1 PCOLYMER COVPOUND AND PCLYMER LI GHT- EM TTI NG DEVI CE USI NG THE SAME
BACKGROUND OF THE INVENTION Field of the Invention The present invention
relates to a polymer conpound and a polymer light-emtting device
(hereinafter may be referred to as pol yner LED) using the polynmer conpound.
Description of the Related Art Unlike a | ow nolecular weight light-emtting

material, gr?gﬁgdﬁqélﬁ W%@rm@' g@ﬁyhtﬁhhf;ﬁ?rt EM@&T&’%EHE%J&dES U%‘i'ﬂéb'q%ﬁ ina

sol vent emtting layer In | ght-em tting evi ce can
formed bygapgl i cation nmethod, and it has been variously studied. For
exanpl e, polynmer conpounds conprising repeating units, such as a

conbi nati on of phenyl ene-group/ N-phenyl-N, N-diyl-am no group/ phenyl ene
group connected in this order, and a conbi nati on of phenyl ene-group/

N-phenyl - pchaligunmadmori oppveRhesy| ene- group/ N-phenyl - N, N-di yl - am no
group/ phenyl ene group connected in this order, are known. As such a

pol ymer ceipadaf ftale exargheiodO 99/ 54385 di scl oses a pol yner conpound
conprising a repeating unit represented by the bel ow formrmul a whose phenyl

group of the Theherydedt Nigrghtaohneegaoup its a pdyylergrapupdimd nthdne
butyl gruop as the substituent,
a polymer light-emitting device (hereinafter may be referred
to as polymer LED)} using the polymer compound.
Description of the Related Art

Unlike a low molecular weight light-emitting material,

a high molecular weight light-emitting material is soluble
in a solvent, and a light emitting layer in a light-emitting
device can be formed by application method, and it has been
variously studied. For example, polymer compounds comprising
repeating units, such as a combination of phenylene-group/
N-phenyl-N,N-diyl-amino group/ phenylene group connected in
this order, and a combination of phenylene-group/ N-phenyl-
N,N-diyl-amino group/ phenylene-group/ N-phenyl-N,N-diyl-
aminc group/ phenylene group connected in this order, are
known.

As such a polymer compound, for example, WO 99/54385
discloses a polymer compound comprising a repeating unit
represented by the below formula whese phenyl group of the
N-phenyl-N,N-diyl-amino group is a phenyl group having one

butyl gruop as the substituent,




2 n-CAH9 h-C4AH9 and a repeating unit consisting of fluorene-diyl group.
However, when the above known pol ynmer conpound is used as a light-emtting
material of a light-emtting device, there has been a problemthat the
lifetime of light-emtting device ispnot sufficient. SUMVAY OF THE | NVENI ON
The object of the present invention is to provide a polyner conmpound which
gives a light-emtting device having |longer lifetinme, when used as a
light-emtting rial ligf-emtting device. As a result of

I nt ensi ve st udi 0 probl ens, the present inventors found
that by using a spedific pol yer conmpound conprising a repeating unit
contai ni ng nitrogen
| nproved, and thus
i nvention rel ates

t he present invention. That is, the present
3 onpound havi ng a pol ystyrene reduced nunber
aver age- nol ecul ar wei ght of 103-108, and conprising at | east one repeating
unit sel ected fﬂdéﬂﬂme group of*@eHEating units shown by fornula (1) or

fomwa(quAmm~N2NAm L
and a repeating unit consisting of fluorene-diyl group.

However, when the above known polymer compound is used
as a light-emitting material of a light-emitting device,
there has been a problem that the lifetime of light-emitting
device is not sufficient.

SUMMAY OF THE INVENION

The object of the present invention is to provide a
polymer compound which gives a light-emitting device having
longer lifetime, when used as a light-emitting material of a
‘light-emitting device.

As a result of intensive studies to solve the above
problems, the present inventors found that by using a
specific polymer compound comprising a repeating unit
containing nitrogen atoms, the lifetime of a light-emitting
device can be improved, and thus accomplished the present
invention,

That is, the present invention relates to a polymer
compound having a polystyrene reduced number average-
molecular weight of 10°-10%°, and comprising at least one
repeating unit selected from the group of repeating units

shown by formula (1) or formula (2),



a Ara El E2 Nt b E3 (1) [wherein Arz, Are, Ara and Ar4 each independently
represent an arylene group or a divalent heterocyclic group; El, E2, and
E3 each i ndependently represent the below aryl group (A) or heterocyclic
group (B); a and b each independently3 represent 0 or 1, and 0 <=at+b<=i,
aryl group (A): an aryl group which has three or nore substituents selected
froman al kyl group, al koxy group, alkylthio group, aryl group, aryloxy
group, arylthio group, yl al kyly group, aryl al koxy group, arylalkylthio
group, aryl aLKgﬂy__g$P Araryl \kyggl group, am no group, substituted

am no group, silyl 'group, sdbstl $ilyl group, silyloxy group,
substituted S|Iyloxy & ent heterocyclic group, or hal ogen atom
het erocyclic group (B) Arg ﬁDnOVE ent heterocyclic group which has one or
nor e substltuentsEfeIe dted from an al kyl group, al koxy group, alkylthio
group, aryl group,taa Xé gr oup, arylthlo group, arylal kyl group,
aryl al koxy group, ar yl thio groud,)aryl al kenyl group, aryl al kynyl
group, amno group, S :ftituted am no group, silyl group,

[wherein Ar,, Ar,, Ar; and Ar, each independently represent
an arylene group or a divalent heterocyclic group:; E;, E.,
and E; each independently represent the below aryl group (A)
or heterocyclic group (B); a and b each independently
represent 0 or 1, and 0 <=a+b<=1,

aryl group (A): an aryl group which has three or more
substituents selected from an alkyl group, alkoxy group,
alkylthio group, aryl group, aryloxy group, arylthio group,
arylalkyl group, arylalkoxy group, arylalkylthio group, aryl
alkenyl group, arylalkynyl group, amino group, substituted
amino group, silyl group, substituted silyl group, silyloxy
group, substituted silyloxy group, monovalent heterocyclic
group, or halogen atom,

heterocyclic group (B): a monovalent heterocyclic group
which has one or more substituents selected from an alkyl
group, alkoxy group, alkylthio group, aryl group, aryloxy
group, arylthio group, arylalkyl group, arylalkoxy group,
arylalkylthio group, aryl alkenyl group, arylalkynyl group,
amino group; substituted amino group, silyl group,
substituted silyl group, silyloxy group, substituted
silyloxy group, monovalent heterocyclic group, or halogen
atom, and the total number of the substituent and hetero

atoms of the heterocyclic ring is three or more.]



substituted silyl group, silyloxy group, substituted silyloxy group,
nonoval ent heterocyclic group, or halogen atom and the total nunmber of the
substituent and hetero atons of the heterocyclic ring is three or nore.] 4
ES NAt-NN-- Ar,1-NE7 Jo p E8 E9 (qwherein Ar5, Ar6, Ar7, Ara, Ar9, Arlo
and Arll, each independently represent an arylene group or a divalent
heterocycllc group; E4, E5, E6, E7, Ea and E9 each independently represent

an aryl group or a nonovalent eterocyclic group; 1, mand n each
| ndependent |y represenL_A 3@ —N—p-AR~2—0 and p each independently
represent an integer and {l 4 n+o+p Is 2 or nore. When Ar6, Are,
Ar9, Ea 11 Es 5N Arl0- } ~A 1 |--N 7'M p and exist in plural, they may be
the sane or different.] L PTI ON CF THE IN‘ENTICN In the above
formula (1), Ari, e, Ara, Ar4

E5 \N Ar19 \’-/ N—_<Ar11_N)7E7

Eg Eg

[wherein Ars, Ars, Ar;, Arg, Ars, Ar;, and Ar;; each
independently represent an arylene group or a divalent
heterocyeclic group; E,, Es;, E¢, E;, Ey and Es each
independently represent an aryl group or a monovalent
heterocyclic group; 1, m and n each independently represent
an integer of 0 to 2; o and p each independently represent
an integer of 0 or 1, and l+m+n+o+p is 2 or more,.

When Arg, Ars, Arg,

) ol
Es‘eN‘Arw}‘- Arq 1-——N)-——E7
0 and P

exist in plural, they may be the same or different.]
DETATILED DESCRIPTION OF THE INVENTION

In the above formula (1); Ar,, Ar,, Ar,;, and Ar,; each
independently represent an arylene group or a divalent
heterocyclic group.

The arylene group is an atomic group in which two
hydrogen étoms are removed from an aromatic hydrocarbon. The
aromatic hydrcocarbon includes those containing a benzene
ring or a condensed ring, and those containing two or more
independent benzene rings or condensed rings bonded directly

or through a group such as a vinylene group or the like. The



I ndependently represent an arylene group or a divalent heterocyclic group.
The arylene group is an atomc group in which two hydrogen atons are
renoved froman aromati c hydrocarbon. The aronmatic hydrocarbon includes

t hose contai ning a benzene ring or agcondensed ring, and those contai ning
two or nore independent benzene rings or condensed rings bonded directly
or through a group such as a vinylene group or the like. The Ar5- N Ar6- N

N7 coRan ARl ey (Rl L BuBLyLelendioul The DR A L] ient

As the subBst] uent grotlp, a roup, "o "group,” aryl
group, aryhoxy , [ up L Ky up, yl y group,
aryIaIkyIP%%?%yéﬁﬁygzuiﬁ%&%gn@fggﬁbu%}ﬁg¥tﬁgﬁkgﬁgpg'gﬁgii qgﬂ o group,
substi t ut gd-4My 5qu | 0 sufsti oyl o, a2 13 oxy
group, subst:‘,iajﬁrgﬁét}gc19g:r Sl 'yla(?)} y%?%%pgpﬁ‘é?6g§%§%%g§r{nﬁa§ﬁ%gpr'o€p, aac'.@icjé(yy group,

i M No gr oWRo W dB-ArPUR 14818 %Qgp,a@mazﬁéﬁgh GRS, OGS 13 K rRMP .

car boxyl group, substituted carboxy
group, amino group, substituted amino group, silyl group,
substituted silyl group, silyloxy group, substituted
silyloxy group, halecgen atom, acyl group, acyloxy group,
imino group, amide group, imide group, monovalent
heterocyclic group, carboxyl group, substituted carboxyl
group, cyano group etc. are exemplified and an alkyl group,
alkoxy group, alkylthic group, aryl group, aryloxy group,
arylthio group, substituted amino group, substituted silyl
group, substituted silyloxy group, and monovalent
heterocyclic group are preferable.

The arylene group usually has about 6 to 60 carbon
atoms, preferably 6 to 20, without including the number of
carbon atoms of the substituent.

As the arylene group, exemplified are phenylene group
(for example, following formulas 1-3), naphthalene-diyl
group (following formulas 4-13), anthracene-diyl group
(following formulas 14-19), biphenyl-diyl group (following
formulas 20-25), terphenyl-diyl group (following formulas
26-28), condensed-ring compound group (following formulas
29-35), fluorene-diyl group (following formulas 36-38),
indenoflucrene-diyl group (following formulas 38A-38B),
stilbene-diyl group (following formulas A-D), and
distilbene-4diyl group (following formulas E and F). Among

them, phenylene group, biphenyl-diyl group, fluorene-diyl



group, cyano group etc. are exenplified and an al kyl group, al koxy group,

al kyl thio group, aryl group, aryloxy group, arylthio group, substituted

am no group, substituted silyl group, substituted silyloxy group, and
nonoval ent heterocyclic group are pregferable. The aryl ene group usually has
about 6 to 60 carbon atons, preferably 6 to 20, w thout including the
nunber of carbon atons of the substituent. As the aryl ene group,

exenplified are phen 0 (for exanple | 1 owj ng fornulas 1-3),
naphthale%ﬁoﬂpylgngré q%@%l §%¥ﬁ33¥ﬁqﬁn e RHFyer ﬁ#ﬁracene diyl group
(followi ng formulas 14-19), biphenyl-diyl group (follomnng fornmul as 20-25),

t er phenyl - di_yl group (fO||OMAng formulas 26-28), condensed-ring conpound
group (foll oy fornulfhs F9-35) Rl forene-diyl group (follow ng fornul as
36-38), ind | uor ene &N roup | | owi ng fornul as 38A-38B),

stil bene- oup (7O b for 5BA-D), and distilbene-diyl group

(follow ng f@rmul as E a k). Anon hem phenyl ene group, bi phenyl-diyl
group, quoqugfﬁlyl GFerup, and sglfbene diyl group are preferable. R1 R
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The dival ent heterocyclic group is an atomc group in which two hydrogen
atons are renoved froma heterocyclic conpound, and said group may have a
substituent. Here, the 7




het er ocycl i ¢ conpound neans an organi ¢ conmpound having a cyclic structure
in which at | east one heteroatom such as oxygen, sulfur, nitrogen,
phosphorus, boron, arsenic, etc. 1is contained in the cyclic structure as
the el enent other than carbon atons. gAs the substituent, an al kyl group,
al koxy group, alkylthio group, aryl group, aryloxy group, arylthio group,
aryl al kyl group, aryl al koxy group, arylalkylthlo group, aryl al kenyl group,
aryl al kynyl group, @®rn no group, tuted am no gRqa;%i silyl group,

substituted ® I ylx= , S|Iylox PR substigu YROXY group,

hal ogen at omp=a4 gepOup, acyl iy, | M no g anyde group, imde
group, nDn"”‘!@ : ycIi- eaxyl ) 0 tituted

car boxyl grou;,-iﬂa roup etc - p«enplified 2y :\~ﬁ|ky| group, an

al koxy groupR al k¥ | oroup, gqyl oxydagrdap, arylthio
group, a substitRited® 30 no gRoup sufsti tgt ed S|Iﬁ“qo“u substituted

si |l yl oxy grougrC and a nonoval entRhet & ocyclic group are %4eferable. The

di val ent heterblcycl Rc group usually has about 3 to 60 carbon atons w t hout
i ncl udi ng the numberl of Rrarbon atons of the substituent. As the dival ent
het er ocycl i c\co roup, follow ngsR are exenplified. Divalent




hetero atom pyridine-diyl group (followng fornmulas 39-44), diaza

phenyl ene group (follow ng formulas 45-48), quinoline- diyl group (follow ng
formul as 49-63), quinoxaline-diyl group (follow ng formulas. 64-68),
acridine-diyl group (followi ng formulgs 69-72), bipyridyl-diyl group
(followng formulas 73-75), phenanthroline-diyl group (follow ng formnulas
76-78); G oups haV|ng fluorene structure and containing silicon, nitrogen,
sul fur, sel emi etc. as\a Btero atom (folgyow pg formul as 79- 93,
G1); Goups fayi [ ) 4 d conty |ngq SFR|IROI’]

ni t rogen, ST \ , ( C

5 nmenber ed-ring I Of e gro pS \con
sel eni um eté & B heteng atomeoIﬁ'To% ng :
menber ed-ri ng heterochI|8 groups containi'’ng 11 silicon, nltragenn sul fur,
selenium etc. as aAhetero atom (follog ng fornulas 99-110 G oups in

whi ch 5 menber edgri ng heterocychﬁc group containing silico ni trogen,

sul fur, seler eﬁc Ras het at g i cgnnected with a phenyl group at
the A posj ingr Rr @l igomer (follow ng
formulas 111-

R R
: R R
D R E
R R
R \ R R R
R RR ) R r
R R

The divalent heterocyclic group is an atomic group in
which two hydrogen atoms are removed from a heterocyclic
compound, and said group may have a substituent. Here, the
heterocyelic compound means an organic compound having a
cyclic structure in which at least one heteroatom such as
oxygen, sulfur, nitrogen, phosphorus, boron, arsenic, etc.
is contained in the cyclic structure as the element other
than carbon atoms.

As the substituent, an alkyl group, alkoxy group,
alkylthie group, aryl group, aryloxy.group, arylthic group,
arylalkyl group, arylalkoxy group, arylalkylthio group,
arylalkenyl group, arylalkynyl group, amino group,
substituted amino group, silyl group, substituted silyl
group, silyloxy group, substituted silyloxy group, halogen
atom, acyl group, acyloxy group, imino group, amide group,

imide group, monovalent heterocyclic group, carboxyl group,



G oups in which 5 nenbered-ring heterocyclic group
nitrogen, sulfur, selenium etc. as a hetero atom
phenyl group at the A position of the hetero atom

containing silicon,
i's connected with a
(follow ng fornul as

113-119); and Goups in which 5 nenbgped-ring heterocyclic group
cont ai ni ng oxygen, nitrogen, sulfur, etc. as a hetero atom is connected
with a furyl group, or thienyl group (follomﬁng formulas 120-125). 39 R 40

5R2RRR1§:1R *‘F?Llﬁ\F’Elei-‘tEd ReabboxyT grotp, tyano grotp

R45 R 46 47 R 48 RR R 1%15%9 R R

etc. are exemp

and an alkyl group, an alkoxy group, alkylthio group, an

aryl group, aryloxy group, arylthio group, a substituted

amino group, substituted silyl group, substituted silyloxy

group, and a monovalent heterocyclic group are preferable.

The divalent heterocyclic group usually has about 3 to

60 carbon atoms without including the number of carbon atoms

of the substituent.

As the divalent heterocyclic compound group, followings

are exemplified.

Divalent heterocyclic-group containing nitrogen as a

hetero atom; pyridine-diyl group (following formulas 39-44),

diaza phenylene group {(following formula
diyl group (following formulas 49-63), g

group {(following formulas 64-68), acridi

s 45-48), gquinoline-
uinoxaline-diyl

ne-diyl group

(following formulas 69-72), bipyridyl-diyl group (following

formulas 73-75), phenanthroline-diyl gro
formulas 76-78);

Groups having fluorene structure and con
nitrogen, sulfur, selenium, boron, etc.
(following formulas 79-93, G-I);

Groups having indenofluorene structure a

silicon, nitrogen, sulfur, selenium, etc.

{following formulas J-0);

5 membered-ring heterocyclic groups cont
nitrogen, sulfur, selenium, etc. as a he
formulas 94-98);

Condensed 5 membered-ring heterocyclic g

up (following

taining silicon,

as a hetero atom

nd containing

as a hetero atom

aining silicon,

tero atom (following

roups containing



83 R14 RJLRRRIO9SRRRN NR 103 RR 1I00RRHR 101 RRR
~ N 8107 RR 108 Si RS 15
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RR R'"RREk

silicon, nitrogen, sulfur, selenium, etc. as a hetero atom

(following formulas 99-110):

Groups in which 5 membered-ring heterocyclic group

containing silicon, nitrogen, sulfur, selenium, etc.

as a

hetero atom is connected with a phenyl group at the a

position of the hetero atom to form a dimer or oligomer

(following formulas 111-112);

Groups in which 5 membered-ring heterocyclic group

containing silicon, nitrogen, sulfur, selenium, etc.

as a

hetero atom is connected with a phenyl group at the a

position of the hetero atom (following formulas 113-119);

and

Groups in which 5 membered-ring heterocyclic group

containing oxygen, nitrogen, sulfur, etc. as a hetero atom

is connected with a furyl group, or thienyl group (following

formulas 120-125).

R R R R R R
39 R 40 R 41 R 42 43 R
R R R R
- L 4 L
44 B 45 R 46 47 R 48 R



109 H 102 110 K16 RRRRRI12 R RR 115 RR 119 RNIs,NR R 120 121 123
125 In the above formulas 1-125, and GO Rs each independently represent a
hydrogen atom al kyl group, al koxy group, alkylthio group, aryl group,

aryl oxy group, arylthio group, arylalikyl group, aryl al koxy group,

aryl al kylthio ,

D




17 group, aryl alkenyl group, arylal kynyl group, am no group, substituted
am no group, silyl group, substituted silyl group, silyloxy group,
substituted silyloxy group, halogen atom acyl group, acyloxy group, imnno
group, amde group, imide group, nongygal ent heterocyclic group, carboxyl
group, substituted carboxyl group, or cyano group. Here, the al kyl group
may be any of linear, branched, or cyclic, and usually has about 1 to 20

carbon atons Exanpl es, t hereof imcluge agnmetryl group, gthyg ggroupr propyl
h b «

group, i-propgyk B(but yl groupy=i- broup, t-buty
group, hexy ) ‘9 oRexyl (\ ‘ gr oup, ORm
2- et hyl hexyl Xt group, dg e, 3, 7-di net

| auryl grouf} trﬂﬁluorﬁnﬁthyl gr 8up, ﬁ@ntafFﬂoroethyl
per fl uorooctyl group, perfluorohexyl group, perfluorooctyl group, etc.
Anong them pentyl group, hexyl group, octyl group, 2-ethyl hexyl group,
decyl group, amg 3. R di met hyl octyl ggoupare preferable. The al koxy group
may be any of Ii y, branched, or cwclig, and usually has? abo 1to 20
car bon atons Ex#R esR t her eof i ) oy grpup,

t- but oxy




group, nonyl oxy group, decyl oxy group, 3,7-dinethyloctyloxy group,

| auryl oxy group, trifluoronmethoxy group, pentafl uoroethoxy group,

per fl uor obut oxy group, perfluorohexyl group, perfluorooctyl group,

met hoxynet hyl oxy 18 group, 2-nethoxyetqyyl oxy group, etc. Anpong them

pentyl oxy group, hexyl oxy group, octyloxy group, 2-ethyl hexyl oxy group,
decyl oxy group, and 3, 7-dinethyl octyloxy group are preferable. The

al kyl thio grold nmay b any of |ineaR brancﬁed or cycllcR and u$lal ly has
about 1 toR20Jgarbon 3 L :

ethylthio gr '
i -butylthi l‘@

v...«‘a D,

nt yl t hi grcup oc: io group, 2- eubyl
group, nonylthio group, ®decyl thio é?oug% A7 h i met hyl oct yitt hi o gFoup,

| aurylthio group, trifluoromethylthio group, etc Anong them pentylthio,
group, hexylt® o group, octylthio gmpup, 2-Rethyl hexylthl cRgroup, Rdecylthio
group, andR3,, gl oup arr preferabl g The aryI r qeip

usual Iy has 50 carbon ayony——=®Xanpl es t her eol7 | NotT phenyl
group, andFi henyl % CI @J eans the ; bon
atons of p, I napht hyl %qou

R R 92 R R 93
R R
H: :: :: :H \t::: :i: j’ H: :i :i :H
R R R R
B B B
| e "] P R



napht hyl group, 1-anthracenyl group, 2-anthracenyl group, 9- anthracenyl
group, pentafluoro phenyl group, etc. Anong them Cl-Cl2 al koxyphenyl

group, and Cl-Cl12 al kyl phenyl group are preferable. Here, the aryl group is
an atomc group in which one hydrogenmtomis renoved froman aronmatic
hydrocarbon. The aronmatic hydrocarbon includes those containing a condensed
ring, and those containing two or nore independent benzene rings, or
condensed rings bonded g9 tRrough a group such as a dir gct bond, a vinylene
group or the Rike. Eﬁawphés Rf Cl-C12 aIkoqulncquq a netgpxy, et hoxy,
propyl oxy, R-[ [8it oxl(, L-butoxy, ot-b toxy, a}ylmxy, hexyl oxy,
cyclohexylox.( 4 ‘ A pPOxy; decyl oxy,

3, 7-di net hy. | include a
met hyl , ethyl, N pentFyl , hexyl,

cycl ohexyl, he t& et hyljhexyl , nonfl ecwﬁ 3, 7- Hdlneqayloctyl

| auryl, etc. The arBony group usual l'y has about to 60 carbon atons.
Exanples theregf inclgde a phgnoxy group, Cl-Cl al koxyphenoxy group,
Cl-Cl2 al ky phenoxy g ouQD 1-jnapht yl oxy grou

pent af | uorop 570 £txy”” Anmong the

and Cl-C12 R
R
R ° R R R ° R R
L M
R R R 'T
R R R
R Se R B
/‘ @Z ;@ Q:F{ ;Q[ j@j—\g
Se R
R R R N ] l? A 'S 0
.
R_H /R&_\Si R R
Si N
s | O S Se
R /H R R R
R N R O R S R Se
Y Y/ y Y
R R1na R R R H
R 99 100 101 102
R /R R R
R N R 0 R S R Se
— — > r—
N N N N
R 103 R 104 R 105 R 106
R
R Si R Si s 0
4 h?__ R R



al kyl phenoxy group are preferable. The arylthio group usually has about 6 to
60 carbon atons. Exanples thereof include a phenylthio group, Cl-Cl2

al koxyphenyl t hi o group, Cl-Cl12 al kyl phenylthi o group, 1- naphthylthio group,
2-napht hyl t hi o group, pentafluoro phegylthio group, etc. Among them Cl1-Cl12
al koxy phenylthio group, and Cl-Cl2 al kyl phenylthio group are preferable.
The aryl al kyl group usually has about 7 to 60 carbon atons. Exanpl es

t hereof include_ a phenyl-Cl-Cl12 al kyl group,. such as a pfl y| group,
phenyl et hyl gr dip, ,Bhenyl but yIR_ grRup, pentyl Rrouf Bxy |
group, phenyl he , an roup;

al koxyphenyl - Kk 20 ; yl ph&ny . group
1- naphtyl - Cl-Cl12 al k roup, 2--nap | - C1- C12 al ky ou et. ‘Anong
them Cl1-Cl12 alkmkyéhenﬁl-01-012 dREgiRgroup, and -ch 2%%y phenyl -
Cl1-Cl2 al kyl group are preferable. The aryl al koxy group usyally has about 7

to 60 carbon at dks.RExanpl es thereofRin

Cl-CI2 a kexy roup
qryoup,

phenyl pent yl gxg RNy | hex g henyl hgf : GUR
: 5 12 al K 01

phenyl oct ﬁ 2
al kyl phenyl - £ 0 grou apht ybf C1C12 al p
2-naphtyl - CB C1R ﬁﬂ?oﬁy d?oup, Iq:;"etc."JgAErP?g he}.r?] Cl-d 2 a koxypﬁenyﬁ-Cl- Cl12
R R, g A R
R R N-N
T
R R
H R R R R
119
R RN N R R R R N N R
R R R R R R R R
120 121
.S. 0.
\ S/ \__/
S\_ S
\ N/ \ \ /N7 \ /
R R R R R R R
122 123
LS. O,
N
\_J \SN/
0 O O 0
W/ \ >\ /( N7\ /
R R R R R R R
’ 124 125

In the above formulas 1-125, and G-0, Rs each
independently represent a hydrogen atom, alkyl group, alkoxy
group, alkylthio group, aryl group, aryloxy group, arylthio

group, arylalkyl group, arylalkoxy group, arylalkylthio




al koxy group, and Cl1-Cl2 al kyl phenyl - C1-C12 al koxy group are preferable.
The arylalkylthio usually has about 7 to 60 carbon atons. Exanpl es thereof
i nclude a phenyl -Cl-Cl2 al kylthio group, Cl1-Cl2 al koxyphenyl -Cl-C12

al kyl thio group, C1-Cl12 alkyl phenyl-G3C12 al kyl thio group,

1- naphtyl - C1-Cl12 al kylthio group, 2-naphtyl-Cl-Cl2 al kylthio group, etc.
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al kynyl group, C2-C12 al kynyl" group, 1-napht Cl12

al kynyl ggaﬁatl%u%@tdarwxﬁ%ﬁwynybrge HRo @k6upAnong them Cl-Cl2
al koxyphenyl - C2-C12 al kynyl group, and Cl1-Cl2 al kyl phenyl - C2- C12 al kynyl
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e or cyclic, and usually has about 1 to 20 carbon atoms.
Examples thereof include a methyl group, ethyl group, propyl
group, i-propyl group, butyl group, i-butyl group, t-butyl
group, pentyl group, hexyl group, cyclohexyl group, heptyl
group, octyl group, 2-ethylhexyl group, nonyl group, decyl
group, 3,7-dimethyloctyl group, lauryl group,
trifluoromethyl group, pentafluoroethyl group,
perfluorobutyl group, perfluorochexyl group, perfluorooctyl
group, etc. Among them, pentyl group, hexyl group, octyl
group, 2-ethylhexyl group, decyl group, and 3,7-
dimethyloctyl group are preferable.

The alkoxy group may be any of linear, branched, ox
cyclic, and usually has about 1 to 20 carbon atoms. Examples
thereof include a 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, 2-ethylhexyloxy
group, nonyloxy group, decyloxy group} 3,7-dimethyloctyloxy
group, lauryloxy group, trifluoromethoxy group,
pentafluoroethoxy group, perfluorobutoxy group,

perfluorohexyl group, perfluorcoctyl group, methoxymethyloxy



one or two substituents selected froman al kyl group, aryl group, arylalkyl
group, or a nonoval ent heterocyclic group. The substituted am no group has
usual ly about 1 to 60 carbon atons. Exanples thereof include a nethylam ho
group, dimethylamno group, ettylam ng group, diethylam no group,
propyl anm no group, dipropylam no group, i-propyl am no .group,
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di cycl ohexyl am no group, pyrrol’idyl group, piperidyl” group

d|tr|flu0{§@§§fytgg1no group, phenyl am no group, dlphenylan1no group,
Cl-C12 al koxyphenyl am no group, di (Cl-Cl2 al koxyphenyl)am no group,

di (C1-C12 al kyhe BORPYHhAW @ P WAy Jbé\ad}f!ﬂi yé£m 119e §F OUBragchAaant ykam no
group, pentafl uorophenylanino group, pyridylamno group, pyrlda2|nylan1no

group, pycydifly] agh@ougnalpy P¥saaPlot 10 tgriladidmzyt Giis NOEQsAPDes
phenyl - C1-C12 al kyl am no group, 22 C 1 _Cl12 al koxyphenyl-d -C12 al kyl am no

group, Clti3Peat kihclplenyl mEth@12halok yranipno etogipthib (o 2

al koxyphenyl -Cl -C12 al kyl)am no group, di (d-Cl12 al kyl phenyl-C -d z al kyl)

am no gremgpyltimbphgybufl - €08 aAl-pyloayiltdigr aumurd- raptgdthid - @iQup.,
i-butylthio group, t-butylthio group, pentylthioc group,
hexylthi¢ group, cyclohexylthio group, heptylthio group,
octylthio group, 2-ethylhexylthio group, nonylthio group,
decylthio group, 3,7-dimethyloctylthi¢ group, laurylthio
group, trifluoromethylthio group, etc. Among them,
pentylthic group, hexylthio group, c¢ctylthio group, 2-
ethylhexylthio group, decylthio group, and 3,7-dimethyl
octylthio group are preferable.

The aryl group usually has about 6 to 60 carbon atoms.

Examples thereof include a phenyl group, and C;-C;:
alkoxyphenyl group (C:-C;, means the number of carbon atoms
of 1 fo 12), C:-Cy; alkylphenyl group, l-naphthyl group, 2-
naphthyl group, l-anthracenyl group, 2-anthracenyl group, 9-
anthracenyl group, pentafluoro phenyl group, etc. Among
them, C,;-C;; alkoxyphenyl group, and C;-C;; alkylphenyl group
are preferable. Here, the aryl group is an atomic group in
which one hydrogen atom is removed from an aromatic
hydrocarbon. The aromatic hydrocarbon includes those

containing a condensed ring, and those containing two or

more independent benzene rings, or condensed rings honded



al kyl am no group, carbazolyl group, etc. The substituted silyl group neans a
silyl group having 1, 2 or 3 substituents selected froman al kyl group,

aryl group, arylal kyl group, or a nonoval ent heterocyclic group. The
substituted silyl group has usually abpgt 1 to 60 carbon atons. Exanples

t her eof include a trinethyl silyl group, triethyl sllyl group, tripropyl

silyl grou tris sil.yl u I-|-prQ silyl oup,

di et hy|-|-§%‘68§7‘| %¥p°¥’d’r njag,q y‘ﬁf ?ryF Ejﬁ%&enﬁeﬁw %t hy|
silyl grouE hiﬁ%|dlﬂEthy| S|IyI group, heptyldlnethyl silyl group,

oct yl di met yF group, 2-ethylhexyl-dimethyl silyl group, nonyldinethyl
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trimethoxy si group, triefhoxy 'sil I gr oup, trlpropy oXy S group,
tri-i-propyiuﬁyiyk gr egp.. dlnethyl-l-propyl silyl group, nethyldlnethoxy
silyl group, ethy?dinethoxy silyl group, etc. 23 :

Examples of C;-C;; alkyl include a methyl, ethyl,
propyl, i-propyl, butyl, i-butyl, t-butyl, pentyl, hexyl,
cyclohexyl, heptyl, octyl, 2-ethylhexyl, nonyl, decyl, 3,7~
dimethyloctyl, lauryl, etc.

The aryloxy group usually has about 6 to 60 carbon
atoms. Examples thereof include a phenoxy group, C;-Ci
alkoxyphenoxy group, C:-Ci;» alkylphenoxy group, l-naphtyloxy
group, 2-naphtyloxy group, pentafluorophenyloxy group, etc.
Among them, C;-C;; alkoxyphenoxy group, and C;-Ci,
alkylphenoxy group are preferable.

The arylthio group usually has about 6 to 60 carbon
atoms. Examples thereof include a phenylthio group, C;-Ci,
alkoxyphenylthio group, C;-C;; alkylphenylthio group, 1-
naphthylthic group, 2-naphthylthio group, pentafluoro
pPhenylthio group, etc. Among them, C;-C;> alkoxy phenylthio
group, and C;-C;; alkylphenylthio gfoup are preferable.

The arylalkyl group usually has about 7 to 60 carbon
atoms. Examples thereof includé a phenyl-C;-C;, alkyl group,
such as a phenylmethyl group, phenylethyl group, phenylbutyl
group, phenylpentyl group, phenylhexyl group, phenylheptyl

group, and phenyloctyl group; C:-C;; alkoxyphenyl-C;-C;; alkyl



The substituted silyloxy group neans a silyloxy group having 1, 2 or 3
substituents selected froman al kyl group, aryl group, arylalkyl group, or
a nonoval ent heterocyclic group. The substituted silyl group has usually
about 1 to 60 carbon atons. Exanples ddnereof include a trinethyl silyloxy
group, triethyl silyloxy group, tripropyl slyloxy group, tri-i-propyl
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C-C 2 al kyl sil y group, 1 -CJ.-C12 al kyl silyloxy group,

2-naphtyl -d - C'I'%ea!aiﬁylﬂﬂéﬁfgr&ﬁﬁ%suﬂﬂfﬁyhag abdat al oy ¢ wlidn
silyloxy group, triphenyl silyloxy group, “trl-p-xylyl silyloxy group,

tribenzyl gtbmboXgxam@uRs tHDYW |1t hvde ShhahPxycor gpalko_kvr-;txglr@iu@henyl
silyloxy group, dinethylphenyl silyloxy group, trimethoxy silyloxy group,

triethoxy shehl asy agbepy linfd tHaady | gpdus) | phéoxyle 8RORP. gkblipl, - Propyl
silyloxy group, dinethyl-I-propyl silyloxy group, nethyldinmethoxy silyl oxy
group, etpyeayibhioxy SidoyoXprgmtiperci¥loxy group, phenylhexyloxy
group, phenylheptyloxy group, and phenyloctyloxy group; Ci-
C:2 alkoxyphenyl-C;-C,; alkoxy group, C:-C:;; alkylphenyl-C;-Ci»
alkoxy group, l-naphtyl-C;-C;; alkoxy group, 2-naphtyl-C;-C;»
alkoxy group, etc. Among them, C;-C;: alkoxyphenyl-Ci-C;;
alkoxy group, and C;-C,; alkylphenyl-C;-C;; alkoxy group are
preferable.

The arylalkylthio usually has about 7 to 60 carbon
atoms, Examﬁles thereof include a phenyl-C;-C;; alkylthio
group, C;-Ci; alkoxyphenyl-C;-C;; alkylthio group, C;-Ciz
alkylphenyl-C;-C:; alkylthio group, l-naphtyl-C;-C;; alkylthio
group, Z2-naphtyl-C,-C;; alkylthio group, etc. Among them, C;-
C,z alkoxyphenyl-C;-C;» alkylthio group, and C,-C;, alkyl
phenyl-C;-C;; alkylthio group are preferable.

The aryl alkenyl usually has about 8 to 60 carbon
atoms. Examples thereof include a phenyl-C,-C;; alkenyl
group, C;-C;» alkoxyphenyl-C;-C;; alkenyl group, C;-Ci»
alkylphenyl-C,-C,> alkenyl group, l-naphtyl-C;-C,;; alkenyl
group, 2-naphtyl-C;-C;; alkenyl group, etc. Among them, C,-Ci»
alkoxyphenyl-C,~C;; alkenyl group, and C;-C,» alkylphenyl-C,-

C:2 alkenyl group are preferable.



As the hal ogen atom fluorine atom chlorine atom bromne atom and iodine
atom are exenplified. The acyl group usually has about 2 to 20 carbon atons,
24 and exanpl es thereof include an acetyl group, propionyl group, butyryl
group, isobutyryl group, pivaloyl grogp, benzoyl group, trifluoroacetyl
group, pentafluorobenzoyl group, etc. The acyl oxy group usually has about 2
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propi onyl oxy ;i sobutyryloxy group,  pival oyl oxy
roup, ben | ox [ trifl 0, .o nt afl enzoyl o
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group, di bAikbohyYHRnACKE,AH, ea Dk PrP1 Qi:aagt,a&haombe{y%m}qqumm-@t_c. The
I m de group usually “has about 4 to 20 carbon atons,
C,2 alkynyl group are preferable.

The substituted amino group means an amino group having
one or two substituents selected from an alkyl group, aryl
group, arylalkyl group, or a monovalent heterocyclic group.
The substituted amino group has usually about 1 to 60 carbon
atoms. Examples thereof include a methylamino group,
dimethylamino group, ethylamino group, diethylamino group,
propylamino group, dipropylaminc group, i-propyl amino
group, diisopropylamino group, butylamino group, i-
butylamino group, t-butylamino group, pentylamino group,
hexylamino group, cyclohexylamino'group, heptylaminoc group,
octylamino group, 2-ethylhexylamine group, nonylamino group,
decylamino group, 3,7-dimethyloctylamino group, laurylamino
group, cyclopentylamino group, dicyclopentylamino group,
cyclohexylamino group, dicyclohexylamino group, pyrrolidyl
group, piperidyl group, ditrifluoromethylamino group, phenyl
amino group, diphenylamino group, C;-C;; alkoxyphenylamino
group, di(C,;-C;, alkoxyphenyl)amino group, di(C;-C;; alkyl
phenyl)amino group, l-naphtylamino group, 2-naphtylamino
group, pentafluorophenylamino group, pyridylamino group,
pyridazinylamino group, pyrimidylamino group, pyrazylamino

group, triazylamino group, phenyl-C;-C,; alkylamino group,




25 and exanpl es thereof include the follow ng groups. In the above fornulas,
Me represents a nethyl group. The nonoval ent heterocyclic group is an atomc
group in which a hydrogen atomis renoved froma heterocyclic conpound,

whi ch may have a substituent. The nonoyal ent heterocyclic group usually has
about 4 to 60 carbon atons, preferably 4 to 20, w thout i'ncluding the
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has about 2 t0 carbon atons, and Trean oxy as a
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het erocycl1c group. Exanples thereof “inclu t hoxy onyf oup,

et hoxy car®oRytafiif8PgrBupRORAr bR g BuBiP et e Propoxy carbonyl group,
but oxy carbonyl 26 group, i-butoxy carbonyl group, t-butoxy carbonyl group,

pentyl oxy car bongl sgbewn.tuexy !Xy R IndipsiPa s£YFhogesuboxyveagbonyl

group, heptyl oxy carbonyl group, octyloxy carbonyl group, 2-ethyl hexyl oxy

carbonyl gfpub,or 3 substituents selected from an alkyl group, aryl
group, arylalkyl group, oxr a monovalent heterocyclic group.
The substituted silyl group has usually about 1 to 60 carbon
atoms. Examples thereof include a trimethyl silyl group,
triethyl silyl group, tripropyl silyl group, tri-i-propyl
silyl group, dimethyl-i-propyl silyl group, diethyl-i-propyl
silyl group, t-butyldimethylsilyl group, pentyldimethyl
silyl group, hexyldimethyl silyl group, heptyldimethyl silyl
group, octyldimethyl silyl group, 2-ethylhe#yl-dimethyl
silyl group, nonyldimethyl silyl group, decyldimethyl silyl
group, 3,7-dimethyloctyl-dimethyl silyl group,
lauryldimethyl silyl group, phenyl-C;-C;; alkyl silyl group,
C:-Ci2 alkoxyphenyl-C;-C;» alkyl silyl group, C,-Ci; alkyl
phenyl-C;~C,; alkyl silyl group, l-naphtyl-C;-C;; alkyl silyl
group, Z-naphtyl-C;-C;; alkyl silyl group, phenyl-C;-Ci»
alkyldimethyl silyl group, triphenyl silyl group, tri-p-
xylyl silyl group, tribenzyl silyl group, diphenylmethyl
silyl group, t-butyldiphenyl silyl group, dimethylphenyl
silyl group, trimethoxy silyl group, triethoxy silyl group,
tripropyloxy silyl group, tri-i-propyl silyl group,
dimethyl-i-propyl silyl group, methyldimethoky silyl group,

ethyldimethoxy silyl group, etc.



nonyl oxy carbonyl group, decyl oxy carbonyl group, 3,7- dinethyloctyl oxy

car bonyl group, dodecyl oxy carbonyl group, trifluoronethoxy carbonyl group,
pent af | uor oet hoxy carbonyl group, perfluorobutoxy carbonyl group,

perfl uorohexyl oxy carbonyl group, pebkl uorooctyloxy carbonyl group, phenoxy
carbonyl group, naphtoxy carbonyl group, pyridyloxy carbonyl group, etc. In

t he above exa Ie, aP$¥U£aki&y 0& 55 cont ai nedé N ane q;uralofornula
may be the sa 5% eFBht 75P8Er IS IEPITRVE the d¥ ubtY i $5°M Rt o a
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connected™ o forma ring e a | a, when I's a substituent
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one, or the i nation t al kyl chain mhlch i's not Ilnear
exenpl i fi g 150yl A0 10:2 e%;?ah{sexxhgkegm 247 group,
cycl ohexyl” group, 4-Cl1-'Cl2 al yIcyc ohexyl group, etc. rthernDre nethyl

or nethyl epq -as prdpft Hf1$0b%y Zfroup, dimethyl-i-propyl silyloxy
group, diethyl-i-propyl silyloxy group, t-butyldimethyl
silyloxy group, pentyldimethyl silyloxy group, hexyldimethyl
silyloxy group, heptyldimethyl silyloxy group, octyldimethyl
silyloxy group, 2-ethylhexyl-dimethyl silyloxy group,
nonyldimethyl silyloxy group, decyldimethyl silyloxy group,
3,7-dimethyloctyl-dimethyl silyloxy group, lauryldimethyl
silyloxy group, phenyl-C;-C;; alkyl silyloxy group, C;-Ci:
alkoxyphenyl-C;-C;, alkyl silyloxy group, C;-C;; alkylphenyl-
C,-Ci2 alkyl silyloxy group, l-naphtyl-C,-C;; alkyl silyloxy
group, 2-naphtyl-C;-C;; alkyl silyloxy group., phenyl-C;-C;;
alkyl dimethyl silyloxy group, triphenyl silyloxy group,
tri-p-xylyl silyloxy group, tribenzyl silyloxy group,
diphenylmethyl silyloxy group, t-butyldiphenyl silyloxy
group, dimethylphenyl silyloxy group, trimethoxy silyloxy
group, triethoxy silyloxy group, tripropyloxy silyloxy
group, tri-i-propyl silyloxy group, dimethyl-i-propyl
silyloxy group, methyldiﬁethoxy silyloxy group,
ethyldimethoxy silyloxy group, etc.

As the halogen atom, fluorine atom, chlorine atom,

bromine atom, and iodine atom are exemplified.

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



al kyl chain may be replaced by a group containing a hetero atom or a

nmet hyl or nethyl ene group which is substituted wth one or nore fluorine
atons. As the hetero atom an oxygen atom a sulfur atom a nitrogen atom
etc. are exenplified. In the above fargqula (1). Arl, Are, Ara and Ar4 are
preferably aryl ene groups, and nore preferably, as shown below, a

subst 1t eg 000aUSitek A0 9{!9% RSk U lony1
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|ndependent sen eterocyclic group (B);
aryl groupgf agt@ryl group which has three or nore substituents selected
from an ali group, al koxy group, alkylthio group, aryl group, aryl oxy

group, arylthl Qh@r %la%lo%wg&ldﬁyﬁt ﬁ@&plyaméahtsaﬂ gr @ep20aicdddsy! thi o

group, aryl al kenyl "group, aryl al kynyl™ group, am no group, substituted
atoms, and examples thereof include an acetoxy group,
propionyloxy group, butyryloxy group, isobutyryloxy group,
pivaloyloxy group, benzoyloxy group, trifluoro acetyloxy
group, pentafluorobenzoyloxy group, etc.

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

and examples thereof include the following groups.
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The amide group usually has about 1 to 20 carbon atoms,
and examples therecf include formamide group, acetamide
group, propiocamide group, butyroamide'group, benzamide
group, trifluoroacetamide group, pentafluorcobenzamide group,
diformamide group, diacetamide group, dipropioamide group,
dibutyroamide group, dibenzamide group, ditrifluoro
acetamide group, dipentafluorobenzamide group, etc.

The imide group usually has about 4 to 20 carbon atoms,



am no group, silyl group, substituted silyl group, silyloxy group,
substituted silyloxy group, nonoval ent heterocyclic group, or hal ogen atom
het erocyclic group (B): a nonoval ent heterocyclic group which has one or
nore substituents selected froman al kgl group, al koxy group, alkylthio
group, aryl group, aryloxy group, arylthio group, arylalkyl group,

aryl al koxy,ff Qifhmp RS y/! sh&kyLbRi 9ngiadR. takYrAllewitlg Hrips aryl al kynyl

group, amng groupg substituted am ng group, silyl group, 29 substituted
pbgkg,uged si |yl oxy group, nonoval ent
[

silyl group, silylo up, s t

het er ocycl ie~Ngrioup;™or | ogem, &t om Nhe total nunber of substituents
and hetero atpns of/t heter%ﬁ?ﬁf?t(r g is three or nore. Here as the
substi t uent igw t he agove (A), The alkyl, group, alkoxy group, alkylthio

group, aryl g}ggpkrggylo group, arylthia group, arylal kyl group,
aryl al koxy gmoup, | a NM; b -@ p, N enyl group, arylal kynyl
group, am noygredip substitut ed an¥noygr , silyl group, substituted silyl
group, silyloky graquf, suq§titu9eg silﬁjoxy group, and nonoval ent

het erocycl i d.grQup/nmean th QIEj as t hoge descfi bed above. Anong them
al kyl groupy )X Yn-gleoupsy alf kyTt hio” graup L_group, aryl oxy group,
jstitute f group tuted silyl group,
G Q (&)

In the above formulas, Me represents a methyl group.

The monovalent heterocyclic group is an atomic group in
which a hydrogen atom is removed from a heterocyclic
compound, which may haﬁe a substituent. The monovalent
heterocyclic group usually has about 4 to 60 carbon atoms,
preferably 4 to 20, without including the number of carbon
atoms of the substituent. As the monovalent heterocyclic
group, thienyl group, C:;-Ci; alkylthienyl group, pyroryl
group, furyl group, pyridyl group, C;-Ci» alkylpyridyl group,
etc. are exemplified, and thienyl group, C;-C;; alkylthienyl
group, pyridyl group, and C;-C;; alkylpyridyl group are
preferable.

The substituted carboxyl group usually has about 2 to
60 carbon atoms, and means a carboxyl group which has a
substituent of an alkyl group, aryl group, arylalkyl group,
or monovalent heterocyclic group. Examples thereof include a
methoxy carbonyl group, ethoxy carbonyl group, DPropoxy

carbonyl group, i-propoxy carbonyl group, butoxy carbonyl



and nonoval ent heterocyclic group are preferable, and al kyl group, al koxy
group, arylthio group, substituted silyl group, and substituted silyloxy
group are nore preferable. Al kyl group, al koxy group, and arylthio group
are especially preferable. Exanples the aryl group satisfying the above
(A) include the followmngs. 30 R Al R Al4 R R AI8 R Al R A5 R

R R A2 Rodd6 §-Fatbky! chrBoty® dFoup, t-butoxy carbonyl group,
pentyloxy carbonyl group, hexyloxy carbonyl group,
cyclohexyloxy carbonyl group, heptyloxy carbonyl group,
octyloxy carbonyl group, 2-ethylhexyloxy carbonyl group,
nonyloxy carbonyl group, decyloxy carbonyl group, 3,7-
dimethyloctyloxy carbonyl group, dodecyloxy carbonyl group,
trifluoromethoxy carbonyl group, pentafluoroethoxy carbonyl
group, perfluorcobutoxy carbonyl group, perfluorohexyloxy
carbonyl group, perfluorooctyloxy carbonyl group, phenoxy
carbonyl group, naphtoxy carbonyl group. pyridyloxy carbonyl
group, etc.

In the above example, a plurality of Rs contained in
one structural formula may be the same or different. In
order to improve the solubility into a solvent, it is
preferable that at least one of the Rs in one structural
formula is other than a hydrogen atom, and it is preferable
that the form of the fepeating unit including the
substituent has little symmetry. Moreover, it is preferable
that at least one of Rs in one structural formula contains a
cyclic or branched alkyl group. A plurality of Rs may be
connected to form a ring.

In the above formula, when R is a substituent
containing alkyl group, the alkyl group may be linear,
branched or cyclic one, or the combination thereof. As the
alkyl chain which is not linear, exemplified are iscamyl
group, 2-ethylhexyl group, 3,7-dimethyloctyl group,
cyclohexyl group, 4-C;-C;; alkylcyclohexyl group, etc.

Furthermore, methyl or methylene as a part of said



Al19 AT R A20

A34 A37 R

A R R R Al13 Al7 A21 31 R
A35 A38 F

A23 A25 |
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alkyl chain may be replaced by a group containing a hetero
atom, or a methyl or methylene group which is substituted
with one or more fluorine atoms. As the hetero atom, an

oxygen atom, a sulfur atom, a nitrogen atom, etc. are
exemplified,

In the above formula (1), Ar;, Ar,, Ar; and Ary are
preferably arylene groups, and more preferably, as shown
below, a substituted or non-substituted phenylene group,
substituted or non-substituted biphenyl-diyl group,
substituted or non-substituted fluorene-diyl group, and

substituted or non-substituted stilbene-diyl group.

Me Me Me Me Me
M; Me Me Me
Et Me Me
Et
Me
Me Me Me Me Me
Mej Me Me Me Me Me po Me

A29 A32 R R R R



| R R A30 A39 32 M0 R R A43 A46 A49 A4l A44 A4A7 AS0 A42 A45 A48 AS51
R R 33 A52 A53 A54

QA2
Me \ Me

Unsubstituted phenylene group is especially preferable.

In the above formula (1), E;, E,, and E; each
independently represent the below aryl group (A) or
heterocyclic group (B);

aryl group (A): an aryl group which has three or more
substituents selected from an alkjl group, alkoxy group,
alkylthio group, aryl group, aryloxy group, arylthio group,
arylalkyl group, arylalkoxy group, arylalkylthio group, aryl
alkenyl group, arylalkynyl group, amino group, substituted
amino group, silyl group, substituted silyl group, silyloxy
group, substituted silyloxy group, monovalent heterocyclic
group, or halogen atom,

heterocyclic group (B): a monovalent heterocyclic group
which has one or more substituents selected from an alkyl
group, alkoxy group, alkylthio group, aryl group, aryloxy
group, arylthio group, arylalkyl group, arylalkoxy group,
arylalkylthio group, aryl alkenyl group, arylalkynyl group,

amino group, substituted amino group, silyl group,



R A55 R A58 A61 A56 A59 A62 4 1 r1l A57 A60 A63 R R In the above
formulas, R s each independently represent a substituent selected from an
al kyl group, al koxy group, alkylthio group, aryl group, aryloxy group,
arylthio group, arylalkyl group, arylagkoxy group, arylalkylthio group,
aryl al kenyl group, arylal kynyl group, am no group, substituted am no group,
silyl group, substituted silyl group, silyloxy group, substituted silyl oxy

group, 34 %Bg‘éﬁlt%%dh%ﬁﬁrﬁcﬁd&gré’@ylé):ﬁy hgLogsn 8Ltk Bxagp! es of the

nonoval ent heterocyclic
silyloxy group, monovalent heterocyclic group, or halogen

atom, and the total number of substituents and heteroc atoms
of the heterocyclic ring is three or more.

Here as the substituent in the above (A), the alkyl
group, alkoxy group, alkylthio group, aryl group, aryloxy
group., arylthio group, arylalkyl group, arylalkoxy group,
arylalkylithio group, arylalkenyl group, arylalkynyl group,
amino group, substituted amino group, silyl group,
substituted silyl group, silyloxy group, substituted
silyloxy group, and monovalent heterocyclic group mean the
same as those described above.

Among them, alkyl group, alkoxy group, alkylthio group,
aryl group, aryloxy group, arylthio group, substituted amino
group, substituted silyl group, substituted silyloxy group,
and monovalent heterocyclic group are preferable, and alkyl
group, alkoxy group, arylthio group, substituted silyl
group, and substituted silyloxy group are more preferable.
Alkyl group, alkoxy group, and arylthio group are especially
preferable.

Examples of the aryl group satisfying the above (A)

include the followings.



satisfying the above (B) include the followings. B6 Bl11 R B7 R B8 Bl12 B13
R BA4BOBl4 R R R BSBIORR R B1535 RR /N~NNNNp N<
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BI6 R R R R B20 B24 R
-N -R B25 B23 R R
as the above.

A31

()
(2
W,

A34

R R R

S,

HI HI : R!

A37

In the above formula (1),

B17 B18 B19 1, Nk J- Q .- V-R B21 B25 B22
B26 In the fornmnul as,

R s represent the same groups
El, E2, and E3 represent
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preferably the above aryl group (A). Mre preferably, the aryl group
satisfies the following (©Q. (C: An arylam ne conpound derived from aryl
group (A) by replacing the free bond of aryl group (A wth am no group,
and by replacing all the substituentsaef aryl group (A) with hydrogen
atons, is considered for the cal culation; one of the highest occupied

nol ecul ar orbitals (HOMD) of the arylam ne conpound cal cul ated by AML

met hod which is a seni- enpirical nolecular orbital nethod, R\s dfbitrarily
sel ected; s squake val ues of atBhjc g Qi tal coeffici efihs
cal cul at ed onl y—=s \ ‘
bonded, and -t eRtar bon 2
having | arge s@m'squse val ue in destendifig order. The s| quares ( p
,HOMD ) of aBbnic orbital coefficiBnts RR the hi ghest ocBupi nol €tul ar
orbital s (HOWO) g% ﬁarbon atons in (c) is obtained according _to the

foll ow ng equati 4 by a sem -enpirical Ad ecul ar orbital met A9 AML net hod
(Dewar, M J. S.et.al., J. Am Chem Soc., 107, 3902 (1985)). p ,HOMO = Z u
(CnuHOMO) 2 Here, m gepresents a nmarkpghowgng a carbon atonR\uU Represents a
mar k showi ng atom_c orbital taken iRQto '




consideration in the AML net hod corresponding to the carbon atom CnuHOMO
represents atomc orbital coefficient represented by u of HOMO of the carbon
atom Conparison of the sum square values of atomic orbital coefficients is
made using two significant figures. Wgg there are two or nore carbon atons
havi ng sane sum square values of atomc orbital coefficients, any of these
carbon atons can be selected as the carbon atom having a substituent. As
the aryl group which has substituents on tRie carbon atons sel gcted by the

above (C), d&ses sf phenyl group, R group, 2 group, and
2- pyrenyl ypecifically e That is, suhstituents
of the ar Bl aced wi & ons, ] Rond is
repl aced wit h/a gFoup to producg™s fFRe 37 conpound at/on c
orbital coef¥ici&ms of the am neR'compsand are cal cul &'ed ¥sing a nol ecul ar

orbital calculation program WnMOPAC 3.0 Professional (key wgrd: AML
PRECI SE EF VECTORS) with optim zing the structure by AML nethod. Position
nunbers of carboA5& om of respective awiie conpounds are sihagm as fol | ows.
The calculation results are shown in Table 1. Exanples of the aryl group
and correspondi ng aryl am ne conpound for cal cul ation.

A61 A62 AB3

In the above formulas, R's each independently represent
a substitpent selected from an alkyl group, alkoxy group,
alkylthio group, aryl group, aryloxy group, arylthio group,
arylalkyl group, arylalkoxy group, arylalkylthio group,
arylalkenyl group, arylalkynyl group, amino group,
substituted amino group, silyl group, substituted silyl

group, silyloxy group, substituted silyloxy group,



phenyl group 1 -naphtyl group NH2 NH2 1 2-naphtyl group 1 8 4 5 38 Table 1
Position No. Sum squares { ~Q nHOMO ) Order of Aryl groupcarbon atonof of
atom c orbital priority having coefficientsubstituent Phenyl 20.1462 30.024
40. 2391 50.0244 60.1462 |- Naphthyl 20. B2 30. 0426 40.2241 50. 0793

monovalent heterocyclic group, or halogen atom.
Examples of the monovalent heterocyclic group

satisfying the above (B) include the followings.

R' R A\ R R R
N ¢ \ ¢ T \_
R R rR° R R
Bt B2 B3 Ba B5
R _R R’ _R R _R .
R == R' R’ 1
- -U N4 *\‘N}/ L
R N R R'
B6 B7 B8 B9 B10
HI H‘ . 1
=N =N =N QﬁN ~'2=N
R' 1 - 1
Lh T e e
R. Hl RI



60. 0237 70. 0595 80. 0604 2- Napht hyl 10. 2461 30. 0126 40. 0554 50. 0505 60. 1202
70. 0017 80.0923 2-Pyrenyl 10. 1061 30.1061 40.0136 50. 0504 60.0078 70.0693

80. 0078 90. 0504 100.013 About each carbon atons of Table 1, the sum square
val ues of p HOMO (atomi c orbital coef#gcient )Z are conpared, 39 and the
carbon atons to have a substituent are selected in decending order fromthe
| ar gest val ue of pnHOMO For

_<R' R R’ R R
N= N=< & =
—-<\N__,!?’N _<\ /N N f . '
N_<Fi. N R N R
B16 B17 B18 B19
R R R’ R R R R
F ' R \wff:[::]\ \wii:I:i]\ s | =1
. Na ‘ N
R \N R' R' N\ R R'
R' R R
B20 B21 B22 B23
R' R' R' R
'y QL AT bl
/] /l N I P H' N/ HI
N N "R
N R A
B24 B25 B25 B26

In the formulas, R's represent the same groups as the
above.

In the above formula (1), E:, E:, and E; represent
breferably the above aryl group (A). More preferably, the
aryl group satisfies the following (C).

(C): An arylamine compound derived from aryl group (A) by
replacing the free bond of aryl group (A) with amino group,
and by replacing all the substituents of aryl group {(A) with
hydrogen atoms, is considered for the calculation; one of
the highest occupied molecular orbitals (HOMO)} of the
arylamine compound calculated by AM1 method which is a semi-
empirical molecular orbital method, is arbitrarily selected;
sum sqguare values of atomic orbital coefficients of the HOMO

are calculated only about the carbon atoms to which a




exanple, in the case of phenyl group, the position nunbers of carbon atons
are arranged as 4 > 2, 5 > 3, 6 in decending order of O,HVM. In the case of
three substituents, the phenyl group which satisfies (C is .a phenyl group
havi ng substituents on the carbon atomggf position nunber 4, 2 and 5 (the
above fomula Al). In the case of four substituents, since the PM Hono val ues
of the carbon atons of position nunber 3 and 6 are the sane, the phenyl

group has RBv@scgeneatsmonst hendadiornt e ROShdFONCRHHHE! afome aPe and
either 3 or 6 (the above formula A3). In the case of five substituents, the

phenyl groupehastedbsromuthes camrbione a teaish elaatrafTEL Hf g OShih | FuaEEDEE14e 2,
5, 3 and 6 (above forunula A5). Furthernore, in the case of "1-naphthyl
group, the 1Ra¢®3@enddngposideren nunbers are arranged as 4> 2> 5> 8> 7> 3>
6 in decending order of p mMHOMO. In the case of three substituents,
1- napht hyl gr oupR®hFEm sauiaseised 44 1)s «f taxaphtdyhi gD UPodeFiBlent s
substituents on the carbon atons of position nunber 4, 2, and 5 (the above
formul a A1AR the chighest eroupsdednmodesulistri todnitsls t(HGM®) loh it
group having substituents on the carbon atons of the position nunber which
are sinilardyPReIERt6Q) | hsdebEAdnag ecgerding rieOMDeP flal kdvel ropsseqedtion
2-naphthylé¥(nu) t he position nunbers
a 'semi-empirical molecular orbital method, AM1 method
(Dewar, M. J. S.et.al., J. Am. Chem. Soc., 107, 3902
(1985)).

p mHOMO = 2 u( CmuHOMO) 2

Here, m rep:esents a mark showing a carbon atom, u
represents a mark showing atomic orbital taken into
consideration in the AM1 method corresponding to the carbon
atom. Cpn," represents atomic orbital coefficient
represented by u of HOMO of the carbon atom.

Comparison of the sum square values of atomic orbital
coefficients is made using two significant figures. When
there are two or more carbon atoms having same sum square
values of atomic orbital coefficients, any of these carbon
atoms can be selected as the carbon atom having a
substituent.

As the aryl group which has substituents on the carbon
atoms selected by the above (C), cases of phenyl group, 1-
naphthyl group, 2-naphthyl group, and 2-pyrenyl group are
specifically explained. That is, all the substituents of the
aryl group are replaced with hydrogen atoms, and the free

bond is replaced with amino group to produce an amine




of carbon atons are arranged as 1> 6> 8> 4> 5> 3> 7 in HOMO decendi ng order
of O,. In the case of three substituents, 40 2-naphthyl group which
satisfies (C) is a 2-naphthyl group having substituents on the carbon atons
of position nunber 1, 6 and 8 (the appve fornula A6). In the case of four
substituents, 2-naphthyl group has substituents at 1, 6, 8 and 4 positions
(the above forrmula Alp). In case of five or nore substituents, it is a

2- Napht Yl RS2 aﬁﬂgﬁé L8 £2 PNcd D2 281 AR abETR nf SHEL%eDOSi tion

nunber are ’‘sim sel ected 1 n decendi ng order o mMHOMO. I n the

case of 2- I t i L u [ re arranged as
e % 5;%);&:}%&%%@81%1&&&%@%%@%waé%ébema@ t-migl%aa g

I'n decending ofrder of pnHOMO. In the case of three

substi t UeRS cul1&RME Pilo AP WP £EL3 561 PBofEEsH®nA12 mé?ve ol ag Reup
havi ng substituents on the carbon atons of position nunber , 3 and 7 (the

above for piEe AR EF VEATERSASELOR dPtimEeDsYyi tHeNkEructiufee biyhamial ues p
mMHOMO of the carbon atons of position nunber 5 and 9 are the sane, it is a

2-pyrenyl me@h@dR B4 itdl S hsinbaeat SF 0fat bén Catbanodt @espektios amime nunber
1, 3, 7 and either 5 or 9 (the above formula A53). In the case of five
substi t uegbfipdundss s -dHdRiYds gfFOLPowRaviThe sehltulathdés pasthescaréon
atons of position nunber 1, 3, 7, 5 and 9 (the above fornmula A54). In the
case of siskown in Table 1.

Examples of the aryl group and corresponding arylamine

compound for calculation.

phenyl group 1-naphtyl group 2—-naphtyl group 2-pyrenyl
NHg NHg 1 8 Nz L 0

9
1 1 8 . HpN. 2 ,
6 2 3

6 4 3 4




or nore substituents, it is a 2-pyrenyl group having substituents on the
carbon atons of position nunber, which are simlarly selected in decending
order of pnHOMO. In the above formula (1), as El, E2, and E3, a phenyl, nap
hthyl, or anthracenyl group having threg or nore substituents is
preferable, and those having three or nore substituents o n the carbon atons
sel ected by the above (C) are nore prefera 41 ble.  As E1, E2, and E3 in the

above formy é) below forrmula (3) is especially preferable. Rg (3) Rf In
t he fornul d Rg each independent|y represent an alkyl group,

al koxy gr qurylabkyts hil @5 04Eh M. Ybs OF QP s quaked QXY x@ppup, o aryl {2%“ 0 group,
aryl al kyl |group, aryl al koxy roup, arylal kylthio group, |arylal kenyl group,
aryl al kynyl  group,  anicAdPgR o%ﬁ,m subst?% gttefiarfiaha tat oup,| exitloyl tyreupng
substituted silyl group, silyloxy grouergubsddd uted sil ylmtg{%
nmonoval entf heterocCyclic group, or nanogemr —atonr T tihe—gbove—trorate—<{4, a
and b eacr%hﬁ8§bendenrly repf esent or_ 1, dhd48atisfied O<=a+tbz=1,
preferably a+tb=l. Cf [the repgating ynit of the,above formla (1),

preferable are those im mnich;wmi, ATe,Ara, —andAraaretaf
0.239 1

.024
.146

l1-Naphthyl .175

.042

.224

. 079
.023
.059
. 060

.246
.012
.055

0 4
0 2
0 2
0 6
o 1
0 3
0 7
0 5
0 4
2-Naphthyl 0 1
0 6
0 4
0.050 5
o 2
0 7
0 3
0 1
0 1
0 6
0 4
0 8
G 3
0 8
o 4
o 6

.120
. 001
.092

.106
.106
.013
.050
. 007
. 069
.007
. 050
.013

2-Pyrenyl

5
6
2
3
4
5
6
7
8
1
3
4
5
&
7
8
1
3
4
5
6
7
8
9

10

About each carbon atoms of Table 1, the sum square

values of 0,°° (atomic orbital coefficient)? are compared,



aryl ene group each independently, and atb=I. Preferably, the arylene group
I s a phenyl ene group, biphenyl-diyl group, fluorene-diyl group or

stil bene-diyl group, and nore preferably a phenyl ene group which has no
substituent. As the exanples of the r ating unit represented by the above
formula (1), exenplified are followngs in which Ari, Ara, Ara, and Ar4 are
each independently phenyl ene groups having no substituent, and a=1 and b=0.

42 As th I ti it ted by.the above
forml o (0 I CE00R £20RE, LDPRRoRE WRbetlduer RS Sh e, A4 are
h ind I ' [ 7 a= or
bet 45 g %Z%f%%g?ﬁg?%a?%%@%VP%P%FF’Z% 45 5, "0 anc

BuO el ; ,
et hoxy orac iy Bl SRE b as b bpdhPtlorBLe el Mebs B (@t o)
and E3 ar ef I¥ESEU €mbYatBeaPaN§ea0RBULA (), SR and ¥ jgre each

HOMC  In the case of three substituents,

decending order of P,
the phenyl group which satisfies (C) is a phenyl group
having substituents on the carbon atom of position number 4,
2 and 5 (the above fomula Al). In the case of four

substituents, since the P50

values of the carbon atoms of
position number 3 and 6 are the same, the phenyl group has
substituents on the carbon atoms of position number 4, 2, 5,
and either 3 or 6 (the above formula A3). In the case of
five substituents, the phenyl group has substituents on the
carbon atoms of position number 4, 2, 5, 3 and 6 (above
forumula AS).

Furthermore, in the case of l-naphthyl group, the
carbon atom position numbers are arranged as 4> 2> 5> 8> 7>

HOMO  1Tn the case of three

3> 6 in decending order of 0,
substituents, l-naphthyl group which satisfies (C) is a 1-
naphthyl group having substituents on the carbon atoms of
position number 4, 2, and 5 (the above formula 214). In case
of five or more substituents, it is a l-naphthyl group
having substituents on the carbon atoms of the position
number which are similarly selected in decending order of
p HoMo

In the case of 2-naphthyl group, the position numbers
of carbon atoms are arranged as 1> 6> 8> 4> 5> 3> 7 in

HOMO

decending order of Qg In the case of three substituents,



I ndependent|ly preferably an al kyl group, al koxy group, or alkylthio group
having three or | ess carbon atons, and Rg is an al kyl group, al koxy group,
or alkylthio group having 3 to 20 carbon atons. In the above fornula (2),
Ar5, Ar6, Ar7, Ara, Ar9, Arlo, and Agpl each independently represent an
arylene group or a divalent heterocyclic group. Here, the arylene group or
the dival ent heterocyclic group neans the sane as above. In the repeating
unit of the above formula (2), it is preferable that Ar5 Ar6, Ar7, ArS8,
Ar9, Arlo,?aR@PRFRYLapEcuRaWRiCRISFHdEEHEY (He dF Aupd-nreph BR¥At SHOBY t he
bel ow 44 ( R%,Rd In_the fornula, Ra, Rb, Rc, and Rd each independently
represent A2HRYAPoFBRSEEEREREFKPP FRGUFRRN0BEGDRE PRFkHEeRi BUBPREp, aryl

0T oMY 2 VhORY BE9U (B! LR Oty Al KT goups, artl ofigny 0 oun
LR AL L A R 40
e bl Cefaa A G6SOEOURs | ThE® a8 £ TR ATY) "YU OIE OF PLSEPor

more substituents, it is a 2-naphthyl group having

substituents on the carbon atoms of the position number

which are similarly selected in decending order of p.,™%,

In the case of 2-pyrenyl group, the carbon atom
position numbers are arranged as 1,3> 7> 5,9> 4,10> 6,8 in
decending order of 0,°%, In the case of three substituents,
2-pyrenyl group which satisfies (C) is a 2-pyrenyl group
having substituents on the carbon atoms of position number
l, 3 and 7 (the above forumla A52). In the case of four
substituents, since the values 0, of the carbon atoms of
position number 5 and 9 are the same, it is a 2—pyreﬁyl
group having substituents on the carbon atoms of position
number 1, 3, 7 and either 5 or 9 (the above formula A53). In
the case of five substituents, it is a 2-pyrenyl group
having substituents on the carbon atoms of position number
1, 3, 7., 5 and 9 (the above formula A54). In the case of six
or more substituents, it is a 2-pyrenyl group having
substituents on the carbon atoms of position number, which
are similarly selected in decending order of 0, °%.

In the above formula (1), as E,, E;, and E;, a phenyl, nap
hthyl, or anthracenyl group having three or more substituents

is preferable, and those having three or more substituents o

n the carbon atoms selected by the above (C) are more prefera



car boxyl group, or cyano group; q represents an integer of 1 to 3. Wen
Ras, Rbs, Rcs, and Rds exist in plural, the plurality of Ras, Rbs, Rcs, or
Rds nmay be the sanme or different. Mreover, the groups of 'Ra and Rb' as
well as the groups of 'Rc and Rd" may foe connected to forman aromatic
ring together with the carbon atons of the benzene ring to which the groups
attach. In the above fornmula (2P), as the aromatic ring forned by
connecting she.groups of 'Ra and Rb' or the groups of 'Rc and Rd' together
with the carbon atons of the benzene ring to which the groups attach,
exenplifeid areasagpnagjc 0Gar riﬂg& b ene ring,
napht hal ene ring, gnth{aégﬂgq%i%3,q?%%F%ceneﬁgﬁﬂggﬁ%eﬁﬁgtg%%i?vng, pyrene
ring 45 and&phﬁmamthgﬁngsrgggécmg§§§o§¥gkg?a%&%qatic groups such as
pyridine ring, bipyridine ring, phenanthroline ring, quinoline ring,

I soqui noline ring, thiophene ring, furan ring and pyrrole ring. Anong them
benzene ring, ngghthalene ring and pyridine ring are preferable. Said
aromatic ring nay\have a substituent selected from an al kyl group, al koxy
group, alkylthio aryl group, aryloxy group, arylthio group,
aryl al kyl group, ; EXy g}bup, aryl al kyl thi o group, arylal kenyl group,
aryl al kynyl group; 4hi no group, substituted am no group, silyl group,
substituted sil gf group, silyloxy group, substituted

In the formula, Re, Rf and Rg each independently represent
an alkyl group, alkoxy group, alkylthio group., aryl group,
aryloxy group, arylthio group, arylalkyl group, arylalkoxy
group, arylalkylthio group, arylalkenyl group, arylalkynyl
group, amino group, substituted amino group, silyl group,
substituted silyl group, silyloxy group, substituted
silyloxy group, monovalent heterocyclic group, or halogen
atom.

In the above formula (1), a and b each independently
represent 0 or 1, and satisfies 0<=a+b<=1, preferably a+bsl.

Of the repeating unit of the above formula (1),
preferable are those in which Ar,, Ar,, Ar;, and Ar,; are an
arylene group each independently, and a+b=1. Preferably, the
arylene group is a phenylene group, biphenyl-diyl group,
fluorene-diyl group or stilbene-diyl group, and more
bpreferably a phenylene group which has no substituent.

As the examples of the repeating unit represented by
the above formula (1), exemplified are followings in which
Ar,, Ar,, Arg, and Ar; are each independently phenylene

groups having no substituent, and a=1 and b=0.




silyl oxy group, hal ogen atom acyl group, acyloxy group, amno group, am de
group, imde group, nonoval ent heterocyclic group, carboxyl group,
substituted carboxyl group, and cyano group. Wien the substituents exist in
plural, the subtituents may be the sangjor different. In the above fornula
(2), E4, E5, E6, E7, E8, and E9 represent each independently an aryl group

or a nonoval e het erocyclic group. The aryl group and the nonoval ent
het er ocycl iNrra Vj\la stituenf JAs t ubst i nt, exenplified
are: an al kyl \geoup, ) p, a Q!!> 0 , Nrﬁgfgrﬁup, aryl oxy

9

group, aryl al kyl griou aryl al kenyl

group, aryl al¥d groupe. a Ryl t hi opgyoup anpno jgr opp, substituted

am no group, sil Gp, stituted sil )y ywbup, oXy group,
substituted sil y grou al ogen atom grou yl oxy group, imno
group, and amd roup. 46 re, the aryl oup, nonoval ent heterocyclic

group, and substituent are e sane as albUve. MreovePr E4, Es, E6, E7, Ea,

and E9 have t}eabove h en atQam or cyano group,
the substituentg NS ‘ I n an above
formula (2), E4 Ep, EB ndent repr esent

- E7 5 in
preferably MeObellow giou '
ae \ ;Z oBHO_J_0Bu
MeO Bu

OMe BuO 9]

Bu OBu

As the concrete examples of the repeating unit
represented by the above formula (1), exemplified are
followings inwhich Ar,, Ar,, Ar; and Ar, are each

independently phenylene groups having no substituent, and a=

0 or b=1l.




or heterocyclic group (B'), aryl group (A ): an aryl group which has three
or nore substituents selected froman al kyl group, alkoxy group, alkylthio
group, aryl group, aryloxy group, arylthio group, arylalkyl group,
aryl al koxy group, arylalkylthio group, 4aryl alkenyl group, arylalkynyl
group, am no group, substituted am no group, silyl group, substituted silyl
group, silyloxy group, substituted silyloxy group, nonoval ent heterocyclic

group, or hal ogen atgm het&nocyclic group (B a no | ent heterocyclic
group which has @ or N -@ ubstituents sé€ ;@a N@ml kyl  group,
al koxy group, al kylthi roup, aryl group, aryloxy _AgQr , arylthio group,

aryl al kyl group, aaxl group, arylalkylthio up, aryl al kenyl group,
aryl al kynyl group, M& up, substituted ag@iMeSgrowmeQsilyl group,

substituted sil gr oup roup, sua*Vthen si | y)exy group
nonoval ent Mg -@ cN &l dde@ @r" anbi-t-he —-Oner of the
substituent and heéetero atyg '

the heterot¥y¥|ic rinqwié h¥'ee or nore.
Concrete exanpl es of®aryl group (A ) and heter &3elic Y8oup (B') are the

same with those exenplified as aryl group 47 (A) and heterocyclic group (B),
respectively. In the above formula (2), E4, E5, E6, E7, E8 and E9, a pheny

1, naphthyl on_qé:§>g$$ﬂ<::>Lgup havi ng thref ?5 or bst i

_ Me Me _ Me Me
i A —e a0yt -on
Me Me Me Me

In the above formula, Me, Pr, Bu, Me(Q, and BuO

sily

respectively represents methyl group, propyl group, butyl
group, methoxy groﬁp, and butyloxy group.

In the above formula (1}, when E,, E,, and E; are
represented by the above formula (3), Re and Rf are each
independently preferably an alkyl group, alkoxy group, or
alkylthio group having three or less carbon atoms, and Rg is
an alkyl group, alkoxy group, or alkylthio group having 3 to
20 carbon atoms.

In the above formula (2), Ars, Ars, Ar,, Ars, Ar,, Arig,
and Ar;; each independently represent an arylene group or a
divalent heterocyclic group.

Here, the arylene group or the divalent heterocyclic
group ﬁeans the same as above.

In the repeating unit of the above formula (2), it is
preferable that Ars, Arg, Ar,, Arg, Ars, Ar;,, and Ar,, are

each independently the groups represented by the below



tuents is preferable, and those having three or nore substitu ents on the
carbon atons selected by the followng (C) are m ore preferable. (C): An
aryl am ne conpound derived fromaryl group (A") by replacing the free bond
of aryl group (A") with am no group, g4d by replacing all the substituents
of aryl group (A") wth hydrogen atons, is considered for the cal cul ation;
one of the highest occupied nolecular orbitals (HOMO of the arylam ne
conmpound ¢ | at e AML net hod which is a sem - enpirical nol ecul ar

or bi tal ne?%%@?f?s?apxrtrarily sel ected; sum square values of atomc
orbital coefficients of the HOMO are cal cul ated only about the carbon atons
to which a hydrogen atomis bonded, and three or nore carbon atons are

sel ected from t'RE fdn atoms having | arge sum square val ue in descending
order. Concrete zrphes of the aryl group (A') which satisfies the above
(C) are the hosrzﬁ)xerrplified as aryl group (A In the above
formula (2), erablte that E4, E5, E6 , E7, Es, and E9 are each

i ndependent |y ﬁ phen group, naphthyl group, or anthracenyl group, which
satisfies the R&bove RE). Especially preferable are those represented by

t he above formula (3). In the formula (2), 1, mand n each independently
represent an integer of 0 to 2; and o and p each

In the formula, Ra, Rb, Rc, and R4 each independently

represent a hydrogen atom, alkyl group, alkoxy group,
alkylthio group, aryl group, aryloxy group, arylthio group,
arylalkyl group, arylalkoxy group, arylalkylthio group, aryl
alkenyl group, arylalkynyl group, amino group, substituted
amino group, silyl group, substituted silyl group, silyloxy
group, substituted silyloxy group, halogen atom, acyl group,
acyloxy group, imino group, amide Qroup, imide group,
monovalent heterocyclic group, carboxyl group, substituted
carboxyl group, or cyano group; ¢ represents an integer of 1
to 3. When Ras, Rbs, Rcs, and Rds exist in plural, the
plurality of Ras, Rbs, Rcs, or Rds may be the same or
different. Moreover, the groups of 'Ra and Rb' as well as
the groups of 'Rc and RA' may be connected to form an
arcmatic ring together with the carbon atoms of the benzene
ring to which the groups attach.

In the above formula (2P), as the aromatic ring formed
by connecting the groups of 'Ra and Rb' or the groups of 'R¢
and R4d' together with the carbon atoms of the benzene ring
to which the groups attach, exemplifeid are: aroﬁatic
hydrocarbon rings such as benzene ring, naphthalene ring,

anthracene ring, tetracene ring, pentacene ring, pyrene ring



48 independently represent 0 or 1; |+mtn+o+p is two or nore, and preferably
12 or less. In viewof solubility, it is preferable the repeating unit
represented by the above fornmula (2) has one or nore substituents In the
above fornmula (2), when Ar6, Ar8, Ar9, 4514 IE6 E5--~N Arl --HArii-N---E7

o and P exist in plural, they may be the sane or different. O the repeating
unit of the above fornula (2), it is preferable that Ar5 Ar6, Are, Ar8,

A9 L Al andl Adnanensanl iAJEPROTENLLY AN ALYl eng or oups, and more

preferable that n and 1 are one Or nore.

aubot Lt oy T neny o BEppeeaLae SROMT BReRfosAeblineea athanyl - di yi

unsubstituteq_ phenyl ene group, substi t ut . ,

Cnsubst i tuted st 1 bone Ayl oy ohseioLReL Rl KhidkBeBe Rdng-odias more

preferabl e. rdagEan@ g8 rrole ring. Among them, benzene ring, naphthalene
ring and pyridine ring are preferable.

Said aromatic ring may have a substituent selected from
an alkyl group, alkoxy group, alkylthio group, aryl group,
aryloxy group, arylthio group, arylalkyl group, arylalkoxy
group, arylalkylthio group, arylalkenyl group, arylalkynyl
group, amino group, substituted amino group, silyl group,
substituted silyl group, silyloxy group, substituted
silYloxy group, halogen atom, acyl group, acyloxy group,
imino group, amide group, imide group, monovalent
heterocyclic group, carboxyl group, substituted carboxyl
group., and cyano group. When the substituents exist in
plural, the subtituents may be the same or different.

In the above formula {2), E4, Es5, Eg, E;, Eg, and E,
Teépresent each independently an aryl group or a monovalent
heterocyclic group. The aryl group and the monovalent
heterocyclic group may have a substituent.

As the substituent, exemplified are: an alkyl group,
alkoxy group, alkylthio group, aryl group, aryloxy group,
arylalkyl group, arylalkoxy group, arylthio group,
arylalkenyl group, arylalkynyl group, arylalkylthio group,
amino group, substituted amino group, silyl group,
substituted silyl group, silyloxy group, substituted
silyloxy group, halogen atom, acyl group; acyloxy group,

imino group, and amide group.




CAH9 Concrete exanples of the repeating unit represented by the above
formula (2) include the following repeating units. 50 n=0 Su n=1 (I = 2) u
(1=1,m1) M Me M (1=2,0=1) (1 =2) (I=2,nFl) Buu M (1= 2, G1)
(1=2,0=1,n¥l) 51 (1=2,m2,0=1) Bu (lgg 2, mMm=2) n=2

Here, the aryl group, monovalent heterocyclic group,
and substituent are the same as above.

Moreover, E4, Es, E¢, E;, Es, and E; have the above
substituent other than halogen atom or cyano group., the
substituents themselves may be connected to form a ring.

In an above formula (2), E;, Es, Es, E;, E; and Ey each
independently represent preferably the below aryl group (A')
or heterocyclic group (B'),

aryl group (A'): an aryl group which has three or more
substituents selected from an alkyl group, alkoxy group,
alkylthio group, aryl group, aryloxy group, arylthio group,
.arylalkyl group, arylalkoxy group, arylalkylthio group, aryl
alkenyl group, arylalkynyl group, amino group, substituted
amino group, silyl group, substituted silyl group, silyloxy
group, substituted silyloxy group, monovalent heterocyclic
group, or halogen atom,
heterocyclic group (B'): a monovalent heterocyclic group
which has one or more substituents selected from an alkyl
group, alkoxy group, alkylthio group, aryl group, aryloxy
group, arylthio group, arylalkyl group, arylalkoxy group,
arylalkylthio group, aryl alkenyl group, arylalkynyl group,
amine group, substituted amino group, silyl group,
substituted silyl group, silyloxy group, substituted
silyloxy group, monovalent heterocyclic group, or halogen
atom, and the total number of the substituent and hetero
atoms of the heterocyclic ring is three or more.

Concrete examples of aryl group (A') and heterocyclic

group (B') are the same with those exemplified as aryl group



=2, 0= | NI_ 1] "u Bu

= 2,0=1,p=1) Me 52 Bu (1=2,0=1) Bu (\r N\ I_ ) -
??:gbnég)zégFBu Nb,p~,kb Me Me Me' (I=2,nEl, 0=1) (OzlnFE,P—l)ZN (515’(Pb22’
o:1)’(62, me2, pal) 53 Bu Bu (1=2, mr2, ol, A=1) Bu (1=2, n¥2, o= ,

m1) Me 47

(A) and heterocyclic group (B), respectively.

In the above formula (2), E4, Es, E, E,;, E; and E;, a pheny
1, naphthyl, or anthracenyl group having three or more substi
tuents is preferable, and those having three or more substitu
ents on the carbon atoms selected by the following (C') are m
ore preferable,

(C'): An arylamine compound derived from aryl group (A’) by
replacing the free bond of aryl group (A’') with amino group,
and by replacing all the substituents of aryl group (A’)
with hydrogen atoms, is considered for the calculation; one
of the highest occupied molecular orbitals (HOMO) of the
arylamine compound calculated by AM1 method which is a semi-
empirical molecular orbital method, is arbitrarily selected:;
Sum square values of atomic orbital coefficients of the HOMO
are calculated only about the carbon atoms to which a
hydrogen atom is bonded, and three or more carbon atoms are
selected from the carbon atoms having large sum square valua
in descending order.

Concrete examples of the aryl group {(A') which
satisfies the ébove (C') are the same with those exemplified
as aryl group (A)

In the above formula (2), it is preferable that E;, E;,
Es, E;, Ez, and E; are each independently a phenyl group,
naphthyl group, or anthracenyl group, which satisfies the
above (C). Especially preferable are those represented by
the above formula {(3).

In the formula (2), 1, m and n each independently

Iepresent an integer of 0 to 2: and o and p each




s _ 1
54 Me Me Me -'T Me Me M M M Nrlr N M MMM (1=2, 2, 0

p=1) (I1=1, M2) (1=2, m=2, 0=1) Me (1=2, me2,1, o=1) 55 Bu Bu (1=2, n¥2,1,
o=1, p=1) N (1=1, m2,1, p=1) Bu Bu (1=2, n¥l,2, o0=1) N Me (1=2, nme2,1) Me
(1=2, n¥l,2) 56 Bu u (1=2, n¥l,2, o=1ggp=1)

independently represent 0 or l; l+m+n+o+p is two or more,
and preferably 12 or less.

In view of soclubility, it is preferable the repeating
unit represented by the above formula (2} has one or more
substituents

In the above formula (2), when Arg, Ary, Ar,,

T4 Ts
ES—GN Ar,; ——(Ar-] 1_N>_—E7
o] and P

exist in plural, they may be the same or different.

- Of the repeating unit of the above formula (2), it is
preferable that Ars, Ar,, Ar,, Arg, Ar,, Ar;, and Ar;,; are each
independently an arylene groups, and more preferable that n
and 1 are one or more.

Among them, examples of the arylene group preferably
include, as shown below, a substituted or unsubstituted
phenylene group, substituted or unsubstituted biphenyl-diyl
group, substituted or unsubstituted fluorene-diyl group, and
substituted or unsubstituted stilbene-diyl group.

Unsubstituted phenylene group is more preferable,




(1=2, M=2,2) 8u (1=2, m=2,2, o=1, p=1) (1=2, m2,2, p=f) Me (1=2, me2, 2,
0=1) Su Bu Bu Bu (1=2, m=2,2, 0=1, p=1) Bu Bu (1=2, m=2,2, 1=1, p=1,1) 57
58 In the forrmula, Me represents nmethyl group and Bu represents butyl

group. In the above fornula (2), when , E5, E6, E7, E8 and E9 are the
above formulas (3), it is preferable that Re and Rf are each independently
an al kyl, al koxy, or alkylthio group having three or |ess carbon atons, and
Rg is an al kyl, al koxy, or alkylthi o grouptehavi ngMa- 20Mgar bon geonmspegl N t he

pol ymer conp of the ent inventjor the anoka( of the repadting unit
selected fro gr oup peat i p—shown @ il a ( @ or mul a
(2) is
Me Me | ME  Me
Et Me Me
| Etj
Me

o2

Me Me e Me  Me Me Me
) Ys®
Me Me CeHyy CaHy
diD, Me ’ Me
\ M\ .
O Me \ O
Me Me
M Cafto C4Hg Me
Yavae )
Me O C4H Me CuH,

Concrete examples of the repeating unit represented by

the above formula (2) include the following repeating units.



usually 1 to 100 % by nole based on all the repeating units of the pol yner
conpound, and preferably 10 to 90 % by nole. In view of |um nescence
strength i nprovenent, the polymer conpound of the present invention is
preferably a copolyner conprising a plggality of repeating units
represented by the sanme fornula of either (1) or (2), but said repeating
units have different substituents; or a copolyner conprising a repeating
unit represgaated.by formula (1) and a repeating unit represented by formula
(2). The copol ymner y preferably further contain one or nore other

repeating units i to the repeat'«j» Hng:?_represented by formul a
(1) or (2). Asther ting units other ths ‘epeating unit

represented by fornulg~(1) or (2) which the p mer conpound of the present
i nvention c nt -e repeat i mg Me regﬂesenygd byud he bel ow fornul a
(4), (5), (6) @,‘?’ ref erabl e. 2@’2 Xi - (Ar13- X2
)c-Arld- (5) -Ar uxz2- (7) Irht E r TNAr Arl3, and Arl4

each independen{f% represent an arqumﬁ rg@p,Mgi alﬁﬁ?’heterocyclic group,
or t I
Bu

Me Me
(h=2) i=20=1)

HO“I:O{% OO —O <O
Q Q. e 578
LTS TELONEE oot T

Me N
RS
Me Bu Bu
(t=1) (t=2)

@ Bu .' Me Bu Bu
e 8¢
-@N{%@_ jod GQNKE AT T QL

Yool @w}é@— —@—?qu@_
Wesms TN o4 o8

(l=1,m=1) =2,m=1) f=2,0=1,m=1)




a divalent group having a netal -conplex structure; X1 represents -CR2=CR3-,
-C'-"--C, or - (SIRBR6) d- ; X2 represents - CR2=CR3 - , -Cc-, -N (R4) -
or - (SIR5R6) d- ; R2 and R3 each independently represent a hydrogen atom
al kyl group, aryl group, nonoval ent hgierocyclic group, carboxyl group,
substituted carboxyl group, or cyano group; R4, R5 and R6 each

i ndependent |y repfesent thydrogen atom al kyl group, aryl group,

nonoval ent het erégcyclic oup, or arylal kyl gffoup; c r¥®presents an integer
of 0 to 2; and epreseﬁ? an integer of 1 @ 12. t he aryl ene group

and the dlval erocy I|c group are tH@ H&ram vmously ment i oned.

The dlvalent Eiﬁ -conpl ex st a.%lvalent group in

whi ch two HFdrogen atio Bennved froﬂ%tf? d of the netal
e x u§WaI yMe about 4 to 60

conpl ex. The organlnglgand of the metalMec

carbon atons. Exapgl of t organic |igand |nc e: 8-quinolinol and its

derivative, benz“o@‘h‘o ) and i ts derlvatl\f@-ZN Mldl ne and its
it hi azole and its derrTvative -phenyl -

derivative, 2- phenyl -berf
benzoxazol e and its derivative, porphyrin, d itg, de tlve etc 60 As

the central met &fY conpl ex havi ng lor NG j@' B or
exanpl e, al um numﬁmw um @ ﬁi? @

© Me,@,Me Me@,Me

By Me Me

U;fun=ao=1) (=2,m=20=1,p=1)

BUQNQNQBU
©

O OO
o

Nepsven
.

Bu

(=2, m=2)

n= 2 :

neVen ,@

Fonc%o LT
5 & Jﬁi

A RGNy

(=1) (152)




iridium platinum gold, europium terbium etc. are exenplified. As the
nmet al conpl ex having an organic ligand, those materials known as a
fluorescence material and a phosphorescence nmaterial of |ow nol ecul ar

wei ght, so-called a triplet |umnescenge conplex, etc. are exenplified. As
t he dival ent group having netal -conplex structure, for exanple, follow ng
structures (126-132) are exenplified. R61 R62 RIn the fornmula, R neans
the sane as thatuof thesabove formulas 1 tovel25. Ad%¥*the repeating units

ot her than .the {gpeati units shown by th forrrul(l) or (2), those
represented by the abo formula (4) or 'm aee 'Yfr #eabl e. As the exanple
of the repeat It 5 sented by the w 4° (5), fyal | owi ngs

o

Bu Me N Ma
. Me i Me Meh;“e

I=2,0=1)} =2, m=1,0=1)

(formul as 1533 140 é aplified 63

—©~2

BUQN@NQBU | \%\é):hdj: : Ma
oo

AT @5@ N @ Tfj

Bu

(l=2,m=2) (l=1.m=2,p=1)

Bu Bu Me

5 &
L 000, C( @ o "

>

B N Me. o~ Me © Me,_~_Me
peNot ol Koo~

Me
@ Me@, Me Me\g Ma
| Bu Me Me
{I=2, m=2, 0=1) (=2, m=2, p=1)




R 140 1In the above fornmulas, R neans the sane as that of the above
formulas 1 to 132. The pol yner conpound of the present invention nmay
contain a repeating unit other than the repeating unit represented by the
above formula (1), (2), (4), (5), (6)gz and (7), within a range of not
injuring light-em ssion characteristics or charge transportation
characteristics. Myreover, these repeating units and other repeating units
may be connecte8wi th né@m-conjugated unit, andud he non- conjugated portions
t her eof may be ntain in the repeating ungts. As the connected
structure, the ol lowi ngs and a conbi nati ome mym or nore of themare
exenplified. R 4 Here, Ris a gMeup E0ed from t hg, sanme

substi t uentdy ov¥ wenti oreed, and nt's a hydro bon group
of 6-60 carbon atoré RRRR % S - M. CR Rﬁbe@ 00
S

neVeholen Mﬁﬁﬁ
g O

Bu Bu
(=2, m=2, g=1, p=1) =2, m=1)

T e i
LT, SO AT Sl
> . . .

Me

% P

=2, m=1, 0=1) {n=2, m=2)
Bu - Bu Bu

° 2 ¢
oo ot oo, o0

S 8

N N\ 7/ N "W

Bu
(I=2, m=2, 0=1)



-G -GO -0-CG- -NG- -CN RROOOO 11 11 11 11 -N'GAr- -A(C-N
-NZC Ar"k" NCC Il 1111 Il 0 0 0 0 The pol yner conpound may al so be a
random block or graft copolymer, or a polyner having an internediate
structure thereof, for exanple, a randagng copol yner having block property.
From the viewpoint for obtaining a light emtting material (polyner |ight
emtting material) having high fluorescent or phosphorescent quantum yi el d,

random copol yrmer $2havi ng ©ock propertymMand bl ockyor graft copol yners are
nore pref erabl e n corrp random c Iyrrers rther t he pol yner
conmpound may Mebl’ &a mEai n ch,@g thr ee termnal s.

Mor eover, the p urmla may eaN Fugtherm)re t he end
group of pol x@p stabl e group since
ifapolyrré\ﬁztidé)n t|v |ntc iS a possibility of
65 reduction in Ilg}‘§ |ng operty an Yme Wien made into an
devi ce. Those h ng conj=xgat ed bond nt i
'@ N—\ / N @—NA@;
Megi,Me
Me
(|=2, m=2, o=1, p:'])

Me

Me Me ’
BU@ @Bu Bu\@ @Bu Me N Me Me Me Me Me Ma
: \ AN )

© . Me Me Me Me Me

I, Wenmen

(=1, m=2) (=2, m=2)
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SI . e N
BeneWensl O@E’“ﬁ? @ 0, P

E;,j Me. o~ Me © Me
BeaeH O

Me

(=2, m=2, 0=1) (1=2, m=2,1, o=1)




to a conjugated structure of the main chain are preferable, and there are
exenplified structures connected to an aryl group or heterocyclic conpound
group via a carbon-carbon bond. Specifically, substituents of the chem cal
formula 10 in JP 9-45478A are exenpl igg ed. The pol ystyrene reduced number
average nol ecul ar wei ght of the polynmer conpound of the present invention
is 103_108, an preferably 104-106. As a good solvent for the polyner
conmpound of th preseni’ i nvention, exenplified are®ehl orof orm methyl ene
chl ori de, di ch? oet ha t et rahydr of uran, tol ueﬁg yl ene, nesi tyI ene,
tetralin, decal buf vyl benzgn etcBuIt an

usual Iy 0. 1 @ @ o} re, ugh |'§ @ e and
the nol ecufar” wei o‘ of Th& poly conmpound/ ol apbung, of the
pr esent |nvent|on ' be produced By condensatf @ , for

exanpl e, the nd /\5;2 @ bel,px@gr nmuf=a
of raw materi al Y1- Ar &

sl vent

(=2, m=2,1, o=1, p=1) (I=2, m=2,1)
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-Ar3 (8 YZIn the formula , Arl, Are, Ar3, Ara, El, E2, E3, a, and b 66
nmean the sane with those as above-nentioned. Y1 and Y2 each independently
represent a substituent which participates in condensation polynerization

reaction. Y3 Ar5- N Ars- N-~-Ar7 Y4 E N Ar ~1{~N777 0 E8 Ar9" E5
(9} N(Ari i-N~---E7 ~ Eg P In the forrrula, Ars, Ar6, Ar7, Are, Arg, Arlo,
Aril, E4. E5, E€. E7, E$, E9, m n, and p nean the sane with those

as above ment i ongd.
@ sat | on

whi ch particip

Mef:r“@@e

Y3 and’®v4 each |n pendentl represent a substituent
I n ¢Q
" .[ Ei

M@Oj@
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Me Me Me Me
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S,

pol yneri zation reaction. As the substituent which participates in
condensation polynerization reaction, a halogen atom al kyl sulfonate
group, aryl sulfonate group, arylal kyl sulfonate group, boric ester group,
sul foni um net hyl group, phosphonium matfyl group, phosphonate nethyl group
nonohal ogenated nethyl group, boric acid group, formyl group, cyano group,
vinyl group, etc.,,are exenplified. Here, as the al kyl sul fonate group,

exenplified are Mqthane sUf% onat e group, ethane sl fonate group,
trifluoronet hane?l fonat e oup, etc. and as t aryl sul fonate group,
exenplified a Me g nﬁ'@neMSMate group, - taq} wul fonate group, etc.,

67 sul fMeate group, exenp i |e Al e benzyl sulfonate
group, e%@ a e 1 he groups shown by the
beIOM/fornuM OV RBe- B Ove n t formula, Me shows

met hyl group and Et WS é?hyl group. A%a e SuMeo i uve met hyl group,
exenplified are the oups shown by the be formula. - CH2S+Me2X-

- CH2S+Ph2X
0 N
Me\QQe Me
N
Me Ngmj@M
Me\QMe € °

Me
(I=2, m=2,2, 0=1)
Bu Bu

2 0
B”/[::r \[::LN'[::T \[::LBU lau\[::1rs;‘J::j,hﬁE;]‘lsu

Q000

? ¢

Bu Bu
(=2, m=2.2, 0=1, p=1)

22, 8 8
L0, 00,0,
oFo50Po
ReWonsNen
LR

{(I=2, m=2,2, I=1, p=11)

and as the ary S.N
group etc. e 10




(X shows a hal ogen at om and Ph shows phenyl group.) As the phosphoni um
nmet hyl group, exenplified are the groups shown by the bel ow fornmul a.

- CH2P+Ph3X- (X shows a hal ogen atom ) As the phosphonate nethyl group,
exenplified are the groups shown by tkg below fornula. - CH2ZPQCOR )2 (X
shows a hal ogen atom and R shows an al kyl group, aryl group, and
aryl al kyl group.) As the nonohal ogenat ed- net hyl group, exenplified are

f1 uor omet hyty O£ RUPE I | oride arqup, bronmomethyl group, and

i odomet hyl ~ gr oup. P?gﬁelrmébl ggsﬁ"ﬁgﬁeﬁ%&gg methy ls #Raun el Beprepresdnts
condensati%gﬁiygggﬁ%gtion depend upon a kind of polynerization reaction.
For exanpl e, en"usi hg a zero- valent nickel conplex, such as Yamanoto

coupl ing reacti n, th&xXgRBL Ll i K al ogen o] al kyl sul fonate group,
aryl sul fonate group, orbgr§ﬁgfn%§% gu f'or’l‘g}&é'l Orl]]&?’Vﬁéﬂ Eni fg andnEekel
catal yst orare pehé agh sk CAL ALY $ h zuki .68 _coupl.ing reaction,

exenplified are an al kyl sulfon%?e%g éugi §%aP5§5ﬁr§P Yt Redndt R oup,

boric acid @mmcmtmdéjﬁ@lmé@@lyogﬂngﬁ_kﬁgnpgliﬂg#g; Fﬁ’%eﬁmﬁg}ioi( %eog]l’u (()g)

has a repeating units other than those fepresen .
oo e e 18 26 e BoR LY, Olha HIEL WP By T o 3
alkoxy, or alkylthio group having 3-20 carbon atoms.

In the polymer compound of the present invention, the
amount of the repeating unit selected from the group of
repeating unit shown by formula (1) and formula (2) is
usually 1 to 100 % by mole based on all the repeating units
of the polymer compound, and preferably 10 to 90 % by mole,

In view of luminescence strength improvement, the
polymer compound of the bPresent invention is preferably a
copolymer comprising a plurality of repeating units
represented by the same formula of either (1) or (2), but
said repeating units have different substituents; or a
copolymer comprising a repeating unit represented by formula
(1) and a repeating unit represented by formula (2).

The copolymer may preferably further contain one or
more other repeating units in additien to the repeating
units represented by formula (1) or {(2).

As the repeating units other than the repeating unit
represented by formula (1) or (2) which the polymer compound
of the present invention can contain, the repeating unit
represented by the below formula (4), (5), (6), or {7) is

preferable.

"AT1p- (4)




capabl e of condensati on polynerization as the repeating unit other than the
repeating units represented by formula (1) or (2). As the conpound havi ng
substituents capable of condensation polynerization used as a repeating
unit other than formula (1) and (2), enplified are the conpounds of
following formulas (10) - (13). By condensation polynerization of the
conpound shown by either of below formula (10) - (13), in addition to the
conpounds represented by the above fornmula (8) or (9), a polynmer conpound
conprising the repeating unit of fornula (4), (5), (6) or (7), in addition
to the repeatdfig-dni {ABf3-XederAta-(1), ¢&1 be produced. Y5-Ar12-Y6(10) Y5
-Arl12 -X1- (Arl3 -X2) c-Arl4 -Y6(11) Y5-Arl2-X2-y6(12) Y5-X2-Y6(13) 69 In
the formulas, Arl2, Arl3, Arl4, Arll, c, X1, and X2 nmeans the sane as those
shown above. AfB23%d" Y6 each independent{léy represent a substituent which
participates in the condensation polynerization reaction. In the nethod for
produci ng the, pol yner conpound of the resent invention, a known
condensat i ori #26acti on can be used, acc ?Bing to the substituent which
participates in the
In the formula, Ar,,, Ar;;, and Ar;; each independently
represent an arylene group, divalent heterocyclic group, or
a divalent group having a metal-complex structure; X,
represents -CR;=CR3;-, -C=C-, or -(SiRsRg¢)a-: X, represents -
CR2=CR3-, "CEC—, -N(R.q,)- or —(SiR5R5)d-; R, and R3 each
independently represent a hydrogen atom, alkyl group, aryl
group, monovalent heterocyclic group, carboxyl group,
substituted carboxyl group, or cyano group; R,, Rs; and R,
each independently represent a hydrogen atom, alkyl group,
aryl group, monovalent heterocyclic group, or arylalkyl
group; c represents an integer of 0 to 2; and 4 represents
an integer of 1 to 12.
Here, the arylene group and the divalent heterocyclic
group are the same as previously mentioned.
The divalent group having metal-complex structure means
a divalent group in which two hydrogen atoms are removed
from the organic ligand of the metal complex.
The organic ligand of the metal complex has usually
about 4 to 60 carbon atoms. Examples of the organic ligand
include: 8-quinolinol and its derivative, benzoguinolinol
and its derivative, 2-phenyl-pyridine and its derivative, 2-
phenyl-benzothiazole and its derivative, 2-phenyl-

benzoxazole and its derivative, porphyrin, and its

Qerivative, etc.



condensati on polynerization reaction of the conpound shown by the above
formulas (10) to (13). As the nethod for producing the pol yner conpound of
the present invention, exenplified are: a polynerizing method of a
correspondi ng nononer Wi th using a nickgl catalyst or palladium catalyst,
by Suzuki coupling reaction; a polynerizing nethod by Gignard reaction; a
pol ynmeri zing nethod by nickel (O conplex by Yamanoto coupling reaction; a

pol ymeri zi ng neghodnhy i-di_zi agent such as Fed 3; an el ectrocheni cal
oxi dati on polynerizatig%%§g?ﬁbg%€§ieé%iﬁqﬁxpeiﬁld%ﬁ%ﬁ%%§iFﬂﬁﬁnﬁfaan

i ntermedi aterpohY8eE18aMN0F i | e |_eavi.n roup. \When the pol yner
conpound of t%e presé%t iﬁve%fi%#a&@@ﬁraﬁﬁgmiﬁhﬁ%ﬂﬁthgﬂ?ﬁﬁy}%ﬁﬂﬁe mai n
chain, a netihodiuhechigdi hfimIP 02 i.s._exenplified. Nanmely, exenplified
are: a polynerizatid% bylVVTfigé}éécggoﬁpgimh ggﬁﬁUdW& R4 RFS ornyl group

and a conpaehmbeys 08d phosphoni um net hyl  group; a pol ynerization by Wttig
reaction of a conpound having fornyl group and a phosphoni um net hyl group;

a polymerizatimg byeHaeBgl EBABLERN HAk 1AL Y lfr%ar{?é/ii% formyl group and
a conpound havi ng phosphonat e ngthyl grou&? g%Q% ol'yher %Hék;?hﬁgibrner
reaction ofmatemigisirkhdayi 89 af o1i¥regEBHB2RE tRIGSANQNZY ¢ methyl group; a
pol yneri zation by Heck reaction of a conpound having vinyl group and a
phosphorescence material of low molecular weight, so-called
a triplet luminescence complex, etc. are exemplified.

As the divalent group having metal-complex structure,

for example, following structures (126-132) are exemplified.




e

conpound havi ng hal ogen atom a pol ycondensati on by dehydrohal ogenati on
nmet hod of a conmpound having two or nore nono-hal ogenated nethyl group; a
pol ycondensati on by the sulfoniumsalt deconposition nmethod of a conpound
having two or nore sul fonium nethyl greups; a pol ymerization by
Knoevenagel reaction of a conmpound having a fornyl group and ~a conpound
havi ng cyano group; a poI merization by McMurry reaction of a conpound

having two or nore for gr ups, .etc. Wien a polynmer conpound of the

pr esent |nvent|on nt triple bond in the main chain in condensation
pol ynmerization, 4 Heck reaction or Sonogashira reaction can be
used. O these, 0 ynaq'zahlon nmet hod using a nickel catalyst or

pal | adi um cat al bysa Suzu coupling reaction, t he pol ynerization net hod
by a G?lgnar@ T onr ymeri zi ng method using zero val ent nicke

conpl ex by Y. 0C upll ireaction, the polynerization nethod by a
Wttig reactfbn ol'ymmi zation nethod by a Heck reaction, the

pol ymeri zati on ﬁeth b N GEvenageI reaction, the polynerization nethod
by a Sonogashlra p;ﬁéerable since structure control is easy in
t hese net hods. The t|o cBnd ons will be described nore specifically.
In case of Wttig reactlon Hor ner reaction,




71 Knoevengel reaction, etc., the reaction is conducted with using al kal
in an equival ent amount to the functional group of the conpound, and
preferably in an anobunt of 1 to 3 tines to the functional group of the
conpound. As the alkali, can be used agg: netal alcoholates such as

pot assi umt - but oxi de, sodi umt-butoxide, a sodium ethylate, and |ithium
nmet hyl ate; hydri de reagents such as a sodium hydride; am des such as a
sodi um am de, w thout beilhy Himted. As the solvent, can be used are: N N
di et hyl f or mam de, pf ur an, di oxane, toluene, etc. The reaction is
conducted usual | g ef ature of a room tenperature to about 150 "C.

¢ ¢red to proceed the reaction sufficiently,

\, 40 hours. It is not necessary to |eave it
fon end, and preferably it is 10 minutes to
appropreately determned in a range of

e |mexj muftsol ubl e concentration, and it is usual |y
0.1wt%to 30wt % ' Rtoq3Qpncentrated, the reaction control becones
difficult, and mihefi~gt hsftoo diluted, the reaction efficiency becones
low. Wttig reacti &h isRlescribed in "Organic Reactions",

for exanple,Ha, _______

for along tinmg=alter "the &
24 hours. The& cdhcent|ration
about 0.01 mﬁ@btﬂ

In the formula, R means the same as that of the above
formulas 1 to 125,

As the repeating units other than the repeating units
shown by the formula (1) or (2), those represented by the
above formula (4) or (5} are preferable.

As the example of the repeating unit represented by the

above formula (5), followings (formulas 133-140) are

exemplified.




vol. 14, pp. 270 to 490, John Wley & Sons, Inc., 1965; and Knoevenagel,
Wttig, dehydrohal ogenation reactions are described in Makronol ecul ar

Chem stry Macronol ecul ar Synposium vol. 12, p. 229 (1987). 72 In case of
Heck reaction, nonomers are reacted ug4fg a palladiumcatalyst, in.the

exi stence of a base, such as triethylamne, etc. A conparatively high
boiling point solvents, such as N and N-di net hyl f ormram de and N-net hyl
pyrrolidone are used, and the reaction tenperature is about 80-160 CC, and
the reaction tinme is fron1about 1 hour to 100 homrs.gHeck reaction is
descri bed in, : £=1998). In case of

Sonogashira reae 3 W cat al yst and
cuprous i odi o.@ e gm ne, etc., in

N, N- di net hyl f.orTfam ' or an etherrsol dentg The reactlon
tenperature i usual | bouB R50 12 A} and pegetion time is from
su

about | hour to 10@q » ort he reaction qgs and the
reactivity of the tituent inihe nononmers. SQ reaction is
described in, for exanple, Eﬁtrahedron Letters, 3 7 550(1999) and
Tetrahedron Letters, vol. 61 467-4470(1975) . Iqﬂc | reaction, the
reaction is conducted R

A R
v
_ N
R R R R
140

In the above formulas, R means the same as that of the
above formulas 1 to 132.

The polymer compound of the present invention may
contain a repeating unit other than the repeating unit
represented by the above formula (1), (2), (4), (5)., (6),
and (7), within a range of not injuring light-emission
characteristics or charge transportation characteristics.
Moreover, these repeating units and other repeating units
may be connected with non-conjugated unit, and the non-
conjugated portions thereof may be contained in the
repeating units. As the connected structure, the followings

and a combination of two or more of them are exemplified.



with using, for exanple, palladium[tetrakis (triphenyl phosphine)],

pal | adi um acetate, or the like as the catalyst. Inorganic bases, such as
pot assi um carbonate, sodium carbonate, and barium hydroxi de; organi c bases,
such as triethylam ne; and inorganic galts, such as cesium fluoride, are
used in equival ent anbunt or nore to the nononmers, preferably | to ten

equi val ent anount. In addition, the reaction may be conducted in 2 phases 73

NN i et hy T i e 4 el L e Bk oo R BB Re” Setie, xhhicrinmp, A8 ¢, ar e
exenplifie T LS eferably about 50-160‘r7, de ehd'n -on a
sélan;.ITﬁgnaFgﬁ%gggﬁ%?%ﬂﬁgaébeaﬁgiégdrﬁgg?sFB%SoPIP%&ﬁﬁﬁQHPQ§P9H%9£J

sol vent, ang rgefdg bo & £ tion time is fromabout 1 hour to 200 hours.
Suzuki reaction is described, Tor exanple, in Chem cal Review, vol.95,

p. 2457 (1995). Next, the case of using a zero-val ent nickel conplex is
expl ai ned. There are a nethod Uﬁing a_zero-val ent nickel conplex as the
zero-val ent nickel conpl ex, andla met Rbd geﬁeratiﬁ% a zero-valent nickel in
the system by reagting a_nickel,_salt jn thglexiste ce of a reducing agent.
As the zero-val en nicke§ conpl'€éx, bis{1, 5- ?§E1o6ﬂfédiene)nickel(0),

R R
0 0 ) 0
T Ii 1] I i
—C— —~C-0— —-0-C— —N-C— —c—T——
R R
0 0 0O 0
.
N . C
__N/ Ar— —Ar \N"" Y Tt T N
~c ~c” NsgAhe N
i [ T
0 0 0O O

The polymer compound may also be a random, block or
graft copolymer, or a polymer having an intermediate
structure thereof, for example, a random copolymer having
block property. From the viewpoint for obtaining a light
emitting material (polymer light emitting material) having
high fluorescent or phosphorescent quantum yield, random
copolymers having block property and block or graft
copolymers are more preferable than complete random
copolymers. Further, the polymer compound may have a
branched hain chain and more than three terminals. Moreover,
the polymer compound may be a dendrimer.

Furthermore, the end group of polymer compound may also
be protected with a stable group since if a polymerization

active group remains intact, there is a possibility of



(et hyl ene) bi s(tri phenyl phosphi ne)ni ckel (0),

tetraki s(tri phenyl phosphi ne)ni ckel etc. are exenplified, and anong them

bi s(1, 5-cycl ooct adi ene) ni ckel (0) is preferable in viewpoint that it is
versatile and cheap. It is preferable tgg add a neutral ligand, in view of

t he i nprovenment of yield. The neutral ligand is a |igand which has neither
an ani on noy.

i on,. _and les thereof include:
nitrogen-cpn?gP%?%ggrFS?E&@%QEéﬁ$¥£§é§2?;°é§€§%i%@&,gi%ioiﬁﬁényﬁﬁﬁr@ﬁﬁﬁa
Cortiary phisdnihoBEvaBla. Phier' BV R P hetad Rond e uripuing

h hi ne, [ ; [ [ h h , 14 te. T

P T bgen. cont arnr b PRATRY Beryithrd W SHE R SRS, ofF pieSesnite.

h : R o I ' f le i t of
o oact i T EBLEE hef ExeRoRi i dehudtlnel (B ST 4 B pofthic: o
21 2' - bi pyrgfjc\/lhp'éraﬂgﬁgrBeyEﬁlch% i éﬁ;ﬁﬁ&hﬁg\!g Sé 1c%%%onTﬁ%rr-89%nent of

cycl ooct adi ene) ni ckel (O) as™a neutra vi ew of

pol yrer yi @ldhd | n St 1midorh $f £888ELBACAEL Oo¥akBR! MehiRlarl i1 SV oM

ni ckel chloride, nickel acetate, etc. are exenplified as as the nicke
salt. As thin rFeiugi 094 2g8NAre &kBfp13ediewn hydride, hydrazine and its

derivative, lithium alum numhydride, etc. are exenplified. Additives such
as The polystyrene reduced number average molecular weight

of the polymer compound of the present invention is 10°-10°,

and preferably 10%-10°.

As a good soclvent for the polymer compound of the
bresent invention, exemplified are chloroform, methylene
c¢hloride, dichloroethane, tetrahydrofuran, toluene, xylene,
mesitylene, tetralin, deCalin, n-butylbenzene, etc. It can
be dissolved in the sclvent usually 0.1% by weight or more,
although it depends on the structure and the molecular
weight of the polymer compound.

The polymer compound of the present invention can be
produced by condensation polymerization of, for example, the
compound shown by below formula (8) and/or formula (9) as

one of raw materials.

In the formula, Ar,, Ar;, Ar,;, Ar,, E;, E., E;, a, and b



ammoni um | odi de, lithiumiodide, potassiumlodide, etc. are wused, according
to requirenents. In the manufacture nethods of the present invention, it is
preferable is that Y1, Y2, Y3, Y4, Y5, and Ys are each independently a

hal ogen atom al kyl sulfonate group, args sulfonate group. or arylalKkyl

sul fonate group, and condensation polynerization is carried out under the

exi stence ofnezgl @ | ex. As the raw material conpounds, a
di hal ogenat ed coﬁ%%gﬂi b|§€%l§§$€ﬁl?8n3P€Y60WﬁBGﬁ@n85 Y, and Y, each

bi s(aryl sul faaabehtRFI rn§¥ IaIk | f onat e) conpound or

hal ogen- al kyl sglfonate co a?oﬁéh §%§PEEEIWBA§ Pagdrhsdpates in
hal ogen- ar ykahkgh sa4kifon0 Bﬁ§9 al ky] sul fonate-aryl sulfonate
conpound, aIkyIsquoﬁéPégﬁgsyfa f%gﬁﬁTf5ﬁ3¥£ 1@Bnpound are exenplified.
Mor eover, in the manufacture nethod of the present 75 invention, it is

preferable that Y1, Y2, Y3, Y4, ,Y5 , and Y6 are each |ndependently a

hal ogen at om aIkyI sulfonate roup a yl sul fonate group,

aryl al kyl sul f onat e ﬁ@UUpA@bUN AR, ~o— orlc ester group, and The

ratio of the total noles (J ha ogen aton1 al kyl sul fonate group, aryl
sul fonate group, and aryIaI sulfon t group, to the total noles (K) of
the boric acid gr gup and b rAp este up i's substan&bally 1 ( KJis

usually in the rang of 0.7 o
Es—TN—Ar, ;"—-N —( Ary, N}— E,
U\

Eq Eq

In the formula, Ars, Arg, Ar,, Arg, Ary, Arg,, Ar;,, E,,
Es, Es, E;, Eg, Ey, m, n, 1, o, and p mean the same with
those as above-mentioned. Y, and ¥, each independently
Tepresent a substituent which participates in condensation
polymerization reaction.

As the substituent which Participates in condensation
polymerization reaction, a halogen atom, alkyl sulfonate
group, aryl sulfonate group, arylalkyl sulfonate group,
boric ester group, sulfonium methyl group, phosphonium
methyl group, pPhosphonate methyl group, monohalogenated
methyl group, boric acig group, formyi group, cyano group,
vinyl group, etc. are exemplifieqd.

Here, as the alkyl sulfonate group, exemplified are
methane sulfonate group, ethane sulfonate gréup,
trifluoromethane sulfonate group, etc., and as the aryl
sulfonate group, exemplified are benzene sulfonate group, p-

toluene sulfonate group, etc., and as the arylalkyl




1.2), and condensation polynerization is carried out using a nickel

catal yst or a palladiumcatalyst. As the concrete conbination of the raw

mat erial conpounds, exenplified is a conbination of dihal ogenated

conpound, bis(al kyl sul fonat e) conpound, gzbis (arylsul fonate)conpound or

bi s(aryl al kyl sul fonat e) conpound, w th diboric acid conmpound or diboric

ester conpognd.fJManego Xe Ibé'e . are_hal pgen-boric acid conpound,

hal ogen-boric ester céﬁ%ﬁﬂ%ﬁ,égé *%u}? n%f%-ggPFglaEP&fQ&ﬁﬁ&mﬂQQUP etc.

al kyl sul f onat e- by ithe£ HHr4 £oLpospd ryl _sulfonate-borlc acid conmpound,

aryl sul fonate-boric ester corrpoﬁd?rg'rl%r a?ﬁ?f“ggf"?&ﬁgt &Xfortihe SEarRDpound,
aryl al kyl sul fonat e-boric ester

aryl al kyl susherat BybehieC radidgly %%i]’:ﬂﬂ and
conmpound. It is preferable that the gﬂ%h:ic solvent used is subjected to a

deoxygenation tre@iment su{Jgici entlw and t he rﬁctio I s progressed under
an inert atmosphete, generally foy suy Ssi ngma™sq R¢action, though the

treatnment di ffer§ dependithg on ToOHpounds armd—Ract i sed. Further, it is
preferable to con a de ratio Pr%grnent se. However, it is
not applicable inthe case of a reacti@n in a -ph&Se systemw th water,

such as a SPnzutlﬁix Eou ling reaction. For the reaction, an alkali or suitable
catal yst is & ftormula, Me shows methyl group and Et shows ethyl

group.

As the sulfonium methyl group, exemplified are the

groups shown by the below formula.
-CH;5"Me X~, -CH,S'Ph,X-
(X shows a halogen atom and Ph shows phenyl group.)

As the phosphonium methyl group, exemplified are the
groups shown by the below formula.
-CH;P’PhiX- (X shows a halogen atom.)

As the phosphonate methyl group, exemplified are the
groups shown by the below formula.

- CH;PO(OR'), (X shows a halogen atom, and R' shows an alkyl
group, aryl group, and arylalkyl group.)

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

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

nickel catalyst or a palladium catalyst, such as Suzuki




added appropriately. These may be sel ected according to the reaction used.
It is preferable that the alkali or catalyst is soluble sufficiently in a
sol vent used for the reaction. As the nmethod of m xing an al kali or
catalyst, there is exenplified a nethqggof addi ng a solution of an al kal
or catalyst slowy while stirring under an inner atnosphere of argon and

nitrogen and the |like or a nethod of slowy adding the reaction solution to
a solution &P ¥£3«ﬂ?aQﬁl°%ai%¥?§?llﬁh9€r§§PyanAﬂﬂﬁGGgﬁthqnﬁnﬁKEIQWE

ki nd of poI nﬁrlzatl actjion, the polynerjzation tinme is usually about 5
mnuts - % %’?Je‘F a%ﬂreﬁn 9RPRP10PABEFs acid Wrewmof etistoduct i on
cost. Although | he kind of _polynerization reaction, the

pol yneri zation t %&LEQTQOQ%GU?f 5aet BTeS§6NG0 1nxied tiast das| y

compounds aBe FESRt3E g hl‘ﬂ%hdi\%eltgﬁ{]??}lh%“ e&‘%éQfeﬁx‘?étaea%“éﬁﬂp%“éé%m‘i&%m

purity ther 9 rts r1do é uence. on th nce of devices, such as

| umi nescence gha tgfls |cs QﬁﬁEﬁ%ﬁépofiﬁ%glﬁ?gagPaﬁPE DEnSRTZifGnOMET |

Pgrl:];lyg?am/??g?ﬁ)ﬁﬁgn the %‘I%fb%ore %llull’l% g%‘lfl;rlﬁélrgygd% fﬁ:’:g%tglﬁﬁgﬁe

after the @&baﬂﬁé'éétb%%deﬂsdﬁidH‘Héﬁfﬁ%f&%é&f@@dgﬁttﬁeCQSBEatZEg unit
other than the repeating units represented by formula (1) or
{2).

As the compound having substituents capable of
condensation polymerization used as a repeating unit other
than formula (1) and (2), exemplified are the compounds of
following formulas (10) - (13).

By condensation polymerization of the compound shown by
either of below formula (10) - (13), in addition to the
compounds represented by the above formula (8) or (9),

& polymer compound comprising the repeating unit of formula
{(4), (5), {(6) or (7). in addition to the repeating unit of |

formula (1), can be produced.

Ys*Arlz-Ya (10)

Ys5-Ar;;-X1-(Ar;3-Xz)c-Ariy-Ys (11)
Ys—'Ar12—x2"Y5 (12)

Y-X5-Y¢ (13)



purification operation of separation, purification, drying or others, such
as acid washing, alkali washing, neutralization, water washing, organic
sol vent washing, reprecipitation, centrifugal separation, extraction,
colum chromat ography, and dial ysis.gdlext, the use of the polymer conpound
of the present invention is explained. The polynmer conpound of the present
I nvention has _fluorescence or Rhosphorescence in the solid statg, and it

can be used asIB tREhECEMILEEngABet y i 13¢ hAgR mdtTeeul Gr Shei FRE X2
light-emtting material). The polyner LED_using_this ight emtting pol yner
i s a hi gh SaTrR&HCEPS| §FeFRPED SRAWEH 3PN e Yar PHEN ateQCEOMFvoltage and
efficiently.. Therefore, the polynmer LED,can b ref erably used for back

li ght of &qq?RﬁQﬁ%ﬁ YaFeBFgg?5§,aaSPEGﬁﬁ%§8& c%ﬁﬁc lH%ﬁ&fc%Ra??%ulgurface
for lighting, a segnent.type display_.elenent, . and apparatus such as a
fIat-panatﬁ%sﬁﬁﬁé%hﬁaE&ﬁX hR YTgFl%BFé89eF?aFﬁéoﬂdlyner conpound of the
present inventjion_ can sed_al so.a cqlari t1e SEES

material for ?g%%?cmﬁgﬁaa-§8F|FrgﬁugFg n&g !ﬁ%gﬁﬁénéqéég%#gaﬁfcthé

sem condugl Qe dN AR, SAAANGT | ¥ehBR EbLEEANGR1AR CRAMAL Gad HL-111 M

mat eri al , organi c=sem cobnductor 't urthernore, 1t can be used

al so as aJug Neaceita il Neof EhE JBLEEL 2heWR GRIGH i iUATRICRNCA Hhe
phosphor escence.
condensation polymerization reaction of the compound shown
by the above formulas (10) to (13).

As the method for producing the polymer compound of the
present invention, exemplified are: a polymerizing method of
a corresponding monomer with using a nickel catalyst or
palladium catalyst, by Suzuki coupling reaction; a
polymerizing method by Grignard reaction; a polymerizing
method by nickel{(0) complex by Yamamoto coupling reaction; a
polymerizing method by an oxidizing agent such as FeCl;; an
electrochemical oxidation polymerization metheod; or a method
by decomposition of an intermediate polymer having a
suitable leaving group.

When the polymer compound of the present invention
contains a vinylene group in the main chain, a method
recited in JP 5-202355A is exemplified. Namely, exemplified
are: a polymerization by Wittig reaction of a compound
having formyl group and a compound having phosphonium methyl
group; a polymerization by Wittig reaction of a compound
having formyl group and a phosphonium methyl group; a
polymerization by Horner reaction of a compound having

formyl group and a compound having phosphonate methyl group;



Next, the polyner LED of the present invention is explained. The pol yner
LED of the present invention conprises an 78 organic | ayer between the

el ectrodes consisting of an anode and a cathode, and the organic |ayer
contains the polynmer conpound of the pjgsent invention. The organic |ayer

may be any of a light emtting layer, a hole transporting |ayer, and an
er and it is preferable that the organic |ayer is

el ectron tranﬁf rting. | ayer, _
a light eni%t %‘f’?%&éa e PY gHerRAFt CRAGtEapepfmeamemPdwmihaainiqg a

function of Jight-em ssion. The hole transportating |ayer neans a |ayer
having a fu 5?%9Hwﬁrqq%nﬁﬂﬂw3?ﬂﬁphﬁP%E? BAGLY An 9EPESL T Gn Podamepuirad tigen ayer
neans a Iayq; vingﬁg functign of transporting el ectrons. The el ectron
transporting¥l Aysrs At tHPThdte 3 rSHRPIPEANEaYAPEr VARY1 @sionec@ndela

| ayer. Two or nore |ayers of the |ight

referred to rge .transport
emitting Ia§§?¥éﬁ%#§ ﬁ%ﬂﬂih#ﬁ?ﬂfnl VP AnROLYEERABASALTARRpEHt i ng | ayer
IS the light emtting
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TRt e 8l [oRbeRRIONCNLARP UL TURIS A a 201 7cbhdBhsSHLS' BY TR 2
sulfonium-salt decomposition method of a compound having two
or more sulfonium methyl Qroups; a8 polymerization by
Knoevenagel reaction of a compound having a formyl group and
a compound having cyano group: a polymerization by McMurry
reaction of a compound having two or more formyl groups,
etc.

When a polymer compound of the present invention
contains a triple bond in the main chain in condensation
polymerization, for example, Heck reaction or Sonogashira
reaction can be used.

Of these, the polymerization method using a nickel
catalyst or palladium catalyst by a Suzuki coupling
reaction, the polymerization method by a Grignard reaction,
the polymerizing method using zero valent nickel complex by
Yamamoto coupling reaction, the polymerization method by a
Wittig reaction, the polymerization method by a Heck
reaction, the polymerization method by a Knoevenagel
reaction, the polymerization methed by a Sonogashira
reaction are preferable since structure control is easy in
these methods.

The reaction conditions will be described nore

specifically. In case of Wittig reaction, Horner reaction,




material exhibiting fluorescence and/ or phosphorescence. Wen m xing the
pol ymer conpound of the present invention with a hole transporting material,
the mxing ratio of the hole transporting naterial is 1 ww%- 80 w% based
on the total anobunt of the m xture, apﬂ it is preferably 5 w%- 60w %
When m xi ng the pol ynmer conpound of the present invention with an el ectron
transporting 79 material, the mxing ratio of the electron transporting

mat eri al iKpoevgngel greaglipnsclten. t hBet geacrtimpudss sondwctead ik, and it
is preferably 5 wt% - 60wt % Furthernore, when mixing the polyner conpound
of the pr&Ma ialehtt ol #RtfdBiVR§APLeAMPUPAg tRalt&E flunahHonakiFPRti o
of the light-emtting material is 1 w%- 80 wt% based on the total anount
of the. nidturtd® HRNBIURE. prRed PEBFGTEOM AR BOWETP WHke R Tnilxitiy 3 HETHRT yner
conpound of the present invention with a Iight-enitting material, a hole

transportFﬁb?ﬁﬁx§4Qﬂ§l%ﬁﬁﬁoﬁr%ﬂpechFPGncPW R¥p&rting material, the mixing
atto of e Lo erlikung MELorLal L by el e, Mk iosed on L, ot
Lhe oL k! SUSAY L0 ARLFCL Al g2 LAl peL o, Lugneaoialgater a1 1o L
conpound %fthvl%t%r,esa% i%ﬂ&oﬁeiﬁyfg%%ﬁyagﬁ% reagents such as a

sodium hydride; amides such as a sodium amide, without being

limited. As the solvent, can be used are: N,N-

dimethylformamide, tetrahydrofuran, dioxane, toluene, etc.

The reaction is conducted usually at a temperature of a room

temperature to about 150 T.

The reaction time is just regquired to proceed the

reaction sufficiently, for example, abcout 5 minutes to 40

hours. It is not necessary to leave it for a long time after

the reaction end, and preferably it is 10 minutes to 24

hours.

The concentration is appropreately determined in a

range of aﬁout 0.01 wt% to the maximum soluble

concentration, and it is usually 0.1lwt% to 30wt%. When it

is too concentrated, the reaction control becomes difficult,

and when it is too diluted, the reaction efficiency becomes

low. |

Wittig reaction is described in "Organic Reactions”,

vol., 14, pp. 270 to 490, John Wiley & Sons, Inc., 1965; and

Knoevenagel, Wittig, dehydrohalogenation reactions are

described in Makromolecular Chemistry Macromolecular

Symposium, vol. 12, p. 229 (1987).



As the hole transporting material, electron transporting nmaterial, and
light-emtting naterial to be m xed, known | ow nol ecul ar wei ght conpounds,
known phosphorescent conpounds and known pol yner compounds can be used,
and it is preferable to use a pol yner 9?npound. As the hole transporting
material, electron transporting material or light-emtting material of

pol ymer conpound, exenplified are: a polyfluorene and derivatives thereof
and copol ymers 1PhERSSF 0fa HesK disAadheomndnereness | a5 rrecded asdng a
copol yners t%iiegf; a gglxarélene vinyl ene and derivatives thereof and
copol yner s RHer30t¥Mafintai¥esy pdiy e g et @ dh@se . afdcherBvet i ves
t hereof. These are.disclose in WO 99/13692, WO 99/48160, GB2340304A, WO
00/ 53656, * %&b%‘éﬁ{‘emd‘ 6/ 5895 PIPEEPIAYSHY dHAWP OB 2832RO1MD

00/ 06665, %%154943 Vg) 99/ §438§’ U 5_777%31 and WO 98/ 06773, WD 97/05184,

WO 00/ 35987, b7 538857 % No2Psa A ImRENe Lo d Bed Bodethyd

00/ 22026, ?}%ﬁ% U§5736 6. ancci1 \r]Lr\g 98/ 21262, US5741921, Y\D 97/ 09394,

VD 96/ 29356, 17, CEPB7087028 %and WO ST P55, S MRS T BBEES 189 63BAUE P

2001 12315804 08 the, 12 0005, SUEETD, LRGN0, 0

as the |1 gNCam L LIoae e er AP of | BRtrar e AP udignieanple ) Polyndy, ¢
vol.39, pp 5241-5244 (1998).

In case of Sonogashira reaction, monomers are reacted
using a palladium catalyst and cuprous iodide iq the
existence of a base, such as triethylamine, etc., in N,N-
dimethylformamide, an amine solvent, or an ether solvent.

The reaction temperature is usually about -50 to 120 C, and
the reaction time is from about 1 hour to 100 hours,
depending the reaction conditions and thé reactivity of the
substituent in the monomers.

Sonogashira reaction is described in, for example,
Tetrahedron Letters, vol.40, 3347-3350 (1999) and
Tetrahedron Letters, vol.16, 4467-4470 (1975).

In case of Suzuki reaction, the reaction is conducted
with using, for example, palladium [tetrakis
(triphenylphosphine)], palladium acetate, or the like as the
catalyst. Inorganic bases, such as potassium carbonate,
sodium carbonate, and barium hydroxide; organic bases, such
as triethylamine; and inorganic salts, such as cesium
fluoride, are used in equivalent amount or more to the
monomers, preferably 1 to ten equivalent amount.

In addition, the reaction may be conducted in 2 phases



compound, exenplified are: naphthal ene, and derivatives thereof; anthraﬁegg
and derivatives thereof, and derivatives thereof; coloring napte{s, suc  as
pol ynmet hi nes, xant henes, counarins, and_cyan!nesg 8-hydroxyquno i ne or
metal conplex of its derivative; aronepgc ami nes: tetraphenyl

i [ rivative; tetraphenyl butadiene or its
cyclopentadlenes A prlals di sclosed in JP 57-51781A

g(raril\lé‘aggvig4 93A, cgﬁcjlbﬂ;eé usedgqlﬁls(gﬁ%mesgﬁhgbﬁ& 8§céﬁt°r@6‘r¥ﬁdhrﬁ%12t| exenpthéi ed
B AP By

whi ch have iridium’as a cent

central netal, etc.
5111 (pPy) o B e A )59%%%%&% i CBR ?em@ﬁaﬁ&w@ &5 1t he

395, 151; Appl .
hosphor escppéfeeapAYN&bo & Flasdy SN (199
Ilghysp Lotts (1999), l"“’95(1) g Proc SPIdI?E’ent 5%0 (Ba®1), 4105

em Soc
E%gi;‘ | Cﬁé“'ﬁ?,gﬂw/iﬁ??mwpﬁ’fsaﬂ Lett. %’59 ‘?%Q\%ﬁ’% bolss °fs§%

(1998), 94(491vent, and refluxed. The reaction time is from about 1
hour to 200 hours.

Suzuki reaction is described, for example, in Chemical
Review, vol.95, P.2457 (1995).

Next, the case of using a zero-valent nickel complex is
explained. There are a method using a zero-valent nickel
complex as the zero-valent nickel complex, and a method
generating a zero—vaient nickel in the system by reacting a
nickel salt in the existence of a reducing agent.

As the zero-valent nickel complex, bis(1,5-
Cyclooctadiene)nickel(0),
(ethylene)bis(triphenylphosphine)nickel(O),
tetrakis(triphenylphosphine)nickel etc. are exemplified, and
among them, bis(l,5-cyclooctadiene)nicke1(0) is preferable
in viewpoint that it is versatile and cheap.

It is preferable to add a neutral ligand, in view of
the improvement of yield. The neutral ligand is a ligand
which has neither an anion nor a cation, and the examples
thereof include: nitrogen-containing ligands, such as 2,2'-
bipyridyl, 1,10-phenanthroline, methylenebisoxazoline, and
N,N'-tetramethylethylenediamine, etc.; and tertiary
phosphine ligands, such as triphenyl phosphine, tritolyl

phosphine, tributyl phosphine, anad triphenoxy phosphine,




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

Jpn. J. Appl . Phys., 34, 1883 (1995), etc. The conposition of the present
invention may contain at 82 |east one kind of material selected froma hole
transporting material, an electron trapgporting nmaterial, and a |ight-
emtting material, which can be used for a light-emtting nmaterial or a

charge tran ti mat erial. The cqnposition of the present invention may
contgin tmo%%%Ehﬁﬂ%ao lfﬁggeﬂéFﬁﬂﬁple&Hﬁb&ﬁﬁéqﬁ k@ rnieaeskle nenview. ofhe

e s TN

transPorting naterlr_ i e_pol r compound of the present invention
conbe et et A et lle LHCLBROUEE] oEORRON Fens i aang hih h

' -emtti ' : X Lon_i ferably the sanme as that

! Ingmee?bgs/%n@a[ Eﬁlégcﬁ‘igﬂgy M%??ﬁég?‘ésg?{ %REEJ’EF&W&;{%& t2hi2ck’[1es$ Iof t hg

[ ' [ ; [ I Lff i n erial used,
and ey pr oL d A EHTRHA! Lo Pl §?ﬁ59§t§ﬁ?ﬂ§'ge%§ﬂﬁ. e 1 ignt

1 tti kel ' t I ckness s, r

oxanpl 6] {1 omcLoRat TR PPt { Sy % BenBRdL 1S oabl SATSHRM Bis e

referably fimpHoYem@nito o) dl?mé§ o m ng nethpd of thg light emtting
Payer, fo¥ eganple, exenpﬁ?fied igﬂg met hod by filmformng froma

In the method of reacting zero-valent nickel in the
system, nickel chloride, nickel acetate, etc. are
exemplified as as the nickel salt. As the reducing agent,
zinc, sodium hydride, hydrazine and its derivative, lithium
aluminum hydride, etc. are exemplified. Additives such as
ammonium iodide, lithium iodide, potassium iodide, etc. are
used, according to requirements.

In the manufacture methods of the present invention, it
is preferable is that Y,, Y,, Y, Yy, ¥s, and Y, are each
independently a halogen atom, alkyl sulfonate group, aryl
sulfonate group, or arylalkyl sulfonate group, and
condensation polymerization is carried out under the
existence of zerovalent nickel complex.

As the raw material compounds, a dihalogenated
compound, bis(alkylsulfonate)compound,
bis{arylsulfonate)compound, bis(arylalkylsulfonate)compound
or halogen-alkyl sulfonate compound, halogen-aryl sulfonate
compound, halogen-arylalkyl sulfonate compound,
alkylsulfonate-aryl sulfonate compound, alkylsulfonate-
arylalkyl sulfonate compound are exemplified.

Moreover, in the manufacture method of the Present




[ [ ' [ |'i cati on net hods,

olution. As the filmformng nethod froma solution, app _
:uch as a spin coat method, casting nmethod, mcro gravure coating nethod,
gravure coating nethod, bar-coating nmethod, roll coating nmethod, wire bar
coat nethod, dip coat nmethod, spray coaysyng nethod, screen printing, .
fl exography nethod, offset printing, and ink jet printing method, can be
used. Printifgvg§£hods,. uch as 83 screen printing, flexography method,
of fset printTng, aﬁan'iﬁi f@tpﬁﬁfﬁHQH}QNihﬂiLYuﬁ]ZPrEieréblé%{ssgdﬁsggtgg:n
form ng and t] o] rinting are easy. As the ink conposi
t he prigntindﬂrjr%t%%glL %ﬁg?geaaePE§¥ta|Wéiﬁ$%ﬁ qqﬂ@quﬂk?ﬁ# Qnﬁfﬁﬁifk of the

sent inv | S cont ai ned, addi tives, such as a '
F;gnsportingﬂﬁﬁgg?igﬁfig?gg ?3ﬁetsﬁﬁggorFFﬁ aifrdsudifong ey mrews ¢ thomgic

L eSSl SR BB BT SR D e L

pol ymer conpound _ _ \ on= t < _ el "
based on the T b art L LepeR BBeRE: HrbRt ailBn e Horden @

based on the total weight o e conpositi ! he armount of the
P enl Y St oty et S SRRy SuPRBhALR A, Yo Yasar
of the conpm@ubhoaxnwaﬁfﬂﬁﬂﬂﬁbfiwwgéﬁé-é¥63§ 2R voric ester group is
substantially 1 ( K/J is usually in the range of 0.7 to
1.2), and condensation polymerization is carried out using a
nickel catalyst or a palladium catalyst.

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

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

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. Further,

it is preferable to conduct a dehydration treatment




nore preferably 80wt % 99. OM % The suitable viscosity of the ink conposition
I's depend on the printing nethods. Wien the ink conposition is processed
via a dischargi ng apparatus, in order to prevent clogging and

ej ection-deflecting at discharging, t viscosity is preferably in a range
of I - 20nmPa's at 25cC. The sol vent used as the ink conposition is not
especially_|limted, andegreferable are those whjch can _dissolve or disperse

the materi afXe¥Giti ATHET hel t nkS RBRpREPLFERPIENER th&n GaRe Al \ent

niformy. Wien.the nmaterials constituting the ink conposition are 84 .
S0l ubl 6 | nTEAREAER A 2ol VRELGRS | RS LOTvEhTE BRERGY| BUGH 3h @ SHANY nat ed

sol vent s, suchlas chl orqoform nethylene chloride, and dichl oroethane; ether
sol vents, S3ER-a&9 £&3%nydtof uran: aromatic hydr ocar bon sol vents, such as

t ol uene, and xy e;...ketone ;solvents,_such. as_aceton and t hyl, et hyl _
ket one; and estgggégpfeﬁﬁﬁcEﬁﬁﬁfe%?e?%%?fla%EtEPé,aEaFyFagggﬁgﬁg}§and et hyl

cel | 0501 veaRRghabpy ML aaNan, 5 thie SYUMTH, [FH &L, dhcaBEssRILgl PYORLON.

there are exenpl i a po ctron Transporfrng

0 heser BERUESRoR SAHIEs STt B WALI0 U L BLUTER LB e o
layer; andsaspBlpiRr skERRAdAIN RN ¢! £C4E PRehf 20SLQT EbBI thadY $eaction.
As the method of mixing an alkali or catalyst, there is
exemplified a method of adding a solution of an alkali or
catalyst slowly while stirring under an inner atmosphere of
argon and nitrogen and the like or a metho& of slowly adding
the reaction solution to a solution of an alkali or
catalyst, inversely.

Although it depends the kind of polymerization
reaction, the polymerization time is usually about 5 minuts
- 200 hours, and preferably within 10 hours, in view of
production cost. Although it depends on the kind of
polymerization reaction, the polymerization temperature is
usually about -50 to 160 C, and preferably 20-100 C in view
of high yield and low heating cost.

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

polymerization, it is preferable to conduct a common



di sposed between a cathode and a light emtting |ayer, and a hole
transporting | ayer disposed between an anode and a light emtting |ayer.
For exanple, the following structures a) to d) are specifically
exenplified. a) anode/light emtting |fyer/cathode b) anode/hole
transporting layer/light emtting |ayer/cathode c) anode/light emtting
| ayer/el ectron transporting |ayer/ /cathode d) anode/ hole transporting
| ayer /| i ghPUEHELCATdON [RETE QR roh $¢RAEPbLeNAgPRa}EAFasiende dopiarei n, /
i ndi cat es adjaggnt | am nation of layers, Herejnafter, the sane) Wen the
pol yner LEBFoP “fR&ESpr Ah AT SR TR, netE2dt YRg§RIPErting | ayer, as
the hole transporting.materials use there are exenplified

Boaraze! &

pol yvi nyl cafBa: &2 %ﬂﬂﬂ)ﬂﬂ %ﬁx?aﬁ"_%of?r%%?§§iFaﬁEeBF Yerhiadi-ves

e ool PRRNERLEII IR AL A 0 SRR BTG L Re e

o) Do RS AR S cer et ves, polyanitne o

derivatives theggot, EBEY%%ép%%“%H%“B@i@%é%“%oéﬁound of the present
invention is explained.

The polymer compound of the present invention has
fluorescence or phosphorescence in the solid state, and it
can be used as a light emitting polymer (high molecular
weight light-emitting material). The polymer LED using this
light emitting polymer is a high performance polymer LED
which can be driven at a low-voltage and efficiently.
Therefore, the polymer LED can be preferably used for back
light of a liquid crystal display, a light source of curved
or flat surface for lighting, a segment type display
element, and apparatus such as a flat-panel display of dot
matrix.

Moreover, the polymer compound of the present invention
can be used also as a coloring matter for lasers, a material
for organic solar-cell, an organic transistor for organic
semiconductor, and a conductive thin film such as conductive
thin-film material, and organic-semiconductor thin film.

Furthermore, it can be used also as a luminescent thin-
£film material which emits fluorescence or phosphorescence.

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

The polymer LED of the present invention comprises an



derivatives thereof, poly(2,5-thienylenevinylene) or derivatives thereof,
or the like. Specific exanples of the hole transporting material include
t hose described in JP 63-70257A, JP 63-175860A, JP 2-135359A, JP 2-135361A,
JP 2-209988A, JP 3-37992A and JP 3- 152484A. Anong them as the hole
transporting materials used in the hole transporting |ayer, preferable are
pol ymer hole_ transporting materials such as pol yvi nyl carbazol e or

ST e AR

deri vat i ves®t B8P 251 - 2BBFy F&F@nof 4 %R j?tiB%IQEiPBXQHEde
the. mai n chEid. @ por PARRPF nB"6r Ao ot Gos ARH G ESORG ( FROpRORETEF
ol y( 2. 5 TR T e0f P B oS P e AT ATNE « her eof - or the Iike. and
[uriner probes kgasle BLKAIDULCRLORED) B0 dSUNEINER IR o
Vor cover , a& The herePrs habrePst rard B SlRdtdn OadBidr 0l Graver
Ui Thone dar iVt | vis, PRaRaPAPRENERAR SRS bEERREE IR 0 I LR TS 1 0w
nol ecul ar v o1yl Bagéansporting naterial, it is
The light emitting layer means a layer having a
function of light-emission. The hole transportating layer
means a layer having a function of transporting holes, and
an electron transporting layer means a layer having a
function of transporting electrons. The electron
transporting layer and the hole transporting layer are
collectively referred to as a charge trahsport layer. Two or
more layers of the light emitting layer, hole transporting
layer, and electron transporting layer can be used each
independently.

When an organic layer is the light emitting layer, said
light emitting layer may contain further a hole transporting
material, an electron transporting material, or a light-
emitting material. Here, the light-emitting material is a
material exhibiting fluorescence and/or phosphorescence.

When mixing the polymer compound of the present
invention with a hole transporting material, the mixing
ratio of the hole transporting maferial is 1 wt% - 80 wt®
based on the total amount of the mixture, and it is

preferably 5 wt% - 60wt%. When mixing the polymer compound

of the present invention with an electron transporting



preferably dispersed in a polynmer binder for use. As the polyner binder to
be m xed, preferable are those which do not inhibit charge transportation
extrenely and do not have strong absorbance in a visible light. As the
pol ynmer binder, exenplified are: poly7gN vinyl carbazole); polyaniline or
derivatives thereof; poly thiophene or derivatives thereof;

pol y( p- phenyleneV|nerne) or derivatives thereof;

pol y( 2, 5- Mat@fdadne iy Iekedngrrateri vaf | e QJCI%@EB‘P“ pERPERPBEEAASCE;
pol yacrylate, poly nethylacrylate, polynethylnethacrylate, polystyrene,
pol yvi nyl BRItEHIRL oIy STtoxardd wEE. bPﬁP?vPHthéaﬁﬁéi’&I @nﬁ’r‘l’d‘tdé’rﬁ Vg ves
t hereof are obtalned from for exa monomer,, cationic
pol yner i z PSS ﬁﬁﬂ%ﬁﬁﬁ?§n§45n5 ﬁé%theSBUF§S|f§ﬁ wvatives
t her eof ere are l'ifjed co ounds .descrjbed in Chem Rev., 89, 1359
(1989 antibes 5300 tﬁglﬂ%]l'ﬁ%e’ép FRPUA Ob, CHRIPERES i aRVRE LGy ni hao s,
e P SRR AT AR, EROEL P 0 11
(D ot UCypRyo emel.“cgwqu"xn%tﬂgrfa; e DU AR GRS bR
skeleton gg ShitUseu’t @nsix‘{‘lf’lfe,hoér?dtif?”f&"f&:é?@r%?i’re%t Yts - 60wts.
When mixing the polymer compeound of the present

invention with a light-emitting material, a hole

transporting material, and/or an electron transporting

material, the mixing ratio of the light-emitting material

is 1 wt% - 50 wt% based on the total amount of the mixture,

and preferably 5 wt% - 40wt%. The total amount of the hole

transporting material and the electron transporting material

isll wt% - 50 wt%, and preferably 5 wit% - 40wt%. The amount

of the polymer compound of the present inventioh is 99wt% -

20wt ¥.

As the hole transporting material, electron

transporting material, and light-emitting material to be

mixed, known low molecular weight compounds, known

phosphorescent compounds and known polymer compounds can be

used, and it is preferable to use a pelymer compound. As the

hole transporting material, electron transporting material

or light-emitting material of polymer compound, exemplified

are: a polyfluorene and derivatives thereof and copolymers

thereof; a polyarylene and derivatives thereof and

copolymers thereof; a polyarylene vinylene and derivatives

thereof and copolymers thereof; and a (co)polymrt of
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WO 96/29356, WO 96/10617, EP0707020 and WO 95/07955, Jp
2001-181618A, JP 2001-123156a, JP 2001-3045A, JP 2000-
351967A, JP 2000-303066A, JpP 2000-299189A, JP 2000-252065A,
JP 2000-136379A, Jp 2000-104057A, Jp 2000-80167A, JP 10-
324870A, Jp 10-114891a, Jp 9~111233A, JP 9-45478A, etc.

As the light-emitting material of low molecular weight
compound, exemplified are: naphthalene, and derivatives
thereof; anthracene and derivatives thereof, and derivatives
thereof; coloring matters, such as polymethines, xanthenes,
coumarins, and cyanines; 8-hydroxyquinoline or the metal
complex of its derivative: aromatic amines: tetraphenyl
cyclopentadienes or its derivative; tetraphenylbutadiene or
its derivatives, etc.

Specifically, known materials disclosed in Jp 57-51781A
or JP 59-194393A, can be used.

As the phosphorescent compounds, exemplified are
triplet luminescence complexes such as: Ir(ppy): and
Btp: Ir(acac} which have iridium as a central metal: PtOEP

which has platinum as a central metal: and Eu(TTA);phen

which has europium as a central metal, etc.
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met hod, screen printing nmethod, flexo printing nethod, offset printing

nmet hod, inkjet printing nethod and the |ike, 88 froma solution. Regarding
the thickness of the hole transporting |ayer, the optinmmvalue differs
depending on material used, and may prgperly be selected so that the
driving voltage and the |I|ight emtting efficiency becone an opti num val ue.
The thickness i be at | east such that pinholes are not generated,
but when it is t the driving voltage of a device becones high, and
it is not preferablie. arefore, the filmthickness of the hole
transporting qy@r“k exanphgj romlnmto 1 ktm preferably 2nm -
500nm and nor re aply 5nm - ‘ég m When the pol ynmer LED of the present
i nvention has ctyon transporting |ayer, known conpounds are used as
the electron transp ing mterials, and there are exenplified oxadiazole
derivatives, anthraqui nonedi nethane or derivatives thereof, benzoqui none or
derivatives t napht hoqui none or derivatives thereof, anthraquinone
or derivati eof , t%ﬁgacyanoanthraquinodinethane or derivatives

t hereof, fl ug p|deriv es, di phenyl di cyanoet hyl ene or derivatives

t hereof, dig :gggﬁ riv R#ﬁ@?%%?r metal conpl exes of 8-

hydr oxyqui nolji ive pol yqui nol i ne and
CHj
- 2
CoHs  CoHs
CzHs CaHs
PtOEP
CZ H5 Csz
CoHs C,Hg
S 2
y Eu(TTA)sphen
CFs |,

Specifically, examples of the phosphorescent compounds
are described in: Nature, (1%98), 395, 151; Appl. Phys.
Lett. (1999}, 75(1), 4; Proc. SPIE-Int. Soc. Opt. Eng.
(2001), 4105 (Organic Light-Emitting Materials and
DevicesIV), 119; J. Am. Chem. Soc., (2001), 123, 4304; Appl.
Phys. Lett., (1997), 71(18), 2596; Syn. Met., (1998), 94(1),
103; Syn. Met., (1999), 99(2), 1361; Adv. Mater., (1999),
11(10), 852; Jpn.J.Appl.Phys.,34, 1883 (1995), etc.

The composition of the present invention may contain at




derivatives thereof, polyquinoxaline and derivatives thereof, polyfluorene
or derivatives thereof, and the |like. Specifically, there are exenplified

t hose described in JP 63-70257A, JP 63-175860A, JP 2-135359A, JP 2-135361A,
JP 2-209988A, JP 3-37992A and JP 3-1B2184A. Anpbng them oxadl azol e
derivatives, benzoqui none or 89 derivatives thereof, anthraquinone or
derivatives thereof or. netal conplexes, of 8-h drox ui nol i ne_or .
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filn}forn1ng roma utlon or tate is exenpllfled respectively.

AL the tinme thélﬂnﬁkiﬂbﬁk%lfornora@ 040N He AIPALEP RhBELialt he above
pol ymer bi nder can be uSed togeth

selected from a hole transportlng material, an electron
transporting material, and a light-emitting material, with
the polymer compound of the present invention can be

determined according to the use. In case of the use as a

light-emitting material, the mixing ration is preferably the |
same as that in the above mentioned light emitting layer.
Regarding the thickness of the light emitting layer, the
optimum value differs depending on material used, and may
properly be selected so that the driving voltage and the
light emitting efficiency become an optimum value, and the
thickness is, for example, from 1 nm to 1 im, preferably
from 2 nm to 500 nm, further preferably from 5 nm to 200 nm.

As a forming method of the light emitting layer, for
example, exemplified is a method by film forming from a |
solution. As the film-forming method from a solution, !
application methods, such as a spin coat methed, casting
method, micro gravure coating method, gravure coating
method, bar-coating method, roll coating method, wire bar
coat method, dip coat metheod, spray coating method, screen
printing, flexography methed, offset printing, and ink jet

printing method, can be used. Printing methods., such as



The solvent used in the filmformng froma solution is not particularly
restricted provided it can dissolve electron transporting materials and/ or
pol ymer binders. As the solvent, there are exenplified chlorine solvents
such as chloroform nethylene chlorideggdichloroethane and the |ike, ether
sol vents such as tetrahydrofuran and the |like, aromatic hydrocarbon

sol vents su £8 and the ket one sol vents such as

acet one, matgﬁiglgén %J qp{ier%%’ne AR SR RY HBE£%%‘?J eStEFetoPYdptdnguciangs et hyl
acetate, bugyk t I ol ve acetate and the 90 like. As the
filmforning ne?%gdiﬁﬁgﬁﬁhﬂynﬁﬁ{fgﬁ oﬂgﬁé?¥%ﬂ5§?§£ ?ﬁBP@ PafRtE&Nysed

coating net hegsi AHCRLAS nd1$RI castlng nmet hod, mcro
gravure coating %etﬁo gra&ﬁ?@ﬁ%%% Iy QKﬁF B385¥%oati ng method, roll

coating net hod, ”hrQhaa&nﬁoébhggfm%ﬂgﬁtuéﬁ&)fg?f%ﬁéié§§%?+ggt g Pﬁgpoating

met hod, screen printing nethod | exo printing i ng

nmet hod, ink¢ed. pradt legswethednands t | ckness of the
3 e gdﬁim' gﬂ%&grs %d#

el ectron transporting layer, the optinu

mat erial usecssemndimoynpRoReshyube Bl ekidisRd h%td&ft%h&é' vi ”Q%VO' jage and
ght emitting efficiency becone an optinum Val ue thY €3
shoul d be &toleastasspbrthay Raobeigs , akd ed@ton transporting material,
light-emitting material, solvent, or stabilizer, may be
contained in addition to the polymer compound of the pPresent
invention.

The amount of the polymer compound of the present
invention in said ink composition is 20wt% - 100wt% based on
the total weight of the composition except the solvent, and
preferably 40wt% - 100wt$.

When a solvent is contained, the amount of the solvent
in the ink composition is 1wt%-99.9wt$% based on the total
weilght of the composition, preferably 60wt%-99.5wt%, and
more preferably 80wt%-99.0wt%.

The suitable viscosity of the ink composition 1s depend
on the printing methods. When the ink composition is
bprocessed via a discharging apparatus, in order to prevent
clogging and ejection-deflecting at discharging, the
viscosity is preferably in a range of 1 - 20mPa‘'s at 25TC.

The solvent used as the ink composition is not
especially limited, and preferable are those which can
dissolve or disperse the materials constituting the ink
composition other than the solvent uniformly.

When the materials constituting the ink composition are



generated, but when it is too thick, the driving voltage of a device
becones high, and it is not preferable. Therefore, the filmthickness of the
hol e transporting layer 1is, for exanple, fromlnmto 1 9m preferably 2nm -
500nm and nore preferably 5nm - 200gm Anong charge transporting |ayers
provi ded adjacent to an electrode, those having a function to inprove the

h I nj ect] ffici f | ectrod d | the__dri
crarce | ILGELRSR, Sh b LIk OR R Sler U and et e i 10,
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t hi ckness 0 or SSnay adj acent an~el ectrode,
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and the |i I"ayer ma e I nser Iht0 the interface

of a char 1&éﬁé‘5p9ﬁ&iﬁgélaﬁ)éer ﬁ@goh_%agEBl@%ttEi NG Jay s a%&{eggraﬁad

nunber of [ayers [an1nat_ and the ti ness of’ each layer can _
appropri aty@d ph fPPELRY1 VRELBREONANEC B |diRterf¥l [ téneh ehti cERpey and life

of the device.” In the present invention, as the polyner LED having a charge
I nj ecting dasnedtd el ety ONakBit8¢kl, NAnld@¥ehyIndl10s0lve acetate.

Moreover, as the polymer LED of the present invention,
there are exemplified: a polymer LED having an electron
transporting layer disposed between a cathode and a light
emitting layer; a polymer LED having a hole transporting
layer disposed between an anode and a light emitting layer;
and a polymer LED having an electron transporting layer
disposed between a cathode and a light emitting layer, and a
hole transporting layer disposed between an anode and a
light emitting layer.

For example, the following structures a) to 4) are
specifically exemplified.
a) anode/light emitting layer/cathode
b) anode/hole transporting layer/light emitting
layer/cathode
c) anode/light emitting layer/electron transporting layer/
/cathode
d) anode/hole transporting layer/light emitting
layer/electron transporting layer/cathode
(wherein, / indicates adjacent lamination of layers.
Hereinafter, the same)

When the polymer LED of the present invention has a hole




I njecting |layer) provided, there are listed a polymer LED having a charge
I njecting |ayer provided adjacent to a cathode and a polyner LED having a
charge injecting |layer provided adjacent to an anode. For exanple, the
follow ng structures e) to p) are spggifically exenplified. e) anode/charge
injecting layer/light emtting |ayer/cathode f) anode/light emtting

| ayer/charge injecting |ayer/cathode g¢g) anode/charge injecting |layer/light
emtting |owanéphatieg Layecti rg tipediodat Hotsrdpomnnie/ tédbeygealaj wsedng

| ayer/ hol e transporting layer/light emtting |ayer/cathode i) anode/hole
transportitherayerréi gaxenpilifiied | ppdyvdrarlgariageke i nor | agerivathves j)
anode/ charge injecting |layer/hole transporting layer/light emtting

| ayer / chargee¥epfct i PRLYSVbaneat odedexyvanbdes chblreke iy ecRP RS LA9ERNEI ght
emtting |ayer/electron transporting |ayer/cathode 92 1) anode/li ght

em tting |98yt Eees oRaviaats paR t BE§MAtdFerathag géni nfket Fhgel S taPRode
m anode/charge injecting |ayer/light emtting_|ayer/electron transporting
| ayer/ char'e€ i nj B&tPng 9 J catPibERz e} 18R ode AERAVFE TG %ct | RFYLIBEPROl e

transportin
p dg

erivatives, stilbene derivatives, triphenyldiamine
derivatives, polyaniline or derivatives therecof,
polythiophene or derivatives thereof, polypyrrole or
derivatives therecof, poly{p-phenylenevinylene) or
derivatives thereof, poly(2,5-thienylenevinylene) or

derivatives thereof, or the 1like.

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

Among them, as the hole transporting materials used in
the hole transporting layer, preferable are polymer hole
transporting materials such as polyvinylcarbazole or
derivatives thereof, polysilane or derivatives thereof,
polysiloxane derivatives having an aromatic amine compound
group in the side chain or the main chain, polyaniline or
derivatives thereof, polythiophene or derivatives thereof,
poly(p-phenylenevinylene) or derivatives thereof, poly(2,5-
thienylenevinylene) or derivatives thereof, or the like, and
further preferable are polyvinylcarbazole or derivatives
thereof, polysilane or derivatives thereof and polysiloxane
derivatives having an aromatic amine compound group in the

side chain or the main chain.



| ayer/light emtting | ayer/electron transporting |ayer/cathode 0)
anode/ hol e transporting layer/light emtting |ayer/electron transporting

| ayer/charge injecting |ayer/cathode p) anode/charge injecting |ayer/hole
transporting layer/light emtting |aggr/electron transporting |ayer/charge
I njecting |layer/cathode As the specific exanples of the charge injecting

| ayer, there are exenplified: |layers containing an conductin pol yner;

| ayers which at®4f ePDetRRPOLA HRBREPIRILRY REte T3 rX9¥%g | ayer

and contain_a terial ving an jonization _potential between the
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electric
As the polymer binder to be mixed, preferable are those

which do not inhibit charge transportation extremely and do
not have strong absorbance in a visible light.

As the polymer binder, exemplified are: poly (N-
vinyicarbazole); polyaniline or derivatives thereof; poly
thiophene or derivatives thereof; poly(p-phenylenevinylene)
or derivatives thereof: poly(2.,5-thienylenevinylene) or
derivatives thereof; polycarbonate; polyacrylate, poly
methylacrylate, polymethylmethacrylate, polystyrene,
polyvinylchleride, polysiloxane, etc.

Polyvinyl carbazole and derivatives thereof are
obtained from, for example, a vinyl monomer, by cationic
polymerization or radical polymerization.

As the polysilane or derivatives thereof, there are
exemplified compounds described in Chem. Rev., 89, 1359
{1989) and GB 2300196 published specification, and the like.
For synthesis, methods described in them can be used, and a
Kipping methcd can be suitably used particularly.

As the polysiloxane or derivatives thereof, those
having the structure of the above-described hole
transporting material having lower molecular weight in the

side chain or main chain, since the siloxane skeleton



t he conductive polyner 10-5 S/cmor nore and 103 S/cmor |ess, an
appropriate anount of ion is doped to the conductive polyner. Regarding the
kind of ion to be doped, an anion is used for a hole injecting |ayer and a
cation is used for an electron injectigg |ayer. As exanples of the anion, a
pol ystyrene sul fonate ion, alkylbenzene sulfonate ion, canphor sulfonate
ion and the like are exenplified, and as exanples of the cation, a lithium
i on, sodi unFESHCINGFASRURCIHhotet FRBRSPPrEAREnPYADESItYand the |ike are

exenplified, _The thickness of the charge injecting layer is for exanple,
from 1 nm t BAT6AH RIdYef A dTOEBeRRLib1s0 AhPskEuhavialgs ans eéd o ttine

charge injectin kg gr are  appropriately selected in view of the
relationshi%mﬁPgh A8 QNS dF BISRPTRIRY | RFOBeTtReladithee sl deaghiain or
Exerrplified]Tl are;.cqonductive polymers, such as polyaniline and its
derivative, %%Py?ﬁ?gﬁhene and its derivative, polypyrrole and its

derivative, poly nyl enevi.nyl ene. and its .derivative, ) )
pol yt hi enyl enevi ny %n@egﬁadi¥§rd§ﬂ;ﬂﬁHQM§ Q§}%/t5ﬂﬁ$ﬁﬁ¥ﬁénﬁnaafﬁ§ is
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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
solution is exemplified.

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

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

offset printing method, inkjet printing method and the like,




has a function of fascilitating the charge injection. As the 94 material s of
the insulating layer, netal fluoride, netal oxide, organic insulating
material, etc. are exenplified. As the polyner LED having an insul ation

| ayer having a thickness of 2 nmor ggss, exenplified are: a polynmer LED
contai ning an insulation |ayer having a thickness of 2 nmor |ess adjacent
to cathode; and a polyner LED containing an insulation |ayer having a

t hi ckness f@Pm anAdrutles. adj acent to anode. Specifically, there are |isted
the follow ng structures q) to ab) for exanple. ) anode/insulation |ayer
having a thi sdbrg2thfh shickagss| ioghtthemhalendanaproebingdeaysr,
anode/light emtting |layer/insulation |ayer having a thickness of 2 nm or

| ess/ cat héB€ SPTLTOEe/Mag A1 bFerayderalding ant RateFdsd srsefl .nmngd

l ess/light emtting |ayer/insulation |ayer having a_  thickness of 2 nmor

| ess/ cat hB@& PfFe (ﬁﬁiqgnﬁ%&¢QﬁP¢a§%rtK%§iﬁﬁeadFHV&9ﬁe§§LﬁagﬁlﬂﬂQM*he

| ess/ hol e_transporting layer/ljght emtting |ayer/cathode u) anode/hole
transportﬂﬁ&gFafgﬁﬂq %?%éﬁfyl%?%?m?n§ﬂléPF&WUWaY@Fuﬁavﬁﬁﬁ a t hi ckness

of 2 nM 015 LE3REEA YN0 oth N8I MRl 8L T Q0 hAYRL N BYERG 8 S Mgk e of 2
generated, but when it is tco thick, the driving voltage of
a2 device becomes high, and it is not preferable. Therefore,
the £ilm thickness of the hole transporting layer is, for
example, from 1lnm to 1 4m, preferably 2nm - 500nm, and more
preferably 5nm - 200nm.

When the polymer LED of the present invention has an
electron transporting layer, known compounds are used as the
electron transporting materials, and there are exemplified
oxadiazeole derivatives, anthraguinonedimethane or
derivatives thereof, benzoquinone or derivatives thereof,
naphthogquinone or derivatives thereof, anthraquinone or
derivatives thereof, tetracyanoanthraqﬁinodimethane or
derivatives thereof, fluorenone derivatives,
diphenyldicyanoethylene or derivatives thereof,
diphenoquinone derivatives, or metal complexes of 8-
hydreoxyquinoline or derivatives thereof, polygquinoline and
derivatives thereof, polyquinoxaline and derivatives
thereof, polyfluorene or derivatives thereof, and the like.

Specifically, there are exemplified those described in
JP 63-70257A, JP 63-175860A, JP 2-135359A, JP 2-135361lA, JP
2-209988A, JP 3-37992A and JP 3-152184A.

Among them, oxadiazole derivatives, benzoquinone or



| ess/ hol e transporting layer/light emtting |layer/insulation |ayer having a
t hi ckness of 2 nmor |ess/cathode w) anode/insul ation |ayer having a
thickness of 2 nmor less/light emtting |ayer/electron transporting

| ayer/cathode 95 x) anode/light emtggng |l ayer/electron transporting

| ayer/insul ation |ayer having a thickness of 2 nmor |[|ess/cathode y)
anode/insul ation | ayer having a thickness of 2 nmor less/light emtting

| ayer/ el e@erdivattiaespdienapf | Antiiraguiachenoragerivatinvgsa theimdofess of 2
nm or | ess/cathode z) anode/insul ation |ayer having a thickness of 2 nmor
| ess/ hol eofr @e$@ar Comp lesmes /4 ghthediexyaginayéneebaciesdvatdayesporti ng

| ayer/cat hode aa) anode/ hole transporting Iayer/light enmtting

| ayer / el ebPes{OEraRSFTAIITP I iBerdrdsieBivahivagethpaePlg a thickness of 2
nm or | ess/cathode ab) anode/insul ation |ayer having a thickness of 2 nmor
| ess/ hol ePPLEAEISPMARG eaPdd 1GaFt VRt Y&F nEheEGReE s ePBAYESHOTERENSBOI t i Ng

| ayer/insuyl ation |ayer having a thickness of 2 nmor |ess/cathode The

subst r at eAFOLNRH VETe tHET e Rt eAlesem®d 2alénbisherdy ) pdefldrabl y
be that dggﬁu@gipﬁgﬁggﬁ-quﬁ%UQ£1 iazole, benzoguinone,

anthraquinone, tris(8-quinolinolj}aluminum and polyguinoline

are further preferable.

The method for forming the electron transporting layer
is  not particularly restricted, and in the case of an
electron transporting material having lower molecular
weight, a vapor deposition method from a powder, or a method
of film-forming from a solution or melted state is
exemplified, and in the case of a polymer electron
transporting material, a method of film-forming from a
solution or melted state is exemplified, respectively. At
the time of film forming from a solution or a molten state,
the above polymer binder can be used together.

The solvent used in the film-forming from a solution is
not particularly restricted provided it can dissolve
electron transporting materials and/or polymer binders. As
the solvent, there are exemplified chlorine solvents such as
chloroform, methylene chloride, dichloroethane and the like,
ether solvents such as tetrahydrofuran and the like,
aromatic hydrocarbon sclvents such as toluene, xylene and
the like, ketone solvents such as acetone, methyl ethyl
ketone and the like, and ester solvents such as ethyl

acetate, butyl acetate, ethylcellosolve acetate and the



an el ectrode and | ayers of organic materials, and there are exenplified

gl ass, plastics, polyner film silicon substrates and the like. In the case
of a opaque substrate, it is preferable that the opposite electrode is
transparent or semtransparent. Usualdgy, either the anode or the cathode in
the polyner LED of the present invention is transparent or

semtransparent. It is preferable that the anode side is transparent or
senitranspéﬂ%%&: 96 As the material of thls anode, el ectron conductive

t al de f ~ent th fil nd th d.
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appropriate
method, offset printing method, inkjet printing method and

the like.

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

Therefore, the film thickness of the hole transporting layer
is, for example, from 1lnm tb 1 4m, preferably 2nm - 500nm,
and more preferably 5nm - 200nm.

Among charge transporting layers provided adjacent to
an electrode, those having a function to improve the charge
injection efficiency from an electrode and to lower the
driving voltage of a device may be sometimes called charge
injection layers (a hole injection layer, electronic
injection layer).

For enhancing adherence with an electrode and improving
charge injection from an electrode, the above-described

charge injecting layer or insulation 1layer having a



sel ected while considering transm ssion of a light and electric
conductivity, and for exanple, from10 nmto 10 9 m preferably from20 nm
to 1 9m further preferably from50 nmto 500 nm Further, for easy charge
i njection, there may be provided on t anode a | ayer conprising a
pht hal ocyani ne derivative conducting po]yrrers, carbon and the like, or a
| ayer having ,an average filmthickness of 2 nmor |ess conprising a netal
oxi de, net alP+FEBRFde OTorgalMic OFnsheisa iy natepi e @mbiided | ad¢acdatt he
material of a cathode used in the polymer LED of the present invention,
that havi ng®¥ ofe WA8& ungpfoF Yathey ef Epablenhamringanpherernicer cofir ehesed
met al s such.af 9 | ithium sodium potassium rubidium cesium beryllium
magnesi um CArertATe st RARYEHT1BGr MdARing uaPAurthecdddieuma vdmadi buffernc,
yttrium irﬂ im ceriu sapari,um europium terbium ytterbiumand the
li ke, or al oﬁs cORgri%iiYy PRo Weerhsit dhtendde cknterbyee cofpra sthgrgee or
nore of th '% ne or_nore of Ig, silver, platinum copper, nanganese,
titani um coﬁ% ngf%%%liaYﬁﬁggpgnqgﬁ Y iepitdinshikayek- graphite
intercalatio o] d d e like..Exanples of . alloys include a

al at i oy, cOBRAUY! . g y ek
megnesi um si r?ver a?#oy?n?rdqagnn&engtl’%ﬁ _ ﬁd?‘ﬁﬁ?ggl ﬁ'&?}nﬁ_&&ﬂeﬁqﬂnt&}%nﬁ RE$Dy,
:P?LFH}S'“H¥'éﬂéﬂn@ayéft@éﬂnbélHﬁbgggkggkgﬁyléﬁbIfg343%¥¥§“éggéﬁééggng

light emitting efficiency and life of the device.

In the present invention, as the polymer LED having a
charge injecting layer (electron injecting layer., hole
injecting layer) provided, there are listed a polymer LED
having a charge injecting layer provided adjacent to a
cathode and a polymer LED having a charge injecting layer
provided adjacent to an anode.

For example, the following structures e) to p) are
specifically exemplified.

e) anode/charge injecting layer/light emitting layer/cathode
f) anode/light emitting layer/charge injecting layer/cathode
g) anode/charge injecting layer/light emitting layer/charge
injecting layer/cathode

h) anode/charge injecting layer/hole transporting
layer/light emitting layer/cathode

i) anode/hole transporting layer/light emitting layer/charge
injecting layer/cathode

j} anode/charge injecting layer/hole transporting
layer/light emitting layer/charge injecting layer/cathode

k) anode/charge injecting layer/light emitting

layer/electron transporting layer/cathode




I ndium al l oy, calciumalum numalloy and the |like. The cathode nmay be
formed into a |lamnated structure of two or nore |ayers. The thickness of
t he cathode can be appropriately selected while considering transm ssion of
alight and electric conductivity, agg for exanple, from10 nmto 10 Lt m
preferably from20 nmto 1 9m further preferably from 50 nmto 500 nm As
the nmethod for fabricating a cathode, there are used a vacuum vapor
deposi ti od Jm@riesi/ kight eemhyt pghddyelrdpilestiron rmetdrmpdrtisg ch a neta
thin wunder heat and pressure, and the |ike. also be provided, between a
cat hode ad@yedy/ahaxgprinieqtingcdavasycaghodeerage fil mthickness of 2 nm
oxide, netal fluoride, organic |ike, and after fabrication of polyner, film
i s adhereB) PROGSAChanEs clndgCt 4AToLgHAEE Lighér emiditing ayer having or | ess
conprising a netal insulation material and the the cathode, a protective
ayer/electron transporting layer/charge injecting

layer/cathode

n) anode/charge injecting layer/hole transporting

layer/light emitting layer/electron transporting

layer/cathode

o) anode/hole transpbrting 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 the charge injecting layer,

there are exemplified: layers containing an conducting

polymer; layexrs which are disposed between an ancde and a

hole transporting layer and contain a material having an

ionization potential between the ionization potential of an

anode material and the ionization potential of a hole

transporting material contained in the hole transporting

layer, and the like.

When the above-described charge injecting layer is a

layer containing an conducting polymer, the electric

conductivity of the conducting polymer is preferably 10 °

S/cm or more and 10 S/cm or less, and for decreasing the

leak current between light emitting pixels, more preferably

107° S/cm or more and 10® S/cm or less, further preferably




e ——

a an 98 | ayer may al so be provided which protects the polynmer LED. For
stabl e use of the polyner LED for a long period of tinme, it is preferable
to provide a protective |layer and/or protective cover for protection of the
device in order to prevent it fromoutggde damage. As the protective |ayer,
there can be used a polyner conpound, netal oxide, netal fluoride, netal
borate and ;ges Like. As the protective cover, there can be used a gl ass
plate, a pld$ti cSpFRt 8Tt Bersuepscd 0of Svkmclerhdesiseen subj ected to | ower

mater-perneatiﬁp treatment, and the like, and there is suitably used a
met hod in whi ciF T tovetn i @rdprstedmakenths edeictainaistomtdndtivity of
thernnsetti@g resin or . light-curing resin for sealing. If space S

mai nt ai ned "USi FPEUSEAVE PAlymer iy Sd Sy @Femorm afedi k@’ f9/am bei ng
injured. If i nner _gas such as nitrogen_and argon is sealed in this
space, it i%gggésFBIQ%PSOBF&ﬁﬁﬁ QBGQﬁ§%QﬁI%ﬂn 1S c@epedetoatiief urt her, by
pl aci ng a desi uch.as _bariumoxide and the like in the
above-descr?gggﬁgg%gg,pP}ymF§‘easy to suppress the damage of an device by

Tore are pref orBry iaan s Kt 3 Dh FRerSeHedp: abcan tpnvas: Mesdean be
suitably  for a hole injecting layer and a cation is used for an

eléctron injecting layer. As examples of the anion, a
polystyrene sulfonate ion, alkylbenzene sulfonaté ion,
camphor sulfonate ion and the like are exemplified, and as
examples of the cation, a lithium ion, sodium ion, potassium
ion, tetrabutyl ammonium ion and the like are exemplified.
The thickness of the charge injecting layer is for example,
from 1 nm to 100 nm, preferably from 2 nm to 50 nm.

Materials used as the charge injecting layer are
appropriately selected in view of the relationship with an
electrode or a material of the adjacent layer. Exemplified
are: conductive polymers, such as polyaniline and its
derivative, polythiophene and its derivative, polypyrrole
and its derivative, polyphenylenevinylene and its
derivative, polythienylenevinylene and its derivative, poly
quinoline and its derivative, polyguinoxaline and its
derivative, and a polymer which includes aromatic amine
structure in the main chain or side chain; metal
phthalocyanines such as copper phthalocyanine etc.; carbon,
etc.

The insulation layer having a thickness of 2 nm or less

has a function of fascilitating the charge injection. As the



used as a flat light source, segment display apparatus, dot- matrix display
apparatus, and back light of a liquid crystal display. For obtaining |ight
em ssion in plane formusing the polynmer LED of the present invention, an
anode and a cathode in the plane formgray properly be placed so that they
are 99 |l am nated each other. Further, for obtaining light emssion in

mef hod. in which a mask with_ a w ndow in pattern

1I‘D g? ';neirg Lfrg'?éc&trg%l?%goréb%%-H%%E}?B%’ag LRERE | MEhElefltoTidedeiddal a met hod
ext romely PAEGE t KrSaERe HHOVTeFine SIBLeRharal Sttn. PronEr IR G i a
formed in th BSAUHet 15D HOriiRga BAEPRRB) SAYSSr "EHAEE Aot nods and by
Dbt ai ned o drenrey uel 2 1y LR TERERRL ERefiare: iy Tukar LBBC 1
devi ce, 11 CoRy AR A ARt TR e B 2 REBEsE hea T o

1 whi ch oo o SERey B Rehde iR ey #BoErikn LEB. BRYaTRIpochet, M M

colors of 1hgBtataod Dadesd naARY H ol HndsSBLF0S LR ¥hi ¢hs8 GalALehid ter

or
to anode.

Specifically, there are listed the following structures
q) to ab) for example.
q) anode/insulation layer having a thickness of 2 nm or
less/light emitting layer/cathode
r) anode/light emitting layer/insulation layer having a
thickness of 2 nm or less/cathode
s) anode/insulation layer having a thickness of 2 nm or
less/light emitting layer/insulation layer having a
thickness of 2 nm or less/cathode
t) anode/insulation layer having a thickness of 2 nm or
less/hole transporting layer/light emitting layer/cathode
u) anode/hole transporting layer/light emitting
layer/insulation layer having a thickness of 2 nm or
less/cathode
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



| um nescence converting filter is used, area color displays and nulti color
di spl ays are obtained. A dot matrix display can be driven by passive
driving, or by active driving conbined with TFT and the |ike. These displ ay

devices can be used as a display of agwpnputer, television, portable

term nal, portable tel ephone, car navigation, view finder of a video
canmera, and.th Lkke. :Further. .the above-descrjbed light emtting device in
pl ane forn1fi gn%Hleégﬁﬁ-%ﬂﬂﬁtlQ§€¥%¥?ﬁf &t oAl EE%“SE°r§&Pﬂably used as
a flat lighj il I K-l of a 100 _liguid crystal display, or as a
flat |ight s%%?cégﬁgpgaitﬁﬁémlﬁgﬁ%r?.avlﬂ[ﬂq h%rt,hjr%"ée??e§?b$enﬁl 8Fe is used,

it can alsp.he,/Hgefloas @ curved light source or a display. EXAVPLES The

foll owi ng exanples further illustrate the present invention in detail but
do not |iniy) tieo86PPRsLISHERE 1450 eg ar, yeight . ,a -
nunber-avef%be n%legulgr me?%h%éiﬁgog%ﬂgﬁﬁﬁgenuué%ﬁpﬁﬁl%%u?a?mmBtht wer e
obtai ned asedis pplyktYERNR+hBAUGAY Y qﬁg L ght by gel

9 %J %?nt/%ré%g%@anp eﬁp‘%gél%t?%esi s of Conpound

per neati on chromat ogr aphy (G
A) HO I | "1d3drbikoapPeYDEnAlayer having a thickness of 2 nm or

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

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 opague substrate,
it is preferable that the opposite electrode is transparent
or semitransparent.

Usually, either the anode or the cathode in the polymer

LED of the present invention is transparent or
semitransparent. It is preferable that the anode side is

transparent or semitransparent.



- di br onodi benzot hi ophene 7g and THE 280mlL were charged into a 1 liter
Ebﬁr?necked fl ask undeP an inert atnosphere, and stirred to dissolve at a
roomtenperature, then cooled to -78 C. n-butyllithium29nml (1.6 nol/L
hexane sol ution) was added dropwi se to ?é. After the dropw se addition, it
was stirred for 2 hours, at the fixed enperature, and trimethoxyboronic
acid 13g was added dropwi se. After the dropw se addition, the tenperature
was raised to a RSofiheempdrantink of ovhys dhodde, stlerironf @onIudtayis at a
room tenperature, disappearance of the raw material was confirmed by TLC.
5% sul furi c"§&Pd PEdRe Widslmsudoeeni traespenent nbealeatinoFilard asid red at
a room tenperature for 12 hours. After washing with water, the 101 orgaglc
| ayer was s b%ﬁa?é&.uﬁﬁﬂer Eepridiieg il ddlamntaravudedt hydiancbride , 30%

hydr ogen roxide 5m was added and stirred at 40t for 5 hours.
?’ﬂgﬁogﬁe grﬁgﬁf’cogggﬁer tids oxdisia atand GHibbmed(MESA a0& dheedukedol ution of

iron(ll)a jum sul fate, and dried.. By distilling off the solvent, brown
solig 4?4ggPaB5185gﬁpnb§.uﬁ}ﬁﬂwﬁﬂuﬁ%ﬁc¥ﬁRﬂlC%Bd@cﬁiﬁﬁrglaesecamsospﬁod&ced

as confirme LG M5 neasurenent, and the purity of Conmpound A was 77% (LC
afea per ce%?g%%jlftftfé( ﬂﬁéﬁ? )()?[:T(c{h ML DN Szditicet PEiBgampide the( dyikehesi s of

Compound B)ynich are metal oxide complexes, and gold, platinum, silver,
copper and the like are used, and among them, ITO, indium:*
zinc - oxide, tin oxide are preferable. As the fabricating
method, a vacuum vapor deposition method, sputtering method,
ion plating method, plating method and the like are used.

As the anode, there may also be used organic transparent
conducting £ilms such as polyaniline or derivatives thereof,
polythiophene or derivatives thereof and the like.

The thickness of the anode can be appropriately
selected while considering transmission of a light and
electric conductivity, and for example, from 10 nm to 10 u'
m, preferably from 20 nm to 1 um, further preferably from
50 nm to 500 nm.

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 fluoride, organic insulating material and the
like.

As the material of a cathode used in the polymer LED of
‘the presént invention, that having lower work function is

preferable. For example, there are used metals such as




Compound B Under an inert atnosphere, into a 200m three neck fl ask,
Compound A 4.43g, n-octyl brom de 25.1g and potassium carbonate 12.5g were
charged, and nethylisobutyl ketone 50mL was added as a solvent, then
refluxed with heating at 1251 for 6 §gurs. After the reaction, the solvent
was distilled off, and chloroformand water are added to the reaction

duct h ' ; ted d furth ed it h wat
Poi ce. A SaE g Cﬁ}%ﬁ%ﬁﬁ“% i %ﬁ%ﬁv@&aﬁw?ﬁ%i%&ﬂﬁwm§Lgh
I |y t o | oh 1/ t d B
5. a0g"( LonaeRe Tt el n, RAEITERIE CRFERNG oo oantatis

R S é%%{?t&éi%“m%*’% thjnfhtend: of bt e@gfu%% @
Oo”pound ?P%&P grtge‘}bg at%ﬁﬂit AG6L 1 £18¢1 g éoﬁlé‘f 88&%&%& 'g“tt%o gL 00m

t hree neck t he enperature was th "usi ng

an oi l baﬁBreT%%nth%996Qﬁd%ﬂggﬁgi355 £ tﬁ%”&n&aéraﬂgfg bir e QE %l&hby

condenser and stirred Vi gor reaction was termnate

bei ng poupgE oNhRrE8QYEL Rf1 0l WALl - p AL BEuR X1 E86HEPT WhhBaRRlserof orm

titanium, cobalt, nickel, tungsten and tin, graphite or
graphite intercalation compounds and the like. Examples of
alloys include a magnesium-silver alleoy, magnesium-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 into a laminated structure of two or
more 1ayers.

The thickness of the cathode can be appropriately
selected while considering transmission of a light and
electric conductivity, and for example, from 10 nm to 10 x4
m, preferably from 20 nm to 1 Um, further preferably from
50 nm to 500 nm,

As the method for fabricating a cathode, there are used
& vacuum vapor deposition method, sputtering methed,
lamination method in which a metal thin film is adhered
under heat and pressure, and the like. Further, there may
also be provided, between a cathode and an organic layer, a
layer comprising an conducting polymer, or a layer having an
average film thickness of 2 nm or less comprising a metal
oxide, metal fluoride, organic insulation material and the

like, and after fabrication of the cathode, a protective




and being dried, the solvent was distilled off and Conpound C 6.96g (LC

ar ea @62990@6 yi el d=97% was obtai ned. 1H NVR(300MHz/CDC13): S 0.90 (t,
6H, 1.26-1.87 (m 24H), 4.06 (t, 4H), 7.19 (dd, 2H), 7.69 (d, 2H), 7.84
(d, 2H MS(APCI (+)):(MrH} 473 SynthetiggExanple 4 (synthesis of Conmpound D)
Ol ~a O Br SBr O O Compound D Conmpound C 3.96g and m xed sol ution 15n
of acetic id/_chloroform=1:1 were charged into a four-necked fl ask
200mL under aJ;W?%é??Ya?ﬁTﬁngEr Bro¥ifdefe #hichy protants dive aakyineTheED .

brom ne 6. 028 i ssalved in t?e gbove sol vent 3m was added and stirred for
3 hours. A o UThAVE t WP BsOFf LPE RAI¥BES LEPUECEH Ande e RaF e refovime.,

are added to the reaction

i d_chl or of 1d_wat -
o oduct . 1 he or B TSI SHAY 600 SBRATARB 0 SR ORFRSGTetasier AT | ng of f

product, ed" !
h I | . pur i fi hrough, silica gel . colum (el uent:

chilor of or i REXean B tor € AOEoHRR iR L B aclomel deiies srocagar v

ey U540 aeaRlaeder dit ML 200N ERSRETS) - © 095 (1, 6, 1301,

24H), 4.19

As the protective layer, there can be used a polymer
compound, 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 is maintained
using a spacer, it is easy to prevent an device from being
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 further, by placing a desiccant such as
barium oxide and the like in the above-described space, it
is easy to suppress the damage of an device by meoisture
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 eﬁission in plane form using the
polymer LED of the present invention, an anode and a cathode

in the plane form may properly be placed so that they are




2H), 7.89 (s, 2H) MS(FD+)M 630 Synthetic Exanple 5 (synthesis of Conpound
E) ol ~1 ~o Br SBr Conpound E Conpound D 3.9g and diethyl ether 50ni
were charged into a 200ml three neck flask under an inert atnosphere, and
the tenperature was raised to 40 and spigrred. Lithium alumnium hydride
1.17g was added a little at a tinme and reacted for 5 hours. Excess of

l'i thi um al ymi ni um hydride was deconposed by adding a small anount of water
at a tine,%ﬂﬁ?n@%ﬁ%éﬂaﬁFtﬂtbﬁI-hyﬂ¢§EhP6riéoﬁcpbtginﬁms AHigdrto fesrirs sinohn
wat er are added to the reaction mixture, the organic |ayer was separated
and dried. it RSN i FPEA- t hRBLGhasel AcRegdod dA whiqlelagrsk with a

s obt ai AR NIREABNRER GRS LS6Paase0( on 6, S Rererihedar) . 4. 15
() b noB AL ShEEtiaaAekt S 1ant B0 18, MHEN SBAARLE
layer in non-light emission part is formed to obtain
extremely large thickness providing substantial non-light
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, it may be
advantageous that 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 polymer
compounds 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 cobtained. 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, television, portable
terminal, portable telephone, car navigation, view finder of
a2 video camera, and the like.

Further, the above-described light emitting device in
plane form is a thin self-light- emitting one, and can be

suitably used as a flat light source for back-light of a




<Synt hesi s of Pol yner Conmpound 1> After dissolving

2, 7-di brono-9, 9-di octyl fl uorene (26g, 0.047 nol), . .
2,7-di . brono-9, 9-diisopentyl fluorene (5.6g, 0.012 nol), and 2,2'--bipyridyl
(229, 0.141 nol) in tetrahydrofuran jggehydrated) 1600ml, the inside of the
systemwas replaced w th nitrogen by bubbling with nitrogen gas. To this

i i s(. - i [ ' 2 40g, 0. 15nol
Socs o SRAEURIR R LA R AR B 5
ne v eact Sl LR AL O, o8 Fok 00,8000 L STer Qe (sbou
el | RO 00, |91 GHORANaRANLE Bl il L EL, 30, Tt

The deposited preciplitate was ar- _
di ssolved in toluene 1100m and filtrated. The filtrate was added dropw se

to met hanol 3300nl, and stirred for 30 m nutes. Then the deposited
precipit aggamp3efg | trated, washed with methanol 1000m, and then dried
under reduced pressure for 5 hours. A polyner was obtained in yield of

20mg. This pOINETEFoiBow £hET EQEmbY e sAFuRHNTEN 1GHHRAUN: 1end %@Qé%étyre”e
reduced average nol ecul ar wei ght of Polynmer Conpound 1 was =4.6x104, and
MA=1. 1x103nvefyabhetint dotdil &ut 188 not limit the scope thereof.
As for the molecular weight, a number-average molecular
weight and a weight-average molecular weight were obtained
as a polystyrene reduced average molecular weight by gel

permeation chromatography (GPC).

Synthetic Example 1 (synthesis of Compound A)

HO. .. .i .OH
S

Compound A

2,8-dibromodibenzothiophene 7g and THF 280ml were
charged into a 1 liter four-necked flask under an inert
atmosphere, and stirred to dissolve at a room temperature,
then cooled to -78 T. n-butyllithium 29ml (1.6 mol/L
hexane solution) was added dropwise to it. After the
dreopwise addition, it was stirred for 2 hours, at the fixed
temperature, and trimethoxyboronic acid 13g was added
dropwise. After the dropwiée addition, the temperature was
raised to a room temperature slowly. After stirring for 3
hours at a room temperature, disappearance of the raw
material was confirmed by TLC. 5% sulfuric acid 100ml was
added to terminate the reaction, and stirred at a room

temperature for 12 hours. After washing with water, the



<Synt hesi s of Pol yner Conmpound 2> After dissolving

2, 7-di brono-9, 9-di octyl fl uorene (5.8g, 0.0105 nol), the above N, N -bis
(4-bronmophenyl )-N, N -bis (4- n-butyl phenyl)-1, 4- phenyl enedi am ne (3. 1g,

0. 0045mml ) and 2, 2'-bipyridyl (6.69)1bﬂ 20m tetrahydrofuran (dehydrated),
the inside of the systemwas replaced with nitrogen by bubbling with
nitrogen gas. To this solution, bis(1l,5- cyclooctadiene) nickel (0)

(N (COD)2) (xagcwdsyeddwds arparbliied.eyfireat ureplamsinagi sied s01668htand
reacted for 3 hours wth stirring. After the reaction, this reaction liquid
was cool ed tWE? ¢blyd t eaptaieur 80%abgaue 25~y drrgkradosdoxi dpwsme wasa

m xed solution of 25% aqueous ammopi a 50m / net hanol 200m / 300n

| on- exchang&fdRd ern@netirrededtf 40 4 feur5 MherdepBbenedhepoaganicat e was
filtrated and dried for 2 hours under reduced pressure, and dissolved in
about 350m FYe%|WRheSePFRaked absashedom téf LoN maessis o3dlutitén ofs added
and stirred for I_hour, the agueous |ayer was renoved; about 200m of 4%
aqueous ammomiod (L) e en FRefaEganald Arded. v st ¥lking hoff , thed t he
aqueous | ayer was renoved; abput 200m of ion-exchanged water was added,
and the aquéSddeity TR Fehbded: 43Hcvasgahitaingger rfat Hr opIFRe to
about 700n1a%f n;%hanol, and s%%rred or é hour. Then the . deposited

preci pi t at e e 152t FERCUTT F BHBEP Y BuceBEiIFMeds e YoM hours, and

di ssol ved 'ﬁe%@%ﬂéﬁg¥¥v éﬁﬁt¥ﬂghpurity of Compound A was 77% (LC area

percentage).
MS(APCI(-))}:(M-H) 215
Synthetic Example 2 (synthesis of Compound B)

Compound B

AN TS NN
8] o

Under an inert atmosphere, into a 200ml three neck
flask, Compound A 4.43g, n-octylbromide 25.1g and potassium
carbonate 12.5g were charged, and methylisobutyl ketone 50ml
was added as a solvent, then refluxed with heating at 125TC
for 6 hours. After the reaction, the solvent was distilled
off, and chloroform and water are added to the reaction
product, the organic layer was separated and further washed
with water twice. After drying by anhydrous sodium sulfate,
it was purified through silica gel column (eluent:
toluene/cyclohexane=1/10) to give Compound B 8.49g (LC area
¥ = 97%, yield=94%) was obtained.
'"H-NMR(300MHz/CDC1;) :

d 0.91 (t, 6H), 1.31~1.90 (m, 24H), 4.08 (t, 4H), 7.07 (da4,




Then, purification through alum na colum was carried out, and recovered
tol uene solution was added to about 700m of nethanol, stirred for | hour,
and deposited precipitate was 106 filtrated and dried under reduced pressure
for two hours. The yield of the obtaipged copolyner (referred to as Pol yner
Compound 2) was 3.5g. Polystyrene reduced nunber average nolecul ar wei ght
and wei ght erag l.ec r i ght r Wh=3. 4x104 and Mwn=5. 4x10,

respecti ve?lg?/’ EZaﬁ%lngdi gg§r‘it \f?gsi%tsé (5\1ﬁe 2H) _
N, N - di ph : - bi 6t 1 l.Rhenyd )~ - | enedi am ne> Under
an inert a A%%%@#%,égéégﬁgtgd(Fgﬁkg%gﬁﬂagéifﬁyé?éﬁﬁyig was put in a 100m
t hree-necked flask, and 0.40g of tri(t-butyl)phosphi ne was added. Then,

tris(dibenzyltnggﬂgggpggg%Fipalladiun10.52 , 0 sityl ene 9. 5q,

t - but oxy sodi um 575¢7" a ON_~di phenyks -8, 4-phenyl erfediranm ne 5. Oy were
added, and reacted at 1000C The reaction |iquid was charged
into saturated NaC aqueous ~ggh~~and extracted by about 50CC

chl orof orm 300mL.. After distilligigaff the solvent, toluene 100m was added

thereto and heated to dissolve, and then stand it to cool. The
precipitation was filtrated &®%nRUnf & white solid was obtained

Compound B 6.67g and acetic acid 40ml were charged into
a 100ml three neck flask, and the bath-temperature was
raised to 140 C with using an oil bath. Then, 30% hydrogen-
peroxide 13ml was added through a condenser, and stirred
vigorously, then the reaction was terminated by being poured
into 180ml of cold water. After extracting with chloroform
and being dried, the solvent was distilled off and Compound
C 6.96g (LC area % = 90%, yield=97%) was obtained.
'H-NMR(300MHz/CDCl;) :
6 0.90 (t, 6H), 1.26~1.87 (m, 24H), 4.06 (t, 4H), 7.19 (44,
2H), 7.69 (d, 2H), 7.84 (d, 2H)
MS{APCI(+)}:{(M+H)" 473

Synthetic Example 4 (synthesis of Compound D)

Compound D
Compound C 3.96g and mixed solution 15ml of acetic
acid/ chloroform =1:1 were charged into a four-necked flask
200ml under an inert atmosphere, stirred at 70 T and
dissolved. Then, bhromine 6.02g dissolved in the above

solvent 3ml was added and stirred for 3 hours. A sodium




1H NVR(300MHz/ CDC13): S(pprn) = 1.2-2.8 (br,18H, 6.0-8.0 [br,18H 107
MS(APCI (+)): M+ 497 <Synthesis of N, N -bis(4-bronophenyl)-N N -bis(2,4,6-tri
nmet hyl phenyl ) -1, 4- phenyl enedi am ne Under an inert atnosphere, dehydrated
N, N- di net hyl f ormam de 200nl was put iRq a 300nmL three-necked flask and

| .Og of above N, N -di phenyl-N N -bis(2,4,6-

tri met hyl phenyl ) -1, 4- phenyl enedi am ne was di ssol ved. Then, a solution of

N- br onosuccithiimsid S awe dagli selhylibor wasi dddetiOio weme e dedraopyd se,
and reacted in.an ice bath for one whole day and night. The precipitate
whi ch added PTogvinenf amd eghleretarmi and wagerdarsndddegodia ethavaeddtiomt ed,
and 1.2g of the solids of thin brown was obtained. 1H NVR(300MHz/ CDC13):
S(ppm = 1.9rgdudqipr theHorgami kayer 8af, seperated pmd mHedVB@EGIY +)) : Mt
655 <SyntheS|s of _Pol yner Conpound 3> After dissolving the above conpound E
(346ng, 0. §?§r¥ﬁﬁ11)ln9t i fafdhe 0 hvent s (dtpvafppHEAFRRON throgigh silica

(2,4,6 trlnethylphenyl) 1, 4- phenylenedlan1ne (97nmg, 108
column '(eluent: c¢hloroform/hexane=1/4) to give Compound

D 4.46g (LC area % = 98%, yvield=B4%) was obtained.
'H-NMR(300MHz /CDC1l;):

0 0.95 (t, 6H), 1.30~1.99 (m, 24H), 4.19 (t, 4H), 7.04 (s,
2H), 7.89 (s, 2H)

MS(FD")M' 630

Synthetic Example 5 (synthesis of Compound E)

NN
BrBr
Compound E
Compound D 3.9g and diethyl ether 50ml were charged
into a 200ml three neck flask under an inert atmosphere, and
the temperature was raised to 40C and stirred. Lithium
aluminium hydride 1.17g was added a little at a time and
reacted for 5 hours. Excess of Jlithium aluminium hydride was
decomposed by adding a small amount of water at a time, and
washed with 36% hydrochloric acid 5.7ml. Chloroform and
water are added to the reaction mixture, the organic layer
was separated and dried. It was purified through silica gel
column (eluent: chloroform/hexane=1/5) to give Compound E
1.8g {(LC area % = 99%, yield=49%) was obtained.
'H-NMR(300MHz/CDC1;) :
4 0.90 (t, 6H), 1.26~1.97 (m, 24H), 4.15 (t, 4H), 7.45 (s,

2H), 7.94 (s, 2H)




0.148mml ) and 2,2'-bipyridyl (263ng, 1.68mmol) in tetrahydrofuran
(dehydrated) 20mL, the inside of the system was replaced with nitrogen by
bubbling with nitrogen gas. To this solution,

bi s(1, 5-cycl ooct adi ene) ni ckel (O {Ni«g£D) 2} (4709, 1.71nol) was added, and
the tenperature was raised to 60t and reacted for 3 hours with stirring.
After the reaction, this reaction liquid was cooled to a roomtenperature
(about 25@)s (mtdmidded dropwi se to a m xed solution of 25% agqueous anmoni a
10m / met hanol 120nil/ 50nl ion-exchanged water and stirred for 1 hour. The
deposited prextpbrairgwas Msl {AROId (and drdtdbd orpakeuverandeserveduced
pressure, and dissolved in about 30nl of toluene. Then, 30nml of IN

hydr ochl ordatc s danwdiss@dlded and stirred for 1 hour, the aqueous |ayer was
removed; and 30mL of 4% aqueous amni a was added to the organic |ayer,
stirred fyntheatoie  Exmdpléetaqueous | ayer was renoved. The organic | ayer
was added dropwi se to 200nil of nethanol, and stirred for 1 hour. Then the
deposi t ed {Swcipisis cofeBolimerafempai@ddidi’ed under reduced pressure for 2
hours, and dissolved in 30nm toluene. Then, purification through al um na
colum (1 Og of Aftemi ¢bgseb¥indr piddddbromomd  Pers el bieEsRe sbE8®r on was
added to about 250n] of nethanol, stirred for 1 hour, and P posited

preci pi t at® ek 191} r a2 €G- AHBTEFPEd 'l?ﬁ%lstoé’&l?@é'&fliﬁ%"s%?e ?0 e wd: Bdtrs.

oo Béingl_ dpgquy);{‘ %&%?ES PA POl YIRT (0L 0%d L3S £ VOB A PP Far) VoS
(dehydrated) 1600ml, the inside of the system was replaced
with nitrogen by bubbling with nitrogen gas. To this
solution; bis(1l,5-cyclooctadiene)nickel(0) {Ni{COD).} (40g,
0.15mol) was added, and the temperature was raised to 60T
and reacted for 8 hours.

After the reaction, this reaction liquid was cooled to
a room temperature (about 25TC), and added dropwise to a
mixed solution of 25% aqueous ammonia 200ml/ methanol
1200ml/ 1200ml ion-exchanged water and stirred for 30
minutes. The deposited precipitate was filtrated and air-
dried. Then; it was dissolved in toluene 1100ml and
filtrated. The filtrate was added dropwise to methanol
3300ml, and stirred for 30 minutes. Then the deposited
precipitate was filtrated., washed with methanol 1000ml, and
then dried under reduced pressure for 5 hours. A polymer
was obtained in yield of 20mg. This polymer is referred to
as Polymer Compound 1.

The polystyrene reduced average molecular weight of

Polymer Compound 1 was Mn=4.6x10*%, and Mw=1.1x10°.

Synthetic Example 7



reduced nunber average nol ecul ar wei ght was Mh=5.4x104. Exanple 2 On a

gl ass substrate on which ITOfilmwas forned in a 109 thickness of 150nm by
sputtering method, a filmwas formed by a thickness of 70nmwith a spin
coat using a solution (Bayer Co., Bayggon P) of poly

(et hyl enedi oxyt hi ophene)/ polystyrene sulfonic acid, and then it was dried
at 2001 for 10 mnutes on _a hot plate. Next, a filmwas formed by
spin-coatiﬁ§Y&FhGS#§t&¢i@ﬁ&Ymﬁﬁ HPOMYbrdmMm usi ng tol uene sol utions of
1:1 mxture (melg ratio) _of Pol ner,Co ound 3 ﬁnd Pilxner und 1
whose concent r apFERTWAL SSOLHART e i IP TR 0 T EheFhelE USFFEFHESySﬁg this
at 80t under reduced pressure for ur, EL dvice ate by
deposi ti ng®aBélP @HﬁSoftPPFaI5ﬁﬁh€‘§hn1 cg?é?ﬁﬂ?%gh?ﬂﬁe? &tﬁ gé

T TN K UKL LY mgmzﬁu;@wswgggfeeggezcmd
[ 3o (o (R 08 G, B et DAL R Ay
Lo rence 8 0RSEEL TR 3 SR TSR 50 Wl BHEECHER OIS
2 bubbling with nitrogen gas. To this solution, bis(1,5-
cyclooctadiene)nickel(0) {Ni(COD}.} (12.0g) was added, and
the temperature was raised to 60C and reacted for 3 hours
with stirring.
After the reaction, this reaction liquid was cooled to a
room temperature {about 25C), and added dropwise to a mixed
solution of 25% aqueous ammonia 50ml/ methanol 200ml/ 300ml
ion-exchanged water and stirred for 1 hour. The deposited
precipitate was filtrated and dried for 2 hours under
reduced pressure, and dissolved in about 350ml of toluene.
Then, about 200ml of 1N hydrochloric acid was added and
stirred for 1 hour, the aqueous layer was removed; about
200ml of 4% agueous ammonia was added to the organic layer,
stirred for 1 hour, and the agqueous layer was removed; about
200ml of ion-exchanged water was added, and the aqueous
layer was removed. The organic layer was added dropwise to
about 700ml of methanol, and stirred for 1 hour. Then the
deposited precipitate was filtrated and dried under reduced
pressure for 2 hours, and dissolved in about 350ml toluene.
Then, purification through alumina column was carried out,
and recovered toluene sclution was added to about 700ml of

methanol, stirred for 1 hour, and deposited precipitate was



except that Polynmer Conmpound 2 was used instead of Polymer Conpound 3, a
filmwas fornmed by spin-coating at a rotational rate of 1200rpm using
1.5wm % tol uene solutions of 1:1 mxture (weight ratio) of Polymer Conpound
2 and Polymer Conpound 1. By applyingjgagvoltage to the resultant device, EL
| um nescence having a peak at 464nm was observed. 110 Attenuation of

| um nance was neasured with setting the initial |lum nance to 100 cd/ m-, and
t he | um nancel bftete@08ndhdmisdwanded cddute EramdEeute <Synt tesi Bonks.
Compound F> Conpound F 1.68g (1.83mml) of tris(dibenzylidine acetone)

di pal | adi umThie 5ptel@. GAnttbe) obt adneide mpippiyeEhi nofefemcedeto 45. Bglymer
(183mmmol ) of sodiumtertiarybutoxide, and toluene 430nL were put into a 1L
t hr ee- neckedfdpgin@ndkrvas Bnégt Pallysdpyrene redtasd rpwibénrat€ragaut es at
a room tenperature. Then, aniline was added and stirred further for 10

m nutes. Th@Pledelarnyetahtr andayeighde@vesage moleguflar weight were

1- br ono- 4- but yl benzen %ggd§61nnnll dissolved in toluene 50nL was added
dropwi se, af®=tt+EFlQha 1o XtPe HRFRRGEIRY was raised to 125 t.

After 2 hours, it.was cooled to a roomtenperature, the toluene | ayer was
washed

Example
{Synthesis of N,N'-diphenyl-N,N'-bis(2,4,6-trimethylphenyl) -

1,4-phenylenediamine)

N@_N

Under an inert atmosphere, deaerated toluene
{dehydrated) 40ml was put in a 100ml three-necked flask, and
0.40g of tri(t-butyl)phosphine was added. Then,
tris(dibenzylidine acetone)dipalladium 0.52g, bromo
mesitylene 9.5g, t-butoxy sodium 5.5g, and N,N'-diphenyl-
1,4-phenylenediamine 5.0g were added, and reacted at 100C
for 3 hours.

The reaction liquid was charged into saturated NaCl agueous
solution, and extracted by about 50T chloroform 300ml.
After distilling off the solvent, toluene 100ml was added
thereto and heated to dissolve, and then stand it to cool.
The precipitation was filtrated and 6.1g of white s0lid was
obtained.

'H-NMR(300MHz/CDC1,) :

§ (ppm) = 1.2-2.8 [br,18H], 6.0-8.0 [br, 18H]




wi th 1IN hydrochloric acid, and dried wth sodiumsulfate. After the toluene
solvent was distilled off, the residual matter was purified through silica
gel with using toluene:cyclohexane =1:5 m xed solvent as the eluent, and
5.399 (25%yield) of the desired conpgynd F was obtained. |

H NVR(300VHz/ CDC13) : 60.94(t,6H), 1.31-1.43(m4H), 1.51-1.64(m4H),
2.56(t,4H), 6.90-7.06(m 7H), 7.16-7.24(m 6H) 111 MS(APCI (+)) (M+H) + 358
<Synthe5|Msdﬂﬂgﬁkmbhdﬂc>498r Conpound G 5.39g (15nmml) of conpound F was
dissolved in N N dinethylformamde (DMF) 130ni. Then, . 2.63g(14. 8nnDI) of

N- bromp SS¥Eitdiasis (CNTBS¥ Masbdf 64obsamPRIERF LasHL: N arﬂi‘%o?d'e‘g' ohwi se at a
roomtenperature. After the dropwi se addition, it was stirred for 24 hours
and t he rE@Gﬁﬁ%?h@ﬁﬁ%kﬂ%1ﬁaﬁ%ﬂny%?nﬁﬂaﬁﬂdngﬁ aqueous sol ution of sodium
thiosulfate. Toluene and water was added to the reaction mxture, and the
organic |layer was separated and dried with sodium sulfate. Sodium sulfate

was renoved by fBltration and the sol ve was distilled off, and 6.05g (92%
yi el d) of the desiiii:§onpound G bt ai ned. 1H—NNR(300N+E/C£(13)

Under an inert atmosphere, dehydrated N,N-
dimethylformamide 200ml was put into a 30le three-necked
flask and 1.0g of above N,N'-diphenyl-N,N'-bis{(2,4,6-
trimethylphenyl)-1,4-phenylenediamine was dissolved. Then, a
solution of N-bromosuccinimide 0.75g/ N,N-dimethylformamide
10ml were added dropwise, and reacted in an ice bath for one
whole day and night.

The precipitate which added 100ml of water to reaction
liquid, and deposited was filtrated, and 1.2g of the solids
of thin brown was obtained.
'H-NMR({300MHz/CDCl;):

6 (ppm) = 1.9-2.1 [br,12H], 2.2-2.4 [br,6H]., 6.6-7.4
[br,16H]
MS(APCI(+)):M" 655
<Synthesis of Polymer Compound 3>

After dissolving the above compound E (346mg,
0.578mmol), the above N,N'-bis(4-bromophenyl)-N,N'-bis

(2,4,6-trimethylphenyl) -1, 4-phenylenediamine (97mg,




- .91(d, 4H),
.93(t,6H), 1.30-1.43(m4H), 1.53-1.64(m4H), 2.56(t,4H), 6
g 85(d(2FDrD7.01(d,4FD,(7.27(d,2H) <Synt hesi s of Conpound H> Conpound H
0:699 tO.?GnnnI) of tris(dibenzylidine acetone) 112 dipalladium 0.63g
(1.13mol) of di phenyl phosphi nof errocengg and toluene 180nmL were put into a

. : 10
-necked flask under an inert atnosphere, and stirred for _
o e ot o Then, Conpound G 11g (25.2nmmol) was put in,

- m nut t m tegperature. Th .
ghgus??r?ed ui? o;gfa@g Rir AUt 84 Par ig¥lodrid 6 Iegwpel s 8mmol Fhen, 13. 1g

' I di am ne and 14.5g (151mmol) of sodium
Ferhiiiap i FN I\kg\éf‘ggg%lﬁgh?aghgggaﬁﬁ@a)trn &Aer attive imsidai cBdthe 4@5tem it

tertiary buto The reaction liquid was washed wth IN

hos ool o) g e BLICa el B niKropan, bindibildnsg Hidh it amied gash

hydr ochl ori ¢ &aci _ " d . .
o S R, B L Sl B L P
silica gel iy dsHng tg[ﬁgn?: geégne =5:1 maxq%ogﬁhﬁi Jef;nepeell;fun;é an
8. 849 (57%y|e31(5tﬁjof the“d4esrea Blfﬂguﬁf%: (m 4 ‘0 1.51-1. 64(m 4H) |
%H'Sg?/{?( 22{)0%5%%?&%?0 g% Gy re‘acoted fzor 3 l_l'Qdurs} with stirring.
After the reaction, this reaction liquid was cooled to a
room temperature (about 25%3), and added dropwise to a mixed
solution of 25% aqueous ammonia 10ml/ methanol 120ml/ 50ml
ion-exchanged water and stirred for 1 hour. The deposited
precipitate was filtrated and dried for 2 hours under
reduced pressure, and dissolved in about 30ml of toluene.
Then, 30ml of 1N hydrochloric acid was added and stirred for
1 hour, the aqueous layer was removed; and 30ml of 4%
aqueous ammonia was added to the organic layer, stirred for
1 hour, and the aqueous layer was removed. The organic layer
was added dropwise to 200ml of methanol, and stirred for 1
hour. Then the deposited precipitate was filtrated and dried
under reduced pressure for 2 hours, and dissolved in 30ml
toluene. Then, purification through alumina column (10g of
alumina) was carried out, and recovered toluene soclution was
added to about 250ml of methanol, stirred for 1 hour, and
deposited precipitate was fiitrated and dried under reduced
pressure for two hours. The yield of the obtained copolymer
(referred to as Polymer Compound 3) was 228.6mg. Polystyrene
reduced number average molecular weight was Mn=5.4x10°,.

Example 2

On a glass substrate on which ITO film was formed in a




<Synt hesi s of Conpound J> Conpound J 113 0.1l g (0. 12mml) of |
tris(di benzylidine acetone) dipalladium.0.10g (0.18nmvol) of |
di phenyl phosphi nof errocene, 2.34g (24.4mvl) of sodiumtertiary butoxide, |
and toluene 60nmL were put into 200migm t hree-necked fl ask under an inert
at nosphere, and stirred for 10 mnutes at a room tenperature. Then, 5g
(8.12mml ) of conpound H was put in, and further stirred for 10 m nutes at

a room t emjeickuess ofhéhOnm, p3gspytiemipig) methrdy: ot lpWes bERTRRE was

put in, and the tenperature was raised to 125 t, it was refluxeg for 8

hours ref bY@ tnbckeessi of FPHG Yikds 2nEPHEd SATH WNTHyRrdehibtPR aci d,

and the organic |ayer was separated and ried wth sodiumsulfate, After
sodi um sul ¥ﬁ¥w@°ren%§§€roﬁypﬁiPFrRP#@hq§ﬁ§ﬁHﬁ?%ﬂﬂQﬂﬁﬁh ﬁ?%f(lled of f,

the residual material was purifi t hrqugh thr.qugh silica,ge ] usi ng

t ol uene: cﬁqw&%%nélgﬂlﬁ?géﬂ QSS'aenFnﬁs%?’ﬁé’ 3"earﬁ e 43‘150%;8\%?2% yi el d)

R BU R T R i L e S A

of Cbnpou%%igiéggpfggdag‘a rotational rate of 1500rpm, using toluene
solutions of 1:1 mixture (weight ratio) of Polymer Compound
3 and Polymer Compound 1 whose concentration was set to
being 1.5wt%. Furthermore, after drying this at 80T under
reduced pressure for 1 hour, an EL dvice was fabricated, by
depositing about 4nm of LiF, about 5nm of calcium as the
cathode, and subsequently, about 35nm of aluminum. Here,
after the vacuum degree reached to 1x10"'Pa or less, the
deposition of metal was started.

By applying a voltage to the resultant device, EL
luminescence having a peak at 464nm was observed.
Attenuation of luminance was measured with setting the
initial luminance to 100 cd/m?, and the luminance after 300
hours was 73 cd/m’.

Comparative Example 1

A device was produced as the same manner with Example 2
except that Polymer Compound 2 was used instead of Polymer
Compound 3, a film was formed by spin-coating at a
rotational rate of 1200rpm, using 1.5wt% toluene solutions
of 1:1 mixture {weight ratio)} of Polymer Compound 2 and
Polymer Compound 1.

By applying a voltage to the resultant device, EL

luminescence having a peak at 464nm was observed.



114 4.5g (6.02nrnol) of conmpound J was dissolved in 50nL of

N, N- di net hyl f ormam de (DVMF). Then, 2.10g (11.8mmol) of N bronosuccinimd
(NBS) dissoved in 50nL of DVA', and added dropw se at a room tenperature.
After the dropw se addition, it was sigrred for 24 hours and the reaction
was term nated by adding an aqueous solution of sodiumthiosulfate. It was
poured into 500 water and the deposited precipitate was filtrated. 5.10g
(94% yi el dhtsenupsigesiofed uwreipoarl Yasareasbred nedth prtANRE3GORHz/ CDC13) :
60. 94(t O9H), 1.34-1.41(br,6H), 1.52-1.64(br,6H, 2.56(br,6H), 6.42gd 4H) ,
6.87-7. 41(bRikdpl lNBLAROIGEHDY MY CHOE <y HdE sLumimepcenat torpstfd 4>
Af ter dlssoIV|ng 0.638 (1. 03mol) of the above conpound E, 0.418 (0.45mml )
of the abobeuEsNBENE3KEIAMI-0. 559 of 2, 2'-bipyridyl in tetrahydrofuran
(dehydrate&% 45 the inside of the system was replaced wi th nitrogen by
bubbl i ng PP FtPogen gas. Under nitrogen atnosphere, |.Qg of

bi s(1, 5-cyclLoog¢t adi.ene i ckel ni ckel (COD) 2) was added to this

sol ution, §%§n¥h85%8 % Q én%ggfﬁalsed to 60 r-. The reaction was
conducted for 3 hours stirring. After the reaction, this reaction
liquid was cooled to a on1 tenperature (about 25 C), and added dropw se to

RS

Compound F

1.68g (1.83mmol) of tris(dibenzylidine acetone)
dipalladium, 1.52g (2.74mmol) of diphenylphosphincoferrocene,
17.6g (183mmol) of sodium tertiarybutoxide, and toluene
430mL were put into a 1L three-necked flask under an inert
atmosphere, and stirred for 10 minutes at a room
temperature. Then, aniline was added and stirred further for
10 minutes. Then, the temperature was raised to 80 T, and
l-bromo-4-butylbenzene 13g (61lmmcl)} dissolved in toluene
50mL was added dropwise, and after the addition, the
temperature was raised to 125 T. After 2 hours, it was
cooled to a room temperature, the toluene layer was washed
with 1N hydrochloric acid, and dried with sodium sulfate.
After the toluene sclvent was distilled off, the residual
matter was purified through silica gel with using
toluene:cyclohexane =1:5 mixed solvent as the eluent, and
5.39g9 (25% yield) of the desired compound F was obtained.
'H-NMR(300MHz /CDC1l,):
60.94(t,6H), 1.31-1.43(m,4H), 1.51-1.64{m,4H), 2.56(t,b4H),

6.90-7.06(m,7H), 7.16-7.24(m,6H)




solution of 25% aqueous ammoni a 10m / about 100m of nethanol / about 200n
of ion-exchanged water and stirred for 1 hour. The deposited precipitate
was filtrated and 115 dried for 2 hour under reduced pressure. Then, it was
di ssol ved in about 350ml toluene. Then,.gbout 200m of IN hydrochloric acid
was added and stirred for 1 hour, the "aqueous |layer was renoved; about
200mL of 2@6a?ueous ammoni a was added to the organic layer, stirred for 1
hour, and tH8(AZ§dddus (MyEr WES renpved; about 200nl of ion-exchanged

wat er was added, and the aqueous | ayer was renoved. Then, purification

t hrough al uRPHBtEESHEN LAY ut, and recovered tol uene sol ution was
added to about 700nl of Bethanol, stirred for 1 hour, and deposited
precipitate was filtrat and dried under reduced pressure for two hours.
The yield of the obtaine opol ynmer (referred to as Polymer Conpound 4) was
. 0.4g. Polystyrene red er average nolecular wei ght and wei ght

aver age nol ecul ar wei Wh=2. 3x104 and Mwn=8. 8x104, respectively.
Exanple 4 On a gl as n which ITOfilmwas forned in a thickness

substrate

of 150nm by sputtering nethod, alfilmwas forned by a thickness of 70nm
wWith a spin coat using a solution (Bayer Co., Baytron P) of poly

(et hyl enedi oxyt hi opl&¥BIunddfystyrene sulfonic acid, and then it was dried
at 200t

5.39g (15mmol) of compound F was dissolved in N,N-
dimethylformamide (DMF) 130mL. Then, 2.63g(l14.8mmol) of N-
bromo succinimid (NBS) was dissoved in DMF 65ml, and added
dropwise at a room temperature. After the dropwise addition,
it was stirred for 24 hours and the reaction was terminated
by adding an aqueous solution of sodium thiosulfate. Toluene
and water was added to the reaction mixture, and the organic
layer was separated and dried with sodium sulfate. Sodium
sulfate was removed by filtration and the solvent was
distilled off, and 6.05g (92% yield} of the desired compound
G was obtained.

'H-NMR(300MHz/CDC1l,):
60.93(t,6H), 1.30-1.43(m,4H), 1.53-1.64(m,4H), 2.56(t,4H),
6.91(4,4H), 6.95(4,2H), 7.01(4,4H), 7.27{(d,2H)

<{Synthesis of Compound H>

OO0

2
20

Compound H

0.69g (0.76mmol) of tris{dibenzylidine acetone)




for 10 mnutes on a hot plate. Next, a filmwas fornmed by spin-coating at a
rotational rate of 1500rpm wusing toluene solutions of 1:1 m xture (weight
rati o) of Polymer Conpound 4 and Pol ymer Conpound | whose concentration was
set to being |.5wm% Furthernore, aftefodrying this at 800C under reduced
pressure for 1 hour, an EL dvice was fabricated, by depositing about 4nm of
Li F, about 5nm of calciumas the 116 cathode, and subsequently, about 35nm
of al unmi nunfiipéddadigm, el oy dcuiimeiel) eef r éiphedylphbspbislef eardoesss, t he
deposition of netal was started. By applying a voltage to the resultant
devi ce, EL 2POntRésEBRCcd BPME Wene putk tasanmPO0mE dhseevedckeft tfdmsdt i on
of lum nance was neasured with setting the initial |um nance to 100 cd/ng,
and the | untRaREelf LBLTI0G tMeSRNe s amd cof Fpre@xhpp| &05migyftesesits aof
4-t-butyl -2, 6-di met hyl br onobenzene> Br Under an inert at rmsihere 225g of
acetic aci df9Q@ EE{"PeFﬁttb‘r& -5 G0t R S 11 3sk25 aRBme4) 3ast put
5-t-butyl -n _xyl eae was added. Then, after adding 31.2g of bromne, it was
reacted at 1%:28" FSFr§eﬂo§P§th?ﬁé F@ééﬂl&ﬁﬂqEﬁﬁdaﬁaé ra@®ed to 500nl of
water, and fhe d S|ted reci %te w%s flltratted It _was washed with
250m of  wal SFPEERLRTGnq ToEn 29 3.1 4mmol) ‘of N,N-diphenylphenylene

dlamlne and 14.5g (151lmmol) of sodium tertiary butoxide were

put in, and the temperature was raised to 125 T, it was

refluxed for 8 hours reflux. The reaction liguid was washed

with IN hydrochloric acid, and the organic layer was

separated and dried with sodium sulfate. After sodium

sulfate was removed by filtration and the solvent was

distilled off, the residual material was purified through

silica gel with using toluene:hexane =5:1 mixed solvent as

the eluent, and 8.84g (57% yield) of the desired compound H

was obtained.

'H-NMR(300MHz/CDC1;) :

50.93(t.6H), 1.30-1.42(m,4H), 1.51-1.64(m,4H), 2.55(t,4H),

6.98-7.34(br,27H)

{Synthesis of Compound JI)>

@NO Y

/mx

Compound J



of white solid was obtained. |IH NVR(300MHz/ CDC13): 6(ppm) = 1.3[s,9H],
2.4[s,6H], 7.1[s,2H MS(FD+) M+ 241 <Synt hesi s of

N, N -di phenyl -N, N - bi s(4-t-butyl -2, 6 di methyi phenyl)-1, 4- phenyl enedi am ne>
117 Under an inert atnosphere, deaerajpg toluene (dehydrated) 36m was put
in a 100m three-necked flask, and 0.63g of tri(t-butyl)phosphi ne was
added. Then, after adding 0.41g of tris(dibenzylidine acetone)di pall adi um
9.6g9 of the a@o&ég4(ﬂ Bampiol) &Iditel s lQﬁQﬁﬁ%ﬁQ&%%eaCSt?ﬁeéf t- butoxy
sodi um and 4. of N, N -di phenyl -1, 4- phenyl enedi am S reacted at
700 'C 1 ordmabiagiumhe0s 435t {6h Lemaeid il HETERT P ROBRLBY S SHOFarEe tao

aqueous solution, and extracted w.th 300m, of ngorofo f
distilling?o}49t ha4shrpen, Ofoﬁﬁéﬁémiéﬁﬂtl%%&iﬁﬁ%ﬁ&' 3 ?%naissolve
the solid, and then stand it _to cool. The pre tate was filtrat d
9.9g of Wil €BFePUAsiBkPaPROBL 2o gﬁ‘éad st Andbt 48" £fle8R

N, N -b 4-b h | b 4-t - but
2, 6- d|h§§ﬁ§’%ﬁ%§5?§2y %nﬂhﬁﬁﬁFé% dﬁgﬁiﬁéznffﬁnfﬁder ah THert at nospher e,
dehydr ated, NIV g et vk f L g 350 S Mo urkd 00 had Ppe- Bagket

and further stirred for 10 minutes at a room temperature.
Then, 1.73g (8.12mmol) of l-bromo-4-butylbenzene was put in,
and the temperature was raised to 125 T, it was refluxed
for 8 hours reflux. The reaction liquid was washed with 1N
hjdrochloric acid, and the organic layer was separated and
dried with sodium sulfate. After sodium sulfate was removed
by filtration and the solvent was distilled off, the
residual material was purified through through silica gel
with using toluene:cyclohexane =1:5 mixed solvent as the
eluent, and 4.50g (74% yield) of the desired compound J was
cbtained.

!H-NMR{300MHz/CDC1l;):

50.93(t,9H), 1.30-1.43(m,6H), 1.52-1.64(m,6H), 2.56(br,6H),
6.95-7.28{br, 30H)

<Synthesis of Compound X3

—<:>PN%C3%N%C3}Br

/@‘@\

Compound K



flask, and 5.2g of the'above N, N -di phenyl-N,N --bis (4-t-

butyl - 2, 6-di met hyl phenyl ) -1, 4- phenyl enedi am ne was dissolved in it, then, a
solution of 3.5g of N-bronosuccinimde/N, N dinethylformam de was added
dropwi se, and reacted with cooling by4gn ice bath one whole day and night.
150nml of water was added to the reaction |iquid, and deposited precipitate

was filtrated, a g 5 with 50m thanoId:L ®? gf mhlgg Eol;d was
i re ik il ETEToh] Bl BBty b o
<§ynt hesi s oﬂ’%‘}l &’%h %‘E %% ’rﬁgﬁé\bg%éeélonﬁol&r?[ é](i EHEJ" J9}nr1]%f )N‘t2e4
N, N - Bj , N - -
Shgxsl enedi am ne (Afp%ﬂ[@% gnﬁ’é%wd&li,s pwll §§)¥1 (§£§dﬂ&ﬁm%p g‘ﬁ%‘#)
5500, SR AR g A DB

syst em was replace rogen

ni trogen at AYSRALS &t d‘l.g:llﬁi(dl 150 nyl 098‘599 £R8) tﬁgl %%%lc(tq)on{ ek keéez(m gtﬂéc%o 60

(9 0g, 33mmol) was a to t I on, nperature Was Tl
-, and reagkedaditly & @ecméh Siht {609 £AELEG ul 1%gh
reaction i té'ﬁ. d v\l/asg coooﬁle% to a Sr"oolrln terrpgra%%jraeu%laggut tt%{)c a'ngh's was

poured into 500mL water and the deposited precipitate was

filtrated. 5.10g (94% yield) of the desired compound K was
obtained .

'H-NMR(300MHz /CDC1;):

50.94(t,9H), 1.34-1.41(br,6H), 1.52-1.54(br,6H),
2.56(br,6H), 6.42(d,4H), 6.87-7.41(br,24H)

MS{APCI(+))(M+H)" 906

<Synthesis of Polymer Compound 4>

After dissolving 0.63g (1.05mmol) of the above compound
E, 0.41g (0.45mmol) of the above compound K, and 0.55g of
2,2"'-bipyridyl in tetrahydrofuran (dehydrated) 45mL, the
inside of the system was replaced with nitrogen by bubbling
with nitrogen gas. Under nitrogen atmosphere, 1.0g of
bis(1l,5-cyclooctadiene) nickel(0) {nickel(COD).} was added
to this solution, and the temperature was raised to 60 C.
The reaction was conducted for 3 hours with stirring. After
the reaction, this reaction liquid was cooled to a room
temperature (about 25C), and added dropwise to a mixed
solution of 25% aqueous ammonia 10ml/ about 100ml of
methanol / about 200ml of ion-exchanged water and stirred

for 1 hour. The deposited precipitate was filtrated and




added dropwi se to a m xed sol ution of 25% aqueous ammonia 150m / net hanol
1500/ 600mL i on-exchanged water and stirred for 1 hour. The deposited
precipitate was filtrated and dried for 2 hours under reduced pressure, and
di ssolved in 450 of toluene. Then, 4p@nml of 1N hydrochloric acid was
added and stirred for 1 hour, the aqueous |ayer was renoved; and 450m of
4% aqueous amoni a was added to the organic |ayer, stirred for 1 hour, and
t he aqueousi¥ig@rfoms2 henvveddeTheegiugad eregsIraasTaaueditreasi se to
1350nl of nmethanol, and stirred for 1 hour. Then the deposited precipitate
was filtratESeEntveditd ahget BoAmded ofesur Lhemr abdwiur2Q0mhdofi 3ol ved
in 400nl toluene. Then, purification through alum na colum (100g of

al uni na) waYAreFhleel guacidnyapeadiede @ndoiSidarad|ing oh hewr adtiee t o

about 1350nil of nethanol, stirred for 1 hour, and deposited precipitate was
filtrated SRPERISIFREIVREHEBAVELEsSROEt 2O0MInveTh Ak RauRrRUS | atoniat he

obt ai ned copoaly referred to as Pol yner Conpound 5) was 5. 5ng.
Pol yst yrené’parse(ﬁg‘%%é HunbRe QTERBLE ABFEBEUI &t ik&ieghEarad MRuE 2xamd . thanpl e

6 On a glass_substrate on which I TO mwas formed in a thickness of 150nm

by Sput Cer ERGRhGIEYSE 114 SHEOTERAeABORY 200MIc e SOToToRIARGRA h a Spi n

?g?hyfghggF%?%?%ﬂ%%ﬁgﬁ%%%iSqg%Srtﬁg'aqﬁgghgoEa?%rp&agogémoved. Then,
purification through alumina column was carried out, and
recovered toluene solution was added to about 700ml of
methanol, stirred for 1 hour, and deposited precipitate was
filtrated and dried under reduced pressure for two hours.
The yield of the obtained copolymer (referred to as Polymer
Compound 4) was 0.4g. Polystyrene reduced number average
molecular weight and weight average molecular weight were
Mn=2.3x10° and Mw=8.8x10°, respectively.
Example 4

On a glass substrate on which ITO film was formed in a

thickness of 150nm by sputtering method, a film was formed
by a thickness of 70nm with a spin coat using a solution
(Bayer Co., Baytron P) of poly (ethylenedioxythiophene)/
polystyrene sulfonic acid, and then it was dried at 200T
for 10 minutes on a hot plate. Next, a film was formed by
spin-coating at a rotational rate of 1500rpm, using toluene
solutions of 1:1 mixture (weight ratio) of Polymer Compound
4 and Polymer Compound 1 whose concentration was set to
being 1.5wt%. Furthermore, after drying this at 80T under
reduced pressure for 1 hour, an EL dvice was fabricated, by

depositing about 4nm of LiF, about 5nm of calcium as the



pol ystyrene sulfonic acid, and then it was dried at 20000 for 10 m nutes on
a hot plate. Next, a filmwas fornmed by spin-coating at a rotational rate
of 1500rpm wusing a toluene solution of 25:75 m xture (weight ratio) of

Pol ymer  Conpound 5 and Pol ymer ConpouRdgl whose concentration was set to
being 1.5wt % Furthernore, after drying this at 80r under reduced pressure
for 1 hour, an EL dvice was fabricated, by depositing about 4nm of LiF,
about 5nm ofatégidei.umrals sulzsequénticy . anbogtibdeguent!| v luatiouim .3 Hemeof

al um num Here, after the vacuum degree reached to 1x10-4Pa or |less, the
depositi on BEtest henyaciium (deErey eathedgte YBLOada tax tIwss esthe ant
device, EL _|um nescence having a peak at 472nm was observed. Attenuation
of | uni nanc 8eRES ikdQFuOdd Matat Jas i fHegeThed . initial | uminance to 100 cd/ n2,
and the lum nance after 300 hours was 78 cd/nm2. <A synthesis of N, Nbis
[N - phenyl - N - (4B¥- BRRJiYing a2 iHeiags pHents - reavd henghaayrire2, BLe-tri

met hyl aniline> Under an_inert atnosphere, deaerated toluene (dehydrated)
40l was pu{]‘ufnﬁnﬁsfﬁﬁﬁie PRV & IREFK | 35 KA 8ORIR W oS 29SeF ved.

tri(t-butyl hi n dded. Th 0.18 f 121 tris(dib lid
agggoneydypéﬁPgaﬁﬁhggﬂ&% gPﬁiﬂﬁﬂgéikiﬁ-m ,%ﬁ%ﬁ¢mw%§bg%§%§hn§2§ Pkeing.ZQ

f t-butoxy, sodi 3. 59 .0f 2 .
N i (4 D RERRE R g ) 489, i1 A3 e, Luminance aster 300

hours was 71 cd/m’.
Example 5

<Synthesis of 4-t-butyl-2,6-dimethylbromobenzene)

Br

Under an inert atmosphere, 225g of acetic acid was put
into a 500ml three-necked flask, and 24.3g of 5-t-butyl-m-
xylene was added. Then, after adding 31.2g of bromine, it
was reacted at 15-20 C for 3 hours. The reaction ligquid was
added to 500ml of water, and the deposited precipitate was
filtrated. It was washed with 250ml of water twice and 34.2g
of white s0l1id was obtained.

'H-NMR(300MHz /CDC1l,) :
O0(ppm) = 1.3[s,9H], 2.4[s,6H], 7.1[s.2H]

MS(FD+)M" 241

<{Synthesis of N,N’'-diphenyl-N,N'-bis(4-t-butyl-2,6-

dimethylphenyl)-1,4-phenylenediamine)




added and reacted at 100 for 3 hour. The reaction liquid was added to 300n
of saturated NaC aqueous solution, and extracted with 300nl of warned
chloroform After distilling off the solvent, toluene 100m was added and
heated to dissolve the solid, and themffand it to cool. The precipitate
was filtrated and 5.2g of white solid was obtained. <Synthesis of

N, N- bi s[ N' - 4- br onophenyl -N - (4-t-butyl -2, 6-

di et hyl phenyl ) - 4- am nophenyl ]-2,4,6-trinmethylaniline> Br. Br Under an inert
at nosphere, dehydrate N di nmet hy manm de 350m is put into a 1000m

t hree- necked fl ask. di ssol vi Qg of the above N, N-bis[N -phenyl -
N -(4-t-butyl -2, 6-di | phen I)-4Be nophenyl]-2,4,6- trimethyl aniline, a
sol ution of N bronopsucci d /' N, N-di et hyl f or mam de was added

dropwi se, and reacted wilt by an ice bath one whol e day and ni ght.

150m of water was adgeg on |iquid, and the deposited
precipitate was filt : Wi ce with 122 net hanol 50m . 4.4g of
white solid was obtaNned/ 1H NVR(3 THF-d8): &(ppm = 1.3[s, 18H],

1.9[s, 6H, 2.0[s, 12H,—2. . _7[d,4H, 6.7-6.8[br,8H, 6.9[s,2H,
7.1[s,4H, 7.1- 7.2

Under an inert atmosphere, deaerated toluene
(dehydrated) 36ml was put in a 100ml three-necked flask,
and 0.63g of tri(t-butyl)phosphine was added. Then, after
adding 0.41g of tris(dibenzylidine acetone)dipalladium, 9.6g
of the above 4-t-butyl-2,6-dimethyl bromobenzene, 5.2g of t-
butoxy sodium, and 4.7g of N,N'-diphenyl-1,4-
phenylenediamine, it was reacted at 100 T for 3 hours.

The reaction liquid was added to 300ml of saturated NaCl
aqueous solution, and extracted with 300ml of 50T
chloroform, After distilling off the solvent, toluene 100ml
was added and heated to dissolve the solid, and then stand
it to cool. The precipitate was filtrated and 9.9g of white

so0lid was obtained.

<Synthesis of N,N'-bis(4-bromophenyl)-N,N'-bis(4-t-butyl-

2,6-dimethylphenyl)-1,4-phenylenediamine?



M5( FD+) M+ 947 <Synt hesi s of Pol ynmer Conpound 6> . The above conpound E
(479ngy, 0.8mmol), the above N, N- bis

[ N - 4- bronophenyl -N - (4-t-butyl -2, 6-di met hyl phenyl )-4- am no
phenyl]-2,4,6-trinmethylaniline (190ng, 1qg2nmol) and 2, 2'-bipyridyl (330ng,
2.1mmol) were dissolved in 28nL of dehydrated tetrahydrofuran, then the

I nside of the system was replaced with nitrogen by bubbling with nitrogen
gas. Under nitrogen atnDsphere bi s(1, 5-cycl ooct adi ene) nickel (0) (nickel
(COD)2) (580ny, 2.1 1|) was added to t'Fs solution, the tenperature was
raised to 60 t, and rgached for 3 S wth stirring. After the reaction,
this reaction Iliquid cooled to on1tenperature (about 25°C), and
sol ution 5@6aqueous anmmonia 10m / rnet hanol

and stirred for 1 hour. The deposited
(A

120m / 50ntl i on-exchanged
precipitate was filt at egN 2 hours under reduced pressure, and
di ssolved in 30m of\tafuene: gnl of I N hydrochloric acid was added
and stirred for 1 ho 1 aqueoug | ayer was renmoved; and 30nl of 4%
aqueous ammoni a was added to the ory | ayer, stirred for 1 hour, and the
aqueous | ayer was pved. The organi 6 yer was added dropw se to 150nil of
123 net hanol, and stixred for 1 hour. {en the deposited precipitate was
filtrated and dri ed/under reduced pressute

Under an inert atmosphere, dehydrated N,N-
dimethylformamide 350ml was put in a 1000ml three-necked
flask, and 5.2g of the above N,N'-diphenyl-N,N"-bis (4-t-
butyl-2,6-dimethylphenyl)-1,4-phenylenediamine was dissolved
in it, then, a scolution of 3.5g of N-bromosuccinimide/N,N-
dimethylformamide was added dropwise, and reacted with
cooling by an ice bath one whole day and night.

150ml of water was added to the reaction liguid, and
deposited precipitate was filtrated, and washed twice with
50ml methanol. 4.4g of white solid was obtained.
'H-NMR(300MHz /THF -ds) :

0 (ppm) = 1.3[s,18H], 2.0(s,12H), 6.6-6.7[d,4H], 6.8-6.9
[br.4H], 7.1[s,4H], 7.2-7.3[4,4H]

MS(FD+)M' 738

{Synthesis of Polymer Compound 5}

The above compound E (5.4g, 9mmol), the above N,N'-bis
(4-bromophenyl)-N,N'-bis(4-t-butyl-2,6-dimethylphenyl)-1,4-~
phenylenediamine (4.5g, 6émmol) and 2,2'-bipyridyl (5.1lg,
33mmol) were dissolved in dehydrated tetrahydrofuran 420mL,
then the inside of the system was replaced with nitrogen by

bubbling with nitrogen gas.




for 2 hours, and dissolved in 30nl toluene. Then, purification through

al um na colum (10g of alumna) was <carried out, and recovered tol uene
solution was added to about 200nml of nethanol, stirred for 1 hour, and the
deposited precipitate was filtrated andqdied under reduced pressure for
two hours. The yield of the obtained copolynmer (referred to as Pol yner
Conmpound 6) was 350ngy. Pol ystyrene reduced nunber average nol ecul ar wei ght
was Mh=5. 2x104. Ungeanpidpagn agresphernest Pasélof -GiicdRocteddignd was f or ned
in a thickness of 150nm by sputteringz method, a filmwas forned by a

t hi ckness oPigBAM At Andcksiln (COR) alsilfg 0F solImmely)  wasy @ddesl tBAAIHN P)
of poly (ethglenediox*thiophene)/ pol ystyrene sulfonictgcid, and then it
was dried at93861°7 otheo LHMFTEE e FHO1THI3ER. TReRP, Vo BIITREC e ned by

i n- ti t tati I te of 150 [ .tol | uti f
25 i vt ur oERhe? RPSF AL MR o BomRE - KB U - SAdt B0 ynEPLEoREaGa oD
wh ti t. to bei 1.5Ww % Furth dr vi t hi
o 50t CUnahrSkARal Rredel o o "phmensretiid TTaBARE FpLels cada’ by
d iti f _Li E,_ about f | Cj h h d
sﬁggzaugztg I a;g&%%oé? ‘rjngg'ﬁ%elcﬁto %1 %%xﬁ%@q%%tef&égééﬁ eégg%tgj‘g%n %g@?re'ggr eached

Lo 3L bR REDL W - R34 G64 e B 2R Y10 2
stirred for 1 hour. The deposited precipitate was filtrated
and dried for 2 hours under reduced pressure, and dissolved
in 450ml of toluene. Then, 450ml of 1N hydrochloric acid was
added and stirred for 1 hour, the aqueocus layer was removed;
and 450ml of 4% aqueous ammonia was added to the organic
layex, stirred for 1 hour, and the aqueous layer was
removed. The organic layer was added dropwise to 1350ml of
methanol, and stirred for 1 hour. Then the deposited
precipitate was filtrated and dried under reduced pressure
for 2 hours, and dissolved in 400ml toluene. Then,
purification through alumina column (100g of alumina) was
carried out, and recovered toluene solution was added to
about 1350ml of methancl, stirred for 1 hour, and deposited
precipitate was filtrated and dried under reduced pressure
for two hours. The yield of the obtained copolymer (referred
to as Polymer Compound 5) was 5.5mg. Polystyrene reduced
number average molecular weight was Mn=3.2x10°.
Example 6

On a glass substrate on which ITO film was formed in a
thickness of 150nm by sputtering method, a film was férmed

by a thickness of 70nm with a spin coat using a solution



| um nescence having a peak at 468nm was observed. 124 Attenuation of

| um nance was neasured with setting the initial |lum nance to 100 cd/n2, and
the lum nance after 300 hours was 74 cd/ nma. Wien the pol ymer conpound of
the present invention is used for pojymyer LED, the polynmer LED has a |onger
operating life. Therefore, the polyner LED can be preferably used for back
light of a liquid crystal display, a light source of curved or flat surface
for I|ght|pgay@rsegnensay¢WQHMEmﬂuﬁ/paﬂyn&ﬁmhyhmme@ppayahmgpgeﬁﬁ)ds a

fl at-panel display of dot matrix. 125 What is clainmed is: 1. A polyner
conpound hpyipgtarpokysulfend o ediced andijdren aierege- ﬁﬁ%é@uﬂ&rzﬂé ht of
103-108, and conprising at |east one repeating unit selected fronlthe group
of repeatifigr L0i minshewn oby af drotulplaty. oNepdr.ma £ Wag LFmed | DE2 N b
(1 & spin-coating at a rotational rate of 1500rpm, using a

toluene solution of 25:75 mixture (weight ratio) of Polymer

Compound 5 and Polymer Compound 1 whose concentration was

set to being 1.5wt%. Furthermore, after drying this at 80T

under reduced pressure for 1 hour, an EL dvice was

fabricated, by depositing about 4nm of LiF, about 5am of

calcium as the cathode, and subsequently, about 35nm of

aluminum. Here, after the wvacuum dégree reached to 1x10°‘Pa

or less, the deposition of metal was started.

By applying a voltage to the resultant device, EL
luminescence having a peak at 472nm was observed.
Attenuation of luminance was measured with setting the

initial luminance to 100 cd/mz, and the luminance after 300

hours was 78 cd/m>.

<A synthesis of N,N-bis [N'-phenyl-N'-(4-t-butyl-2,6-

dimethylphenyl)-4-amino phenyl]-2,4,6-tri methyl aniline>

SHUN:
o

Under an inert atmosphere, deaerated toluene
(dehydrated) 40ml was put in a 100ml three-necked flask,

and 0.27g of tri(t-butyl)phosphine was added. Then, 0.18g of



wherein Art, Are, Ara and Ar4 each independently represent an arylene group
or a divalent heterocyclic group; El, E2, and E3 each independently
represent the below aryl group (A) or heterocyclic group (B); a and b each
i ndependently represent 0 or 1, and O1g¢zatb<=1, aryl group (A): an aryl
group which has three or nore substituents selected froman al kyl group,

vl Al ol arais I LD s BL¥end) BBan SRELOHY B 3iaf VoA %ﬁg}?{"“ﬁup,
aryl al kynyl greQtgdm J’Sfb aﬁ'}?ﬂétuﬁeﬂ fg_ﬂg Pgagxg, 015{;5: grou

substituted silyl gro grolp

monoval ent t3et5@r QY G¢ 'bP-dﬂ("PJJI:on g?nzahog]_tpgnngg LG 5 roup (r
nfehss SRTE T

nonoval ent heterocycllc group né or nore su ted

froman al kyl QS Jg%y kyl,thiz0 up, aryl group, aryloxy
group, aryI%ﬁFggbroup, qu? groﬁ%,¥a%yPaP%%%y group, 126 arylalkylthio

roup, aryl alk I JaI n anLno grou substltuted
gning groﬁp, S|:y gr&ﬁbfﬂ %ﬁ?{%l%ﬁj h$§$agF8uﬂoo§& Fp or halo o

bstituted rQ Joval e et eroc g
Z?oillazdetﬁgﬁgoﬁ %éﬁﬁ%ber SEE IBStﬁyy TS ARE éT%f% égﬁﬁ% ot vepmed
heterocyc"Ehﬂb?gfb§nﬁhﬁ%%é?'dyyéalfyhgr%f¥ Gk solvent, toluene 100ml

was added and heated to dissolve the solid, and then stand

it to cool. The precipitate was filtrated and 5.2g of white

solid was obtained.

{Synthesis of N, N-bis[N'-4-bromophenyl-N'-{4-t-butyl-2,6-

dimethylphenyl)-4-aminophenyl]-2,4,6-trimethylaniline>

Under an inert atmosphere, dehydrated N,N-
dimethylformamide 350ml is put into a 1000ml three-necked
flask. After dissolving 5.0g of the above N,N-bis[N'-phenyl-
N'—(4—t—butyl-2,G-dimethylphenyl)-4-aminophenyl]-2,4,6-
trimethyl aniline, a sclution of N-bromosuccinimide
2.4g/N,N-dimethylformamide was added dropwise, and reacted
with cooling by an ice bath one whole day and night.

150ml1 of water was added to the reaction liquid, and the

deposited precipitate was filtrated, and washed twice with




l 1) A°ren E4r gr81 Arse E6 (2) ~ I f ES NArrt NN--+rl1l---NFE7 OY, Y[ M
P E8 Es wherein Ar5, Ar6, Ar7, Arg, Ar9, Aria and Arzr each independently
represent an arylene group or a divalent heterocyclic group; E4, E5 , E6,
E7, Ea and E9 each independently repyggent an aryl group or a nonoval ent
het erocyclic group; 1, mand n each independently represent an integer of O
to 2; o and p each independently represent an integer of 0 or 1, and
| +mtn+o0+p niestiamol nBoel . 24 . Theoffowhiee colpjcunhtscdoralimegdto claim 1,
wher ei n the aryl group (A) has substituents on the carbon atons sel ected
by fol | owi'iy- NGIR (&) 0 MH ar/yT H¥ nd sconpound derived fromaryl group (A) by
replacing the free bond of aryl group (A) with am no group, and by
repl aci ng @(pprie =sibAlig Ui b, of - AF§1 65l ouB . PAF . Mi2HH . Hy@r[@g@rﬂ]a.tcﬁmﬁ- is
considered for the cal cul ation; one of 127 the hi ghest occupied nol ecul ar
orbitals GHANG. Y1t He- 7aﬁyﬁéh¥m§Hd@n'éel?d@ @&l loul7atldd HAH M7 net hod which is
a sem -

7.2[d,4H]

MS (FD+)}M" 947

<Synthesis of Polymer Compound 6>

The above compound E (479mg, 0.8mmol), the above N,6N-
bis [N'-4-bromophenyl-N'-(4-t-butyl-2,6-dimethylphenyl)-4-
amino phenyll-2,4,6-trimethylaniline (190mg, 0.2mmol) and
2,2'-bipyridyl (330mg, 2.1lmmol) were dissolved in 28mL of
dehydrated tetrahydrofuran, theh the inside of the system
was replaced with nitrogen by bubbling with nitrogen gas.

Under nitrogen atmosphere, bis(1l,5-cyclooctadiene)
nickel{0) {nickel (COD);} (580mg, 2.lmmol) was added to this
solution, the temperature was raised to 60 T, and reacted
for 3 hours with stirring. After the reaction, this reaction
ligquid was cooled to a room temperature {(about 25T3), and
added dropwise to a mixed solution of 25% aguecous ammonia
10ml/ methanol 120ml/ 50ml ion-exchanged water and stirred
for 1 hour. The deposited precipitate was filtrated and
dried for 2 hours under reduced pressure, and dissolived in
30ml of toluene. Then, 30ml of 1N hydrochloric acid was
added and stirred for 1 hour, the aqueous layer was removed;
and 30ml of 4% agueous ammonia was added to the organic
layer, stirred for 1 hour, and the aqueous layer was

removed. The organic layer was added dropwise to 150ml of



enpirical nolecular orbital nethod, is arbitrarily selected; sumsquare
val ues of atomc orbital coefficients of the HOMO are cal cul ated only about
the carbon atons to which a hydrogen atomis bonded, and three or nore
carbon atons are selected fromthe cagbgn atons having |arge sum square
value in descending order. 3. The pol yner conpound according to claim1 or
2, wherein the aryl group (A) is a phenyl, naphthyl, or anthracenyl group
havi ng thre@eghansrle andtstirened. fdr Thbhopol yFkencdiyeodepoacicsdli ng to any
one of claim1l to 3, wherein the aryl group (A) is a group represented by
t he beIOM/P6PﬁmgiqﬁﬂeF%F%E§1¥#r®h©¢eandR§rlEﬁ vade rRyedacted poependsat | y
represent an aIkyI group al koxy group, al kylthio group, aryl group,
aryl oxy gr68p, ZahpEs lﬂ#T%ﬂi&%@k?ﬁ @f@%ﬁtoéu?halkgkwngroup,
aryl al kyl t hi o grqup, .ar Ialken gr ou aryl al ky group, am no group,
su)l;stltﬁted Hﬁg p / %Hgfgr%uyﬂfn%u%@%wmééog. Pfl la@pma)smqa oxy
roup, substltute 0X roup, nonoval ent heterocyclic group,
ﬁalogen at GRAFTSE ﬁ@tpopfﬁg : SUHORA BRI ngoLlBtirai Was, addedeite Ars,

r31 in formula_(2) each 128
A6, Art, Aggbupwgboéﬁl%f %%%ﬁ%ﬁ%l stirred f r)l hour, and the

deposited precipitate was filtrated and dried under reduced
pressure for two hours. The yield of the obtained copolymer
(referred to as Polymer Compound 6) was 350mg. Polystyrene
reduced number average molecular weight was Mn=5,2x10%.
Example 8

On a glass substrate on which ITO film was formed in a
thickness of 150nm by sputtering method, a film was formed
by a thickness of 70nm with a spin coat using a solution
(Bayer Co., Baytron P} of poly (ethylenedioxythiophene)/
polystyrene sulfonic acid, and then it was dried at 200TC
for 10 minutes on a hot plate. Next, a film was formed by
spin-coating at a rotational rate of 1500xrpm, using a
toluene solution of 5:5 mixture (weight ratio) of Polymer
Compound 6 and Polymer Compound 1 whose concentration was
set to being l.5wt%. Furthermore, after drying this at 80T
under reduced pressure for 1 hour, an EL dvice was
fabricated, by depositing about 4nm of LiF, about 5nm of
calcium as the cathode, and subsequently, about 35nm of
aluminum. Here, after the vacuum degree reached to 1x10 ‘Pa
or less, the deposition of metal was started.

By applying a voltage to the resultant device, EL

luminescence having a peak at 468nm was observed.



i ndependently represent a group shown by the below formula (2P) Rb (2P) Rd
Rd wherein Ra, Rb, Rc and Rd each independently represent a hydrogen atom
al kyl group, al koxy group, alkylthio group, aryl group, aryloxy group,
arylthio group, arylalkyl group, aryjghkoxy group, arylalkylthio group,
aryl al kenyl group, arylal kynyl group, am no group, substituted am no group,
silyl group, substituted silyl group, silyloxy group, substituted silyloxy

group, hal ggelerifdlordY¢ DhRYRan8EYLASYmeEQURed W1 HOUnf le group,
i mde group, nonovalent heterocyclic group, carboxyl group, su stituted

carboxyl gHOUR.izr IGMANMMIEOUES P0hHCBAZAEN Sn@NthB! 8dRinBhcel adted QP S
two or nore, a plurality of Ras, Rbs, Rcs, or Rds, may be respectively the

sane or di theirentwasRey Aansk . and Rc and Rd, respectlvely, may be connected
to forman aromatic ring together with the carbon atons of the benzene
ring. 6. The polynmer conpound according to claim1, wherein E4, E5, E6, E7,
E6, and E9 in the repeating unit of fornula (2) each independently
represent the Wleaw tdre/|pglyuer (@oppoundhefetbey priesegrioumyeBidion is

used for polymer LED, the polymer LED has a longer operating
life. Therefore, the polymer LED can be preferably used for
back light of a liquid crystal display, a light source of
curved or flat surface for lighting, a segment type display
element, and apparatus such as a flat-panel display of dot

matrix.



aryl group (A ): an aryl group which has three or nore substituents

sel ected froman al kyl group, al koxy group, alkylthio group, aryl group,
aryl oxy group, arylthio group, 129 aryl al kyl group, aryl al koxy group,
aryl al kylthio group, aryl alkenyl grogpg arylal kynyl group, am no group,
substituted am no group, silyl group, substituted silyl group, silyloxy
group, substituted silyloxy group, nonoval ent heterocyclic group, or

hal ogen at oM{hafet®s oed@imedgisup (B ): a nonoval ent heterocyclic group

whi ch has one or_ nore substituents selected froman al kyl group, al koxy
group, al kyllt-hi o® Polpresr gpmpeung, hamingxyp porlggtyramd tieduEsdUPumber
aryl al kyl group, arylal koxy group, arylalkylthio group, aryl alkenyl group,
aryl al kynyl ayiEdage-mahk e powelghbseft L0edlehi mndyranmmrssiyg gt olast
substituted silyl group, silyloxy group, substituted silyloxy group,
nonoval ent RECerERRAT NGB R1lepredefiront bhe gndupheft aemeatuntier of
substituents aqg hetero atons of the heterocyclic ring is three or nore.]
7. The pol yH&&* Ebﬁgﬁﬂﬁﬂt&béﬁ?ﬂ?ﬁb?tblbl%Inf@?muﬁéréZh-the aryl group (A)
has substituents on the carbon atons selected by the following (C). (C):
An aryl am ne conpound derived fromaryl group (A') by replacing the free
bond of aryl group (A") w{h am no\group, and by replacing all the

substituents of—arp, groy N Ara
/a
A
Eg_"N
\ﬁ,/b (1)
Es

wherein Ar;, Ar,, Ar; and Ar, each independently represent an
arylene group or a divalent heteroéyclic group; E;, E;, and
E; each independently represent the below aryl group (A) or
heterocyclic group (B); a and b each independently represent
0 or 1, and 0 <=a+b<=1,

aryl group (A): an aryl group which has three or more
substituents selected from an alkyl group, alkoxy group,
alkylthio group, aryl group, aryloxy group, arylthio group,
arylalkyl group, arylalkoxy group, arylalkylthio group, aryl
alkenyl group, arylalkynyl group, amino group, substituted
amino group, silyl group, substituted silyl group, silyloxy
group, substituted silyloxy group, monovalent heterocyclic
group, or halogen atom,

heterocyclic group (B): a monovalent heterocyclic group
which has one or more substituents selected from an alkyl
group, alkoxy group, alkylthio group, aryl group, aryloxy

group, arylthio group, arylalkyl group, arylalkoxy group,




wi th hydrogen atons, is considered for the cal culation; one of the high
occupi ed nol ecul ar orbltals (HOMO) of the arylam ne conpound cal cul ated
AML net hod which is a sem - enpirical nolecular orbital nmethod, is
arbitrarily selected; sumsquare valu of atomic orbital coefficients
the HOMO are calculated only about the carbon atons to which a hydroge
atomis bonded, and three or nore carbon atons are 130 selected fromth
carbon at ongT¥yaAAHgrlthie gueupquar¥lvalkenyiln giesgendimglalideryl Sgrdine,
pol ynmer conpound according to claim6 or 7, wherein the aryl group (A")
a phenyl gr GFPhEHANI @@bﬁblt@FEGaﬁmhﬂacQﬁpmpgr@udﬂﬁngnqpnhree or no
substituents. 9. The pol ymer conpound according to any one of clains 6
8, wherein §H@S§rﬂ;ﬂufg%u®i%w)gmupepseéﬁpw By oume  sathmtde thafredil a (3) .
The pol yner Q% ound according to claim4 or 9, wherein Re and Rf each
i ndependent Py g;ﬂ%¥

| ess carbon %tons
havi ng 3-202

wh ' furth t t
"ot esent cdoy tRel O c%@g%y{%gsg%ggg'afg;7;oggg§gzl "

eEH'EO%H’ kwon%w%&yt oREtEFRPVEALE growps avihaladeree
gresents al kyl, al koxy or al kylthio groups
ERyH &R t‘ltl vh‘ém‘b%?y%rseeﬁﬁéﬁﬁena@c@mﬁ A teg ool atiams,

- Af

E4 | ﬂAra A

g
E5 \ N Ar1 90 \D, wNJ Ar1 1= N)— E7

Eq Eg

(2)

wherein Ars, Arg, Ar,, Ary, Ar,, Ar;, and Ar,; each
independently represent an arylene group or a divalent
heterocyclic group; E,, Es, Es, E;, Es and Eg each
indepehdently represent an aryl group or a monovalent
heterocyclic group; 1, m and n each independently represent
an integer of 0 to 2; o and p each independently represent
an integer of 0 or 1, and l+m+n+o+p is 2 or more.

2. The polymer compound according to claim 1, wherein the
aryl group (A) has substituents on the carbon atoms selected
by following (C),

(C}: An arylamine compound derived from aryl group (A) by
replacing the free bond of aryl group (A) with amino group,
and by replacing all the substituents of aryl group (2) with

hydrogen atoms, is considered for the calculation; one of

est
by

of
n
e

S

re

to
10.

or



-Ar12- X1- (Ari3-X2)c-Arl4-(5) -Arl12-X2-(6) -X2-(7) (in the fornula, Arl2,
Ar13, and Arl14 each independently represent an aryl ene group, divalent

het erocyclic group, or a divalent group having a netal-conpl ex structure;
X1 represents -CR2=CR3-, --C=C-, or -16%$ RSR6) d- ; X2 represents -
CR2=CR3-, -C=C, -N(R4) - or - (SIRB5R6) d- ; R2 and R3 each independently
represent a hydrogen atom al kyl group, aryl 131 group, nonoval ent

het er ocycl i &hgr duhestr boxghp gedupplesubsiri pabdd adsr HAOMO grefipther cyano
group; R4, RS and R6 each independently represent a hydrogen atom al kyl
group, aryRIFHAFL Nyt erd Gelendayeri byghddpmedhosy whildlylis ga osgmie
represents an integer of 0 to 2; and d represents an integer of 1 to 12.
12. A conpo&§MPigicdnaaciglar eehitad matkedal isepadtiddarilamselated;
transporting material, an electron transportin& material, and a

| i ght - - eni t By SEEE Halugs of 2EeRict AEPifalyrerfédpdcemts afcdms PN
any one of clains_ 1 to 11, 13. An ink conposjtion containing the polyner
compound afEEr SHTHELER Y drPephi hge1caEbeR 250omphd o Whicdhpositi on
accordi ng tﬁ |l ai m 13, wherein the.  viscosjty is 1 to 20 nPa s at 25C 15.
A | uni nescettt mQ?WiqqﬂqxﬁﬁeHQﬁqEFth%néoF§ P e5nP8LRgcarbon atoms are

selected from the carbon atoms having large sum square value
in descending order.

3. The polymer compound according to claim 1 or 2, wherein
the aryl group (A) is a phenyl, naphthyl, or anthracenyl
group having three or more substituents.

4. The polymer compound according to any one of claim 1 to
3, wherein the aryl group (A) is a group represented by the

below formula (3)

Re
Rg (3)

Rf
wherein Re, Rf, and Rg each independently represent an alkyl
group, alkoxy group, &alkylthio group, aryl group, aryloxy
group, arylthio group, arylalkyl group, arylalkoxy group,
arylalkylthio group, arylalkenyl group, arylalkynyl group,
amino group, substituted amino group, silyl group,
substituted silyl group, silyloxy group, substituted
silyloxy group, monovalent heterocyclic group, or halogen
atom.
5. The polymer compound according to c¢laim 1, wherein Ar.,

Are, Ar,, Arg, Ary, Ar;,, and Ar,; in formula {(2) each



according to any one of clainms 1 to 11. 16. A conductive thin film

contai ning the pol ynmer conpound according to any one of clains 1 to 11. 17.
An organi c-sem conductor thin filmcontaining the polynmer conpound
according to any one of clainms 1 to 114,g18. A polymer light-emtting device
having a | ayer containing the polyner conmpound according to any one of
clainmse 1 to 11, between el ectrodes consisting of an anode and a cat hode.
19. The poIyh%@ePﬁgﬁﬁnéﬁVtrapgamanuxazgmnuﬁhgﬁbﬁ@ s¥atAe géloWhSB§Eﬂl%he

| ayer is a |Ig$t emtting layer. 20. The polynmer light-emtting device
according tol€P&i m 19, wherein the light enitting layer further contains a
hole 132 transporting material, an electron transporting material, or a
light-emtting material. 21. A flat |light source conprising the polyner
light- enmitting d@&i ce Rigcording to any one of clains 18 to 20. 22. A

segnent display apparat us conprising the polyner light-emtting device
according to an @ clains 18-20. 23. A dot-matrix display apparatus
' qu\d

conprising the pal Ilght(gﬁﬁttlng device according to any one of clains
emtting device Bccordwng to any one of clains 18 to 20 as a

18 to 20. 24. A Brystal display conprising the polyner |ight-

wherein Ra, Rb, Rc and Rd each independently represent a
hydrogen atom, alkyl group, alkoxy group, alkylthio group,
aryl group, aryloxy group, arylthio group, arylalkyl group,
arylalkoxy group, arylalkylthio group, arylalkenyl group,
arylalkynyl group, amino group, substituted amino group,
silyl group, substituted silyl group, silyloxy group,
substituted silyloxy group, halogen atom, acyl group,
acyloxy group, imino group, amide group, imide group,
monovalent heterocyclic group, carboxyl group, substituted
carboxyl group, or cyano group: q represents an integer of
1-3; when g is two or more, a plurality of Ras, Rbs, Rcs, or
Rds, may be respectively the same or different: Ra and Rb,
and Rc and Rd, respectively, may be connected to form an
aromatic ring together with the carbon atoms of the benzene
ring.

6. The polymer compound according to claim 1, wherein E;,
Es, Es, E;, Es, and E; in the repeating unit of formula {2)
each independently represent the below aryl group (A') or
heterocyclic group (B'),

aryl group (A'): an aryl group which has three or more
substituents selected from an alkyl group, alkoxy group,

alkylthio group, aryl group, aryloxy dgroup, arylthio group,



back 1ight.
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arylalkyl grcup, arylalkoxy group, arylalkylthic group, aryl
alkenyl group, arylalkynyl group, amino group, substituted
amino group, silyl group, substituted silyl group, silyloxy
group, substituted silyloxy group, monovalent heterocyclic
group, or halogen atom,

heterocyclic group (B'): a monovalent heterocyclic group
which has one or more substituents selected from an alkyl
group, alkoxy group, alkylthio group, aryl group, aryloxy
group, arylthio group, arylalkyl group, arylalkoxy group,
arylalkylthio group, aryl alkenyl group, arylalkynyl group,
amino group, substituted amino group, silyl group,
substituted silyl group, silyloxy group, substituted
silyloxy group, monovalent heterocyclic group, or halogen
atom, and the total number of substituents and hetero atoms
of the heterocyclic ring is three or more. ]

7. The polymer compound according to claim 6, wherein the
aryl group (A') has substituents on the carbon atoms
selected by the following (C').

(C'}: An arylamine compound derived from aryl group (A'} by
replacing the free bond of aryl group (A') with amino group,
and by replacing all the substituents of aryl group (A')
with hydrogen atoms, is considered for the calculation: one
of the highest occupied molecular orbitals (HOMO) of the
arylamine compound calculated by AM1 method which is a semi-
empirical molecular orbital method, is arbitrarily selected:
Sum square values of atomic orbital coefficients of the HOMO
are calculated only about the carbon atoms to which a

hydrogen atom is bonded, and three or more carbon atoms are
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selected from the carbon atoms having large sum square value
in descending order.

8. The polymer compound according to claim 6 or 7, wherein
the aryl group (A') is a phenyl group, naphthyl group, or
anthracenyl group having three or more substituents.

9. The polymer compound according to any one of claims 6
to 8, wherein the aryl group (A') is represented by the
above formula (3).

10. The polymer compound according to claim 4 or 9, wherein
Re and Rf each independently represent alkyl, alkoxy or
alkylthio groups having three or less carbon atoms, and Rg
represents alkyl, alkoxy or alkylthio groups having 3-20
carbon atoms.

11. The polymer compound according to claim 1, wherein said
polymer compound further comprises a repeating unit

represented by below formula (4), (5), (6), or (7).

-Ar;,- | {4)
-Ari:-X;-(Ar;3-X;,)o-Aris- (5)
-Ar;;-X;- (6)
Xz~ (7)

(in the formula, Ar;,, Ar:;, and Ar,; each independently
represent an arylene group, divalent heterocyclic group, or
a divalent group having a metal-complex structure; X,
represents -CR;=CR;-, -C=C-, or -(SiRsR¢)q-; X, represents -
CR;=CR3-, -C=C-, -N(R;)- or -{SiRsR¢}a-; R, and R; each

independently represent a hydrogen atom, alkyl group, aryl
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group, monovalent hetefocyclic group, carboxyl group,
substituted carboxyl group, or cyano group; Ry, Rs angd Rs
each independently represent a hydrogen atom, alkyl group,
aryl group, monovalent heterocyclic group, or arylalkyl
group; c represents an integer of 0 to 2; and d represents
an integer of 1 to 12.

12. A compbsition comprising at least a material selected
from a hole transporting material, an electron transporting
material, and a light-emitting material, and at least the
polymer compound according to any one of claims 1 to 11.
13. An ink composition containing the polymer compound
according to any one of claims 1 to 11

14. The ink composition according to claim 13, wherein the
viscosity is 1 to 20 mPa‘*s at 25TC.

15. A luminescent thin f£ilm containing the polymer compound
according to any one of claims 1 to 11.

16. A conductive thin film containing the polymer compound
according to any one of claims 1 to 11.

17. An organic-semiconductor thin film containing the
polymer compound according to any one of claims 1 to 11.
18. A polymer light-emitting device having a layer
containing the polymer compound according to any one of
¢claims 1 to 11, between electrodes consisting of an anode
and a cathode.

19. The polymer light-emitting device according to claim
18, wherein the layer is a light emitting layer.

20. The polymer light-emitting device according to claim

19, wherein the light emitting layer further contains a hole
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transporting material, an electron transporting material, or
a light-emitting material.

21. A flat light source comprising the polymer light-
emitting device according to any one of claims 18 to 20.

22. A segment display apparatus comprising the polymer
light-emitting device according to any one of claims 18-20.
23. A dot-matrix display apparatus comprising the polymer
light-emitting device according to any one of claims 18 to
20.

24. A liquid crystal display comprising the polymer light-
emitting device according to any one of claims 18 to 20 as a

back light.




