninequatorial

anomericeffect(13).Accordingly,theprotonsofH-2

1-4mustbeinaxialorientationsandtherefore

observedinthecompoundsareunequivocallythe1,3-diaxiallong-rangecouplings.

Ontheotherhand,no4ノ,,、10ng-rangecouplingsbetweenH-1andH-3were

observedformethyl3-O-acetyl-4,6-O-benzylidene-a-D-ayabino-hexopyranosid-

2-ulose(7)andmethy14,6-0-benzylidene-3-chloro-3-deoxy一 β一D-Yibo-hexopyrano-

sid-2-ulose(8).Itisnoteworthythatthiscompoundispreparedviaoxidation

ofmethy14,6-0-benzylidene-3-chloro-3-deoxy一 β 一D-allopyranoside(14)bydime・

thylsulfoxide-aceticanhydrideandduringtheoxidationtheaxialchloro-deoxy

Thecouplingconstants(ノ1,2=4.3-

4.5,ノ4,5=9.5Hz)fortheα 一D-3-uloses

land2exhibitthe1,2-g.auclae(φ==60。)

andthe4,5-transdiaxial(φ=180。)

orientationsoftheprotons,whereas

forthe,Q-D-3-uloses3and4,thevalues

of/1,2(7・4-8・OHz)and/4,5(9.5-9.8Hz)

indicatetheexistenceofthe1,2-≠70%s

Biaxialandthe4,5-transBiaxial

arrangementsoftheprotons,respec-

tively.Thesefactssupportthatthe

pyranoidringoftheβ 一D-3-uloses

existsinthechair(C14)conformation.

Forthea-D-3-uloses,onlyconformation

precludedbytheaboveobservations

istheskewboat(S51)conformation.

consideredtobethe

-D-3-uloses,sincethemethoxylgroup

orientationsbecauseofthe

andH-4incompounds

the4Jlong-rangecouplings
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groupremainsintactinspiteofitsadjacencytothecarbonylgroupatL-2.

Thiscompletelyeliminatesthepossibilitythattheepimerization(15)atasyln-

metriccentersadjacenttoacarbonylgroupcouldtakeplacethroughtransition-

statephasefollowedbyinterchangeofanadjacentaxialsubstitutedgroupto

thethermodynamicallymorefavoredequatorialone.Thisresultseemstoin-

dicatetheabsenceofthe1,3-diaxialinteractionconsequentuponanequatorial

orientationofthemethoxylgroupatC-1.

Theseresultsareanalogoustothoseobtainedwithhalogenocyclohexanone

andhalogenodecalone(5),inwhich4Jlong-rangecouplingsareobservedwhen

theprotonsofa,a'-typeexistinaxial-axialorientationsratherthaninaxial-

equatorialorientations.Thisfindingmaybeexplainedbyo-andrrcontributions

(3,5),i.e.,thistypeofthelong-rangecouplingisaccentuatedwhentheprotons

involvedareindiaxialorientationswhicharemostfavorableforthetransmission

ofspinstateinformationviaoverlappingofσ 一πorbita1.

Itwasdemonstrated(3)thattherelativesignsofnuclearspincoupling

constantsprovideinformationsonthespin-statesofanucleustoaneighboring

nucleus.Accordingly,thedeterminationoftherelativesignsmaybeuseful

forstudyingthetheoriesofmolecularelectronicstructure.Inordertodetermine

thesignsofthe4ノ,,,、long-rangecouplingconstantsofthe3-uloses,INDOR

(internucleardoubleresonance)techniques(16,17)wereapplied.

Thespectraofcompound3arepresentedinFig.3.FourdifferentINDUR

spectrawereobtained.EachoftheINDORspectracontainspositiveandnegative

peaksandthespacings∠1μ1,3anddv5,6,dvl,2,dv3,4,」 レ7,8and∠ レ9,10,and∠ 汐7,9

and∠Ug,10equalto/1,2and12,4,and12,3,respectively・Monitoringoflinel

causestheappearanceofthreepairsofnegative-positivepeaks(Spectrum1)

whereasmonitoringofline21eadstotheoccurrenceoftwopairsofpositive-

negativepeaksathigh-fieldwithrespecttothoseofspectrum1(Spectrum2).

TheseresultsindicatethatthespinsystemofH-2andH-4isanABsystem.

Therefore,therelativesigncouldnotbedeterminedunfortunately.

Thelong-rangecouplingbetweenH-1andH-3similartothoseobservedfor

the3-uloses14isexpectedformethyl4,6一 σbenzylidene一 β 一D-aYabi/20-heYOpy-

ranosid-2-ulosederivatives(5and6),sinceH-2andH-4inthe3-uloses1-4

andH-1andH-3inthe2-uloses5and6aresimilarlyarrangedinasystem

H‐C‐C‐C‐Honthechairconformation.Indeed,Collinsctal,(8)reported

iiU

411,310ng-rangecouplings(0・8Hz)inalkyl(isopropyl-or'67-buty1-)3,4-0-

isopropylidene一 α一レerythro-pentopyranosid-2-uloses・However,itwasfoundthat

compounds5and6showedno41。,,long-rangecouplingbetweenH-1andH-3.

Thisfindingisofinterestinrelationtotheirstereochelnistry,sinceitis

consideredthat4ノ 。,,、long-rangecouplingisobservedwhenthecoupledprotons

areinaxial-axialorientations.Onthebasisoftheabovearguments,apossible

conformationforthe2-uloses5anb6issuggestedtobeaslightlystrained
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Fig,31NDORspectraofmethyl2-O-acetyl-4,6-O-benzylidene-13-n-yibo-

hexopyransid-3-ulose(3jinCDC1;3(T).

chairconformation,inwhichH-1andH-3are,accordingly,slightlydistorted

fromthenormaldiaxialorientations.

Experimental

MeltingpointsweredeterminedonaYanagimotohotstagemicroscopeand

areuncorrected.OpticalrotationsweremeasuredwithaYanagimotoUR-20

polarimeterandIRspectrawererecordedwithaHitachiEPI-G3bythe

potassiumbromidediskmethod.P.m.r.spectraweremeasuredonaHitachi-

Perkin-Elmer90MHzspectrometerusingtetramethylsilaneasaninternal

referenceatthenormaloperatingtemperatureoftheinstrument.Thesolutions

usedwereeithersaturated,orcontainedca.30mgofcompoundinO.4ml

chloroform-dandchemicalshiftsweremeasuredatthe800-Hzsweep-width

andcouplingconstantsdirectlyobtainedfromthespectrarecordedatthe400-Hz

or200-Hzsweep-widths.INDURspectraweremeasuredonaVarianHA-100D

spectrometerwithaVarianWaveTekoscilator.

Thesugarderivativesinvestigatedinthisstudywereeitherpreparedby

standardproceduresintheliteratureorbythemethodstobepublishedelsewhere.
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Methyl2-O-acetyl-4,6-0-benzylidene一 α一D-YZO-hexopyranosid-3-ulose(1)was

preparedbythemetodofKondoandTakao(9).

Methy12-O-benzoyl-4,6-0-benzylidene一 α一Dイibo-hexopyranosid-3-ulose(2)had

m.p.214-216°C(lit.(18),m.p.211-213°C)andmethyl4,6-O-benzylidene-3-O-

methyl-R-D-arabino-hexopyranosid-2-ulose(6)hadm.p.171-173GC(lit.(19),

172C°).

Methyl2-0-acety1-4,・-benzylidelle一 β 一D-Yibo-hexopranosid-3-ulose(3)was

preparedbythemethodpreviouslyreported(20).

Preparationofmethy14,6-0-benzylidene-2-O-p-tolylsulfonyl一 β 一Dイibo-hexop-

yranosid-3-ulose(4)andmethy14,6-0-benzylidene-3-0一 かtolylsulfonyl一 β 一D-

arabino-hexopyranosid-2-ulose(5)willbedescribedelsewhere(21).

Methyl2-0一 ノgcetyl-4,6-O-benzy〃dene一 α一D一 α7α 房 〃o一 乃6κ0/)yranosid-2-ulose(2)・

Asolutionofmethyl3-O-acetyl-4,6-O-benzylidene-a-D-glucopyranoside(22)

(300mg)indimethylsulfoxide(15ml)andaceticanhydride(3ml)wasstirred

for4daysatroomtemperature.Thesolutionwaspouredintoachilledmixture

ofcllloruformandsaturatedsodiumbicarbonatesolution.Thechloroformlayer

waswashedwithwater,dried(NaySO4),andconcentratedtogiveawhite

residuewhich,onrecrystallizationfromethanol,gavethetitlecompound(273

mg),m.P.103-104。C,〔 α〕D14+36.00(C=0.6,CHCI3).Thei.r.deta:〃m。xl768(C=

0),1752cm-1(C=0,ester).Thep.m.r.data(inCDC13):τ4・23(1Hdoublet,H-3,

ノ3,4=11.OHz),(1Hsinglet,benzylicH),5.20(1Hsinglet,H-1),6.47(3Hsinglet,

OMe),7.80(3Hsinglet,OAc).

Anal.Calcd.forC16H18U7:C,59,62;H,5.63.Found:C,59.54;H,5.91.

Metyiyl4,6-O-Benzylidene-3-chloro-3-deoxy-,C3-v-ribo-hexopyranosid-2-close(8).

Asolutionofmethy14,6-0-benzylidene-3-chloro-3-deoxy一 β 一D-allopyranoside

(300mg)indrydirnethylsulfoxide(30ml)withaceticanhydride(2ml)was

stirredfor3daysatroomtemperature.Thesolutionwasdilutedwithchloro-

formandthenextractedwithchloroform.Theextractwaswashedwithaqueous

saturatedsodiumbicarbonatesolutionandwater,dried(Na2SO4),andevaporated.

Thecrystallineresiduewasrecrystallizedfromethanoltogivefineneedles

(226mg),m.P.219。C〔 α〕D29-118・0。(6=0・5,CHCI3)・Thei・r・data:vl,1。x1755(C

=0),796cm-1(C1).Thep.m・r・data(inCDCI3):74・44(1Hsinglet,benzylicH),

5.54(1Hsinglet,H-1),5.69(1Hdoublet,H-3,ノ3,4=4・OHz),6・35(3Hsinglet,OCH3).

ノ1πα1.Calcd.forC14H1505C1・H20:C,53.09;H,5.41;C1,11.19.Found:C,52.87

H,5.72;C1,11.16.

Summary

Diaxiallong-rangecouplingsoverfourbonds(4ノ,,。),whichareextremely

ratewithcarbohydrates,wereobservedinthesystemH‐C‐C-C-Hina

ii

O

seriesofmethyl4,6-O-benzylidene-a-and,Q-n-ribo-hexopyranosid-3-ulose
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derivatives.Theconformationofaseriesofthecompoundshasbeen

studiedfromthecouplingconstantsdirectlyobtainedfromfirst-order

analysesofthespectrabyp.m.r.spectroscopy.Determinationoftherelative

signsofthe41。,、long-rangecouplingconstantshasbeenattemptedby

meansofINDOR(internucleardoubleresonance)techniques.
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