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7) ABSTRACT

A novel substituted fluorene compound is provided which is
represented by the general formula [I]:
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FLUORENE COMPOUND AND ORGANIC
LIGHT-EMITTING DEVICE USING SAME

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a novel organic
compound and an organic light-emitting device using the
same.

[0003]

[0004] An organic light-emitting device is a device in
which a thin film comprising a fluorescent organic com-
pound or a phosphorescent organic compound is sandwiched
between an anode and a cathode and electrons and holes are
injected from the respective electrodes to generate excitons
of the fluorescent compound or the phosphorescent com-
pound, whereby light emitted when the excitons return to a
ground state is utilized.

[0005] According to a study at Kodak company in 1987
(Appl. Phys. Lett. 51, 913 (1987)), there has been reported
a light emission of approximately 1000 cd/m? at an applied
voltage of approximately 10 V in a device having a function-
separation type two-layer structure using ITO as an anode,
a magnesium-silver alloy as a cathode, an aluminum quino-
linol complex as an electron-transporting material and a
light-emitting material, and a triphenylamine derivative as a
hole-transporting material. Related patents include U.S. Pat.
Nos. 4,539,507, 4,720,432, and 4,885,211.

[0006] In addition, emission of a light within the range of
from ultraviolet to infrared light can be generated by chang-
ing the type of fluorescent organic compound. In recent
years extensive studies have been made on various kinds of
compounds. For instance, such compounds are disclosed in
US. Pat. Nos. 5,151,629, 5,409,783 and 5,382,477, and
Japanese Patent Application Laid-Open Nos. H2-247278,
H3-255190, H5-202356, H9-202878 and H9-227576.

[0007] In recent years, many studies have been made into
the application of energy in a triplet state to EL by using a
phosphorescent compound as a light-emitting material. A
high emission efficiency exhibited by an organic light-
emitting device using an iridium complex as a light-emitting
material has been reported by a group at Princeton Univer-
sity (Nature 395, 151 (1998)).

[0008] Furthermore, in addition to the organic light-emit-
ting device using a low molecular weight material as men-
tioned above, an organic light-emitting device using a con-
jugated polymer has been reported by a group at Cambridge
University (Nature, 347, 539 (1990)). In this report, light
emission from a single layer was confirmed using a film of
polyphenylenevinylene (PPV) formed by application.
Related patents to an organic light-emitting device using a
conjugated polymer include U.S. Pat. Nos. 5,247,190, 5,514,
878, 5,672,678, and Japanese Patent Application Laid-Open
Nos. H4-145192 and H5-247460.

[0009] The recent progress in organic light-emitting
devices is remarkable as described above and the charac-
teristics of such devices enable a light-emitting device with
a high luminance even at a low applied voltage, a wide range
of emission wavelengths, a high-speed response, a small
thickness and a light weight, thus suggesting the possibility
of application 1o a variety of uses.

1. Field of the Invention

2. Related Background Art
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[0010] However, the present situation calls for optical
output with even higher luminance or higher conversion
efficiency. In addition, many problems still remain to be
solved regarding durability against the change over time due
to long-term use, deterioration caused by atmospheric gas
containing oxygen, moisture, or the like. Furthermore, when
considering application to a full color display or similar
device, the present art is still insufficient against problems
relating to the needs for light emission of blue, green, and
red with a high color purity.

SUMMARY OF THE INVENTION

[0011] Itis, therefore, an object of the present invention to
provide a novel substituted fluorene compound.

[0012] It is another object of the present invention to
provide an organic light-emitting device using a substituted
fluorene compound and having an optical output with an
extremely high efficiency and a high luminance.

[0013] It is still another object of the present invention to
provide an organic light-emitting device having an
extremely high durability.

[0014] Tt is yet another object of the present invention to
provide an organic light-emitting device that can easily be
produced at a relatively low cost.

[0015] Namely, the fluorene compound according to the
present invention is represented by the general formula [I]:

[0016] wherein the two pyrenyl groups are each indepen-
dently bonded at position 1 or 4 thereof to the fluorenyl
group;

[0017] each R, and R,, independently, is a hydrogen
atormn, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aralkyl group, a substi-
tuted or unsubstituted aryl group, a substituted or
unsubstituted heterocyclic group, a substituted
amino group, cyano group, or a halogen atom;

[0018] each R, and R,, independently, is a hydrogen
atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aralkyl group, a substi-
tuted or unsubstituted aryl group, or a substituted or
unsubstituted heterocyclic group;

[0019] each Ry and R, independently, is substituted
or unsubstituted isopropyl group, sec-butyl group,
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tert-butyl group, 1-adamantyl group, 2-adamantyl
group, isoamyl group, trimethylsilyl group or triph-
enylsilyl group;

[0020] a and b are independently an integer of 0 to 9;

[0021] cand d are independently an integer of 1 to 9;
and

[0022] nis an integer of 1 to 10.

[0023] That is, in the above general formula [I], R,(s) and
R,(s) which are bonded to different fluorene rings may be
the same or different, and R, (s) and R,(s) which are bonded
to the same fluorene ring may be the same or different.
Further, a and b may be the same or different, and when a
and b are each an integer of 2 or more, R,s and R,s may be
the same or different. Moreover, Ry(s) and R,(s) which are
bonded to different fluorene rings may be the same or
different, and R, and R, which are bonded to the same
fluorene ring may be the same or different. In addition, R(s)
and Ry(s) may be the same or different; ¢ and d may be the
same or different; and when ¢ and d are each an integer of
2 or more, Rss and Rgs may be the same or different.

[0024] Further, the organic light-emitting device accord-
ing to the present invention comprises a pair of electrodes
including an anode and a cathode, and at least one layer
comprising an organic compound sandwiched between the
pair of electrodes, wherein at least one of the at least one
layer comprising the organic compound contains at least one
of the above-described fluorene compounds.

[0025] An organic light-emitting device which uses the
fluorene compound represented by the general formula [I]
can emit light at a high luminance with a low applied voltage
and has excellent durability. In particular, an organic layer
that contains the fluorene compound according to the present
invention is excellent as an electron-transporting layer and
as a light-emitting layer.

[0026] In addition, the device can be prepared by using a
vacuum evaporation method or a casting method, so that a
device having a large area can easily be prepared at a
relatively low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a cross-sectional view showing an
example of the organic light-emitting device in accordance
with the present invention;

[0028] FIG. 2 is a cross-sectional view showing another
example of the organic light-emitting device in accordance
with the present invention;

[0029] FIG. 3 is a cross-sectional view showing still
another example of the organic light-emitting device in
accordance with the present invention,

[0030] FIG. 4 is a cross-sectional view showing yet
another example of the organic light-emitting device in
accordance with the present invention;

[0031] FIG. 5 is a cross-sectional view showing still a
further example of the organic light-emitting device in
accordance with the present invention;
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[0032] FIG. 6 is a cross-sectional view showing yet
another example of the organic light-emitting device in
accordance with the present invention; and

[0033] FIG. 7 is a cross-sectional view showing yet still
another example of the organic light-emitting device in
accordance with the present invention.

DESCRIPTION OF THE PREFERRED

EMBODIMENTS
[0034] The present invention will now be described in
detail.
[0035] First, the fluorene compound of the present inven-

tion will be described.

[0036] The fluorene compound of the present invention is
represented by the above general formula [I].

[0037] Specific examples of the substituents in the above
general formula [I] will be shown below.

[0038] Examples of the alkyl group include methyl group,
ethyl group, n-propyl group, isopropyl group, n-butyl group,
tert-butyl group, sec-butyl group, octyl group, 1-adamantyl
group, 2-adamantyl group and the like.

[0039] Examples of the aralkyl group include benzyl
group, phenethyl group and the like.

[0040] Examples of the aryl group include phenyl group,
biphenyl group, terphenyl group and the like.

[0041] Examples of the heterocyclic group include thienyl
group, pyrrolyl group, pyridyl group, oxazolyl group, oxa-
diazolyl group, thiazolyl group, thiadiazolyl group, terthie-
nyl group and the like.

[0042] Examples of the substituted amino group include
dimethylamino group, diethylamino group, dibenzylamino
group, diphenylamino group, ditolylamino group, dianisoy-
lamino group and the like.

[0043] Examples of the halogen atom include fluorine,
chlorine, bromine, iodine and the like. Examples of the
hydrogen atom include a radioisotope such as deuterium.

[0044] Examples of the substituents which the above-
mentioned substituents may have include an alkyl group
such as methyl group, ethyl group, and propyl group; an
aralkyl group such as benzyl group and phenethyl group; an
aryl group such as phenyl-group and biphenyl group; a
heterocyclic group such as thienyl group, pyrrolyl group,
and pyridyl group; amino groups such as dimethylamino
group, diethylamino group, dibenzylamino group, dipheny-
lamino group, ditolylamino group, and dianisoylamino
group; an alkoxyl group such as methoxyl group, ethoxyl
group, propoxyl group, and phenoxyl group; cyano group; a
halogen atom such as fluorine, chlorine, bromine, and
iodine; and the like.

[0045] Next, typical examples of the fluorene compound
of the present invention will be given. However, the present
invention is not limited thereto.
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-continued
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Si(CHa)3

18
(H;0)sC

19
(HCOiC
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-continued
20

F:CH,C  CH,CF,

21

22

C(CHs)s
30

C(CHs),
31

C(CHy)y
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-continued

[0046] Particularly preferable ones of these are the fol-
lowing compounds.

32

33

34

[0047] The fluorene compound of the present invention is
superior to the conventional compounds in electron-trans-
porting properties, light mission properties and durability,
which is useful for a layer containing an organic compound
of an organic light-emitting device, in particular for an

electron-transporting layer and a light-emitting layer. In
addition, a layer formed by a vacuum evaporation method,
a solution application method, etc., does not readily undergo
crystallization or the like and is excellent in stability over
time.
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[0048] Furthermore, because substituted or unsubstituted
isopropyl group, sec-butyl group, tert-butyl group, 1-ada-
mantyl group, 2-adamantyl group, isoamyl group, trimeth-
ylsilyl group or triphenylsilyl group is incorporated into the
pyrene ring, molecular association can be suppressed, low-
ering in emission efficiency or the like due to concentration
quenching can be restrained, and solubility increases to
enable an organic layer to be readily formed by a solution
application method.

[0049] The fluorene compound of the present invention
can be synthesized by a well-known method and obtained by
using, for example, a synthesis method such as the Suzuki
coupling method (e.g., Chem. Rev. 1995, 95, 2457-2483)
using a palladium catalyst, the Yamamoto method (e.g.,
Bull. Chem. Soc. Jpn. 51, 2091, 1978) using a nickel
catalyst, or a method in which synthesis is performed by
using an aryl tin compound (e.g., J. Org. Chem., 52, 4296,
1987), or by alkylation using a Friedel-Crafts reaction.

[0050] Next, the organic light-emitting device of the
present invention will be described in detail below.

[0051] The organic light-emitting device of the present
invention comprises a pair of electrodes including an anode
and a cathode, and at least one layer comprising an organic
compound sandwiched between the pair of electrodes,
wherein at least one of the at least one layer comprising the
organic compound contains at least one of the fluorene
compounds represented by the above general formula [I].

[0052] In the organic light-emitting device of the present
invention, it is preferable that at least an electron-transport-
ing layer or a light-emitting layer of the layer(s) comprising
an organic compound comprises at least one of the above-
mentioned fluorene compounds.

[0053] In the organic light-emitting device of the present
invention, the fluorene compound represented by the above
general formula [I] is formed between the anode and the
cathode by a vacuum evaporation method or a solution
application method. The organic layer is preferably formed
into a thin film with a thickness of 10 um or less, more
preferably 0.5 um or less, and most preferably 0.01 to 0.5

um.

[0054] Further, according to a preferred embodiment of
the organic light-emitting device of the present invention, at
least a light-emitting layer of the layer(s) comprising the
organic compound comprises at least one of the fluorene
compounds represented by the above general formula[I] and
either one of the arylamine compounds represented by the
following general formulae [II] to [VII] or an acetylene
compound represented by the following general formula
[VIII].

(1

Ar Ar
\3 Ris Ry / 3
N N
/ W
Ary Q \ / j Arg
S/x ¢
Ras), Rig),
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[0055]

[0056] each R ; and R, ,, independently, is a hydro-
gen atom, a substituted or unsubstituted alkyl group,
a substituted or unsubstituted aralkyl group, a sub-
stituted or unsubstituted aryl group, or a substituted
or unsubstituted heterocyclic group;

[0057] each R,5 and R, independently, is a hydro-
gen atom, a substituted or unsubstituted alkyl group,
a substituted or unsubstituted aralkyl group, a sub-
stituted or unsubstituted aryl group, a substituted or
unsubstituted heterocyclic group, cyano group, or a
halogen atom;

In the general formula [II],

[0058] ¢ and f are each independently an integer of 1
to 3;
[0059] Ars, Ar,, Ars, and Arg are each independently

a substituted or unsubstituted aromatic group, a
substituted or unsubstituted heterocyclic group, a
substituted or unsubstituted fused polycyclic aro-
matic group, or a substituted or unsubstituted fused
heteropolycyclic group, or Ary and Ar,, and Arg and
Ar, can respectively be joined to form a ring; and

[0060]

[0061] That is, in the above general formula [II], R 5(s)
and R, ,(s) which are bonded to different fluorene rings may
be the same or different, and R, and R,, which are bonded
to the same fluorene ring may be the same or different.
Further, R;5(s) and R;4(s) which are bonded to different
fluorene rings may be the same or different, and R 5(s) and
R 4(s) which are bonded to the same fluorene ring may be
the same or different. Moreover, e and f may be the same or
different, and when ¢ and f are each an integer of 2 or more,
R,ss and R, ;s may be the same or different. In addition, Ar,,
Ar,, Ars, and Arg may be the same or different.

r is an integer of 1 to 10.

(1]
Arg

\ Ry7 Ryg A
N—Ar; Arg—N
N < \ / ‘] \Arlz
Ras), Rany,
[0062] In the general formula [III],

[0063] each R, and R, independently, is a hydro-
gen atom, a substituted or unsubstituted alkyl group,
a substituted or unsubstituted aralkyl group, a sub-
stituted or unsubstituted aryl group, or a substituted
or unsubstituted heterocyclic group;

[0064] ecach R,g and R,,, independently, is a hydro-
gen atom, a substituted or unsubstituted alkyl group,
a substituted or unsubstituted aralkyl group, a sub-
stituted or unsubstituted aryl group, a substituted or
unsubstituted heterocyclic group, cyano group, or a
halogen atom;

[0065]
1to3;

g and h are each independently an integer of
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[0066] Ar, and Ar, are each independently a substi-
tuted or unsubstituted divalent aromatic group or
heterocyclic group,

[0067] Arg, Ar,, Ary,, and Ar,,, are each indepen-
dently a substituted or unsubstituted aromatic group,
a substituted or unsubstituted heterocyclic group, a
substituted or unsubstituted fused polycyclic aro-
matic group, or a substituted or unsubstituted fused
heteropolycyclic group, or Ar, and Ary,, and Ary,
and Ar,, can respectively be joined to form a ring;
and

[0068]

[0069] That is, in the above general formula [III], R,.(s)
and R, 4(s) which are bonded to different fluorene rings may
be the same or different, and R, and R,¢ which are bonded
to the same fluorene ring may be the same or different.
Further, R;o(s) and R,q(s) which are bonded to different
fluorene rings may be the same or different, and R 4(s) and
R,(s) which are bonded to the same fluorene ring may be
the same or different. Moreover, g and h may be the same or
different, and when g and h are each an integer of 2 or more,
R;os and R,os may be the same or different. In addition, Ar,

s is an integer of 1 to 10.

Ry

and Arg may be the same or different, and Ar,, Ar, g, Ary,,
and Ar,, may be the same or different.

(V]
Argz
Roi Rop
N—Ar15
R
\/\ ’\/ 4
Ry, R(24)]_
[0070] In the general formula [TV],

[0071] each R,, and R,,, independently, is a hydro-
gen atom, a substituted or unsubstituted alkyl group,
a substituted or unsubstituted aralkyl group, a sub-
stituted or unsubstituted aryl group, or a substituted
or unsubstituted heterocyclic group;

[0072] each R,; and R,,, independently, is a hydro-
gen atom, a substituted or unsubstituted alkyl group,
a substituted or unsubstituted aralkyl group, a sub-
stituted or unsubstituted aryl group, a substituted or
unsubstituted heterocyclic group, cyano group, or a
halogen atom;

[0073]
to 4;

iand j are each independently an integer of 1
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[0074] Ar, and Ar,, are each independently a substi-
tuted or unsubstituted aromatic group, a substituted
or unsubstituted heterocyclic group, a substituted or
unsubstituted fused polycyclic aromatic group, or a
substituted or unsubstituted fused heteropolycyclic
group, or Ar, ; and Ar,, can be joined to form a ring;

[0075] Ar,s is a substituted or unsubstituted divalent
aromatic group or heterocyclic group; and

[0076]

t is an integer of 1 to 10.

[0077] That is, in the above general formula [IV], R,,(s)
and R,,(s) which are bonded to different fluorene rings may
be the same or different, and R,; and R,, which are bonded
to the same fluorene ring may be the same or different.
Further, R,4(s) and R,,(s) which are bonded to different
fluorene rings may be the same or different, and R,5(s) and
R,,(s) which are bonded to the same fluorene ring may be
the same or different. Moreover, 1 and j may be the same or
different, and when 1 and j are each an integer of 2 or more,
R,;s and R,,s may be the same or different. In addition, Ar, 5
and Ar,, may be the same or different.

Aer
AIlg_ N

Ar22

[0078] Inthe general formula [V], each R,5, R,, R,, and
R,g, independently, is a hydrogen atom, a substituted or
unsubstituted alkyl group, a substituted or unsubstituted
aralkyl group, a substituted or unsubstituted aryl group, or a
substituted or unsubstituted heterocyclic group;

[0079] each Rug, Ry, Ryy, and R, independently, is
a hydrogen atom, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted aralkyl group, a
substituted or unsubstituted aryl group, a substituted
or unsubstituted heterocyclic group, cyano group, or
a halogen atom;

[0080] k, 1, m, and n are each independently an
integer of 1 to 3;

[0081] Ar,,, Ary, and Ar, g are each independently a
substituted or unsubstituted divalent aromatic group
or heterocyclic group, or Ar,, and Ar;g are each
independently a bond;

[0082] Ar,,, Aryg, Ar,;, and Ar,, are each indepen-
dently a substituted or unsubstituted aromatic group,
a substituted or unsubstituted heterocyclic group, a
substituted or unsubstituted fused polycyclic aro-
matic group, or a substituted or unsubstituted fused
heteropolycyclic group, or Ar;, and Ar,,, and Ar,;
and Ar,, can respectively be joined to form a ring;
and
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[0083] u and v are each independently an integer of
1 to 10.

[0084] That is, in the above general formula [V], R,s(s),
R,4(8), Ros(s), and R,g(s) which are bonded to different
fluorene rings may be the same or different, and R, 5 and R,
and R, and R, which are bonded to the same fluorene ring
may respectively be the same or different. Further, R,4(s),
R4q(8), R4;(s), and R, (s) which are bonded to different
fluorene rings may be the same or different, and R,g(s) and
R,(s), and R;,(s) and R,,(s) which are bonded to the same
fluorene ring may respectively be the same or different.
Moreover, k, 1, m, and n may be the same or different, and
when k, I, m, and n are each an integer of 2 or more, R,gs,
R8s, Ryi8, and Rys may be the same or different. In
addition, Ar,g, Ar,,, Ar,;, and Ar,, may be the same or
different. Furthermore, u and v may be the same or different.

A vi]
%5 /Ar27
N—Ar;
7 Ary—N
A{zs /\I = \
K/\J Aryg
Reay
[0085] In the general formula [VI],
[0086] ecach R,,, independently, is a hydrogen atom,

a substituted or unsubstituted alkyl group, a substi-
tuted or unsubstituted aralkyl group, a substituted or
unsubstituted aryl group, a substituted or unsubsti-
tuted heterocyclic group, cyano group, or a halogen
atom;

[0087]

0 is an integer of 1 to 4;

[0088] Ar,; and Ar,, arc each independently a sub-
stituted or unsubstituted divalent aromatic group or
heterocyclic group,

[0089] Ar,s, Ar,g, Ar,,, and Ar,g are each indepen-
dently a substituted or unsubstituted aromatic group,
a substituted or unsubstituted heterocyclic group, a
substituted or unsubstituted fused polycyclic aro-
matic group, or a substituted or unsubstituted fused
heteropolyeyclic group, or Ar,s and Ar,, and Ar,,
and Ar,4 can respectively be joined to form a ring;
and

[0090]

[0091] That is, in the above general formula [VI], Ry,s
which are bonded to different benzene rings may be the same
or different. Further, when o is an integer of 2 or more, R4,s
may be the same or different. In addition, Ar,; and Ar,, may
be the same or different, and Ar,,, Ar,, Ar,-, and Ar,, may
be the same or different.

w 1s an integer of 1 to 10.
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[vI]
Aryg
\
N_Ar29

" /j

R/\

R(ss)p
[0092] In the general formula [VII],

[0093] each Ry, independently, is a hydrogen atom,
a substituted or unsubstituted alkyl group, a substi-
tuted or unsubstituted aralkyl group, a substituted or
unsubstituted alkoxyl group, a substituted or unsub-
stituted aryl group, a substituted or unsubstituted
heterocyclic group, cyano group, or a halogen atom;

[0094]

[0095] Ar,, is a substituted or unsubstituted divalent
aromatic group or heterocyclic group;

[0096] Ars, and Ary; are each independently a sub-
stituted or unsubstituted aromatic group, a substi-
tuted or unsubstituted heterocyclic group, a substi-
tuted or unsubstituted fused polycyclic aromatic
group, or a substituted or unsubstituted fused het-
eropolycyclic group, or Ar,, and Ar,, can be joined
to form a ring; and

[0097]

[0098] That is, in the above general formula [VII], Rys
which are bonded to different benzene may be the same or
different. Further, when p is an integer of 2 or more, R4 may
be the same or different. In addition, Ar,, and Ar,; may be
the same or different.

p is an integer of 1 to 4,

X is an integer of 1 to 10.

Ary AC=CYAL, [vi]
[0099] In the general formula [ VIII],
[0100] A,, and Ar,; are each independently a substi-

tuted or unsubstituted aromatic group, a substituted
or unsubstituted heterocyclic group, a substituted or
unsubstituted fused polycyclic aromatic group, or a
substituted or unsubstituted fused heteropolycyclic
group; and v is an integer of 1 to 5.

[0101] That is, in the above general formula [VIII], Ar,,
and Ar,, may be the same or different.

[0102] Here, specific examples of the substituents in the
general formulae [11] to [ XIII] will be given below. Further
examples of the substituents are the same as those described
above for the general formula [I].

[0103] Examples of the alkoxyl group include methoxy
group, ethoxy group, tert-butoxy group, n-butyl group, iso-
propoxy group and the like.

[0104] Examples of the fused polyeyclic aromatic group
include fluorenyl group, naphthyl group, fluoranthenyl
group, anthryl group, phenanthryl group, pyrenyl group,
tetracenyl group, pentacenyl group, triphenylenyl group,
perylenyl group and the like.
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[0105] Examples of the fused heteropolycyclic group

include carbazolyl group, acridinyl group, phenanthrolyl -continued
. AA4

group and the like.

H:C CH,
[0106] Typical examples of the arylamine compounds

represented by the general formulae [II] to [VII] and the

acetylene compound represented by the general formula
[VIII] will be given below, but the present invention is not QQQ

limited thereto,

<General Formula [IT]> Q
H3C CH
Al AT Q Q ’ ? Q Q
\ Rys Ryg /

A{4 < \ / > \Ar6
Lo QQ QQ
HiC CH;
H:C  CH,
[0107] <Examples of Arylamine Compounds of General
Formula [IT]>
TO-ON
g QL

AA-1
H,C CH,
HiC  CH;

ILC  CH,
H3C CH3

OO
‘i ?‘
2L

H,C CH,

. CL e
QQQ QQQ

OQ D'OO @

Q'O
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-continued -continued
AA-13
AA-10

P Q'Q 2 Qw & Q.

F F

AA-14

Qw Or © .ﬂ‘ N

<General Formula [IIT]>

H,C CH, \ Ri7 Ryg o

Arg_N

o'o S/

[0108] <Examples of Arylamine Compounds of General
Formula [TIT]>

AA-15

Jo 00 L

H,C CHj
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-continued
AA-16
AA-17

HC CH2
AA-18
NC Q Q CN
) QO {
, cth e ‘

AA-19

(H;0)C (CHa)s
\@ HC CH; @/

%M O g
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-continued
AA-21
H,C CH;,
\@ H;C CHj Q
H;C” : CH,
AA-22
. : CH,
CH,
AA-23
AA-24

[0109] <Examples of Arylamine Compounds of General

Formula [IV]>

<General Formula [IV]>
H;C

H;C

AA-25

D ogh
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-continued -continued
AA-28
AA-26

O
A OWD, 3 acate™

N

H;C0

General Formula [V]

Aryg Aty
\
N— Ar16 Arjg— N
Ary Arpyy

[0110] <Examples of Arylamine Compounds of General
Formula [V]>

AA-30
LC  CH,

LB ocold

HiC CH;
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17
-continued
AA-31
HC CH,
\@ HC  CH, i, HC  CH; @/
N*m. & QQ N
/0 b O\
H:C CH;
AA-32
H;C CH4
H;C CHj; HyC CH;
A TN L
N N
/@ Q O \ / Q O @\
H;C CHs
AA-33

”3“\© HH3 HC  CH, D/ B
. e O
Hp*"“ AN ST

AA-34
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18
-continued
AA-36
HC CH,
\@ nBu  nBu nBu  nBu @/
Nm. OO0
AA-37
HC  CH, H,C  CH,
AA-38
AA-39

HyC CHs MG CHs

Q CO-C-C0 Q
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-continued

AA-42
HsC CHjy H3Ci CHj

AA-43
H;C CHj H;C CHj

AA-44
H;C  CH, HsC  CHj

AA-45
H;C CHjs HyC CHj

AA-46

nBu  nBu

O-C00 Q'O Q
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<General Formula [VI]>

Ar25
Ar27

\
N—Ary /
A{ZG /\I Ary— N\
K/ J Argg
x \ A

R(s4)0

[0111] <Examples of Arylamine Compounds of General

Formula [ VI]>
AA-48
@N Q Q Q N@
AA-49
HyC HACO, N OCH;
H3C04®7N OCH; cH,
AA-30
CH;
AA-31

o,C : : ,CH,
;¢ : : ~
N

20
(C
O
é
axe%
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-continued
AA-52
-continued
<General Formula [VII]>
Any AA-SS
/N—Ar29 H3C
Ar31 /j
\,\ N—H O . .
X

R,
H;C
AA-56

Formula [VIT]>

N OCH3
5

AA-53

[0112] <Examples of Arylamine Compounds of General O

<General Formula [VIIT]>
Q Arn—QCECQy—Ar%
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[0113] <Examples of Acetylene Compounds of General
Formula [VIIT]>

AC-2
CH,
ll CECON’ :

: “CH,

AC-3

(H3C)3C QgQ =¢ QgQ C(CH?,)q
AC-4

AC-5

‘cc ) O

[0114] The content ratio of the fluorene compound repre-
sented by the general formula [I], and the arylamine com-
pound represented by the general formulae [11] to [VII] or
the acetylene compound represented by the general formula
[VIII] is such that the arylamine compound or the acetylene
compound is used in an amount of preferably 0.01 to 80
parts by weight, more preferably 1 to 40 parts by weight per
100 parts by weight of the fluorene compound.

[0115] FIGS. 1 to 7 show preferable examples of the
organic light-emitting device of the present invention. In
FIGS. 1 to 7, reference numeral 1 denotes a substrate,
reference numeral 2 denotes an anode, reference numeral 3
denotes a light-emitting layer, reference numeral 4 denotes
a cathode, reference numeral § denotes a hole-transporting
layer, reference numeral 6 denotes an electron-transporting
layer, reference numeral 7 denotes a hole-injecting layer,
and reference numeral 8 denotes a hole/exciton blocking
layer.
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[0116] FIG. 1 is a cross-sectional view showing an
example of the organic light-emitting device of the present
invention. In FIG. 1, the device is composed of an anode 2,
a light-emitting layer 3, and a cathode 4, which are provided
on a substrate 1 in the mentioned order. The light-emitting
device with this structure is advantageous when a compound
having by itself a hole-transporting property, an electron-
transporting property and a light-emitting property is used or
when plural kinds of compounds possessing the respective
properties are used as a mixture.

[0117] FIG. 2 is a cross-sectional view showing another
example of the organic light-emitting device of the present
invention. In FIG. 2, the device is composed of an anode 2,
a hole-transporting layer 5, an electron-transporting layer 6,
and a cathode 4, which are provided on a substrate 1 in the
mentioned order. In this case, a light-emitting material
having either or both of a hole-transporting property and an
electron-transporting property is advantageously used for
the corresponding one of the layers, in combination with a
hole-transporting material or an electron-transporting mate-
rial having no light-emitting property for the other layer.
Incidentally, in this case, the light-emitting layer is com-
posed of either of the hole-transporting layer 5 or the
electron-transporting layer 6.

[0118] FIG. 3 is a cross-sectional view showing still
another example of the organic light-emitting device of the
present invention. In FIG. 3, the device is composed of an
anode 2, a hole-transporting layer 5, a light-emitting layer 3,
an electron-transporting layer 6, and a cathode 4, which are
provided on a substrate 1 in the mentioned order. With this
arrangement, the carrier-transporting function and the light-
emitting function are separated from each other, and com-
pounds having a hole-transporting property, an electron-
transporting property, and a light-emitting property
respectively are used appropriately in combination there-
with. Thus, the degree of freedom in selection of materials
greatly increases, and various kinds of compounds having
different emission wavelengths can be used, thus allowing a
variety of emission hues to be achieved. Furthermore, it also
becomes possible to improve the emission efficiency by
effectively confining carriers or excitons within the middle
light-emitting layer 3.

[0119] FIG. 4 is a cross-sectional view showing still
another example of the organic light-emitting device of the
present invention. In FIG. 4, as compared with the example
shown in FIG. 3, the device is constructed such that a
hole-injecting layer 7 is provided on the anode 2 side, which
is effective for improving adhesion between the anode 2 and
the hole-transporting layer 5 or improving the hole-injecting
property. Thus, this arrangement is effective for lowering the
driving voltage.

[0120] FIGS. 5 and 6 are cross-sectional views showing
other examples of the organic light-emitting device of the
present invention, respectively. In FIGS. 5 and 6, as com-
pared with the examples shown in FIGS. 3 and 4, the device
is constructed such that a layer (a hole-blocking layer 8)
serving to prevent holes or excitons from passing to the
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cathode 4 side is provided between the light-emitting layer
3 and the electron-transporting layer 6. The use of a com- -continued
pound having an extremely high ionization potential for the
hole-blocking layer 8 is effective for improving the emission
efficiency.

[0121] FIG. 7 is a cross-sectional view showing still
another example of the organic light-emitting device of the
present invention. In FIG. 7, the device is composed of an
anode 2, a hole-transporting layer 5, a light-emitting layer 3,
and a cathode 4, which are provided on a substrate 1 in the
mentioned order. The light-emitting device with this struc-
ture is advantageous when a light-emitting material having
by itself either or both of a hole-transporting property and an
electron-transporting property is used for the corresponding
layers, in combination with a mere hole-transporting mate-
rial having no light-emitting property.

a-NPD

S8
>
&

CH,

[0122] Note that, in FIGS. 1 to 7, there are shown common
basic device structures. The structure of the organic light-
emitting device using the compound of the present invention
is not limited thereto. For example, it is possible to adopt
various layer structures such as one in which an insulating
layer is provided at an interface between an electrode and an
organic layer, one in which an adhesive layer or an inter-
ference layer is additionally provided, and one in which a
hole-transporting layer is composed of two layers with
different ionization potentials.

o
QP
95

H;C
[0123] The fluorene compound represented by the general ’

formula [I] used in the present invention is a compound
superior to the conventional compounds in electron-trans-
porting property and durability, and can be used in any one
of the embodiments shown in FIGS. 1 to 7.

m-MTDATA

[0124] In the present invention, the fluorene compound
represented by the general formula [I] is used as a compo-
nent for an electron-transporting layer or a light-emitting
layer. However, hitherto known hole-transporting com-
pounds, light-emitting compounds, electron-transporting
compounds, or the like may be used in combination there-
with as needed.

S

Z
Z

/‘/gz/; ;
= EZ\E e

Z
Z

)
\

[0125] Examples of those compounds will be given below.

[0126] <Hole-Transporting Compounds>

Pc-M
M: Cu, Mg, AIC], TiO, SiCly, Zn, Sn,
MnCl, GaCl, ete

o
oo
g
o
s
8
o
=
o
s
B

>
Y
Q-
oy
%

TPD DTDPFL
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-continued -continued

spiro-TPD

[0127] <Electron-transporting/Light-Emitting Com- N
pounds> | N\
0

M: Al, Ga
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-continued -continued

[0128] <Light-Emitting Compounds>

M: 7n, Mg, Be

CoHs
GoHs
Coumarin6 GoHs
DCM-1

CoHs 0

X g
CZHS/ O O O

N

H
e}

Nile red Quinacridone

DTPABVi
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26
-continued
’ Coronene
Rubrene
[0129] <Light-Emitting Layer Matrix Compounds and
Electron-Transporting Compounds> -continued

N
S w0000

HsC CH, Q
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-continued -continued
< > O O Q O < >
0 0

[0130] <Polymeric Hole-Transporting Compounds>

—ﬂl:H—CHﬁn— —tCH—CH ¥
N,
PVCz

918

DPA-PS
(|:H3 (|:H3
—6CH_CH29H— _e(lj_CHzan_
(6]

TPA-PMMA

CH,

TPD-PMAA
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-continued
CH,

—é(:j—CHﬁn—

C=0

NH

5
A

Q.
S

TPD-PMAA

/

I I I
CHZCHZ—OCOO—TOOCO——
Q/ C
. . N@

— —n

TPD-PCA

S

\ J

A CH;
R —£Si— —FSiy—

R: CgHys, CgHyy, Crots
Poly thiophene

Polysilane



US 2005/0236977 Al

[0131] <Polymeric Light-Emitting Compounds and

Charge-Transporting Compounds>

\

CFOF QY

CiaHos

12Hos  CioHos

\ /
N 4
CeHys

[0132] In the organic light-emitting device of the present
invention, the layer(s) containing the fluorene compound
represented by the general formula [I] and the layer(s)
containing other organic compound(s) are generally formed
as thin films by a vacuum evaporation method or by an
application method after dissolving in an appropriate sol-
vent. In particular, in the case of forming a film with the
application method, the film may be formed by additionally
using an appropriate binder resin.

[0133] The binder resin can be selected from a wide
variety of binder resins including, for example, polyvinyl
carbazole resin, polycarbonate resin, polyester resin, pol-
yarylate resin, polystyrene resin, acrylic resin, methacrylic
resin, butyral resin, polyvinyl acetal resin, diallyl phthalate
resin, phenolic resin, epoxy resin, silicone resin, polysulfone
resin, and urea resin, although it is not limited thereto. In
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addition, one of the above resins may be used singularly, or
two or more such resins may be combined with each other
as a copolymer.

[0134] Preferably, the anode material has a work function
that is as large as possible. For example, an clemental metal
such as gold, platinum, nickel, palladium, cobalt, selenium,
or vanadium, or an alloy thereof, or a metal oxide such as tin
oxide, zinc oxide, indium tin oxide (ITO), or indium zinc
oxide can be used. In addition, a conductive polymer such as
polyaniline, polypyrrole, polythiophene, or polyphenylene
sulfide can be also used. Any one of those electrode mate-
rials may be used singularly or plural electrode materials
may be used in combination.

[0135] On the other hand, preferably, the cathode material
may have a small work function. For example, an elemental
metal such as lithium, sodium, potassium, cesium, calcium,
magnesium, aluminum, indium, silver, lead, tin, or chro-
mium, or an alloy of plural metals can be used therefor. It is
also possible to use a metal oxide such as indium tin oxide
(ITO). In addition, the cathode may take cither a single-layer
structure or a multi-layer structure.

[0136] The substrate used in the present invention may be,
although not particularly limited, a non-transparent substrate
such as a metallic substrate or a ceramic substrate, or a
transparent substrate formed of glass, quartz, plastic sheet,
or the like. In addition, it is also possible to control the
emission color by using a color filter film, a fluorescent
color-changing filter film, a dielectric reflection film or the
like for the substrate.

[0137] Furthermore, a protective layer or an encapsulating
layer may also be provided on the prepared device for
preventing the device from coming into contact with oxy-
gen, moisture, or the like. The protective layer may be a
diamond thin film, a film made of an inorganic material such
as a metal oxide or a metal nitride, or a polymer film made
of fluororesin, poly-para-xylylene, polyethylene, silicone
resin, polystyrene resin or the like. In addition, a photocur-
able resin or the like can be used therefor. Furthermore, it is
also possible to cover the device with glass, a gas-imper-
meable film, a metal or the like or package the device itself
with an appropriate encapsulating resin

EXAMPLES

[0138] The present invention will now be described in
more detail based on examples. However, the present inven-
tion is not limited to those examples.

Synthesis Example 1

[0139] [Synthesis of Exemplified Compound No. 1]
HC  CH,
(1
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2 Q NasCOs ag./Toluene
EtOH
(HO),B
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(CH3);CCl

AICI
CH,Cly

[0140] To a 500-ml three-neck flask, 2.0 g (5.68 mmol) of
2,7-dibromo-9,9-dimethylfluorene [1], 4.2 g (17.0 mmol) of
pyrene-1-boronic acid [2], 120 ml of toluene, and 60 ml of
ethanol were added. Then, an aqueous solution of 24 g of
sodium carbonate in 120 ml of water was added dropwise
therein with stirring in a nitrogen atmosphere at room
temperature, followed by the addition of 0.33 g (0.28 mmol)
of tetrakis (triphenylphosphine) palladium (0). After stirring
the mixture for 30 minutes at room temperature, the tem-
perature was raised to 77° C., followed by stirring for 5
hours. After the reaction, an organic layer was extracted with
chloroform and then dried with anhydrous sodium sulfate,
followed by purification with a silica gel column (hexane
and toluene mixture developing solvent). Consequently, 3.0
g (89% yield) of a compound [3] (white crystal) was
obtained.

[0141] To a 500-ml three-neck flask, 3.51 g (5.89 mmol)
of compound [3], 1.64 g (17.67 mmol) of tert-butyl chloride
and 200 m! of dichloromethane were added. The resultant
mixture was stirred at 0° C., and then 1.71 g (13.0 mmol) of
aluminum chloride was slowly added thereto. After stirring
the mixture for 30 minutes at 0° C., the temperature was
raised to room temperature, followed by stirring for 5 hours.
After the reaction, an organic layer was taken into 200 ml of
water, extracted with chloroform and then dried with anhy-
drous sodium sulfate, followed by purification with a silica
gel column (hexane and toluene mixture developing sol-
vent). Consequently, 3.53 g (84% yicld) of exemplified
compound No. 1 (white crystal) was obtained.

Synthesis Example 2
[0142]

[Synthesis of Exemplified Compound No. 14]

Br

AICI
CH,Cl
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-continued

[0143] To a 500-ml three-neck flask, 1.50 g (2.52 mmol)
of compound [3], 1.61 g (7.55 mmol) of 1-bromoadaman-
tane and 100 ml of dichloromethane were added. The
resultant mixture was stirred at 0° C., and then 0.70 g (5.30
mmol) of aluminum chloride was slowly added thereto.
After stirring the mixture for 30 minutes at 0° C., the
temperature was raised to room temperature, followed by
stirring for 5 hours. After the reaction, an organic layer was
taken mto 200 ml of water, extracted with chloroform and
then dried with anhydrous sodium sulfate, followed by
purification with a silica gel column (hexane and toluene
mixture developing solvent). Consequently, 1.42 g (65%
yield) of exemplified compound No. 14 (white crystal) was

obtained.

Example 1
[0144] A device having the structure shown in FIG. 2 was
prepared.
[0145] On a glass substrate as the substrate 1, indium tin

oxide (ITO) was deposited to form a film with a thickness of
120 nm by sputtering method to obtain the anode 2, so that
the substrate thus formed was used as a transparent conduc-
tive support substrate. The substrate was subjected to ultra-
sonic cleaning sequentially with acetone and with isopropyl
alcohol (IPA). Following this, the substrate was washed with
IPA through boiling and then dried. Furthermore, the sub-
strate after UV/ozone cleaning was used as the transparent
conductive support substrate.

[0146] On the transparent conductive support substrate, a

chloroform solution of the compound represented by the
following structural formula was applied to form a film of 30
nm in thickness by a spin-coating method, thereby forming
the hole-transporting layer 5.

HC  CH;
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[0147] Furthermore, a fluorene compound represented as
exemplified compound No. 1 was deposited to form a film
of 50 nm in thickness by vacuum evaporation method,
thereby forming the electron-transporting layer 6. The film
formation was performed under the conditions such that the
degree of vacuum at the time of evaporation was 1.0x10™*
Pa and the film formation rate was 0.2 to 0.3 nm/sec.

[0148] Next, a metal layer film of 50 nm in thickness was
formed on the above organic layer as the cathode 4 using an
evaporation material made of aluminum and lithium (lithium
concentration: 1 atomic %) by vacuum evaporation method,
and further an aluminum layer of 150 nm in thickness was
formed by vacuum evaporation method. The film formation
was performed under the conditions such that the degree of
vacuum at the time of evaporation was 1.0x10™* Pa and the
film formation rate was 1.0 to 1.2 nm/sec.

[0149] Furthermore, the resultant structure was covered
with a protective glass plate in a nitrogen atmosphere and
was then encapsulated with an acrylic resin adhesive.

[0150] When a DC voltage of 4 V was applied to the
device thus obtained with the ITO electrode (anode 2) being
connected to a positive electrode and the Al—Li electrode

Oct. 27, 2005

(cathode 4) being connected to a negative electrode, an
electric current flowed through the device at a current
density of 38.5 mA/cm® and light emission of a blue color at
a luminance of 900 cd/m* was observed.

[0151] Furthermore, when the current density was kept at
50.0 mA/cm?® and the voltage was applied for 100 hours, the
deterioration of luminance was small; an initial luminance of
1000 cd/m? was reduced to a luminance of 950 cd/m? after
100 hours.

Examples 2 to 4

[0152] Devices were prepared and evaluated following the
same procedure as in Example 1 with the exception that the
compounds shown in Table 2 were used in place of exem-
plified compound No. 1. The results are shown in Table 1.

Comparative Examples 1 and 2

[0153] Devices were prepared and evaluated following the
same procedure as in Example 1 with the exception that
compounds represented by the following structural formulae
were used in place of exemplified compound No. 1. The
results are shown in Table 1.

TABLE 1

e

O

<Comparative Compound No. 1>

<Comparative Compound No. 2>

oL

N

Durability
Initial Stage Luminance

Applied Current Initial After 100
Example Exemplified ~ Voltage Luminance  Density — Luminance Hours
No. Compound No. (V) (cd/m?)  (mA/em?)  (cd/m?) (cdfm?)
Example 1 1 4 900 50.0 1000 950
Example 2 2 4 890 50.0 980 940
Example 3 7 4 870 50.0 950 890
Example 4 2 4 850 50.0 910 860
Com- Comparative 4 400 50.0 450 200
parative Compound 1
Example 1
Com- Comparative 4 380 50.0 400 150
parative Compound 2

Example 2
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Example 5

[0154] A device having the structure shown in FIG. 3 was
prepared.

[0155] Similarly to Example 1, a hole-transporting layer 5
was formed on a transparent conductive support substrate.
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Comparative Examples 3 and 4

[0162] Devices were prepared and evaluated following the
same procedure as in Example 5 with the exception that
comparative compounds 1 and 2 were used in place of
exemplified compound No. 1. The results are shown in Table
2.

TABLE 2
Durability
Initial Stage Luminance
Applied Current Initial After 100
Example Exemplified voltage Luminance  Density ~ Luminance Hours
No. Compound No. (V) (cd/m?)  (mA/em?)  (cd/m?) (cd/m?)
Example 5 1 4 11000 100.0 13000 11000
Example 6 3 4 10000 100.0 11000 10000
Example 7 7 4 9500 100.0 8700 7500
Example 8 12 4 11000 100.0 13000 11000
Comparative Comparative 4 1800 100.0 2000 900
Example 3 Compound 1
Comparative Comparative 4 4500 100.0 5000 2100
Example 4 ~ Compound 2
[0156] Further, a fluorene compound represented by Example 9

exemplified compound No. 1 was deposited to form a film

of 20 nm in thickness by vacuum evaporation method,
thereby forming a light-emitting layer 3. The film formation
was performed under the conditions such that the degree of
vacuum at the time of evaporation was 1.0x10™* Pa and the
film formation rate was 0.2 to 0.3 nm/sec.

[0157] Furthermore, bathophenanthroline (Bpen) was
deposited into a film of 40 nm in thickness by vacuum
evaporation method, thereby forming an electron-transport-
ing layer 6. The film formation was performed under the
conditions such that the degree of vacuum at the time of
evaporation was 1.0x10™* Pa and the film formation rate was
0.2 to 0.3 nm/sec.

[0158] Next, in the same manner as in Example 1, a
cathode 4 was formed and the resultant structure was then
encapsulated.

[0159] When a DC voltage of 4 V was applied to the
device thus obtained with the ITO electrode (anode 2) being
connected to a positive electrode and the Al—Li electrode
(cathode 4) being connected to a negative electrode, an
electric current flowed through the device at a current
density of 70.0 mA/cm? and light emission of a blue color at
a luminance of 11000 cd/m* was observed.

[0160] Furthermore, when a voltage was applied for 100
hours with the current density being kept at 100.0 mA/cm?,
the deterioration of luminance was small such that an initial
luminance of 13000 cd/m? was reduced to a luminance of
11000 cd/m? after 100 hours.

Examples 6 to 8

[0161] Devices were prepared and evaluated in the same
way as that of Example 5, except that the compounds shown
in Table 2 were used in place of the exemplified compound
No. 1. The results are shown in Table 2.

[0163] A device having the structure shown in FIG. 3 was
prepared.
[0164] On a transparent conductive support substrate simi-

lar to that in Example 1, a chloroform solution of a com-
pound represented by the following structural formula was
applied to form a film of 20 nm in thickness by spin-coating
method, thereby forming a hole-transporting layer 5.

9
@/N

HiC CHs

O

[0165] Furthermore, the fluorene compound represented
as exemplified compound No. 1 and the arylamine com-
pound represented as exemplified compound No. AA-6
(weight ratio of 100:1) were deposited into a film with a
thickness of 20 nm by vacuum evaporation method to form
a light-emitting layer 3. The film formation was performed
under the conditions such that the degree of vacuum at the
time of evaporation was 1.0x10~* Pa and the film formation
rate was 0.2 to 0.3 nm/sec.

[0166] Next, in the same manner as in Example 5, an
electron-transporting layer 6 and a cathode 4 were formed
and the resultant structure was then encapsulated.

[0167] When a DC voltage of 4 V was applied to the
device thus obtained with the ITO electrode (anode 2) being
connected to a positive electrode and the Al—Li electrode
(cathode 4) being connected to a negative clectrode, an
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electric current was flowed through the device at a current
density of 75.0 mA/em” and light emission of a pure blue
color at a luminance of 13000 cd/m* was observed.

[0168] Furthermore, when a voltage was applied for 100
hours while keeping the current density at 80.0 mA/cm?, the
deterioration of luminance was small such that an initial
luminance of 15000 cd/m? was reduced to a luminance of
12000 cd/m? after 100 hours.

Examples 10 to 19

[0169] Devices were prepared and evaluated following the
same procedure as in Example 9 with the exception that
exemplified fluorene compound No. 1 and/or exemplified
arylamine compound No. AA-6 were replaced with ones
shown in Table 3. The results are shown in Table 3.

Comparative Examples 5 and 6

[0170] Devices were prepared and evaluated following the
same procedure as in Example 9 with the exception that
comparative compounds 1 and 2 were used in place of
exemplified compound No. 1. The results are shown in Table
3.

TABLE 3
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[0173] Next, a solution prepared by dissolving 0.050 g of
the fluorene compound represented as exemplified com-
pound No. 1 in 50 ml of toluene was applied to form a film
of 120 nm in thickness by spin-coating method (rotation
speed=2000 rpm) to thereby form an organic layer (light-
emitting layer 3).

[0174] Next, in the same manner as in Example 1, a
cathode 4 was formed and the resultant structure was then
encapsulated.

[0175] When a DC current voltage of 4 V was applied to
the device thus obtained with the ITO electrode (anode 2)
being connected to a positive electrode and the Al—Li
electrode (cathode 4) being connected to a negative elec-
trode, an electric current flowed through the device at a
current density of 35.5 mA/cm? and light emission of a blue
color at a luminance of 2200 cd/m* was observed.

[0176] Furthermore, when a voltage was applied for 100
hours with the current density being kept at 50.0 mA/cm?,
the deterioration of luminance was small such that an initial
luminance of 4100 cd/m? was reduced to a luminance of
3100 cd/m? after 100 hours.

Initial Stage

Durability

Exemplified Applied Current Initial Luminance after
Exemplified Arylamine Voltage Luminance  Density — Luminance 100 hours

Example No. Compound No. Compound No. (V) (ed/m®  (mAfem®  (cd/m®) (ed/m?)
Example 9 1 AA-6 4 13000 80.0 15000 12000
Example 10 1 AA-11 4 13500 80.0 15200 12600
Example 11 1 AA-15 4 11500 80.0 13000 10100
Example 12 1 AA-25 4 10200 80.0 11900 10000
Example 13 1 AA-39 4 12800 80.0 13800 11200
Example 14 1 AA-50 4 11000 80.0 12200 10800
Example 15 1 AC-1 4 16200 80.0 19000 16000
Example 16 7 AA-15 4 13300 80.0 15100 13500
Example 17 7 AA-53 4 12200 80.0 14100 12200
Example 18 12 AC-1 4 16500 80.0 17800 16100
Example 19 33 AA-10 4 13500 80.0 14300 12500
Comparative Comparative ~ AA-6 4 4000 80.0 4500 1800
Example 5 Compound 1

Comparative Comparative ~ AA-6 4 3000 80.0 3500 1000
Example 6 ~ Compound 2

Example 20 EXAMPLE 21 to 23
[0177] Devices were prepared and evaluated following the

[0171] A device having the structure shown in FIG. 7 was
prepared.

[0172] On a transparent conductive support substrate
which was similar to that of Example 1, a solution prepared
by dissolving 1.00 g of poly-N-vinylearbazole (weight aver-
age molecular weight=63,000) in 80 ml of chloroform was
applied to form a film of 110 nm in thickness by spin-coating
method (rotation speed=2000 rpm), thereby forming an
organic layer (hole-transporting layer 5).

same procedure as in Example 21 with the exception that the
compounds shown in Table 4 were used in place of exem-
plified compound No. 1. The results are shown in Table 4.

Comparative Examples 7 and 8

[0178] Devices were prepared and evaluated following the
same procedure as in Example 21 with the exception that
comparative compounds 1 and 2 were used in place of
exemplified compound No. 1. The results are shown in Table
4.
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TABLE 4
Initial Stage Durability
Applied Current Initial Luminance after
Exemplified voltage Luminance  Density =~ Luminance 100 hours
Example No. Compound No. V) fcd/m?)  (mA/em®)  (cd/m?) (ed/m?)
Example 20 1 4 2200 50.0 4100 3100
Example 21 12 4 2000 50.0 4000 3200
Example 22 16 4 2100 50.0 4200 3300
Example 23 32 4 2040 50.0 4090 3100
Comparative Comparative 4 750 50.0 800 400

Example 7 Compound 1
Comparative Comparative 4 620 50.0 710 310
Example 8  Compound 2

What is claimed is: stituted aryl group, a substituted or unsubstituted het-
1. A fluorene compound represented by the general for- erocyclic group, a substituted amino group, cyano
mula [1]: group, or a halogen atom;

each R; and R,, independently, is a hydrogen atom, a

substituted or unsubstituted alkyl group, a substituted

m or unsubstituted aralkyl group, a substituted or unsub-

stituted aryl group, or a substituted or unsubstituted
heterocyclic group;

each R, and R, independently, is substituted or unsub-
stituted isopropyl group, sec-butyl group, tert-butyl
group, 1-adamantyl group, 2-adamantyl group, isoamyl
group, trimethylsilyl group or triphenylsilyl group;

a and b are independently an integer of O to 9;

¢ and d are independently an integer of 1 to 9; and
wherein the two pyrenyl groups are each independently

bonded at position 1 or 4 thereof to the fluorenyl group; n is an integer of 1 to 10.

2. The fluorene compound according to claim 1, wherein
each R, and R,, independently, is a hydrogen atom, a 1 is an integer of 1 to 3.
substituted or unsubstituted alkyl group, a substituted 3. The fluorene compound according to claim 1, which is
or unsubstituted aralkyl group, a substituted or unsub- represented by any one of the structural formulae:
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4. An organic light-emitting device comprising a pair of
electrodes including an anode and a cathode, and at least one
layer comprising an organic compound sandwiched between
the pair of electrodes, wherein at least one of the at least one
layer comprising the organic compound comprises at least
one of the fluorene compounds as set forth in claim 1.

5. The organic light-emitting device according to claim 4,
wherein at least an electron-transporting layer or a light-
emitting layer of the at least one layer comprising the
organic compound comprises at least one of the fluorene
compounds.

6. The organic light-emitting device according to claim 4,
wherein at least a light-emitting layer of the at least one layer
comprising the organic compound comprises at least one of
the fluorene compounds and an arylamine compound rep-
resented by the general formula [II]:

(1

Al Ry Ryg /ArS
/ \
N
Ary < \ / :7 Arg
*/\ ,\— /
Ras)_ Rae),

wherein each R 5 and R,,, independently, is a hydrogen
atom, a substituted or unsubstituted alkyl group, a substi-
tuted or unsubstituted aralkyl group, a substituted or unsub-
stituted aryl group, or a substituted or unsubstituted hetero-
cyclic group;

each R and R, independently, is a hydrogen atom, a
substituted or unsubstituted alkyl group, a substituted
or unsubstituted aralkyl group, a substituted or unsub-
stituted aryl group, a substituted or unsubstituted het-
erocyclic group, cyano group, or a halogen atom;

¢ and f are each independently an integer of 1 to 3;

Ars, Ar,, Ars, and Ar, are each independently a substi-
tuted or unsubstituted aromatic group, a substituted or
unsubstituted heterocyclic group, a substituted or
unsubstituted fused polycyclic aromatic group, or a
substituted or unsubstituted fused heteropolycyclic
group, or Ar, and Ar,, and Ars and Ar, can respectively
be joined to form a ring; and

r is an integer of 1 to 10.

7. The organic light-emitting device according to claim 4,
wherein at least a light-emitting layer of the at least one layer
comprising the organic compound comprises at least one of
the fluorene compounds and an arylamine compound rep-
resented by the general formula [II1]:

[IIT]

Arg
Ar
\N A Ry7 Ryg / u
Al Arg—N
)
Aryg < \ / j At
R(19), Reo),
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wherein each R;; and R4, independently, is a hydrogen
atom, a substituted or unsubstituted alkyl group, a substi-
tuted or unsubstituted aralkyl group, a substituted or unsub-
stituted aryl group, or a substituted or unsubstituted hetero-
cyclic group;

each R, and R,,, independently, is a hydrogen atom, a
substituted or unsubstituted alkyl group, a substituted
or unsubstituted aralkyl group, a substituted or unsub-
stituted aryl group, a substituted or unsubstituted het-
erocyclic group, cyano group, or a halogen atom,

g and h are each independently an integer of 1 to 3;

Ar, and Arg are each independently a substituted or
unsubstituted divalent aromatic group or heterocyclic

group;

Ar,, Ar,,, Arj,, and Ar,,, are each independently a
substituted or unsubstituted aromatic group, a substi-
tuted or unsubstituted heterocyclic group, a substituted
or unsubstituted fused polycyclic aromatic group, or a
substituted or unsubstituted fused heteropolycyclic
group, or Ar, and Ar,,, and Ar,, and Ar,, can respec-
tively be joined to form a ring; and

s is an integer of 1 to 10.

8. The organic light-emitting device according to claim 4,
wherein at least a light-emitting layer of the at least one layer
comprising the organic compound comprises at least one of
the fluorene compounds and an arylamine compound rep-
resented by the general formula [IV]:

(V]
Ar13
\ Rz R
N— Ar15

o REL
W\

Ry, Ry,

wherein cach R,; and R,,, independently, is a hydrogen
atom, a substituted or unsubstituted alkyl group, a substi-
tuted or unsubstituted aralkyl group, a substituted or unsub-
stituted aryl group, or a substituted or unsubstituted hetero-
cyclic group;

cach R,; and R,,, independently, is a hydrogen atom, a
substituted or unsubstituted alkyl group, a substituted
or unsubstituted aralkyl group, a substituted or unsub-
stituted aryl group, a substituted or unsubstituted het-
erocyclic group, cyano group, or a halogen atom;

i and j are each independently an integer of 1 to 4;

Ary; and Ar,, are each independently a substituted or
unsubstituted aromatic group, a substituted or unsub-
stituted heterocyclic group, a substituted or unsubsti-
tuted fused polycyclic aromatic group, or a substituted
or unsubstituted fused heteropolycyclic group, or Ar,
and Ar,, can be joined to form a ring;

Ar,s is a substituted or unsubstituted divalent aromatic
group or heterocyclic group; and

t is an integer of 1 to 10.
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9. The organic light-emitting device according to claim 4,
wherein at least a light-emitting layer of the at least one layer
comprising the organic compound comprises at least one of
the fluorene compounds and an arylamine compound rep-
resented by the general formula [V]:

wherein each R,s, Roq, R, and R.g, independently, is a
hydrogen atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aralkyl group, a substituted or
unsubstituted aryl group, or a substituted or unsubstituted
heterocyclic group;

each R,o, Ry, R51, and R, independently, is a hydrogen
atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aralkyl group, a substituted
or unsubstituted aryl group, a substituted or unsubsti-
tuted heterocyclic group, cyano group, or a halogen
atom,

k, 1, m, and n are each independently an integer of 1 to 3;

Ar,, Ar, - and Ar, ¢ are each independently a substituted
or unsubstituted divalent aromatic group or heterocy-
clic group, or Ary, and Ar,, are each independently a
bond;

Ar,, Ar,,, Ar,;, and Ar,, are each independently a
substituted or unsubstituted aromatic group, a substi-
tuted or unsubstituted heterocyclic group, a substituted
or unsubstituted fused polycyclic aromatic group, or a
substituted or unsubstituted fused heteropolycyclic
group, or Ar, g and Ar,,, and Ar,, and Ar,, can respec-
tively be joined to form a ring; and

u and v are each independently an integer of 1 to 10.

10. The organic light-emitting device according to claim
4, wherein at least a light-emitting layer of the at least one
layer comprising the organic compound comprises at least
one of the fluorene compounds and an arylamine compound
represented by the general formula [VI]:

vij
A{Z; Al /Ar27
—Arg _
A{ZG /\l Ary N\
J Aryg
\/\ /|

R(s4)0

wherein each R,,, independently, is a hydrogen atom, a
substituted or unsubstituted alkyl group, a substituted or
unsubstituted aralkyl group, a substituted or unsubstituted
aryl group, a substituted or unsubstituted heterocyclic group,
cyano group, or a halogen atom;
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o is an integer of 1 to 4;

Ar,, and Ar,, are each independently a substituted or
unsubstituted divalent aromatic group or heterocyclic

group;

Ar,s, Al Ar,,, and Ar,, are each independently a
substituted or unsubstituted aromatic group, a substi-
tuted or unsubstituted heterocyclic group, a substituted
or unsubstituted fused polycyclic aromatic group, or a
substituted or unsubstituted fused heteropolycyclic
group, or Ar,s and Ar,, and Ar,- and Ar,, can respec-
tively be joined to form a ring; and

w is an integer of 1 to 10.

11. The organic light-emitting device according to claim
4, wherein at least a light-emitting layer of the at least one
layer comprising the organic compound comprises at least
one of the fluorene compounds and an arylamine compound
represented by the general formula [VII]:

[vI[]
Ary
\
N— Arzg
Aryy < ‘
K/\

Reo),

wherein each R4, independently, is a hydrogen atom, a
substituted or unsubstituted alkyl group, a substituted or
unsubstituted aralkyl group, a substituted or unsubstituted
alkoxyl group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted heterocyclic group, cyano
group, or a halogen atom,

p is an integer of 1 to 4;

Ar,g is a substituted or unsubstituted divalent aromatic
group or heterocyclic group;

Ar,, and Ar,, are each independently a substituted or
unsubstituted aromatic group, a substituted or unsub-
stituted heterocyclic group, a substituted or unsubsti-
tuted fused polycyclic aromatic group, or a substituted
or unsubstituted fused heteropolycyclic group, or Ars,
and Ar,; can be joined to form a ring; and

x is an integer of 1 to 10.

12. The organic light-emitting device according to claim
4, wherein at least a light-emitting layer of the at least one
layer comprising the organic compound comprises at least
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one of the fluorene compounds and an acetylene compound
represented by the general formula [VIII]:

Aty €=ChyAry, [vig
wherein A, and Ar,; are each independently a substituted
or unsubstituted aromatic group, a substituted or unsub-

Oct. 27, 2005

stituted heterocyclic group, a substituted or unsubsti-
tuted fused polycyclic aromatic group, or a substituted
or unsubstituted fused heteropolycyclic group; and y is
an integer of 1 to 5.

[ . A
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