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鮎Iective Cleav乳ge Of Cα触ArylBondsin mignin  

Masamitsu FuNAOliÅand‡sao A‡きE  

LabqItatOry Of ChemicalWood Tecbnology，Department of  

Forestry，Mie University，Tsu514，Japa11  

Su111111こIr），  

A novelprocedure has been developed for selective cleavage of Ca－arylbondsinligr）in．  

This method was termed“PhenylNucleus－Excha咽e MetllOd”（NE－metbnd），based on the styie  

of王、eaCtion．Theimportant云ilaraCteristic ofNE－meth（）dis todealky】atediphenylmethane type  

stI－uCturalunitsinvolving楠nin pheny重ntlCleifollolVi咽the formation ofsudlStruCtureS by  

pilenく）1ationin the presence of acid and exeess phenoIs．Pol）′hydI、ic phenoIsareformedfrom  

li卯ini】1a】1igh yield by NE－nlethod．II】the present paper，the theory of NE－method and  

thedegradationmechanism oflignin are outlined，and theapplication ofNE－methodfor natural  

polyphenoIs a11d related substancesis described．  

ⅠIllrOdllCtioII  

Petroleumis a fossilmateI・ialaTldin tlle futureitlVi＝ have becoIⅥe either exhatlSted ol、  

SO SCarCe thatit willbe too experlSive．Therefore，the attentiorltO aIternative sotlrCeS for  

chemica‡feedstocks has bcer）directed．Coai，Oilsand，Oilshale and biomass have become  

Of majori11tereSt‡ately．Of these sources，CのnSiderable emphasisis beir喝gjven to forest  

b；omass｝、VOPd，beeause㌍00dis the n－OStabundantand widely used rene、Vable resource・T‡－e  

tec】－nOlogyforpro（ltlCi帽basiccl－emicalsubstances fI、澗Cellulose andhemicelltiIose、VaS  

established decades ago．On t】1e Other hand，f帥r degradation metbds forlignin existlV壬1ich  

か7e tlSefulchemicalsinIarge yield．1「herefol－e，holV tO COnVertli卯iIl拍useftlichemicals  

is of＼鳩王、yimpo‡～tanCe foェt the future establis】lment Of alVOOd－based che汀】icalindustry．   

In order to（）btainlow molecularlV8ight phenoIs fromli卯inasindustrialral、rmaterials，  

the reaction sbould be contrq11ed so tllat the resulti一喝prOducts are simp‡ein structure and  

f帥rin number．HolVe＼re王、，1ignin】1aS Various types of＝11重くageS betlVeenits building uni吋  

arl（lt王1el¶eaCtionllFith random degI・adationのflignin resultsiIla‡1eXtl¶e！mely complex mixtul－e  

of pllOduets．Therefore，tけObta妄nindtlStrialrall7materials fI・Omli卯in，Cα－aI－ylbonds silOul（l  

beselective皇y cleavedlVith（）uとany complicated deg王・adation of the side chajns．Secause t壬1e  

StruCttl】・e ofli卯i11l）11enylnuc】eusis】▼e王atively simple：Sof抽00dlignin can be regal－de〔！as  

a three di－Ⅵe－1Siona‡polymer consistingof only卯aiacylntlCleus・   

Wel－aVedeveloI）edanovelpltOCedtlre，thephenさ′】nucleus－eXCha聯n－ethod（NE－nlethnd）卜王・】f，  

仏rhich a1lol＼rS Cα－aryll）Onds tn be cleaved se！ectively and almqsも（luantitatively a11d tlle phenyl  

11uCleitのbeliber壬Ited fina】1y as polyll〉r（lric‡）11enOIs．Tile NE－method can not onlybe appjied  

for tlleしItiIizati（〉n Of natuIlal王）0加llenOIs and re】ated substaIICeS，but also gilreS！1e＼VinforIⅥation  

昭和61年8J二ほ引三卜受j瑠   
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on ehemicalstruetures of naturalpolyphenoIs．  

NlトMcthod ror setectil・t？ぐ1tI；lヽ・昭e Of Cct－TLrylbonds  

rんeoγ封  
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Fig．1Alkylation mechanism ofaromatic compounds・   

Fig．1sho、VS thea㍑ylation mechanism of an aromatic compound・Each reaction stepis  

reversible．Thatis，alkylatiom anddeaikylation can take place simultaneouslyin a reacti（〉言  

sysもem．Ofcourse，deallくy】at壬onoccursoniyundermoredras如conditionsthanalkylati肌 However，  

indiphenylmethane type（DPM）compotlndsin which cations formed bythe dealkylation are  

stabilizedby resonance，thedeallくylation energyis hwer，andconsequentiy thedealkylation  

。CCurS undermilderconditions（Fig．2）．On tlle Otherband，aS alkylation and dealkylationoccur  
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Fig．2‘Deaikylation of t】1e王）hen〉rlnLIC】eiin diphenylmet壬Iane tyPe StruetureS・  

simu！taneous！y and the rate ofallくylationis汀－OreraPid than thatQfdeallくylation，Cations formed  

bydeallくylati冊unaVOidablyrecombine、Vithphenylnuclei，andconsequentlytl－ereaCtantSare  

polymerizedin a eomplex way tog妄veresin－】ikesubstances・However，ifotheraromatic  

compoundsinlargeexcessarepresentintbereactionsystem，－脚VlyformedcationsllaVe a  

higheI・prObabilityt¢bestabi－izedbytheotberaromaticcompoundsandaccordi喝Iy，thedeallくylated  

phenylnucleiremain stable as monomersin theI、eaCtion system（Fig・3）・  
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Fig．3 Deillkylati（）n（｝fthel）‡－enyl－－11Cleii－－thepre紺－ee（）fexcess  

a‡・Omatic compounds．   

TheimportantcharacteristicofNE－methodistodealk〉りateDPMstructuralunitsinvo王Ⅴ－  

ing】i騨inph叩lI－ueleifo1lowingtl－eformationofsucl－S血CtureSbyphenolationinthepresence  

ofaci（landexcessphenoIs・ThatisナtheNE－methodconsistsoffollowing three reaction   
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StepSニ   

FiI・st step……FoymationofDPMstructulteSinvolvingiigninphenyll－LICleibypl－enO‡ation．   

Second step…‥Exchange（）fthephenylnuc重eio＝igIlin fprp‡】enOIs（Phenyl11ue‡eus¶eXChange  

I・eaetion，NE一重、eaetion）．   

Third st叩∵‥Demethylation of methoxyigrolipS．  

ThesethreereactionsproceedsimuぬIleOuSlyi！1thesi咽Iereactionsystem（Fig．4）．1、hefirstand  
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Fig．4 Fo文一mationofcateel一口lfroIⅥSのft、VOO（】ligninl）yNE・metl一口d■  

SeCOnd ste王）S prOCeed very fast at roαm temperature，and etheI・linka酢S are also cleaved  

I・apidly with thesereactions・On theotherhand，thedemethylation rateofmethoxylgroups  
ismucbslower，CO叩aredwithtl－OSeOfthefirstand＄eCOndsteps；a－－dconseqtlent‡yitisthe rate  

determini咽Stepin the formation of p（｝1yhyくll・ic phenoIs from！ignin．   

Monomerproducts fromli卯inby NE岬method，NEP，are糾aiaeolan（l／orcatecholin softwood  

li卯in，andpyr咽a1lo卜1，3－dimeth〉7lether，pyr（唱alloトトmethyietherand／orpyro卵1lolinlla王、壷rood  

lignin．  

ぶ～α”dαγddegγαdα～go習鞘沼肌＝溶融g沌e触細流醐‥用例血0′勅野（StandardNE－ふethod）  

Reagent  

Nineteenpartsofphenol，30r4parts＊ofborontrifluoride－PhenoIcomplex（BF3・2C6日50H），and  

lO parts qf xyle！le are homogeneously mixed and storedin the absence of moisture．  

＊3parts foI－1igni－－pI，eparations，4paI・ts fo‡－prOtOli卯ins．  

Borontrifluorideactsasacatalystinthe three reactionsteps・Å1tI－0噂heach（）fもIleStepS  

proceeds effectivelyin the presence of boron trifluoride whose numbeT（moles）isless than  

thatof the reactive sites，the reaction system has to be controlled so that the mole ratio of  

WatertOboron trifluori（leislesstilanOnebecaも1Se払r8ntrifluorideisinactivatedbywaterinciuded  

in the degradation reagent（汀formed dul・ing the reaetions．   

PhenoII血ysanimppl血－trOieastl－eSOlve】－tfol，reaCtantSandproductsan（las ぬacceptorof  

Cations．   

Xyleneis a d‖uent．   
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Procedtlre   

L；gnin（orwoodmeal）andthereagentareplacedinastainlessste91bombandsealed〔Lignin  

（or Wood】Ⅵeal）：Rea酢妬1：35〕．1’he mixtul▼eis heatedbymeans ofan qilbath tlnder the  

prescribedreaction conditiqns・The mixtureis cooled抽room temperaもtlre，andis vigorously  

stirred with excess et‡1yletlleI∴ The etI－erinsoluble substances are filtered off and～VaShed  

with ethyletheT．The filtrate andwashingsarecombincd andvigorously stirred with cxcess  
watcr saturatedlVith soditlm Chloride．The etherlayeris separated and dried over anhydrous  
sodium sulfaとe．   

Determinatio110f products  

The reaction productsin the ether solution are convertcd to their trimethylsilylderivatives  

by treati哨Wit圭一N，0こbis（tI・imetl－ylsilyl）acetami（le aとrdom temperattlre f（｝rlhIland are  

analyzed by gas c王1rOmatOgraphy．  

Apparatus：YANAGIMOTOG－180instrument，Column：30％SiliconeDCM4300nChromosorb  

ⅥrAⅥr，Stai11lessstee13mm¢×2m，Columntemperature‥200’℃，Ca汀iergas：Helium，Detector  
：ド11〕．   

トド〃．ごJJJ一こ～ノ／．f！J．．ざ 出直ヾ ∴√．ごJ、．ごJJ亡∴＼リ、：J・  

The cleav噛e ofCα－ar〉rlbondsbyNE岬method js selective toDPM structures・Therefore，  

thelignin buildingunits which originally possess DPM strtlCtureS Or are CaPable of reacting  
＼Vith phenol紬f（）rm SuCl－StruCtureS give NEl）・   

TlleI・eaCtion sitesin side chains fo‡・phenolare a呈iphatic hydroxyigrotlpS，Carbonylgroups，  

carboxylgroups，double bonds and ether bonds・Therefore，theligl－in buildingunits、Vhich  

giveNEP almostquantitativelyareno！トCOndensed types anddiphenylmethane typcs，andeach  

oftheseunitshas anyofthebenzyialcohol，the benzylether，theconj帽ateddotlblcbond，the a山  

carbonylgroup，alld the Cα－arylbond，in the side chai‡－（Fig▼ 5）・   

丼凱P y壷摘   

Figures6，7and8show the NEP yields fromlarch－andbeech dic＞Ⅹaneli那i一一Sand Hinoki  

prQtOii騨In，reSPeCtively．  

Ⅰ。Iar。hdi。Xa‡、eli卯in，themainproductbelowlOO℃is那aiaco川－eyieldofⅥ－l－iehi－1CreaSeS  

、Vit王－risi咽temperatu－、estlptO130℃，above、Vl－ich糾aiacolisdemet】1ylated rapid王y to蛮ve  

catecho王．Tl－e Sum Qfboth productsincreases only sli如Iy above130℃，andits maximum  

isinfairagreement、Viththenumberofnon－COndensedunitscapableofformi咽DPM strtlCtureS・   

Inbeech dioxaれeli卯in，the degradation behav主01・Of酢1aiacylul一室tsis similar to that of  

softwqodligni11．For prodtlCtS from syI，ingylunits，the yield ofpy】－Oga1loト1，3－dimethyl  

etheI▼increases11rit】1risi帽temperatL11・esui）tO80℃，abpve、Ⅴ王－ici－tl－eyieiddecreases ra主）idly，  

accompaniedby thef｛）rmationofpyr（瀞uOトトITlethylethel・andpyr（哨allol・Thisisdue tothe  

be如ningo川1edemet王IylatioI川flmeth叩Igr叩S・H㈹eVer，血eさ7ieldqfpyl・聯IhlabovelOO℃  

isslightbecauseofitssecondarycon（lensation，andconsequently，thesumoftheproductsdecrcases   
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＜s土de chain＞  ＜phenylnucleu5＞  0.3.3 
◎：Guaioco王  

○：CatecllOl  
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40 6080 100 120 140160180  

Reaetion temperature（℃）  

Fig．5 Lignin buildiIlg units givi咽那Ia；aeo王a11d／0ユ、  

C乱teChけ】81mosとquantitatively t）y NE－metl10d．  

Fig．6 Libeユ■ation ofもIle P】1enyInueleifromlaI、C】1  

dioxanelignin bY Standal・d NE－method．  

Reacti（‖1tinle：4IlrS．  

Pro（lucts from syr羞ngylnueleus   

◎：Pyroga1lol－1，3－（limethy】ether   

ゆ：Pyl・Oga1loトトlれet‡1yletller   

息：Pyrogallol   

留：′Total  

40   80  】20  】60  200  40   80  j20  160  200  

1ミe壬ICtioIlteml）eI・at11r◆e（℃）  

Fig．7 LibeI、atinl川f tlle Pllenylnuc】eif†，nnlbeech diqxa－－eli那il－l）さ，Stan（iard Nl；－metl－Od－  

Reacもi（川tilれe：41汀S．   
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0．6  
◎：Guaiacol  
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0．ユ  

40  80  ユ20   ］60   200  

Reaetion temperature（℃）  

F穣．8 Libei・at主f）n Of the p主Ienylnucleifrom Hinoki  

l）rOtの1i即inl〕y Standar（】NE－met】10d．  

lVqod mea王：80ⅠⅥeSh pass．  

ReactiⅢ1time：4】1rS．   

rapidly above130℃，a圧hnuglltheさrincrease at temperatures approachi噂130℃．   

The degra（lation bellaVior of p‡tOtOli糾in beloIV130℃is very simiial≠tO that ofli卯in  

preparations（F；gures6and8）．Althotlgh totalNEPyieldinc貰・eaSeS Only slj如】さ′above130℃  

in the case ofli卯；n pl、el）aratiqns，itincreaseslar酢1y above130℃in p】1Qtnli酢in，indicati咽  

that t】－elibe王、ation ofpl－enylnucleiis stillin‡）r噸reSS．However，the excl－an酢Of t】－e phenyl  

ntlCleiofli卯i！1f（〉r Phenolis comp】ete tInder tjle COll（1ition at180℃rol・4王1rS，aS tlle NEP  

yields aヱ1e the same f（）ユ、theI・eactjのn times of4a11d6hrs at180℃．   

Tlle NEP yieほs fl・Om＼≠パ仇1S prOtOlig11主IIS an（lli如！1p‡、eparatio11S are SllOl＼7nin Tables  

land2，‡・eSl）eぐもiveけ．Tlle NEpさriel（ls from pI，油）li脚iIIS arei11thel、al灘Of ab仇It O．45～0．55  

moレOC㌻IJ，indicati帽tl】at the condensation degヱ、ee qfpr（〉tOii那ins js approximately50％（See  

next scction）．Itis worth nothlg that the phenylnucleiof VANILLEX N，a reSiduc after  

t】－epl、（道uctiロー川f、7ani＝n，areliberate（lasmonome－、Sinal〕OutlO％yield・Non－1i卯insubstances  

containedin tech11ica11ig最ns retard the delⅥeti－さ′iati醐rate Ofmetl10Xyまg∫10upS，but havelittle  

effectのn抽eliberatinn qf tわe pllenさ7111tlClei．   

ル・・．・し・ふ一．・．∴ ハ・‥・Jり∴．ヾ∴、．・・．・∴・′・‥・   

T】1edegradation mechanism oflignin hy standard Nl三－1Tlethodis as follows at each react・  

ion temperaもt汀e■   



Seleetive Cleavage of Cほ－ArylBo†ldsi王1t．i脚i11  
1（1こう  

一t、こIl－t（・1 Nlくl－1■ilりしIs rrいnlSいft＼＼・（）り（1l‖・仙両面IIS．   

NEP Yield＊   

％ of王くiason  mol／OCをⅠ3   

1i卯i11  

Sample  

Jり（・川（JんJ…  

Karst．   

P∫eeαノeZOe耶fβ  
Carr．   

J）J■什（一＃／ーイ川l■J  

Mast．   

ハ■椚丹JJ晶‖fJ  
I二叩（lll11．   

JJ／J川∫l／川叫佑旧I  

Sieb．et ZtlCC．   

ハ＝J∫／石川／）（リ・再J  

pal・1．   

最前∬毎由布沖  
Gord．   

．1川Jl－∫ハ‖加  

Sieb．et Zuec．   

ハ判川J汗晶／（ノブJ  

Carr．   

じⅧ伸Ⅷ椚‘ノーI  

ノりJ河川J【tりl）．1）（－‖   

CんαmαeC〃pαrfざ  

0ゐ～ぞJぶαEndl．  

T、りrr‘WJ〃＝ぐ小川  

Sieb．et Zuce．  

28．1（〕  0．515  

28．52  0．5：i2  

29．84  0－551  

25．96  0．499  

30、42  0．570  

29∴iO  O．519  

24．27  0．446  

28．04  0．507  

27．！ミ4  0．5：ま2  

28．76  0．549  

28．63  0．554  

25，39  0．4f；5  

SprtlCe  

Yezo spruee  

Glehn’s spruee  

SlasllPine   

Japanesel・e（1pi‡le  

Jal）aIleSel）lack pine  

J叩aneSel之Il・Ch  

．J王IpaneSe fir  

Jal）aneSellemlnck  

S叩i  

ト＝n（）ki  

JapalつeSe tO汀eya  

＊Tile Sum qf糾ai批01－and catecI10卜yield b〉′Standal－d NE】－Ⅵethod・  

1モe；1Cti（）n teml）el、atし1ne：180℃，Reaごti（〉n time：4hrs．  

－トi（、I11＼＼・5口てニー   

Ligninis noとfu栂s椚）11enby t圭一edegradat血reagentat t】－isiniぬIstage of the reaction，  

becausexyle11e，aP001・SO】ventけ＝igl－in，is contaiI－edinlar酢amOtlnたil－ti－e王、ea酢nt・Hの、VeVer，  

boron t汗ばhori〔le cleaves a partofet主－erli－－lくageS、Vithin thelignin】－et“70rlくtO degradeli如－－  

tosmal王er fragIⅥentS・Apartofsidechai－－S】－ear thestllイaceofeacllfragmentzlrephenolated，  

especiallさ7a川1eα－POSitions，andt‡－ereStlltingnon－CO－－（lel－Sedpl－enylnucleii－a、′ing】）PMstI・tlCtしIreS  

areexcllan酢dforp‡－enOlandliberate（lasmⅢ－Ome‡、S・Ho、VeVe貰、，phennlationandNE－reaCtionscarcely  

（）C蝕r W用1i‡1も】1e fItagmentS．  

－50仙100℃－   

rr王1（きfragmentationofligni王－m即出血－edab（押eP‡，OCeedstoalar酢㌻（iegl・eeal－dligninisftlrtl－er  

s削1lenbyp‡1enOl・Conse（ltlentiさ1d－e（le訂eeOfp】－e－－01ationa－－dtl－eeXentOfNEてeaCtioni王－CreaSeS・  

Åsal）aI▼tOfcondensedu】－it5areSepa－・atedassi榊ninFig■9，mnSt（｝fli卯inn－Oleculesarede訂a（1ed   
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NEP Yieぱl（％of梅nin〉  

L湧n；n  

Guaiac（〉】  Caもech（）1  

Larch111illedlVOOdli即in  

Larch（lioxaneli即in‡●2  

LarclldioxaRe‡料1in‡J＊ヱ  

TOKAIL鹿血1㍗‖  
Orjgina】  

Dialyzed  

TOKAILi如n BL‥  
Original  
Dialyzed  

TOKÅILignin BMN＊4  
0Ⅰ・iginal  

Diajyze（1  

SANX p201＊ら  
Origina】  

Dialyzed  

VAN王LLEX N＊8  
0rigina】  

Dialyzed  

rrrace   

Tl▼a（：e   

Tl、aCe  

Trace  
l’race  

2．4   
ユ．6  

1．4  
1．8  

2．1   
2．8  

2．8  
Tl・aCe  

21．4   

22．0   
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Acidolysis time：Ⅰ，1hr；‡王，2．5IlrS．  
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Sulfonation degree：BL 〈BMN．  
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●6 Tech11iealli如n sulrnnic aci（雪mf）dified by heating wit王Iaほa王f．   
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Fig，9 BellaViorofco－－de－－Sedtypetlnitsin Nl；】meth（）（l・  

t。etb飢、Snl、Ibleolig㈹－erS．The払T・lⅥe（ii）Pか‡uniもsbegintobel）al・毎qxid董zedとOgivemesonleI’ic  

qu加ne111ethides・  

脚AbnvelOO℃－－叫   

The reactj醐Sbel州100℃p｝－PCeedI、apidly at tl－eil－itialstage ofthereacti肌rrhetlniとS  

havi帽α－Ca‡・bゎnylgroups，、Ⅴ－－ic－－areSCarCe－ypl－en（｝】atedbel（）、VlO陀，a‡、ealsodegraded・   



Selective Cleavage of Cα－ArylBondsin Lignin  1（う5  

T】1erefore，the amounts ofliberate（電phenylnucleii】1CreaSelVith rising temperatures叩）拍130℃．  

目口wever，eaChfragmenとbecomes very rigidin spite ofitslolV mOlecular11reight at tlleiniとial  

sta酢Ofthe reactionbecausequinonemethidesぬ－ivedfrom DPM structures fo‡、m StrOmgi－ydrogen  

bonds to tlle adjacentllydroxylgroups of tlle pheno‡nuclei．This change of structtlre  

preventstheattackof 

decrease tbe electron density of thel）11enylnucleiand retard the for111ation ofとhe′r－COmplex  

betlVee】1borol－trifluo‡▼ide and the phe！1yintlClei．ThtlS，in fra卯－enとS Subjected tのthis changenf  

structure，Subsequent phenolation and NE－reaetion scarcelさ′OCCur．  

ÅpplicこItion or NIミーIlletl10d   

The application ofNE－methodis not restrictedonly tolignin，alth肌唱hit was developed  

in order to obtain pnlyhydric pllenOIs frqmlignin．A feⅥr eXam‡）Ies are sllOl川belo軋   

（1）Activation of naturalpolyphenoIs and tlle prOduction of polyhydric phenoIs．   

Natural polyphenols such as lignins and condensed tannins are degraded to give polyhydric 

pllenOIsbyNE－methd．Forexample，COndensedtanninsgive＼㌢ery王、eaCtilrereSOrCinol，phIoro扇ucinol，  

catccholandpyr（聯1loletc・inhighyieldlS〉・Theresultingphenololigomersareveryphenolic，  

and can be used as additives to pまastics．  

（2）Synthesis ofdyes arld the prodLICtion ofpolyhydric phermls fromlignin related substances・   

For exarnple，Vani11irlgives aurin（a triphenylmethanedye）withguaiacolbyNEITlethod．Fur血er，  

an aiterat毒on of the aromatic compoundin the reaction sysもem resllltsi‡lthe forlⅥatioIlOfdiffel，ent  

dyes．Fig．10showsapossible process oflignin utilizationbythe・COmbinatio】10f NE－method  

and oxidation method．  

八〔t】＼・OtedllgIl】n ollgonle「S  

川dditjves to piqstlcsノ◆etc．）  

PhenolmonoRle「S  し19nln  

T「lphenylmethqne dye5  

Diphenylme帥即e dyes  

Fig．10 A possiblel）rOCe5S Oflignin util；zat；のn by colれbination qf NE－metll（）d and  

oxidation m（きt】10d．  

（3）Modification of natt汀alpolyp主1enO‡s．   

The properもies of naturalpoiyphenoIs can be  

for otber aromatic compounds using NE－method，  

used as the degradation reage鴎the property of  

（4）Analysis ofli卯in chemicalstructures18－20〉   

Tlle NE－method裏VeS qua11titative data on the  

lVithoutisolatir将Ij卯in fl・OnllVOOd．  

modified by excha咽ingも11eir phenylntlClei  

For example，if anillinin place of p】1enOlis  

polyphenoIsturnsbasic from phenolic．   

StruCttlre Of originalor mnd主fied protoiignin   
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Fig．11Ⅰ。ig油1l）tlilding川Iits givi咽a‡、Omatic aほellさ～de（NOp）bさ，蔓一汗－・Obenzene oxidatin－－・   

Fig・11sl－OWS theyiel（1sofaromatic aldehydes（NOP）a11d their originati咽units主n alkalin占  

涙trobenzeneoxidation．T‡－ere aI、e t椚）Si卯ificant di洋erences beもlVee11NE－met】10da！1dnitrobe11Ze11e  

OXidation method，aS Obvjous from tl－e COmpaltiso王川f Figures5a11dll．  

（1ラTlle NEPis fりrme〔iai】苅nSもqtはntitative王y from a】iolサigiIほとi咽unjts，もⅤ）1ereaS NOPis  

Jl（11．  

（2）NOPO】・igi－－ati噂tlnits aiべe r）nl〉rI－OnぺOl－densed ty匹S，“・hereas NEPol・igimti帽units長けeb（｝t‡－  

】1（）lトCOTldensed a】－dI〕p鉦ノ王t）7peS．   

T‡1erelatio11Sllip betl＼，een t重1e dle汀】ic；1】sL王1LICtureS Ofli卯in an（‡も‡1eNEPol・igi豪Iaもingt－ilitsalld  

亡き1eヱヾJ三Pyie】dsiscのmPa王、edl～†idlぬtonNOP j！】Fig．12．1れOriginalpr（｝tOli如ns，t！1e NI∑Pyiel（i  

isal‡nわStequaltothenu－Ⅵ】酬Ofn椚 

（nlOl／OC†′ノ13き〕is anindexof血econdensationdegreeofproto極血NE㌘0Ⅰ、iかatingし】nitsヱIre al†ⅥOSt  

e（lu；lit（）NOl〕0‡・iginati帽tlniもs．′IlllしIS，t】1e】・atin nf NO】フ）・ield to NOPo－・igi－－離京嘱し椚汗s8肛  

be caict】iate〔！毎d晶溺帽八甘P沖沌＝げN幻㍉油壷．Tわis、7all‡e becomes aninr‡ex f（汀Side  

cha妄n s加CtもireS】fミj becauseitis based on the distribJl血n of ftlneti（）nalg【、机l】）Sin side chains．  

ドしl‡、tl－er，tl－e COndensatiol－d聯ee Ofp脚h沖¶0埠Phe叩1tlnits can also be est主mated tlSingNi三l）  

an〔lNOj？．1－11Ⅵ（）dified王汀OtO】ignins m・廟1i11P－、epaI雨（）nS，tl－e ratio（）rNOP沐沌＝oNEP yiei（l  

L）eC（）meS anin（iexfor ti】e油1uCturalci－an那（｝＝廃l－indm，il昭一Ⅵ0（iificaとi（）nOr f汀ePa王、aもi仇 A】sり，  
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リグニン側鎖一芳香核間結合の選択的開裂  

船 岡 正 光・阿 部  好み  

リグニンの側甥叫労杏核間結合をj馴く的に開封させる糾たな手法（柁交換法，NE触法）を開  

発した。NE一法は敵および大過剰のフユノ叫ル頬の存諮三下において，ジフェエルメタン型構造  

射在を選脚勺に脱アルキル化するものであり，またI河時にメトキシル基も脱メチルイヒされ，リグ  

ニンから菜摘針生成物として多硝フェノ仙ルが私版率で遊灘する。NE州法はリグニンに陽浸産され  

ず，天然ポリフェノ仰ルおよび関連物質グ）構造研究および利鞘分野に㌫く利鞘することが叶能で  

ある。   




