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Abstraet  

ThenucIeus exc】1a喝emet】10dwason如auydevelopedforproducingphenoIsかom昆鮮血．Tllis  

methodisacombinationofalkylationanddealkylationinthepresenceofborontr払10rideandphenol．This  

methodin血des three reaction steps，Which proceed simultaneouslyln the slngIe reaction system  

COntaining phenoland boron trinuoride：鮎st，the formation ofdiphenylmethane type structures by  

Pheno如on ofthe side chains；SeCOnd，the exchange oflignin phenylnucleifor phenol；氏nauy，the  

demethylationofmethoxylgroups．Thatis，hlthisprocess，Cα・arylcarbon－Carbonlinkagesinphenylpro－  

paneunitsareselectivelyandquantitativelycleaved，releaslngPhenylnucleitypi鮎dbygtla】aCOl虹om  

guaiacy王（so托wood）lignins．The guajacoIsubsequentlyis partiallydemethy如ed tocatechol．In the  

presentpaperパheapphcationofnucleusexchangetecl血quetolignhstructuralanalysISisdiscussedin  

detail，払nowingthetheory，meChanism，andprocedureofnucleusexchangemethod，  

Keywords：Ligninstructuralanalysis，Nucleusexchange，Nitrobenzcneoxidation，Lig血1mOdi鮎a－  

tion，Diphenylmethane  

Introduction  

Achemicalmethodtodegradelignininamediumconsistingofborontri鮎orideandexcessphenoIwas  

Ori如a艮ydevelopedforproducingphenoIsfromligninandiignin一此ematerials（FuNAOKAetal．1978a，b，1980a，b，  

1982a，b，C，d，e，f，g，ABEandFuNAOKA1987）．Thismethodisacombinationofalkylationanddealkylation  

reactions・In this reaction，C。－arylcarbon－Carbonlinkagesin phenylpropane units are selectively and  

quantitativelycleaved，releasingphenylnucleitypi鮎dbyguaiacol（1）（seeFig．1forstructuresofcompounds）  

＆omguaiacyl（softwood）u鮮血s．TheguaiacoIsubsequentlyispartiauydemethyIatedtocatechol（2）．Thekey  

Stephlthesereactionswastermednucleusexchange（NE）bytheorginalauthors．   

Phenylnucleiinligninsmaybeclassi鮎dintonon－COndensed，diphenyhnethane（DPM）type，andcondensed  

nuclei，aSShowninFig，2．NonLCOndensednucleiincludenon－COndensedtype（Ga）andnon－COndensedtype  

（Ga′）inDPM－typeunitsforguaiacylugnhsandSaandSa′typesforsyringylugnins．DPM－typeunitsinclude  

non－COndensed（Ga′）andcondensed（Gb′）typesforguaiacy＝igninsandSa′andSb′forsyringylhglins．  

CondensednucleiincludeDPM－typeCOndensed（Gb′）andothertypecondensed（Gb）nucleiforguaiacy11ignins  

andSb′andSbforsyringylugnins・ItshouldbekeptinmhdthatthereisessentiauynoDPMmoietyinintact  

＊Thispaperwaspresentedinthepresymposiumworkshopon“ModernMethodsofAnalysISOfWood，AnmlalPlants，and   
BleachE用uents”tothe5th王ntemationalSymposiumonWoodandPu】pb鳩Chemistry，inMyrtleBeach，SouthCarolirla，   
U．S．AりMay，1989，   

AcceptedJuly31，1990   
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Fig．1．MainpolyhydricphenoIsgeneratedfromligninsinthenucIeusexchangemethod・  

■ NON CONDENSED  

●DPM TYPE  

■ CONDENSED  

R：H or Alkyl  

Fig．2．Typesoflig】ⅥnPhenylnucは・  

proto物血s．Consequently，forsoftwoodprotoligmns，thephenylnucleiareoftypesGaandGb－ For  

hardwoodprotoligrnns，thephenylnucleiincludeGa，Gb，Sa，andSb・However・thefrequencyofSbunitsin  

hardwoodprotoligninsisneg最gible・   
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Fig．3．Ligninstructuralunits詳Vlngrisetomonomeric  
PrOducts（NEP）byNEmethod．   

TheNEmethodquantitativelyconvertsthenon－COndensed（Ga）andDPMNtype（Ga′，Gb′）guaiacy＝1uClei  

havingsidecha払structuresofa，b，C，d，ande（Fig．3）intoguaiacolandcatechol．Quantitativeyieldsof  

pyrogal王0ト1，3rdimethylether，pyrOga艮01－1Nmethylether，andpyrogauolareobtainedfromnon岬COndensed（Sa）  

andt）PMqtype（Sa′，Sb’）syringylnuclei．  

SincethequantityofDPM－typetlnitsinprotoligninsisnegugible，thesumofguaiacolandcatechol（mol％）  

thusrepresentsthequantityofnon－COndensedphenyInucleiinsoftwoodprotohgnins．Inadditiontoguaiacol  

andcatechoI，PyrOgalloト1，3－dimethylether（3），pyrOgailoト1－methylether（4），andpyrogallol（5）（Fig，1）canbe  

brmedh’Omthereleaseofsyrmgylnucleifromhardwoodligninsandsubsequentdemethylationofthesenuclei．  

Thus，thesurnof（1）and（2）andthesumof（3），（4），and（5）representthequantitiesofnon－COndensedphenyl  

nucleiinguaiacylandgyringylunitsofhardwoodproto物血s，reSpeCtively．Consequently，unhketheother  

lignindegradationreactions，theNEreactionprovidesaquickandconvenientmeanstodetem血equantitatively  

theextentofcondensationofphenylnucleiinintactprotolignlnS・Furthermore，byapplyingtheNEreactionto  

intacthardwoodHgnins，trueSyringyl／guaiacyl（S／G）ratioscanbeobtainedfortheseii如ns．Sofar，tl扇sisthe  

Onlytechniquebywl血htrueS／Gratiosofhardwoodprotougninscanbeobtainedwithasinglechemicalreaction．   

AcombinationoftheNEmethodandnitrobenzeneoxidationcanbeusedtoanalyzethestructuralchangesin  

hgninphenylnucleiduringvariousmodi員cationprocesses（FuNAOKAetaL1983a，b，C，1984，1987b，1988，1989a，  

b，C，1990a，b，C，C王1王ANGandFuNAOlくA1988，1990a，b，CHIANGetal．1988，1989a，b）．Thispaperwilidescribe  

theuseoftheNEmethodtoanalyzetheproportionofcondensedandnon－COndensedphenylnucleiinprotohgnins  
敵standthenitsapplicationtostructuralanalysisofmodi鮎diignins．  

Reaction Me（三hanism   

IntheNEreaction，ugninisdegradedbyborontri軋10rideinthepresenceofexcessphenol．Thekeystep   
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inthereactionisthedealkylationofDPM－typeStruCturalunitsformedduringthereactionasaresultof  
phenolationatthesidechainCa・pOSitionsofphenylpropaneunits・Tobringthisreactionmechanismintoclear  

focus，itisappropriatetodiscussthealkylationanddealkylationofsimplearomaticcompounds・   

Underacidicconditions，thea敗ylationanddealkylationofaromaticcompoundsarereversiblereactions  

involvingseveralstepsforming7r－andoICOmPlexes・However，dealkylationproceedsonlyundermoredrastic  
conditionsascomparedtoau（ylation・Nevertheless，thisisnotalwaysthecase・Forexample・ifthearomatic  

compoundisoftheDPM－type，thedealkylationmayproceedundermildconditionssincethecationsformedare  

resonancestab揖zed（Fig．4〉．ThisstatementissupportedbythefactthatDPMderivativesmaybedegraded  

evenatroomtemperaturebyaluminumchioridetoyieldbenzene，alkylberLZeneandalkyldiphenylmethane  
togetherwithsomeresinoussubstances（TsuGEandTASHIRO1962，1965）・   

Basedon血emechanismshowninFig．4，itisalsoclearthatthecationsformedafterdealkylationmay  
recombinedwithreieasedphenylnucleiaswellaswiththestartingDPMcompoundstoformresin－1ikepolymerS  
（RADZIEWANOWSK11894，ODAandOGATA1941，TsuGEandTASHIRO1962，1965）・However，iftothereaction  

systemshowninFig・4，anOtheraromaticcompoundisaddedinexcess・thenewlyformedcationsw㍊1preferably  

reactwiththisaromaticcompound（Fig．5），Consequently，thedealkylatedphenylnuclei（e・g・COmpOundIin  

Fig．5）remainasmonomerunitsinthereactionsystem・Thereactionschemeinthis氏gureiuustratesthebasic  
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Fig．4．Dealkylationofthephenylnucleiindiphenylmethanetypestructures・  
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 Fig．5．Dealkylationo川－ephenylnucleiinthepresence  
ofexcessaromaticcompound（Ⅰ‡）．  
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Fig．6．Formationofcatecholh・OmSOftwoodligAnbyNEmethod・   
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pnncipleoftheNEreaction．   

IntheNEreactionsystem，艮gninphenylnucleiarecovertedintopolyhydricphenoIs，SuChascatecholfrom  

guaiacylnucleiandpyrogallolfromsyringylnucleiaccordingtothethreereactionstepsshowninFig．6．The  

StepAisthephenolationofphenylpropanesidechainstoformDPM－typeStruCturalunits，thestepBisthe  

exchangeofthephenylnucleiin最如nforphenol，andthestepCisthedemethylationofmethoxylgroups．The  

quantitativecharacterofthesereactionsisdescribedbelow．  

且如椚涼感抑  

Thereactionof艮gninwithphenolunderacidicconditionshasbeendemonstratedtooccurpredominantlyat  

theCα－pOSitionofthephenylpropanesidechain（IsH王餌WA1958，KRA17Leもal．1962，TAletal．1968，FuNAO払et  

al．1977）一 However，thephenolationreactionproceedsrapidlyunderevenmi1derconditionsifborontri軋10ride  

is usedas a catalyst．Usinga series ofmonomeric gualaCyland syrmgyliigninmodelcompounds having  

hydroxyl，Carboxyl，Carbonyl，ethylenic，andether免1nCtionaiitiesattheC。－pOSitionofthesidechain，itwas  

demonstratedthatahostauofthemodelcompoundswerequantitativelyphenolatedattheCα－pOSitionusing  

borontri鍋uorideastheacidafteralO－minutereactionat400c（FuNAOKAetal．1980a）．Moreover，athigher  

temperatures，a董1themodelcompoundslistedabovewerequantitativelyphenolatedattheC。一POSitiontoo鮎r  

DPM－tyPeStruCtureS．Furthemore，quantitativephenolationoccurredwithbothphenoほcandnon－phenoiic  

modelcompounds（FuNAOKA et al．1980a，FuNAOKA1984）．Con魚rmation of this quantitative phenolation  

reactionwasdemonstratedbytitratingthewaterformedduringthereactionwithphenoluslngaKarトFischer  

Watertitrator（FuNAOKA et al．198Oa）．Forinstance，forevery mole ofphenolreacted with the benzy艮c  

hydroxylgrouph4－hydroxy－3－methoxybenzylalcohoI，OnemOleofwaterwasreleased．  

〃〝Cgg鵬αCあα，聯  

TheformationofDPM－typemOietiesinIigninthroughphenolationattheCα－pOSitionsofthepehnylpropane  

SidechainsisakeystepforfaciiitatingthereleaseofphenylnucleisuchasgualaCOl，intheNEreaction．Aswas  

Statedpreviously，the dea旦kylationofDPMderivativesis facilitatedbecause oftheformationofresonance  

Stab辻izedintemediatecarboniumions．Simiiarly，uSingtheligninmodelcompoundsmentionedpreviously，it  

has shown that after the formation of DPM type moieties，guaiacoIwasliberated quantitatively h・Om  

non－COndensedguaiacyl1110dels，andpyrogauol－1，3－dinlethyIetherfromnon－COndensedsyringylrnodelsunder  

mildconditions（40to60℃）（FuNAOKAetal．1980a，b，1982e，1987a，FuNAOKA1984）．Thesitesなomwbich  

gualaCOIorpyrogalloト1，3－dimethyletherwasreleasedwereattackedimmediatelybythephenol，thusinsunng  

thattheiiberatedgualaCOlorpyrogalloト1，3－dimethyletherwaspreservedinmonomericform．  

Theuberationofphenylnucleiisasecond－Orderreaction（FuNAOKAetal．1980a，b，FuNAOl仏1984）．The  

reactionrateincreasesinthepresenceofagroupc叩ableofstabnizingtheintermediatecarboniumionsafterthe  

liberationofthephenylnuclei．Therateisdecreasedbyetheri鮎ationofthephenolichydroxylgroup．This  

indicatesthatthephenoHchydroxylgroupcontributestoanincreaseintheelectrondensityofthearomaticring，  

thusfacihtatingthecoordinationofborontri鮎10ridetothearomaticrlng．Becausethecoordinationofboron  

tritIuoddetothephenolichydroxylgroupbymethoxylgroupsinsynngylnucleiisl血dered，therateatwhich  

l）yrOgallol－1．3－dimethyletheris】iberatedis slowerthan thatforthereleaseofguaiacolh10Illguaiacylunits．  

Therefore，tOOVerCOmetheseobstaclesforobtainingquantitativeyieldsofguaiacolorpyrogalloト1，3rdimethyl  

ether，theNEreactionshouldbecarriedoutatelevatedtemperaturessuchaslOOOcandabove．Atthese   
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temperatures，partialdemethylationofguaiacoltocatecholandofpyroganoト1，3－dimethylethertopyroga邑0トト  

methyletberoccurs．  

伽棚卸加加  

Un故etbeとWOpreViou＄reaCti∞Sとep＄（A＆BiれFjg．6），deme血yja血nproceedssjowユyint鹿NEreaction  

SequenCe・ThisdemethylationisasecondMOrderreactionandbecomessigniBcantonlyattemperaturesabove  

lOOOc（FuNÅOKAetal．1978b）．Whenu＄ingguaiacolasamodelcompoundtostudydemethylationintheNE  

method，it was fbund thatextensive demethylation occurredinthe temperature range of160to1800c．  

However，atanytimeandtemperatureinvestigated，thesumofguaiacolandcatechoIconcentrationswasalways  

equlValenttothestar血gconcentrationofgualaCOI・ThisindicatedthatgualaCOlandcatechoIwerecompletely  

＄tableintheNEreactionsystem．  

rrilh］cllRateconstantsand；）Cti、Ⅵtionenergiesfol■thedcnlethylationoftheIllethox）Tlgroupinthc  

】luC）cuscxch；lngerCaCtion  

Rateconstantat1300c mole・mOle仙1・mh】1  （）  Activner幻′  

町→ J恥 8．58×10叫2  
0H  

oH  2．33×10－2  

8．52×10伽3  

Pyrogailoト1，3－dimethylether（3inFig．1）isdemethylatedtopyrogauol左methylether（4）whichintumis  

demethyJatedtop）TrOgaJJol（5）bytheNEtrea亡ment．Thera亡esfordenlethlTJating3［04and4to5werefound  

tobegreaterthantheratefbrdemethylatingguaiacol（1）tocatechol（2），aSShowninTablel（FuNAOKAeta1  

1982e）．Thisobservationwasexplahedmechanisticauyindetailinpreviouspublications（FuNÅOKAetal．1982e，  

FuNAOKA1984）．Aswasdemonstrated，thedemethylationofsyringylnucleioccurredinthetemperaturerange  

of90to140℃．However，0nlyattemperaturesIowerthanllOOcwasthesumof3，4，and5equivalenttothe  

Startingconcentrationof3．AttemperatureshigherthanllOOc，SeCOndarymodi鮎ationofpyrogallol（5）  

OCCurred，lowerringthecombineyieldof3，4，and5（FuNAOKAetal．1982e，FuNAOKA1984）．Consequently，  

Whendeaiingwithsyringy‖ignins，alowtemperatureshouldbeusedtoobtainretiabまeqtzantitativeinfomlation．  

朗柳職椚両脚加肌加融肌机ぬ狛娩勉め離山如凡射ね劫酬  

The above discussion demonstrates that邑gnin structuralunits，SuCh as non－COndensed guaiacyland  

noり－COndensedsyringylnucleihavinghydroxyl，Carboxyl，Carbonyl，doublebond，andether魚1nCtionalitiesatthe  

Ca－pOSitionofthesidechah，glVequantitativeyieldsofcatecholderivativesかomgualaCylnucleiandpyroganol  

derivatives魚・omSyringylnucleiintheNEreactiorL Theetherhkagesinthepredoninantstructuralβ－aryl  

etherunitsofiigninareeasilycieavedbytheNEreagen仁Sunderm封dcorlditions．ThiswasdemoTIStratedbythe  

rapiduberationofguaiacolat400c fromβ－arylethermodelcompounds，SuChas（リー（2－methoxyphenoxy）－   
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acetoveratroneandtL・－（2－methoxyphenoxy）apocynolmethylether（FuNAOl仏etal，1980a，FuNAOl兢1984）．At  

thistemperature（4OOc），demethylationdoesnotoccur．CorlSequently，thefbmationofguaiacolisdueentirely  

tothecleaveof伊aryletherlinkagereleasingtheguaiacolmoietyfromthesemodelcompounds．Cleavageof  

theβ・aryletherlinl（ageWaSfoundtobeasecondNOrderreactioninwhichtheratedeterminingstepwas  

phenolationattheCa－pOSition・王notherwords，therateatwhichP－aryletherlinkagesarecleavedisin触enced  

bythereactivityofCa－functionalgroupsonthesidechaintowardsphenolation・Afterphenolation，Cleavageof  

theβ－aryletherlinkageandtheNEreactionoccursimultaneously（FuNAOKAetal．1980a，FuNAOKA1984）．   

α－Arylether最nkagesin貼gninstructuralunitsarealsoe琉cientlycleavedintheNEreactionsystem．Thus，  

guaiacolisreleasedquarltitatively＆omdehydrodii＄OeugenOl（FuNAOKAetal．1980a）．   

The5N5肋kageinbiphenylunitsis stableintheNEreactionsystem，Whilethehydroxylgroupsin  

2，2’－dihydroxydiphenylaredehydratedfomigafuranring（FuNAOKAetai．1982b）．  

Procedure of NE Method 

5α，ゆgg♪㌢ゆα相加乃   

Air－driedwoodsampleisgroundsuccessivelyinaW罠eymiuandavibrationalmiutopassan80mesh  

SCreen・Thewoodmealisextractedcontinuouslywithbenzene－ethanol（2：1byvolume）inaSoxhletextractor  

for48hourstoremovetheextractives・Theextractedsampleis鮎stair－driedandthendriedoverP205under  

VaCuumforatleastoneweektocompletelyremovemoisture・Amoisture一正eesampleisrequiredfortheNE  

reaction，Sinceborontri伽oridew罠bedeactivatedtosomeextentbymoistureofthesample．   

InordertoobtainquantitativeyieldsoftheNEproducts，thepartidesizeofwoodmealmustbesmau  

enoughtopassa80meshscreen（FuNAOKAetal．1985）．  

タ，喀α和ぬ乃げ柁吻ガタ   

Thereagentusedinthemethodisamixtureofphenol，boront戯uoride－phenoIcomplex，andxylene．  

Xyleneisusedasaninertreactionmedium．Thestandardcompositionofthemixture（byvolume）isiisted  

below．  

Phenoi（reagentgrade）  19parts  

Xylene（reagentgrade）  10parts  

Borontrinuoride－phenoIcomplex  4parts   

ThiscompositionisusedfortheanalysISOfwoodprotoligninsorpulp鮎gnins・Forisolatedu鮮血s，SuChas  

minedwoodlignlnandkraftblackliquorugnin，threepartsofboront戯uoride－PhenoIcomplexareusedwiththe  

amountsofphenolandxyleneshownabove．   

Priortomixingthesethreereagents，thexyleneisdriedoveranhydroussodiumsuぬte・Thephenolis  

uqu漬edat40to500cjustbefore血g．AilgIasswaresshouldbemoisture－h・ee，andthepreparationofthe  

mixtureshouldbedoneasquicklyaspossible，Thestepsinvolvedaredescribedbeiow．   

Therequiredvolumeofdryxyleneismeasuredintoagraduatedcy肋derandaportionistransferredtoa  

reagentbottle・AIsomeasuredoutinacylinderandquicklytransferredtothesamereagentbottlearethe  

appropriateamountsofiiqui鮎dphenolandtheboront戯uoride－PhenoIcomplex．Aftereachoftheadditions，  

thecylinderiswashedwellwiththeremalnl咽POrtionofthexylenewhichisalsotransferredtothereagent   
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bottie．Thebottleissealedandstoredinawam，dark，mOistrue－なeechamber．  

Thereagentshouldbewamedandmiedweupriortouse．ThephenoIshouidbecompletelydissoIved．  

げthereagentisuseddaily，Or，inotherwordsifthereagentiscontactedwithairmoisturefrequently，itis  

advisabletoprepareah’eShquantityafterathree～mOnthperiod．However，thereagentshouldbechecked  

periodicallytocon魚mitsreactivity．  

かgざCゆ如乃〆♪和Cβ血柁5  

TheNEtreatmentisusuauycarriedoutinstainiesssteelautoclave（5mlvolume）with85mgofwoodmeal  

and3mlof［hereagent．DependingonthesampJesize（－28mg）maya】soeonvenjentJybeusedastainless  

Steeltube（0．6cmdiameters，7．5cmlength）翫tedwithscrewcapsatbothends．Theautoclaveisheatedinan  

Oilbathorotheravailabledeviceinwllichthetemperaturemaybecontrouedto土ト2Ccandwhichisprovided  

Witha【lleanSOfshakingtheau［oc】avecontinuouslyduringthereEletion．ThedetaiJedprocedurejsdeseribed  

below．  

Aftertheadditionofwoodmealandthereagentinanautoclavewithtwosmallstain1esssteelballs，the  
autociaveis sea靂ed，Shaken manuaぷy女）rabout5minu短S，仁ぬn heated aモ180±ト20c氏）r4bours．The  

autoclaveisshakenthroughouttheheatingoperation．  

Attheendofthereaction，theautoclaveisremovedfromtheheatsourceandcooledinacoldwaterbath．  

Thecontentsarecare如址ytransfbrredwithethyletherintoaiOOmlbeaker．AsmaJlamountofethyietheris  

addedtotheautoclaveandtheresidtlalmaterialonthewa艮isscrapedwithaspatula．Thissolutionisalsoadded  

tothelOOmlbeaker．Thisprocedureisrepeateduntilthewashingsbecorneclear．ThecapISalsowashed  

＼＼亜1ethyletherwhichiscombinedwithotheretllerWaShings．  

Aknownamountofinternalstandard（bibenzylinbenzene）isaddedtothecombinedreactionsolutionand  

WaShinginthelOOmlbeakerandtheetherinsolubiematerialsare魚1teredthroughaglass蝕er＆lterpaper  

（WhatmanGF／A）whichsubsequentlyiswashed severaltimeswithethylether．The combine免1trateand  

WaShings鉦一OmthisoperationaretransferredtoaseparatoryfunnelandaNaCトsaturatedsolutionisaddedto  

deactivate the boron triauoride．The funnelis shaken vlgOrOuSly and the etherlayeris removed and  

COnCentratedtoabout30mlby丘Imevaporation．Theconcentrateistransferredtoaglassvia＝ittedwitha  

Te鮎n歳nedcapanddriedovemightoveranhydroussodiumsuぬte．  

AO．05mlaliquotoftheethersolutionispipettedintoasmauglassvialwhichcontahsafewdropsof  

pyridineandO．1mlofN，0－bis（trimethylsilyl）acetamide．ThevialisstoppedwithaTeflon歳nedcapandthe  

TMSderivatizationiscarriedoutatroomtemperatureforlhour．TheTMSderivativesaredeterminedbygas  

ChromaモOgraphy．  

勧肌勉励銅胴如狛離㈹知恵れ卿相加鋸晦明吻  

AHewlettPackard5890AGasChromatographequippedwithacomputerizedintegrator（HP9122＋HP  

3393Aorequivalent）andaFIDdetectorareused．Theseparationiscarriedoutona50mcrossunkedmethyl  

Siliconecapiuarycolumn（HewlettPackardHP－1，50mxO．2mmxO．33fLm）．Thecolumntemperatureisheld  

at1700cfor14minutesaTldthenisrajsedto1800catarateof5Oc／min．After8minutesat1800c，thecolumn  

isheatedagaintoa鮎1altemperatureof270Ocatarateof30Cc／min．The触altemperatureismaintainedfor15  

min．The輌ectoranddetectortemperaturesare250and270Oc，reSpeCtively．11ehumisusedasthecarrier  

gns．At）rPicaJchromatogramjsshowninFjg．7．   
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Fig．7．Gaschromatogramofnucleusexchangeproducts（NEP）・  
1：Guaiacol，2：Catechol，3：Pyrogallol・1，3－dimethylether－4：Pyrogauol－トmethylether，5：Pyroga1lol，  

6：Intemalstandard（bibenzyl），7：Diphenylether（by－prOduetfromphenol）・  

ApplymgthesameGCseparationconditionsdescribedabove，Cahbrationcurvesaremadeforguaiacol，  

catechol，pyrOganOト1，3儀dimethylether，pyrOgailoト1－methylether，andpyrogailolusingtheauthenticcom－  

pounds．Foreachcompound，a肋earrelationshipisestablishedbetween（Wp／Wi）and（Ap／Ai），aSShowninEq・  

（1）．  

（W。／Wi）ニa十b（A。／Ai）  （1）  

whereWpandWiaretheweightsoftheproductandtheintemaistandardlreSPeCtively・ApandAiarethepeak  

areasoftheproductandtheinternalstandard，reSpeCtively．Fromthecahbrationcurves，theyieldsofNE  

productscanbecalculatedandexpressedeitherasweight％（Yw）basedonupinormole％（Ym）basedo  

accordingtoEqs．（2）and（3），reSpeCtively．  

Yw％（weight乳basedonhgnh）＝Wp／W‡  （2）  

Ym％（mole％，basedonugnin）＝（Wp／MWp）×（MWc－9／WL）  （3）  

whereWlistheweightofu卯irl，MWpisthemolecularweightoftheproduct，andMWc－9isthemolecularweight  

ofaC－9kgninunit．WICanbedeterminedftomtheKlason＋acidsolublelignhcontents・Toobtainthe  

molecularweightoftheC－9unit，miuedwood追gninisisolatedfromthecorrespondingwoodsamples（CHLANGand  

FuNAOKA1988）．Fromtheelementalandmethyoxylcontentanalysis，aC・9empiricalformulaandthus，the  

rnolecularweightcanbeobtained．WhenasamplesuchasakrafthgninlSuSed，aC－9molecularweightforthis  

物血shouldbedetermhedandusedinEq．（3）．   



MasamitsuFuNAOKA  54  

StructultalAnalysisofProt（）lignin   

り仙川再H正一＝いけJ′JJ…ご刷′函・りト削ご（いさJllf曲J川′J証′ござl（J．1ご汀′／伸．・∫ご川J∴JJ畑、・函・叫小舟一艮宮－い   

Forso氏woodprotougnins，theyieldsoftheNEproducts（NEP（0）g，guaiacol＋catechol）representsthe  

a1110utltOfnon－COndensedguaiacylu11its．  

Non－COndensedguaiacylunits（Ga），mO重e％，＝NEP（0）g＝Ymg％＋Ymc％  （4）  

WhereYmgandYmc％aremole％（basedonugnin）yieldsofguaiacolandcatechol，reSPeCtively．  

Sincethenumbersofsyrlngylandp－COumarylunitsareusuallyinsigni鮎antformostofthecommonnormal  

SOftwoodspecies，then：  

Condensedguaiacylmits（Gb），mOle％，＝100－NEP（0）g  （5）  

勧御地血涙抽珊ぬ血附か馴・冊通捕虜研か馴鹿臓か刷恕加触感腑玖紳助物壷  

Therearetwopnncipletypesofphenylnuclei，guaiacylandsynngyl，inmostofthecommonhardwood  

protolignins．Therebeingnosubstituentonringpositions2and6，Syringylunitsinhardwoodprotoligmisareof  

thenon－COndensedtype．Consequently，therearenon－COndensedandcondensedguaiacylandnon－COndensed  

Syringylunitsinhardwoodprotougnins．Thequantityofnon－COndensedguaiacylunltscanbeobtainedinthe  

SameWayaSfbrsoftwoodprotoiigninsdescribedabove．Thus，afterthestandardNEtreatment（at1800c良）r4  

hours），themole％ofNEP（0）grepresentsthenon－COndensedguaiacylunitsandcanbecalculatedaccordingto  

Eq．（4）．However，inordertoobtainthequantityofcondensedguaiacylunits，thequantityofnon－COndensed  

Syrlngylunitsmustbedetem血ed．   

Toobtainquantitativeinformationforsyringylunits，theNEtreatmentiscarriedout鮎statllOOcfor4  

hourstoobtaintheNEproducts（NEP（0）＄110，pyrOgauOl－1，3－dimethylether（3）十pyrogallol－l－methylether（4）＋  

pyrogauol（5）fromsyringyIunits，Attemperatureshigherthan1300c，pyrOgaMoltendstoundergosecondary  

moditicationreactions，Whichlowerthetota皇yieldoftheproducts（seeSection“Demethylation”）．Thisproblem  

ispreventedwhenthereactiontemperatureisllOCc．However，thequantityof3十4＋5atllOOc（NEP（0）＄110）  

isoniyafractionofthemaximumyieldofNEP（0）sなomsyringylunits．Consequently，theNEP（0）sllOhastobe  

multip最edbyafactorof“f”toobtainthequantitativeyieldofNEP（0）s．Becauseofthesimilaritybetween  

guaiacylandsyringylunitsintheirresponsestotheNEreaction（FuNAOKAetal．1982e），thefactor“f”canbe  

COnVenientlyobtainedfromtheratioofquantitativeNEP（0）gyieldobtainedat1800ctoNEP（0）gyieldatllOOc  

（NEP（0）gllO）：  

NEP（0）g／NEP（0）gllO＝f  （6）  

and  

NEP（0）s（quantitativemole％yieldof3＋4十5＆omsyringylunits）  

＝NEP（0）sllOxf＝NEP（0）sllOxENEP（0）g′NEP（0）gllO】  
（7）   

Fromtheknownquantityofnon－COndensedsyringylunits，Sa，（NEP（0）s），thequantityoftotalguaiacylunits  

iscalculatedaccordingtoEq，（8）．FromEq．（9），thequantityofcondensedguaiacylunitsisthenobtained．  

Totalguaiacylunits（GaandGb），mOle％，＝100－NEP（0）s  
（8）   
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condensedguaiacyltlnits（Gb），mOle％，  

＝100－Syringylunits（Saトnon－COndensedguaiacylunits（Ga）  

＝100－NEP（0）s－－NEP（0）g  

β由c描ぶゐ調〆研e伽d  

（9）   

伽ゆ傲血肌卯姉御感触加那加印材ぼ皿祓弼㈹物ぬ  

Modelcompoundsselectedtorepresentvariousnon－COndensedstructura‡elementsinligninhavebeen  

reactedwiththeNEreagentsandfbundtoyieldquantitativeamountofguaiacoIandcatechol（FuNAOKAetal．  

1980a，b，1982a，b，C，FuNAOKA1984）．This負ndingwasvalidatedbysubjectingsprucenWedwoodlignin  

（MWL）tothesamesequenceofreactionsandcomparingtheresultswithpertinentdataobtainedusingother  

analyticalmethods（Table2）（FuNAOKAetaL1980a）．  

Thesumofthequantitiesofbenzylalcohol，COnJugatedcarbonylgroups，nOn－CyCuCandcychcbenzylethers，  

andethylenicdoublebondsonthesidechainsofguaiacylunits，hasbeenぬundtobeO，803mole！OCH3（MA罠TON  

1964）．This負gurerepresentsthetotalquantityofthesestructuresforbothcondensedandnon－COndensed  

gualaCylunits．The血・actionofnon－COndensedgualaCylunitsinsofとWOOdm揖edwoodligrunwasreportedtobe  

50to60％（LuDWIGetal．1964）．Consequently，thecontentofnon－COndensedguaiacylunitshavingtheabove  

mentionedsidechainstructuresshouldbeO．40toO．48mole／OCH3．Thisvalueisinexcellentagreementwith  

thatforthecombineyieldsofguaiacolandcatecholfromthisMWLaftertheNEtreatment（Table2）．  

Tilhk2．ConlparlSOnOfthcquantitiesofrc；lCtivcsitcsofspruCenliued  
WOOdh如nandthenucleusexcぬngeproduct（NEP）  

Quantity（mole／OC王i3）  Functional訂OupS  

Carbonyl   
Coni転丹Itype   

α－Carbonyl  

Bcnzylalcoholandether   

Norl・CyCuC   

Cydk  

Phellyicoumaran  

Pinoresinol  

Ethylenic double bond 

Coniferyltype＊l  

Non－COndensedと沖e＊2  0．40－0．48  

Nuc】eusexchangeproduct（NEP）  

＊1calculatedbysubtractingtheamountofconiferylaldehydefrornthe   
ValuebyMARllON（1964），Whichcontainstwotypcsofdoublebonds，   
COniferyla王coholandcon脆け1aldehyde．  

＊2calculatedbymultiplymgtheratioofnon－COndensedunits，0・50－0・60  

（LuDWIGeta】．1964），bythetotalamountofreactivesites．   
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丁、J；・J！ヾ‥！∴＼’上、柚ノブごり（りげノ・，一心正雄玩・J   

TheNEmethodprovidesarapidandrelativelysimplemeansofdeterminingthedegreeofcondensationin  

protohgnins．AsshowninTable3，thequantitiesofnon－COndensed（Ga）andcondensed（Gb）guaiacylunits  

havebeendeterminedfbr14so食woodprotougninsusingtheNEreaction．   

Ingeneraいhe打actionofcondensedguaiacylunitsinsoftwoodprotohgninsisintherangeof43to55％・  

TheextentofcondensationingualaCylmitshasbeenestimatedmainlyusingmilledwoodligninsisolatedfrom  

variousso氏woodspecies（A乱Eiミetal．1961，LuDWiGetal．1964，LENZ1968，MoROHOS川etal．1971）．For  

PrOtOlig血1S，TERASHIMAetal．（1979，1987）andToMIMURAetal・（1979）havedemonstrated，uSingradiotracer  

methods，that about50％ofthe guaiacylunits are ofthe condensed type．Their触dinglSin excellent  

agreementwiththeresultsoftheNEmethodappiiedtoprotolignins（Table3）・However，unliketheNE  

reaction，theirmethodsareusuauylaboriousandsometimesrequlreSOphisticatedinstrumentaltechniqtleS．  

Quaiitatively，ithasbeendemonstratedbyMeshittlkaandN撼ANO（1985）thatguaiacylhgnininthemiddle  

lameuare感onismorecondensedthantheはgnininthesecondarywauregion．Quantitatively，thishasbeen  

TiLl血：i．CoIldensedandnon－COndensedguaiac〉▼lunitsinsoftwoodproto】ignins  

moIc％bnsedonljgnin  

Condcnsed  Non－COndenscd  

Douglas戎ー＊1   

（釣棚ぬ軸卯椚仇ぬ朝  

Westernhemlock＊2   
（71！柳川（血●ゆノり仙）  

Spruce   
（タざr紺αみ由ざ）  

Yezospruce   
（凸c川ノp四川5良）  

G】chn’sspruCe   

（凸亡…gJlリ川前  

Slas鳩‰肋瑚  

Japane§eredpine   
（邦槻相加釧肌）  

Japa‡leSeb】ackpine  
げf乃㍍銃刑みβ癖わ  

Japaneselarcll   
（エ〝ぬ纏わ極怨）  

Japanese丘r   

（A抽5β〃乃β）  

Japanesehemiock   
（釣堀＝繭祓弼  

Sugi   
（C′沙わ〝王βγ由ノ郎∂乃ざ∽）  

rlinokj   
（∽都制髄附加加肌）  

Japar 
所用）  

50  

55  

48  

47  

45  

50  

43  

48  

55  

49  

48  

45  

45  

53   

串1FromC】i払NGandI？uNAOKA（1988）  

＊2FromC王i！ANGetai．（1989b）  

Therestofthedataare良・OmFuNAOKAetai．（1986）  
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con氏rmedbyapplyingtheNEmethodtosecondarywall－andmiddlelameua－emiched血・actionsisolatedfrom  

Douglas薫rwoodmeal（CHLANGandFuNAOKA1989a）．AsshowninTable4，theratioofcondensedguaiacyl  

皿its／non－COndensedguaiacyludとSisaboutunityぬrbo軌whoiewooda王1dthesecondarywa氾－endched育ac貢0れ，  

Whereas a ratio ofabout2．5／1is found forthemiddlelamena－enriched＆action．This suggests that the  

紐equenciesof伊5，5－5，and4－0－5吋pesofli血agesaresigni鮎antlyhigherinthemiddlelameua物血統aninthe  

SeCOndarywaulignin．Thisfurtherindicatesthatthepolymerizationofligninhthemiddle王amellaregionis  

mainlyofthe“bulktype”，generatingahigh1ycondensedlignmmacromolecule．  

The quantities of non－COndensed and condensed unitsin hardwood protolignins have been reported  

infrequentlyduemainlytothe di疏cultyofanalyzingtheseheterogeneotlShgnins byconventiona！methods．  

However，theNEmethodagainprovidesfacilerneanstoanalyzetheheterogeneityofhardwoodiignins．The  

Vadoustypesofunitsinsweetgumprotolignin，analyzedbytheNEmethod，areShowninTable5（CHIANGand  

FuNAOKA1990a）．Sweetgumproto最郡山hasasy血訂1／糾aiacyl（S／G）ratioofl．56．Thisvalueisthetrue  

ratioofsyringyltoguaiacylcontentsanddi鮎rsfromtheconventionalS／Vratio【（syringaldehyde＋sy血gic  

acid）／（vanilh＋van弧c acid）lobtained＆om alka肋enitrobenzerle OXidation．Nitrobenzene oxidation gives  

monomericproducts（vaniliinandvaniuicacid）fromnon－COndensedguaiacylunitswiththeconversionrateofO．7－  

0．8，WhereastheNEmethodquantitativelyconvertsthenon・COndensedgualaCylunitsintogualaCOlandcatechol．  

Consequently，itshouldbestressedthattheS／Vratiosobtainedbynitrobenzeneoxidationofugninpreparations  

maybemisleadinganddeviatesigni魚cantlyfromthetruerelationshipbetweenthequantitiesofsyringyland  

gualaCyIunits．TheS／Gratioofl．56forsweetgumisinagreementwiththeestimatedS／Gratiosobtainedina  

solidstate13cNMRstudy（MANt）ERS1987）．  

Tl11）1c・l．C】1araCtCristicsofDouglas－hr）ig11in  

靴01ewood  SecoWau  Mid池  

L鹿1hconte雨  

Condensed  

29．8  
（％onli鮮血）   

50／50  

25，9  46．2  
（％onSWなaction）（％onMLfraction）  

48／52  71／29  
Non－COllde11Sed  

Table5．Characterizationofhardwoodprotol恕血bytheNEmetllOd  

Guaiacyl，mOle％onlignin  Syringyl，mOle％onlignin  
S／G＊1 s／V…セ2  

Non－COndensed Condensed Total Non－COndensed Total  

Sweet詳Im  

（Liqu童dambar  

StyraCi鮎a）  
22  17  39  61  6ユ  1．56  2．82  

＊1s／G＝Totalsynngylunits／ToモalgualaCylunits  

＊2s／V＝（Syringaldehyde＋Syringicacid）／（Vanillin＋Vaniuicacid）fromnitrobenzeneoxidation・  

StructuralAIlalysisofModi負edI．ignin  

Inthebelowsection，theabbreviationsareusedasfonows：   

NC（0）gandNC（0）s：Non－COndensedguaiacylandsyringylunitsintheoriginallignin，reSPeCtively・   
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NC（m）gandNC（m）s：Non－COndensedguaiacylandsyringylunitsinthemodi鮎dugnin・reSpeCtively・  

NEP：NEReactionproducts．  

NEP（0）gandNEP（m）g：NEReactionproducts（guaiacolandcatechol）fromguaiacylunitsinori如aland  
modi鮎d艮騨hs，reSpeCtively・  

NEP（o）sandNEP（m）s：NEReactionproducts（pyrogalloト1，3－dimethylether，pyrOgalloトトmethyletherand  

pyrogallol）如msy血訂1皿itsinorighalandmo亜edbg血s，reSpeCtively・  

NOP：Nitrobenzeneoxid之Itionproducts．  

NOP（0）gandNOP（m）g：Nitrobenzeneoxidationproducts（vaniuinandvan最hcacid〉fromguaiacylunitsin  

originalandmodi丘ed長gnins，reSpeCtively・  

NOP（0）sandNOP（m）s：Nitrobenzeneoxidationproducts（Syringaldehydeandsyringicacid）fromsyringylunits  

inoriginalandmodi鮎dligmns，reSpeCtively・   

Comparedwithprotougnin，thestructuresofmodi鮎dligninsaremuchmorecomplicatedbecauseofthe  

vadousstruCturalchanges，SuChassecondarycondensationanddehydration，duringsometreatments・Fig・8  

schematica址y揖ustratesthestructureofmodi6edsoftwoodugnin・Amongthosestructuralunits・Onlytheunits  

witha＿Saturatedsidechains［thesidechainfinFig．8（b）］giveneitherNEPnorNOP・Furthermore，thereare  

thefo1lowingtwosigni負cantdifferencesbetweenNEPandNOP：  

1．NEPori如atingunits：nOnNCOndensedunits（Ga）withsidechainsofatod，DPMtypenon～COndensedunits   

（Ga′）withsidechainofe，andDPMtypecondensedunits（Gb’）withsidechainsofatoe・   

NOPori由nati喝units：nOn－COndensedunits（Ga）而thsidechainsofatod・   

Namely，DPMtypeunits（Ga′andGb′）donot由veNOP（Fig・9）・  

NOP orlgまnqtingJnまts  NEP orまginoting units  

a C－C－C一  
占H  

b C－〔コC－  

⊂  C－C－C－            11  

0  

d C－C－〔－  
一占  

a 〔－〔－C－  

il  

b C－〔－C－  

こ  こ－C－C－              1  

0  

d C－C－C－  
－O  

e C－〔－C－              1  

Ar  

C
－
・
・
・
・
・
C
－
・
一
・
C
 
 

≡
 
 

C
 
－
 
 
 
C
 
－
一
一
一
C
 
【
 
 

≡
 
 

駄
 
 

NonぺOn（加Se〔墓  

Type Ga  Rl＝or Alkyl  
C  

∴  
R；H or Alkyl  

M 
駄   

叔2随俺  

Non－COnderlSed  DPM typeこ0∩く掩nsed  

TypeGa（jn slde chaうns a－d）Type Gb一  
丁ypeG∂l（jn sうde chaうn e）  

Fig．9．Li鮮血struCturalunitsglVlngmOnOmericproductsF NEPandNOP，byNEmethodandnitrobenzcne  

OXidation，reSPeCtively，   
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2．TheNEP’sarefomedquantitatively＆oma払NEPorigirlatingunits，WhereastheformationofNOPisnot   

quantitative（thereisamaximumconversionofnon－COndensedunits，Ga，intoNOP）【Fig・8（b）］・  

Ifthepresenceofα一Saturatedstructuresmaybeneglectedbecauseoftheirtraceamounts，Fig・8canbe  

simpu鮎dtoFig・10・Similarly，hardwoodmodiiiedugnincanbeillustratedasFig・11・Thequantitiesof  

non－COndensed（Ga，Sa），DPMtype（Ga’andGb′，Sa′andSb′），andothertypecondensed（Gb，Sb）unitscanbe  

estimatedrapidlybyacombinationofNEPandNOP・Sohr，ithasbeenveryd此cu丑byconventionalanalytical  

methods，eVenbymodemNMRtechniquestodistinguishquantitativelybetweennon－COndensed（Ga，Sa）and  

DPMtypenon儀COndensed（Ga’，Sa′），andbetweencondensed（Gb，Sb）andDPMtypecondensed（Gb′，Sb′）・   

Intheca！culationofvariousunitsinmodi鮎diigninsbyNEtechnique，theestimationofnon－COndensedunits  

（Ga，Sa）isoftheutmostimportance．Non－COndensed（Ga，Sa）unitsarethosethathaveescapedcondensation  

reactionsduringthernodi鮎ationprocess，SuggeStingthatthemodi鮎ationdegreeoftheunits（Ga，Sa）ismuch  

Iowerthanotherunits，Thereぬre，itis此elythattheconversionrateofnon－COndensedunits（Ga，Sa）into  

NOPinmodi鮎dligninsissimilartothatinprotougnin．Ofcourse，Variousstructuralchangesofsidechains  

mightoccurduringmod漬cationprocesses．However，thefomationofNOP－highyieldingstructuresmightbe  

setoffagainstthatofNOP－iowyieldingstructures，reSu重tinginalmostunchangedconversionratetoNOP・In  

払ct，thevariationsofNOPyieldsduringvariousmodi鮎ationprocessesusuauyhaveafaircorrespondencewith  

thecondensationoflignin，andtheNOPyieldhasbeenusedasanindexforcondensationreactionsduring  

modiLications（KRATZL1960）．ThismeansthattheNOPyieldisin餌encedmainlybystructuralchangesirlthe  

sidechainsandphenylnucleicausedbycondensation（theformationoftypesGa′，Gb′andGbinguaiacyl，and  

typesSa′，Sb′andSbinsyringyl）．Inotherwords，theconversionrateofnon－COndensedunits（Ga，Sa）thatare  

not associatedwith condensed structuresintoNOP cannot be regarded tobe changed signi鮎antlyduring  

mod脆cation．  

Non－CoIldensed  
Ga  

（a）OriginalLi卯まn  

（b）艮odified Li卯in  Non－Condensed  
Ga  

Fig．10．StruCturalunitsofsoftwoodLigninandtheyieldsofNEPandNOP．   



NucまeusExcllangeAnalysisofLi如n  6ユ  

（a）OriginalLignin  

（b）Modiried Lまgnin  

Fig．11．StruCturalunitsofhardwoodligninandtheyieldsofNEPandNOP．   

g坤ピタイ川川J〟／♪r∝ビ血，で  

TheprocedureofNEmethodwasdescribedindetailpreviously．Thenitrobenzeneoxidationiscarriedout  

as女）uOWS：eXtraCtive－andmoisture一打eewoodsample（40mg，80meshpass），2Nsodiumhydroxide（3．2ml）  

andre－disti11ednitrobenzene（0．2mi）areplacedinastainiesssteelautoclave（5mlinvolume）withtwostainless  

steelbails and heatedat1700c for3hoursin anoilbath．Afterthe reaction，themixtureis transferred  

quantitativelyintoaseparatory良Innelwith2Nsodiumhydroxidesolutionandisextracted3timeswithethyl  

ether．Theaqueouslayerisseparated，tOWhichaknownamountofinternaistandard（2，6－dimethoxyphenolin  

dioxane）isadded，andthenacidi魚edtopH2with18％hydrochloricacid．Theacidicsolutionissaturatedwith  

SOdiumchlorideandextracted3timeswithethyletherhaseparatoryfunnel．Theetherextractsarecombined  

andthendriedoveranhydroussoditlmSulfateovernight．Aftertheevaporationofethy慮ether，theproductsare  

COnVertedtotheirtdmethylsilylderivativeswithN，0－bis（trimethylsilyl）acetamideinpyddineandanalyzedby  

gaschromatography．ThesamegaschromatographsystemasfortheNEproductsisused，However，the  

columntemperatureis1600cinitiailyandisraisedafter14minutestothe魚naltemperatureof2700catarateof  

50c／m払，  

0〃の血〟／涙ぐ〟J川／〝血JJ（れ仙南服地両肘／J・裾仙Ⅲ＝俳－Jざ  

軸約肌適傲頑軸別物め  

AssumingthatNOP（m）g／【NC（m）g，Ga】＝NOP（0）g／NC（0）g  （10）   
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variousunitsinmodi鮎dsoftwoodlignincanbeca塵culatedasshownbelow・  

Non－COndensedguaiacylunits［NC（m）g，Ga］，mOle％，＝NOP（m）g／【NOP（o）g／NC（0）g3  

＝NOP（m）g／即OP（0）g／NEP（0）g］  

DPMtypeunits（Ga′andGb′〉，mOle％，＝NEP（m）g－【NC（m）g，Ga］  

＝NEP（m）g－NOP（m）g／即OP（0）g／NEP（0）g】  

Condensedunまts（Gb），mOle％，＝100－NEP（m）g   

Intheabovecalculations，itshouldbenotedthattheα－Saturatedunits，ifpresent，andtheunitswithdiphenyl  

ether血kagesarecountedascondenseduints（Gb）becatlSeα－Saturatedunitsdonot由veNEPanddiphenyl  

ether肋kagesarestableunderNEconditions・  

〃〝r（如¢（）d川βd匪dJな〃わ！   

Similarly，Variousunitsinmodi鮎dhardwood長gnincanbecalculatedasfo11ows：  

AssumingthatNOP（m）g／即C（m）g，Ga〕＝NOP（0）g／NC（0）g  （1▲1）  

Non－COndensedguaiacylunits［NC（m）g，Ga〕，mOle％，＝NOP（m）g／【NOP（0）g／NEP（0）g〕  （15）  

DPMtypeguaiacylunits（Ga′andGb′），mOle％，＝NEP（m）g－脚C（rn）g，Ga】   

＝NEP（m）g－NOP（m）g／【NOP（0）g／NEP（0）g〕  （16）  

AssumhgthatNOP（m）s／［NC（m）s，Sa］＝NOP（0）s／NC（0）s  （17）  

Non－COndensedsyringylunits【NC（m）＄，Sa］，mOle％，＝NOP（m）s／［NOP（0）s／NEP（0）s］   （18）  

DPMtypesyringylunits（Sa′andSb′），mOle％，＝NEP（m）s叫即C（m）s，Sa〕   

＝NEP（m）s－NOP（m）s／［NOP（0）s／NEP（0）s】  （19）  

Condensedg温iacylandsyringylunits（GbandSb），mOle％，＝100－NEP（m）g－NEP（m）s （20）  

Iftotalguaiacylandsynngylunitscanbeknown，  

一Condensedguaiacylmits（Gb），mOle％，＝TotalguaiacyトNEP（m）g  

Condensedsyringylunits（Sb），mOle％，＝TotalsyringyトNEP（m）s  

動画ぬ〆句勧細物適勉励舶銅融姉離勧融   

TheNEmethodisespeciauyusefu1asananalyticaltooIwhenusedtoanalyzethecontentoftotalDPM  
moietiesinugninsmodi鮎dbyvariouschemicalprocessessuchaspulping・Theformatior10fDPM－tyPe  

structuralunitsinligninisanimportantreactionandoccursreaduyunderbothacidicandalkaiineconditions・  

Forinstance，the叩OSitionsonthelignin＄idechainsmaybeattackedrea亜ybya擁centphenylnuc重eiunder  

bothacidicandal転地econditionsormere星ybyheatingtoformCα－aryllinkages（DPMtypeofstructures）（NIMZ  

1969，FuNAOKAetal．1978a，GIERER1982，FuNAOKAetal．1988，19B9a，b，C，1990a，b，C，d）・比isalsoknown  

thatcondensationofphenylnucleiwithforma里dehydederivedh・Omtheγ－CarbonsyieldsDPMtypestructures  

（GIERER1982，YASUDAetaL1982）．DPMtypestructuralunitsgreatlyiniluencethecolorofligninandother  

propertiessuchasitsreactivityandsolub揖ty・Sofar，thequantityoftheseunitssecondarilyformedwithinthe   
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物血moleculecanonlybedeterminedwithoutiso重ationoftheugninbyatechniquecornbiningtheNEmethod  

andnitrobenzeneoxidation．   

Ithasbeenweuknownforaiongtimethattheacidtreatmentofwoodmakestheiigninmoleculerigidmainly  

because of condensation．However，it has been so far di琉cult to elucidate condensed structuresin  

acid－mOdi鮎dligninsbecauseofitsrigidity，lessreactivity，andlesssoiubility．Highlycondensedli鮮血scanbe  

readilydepolymerizedtoglVeethersolublemonomericandougomeric良◆actionsbytheNEmethodbecauseDPM  

type condensed structures，maincondensed structures，are Selectively cleaved（FuNAOKA etal．1989a，b，  

1990a）．InordertoelucidatetherelationshipbetweenthecondensationatCa－pOSitionsandtheacidictreatment  

COnditions，SPruCeWOOdmeal（Piceajezoensね）weretreatedundervariousaciditiesandtheresultingkgninswere  

analyzedbytheNEtechnique．Thetreatmentswithonlywater（Fig．12）andwithconcentratedacid（Fig．13）  

CauSed selectivecondensationat Ca－POSitions，Whereas the selectivity ofCα－COndensation gotlowerinthe  

treatmentwithdilutedacid（FuNAOl仏etal．1988，1989a，b，C，1990a，b，C，d）．Thatis，dilutedacidtreatmentof  

ugninleadstothediversi鮎ationofreactivityofligrunsidechainswhichisundesirableforutilization．  

Duringpulping，depolymerizationofiigninlSaIwaysaccornpaniedbycondensationreactiorlS，Ingeneral，  

the払tterleadstoincreasedmolecularweightofli如nandthesolubilizationofugninisretardedorinhibited．  

However，itstiuremainsunknownwhen，andtowhatextent，COndensationreactionsoccurinwoodorinpulp  

residualligrunsduringpulping．Amongvariouscondensations，DPMtypeunitscanbeconsideredtobethe  

maJOrCOndensationproductspresentinresiduallignms．Atvariousstepsofkraftdeugniticationthequantitiesof  

unitsthatwerecondensedintotheDPMtypemoietieshresidualugninsweredeterminedbytheNEtechnique．  
In kraft pulping of Douglas戎r，the formation of DPM type structures did not occur before the pt11ping  

temperaturehadreached1700c．Asdekgni鮎ationproceeded，thequantityofDPMtypemoietiesinresidual  

ligninsincreasedstead山y．After2hoursat1700c（－kappa30）theresidualh如nconsistedof54mo重％units  

JJ  
・バ  
⊂  
コ  

℃
む
S
已
む
p
已
O
U
I
C
O
㌫
一
時
仁
可
ひ
可
】
0
 
叫
○
 
巴
 
 

S
刃
↓
㌫
n
 
U
d
丸
山
 
諾
乱
ロ
 
 

120  180  220  

王1ea七ing 七emperaヒure（●c）  

120  180  220  

Hea七i明 七empera七uユごe（℃）  

Fig．12．Conversionofnon－COndensedtodiphenylmethanetypeunitsinugrlhduringheating．   



Masamitsu FUNAoKA fi4 

B土rch Guaエacyl  

（
S
■
T
u
コ
 
p
m
抗
C
む
p
u
O
U
－
u
O
仁
一
巾
u
T
ひ
T
h
O
 
岨
○
 
押
）
 
 

S
刃
向
已
n
 
む
仏
領
■
 
烹
8
1
0
 
 

0   ユ   2   ヨ   q  
Tlnle（hr）  

0  ユ  2   3  il  ユ  2  
で⊥me くhr）  

72篭H2SO4  
トTrea七men七wi七h木∵」  

でごe鵡men七  
W上土h 3亀 H2SO4  

トーでrea七men七Wエセb斗  
72篭 H2SO4  

でreatmeIlヒ  

Wi七h 3亀 H2SO4  

Fig．13．Conversionofnon・COndensedtodiphenylmethanetypeunitsinlignhduringthetreatmentwithsul餌ic  

acid．  

Q
・
Q
Q
、
Q
．
q
句
 
Q
d
句
 
○
■
Q
ト
 
Q
．
冨
 
Q
．
Q
噂
 
Q
．
〇
ヽ
 
管
匂
わ
 
 

■
 

8
 
 

8
 
卯
 
郎
 
押
 
即
 
即
 
舶
 
8
8
 
郡
 
相
 
 

沢
ぢ
∈
．
ぷ
彗
云
葛
監
雲
こ
ご
ざ
苫
当
5
…
 
 

讐
O
g
苫
茎
ミ
ぎ
薫
こ
芸
首
§
患
 
 

9
罠
 
予
巳
 
仙
3
 
 

0  28  イ〃  βク  β∂  ′ク¢ Jg¢ f・畑 ′∂∂ ，郎 ヱひク  

m加勅 つWh  

Fiド．15．Quan【itiesandtypesofphenylnucleiinresidual  
lignlnSduringkraftpulpingofseetgunl・   

8．O gg．の  ぶD〉8  γ5．8 J8¢．∂ J25．β Jぶ¢．0 †祁．8 2∂∂．〃  

押m勘m緑  

Fig．1∠l．Quantitiesand籾esofphenyinucleiinresidual  

lignindurhglばa氏puまpingofDouglas一触．  



NucieusExcha喝e血alysisofLig血  65  

（Ga′andGb′）thatwereassociatedwiththeDPMtypemoieties，37mol％othertypeofcondensed（Gb）and9  

mol％non－COndensedunits（Ga）（CillANGandFuNAOKA1988）（Fig．14）．Ontheotherhand，inkraftpulpingof  

SWeetgum，thefomationofguaiacyトsyringyltypesofdiphenylmethanemoietiesoccurredalreadyatllOOcand  

reachedthemaximumataround1500c．ThesecondensedunitsweredissoIvedathighertemperatures（＞  

1600c）andafter30minat1700c，nOSyringylunitwasfoundassociatedwithDPMtypemoietiesinresidual  

SWeetgumiignins．Attheendofpulpi喝（－kappa20），there＄idualsweetgumhgninconsistedof66（Ga’，Gb′）  

and26（Gb）moi％ofgtlaiacylunitsthatwereassociatedwithDPMtypemoietiesandothertypesofcondensed  

units，reSpeCtive量y（C打払NGandFuNAOKA1990a）（Fig．15）．  
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リグニン構造解析への核交換手法の応用  

船 岡 正 光  
三盆大学生物資源学部   

核交換蔵は，リグニンの側錐一芳香横間結合を選択的かつ走蕊的に解裂させる手法である。本法は，三フッ化ホウ  

紫およびフェノールの存在下における芳香核のアルキル化と脱アルキル化のコンビネーションに基づく。核交換法と  

こトロベンゼン酸化分解の併用によって，複合体からリグニンを単離することなくリグニンの芳香核組成が迅速に酎  

解される0本手法ほ，特にリグニンの二次縮合構遷として重要なジフェニルメタン烈構造尊億の解析手段として有用  

である。   




