POLYMER COMPOUND AND POLYMER LIGHT EMITTING DEVICE USING

THE SAME

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a polymer compound
and a process for producing the same. Specifically, the
invention relates to a polymer compound which is expectable
as a material for a polymer light emitting device
(hereinafter may be referred to as polymer LED), and a
process for producing the same.
Description of the Related Art

Unlike low molecular weight it, a high molecular
welght light-emitting material (herein, light-emitting
materlial represents a material having fluorescence and
phosphorescence) and a high molecular weight charge
transporting material are soluble in a solvent, and are
varlously studied from the ability of the organic layer in
a light-emitting device to be formed by the application
method. As a polymer compound which can be used for
electronic devices, such as polymer LED, as a light-
emitting material or a charge transporting material,
polyphenylene vinylene derivatives, poly fluorene
derivatives, polyphenylene derivatives, polythiophene
derivatives, etc. are known.

The object of the present inventlon is to provide a
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DEVI CE USI NG THE SAME BACKGROUND OF THE | NVENTI ON Field of the Invention
The present invention relates to a polyner conpound and a process for
produci ng the sane. Specifically, the,invention relates to a polyner

t‘corrpound which is expectable as a mat'erial for a polynmer light emtting

device (hereinafter may be referred to as polynmer LED), and a process for
produci ng the sane. Description of the Related Art Unlike | ow nol ecul ar
weight it, a high nolecular weight light-emtting material (herein,
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ar weig arge transporting materi al

are sol ubl g &Hafgéo gpoggg?gagagggkggglgtgpudheg%%k%g%tggrabiIity of the

organic |layer 1n"a #%gﬁt-enl g device to be ‘f or by 't he application
met hod. - Asp 2oRQLYHE! tREFBOENanli Bhp6aymBe Y36H Lehithdnly @Rl eV ces,

such as pd?yner L as a lightemtting materia a charge transporting

material, pOiNGheaYEepE1YmEY| 888pdanavatives, poly fluorene derivatives,
pol yphenyl ene derivati ves, polytﬁiophene derivatives, etc. are known.

h 2 new pol yner conpound usable for a light-emtting material, a charge
transporting material, etc., a process for producing thereof, and a pol yner
| i ght - enm tSUMGAREVOE eTHE i IVEBRTTONOl ynmer conpound. SUMVARY OF THE
"I NVENTION As a result of extensive studies in order to solve the
As a result of extensive studiles in order to solve the
above problems, the present inventors found that a polymerx
compound having a polystyrene reduced number average
molecular weight of 103-10%, and comprising a repeating

unit represented by the below formula (1-1) or (1-2),

(1-1) (1-2)
is usable as a light-emitting material, a charge
transporting material, etc. and completed the present
invention.

The polymef compound of the present invention
comprises one or more kinds of repeating unit represented
by the above formula (1-1) or (1-2).

In the above formula (1-1) or (1-2), Ring A, Ring B,
Ring C, or Ring D each independently represent an aromatic

ring. X represents S or O.

DETAILED DESCRIPTION OF THE INVENTION
As the aromatic ring, exemplified are: aromatic

hydrocarbon rings such as a benzene ring, naphthalene ring,



above problens, the present inventors found that a pol yner conpound havi ng
‘a pol ystyrene reduced nunber average nol ecul ar wei ght of 103-108, and

wconprising a repeating unit represented by the below formula (1-1) or
(1-2), XX A~ ~BCl ~D (1-1) (1-2) ig usable as a light-emtting material,
a charge transporting material, etc. and conpleted the present invention.
The pol ynmer conpound of the present i nvention conprises one or nore Kkinds
of repeating unit represented by the above forrmula (1-1) or (1-2). In the
above formula (1-1) or (1-2), Rng A, Rng B, Ring C, or Ring D each

OESOR: P11 R RESBRRER TR oheRERrRE e rdte P Ty mree
aromai o hydhgoashanohbndathueheas Adientens kionetapidiahane ring. 3 -

ant hracene 1l Pacene ring, pentacene ring, pyrene ring, and

phenant hr egeopiRge Blifige 30dnnakeLOpyehiadndl QTR.CHipIaa dieh sahea Pyl dine

ring, bipyridine ring) phenanthroliné ring, quinoline’ring, isoq i‘nol i ne

ring, th'°ﬁﬂ8ﬂ§nfh§81iﬁér§ﬂnb'nguiﬁbiﬁﬁber&hgg 1@bau1£BQ1h%p&ah 1 _uni t
containing structure represented by the above formila (1-1) or (1-2), may

have a subghibprBheselfgt edurbanring, 0p9ueRotensingi, ngtefl, an al kyl group,
al koxy group, alkylthio group, aryl group, aryloxy group, arylthio group,
aryl al kyl groupTher yepkk@iyggualp, canykahlybt Bitaugtate, repyleslkeneryd byr oup,
aryl al kynyl group, am no group, substituted am no group, silyl group,
substi t ut ethei &pbvegr Sopmubal ¢ged)abon( lakyl, payupavecwl sxpsgidcuenti m no
group, am de group, imde group, nonoval ent heterocyclic group, carboxyl
group, subseleated £zebokhe group, candisydng gfoap. alkydoggoupuhen the
substituent exists in plural, a plurality of them my be the sane of
di f f er ent .@lkoxy group, lkylthlo group, aryl group, aryloxy group,
arylthio group, arylalkyl group, arylalkoxy group,
arylalkylthio group, arylalkenyl group, arylalkynyl group,
amino group, substituted amino group, silyl group,
substituted silyl group, halogen atom, acyl group, acyloxy
group, imino group, amide group, imide group, monovalent
heterocyclic group, carboxyl group, substituted carboxyl
group, and cyano group. Moreover, when the substituent
exists in plural, a plurality of them may be the same of
different.
Here, the alkyl group may be any of linear, branched
or cyclic, and usually has about 1 to 20 carbon atoms,
preferably 3 to 20, and specific examples thereof include
methyl group, ethyl group, propyl group, i-propyl group,
butyl, i-butyl, t-butyl, pentyl group, hexyl group,
cyclohexyl group, heptyl group, octyl group, 2-ethylhexyl
group, nonyl group, decyl group, 3,7-dimethyloctyl group,

lauryl group, trifluoromethyl group, pentafluoroethyl



Here, the al kyl group may be any of linear, branched or cyclic, and usually
has about 1 to 20 carbon atons, preferably 3 to 20, and specific exanples
thereof include nethyl group, ethyl group, propyl group, i-propyl group,
butyl, i-butyl, t-butyl, pentyl group,s hexyl group, cyclohexyl group,
‘geptyl group, octyl group, 2-ethyl hexyl group, nonyl group, decyl group,

, 7-di met hyl octyl group, lauryl group, trifluoromethyl group,

pent af | uor oet hyl w a 4 group, perf luorobutyl, perfluorohexyl group,
perfluorooctyl group, etc. Pentyl group, hexyl group, octyl group,

2et hyl hexylgreu@up peteto By 1 3 go ik I is preferabl e, The
al koiy grggg may'pt?e any og?fl I nela'r J%%ﬁ%%%y%ﬁ@paéﬁr&ﬁ%?9cﬁ%
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i ncl ude net hoxy group, ethoxy group) propyloxy "group, OXy group,

but oxy gr oephyilhleatydX \gr@uiP.ddcylutd®al }‘Cg{p;-dﬁﬂ% oxy
group, cycl ohexyl oxy group, hepc?f}l oxy gI?oup, octy %%(35 g?’%ﬁ%u&owxﬂ

2- et hyl hexprefergbdep) nonyl oxy group) decyl oxy group, 3, 7-dinmethyl octyl oxy
group, lauryloxy group, trifluoromethoxy group, pentafl uoroethoxy group,

per f | uor obut oxyTheoapkopgr fgirwapo imaxyy Ib e adiyd .o H arifldad 0 Wrtad cHE @ W
met hoxynmet hyl oxy group, 2net hoxyet hyl oxy group, etc. Pentyl oxy group,

hexyl oxy gf¥8picecaplonpugldyphaz- ebopthdxyHoo0 @aatipn GE@HLXY Jroup,
3, 7-di net hyl oct yl oxy 3roup is preferable. The al kylthio group may be any of

| i near, breFReResablYcyctpc20an§pesiflicy exampdlesutthkrieo2Q edidaen at ons,
preferably 3 to 20. Specific exanples thereof include nethylthio group,

et hyl t hi o B¢ BRPXY pPBRYPt heshgrgu T oMpr opFPPNLOXyr gareuph utiyiptrivpy 1ewgup,
i -butylthio group butyl thio group, pentylthio group, hexylthio group,
cycl ohexyl THT P yr BUpOXKeBFGHPhi &-BREAKY SEOYPY hitobytewy, gZeupyl hexyl t hi o

: ' decyl t hi , ~. ... 5 -3 7-di hyl | t hi
0o TR TN IAR L B, coshangeraciy Bemen o Bro:
hexyl t hi t j 2-ethyl hexyl t hi , _decyl t hi ,
i e A e AR
6 to 60 f : Lfi th f includ
o AT SRSy, b0, SETSMLAE BT
720, e e e R o o, SRRkl Y,

2- napht hyl group, 1-anthracenyl group, 2an gr oup,
gr oup, peryraiumorpmi‘lemﬁr@smyeéﬁouﬁl-ﬁéﬁffwfda(&bffyg,rgﬁnﬁun and Cl-Cl12

al kyl phenyl group are preferable. The aryl group is an atonfc group in

whi ch a hpérddareziastyls gmemétmmmm§ggfwﬁbpcgr bon. The aromatic
hydr ocar bon i ncludes those contai ning a condensed ring, and those

cont ai ni n§etRex3ie thirlox greluperatent mmizehexy i gsup) waegbaeed rings

bonded throu%g a group such as a direct bond, a vinylene group or the like.
- rax

Speci fi caPFY SO TR % KAl odh cdnaie reddmppheny |
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Romyt oxypheny e RIAHLS HRiH O ES o0 Bt PR R, et
cyclic, and usually has about 1 to 20 carbon atoms,
preferably 3 to 20. Specific examples thereof include
methylthio group, ethylthio group, propylthio group, i-
propylthio group, butylthio group, i-butylthio group, t-
butylthio group; pentylthio group, hexylthio group,
cyclohexylthio group, heptylthio group, octylthio group, 2-

ethylhexylthio group, nonylthio group, decylthio group,



Exanpl es of Cl-Cl12 al kyl phenyl group include a a r 6 nethyl phenyl group,
et hyl phenyl group, dinethyl phenyl group, propyl phenyl group, nesityl group,
-met hyl et hyl phenyl group, i-propyl phenyl group, butyl phenyl group,

iLbutyl phenyl group, t-butyl phenyl grougp, pentyl phenyl group, isoanyl phenyl
group, hexyl phenyl group, heptyl phenyl” group, octyl phenyl group,

nonyl phenyl group, decyl phenyl group, dodecyl phenyl group, etc. The aryl oxy
group usually has about 6 to 60 carbon atons, preferably 7 to 48. Specific
exanpl es thereof include a phenoxy group, Cl-Cl2 al koxyphenoxy group,

Cl-Cl 2 al kyl Pheriuy B oURY: dn J8PHEMLBXY 1 BERYBLnZonaRBbY) Oy o oUp.

pent af | uoro” phenyl o oxyp OoXy group, and C1-Cl12
al kyl phenopy; 81 Q8o €, @f.faagfs poPEELT | fefk mﬁaeggox » héxylthio

al koxyphenoxy group |n a et hoxyphenoxy g oup, pheno y group,

Propyl oxypdyeisy &EOFPrhic PEROY Oxin€H9IMeQ§QHHiob&&eﬁﬁph8€8§XtHEBUp’
i but oxyphenoxy group, t-butoxyphenoxy group,  pentyl oxyphenoxy™ group,

hexyl oxyphgfsugy, g:;omirﬁdﬂif ﬂ,pwﬂbeg%upgigulereheeamexyphenoxy group,
oct yl oxyphenoxy group, 2-ethyl hexyl oxyphenoxy group, nonyl oxyphenoxy group,

decyl oxyphenoxyrigs camyl Sgrslipet sy DTy Yhag yRbeaoxy 86080, chapbi! a¥ypeenoxy
group, etc. Specific exanples of Cl-Cl2 al kyl phenoxy group include a

met hyl phenmmefegranly) ZEtty|phendSpegcif Dopexampke Hytipbeaofyigedufe a
propyl phenoxy group, 1,3,5-trinethyl phenoxy group, nethylethyl phenoxy

group, i-pheatlpleroxy. @fio@h; alkexypueyybhenowy Couh, medusytbaenoxy
group, t-butyl phenoxy group) pentylphenoxy group) i soanyl phenoxy group,

hexyl phen®Unkenqf drRon Fikemxis gf ok, 1kt yEpitenoxikytphgnyhogydupenoxy
group, decylphenoxy group, dodecyl phenoxy grou etc. The arylthio group
usual | y hds BRRRENYE (9 BIP o4 thRAPhERY | gm@erﬁmrth%e%l sp@@png
exanpl es t hereof |nclude a phenltrnc)égpup Cl-d z al koxyphenyl t hi o group,

Cl- Clglalﬁyiﬁﬁﬁﬁﬁ?L iF YR %rﬁfP%P(nRFnﬁﬁ%ﬁ% E?P¥?9¥4group,
E;ltobi SR S - Gro R r e e g lkﬁt%&ﬁéwéﬁal y
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al kyl  gr Oy dgl-C ey ﬁlﬂﬂo@é&yé SRR y1-Cl- 7 al kyl
group, 2- naphtylaé&déz@gqokyl group, etc. = z aﬁ(oxy enyl -Cl1-d z al kyl

group, anthy@krddarrky Ime i onfalt-1d ﬂ%aﬂfdw&rﬂfﬁldk@fﬁ{@@ée- The aryl

al koxy group usually has about 7 to 60 carbon atons, preferably 7 to 48.

Speci fi ¢ exatdisdnd & evhddidedaihienydndCid e aldiaiminyPsweush as a
phenyl met hoxy group, phenyl et hoxy group, phenyl butoxy group,

phenyl penmpirex p fgrimdepepdent fendene/ mimyp, oplmmdersm whimgs dranged
phenyl oxtyl oxy group, etc.; Cl-C z al koxyphenyl-Cl-C z al koxy group, Cl-Cz
al kyl phenyhroighi 2 group such as a direct bond, a vinylene group or

the like.

Specifically, examples of C;-C;» alkoxyphenyl include
methoxyphenyl, ethoxyphenyl, propyloxyphenyl, i-
propyloxyphenyl, butoxyphenyl, i-butoxyphenyl, t-
butoxyphenyl, pentyloxyphenyl, hexyloxyphenyl, cyclohexyl
oxyphenyl, heptyloxyphenyl, octyloxyphenyl, 2-
ethylhexyloxyphenyl, nonyloxyphenyl, decyloxy, 3,7-
dimethyloctyloxyphenyl, lauryloxyphenyl, etc.

Examples of C;-C;; alkylphenyl group include a



8 - al koxy group, 1-naphtyl-Cl-C z al koxy group, 2-naphtyl-Cl-Cl2 al koxy

group, etc. Cl-d z al koxyphenyl -Cl1-d z al koxy group, and Cl-d z al kyl

~phenyl - C1-Cl z al koxy group are preferable. The aryl al kylthio group usually

pas about 7 to 60 carbon atons, pref eFany 7 to 48. Specific exanples

t hereof include a phenyl-Cl-Cz alkylthio group, Cl-d z al koxyphenyl C1-C z

*al kyl t hi o group, C1-C12 al kyl phenyl -C1-C z al kyl thi o group,

1-naphtyl -Cl-C z al kylthi o group, 2-naphtyl-Cl-Clz al kylthio group, etc.

Cl-d z al koxyphenyl Cl-d z al kylthio group, and Cl1-d z al kyl phenyl - C1- C12

al kyl thi o e@s@% et EpRENY1 KRy amaehyiﬂﬁlahylhas about 7
om; pr et erabl y

10 60 car bon 0 48.7 Specific exanples thereof include a

phenyl - l@f% mp,rl r&h ah&oxyPhegydes; Ghétavkenryy19henPp1
Cl-dz aI kyI pheny %Ez a kg%yl %roup, 1?na%hty -Cz-Clg al kgngl g?oup,

2- napht yl -d#Zodgl2 & eespy LHonpl &t cup Clowt ¢l ph&eyy phesyp; CZ-C z al kenyl
group, and CzCl2 al kyl phenyl-Cl-d z al kenyl group are preferabl e. The aryl
al kynyl graupyiphedydly desumpotibat plénehr dooup) opentpLlphenghl yrdupp 48.
Speci fic exanpl es thereof include a phenyl-Cz-d z al kynyl group, Cl1-Cz

al koxypheniyd dzzmyl phext Kl gt owp o Upexlipidry bl dydyheryépzithengl kgnghp gr oup,
1-naphtyl -Cz-d z al kynyl group, 2-naphtyl-Cz-C z al kynyl group, etc. Cl-Cz
al koxyphemdtydpt@nylal kyoup, grengplpheny Cloreupl ki ehkplyenyt - @i@upl kynyl
group are preferable. The substituted am no group neans an am no group

whi ch 9 dpdegylahenyl tgﬂﬁpmbs@muents sel ected froman al kyl group, aryl
group, arylal kyl group, nonoval ent_ heterocyclic group. The aIkyI group,
aryl group, aryiRg I@;HYJQ?’%[?IQ#P Hﬁ*&ﬂﬂa’ﬂérﬂa-‘-ﬁeﬁ@‘b’%:ygl?% 8P oEBTRRY have a
substituent,. The nu&per of rbon atonms is usua about. 1 to_60 w thout

i ncl u]gi nglalttf?énsc'ar oiF Y E‘sub""lsﬂt 931t e Jéﬁ%f%?]%’b??/fz to 48.
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cycl ohexyl £HE 1HHP p 0 o ybamam:k(gg t hyl hexyl
am no gro&%,rﬂ nonyl am no group, (?eclﬁ{alrﬁ%nco grou;l)z, 3, oilfma rH%chtyl am no
group, | ayrdun AGAUR,, Ca\l@iﬁ&ﬁmdﬂ:ﬁf“gl%@% ﬁ*&s@f&l@ﬁé‘tw ani no group,
cycl ohexyl am no group, dicyclohexylam no group, pyrrolidyl group, piperidyl
group, di SpediflicorBidnylas E @,00p, dINpHRIHoXy Prolp ihdhedylam no
group, Cl1-Cl2 al koxyphenyl am no group, di(ClCl2 al koxyphenyl)am no group,
di ( Cl- C12 meeltihdxypihemdxyagrommr ehioxirnieptuxy ariaup grpowgpy Roxpghend:ani no
group, pentafluorophenyl am no group, pyridylam no group, pyridazinylam no
group, pyeneudyl dmMPRSRIIORYPHANCRZY IgrAURs rgxyRheno#y ardu. dioup,

phenyl - Cl ClZ al kyl am no group, Cl1-Cl2 al koxyphenyl -Cl1-C12 al kyl am no

gr oup, ?xé(IPrE’gﬂn°xYl($r[5’r\’é’hylt-'(§PtGI‘Z W"é’mgﬁ?‘-@r'oup , di (Cl-dz
al koxyphe -Cl-Cl12 aI K )_.am no_group, Cl Cl2 al kyI phenyl - C1- C12
al kyl é‘f’ prﬂ’iﬂ“l’el ’%ﬁiﬂ + 2-napht yl - Cz- C12

%FZL""L‘LQ% *%Xﬁbﬁv S S Eiﬁlei”a?% aﬁ’ﬁ% e il oo
o e S%L%%“Y%E‘sﬁﬁ g %“%t-%rt%?@eéﬁw%eé% YR Ryt “Gr oup)
‘;‘L%'St?{ 8gﬁton%r1>6'x%‘ﬁ>é'no&ry°‘é&~ou‘ﬂ HRPMG P VY YB6Hp ,C FrAUp may have a
dimethyloctyloxyphenoxy group, lauryloxyphenoxy group, etc.
Specific examples of C;-C;; alkylphenoxy group include
a methylphenoxy group, ethylphenoxy group, dimethylphenoxy
group, propylphenoxy group, 1,3,5-trimethylphenoxy group,

methylethylphenoxy group, i-propylphenoxy group,



Specifically exenplified are: a trinethylsilyl group, triethylsilyl group,
tripropylsilyl group, tri-i-propyl silyl group, dinethyl-i-propylsilyl
~group, diethyl-i-propyl silyl group, t-butylsilyldinmethylsilyl group,
pentyldinmethyl silyl group, hexyldi meyhylsilyl groug, heptyldinethylsilyl
group, octyldinethylsilyl group, 2ethyl hexyl-dinethylsilyl group,
‘nonyl di met hyl si |yl group, decyl di nethylsilyl group,

3, 7-di net hyl oct yl -di net hyl silyl group, |auryldi~ethylsilyl group,

phenyl -Cl1-Cd z al kyl silyl group, Cl-Cl2 al koxyphenyl-Cl1-C z al kylsilyl

C1 -G ' .n@p@*
glr E;Fs? |yl bgggtérl}g{ﬂ%f{drﬁﬁ%ﬁ%l?é%zﬂgl(]l}(ﬁﬁég?ﬂy% g{gl%ﬁbp', 11.E)heny léh%%}%z

al kyl di met lgHosig ,Y lpeditdiipheindx3h o | ﬂsﬁm@héﬂd:%@ﬂdﬁd@j Iyl group,
tribenzyl silyl group, diphenylnethylsilyl group, t-butyldi phenyl silyl

group, 1hesdyTpheroxyeonp y heyitgtiphetioxy Arddie, adtgsheiaey a fluorine

atom chlorine atom bromne atom and an iodine atomare exenplified. The

acyl groupgusudl, ynonys phendky? droul), chdydphaimuwy; qaraierably 2 to 18.

Speci fic exanpl es thereof include an acetyl group, propionyl group, butyryl

group, i soldotdecyllphenoxy groadpoyletgr.oup, benzoyl, trifl uoroacetyl group,
pent af | uor obenzoyl, etc. The acyl oxy group usually has about 2 to 20 carbon

atons, preferabMhe? anyltdioSgawiup a1sayedhy das ladcadt 6 i idk carbamcet oxy
group, propionyloxy group, butyryloxy group, isobutyrploxy group,

pi val oyl oxpt@M&up prieder@dplaxy girod® - tShemifdiCofxamples tdreanget

pent af | uor obenzaoyl oxy group, etc. The imno group has about 2 to 20 carbon
atons, prefBFaNde 8 Phepylthdo.iomoyPey Snpfees HoFYBheny thie IROUR oups

represented by the fqllown tructural formulae, .and the like. ~. N / M
R T s gL rRendlghupt Sro,) 1 hap iy e MEque'Sia i N N N

sl 1y henagbtiyLng’ Byousp Hpnratitorophient thio Hroll Al §leyp
alkoxy phenyltﬁio group, and C;-C;; alkyl phenylthio group
are preferable.

The arylalkyl group usually has about 7 to 60 carbon
atoms, preferably 7 to 48. Specific examples thereof
include a phenyl-C;-C;; alkyl group, C;-C;»; alkoxyphenyl-C;-
C;;, alkyl group, C;-C;; alkylphenyl-C;-C;; alkyl group, 1-
naphtyl-C;-C;;, alkyl group, 2-naphtyl-C;-C;; alkyl group,
etc. C;-C;; alkoxy phenyl-C;-C;; alkyl group, and C;-Ci,
alkylphenyl-C;-C;; alkyl group are preferable.

The aryl alkoxy group usually has about 7 to 60 carbon
atoms, preferably 7 to 48. Specific examples thereof
include phenyl-C;-C;» alkoxy groups such as a phenylmethoxy
group, phenylethoxy group, phenylbutoxy group,
phenylpentyloxy group, phenylhexyloxy group, phenyl
heptyloxy group, phenyloxtyloxy group, etc.; C,-Cj,

alkoxyphenyl-C;~-C,, alkoxy group, C;-C,, alkylphenyl-C;-C;



atons, preferably 2 to 18. Specific exanples thereof include formam de
group, acetam de group, propioam de group, butyro am de group, benzam de
group, trifluoroacetam de group, pentafluorobenzam de group) diformam de
group, di acetam de group, dipropioam group, di butyroam de group,

di benzam de group, ditrifluoroacetam group, di pentafl uorobenzam de
‘group, etc. The imde group usually has about 2 to 60 carbon atons,
preferably 2 to 48. Specific exanples thereof include the groups 0 I. \ -N
-NOOOOI \ ~-N/ NO~~O0OOOIl \ -N\NM OO shown below 001 / N

\/ 000 QlkUﬁtyNXEo/uﬂ\,' Q—ﬂﬁntﬂylp-col-cll\% !afk&%#%%gh%-hr{aa@bt%%cg(g&g / 13

D NI ~~ N OO0~ nonoval ent™ heterocyClic gr

i n which aahkedkQUugRoalpOMdts .F &IT0¢e Jlrm;?pr{lﬁyef-%%'l% ?W@d%ugnd

usual |y has about 4 to 60 carbon atons, preferably 4 bon

atons of thadsgbst,t a&nttylarmdi@tl-Ltqua}zetéla&:@&gﬂwﬂmdré)fpféfé}%bfé.om of

the heterocyclic group. The heterocyclic conpound neans an organi ¢ conpound

havi ng a cycli cTher aetlr alkyIWhioh galoupe astuaang ML sU @ oxygen,
sul fur, nitrogen, phosphorus, boron, etc. is contained in the cyclic

structure asrbbe ektemsnt patsiferabiyn 7caobas .atoper1 fIRE Gxidnp 1962 BHRe Jeher eof
I ncl ude a thienyl group, Cl-Clz al kylthienyl group, pyroryl group, pyridyl
group, Cl-8ielufikyapphedyl-giolp adkiyddhilo growp, iCSequ RUROxyPphenyl-etC.
Cl-C12 al kyl t hi enyl group, pyridyl group, pyridyl group are preferable. The
substitut e 11Canb@ilwgghé9pgm9u@. C1-Cy2 alkylphenyl-C;-C;; alkylthio

group, l-naphtyl-C;-C;; alkylthio group, 2-naphtyl-C;-Ci,

alkylthio group, etc. C;-C;; alkoxyphenyl-C;-C;, alkylthio

group, and C;-C;; alkylphenyl-C;-C;; alkylthio group are

preferable.

The aryl alkenyl group usually has about 7 to 60

carbon atoms, preferably 7 to 48. Specific examples thereof

include a phenyl-C,-C;; alkenyl group, C;-Ci, alkoxyphenyl-

C2-C;; alkenyl group, C;-C;; alkylphenyl-C,-C;, alkenyl group,

l-naphtyl-C;-C;; alkenyl group, 2-naphtyl-C,-C;, alkenyl

group, etc. C;-C;; alkoxyphenyl-C,-C;; alkenyl group, and C,-

Ci2 alkyl phenyl-C;-C;; alkenyl group are preferable.

The aryl alkynyl group usually has about 7 to 60

carbon atoms, preferably 7 to 48. Specific examples thereof

include a phenyl-C,-C;; alkynyl group, C;-Ci, alkoxyphenyl-

C2-C;2 alkynyl group, C;-Ci;; alkylphenyl-C,-C;, alkynyl group,

1-naphtyl-C,-C;; alkynyl group, 2-naphtyl-C;-C;, alkynyl

group, etc. C;-C;; alkoxyphenyl-C,-C;; alkynyl group, and C,-

C:2 alkylphenyl-C,-C;, alkynyl group are preferable.

The substituted amino group means an amino group which



furyl group) piperidyl group, A thienyl group, and Cl1-Cl2 alkyl |ly has
about 2 to 60 carbon atons, preferably 2 to 48. The substituted carboxyl
yroup neans a carboxyl group having a substituent such as an al kyl ~group,
aryl group, arylal kyl group, or nonoval ent heterocyclic group. Specific
exanpl es thereof include a nmethoxycarbonyl group, ethoxycarbonyl group,
propoxycar bonyl group, i-propoxycarbonyl group, butoxycarbonyl group,

i - but oxycar bonyl group, tbutoxycarbonyl group, pentyloxy carbonyl group,
hexyl oxycar bonyl group, cycl ohexyl oxy carbonyl group, heptyl oxycarbonyl
O oo Hpexyfier B Kbo JhaRL 1 uenle SRILACHY SR A UMy 19"t

nonyl oxycar bonyl group, decyloxycarbon

3,7-dinethgfggtykgﬁ%%ﬁé?Qﬂthgio Eouggd%9ygg§%%%&%%Qyhquﬁgﬁxﬁ}ic

trifluoronmethoxycar yl = grou ent af | uor hoxXycar bonyl
perf'UOVObe@ﬁy.C@ﬁéoﬂykyﬂrQHBupPeEE&E°§93ﬁ§¥|Q%%ﬁ%ﬁigﬂylr%%%ypbxperfluoro
naphto ycéﬁbo y

oct yl oxycar bonyl group, phenoxycarbonyl ~“group, | “gr oup,

pyri dyl oxymeni&eayentr RePerstgclier grotipemakknhver QUQubgrt}f.ltu@ran!p}Fﬁ%r yl al kyl
group, or nonoval ent heterocyclic group may have a substituent. e carbon

atons of tivambenbsfi tamorarerdmd LOUNCL BP dbSuburbes 06 Gathentat ons of
the substituted carboxyl group. In the above exanpl es of substituents, the

substit uentncbudtngi tiye acanbéy| atéms nofayhbeshibseathehtanahad or cyclic
one, or the conbination thereof. As the alkyl chain which is not |inear,
exenpl i fi epreferalsbyng|tyredip, 2-et hyl hexyl group, 3, 7-dinethyloctyl group,
cycl ohexyl group, 4-Cl1-Cl12 al kyl cycl ohexyl group, etc. Mreover, two al kyl
chai n ends may ebhirallyl exemplhfiedi age: Farmathybaminoegbplipor et hyl as
a part of said alkyl chain may be replaced by a group containing a hetero
atom or fiRSHRYL cﬁ‘mjél%ﬁr@%%upemgﬁm?—@s%@'@mu@é@ltm?i-hmme group; e
fluorine atons. Here, as the hetero atom an oxygen atom a sulfur atom a

nitrogenaﬁ?ﬂﬁY%HQTlﬁﬂe??ﬁ&ﬁwﬂq#?%RPY*QW%%%rﬁﬁﬁ%P'i%'?ﬁﬁpﬁ%éménés of
ave. one. Aty SRR S F28oRs Bereleniid ARuRr ob t epre. coneret e
ox°Pes | Wnaialo SR AT S dlp XSRS G0t
\ *CSH"|2Néw§$%ﬁﬁﬁ% group, cyclohexylamino group, heptylamino group,
octylamino group, 2-ethylhexyl amino group, nonylamino
group, decyl amino group, 3,7-dimethyloctyl amino group,
laurylamino group, cyclopentylamino group,
dicyclopentylamino group, cyclohexylamino group,
dicyclohexylamino group, pyrrolidyl group, piperidyl group,
ditrifluoromethylamino group, phenyl amino group,
diphenylamino group, C;-C;; alkoxyphenylamino group, di(C;-
C.:2 alkoxyphenyl)amino group, di(C;-C;; alkyl phenyl)amino
group, l-naphtylamino group, 2-naphtylamino group,
pentafluorophenylamino group, pyridylamino group,
pyridazinylamino group, pyrimidylamino group, pPyrazylamino
group, triazyl amino group, phenyl-C;-C;; alkylamino group,

C1-C;2 alkoxyphenyl-C;-C;; alkylamino group, C;-C;, alkyl
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phenyl-C;-C;; alkylamino group, di(C;-Ci, alkoxyphenyl-C;-C;,
alkyl)amino group, di(Cy-Cy, alkylphenyl-C;-C;, alkyl)amino
group, l-naphtyl-C;-C;; alkylamino group, 2-naphtyl-C;-Cj,
alkylamino group, etc.

The substituted silyl group means a silyl group which
has 1 to 3 substituents selected from an alkyl group, aryl
group, arylalkyl group, or monovalent heterocyclic group.
The number of carbon atoms is usually about 1 to 60, and
preferably 3 to 48. The alkyl group, aryl group, arylalkyl
group, or monovalent heterocyclic group may have a
substituent.

Specifically exemplified are: a trimethylsilyl group,
triethylsilyl group, tripropylsilyl group, tri-i-propyl
silyl group, dimethyl—i-propylsilyl group, diethyl-i-propyl
silyl group, t-butylsilyldimethylsilyl group,
pentyldimethyl silyl group, hexyldimethylsilyl group,
heptyldimethylsilyl group, octyldimethylsilyl group, 2-
ethylhexyl-dimethylsilyl group, nonyldimethylsilyl group,
decyldimethylsilyl group, 3,7-dimethyloctyl-dimethylsilyl
group, lauryldimethylsilyl group, phenyl-C;-C;, alkylsilyl
group, C;-C;, alkoxyphenyl-C,-C;, alkylsilyl group, C1~Cis
alkylphenyl-C;-C;, alkylsilyl group, l-naphtyl-C;-C;,
alkylsilyl group, 2-naphtyl-C;-C;, alkylsilyl group, phenyl-
C1-Cya alkyldimethylsilyl group, triphenylsilyl group, tri-
P-xXylylsilyl group, tribenzyl silyl group,
diphenylmethylsilyl group, t-butyldiphenyl silyl group,
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dimethylphenyléilyl group, etc.
As the halogen atom, a fluorine atom, chlorine atom,

bromine atom, and an iodine atom are exemplified.

The acyl group usually has about 2 to 20 carbon atoms,

preferably 2 to 18. Specific examples thereof include an
acetyl group, propionyl group, butyryl group, isobutyryl
group, pivaloyl group, benzoyl, trifluorocacetyl group,
pentafluorobenzoyl, etc.

The acyloxy group usually has about 2 to 20 carbon
atoms, preferably 2 to 18. Specific examples thereof
include an acetoxy group, propionyloxy group, butyryloxy
group, isobutyryloxy group, pivaloyloxy group, benzoyloxy
group, trifluoroacetyloxy group, pentafluorobenzoyloxy
group, etc.

The imino group has about 2 to 20 carbon atoms,
preferably 2 to 18. Specific examples thereof include the
groups represented by the following structural formulae,

and the like.

Me ,,J-'\/\ ,_,.H\N/\/ /_,JJ\N ,_,./-’\N/\/\ F,.H\N/k
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OCeH OCeHl ~ C8H1~0 OCeH S CeH~~O OCBH~~ i ~ S I, I, I, s ~Ni S/ 1/
/ HH O O Arong the structures represented by formula (1-1), concrete

~exanpl es in case of X=0 include the foll ow ngs. 1701 I i CeH CaH O |
i CeH-~O OCCeH~~ i 1 01 i CeH-~S SCBH~1~20 Il 1 i CH> > CsH> > Ol i CSH- ~0
OCSH~- ~ 01 I i CSH-~S SCSH~~ CBH~

The amide group usually has about 2 to 20 carbon
atoms, preferably 2 to 18. Specific examples thereof
include formamide group, acetamide group, propiocamide
group, butyro amide group., benzamide group,
trifluoroacetamide group, pentafluorobenzamide group,
diformamide group, diacetamide group, dipropiocamide group,
dibutyroamide group, dibenzamide group,
ditrifluoroacetamide group, dipentafluorobenzamide group,

etc.

The imide group usually has about 2 to 60 carbon
atoms, preferably 2 to 48. Specific examples thereof

include the groups shown below.

5 0 SO
SO O~
m MJ M_/—

B 33

A monovalent heterocyclic group means an atomic group

=

O
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in which a hydrogen atom is removed from a heterocyclic
compound, and usually has about 4 to 60 carbon atoms,
preferably 4 to 20. The carbon atoms of the substituent are
not counted as the number of carbon atoms of the
heterocyclic group. The heterocyclic compound means an
organic compound having a cyclic structure in which at
least one heteroatom such as oxygen, sulfur, nitrogen,
phosphorus, boron, etc. i1s contained in the cyclic
structure as the element other than carbon atoms.

Specific examples thereof include a thienyl group,
C:-Cy2 alkylthienyl group, pyroryl group, furyl group,
pyridyl group, C,-C;; alkylpyridyl group, piperidyl group,
quinolyl group, isoquinolyl group, etc. A thienyl group,
C1-C,2 alkylthienyl group, pyridyl group, and C;-C;; alkyl
pyridyl group are preferable.

The substituted carboxyl group usually has about 2 to
60 carbon atoms, preferably 2 to 48. The substituted
carboxyl group means a carboxyl group having a substituent
such as an alkyl group, aryl group, arylalkyl group, or
monovalent heterocyclic group. Specific examples thereof
include a methoxycarbonyl group, ethoxycarbonyl group,
propoxycarbonyl group, i-propoxycarbonyl group,
butoxycarbonyl group, i-butoxycarbonyl group, t-
butoxycarbonyl group, pentyloxy carbonyl group,
hexyloxycarbonyl group, cyclohexyloxy carbonyl group,

heptyloxycarbonyl group, octyloxycarbonyl group, 2-
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ethylhexyloxycarbonyl group, nonyloxycarbonyl group,
decyloxycarbonyl group, 3,7-dimethyloctyloxycarbonyl group,
dodecyloxycarbonyl group, trifluoromethoxycarbonyl group,
pentafluorcethoxycarbonyl group, perfluorobutoxy carbonyl
group, perfluorohexyloxycarbonyl group, perfluoro
octyloxycarbonyl group, phenoxycarbonyl group,
naphtoxycarbonyl group, pyridyloxycarbonyl group, etc.
Here, the alkyl group, aryl group, arylalkyl group, or
monovalent heterocyclic group may have a substituent. The
carbon atoms of‘this substituent are not counted as the
number of carbon atoms of the substituted carboxyl group.
In the above examples of substituents, the
substituent containing an alkyl chain may be linear,
branched or cyclic one, or the combination thereof. As the
alkyl chain which is not linear, exemplified are isoamyl
group, 2-ethylhexyl group, 3,7-dimethyloctyl group,
cyclohexyl group, 4-C;-C;; alkylcyclohexyl group, etc.
Moreover, two alkyl chain ends may be connected to form a
ring. Furthermore, methyl or ethyl as a part of said alkyl
chain may be replaced by a group containing a hetero atom,
or a methyl or ethyl group which is substituted with one or
more fluorine atoms. Here, as the hetero atom, an oxygen
atom, a sulfur atom, a nitrogen atom, etc. are exemplified.
Furthermore, in the examples of substituents containing an
aryl group or a heterocyclic group, they may have one more

or more substituents.
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Among the structures represented by formula (1-1),

concrete examples in case of X=0 include the followings.
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S/ 1/ OO Concrete exanples represented by fornula (1-2) in case of X=0
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Among the structures represented by formula (1-2),

concrete examples in case of X=S include the followings.
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Concrete examples represented by formula (1-2) in case

of X=0 include the followings.



1l~I/~1 NONOOOSsHHOI OInthe formul ae, Me represents a nethyl
group, Ph represents a phenyl group, Bn represents a benzyl group, and Ac
represents an acetyl group. As for the above formulae (1-1) and (1-2), in
view of inproving the solubility of pgjymer conpound, changing the

wavel ength of |ight-em ssion, and inproving the efficiency 24 of
‘light-emssion, it is preferable that RRng Aor Rng B and Rhng C or Ring
‘D have a substituent selected froman al kyl group, al koxy group, alkylthio
group) aryl group, aryloxy group, aylthi o group, arylalkyl group,

aryl al koxy ~geoypd- axyl al kyl t hi ot ary| al kenyl , kal kynyl
-group, am ubsti tute' g_group, silyl - stituted silyl
group, hal ogen ato acyl’ group, "acyl oxy Fgroup, i m no group, Shi de group,

i m de group, nonoval ent heterocyclic group, carboxyl group, substituted
car boxyl group, and cyano group. Anong them an al kyl group, al koxy
group, ~al kyl t hi oo group, aryl group, aryloxy group, arylthio group,

aryl al kyl 2 2y HOXY grewsy Aryallogld hi o 0 istvdf ed ami no

group, subs '@ |l yl group w 0 f‘," atom acyl yl oxy group,
i m de gr6g, nonovalent hetePédlyclic group) carb¥Mssl group,

substituted carboxyl group, and cyano group are preferable, and an al kyl

am de group,
group, al koxy gzoup, aryl group, aryloxy group, arylal kyl group, aryl al koxy
group, and arylalkylthio group, are nore preferable. As the repeating unit

in the pol ynrer_copmpund of th esgnt__i nventi on, tANg _unit
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25 Anong them preferable are those which have a structure represented by
the above formula (1-1), and have only aromatic hydrocarbon rings, as R ng
A, RingH Rng C and Ring DD More preferable are the repeating units
selected fromthe below fornul ae (2-1 (2-2), (2-3), (24), and (2-5). X 1/
~R~- R2lb (2-1) x (2-2) x (Ra)n (2-4) (2-3) X (2-5) In the formulae, X
represents Sor O Rl, R2, R3, R4, R5, R6, R-, Ra, R9, and R o each

i ndependent |y represent an (Rs)i (R10) 26
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In the formulae, Me represents a methyl group, Ph
represents a phenyl group, Bn represents a benzyl group,
and Ac represents an acetyl group.

As for the above formulae (1-1) and (1-2), in view of
improving the solubility of polymer compound, changing the

wavelength of light-emission, and improving the efficiency



: al kyl group, alkoxy group, alkylthio group, aryl group, aryloxy group,
arylthio group) arylal kyl group, arylal koxy group, arylal kplthio group,
aryl al kenyl group, arylal kynyl group, am no group, substituted am no group,
silyl group, substituted silyl group, Qalogen atom acyl group, acyl oxy
group, imno group, am de group, inid% group, nonoval ent heterocyclic
group, carboxyl group, or substituted carboxyl group. a and b each
independently represent an integer of 0-3. ¢, d, a and f each i ndependently
represent an integer of 0-5, g, h, i and j each independently represent an

L nt eger Ofoto'fjéql{{‘-éxpf%éf&xf? fi‘r’crogi‘# %eroénféézgalbfé‘mgcrgazf Rind g &Pbﬁﬁné%”ts R3

to R6 may substitute on any’ca enzene® ri ngs constituting

the Condeﬁﬁgpﬁﬁﬁf i&rrﬁfggu%ggé?g gbgﬂﬁsE9£ﬂyhggséf%é¥ean€r§ﬁé§é’ the

substitue a nay ute on any carbon atons o enzene
rings consfqiyidit i e fﬁgﬁﬁs§fb 0 1 L hg. ie i ving the
sol gbi | i t?lo%ﬂpoél%n@' c%rrpo , cﬁ%hgi&%‘é&‘%ﬁgﬂ\?\a%%?%%mﬁ%g; ??g&? em'gssi on,
and i nprow W) i 36 M $81 Py 4 ef t atb
o for mul S CBRE S PO OB SRV SR bPoRpS| ERAtkORS

formul a (?gzdaup,ar&kire%ue%ﬁ&imﬁ@o&ﬁ Sary 84 Ekdnpl @pwp,vb@ylﬁsik?x'yﬁts in
or

plural, a plurality of them nmay be the same or dif f,erent R2 ,

R3 , R4, foup Ramidd grdtp, Sbhanttided ahenotgeyupxi Silyl frowd )
respectively, a 27 plurality of themmy be the same or different. Wen

X=S, anongubetirtapesd i stolyhi dsowse) dedbolgén catohe adplegf@up) , a¢fi&xy {2-3),
(2-4) and (2-5), the repeating unit represented by fornmula (2-1) is

pr ef er abl grovp.ecumino igréup mAnide-dyqupt imidererouef enabdealémt Rl
and/or RZ is an~al kyl group having 3 or nore carbon atons, an al koxy group
havi ng 3 dvetanacyakisnrgreuns, carbPerkl/| 9¥owp gr s hibta bed 3carbexyl car bon
atons, an aryl group, aryloxy group, arylal kyl group, arylal koxy group,
aryl al kyl (9RO Ryr L Granprigvi®ent heterocyclic group. Wien X=0O anong the

repeating units selected fromthe above 2-1£KR%§-§Q, ég-B%#%iZ-A and
(2-5), the repdAng WhHam. (Hprldeht WP R (PP 2 Bidie. 0/ -
e boone S N bt P o R SR e Y
(erad 2 ol SR oo LA SO, 1RO, S R g
aryl al kyl tj1 9’ ¥hp and uHRRQ Rk el sHakAr Qevtlp,C fd@#ine atom, acyl
group, acyloxy group, amide group, imide group, monovalent
heterocyclic group, carboxyl group, substituted carboxyl
group, and cyano group are preferable, and an alkyl group,
alkoxy group, aryl group, aryloxy group, arylalkyl group,
arylalkoxy group, and arylalkylthio group, are more
preferable.
As the repeating unit in the polymer compound of the
present invention, a repeating unit represented by formula
(1-1) is preferable.
As for Ring A, Ring B, Ring C, and Ring D, those
containing only an aromatic hydrocarbon ring are

preferable.



Total anmpbunt of the repeating units represented by the above fornmula (1-1)
and (1-2), is usually 1% by mole or nore and 100% by nole or |ess. Wen
X=S, it is preferably 28 20% by nole or nore, and nore preferably 30% by
nol e or nore and 90% by nol e or |ess. Mhen X=0, it is preferably 10% by
nol e or nore and 100% by nol e or Iess and nore preferably 50% by nole or
more and 90% by nole or less. In VIeM/Of i nproving fluorescence intensity,
when a copol yner consistinng of repeating units represented by either one of
formula (1-1) or formula (1-2), and the repeating units have only the

f S f bl
Sre twp o mor PRORBAERE habTEeErPHe, BRE EnAe BRChobeVeLEnie. The
I bl whi ch
Cont i ns. (RE: Vapefe ROFERRAIRAY, b0 ER0 PabE Bofpfad év’%‘)?&gﬁélygﬁ%f 1

i?ﬂ%?r : élée&% fonde th?é]a*ﬁ??ﬁo‘gérfeﬁﬁré’%ﬁ tedgﬁiﬁihg%ﬂ%{lﬁ? f?}‘? ($2) | )
(31, for mi s e e e e B B e A~ (4)

- Ar4-Xz- (sélécté@ £fo® )th!en Bl FdPthite P(rzl 1A o248 B, @By 4(gepresent

each independently an aryl ene group, a divalent heterocyclic
4), and (2-5).

X
7N\
(ng /\R2)b

(2-4)

In the formulae, X represents S or O. R;, Rz, Ri, Ry,

Rs, Rg, R7, Ra, Ry, and Rjg each independently represent an



group, or a divalent group having netal -conpl ex structure. 29 X1, X2, and
X3 represent each independently -CR11=CR12-, -CC C , -N( R13 ) - , or - (
Si R14R15 ) x- R11 and R12 represent each independently a hydrogen atom

al kyl group, aryl group, nonoval ent hegﬁgocyclic group, carboxyl group,
substituted carboxyl group, or cyano group. R13, R14, and R15 represent
each i ndependently a hydrogen atom al kyl group, aryl group, nonoval ent

het erocyclic group, arylal kyl group, and substituted am no group. ff
represents an integer of 0-2. k represents an integer of 1-12. Wen R11,
RI2, R13, Ragkyan exj jn plural, respectively, a plurality of them
may be the sameﬁor% di f'e)r&éln O.}JYI WP pradd@rit e andum, dyel ayndwne gr oup

i's an atom arguexy oWl C drogen atons are renoved froman aromatic
hydr ocar bon, and usgalP%'hgg&ggpg%B@r%EPboﬁraﬂ@#§wipmﬁkemabbwy&&mkdﬁg

carbon"atmaeodbe scprabigbidiosadian alge el uges Uose o e o
A i .
O LY Hon B, hotot | nias Gror- 71, . iy iies e UG
t er phenyl EJdi yl group (follow ng fr(;?@w%zﬁ%g%g?dé sqlr'?'ﬁ%ne‘g‘??‘l"’ﬁ@mt owi ng

formul as ANStergosiqlisergraiy) ddshdomi 0 for and F),
condensed-ri g’gl&corrpound group (foll o*vaanﬁoourp}ulgalg %%E&%&i ‘#ﬁﬁ@‘}t%em

phenyl ene JFQHE;: Bi fRchH @echyrindepddamrtane i nd stil bene-diyl

group are preferable RRRRRRRRR I ¥ xpe Uiy M died R R R O

RRORR ‘RC+09R4R RBA maﬁaRmRidepEnﬁeRt%gQﬂa é%§%£i§%;iga R OROR
RRO

ORRQ RI9,RRI~ RRII RRRRRRRORR 688 OR R
RR ORRORR f2 23 R R4 IReRch5 independently represent ap

integer of 0-7.

R
O

In the above formulae (2-2) andg (2-3), the

substituents R; to R may substitute on any carbon atoms of

two benzene rings constituting the condensed aromatic ring

In the above formulae (2-4) ang (2-5), the

substituents R; to Ry, may substitute on any carbon atoms of

two benzene rings constituting the condensed aromatic ring

In view of improving the solubility of Polymer

compound, changing the wavelength of light-emission and

improving the efficiency of light-emission, it is

breferable that a+b of formula (2-1), c+d of formula (2-2)

e+f of formula (2-3), g+h of formula (2-4), ang i+j of

formula (2-5), are 1 Or more.

When R; exists in plural, a Plurality of them may be

the same or different. As for R2. Rz, Ry, Rs Rs, Ry, R R
’ Il . ’ 8. 9

and Rip, when they exist in plural, respectively

a



31 RRORRORROR1I6RRRRRORRORRORRORROR
RORRI17~- RIS RR1I9RRRRRRRRR2U. 21 ORRRRRRR-RR
230RRRRRRRRXZ24ORRR'" RRRRRRR26RRRRRRRRRR
R22 ~-RRRRRO25 ORRR' RRR R7R OORRRF R27 R~RR

plurality of them may be the same or different.

When X=S, among the repeating units selected from the
above (2-1), (2-2), (2-3), (2-4) and (2-5), the repeating
unit represented by formula (2-1) is preferable.

Moreover, in formula (2-1), it is more preferable that R;
and/or R, is an.alkyl group having 3 or more carbon atoms,
an alkoxy group having 3 or more carbon atoms, an alkylthio
group having 3 or more carbon atoms, an aryl group, aryloxy
group, arylalkyl group, arylalkoxy group, arylalkylthio
group, or monovalent heterocyclic group.

When X=0, among the repeating units selected from the
above (2-1), (2-2), (2-3), (2-4) and (2-5), the repeating

unlt represented by formula (2-6) is preferable,

o)
oL
(R1)a (R2)p

(2-6)

In the formula, R; and R, each independently represent an
alkyl group having 3 or more carbon atoms, alkoxy groups
having 3 or more carbon atoms, alkylthio groups having 3 or
more carbon atoms, aryl group, aryloxy group, arylalkyl
group, arylalkoxy group, arylalkylthio group, and
monovalent heterocyclic group.

Total amount of the repeating units represented by the
above formula (1-1) and (1-2), is usually 1% by mole or

more and 100% by mole or less. When X=S, it is preferably
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20% by mole or more, and more preferably 30% by mole or
more and 90% by mole or less. When X=0, it is preferably
10% by mole or more and 100% by mole or less, and more
preferably 50% by mole or more and 90% by mole or less.

In view of improving fluorescence intensity, when a
copolymer consisting of repeating units represented by
either one of formula (1-1) or formula (1-2), and the
repeating units have only the structure of either X=S or
X=0, it is preferable that the repeating units are two or
more monomers having different kinds of substituents.

The polymer compound of the present invention is
preferably a copolymer which contains the repeating unit
having structure of the above formula (l1-1) and/or (1-2)
and one or more of the other repeating unit.

Examples of the other repeating unit than those
represented by formulas (1-1) and (1-2) preferably include
the repeating units represented by the below formula (3),
formula (4), formula (5), or formula (6).

-Ar,;- (3)

—Arz— X Ars— (4)

-Ars-Xs- (5)

-X3- (6)

In the formulae, Ar;, Ar,, Ar;, and Ar, represent each
independently an arylene group, a divalent heterocyclic

group, or a divalent group having metal-complex structure.

RRRR~3

UWUWRRRR30R RRR31'" RRRRRRRRR
RRR~~-RR~R37RRRR\ORRRRBRR36 RRR
R 32 R

3
R



RRRR335RRR~R~RRR38RRRRRRRAR\RRRRRDRO\ RRR
RR-~~ RCRRRRRRRER\\RRR~_RRRRRFRR 33 1Inthe
‘present invention, the dival ent heterocyclic group means an atomic group in
which two hydrogen atonms are renoved 4 %on1a het erocycl i c conmpound, and the
nunber of carbon atons is usually about 3 to 60. The heterocyclic conpound
‘means an organi ¢ conpound having a cyclic structure in which at |east one
het eroat om such as oxygen, sulfur, nitrogen, phosphorus, boron, arsenic,
etc. is contained in the cyclic structure as the el enent other than carbon

atons. As fhe dlval n heteroc cI|c conpo r.ou fol.Lowi ngs are
-exenpllfleﬁf 2, % & repres eachnEnHepegdengly -CR;;=CRy;-, -C=

C-, -N(Ri3)-, or -(SiRi4Ris)x-. Ri1: and R;, represent each
independently a hydrogen atom, alkyl group, aryl group,
monovalent heterocyclic group, carboxyl group, substituted
carboxyl group, or cyano group. R;i, Riy, and R;s represent
each independently a hydrogen atom, alkyl group, aryl
group, monovalent heterocyclic group, arylalkyl group, and
substituted amino group. ff represents an integer of 0-2. k
represents an integer of 1-12. When R;:, Rz, Rii, Ry4, and
R;5 exist in plural, respectively, a plurality of them may
-be the same or different.

In the present invention, the arylene group is an
atomic group in which two hydrogen atoms are removed from
an aromatic hydrocarbon, and usually has 6 to 60 carbon
atoms, preferably 6 to 20 carbon atoms. The aromatic
hydrocarbon also includes those containing a condensed
ring, and two or more of independent benzene rings or
condensed rings bonded through a group such as a direct
bond, a vinylene group or the like.

As the arylene group, exemplified are phenylene group
(for example, formulas 1-3), naphthalenediyl group
(following formulas 4-13), anthracene-diyl group (following
formulas 14-19), biphenyl-diyl group (following formulas
20-25), fluorene-diyl group (following formulas 36-38),
terphenyl-diyl group (following formulas 26-28), stilbene-

diyl (following formulas A-D), distilbene-diyl (following



G oups containing a nitrogen as a hetero atom pyridine-diyl group
(follow ng formul as 39-44), diazaphenyl ene group (follow ng formnul as
45-48), quinolinediyl group (followi ng formulas 49-63), quinoxaline diyl
group (follow ng formul as 64-68), acripgh ne diyl group (follow ng fornul as
69-72), bipyridyl diyl group (follow ng fornmulas 73-75), phenanthroline
diyl group (following formulas 76-78), etc.; groups containing a hetero
atom such as silicon, nitrogen, sulfur, selenium etc. and having a
fluorene structure (following forrmulas 79-93); 5 nmenbered-ring heterocyclic

compound 9f i £ONERARN) 2 BEh8EASELOR AHCBoRBeRRk §9Bup"(eaa8R 8l TUr.

Sel enium etc oW ng OI’ mu ered-ri n condensatron

heter ocycl {6 f@IREURS - 959U9§c00ﬂﬁ1§h8' Bflefd h%ﬁéx?yféx?@% Ghpas silicon)
nitrogen, selenium etc. 4 (folldw ng formulas 99-1 groups in which

5 menber edpipRén Eéﬁéogyshpc EQ{IBQHHQ ai9upgeeipal Hhﬁgs%'ihbéﬁar-d& hrogen,
sul fur, seleniu etc. as a hetero atomis connected with a phenyl group at

the ~ pOSIgt@@pOiréhpréﬁé@aelaton1to forma dinmer or oligoner (follow ng
formul as 109-112); groups in which 5 nmenbered ring heterocyclic conpound
group containing silicon, nitrogen, sulfur, selenium etc. as a hetero atom
is connectedpMtip a pheRyI group g thg ~ position of the hetero atom
(following fo 1y as 113 Q) ; and ps in which 5 nenbered ring
het er ocycl i€ @v- nd -g Hnt i ygen, nitrogen, sulfur, etc. as a
hetero aton1|--onnected «th a fur group, or thienyl group (follow ng
formul as 120RL25R R R R ~~R: § RR R ~~R 3N9'-~(R 40 R 41 R 42
'-'(RRR RRRR'-C2CR 44 R45 R46 47T R48 R 35 RRRRR 1~
1~-RR~RRRR. RRRR~R49 RRS%$ 51 RR52RRS5
RR~RRRRRR~RRR 5 58 RRS4 RRRRD56 R57
RRRR.R , 63 R R
b7 b8 R R h4

00
00
00
00
OxXXT
000
000
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RRRRR73 RR74R75 RRRRRRRRRRRRR~R76R77 RR78 RRR
RRRRRRR~SS~R~RR-~S~R8 . RR~gi~R~R79/ \ 8 RRRRRR
RRRRROOROOROORYVN ~WR~yN ~_RR~VN ~_RR~RS82R~
R83 RR8 RRRR RRRRRRRF\‘3 R85 RR\~R8 R\~R8 RRRR
RRRRRRR~00-S ~RRY~/yR~~/y 91 RSe R92 R Se R 93
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In the present invention, the divalent heterocyclic
group means an atomic group in which two hydrogen atoms are
removed from a heterocyclic compound, and the number of
carbon atoms 1s usually about 3 to 60.

The heterocyclic compound means an organic compound
having a cyclic structure in which at least one heteroatom
such as oxygen, sulfur, nitrogen, phosphorus, boron,
arsenic, etc. is contained in the cyclic structure as the
element other than carbon atoms.

As the divalent heterocyclic compound group, followings

. are exemplified.

Groups containing a nitrogen as a hetero atom;
pyridine-diyl group (following formulas 39-44),
diazaphenylene group (following formulas 45-48),
gquinolinediyl gfoup (following formulas 49-63), quinoxaline
diyl group (following formulas 64-68), acridine diyl group
(following formulas 69-72), bipyridyl diyl group (following
formulas 73-75), phenanthroline diyl group (following
formulas 76-78), etc.; groups containing a hetero atom,
such as silicon, nitrogen, sulfur, selenium, etc. and
having a fluorene structure (following formulas 79-93); 5
membered-ring heterocyclic compound groups containing a
hetero atom such as silicon, nitrogen, sulfur, selenium,
etc. (following formulas 94-98); 5 membered-ring
condensation heterocyclic compound groups containing a

hetero atom such as silicon, nitrogen, selenium, etc.



R R
N R
e

RRRRRR/\0ORR1I1I6 RRRRNNRRO,NORRRRRI119 38 -
NS~-NRRo0"0o,. RRRR120 _S 122 NS-NI OO0, RRR R 124 R R N~~
R0"0 R\RRRNO-NI SSRRRRNONOORRRRI1Z1 123 125 In th
present invention) the divalent groupghaving

(following formulas 99-108); groups in which 5 membered
ring heterocyclic compound group containing silicon,
nitrogen, sulfur, selenium, etc. as a hetero atom is
connected with a phenyl group at the & position of the
hetero atom to form a dimer or oligomer (following formulas
109-112); groups in which 5 membered ring heterocyclic
compound group éontaining silicon, nitrogen, sulfur,
selenium, etc. as a hetero atom is connected with a phenyl
group at the & position of the hetero atom (following
formulas 113-119); and groups in which 5 membered ring
heterocyclic compound group containing oxygen, nitrogen,
sulfur, etc. as a hetero atom is connected with a furyl

group, or thienyl group (following formulas 120-125).

9 5 3 B
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met al -conpl ex structure is a divalent group in which two hydrogen atons are
renoved fromthe organic ligand of the netal conplex. The nunber of carbon
atons of the organic ligand is usually about 4 to 60. Exanples of the
organi c ligand include 8-quino|in%% and its derivatives, benzoqui nolinol
and its derivatives, 2-pheny|-pyr$ ine and its derivatives,

2- phenyl - benzot hi azole and its derivatives, 2-phenyl benzoxazole and its
derivatives, porphyrin and its derivative, etc. are exenplified. As the
central netal of the conplex, for exanple, alum num zinc, beryRlium

I ridium platinum gold, 39 euraqpi UR terbiu . ye|pl i fied. As

the netal, coRpl ex havi Rg conpl ex
and a tripr@E | um nescg cul ar
wei ght fl 1!," tent mat ey /ically as
the dival g goup hay (@ - (126-132)
are exenp . R R 12% RROgU
RRRR 4o R R 50
R R R h<:> R
R
R 58
R
5
54 | R
R R
R R R
R R
R R 63
59
R R



RRRNORRON....... ~r~, RRRR~1 WRRI1I29 RRR S
SRN.. ~I~; RRRRRs ORRR 13U 131 41 RRRRR
\Irr~~~\VRRRRRRR,, Ri ~~~0 132 RIn the exanple
shown by the above formulas 1-132, R ggpresents each i ndependently a
hydrogen atom al kyl group, al koxy group, al kylthio group, aryl group,

aryl oxy group, arylthio group, arylalkyl group, arylal koxy group, aryl

al kylthi o group, arylal kenyl group, arylal kynyl group, am no group,
substituted am no group, silyl group, substituted silyl group, hal ogen
atom acyl groupR a&yl oxy group, iRy n& grRupR ani de group, A & grRup)
‘monoval ent _he 8\ group, car

, Substitut arb group
or cyano gFfo R R R
R 73 R R 74 R 75

R R R R
‘ 83 | 54
R R
R R R R
R R R
R H:‘: ;‘:R /iz::\
R O R 86 R © R¥
R R R R R R



The carbon atom contained in the group represented by fornulas 1-132 nay be
replaced with a nitrogen atom oxygen atom or sulfur atom and the
‘hydrogen atom may be replaced with a fluorine atom Anobng the repeating
units represented by fornula (3), the3 epeating units represented by bel ow
formula (7)) (8), (9), (10), (11), or (12) are preferable. 42 . CR 6)~
\ ~(~) Inthe fornula, R16 represents an al kyl group, al koxy group,
al kylthio group, aryl group, aryloxy group, arylthio group, arylalkyl
group, aryl al koxy group, arylal kylthio group, aryl al kenyl group,

I

aryl al kynyl gr®&up, Rm no grloup,Asubstj tuted am po grpup, Si roup,

substituted sil roup) thEg§E~ato yl gro yl oxy , Imno

group, am de im de ﬁ ~~nono nt hetepgodyclic grglpy\ carboxyl
\carboxyl gtoup, gyano grolp.g”l Tepr an i nt eger

group, substitut
of 0-4. Wen 9ﬁ$Rsts ingplgral, a p?ﬁrality of gyhem nay beg§he sanme or
different. RlI~ “m\ / \ Ra)n (8) In e fornmula, Rl~ and_R18 represent
each independéﬁtly'ﬁn al kyl dtoup, al koxy group, aIkyIthioRgroup, aryl
group, aryRQXx ~r yRthi2,Q_gpoup, aryl al kyl group, I y group,
aryl al kyl t hi ' Moup, arylal kynyl grou roup,
substi t ut ed gATQr oup, ST -’bup, substituted silyl > al ogen at om
acyl group, a v i By no pyroup, am de group) im dgygroHp,
nonoval ent het cyclic group;100ar boxyl group, substitute f&g boxyl 43
group, or cyano grgyp. m and represent eagh i ndependentlgy an integer of

0- 3. Wen 7 8 exiét ifh plural, respectively, agplufality of them
ImybetMEM/‘stfHN‘, 20sJ R2o P C9) Srnul a, R19
and R22 reprases £&ach indeg~/ne y an oup, al up,

al kyl t hi o drouQp, bhyl grodp, aryNoxy grdup,Tarytthio groupl arylal kyl
group, aryl al ipA093group, aryRaliggl t hi o group,10aryl al kenyl Rjioesp,
aryl al kynyl group, am no graup, substituted ami no group, silyl group,
substituted silyl, group, hal pgeR atﬁgl group, acyl oxy group, imno
group, am de droup,, t mde gr

p ReLRr ocyclR¢_geouR, carboxyl
group, subBtiswtesi carbo i’ or cya \ou' . 0 and gac
i ndependent | P prasent an ger—of 0 R20-Nnd R} nt each

i ndependen p, |aryl group, npnoval ent

het erocyclic g ouR carboxylﬂgﬁﬁyp, substiﬁubed car boxyl 1gpoup, or cyano
group. Wen R190Z4nd R22 exi st plural, réspectively, a plurality of them
may be the sane or different. 44 ~Xa ' N~ ~N ~Ar~3 X ~ ~Arl4~ Y 10 ( ) In
the formul a, ~R23 represents an al kyl group, al koxy group, al kylthio group,
aryl group, ary] oxy, group, arﬁlthio group, grylalkyl g&gip,ﬁar | al koxy

group, arylal kykth group, a up, aryR
group, substitutedyan

group, nonoval ent_h Tcar boxyl grouyd, @ h
group, or cyano . r epr esent ]§9F1nteger of 2. or Arl4 each

i ndependently repyesent an aryl ene 9 PURy @ di val ent hetqﬁocMclic group, or
a dival ent grou Struggurey x apd ygeachyigdepggndent!y
represent 0 °Qr

R R wqq R R
N
R A R R



X4 represents 0, S, SO S02, Se, or Te. Wien R23 exists in plural, a
plurality of themmay be the sane or different. C R2a~r ;(s-X~ CR2sJs -- -
Y~/ (11) In the formula, R24 and R25 each independently represent an

al kyl group, al koxy group, alkylthio ggoup, aryl group) 45 - aryl oxy
group, arylthio group, arylalkyl group, arylal koxy group, arylalkylthio
group, aryl al kenyl group, arylal kynyl group, am no group, substituted am no
group, silyl group, substituted silyl group, hal ogen atom acyl group,

acyl oxy group, imino group, anmide group, imnde group, nonoval ent
heterocyclic _group Qs bo?¥ ﬁroup, or cyano
group. r and r epr €3ent k of 0-4. XS shows O
S, SQZ, Se,

respectlvely, ap urality 0 then1nay be the sanme or different. C R3o~t -1I-
R31 \ R33 Ar5 \ R32 R34 R35 (1£20!n the fornmula, R30 and R3E2Each

i ndependently represe®, an al kyl group, al koxy,@roup, alkylthio group, aryl
group, aryloxy group fylthlo group, arylal kM] d¥oup, arylal koxy group,
arylal kylthio géoup, group) & i YR am no group,
substi t ut ed—ag 0 yl group, hal ogen
atom acyl grd i m de group,
nonoval ent he¥er O ar box sd car boxyl group,
or cyano gro t h i ntdegendéntly "feprese an 'nt eger of 0-4.

R31, R3x. R33, and R3d each i nlBbendent |y represent a hydroggg3atom al kyl
group, aryl group, nonSval ent heterocyclic grouf. carboxyl group,
substituted carboxyINgrg p, or cyano group. Al

group, a divalegy he ycI |@ group, or @_di vt grgup havi ng
N _ y

met al - conpl ex—g§t r} e and—Ryg 5 respectively, a
plurality of t e or di f\ ecipi g exanples of the
repeati ng unlh re-,esentedRcy tﬁe abovg forﬁyla (7) se the foll ow ngs.
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In the present invention, the divalent group having
metal-complex structure 1s a divalent group in which two
hydrogen atoms are removed from the organic ligand of the
metal complex.

The number of carbon atoms of the organic ligand is
usually about 4 to 60. Examples of the organic ligand
include 8-guinolinol and 1ts derivatives, benzogquinolinol
and its derivatives, 2-phenyl-pyridine and its derivatives,
2-phenyl-benzothiazole and its derivatives, 2-phenyl-
benzoxazole and its derivatives, porphyrin and its
derivative, etc. are exemplified.

As the central metal of the complex, for example,

aluminum, zinc, beryllium, iridium, platinum, gold,



OCloH21 \ / CloH210 47 CaH ~\ / CaH 7 OCloH21 \ / MeO CaH 7 _ \ [/ Me
~C10H21 M Me \ | Me~ M OCaH ~ \ / caH ,o 005H11 \ / MeO CloH21~ OCloH21
\ I doHz1 \l Ma Si Me2CaH17 \ / CeH ~Me2Si 1oH21

39

europium, terbium, etc. are exemplified.

As the metal complex having an organic ligand,
exemplified are a metal complex and a triplet luminescence
complex which are known as a low molecular weight
fluorescent material or a phosphorescent material.

Specifically as the divalent group having metal-
complex structure, the followings (126-132) are

exemplified.




oHzi CloH21 OH21 ~CipH21 -_ \ / \ G OH21~ oHzi C 010H21 OC4Hg 04HO0 C O
oH21 48 F F CEt \ Et0 OCloH21 /
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Cl oH210 OCloH21 OGC pH21 OC8H17 \ _ OCeHi ~ C1OH21~ ~/ ~/ \ CoHzlOCBH 'O
C8H1~0 OEt \ Et0 OCloH21 Ove \ MeO CloH210 OCi pHz1 \ CloH210 ~ / OCeH 7 \
‘CeHl70 Et Et ~ / OCloH21 CN OCloH21 CN OCeH ~ C oHzl O ~ / C8H1~0 CloH210
@1 Cl1 Anpong the repeating units reprffented by the above fornula (4), the
repeating unit represented by the below formula (13) is preferable.

In the example shown by the above formulas 1-132, R
represents each independently a hydrogen atom, alkyl group,
alkoxy group, alkylthio group, aryl group, aryloxy group,
aryltﬁio group, arylalkyl group, arylalkoxy group, aryl
alkylthio group, arylalkenyl group, arylalkynyl group,
amino group, substituted amino group, silyl group,
substituted silyl group, halogen atom, acyl group, acyloxy
group, imino group, amide group, imide group, monovalent
heterocyclic group, carboxyl group, substituted carboxyl
group Or cyano group.

The carbon atom contained in the group represented by
formulas 1-132 may be replaced with a nitrogen atom, oxygen
atom, or sulfur atom, and the hydrogen atom may be replaced
with a fluorine atom.

Among the repeating units represented by formula (3),
the repeating units represented by below formula (7), (8),

(9), (10), (11), or (12) are preferable.



49 . Ars- N--~Ar~ N~-Ar8i rs Ari o Arll wArl2 (13) In the fornmula, Aré6,
Are, Are, and Ar9 represent each independently an arylene group or a

di val ent heterocyclic group. Arlo, Aril, and Arl2 represent each

i ndependently an aryl group or a nmonoy Ient het erocyclic group. Ar6, Are,
Are , Ar9 ( and Arlo may .have a substl uent . v and w represent each
independently an integer of 0 or 1 , and O <=v+w<=1. Specific exanpl es of

the repeating units represented by the above formula (13), i

fol | ow ngs represented by formulas 133-140. \ / N\ / RRR

RNMNM / N\ J 43 NRR135\/ \/ RRN\ / \/ NRR

7 R R 134 R R{ N6 \ / \'/ RRN\V/\V/ NRRRNRRRR
R/

RRR ©50R 7 )

\_/ (7)

NR~/RRRR~~RRR\ RRRI137 R

ncl ude the
R133 Ri | RR

In the formula, Ri;s represents an alkyl group, alkoxy

group, alkylthio group, aryl group, aryloxy group,

arylthio

group, arylalkyl group, arylalkoxy group, arylalkylthio

group, aryl alkenyl group, arylalkynyl group, amino group,

substituted amino group, silyl group, substituted silyl

group, halogen atom, acyl group, acyloxy group, imino

group, amide group, imide group, monovalent heterocyclic

group, carboxyl group, substituted carboxyl group,

or cyano

group. 1 represents an integer of 0-4. When R1l6 exists in

plural, a plurality of them may be the same or different.

(™),

N\ 7\

<Rw>n (8)

In the formula, R;; and R;s represent each independently an

alkyl group, alkoxy group, alkylthio group, aryl group,

aryloxy group, arylthio group, arylalkyl group, arylalkoxy

group, arylalkylthio group, arylalkenyl group, arylalkynyl

group, amino group, substituted amino group, silyl group,

substituted silyl group, alogen atom, acyl group,

acyloxy

group, imino group, amide group, imide group, monovalent

heterocyclic group, carboxyl dgroup, substituted

carboxyl



RRRRR /| N~/ RRI RRRi Il RR~RRRRRR~~N~/ RRRRRI138
RRRR/ RNRR~ NRRR~R. RR1I39 RRRRR/ NRRI RRRi I R
R~RRRN-NR/ ~ N~/ RRRRR140 In the above fornmula, Ris the

sane as those of the above formulas 1;432. In fornulas 1-140, a plurality
of Rs are contained in one structural fornula, and they may be the same or
different. In order to inprove the solubility in a solvent, it is
preferable to have one or nore substituents other than hydrogen, and it is
nore preferable that the symretry of the repeating unit including the
substituenf_is little, Furthermre, R _¢o h.Nn LY. Qroup or
a heterocy%¥?%pgr%ﬁpg%%n3 %%PFgéfmtﬁgHa o§§g$§Fﬁﬁﬁa2%% %&%gngtegg ave
one nore o, Mirt e UUePLS., when R17 and R18 exist in plural,
respectively, a plurality of them may be the same or

different.

(7
P (9)

In the formula, R;s and Rj; represent each independently an
alkyl:- group, alkoxy group, alkylthio group, aryl group,
aryloxy group, arylthio group, arylalkyl group, arylalkoxy
group, arylalkylthio group, arylalkenyl group, arylalkynyl
group, amino group, substituted amino group, silyl group,
substituted silyl group, halogen atom, acyl group, acyloxy
group, imino group, amide group, imide group, monovalent
heterocyclic group, carboxyl group, substituted carboxyl
group, or cyano group. o and p each independently represent
an integer of 0-4. Ry and R;; represent each independently
a hydrogen atom, alkyl group, aryl group, monovalent
heterocyclic group, carboxyl group, substituted carboxyl
group, or cyano group. When R;s and R;; exist in plural,
respectively, a plurality of them may be the same or

different.



I'n the above exanpl es of substituent R containing an alkyl chain as a part
thereof, they nay be linear, branched or cyclic one) or the conbination
‘thereof. As the al kyl chain which is not |inear, exenplified are isoanyl
group, 2-ethylhexyl group, 3,7-dinmethyhoctyl group, cyclohexyl group,

4-C -Clz al kyl cycl ohexyl group, etc. In order to inprove the solubility of
t he pol yner conpound into a solvent, it is preferable that a linear or
branched al kyl chain is contained in one or nore substituents. Mreover, a
plurality of Rs nmay be connected to forma ring. Furthernore, when R
contains an alkyl/ﬁhain, said al kyl chain may be interrupted by a group
containing a het om Here, as the hetero atom) an oxygen atom a

sul fur atomy a Ni n atom etc. are exenplified. Anong them the
repeating T@?AH; T én;Fﬁ by the below fornula (13-2) is preferable. Rso
J hh | Rsi Jii -% R52 )&¥J (13-2) In the formula, RSO Rsi. and R5z
represent each dependently an al kyl group, al koxy group, alkylthio
group) aryl group, | oxy group, | thio group, arylal kyl group,
aryl al koxy group, arylalkylthio g#gﬁé aryl al kenyl group, arylal kynyl
Groun. - a0 e WS LR ECb AL 0 QHPa1RYL Y gugiPa1 RURSL I LUt ed Si 1Y

group, halogen atom acyl ou y group group, ami de group,

| m de grOlé&ougon%‘ﬁéﬁ”cthﬂbetg%rdwddﬁlgr&‘% Ca&z@@% y X epend%&kﬁﬂﬁ:}ﬁ ed

car boxyl grou ano group. hh , ent’ly represent

an i nt egelgrehupl- ‘éryz.l.arl@ﬁfle% a%ﬂﬂﬁgﬁfxy‘)f Dup, Wign 4861 ¢l and RSZ
exist in plural, respectively, a plurality of thenlnay be t'he sane or

di fferent gréug, PIyIP I 10Yal Rfobip | heryilaaseily 1| D oMb g N a
repeating unit other than the repeating unit represented by the above
formul a (Bubptiftirt2)d and rfcorgroups (SP1y1l JProwp, hisubs trisnpedfsiiotl | nj uri ng

| i ght-em ssion characteristics or charge transportation characteristics.

Mor eover, grioepe hedegenn@tom.t acyid gotdvgy, rRgyEaxyn@gnovn.s iminde connect ed
Wi th non-conjugated unit, and the non conjugated portions thereof repeating
units. As9FREDPeomMmisied or at@nbilmddico groum.wFoRoviadedt Reteroqydds sel ect ed
t he above-nentioned, and Ar of 6-60 carbon atons. nay be contained in the
nected st BEOHRr e CATROXY [SFAURgs smsgi&ﬂltﬁﬁ?emaaﬂo@we@mqwﬂ e ®T ISR he

sanme substituents as represents droca&f n gr 53 RR R E -0- -&
-N- -B- - §FPUPc R REBIESE Soamcln : £ & N ReReac

independently represent an arylene group, a divalent

- —

heterocyclic group, or a divalent group having metal-
complex structure. x and y each independently represent 0
or 1.

X4 represents O, S, SO, S02, Se, or Te. When R;3; exists in

plural, a plurality of them may be the same or different.

Xs (11)

In the formula. R,y and R;s each independently represent an

alkyl group, alkoxy group, alkylthio group, aryl group,



OO0OOOIlI I 11 1l _NCA_ Ar~C~-N_ -N~C Ar,C-NIl Il I1 Il OOOO The
pol ymer conpound nmay al so be a random block or graft copolyner, or a

‘pol yner having an intermedi ate structure thereof, for exanple, a random
copol ymer havi ng bl ock property. Fron%%he vi ewpoi nt for obtaining a pol yner
conpound having high fluorescent or phosphorescent quantumyield, random
copol yners having bl ock property and bl ock or graft copolyners are nore
preferable than conpl ete random copol yners. Further) the pol yner conpound
may have a branched main chain and nore than three term nals. Mreover) the
pol ymer co und may be a _d rimer. Furthermre.. the end graup.of polyner
conmpound ﬁg&?ﬁﬁé’o gﬁéu&'otagé’ 18 3 %%t zf(ﬁyel%&p i iq.gry;].ﬁkoxf

ESLﬁL’? | ioﬁ%%ia%%é AT ARG 157 SRy By T gt RN
of 't he” mmROuRA, Rnapg Ll BB VL LGN Mo & S IR Lot ur e

connect ed I t ek iC o] r i
car bon- cafggrsﬁgg%&ghs%é@'&% gglo:a%' gﬁgﬁgetnug%o%#g gcﬁergl'cgalc%q‘loorx%l a 10
In JP 9- 43448 ,a&ﬁiﬁée@ydu{g,e@mﬁ%eg&@ T URERR RG] U HERAI éMer age

nol ecul ar “wei ght of thé pol'ymer conpound of the present invention is

103-108, gapderbelenakl yridp, 10arvdkyd $2emhpsolsudlt ifttitdd & ardakEr conmpound
of the present invention, exenplified are chloroform nethylene chloride,

di chl or oeghang, bet cgandr @reoudn, it ande’e eaxyl dndepedsicntlsnaepreisenit n,
decalin, n-butyl benzene, etc. It can be dissolved in the solvent usually
0. 1% by wanghhtegemoobeE, Oaldt.hdlygbhows depesdsSon, t3we, sTe udItRR, antd t he

nol ecul ar wei ght of the polymer conpound. Next) the process for producing
t he pol yn8lReRipour¥i ehd Ke mastenindepanddronly scepggsgmtedy dheCpRdsyner
conpound of the present invention can be produced by the bel ow net hod.
(Met hod A)Rfar Ryt nReut 288nBene@adhodndependentdyi gierFeseidorfound havi ng
two substituents capable of condensation polynerization, corresponding

fornul a (BYdyogen(atom. PR Ek¥lofTRYB. BRYFLpOFPHEr ASHPGINY lcSTWe -

d d by: (Method B) . Ca i t d ti | izgt] f
Bonpound AK/HGOVALeBEnbErEGERTE oS5 SRESHRER el TF- cBReREAL  on-

| i zati on, di f | 1-1 3 h i th
bt i ned” Bute et o283y RdpRdt et A baBiatd e, pro it CHlay B! MO 1 NE

pol yneri zaj L0 c aving two substituents whose X=SO capabl e of
condensat?%% g%ﬁ% 8r'ag:??%%gn?:drresponding formula (1-1) or (1-2), and then

riza
reduci ng the o{qg?ﬁed pol ymer. For exanple, the polynmer conpound of the
present inventi\og an be produced by carrying out condensation

pol yneri zati on ykth u§%gg a conpound represented by Fornul a

'_<<:;2}—<%*-Ans E?a _
Raz \ ‘/

Ra4
()
u (12)

In the formula, R and Rjs each independently represent an
alkyl group, alkoxy group, alkylthio group, aryl group,

aryloxy group, arylthio group, arylalkyl group, arylalkoxy
group, arylalkylthio group, arylalkenyl group, arylalkynyl

group, amino group, substituted amino group, silyl group,



, [ represents a
(14) as one of raw materials, Y1-U-gz ( %grﬁurgeziigﬂ gr (2_2), a4V and
repeating unit represented by the a gvfituent capabi e of condensati on
v2.each independent |y represent a subs unds represented by the bel ow
polyrerization. thetlod A By usind Congeco ound of the above fornul a
formula (15-1), (15-2), and (15-3), as ¢ Hﬁit represented by the bel ow
e DI TR e s b e b e
fornula (15-4), (15-5) an o ~ 15-1) (15-2) (15-3)
(R3s)aa (R37) Db (R38) - ~R39)ad (R?g) ee (Rgl)ggagh inéeéendently 56 --
wherein . stbsfﬂ;utedgﬁilggé gogp'cgﬁégﬁggtﬁ AMpoP§Faer iI9F8MPeN acX Loxy
represent a substituent ca 41 represent each
epresent s Sowpo st e L o954 BRYaF Y GrPiPo Bo0aRRLANY! or oup,
i ndependent |y an al kyl g 1 ’ koxy group,
o frpemarciio momp, satbort esieshatilalion) Skt oup.
aryl al kyl thi o group, , ’ ; i Lvl .ar , hal ogen
su%stitutaﬁ?ﬂﬁﬂm)Qﬁcﬁx§n3|$%ﬂgmf?ﬁ?ﬁgﬁg?gL%EHgﬁgaeééégggp%ﬁgide group, )
tom acyl _group, acyloxy g ; ; - car boxyl group
ey ot S A e 2 kKL B SRR, 0
or cyano group. aa.an : f. Q5. and eac
cc axd dd &&%ﬁﬂ%@@ﬁ&iﬁegﬁymﬁswygﬁygdgaﬁpé% ﬁoﬁd, aryi |ee+gg
i ndependen represen PRy oRAe -Baa Xi in plura
'S oge Or’gképgf mﬁéﬁr??epgﬁgfﬁenlng§ be the §Z§§Q§?§§%%e§%3552 In the
i [
respectl VeLipg ?iﬁflgféﬁg) catpREyd B3pLpUenES c¥adlo) g¥bhp FAE, ;”‘?ﬁﬁ%e{*’ﬁ%
Condensed o onttene; RE8uP Thatuadeatr B herecyc15eagronpt hoxsubst | tuent s
condelsed ar , i bon atons of three
stitute on any car
Yl's, Y16, d&¥aBest R?%oﬂ@%h%&?ggdmaﬁgﬁgp@pig

; : Agstructure. when Rio and
rings constituting The Conden 9
R3s exist in plural, respectively,

a plurality of them may
be the same or different.

Specific examples of the repeating unit represented by the

above formula (7) include the followings.



57 ' ~" X (R3s)aa (R3~)bb (15-4) (Rsa)o~ (~ss)dd (15-5) Exanples of the
conpounds represented by the above fornmula (15-1), (15-2), or (15-3)
i ncl ude conpounds represented by below fornmula (15-7), (15-8) or (15-9))
Y1' X ~Yle C_ (Rss)kk (R54)~I 1s " Y2@4Rss)nn 21 Y22 _X 1)g9 ~) oo
(Rsa)pp (15-7) (15-8) (15-9) wherein, Yl~, Y18, Y19, Yao, Y21. and Y22 each
i ndependently represent a hal ogen atom al kyl sulfonate group, aryl
sul fonate group, arylal kyl sulfonate group, boric ester group, sulfonium
met hyl group, phosphoni um net hyl gr gup,, a phosphonat e net hyl group,
nonohal ogenat ed net 9?m5ﬁoup, bori g@ﬁﬁ group, f %¢W7group, cyang,gr oup,
or vinyl group. Qigicresents S . _Rs3, Rs4. . Rss. Rs~, Rse each
i ndependently repyegent an al kyl oup havi ng (15-6) 8

CyoH240 MeO CgH470

Me

CeHiz CoHir OCsHy OJ—Q

€0 MeO

OC10H21 C1oH210 OC,oH324 SiMe,CgH,y7

Me, Me
Me. Me

-

CgH17M92$i

OCjgHz;
OC4oHaz1




nmore carbon atons, al koxy group having 3 or nore carbon atons, alkylthio
group having 3 or nore carbon atons) aryl group, aryloxy group, arylthio
group, arylal kyl group, aryl al koxy group, arylal kylthio group, substituted
anmno group having 4 or nore carbon aj qns) and substituted silyl group
having 6 or nore carbon atons. kk and 11 each independently represent an
integer of 0-3. nmand nn each independently represent an integer of 0-5.
oo and pp each independentl|yrepresent an integer of 0-7. Each of kk+11,
mmtnn , and oo+ppFis one or nore . When RS3 , Rs4 . Rss . Rsfi . Rs~ . and
R58 exi st i n~plx respectivel a plurality of themQfyHbe the sane or
different. In K Qr mul-a e substit (s Y19, YZO RS55 and
R56 nmay substi to = ' \ Ny
t he condensed aromatic A1ng. In the above~0rnula ( -3 ) ,
substituents Y21, Yzz R5~ and R58 may fBstitute on any.c n atons of
three benzene rings constituting the condensed aronatic Plﬁg. In the case
of X=S, a conpoundckngesented by the below fornula (15-10) is further
preferable. S gg% ~R6-O®RH4A ~~ rr (15-10) wherein, Y23 and
Y24 represent 2 : group, @Cay,
sul fonat e group, bori c Q[ OUp

sul foni um ggkljyl group, Phédsphoni u phosphpté {6;} gr oup)
and boric acid groufyHRE9 and R7Qach | pendent | EehlePresent an—al kyl
group having 3 or nore carbon atoms, an % koxy group having 3 or nore
carbon atons, an al kylthio group having 3 or nore carbon atons, aryl group,

aryl oxy group) arylthlo group, arylal logHgy oup, arylal koxy group,

aryl al kyl t hi o/gmnoup, sub @?&uted am=R0 group h@weng 4 noEe car bon at ons)

and substit havi ne(\ 6 gr—~yor e=tar bon —Qa gad\ rr each

i ndependent represe Zn | nt eger /o @ qg+rr s - When
gﬁ@ctlv

R69 and Ri &'8xist in pl ural , $ é& plurality of Ehem re
sane or different. Moreover, |n case of10 E> a conpound represented by the
bel ow fornmula (15-11) is further preferable. 0 Y25/ \ ~ ~ ¥2s R~1 = ~R-2
(15-11) wherein, Y25 and Y26 represent a brom ne atom chlorine aton) alkyl
sul fonate group) adiHul fonate group,.ggbhglkyl sul fonate group, boric
ester group, [ ni u t hyl group, phosp te
met hyl group, | A R= Bb”ﬁ% i ndefs EWy BEH:
represent an al Kyl group\having 3 o¥_#oreXes
having 3 of*HPe” carbon atons, cAn,,6l kylthio B
atonms, aryl group, aryl oxy

Among the repeating units represented by the above
formula (4), the repeating unit represented by the below

formula (13) 1s preferable.



60 group, arylthio group, arylalkyl group, arylal koxy group) arylal kylthio
group, substituted am no group having 4 or nore carbon atons, and
‘substituted silyl group having 6 or nore carbon atons. Mreover, in case of
X=S, the polyner conmpound of the presgnt invention can be produced by
carrying out condensation polynerization of a conpound represented by the
‘bel ow fornmula (22), and then reduction thereof. (Method B) Yz-V-Yz ( 22)
wherein, V represents a repeating unit having a structure of X=SO

correspondl ng to the abgve U and Yz are the as above-nentioned. The
reducti on can-jag_pe to the bel ow nentioned nethod of the
4)

-pr oduci ng procesg ound om a conpound of fornula (22). The

repeating unit V haxkng thloppﬁpe sul fone structure corresponding to each U
is as follows. US / B (1-1 Q/DVO-SOA\/S(221)QSOQ~
61 (1-2) (22-2) For ex?}r{rnpl e, by carrying out condensation polynerization of
a conpound of belo 1a (15-12) as a conpound of formula (22-1), then
reduci ng the product With using a reducing agent, a pol ymer conpound havi ng
a repeating unit refresented by the above (flcg)rrul a (15-1) can be obtai ned.

In the formula, Ars, Ar;, Arg, and Ar, represent each
independently an arylene group or a divalent heterocyclic
group. Ar;,, Ar;;, and Ar;, represent each independently an
aryl group or a monovalent heterocyclic group. Args, Ar,,
Arg, Ary, and Ar;, may have a substituent. v and w represent
each independently an integer of 0 or 1 , and 0 <=v+w<{=l.
Specific examples of the repeating units represented by the
above formula (13), include the followings represented by

formulas 133-140.

R R R R
N N=
N\ /" N7\ /
R | R R =N N=
2N \ / R R R N/
X R R R
R N Qib Qib N
R 135



O ,0S ~Yt2 (R3a)aa (Rss)bb (15-12) wherein , Y11, Y12 , R3a . R39 , as ,
and bb are the sane as above-nentioned. The pol ynmer conpound of the present
i nvention can be obtained also by carrying out condensation polynerization
of a compound of formula (23), and thgg reduci ng the product. (Method c)
Formula (23) Y1-WY2 wherein, WrepreSents a repeating unit having a
structure represented by X=SO corresponding to the above U Yl and Y2 are

t he sane as above-nentioned. The repeating-unit W having thi ophene
structure corresponding to each Uis as foll ows. 62 UWOS A~ ~ B (1-1)
Sc~(1-2) SA-~B(23-1) Oll S c~ (23-2) For exanple, by carrying out
ctondensati on

R R R R R R
N N
n A R R
R R R R R R
R R R R
R R
137
R R R R R R
N N
o R
=
R R /|NHR\NRH
RY "SR . R R
R R
139

In the above formula, R is the same as those of the
above formulas 1-132. In formulas 1-140, a plurality of Rs
are contained in one structural formula, and they may be
the same or different. In order to improve the solubility
in a solvent, it is preferable to have one or more
substituents other than hydrogen, and it is more preferable
that the symmetry of the repeating unit including the

substituent is little.



pol yneri zati on of a conpound of below fornula (15-13) as a conpound of
formula (23-1), then reducing the product with using a reducing agent, a
pol yner conpound having a repeating unit represented by the above formula
(15-1) can be obtained. Y 1 OS Y12 gRsa)aa (Rss)bb (15-13) wherein, Y11.
Y12, R38. R3s, aa, and bb are the sane as above-nentioned. In the process
of the present invention, as the substituent capabl e of condensation

pol ymeri zati on, 63 - exenplified are a hal ogen atom al kyl sulfonate
group, arylsul fonate group) aryl al kyl sul fonate group) boric ester group,
sul f oni um FRithYkergbed), wvABasRhebntaimet Ayl agougropposghanat e net hyl group,
monohal ogenat ed- et hyl group, boric acid group, fornyl group, cyano group,
vi nyl grouheterocybi@ie, gesuphasabkplastl bdnahe gboup, fexeullal,f iedmaye

met hane sul fonate group, ethane sulfonate group, trifluoronmethane sul fonate
group, etcfuashelmehavel sukf mpateoyr oope exbsplitiieadsare benzene sul fonate
group, p-toluene sulfonate group, etc. As the arylsul fonate group) ,
exenplified are brnthésabéveaerapgpdaep efcsupstihvehbdrRccestaingngupn
exenplified are the groups represented by the below formula. O Ot ~0 ~0
\ -g 0 e ®Lkyl cheip pf ehparsr fhexeofr thp¥eBaNt bemdiRpRIgr bupnghadet
represents ethyl group. As the sul fonium nmethyl group, exenplified are the
groups repPEsEHEd °b9n9he°EeFBﬁ/PBFP&P&FlQEHZg$HEEiJ,ASCHES+PEEX1(X

represents a hal ogen  at om and_Ph represents, phenyl group.) As the
R enhant uRRALARTHIGR oS haf chbheRF usxFBPLAELER aRE SEPabY L ety | he

belOM/fornELgthylgéxyl group, 3,7-dimethyloctyl group, cyclohexyl

group, 4-C;-C;; alkylcyclohexyl group, etc. In order to
improve the solubility of the polymer compound into a
solvent, it 1s preferable that a linear or branched alkyl
chain is containéd in one or more substituents.

Moreover, a plurality of Rs may be connected to form
a ring. Furthermore, when R contains an alkyl chain, said
alkyl chain may be interrupted by a group contalning a
hetero atom. Here, as the hetero atom, an oxygen atom, a
sulfur atom, a nitrogen atom, etc. are exemplified.

Among them, the repeating units represented by the

below formula (13-2) 1s preferable.

()

In the formula, Rso, Rsi, and Rs; represent each



-CH2P' ' Ph3X- (X represents a hal ogen atom ) As the phosphonate nethyl
group, exenplified are the groups represented by the bel ow fornul a.

- CHZPO2(OR ) (X represents a hal ogen atomand R represents an al kyl group,
aryl group, or arylalkyl group.) As t nonohal ogenat ed- et hyl group,
exenplified are fluoronethyl group, nethyl-chloride group, brononethyl
group, and iodonethyl group. Preferable substituents as a substituent
capabl e of condensati on pol ynmerizati on depend upon a kind of polynerization
reaction.. For exanple, when using a zeroval ent ni ckeckel conplex, such as

Yamanot o cihndéperyderely | am, aEkehpdréuped alleory hgtogen alkylthidyl sul fonate
group, aryl sulfonate group, or arylal kyl sulfonate group. Wen using a

ni ckel catgtorsh, oaryl petdam) varyhdey ygrous ucarpstitla ugroepuparylalientti on,
exenplified are an al kyl sul fonate group, hal ogen atom boric ester group,
bori ¢ aci ddxpupp,axybalkien giheupol gretatknpviibhe gfotphe grybabkenyventi on
has a repeating units other than a thi ophene condensed ring unit, a
condensat igrPYml yarylBEYRIL cagrotie, cait¥n@dgoeMp ungies thtutead saebee of a
conpound havi ng two substituents capabl e of condensati on pol ynerization as
t he repeatIFRPERINI 1B haIToURN FHReS EHr iRk rl Boh derR\eR) ridkegen tatom, t he
conpound having two substituents capabl e of condensation pol yneri zation
used as a FBPeATMP urRTY FErITOwS RS FHRHERY (A4ge HhPYR. 2dmide
exenplified are the cor?outn s of aboveifor mul a (1a6{1.)b' )gll?ér Ys-Ari-Y4 ( 16
Y, --.-9%qupy mapovalent hetenogyglic \groups,)Cazboryl \grapp ( 15 )
Y9- Xs-Yi o 1 :% w{e ein Ar Ar2 , Ar3 Ar9 f f xJ,, X2,,,and x3
Are the o e Rt ti Udknet g bl of \Wrand Groug. Tnny M difa 81, 3
each i ndepgndentd ﬁ-ﬂiﬁ?ﬁ oﬁhg?é t.r&aegi%l fgcpndgnsati on
pol ymer i Z%tl on. geg{ e con‘g'éufrale awdn%%ol su |te°uf;nC{s 'cgzgabl e of
condensat i RAIHEY 1A LiRdC bAD & [ G IR1g, UL abck.f Nap Jorfpl @
(1-1) and (I'-2), the conpound represented by the b%VOM/forﬁﬂla 24-?? is
pref er abl 1u¥1r Aespectivily, ia pRIKAIMA% of them may be the same
or different.
The polymer compound of the present invention may
contain a repeating unit other than the repeating unit
represented by the above formula (1-1), (1-2) and formulas
(3)-(13) within a range of not injuring light-emission
characteristics or charge transportation characteristics.
Moreover, these repeating units and other repeating units
may be connected with non-conjugated unit, and the non-
conjugated portions théreof may be contalned in the
repeating units. As the connected structure, the followings
and a combination of two or more of them are exemplified.
Here, R is a group selected from the same substituents as

the above-mentioned, and Ar represents a hydrocarbon group

of 6-60 carbon atoms.



i rs Ario NAri ~ ~Y Arl2 (24-1) wherein, Ar6 , Are, Are, Ar9 , Arlo ,
Arll , Arlz , x , and y are the sane as the .above . YZ~ and YZ8 each
1 ndependently represent a substituent capable of condensation

pol ymeri zati on. A conpound representeg3by formula (24-2) is further
preferable. 66 Rso~ h Rs~ii __ h Yso (24-2) wherein, Rsa, R51, R52,
hh, ii, j,j, and z are the same as the above. Y29 and Y30 each

i ndependently represent a substituent capable of condensation

pol ymeri zati on. Specificallﬁ, a cgmpoundgused a nononer, having a
plurality of reactive subst,tuent is di solveais if necessary) in an
organi ¢ sol vept. andgean heyreactgd at tge-nmelidng tenperature or nore and
the boiling point or less of the organic|solvent using an al kali or
suitabl e catal yst, for exanple. For exaq%le, kgpwn met hods can be used)
described in "Organic Reactions”, vol. 1 , pp. 270 to 490, John Wley &
Sons, Inc. 865) "g59anic Reagt i ons” cyo 7, pp. 345 to 390, John WIley
& Sons, I nc. 1982, {'Organic S nt hesi s’ 3 i ctive Vol une VI, pp. 407 to
411, John WLL ¥ & S0Rsp Nt..q.@288, caLCB iew) vol. 95, p. 2457
(1995), Journal of ganonetal 'ic Chgm'stry, vql. 576, p. 147 (1999),
Journal of Praktical Chem stry, vol.pg36, p. 2#&7 (1994), Makronol ecul ar
Chem stry Macronol ecul ar Synposium vol.~12, p. 229 (1987), and the like.
In a nmethod of Qproduci ngOt he pol ynér dbnpound of the 67 present

i nvention, as ﬂhe nethod”of carryi Hg omt condensation pol ynerization, a
known conde re 1 9 can cordlng to the substituent of the
conmpound rEﬁi@ enPe g§~ abngeggf (14) - (24-2) capable of
condensation p Iynerlzatﬂon VWhen {jhe polyner conpound of the present

i nvention genefqates a daqygbl e bond on te condensation pol ynerization, a
nmethod recited in JP 5-202355A is exenplified. Nanely, exenplified are: a
pol ymeri zation by Wttig reaction of a conpound having fornyl group and a
conpound havi ng phosphoni um net hyl group, or a conpound having formyl group
and a conpouondrieavpoilgymuemo spérupdwmd meahyalse dop; a argmdgmerbkeck oor by Heck
reaction of a conpound having vinyl group and a conpound havi ng hal ogen
atom a pdEBAfIhRIRBLITRT byOoX ehyRRe bYTee b derai nd et merirmgdatenpound havi ng
two or nore nono-hal ogenat ed net hyl group, a pol ycondensation by the

sul f oni uMSEAYC IR PTG Ton FRY HORBR1S: RMRARM AR IGH RAVIRG e

iglﬁ{)gﬂlﬂgm rretql% Ingouas alfp@ﬂ'yﬁ’&l z%on&l#d %?5\?:/ 3agel reacfa?gn of a
roupe. - etonipnn J4Y; gﬁi&fs@%%% et ecﬁ?%‘#%d e P R, o™

LIE:L:El (raeggtl oénrhcgﬁe use %{@M&&%ﬁﬂ?g’“ﬁf&bﬁ%ﬁéﬁéf@ﬁtaﬁ' 18Kk BRI &
graft copolymers are more preferable than complete random
copolymers. Further, the polymer compound may have a
branched main chain and more than three terminals.

Moreover, the polymer compound may be a dendrimer,
Furthermore, the end group of polymer compound may also
be protected with a stable group since if a polymerization
active group remains intact, there is a possibility of
reduction in light emitting property and life-time when

made into an device. Those having a conjugated bond

continuing to a conjugated structure of the main chain are



Mor eover, when neither a double bond nor a triple bond 68 i s generated,
exenplified are: a polynerizing nethod of a correspondi ng nononer by Suzuk
toupling reaction; a polynerizing method by Gignard reaction; a

pol ynmeri zi ng met hod by nickel (0) conpl,ex; a polynerizing nethod by an
oxi di zi ng agent such as FeCd 3; an el eCtrochem cal oxidation polynerization
nmet hod; or a nethod by deconposition of an internedi ate pol yner having a
suitable | eaving group. O these, the polynerization nmethod by a Wttig
reaction, the polynerization nethod by a Heck reaction, the polynerization
met hod by prKfieesabhagehndeahérenarthexpmp}ifdedatitanctatriksdcbyinaceduk
toupling reaction, the polynerization nethod by a Gignard reaction and the
pol ymeri zatboannmetrfpddgusuipgoa hetérocytiligstompeupdefeoapl ¥iai ace structure
control is easy in these nethods. In the manufacture nethods of the present
i nventi on, cerbpr-garbenabordi s SpecifficaNyy. sw@bstituents of yehe Y~ . Ye ,
Ys . and Yl o are each independently a hal ogen atom al kyl sul fonate group,
aryl sul f oeheBigadupormular §PalRyIPsBr#bAZBA greupxempdifdnBensati on

pol ymeri zation is carried out under the existence of zeroval ent nickel

conpl ex. As theThawrphYStYERREoRpBUREYS, NUMBPRaRBHEAILBOdBRBSBRd, bis

(aIkylsulfonate%conpound, biséar | sul f onat e) conpound, bis .
(aryi al kyl ¥t 93hatt) ERGpROAIMEF HaMBgRRdaPkyFRe PFERASRE LBHPBELAQD 1S

hal ogen-ary]|; of onat.e_conpou llogeparyl al kyl sul fonate conpound,
aIkyIsulfo%éf@ﬂgryanuPFﬁggFégqyég%cb ound, al kyl sul f onat e- aryl al kyl

the prosent | nvit? aiof SFBventrion PRETHE bt LARRBRAY' 85 HHE " MO0
¥9) and Vi aggneachyd plenendepiin: feDah0gED éhpuosbkyl AbkhovEhe or oup.

aryl sul fonate group, aryTal ky onate group, borrc acid group or boric

ester groupni&grfadheafiOrSétihdife ! Ot raRy&Sofdrar! BolldbRECxGioN:,
al kyl sul fonate group, aryl sulfonate group, and arylalkyl suflfonate group,

to the totmés{yEsnd K tofrdlen podécaiin J Q- OLOy BHENHOREC EEECITOI QMR IS
substantially 1 ( K/J is usually in the range of 0. 71.2), and condensation

pol ynmeri zahe ofissowed | Bl the sislvent uswaEly cat bt yisy weighpabt adorén
catal yst. As the concrete conbination of the raw naterial conpounds,
exenpl i fi ealltsougl ohbi Gdepénds odn dihel stpenet wre camdotinel, molecular
bis(alkyIsquonaI;%conpound, a bis (aryl sul fonate)conpound or

bi s(aryl al%gdshit foh ke RAdGIeR, COMRPURA bori ¢ aci d conmpound or diboric
ester conpound. Moreover, exenplified are hal ogen-boric acid conpound,

hal ogen- bori c d%%Y. O RIRCE T IEAT BFAHENDoF R RRIFMB RN
al kyl sul fonat e- boric ester conpound, aryl_ sulfonate-boric acid conmpound,
aryi sulfo eﬁb%rﬁ%ese%&%rirb‘ﬁ%%,i%rﬁ%?%%‘& fonate-boric acid conpound,
aryl al kyl sl g g&‘@iﬁa@ré&nﬁ‘&h&’d COFPAD Yy - S0Ch AT Y P AV S8 L Q3 g-bori ¢
est er - conpoun
produced by the below method.
({Method A) Carrying out condensation polymerization of a
compound having two substituents capable of condensation
polymerization, corresponding formula (1-1) or (1-2).
In case of X=S, the polymer compound can be produced by:
(Method B) Carrying out condensation polymerization of a
compound having two substituents whose X=S0O, capable of

condensation polymerization, corresponding formula (1-1) or

(1-2), and then reducing the obtained polymer; or



~0 It is preferable that the organic solvent used is subjected to a
deoxygenation treatnment sufficiently and the reaction is progressed under
an inert atnosphere, generally for suppressing a side reaction, though the
treatment differs depending on conpougds and reactions used. Further, it is
preferable to conduct a dehydration treatnent |ikew se (however, this is
not applicable in the case of a reaction in a two-phase systemw th water,
such as a Suzuki coupling reaction). For the reaction, an alkali or
suitabl e catal yst is added appropriately. These may be sel ected accordi ng
t.o the reag¢he@noldsey. chkrksngr eher abh@ehBatibhepaliymkirieataanabyst is

Sol uble sufficiently in a solvent used for the reaction. As the nethod of

m Xi ng an ebkpbundr hagtiagyswo thbseitseaxenphbkeed=gomeabathlef ogddi ng a
solution of an alkali or catalyst slowy while stirring under an inner

at nospher ecohdangatniandpailymegitraahdnt heokrksponddngefbaaudtd {lew)yoaddi ng
the reaction solution to a solution of an alkali or catal yst, inversely.
When t hese(peRyneandotpenndsdacingsthieasbsallnghit pedymerng materi al of a

pol ymer LED, the purity thereof exerts an influence on light emtting
property, thereForeexampie,ptkéecpabimerhaempoundontr the puesthéd by a

met hod such as distillation, sublimtion purification, recrystallization
and the |ikeveertire ganpnpepprodueedclyafarrringeputi copndeppetdprable to
conduct a purification 71 treatnment such as _re-precipitation

purificat i BALYRAFORAL69R aBhR Y8HRIaR| SﬂmEﬂHnghEeBFﬁéeaFFQr PYhEOTPHLResi s.
In case of fzi, t he conpound reﬁre§e£ted by the above fornula (14) can be
produced bYtf&dati ABetRE ERWPBARGELBtSbel ow formula (22) or (23), with
using a reducin? a8t . Yl-Yi?z (22 ) YiI-WYz ( 23 ) wherein, V represents
a repeating unit*having thé structure of X=SOz corresponding to the above
U Wrepr r|p i Lt hayi C = o] spondi ng
to the abobr L Ry o g L e e b e e, the
di benzot hi gpheperderih YAt [ ve1y eprepens pd byatve alpve kackul a (15-1) can be
produced by reduci ng the conpound represented by the below fornula (15 12)
with usi ngiﬁdégdﬂ&éﬂﬂlﬁg@@ﬁreyéﬂt Yal s@bStYidefRs6apabi&segbb. (15-12)
wherein, Y11. Yl z, Rsa, R39. aa, and bb are the same as above-nenti oned.
The reducidgndegesdtison npdlaperizat yoh i n{Methoana) exanpl es t hereof incl ude,
titani um conmpounds, such as titaniumtrichloride; silane conpounds, such as
trichl orosil aneBy ahsimai compoyunds erepnpsemtied sycbhasbeld® fdxmuhaum
hydride, di- i-butyl alum niumhydride, |ithium alum nium hydride,
trinethoxy(%ﬁuhinuai$f¥hiuﬁﬂ%y6ﬁ$d%2:t¢$-@-%ﬂmﬁﬂﬂn@JQﬁh?kﬁn¢b?ﬁ#un1hydride,
al um num sodi um hydri de, triethox aluninun1sodiun1h%gride

bi s( 2met ho5 QM Rk y§ 1 4} urPHLAMSH PR PLRAS davHR St By F PR g Wbk um

hydride; dib bstituted b h dib

@ Gl or obr eSS S5t Ber Tt SRy RS brS: B met o1 b8tk yf Lot Bhe)

diisopinoqﬁgpqggy$ 0L AlEa qégggéék$§g%§borane, 9bor abi cycl o[ 3, 3, 1] nonane,
e net S, a

boron hydri a coﬁ%ohn sSuc 1it hi um borohydride, |ithium

bor ohydri de cyanide) triethylboron Iithium hydride, s-butylboron |ithium

hydri de, t?butylboron Iithiun1hydrid$, SS,diurnborohydride,Y trpnethoxyboron

sodi um hydride, and sodiaim borohydri/d8xs{'4i de; conpositeg’®

tetrafl uorobgf | Ttrinethyl o di um bor ohydr/t

bor ohydri de i./c t\_¢hl ori de) and,

bor ohydri de cyani de; \etc.
(Hss)aa (R37)bb

(15-1) (15-2) (15-3)

(wherein, Y1, Y1z, Yi3, Y14, Y35, and Y;¢ each independently



Among them al um ni um hydri de conpounds are preferable) and Iithium

alum nium hydride is especially preferable. The reduction reaction can be

carried out in a solvent under an inert ~atnosphere, such as nitrogen or

argon. The tenperature of the reactiogds preferably from-80~ to a boiling

poi nt of the solvent. As the solvents, exenplified are: saturated 73

hydr ocar bons, such as pentane, hexane, heptane, octane, and cycl ohexane;

unsat ur at ed hydrocarbons, such as benzene, tol uene, ethyl benzene, and

xyl ene; hal ogenat ed saturated hydrocarbons, such as carbon tetrachl oride,

chl or of or reptebbnt oaeEliBBE1taBhor 6Bpabhe, obr oonlghsaeionhl or opent ane,

br onopent ane, chl orohexane, bronohexane, chl orocycl ohexane, and

br onocycl opexpmeribatogrnakegepneaentat 8dohydr oRas, b®3s, RsUCR38S Ryo,

chl orobenzene, dichl orobenzene, and trichl orobenzene; al cohols) such as

met hanol , amdaRql reprepantl| eacsopndependienbliyaanl alkyd grboupyl anml cohol ;

carboxylic acids, such as formc acid, acetic acid) and propionic acid,

et hers, sudhkexydgneubyl| alkgithie eghgpt harylngrayp. t abML9kyeghewp.

tetrahydrofuran t etrahydropyran, and di oxane; am nes, such as

trinet hyl a#%bthie | greyD anarElalkKl NITOBP et REWEARYPEY hgFeRBdi ani ne, and

pyridine; am des, such as N, N-di net hyl formam de, N, N-di net hyl acet am de,

N, Ndi et hy| 2l ahFakthhe SraupnyRRppHeeRYE SKPWR, BF¥LEhkYR¥Ly8RPUBan be

used al one or a m xtures {hereof nnﬂg t hem ethgief are ﬁreferable and
? ¥

tetrahydrcﬁmﬁ%ﬁlQERPHre?%?FE%F%Fe%r eIpPRPerd gEo¢

t-t t bl f hi th
Mater. ancBRTtLERES 5#"3 L"SFoun: heledencatny SREh ureed) ARgLPRe "

| t. db
i L Y L 8 U Sl EEANAEY Oy
85@?&5?5?]'10&6&? PE@SER th EWENL L PBo% 51

Next, the # %

expl ai ned. e pol ymer onpound o e present invention has uor escence
or phosphgy f&;&nqerl 4RE §PbuS. Sdat&nq avl édcKkalndEpais@shesya |ight

em tting polymer (high nolecular wei ght light-emtting material). Moreover,
sai d pol yredpasgion ngh hast eysel d£nd - Bl esd ramd cad redaporiidépondapbtiyty, and
can be used suitably as a polynmer-LED naterial, or a charge transporting
mat eri al . rBErqeEntrean L egengof ho s5 | i ehtamedi ¢4 i saclpalydependemt y gh

per formance pol yner LED which can be driven at a | owvoltage and

ef fi ci ent Inepfdraref care, integeol gfed- LEEach ¢t 3r-diter atdyddiseand or back
light of a liquid crystal display, a |light source of curved or flat surface
for |ightiaRpIs Le@RtOX YRRIe] s"é?%ly Ryls enBot. RaandRappénat usndi@ias a

fl at - panel dlﬁfgﬁy of dot matrix. Moreover ﬁggner co ound of the

pr esent i RHITFRL | ERFRASHL VR c%l%‘?’fﬂ;f ¥ t'fl'b‘?' IMRBRE a

mat eri al organi c_s ceII) an organic transistor for organic
senlconduc %hﬁi%Fc %f?%% thin filn1such as conductive thin-film

mat eri al and OﬂﬂHﬁI F cap be used
also as a |lum gﬂétlgcen in-f1l'm n% ﬂt'llhﬁlalnz)f eénqqgﬁft{@éoresce ceg

phosphor esGeNngfa R, may substitute on any carbon atoms of two
benzene rings constituting the condensed aromatic ring.
In the above formula (15-3), the substituents Y¥Y;s, Y,
Rso and Ry; may substitute on any carbon atoms of three

benzene rings constituting the condensed aromatic ring.



75 Next, the polynmer LED of the present invention is explained. The pol yner
LED of the present invention conprises an organic |ayer between the
el ectrodes consisting of an anode and a cathode, and the organic |ayer
contains the pol ynmer conmpound of the %gesent i nvention. The organic | ayer
ray be any of a light emitting |ayer, hol e transporting | ayer, and an
el ectron transporting layer, and it is preferable that the organic |ayer is
alight emtting layer. The light emtting | ayer neans a | ayer having a
function o(hlight-enission. The hol e t&é sportating |layer ,nmeans a | ayer

UREC ,

having a f i o of ansporting d an electron porting |ayer

mreans a | ayer, hQvi/hg’s function of NgpORY i ng el ect r opA: =\®l ectron
transporti ng\slayer QZ the hole tr j | ayer are \col pe&ti\vely
referred to ds a chakge transport\ or nore |ayj e |ight

em tting | ay®s) hol eHpansportin el ectron \{ g | ayer
can be used ealf indepebtdent|y. en an organic | ayer \{ emtting
| ayer, said light enitting |ayer (Rdalgh is Hhoag gani c || dye oMt ai n
further a hole transporting material, an electron tra gt erial, or

a light-emtting material. The conposition conprising15he polynq_ onpound
of the present invention and at |east one conpounds S&fessted fronf"9976 a
hol e transporti terial, an elec n_transporting nmaterjal,,and
light-enmitting Qgtér)al can be usediig'gslight-enitting néi€?§él or a
charge transporting materjal. Wien m xing the polynmer conpound of the
present invention and a hole transporting material, the mxed ratio of the

hol t ti teri i % = 9 t of
Che i xture, i o8 e dhibund? SELRRGHted by bl iy gy ©
conpound Glorinfifl LTESAN) | (VYIS PN @R[ A #) ecidONad T GRPSELASY Mt erial

e\pr/

the mxed ratio of the electron transporting material i's 1 wt% - 80 w%
based on thptded tiMBinNtbedow othudalr e15any, it15sgpreferreply) 5 w % -
60w % Furthernore, when m xi ng the pol yner conpound of the present
invention and a lightemtting material, the m xed ratio of the '
light-emtyging material is 1 w%- 8@ W % based on the toyﬂl Qg$unt of the
m xture, and it V@rably 5 wt %/- % When m Xi ng & pQl yner
conpound of %?t i nvention ¢\ t Nght -em tting \er' a hole
transportings } and/or an ek AL ansporti ng \nat & the m xed
ratio of the Iight-é%itting mat er % - 50 wt %'baged O he t ot al
amount of ti(ﬂsshkxturm“)and it is /5 w% - 40 al anount
of the hole trg sportinly material /and the i terial is
1 wt%- 50 wt% and it is preferdBisimp w % % Theldgpunt & \tjie pol ymer
conpound of the present invention is 99wt % - 20wt % _As t hol e
transporting material, electron transporting nateriakgwpnd Iightﬁﬁwggting
material to be mixed, known | ow nol ecul ar wei ght conpourffs, known

phosphor escent conmpounds and known pol ymer conpounds can be used, and it is
preferable to ddéd-d)pol yner conpoundl9BXhe hol e transpdddirAd materi al

el ectron transporting terjal light-em_ttin terial of. palyner
conmpound, wé?é Rl ii;bl' 2?1.5_- 1950I%f 1 u 1en€n5ngzﬂ%ﬂr$‘atiir\}3}spet Y and

copol yner hereof., _a.pql yaryl a riyatd ves t f and .copol yners

t her eof ; g‘e (ﬁefz?(rglyl gng%\%oé%lr%r?e g"rfd%g‘éc "va u?l'vféjsnat%heetbg)%%dnc?rg(&pol ymers

t her eof ; r.0 Coa des, ' of di scl osed
i n-vo 9o SHEPRAGE BB P TR0 LB AR B0 R SR B e, "o

00/ 55927, 4@3%3/A48 3 9 / 54385,
US5777070 Jand \/\o%g“/f%%%g{) WO 97/ %’éﬂ%‘?g %{Ogl 355@%"‘\% 0/ 53655, \%

01/ 34722, (MOSHHoAAR2 o t¥100/r32027 moHOHA Ao AR G3ourS573636 and
WD 98/ 21262, US5741921, 97/ 09394, WO 96/ 29356, WO 96/ 10617, EP0707020
and WO 95607975 acid 320hpl 8 okl Hrop)l-chahtSakoupy 2Q031~3¢45A, JP
2000351967A, JP 2000- 303066A, JP 2000-299189A, JP 2000-252065A, JP

2000- 1363g2aAupl PX2 @eprec4fIsAS d2 DA0ORsSOIRE{A, ResP R8240 AandPRJL0- 114891A,
JP 9-111233A, JP 9-45478A, etc. As the light-emtting material of |ow

mol ecul ar eashglindepepdend 1ye reprleisieindd aar @lkydp lgrieaipe hevised 3demi vat i ves
t hereof ; ant hracene and derivati ves thereof, and



78 _ derivatives thereof; coloring matters, such as pol ynet hi nes,
xant henes, counmarins, and cyani nes; 8hydroxyqui noline or the netal conplex
of its derivative; aromatic am nes; tetraphenyl cyclopentadienes or its
derivative; tetraphenyl butadi ene or i%é derivatives) etc. Specifically,
known materials disclosed in JP 57 51781A or JP 59-194393A, can be used. As
t he phosphorescent conpounds, exenplified are: those having iridiumas a
central netal, such as Ir(ppy)3 and Btp2lr(acac); those having platinum as
a central netal, such as PtOEP; those having europiumas a central netal
such as Euhdifé| phbon etoms/ alkokxyNgrbuprhawving B~BPYmoMe tatbobn/ ~ 1, O
~~lr~ Btp2lr(acac) S~ ~0 "' CH3 ~ 2 79 CH5 ( N~ C2ZH5 | N Pt-N~ Pt OEP
02H5 / _N atomgHsalRybthis| grohp Bavifkg 3 &u(mdAephemboN 8toms, aryl

group, aryloxy group, arylthio group, arylalkyl group,

arylalkoxy group, arylalkylthio group, substituted amino

group having 4 or more carbon atoms, and substituted silyl

group having 6 or more carbon atoms. kk and 11 each

independently represent an integer of 0-3. mm and nn each

independently represent an integer of 0-5. oo and pp each

independentlyrepresent an integer of 0-7. Each of kk+11l,

mm+nn, and oo+pp is one or more. When Rsis, Rss, Rss, Rss, Rsy,

and Rsg exist in plural, respectively, a plurality of them

may be the same or different.

In the above formula (15-8), the substituents Yis, Y,
Rss and Rsg may substitute on any carbon atoms of two
benzene rings constituting the condensed aromatic ring.
In the above formula (15-3), the substituents Y, Y¥Yj2,

Rs7 and Rss may substitute on any carbon atoms of three

benzene rings constituting the condensed aromatic ring.

In the case of X=S, a compound represented by the

below formula (15-10) is further preferable.
S

YZS%YZ‘;
(ng;E;// \\\1R7Jrr
(15-10)

wherein, ¥Y,; and ¥,, represent a bromine atom, chlorine

atom, alkyl sulfonate group, aryl sulfonate group,



| CF3 3 Specifical ~.y, exanples of the phosphorescent conpounds are
described in: Nature, (1998), 395, 151; Appl. Phys. Lett. (1999), 75(1), 4,
Proc. SPIE-Int. Soc. Opt. Eng. (2001), 4105 (Organic Light-Emtting
NVaterial s and DeviceslV), [19; J. Anlsﬁyen1 Soc., (2001), 123, 4304; Appl.
Phys. Lett., (1997)) 71(18), 2596; Syn.” Met., (1998) 94(1), 103; Syn.

Met., (1999), 99(2), 1361; Adv. Mater., (1999), 11(10), 852;

Jpn. J. Appl . Phys. , 34, 1883 (1995), etc. As a pol ymer conpound to be m xed

wi th the phosphorescent conpounds, those represented by fornmula (1 1)

havi ng onl yarpheixiylueurenateXgPorne Roefier akter Beoapdi B&ltdem ik ckness of
the light emtting layer, the optinmmval ue differs depending on materi al
used, and #mthgnlopeoly ,bphoebbohadms metthyl gheud,i yhogphonat@e mythyithe

Ilght emtting eff|C|ency becone an opti num val ue, and 80 _ the thickness
is, for examphp, andrbbrim seill group.pRef erabIRs,f cach2independantnm
further preferably from5 nmto 200 nm As a form ng nethod of the |ight
emtting | appreseat enaakyl grenpl hhvddg 8§ arnmblred chybbnl mtoorsyi mp from a
solution. As the filmform ng nethod froma solution, application nethods,
such as a @pkexyogrompt hastingast pmrgmeeehedrbenc atomsayane addytlithd onet hod)
gravure coating nethod, bar-coating nethod, roll coating nethod, wire bar
coat mnet hodrougi pavdag, 3nerhvaresgraponoatrmg. néFHéd9r9§PeeﬁIWﬁP#M ng)

f | exography nmethod, offset printing, and ink je rlntlng met hod, can be
used. Pr|nSFﬁﬁPweFﬁUé§hi§u6508E séFKéﬁlbyinBFHBP f PEXSGLERMY SFCN®d, of f set
printing, and.,i printing ne hod ferable, since pattern

Por i ng ana=whPLRESEBLBABPRY: FG aFéfB§§§ neHEZPHR BBHSSI i 67 used f or
the printin inve ould hol e

e o ort | ReRobaePof frapdy iR hybaketfedh BLERE brolb RokIhar Bonkl s
present | nyenL! Qg pLRe POhYTCPEnEORL L08R ThacfbRALAOTySRLYEULEnd! e

pol yrer conpoun
an integer of 0-3, and gg+rr is one or more. When Rg and

Ry exist in plural, respectively, a plurality of them may
be the same or different.
Moreover, in case of X=0, a compound represented by the

below formula (15-11) is further preferable.

0
st\/‘\_/‘/vzs
Ra1 C R72

(15-11)
wherein, Y,;s and Y, represent a bromine atom, chlorine
atom, alkyl sulfonate group, aryl sulfonate group,
arylalkyl sulfonate group, boric ester group, sulfonium
methyl group, phosphonium methyl group, phosphonate methyl
group, and boric acid group. R;; and R;, each independently
represent an alkyl group having 3 or more carbon atoms, an
alkoxy group having 3 or more carbon atoms, an alkylthio

group having 3 or more carbon atoms, aryl group, aryloxy



3, additives, such as a transporting material, stabilizer, may be conpound
of the The anount of the pol yner conpound of the present invention in said
i nk conposition is 20w % - 100w % based on the total weight of the
conposition except the solvent, 81 (ﬁnd preferably 40w % - 100wt % When
a solvent is contained, the anDunt(ﬁ_§ e solvent in the ink conposition is
| wt % 99. 9wt % based on the total weight of the conposition, preferably

60w % 99. 5wt % and nore preferably 80w % 99. Omt % The suitable viscosity of
the ink conposition is depend on the printing nethods. When the ink

conpositioerbﬁpprafyiéﬁﬁovbﬁoapqiasyaagkgm §PBapAt Hey1aikekgehrbAphr event
cl oggi ng and ejection-deflecting at "discharging, the viscosity is

pref erabl yatp1a1k308R18f goup208hBstidhitéa~amlibe gebupnhaviag asokhe ink
conposition 1s not especrally limted, and preferable are those which can

di ssol ve ofiofle SperB6nt A€oMBl €ahdl SuBSBStutedi BY1yNegirblipCAER@AGt BOBroOt her
than the solvent uniformy. When the materials constituting the ink

conposi ti onofe ecapbohl &tbMmsa nonpol ar sol vent, as the solvent, exenplified
are: chlorinated solvents, such as chloroform nethylene chloride, and

di chl or oet hane;Metéevespl ¥rntasesafhXas, t the apypliyménr eompanndadfcthe

hydr ocar bon sol vents, such as tol uene, ~and xyl ene; ketone sol vents, such as
acet one, apxesenrhyineehyiokecanebeapdodyced byl cenryinguohtas et hyl

acetate, butyl acetate, and ethyl cellosolve acetate. Mreover, as the

pol yner LEEyRdensptiorseolyneviratian efied ecompovrénpepreegntaddbyi ce

havi ng an el ectron transporting | ayer di sposed between a cat hode and
the below formula (22), and then reduction thereof. (Method

B)

Y;-V-Y, (22)
whereln, V represents a repeating unit having a structure
of X=S0 corresponding to the above U. ¥; and Y, are the as
above-mentioned.

The reduction can be performed according to the below
mentioned method of the producing process of compound (14)
from a compound of formula (22). The repeating unit Vv
having thiophene-sulfone structure corresponding to each U

is as follows.

U \Y
0, 0
S S
—&S - S
(1-1) (22-1)
O
O



82 a light emtting |ayer; a device having a hole transporting |ayer

di sposed between an anode and a light emtting |layer; and a device having
an el ectron transporting |ayer disposed between a cathode and a Iight
emtting layer, and a hole transportiqﬁ | ayer di sposed between an anode and
a light emtting |layer. For exanple, the follow ng structures a) to d) are
specifically exenplified. a) anode/light emtting |ayer/cathode b)

anode/ hol e transporting layer/light enmitting |ayer/cathode c) anode/light
emtting |ay jf;ectron transportiQQZLgxer/ / cat hode d) anode/ hol e
transporting Tayer/light emtting I'dyer/el ectron transporting |ayer/cathode
(wherein, / indpgategamfiaceny £aPrpahpoBulf chban@h8atlignei nafter, the sane)
When the polynmer LED of the present invention has a hole transporting
layer, as poeymerezatdoaPett ANgokpbahiiabg Betdw EbBemalar ¢1exenp! bki gd

pol yvi nyl car bazol e or derivatives thereof, polysilane or derivatives

t hereof , pebmpohRdase fermudai V23-hayi BHeANradasRhyCthll peodicth@ishde
chain or the main chain, pyrazoline derivatives, arylam ne derivatives,

stil bene desiwnagtaveedutinphasghtl| aai pelgmervadbmpesndphhyangl ane or
derivatives thereof, polythiophene or derivatives thereof, polypyrrole t
83 or derivepeatinghentbf repoégenpaédnpyenbei apbeacfoomudler (Latilyesanher eof ,
pol y(2, 5-t hi enyl enevi nyl ene) or derivatives thereof, or the |like. Specific
exanpl es obetdltaybhrediransporting material include those described in JP
63- 70257A, JP 63-175860A, JP 2-135359A, JP 2-135361A, JP 2-209988A, JP
3-37992A and JP 3-152184A. Anong them as the hole transporting naterials
used in thvﬂholdltganqubting | ayer, preferable are polyner hole
transporting\v t al s éh as pol yvi nyl carbazol e or derivatives thereof,
pol ysi | ane op#de\\i vat ryes' t hereof, pol ysil oxane derivatives having an
aromati c am Rg_ UN1d group in the side chain or the main chain,

pol yani | i ne oy “derivati ves thereof, polythiophene or derivatives thereof,
polyp-phenyl@gpvinyle or derivatives thereof,

pol y(2, 5t hi eny eaevin3| or derivatives thereof, or the like, and
further preferable are pol yvinyl carbazole or derivatives thereof,

pol ysil ane or ¢e5+y2)ives thereof and pol ysil oxane derivatives having an
aromati c am ne conpound group in the side chain or the main chain.

Mor eover, as the hole transporting material of |ow nolecul ar wei ght
conmpound, exenplified are pyrazoline derivatjves, arylam ne derivatives,
stil bene JE1G%RHT V5. alte t Rephdtepl 8PanPRE BRBr ATt thesSapg 88se of the | ow
nmol ecul ar ight hole transporting material, it is preferably dispersed in
a pol yner ?quﬁi?Rﬁéi 84 As the polymer binder to be m xed,
preferable are

The polymer compound of the present invention can be
obtained also by carrying out condensation polymerization
of a compound of formula (23), and then reducing the
product. (Method c)

Formula (23)

Y,-W-Y;

wherein, W represents a repeating unit having a structure
represented by X=S0 corresponding to the above U. Y¥; and Y,
are the same as above-mentioned.

The repeating-unit W having thiophene structure

corresponding to each U 1s as follows.



those which do not inhibit charge transportation extrenely and do not have
strong absorbance in a visible light. As the pol ymer binder) exenplified
are: poly (Nvinylcarbazole); polyaniline or derivatives thereof; poly

thi ophene or derivatives thereof; pol phenyl enevi nyl ene) or derivatives

t hereof ; poly(2,5thienyl enevinylene) or derivatives thereof; polycarbonate;
pol yacryl ate, poly nethylacryl ate) pol ynethyl met hacryl ate) pol ystyrene,

pol yvi nyl chl ori de, pol ysiloxane, etc. Polyvinyl carbazole and derivatives

t hereof are obtained from for exanple, a vinyl nononer, by cationic

pol yneri zation or radical polynerization. As the polysilane or derivatives
t hereof, there arqiexenplified conpoundsygescribed in Chem Rev., 89) 1359
(1989) and GB 2300196 published specification, and the |ike. For synthesis,
met hods described in them can be used, a29 a Ki pping nethod can be suitably
used particularly. As the polysil oxane oryderivatives thereof, those having
the structure of tgte above- descri bed hol %transporti ng material having

| ower nol ecul ap—~ei ght. i n the side chay in chain, since the siloxane
skel eton s @ i Bgyproperty. Particularly, there
are exenplified—those”having an aroma rfie having hol e transporting
property in the 85 - side chain or main chain. The nethod for formng a
hole transportingtiBlyer is not restrict{@d-1land in the case of a hole
transporting | ayer having | ower nolecular weight, a nethod in which the

| ayer is formed froma m xed solution w®h a polyner binder is exenplified.
In the case of a golyner hol e transportng material, a nethod in which the

| ayer is fornme a solution is exegp ed The sol vent used for the
filmformng ion is not I:iU'
can dissol ve porting mate

restricted providing it

e solvent, there are
exenplified chlorine solvents such as chloroform nethylene chl ori de,
di chl or oet hane he like, ether solygnhg such as tetrahydrofuran and the
| i ke, aromatic hydrocarbon sol vents such as toluene, xylene and the |ike,
ket one sol vents such as acetone, nethyl ethyl ketone and the |ike, and
ester solvents such as ethyl acetate, butyl acetate, ethylcellosolve
acetate and t he'dr kexanisle heby idamrdying rptretdodkerdsatien sol uti on, there can
be used coating nethods such as a spin coating nethod, casting
met hod, ~nirglaymarizatlieoaf iy sanpwind erinelkow daimlaet Yod, 3 bas @at i ng
nethod) roll coatlng net hod, wire bar coating nethod, dip coating nethod,
spray coatdamPIRhRE EQFRER k33t hg thahdedusing the RTdpektwdd of f set
printing nethod, inkjet printing nethod and the like, froma sol ution. 86

= Regar di MFifE 3 F9% t?olﬂf%mpﬁﬂ“ﬂ??‘rﬁ‘q Jil%‘flnq e optimum val ue
di ffers dependi on terial JIS&( roper S ted so that
the dri VI IpR?(ﬂi{}%bge tlhe@ﬁ'et e qt eﬁﬁ eét"}c%?“@e (]r‘rlees’C ociﬁr} mum
val ue. ﬁg Hﬂa} &3 | s shoul d be at Ieast such that pi nhol es are not

ut

generated nit is too thick, the driving voltage of a device
becones high, andult i s _not preferable Therefore, the filmthickness of

t he hol e tr y%r is, for exanple, fromlnmto 1 ~ m preferably
2nm - 500nn1iiﬁéigat%i referably 5nm - 200nm
F%a

(Rag

NB

(15-13)
wherein, Y;;, Y2, R3s, Riy, @aa, and bb are the same as
above-mentioned.

In the process of the present invention, as the

substituent capable of condensation polymerization,



When t he pol ynmer~LED of the present invention has an el ectron transporting
| ayer, known conpounds are used as the electron transporting materials, and
there are exenplified oxadi azol e derivatives, anthraqui nonedi nethane or
derivatives thereof, benzoqui none or q§givatives t her eof , napht hoqui none or
derivatives thereof) anthraqui none or “derivatives thereof,

t et racyanoant hr aqui nodi net hane or derivatives thereof, fluorenone
derivatives, diphenyldi cyanoethyl ene or derivatives thereof, diphenoquinone
derivatives, or netal conplexes of 8-hydroxyquinoline or derivatives

t.her eof p@k%ﬂﬂiﬂ? Eﬁeaﬁeg?dEEEMSEhVﬁéohDeE§R§1 EQh¥8Hh@8X§EBG?Ha”d

derivatives ereof, po uorené or derivatives thereof, and e |ike.

Speci fi cal hyy1E5ReEEnALE §f6&§liakgﬂa1n9§§uﬂeaﬁateegrbﬁ JPpB31£083¢ér JP
63- 175860A. JP 2-135350A° JP 5- 135361IA° 87 - JP 3-200088A JP 3-37992A

and JP 3- 152388A sAresdibhenetR¥adyg2dap¢ PROEPAbhYER, MBEAFROYIrBARE Or
derivatives thereof, anthraquinone or derivatives thereof, or netal
conpl exes phoSphyatsymnethpli geoap, drohvhhlyvgenhbedeméthpdl yaoupol i ne and
derivatives thereof, polyquinoxaline and derivatives thereof, polyfluorene
or derivatboeictaetdofraup, pfetmyabgeoupndcyano group, vinyl group,
2- (4- bi phenyl ) -5(4-t-butyl phenyl)-1, 3, 4- oxadi azol e) benzoqui none,
ant hraqui n@be, tris(8-quinolinol)alum num and pol yqui noline are further
preferable. The nethod for formng the electron transporting |layer is not
particularly reBerectad, thadalkylselfonatef gneup) cexennlifiadparei ng
mat eri al having | ower nol ecul ar weight, a vapor deposition nethod froma
pomder,(ﬂm%ﬁhéﬁﬁoﬁubf°$ﬁFﬁw$6@%PngeFF6ﬂ¢a5§£f9@P5ﬁ SFOWBI ted state is
exenplified, and in the case ff a €0I%ger el ectron trans oriin material, a
met hod of FriPtRQraPaEhanenFelseRate ¥t NP nePted 4% atRe| ArekenpFPRALS,
respectiveI%; At the é£¥P.o% filn%forning f£$n1a solution or_a nolten
state, thedadRe %5?? BFARTS AR HR TsRY %@%Fﬁe??°ﬁﬂe RoFOERE Gised i n
the filmf ) o) ol ution , { t Vo r jcted provided it
can dissol%%ﬂ% e%{éoﬁig?éhs%%étiéﬁééggérlI%é%ﬁ#ﬁﬂ%tﬁuﬁﬁﬁég'binders. As t he
sol vent, t e i 4 i 0, S ch as chl orof orm
nmet hyl ene %ﬁ@ﬁdﬁ%éﬁi %ﬁ' oé%rgﬁug%%%%gg%%eé#m,eiélher sol vents such as
et rahydr of ur ar Anghé Mgoki & es teSBg26 ORI e/l £La bare SOhY ek supyich as
t ol uene, xylene and the |ike, ketone solvents such as acetone, nethyl ethyl
ket one andrdpireddikeed anygl €5é e EOF VESEmMuBalch as et hyl acetate, butyl
acetate, ethylcellosolve acetate andythe like. As the filmform ng nethod
froma soluti oOMe neltOftst at e)O-t.Qﬁg can @ edgoat i ng met hods such as
a spin coatir nethgngbastin Aret hpd, m ¢ 0 gr g coating nethod,
gravure coatimg netho&& bar c in :?EIhO "\ ol afli ng net hod, wire bar

S

coati ng nethodOMép coaQBtg net ¥d, \spray cddTi nd et hod, screen printing
met hod, flexo printing method, offset printing method, inkjet printing
met hod andrd hg,d | £ SrmBE92MMl N RS 4 € kRSERy Pf g2 416 difigtgoN transporting
| ayer, the optinum value differs depending on material used, and may

properly heaprdocies senyhajrdde, driving voltage and the light emitting
efficiency becone an optinum value. The thickness is should be at |east

such that pinh@estime esulDfbrgioune me gyl hatowerestémp 15 £ il tdrre kthé he dri vi ng
voltage X a device becones high, and it is not preferable. Therefore, the

filmthiclgmapoirdpmeedanted rignstio thelkpw afamulsy . for exanple) fromlnmto

1 ~m preferably 2nm 500nm and nore preferably 5nm - 200nm
-CH,S'Me X", -CH,S'PhX"

(X represents a halogen atom and Ph represents phenyl
group.)
As the phosphonium methyl group, exemplified are the

groups represented by the below formula.



Anong charge transporting-layers provided adjacent to an el ectrode, those

having a function to inprove the charge 89 injection efficiency froman
el ectrode and to lower the driving voltage of a device may be sonetines
called charge injection layers (a hole, njection |ayer, electronic

iLnjection layer). For enhanci ng adherence with an el ectrode and i nproving
charge injection froman el ectrode, the abovedescri bed charge injecting
lrayer or insulation |layer having a thickness of 2 nmor |ess may al so be
provi ded adjacent to an el ectrode, and further, for enhancing adherence of

t.he int erfaéﬁzp*@'h%e”é}'t N i ed a1k AN HdModdKGatdmijiin buffer layer may also

be inserted Into e Interface of a charge transport~.ng |ayer and |ight

em tting |ayer. adhenar grbspRInaLaLREL J.'%YSﬁﬁ | agbnpledia@datBethli ckness
of each | ayer can be appropriately applied while considering light emtting

efficiencygg@dﬂgif@p@éséﬂeedey?cehelnelbﬁ poemena.i nventi on, as the pol yner
LED having a charge injecting layer (electron injecting |layer, hole

i njecting +eysF0, (PROYI {Xdrephesenaise al halleden pdloymand BD hepregeatehar ge
injecting |layer provided adjacent to a cathode and a pol ynmer LED having a
charge i nj&ectalkyl ayesup| oxrgkdgadppceot apyhalkpbdgropt )exanple, the
follow ng structures e) to p) are specifically exenplified. e) anode/charge
injecting | ayerisitine monohahgoengtedcnetibyik gro0pf ) enenpdifigitareitti ng

| ayer/ charge injecting |ayer/cathode g) anode/charge injecting |ayer/light
em tting |Beerenekhyligireapi niethydkrehbenbde groupoderememgthyhj ecting

| ayer/ hole transporting |layer/light emtting | ayer/cathode i) anode/ hol e
transport i FPYRy 24 j Ipdomethyl ngrP@Per / charge injecting | ayer/ cat hode

Preferable substituents as a substituent capable of
condensation polymerization depend upon a kind of
polymerization reaction. For example, when using a zero-
valent nickeckel complex, such as Yamamoto coupling
reaction, exemplified are a halogen atom, alkyl sulfonate
group, aryl sulfonate group, or arylalkyl sulfonate group.
When using a nickel catalyst or a palladium catalyst, such
as Suzuki coupling reaction, exemplified are an alkyl
sulfonate group, halogen atom, boric ester group, boric
acid group, etc.

When the polymer compound of the present invention has
a repeating units other than a thiophene condensed ring
unit, a condensation polymerization can be carried out
under the existence of a compound having two substituents
capable of condensation polymerization as the repeating
unit other than the thiophene condensed ring unit.

As the compound having two substituents capable of

condensation polymerization used as a repeating unit other



}) anode/ charge injecting | ayer/hole transporting layer/light emtting

| ayer/ charge injecting |ayer/cathode k) anode/charge injecting |ayer/light
emtting |ayer/electron transporting |ayer/cathode 1) anode/light emtting
Fayer/el ectron transporting |ayer/chaigge injecting |ayer/cathode m

anode/ charge injecting layer/light emtting |ayer/electron transporting

| ayer/charge injecting |ayer/cathode n) anode/charge injecting |ayer/hole
transporting layer/light emtting |ayer/electron transporting |ayer/cathode
0) anode/ hole transporting layer/light emtting |ayer/electron transporting
l.ayer/ chargiean nfeaiabg (ByE)/&nd hplle2p) eresiplibiegears| ehki sgmpayvadshol e
transporting layer/light emtting |ayer/electron transporting |ayer/charge
i nj ecti ng dfayavdeat Hrormula 9116k + hélgpeci fic exanpl es of the charge
injecting layer, there are exenplified: |ayers containing an conducting

pol ymer; | ayeks-Awhi-¢h are di 6pdked bet ween an anode and a hol e transporting

| ayer and congai material hayvi.ng_ i oni zation potential between the
i oni zati on p2¥%ﬁ€égfzofgé%—ﬁnoggrﬁatgfiaI apd7yhe ionization potential of a

hol e transporting material contained in the hole transporting |ayer, and
the |ike. \WeH,;tAmy-dae¥e- desCi8bed charge injecting layer is a |ayer
contai ni ng an conducting polyner, the electric conductivity of the
conducti ng po¥y¥s-Yis prefeddly 10 S/cmor nore and 103 S/cmor |ess, and
for decreasing the |eak current between light emtting pixels, nore

pr ef er abl Wherelns/ Afwor A¥or eAtind A2 Ffom¥or Kessand (xi laire hheg erame y 10 5
S/cmor nore.and 101 S/cmor |less. Regarding the kind of an ion doped, an
anion is Redhe aP e Ynj dati by | $rerY7andea Yat i@ isou@@8Rin an el ectron

i njectihg |ayer. exanpl es of the anion, a polystyrene | fonate ion,
al Jkyl bgngé{@/@ﬁqﬁ'ﬁ i ,fsec%%ﬁ)%cﬁ SIRTOHIRY SARARILE HRE | ke aro

exenplifie n S anpl.es of 1t ation, a lithiumion, sodiumion
potassiuméﬁﬂé%é%ﬁfﬁﬁﬁt %ﬂﬁé%ﬁ%ﬁgé%h and the like are exenplified. The

t hi ckness of t ‘%ﬁ% i [ ' fﬁgﬁg{ : to 100

nm preferabl yllbfesr om g;ﬁor#ﬂtuoﬁ% %\%il‘g%g:vl’# ?sf:lgt? ty, ersg %ér%gﬁ%t%%n the -

f ol | 0wl g corfertld i R yiledi M0l or] Us X UP! £ rdfle / '@ér;né)f' | ayer

havi ng a thickness of nmor less/light emtting1ayer/cathode r

anode/ | i glgha@imMeAdrniitild ayery) red ati-on) | apted doldith® rfdpE&d@sce @by NM or

| ess/ cat hode s) anode/insul ation | ayer having a thickness of 2 nmor

| ess/ | i ghttheriddliowy foxaild N4 -at) Qs |praeefetenliag a thickness of 2 nm or

| ess/ cat hode t) anode/insul ation | ayer having a thickness of 2 nm or

| ess/ hol e transporting layer/light emtting | ayer/cathode u) anode/ hole

transporting Iayer/ljéﬁgkrenitting | ayer/insul ation | ayer having a thickness
0

of 2 nm orYaresHNaath 7—N—T-Arg—Yag
AN | /X
Al’g Ar10

N—'AI'11
Y
Ar12

(24-1)
wherein, Ares, Ar,, Aryg, Ar,, Ar,,, Ar,;, Ar;,, x, and y are
the same as the above. Y,; and Y,3 each independently
represent a substituent capable of condensation
polymerization.
A compound represented by formula (24-2) is further

preferable.



v) anode/insul ation |ayer having a thickness of 2 nmor |ess/hole

transporting layer/light emtting |ayer/insulation |ayer having a thickness

of 2 nmor |ess/cathode w) anode/insul ation |ayer having a thickness of 2

nmor less/light emtting |ayer/elect gn transporting | ayer/cat hode x)

anode/light emtting |ayer/electron transporting |layer/insulation |ayer

havi ng a thickness of 2 nmor |ess/cathode y) anode/insulation | ayer having

a thickness of 2 nmor less/light emtting |ayer/electron transporting

| ayer/insul ation | ayer having a thickness of 2 nmor 93 | ess/ cat hode z)

anode/insulation Iayer having a thickness of 2 nmor |ess/hole transporting

layer/light emtting |ayer/electron transporting | ayer/cathode aa)

anode/ hol e tra Sﬁ ting | ﬁrlllght emtting |ayer/electron transporting
Paygr havy

ayer hg

9'/a thickness of 2 nmor |ess/cathode ab)

a thickness of 2 nmor |ess/hole transporting
yct RON transporting layer/insulation layer
havi ng a thft Nesé off 2 ~ Ies§9cathode . The substrate formng the

pol ymer LED o £ invention may preferably be that does not change
in formng an el ectlfode and~l ayers of organic materials, and there are
exenplified gl ass, stics, polyner film silicon substrates and the |iKke.
In the case of a opaq sgbstrate, it is preferable that the opposite

el ectrode is transparant? i semtransparent. Usually, either the anode or
the cathode in the polynmer LED of the present invention is transparent or
sem transparent. lR4i-2)preferable that the anode side is transparent or

sem transparent. As the material of this anode, el ectron conductive netal
oxi de fil rmhemssin t rRmspBsontRsoetlid, thin 371 nendnzl ahe th&esame asecthe
Specifically, there are used indiumoxide, zinc oxide, tin oxide, and filns
(NESA and a3BRve | K&p and4¥se ey jigwiens QIs]iYnd:%e@% Pon conducti ve

gl ass conposed of |nd|un}t|n OXId %%dTO i ndi unyzi nc~oxj de and the I|ike,
whi ch ar e FHRSEIEe CRRAP %R% ti%ﬂé? L3249 copper and the

preferabl o ns SREFE “em 'TO ittd, YR, (e A, st oMz B P et nod
sputteri n?% Jn%@:ey (?ﬁ PA&EH&% nﬁ@%pﬂ@éﬂé% EQ&@Q&' t li ke are

used. As ere nay al's used organi'c iransparént conducting

films such, ni{| ",ﬁ-h%zf&ﬂié’aééi’\?&tf}heér?@“car?%é“f&é’@ﬁ@d‘%@t%e

derlvatlves ere f and i ke. . The thickness of the anode can

appropri atneJJytﬁf& adnfse VAt U CONThEHES | Y0l R BB SEI g ik [ dighte snd

el ectric conductivity, and for exanple, from10 nmto 10 m preferably from
20 nmto bf- the fasrddietc pElfwsmblysfniorabGixalo aMGuintatle t her, for easy
charge injection, there may be provided on the anode a | ayer conprising a
pht hal ocyadtad yelr,i v \exaupikkict Fog exanpdes, koawnomedhodshean be, or a

| ayer having an average filmthickness of 2 nmor |ess conprising a netal
oxi de, netuded. @sdaribest dgani‘©rgandatRers timnes'l alvadd the IR k27Nstq he
material of a cathode used in the polyner LED of the present i nvention,

t hat havi rfg?q'ovJé’rhW\in}@-%rﬁctszﬂF'i T of htbl . PR LI e are used
metal s such s I | th| um OLou@ngOtﬁ;s' Lan r ubj cgonrg cIeS| umlgbaezryl i um

"Organic Synthesis", Collective Volume VI, pp. 407 to 411,

| ayer/insul ati
anode/ i nsul ati/o [
Iayer/llghp t

John Wiley & Sons, Inc., 1988, Chemical Review, vol. 95, p.
2457 (1995), Journal of Organometallic Chemistry, vol. 576,
p. 147 (1999), Journal of Praktical Chemistry, vol. 336, p.
247 (1994), Makromolecular Chemistry Macromolecular
Symposium, vol. ‘12, p. 229 (1987), and the like.

In a method of producing the polymer compound of the



95 magnesi um cal cium strontium barium alum num scandium vanadi um
zinc, yttrium indium cerium samarium europium terbium ytterbium and
the like, or alloys conprising two of nore of them or alloys conprising
one or nore of themw th one or nore @f& gold, silver, platinum copper,
manganese, titanium cobalt, nickel, tungsten and tin, graphite or graphite
i ntercal ati on conpounds and the |ike. Exanples~of alloys include a
magnesi um si |l ver all oy, nmagnesi umindi um-al | oy, nmagnesi um al um num al | oy,

i ndi unsilver alloy, lithiumalumnumalloy, |ithium magnesium all oy,

Lithi umindraBeat! @dvefghohyMag! YHENHBLALLOYraRA ey k@t The cathode may
be formed 'nto a lam nated structure of two or nore | ayers. The thickness

of the cathgflaefigatPenapplonerakatyonel ackadwnhicbadenssitden Reactagam ssion
of a light and electric conductivity, and for exanple, from10 nmto 10 a
m preferabhy beoiséd Meddrdingh td Uthidesulps ef eaebt yof r ole SOomipdtind 500 nm
As the nethod for fabricating a cathode, there are used a vacuum vapor
deposi ti onreptésdntefubyethaganevboforhaliandtiuon-nmg¢khed)i caphbte atnet al
thin filmis adhered under heat and pressure, and the |ike. Further, there
may al so beopdensatilonbpolprerhzattbnde and an organic | ayer, a |ayer

conpri sing an conducting polyner, or a |layer having an average film

t hi ckness of 2 Whenrthespotymeri sompoundeofl thei neeseptallnveosirde, organic
i nsul ation materi al 96 and the like, and after fabrication of the

cat hode) adpreratesve dayeienhgnd| &b bheprepfaraaihprehprplimesisathenpol yrer

LED. For stable use of the'polgner LED for a long period_of tine, it is
pr ef er abl e2tBeRedi Bechted otBcfPve-2898r5andF op*pPBLeELrde NBPELYS Or

protection of t eyice in order to preyent it _from outsi danmage. As the
D ot ect | veeFeRi TEFed, &8 hop oo FEn L BEL SHebY BB RHGT SREF BPRoRE B, ot al
fluoride, petal borate and_the like, As e_pL jve. cover) there can be
used a gla%%m$ﬁ%& , %Yb?%s{?ﬁm%+a§5°?%eaé%r a%§%§§&§%i%§vﬁ§§ been subj ected
to | owner- = £Eﬁt. e t,,an ke, h i3S i.fably
used a nerﬁéé%?ﬁﬁﬁ |cﬁh€ﬁ%§%o€%€3$é %gsge%gﬁ %hhgnﬁaggfgegéﬁ g%rg?gb y'a
thernoset tifg £ eSbmpQhond WAy ENG | PhdFHh il @ty NGrddp Space is

mai ntai ned using a spacer) it IS easy'to prevent an device from being
injured. |goPyné Lt DRS BYClledlt HéAE OISR @ﬂdaaégﬂﬁotﬁdsﬁabﬁﬂglﬁiﬁiﬂls
space, it 1s possible to prevent oxidation of a cathode, and turther, by

pl aci ng a gesupcand §usdmpoumarhanvingielogent dtomi ke in the
above-descri bed space, it is easy to suppress the damage of an device by
noi st ur e guivkeyauhdensdiel g doly cdelvydpolvakegendnboy méathpdaoff ane neans or
nore are preferably adopted. The polymer LED of the present invention can
be suit ablgenpeandshavingttwe ¢k mBeYR deonechategerated aye byhr grewp

dot-matri x display apparatus, and back light of a liquid crystal display.
97 For obtaamﬁﬁ‘{f% saht Qi A 'FI?’Pp?%o’%o‘i“ﬂﬁ'%}ﬁgd?ﬁ%mﬁb‘b?gﬁ%?nLED of the

present invention,_an anode and a cathode in the pl form g operly be
bl aceq so Hechod ks & MR i S8 1E0R 1 MR LT o PN GBESRRE g | | Dh
em ssion i ter ' j S ith a w ndow
' pat tor SO & grobBethE fict bl SO hadel e AT AT P 0
device, a JHHE' ' [ i = J 1 554 O t is
formed to obtaln %Qﬁ@m yé{g%rgﬁ?hﬁ ﬁ%gn%%%ﬂ?%%&g%bgﬁﬁ$a{y%-l i ght
eni ssi on, L, NPAWLdr 1¥h 1o Yy MM rPr S8OEoR of £abbMsEUn®r both
of themare fornmed in the pattern. By formng a pattern by any of these

et hods anthing! ©ed Ner e ef @iy DdPsowss | hetc i ndependent on/of f i's
possible, there is obtained a display device of segnent type which can

di spl ay digits,WHheat teersolymem| compolsd aoftl the présentulnhentidor formng a
dot matrix device) it may be advantageous that anodes and cat hodes are nade
in the forgendrates pesteiple ot Hv thatmaireychabssimtcondgnsatnigres. By a
method in which a plurality of kinds of polynmer conpounds emtting

di ff er ent potymerigatiqmi stalf exanpkel gk ALAGLRN LartbpMsedwhi ch a
color filter or lum nescence converting filter is used, area col or displays
and multi col oMeFeqVer s vHhen dRiihai .2 Adlediond SR AF ke Ron i ven
by passive driving, or by active driving conbined with TFT and the |ike.
These di splay devices can be used as a display of a conputer, television,
98 ' portable term nal, portable tel ephone, car navigation, view finder of
a video canera, and the like. Further, the above-described light emtting
device in



plane formis a thin self-light- emtting one, and can be suitably used as
a flat light source for back-light of a liquid crystal display, or as a
flat light source for illumnation. Further, if a flexible plate is used,
it can al so be used as a curved Iight6 ource or a display. EXAVPLES The
foll owi ng exanples further illustratethe present invention in detail but
do not Iimt the scope thereof. As for the nolecular weight, a
nunber - aver age nol ecul ar wei ght and a wei ght -average nol ecul ar wei ght were
obtai ned as a pol ystyrene reduced average nol ecul ar wei ght by gel
per"Eat'0”15hb@HEEQQEaph!x@ﬁB@th%b”Qr@h'QV%EQ&ﬁh%%iiﬁgym€¥ﬂbd.%&ﬂ%hEt'C
Exanpl e 1 (synthesis of Conpound A) HO ~ ~ v'S v npound A

2, 8-di bronedrgesEehh&ﬁghﬁaﬁpmraw Szuk80cbupaiacChagadomt@a a 1 liter
four-necked flask under an inert atnosphere, and stirred to dissolve at a
room tenpepaiymerikhang meehed b GFSgnarad- Behptlionhhi WMpediellizGmmel/ L

hexane sol ution) was added dropwise to it. After the 99 dropw se

addi tion, méthed By nieleflo 03 bBompiexat at polimexdd ingmmetaod &y and

trimet hoxyboronic acid 13g was added dropwi se. After the dropw se addition,
t he tenperakxidtzing ageaedstichaasofeClenpan atleetsdohemicalt exidationng for
3 hours at a roomtenperature, disappearance of the raw material was
confirned p9l¥nerizedsanf metbodei drieomethad bhyddecomposiftiioat oft bs
reaction, and stirred at a roomtenperature for 12 hours. After washing
wi t h wat erintermediabecrpiyserwhavénrgr acsedtapleedep¥dngcigfguPhe sol vent
with ethyl acetate, 30% aqueous_hydrogen peroxi de 5ml was added and stirred
at 40" C for 5~h®firshespenthacrolyRardzpiyepr Rathredt P¥ceelitkdohed with 10%

aqueous sol utiop of irozéllgﬁnnpniun1sulf e, gnd drieg. B% rgnnvin t he
sol vent, DFRRREL8Ry gthesRGLYBET SRELEIARGMEE)OHr BYudt ¥pckuERagsiqnagi B, were
al so produc as gngirned % 5(%%8 asgrenent %gd %ge purhty of Conpound
A was 77%RTTEFERZPEFRRPEERPY RE(RPCERPCYTRERPY) TS9E5180nt R8BI ¢ Exanpl e 2
(synt hesi ﬁn’é‘% HPfof) mSPHB uggggagﬁfc-aah ih agEIQ Gghe. ¢hato a
200nl t hree C P??as ? t%npouﬁd . ,_n}oc?yﬁgro 1 de gg.ﬁg'aﬁhgpotassium
car bonat e gy pfie ek £+ £57 BEENodNEy B! Bk bRabY! ¥bakelghCana LR SOML was
added as a solvent, then refluxed wth heating at

polymerization method using a Ni(0) catalyst are preferable

since structure control is easy in these methods.

In the manufacture methods of the present invention,

it is preferable is that Y;, Y,, ¥Yi, Y4, ¥Ys, Ye., Y7, ¥Ys, Yo,

and Y, are each independently a halogen atom, alkyl

sulfonate group, aryl sulfonate group, or arylalkyl

sulfonate group, and condensation polymerization 1s carried

out under the existence of zerovalent nickel complex.

As the raw material compounds, a dihalogenated

compound, bis (alkylsulfonate)compound,

bis(arylsulfonate)compound, bis

(arylalkylsulfonate)compound or halogen-alkyl sulfonate

compound, halogen-aryl sulfonate compound, halogen-

arylalkyl sulfonate compound, alkylsulfonate-aryl sulfonate



125 for 6 hours. After the reaction, the solvent was renoved, and the
reacti on product was separated with chlorof ormand water, the organic |ayer
was extracted and further washed with water twice. After drying by
anhydrous sodium sul fate, it was purié'ed t hrough silica gel columm
(eluent: toluene/cycl ohexane=1/10) to give Conmpound B 8.49g (LC area % =
97% vyiel d=94% was obtai ned. 1H NVR(300MHz/CDC13) 8 0.91 (t, 6H)
1.31--1.90 (m 24H), 4.08 (t, 4H, 7.07 (dd, 2H), 7.55 (d, 2H)) 7. 68 (d,
2H) Synthetic Exanple 3 (synthesis of Conpound C) 0 ~~Ov 'S v O-0

Cormpound CoEappaHad BiR §Zgléeﬁa%efa'&‘ivlﬁ(ii}:‘}l“%&f%%%eC'&% Sthinlaned 100mML

three neck flask, and the bath-tenperature ™was raised to 140 ~ wth using
an oi | bat Bxehpeinfi84% hydrogen-peroxi de 13ml was added through a
condenser, and stirred vigorously, then the reaction was tern nated by

bei ng poured inuerd8¢at,oincehd mahafachlirer mexhbacbEnghw bRregln@r of or m and
being dried, the solvent was renoved and Conpound C 6.96g (LC area % = 90%

yi el d=97% inmentboni ned. 13 HoMNYREBABNVEZ ARBELS); Y,,104,' ¥, 8 95,900,(t ¥,6H),
1.261.87 (m 24H), 4.06 (t, 4H, 7.19 (dd, 2H), 7.69 (d) 2H), 7.84 (d, 2H)
MS( APCI ( +) ¥5 . Nkl -andl/ ¥, Syatdedach Eadependerd sintdasalogén Gatgropyndlikyl0 ~ ~
0 Br '~S~,~Br 0 0 Conpound D Conpound C 3.96g and m xed sol ution 15nl of
acetic acisulfohatef groupl: dryvésvlfhaayedgrrntip, aatplalkgtkedfbhaske 200ml
under an inert atnosphere, stirred at 70 C and di ssol ved. Then, brom ne

6. 02g di ss@roeR. i porhe apbdecgsoupenr bBariGasshguedrand.sandr Bhef sat3ohours.
A sodi um t hi osul fate aqueous sol ution was added to renbve unreacted

brom ne, aff the FebeliBAlefoldittofad BaparaReatan: hatkVdFBiEPRASAd wat er,
the organic Ig%er was exiracted and dried. After rennving the solvent, it

was purifi%HZ? r otghl sPRTEQNRER SBPHAN ?Bﬁuérﬁ;aﬁhYBrB?B EPﬁE?agEQEP4) to
i Co D 4. 4 "(L % = % i =849 t qi

T VR 300N FRBCias L ghotel ) “oF, PR’ affs adid) o¥Siprand Befhe 41y
7.04 (s, %ﬂtelé&&ﬁuﬁguéﬁfﬁn@é’ﬁyw ¢ £/9 Bammig11y(sYnifgsis of

Conmpound
range of 0.7~1.2), and condensation polymerization is

carried out using a nickel catalyst or a palladium
catalyst.

As the concrete combination of the raw material
compounds, exemplified is a combination of dihalogenated
compound, bis(alkylsulfonate)compound, a bis
(arylsulfonate)compound or bis(arylalkylsulfonate)compound,
with diboric acid compound or diboric ester compound.

Moreover, exemplified are halogen-boric acid compound,
halogen-boric ester compound, alkylsulfonate-boric acid
compound, alkylsulfonate-boric ester compound, aryl
sulfonate-boric acid compound, arylsulfonate-boric ester
compound, arylalkylsulfonate-boric acid compound,
arylalkylsulfonate-boric acid compound, and

arylalkylsulfonate-boric ester-compound.



102 O~ ~ 0 Br I ~ S~ Br Conpound E Conpound D 3.9g and diethyl ether 50m
were charged into a 200m. three neck flask under an inert atnosphere, and
the tenperature was raised to 40C and stirred. Lithium alum nium hydride
1.179g was added a little at a tinme andyreacted for 5 hours. Excess of
l'ithium al um nium hydri de was deconposed by adding a small anount of water
at a tinme, and washed with '36% hydrochloric acid 5. 7nl. The reaction

m xture was separated with chloroformand water, the organic |ayer was
extracted and dried. It was purified through silica gel colum (eluent:

chl orof orm he&%ﬂ%ﬁ/ﬁé)efteeawﬂée tHaPuRd égﬂan% (@ v Whea 9N Vi el d=49%
was obt ai ned. “TH NMR(300MHz/ CDC13): 8 0.90 (t, 6H), 1.261.97 (m 24H), 4.15

(t, 4H), 7sdpjéétedtto 5-&éoﬁ§gegéﬁi®§(EE%EE%eEQSs&EEQEﬂEHﬂl%SaH@ tAEC
(+)) nethod, peaks were observed at 615 and 598. Exanple 2 <Synthesis of

Pol ymer Coppaetiton >1&f pebgee S56d Vii@e £08R0UAErE 28H6BpABHe?, denbraYLyy dy!
274ng i n tetrahydrofuran %dehydrated) 20mL, the inside of the system was
repl aced Wwéh Suppogesihy dHudblié ngesttbon, 108oughr epentgaatméntt hi s
solution, bis(1l,5 cyclooctadi ene)nickel (0) {N (COD)Z} 500ng was added, and
t he tenperaiffersadependington 60énpoundeaahédréactBohsuusedAfter the
reaction, this reaction |iquid was cooled to a roomtenperature (about

25~), and FRadtgedr optvi $8 preferablel tol conducbf az28ehyduabtienanmoni a 10ni/
met hanol 120nl/ 50nl i on-exchanged water and stirred for 1 hour. The
deposi t ed preaimentit bikewise | (heweverndtlyis elisf oet 2appiigabhéleinr thi€ced
pressure, and dissolved in toluene 30niL. Then, 30nil of 1N hydrochloric acid
was added @@%e ¥ rd ckeaetian hbpra e -RREEBUSYFESBrWihkR VakebedSusbnt of 4%
aqueous ammoni a_was, added to the organi¢c | ayer, and the aqueous |ayer was
renoved af?®rd sSTHFEkhCPWRlingkract @ br gani ¢ | ayer was' added dropwise to

thanol 200nt,_and stirred for 1 h hen th i t i pi tat
{11 1rated and OBdOhErSq Bifibed b Uit o ToroohORFe, CARRHT Ebbvad in
tol 30 i ficaliont j f '
carrioa oftated bl ALER) DAY B AR T doihadle, B Dsom,
stirred fome 180 L EPOSIfed PLeEAiilAl1e Wakat Iddd ahigGian¢dried under

reduced pressure for two hours. A pdlynmer was obtained in yield of 46ng.

Thi's pol yrgdtd Sys€f £4 r €6 411 & Ss ok Hmsn €oPPonng do1Véet P@bySt F6£Nend educed
aver age nol ecul'ar wei ght of Pol yner Conpound 1 was Mi=2. 1x104, and

MA=8. 1x104edeign £ ds thd meThvidheT misdinidolanralkEip@indatalsrsaopol ymer
was produced according to the procedure of Exanple 2, with using Conpound E

253ny, andcthere is exemplified a method of adding a solution of an
N, N' - bi s(4br onmophenyl)-N, N - bi s(4-n-butyl phenyl)-1, 4- phenyl enedi am ne 125ny
as the st &@iKakl neit efatakystyislavly winkle opbl prang visrdap 7aR). 1nnex he
COpOIymar’atmosphere of argon and nitrogen and the like or a method

of slowly adding the reaction solution to a solution of an

alkali or catalyst, inversely.

When these polymer compounds are used as a light-
emitting material of a polymer LED, the purity thereof
exerts an influence on light emitting property, therefore,
lt is preferable that a monomer is purified by a method
such as distillation, sublimation purification, re-
crystallization and the like before being polymerized and

further, it is preferable to conduct a purification



the ratio of the repeating unit of dibenzothi ophene to the am ne derivative
was 70:30. This copolyner-is referred to as Pol yner Conpound 2. The

pol ystyrene reduced average nol ecul ar wei ght of Pol ynmer Conpound 2 was
Mh=2. 3x104, and Mw=5.8x104. Exanple 454Synthesis of Polymer Conpound 3> A
copol ymer was produced according to the procedure of Exanple 2, with using
Conmpound E 296ng, and

N, N- bi s(4br onophenyl )-N N.' -di phenyl - 1, 4- phenyl enedi anmi ne 144ng as the
starting materials. Yield of the copolynmer was 118ng. In the copol yner, the
rati o of tEEehQ&%ﬂE'Bﬁcﬁnhbsr%LF&@kﬁgﬁthﬁgﬁh9&Q1EQc%&Qo%H‘”e derivative
was 70:30. This copolyner is reterr to as Pol yner Conpound 3. The

pol ystyr engnhtefe¢edraphiegeeparatibar ana ghe afikBokyter €n@ound 3 was
WVh=2. 6x104, and Ma=8. 9x104. Exanple 5 <Synthesis of Pol yner Conpound 4>
Conmpound Esfnéhes®sy , N, N-bi s(4-bronophenyl)-N-(4-(1-methyl butyl) 105
phenyl) am ne 2070ng and 2, 2' -bipyridyl 5500ng were charged into a fl ask,
after the insid&notacbeofyXESN wahe cempaced weplresientedeby tthey aberve

di ssolved in 400nm of dehydrated tetrahydrofuran degassed with argon gas.
To this sofarmuiha (Adér cant begproducedpbyr eeducing the compounds of

bi s(1, 5-cycl ooct adi ene) ni ckel (0) ~Ni (COD)Z} 10000ng was added, and the

t enper at ureehaw Earmudat 6280Coznd2BRdacwadihf upiBghauredusfingr ageatreact i on,
this reaction mxture was cooled to a roomtenperature, and added dropw se
to a nmxedYsoVw¥d on 03225% aqueous anmoni a 100ml/ net hanol 500ml/ 100mi

i onexchanged water and stirred for 1 hour. The deposited precipitate was
filtrated Bid' o4 ed $9%) 2. hours under reduced pressure, and dissolved in
tol uene 40ml. Then)_ 40l _of 1N hydrochloric aci s .add and stirred for
L houry ¢ NERaEESGaLY) RRFOTEE L PehobERCRAONE 15l RNt BE.EPRnRUR RS HES added

1 nour . AtEr etk s neiER F8ntns AT TS 0 organic
| ayer was Pé’%é&gih tBnE‘t’tH??r‘?{xg;?felgﬂgﬁgﬂgtﬁ%rdexLQb oPQgEBo}fBEH t he

deposited precrpitate was rred under reduce ressu?e for 2
hours, andygli eg8l ¥88ve Nyt ok ledea 4 ThreTheR. sRiel faisC &loRfe -andudhed . um na
colum (20g of alumna) was carried out, and recovered tol uene sol ution was
added to net hanpbr2@Ramp16ti theddipeniobRubphend deposhatedepreci pitate was
filtrated and dried under reduced pressure for tw hours. 106 Yield of

t he copol yrepreaendédOhy. tha &heveoporyuka, (1belj)atan bé pheduepéabyng
units of di benzot hi ophene derivative to the am ne derivative was 70: 30.

Thi s copolyeducisgrthercerpoondsrépiesent@dnpyublbe 4beXYoe formulgr €he-
reduced average nol ecul ar wei ght of Pol yner Conmpound 4 was Mi=4. 8x104, and
Mr=5. 3x1051.2Ex‘a#ﬁheusinsymﬁeg%iag P8eYker Conmpound 5> Conpound E 400nm,
N,N'-bis(SYnEthyLzﬂbroqpphenyl)diphenylbenzidine 440ng and 2, 2' - bi pyri dyl
510mg were Cg ingo'a reaction flask, and the inside of the system was
replaced wt i . To this, 400mlL of dehydrated tetrahydrofuran
degassed by gé\)'th argon gas was added. To this m xture,

bi s(1, 5cyclo ni ckel (0) 1000nmg was added, and a reaction was
carried out @hﬂépC:fdﬁwg hours. The reaction was carried out under nitrogen
at nosphere. After the r Bction, this reaction m xture was cool ed, and added
dropwi se to aRigxqdysol uti on of 25% aqueous ammoni a 100nd/ net hanol 120nt/
50mL i on-exchanged water and stirred for about 1 hour. The deposited

preci pi t atwhawein CcoMer €h bIRAE| | Ri9t m@n. aAlit Bb Beengheashme wist h et hanol ,
the precipitate was dried for 2 hours under reduced pressure. Then the
preci pi t atabovas-mdessboned. i n t ol uene 30mL, then, 30mL of 1N hydrochloric
acid was added and stirred for 1 hour, the aqueous |ayer was renoved, 30ml
of 4% aqueous The reducing agent is not specially limited, and

examples thereof include, titanium compounds, such as
titanium trichloride; silane compounds, such as

trichlorosilane; aluminium hydride compounds, such as



107 ammoni a was added to the organic | ayer) and the aqueous |ayer was
renoved after stirring for 1 hour. The organic | ayer was added dropw se to
met hanol 150nil, and stirred for 1 hour. Then the deposited precipitate was
filtrated and dried under reduced pressure for 2 hours, and dissolved in
toluene 30mL. Then, purification through alum na colum (20g of al um na)
was carried out, and recovered toluene solution was added to nethanol
100mL, stirred for 1 hour, and deposited precipitate was filtrated and

dri ed under reduced pressure for two hours. Yield of the copol yner was

79ng. | t i i j f
i benzot ni SAREERERTYarddE, (81 DaobutyE AEAREHLGH HPRERAR) (piehipn
copol ymer 4 fim fﬁxﬁ%%fi%?,'a yﬂ@fhgfwemﬁugumbetﬂggmgfgggmereduced

average nol ecular weig Pol ynmer Comrpound was Mn and

MA=3. 4x 104 r X000 oy Vit 1¥9h S12Enh Boh YRPEr £8P oM DEmPrum §080hyMEr Was
produced according to the procedure of Exanple 6, wth using Conpound E

400y, anchydridl £ty ethody dh DERIMEH $6d 8hh Ney&ri@e , Ybes d20f the copol yner
was 50ng. In the copolyner, the ratio of the repeating unit of

di benzot hingiiesney eiioxip) | ABurk Dndili $6&Bhm Ney dri de )o@l Ohplaldmisusopol ymer
is referred to as Pol yner Conpound 6. The pol ystyrene reduced average 108
nol ecul ar seeligin WfdFPdeyedi sorgoesdod warb sMittedl bbraaed ddmpdurd@sl 04.
Exanpl e 8 <A synthesis of a polynmer conpound 7> A copol yner was produced
accor di ng surh s piidsecane, didxkomdlzotaney t 12, 3siddiqe®hyicierd E 350nyg,

N, N - bi s(4br omophenyl )-N, N -bis (4-n-butyl phenyl) 1, 4phenyl enedi am ne

(am ne debutstlharane 5igy,3 -arethy N 2i by akeemanteny! ) - N- (4- (1- met hyl but yl)
phenyl) amine (am ne derivative 2) 78ng. Yield of the copol yner was 76ng.

I n the copdidfRRinaqamphanpiRarant. rdeegind emykbrang behzot hi ophene

derivative: amne derivative 1. amne derivative 2 was 70:10: 20, This
copolyner%Q§4H$Q¥4iﬂf%w?%ﬁgqﬁﬂ%ﬂﬁﬂrbﬂﬁﬂﬂnﬂﬁpﬁﬁdeﬂﬂ?ﬁﬁﬁ3&3@??#&9?educed

m;agi 1 g,%lue u'gfa%l ! Q}m cgor%%}yé}eirdeqo rflpio’c"hnidum7 bmcgai'sohl\l/pdzgidd'ex 1c9fdn%éj .

triethylboron lithium hydride, s-butylboron lithium

hydride, t-butylboron 1lithium hydride, sodium borohydride,
trimethoxyboron sodium hydride, and sodium borohydride
sulfide; composites, such as tetrafluoroboric acid
trimethyl oxonium - sodium borohydride, sodium borohydride
- cobalt chloride, and methyl fluorosulfate - sodium
borohydride cyanide, etc.

Among them, aluminium hydride compounds are
preferable, and lithium aluminium hydride is especially
preferable.

The reduction reaction can be carried out in a solvent
under an inert atmosphere, such as nitrogen or argon. The
temperature of the reaction is preferably from -80C to a
boiling point of the solvent.

As the solvents, exemplified are: saturated



.< Synthesis of Polynmer Conpound 8 > A copol ynmer was produced according to
the procedure of Exanple 5, w th using Conpound E 310ng, N, N -bis

*(4br onophenyl )-N, N -(4-butyl phenyl)-1, 4- phenyl enedi am ne 310ngy, and

-bi s(4- bronophenyl ) ether 170ny. Yiel f the copolynmer was 130ng. In the
copolynmer, the ratio of the repeating Unit of di benzothi ophene derivative:
am ne derivative: diphenylether unit was 35:30:35. This copolyner is
referred to as Pol ymer Conpound 109 8. The pol ystyrene reduced average
nol ecul ar wei ght of Pol yner Conpound 8 was M=7. 4x103 and Ma=1. 4x104.

Exanpl e 10y ¥gEQEEBﬁ OstQHpQﬁegeﬁlaﬁgusgek frel ~ ﬁ@ OuB@tE gg"BBH“d F

‘was synt hest ze accor ing to t proce o t he s SIS 0 npound E

from CO”polz'?Ql@hemaﬁEd 6§s/ata£'gtear h&urgé‘é{%bon's 1'§FuHNR(a§09l¥H%9@Cl3) 8 0.89
(dd, 12H), 1.01 (d, 6H), 2 (s, 2H) and

7.92 (s, Zt%lﬁﬁﬁetdéﬂﬂﬁlﬁeﬁzyﬁe(AEEE kzlknEEtHﬁﬂogﬁﬁakédWEEQuQE%eﬁved at
671 and 654. Exanple 11 <Synthesis of Polyner Conpound 9> A pol ynmer was

synt hesi zeRyag66aebofs| OstibR R5068¢H6R €btExanARbeile,ushngregepmaynd F
1000ng. The yield of resultant polyner was 100ng. This polyner is referred

to as Pol yaeehTorpnethale, TER1pobYathenebronubadanecr eageoropeatbae , wei ght
of Pol ymer Conpound 9 was Mh=5.0x104, and Ma=1l. 1x105. Exanple 12 <Synthesis
of Pol ynmerbfomppentai®; éhtordhegahe,t heopoberdnee chléxaoptdoBexahewas
110 synt hesi zed usi ng Conpound F 320nm® and Conpound E 310nB. In
and bromocyclohexane; halogenated unsaturated hydrocarbons,
such as chlorobenzene, dichlorobenzene, and
trichlorobenzene; alcohols, such as methanol, ethanol,
propanol, isopropanol, butanol, and t-butyl alcohol;
carboxylic acids, such as formic acid, acetic acid, and
propionic acid; ethers, such as dimethylether,
diethylether, methyl-t-butyl ether, tetrahydrofuran,
tetrahydropyran, and dioxane; amines, such as
trimethylamine, triethylamine, N,N,N',N'-~
tetramethylethylenediamine, and pyridine; amides, such as
N,N-dimethylformamide, N,N-dimethylacetamide, N,N-
diethylacetamide and N-methylmorpholine oxide, etc.The
solvent can be used alone or a mixtures thereof. Among
them. etheres are preferable, and tetrahydrofuran and
diethylether are more preferable.
As the post-treatment, a usual method 1s available,
for example, quenching with water, and extracting by an
organic solvent, and then distilling the solvent.

Isolation and purification of the product can be performed

by methods such as fractionation by chromatography, or



.the copolyner, the ratio of the repeating units corresponding to Conpound F
and Conpound E is 50:50. This polyner is referred to as Pol yner Conpound
"10. The polystyrene reduced average nol ecul ar wei ght of Pol ymer Conpound 10
was Mh=8.8x104, and Mr=3.0x105. Exanphg 13 <Synthesis of Polymer Conpound
11> According to the procedure of Exanple 6, it was synthesized using
Conmpound F 320m® and N, N -bis(4

bronophenyl ) - N, N - bi s(4-n-butyl phenyl) -1, 4- phenyl enedi am ne 140nD. The
yield of the resultant copolynmer was 150mD. In the copolyner, the ratio of

t he repeatfggry§$gflpgagig§nzothiophene derivative and amne derivative is
70:30. This copolyner is referred to as Pol yner Compound 11. The

pol ystyrene redysed, ayes agfe NOF CERE 5o WRhEN  cAMp ST B £RIDPEESedd Vas
Mh=3. 9x103, and Mn=4. 4x104. Exanpl e 14 <Synt hesis of Pol ynmer  Conpound 12>

Accor di ng igvémeidn ocedekgl£fndxanple 6, it was synthesized using conpound
F 270m0, conpound E 250m@, and N, N -bis (4-bronophenyl)-N, N -bis

(4-n- but yl phenyine lpdphaey | esmsbdrid nef 2 rd serd heinwpot o rhas he rati o of
the repeating units corresponding to Conpound F, Conpound E, and the am ne
derivati vefluwoBEs &né&d.or pHdsphvse soginde/ it tilse red B d esitd e Asald| yirer
Compound 12. The pol ystyrene reduced average nol ecul ar wei ght of Pol yner
Conmpound I2amdse Mise3d 8xd O, 1 ghot Mz Ol polymer (high molecular

welight light-emitting material). Moreover, said polymer

compound has excellent electronic transportation ability,

and can be used suiltably as a polymer-LED material, or a

charge transporting material. The polymer LED using this

light emitting polymer. is a high performance polymer LED

which can be driven at a low-voltage and efficiently.

Therefore, the polymer LED can be preferably used for

back light of a liquid crystal display, a light source of

curved or flat surface for lighting, a segment type display

element, and apparatus such as a flat-panel display of dot

matrix.

Moreover, the polymer compound of the present

invention can be used'also as a coloring matter for lasers,

a material for organic solar-cell, an organic transistor

for organic semiconductor, and a conductive thin f£ilm such

as conductive thin-f£film material, and organic-semiconductor

thin film.

Furthermore, it can be used also as a luminescent

thin-film material which emits fluorescence or

phosphorescence.



.Exampl e 15 (Synthesis of Conpound G 0. O v Br ~ ~ ~ ~ Br S Conpound G
It was synthesized according to the procedure of the synthesis of Conpound
E from conpound A 53% of yield, and 100% of purity. 1H NVR ( 300MHz /
CDC13 ) 8 1.00 (d, 12H), 1.75 (dd, 2Hyg 1.87 (m 4H) 4.11 (t, 4H), 7.07
(dd) 2H), 7.55 (d, 2H) and 7.68 (s, H? Exanpl e 16 <Synt hesi s of Pol ymner
Conmpound 13> According to the procedure of Exanple 6, it was synthesized
usi ng Conmpound G 260ng and Conpound E 300nmg. The yield of the resultant
pol ymer was 150ng. In the copolyner, the ratio of the repeating units
correspondi ng t np d d - 20, ghyger IS
referred to as g% ?H%b S%gﬂgrcgﬁﬁ g Bngéféggﬁg %ggégé gvgga e
nmol ecul ar &gégg Q § Pol ymer Conpound 13 was Mi=9.0x104) and Mw=2. 0x105

7

Example 1 eS|s of Pol ymer Conpound 14> 112 According to the
procedure of Expipl §oBymbt HEH é%”%ﬁ@sb%égeﬂﬁ' EHvQHEEBH“GoE $998". afyompound
G 64ng, N, N bis (4 bronnpheny ) - N, s (4-n-butyl phenyl ?

1, 4phenyl egesthpie nﬁa§1§9nEethQSnYtﬁédeQéchSdégsabhgﬂlEtQHBOBWTEB ¥Asa80Ny.
In the copolyner, the ratio of the repeating units corresponding to

Conpound Gndoapeatiode , aafldt bre a6t gender Lugetrveohtabis 14héOpoIlfmer
copolyner is referred to as Pol yner Conpound 14. The pol ystyrene reduced

aver age nudampowid wef ghtihe opr&senteinenpbond 14 was Mh=3. 2x104, and
Mrv=6. 3x104. Synt hetic Exanple 18 (Synthesis of Conmpound HH HOOH Br ~ ~ ~ ~
Br S Conpdihal ¢+dimibe bayenemayabevapheof, aCbhgbtinemEtiifig hageaddead to
di chl oronet hane 11nil, and after conpletely dissolved in
hole transporting layer, and an electron transporting
layer, and it is preferable that the organic layer is a
light emitting layer.

The light emitting layer means a layer having a
function of light-emission. The hole transportating layer
means a layer having a function of transporting holes, and
an electron transporting layer means a layer having a
function of transporting electrons. The electron
transporting layer and the hole transporting layer are
collectively referred to as a charge transport layer. Two
or more layers of the light emitting layer, hole
transporting layer, and electron transporting layer can be
used each independently.

When an organic layer is the light emitting layer,
said light emitting layer which is an organic layer may
contain further a hole transporting material, an electron
transporting material, or a light-emitting material.

The composition comprising the polymer compound of the

present invention and at least one compounds selected from



it, 3.5nml of boron tribromde(1l.0 nol/1 dichloronethane solution) was added
dropw se. After the dropwi se addition, it was heated to 40~, and stirred
for 5 hours. The reaction mixture was poured into O-C i on-exchanged water,
and stirred for 1 hour. The deposited lid was filtrated and dried in
vacuo, 0.60g of the desired product was obtained. (96% of yield, 99% of
purity). 1HNWR (300MHz / (CD3)2S0) . 8 7.60 (s, 2H), 8.16 (s, 2H), 10.485
(br, 2H) 113 MS5(APCI (-)): (M H - 373 Exanple 19 (Synthesis of Conmpound J)
/' \ _O-\ / Br Conpound J Conpound H 5.00g, 1-brono(4-pentyl phenoxy
propane) ld.Hkgl e PO &sSpout Dindi vaeé £i 81 24gn agle bFor Sttanepertbagged into a
reaction vessel, and refluxed with heating for 4.5 hours. It was separated
with tol uerstenbalptaEnd hight hembt gbng cmabyrtalasarxbe assed, asnad dried with
sodium sul fate. After renoving the solvent, filtrated through a silica ge
short col umght +émiot iepenateshahgor sacaharge tvansppreimgthaheriadxane,
and 7.77g of the desired products was obtained. The yield was 74% and the
purity wadneomixingivkhe polwrer /cammiend &f otleg presenf, inveatPoss (m
20H), 4.25 (t, 4H), 4.34 (t, 4H, 6.86 (dd, 4H), 7.07 (dd, 4H), 7.49 (s,
2H), 7.94 gnd phols skpansper tiygitmatesiat, Poby mixednpatihe e5>t®npound J
391ng and 2,2'-bipyridyl 130ng were dissolved in |4nl of dehydrated

t et r ahydr GYrrt TP U AT MM Fefedt at oS pret e; 80 wt¥ based on the

ol it} on. CRHPY (AIERpUAC e TEREVES S HPY L 50Ls BRRESRRREaS (BFY 3 hours.
114 Atter digd 2afd hutills (8PS PPndl SthfollBd SPOUEE §fefent
invention and an electron transporting material, the mixed
ratio of the electron transporting material is 1 wt% - 80
wt% based on the total amount of the mixture, and it is
preferably 5 wt% - 60wt%. Furthermore, when mixing the
polymer compound of the present invention and a light-
emitting materiél, the mixed ratio of the light-emitting
material is 1 wt% - 80 wt% based on the total amount of the
mixture, and it 1s preferably 5 wt% - 60wt%.

When mixing the polymer compound of the present
invention with a light-emitting material, a hole
transporting material, and/or an electron transporting
material, the mixed ratio of the light-emitting material is
1l wt¥% - 50 wt% based on the total amount of the mixture,
and it is preferably 5 wt% - 40wt%. The total amount of the
hole transporting material and the electron transporting
material is 1 wt® - 50 wt%, and it 1is preferably 5 wt% -
40wt%. The amount of the polymer compound of the present

invention 1s 99wt% - 20wt%.



roomtenperature, added dropwise to a mxed solution of 25% aqueous amoni a
7ml/ met hanol 80mL / 40nl i on-exchanged water, and stirred for 1 hour. The
deposited precipitate was filtrated, dried under reduced pressure for 2
hours, and di ssolved in tolune 20 n1 hydr ochl ori c-acid 20nL was added
and stirred for 3 hours, then the aqueous | ayer was renoved and 4% aqueous
ammoni a 20nL was added to the organic |ayer, and after stirring for 3
hours, the aqueous |ayer was renoved. The organic |ayer was added dropw se
to met hanol 100ni, and stirred for 1 hour, the deposited ' precipitate was

filtrated and gyd ethdimifle I‘Wﬁﬂ@qﬁ@céﬁaﬁ hoestrad t hen di ssol ved

in toluene 20m.. Then, purification through alum na colum (10g of al uni na)

was carri _a-.d.—amtpozetﬁdxg eRmeaien ! Qe giod it Mes niditieri 4D tetdwnol
100nmL, stirred for 1 hour, and deposited precipitate was filtrated and

dri ed underixestiudambwir dos o feuliamw wedighst cbmpumds, Basowabt ained in yield
of 220ng. This polyner is referred to as Pol yner Conpound 15. The

pol yst yr emphosgduearec caandr agpanproninelsulaard ieiayint  pedfl yRed iy neeompeoamadal rehl enas
Mh=2. 3x105, and Ma=1. 1x106. Exanple 21 <Synthesis of Polynmer Conpound 16>
It was synisiedsi zad ddcdsdiprgfiecratiie grodsturee pflyentanmindisidg) conpound
J 274ng, and N, N -bis(4 .

br onophenythe- mqsl;ebﬂst(wsmotmtiﬂqomtﬁr)mll A-edieatnamddianfperting s - 102ny.

The yield of the resultant copolymer was 50mg. In the copolyner, the ratio
of the repé&erdgluen §16F1td|eﬂ\§-ﬁ'- "rﬂ Waderqfvélql\l@‘%&qm@%ﬁ'ne

derivative is 70:30..  This co is referred to as Pol yner Conpound 16.

The poIysF?F@WéiFéG@béﬁeévér% ﬁ&qﬁﬁﬁﬁﬁ'QHggﬂﬁF Hyshahedsafo Mt 16 was

Vh=8. 1x104, | 22 <Fl h
0 2o =~ entoran mrsoFSW&ﬁs  BSaa e e e e it e S ot e

on quartz,,gnd g%tl EJF”E%‘% %?:'f & poyiatd ad vinye %“‘é%dy The

f1 uor escence spec thi neasur usi ng

Z ggCts Lg%gﬁ?ﬁ%&gﬁ; gge&@btfa%'d %%%)o 1yﬁxje?r sOfthteli‘:'er@fha%n% ok %xfo'nié‘%ﬁpcs cence
peak wavel ength and fluorescence intensity as shown
in Table &mjh@speet @élivetives thereof. These are disclosed in WO
99/13692, WO 99/48160, GB2340304A, WO 00/53656, WO
01/19834, WO 00/55927, GB2348316 and WO 00/46321, WO
00/06665, WO 99/54943, WO 99/54385, US5777070 and WO
98/06773, WO 97/05184, WO 00/35987, WO 00/53655, WO
01/34722, WO 99/24526, WO 00/22027, WO 00/22026, WO
98/27136, US573636 and WO 98/21262, US5741921, WO 97/09394,
WO 96/29356, WO 96/10617, EP0707020 and WO 95/07955, JP
2001-181618A, JP 2001-123156A, JP 2001-3045A, JP 2000-
351967A, JP 2000-303066A, JP 2000-299189%A, JP 2000-252065A,
JP 2000-136379A, JP 2000-104057A, JP 2000-80167A, JP 10-
324870A, JP 10-114891A, JP 9-111233A, JP 9-45478A, etc.
As the light-emitting material of low molecular weight

compound, exemplified are: naphthalene, and derivatives

thereof; anthracene and derivatives thereof, and



116 Table 1 Pol ynmer ConpoundFl uorescence peak (nn) Fl uorescence

i ntensityl4260. 6724741. 6534701 . 6244504. 1354401. 8264583. 9674b82. 8984612. 1494
721.73104381. 76114802. 18124743. 32134181. 38144762. 92154031. 94164693. 37
Exanpl e 23 <Device characteristics> On gl ass substrate on which ITO film
was fornmed in a thickness of 150nm by sputtering nethod, a filmwas forned
by. a thickness of 50nmwith a spin coat using a solution 117 (Bayer Co.,
Baytron P) of poly (ethyl enedi oxythi ophene) / polystyrene sul fonic acid,
and then it was dried at 200C for 10 m nutes on a hot plate. Next, filns
wer e forned dﬁmé’;ﬁtﬁ—V@@atﬁhmg'edﬁ;h o Loidly Qﬁ%lte%gee%u(yg 800r pns, usi ng

t ol uene sol utions of the polymer conpounds obtairned a o€ whose
concentratigﬁlﬁﬂﬁéhééﬁsboXbath@nbs5wb%Mm§anEL|HhﬁhE KRgRS vag about 60nm
Furt hernore gfter drying this at 80~ under reduced gressﬁﬁe or 1 hour, an
EL dvi ce waRYPEBXYEHiBaling aEpbbiet megaabesipde 8F kkE ga e gﬁthode

buf fer Iayeg abggt 5nm of cal cium and subsequently, about ~¥BHAVEF

al um num as>t &3 ?hB’B%‘.’eﬂeré,etaaphenyhecyezupghglggigﬁegegghgg to 1x10-4Pa
or |ess, th&egfpggitipn of nmetal were started. By applying a v%ltage to the
resul tant devices, %i‘aﬁﬂt¥%%h9%¥lbm¢ndieméféﬁigm@yaggg@hgggggneg from

t hese devi ces assﬁggir/;g.i t he bel ow Table 2. The intensity of E Wght

em ssi on was approxi ﬁ%‘?rﬁsﬁ'lb'r JFRAYR dRrlieniashalimoTanda dansis Y57. 118 Table

2 Polymer S/0U%E Jp 59-194393a, can be used.

As the Phosphorescent compounds, exemplified are:

those having iridium as a central metal, such as Ir(ppy)3

and Btp; Ir(acac); those having Platinum as a Central metal

such as PtOEP; those having europium as a central metal

such as Eu(TTA)3phen, etc.

7\
N=

/4 N-—M
— Ne I(ppy)

\_4

Btpslr(acac)




EL Peak ~nm)Light Emtting Efficiency (

cd/ A) 24800. 1244520 5554280. 0264720. 0374600. 0794600. 36104120. 31114920. 371247
20. 60134360. 37144680. 28154780. 50164801. 85 Synt hetic Exanple 6 (Synthesis of
Compound K) Br ~ ~ Br ~ o~ Conpound K-{nder an inert atnosphere, benzofuran
(23.2g, 137.9mv1l) and acetic acid (232g) were charged into a 1L of 119

t hree-necked flask. Af ter dissolving by stirring at a roomtenperature,
the tenperature was raised to 75C. After the tenperature rising, diluted
brom ne (92.6g) 579.3mm1l) with acetic acid (54g) was added dropw se. After
the dropw se addition, it.was stirred for 3 hours at the fixed tenperature,
and then |eft to(ggolc fter checking the disappearance of raw material by
TLC, aqueous sodi fimffosul fate sol ution was added to terminate the
reaction, and theny N as stirred at a roomtenperature for 1 hour. After
t he stirrlugH t he c#kel CoHL | trated, and further washed w th aqueous
sodiun1thiosu?fatg-p. ter, and thpoppri ed. The resultant crude product
was recrys g} ¢ il and the desired product was obtained.

(Anount :  21° 8g, ‘el 0= ﬁ—l—NI\/R(BOOM—Iz/ CDC13) . 8 7.44 (d, 2H), 7.57
(d) 2H), 8.03 (s, 24 Synthetlc Exanple 7 (Synthesis of Conpound L) HO ~ ~
CHUo ~ ~ . ConpeggdciHdinder an inert atnosphere, Conpound K (16. 69,
50.9mmol ) and tetrahydrofuran (293g) were charged into a 500m. four-necked
flask, and it was cooled to -78C . After

— ——

S~

Eu(TTA);phen

Specifically, examples of the phosphorescent compounds
are described in: Nature, (1998), 395, 151; Appl. Phys.
Lett. (1999), 75(1), 4; Proc. SPIE-Int. Soc. Opt. Eng.
(2001), 4105 (Organic Light-Emitting Materials and
DevicesIV), 119; J. Am. Chem. Soc., (2001), 123, 4304;
Appl. Phys. Lett., (1997), 71(18), 2596; Syn. Met., (1998),
94(1), 103; Syn. Met., (1999), 99(2), 1361; Adv. Mater.,
(1999), 11(10), 852; Jpn.J.Appl.Phys.,34, 1883 (1995), etc.

As a polymer compound to be mixed with the
phosphorescent compounds, those represented by formula (1-
1) having only the structure of X=S are preferable.

Regarding the thickness of the light emitting layer,
the optimum value differs depending on material used, and
may properly be selected so that the driving voltage and

the light emitting efficiency become an optimum value, and



addi ng dropwi se n-butyllithium (80nl <1.6 nol/L hexane 120 _ solution>
127.3mmpl), it was stirred for 1 hour at the fixed tenperature. Under an

I nert atnosphere, trimethoxyboronic acid (31.7g, 305.5mvol) and
tetrahydrofuran (250m) were put intoéﬁ)looonﬂ four-necked flask, and
cooled to -78~, the above-nentioned reaction m xture was added dropw se
thereon. After the dropw se addition, the tenperature raised slowy to a
roomtenperature, and it was stirred at a roomtenperature for 2 hours, and
t he di sappearance of the raw material was checked by TLC. The reaction

m xture MB@h&hﬁﬁi&ﬁhé@@Olgpnﬁ@ﬂtéﬁ&ﬁﬁ1§p|fﬂ6m01aﬁmdt63ﬂgﬁnﬁnd wat er (600mL)
in a 2000nl beaker, and the reaction was term nated. Tol uene (300ml) was
added, ancbﬁéteemwiﬁrémyzrnmm ex00 anh cdfuntide f upt&eerabdipetiromt  addi ng
water. After distilling off the solvent, 8g of thereof and ethyl acetate
(160m) weire fut200tmma 300nil four-necked flask, then, 30% aqueous hydrogen
peroxide (7.09g) was added, it was stirred at 40~ for 2 hours. This

reacti on m xt urfs veastowsineg me thodnofiquze ublght venbit g ahaperonf emm
iron(ll) sulfate (71g) and water (500nil) in a 1000ml beaker. After
stirring, etenmpkejargxenplifiedsiexa metked bindt Wb hterning fwemra By
distilling off the solvent, a crude product 7.57g of Conpound L was
obt ai ned. W EHER rum . [MJﬂ 199.0 121 - Synthetic Exanple 8 (Synthesis
of Conpound M Cbnpound MIn a 200nml four-necked flask under an inert

at mosphere, Cofpbuhe IE4Imofogning nethad LFRR R ¥$4R%e5|zed accor di ng
were put PP LGAAT fwsﬁ'%ﬁrhﬁéré R |95 Pl o c%%‘bﬁ%%‘i’? FEREERS O acti um
e ot B AT e AL il o R
dr opw e SRHIGn. 5%%%%@%?‘&%?%? S gemla L lie et 1 o1
hours at f imeRdhdeE r@tégaq: thdde scB SAPREM BNSF e tHdE, I SV erial

was checked by TLC Mater (50mMl) was added to term nate the reaction, and

then tol ugnranititrgl) eskcifthy WM MU FOF d Y @ MRELIRY] raaed erhk ajut t hen
washed with water tw ce. ﬁﬁter bei ng dried with anhydrous sodi um sul f ate,

t he sol veprivadndj stdtHeall, addn Wy ymed f \Bmintirey mestHdds)t suaehleagpr oduct
with a silica gel colum, the desired product was obtained. (Amount:1.84g,
Yi el d: 38%sc8espertimbing Mf 2o draphy method, offset printing, and
ink jet printing method, are preferable, since pattern
forming and mulficolored printing are easy.
As the ink composition used for the printing method
etc., at least 1 kind of the polymer compounds of the
present invention should be contained, additives, such as a
hole transporting material, electron transporting material,
light-emitting material, solvent, or stabilizer, may be
contained in addition to the polymer compound of the
present invention.
The amount of the polymer compound of the present

invention in said ink composition is 20wt% - 100wt% based

on the total weight of the composition except the solvent,



122 Conpound N In a 500nl four-necked flask, under an inert atnosphere,
Compound M (7.50 g, 17.7mpl) which was synt hesized according to the
‘procedure of Synthetic Exanple 3 and N, N-di net hyl f ormani de were put in,
after dissolving by stirring at a roogytenperature, it was cooled with an
jce bath. After cooling, N bronosucainimde (6.38g, 35.9mmp1l) diluted with
N, N- di net hyl f or mam de (225ml) was added dropw se. After the dropw se
‘addition, the tenperature was kept cooling with an ice-bath, at a room

tenperature for 18.5 hours, and then raised to 40 i, and it was stirred for
6.5 hours gfat e tur t he di sappearance of the raw
material was c Feﬁ é§€l§ E§§E$he gSnggt was distilling off, and then

tol uene (75m) Wﬁénaéd%'lwné' §§%8§taiﬂ€d0r9§8' Smbéﬂéro?éﬂéhléﬁébiféei’i’tt h
water three tines. After being dried with anhydrous sodium sul fate, the

sol vent wagndtkéi LhROcOhposBY18HT LEYLREsA9babL L9 bhbedr 8aUthantothlude
product with a silica gel colum, the desired product was obtained.

(AmDunt:O-Wﬁghtlbt%(é&%iti@ﬂﬁiefeﬂéblﬁ BoWescbo. 6Fhks, 1aﬁ& 1.95 (m
24H), 4.11 (t, 4H), 7.34 (s, 2H), 7.74 (s, 2H) MS spectrum. M- 582. 1
Exanpl e 24méSy nphebésawly ®oposnddNDwts123 . Exanpl e 25 <Synthesis of
Pol ymer Conpound 17> It was synthesized according to the procedure of
Exanpl e 20, usiTige Goupbaimte NyBS6ogit, oF - bhe ( bk ocoppesytiel, is

- bi s(4-n-butyl phenyl) -1, 4phenyl enedi am ne 153ng. The yield of the
resul t ant ¢epemdromathd IPnintimgtmnetbodsl yWeen the inki composhbiompiating
units of the di benzofuran derivative and the am ne derivative is 70: 30.
Thi's poIyd@¥°¢%sﬁ%¢éY#Qxﬁt@i%@h#@$¥h@raﬂbﬂﬁéﬁﬁﬂv1?n gréepotgspyeeertr educed

aver age nnlecular Iz%ht of Pol yner_ Conpound 17 was Mh=1.3x10', and

MA=6. 3x 1019 RY eincblertdeties %c?%r¢%§?¥%§9¥&%orﬁ?ﬁg to the
procedure 0 Exa le 22, a_thin-fi|m of nd 17 was rmed and
the fluore rYhtS v%%eﬁﬁﬁ%%}%dlnf&g :ﬁr es (grﬁ% 541{5 and

fluorescence p"fﬁ‘fe YR SO s 8858 "L Bl 448 mp'%sfé‘f‘éﬁ?'fs ot
especially limited, and preferable are those which can
dissolve or disperse the materials constituting the ink
composition other than the solvent uniformly.

When the materials constituting the ink composition
are soluble in a nonpolar solvent, as the solvent,
exemplified are: chlorinated solvents, such as chloroform,
methylene chloride, and dichloroethane; ether solvents,
such as tet;ahydrofuran; aromatic hydrocarbon solvents,.
such as toluene, and xylene; ketone solvents, such as
acetone, and methyl ethyl ketone; and ester solvents, such
as ethyl acetate, butyl acetate, and ethyl cellosolve
acetate.

Moreover, as the polymer LED of the present
invention, there are exemplified: a device having an

electron transporting layer disposed between a cathode and



<Devi ce characteristics> An EL device was fabricated according to the

" procedure of Exanple 23 using Polyner Conpound 17. By applying a voltage to

the resultant device, EL fromthis device having a peak at 468nm was

. Observed. The intensity of EL Iunineggence was approxinmately proportional
to the current density. As for the dévice, the | um nance exceeded 1 cd/n®

124 . at about 3.3 V, and the maxi numefficiency of 1.01 cd/ A was shown.

. Exanpl e 28 <Synthesis of- Pol ynmer Conpound 18> It was synthesized according

to the procedure of Exanple 20, using Compound N 285ny, N,

N -bi s(4bronophenyl )-N, N - bis (4-n-b I I ; H A
8. - andaniABnE SmLESbRENIAHRERy| £ APEORe JRVSHY) B DoL4pAeassBOtIng IO e

resul tant pol ynmer was 90 In_the ¢ Ly , Al t legi®f inle 15epeEat i Ng
units of ﬁﬁ&eaiEéﬁ?SF&PaggagFFQaFPvgggﬁg ?ﬁg gnﬁﬁghﬁeFﬁéatﬁvgg ig,

respectively, 7Q:10Q:20.in.the_order h r¢QmgouRgerd@ieposed as the
above. ThRB4pE (&Y cPsthﬁQPrgg ?@eg§§B§|$ﬁ§?gggnpofﬁg ?g? The pol ystyrene

reduced aver%ggﬁp”}g'e%%hggew%kﬁhg qf gRY wARt tTAGP A ay@ r], 8 ands aMode8x104, and

NMFl.?XlO??t uorescencé characteristics > Athin film of

Pol ymer %gp@tﬁ@%%&%ﬁé@?ﬁ?ﬁ@%@@%@%ﬂ ke pnededard af lEghtpl e 22.

The fluo i's thin fil mwas neasured using a
spectroph%t Ekngp@% [, (Fl uorol og made by JOBI NYVON- SPEX Co.). A strong

f I uor escefite was “obsérved and fl uorescence peak was shown at 458nm Exanple
30 <Device char gghelidhinds> thb2%ollbwibly devuceumes Bdbtioc&edT&ccor di ng
to the procedure of Exanple 23 using Polyner Conpound 18. By applying a

vol tage tqQ el handxedpaigdedEL | um nescence fromthis device having a
peak at 468nm was observed. The intensity of EL |um nescence was
appr oxi matg) Yaraarigronamitict it lapeninatd@da ty. As for the device, the
| um nance exceeded 1 cd/nz at about~3.3 V, and the xJ mum ef ficiency of
2.96 cd/AwyaSarB&mWhoE(amﬂnﬁmde}mﬂWé@%”cﬁg%I% ound 19> It was
synt hesi zed according to the procedure of

layer/cathode :

c) anode/light emitting layer/electron transporting layer/
/cathode

d) anode/hole transporting layer/light emitting
layer/electron transporting layer/cathode

(wherein, / indicates adjacent lamination of layers.
Hereinafter, the same)

When the polymer LED of the present invention has a
hole transporting layer, as the hole transporting materials
used, there are exemplified polyvinylcarbazole or
derivatives thereof, polysilane or derivatives thereof,
polysiloxane derivatives having an aromatic amine in the
side chain or the main chain, pyrazoline derivatives,
arylamine derivatives, stilbene derivatives,
triphenyldiamine derivatives, polyaniline or derivatives

thereof, polythiophene or derivatives thereof, polypyrrole



Exanpl e 20, using Conpound N 263ng. The yield of the resultant polyner was
50ny. This polyner is referred to as Pol yner Conpound 19. The pol ystyrene
reduced average nol ecul ar wei ght of Pol yner Conpound 19 was Mh=8.9x10'",
and Ma=1. 9x105. Exanpl e 32 <FIuoresce§§e ch~.racteristics > A thin film of
Pol ymer Conmpound 19 was fabricated according to the procedure of Exanple 22
and the fluorescent |ight was neasured according to the procedure of
Exanple 29. A strong fluorescence was observed and shows fl uorescence peak
at 411nm Exanple 33 <Device characteristics> An EL device was fabricated

%§CSL§1 4 a3€§+{?é§£9?%ff%%r§§§ ol PRRY (Heb ey L EEREnFTSHE ngﬁr‘éi’ “i56nm
cur ront  aeuGr tYRERkBp CPRpLof, FoLY TR SUPRRERITCHLRYIBRED B8 "ot "bour

4.9V, anqdép%¥g§%§ggniﬁé%%gkgggﬁhgﬁﬁflgﬁegd/A was shown. Synthetic Exanple

9 (Synthesis npoun ~~~~C Ow ~ Owe Conpound P A

starting mat eghal1@h c2exdmpled ofCthamploleX ¥rhnsboiheNHatedaalynt hesi zed
from 1-brono-2; 5-di met hoxybenzene by a coupling reaction using zero-val ent

ni ckel . Ungdes)@de i PRELe 248BEPIBEE. iR, 2P, B35Y0ob sy AanBPheay135d860R1 pheny!
(7.0g, 26mmol ) was charged into a threenecked flask, and dissolved in

dehydr at ecz N Nsls 584 hyhp oz resb 8e14 100p1) - 20pBeAcOOPi Bg3vhe2hl asll by an ice
bath) from a dropping funnel, N-chlorosuccinimde (6.8g, 52mvpl) of

dehydr at ed3 N2 U8 4®t hyl f or mam de (70nl) sol ution was added dropw se for 15
m nutes. After the dropw se addition, the tenperature raised slowy to a
room t enper at ur Amend) sheémys iag thevikgle atranspariting imaterialts jused. Water
(300m) was added to the reaction mxture, and the deposited precipitate
was col | eckiedthaHeokestranspopt bed pl 2%eE. Wbsefeeahlie aare zealypem hole

t ol uene/ hexane, and the 127 )
transporting materials such as polyvinylcarbazole or

derivatives thereof, polysilane or derivatives thereof,
polysiloxane derivatives having an aromatic amine compound
group in the side chain or the main chain, polyaniline or
derivatives thereof, polythiophene or derivatives thereof,
poly(p-phenylenevinylene) or derivatives thereof, poly(2,5-
thienylenevinylene) or derlvatives thereof, or the like,
and further preferable are polyvinylcarbazole or
derivatives thereof, polysilane or derivatives thereof and
polysiloxane derivatives having an aromatic amine compound
group in the side chain or the main chain.

Moreover, as the hole transporting material of low
molecular weight compound, exemplified are pyrazoline
derivatives, arylamine derivatives, stilbene derivatives,
and triphenyl diamine derivatives. In case of the low
molecular weight hole transporting material, it is

preferably dispersed in a polymer binder for use.



. -- desired product was obtained. Anpunt 5.8g) 1H NWR (300MHz / CDC13) . 8

3.74 (s, 6H), 3.87 (s, 6H), 6.85 (s, 2H), 7.02 (s, 2H) Synthetic Exanple 10

*(Synthesis of Conpound QQ HOHOCI ~ ~ ~ ~ CI OH OH Conpound Q Under an
“inert atnosphere) Conmpound P (5. 8g, %gnnmﬂ) was charged into a three
ed

.necked flask, and dissol ved in dehydr

met hyl ene chloride (100nml). Wile
cooling the flask by an ice bath, nethylene chloride solution (1 nol/L,

.50nml) of boron tribrom de was added dropwi se for 30 mnutes, froma

droppi ng funnel. Being extracted with ethyl acetate fromthe reaction

liquid, the organic_|ayer was washed wth water, then the_solvent was
‘distilled off af8 the BedVMEd PiBAEE: tRaBeoPiXeRed PrEeTARLS! RES:

e ont E?tnghg'g?%% *Bo0ppt InbiRRE  ShRrES) h%%%%fr%g%étogie?ﬁgsf'eﬁﬁ?lre AT
ggynEEZS|§agF gﬁnﬁBﬁ aﬁfzH¥f?§gH%P%éréF%C%HanS¥n &bgﬁﬁéégﬁéethnder an
h | 7 Zeol HSZ
e S gt COmRNNY, Qe Sh LTI p220 S (RuTs Ze0 11 13
h d h h
EES U e e i

i's cool ed Eﬂ%ﬁ%ﬁgﬁeaofoﬁgkiggﬂ§§?gu%ﬁegéeg hq&gﬂgn 200m) was added to it.

The deposite reciprtate was trated) washe h hexane, and dried. The

precipitatgp ?léﬁéb@ﬁ&QQnEOtBreBE¥h@S€&€E§ tAB¢ebRe pahy(RoB-was filtrated
t hrough a shori columm”™of silica gel. The solvent was distilled off, and

the desi reﬂhﬂé@f!@he%ﬁy.@@h@) ned. déﬂmuﬂvss%her&/&fspgsnyua\:bohhﬂtbﬂ. 267.0
Synthetic Exanple 12 (Synthesis of Compound S) F3C ,00~ CF3 O-S S;0 CI' ~
~% ~Cl polyacrylate, poly methylacrylate, polymethylmethacrylate,
polystyrene, polyvinylchloride, polysiloxane, etc.
Polyvinyl carbazole and derivatives thereof are
obtalned from, for example, a vinyl monomer, by cationic
polymerization or radical polymerization.
As the polysilane or derivatives thereof, there are
exemplified compounds described in Chem. Rev., 89, 1359
(1989) and GB 2300196 published specificatlon, and the
like. For synthesis, methods described in them can be
used, and a Kipping method can be suitably used
particularly.
As the polysiloxane or derivatives thereof, those
having the structure of the above-described hole
transporting material having lower molecular weight in the
side chain or main chain, since the siloxane skeleton
structure has poor hole transporting property.

Particularly, there are exemplified those having an

aromatic amine having hole transporting property in the



.Conmpound S Under an inert atnosphere, Conpound R (4.2g), and 4 129 -

N, N- di net hyl am nopyridine (5.79) were charged into a three necked fl ask,
‘and di ssol ved i n dehydrated nethyl ene chloride (40m). Wth cooling the
“flask by an ice bath, trifluoronethang sul fonic acid anhydride (11g) was
added dropwi se for 30 m nutes. Then, Re tenperature was raised slowy, to
a roomtenperature, it was stirred for 5 hours. Tol uene was added and
filtrated by filter paper, the filtrate was filtrated through a silica gel
short colum, and the solvent has distilled off. The resultant solid was

recrystalll d fromtol uenge / hexane and the desired product was obtained.
(7.69). iﬁ%«%@%ﬁ%& hagny gg (s, 2H) and 7.93 (s, 2H) Exanple 34

SﬁBZEﬁZ'Z (3. o R A %4%%550% rb%rwoaﬁnﬁte{e‘?"%%sr o9 TSRy EBr bonat e
(5790), ange et Lok a0 phggy! Aoyl epgygdﬂ,m(gr% ghgtesgechar ged

I nto 100nl"T édac I'n degassed ) and

ol vene. | ¥ eﬁ,;%am"i ﬁ% o B e g o ool Sl B PR G 1
r30 Snort. Lyt s AKLAdE .efwe@tm%%?adéémieﬁ wit Jhﬁoiﬁﬁé‘ft@fﬁdé:?"d

was purifi a silica gel and t he desired product was

ibg‘;" ?rend 4% @er%ﬂﬂi\&\d? ( 130QMeZ daddPClB @ pd19met Hold Hrankbrifg 4H) .
material, a method in which the layer is formed from a

solution is exemplified.

The solveqt used for the film forming from a solution
is not particula;ly restricted providing it can dissolve a
hole transporting material. As the solvent, there are
exemplified chlorine solvents such as chloroform, methylene
chloride, dichloroethane and the like, ether solvents such
as tetrahydrofuran and the like, aromatic hydrocarbon
solvents such as toluene, xylene and the like, ketone
solvents such as acetone, methyl ethyl ketone and the like,
and ester solvents such as ethyl acetate, butyl acetate,
ethylcellosolve acetate and the like.

As the film forming method from a solution, there can
be used coating methods such as a spin coating method,
casting method,.micro gravure coating method, gravure
coating method, bar coating method, roll coating method,
wire bar coating method, dip coating method, spray coating
method, screen printing method, flexo printing method,
offset printing method, inkjet printing method and the

like, from a solutilon.



-7.28 (d, 4H), 7.39 (d, 4H), 7.70 (s, 2H), and 7.84 (s, 2H). Exanple 35
<Synt hesi s of Pol yner Conpound 20> It was synthesi zed according to the
‘procedure of Exanple 20, using Conpound T 297ng, N, N -bi s(4-brono
‘phenyl)-N,N‘-bis.(4-n-buty|phenyl)-l,ﬁ-phenylenedianine 138ng. The yield of
the resultant polyner was 234ngy. In t g copolynmer, the ratio of the
repeating units of the di benzofuran derivative and the am ne derivative is
"70:30. This polyner is referred to as Pol yner Conpound 20. The pol ystyrene
reduced average nnlecular meight of Pol ymer Cbnpound 20 was Mnh=4. 3x103, and

B OH OH OonpouriPaRSASR chs %mé e 3% 19 TH G e PREE A G nated
L3 oo fed9, nd DEo LRSS WA FuR! s PUELPE AEnIATR o MALERELTS
fesi red prodest dé@%fkﬁ&t%@%ﬁ%ﬁidﬁé TpRhecY Oy B et By a8 STy
8.97 (s, %lta?gé%,(& u%b)11§1¥9t&ﬁﬂeiﬁgaé@kfcilené;yﬂaé&%Saf?fo&m&wnd V)
value. The thickness is should be at least such that
pinholes are not generated, but when it is too thick, the
driving voltage of a device becomes high, and it is not
preferable. Therefore, the f£ilm thickness of the hole
transporting layer is, for example, from lnm to 1 Um,
preferably 2nm - 500nm, and more preferably 5nm - 200nm.
When the polymer LED of the present invention has an
electron transporting layer, known compounds are used as
the electron trénsporting materials, and there are
exemplified oxadiazole derivatives, anthraquinonedimethane
or derivatives thereof, benzoquinone or derivatives
thereof, naphthogquinone or derivatives thereof,
anthraquinone or derivatives thereof,
tetracyanoanthragquinodimethane or derivatives thereof,
fluorenone derivatives, diphenyldicyancethylene or
derivatives thereof, diphenoquinone derivatives, or metal
complexes of 8-hydroxyquinoline or derivatives thereof,
polyquinoline and derivatives thereof, polygquinoxallne and
derivatives thereof, polyfluorene or derivatives thereof,
and the like.
Specifically, there are exemplified those described

in JP 63-70257A, JP 63-175860A, JP 2-135359A, JP 2-135361A,



} i nt hetic
Beanpl o 11, Compound U vas. used i nst ead of Eﬁnégﬁggréffgﬁé:tEéyﬁgﬁggfg )
ggﬁggﬁ;dme; ngaLnggﬁngnszSTLug]ih£g¢kﬂé05?g-flafE:ZCbnpiggd(g ggg?Bg), 4
Eg}ngrgpyLPnggiZA??5938}.ggaﬂe??daﬁgpdsgg:o%oggﬁhﬁpg fﬁlg?a a$ﬁep¥;;ginn
g?kfﬁ?é &S;efffi:gfgdath?oLgﬁnLLSPPg;agﬁgecLFgrofo?nland hydrbchloric acid

Iayer was extracted, and
1mol/ L) Jere-209sgsho bheslhhbsahesphngponganig,
grled mnt% sodi um sul faf e. t mas pur i g h ggaﬁ 4%silica gel col um

d
(Wb Lo S0l 1) Cvaaharg  Glon /08 %*52if§kﬁ? SBiFes | "Soraoguinoneopr 1 !
(white soli was 712 (g4
73 (oot iesthdiedi) afthlatiindhl o8 JRRIREEVEH MippRer:

Conpound 21 Ime el cty el < esle 260§ &k Sy § 91 hOE: RLOSEIYLE; of L Bxanpl e 20,
usi ng Conpound W 174ny,

N. N - bi ( 4BeResifen B9 MNndL d-andU1et Bheids ledsplsay! enedi ari ne 82y,

The yi el d~of the resultant polynmer was 95ng. In the copol ynmer, the ratio of

' rivative
PO vainoRsL irtee ahd)eimﬁwmec&rﬂn@éd&e A€ e
T2e76eggafn ?ﬁe above descri bed order of the correspond#ng‘%ﬂ%nn conpounds.

aver e T coul gt AL 5 Bo Yo Compoon 21wk ML AR ool
NMP4.7X104 2 ggtyl enyl)-1,3,4-oxadiazole, benzoquinone,
anthraquinone, tris(8-quinolinol)aluminum and Polyquinoline
are further preferable.
The method for forming the electron transporting layer
is not particularly restricted, and in the case of an
electron transporting material having lower molecular
weight, a vapor deposition method from a powder, or a
method of film-forming from a solution or melted state is
exemplified, and in the case of a polymer electron
transporting material, a method of film-forming from a
solution or melted state is exemplified, respectively. At
the time of film forming from a solution or a molten state,
the above polymer binder can be used together.

The solvent used in the film-forming from a solution
is not particularly restricted provided it can dissolve
electron transporting materials and/or polymer binders. As
the solvent, there are exemplified chlorine solvents such

as chloroform, methylene chloride, dichloroethane and the

like, ether solvents such as tetrahydrofuran and the like,



Exanmpl e 38 (Synthesis of Conpound X) ;i Br Compound X In a three necked
flask under an inert atnosphere, Conpound V (2.5g) was dissolved in
N, N- di et hyl f ormam de (54nml). To this, 3-bronopropyl benzene (4.2g) and
‘pot assi um carbonate (4.8g) were addedggand then, the tenperature was raised
to 160k and stirred for 6 hours. Then, toluene was added to it, and washed
with dilute hydrochloric acid and water. The organic layer was dried with
'sodi um sul fate, and the solvent was distilled off. The resultant solid was
purified by silica gel colum chromatography using hexane/ chloroform and

21602 27 CROnAnLe HYBToRALBRR"Sordnthy bl R eor e L agte i Dy o
170 (5. 26hePXam O donRyLIaRs 0L BR IR CRBRUNRATl bRy

synt hesi zed "acCo ng to the procedure of anple , USI
291ny, N, Npabis64
br omopheny (s CRER 2B Eon 1Ekey1 SR SPoF, SORN R e So e aine iy, The

yield of theetgtll t pOtyROLYERR+YAS1RYTRBe1hBsolvEi34dehateonally ¥l the
ratio of the repeating units of the di benzofuran derivative and the am ne

derivativelhge70: 30 in the above described order of the correspondi ng brono
conpounds. This polyner is referred to as Pol yner Conpound 22. The
pol ystyrene redugedtiRy ef DUR- FPLRLHY ame ¥ROGNEro6m RobylRticAnpoumndlBddwas

Mh=3. 5x104, and Ma=1l. 4x105.
state, there can be used coating methods such as a spin
coating method, casting method, micro gravure coating
method, gravure coating method, bar coating method, roll
coating method, wire bar coating method, dip coating
method, spray coating method, screen printing method, flexo
printing method, offset printing method, inkjet printing
method and the like.

Regarding the thickness of the electron transporting
layer, the optimum value differs depending on material
used, and may properly be selected so that the driving
voltage and the light emitting efficiency become an optimum
value. The thickness is should be at least such that
pinholes are not generated, but when it is too thick, the
driving voltage of a device becomes high, and it 1s not
preferable.

Therefore, the f£ilm thickness of the hole transporting
layer is, for example, from lnm to 1 (m, preferably 2nm -
500nm, and more preferably 5nm - 200nm.

Among charge transporting layers provided adjacent to

an electrode, those having a function to improve the charge



-Exanpl e 40 <Production of Pol ynmer Compound 23> 2ng of Pol ymer Conpound 13,
and O lng of Ir conplex, Btpzlr(acac) were dissolved in 0.2nl of toluene,
‘and a filmwas formed in a thickness of about 200nm by spin coating, and
“dried at a roomtenperature in a reduggd pressure, overnight. The
fluorescence spectrumof the resultant " thin filmwas neasured, and
phosphorescence em ssion fromlr conplex was observed. The pol ynmer conpound
of the present invention having thiophene-condensed ring unit a new pol yner
conmpound whi ch can be used as a light-emtting material, a charge

%Qg?ﬁ8°2tL%ﬁ;§?§$éhZEFsiéisacxﬁ%%8¥“§be%§s§kﬁéﬁéﬂeb§éféé%?ﬁ?gtfg%és?igg?“”d
Ay . : 1

(12 O EhE91Rg ETRRoR e QbGRERNRHY e  YohdE hE " Ma Yo cRarhet)
Ring D, eaEHpbB@?Bﬁ”ﬁSﬁ%E¥ SEDESEQ”%n?EcQEBHHEE?eEL“ ifét&%ﬂﬁ%ﬁe”ts Sor G
these repeatfng uni'ts fay have a substituent serfected fromthe group

consistingigﬁeaeiahkygygfygp, al koxy group, al kylthio group, aryl group,
aryl oxy group, arylthio group) arylal kyl group, aryl al koxy group,

aryl al kyl thi o ggrggPenRadt2hleaihe9eAEE, wakl ahkygngkbtabadPanam no group,
substituted am no group, silyl group, substituted silyl group, hal ogen

atom acyl igpeopingCyhaxyeoingectao ERbiMOafr elpct2odd, pehgnmabogerpound
according to claim1, wherein Rhng A Rng B Ring C, and Ring D are
aromati ¢ hiidsoeabbdnchangs. iljedtphnhylayecoapoliindudatcaodi dgyee hhaingl or
2, wherein Ring A and/or Ring B, and Ring C and/or Ring D have at |east one
substituena thleknhedsfofHn2anmabkylegsompy alioxbegpoopidebkafijhcenygr oup,
aryl group, aryloxy group, arylthio group, arylalkyl group, arylalkoxy
group, arytal &yl eheéotrodgs gndupprtheral Renyenhanapngaagharkpagl ofroup,
am no group, substituted am no group, silyl groug, substituted silyl group,
hal ogen atgh? teyerfaeep, PReVERLINGr BIPIngndRd EReupikani BetBiBup, im de
group, nonovalent_heterocycljc roug, carng%l groug, subs%ituted car boxyl
Oroup, andPUbLeh LRELE MaY ALER|PRerieeREStNPLaChRR] ABPELRFSI AF 18 wher oi n
the repeating unif_represented, by the aboy %ornu 1- IS a repeating
uni t | oot octBREHR b eREPEEFING [ 1eYet afn ol iSn ookt Eyng” dhyed.
The order and number of layers laminated and the
thickness of each layer can be appropriately applied while
considering light emitting efficiency and life of the
device.
In the present invention, as the polymer LED having a
charge injecting layer (electron injecting layer, hole
injecting layer) provided, there are listed a polymer LED
having a charge injecting layer provided adjacent to a
cathode and a polymer LED having a charge injecting layer
provided adjacent to an anode.
For example, the following structures e) to p) are
specifically exemplified.
e) anode/charge injecting layer/light emitting

layer/cathode



-X ~ 1/ ~~R 1 R2~b (2-1) X (2-2) X (2-3) X (2-4) (2-5) (Rs)i (R-a)j

137 wherein, X represents Sor 0; Rl, RZ, R3, R4, R5, R6, R-, Re, R9, and
‘Rl o, each independently represent an al kyl group, al koxy group, alkylthio
‘group, aryl group, aryloxy group, aryééhio group, arylal kyl group,
aryl al koxy group, arylal kylthio group; aryl al kenyl group, aryl al kynyl
group, am no group, substituted am no group, silyl group, substituted silyl
‘group, hal ogen atom acyl group, acyloxy group, imno group, am de group,

i m de group, nonoval ent heterocyclic group, carboxyl group, or substituted

ooty e Thists AL HAE T EARE el B BRTRR A LT D) each

independe@%?gffggfﬁgﬁg an integer of 0-7; and each of a+b, c+d, a+f, g+h
and i+ is one ‘or nore. 5. A polymer conpound according to any one of

Fepeat i ng i ag SngE I ST e S (Ut AT (g
(5), or quagétﬁﬁa’la#gf/cééﬁodéA‘r 2- Xy-Ar s-- (4) -Ar4-Xa- ( 5)
_Xa_ . (6) erein, Al, Ar2, Ar3, and Ar4 each independently represent
h) anode/charge injecting layer/hole transporting
layer/light emitting layer/cathode
i) anode/hole transporting layer/light emitting
layer/charge injecting layer/cathode
j) anode/charge injecting layer/hole transporting
layer/light emitting layer/charge injecting layer/cathode
k) anode/charge injecting layer/light emitting
layer/electron transporting layer/cathode
l) anode/light emitting layer/electron transporting
layer/charge injecting layer/cathode
m) anode/charge.injecting layer/light emitting
layer/electron transporting layer/charge injecting
layer/cathode
n) anode/charge injecting layer/hole transporting
layer/light emitting layer/electron transporting
layer/cathode
o) anode/hole transporting layer/light emitting
layer/electron transporting layer/charge injecting
layer/cathode
p) anode/charge injecting layer/hole transporting
layer/light emitting layer/electron transporting

layer/charge injécting layer/cathode



.an aryl ene group, a divalent heterocyclic group, or a 138 dival ent group
havi ng netal -conpl ex structure; x|, xz, and x3 each independently
rTepresents -CR11=CRIz-, -C=C, N( RI3) - , or - ( SR4R s ) x- ; Rll
and Rl z each independently represent @Ehydrogen atom al kyl group, aryl
group, nonoval ent heterocyclic group,”cCarboxyl group, substituted carboxyl
group, 'or cyano group; R13, Rl14. and R15 each independently represent a
“hydrogen atom al kyl group, aryl group, nDnovaIent het er ocycl i ¢ group,
aryl al kyl group, and substituted am no group; represents an integer of

0-2: k f 1-1 , d R15
oxi 5t .368[553{'3 ’ l#te\r%f%} S el V%}”#h% s B or
diff t. d I th
Cpeat | nolated’, RUHD A0 HEEAE 11 A8vRACBhTatnafIPRR D 1100 L

t , CRi s~I
Lo erern, SepRadeind Hldmidk J;‘.*ka;‘f%% sitfen 44 addidsed dtydin (), CR S
aryl gr oURg oy B MR t&r&ﬂéﬂuﬂﬂ@%y@f yArﬁi yc% ﬁynpa ol Yl A ZPXY

group, arylalkylthio group, aryl” al kenyl droup) ar yl group, am no

group, Subakiing @G AHNG AV potidii 1 BEwetbSEHd Uiskh Sd¢4dn 9r oup,
hal ogen atom acyl group, acyl oxy group, imno group, am de group, imde

group, nopetantilalheife:ec\uidde maltdrtal)lid, tHar i a ol posatbstdr ut ed
carboxyl group, or cyano group; 1 represents an integer of 0-4; when R16

exi sts inoffl & &lolea trlawspldrttimy nidtepialy dunmtdimesBnn qrh@thm ent, R17)
I _/m\ / \ (R18) (s) wherein, R~ and R18 represent each independently an

al kyl grompﬁnapbmxyngrd@geralbﬂdrﬁnagyikgx aryl group, aryloxy group
arylthio group, arylal kyl group, aryl al koxy group, arylal kylthio group,
aryl al kenyl gr oWpenaitikeakgie-dgsead bednichargeodipjeatiad thaved 4 do group,
silyl group, substituted silyl group hal ogen aton) acyl oup, acyl oxy
group, |nﬂﬁUe§r695ta&ﬁ#@§ Gro fenduGtdadyy é&ﬁ 1 ocyclic

Gach | ndopeRGBRELy appEedhe Sprdh Carb"éryolcﬁse"“p’ rmée éx.msf‘”?n”
el BBV B ke S R Bl o
representlggkahb¥kent between light emitting pixels, more preferably

107°% S/cm or more and 10®> S/cm or less, further preferably

10"° S/cm or more and 10 S/cm or less.

Regarding the kind of an ion doped, an anion is used
in a hole injecting layer and a cation is used in an
electron injecting layer. As examples of the anion, a
polystyrene sulfonate ion, alkylbenzene sulfonate ion,
camphor sulfonate ion and the like are exemplified, and as
examples of the cation, a lithium ion, sodium ion,
potassium ion, tetrabutyl ammonium ion and the like are
exemplified.

The thickness of the charge injecting layer is for example,
from 1 nm to 100 nm, preferably from 2 nm to 50 nm.

Specifically, there are listed the following



-140 group) al koxy group, alkylthio group, aryl group, aryloxy group,

arylthio group, arylal kyl group, arylal koxy group, arylal kylthio group,

aryl al kenyl group, arylal kynyl group, am no group) substituted am no group,

silyl group, substituted silyl group, Qalogen atom acyl group, acyl oxy

group, imno group, am de group, inid% group) nonoval ent heterocyclic

group, carboxyl group, substituted carboxyl group, or cyano group; o0 and p

"each independently represent an integer of 0-4; R20 and R21 each

i ndependently represent a hydrogen atom al kyl group) aryl group,

nonoval ent | i b oup, substituted carboxyl group,
s%@é%&’&c@iﬁéﬁ%&? c?fé’%%lrhpﬂé P y! group

or cyano group; en exist, respectively, a plurality of them

may be th%ﬁ%&é/ﬂiéﬁféﬂﬁ kiﬁyé\k' H%fﬂ{f‘fal%ﬁ&akﬁééégﬁﬁ t'?rhrB?é}q 10 ()

wher ei n, 3 represents an a group, afl koxy group, o group, aryl
group, ar yiégg/ﬁ@p,eﬁ%jmﬂiolg#&lpca@{aﬁél kyl group, arylal koxy group,
aryl al kyl thi o group, aryl alkenyl group, arylal kynyl group, am no group,
substit ut e agAde A eni i OliyeSUSdd 14K £5h S1dydr HAphg Nl ogen
atom acyl group, acyloxy group, imno group, am de group, imde group,
nonoval enttHiedli@ie®y Wi @ FHPwxr Xeddoatthadeoup, substituted carboxyl group,
or cyano group; q represents an integer of 0-2; Arl3 or Arl4 each 141

i ndependerd) yaneis Aaaniletiicar Viarer giaumg a dhddladshadrdauelorx group, or
a dival ent group having netal conpl ex structure; x and y each independently
represent lesy/lightt erdprtdsantlsayer /S ns80,at30h 1Sgyemrhafeingkeen R23 exi sts
in plural, a plurality of themnmy be the sane or different. ( R2a)r xs X~
C R2s~s _ thickmegsi Pf vhamiar JREs/gatiRE®e each i ndependently represent an
al kyl group, alko§¥4group, al kylthi o group) aryl group, aryloxy group,

aryl thi o drlo@RodaAdngudatian dayes hayingke drdgkness iofldyim 9% group,
aryl al kenyl group, aryl alkynyl group, am no group, substitufed_am no group,
silyl gr oﬁﬁsss/ﬁ’(?s]tq ttd;t/aé’(fpﬁq"{;lnﬁgﬂﬁl}),r/ﬂ%%’d’e%"ﬁt%rﬁn%éﬁyeg?/&ﬁih%ﬂ?yl oxy
group, immno gr ”igﬁﬁﬂ%f%ﬁﬁ'i”i e _groun, noggﬁgnt het er ocyclic
group, ca 0?310%;%9&5’3:‘3 R é‘d’gc;‘aa%{yli%ﬁm Hno group; r and s
each inde I rese i of, . Q- 4., r epr. ts. O S, SOz,
Se, Te, Ne%%@/grr%é{%%&% ar?glﬁ%egegcﬁhﬂ'ﬁg’gﬁé%deoﬁé)lzs%?‘gﬁ%esent N or
CRz9: RzsjR%7cdfdgednd R29 each independently represent a hydrogen atom

an al kyl group, an aryl group, arylalkyl group, or a nonoval ent
het er ocychi)C afodey:indaRatReh 1B34er MATiREO s thilckne sy Weal2 nheRectively, a
plurality of themnay be the sane or different, 142 Rso~t -1- R31 \ R33
Ar5 \ R32183%& /K3 e tandpordiihg RAIgedyd ihE eadhtiimdependent!|y represent an
al kyl group, al koxy group, alkylthio group, aryl group, aryloxy group,
aryl t hi o gegyer,/iasylaltipn-dayer) haming leoxthigkoaess afyl2 amkwirt hi o group,
aryl al kenyl group) arylal kynyl group, am no group, substituted am no group,
silyl grodgssdgigdhiodet ed silyl group, hal ogen atom acyl group, acyl oxy
group, imno group, am.de group) imde group, nonoval ent heterocyclic
group, caldo@medg/dmsulatden dgyed LaVESgyR $hdGhness Ofado™r 8%p; t and a
each i ndependent!|y repr nt an inteqger of 0 - 4 : 1, R3z , R33 . and R34
each inde@@ﬁ&éﬁFQ%} P@&?igéﬁt Qyﬁ§ng§€ﬁr890ﬁFa§FP9§%&P@Up, aryl group,
nnnovalen&ahggg% %%%Iic group, carboxyl group, substituted carboxyl group,
P

. 8 de . .
or cyano group; Ars represents an arylene group, a divalent heterocyclic

group, or Lyal o] i.ng | - ; en R3o0 and R35
oot i EPuPabde L HEOHR EARE0 L RLR eI SRR GH, TERUEE AR T e o
di fferent j 3¢er?iRuiARE oROTRYERIHAGAGdENEHE KRR M2, 2WARSr BN T he
less/cathode
y) anode/insulation layer having a thickness of 2 nm or

less/light emitting layer/electron transporting

layer/insulation layer having a thickness of 2 nm or



143 repeating unit represented by the above fornula (4) is a repeating unit
represented by the below formula (13)) Ars-N--~Ar~-N-~-Arai rs Ari 0 Ari |
w Arl2 ( 13 ) wherein, Ars, Are, Are, and Ar9 each independently represent
an arylene group or a dlvalent het erogyclic group; Arlo. Aril, and Arl2
each independently represent an aryl group or a nonoval ent heterocycllc
group ; Ar6 , Are, Are, Ar9 , and Arlo may have a substituent; v and w
each independently represent an integer of 0 or 1, and O<=v+w<=1. 8. A
process for producing the polynmer conpound according to any one of clains 1
to 7, Mher§EES?EQGE8PétI0n pol yneri zation is carried out using a conpound
represente y Fornula (14) as one of the raw materials, YI-UYZ ( 14 )

wherein, Uy} eEﬁ@&@?lﬁsélé%l@Sﬁt tLageynhav&ﬁgr gSeRiEfnBYst Be abgye Lor mil a
(1-1) or (1-2); Yl and YZ each independenfly represent a substituent

capabl e of 1698¢RHsat t?&nﬁﬁbi‘ﬁ'@hfxzﬁhy@f}/lﬁghﬁ eneeeshgl 2ayBE9dUeRIohNE
pol ymer conpound according to claim8, wherein the conpound represented by

t he above tpanvpertidy layergeapnuad represented by the bel ow fornul a
(15-1), (15-2), or (15-3), 144 X Y12 -_ (Rss)aa (Rs~)bb (Rsa)~~ (RSS)dd
(Rao) ee (&a))@glodéphdle(tbandpbibiny vhpeeyDighktremiegengs S or O Y1l.
Ylz. Yes. Yia, Yis, and Yls each i ndependently represent a substituent
capabl e oflapedéesettoon pbtgmeportingnlay®es/ifk8ulafBgn RagerRdavingdaR41l
each independently represent an al kyl group, al koxy group, alkylthio group,
aryl groupthbteknesy of odpnmaeyl tess/gathpdearyl al kyl group, aryl al koxy
group, arylal kylthio group, arylalkeng group, arylal kynyl group, amno
group, suba®) tamedestnsslatben, layey| haybue, a stivbekresadosi Bynmgesup,

hal ogen aton1 as and bb each i|ndependently represent an integer of 0-3; cc

and dd eacte§fdeQLe dERRPSPPEDIRE @Y%ﬁ/lrm%tge?m%ﬁbns 1%%eahalg§t§%h

i ndependent |y represent an, i ntege of as+b cc+dd) apd_ee+gg
is one or %/ Wﬁé’?‘p ,{:{Ensqu{%% JFé:‘%erch%\ﬁmga?nd gk ’é?(?%t ?

pl ural) rerﬁ’%é'i’%é’/c@tl% rallty of them may be the sane or dlfferent 10.
A process or pro u0|ng e polyner conpound according to claim8 or 9,

wher ei n condens f I r of the
bel ow f ornul ae ?%gf to (%SE I n aﬁ?hé)tﬁ% the conﬁﬁﬁ reprg%eﬁi Q by the
above formjweddfon mdy GFEFEFIIY be that does not change in forming

an electrode and layers of organic materials, and there are
exemplified glass, plastics, polymer £ilm, silicon
substrates and the like. In the case of a opaque
substrate, 1t i1s preferable that the opposite electrode is
transparent or semitransparent.

Usually, either the anode or the cathode in the
polymer LED of the present invention is transparent or
semitransparent. It is preferable that the anode side is
transparent or semitransparent.

As the material of this anode, electron conductive
metal oxide films, semitransparent metal thin films and the
like are used. Specifically, there are used indium oxide,

zinc oxide, tin oxide, and films (NESA and the like)



. 145 Ys-Ari-Ya ( 16 ) Y,-.-~Arz-X,~--ri-Ar3-Ys (17) Y~_Ara_Xa_Ye ( 18)
Y9-X3-Yio ( 19 ) wherein, Al , Arz , Ar3, Ara, ff , XI , XZ ( and X3
‘are the s ane as above ; Y3, Ya. Ys . Ys, Y~, Y8 . YO, and Ylo each
“independently represent a substituentgqgapabl e of condensation
polymerization. 11. A process for produci ng the polynmer conpound according
toclaim9 or 10 , wherein Yl, Y2 . Ys . Ya, Ys. Ys. Y-, Ye . Ys, and
Yl o each independently represent a hal ogen atom al kyl sul fonate group,
aryl sulfonate group, or arylal kyl sulfonate group; and condensation

_pol ynerization is c&rried out under the existence of a_nickel zero-val ent

conpl ex. 153bRIGaBedSRY{ BFLIRF AN CPAGCLRERpEPHABFLE¥APELARS 2EEBPARRE to any
W oach | MHobRAUERT Fnr Bk GeohiTa) natbatin Hihe aoRHie st iR g oup.
st er oroub ke nevibth A5¢ PREAT o081 R LApEPIEReRy) 888 oo ffle REPBIBRR A om
fo the i ot S ThernesoBpehYrad bpértiie ek tos R Bl As kb 24800, T

subetant| &g in - 9 ORISRSE! (0 BOLHLA LR LBLTaT 0 oL b1 G

ni ckel or nmer conpound represented by

the above {52 {g rdthéd? £)valhuh lvager &é‘go@i@%\ﬁ&erﬁétﬁ%, pr oduci ng
(14), whe

t he conpound represented by the above fornul a _ reiln a conpound
represent %@Ntéf‘ﬂls_@%é’ﬂhé@[ bR p28tidng %efﬁad,Z)%léti UpEehdi t Angsi ng a
reducing agent, 0S.0O0.SOYI A~/ BY2C~/ Yt (20-1) (20-2)
wherein, Rt Ak&ide Bis&ling At dhidie D thdre ey LA afe Wdyese in
formulas (1-1) and (1-2); Y1 and YZ are the sane as those in formula (14).

15. A procaszaniix tratsmpanent heomwdupoimg f£EhmessudledadypdIrambbime for nul a
(14), wherein a conpound represented by the below formula (21-1) or (21 2)

i s reducedesrivatusier) thexeni pelygeriopl@Ii®e DS dérivativds YWhereof D Y~ Y2
(21-1) (21-2) wherein, Ring AA Rng B, Ring C and Ring Db are the sane as
those in f hes Xikel) and (1-2); Y1 and YZ are the sanme as those in
formula (14). 16. A conposition conprising one or nore conpounds sel ected

froma hol e traffortfiifFnffteialtheafnadciddh R ARPORGTIF SRt erial, and
Ilght-en1tééfg%£ggeﬁﬂfﬂé égggfﬁg}ing transmission of a light and

electric conductivity, and for example, from 10 nm to 10 4
m, preferably from 20 nm to 1 Um, further preferably from
50 nm to 500 nm.

Further, for éasy charge injection, there may be
provided on the anode a layer comprising a phthalocyanine
derivative conducting polymers, carbon and the like, or a
layer having an average film thickness of 2 nm or less
comprising a metal oxide, metal fluoride, organic
insulating material and the like.

As the material of a cathode used in the polymer LED
of the present invention, that having lower work function
is preferable. For example, there are used metals such as

lithium, sodium, potassium, rubidium, cesium, beryllium,



. 147 or nore pol yner~conpounds according to any one of clains 1 to 7. 17. An
i nk conposition conprising at | east one polynmer conpound according to any
‘one of claims 1 to 7. 18. .An ink conposition according to claim 17, wherein
~said ink conposition has a viscosity 1 to 20nPa~s at 25 ~. 19. A light
emtting thin filmconprising the pol'ynmer conpound according to any one of
clainms 1 to 7. 20. A conductive thin filmconprising the polynmer conpound
-.according to any one of clains 1 to 7. 21. An organic sem conductor thin
filmconprising the polyner conmpound according to any one of clainms 1 to 7.
22, A pol Yi®Rindd GiM, LHId1d, APV SPr 1 MIEIBAL GRI Ja PO YAEH, | 58Rhaeah! L1 Ng
‘devi ce has an organic | ayer between el ectrodes consisting of an anode and a

cat hode, anthafiih Or 03 C JEMSuk OMHASES, (@ DY "BamaepUnd according to
any one of claims 1 to 7. 23. A polyner light emtting device according to

claim 22, adiygivin,! teerdyidan) o4 el £nd I8 PIRd [ i6W dBYEYs 24. A
polymer light emtting device according to claim23, wherein the |ight
emtting loaysrifsirdawe ol aicre ook, anslleoyy ariprising atn€l et ron
transporting material, or a light-emtting material. 25. A flat |ight
sour ce compuesiofg thenolwindr driggldr ewoxd ol gheld cesidleer diplbatinamy one of
clains 22 to 24. 26. A segnent display apparatus conprising a polyner |ight
148 emitticopreevi c@ngagwst nd itandnym oreotEl ) aiiekel, ttoudlsten 2and A
dot-matri x di splay apparatus conprising a polymer light emtting device
accor di ng tia . agraphd tef ot Anaphpte doiercElataion ganbeunds andliths ay
conprising a polyner light emtting device according to any one of clains
22 to 24 i&ké-ba Kampbﬁg;oanlloys include a magnesium-silver alloy,

Ay, | AR RaRHSR LR 4RGN SR 1KY AR AT R, GO, AROLRIA e
- A A5l A %1& erA%lé%§)Alithium-aluminum alloy, lithium-magnesium
alloy, lithium-indium alloy, calcium-aluminum alloy and the
like. The cathode may be formed into a laminated structure
of two or more layers.

The thickness of the cathode can be appropriately
selected while considering transmission of a light and
electric conductivity, and for example, from 10 nm to 10 u
m, preferably from 20 nm to 1 Um, further preferably from
50 nm to 500 nm.

As the method for fabricating a cathode, there are
used a vacuum vapor deposition method, sputtering method,
lamination method in which a metal thin film is adhered
under heat and pressure, and the like. Further, there may
also be provided, between a cathode and an organic layer, a
layer comprising an conducting polymer, or a layer having

an average film thickness of 2 nm or less comprising a

metal oxide, metal fluoride, organic insulation material
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Compound C

Compound B 6.67g and acetic acid 40ml were charged
into a 100ml three neck flask, and the bath-temperature was
raised to 140 C with using an oil bath. Then, 30%
hydrogen-peroxide 13ml was added through a condenser, and
stirred vigorously, then the reaction was terminated by
being poured into 180ml of cold water. After extracting
with chloroform ;nd being dried, the solvent was removed
and Compound C 6.96g (LC area % = 90%, yield=97%) was
obtained.

lH-NMR(300MHz/CDC1l,) :
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0 0.90 (t, 6H), 1.26~1.87 (m, 24H), 4.06 (t, 4H), 7.19
(dd, 2H), 7.69 (4, 2H), 7.84 (4, 2H)
MS(APCI(+)):(M+H)" 473

Synthetic Example 4 (synthesis of Compound D)
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Compound D

Compound C 3.96g and mixed solution 15ml of acetic
acid/ chloroform =1:1 were charged into a four-necked flask
200ml under an inert atmospheré, stirred at 70 C and
dissolved. Then, bromine 6.02g dissolved in the above
solvent 3ml was added and stirred for 3 hours. A sodium
thiosulfate aqueous solution was added to remove unreacted
bromine, and the reaction product was separated with
chloroform and water, the organic layer was extracted and
dried. After removing the solvent, it was purified through
silica gel column (eluent: chloroform/hexane=1/4) to give
Compound D 4.46g (LC area % = 98%, yield=84%) was obtained.
'H-NMR(300MHz/CDC1l3):

0 0.95 (t, 6H), 1.30~1.99 (m, 24H), 4.19 (t, 4H), 7.04 (s,
2H), 7.89 (s, 2H)
MS(FD*)M* 630

Example 1 (synthesis of Compound E)
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Compound E

Compound D 3.9g and diethyl ether 50ml were charged
into a 200ml three neck flask under an inert atmosphere,
and the temperature was raised to 40°C and stirred. Lithium
aluminium hydride 1.17g was added a little at a time and
reacted for 5 hours. Excess of lithium aluminium hydride
was decomposed by adding a small amount of water at a time,
and washed with 36% hydrochloric acid 5.7ml. The reaction
mixture was separated with chloroform and water, the
organic layer was extracted and dried. It was purified
through silica gel column (eluent: chloroform/hexane=1/5)
to give Compound E 1.8 (LC area % = 99%, yield=49%) was
obtained.
'H-NMR(300MHz/CDC1l;):
0 0.90 (t, 6H), 1.26~1.97 (m, 24H), 4.15 (t, 4H), 7.45 (s,
2H), 7.94 (s, 2H)
MS(FD*)M* 598

According to MS (APCI (+)) method, peaks were observed
at 615 and 598.
Example 2
<Synthesis of Polymer Compound 1>

After dissolving Compound E 352mg and 2,2'-bipyridyl
274mg in tetrahydrofuran (dehydrated) 20ml, the inside of

the system was replaced with nitrogen by bubbling with
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nitrogen gas. To this solution, bis(l,5-
cyclooctadiene)nickel(O) {Ni(COD),;} 500mg was added, and
the temperature was raised to 60C and reacted for 3 hours.
After the reaction, this reaction liquid was cooled to a
room temperature (about 25C), and added dropwise to a
mixed solution of 25% agueous ammonia 10ml/ methanol 120ml/
50ml ion-exchanged water and stirred for 1 hour. The
deposited precipitate was filtrated and dried for 2 hours
under reduced pressure, and dissolved in toluene 30ml.
Then, 30ml of 1N hydrochloric acid was added and stirred
for 1 hour, the aqueous layer was removed, 30ml of 4%
agueous ammonia was added to the organic layer, and the
agqueous layer was removed after stirring for 1 hour. The
organic layer was added dropwise to methanol 200ml, and
stirred for 1 hour, then the deposited precipitate was
filtrated and dried under reduced pressure for 2 hours, and
dissolved in toluene 30ml. Then, purification through
alumina column (5g of alumina) was carried out, and
recovered toluene solution was added to methanol 250ml,
stirred for 1 hour, and deposited preclpitate was filtrated
and dried under reduced pressure for two hours. A polymer
was obtained in yield of 46mg. This polymer 1s referred to
as Polymer Compound 1.

The polystyrene reduced average molecular weilght of Polymer
Compound 1 was Mn=2.1x10*, and Mw=8.1x10%.

Example 3
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<Synthesis of Polymer Compound 2)

A copolymer was produced according to the procedure of
Example 2, with using Compound E 253mg, and N,N'-bis(4-
bromophenyl)-N,N'-bis(4-n-butylphenyl)-1, 4-phenylenediamine
125mg as the starting materials.

Yield of the copolymer was 127mg. In the copolymer,
the ratio of the repeating unit of dibenzothiophene to the
amine derivative was 70:30. This copolymer is referred to
as Polymer Compound 2. The polystyrene reduced average
molecular weight of Polymer Compound 2 was Mn=2.3x10%, and
Mw=5.8x10".

Example 4
<Synthesis of Polymer Compound 3>

A copolymer was produced according to the procedure of
Example 2, with using Compound E 296mg, and N,N-bis(4-
bromophenyl)-~N'N'-diphenyl-1, 4-phenylenediamine 144mg as
the starting materials.

Yield of the copolymer was 118mg. In the copolymer,
the ratio of the repeating units of dibenzothiophene to the
amine derivative was 70:30. This copolymer is referred to
as Polymer Compound 3. The polystyrene reduced average
molecular weight of Polymer Compound 3 was Mn=2.6x10%, and
Mw=8.9x10".

Example 5
<Synthesis of Polymer Compound 4>
Compound E 6450mg, N,N-bis(4-bromophenyl)-N-(4-(1-methylbutyl)
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phenyl) amine 2070mg and 2,2'-bipyridyl 5500mg were charged
into a flask, after the inside of the system was replaced
with nitrogen, they were dissolved in 400ml of dehydrated
tetrahydrofuran degassed with argon gas. To this solution,
under nitrogen atmosphere, bis(1l,5-cyclooctadiene)nickel(0)
{Ni(COD),} 10000mg was added, and the temperature was
raised to 60°C and reacted for 3 hours.

After the reaction, this reaction mixture was cooled to a
room temperature, and added dropwise to a mixed solution of
25% agqueous ammonia 100ml/ methanol 500ml/ 100ml ion-
exchanged water and stirred for 1 hour. The deposited
precipitate was filtrated and dried for 2 hours under
reduced pressure, and dissolved in toluene 40ml. Then, 40ml
of 1N hydrochloric acid was added and stirred for 1 hour,
the aqueous layer was removed, 40ml of 3% aqueous ammonia
was added to the organic layer, and the agueous layer was
removed after stirring for 1 hour. After washing with 150ml
lon-exchanged water, the washed organic layer was poured
into methanol 100ml, and stirred for 1 hour. Then the
deposited precipitate was filtrated and dried under reduced
pressure for 2 hoﬁrs, and dissolved in toluene 40ml. Then,
purification through alumina column (20g of alumina) was
carried out, and recovered toluene solution was added to
methanol 200ml, stirred for 1 hour, and deposited

precipitate was filtrated and dried under reduced pressure

for two hours.
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Yield of the copolymer was 4000mg. In the copolymer,
the ratio of the repeating units of dibenzothiophene
derivative to the amine derivative was 70:30. This
copolymer is referred to as Polymer Compound 4. The
polystyrene reduced average molecular weight of Polymer
Compound 4 was Mn=4.8x10%, and Mw=5.3x10°.

Example 6
<Synthesis of Polymer Compound 5>

Compound E 400mg, N,N'-bis(3-methyl-4-
bromophenyl)diphenylbenzidine 440mg and 2,2'-bipyridyl
510mg were charged into a reaction flask, and the inside of
the system was replaced with nitrogen. To this, 400ml of
dehydrated tetrahydrofuran degassed by bubbling with argon
gas was added. To this mixture, bis(1l,5-
cyclooctadiene)nickel(0) 1000mg was added, and a reaction
was carried out at 60C for 3 hours. The reaction was
carried out under nitrogen atmosphere. After the reaction,
this reaction mixture was cooled, and added dropwise to a
mixed solution of 25% aqueous ammonia 100ml/ methanol
120ml/ 50ml ion-exchanged water and stirred for about 1
hour. The deposited precipitate was recovered by
filtration. After being washed with ethanol, the
precipitate was dried for 2 hours under reduced pressure.
Then the precipitéte was dissolved in toluene 30ml, then,
30ml of 1N hydrochloric aclid was added and stirred for 1

hour, the aqueous layer was removed, 30ml of 4% agqueous
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Sf#@aow“"‘ §e§)WEELEHEQENE¥UB%Q§8d¥O methanol 150ml, and stirred for
1 hour. Then thé deposited precipitate was filtrated and
dried under redueed pressure for 2 hours, and dissolved in
toluene 30ml. Then, purification through alumina column
(20g of alumina) was carried out, and recovered toluene
solution was added to methanol 100ml, stirred for 1 hour,
and deposited precipitate was filtrated and dried under
reduced pressure for two hours.

Yield of the copolymer was 79mg. In the copolymer, the
ratio of the repeating units of dibenzothiophene derivative
to the amine derivative was 50:50. This copolymer is
referred to as Polymer Compound 5. The polystyrene reduced
average molecular weight of Polymer Compound 5 was

Mn=2.0x10%, and Mw=3.4x10%.

Example 7
<Synthesis of Polymer Compound 6>

A copolymer was produced according to the procedure of
Example 6, with using Compound E 400mg, and 2,3-diethyl-S5,
8-dibromoquinoxaline 97mg.

Yield of the copolymer was 50mg. In the copolymer, the
ratio of the repeating unit of dibenzothiophene derivative
to quinoxaline unit was 70:30. This copolymer is referred

to as Polymer Compound 6. The polystyrene reduced average
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molecular weight of Polymer Compound 6 was Mn=2.5x10?, and
Mw=9.0x10*.

Example 8

<A synthesis of a polymer compound 7>

A copolymer was produced according to the procedure of
Example 6, with using Compound E 350mg, N,N'-bis(4-
bromophenyl)-N,N'-bis (4-n-butylphenyl) 1,4-
phenylenediamine (amine derivative 1) 57 mg, and N,N-bis(4-
bromophenyl)~N-(4-(1l-methyl butyl) phenyl) amine (amine
derivative 2) 78mg.

Yield of the copolymer was 76émg. In the copolymer, the
ratio of the repeating unit of dibenzothiophene derivative:
amine derivative 1: amine derivative 2 was 70:10:20. This
copolymer is referred to as Polymer Compound 7. The
polystyrene reduced average molecular weight of Polymer
Compound 7 was Mn=7.4x10*, and Mw=2.4x10°.

Example 9
<Synthesis of Polymer Compound 8>

A copolymer was produced according to the procedure of
Example 5, with using Compound E 310mg,N, N'-bis (4-
bromophenyl)-N, N'-(4-butylphenyl)-1,4-phenylenediamine
310mg, and bis(4-bromophenyl) ether 170mg.

Yield of the copolymer was 130mg. In the copolymer,
the ratio of the repeating unit of dibenzothiophene
derivative: amine derivative: diphenylether unit was

35:30:35. This copolymer is referred to as Polymer Compound
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Compound F

Compound F was synthesized according to the procedure of
the synthesis of Compound E from Compound A. Yield 46%, and
purity 96%.
'H-NMR (300MHz/CDCl13) :
0 0.89 (44, 12H), 1.01 (4, 6H), 1.17-2.01 (m, 20H), 4.18
(t, 4H), 7.42 (s, 2H) and 7.92 (s, 2H)
According to a MS (APCI (+)) method, peaks were observed at
671 and 654.
Example 11
{Synthesis of Polymer Compound 9>

A polymer was synthesized according to the procedure
of Example 5, using Compound F 1000mg. The yield of
resultant polymer was 100mg. This polymer is referred to as

Polymer Compound 9.

The polystyrene reduced average molecular weight of
Polymer Compound 9 was Mn=5.0x10%, and Mw=1.1x10°.
Example 12

<Synthesis of Polymer Compound 10>

According to the procedure of Example 6, it was

| E8TBoE" () /| @OYBB& () - SOPPPIP’ PnPzX6MP
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The polystyrene reduced average molecular weight of

Polymer Compound 10 was Mn=8.8x10*%, and Mw=3.0x10°.

Example 13
<Synthesis of Polymer Compound 11>

According to the procedure of Example 6, it was
synthesized using Compound F 320mg and N,N'-bis(4-
bromophenyl)-N,N'-bis(4-n-butylphenyl)-1,4-phenylenediamine
140mg.

The yleld of the resultant copolymer was 150mg. In
the copolymer, the ratio of the repeating units of

dibenzothiophene derivative and amine derivative is 70:30.

This copolymer is referred to as Polymer Compound 11.
The polystyrene reduced average molecular weight of Polymer
Compound 11 was Mn=3.9x10°, and Mw=4.4x10%.
Example 14
<Synthesis of Polymer Compound 12>

According to the procedure of Example 6, it was
synthesized using compound F 270mg, compound E 250mg, and
N, N'-bis (4-bromophenyl)-N,N'-bis (4-n-butylphenyl)-1,4-
phenylenediamine 240mg. In the copolymer, the ratio of the
repeating units corresponding to Compound F, Compound E,

and the amine derivative is 35:35:30.
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According to the procedure of Example 6, it was
synthesized usinglCompound G 260mg and Compound E 300mg.
The yield of the resultant polymer was 150mg. In the
copolymer, the ratio of the repeating units corresponding
to Compound G and Compound E is 50:50.

This polymer is referred to as Polymer Compound 13.
The polystyrene reduced average molecular weight of Polymer

Compound 13 was Mn=9.0x10°, and Mw=2.0x10°.

Example 17

<{Synthesis of Polymer Compound 14>
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Compound 14 was Mn=3.2x10%, and Mw=6.3x10%.

Synthetic Example 18 (Synthesis of Compound H)

HO OH
Br—iiik:—f!i’?—Br
S

Compound H

Under an inert atmosphere, Compound E 1.0g was added
to dichloromethane 1lml, and after completely dissolved in
it, 3.5m1 of boron tribromide(l1l.0 mol/l dichloromethane
solution) was added dropwise.

After the dropwise addition, it was heated to 40T,
and stirred for 5 hours. The reaction mixture was poured
into 0T ion-exchénged water, and stirred for 1 hour. The
deposited solid was filtrated and dried in wvacuo, 0.60g of
the desired product was obtained. (96% of yield, 99% of
purity).

'H-NMR (300MHz / (CD;),S0) : O 7.60 (s, 2H), 8.16 (s, 2H),

10.485 (br, 2H)
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Compound J
Compound H 5.00g, l-bromo(4-pentylphenoxy propane) 1ll.4g,
potassium carbonate 9.24g and DMF 75ml were charged into a
reaction vessel, and refluxed with heating for 4.5 hours.
It was separated with toluene and water, and the organic
layer was extracted, and dried with sodium sulfate. After
removing the solvent, filtrated through a silica gel short
column with toluene, washing is carried out twice with hot
hexane, and 7.77g of the desired products was obtained. The
yield was 74%, and the purity was 100%.
'H-NMR (300MHz / CDCl;)

0 0.88 (t, 6H), 1.24-2.55 (m, 20H), 4.25 (t, 4H), 4.34
(t, 4H), 6.86 (dd, 4H), 7.07 (dd, 4H), 7.49 (s, 2H), 7.94
(s, 2H)

Example 20
{Synthesis of Polymer Compound 15>

Compound J 391mg and 2,2'-bipyridyl 130mg were
dissolved in 14mﬁ of dehydrated tetrahydrofuran, and under
nitrogen atmosphere, bis(1l,5-cyclooctadiene)nickel (0)
{Ni(COD),;} 230 mg was added to this solution, and the

temperature was raised to 60C, and reacted for 3 hours.
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organic layer, and after stirring for 3 hours, the aqueous
layer was removed. The organic layer was added dropwise to
methanol 100mL, and stirred for 1 hour, the deposited
precipitate was filtrated and dried under reduced pressure
for 2 hours, and then dissolved 1in toluene 20ml. Then,
purification through alumina column (10g of alumina) was
carried out, and recovered toluene solution was added to
methanol 100ml, étirred for 1 hour, and deposited
precipitate was filtrated and dried under reduced pressure
for two hours. A polymer was obtained in yield of 220mg.
This polymer is referred to as Polymer Compound 15.

The polystyrene reduced average molecular welight of
Polymer Compound 15 was Mn=2.3x10°, and Mw=1.1x10°.
Example 21
<Synthesis of Polymer Compound 16>

It was synthesized according to the procedure of
Example 20, using compound J 274mg, and N,N'-bis(4-

bromophenyl)-N,N'bis(4-n-butylphenyl) -1, 4-phenylenediamine
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70:30.
This copolymer is referred to as Polymer Compound 16.

The polystyrene reduced average molecular weight of Polymer

Compound 16 was Mn=8.1x10%, and Mw=5.6x10°.

Example 22
<Fluorescence characteristics>

0.2wt% chloroform solutions of Polymer Compounds 1 to
16 were spin-coated on quartz, and thin film thereof were
prepared, respectively. The fluorescence spectra of the
thin films were measured using a spectrophotofluorometer
(Hitachi 850). All of them had strong fluorescence and
showed fluorescence peak wavelength and fluorescence

intensity as shown in Table 1, respectively.
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Polymer |Fluorescence|Fluorescence
Compound | peak (nm) intensity

1 426 0.67
2 474 1.65
3 470 1.62
4 450 4.13
5 440 1.82
6 458 3.96
7 468 2.89
8 461 2.14
9 472 1.73
10 438 1.76
11 480 2.18
12 474 3.32
13 418 1.38
14 476 2.92
15 403 1.94
16 469 3.37
Example 23

¢Device characteristics>
On a glass substrate on which ITO film was formed in a
thickness of 150nm by sputtering method, a film was formed

by a thickness of 50nm with a spin coat using a solution
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polystyrene sulfonic acid, and then 1t was dried at 200?3

for 10 minutes on a hot plate. Next, films were formed by
spin-coating with a rotational speed of 800rpms, using
toluene solutions of the polymer compounds obtained above
whose concentration were set to being 1.5wt%. The film
thickness was about 60nm. Furthermore, after drying this at
80°C under reduced pressure for 1 hour, an EL dvice was
fabricated, by depositing about 4nm of LiF as the cathode
buffer layer, about 5nm of calcium, and subseqgquently, about
80nm of aluminum as the cathode. Here, after the vacuum
degree reached to 1x10°*Pa or less, the deposition of metal
were started.

By applying a voltage to the resultant devices, EL
and the maximum EL efficiency were obtained from these
devices as shown in the below Table 2. The intensity of EL
light emission was approximately proportional to the

current density.
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Table 2
Light
Polymer EL Peak Emitting
Compound (nm) Efficiency
(cd/a)
2 480 0.12
4 452 0.55
5 428 0.02
6 472 0.03
7 460 0.07
9 460 0.36
10 412 0.31
11 492 0.37
12 472 0.60
13 436 0.37
14 468 0.28
15 428 0.50
16 480 1.85

Synthetic Example 6 (Synthesis of Compound X)

(0]

Compound K
Under an inert atmosphere, benzofuran (23.2g,

137.9mmol) and acetic acid (232g) were charged into a 1L of
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"HyMLOY% (& ()-- HS@10% & ()-, 10%& ()-10 % 10 % 10 % hqzY8vU410
U109 ()-s [T10%1; & ()-s! OOl - 10%¢H#&6) - 1 -10% & ()- ! -10%;: q: & () -
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1ok e (). SUREBEEISE Cre) bopmat A EEC R pat S B ST ke () -
ST ) Seksaind e e e S0t Ul 06, 0-0
10% & () - 5990%mR81()) widh acetic acid (54g) was added dropwise. After
the dropwise addition, it was stirred for 3 hours at the
fixed temperature, and then left to cool. After checking
the disappearance of raw material by TLC, aqueous sodium
thiosulfate solution was added to terminate the reaction,
and then, it was stirred at a room temperature for 1 hour.
After the stirring, the cake was filtrated, and further
washed with aqueous sodium thiosulfate, and water, and then
dried. The resultant crude product was recrystallized in
hexane, and the desired product was obtained. (Amount:
21.8g, Yield 49%)
'H-NMR (300MHz / CDCl;) : & 7.44 (d, 2H), 7.57 (d, 2H),

8.03 (s, 2H)

Synthetic Example 7 (Synthesis of Compound L)

e

Compound L

Under an inert atmosphere, Compound K (16.6g,
50.9mmol) and tetrahydrofuran (293g) were charged into a
500ml four-necked flask, and it was cooled to -78C. After

adding dropwise n-butyllithium (80ml <1.6 mol/L hexane
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@0% & ()-Wn-vU410 &#10%' & ()-F 10% ?'' & ()-10! 10! 10! F810% & ()-1

' KF, 10%u& ()- F, 109 ()-9kc{|[:-410'?'" hy,10%?' & ()- hy, 10% "' & ()-
y,QL0% ?' " & ()- ! 10%7? '& ()-4 1 10%?' " & ()- 110%?' ' & ()-HL bA410' 7'

Ki t 100928 %18 1096 & o9 st 1AL A )
10% & () - f(g?l?u't%g?'ﬁ‘?('ﬁnmfl@fﬁ%@ﬁ%!Stvil 10%%% = PV &S -

L' 10% & ()Fixb@4t&mperdtuk@?® & ()-{% [: NA41010 3L9! 1098& ()- 3L9'10% & ()- Y
1098& ()- Y 10% & ()- {&S&1I0% & ()- 10% & ()-9%.G " abe| obU410
109 & () - 10" 10'Uhdexr3laii!ih¥tS dtino sPHiéks], 0 % et h oy I S d da
3l %! 1090& ()-e@|[:bU4A10 3 f10W & ()- 108 & ()- YM1I0WB & ()- 1t10% & ()-
F 10% & (X-31l.9Wl, 16964 5mno 1) andd 1@ t rieht@sof utan (25008 )& Were put
"Y,,010%8 & ()-' F#I109 & () -t 1'10% & ()- F@#10% & ()- ceghijmy ] <10
10% & () - 10it208( 100@n 11 Feius: -Meckeldl Fla&kk(,) -an@d chdbed (Do -¥8T, the
above-mentioned reaction mixture was added dropwise
thereon.

After the dropwise addition, the temperature raised
slowly to a room temperature, and it was stirred at a room
temperature for 2 hours, and the disappearance of the raw
material was checked by TLC. The reaction mixture was
charged into concentrated sulfuric acid (30g) and water
(600ml) in a 2000ml beaker, and the reaction was
terminated. Toluehe (300ml) was added, and the organic
layer was extracted, and further washed with adding water.
After distilling off the solvent, 8g of thereof and ethyl
acetate (160ml) were put into a 300ml four-necked flask,
then, 30% aqueous hydrogen peroxide (7.09g) was added, it
was stirred at 40'C for 2 hours. This reaction mixture was
washed with an agqueous solution of an ammonium iron(II)
sulfate (71g) and water (500ml) in a 1000ml beaker. After
stirring, the organic layer was extracted, and washed with
water.

By distilling off the solvent, a crude product 7.57g of

Compound L was obtained.

MS spectrum : [M-H] ™ 199.0
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109 & () - TTOWKYZ| [ NA41010! 10! 10! 99109 & ()- 79109% & ()-  ( 109% & ()-

( 10% ! & §kmosphéEe)%cémppuil acl(2.28Ng41210 4mmol) which was

synthesized according to the procedure of Synthetic Example
7 and N,N-dimethylformamide (23g) were put in, after
dissolving by stirring at a room temperature, potassium
carbonate (9.45g, 68.3mmol) was added, and the temperature
was raised to 100C. After the temperature raising, n-
octylbromide (6.60g, 34.2mmol) diluted with N,N-
dimethylformamide (11g) was added dropwise. After the
dropwise addition, the temperature was raised to 60C, it
was stirred for 2 hours at the fixed temperature, and the
disappearance of the raw material was checked by TLC.
Water (50ml) was added to terminate the reaction, and then
toluene (50ml) was added, the organic layer was extracted,
and then washed with water twice. After being dried with
anhydrous sodium sulfate, the solvent was distilled off.
By purifying the resultant crude product wlith a silica gel
column, the desired product was obtained. (Amount:1.84qg,
Yield:38%)

MS spectrum : M* 425.3
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synthesized according to the procedure of Synthetic Example

3 and N,N-dimethylformamide were put in, after dissolving
by stirring at a room temperature, it was cooled with an
ice bath. After cooling, N-bromosuccinimide (6.38qg,
35.9mmol) diluted with N,N-dimethylformamide (225ml) was
added dropwise. After the dropwise addition, the
temperature was kept coollng with an ice-bath, at a room
temperature for 18.5 hours, and then raised to 40C, and it
was stirred for 6.5 hours at the fixed temperature, and the
disappearance of the raw material was checked by TLC. The
solvent was distilling off, and then toluene (75ml) was
added to dissolve, the organic layer was washed with water
three times. Aftér being dried with anhydrous sodium
sulfate, the solvent was distilled off. By purifying a
half of the resultant crude product with a silica gel
column, the desired product was obtained. (Amount:0.326q)
'H-NMR (300MHz / CDCl3) : delta 0.90 (t, 6H), 1.26-1.95
(m, 24H), 4.11 (t, 4H), 7.34 (s, 2H), 7.74 (s, 2H)

MS spectrum : M* 582.1
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0%&&' ()- 10%R& ()-10&10&10& @M 10%&R&' ()- "' z109&R& () -
1 109%&& Example( 20 (psipaAdonporrdeN0d088g1 0Mel ' (PisdBT09RE () -
4 109&& ( % I 10%&& %%llow&& ( (OH))y)"* NA41010 s109%&& () -
| 109%&8&' () remgmbm-léyl“ Narbdg&sd-pybutrip Yklg) -
109&&' () - "***++++LE: NA41010 _33. 10%1&']9 33. 10%&4 ol &
phenylenediamine 153mg. The eld of the résultant polymer
was 110mg. In the copolymer, the ratio of the repeating
units of the dibenzofuran derivative and the amine
derivative is 70:30.
This polymer is referred to as Polymer Compound 17.
. The polystyrene reduced average molecular weight of Polymer

Compound 17 was Mn=1.3x10%, and Mw=6.3x10".
Example 26
<Fluorescence characteristics>

According to the procedure of Example 22, a thin-film
of polymer compound 17 was formed and the fluorescent 1light
was measured. A strong fluorescence was shown and
fluorescence peak wavelength was shown at 474nm.
Example 27
<Device characteristics>

An EL device was fabricated according to the procedure
of Example 23 using Polymer Compound 17. By applying a
voltage to the résultant device, EL from this device having
a peak at 468nm was observed. The intensity of EL
luminescence was approximately proportional to the current

density. As for the device, the luminance exceeded 1 cd/m?
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10%R& ()-sgq 3 10%#& ()-s 3 10U & ()-s 3 .10% ' & (h)-s 3 108 & ()-s 3
10%k&f()-sCK>>;§ was synthesized according to the procedure of
Example 20, using Compound N 285mg, N, N'-bis(4-
bromophenyl)-N, N'- bis (4-n-butyl phenyl) -1,4-
phenylenediamine 48mg, and N,N'-bis (4-bromophenyl)-4-
isobutyl-aniline 64mg. The yield of the resultant polymer
was 90mg. In the copolymer, the ratio of the repeating
units of the dibenzofuran derivative and the amine
derivatives i1s, respectively, 70:10:20 in the order of the
bromo compounds described as the above.
This polymer is referred to as Polymer Compound 18.
The polystyrene reduced average molecular weight of Polymer

Compound 18 was Mn=2.8x10%, and Mw=1.7x10°.
Example 29
<Fluorescence characteristics >

A thin f£ilm of Polymer Compound 18 was formed
according to the procedure of Example 22. The fluorescence
spectrum of this thin film was measured using a
spectrophotofluorometer (Fluorolog made by JOBINYVON-SPEX
Co.). A strong fluorescence was observed and fluorescence
peak was shown at 458nm.
Example 30

{Device characteristics>
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current density. As for the device, the luminance exceeded

1 cd/m?* at about 3.3 V, and the maximum efficiency of 2.96

cd/A was shown.

Example 31

<Synthesis of Polymer Compound 19>

It was synthesized according to the procedure of
Example 20, using Compound N 263mg. The yield of the

resultant polymer was 50mg.

This polymer 1s referred to as Polymer Compound 19.
The polystyrene reduced average molecular weight of Polymer
Compound 19 was Mn=8.9x10*, and Mw=1.9x10°.
Example 32
<Fluorescence characteristics >

A thin film of Polymer Compound 19 was fabricated
according to the procedure of Example 22 and the
flvuorescent light was measured according to the procedure
of Example 29. A strong fluorescence was observed and shows
fluorescence peak at 411lnm.
Example 33
<Device characteristics)

An EL device was fabricated according to the procedure
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Compound P

A starting material of 2, 2',5,5'-tetramethoxy-1, 1l'-
biphenyl was synthesized from l-bromo-2, 5-dimethoxybenzene
by a coupling reaction using zero-valent nickel.

Under an inert atmosphere, 2,2',5,5'-tetramethoxy-
1,1'~-biphenyl (7.0g, 26mmmol) was charged into a three-
necked flask, and dissolved in dehydrated N,N-
dimethylformamide (100ml). While cooling the flask by an
ice bath, from a dropping funnel, N-chlorosuccinimide
(6.8g, 52mmol) of dehydrated N,N-dimethylformamide (70ml)
solution was added dropwise for 15 minutes. After the
dropwlse addition, the temperature raised slowly to a room
temperature with stirring slowly, and it was stirred for 1
day. Water (300ml) was added to the reaction mixture, and
the deposited precipitate was collected. The resultant

precipitate was recrystallized from toluene/hexane, and the
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8310% R : & ()- sSI0% R :& ()- L10% &'()- & L10% ()- R 9ZI0% R : & ()-
109% R : & ()-J*"#$9% [ NA41010:: 10::10:: "9110%: & ()- "9110% : & ()-
-"9110% R a&sfyeR pHoHIAR WA (o)btasi.nla@%R‘ (hg)n bAAS8%| [ - NA41010 s! 10%
& ()- sllofo & ()-, 0s!10% x' “& ()-, s!10%8wS& ()-,R ,10% . & ()-M
F10% x' * &'KYNMR M\wcmabumowm)% & (é 23074&(20° €8) 103<87 $5108H& & () -
s110% & ()-,R s!10% (" & ()-, s!10% x' & ()-, T} 8| obU410 10% ?'' & ()-10 10
10 @' 106> 85( X6~ @10%.22( (s R28 10% & ()-- " Y10% & ()-|[: bU410
9110% "' & ()-s 9110%' & ()-5 9110% ?' ' & ()-s SM 10% %& () -yR
SM 10% ?' ' & ()-y P 10%' & ()-GH|[: - 4109% 3+9! 10909%& ()- 3+9!10% y' & ()-
3+9110%" & (). 340110% 2" & ()-R 9! 10%6%& ()-s 9! 10%9"&'() sHI INvi \ ; 9%

Y10% & () SYBtheticoExampde, 10 (Bygtiesds pLz Cogmermn @ (
Y109% x' ~ & ()-10994.09% ! +M [:-i\ 10" 0%&'() 110% & () - 3%0%'()-?
t39%A.0%& ()-2 t39A0%&& () -2 610% & () - #[F}XbAI\10' LI 10% R : & ()--

10% R : &'() 1108R : & ()- F $10%R & ()- 310% R : & ()-10' 10' x1h|[: A\ 10'
\ : - @f 10%R:&()- -MO%R :& ()-

‘?) hf vU410 ;1109 Z& () -

|1ocyzr"z&'() 10:R.:10'R:10:R: 810% R :& ()- 6 10% R : & ()- 4

10% R : & () - prY'ﬂJ410 O\ 109@r " 7& () - L1 100" =& ()-7 L1 1091 28 () -2
110% 1" & -1 110927 2" & () - &m S210 10% & () - 10Z Z10Z

2102 7 LM 100 z%°T?%Z§Lo<(V<)Zr "Z& ()-- (-am 0

LM 10%i Z& s 0 ,

s 006k (). TOIE () LpeftObrishpters Coblponni v (5. By 17mkaing -

Sl-'léo()/:/g/*wé}s cKafbbéO%&o(h thr@:0Heékeh- fih%ﬂ"/&'ah)i d&'s%@%v&d( Ain
dehydrated methylene chloride (100ml). While cooling the
flask by an ice bath, methylene chloride solution (1 mol/L,
50ml) of boron tribromide was added dropwise for 30
minutes, from a dropping funnel.

Being extracted with ethyl acetate from the reaction
liquid, the organic layer was washed with water, then the
solvent was distilled off and the desired product was
obtained. The resultant precipitate was recrystallized £from
toluene/hexane, and the desired product was obtained.
(Amount 4.9g).

'H-NMR(300MHz / CDCls;): O 6.64 (s, 2H), 6.82 (s, 2H), 8.9

to 9.1 (br, 2H) and 9.37 (s, 2H)

Synthetic Example 11 (Synthesis of Compound R)



okl mmrvU410  S&10% & ()- 110% & ()-10' 10' 10' 8gl0% & ()- 6 10% & () -
5109% & ()-G[|[:vU410 10% & ()- Y10% & ()- 10% & ()- &l0% & ()- 3 f
10% & ()- S10% & ()- @|[:vUu4lo 10%&'() &10% & ()- YM 10% & () -
y310%&'()- 10% & ()- 10% & ()-$Z| [ 1% Y+10% & ()- )10% & () -
"LI10% & ()- 940% & ()- # 10% &'() 0% & ()- ./015vU410
11095 "G& ()-1 mLOY%G "G& ()-10' 10' 10' 0!10% & ()-S /z10% & ()- &
10%&'() RO [DvW410  89110% G& ()- 9'10%6 G& ()- 9110%6 "G& ()- "!10%
! & ()-1 go “110%& ()-1 yp ~!110%& ()-1*ML|Z9, 4100 G )M 10%5) G& () -
)M 10%6GGE ()- )M 10%6G "G& ()- )M 10%GD! G& ()- 9! 109%Ké& ()- 9! 10%G3GE () -
VbA410G) G HGLO% & () - Jeg%&'() y' 110% & ()-G 1"10% & ()-
| 10% & () - 10G)ESS % A410<3)G & 10% & ()- $T10% & ()- "10% & ()-
10% & () - S 7109% & 10%&'() ol [ | [ NA410OGLO' 10' 10' - 10% & ()-' -
10% & ()-' CF10¥%8 LC110% & ()- | (10% & ()-|[: NA410GLO 10% & () -
10% & () - Flo%lf ()- 109@& ()- 10% & ()- 110% & ()-|[: NA410GLO
£210% & () - }fé&é«gé SY' 1 10%& () SY 1 1008@& ()- SY | 10%%! ()-
sY'110% & () - zY8 0% & () - 040% & ()-- 110% & ()--10' 10' 10' Y

10% & ()
FfOO&/('J (&') > J‘H]%é'%'(; g ()- % Fo/d.gfﬁ/"ljt%%h.l ééulé?éﬂ%#&lOél it %}' ()M@ f;& () -

10%& () - ]on]lQ.tJéJ 8. 7 J%(}%z%dﬁrté% &ddﬂd&ldi‘d’é&wﬁ apl@%c& ()- 109%&& () -
1 1098& () - 10YR& () 1098&' () 00&& () -; <=>BJVUA10G L10% & () -

| 10% & () diRIAEHYenzeHYRE 10m1) d0&E with llﬂ:%?e?cd])aﬁ R fevéy WdLES

710% & () 71006 & () T10% & ()" 7100 & () 7100 & () 7109 & () - *hL, 4710%
& ()-"710%h&rged 'into/ HAhYde nneck¥d FYsK.710% & ()-"') 5eGH4710% & ()-"")
5710% & ()-"710% & ()-"710% & ()-"")

5710% & ( It" elasd A& d Foxl 0% &lc(L)IlS'Jm%l'&'l’-(@a-t'mg)%l&' gn -di:» bath

(180T of the bath temperature). The reaction mixture is

cooled to about a room temperature, and hexane (200ml) was
added to it. The deposited precipitate was filtrated,
washed with hexane, and dried. The precipitate was
extracted with ethylacetate, and the solution was filtrated
through a short column of silica gel. The solvent was
distilled off, and the desired product was obtained.
(Amount 3.5g). |

MS spectrum : [M-H]  267.0

Synthetic Example 12 (Synthesis of Compound S)

Compound S

Under an ilnert atmosphere, Compound R (4.2g), and 4-



©5-710% & ()-"710% & ()-"hL, 4710% & ()-"710% & ()-"")

S5710% & ()-"710% & ()-"710% & ()-"") 5eGH4710% & ()-"")
B710% & ()-"710% & ()-"710% & ()-"")
5710@6&f()-"eE+4710@6&f()-710@6&f()-%7 W& ()-"710% & ()-"")
5-710% & ()-"710% & ()-" hL,4710% & ()" 710% & ()-"")
5710% & ()-"710% & ()-"710% & ()-"") 5 $)*-eGH4710% & ()-"")
T 5710% & ()-"T710% & ()-"710% & ()-"")

5710% & ()-"-167:>CeE+4710% & ()-710% & ()-"710% & ()-"710% & ()-"")
-5-710% & Q) N-dio%tRylpmicogkRddine 4 51 &qne cltmged )iitg a three
5710% & ()-"710% & ()-"710% & ()-"') 5]v!"#$(|obUs Y10%& ()-10%0%0%
T 91099&' ( heckedOFX&'sk), - andl QUgEolved3|inl ey dDatgdimethylene

F109% % & ()-10940%0% #' ! 1099& ()-  !3109%& ()- F 110%& ()- s
94.09%%t& chlgchde K#0%d)109W&tl)coelingsghe) flaskobyrap) ice Pashg ()- s
1098& ()- 1099& ()-%& AbU4 F Vs 1099& ()- s 1099& ()- s 10%%&(3- S
1099&' () - tsifluoromethane sulfonic acid anhydride (1llg) was adde

dropwise for 30 minutes. Then, the temperature was raised
slowly, to a room temperature, it was stirred for 5 hours.
Toluene was added and filtrated by filter paper, the
filtrate was filtrated through a silica gel short column,
and the solvent was distilled off. The resultant solid was
recrystallized from toluene / hexane, and the desired
product was obtained. (7.6g).

'H-NMR(300MHz / CDCl;): O 7.80 (s, 2H) and 7.93 (s, 2H)

Example 34 (Synthesis of Compound T)

C4Hg C4H9

Compound T

Under an inert atmosphere, Compound S (3.9g9), 4-n-
butylbenzene boric acid (3.9g), potassium carbonate (5.1g),
and tetrakis(triphenylphosphine) palladium (0.14g) were
charged into 100ml reaction tube, and dissolved in degassed
toluene (20ml) and water (20ml), and then reacted at 100TC
for 12 hours. After the reaction, the toluene layer was

washed with water, and filtrated thorough a silica gel



- 10998 ()- &(,1248=jJ*s 109%& ()- s 109%& ()- s 109%& ()- 'V 109%& ()- s
1099& ()- s 1098& ()- =>@ JLPhL, s 1098& ()- s 1098& ()- 'VQs 1098& ()- s
C1098& ()- s 1098& ()- ' VQPUVX\ abdeGrs 1098& ()- 'VQs 1098& ()- s 1098& () -
s 1099@& ()- 'VQs 10%& ()- dhrmquzeE+gl0%@& ()-s 1098& ()- s 1098& ()- S
1099& ()- 'VQs 109%& ()- s 109& ()- z{~hL,s 109%& ()- s 109%& ()- 'V

short column, and the solvent was distilled off.

The resultant solid was purified through a silica gel
column, and the desired product was obtained. (3.39)0
'H-NMR (300MHz / CDCl,)

0 0.97 (t, 6H), 1.42 (m, 4H), 1.67 (m, 4H), 2.69 (t, 4H),

7.28 (4, 4H), 7.39 (4, 4H), 7.70 (s, 2H), and 7.84 (s, 2H).

Example 35
<Synthesis of Polymer Compound 20>

It was synthesized according to the procedure of
Example 20, using Compound T 297mg, N,N'-bis(4-bromo
phenyl)-N,N'-bis(4-n-butylphenyl)-1,4-phenylenediamine
138mg.

The yield of the resultant polymer was 234mg. In the
copolymer, the ratio of the repeating units of the
dibenzofuran derivative and the amine derivative is 70:30.

This polymer is referred to as Polymer Compound 20.
The polystyrene reduced average molecular weight of Polymer

Compound 20 was Mn=4.3x10°, and Mw=8.2x10°.

Synthetic Example 13 (Synthesis of Compound U)

HO, HO
Br—%iil?—~%!l?—1ﬁ
OH OH
Compound U

2,2',5,5'-tetramethoxy-1,1'-biphenyl was brominated



1099& ()- s 1098& ()- s 1098& ()- ' VQeGrs 1098& ()- ' Vs 1098& () -

1099& ()- s 1098& ()- 'VQs 1098& ()- eE+s 1098& ()-s 1098& ()- s 1098& ()-
s 1099& ()- 'VQs 109%& ()- s 109%& ()- hM |.310%& ()- s 109%& ()- 'V
1090@& ()- s 109%& ()- s 1099& ()- ' VQ@4~| [ NA410%4.0%40% 9' | 10984& () -
s73109%0& ()- S6109%& ()- pl 1109%08& ()1 1109%& ()-&|[: NAA10 ) 109%8& () -

Ls! 109 #& ()-] Ls!1098& ()-] Y 1098& ()- s$10% % & ()- 31098& () -
“8qg|[:NAALO 6 1098& ()- 41098& ()- 231098& ()- 11098& ()- f, 1098& ()-
f,10%& ()-#6hvU4 F 109&' ()- S109%& ()- S#10%& ()- Y10%&' ()- 10%40%0%

8" 1099& ( ackoZdingUdo theYY&okddrO WKL SyhthetQWdKamp 10 W& iy 10%89& () -
21090&' ()-kvU4 1098@& ()- YmLO%& ()-101010 & 109%&' ()-& & 10%:& ()-& &
1098& () - 8515 N>bidAssheLRiMmidl Hh@Ye&d( bf' N-HhABE olslrccinkatitdk ,() - "
109%9@& ()- S@LOW& ()-%& +6VDE410< 33 10%\ & ()-M!10%\ & ()-T& 4110%

& ()-T& la%d démerhyla¥iondwak- pexEozmedd Acto¥itng) to BB TOCedRrt0%WR' () -
| 1098& ()-10 10 10 &10% & ()-/1Fz|[:vU4l 1098& ()- 1098& ()-

‘llo%?/&' (pE mme(:;c ExaM\e( 10, 9to0ed@ain- SBe| Hestidtd proauat.() -

| 904 109 () - - | 98 100 ()-- | %M 1098& () -- #1098& ()- ' 1098@& () - <WKYZAvU4l
bl &10%& § NMR10349MHz / CDCl;) :

0 6.74 (s, 2H), 6.97 (s, 2H), 8.97 (s, 2H), 9.45 (s,

2H).

Synthetic Example 14 (Synthesis of Compound V)

HO OH
Bfiiilz;ﬂli;;Br
Compound V
According to the procedure of Synthetic Example 11,
Compound U was used instead of Compound Q, and the desired
product was obtailned.

MS spectrum : [M-H] ™ 356.9

Example 36 (Synthesis of Compound W)

C4Hg CiHe

0

Compound W
In a three necked flask, Compound V (0.93g), 4-

butylphenylboronic acid (1.0g), and copper(II) acetate



& ()- bxl 810%& ()- Y10% & & () - 10%.0%0% OM 10%4& ()-g: Ff | [ : vUa1 b
L 1110% & & ()-T t110%4 H& ()-b t110%/ & ()- t110% [ "& ()- t!110% & & ()-
0t110% % & ()-[vU4l , 9! 109%8& ()- L&LO%WA& ()- F10%4& ()-10"y 10y 10y

L 110%y & ()- ,:110% & ()-[f?|[:v | 1090& ()- 1090@& ()- &1098& ()-
F1008& ()- , 9! 10%& ()- ,9!10% & ()- “7[|[:vU4l -:1109& ()-3 +1090& ()-
S) S10%&' ()- s' 1098& ()- FUO0%W& ()- #L!10%&' ()-$%& +kvU4sl &10%& ()-M
© Y109990&' () - 1094.0%4.0% SSMLOY&' ()- -:! 109%& ()- 3 -:110% & ()-3
Ki|[:-4109%® S& !1090%0& ()- fL! 10(22;! & ()- fL! 10%9%9&' ()-(; L! 1(();;/%0/&3&& 0
-fL! 10%=&'((0).-7 AR MR el Qur 1 18 A ALDD %4 -
[ 109X&& ()(91 |](19(?&/o<&&' ()-109%9109% L=| %‘?(&g’/@ Y(u 10%(&&' ()-

&T109X&&! 1,drchdtR&t e ) (3P0 %ersd: AinkD%6%& 1 2O %k ;(:) &y &0 F
>110%&' () - dg)c?O% & () - ldOZ/(o & ()p10X&1%9){8%101X& F7@L00 &&FZ) 110%2%&' ()-&

}1[:vU4l0a robdbst&nperatirk) %y )3 MdwslG% & i) .- N‘b@'ﬁé@@tian i thfi%e & () -
10% & ()-+,-.2/0bU410 110% & & ()-10 10 10 L9@O% & ()- 1710% & ()- f410%
& ()- LOYwas filtrated through cerite, and chloroform and
hydrochloric acid (1 mol/ L) were added to the filtrate,
the organic layer was extracted, and dried with sodium
sulfate. It was purified through a silica gel column
(toluene:cyclohexane=1:2), washed with hot hexane, then the
desired product (white so0lid) was obtained. (0.52g).
'H-NMR(300MHz / CDCl,):
0 0.92 (t, 6H), 1.35 (m, 4H), 1.54 (m, 4H), 2.58 (t, 4H),
6.89 (dd, 4H), 7.12 (4ad, 4H), 7.37 (s, 2H), and 7.84 (s,
2H)
Example 37
<Synthesis of Polymer Compound 21>
It was synthesized according to the procedure of
Example 20, using Compound W 174mg, N,N'-bis(4-
bromophenyl)-N,N'-bis(4-n-butylphenyl)-1,4-phenylenediamine
82mg. The yield‘of the resultant polymer was 95mg. In the
copolymer, the ratio of the repeating units of the
dibenzofuran derivative and the amine derivative is 70:30
in the above described order of the corresponding bromo
compounds. This polymer is referred to as Polymer Compound
21.

The polystyrene reduced average molecular weight of

Polymer Compound 21 was Mn=1.6x10%, and Mw=4.7x10°.



. 10% & ()--203i [[:bU4A10 110% & & ()- 10% & & ()- 10% & ()- ,10% & & ()-
110% & & ()- |1T&L0% & & ()-(|[>14110° & 9% 10% & & ()- @ !10% & & () -
-3109%6 & & ()- #ML0% & & ()- +10% & & ()- #YL0% & & () - &@A4110° &
T 109& ()- 10% & ()- 10% & ()- 910% g) 1110% & ()-10 & 10" & @J|[: A4110°
S10% & ()- @0% & ()- ° 10% & () - ()- '110% & ()- 3 10%
& ()-J3, | [: A4110° 9 10% & ()- %10%&'() #310% & ()- !10% & ()- &L0% & ()-
< 10% & ()- |[:A4110° " 610% & ()- 2Y010% & ()- YOl0% & ()- ,10% & ()- *10%
& ()- )L!110% & () - PQRSWA/U411 1098& ()- LUAO%#& ()-m  LYULO9B& ()-m
I MLO0%E (Bxdfple 18 (@ANMheR i(s -off [Conpbiind &) 1098& () - F" 1098& () -
109948 ()- YL10%! & ()- YLLIO9&' ()- - 1098@& ()-e|[:vU4ll 9 10%& ()-
ST@LOYE (J—~ s51098& ()- ,|10%& ()- ) 1QW& ()- ' 1099& ()- !'"& yX611l
!‘!10%CF& 1 109FE F& () -, ‘110%()
3109 F& 0%‘10%/&' ()- xy J100E88! () -) 10F* F1OF* F10F*F
s 1096+ F& ()- ' s! 109! F& () - 15 llO%]bJ&'() “L109%F& ()-,! $ ' 2 e
p"|[:bUsll , M 10%E&EA 0VERS ()- | 109%E&& () - flo%E&&'()-l
@10% & ()- F&LOVESS ¥D#t #| [ - bUA11  5f 109E&& () -  &310%E&S& () -
M 10%& ()- , M 18% & M BOOBE ()- , M 10U& () -t #statst( $2Y811
Lz#109%8&' () - - I10%?/&'()--10E&10E&10E&910%E&&'() 8109E&E () -
6: ! 109E&& () - ($b$$$(%:;§>4ﬁ%é Y811  y109%& ()- :!109%4& ()- 109%& ()-E
g109%&' ()- 3 109 1098& () - A% %984 &&&| [ : Y811 %10%?/&'()-
#@LOW& () - Fgf:iLOa/G/ﬁghfée SteddllO8i 49 JAIBR 40 -inert atmospher
1000@’ () - 8& K ~ =+ T T NAA111004.006 0% O10@& ()- - 1099& () E » 1090& ()-
+@LOW& (QompRIWOE (2 :5g) ekdd *dids MAAA 10n K, Nl@%etﬁyiformérw&’e & ()-
dKIOW& () B 110% & (Jo1 10% & ()- 310% & ()-r . 1 Fo--vuall
} 109%& () -5 4098 @ JhilsYd AR ofop rdbINRnZent (4.00) ak@ potsfsd{lHv6
& ()--oo... I[:vU41l . 109& ()- +1098& ()- @10%4& ()- ! 1098& ()- B}10%
v & ()-1 qamemeit -04.89) Onexe? addRVUHrA tREshg ) temperature was
S&610%& () - $1090& (%p 810904&' ()- SY. 10980& () -

1099& (raiaed. o G49°C., and stirred E£ogyé?bogTe).- Fhewalbodasne) - 3
F10%28s& ()- 1094.0940%. 109%& () - . TLO%9&: éa&t 12242N2222| [ ; - ; 10s28&s
8:110%s2&5% @ddedHeh 1@/@?&5‘%&'@@%%’%@ ‘(%Pe hm)%%%?%? acid 100& () -

L! 1092 ' 222 09 1109 ' -
) 0 d;an&s %va(t)er T%%nggg%écl %%%?:‘ was c{r%e% gﬂ)lthL s%%{u% &()-F |

sulfate, and the solvent was distilled off. The resultant
solid was purilfied by silica gel column chromatography
using hexane/ chloroform, and the desired product was
obtained. (3.9g).
'H-NMR(300MHz / CDCl;):
0 2.18-2.27 (m, 4H), 2.93 (t, 4H) and 4.10 (t, 4H), 7.17

to 7.32 (m, 12H) and 7.70 (s, 2H)
Example 39
{Synthesis of Polymer Compound 22>

It was syntheéized according to the procedure of
Example 20, using Compound X 291mg, N,N'-bis(4-
bromophenyl)-N,N'-bis(4-n-butylphenyl)-1,4-phenylenediamine

143mg. The yield of the resultant polymer was 120mg. In



. &1098&' ()-} 9110% & & ()- Y10% & & () - 10s2&8s10s28sNn5367777788vU410
10%89%8& ()-L &LOYRYR&L ()- 1098Y&& ()-10"& 10°& 10°& !10% & & ()-
110% Q% & ()-888:::+; |[:vU410 7*110% & ()- P*1109& ()- *! 109RIRS& () -
T & 10%RIR& ()- p 10UR& ()-L W 0@6%. -L+;2; mn;0;p;t; V<X>vW410

s! 1099& ()-( LS&L0%& ()- 31094 ()- LOKYRI0&YRIO&YE * ! 10%RYR& () -
*110% & () - X>s>>>~@aaag obU410 mi0% & () - 10%4.0%4.0% s! 10984 () -
© =51 109G P] & ()-( PnDs! 10%Kp& ()-( s!10%& ()- (@A AAAAA| [: bU410 1098

8& ()- 10%7& ()- ° 10%& ()- f 10% & ()- 10% & ()- 9- 10%
-& () - AKELEEWENEB oE BYU4HR kA3 iklQ% the krepbd tThQPMun(irs 24 | & () -
109! Y& () - 10 91 10% & ()-}E Idiel fIglkillvudio |- &s!100& ()-S/

&s! 109%-| F&'ib)enSbeka%FaE&'i«r)atm‘éYh@mYJ;&‘éYa&MnéO%é‘f&v(a)tives sl Ge¢!I0& () - 1J
JeK9LHLLzX7vU410 &s! 10%F& ()-S/!1&s!10%: & ()-S/ &s!10%! F& ()- S/

&s! 109! F&n( th8&/ aboke' He¥@ribed ordés! H¥Yane CorTelsiiiiiiMdVbndiid 1098& () -
fZ 1098& ()-: 50fZ 109%& ()-: |10%& ()-10F! F 10F! F10F! F

&s! 109! F&ompoShiK[. RIRf RgRhRi RcVI <10 1094.094.0% y10%&' () - sYSmLO%& () - &
L1 10989&' ()-s$ L!10%& ()-s$ [y 1098& g) @ RTR~RRRSV{ Z9VI <10 & 10% & () -!
& 109 ()-! & Thidsgpplymergisorpkerrpd to1e% ofymer0ZrapeRndEARAGWHW. Wo\WV
XvU410  109%& () - | 0%&' ( && 10%&' ()-1 ( 10% & ()-'10 10 10 .M 10%
& ()- XNR@XRR;Y#W@U&MG@EG ayprage modegulpr weighdy ofgPoLyper

Zlogﬂ&f()Compgﬁgé %2(&as 192 %E&&o , and Mw=1.4x10°.

Example 40
{Production of Polymer Compound 23>

2mg of Polymer Compound 13, and 0.1lmg of Ir complex,
Btp:Ir(acac) were dissolved in 0.2ml of toluene, and a £ilm
was formed in a thickness of about 200nm by spin coating,
and dried at a room temperature in a reduced pressure,
overnight.

The fluorescence spectrum of the resultant thin film
was measured, and phosphorescence emission from Ir complex

was observed.

The polymer compound of the present invention having
thiophene-condensed ring unit a new polymer compound which
can be used as a light-emitting material, a charge

transporting material, etc.
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0; these repeating units may have a substituent selected
from the group consisting of an alkyl group, alkoxy group,
alkylthio group, aryl group, aryloxy group, arylthio group,
arylalkyl group, arylalkoxy group, arylalkylthio group,
arylalkenyl group, arylalkynyl group, amino group,
substituted amino group, silyl group, substituted silyl
group, halogen atom, acyl group, acyloxy group, and imino
group.

2. A polymer compound according to claim 1, wherein Ring
A, Ring B, Ring C, and Ring D are aromatic hydrocarbon
rings.

3. A polymer compound according to claim 1 or 2, wherein
Ring A and/or Ring B, and Ring C and/or Ring D have at
least one substituent selected from an alkyl group, alkoxy
group, alkylthio group, aryl group, aryloxy group, arylthio

group, arylalkyl group, arylalkoxy group, arylalkylthio
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group, amide group, imide group, monovalent heterocyclic

group, carboxyl group, substituted carboxyl group, and
cyano group.

4. A polymer compound according to claim 1, wherein the
repeating unit represented by the above formula (1-1) is a

repeating unit selected from the below formulae (2-1) to

(2-5)1

(2-4) (2-5)
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wherein, X represents S or O; R;, Rz, Rs, Ry, Rs, R¢, Ry, Rg,
Ry, and Rio, each independently represent an alkyl group,
alkoxy group, alkylthio group, aryl group, aryloxy group,
arylthio group, arylalkyl group, arylalkoxy group,
arylalkylthio group, arylalkenyl group, arylalkynyl group,
amino group, substituted amino group, silyl group,
substituted sllyl group, halogen atom, acyl group, acyloxy
group, imino group, amide group, imide group, monovalent
heterocyclic group, carboxyl group, or substituted
carboxyl group: a and b each independently represent an
integer of 0-3; ¢, 4, e, and £ independently represent an
integer of 0-5; g, h, i, and j each independently represent
an integer of 0-7; and each of a+b, c+d, e+f, g+h, and i+]j
is one or more.
5. A polymer compound according to any one of claims 1 to
4, wherein sald polymer compound further comprises the
repeating unit represented by the below formula (3),
formula (4), formula (5), or formula (6),

—Ar;— (3)

—(Arz—Xﬁﬁ—Am—- (4)

-Ar,-X,- (5)
-X3- : (6)
wherein, Ar;, Ar;, Ar;, and Ars each independently represent

an arylene group, a divalent heterocyclic group, or a
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divalent group having metal-complex structure; x;, x;, and
X3 each independently represents -CR;;=CR;3~, -C =C-, -
N(R;3)~, or -(SiRj4Ris)x~; Ri1 and R, each independently
represent a hydrogen atom, alkyl group, aryl group,
monovalent heterocyclic group, carboxyl group, substituted
carboxyl group, or cyano group: R;i, Rjs, and R;s each
independently represent a hydrogen atom, alkyl group, aryl
group, monovalent heterocyclic group, arylalkyl group, and
substituted amino group; ff represents an integer of 0-2; k
represents an integer of 1-12; when Ri;, Rj;, Riz, Ry, and
Ris exist in plural, respectively, a plurality of them may
be the same or different.

6. A polymer compound according to claim 5, wherein the
repeating unit represented by the above formula (3) is a
repeating unit represented by the below formula (7), (8),
(9), (10), (11),.or (12),

<H16>|

\_/

(7)

wherein, R;¢ represents an alkyl group, alkoxy group,
alkylthio group, aryl group, aryloxy group, arylthio group,
arylalkyl group, arylalkoxy group, arylalkylthio group,
aryl alkenyl group, arylalkynyl group, amino group,
substituted amino group, silyl group, substituted silyl
group, halogen atom, acyl group, acyloxy group, imino

group, amide group, imide group, monovalent heterocyclic
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group, carboxyl group, substituted carboxyl group, or cyano
group; 1l represents an integer of 0-4; when R;s exists in

plural, a plurality of them may be the same or different,

(),

<Hw>n (8)

wherein, R;; and R;s represent each independently an alkyl
group, alkoxy group, alkylthio group, aryl group, aryloxy
group, arylthio group, arylalkyl group, arylalkoxy group,
arylalkylthio group, arylalkenyl droup, arylalkynyl group,
amino group, substituted amino group. silyl group,
substituted silyl group, halogen atom, acyl group, acyloxy
group, imino group, amide group, imide group, monovalent
heterocyclic dgroup, carboxyl dgroup, substituted carboxyl
group, or cyano group; m and n each independently represent
an integer of 0-3; when R;; and R;s exist in plural,
respectively, a plurality of them may be the same or

different,

(%)
0
Rao

N7\ ‘<[>

(7
P (9)

wherein, R;3 and R,; each independently represent an alkyl

Ray
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group, alkoxy group, alkylthio group, aryl group, aryloxy
group, arylthio group, arylalkyl group, arylalkoxy group,
arylalkylthio group, arylalkenyl group, arylalkynyl group,
amino group, substituted amino group, silyl group,
substituted silyl group, halogen atom, acyl group, acyloxy
group, imino group, amide group, imide group, monovalent
heterocyclic group, carboxyl dgroup, substituted carboxyl
group, or cyano group; o and p each independently represent
an integer of 0-4; Ry; and R;; each independently represent
a hydrogen atom, alkyl group, aryl group, monovalent
heterocyclic group, carboxyl group, substituted carboxyl
group, or cyano group; when Rj;; and Rz, exist, respectively,
a plurality of them may be the same or different,

X4

\

N N

N/
A
X ‘ y
)
< 3 g (10)

wherein, R,3; represents an alkyl group, alkoxy group,
alkylthio group, aryl group, aryloxy group, arylthio group,
arylalkyl group, arylalkoxy group, arylalkylthio group,
aryl alkenyl group, arylalkynyl group, amino group,
substituted amino group, silyl group, substituted silyl
group, halogen atom, acyl group, acyloxy group, imino
group, amide group, imide group, monovalent heterocyclic
group, carboxyl group, substituted carboxyl group, or cyano

group; q represents an integer of 0-2; Ar,; or Ar;, each
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independently represent an arylene group, a divalent
heterocyclic group, or a divalent group having metal-
complex structure; x and y each independently represent 0
or 1; |

X4 represents O, S, SO, SO,, Se, or Te; when R;; exists in

plural, a plurality of them may be the same or different,

<H24>r Xe—X; <R25>s

\_/ / \ \-/
Xs (11)

wherein, R;4 and Ry;s each independently represent an alkyl
group, alkoxy group, alkylthio group, aryl group, aryloxy
group, arylthio group, arylalkyl group, arylalkoxy group,
aryl alkylthio group, arylalkenyl group, arylalkynyl group,
amino group, substituted amino group, silyl group,
substituted silyl group, halogen atom, acyl group, acyloxy
group, imino group, amide group, imide group, monovalent
heterocyclic group, carboxyl group, substituted carboxyl
group, or cyano group; r and s each independently represent
an integer of 0-4; Xs represents O, S, SO;, Se, Te, N-Rgs,
or SiR;7Rjs: X¢ and X; each independently represent N or C-
Rae; Ris, Rz7, R2s, and Ry each independently represent a
hydrogen atom, an alkyl group, an aryl group, arylalkyl
group, or a monovalent heterocyclic group; when Rz, R3s,
and Ryy exist in plural, respectively, a plurality of them

may be the same or different,
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=|= Ra1 .
33
N7 N =
Raz \ |/
Ra4 l

(")
U (12)

wherein, Ri3; and Ris; each independently represent an alkyl
group, alkoxy group, alkylthio group, aryl group, aryloxy
group, arylthio group, arylalkyl  group, arylalkoxy group,
aryl alkylthio group, arylalkenyl group, arylalkynyl group,
amino group, substituted amino group, silyl group,
substituted silyl group, halogen atom, acyl group, acyloxy
group, imino group, amide group, imide group, monovalent
heterocyclic group, carboxyl group, substituted carboxyl
group, or cyano group; t and u each independently represent
an integer of 0-4; Ri;, Riz, R33, and Ri; each independently
represent a hydrogen atom, alkyl group, aryl group,
monovalent heterocyclic group, carboxyl group, substituted
carboxyl group, or cyano group; Ars represents an arylene
group, a divalent heterocyclic group, or a divalent group
having metal-complex structure; when Rz and Rj;s exist in
plural, respectively, a plurality of them may be the same
or different.

7. A polymer compound according to claim 5, wherein the
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repeating unit represented by the above formula (4) is a
repeating unit represented by the below formula (13),

——Ars——N—éAw—N‘}—Ara—-
A | v
Arg

Aryg

N—Ary4
w

Aryo (13)
wherein, Ars;, Ar;, Ars, and Ar,y each independently represent
an arylene group or a divalent heterocyclic group; Ar,,
Ar;;, and Ar;» each independently represent an aryl group or
a monovalent heterocyclic group; Arg, Ar;, Arg, Ar,, and Ar;,
may have a substituent; v and w each independently
represent an integer of 0 or 1, and 0<=v+w<{=l.
8. A process for producing the polymer compound according
to any one of claims 1 to 7, wherein condensation
polymerization is carried out using a compound represented
by Formula (14) as one of the raw materials,

Y,-U-Y, (14)

wherein, U represents a repeating unit represented by the
above formula (1-1) or (1-2); Y, and Y, each independently
represent a substituent capable of condensation
polymerization.
9. A process for producing the polymer compound according
to claim 8, wherein the compound represented by the above
formula (14) is a compound represented by the below formula

(15-1), (15-2), or (15-3),



144

YH Yz, Yia
[52eh et
(Rae)__ Ra?bb \// \ \/
(Rag) g (Raslgq
(Rao) o
(15-1) (15-2) (15-3)

wherein, X represents S or O; Y1, Y2, Y13, Y14, Y15, and Yie
each independently represent a substituent capable of
condensation polymerization; Ri¢., Ri7, Ras., Ras, Rso, and Ry
each independently represent an alkyl group, alkoxy group,
alkylthio group, aryl group, aryloxy group, arylthio group,
arylalkyl group, arylalkoxy group, arylalkylthio group,
arylalkenyl group, arylalkynyl group, amino group,
substituted amino group, silyl group, substituted silyl
group, halogen atom; aa and bb each independently
represent an integer of 0-3; cc and dd each independently
represent an integer of 0-5; ee and gg each independently
represent an integer of 0-7; each of aa+bb, cc+dd, and
ee+gg 1s one or more; when Ris, Ri37, Ras, Ris, Rso, and Ry
exist in plural, respectively, a plurality of them may be
the same or different.

10. A process for producing the polymer compound according
to claim 8 or 9, wherein condensation polymerization of a
compound represented by one of the below formulae (16) to
(19) in addition'to the compound represented by the above

formula (14), 1is carried out,
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Y;-Ar;-Y, (16)

Yi~AT, ~X, 3~ ,;—-Ar,—Y, (17)

Y;-Ar,-X;-Ys (18)
Yo-X3-¥30 (19)

wherein, Ar;, Ar,, Ar,, Ar,, ff, X,, X;, and X; are the same
as above; Yi, Y4, Y5, Ys, ¥;, Y5, Yy, and Y, each
independently represent a substituent capable of
condensation polymerization.
11. A process for producing the polymer compound according
to claim 9 or 10, wherein Y,, Y,, Y3, Y4, Y5, Ys, Y7, Ys. Y,
and Y;o each independently represent a halogen atom, alkyl
sulfonate group, aryl sulfonate group, or arylalkyl
sulfonate group: and condensation polymerization is carried
out under the existence of a nickel zero-valent complex.
12. A process for producing the polymer compound according
to any one of claims 9 to 11, wherein Y,, Y., Yi, Y4, Y5, Y,
Y;, Y3, Yy, and Y,;o, each independently represent a halogen
atom, alkyl sulfonate group, aryl sulfonate group,
arylalkyl sulfonate group, boric acid group or boric ester
group;
the ratio of the total number of moles of the halogen atom,
alkyl sulfonate group aryl sulfonate group, and arylalkyl
sulfonate group, to the total number of moles of boric acid
group and boric ester group is substantially 1, and

condensation polymerization is carried out using nickel or
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a palladium catalyst.

13. A polymer compound represented by the above formula
(15-1), (15-2), or (15-3).

14. A process for producing the compound represented by
the above formula (14), wherein

a compound represented by the below formula (20-1) or (20-

2) is reduced with using a reducing agent,

0o, .0 . 0
g O\S
Yo
(20-1) (20-2)

wherein, Ring A, Ring B, Ring C, and Ring D, are the same
as those in formulas (1-1) and (1-2); Y; and Y, are the
same as those in formula (14).

15. A process for producing the compound represented by
the above formula (14), wherein

a compound represented by the below formula (21-1) or (21-

2) 1s reduced with using a reducing agent,

0]
[ [
S S
S [ oy
. Ya
(21-1) (21-2)

wherein, Ring A, Ring B, Ring C, and Ring D, are the same
as those in formulas (1-1) and (1-2); ¥Y; and Y, are the
same as those in formula (14).

16. A composition comprising one or more compounds
selected from a hole transporting material, an electron

transporting material, and light-emitting material, and one
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or more polymer -compounds according to any one of claims 1
to 7.

17. An ink composition comprising at least one polymer
compound according to any one of claims 1 to 7.

18. An ink composition according to claim 17, wherein saild
ink composition has a viscosity of 1 to 20mPa‘'s at 25 C.
19. A light emitting thin film comprising the polymer
compound according to any one of claims 1 to 7.

20. A conductive thin film comprising the polymer compound
according to any one of claims 1 to 7.

21. An organic semiconductor thin f£ilm comprising the
polymer compound according to any one of claims 1 to 7.

22, A polymer light emitting device, wherein said polymer
light emitting device has an organic layer between
electrodes consisting of an anode and a cathode, and said
organic layer comprises the polymer compound according to
any one of claims 1 to 7.

23. A polymer light emitting device according to claim 22,
wherein the organic layer is a light emitting layer.

24. A polymer light emitting device according to claim 23,
wherein the light emitting layer further contains a hole
transporting material, an electron transporting material,
or a light-emitt;ng material.

25. A flat light source comprising a polymer light
emitting device according to any one of claims 22 to 24.

26. A segment display apparatus comprising a polymer light
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emitting device according to any one of claims 22 to 24.
27. A dot-matrix display apparatus comprising a polymer
light emitting device according to any one of claims 22 to
24.

28. A liquid crystal display comprising a polymer light
emitting device according to any one of claims 22 to 24 as

a back light.



