
BulL Fac．Bioresources，MieUniv．  
No．6：27＿36  

Mard128．1991  

0ccurrenceofI）iphenylmethaneTypeCondensation  

inLigninduring技eatingandSulfuricAcid  
TreatmentofWood  

MasamitsuFuNAO払，TatsunariKAKOandMakotoKuBOMURA  

FacultyofBiore50urCeS，MieUniversity  

Ab5traet  

TheformationandquantityofdiphenyhTlethanetypestructuresinh卯induringheatingandsuihricacid  

treatment of wood wereinvestigated quantitatively by a method combining nucleus exchange and  
nitrobenzeneoxidation．Morethan60％ofnon・COndensedunitswererapidlyconvertedtodiphenyト  

methanetypeu血satearlystageoftbetretmentwithconcentratedsul如dcacid・〟terthat，餌rther  

condensationofugninscarcelyoccurred・TheformationTatioofdiphenylmethanetypetoothertype  

condensedunitswasaboutthreeduringthetreatrnent＼血hconcentratedsuLfuricacid・Themodihcationof  

ligninduringheatingofwoodbeganabove1200candwasmainlydiphenylmethanetypecondensation・  

About40and75％ofnon・COndensedunitswereconveredtodiphenylmethanetypeur衰tsbyheaぬgdryand  

wetwoodmealsat220Oc，reSPeCtiveIy．Theconversionratetodiphenylmethanetypeunitsdoubledby  

increasLngthetemperature＆om180to2200candbythepresenceofwater・  

KeyヽVOl■ds：Acidhydrolysis，Heating，Lignincondensation．DiphenyLmethane，Nucleusexchange  

reactiori  

Introduction   

Woodisacomplexofca血obydrates（ceu血seandhe血ceuulo＄e）弧dpdyphenol（u騨血），Whicharetota丑y  

di鮎rentinstructureandproperty・Ainingatthetotaiutiuzationofwoodconstituents，WOOdshouldbe  

separatedintocarbohydratesandugnin如st・However，thoseareintertwinedwitheachotheratmolecuIar  
levelintheceuwansothattheseparationusuanyneedsdrasticconditionssuchashightemperatureand  
pressure．L卸hissubjectedtotwomajorreactionsduringthesetreatments・Oneisthedepolymerizationby  

thecleavageofether血kages・Theotheristhepolymerizationbythecondensationbetweenbuudingunits・  
TheIatteroccurstolargerextentwithincrea＄mgSeVerityofconditionsl・2），reSultingintherigidityof  

molecule．   

a－Positionsof最gninsidechains，themostreactivesites，areattaCkedrapidlybya鈎centphenylnucleiunder  

bothacidicandalkalineconditionstoformC。－arylhnkages（diphenylmethanetypestructures）3，4・S）．Diphenyト  

methane（DPM）typestructuresareread弘yoxidizedtogivecoloredmesomericquinonemethides6），Which  

stronghydrogenbondswithhydroqumonesorphenoIs7）・Namely，DPMtypestructuresformedin  

greatlyinnuencethecolororthepropertieso‖鹿血moleculesuchasthereactivityandsolubihty・The  

inぬmationonthefomationandquantityofDPMtypestnlCtureS鉦物血du血gvadopsmod漬cationsisvery  
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importantfbrtheprocesscontrolandtheutihzationofproducts・However，COmparedwiththedepolymeriza－  
tion，therearefewquantitativedataonthecondensationofugnin，eSpeCianyonDPMquantitativedataonthe  

condensationofugnin，eSPeCia追yonDPMtypeunitsinhighly－COndensedu卯払s・Thisismainlyduetothe  

rigidityandlessreactivityofhighly－COndensedligninsandtothelackofthemethodtoselectivelycleaveonly  
SpeCi鮎dC－Cunkagesinhgnin．   

Thenucleusexchangemethodisanoveltech血quefortheselectiveandquantitativecleavageofmethylene  
hkagesinDPMtypestructuralunits4舶10）・Thismethodisapp悠cabledirectlytowoodwithoutisolatingugnin  

foranaly＄is．Inthepresentwork，thebehaviorof艮gnincondensation，eSpeCiauythe払rmationandquantityof  

DPMtypestructures，duringheatingandacidtreatmentofwoodwereinvestigatedquantitativelybyamethod  
COmbiningnucleusexchangeandintrobenzeneoxidation．  

Experimental   

j．ガgαめ好げ紺βOd   

アナ嗜α和ぬ乃〆勿α乃d紗gg紺クOd沼βαgぶ   

Yezo spruce（Piceajezoensis Carr．）wood meal（80mesh pass）was extracted for48hourswith  

ethanoトbenzene（1：2，Ⅴ／V）andddedoverP205（Drywoodmeal，W－0）．  

Air－driedextractive－なeewoodmealwasspreadonadishinadesiccatorwithwateronthebottomandwas  

keptinitfor4dayswithstirringofthewaterlayer（Moisturecontent22％，drybase，W－22）・   

Waterwasgraduauyaddedtoair－driedextractive－freewoodmealuntilsaturatedwithwater（Moisture  

COntent340％．drybase，W－340）．  

肋α血g   

Aboutl，5g（drybase）ofwoodmealwereplacedandsealedintoa17mlvolumestainiesssteelautoclave・  

Thesamplewasheatedataprescribedtemperatureforlhourinanoilbath・Afterheating，thesamplewas  

transferredtoadishanddriedoverP205．  

Tilhlcl．Treat111entCOnditionsofwoodwitllSulfurjcacid  

Timeくk）  

Fkst壬iydrolysis＊1  secondHydro壬ysis＊2  Treatnlent  

72％H2SO4  
Roomtenp．  
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 ＊120mlof72％H2SO4／gofwood．  

＊2After the敵st hydrolysis the reactionmixture was diluted with water to3％  
concentrationofsu帆1ricacidandboiled．   
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2．乃闇加脚かが肌朋摘励＝頑鞠戒Ⅷ血  

Extractive－＆eeYezosprucewoodmeal（80meshpass）wastreatedwithsulfuricacidunderaprescribed  

COndition（Tablel）．Afterthereaction，thehydrolyzateswere軌eredthroughglass枇er触erpaper，WaShed  

withcoldandhotwater，anddriedoverP205．   

鼠．鮎ぬ払射釧克明野加地お∽  

The degradation reagent was prepared by mixing phenol（19parts），Xylene（10parts）and boron  

tri触oride－PhenoIcomplex（4parts）．EightyBvemgofsampleand3miofthereagentwereplacedandsealedin  

a5mlstaidesssteelautoclave．Thereactionmixturewasheatedat1800cfor4hoursinanoilbath．The  

reactionproducts（guaiacolandcatechol）wereconvertedtotheirtrimethylsilylderivativesandanalyzedbygas  

chromatography・Thedetailedprocedurewasdescribedinpreviouspapers8・10）  

Apparatus：YANAGIMOTOG3800  
Column：Crosshnkedmethyls辻iconecapitlarycolumn（QuadrexS2006，0．25mmI．D．×50mLengthxO．25Fm  

Filmt山ckness）  

Columntemperature：王nitia11700c，15min  

Rate50c／min  

Fina11800c  

輌ectiontemperature：2300c  

Carriergas：Heliunl  

Deteetor：FID  

4。射ね助射通ね如臓徹相通誠肋  

Sample（4Omg），2Nsodiumhydroxide（3．2ml）andnitrobenzene（0．2ml）wereplacedina5mIstain1ess  

steelautoclave，andheatedat1700cfor3hoursinanoiibath．Theproducts（vanininandva血1icacid）were  

COnVertedtotheirtrinlethylsilylderivativesandanalyzedbygaschromatography．The samegascllrOmatO－  

graphsystemasdescribedabovewasused．However，thecoltmtemperaturewas1600cinitianyandwas  

raisedafter15mintothe触altemperatureof2500catarateof50c／min．   

5．瓜加朋めれげ晦涙机加地お頭∽ぬ   

ItwasdoneaccordingtoacombinationanalysISOfnucleusexchangesandnitrobenzeneoxidationll）・The  

calculations are summarized below：  

Abbreviations  

NEP。and NEPm：Nucleus exchange products（guaiacoland catechol）from originaland modiaed山gnins，  

respectively．  
NOP。andNOPm：Nitrobenzeneoxidationproducts（vanil肋andvaniucacid）たomori由nalandmodi鮎d最gnins，  

respectively．  

NC。andNC．，、：Non－COndensedunitsinoriginalandmodihedLignins，reSPeCtively．  

DPM：Diphenylmethane  

Or豆Ⅲ〟J厄〃才〃  

Non－COndensedunits（TypeA），mOle％，＝NEP。   
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Condensedunits（TypeB），mOle％，＝100－NEP。  

MaximumconversioI10Enon－COndensed unitsintoNOP  

′     ＝NOP。／Non－COndensedunits  

＝NOP。／NEP。  

劇画和郎妙壷  

Non－COndensedunits（TypeA），NCmm，mOle％，  

＝NOPm／OVOP。／NC。）  

＝NOP。、ノ（NOP。ノNEP。）  

DPMtypeunits（TypesA′andB′），mOle％，  

＝NEP。、－NC。、  

＝NEPm－NOPm／（NOP。／NEP。）  

Condensedurdts（TypeB），mOle％，  

＝100－NEP。、  

Figs．1and2showtherelations鴫）betweentheugninstruCtureSandtheyieldsofNEPandNOP，andthe  

短ninstructuralunit＄grOupeaSnOn－COndensed，COndensed，andDPMtypeunitsintheabove cajculations，  

respectively．  
Asobvious免・OmtherelatiorlSh3pbetweenNEPandNOP，thedi鮎renceintheyieldbetweenNEPandNOP  

isgettinglargerwithincreasmgamountofdiphenylmenthanetypeunitsinlignin．  

NON－CONOENSEロ   

ーYPE A  

〔ONロ〔NSEO   

TYPE B  
PROTOLIGNIN  

［二≡コ  

伽  駄愈繚凍愈  
R：H O「Alkyl  

NON－CONDENSED  

TYP〔A  

CONDENSED  

TYPE B  
ト10DIFIED し：GNIN  

Fig．1．Relationshipbetweenso氏woodligninstruCtureSandyieldsofNEPandNOP．   
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Non－COrlden5ed  

。＿。＿…ニ  
C－・C＝C－  

C‾‾ニー‾－、：‾－‾  

こて三‾  

こ‾‾C‾ ． 

∴三、二二こ  
Except for DPM types  

＋  

＿－‾‾‾二‾＿  

R；＝or Alkyl  

CHI  

」＿I＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿」  

Fig．2．LigninstruCturalunitsgrotlPedasnon－COndensed，COndensedandDPMtypeunitsbyacombination  

analysisofnucleusexchangeandl血robenzeneoxidation．  

Rcsults andI）iseussioll   

〔、′肌山油症棚′直面南山高か加血．ご   

Fig．3showsthevadationsofNEPandNOPyieidsduringheating．NEPyieldsremainedalmostconstant  

below1800c，abovewhichthoseslightlyincreasedinwetwoodmeals（W－22andW－340），duetotheincreasein  

theproportionoflignincausedbythedegradationofcarbohydrates・Ontheotherhand，NOPyieldsdecreased  

dramaticallywithincreasingtemperaturesabove120Oc・Thesefactsindicatethatthemodi点cationo  

du血gheatingofwoodbeganabove1200candwasrnainlyDPMtypecondensation・   

ThedecreaserateofNOPyeildabove1200cwaslargerintheheatingofwetwoodmeais（W－22andW－340）  

thaninthatofdrywoodmeal（Fig．3），indicatingthatwatercontainedinwoodacceleratedthecondensationof  

触血．Oneofthereasonsforthi＄istheaowofligninatalowertemperaturebecausewaterdecrea＄eSthe  

softeningtemperatureoflignin12）・TheotheristhedecreaseinpHbytheorganicacid，mainlyaceticacid  

derived魚・Omhemiceuulose．ThevariationpatternsofNEPandNOPyieldswerealmostthesame，independent  

ofmoisturecontent，betweenwetwoodmeals（W－22andW－340）．   

TheformationrateofDPMtypeunitsinligmiduringheatingisshowninFig．4．Ligninwasnotsubjected  

toanycondensationreactionsupto120Oc，abovewhichonlyDPMtypecondensationoccurred・About40and  

75％ofnon－COndensed units were converted to DPM type units at2200cin dryand wetwood meals，  

respectively．TheconversionratetoDPMtypeunitsdoubledbyincreasingthetemperature血《om180to220Oc  

andbythepre＄enCeOfwater．   
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トー写芸冨a責；…芸‡血h車 ＼⇒  
T工■eatmen亡  
Wiヒh3亀H2SO4  

（Secondllydroll■Si5）  

（Fまrs七l‡y鹿01ys⊥s）  

Fig．5．Varia扇on＄Of NEP and NOP yieldsなom地融  

during the treatmentofwoodwithsu血dcacid．  

C㈹dαばα如乃〆Jな狸f押d〟わ曙助ぞf柁α加！ダガf紺油ざ緑拘γなαC最   

Fig．5showsthevariationsofNEPandNOPyieldsduringsul餌ricacidtreatment．NEPyieldsremained   
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a血ostconstant血th20％decreasetotbat鉦omongmal抜群血血血g払etreatmentwith72％su脆ばicacid．On  

theotherhand，NOPyieldsdecreaseddramaticallytole＄Sthan20％ofthatfromoriginalligninbythetreatment  

毎rlhour，a氏erwhichthosedidnotvaⅣCOnSiderably．These払ctsindicate払a‖鹿血washea浦ycondensed  

atearlystageofthetreatmentwithconcentratedsuifuricacidandthatthecondensationof近騨induringthe  

treatmentwasmainlyofDPMtypes．Furthermore，nOVadationinNEPandNOPyield＄imp貼e＄thatneither  

DPMtypenorothertypecondensationofhgninoccurredanymoreafterheavycondensationatearlystage．   

NEPyieldsslightlyincreasedagainduringre鮎Ⅹingwith3％sulfuricacid（Fig．5）．Thisincreasewas  

pos＄iblycausedbytheconversionofacidsolubletoacidinsoluble打actionsthroughcondensationatbenzyl  

positions and／orbythe conversionoforiginaland secondarilyformed condensed units（Type B）toNEP  

producingstructures．Thelatterisduetotherearrangementofdiphenylethanetypeunits（Ori威nalphenyl－  

coumaranandl，2－diarylpropaneorsecondarilyformedcondensedstructuresatβ」POSitions）toNEPproducing  

structuressuchasstubenetypeunitsbyacidolysis13）・   

Morethan60％ofnon－COndensedunitswereconvertedtoDPMtypeunits（TypesA′andB′）bythe  

treatmentwith72％suhricacidwithinlhour（Fig．6）．Othertypecondensedunits（TypeB）wereabout20％．  

Namely，theformationratioofDPMtypetoothertypecondensedunitswa＄aboutthree．  
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Fig．（；．StruCtllralchangeofnon－COndensedunitsinLignindunngthe  

treatment ofwood＼＼雨h sulfuricacid．   

OnlyDPMtypeunits（Type＄A′andB′）werefbmedbyheatingwood，Whereasthetreatmentwith  

concentratedsu血ricacidisdrasticsothatothertypecondensedunits（TypeB）werealsoformedinadditionto  

DPMtypeunits．However，itisofinterestthattheconversionratesofnon－COndensedtocondensedtypeunits  

aresimilarbetweensulfuricacidtreatment（totalofDPMandothertypes，80％）andheating（DPMtype，75％）of  

wood．AIso，ぬrthercondensationofligrulWaSSCarCelyobservedafterheavycondensationatearlystage．   
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Thesesuggestthatthemaximumconversionofnon－COndensedtocondensedtypeunitsisaround8O％because  

Oftherigidityofthemolecule．DPMtypecondensationoccurspreferentiallybetweenC。andC6underacidic  

conditions14）．Therefore，DPMtypestructurescanbeformedinbothnon－COndensedandcondensedunits・  

Thepresentresultsonstructuralchangeofnon－COndensedunitsstrongtyindicatethatDPMtypecondensation  

OCCurShhighfrequencyinwhole物血moleculeunderdrasticconditions．   

Ligninutihzationhasbeentreiedinvarious鮎Ids，butitisstinunsuccessfu1．Onereasonfbrthisdi触ultyis  

inthecomplexityofugninstructures．Ingeneral，treatmentSOflignlnunderdrasticconditionshavenotbeen  

consideredtobedesirablefortheutiHzationbecauseofitsheavycondensation．However，iigninisalways  

Subjectedtosomemodi8cationinanytreatment．Drastictreatmentssuchasheatingathightemperatureor  

treatrnentwithconcentratedsu伽ricacidconvertthetigninmoleculetoahighly－COndensedfom血kedmainly  

throughDPMtype血kages．Chan如gthepointofview，thisisasimpl泊cationofhgninstructure・Ofcourse，  

highly－COndensedhgninisrigidandlessreactive．However，DPMtypepolymersarerapidlydepolymedzedby  

nucleusexchangetreatment15・16）togivereactiveo邑gomerswhichcanbeeas辻yprocessedfbruti最zation（Fig．7）．  

Therefore，theH鮮血mod漬cationviaDPMtypecondensationmighto鮎ranewrouteforitsutilization．  

Carbo王Iydrate Utilization  

Drastic Treat！nent  

Hi扇11ぎーCond帥Sed Lignin  
（DⅢでype Polymer）  

Nucleus Exchange Treatmenも  

〆 ＼  

Eもher Soiuble  
7ノi鴬  

KtllerInsolubl（∋  
26芳  

j柑：Ca．500  
把w／柏n：1．3  
Solubiliもy 
班ethanoI   
Ethanol   
Åc（〉もOrle   

Dioxane   
Tl膵，eもC．  

Lignln Utilization  

Fig．7．Proposcdutilizationprocessoflignocc11ulosics．   
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Con（：1usions   

TheformationandquantityofDPMtypestructuresink卯払duringheaぬgandsulfuricacidtreatmentof  

woodwereinvestigatedquantitativelybyamethodcombiningnucleusexchangeandnitrobenzeneoxidation・  

（1）The modi＆cation ofugnin during heating ofwood began above1200c and was mainly DPM type  

condensation．  

（2）WateracceleratedtheDPMtypecondensationofhgnin．  

（3）About4Oand75％ofnon－COndensedunitswereconvertedtoDPMtypeunitsbyheatingofdryandwet   

woodmealsupto220Oc，reSpeCtively・TheconversionratetoDPMtypeunitsdoubledbyincreasingthe   

temperature反om180to2200c・  

（4）AtearlystageofthetreatmentwithconcentratedsulRldcacid，mOrethan60％ofnon－COndensedunitswere  

rapidlyconvertedtoDPMtypeunits・  

（5）TheformationratioofDPMtypetoothertypecondensedunitswasaboutthreeduringthetreatmentwith  

concentratedsulfuricacid．  

（6）NeitherDPMtypenorothertypecondensationo用如noccurredanymoreaftertheheavycondensationat  

earlystageofthetreatmentwithconcentratedsu駄ricacid・  
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酸触媒オルガノソルプリグニンの構造特性   

船岡 正光＊1・VincentL．Chiang＊2・HelerlaL，Chum＊3  

＊1三盛大学生物資源学部  

率2ミシガンエ科大学（USA）  

＊3ソーラ・エネルギー研究所（USA）   

オルガノソルプリグニンの有効利聯こ関する基礎的知見を縛るため，Aspenチップがメタノールー水系で処理さ  

れ，溶出リグニンの構造が蒸解液pIiとの閑適で論議された。pH3．2以上では．溶出リグニンの組成はオリジナル  

リグニンと類似していたが，pIiの低下とともに縮合反応が開始され，Cα－アリール縮合構遷が形成された。低pH  

で流出するリグニンは，グアイアイアシル単位にリッチであった。   




