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AbstIaCt

TheWittigreactionsbetweenbenzo【c]thiophene-1,3-dicarbaldehyde(2)and

2,5-dialkyloxy-P-Xylylenebis(triphenylphosphomiumbromide)s(7)were

Carriedouttoobtain poly(l,3-benzo[c]thiobhenediylvinylene-alt-2,5-
dialkyloxy-1,4-Phenylenevinylene)s(8),Wherealkyloxyishexyloxy($a),

OCtyloxy($b),Ordodecyloxy(8c)･Thelongerthealkyloxygroup,the

higherthedegreeofpolymerizationoftheproduct･Theopticalbandgapof

POly(13-bnzo【c】thiophenediylvinylene-alt-2,5-diddecyloxy-1,4-Phenylene

-Vinylene)(8c)wasfbundtobel.7eV.Thisvaluewasmuchlowerthan
thatofpoly(1,4-Phenylenevinylene-alt-2,5-didodecyloxy-1,4-Phenylene-

vinylene)(2.5eV).

Keywords

fbly(arylenevinylene),Benzo【c]thiophene,Wittigreaction,Opticalbandgap

1.Intrduction

Poly(arylenevinylene)sareconsideredtobeoneofpromisingcandidatesrorelectroor

OPticalmaterials･Manyattemptshavebeenmadetopreparevariouspoly(arylenevinylene)s

includingpoly(1,4-Phenylene,l-32,6-disubstituted-1,4-Phenylene,4-61,4-naPhthalene-]2,5-

thienylene,8-1?2,5-furylene,11･122,5-Selenophenediyl13,4,7-benzo【b]thiophenediyl,14and

4,7-benzo[b]rurandiyl-vinylene19s･Theyweresuccessrullypreparedbyso-Calledsulfbnium
Saltmethod･(Arylenedimethylene)bis(dialkylsulfbniumhalide)wasreactedwithbasein
aqueoussolutiontoobtainasolubleprecursorpolymerwhichwascastintofilm.Itwa5heated

underinertgastoyieldpoly(arylenevinylene)film.
Recently,POly(benzo【c]thiophene)hasattractedparticularattentionbecauseithasasma11

bandgap(1･1eV)andwhoseconductingdopedstateistransparentinthevisibleregion.15･16It

isexpeCtedthatpoIy(arylenevinylene)whichcontainsbenzo【c]thiopheneasanaryleneunit
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exhibitsasmal1bandgap･Thethird-Ordernonlinearsusceptibility,X(3),OfJトCOqugated

POlymerisenhancedthrough1engtheningofthedel∝alizationdistance.Agrawaletal.
PrOpOSedthatx(3)isproportionaltothe6thpowerofthedel∝alizationlengthwhichis

exhibiteda$W/Eg,WhereWisthebandwidthandEgisthebandgapoftherx)1ymer･17

This work described the preparation of poly(arylenevinylene)s carrying

benzo【c】thiopheneasanaryleneuniL

2.ExpenmentS

2-1.GeneralPr∝edures.1HNMRweremeasuredwithaJEOLEX-270(?70-MHz)nuclear

magneticresonancespeCtrOmeteruSlngtetramethylsilaneasaninternalstandard･IRspeCtra

WeremeaSuredwithJascoIR-700infraredspeCtrOPhotometer.UV-VisspeCtraWeremeaSured

withJascoUVIDEC-403BspeCtrOPhotometer･MeltingpolntSWeremeaSuredwitha凱chi

510capillarymeltingpointapparatus.Gelpermeationchromatography(GPC)wascarriedout

WithasetofTosohTSK-gelG3(X氾HandG2500Husingtetrahydrofuran(THF)andstandard
polystyrenesasaneluentandreftrences,reSpeCtively･Elementalanalysiswasperfbrmedon

YanacoMT-2CHNCORDER.

2-2･Benzo【c]thiophene-1,3-dicarbaldehyde(2).Intothemixture of freshly-Prepared

benzo[c]thiophene18(l)(2.1g,15mmol),凡凡N一,Nしtetramelhylethylenediamine(TMEDA)

(4･2g,36mmol),and20mLofhexane,22mLofl･6Mbuty11ithiuminhexanewasadded

dropwisebelow400Candtheteactionmixturewasheatedunderrefluxfbr30min.Itwas

COOledto-400CandN;N-dimethylfbrmamide(DMF)(3.Og,42mmol)wasaddedviaair-tight
Synnge･Thereactionmixturewasallowedtowarmtoroomtemperatureandpouredinto300

mLoflO%hydrochloricacidsolution.Themixturewasneutralizedwithsaturatedsodium

bicarbonatesolutiontoseparatetheorganiclayer.Theaqueouslayerwasextractedwith

Chloroformandthecombinedorganiclayerwasdriedoveranhydrousmagnesiumsulfateand

placedunderreducedpressuretoremovethesoIvents.Theresiduewasrecrystallizedfrom

hexanetOgive2.28g(78%)of2asyeIlowneedles:mp157-1580C;1HNMR(CDC13,8)

10.40(S,2H),8.4-8.3(m,2H),7.6-7.5(m,2H);IR(KBr,Cm-1)vc=01607;Anal.Calcdfor

Cld-I602S:C,63.14;H,3.18.Found:C,63.(氾;H,3.15.

2-3.Diethy12,5-Dialkyloxyterephthalate(4).The mixture of diethy12,5-

dihydroxyterephthalate19(3)(2.Og,8.Ommol),POtaSSiumcarbonate(5.5g,40mmol),100

mLofDMF,andl-bromohexane(3.Og,18mmol),l-bromooctane(3.5g,18mmol),Orト
bromododecane(4･5g,18mmol)wasstirredfor5hat800C.Itwaspouredintowaterand

extractedwithethylacetate･Theorganiclayerwasdriedoveranhydrousmagnesiumsulfate

andplacedunderreducedpressure.Theresiduewasrecrystal1izedfromethanoltoglVediethy1
2,5-dihexyloxyterephthalate(4a),diethy12,5-dioctyloxyterephthalate(4b),Ordiethy12,5-

didodecyloxyterephthalate(4c)･

4a:yellowneedles;yield83%;mp33-340C;lHNMR(CDC13,8)7.34(S,2H),4.37(q,

J=7.2Hz,4H),4.00(t,J=6.6Hz,4H),1.9-1.3(m,22H),0.90(t,J=6.6Hz,6H);IR

(KBr,Cm-1)vc=O1697.Anal.CalcdforC24H3806:C,68.22;H,9.06.Fbund:C,68.42;H,

9.15.
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4b:yellowneedles;yield89%;mP38-400C;1HNMR(CDC13,8)7･33(S,2H),4･37

(q,J=7.2Hz,4H),4.00(t,J=6･6Hz,4H),1･9-1･3(m,30H),0･88(t,J=6･6Hz,■6H);IR

(KBr,Cm-1)vc=01698.Anal.CalcdfbrC28H4606:C,70.26;H,9･69･Fbund:C,70･18;H,
9.60.

4c:Whiteneedles;yield55%;mp58-590C;1HNMR(CDC13,8)7.34(S,2H),4･37(q,

J=7.2Hz,4H),4.00(t,J=6.6Hz,4H),1.9-1.3(m,46H),0.88(t,J=6.6Hz,6H);IR

(KBr,Cm-1)vc=01659.Anal.C左1cdfbrC36H6206:C,73.18;H,10.58.Found:C,73･32;H,

10.49.

2-4.2,5-Dialkyloxy-p-XylyleneAIcohol(5).IntothesuspenSionoflithiumaluminumhydride

(0.47g,12mmol)inlOmLofether4a(2･5g,6･Ommol),4b(2･9g,6･Ommol),Or4c(3･5

g,6.Ommol)in60mLofetherwasaddeddropwiseandheatedunderrenuxfbr30min･The

reactionmixturewascooledtoOOCandwaterwasaddedslowly･Themixturewasrepeatedly

extractedwithetherandtheextractwasdriedoveranhydrousmagnesiumsulfateandplaced

under reduced pressure togive2,5-dihexyloxy-(Sa),2,5-dioctyloxy-(5b),Or2,5-
didodecyloxy-p-Xylylenealcohol(5c)･

5a:Whiteneedles;yield90%;mP970C;1HNMR(CDC13,a)6.84(S,2H),4.67(S,

4H),3.98(t,J=6.6Hz,4H),l.9-1.3(m,16H),0.90(t,J=6.6Hz,6H);IR(KBr,Cm-1)

VO_H3260.Anal.CalcdfbrC20H3404:C,70.97;H,10.12.Found:C,7l･00;H,10･27･

5b:Whiteneedles;yield86%;mP99-100OC;1HNMR(CDC13,8)6.84(S,2H),4.67(S,

4H),3.98(t,J=6.6Hz,4H),l.9-1.3(m,24H),0.89■(t,J=6.6Hz,6H);IR(KBr,Cm-1)

VO_H3258.Anal.CalcdfbrC24H4204:C,73.05;H,10.73.Fbund:C,73･23;H,10･8l･

5c:Whiteneedles;yield94%;mplO9-1100C;lHNMR(CDC13,8)6.84(S,2H),4.67

(d,J=8･4Hz,4H),3･98(t,J=6･6Hz,4H),1･9-13(m,40H),0･鱒(t,J=6･6Hz,6H);IR

(KBr,Cm-1)vo_H3320.Anal.CalcdfbrC32H5804:C,75.84;H,11.53.Found:C,75.77;H,

11.45.

2-5.2,5-Dialkyloxy-p-XylyleneBromide(6)･IntothesuspenSionof5a(1･7g,5･Ommol),5b

(2.Og,5.Ommol),Or5c(2･5g,5･Ommol)in2(氾mLofbenzenewasaddedphosphorous

tribromide(0.95g,3.5mmol)inlOmLofbenzeneandstirredfbr5h･Thereactionmixture

WaSWaShedwithwater,driedovermagnesiumsulfate,andplacedunderreducedpressureto

removethesoIvent.Theresiduewasrecrysta11izedfromhexanetogive2,5-dihexyloxy-(6a),
2,5-di∝tyloxy-(6b),Or2,5-didodecyloxy-p-Xylylenebromide(6c)･

6a:Whiteneedles;yield88%;mP88-860C;lHNMR(CDC13,a)6.85(S,2H),4.53(S,

4H),3･98(t,J=6･6Hz,4H),1･9-1･3(nT,24H),0･88(t,J=6･6Hz,6H);Anal･Calcdfor

C2オⅠ32Br202:C,51.74;H,6.95.Fbund:C,51.78;H,7.02.

`b:Whiteneedles;yield76%;mP85-890C;lHNMR(CDC13,8)6.85(S,2H),4.53(S,

4H),3.98(t,J=6.6Hz,4H),1.9-1.3(m,16H),0.91(t,J=6.6Hz,6H);Anal.Calcdfor

C24H40Br202:C,5539;H,7.75.Found:C,55.53;H,7.85.

6c:Whiteneedles;yield92%;mp93-940C;1HNMR(CDC13,8)6.85(S,2H),4.53(S,

4H),3･98(t,J=6･6Hz,4H),1･9-1･3(m,40H),0･88(t,J=6･6Hz,6H);Anal･Calcdfor
C32H56Br202:C,60.76;H,8.92.Fbund:C,60.88;H,8.98.

2-6.2,5-Dialkyloxy-P-Xylylenebis(triphenylphosphonium bromide)(7)･Themixtureof

triphenylphosphine(2･4g,9･2mmol),70mLofethanol,and6a(1･9g,4･Ommol),6b(2･1
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g,4･Ommol),Or6c(2･5g,4･Ommol)wasstirredatr00mtemperaturefbr15h.Itwasplaced

underreducedpressuretoremovethesoIventandtheresiduewasrecrystal1ized丘omamixture

Ofethan01andethertogive2,5-dihexyloxy-(7&),2,5-di∝tyloxy-(7b),Or2,5-did∝lecyloxy-
p-Xylylenebis(triphenylphosphoniumbromide)(7c).

7a:Whiteplates;yield86%;1HNMR(DMSO-d6,8)7.9-7.6(m,30H),6.50(S,2H),

4･87(d,J=13.9Hz,4H),2.97(t,J=6.6Hz,4H),1.3-1.0(m,16H),0.84(t,J=6.6Hz,

6H);Anal.CalcdfbrC24H38Br202P2:C,68.02;H,6.32.Foムnd:C,68.23;H,6.25.

7b:Whitepowders;yield78%;1HNMR(DMSO-d6,8)7.9-7.6(m,30H),6.52(S,2H),

4･88(d,J=13.9Hz,4H),3.00(t,J=6.6Hz,4H),1.3-1.0(m,24H),0.88(t,J=6.6Hz,

6H);Anal.CalcdfbrC60H70Br202P2:C,68.96;H,6.75.Fbund:C,68.88;H,6.79.

7c:Whitepowders;yield76%;1HNMR(DMSO-d6,a)7.9-7.6(m,30H),6.51(S,2H),

4.88(d,J=13.9Hz,4H),2.99(t,J=6.6Hz,4H),1.3-1.0(m,40H),0.86(t,J=6.6Hz,

6H);Anal.CalcdfbrC68H86Br202P2:C,70.58;H,7.49.Found:C,70.54;H,7.33.

2-7･Poly(1,3-benzo[c]thiophenediylvinylene-alt-2,5-dialkyloxy-1,4-Phenylenevinylene)(8).

Intothemixtureof2,SOIvent,and7a,7b,Or7caglVenamOuntOfl.6Mbuty11ithiumin

hexanewasaddeddropwisebyair-tightsynngeandthereactionmixturewa$Stirredfbr5hat

roomtemperature･Themixturewaspouredintoexcessethanoltoprecipitatethepolymer.It

WaSWaShedwithethanolanddriedunderreducedpressuretoconstantweight.

2-8･Poly(1,4-Phenylenevinylene-alt-2,5-diddecyloxy-1,4-Phenylenevinylene)(10).Intothe

SOlutionof7c(324mg,0･28mmol)andtelephthalaldehyde(9)(37.6mg,0.28mmol)in5mL

OfTHF,0･43mLofl･6Mbutyllithiuminhexanewasaddeduslngair-tightsyrlngeWith
Stirringatroomtemperature･Afterstirrlngfbr24h,thereactionmixturewaspouredinto

excessethanoltoprecipitatethepolymer･Itwaswashedwithethanoltogive91mg(57%)of
10asorangesolid:lHNMR(CDC13,a)7.2-6.6(m).4.2-3.8(br),2.0-1.2(m),0.8(br).

GPCmeasurementwithpolystyrenesasareferenceshowedarelativemolecularweightof
8000.

3.ResultsandDiscussion

3-1.WittigReactionof2with7.PreliminaryexperlmentSShowedthatitwasdifricultto

prepareunsubstitutedpoly(4,7-benzo【c]thiophenediylvinylene)viasulfbniumsaltmethod
because of theinstability of benzo【c]thiophene･The attempt to synthesizel,3-

bis(halomethyl)benzo[c]thiophenewasunsuccessfJl.Itwasfbundthatbenzo【c]thiophene-1,3-
dicarbaldehyde(2)can■be obtained as stable crystals･Ouridea was to prepare

POly(arylenevinylene)carryingbenzo[c]thiopheneunitbyusingdialdehyde2asastarting

material(SchemeI)･The Wittig reaction between2and 2,5-dialkyloxy-P-

Xylylenebis(triphenylphosphoniumbromide)s(7)wereca巾edout･Compound7iscarrying
alkyloxygroupstomaketheresultingpolymersolubleinorganicsoIvent.Thepolymerization

resultsaresummarizedinナableI.CompoundlawasnotsolubleinTHFbutsolubleinpolar
SOIventssuchasethanolandDMSO･Ontheotherhand,thepr∝luct8awasnotsolublein

ethanolorDMSObutsolubleinTHF.Thereactionproceededheterogeneously(runl-5).
Compound7bwasmoresolubleinTHFthan7aandthedegreeofpolymerization(DP)ofthe

PrOduct$bwashigherthanthatof8a(run7).However,DPof8bwasstilllowandthe
Pr∝1uctobtainedfromrun7gavebrittlefilm･Compound7cwithdodecyloxygroupwas
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SchemeI

SynthesisofPo)y(arylenevinyIene)s$a,8b,$candlO
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easilysolubleinTHFandthereactionproαededhomogeneously(run9).TheDPofthe

POlymer8cwasmuchhigherthanthatof8&Or8b.Pblymer8cgavetoughdarkpurplefilm
Withmetalliclusterbyaconventionalcastingmeth∝1･Itwasconcludedthatlongeralkyloxy

groupenhancedthesdubilityorthephosphomiumsaltinTHF,1eadingahighmolecularWeight
PrOduct.

TableI･TheWittigReactionof2with7a,7b,Or7c
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Fig.lshムwstheIRspectrumorpoly(1,3-benzo【c]thiophenediylvinylene-alt-2,5-
did∝lecyloxy-l,4-Phenylenevinylene)($c).Itexhibitsabsorptionpeakat946cm-1duetothe

C-Hout-Of-Planebendingofthetransvlnylene･ItsIHNMR$howsabsorptionpeakat8･2-

6･8,4･2-3･7,2･0-1･0,andO･9ppmduetoaromaticandvinyleneprotons,methyleneprotons

(1-POSitionofdodecyloxygroup),methyleneprotons(2-11-POSitionsofdodecylgroup),and

methylprotonsasshowninFig･2.
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･FiglIRspeCtrumOrPOly(arylenevinylene)8c(KBr)･
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Fig･21=NMRspeCtrumOfpoly(arylenevinylene)8cinCDC13･

3-2.EfftctofBenzo【c]thiopheneUnitinPoly(arylenevinylene)･･Toinvestigatetheefftctof

benzo[c]thiophene unitin poly(arylenevinylehe),the Wittig reaction of7c with

telephthalaldehyde(9)wascarried out toobtain poly(1,4-Phenylenevinylene-alt-2,5-
didodecyloxy-l,4-phenylenevinylene)(10)･PolymerlOhasphenylenegroupinsteadof

benzo[c]thiophenemoiety.Fig･3showstheUV-Visspectraof8candlOinTHF･The

OPticalbandgap(Eg)of8cwasl.7eVwhichismuchlowerthanthatoflO(Eg=2･5eV),
indicatingthatbenzo[c]thiopheneunitinpoly(arylenevinylene)iseffbctiveinreducingthe

bandgapoffDly(arylenevinylene)･
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Fig･3 UV-VisspeCtraOr(a)8cand(b)10inTHF･

79



80 M.KUBO,T.ITOH
and
S.IWATSUKI

4･Concludingrema血s

i)Benzo[c]thiopheneunitwassuccessfullyfusedontopoly(arylenevinylene)backbonebythe

Wittigreaction between benzo[c]thiophene-1,3-dicarbaldehyde and2,5-dialkyloxy-P-

Xylylenebis(triPhenylphosphomiumbromide)s.
ii)Itwas foundthatbenzo[c]thiopheneunitreduced the band gapoftheresulting

画y(打ア1enevinylenり.
iii)Thissyntheticapproachtosolublepoly(arylenevinylene)､bastheadvantageOfbeingableto

introducevariousaromaticunitintopoly(arylenevinylene)byusingaromaticdialdehyde

COmPOundasastartingmaterial.
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