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(57) ABSTRACT

There are provided a condensed ring aromatic compound and
an organic light-emitting device having an optical output with
high efficiency and high luminance, and durability. An
organic light-emitting device including: a pair of electrodes
comprising an anode and a cathode of which at least one is
transparent or translucent; and an organic compound layer
disposed between the pair of electrodes, wherein the organic
compound layer contains the condensed ring aromatic com-
pound represented by the following formula [1].

In the formula, X, to X, each independently represent a
hydrogen atom, a halogen atom, a substituted or unsubsti-
tuted alkyl group, a substituted or unsubstituted alkoxy
group, a substituted or unsubstituted aryloxy group, a substi-
tuted or unsubstituted amino group, a substituted or unsub-
stituted aryl group, or a substituted or unsubstituted hetero-
cyclic group, and each may be the same or different; adjacent
groups combine with each other to form at least one ring in the
group selected from X, to X,; and adjacent groups combine
with each other to form at least one ring in the group selected
from X, to X.

6 Claims, 3 Drawing Sheets
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CONDENSED RING AROMATIC COMPOUND
AND ORGANIC LIGHT-EMITTING DEVICE
HAVING THE SAME

TECHNICAL FIELD

The present invention relates to a novel condensed ring
aromatic compound and an organic light-emitting device hav-
ing the same.

BACKGROUND ART

An organic light-emitting device is a device for sandwich-
ing a thin film including a fluorescent organic compound
between an anode and a cathode. In addition, an organic
light-emitting device emits light when an exciton of a fluo-
rescent organic compound is formed by injecting an electron
and a hole from each electrode, and this exciton returns to a
ground state.

Recent progress in an organic light-emitting device is
remarkable and its characteristics include, for example, high
luminance at a low applied voltage, diversity of light-emitting
wavelengths, high-speed responsibility, and providing a thin
and lightweight light-emitting device. From these character-
istics, a possibility is suggested that an organic light-emitting
device is used for wide range of applications.

However, an organic light-emitting device having an opti-
cal output of higher luminance or higher conversion effi-
ciency is necessary under present circumstances. Further, an
organic light-emitting device still has many problems in
terms of durability such as change over time due to use for a
long period of time and deterioration due to atmosphere gas
containing oxygen, moisture or the like.

Therefore, a material for realizing an organic light-emit-
ting device having high light-emitting efficiency and good
durability has been demanded in recent years.

As a method for solving the above-mentioned problems, it
has been proposed that a condensed ring aromatic compound
is used as a material for constituting an organic light-emitting
device. Japanese Patent Application Laid-Open No. 2001-
102173, U.S. Patent Application Publication No. 2004-
0076853, Japanese Patent Application Laid-Open No. 2006-
256979, Japanese Patent Application Laid-Open Nos. H10-
189247, and H09-241629 disclose examples of using a
condensed ring aromatic compound as a material for consti-
tuting an organic light-emitting device. In addition, J. Org.
Chem. 64, 1650-1656, 1999 also discloses a condensed ring
aromatic compound.

DISCLOSURE OF THE INVENTION

The present invention has been made to solve the problems
of prior arts as described above. That is, an object of the
present invention is to provide a novel condensed ring aro-
matic compound for an organic light-emitting device. Fur-
ther, another object of the present invention is to provide an
organic light-emitting device having an optical output with
high efficiency and high luminance, and durability.

The present inventors have made investigation to solve the
above-mentioned problems, consequently leading to the
completion of the present invention. That is, a condensed ring
aromatic compound of the present invention is represented by
the following general formula [1]:
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wherein X, to X ; each independently represent a hydrogen
atom, a halogen atom, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted alkoxy group, a substi-
tuted or unsubstituted aryloxy group, a substituted or unsub-
stituted amino group, a substituted or unsubstituted aryl
group, or a substituted or unsubstituted heterocyclic group,
and each may be the same or different; adjacent groups com-
bine with each other to form at least one ring in the group
selected from X, to X,; and adjacent groups combine with
each other to form at least one ring in the group selected from
X t0X s,

A novel condensed ring aromatic compound of the present
invention has high quantum efficiency. Therefore, according
to the present invention, an organic light-emitting device
having an optical output with high efficiency and high lumi-
nance, and durability can be provided.

Further feature of the present invention will become appar-
ent from the following description of exemplary embodi-
ments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view showing a first embodi-
ment in an organic light-emitting device of the present inven-
tion;

FIG. 2 is a cross-sectional view showing a second embodi-
ment in an organic light-emitting device of the present inven-
tion;

FIG. 3 is a cross-sectional view showing a third embodi-
ment in an organic light-emitting device of the present inven-
tion;

FIG. 4 is a cross-sectional view showing a fourth embodi-
ment in an organic light-emitting device of the present inven-
tion;

FIG. 5 is a cross-sectional view showing a fifth embodi-
ment in an organic light-emitting device of the present inven-
tion; and

FIG. 6 is a graph showing a PL spectrum (excitation wave-

length: 351 nm) of a toluene solution of an exemplified com-
pound H-6 (1x10~> mol/L).

BEST MODES FOR CARRYING OUT THE
INVENTION

A condensed ring aromatic compound of the present inven-
tion will be described in detail. The condensed ring aromatic
compound of the present invention is represented by the fol-
lowing general formula [1]:
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wherein X, to X, each independently represent a hydrogen
atom, a halogen atom, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted alkoxy group, a substi-
tuted or unsubstituted aryloxy group, a substituted or unsub-
stituted amino group, a substituted or unsubstituted aryl
group, or a substituted or unsubstituted heterocyclic group,
and each may be the same or different; adjacent groups com-
bine with each other to form at least one ring in the group
selected from X, to X; and adjacent groups combine with
each other to form at least one ring in the group selected from
X t0X 5.

Further, the condensed ring aromatic compound of the
present invention is the condensed ring aromatic compound
according to the above-mentioned general formula [1], rep-
resented by the following general formula [2]:

wherein R, to R, each independently represent a hydrogen
atom, a halogen atom, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted alkoxy group, a substi-
tuted or unsubstituted aryloxy group, a substituted or unsub-
stituted amino group, a substituted or unsubstituted aryl
group, or a substituted or unsubstituted heterocyclic group,
and each may be the same or different.

Specific examples of substituents represented by X, to X, 4
and R, to R, in the above-mentioned general formulas [1]
and [2], respectively, will be described below, but are not
limited to these substituents.
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4

Examples of halogen atoms represented by X, to X, and
R, to R,, include fluorine, chlorine, bromine and iodine.

Examples of alkyl groups represented by X, to X, s and R,
to R, include amethyl group, an ethyl group, a normal propyl
group, isopropyl group, a normal butyl group, a tertiary butyl
group, a secondary butyl group, a normal pentyl group, an
octyl group, a 1-adamantyl group, a 2-adamantyl group, a
benzyl group and a phenetyl group.

Examples of alkoxy groups represented by X, to X, and
R, to R, include a methoxy group, an ethoxy group, a pro-
Ppoxy group, a 2-ethyl-octyloxy group and a benzyloxy group.

Examples of aryloxy groups represented by X to X, 4 and
R, to R, include a phenoxy group, 4-tertiary-butylphenoxy
group and a thienyloxy group.

Examples of amino groups represented by X, to X, cand R,
to R, include an N-methylamino group, an N-etylamino
group, an N-N-dimethylamino group, an N-N-dietylamino
group, an N-methyl-N-ethylamino group, an N-benzylamino
group, an N-methyl-N-benzylamino group, an N,N-dibenzy-
lamino group, an anilino group, an N,N-diphenylamino
group, an N.N-dinaphtylamino group, an N,N-difluoreny-
lamino group, an N-phenyl-N-tolylamino group, an N,N-
ditolylamino group, an N-methyl-N-phenylamino group, an
N,N-dianisolylamino group, an N-mesityl-N-phenylamino
group, an N,N-dimesithylamino group, an N-phenyl-N-(4-
tertiary-butylphenyljamino group, an N-phenyl-N-(4-triftuo-
romethylphenyl)amino group, an N,N-di(4-tertiary-bu-
tylphenyl)amino group, an N-N-di(3,5-dimethylphenyl)
amino group, an N-(9,9-dimethyl-fluorenyl)-N-phenylamino
group, an N-(9,9-dimethyl-fluorenyl)-N-tolylamino group,
an N-(9,9-dimethyl-fluorenyl)-N-(3,5-dimethylphenyl)
amino group, and an N-(9,9-dimethyl-fluorenyl)-N-(2-naph-
thyl)amino group.

Examples of aryl groups represented by X, to X, ;and R to
R,, include a phenyl group, a naphthyl group, a pentalenyl
group, an indenyl group, an azulenyl group, an anthryl group,
a pyrenyl group, an indacenyl group, an acenaphtenyl group,
aphenantryl group, a phenalenyl group, a fluorantenyl group,
an acephenanthryl group, an aceanthryl group, a triphenyle-
nyl group, a crycenyl group, a naphthacenyl group, a peryle-
nyl group, a pentacenyl group, a biphenyl group, a terphenyl
group and a fluorenyl group.

Examples of heterocyclic groups represented by X, to X, ¢
and R, to R, include a pyridyl group, a bipyridyl group, a
pyrrolyl group, an oxazolyl group, an oxadiazolyl group, a
thiazolyl group, a thiadiazolyl group, a quinolyl group, an
isoquinolyl group, a carbazolyl group, an acrydinyl group and
a phenanthoryl group.

Examples of substituents which the above-mentioned alkyl
group, aryl group and heterocyclic group may have include
alkyl groups such as a methyl group, an ethyl group and a
propyl group; aralkyl groups such as a benzyl group; aryl
groups such as a phenyl group and a biphenyl group; hetero-
cyclic groups such as a pyridyl group and a pyrrolyl group;
amino groups such as a dimethylamino group, a diethylamino
group, a dibenzylamino group, a diphenylamino group, a
ditolylamino group and a dianisolylamino group; alkoxy
groups such as a methoxy group, an ethoxy group and a
propoxy group; aryloxy groups such as a phenoxyl group;
halogen atoms such as fluorine, chlorine, bromine and iodine;
and cyano groups.

The condensed ring aromatic compound represented by the
general formulas [1] and [2] can be synthesized, for example,
by a method as shown in the following synthesis routes 1 and
2.
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Synthesis Route 1

The condensed ring aromatic compound represented by the
general formula[1] can be synthesized, for example, by using
a dibromochrysene derivative and a boronic acid derivative
for raw materials as shown in the following synthesis route 1, 5
but the synthesis method is not limited to this route 1.

X4
X X3 10
A HO Xs
X
HO),B X
Xlé ( )2 6
Br X7 15
Br Boronic acid
derivative
Xs Suzuki-Coupling
X Xy
Dibromochrysene derivative
X, 25
HoO X3
(HO):B Ry
Rys 30
Boronic acid
derivative
Suzuki-Coupling
35
Xs
TH0,
—_—
Xs CHCl3, 40
EuN
45
Ry Rs
Pd(OAc); Rigand
R (0] O
Ry
EtO OFt
Br
K3POy
Br Toluene
Ryo
Ry
Ry Rpp

Dibromochrysene derivative

6

-continued
X3

X

Xs
Pd(PPh;),CL,
X “TicL DBy,
DMF
X4
Xi3 X X
Xp 1 10
Ditriflate produect
X X

Specific method of the synthesis route 1 will be described.
Firstly, a dihydroxy product is synthesized by Suzuki-
Miyaura-coupling reaction between a dibromochrysene
derivative and a boronic acid derivative (for example, Chem.
Rev. 1995, 95, 2457-2483). Another method includes, for
example, Yamamoto method using a nickel catalyst (for
example, Bull. Chem. Soc. Jpn. 51, 2091, 1978). Next, a
ditriflate product is derived from the synthesized dihydroxy
product and is subjected to intramolecular cyclization (for
example, J. Org. Chem. 68, 883-887, 2003). Thereby, the
condensed ring aromatic compound represented by the gen-
eral formula [1] can be obtained.

Synthesis Route 2

The condensed ring aromatic compound represented by the
general formula [2] can also be synthesized, for example, by
using a dibromochrysene derivative for a raw material as
shown in the following synthesis route 2.

R, R;
R

Ry CO,Et
NaOH aq
—_—

THF
FiO,C Ry
Ry
Ri3 Rpz

Compound CR-1



Ry R;
Ry
Rao
HO,C Ry
Ri
Rj3 Rpp

Compound CR-2
R, R;

Ry O

Rao

Ry3 Rpp

Compound CR-4
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-continued
R, Rs
Ry
COH Rag COCl
SOCL, DMF AlCl;
—— — -
CH,CL
cloc Ry
Ry
Ry Rz
Compound CR-3
R, R;
0]
Ry \)k/ R
R o
(PhSe0),0
_—
Chlorobenzene 0

Compound CR-6

1
Rao KOH aq
EtOH-Toluene
O O
R”\)k/ Rio
’ Rio oy

0 R KOH aq
EtOH-Toluene

Ri3 Rz
Compound CR-5
Rg
Ry N2+Cl_
M
R¢ CO,H
Rs
Dichloroethane
Rjs
Ry7 N,'CI-
@
Ri¢ COH
Rjs
Dichloroethane
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Specific method of the synthesis route 2 will be described.

The synthesis route 2 is especially useful when various
substituents are introduced into R, to R, or R, , to R in the
general formula [2]. Specifically, a dibromochrysene deriva-
tive is derived to a compound CR-1 that is an ester product
thereof. Next, the ester product is subjected to hydrolysis to
derive a compound CR-2, and the compound CR-2 is derived
to a compound CR-3 that is an acid chloride thereof via a
subsequent process. The compound CR-3 is further subjected
to intramolecular cyclization (for example, J. Am. Chem.
Soc. 105, 7375, 1983) to thereby derive a ketone product. This
ketone product is converted to a diketone product (for
example, Bull. Chem. Soc. Jpn. 59, 3311, 1986). This dike-
tone product is used as an intermediate and various substitu-
ents are introduced into R, to Ry or R}, to R, 5 via two pro-
cesses of Knoevenagel reaction (for example, Eur. J. Org.
Chem. 4185, 2002) and Diels-Alder reaction (for example, J.
Org. Chem. 62, 530, 1997).

A material used for an organic light-emitting device has
desirably high light-emitting quantum efficiency when using
as light-emitting center material.

The compound of the general formula [1] is a compound
obtained by forming a condensed ring in a compound A

having high light-emitting quantum efficiency shown below.
Compound A

Exemplified Compound B-1

O
o2

The compound A shows a high light-emitting quantum
efficiency of 0.91 in a toluene solution (1x10~° mol/L). The
light-emitting quantum efficiency was relatively calculated
using fluorantene as a control compound in measurement. It is
to be noted that fluorantene in the dilute solution has a light-
emitting quantum efficiency of 0.35 (Steven L, Murov.,,
Handbook of Photochemistry, Second Edition, Revised and
Exapanded, (1993)).

Accordingly, the compound represented by the general
formula [1] gains increased oscillator strength by expansion
of a mw-conjugated system of the compound A, and therefore
can be expected to further improve light-emitting quantum
efficiency.

The present inventors calculated oscillator strengths of
compounds represented by the compound A and the exempli-
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fied compound B-1, for example, by simulation of calcula-
tion, so that the oscillator strengths of 0.44 and 0.78, respec-
tively, were obtained.

In this case, the simulation of calculation was performed
using a B3LYP method (Becke’s Three parameter hybrid
method using the Lee-Yang-Parr correlation (J. Chem. Phys.
98, 5648 (1993))), one of density functional methods of
Gaussian 03 package (Gaussian, Inc.) that is a molecular
orbital calculation program.

Further, introduction of a substituent into any one of X to
X, 1n the general formula [1] can suppress association of
molecules themselves to lower reduction in light-emitting
efficiency. By doing this, light-emitting efficiency can be
expected to be further improved. Especially, when a substitu-
ent is introduced into X, X, X, X5, Xo, X, 5, X;50r X, ¢, the
substituent tends to position in a direction perpendicular to a
plane of the compound ofthe general formula [1] due to steric
hindrance between adjacent substituents, and thereby an
effect oflowering reduction in light-emitting efficiency due to
the molecular association is large.

Examples of a substituent giving steric hindrance to a
molecule itself include an alkyl group, an alkoxy group, an
aryloxy group, an amino group, an aryl group and a hetero-
cyclic group, and preferable examples thereof include an
amino group, an aryl group and a heterocyclic group.

When the compound represented by the general formula
[1] is used as a light-emitting layer, it can be used as either a
host material or a guest material. Especially, when the com-
pound represented by the general formula [1] is used as a host
material of a light-emitting layer, the compound is preferably
a material having a high glass transition temperature, and for
that purpose, it is desirable that X, to X, ; have substituents.

Preferable examples of substituents of X, to X, for
increasing the glass transition temperature include an amino
group, an aryl group and a heterocyclic group.

Further, a substituent introduced for using the compound
represented by the general formula [1] as an intermediate of a
synthesis process includes, for example, a halogen atom. In
this case, iodine, bromine and chlorine are preferred from the
viewpoint of activity in a synthesis reaction.

A compound used as a material of an organic light-emitting
device desirably has a high carrier injecting property. A
device can be driven at a lower voltage by facilitating carrier
injection. Preferable examples of a substituent introduced for
enhancing carrier injecting property include an amino group
and a heterocyclic group. In this case, when an amino group
is introduced as a substituent, a hole injecting property is
generally improved. On the other hand, when a heterocyclic
group is introduced, electron injecting property is improved.

Specific examples of the compound in the above-men-
tioned general formula [1] are shown below. However, the
present invention is not limited to these compounds.

B-1

Q’OO
()
OQQ
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Next, an organic light-emitting device of the present inven-
tion will be described in detail.

The organic light-emitting device of the present invention
includes an anode, a cathode and a layer comprising an
organic compound (organic compound layer) sandwiched
between the anode and the cathode. Further, in the organic
light-emitting device of the present invention, the layer com-
prising an organic compound contains a condensed ring aro-
matic compound of the present invention.

The organic light-emitting device of the present invention
may include other organic compound layers other than the
organic compound layer disposed between the anode and the
cathode which are a pair of electrodes. Other organic com-
pound layers include, for example, a hole injecting layer, a
hole transporting layer, an electron blocking layer, a hole
blocking layer, an electron transporting layer and an electron
injecting layer.

Hereinafter, the organic light-emitting device of the
present invention will be described in detail with reference to
drawings.

Firstly, reference numerals in drawings will be described.
Reference numeral 1 denotes a substrate; 2, an anode; 3, a
light-emitting layer; 4, an cathode; 5, a hole transporting
layer; 6, electron transporting layer: 7, a hole injecting layer;
8, ahole/exciton blocking layer for blocking a hole and/or an
exciton; and 10,20, 30, 40, 50, organic light-emitting devices.

FIG. 1 is a cross-sectional view showing a first embodi-
ment in an organic light-emitting device of the present inven-
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tion. In an organic light-emitting device 10 of FIG. 1, an
anode 2, a light-emitting layer 3 and a cathode 4 are sequen-
tially disposed on a substrate 1. This organic light-emitting
device 10 is useful when the light-emitting layer 3 comprises
an organic compound having all of hole transporting capabil-
ity, electron transporting capability and light-emitting perfor-
mance. Further, the organic light-emitting device 10 is also
useful when the light-emitting layer 3 comprises a mixture of
organic compounds each having any one of characteristics of
hole transporting capability, electron transporting capability
and light-emitting performance.

FIG. 2 is a cross-sectional view showing a second embodi-
ment in an organic light-emitting device of the present inven-
tion. In an organic light-emitting device 20 of FIG. 2, an
anode 2, a hole transporting layer 5, an electron transporting
layer 6 and a cathode 4 are sequentially disposed on a sub-
strate 1. This organic light-emitting device 20 is useful when
a light-emitting organic compound having any one of hole
transporting property and electron transporting property is
used in combination with an organic compound having only
electron transporting property or hole transporting property.
In addition, the hole transporting layer 5 or the electron trans-
porting layer 6 is also served as a light-emitting layer in the
organic light-emitting device 20.

FIG. 3 is a cross-sectional view showing a third embodi-
ment in an organic light-emitting device of the present inven-
tion. An organic light-emitting device 30 of FIG. 3 is one in
which a light-emitting layer 3 is interposed between the hole
transporting layer 5 and the electron transporting layer 6 in
the organic light-emitting device 20 of FIG. 2. This organic
light-emitting device 30 has a carrier transporting function
and a light-emitting function which are separated from each
other, and organic compounds having each characteristics of
hole transporting propetty, electron transporting property and
light-emitting property can be used in appropriate combina-
tion. Therefore, degree of freedom of material selection is
extremely increased and various organic compound having
different light-emitting wavelengths can be used, thereby
enabling diversification of light-emitting hues. In addition,
the organic light-emitting device 30 can also be intended to
improve the light-emitting efficiency by effectively trapping a
carrier or an exciton in the light-emitting layer 3 in the center.

FIG. 4 is a cross-sectional view showing a fourth embodi-
ment in an organic light-emitting device of the present inven-
tion. An organic light-emitting device 40 of FIG. 4 1s one in
which a hole injecting layer 7 is disposed between the anode
2 and the hole transporting layer 5 in the organic light-emit-
ting device 30 of FIG. 3. This organic light-emitting device 40
improves adhesion between the anode 2 and the hole trans-
porting layer 5 or hole injecting property by disposing the
hole injecting layer 7, and thereby is effective for voltage
reduction.

FIG. 5 is a cross-sectional view showing a fifth embodi-
ment in an organic light-emitting device of the present inven-
tion. An organic light-emitting device 50 of FIG. 5 is one in
which a layer for preventing a hole or an exciton from passing
through to a side of the cathode 4 (hole/exciton blocking layer
8) is interposed between the light-emitting layer 3 and the
hole transporting layer 6 in the organic light-emitting device
30 of FIG. 3. Light-emitting efficiency of the organic light-
emitting device 50 is improved by using an organic com-
pound having an extremely high ionization potential as the
hole/exciton blocking layer 8.

However, the first to fifth embodiments described above
have only basic device structures and a structure of an organic
light-emitting device using a condensed ring aromatic com-
pound of the present invention is not limited to these embodi-
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ments. There can be employed various layer structures such
as, for example, a layer structure in which an insulating layer,
an adhesive layer or an interference layer is disposed at an
interface between an electrode and an organic layer, and a
layer structure in which a hole transporting layer comprises
two layers having different ionization potentials.

The condensed ring aromatic compound of the present
invention can be used for any one of the first to fifth embodi-
ments. In addition, when the condensed ring aromatic com-
pound of the present invention is used, a single compound
may be used and a plurality of compounds may be used in
combination.

Further, the condensed ring aromatic compound of the
present invention is contained in a layer comprising an
organic compound, for example, any one ofthe light-emitting
layer 3, the hole transporting layer 5, the electron transporting
layer 6, the hole injecting layer 7 and the hole/exciton block-
ing layer 8 in the first to fifth embodiments. It is preferably
contained in the light-emitting layer 3. In addition, one kind
or two or more kinds of the condensed ring aromatic com-
pound of the present invention may be contained in these
layers.

The light-emitting layer 3 preferably comprises a host and
a guest. Herein, when the light-emitting layer 3 comprises a
host and a guest having carrier transporting properties, the
main process leading to light emission includes the following
some processes.

1. Transportation of electron and hole in light-emitting layer
2. Formation of exciton of host

3. Transmission of excitation energy between host molecules
4. Transfer of excitation energy from host to guest

Desired energy transfer or light emission in each of the
processes occurs in competition with various deactivation
processes.

It is needless to say that light-emitting quantum efficiency
of a light-emitting center material itself is increased in order
to enhance light-emitting efficiency of an organic light-emit-
ting device. However, it has become a serious problem how
energy transfer between a host and a host or between a host
and a guest can be efficiently performed. In addition, although
the cause of deterioration of light emission due to energiza-
tion 1s not clear at the present time, it is supposed that the
cause is associated with environmental change of a light-
emitting material by at least a light-emitting center material
itself or a molecule surrounding it.

Herein, when the condensed ring aromatic compound of
the present invention is used for a host or a guest of a light-
emitting layer, the light-emitting efficiency of a device, the
luminance of light output by a device and the durability of a
device are improved.

When the condensed ring aromatic compound of the
present invention is used as a light-emitting layer material for
the organic light-emitting device of the present invention, the
light-emitting layer can be composed of only the condensed
ring aromatic compound of the present invention. Further, the
condensed ring aromatic compound of the present invention
can be used as a guest (dopant) material or a host material.
Furthermore, the condensed ring aromatic compound of the
present invention can also be used as an electron transporting
layer material.

Herein, when the condensed ring aromatic compound of
the present invention is used as a guest material, an amount of
the compound used is preferably 0.01% by weight to 20% by
weight, more preferably 0.1% by weight to 15% by weight
based on a host material. If the condensed ring aromatic
compound of the present invention is used within this range,
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concentration quenching occurred by overlapping guest
materials with each other in a light-emitting layer can be
appropriately suppressed.

When the condensed ring aromatic compound of the
present invention is used as a guest material, it is preferred
thatan energy gap of the host material is larger than that of the
guest material.

In the present invention, the condensed ring aromatic com-
pound of the present invention is especially used as a material
for constituting a light-emitting layer, but can also be used
together with, for example, low molecular-based and poly-
mer-based hole transporting compounds, light-emitting com-
pounds or electron transporting compounds which are con-
ventionally known, if necessary.

Examples of the hole transporting compounds include tri-
arylamine derivatives, phenylenediamine derivatives, triaz-
ole derivatives, oxadiazole derivatives, imidazole derivatives,
pyrazoline derivatives, pyrazolone derivatives, oxazole
derivatives, fluorenone derivatives, hydrazone derivatives,
stilbene derivatives, phthalocyanine derivatives, porphyrin
derivatives and poly(vinylcarbazole), poly(silylene), poly
(thiophene) and other conductive polymers.

Examples of the light-emitting compounds include naph-
thalene derivatives, phenanthrene derivatives, fluorene
derivatives, pyrene derivatives, tetracene derivatives, coro-
nene derivatives, chrysene derivatives, perylene derivatives,
9,10-diphenylanthracene derivatives, rubrene derivatives
etc., quinacridone derivatives, acridone derivatives, coumarin
derivatives, pyran derivatives, nile red, pyrazine derivatives, a
benzimidazole derivatives, benzothiazole derivatives, ben-
zoxazole derivatives, stilbene derivatives, organic metal com-
plexes (for example, organic aluminum complexes such as
tris(8-quinolinolate)aluminum, organic beryllium com-
plexes) and polymer derivatives such as poly(phenylenevi-
nylene) derivatives, poly(fluorene) derivatives, poly(phe-
nylene) derivatives, poly(thienylenevinylene) derivatives and
poly(acetylene) derivatives, in addition to the condensed ring
aromatic compound of the present invention.

Examples of the electron transporting compounds include
oxadiazole derivatives, oxazole derivatives, thiazole deriva-
tives, thiadiazole derivatives, pyrazine derivatives, triazole
derivatives, triazine derivatives, perylene derivatives, quino-
line derivatives, quinoxaline derivatives, fluorenone deriva-
tives, anthrone derivatives, phenanthroline derivatives and
organic metal complexes.

Examples of a material for constituting an anode include
metal simple substances such as gold, platinum, silver, cop-
per, nickel, palladium, cobalt, selenium, vanadium and tung-
sten, or an alloy of these metal simple substances, metal
oxides such as tin oxide, zinc oxide, indium oxide, indium tin
oxide (ITO) and indium zinc oxide. In addition, the material
for constituting an anode also includes, for example, conduc-
tive polymers such as polyaniline, polypyrrol, polythiophene
and polyphenylenesulfide. These electrode materials can be
used singly or in combination of two or more of them. In
addition, an anode may have a monolayer or multilayer struc-
ture.

Examples of a material for constituting a cathode include
metal simple substances such as lithium, sodium, potassium,
calcium, magnesium, aluminum, indium, ruthenium, tita-
nium, manganese, yttrium, silver, lead, tin and chromium.
Alternatively, the material for constituting a cathode includes,
for example, two or more alloys such as lithium-indium,
sodium-potassium, magnesium-silver, aluminum-lithium,
aluminum-magnesium or magnesium-indium alloys, and
also includes metal oxides such as indium tin oxide (ITO).
These electrode materials can be used singly or in combina-
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tion of two or more of them. In addition, a cathode may have
a monolayer or multilayer structure.

Although a substrate used for the organic light-emitting
device of the present invention is not particularly limited, for
example, translucent substrates such as a metal substrate and
a ceramic substrate, and transparent substrates such as glass,
quartz and a plastic sheet are used.

Further, a luminescent color can also be controlled using,
for example, a color filter film, a fluorescent color conversion
filter film, a dielectric reflection film for a substrate. In addi-
tion, a device can also be fabricated by forming a thin film
transistor (TFT) on a substrate and connecting itto the device.

Further, both a bottom emission structure (structure for
taking out light from a substrate side) and a top emission
structure (structure for taking out light from a side opposite to
a substrate) can be employed with respect to the direction for
taking out light of a device.

EXAMPLES
Hereinafter, the present invention will be further specifi-

cally described by means of examples, but should not be
limited to these examples.

Example 1
Synthesis of Exemplified Compound H-6

(1-1) Synthesis of Synthetic Intermediate Compound 1-2

Pd(OAc); Rigand
U

Compound 1-1

OFt
K;PO,

Toluene

h 8

Compound 1-2

CO,Et

The reagents and solvents shown below were charged into
a 300 ml recovery flask and stirred at 80° C. for 18 hours
under nitrogen gas flow.

Compound 1-1: 5.0 g (13.0 mmol)

Ethyl acetoacetate: 6.74 g (51.8 mmol)

Tripotassium phosphate: 16.5 g (77.7 mmol)

Palladium acetate (IT): 116 mg (0.52 mmol)

2-(di-tert-butylphosphino)-2'-methylbiphenyl:
(1.04 mmol)

Toluene: 100 ml

Ethanol 15 ml

324 mg

10

15

20

25

30

35

40

45

50

55

60

65

26

After completion of the reaction, an organic layer of the
reaction mixture was separated by adding toluene and water,
and dried over magnesium sulfate, and thereafter the solvent
was distilled off. The resulting product was purified by silica
gel column chromatography (developing solvent: toluene/
chloroform=1/1) to obtain 2.87 g of a compound 1-2 (yield:
55%).

(1-2) Synthesis of Synthetic Intermediate Compound 1-3

g CO,Et

h O

Compound 1-2

LiOH aq
B —
Dioxane

b 8

Compound 1-13

CO,H

The reagents and solvents shown below were charged into
a recovery flask and stirred at 90° C. for 24 hours.

Compound 1-2: 3.76 g (89.6 mmol)
Dioxane: 30 ml
Lithium hydroxide monohydrate: 3.76 g (89.6 mmol)

Concentrated hydrochloric acid (20 ml) was slowly added to
this suspension and the resulting mixture was stirred at room
temperature for 5 hours. Thereafter, water (200 ml) was added
to the mixture and the precipitated crystals were separated by
filtration. The crystals were washed sequentially with water,
methanol and diethyl ether, and then heated and dried under
high vacuum to obtain 2.87 g ofa compound 1-3 (yield: 93%).

(1-3) Synthesis of Synthetic Intermediate Compound 1-5

Compound 1-3

CO,H

SOCl,, DMF

—_—

HO,C
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-continued

- 8

Compeund 1-4

COCl

AlCk
—
CHClL

O.o
o8
Y

Compound 1-5

The reagents and solvents shown below were charged into
a recovery flask and stirred at 80° C. for 2 hours.

Compound 1-3: 2.87 g (6.36 mmol)

Thiony] chloride: 50 ml

Dimethylformamide: 300 pl
This suspension was distilled off under reduced pressure, and
dichloromethane (50 ml) and trialuminum chloride (2.1 g,
15.9 mmol) were sequentially added to the resulting residue,
and the mixture was vigorously stirred at room temperature
for 18 hours. Concentrated hydrochloric acid (180 ml) was
added to the resulting suspension, and the mixture was heated
and stirred for 1 hour. This suspension was separated by
filtration and the filtrate was subjected to Soxhlet extraction
using chloroform as a solvent, and the resulting extract was
concentrated. The extract was purified by silica gel column
chromatography (developing solvent: chloroforny/ethyl
acetate=15/1)to obtain 1.2 g of a compound 1-5 (yield: 61%).

28

(1-4) Synthesis of Synthetic Intermediate Compound 1-6

(PhSe0),0
Chlorobenzene

15 Compound 1-5
0]
O Q
O '
30 Compound 1-6
The reagents and solvents shown below were charged into
a recovery flask and stirred at 130° C. for 18 hours.
35 Compound 1-5: 1.2 g (3.89 mmol)

Benzene selenic anhydride: 4.4 g (8.56 mmol)
Chlorobenzene: 60 ml

This suspension was cooled to 100° C. and the crystals pre-
40 cipitated while still hot were separated by filtration. The
obtained crystals were washed with hexane and dried under
high vacuum to obtain 1.27 g ofa compound 1-6 (yield: 97%).

(1-5) Synthesis of Synthetic Intermediate Compound 1-8

Compound 1-7

Q’ ,

[¢)

Pl

Compound 1-6

0

KOH ag
FEtOH-Toluene
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-continued

Compound 1-8

The reagents and solvents shown below were charged into
a recovery flask and stirred at 80° C. for 18 hours under
nitrogen gas flow.

Compound 1-6: 37 mg (0.0046 mmol)

Compound 1-7: 40 mg (0.0092 mmol) 30

Ethanol: 2 ml

Toluene: 0.4 ml

6N-Potassium hydroxide: 300 ul
After completion of the reaction, the reaction mixture was left
to cool to room temperature and the resulting crystals were 33
separated by filtration. The crystals were washed with metha-
noland IPE (isopropyl ether) and dried under high vacuum to
obtain 55 mg of a compound 1-8 (yield: 99%).
(1-6) Synthesis of Exemplified Compound H-6

Q N2+Cl-

CO,H

Dichloroethane

Compound 1-8
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32

'8’00

Exemplified

Compound H-6

The reagents and solvents shown below were charged into
a recovery flask and stirred at 70° C. for 5 hours.

Compound 1-8: 55 mg (0.0485 mmol)

Benzene diazonium-2-carboxylate hydrochloride: 500 mg
(0.27 mmol)

Propylene oxide: 0.5 ml

Dichloroethane: 5 ml
After completion of the reaction, the reaction mixture was left
to cool to room temperature and the resulting crystals were
separated by filtration. The crystals were sufficiently washed
with diethyl ether-hexane, and then purified by silica gel
column chromatography (developing solvent: hexane/chlo-
roform=3/1) to obtain 33 mg of an exemplified compound
H-6 (yield: 55%).

The physical properties of the obtained compound were
measured and evaluated.

(Molecular Weight)

The compound was confirmed to have M+ of 1229.79 by
MALDI-TOF-MS (Matrix-assisted laser desorption/ioniza-
tion time-of-flight mass spectrometry) and thus identified to
be an exemplified compound H-6.

(NMR)

The structure of this compound was confirmed by NMR
measurement.

'H-NMR (CDCI3, 400 MHz) o (ppm):7.87-7.86 (m, 4H),
7.78-71.77 (m, 2H), 7.73 (d, 2H, I=8.0 Hz), 7.66 (1, 2H, J=2.0
Hz), 7.48-7.41 (m, 14H), 7.35 (t, 2H, ]=7.6 Hz), 6.65 (d, 2H,
J=1.2 Hz), 1.42 (s, 36H), 1.39 (s, 36H)

(Light-Emitting Characteristics)

The emission spectrum of the exemplified compound H-6
in a solution form was measured. Before measurement of the
emission spectrum, the absorption spectrum of a toluene solu-
tion of the exemplified compound H-6 (1x10~> mol/L) was
previously measured using a spectrophotometer “U-3010”
(manufactured by Hitachi High-Technologies Corporation).
After measuring the absorption spectrum, the emission spec-
trum (PL spectrum) of the toluene solution of the exemplified
compound H-6 (1x107> mol/L)) was measured using a fluo-
rescence spectrophotometer “F-4500” (manufactured by
Hitachi High-Technologies Corporation). In this case, the
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excitation wavelength was set at 351 nm from the results of
absorption spectrum measurement. As a result of measure-
ment, PL, spectrum shown in FIG. 6 was obtained. It was
found from the PL spectrum shown in FIG. 6 that the maxi-
mum wavelength of the exemplified compound H-6 had a first
peak and a second peak of 469 nm and 502 nm, respectively,
and the compound H-6 exhibited good blue emission.

Example 2

Synthesis of Exemplified Compound H-1

(2-1) Synthesis of Synthetic Intermediate Compound 1-10
. O
O O
O ’
O O

Compound 1-6

Compound 1-9

KOH aq
EtOH-Toluene
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Compound 1-10

10

15

20

The reagents and solvents shown below were charged into
a recovery flask and stirred at 80° C. for 0.5 hours under
nitrogen gas flow.

Compound 1-6: 0.76 g (2.26 mmol) 30
Compound 1-9: 0.8 g (3.80 mmol)

Ethanol 18 ml

Toluene: 2 ml

6N-Potassium hydroxide: 800 ml 33

After completion of the reaction, the reaction mixture was left

to cool to room temperature and the resulting crystals were 40
separated by filtration. The crystals were washed with metha-
noland IPE and dried under high vacuum to obtain 330 mg of

a compound 1-10 (yield: 21%).

45
(2-2) Synthesis of Exemplified Compound H-1
50
A
55
Ny'Cr
COH
_
Dichloroethane 60
Compound 1-10 65

197 B2
34

-continued

Exemplified
Compound H-1

The reagents and solvents shown below were charged into
a recovery flask and stirred at 70° C. for 2 hours.

Compound 1-10: 76 mg (0.111 mmol)

Benzene diazonium-2-carboxylate hydrochloride: 82 mg
(0.444 mmol)

Propylene oxide: 0.2 ml
Dichloroethane: 4 ml

After completion of the reaction, the reaction mixture was left
to cool to room temperature and the resulting crystals were
separated by filtration. The crystals were sufficiently washed
with diethyl ether, and then purified by silica gel column
chromatography (developing solvent: hexane/chloroform=3/
1) to obtain 45 mg of an exemplified compound H-1 (yield:
51%).

The physical properties of the obtained compound were
measured and evaluated.

(Molecular Weight)

The compound was confirmed to have M+ of 780.04 by
MALDI-TOF-MS (Matrix-assisted laser desorption/ioniza-
tion time-of-flight mass spectrometry) and thus identified to
be an exemplified compound H-1.

(NMR)
The structure of this compound was confirmed by NMR
measurement.

'H-NMR (CDCI3, 400 MHz) o (ppm): 7.81 (t. 61, J=2.8
Hz), 7.73-7.65 (m, 18H), 7.60-7.58 (m, 4H), 7.43-7.38 (m,
6H), 7.54 (d, 2H, J=6.8 Hz), 1.42 (s, 36H), 1.40 (s, 36H)

Hereinafter, each of exemplified compounds H-3, H-5, H-7
and I-1 can be synthesized by the same synthesis method as in
Example 1. Specifically, the synthesis was performed under
the same conditions as in Example 1 except that a dibromo-
chrysene derivative and an acetone derivative shown in Table
1 below are used in place of the compound 1-1 and the
compound 1-7, respectively, in Example 1.
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TABLE 1

Exemplified Dibromochrysene Acetone

Compound derivative derivative
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TABLE 1-continued

Exemplified Dibromochrysene Acetone
Compound derivative derivative

Further, each of exemplified compounds B-1, C-3, D-1, chrysene derivative and a boronic acid derivative in the syn-
E-1, F-1, G-2, H-2, 1-3 and J-2 can be synthesized by a 45 thesis route 1, the compounds shown in the Table 2 below
method of the synthesis route 1. Specifically, as a dibromo- corresponding to each of the derivatives are used.

TABLE 2

Exemplified Compound Dibromochrysene derivative Boronic acid derivative

———
o B
OOQ s
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Exemplified Compound Dibromochrysene derivative Boronic acid derivative
Cl Cl
I HO.
5 ¥ HO),B
Br HO),
' Cl Cl
Cl
C-3
HO.
.IO o
|. Br
D-1
MeQ MeQ HO
(HO),B
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A
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F-1

Br
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Exemplified Compound Dibromochrysene detrivative Boronic acid derivative

Br

O
O

Oad
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TABLE 2-continued

Exemplified Compound

Dibromochrysene derivative Boromnic acid derivative

B

O )

Example 6
Fabrication of Organic Light-Emitting Device

The organic light-emitting device shown in FIG. 3 was
fabricated in this Example. Firstly, indium tin oxide (ITO) (an
anode 2) was patterned to have a film thickness of 100 nm on
a glass substrate (a substrate 1), and thereby a glass substrate
with an ITO electrode was fabricated. Next, a layer compris-
ing an organic compound and a cathode were subjected to
vacuum evaporation using resistance heating to continuously
form a film on this glass substrate with an 1TO electrode.
Specifically, at first, a compound 2 shown below was used as

a hole transporting layer 5 to form a film with a thickness of
20 nm. Then, a compound 3 shown below serving as a host
and the exemplified compound H-1 serving as a guest were
co-evaporated as a light-emitting layer 3 so that a content of
the exemplified compound H-1 was 1% by weight based on
the compound 3. In this case, the light-emitting layer 3 was
formed to have a film thickness of 30 nm. Successively, a
compound 4 shown below was used as an electron transport-
ing layer to form a film with a thickness of 30 nm. Thereafter,
KF was used to form a film with a thickness of 1 nm, and
finally aluminum was used to form a film with a thickness of
100 nm. Here, KF and aluminum function as a cathode 4.

Compound 2

Compound 3
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It is to be noted that the pressure in a vacuum chamber was
set at 10~ Pa during film formation. In addition, when fabri-
cating a device, each of electrodes opposed to each other was
formed to have an area of 3 mm?. As described above, the
organic light-emitting device was obtained.

The physical properties of the obtained organic light-emit-
ting device were measured and evaluated. Specifically, the
current-voltage characteristics and the emission luminance of
the device were measured by a microammeter “4140B”
manufactured by Hewlett-Packard Development Company,
L.P and a luminance meter “BM 7” manufactured by Topcon
Corporation, respectively. As a result, the organic light-emit-
ting device showed an emission luminance of300 cd/m? at an
applied voltage of 4.0 V and blue emission was observed.
Further, it was confirmed that the device was maintained at a
current density of 30 mA/cm?® under a nitrogen atmosphere
and exhibited good durability after driven by applying a volt-
age for 100 hours.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application Nos. 2007-096343, filed Apr. 2, 2007 and 2008-
038298, filed Feb. 20, 2008, which are hereby incorporated
by reference herein in their entirety.

The invention claimed is:

1. A condensed ring aromatic compound represented by the
following general formula [1]:

wherein X, to X, each independently represent a hydrogen
atom, a halogen atom, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted alkoxy group, a substi-
tuted or unsubstituted aryloxy group, a substituted or unsub-
stituted amino group, a substituted or unsubstituted aryl
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Compound 4

group, or a substituted or unsubstituted heterocyclic group,
and each may be the same or different; adjacent groups com-
bine with each other to form at least one ring in the group
selected from X, to X; and adjacent groups combine with
each other to form at least one ring in the group selected from
X, t0X 5.

2. The condensed ring aromatic compound according to
claim 1, represented by the following general formula [2]:

wherein R to R, each independently represent a hydrogen
atom, a halogen atom, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted alkoxy group, a substi-
tuted or unsubstituted aryloxy group, a substituted or unsub-
stituted amino group, a substituted or unsubstituted aryl
group, or a substituted or unsubstituted heterocyclic group,
and each may be the same or different.
3. An organic light-emitting device including:
a pair of electrodes comprising an anode and a cathode of
which at least one is transparent or translucent; and
an organic compound layer disposed between the pair of
electrodes, wherein the organic compound layer con-
tains the condensed ring aromatic compound according
to claim 1.
4. The organic light-emitting device according to claim 3,
wherein the organic compound layer is a light-emitting layer.
5. An organic light-emitting device including:
a pair of electrodes comprising an anode and a cathode of
which at least one is transparent or translucent; and
an organic compound layer disposed between the pair of
electrodes, wherein the organic compound layer con-
tains the condensed ring aromatic compound according
to claim 2.
6. The organic light-emitting device according to claim 5,
wherein the organic compound layer is a light-emitting layer.
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