10

15

20

DESCRI PTI ON ORGANI C ELECTROLUM NESCENCE ELEMENT AND
WOL{ﬁES FREC]: STECHNI CAL FIELD The present
€780 relates to an organic el ectrol um nBSEERRIRT/067549
el enment, nore specifically, to an organic
electroluninescence el enment "usi ng a phosphorescent
conpound, and use thereof. 10 BACKGROUND ART
In recent years, in order to expand the application
of anorgani cel ect r ol uDESeRIPTTON enent (al socal | edas
"organic EL elenment” in the present specification) ,
mat eri al devel opnent 15 focusing on a phosphorescent
compound that exhibits high |um nescence efficiency
harcagep EEQ@TRBL?E&EE%bENCE ELEMkﬂTohﬁSrUEQ SKPRROF
the application o e organic EL
particularly to the field of dlsplay deV|ces, t he
devel opnent of a material not only having high

| um nescence 20 efficiency but_also allow ng the
devi ces to keep staEEEﬁﬁﬁéﬁéLEBEEPs essenti al -
Japanese Patent Lai d-Open Publication No. 2003-526876
( PdthenPresemreinventdiosc iresed eshde ehe orgainiescence
efficiency of organic EL elenents is substantially
el esrthrariced neys cesicege 1 @ment, mqanspett FUtam ¢pre &% Agahic
phosphorescent conpound. The iridiumconplex is
ele@teMluiined cclr & $éRehZ- PY1A§Y bhosphorescent compound,

-and use thereof.

BACKGROUND ART

In recent years, in order tO'expand the application of
anorganicelectroluminescenceelement(alsocalledas"organic
EL element” in the present specification), material development
focusing on a phosphorescent compound that exhibits high
lumineséence efficiency has been made intensivel?.

In order to expand the application of the organic EL

‘element particularly to the field of display devices, the

development of a material not only having high luminescence
eff1c1éﬁé;-but also allowing the devices to keep stagie
operation is essential.

Japanese Patent Laid-Open Publication No. 2003-526876
(PatentDocument]J disclosesthatthelumiﬂescenceefficiency

of organic EL elements is substantially enhanced by using
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phenyl) iridiumand its derivatives. Patent Docunent
1 describes that the |um nescent color of the iridium
WQAMBOER3S i s changed by replaci ng the subst i tREFHEPZ00G/067549
| i gands having the aromatic,structure by al kyl or
aryl groups. Further, Japanese Patent Lai d-COpen
Publ i cati on No. 2001-247859 (Patent Docunent 2)
exenplifies various kinds of groups as the
anSgkghht BeRLS q9himt Ei 2k 22 BYhI L r g
1OA§ a nethonPgrE?%éﬁsﬁgag %u%ykégggﬁgy%%?%r&%¢ﬂgﬁnd'
rganpe. EL t sed generally a .
T R dEoSEMETER B7ocahBLT TSRS BELF L7 (Frdreiovy
or i ¢_cqnpounds apd coatin rocess of a solution
PhgRTR GRERILEELRAR - WeF GHEZ LBAPOYRGs. PRIEodticpent 1
rocess i s advant ageous because the production 15
deg‘c‘)%%b%? ehakerhe juringgeant delamof whehiradgemacenplex
~can be produced easily. Elenent fabrication
ist eledvmetdgyy useépbat hrey cioiat | sigb pt beesst hast heayarobsitieding
to be further inproved. Japanese Pat ent
the aa tefipeic Psbib ol t®b N1 P03 842320 Rt rurther,
Docunent 3) discloses that the service |ife of

Tapdriidld ©a2@nklr el @IGHL S P%‘?‘Lﬁ%ra%q]oﬁ’iymé. %;b%gi—% 7859 PP2tent

can be extended by ‘using a copolyner of
oodAERE-3f ARRILLEG, FYBRIN LD 4 SIS YD
A R
As a method for'forming a luminescent layer of organic
EL elements, there are used geneially a vacuum deposition |
processoflow~molecular—weightorgéﬁiccbmpoundsandacoating
process of a solution of high-molecular-weight compounds.

The coating process is advantageous because the production

cost of elements is low and elements with large area can be

- produced easily. Element fabrication technology using the

coating process has been desired to be further improved.
Japanese Patent Laid~Open Publication No. 2003-342325
{Patent Document 3) discloses that the service life of organic
EL elements prepared by a coating process can be extended
by using a copolymer of a Charge-transporting compound and
an iridium complex as the high-molecular-weight compound.
Patent Document 1: Japanese Patent Laid-Open Publication

No. 2003-526876
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3 Pat ent Docunent 2: Japanese Patent Laid-Open

Publ i cati on No. 2001-247859 Pat ent Docunent 3:
WO 2802985 pat ent Lai d- Open Publication No. 200IZER2B2H67549
DI SCLOSURE OF THE | NVENTI Regar di ng t he

organic EL el enents using the iridium conpl exes
descri bed in Patent Docunents 1 and 2, the service
life (evaluated by lowering in lunmnosity after a
congh@Bht HdGmen@nd : 'Cﬁa}?@@é@@’a&%nﬁ:rﬁﬂﬁgﬁé}{ $ub9f cation
the el enments prepared by coating a solution

NoCOBhah DbRgg g hi gh- nol ecul ar - wei ght conmpound and” an
irldiun1conp?ex is extrenmely short as conpared with.

th f e el enents prepared by vacuum evaporation
pr oRBEE" bAOEHESEEe: (ARA A BREFER LASToEen gabl cation
possiblg because an el enment prepared by coati ng
Nopr%@%§§ 7385 has a difficulty in building up organic
charge injection |layers has a high charge injection
barrier fromelectrodes to the iridiumconplex as
conpared with an elenent that is prepared_ by building
up plural orgalsCLOsUREE OMjTen ITYEROIbRYEr s bet ween
a lum nescent Tayer and an electrode by vacuum
evaRgyAli iy 18l cbun ol ishl dieunes Lealrifals toatn
is considered to b€ inposed on the | um nescent Tayer
' far net emen Thi s, hi.gh _charg : .
Coﬁé%%ﬁﬁé g%sggﬁPgér r%ﬁ¥%?%c??%¥@@?%?3%l%@q ?VdgﬁﬁwserV1°e
. conpl ex i of basically reduced by, using such WO
L4 G 053 6AChY ) 0916770875 70 LEmaneY by yNEF s qonstant

described in Patent Docunent 3. The present invention

- cunpenthdsnappi s dtouthe relsmsntef) of the elements prepared

by coating a solution containing a high-molecular-weight

 compound and an iridium complex is extremely short as compared

with that of the elements prepared by vacuum evaporation process
of the same iridium complex.

This is possibly because an element prepared by coating
process that has a difficulty in building up organic charge
injection layers has a high c_harge injectionAbarrier from
electrodes to the iridium complex as compared with an element
that is prepared by building up plural organic charge injection
layers between a luminescent layer and an electrode by vacuum
evaporation, andthusstill heavierelectrical loadisconsidered
to be imposed on the luminescent layer in the former element.

This high charge injection barrier from electrodes to

the iridium complex is not basically reduced by using such
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these circunstances. It is an object of the present

i nvention to provide an organic EL el enent having
WO208%03%% i nescence 5 efficiency and a | ong sePErEB2007/067549
life as well. The prgsent inventor has

conducted intensive studies to address the above
probl ens and have found that an organic EL el enent
contai ni ng a phosphorescent conmpound with a specific

a débSiymet W ilsh eddHiibaRs Gentpakaner phasmant 0. char ge
injection barrier fromelectrodes and exhibits a | ong

Ser‘i"ﬁé:epx_lége t %%rﬂ:%%% IISB;egg EQ?{E@&SSQ{: in view of

i nventi resent 1 nvention
An or

d
th eesﬁrfgﬁeﬁ]tﬁég%ancef%lénamob&&% PE i PRegehe thvention

substrate a pair -of _electrodes fornmed on the
°sﬁﬁﬁﬁ%@ﬁt§n Qﬁﬁanlc ELoﬁéeEFDEIDP&%n%r@hﬁhclmﬁy%¢%cence
formed between the pair of the el ectrodes, said
effgiqjaniay lcager domgaiseirngce Lifenesceail! ayer,
- 20wherein the | um nescent |ayer contains a
"phosphor escent conpound represented by the foll ow ng
formula (1) and a charge-transporting non-conjugated

POITYEE bres¥R: 2DRVLRLIB IR RRRY Q8¢ afddive slddies to

address the above problems and have found that an organic EL
element containing a phosphorescent compound with a specific
structure in a luminescent layer has a low .charge injection
barrier from electrodes and exhibits a long service life, thus
accomplishing the present invéntion.' ﬂamely, tﬁe present
invention is summarized as follows.
{11 An 6rganic electroluminescence element comprising:
- a substrate;
-é pair of electrodes.formed on the substrate; and
"one or plural orgaﬁic layers formed between the pair of
the‘electrodes, said organic layer containing a luminescent
layer, |
wherein the luminescent layer contains a phosphorescent
compound represented by the following formula (1) and a

charge-transporting non-cenjugated polymer,
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in the formula (1),
Rl t or eeachar ei ndependent | yahydrogen atom or an al kyl
. WOLR083929%ving 1 to 20 carbon atons; a plural i PETAIP2000067549
the al kyl groups may be |inked with one another to
form5-a ring; at least two of Rl to Ft8 are each
the al kyl group; and at |east one of the al kyl groups
is an al kyl group having a tertiary or quaternary
a- carbon atgm [2] The organic
el ect r okum nescence el enent as described 10 in [1],
' of the al kyl groups are each an al kyl

: ﬁJ_}*(TE], wherein all of the al kyl groups
i tiary or quaternary a-carbon atom are
a f ary butyl group. 15[4] An organic
el ctro$untgescenc§¥elenent conprising:- - a
substrate; a pair ) el ectrodes fornmed on the
substrate; and one or plural organic |ayers fornmed
betinegre foempea r(10f, H'he Bl ££éH 8885 ndepkdd8h82Yiathydrogen
| ayer containing a |um nescent 20 |ayer, 6
atoWheF QiMat RG1! HPLNSILRAL Y WSS 2608L ALOS a%olmsu;matplur.ality'

non- conj ugat ed pol yner Having a structura

ot $6E e LT 0 AoBNAIONALoPEEPLa SAIROUAL "SRR Bl

or nur a

a ring;

at least two of R! to R® are each the alkyl groﬁp; and

at least one of the alkyl groups is an alkyl group having
a terfiary or quatérnary o-carbon atom.

2} Theorganicelectuﬂuminescénceelementasdescribed
in [1], wherein all of the alkyl groups are each an alkyl group
_having a tertiary or quaternary a-carbon atom.

[3] Theorganicelectroluminescence element as described

-in [2], wherein all of the alkyl groups having a tertiary or

guaternary a—éarbon atom are each a tertiary butyl group.
[4] An organic electroluminescence element comprisingzc i
a substrate;
a pair of electrodes\fbrmed on the substrate;rand

one or plural organic léyers formed between the pair of

the electrodes, said organic layer containing a lumineséent

layer,
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(2) 5in the formula (2), Rl1 to R18 each are

i ndependently a hydrogen atom or an al kyl grou
WOLH473%3F to 20 carbon atons; a plurality of gﬁ'E{J%qOR'WmS@

groups maybe |linked with oge another to forma ring;

at least two of RII to R18 are each the al kyl group

10at | east one of the al kyl groups is an al kyl group

having a tertiary or quaternary a-carbon atom

R21h &r &8 t9RChuRk RebpEgpENSpat | dbrieliest adnbhofbhegated
group consisting of hydrogen atom an al kyl group

| po%%%%a%vi}h% %%t@:@@%ﬁ?aﬁt% &1 2l ﬁi&ﬁﬁybnsg HQre?cent.

carbon atons;- 15 the hydrogen atom o

t he al kyl groups substituted _with.a

Oy e I TR EVoRGE SPauB ROpF Py (B ¢ he -
al kyl groups may be linked with one another to forma
ring; and at feast two of R2I to R28 are not hydrogen

at o aj |l east, offé” of, R2 to R28 is the al kyl
gr op R Rakt 2R whose hydrogen atons is
sub wth a k4 zabl e WO

2007/ 064549 7 functional group, or

= (2)

in the formula (2), R to R each are independently a
hydrogen atom *ér an alkyl group having 1 to 20 carbon atoms;
a plurality of the alkyl groups may be linked with one anc_n'ther
to form a ring; |

at least two of R to R are ea(;h the alkyl group:

at least_ one of the alkyl groups is an alkyl group having
a tertiary or quaternary a-carbon atom; |

R?*! to R?® each are independehtiy selected from the group
consisting of hydrogen atom, an alkyl group having 1 to 20
carbon atoms, and an alkenyl group having 2 to 20 carbon atoms;
the hydrogen atorﬁ of the alkyl groups may be substituted with
a polymerizable functional group:; a piurality of the alkyl
groups may be linked with one another to form a ring; and

at least two of R* to R?® are not hydrogen atoms; and

at least one of Rzl-to R?® is the alkyl group, at least

one of whose hydrogen atoms is substituted with a polymerizable
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[5] The organic el ectrolum nescence el enent as

described in [4), wherein at |least two of R11 to R18
WOZHB/ZAR a tertiary butyl group. 5[6] The or §&RIB007/067549

el ectrol um nescence el enent; as described in [4] or

[5], wherein the non-conjugated polyner further

contains a structural unit derived fromat |east one

ki nd of polynerizable conmpound sel ected fromthe

FurtFtOWh £ORF IR, NGOt re hali@ninagssapti ng polynerlzable
conpound "and "an 10 el ectron-t ransportlng '

po'%%ﬁ gﬁg§%€?£gfggﬂggtrol %eﬁbg%ﬁgkgﬁtQ§¥38§c¥lbed

equ' an organi c e um nescence e

or di to any. one of Ql[ JSEFFECT OF THE
in lfentPeRein &F %%ta‘f‘é é#eh SRR bt £ oAb siary
do not disclose that the service life of organi ¢ EL
butgile @@ -can be i nproved by appropriately sel ecting
the kind, nunmber, or position of substituents. 20The
prdééntﬁhmmmganmx:pﬁewtdeéummnesgem¢@eEEmehenﬁndescribed
havi ng
in glagweiargei, njhetiee Rbahel abhneﬁﬁbagat@deponm@k Ui YU SeCr
ence eff|C|ency, and long service life as well. WO

con%%9§kp%9§§§EEHh§EQOQKAQGJé€§béH from at Ekg%tlohé ﬁind of

sC enatlc Cross-secti onal V|eM/|IIustrat|ng an

| pol e %BXe 88§ﬁ0038t58i Qegr %h%L ge BS% a}%g of

S

ccording t o the preSent I nVERnt1 o,

a h9le transporting polymerizablg compound and an
electron-transporting polymerizable compound.

[7] A display device equipped with an orgénic
electroluminescence element acéording to any cone of [l] o

[e].

EFFECT OF THE INVENTION

The aforeméntiohed'Patent Documénts do not disclose that
the service life of organic EL-elements can be improved by

appropriately selecting the kind, number, or position of

. substituents.

ThepreéentinventionprovidesanorganicELelementhaving
alowchargeinjectionbarrierffomeléctrodes,highluminescence

efficiency, and long service life as well.

BRIEF DESCRIPTION OF THE DRAWINGS
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52Anode 3Lum nescent | ayer 4Cat hode BEST MODE FOR

CARRYI NG QUT THE | NVENTI ON 10The present invention
W(Womlﬂzsessdescrl bed in detail below. 1. An enpodjiemntios7s49

in which a | uninescent Iay&; contains a |um nescent

| ow nol ecul ar - wei ght conpound I n an enbodi nent of the

present invention, an organic 15 EL el enent relating

to the present invention conprises a substrate, a

-pa1f$@f ehgcgrggﬁéngigeg¥&§st%@%@%ﬂ%ﬂy%&%w'%qugggating

ura organlc ayers the

t he electrod .sai organi c | aye nt ining a
a .
nl?ﬁﬁ 5§¥Hﬂ é% égan org nlC % ement according

mherelnthelun1nescent|ayerconta|nsaphosphorescentconp
o diltfl EXPSeasr d8@®TEdOthy the fol lowing formula (1) and
a charge-transporting non-conjugated pol ymer.
<PHosphdilessestibsdmadend> | n the present invention, a
‘phosphor escent conpound WO
2008/029&&@BCT/JP2007/067549 9

3 Luminescent layer

4 Cathode

BEST MODE FOR CARRYING OUT THE INVENTION

. The present invention will be described in detail below.

1. An embodiment in which a luminescent layer contains a

luminescent low-molecular-weight compound

In an embodiment of the present invention, an organic
EL element relating to the present invention comprises a
substrate, a pair of electrodes formed on the substrate, and
one or plural organic—layers formed between the pair of the
electrodes, said o’rganic layer containing a luminescent layer,
wherein the luminescent layer contains a phosphorescent compound
representedﬁby'the following formula.(i) and a

charge-transporting non-conjugated polymer.

<Phosphorescent compound>

In the present invention, a phosphorescent compound
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(iridiumconplex) represented by the follow ng

formula (1) is used. (1) In the formula (1) ,
WOR008/429%8 each are i ndependently hydrogen 5 apQmiBrooans7s49

al kyl group having 1 to 20,carbon atons; a plurality

of the al kyl groups may be”linked with one another to

forma ring; at least two of RL to R8 are each the

al kyl group; and at |east one of the al kyl groups is

. . It ' rijar er nar

Aol DRERAeRCR LOTELE Yo OLaRS SO, o

is that, is contained in the al kyl group and adjacent to
gsfﬁybon atom of the aromatic ring bonding to Ir

(iridiumatom) ) . It is considered that the

oxidatiqp popt ential of the 15 conpound represented by
t he ‘ Iq (1) is lower than that of tris (2-

(2- phenyl) iridiumthat has been used so

far, erefore an organic EL el enment contai ning

t he %p IT~af the formula (1) as a phosphor has a
| ower™ Lon barrier fromelectrodes to the
i rijdisgSonpl ex, reducing electrica

3

(1)

In the férmul-a {1), R* toR® each are -ihdepéndently hydrogen
atom or an alkyl group having 1 to 20 carbon atoms; a plurality
of the alkyl groups may be linked with éne another to form
a ring; |

at least two of R! to R® are each fhe élkyl group; and

at least one of the alkyl groups is an alkyl group having
a tertiary or quaternary «-carbon atom (the “a-carbon atom”
1s a carbonatomthat is contained in the alkyl group and adjacent
to a carbon atom of the aromatic ring bonding to Ir (iridiuml
atom)}.

It is considered that the oxidation potential of the
compdund represented by the formula (1) is lower than that
of tris(2-(2-pyridyl) phenyl) iridium that has been used so
far, and therefore an organic EL element containing the compound
of the formula (1) as a phosphor has a lower injection barrier
from electrodes to the iridium complex, reducing electrical

load imposed on the luminescent layer, and thereby attains
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20 | oad i nposed on the |um nescent |ayer, and thereby
attains WD 20081029935PCT/ JP2007/ 067549 | o an
WOOHIIRY service life. In addition to POE/JIPLMEB67549
oxi dation potential, fromthe viewoint of making the
exited state of the reactiVve iridium conplex be
sterically-isolated fromthe other nolecules 5 '
contained in the lum nescent |ayer and attaining an

an O 00l fe Fls &8RNt wd h an extended service life, it
IS preferred that all of the aIkyI groups in the

f orpul e ,ea an al k p havin
or %aﬂad Jgalr%/n &Z%g:?b ﬁ‘owe P poﬁgfl%éaim ﬁﬁ?é the
is preferred that all 10 of the al kyl groups
Vlﬁgrﬁgﬁﬂbt £% drkingy the gatednaFyta-chrihen repshive eaépium
a tertiary butyl group, because both of the effect of

commRet iy sty isd ldatiisw leseehtiram shet héheri vplevules
conpl ex and the effect of making the excited state of

corttied rrescitri whel ivtiimesceny! & yee eharacahhyingoéﬂt@ﬂganlc

fromthe other nol ecules 15 contained in the

EL bUBhBASCRNEh |y ektahEehaddey: @04 Frcayse; 4 libee%geeucthat
EL elenents advantageously attain extended Service

| f
al] Wz el R irbufls OBl LA Q) BLOUREL T Dy
he foll f
grol osaﬁfg?“giéeﬁﬁr%&%ﬁgﬂﬁaoﬁmsg §§%?§da5§ SThen Fekom

(1), in which any one of re to R3 is an al ky 3€j[i!\ﬁ?rou
ha Pﬁ&hgrbeﬂpi5¥ﬁ oPriudtedhdryih- éar BERTQEERA Hehat all

been known so far. However, a phosphorescent conpound
of thewalkilagroemsthavinoia Rentd.aRy sreqeateraaraldytarbon
group having a tertiary or quaternary a-carbon 11
atom be each a tertiary butyl group, because both of the effect
of lowering the oxidation potential of the iridium complex
and the effect of making the excited state:of the reactive

iridium complex be sterically-isolated fromthe other molecules

contained in the luminescent layer are large, and because the

' organic EL elements advantageously attain extended service

life. A plurality of the tertiary butyl groups may be linked
with one another to form a ring as is shown by the complex

of the following formula (C5).

A phosphorescent compound represented by the formula (1)

in which any one of R' to R® is an alkyl group having a tertiary

or quaternary a~carbon atom has been known so far. Howe#er,
a phosphorescent compound in which at least two of R' to R®

are each an alkyl group having a tertiary or quaternary a-carbon



10

15

atom (particularly, a phosphorescent conpound in -
which at |east two of F23- to 128 are each a tertiary
WORR8/9298350up) has not been specifically knownPeDJPm07/067549

Further, it has not been wn so far that an organic
EL el enent using the | atter phosphorescent 5 conpound
has a particularly extended service |ife. : I n

the present invention, the phosphorescent conpound

e (g RE o A0 Hoddh AT LA Otnd B O IPLE 1cast
twey &%a%%ﬁoéﬁ»%reﬁ KD R, E%fiég 5ot been

and the conpl ex represented by the fornula (C) is
SPegatticedLar kpopRrefer bFe, DU dif drgamos been known

el ement having particularly extended service life. and
so fyhhbbrnessariceEbfefliegieptioys img dhe diander phosphorescent

(C4)(C5)(C6) WD 2008/ 029935PCT/ JP2007/ 067549 12 may,
compeupdotideed byrtionlexdypbeterdedt sl cenrisd.ng the

following steps (i) and (ii) :. = . step (i)
r eggt u e
fornultgg ?rgggﬁe Pgréﬁgfﬁﬁ1??$? ﬁwééchICW|%?H%IHbmpound

maya[%'gﬂ%ﬁg&@t Fiblleced, 3, JE%%ZM%%@% R Pl By
thgsf glmleoc\'l:morg otflr?crinylegr sentzec’i by dthe formula (1), the
complexes represented by the following formulae {C1l) to (C6)
are preferable_, and the complex represented by the formula
(Ci) is particularly preferable, because an oréanic EL element

having particularly extended service life and high lurﬁinescence

efficiency is attained.

-~ .
™~ Ir ™~
ir o Ir
- N P
N |N F
- y. e
’ b i 3

N s ;
(C1) : (C2) - (©3)
e
P N-/lf
. |
L - 3
(C5) (C6)

The iridium complex represented by the above formula (1)



10

15

step (ii) : reacting the conpound represented by the

followng fornmula (1-2) with the conpound represented
WO08/42893%0l | owi ng fornula (1-1) in the preseneeToP20a7/067549

base such as potassium 10 garbonate and in glycerin

at about 150 to 220C to produce the iridium conpl ex

represented by the above fornmula (1) . R6 RS R4 R3

RsR1( 1-1) 2 (1-2) :

maybe producedby, forexample, a.method comprising the following
steps (i) and (ii):

step (1) : reactingra compound represented by the following
formula (1-1) with iridium (IIT) triéhloride trihydrate in
a solvent such as 2—ethoxye£hanol at about 50 to 150°C to produce
& compound represented by the following formula (1-2); and

step (ii): reacting the compound represented by the
followingl formula. (1-2) with the éompound represented by the
following formula (1~1) inthepresenceof abase suchaspotassium

carbonate and in glycerin at about 150 to 220°C to produce

the iridium complex represented by the above formula (1).

RE RSRY! RO

R7 /_ RZ
RB N R‘I
(1-1)
_ _ .
R? R?
cl
R
:|r< >;r:\ 5
Cl ,N| R
RB = RB
R? '
2 - 42 (1-2)

<Charge-transporting non-conjugated polymer>
The charge-transporting non-conjugated polymer is
preferably a polymer obtained by c'opolYmeriz’ing MONomers

containing at least one kind of polymerizable compound selected
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15 <Charge-transporti ng non-conjugated pol ymer> The
char ge-transporti ng non-conjugated polyner is
WOapBfa93bl y a pol yner obtai ned by copol yneri zZPEEIP2007/067549
nononers containing at |e one ki nd of '
pol ymeri zabl e conpound sel'ected 13 fromthe group
consisting of a hole-transporting polynerizable
conmpound and an el ectron-transporting pol yneri zabl e

Clif
froﬁtgthé)t raﬁgp%ﬁ%%t%ﬂ‘f%%@ h%ﬁ% tr'a?x%&n'o?'ﬁmn&ll?olymerlzable

ynerlza e conpound and t

el ectron-transporti d are
Comgf’ggdc%mli 8¢t ?f/%fér 'g?]é%'{) ar g |rl gm ns por?‘ 8 compound.
yneri zabl e conpound.
Incﬁ’é? gBrEFEns p%???h%l%?ﬂ%bn j Ug%tfé‘ﬂlepd‘%’iﬂ?é‘rpqr%:mq
preferably a polyner that contains a structural unit
polgmeriadbleoapopeuRd nandr thewe becmeertid anrpart inge
hol e-transporting 10 pol yneri zabl e conpounds or a

polghentbabak dompodedi ¥yed &Yoo ookl &etidvaly tosd led RO e

ki nds of the electron transporting polynerizabl e

cha@@gpﬁk'ﬁﬂ§pow.‘§ﬁ?Sﬁéfyﬂ@fﬂ%lé Scassindl gher
| um nescence efficiency is obtained because a higher

0 h e
i R d@Pa*%‘?#r?fnﬁ%?‘f’% HPfiogceg, ppdymer
d .hy coatin Fur.t her
15 AR w%fgtﬁsﬁ COTHAATR 8P FARERY Wk fgrived
referably a pol ymer that contains both a structura
fro@n?FedEFPQearfF%ﬂw%ﬁemﬁ¥%dkkﬂ $ v orhedid sqtrgasgerting
the hol e-transporting pol yneri zabl e conpounds and a
polymentrabhe conpoundsien ¢k freimonk Wiifdderived forom one
nore kinds of the electron transporting

kingobyritesi aabhere onpodmdst SN e sectr ol yraerspostusegd,
still higher |um nescence efficiency is obtained

pol PREAUSELT BecHnbyiilds hawheot Bueh hollgmeiranspastdnohagier

el ectron-transporting functions, and thus hol es and .
1umBhESLENAS efficiency is obtained because a higher mobility
of chargesvcan be attained in the luminescent layer and a uniform
thin film can be formed by coating.

Further, the charge-transporting non-conjugated polyxlne‘r
is more preferab{[y a polymer that contains both a structural
unit derived from one kind or two or more kinds of the
hole-transporting polymerizable compounds and a structural
unit derived from one kind or two or more kinds of the electron
transpofting polymerizable compounds. When such polymer is
used, still higher luminescence efficiency is obtained because
the polymer has both of hole-transporting and

electron-transporting functions, and thus holes and electrons
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14 reconbine nore efficiently in the vicinity of the
phosphor escent conpound. There is no particul ar
w0l 2008/4220350n on t he hol e-transporting pol yneri gabplieroe7/067549
conpounds and el ectron-trapsporting pol ynmerizabl e

conmpounds as | ong as they ﬁgve a polynerizabl e
functional group or a substituent containing a
pol ynmeri zabl e functi onal group, and known

co SRS b PRSROLL A0 STROINES VY05 OB, (EARL Pacene

._radical, cation, anion, addition, and
COWRRHR&%atioh-polynerizable functional groups. Anong
these, a radical polynerizable functional group is
pr i zehl & nedeanisecpl y kamd tehhobonetixd holerbdamsporting
Exanpl es of the pol ynerizable functional group
peliyrd nideabl® aldmplougideu pndalelerytlrograupansacrying e
group, nethacrylate group, urethane (nmeth) acryl ate

. polgnif AR asmpeLRas Mlsollbﬁéya@ﬁg}r%ﬁ HaRATRL S0 Dy AEP: zable

and the |ike, vinylam de group, their

oSS g EnY 0606 e OHR 8 cphpperigetne

refera

pal.yner.i zabl e 20 nctional gro i s al kenyl group,
rurfit S0 GEShP et KK BOR SO Rer FAm e St GanEoRRgs may
. erably has a substituent represented by the foll ow ng
be 115841 ae (Al) to (Al 2) as the pol ynerizabl e

functi onal group or the substituent containing ,a

polBxapwilesbbé thecpodyaerjrebpe Anpatiomebegraume include

substituents represented WO

radi@@8/,029936RCTAAPBA) 7 2867540n]5ahyt he fornul ae (Al),
(A5), (148), and (Al 2) arenore preferable, because

conlde@se tSehspbl YRBES 26BN ebeufash bial N§roduced abhg thase,

charge-transporting conmpounds. : _ _
a radical polymerizable functional group is preferable because
polymers can be easily produced.

Examples of the polymerizable functional group include
allyl group, alkenyl group, acrylate group, methacrylate group,
urethane'(meth)acrylate group such as methacryloyloxy
ethylcarbamate group and the like, vinylamide group, qnd‘their
&erivatives. Among thése,-alkenyl group is preferable.

“More specifically, in the case where the polymerizable

functional group is alkenyl group, the charge-transporting

“polymerizablecompoﬁndpreferablyhasasubstituentrepresented

by the following formulae (Al) to (Al2) as the polymerizable
functional group or the substituent containing a polymerizable

functional group. Among these, the substituents represented



CH3 -g CH2 0211 H6CX icH2 --C *C142 (A3)
| CH3 H2C ICH2 -C CH2 (A4) -
WO 2008/029935 : PCT/IP2007/667549

15

by the formulae (A1), (A5}, (A8), and (Al2) are more preferable,

- because these substituents can be easily introduced into the

charge~transporting compounds.

he CHs
c \ HC,
— e o oH,
e T T W
A1) {A2) »3) (M)
- - —C
- HC=ch, }\:
w) - we o wn O
~—CH,;
H,C CH Hzc_CHz
—ch,
(A5)
HyC—CH
' ;—\ —CH, HgC—Cl-Iz
—CH
—CH,
YT (A11) cH
: , 4
H.C
O
1 B
—0 cl'!z
{A12)

Specifically, the hole—transporting polymerizable
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WO CH 112C 8 H3C- Ct 12 - CH2 H2C- C142 1- 12CCH
H2C- - 612kAn2 - CH2 (*10) (A l) #CH H2C

WO 2008/029935 PCT/JP2007/067549

16

éompounds are preferably the compounds represented by the
following formulae (El) to (E6). From the viewpoint of charge
mobility in the non-conjugated polymers, the compounds

represented by the formulaew(El) to (E3) are more preferable.

) e . - {E3)

E4) {ES}) )

Specifically, the electron-transporting polymerizable
compounds are preferably the compounds represented by the
following formulae (E7) to (E15). From the viewpoint of charge
mobility in the non-conjugated polymers, the compounds
represented by tﬁe formulae (E7) and (El12) to (Ei4) are more

preferable.



H2CCH %H2 (Al 2) 5Specifically, the hole-transporting
pol yneri zabl e 16 conpounds are preferably the
wWOocosmesasds represented by the fol |l owi ng fornuPa&JPiEe)/067549
to (E6). Fromthe viewoi 7of charge nobility in the
non- conj ugat ed pol ynmers, t'he conpounds represented by
the fornmulae (El) to (E3) are nore preferable.
Specifically, the electron-transporting polynerizable
conpounds are preferably the conpounds represented by
e followng fornmulae (E7) to (E15)% Fromthe
vilewpoi nt of charge nobility in the jon-conjugated
ynmers, the @ by the

€

(E10)

(5132 E14) ' {E15) .
A compound given by replacing the substituent represented
by the formula (Al) inthe formulae (E1) to (E15) by a substituent
. represented by any of the formulae (AZ2) to (Al2) may be preferably
5 ‘.used. In particularr, a compound having a substituent

represented by the formulae (Al) or (A5) is preferable, because
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17 (E7)(ES)(Er) (E10)(Eli)(E12) (E13)(E14)(E15)

A conpound gi ven by replacing the substituent
WwOzes28Bhted by the formula (Al) in the formuPGEIR2BP7067549

to (E15) by a substituent ygepresented by any of the

formulae (A2 ) to (Al2 ) nmay be preferably 5 used. In

particul ar, a conpound having a substituent

represented by the fornulae (Al) or (A5) is
thd&ifialik) BeeddsRay1Bat DAt EURGEEANEL s OI ¢ U MBYe De

i ntroduced easily to the pol ynerizabl e conpounds.

pol’ éﬂk%a %!%%@%59H889rtin9 non- conj ugat ed pol ymer,
re prerera are conpounds gi ven by copol yneri zi ng

a compound. 5 represented by any of the fornulae (El)

o HEB RN HeS Tt S 1oty CoevyRar iap L £, more

conpound, and a conpound represented by any of the
prefgrailee a(rgﬂ:ogﬁgupggzgl’g%n(E145:oggly1ﬁ%rlz1ng a compound

el ectron-transporting polynerizabl e conpound anong
repriessntethdy ahgsefnbhecbofmgagendEpbl yore(B3 aras uded,

hol es 10 and el ectrons reconbine nore efficiently on

holfehﬂtr@wmliﬂgcgﬁlyﬁ@ﬁpﬁmﬂeaﬁdmbb@lliv@r Andn Hessgmed

efficiency is obtained. In addition, in conbination

repfleblrdia BROSRYOLESERD! roABONEY (R} NIesk COMPOUNGS Gan)

orman organiC layer having a uniformdistribution,

as RY _Vieqieré%r%ﬂggzgggisﬁo-&igg eSSE_‘&nQ?i’ éélkglénco%o%rlce r]atrnong

these. When these non-conjugating polymers are used, héles
and electrons recombine more efficiently on ther phosphorescent
compound aﬁd higher lumihescenée efficiency is obtained. In
addition, in combination with the phéSphore-scent compou_nd,
these coxﬁpoundé can form an organic layer having a uniform
distribution, providinganorganicELelement havinganexcellent
durability.

In thé organic lafer {luminescent layer) used foran drganic
EL element of the present inventiop and containing the
phosphorescent E:ompound and the no_n-conjugated polymer, the
phosphorescent compound is contained in the matrix formed: from.
the non-conjugated polymer in a dispersed state. As a resulf,

luminescence that is not easy to use conventionally, -namely -

"the luminescence by way of the triplet excited state of the

phosphorescent compound can be attained. Therefore, higher

luminescence efficiency is obtained by using the organic layer.
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15 durability. In the organic layer (lum nescent

| ayer) used for an organic EL el ement of the present
WOI20082020935n and cont ai ni ng the phosphorescent oeAedins7540

and t he non-conj ugat ed polﬁger, t he phosphorescent

conmpound is contained in t matri x formed from 20

t he non-conjugated polyner in a dispersed state. As a

result | um nescence t hat is not easy to use

I ninescen of the
Cr T ey DR SRR B b P omhd
ttained. Therefore, Q her Iunrnescence
corAi T Recy St AridddBy Vief g SthEP6r Qi & Podymprizable
WO 2008/ 029935PCT/ JP2007/ 067549 19 The
COTRANYES t35adoPper Bind-homkdesitugdt édepoirgsentmapvention is
contain a structural unit derived fromthe other
notpdlmpeeiteriabl heoppbandpodgmbongahdet bempbiedt ofet hfor
present invention is not inpaired. The other
exaMﬁhaﬂﬂUdﬁﬁdﬂ%d@OGﬁﬁﬁﬁﬂﬁrﬁf%maE@b-Qr@h%ﬁﬁkﬁnngoFPéﬂggﬁies
havi ng no charge transporting properties exenp d

exdip 18] FOEA (Hékﬁﬁééggaa%ﬁsnghgﬁ gcggkﬁggtgggglate

nmet hyl = net acry ate yrene an eri

R e e

no l.ar, mel ht of preferably from 1,000 to -

ar nﬁgb eQngowﬁpgnbreferably from 5,000 to
1, 000, 000. In the present specification, the
molTéeuIcharaer §hensporadast sopheonblgatedr pokimats ikdte a
reference to polystyrene neasured with GPC (ge

welighitneariregechodreudgrapeyphtl bfi prptetebapl £rdib 1 hEI0 to
the nol ecul ar weight is within the above. range

2, 0l06; a0se whd mermrrprrewereatwbtfgomnsaooorsanls:owj et 1In
and uniformthin filns are” obtai ned.

theC paegentr QBéaQﬁbaﬁlBBn @_9@1 Hoaked: pe! M@Eﬁﬁt”?é( Lbeesents
any of random bl ock, and al ternate copolyners.” 20The

R R S U S S
w1tﬁdebbl ael permeation chromatography). It is preferable
that the molecu;ar weight is within the above range because
the polymer is soluble in an organic solvent and uniform thin
films are obtained.
The charge-transporting non-conjugated polymers may be
any of random, block, and-alternate copolymers.
| The charge-transporting non-conjugated polymers may be

prepared by any method of radical; cation, anion, and addition

polymerization, but radical polymerization is preferred.

2. An embodiment in which a luminescent layer contains a
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pol yneri zation, but radical polynerization is
preferred. WD 2008/ 029935PCT/ JP2007/ 067549 20

WO 2a86/028%38ent . pol yrer I n anot her enbodipcaPr200f/067549
the present invention, an %6ganic EL el enment
according to the present invention conprises a
substrate, a pair of electrodes forned on the
substrate, and 5 one or plural organic |ayers forned

TuRgieend he Rl of the el ectrodes, said organic

a lum nescent |ayer, wherein the
| um nescent | ayer .contai a non-conj.ugat e¢q pol ynmer ,
(herbrRaTEer STAGIIIPRIOT RUR-RETs Uat B Spor§ e S5 9anic
in sonme cases) having a structural unit derived from
EL £lameih et gL 3T RS0 BRESENti dPUANEHAP| ERpPrises a
represented by the followng fornmula (2) . _
subkegtnaist.urapaini ofdet evedode s nf ptweshloor édeestibstrate, and
compound> (2) 15In the formula (2) , Rl11 to R18
oneeach pdne allndepandentlaychydrogradabetweenadhal k¥tr of the
group having 1 to 20 carbon atons; a plurality of the
o1 RthHael!, OS] i it ; nde 0! B A
By he d ngg@ﬁ! aeanttlal@ﬁ%gag ggﬁﬁt%eés%aelngy{%ﬁer,

ring; at |east two of 1 to R18 ar
wh&reqlﬁpéhe luminéscent} layer contains a non-conjugated polymer

' {hereinafter, called as "non-conjugated p'ol'yme-r (2)" in sorﬁe

cases) having a structural unit derived from a phbsphorescent
compound (iridium complex) represented by the following formula

{(2).

<Structural unit derived from phosphorescéent compound>

(2)

Inthe formula (2), R toR' each are independently hydrogen
atom or an'alkyl group having 1 to 20 carbon atoms; a plurality
of the alkyl groups mé?'be linked with one another to form
a ringf‘

at least two of R to R!® are each the alkyl group;

at least one of the alkyl groups is an alkyl group having
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20at | east one of the al kyl groups is an al kyl group
having 21 a tertiary or quaternary a-carbon atom
wOQbdsm2ymscar bon atont is a carbon atom that iBCT/IP2007/067549
contained in the al kyl grqgg and adj acent to a carbon
atom of the aromatic ring nding to-Ir (iridium
atom) ) . 5R21 to R28 each are independently sel ected
fromthe group consisting of hydrogen atom an al kyl
I avin car 0 an n. al kenyl ”
= R g crndave B BaRoRhoREom REnfy P grhom
. of the alkyl grouyps may be substituted with a )
15§ AT REP Sl ETR LR CORALIRDIB N B e LBFPyogndagacent
al kyl 10 groups may be linked with one another to ‘
to pofFRIROR Afomaef | Eatanamntgfc RANG Hordgngr tonby (iridium
hydr ogen atons; and at |l east one of R21 to R28
atomg )t.he al kyl group, at |east one of whose hydrogen
atons is substituted with .a polynerizable functiona

gr @&h .t OR* Bacal keayl n@sPededdl§ defl 2aRsl debRlchddroup
the oxidation potential of the iridium conplex

LeRLeSENLEd enf I'a2' I t : t
congEEting %’2- 83?# §9|§’ Shone ranpikyl oy -p& oy
henyl ) _iridiumthat h been used s ar, .as
carBR8 e, et TR AT ShRGPeIR 1A 25 Lo AT Fathon agpme:
its. aromatic ring other than the 20 substituent ,
thephydRgoan RSty 2861 alkuhITMRT MYohp sreshyfitRpyith
. atons, and therefore an organic EL el enent containing
a pphpmerapgabienfugatéanpdl ghewr( 23 nbuzabiaspHortheaalkyl
| ower injection barrier fromelectrodes to the
groupsdmam benplirkedr edtisi oge ehrothecato | Oadn iarpdsed on
the |l um nescent |ayer, and thereby WO
2088/ 0239985063/ dP2RU74Q6R3UAre not hydrogen atoms; and
at least one of R* to R?® is the alkyl g&:oup, at least B
one of whose hydrogen atoms is substituted with a polymerizable
functional group, or the alkenyl group.

It isconsideredthat theoxidationpotential of theiridium
complex represented by the formula (2) is lower than that of
bis (2- (2-pyridyl)phenyl) (5-vinyl-2-(2-pyridyl) phen.yl)
iridium that has been used so far as a phosphorescent compound, :
wherein the- substituents on its aromatic ring other than: the

substituent having a polymerizable functional grouparehydrogen

" atoms, and therefore an organic EL element containing the -~

' non~-conjugated polymer (2} as a phosphor has a lower injection

barrier from electrodes to the iridium complex_, reducing

electrical load imposed on the luminescent layer, and thereby
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22 attains an extended service life. In

addition to the | ower oxidation potential, fromthe
WOResM28938t of naking the exited state of the PERUPIONHO67549

iridiumconplex be steric y-isol ated fromthe other

nol ecul es 5 contained in the |um nescent |ayer and

attai ning an organic EL el enent having an extended

service life, it is preferred that at |east two of

att!?a?l]ns.t %nR% t%%%le%g“s'%r%lk%r&'ﬁ%y butyl group in the

formula lurality of the tertiary butyl

d th_one ther t atrin
10%*@@5%%%&9855&@ §0ra Cragreean BaCRPERL, FEOR tne
formul a in which any one of R11 to RL8 is_an

vieyngintye uﬁahavgnaha ?’éﬁ?‘ér%zt%"re Pattéenarychivgr bohdium
at om has been known so far. However, a phosphorescent

compdigyo dned site riiad A vati slodasedt i onf the 10theRIBoheeubash
an al kyl group having a tertiary or quaternary

corgadardaioinl Shat anmipasceat| deyygr anpghasphimesgest organic
conpound in which at least two of Ru to R113 are each

EL @ﬂeafehltah)ﬁv@ﬁby bnodeQiBhdhas seetibeeni specifi cal Lbi/eferred
known so far. "Further, it has not been known so far

aQEE 9an %fEklmt%nﬁm a¥8l B9ch e l‘ﬁe?:tttlgr butyl group

thatth
osp orescent conpound has a particularly exten

in EREERFHA (Bl o HRBERBREY OF oUf RRCEOGEY Hwﬂfgroups

radlcal cation, anion, addltlon and
maye bderskeroni bl gner rRabReTf hACEPHRAR ﬁ%%@p Among’
these, a radical polynerizable functional group is
pr éf phogplotraceRt goinovnc reprnepentadidy treofasedla (2)
WD 2008/ 029935PCT/ JP2007/ 067549 23 . Exanpl es of
in wiichpanynene 2dbRE tarkfiienah ajrlotpgirocbudseriald gl tertiary
group, al kenyl group, acrylate group, nethacrylate

or guAUPRrnif¢lBEErhoRt M AR MA Al ahPwaleb 88r. However,
met hacryl oyl oxy et hyl carbamate group and the I|i ke,

a prBﬁh@%QSeﬁﬁ O&Bmpéﬁﬁdtmlwhﬁzﬁeéﬂ \i%tds\te%woABQnﬁll to R'®
t hese, al kenyl group is preferable.
are each an alkyl group having a tertiary or quaternary a-carbon
atom (particularly, a phosphorescent compound in which at least
two of R to RY are each a tertiary butyl group) has not been
speci‘fic_:ally known so far. Further, it has .not been known
so far that aﬁ organic EL element using the latter phosphorescent
compound has a particularly extended service life.
Examples of the--substituent having the p'olymerizable
functionél group includes any of radical, cation, anion,
addition, and condensation-polymerizable functional group.

Among these, a radical peolymerizable functional group is

preferable because polymers can be easily produced.
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More specifically, the non-conjugated polyner (2)

preferably has a substituent represented by the
WOREIBRMHAg fornulae (Al) to (A 2) as the pol yREFAD2ABT/67549

functional group or the supstituent having a

pol ymeri zabl e functi onal group. 10Anong these, the

substituents represented by the fornulae (A), (A5),

(A8), and (Al 2) are nore preferable, because these

subsidngient %fC@ﬂeb%\B@. lelrY. ZaM1eodueed i bih @ (;;P@u include
i ri di um conpl ex. 008/ 029935PCT/ 3 P20077 067549 24

all%gi:b%l, 'aﬁeg%ﬂdﬂp),( é&‘y'ﬂgge '&QUP%{h%flgte group,

urethane (meth)acrylate group such as methacryloYldxy
ethylcarbamafezgroﬁp and the liké, viﬂylamide group, and their
derivatives. Among these, alkenyl group is preferable.
More specifically, the non—conﬁugated polymer (2)
preferably has a substituent repfesented by the following
formulae {Al) to (Al2) as the polymerizable functional group
or the substituent having a polymerizable functional group.
Aﬁong these, the substituents represented by the formulae

(“Al) . (A5), (A8), and {Al2) are more preferable, because these

. substituents can be easily introduced into the iridium complex.



*CH2 W' (AS)(A6)(A7)i/CH H2C HBCCH - | CH2t CH2 (ta)
H2C- 912 -CH2 . H2C - CH2 H2CCH * H2C-612CH2 - 612
WO 2608/629935 PCT/IP2607/067549
24 ‘
CHs
HaC, 4
CH, A HC
—CH - [LH2 cH,
CH P — —
2 CH, \\CHZ \\CHz
(A1) (A2) (A3) (Ad)
—"'"‘CHZ
: HC=CH,
\\ ) A
- CH |
(A5) (A6) w7
e, S
207
—CH, CH,
(AB)
(A9) CH
Hzc
H,C—CH,
—CHz Hzc‘_cHz
HzC""CH GHZ
(A10) (A11) CH
Vi
H,C
7 3
(A12)

As the compound represented by the formula {2), complexes

represented- by the following formulae (C13) to (C16)} are

preferable because an organic EL element having especially



(MO (Al) H2c H2CCH -0CH2 (Al 2) As the
conpound represented by the fornula (2), conpl exes

wonps/esent ed by the followi ng fornulae (C13) t ’1‘9\}%)//067549
are preferable because an grganic EL el enent hav
especial ly WD 2008/ 029935?5éT/JP2007/ 067549 25
extended service |life and high | um nescence
ef ficiency can be attai ned, and the conpl ex

I 13), is nore preferable.
exteerpéeeéegetrexglcbt—.y :que f oz{%i%é qun?lnescence Fe):ffa.c1enc:y can
be attained, and the complex represented by the formula (C13)

is more preferable.

— — ~
ca
P I
Ir: — // \ R
AT NS N N
i I R e
. =
B 42 B I |2 |
(C13) (Ci4)

: r 7
o
= N//Ir\N =
- A
L o Jda2
(C15) {C18)
5 In the present 1nvent10n, the compound represented by

the formula (2) may be used alone or in combination of two
or more kinds.

The iridium complex represented by the above formula (2)
may be pfoduced by, forexample, amethod comprising the following:

10 steps (i) and (ii):

step (i): reacting‘ a compound represented by the followincj
formula (2-1) with iridium (III) trichloride trihydrate in
a solvent such as 2-ethoxyethanol at about 50 to 150°C to produce ,

a compound represented by the following formula (2-2); and
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(C13) (C14) 2- (C15)(CiM 5In the present invention,

the conpound represented by the fornmula (2) nmay be
wowsesiezatasne or in conbi nati on of two or nore PCEGR2007/067549

The iridi um conpl ex represggt ed by the above fornmul a

(2) maybeproducedby, for eXanple, amethodconpri sing

the following 10steps (i) and (ii): - step (i) :

reacting a conpound represented by the follow ng ,

for 2-1) with.iridium (111) trichlaride

e TR i on 3y Ebdenncutd xR SaefiErg, by, the
£o AN Qg@;gpgagg_%ge, Lo TR R e 06Dy PYne

2008/ 029935PCT/ JP2007/ 067549 26 step (ii): _
folloxtinmip xmel & 6ApdLAE themreaeeneroby hase futh awpagassium

formula (2-2) with a conpound represented by the
carfbgradw mgpd dnmgllycez48) aitn abostpriédenoe 260 °8 basproduce

such as potassium carbonate and in glycerin at about
thel 3¢ itd 122 QOnipQ e @dpeesentlel by dhemagedB! €¥rmula (2).

represented by the above formula (2 ) .

R‘IS R15 R14 R13

7\ R
R1712

{2-2)

<Stru¢tural unit derived from charge-transporting
polymerizable compound>

The polymer having a structural unit derived from the
compound represented by the formula (2) is preferably a; polymer
obtained by copolymerizing one kind or two kinds or more monomers
of the iridium complex and a monomer containing at least one

kindof polymerizable compound selectedfromthe groupconsisting
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12 (2-1) 2(2-2) (2-3) 10 <Structural unit
derived fromcharge-transporting pol ynerizabl e

- WOCoMIaysd > The pol ymer having a struct uPEr/TeRep1/067549

derived fromthe conpound ygpresented by the formla
(2) is preferably a pol yner obtai.ned by .
copol yneri zing one kind or two kinds or nore nononers

of a hole-transporting polymerizable compound and an
electron—transporting'bolymerizable compound. In the present
specification, the hole-transporting polymerizable compound
and the electronmtrahsporting polymerizable compound are also
collectively éalled a charge-transporting polymerizable
compoundQ |

Namely; the non-conjugated polymer (2} is preferably a
polymer containing a séructural unit derived_froﬁ one kind
or twe kinds or more of the iridiurﬁ cémplexes, and a structural
unit derived from one kind or two kinds or more of the
hole~transporting polymerizable compounds or a structural unit
derived from one kind or two kinds or'moré of thé
electron-transporting polymerizable compounds. Such a
non—conjugéted polymer (2) provides higher luminescence

efficiency, because holes and electrons recombine more

'efficiently'on the structural unit derived from the

phosphoreséent compound.

Further, the non-conjugated polymer (2) is preferably
a polymer containing a structural unit derived from one kind
or two kinds or more of the iridiﬁm complexes, a structural
unit derived from one kind or two kinds or‘more of the
hole~traqsporting polymerizable compounds, and a étructural
unit derived from one kind or two kinds or more of the

electron-transporting polymerizable compounds. Such
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15 of the iridiumconplex and a nononer containing at
| east one kind of polyneri z able conpound sel ected
WOF20081020985 gr oup consisting WO PCT/IP2007/067549

2008/ 029935PCT/ JP2007/ 0675 27 of a

hol e-transporting pol ynerizabl e conmpound and an

el ectron-transporting pol yneri zabl e conpound. In the
present speci fication, the hole-transporting

hi TR/ A -‘%.re‘i oyngd ;aad Lhe %%*r&%ﬁ FBQQ BQLLI 91 of

polynerlza npoun are al so col I |ve ca

char trans 9 nerlzabl .
S TR i%nﬁﬁfgi ‘bmnsrge%e@?gosrEraparsrrtmg
pol ymer containing a structural unit derjved from
Funsite i 200 (KRGS SoA oA S6R ZORE FPFATERRE moTe
conpl exes, and a structural 10 unit derived from one
efficigndd vt ao isndsiddumpeenplexhe Apkereswifspeorttilighigher
pol yneri zabl e conpounds or a structural unit derived

_ lunfinemsceneekiefd ieti enoy Bsndbtednedre of the

el ectron-transporting pol ymeri zabl e conpounds. Such a-

NORHEeR) 1ab ek MOl AR {20 PAOYEARS ’E}'legﬂgﬁ.e~transportlné
I'um nescence "15 efficiency, because hol es and

pol r%%& 73R e %88@%3983”858 ghLL t%k%ﬂt hl‘aﬂﬁg&?&n

uctural” uni errved from phosp resce

t he no conj at ed
pole@)?rftéagﬁsf PEBP LA EE S Sy 9! 8L B e
~uniit derived fromone kind 20 or tmo klnds or nore of
funghé opail G IAHR o3I ¥BEWNLCRAF IR T EF 2P SRAY #ink cOPRAURHS RAY
one kind or two kinds or nore of the
be pekd-transporting pol ynerizabl e conpounds, and a
structural unit derived fromone kind or two kinds or
not'eegbo X Yiee el sl Yo fuhcademarlt gngup elaynbe i zabb€ radical,
conpounds. Such WD 2008/ 029935PCT/ JP2007/ 067549 28

- cation, anion, addition, and condensation-polymerizable

functioaal groups. Among these, a radical polymerizable
functional group is preferable becagse polymers can be easily
producea.

The polymerizable functional group is- the same as the
substituenthavinga;xﬂymetizablefunctionalgroupcontaining
inthecompeuﬁdrepresentedbythefbrmula(2),andthepreferred
groups are also.the same.

As thé'hole;transporting poljmerizable compounds, -
specifically, the compoundslrepresented by the following
formulae (El) to (E6) arepreferable. Thecompoundsrepresented
by the formulae (E1l) to {(E3) are more preferable, because these

compounds provide a copolymer having large charge mobility



hi gh- nol ecul ar-wei ght | um nescent material possesses
all of the |lum nescence, hole-transporting, and

Woebesap®ss- t ransporting functions, and thus hoPesIPRA7/067549
el ectrons reconbi ne nore g%§|0|ently on the iridium
conplex. As a result, stil*” higher 5 [ uninescence
efficiency is obtained. There is no particul ar
limtation on the hol e-transporting pol ynerizable

+he§MRounds and el ectron-transporting pol ynerizabl e
conpounds as | ong as they have a pol ynerizabl e
functional group, and known charge-transporting

Mpounds may . 10 bexysed. The pol yner&gabl e

et i onal group may g~ any of radical tion,

addi tion, andigondensation-poly | zabl e

substi'tuerf haV| ng a pol yner bl e functi onal oup
contai ning¥in the conpound Tepresented by th ormul a
(2), gng the preferred gemups are al so thegsane. 20As
the hol e-transporting pol yneri zabl e conpounds,
specifically, the conmpounds represent es

fo | ow ng fornul ae EE%) to (E6) are prge
1

Wi ,"? ‘ { ‘;;'ﬂb b ;éégfe
polynerlzaele functlonal grfo I'sS the sane as E e

ounds represent by the formul ae
nore preferabl ebecause these cd4

msr havi cha mobil] J Q#
§ c6t ao%yet

(E5) - o ' {ES)

As the electron-transperting polymerizable compounds,
specifically, the compounds represented by the following
fdrmulae (E7) to (E15) are preferable. The compounds
represented by the formulae (E7) and (E12) to (El4) are more
preferéble, because these compounds provide a copolymer having

large charge mobility therein.



(E4) (ES) (ES) As the electron-transporting

pol yneri zabl e conpounds, specifically, the conpounds
wOrzsps/esesst ed by the following 5 fornul ae (E7) ®OT/3pEi3)pe7549

are preferable. The conpougﬁs represented by the

fornmul ae (E7) and (E12) to " (E14) are nore preferable,

because these conpounds provide a copol yner havi ng
| arge charge inability therein. WO
Q08/ 029935PCT/ 3P2007/ 067549 30

(E1(El 1) (E12}

(£9)

&2

E13) E4 €5

A compound given by replaciﬁg the substituen; represented -

by the formula (Al} in the formulae {(E1l) to (E15) by a substituent

representedbyanyoftheformulae(A2)to(AlZ)maybepreferably
used; In particular, a compound havin§ aksubstituent

represented by the formulae {(Al) or (A5) is preferable, because

the functional group can be introduced easily to the



~10

15

20

A conpound given by replacing the substituent

represented by the formula (Al) in the fornulae (El)
wotmogdzdgs by a substituent represented by any pgfivibleros7s40

formulae (A2) to (Al 2) maybe preferably 5 used. In

particul ar, a conpound hav ﬁg a substituent

represented by the fornulae (Al) or (A5) is

preferable, because the functional group can be

nt roduced eaS| the 31 pol yneri zabl e conpounds.
po%@“ gﬁ d polymer (2), nore preferable

are conpounds glven by copql ynerizing a co
r et et @&nﬁyow%t%@wldmw dé)eern?r?op(séseraéle are
the hol e-transporting 5 pol yneri zabl e conpound, and a
conrsrsin divepr byemogd lyyreaiyz iol eheofpruntacepEgyenned by
(E12) to(El4)astheel ectron-transporting polynerizable
any anpaiird farmngaehqss,) and (B30 asi dhenhodgptexnspbrting
. conbi nati on. Thus obtai ned non-conjugated pol yner

po 4 1485 1B abmbam}aessﬁacs Ebhp SR e Nt by any of
maxi mum at t ai nabl e -10 | um nance, and exhibits

theefcgﬁ{g.lllm (Q’W prﬁl Ejf;y%) Bo (tEl-EI?easpeﬂl l(:é??hetr?ﬁ%?rtlng

S represe Ol‘m.l

may he roduced b knomn net ho ol
po P35 ARIR CHREPRIIC BPANS S tornvh e SPLARER AP R Lo,
. pol nerlzable conpounds. The ot her pol ynerizable 15
in E%ﬂ%b%@sora*r e Thiugr clakaimed noneopgdHEs tRE PHaWeTgPHevides

charge-transporting properties exenplified by
high luminescence efficiency and high maximum attainable

luminance, and exhibits excellent durability.

The polymerizable compounds represented.byrthe formulae
(E1) to kElS) may be produced by known methods.

The polymer may contain a structural unit derived from
the other polymerizable compounds. The other.polymerizable
compounds are, for example, the compounds haviﬂg no
charge-transporting properties exeﬁplified by
alkyl (meth)acrylates such as methyl acrylate and methyl
methacrylate, and styrene and its derivatives, but are not
limited to. them.

Tﬁe polymer has a weight average molecular weight“of
preferably from 1,000 to 2,000,000, and more preferably from
5,000 to0 1,000,000. It is preferable that the molecular weight
is within the above range,"because the polymer is soluble in

an organic solvent and uniform thin films are obtained.
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al kyl (nmet h) acryl ates such as nethyl acrylate and

nmet hyl nethacrylate, and styrene and its derivatives,
wolzoes/@esssnot [imted to them 20The pol yner heeTaP2007/067549

wei ght average nol ecul ar w@'ght of preferably from

1,000 to 2,000,000, and notre preferably fromb5,000 to

1,000,000. It is preferable that the nol ecul ar wei ght

is within the above range, because the polyner is

sol dn a I; i ¢ .sal: ni.form.t b j

aréyoeﬁgf%gdgoqggg&l%E%%léggﬁrg%gggl?%grgﬁeﬁ¥ﬁ%%g%&8by

abqve can _be ohtained by sel ecting. appropriately the :
s RR o AR COfoT Bt 10n otps e L o2k Eh cdnp S co

charge-transporting pol yneri zabl e conpound
the Khadger-2F8psPoitig Nan LY eIrd ZEPdR- FPRASEBEAL i ng

pol ynmeri zabl e conpound). The pol ymer may be any of
(halandomnspbotk ngamt A1t el aat For-toposyeerng polymetizable

the af orenenti oned pol ynmer, when the nunber of the
confpiougeliur atheinpd 1 dae i vedy f s@nahpecs righdom,C BIVEX iahd

"m' and the nunber of the structural unit derived
altfromttiRe 10pehah@est.ransporting conpound (the total

nunber of the Structural units derived fromthe

hol,e- n Liin I L Le cQ u and/.or_th

lies R SR S A i SRS

ual _to or

m and._n are respectively ap integer e -
Strﬁ‘&t{:}‘&ﬂt HaAt17eTXed 51’31‘%‘ Bget ﬁélgf'\l’ﬂcg?ﬁ‘%]re%nﬁ m" and
derived fromthe 15 iridiumconplex wth respect to
the; pamprs| efsthacstractynplsunihadersvad(framntheis in
the range of preferably fromO0.001 to 0.5, and nore

- chaggef-trabbpoftongEGadpbure (Life t¥¢shnombhr o fridneget mictmral

(m+ n), an organic EL el enent having | arge charge

unimshkidritwed Branahk eflfeeciravfs prandertp@l e it dighound
‘and a 20 high Ium nescence efficiency can be

'and¢b&akﬁédelectronEHEbHQborfﬂnbhﬁoQ?ﬁSxY&ﬁEfﬁt&Ehpbund) is

af orenment i oned pol yner

S . h \ . . _ .
n"CORt 8LASh QgérH&EPE@EH%W%WFQE%@?I— 3%%‘&113 £d %}_S‘@.t%{]rteger

i ng conmpound and the structura Ived from
| ect -t [ | at | [ f
enafl 37" O5T CRRIRORE B OPPRLPAL i . AR BT A e
iriEE GORPLE VbR TREPRGE copr BSBRT s CNpOtAR, Uycs,
~is_ the nunber of the structural unit derived fromthe
thag| gt ROt aMbpolbi A EbApEARES @hdPreferably from 0.001

to 0.5, and more preferably from 0.001 to 0.2. Within this

range of m/(m + n), an organic EL element having large charge
mobility, a small effect of concentration quenching, and a
high luminescence efficiency can be obtainedT

Further, in the case where the aforementioned pdlymer
Contéinsthestructuralunitderivedfromthehole-transporting
compound and the structural unit derived from the

electron-transporting compound, the relationship of n = x +
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5 and "y" are respectively an integer equal to or
| arger than 1. The optinmum val ues of the ratios x/n
WO 28/099%35are determ ned by the charge-transpoPET/#Rp007/067549
ability of each structuralzunit, the
charge-transporting properties, concentrations and
ot hers of- the structural unit derived fromthe
i ridiumconplex, wherein 10 x/n is the ratio of the

y caHnB@r s8E kPSSl  WALHEBh Hpk t S d2Li yed-£11008 theyve, "x™
hol e-transporting conpound, and yin is the ratio of

S
i LS PUAREL SR B8, SHEMGLIEEL M P S PG
unber " of the structural ynits derjved m t he
holgREFgBSPPERLPBETIRP LTS  cofipddntie é tBg| e gl
_used as the only conpound for form ng the | um nescent
unit e ived &iragy ‘géﬁl elet reneransRheE \ig gegperng) megd x"
yin each are in the range of preferably fromO0.05 to

- and0"98, aandraspecpieéyadh yintoypeD. @udb o 8 Mergsr than

the relationship of x/n + y/n = 1 holds. 20The

1. PAey Ot ifRih PL1RESRAT €He Mateiys &f/nr &6ll 6&n aeatdetdrmined
ani on, and addition polynerization nethods, but

oy G ERLrBL TR LERLL O 3pz’86‘%’?8%7%‘4§‘%3‘3%%§m“€“

Iun1nesce
the S Wb A LR Rt %%nece&rtersetn oh¥gad g
" _has one or two Qr nore oyganic . sandwi ched
of the %EH%W%H&&%#&F%’%?E%&MA righa CBH‘BESF' fpgrein
organic layers contains 5 a phosphorescent conpound
x/n(i theprasentel Whe nhebesrodithy Frrapgugal units derived
charge-transporti ng non-conjugated polyner, or a
fromorhe ong Legyatt 1ech Jpd yinieTg @Bﬁphankhgaadsyfuciarthelnﬁﬁio of
derived from a conpound.represented by the formula
the (Rymbe Fr 6f the i sypechirf drhier £ apahivddad \Erafm mhee
extending service |life of an organic 10 EL el enent,
elettrbs-Prehspebt end NAdmpdendO Ry T tP S RQY RS number -
having the structural unit derived fromthe conpound

of fﬁﬁ) &y e o QEQHb@d(g}oﬁstﬁé”HHﬁ htransportlng

1 shows an exenpl ary enbodi nent for

ru n
comé}gm%r e(si@n F%&esnp gﬁgﬁgi% %cﬁg%ggﬁét%f | on utni for
oy ganj c e) enent of t he present |nvent| n i.s in_no
Forma | Fe | BAYEP TRRRE AV Yy TR Bl lepanty  the
a lum nescent layer 3 is prOV|ded betmeen an anode 2,
valygs af xdnprodi ks earhaateakl gdierangabef rrrel erakd fzom

cat hode 4. The organic EL el enent may be provi ded
0.0nittd &. 9] eandjmote @referably from 0.20 to 0.80. Here,

the relationship of x/n + y/n = 1 holds.
The polymer may be prepared by any of radical, cation,
anion, and addition polymerization methods, but radical

peclymerization is preferred.

3. Organic EL element
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20 | ayer between the anode 2 and the | um nescent

layer 3, or with an electron-injection | ayer between
wWotzhes/2e985nescent | ayer 3 and the cathode 4. PCTAIP200T067549

t he above description, an ggganic |ayer -containing a

phosphor escent conpound (A) represented by the

formula (1) WO 2008/ 029935PCT/ JP2007/ 067549 35 and a

charge-transporti ng non-conj ugated polymer, or an
<Orf=9aN G hRYeLoReRt Al RiNd uA i1 ARRCEaR] Ygakedpol yrer (B)

Having a“structural unit derived from a conpound

re S . Pyt . b . .

&‘!’h% 89(&%?1? )ﬁL gf{&{ﬁ%fl%@:(&)ﬁ%h&ﬁ%o %%gﬁ‘%s%%t.alnv%ntlon

Fuminesc ayer ol'e nsporti ng

and el ectron-transporting. properties. As ,a result, an
has,BhsnCF EHO0PENBREShATERY A ORYEGR ASERRHGREd betvedh an

ef ficiency can be advantageously fabricated without
anoderang e ihpdsr. ofttlRa st pae ofr Gamcegaai ediayles s qertains
is no particular limtation on the nethod of
a ppoeghoiregcéittbempogadi (A) ayepredmntddéyotganforhayer (1)
is, for exanple, produced as follows. Firstly, a
andS@l bhia@@e0btah8pdrbYndi 568L-¢bAgudaPBASPODIRSEEr a
_ conpou%g (A reg_resentged by_thg ?ornullg@(l) and a
o - S - -ygat.ed,p : ;
nonC B3I BT BT YR TAT BAPLHACHZSLRRUTRE (ML derived
ol ymer (B) havin 5 structural unj.t derived from.
erolf % BRa et FapFesert B LRI e Do) FFEN &1 ine
' Erepared.. There is no particular limtatjon agn the ]
of thearaRiddd ¥ Bf PPEPHFIRPIING S68Veceot 1§ 64, @B RTganic
there may be used, for exanple, chlorine-based
EL sbepents sSucks aradinm@iothatimitiey neneceni wiatved pnymer

di chl or oet hane, ethers 20 such as tetrahydrofuran,

" havang e sorecterahanit demrorhf bonsheurmpesntoteEresent ed

and xyl ene, ketones such as acetone, and o

by fRehybembybkepnes eshessnadch as ethyl acetate,
butyl acetate, and ethylcellosol ve acetate, and

ot bers. 1 §%%%§0éh€@>ie¥npltaﬁ%r sRbUlk ARt by PRERAEA hiction
formed into a filmon a substrate WO

of 20084,029935RETLIBRAAY/ 962549: 36 to the present invention,

but the construction_‘of the organic EL element of the present
invention is in no way liinited to this exemplary 'embodimen't.
In FIG.- 1, a luminescent layer 3 is provided between an anode
2, which is provided on a transparent substrate 1, and a cathode
4. The organicELelement may be providedwith a hole-injection
layer between the anode 2 and the luminescent lay;'e'-r--B, or with
an electron-injection layer between the luminescent layer 3
and the cathoderd.
In the above description, an organic layer containing

a phosphorescent cdmpound (A) represented by the formula (1)
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by a coating nmethod such as ink-jet coating, spin

coating, dip coating, and printing. The concentration
woabostoaed3sol ution is, although it depends on tRET/IP20607/067549

conpound used and film foryd ng conditions, for

exanpl e, preferably from0.1 to 10 w% in the case of

spin coating or dip coating. In this way, the organic

| ayer is easily formed, and thereby the production

ancg{l QES egggaxk?gpékgpﬁ&fﬂo%d-c@?ﬂ YA Rl t Bl AT 98anic

rea can produced. <Ot her "material s> In the

form .0of, each |ayer.de ' Ve,
ey SRR ey S St e B Ly BB Ry hhe s pgpotural
may be adm xed. Exanpl es of the hi h-nDIecuIa%-mei ht
unifpiderigedi REPHJR ﬁBWﬁ’éFﬂyFﬁEFﬁﬁ‘éPg?gt By the formula (2)
pol ycar bonate, pol yester, polysulfone, and .
carges ypheay hdnegraicerful 2 ver thafdiargeeh Aplegskeyapsporting
formng each | ayer described 15 above may be a -
andeé Xé ¢t ¥orpft mmisgrdral isighavopgrdiéé er edis 4 wasulopsn organic
i ncluding a |um nescent material, a hole-transporting

EL @bfkhal hadnd aﬁighe&hﬁﬂﬁebEéﬂ&@oéffﬁgiéﬁﬂ&ﬁré:é&h,bé or
exanple. In t%e organi c |l ayer containing the

. he: - i
B8 R A RE o PTG W HPBLISY, e othes
and/or electron-transporting material may be adm xed
OrgaRigy ftad efbagﬁpport the charge-transporting
properties thereof. Such a transporting nmaterial y .
be Tgief-"ﬁérs NP PIHE HBP &8 Gk e Ubhpe irgher of producing
hi gh- nol ecul ar - wei ght conpound. Exanpl es of the
thehgiganicaysontbag thetardaglia hayer dpmforgample, produced
2008/ 029935PCT/ JP2007/ 067549 37 the hol e-transporting
as Ifayaower iBimdiliwed i sollsldnueissicetd HwmyErssalolinge a
a | ow nol ecul ar-wei ght triphenylam ne derivative such
phodphdPBstAh N cofipoBhly (AN rébresédtsatby| phenfdimula (1)
| " -bi phenyl-4,4" - diamne) , a-NPD (4,4" -bis [N
and(él-éHQP&éhﬁ’farj%@P@fﬂc% AdntebnlugheeX polym¥d 8t MIEASRfk i on
(4,4 74"-tris (3-nethyl phenyl phenyl anino)
Al envl am ; ol yvi py ; :
e S A S

o SRPhAELAT P DEAROLD LRI ARG SELLLURYES py che

mer {B) having

into the derivatives, for exanple, a . . .
£OTARYR. kBl cbbl BYSRRTER CUMdund MEViARFtacular Limitation

tri phenyl am ne skel eton disclosed in Japanese Patent

on thg gobyent Psd £ prepBripg-tiB78hgve Fnilyfion, but there
fl uorescent high-nol ecul ar-wei ght conpound such as

may be used, for example, chlorine-based solvents such as

chloroform, methylene chloride, and dichloroethane, ethers

such as tetrahydrofuran, and anisole, aromatic hydrocarbons -~

such as toluene, and xylene, ketones such as acetone, and -
methylethylketoné, esters such as ethyl acetate, butyl acetate,
and ethylcellosoclve acetate, and others. Subsequently, the

solution thus prepared is formed into a film on a substrate
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| <OHRE PR

15 pol ypar aphenyl enevi nyl ene and pol ydi al kyl f1 uor ene.

The hol e-transporting material nmay be used al one or
WOi200803p%snat i on of two or nore kinds, or diffBCEAR2007/067549

kinds of the hole-transpor{ing naterials may be

built-up in layers. The thickness of the

hol e-transporting | ayer is not 'specified in general

because 20 it depends on the conductivity and the

d k&1 6 RARr hARSRQS timgjle%y%at%%r iy.ts?i& coating,

b
y rom1 nu

I
~ desirabl e that the thickness be prefera

i £55cR TROS LELELEP! Y ShEOM B 18 3B AR soiution

. Ex les. of the electron-transporting naterjal _that

1S4 8‘3 ougp HBHARRIZBCFRSPSETP P BB S B@NCchEiln forming
el ectron-transporting layer or is adm xed in the

condifiigesoeApr| eyerPlfc| RrREeraoly daloecOF Artoudigwt® in the
compound such as a

casgubfiosp ivolcbertiivet bredip ataoniplex ( Tor exaspiag;, Ath3(atgamic
i-num trisquinolinolate)), an oxadi azole derivative, a

layler 320le@ 5% 19€kb¥akldy € andNthBrdBs0t Be BELNAEL ¥V6h process

triazine-derivative, and a triaryl borane derivati ve;

- b on| . ) .
carfilsInd 051 SR PR AT L1 AP0 L ERRAE RLELIR DR oduped.
fter %g%éngrizable substituent is introduced into

&al ar - wei ght 10 conpound, for exanpl e,
poly PBD di scl osed _in Japanese Patent Lai d-COpen

PuBPi £8ei 6RRBLINA10L16650 FR¥SE deBrbhbed sARYGI1 ithg
~material may be used alone_or in conbination of two
higbrmpdecsukpndyeiohtdmpteréal RepWsngfas a binder may be
el ectron-transporting materials may be built-up in
admli zedr s. Efdmep s ckhesise diiginendeoileat-neightamspert ahg

| ayer is not specified in general because it depends

incondehgotondunyivetiaanrdlot8er sodfciAfonate, polyester,
"~ electron-transporting layer, but it is desirable that

polyBa1kBhekngas Be1ppREALABhY¥oki@ 1 Nnmto 5 pm nore
preferabfy from5 nmto 1 pm and particularly

| pr EE?EQE{:Y e 10 I (:Qea 22 POL VY each 1ag'é!r&e@%[r%ged

ocking layer may be di sposed adj acent to
oo STFREThshYE o, 3 o0 g3 KEBER! ARcHons,
incLﬁé%%g%ﬁ&%é% 4égggga£ggga 1g%&h%ﬂfﬁgggga%%i%g%aterial,
and an -electron-transporting material, for example. In the
organic layer containing the'phosphoreécent édmpound and the
non-conjugated polymer, the other hole~transporting material
aﬁd/or electron—tfansporting'material may be admixed in order
to support the charge—transporting properties thereof. Such
a transporting material may be either a low-molecular-weight

compound or a high-molécular-weight compound.

Examples of the hole-transporting material that forms
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39 lum nescent |ayer. The hol e-bl ocking | ayer is

formed froma known nmaterial such as a triazole
wodensiogetss ve, an oxadi azol e derivative, -and apCI/JP2807/067549

phenant hrol i ne derivati ve. .ﬁ‘hole i njection |layer may

be di sposed between the anode 5 and the | um nescent

| ayer so as to reduce the hole-injection barrier. The

hol e- injection | ayer is fornmed fron1a knomn mat eri al

the B hy PRSP R e e oyt i oene

| f d PS b
| lavigaalids ac' Smaleeea s e e B0 depivaive

nn1th|ck nay be di sposed between the cat hode and the
such| @gt I&®- t r ansporting | ayer, or the cathode and the -
organic layer that is built up in layers adjacent to
(N, heddakhbyd -NTHE -i(3smeahyhgheayeé) -1 s1f obhpbetybm o4/ -
known material such as 15 lithiumfluoride, nagnesium
diahli weni, de~nregnasivurbexide 1 andpak iyl patl-pheny Hemirke]
anode material, there nmay be used, for exanple, a

blphggﬁ?)trgﬁgpﬁpg&bAggnductlve mat eri al exenplified by

ndiumtin oxide), tin oxide, zinc oxide, and a

@ Eordpy 'r%%é?93%35%$§s§??$h35Y$§%¥é§ | PR anine)s

of .the electrode f he transparent
Do LGB L EPT kALY i BP LI BRLPTHbRS PP oG Cogbspng) gPtained
(ohnmsquare). The thickness of the anode is desirabl y
by PpdymETizséng0bhemaboyg triphenylemine \@aHHEA HEYeS iafter
there nmay be used, for exanple, a known cat hode
a pommnﬁambeapbstmdeby ignirt keducemktinto Sthmd@sltatlves,
-Na, K, and Cs; an alkaline earth netal such as M,
forCaxampdeBaa Ahghamwmébuahfeyelghd aompbhng wévidig and
an alkali 5 or alkaline earth nmetal such as Al Li and

trlﬁh@ﬁyl!aﬁu.hé Sesis@bl aibbabsbhei st bhpkness reftefterLaid-oOpen
cat hode be preferably from10 nmto 1 gm and nore

pubﬂﬁégﬂahl ﬁo”ﬁ@L§g7595509n&'H‘fWiSPeéc@ﬁQmy . active

such as an alkali or alkaline earth nmetal is
th le.that the thick
hlgﬁ%—mf’%sceie%‘é‘asg%ﬁtbcgmkg?%?i R8s 0 1 to 100 im
d f bI f th
pol?ﬁﬁga”gésg%gn%?aw a%i%“n%?hg?iyglg%ﬁﬁiz FOrPHR ol s

Eerposed on the cathode to protect the cathode
holas EROSERERPPETBECEIRL AeYape (iiad ROPRE PhéPneRmpination

| ayer include A, Ag, Au, Pt, Cu, Ni, and Cr. It is
of toesdr alvire klnds or dlfferent kinds of the hole- ~transporting

materials may be bullt-up in layers. The thickness of the

. hole-transporting layer is not specified in general because

it depends on the cbndﬁctivity and the like of the
hole-transporting layer, but it is desirable that the thickness
be préferably from 1 nm to 5 ym, more preferably from 5 nm
to 1 um, and parﬁicularly preferably from 10 nm to 500 nm.

Examples of the electron-transporting material that forms
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15 that the thickness of the netal |ayer be

preferably from10 nmto 1 pm and nore preferably
woRpeN2885t 0 500 nu. As the substrate of the oPgHAPXHCHR67549

el enent according to the pggsent i nvention, an

i nsul ating substrate that 1s transparent to the

| um nescence wavel ength of the above 20 | um nescent

material is. used. The substrate is made of gl ass,

th@éi@@ﬁ?ﬁﬂ-eﬁar%ﬁéfﬂ P UsPe 2SI 26ROk ¥ QW RN Buminescent

terepht hal ate polycarbonate and the like. The
hal e- tran

in C n
Lyt GG S dgh peagias ey ERam® Comegung spep as @
exanpl e, re ta ce heat
qula)éégtpwnd%@a‘fﬁw%gm GAmP ﬁ%ﬂ%@ EH% %%3 (aluminum
- coating, spin-coating, printing, spraying, and

trigigasiinglaresi) st anc exReaBPRECedapbYati by andtriazole
el ectron beam evaporation are suitably used in the

derdas iofe,5 anovmidlaeclkadenevghiti veonpotnilszine démicaseve,
of , hi gh-nol ecul ar-wei ght conpounds, ink-jet coating,

andﬂy'%fﬁﬁﬂyl%@maﬂé BeirAthAgves S4Bt abhyghseelecular-wdiEght
anode material is formed into a film by, for exanple,

com dﬂﬂawgﬁt%§ﬁgﬁlk§pggﬁphgglz RHt tREI BYovEhEM Cca

eacti on e cathode naterlal i s

d f f
Low BTy 12028 Ghie CBhpolBfs SERTR. € pbIOheL PGk o

sputtering, and ion platin The organlc EL
SUbéltéﬁé‘lﬁntaééoP&Fﬁ&df‘ﬁeghénﬁgeggﬁﬁ?)ﬂv’eﬂf?ﬁﬁla}? welght
suitably used as pixels for a matrix or segnented
m@@@@@-dﬁ@playampiécePQJYrPQPId%ﬁﬁ¥Qﬁ§Fhéa Jppanese Patent
addition, the organic EL element is suitably used

Laldkg@amyubkmaﬂuidHEMIHé@uiééﬁMtTkmelégtngm—tn@mﬁportlné
matzgiihénmy be used alone or in combination of two or more
kinds, or different kinds of electron-transporting materials
may be built-up in layers. The thickness of the
electronmtransﬁortinglayerjj;notspecifiedjj1generalbecause
it depends on the conductivity and others of the
electronftransporting layer, but it is desirable that the
thickness be breferably from 1 nm to 5 pm,-more'preferably
from 5 nm to 1 jim, and particularly preferably from 10 am to -
500 nm.
Further, a holeé-blocking layer may be disposed adjacent -
to'the‘ieminescent layer on the cathode side thereof so as

to suppress'holes passing through the luminescent layer and

to promote recombination of holes and electrons in the
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20Specifically, the organic EL el enent according to
the present invention is suitably used for
womps/®adsi ons exenplified by display devices fmfmiar2007/067549
conputers, television sets, personal digital
assi stances, cellul ar phoné?, car navigation systens,
vi deo cantorder viewfinders and others, backlights,
42 el ectrophotography, illumnation Iight sources,

»luﬁfﬁéﬁé%} i%ﬁﬁgg SQ%EF%%&egéR%% gg?lggQ%FzggL gfﬁgé from

rea t""sources, signboar _ _
interi or agcessorjes, and.optical comruni cation. 5

a lapypymagerial Su%ea%rae%ﬁﬁgpﬁrﬁeﬂ??:bﬁa%\ﬂ% 58 pHpdharole

described in detail with reference to the follow ng

depEeaipl s, -ang 3 hsiondhisd igenstenigdtiiat t he

invention is in no way limted to those 10 Exanpl es.
Syt hedies iBiaoplienlls@gntinegite dfi sposddure ool ehe anode
(Cl)> WD 2008/ 029935PCT/ TP2007/ 067549 43
and the luminescent layer so as to reduce the hole-injection
barrier. The hole-injection layer is formed from a known
materialsuchascopperphthalocyahine,amixtufeofpolyethylene
dioxythiophene (PEDOT) and polystyréne sulfonic acid (PSS),

and a fluorocarbon.

An insulating layer having a thickness of from 0.1 to‘

10 nm thick may be disposed between the cathode and the

elecﬁron-tranqurting iayer, or the cathode and the orgénic
layer that is built up in layers adjacent to the cathode.
Thé insulating layer is formed from a known material such as
lithium fluofide, magnesium fluoride, magnesium oxide, and
alumina.

As the anode'material, there ﬁay be used, for example,
a known transparent conductive material exemplified by ITO
(indium tin oxide), tin oxide, zinc oxide, and a conductive
polymef such as polythiophene, polypyrrole, and polyaniline.

The surface resistance of the electrode formed from the

transparent conductive material is desirably from 1 to 50 Q/00

(ohm/square). The thickness of the anode is desirably from

50 to 300 nm.
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WO 2008/029935 PCT/JP2007/067549
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As the cathode material, there may be used, for example,
a known cathode material exemplified by an alkali metal such
as Li, Na, K, and Cs; an alkaline earth metal such as Mg, Ca,

and Ba; Al; a MgAl alloy; and an alloy of Al and an alkali

-or alkaline earth metal such as AlLi and AlCa. It is desirable

that the thickness of the cathode be preferably from 10 nm

to 1 pm, and more preferably:from 50 to 500 nm. When a highly

. active metal such as an alkali or alkaline earth metal is used

-as a cathode, it is desirable that the thickness of the cathode

be preferably from 0.1 to 100 nm, and more preferably from
0.5 to 50 nm. Furthé:,-in this case, a metal 1ayer’£hat is .
stable in the air is superpoSed oh the dathode to protect the
cathode metal.‘ Examples of the metal_that forms the metal
layer include Al, Ag, Au, Pt, Cu, Ni, and Cr. It is desirable
that the thickness of the metal layer be preferably from 10
nm to 1 pm; and more preferably from 50 to 506 nm,

.-.As the substrate of the organic EL element according to

the present invention, an insulating substrate that is

. transparent to the luminescence wavelength;of the above

luminescent material is used. The substrate is made of glass,
atransparentplasticsuchasEET(polyethyleneterephthalate),
polycarbonatg, and the‘like.

The hole~tran$porting,'luminescent, and

electron-transporting layers are formed by; for example,
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(a) (b) (C1) There will be explained wth
reference to the above reaction schene. To a m xture
wOoae0s02®3g (0.24 nol) of lithiumand 200 m of PET/ERAG41/067549

ether, 25 g (0.12 nol) of A-t-butyl bronobenzene 5

were added dropwi se. After hours of stirring at

roomtenperature, 50 ml of a diethyl ether solution

di ssolving 16 g (0.12 nol) of 4-t-butyl pyridine were
re51%%%%%% ﬁgg@Qngr99§%§fat§9H tQ?eE@§Hﬁtbéﬁﬁméﬁ%ﬁdfgﬁlon,

solution was stirr roomtenperature hour s

bse quen; e as _was 10 int
sPuZ 3TN WU Ao OR b Ha0 SHiRres Liala He o RS-
was stlrred at_ room tenperature for 12 hours. %ﬂ
and,gdd spgaédn¥o tﬁﬁ?%%%ﬂHQ?|ﬂ?%&ﬂqﬁ|%$§P°£ﬁHlPﬁeﬁn rﬁ}eCtrOD
organi ¢ phase was WD 20081029935PCT/ JP2007/ 067549 '
beam evaporation are suitably used in the case of

low-molecular-weight compounds. In the case of

Jhigh~molecular-weight compounds, ink-jet coating,

‘spin—éoating, or printing is suitably used.

The anode material is formed into a film by, for example,
electron beam evaporation, sputtering, chemical reaction, and
coating. The cathode material is formed into a film by, for

example, resistance heating evaporation, electron beam

‘evaporation, sputtering, and ion plating.

4, Uses

The organic EL element according to the present invéntion
is suitably used as pixels for a matrix or segmented image
display device with a known method. In addition, the organic
EL element is suitably ﬁsed also as a plane light source withbut
formed irnto pixels.

Specifically; the organic EL élement acco;ding to;the
present in'v"'én'ti-bn is suit‘ably used for applicatioﬁs exemplified -
by display devices for compufers, television sets, personal
digital assistances, cellular phones, car navigation systems,

video camcorder viewfinders and others, backlights,
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44 extracted. After the solvent was renoved by

di stillation under reduced pressure, conpound (a) was
WOo084629%%3 by further distillation under reduc&gTAP2007/067549

pressure. Secondly, a mxtgse of 1.0 g (3.7 nmmol) of

the conpound 5 (a), 0.65 g (1.8 mmol) of iridium

trichloride trihydrate, 60 mM of 2-ethoxyethanol and

20 m of water was heated under reflux for 12 hours.

elé@ﬁ%dﬁﬁﬂﬂd@rﬁﬁhgreQﬁ@hhﬁh@t%@% W@gh%ds8hige§0|gecord1ng

net hanol , and dri ed under reduce pressure to obtain

b) 0 [y 1 2
11 RO br eSS G 1 BalhBhy Uyl 14855, gPECes.
. , 0.40 1 3 mol ) .of .the conpound (a . 25
si.q DB R ol Sbh gt BeaFdite et abte s hand 5tfeal
resul tant m xture was heated and m xed for 24 hours
compunigdElopat er was added to the resulting reaction 15
solution, and then the resulting precipitate was
~filtered off and purified by silica gel colum 7
Chr omat ography to obtain 0.58 g (0.59 mml) of -
iridiumconplex (d). E*Egﬁiégcation results of the
conmpound (Cl) are as folTows | emental Anal ysi s

2064 CHL@é&gt (:L%@fﬁ:%lcﬂ\ﬁlll %@%uQ%heH Jeé’t‘?rlﬂgcf"lgé"detall
and nmeasured: C 68.71, H7Y

w1cSPRL2608Y £ 6 FERY) fo%%wﬁr'\’é) E%Hb'ﬂgé' %L?%(a{@' Shdurdbe

 construed that the invention is in no way limited to those

Examples.

Synthesis Ekample 1

- <Synthesis of iridium complex (Cl)>
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<Synthesis of iridiumconplex (C13)> (e) (C13)
Expl anation will be given with reference to the above
WOr28080¢299% schene. To a m xture of 10 g (47 m’rrBICFIJBmoﬂomsw
2-brono-4-t-butylpyridine 46.9 g (47 mol) of
4-vi nyl phenyl boronic acid, 1.0g (0.87mmol)
oftetrakis(triphenylphosphine) pal | adi um and 17g
(0.12 nol) of potassium carbonate were added 50 m of
1, 2- dlnethoxyethane and 25 m of water, and then the
resultant as heated under reflux for 5
hours. orga j '
cte tion solution. After the
vent was renoved | lati on under reduced
pressure conmpound (e)was obtained by purification
using silica gel colunn chr omat ography. 46
Secondl vy, %” of gl yceri vere added to a m xture
of 0.31 g ( 3 1 e —qonpound (e), 1.0 g (0.66

k), t he ind (b) prépared as above, 0.22g (1
._nmnﬁgigt. ota _eSkhor and 0.020 g
(0. 090mol ) |of *\Efﬂ' MHsp-cresol, 5 and the

resul tant mjxs ;
24 hours. Wjtex wagszadded fo tHe jresul ting reaction
solution and the resulting precipitate was filtered
off and purified by siltca gel columm chronat ogr aphy
to obtain 0.10 g (0.10 mmol ) of iridium conplex
(C13). H0ldentification resulkts of the conpound (C13)
are as .

-

1))

Therewillbe explainedwith reference to the above reaction
scheme. To a mixture of 1.6 g (0.24lmol) of lithium and 200
ml of diethyl ether, 25 g (0.12 mol) of 4-t-b.utylbromobenzene.
were added dropwise. After 2 hours of stirring at room
temperature, 50 ml of a'l d‘iethyl ether solution dissolving 16
g (0.12 mol) of 4-t-butylpyridine were further added dropwise,

and the resulting reaction solution was stirred at room

" temperature for 2 hours. Subsequently, oxygen gas was blown

into the reaction solution for 30 minutes, and the solution
was stirred at room temperature for 12 hours. Water was added

to the resulting solution, and then the organic phase was
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El emental Anal ysis cal cul ated (C55H661rN3) : C 68. 71,

H 6.92, N 4.37; and neasured: C 68.38, H 7.05, N 4.63
WORBSE2HI8ct r oscopy (FAB+): 961 (M) 15 Synt he®CIIP20067/067549

Exanpl e 3 <Synthesis of cppolymer (1)> In a

seal ed vessel, 500 ng of the conpound represented by

the fornmula (E2) and 500 ng of the conpound

represented 20 by the fornula (E14) were charged, and
extfx%@t@%r deiyds atigd £01 Yene val Qel_rﬁ@‘)ed\@§ &aded ) Al ufder

tol uene solution (0.1 M 198

zed %&%ﬁ%&?a\ct a‘—%ﬁ‘é%%%d&iéﬂykﬁﬁ 28{322%5% bynBtEeIres

' was ad freezing and degassi ng were repeated
disEigH $858¢

&afLRBsUn 2? refgc PSRHE®seal ed i n vacuum and
the reaction solution was stirred at 60C for 60 -
hogiesondlBsequehttyret aé F-dac i Gh semadi onfwake agketerpund
dropwi se to 500 nL of acetone to obtain a

(a)préchbpi ¢ at k. 8 Tmeo by exfl gidigtiemvas ithdpridbj eeikgdtatd, 60
reprecipitation-purification twice using a m xed

ml &PbveRhofletBhHONCaRd ¢ 0aRE bLINGa Lt &P da\bAeMB I U8 r reflux
overni ght at 50C to obtain copolynmer (1) The

forf?@%dﬂ@ (%')nehﬁgsgl\?@ir}g C@é{%:@@@tﬂa@%ﬁ@ﬁe?&% cold

of 118,500 an melght di stribution
lues o

f, 2. 60,
metbﬁggfbpo r@) est?r?gtreﬁe??%ﬁ‘?t resseuﬁﬁ %é?nSPg%iL%rFéWpéiund
anal ysi s and 13C- NWR neasurenment were 0.47 and 0. 53,

(b)respectively.

Finally, 20 ml of glycerin were added to a mixture of
1.0 g (0.66 mmol) of the compound {b); 0.40 g (1:3 mmol) of
the compound (a), ahd 0.25 g (1.80 mmol) of potassium carbonate,
and then the resultant mixture was heated and mixed for 24
ﬁoupé at 250°C. Water was added to the resulting reaction
solution, and then‘the resultiﬂg precipitate was filtered off
and purified by silica gel column chromatography to obtain
0.58 g (0.59 mmol) of iridium complex (C1).

Identificationresultsofthecqmpbund(Cl)areasfgllows.

‘ Elemental Analysis

calcularted (Cs7H7,IrN3) : C 69.05, H 7'.32, N 4.24; -and
measured: C 68.71, H 7.45, N 4.46

Mass Spectroscopy (FAB+): 991 (M*)

Synthesis Example 2




Synt hesis Exanple 4 15 <Synthesis of copolyner (2)>

Copol yner (2) was synthesized simlarly to Sénthesis
WORRHIAOR3S3, except that 500 ng of the conpouR§T/IP2007/067549

represented by the fornul ag§E2) and 500 ng of the

conmpound represented by the formula (E14 ) were

replaced by 80 ng of the iridiumconpound 20 (C13) ,

460 ng of the compound represented by the fornula

<Syritde 8l A6 ¥ iQfm tRApaespqangd)sepresented by the

formula (E14) . The copol yner (2) had a wei ght
aver age nol ecul ar weight (My) of 75,900 and a
nol sl ght distribution index (Mv M) of 2.36.

The M™=m + n) value of the copol yner estimated from
2064PtP20935PCT/ JP2007/ 067549 48 the results of an
{J CP el BfBntary analysi d 13C- NVR measur ement was
N 040. Thé X/ n ' _}alues of the copolymer (2)
: mg}e'O.SO and 0. 50, ré%pectively. 5 Conparative
Synt hesi s Exanpl e 1 (e<Synthesis of copol yirer (3)>
Copol ynmer (3) was synthesized simlarly to the
'synt he$is of thejcopdlyner (2), except that 80 ng of
[ (C13) were replaced by 80
ijridi um conpl ex 10(f). The
lei ght average nol ecul ar wei ght
n® ecul ar wei ght distribution
The m (m + n) value of the
¢ flrom the resuhts of an ICP.
elenentarxpgnalysis and "C-N asur engent
3

BHT

Explanation will be gix{en wj?th reference 17:07 the above
reaction scheme. To a mixture of 10 g (47 mmol) of

5 2—~bromo-—.4—t—-butylpyridine, 6.9 g {47 mmol) of 4-vinylphenyl

boronic acid, 1.0g (0.87 mmol) of tet’rakis(triphenylphosphiné)

palladium and 17 g (0.12 mol) of potassium carbonate were added

50 ml of 1,2-dimethoxyethane and 25 ml of water, and then the T

resultant mixture was heated under reflux for 5 hours. An
10 organicphasewasextractedfromtheresultingreactionsoiuti-on.

After the solvent was removed by distillation under reduced

pressure, compound (e) was obtainedbypurificationusingsilica

gel column chromatography.
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15 was 0.043. The x/n and yin values of the copol yner
(3) were 0.48 and 0.52, respectively. Exanple 1 20A

WOLp208¥5e with |1 TO (supplied by N ppo El ect r PETEB2007/067549

Ltd.) was used. The substrgge had two I TO (indiumtin
oxi de) WD 2008/ 029935PCTMP2007/ 067549 49 el ectrodes
(anode) , each having a wwdth of 4 mm Iined on one
face of a glass substrate 25 mm square in size.

Fi rsddoyndaife Aapeme sulptycde wiidrd FadrRledly %dﬁﬁx\&@§e of
treated W|th UV ozone and further treated with

0. PXYge &l fougt rt%r 66! Mfiol) of

sub trate mas su Jecte the si Iar pl¥a
SR T $dﬁaﬁ§%e3%méﬁﬂsazn%fm BET ki
of the co é were dissolved_ in 2,910
carorghaiand QA Ent0 b AT RIppF 1o ROy LPer Eresol

Chemi cal 10 Industries, Ltd.) . The resulting
andg dihgt iresulasntihietede wah heatiest epdr stisrfedtar 200°C for
having a pore dianmeter of 0.2 pmto prepare a coating

24 $eluttsd .onWalberwad hrideentionghsok &k D N T eSRitice0abedt i on
on the substrate with | TO el ectrodes at a rate of

andB M0 FAINFANBRreREPNISteTRRAL I HRGWASFE LRH Blirified
roomterrperature 15 (25C) for 30 mnutes to forma

by'éﬁﬁfBES Joﬂ §%06$E%ﬂgy6893§%§ %f Bg%akH”p”TBCS”Ro 10

bs atevm hthelum ent Iayer was placed in a
c ffm desgam CSRP &F’?ﬁ‘rrb(g:ﬁ§ Cal ci um and al umi num wer e

co-deposited in a wei ratio of 1:10 to formtwo
cat flcatlonresul softhecompound(ClB)areasfollows

Elemental Analysis
calculated (CssHgeIrN3): C 68.71, H 6.92, N 4.37; and
measured: C 68.38, H 7.05, N 4.63

Mass Spectroscopy (FAB+): 961 (M")

Synthesis Example 3

<Synthesis of copolymer‘(l)>

In a sealed‘vessel, 500 ﬁg of the compound represented
by the formula (E2) and 500 mg of the compound represented
by the formula (E14) were charged, and further dehydrated toluene
(9.9 mL) was added. After a toluene solution (0.1 M, 198 pi)
of dimethyl-2,2’~-azobis(2-methylpropionate) (Trade name:
V-601, manufactured by Wako Pure Chemical Industries, Ltd.)

was added, freezing and degassing were repeated five times.
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20 each having a wdth of 3 mm |ined perpendicularly

to the longitudinal direction of the anodes. The
WORMIBORMESs of the cathodes was about 50 nrn. PCT/JR2007/067549

Finally, lead wires (Wirings) were attached to the

anodes and cat hodes in argon atnosphere to obtain

four pieces of organic WO

2008/ 029935PCT/ JP2007/ 067549 50 EL el enents, each 4

THETYBY 531 hs NsShZea THevsesuh ! A 0 daRi £ Hloe| TRt on
was allowed'to emt |ight by applying a voltage with

was 595 . %%%ﬁ%@#b(\g #rr@#?s% :%ﬁﬁégg%ﬁéar%actlon

t d th t .
Solwﬁﬁﬁ?lgts?%?%age@ %%%eaﬁ“seom b8! RENSE IipESnd B btain
the | um nescence col or, HHX|nun1Iun1nance ext er na

a DERSAPEARER | GRACHTEFLM iR ot td1e SUBHEFIESalke t he

time (life) elapsed until the -lum nance of the

' repekenpntatasndpgradédabjohatviehensime ®|mimad sglyent of

subj ected to continuous 10 |ight em ssion by applying
tolaeaenshankcetbhent ahd vheuahedehéd abveuhi ¢ght idd tSCEAIC to

| um nance of 100 cd/nR2, and thereby forced into
obtqgher:bsas%hgﬁ (Exanpl e 2

AnorganlcELeIenentmasfabrlcatedandevaluated3|nllaH

! RO o FLE %Mo 19800 TR Ohob g KL HPcson
B 0 ROy o o

arative Exanp
of Ané garwf@Ewedvemﬁmérf aives sfarfdey aorslyasrnerhingted
to Exanple 1, except that 8.0 ng of the iridium
froporp @espa;lt)s obrelepphbzbdnal Y81G agdof CtRYR fsd awjemgnt
iridiumconplex (g). The evaluation results are shown
weren0Tabl &nd. 0. ¥, 2088H820988PRLT/ JP2007/ 067549

Synthesis Example 4

<Synthesis of copolymer (2}>

Copolymer (2) was synthesized similarly to Synthesis

Example 3, except that 500 mg of the compound represented‘by

the formula (E2) and 500 mg of the compound represented by
the frormula (E14) were replaced by 80 mg of the iridium compound
(C13), 460 mg of the compound represented by the formula (E2)
and 460 mg of the compound represented by the formula (E14).
The copoly?ner (2) had a weight average molecular weight
(Mw) of 75,400 and a molecular weight distribution index (Mw/Mn)

of 2.36. The m/{(m + n) value of the copolymer estimated from



51 (g) Conparative Exanple 2 An organic EL

el ement was fabricated and evaluated simlarly 5 to
WORGeRIPE52, except that 90 ng of the copol ynercAp2007/067549

were replaced by 90 ng of ghe copolyner (3) . The

“evaluation results are shown in Table 1. WO

2008/ 029935PCT/ JP2007/ 067549 52 009' 9

the results of an ICP elementary analysis and **C-NMR measurement
was 0.040. The x/n and y/n values of the copolymer (2) were

0.50 and 0.50, respectively.

5 Comparative Synthesis Example 1

'<Synthesis of copclymer (3)>
Copolyﬁer (3) waé synthesized similarly to the synthesis
of the copolymer (2), except thé£ 80 mg of the iridiunlcémplex
(Cl1l3) were replaced'by 80 mg of the following iridium.complex
10 (£). | |
| .The copolymer (3)-had a weight average molecular weiéht
(Mﬁ)of59;900andéamolecularweightdistributionindek(Mw/Mn)
of 2.10. The m/ (m + n) value_of.the copolymer estimated from
the results of an ICP elementary analysis and **C-NMR zr;easurement
15 was 0.043. The x/n and y/n values of the copolymer (3) were

0.48 and 0.52, respectively.

Z N
o
M
Example 1
20 A'substrate.with ITO (supplied by Nippo Electric Co.,

Ltd.) was used. The substrate had two ITO (indium tin oxide)
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I OOPIZ 009'i Lum nescence efficiency 194 179 9.9

Z'S G een G een .G een
WO 2008/029935 PCT/IP2007/067549

49

electrodes (anode), each having a width of 4 mm, lined on one
face of a glass substrate 25 mm square in size.
Firstly, theabove substratewithITOelectrodeswastreated

with UV ozone, and further treated with oxygen plasma for 30

‘seconds. S5till further, the substrate was subjected to the

similar plasma i:reatment for 60 seconds using fluoroform in
place of oxygen. Next, 8.0 mg of the iridium complex (C1)

and 82 mg of the copolymer (l) were dissolved in 2,910 mg of

toluene (Reagent grade, supplied from Wako Pure Chemical

Industries, Ltd.). The resulting solution was filtered with

a microporous filter having a pore diameter of 0.2 pm to piepare

-a coating solution. Then, the coating solution was spin—coated

on the substrate with ITO electrodes at a rate of 3,000 rpm
for 30 seconds. The coating was dried at room temperature
(25°C) for 30 minuf:es to forma luminescent layer. The thickness
of the luminescent layer was about 100 nm.

Secondly, the substrate with the luminescent layer was
placed in a vacuum deposition chamber. Calcium and aluminum
were co—deposited in a weight ratiocof 1:10 tb form two cathodes,
each having a widfh of 3 mm, lined perpendicularly t-o the
longitudinal direction of the anodes. The thickness of the
cathodes was about 50 nm.

- Finally, _l_ead Qires (wirings) were attached to the anodes

and cathodes in argon atmosphere to obtain four pieces of organic
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Coating material Iridiumconplex (Cl) 8.0 ng

Copol ynmer (1)-82 ng Copolyner (2) 1 (copolyner
WO 9%5ng the , structural unit derived froMGINE2007/667549

iridiumconplex 1C13))_ Igpdiumconplex (g) 8.0 ng

Copolynmer (1) 82 ng _ Copolyner (3) 'Exanple 1

Exanpl e 2 ronparative Exanple 1 t
EL elements, each 4 mm by 3 mm in size. The resultant organic
EL element was allowed to emit light by applying a voltage
with a programmable DC voltage/current source (TR6143, supplied
by ADVANTEST Corp.). The luminance of the element was measured
with a luminance meter (BM-8, manufactured by Topcon Corp.}.

Table 1 shows the luminescence color, maximum luminance

external quantum efficiency (luminescence_efficiency).rand'
the time (life) elapsed until the luminance of the element.
was degraded by half when the element was subjected to continuous
light emission by applying a constant current to the element

at and an initiél luminance of 100 cd/nﬁ, and thereby forced

into deterioration.

Example 2

AnorganicELelement was fabricatedandevaluatedsimilarly
to Example 1, except that 8.0 mg of the iridium complex‘(C1)
and 82 mg of the copolymer (1) -were replaced by 90 mg of the

copolymer (2). The evaluation results are shown in Table 1.

Comparative Example 1

' AnorganicELelementwasfabricatédandevaluatedsimilarly
to Example 1, except that 8.0 mg of the‘iridium complex (C1)
were replaced by 8.0 mg of the following iridium complex (g).-

The evaluation results are shown in Table 1.
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organi c-el ectrol um nescence el enent conpri si ng;r a
WORLB2%E e: a pair of electrodes formed on t WBCTAHP2007/067549

substrate; and 5 one or plsral organic |ayers forned

between the pair.of the electrodes, said organic

| ayer containing a | um nescent |ayer, wher ei n
the | um nescent |ayer contains a phosphorescent

d represented by the following formula (1) and

ar ge-transporting non-conjugated polyner, (

1) n the formula (1), RlL to R8 each are
i ndependént |y hydrogen atom or an al kyl group having
1 tlo carbon atons; a plurality

Comparative Exampl'e 2

AnorganicELelement was fabricatedandevaluatedsimilarly
- to Example 2, except that 90 mg of the copolymer (2} were replaced
by 90 mg of the copolymer (3). The evaluation results are

shown in Table 1.



of the alkyl groups may be linked with one another to
form15 a ring; at least two of R to R8 are each

WONES/QPI5I group; and at |east one of the al k§FTgPY0HRs754

is an al kyl group having agertiary or quaternary
a-carbon atom 54 to claim1, wherein all of the
al kyl groups are each an al kyl group havng a tertiary

.or quaternary a-carbon atom 3. The organic
“electrol um nescence el ement according 5 to claim 2,
wherein all of the alkyl groups havng a tertiary or

Table 1

quaternary a-carbon atom are each a tertiary bhutyl
group. 55 4. A display device equipped with an
organi c electrolunlnescence el ement according to any
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1.'. An érganic electroluminescence element comprising:

a substrate;

a pair of electrodeslfoimed on the substrate; and

one or plural organic layers formed between the pair of
the electrodes, said organic layer containing a luminescent
layer, .

wherein the luminescent layer contains a phosphorescent
compound represented bﬁ; the following formula (1) and a
cha;ge—transpofting non-conjugated ‘polymer,
- - -
R2 R!

g; [
NN
RS RS

inthefbrmula(1),thoR3eachareindépendentlyhydrogen
aton{or an alkyl group having 1 to 20 carbon atoms; a plurality
of the alkyl groups may be linked with one another ﬁorform
a ring;

at least two of R' to R® are each the alkyl group; and

T at least one of the alkyl groups is an alkyl group having

a tertiary or quaternary o-carbon atom.

2. The organic electroluminescence element according
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to claim 1, wherein all of the alkyl groups are each an alkyl

group having a tertiary or quatérnary a—-carbon atom.

3. The organic electroluminescence element according
to claim 2, wherein all of the alkyl groups having a tertiary

or quaternéryra—carbon atom are each a tertiary butyl group.
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4. A display device equipped with an organic
electroluminescence element according to any one of claims

1 to 3.



