30 August 2006 1 NEW POLYMER AND PCLYMER LI GHT-EM TTI NG DEVI CE USI NG THE

SAME BACKGROUND OF THE INVENTION Field of the Invention Th Oeﬁesqgkgé
invention relates to a new pol ynmer, ay* process for producing t'NEBYE . a
pol ynmeric fluorescent substance thereof, and a polynmer light-emtting
device (hereinafter, may be referred to as "pol ymer LED') using the sane.
Description of the Related Art Hi gh nol ecul ar weight light-emtting
materials and high nolecular weight charge transporting nmaterials are

el gt mad B SR A, VOBl 3 it gt e G om SRS 188 e oo

transportigige ayers by coating method. As the exanple, polyfluorene
derivatives are known. SUVWARY OF THE | NVENTI ON The object of the present
invention is to provide a new polyner which can be used as a
light-emtting material, a charge transporting material, etc., a process

for prodggickgrbBRDS 8T THE G NYERADYRE" | ight-em tting device using said
polymer. That 1s, the present invention relates to a pol yner
Field of the Invention
The present invention relates to a new poljmer, a
process for producing the same, a polymeric fluorescent
substance thereof, and é polymer light-emitting device
(hereinafter, may be referred to as "polymer LED") using
the same.
Description of the Related Art
High molecular weight light-emitting materials and
high molecular weight charge transporting materials are
variously studied since they are soluble in solvents,
unlike low molecular welght materials, and can Be formedr
into light emitting layers or charge transporting layefs by

coating method. As the example, polyfluorene derivatives

are known.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
nev polymer which can be used as a light-emitting matérial.
a charge transporting material, etc., a pfocess for
producing the same, and a polymer light-emitting device
using said polymer.

That is, the present invention relates to a polymer



30 August 2006 2 having a polystyrene reduced nunber average nol ecul ar
wei ght of 103-108, and conprising a repeating unit represeggfiﬁqlgggt%g
below fornula (1), RR RBRRA RS R R6 wherein, Al is a divalen roup
represented by -Z- or -Z-Z- in which Zis an atom c group which nay have a
substituent; A represents a dival edt group in which the bond distance
rati o (bond di stance C2-A" / bond distance C2-Cl) is 1.10 or nore, in
which C2 is the carbon of a position, and d is the carbon of $ position
respectively to A'; Rl, R2, R3, R4, R5, and R6, each independently

r epr esenthavhndr agpalyatyrena irelaged aueberamavadade giodlgcukdkenyl group
al kynyl group, al kyl oxy group, alkylthio group, an al kylam no group, aryl
group, aryebelytgeHub0 ekt lmindt apmpuisiary |arepeating, uniyl al kyl group,
aryl al kyl oxy group, aryl alkylthio group, arylal kylam no group,
substi t ut¥RPEeF§RTed oby, theybedewupformugboXt)group, imno group, amide
group, aryl al kenyl group, arylal kynyl group, nonovalent heterocyclic

nd R3 nay be connected to forma ring; and R4

(1)

wherein, A! is a divalent group represented by -Z- or -2-2-
in which Z ié an atomic group which may have a'substituent:
al represents a divalent group in which the bond distance |
ratio (bond distance C2-Al! / bond distance C2-Cl) is 1.10
or more, in which C2 is the carbon of @ position, and C1
is the carbon of B position, respectively to A'; R, R?,
R?, 3f, R®, and R®, each independently represent a hydrogen
atom, a halogen atoﬁ,.an alkyl group, alkenyl group,
alkynyl group, alkyloxy group, alkylthio group, an |
alkylamino group, aryl group, aryloxy group, arylthio
group, arylamino group, arylalkyl group, arylalkyloxy
group, aryl alkylthio group, afylalkylamino group,
substituted silyl group, acyl group, acyloxy group, imino
group, amide group, arylalkenyl group, arylalkynyl group,
monovalent heterocyclic group, or cyano group; R? and R®
may be connected to form a ring; and R* and R® may be
connected to form a ring. |

DETAILED DESCRIPTION OF THE INVENTION



3 In the above fornula, as the atomcontained in Z, a hetero atomis
preferable, and as the hetero atom Si, P, S GCe, Sn, Se a

exenplified. Exanples of the atom c group Z having substitugﬁgﬁgwgﬁﬁgg
follows. Oa a RR Olle -4e- -Ge- -S ORRRR O 11 In the fornula, R
each independently represents a hydrbgen atom a hal ogen atom an al kyl
group, al kyloxy group, alkylthio group, alkylam no group, aryl group,
aryl oxy group, arylthio group, arylam no group, arylalkyl group,

aryl al kyl oxy groug, aryl al kyl thi o group, arylal kylam no group, substituted
silyl group, atylthe caRovecheonrylaroap, thenbhomgcontaimeddngroupd
aryl al kenyl group, aryl al kynyl roup, nonoval ent heterocyclic group, or
cyano gr otptenhatmdisirteferable; oand arethsoheteyoma@teom.151 s P,
conput abl e ﬁ¥ optim zing the nol ecul ar structure of a conpound using
quant um cherfi®t SR e And iTh. are exemphiihedm chenistry cal cul ati on

met hod, sem -enpirical and non-enpirical nolecular orbital nethods, and a
density Examples of the atomic group Z having substituent are

as follows.

I
—fe— —Se— —Ge— —Sn—
I S
o

In the fofmula, R each independently represénts a hydrogen
atom, & halogen atom, an alkyl group, alkyloxy group,
alkylthio group, alkylamino group, afyl-group. aryvloxy
group, arylthio group, arylamino group, arylalkyl groﬁp,
arylalkyloxy group, arylalkylthio group, arylalkylamino-

. group,.substituted silyl group, acyl group, acyloxy grbup,
imino group, amide group, arylalkenyl group, arylalkynyl
group, monovalent heterocyclic group, or cyano group.

The bond-distance ratio in the above formula (1) is
computable by optimizing the molecular structure of a
compound using quantum-chemistry calculation. As the
quantum-chemistry calculation method, semi-empirical and

non-empirical molecular orbital methods, and a density



30 August 2006 4 functional nmethod, etc. can be used. For exanple, by a

density functional nethod included in quantum chem stry calag{ LQE
: AT : 3 { Og
program Gaussi an 98, a structure-optim zing calculation of "a’c ound can

be perfornmed using 6-31g* as a basis function, and b3lyp as a density
functional approximtion, and the bond-di stance ratio can be determ ned.
(Ref: J. Chem Phys., 98, 5648(1993)). 4he bond distance C2-A" is the
distance fromC2 to the atomof the group A to which C2 is directly
bonded. \When the _repeating unit of forpula (1) is asymretrical, both bond
di st ancetPaFFdSnale MROdr Mie. REN RPe RaSeRd4, REENISRBTPHSE hebBbdve

fornul a dhatBeh ABdaneent | ket ARECSCHe Fdudlr 09AN hpRedhlddaf ) om

an al kyl grou enyl group, al kynyl group, alkylo roup, alkylthio
group, atk¥tabbhoogrogxogramh gEeupgianyl B, gr aup,strargdure -erriotiging

arylam ng_gro .aryl al kyl group, .aryl al kyl ox roup, arylal kyl thi_.o group,
aryl al kyFaﬂ?Hg%mUp,oaf'sL%S‘f‘?‘f‘%‘?‘élad §¥Py}b%r3ﬁ%f,° %flf’] b?bﬁ%, géggg%xfsgr up,
i M no grpdpigam denceiedp. aasMbal kemyiporoa®, adyl aldadialy 9r Aiphctimdual ent
het er ocycl i c group, or cyano group. and R3 may be connected to forma

ring; and@PRYCEAMaREORRyY ael ddithdeenddbstangen Kakiagcapr deed@isEmigednd R5
are each(hgggpgndeﬁghy §h§¥t?xﬁs,Q%QH@11§55¥5thi0 group, al kyl am no group,
aryl oxy group,

The bond distance C2-A' is the distance from C2 to the
atom of the group A! to which C2 is directly bonded. When the
repeating unit of formula (1) is asymmetrical, both bond
distance ratios are 1.10 or more.

R*, R®}, R?®, R' R° and R® in the above formula (1) each
independently represent a hydrogen atom, a halogen atom, an
alkyl group, alkenyl group, alkynyl group, alkyloxy group,
alkylthio group, alkylamino group, aryl group, aryloxy group,
arylthio group, arylamino group, arylalkyl group, arylalkyloxy
group, arylalkylthio group, arylalkylamino group, substituted
silyl group, acyl group, acyloxy group, imino group, amide
group, arylalkenyl group, arylalkynel group, monovalent
heterocyclic group, or c¢yano group. R’ and R’ may be
connected to form a ring; and R* and R® may be connected to
form a ring.

Preferably, R? and R®> are each independently alkyloxy
group, alkylthio group, alkylamino group, aryloxy group,
arylthio group, arylamino group, arylalkyloxy group,
arylalkylthio group, or arylalkylamino group among them, and
more preferably, alkyloxy group, aryloxy group, or
arylalkyloxy group.

As the halogen atom, exemplified are fluorine, chlorine,

bromine, and icdine.



arylthio group, arylam no group, arylal kyl oxy group, arylalkylthio group,
or arylal kyl am no group anong them and nore preferably, abbxi ¥“gb8up,
éﬁ% iTiled are

aryl oxy group, or arylal kyl oxy group. As the hal ogen at om “ex
fluorine, chlorine, bromne, and iodine. 30 August 2006 5 The al kyl group
may be any of linear, branched or dyclic, and usually has about 1 to 20
carbon atons, and the group nmay have a substituent. Specifically,
exenplified are: a methyl group, ethyl group, propyl group, i-propyl
group, butyl, i-butyl, t-butyl, pentyl group, hexyl group, cyclohexyl
group, heptyl THreuplkyitgrogpompy Beeahyl ofeljheagrobpancived o3 oup, decyl
group, 3,7-dinethyloctyl group, lauryl group, trifluoronethyl group,
pent af | uotbethyl agdousuabbyfhasrabouyl 1 per BPusssbpexptomsougnd the
perfluorooctyl group, etc.; and preferably pentyl group, hexyl group,
octyl grolfRUR-BAVHERYR Habepltweeyt Greapficandys, pxempddmiiedct yl group.
The al kenyl group may be any of |inear, branched or <cyclic, and _usually
has aboutdZei @ Jeeeafbogr B meetinl FHReUP gr BLRPYHRYIRAVE - alseBePYduent .
Specifically, exenplified are: ethenyl group,_ propenyl_ group, 2-propenyl
gr oup, 1:9§§§Hnﬂbég&kmﬁﬁﬂbfﬁﬁhp,t?b%%Y%ylE?% %ygraPBupPgEYQ-gFREEhyI
ropenyl grau but enyl grqup,. 2- et hyl but en roup, 1, 3-

propeny é&éﬁéﬁexfﬁ gf%uﬁ{(héﬁtylrgrogﬁ, oct%i 8rou8, %-ethyl hexyl

group, nonyl group, decyl group, 3,7-dimethyloqtyl group,

lauryl group, trifluoromethyl group, pentafluoroethyl

group, perfluorocbutyl, perfluoroc hexyl group,

perfluorococtyl Qroupi etc.; and preferably pentyl group,

hexyl group, octyl group, 2-ethylhexyl group, decyl group,

| and 3,7-dimethyloctyl grbup.-

The‘élkenyl group may be any of linear, branched or
cyclic, and usually has about 2 to 20 carbon atoms, and the
group may have a substituent. Specifically, exemplified
are: ethenyl group, propenyl group, 2-propenyl group, 1-
methyl propenyl group, 2-methy1propeny1 group, 1,2-dihethy1
propenyl group, butenyl group, 2-methylbutenyl group, 1,3-
butadienyl group, pentenyl group, hexenyl group,
cyclohexenyl group, heptenyl group, octenyl group, 2-ethyl
hexenyl group, trifluoroethenyl group, perfluorobutenyl
group, perfluorchexenyl group, perfluorooctenyl group, etc.

The alkynyl group may be any of linear, branched or
cyclic, and usually has about 2 to 20 carbon atoms, and the
group may hawve a substituent. Specifically, exemplified

are: ethynyl group, propynyl group, 2-propynyl group, 2-



but adi enyl group, pentenyl group, hexenyl group, cyclohexenyl group,

hept enyl group, octenyl group, 2-ethyl hexenyl group, trif%%o oet I
group, perfluorobutenyl group, perfluorohexenyl group, perfl YO8cte yl
group, etc. The al kynyl group may be any of linear, branched or cyclic,
and usual ly has about 2 to 20 carborf atons, and the group may have a
substituent. Specifically, exenplified are: ethynyl group, propynyl group,
2- propynyl group, 2 30 August 2006 6 nethyl propynyl group, butynyl group,
2-nethy|but¥nyl group, _1, 3-but anedi yl group, pentynyl group, hexynyl
group, CPRIRBFRLBFOPYRYHUBCOHERt PREYIYLOGEOUSGt Yrriie tyaydi hyl  hexynyl
group, fluoroethynyl group, perfluorobutynyl group, perfluorohexynyl
group,[xﬂ??QRwoﬁc¥ym?Fa@?éﬁﬁl GF@FPThEeEFHyngQIQF@uphﬁﬁynﬁé SFPUH -

| i near, branched or _cyclic, and usually has about 1 to 20 carbon atons,

and the GFORNSEPHRVErQURBuLREPEVRYE. IERERY f PEAVRYL GXEHBI-i Ri-€FhYar e:
aroup. i HBiat Frote £ bueRs ChUR Bhret paR: y PORS LIPUBY Kt GEPU-oup.
o B L, SO GEL YL Bl SRl LY e 0
R A N S e e
- cyclic, and usually has about 1 to 20 carbon atoms, and the .
group may have a substifuent. Specifically, exemplified
are: methoxy group, ethoxy group, propyloxy group, i-
propyloxy group., butoxy group, i-butoxy group, t-butoxy
group, pentyloxy group, hexyloxy group, cyclohexyloxy
group, heptyloxy group, octyloxy group, Z—efhylhexyloxy
group, nony;oxy group, decyloxy group, 3,7-diméthyloctyloxy
group, lauryloxy group, trifluoromethoxy group,
pentafluoroethoxy group, perfluorobutoxy'group,
perfluorohéxyl grouﬁ, perfluorcoctyl group,
methoxymethyloxy gfoup, ijethoxyethyloxy group, etc.; and
preferably pentyloxy group, hexyloxy group, octyloxy group,
2-ethylhexyloxy group, decyloxy group, ahd 3,7-
dimethyloctyloxy group.

The alkylthio group may be any of linear, branched or
cyclic, and usually has about 1 to 20 carbonlatoms, and the
group may have a substituent. Specifically, éxemplified
are: methylthio group, ethylthio group, propylthio group,
and i-propylthio group, butylthio group, i-butylthio group,

t-butylthio group, pentylthio group, hexylthio group, cyclo



met hoxynet hyl oxy group, 2-nethoxyethyl oxy group, etc.; and preferably
pentyl oxy group, hexyl oxy group, octyloxy group, 2-ethyl he>%|jg TP
decyl oxy group, and 3,7- dinethyloctyloxy group. The al kylthio oup may be
any of linear, branched or cyclic, and usually has about 1 to 20 carbon
atons, and the group nmay have a substituent. Specifically, exenplified
are: nethylthio group, ethylthio group, 7propylthio group, and i-propylthio
group, butylthio group, i-butylthio group, t-butylthio group, pentylthio
group, hexylthio group, cyclo 30 August 2006 7 hexylthio group, heptylthio

decyl RIS ¥ Sapi Bioa JR, 6Ll MG BByl 2o
exy Ly SCBYINELE) 0 i, SSyLeRld PLEbEER) MeRSIHAET QBRI 3 % o,

and 3, 7ddimee b loeet N thhicd (o). TERE~Al A AN 101 QUi FBYo RSy Dihio
| i near, branched or <cyclic, and usually has about 1 to 40 carbon atons,

and the ggpapp iy .he ameheald@Eramlo iyl i ¢ligddOg Ay KLY . group,
Specifically, exenplified are: nethylam no group, dinethylam no group,

et hyl anm potylobpo diretupyl 2n elthylloeyl tipiopytranpnodgeeiphidi ey ammd
group, i-propylam no group, diisopropyl am no group, butylam no group,
i - but yl aki Hodgmetpy loctydtyiamoreugr-oup, pentyl ami no group, hexyl ani no
group. The alkylamino group may be any of linear, branched or
¢yclic, and usually has about 1 to 40 carbon atems, and the
group may be monoalkylamino group or dialkylamino group.
Specifically, exemplified are: methylamino group,
dimethylamino group, ethylamino group, diethylamino group,
propylamino group, dipropylamino group, i-propylamino group,
diisopropyl amino group, butylamino group, i-butylamino group,
t-butylamino group, pentylamino group, hexylamino group,
cyclohexylamino group, heptylamino group, octylamino group, 2-
ethylhexylamino group, nonylamino group, decylamino group,
3,7-dimethyloctylamino group, laurylamino group,
cyclopentylamino group, dicyclopentylamino group,
dicyclohexylamino group, pyrrolidyl group, piperidyl group,
ditrifluoromethylamino group, etc.; and preferably pentylamino
group, hexylamino group, octylamino group, 2-ethylhexylamino
group, decylamino group, and 3,7-dimethyloctylamino group.

The aryl group may have a substituent, and usually has

about 6 to 60 carbon atoms. Specifically, exemplified are:

phenyl group, C;-C;; alkoxyphenyl group (C;-C;; shows 1-12




cycl ohexyl am no group, heptylam no group, octylam no group, 2-

et hyl hexyl am no group, nonylam no group, decylam no group, 30 Aueust 2006

3, 7-di et hyl octyl am no group, |aurylam no group, cyclopentyl amino group,
di cycl opentyl am no group, dicyclohexylam no group, pyrrolidyl group,

pi peridyl group, ditrifluoronethylé%ino group, etc.; and preferably
pentylam no group, hexylam no group, octylam no group, 2-ethyl hexylam no
group, decylanino group, and 3, 7-di met hyl octyl am no group. The aryl group

gggcrﬁyga??éggﬁ uﬁ?ﬁre gﬁg gi%ﬁiﬁ@?“g#ﬁ%%gheg égfggp% 38n at%)rr"group
Cl-C12 2 b Cl-C12 _alkyl ph I
grgup, 1:nOM%?%t%§ gﬁéhgugéﬁggﬁ$ﬁ§?ra ﬁgglgg%gs I"u %Spheﬁ€¥¥érgug?yetc
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has aboutg o, 60 carbon atons. Specifically, exenplified are: phenoxy
group, C1=Cl al koxyphenoxy group, Cl- C12 al kyl phenoxy group, 1-naphtyl oxy

group, 2-naphtil oxy,-g rPLOkP %f&% Oﬁgeéeayéeﬁgtﬂr:eaﬂt oRYEhdy! oxy group,
pyri dazi nyl oxy groupg, group, pyrazyl oxy group, triazinyl oxy

group, eldroma¥ik FH{E! Y uddally %Oéb’@@@néxfogE@UEarBBﬁ Gromb2 al kyl

phenoxy group. The arylthio group hmay have substituent on the
Specifically, exemplified are: phenoxy group, C;-Ci:

alkoxyphenoxy group, C;-C;; alkylphenoxy group, l-naphtyloxy
group, Z2-naphtyloxy group,‘pentafluoroPhenyloxy group,
pyridyloxy group, pyridazinyloxy group, pyrimidyloxy group,
pyrazyloxy group, triazinyloxy group, etc.; and preferably
C:-Ci2 alkoxyphenoxy group, and C;-C;; alkyl phenoxy group.

The arylthio group may have a substituent on the
aromatic riog, and usually has about 6 to 60 carbon atoms.
Specifically, exemplified are: phenylthio group, C1-Ci2
alkoxyphenylthio group, C;~C;z alkylphenylthio group, 1-
naphthylthio group, 2-naphthy1thio group, pentafluoro
phehylthio group, pyridylthio group., pyridazinylthio group,
pyrimidylthio group, pyrazylthio group, triézinylthio group
etc.; and preferably C;-Ci; alkoxyphénylthio group, and C;-
C,2 alkylphenylthio.

The arylamino group may have a substituent on the
aromatic ring, and usually has about 6 to 60 carbon atoms.
Specifically, exemplified are: phenylamino group, diphenyl
amino group, C;-C;; alkoxyphenylamino group, di(C;-Ci,

alkoxyphenyl)amino group, di(C,-C;; alkylphenyl)amino group,



aromatic ring, and usually has about 6 to 60 carbon atons. Specifically,
exenplified are: phenylthio group, Cl-Cl2 al koxyphenylthi o 39 st S06CL2
al kyl phenyl thi o group, 1- naphthylthio group, 2- naphthylthlo gro P,
pent af l uoro phenylthio group, pyridylthio group, pyridazinylthio group,
pyrindylthio group, pyrazylthio grofp, triazinylthio group etc.; and
preferably Cl-Cl2 al koxyphenylthio group, and Cl- Cl12 al kyl phenyl thi o. The
aryl am no group nay have a substituent on the aromatic ring, and usually
has about 6 to 60_carbon atons. Specifically, exenplified are: phenyl am no
gr oup, dlﬁhQHQPtYéﬁWﬁaﬂgS§QHP CZ-gephiyRénisive gHwE no group, di (Cl-C12

al koxyphen %gn1no gr oup Cl-C12 alkylphenyl)an1no group, 30 August 2006
9 1- napht?é& ﬁéuﬁFBBBenzlﬁﬁgﬁPyﬁﬁﬁPﬁo §ysdgylagdmonianaopheny| ani no

group, pyrid oup, yrlda2|nylan1no group, pyrimdylamno group,
pyrazyl anPXBX‘EQ% gwwazgﬁwam RET4MAGYlamdno GxQus.c DYFASN aminol 2
al kyl phengl an noEg g fnd di (Cl-Cl12 al kyl phenyl) am na g:@oup The
aryl al kyl 95P%0p :; havé %m%HBSQFPBEn?tCandanGSE&Teffﬁmaé-ya ut1z7 to 60
12 al kyl group, .

G c1z ol PRRy L eatEa beous, “Eha .t (er ter ol %bhgéﬁa@;nelz al kyl

group, 1-MyI-C1- C12 al kyl group, 2-naphtyl-Cl-C12

The arylalkyl group may have a substituent, and
usually has about 7 to 60 carbon atoms. Specifically,
exemplified are: phenyl-C;-C;; alkyl group, Ci;~Ci:
alkoxypheriyl-cl-cu alkyl group, C;-Ciz alkylphenyl—cl—clé
alkyl group, l-naphtgl-cl—cn alkyl group, 2-naphtyl-C;-Ci
alkyl group, etc. . and preferably C;-C;; alkoxyphenyl-C;-C;.
alkyl groﬁp, and C;-C;; alkylphenyl-C,-C;2 alkyl group.

The arylalkyloxy group may have a substitﬁent, and
usually has about 7 to 60 carbon atbﬁs. Specifically.
exemplified are: phenyl-C,-C;; alkyloxy group, C1-Ciz
alkyloxy phenyl-C;-C;; alkyloxy group, Ci- Clz alkylphenyl- C;-
Ci2 alkyloxy group, l-naphtyl-C;-C;; alkyloxy group, 2-
naphtyl-C;-C,, alk&loxy group, etc.; and p:eferably C1-Ci2
alkyloxy phenyl-C;-C;; alkyloxy group, and C;-Ci,
alkylphenyl-cl;clz alkyloxy group.

The arylalkylthio group may have a substituent, and
usually has about 7 to 60 carbon atoms. Specifically,
exemplified are: phenyl-cl-cn alkylthio group, C;-Cji,
alkyloxy phenyl-C;-C;» alkylthio group, C;-Ci, alkylphenyl-

Ci1-C12 alkylthio group, l-naphtyl-C;-C;; alkylthio group, 2-



al kyl group, etc., and preferably Cl1-Cl2 al koxyphenyl - Cl-C12 al kyl group,
and Cl1-Cl12 al kyl phenyl - C1-C12 al kyl group. The arylalkyloxyggr Q§ﬁﬁm6have
a substituent, and wusually has about 7 to 60 carbon atons. "Specitically,
exenplified are: phenyl-Cl-Cl2 al kyl oxy group, Cl-Cl2 al kyl oxy
phenyl - C1- C12 al kyl oxy group, Cl-Cl12@l kyl phenyl -C1 C12 al kyl oxy group,

1- naphtyl - C1-C12 al kyl oxy group, 2- naphtyl-Cl-Cl2 al kyl oxy group, etc.;
and preferably Cl-Cl12 al kyl oxy phenyl -Cl-Cl12 al kyl oxy group, and Cl-Cl2
al kyl phenyl - C1- C12 al kyl oxy group. The aryl al kylthio group may have a
subst i t udphtandCia€uald Yclashdogrodp t 2 60- caamdnpredarabIyeCifCral |y,
exenplified are: phenyl-Cl-Cl2 al kylthio group, Cl-Cl2 al kyl oxy :
pheny| - CRI&VA ok phenil ¢hoGp; adkyithio kgrereny@n&1CCiRzal kyl t hi o group,
1- naphtyl -Cl1-C12 al kylthio group, 2 30 August 2006 10 naphtyl-Cl-C12 ‘
al kyl t hi Gldwdmhenstlc Ci-8nd addarleilud VIO 2 al kyl oxy phenyl - C1- C12

al kylthio group, and Cl1-Cl12 al kyl phenyl -C1-C12 al kyl thi o_group. The
aryl al kyl ani ndh§ Sy Leddyamineg HsiR usual B hasrabauht dnko EBeci fically,
exenplified are: phenyl-Cl-C12 al kyl am no group, Cl-Cl2

al koxyph&RyPOR] 8EPRsa| IBpesificaldioupxampldiied 3T heRyERTE-€17C1l kyl ani no

group, di (¢l1-Cl2 al koxy phenyl -Cl-C12 al kyl ).am no, group, . di (Cl-C12
aIkyIpheﬁég&&1§@f§°aﬁEﬂ ani a5 Cer ,O%ﬁﬂhﬁﬁﬁ%ﬂ S10fary ylamﬁno

group, C;-C;; alkylphenyl-C;-C;, alkylamino group, di(C;-C;;

alkoxy phenyl-C,;-C;; alkyl)amino group, di{C;-C;:
alkylphenyl-C;-C;; élkyl)amino groﬁp, l—naphtylfcl-cn
alkylamino group, 2-naphtyl-C;-C2 alkylamino gfoup, etc.;
'and preferably C;-Cis alkylphenyl-cl-éu alkyiamino group,
and di(C;-C;; alkylphenyl-C;-C;; alkyl)amino group.

| As the substituted silyl group. specificaily
exemplified are: frialkylsilyl groupé; such as
trimethylsilyl group, triethylsilyl group, tripropylsilyl
graup, tri-i-prbpylsilyl group, dimethyl-i-propylsilyl
group, diethyl—i-propylsilyi group, t-butyldimethylsilyl
group, pentyldimethylsilyl group, hexyldimethylsilyl group,
heptyldimethyl silyl group, octyldimethylsilyl group, 2-
ethylhexyldimethylsilyl group, nonyldimethylsilyl group,
decyldimethylsilyl group, 3,7-dimethyloctyl-dimethylsilyl
group, and lauryldimethylsilyl group, and the like;
triarylsilyl groups, such as triphenyl silyl'group,.tri-p-
Xylylsilyl group, and the like; tri(arylalkyl)silyl
groups, such as tribenzylsilyl group, and the like;-

(alkyl)(aryl)silyl groups , such as diphenylmethylsily;



al kyl am no group, 2-naphtyl-Cl-Cl12 al kyl am no group, etc.; and preferably
Cl-C12 al kyl phenyl - C1-C12 al kyl am no group, and di (Cl-Cl2

al kyl phenyl - C1-C12 al kyl )am no group. As the substituted siﬁ?ﬁ“&?ﬁ“ﬁp6
specifically exenplified are: trialkylsilyl groups, such as
trimethylsilyl group, triethylsilyl igroup, tripropylsilyl group,
tri-i-propylsilyl group, dinethyl-i-propylsilyl group,

di et hyl -i-propylsilyl group, t-butyldinethylsilyl group,

pentyldlneth | silyl grou hexyl di met hyl si |yl group, . heptyl di net hyl sinI
group, oc¥5A Ltv;ﬂ Wts\f)ryf @WS@Y%tm%exyﬂgm%gﬁ}ngn nglla

nonyl di nmet h decyl dj net hyl si

3h7 FiEEt |S|&¥ ':O|@ﬂKﬁT)ﬂ°n%ﬁ?Fﬁﬁa%ﬁﬂlK%ﬁf¥}dgﬁ%?ﬂﬁksFP?P dFfoup, and
the like; trlar i ou such as e

oy syl b s e il ochal
di pheny%/r?é‘l)ﬁ%ssﬁl 31 R g C%@glkﬁliqu?%ﬁ% & %d ?Jr%%%%hg?ﬁ% gEPYP - gr oup,

di met hyl gh rou e like silyl groups, such
as phen@l % lh%ﬁ' SRk +’S| B" "@L’Z%'I%ﬁ%%%ﬁéhﬁ“m- C12

al kyl si |yl C a I n al kyl silyl group, : '

1- naphty¥18?&%¥§ ll%rﬁﬁ'ly %érg§§ ndph -Cl-C12 al kylsilyl group, and

the IikemofB{arfaaekyny Id?c'aﬁ.!’cly)lg'ia.l.lﬁylg?cl&ﬂs IS 2 Y1 PERIY, - C1- C12
alkyldimethyl silyl group. and the like.

Pentyldimethylsilyl group, hexyldimethylsilyl group,
octyldimefhylsilyl group, 2-ethylhexyl—dimethylsilyi group,
decyldimethylsily; gFoup.A3,7-dimethyloctyldimethylsilyl
group, Cl-cu‘alkyloxyphényl-cl-cu alkylsilyl group, Cy-Ci2
alkylphenyl-C;-C;; alkylsilyl group are preferable.

The acyl group.has usually 2 to 20 carbon atoms, and
specifically exemplified are acetyllgroup{ propionyl group,
butyryl group, isobutyryl group, pivalﬁyl group, benzoyl .
group, trifluorcacetyl group, pentafluorbbanzoyl group,
etc. |

The acyloxy group'usually has 2 to 20 carbon atoms,
and specificélly.exemplified are acetyloxy group,
propionyloxy group, butyryloxy group, isobutyfyloxy group,
pivaloyloxy group, benzoyloxy grouﬁ, trifluorocacetyloxy
group, pentafluorobenzoyloxy group, etc.

The imino group usually has about 2 to 20 carbon
atoms; Specifically, groups represented by following

structural formulas etc. are exemplified.



al kyl di met hyl silyl group, and the Iike. Pentyldimethylsilyl group,

hexyl di met hyl si |l yl group, octyldinethylsilyl group,

2- et hyl hexyl -di met hyl silyl group, decyldinethylsilyl group,30‘ﬂmgw"'t200‘5

3, 7-di nethyl octyl di nethylsilyl group, Cl1-Cl2 al kyl oxyphenyl - C1-C12

al kyl silyl group, Cl-Cl2 al kyl phenyR-C1-C12 al kylsilyl group are
preferable. The acyl group has usually 2 to 20 carbon atons, and
specifically exenplified are acetyl group, propionyl group, butyryl group,
i sobutyryl group, pivaloyl group, benzoyl |group, trifluoroacetyl _ group,

pent af | uor oke DEByJH§H ,AIvefqpyg gr ooy, usyuak iy bast 0 20
carbon atonsN ar( s CI : exenp i¥ed are a etyl oxy group

propi onyl oxy g buty group obutyryloxy group, pival oyl oxy
group, be Or 0B oxy group

group, etc. he I'm no gNoup usu II@ has bout

pent af | ugkobenzoyl oxy

D car bo t ons.
Speci fi cal | 1] repr esf by m Yo SH ug s las etc. are
exenpl i fi B Nﬁ”ﬁ Aﬁm§§f/Q0 Nﬁ'\ \ hUp\

S XN%Me NN/
N\Tn‘e,erN~\IT/ O
, Fﬁmj/Me,f \[:\\ o AN AN AN
\QFJN\ o
NeLS

The amide group usually has 2 to 20 carbon atoms, and
specifically exemplified are formamide group, acetamide |
group, proploamide group, buty:damide group, beﬁzamide
group, trifluoroacetamide group,'pehtafluorobenzamide
group, diformamide group, diacetoamide group, dipropioamide
grgﬁé, dibutyroamide group, dibenzamide group, ditrifluoro
ecetamide group, dipentafluorobenzamide group, succinimide
group, phthalic-imide group, etc.

The arylalkenyl group usually has 7 to 60 carbon
atome, andrspecifically exemplified are phenyl-C;-Cj;
alkenyl group, C;-Cjz alkyloxyphenyl-cz-cu alkenyl group.
C1-C1» alkyl phenyl-C,-C;; alkenyl group, l-naphtylecz-clz
alkenyl group, 2-naphtyl-C;-C;; alkenyl group, etc.; and
preferably C;-C;; alkyloxy phenyl-C;-C;; alkenyl group, and
Ci1-Ci2 alkyl phenyl-C,-C;; alkenyl group. |

The arylalkynyl group usually has 7 to 60 carbon



N,, The am de group usually has, 2 to 20 carbon atons, and specifically

exenplified are formam de group, acetam de group, propioam gAﬁiulﬂbmi
but yroam de group, benzam de group, trifluoroacetan de gro

pent af | uor obenzam de group, diformam de group, diacetoam de group,

di propi oanm de group, dibutyroam dei1§roup, dibenzam de group, ditrifluoro
acet am de group, dipentafluorobenzam de group, succinimde group,

pht hal i c-i m de group, etc. The aryl al kenyl group usually has 7 to 60 carbon

atonms, and specifically exenplified ar henyl - C2- C12 _al kenyl group,
Cl-C12 al& ‘Pfg&ypﬁ% WP%QJ-@:{?aHKeWmB¥BE$ed @Eecﬁlzeﬁwcyf:z phienyi - c2- c12

2 Al SR A
gigﬁ:o: |>lf |h ar %ﬁ%ﬂﬁg@-&gﬁ - UBEOEZE‘E{HEY?O% JrZ(r:lal l >C/:2 Cl2
ibhy SF S dmly At amalt T
al kyl oxy%lpe#%rr%tf%@ lk%gh %wﬁ* %9‘5 L‘r“oe:éi%}’%?pﬁ%%@{’ o8, o kynyl
group. Tt’tel_ED %Vﬁlﬁ'l}hé}ﬁ}f é)c%cl 'a(ﬁ.]-gf%}‘f é?&ﬁ? an atomc

‘The monovalent heterocyclic group means an atomic

group in which a hydrogen atom is removed from a
heterocyclic compound, and usually has about 4 to 60 carbon
atoms. Spécifically. exemplified are: thienyl group, C;-Ci»
alkyl thienyl grouplpyroryl group, furyl group, pyridjl
group, C;-Ci2 alkylpfridyl group, etc.; .and preferably
thienyl group, C;-Ci;; alkylthienyl group, pyridyl groupf and
C1-Cy2 alkylpyridyl group. |

Among them, A' in the above formula (;) is preferably
a divalent group represented by the belqﬁ formula (4). (5),
or (6). | | |
Ly

[in the formula, R’ represents an alkyl group, alkyloxy

@

group, alkylthio group, alkylamine group, aryl group,
aryloxy group, arylthio group, arylamino group, arylalkyl
group, arylalkyloxy group, arylalkylthio group,
arylalkylamino group, acyl group, acyloxy grbup, amide
group, or monovalent heterocyclic group. ]

—Ss—S— (5)



group in which a hydrogen atomis renoved froma heterocyclic conpound,

and usual ly has about 4 to 60 carbon atons. Specifically, eys kf Iy are:

group, Cl1-Cl2 alkyl thienyl group pyroryl group, fury roup,
group, Cl1-Ci12 al kyl pyridyl group, etc.;.and preferably thienyl

t hi enyl
pyri dyl
group,

Cl-C12 al kyl t hi enyl group, py@ dyl group, and Cl-Cl12 al kyl pyri dyl

group. Anong them Al in the above fornmula (1) is preferably a divalent
group represented by the below fornula (4), (5), or (6). P(4) R7 [in the
formula, R7 represents an al kyl group, al kyloxy group, alkylthio group,

al kyl am no group, arylsygroup, aryloxy group, arylthio group, arylam no
group, arylalk heu aryl al kyl oxy group, arylal kylthio group,
aryl al kyl am no groupy Acyl gr®Up, acyl oxy group, am de group, or
nonoval ent het eNoRYcIR¢; group. ] -S-S- (5) 30 August 2006 14 2 (6)
R1T[in the formula, A2 represents Si, Ge, or Sn. R8 and R9 each

i ndependqnatl % heeFoearla alAy regrewrntal Iodl,0066 ,9r02uBn. R® and R’ each

independently represent alkyl group, alkyloxy group,
alkylthio group, alkylamino group, aryl group. aryloxy
group, arylthio group, arylamino group, arylalkyl group.
arylalkyloxy group, arylalkylthio group, arylalkylamino
group, acyloxy group, amide group, or monovalent
heterocyclic group. 1 represents 1 or 2.]
Among them, in the above formula (1), preferables are:

a polymer whose Al is a divalent group represented by the |
above formula (4); a polymer whose A' is a divalent group
represented by the above formula (5); a polymer whose Al is
a divalent group represented by formula (6), A? is si, and
1 is 1; and a polymer whose Al is a divalent group
represented by formula (6), A% is Si, and 1 is 2.

| Spécific examples of the divalent group whose Al is

represented by the above formula (4) include followings.

(_A) R



al kylthi o group, alkylam no group, aryl group, aryloxy group, arylthio
group, arylam no group, arylal kyl group, arylal kyl oxy groug rﬁgéﬂdﬁﬁlthlo
group, arylal kylam no group, acyl oxy group, am de group, or nD val ent
heterocyclic group. 1 represents 1 or 2.] Anrong them in the above fornmula
(1), preferables are: a polyner whoke Al is a divalent group represented
by the above forrmula (4); a polynmer whose Al is a divalent group
represented by the above formula (5); a polyner whose Al is a divalent
group represented by fornmula (6),RA2 is Si, dand 1 i$kl; and a p6l yner

whose Al is a @gFvs group reprg formul a (' Si, and 1
is 2. Specifi &@ t he divg ' whose epresent ed by
t he above formula ™4 nclude foll oV 5" '0 August 200. Fa a | [/
1 Me3Si SIMe3 | | \ PPP
(CSH11) 2N N( CSH11 h Ph Ph OPh P P S’h Ph2N NPh2 Ph3S 'Ph3 PP

VZON P P P Cl0H21 ?ClDHZl C10H21 OC10H

CI DH21 1 0H21 01 0H2‘| t IOC1 °H21 Measi S|M93

@( 5 Ey

{GsHyq)2N N{CsHy1)2 Ph PhO OPh

o L X
é @ij

Q



Bn Bn Bn OBhn BhS SBn | \ | I P\l \
August 2006 16 Ph Ph Ph Ph A QAC\
Ph p PP 6kN N CN C5H110 OC5H1

PPP CSH110 OCSH1l OCSH>> CSH-~i

CsHy 1: iOCSH1 1 CsHpO
i

CioHa

CsHy10 OCsHy;  CsHyy0,

P
i

N

PPP OCSHI

\'l Bn2N NSn2 Bn3Si
NN N/
CSH~i

OCsHy1  CsHiO -

P
|

0CgH11

)
U

Lr-

P

%]
2
N

" OCsHyp  CsHi1Q,

9,

]
<Oj

SiBh3 O0 P P 30

Pit Ph P C2 Ph
%Htgocé%%@rogr r

OCSH>> CSH>> OCSH>> CSH ap-~I
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SCsHny
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r 1 pi dOH21 OC5H11 SCSH | CSHi i OCSH>> C5H110 OCSH>> CSHpO OCSH>> )\Z3 P
Pit bt N 30 August 2006 17 MeO OV MeO OVe MeO ow \ | | \ Qﬁk%&ghé&gpl
CSH t Cs H' M MO OPh MeO OCSH1I P M NPhp M SMe M QAo \ 1 \% ~ ~\"\ N
0--~\ O MMO MO NPP NV I \ I \'' I Specific exanples of the dival ent
group whose A" is represented by themabove fornmula (5) include foll ow ngs.
30 August 2006 18 FFC CI S SS-SSS CQoHzj CIOH21 O OC aH21 MB3S
Si Me3

Me MeQ OMe

”

CsHyy CsHyy ,
20 Me, OCsHy4
e ) al)

&

LA )

G

Q

&

e » <ij y
<

M:P"‘\ N Meopi o M,op\
g 00

‘Specific examples of thé divalent group whose A! is

represented by the above formula (5) include followings.



SSSS-SS (CH-~)ZN N(CSH11)2 P Ph PhO OPh S-S S-S S-S PhS SPh Ph2N
NPh2 Ph3Si SiPh3 S SSSSS BBnBOBiBiS_ SBn SS S @§u§s§;®6NBn2
Bn3Si SiBn3 O S SSSSSPh PhPh Ph AcO CACN -N =N "s'S$Ps s s
30 August 2006 19 Ph Ph Ph Ph \\ // Ac2 NAa2 SS S S-S ON NC C5H110
OCSH11 s-s s-S s-s CSHI1 O CSH1101@8C5HI 1 oCSH>> S-s SS C5H110 S-S OCSHL1
OPh MeO OCSH-~ OPh S-S S-S S-S MeO NPh2 MeO SMe MeO OAC S-S S-S S-S

= ]

: ' F Cl Ci
s—s? s—§ 5—s8

CioHat CioH24 CygH210 OC gH24 Me3Si ‘ SiMes
5—8 ‘ L—s: : L—sf

{CsHy1)2N N{CsHy 1)z P Ph PhO OPh
5—s 5 ’ I l

] $—S




MeO HWW'N Me 0" M@ N S-S S-S S-S Specific exanples of the dival ent group

whose Al is represented by the above formula (6), A2 is Si 3 %%t%@ 1

i nclude follow ngs. 30 August 2006 20 FF CI O SI Si db 8 0 8H21
Cl0H21 OC1OH21 Me3SI SIMe3 Si 51 Si (CoHIT)2N N(C. SH11)2 Ph Ph p OPh Z\
/ / \ db PhS SPh Ph2N NPh2 Ph3Si SiF¥8 S Si db Bn Bn Bn OBn Bn SBn S/ \
dO dO Bn2N NBn2 Bn3Si SIBh3 00 'Si S, Si ~\ ( /~\ /y 30 August 2006

21 Ph Ph Ph Ph AcO QAc \N -N N--/ jj~

- . o | _ Ph h\\ // "
s—§ s—8§ s—8§ :

. CN NC CsHi1Q  OCsHy4
2:2 g\ /,<’ \ /
8—8 s$—8

CsH11QCsHys0  QCsHyq OCsH 4

HS_S . 8 o ﬂs_s o

5—& CsHy40
OPh MeQ OCsH14 M_.: O CPh
L-—sT L —sT 5—8 '
MeQ NPhy MeO SMe MeO OAc
s—-e: L—sT L—sT
MeQ H N/\N Me OA »
L——sT ' 5—¢

Speciflic examples of the divalent group whose Al is
represented by the above formula (6), A® is Si, and 1 is 1

include followings.



1\ 1Sl \ SIlI'" Ph Ph Ph Ph Ac2N NAc2 | sl/ %7 N NC CN 1 C5HttO Q:SHV
Si~\ CcCO51/Si/ \/ G/ \ CsHt CsHtt mSHttpCSHtt \ / Sllsg&u%&t%oo%l

CSH't C5Hn CSH't QO5Ht C5H110 OG Htt CSHn OCSH t

CGOH21 Gt 3H21 CtOH210 OCt oH21 CtoH21ls SOwH2t  C5Ht 10 G:SHtt C5H110 OC5Htt

C5HtO OCSHit | ~1 ~ 1 a Si Si Si 2qCtOH21)2N \ N(CtoH21) 2 |

N 30 August 2006 22 C5H' OCSH,y CSH' OCSH' C5H' OCSH!

Ph

PhO "OPh N/

ﬂ S ol Tol



S ~S C5Htt0 Si OCSHL CSHrt | / CSHtt C5H'O | / OCSH' OCSH11 OCSH' MeO OPh
MOCSH" Si Si 1/ |/ I\ MNPh2 MWe Meo QAc ~ at I\ I\ % ng\%b DO
M/ NC |i at at C5H1I O OCSHtt CoH' OC5H' C5H'0 OCSH' Si sgiA'gu ngH'
CoH' " Specific exanples of the divalent group whose A" is represented by
t he above fornmula (6), A2 is Si, an®21 is 2 include follow ngs. 30 August
2006 23 FPci I Si-Si sl-si sl i Ph7 I | "Ph Phi | I "Ph Phi I ~Ph Ph
Ph Ph Ph Ph Ph O oH21 ClOH21 C1OH2i 0 OC1OH21 Me3Si SiMe3 SI-SI SI-Si Si-Sl
Ph Ph Ph Ph
Aoo oAc \N_j :ﬂn’ NN N="
Si Si
CO .
4

. 0D
IO

Q
-
o

OCsHq4
Si
S

O
3
¥

Si Si
920 920N
CsHy 12 , :OCan CsH410, OCgHy1  CsHy 1j , iDCan
s :Si: ' si
C1nH£1 kGme 01on10/ \OCme C1uH21S/ \SCsz:
CsHi1Q, QOCsHq4 Cr.r,Hn‘Dj iCleHn Cs5H140, OCsHy4
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{CpHz1)2N N{GyoHz1)z |
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Si
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prg” “oPh



Ph1 1 ~Ph Ph'I | ~Ph Ph'l | ~Ph Ph Ph Ph Ph Ph Ph (CsHit)ZN (C5H>>)2 Z p

h Ph OPh BSI-SIB ~SI-S ~Sl-sl~Ph | | Ph Phl I Ph Ph 5@% Ph Ph
Ph Ph Phs SPh Ph2 NPh2 Ph3Si SIPh3 BSI-S ~Si-SimSI-SIB h

Ph Ph* | | Ph Ph Ph Ph Ph Ph Ph Br, Bn Bn OBn Bn SBn Ph'! | |~Ph Phi ! I
Ph Ph~Si- 111" Ph Ph Ph Ph Ph Ph Ph22Bn2N NBn2 Bn3Si 516n3 0O Ph'S | i-Ii
Ph Phi! -Ph Ph' simsl ["Ph Ph Ph Ph Ph Ph Ph Ph\ fh Ph Ph AcO QAc -

~- N=~~ SI-Sl SI-SI Si-SimPhi I I "Ph Phi I I "Ph Phi I | Ph Ph Ph Ph Ph

Ph Ph 30 At!@.jt 2006 ZZD: CEY Phcanj :OCSHH Cant :Ocan
Q ,O@ OO
' CsHyy  CsHyiO OCsHyy

GsHyy
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Specific examples of the divalent group whose A' is
represented by the above formula (6), A* is Si, and 1 is 2

include followings.



Ph \\ // AC2N NAcp Ph SI- f SI-Si SI-Si  Phi -Ph Ph* |1 | "Ph Phi | | "'Ph
Ph Ph Ph Ph Ph Ph NCNNC\ / - CS5Htt OCSHit S-Sl Si-SlI Si L
3DM@ﬁit /

""Ph Pti | I "Ph Phi | I "Ph Ph Ph Ph Ph Ph Ph C5Htt C5H77
\' \ Ph~SI-Si~Ph Ph' | 11 Ph C5H 10 PhSi-1 Ph OCSHt Ph Ph Ph Ph Ph Ph
CSHI| OC5Ht 1 CSHtt OC5H11 C5Ht 10 OCSHBt SI-SI~ S-S Sl-gl~ Mew | | M
MeO, I' I OV MS~- | | SMe Me M MO OVE MBS SMe C5Htt 0 OCSHEt CSHt 10
OCSHt 1 CoH17 OCSHtt -0-0~ BSI-SimSI-Si, SI- | Et2N1 | PhO-1 | OPh NC I
N EtZN NEt2 PhO OPh C5Ht 10 OC5H1% C5Htt 0O OESHtt N /SN Si Si &i-Si CSHt | |
S N
P - | sl
P b Fl'h o Ph Ph m 'Lh P
CioHz1 CioMay CioHz10Q 0OCipHaq Me;Si SiMey
_S—s8ix S _Si—Si
Pl 1P Pl 1 P Pl 1 Ph

Ph -~ pn”

8
| “Ph
Ph



SHn C5H11 OCSHtt OC5Htt 30 August 2006 25 MeO MeO OPh M OCSH~~ Si- Si

Si-Si SI-SI Ph,I I~Ph Phil 1"Ph Phil 1-Ph Ph Ph Ph Ph Ph P P 0
OPh MO CAc Si-SI Si-Si Si-SI Phi I I "Ph Phi I | "Ph Ph- %p!\l{fugﬁs@% Ph
Ph Ph Ph Ph MeO HW®"N ne MOO /N Si-SI Si-SI Si-SIB Phi | | "Ph MeS~ 1| |
"SMe Phi | | Ph Ph Ph MeS SMe Ph Ph 2£SH110 CSH11 CSHft OCSH~~ ML 1 Me Mew
| 1- Ph Ph Ph Me Ph In the above fornmula, M represents a nethyl group, Ph
represents a phenyl group, Bn represents a benzyl, and Ac represents an

acetyl group. The polynmer of the present

I nventi o, may contain

kinds of repeating units repf The anount
of the rep I ng. uni t Néown by y 1 to 100
by nol e base um
Si—8i
Ph/ ~ -~ ~
J_,h EhPh p”1l 17Ph
CN NC
Si-S1_ j—
PA"L 1™ Ph Ph” si' SII‘Ph
Ph Ph Ph
Si—8i_ CsH of s!n sl !ocsﬁ
-~ 57111 / 11
Ph. s'=n ilahPh Ph rlahFi. Ph
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of total noles of all repeating units contained in the polyner of the
present invention, preferably 40 to 90 % by nole, and nor e oy éﬂfﬁ%

to 85 % by nole. 30 August 2006 26 The pol ynmer of the present "mven |on
may contain a repeating unit other than the repeating unit represented by
the above formula (1). As the repeatRBBg unit other than formula (1),
exenplified are a repeating unit represented by the below fornmula (7), and
a repeating unit represented by fornula (8)after-nmentioned.

-Ar6- (CR17= &518)n- (7) [in the Y8 nul a, ArfPrepresd®s an aryle®igroup or

a dival ent group, 8 each i ndepende represent a
hydr ogen at ony group, pDnovalren g i C group,
or cyano group; wand/n- represents 0\or I n view of e tinme of a

devi ce, the repedtiing unit repres&nﬁéaxgy the after-neaiiPaed formula (8)
is preferable. T™héh Ar6 nmay have a s&b8tituent, such as mnenal kyl group,
al kyl oxy group, al kylthio group, alkylam no group, aryl group, aryl oxy

group, aryl¥ o group, Myl ani M2gr oup, PRI al kyl MeR oup, aryI RAckyl oxy
group, aryl al i 60y oup, arylAarkyl-a o group, silyl group,
acyl group, youp, I MNO Mmde group ,
S
P | Ph PN | “Ph Fh’ﬁi [ ~ph
h Ph P Ph Ph
MeQ N SN MeQ N
o O
Si—s Sl
Pl 1 Ph PR | eI;I\Ph
Ph Ph FPh
CsHi1Q OCgHy, CsHy10 OCsHqy
Si—8i Si—8i_
M| ™M
bi by Me Mé/l ; Ph

In the above formula, Me represents a methyl group, Ph
represents a phenyl group, Bn represents a benzyl, and Ac
represents an acetyl group.

The polymer of the present invention may contain two
Oor more kinds of repeating units represented by the above
formula (1).

The amount of the repeating unit shown by the above
formula (1) is usually 1 to 100 % by mole based on the sum
of total moies of all repeating units contained in the
polymer of the present invention, preferably 40 to 90 % by

mole, and more preferably 70 to 85 % by mole.



aryl al kenyl group, arylal kynyl group, nonoval ent heterocyclic group, or
cyano group. Specific exanples of these substituents repre nme as
af orenenti oned. Wien Ar6 has a plurality of substituents, ?ﬁg$w@%§M§@
mutual ly the same or different. 30 August 2006 27 The arylene group in the
present invention includes those cd&@aining a benzene ring, a condensed
ring, and two or nore of independent benzene rings or condensed rings
bonded t hrough a group such as a direct bond, a vinylene group or the

| i ke. The arylene group has usually 6 to 60 carbon atons, preferably 6 to
20 carbon at orhe pekywer 05| the BFesenteiRViphtirRdmaye comddlede group
(for exanple, following formula (26)),.naphthal enediyl group (follow ng
fornmul a (TEM9ating mnkeRther ghranpthe orepoprhyngds Bpihl FePFePPRtEd RNy ene
group (follow . ng formula (2@%%, tri phenyl ene group_gLollomﬁn formul a
(30)), coferfRVe ifrFmuektpbbhd 2% otipe (FRPeabing FRLfUPENES I, -G

-0 -9 26) O_.0Q0000O0 27
( fgrmula (1), exempléfigd are a repeating unit represented

by the below formula (7), and a repeating unit represented
by formula (B)afterémentibned. ‘

-Ar®- (CR'’=CR®)n- (7)
[in the formula, Ar® represents an arylene group or a
divalent heterocyclic group, R'’ and R!® each independently
represent a hydrogen atbm, an alkyl group, aryi group,
monovalent'heterocyclic group, or cyano group; and n

represents 0 or 1.]

In view of the life time of a device, the repeating
unit represented by the after-mentioned formula (8) ié
prefgrable.

The Ar® may have a substituent, such as an alkyl
group,‘alkyloxy group, alkylthio group, alkylamino group,
aryl group, aryloxy group, arylthio group, arylamino group,
arylalkyi group., arylalkyloxy group, arylalkylthio group,
arylalkylamino group, substituted silyl group, acyl group,
acyloxy group, imino group, amide group, imide group,
arylalkenyl group, arylalkynyl group, monovalent
heterocyclic group, or cyano group. Specific examples of
these substituents represent thersame as aforementiqned.
When Ar® has a plurality of substituents, they may be

mutually the same or different.



30 August 2006 28 (28) (29) (30) -d?3- --C-C -&& "~ )0:7~ 6~~6 (31)
In the present invention, the divalent heterocyclic group i A@ﬁé&éﬁ&f
group in which two hydrogen atons are 30 August 2006 29 reriove roma

het er ocycl i ¢ conpound, and usually has 4 to 60 carbon atons, preferably 4
to 20 carbon atons. They may have a23ubstituent on the hetero-ring and the
carbon atons of the substituent are not counted as the carbon atons of

the heterocyclic group. The heterocyclic conpound neans an organic conmpound

havi I ' h
Cul Tur, ni 17 ogthe BROLBNE SRoUBoF BnEhe B2 5eRY ATRARIEN Tndiebt, Y 0°n

et or ooycFTEsE ﬁ%ﬁh%%‘ﬁgfﬁ%uéhg%w%%%”ﬁéﬁﬁb" EbBHRnsER e?}?*g%! BT

heterOCyC&fcﬁ&%%“%&"&h@%ﬁ%%hggpt@éﬁﬁgﬂearings or condensed rings
bonded through a group such as a direct bond, a vinylene
group or the like. The arylene group has usually 6 to 60 |
carbon atoms, preferably 6 to 20 carbon atoms. As the
arylene group, exemplified are phenylene group (for
example, following formula (26)), naphthalenediyl group
(following formula (27)),. anthracenyiene group (following
formula (28)), biphenylene group (following formula (29)),
triphenylene group (following formula (30)), condensed»:ing

compound group (following formula (31)), etc.

- RP

(26)

8 8 8
3

(27)

Q0

QO™ Q0



nitrogen as a hetero atom pyridine-diyl group (following formula
(32)), di aza phenyl ene group (followng formula (33)), quin bbgediy% roup
(following formula (34)), quinoxaline diyl group (follomjng;f RS m%%S)),
acridine diyl group (following fornmula (36)), bipyridyl diyl group
(following formula (37)), phenanthragne diyl group (follow ng formula
(38)), etc.; groups containing a hetero atom such as silicon, nitrogen,
sul fur, selenium etc. and having a fluorene structure (follow ng formula

(39)); 5 nenbered-ring h icycl i cyconpouRd group containing a hetero
atom such a \ |1 con, \ j fﬂ*fun] (’“ . (follow ng formul a
(40)); 5 e ed-ring Pi ¢ canpéund 30 August 2006
30 group co ning a N, con { rogen, sulfur,

sel enium e ol I o¥ ot hi zole-4,7-diyl group,
benzo- oxadi e-4,7-¢ in 5 nmenbered ring

het erocycl i ogen, sul fur,

sel enium etc. as gro afomis connected at the a position of the
hetero atomto forma dinmer or oligonmer - (following fornula (42)); and
group in which 5 menbered {28lg heterocyclic compound group contai ning
silicon, nitrogen, sulfur, selenium etc. as a hetero atomis connected
wi th a phenyl group at the a '

o—Q o9 o

(29)

U

Fo- - -Fo-
%8@3—
foveShevegiieve

(31)

In the present invention, the divalent heterocyclic

group is an atomic group in which two hydrogen atoms are



position of the hetero atom (following fornmula (43)). (32) (33) 30 August

2006 31 (34) NN (35 (36) (37) tqg - g p (38) 30 August 2 0
si\ R R R R )aflOTO~~~h- "0000 00 S S cc?9tc20 @d}@gﬁmﬁl\l\ /O

IS\ | Se
29

removed from a heterocyclic compound, and usually has 4 to
60 carbon atoms, preferably 4 to 20 carbon atoms. They may
have a substituent on the hetero-ring and the carbon atoms
of the substituent are not counted as the 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.
is contained in the cyclic structure as the element other

than carbbn atoms.

As the divalent heterocyclic compound group, followings
are exemplifiéd.

Divalent heterocfclié compound group containing a
nitrogen as a hetero atom; pyridine-diyi'group (following
formula (32)), diaza phenylene grodp {following formula
(33))., quinolinedifl group {(following fpfmula (34)).,
gquinoxaline diyl group (following formuia {(35)), acridine
divl group (following formula (36)), biéfridyl diyl group
(following formula (37)), phenanthroline diyl group
(following formula (38)), etc.; groups containing a hetero
atom, such as silicon, nitrogen, sulfur, selenium, etc. and
having a fiuorene structure (following formula (39))}:

5 mémbered-ring heterocyclic compound group containing
a hetero atom such as silicon, nitrogen, sulfur, selenium,
etc. (following formula (40)):

5 membered-ring condensation heterocyclic compound



R R R' (40) 30 August 2006 33 R' SSe OR Se NNN~}- N R R R

R Si % Si

S\

Rl

-0 N (41) / \ S\ SS1/ S\ /S (42 0N\ £, SRof R
S

30

group containing a hetero atom such as silicon, nitrogen,
sul fur, selenium, etc. (fecllowing formula (41)),
benzothiadiazole-4,7-diyl group, benzco-oxadiazole-4,7-diyl
group, etc.;

group in which 5 membered ring heterocyclic compound
group containing silicon, nitrogen, sulfur, selenium, etc. as
a hetero atom is connected at the o position o¢f the hetero
atom to form a dimer or oligomer (following formula (42)); and

group 1in which 5 membered ring heterocyclic compound
group containing gilicon, nitrogen, sulfur, selenium, etc. as
a hetero atom is connected with a phenyl group at the «o

position of the heterco atom (following formula (43)).

DO QP o

(32)

o @ D v

(33)



(43) In the above formula, R each independently represents a hydr ogen
atom a hal ogen atom an al kyl group, alkyloxy group, aIkyI ]§¥Q{

al kyl am no group, aryl group, aryloxy group, arylthio group, anlno
group, arylal kyl group, arylal kyl oxy group, aryl alkylthio group,

August 2006 34 aryl al kyl ami no group3lacyl oxy group, am de group,
aryl al kenyl group, aryl al kynyl group, nonoval ent heterocyclic group, or
cyano group. R ' represents a hydrogen atom an al kyl group, aryl group,

aryl al kyl g si |l yl \gr oup, acyl group, or ngval ent heterocyclic
group. Thepdi pakent het yclic gnguR Y i ncl ude or exanpl£N a triplet
| um nescence=gonpl ex et and t he fog/omﬁng d| ent neta pnpl ex groups
are exermpli§igd. ---- O NI NO CS pugust 2006
35 Q0



0OS O'" O Ir No ,0OS As the exanples of the arylene group or dival ent
het erocyclic group, the arylene groups or dival ent heterocgﬁb&ﬁ%g{ﬂﬂgs
contained in the materials conventionally used as EL | um néscernte
materials are also exenplified. These materials are disclosed in, for
exanpl e, 30 August 2006 36 WO 99/12889, WO 00/55927, WD 01/49769A1,

W01/ 49768A2, W98/ 06773, US 5,777,070, WD 99/54385, W) 00/46321, and US
6, 169, 163B1. The repeating unit other than the repeating unit represented
by the above fornula (1), preferably contains a repeating unit represented
by the below fornula (8), in viewof life tinme of a device. Ar' ~N-M}- )
R11 8 [in the fornmula, Arl and Are |leach independently represent an aryl ene
group or ocyclic gr ' epresents an al kyl group, aryl

group, nono nt

)
, Rll
0

~W
@

H"\H' R A



het erocyclic group, a group represented by the below formula (9) or (10);
mrepresents an integer of 1 to 4, A?-E Y ~R12 (9) (in the3fo%@dl|s?200%r'3
represents an arylene group or divalent heterocyclic group; represents
a hydrogen atom an al kyl group, aryl group, nonoval ent heterocyclic
group, or a group represented by the3Below forrmula (10); Y represents
-CRi 3=CR14-, or -CC; R13 and R14 each independently represent a hydrogen
atom an al kyl group, aryl group, nonoval ent heterocyclic group, or cyano
group; p represent®' an integer of 0-2), -Ar4+N-ArS ) R16 (10) R15 g 30
August 2006 P n the forpul 3o Ar4 and ) ch i ndeperdenghky represent
an aryl ene ¢ff oy ' grga p; RI15 @ ts an al kyl
group, ary \u,a- or Nope¥%g het er, 'v’group; RYAefr esent s a
hydrogen atom an al kyl group, aryl group, or nonoval ent heterocyclic
group; q represeny,s an integer of 1 to 4)]. Specific exanples of the

aryl ene group, ang' di val ent heterocyclic group for Arl-Ars in the above

formul as (8 N) are th QpE) as t hose 8nenti one @fic exanples
of the alky‘lj‘tﬁr—aryl {r oUp, Jarrd nngd@!iﬁh)‘— >“

T\ s Iy s A}
s” 4 J s\ S
(42)
Y /N 7N
-O-&~0- : 0

R R R"

N Mo —ON-O-

Se -<:3>/k0 Z"

/N

S

(43)

In the above formula, R' each independently represents
a hydrogen atom, a halogen atom, an alkyl group, alkyloxy
group, alkylthio group, alkyl amino group, aryl group, |
aryloxy group, arylthio group, aryl amino group, arylalkyl

group, arylalkyloxy group, aryl alkylthio group,



het erocyclic group for R11-R16 in the above fornmulas (8)- (10) are the sane
as those aforenentioned. As the preferable exanples of the ﬁ%ﬂ&atiﬂ (%nit
represented by the above fornmula (8), exenplified are the MO %% whi ch
may have a substituent on the benzene ring or heterocyclic ring. As the
substituent, a halogen atom an al kgly group, al kyl oxy group, alkylthio
group, al kylam no group, aryl group, aryloxy group, arylthio group,
arylam no group, arylal kyl group, aryl al kyl oxy group, arylalkylthio

group, arylal kyl am no group, acyl group, acyloxy group, am de group, imno
group, siﬁywlg{buégménpygagypgrgaw;oxm lgyrioni, 0 agiSi@p STHUDYl ami no gr oup,
nonoval ent heterocyclic group, arylal kenyl group, arylethynyl group, and
cyano grea‘ﬁlailseezéngrpﬂpedarx@a}\}égaml grosD . 380novalegt /0 C6- -C P \|

VAN NN/ NV NV / VNN NNN NNN 30 August 2006 39 N\ / N\ /
N\ / |/ \heterocyclic group, or cyano group. R'' represents a

hydrogen atom, an alkyl group, aryl group, arylalkyl group,
silyl group, acyl group, or monovalent heterocyclic group.

The divalent heterqcyclic group includes, for example,
a triplet luminescence complex etc. and the following

divalent metal-complex groups are exemplified.




VIV 1T V1 A\ NS N The repeating units contained in the polyner of the
present invention may be connected by non-conjugated units, ave a
non-conj ugated portion In- the repeating wunits thenselves.:s,g?ﬂ&wg'aﬂmd8
non-conj ugated unit, exenplifeid are groups shown bel ow, those in which

t he group shown below is conbined wBbh a vi nyl ene groups, and those in

whi ch two of nore kinds of the groups shown bel ow are conbined. Ris a
group selected fromthe group consisting of a hydrogen atom alkyl group
having 1 to 20\carbo ons, aryl group having 6 to 60 carbon atons, and a
het er ocyclic gr 'mg 4 to 60 carbon atonms, and Ar represents a

hydr ocar bon grog I, to 60 carbon atons. 30 August 2006 40 1 R 1 1
-0- -S -N ’ 00Il 00 -G -GCO -0-C -NCG -CN OR O
O0CCif ., N -N~Ar:G N .-CC

As the examples of the arylene group or divalent
heterocyclic group, the arylene groups or divalent
heterocyclic groups contained in the materials
conventionall? used as EL luminescence materials are also

exemplified. These materials are disclosed in, for example,



OO0 O O The polyner may al so be a random block or graft copolyner, or a

pol ymer having an internediate structure thereof, for exa m
copol ymer having bl ock property. Fromthe viewpoint for ogﬁgﬁﬁ?ﬁﬁgg&ﬂp

pol ymer having high fluorescent quantumyield, random copolynmers having
bl ock property and bl ock or graft cogglyners are nore preferable than
conpl ete random copol yners. Further, the polynmer have a branched main
chain and nore than three termnals, and a dendriner. The end group of

pol ymer may al so be protected with a stable group since if a

pol yreri zH4Pi 8R/32PB%e WPoOP/BEARTnS WO Rild®d,7 699Adr, e WIOD 1o/ 4F5KBAR | ity of
reduction in light emtting property and life-tine when the fluorescent
substancewpgsﬁﬁgé73ntHsaﬁ:aéVLGéO.TW@SQ9H§45ﬁ§.awob@ﬂﬁﬂﬁﬁZijtﬁnﬂiUS
continuing to a conjugated structure of the nmain chain are preferable, and
there are®ex@Rpif#BLd structures connected to an aryl group or

het erocyclic conpound group via a carbon-carbon bond. Specifically, 30

August 2006 41he hepeatibngsupit;pthegekhan ther apgatdnd, umbta No. 9- 45478

are exenplified. Tﬁg‘ggl ner has a golystyrene reduced nunber average ,
mol ecul arTTRTERENHEA 108 the 18BOVeRErEBULR fb) ynBFPEErAbAY CRetedML finges

accordingréﬁgégfhgtég EQESpSQSéQEe&e€§a£ﬁ29below formula (8), in

‘view of life time of a device.

—Ar'EN-ArP——

ﬁn m ©)

[in the formula, Ar!' and Ar? each independently represent
an arylene group or divalent heterocyclic group; R
represents an alkyl group, aryl group, monovalent
heterocyclig group, a group represented by the below
formula (9) or (10); m represents an integer of 1 to 4,

o e~ -
(in the formula, Ar?® represents an arylene group or
divalent heterocyclic group; R!? represents a hydrogen
atom, an alkyl group, aryl group, monovalent héterocyclic
group, or a group represented by the below formula (10); ¥!
represents |
-CR™=CR'-, or -C=cC-; R and R each independently
represent a hydrogen atom, an alkyl group, aryl group,
monovalent heterocyclic group, or cyano group; p represents

an integer of 0-2),

AL N A5 16
Ar -61?11 ;ﬂ\r —}q—ﬂ (10)
' R



units or the ratio thereof. Fromthe viewpoint of film nolding property,

generally the total nunber of repeating units are preferabl ddngL
nore preferably 30 to 10000, and further preferably 50 to é%b%&gﬁgzgood

solvents for the polyner, there are exenplified chloroform nethylene

chl oride, dichloroethane, tetrahydrgfuran, toluene, xylene, nesitylene,
tetralin, decalin, n-butyl benzene and the |Iike. The pol yner can be

usual ly dissolved in these solvents in an amount of 0.1 w % or nore,

t hough the ampunt differs dependigg on the structure and nol ecul ar wei ght

of the poli¥fetheTherpulgnehrofanddpr @ash infapandppehn BPTa8®Btact ured
by condensati on_pol yneri zation, _using a _conpound represented,by the bel ow
fornul a (31)2TRPeRE GEORE & F2divajenk hrteggcyrdichdmodmiufa, R, R2, R3,
R, R5, R6, and A reggesent the sane ai those in formula_(1); x1 and x2
each i ndepRRERFEIYS 380 2LEL 9BOBP . 43T¥ &pPESURr 2TsHRDCY t capabl e of

condensat, o ol rization.);sAs the suhstityents capabl e of _condensation
pol ymer i z]hef?%ﬁ(?cféé:‘gﬁﬁl FFPER: ae: rgpﬁglsﬁé‘g‘? & g‘ﬁﬁrgrﬁq{?gfp ttdn'ak

alkyl group, aryl group, or monovalent heterocyclic group:;

q represents an intéger of 1‘to 4)1.

Specific examples of the arylene group, and divalent
heterocyclic gfoup for Ar'-Ar® in the above formulas (8)-
(10) are the same as those aforementioned. Specific
examples of the alkyl group, aryl group, and monovalent
heteroéyclic group for R'™-R!® in the above formulas (8)-
(10) are the same as those aforementioned.

As the preferable examples of the repeating unit
represented by the above fdrmula (8), ekemplified are the
followings which may ha?e a substituent on tha benzene ring
or heterocyclic ring. As the substituentl a halogen atom,
an alkyl group, alkyloxy group, alkylthio group, alkylamino
group, aryl group, aryloxy group, afylthio group, arylamino
group, arylalkyl group, arylalkyloxy group, arylalkylthio

- group, arylalkylamino group, acyl group, acyloxy group,
amide group, imino group, silyl group, silyloky group,
silylthio group, silylamino group, monovalent heterocyclic
group, arylalkenyl group, arylethynyl group, and cyano

group are exemplified.



sul fonate group, aryl sulfonate group, arylal kyl sulfonate group, borate
group, sulfonium nethyl group, phosphonium nethyl group, p@ﬁﬁ&@%ﬂ?ﬁﬁm

met hyl group, nonohal ogenat ed- net hyl group, boric-acid group, %

group, cyano.group, Vvinyl group, etc.; and preferably a hal ogen atom

al kyl sul fonate group, aryl sulfonagg group, and arylal kyl sulfonate
group. Here, as the al kyl sulfonate group, nethane sul fonate group, ethane
sul f onat e group, trifluoronethane sul fonate group, etc. are exenplified.

As the aryI group, seN f onat e gFPOUp, P, | uene sul fonate
group, et i ed: ¢ @ ul f o@ G@T@wzyl
sulfonate gr re exenp ied. AS the boric-acjid €Ster group, groups
represent ed by “bel ow for mul ag & gxenpl i fied. @@‘@ /0\ Owe
-BOet -BO -B t he formul a, a nmethyl grg and L . . shows an

et hyl group. As the sulfonium nethy goup, groups represented by the
bel ow formul as are exenplifi.ed. 30 August 2006 43 CH2S Me2 - CH2S' Ph2X (X
shows a hal ogen atom and Ph shows a phenyl group.) @As Yhe R phoni um

met hyl group rouepr esented by

ﬁ




the below formul as are exenplified. -CH2P+Ph3X" (X shows a hal ogen aton) As
t he phosphonate nethyl group, groups represented by the bel are
exenplified. -CHZPQQOR )2 (R shows an al kyl group, an aryl %ﬁ%{s@@(ﬁs
aryl al kyl group.) As the nonohal ogenat ed- net hyl group, fluoronethyl group,
chl oronet hyl group, brononethyl group9 and | odonethyl group are
exenplified. For exanple, in the above fornmula (1), a polyner whose Al is
a divalent group represented by the above fornula (4) can be manufactured
by. using a conpound whose Al is a divalent group represented by the above
formula (4) in the above formula (11). Mreover, a polyner whose Al is a
di val ent group repfegented by the above (5) fornula in the above fornul a
(1) can be manufacturgd, by using a conpound e A' a divalent group

represent__<§?%gqe ornul a (11) A pol ymer
whose Al is Y gro epres e (6) fornmula in the
above formul a (43 NS, and 1 is an be factured by using a
conmpound mhose IS !jl!alent group r sented the 30 August 2006 44
above (6) formuld in th& above fornula ( , and A2 is Si,

@»«8@—
slile

The repeating units contained in the polymer of the
present invéhtion may bé connected by non-conjugated unlits,
and may have a nen-conjugated portion in the repeating
units themselves.

As the non-conjugated unit, exemplifeid are groups
shown belbw, those in’which the group shown beldw is
combined with a vinylene groups, and those in which two of
more kinds of the groups shown below are combined. R is a
group selected from the group consisting of a hydrogen
atom, alkyl group having 1 to 20 carbon atoms, aryl group
having 6 to 60 carbon atoms, and a heterocyclic group
having 4 to 60 carbon atoms, and Ar represents a

hydrocarbon group having é to 60 carbon atoms.



and 1 is

1 is used. Furthernore, a polynmer whose Al is a dival ent group,

represented by the above (6) fornula in the above fornula (ﬂQAuéﬁt&&)
S

and 1 is

2, can be manufactured by using a conpound whose Al

group represented by the above (6) fornmula in the above fornula (11),
and 1 is 2 is used. Mreoger, when the polyner of the present
I nvention has a repeating unit other than the repeating unit of fornula

A2 is Si,

(1), a condensation polynerization just can be

dlvéfght

and

carried out using together

ing unit other than the

with a nononer as the repeatigg ugit ogper tEan the repeating unit of

formula (1). As the nononer uged ag the |epea

repeating unit of—0er mt@—( 1yN—conpoundsSiof +8e below formulas (7-2)
(8-2) are exenplified, and the bel ow fdrnula|(8-2) is preferable.

X1-Arfi-(CRL7=CR18)n-X2 (7-2) (In the f

t he same

formula (11);

formula (8); x' and x2 represent the ganme as

as thoseyin foymula (f; Xxi gnpd xg are the same as those in

and

dtnul a Ar6, R17 and R18 represent
n represerfts an irnkeger ¢f 0-F.) X1 Ar' (-N-Are-}-X2 (8-2)

hose in formula (11); m

R11 M(In the fo a, ~Ar®r ArOZ— amiNRr1 T@j‘ésent the sane as those in

represents an integer of 0-4.) 30 August 200
0 o] 0" 0

I Ii [

|
C. . ¢ C
—N:C,N- -Af\CZN— —N(CARCEN- —c=C—
Il [ I
0 0 O 0O

The polymer may also be a random, block or graft
copolymer, or a polymer having an intermediate structure
thereof, for example, a random dopolymer'having block
property. From the viewpoint for obtaining a polymer
having high fluorescent gquantum yleld, random copolymers
having block property and block or graft copolymers are
more preferable than complete random copolymers. Further,
the polymer have a branched main chain and more than three
teiminals, and a dendrimer.

| The end group of polymer may also be protected with a
stable group since if a polymerization active group remains
intact, there is a pessibility of reduction in light
emitting property and life-time when the fluorescent
substance is made into an device. Those having a
conjugated bond continuing to a conjugated structure of the
main chain are preferable, and there are exemplified
structures connected to an aryl group or heterocyclic

compound group via a carbon-carbon bond. Specifically,



45 In the manufacture nethod of the polynmer of the present invention, as

the nmethod of carrying out condensation polynerization of
represented by the above formula (11) which is a raM/nater?%ﬁgagﬁgﬂgm

nononmer as the repeating unit other than the repeating unit of fornmula
(1), known condensation reactions cagibe used according to the kind of
substituents used for condensation polynerization in each of nononers
according to requirenents. As a method of producing the polynmer of the
present invention, for exanple, a nmethod described in JP-A No. 5- 202355
i s exenpl PRPE§LitHRBASaOTi e shegricad Foroumdmnilfedn P 1hdlomi hr£5478.
Nanely, there are exenplified methods such as polynerization of a conpound
havi ng a PBEnpkegPdéfiedith a compound havi ng a phosphoni um net hyl group,
or of a conpound having a fornyl group and a phosphoni um net hyl group,
accordi ng to al®¢tPP4yPesEchasna peﬁyﬁﬁwr@a@i sedycesd ndBhRIuRYERAIeg a
vinyl group.with a conmpound _hav a hal ogen atom according to a Heck

LN
reaction,mgb%??%%ﬁd@ﬁ%ﬁPFoﬁfoﬁog'%bﬁHbumPQQﬁﬁqKPﬁ\ﬂP%ﬂm¢ﬁ#%ath%Pogenated

met hyl grgups ccording to a de- hydrohal ogenati ng net hod,
polycondeﬁggfé%g'%Wa%g%gnﬁﬁﬁﬂﬂdiﬂﬁv ﬂgtPﬁDSgFuﬁ§P€esG¢fGMQMﬁQEQ%th%ups,

RIS ST UL R e ks ek S
molding property, generally the total number of repeating
units are preferably 20 to 10000, more preferably 30 to
10000, and further preferably 50 to 5000.

As gbod solvents for the polymer, there are
exemplified‘ch;orofo;m, methylene chloride, dichloroethane,
tetrahydrofuran, toluene, xylene, mesitylene, tetralin,
decalin, n-butylbenzene and the like. The polymer can bé
usuaily dissolved in these solvents in‘an émount of 0.1 wt
% or more, thdugh the amount diffefs depending on the
structure and molecular weight of the polymer.

The polymer of the present inventién can be
manufactured by condensation pglymerization. using a

compound represented by the below formula (11).

(in the formula, R', R?’, R?, R', R®, R®, and A! represent the

same as those in formula (1); x!' and x? each independently



cyano group, according to a Knoevenagel reaction, 30 August 2006 46

pol yneri zati on of a conpound having two or nore fornyl group éﬁ@ﬂﬁﬁlng

to McMurry reaction, and the like. Wen a vinylene group |s n cont ai ned

in the main chain, for exanple, a nethod of polynerization from

correspondi ng nononers by a Suzuki cggpling reaction, a nethod of

pol yneri zation by a Gignard reaction, a nethod of polynerization using a

Ni (O catalyst, a nethod of polynerization using an oxidizer such as Fed 3

and the |Ilike, a nethod of oxidation polynerization electrochemcally, a

met hod of TEpTeApDLI ai substifnenitncepabdearsé gongdemsatdwimg a suitable

rel easing group, and the like are exenplified. O these, the

polynerlzﬁ?lﬁmeﬁéﬁﬁbﬁoby)a Wttig reaction, the polynerization nethod by a

Heck reaction, the p nmerizati on net hod by a Hor ner - WVadswor t h- Emmons

met hod, the poﬂ*%n%h¢z%‘#g%hiﬁ’éﬁﬂ§§ ggpabkaoedemapdensadden on, the

polynerlzatlon met hod by a Suzuki coupling reaction, the polynerlzatlon

met hod byP@lReEHARELIRace¥ORDPLbfdedharpol ?nﬁﬁﬁ-?ﬂ?ﬂoﬁtﬁé‘t h@dk¥di ng a Ni (O
referabl e since structure control is_easy_in these nethods.

catal yst arge
Anong theS‘hJaﬁﬂPF%E% FEPURY h%H%loF“%ﬁ%n*EFﬁs@ﬁPuPrn@EHtlﬁéﬁYll gulongiteanl e to

conduct a condensati.on
group, bhorate group, sulfonium methyl group, phosphonium

methyl group, phosphonate methyl group, monohalogenated-
methyl group, boric-acid group, formyl group, cyano .group,
vinyl group, etc.; and preferably a halogen atom, alkyl
sulfonate group, aryl sulfenate group, and aryialkyl
sulfonate group.

Here, as the alkyl sulfonate group, methane sulfonate
group, ethane sulfonate group, trifluoromethane sulfonate
group, etc. are exemplified. As the'aryl sulfonate group.
ben;ene sulfonate group, p-toluene sulfonate group, etc.
are exemplified. As'the aryl sulfonate group, benzyl _
suifonate group etc. are exemplified.

As the boric-acid ester group, groups represented by

the below formulas are exemplified.

oMe  OEt o \ o
In the formula, Me shows a methyl group and Et.shows an
ethyl group.
As the sulfonium methyl group, groups represented by

the below formulas are exemplified.



pol ymeri zati on of a conpound as a nononer represented by the above fornula

(11) in which x1 and x2 are each independently a hal ogen a%g aléékm
sul fonate group, aryl 30 August 2006 47 sul fonate group or g@%%?

sul fonate group, preferably a hal ogen atom using a palladium catalyst or
a nickel catalyst. In the manufactugg nethod of the present invention,

t he conpound of the above fornula (11) used as a raw material nononer, and
a nononer, such as the above fornmula (7-2) or a fornmula (8-2) are, if
necessary, dissolved in an organic solvent, and reacted at a tenperature
of bel ow the bOHiS Mg.¥0i NC PhBOve the nelting point of the organic

sol vent, using an alkali or a suitable catalyst, if necessary. For
exanpl e, kXoshowetaoctislegenbatomednd Bhsshpwedai phegydagir®uRedct i ons”, vol .
14, pp. 270 to 490, John Wley & Sons, Inc., 1965, "Organic Reactions"”,
vol . 27, pp. 245the pleospbombumymeyhrl SgroUD| ngroupgszepresgatied by

Synt hesi s", Collective Volume VI., pp. 407 to 411, John Wley & Sons,

I nc., 198Bhe (pehowaforenlas, ane| exegBplipied457 (1995), Journal of
Organonetal lic Chemistry, vol. 576, p. 147 (1999), Journal of Praktical
Chenistry, vofHPPeX™ p. (X4pho¥sos) hag@aedAtO®) ar Chenmistry

Macr onol ecul ar_ S osi u vol. 12, p. 229 (1987), and the lik .
ASBQﬁL phggphonate me{hyl gréup, &roups represen%ed by

the below formulas are exemplified.
~-CH;PO(OR'), (R' shows an alkyl group, an aryl group, or
an arylalkyl group.)

As the monohalogenated-methyl group, fluoromethyl
group, chloromethyl group, bromomethyl group. and
iodomethyl group are‘exemplified.

For'example, in the above formula (1), a polymer whose
Al is a divalent group represented by the above formula (4)
can be manufactured by using a comﬁound whose Al is a
divalent group represented by the above formula (4) in the
above formula (11). ‘I

Moreover, a polymer whose A' is a divalent group
represented by the above (5) formula in the above formula
{1} can be manufactured, by using a compound whose Al is a
divalent group represented by the above (5) formula in the
above formula (11).

A polymer whose A' is a divalent group represented by
the above (6) formula in the above formula (1), A® is Si,
and 1 is 1, can he manufactured by using

a compound whose Al is a divalent group represented by the



It is preferable that the organic solvent used is subjected to a

deoxygenation treatnent sufficiently and the reaction is pgﬁqﬁﬁﬁgqﬂmgnder
an inert atnosphere, generally for suppressing a side reacfion, %ough t he

treatment differs depending on conpounds and reactions used. 30 August
2006 48 Further, it is preferable tggconduct a dehydration treatnent
i kewi se (however, this is not applicable in the case of a reaction in a
t wo- phase systemwi th water, such as a Suzuki coupling reaction). In order
to pronote the reaction, an alkali or a catalyst is added appropriately.
These nayabeveel €3t Edrmataolni bhet abbhe feamtilan(1li),i and afedsblSe ,t hat t he
al kali or catalyst is soluble sufficiently in a solvent wused for the
reacti on.apd 1 hbsnkthesdusédm xi ng an alkali or catalyst, there is
exenplified a nethod of adding a solution of an alkali or catalyst slowy
whil e stirri ngfunthiermane j naepohymes pwboseofA’adgor a@idalienrogerowpd t he
|ike or a nethod of slowy adding the reaction solution to a solution of
an al kal irepresentsdtbyi therakdye (€)i Eopmelar bl theoapoignéprrwlaaft er
purifying the nononmer before a polynerization by nmethods, such as
di stillatibh, Audis Sdt.i @rddr idfsi ¢at iaan bemananuiagtneed bytushngsi nce t he
purity may affect the performance of devices, such as |um nescence

d compound whose A" is a divalent group represented by the

above (6) formula in the above formula (11), and A% is Si,

and 1 is 2 is used.

Moreover, when the polymer of the present invention

has a repeating unit other than the repeating ﬁnit_of

formula (1), a condensation polymerization just can be

carried out using together with a monomer as the repeating

unit other than the repeating unit of formula (1).

As the monomer used as the repeating unit other than
the ;epeating unit of formula (1), compounds of the below
formulas (7-2) and (8—2) are exemplified, and the below

formula (8-2) is preferable.

X'-Arf- (CRY’=CR'?), -X* (7-2)
(In the formula, Ar®, R' and R?® represent the same as
those in formula (7): x' and x*® are the same as those in

- formula (11); N represents an integer of 0-1.)
X'—ArttN-AP--X2 (8-2)

(In the formula, Ar', Ar?, and R represent the same as
those in formula (8); x* and x* represent the same as those

in formula (11); m represents an integer of 0-4.)



characteristics, when using the polyner of the present invention for
pol ymer LED. Moreover, it is preferable to carry out purifbﬁ@h@ﬂ&2006

processi ng such as reprecipitation purification, and fractionatlon by
chromat ography etc. after polynerization. A conpound represented by the
bel ow fornmula (12) which 1is a dival4st group whose Al in the above formul a
(11) is 30 August 2006 49 represented by the above (4) fornmula, R2 R3 R4
R5 X1 1 1 X2 (12) .RL R7 R6 can be prepared by: after netalating the two
i odine atons of the conpound bel ow fornmula (13) selectively, R2 R3 R4 R5
X1 X2 (13) R1In [thre manpufes tugiemmethod ofjtherPokymensef gfhey1 and x2
represent the same as the above], and reacting it with a dihal ogenated
phosphor ®¥&seatpdnventdpnes @s dishpeathedbabhFaToimg LY494), 5 6 X ~X (14)
R7 _
condensation polymerization of a compound represented by
the above formula (11) which is a raw material, and a
monomer as the repeating unit other than the repeating unit
df formula (1), known cbndensation reactions can be used
according to the kind of substituents used for condensation
polymerization in each of monomers according to
requirements.
As a method of producing the polymer of the present
invention, for example, a method described in JP-A No. 5-
202355 is exemplified, when a vinylene group is contained
in the main chain. Namely, there are exemplified methods
such as polymerization of a compound having a formyl group
with a compound having a phosphonium methyl group, or of a
compound having a formyl group and a phosphonium methyl
' group, according to a Wittig reaction, polymerization of a
compound having a vinyl group with a compound having a
halogen atom, according to a Heck reaction,
polycondensation of a compound having two or more
halogenated methyl groups, according to a de-
hydrohalogenating method, polycondensation of a compound
having two or more sulfonium salt groups, according to a
sulfonium salt-decomposing method, polymerization of a

compound having a formyl group with a compound having a

cyano group, according to a Knoevenagel reaction,'



(in the fornula, R7 represents the sane as the above; x5 and x6 each
I ndependently represents a chlorine atom a brom ne atom gb‘g_[skug%()@e
her es,

atom] The reaction can. be carried out under inert atnosp such as
nitrogen and argon, in the presence of a solvent. As the solvent used for
reaction, exenplified 30 August 200450 are: saturated hydrocarbons, such
as pentane, hexane, heptane, octane, and cycl ohexane; unsaturated
hydr ocar bons, such as benzene, toluene, xylene, and ethyl benzene; ethers,
such as dinethyl ether, diethyl ether, nethyl-t-butyl ether, di-t-butyl
ether, tRALYMARIZFLLCM Off & reAMRRWYY RAVIRGItWe XBBOTENEC Y hes, such as
trimethylamne, triethylamne, N NN ,6 N - tgtranethyleth%$§nedianine, and
pyri di ne . 9TAVEFe wq@éiqgsefcp AeMpgie mRactind fRAiHREebtE®as the
netal ating agent, nethyl Lithium n-butyl lithium sec-butyl |jthium
t-butyl Iithi ufRephénytnyiene ghoug &5 - é‘sﬁé’rﬁ?ﬁ‘ﬁ‘idfn T'#égr %Jc'?i on -
tenperature is usually -30 "C or less,_ an r ef ra€£ -go Cor less in
or der toq]f’étjéllfatfé’rsélxé\étﬂ]\?el Vad “}ﬂﬁhﬁff/é?f E%-)ﬁﬁ%,‘-’%eﬂ %/\’&t i th the
di hal ogenat ed ph hor ous co und, repr.esent e‘gqfa)l h 51? fofnula (14)
after ex&PANGSEG gnﬁpé’ionfﬁrrg)ﬁ’é’ @Orﬁ%lﬁﬁfn%? j%/'é‘% %?/ ﬁ%gnébove net hod.

method of polymerization by a Grignard reaction, a method

of polymerization using a Ni(0) catalyst, a method of

polymerization using an oxidizer such as FeCl; and the

like, a method of oxidation polymerization

electrochemically, a method of decomposition of an

intermediate polymer having a suitable releasing group. and

the like are exemplified.

Of these, the polymerization method by a Wittig

reaction, the polymerization method by a Heck reaction,

the polymerization method by a Horner-Wadsworth-Emmons

method, the polymerization method by a Knoevenagel

reaction, the polymerization method by a Suzuki coupling

reaction, the polymerization method by a Grignard reaction

and the polymerization method using a Ni(0) catalyst are

preferable since structure control is easy in these

methods.

Among the manufacture methods of the present
invention, it is suitable to conduct a condensation
polymerization of a compound as a monomer represented by

the above formula (11) in which x! and x° are each

independently a halogen atom, alkyl sulfonate group, aryl



As the netal exchanging reagent, magnesium salts, such as nagnesium

chl oride and a magnesi um brom de; copper salt, such as cop UM%%% dode
(1), copper chloride (Il1), copper bromde (1), copper brom'de f? and
copper iodide (lI); and zinc salts, such as zinc chloride, and zinc

brom de, and zinc iodide, are exenplified. In view of yield, mnagnesium
salt is preferable. As for the reaction with a di hal ogenated phosphorous 30

August 2006 51 conpound represented by the above forrmula (14), it is
preferable to carry out at from-100 'Cto the boiling point of a solvent.
After theSHeEOPRER, IFOUPaRThAryIadkYdd Sml EonadigalIrqiss -RFekeFRRtY for
exanpl e, guenching with water, then extracting by an organic solvent, and
distilIingagpgﬁﬁeatgﬁhvéﬁﬂ?gwﬂeﬁaﬂﬂédéPBU@@¢QL§ﬁﬁnﬂ§ﬂﬁ(?#QF%bter, it can
be obtainegﬁg¥ﬁa met hod of distilling a solvent after renmoving inorganic

salt by fFf &n. Isolation and purification of the product can be
stallizatjon, distillatian,

performed by a t hod, such as recr or
fractionation b@gc %Hﬁ?%ﬁ?%ﬁﬁ??ehﬂgEBQQr?fatEGWBSGﬁ&nFeBP@?@ﬁFéH‘¢he bel ow
forml e £32) cORRaad okt B CababE o PARE Y T CREU Pl U 00V
material monomer, and a monomer, such as the above formula
(7-2) or a formula (8-2) are, if necessary, dissolved in
an organic solvent, and reacted at a temperature of below
the boiling point and above the melting point of the
organic solvent, using an alkali or a suitable catalyst,
if necessa;y.lFor egample, known methods can be uéed,
described in "Organic Reactions", vol. 14, pp. 270 to 490,
John Wiley & Sons, Inc;, 1965, "Organic Reactions”, vol.
27, pp. 345 to 390, John Wiley & Sons, fnc., 1982,
- "Organic Synthesis", Collective Volume VI,‘pp. 40? to 411;
John Wiley & Sons, Inc., 1988, Chemical Review, vol. 95,
p. 2457 (1995), Journal of Organometallic Chemistry, wvol.
576, p. 147 (1999), Journal of‘Prakticai Chemistry, vol.
336, p. 247 (1994), Makromolecular Chemistry
Macromolecular Symposium, vol. 12, p. 229 (1987), and the
like. |
It is preferable that the organic solvent used is
subjected to a deoxygenation treatment sufficiently and the
reaction is progressed under an inert atmosphere, generally
for suppressing a side reaction, though the treatment

differs depending on compounds and reactions used.



X1 X2 (15) R S-S R6 can be manufactured by: after netalating the two

i odine atons of the compound represented by the above formgpa, oos2nd
reacting it with sulfur. About the reaction nethod, it is the s as t hat
of the synthetic process of the conpound represented by the above fornula
(12). About the reaction with sulfur48it may be added as any form of

solid, or dissolved or suspended in 30 August 2006 52 a solvent. The
tenperature of the reactionis from-100t to 30t , and preferably from

;ng?héd; ° Fubtally b, A g%%%%éﬁ%éﬁ%oﬂ?&?ﬁ%?%Elafd?%%r%ﬁn}p:&i LLC?&%"”
Zl- °Y§| f&?’éé?s'ﬁ%is;5@58?@%%23égf’%%%%?e?hil%a*%v‘@%?to%ﬂﬂ‘%ﬂfgl@ii;“ R above

' ' 1. ' R1
Rggirrljsﬁ"(é&%g % ﬁég%%‘%t ,Eemrrgﬁu ag'#ér'égab%: gifsﬁépﬁ?r’g'ta é%alt/r‘\agﬁ't hsea%lv\o I odi ne

PO o b4 BEPRRCCERLERE BRI ok bove formule (13, and reacting

In order to promote the reaction, an alkali or a
catalyst is added appropriétely; ‘These may be selected
according to the resaction. It is preferable that the
alkali or catalyst is soluble sufficiently in a solvent
used for the reaction. As the method of mixing an alkali
or catalyst, there is exemplified a method of édding a
solution of an alkali or catalyst slowiy while stirring
under én inner atmosphere of argon aﬁd ﬁitrogen and the
like or a method of slowly adding the reaction solution to
a solution of an alkali or catalyst, inversely..

It is preferable to polymerize, after purifying the
monomer before a poiymerization by ﬁethods, such as
distillation, sublimation purification, and
réérystallization, since the puxity may affect the
performance of devices, such as luminescence
characteristics, when using the polymer of the present'
invention for polymer LED. Moreover, it is preferable to
carry out purification processing such as reprecipitation
purification, and fractionation by chromatography etc.
after polymerization.

A compound represented by the below formula (12) which

is a divalent group whose A! in the above formula (11) is 7



conmpound represented by the below formula (22), XII\ ,X12 Si-Si (22) RB/Rs
As R9 [in the formula, R8 and RO represent the sanme as the ap st 20bg and
x12 each independently represent a chlorine atom a bromne atom or an

i odine atom] About the reaction nethod, post-treatnent, and purification
met hod, it is the same as those of t#8 conpound represented by the above
formula (12). Moreover, simlarly wth the conpound represented by 30
August 2006 53 the above formula (12), the conpound represented by the
below fornula (3-2 an be nuf act ur by reacting it with the
dihalogen&F@r85%858 d%XngF %&P%eaﬁﬁﬂg%%ﬁgxgﬁb i odine atons of the
conpound represented by the above fornmula (13) selectively. About the

nmet hod of reactiqn, pegt-trghtnent and purification nmethod, it is the
sane as those oR% he /conpognd r-"?esented by the above fornula (12). R2 R3
RA RS Xt 2 (3-2) \3=R ~the formula, R, R2, R3, R4, R5, and R6
represent the sang formul a %%}) x| and x2 are represent the
sane as X!

can be prepared by: after metalating the two iodine atoms

of the compound helow formula (13) selectively,
3 4

». R R

R DR

[in the formula, R*, R?, R?, R* R%, R®, x! and x? represent

R R®
X! x2 (19
6

the same as the above], and reacting it with a
dihalogenated phosphorous compound represented by the below

formula (14),

X5\ . XS

L

[in the formula, R’ represents the same as the above; x5

(14)

and x6 each independently represents a chlorine atom, a
bromine atom, or an iodine atom.]

The reaction can be carried out under inert
atmospheres, such as nitrogen and argon, in the presence of

a solvent. As the solvent used for reaction, exemplified



those in formula (11). A3 represents a divalent group selected fromO O
-S- b- -11 _ ~RRRR-RPRRR-Fi In the formula, R represen}s,. ffyge as
af orenenti oned.) A dibenzosilole derivative represented by the ow
formula (18) whose Al is a divalent group represented by the above fornula
(6) in the above fornmula (11), and A80is Si, and 1 is 1, 30 August 2006

54 R2 R R4 R5 Yt Y2 (18) Si Rt R8 RO R6 can be manufactured by reacting a
conpound (di benzosilole derivative) represented by the below fornula (19),

L e e R
e _sane €s t hose.i The rga&tion can be carried

representh t€ In fnguIa é;l).%-
out under FReFEC at P 5%%rean§ugﬁc g ﬁfFP geHu ! %f@ R in the presence of
a sol ventyy o JSatSa8s | Oulf RS BLHEENES PEELERED! %y1LRD, 8fa C To the

ethylbenéene; ethers, such as dimethyl ether, diethyl
ether, methyl-t-butyi ether, di-t-butyl ether,
tetréhydrbfuran, tetrahydropyran, and dioxane; and amines,
such as trimethylamine, triethylamine, N,N,N' ,N'-
tetramethylethylenediamine, and pyridine. These may be
used as alone or a mixture thereof. |

As the metalating agent, methyl lithium, n-butyl
lithium, sec-butyl lithium, t-butyl lithium, phenyl
lithium, etc. are exemplified. The reaction temperéture is
usually -30 T or less, énd preferably -80 T or less in

order to metalate selectively.

Moreover, it may be reacted with the dihalogenated
phosphorous compoun& represented by the above formula (14)
after exchanging the metal of the compound metalated bf the
above method. | |

As the metal exchanging reagent, magnesium salts,‘such
as magnesium chloride and a magnesium bromide; c0p§er salt,
such as copper chloride (I), copper chloride (II), copper
bromide (I}, copper bromide (II), and copper iodide (1);
and zinc salts, such as zinc chloride, and zinc bromide,
and zinc iodide, are exemplified. In view of yield,

magnesium salt is preferable.

As for the reaction with a dihalogenated phosphorous



boiling point of the solvent. Mreover, it can be manufactured also by a

method in which a hal ogenation reagent is reacted, after
conmpound represented by fornmula (19) with a base. As the NFQﬁﬁAg%gtﬁﬁ%
conmpound, N-chloro succinimde, N chloro phthalic imde, N-chloro

di et hylam ne, N-chloro dibutyl am n&] N-chloro cycl ohexyl am ne, N

br onmosucci ni m de, N-brono phthalic-imde, Nbronmo
ditrifluoronononethylanine N-i odo succinimde, N 30 August 2006 55

i odophthalic imd are exenplified. As the other . hal ogenation

reagents, C?WBBPPﬂerePFESPB§9dtPYf¢H§r5ﬁ@Wﬁaﬁ?rmq$amﬁ%4khf#quﬁﬁde

per chl oryl cobalt fluoride ver fluo [1), selenium

fluoride P %%ggghgﬁgﬁﬂeQErFYUBPFth(FF 'éﬁp ?#h%° ?%ﬁlﬁ%ff4$8hlorlde

aluninun1tr# Iotlde %ell r|un1chlor|de (1'v), nolybdenum chloride,
ant i mony RAtRFi @ 78 V%ﬂ oride (111), titanium tetrachloride, phosphorus

¥ brom de., coBEF® EPerFaBctEPhyeh oran Be, oPLAIARY Bror “a”%aofﬁhfﬂe
Gsed for B %%%?F%%Qf’%&iﬁp”? 3 cxtapble . Cfinnghins; @3&?“%@ 2
Such a5 BoroReriAFohis °€§%§¥§eﬁ§%ﬁé%ex?@ﬁe?*‘%%?%géﬁéf%f"“{e"c"” wone:
solvent. When the product is unstable to water, it can be
obtained by a method of &istilling a solvent after removing
inorganic salt by filtration.
Isolation and purification of the product can be
performed by a method, such as recrystallization,
distillation, or fractionation by chromatography.
Moreover, a compound represented the below formula
(15) whose Al is a divalent group répreéented by the above‘

fermula (5) in the above formula (11),

2 Ra R4
ovs Q -

can be manufactured by: after metalating the two.iodipe
atcms of the compound represented by the above formula
(13}, and reacting it with sulfur;
About the reaction method} it is the same as that of
~the synthetic process of the compound represented by the
above formula (12). About the reaction with sulfur, it may

be added as any form of solid, or dissolved or suspended in



saturated hydrocarbons, such as carbon tetrachloride, chloroform

di chl or onet hane, chl orobut ane, bronobutane, chl oropentane, R@ﬁg%(%ne,
chl orohexane, bronmohexane, chlorocyci ohexane, and bronocyclchexane;

hal ogenat ed unsaturated hydrocarbons, such as chl orobenzene, ‘

di chl or obenzene, and trichl orobenzend2 al cohol s, such as nethanol,

et hanol , propanol, isopropanol, butanol, t-butyl alcohol; carboxylic
acids, such as, formc acid, acetic acid, and propionic acid; ethers, such

et rahyar dbyiY iy THE hitpdiatilin BR e iOdt¥e 46 sob “IgsICT
trimethyl amg ri et hyl api NN - et edigni ne, and
pyridine;qg%i e§$ %J%ﬂgég?égﬁfiﬁ%?hgkﬂ®uf%@ﬁgaﬁggﬁpﬁPhkg¥h§?hgpgbetanide,

N, N-di et h 21 ide. hql.i i t '

pyrroli do?e?séﬁ%%%é%gﬁ%@aﬁl@ %rdd;ecr;ﬂxt%i%?g% : ﬁéjc?ég'b%ge used
for reacti; e i 1ol r£: it A | L deP ssium
hydri de, ret BT rEPt'ehIEl?ﬁlg %-sglfthﬁe i ﬁ%@%ﬁﬂ‘f%%%ﬁf%ﬁeﬁ% B8 hi um
l'i t hi um digipQRr BY¥hudd ¢q.2)l.i t hi um hexamet hyl di si | azi de, sodi um hexa

met hyl di si | azi de, potassi um hexanethyl disilazide, etc. After the

reaction, it cancefpelhdl RRPrlventedUdly HMSrdIRAIHBYHuld O[2@XaHWRbEe
guenching with water, then 7 ‘ '
Al 15 a divalent group represented by the above formula (6)

in the above formula (11), and A% is Si, and 1 is 2,

RZ R® R* R

1 —ci 6
R' . 4 SI—Si__o R
Ry o R
can be manufactured by: after metalating the two iodine
atoms of the compound represented by the above formula
(13), and reacting it with 1,2-dihalogenated disilyl

compound represented by the below formula (22),

Xn \S. S‘/Xm "
i—~Si (22)
87, | g9
R R? HBH

[in the formula, R®? and R’ represent the same as the above.
x1l and 212 each independentiy represent a chlorine atom, a
bromine atom, or an iodine atom.]

About the reaction method, post-treatment, and
purification method, it is the same as those of the
compound represented by the above formula (12).

Moreover, similarly with the compound represented by



extracting by an organic solvent, and distilling of the solvent. Isolation
and purification of the product can be perfornmed by a nethog @S
recrystallization, distillation, or fractionation by chromatography. Next,
the use of the polyner of the present invention is explained. The polyner
of the present invention has strong flugrescence, and it can be used as a
polyneric fluorescent substance. MreoVer, since the | um nescence froma
thin filmis used, polyneric fluorescent substances having fluorescence
in the solid state are used preferably. Mreover, the polyner has

excel | enttied egbd 081 EothmanaPqnbi)ng t3: AMSdurddObep P OROPE! by, caRd Heabwe
used suitably as a polynmer LED material, or a charge transporting

mat eri al .fdtweu®| e )of cahher aaenif achvertd opy cardit itfpdial swidls &he
material for electronic devices, and can be used al so as a col oring

matt er f atihabeyenaad sobmpebafit ef yeranetaadbting ohgabiwve isedineomrdwotsoroff or .
organic transistors, and a conductive thin-filmmaterial. Next, the

pol ymer LUEE of admpprebentrepmesesnited wi by behdescalhdres. Termpolay nmer(1U3ED of
the present_invention, has a light-emtting |ayer between an anode and a
cat hode, S&rrtieebsl ymekb@tt t Kaepreaidied | pfertsart j@n coppgtnédsagment

and purification method, it is the same as those of the

compound represented by the above formula (12).

(In the formula, R!', R?, R®, R*, R®, and R® represent the same
as those in formula (11). x* and x*® are represent the same as
those in formula (11). A® represents a divalent group

selected from

O=(H
O=th==0"

. - ‘ S :
—Se— ws+—— —Ge— —Sm —QeGe— — w£w~j~4YT-e—
S S G (R ¥ Y 1 (R
In the formula, R represents the same as aforementioned.)

A dibenzosilole derivative represented by the below
formula (18) whose A' is a divalent group represented by the

above formula (6) in the above formula (11), and A% is Si, and

1l is 1,



the light-emtting |ayer. As the polyner LED of the present invention,
there are listed polymer LEDs having an el ectron transportisgg,, 06

di sposed between a cathode and a light-emtting |I|ayer, polyner havi ng
a hole transporting |ayer disposed between an anode and a light emtting

| ayer, polynmer LEDs having an el ect84én transporting |ayer disposed
between a cathode and a light emtting |ayer and having a hol e
transporting | ayer disposed between an anode and a light emtting |ayer.
Mor eover, as the Eglynen3LEDHﬁ ttmeéwesent i nvention, there are
exenplified: a dekc avi R | ayd®”™ containing a conducting pol yner

di sposed between at the electrodes and a light emtting

| ayer, adjacently de; and a device having an 30 August 2006
58 insul ating Naye reg2 of @ginmor | ess disposed between at
| east one of the el e¥ £ light emtting |layer, adjacently to said
el ectrode. For exanpfe, tKg folllowing structures a) to d) are specifically
exenplified. a) anoBé/Iiﬁéﬁ enmi tRng | ayer/ cat hode b) anode/ hol e .
transporting layer/light enﬁtting | ayer/ cat hode c) anode/light emtting

| ayer/ el ecas Ofe tm@itgPOELLREA| BYEeFbacting a compound (dibenzosilole

derivative) represented by the below formula (19%9), with a

halogenation reagent, preferably an N-halogeno compound,

{19)

(in the formula, R!, R?, R?}, R*, R%, R®, R®, and R® represent
the same as those in formula (11).)

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

Moreover, it can be manufactured also by a method in
which a halogenation reagent is reacted, after reacting the
compound represénted by formula (19) with a base.

As the N-halogeno compound, N-chlore succinimide, N-A
chloro phthalic imide, N-chloro diethylamine, N-chloro
dibutyl amine, N-chloro cyclohexyl amine, N-
bromosuccinimide, N-bromo phthalic-imide, N-bromo

ditrifluoromonomethylamine, N-iodo succinimide, N-



/ cat hode d) anode/ hole transporting layer/light emtting |ayer/electron
transporting | ayer/cathode (wherein, "/" indicates adjacent ' ' of

| ayers.) Herein, the light emtting layer is a |ayer havi ngba#“&%il@% to
emt alight, the hole transporting |layer is a |layer having function to
transport a hole, and the electron 9%ansporting layer is a layer having
function to transport an electron. Herein, the electron transporting |ayer
and the hole transporting |ayer are generically called a charge
transporting |ayer, The Iighhﬁenitting | a hol e transpog&ing | ayer and

elect{on t? %%? ?}%@ Frad ?caI%B? ®X giﬁﬁ%ﬁgngéﬁtf9eu§ €fn two or
ol ot oSSR 0T on 4D TR Gy o LHAPGRY! Ff bELPREOMEEPABCency
o G AT L0, S e SRR o BhR BB B o
5 PP A SR ORI P2 o
sl at | dui DSy BREHLEE, (A1 Sa or ORET LA EHLEINIBLERED! | i e
adj acent éihmfﬂ&ﬁ”f¥¥éﬂ¥§¥iéﬂ¥jJéff&?iumféﬂléﬂﬂkﬂgpff@)?dﬂgifﬂﬁsnﬂﬁ the

chloride, antimony chloride, irom chloride (III), titanium

tetrachloride, phosphorus pentachloride, thionyl chloride,
bfomine, 1,2-dibromo ethane, boron tribromide, copper
bromide, éilver bromide, t-bﬁtyl bromide, bromine oxide,
iodine, iodine monochloride, etc. are ecemplified.

As the solvent used for reaction, exemplified are:
saturated hydrocarbons, such as pentane, hexane, heptane;
octane, cyélohexane; unsaturated hydrocérbons,'such as
bénzene, toluene, ethylbenzene, xyiene: hélogenated
saturated hydrocarbons, such as carbon tetrachloride,
chloroform, dichloromethane, chlorobutaﬁe, bromobutane,
chloropentane, bromopentane, chlorohexaﬂe, bromohexané.
chlorocyclohexane, and bfomogyclohexane; halogenated
unsaturated hydrocarbons, such as chlorobenzene,
dichlorobenzene, and trichlorobenzene; alcohols, such as
methanol, ethanol, propanol, isopropanol, butanol, t-butyl
alcohol; carbexylic acids, such as, formic acid, acetic
acid, and propionic acid; ethers, such as, dimethyl ether,
diethyl ether, methyl-t-butyl ether, tetrahydrofuran,

tetrahydropyran, and dioxane; amines, such as



interface, preventing mxing and the like, a thin buffer layer may al so be

inserted into the interface of a charge transporting |ayer '
emtting |layer. The order and nunber of |ayers |anm nated anéﬁg%%éhggﬁqg<ness

of each | ayer can be appropriately agplied while considering |ight
emtting efficiency and life of the S8evice. In the present invention, as
the polyner LED having a charge injecting |ayer (electron injecting |ayer,
hole injecting |layer) provided, there are listed a polynmer LED having a

charge inj i prQvi.d dj gcent .10 a. cathode and a pol ymer LED
k%&heQﬂygﬁégPan%F&fggyaﬁb ebeaﬁghﬁﬁd t to an anode. For

havi ng a charge

o anodts SharcaoFAY LTt EHE ARG SRl pPhgosRSC A Ry ST e | °

e) anode/c

50 g) ancilel cRreeaPAFatfani B8R, NikdRe R A Xl TR HAUNE . Cng

60 g) anodé arge Tnjecting laye ayer/ charge

o L RedEallag oNeACR L BhESL RO NET Ml TN
emtting pyrrolidone. These may be used alone or a mixture thereof.

As the base used for réaction, exemplified'afé:":
lithium hydride, sodiumrhydride, potéssium hydride, methyl
lithium, n-butyl lithium, t-butyl lithium, phenyl lithium,
lithium diisopropyl amide, lithium hexamethyldisilazide,
sodium hexa methyldisilazide, potassium hexaméthyl
disilazide, etc. |

After the reaction, it can be obtéined by a usual
post—treatment, for example, guenching with wéter, then
extracting by an organic solvent, and distilling of the
solvent. |

Isolation and ﬁurification of the product can be
performed by a method, such as recrystallization,
distillation, or fractionation by chromatography.

Next, the use of the polymer of the present invention
is explained.

The polymer of the present invention has strong
fluorescence, and it can be used as a polymeric fluorescent
substance. Moreover, since the luminescence from a thin
film is used, polymeric. fluorescent subsfances having
fluorescence in the solid state are used preferably.

Moreover, the polymer has excellent electronic transporting



| ayer/ charge injecting |ayer/cathode j) anode/charge injecting | ayer/ hol e
transporting layer/light emtting |layer/charge injecting |ayg %ﬂg@@ﬂp k)
anode/ charge injecting layer/light emtting |ayer/electron tra porting

| ayer/ cat hode 1) anode/li ght enittigg | ayer/ el ectron transporting

| ayer/charge injecting |ayer/cathoded® anode/charge injecting layer/light
emtting layer/electron transporting |ayer/charge injecting |ayer/cathode
n) anode/ charge injecting layer/hole transporting |layer/light enmtting

| ayer/ el ectron transporting |ayer/cathode o) anode/ hol e transporting
Iayer/l|gﬁ¥°%ﬁ¥¥¥rn@ndI%QErpﬁlBEPgoﬁu%F§H§§oﬁﬁl PRyEErcHEye i nj ecti ng

| ayer/ || JEEGRFAL; roF | AyRrrEsectFRSPPERLD ?{n{aﬂé' Ty et Hen RS TR & i ng
| aper caty 0%29%%6 BTEs 6 AR o SRR PSRBT o
AR p Sl S R SR T P S
bet ween EE&ﬂégnfgﬁ fﬁsers a solar-battery material, an organic
semiconductor for‘Organic transistors, and a cqnductive
thin-film material, |
Next, the polymer LED of fhe present invention will
be describeﬁ. The polymer LED of the present invention,
has a 1ight-emittiﬁg‘layer between an anode and a cathode,
and the polymer—of the present invention is contained in
the 1ight-emitting layer.
As the polymer LED of the present‘invention, there
are listed polymer LEDs having an electron transporting
layer ﬁisposed between a cathode aﬁd a l;ght—emitting-
layer, pplymer LEDs having a hoie transporﬁing layer |
‘disposed betﬁeen an anode and a light eﬁitting layer,
polymer LEDs having an électron transporting layer
disposed between a cathodeland a light emitting layer and'
having a hole transporting layer dispoSe§ between an anode
and a light emitting layer.
Moreover, as‘the polymer LED of the present
invention, there are exemplified: a device having a layer
containing a conducting polymer disposed between at least
one of the electrodes and a light emitting layer,

adjacently to said electrode; and a device having an



potential of an anode material and the ionization potential of a hole

transporting material contained in the hole transporting l%%ﬁ&u gpﬂxkhe
| i ke. When the above charge injecting layer is a |ayer containﬁﬁb an
conducting polyner, the electric conductivity of the conducting polyner is
preferably 10-5 S/cmor nore and 1088S/cmor less, and for decreasing the
| eak current between light emtting pixels, nore preferably 10-5 S/cm or
nore and 102 S/cmor less, further preferably 10-s S/cmor nore and 101

S/ | . [ 1 i d | i d i Vi f th
coﬁghg{ingﬁgg}éﬁiﬁgo¥a¥%858%%¥hggpaﬁ8ﬁg %%%Egﬁ ° lgﬁ{bﬁla¥§§%,taesuitable
t of 4j d d_ i th ducti | .2 R i t ki nd
o | onataPes8d SodbReen' BO1LER: SRACHE! bRY BRLENEOR-E AN o Aadi <0
ti [ S | Lnj i | , | f th i ,
AR (s EEGREAT IR o I et I R ST o Ll WD o U
i d the |i i f.d f_.th i 1ithi
o Caodl um 1 oo kAP (NG leo L ARy SEANBLGRRS o) 1E0CR)) B B (11N U
[ifi i h i Nj i | i f 30 A
S006" 67 Becinted ity Whempeledog ohn e ot erably from 2 om0 50 o

a) anode/light emitting layer/cathode

b) anode/hole transporting layer/light emitting
layer/cathode '
c) anode/light emitting layer/electron transporting layer/
/cathode l
d) anode/hole transporting layer/light emitting
layer/electron transporting layer/éatﬂode i
(wherein, "/" indicates adjacent lamination of layers.)
Hefein, the light emitting layer is a layer having
function to emit a light, the hole transporting layer is a
layer having function to transport a holé, and the electron
transporting layer is_a_layer having function td transport
an electron. Herein, the electron transporting layer and
the hole transporting layer are generically called a charger
transporting layer. The light emitting layer, hole
transporting layer and electron transporting layer may also
each independently used in two or more layers.
Of charge transporting layers disposed adjacent to an
electrode, that having function to improve charge injecting
efficiency from the electrode and having effect to decrease

driving voltage of an device are particularly called



nm Materials used in the charge injecting |layer my be selected

in

t he

appropriately according to the relation with the electrode3@@5ﬁ%kﬁaﬁmand
adj acent | ayers, and there are exenplified conducting polymners

pol yaniline and derivatives thereof, polythiophene and derivatives
thereof, polypyrrole and derivatives9thereof, poly(phenylene vinylene)
and derivatives thereof, poly(thienylene vinylene) and derivatives

t hereof , pol yquinoline and derivatives thereof pol yqui noxal i ne and
derivativgg Ehereof R Iéners,conialnln nat i c am ne structures

mai n chai A°BP tHBSsRAENERERnInARALLRG 17 67 4R8LAeLR] S5 KRR ne
(copper p api ne carbon, and the like. The insulation
| ayer hav?%gggfﬁﬁ' R%%E a¥?ﬁ$ %h PERETRLs functlon to nake charge

i nj ection easy %{h?n terl of the.@ ove |n an | ayer, netal
f1uoride, OX Fﬁﬁﬁ%uw d%?e? 2A8 fRE |ike are
listed.

of 2 nm

of #ess #Kée?%rig%ﬁ"f B oot PRce S Lof hséﬁﬁgav' 8602 1 on | ayer

! nor éﬁ' aVI g anr?? é l(?f Ipélﬁ/éﬂa\“ ngagggﬂheggggsgat node,

pol ynmer

of 2 nm

LEDs |on ayer

| |
f giSISO\F/)\Ar ﬁétlg%&:ﬁﬂust Zgzogrﬂn Y ai@se maPeeidd 08l | Yrob8EE 2hGakbbitetd

an electrode, and further, for enhanéing adherence of the
interface, pfeventing mixing and the like, a thin buffer
layer may also be inserted into the interface of a charge
transporting layer and light emitting layer.

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, asfthe polymer LED having a

charge injecfing layer (eléctron injecting 1ayér,'hole
injecting layer) provided, there are listed a polymer LED
having a charge injecting layer provide& 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
f) anode/light emitting layer/charge injecting

layer/cathode

and
or
he



63 structures q) to ab) for exanple. ) anode/insulation |ayer having a

thickness of 2 nmor less/light emtting |ayer/cathode r) %%qgﬁég
emtting layer/insulation |layer having a thickness of 2 nmor ss/ cat hode

s) anode/insul ation |ayer having a thickness of 2 nmor |ess/light
emtting layer/insulation |layer havie®y a thickness of 2 nmor |ess/cathode
t) anode/insulation |ayer having a thickness of 2 ran or |ess/hole
transporting layer/light emtting | ayer/cathode u) anode/ hole transporting

e 1t AL T W
2"t hi cknebbIFEERY L aPer FdEAGde N oae ) anadel | neul ati on | ayer having &
| ayer ] carhbdiodeiHang it hr e atne P ben RO - nGpor i g
anodel | ne i on Ry Sn Y Cdh RS 2 tmor less/ i ant em tting
layer/elqqnéﬁbééfﬂgﬂgngféﬂ%porting layer/light emitting

layer/charge injecting layer/cathode

j) anode/charge injecting layer/hole traﬁsporfing
layer/light emitting layer/charge injecting layer/cathode
k} anode/charge injecting layer/light emitting
layer/electron transporting layer/cathode
1) anode/light-emitting layer/electron tranSporting
layer/charge injecting layer/cathode
m) anode/charge injecting layer/ligh; emifting
layer/electron transporting 1ayer/chérge 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‘injecting layer/cathode
As the specific examples of tﬁe charge injecting

layer, there are exemplified: layers containing an



| ayer/insul ation | ayer having a thickness of 2 nmor 30 August 2006 64

| ess/ cathode z) anode/insul ation |ayer having a thickness
| ess/ hol e transporting layer/light emtting | ayer/electron C%Or‘élﬁ@%}o?qqfing

| ayer/ cat hode aa) anode/ hole transporting |layer/light emtting

| ayer/ el ectron transporting |ayer/ingalation |ayer having a thickness of 2
nm or | ess/cathode ab) anode/insul ation | ayer having a thickness of 2 nm or
| ess/ hol e transporting layer/light emtting |ayer/electron transporting

| ayer/ insul ation |ayer having a thickness of 2 nmor_|ess/cathode In

produci ngC8NPYCHABE PoBYMRRen 1avemsmwhdchy iara) dksrnsed RAEWEN ¥ usi ng
such polyner _soluhle in_an_ organic solvent, only required is renpval of
t he soIveﬁF?dﬁyaBPyPn&OAFtéFaeﬁgPﬁﬁiﬁﬁ ¥ﬁ¥§¥;ﬂﬂ&hQQﬁka%ﬂuPeﬂéﬁFf+P_he
mat or ol | PRRAAgaRR HORAGH CLa BECARILAT DERRE Hhtrt B dvant age i n
Coating HRERBELSEueR Bb BReRPnteBarAR) ANhORS CARITRE IR MAESA ik o
oravure cBBlholE! Dot ShaKUhS SRLED TGN o d Lo, o1l
method, SELeffborting layer, and the like. | -
When the above charge injecting 1ayer is a layer
containing an conducting polymer, the electrid condﬁctivity
of the conducting polymer is preferably 16'5 S/dm or more
and 10° S/cm or less, and for deqreasing the leak current
between light emitting pixels, more preferabiy 107° S/cm oxr
more and 10% S/cm or less, further preferaﬁly 107% S/cm or
more and 10' S/cm or less.
Usually, to provide an electfic conductivitj of the
conducting polymer of 10™5 S/cm or more and 10° S/cm or

less, a suitable amount of ions are doped into the

conducting polymer.
Regarding the kind of an ion to be doped, an anion is

used for a hole injecting layer and a cation is used for an
electron injecting layer. As examples of the anion, a
polystyfenersulfonate 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, tetrabutylrammonium ion and the like are
exemplified.

The thickness of the charge injecting layer is for



printing nethod, flexo printing nethod, offset printing nethod, inkjet
printing nmethod and the |Iike. Regarding the thickness of the_.,dA hst?(gﬂﬁtti ng
| ayer, 30 August 2006 65 the optinmum value differs dependi ng on"mnaterl al
used, and may properly be selected so that the driving voltage and the
light emtting efficiency becone opB2mum val ues, and for exanple, it 1is
froml nmto 1 tim preferably from2 nmto 500 nm further preferably
from5 nmto 200 nm In the polyner LED of the present invention, |ight

emtting material s_other than the above polyneri.c fl uorescent st ance
can al sg Bﬁaﬂﬂpiﬁd from i gm: tenitfli AF I Bgérf?éralb&ryt m i%ﬁ %é%fﬁl@m LED

of the present invention, the |ight emtting |ayer containing |light
emtting Hterials other than the above pol ymeric fluorescent substance

ol ymer ¢ 1 uor BREanfatt bipadcth “RberFhe Hg ke A0 iR el Befoun’

e 12 So£88:PEy 43idhLOafte ATRRHALCIRY 5O BAKCLSTHLSEH gl (here
ot vat | VBEo Lo R8 g PREYLORC, 8 GRMIBALVSRGA0S! ol W4ty U o0

pol ynet hi ne dyes, ~ xan ani ne dyes;
conpl exes, ' | : Lvallwesat \ £ am ne,
tetraphen??%?%?%%ﬂ%?é%gHaggk%ggi@é%?@%ébt e?éo?? ggisg%ﬁggﬁggeldﬁtadiene or

derivati V@Srivatives thereof, polythiophene and derivatives thereof,

polypyrrole and derivatives therecf, poly(phenylene
~vinylene) and derivativés therebf, poly(thienyléne
vinylene) and derivatives thereof, polyquinolihe and
derivatives thereof, polyquinoxaline-and-derivatives
thereof;-polymérs centaining aromatic amine structures in
the main chain or the side chain, and the like, and metal
phfhalocyanine (copper phthalocyanine and the like), carbon_
and the like.- |

The insulation layei héving a fhicknesé of 2 nm or
less hasrfunction to make charge injectionreasy. ‘As the
material of the above insulation layer, métal-fluoride,
metal oxide, organic insulation materials and the like are
listed. As the polymer LED having an insulation layer
having a thickness of 2 nm or less, there are listed
polymer LEDs having an insulation layer having a thickness
of 2 nm or less provided adjacent to a cathode, and polymer
LEDs having an insulation layer having a thickness of 2 nm
or less provided adjacent to an anode.

Specifically, there are listed the following



thereof, and the |like. Specifically, there can be used known conpounds such
as those described in JP-A Nos. 57-51781, 59-195393 and th%OIA Erst 200"
exanpl e. 30 August 2006 66 When the polyner LED of the present Tnvention
has a hole transporting layer, as the hole transporting materials used,
there are exenplified polyvinylcarbaggle or derivatives thereof,

pol ysilane or derivatives thereof, polysiloxane derivatives having an
aromatic amne in the side chain or the main chain, pyrazoline
derivatives, arylamne derivatives, stilbene derivatives,

tri phenyl gtzpchuerdsrgyatpvab) foryakemphe.or derivatives thereof,

pol yt hi ophene or derivatives thereof, polypyrrole or derivatives thereof,
pol y( p- phenyrepdes hpsehatier lagervhevieg ehshdgkness of 2 nm or

pol y(2, 5-thi enyl enevi nyl ene) or derivatives thereof, or the like. Specific
exanpl es éﬁsﬁﬁiiﬁhtee$ BELPGr LAKOTAGRERPER i ncl ude those described in JP-A
Nos. 63-70257, 63-175860, 2-135359, 2-135361, 2-209988, 3-37992 and

3- 152184. ThAndhede AbhghhsemhttingelayardBFul AR AVEES PAYERT % the hol e

transporting | ayer, preferable_are pol r hole transporting materials

such as_th?@*H%?%a?Ea%om% oF 1%%?(8%F¥S§§_thereof, polysilane or

derivat i Ves SDSESPLusuPSLISh' PAFOE SSVANG'LVERLORYLDY 82 97 AIPLLS am ne
less/light emitting layer/insulation layer having a

thickness of 2 nm or less/cathode

t) anode/iﬁsulation layer having a thickness of 2 nm or
less/hole.tran5porting layer/light emitting layer/cathode
u) anode/hole transporting léyer/light emitting
layer/insulation layer having a thickness of 2 nm or
less/caiﬁode -

v) anode/insulation layer having a thickness of 2 nm or
less/hole transporting layer/light emitting
layer/insulation layer having a thickness of 2 nm or
less/cathode

w) anode/insulation layer having a thickness of 2 nm or
~less/light emitting layer/electron transporting
layer/cathode 7

x) anode/light emitting layer/electron transporting
layer/insulation layer having a thickness of 2 nm or
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



group in the side chain or the main chain, polyaniline or derivatives

t hereof, pol ythi ophene or derivatives thereof, polyp- phenyhﬁp é§£¥% gee) or
derivatives thereof, poly(2,5- thlenyleneV|nerne) or derivativ er eof ,
or the like, and further preferable are pol yvinyl carbazol e or derlvatlves
t hereof, polysilane or derivatives t84reof and 30 August 2006 67

pol ysi | oxane derivatives having an aromati c am ne conpound group in the
side chain or the main chain. In the case of a hole transporting material
havi ng | ower nol ecul ar weight, it is preferably dispersed in a polyner

bi nder foFeE®ECatRdainyl carbazol e or derivatives thereof are obtained,

for exanple, by cation polynerlzatlon or radjcal IPWIgolygxgr%zationfroma

vi nyl  norohednodey dneiatien | e ph %l‘éi-‘?gla?'lv&;c’f $20 hBfe®%r e
and GB

exenplified c ounds descrlbed in Rev 135§

5500106 AR SHORP Sperct SO 4Th, 1 SRRF ATRONY |46t b0 Sy AV RBLELeCHEPods
describeqp%n t hem can be e d a Kipping nethod can be suitably used
particul a %ﬁﬁ%ﬁﬁs or derivatives thereof, those having

ol coul oot t/;iﬂ e LT PR SRk adey 10, oo
e o o I 85, Wlnag VP H ol OB Yoy B2 AAGLRT b

there are
thickness of 2 nm or less/cathode

ab) anode/insulation layer having a thickness of 2 nm or
less/hole transporting layer/light emitting layer/eléctron
transporting iayer/insulation layer having a thickness of 2
nm or less/cathode 7

In producing a polymer LED, when a £ilm is formed

" from a solution by using such polymer soluble'in-an

organic solvent, only required is removal of the solvent
by drying after coating of this solution, and even in the
case of mixing of a charge transporting material and a
light emitting material, the same method can be applied,
causing an extreme advantage in production. lAs the f£ilm
forming method from a solution, there can be used coating
methods such as a spin coéting method, casting method,
micro gravure coating method, gravure coating method, bar
coating method, roll coating method, wire bar coating
method, dip coating method, spray ceating method, screen
printing method, flexo printing method, offset printing
method, inkjet printing method and the like.

Regarding the thickness of the light emitting layer,



exenplified those having an aromatic am ne having hole transporting
property in the side chain or main chain. The nethod for f0r3ﬁi/$\%u§tﬂf%e
transporting layer is not restricted, and in the case of a ho

transporting |ayer having | ower nol ecular weight, a nethod in which the

| ayer is formed froma m xed solution with a polynmer binder is
exenplified. In the case of a polymer W8l e transporting material, a method
in which the layer. is formed froma 30 August 2006 68 solution is
exenplified. The solvent used for the filmformng froma solution is not

particularly restricte royiding it can.di ssolve hole transporgi

ot er |l Chgs oFf el B HASEh AegBlathdron (Fafeptfic ustio i o
chl or of or met hyl ene _chl or.ide, dichl oroefhane and .the |ike t her.

ol vent SPERBRE L PR CERATHRGY oA e 0 Re PEh POHERAGE YA JOi bt

sol vents such . as tﬁluene, X Egne and the |ike, ketone .s Iventa@iﬁch S
acet one, SRefhiPIehfi CRENSYe PEAPTEN ERLLUIRM VaTHESst &L Ji PR &5

et hyl acetate, butyl acetate, ethylcellosalve acetate %Q&hthe | i ke. As the
film forkPndTRBt Hod™ ridn b 144 BT BRET ALY eTEQR Zp8Mysed Xatihg HEt s
such as a spin coating nethod, casting nmethod, mcro gravure coating

nmet hod, Br&¢arablyo&tPrgSmsihé®, 208 Nfoati ng met hod, roll coating met hod,

W re bar coating nethod, dip coating nmethod, spray coating .
In the polymer LED of the present invention, 1light

emitting materials other than the above polymeric fluorescent
substance can also be mixed in a light emitting layer,
Further, in the polymer LED of the present invention, the
light emitting layer containing light emitting materials other
than the above polymeric fluorescent substance may also be
laminated with a light emitting layer containing the above
polymeric fluorescent substance.

As the light emitting material, known materials can be
used. In a compound having lower molecular weight, there can
be used, for example, naphthalene derivatives, anthracene or
derivatives thereof, perylene or derivatives thereof; dyes
such as polymethine dyes, xanthene dyes, coumarine dyes,
cyanine dyes; metal complexes of 8-hydroxyquinoline or
derivatives thereof, aromatic amine, tetraphenylcyclopentane
or derivatives thereof, or tetraphenylbutadiene or derivatives
thereof, and the like.

Specifically, there can be used known compounds such as
those described in JP-A Nos. 57-51781, 59-195393 and the like,

for example.



met hod, screen printing nmethod, flexo printing nethod, offset printing

nmet hod, inkjet printing nethod and the 1like, froma solutign. ,.T ymer
bi nder m xed is preferably that does not disturb charge trgﬁgﬁgﬁﬁtﬂﬂk

extrenely, and that does not have strong absorption of a visible light is
suitably used. As such pol yner bind@s, polycarbonate, polyacrylate,

pol y(nmet hyl acrylate), poly(nethyl nethacrylate), polystyrene, poly(vinyl
chl oride), polysiloxane and the 1like are exenplified. 30 August 2006 69

Regardi ng the thickness of the hole tranﬁggrting_la t he opti nmum val ue

differs depefRfhgthm PetBrenl LEReat 5he SeBFobBVﬁgEBQnsgﬁéchd so t hat
e 5 g YO e LB et 1L psore ont
e R SO Yl el A SR
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compounaBoava  HoRyRY. b8l VA% Ahe HAANC bl BURNE] Mhifdln ERED
exenmpl i fis9de 8X39ha82 Endeiadd! 'heTn 2 Wy Ha3% 10 ol i) e \Pe OF Qerivativesl

arylamine derivatives, stilbene derivatives,

t:iphenyldiamine derivativeé; polyaniline or derivatives
therebf, pelythiophene or-derivétives thereof, poiypyrrole
or derivatives thereof, poly(p-phenylenevinylene) or
derivatives thereof, poly(2,5-thienylenevinylene) or
derivatives thereof, or the like.

Specific examples of the hole transporting material
include those described in JP-A Nos. 63-70257, 63-175860,
2-135359, 2-135361, 2-209988, 3-37992 and 3-152184.

Among them, as the hole transporting materials used
in the hole transporting layer, preferablelare’polymer hole
transporting materials such as polyvinylcarbazole or
derivatives thereof, polysilane‘dr 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 derivatives thereof, or the like,
and further preferable are polyviﬁylcarbazole or

derivatives thereof, polysilane or derivatives thereof and



t her eof , benzoqui none or derivatives thereof, naphthoqui none or
derivatives thereof, anthraqui none or derivatives thereof, 30 August 2006

t et racyanoant hr aqui nodi net hane or derivatives thereof, fludrénche
derivatives, diphenyldicyanoethyl ene or derivatives thereof,

di phenoqui none derivatives, or netalggonpl exes of 8- hydroxyqui noline or
derivatives thereof, polyquinoline and derivatives thereof,

pol yqui noxal i ne and derivatives thereof, polyfluorene or derivatives
thereof, and the |ike._ Specifically, there are ex lified those descri bed
30 AuguUsPOEHL ToRRne, SR YAl e B HATEEY. ap32XoBAEAC SN1883EEMBOURER ) .
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preferable. The _ rmng-the ron transporting |layer is not
et o R bl S Poupibrlgation benameiyy
powder, @f13merization from a vinyl monomer. '
| As the polysilane or derivatives theteof, there are
exemplified compounds described in Chem. Rev.’ 83, 1359
(1989} and GB 2300196 published speeification, and the
iike. For synthesis, methods described in them can be
used, and a Kipping method can be suitably used
particularly.
~ As the poljsiloxane or derivatives thereof, those
having the sfructure of'the above hole transporting
material having lower molecular weight in the side chain or
‘main chain, since the siloxane skeleton structure has poor
hole transporting property. Particulerly, there are
exemplified those having an aromatic amine having hole
transporting property in the side chain or main chain.
.The method for forming a hole transporting layei is
not restricted, and in the case of a hole transporting
layer having lower molecular weight, a method in which the
layer is formed from a mixed solution with a polymer binder
is exemplified. In the case of a polymer hole transporting

material, a method in which the layer is formed from a



method of filmformng froma solution or nelted state is exenplified, and

in the case of a polymer electron transporting materi al égg
filmformng froma solution or nelted state is exenpllfleg pectlvely
At the tinme of filmformng froma solution or a nolten state, a polyner
bi nder can be used together. The solggnt used in the filmformng froma
solution is not particularly restricted provided it can dissolve electron
transporting materials and/ or polyner binders. As the solvent, there are
exenplified chlorine solvents such as chloroform nethylene chlorlde
dlchloroe?ﬂ%ﬂ%i%ﬂdiﬁh%xgﬂpkéﬁhéﬂ 2006 71 like, ether solvents such as
tetrahydrofuran_and the |i aromati ¢ hydrocarbon sogl vents such, as

t ol uene, xyl eneT%ch’Jt‘F%mF |‘-k’="e"-d KR i of t@%&%%gagrﬁ’ée?oﬁ@}uﬁ%?ﬂyl

et hyl e{one and the |jke, and ester solvents, such as et cetate,

| .
but yl et &4&%%‘?4%%%@6%@%%@%%@1%% cag ﬁxésf’i]"?n formi ng
nmet hod frq£%$ solutlon or nelted state, re can be1§}ed coatlng nmet hods

sucE gs H QRﬁR?FEf?ﬁnTﬁﬁrr%%£tlﬁ§ SRRIrER oatlngh ;
wire bar CERET (Lo ng %f‘?%tcoféﬁﬂgaa”set%?ﬂ?r%ﬁmngmﬁﬁ%gaggtsc?e’en
pr'nt'ngdﬂ%&%%ﬁeflé?ﬁhlégdégﬂéﬁkrﬁﬁé"%he(¥{§m¥ é%ﬁé%'@glvgﬁpgdsuhﬂkjet

prlntlng
as tetrahydrofuran and the like, aromatic hydrocarbon

solvents such as toluene, xyleno and the like, ketone
solvents such as acetone, methyl ethyl ketono and the 1like,
and ester solvents such as ethyl acefate, butyl acetate,
ethylcellosolve aoetate 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 solution.

The polymer binder mixed is preferably that deoes not
disturb’.charge transport ext.femely, and thét does not have
strong absorption of a visible light is suitably used. As
such polymer binder, polycarbonate, polyacrylate,
poly(methyl acrylate), poly(methyl methacrylate),
polystyrene, poly(vinyl chloride), polysiloxane and the

like are exemplified.



met hod and the |ike. The polymer binder to be mxed is preferably that

whi ch does not extrenely disturb a charge transport proper%&Aﬁg¥ki t
does not have strong absorption of a visible light is suitably s As
such pol ymer binder, poly(Nvinylcarbazole), polyaniline or derivatives

t hereof, polythi ophene or derivatives thereof, poly(p-phenylene vinylene)
or derivatives thereof, poly(2,5-thien¥%ne vinylene) or derivatives

t hereof , pol ycarbonate, polyacrylate, poly(nmethyl acrylate), poly(nethyl
met hacryl ate), polystyrene, poly(vinyl chloride), polysiloxane and the

| i ke are exenplified. Regardj he thi ckness pof.the _electron transportin
30 August 200859950 BFar e ERERETRER T41 U8 i FPEF s CAEPERI I Sh TN al
used, and. may pr.operly be selected so that the driving_ .voltage and the

T ght entPEi RE SRR AP HELOHE Bpt PRER- DAl 0Bs MekRi 1AL SR A4hiMhess
at which no pin hole i produced i s necessary, and too |ar t.hi ckness is
not prePEPHSFéysgﬁcé REEEE WohFHAS ¢ é%lggﬂg(ﬁ?AQﬁgei é&E%sfight
Therefore, the thickness of the electron transporting H%¥$2¢Ls for

exanpl e, SRS RN R EBLILANCY prRIIUD| POEASHTY Wil t885007 rigBpt 2

preferably from5 nmto 200 nm The substrate form_ng the pol yner LED, of
the pres&hfickness at which no pin hole is produced 1s necessary, and

too large thickness is not preferable since the driving
voltage of the device increases. Therefore, the thickness of
the hole transgporting layer is, for example, from 1 nm to 1
pum, preferably from 2 nm tco 500 nm, further preferably from 5
nm to 200 nm,

When the polymer LED of the present invention has an
electron transporting layer, known compounds are used as the
electron transporting materials, and there are exemplified
oxadiazole derivatives, anthraguinonedimethane or derivatives
thereof, benzoquinone or derivatives thereof, naphthoguinone
or derivatives thereof, anthraguinone or derivatives thereof,
tetracyancanthraquinodimethane or derivatives thereof,
fluorenone derivatives, diphenyldicyanocethylene or derivatives
thereof, diphenoquinone derivatives, or metal,complexes of 8-
hydroxyquinoline or derivatives thereof, polyquinecline and
derivatives thereof, polyquinoxaline and derivatives thereof,
polyfluorene or derivatives thereof, and the like.

Specifically, there are exemplified those described



i nvention may preferably be that does not change in formng an electrode

and | ayers of organic nmaterials, and there are exenpllfled3gl st 2006
pl astics, polyner film silicon substrates and the like. Int case of a

opaque substrate, it is preferable that the opposite electrode is
transparent or semtransparent. In thg present invention, at |east one of
an anode or a cathode is transparent or semtransparent, and it is
preferable that the anode is transparent or semtransparent. As the
material Qf this anode, electron conductive netal oxide filns,

sem t r ansp&r dRCAnHPE! ﬁﬁlﬂozﬁﬁhn§3aﬁd5ﬁ59 | Rkd 3536 s &t 1353&d £ iZal | v,

there are Bsed I ndi. um_ox zinc oxide, tin oxide, and filnms (NESA and

the |ike) 2 aﬂppca?ea7392uépﬁg3aﬁ5gﬂéébron conductive glass conposed of
i ndi unzi nc oxi de and 30 August 2006 73 the |iKke,

%ﬂdlUﬂ}tln OXId£%§?1T¥
ich are netal %e E%mpl%*@@iaéﬂﬂeggPHivaEFH?§muﬁﬁn§P99éP°n@oﬁﬁér and
the like ée use anong them 1TO indiunginc oxide, tin oxide are
pr ef er abl §8TAY ?ﬁ% gB?FEH?rn@nﬁEFﬁSHinan9aBEuﬁPF&H@FiH@ﬁo§PPF@Pfhethod
SPULter] PG RARSE oL L3I 08 HELDAL Realaf et hod Bad g e e
B Y Ly R LAY 1EL5 LnBLY, M cphene or
polyquinoxaline and derivatives thereof, polyfluorene of |
derivatives thereof are preferable, and 2-~(4-biphenyl)-5-
(4-t-butylphenyl)-1,3,4-oxadiazole; benzoquinone,
anthréquinone, tris{8-quinolinol)aluminum and polyquinoliné
are further preferable.
The method for forming the-eléctron‘transporting
layer is not particularly restricted, and in the case of
an electroh‘transporting material having lower molecnlar -
weight, a vapof deposition method from a powder, or a
method of film-forming ffom 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, a polymer binder can be used together.
The solvent used in the film-forming from a solution
"is not partibularly 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



The thickness of the anode can be appropriately selected while considering
transm ssion of a light and electric conductivity, and forS%x mekrom
10 nmto 10 m preferably from20 nmto 1 m further preferab o 50
nmto 500 nm Further, for easy charge injection, there may be provided on
the anode a | ayer conprising a phthapecyanine derivative conducting

pol yners, carbon and the like, or a |[|ayer having an average filmthickness
of 2 nmor less conprising a netal oxide, netal fluoride, organic
insulating material and the like. As the material of a cathode used in the
pol ymer LBke ofe thee modsemts ool iz, tetrahydnofuyranwendwbhe 1ikeiion is
preferable. For exanple, there are used netals such as |lithium sodium
pot assi uraromadiidi iydrossinhon sedpentsmsucia@resiaiieral ckyhenat 2Bdt i um
barium al um num scandium vanadium zinc, yttrium indium_ cerium

samar i umtheo likgusketone spdvemtspiswah s Haghona « rethyd apehYhe i ke, or
alloys conprising two or nore of them or alloys conprising one or nore
of them Wetiengnangr ther dike .gand esitieresolyentisiHch @pR¥Y hanganese,
titanium cobalt, nickel, tungsten and _tin, graphite or graphite

i nt er cal &GESAtEonPYLTds agegatRe otiwdcedloplye (ﬁceaqqﬁﬁlsg‘?q'ncﬁ%e a

magnesi umsi |l ver alloy, magnesiunmindium alloy, magnesiunmal um num al | oy,
i ndi um 1ike. :

As the film-forming method from a solution or melted
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. N

The polymer binder to be mixed is preferably that
which does not extremely disturb a charge transport
property, and that does not have strong absdrptiop of a
visible light is Suitabiy used. As such polymer binder,
poly(N-vinylcarbazole), polyaniline or derivatives thereof,
polythiophene or derivatives thereof, poly(p-phenylene
vinylene} or_derivatives thereof, poly(2,5-thienylene
vinylene) or derivatives thereof, polycarbonate;
polyacrylate, poly(methyl acrylate), poly(methyl
methacrylate), polystyrene, poly(vinyl chléride),
polysiloxane and the like are exemplified.

Regarding the thickness of the electron transporting



silver alloy, lithiumalum numalloy, [ithiummagnesium all oy,

l'ithiumindiumalloy, calciumalumnumalloy and the like'36¥ﬁgﬁ?%ﬂﬂﬁe may
be formed into a |am nated structure of two or nore | ayers. I'ckness

of the cathode can be appropriately selected while considering

transm ssion of a light and electric conductivity, and for exanple, from
10 nmto 10 m preferably from20 nmt& 1 Am further preferably from 50
nmto 500 nm As the method for fabricating a cathode, there are used a
vacuum vapour deposition method, sputtering nethod, |amnation nethod in

whi ch a ”?E%%eeﬁl%;tﬁé;: ?gitinﬁ%e&lsggg?“g%fgﬁét 800cRALAS! 6n AMELNL1 | ke.

Furt her, be pro etween a ¢ e”and an organic

layer, a (@l G@RP! NG Ab&HNAUG NGe POLYER! 5O tRaltay Ehe NaK NG ngn
average filmthickness of 2 nmor |ess conprising a netal oxide, netal

fluoride, vwigadye« kAUl @hd ON ig@frer émittand WTF idikticy@nBeabiner d@bimeat i on
of the cathode, a protective |layer may al so be provided which protects the
30 August 200fes,75andl wrerlédd: EBorclsickiesdisat oivhtibd pod ypen hbDef ais a
long period of tine, it is preferable to provide a protective |ayer
and/ or pr gimsiicarl cdver rfegregmeaatyect aod otobheldegecethiokneder i@ pravent
It fromoutside danage. As the protective |ayer, there can be used a
pol ymer, preferable =since the driving voltage of the device
increases. Therefore, the thickness of the electron
transporting layer isg, for example, from 1 nm to 1 um,
preferably from 2 nm to 500 nm, further preferably from 5
nm to 200 nm.
The substrate forming the polymer LED of the present
invention may preferably be that does not change in forming
an electrode and layers of organic materials, and there are
exemplified glass, plastics, polymer film, silicon
substrates and the like. In the case of a opaque
subgtrate, it is preferable that the opposite electrode 1is
transparent or semitransparent.
In the present invention, at least one of an anode or
a cathode is transparent or semitransparent, and it 1is
preferable that the anode 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) fabricated by using an electron conductive glass

composed of indium-tin-oxide (ITO), indium’zinc-oxide and



metal oxide, netal fluoride, nmetal borate and the I|ike. t he protective
cover, there can be used a glass plate, a plastic plate th9¥§HL%%§? 6&

whi ch has been subjected to [|ower-water-pernmeation treatne %

li ke, and there 1is suitably used a nmethod in which the cover is pasted
with an device substrate by a thernosetting resin or light- curing resin
for sealing. If space is naintained u3|ﬁ§ a spacer, it is easy to prevent
an device frombeing injured. |If an inner gas such as nitrogen and argon
Is sealed in this space, it is possible to prevent oxidation of a cathode,

and fu”heﬁhebyli’ké‘c' ”Qhﬁcﬂeséfga”&eééffh i %‘”HHPnp?%kQQ angn&heggﬂge in

t he above space, is easy t suppress anage” of an devi ce
noi sture aﬂb&f@ﬂuinn 08 veRr,0 pOR 91‘180%%% ADNg LEems Y HNE HREAS O
nore are preferably adopteéd. e polymer LED of the present invention can

be suitabtyedsedTas ardiddm-kiabtoRodECerineammile Grsd|pivef SRNSIAL USAs
dot-matrix display apparatus, and back light of a liquid crystal display.

For obtai nthg Ifiaghti cendissy ofetod) age FaduwamSiragorhe@leded Wirin Lickxhédt he
present invention, an anode and a 30 August 2006 76 cathode in the plane
form nay psppetéyibg pleadedi ,soiohaplathey anethain nalediegcehnedthoet . and
Further, for obtaining light emssion in pattern form there are a nethod
in which the like are used. As the anode, there may also be used
organic transparent conducting films such as polyaniline or
derivatives thereof, polythiophene or derivatives thereof
and the like.

The thickness of the anode c¢an be appropriately
selected while considering transmission of a 1light and
electric conductivity, and for example, from 10 nm to 10
pm, preferably from 20 nm to 1 um, further preferably from
50 nm to 50C nm.

Further, for easy 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 fluecride, organic
insulating material and the like.

As the material of a cathode used in the pclymer 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,

magnesium, calcium, strontium, barium, aluminum, scandium,

vanadium, zingc, yttrium, indium, cerium, gamarium,



a mask with a window in pattern formis placed on the above plane |igh

emtting device, a nethod in which an organic |ayer in non-%' ht
part is formed to obtain extrenely |arge thickness providin(igﬂggfgw@?

non- | i ght
cat hode,

em ssion, and a nethod in which any one of an anode or a

or both of themare forned in the pattern. By formng a patte

t
i on
al

rn

by any of these nethods and by placing 74onme el ectrodes so that independent
on/off is possible, there is obtained a display device of segnent type
which. can display digits, letters, sinple marks and the like. Furthe

for forningugﬁggémgﬁt%iébg% icegﬁegggﬁ%ﬂpeEngqugﬁggefyﬁ?tha&Fﬁnggfgggn

cat hodes are

orr stri’pes and placed so that ey Cross

par at e nmet h

O, o0, g4 RISt o ottt 2L b el B ey

emtting di

which a copgref idf eEhoh hMBHNESEENSe npvesti g1l | tef1vesr Usplatahaa, C
di splays and nmulti col or displays are obtained. A dot matrix display c

be drivencbpppasSinthgdlidsd Nt iBEnBYimaCtdakeall | Vhagkednbitiadystdt hahBT and

the like.

These di splay devices can be used as a display of a conputer,

r,
d
at

in
ol or
an

t el evi si ontipor teddphitter nonalgrappdrtieabl et ¢ et @pdohen campoavidgatarod, thieew

finder of

a video canera, and the like. 30 August 2006 77 Further, th

above |ighilikeitt Exgrgpdeisceofi mlpleym include a magnesium-silver alloy,

magnegium-indium alloy, magnesium-aluminum alloy, indium-
silver alloy, lithium-aluminum alloy, lithium-magnesium
alloy, lithium-indium alloy, calcium-aluminum alloy and the
like. The cathode may be formed intco a laminated structure
of two or more layers.

The thickness of the cathode can be appropriately
selected while considering transmission of a 1light and
electric conductivity, and for example, from 10 nm to 10
pm, 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 vapour deposition method, sputtering method,
lamination method in which a metal thin film is adhered
under heat and pressure, and the like. Further, there may
alsc 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 £lucride, organic insulation material
and the 1like, and after fabrication of the cathode, a

protective layer may also be provided which protects the

e



formis athin self-light-emtting one, and can be suitably used as a flat

| i ght source for back-light of a liquid crystal display, or g
| ight source for illumnation. Further, if a flexible platémféuggé §6qt
can also be used as a curved |light source or a display. EXAMPLES
Hereafter, exanples are shown in ordegm to explain the present invention in
detail, but the present invention should not be construed to be |imted
thereto. In the exanples, the nunber average nol ecul ar wei ght and the

wei ght average nol ecul ar meight were determ ned by gel perneation
chronatogP&ﬁ%?eFGﬁﬁ?-usfﬂﬁ shabiof wsmh ofothenpodymefe LEY Fory @ed®N%duced
nunber average _nol ecul ar wei ght and the wei ght average nol ecul ar wei ght,
respect i vBPY 108y AEnELME - EkAnpFePFeEgyabiasite grovide a protective :
2,2'-dibr?nn-5,5'-2ioct | oxy-1, 1" - bi phenyl > O O Br, Br
3, 3' - di oct-§¥Bky 2B THPERERGELNAI ERVEE FOoFaRTrestion ofadhs faiEGeed by
Yamanot o ggugléng, after digcggl tion of 3Q August 2006 78 3-broni ophenol
in ethanof ™ The® bB?ep§?geD i t%FB%yQYFﬁ d6i PREAYE-133g was di ssol ved in
dri ed N,Nwmrﬁﬂigdgﬁgrgggéghgggg féYeﬁ{ ghére can be used a polymer,
metal oxide, metal fluoride, metal borate and the like. As
~ the protective cover, there can be used a glass plate, a
plastic plate the surface of which has been subjected to
lower-water-permeation treatment, and the like, and there
is suitably used a method in which the cover is pasted with
an device substrate by a thermosetting resin or light-
curing resin for sealing. If space 1s maintained using a
spacer, it is easy to prevent an device from being injured.
If an inner gas such as nitrogeh and argon is sealed in
this space, it is possible to prevent oxidation of a
cathode, and further, by placing a desiccant such as barium
oxide and the like in the above space, it is easf to
suppress the damage of an device by moisture adhered‘in the
production process. Among them, any one means or more are
preferably adopted. |
The polymer LED of the present invention can be
suitably used as a flat light source, segment display
apparatus, dot-matrix diSplay apparatus, and back light of
a liquid crystal display.

For obtaining light emission in plane form using the

polymer LED of the present invention, an anode and a



(dry ice-nethanol bath), a solution of N-bronpbsuccinimde
117.58/ N, N-di net hyl formam de 910 ml was added dropw se for .Agggyiéﬁ%
After the dropw se adding, the reaction liquid was brought “bac 0o-a room
tenperature and stirred overnight. The reaction liquid was charged into
wat er and extracted with n-hexane, agd then the solvent was distilled off
and 179g of crude product was obtained. ecrystallization was repeated
usi ng 2-propanol, and 122g of 2,2'-di brono-5, 51 dioctyloxy 1 1' bi phenyl
was obt ai ned. 'H-NNR(BOONFE/CDClB 6(ppm [t, 8 [m
24H), 3.9%Athodedn the 7mJaaIee[%?rraHpaY7psepFalehf s}ﬁpﬁ& FE E%T-m e 2
<SyntheS|s of 2,2'-di-iodo-5,5"-dioctyl ox hen Fl aky
magnesi untREDRLL vJa%mjpﬁﬂt?‘ill 2 (RHDEFr o ‘?"ire*i,l'k%‘a P5s T:ﬁﬂd%?‘ Bi trogen
at nospher etr hydy of uy an SO|UtIO 200 of the abov . .
2,2 - dlbrﬁHﬂl yi%%@a Gtexn {himengﬁeﬁggaﬁﬁsapwgganlenWgﬁﬁ?her
flask and 2%5% of t he I on s, adde in he %Ias congai_ni
magnesi urft TS iR l}gfn%b V\BUF 2 dPHP e?ﬁah@ %%ﬁlg
initiator, was q? anﬁI Q eat v%en the ex L? eagct ted, the
renai ni nd"la&ﬂ La]'t %ﬁi ojp?/ﬁ’se f%?t%%g ﬁu‘fw&gc{l 5 %’QBF—%E? ropw se
addi tion,; JAG HeAHd 15 e‘%&ds%cfo%’ gt L1 8% rmea to obtain

extremely large thickness providing substantial non- 1ight

emission, and a method in which any one of an anode or a

cathode, or both of them are formed in the pattern. By

forming a pattern by any of these methods and by placing

some electrodes so that independent on/off is possible,

there is obtained a display device of segment type which

can display digits, letters, simple marks and the like.

Further, for forming a dot matrix device, i1t may be

advantageous thaﬁ anodes and cathodes are made in the form

of stripes and placed so that they cross at right angles.

By a method in which a plurality of kinds of polymers

emitting different colors of lights are placed Separately :

or a method in which a color filter or luminescence

converting filter is used, area color displays and multi

color displays are obtained; A dot matrix display can be

driven by passive driving, or by active driving combined

with TFT and the like. These display devices can be used

as a display of a computer, televisicn, portable terminal,

portable telephone, car navigation, view finder of a video

camera, and the like.



with refluxing. Then, it was cooled to 0 "C, and tetrahydrofuran 150m

solution of iodine 44.2g was added dropw se. After the dropw @Qﬂj g,
the reaction liquid was stirred overnight. The reaction Ii%ﬁéﬁ%ﬁs éﬁarged

into water and extracted with chloroform and washed with sodi um

t hi osul fate aqueous sol ution and satpypated NaC] aqueous solution. After
being dried with sodiumsulfate, the solvent was distilled off, and 53g of
crude product was obtained. By recrystallization using 2-propanol, 43g of

2,2'-di-iodo- 5,5 -dioct on¥M;1,1';biphen | was obtainef.

“H- NVR( 200Mz/ EBEEBET . tenpbovs Jdgnt ejtting dewice, 1npjang o3 [,

4H), 6.676.8 . AH, 7.74 [d, 2 MS(APCI (+)): M 662 Synt het i le 3
<;gnthesﬁQQW ﬂgqﬁ-ﬂﬂﬂﬂwﬁﬂiﬁg%?gnﬁﬁqmﬁéﬁ¥ﬂﬁfqééoc??$o§99 §g1585%%85§ﬁ3F>630
A t 2006 . 80 0 0. Br B Il 1 Th b

250 di - U566 852 dlad y"P&E'r W FOuTHs apﬁf%ovf)‘rac‘%‘ﬂgi%'% 2haP gbd Ao 1L f1ask

under ”'E&%%%%la%ﬁgiﬁgﬁﬁebr as a flat light source for

illumination. Further, if a flexible plate is used, it can

also be used as a curved light source or a display.

EXAMPLES

Hereafter, examples are shown in order to explain the
present invention in détail, but the present inveﬁtion
should not be construed to be limited thereto.

In the examples, the number average molecular weight
and the weight éverage molecular weight were determined by
gel permeation chromatography (GPC) using chloroform
solvent as the polysfyrene reduced number average molecular
weight and the weight average molecular ﬁeight,
respectively.

Synthetic Example 1
{Synthesis of 2,2'-dibromo-5,5'~-dicctyloxy-1,1"'-biphenyl)>

PR 07 TN

Br Br

3,3'-dioctyloxy-1,1'-biphenyl which is a raw material

was synthesized by Yamamoto coupling, after dioctylation of



and trimethyl phosphate 800nil was added and di ssol ved. |odine 10.6g was
further added, trinmethyl phosphate 70m of brom ne 19g was3ﬁqgﬁglgéﬁgmﬁse.
After stirring for 4 hours, trinethyl phosphate 35m of brdmnée o) g was
added dropw se. Then, it was stirred overnight. The reaction |iquid was
charged into water and extracted witiyg chloroform and washed with

sodi umt hi osul fate aqueous solution and saturated NaC aqueous sol ution.
After being dried with sodiumsulfate, the solvent was distilled off,
and' 46g of crude product was obtained. By purification wusing silica gel
chr omat ogPaprymppjenehetanethangdne =20:1),
4,4'-dibronn-2,2'-di-iodo-5,5'-dioctyloxi-l, ' - bi phenyl 20.58 was

obt ai ned. ' H NERe2abere/ epdlsjioctyhpry-1.4. sbiphengly 138DMWAH [m 24H],

3.99 4H] , 6.70 2H, 8.03 2 MS(APCI (+)): M 820 - het i
S amol o adihsatned: 3h ot S B oaT ANebh AL EoSRansgs. LB20OME. Bt & T p 6
Conpound

fhry ice-methanol bath), a solution of N-bromosuccinimide
117.5g/N,N-dimethylformamide 91O ml was added dropwise for
60 minutes. After the dropwise adding, the reaction liquid
was brought back to a room temperature and stirfed
overnight. The reaction liquid was charged into water and
extracted with n-hexane, and then the solvent was distilled
off and 179g of crude product was obtained.
ecrystallization was repeated using 2-propanol, and 122g of
2,2'-dibromo-5,5"'-dioctyloxy -1,1'-biphenyl was obtained.
'H-NMR(300MHz/CDCL,) :

5 (ppm) = 0.88 [t, 6H], 1.2~1.8 [m, 24H], 3.95 [t, 4H],
6.7;~6;8 [m, 4H], 7.52 [d4, 2H] |

Synthetic Example 2

{Synthesis of 2,2'-di-iodo-5,5'-dioctyloxy-1,1'-biphenyl>

PN TN

| |
Flaky magnesium 4.05 g was put in a 500ml three-necked

flask under nitrogen atmosphere. Tetrahydrofuran solution
200ml of the above 2,2'-dibromo-5,5'-dioctyloxy-1,1'"-
biphenyl 45g was prepared in another flask, and 20ml of the

solution was added in the flask containing magnesium. Five



The above 4, 4'-di brono-2,2'-di-iodo-5,5" -dioctyl oxy- 1,1'-biphenyl 1.00g
(appearance nol e nunber 1.22mmols) was put in a 100m threemygﬁgggzbb@sk
which was flane dried and argon gas substituted, and di ssol ve n
dehydrated diethyl ether 10m .. This solution was cooled to -90 t by

met hanol /i quid nitrogen, and n-BuLi 7B 7nl (1. 6M n-hexane sol ution,

2. 7mol ) was added dropwi se. After keeping the tenperature for 1 hour,

di et hyl -ether solution (5m) of dichlorophenyl phosphine (0.22g, 1.22muol)

was added . dropwi se. After having tenperature raised to a ro tenperature
and stirrA5gPEoPE13 . Rodldrompetangodsefhg ipity t&ﬁd“@ﬁ)ﬂﬁi§§% éﬁﬁgous

sol ution was added dropwi se. The aqueous phase wa tracted wi.th toluene,
t he or ganP€aF8fer WD@As BSIF§8F58Fm&2drﬁ&§ﬁﬁ&“mﬁﬁ?ﬁ%§3; éﬁ%ﬂqﬂﬂﬁ+%%ﬂ%rated

product vaSTBELANnEsS ajdRdr AFPBALEBNIE 10 TACES -oBt e TR
oo o0 ARl | 4808172 0R “H YRS e, MR sl Bl et 1))
s 20002t N LR, ORLER) Boollal o 0 o 3, (D 10
16H) and tgtgghﬁarogﬁgan 150ml solution of iodine 44.2g was added

dropwise. After the dropwise adding, the reaction liQuid

was stirred overnight. |

The reaction liquid was charged into water and

extracted with chloroform, and washed with sodium-

thiosulfate aqueous solution and saturated NaCl agqueous

solution. After being dried with sodium sulfate, the

solvent was disfilled off, and 53g of crude product was

obtained. |

By recrystallization using 2-propanol, 43g of 2,2'-di-iodo-

5,5'-dioctyloxy -1,1'-biphenyl was obtained.

14-NMR(200MHz /CDC1;) :

0 (ppm) = 0.90 [t, GH],ll.Z'Vl.B [m, 24H], 3.93 [t, 4HI,

6.6~6.8 [m, 4H], 7.74 [4, 2H]

MS(APCI(+)):M" 662

Synthetic Example 3

<Synthesis of 4,4'-dibromo-2,2'-di-iodo-5,5'-dioctyloxy-

1,1' -biphenyl>



Synthetic Exanple 5 Synthesis of Conpound B OO Br Br S S Conpound B The
above 4,4'-di bronp-2,2'-di-iodo-5,5"-dioctyloxy- 1,1"-biphen

(apparent nol e nunber 6.1 mmols) was put in a 300nl three-ne%tégg@¥gggﬁ

whi ch was flane dried and argon gas substituted, and dissolved in
dehydrated diethyl ether 50m . Thisggolution was cooled to -90 t by

nmet hanol /1 iquid nitrogen, and n-BuLi 8.4m (1.6M n-hexane solution,
13.4nmmmol ) was added dropwi se. After keeping the tenperature for 1 hour,

sul fur 0.20g (6. 1nmol) was ded. After havi th t raised to a
room t enper . styrri @ “sul'fur 2.008 (61mmol ) was

added and stirred further 4 hoy
of 1N hydrochloric acid was ad
extracted with diethyl ehteBl
with water and then saturated DL
with sodiumsulfate, the solvent was dystilled off and 6.26g of 30 August

2006 83 crude product was obt ai ned.! By' purification using Silica gel

col um chr omatygar aphy, d & Upnta Pexags: &1 41 88658k foxy-1, 1" -biphenyl

379 was charged into 1L flask under nitrogen atmosphere,

and trimethyl phosphate 800ml was added and dissolved.
Iodine 10;69 was further added, trimethyl phosphate 70ml of
bromine 19g was added dropwise. After stirringrfor 4 hours,
trimethyl phosphate 35ml of bromine 9.5g was added
dropwise. Then, it was stirred ovérnight. The reaction
liquid was charged into Wate: énd.extraéted with
chloroform, and washed with sodium-thiosulfate agueous
solufion and saturated NaCl agqueous solution. After being
dried with sodium sulfate, the solvent ﬁas distilled off,
and 46g of crude prbduct was obtained. By purificatidn
using silica gel chromatography (cyclohexane:toluene
=20:1), 4,4'-dibromo-2,2'-di-iodo-5,5"'-dioctyloxy-1,1"~
biphenyl 20.5g was obtained.

'H-NMR(200MHz/CDC1;): |

O (ppm) = 0.88 [t, 6H}, 1.2~1.9 [m, 24H], 3.99 [m, 4H],
6.70 [s, 2H], 8.03 [s, 2H]

MS(APCI(+)):M' 820 |

Synthetic Example 4

Synthesis of Compound A



=20: 1), and Conpound B was obtained in 0.918 (p. 87.3% y 20.79 . 'H NWR
(CDC13, 300MHz) 67.69 (s, 2H), 7.08 (s, 2H), 4.09 (t, 4H), 1.92 %%&2668

4H), 1.58 - 1.26 (m 20H), 0.88 (t, 6H) Synthetic Exanple 6 SAn esi s of
Compound C OO Br Br Si-S!I Conpound C The above

4,4' -di bronp-2,2'-di-iodo-5,5"-di oct lloxy- 1,1'-biphenyl 5.0y was charged
into a 100m flask under nitrogen atnosphere, and tetrahydrofuran 50nl was
added to dissolve it. It was cooled at 90 t and 8.4nl of N Butyl

Li t hi uni-1. 6M hexape sokitiefM™yas added dr gptihse” SARE1"5 hours stirring,
tetrahydrofuran solution 61g ol nmagnesi uf brom de 3.38g was added, and

rai sed the tenperature to a enperature, and further stirred for 1.5
hours. It was cooled to -$§ -dichlorotetranet hyl disilane
1.60g was added. Then the tenpefs as raised and reacted for 8.5 hours
with refluxing. After having distilled off the solvent, toluene 100m 30
August 2006 84 was charged and stisred, and then insoluble matters were

Compound A |

The above 4,4'-dibromo-2,2'-di-iodo-5,5"'-dioctyloxy-
1,1'-biphenyl 1.00g (appeafance mole number 1.22mmols) was
put in a 100ml three-necked flask which was flame dried and
argon gas substituted, ahd dissolved in dehydrated diéthyl
ether 10ml.. This solution was cooled to -90 T by
methanol/liquid‘nitrogen, and n-BuLi 1.7ml (1.6M n-hexane
solution, 2.7mmol) was added dropwise..After keeping the
temperature for 1 hour, diethyl -ether solution (5ml) of
dichlorophenyl phosphine (0. 229, 1. 22mmol) was added
dropwise. After having temperature ;aised to a room
temperature and stirring for 15 hours, it was cooled at 0
C and 5% NaHCO, aqueous solution was added dropwise. The
agqueous phase was extracted wilth toluene, the organic layer
was collected, and washed with water and thén saturated
NaCl aqueous solution. The solvent wasdistilled off and
1.11g of crude product was obtained. By purification using
Silica gel column chromatography {eluent
hexane:ethylacetate =100:1 (0.1% triethylamine)), and

Compound A was obtained in 0.52g (purity 96.1% and yield

68.5%).



filtrated. The solvent was distilled off again and a crude product was
obt ai ned. The crude product was purified by silica gel chro

(el uent hexane:triethylam ne toluene =800:5), and 0. 24g ofﬂ%%ﬁg%ﬁg M% was
obt ai ned. 1H NVR(300MHz/ CDC13): 6(ppm) = 0.20 [s, 12H], 0.89 It, 6H
1.1-1.6 [m 20H, 1.89 (m 4H], 4.082t, 4H, 6.92 [s, 2H, 7.57 [s, 2H
Synthetic Exanple 7 Synthesis of Conmpound D O b--d Conpound D In an inert
at nosphere, 3-bronmophenol 90g was dissolved in ethanol 600ml. 39g of

pot assi um hydr oxi de was added further, and dissolved at 70t. 1-brono-3,7-
di net hyl odt~ 1505 Maa 309884 dropwi se froma dropping funnel for 15

m nutes. After thedropw se _adding, .the t er at wa, ai seg.t t, and
stirring Qi%H Thd&i wds 3darr i7g'(}3o[}tm'f J&ﬁgbo‘ﬁ‘t% ‘no‘ﬁf%’. IZTQGe-rPt ﬁéel
heating, jt standjn o cool a roo enperature. r tion

i qui d m@d%f’dtedﬂ%bﬂ%%‘c or"t*&gns?n‘ga?h%f'wﬁrg? bl ggﬁ%dguﬁﬁto 500n
of materab%ﬂg et hgpol was distilled off with using evaporator. After 30
August 2 di |1ing off the ethanol, the residual solutions were

Synthetic Examplers

Synthesis of Cdmpound,B

‘ NN
/\/\/\/\O 0O
s—§
Compound B

The above 4,4'-dibromo-2,2'-di-iodo-5,5'-dioctyloxy-
1,1'-biphenyl 5.00g (apparent mole number 6.lmmols) was put
in a 300ml three-necked flask which was flame dried and
argon gas substituted, and dissolved in dehydrated diethyl
ether 50ml. This solution was cooled to -90 T by
methanol/ligquid nitrogen, and n-BulLi B.4ml (1.6M n-hexane
solution, 13.4mmol) was added dropwisé. After keeping the
temperature for 1 hour, sulfur.0.20g (G.Ihmol) was added.
After having the temperature raised to a room temperature,
and-stirring'for 3.5 houfs, sulfur 2.00g (élmmol) was added
and stirred further 4 hours. Then, it was cooled at 0 C
and 15ml of 1N hydrochloric acid was added dropwise. The
aqueous phase was extracted with diethylehter, the organic
layer was collected, and washed with water and then
saturated NaCl aqueous solution. After being dried with

sodium sulfate, the solvent was distilled off and 6.26g of



coll ected together and into three portions. To each of the portions, 300m
of ethyl acetate was added and partitioned, respectively, @?ﬂAﬁﬁEt@ﬁ ani c
| ayer was washed with 200m of water twice. After having collected the
organic layers and distilling off the solvent using an evaporator, drying
was carried out at 90 “for 5 hours updger reduced pressure using 'a rotary
punp. About 150g of 3-(3,7- dinethyloctyl oxy)-bronobenzene was obtai ned as
an oily product. Dried tetrahydrofuran 100m , nagnesium 7.5g and small
quantity of iodine were charged into a three-necked flask under an inert
at mosphererudssiprpducelt opps eptained, BY Heupbbieatien usingefhiset vl oxy) -
br omobenzene 90g was added dropwi se for 50 mnutes, After the dropw se
addi ng, R} piunn ShERTA tRSFARIID NS 1R_N hdkr¥aRRse FREL2SEFREPNg was
carried out for 2 hours wth refluxing to prepare G ignard, reagent.
After thedeakl ndnd (Coproyng B ﬂ%o‘?l?lbai’%‘gd 19t glﬁ FBonslée erature.
Trimethyl borate 38g and dried tetrahydrofuran 300nl were charged into .
anot her ¥+ Hlecked flask, and the flask was cooled by a dry ice- acetone

bat h. Usi,ng dr, ing e|l, the above Gignard reagent solution was
added dréﬁﬂ#@& ﬁgsegs'ﬁ§ﬁﬁ€%L.‘After the dropw se addi ng the reaction
i quid wag ;hegted t o] enp ture.. After Vi ng Adde he, reacti on
liquid t 7a69; (§¢ o 28311 dr OF iaroﬁﬁ@m Aaps. & 4 zmrl/‘mﬁ’td cejlr'%afeoﬁ% and
stirri ng,“_ht \/fa_sjsdi_vilc{% i(r&}ozto\m pq:['téé)n(st’ aé}g) each of 30 August 2006

Synthetic Example &

Synthesis of Compound C

/\/\/\/\
NN TN o)
Si—Sj
4 [\
Compound C

The above_4,4'-dibromo-z,z'-di-iodofs,s'-dibctyloxy-"
1,1'-biphenyl 5.0g was charged into a 100ml flask under
nitrogen atmosphere, and-tetrahydrofuran 50ml was added to
dissolve it. It was cooled at 90 T and 8.4ml of N-Butyl
Lithium/l.GM-hexane-solution was added dropwise. After 1.5
hours stirring, tetrahydrofuran solution 6lg of magnesium-
bromide 3.38g was addéd, and raised the temperature to a
room temperature, and further stirred for 1.5 hours. It was
cooled to -90 C again, and 1,2-dichlorotetramethyl
disilane 1.60g was added. Then the temperature was raised
and reacted for 8.5 hours with refluxing.

After having distilled off the solvent, toluene 100ml



86 them was extracted with 150m and 100m of ethyl acetate. The organi c

| ayers were coll ected together and divided into three portlstbnﬁe%lg

of them was washed with 100m of water. The organic |ayers "aft

were collected together and the solvent was distilled off using an
evaporator. A suspension of the soligdgcontent was produced by adding 100m
of hexane and filtrated. Further, it washed wth 100 ml of hexane. Wite
solid of 3-(3,7- dinethyloctyl oxy)-phenyl boric acid 63g was obtai ned.

Under an inert atnosphere, to a three-necked flask, the above

3- (3, 7- diwas tsharged (as - St brcednzend GheN Haerkiible JuRt ten ¥eros5onm,

pot assi um carbonate 62g and tetrakis (triphenyl phosphi ne)pall adi um conpl ex
1.2g wer £iditmafeasd. The eyolait i vas (ﬁiﬂﬁ%lg%ﬁ gnaﬁﬂ-ﬁ ahgoft FEMdSo

m nutes to deaerate oxygen t he above_3-(3, 7-di met hyl oc Ioayl) phenyl

bori ¢ aciBFEBEhAsRREALRSD. (TSGR PHRAITH| €3E PBY é Stirring

W th heating was carried out for 8 hours. After the h it was left
to stand ﬁi&l%&q%fﬁwn@tqmnﬁnﬁﬂ%‘m é‘e’ﬁ?%rt’ﬁ%?fﬁﬂ'ﬁﬁﬁ'ﬁﬁ the tol uene

| ayer, col.oring conponents were renoved with s el ., chr t ogr aphy.
The sol v&?tl“\%’se Figd843)eq 3RS Oandu,%g"‘gfcc’ % W%@gbgﬁ?‘ggﬁéd as an

oily proq ' H [ CDC1 a(ppm) = 0.87 [d, 12H], 0.94 [d, 6H],
1.1 1. N J\B/Rdfg NF?D 396 88 [d, 2H, 7.1'7.3 [m 4H, 7.32 [t,
2 0 (ppm) = 0.20 [s, 12H], 0.89 {t, 6H], 1.1~1.6 [m, 20H],

1.89 [m, 4HI, 4.08 [t, 4H], 6.92 [s, 2H], 7.57 [s, 2H]

Synthetic Example 7 |

Synthesis of Compound D

Compound D

In an inert atmosphere, 3-bromophenol 20g was
dissolvéd iﬁ ethanol 600ml. 39g of botassium hydroxide was
added further, and dissolved at 70C. l-bromo-3,7-
dimethyloctane 126g was added dropwise from ardropping
funnel for 15 minutes. After thedropwise adding, the
temperature was raised to 84T, and stirring with heating
was carried out for about 22 hours.

After the heating, it was standing to cool to a room
temperature. The reaction liquid was divided into two
portions, each of which was added into 500ml of water, and

ethanol was distilled off with using evaporator. After



Synthetic Exanple 8 30 August 2006 87 Synthesis of Conpound E O O Br Br
Conmpound E The above conpound D 20g was dissolved in dried

di met hyl f or mam de 400nil. A solution of' N bronosuccini m de I%dﬁuguﬂzoms
15. 59/ N, N-di net hyl f or mam de 300m was added dropwi se for 90 mnutes with
I ce cooling. After the dropw se addiggs the ice bath was renoved and
stirred overnight. After distilling off the solvent, it was dissolved in
tol uene 200nml, and washed with 200m of water 3 tinmes, and the solvent

was distilled off. 26g of oily product was obtained. Fromthe neasurenent
resul t ofdéstiikingp@gfrﬁh? etbanets Ehoi AgsdArAdr SRLUAGRS K& it ut ed

positions were observed, and the purity of Conpound E was about 54 (LC
area per ceplheetyed: tPQQFEQEO%ﬂﬁ/tEEESFhreﬁ(BBEF19n§6[30 fAGR 97 6

%/B(l AéCI8[ E"ng%ggn%.‘;’@%%t%tﬂhga%%aﬁg%ﬁt ﬁé&‘%g &P%ﬁ‘ﬁaﬁ%‘ E’y August

2006
respectively, and the organic layer was washed with 200ml

of water twice. After having collected the organic layers
and distilling off the solvent using an evaporator, drying
waé carried out at 90 Tfor 5 hours under reduced_pressure
using 'a rotary pump. About 150g of 3-(3.,7-
dimethyloctyloxy)-bromobenzene was obtained as an oilf
product. Dried tetrahydrofuran 100ml, magnesium 7.5g and
sméll quantity of iodine werelcharged into a three-necked
flask under an inert atmosphere. Using a dropping funnel,
the above 3-(3,7-dimethyloctyloxy)- bromobenzene 90g was
added dropwise for 50 minutes. After the dropwisé adding, -
dried tetrahydrofufan 200m). was added and heat-stirring was
carried out for 2 hours-with refluxing to preﬁare a
.Grignard reagenf. After'the heating; it was left standing
to cool to a room tempefature. Trimethyl borate 38g and
dried tetrahydrofuran 300ml were charéed into another
three-necked flask, and the flask was cooled by a dry ice-
acetone bath. Using a dropping funnel, the above Grignard
reagent solution was added dropwise for 35 minutes. After
the dropwise adding the reaction liigquid wés heated to a
room temperatufe. After hafing added the reaction liquid
to a dilute sulfuric acid (sulfuric acid 12ml/water 360ml)

and stirring, it was divided into two portions, and each of



88 0 0 Si  Conpound F In a 200m. four-necked flask whose inside atnosphere

was replaced with argon, Conpound E.5.00g(8. Omvol) was dis | i
dehydrated ether, and cooled to -78t. To this solution, %ﬂ*&&ﬂwlf@ﬁp
n-butyllithiumllm (17.6mmol, 1.6M hexane sol ution) was added dropw se,
and stirred for 3.5 hours. This solggi on was added dropw se to an et her

sol ution 500nl of tetrachlorosilane 25.8g (152mvl) cooled at -78 t. After
stirring for 1 hour, the tenperature was raised to a roon1tenperature and
it was stirred for 15 hours. The reaction | i quid was | tered under argon

at nosphertd1em wag Rxtmagted &t 1o0Me ARt 10Pmt \RE ae\‘;lmheac‘b%ﬁ%ct 4. 52g.

The resultant crude product was put |nto a . 500 thr d,f k whose
i nsi de wad'S SAGIGE HANPT Sy W5Ee &%1 eﬁf{?qjﬂ'soﬁﬂ ‘g(fﬂf ﬁ‘i‘ﬁ%i’af

ether, a cooled to -78 t. Ph [i,t hi um 23ni 24 6
cycl opentAFES I4’(—5"[’%‘1:&#""L§oI G PR ST FiER FaSHiasd: ei%rmﬁf% f@%f‘ﬂt?%n Af t er
nut es a.roomtenp %pd stirred

A .
?ELrLIRgﬁpgeIVat emﬁggaﬁaﬂeﬁa§ﬁﬁsp3$£?Fl8ﬁ§815ﬁdwFﬁ? %&ﬁé%ﬁg: Gyer was
extr acted 10 f0ust, 2008 8 LM N oA | VTS vere

col l ecte
evaporator. A suspension of the solid content was produced

by adding 100ml of hexane and filtrated. Further, it washed
with 100 ml of hexane. White solid of 3-(3,7-
dimethylocfyloxy)—phenyl boric acid 63g was obtained.

Under an inert atmosphere, to a three-necked flask, the
above 3-(3,7-dimethyloctyloxy)-bromobeﬁzene 60g, toluene
250ml, water 250ml, potassium carbonate 62g and tetrakis
(triphenylphosphine)palladium'complexll.ZQ were charged.
After bubbling of the solution with argon for 20 minutes to
deaerate oxygen, the above 3-(3,7-diméthyloctyloxy)-phenyl

‘boric acid 63g was added, the temperature was raised to 90
C, and stirring with heating was carried out for 8 hours.

‘ After the heating, it was left to stand for cooling to a
room temperature. After partitioning the toluene layer,
coloring components were removed with silica gel
chromatography. The solvent was distilled off and 98g of
Compound D was obtained as an oily product.
1{-NMR( 200MHz /CDC13) :

&(ppm) = 0.87 [4, 12H], 0.94 {d, 6H], 1.1~1.8 [m, 20H], 4.0
4 [t, 4H], 6.88 [d, 2H], 7.1~7.3 [m, 4H], 7.32 [t, 2H]

Synthetic Example 8



t oget her and washed wi th saturated sodi um hydrogencar bonate aqueous

sol ution and saturated NaCl aqueous solution. After drying w }

hydr ogensul fate, the solvent was distilled off, and 6. 66g gd‘gu@gﬁ%ﬁeﬁ@
product of Compound F was obtained. a 0.86 (d, 12H), 0.97 (d, 6H),
1.16-1.90 (m 20H), 4.09 (br, 4H), §784-6.88 (m 2H), 7.29-7.66 (m 28H)
MS(APCI (+)): M 647.4 Synthetic Exanple 10 Synthesis of Conpound G O O Br
Br Si Conpound G In a 300nl three-necked flask whose inside atnosphere
was replaced with argon, Conpound F 5.00y (purity 85.1% 6.6mmol) was put
in and diSygdihesd s wfdChmpoanddEDMF65m . N- bronpsucci ni mi de 2. 45¢g
(13.8mml) was charged to this solution. After stirring at a room

tenperature for 5 hours,] it was extracted with hexgne (80m xp) in a gl ove
box. The . solvent was dijstilled off, and 14.02g of crude prpduct (LC
area percent age - O DVF) was obgydl ned: u t 06 90

After separation with reversed-phase silica/gel colum chromatography

(acetonitrile:tol uene =20:1), f

Compound E

The above compound D 20g was dissoived‘in'dried N,N-
dimethylformamide 400ml. A solution of-N—bromosuccinimidg
15.5g/N,N-dimethylformamide 300ml was added dropwise for 90
mihutes with ice cooling. After the dropwise adding, the
ice bath was removed and stirred overnight. After
distilling off the solvent, it was dissolved in toluene
200m1,-and washed with 200ml of water 3 times, and the
solvent was distilled off. 26g of oily product was
obtained. From the measﬁrement result of a LC-MS spectfum,
isomers having differenf bromo substituted positions were
observed, and the puritj of Compound E was about 65% (LC
area percentage).

'H-NMR(200MHz/CDC1;) :

4(ppm)=0.86[d, 12H], 0.93[d, 6H], 1.1~1.8[m, 20H], 3.97[t, 4
H]}, 6.79[d4, 2H], 6.82[d, 2H], 7.52[d, 2H]

MS(APCI (+)):M" 624

Synthetic Example 9

Synthesis of Compound F



were extracted with hexane (in order to renove a mnute anount of acetic
acid in acetonitrile), and washed by 5% sodiun}hydrogencaqungk oft us
solution and saturated NaC aqueous solution. After drying wt odi um
sulfate, the solvent was distilled off, and 0.30g (LC area percentage 58%
yield 3.31) of Conpound G was obtaingg. 'H NVR (300MHz/acetone-d6) S 0.86
(d, 12H), 0.99 (d, 6H), 1.17-1.95 (m 20H), 4.31 (br, 4H), 7.37-7.50 (m
2H), 7.68-7.71 (m 28H), 7.81 (s, 2H), 8 .00 (s, 2H) MS(APCI(+)):M 804.9

Synt hetic Exanmple 11 nt hesis of Compound H OO0 . ] C S nmpound H
Compound F 3.91g uritly 85.1% 5.1mmol) was put_in af 200 t htee necked
fl ask whos nsiee a wth argon gag; drss0l i
dehydrated DVF 50m . NCS 1.47g Q. 8nmol s charged into this solution.
NCS was added, 30 August 2006 9 ng the reaction by LC. (tota
2.62g). After stirring for 60 & /,nltenperature, It was
extracted with hexane (100m x5) Nn—-&\gl o pox. The

Compound F

In a 200ml four-necked flask whose inside atmosphere
was replaced with argon, Compound E Sfoog(B;Ommol) was
dissolved in 80ml dehydrated ether, and cooled to -78TC.
To this solution, n-butyllithiumlllml,(17.6mm01, 1.6M
hexane solution) was added dropwise, énd stirréd for 3.5
hours. This sblution was added dropwise to an ether
solution Sooml of tetrachlorosilané 25.89 (152mm01) cooled
at -78 CT. After stirring for 1 hour, the temperature was
faiSed to a room temperature, and it was stirred for 15
hours. The reaction liquid was filtered under argon
atmosphere, and the filtrate was condensed to give a crude
product 4.52g. The resultant crude product was put into a
500ml fhree-necked flask whose inside was-replaced with
argon gas, and dissolved in 90ml dehydrated ether, and
cooled to -78 T. Phenyl lithium 23ml (24mmol, 1.06M
cyclopentane / ether solution) was added dropwise to this
solution. After stirring for 20 minutes, it was raised to
a room temperature and stirred for 4‘hours. Water was

added and partitioned and the aqueous layer was extracted



solvent was distilled off, and 12.73g (LC area percentage 34.1% including
DMF) of a crude product was obtained. After separation wth {iﬁy SeshePhase
silica gel colum chronmatography (acetonitrile:toluene =20: e
fractions were extracted with hexane, and washed wth 5@6sod|un}

hydr ogencar bonat e aqueous sol ution agd saturated NaC aqueous solution (in
order to renove the mnute anount of acetic acid in. acetonitrile). After
drying with sodium sulfate, the solvent was distilled off, and 0.18g
(82.5% of LC area percentage, 3.6% of yield) Cbnpound H was obt ai ned.

"H NVR ( 3000HA i/e thwdt m#éleds) Ehe. ezg@aiclzlmer@ oene cuhectedo-' 1.94 (m
20H), 4.28 (b. r, 4H), 30" 7.71 (m , 7.83 (br, 4H) MS(APCI(+)): M
715. 3 Exdmgeshex @Mdemaqdowm ﬁ?é-'ﬁ-}rzaa‘% @Qﬁi%rﬁiﬁ@ﬁﬂg%&c‘a ReRESi s of
Pol ymer 1> Conpound A 0.59g,. N, N -bis(4-bronmophen 3 5%3(4 n- but yl
phenyl ) - Pqﬂﬂﬁﬁénfpéﬁéépﬂn@ﬁé-@iﬂﬁfaQFQZN%ﬁ¥) QQﬁah Osﬂ%ﬁt Pe charged into

a reactiqgn vessel, and the atnosphere of the reactign 3% en1¥as repl aced
with ni AES6En dgxdnoTyithy sod SgﬁﬂthQQQ?Qﬂﬂ&#QE%Ta AYEFR Ssol vent)

Ghs s JAEITIAE 02y 308 3-890 Ghock ST Wt“cﬁ%ﬁ“% ﬁ%@%dﬁﬁfé%&ﬁd
to this nlxedbigauthpn and reacted at

& 0.86 (d, 12H), 0.97 (4, 6H), 1.16~1.90 (m, 20H), 4.09 (br,
4H}, 6.84~6.88 (m, ZH); 7.29~7.66 (m, 28H)

MS(APCI{+)):M" 647.4

Synthetic Example 10

Synthesis of Compound G

Compound G

In a 300ml three-necked flask whose inside.atmosphere
was replaced with argon, Compound F 5.00g (purity 85.1%,
6.6mmol) was put in and diésolved in dehydrated DMF65ml. N-
bromosuccinimide 2.45g (;3.8mmol) was charged to this
solution. After stirring at a room temperature fqr 5 hours,
it was extracted with hexane (80mlx5) in a glove box. The
solvent was distilled off, and 14.02g of a crude product

(LC area percentage 19.9% including DMF) was obtained.



60 'C for 3 hours. The reaction was performed in nitrogen- gas atnosphere.
After the reaction, this solution was cool ed and then pouredBQE&' %Zﬂb ed
sol ution of 25% aqueous-ammoni a 10m / nmet hanol 120m /i on-ext angg wat er
50m, and stirred for about 1 hour. Next, resulting precipitate was
collected by filtration. The precipitgje was washed w th ethanol, and
dried at a reduced pressure for 2 hours. Next, this precipitate was

di ssolved in toluene 30nL, after the addition of 1N hydrochloric-acid
30mL, it was stirred for 1 hour. The aqueous |ayer was renoved, and 4%
aqueous- arfHoifit SRRATAROm D tRevarsedprhase |sikica gl #eBMBt | rring for
1 hour, the aqueous .layer was renoved. The organic | ayer was added

dr opwi se tOTOREhIgERARER dRaet ard e vl yaiie FAbUF) - THEagdiens ed
precipitate was filtered and dried for. 2 hours at a reduced  pressure, and
then di ssdT8F&d S¥taaAtsshrddhhexpne, (in order ha iTqneyVe)a fREHR t hr ough

al um na colum (2 of _.,alum na). The collected toluene sol ution. was added

dropwi se  FGURNt RAniCedGnacig ity agetonitiidig) - AR HAVRI KF Precipitate
T s bl B il 1
ST g K ol PR TR RS R
mol ecul ar yyRi ghh v¥as @agxaggtilled off, and 0.30g (LC area

percentége 58%, yield 3.3%) of Compouna G was obtained.

'H-NMR (300MHz/acetone-d6) : | | |

5 0.86 (d. 12H), 0.99 (d, 6H), 1.17-1.95 (m, 20H), 4.31 (br,

4H), 7.37-7.50 (m, 2H), 7.68~7.71 (m, 28H), 7.81 (s, 2H), 8

.00 (s, 2H) |

MS(APCI(+)):M" 804.9

Synthetic Example 11

Synthesis of Compound H

Compound H
Compound F 3.91g (purity 85.1%, 5.1lmmol) was put in a
200ml three necked flask whose inside was replaced with
argon gas, and dissolved in déhydrated DMF 50ml. NCS l1.47g

(10.8mmol) was charged into this solution. NCS was added,



Exanpl e 2 (Condensati on pol ynerization of Conpound B) <Synthesis of

Pol ymer 2> Conpound B 0.35g, N, N -bis(4-bronophenyl)-N N - m

phenyl ) -1, 4- phenyl enedi am ne 0. 16g, 2,2'-bipyridyl 0.37g mere arge |nto
a reaction vessel, and the atnosphere of the reaction systemwas repl aced
with nitrogen gas. To this, 28nl of ghetrahydrofuran (dehydrated solvent)
whi ch was deaer ated beforehand by bubbling with argon gas was added. Next,
bi s(1, 5-cycl o octadiene) nickel (0) 0.70g was added to this m xed
solution, and reacted at 60 t for 3 hours. The reaction was perfornmed in
ni t r ogen-wigtls pumsisiciprthe Afeacticom beak€i obtotals2s62gdi.omafiker cool ed and
then poured into a mixed solution of 25% aqueous-anmoni a | Orl / met hanol
120ml /i o dgsadneh gk Ve drousdmt andooni terpefatundoultiwasur. Next,
resulting precipitate was collected by filtration. The precipitate was
washed wie¥tradtadwithderane ci0mIxslictnl arebeve eboXer Théours. Next,
this precipitate was dissolved in toluene 30nm., after the addition of IN
hydr ochl di9ivendi wassghistiklethofif i randl ¥2r739 hoh . axm@ Bgreensagayer was
removed, and 4% aqueous-anmmoni a 30nm. was added to an ganlc | ayer, and

after stid4ildy Agcluding DMMe ofyfeciRrde Brgdues wasorRba1ned- or ganic

| ayer Wa§ dded dr w se to  _nethanol 20QnlL, and stirred for 1 hour. The
deposite e SiSHY étté-%é”jftil? t’@r"éﬂ-’%%ﬁ% i ‘*Zakﬁ)%}sc%%u’&nreduced 30
August 20 E:3:4:Jmat<:>gJ':a.ph1ar (acetonitrile toluene =20:1), the fractions

were extracted with hexane, and washed with 5% sodium-
hydrogencarbonate aqueous solution and saturated NacCl
agqueous solution (in order to remove the minute amount of
acetic acid in acetonitrile). After drying with sodium
sulfate, Vthe,sblvent was distilled off, and 0.18g (82.5% of

LC area percentage, 3.6% of yield) Compound H was obtained.

'H-NMR (300MHz / acetone-d6) :

6 0.87 (d, 12H), 0.99 (d, 6H), 1.10~ 1.94 (m, 20H), 4.28 (b
r, 4H), 7.30~ 7.71 (m, iOH), 7.83 (br, 4H)

MS(APCI(+)):M" 715.3 |

Example 1 (Condensation poclymerization of Compound A)
{Synthesis of Polymer 1> "

Compound A 0.59g, N,N'-bis(4-bromophenyl)-N,N'-bis(4- |
n-butyl phenyl)-1,4-phenylenédiamine 0.26g, 2,2'-bipyridyl
0.48g were charged into a reaction vessel, and the
atmosphere of the reaction system was replaced with
nitrogen gas. To this, 35ml of tetrahydrofuran (dehydrated

solvent) which was deaerated beforehand by bubbling with



94 pressure, and then dissolved in toluene 30nm.. Then, it was purified by

passi ng through alum na colum (20g of alumna). The collec o)
sol uti on was added dropwi se to nethanol 250nmL, stirred for %?%8%W¥3§Q§

deposited precipitate was filtered and dried for 2 hours at a reduced
pressure. The yield of the resulting | ymer was 0.13g. This polyner is
referred to as Polynmer 2. The pol yst ne reduced nunber. average nol ecul ar
wei ght of Polynmer 2 was 6.2x103, and the pol ystyrene reduced wei ght

aver age nol ecul ar wei ght was 5.1x104. Exanple 3 (Condensation

pol ymeri zaikgéen 6hsCeapodaded) NeRy)t besi(, sk chelymectddiGmgjouncekeD. 30g,

N, N - bi s(4-bronophenyl )-N, N -bi s(4- n-butyl phenyl)-1, 4-phenyl enedi am ne
0.139g, 2,006)bopgsydyras dd was etlehargided néolatieact and rveastled atd t he
at nosphere of the reaction systemwas replaced with nitrogen gas. To this,

20l of t&0 r@hydirofiluhanrsdeTydr ateadttive want )penttioxmedhsin aakbt o gen -
bef orehand by bubbling with argon gas was added. Next, bis(1,5-cyclo
oct adi enagasi akmbspliéye 0. SPgemathaddedcthonhi ¢hisxedludlivn eigs and react ed
at 60 'C for 3 hours. The reaction was perforned in nitrogen- gas.
at nospherenoléd eand htherapouned ihte sokixednswdwvtiocvolodd 23%d t hen poured
into a mxed solution of 25% aqueous-ammoni a 10m / nmet hanol 120mni
/i on- excleaugenswanmon5Anifmbfmetharebdl2oml abdon-expbangele @t asul ti ng
50ml, and stirred for about 1 hour. Next, resulting |
precipitate was collected by filtration. The preciﬁitate
was waéhed with ethanol, and dried at a reduced pressure
‘for 2 hours. Next, this precipitate was dissolved in
toluene 30mL, after the addition of 1N hydrochloric-acid
30mL, it was stirred for 1 hour. The aqueous layer was
removed, and 4% aqueous-ammonia 30mL was added to an
o:ganid layer, and after stirring fof 1 hour, the aqueous
iayer was removed. The organic layer was added dropwise to.
methanol 200mL, and stirred for 1 hour. The depoéited
precipitate was filtered and dried for 2 hours at a reduced
pressure, and then dissolved in toluene 30mL. Then, it was
purified by passing through alumina column (209 of
alumina). The collected toluene solution was added dropwise
to methanol 250mL, stirred for l-hour, and deposited
precipitate was filtered and dried for 2 hours at a reduced
pressure. The yield of the resulting polymer was 0.06gd.
This pelymer is referred to as Polymer 1.

The polystyrene reduced number average molecular welght of

Polymer 1 was 5.0x10%2, and the polystyrene reduced weight




precipitate was collected by filtration. The precipitate 30 August 2006 95

was washed with ethanol, and dried at a reduced pressure %‘ %3@
Next, this precipitate was dissolved in toluene 30ni, after tron
of 1IN hydrochloric-acid 30nmL, it was stirred for 1 hour. The aqueous | ayer
was removed, and 4% aqueous-anmoni a gPnl was added to an organic |ayer,
and after stirring for 1 hour, the aqueous |ayer was renoved. The organic
| ayer was added dropwi se to nethanol 200nmL, and stirred for 1 hour. The
deposited precipitate was filtered and dried for 2 hours at a reduced
pressure, ayerageenodiesadlareweighttowasnd .2%10°.Then, it was purified by
passi ng through alum na colum (20g of alum na). The col |l ected tol uene

sol uti on Rasmpdided@ {CopdessattionnpbiAymelrizatiion sifi IGampdund B hour, and
deposited precipitate was filtered and dried for 2 hours at a reduced
pressure. <$hnthesid of PhaymesuRti ng pol yner was 0.11g. This polyner. is’
referred to as Polynmer 3. The pol ystyrene reduced nunber average nol ecul ar

wei ght of Pol GemposndaB 0.3%903N, thbﬂ-ﬁé4p@IIWloph@@éﬂ{)ed{J@b'd‘M€ﬁb4ﬂ
average nol ecul ar wei ght was 4.9x104. Exanp Condensat i on

pol yner i zBt PBkYbf Plenpdhing . ésyphesyheﬁeglmnepél ok 2> deﬁimﬂctxlo 209,‘

N, N - bIS(4 br omophenyl ) - N, N - bi s( n- bUtl pheny Il 1, ghenylenedlan1ne
0.07, 2,29 %7%yﬂﬁ£ﬁ charged into a reaction vessel, and |

atmosphere of the reaction system was replaced with
nitrogen gas. To this, 28ml of tetrahydrofuran (dehydrated
soivent) which was deaerated beforehand by bubbling‘with
argon gas was added. Next, bis{l,5-cyclo octadiene) nickel
(0) 0.70g was added to this mixed solution, and reacted at
60 C for 3 hours. The reaction wes performed in nitrogen-
gas atmosphere. Affer the reaction, this selution was
cooled and then poured into a mixed solution‘ofVZS%L'
aqueous-ammonia.10m1/methaﬁol 120ml /ionfexchanged watet
50ml, and stirred for about 1 hour. Next, resulting
precilipitate was collected by filtration. The precipitate
was washed with ethancl, and dried at a reduced pressure
for 2 hours. Next, this precipitate was dissolved in
toluene 30mL, after the addition of 1N hydrochloric-acid
30mL, it was stirred for 1 hour. The aqueous layer was
removed, and 4% aqueous-ammonia 30mL was added to.an
organic layer, and after stirring for 1 hour, the agueous
layer was removed. The organic layer was added dropwise to
methanol 200mL, and stirred for 1 hour. The deposited4

precipitate was filtered and dried for 2 hours at a reduced



0.17g were charged into a reaction vessel, and the atnDsphere of the
reaction systemwas replaced with nitrogen gas. To this, %@Aﬁ%u 2006

t etrahydrof uran (dehydrated 30 August 2006 96 sol vent) whi ¢ éeaerated
bef orehand by bubbling with argon gas was added. Next, bis(1,5-cyclo
oct adi ene) nickel (0) 0.3g was adde o this m xed solution, and stirred
at a roomtenperature for 10 mnutes, and reacted at 60t for 3 hours. The
reaction was performed in nitrogen-gas atnosphere. After the reaction, this
solution was cooled and then poured into a m xed sol ution of methanol

120ml /i preg¥@ReNgafavehen d98sblvandiat toleeénko3oaiautThbrhourt wasext,
resulting precipitate was collected by filtration. The precipitate was

dried andpdirigokiiedyi pasbliagothrsughhalusahat codunms (20 exfed to renove
i nsoluble matters, and the chloroformwas distilled off to give a solid
product. AbiminadliTher odltecuad weihedewsbhutdphawals addedr idawpatl se
reduced pressure to yield a polyner 0.08g. This polyner is referred to as
Pol ymer 4toThethahyit g8emb, r stireddnfobvel hovragandoldep@sditegdei ght of
Pol ymer 4 was. 1.5x103, and the polystyrene reduced wei ght average
mol ecul ar precibitabs ﬁa@xﬁﬂBteEﬁénpné aréadlﬁnﬁrﬂzhpﬂéﬁ @t @
<Synt hesi s of .Pol ynmer 5> Conpound H O. Zlg
N, N - bi s(Rrésswbphehye)yhehd-of sthe resu ting polymer was 0.13g.
This polymer is referred to as Polymer 2.
The polystyrene reduced number. average molecular
weight of Polymer 2 was 6.2x103, and the polystyrene
reduced weight average molecular weight was 5.1x10°%.
Example 3 (Condensation polymerization of Compound C)
<{Synthesis of Polymer 3>
Compound C 0.30g, N,N'-bis(4-bromophenyl)-N,N'-bis(4-
n-butyl phenyl)-1,4-phenylenediamine 0.13g, 2,2'-bipyridyl
0.30g were charged into a reaction vessel, and thg
atmdsphere of the reaction system was replaced with
nitrogen gas. To this, 20ml of tetrahydrofuran (dehydrated
solvent) which was deaerated beforehand by bubbling with
argon gas was added. Next, bis(1l,5-cyclo octadiene) nickel
(0) 0.52g was added to this mixed solution, and reacted at
60 C for 3 hours. The reaction was performed in nitrogen-
gas atmosphere. After the reaction, this solution was
cooled and then poured into a mixed solution of 25%
aqueous-ammonia 10ml/methanol 120ml /ion-exchanged water

50ml, and stirred for about 1 hour. Next, resulting

precipitate was collected by filtration. The precilpitate



n- butyl phenyl)-1, 4- phenyl enedi am ne 0. 10, 2,2'-bipyridyl 0.27g were
charged into a reaction vessel, and the atnosphere of the r | tem
was replaced with nitrogen gas. To this, 20nl of tetrahydro?gggﬁ&RZ%ﬁé
(dehydrated solvent) which was deaerated beforehand by bubbling with 30
August. 2006 97 argon gas was added. gwext, bis(1,5-cyclo octadiene) nickel
(0) 0.5g was added to this m xed solution, and stirred at a room
tenperature for 10 mnutes, and reacted at 60t for 3 hours. The reaction
was performed in nitrogen-gas atnosphere. After the reaction, this solution
was cool evasamdshieeh widly exthamtod ,a andceltisal |t an wEduwetd apod s 2Q0e
/ion-exchanged water 200nl, and stirred for about 1 hour. Next, resulting
preci pi t atf@rwas howltisec texk thy thillst mateicdipi taliee wasedligsaleedabndri ed and

di ssolved in toluene. The solution was filtered to renove insoluble
matters, &fduene 3Oolucad teas tdiesmddidd osf foft dNyihmizochklericpr@ddct. This
solid product was washed with ethanol and dried at a reduced pressure to
yield a pdPpher 1§, 99§. sthrgefoifiprel houn.efTher aguePws RAV§MHN2S. The

pol ystyrene reduced nunber average nol ecul ar  wei ght of Pol yner 5 was

1. 6x103, &ARBOVRE.paRdstr agueonsae@nia gOMlaWasafeldas dcuialt wei ght was

5. 4x103. ExanRIe 6 <Fl uorescence characteristics> ‘ .
organic layer, and after stirring for 1 hour, the aqueous

layer was removed. The 6rganic ldyer was added dropwise to
methanol 200mL, and stirred for 1 hour. The deposited
precipitate was filtered and dried for 2 hours at a reduced
pressure, and then dissolved in toluene‘30mL. Then, it was
purified by paésing through alumina column (20g of
alumina). The collected toluene solution was added dropwise
to methanol ZSOmi, stirred for 1 hour, and deposited |
precipitate.ﬁasffilteréd and dried for 2 hours at a reduced
pressure. The yield of the resulting polymer was 0.llg.
This polymer‘is referred to as Polymer 3.

The polystyrene reduced number average molecular weight of
Polymer 3 was 1.4x10°%, énd the polystyrene reduced weight
average molecular weight was 4.9x10%.

Example 4 {Condensation polymerization of Compound G)
{Synthesis of Polymer 4> :

Compound G 0.20g, N,N'-bis(4-bromophenyl)-N,N'-bis(4-
n~-butyl pheﬁyl)-l,4-phenylenediamine70.07, 2,2"-bipyridyl
0.17g were charged into a reaction vessel, and the
atmosphere of the reaction system was replaced with

nitrogen gas. To this, 20ml of tetrahydrofuran (dehydrated



Each of the 2wt % chl orof orm solutions of Polyners 1 to 5 were spin coated

respectively on quartz, and thin filns of polyneric fluores t nce
were produced. The fluorescence spectrum of these thin filnésagﬁégﬁgggured
usi ng a spectrophotoneter (Htachi 850). Al of them have strong

fl uorescence and they respectively shgged fluorescence peak wavel engt hes
shown in Table 1. 30 August 2006 98 Table 1 Pol ymer Fluorescence peak
wavel ength (nm Polyner 1 516 Polymer 2 468 Polynmer 3 458 Polyner 4 466
Pol ymer 5 458 Cal cul ati on Exanpl es Cal cul ati on exanpl es of bond- dj st ance

rati o are SHKANH whih vamhdeagrated i befopehprd RrRlbhking whtlsi an 98

(b3lyp /6-31g*.). Calculation Exanple 1, Conparison of _a nononer with a
triner ThATRAR-GASWR ARG 0 NaXte RbbhkrS HaYTHY %%F%eﬁe)aggﬁlse&t t he

bonding PO NSy | HaRO Rl £31 2T e Al xe A ol ! had' Wt Llrdd Gt M
a room temperature for 10 minutes, and reacted at 60C for
3 hours. The reaction was performed in nitrogen-gas
atmosphere.'After the reaction, this solution was cooled
and then poured into a mixed solution of methanol 120m1
/lon-exchanged water 200ml, and stirred for about 1 hour.
Next, resﬁlting»precipitate was collected by filtration.
The precipitate was dried and dissolved in chloroform. The
solution was filteréd to remové insoluble matters, and the
ch;oroform was distilled off to give a soiid product. This
solid product was washed with methanol and dried at a |
reduced pressuré to yield a polymef 0.089.~This pelymer is
referred to as Polymer 4. ' |
The polystyrene reduced number average molecular weight of
Polymer 4 was 1.5x10°, and the polystyrene réduced welight
aﬁerage molecular weight was 5.0x10°. ;

Example 5 (Polymerization of Compdund ﬁ)
{Synthesis of Polymer 5> |

Compound H 0.21g, N,N'-bis(4-bromophenyl)-N,N'-bis(4-
n-butyl phenyl)—1,4—phenylenediamine,Q.lo,.2,2'—bipyridyl
0.27g were charged into a reaction'vessel, and the
atmosphere of the reaction systemrwas replaced with

nitrogen gas. To this, 20ml of tetrahydrofuran (dehydrated

solvent) which was deaerated beforehand by bubbling with



C3H70 OC3H7 C3H/0 OC3H7 H(t H S S 3 Calculation conmpound 1 Cal cul ation

conpound 2 30 August 2006 99 Cal cul ati on conpound Bond-dis%@qﬁﬁ%égﬁdog
Cal cul ation conpound 1 1.254 Calculation conpound 2 (Center) 1.7256

Cal cul ation conpound 2 (Term nal) 1.254 The difference of the bond-distance
ratios was small, and the bond-distﬁ@ce ratio of a polymer can be

approxi mated by that of the nononer having hydrogen atons at the bonding
position in polynerization. Calculation Exanple 2 Conparison of the side
chai ns The bond-di stance rati os were conpared between a conpound havi ng
met hoxy cargan gms asldddaky Npxup Bisel , Sheyelandctaddepedndisgkeing
n-octyl oxy group. H3CO OCH3 CSH170 OC8HL7 S S Calculation conmpound 3

Cal cul at i dh dbripuwds4adedultat ithd sc ovipedh $oBovtd-ati stammt sthxyed at

Cal cul ation conmpound 3 1.254 Calculation conpound 4 1.254 Thg, difference
of the bohdadinsttempenatunss fes Mhuednutes, and reacted at 600 for

3 hours, The reaction was performed in nitrogen-gas
atmosphere. After the reaction, this solution was cooled
and-then poured into a mixed solution of methanol 100ml
/ion-exchanged'water 200ml, and stirred for about 1 hour.
Next, resulting precipitate was collected by filtration.
The precipitate was dried and dissolved in toiuene. The
solution was filtered to remove insoluble matters, and the
toluene was distilled off to give a solid product. Tﬁis
s0lid product was washed with ethanol aﬁd dried'at a
reduced pressure to yleld a polymer 0.09g. This polymer is
lreferred‘ to aé. Polymer 5 | |

The polystyrene reduced number average molecular
weight of Poljmer 5 was 1.6x103, and the polystyrene
reduced wéight averags molécular weight was 5.4x10%.
Example 6 | |

{Fluorescence characteristics>

Each of the 2wt% chloroform solutions of Polymers 1 to
5 were spin coated-respectively on quartz, and thin films
of polymeric fluorescent‘substance were producéd. The
fluoresceﬁce spectrum of these thin films were measured
using a spectrophotometer (Hitachi 850). All of them have
strong fluorescence and they respectively showed

fluorescence peak wavelengthes shown in Table 1.



and the bond-distance ratio of a conpound having n-octyl oxy group can be
approxi mated by that of the conpound having nethoxy group. §Qéﬁﬂﬁ& 4006
100 Cal cul ati on Exanpl e 3 Cal cul ati on of the conpounds producCe anpl es
H3CO OCH3 H3CO OCH3 Si P Phi NPh Ph Cal cul ati on conmpound 5 Cal cul ation
conmpound 6 H3CO OCH3 H3C OCH3 i-SI §gH3C HALHCH 3 Cal cul ation conpound 8
Cal cul ati on conmpound 7 H3 CH3 Conparative Exanple 2 Conparative Exanple 1
In the formula, Ph represents a phenyl group. Calculation conpound

Bond-di stance ratio Calculation conpound 5 1.329 Calculation conmpound 6
1.304 Calculation conmpound 7 1.338 Cal cul ati on conpound 8 1. 268
Conparative' Exanple 1 1.085

Table 1

Polymer Fluorescence peak wavelength

(nm)
Polymer 1 516 
Poiymer 2 g . _ 468
Polymer 3 458
Polymer 4 466
Polymer 5 458

Calculation- Examples

Calculation examples of bond- dlstance ratio are shown b.
elow. The calculation was performed using Gaussian 98 (b3lyp
/6-31g*%). 7 |
Calculation Example 1 
Compérison‘of a monomer with a trimer

The bond-distance rafio of a mbnomer having hydrogen
atoms at the bonding positions in polymerization was

compared with that of the trimer.

03H7O OCsH, C3Hs0  PCgH;

Hose))

Calculation compound 1 Calculation compound 2



Conparative Exanple 2 1.071 The polyner of the present invention is a new
pol ymer 30 August 2006 101 which can be used as a Iight-enig@hﬂgu b@gial,
a charge transporting nmaterial, etc. 30 August 2006 102 What 1S clal ned
is: 1. A polyner having a polystyrene reduced nunber average nol ecul ar
wei ghts of 103-108, and conpri sing awﬁfpeating unit represented by formula
(1), R RBRMR5 js RLr ARB wherein, A s a divalent group represented
by -Z- or -Z-Z- in which Zis an atom c group which may have a
substitupnt; A _Tepresents a divalent groupjin whi Ch the bond diptance
rati o (bpnd di st@abenl@tLon/cdmpulind st ance | Goeridjdistdnd® oathore, in
which C2[TS The carbon ol a position, and 'S the carbon of 7 3]position,
respectijely t@aXul&iomZomiour®,1R5, and R6, each.2Bdlependentfy
represent a hydrogen atom a hal ogen atom pn al kyl group, al kenyl group,
al kynyl |gr capcudbkyboxyogpoupd 2l rtem gfoup, an klX¥6ami no grpup, aryl
group, aryloxy group, arylthio group, arylam no group, arylal kyl| group,
Calculation compound 2 Terminal) 1.254

The difference of the bond-distance ratios was small,
and the bond-distance ratio of a polymer can be
approximated by that of the monomer having hydrogen atoms
at the bonding position in polymerization.

Calculation Example 2
Comparison of the side chains '

The bond-distance ratios were compa:ed between a

coﬁpound having methoxy group as the alkyloxy group sider

chain and a compound having n-octyloxy group.

Calculation compound 4

Calculation compound 3

Calculation compound Bond-distance ratio
Calculation compound 3 - 1.254
Calculation compound 4 1,254

The difference of the bond-distance ratios was small,
and the bond-distance ratio of a compound having n-octyloxy
group can be approximated by that of the compound having

methoxy group.



aryl al kyl oxy group, aryl alkylthio group, arylal kylamno group,
substituted silyl group, acyl group, acyloxy group, 1imno 95QURy ﬁ%%
group, aryl al kenyl group, arylal kynyl group, nonoval ent het eroc>gu

group, or cyano group; R2 and R3 nay be connected to forma ring; and R4
and R5 nmay be 30 August 2006 103 coppgcted to forma ring. 2. A polyner
according to claiml1l, wherein the atomin the atomc group Z includes Si,
P, S G, Sn, Se, or To. 3. A polyner according to claiml1l, wherein Al is"
a divalent group represented by formula (4), (5) or (6), \P (4) R7

wherei n, FR SEWEJQQQ group, alkyloxy group, alkylthio group,

al kyl am nag p,. ar roup, aryloxy group, arylthio group, arylam no
group, flag‘lqgii t&r%{:ﬁfg they FamRY IR @FBQBceQrH‘aﬁ'WW €® group, arylal kyl
am no group, acyl group, acyloxy group, am de group, or nonoval ent
heterocyclic gtetf, -S-S- (5PCHARO HLCEH) HR 1 wasHgi n, A2 represents Si,

Ge, or Sn; Rs and jRe ndependent esefit an al kyl group, al kyl oxy
group, O ‘
Si P
" Bh
Calcuiation compound 5 Calculation compound &
Hs;CO OCHs  HsCQ OCH;
=Sl
HyC éHa('sHCHa

Calcu!atiqn compound 8

" Comparative Example 2

Calculation compound 7

Comparative Example 1

In the formula, Ph re'presents a phenyl 'group.

Calculation compound Bond-distance ratio
Calculation compound 5 | 1.329
Calculation coﬁpound 6 1.304
Calculation compound 7 1.338
Calculation compound 8 | 1.268
Comparative'Example 1 1.085
Comparative Example 2 ' 1.071

The polymer of the present invention is a new polymer



al kylthi o group, alkylam no group, aryl group, aryloxy group, arylthio
group, arylam no group, arylal kyl group, arylal kyl oxy groupao%hébg#k%%thio
group, arylal kylam no group, acyl oxy group, am de group, or “nongvalen

het erocyclic group; and 1 represents 1 or 2. 4. A polyner according to
claim3, wherein A" is a divalent grgup represented by the above fornula
(4). 30 August 2006 104 5. A polyner according to claim3, wherein Al is a
di val ent group represented by the above fornula (5). 6. A polyner
according to claim3, wherein Al is a divalent group represented by the
above for mhick @3an ihe wgedlas\a ikigit-emiitiing material poayahargecor di ng
to claim3, wherein Al is a divalent group represented by fornula (6), in
whi ch A2 itramsiportdagl matexiad., R%wl yner according to claim1, wherein R2
and R5 each independently represent an al kyl oxy group, al kylthio group,

al kyl am no group, aryloxy group, arylthio group, arylamno group,
aryl al kyl oxy group, arylal kylthio group, or arylal kyl am no group. 9. A

pol ymer according to claim8, wherein R2 and R5 each independently
represent al kyl oxy group, aryloxy group, or arylal kyl oxy group. 10. A

pol yner according to claiml1, wherein said polyner .



further conprises a repeating unit represented the below fornula (7),

-Ar6- (CR17=CR18)n- (7) wherein, Ar6 represents an aryl ene 9r QY Rulst 3006

di val ent heterocyclic group; R17 and R18 each independently represen
hydrogen atom an al kyl group, aryI group, nonoval ent heterocyclic group,
or cyano group; and n represents O B 1. 11. A polyner according to claim
1, wherein said polynmer 30 August 20 %? 105 further conprises a repeating
unit represented by the below fornula (8), -Arl1~N Ar2-~- () 111 %
wherein, Arl and Are each independently represent an arylene group or a

di val ent Whaer dsyelladmgdotip: Ru represents a group represented by an al kyl
group, aryl group, nonoval ent heterocyclic group, and a group represented
by the below fornula (9) or (10); and m represents an integer of 1-4,
Ara-(-YSR12 (9) wherein, Ar 3 represents an arylene group or a dival ent

het er ocyclic ghopplyRé? hepirgeat polhyhygregenratiogpdanumblerylavigrags aryl
group, nonoval ent heterocyclic. group or a group represented by the bel ow
formul a (moelecylar weights of 10 10%, and comprising repeating

unit represented by formula (1),

(1}

wherein, A' is a divalent group represented by -%Z- or -Z-Z-
., in which % is an atomlc group which may have a
substituent; A! represents a divalent group in which the
‘bond distance ratio (bond distance c2-A' / bond distance
C2-Cl) is 1.10 or.more, in which C2 is the carbon of &
position, end Cl is the carbon of ﬁ‘positien, fespectively
to a'; R', R% R®, R*, R®°, and R®, each independently
 represent a hydrogen atom, a halogen atom, an alkyl group,
- alkenyl group, alkynyl group, alkyloxy group, alkylthio
group, an alkylamino group, aryl group, aryloxy group,
arylthio group, arylamino group, arylalkjl group, |
arylalkyloxy group, aryl alkylthio group, arylalkylamino
group, substituted siiyl group, acyl group, acyloxy group,
imino group, amide group, arylalkenyl group, arylalkynyl
group, monovalent heterocyelic group, or cyano group; R?

and R*® may be connected to form a ring; and R* and R® may be



represents -CR13=CR14-, or -C=C-; R13 and R14 each independently represent
a hydrogen atom an al kyl group, aryl group, nonoval ent het%b@%%ﬁ&!ﬂxm
group, or cyano group; and p represents an integer of O0-2,

Ard-(-NArS -R 6 (1lo) 115 g wherein, Ar4 and Ar5 each independently
represent an arylene group or a divqkﬁpt het er ocyclic group; R15
represents an al kyl group, aryl group, or nonoval ent heterocyclic group;
R16 represents a hydrogen atom an 106 30 August 2006 al kyl group, aryl
group, or nonoval ent heterocyclic group; and q represents an integer of
1-4. 12. Aopnecd=dl ftor fuow wcimine. pol ynmer according to any one of clains
1 to 11, wherein condensation polynerization is carried out using a
conpound Repr edemodgmer tdacdmliong fto neladn 11) whRerbn Ath@sakemxin(11) 1
Rl A Rs wherein, Rl, R2, R3, R4, R5, R6, and A respectively represent the
sane groufibeadtondse gneupoimiineludes )81 akl X, GRh SR adependEntry
represent a substituent capable of condensation pol neriéftion. 13. A

conpound Bepr edeRPOddMEy BGGARGINGL tol)clate R3 wersin A” 1s a
divalent group represented by formula (4), (5) or (6).

P
',’ (4)
F'l7

wherein, R’ represents an alkyl group, alkyloxy group,

~

alkylthio group, alkylamino group, aryl group, aryloxy
group, arylthio group, arylﬁmino group, arYlalkyl group,
arylalkyloxy group, arylalkylthio group, arylalkyl amino
group, acyl group, achoxy group, amide group, or

monovalent heterocyclic group,

——S-—S;— _ (5)
[ A y ©)
.- Ha HS :

wherein, A’ represents Si, Ge, or Sn; R® and R’ each
independently represent an alkyl gfoup, alkyloxy group,
alkylthid group, alkylamino group, aryl group,_aryloxy
group, arylthio group; arylamiﬁo_group, arylalkyl group,
arylalkyloxy group, arylalkylthio group, arylalkylamino
group, acyloxy group, amide group, or monovalent
heterocyclic grouﬁ; and 1 represents 1 or 2.

4, A polymer according to claim 3, whefein Al is a

divalent group represented by the above formula (4).



(11-1) X1 X2 1 Rl B R6 wherein, RL, R2, R3, R4, R5, R6, x| and x2 each

I ndependently represent the sanme groups defined as above; BL,rgpr s a
di val ent group represented by the below formula (4), (6) or %Pé§%$%ﬁgﬁ%

August 2006 107 P (4) R7 2 RA'Rs (6) OIl O 11 -s- -- -Sell 00O
(6-1) Oe- 1l - e,e-. ORRRR wherqi , R7 represents an al kyl group,
al kyl oxy group, alkylthio group, alKylam no group, aryl group, aryl oxy
group, arylthio group, arylam no group, arylal kyo group, arylal kyl oxy
5. A polymer according to claim 3, wherein A! is a
divalent group represented by the above formula (5).
6. A polymer according to claim 3, wherein Al is a
divalent group represented by the above formula (6), in
which A% is Si, and 1 is 1.
7. A polymer adcording to claim 3, wherein A! is a
divalent group represented by formula (6), in which A? is
Si, and 1 1s 2.
8. A polymer according to claim 1, wherein R? and R® eéch
independently represent an alkyloxy group, alkylthio group,
alkylamino'gioup.laryloxy groﬁp, arylthio group, arylamino
group, arylalkyloxy group, arylalkylthio group, or
arylalkylamino group;
9. | A,polymef according to claim 8, wherein R? and R’ each
independently represent alkyloxy group, aryloxy group, br
aryialkyloxy group. |
10. A polymer according to claim 1, wherein said polymer
Vfurthef comprises a repeating unit represented the below
formula (7).,
-Ar®- (CRY=CR"®)n- (7)
wherein, Ar® represents an arylene group or a divalent
heteﬁocyclic group; R!’7 and R'® each independently represent
a hydrogen atom, an alkyl group, aryl group, monovalent
heterocyclic group, or cyano group; and n represents 0 or
1.
11. A polymer according to claim 1, wherein said polymer



group, arylal kylthio group, arylal kyl am no group, acyl group, acyl oxy
group, am de group or nonoval ent heterocyclicgroup; A2 reprgﬁgﬁl ﬁ§b06cb
or Sn: R8 and R9 respectively represent an al kyl group, alkylo group,

al kylthi o group, alkylanono group, aryl group, aryloxy group, arylthio
group, arylamno group, arylalkyl ggggp, arylalkyloxy group, arylalkylthio
group, arylal kylam no group, acyloxy group, am de group or nonoval ent

het erocyclic group; 1 represents 1 or 2; R each independently represent a
hydrogen atom hal ogen atom al kyl group, al kyloxy group, alkylthio group,
al kyl am ncEugithien, cabplris@s0dp redadtfg iy, repydddmndedroyptharyédowno
group, arylalkyl group, arylal kyl oxy group, arylal kylthio group,

aryl al kyl Zormalgr ¢8p), silyl group, acyl group, acyloxy group, imno group,
am de group, arylal kenyl group, arylal kynyl group, nonoval ent heterocyclic

group, or cyangwgéﬁ _iﬂ: A conpound according to claim 13, wherein Bl is
a divalent gr egf ted bg)the above fornmula (4). 30 August 2006 108

15. A conpound accHﬁﬂlng o claim13, wherein Bl is a divalent group
represented by the above formula (6). 16. A conpound according to claim 13,
wher ei n B¥hiesean, dAvil zmd Ardenclepirebeperetenyly heepbesentoanul a (6), in

which A2 is Si, and 1 is 1. 17. A conpound according.to claim 13, wherein
BlLis a eryieast ggeupporepr dd¥alledthhetiesosyodd d @graury (), in which
represents a group represented by an alkyl greup, aryl
group, monovalent heterocyclic group, and a group

represented by the below formula (9) or (10); and m

represents an integer of 1-4,

—AP -FYL})-R”" (©)

wherein, Ar’ represents an arylene group or a divalent
heterocyclic group; R'? represents a hydrogen atom, an
alkyl group, aryl group._monovalent heterocyclie_group,.or
a group represented by_rhe-below formula'(loj; Y1 .
represents -CR=CRM-, or -C=C-; R™ end R!* each
independentlj‘representha hydrogen atom,.aﬁ alkyl group,
aryl group., monovalent heterocyclic group, or cyano group:;

and p represents an integer of 0-2,

—Ar %N-—Ar +R16 (10)

Hw
wherein, Ar* and Ar® each independently represent an
arylene group or a divalent heterocyclic group;'R15
represents an alkyl group, aryl group, or monovalent

heterocyclic group: R'® represents a hydrogen atom, an



A2 is Si and 1 is 2. 18. A conpound according to any one of clainms 13 to
17, wherein R2 and R5 each independently represent an alkylﬁg%kgg&

al kylthi o group, al kylam no group, aryloxygroup, arylthio grou ?@pgnino
group, arylal kyl oxy group, arylalkylthio group, or arylal kyl am no group.
19. A compound according to claim 18, wherein R2 and R5 each independently
represent an al kyl oxy group, aryloxy grd®, or arylal kyloxy group. 20. A
conmpound according to claim 13, wherein x1 and x2 each independently
represent a hal ogen atom al kyl sul fonate group, aryl sulfonate group, or

aryl al kyl o] gr 1. A ca und accordi.ng to ¢claim 13, wherein x1
and x2 eagzﬁ§§n§g%§3de%#&9 %%5?%§eﬁgpgmﬁh‘§§5ﬁné€b e%ﬁfy€§ﬁﬁcﬁ§gﬂpfcﬁng
produci ng a_ ol yner accordin% to claiim 12, wherein condensation
pO|yﬁErithI§HréFepﬁg E8mpBi @eFéEF?&d4rn clains 20 or 21 is carried out
using a palladium catalyst or a . ni,ckel catalyst. 30 ey_ust 2006 109 23. A
process f %'pr%dHEPﬁssg S EEREUEISS & P LoFe P SGRF TR i Y 129t 18
to 21, wherein two iodine atons in the conpound represented by the bel ow
formul a (E%?lgﬁelsEPeétlvv Lot SORAERS AP RH WA ZAF 141 hlgy carried

di hal ogenat ed ghosphorous conmpound represent ed b% t he bel ow formul a (14),
R2 R3 R4 ®8t using a compound represented by the below formula (11),

wherein, R', R?, R®, R*', R®, R®, and A! respectively represent
the same groups as those in formula (1); x' and x* each
independently represent a substituent capable of condensation
polymerization.

13. A compound represented by formula (11-1),

(11-1)

wherein, R*, R?, R’ R* R®°, R® x' and x* each independently
represent the same groups defined as above; B! represents a
divalent group represented by the below formula (4), (6) or

(6-1),



X1 X2 (13) Rl Rs wherein, R-, R2, R3, R4, R5 and R6 respectively
represent the sanme groups as those in formula (1); xI and x spectivel y
represent the same groups as those in formula (11), XS' P~Xé0£§%§1sfé{ﬂ})\ﬁe
wherein, R7 represents the same groups as those in formula (4); x5 and x6
each independently represent a chlorine atom brom ne atom or iodine
atom 24. A process for producing a conﬂ@ﬁnd according to any one of
clainms 15 and o 21, wherein two iodine atons of the conpound
represented by the bel & formula (13) is selectively netalated, and then
reacted with suldur. 25. A process for producing a conpound according to
claim 16, wherein the conpound represented by the below fornmula (19) is
reacted with a hal ogenated reagent. 30 August 2006 110 R2 RB R4 R5 (19) R

R8 RO R6 wherei 2 , R4, R5, R6 respectively represent the sane
groups as thoseq Ly/Tox a (1); (@6, and RO respectively represent the sane

groups as those\i'n fo & (6). 26. A process for producing a dibenzosilole
derivative
0 0
—=5— Q Se— ——AL
I I Il I
o) 0 0 o)
(6-1)
O
—Te— #L —Te—T.
—To— —Te—
ll I A
O 8) RRRR

wherein, R’ represents an alkyl group, alkyloxy group,
alkylthio group, alkylamino group, aryl group, aryloxy group,
arylthio group, arylamino group, arylalkyo group, arylalkyloxy
group, arylalkylthio group, arylalkylaminoc group, acyl group,
acyloxy group, amide group or monovalent heterocyclicgroup; A?
represents Si, Ge or Sn: R? and R® respectively represent an
alkyl group, alkyloxy group, alkylthioc group, alkylamono
group, aryl group, aryloxy group, arylthio group, arylamino
group, arylalkyl group, arylalkyloxy group, arylalkylthio
group, arylalkylamino grbup, acyloxy group, amide group or
monovalent heterocyclic group; 1 represents 1 or 2; R each
independently represent a hydrogen atom, halogen atom, alkyl
group, alkyloxy group, alkylthio group, alkylamino group, aryl
group, aryloxy dgroup, arylthio group, arylamino group,
arylalkyl group, arylalkyloxy group, arylalkylthio group,
arylalkylamino group, silyl group, acyl group, acyloxy group,
imino group, amide group, arylalkenyl group, arylalkynyl
group, monovalent heterocyclic group, Or cyano group.

14. A compound according to claim 13, wherein B' is a

divalent group represented by the above formula (4).



according to claim25, wherein N halogenoconpound is used as the

hal ogenati on reagent. 27. A dibenzosilole derivative represe@b%ggFtMS
above fornmula (19). 28. A dibenzosilole derivative according to~claim 27,
wherein all of RL, R3, R4, and R6 in the above forrmula (19) are hydrogen
atons. 29. A process for producing a disilyl conpound according to any one
of claims 17 to 21, wherein two iodine H&nms in the conpound represented
by the above fornula (13) are selectively netalated, and then reacted with
a di hal ogenated disilyl conpound represented by the below formula (22),

x11 X12 {8l -S4 (gg&poﬁama@gﬁdmsreégbr%?md T0, represent rgspegtively

represent the sanme ‘groups as those in a (6); x11 and x12 each

i ndependedivyléRprepenp sephésehbedabpnthbr apbie @bemular (6)odi ne atom 30
August 2006 111 30. A polymer electronic device including a poI%ner
accordi nglét o Anyconpowhdcl acosrding 1o 3dlaibmpolynervleféeimr eBcents a
subst ance consisting of a polynmer according to any one of clains 1 to 11.
32. A pol §HErlenghorenPt FERgeqented mavithte aboyht fermeliangs) , in which

2% is 8i, and 1 is 1.

17. A compound according to claim 13, wherein B' is a
divalent group represented by the above formula (6), in which
A’ is 51 and 1 is 2.

18. A compound according to any one of claims 13 to 17,
wherein R? and R® each independently represent an alkyloxy
group, alkylthio group, alkylamino group, aryloxygroup,
arylthio group, arylamino group, arylalkyloxy group,
arylalkylthio group, or arylalkylamino group.

19. A compound according to claim 18, wherein R®* and R’ each
independently represent an alkyloxy group, aryloxXy group, oOr
arylalkyloxy group.

20. A compound according to claim 13, wherein x' and x* each
independently represent a halogen atom, alkyl sulfonate group,
aryl sulfonate group, or arylalkyl sulfonate group.

21. A compound according to claim 13, wherein x' and x* each
independently represent a halogen atom.

22. A process for producing a polymer according to claim 12,
wherein condensation polymerization of the compound recited in
claims 20 or 21 is carried out using a palladium catalyst or a

nickel catalyst.



| ayer between the el ectrodes consisting of an anode and a cathode, wherein
said light-emtting | ayer contains the polyner according to

claims 1 to 11. 33. Aflat |ight source conprising a polyner3ﬁp%ﬁ¥g§%@§ting
device according to claim32. 34. A segnent display apparatus conprising a
polymer light- emtting device according to claim32. 35. A dot-matrix

di spl ay apparatus conprising a polyner 108ght-enitting device according to
claim32. 36. Aliquid crystal display conprising a polyner light- emtting
devi ce according to claim 32 as a back |ight.

23. A process for producing a compound according to any one
of claims 14 and 18 to 21, wherein two iodine atoms in the
compound represented by the below formula (13) are selectively
metalated, and ther reacted with a dihalogenated phosphorous

compound represented by the below formula (14),

(13)

wherein, R', R?®, R? R*', R® and R® respectively represent the
same groups as those in formula (1); x' and x* respectively
represent the same groups as those in formula (11),

xs\.‘?’ X (14)
Y
wherein, R’ represents the same groups as those in formula
(4}); x° and x* each independently represent a chlorine atom,
bromine atom, or iodine atom.
24. A process for producing a compound according to any one
of claims 15 and 18 to 21, wherein two iodine atoms of the
compound represented by the below formula {(13) is selectively
metalated, and then reacted with sulfur.
25. A process for producing a compound according to claim 16,

wherein the compound represented by the below formula (19) is

reacted with a halogenated reagent.



30 August 2006
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- (19)

. R6

1 P\
R"  R8 RO

wherein, R', R*, R?®, R* R®, R® respectively represent the same
groups as those in formula (1); R®, and R® respectively
represent the same groups as those in formula (6).

26. A process for producing a dibenzosilole derivative
according to claim 25, wherein N-halogenocompound is used as
the halogenation reagent.

27. A dibenzosilole derivative represented by the above
formula (19).

28. A dibenzosilole derivative according to claim 27, wherein
all of R', R} R* and R® in the above formula (19) are
hydrogen atoms,.

29, A process for producing a disilyl compound according to
any one of claims 17 to 21, wherein two iodine atoms in the
compound represented by the above formula (13) are selectively
metalated, and then reacted with a dihalogenated disilyl

compound represented by the below formula (22),
i—Si (22}

wherein, .R® and Rg‘represent respectively represent the same
groups as those in formula (6); X1 and X2 each
independently represent a chlorine atom, bromine atom, or

iodine atom.
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30. A polymer electronic device including a polymer according
to any one of claims 1 to 11.

31. A polymeric fluorescent substance consisting of a polymer
according to any one of claims 1 to 11.

32. A polymer light-emitting device having a light emitting
layer between the electrodes consisting of an anode and a
cathode, wherein said light-emitting layer contains the
polymer according to any one of claims 1 to 11l.

33. A flat light source comprising a polymer light-emitting
device according teo claim 32.

34, A segment display apparatus comprising a polymer light-
emitting device according to claim 32.

35. A dot-matrix display apparatus comprising a polymer
light-emitting device according to claim 32.

36. A liquid crystal display comprising a polymer 1light-

emitting device according to claim 32 as a back light.



