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57) ABSTRACT

A polymerizable monomer represented by the following for-
mula (1) which is substituted by one or more groups compris-
ing a polymerizable functional group wherein Ar' and Ar* to
Ar® are independently a substituted or unsubstituted aryl
group having 6 to 40 ring carbon atoms; and Ar?, Ar® and L.!
are a substituted or unsubstituted arylene group having 6 to 40
ring carbon atoms:
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NOVEL POLYMERIZABLE MONOMER AND
POLYMER OF THE POLYMERIZABLE
MONOMER, AND MATERIAL FOR ORGANIC
DEVICE, HOLE INJECTION/TRANSPORT
MATERIAL AND ORGANIC
ELECTROLUMINESCENT ELEMENT EACH
COMPRISING THE POLYMER

TECHNICAL FIELD

[0001] The invention relates to a novel polymerizable
monomer having a polymerizable functional group (a func-
tional group which causes a chemical reaction in which two or
more molecules of one unit compound are bonded to form a
compound of which the molecular weight is an integral mul-
tiple of the unit compound), a polymer having it as a repeating
unit, a material for an organic device, a hole-injecting/trans-
porting material and an organic electroluminescence device
each comprising the polymer.

[0002] An organic electroluminescence (EL) device is a
self-emission device utilizing the principle that a fluorescent
compound emits light by the recombination energy of holes
injected from an anode and electrons injected from a cathode
when an electric field is impressed. Since C. W. Tang et al. of
Eastman Kodak Co. reported a low-voltage driven organic EL.
device in the form of a stacked type device (Non-Patent
Document 1), studies on organic EL devices wherein organic
materials are used as the constituent materials have actively
been conducted. Tang et al. use tris(8-quinolinolato)alumi-
num in an emitting layer and a triphenyldiamine derivative in
a hole-transporting layer. The advantages of the stack struc-
ture are to increase injection efficiency of holes to the emitting
layer, to increase generation efficiency of excitons generated
by recombination by blocking electrons injected from the
cathode, to confine the generated excitons in the emitting
layer, and so on. Like this example, as the structure of the
organic EL device, a two-layered type of a hole-transporting
(injecting) layer and an electron-transporting emitting layer,
and a three-layered type of a hole-transporting (injecting)
layer, an emitting layer and an electron-transporting (inject-
ing) layer are widely known. In such stack structure devices,
their device structures and fabrication methods have been
contrived to increase recombination efficiency of injected
holes and electrons.

[0003] Inrecent years, practical application of a display or
an illumination device using such organic EL device has been
actively studied. A reduction in cost and an increase in screen
size can be mentioned as important subjects for realizing such
practical application. Under such circumstances, as com-
pared with conventional vacuum deposition type organic EL
devices, there is an increasing demand for a coating (solution)
type organic EL device. A coating type organic EL device is
expected to have such advantages that utilization efficiency of
raw materials is high, film formation for attaining a large
screen is facilitated, and costs incurred for apparatuses are
decreased since no vacuum system is required.

[0004] As organic EL materials for a coating type organic
device, low-molecular materials and high-molecular materi-
als can be mentioned. In order to attain uniform coating and to
obtain a device with a stacked structure, high molecular mate-
rials are thought to be preferable. In particular, development
of a material for a high-molecular hole-transporting (inject-
ing) layer which can function as the common layer of a
display or an illumination device has been desired.
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[0005] As the material for the high-molecular hole-trans-
porting (injecting) layer, a polymer having a repeating unit
obtained by substituting a low-molecular hole-transporting
material with a vinyl group is known (Documents 1 to 10).
[0006] However, in an organic EL device having the above-
mentioned polymer in a hole-transporting (injecting) layer,
device performance such as life (half life) and luminous effi-
ciency is not necessarily sufficient. In particular, there is a
problem that, if such organic EL. devices are subjected to
high-luminance or high-temperature driving, which is prac-
tical in applications such as a display and an illuminator, the
life thereof is significantly shortened.

RELATED ART DOCUMENTS

Patent Documents

[0007] Patent Document 1: JP-A-H07-90255
[0008] Patent Document 2: JP-A-H08-54833
[0009] Patent Document 3: JP-A-H08-269133
[0010] Patent Document 4: JP-A-2001-098023
[0011] Patent Document 5: JP-A-2002-110359
[0012] Patent Document 6: JP-A-2003-313240
[0013] Patent Document 7: JP-A-2004-059743
[0014] Patent Document 8: JP-A-2006-237592
[0015] Patent Document 9: JP-A-2008-198989
[0016] Patent Document 10: JP-A-2008-218983
Non-Patent Document
[0017] Non-Patent Document 1: C. W. Tang, S. A.

Vanslyke, Applied Physics Letters, Vol. 51, Page 913, 1987

SUMMARY OF THE INVENTION

[0018] An object of the invention is to provide a novel
polymerizable monomer and a polymer having it as a repeat-
ing unit which is useful as a material for a coating type organic
device, in particular as a hole-injecting/transporting material,
as well as to provide an organic EL device which is improved
in device performance such as life and luminous efficiency
and hence is suited for practical application.

[0019] That is, the invention provides the following poly-
merizable monomer, a polymer having it as a repeating unit,
an organic device material, a hole-injecting/transporting
material, a material for an organic electroluminescence
device (organic EL device) and an organic EL device each
comprising the polymer.

1. A polymerizable monomer represented by the following
formula (1) which is substituted by one or more groups com-
prising a polymerizable functional group:

@

AI[
\ Ar\z\
A’ Ar®
/
N—L!—N
Art Ar®

wherein Ar' and Ar* to Ar® are independently a substituted or
unsubstituted aryl group having 6 to 40 carbon atoms that
form a ring (hereinafter referred to as “ring carbon atoms™);
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[0020] Ar? Ar® and L' are a substituted or unsubstituted
arylene group having 6 to 40 ring carbon atoms; and

[0021] the substituents for L' and Ar' to Ar® when they are
substituted are independently one or more groups selected
from the group consisting of an alkyl group having 1 to 20
carbon atoms, a cycloalkyl group having 3 to 10 carbon
atoms, an aryl group having 6 to 30 ring carbon atoms, an
alkoxy group having 1 to 20 carbon atoms, a cycloalkoxy
group having 3 to 10 carbon atoms, an aryloxy group having
6 to 30 ring carbon atoms, an aralkyl group having 7 to 31
carbon atoms wherein the aryl part has 6 to 30 ring carbon
atoms, a heterocyclic group having 3 to 30 atoms that form a
ring (hereinafter referred to as “ring atoms”), a mono- or
dialkylamino group having an alkyl group having 1 to 20
carbon atoms, a mono- or diarylamino group having an aryl
group having 6 to 30 ring carbon atoms, a trialkylsilyl group
having 3 to 20 carbon atoms, a triarylsilyl group having 18 to
30 ring carbon atoms, a dialkylarylsilyl group or an alkyldiar-
ylsilyl group having 8 to 30 carbon atoms wherein the aryl
part has 6 to 20 ring carbon atoms, an alkylarylamino group
having 8 to 30 carbon atoms wherein the aryl part has 6 to 20
ring carbon atoms, a halogen atom, a nitro group, a cyano
group and a hydroxyl group.

2. A polymerizable monomer represented by the following
formula (2) which is substituted by one or more groups com-
prising a polymerizable functional group:

(@)
Ar7 Ar®
/
N—L2—N
/
AIS AIIO

wherein Ar” to Ar'® are independently a substituted or unsub-
stituted aryl group having 6 to 40 ring carbon atoms, and at
least one of Ar’ to Ar'® is an aryl group containing a fused
polycyclic aromatic group having 10 to 40 ring carbon atoms;

[0022] the substituents for Ar’ to Ar'® when they are sub-
stituted are independently one or more groups selected from
the group consisting of an alkyl group having 1 to 20 carbon
atoms, a cycloalkyl group having 3 to 10 carbon atoms, an
aryl group having 6 to 30 ring carbon atoms, an alkoxy group
having 1 to 20 carbon atoms, a cycloalkoxy group having 3 to
10 carbon atoms, an aryloxy group having 6 to 30 ring carbon
atoms, an aralkyl group having 7 to 31 carbon atoms wherein
the aryl part has 6 to 30 ring carbon atoms, a heterocyclic
group having 3 to 30 ring atoms, a mono- or dialkylamino
group having an alkyl group having 1 to 20 carbon atoms, a
mono- or diarylamino group having an aryl group having 6 to
30 ring carbon atoms, a trialkylsilyl group having 3 to 20
carbon atoms, a triarylsilyl group having 18 to 30 ring carbon
atoms, a dialkylarylsilyl group or an alkyldiarylsilyl group
having 8 to 30 carbon atoms wherein the aryl part has 6 to 20
ring carbon atoms, an alkylarylamino group having 8 to 30
carbon atoms wherein the aryl part has 6 to 20 ring carbon
atoms, a halogen atom, a nitro group, a cyano group and a
hydroxyl group; and
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[0023] L2 is a group selected from groups represented by
the following formula:

Yy | \
X
(Rz)g Ry

R6 R

wherein R? to R” are independently a group selected from the
group consisting of an alkyl group having 1 to 20 carbon
atoms, a cycloalkyl group having 3 to 10 carbon atoms, an
aryl group having 6 to 30 ring carbon atoms, an alkoxy group
having 1 to 20 carbon atoms, a cycloalkoxy group having 3 to
10 carbon atoms, an aryloxy group having 6 to 30 ring carbon
atoms, an aralkyl group having 7 to 31 carbon atoms wherein
the aryl part has 6 to 30 ring carbon atoms, a heterocyclic
group having 3 to 30 ring atoms, a mono- or dialkylamino
group having an alkyl group having 1 to 20 carbon atoms, a
mono- or diarylamino group having an aryl group having 6 to
30 ring carbon atoms, a trialkylsilyl group having 3 to 20
carbon atoms, a triarylsilyl group having 18 to 30 ring carbon
atoms, a dialkylarylsilyl group or an alkyldiarylsilyl group
having 8 to 30 carbon atoms wherein the aryl part has 6 to 20
ring carbon atoms, an alkylarylamino group having 8 to 30
carbon atoms wherein the aryl part has 6 to 20 ring carbon
atoms, a halogen atom, a nitro group, a cyano group, and a

hydroxyl group;
[0024] g and h are independently an integer of 0 to 4; and
[0025] i and j are independently an integer of O to 3.

3. A polymerizable monomer represented by the following
formula (3) which is substituted by one or more groups com-
prising a polymerizable functional group:

®3)
Ar”
}IIZ AIM
N—L3—N
Ar13 AIIS

wherein Ar'® to Ar'® are independently a substituted or
unsubstituted aryl group having 6 to 40 ring carbon atoms;
[0026] Ar'? and L area substituted or unsubstituted
arylene group having 6 to 40 ring carbon atoms;

[0027] Ar'! is a substituted or unsubstituted aryl group
comprising a fused polycyclic aromatic group having 10 to 40
ring carbon atoms; and

[0028] the substituents for L.> and Ar'' to Ar'> when they
are substituted are independently one or more groups selected
from the group consisting of an alkyl group having 1 to 20
carbon atoms, a cycloalkyl group having 3 to 10 carbon
atoms, an aryl group having 6 to 30 ring carbon atoms, an
alkoxy group having 1 to 20 carbon atoms, a cycloalkoxy
group having 3 to 10 carbon atoms, an aryloxy group having
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6 to 30 ring carbon atoms, an aralkyl group having 7 to 31
carbon atoms wherein the aryl part has 6 to 30 ring carbon
atoms, a heterocyclic group having 3 to 30 ring atoms, a
mono- or dialkylamino group having an alkyl group having 1
to 20 carbon atoms, a mono- or diarylamino group having an
aryl group having 6 to 30 ring carbon atoms, a trialkylsilyl
group having 3 to 20 carbon atoms, a triarylsilyl group having
18 to 30 ring carbon atoms, a dialkylarylsilyl group or an
alkyldiarylsilyl group having 8 to 30 carbon atoms wherein
the aryl part has 6 to 20 ring carbon atoms, an alkylarylamino
group having 8 to 30 carbon atoms wherein the aryl part has
6 to 20 ring carbon atoms, a halogen atom, a nitro group, a
cyano group and a hydroxyl group.

4. The polymerizable monomer according to one of 1 to 3,
wherein at least one of the aryl groups bonded to the nitrogen
atoms in the formulas (1) to (3) is selected from the group
consisting of groups represented by the following formulas
@) to (7):

@
/
®— |
(@]
©
©
@
/
®R¥—— |
S
/
I
7%/
(RI3),
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wherein R® to R'® are independently one or more groups
selected from the group consisting of an alkyl group having 1
to 20 carbon atoms, a cycloalkyl group having 3 to 10 carbon
atoms, an aryl group having 6 to 30 ring carbon atoms, an
alkoxy group having 1 to 20 carbon atoms, a cycloalkoxy
group having 3 to 10 carbon atoms, an aryloxy group having
6 to 30 ring carbon atoms, an aralkyl group having 7 to 31
carbon atoms wherein the aryl part has 6 to 30 ring carbon
atoms, a heterocyclic group having 3 to 30 ring atoms, a
mono- or dialkylamino group having an alkyl group having 1
to 20 carbon atoms, a mono- or diarylamino group having an
aryl group having 6 to 30 ring carbon atoms, a trialkylsilyl
group having 3 to 20 carbon atoms, a triarylsilyl group having
18 to 30 ring carbon atoms, a dialkylarylsilyl group or an
alkyldiarylsilyl group having 8 to 30 carbon atoms wherein
the aryl part has 6 to 20 ring carbon atoms, an alkylarylamino
group having 8 to 30 carbon atoms wherein the aryl part has
6 to 20 ring carbon atom, a halogen atom, a nitro group, a
cyano group and a hydroxyl group;

[0029] a,c,d,eandgareindependently an integer of O to 4;
[0030] b, fand h are independently an integer of 0 to 3;
[0031] Ar'®is an alkyl group having 1 to 20 carbon atoms,

acycloalkyl group having 3 to 10 carbon atoms, an aryl group
having 6 to 30 ring carbon atoms, an aralkyl group having 7 to
31 carbon atoms wherein the aryl part has 6 to 30 ring carbon
atoms or a heterocyclic group having 3 to 30 ring atoms;
[0032] L*to L° are independently a single bond or a sub-
stituted or unsubstituted arylene group having 6 to 50 ring
carbon atoms; and

[0033] the substituents for L* to L® when they are substi-
tuted are one or more groups selected from the group consist-
ing of an alkyl group having 1 to 20 carbon atoms, a
cycloalkyl group having 3 to 10 carbon atoms, an aryl group
having 6 to 30 ring carbon atoms, an alkoxy group having 1 to
20 carbon atoms, a cycloalkoxy group having 3 to 10 carbon
atoms, an aryloxy group having 6 to 30 ring carbon atoms, an
aralkyl group having 7 to 31 carbon atoms wherein the aryl
part has 6 to 30 ring carbon atoms, a heterocyclic group
having 3 to 30 ring atoms, a mono- or dialkylamino group
having an alkyl group having 1 to 20 carbon atoms, a mono-
or diarylamino group having an aryl group having 6 to 30 ring
carbon atoms, a trialkylsilyl group having 3 to 20 carbon
atoms, a triarylsilyl group having 18 to 30 ring carbon atoms,
a dialkylarylsilyl group or an alkyldiarylsilyl group having 8
to 30 carbon atoms wherein the aryl part has 6 to 20 ring
carbon atoms, an alkylarylamino group having 8 to 30 carbon
atoms wherein the aryl part has 6 to 20 ring carbon atoms, a
halogen atom, a nitro group, a cyano group and a hydroxyl
group.

5. The polymerizable monomer according to one of 1, 3 and
4 wherein L' and L* to L° are independently selected from the
group consisting of a substituted or unsubstituted phenylene
group, a substituted or unsubstituted naphthylene group, a
substituted or unsubstituted biphenylylene group, a substi-
tuted or unsubstituted terphenylylene, group and a substituted
or unsubstituted fluorenylylene group.

6. The polymerizable monomer according to one of 1 to 5,
which is substituted by only one group comprising a poly-
merizable functional group.

7. The polymerizable monomer according to one of 1 to 6,
wherein at least one of Ar* and Ar* to Ar® in the formula (1),
atleast one of Ar” to Ar'® in the formula (2) and at least one of
Ar'! and Ar'® to Ar'? in the formula (3) are substituted by the
group comprising a polymerizable functional group.
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8. The polymerizable monomer according to 7, wherein an
aromatic group at a terminal in the formulas (1) to (3) is
substituted by the group comprising a polymerizable func-
tional group, and the polymerizable functional group and the
part other than the terminal aromatic group in the formulas (1)
to (3) are bonded to the terminal aromatic group at the para
position.

9. The polymerizable monomer according to one of 1 to 8,
wherein the group comprising a polymerizable functional
group is selected from the groups of the following (i) to (v):
(1) a group comprising a vinyl group or a vinylidene group
shown below:

wherein R'7 is a hydrogen atom, an alkyl group having 1 to 50
carbon atoms or a substituted or unsubstituted aryl group
having 6 to 40 ring carbon atoms; L7 is a divalent linking
group; and n is an integer of 0 or 1:

(ii) a group comprising an N-maleimide group shown below:

-

wherein 1% is a divalent linking group and n is an integer of 0
or 1:
(iii) a group comprising a norbornenyl group shown below:

wherein L? is a divalent linking group and n is an integer of 0
or1:
(iv) a group comprising an acetylenyl group shown below:

wherein R'® is a hydrogen atom, an alkyl group having 1 to 50
carbon atoms or a substituted or unsubstituted aryl group
having 6 to 40 ring carbon atoms; L'° is a divalent linking
group; and n is an integer of 0 or 1: and

(v) a group comprising a cyclopolymerizable or ring-opening
polymerizable functional group selected from the group con-
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sisting of a group having a substituted or unsubstituted nor-
bornene skeleton other than the group (iii), a group having a
substituted or unsubstituted epoxy group or a substituted or
unsubstituted oxetane group; a functional group having a
lactone structure or a lactum structure; a cyclooctatetraene
group or a 1,5-cyclooctadiene group; and 1,w-diene group, an
o-divinylbenzene group and a 1,w-diyne group.

10. The polymerizable monomer according to 9, wherein L’
to L'° independently comprise one linking group or a linking
group formed by bonding, in an arbitral order, of two or more
linking groups, the linking group being selected from the
following divalent linking groups:

L', 0, —CE=0), —C(=00—, —OC
(=0)—, —C(=O)NR**—, ~NR*C(—0)—, —NR>'
S, C(=S)—

[0034] wherein L'! is one group or a group formed by
bonding, in an arbitral order, of two or more groups, the group
being selected from the group consisting of a substituted or
unsubstituted arylene group having 6 to 40 ring carbon atoms,
a substituted or unsubstituted divalent heterocyclic group
having 3 to 40 ring atoms, a substituted or unsubstituted
alkylene group having 1 to 50 carbon atoms, a substituted or
unsubstituted vinylene group, a substituted or unsubstituted
vinylidene group and an ethynylene group; and

[0035] R' to R* are independently selected from the
group consisting of a hydrogen atom, an alkyl group having 1
to 50 carbon atoms and a substituted or unsubstituted aryl
group having 6 to 40 ring carbon atoms.

11. A polymer comprising a repeating unit derived from one
or two or more selected from the group consisting of the
polymerizable monomers according to one of 1 to 10.

12. A material for an organic device comprising the polymer
according to 11.

13. A hole-injecting/transporting material comprising the
polymer according to 11.

14. A material for an organic electroluminescence device
comprising the polymer according to 11.

15. An organic electroluminescence device comprising one or
a plurality of organic thin film layers comprising an emitting
layer between a cathode and an anode and at least one layer of
the organic thin film layers comprising the polymer according
to 11.

16. The organic electroluminescence device according to 15
wherein the organic thin film layers comprise one or both of
a hole-transporting layer and a hole-injecting layer, and one
or both of the hole-transporting layer and the hole-injecting
layer comprises the polymer according to 11.

17. The organic electroluminescence device according to 15
or 16 wherein one or both of the hole-transporting layer and
the hole-injecting layer comprises the polymer according to
11 as a main component.

18. The organic electroluminescence device according to one
of 15 to 17 wherein the emitting layer comprises one or both
of a styrylamine compound and an arylamine compound.
19. The organic electroluminescence device according to one
of 16 to 18 wherein the organic thin film layers comprise one
or both of the hole-transporting layer and the hole-injecting
layer and one or both of the hole-injecting layer and the
hole-transporting layer comprises an acceptor material.

20. The organic electroluminescence device according to one
of 15 to 19 which can emit blue light.

[0036] According to the invention, it is possible to provide
a novel polymerizable monomer which is useful as a hole-
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injecting/transporting material of an organic device, in par-
ticular, an organic EL device or the like, and a polymer having
it as a repeating unit, and it is possible to provide an organic
EL device improved in device performance such as life and
luminous efficiency and suffers only slight deterioration even
when it is subjected to high-temperature driving which is
particularly practical in applications of a display or illumina-
tion, and hence is suited for practical use.

[0037] Further, since a hole-injecting/transporting layer
can be formed homogenously by a coating method, the inven-
tion is effective for a reduction in cost and an increase in
screen size in applications such as a display and illumination.

MODE FOR CARRYING OUT THE INVENTION

[0038] The structures represented by the formulas (1) to (3)
given below are hole-transporting units improved in hole
mobility and heat resistance. However, these units have poor
solubility in a solvent as they are, and hence, they could not
ensure the viscosity required of a coating liquid and homo-
geneity of a coating film (pinholeless). Therefore, only a
deposition process can be applied, and hence, an increase in
screen size and a reduction in cost of a display or an illumi-
nation device in the future are difficult to be realized.

[0039] According to the invention, by further adding a
polymerizable functional group to the hole-transporting units
improved in hole mobility and heat resistance as those repre-
sented by the formulas (1) to (3), solubility of the monomer in
apolymerization solvent is enhanced, whereby a polymer can
be synthesized at a high yield. Further, the resulting polymer
has high solubility in a solvent, and hence, the viscosity
required of a coating liquid and homogeneity ofa coating film
(pinholeless) can be ensured, whereby an increase in size and
a reduction in cost of a display or illumination in the future
become possible.

[0040] Further, the resulting polymer is effective as a hole-
injecting/transporting material of an organic device, in par-
ticular, an organic EL device or the like. By using such mate-
rial, it has become possible to provide an organic EL device
which is improved in device performance such as life and
luminous efficiency and hence, useful in applications of a
display or illumination. In particular, it has become possible
to provide a practical organic EL device which suffers only a
slight degree of deterioration even ifit is subjected to practical
high-temperature driving.

[0041] The invention will be explained in detail according
to the following embodiments.

Embodiment 1: Novel polymerizable monomer (hereinafter
referred to as polymerizable monomers (1) to (3))

Embodiment 2: Polymer

[0042] Embodiment 3: Material comprising the polymer (a
material for an organic device, a hole-injecting/transporting
material, a material for an organic electroluminescence
device)

Embodiment 4: Organic electroluminescence device

Embodiment 1
Poymerizable Monomer (1)

[0043] A polymerizable monomer represented by the fol-
lowing formula (1) which is substituted by one or more
groups comprising a polymerizable functional group:
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Arl
\
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\
A} Ar
/
N—L!—N
/
At ArS
[0044] Inthe formula, Ar* and Ar* to Ar® are independently

a substituted or unsubstituted aryl group having 6 to 40 ring
carbon atoms;

[0045] Ar? Ar® and L' are a substituted or unsubstituted
arylene group having 6 to 40 ring carbon atoms; and

[0046] the substituents for L' and Ar* to Ar® when they are
substituted are independently one or more groups selected
from the group consisting of an alkyl group having 1 to 20
carbon atoms, a cycloalkyl group having 3 to 10 carbon
atoms, an aryl group having 6 to 30 ring carbon atoms, an
alkoxy group having 1 to 20 carbon atoms, a cycloalkoxy
group having 3 to 10 carbon atoms, an aryloxy group having
6 to 30 ring carbon atoms, an aralkyl group having 7 to 31
carbon atoms wherein the aryl part has 6 to 30 ring carbon
atoms, a heterocyclic group having 3 to 30 ring atoms, a
mono- or dialkylamino group having an alkyl group having 1
to 20 carbon atoms, a mono- or diarylamino group having an
aryl group having 6 to 30 ring carbon atoms, a trialkylsilyl
group having 3 to 20 carbon atoms, a triarylsilyl group having
18 to 30 ring carbon atoms, a dialkylarylsilyl group or an
alkyldiarylsilyl group having 8 to 30 carbon atoms wherein
the aryl part has 6 to 20 ring carbon atoms, an alkylarylamino
group having 8 to 30 carbon atoms wherein the aryl part has
6 to 20 ring carbon atoms, a halogen atom, a nitro group, a
cyano group and a hydroxyl group.

[0047] The monomer represented by the formula (1) is
characterized in Ar'—Ar>—Ar’—, in particular. Due to the
presence of an aryl group having at least three aromatic rings,
the resulting polymer has improved solubility in a solvent,
whereby homogeneity of a coating film is improved, and high
temperature resistance of an organic device, in particular, an
organic EL device is improved. As examples of this Ar'—
Ar*—Ar*—, a p-terphenyl-4-yl group, a p-terphenyl-3-yl
group and a p-terphenyl-2-yl group are preferable, with a
p-terphenyl-4-yl group being more preferable. The reason
therefor is as follows. Interaction between side chains is sup-
pressed to reduce the amount of an excimer or an exciplex
generated. As a result, device performance such as hole-
transporting properties of the polymer is improved, and the
polymerization reaction ratio is improved to decrease the
amount of monomers remaining unreacted, whereby durabil-
ity and life of an organic device, in particular, an organic ELL
device, are improved.

[0048] Inthe formula (1), it is preferred that at least one of
the aryl groups bonded to the nitrogen atoms, that is Ar* to
Ar®, be selected from the group consisting of groups repre-
sented by the following formulas (4) to (7). If the aryl group
bonded to the nitrogen atoms is any one of these groups, in
addition to the above-mentioned effects brought about by the
use of the structure of the formula (1), the resulting polymer
has improved device performance such as hole-transporting
properties as well as improved reduction resistance (resis-
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tance to electrons), durability and life of an organic device, in
particular, an organic EL device, are improved.

[0049] Groups represented by the following formulas (4) to
(7) may be substituted by the group comprising a polymeriz-
able functional group which substitutes the unit represented
by the formula (1). However, in order to further improve
reduction resistance (resistance to electrons), it is more pre-
ferred that groups represented by the following formulas (4)
to (7) be not substituted by a group comprising the polymer-
izable functional group, but only Ar*® be substituted.

()

/
RS, ——
O
/ 0
JE—
7%/
®%)
5)
©
%)
®R4y—— |
S
/
NP
7%/
RBy,

[0050] In the formula, R® to R'* are independently one or
more groups selected from the group consisting of an alkyl
group having 1 to 20 carbon atoms, a cycloalkyl group having
3 to 10 carbon atoms, an aryl group having 6 to 30 ring carbon
atoms, an alkoxy group having 1 to 20 carbon atoms, a
cycloalkoxy group having 3 to 10 carbon atoms, an aryloxy
group having 6 to 30 ring carbon atoms, an aralkyl group
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having 7 to 31 carbon atoms wherein the aryl part has 6 to 30
ring carbon atoms, a heterocyclic group having 3 to 30 ring
atoms, a mono- or dialkylamino group having an alkyl group
having 1 to 20 carbon atoms, a mono- or diarylamino group
having an aryl group having 6 to 30 ring carbon atoms, a
trialkylsilyl group having 3 to 20 carbon atoms, a triarylsilyl
group having 18 to 30 ring carbon atoms, a dialkylarylsilyl
group or an alkyldiarylsilyl group having 8 to 30 carbon
atoms wherein the aryl part has 6 to 20 ring carbon atoms, an
alkylarylamino group having 8 to 30 carbon atoms wherein
the aryl part has 6 to 20 ring carbon atom, a halogen atom, a
nitro group, a cyano group and a hydroxyl group;

[0051] a,c,d,eandgareindependently an integer of 0 to 4;
[0052] b, fand h are independently an integer of 0 to 3;
[0053] Ar'®is an alkyl group having 1 to 20 carbon atoms,

acycloalkyl group having 3 to 10 carbon atoms, an aryl group
having 6 to 30 ring carbon atoms, an aralkyl group having 7 to
31 carbon atoms wherein the aryl part has 6 to 30 ring carbon
atoms or a heterocyclic group having 3 to 30 ring atoms;

[0054] L*to LS are independently a single bond or a sub-
stituted or unsubstituted arylene group having 6 to 50 ring
carbon atoms; and

[0055] the substituents for L* to L® when they are substi-
tuted are one or more groups selected from the group consist-
ing of an alkyl group having 1 to 20 carbon atoms, a
cycloalkyl group having 3 to 10 carbon atoms, an aryl group
having 6 to 30 ring carbon atoms, an alkoxy group having 1 to
20 carbon atoms, a cycloalkoxy group having 3 to 10 carbon
atoms, an aryloxy group having 6 to 30 ring carbon atoms, an
aralkyl group having 7 to 31 carbon atoms wherein the aryl
part has 6 to 30 ring carbon atoms, a heterocyclic group
having 3 to 30 ring atoms, a mono- or dialkylamino group
having an alkyl group having 1 to 20 carbon atoms, a mono-
or diarylamino group having an aryl group having 6 to 30 ring
carbon atoms, a trialkylsilyl group having 3 to 20 carbon
atoms, a triarylsilyl group having 18 to 30 ring carbon atoms,
a dialkylarylsilyl group or an alkyldiarylsilyl group having 8
to 30 carbon atoms wherein the aryl part has 6 to 20 ring
carbon atoms, an alkylarylamino group having 8 to 30 carbon
atoms wherein the aryl part has 6 to 20 ring carbon atoms, a
halogen atom, a nitro group, a cyano group and a hydroxyl
group.

[0056] L*is substituted at an arbitral position of the 1 to
the 4” positions of dibenzofuran or dibenzothiophene. Of
these positions, the 2"¢ and 4% positions are preferable, with
the 4” position being more preferable. L° is substituted at an
arbitral position of the 1°* to the 4™ positions of carbazole, and
the 27 and the 3"% positions are preferable, with the 37 posi-
tion being further preferable. The reasons therefor are as
follows. Synthesis is easy, and due to easiness in purification,
a high degree of purity can be attained easily, and as a result,
durability and life of an organic device, in particular, an
organic EL device, are improved.
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Carbazole Substitution Position

[0058]

OO

2
1

Dibenzothiophene Substitution Position

[0059] Itis preferred that L' in the formula (1) and L* to L.°
in the formulas (4) to (7) be independently selected from the
group consisting of a substituted or unsubstituted phenylene
group, a substituted or unsubstituted naphthylene group, a
substituted or unsubstituted biphenylylene group, a substi-
tuted or unsubstituted terphenylylene group and a substituted
or unsubstituted fluorenylylene group.

[0060] By selecting these groups, durability and life of an
organic device, in particular, an organic EL device, are further
improved.

[0061] A polymerizable functional group is a functional
group which causes a chemical reaction in which two or more
molecules of one unit compound are bonded to form a com-
pound of which the molecular weight is an integral multiple
of the unit compound.

[0062] Examples of the polymerizable functional group
include a group containing a double bond such as a substi-
tuted or unsubstituted vinyl group, a group which causes an
addition reaction such as a substituted or unsubstituted acety-
lene group (ethynyl group), a group which causes a ring-
opening polymerization such as a substituted or unsubstituted
norbornene skeleton-containing group (norbornenyl group),
a group having a cyclic ether such as a substituted or unsub-
stituted epoxy group or a substituted or unsubstituted oxetane
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group; a group which causes a ring-opening polymerization
such as a functional group having a lactone structure or a
lactum structure; and a group which causes a cyclopolymer-
ization such as 1,w-diene.

[0063] It is essential that the polymerizable monomer rep-
resented by the formula (1) be substituted by one or more
groups comprising a polymerizable functional group. It is
preferred that the monomer represented by the formula (1) be
substituted by only one group comprising a polymerizable
functional group. The reason therefor is as follow. If the
polymerizable monomer is substituted by only one group
comprising a polymerizable functional group, it is possible to
conduct a polymerization reaction without causing a cross-
linking reaction. Therefore, after the formation of a polymer,
the polymer can be subjected to a purification treatment such
as reprecipitation, and as a result, there is no monomer
remaining unreacted or other impurities, exerting only small
adverse effects on durability and life of an organic device, in
particular, an organic EL device.

[0064] It is preferred that at least one of the aryl groups
represented by Ar' and Ar* to Ar® in the formula (1) be sub-
stituted by the group comprising a polymerizable functional
group.

[0065] It is preferred that a terminal aromatic ring con-
tained in Ar' and Ar* to Ar® in the formula (1) be substituted
by the group comprising a polymerizable functional group. It
is more preferred that a terminal aromatic ring contained in
Ar' in the formula (1) be substituted by the group comprising
a polymerizable functional group. The reason therefor is as
follows. Due to such substitution, solubility of the monomer
or the resulting polymer in a solvent is improved, and as a
result, not only homogeneity of a coating film of the polymer
is improved but also the polymerization reaction ratio
becomes high to decrease the amount of a monomer remain-
ing unreacted, whereby durability and life of an organic
device, in particular, an organic EL device, are improved.

[0066] Further, it is preferred that the polymerizable func-
tional group and the part other than the terminal aromatic
group contained in the aryl groups in the formula (1) (Ar* and
Ar* to Ar®) be bonded to the terminal aromatic group at the
para position (for example, if the terminal aromatic group is a
phenylene group, at the 1 and 4” positions). The reason
therefor is as follows. Due to such bonding, interaction
between side chains is suppressed to reduce the amount of an
excimer or an exciplex generated. As a result, device perfor-
mance such as hole-transporting properties of the polymer is
improved, and the polymerization reaction ratio is improved
to decrease the amount of monomers remaining unreacted,
whereby durability and life of an organic device, in particular,
an organic EL device, are improved.

[0067] Itis preferred that the group comprising a polymer-
izable functional group be selected from the following groups
of (i) to (v).

[0068] Such polymerizable functional group has high reac-
tivity, and hence, exhibits a high polymerization ratio. As a
result, the amount of a monomer remaining unreacted is
decreased, whereby durability and life of an organic device,
in particular, an organic EL device, are improved.
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(1) A group comprising a vinyl group or a vinylidene group
shown below:

wherein R'” is a hydrogen atom, an alkyl group having 1 to 50
carbon atoms or a substituted or unsubstituted aryl group
having 6 to 40 ring carbon atoms; L is a divalent linking
group; and n is an integer of 0 or 1.

(i1) A group comprising an N-maleimide group shown below:

wherein L® is a divalent linking group and n is an integer of 0
or 1.
(iii) A group comprising a norbornenyl group shown below:

wherein L.? is a divalent linking group and n is an integer of 0
or 1.

(iv) A group comprising an acetylenyl group shown below.

wherein R'® is a hydrogen atom, an alkyl group having 1 to 50
carbon atoms or a substituted or unsubstituted aryl group
having 6 to 40 ring carbon atoms; L'° is a divalent linking
group; and n is an integer of 0 or 1.

(v) A group comprising a cyclopolymerizable or ring-open-
ing polymerizable functional group

[0069] Forexample, a group having a substituted or unsub-
stituted norbornene skeleton other than the group (iii), a
group having a cyclic ether such as a group having a substi-
tuted or unsubstituted epoxy group or a substituted or unsub-
stituted oxetane group; a functional group having a lactone
structure or a lactum structure; a group which causes ring-
opening polymerization such as cyclooctatetraene group or a
1,5-cyclooctadiene group; and a group which causes cyclo-
polymerization such as a 1,w-diene group, an o-divinylben-
zene group and a 1,w-diyne group can be mentioned.

[0070] In the group comprising the polymerizable func-
tional group of the above formulas (i) to (iv), it is preferred
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that L7 to L'° be independently one linking group or a linking
group formed by bonding, in an arbitral order, of two or more
linking groups, the linking group being selected from the
group consisting of the following divalent linking groups:

LM, —O0—, —C(=0)—, —C(=00—, —OC
(=0)—, —C(=O)NR'*—, —NR*’C(—0)—, —NR>'—,
S8, C(=8)—

[0071] L''isone group ora group formed by bonding, in an
arbitral order, of two or more groups, the group being selected
from the group consisting of a substituted or unsubstituted
arylene group having 6 to 40 ring carbon atoms, a substituted
or unsubstituted divalent heterocyclic group having 3 to 40
ring atoms, a substituted or unsubstituted alkylene group
having 1 to 50 carbon atoms, a substituted or unsubstituted
vinylene group, a substituted or unsubstituted vinylidene
group and an ethynylene group; and

[0072] R'® to R* are independently selected from the
group consisting of a hydrogen atom, an alkyl group having 1
to 50 carbon atoms and a substituted or unsubstituted aryl
group having 6 to 40 ring carbon atoms.

[0073] —C(=0O)— denotes a carbonyl
—C(=S)— denotes a thiocarbonyl bond.

[0074] By selecting such linking group, solubility of the
monomer in a polymerization solvent is improved, the poly-
merization reaction ratio is improved to decrease the amount
of monomers remaining unreacted, whereby durability and
life of an organic device, in particular, an organic EL device,
are improved. Further, since solubility of the polymer in a
coating solvent is improved to enable a homogenous coating
film to be obtained, such linking group is suited to film for-
mation for obtaining a large-size screen.

[0075] Specific examples of the groups relating to the for-
mulas (1), (4) to (7) and the groups comprising a polymeriz-
able functional group represented by the formulas (i) to (iv)
and the substituents are given below.

bond and

Example of an Aryl Group:

[0076] Specific examples of the aryl groups include a phe-
nyl group, 1-naphthyl group, 2-naphthyl group, 1-anthryl
group, 2-anthryl group, 9-anthryl group, 1-phenanthryl
group, 2-phenanthryl group, 3-phenanthryl group, 4-phenan-
thryl group, 9-phenanthryl group, 1-naphthacenyl group,
2-naphthacenyl group, 9-naphthacenyl group, 1-pyrenyl
group, 2-pyrenyl group, 4-pyrenyl group, biphenyl-2-yl
group, biphenyl-3-yl group, biphenyl-4-yl group, p-terphe-
nyl-4-yl group, p-terphenyl-3-yl group, p-terphenyl-2-yl
group, m-terphenyl-4-yl group, m-terphenyl-3-yl group,
m-terphenyl-2-yl group, o-tolyl group, m-tolyl group, p-tolyl
group, p-t-butyl phenyl group, p-(2-phenylpropyl)phenyl
group, 3-methyl-2-naphthyl group, 4-methyl-1-naphthyl
group, 4-methyl-1-anthryl group, 4'-methylbiphenyl-4-yl
group, 4"-t-butyl-p-terphenyl-4-yl group, fluorene-1-yl
group, fluorene-2-yl group, fluorene-3-yl group and fluorene-
4-yl group.

[0077] Ofthese, a phenyl group, 1-naphthyl group, 2-naph-
thyl group, 1-anthryl group, 2-anthryl group, 9-anthryl group,
biphenyl-2-yl group, biphenyl-3-yl group, biphenyl-4-yl
group, p-terphenyl-4-yl group, p-terphenyl-3-yl group, a
p-terphenyl-2-yl group, o-tolyl group, m-tolyl group, p-tolyl
group, fluorene-2-yl group and fluorene-3-yl group are pref-
erable, with a phenyl group, 1-naphthyl group, 2-naphthyl
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group, m-tolyl group, p-tolyl group, fluorene-2-yl group and
fluorene-3-yl group being more preferable.

[0078] Examples of an Arylene Group:

[0079] Specific examples of an arylene group are selected
from divalent groups obtained by removing one aromatic
hydrogen group from the aryl group mentioned above.
[0080] Of these, a 1,4-phenylene group, a 1,3-phenylene
group, a 1,4-naphthylene group, a 1,10-anthrylene group, a
4,4'-biphenylylene group, a 3,4'-biphenylylene group, a 4,3'-
biphenylylene group, a 4,4"-p-terphenylylene group, a 3,4"-
p-terphenylylene group, a 4,3"-p-terphenylylene group, a
1,4-tolylene group, a 4,4"-fluorenylene group and a 3,3"-
fluorenylene group are preferable, with a 1,4-phenylene
group, a 1,4-naphthylene group, a 1,10-anthrylene group, a
4,4"-biphenylylene group, a 3,4'-biphenylylene group, a 4,4"-
p-terphenylylene group, a 2,7-fluorenylene group and a 3,6-
fluorenylene group being more preferable.

[0081] Examples ofthe substituent when the aryl group and
the arylene group, etc. mentioned above are substituted and
examples of other groups are given below. The same groups
as those mentioned above are omitted.

[0082] Specific examples of an alkyl group include a
methyl group, an ethyl group, a propyl group, and an isopro-
pyl group, an n-butyl group, an isobutyl group, a sec-butyl
group, a tert-butyl group, an n-pentyl group, an n-hexyl
group, an n-heptyl group, an n-octyl group, a hydroxymethyl
group, a 1-hydroxyethyl group, a 2-hydroxyethyl group, a
2-hydroxyisobutyl group, a 1,2-dihydroxyethyl group, a 1,3-
dihydroxyisopropyl group, a 2,3-dihydroxy-t-butyl group
and a 1,2,3-trihydroxypropyl group. A methyl group, an ethyl
group, a propyl group, an isopropyl group, an n-butyl group,
an isobutyl group, a sec-butyl group and a tert-butyl group are
preferable.

[0083] Of these, a methyl group, an ethyl group, a propyl
group, an isopropyl group, an n-butyl group, an s-butyl group
and a t-butyl group are preferable.

[0084] Specific examples of a cycloalkyl group include a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, a
cyclohexyl group, a cyclopentylmethyl group, a cyclohexyl-
methyl group, a cyclohexylethyl group, a 4-fluorocyclohexyl
group, a 1-adamantyl group, 2-adamantyl group, a 1-norbo-
nyl group and a 2-norbonyl group. A cyclopentyl group and a
cyclohexyl group are preferable.

[0085] The alkoxy group, the cycloalkoxy group and the
aryloxy group are a group in which an oxygen atom is inter-
vened at the substitution position of the alkyl group, the
cycloalkyl group and the aryl group which are mentioned
above.

[0086] The aralkyl group is a group in which the above-
mentioned alkyl group is substituted by the above-mentioned
aryl group.

[0087] Specific examples of the trialkylsilyl group include
a trimethylsilyl group, a vinyldimethylsilyl group, a triethyl-
silyl group, a tripropylsilyl group, a propyldimethylsilyl
group, a tributylsilyl group, a t-butyldimethylsilyl group, a
tripentylsilyl group, a triheptylsilyl group and a trihexylsilyl
group. A trimethylsilyl group and a triethylsilyl group are
preferable. The silyl group may be the same or different alkyl
groups.

[0088] Specific examples of the triarylsilyl group include a
triphenylsilyl group and a trinaphthylsilyl group. A triphenyl-
silyl group is preferable. The silyl group may be substituted
by the same or different aryl groups.
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[0089] Specific examples of the dialkylarylsilyl group
include a dimethylphenylsilyl group, a diethylphenylsilyl
group, a dipropylphenylsilyl group, a dibutylphenylsilyl
group, a dipentylphenylsilyl group, a diheptylphenylsilyl
group, a dihexylphenylsilyl group, a dimethylnaphthylsilyl
group, a dipropylnaphthylsilyl group, a dibutylnaphthylsilyl
group, a dipentylnaphthylsilyl group, a diheptylnaphthylsilyl
group, a dihexylnaphthylsilyl group, a dimethyl anthrylsilyl
group, a diethylanthrylsilyl group, a dipropylanthrylsilyl
group, a dibutylanthrylsiyl group, a dipentylanthrylsilyl
group, a diheptylanthrylsilyl group, a dihexylanthrylsilyl
group and a diphenylmethyl group. A dimethylphenylsilyl
group and a diethylphenylsilyl group are preferable.

[0090] Specific examples of the alkyldiarylsilyl group
include a methyldiphenylsilyl group, an ethyldiphenylsilyl
group, a propyldiphenylsilyl group, a butyldiphenylsilyl
group, a pentyldiphenylsilyl group and a heptyldipheny silyl
group. A methyldiphenylsilyl group and an ethyldiphenylsi-
1yl group are preferable.

[0091] Examples of the heterocyclic group include a 1-pyr-
rolyl group, 2-pyrrolyl group, 3-pyrrolyl group, pyrazinyl
group, 2-pyridinyl group, 3-pyridinyl group, 4-pyridinyl
group, l-indolyl group, 2-indolyl group, 3-indolyl group,
4-indolyl group, 5-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-benzofuranyl group, 3-benzofuranyl group, 4-benzofura-
nyl group, S-benzofuranyl group, 6-benzofuranyl group,
7-benzofuranyl group, 1-isobenzofuranyl group, 3-isobenzo-
furanyl group, 4-isobenzofuranyl group, 5-isobenzofuranyl
group, 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, 1-isoquinolyl group, 3-isoquinolyl group,
4-isoquinolyl group, S-isoquinolyl group, 6-isoquinolyl
group, 7-isoquinolyl group, 8-isoquinolyl group, 2-quinox-
alinyl group, S-quinoxalinyl group, 6-quinoxalinyl group,
1-carbazolyl group, 2-carbazolyl group, 3-carbazolyl group,
4-carbazolyl group, 9-carbazolyl group, 1-phenanthridinyl
group, 2-phenanthridinyl 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-yl group, 1,8-phenanthrolin-2-
yl group, 1,8-phenanthrolin-3-yl group, 1,8-phenanthrolin-4-
yl group, 1,8-phenanthrolin-5-yl group, 1,8-phenanthrolin-6-
yl group, 1,8-phenanthrolin-7-yl group, 1,8-phenanthrolin-9-
yl group, 1,8-phenanthrolin-10-yl group, 1,9-phenanthrolin-
2-yl group, 1,9-phenanthrolin-3-yl group, 1,9-phenanthrolin-
4-yl group, 1,9-phenanthrolin-5-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-yl
group, 2,9-phenanthrolin-1-yl group, 2,9-phenanthrolin-3-yl
group, 2,9-phenanthrolin-4-yl group, 2,9-phenanthrolin-5-yl
group, 2,9-phenanthrolin-6-yl group, 2,9-phenanthrolin-7-yl
group, 2,9-phenanthrolin-8-yl group, 2,9-phenanthrolin-10-
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yl group, 2,8-phenanthrolin-1-yl group, 2,8-phenanthrolin-3-
yl group, 2,8-phenanthrolin-4-yl group, 2,8-phenanthrolin-5-
yl group, 2,8-phenanthrolin-6-yl group, 2,8-phenanthrolin-7-
yl 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-yl 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-phenothiadinyl group, 2-phenothiadi-
nyl group, 3-phenothiadinyl group, 4-phenothiadinyl group,
10-phenothiadinyl group, 1-phenoxadinyl group, 2-phenoxa-
dinyl group, 3-phenoxadinyl group, 4-phenoxadinyl group,
10-phenoxadinyl group, 2-oxazolyl group, 4-oxazolyl group,
5-oxazolyl group, 2-oxadiazolyl group, 5-oxadiazolyl group,
3-furazanyl group, 2-thienyl group, 3-thienyl group, 2-meth-
ylpyrrol-1-yl group, 2-methylpyrrol-3-yl group, 2-meth-
ylpyrrol-4-yl group, 2-methylpyrrol-5-yl group, 3-meth-
ylpyrrol-1-yl group, 3-methylpyrrol-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-methyl-3-indolyl group, 2-t-bu-
tyl-1-indolyl group, 4-t-butyl-1-indolyl group, 2-t-butyl-3-
indolyl group and 4-t-butyl-3-indolyl group.

[0092] Of these, a 1-pyrrolyl group, 2-pyrrolyl group,
3-pyrrolyl group, 1-carbazolyl group, 2-carbazolyl group,
3-carbazolyl group, 4-carbazolyl group and 9-carbazolyl
group are preferable.

[0093] As the mono- or dialkylamino group, an amino
group which is substituted by the above-mentioned alkyl
group is mentioned.

[0094] As the mono- or diarylamino group, an amino group
which is substituted by the above-mentioned aryl group is
mentioned.

[0095] As the alkylarylamino group, an amino group which
is substituted by the above-mentioned alkyl group and the
above-mentioned aryl group is mentioned.

[0096] Specific examples of a halogen atom include fluo-
rine, chlorine and bromine.

[0097] Of'these, fluorine is preferable. The reason therefor
is that, since fluorine allows the surface tension of the result-
ing polymer to be lowered, a more homogeneous coating film
can be formed.

[0098] Further, in the alkyl group, the cycloalkyl group, the
aryl group, the alkoxy group, the cycloalkoxy group, the
aryloxy group having 6 to 30 ring carbon atoms, the aralkyl
group, the heterocyclic group, the mono- or dialkylamino
group, the mono- or diarylamino group, the alkylarylamino
group, the trialkylsilyl group, the triarylsilyl group, the
dialkylarylsilyl group or the alkyldiarylsilyl group as men-
tioned above, the hydrogen atom may be substituted by a
halogen atom. Of the halogen atoms, a fluorine atom is pref-
erable. The reason therefor is that, since fluorine allows the
surface tension of the resulting polymer to be lowered, a more
homogeneous coating film can be formed.

Polymerizable Monomer (2)

[0099] A polymerizable monomer represented by the fol-
lowing formula (2) which is substituted by one or more
groups comprising a polymerizable functional group:
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[0100] Inthe formula, Ar’ to Ar'® are independently a sub-

stituted or unsubstituted aryl group having 6 to 40 ring carbon
atoms, and at least one of Ar’ to Ar'® is an aryl group con-
taining a fused polycyclic aromatic group having 10 to 40 ring
carbon atoms;

[0101] the substituents for Ar’ to Ar'® when they are sub-
stituted are independently one or more groups selected from
the group consisting of an alkyl group having 1 to 20 carbon
atoms, a cycloalkyl group having 3 to 10 carbon atoms, an
aryl group having 6 to 30 ring carbon atoms, an alkoxy group
having 1 to 20 carbon atoms, a cycloalkoxy group having 3 to
10 carbon atoms, an aryloxy group having 6 to 30 ring carbon
atoms, an aralkyl group having 7 to 31 carbon atoms wherein
the aryl part has 6 to 30 ring carbon atoms, a heterocyclic
group having 3 to 30 ring atoms, a mono- or dialkylamino
group having an alkyl group having 1 to 20 carbon atoms, a
mono- or diarylamino group having an aryl group having 6 to
30 ring carbon atoms, a trialkylsilyl group having 3 to 20
carbon atoms, a triarylsilyl group having 18 to 30 ring carbon
atoms, a dialkylarylsilyl group or an alkyldiarylsilyl group
having 8 to 30 carbon atoms wherein the aryl part has 6 to 20
ring carbon atoms, an alkylarylamino group having 8 to 30
carbon atoms wherein the aryl part has 6 to 20 ring carbon
atoms, a halogen atom, a nitro group, a cyano group and a
hydroxyl group.

[0102] L2 is a group selected from groups represented by
the following formula:

[0103] In the formula, R? to R” are independently a group
selected from the group consisting of an alkyl group having 1
to 20 carbon atoms, a cycloalkyl group having 3 to 10 carbon
atoms, an aryl group having 6 to 30 ring carbon atoms, an
alkoxy group having 1 to 20 carbon atoms, a cycloalkoxy
group having 3 to 10 carbon atoms, an aryloxy group having
6 to 30 ring carbon atoms, an aralkyl group having 7 to 31
carbon atoms wherein the aryl part has 6 to 30 ring carbon
atoms, a heterocyclic group having 3 to 30 ring atoms, a
mono- or dialkylamino group having an alkyl group having 1
to 20 carbon atoms, a mono- or diarylamino group having an
aryl group having 6 to 30 ring carbon atoms, a trialkylsilyl
group having 3 to 20 carbon atoms, a triarylsilyl group having
18 to 30 ring carbon atoms, a dialkylarylsilyl group or an
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alkyldiarylsilyl group having 8 to 30 carbon atoms wherein
the aryl part has 6 to 20 ring carbon atoms, an alkylarylamino
group having 8 to 30 carbon atoms wherein the aryl part has
6 to 20 ring carbon atoms, a halogen atom, a nitro group, a
cyano group, and a hydroxyl group;

[0104] g and h are independently an integer of 0 to 4; and
[0105] i and j are independently an integer of O to 3.
[0106] The characteristic feature of the monomer repre-

sented by the formula (2) is that at least one of Ar” to Ar'® is
a substituted or unsubstituted aryl group containing a fused
polycyclic aromatic group having 10 to 40 ring carbon atoms,
and L? is a substituted or unsubstituted biphenylylene or a
substituted or unsubstituted fluorenylylene group represented
by the above formulas. By this feature, solubility of the result-
ing polymer in a solvent is improved, whereby not only
homogeneity of a coating film is improved but also durability
to high temperatures of an organic device, in particular, an
organic EL device, is improved.

[0107] Further, in the formula (2), it is preferred that at least
one of the aryl groups bonded to the nitrogen atoms (N), i.e.
at least one of Ar” to Ar'®, be selected from the group con-
sisting of groups represented by the above formulas (4) to (7).
By allowing at least one of Ar’ to Ar'® to be a group selected
from the group consisting of groups represented by the above
formulas (4) to (7), in addition to the above-mentioned advan-
tageous effects brought by the use of the structure of the
formula (2), not only device performance such as hole-trans-
porting properties but also reduction resistance (resistance to
electrons) of the resulting polymer is improved, whereby
durability and life of an organic device, in particular, an
organic EL device, are improved.

[0108] The groups represented by the formulas (4) to (7)
may be substituted by the group comprising a polymerizable
functional group. However, in order to further improve reduc-
tion resistance (resistance to electrons), it is more preferred
that the groups represented by the following formulas (4) to
(7) be not substituted by the group comprising a polymeriz-
able functional group and that only Ar'® be substituted.
[0109] At least one of Ar” to Ar'® is an aryl group contain-
ing a fused polycyclic aromatic ring group having 10 to 40
ring carbon atoms.

[0110] As examples of the aryl group containing the fused
polycyclic aromatic ring having 10 to 40 ring carbon atoms,
naphthalene, phenanthrene, fluoranthene, anthracene,
pyrene, perylene, coronene, chrysene, picene, dinaphthyl,
trinaphthyl, phenylanthracene, diphenylanthracene, fluorene,
triphenylene, rubicene, benzanthracene, dibenzanthracene,
acenaphthofluoranthene, tribenzopentaphene, fluoranthenot-
luoranthene, benzodifluoranthene, benzofluoranthene and
diindenoperylene may be mentioned. Some aromatic rings
may be hydrogenated. In particular, naphthalene, phenan-
threne, fluoranthene, anthracene, pyrene, perylene, coronene,
chrysene, phenylanthracene, diphenylanthracene, fluorene
and acenaphthofluoranthene are preferable.

[0111] Examples of the aryl group, the arylene group, the
substituent and other groups in the formula (2) are the same as
those for the polymerizable monomer (1).

[0112] The polymerizable functional group and the group
comprising a polymerizable functional group are explained
above referring to the polymerizable monomer (1). There-
fore, a detailed explanation thereof is omitted. It is preferred
that the monomer be substituted by only one group compris-
ing a polymerizable functional group. The reason therefor is
as follow. If the polymerizable monomer is substituted by
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only one group comprising a polymerizable functional group,
it is possible to conduct a polymerization reaction without
causing a cross-linking reaction. Therefore, after the forma-
tion of a polymer, the polymer can be subjected to a purifica-
tion treatment such as reprecipitation, and as a result, there is
no monomer remaining unreacted or other impurities, exert-
ing only small adverse effects on durability and life of an
organic device, in particular, an organic EL device.

[0113] It is preferred that at least one of the aryl groups in
the formula (2), i.e. at least one of Ar” to Ar', be substituted
by the group comprising a polymerizable functional group. It
is more preferred that a terminal aromatic ring contained in
the aryl groups in the formula (2) be substituted by the group
comprising a polymerizable functional group. The reason
therefor is as follows. Due to such substitution, solubility of
the monomer or the resulting polymer in a solvent is
improved, and as a result, not only homogeneity of a coating
film of the polymer is improved but also the polymerization
reaction ratio becomes high to decrease the amount of a
monomer remaining unreacted, whereby durability and life
of an organic device, in particular, an organic EL device, are
improved.

[0114] Further, it is preferred that the polymerizable func-
tional group and the part other than the terminal aromatic
group contained in the aryl groups in the formula (2) be
bonded to the terminal aromatic group at the para position (for
example, if the terminal aromatic group is a phenylene group,
at the 1* and 4” positions). The reason therefor is as follows.
Due to such bonding, Interaction between side chains is sup-
pressed to reduce the amount of an excimer or an exciplex
generated. As a result, device performance such as hole-
transporting properties of the polymer is improved, and the
polymerization reaction ratio is improved to decrease the
amount of monomers remaining unreacted, whereby durabil-
ity and life of an organic device, in particular, an organic EL
device are improved.

[0115] Tt is preferred that other groups than the aryl group
containing a fused polycyclic aromatic ring having 10 to 40
ring carbon atoms be substituted by the group comprising a
polymerizable functional group. The reason therefor is that,
by such substitution, the introduction position or number of a
polymerizable functional group can be selected easily, and a
polymerizable functional group can be introduced easily,
whereby the polymerization reaction ratio of the resulting
monomer is improved.

Polymerizable Monomer (3)

[0116] A polymerizable monomer represented by the fol-
lowing formula (3) which is substituted by one or more
groups comprising a polymerizable functional group:

€)
AI“
\
Arl2 Aryg
/
N—I*—N
Arl3 ArlS
n the formula, to are 1ndependently a
0117] In the fc la, Ar'® to Ar®® independently

substituted or unsubstituted aryl group having 6 to 40 ring
carbon atoms;
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[0118] Ar'® and I> area substituted or unsubstituted
arylene group having 6 to 40 ring carbon atoms;

[0119] Ar'! is a substituted or unsubstituted aryl group
comprising a fused polycyclic aromatic group having 10 to 40
ring carbon atoms; and

[0120] the substituents for 1> and Ar'! to Ar'> when they
are substituted are independently one or more groups selected
from the group consisting of an alkyl group having 1 to 20
carbon atoms, a cycloalkyl group having 3 to 10 carbon
atoms, an aryl group having 6 to 30 ring carbon atoms, an
alkoxy group having 1 to 20 carbon atoms, a cycloalkoxy
group having 3 to 10 carbon atoms, an aryloxy group having
6 to 30 ring carbon atoms, an aralkyl group having 7 to 31
carbon atoms wherein the aryl part has 6 to 30 ring carbon
atoms, a heterocyclic group having 3 to 30 ring atoms, a
mono- or dialkylamino group having an alkyl group having 1
to 20 carbon atoms, a mono- or diarylamino group having an
aryl group having 6 to 30 ring carbon atoms, a trialkylsilyl
group having 3 to 20 carbon atoms, a triarylsilyl group having
18 to 30 ring carbon atoms, a dialkylarylsilyl group or an
alkyldiarylsilyl group having 8 to 30 carbon atoms wherein
the aryl part has 6 to 20 ring carbon atoms, an alkylarylamino
group having 8 to 30 carbon atoms wherein the aryl part has
6 to 20 ring carbon atoms, a halogen atom, a nitro group, a
cyano group and a hydroxyl group.

[0121] The characteristic feature of the monomer repre-
sented by the formula (3) is that Ar'! is a substituted or
unsubstituted aryl group having a fused polycyclic aromatic
group having 10 to 40 ring carbon atoms. By this feature,
solubility of the resulting polymer in a solvent is improved,
whereby not only homogeneity of a coating film is improved
but also durability to high temperatures of an organic device,
in particular, an organic EL device, is improved.

[0122] Further, in the formula (3), it is preferred that at least
one of the aryl groups bonded to the nitrogen atoms (N), i.e.
at least one of Ar'? to Ar'®, be selected from the group con-
sisting of groups represented by the above formulas (4) to (7).
By allowing at least one of Ar'® to Ar'® to be a group selected
from the group consisting of groups represented by the above
formulas (4) to (7), in addition to the above-mentioned advan-
tageous effects brought by the used of the structure of the
formula (3), not only device performance such as hole-trans-
porting properties but also reduction resistance (resistance to
electrons) of the resulting polymer is improved, whereby
durability and life of an organic device, in particular, an
organic EL device, are improved.

[0123] The polymerizable functional group and the group
comprising a polymerizable functional group are the same as
those for the polymerizable monomer (1). The groups repre-
sented by the following formulas (4) to (7) may be substituted
by the group comprising a polymerizable functional group.
However, In order to further improve reduction resistance
(resistance to electrons), it is more preferred that the groups
represented by the following formulas (4) to (7) be not sub-
stituted by the group comprising a polymerizable functional
group and that only Ar'® be substituted.

[0124] Examples of the aryl group, the arylene group, the
substituent and other groups in the formula (3) are the same as
those for the polymerizable monomer (1) and examples of the
aryl group containing a fused polycyclic aromatic ring having
10 to 40 ring carbon atoms are the same as those for the
polymerizable monomer (2).

Jan. 26, 2012

[0125] The polymerizable functional group and the group
comprising a polymerizable functional group are explained
above referring to the polymerizable monomer (1). There-
fore, a detailed explanation thereof is omitted. It is preferred
that the monomer be substituted by only one group compris-
ing a polymerizable functional group. The reason therefor is
as follows. If the polymerizable monomer is substituted by
only one group comprising a polymerizable functional group,
it is possible to conduct a polymerization reaction without
causing a cross-linking reaction. Therefore, after the forma-
tion of a polymer, the polymer can be subjected to a purifica-
tion treatment such as reprecipitation, and as a result, there is
no monomer remaining unreacted or other impurities, exert-
ing only small adverse effects on durability and life of an
organic device, in particular, an organic EL device. It is pre-
ferred that at least a terminal aromatic ring group contained in
at least one of the aryl groups in the formula (3), i.e. Ar'' and
Ar'3 to Ar'®, be substituted by the group comprising a poly-
merizable functional group. The reason therefor is as follows.
Due to such substitution, solubility of the monomer or the
resulting polymer in a solvent is improved, and as a result, not
only homogeneity of a coating film of the polymer is
improved but also the polymerization reaction ratio becomes
high to decrease the amount of a monomer remaining unre-
acted, whereby durability and life of an organic device, in
particular, an organic EL device, is improved.

[0126] It is more preferred that a terminal aromatic ring
group contained in Ar'? to Ar'® be substituted by the group
comprising a polymerizable functional group. The reason
therefor is that, by such substitution, the introduction position
or number of a polymerizable functional group can be
selected easily, and a polymerizable functional group can be
introduced easily, whereby the polymerization reaction ratio
of the resulting monomer can be improved.

[0127] Further, it is preferred that the polymerizable func-
tional group and the part other than the terminal aromatic
group contained in the aryl groups in the formula (3), i.e. Ar'!
and Ar'? to Ar*®, be bonded to the terminal aromatic group at
the para position (for example, if the terminal aromatic group
is a phenylene group, at the 1° and 4” positions). The reason
therefor is as follows. Due to such bonding, interaction
between side chains is suppressed to reduce the amount of an
excimer or an exciplex generated. As a result, device perfor-
mance such as hole-transporting properties of the polymer is
improved, and the polymerization reaction ratio is improved
to decrease the amount of monomers remaining unreacted,
whereby durability and life of an organic device, in particular,
an organic EL device, are improved.

[0128] Inthe formulas (3) and (4) to (7), it is preferred that
L? to L° are independently are a substituted or unsubstituted
phenylene group, a substituted or unsubstituted naphthylene
group, a substituted or unsubstituted biphenylylene group, a
substituted or unsubstituted terphenylylene group or a substi-
tuted or unsubstituted fluorenylylene group.

[0129] By selecting such functional group, durability and
life of an organic device, in particular, an organic EL device,
will be further improved.
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[0130] Examples of the polymerizable monomers (1) to (3)
of the invention will be given below:

Example of the Polymerizable Monomer (1):
[0131]
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Example of the Polymerizable Monomer (3):
[0133]
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[0134] Example of the polymerizable monomer (1)to (3)in
which at least one of the aryl groups bonded to the nitrogen
atoms (N) is a group represented by the above formulas (4) to
():
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Embodiment 2
Polymer
[0135] The polymer of the invention is a polymer having a

repeating unit derived from one or two or more selected from
the group consisting of the polymerizable monomers (1) to
(3) of the invention.

[0136] That is, the polymer of the invention comprises one
of the followings:

(a) a homopolymer having a repeating unit derived from one
monomer selected from the group consisting of the polymer-
izable monomers (1) to (3)

(b) a copolymer having a repeating unit derived from two or
more monomers selected from the group consisting of the
polymerizable monomers (1) to (3)

(c) a copolymer having a repeating unit derived from one or
two ore more monomers selected from the group consisting of
the polymerizable monomers (1) to (3) and a repeating unit
derived from other monomers

[0137] The copolymer (c) contains preferably 50 mol % or
more, more preferably 70 mol % or more, of the monomer
component of the polymerizable monomers (1) to (3). If the
amount of the polymerizable monomer component of the
invention is smaller than 50 mol %, advantageous effects of
the polymerizable monomer of the invention may not be fully
exhibited.

[0138] No specific restrictions are imposed on the bonding
manner of the copolymers (b) and (c), and they may be any of
arandom copolymer, an alternate copolymer, a block copoly-
mer, a graft copolymer, a random block copolymer, a comb-
like copolymer and a star-like copolymer. However, the poly-
mer of the invention is more directed to a liner copolymer than
a cross-linked or net-work polymer.

[0139] The copolymer (c) may be any of a random copoly-
mer containing a repeating unit A (for example, the polymer-

izable monomers (1) to (3)) and a repeating unit B (other
monomers) (-ABBABBBAAABA-), an alternate copolymer
(-ABABABABABAB-), a block copolymer
(-AAAAAABBBBBB-) and a graft copolymer (either the
repeating unit A or the repeating unit B may be the main chain
or the side chain).

[0140] No specific restrictions are imposed on the molecu-
lar weight of the polymer of the invention. The polymer of the
invention includes polymers with various molecular weights
ranging from an oligomer equals to or larger in size than a
dimer to an unltra high molecular weight polymer. The poly-
mer of the invention has a number average molecular weight
(Mn) of preferably 10° to 10®, more preferably 5x10> to 10°.
The weight average molecular weight (Mw) thereof is pref-
erably 10° to 10®, more preferably 5x10° to 10°. Although
there are no specific restrictions on the molecular weight
distribution represented by Mw/Mn, an Mw/Mn of 10 or less
is preferable, with 3 or less being further preferable. If the
molecular weight is too large, gelation occurs to make for-
mation of a homogeneous film impossible in the fabrication
of a device. A too small molecular weight makes control of
solubility difficult. The both molecular weights were
obtained by using a size exclusion chromatography (SEC)
and by calibrating with standard polystyrene.

[0141] The copolymer (c) may contain a repeating unit
derived from a monomer other than the above-mentioned
polymerizable monomers (1) to (3). That is, it may contain a
repeating unit derived from other monomers.

[0142] As examples of other monomers, in particular, a
polymerizable monomer in which a monoamine-, diamine- or
triamine-based aromatic compound shown below is substi-
tuted by a group containing a polymerisable group is prefer-
able.
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Al ArF
~N Ii] -
A
Monoamine
A? Ar°
\ /
/N —Li— N\
AP Af
Diamine
A Ar°
\ /
N—IL*—N
A{b \Lb
A],.e
A
Triamine

[0143] Ar“to Ar® are independently a substituted or unsub-
stituted aryl group having 6 to 40 ring carbon atoms; L* and
L? are independently a substituted or unsubstituted arylene
group having 6 to 40 ring carbon atoms; examples of the aryl
group and the arylene group are the same as those mentioned
above;

[0144] substituents of Ar” to Ar® and L and L? are indepen-
dently one or more groups selected from the group consisting
of an alkyl group having 1 to 20 carbon atoms, a cycloalkyl
group having 3 to 10 carbon atoms, an aryl group having 6 to
30 ring carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, a cycloalkoxy group having 3 to 10 carbon atoms, an
aryloxy group having 6 to 30 ring carbon atoms, an aralkyl
group having 7 to 31 carbon atoms wherein the aryl part has
6 to 30 ring carbon atoms, a heterocyclic group having 3 to 30
ring atoms, a mono- or dialkylamino group having an alkyl
group having 1 to 20 carbon atoms, a mono- or diarylamino
group having an aryl group having 6 to 30 ring carbon atoms,
atrialkylsilyl group having 3 to 20 carbon atoms, a triarylsilyl
group having 18 to 30 ring carbon atoms, a dialkylarylsilyl
group or an alkyldiarylsilyl group having 8 to 30 carbon
atoms wherein the aryl part has 6 to 20 ring carbon atoms, an
alkylarylamino group having 8 to 30 carbon atoms wherein
the aryl part has 6 to 20 ring carbon atoms, a halogen atom, a
nitro group, a cyano group and a hydroxyl group.

[0145] In this way, solubility of the polymer in a coating
solvent or hole-injecting and transporting properties can be
improved.

[0146] It is particularly preferred that a terminal aromatic
group of Ar” to Ar® be substituted by the group containing a
polymerizable functional group.

[0147] Further, itis further preferred that the polymerizable
functional group and the part other than the terminal aromatic
group in the above formula be bonded to the terminal aro-
matic group at the para position (for example, if the terminal
aromatic group is a phenylene group, at the 15 and 47 posi-
tions). The reason therefor is as follows. Due to such bonding,
interaction between side chains is suppressed to reduce the
amount of an excimer or an exciplex generated. As a result,
device performance such as hole-transporting properties of
the polymer is improved, and the polymerization reaction
ratio is improved to decrease the amount of monomers
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remaining unreacted, whereby durability and life of an
organic device, in particular, an organic EL device, are
improved.

[0148] The polymer of the invention can be produced by
subjecting a monomer to an addition polymerization, a cyclo-
polymerization or a ring-opening polymerization.

[0149] Although no specific restrictions are imposed on the
polymerization method for the polymer of the invention, radi-
cal polymerization, ionic polymerization, living polymeriza-
tion, radical living polymerization, coordination polymeriza-
tion or the like can be used, for example. In particular, radical
polymerization or cationic polymerization is preferable.
[0150] As the polymerization initiator of radical polymer-
ization, an azo compound and a peroxide can be mentioned,
for example. Azobisisobutyronitrile (AIBN), an azobisisobu-
tylic acid diester derivative and benzoyl peroxide (BPO) are
preferable.

[0151] As the initiator of cationic polymerization, various
strong acids (p-toluenesulfonic acid, trifluoromethane-
sulfonic acid, or the like) and lewis acid are preferable.
[0152] Although no specific restrictions are imposed on the
polymerization solvent, an aromatic hydrocarbon solvent
such as toluene and chlorobenzene, a halogenated hydrocar-
bon solvent such as methylene chloride, dichloromethane and
chloroform, an ether solvent such as teterahydrofuran and
dioxane, an amide solvent such as dimethylformamide, an
alcohol solvent such as methanol, an ester solvent such as
ethyl acetate and a ketone solvent such as acetone, or the like
can be given. By selecting a suitable solvent, it is possible to
conduct solution polymerization in which polymerization is
conducted in a homogeneous system and precipitation poly-
merization in which a generated polymer is precipitated.
[0153] These organic solvents may be used either singly or
in combination of two or more. It is preferred that the organic
solvent be used in an amount such that the concentration of
the monomer be 0.1 to 90% by weight, more preferably 1 to
50% by weight.

[0154] The polymerization temperature is not particularly
restricted insofar as a reaction medium keeps the liquid state.
The polymerization temperature is preferably —100 to 200°
C., with 0to 120° C. being more preferable. The reaction time
varies depending on reaction conditions such as reaction tem-
perature, but one hour or longer is preferable, with 2 to 500
hours being more preferable.

[0155] As for the polymerization product according to a
known method, a reaction solution is added to a lower alcohol
such as methanol to allow precipitation, and precipitates thus
deposited are filtered out and dried, whereby an intended
polymer can be obtained. If the purity of the polymer is low,
purification may be conducted by a normal method such as
re-precipitation, Soxhlet continuous extraction and column
chromatography.

[0156] By conducting purification in this way, an unreacted
monomer and impurities such as a polymerization catalyst are
removed, whereby durability and life of an organic device, in
particular, an organic EL device, are improved.

Embodiment 3
Material Comprising the Polymer

[0157] The polymer obtained by the above-mentioned
method can be suitably used as a material for the following
organic devices, a hole-injecting and transporting material
and a material for an organic electroluminescence device. The
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polymer enables an organic device obtained, in particular, an
organic EL device, to have improved device properties such
as life and luminous efficiency. In addition, even when a
device is subjected to high-temperature driving which is prac-
tical in applications of a display or illumination, the display
suffers only a slight degree of deterioration, whereby an
organic EL device suited to practical use can be provided.
[0158] Further, since a homogeneous hole-injecting/trans-
porting layer can be formed by the coating method, a material
comprising the polymer of the invention is suited for a reduc-
tion in cost or an increase in screen size in applications of a
display or illumination.

[0159] Examples of the organic device include, in addition
to an organic EL device, an organic TFT, a photoelectric
conversion device such as organic solar cell and an image
Sensor.

[0160] Examples of the organic EL device include a planar
emitting body such as a flat panel display of a wall-hanging
television, general or special illumination devices, backlight
of a copier, a printer, or a liquid crystal display, light sources
for instruments, a display panel and a navigation light.
[0161] The polymer of the invention can also be used as an
electrophotographic photoreceptor.

Embodiment 4
Organic Electroluminescence Device

[0162] The organic electroluminescence device of the
invention (hereinafter often referred to as the organic EL
device) comprises one or a plurality of organic thin film layers
comprising an emitting layer between a cathode and an anode
wherein at least one layer of the organic thin film layers
comprises the polymer of the invention.

[0163] In the organic EL device of the invention, it is pre-
ferred that the organic thin film layers comprise one or both of
a hole-transporting layer and a hole-injecting layer, and that
one or both of the hole-transporting layer and the hole-inject-
ing layer comprise the polymer of the invention.

[0164] Further, it is more preferred that the polymer of the
invention be contained as the main component of one or both
of the hole-transporting layer and the hole-injecting layer.
[0165] In the organic EL device of the invention, it is pre-
ferred that the emitting layer contain one or both of a styry-
lamine compound and an arylamine compound.

[0166] If one or both of the hole-transporting layer and the
hole-injecting layeris included, it is preferred that an acceptor
material be contained in one or both of the hole-injecting
layer and the hole-transporting layer. It is particularly pre-
ferred that an acceptor material be contained in a layer which
is adjacent to an anode.

[0167] By allowing an acceptor material to be contained,
density of holes in the hole-injecting/transporting layer can
be improved or hole transportability can be improved. As a
result, the resulting organic EL device has a lowered driving
voltage and carrier balance is improved to enable the resulting
organic EL device to have a long life.

[0168] An acceptor is preferably an organic compound
which has an electron attracting substituent or an electron
deficient ring.

[0169] As the electron-attracting substituent, a halogen,
CN-—, a carbonyl group, an aryl boron group or the like can be
given, for example.

[0170] Examples of the electron-deficient ring include,
though not limited thereto, a compound selected from the
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group consisting of 2-pyridyl, 3-pyridyl, 4-pyridyl,
2-quinolyl, 3-quinolyl, 4-quinolyl, 2-imidazole, 4-imidazole,
3-pyrazole, 4-pyrazole, pyridazine, pyrimidine, pyrazine,
cinnoline, phthalazine, quinazoline, quinoxaline, 3-(1,2,4-
N)-triazolyl, 5-(1,2,4-N)-triazolyl, 5-tetrazolyl, 4-(1-O,3-N)-
oxazole, 5-(1-0,3-N)-oxazole, 4-(1-S,3-N)-thiazole, 5-(1-S,
3-N)-thiazole, 2-benzoxazole, 2-benzothiazole, 4-(1,2,3-N)-
benzotriazole, and benzimidazole.

[0171] Ttis preferred that the above-mentioned acceptor be
a quinodimethane derivative.

[0172] Compounds represented by the following formulas
(1a) to (1i) can be given as a quinoid derivative. It is more
preferred that the quinoid derivative be a compound repre-
sented by the formulas (1a) and (1b):

(1a)

X
R3 R!
R4 R?
X
(1b)
X
RS R’
RY
R7
RS RIO
(le)
Rl 8 Rl 1
RV R2
RIS R
RIS RH
X
(1d)
R X
R23 & R19
[
R22 T/ R20
R?! X
(1e)
R x RS
3 | | 2
R Y\ Y\ R
R3® Y/ YI R¥
}|{29 X ll{ZS
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-continued

(1

(1g)

(1h)

(1D

X
G i\
S S
\ = ~./
Y Y
X
[0173] Inthe formulas (1a)to (1i), R' to R*® are indepen-

dently a hydrogen atom, a halogen atom, a fluoroalkyl group,
a cyano group, an alkoxy group, an alkyl group or an aryl
group, with hydrogen and a cyano group being preferable.
[0174] Inthe formulas (1a) to (11), X is an electron-attract-
ing group which is formed of one of the following structures
(§) to (p). The structures (j), (k) and (1) are preferable.

o 0
I
NC CN ®
T
CN o
I|\|T/
NC CF; )
T
NC COOR¥ w
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-continued

R*00C COORS!

®

[0175] Inthe formula, R* to R>* are independently hydro-
gen, a fluoroalkyl group, an alkyl group, an aryl group or a
heterocyclic group. R*° and R may be bonded to form a
ring.

[0176] Inthe formulas (1a)to (1i),Y is —N—or —CH—.
[0177] As the halogen represented by R! to R*®, fluorine
and chlorine are preferable.

[0178] As the fluoroalkyl group represented by R* to R*%, a
trifluoromethyl group and a pentafluoroethyl group are pref-
erable.

[0179] As the alkoxyl group represented by R! to R*%, a
methoxy group, an ethoxy group, an iso-propoxy group, and
a tert-butoxy group are preferable.

[0180] As the alkyl group represented by R’ to R*®, a
methyl group, an ethyl group, a propyl group, an iso-propyl
group, a tert-butyl group and a cyclohexyl group are prefer-
able.

[0181] As thearyl group represented by R* to R*%, a phenyl
group and a naphthyl group are preferable.

[0182] Examples of the fluoroalkyl group, the alkyl group
and the aryl group represented by R* to R>? are the same
those represented by R! to R*®.

[0183] The heterocyclic ring represented by R* to R? is
preferably a substituent represented by the following formu-

las:
S N X
~IJ T
—_

[0184] IfR’° and R*! form a ring, X is preferably a sub-
stituent represented by the following formula:

RSI" RS?

O (6]

[0185] In the formula, R®'" and R** are independently a
methyl group, an ethyl group, a propyl group and a tert-butyl
group.
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[0186] Specific examples of the quinoid derivative include
the following compounds:

NC CN NC CN
NC | F. | F
| CN F | F
NC CN NC CN
(CN),— TCNQ

NC

NC

-continued

NC CN

x X
| FZ
| NIO
NC CN

CN
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-continued
NC
N N
/TS =\
S, S
\ = ~./
N | N
NC CN
[0187] The content of an acceptor contained in the accep-

tor-containing layer is preferably 1 to 100 mol % relative to
the entire layer, more preferably 50 to 100 mol %.

[0188] Further, the hole-injecting/transporting layer may
contain fullerene. As examples of fullerene, a carbon cluster
compound represented by C60 can be given. C70, C76, C78,
C82, C84, C90, C96 or the like other than C60 may also be
mentioned.

[0189] It is preferred that the organic EL device of the
invention emit blue light. An organic EL device which emits
blue light generally has a shorter device life. However, by
using the polymer of the invention in the organic thin film
layers, life of the device is hardly shortened even if it is
subjected to practical high-luminance and high-temperature
driving.

[0190] The representative device structures of the organic
EL device of the invention are given below.

[0191] (1) Anode/emitting layer/cathode

[0192] (2) Anode/hole-injecting layer/emitting layer/cath-
ode

[0193] (3) Anode/emitting layer/electron-injecting layer/
cathode

[0194] (4) Anode/hole-injecting layer/emitting layer/elec-

tron-injecting layer/cathode

[0195] (5) Anode/organic semiconductor layer/emitting
layer/cathode
[0196] (6) Anode/organic semiconductor layer/electron

blocking layer/emitting layer/cathode

[0197] (7) Anode/organic semiconductor layer/emitting
layer/adhesion-improving layer/cathode

[0198] (8) Anode/hole-injecting layer/hole-transporting
layer/emitting layer/electron-injecting layer/cathode

[0199] (9) Anode/insulating layer/emitting layer/insulating
layer/cathode
[0200] (10) Anode/inorganic semiconductor layer/insulat-

ing layer/emitting layer/insulating layer/cathode

[0201] (11) Anode/organic semiconductor layer/insulating
layer/emitting layer/insulating layer/cathode

[0202] (12) Anode/insulating layer/hole-injecting layer/
hole-transporting layer/emitting layer/insulating layer/cath-
ode

[0203] (13) Anode/insulating layer/hole-injecting layer/
hole-transporting  layer/emitting layer/electron-injecting
layer/cathode

[0204] Of these, the structure (8) is preferably used. The
device structure is, however, not limited to those mentioned
above.

<Transparent Substrate>

[0205] The organic EL device of the invention is fabricated
by stacking on a transparent substrate a plurality of layers
having the layer structures as mentioned above. The transpar-
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ent substrate as referred to herein is a substrate for supporting
the organic EL device, and is preferably a flat and smooth
substrate having a 400-to-700-nm-visible-light transmittance
of 50% or more.

[0206] Specific examples thereof include glass plates and
polymer plates. Examples of the glass plate, in particular,
include soda-lime glass, barium/strontium-containing glass,
lead glass, aluminosilicate glass, borosilicate glass, barium
borosilicate glass and quartz. Examples of the polymer plate
include polycarbonate, acrylic polymer, polyethylene tereph-
thalate, polyethersulfone and polysulfone.

<Anode>

[0207] As the conductive material used for the anode of the
organic EL device of the invention, one having a work func-
tion larger than 4 eV is suitable, and carbon, aluminum,
vanadium, iron, cobalt, nickel, tungsten, silver, gold, plati-
num and palladium, alloys thereof, oxidized metals such as
tin oxide and indium oxide which are used for an ITO sub-
strate and a NESA substrate and an organic conductive resin
such as a polythiophene and polypyrrole are used.

<Cathode>

[0208] As the conductive material used for the cathode, one
having a work function smaller than 4 eV is suitable, and
magnesium, calcium, tin, lead, titanium, yttrium, lithium,
ruthenium, manganese, aluminum, lithium fluoride and
alloys thereof are used, but usable materials are not limited
thereto. Representative examples of the alloy include, though
not limited thereto, a magnesium/silver alloy, a magnesium/
indium alloy and a lithium/aluminum alloy. The amount ratio
of an alloy is controlled by the temperature of the deposition
source, atmosphere, vacuum degree or the like, and a suitable
ratio is selected. If necessary, the anode and the cathode each
may be formed of two or more layers.

[0209] This cathode can be formed by making the electrode
substances into a thin film by vapor deposition, sputtering or
some other methods.

[0210] Inthe case where light is emitted from the emitting
layer through the cathode, the cathode preferably has a light
transmittance of larger than 10%.

[0211] The sheet resistance of the cathode is preferably
several hundreds /[ or less, and the film thickness thereof’is
usually from 10 nm to 1 pm, preferably from 50 to 200 nm.

<Insulating Layer>

[0212] In the organic EL device, pixel defects based on
leakage or a short circuit are easily generated since an electric
field is applied to a super thin film. In order to prevent this, it
is preferable to insert an insulative thin layer between the pair
of electrodes.

[0213] Examples of the material used in the insulating layer
include aluminum oxide, lithium fluoride, lithium oxide,
cesium fluoride, cesium oxide, magnesium oxide, magne-
sium fluoride, calcium oxide, calcium fluoride, aluminum
nitride, titanium oxide, silicon oxide, germanium oxide, sili-
con nitride, boron nitride, molybdenum oxide, ruthenium
oxide and vanadium oxide. A mixture or a laminate of these
materials may also be used.

<Emitting Layer>

[0214] The emitting layer of the organic EL. device has the
following functions (1), (2) and (3) in combination.
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[0215] (1) Injection function: function of allowing injec-
tion of holes from the anode or hole-injecting layer and injec-
tion of electrons from the cathode or electron-injecting layer
upon application of an electric field

[0216] (2) Transporting function: function of moving
injected carriers (electrons and holes) due to the force of an
electric field

[0217] (3) Emitting function: function of allowing elec-
trons and holes to recombine to emit light

[0218] Note that electrons and holes may be injected into
the emitting layer with different degrees, or the transportation
capabilities indicated by the mobility of holes and electrons
may differ. It is preferable that the emitting layer move either
electrons or holes.

[0219] The polymer of the invention may be used in the
plurality of organic thin film layers as mentioned above, if
necessary. Further, an emitting material, a doping material, a
hole-injecting material or an electron-injecting material
which are known in the art can be used. It is also possible to
use the polymer of the invention as the doping material. By
allowing the organic thin film layers as mentioned above to be
formed of a plurality of layers, the organic EL device can be
prevented from a lowering of luminance or life by quenching.
If necessary, an emitting material, a doping material, a hole-
injecting material or an electron-injecting material may be
used in combination. Further, by using a doping material,
improvement in luminance or luminous efficiency can be
attained, and red or blue emission can be obtained. Moreover,
the hole-injecting layer, the emitting layer and the electron-
injecting layer may respectively be formed of two or more
layers. In this case, in the case of the hole-injecting layer, a
layer which injects holes from the electrode is referred to as
the hole-injecting layer and a layer which receives holes from
the hole-injecting layer and transports the holes to the emit-
ting layer is referred to as the hole-transporting layer. Simi-
larly, in the case of the electron-injecting layer, a layer which
injects electrons from the electrode is referred to as the elec-
tron-injecting layer and a layer which receives electrons from
the electron-injecting layer and transports the electrons to the
emitting layer is referred to as the electron-transporting layer.
Each of these layers is selected and used according to the
factors such as the energy level, heat resistance, adhesiveness
to the organic layers or the metal electrode of the material.
[0220] Examples ofthe host material or the doping material
which can be used in the emitting layer together with the
polymer of the invention include, though not limited thereto,
fused polymer aromatic compounds such as naphthalene,
phenanthrene, rubrene, anthracene, tetracene, pyrene,
perylene, chrysene, decacyclene, coronene, tetraphenylcy-
clopentadiene,  pentaphenylcyclopentadiene,  fluorene,
spirofluorene, 9,10-diphenenylanthracene, 9,10-bis(phenyl-
ethyl)anthracene and 1,4-bis(9'-ethynylanthracenyl)benzene
and derivatives thereof, organic metal complexes such as
tris(8-quinolinolate)aluminum and bis-(2-methyl-8-quinoli-
nolate)-4-(phenylphenolinate)aluminum, triarylamine
derivatives, styrylamine derivatives, stilbene derivatives, cou-
marin derivatives, pyrane derivatives, oxazone derivatives,
benzothiazole derivatives, benzoxazole derivatives, benzimi-
dazole derivatives, pyrazine derivatives, cinnamate deriva-
tives, diketo-pyrrolo-pyrrole derivatives, acrylidone deriva-
tives, quinacrylidone derivatives and fluoranthene
derivatives.

[0221] The hole-injecting/transporting layer is a layer
which helps injection of holes to the emitting layer, and
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transports the holes to the emission range. It has a large hole
mobility, and normally has a small ionization energy of 5.6
eV or less. As the material for such hole-injecting/transport-
ing layer, a material which transports holes to the emitting
layer at a lower electric field is preferable. Further, it is pre-
ferred that the mobility of holes be at least 10™* cm?*/V-sec
when applying an electric field of 10* to 10° V/cm.

[0222] As mentioned above, the polymer of the invention is
particularly preferably used in the hole-injecting/transporting
layer.

[0223] If the polymer of the invention is used in the hole-

transporting region, the hole-injecting/transporting layer may
be formed by using the hole-transporting material of the
invention alone or in a mixture with other materials.

[0224] As the other material for forming the hole-injecting/
transporting layer in a mixture with the polymer of the inven-
tion, any materials which have the above preferable proper-
ties can be used as without particular limitation. The material
for forming the hole-injecting/transporting layer can be arbi-
trarily selected from materials which have been widely used
as a material transporting carriers of holes in photoconductive
materials and known materials used in a hole-injecting/trans-
porting layer of organic EL devices. In the invention, a mate-
rial which has a hole-transporting capability and can be used
in the hole-transporting region is referred to as the hole-
transporting material.

[0225] Specific examples of other materials than the poly-
mer of the invention used in the hole-injecting/transporting
layer include, though not limited thereto, a phthalocyanine
derivative, a naphthalocyanine derivative, a porphyrin deriva-
tive, oxazole, oxadiazole, triazole, imidazole, imidazolone,
imidazolethione, pyrazoline, pyrazolone, tetrahydroimida-
zole, oxazole, oxadiazole, hydrazone, acylhydrazone, pol-
yarylalkane, stilbene, butadiene, benzidine-type tripheny-
lamine, styrylamine-type triphenylamine, diamine-type
triphenylamine, derivatives thereof, polymer materials such
as polyvinyl carbazole, polysilane, conductive polymers
(polyaniline and polythiophene) and a polymer of polymer-
izable monomers in which the above-mentioned monoam-
ine-, diamine-, and triamine-based aromatic compounds are
substituted by the group comprising a polymerizable func-
tional group.

[0226] Ofthe hole-injecting materials which can be used in
the organic EL device of the invention, a still further effective
hole-injecting material is an aromatic tertiary amine deriva-
tive and a phthalocyanine derivative.

[0227] Examples of the aromatic tertiary amine derivatives
include, though not limited thereto, triphenylamine, tritoly-
lamine, tolyldiphenylamine, N,N'-diphenyl-N,N'-(3-meth-
ylphenyl)-1,1'-biphenyl-4,4'-diamine, N,N,N',N'-(4-meth-

ylphenyl)-1,1'-phenyl-4,4'-diamine, N,N,N',N'-(4-
methylphenyl)-1,1'-biphenyl-4,4'-diamine, N,N'-diphenyl-
N,N'-dinaphthyl-1,1'-biphenyl-4,4'-diamine, N,N'-

(methylphenyl)-N,N'-(4-n-butylphenyl)-phenathrene-9,10-
diamine, N,N-bis(4-di-4-tolylaminophenyl)-4-phenyl-
cychlohexane or an oligomer or a polymer having these
aromatic tertiary amine skeleton.

[0228] Examples of the phthalocyanine (Pc) derivative
include, though not limited thereto, phthalocyanine deriva-
tives and naphthalocyanine derivatives such as H,Pc, CuPc,
CoPc, NiPc, ZnPc, PdPc, FePc, MnPc, CIAIPc, ClGaPc,
ClInPc, ClISnPe, Cl,SiPc, (HO)AlPc, (HO)GaPc, VOPc,
TiOPc, MoOPc and GaPc-O—GaPec. Further, it is preferred
that the organic EL device of the invention comprise, between
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the emitting layer and the anode, a layer, a hole-transporting
layer or a hole-injecting layer, for example, which contains
the aromatic tertiary amine derivative and/or the phthalocya-
nine derivative as mentioned above.

[0229] Next, an explanation is made on the electron-inject-
ing/transporting layer. The electron-injecting/transporting
layer is a layer which helps injection of electrons to the
emitting layer and transports the electrons to the emission
region, and has a large electron mobility. The adhesion-im-
proving layer is one of the electron-injecting layers which is
formed of a material which has particularly good adhesion to
the cathode.

[0230] Further, it is known that, in an organic EL device,
since emitted light is reflected by an electrode (the cathode, in
this case), light which is directly outcoupled from the anode
interferes with light outcoupled after being reflected by the
electrode. In order to utilize this interference effect effi-
ciently, the film thickness of the electron-transporting layer is
appropriately selected in a range of several nm to several pm.
If the thickness is particularly large, in order to avoid an
increase in voltage, it is preferred that the electron mobility be
at least 107> ¢cm?/V's or more when an electric field of 10* to
10° V/em is applied.

[0231] Specific examples of the material used in the elec-
tron-injecting layer include, though not limited thereto, fluo-
renone, anthraquinodimethane, diphenoquinone, thiopyrane
dioxide, oxazole, oxadiazole, triazole, imidazole, perylene
tetracarboxylic acid, fluorenylidenemethane, anthraquin-
odimethane, anthrone, and derivatives thereof. Further, sen-
sitization is possible by adding an electron-accepting material
to a hole-injecting material and an electron-donating material
to an electron-injecting material.

[0232] In the organic EL device of the invention, a still
further effective electron-injecting material is a metal com-
plex compound and a nitrogen-containing five-membered
derivative.

[0233] Examples of the metal complex compound include,
though not limited thereto, 8-hydroxyquinolinate lithium, bis
(8-hydroxyquinolinate)zinc,  bis(8-hydroxyquinolinolate)
copper, bis(8-hydroxyquinolinate)manganese, tris(8-hy-
droxyquinolinate)aluminum, tris(2-methyl-8-
hydroxyquinolinate)aluminum, tris(8-hydroxyquinolinate)
gallium, bis(10-hydroxybenzo[h]quinolinate)beryllium, bis
(10-hydroxybenzo[h]quinolinate)zinc, bis(2-methyl-8-
quinolinate)chlorogallium, bis(2-methyl-8-quinolinate)(o-
cresolate)gallium, bis(2-methyl-8-quinolinate)(1-
naphtholate)aluminum and bis(2-methyl-8-quinolinate)(2-
naphtholate)gallium.

[0234] As the nitrogen-containing five-membered deriva-
tive, oxazole, thiazole, oxadiazole, thiadiazole and triazole
derivatives are preferable. Specific examples include, though
not limited thereto, 2,5-bis(1-phenyl)-1,3,4-oxazole, dim-
ethyl POPOP, 2,5-bis(1-phenyl)-1,3,4-thiazole, 2,5-bis(1-
phenyl)-1,3,4-oxadiazole, 2-(4'-tert-butylphenyl)-5-(4"-bi-
phenyl)-1,3,4-oxadiazole, 2,5-bis(1-naphthyl)-1,3,4-
oxadiazole, 1,4-bis[2-(5-phenyloxadiazolyl)|benzene, 1,4-
bis[2-(5-phenyl oxadiazolyl)-4-tert-butylbenzene], 2-(4'-
tert-butylphenyl)-5-(4"-biphenyl)-1,3,4-thiadiazole, 2,5-bis
(1-naphthyl)-1,3,4-thiadiazole, 1,4-bis[2-(5-
phenylthiadiazolyl)|benzene, 2-(4'-tert-butylphenyl)-5-(4"-
biphenyl)-1,3,4-triazole, 2,5-bis(1-naphthyl)-1,3,4-triazole
and 1,4-bis[2-(5-phenyltriazoly)|benzene.

[0235] Inthe organic EL device of the invention, the emit-
ting layer may contain, in addition to the polymer of the
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invention, at least one of an emitting material, a doping mate-
rial, a hole-injecting material and an electron-injecting mate-
rial in the same layer. In order to improve stability to tem-
perature, humidity, atmosphere or the like of the organic EL
device of the invention, it is possible to provide a protective
layer on the surface of the device, or to protect the entire
device with silicone oil, a resin or the like.

[0236] Inthe organic EL device of the invention, in order to
allow it to emit light efficiently, it is preferred that at least one
of the surfaces be fully transparent in the emission wave-
length region of the device. In addition, it is preferred that the
substrate also be transparent. The transparent electrode is set
such that predetermined transparency can be ensured by a
method such as deposition or sputtering by using the above-
mentioned conductive materials. It is preferred that the elec-
trode on the emitting surface have a light transmittance of
10% or more. Although no specific restrictions are imposed
on the substrate as long as it has mechanical and thermal
strength and transparency, a glass substrate and a transparent
resin film can be given. Examples of the transparent resin film
include polyethylene, an ethylene-vinyl acetate copolymer,
an ethylene-vinyl alcohol copolymer, polypropylene, poly-
styrene, polymethylmethacrylate, polyvinyl chloride, polyvi-
nyl alcohol, polyvinyl butyral, nylon, polyetheretherketone,
polysulfone, polyethersulfone, a tetrafluoroethylene-perfluo-
roalkylvinyl ether copolymer, polyvinyl fluoride, a tetrafluo-
roethylene-ethylene copolymer, a tetrafluoroethylene-
hexafluoropropylene copolymer,
polychlorotrifluoroethylene, polyvinylidene fluoride, polyes-
ter, polycarbonate, polyurethane, polyimide, polyether
imide, polyimide and polypropylene.

[0237] Each layer of the organic EL device of the invention
can be formed by a known method such as a dry film-forming
method such as vacuum vapor deposition, sputtering, plasma,
and ion plating and a wet film-forming method such as spin
coating, dipping and flow coating. Although there are no
particular restrictions on the film thickness of each layer, it is
required to set it to a suitable film thickness. If the film
thickness is too large, a large voltage is required to be applied
in order to obtain a certain optical output, resulting in poor
efficiency. If the film thickness is too small, pinholes or the
like are generated, and hence, a sufficient luminance cannot
be obtained even if an electric field is applied. The film
thickness is normally in the range of 5 nm to 10 um, with the
range of 10 nm to 0.2 um being further preferable.

[0238] As the method for forming a layer containing the
polymer of the invention (the hole-injecting/transporting
layer, in particular), forming a solution of the polymer into a
film can be mentioned, for example. As the film-forming
method, the spin coating method, the casting method, the
microphotogravure coating method, the photogravure coat-
ing method, the bar coating method, the roll coating method,
the slit coating method, the wire bar coating method, the dip
coating method, the spray coating method, the screen printing
method, the flexo printing method, the offset printing method,
the ink-jet method, the nozzle printing method or the like can
be mentioned. When a pattern is formed, the screen printing
method, the flexo printing method, the offset printing method
and the ink jet printing method are preferable. Film formation
by these methods can be conducted under conditions which
are well known by a person in the art, and hence the details
thereof are omitted.

[0239] After the film formation, the film is heated (200° C.
at most) under vacuum and dried to remove the solvent. No
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polymerization reaction by light or heating at high tempera-
tures (200° C. or higher) is necessary. Therefore, deteriora-
tion of performance by light or heating at high temperatures
can be suppressed.

[0240] It suffices that the solution for film formation con-
tain at least one kind of the polymer of the invention. In
addition to the above-mentioned materials, it may contain a
hole-transporting material, an electron-transporting material,
an emitting material, an acceptor material, a solvent and an
additive such as a stabilizer. The content of the polymer in the
solution for film formation is preferably 20 to 100 wt %, more
preferably 40 to 100 wt % relative to the total weight of the
composition excluding the solvent. The amount ratio of the
solvent is preferably 1 to 99.9 wt % relative to the solution for
film formation, with 80 to 99 wt % being more preferable.
[0241] The solution for film formation may contain an
additive for controlling the viscosity and/or the surface ten-
sion, for example, a thickener (a high molecular compound, a
poor solvent for the high-molecular compound of the inven-
tion, or the like), a viscosity reducing agent (a low-molecular
compound or the like), a surfactant or the like. In order to
improve storage stability, an antioxidant which does not
affect the performance of the organic EL device, such as a
phenol-based antioxidant and a phosphor-based antioxidant
may be contained.

[0242] Examples of the usable high-molecular compounds
include insulative resins such as polystyrene, polycarbonate,
polyarylate, polyester, polyamide, polyurethane, polysul-
fone, polymethylmethacrylate, polymethylacrylate and cel-
lulose, copolymers thereof, photoconductive resins such as
poly-N-vinylcarbozole and polysilane and conductive resins
such as polythiophene and polypyrrole.

[0243] Example of the solvent for the solution for film
formation include chlorine-based solvents such as chloro-
form, methylene chloride, 1,2-dichloroethane, 1,1,2-trichlo-
roethane, chlorobenzene and o-dichlorobenzene; ether-based
solvents such as tetrahydrofuran, dioxane, dioxolane, and
anisole; aromatic hydrocarbon solvents such as toluene and
xylene; aliphatic hydrocarbon-based solvents such as cyclo-
hexane, methylcyclohexane, n-pentane, n-hexane, n-heptane,
n-octane, n-nonane and n-decane; ketone-based solvents
such as acetone, methylethylketone, cyclohexanone, ben-
zophenone and acetophenone; ester-based solvents such as
ethyl acetate, butyl acetate, ethyl cellosolve acetate, methyl
benzoate and phenyl acetate; polyvalent alcohols such as
ethylene glycol, ethylene glycol monobutyl ether, ethylene
glycol monoethyl ether, ethylene glycol monomethyl ether,
dimethoxy ethane, propylene glycol, diethoxymethane, tri-
ethylene glycol monoethyl ether, glycerin, 1,2-hexanediol
and derivatives thereof; alcohol-based solvents such as
methanol, ethanol, propanol, isopropanol and cyclohexanol;
sulfoxide-based solvents such as dimethylsulfoxide; and
amide-based solvents such as N-methyl-2-pyrrolidone and
N,N-dimethylformamide can be mentioned. These organic
solvents may be used alone or in combination of two or more.
Of these, in respect of solubility, homogeneity of a coating
film, viscosity properties or the like, aromatic hydrocarbon-
based solvents, ether-based solvents, aliphatic hydrocarbon-
based solvents, ester-based solvents and ketone-based sol-
vents are preferable. Toluene, xylene, ethylbenzene,
diethylbenzene, trimethylbenzene, n-propylbenzene, isopro-
pyl benzene, n-butyl benzene, isobutylbenzene, 5-butylben-
zene, n-hexylbenzene, cyclohexylbenzene, 1-methylnaph-
thalene, tetralin, 1,3-dioxane, 1,4-dioxane, 1,3-dioxolane,
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anisole, ethoxybenzene, cyclohexane, bicyclohexyl, cyclo-
hexeny cyclohexanone, n-heptylcyclohexane, n-hexylcyclo-
hexane, decaline, methyl benzoate, cyclohexanone, 2-propy-
Icyclohexanone, 2-heptanone, 3-heptanone, 4-heptanone,
2-octanone, 2-nonanone, 2-decanone, dicyclohexylketone,
acetophenone and benzophenone are more preferable.

<Method for Producing an Organic EL Device>

[0244] The organic EL device can be fabricated by forming
an anode, optionally a hole-injecting/transporting layer, an
emitting layer, and optionally an electron-injecting/transport-
ing layer, and further forming a cathode using the materials
and methods exemplified above. The organic EL device can
be fabricated in the order reverse to the above, i.e., the order
from a cathode to an anode.

EXAMPLES
[0245] The invention will be explained below in detail with
reference to Examples, which should not be construed as

limiting the scope of the invention.

(Synthesis of Various Monomers)

[0246]

[0247] Intermediate A was synthesized according to the
following scheme.

—_—_—
5 NH, Cu cat

O,

} N

Synthesis of Intermediate A

Cu cat

@

OMe
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Intermediate A

<First Step>

[0248] In an argon atmosphere, to a 500 mI-three neck
flask provided with a condenser tube, 2.4 g (40 mmol) of
acetoamide, 7.5 g (48 mmol) of bromobenzene, 6.2 g (32
mmol) of copper iodide, 4.3 g (48 mmol) of N,N-dimethyl-
ethylenediamine, 22.4 g (160 mol) of potassium carbonate
and 200 mL of dehydrated xylene were added. The resultant
was stirred with heating at 100° C. overnight. After the reac-
tion was completed, the reaction solution was filtered, and
filtrates obtained were washed with water. The xylene phase
was concentrated, and crystals deposited were isolated, and
washed with 100 mL of toluene and 200 mL of methanol,
whereby 2.7 g of pale yellow powder was obtained (Interme-
diate a, yield 50%).

<Second Step>

[0249] In an argon atmosphere, to a 300 mL-three neck
flask provided with a condenser tube, 2.7 g (20 mmol) of
intermediate (a), 6.3 g (24 mmol) of 4-anisolyl-1-bromoben-
zene, 3.1 g (16 mmol) of copper iodide, 2.1 g (24 mmol) of
N,N-dimethylethylenediamine, 11.2 g (80 mol) of potassium
carbonate and 100 mL of dehydrated xylene were added. The
resultant was stirred with heating at 100° C. overnight. After
the reaction was completed, the reaction solution was filtered,
and the resultant was washed with water. The xylene phase
was concentrated, crystals deposited were isolated, and puri-
fied by column chromatography by using toluene as an eluent,

whereby 4.4 g of pale yellow powder was obtained (Interme-
diate b, yield 70%).

<Third Step>

[0250] To a 300 mL-three neck flask provided with a con-
denser tube, 4.4 g (14 mmol) of intermediate (b), 5.6 g (100
mmol) of potassium hydroxide, 100 mL of ethanol and 100
mL of toluene were added. The resultant was stirred with
heating at 80° C. overnight. After the reaction was completed,
the toluene phase which had been washed with water was
concentrated, crystals deposited were isolated, and washed
with 100 mL oftoluene and 100 mL of methanol, whereby 2.8
g of pale yellow powder was obtained (Intermediate c, yield
73%).

<Fourth Step>

[0251] In an argon atmosphere, to a 300 mL-three neck
flask provided with a condenser tube, 5.5 g (10 mmol) of
4-bromo-tris(p-biphenyl)amine, 2.8 g (10 mmol) of interme-
diate (c), 0.02 g (0.1 mmol) of palladium acetate, 0.1 g (0.5
mmol) of tri-t-butylphosphine, 0.7 g (7 mmol) of sodium
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t-butoxide and 100 mL of dry toluene were added. The result-
ant was stirred with heating at 100° C. overnight. After the
reaction was completed, crystals deposited were filtered, and
purified by column chromatography by using toluene as an
eluent, whereby 6.0 g of pale yellow powder was obtained
(Intermediate d, yield 80%).

<Fifth Step>

[0252] Next, in an argon atmosphere, in a 300 mL-three
neck flask, 6.0 g (8 mmol) of intermediate (d) was dissolved
in 100 mL of dehydrated methylene chloride. After cooling
the resulting solution at 10° C., a methylene chloride solution
of 2.11 g (8.4 mmol) of boron tribromide was added drop-
wise, followed by stirring at room temperature for 4 hours.
After the reaction liquid was treated with water, the methyl-
ene chloride phase was extracted and concentrated. Column
chromatography was conducted by using toluene as an eluent,
whereby 5.3 g of pale yellow powder was obtained (Interme-
diate e, yield 90%).

0S0,CF3

Jan. 26, 2012

<Sixth Step>

[0253] In an argon atmosphere, in a 300 mL-three neck
flask, 3.7 g (5.0 mmol) of intermediate (e) and 1.0 g (10
mmol) of diisopropylamine were dissolved in 100 mL of
dehydrated methylene chloride. After cooling the resulting
solution at 0° C., a dehydrated methylene chloride solution of
3.1 g (11 mmol) of trifluoromethanesulfonic anhydride was
added dropwise, followed by stirring at room temperature for
21 hours. Next, the reaction solution was neutralized in a 5%
aqueous sodium carbonate solution, and the methylene chlo-
ride phase was extracted and concentrated. Column chroma-
tography was conducted by using toluene as a solvent,
whereby 3.8 g of pale yellow powder was obtained (Interme-
diate A, yield 88%).

[0254] Monomers (1) to (5) were synthesized according to
the following synthesis scheme.

*)

Intermediate A
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Example 1

[0255] In an argon atmosphere, to a 100 mL-three neck
flask provided with a condenser tube, 2.6 g (3 mmol) of
intermediate (A), 0.4 g (3 mmol) of 4-vinylphenylboronic
acid, 0.7 g (60 pumol) of tetrakis(triphenylphosphine)palla-
dium (0), 1.0 g (9 mmol) of sodium carbonate and 50 mL of
dry toluene were added. The resultant was stirred with heat-
ing at 80° C. for 24 hours. After the reaction was completed,
crystals deposited were filtered out, and column chromatog-
raphy was conducted by using a toluene solvent, whereby 2.0
g of pale yellow powder was obtained. The powder was
confirmed to be an intended product (1) by NMR, MS or the
like (yield 80%).

Example 2

[0256] In an argon atmosphere, to a 100 mL-three neck
flask provided with a condenser tube, 2.6 g (3 mmol) of
intermediate (A), 0.4 g (3 mmol) of 4-hydroxyphenylboronic
acid, 0.7 g (60 pumol) of tetrakis(triphenylphosphine)palla-
dium (0), 1.0 g (9 mmol) of sodium carbonate and 50 mL of
dry toluene were added. The resultant was stirred with heat-
ing at 80° C. for 24 hours. After the reaction was completed,
crystals deposited were filtered out, and column chromatog-
raphy was conducted by using a toluene solvent, whereby
pale yellow powder (phenol derivative) was obtained.

[0257] Subsequently, in an argon atmosphere, ina 100 mL.-
three neck flask, the above-obtained phenol derivative and 0.5
g (5 mmol) of triethylamine were dissolved in 50 mL of
dehydrated toluene. After cooling the resulting solution at 0°
C., a dehydrated toluene solution of 0.3 g (3 mmol) of meth-
acrylic chloride was added dropwise, followed by stirring at
room temperature for 10 hours. Deposited salts were filtered
out, and the filtrate was concentrated. Column chromatogra-
phy was conducted by using toluene as a solvent, whereby 1.8

g of pale yellow powder was obtained. The powder was
confirmed to be an intended product (2) by NMR, MS or the
like (yield 67%).

Example 3

[0258] In an argon atmosphere, to a 100 mL-three neck
flask provided with a condenser tube, 2.6 g (3 mmol) of
intermediate (A), 0.6 g (3 mmol) of4-(4,4,5,5-tetramethyl-1,
3,2-dioxaborolan-2-yl)aniline, 0.7 g (60 pmol) of tetraki-
striphenylphosphine palladium (0), 1.0 g (9 mmol) of sodium
carbonate and 50 mL of dry toluene were added. The resultant
was stirred with heating at 80° C. for 24 hours. After the
completion of the reaction, crystals deposited were filtered
out. Column chromatography was conducted by using a tolu-
ene solvent, whereby pale yellow powder was obtained
(aniline derivative).

[0259] Subsequently, in an argon atmosphere, ina 100 mL-
three neck flask, the above-obtained aniline derivative and 0.5
g (5 mmol) of triethylamine were dissolved in 50 mL of
dehydrated toluene. After cooling the resulting solution at 0°
C., a dehydrated toluene solution of 0.3 g (3 mmol) of meth-
acrylic chloride was added dropwise, followed by stirring at
room temperature for 10 hours. Deposited salts were filtered
out, and the filtrate was concentrated. Column chromatogra-
phy was conducted by using toluene as a solvent, whereby 1.6
g of pale yellow powder was obtained. The powder was
confirmed to be an intended product (3) by NMR, MS or the
like (yield 60%).

Example 4
Diels-Alder Reaction

Reaction of the Product Obtained in Example 1 and Cyclo-
pentadiene

[0260] All of the reactions were conducted in an argon
atmosphere. To a 200 mL-three neck flask provided with a
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condenser tube, 1.18 g (molecular weight: 819.04, 1.44
mmol) of compound (1) synthesized in the same manner as in
Example 1 and 144 mL of a solvent toluene were added, and
the resultant was stirred with heating to allow the compound
(1) to be completely dissolved in the toluene. This solution
was allowed to stand to room temperature. Subsequently, 10
g (molecular weight: 66.10, 150 mmol) of cyclopentadiene
which had been distilled immediately before use and a small
amount of p-toluenesulfonic acid were added, and the result-
ant was allowed to react at room temperature for 2 hours. The
resultant was then allowed to further react at 75° C. for 5
hours. This reaction liquid was poured to a large amount of
hexane (about 1000 mL), and solid components generated
were filtered out. The solids components were purified by
means of column chromatography by using a methylene chlo-
ride/hexane mixed solvent as an eluent, whereby 0.80 g (mo-
lecular weight: 885.14, 0.90 mmol) of pale yellow powder
(compound (4), yield 63%) was obtained. The powder was
confirmed to be an intended product by NMR, MS or the like.

Example 5

[0261] In an argon atmosphere, to a 100 ml.-three neck
flask provided with a condenser, 2.6 g (3 mmol) of interme-
diate (A), 0.4 g (3 mmol) of 4-hydroxyphenylboronic acid,
0.7 g (60 pmol) of tetrakistriphenylphosphine palladium (0),
1.0 g (9 mmol) of sodium carbonate and 50 mL of dry toluene
were added. The resultant was stirred with heating at 80° C.
for 24 hours. After the completion of the reaction, crystals
deposited were filtered out, and column chromatography was
conducted by using a toluene solvent, whereby pale yellow
powder was obtained (phenol derivative).

[0262] Subsequently, in an argon atmosphere, ina 100 mL-
three neck flask, the phenol derivative and 0.6 g (6 mmol) of
diisopropylamine were dissolved in 50 mL of dehydrated
methylene chloride. After cooling at 0° C., a dehydrated
methylene chloride solution of 1.6 g (6 mmol) of trifluo-
romethanesulfonic anhydride was added dropwise, and the
resultant was stirred at room temperature for 21 hours. Next,
the reaction solution was neutralized in a 5% aqueous sodium
carbonate solution, and the methylene chloride phase was
extracted and concentrated. Column chromatography was
conducted by using toluene as a solvent, whereby 2.3 g of pale
yellow powder was obtained (Intermediate f, yield 80%).
[0263] In an argon atmosphere, in a 100 mL-three neck
flask, 2.3 g (molecular weight: 941.07, 0.90 mmol) of the
above-obtained intermediate f was dissolved in 50 mL of
N,N-dimethylformamide (DMF). To the resulting solution,
0.12 g (molecular weight: 98.22, 1.22 mmol) of trimethylsi-
lylacetylene, 3.5 mg (molecular weight: 383.57, 0.0091
mmol) of bis(benzonitrile)palladium(Il) chloride complex,
1.7 mg of copper iodide (molecular weight: 190.45, 0.089
mmol), 0.20 g of triethylamine (molecular weight: 101.19,
2.0 mmol) and 1.5 mg (molecular weight: 202.32, 0.0074
mmol) of tri-tert-butylphosphine were added. The resultant
was stirred with heating at 80° C. for 10 hours. A large amount
of ethyl acetate was added to the reaction solution and the
resultant was filtered through celite to allow ethyl acetate and
DMF to be distilled off under reduce pressure, whereby a
crude product of intermediate (g) was obtained.

[0264] Subsequently, in a 100 mL-three neck flask, the
crude product of intermediate (g) was dissolved in 100 mL of
methylene chloride. To the resulting solution, 0.26 mg (mo-
lecular weight: 261.46+18n, about 1.0 mmol) of TBAF
(Tetra-n-butylammonium fluoride) was added, and the result-

Jan. 26, 2012

ant was allowed to react at room temperature for 5 hours. The
methylene chloride was distilled off under reduced pressure
from this reaction liquid. The reaction liquid was purified by
column chromatography by using a methylene chloride/hex-
ane mixed solvent as an eluent, whereby 0.25 g (molecular
weight: 817.03, 0.31 mmol) of an intended compound (com-
pound (5), yield 34%) was obtained. The compound was
confirmed to be the intended product by NMR, MS or the like.

Example 6

[0265] An intermediate was synthesized in the same man-
ner as in the synthesis of intermediate (a), except that
4-bromo-1-phenylbenzene was used instead of bromoben-
zene. Further, an intended product (6) was obtained in the
same manner as in Example 1, except that the above-obtained
intermediate was used instead of intermediate A. The struc-
ture of the intended product was shown in Table 1. The same
applies to the following examples.

Example 7

[0266] An intermediate was synthesized in the same man-
ner as in the synthesis of intermediate (a), except that
4-bromo-p-terphenyl was used instead of bromobenzene, and
in the synthesis of intermediate (b), 4-methoxy-1-bromoben-
zene was used instead of 4-anisolyl-1-bromobenzene. Fur-
ther, an intended product (7) was obtained in the same manner
as in Example 1, except that the above-obtained intermediate
was used instead of intermediate A and vinyl magnesium
bromide was used instead of 4-hydroxyphenylboronic acid.

Synthesis of Intermediate B

[0267] Intermediate B was synthesized according to the
following scheme, with reference to the synthesis method of

intermediate A.
HN l

Cu cat

. OO
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Intermediate B
(Me is a methyl group)
Synthesis of Intermediate C
Ol [0268] Intermediate C was synthesized according to the

following scheme, with reference to the synthesis method of
intermediate A.
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Example 8

[0269] An intended product (8) was obtained in the same
manner as in Example 1, except that intermediate B was used
instead of intermediate A.

Example 9

[0270] An intended product (9) was obtained in the same
manner as in Example 2, except that intermediate B was used
instead of intermediate A.

Example 10

[0271] An intended product (10) was obtained in the same
manner as in Example 3, except that intermediate B was used
instead of intermediate A.

Example 11

[0272] An intended product (11) was obtained in the same
manner as in Example 4, except that intermediate B was used
instead of intermediate A.

Example 12

[0273] An intended product (12) was obtained in the same
manner as in Example 5, except that intermediate B was used
instead of intermediate A.

Example 13

[0274] An intended product (13) was obtained in the same
manner as in Example 1, except that intermediate C was used
instead of intermediate A.

Example 14

[0275] An intended product (14) was obtained in the same
manner as in Example 2, except that intermediate C was used
instead of intermediate A.

Example 15

[0276] An intended product (15) was obtained in the same
manner as in Example 3, except that intermediate C was used
instead of intermediate A.

Example 16

[0277] An intended product (16) was obtained in the same
manner as in Example 4, except that intermediate C was used
instead of intermediate A.

Example 17

[0278] An intermediate was synthesized in the same man-
ner as in the synthesis of intermediate (a), except that the
following compound was used instead of bromobenzene, and
an intended product (17) was obtained in the same manner as
in Example 1, except that the above-obtained intermediate
was used instead of intermediate A.
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Example 18

[0279] An intermediate was synthesized in the same man-
ner as in the synthesis of intermediate (a), except that the
following compound was used instead of bromobenzene, and
an intended product (18) was obtained in the same manner as
in Example 1, except that the above-obtained intermediate
was used instead of intermediate A.

Br

&

Example 19

[0280] An intermediate was synthesized in the same man-
ner as in the synthesis of intermediate (a), except that the
following compound was used instead of bromobenzene, and
an intended product (19) was obtained in the same manner as
in Example 1, except that the above-obtained intermediate
was used instead of intermediate A.
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Example 20

[0281] An intermediate was synthesized in the same man-
ner as in the synthesis of intermediate (a), except that the
following compound was used instead of bromobenzene, and
an intended product (20) was obtained in the same manner as
in Example 1, except that the above-obtained intermediate
was used instead of intermediate A.

N,
Example 21

[0282] An intermediate was synthesized in the same man-
ner as in the synthesis of intermediate (a), except that the
following compound was used instead of bromobenzene, and
an intended product (21) was obtained in the same manner as
in Example 1, except that the above-obtained intermediate
was used instead of intermediate A.
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(Synthesis of Polymer)
Example 22
Cationic Polymerization
(1) Preparation of a Trifluoromethanesulfonic Acid Solution

[0283] In a nitrogen stream, commercially-available trif-
luoromethanesulfonic acid (25 g, 0.167 mol, molecular
weight: 150.08, specific gravity: 1.70) was added to dehy-
drated methylene chloride, and the concentration was
adjusted to 1.0 M (the total amount of the solution: 167 mL).
Trifluoromethanesulfonic acid was not mixed completely
homogenously with methylene chloride. Therefore, the
resulting solution was sufficiently stirred to allow the trifiuo-
romethanesulfonic acid to be suspended in the solution, and
the resulting suspension was used in the subsequent reaction.

(2) Polymerization of Compound (1) of Example 1 (Cationic
Polymerization)

[0284] A 500 mI-three neck flask provided with a reflux
tube was fully replaced by nitrogen. In a nitrogen stream, the
flask was charged with the monomer compound (1) obtained
in Example 1 (1.18 g, 1.44 mmol) and dehydrated methylene
chloride (200 mL), and the resultant was stirred under reflux
for 1 hour until the monomer compound was completely
dissolved. After cooling to room temperature, 4.32 mL (4.32
mmol) of the suspension of trifluoromethanesulfonic acid
prepared in (1) above was added. The solution was stirred at
room temperature for 4 hours, whereby a polymerization
reaction was conducted.

(3) Post Treatment after the Reaction

[0285] The reaction liquid was poured to a large amount of
methanol (800 mL) with stirring to allow solids (polymer) to
be deposited. The solids were separated by filtration. Subse-
quently, the solids were dissolved in toluene (100 mL) at
room temperature, and the resulting solution was poured to a
large amount of methanol (800 mL) with stirring, while being
filtered by means of filter paper, whereby the solids (polymer)
were deposited. Further, methanol was separated by filtration,
followed by sufficient drying, thereby to obtain 0.82 g (yield
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70%) of the polymer. The polymer obtained had a number
average molecular weight of 7000.

Example 23
Radical Polymerization

[0286] A 500 mL-three neck flask provided with a reflux
tube was fully replaced by nitrogen. In a nitrogen stream, the
flask was charged with the monomer compound (2) obtained
in Example 2 (1.22 g, 1.44 mmol) and dehydrated methylene
chloride (200 mL), and the resultant was stirred under reflux
for 1 hour until the monomer compound was completely
dissolved. The resultant was cooled to room temperature.
Then, a solution obtained by dissolving 20 mg of benzoyl
peroxide (BPO) as a radical polymerization initiatorin 15 mL
of dehydrated methylene chloride was added at room tem-
perature. Subsequently, a polymerization reaction was con-
ducted at 70° C. for 48 hours in nitrogen.

Jan. 26, 2012

[0287] After the completion of the reaction, re-precipita-
tion was conducted three times by using toluene as a good
solvent and methanol as a poor solvent, whereby 0.90 g of a
polymer was obtained. The resulting polymer had a number
average molecular weight of 12,000.

Examples 26, 27, 29, 31, 32 and 33

[0288] In each example, a polymer was synthesized in the
same manner as in Example 22 (cationic polymerization)
using the monomer obtained in Examples 7, 8, 13, 17, 19 and
21, respectively.

Examples 24, 25, 28 and 30

[0289] In each example, a polymer was synthesized in the
same manner as in example 23 (radical polymerization) using
the monomer obtained in Examples 3, 6, 9 and 14, respec-
tively.

[0290] The above-mentioned monomers and polymers
obtained therefrom and the polymerization method are sum-
marized in Table 1.

TABLE 1

Device
Poly- fabrication

Mono-  mer Poly- and
Exam- mer exam- merization evaluation
ples Monomer No. ples  method examples

ationic
1 1) 22 Cationi 34
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TABLE 1-continued

Device
Poly- fabrication
Mono-  mer Poly- and
Exam- mer exam- merization evaluation
ples Monomer No. ples  method  examples
2 (2) 23 Radical 35
0}
O
3 3) 24 Radical 36

NH
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TABLE 1-continued

Device

Poly- fabrication

Mono-  mer Poly- and

Exam- mer exam- merization evaluation
ples Monomer No. ples  method  examples
4 4) — — —

5 H 3) — — —
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TABLE 1-continued

Device
Poly- fabrication
Mono- mer Poly- and
Exam- mer exam- merization evaluation
ples Monomer No. ples  method  examples
6 (6) 25 Radical 37
7 (7) 26 Cationic 38

S ot
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TABLE 1-continued
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Device
Poly- fabrication
Mono- mer Poly- and
Exam- mer exam- merization evaluation
ples Monomer No. ples method  examples
8 . . (8) 27 Cationic 39
O NN Q
9 . . 9) 28 Radical 40
O NN Q
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TABLE 1-continued

Device

Poly- fabrication

Mono- mer Poly- and

Exam- mer exam- merization evaluation

ples Monomer No. ples  method  examples
12

Q o : 7

41

13 OO (13) 29 Cationic
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TABLE 1-continued

Device
Poly- fabrication
Mono- mer Poly- and
Exam- mer exam- merization evaluation
ples Monomer No. ples  method  examples
14 (14) 30 Radical 42
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TABLE 1-continued

Device
Poly- fabrication
Mono- mer Poly- and
Exam- mer exam- merization evaluation
ples Monomer No. ples  method  examples
| r : : : :
N\‘\‘\
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31 Cationic 43
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TABLE 1-continued

Device
Poly- fabrication
Mono- mer Poly- and
Exam- mer exam- merization evaluation
ples Monomer No. ples  method  examples

18 ; i 7 7 7
et
‘
19 ; (19) 32 Cationic 44
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TABLE 1-continued
Device
Poly- fabrication
Mono- mer Poly- and
Exam- mer exam- merization evaluation
ples Monomer No. ples  method  examples
20 — (20) _ _ —
i{}
)
21 —_— 1) 33 Cationic 45

Example 34
Fabrication and Evaluation of Organic EL Device

[0291] A glass substrate (GEOMATEC CO., LTD.) of 25
mmx75 mmx1.1 mm thick with an ITO transparent electrode

was subjected to ultrasonic cleaning with isopropyl alcohol
for 5 minutes, and cleaned with ultraviolet rays and ozone for
30 minutes.

[0292] On thecleaned glass substrate provided with a trans-
parent electrode, a mixture of polyethylene dioxythiophene
and polystyrene sulfonic acid (PEDOT:PSS) which is used in
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the hole-injecting layer was formed into a 10 nm-thick film by
the spin coating method (PSS is an acceptor).

[0293] Subsequently, as a hole-transporting polymer, the
polymer obtained in Example 22 was used, a 1,4-dioxane
solution (1.0 wt %) thereof was prepared, and the solution
was formed into a 40 nm-thick film by the spin coating
method, followed by drying at 100° C. for 30 minutes.

[0294] Subsequently, the following compound EM1 was
deposited to form a 40 nm-thick emitting layer. Simulta-
neously, as the material for the emitting layer, the following
amine compound D1 having a styryl group was deposited
such that the weight ratio of EM1 and D1 became 40:2.

[0295] On this film, the following Alq was formed intoa 10
nm-thick film. This layer functions as an electron-injecting
layer. Subsequently, Li as a reducing dopant (Li source:
manufactured by SAES Getters Co., Ltd.) and Alq were co-
deposited, thereby to form an Alq:Li film (film thickness: 10
nm). Metal aluminum was deposited on this Alq:Li film to
form a metal cathode, sealed with glass in nitrogen, whereby
an organic EL device was fabricated.

[0296] Electric current was passed through the device to
evaluate the performance thereof. The organic EL device
emitted blue light, had a luminous efficiency of 6.9 cd/A and
a luminous half life at room temperature LT50 of 3300
hr@1000 cd/m>.

[0297] This device was driven in an oven of 60° C. The
luminous half life LT50 was 1300 hr@1000 cd/m?.

[0298] Therefore, the ratio of the luminous half life at 60°
C. to the luminous half life at room temperature was 0.39.
[0299] As is apparent from the above, the device of this
example was improved in luminous efficiency and life, and
the life thereof was lowered only slightly even when it was
driven at high temperatures. The results of device evaluation
are shown in Table 2.

EM1

~0-

elg}
Il
==l@}
OO Z OO

Jan. 26, 2012

-continued

Example 35

[0300]
manner as in Example 34, except that the polymer obtained in
Example 23 was used as the hole-transporting polymer. Elec-
tric current was passed through the device to evaluate the
performance thereof. The organic EL device emitted blue
light, had a luminous efficiency of 6.5 cd/A and a luminous
half life at room temperature LT50 of 3000 hr@1000 cd/m?.
[0301]
luminous half life at room temperature LT50 was 1100
hr@1000 cd/m?.

[0302] Therefore, the ratio of the luminous half life at 60°
C. to the luminous half life at room temperature was 0.37.
[0303]
example was improved in luminous efficiency and life, and
the life thereof was lowered only slightly even when it was
driven at high temperatures. The results of device evaluation
are shown in Table 2.

An organic EL device was fabricated in the same

This device was driven in an oven of 60° C. The

As is apparent from the above, the device of this

Examples 36 to 45

[0304] An organic EL device was fabricated in the same
manner as in Example 34, except that the polymers shown in
Table 2 were used as the hole-transporting polymers. The
results of device evaluation are shown in Table 2.

Example 46
Device Fabrication and Evaluation

[0305]
manner as in Example 34, except that the following arylamine
compound D2 was used instead of the amine compound D1
having a styryl group as the material for the emitting layer.
The organic EL device was evaluated in the same manner as
in Example 34. The results are shown in Table 2.

An organic ELL device was fabricated in the same
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D2

(Me is a Methyl Group)
Comparative Example 1
TPD Polymer

[0306] An organic EL device was fabricated and evaluated
in the same manner as in Example 34, except that the polymer
having the following structural unit which had been synthe-
sized based on the production example given in JP-A-HO8-
269133 was used as the hole-transporting polymer.

[0307] Electric current was passed through the device to
evaluate the performance thereof. The organic EL device
emitted blue light, had a luminous efficiency of 3.0 cd/A and
a luminous half life LT50 at room temperature of 700
hr@1000 cd/m?.

[0308] This device was driven in an oven of 60° C. The
luminous half life LT50 was 150 hr@1000 cd/m>.

[0309] Therefore, the ratio of the luminous half life at 60°
C. to the luminous half life at room temperature was 0.21
[0310] The device of this Comparative Example was infe-
rior to those of Examples in luminous efficiency and life. In
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addition, this device suffered a significant lowering in life
when it was driven at high temperatures. (see Table 2)

CH;

Comparative Example 2

[0311] An organic EL device was fabricated and evaluated
in the same manner as in Comparative Example 1, except that
the dopant was changed to D2 as the material for the emitting
layer.

[0312] Electric current was passed through the device to
evaluate the performance thereof. The organic EL device
emitted blue light, had a luminous efficiency of 3.5 cd/A and
a luminous half life LT50 at room temperature of 800
hr@1000 cd/m?.

[0313] This device was driven in an oven of 60° C. The
luminous half life at room temperature TS50 was 200
hr@1000 cd/m?.

[0314] Therefore, the ratio of the luminous half life at 60°
C. to the luminous half life at room temperature was 0.25.
[0315] The device of this Comparative Example was infe-
rior to those of Examples in luminous efficiency and life. In
addition, this device suffered a significant lowering in life
when it was driven at high temperatures. (see Table 2).

TABLE 2
Half life
Hole- Host in  Dopant in Luminous Luminance halflife  Luminance half ratio: 60° C./
transporting emitting  emitting  Emission efficiency at room temperature life at 60° C. Room
polymer layer layer color (cd/A) (hr@1000 cd/m?)  (hr@1000 cd/m?)  temperature

Example 34 Example22 EMI D1 Blue 6.9 3,300 1,300 0.39
Example 35 Example23 EMI1 D1 Blue 6.5 3,000 1,100 0.37
Example 36 Example24  EMI D1 Blue 6.7 3,200 1,200 0.38
Example 37 Example25 EMI D1 Blue 6.8 3,000 1,200 0.40
Example 38 Example26 EMI1 D1 Blue 6.8 3,100 1,200 0.39
Example 39 Example27 EMI D1 Blue 6.8 2,200 700 0.32
Example 40 Example 28  EMI1 D1 Blue 6.5 2,100 700 0.33
Example 41 Example29 EMI1 D1 Blue 6.8 2,800 1,000 0.36
Example 42 Example 30  EMI D1 Blue 6.5 2,800 1,000 0.36
Example 43 Example31  EMI1 D1 Blue 6.9 3,500 1,600 0.46
Example 44 Example32 EMI1 D1 Blue 6.9 3,300 1,500 0.45
Example 45 Example33  EMI D1 Blue 6.7 3,000 1,400 047
Example 46 Example22  EMI1 D2 Blue 7.0 3,400 1,300 0.38
Com. Ex.1 TPDpolymer EMI1 D1 Blue 3.0 700 150 0.21
Com. Ex.2 TPDpolymer EMI D2 Blue 35 800 200 0.25
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INDUSTRIAL APPLICABILITY

[0316] According to the invention, it is possible to provide
a novel polymerizable monomer having a polymerizable
functional group, as well as a polymer having it as a repeating
unit, which is effective as the hole-injecting/transporting
material of an organic device, in particular, an organic EL
device. The invention can provide an organic EL device
which is suited to practical use since it is improved in device
properties such as life and luminous efficiency and suffers
only a slight degree of deterioration even when subjected to
high-temperature driving which is especially practical in
applications such as a display and an illuminator.

[0317] In addition, since a homogenous hole-injecting/
transporting layer can be formed by the coating method, the
organic EL device of the invention is effective for a reduction
in costoran increase in screen size in applications of a display
or illumination.

[0318] Although only some exemplary embodiments and/
or examples of this invention have been described in detail
above, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodi-
ments and/or examples without materially departing from the
novel teachings and advantages of this invention. Accord-
ingly, all such modifications are intended to be included
within the scope of this invention.

[0319] The documents described in the specification are
incorporated herein by reference in its entirety.

1. A polymerizable monomer represented by the following
formula (1) which is substituted by one or more groups com-
prising a polymerizable functional group:

Arl
\Arz
\Ar3 Ar
/
N—L!'—N
At Ar®

wherein Ar* and Ar® to Ar® are independently a substituted or
unsubstituted aryl group having 6 to 40 ring carbon atoms;
Ar®, Ar’ and L' are a substituted or unsubstituted arylene
group having 6 to 40 ring carbon atoms; and
the substituents for L' and Ar' to Ar® when they are substi-
tuted are independently one or more groups selected
from the group consisting of an alkyl group having 1 to
20 carbon atoms, a cycloalkyl group having 3 to 10
carbon atoms, an aryl group having 6 to 30 ring carbon
atoms, an alkoxy group having 1 to 20 carbon atoms, a
cycloalkoxy group having 3 to 10 carbon atoms, an
aryloxy group having 6 to 30 ring carbon atoms, an
aralkyl group having 7 to 31 carbon atoms wherein the
aryl part has 6 to 30 ring carbon atoms, a heterocyclic
group having 3 to 30 ring atoms, a mono- or dialky-
lamino group having an alkyl group having 1 to 20
carbon atoms, a mono- or diarylamino group having an
aryl group having 6 to 30 ring carbon atoms, a trialkyl-
silyl group having 3 to 20 carbon atoms, a triarylsilyl
group having 18 to 30 ring carbon atoms, a dialkylaryl-
silyl group or an alkyldiarylsilyl group having 8 to 30
carbon atoms wherein the aryl part has 6 to 20 ring
carbon atoms, an alkylarylamino group having 8 to 30
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carbon atoms wherein the aryl part has 6 to 20 ring
carbon atoms, a halogen atom, a nitro group, a cyano
group and a hydroxyl group.
2. A polymerizable monomer represented by the following
formula (2) which is substituted by one or more groups com-
prising a polymerizable functional group:

@

wherein Ar” to Ar'® are independently a substituted or unsub-
stituted aryl group having 6 to 40 ring carbon atoms, and at
least one of Ar” to Ar'® is an aryl group containing a fused
polycyclic aromatic group having 10 to 40 ring carbon atoms;
the substituents for Ar’ to Ar'® when they are substituted
are independently one or more groups selected from the
group consisting of an alkyl group having 1 to 20 carbon
atoms, a cycloalkyl group having 3 to 10 carbon atoms,
an aryl group having 6 to 30 ring carbon atoms, an
alkoxy group having 1 to 20 carbon atoms, a
cycloalkoxy group having 3 to 10 carbon atoms, an
aryloxy group having 6 to 30 ring carbon atoms, an
aralkyl group having 7 to 31 carbon atoms wherein the
aryl part has 6 to 30 ring carbon atoms, a heterocyclic
group having 3 to 30 ring atoms, a mono- or dialky-
lamino group having an alkyl group having 1 to 20
carbon atoms, a mono- or diarylamino group having an
aryl group having 6 to 30 ring carbon atoms, a trialkyl-
silyl group having 3 to 20 carbon atoms, a triarylsilyl
group having 18 to 30 ring carbon atoms, a dialkylaryl-
silyl group or an alkyldiarylsilyl group having 8 to 30
carbon atoms wherein the aryl part has 6 to 20 ring
carbon atoms, an alkylarylamino group having 8 to 30
carbon atoms wherein the aryl part has 6 to 20 ring
carbon atoms, a halogen atom, a nitro group, a cyano
group and a hydroxyl group; and
L? is a group selected from groups represented by the
following formula:

O
L - jn

(R, ®),

wherein R* to R” are independently a group selected from the
group consisting of an alkyl group having 1 to 20 carbon
atoms, a cycloalkyl group having 3 to 10 carbon atoms, an
aryl group having 6 to 30 ring carbon atoms, an alkoxy group
having 1 to 20 carbon atoms, a cycloalkoxy group having 3 to
10 carbon atoms, an aryloxy group having 6 to 30 ring carbon
atoms, an aralkyl group having 7 to 31 carbon atoms wherein
the aryl part has 6 to 30 ring carbon atoms, a heterocyclic
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group having 3 to 30 ring atoms, a mono- or dialkylamino
group having an alkyl group having 1 to 20 carbon atoms, a
mono- or diarylamino group having an aryl group having 6 to
30 ring carbon atoms, a trialkylsilyl group having 3 to 20
carbon atoms, a triarylsilyl group having 18 to 30 ring carbon
atoms, a dialkylarylsilyl group or an alkyldiarylsilyl group
having 8 to 30 carbon atoms wherein the aryl part has 6 to 20
ring carbon atoms, an alkylarylamino group having 8 to 30
carbon atoms wherein the aryl part has 6 to 20 ring carbon
atoms, a halogen atom, a nitro group, a cyano group, and a
hydroxyl group;

g and h are independently an integer of 0 to 4; and

iand j are independently an integer of 0 to 3.

3. A polymerizable monomer represented by the following
formula (3) which is substituted by one or more groups com-
prising a polymerizable functional group:

3
AI“
\Arlz AIH
N—L3—N
Ar13 AIJS

wherein Ar'® to Ar'® are independently a substituted or
unsubstituted aryl group having 6 to 40 ring carbon atoms;

Ar*?and1? are a substituted or unsubstituted arylene group
having 6 to 40 ring carbon atoms;

Ar'! is a substituted or unsubstituted aryl group comprising
a fused polycyclic aromatic group having 10 to 40 ring
carbon atoms; and

the substituents for I> and Ar'' to Ar'> when they are
substituted are independently one or more groups
selected from the group consisting of an alkyl group
having 1 to 20 carbon atoms, a cycloalkyl group having
3 to 10 carbon atoms, an aryl group having 6 to 30 ring
carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, a cycloalkoxy group having 3 to 10 carbon atoms,
an aryloxy group having 6 to 30 ring carbon atoms, an
aralkyl group having 7 to 31 carbon atoms wherein the
aryl part has 6 to 30 ring carbon atoms, a heterocyclic
group having 3 to 30 ring atoms, a mono- or dialky-
lamino group having an alkyl group having 1 to 20
carbon atoms, a mono- or diarylamino group having an
aryl group having 6 to 30 ring carbon atoms, a trialkyl-
silyl group having 3 to 20 carbon atoms, a triarylsilyl
group having 18 to 30 ring carbon atoms, a dialkylaryl-
silyl group or an alkyldiarylsilyl group having 8 to 30
carbon atoms wherein the aryl part has 6 to 20 ring
carbon atoms, an alkylarylamino group having 8 to 30
carbon atoms wherein the aryl part has 6 to 20 ring
carbon atoms, a halogen atom, a nitro group, a cyano
group and a hydroxyl group.

4. The polymerizable monomer according to claim 1,
wherein at least one of the aryl groups bonded to the nitrogen
atoms in the formulas (1) to (3) is selected from the group
consisting of groups represented by the following formulas
(4) to (7):
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wherein R® to R'® are independently one or more groups
selected from the group consisting of an alkyl group having 1
to 20 carbon atoms, a cycloalkyl group having 3 to 10 carbon
atoms, an aryl group having 6 to 30 ring carbon atoms, an
alkoxy group having 1 to 20 carbon atoms, a cycloalkoxy
group having 3 to 10 carbon atoms, an aryloxy group having
6 to 30 ring carbon atoms, an aralkyl group having 7 to 31
carbon atoms wherein the aryl part has 6 to 30 ring carbon
atoms, a heterocyclic group having 3 to 30 ring atoms, a
mono- or dialkylamino group having an alkyl group having 1
to 20 carbon atoms, a mono- or diarylamino group having an
aryl group having 6 to 30 ring carbon atoms, a trialkylsilyl
group having 3 to 20 carbon atoms, a triarylsilyl group having
18 to 30 ring carbon atoms, a dialkylarylsilyl group or an
alkyldiarylsilyl group having 8 to 30 carbon atoms wherein
the aryl part has 6 to 20 ring carbon atoms, an alkylarylamino
group having 8 to 30 carbon atoms wherein the aryl part has
6 to 20 ring carbon atom, a halogen atom, a nitro group, a
cyano group and a hydroxyl group;
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a, ¢, d, e and g are independently an integer of 0 to 4;
b, f and h are independently an integer of 0 to 3;

Ar'S is an alkyl group having 1 to 20 carbon atoms, a
cycloalkyl group having 3 to 10 carbon atoms, an aryl
group having 6 to 30 ring carbon atoms, an aralkyl group
having 7 to 31 carbon atoms wherein the aryl part has 6
to 30 ring carbon atoms or a heterocyclic group having 3
to 30 ring atoms;

L* to LS are independently a single bond or a substituted or
unsubstituted arylene group having 6 to 50 ring carbon
atoms; and

the substituents for L* to L° when they are substituted are
one or more groups selected from the group consisting
of an alkyl group having 1 to 20 carbon atoms, a
cycloalkyl group having 3 to 10 carbon atoms, an aryl
group having 6 to 30 ring carbon atoms, an alkoxy group
having 1 to 20 carbon atoms, a cycloalkoxy group hav-
ing 3 to 10 carbon atoms, an aryloxy group having 6 to
30 ring carbon atoms, an aralkyl group having 7 to 31
carbon atoms wherein the aryl part has 6 to 30 ring
carbon atoms, a heterocyclic group having 3 to 30 ring
atoms, a mono- or dialkylamino group having an alkyl
group having 1 to 20 carbon atoms, a mono- or diary-
lamino group having an aryl group having 6 to 30 ring
carbon atoms, a trialkylsilyl group having 3 to 20 carbon
atoms, a triarylsilyl group having 18 to 30 ring carbon
atoms, a dialkylarylsilyl group or an alkyldiarylsilyl
group having 8 to 30 carbon atoms wherein the aryl part
has 6 to 20 ring carbon atoms, an alkylarylamino group
having 8 to 30 carbon atoms wherein the aryl part has 6
to 20 ring carbon atoms, a halogen atom, a nitro group,
a cyano group and a hydroxyl group.

5. The polymerizable monomer according to claim 1
wherein L' and L? to L® are independently selected from the
group consisting of a substituted or unsubstituted phenylene
group, a substituted or unsubstituted naphthylene group, a
substituted or unsubstituted biphenylylene group, a substi-
tuted or unsubstituted terphenylylene, group and a substituted
or unsubstituted fluorenylylene group.

6. The polymerizable monomer according to claim 1,
which is substituted by only one group comprising a poly-
merizable functional group.

7. The polymerizable monomer according to claim 1,
wherein

at least one of Ar' and Ar* to Ar® in the formula (1), at least

one of Ar” to Ar'® in the formula (2) and at least one of
Ar'! and Ar'® to Ar'® in the formula (3) are substituted
by the group comprising a polymerizable functional
group.

8. The polymerizable monomer according to claim 7,
wherein an aromatic group at a terminal in the formulas (1) to
(3) is substituted by the group comprising a polymerizable
functional group, and the polymerizable functional group and
the part other than the terminal aromatic group in the formulas
(1) to (3) are bonded to the terminal aromatic group at the para
position.

9. The polymerizable monomer according to claim 1,
wherein the group comprising a polymerizable functional
group is selected from the groups of the following (i) to (v):

(1) a group comprising a vinyl group or a vinylidene group

shown below:

71
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s

wherein R'” is a hydrogen atom, an alkyl group having 1 to
50 carbon atoms or a substituted or unsubstituted aryl
group having 6 to 40 ring carbon atoms; L7 is a divalent
linking group;

and n is an integer of 0 or 1:

(i1) a group comprising an N-maleimide group shown
below:

Z,
1
)
Ed
i

wherein L is a divalent linking group and n is an integer of
Oorl:

(iii) a group comprising a norbornenyl group shown below:

el

wherein L’ is a divalent linking group and n is an integer of
Oorl:

(iv) a group comprising an acetylenyl group shown below:

wherein R*® is a hydrogen atom, an alkyl group having 1 to
50 carbon atoms or a substituted or unsubstituted aryl
group having 6 to 40 ring carbon atoms; L' is a divalent
linking group; and n is an integer of 0 or 1: and

(v)a group comprising a cyclopolymerizable or ring-open-

ing polymerizable functional group selected from the
group consisting of a group having a substituted or
unsubstituted norbornene skeleton other than the group
(iii), a group having a substituted or unsubstituted epoxy
group or a substituted or unsubstituted oxetane group; a
functional group having a lactone structure or a lactum
structure; a cyclooctatetraene group or a 1,5-cycloocta-
diene group; and 1,w-diene group, an o-divinylbenzene
group and a 1,w-diyne group.

10. The polymerizable monomer according to claim 9,
wherein L7 to L'° independently comprise one linking group
or a linking group formed by bonding, in an arbitral order, of
two or more linking groups, the linking group being selected
from the following divalent linking groups:
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—L"— —0—, —C(=0)—, —C(=0)0—, —0C
(=0)—, —C(=0O)NR"”—, —NR*OC(=0)—,
—NR*'—, —S— —C(=S)—

wherein L'" is one group or a group formed by bonding, in an
arbitral order, of two or more groups, the group being selected
from the group consisting of a substituted or unsubstituted
arylene group having 6 to 40 ring carbon atoms, a substituted
or unsubstituted divalent heterocyclic group having 3 to 40
ring atoms, a substituted or unsubstituted alkylene group
having 1 to 50 carbon atoms, a substituted or unsubstituted
vinylene group, a substituted or unsubstituted vinylidene
group and an ethynylene group; and

R'? to R*! are independently selected from the group con-
sisting of a hydrogen atom, an alkyl group having 1 to 50
carbon atoms and a substituted or unsubstituted aryl
group having 6 to 40 ring carbon atoms.

11. A polymer comprising a repeating unit derived from
one or two or more selected from the group consisting of the
polymerizable monomers according to claim 1.

12. A material for an organic device comprising the poly-
mer according to claim 11.

13. A hole-injecting/transporting material comprising the
polymer according to claim 11.

14. A material for an organic electroluminescence device
comprising the polymer according to claim 11.
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15. Anorganic electroluminescence device comprising one
or a plurality of organic thin film layers comprising an emit-
ting layer between a cathode and an anode and at least one
layer of the organic thin film layers comprising the polymer
according to claim 11.

16. The organic electroluminescence device according to
claim 15 wherein the organic thin film layers comprise one or
both of a hole-transporting layer and a hole-injecting layer,
and one or both of the hole-transporting layer and the hole-
injecting layer comprises the polymer.

17. The organic electroluminescence device according to
claim 15 wherein one or both of the hole-transporting layer
and the hole-injecting layer comprises the polymer as a main
component.

18. The organic electroluminescence device according to
claim 15 wherein the emitting layer comprises one or both of
a styryl amine compound and an arylamine compound.

19. The organic electroluminescence device according to
claim 16 wherein the organic thin film layers comprise one or
both of the hole-transporting layer and the hole-injecting
layer and one or both of the hole-injecting layer and the
hole-transporting layer comprises an acceptor material.

20. The organic electroluminescence device according to
claim 15 which can emit blue light.

# * #* ok %
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