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ABSTRACT:Hyperbranchedpolyimides(HBPI)swithhighglass-transitiontempera-
turesandexcellentthem alstabilityweresynthesizedthroughthereactionofcom一
merciallyavailablecarboxylicaciddianhydrideswithtris【4-(4-aminophenoxy)phe-
nyl]ethane(TAPE).Inparticular,hyperbranchedpolyimideHBPI(TAPEIDSDA),pre-
paredthroughthereactionorTAPEwith3,3′,4,4′-diphenylsulfbnetetracarboxylic
dianhydride(DSDA),showedhigherthermalstabilityandgoodsolubility･Further-
more,alkaline-developable,photosensitiveHBPI(TAPE-DSDA)-MA-CAwasprepared
through thereactionofHBPI(TAPE-DSDA)withglycidylmethacrylatewithtetrabu-
tylammoniumbromideasacatalystinN-methy1-2-pyrrolidinone(NMP)followedbythe
additionreactionofcis-i,2,3,6-tetrahydrophthalicanhydridewithtriphenylphosphine
asacatalystinNMP.Theglass-transitiontemperaturesofHBPI(TAPE-DSDA)-
MA-CAweregreaterthan300oC.Aresistcomposedof74wt%HBPI(TAPE-DSDA)-
MA-CA,22.2wt% trimethylpropanetriacrylate,and3.8wt% Irgacure907asa
photoinitiatorachievedaresolutionofa55-ILmlinepatternanda2751FLmSPaCePattern
byUVirradiation(1000mJ/cm2).㊨2004WileyPerlOdicals,Inc,∫PolymS°iPartA二Polym
Chem42:3697-3707,2004

KeywordS;alkaline-developablephotosensitivematerials;excellentthe- alstabil-
ity;highglass-transitiontemperature;hyperbranchedpolyimides;hyperbranchedpoly-
mers;lithography;photopolymerization;radicalpolymerization

lNTRODUCT10N

Itiswellkn ownthatpolyimidesareusefulhigh-
perfbrmancematerialsbecauseortheirexcellent

thermalstability,highchemicalresistance,high

breakdownvoltage,low thermalexpansion,and

low dielectricconstants･1polyimidesaregener-
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allypreparedthroughthering-openingpOlyaddi-

tionofcarboxylicdianhydrideswith diamines,fol-

lowedbythermalorchemicalimidizations,and

theyhavesomeslgni丘cantdisadvantages,such

aslowsolubilityandintermolecularandintramO-

lecular charge-transfer-complex formation be-
causeortheircharacteristicstructures.

Meanwhile,hyperbranched polymers,which

aredendriticpolymers,havebeenpaidmuchat-

tentionbecauseortheirhighlybranchedarchitec-

ture.2Theirsolubilityincommonorganicsolvents

isgood,andtheirsolutionviscosityislow･Fur-

thermore,hyperbranchedpolymersshow inter-

estingfunctionsbecausetheyhavealargenum-
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berorreactivegroupsattheends･Generally,
hyperbranchedpolymersaresynthesizedwith
twodifferentialmethods:theself-polym erization
oranAB2-typemOnOmer3andthecopolymeriza-
tionofanA2-typemOnOmerWithaB31type mOnO-
mer･4Thelatterhasaslgniacantadvantagefわr
industrialapplicationsbecauseofitsone-potsyn-
thesisprocedure.

Giventhisbackground,hyperbranchedpolyim-
ides(HBPI)Sareexpectedtohavegoodsolubility,
high thermalstability,andgoodfi1m-forming
properties･Uedaetal･5reportedthe丘rstsynthe-
sisofaphotosensitivepolyimidebasedonahy-
perbranchedpoly(etherimide)asanewnegative
workingmaterial･Furthermore,wehavereported
thefirstsynthesisandreactionofHBPIscontain-

ingmethacryloylgroupswithradicallypolymer-
izablephotosensitivity･6
Inthisarticle,wereportthefirstsynthesisof
an alkaline-developable,photosensitive HBPI
containing both (meth)acryloyland carboxyl
groupsattheends.Furthermore,thepatternlng
propertyofthesynthesizedHBPIhasbeenevaL
uatedwithscanningelectronmicroscopy(SEM).

EXPERIMENTAL

Materials

1,1,1-TriS(41hydroxyphenyl)ethane,4-fluoronitro-
benzene,hydrazirlemOnOhydrate,pyromellitic
dianhydride(PMDA),4,4′-bisphthalicanbydride
(BPDA),oxydiphthalicanhydride(ODPA),3,3',4,4'-
benzophenonetetracarboxylicdianhydride(BTDA),
3,3I,4,4′diphenylsulfonetetramrtx)xyhcdiarhydride
(DSDA),4,4I-(hexafluoroisopropylidene)diphthalic
anhydride(6FDA),tetrabutylam monium bromide
(TBAB),andtriphenylphosphine(TPP)werepur-
chased丘･om TokyoKaseiKogyoCot,Ltd･,and
TBAB was recrystallized from ethylacetate.
Iron(III)chloridehexahydrate,activatedcarbon,
aceticanhydride,pyridine,glycidylmethacrylate
(GMA),cis-1,2,3,61tetrahydrophthalicanhydride
(THPA),p-methoxyphenol,N-methyl12-pyrrolidi-
none(NMP),N,N-dimethylformamide(DMF),di-
oxane,andp-methoxyphenolwereobtainedfrom
KantoChemicalC0.,Inc.,andNMPwasdistilled
underreducedpressureoverCaH2befわreuse･
Potassium carbonatewaspurchasedfromWako
PureChemicallndustries,Ltd.4,4′-(4,4′-Isopro-
pylidenediphenoxy)bis(phthalicanhydride)(IDBA)
waspurchasedfromSigma-AldrichJapanCo.,Ltd.
Irgacure907waspurchasedfromCibaSpeciality
ChemicalsCo.,Ltd.

Measurements

ThemeltingpointwasmeasuredonaYanaco
Mp-500Dmicromelting-pointapparatus.Thein-
frared(IR)spectrumwasrecordedonaJFT/IR-
420spectrometerwithaKBrplate･ThelHNMR
spectrumwasrecordedonaJEOLECA-600FT
NMR spectrometer in dimethylsulfoxide-d6
(DMSO-d6).Thermogravimetricanalysis(TGA)
anddifferentialscanningcalorimetry(DSC)were
perfわrmedwithaSeikoTG/DTA-6200andaSeiko
DSC-6200,respectively,ataheatingrateor10
oC/minundernitrogen.Thenumber-averagemol
lecularweight(〃~n)andpolydispersityratios
[weight-averagemolecularweight/number-aver-
agemolecularweight(MJMn)]Wereestimated
withsizeexclusionchromatographyonaHLC-
8220gelpermeationchromatographwithTSK
columns(AW2500×3)andwerecalibratedwith

polystyrenestandardswithanarrowmolecular
weightdistribution.DMFcontainlng20mmolノL
lithiumbromideandphosphoricacidwasusedas
theeluent.

Synthesisof1′1,1lTris【41(4-
nitrophenoxy)phenyl]ethane(TNPE)

1,1,1-Tris(4-hydroxyphenyl)ethane (10.0 g,33
mmol),4-fluoronitrobenzene(15.4g,109mmol),
potassium carbonate(15.1g,109mmol),and
DMF(100mL)werechargedintoa500-mL且ask
andstirredatroomtemperaturef♭r24h.Then,
theproducedinorganicsaltwasfilteredoff,and
theorganicphasewaswashedwithethylacetate
andwater.Theorganicphasewasdriedoveran-
hydrousmagnesium sulfateovemightandwas
evaporatedtoremovethesolvent.Thecrude,yel-
lowsolidwasrecrystallizedfromethylacetate.
Yield:17.0g(77%).mp:151-153oC.IR(KBr,
cm~1):1247(yPhOPh),1343(yNO2),1587(〟
C-式 aromatic).1HNMR(600MHz,DMSO-d6,8,
ppm):2.20(S,3.OH,CH3),7.15(d,6.0H,J-8.4
Hz,aromatic),7.16(d,6.0H,∫-9.0Hz,aro-
matic),7.20(d,6.0H,J-9.0Hz,aromatic),8.24
(d,6.0H,J-9.0Hz,aromatic).13cNMR(150
MHz,DMSO-d6,a,ppm):30.31(methylcarbonof
triphenylethane),51.34(quaternarycarbonof
triphenylethane),117.60,119.88,126.24,130.36,
142.40,145.52,152.67,162.71(aromaticcarbon).

Synthsisof1,1,1-Trisl4-(41
aminophenoxY)phenyT]ethane(TAPE)

AmixtureofTNPE(8.0g,12.0mmol),activated
carbon (1.0g),iron(ⅠⅠⅠ)chloridehexahydrate
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(0.07g,0.26mmol),anddioxane(60mL)ina
200-mLaaskwassti汀edat80oCfb∫8h.Hydト
azinemonohydrate(2mL)wasaddedtothesolu-
tion.Durlngthereaction,portionsofhydrazine
monobydrate(2mL)wereaddedevery2h.Then,
theproducedinorganiccompoundwasfilteredoff,
andtheorganicsolutionwaswashedwithethyl
acetateandwater.Theorganicphasewasdried
overanhydrousmagnesium sulfateovernight,
andwasevaporatedtoremovethesolvent.The
crude,whitepowderwaswashedinboilingaceto-
nitrile.

Yield:4.9g(71%).mp:231-233oC.IR(KBr,
cm~1):1230(〟PhOPh),1497(〟C-Caromatic),
3445,3360(〟NH2).1HNMR(600MHz,DMSO-
d6,a,ppm):2.02(S,3.0H,CH3),4.95(S,6.0H,
NH2),6_57(d,6.0H,I-9.0Hz,aromatic),6.75
(d,6.0H,J-9.0Hz,aromatic),6.75(d,6.0H,J
-9.0Hz,aromatic),6.94(d,6.0H,J-9.0Hz,
aromatic)･ 13c NMR (150MHz,DMSO-d6,a,
ppm):30.46(methylcarbonoftriphenylethane),
50.47 (quaternary carbon triphenylethane),
114.89,115.70,120.96,129.45,142_41,145.49,
145.53,156.98(aromaticcarbon).

SynthesisofAromaticHyperbranchedPolyimides
HBPI什APE-ODPA).HBPl(TAPE-DSDA),
HBPI(TAPE-6FDA),HBPl(TAPE-lDBA),HBPI(TAPE･
PMDA)′HBPl(TAPE-BPDA),andHBPl(TAPE-BTDA)

Atypicalproceduref♭rthepolyadditionorTAPE
withODPAwasasfわllows.ToasolutionofTAPE

(0.2898g,0.5mmol)inN班P(10mL)wasadded
dropwiseasolutionofcarboxylicaciddianhydride
ODPA(0.310g,1.0mmol)inNMP(10mL)at
roomtemperaturefor2hunderanargonatmo-
sphere.Themixturewasstirredatroomtemper-
aturefor1h,andthenaceticanhydride(3.0g)
andpyridine(1.0g)wereaddedtothesolution;
thesolutionwasstirredatroomtemperaturefわr
3h.Thereactionmixturewasheatedat600Cand

stirredfor5h.Then,thereactionmixturewas
pouredintoexcessmethanolandstirredatroom
temperaturefわr24h.Theprecipitateproductwas
driedinuacuoat60oCfor24h.Theyieldof
resultingpolymerHBPI(TAPE-ODPA)was0.59g
(99%).

Mn:32,100.MJMn:3_99.IR(KBr,cmll):1236
(7,PhOPh),1375(vC-Nlmlde),1498(7,C-1 aro一
matic),1695 (7,C-OcooH),1721,1788 (7J
C-Oimide),3445(〟OHc｡｡H).1HNMR(600MHz,
DMSO-d6,a,ppm):2.15-2.18(m,6.2H,CH30f
TAPE),3･7413･80(m,3･OH,CH30fester),6･90-
7.15(m,14.7班,aromaticofTAPE),7.25-7.45(m,

7.3H,aromaticofTAPE),7.45-7.65(m,4.9H,
aromaticofTAPE),7,75-8.05(m,3.5H,aromatic
orODPA).

HGPInAPE-DSDA)

Yield:96%.Mn:35,200.MJMn:4.36.IR(KBr,
cm~1):1239(yPhOPh),1297(7JPhSO2Ph),1377
(vC--Nlmid｡),1498(TJC-くコaromatic),1682(v
C-OcooH),1725,and1781(〟C-Oimid｡),3443(y
OHc｡｡H).1HNMR(600MHz,DMSO-d6,a,ppm)‥
2.10-2.20(m,5.5H,CH30rTAPE),3.76-3.86(m,
3,0H,CH30fester),6.98-7.20(m,27･lH,aro-
maticofTAPE),7.38-7.46(m,8.8H,aromaticof
TAPE),7.8517.95(m,0_9H,aromaticofDSDA),
7.9518_04(m,0.5H,aromaticofDSDA),8.15-
8.25(m,4.2H,aromaticofDSDA),8.35-8.45(m,
2.7H,aromaticofDSDA),8.50-8.70(m,8.4H,
aromaticofDSDA).

HBFIl(TAfIE･6FDA)

Yield:93%_Mn:22,000･MJMn:217･67lIR(KBr,
cm~1):1242(〟PhOPIl),1376(〟C-∃ヾimlde),1499
(〟C-Caromatic),1695(〟C-OcooH),1728and
1784(vC====のiml｡e),3443(vOHc｡｡H)･1HNMR
(600MHz,DMSO-d6,8,ppm):2･12-2･20(m,7･3
H,CH30fTAPE),3.76-3.84(m,310H,CH30f
ester),6.96-7.20(m,24.4H,aromaticorTAPE),
7.38-7.48(m,8.2H,aromaticofTAPE),7.62-
7.88(m,8.1H,aromaticof6FDA),7.90-8.04(m,
3.5H,aromaticof6FDA),8.08-8.20(m,4･2H,
aromaticof6FDA).

HBPlrmf}E-1DBA)

Yield:96%.Mn:15,900.MJMn:3.74lIR(KBr,
cm~1):1237(yPhOPh),1370(VC-Nimlde),1498
(7,C-く aromatic),1685(7,C-OcooH),1721and
1776(vC===カimld｡),3439(vOH)･1HNMR(600
MHz,DMSO-d6,6,ppm):1.68-1･78(m,20･7H,
CH30rIDBA),2.16-2･24(m,5･6H,CH30fTAPE),
3.84-3.88(m,3.0H,CH30fester),6･96-7104(m,
25.8H,aromaticofTAPE),7.06-7.14(m,24.9H,
aromaticofTAPEandIDBA),7.28-7.50(m,38.4
H,aromaticofTAPE),7.84-7.90(m,6.5H,aro-
maticofIDBA),7.90-7_94(m,i.7H,aromaticof
IDBA).

HBPl(TAPE-PMDA)

Yield:95%.IR(KBr,cm-1):1237(7/PhOPh),1376

(yC-NI仇.de),1497(yC-Caromatic),1681(〟
C-Oc｡oH),1725,1778(pC-01mide),3482(y
OH).
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HBPl(TAPE-BPDA)

Yield:>99%.IR(KBr,cm-1):1235(vPhOPh),
1373(〟C一二Nlmid｡),1498(VC-Caromatic),1676
(7/C-OcooH),1720,1775(yC-く)lmid｡),3438(7,
OHcooH).

HGPI(TAPE-BTDA)

Yield:>93%.IR(KBr,cm~1):1238(〟PhOPh),
1377(7,CINimide),1498(7,CN aromatic),1671
(7,C-Oc｡oH),1724,1779(TJC-Oim.d｡),3439(7,
OHcooH).

SynthesisofPhotosensitiveHyperbranched
PoJyimideHBPT(TAPEIDSDA)-MA

HBPI(TAPE-DSDA)(0.5962 g,0.5 mmolas
COOH),GMA(0･2132g,1.5mmol),TBAB(8mg,
01025mmol),andasmallamountofp-methoxy-
phenolasaninhibitorweredissolvedinNMP(20
mL).Themixturewassti汀edat80oCf♭r24h

underanargonatmosphere.Afterthat,thereac-
tionmixturewaspouredintoamixedsolventof
ethylacetat,eandhexane(4:1v/V).Theobtained
precipitatewasdriedinuacuo.Theyieldofpho-
tosensitiveHBPI(TAPE-DSDA)-MAwas0.54g
(81%).

IR (KBr,cm~1): 1239(〟PhOPh),1297(〟

PhSO2Ph),1377(〟C-Nimide),1498(〟C-Caro-
matic),1682 (7/C-Oco｡H),1725,1781 (7J
C-Olmide),3443(〟OH).1H NMR (600MHz,
DMSO-d6,a,ppm):1.80-1.90(m,2.8H,CH30f
methacryloyl),2.10-2.12 (m,6.7 H,CH3 0r
TAPE),3175-3･85(m,3.0H,CH30fester),3.95-
4･00(m,1.8H,CH2andOH),4.2514.35(m,0.8H,
CH2),5.5515.60(m,0.5H,vinyl),6.0016.05(m,
0･5H,vinyl),6.94-7.18(m,35.3H,aromaticof
TAPE),7.35-7.45(m,ll_6H,aromaticofTAPE),
7･85-7･90(m,0.2H,aromaticofTAPE),7_96-
8･00(m,0.5H,aromaticofDSDA),8.10-8.20(m,
6.1H,aromaticofDSDA),8.35-8.40(m,1.6H,
aromaticofDSDA),8.45-8.70(m,ll.9班,aro一
maticorDSDA).

SynthesisofA]kaJine-Developabfe,FIhotosensitive
HyperbranchedPolyimideHBPt汀APE-DSDA)-MA-CA

HBPI(TAPE-DSDA)-MA(0.4553g,0.5mmolas
OH),THPA (0.4564g,3.0mmol),TPP(6mg,
01025mmol),andasmallamountofp-methoxy-
phenolasaninhibitorweredissolvedinNMP(20
mL).Themixturewasstirredat60oCfわr24h

underanargonatmosphere.Thereactionmixture
waspouredintoamixedsolventofethylacetate

andhexane(4:1v/V).Theobtainedprecipitate
wasdriedinuacuotoyieldalkaline-developable,
photosensitiveHBPI(TAPE-DSDA)-MA-CA.
Yield:0.40g(76%).IR(KBr,cm~1):1239(γ
PhOPh),1297(7,PhSO2Ph),1379(7JC-Nimide),
1498(〟C-Caromatic),1680(〟C-OcooH),1725,
1781(〟C-01mid｡),3486(〟COOH).1HNMR(600
MHz,DMSO-d6,8,ppm):1･80-1･90(m,15.1H,
CH30fmethacryloyl),2.10-2.12(m,17.3H,CH3
ofTAPE),2.3012.40(m,1.1H,CH20fcyclohex-
enyl),2.80-2.90(m,1.0H,CH20fcyclohexenyl),
3.75-3.85(m,3.0H,CH30fester),3.95-4.00(孤,
2.6H,CH2andOH),4.25-4.35(m,1.9H,CH2),
5.40-5.55(m,1.llH,vinylofcyclohexenyl),5.55-
5.60(m,1.3H,vinylofmethacryloyl),6.0016.05
(m,1.2H,vinylofmethacryloyl),6.90-7.20(m,
33,4H,aromaticofTAPE),7.35-7.45(m,10.8H,
aromaticofTAPE),7.85-8.05(m,1.0H,aromatic
ofTAPE),8.lola.20(m,5.9H,aromaticof
DSDA),8.35-8.55(m,5.2H,aromaticofDSDA),
8.55-8.70(m,7.7H,aromaticofDSDA).

PatterningPropertyofH8Pl(TAPE-DSDA)-MA-CA

Aphotoresistwaspreparedfrom74.0wt%HB-
PI(TAPE-DSDA),22.2wt%tirmethylolpropane
triacrylate(TMPTA)asadiluent,3.8wt%Irga-
cure907asaphotoinitiator,and400mLofdi-
methylacetamide(DMAc)asasolvent,anditwas
coatedontoasubstratewithabarcoaterwitha

wet丘lm thicknessof100J↓m.Thecoatedsub-
stratewasheatedat80oCfわr20mintoremove

thesolventandwasexposedtoUVlight(1000
mJ/cm2).Afterthat,theexposedpolymerfilmon
thesubstratewasdevelopedwith10wt%tetra一
methylamoniumhydroxide(TMAH)for5min.

RESULTSAND DtSCUSS10N

SynthesisofTAPE

WeexaminedthesynthesisoftheHBPIsthrough
thereactionofTAPEandcertaincarboxylicdian-
hydrides.WedesignedthemonomerTAPEcon-
tainingtriaminegroupsandanaromaticmoiety.
AsillustratedinScheme1,TAPEwassynthe-
sizedbyatwoIStePreaction.Thesubstitutionre-
action of 1,1,1-tris(4-mitrophenyl)ethane with
41fluoronitrobenzenewascarriedoutinthepres-
enceorpotassiumcarbonateatroomtemperature
for24hinDMFtoaffordthecorrespondingcom-
poundTNPE.ThenitrogroupsofTNPEwere
reducedbyhydrazinemonohydrate,activated
carbon,andiron(ⅠⅠⅠ)chloridehexahydrateindi-
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Ac20,Pyridine MeOH

O
Ar･:珍/○＼位ここ揖~菖~くⅩODPA

Ar :燈こ

DSDA

PMDA BPDA BTDA

Scheme2.SynthesisofHBPIs.

NMRspectrum ofHBPI(TAPE-DSDA),thechar- esteratthepolymerends,at6.98-7.46duetothe

acteristicsignalswereobservedat2.10-2.20due aromaticofTAPE,andat7.85-8.70duetothe

toCH30fTAPE,at3･7613.86duetoCH30fthe aromaticofDSDAlFig12(a)]･Noapparentproton

Table1.SynthesisofHBPIsa

BeforeAn nealingc AfterAn nealingc

Polymer Dianhydride M三
Tg TS% T10% Tg TS% T30%

MJMdn (oc)C (oc)f (oc)f (OC)e (oC)f (oc)

HBPI(TAPE-ODPA) ODPA
HBPI(TAPE-DSDA) DSDA
HIiPI(TAPE-6FDA) 6FDA
HBPI(TAPEJDBA) IDBA
HBPI(TAPE-PMDA) PMDA
HBPI(TAPE-BPDA) BPDA
HBPI(TAPE-BTDA) BTDA

99 32,100
96 35,200
93 22,000
80 15,900
95 g

>99 g

93 g

5
2
0
0
0
6
7

2
0
3
3
3
3
2

5
5
5
5
5
5
5

0
7
1
8
3
8
0

9
7
0
1
0
9
0

4
4
5
5
5
4
5

7
0
4
2
5
4
8

3
1
8
1
8
6
4

2
3
2
2
2
2
2

2
1
0
0
5
5
9

9
8
4
7
5
6
2

1

1
2
1
2
1
2

6
5
0
4
1
7
2

4
4
5
2
0
2
8

1
1
1
1
2
1
1

h

h

h

h

ln

h

h

I

l

I

I

I

I

I

9
6
7
4

9
3
6

.
7
g

g

ど

3
.
4
.
17
.
3
二

一

2

aThereactionofTAPE(0.5mmol)andaromaticdianhydrides(i.0mmol)inNMP(20nil)wascarriedoutwithAc20(3･Og)and
pyridine(1･Oど)atr00mtemperatureand60oCf♭r7and5h,respectively.
blnsolublepartsinMeOH.
CAm ealingcondition.300oCfor1h,
dMeasuredbyGPC(DMF)basedonpolystyrenestandards
eMeasuredbyDSCataheatingrateor10oC/mュnundernitrogen.
fMeasuredbyTGn)TAataheatingrateof10｡C/minundernitrogen･
gInsolubleinDMF.
hNotdetected.
IThevaluewasobtainedfromagelcompound.
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･e{恰 -oH)3･F希 -N｡2 1慧 Me-C笹 ｡一鉢 NO2)3
TNPE

hydrazine/FeC13

･e-C笹 ｡-a NH2)3
TAPE

Schemel. SynthesisofTAPE.

oxanetogiveTAPEina71%yield.Thestructure
orTAPEwasconarmedbyIR,1HNMR,and13c
NMRspectroscopy.

SynthesisofHBPIsthroughtheReactionofTAPE
withCarboxylicAcidsPMDA,BPDA,BTDA′
ODPA′DSDA.6FDA.andlDBA

Okamotoetal･7reportedthesynthesisofHBPIs
withtwodifferentterminalgroups,suchasanhy-
dridegroupsoraminogroups,throughthereac-
tion ortris(4-aminophenyl)a血ine(TAPA)and
aceticdianhydride6FDA.Theyreportedthesyn-
thesisofamine-tem inatedandcarboxy anhy-
drideterminatedHBPIsbythetwosynthetic
methods.Theyobtainedamine-terminatedHB-
PIswhenasolutionofTAPAwasaddeddropwise
toasolutionof6FDAinamonomerfeedratioof

TAPA/6FDA-1:1,andtheyobtainedanhydride-
terminatedHBPIswhenasolutionor6FDAwas

addeddropwisetoasolutionofTAPAinamon0-
merfeedratioofTAPA/6FDA-1:2.

Inthisstudy,wesynthesizedHBPIswithter-
minalcarboxylicacidgroupsthrough thereaction
orTAPEwithcertaincommerciallyavailablecar-
boxylicdianhydrides,such asODPA,DSDA,
OFDA,IDBA,PMDA,BPDA,andBTDA,as
showninScheme2.First,thecarboxylicacid
terminatedHBPIswereobtainedthroughthere-
actionorTAPEwithODPA.Thisreactionwas

preparedasfわllows.ATAPEsolutioninNMPwas
addeddropwisetoasolutionofcarboxylicdian-
hydrideODPAinNMPatroomtemperaturefわr
2hunderargon,andthemixturewasstirredat
room temperaturef♭r1hmoretoa恥rdcorre-
spondingpoly(amideacid)S,Then,aceticanhy-
drideandpyridinewereaddedunderstirringat
60oCfわr5htofわrmimidegroupsinthepolymer
chainsandanhydridegroupsinthepolymerends,
A氏erthat,excessmethanolwasaddedtothe
solution,andthesolutionwasstirredatroom

temperaturefわr24hfわrthemethanolysisofthe
terminalcarboxylicanhydridegroupsinthepoly-
mertoobtainHBPI(TAPE-ODPA)containingcar-
boxylicacidandmonomethylphthalategroupsat
theends.Inthesamemanner,HBPI(TAPE-
DSDA),HBPI(TAPE-6FDA),andHBPI(TAPE-
IDBA)Wereobtainedthroughthereactionof
TAPE withDSDA,6FDA,andIDBA,respec-
tively.Theseconditionsandresultsaresumma-
rizedinTable1.
InthecaseofthereactionsofTAPEwith

PMDA,BPDA,andBTDA,theresultingproducts
werenotsolubleinanyorganicsolvents.These
resultsmeanthatgelationoccurredinthestage
oftheadditionreactionofTAPEwithPMDA,
BPDA,andBTDA.Throughthereactionof6FDA,
awidepolydispersityratioofHBPI(TAPE-6FDA)
wasobtained(MJMn-217.67;Table1).Forthis
polyllerization,thereactionmixtu-rewasconsis-
tentlyhomogeneous,Withallstratingmaterials
andproductsremainmginthesolution･Itseems
thatmicrogelproductsmightbeobtainedinthis
polymerizationsystem.OtherresultingHBPIs-
HBPI(TAPE-ODPA),HBPI(TAPEIDSDA),and
HBPI(TAPE-IDBAト weresolubleincommonor-

ganicsolvents,suchasCHC13,VHF,DMF,DMAc,
NMP,andDMSO(Table2),andtheiryieldsand

〟｡'swere93-99% and22,000-32,100,respec-
tively.
ThestructureoftheobtainedHBPIswascon-

firmedwithIRandlHNMRspectroscopy･Figure
1presentstheIR spectrum ofHBPI(TAPE-
DSDA)beforeandafterannealingat300oCfor
1h.Thecharacteristicabsorptionpeaksbasedon
theimideandcarboxylicacidgroupsofHBPI-
(TAPE-DSDA)can be observed at 1377 (〟

C-N.mi°e),1682(yC-OcooH),1725and1781(〟
C-01mid｡),and3443cm~1(yoHc｡｡H)【Fig.1(a)】･
A洗er1hofannealingat300oC,anew peak
asslgnabletoanhydridegroupsappearedaround
1850cm~1【Fig.1(b)】.As illustratedinthelH














