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POLYMERIC COMPOUND AND ORGANIC
ELECTROLUMINESCENCE ELEMENT
COMPRISING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a polymer compris-
ing a repeating unit which function as dopant and a repeating
unit which function as host and an organic electrolumines-
cence device (organic EL device) employing the polymer.

BACKGROUND ART

[0002] Polymeric electroluminescence materials are
widely studied because of their advantage that they are made
into films by applying or printing their solutions. For
example, polymers comprising an aromatic unit having a
diarylamino group and a unit having a structure such as fluo-
rene, dibenzofuran, and dibenzothiophene are reported
(Patent Documents 1 and 2). However, a light emission device
employing the above polymers is not necessarily sufficient in
the device characteristics such as lifetime (half lifetime) and
emission efficiency.

[0003] Patent Document 1: JP 2007-162009A

[0004] Patent Document 2: WO 2005/049546
DISCLOSURE OF THE INVENTION

[0005] An object of the invention is to provide a polymer

which is useful as a light emission material and realizes a
polymer EL device excellent in device characteristics such as
lifetime and emission efficiency.

[0006] Thus, the present invention provide a polymer com-
prising a repeating unit A and a repeating unit B,

[0007] wherein the repeating unit A is selected from diva-
lent groups which are derived from compounds represented
by formula (1):

Trl Trz
AII_N_X N_AI4
s

wherein Ar, to Ar, are each independently a substituted or
unsubstituted aryl group having 6 to 40 ring-forming carbon
atoms, a substituted or unsubstituted heterocyclic group hav-
ing 3 to 40 ring-forming atoms, or a substituted or unsubsti-
tuted alkyl group having 1 to 50 carbon atoms; X is a substi-
tuted or unsubstituted aryl group having 6 to 40 ring-forming
carbon atoms, a substituted or unsubstituted heterocyclic
group having 3 to 40 ring-forming atoms, or a substituted or
unsubstituted styrene-derived group; s is an integer of 0 to 3;
two or three —NAr; Ar4 groups may be the same or different
when s is 2 or 3; and —NAr; Ar, is hydrogen atom when s is
0; and
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[0008] the repeating unit B is selected from divalent groups
which are derived from compounds represented by any one of
formulae (2) to (6):
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(6)

wherein R is a substituted or unsubstituted aryl group having
6 to 40 ring-forming carbon atoms, a substituted or unsubsti-
tuted heterocyclic group having 3 to 40 ring-forming atoms,
or a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms; a is an integer of 0 to 6; b is an integer of 0 to
8, and c is an integer of 0 to 10.
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[0009] The present invention further provides an organic
electroluminescence device comprising an anode, a cathode,
and an organic compound layer which comprises a layer and
is disposed between the anode and the cathode, wherein a
layer of the organic compound layer is a light-emitting layer
comprising the polymer mentioned above.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0010] The polymer of the invention comprises, as the
repeating unit A, a divalent repeating unit derived from the
compounds of formula (1):

sz Tr3
Arl—N—X N_AI4 .
5

[0011] In formula (1), Ar, to Ar, are each independently a
substituted or unsubstituted aryl group having 6 to 40, pref-
erably 6 to 20 ring-forming carbon atoms (nuclear carbon
atoms), a substituted or unsubstituted heterocyclic group hav-
ing 3 to 40, preferably 3 to 20 ring-forming atoms (nuclear
atoms), or a substituted or unsubstituted alkyl group having 1
to 50, preferably 1 to 20, more preferably 1 to 5 carbon atoms
(exclusive of carbon atom(s) of substituent(s)). X is a substi-
tuted or unsubstituted di- to tetravalent aryl group having 6 to
40, preferably 6 to 20 ring-forming carbon atoms (nuclear
carbon atoms), a substituted or unsubstituted di- to tetravalent
heterocyclic group having 3 to 40, preferably 3 to 20 ring-
forming atoms (nuclear atoms), or a substituted or unsubsti-
tuted di- to tetravalent styrene-derived group. The subscript s
is an integer of 0 to 3. When s is 2 or 3, two or three
—NAr;Ar, groups may be the same or different. Whens is 0,
—NAr;Ar, is hydrogen atom.

[0012] Examples of the substituted or unsubstituted aryl
group for Ar, to Ar, of formula (1) include phenyl group,
1-naphthyl group, 2-naphthyl group, 1-anthryl group, 2-an-
thryl group, 9-anthryl group, 1-phenanthryl group, 2-phenan-
thryl group, 3-phenanthryl group, 4-phenanthryl group,
9-phenanthryl group, 1-naphthacenyl group, 2-naphthacenyl
group, 9-naphthacenyl group, 1-pyrenyl group, 2-pyrenyl
group, 4-pyrenyl group, biphenyl-2-y1 group, biphenyl-3-yl
group, biphenyl-4-yl group, p-terphenyl-4-yl group, p-ter-
phenyl-3-yl group, p-terphenyl-2-yl group, m-terphenyl-4-y1
group, m-terphenyl-3-yl group, m-terphenyl-2-yl group,
o-tolyl group, m-tolyl group, p-tolyl group, p-t-butylphenyl
group, p-(2-phenylpropyl)phenyl group, 3-methyl-2-naph-
thyl group, 4-methyl-1-naphthyl group, 4-methyl-1-anthryl
group, 4'-methylbiphenyl-4-yl group, and 4"-t-butyl-p-ter-
phenyl-4-yl group.

[0013] Examples of the substituted or unsubstituted hetero-
cyclic group for Ar, to Ar, of formula (1) include 1-pyrrolyl
group, 2-pyrrolyl group, 3-pyrrolyl group, pyrazinyl group,
2-pyridiny]l group, 3-pyridinyl group, 4-pyridinyl group,
1-indolyl group, 2-indolyl group, 3-indolyl group, 4-indolyl
group, S-indolyl group, 6-indolyl group, 7-indolyl group,
1-isoindolyl group, 2-isoindolyl group, 3-isoindolyl group,
4-isoindolyl group, 5-isoindolyl group, 6-isoindolyl group,
7-isoindolyl group, 2-furyl group, 3-furyl group, 2-benzo-
furanyl group, 3-benzofuranyl group, 4-benzofuranyl group,
S-benzofuranyl group, 6-benzofuranyl group, 7-benzofura-
nyl group, 1-isobenzofuranyl group, 3-isobenzofuranyl
group, 4-isobenzofuranyl group, S-isobenzofuranyl group,

@
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6-isobenzofuranyl group, 7-isobenzofuranyl group, quinolyl
group, 3-quinolyl group, 4-quinolyl group, 5-quinolyl group,
6-quinolyl group, 7-quinolyl group, 8-quinolyl group, liso-
quinolyl group, 3-isoquinolyl group, 4-isoquinolyl group,
S-isoquinolyl group, 6-isoquinolyl group, 7-isoquinolyl
group, 8-isoquinolyl group, 2-quinoxalinyl group, 5-quinox-
alinyl group, 6-quinoxalinyl group, 1-carbazolyl group,
2-carbazolyl group, 3-carbazolyl group, 4-carbazolyl group,
9-carbazolyl group, 1-phenanthridinyl group, 2-phenan-
thridiny] group, 3-phenanthridinyl group, 4-phenanthridinyl
group, 6-phenanthridinyl group, 7-phenanthridinyl group,
8-phenanthridinyl  group,  9-phenanthridinyl  group,
10-phenanthridinyl group, 1-acridinyl group, 2-acridinyl
group, 3-acridinyl group, 4-acridinyl group, 9-acridinyl
group, 1,7-phenanthrolin-2-yl group, 1,7-phenanthrolin-3-yl
group, 1,7-phenanthrolin-4-yl group, 1,7-phenanthrolin-5-yl
group, 1,7-phenanthrolin-6-yl group, 1,7-phenanthrolin-8-yl
group, 1, 7-phenanthrolin-9-yl group, 1,7-phenanthrolin-10-
vyl group, 1,8-phenanthrolin-2-y1 group, 1,8-phenanthrolin-3-
vyl group, 1,8-phenanthrolin-4-y1 group, 1,8-phenanthrolin-5-
vyl group, 1,8-phenanthrolin-6-y1 group, 1,8-phenanthrolin-7-
vyl group, 1,8-phenanthrolin-9-yl group, 1,8-phenanthrolin-
10-yl  group, 1,9-phenanthrolin-2-yl  group, 1,9-
phenanthrolin-3-y1 group, 1,9-phenanthrolin-4-yl group, 1,9-
phenanthrolin-3-yl group, 1,9-phenanthrolin-6-yl group, 1,9-
phenanthrolin-7-yl group, 1,9-phenanthrolin-8-yl group, 1,9-
phenanthrolin-10-yl group, 1,10-phenanthrolin-2-yl group,
1,10-phenanthrolin-3-yl ~ group, 1,10-phenanthrolin-4-yl
group, 1,10-phenanthrolin-5-ylI group, 2,9-phenanthrolin-1-
yl group, 2,9-phenanthrolin-3-y1 group, 2,9-phenanthrolin-4-
yl group, 2,9-phenanthrolin-5-y1 group, 2,9-phenanthrolin-6-
vyl group, 2,9-phenanthrolin-7-y1 group, 2,9-phenanthrolin-8-
yl group, 2,9-phenanthrolin-10-yl group, 2,8-phenanthrolin-
1-yl group, 2,8-phenanthrolin-3-y1 group, 2,8-phenanthrolin-
4-yl group, 2,8-phenanthrolin-5-y1 group, 2,8-phenanthrolin-
6-yl group, 2,8-phenanthrolin-7-y1 group, 2,8-phenanthrolin-
9-yl  group, 2,8-phenanthrolin-10-yl  group, 2.7-
phenanthrolin-1-yl group, 2,7-phenanthrolin-3-yl group, 2,7-
phenanthrolin-4-yl group, 2,7-phenanthrolin-5-yl group, 2,7-
phenanthrolin-6-y1 group, 2,7-phenanthrolin-8-yl group, 2,7-
phenanthrolin-9-yl group, 2,7-phenanthrolin-10-yl group,
1-phenazinyl group, 2-phenazinyl group, 1-phenothiazinyl
group, 2-phenothiazinyl group, 3-phenothiazinyl group,
4-phenothiazinyl group, 10-phenothiaziny! group, 1-phenox-
azinyl group, 2-phenoxazinyl group, 3-phenoxazinyl group,
4-phenoxazinyl group, 10-phenoxazinyl group, 2-oxazolyl
group, 4-oxazolyl group, 5-oxazolyl group, 2-oxadiazolyl
group, S-oxadiazolyl group, 3-furazanyl group, 2-thienyl
group, 3-thienyl group, 2-methylpyrrol-1-yl group, 2-meth-
ylpyrrol-3-yl group, 2-methylpyrrol-4-yl group, 2-meth-
ylpyrrol-5-yl group, 3-methylpyrrol-1-yl group, 3-meth-
ylpyrrol-2-yl  group, 3-methylpyrrol-4-yl ~ group,
3-methylpyrrol-5-yl group, 2-t-butylpyrrol-4-yl group, 3-(2-
phenylpropyl)pyrrol-1-yl group, 2-methyl-1-indolyl group,
4-methyl-1-indolyl group, 2-methyl-3-indolyl group, 4-me-
thyl-3-indolyl group, 2-t-butyl-1-indolyl group, 4-t-butyl-1-
indolyl group, 2-t-butyl-3-indolyl group, and 4-t-butyl-3-in-
dolyl group.

[0014] Examples of the substituted or unsubstituted alkyl
group for Ar, to Ar, of formula (1) include methyl group,
ethyl group, propyl group, isopropyl group, n-butyl group,
s-butyl group, t-butyl group, pentyl group, hexyl group, hep-
tyl group, octyl group, stearyl group, 2-phenylisopropyl
group, trichloromethyl group, trifluoromethyl group, benzyl
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group, a-phenoxybenzyl group, a.,c.-dimethylbenzyl group,
a,o-methylphenylbenzyl group, c,a-ditrifluoromethylben-
zyl group, triphenylmethyl group, and a-benzyloxybenzyl
group.

[0015] Examples of the substituted or unsubstituted aryl
group for X of formula (1) include the di- to tetravalent groups
which have the same skeletons as those of the substituted or
unsubstituted aryl groups mentioned with respect to Ar, to
Ar,, with an aryl group derived from a condensed aromatic
ring having 10 to 40 ring-forming carbon atoms, a group in
which two or more condensed aromatic rings bond via single
bonds, and a group in which the condensed aromatic ring and
a non-condensed aromatic ring bond via single bond being
particularly preferred. Examples of the condensed aromatic
ring include naphthalene, phenanthrene, fluoranthene,
anthracene, pyrene, perylene, coronene, chrysene, picene,
dinaphthyl, trinaphthyl, phenylanthracene, diphenylan-
thracene, fluorene, triphenylene, rubicene, benzanthracene,
dibenzanthracene, acenaphthofluoranthene, tribenzopen-
taphene, fluoranthenofluoranthene, benzodifluoranthene,
benzofluoranthene, and diindenoperylene, with naphthalene,
phenanthrene, fluoranthene, anthracene, pyrene. perylene,
chrysene, phenylanthracene, and diphenylanthracene being
particularly preferred.

[0016] Examples of the substituted or unsubstituted hetero-
cyclic group for X of formula (1) include the di- to tetravalent
groups which have the same skeletons as those of the substi-
tuted or unsubstituted heterocyclic groups mentioned with
respect to Ar, to Ar,,.

[0017] Examples of the substituted or unsubstituted sty-
rene-derived group for X of formula (1) include the di- to
tetravalent groups which are derived from the compounds
represented by formula (X1) mentioned below.

[0018] X is preferably a group derived from a compound
represented by any one of formulae (X1) to (X11).

Ay Rio
\
/N_Aflo \ Rz
A Aryy \ /Az
Ry A Arpp N\
Rz Ay A

[0019] In formula (X1), Ar,, and Ar,, are each indepen-
dently a substituted or unsubstituted arylene group having 6
to 40 ring-forming carbon atoms or a substituted or unsubsti-
tuted divalent heterocyclic group having 3 to 40 ring-forming
carbon atoms. Ar,, is a substituted or unsubstituted di- to
tetravalent (preferably divalent) aryl group having 6 to 40
ring-forming carbon atoms or a substituted or unsubstituted
di- to tetravalent (preferably divalent) heterocyclic group
having 3 to 40 ring-forming carbon atoms. R, to R ; are each
independently a hydrogen atom, a substituted or unsubsti-
tuted alkyl group having 1 to 50 carbon atoms (exclusive of
carbon atom(s) of substituent(s)), a substituted or unsubsti-
tuted aryl group having 6 to 40 ring-forming carbon atoms, a
substituted or unsubstituted aralkyl group having 7 to 50
carbon atoms (aryl moiety having 6 to 40 ring-forming carbon
atoms), a substituted or unsubstituted cycloalkyl group hav-
ing 3 to 50 ring-forming carbon atoms, a substituted or unsub-
stituted alkoxy group having 1 to 50 carbon atoms (exclusive

(X1
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of carbon atoms of substituent(s)), a substituted or unsubsti-
tuted aryloxy group having 6 to 40 ring-forming carbon
atoms, amino group, a substituted or unsubstituted mono- or
diarylamino group having an aryl group having 6 to 40 ring-
forming carbon atoms, a substituted or unsubstituted mono-
or dialkylamino group having an alkyl group having 1 to 20
carbon atoms (exclusive of carbon atom(s) of substituent(s)),
cyano group, nitro group, hydroxyl group, or halogen atom
(fluorine, chlorine, iodine, bromine). A, to A, are each inde-
pendently a substituted or unsubstituted alkyl group having 1
to 50 carbon atoms (exclusive of carbon atom(s) of substitu-
ent(s)) or a substituted or unsubstituted aryl group having 6 to
40 ring-forming carbon atoms. The subscript m is an integer
of 0 to 3, preferably 0 or 1; and n is an integer of 1 to 3,
preferably 1. When n is an integer of 2 or more and Ar,,
includes two or more rings, two or more —NA,A, groups
may be bonded to different rings or the same ring.

[0020] Examples of the substituted or unsubstituted
arylene group and the substituted or unsubstituted divalent
heterocyclic group for Ar,, and Ar,, are selected from the
divalent groups which are formed from the substituted or
unsubstituted aryl groups and the substituted or unsubstituted
heterocyclic groups mentioned with respect to Ar, to Ar,, by
removing one aromatic hydrogen atom or one hydrogen atom
on the hetero ring.

[0021] Examples of the substituted or unsubstituted di- to
tetravalent aryl group and the substituted or unsubstituted di-
to tetravalent heterocyclic group for Ar,, include the groups
having the same skeletons as those of the substituted or
unsubstituted aryl group and the substituted or unsubstituted
heterocyclic group mentioned with respect to Ar, to Ar,.
[0022] Examples of the substituted or unsubstituted alkyl
group for R, , to R, ; include methyl group, ethyl group, pro-
pyl group, isopropyl group, butyl group, s-butyl group, t-bu-
tyl group, pentyl group, hexyl group, heptyl group, octyl
group, stearyl group, trichloromethyl group, and trifluorom-
ethyl group.

[0023] Examples of the substituted or unsubstituted aryl
group for R, to R,; include phenyl group, 2-methylphenyl
group, 3-methylphenyl group, 4-methylphenyl group, 4-eth-
vlphenyl group, biphenyl group, 4-methylbiphenyl group,
4-ethylbiphenyl group, 4-cyclohexylbiphenyl group, terphe-
nyl group, 3,5-dichlorophenyl group, naphthyl group, 5-me-
thylnaphthyl group, anthryl group, and pyrenyl group.
[0024] Examples of the substituted or unsubstituted aralkyl
group for R, 10 R,; include benzyl group, 1-phenylethyl
group, 2-phenylethyl group, 1-phenylisopropyl group, 2-phe-
nylisopropyl group, phenyl-t-butyl group, a-naphthylmethyl
group, 1-a-naphthylethyl group, 2-a-naphthylethyl group,
1-a-naphthylisopropyl group, 2-a-naphthylisopropyl group,
[-naphthylmethyl group, 1-f-naphthylethyl group, 2--
naphthylethyl group, 1-f-naphthylisopropyl group, 2-p-
naphthylisopropyl group, 1-pyrrolylmethyl group, 2-(1-pyr-
rolyl)ethyl group, p-methylbenzyl group, m-methylbenzyl
group, o-methylbenzyl group, p-chlorobenzyl group, m-chlo-
robenzyl group, o-chlorobenzyl group, p-bromobenzyl
group, m-bromobenzyl group, o-bromobenzyl group, p-iodo-
benzyl group, m-iodobenzyl group, o-iodobenzyl group,
p-hydroxybenzyl group, m-hydroxybenzyl group, o-hy-
droxybenzyl group, p-aminobenzyl group, m-aminobenzyl
group, o-aminobenzyl group, p-nitrobenzyl group, m-ni-
trobenzyl group, o-nitrobenzyl group, p-cyanobenzyl group,
m-cyanobenzyl group, o-cyanobenzyl group, c-phenoxyben-
zyl group, a,o-dimethylbenzyl group, o,c-methylphenyl-
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benzyl group, a,a-ditrifluoromethylbenzy! group, triphenyl-
methyl group, a-benzyloxybenzyl group, 1-hydroxy-2-
phenylisopropyl group, and 1-chloro-2-phenylisopropyl
group.

[0025] Examples of the substituted or unsubstituted
cycloalkyl group for R, to R, 5 include cyclopropyl group,
cyclobutyl group, cyclopentyl group, and cyclohexyl group.
[0026] Examples of the substituted or unsubstituted alkoxy
group for R, to R, include methoxy group, ethoxy group,
Propoxy group, isopropoxy group, butoxy group, isobutoxy
group, s-butoxy group, t-butoxy group, pentyloxy group (in-
clusive of isomers), and hexyloxy group (inclusive of iso-
mers).

[0027] Examples of the substituted or unsubstituted ary-
loxy group for R, to R, ; include phenoxy group, tolyloxy
group, and naphthyloxy group.

[0028] Example of the substituted or unsubstituted mono-
or diarylamino group for R, , to R, ; include mono- or diphe-
nylamino group, mono- or ditolylamino group, mono- or
dinaphthylamino group, and naphthylphenylamino group.
[0029] Examples of the substituted or unsubstituted mono-
or dialkylamino group for R, to R, 5 include mono- or dim-
ethylamino group, mono- or diethylamino group, and mono-
or dihexylamino group.

[0030] Examples of the substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms and substituted or unsub-
stituted aryl group having 6 to 40 ring-forming carbon atoms
for A, to A, are selected from those mentioned with respect to
Ar, to Ar,.

[0031] When m and n are each an integer of 2 or more, R,
groups, R, groups, Ar,, groups, and —NA, A, groups may
be the same or different, respectively.

[0032] X which is derived from the compound of formula
(X1) has 2 to 4 valences on the group selected from Ar , Ar;,
and Ar_,, and any one of Ar,,,, Ar,, and Ar , may have 2 or
more valences. Examples of the compound of formula (X1)
are described, for example, in WO 02/20459.

(X2)
AlN L—Y—L N/A3
LT L
\
Ay Ay A
[0033] Informula(X2),A,,A,,A;, A, andnare as defined

above, and Y is a non-condensed aryl group having 1 to 4
benzenerings. L, and L, are each independently a single bond
or a substituted or unsubstituted arylene group having 6 to 20
ring-forming carbon atoms. Examples of the arylene group
include the groups derived from benzene, biphenyl, terphe-
nyl, naphthalene, and fluorene and further include the groups
having a structure composed of these organic compounds
which are linked via a single bond. Examples of Y include
phenyl group, biphenylyl group, terphenyl group (inclusive
of isomers), and quaterphenyl group (inclusive of isomers).
When n is an integer of 2 or more and at the same time L, has
2 or more rings, 2 or more —NA,A, groups may bond to
different rings or the same ring (the same being applied to
formulae (X3) to (X11)). The groups -L2-(NA3A4),,and -L , -
NA, A, may bond to any benzene ring of Y and may bond to
different benzene rings or the same benzene ring.

[0034] X which is derived from the compound of formula
(X2) has 2 to 4 valences on the same benzene ring or different
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benzene rings of Y. The same benzene ring may have 2 or
more valences. Examples of the compound of formula (X2)
are described, for example, in JP 2006-140235A.

(X3)

[0035] Informula(X3),A;, A, A;,A, L, L, andnareas
defined above. The groups -L,-(NA;A,), and -L,-NA A,
may bond to any benzene ring of the naphthalene structure
and may bond to different benzene rings or the same benzene
ring.

[0036] X which is derived from the compound of formula
(X3) has 2 to 4 valences on the benzene ring of the naphtha-
lene structure and the same benzene ring may have 2 or more
valences. Examples of the compound of formula (X3) are
described, for example, in JP 2006-306745A.

(X4)

[0037] Informula(X4),A;, A, Ay, A, L, L, andnare as
defined above. The groups -L,-(NA;A,), and -L,-NA A,
may bond to any benzene ring of the anthracene structure and
may bond to different benzene rings or the same benzene ring.
[0038] X which is derived from the compound of formula
(X4) has 2 to 4 valences on the benzene ring of the anthracene
structure. Each of three benzene rings may have at least one
valence and the same benzene ring may have 2 or more
valences. Examples of the compound of formula (X4) are
described, for example, in WO 2004/09211.

(X5)

[0039] Informula(X5),A,, A, Ay, AL, L, L,, andnare as
defined above. The groups -L,-(NA;A,), and -L,-NA A,
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may bond to any benzene ring of the chrysene structure and
may bond to different benzene rings or the same benzene ring.

[0040] X which is derived from the compound of formula
(X5) has 2 to 4 valences on the benzene ring of the chrysene
structure. Each of four benzene rings may have one valence
and the same benzene ring may have 2 or more valences.
Examples of the compounds of formula (X5) are described,
for example, in WO 2004/044088, JP 2006-256979A, and JP
2007-230960A.

(X6)

[0041] Informula (X6), A;, A,, Ay, A,, L, L,, and nare as
defined above. The groups -L,-(NA;A,), and -L,-NA A,
may bond to any benzene ring of the pyrene structure and may
bond to different benzene rings or the same benzene ring.

[0042] X which is derived from the compound of formula
(X6) has 2 to 4 valences on the benzene ring of the pyrene
structure. Each of four benzene rings may have one valence
and the same benzene ring may have 2 or more valences.
Examples of the compound of formula (X6) are described, for
example, in WO 2004/083162 and JP 2006-298793A.

X7

[0043] In formula (X7), Rig, Ry, Ap, Ay Ay, AL Ly, Ly,
and n are the same as defined above. The groups -L,-
(NA;A,), and -L,-NA, A, may bond to any of the benzene
rings and may bond to different benzene rings or the same
benzene ring.

[0044] X which is derived from the compound of formula
(X7) has 2 to 4 valences on the benzene ring of the fluorene
structure. Two benzene rings may have at least one valence,
respectively. Alternatively, the same benzene ring may have 2
to 4 valences. Examples of the compound of formula (X7) are
described, for example, in WO 02/20460.

(X8)

[0045] Informula (X8), A, A,, A;, AL, L, L,, andnare as
defined above. The groups -L,-(NA;A,), and -L;-NA A,
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may bond to any benzene ring or may bond to different
benzene rings or the same benzene ring.

[0046] In formula (X8), A is a substituted or unsubstituted
divalent saturated group (substituent of A may have an unsat-
urated group) which forms a 5- to 8-membered ring together
with the carbon atoms at 1, 2, 1', and 2' positions of the
biphenyl structure. B is a substituted or unsubstituted divalent
saturated group (substituent of B may have an unsaturated
group) which forms a 5- to 8-membered ring together with the
carbon atoms at 1, 6, 1', and 6' positions of the biphenyl
structure. A and B may be the same or different. The subscript
pisOor 1. When p is 0, no bond is formed between the carbon
atoms at 6 and 6' positions. The ring structure formed by a
substituted A and the carbon atoms at 1, 2, 1', and 2' positions
and/or the ring structure formed by a substituted B and the
carbonatomsat 1, 6, 1',and 6' positions may have a spiro-ring
structure. The atoms for forming A or B may include C, Si, O,
S, N, B, P, and combination thereof. Examples of A and B are
described below, although not limited thereto.

Igz H,C—CH,
/
H;C  CH; H,C—CH, HZC/ \CHZ ILC CH,

NN N

0
/ O
HC—0 H,C—C

/ N/ N/ N\ / \

osloele

slsiooley
Y050

[0047] X which is derived from the compound of formula
(X8) has 2 to 4 valences on the benzene ring of the biphenyl
structure. Two benzene rings may have at least one valence,
respectively. Alternatively, the same benzene ring may have 2
to 4 valences. Examples of the compound of formula (X8) are
described, for example, in WO 02/20460.
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Ryp Ry
A N A
3
\N—Ll i , q!_Lz N/
A S \A4 /
[0048] In formula 049)5 RlOs Rlls Al* Azs A35 A45 Lls Lzs

and n are as defined above and q is an integer of 1 to 3. The
groups -L,-(NA;A,), and-L-NA, A, may bond to any of the
benzene ring and the 5-membered ring (if q is 1) and may
bond to different rings or the same ring.

[0049] X which is derived from the compound of formula
(X9) has 2 to 4 valences on the benzene ring and/or the
S-membered ring (if q is 1). Examples of the compound of
formula (X9) are described, for example, in JP 2007-
137824A.

(X10)
A A
\ /
N—L—~~ N
/ \
Ay Ay A
[0050] Informula(X10),A,,A,,A;, A, L,,L,,andnareas

defined above. The groups -L,-(NA;A,), and -L,-NA A,
may bond to any benzene ring of the phenanthrene structure
and may bond to different benzene rings or may bond to the
same benzene ring.

[0051] X which is derived from the compound of formula
(X10) has 2 to 4 valences on the benzene ring of the phenan-
threne structure. Each of three benzene rings may have at least
one valence or the same benzene ring may have 2 or more

valences. Examples of the compound of formula (X10) are
described, for example, in JP 2007-45725A.

X1

[0052] Informula(X11),A,,A,,A;,A,,L;,L,,andnareas
defined above. The groups -L,-(NA;A,), and -L,-NA A,
may bond to any benzene ring of the fluoranthene structure
and may bond to different benzene rings or the same benzene
ring.

[0053] X which is derived from the compound of formula
(X11) has 2 to 4 valences on the benzene ring of the fluoran-
thene structure. Each of three benzene rings may have at least
one valence or the same benzene ring may have 2 or more
valences. Examples of the compound of formula (X11) are
described, for example, in JP 2005-068087A.
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[0054] The repeating unit A derived from the compound of
formula (1) is preferably represented by formulae (1a) to (le):

(12)

(ab)

(Io)
d)

(le)

wherein Ar, to Ar,, X and s are as defined above, and s' is an
integer of 0 to 2.

[0055] Examples of the compound of formula (1) which
forms the repeating unit A include the compounds which are
obtainable by replacing P of the compound described in JP
2006-140235A with the divalent group derived from the com-
pound of formulae (X1) to (X11), although not limited
thereto.

[0056] In addition to the repeating unit A, the polymer of
the invention further comprises a divalent repeating unit (re-
peating unit B) derived from the compounds represented by
formulae (2) to (6):

8
\_/
\ | /
\ | /
\_/

3
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-continued

@
—\_R

\ |/

®)

©)

[0057] In formulae (2) to (6), R is a substituted or unsub-
stituted aryl group having 6 to 40 ring-forming carbon atoms,
a substituted or unsubstituted heterocyclic group having 3 to
40 ring-forming atoms or a substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms; a is an integer of 0 to 6; b
is an integer of 0 to 8; and c is an integer of 0 to 10. The aryl
group, heterocyclic group and alkyl group are respectively
selected from the substituted or unsubstituted aryl group,
substituted or unsubstituted heterocyclic group and substi-
tuted or unsubstituted alkyl group which are mentioned with
respect to Ar, to Ar,. In formulae (2) to (6), R may bond to any
benzene ring and 2 or more R groups may bond to the same
benzene ring.

[0058] Preferred compounds of formula (3) are
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-continued

[0059] Inthe above formulae, Arand Ar' are each indepen-
dently a substituted or unsubstituted aryl group having 6 to 40
ring-forming carbon atoms, a substituted or unsubstituted
heterocyclic group having 3 to 40 ring-forming atoms, or a
substituted or unsubstituted alkyl group having 1 to 50 carbon
atoms. These groups are respectively selected from the sub-
stituted or unsubstituted aryl group, substituted or unsubsti-
tuted heterocyclic group and substituted or unsubstituted
alkyl group which are mentioned with respect to Ar, to Ar,.
FA and FA' are each independently a substituted or unsubsti-
tuted aryl group having 6 to 30 ring-forming carbon atoms
and selected from the substituted or unsubstituted aryl group
which is mentioned with respect to Ar| to Ar,,.

[0060] The repeating unit B derived from formulae (2) to
(6) has its 2 valences on any benzene ring of formulae (2) to
(6). Two valences may be positioned on different benzene
rings or the same benzene ring.

[0061] Examples of the compound of formulae (2) to (6)
are described, for example, in JP 2002-243545A, JP 2003-
401038A, JP 2003-423317A, WO 01/172673, and WO 2007/
004364.

[0062] The polymer of the invention including the repeat-
ing units A and the repeating units B may be random copoly-
mer (-ABBABBBAAABA-), alternating copolymer (-ABA-
BABABABAB—), block copolymer
(-AAAAAABBBBBB—), and graft copolymer comprising
the side chain of repeating units A and the main chain of
repeating units B, and vice versa.

[0063] The number average molecular weight (Mn) of the
polymer is preferably 107 to 10®, and more preferably 10* to
10°. The weight average molecular weight (Mw) thereof is
preferably 10° to 10%, and more preferably 10° to 10°. Both
molecular weights were determined by size exclusion chro-
matography (SEC) using standard polystyrene calibration.
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[0064] The molar ratio of the repeating units A and the
repeating units B is preferably 0.1:99.9 to 99.9:0.1, more
preferably 0.1 to 50, still more preferably 0.1 to 40, and
particularly preferably 1 to 40.

[0065] The polymer of the invention is produced, for
example, by the polycondensation of a compound repre-
sented by formula (9):

Y!-(repeating unit A)-Y? 9
and a compound represented by formula (10)

Y!-(repeating unit B)—Y? (10).

[0066] In formulae (9) and (10),Y" and Y? are each inde-
pendently a halogen atom (chlorine atom, bromine atom,
iodine atom), a sulfonate group (—OSO,R", wherein R' is a
group selected from the substituted or unsubstituted aryl
group and the substituted or unsubstituted alkyl group which
are mentioned with respect to Ar, to Ar,), methoxy group, a
boric ester group, a borate group (—B(OH),), —MgX" (X" is
halogen atom such as chlorine atom, bromine atom, and
iodine atom), —ZnX" (X" is as defined above), —SnR* (R" is
as defined above), with halogen atom, boric ester group and
borate group being preferred.

[0067] The boric ester group may include the following
groups:

CH3
OCH. 0C,H CHs
/ 3 Vs 5 /Oj /Of/’\
—3B —3 —B —3
\ \ \ \
OCH; 0C,H; 0 0 CH,
CH;
O
DT
—3B —5
\ \, |
[0068] Examples of the optional substituent for “a substi-
tuted or unsubstituted . . . group” mentioned above include
alkyl group having 1 to 20 carbon atoms, cycloalkyl group
having 3 to 10 carbon atoms, aryl group having 6 to 30
ring-forming carbon atoms, alkoxy group having 1 to 20
carbon atoms, cycloalkoxy group having 3 to 10 carbon
atoms, aryloxy group having 6 to 30 ring-forming carbon
atoms, aralkyl group having 7 to 31 carbon atoms (aryl moiety
has 6 to 30 ring-forming carbon atoms), heterocyclic group
having 3 to 30 ring-forming carbon atoms, mono- or dialky-
lamino group having alkyl group having 1 to 20 carbon atoms,
mono- or diarylamino group having aryl group having 6 to 30
ring-forming carbon atoms, halogen atom, nitro group, cyano
group, and hydroxyl group.
[0069] The polycondensation is conducted, if necessary, in
the presence of a catalyst and a base. Examples of the catalyst
include a transition metal complex such as a palladium com-
plex, for example, palladium [tetrakis(triphenylphosphine)],
[tris(dibenzylideneacetone)|dipalladium, and palladium
acetate, and a nickel complex, for example, nickel [tetrakis
(triphenylphosphine)], [1,3-bis(diphenylphosphino)pro-
pane]dichloronickel, and [bis(1,4-cyclooctadiene)]nickel;
and a catalyst having a ligand such as triphenylphosphine,
tri(t-butylphosphine),  tricyclohexylphosphine,  diphe-

nylphosphinopropane, and bipyridyl. These catalysts may be
used alone or in combination of two or more. The catalyst is
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used preferably 0.001 to 300 mol % and more preferably 0.01
to 20 mol % based on the total molar amount of the com-
pounds of formulae (9) and (10).

[0070] Examples of the base include inorganic base such as
sodium carbonate, potassium carbonate, cesium carbonate,
potassium fluoride, cesium fluoride, and tripotassium phos-
phate; and organic base such as tetrabutylammonium fluo-
ride, tetrabutylammonium chloride, tetrabutylammonium
bromide, and tetrabutylammonium hydroxide. The base is
used preferably 0.5 to 20 equivalents and more preferably 1 to
10 equivalents based on the total molar amount of the com-
pounds of formulae (9) and (10).

[0071] The polycondensation may be conducted in the
presence of an organic solvent. Examples of the organic sol-
vent include toluene, xylene, mesitylene, tetrahydrofuran,
1,4-dioxane, dimethoxyethane, N,N-dimethylacetamide, and
N,N-dimethylformamide. These organic solvents may be
used alone or in combination of two or more. The organic
solvent is used in an amount such that the concentration of the
monomers (compounds of formulae (9) and (10)) is prefer-
ably 0.1 to 90% by weight and more preferably 1 to 50% by
weight.

[0072] Thetemperature of polycondensation is not particu-
larly limited as long as the reaction medium is kept in liquid
state, and preferably —100 to 200° C. and more preferably 0 to
120° C. The polycondensation time varies depending upon
the reaction conditions, and preferably one hour or more,
more preferably 2 to 500 h.

[0073] The aimed polymer is separated from the polycon-
densation product by a known method, for example, by add-
ing the reaction product solution into a lower alcohol such as
methanol, collecting the precipitates by filtration and drying
the collected precipitates. If the purity is low, the polymer
may be purified by a known method such as recrystallization,
Soxhlet continuous extraction and column chromatography.
[0074] Intheorganic EL device of the invention, an organic
compound layer comprising a layer is interposed between a
pair of electrodes. At least one layer of the organic compound
layer is a light-emitting layer. The thickness of the light-
emitting layer is preferably 5 to 200 nm and more preferably
10 to 40 nm in view of a low driving voltage. The polymer of
the invention is comprised in a layer of the organic compound
layer, preferably in the light-emitting layer. It is preferred to
dispose intermediate layers of various types between the
organic compound layer and each electrode. Examples of the
intermediate layer include a hole injecting layer, a hole trans-
porting layer, an electron injecting layer, and an electron
transporting layer. These layers are formed from a known
organic and inorganic compound. Examples of the typical
architecture of the organic EL devices, but not particularly
limited to, include

[0075] (1) anode/light-emitting layer/cathode,

[0076] (2) anode/hole injecting layer/light-emitting layer/
cathode,

[0077] (3) anode/light-emitting layer/electron injecting

layer/cathode,

[0078] (4) anode/hole injecting layer/light-emitting layer/
electron injecting layer/cathode,

[0079] (5) anode/organic semiconductor layer/light-emit-
ting layer/cathode,

[0080] (6) anode/organic semiconductor layer/electron
blocking layer/light-emitting layer/cathode,

[0081] (7) anode/organic semiconductor layer/light-emit-
ting layer/adhesion improving layer/cathode,
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[0082] (8) anode/hole injecting layer/hole transporting
layer/light-emitting layer/electron injecting layer/cathode,

[0083] (9) anode/insulating layer/light-emitting layer/insu-
lating layer/cathode,

[0084] (10) anode/inorganic semiconductor layer/insulat-
ing layer/light-emitting layer/insulating layer/cathode,

[0085] (11) anode/organic semiconductor layer/insulating
layer/light-emitting layer/insulating layer/cathode,

[0086] (12) anode/insulating layer/hole injecting layer/
hole transporting layer/light-emitting layer/insulating
layer/cathode, and

[0087] (13) anode/insulating layer/hole injecting layer/
hole transporting layer/light-emitting layer/electron inject-
ing layer/cathode, with the device structure (8) being pref-
erably used.

[0088] The organic EL device is formed generally on a
light-transmissive substrate. The light-transmissive substrate
serves as a support for the organic EL device. A flat and
smooth substrate having a transmittance of 50% or more to
400 to 700 nm visible lights is preferably used. A glass plate
and a synthetic resin plate are preferably used as the light-
transmissive substrate. Examples of the glass plate include
those made from soda-lime glass, barium-strontium-contain-
ing glass, lead glass, aluminosilicate glass, borosilicate glass,
barium borosilicate glass, or quartz. Examples of the syn-
thetic resin plate include those made from polycarbonate
resin, acrylic resin, polyethylene terephthalate resin, poly-
ether sulfide resin or polysulfone resin.

[0089] The anode is preferably made from an electrode

material having a large work function (4 eV or more), for

example, a metal, an alloy, an electron-conductive compound
and mixtures thereof. Examples of the electrode material for
anode include a metal such as Au and an electron-conductive
material suchas Cul, ITO (indium tin oxide), SnO,, ZnO, and

In—7n—0. The anode is formed by depositing the electrode

material into a thin film by a vapor deposition method and a

sputtering method. When allowing the emitted light from the

light-emitting layer to pass through the anode, the transmit-
tance of the anode to the emitted light is preferably 10% or
more. The sheet resistance of the anode is preferably several
hundreds €/square or less. The thickness of the anode varies

depending upon the kind of material and generally 10 nm to 1

preferably 50 to 200 nm.

[0090] The cathode is made from an electrode material

having a small work function (4 eV or less), for example, an

alloy, an electron-conductive compound and mixtures
thereof. Examples of the electrode material for cathode
include sodium, sodium-potassium alloy, magnesium,
lithium, magnesium silver alloy, aluminum/aluminum oxide,
AV/Li,0, AVLIO,. AVLIF, aluminum lithium alloy, indium,
and rare earth metal. The cathode is formed by depositing the
electrode material into a thin film by a vapor deposition
method and a sputtering method. When allowing the emitted
light from the organic compound layer to pass through the
cathode, the transmittance of the cathode to the emitted light
is preferably 10% or more. The sheet resistance of the cathode
is preferably several hundreds Q/square or less. The thickness
of the cathode is generally 10 nmto 1 pm and preferably 50 to

200 nm.

[0091] In the organic EL device of the invention, it is pre-

ferred to dispose at least one layer selected from a chalco-

genide layer, a metal halide layer and a metal oxide layer

(hereinafter may be referred to as “surface layer”) on the

surface of at least one of the pair of electrodes. For example,
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a layer of chalcogenide (inclusive of oxide) of metal such as
silicon and aluminum is disposed on the surface of anode
which faces the organic compound layer, and a metal halide
layer or a metal oxide layer is disposed on the surface of
cathode which faces the organic compound layer. With such a
surface layer, the organic FL. device is driven stably. Preferred
examples of the chalcogenide include SiOx (1=x=2), AlOx
(1=x=1.5), SiON, and SiAlON; preferred examples of the
metal halide include LIF, MgF,, CaF,, and rare earth metal
fluoride; and preferred examples of the metal oxide include
Cs,0, Li,0, MgO, SrO, BaO, and CaO.

[0092] In the organic EL device of the invention, it is also
preferable to dispose a mixed region of an electron transfer-
ring compound and a reductive dopant or a mixed region of a
hole transferring compound and an oxidative dopant on the
surface of at least one of the pair of electrodes. With such a
mixed region, the electron transporting compound is reduced
into anions to facilitate the injection and transfer of electrons
into the emission medium from the mixed region. Alterna-
tively, the hole transferring compound is oxidized to cations
to facilitate the injection and transfer of holes into the emis-
sion medium from the mixed region. Preferred examples of
the oxidative dopant include Lewis acids and acceptor com-
pounds. Preferred examples of the reductive dopant include
alkali metals, alkali metal compounds, alkaline earth metals,
rare earth metals and compounds thereof.

[0093] In the organic EL device of the invention, the light-
emitting layer has the following functions:

[0094] (i) Injection function: function of injecting holes
from the anode or hole injecting layer, and injecting elec-
trons from the cathode or electron injecting layer, due to the
action of electric field;

[0095] (ii) Transporting function: function of transporting
the injected charges (holes and electrons) by the force of
electric field; and

[0096] (iii) Emission function: function of providing a zone
for recombination of electrons and holes to cause the emis-
sion.

[0097] The layer (the organic compound layer, particularly
the light-emitting layer) containing the polymer of the inven-
tion is formed, for example, by making a solution of the
polymer into a film. Examples of the film-forming method
include a spin coating method, a casting method, a microgra-
vure coating method, a gravure coating method, a bar coating
method, a roll coating method, a wire bar coating method, a
dip coating method, a spray coating method, a screen printing
method, a flexographic printing method, an off-set printing
method, and an ink-jet printing method, with the screen print-
ing method, flexographic printing method, off-set printing
method, and ink-jet printing method being preferred because
of their easiness of pattern formation. Since the film forma-
tion by these methods can be made under the conditions well
known by a skilled person, the details thereof are omitted here
for conciseness.

[0098] It is sufficient for the film-forming solution to con-
tain a kind of the polymer of the invention. In addition to the
polymer, the film-forming solution may contain a hole trans-
porting material, an electron transporting material, a light-
emitting material, a solvent, and an additive such as a stabi-
lizer. The content of the polymer in the film-forming solution
is preferably 20 to 100% by weight and more preferably 40 to
100% by weight based on the total amount of the dissolved
components other than the solvent. The amount of the solvent
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is preferably 1 to 99.9% by weight and more preferably 80 to
99% by weight based on the film-forming solution.

[0099] The film-forming solution may contain an additive
for controlling the viscosity and/or surface tension, for
example, a thickener (polymers, poor solvents of the polymer
of the invention, etc.), a viscosity depressant (low molecular
compounds, etc.) and a surfactant. In addition, an antioxidant
not adversely affecting the performance of the organic EL
device, for example, a phenol antioxidant and a phosphine
antioxidant, may be included so as to improve the storage
stability.

[0100] Examples of the solvent for the film-forming solu-
tion include a chlorine-containing solvent such as chloro-
form, methylene chloride, 1,2-dichloroethane, 1,1,2-trichlo-
roethane, chlorobenzene, and o-dichlorobenzene; an ether
solvent such as tetrahydrofuran, dioxane, and anisole; an
aromatic hydrocarbon solvent such as toluene and xylene; an
aliphatic hydrocarbon solvent such as cyclohexane, methyl-
cyclohexane, n-pentane, n-hexane, n-heptane, n-octane,
n-nonane, and n-decane; a ketone solvent such as acetone,
methyl ethyl ketone, cyclohexanone, benzophenone, and
acetophenone; an ester solvent such as ethyl acetate, butyl
acetate, ethyl cellosolve acetate, methyl benzoate, and phenyl
acetate; a polyhydric alcohol and its derivatives such as eth-
ylene glycol, ethylene glycol monobutyl ether, ethylene gly-
col monoethyl ether, ethylene glycol monomethyl ether,
dimethoxyethane, propylene glycol, diethoxymethane, tri-
ethylene glycol monoethyl ether, glycerin, and 1,2-hex-
anediol; an alcoholic solvent such as methanol, ethanol, pro-
panol, isopropanol, and cyclohexanol; a sulfoxide solvent
such as dimethyl sulfoxide; and an amide solvent such as
N-methyl-2-pyrrolidone  and  N,N-dimethylformamide.
These organic solvents may be used alone or in combination
of two or more. Of the above solvents, in view of solubility,
uniform film formation, viscosity, etc., preferred are the aro-
matic hydrocarbon solvent, the ether solvent, the aliphatic
hydrocarbon solvent, the ester solvent and the ketone solvent,
and more preferred are toluene, xylene, ethylbenzene, dieth-
vlbenzene, trimethylbenzene, n-propylbenzene, isopropyl-
benzene, n-butylbenzene, isobutylbenzene, 5-butylbenzene,
n-hexylbenzene, cyclohexylbenzene, 1-methylnaphthalene,
tetralin, anisole, ethoxybenzene, cyclohexane, bicyclohexyl,
cyclohexenylcyclohexanone, n-heptylcyclohexane, n-hexyl-
cyclohexane, decalin, methyl benzoate, cyclohexanone,
2-propylcyclohexanone, 2-heptanone, 3-heptanone, 4-hep-
tanone, 2-octanone, 2-nonanone, 2-decanone, dicyclohexyl
ketone, acetophenone, and benzophenone.

[0101] The light-emitting layer may contain an organic
compound other than the polymer, and another light-emitting
layer containing a known organic compound may be lami-
nated onto the light-emitting layer containing the polymer, if
necessary, as long as the object of the invention is not
adversely affected.

[0102] For example, the light-emitting layer may contain,
in addition to the polymer, a compound selected from a com-
pound represented by formula (1), ahomopolymer composed
of the repeating units A, a copolymer having the repeating
units A, a compound represented by any of formulae (2) to
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(6), a homopolymer composed of the repeating units B, and a
copolymer having the repeating units B.

[0103] The light-emitting layer may contain a known fluo-
rescent or phosphorescent dopant in an amount of 0.1 to 20
parts by weight per 100 parts by weight of the polymer,
because the luminance and the emission efficiency are further
improved. The fluorescent dopant may be selected from
amine compound, chelate complex such as tris(8-quinolino-
lato)aluminum, coumarin derivative, tetraphenylbutadiene
derivative, and oxadiazole derivative according to the desired
emission color. The phosphorescent dopant is preferably a
metal complex comprising a metal selected from Ir, Ru, Pd,
Pt, Os and Re, and the ligand thereof has preferably a skeletal
structure selected from phenylpyridine, bipyridyl and
phenanthroline. Examples of the metal complex include tris
(2-phenylpyridine)iridium, tris(2-phenylpyridine)ruthe-
nium, tris(2-phenylpyridine)palladium, bis(2-phenylpyri-
dine)platinum,  tris(2-phenylpyridine)osmium,  tris(2-
phenylpyridine)rhenium, octaethylplatinum  porphyrin,
octaphenylplatinum porphyrin, octaethylpalladium porphy-
rin, and octaphenylpalladium porphyrin. The metal complex
is not particularly limited to those mentioned above and suit-
ably selected according to the emission color, device perfor-
mance and relation to the polymer each being desired.
[0104] The light-emitting layer may contain an arylamine
compound and/or a styrylamine compound in an amount of
0.1 to 50 parts by weight based on 100 parts by weight of the
polymer, because the luminance and the emission efficiency
are further improved. Examples of the arylamine compound
are described in, for example, WO 02/20459, JP 2006-
140235A, JP 2006-306745A, WO 2004/09211, WO 2004/
044088, JP 2006-256979A, JP 2007-230960A, WO 2004/
083162, JP 2006-298793 A, WO 02/20460, WO 02/20460, IP
2007-137824A, IP 2007-45725A, and JP 2005-068087A.
Examples of the styrylamine compound are described in, for
example, WO 02/20459.

[0105] Thelight-emitting layer may contain the metal com-
plex in an amount of 0.1 to 50 parts by weight based on 100
parts by weight ofthe polymer, because the luminance and the
emission efficiency are further improved.

[0106] The hole injecting/transporting layer is a layer for
facilitating the injection of holes into the light-emitting layer
and transporting holes to the emission region and has a large
hole mobility and an ionization potential generally as small as
55 eV or less. A material capable of transporting holes to the
light-emitting layer even under a lower electric field strength,
for example, a material having a hole mobility of at least 10~
em?/Vs at an electric field strength of 10* to 10° Viem is
preferably used for forming the hole injecting/transporting
layer. The material is arbitrarily selected from known hole
transporting materials commonly used as photoconductive
materials and known materials commonly used for the hole
injecting layer of organic EL device. The hole injecting/trans-
porting layer is formed by depositing a hole injecting/trans-
porting material in a thin film, for example, by a vacuum
vapor deposition method, a spin coating method, a casting
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method or LB method. The thickness of the hole injecting/
transporting layer is generally 5 nm to 5 um, although not
particularly limited thereto.

[0107] The electron injecting/transporting layer is a layer
for facilitating the injection of electrons into the light-emit-
ting layer and transporting electrons to the emission region
and has a large electron mobility. The adhesion improving
layer is an electron injecting layer particularly made of a
material having a good adhesion to the cathode. As the mate-
rial for the electron injecting layer, a metal complex of 8 hy-
droxyquinoline or its derivative are suitably used. Examples
of the metal complex of 8-hydroxyquinoline or its derivative
include metal chelated oxinoid compound having a chelating
ligand of oxine (generally referred to as 8-quinolinol or 8-hy-
droxyquinoline), for example, tris(8-quinolino)aluminum.
Since the electric filed exerts its influence on the ultrathin
films of the organic EL device of the invention, the pixel
defect due to leakage and short circuit is likely to cause. To
prevent this, an insulating thin-film layer may be disposed
between a pair of electrodes.

[0108] Examples of the material for forming the insulating
layer include aluminum oxide, lithium fluoride, lithium
oxide, cesium fluoride, cesium oxide, magnesium oxide,
magnesium fluoride, calcium oxide, calcium fluoride, alumi-
num nitride, titanium oxide, silicon oxide, germanium oxide,
silicon nitride, boron nitride, molybdenum oxide, ruthenium
oxide, and vanadium oxide. A mixture thereof'is also usable.
The insulating layer may be a laminate of layers of these
materials.

[0109] As described above, the organic EL device of the
invention is produced, for example, by forming the anode, the
light-emitting layer, the optional hole injecting layer, the
optional electron injecting layer, and finally the cathode by
the method using the above materials each mentioned above.
Alternatively, the organic EL device may be produced in the
reverse order from the cathode to the anode.

Examples

[0110] The present invention is explained below in more
detail with reference to the examples. However, it should be
noted that the scope of the invention is not limited to the
following examples.

Example 1

(1) Synthesis of Monomer
[0111]

Intermediate a
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-continued
Intermediate b
Br, Me
O N
N .
Me Br

[0112] Into a 300-ml three-necked flask equipped with a
cooling column, 3.8 g (10 mmol) of 6,12-dibromochrysene,
5.83 g (25 mmol) of tolylnaphthylamine, 0.03 g (1.5 mol %)
of palladium acetate, 0.06 g (3 mol %) of tri-t-butylphos-
phine, 2.4 g (25 mmol) of sodium t-butoxide, and 100 ml of
dry toluene were charged in an argon atmosphere. The mix-
ture was heat-dried over one night at 100° C. After the reac-
tion, the precipitated crystals were collected by filtration and
washed with 50 ml of toluene and then 100 m] of methanol, to
obtain 5.9 g of pale yellow powder (Intermediate a, 85%
vield).

[0113] Intoa three-necked flask, 5.9 g (8.54 mmol) of Inter-
mediate a and 150 ml of N,N'-dimethylformamide were
charged in argon atmosphere. Then, a solutionof3.11 g (17.5
mmol) of N-bromosuccinimide in 10 ml of dry N,N'-dimeth-
ylformamide was added to the flask dropwise at 25 to 35° C.
After the dropwise addition, the reaction liquid was refluxed
under heating for 2 h to allow the reaction to proceed. There-
after, the reaction mixture was allowed to stand for cooling to
room temperature. When the temperature dropped to 25° C.
or lower, 150 ml of methanol was added dropwise. The pre-
cipitated crystals were collected by filtration, washed with
methanol and vacuum dried, to obtain 5.4 g (6.36 mmol, 78%
vield, 99.5% purity by HPLC) of the aimed Intermediate b
(Monomer 1).

[0114] Intermediate ¢ (Monomer 4) was synthesized by a
common method according to the following reaction scheme.

B : B(OH
II | :
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-continued

B

(HO),B B(OH),

Intermediate ¢

(2) Synthesis of Polymer

[0115]
cooling column, 0.203 g (0.24 mmol) of Intermediate b, 1.08

Into a 300-ml three-necked flask equipped with a

g (3.76 mmol) of 2,6-dibromonaphthalene (Monomer 2),
1.66 g (3.96 mmol) of Intermediate ¢, 2.7 mg of palladium
acetate, 29.6 mg of tris(2-methoxyphenyl)phosphine, Aliquat
336 (0.52 g, manufactured by Aldrich Chemical Co., Inc.),
and 40 ml of dry toluene were charged in argon atmosphere.
The mixture was heated to 105° C. The resulting reaction
liquid was added dropwise with a 2 M Na,CO; aqueous
solution (10.9 ml) and refluxed for 8 h. After the reaction, 50
mg of phenyl borate was added and the reflux was continued
for 2 h to allow the reaction to proceed. After adding an
aqueous solution of sodium diethyldithiacarbamate, the mix-
ture was stirred at 80° C. for 2 h. After cooling, the mixture
was extracted with an organic solvent and then the extract was
concentrated. The precipitate was collected by filtration and
successively washed with ion-exchanged water, a 3% aque-
ous solution of acetic acid, ion-exchanged water, and metha-
nol. The obtained precipitate was dissolved in toluene under
heating and purified by passing through a silica gel column.
The obtained toluene solution was concentrated and then
added dropwise to a methanol solution for reprecipitation.
The precipitate was collected by filtration and dried to obtain
Polymer 1 (1.98 g).

[0116] Themolecular weights of Polymer 1 were Mn=110,
000 and Mw=250,000 (standard polystyrene calibration).
[0117] Onaglass substrate having a 150-nm thick ITO film
sputtered, PEDOT/PSS aqueous solution (Bayton P available

from Bayer Aktiengesellschaft) was spin-coated to form a
film of 50 nm thick and dried at 200° C. for 10 min on a hot
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plate. Then, a 1.2 wt % xylene solution of Polymer 1 was
spin-coated at 900 rpm to form a film of about 100 nm thick,
dried at 130° C. for 1 h in argon atmosphere, and then vacuum
dried. Thereafter, Alq was vapor-deposited to form an elec-
tron transporting layer of 20 nm thick, and lithium fluoride
was vapor-deposited to a thickness of about 1 nm and then
aluminum to a thickness of about 150 nm to form a cathode,
thereby producing an organic EL device.

[0118]
collectively shown in Tables 3 and 4.

The device characteristics of the obtained device are

Example 2

(1) Synthesis of Monomer

[0119]
shown in Table 1 was synthesized.

In the same manner as in Example 1, Monomer 1

(2) Synthesis of Polymer

[0120]
cooling column, 0.180 g (0.24 mmol) of Monomer 1, 0.938 g
(3.28 mmol) of Monomer 2 (2,6-dibromonaphthalene), 0.113
2 (0.48 mmol) of Monomer 3 (1,3-dibromobenzene), 1.66 g
(3.96 mmol) of Monomer 4, 2.7 mg of palladium acetate, 29.6
mg of tris(2-methoxyphenyl)phosphine, Aliquat 336 (0.52 g,
manufactured by Aldrich Chemical Co., Inc.), and 40 ml of
dry toluene were charged. The mixture was heated to 105° C.
The resulting reaction liquid was added dropwise witha 2 M
Na,CO; aqueous solution (10.9 ml) and refluxed for 8 h. After
the reaction, 50 mg of phenyl borate was added and the reflux
was further continued for 2 h to allow the reaction to proceed.
After adding an aqueous solution of sodium diethyldithiacar-
bamate, the mixture was stirred at 80° C. for 2 h. After
cooling, the mixture was extracted with an organic solvent
and then the extract was concentrated. The precipitate was
collected by filtration and successively washed with ion-ex-
changed water, a 3% aqueous solution of acetic acid, ion-
exchanged water, and methanol. The obtained precipitate was
dissolved in toluene under heating and purified by passing
through a silica gel column. The obtained toluene solution
was concentrated and then added dropwise to a methanol
solution for reprecipitation. The precipitate was collected by
filtration and dried to obtain Polymer 2 (1.88 g).

[0121] In the same manner as in Example 1, a device was
produced. The results of the analysis of polymer and the
evaluation of the device are collectively shown in Tables 3 and
4.

Into a 300-ml three-necked flask equipped with a

BExamples 3-22 and Comparative Examples 1-2

[0122] In the same manner as in Example 1 or 2, Polymers
3-22 and the comparative compounds 1 and 2 were synthe-
sized. The combination of monomers are shown in Tables 1
and 2, and the results of the analysis of synthesized polymers
and the evaluation of devices are shown in Tables 3 and 4.
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TABLE 1

Monomers of Polymer (blue emission)

Monomer 1 Monomer 2
Examples
1 Br Me l l Br
O N
N .
Me Br
2 Me

B

w

I

Q

N E
O Br

o £

N E
O Br
Me

T Me
N O .Q
Me Br

4B

B

I
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TABLE 1-continued

5 Br Br
Me
i ’
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TABLE 1-continued

9 : Br Il II ,Br
OQ ’

10 Br

11 Me /“/‘ ‘ Br
Br

Br
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TABLE 1-continued
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13 Br,

SO0

N

Br

Monomer 3

Monomer 4

1 —

Br

4
Br [0} Br

6 —

’ Q
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TABLE 1-continued

OOBI

Br

o
(.

(HO),B B(OH),

Br

(HO),B B(OH),

o O

Br

(HO),B B(OH),

®

(HO),B B(OH),

H
LSS}
\

(HO),B B(OH),

(HO),B B(OH),
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TABLE 1-continued

13 ’ O
Br

(HO),B B(OH),

TABLE 2

Monomers of Polymer (green emission and comparisons)

Monomer 1 Monomer 2

Examples

*Q e

*Q .
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TABLE 2-continued
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foos

o)
=

| ®9
()

/“” Br
Br

/./“ Br
Br
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TABLE 2-continued
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o]
&=

19 ®r I’ I! Br
‘ CO N
N

Br

”/OO Br
Br
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TABLE 2-continued

2@

O
S
e

23 @r Br
5 oS O

6@’ N
‘ ®

Comparative Examples

e ~JO

§ Q'O ~0

Br Br

Br
Br
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TABLE 2-continued

Monomer 3 Monomer 4
) : O
(HO),B O B(OH),
15 —
(HO),B B(OH),

16

17 —

19 —

) Br O
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TABLE 2-continued

20

21

22

23

(HO),B B(OH),

(HO),B B(OH),

(HO),E B(OH),

(HO),B B(OH),

@ indicates text missing or illegible when filed
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TABLE 3

{blue emission)

Maximum
Emission Peak wavelength  efficiency Half lifetime
Examples Mn Mw  color (nm) (cd/A) (@ 1000 nit)
1 45,000 103,500 blue 450 4.2 135
2 57,000 125,400 blue 445 39 120
3 50,000 115,000 blue 445 35 100
4 60,000 144,000 blue 450 4 130
5 49,000 117,600 blue 445 3.6 105
6 51,000 117,300 blue 445 34 110
7 54,000 129,600 blue 450 3.8 105
8 61,000 140,300 blue 435 3.1 85
9 62,000 142,600 blue 430 29 80
10 59,000 141,600 blue 430 29 80
11 53,000 121,900 blue 430 3.1 7
12 49,000 112,700 blue 430 33 85
13 48,000 110,400 blue 435 29 7
TABLE 4
(green emission and comparisons)
Peak Maximum
Emission wavelength  efficiency Half lifetime
Mn Mw  color (nm) (cd/A) (@ 1000 nit)
Examples
14 75,000 187,500 green 535 12.5 450
15 66,000 158,400 green 535 13.1 350
16 69,000 165,600 green 540 12.7 370
17 53,000 132,500 green 530 13.5 430
18 64,000 160,000 green 530 13.3 390
19 72,000 172,800 green 535 12.1 300
20 59,000 141,600 green 530 12.2 310
21 51,000 122,400 green 535 12.1 300
22 54,000 135,000 green 535 11.5 270
23 62,000 148,800 green 535 11.9 250
Comparative
Examples
1 110,000 330,000 green 530 9.7 180
2 28,000 52,000 blue 460 3 5
INDUSTRIAL APPLICABILITY X is a substituted or unsubstituted aryl group having 6 to 40
[0123] The polymer of the invention is useful as the light ring-forming carbon atoms, a substituted or unsubsti-

emission material and provides an organic EL device excel-
lent in the performance such as lifetime and emission effi-
ciency.
1. A polymer comprising a repeating unit A and a repeating
unit B,
wherein the repeating unit A is selected from divalent
groups which are derived from compounds represented
by formula (1):

@

Ar, Ars

Al‘l_Il\I_X IL_AM

wherein Ar, to Ar, are each independently a substituted or
unsubstituted aryl group having 6 to 40 ring-forming
carbon atoms, a substituted or unsubstituted heterocy-
clic group having 3 to 40 ring-forming atoms, or a sub-
stituted or unsubstituted alkyl group having 1 to 50
carbon atoms;

tuted heterocyclic group having 3 to 40 ring-forming
atoms, or a substituted or unsubstituted styrene-derived
group; s is an integer of 0 to 3; and

two or three —NAr;Ar, groups may be the same or differ-
ent when s is 2 or 3; and —NAr;Ar, is a hydrogen atom
when s is 0; and

the repeating unit B is selected from divalent groups which
are derived from compounds represented by any one of
formulae (2) to (6):

@
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-continued
6)]
R,
\ | /
\ | /
\ 7/
@
—\ _R,

&)

©)

wherein R is a substituted or unsubstituted aryl group hav-
ing 6 to 40 ring-forming atoms, a substituted or unsub-
stituted heterocyclic group having 3 to 40 ring-forming
atoms, or a substituted or unsubstituted alkyl group hav-
ing 1 to 50 carbon atoms;

ais an integer of 0 to 6;

b is an integer of 0 to 8; and

¢ is an integer of 0 to 10.

Nov. 18,2010

2. The polymer according to claim 1, wherein the com-

pound represented by formula (3) is

wherein FA and FA'are each independently a substituted or
unsubstituted aryl group having 6 to 30 ring-forming
carbon atoms, and

Ar and Ar' are each independently a substituted or unsub-
stituted aryl group having 6 to 40 ring-forming carbon
atoms, a substituted or unsubstituted heterocyclic group
having 3 to 40 ring-forming atoms, or a substituted or
unsubstituted alkyl group having 1 to 50 carbon atoms.

3. The polymer according to claim 1, wherein X is a group

derived from a compound represented by any one of formulae

XD to (X11):

1

X
Ay Ry
>NAI10‘<§\; ;é‘i
Ay Aryy \ 4{ /As
Ry / Arp——N
Rz \A4 A

wherein Ar, ,and Ar, | are eachindependently a substituted
or unsubstituted arylene group having 6 to 40 ring-form-
ing carbon atoms or a substituted or unsubstituted diva-
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lent heterocyclic group having 3 to 40 ring-forming car-
bon atoms; Ar,, is a substituted or unsubstituted aryl
group having 6 to 40 ring-forming carbon atoms or a
substituted or unsubstituted heterocyclic group having 3 X5)
to 40 ring-forming carbon atoms;

R, to R,; are each independently a hydrogen atom, a
substituted or unsubstituted alkyl group having 1 to 50
carbon atoms, a substituted or unsubstituted aryl group
having 6 to 40 ring-forming carbon atoms, a substituted
or unsubstituted aralkyl group having 7 to 50 carbon
atoms, a substituted or unsubstituted cycloalkyl group
having 3 to 50 ring-forming carbon atoms, a substituted
or unsubstituted alkoxy group having 1 to 50 carbon
atoms, a substituted or unsubstituted aryloxy group hav-
ing 6 to 40 ring-forming carbon atoms, an amino group,
a mono- or diarylamino group having a substituted or
unsubstituted aryl group having 6 to 40 ring-forming
carbon atoms, a mono- or dialkylamino group having a
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a cyano group, a nitro group, a hydroxyl
group, or a halogen atom; X6)

A, to A, are each independently a substituted or unsubsti-
tuted alkyl group having 1 to 50 carbon atoms or a
substituted or unsubstituted aryl group having 6 to 40
ring-15 forming carbon atoms;

m is an integer of 0 to 2; and

nis an integer of 1 to 3;

X2)
Ay
A
/ ’ wherein A, A,, A5, AL, L, Ly, and n are as defined above;
N—L—Y—IL, N
\
Ay Ay

X7

wherein A}, A,. A;, A,, and n are as defined above,

L, and L, are each independently a single bond or a sub- Az
stituted or unsubstituted arylene group having 6 to 20 N/
ring-forming carbon atoms, and \
Y is a non-condensed aryl group having 1 to 4 benzene M)
rings;
wherein R, o, Ry;, A, Ay, Ay, A L, L, and n are as
(X3) defined above;
Ay
N—L——
/ (X8)
As Az
/
N A3
\ /
Ay N
" \
Ay A
wherein A, A,, A;, A, L, L,, andn are as defined above;
(X4) wherein A, A,, A5, A,, L, L,, and n are as defined above;
A is a substituted or unsubstituted divalent saturated group
A /A3 which forms a 5- to 8-membered ring together with the
\ T, N\ carbon atoms at 1, 2, 1', and 2' positions of the biphenyl
N—L—1 :
/ Y / A / structure;
Ay B is a substituted or unsubstituted divalent saturated group
which forms a 5- to 8-membered ring together with the

carbon atoms at 1, 6, 1', and 6' positions of the biphenyl
wherein A, A5, A;, Ay, Ly, Ly, and n are as defined above; structure and B may be the same as or different from A;
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pis Oor I and no bond is formed between the carbon atoms
at 6 and 6' positions when p is 0; and

the ring structure formed by A and the carbonatoms at 1, 2,
1", and 2'positions and/or the ring structure formed by B
and the carbon atoms at 1, 6, 1', and 6' positions may
have a spiro-ring structure;

X9)
Rio Ry
A

\N_L X Q s
T ——L.—+N
=i

wherein R, R,;, A}, A,, Ay, Ay, Ly, L,, and n are as
defined above and q is an integer of 1 to 3;

(X10)

wherein A |, A,, A;, A,, L, L, and n are as defined above;
and

A
\ Az
/N—Ll /\\*Lz N/
e \ / \A4 /

wherein A, A,, A;, Ay, Ly, Ly, and n are as defined above.

4. The polymer according to claim 1, wherein a molar ratio
of the repeating units A and the repeating units B is 0.1:99.9
t0 99.9:0.1.

5. An organic electroluminescent material comprising the
polymer as defined in claim 1.

6. The organic electroluminescent material according to
claim 5, which further comprises at least one compound
selected from the group consisting of acompound comprising
a repeating unit A selected from divalent groups which are
derived from compounds represented by formula (1):

ll\rz ll\rs
AII_N_X N—Ar4
5

wherein Ar, to An, are each independently a substituted or
unsubstituted aryl group having 6 to 40 ring-forming
carbon atoms, a substituted or unsubstituted heterocy-
clic group having 3 to 40 ring-forming atoms, or a sub-
stituted or unsubstituted alkyl group having 1 to 50
carbon atoms;

X11)

M
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X is a substituted or unsubstituted aryl group having 6 to 40
ring-forming carbon atoms, a substituted or unsubsti-
tuted heterocyclic group having 3 to 40 ring-forming
atoms, or a substituted or unsubstituted styrene-derived
group;

s is an integer of 0 to 3; and

two or three —NAr;Ar,groups may be the same or differ-
ent when s is 2 or 3; and

—NAr;Ar, is a hydrogen atom when s is 0

a homopolymer comprising the repeating units A, a
copolymer comprising the repeating units A, a com-
pound comprising a repeating unit B is selected from
divalent groups which are derived from compounds rep-
resented by any one of formulae (2) to (6):

8
/

Ry

\
\
\ | /
\ | /
\_/

3

@

\ | /
\ | /
\ 7/

®)
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-continued

()
Ry

/N

wherein R is a substituted or unsubstituted aryl group hav-
ing 6 to 40 ring-forming atoms, a substituted or unsub-
stituted heterocyclic group having 3 to 40 ring-forming
atoms, or a substituted or unsubstituted alkyl group hav-
ing 1 to 50 carbon atoms;

ais an integer of 0 to 6;
b is an integer of 0 to 8; and
cis an integer of 0 to 10;

a homopolymer comprising the repeating units B, and a
copolymer comprising the repeating units B.

7. An organic electroluminescence device comprising an
anode, a cathode. and an organic compound layer which
comprises a layer and is disposed between the anode and the
cathode, wherein a layer of the organic compound layer is a
light-emitting layer comprising the polymer as defined in
claim 1.

8. The organic electroluminescence device according to
claim 7, wherein the light-emitting layer further comprises at
least one compound selected from the group consisting of a
compound comprising a repeating unit A selected from diva-
lent groups which are derived from compounds represented
by formula (1):

TIZ TI3
AII_N_X N_AI4
5

wherein Ar, to Ar, are each independently a substituted or
unsubstituted aryl group having 6 to 40 ring-forming
carbon atoms, a substituted or unsubstituted heterocy-
clic group having 3 to 40 ring-forming atoms, or a sub-
stituted or unsubstituted alkyl group having 1 to 50
carbon atoms;

@

X 1s asubstituted or unsubstituted aryl group having 6 to 40
ring-forming carbon atoms, a substituted or unsubsti-
tuted heterocyclic group having 3 to 40 ring-forming
atoms, or a substituted or unsubstituted styrene-derived
group;

s is an integer of 0 to 3; and

two or three —NAr; Ar, groups may be the same or differ-
ent when s is 2 or 3; and

—NAr;Ar, is a hydrogen atom when s is 0;

a homopolymer comprising the repeating units A, a
copolymer comprising the repeating units A, a com-
pound comprising a repeating unit B selected from diva-
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lent groups which are derived from compounds repre-
sented by any one of formulae (2) to (6):

8
\_/

@

3

\ | /
\ | /
\ 7/

@
=\ R

\ | /
\ | /
\ 7/

)

(6)

wherein R is a substituted or unsubstituted aryl group hav-
ing 6 to 40 ring-forming atoms, a substituted or unsub-
stituted heterocyclic group having 3 to 40 ring-forming
atoms, or a substituted or unsubstituted alkyl group hav-
ing 1 to 50 carbon atoms;
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ais an integer of 0 to 6; 10. The organic electroluminescence device according to
b is an integer of 0 to 8; and claim 7, wherein the light-emitting layer further comprises an
cis an integer of 0 to 10; arylamine compound and/or a styrylamine compound.
a homopolymer comprising the repeating units B, and a 11. The organic electroluminescence device according to
copolymer comprising the repeating units B. claim 7, wherein the light-emitting layer further comprises a

9. The organic electroluminescence device according to metal complex.
claim 7, wherein the light-emitting layer further comprises a
phosphorescent dopant and/or a fluorescent dopant. ok ok ok &
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