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Abstraet  

Aspen（P嗜ulusiremuk｝ides）chipsweretreatedwithmethanol；Water（70：30byvolume），at1650c  

for2．5hours，Withcataly＄tS（NaHSO4，H2SO4andH3PO4），uSingauquor－tO－WOOdratioof4：1．The  

structuresofthe resultingorganosolvugninswereanalyzedbythecombinationofnucleusexdhange  
reactionandrdtrobenzeneoxidation．AbovetheuquorpH3．2，thecompositionsofdissolvedti如nswere  

similartothatoforidnalkgninandthecondensationreactiondidnotoccurextensively．However，雨th  

decreasinguquorpH（belowpH3．0），thecondensationoccurreddTamatica11y，formingdiphen）．Lmethane  

typestructures．ThedissoIvedhgninswererichinguaiacylunitswhiehweremainlyoftypeGb・  

Keywords：OrganosoIvugnin，Acid・Catalyst，Condensation，Diphyenyimethane，Nudeusexdlange  

reaction  

Introductiom   

OrganosoIvdeh如鮎ationwaso吻anystudiedbyKLEINERTandTAYENTHALl）andKLE削ERT2‾6）asaヮovel  

method for producing chemicalpulps for paper manu払cture．Compared to conventionalkra食p山plng  

processes，theadvantagesincludedsubstantiairedtlCtionincapitalcostsandhigherpulpyieldsfbrthesamelevel  
ofdehgni＆cation・ThetwobroadcategoriesoforganosoIvprocessesare〃catalyzedanduncatalyzed〃・The  

catalystscanbeacidsorsalt＄：basecanalsobeadded7－9）・P払ot－plantscalestudiesareunderwayuslng  

catalyzedanduncatalyzedaqueousethanoIsolutionslO）．Majore鮎rtsareongoinginEuropetodevelopa舶伽e  

organosolvpulpingtechnoIogieslト13）・PuoトSCalee鮎rtsareonprogressinGemanyonatleasttwoofthe  

alk濾neprocesses．   

Theab批yoftheorganic／aqueoussoIventtoselectivelyextracthighyieldsoftheHgninfractionora  

COmbinationofligninandhemice血losic鼓・aCtions，p血cipauyforhardwoods，SuggeStSthatpotentiailythese  

processescouldbeusedasapretreatmentfortheproductionofrelativelyhighpurityceuuまosicsubstratesfor  

enzymehydrolysis．Removalofmostoftheligninandxylanなactionswouldfaciutateoperationofsimultaneous  

sacchari8cationandfementationdigestersbecausetheseinertmaterialswouldnotoccupy30－40％ofthe  
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digestercapacity：inaddition，kgninarepotentiauycapableofaffec血gthedownstreamenzymerecycleby  

adsorptionofenzymecomponents玖15）   

ltistheuti昆zationofcarbohydratesthatisgreatlylmprOVedthroughorganosolvprocesses．Ontheother  

hand，thatofthere＄ultinghgninhasstinremaineddif6cultbecauseofitscomplexityandheterogeneityinthe  

structure．However，Withoutthee飴ctiveutiuzationoflignin鉦actions，theorganosoivprocess cannotbe  

estabushedastheentireutihzationprocessofugni8edbiomass．Lotsoffundamenta王dataonthemolecular  

weightoforganosolvlignin，itsreactivity，itsfunctionalgroups，itscondensationdegreeandothersarerequired  

fbrdesignmgnewligninutiuzationprocesses．Inthisconnection，thecharacterizationoforganosoIvugninsby  

lHand13cNMRhasbeencarriedout16）．hthepresentwork，thepropertiesofacid－CatalyzedorganosoIv  

li騨如swerediscussedusi喝aCOmbinationtech涙queofnucleus－eXChangeandnitrobenzeneoxidation・  

Experimental  

桝卿触感痛Ⅶ如拙痛感血ぬぬ侶卯妙壷   

OrganosoIvtreatmentsofaspen（P呼ulusiremuloides）chipswerecarriedoutinmethanol：Water（70：30by  

volume），at1650cfor2．5hours，withcatalysts（NaHSO4，H2SO4andH3PO4）and，forcompaぬon，without  

catalysts，uSinganquor－tO－WOOdratioof4：1．Thedehgni6edwoodswere丘Iteredoff，fonowedbythorough  

WaShing．TheBltrateandwashingswerecombinedandevaporatedtoneardrynessinarotaryevaporatorat  

temperatureslowerthan6OOcunderreducedpres＄ure・Thesoudresiduewa＄thenIeachedbyredissolutionof  

thehemice㍊ulosic魚・aCtioninwater，ibuowedby点1tration（orcentr血gation）oftheugnins．Theisolatedlignins  

Were餌rぬerpur漬eduslngdioxaneeぬer．  

勅通徹Ⅷ戒明㌍訊か劫ぬ狐馴…威如如  

NudeusexchangetreatmentsoforganosoIvligninswerecardedoutwiththedegradationreagentprepared  

bymixing19parts（byvolume）ofphenol，10partsofxyleneand3partsofborontr姐uoride・phenoIcomplexina  

l．5mlstainless steelautoclave．One mlofthe reagent was used for about28mgof最gnin．lnalka肋e  

lぬobenzeneoxidation，iignin（10mg），2Nsodiumhydroxide（0．8ml）andnitrobenzene（0．05mi）wereplacedin  

astainlesssteelautoclave（1．5mlinvolume）andheated．Thedetailedproceduresforbothmethodswere  

describedinelsewbere17）．   

Inthebelowsection，theabbreviationsareusedasfollows：  

DPM：Dipheny血e払ane  

【NucleusExchangeReaction］   

NEP：Nucleu＄eXCha重唱e▼とeactionproducts   

NEPg：Nucleusexchangereactionproductsfmmguaiacylunits．   

NEP＄：Nucleusexcbangereactionproductsなomsyrh訂l血ts．   

NEPg110andNEPsllO：NucleusexchangeTeaCtionproductsh・omguaiacylandsyringylatllOOc，reSpeC－  

dvely．   

G：GuajacoI   

C：CatechoI   

P－1，3：Pyroga11ol－1，3－dimethylether   
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P－1：P）TrOgaLlol－1－methylether   

P：Pyroga追oi   

［NitrobenzeneOxidation］   

NOP：Nitrobenzeneoxidationproducts   

NOPg：Nitrobenzeneoxidationproducts良・omguaiacylunits・   

NOPs：Nitrobenzeneoxidationproductsなomsyringylunits．   

Ⅴ：Va最11in   

VA：Vanillic acid   

S：Syringaldehyde   

SA：Syringicacid  

The fouowing equations summarize the quantitative calculations for various unitsin acid－Catalyzed  

organosolvほ釘血s17）．  

Non－COndensedguaiacylunits（Ga），mOl％，＝NOPg用・78  

DPMtypeguaiacylunits（Ga′，Gb′），rnOl％，  

＝NEPg－nOn－COndensedguaiacylunits  

＝NEPg－（NOPg丑78）  

Non－COndensedsyringylunlts（Sa），mOl％，＝NOPs／0．77  

DPMtypesyringylunits（Sa′，Sb′），mOl％，  

＝NEPs－nOn－COndenseds叩ngylunits  

＝NEPs－（NOPs／0．77）  

Condensedguaiacylandsyringylunits（Gb，Sb），mOl％，  

＝100－nOn－COndensedguaiacylands函ngylunits（Ga＋Sa）  

－DPMtypeguaiacylandsyringylunits（Ga’＋Ga′十Sa’十Sb′）…   

WhereO・78andO・77areNOPg／NEPgandNOPs／NEPsforaspenMWL，reSpeCtively．  

（5）  

Results and Discussion   

TheorganosoIv－treatmentCOnditionsand勇eldsotisolated近gninsandhgninsremamngintheceuulosic  

Tablcl．ConditionsoforganosoIvtreatrnentsandyieldsoEisolatedli即ins  

Cooはhquor  
l 

catalyst  
c。nC，M water 。。】。  

4．3＊1  

3．2  

3．0＊2  

2．05  

2．05＊2嘉3  

None  

NaHSO4  0．04  

H3PO4  0．05  

H2SO4  0．05  

H2SO4  0．05  

2
 
8
 
n
O
 
3
 
9
 
5
 
6
 
7
 
6
 
8
 
 

9
 
A
一
 
〇
 
ご
U
 
†
エ
 
 

3
 
2
 
1
 
4
 
2
 
 

＊1Aceticacidaddedtosimulatexylanacetylgrouphydrolysis．  
＊2Liquorsneutral近edpdortosolventevaporation．  
＊31hourcool血g．   
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residuesaregiveninTab重el．Intheseexperiments，thedigesterwasaaowedtocoo王toroomtemperature  

OVernight，thusailowingsomeligninreprecipitationontothe蔦berswhichexplainstherelativelyhighresidual  

kgnin contents of sorne pulps．Totalrecovery ofugninsin about90％was observed for theless acidic  

pretreatments．Thedatasuggestthatasmauamountofthelow－mOlecularweight追加nsweresolub揖zedin  

this procedure．In thepresence ofsu＆ricacid at arelativeIyhighconcentration，0．05M，the apparent  

recoveryof払gninsisaboutllO％，SuggeStingcondensationofcarbohydrate－dedvedmaterialsontothelignins  

（possiblytofbrmhighlycondensedresidualhgnihg）．  

■ NON CONDENSED  

●DPM TYPE  

II CONDENSED 

R：H o「ノ11ky】  

Fig．1・Typesof猛卯inphenylnuclei・   
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Phenylnucleiinhardwoodprotoligninscanbeclassi鮎dintonon－COndensedguaiacyl（TypeGa），COndensed  

guaiacyl（TypeGb）andnon－COndensedsyringyl（TypeSa）units（Fig．1）．Whentreatedinacidicmedia，these  

units undergo secondarycondensations，mainlyft）rmingdiphenylmethane type structuresihked between  

benzy追c carbons and aromatic nuclei・Consequently，in acid modiaed最鮮血s，guaiacylunits can be of  

non－COndensed（Ga），DPM（Ga′andGb′），andcondensed（Gb）types．Simぬrly，Syringylunitscanbeof  

non－COnden＄ed（Sa），DPM（Sa7andSb′），andcondensed（Sb）types（Fig．1）．   

Fig・2schematicatlyiuustratestherelationshipbetwee最gninstructuresandyieldsofNEPandNOP．   

TheNEPandNOPyieldsandvadousindexescalculatedなomthemareshowninTables2，3and4．   

NOPoriginatingstructuresareonlynon－COndensedunits（Ga，Sa）18），Wherea＄NEPori如atingstmctures  

arebothofnon－COndensed（Ga，Sa）andDPMtype（Ga′，Gb′，Sa’，Sb′）units17・19）．sincethereisnoDPMunitin  

OriginalMWL，NOP／NEPinMWLrepresentsthemaximumconversionofnon－COndensedtmits（Ga，Sa）into  

NOP・Thisvaluevariesdependingonthesidechainstructures・TheNOPg／NEPgandNOPs′NEP＄inaspen  

MWLwereveryciose，indicatingthatguaiacylandsymgylunitshavesimiまarsidechainstructures．The  

NOPg／NEPgvaluesatpH4・3and3・2wereaboutthesame，SughtlylowerthanthatinMWL，andtheNOPs／  

NEPsatpH3・2wasa血ostequaltothatinMWL・Thissuggeststhatthesecondarycondensationof最gnindid  

notoccurtoalargeextentabovepH3・2・ThelipindissoIvedatpH4・3hadhigherNOPs／NEP＄thanMWL，  

indicatingthatthis長gnhhadmoreamountofNOPhighyiel血g＄truCtureSSuChasa最phaticOHandcor如gated  

doublebondsinthesidech血sofsy血｝訂1units18）・This＄血Cturalchangeofsidech血sinsy血訂1unitsis  

駄elyduetothecleavageofsyringyl伊0－4unkagestoalargerextent，becausesyringylunitsod如auyhave  

（a）OriginalLignin  

（b）吾odiried Lまgnin  

FiF．2．StruCturalunitsofhardwoodligninandthe）づeIdsofNEPandNOP．   
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Table2．Nucleusexchangeproductsfromaspenmiiledwoodandacid・Catalyzedorganosolvlignms  
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Table3．Nitrobenzene oxidation product5fromaspen miued wood ugnin and  

acid－CatalyzedorganosoIvlignins  （mo］e％）  
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Table4．VariousindexesbasesonNEPandNOP  
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＊1NEPgllO   
癖2NEPsllO   

＊二l＝10urCOOking・  

largeramountofβ－04払kages・BelowpH3・0，theNOP／NEPdecreaseddramatica払y，hdicatingthatDPM  

typestructureswerefomedbythesecondarycondensationbetweenbenzyほccarbonsandphenylnuclei，   

haddmo亜edugnins，theNEPs／NEPgrepre畠ent岳theratioofnon－COndensedplusDPMtypeunits  

betweenguaiacylandsy血gyl，WhereastheNOPs／NOPg（conventionalS／Vratio）istheratioofonlythe   
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remainingnon－COndensedunit＄・TheNEPs／NEPgismoreinfbmativethanconventionalS／V，SinceDPMtype  

unitsareformedfromoriginalnon－COndensedunits．TheNEPs／NEPgdecreasedonlysughtlyaboveuquorpH  

3．2，WhereasitdecreaseddramaticailybelowliquorpH3．0，＄uggeStingthattheli卯insdissoIvedbelolVPH3．O  

WererichingualaCylunits．  

Theligninphenylnudeihberatedasmonomersbythenucleusexchangereaction（guaiacolfromguaiacyl  

units，andpyrogalloト1，3－dimethylehter簸・OmSyringylunits）arefurtherdemethylatedbyborontdauoridetogive  

catechol，PyrOga遮0ト1－methyletherandpyroga追ol．Consequently，C／（G＋C）and（ト1＋P）／（P－1，3十P－1＋P）  

representthedemethylationdegreeofmethoxylgroupsduringthenucleusexchangereaction．Thedemethyla－  

tionrateofmethoxylgroupismuchslower2O・21），COrnparedwiththephenolationofsidechainsandtheexchange  

Ofphenylnucleiforphenolandvadesdependingontheactivityofborontriauoride．Borontri触orideis  

SenSitivetomoistureanddeactivatedbywatersecondari1yfbmeddu血gthereaction．Theseindexesinboth  

gualaCyland syrmgylwere gettinghigherwith decreaslngliquorpH，indicatingthat the activity ofboron  

tr漬uoridewashigherinthenucleusexchangereactioriOfhgninsdissolvedatlowerhquorpH，thati＄，lessamount  

Ofwaterformedsecondari1y．Thesecondaryformationofwaterduringthenucleusexchangereactionismain1y  

dueto（1）thereactionofauphaticOHwithphenol20）and（2）thecondensationbetweenphenohchydroxylgroups  

formingdiphenyletherstructures22）・Aboveresultimp最esthathgninsdissoIvedatlowerpHhavelessamount  

Ofa止phatichydroxylgroupsinsidechainsthatarereactivewithphenol，beeausetheinauenceof（2）canbe  

regardedtobeaboutthesamebetweenthe艮gn払s．  

TheratioofacidinNOP［VA／（Ⅴ＋VA）andSA／（S＋SA）】hasarelativelygoodcorrehtionwiththeamount  

ofquinoidstructuresinhgnins23）．ThehighervalueofVA／（V＋VA）orSA／（S＋SA）meanslargeramountof  

quinoid structures．Although this ratio was not so di鮎rent between the ugrhs aboveliquor pH3．2，it  

increased dramaticalJy at pH2．05．This would be due to the presence of more anlOunt Of mesomeric  

qumonemethidesinthe追gninatpH2．05thatwerederivedfromDPMtypestructures，Thequinoidmoietiesin  

物血fomstronghydrogenbondstoa詭c畠nthydroxylgroups，reSultingintherigidityofhghinmolecule24〉．   

Quaiacylandsyringylunit＄Werehlrtherdividedintonon－COndensed（Ga，Sa），DPMtype（Ga′，Gb′，Sa′，  

Sb′）andcondensed（Gb，Sb）（Table5）．WithdecreasinghquorpH，eSpeCiallybelowpH3，0，nOnrCOndensed  

gualaCylandsyringylunitsdecreasedrapidly，aCCOmpaniedbytheformationofDPMtypeunits．Thisindicates  

thatsecondarycondensationo＝吻血wasacceleratedbelowpH3．0．Ithasbeendemonstratedbymodel  

experiments25）andthenucleusexchangeanalysis26事27）ofacid－treatedhgninsthatintheacidicmedia，benzyuc  

Tablc5．Typesofstructuralunitsinaspenm封Iedwoodlignmandacid・Catalyzedorganosolvligmns  

（mole％）  

Non－Condensed DPMType CondensedGuaiacyl Non－Condensed  D畏潜e。9F。rmu】a  ▲   
andSyringy王  Sydn訂1  Guaiacyl  
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Guaiacyl  

（Gb，Sb）  （Sa）   （Sa′，’Sb′）  
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2．05率  

2．05  

Trace C9H8．502．6（OC‰）l．3   

6   C9H8．202．4（OCH3）1．2   

7   C9H7．602．4（OCH3）1．1   

9  C9H7．602．1（OCH3）1．2  

ー   C～，軋．50こl．5（OCHこi）L．l   MWL  17  

＊1hourcooki咽．  
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carbonsof長卯inarereadilyattackedbynucleophiles，formingDPMtypestructures・However，thetotal  

quantityofDPMtypeunits（12－16mol％）inacidcatalyzedorganosolvhgninsisnotverymuch・Thisispossibly  

duenotonlytothepreventionofsecondarycondensationbyakoholbuttotheretentionofhighlycondensed  

unitsinpulp．   

Thetotalofnon－COndensed（Sa）andDPMtype（Sa′，Sb′）unitsinsyringylhasacorrelationwiththesyringyl  

contentcalculated打omtheC9formula．Thismeansthatthecondensationofsyringylunitsweremostlyof  

DPMtypes．BelowpH3．0，alessamountofsy如離unitswasi耶01vedin払eisolatedblackkquork鮮血s・  

Thisispartlyduetothedegradationofsyrlngylunitstosma弘erh’actionsthatarewater－SOluble・However，this  

would be probably due mainly to the more preferentialparticipation of syrlngylunitsin the secondary  

condensationreactionssincetheseunitsaremore鮎xiblethanguaiacyl，duetotheabsenceofthecondensed  

structures．Consequently，ahigheramountofsyrmgylunitsmightberetainedinthepulpsinthefomof  

condensedmoieties．Tocon魚rmthisproposition，thecharactedzationoftheresidualpulpu騨insisrequired．  

ConeludimgRemarks   

ThestruCtureSOforganosolvhgninsdissoIvedatvarioushquorpHwereanalyzedbythecombinationof  
nucleusexchangereactionandnitrobenzeneoxidation，   

Generny，With decreasinguquor pH，reaCtivealiphatic hydroxylgroups decreased and the secondary  

conden＄ationoccurredtoalargerextent．Thatis，abovepH3．2，thecompositionsofdissolvedugninswere  

similartothatofonginal1igninandthecondensationreactiondidnotoccurextensively，WhereasbelowpH3・0，  

thecondensationoccurreddramatically，formingDPMtypestructures．ThedissoIvedligninswererichin  

guaiacylunitswhichweremainlyoftypeGb．   

Theseinfbrmation＄areimportantfortheuti追zationoforganosolv長印加s．Forexample，the追gnindissoIved  

atpH2．05islessreactivebecauseoflessamountofaiiphatichydroxylgroupsandthehighcondensationdegree  

ofphenylnuclei．However，dissoIvedugnhsdonotrepresentwholemodi＆ed物血s，andsomepartsoflignins  

arestiuinthepulp．Basedonthecurrentstudy，re＄idualpulpHgninsarepresurnedtohavemoreamountof  

secondarilyfbrmedcondensedunits．Consequently，inordertoelucidatetheovera址structuralchangeofhgnin  

duringacid－CatalyzedorganosoIvtreatment，theanaly＄isofresidualugninsinpulpwalalsoberequiredinthe  

future．  
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駿触媒オルガノソルプリダニンの構造特性   

船岡 正光＊1・VincentL．Chiang＊2・HelenaL．Chum＊3  
＊1三盛大学生物資源学部  

串2ミシガン工科大学（USA）  

＊3ソーラ ・エネルギー研究所（USA）   

オルガノソルプリダニンの有効利用に関する基礎的知見を得るため，Åspenチップがメタノールー水系で処理さ  

れ，溶珪川ダニンの構造が蒸解液卵との関連で給譲された。pH3－2以上では，溶出リグニンの親戚はオリジナル  

リグニンと頼似していたが，p王iの低下とともに縮合反応が開始され，Cα－アリール縮合構造が形成された。低pH  

で流出するリグニンは，ダアイアイアシル単位にリッチであった。   




