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NOVEL CHRYSENE COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
HAVING THE COMPOUND

TECHNICAL FIELD

[0001] The present invention relates to a novel chrysene
compound and an organic light-emitting device having the
compound.

BACKGROUND ART

[0002] An organic light-emitting device is such a device
that a thin film having a fluorescent organic compound or
phosphorescent organic compound is interposed between an
anode and a cathode serving as a pair of electrodes.

[0003] Inaddition, the emission efficiency and durability of
the organic light-emitting device are susceptible to improve-
ment.

[0004] A chrysene derivative has been known as one kind
of fused polycyclic aromatic compound. Japanese Patent
Application Laid-Open No. 2004-75567 discloses a 6,12-
diaryl-substituted chrysene derivative. Japanese Patent
Application Laid-Open No. 2007-273055 discloses a 3,6,9,
12-tetraaryl-substituted chrysene derivative and Chem. Com-
mun. 2008, 2319 discloses a 2,6,8,12-tetraaryl-substituted
chrysene derivative. In addition, WO 2009/008311 discloses
a 2,6,12-triphenyl-substituted chrysene derivative.

DISCLOSURE OF THE INVENTION

[0005] An object of the present invention is to provide a
novel compound capable of sufficiently satisfying emission
efficiency and durability. To be more specific, the object is to
provide a novel chrysene compound and an organic light-
emitting device having the compound.

[0006] According to the present invention, thereis provided
a chrysene compound represented by the following general
formula [1].

(In the general formula [1], R, to R, are each independently
selected from the group consisting of a hydrogen atom, a
substituted or unsubstituted alkyl group, and a substituted or
unsubstituted alkoxy group, and Ar,, Ar,, and Ar; are each
independently selected from the group represented by the
following formulae [2].)
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[2]
Y Y
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(Inthe formula [2], X, to X, are each independently selected
from the group consisting of a hydrogen atom, a substituted or
unsubstituted alkyl group, a substituted or unsubstituted
alkoxy group, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted naphthyl group, a substituted or
unsubstituted phenanthryl group, and a substituted or unsub-
stituted fluorenyl group, provided that one of X to X, one of
X, to X4, and one of X, to X, each represent the chrysene
ring represented by the general formula[1],andY, andY, are
each independently selected from a hydrogen atom and a
substituted or unsubstituted alkyl group.)

[0007] According to the present invention, there can be
provided a novel chrysene compound having high chemical
stability, a deep HOMO level, a wide energy gap, a small
dihedral angle, and good carrier transport property. In addi-
tion, there can be provided an organic light-emitting device
having the compound, the device having high emission effi-
ciency and excellent driving durability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a schematic cross-sectional view illustrat-
ing an organic light-emitting device and a switching device
connected to the organic light-emitting device.
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BEST MODE FOR CARRYING OUT THE
INVENTION

[0009] A chrysene compound according to the present
invention is represented by the following general formula [1].

(1

[0010] Inthe formula[1], R, to R, are each independently
selected from the group consisting of a hydrogen atom, a
substituted or unsubstituted alkyl group, and a substituted or
unsubstituted alkoxy group.

[0011] Specific examples of the alkyl group include a
methyl group, an ethyl group, an n-propyl group, an iso-
propyl group, an n-butyl group, an iso-butyl group, a sec-
butyl group, a tert-butyl group, an n-pentyl group, a neopentyl
group, an n-hexyl group, an n-octyl group, an n-decyl group,
ann-dodecyl group, a cyclopropyl group, a cyclobutyl group,
a cyclopentyl group, a cyclohexyl group, a norbornyl group,
and an adamantyl group.

[0012] Specific examples of the alkoxy group include a
methoxy group, an ethoxy group, an iso-propoxy group, a
tert-butoxy group, an aryloxy group, and a benzyloxy group.

[0013] The above-mentioned alkyl group and alkoxy group
may have a substituent. Examples of the substituent include:
alkyl groups such as a methyl group, an ethyl group, and a
propyl group; hydrocarbon aromatic ring groups such as a
phenyl group, a naphthyl group, a phenanthryl group, and a
fluorenyl group; heteroaromatic ring groups such as a thienyl
group, a pyrrolyl group, and a pyridyl group; substituted
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 and an ethoxy group; aryloxy
groups such as a phenoxy group and a naphthoxy group;
halogen atoms such as fluorine, chlorine, bromine, and
iodine; a hydroxyl group; a cyano group; and a nitro group.
[0014] The substituents Ar,, Ar,, and Ar; in the formula [1]
are each independently selected from the group of substitu-
ents represented by the following formulae [2].

(21
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-continued
Xo X6

X8 X7 X6 Xos

[0015] In the formula [2], X, to X,4 each independently
represent substituents selected from the group consisting of a
hydrogen atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted alkoxy group, a substituted or
unsubstituted phenyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted phenanthryl
group, and a substituted or unsubstituted fluorenyl group,
provided that one of X, to X, oneof X, t0 X, s, and one of X,
to X,4 each represent the chrysene ring represented by the
general formula [1].

[0016] Specific examples of the alkyl group represented by
any one of X, to X, are identical to the above-mentioned
specific examples of the alkyl group represented by any one of
R, to R, in the formula [1]. Specific examples of the substitu-
ent which the alkyl group may further have are identical to the
above-mentioned specific examples of the substituent which,
when any one of R, to R, in the formula [1] represents an alkyl
group, the alkyl group may further have.

[0017] Specific examples of the alkoxy group represented
by any one of X, to X, are identical to the above-mentioned
specific examples of the alkoxy group represented by any one
of R, to Ry in the formula [1]. Specific examples of the
substituent which the alkoxy group may further have are
identical to the above-mentioned specific examples of the
substituent which, when any one of R, to R, in the formula [1]
represents an alkoxy group, the alkoxy group may further
have.

[0018] Specific examples of the substituent which the phe-
nyl group, naphthyl group, phenanthryl group, and fluorenyl
group represented by any one of X, to X, may further have
include: an alkyl group such as a methyl group, an ethyl
group, an iso-propyl group, a tert-butyl group, an n-hexyl
group, and a cyclohexyl group; an aromatic hydrocarbon ring
group such as a phenyl group, a tolyl group, a tert-butylphenyl
group, a xylyl group, a mesityl group, a naphthyl group, a
phenanthryl group, a fluorenyl group, a 9,9-dimethylfluore-
nyl group, a 9,9-diethylfluorenyl group, and a 9,9-di-(n-
hexyDfluorenyl group; an aromatic heterocyclic group such
as a thienyl group, a pyrrolyl group, a pyridyl group, and a
phenanthrolinyl group; a substituted amino group such as a
dimethylamino group, a diethylamino group, a dibenzy-
lamino group, a diphenylamino group, a ditolylamino group,
and a dianisolylamino group; an alkoxy group such as a
methoxy group and an ethoxy group; an aryloxy group such
as a phenoxy group and a naphthoxy group; a halogen atom
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such as fluorine, chlorine, bromine, and iodine; a hydroxyl
group; a cyano group; and a nitro group.

[0019] Y, andY, in the formula [2] are each independently
selected from a hydrogen atom and a substituted or unsubsti-
tuted alkyl group.

[0020] Specific examples of the alkyl group represented by
any one of Y, and Y, are identical to the above-mentioned
specific examples of the alkyl group represented by any one of
R, to R, inthe formula [1]. Specific examples of the substitu-
ent which the alkyl group may further have is identical to the
above-mentioned specific example of a substituent which,
when any one of R, to R, inthe formula [1] represents an alkyl
group, the alkyl group may further have.

[0021] Inaddition, all or part of the hydrogen atoms present
at the main skeleton (this refers to the chrysene skeleton
represented in the general formula [1]) or substituents in the
main skeleton in the chrysene compound represented by the
formula [1] may each be replaced with deuterium.

[0022] The chrysene compound represented by the formula
[1] is preferably a compound represented by any one of the
formulae [3] and [4].

B

Arz

Ar

Br

Br
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-continued

[0023] It should be noted that the substituents Ar, to Ar; in
each of the formulae [3] and [4] are identical to the substitu-
ents Ar, to Ar, in the formula [1].

[0024] Next, methods of synthesizing a 2,6,12-triaryl-sub-
stituted chrysene compound represented by the formula [3]
and a 3,6,12-triaryl-substituted chrysene compound repre-
sented by the formula [4] according to this embodiment are
described.

[0025] The 2,6,12-triaryl-substituted chrysene compound
can be synthesized by a Suzuki-Miyaura coupling reaction
represented by the following formula [5].

[0026] That is, a 2-Cl intermediate is synthesized from
6,12-dibromo-2-chlorochrysene, and further, an aryl group is
introduced so that the 2,6,12-triaryl-substituted chrysene
compound may be obtained.

6,12-dibromo-2-chlorochrysene

Ar

Ar—B(OH),
or
O
/
Ar—B
N\
(6]
B — e
OO Pd(PPhs)s
Cl Na,CO;3
in toluene/EtOH/H,O
Ar'— B(OH),
or
PCy,
/O H;CO, OCH;
Ar'—B,
\
@]
O Pd(OAc),
Cl K3PO4
in toluen/H,O

Ar

2-Cl1 intermediate
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-continued
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“Ar'

Ar
[5]

2,6,12-triaryl-substituted
chrysene compound

(In the formula, Ar and Ar' represent substituents each inde-
pendently selected from the group consisting of a substituted
or unsubstituted naphthyl group, a substituted or unsubsti-

[0027] Similarly, the 3,6,12-triaryl-substituted chrysene
compound can be synthesized from 6,12-dibromo-3-chloro-
chrysene via a 3-Cl intermediate as represented by the fol-

tuted phenanthryl group, and a substituted or unsubstituted

fluorenyl group.) lowing formula [6].
Ar—B(OH),
Br or
O
/T
Ar— B\
Cl o "
Pd(PPhs)s
Na,CO;3
in toluene/EtOH/H,O
Br
6,12-dibromo-3-chlorochrysene
Ar'— B(OH),
Ar or
PCy,
O H;CO. OCHj;
Ar'—B,
a N\
[¢]
O Pd(OAc),
K3PO4
in toluene/H,0
Ar
3-Cl intermediate
Ar
Ar

Ar
(6]

3,6,12-triaryl-substituted
chrysene compound
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(In the formula, Ar and Ar' represent substituents each inde-
pendently selected from the group consisting of a substituted
or unsubstituted naphthyl group, a substituted or unsubsti-
tuted phenanthryl group, and a substituted or unsubstituted
fluorenyl group.)

[0028] When, in each of the formulae [5] and [6], a Cl
intermediate into which a desired aryl group is introduced as
Ar is synthesized, and desired Ar' is introduced in the subse-
quent coupling reaction, a chrysene compound substituted
with desired Ar and Ar' can be synthesized. In this case, a

C101
C103
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boronic acid compound corresponding to each of desired Ar
and Ar' is used as a boronic acid compound in each of the
formulae.

[0029] It should be noted that, when an alkyl group or
alkoxy group is introduced into the chrysene compound as the
finally synthesized substance in each of the formulae, the
dibromochlorochrysene in the formula has only to be alky-
lated or alkoxylated.

[0030] Hereinafter, specific structural formulae of the chry-

sene compound according to the present invention are exem-
plified.

C102

C104

C105

C106
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6
-continued
C107 C109
C110 Cl111
Cl112 C201
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C202

C204 C205
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€206 207
C208 C209
C210 C211
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C212 C213

C215

C301 C302
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-continued

C817

C818

C819

C820

C821

[0031] Compounds C101 to C112 (hereinafter referred to
as “C100 group™), C501 to C520 (hereinafter referred to as
“C500 group™), and C701 to C722 (hereinafter referred to as
“C700 group”) shown above are specific examples of the
2,6,12-triaryl chrysene compound represented by the general
formula [3].

[0032] Compounds C201 to C215 (hereinafter referred to
as “C200 group™), C601 to C615 (hereinafter referred to as
“C600 group™), and C801 to C821 (hereinafter referred to as
“C800 group”) shown above are specific examples of the
3,6,12-triaryl chrysene compound represented by the general
formula [4].

[0033] Compounds C301 to C303 (hereinafter referred to
as “C300 group”) and C401 to C403 (hereinafter referred to
as “C400 group”) shown above are specific examples of a
compound in which at least one of R, to R, in the general
formula [1] represents a substituent except a hydrogen atom.
[0034] Ofthe C100 group, Compounds C102,C107,C109,
and C112 each have the same nature as that of Compound
C101 in terms of a relatively deep HOMO level and high hole
blocking property when used in an electron transport layer.
Each of those compounds can be generally represented by the
following general formula [7].
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[0035] Of'the C100 group, Compounds C104, C105, C110,
and C111 each have the same nature as that of Compound
C103 in terms of a relatively shallow HOMO level and high
hole injection property when used as a host material for an
emission layer. Each of those compounds can be generally
represented by the following general formula [8].

oY,

et e

[0036] Ofthe C200 group, Compounds C205, C208, C209,
and C215 each have the same nature as that of Compound
C201 in terms of a relatively deep HOMO level and high hole
blocking property when used in an electron transport layer.
Each of those compounds can be generally represented by the
following general formula [9].

9]

Ary

[0037] Ofthe C200 group, Compounds C203,C210,C211,
(212, and C213 each have the same nature as that of Com-
pound C202 in terms of a relatively shallow HOMO level and
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high hole injection property when used as a host material for
an emission transport layer. Each of those compounds can be
generally represented by the following general formula [10].

-
oWe
Ree

Arz

[0038] Ofthe C500 group, Compounds C506, C507, C510,
C511, and C517 each have the same nature as that of Com-
pound C501. Each of those compounds can be generally
represented by the following general formula [11]. Those
compounds are common to one another in terms of high hole
blocking property and high exciton blocking property when
used in an electron transport layer because of a deep HOMO
level and a relatively large energy gap.

[11]

(Inthe formula [11], Z, to Z, each independently represents a
hydrogen atom or an alkyl group.)

[0039] Of the C500 group, Compound C509 has the same
nature as that of Compound C505 in terms of arelatively large
energy gap and high exciton blocking property when used in
an electron transport layer. The compound can be generally
represented by the following general formula [12].

[12]
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(In the formula [12], Z4 to Z, , each independently represents
a hydrogen atom or an alkyl group.)

[0040] Of'the C700 group, Compounds C702, C704, C705,
C708, C709, C710, C711, C712, C713, C720, C721, and
C722 each have the same nature as that of Compound C703.
Each of those compounds can be generally represented by the
following general formula [13].

[0041] Those compounds are common to one another in
terms of a deep HOMO level and a large energy gap, and high
hole blocking property and high exciton blocking property
when used in an electron transport layer.

[13]

(Inthe formula [13], Z, to Z, each independently represents a
hydrogen atom or an alkyl group.)

[0042] It should be noted that the substituents Ar, to Ar; in
each of the formulae [8] to [13] are identical to the substitu-
ents Ar, to Ar; in the formula [1].

[0043] Next, the organic light-emitting device according to
the present invention is described in detail.

[0044] The organic light-emitting device according to the
present invention is an organic light-emitting device formed
of a pair of electrodes formed of an anode and a cathode, and
an organic compound layer interposed between the pair of
electrodes, in which the organic compound layer contains an
organic compound represented by the general formula [1].
[0045] The device may have a compound layer except the
above-mentioned organic compound layer between the pair
of electrodes. Alternatively, two or more compound layers
including the organic compound layer may be provided
between the pair of electrodes, and the device in such case is
called a multilayer organic light-emitting device.

[0046] Hereinafter, preferred examples of the multilayer
organic light-emitting device, i.e., first to sixth examples are
described.

[0047] An organic light-emitting device of such a constitu-
tion that the anode, an emission layer, and the cathode are
sequentially provided on a substrate can be given as the first
example of the multilayer organic light-emitting device. An
organic light-emitting device of such a constitution that the
anode, a hole transport layer, an electron transport layer, and
the cathode are sequentially provided on a substrate can be
given as the second example of the multilayer organic light-
emitting device. In this case, the emission layer is any one of
the hole transport layer and the electron transport layer.
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[0048] An organic light-emitting device of such a constitu-
tion that the anode, the hole transport layer, the emission
layer, the electron transport layer, and the cathode are sequen-
tially provided on a substrate can be given as the third
example of the multilayer organic light-emitting device. An
organic light-emitting device of such a constitution that the
anode, a hole injection layer, the hole transport layer, the
emission layer, the electron transport layer, and the cathode
are sequentially provided on a substrate can be given as the
fourth example of the multilayer organic light-emitting
device.

[0049] An organic light-emitting device of such a constitu-
tion that the anode, the hole injection layer, the hole transport
layer, the emission layer, the electron transport layer, the
electron injection layer, and the cathode are sequentially pro-
vided on a substrate can be given as the fifth example of the
multilayer organic light-emitting device. An organic light-
emitting device of such a constitution that the anode, the hole
transport layer, the emission layer, a hole blocking layer or
exciton blocking layer, the electron transport layer, and the
cathode are sequentially provided on a substrate can be given
as the sixth example of the multilayer organic light-emitting
device.

[0050] However, the first to sixth examples of the multi-
layer organic light-emitting device have only a basic device
constitution, and the constitution of the organic light-emitting
device according to the present invention is not limited
thereto. There can be given various layer constitutions, for
example, a constitution in which an insulating layer is pro-
vided at an interface of an electrode and an organic layer, an
adhesive layer or an interference layer is provided, an electron
transport layer or a hole transport layer is formed of two
layers having different ionization potentials, or an emission
layer has a stacked structure formed of two layers or more.

[0051] The organic compound layer in the organic light-
emitting device according to the present invention may con-
tain one kind of chrysene compound according to the present
invention, or may have multiple kinds of the chrysene com-
pounds according to the present invention.

[0052] Inthe organic light-emitting device according to the
present invention, the chrysene compound of the present
invention is preferably used as a host material for the emission
layer.

[0053] Alternatively, the chrysene compound according to
the present invention may be used as a guest material for the
emission layer.

[0054] Further, the chrysene compound according to the
present invention may be used in any one of the respective
layers except the emission layer, i.e., the hole injection layer,
the hole transport layer, the hole blocking layer, the exciton
blocking layer, the electron transport layer, and the electron
injection layer. Further, the chrysene compound according to
the present invention is preferably provided on the electron
transport layer.

[0055] The organic light-emitting device is such a device
that an emission material as an organic compound interposed
between a pair of electrodes emits light. The layer having the
emission material is the emission layer.

[0056] The emission layer may be formed only of the chry-
sene compound according to the present invention, or may
partly have the chrysene compound according to the present
invention. When the emission layer partly has the chrysene
compound according to the present invention, the chrysene
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compound may be the emission material in the emission
layer, or may be a non/emission material in the layer.

[0057] When the emission layer is formed of multiple kinds
of components, the components can be classified into a main
component and sub-components. The term “main compo-
nent” refers to a compound present in a large amount in terms
of, for example, weight or number of moles out of all com-
pounds of which the emission layer is formed, and the term
“sub-component” refers to a compound present in a small
amount in terms of any such parameter. A material as the main
component can be called a host material. Materials as sub-
components can be called a guest (dopant) material, an emis-
sion assist material, and a charge injection material. Here, the
guest material is a compound which plays a role of main light
emission inside the emission layer. On the other hand, the host
material is a compound which is present as a matrix in the
periphery of the guest material inside the emission layer, and
mainly plays roles of transporting carriers and donating exci-
tation energy to the guest material.

[0058] The concentration of the guest material with respect
to the host material is 0.01 wt % to 50 wt % and preferably 0.1
wt % to 20 wt % based on the total amount of the constituent
materials of the emission layer. More preferably, in order to
prevent concentration quenching, the concentration of the
guest material is desirably 10 wt % or less. Further, the guest
material may be uniformly included throughout the layer
formed of the host material, may be included in the layer with
a concentration gradient existing, or may be partially
included in a certain area to form an area formed of the host
material layer where no guest material is included.

[0059] Next, the fact that the chrysene compound accord-
ing to the present invention is useful in improving the dura-
bility life of the organic light-emitting device is described.
[0060] There are some possible causes for the degradation
of the light-emitting characteristics of the organic light-emit-
ting device due to electrification.

[0061] The possible causes include an emission center
material itself and a cause related to a change in environment
surrounding the emission material due to a molecule around
the material. In addition, the possible causes include the deg-
radation of the amorphous film quality ofa film (layer) due to,
for example, crystallization and the degradation of an organic
layer over time due to the electrification itself as well. The
degradation of the emission material due to oxidation is one
kind of the degradation of the material, and the presence of an
oxide in the organic light-emitting device is known to shorten
the durability life of the device.

[0062] Ananthracene compound having an anthracene ring
as a core in its molecule has been generally known as the
emission material for an organic light-emitting device. The
carbon atoms at the 9- and 10-positions of the anthracene ring
are oxidized with extreme ease. Therefore, the use of the
anthracene compound as a host material for the emission
layer of the organic light-emitting device often shortens the
durability life of the organic light-emitting device owing to
the above-mentioned degradation of the material due to oxi-
dation.

[0063] Meanwhile, chrysene can be given as a hydrocarbon
aromatic ring having carbon atoms comparable in number to
those of anthracene. Unlike the anthracene ring, a chrysene
ring has strong oxidation resistance, and a chrysene com-
pound having the chrysene ring as a core in its molecule has
extremely high chemical stability. In view of the foregoing,
the inventors of the present invention have thought that the
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use of the chrysene compound in the organic light-emitting
device is effective in lengthening the life of the device. In
addition, the inventors have though that, in this case, it is
important that the center of the charge distribution of each of
an HOMO and an LUMO germane to an emission process be
present on the chrysene ring in order for the chrysene com-
pound to show its chemical stability. The inventors have paid
attention to the fact that, with regard to an aromatic ring
substituent on the chrysene ring of such chrysene compound,
the singlet energy of the aromatic ring must be larger than that
of chrysene. This is because, when dealing with the molecule
by classifying the molecule into the core (main skeleton) and
the substituent, the inventors wish to expect a main function
from chrysene as the core and to expect only tuning for the
function from the substituent. When the singlet energy of the
aromatic ring substituent of the chrysene ring is larger than
that of chrysene, a field for carrier recombination or carrier
transport serving as an energetically large load in terms of
energy can be converged on the chrysene ring having high
chemical stability in one molecule.

[0064] The singlet energies of chrysene and various aro-
matic rings are compared in view of such way of thinking.
[0065] Table 1 below shows representative aromatic rings
and their singlet energies in terms of wavelength. In addition,
the singlet energy of chrysene in terms of wavelength is also
shown in the same table. Of those aromatic rings, a phenyl
group, a fluorenyl group, a naphthyl group, and a phenanthryl
group each have a higher singlet energy than that of chrysene.
When the chrysene compound has any such aromatic ring as
a substituent, the HOMO and LUMO of the compound hav-
ing the substituent are localized on the chrysene ring as the
core.

TABLE 1

Singlet energy (in terms of

Aromatic ring wavelength)
Benzene 261 nm
Fluorene 301 nm
Naphthalene 310 nm
Phenanthrene 345 nm
Chrysene 361 nm
Pyrene 371 nm
Anthracene 376 nm
Perylene 435 nm
[0066] On the other hand, for example, when an aromatic

ring group substituting for the chrysene ring is an aromatic
ring having a smaller singlet energy than that of chrysene
such as a pyrenyl group, there is a possibility that chemical
stability derived from chrysene cannot be obtained.

[0067] By the way, out of a phenyl group, a fluorenyl group,
a naphthyl group, and a phenanthryl group, groups excluding
the phenyl group, i.e., the fluorenyl group, the naphthyl
group, and the phenanthryl group may be preferred substitu-
ents.

[0068] Even when the aromatic ring group substituting for
the chrysene ring is a phenyl group, the center of the charge
distribution of each of the HOMO and LUMO of a chrysene
molecule is present on the chrysene ring as in the case of each
of a fluorenyl group, a naphthyl group, and a phenanthryl
group. In addition, in this case, the energy gap of the chrysene
molecule becomes extremely large. The term “energy gap”
refers to a difference between the HOMO level and LUMO
level of a compound. This is because of the following reason.
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Because the singlet energy of the phenyl group is extremely
large and the phenyl group has smaller &t conjugation than that
of each of the three other aromatic ring groups, the expansion
of the & conjugation of the entire chrysene compound is
small. As described later, it is not preferred that such chrysene
compound having an extremely large energy gap be used as a
host material for the emission layer.

[0069] As is understood from the foregoing, the chrysene
compound according to the present invention has a substitu-
ent represented by the formula [2] in the chrysene core rep-
resented by the general formula [1]. As a result, chemical
stability is obtained.

[0070] When a blue organic light-emitting device has the
chrysene compound according to the present invention as a
host material for its emission layer, the energy gap of the
chrysene compound is preferably about 3.0 eV, or specifically
3.0+0.2 eV, or more preferably from 3.0 eV to 3.1 eV.
[0071] This is because a carrier injection barrier difference
between the HOMO or LUMO of the emission layer and the
HOMO or LUMO of an organic layer adjacent to the emission
layer such as the hole transport layer or electron transport
layer is requested to be small. This is also because the host
material is requested to have a wider energy gap than that of
an emission material that emits blue light, i.e., a guest mate-
rial in order that energy may be favorably supplied to the
guest material.

[0072] The chrysene compound according to the present
invention can be preferably used as a host material for the
emission layer of the blue organic light-emitting device
because the compound satisfies an energy gap within any
such numerical range.

[0073] Next, the fact that a substituent represented by the
formula [2] is bonded to the chrysene core at a specific posi-
tion of the chrysene core is described. As described above, the
chrysene compound according to the present invention is a
chrysene compound having an energy gap preferred for use as
a host material for a blue emission layer.

[0074] The numbers of the substitution positions of the
chrysene ring are shown below.

11 2

[0075] First, a diaryl-substituted chrysene compound in
which two aromatic ring groups substitute for the chrysene
ring, or specifically, a 6,12-diaryl chrysene compound has a
large energy gap. Accordingly, the compound is still suscep-
tible to improvement in order that the compound may be used
as a host material for the blue emission layer.

[0076] This is because, even when the two aromatic ring
substituents are each changed from a phenyl group to a fluo-
renyl group, naphthyl group, or phenanthryl group with
which a m-conjugated surface additionally expands, the
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expansion of the m conjugation of the entire chrysene com-
pound is still too small with the substituents alone. The use of
the compound as a host for the blue emission layer increases
the voltage at which a light-emitting device is driven and
reduces the emission efficiency of the device.

[0077] Inaddition, the energy gap of a tetraaryl-substituted
chrysene compound in which four aromatic ring groups sub-
stitute for the chrysene ring is small. This is because of the
following reason. Because the number of aromatic ring sub-
stituents is as large as four, the expansion of the 7 conjugation
of the entire chrysene compound becomes excessively large.
The compound disqualifies for a host material for a blue
organic light-emitting device. The 3,6,9,12-tetraaryl-substi-
tuted chrysene derivative in Japanese Patent Application
Laid-Open No. 2007-273055 and the 2,6,8,12-tetraaryl-sub-
stituted chrysene derivative in Chem. Commun. 2008, 2319
are each mainly used as a guest material for the blue emission
layer.

[0078] Chem. Commun. 2008, 2319 describes that an
organic light-emitting device using 3,6,9,12-tetrakis(4-tert-
butylphenyl)chrysene alone in its emission layer has an emis-
sion peak wavelength of 450 nm. In consideration of the
Stokes shift of a hydrocarbon aromatic polycyclic compound
that shows ordinary m-mt* type light emission, the energy gap
of the chrysene compound in a film state is expected to be at
most about 2.95 eV (420 nm in terms of wavelength). There-
fore, it can be easily anticipated that, when any such tetraaryl-
substituted chrysene compound is used as a host for the blue
emission layer, the transfer of an excitation energy to a guest
no longer occurs, and hence emission efficiency reduces. That
is, the tetraaryl-substituted chrysene compound has too small
an energy gap to qualify for a host material for the blue
emission layer.

[0079] Meanwhile, the triaryl-substituted chrysene com-
pound of the present invention is intermediate in energy gap
between the diaryl-substituted chrysene compound and the
tetraaryl-substituted chrysene compound because three aro-
matic ring groups substitute for the chrysene ring. Accord-
ingly, the energy gap is about 3.0 eV, which is preferred in
order that the compound may be used as a host material for the
blue emission layer. This is because the expansion of the
conjugation of the entire chrysene compound becomes mod-
erate by virtue of the three aromatic ring substituents in order
that the compound may be used as a host material for the blue
emission layer.

[0080] Here, the substitution positions of the three substitu-
ents of the triaryl-substituted chrysene compound are dis-
cussed.

[0081] A dihedral angle between a substituting aromatic
ring and the chrysene ring as a core varies largely depending
on a position of the chrysene ring to which the substituent is
attached. When the structures of compounds in which the
respective positions of the chrysene ring are each substituted
with a phenyl group as an aromatic ring substituent are opti-
mized by molecular orbital calculation, a dihedral angle
between a benzene ring and the chrysene ring is as shown in
Table 2 below. It can be said that the dihedral angle in the case
where the substitution occurs at the 2- or 3-position is smaller
than that in the case where the substitution occurs at any other
substitution position.
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Structural formula

Dihedral angle

1-phenyl-substituted

2-phenyl-substituted C Q

3-phenyl-substituted

4-phenyl-substituted

5-phenyl-substituted

585

6-phenyl-substituted

61.2°

41.9°

62.6°

60.9°

62.2°

[0082] In addition, a small dihedral angle means that the
twist of an aromatic ring substituent relative to the chrysene
ring is small. In this case, 7t conjugation on the chrysene ring
largely expands toward the substituting aromatic ring, and the
expansion leads to a reduction in energy gap of the com-
pound.

[0083] Therefore, in the chrysene compound according to
the present invention, a third aromatic ring substituent, i.e.,
Ar; in the general formula [1] substitutes for the 2- or 3-po-
sition of the chrysene ring. As described above, those substi-

tution positions are each such a substitution position that a
dihedral angle between a substituting aromatic ring and the
chrysene ring becomes small and a twist between the two
rings becomes small, and hence the elongation of the & con-
jugation becomes additionally large. Accordingly, it can be
said that any such substitution position is effective in reducing
the energy gap of the diaryl-substituted chrysene compound,
the energy gap being so large that the compound disqualifies
for a host material for the blue emission layer, with the third
aromatic ring substituent. In addition, the 3-position of the
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chrysene ring has a larger narrowing effect on the energy gap
than that of the 2-position of the ring.

[0084] Further, when the third aromatic ring substituent
substitutes for any one of the 2- and 3-positions of the chry-
sene ring of the chrysene compound according to the present
invention, linearly long 7 conjugation is formed by the sub-
stituting aromatic ring and the chrysene ring. Such 7 conju-
gation is effective in improving carrier transport property.
Therefore, when the chrysene compound of the present inven-
tion is used as a host material for an emission layer, carriers
are efficiently supplied from both carrier transport layers, and
improving effects on the efficiency and life of'a light-emitting
device can be sufficiently expected.

[0085] Meanwhile, a small dihedral angle and a small twist
between the chrysene ring and the third substituting aromatic
ring improve the planarity of an entire molecule of the chry-
sene compound. Accordingly, a stack due to an intermolecu-
lar interaction may be remarkable. The case where a stack
between molecules, or in particular, between host molecules
occurs in an organic light-emitting device is not preferred
because an efficient transfer of an excitation energy from a
host to a guest is no longer performed owing to, for example,
the formation of an excimer between the host molecules, and
areduction in emission efficiency of the light-emitting device
may occur.

[0086] However, in the triaryl-substituted chrysene com-
pound according to the present invention, a substituted or
unsubstituted, hydrocarbon aromatic ring group is introduced
into each of the 6- and 12-positions of the chrysene ring, i.e.,
Ar, and Ar, in the general formula [1]. As a result, such
intermolecular stack can be avoided because of the following
reason. That is, as described above, the aromatic ring group
substituting for the 6-position of the chrysene ring has a large
dihedral angle relative to the chrysene ring by virtue of steric
repulsion from a peri-position atom at the 7-position of the
chrysene ring, and hence the aromatic ring group serves as a
hindrance group for an interaction between the chrysene rings
of molecules.

[0087] Such hindrance group for reducing the stack is pref-
erably a hydrocarbon aromatic ring group like the present
invention rather than a bulky alkyl group. The reason for the
foregoing is as described below. A large quantity of charge of
an HOMO and an LUMO directly involved in the emission
process is distributed on the chrysene ring, and hence a sub-
stituent in which sp2 carbons are directly bonded to each
other like an aromatic ring substituent is advantageous in
terms of energy.

[0088] By the way, according to Table 2, the 1-, 4-, and
5-positions of the chrysene ring where large dihedral angles
are similarly obtained are also each a possible substitution
position of such hindrance group. However, when an aro-
matic ring substitutes for the 4-position of the chrysene ring,
the atom at the 5-position of the chrysene ring sterically
interferes with the aromatic ring surface of the substituting
aromatic ring, and hence the chrysene ring itself as a core is
distorted. Such distortion of the chrysene ring is not preferred
because the distortion reduces the structural stability of a
molecule of the compound. The case where an aromatic ring
substitutes for the S-position of the chrysene ring is not pre-
ferred either because the chrysene ring is distorted by steric
interference by the atom at the 4-position of the chrysene ring.
[0089] On the other hand, even when an aromatic ring
substitutes for the 6-position of the chrysene ring, the above-
mentioned steric repulsion from the peri-position atom at the
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7-position of the chrysene ring does not distort the chrysene
ring itself. The same holds true for steric repulsion from a
peri-position atom at the 1-position of the chrysene ring when
an aromatic ring substitutes for the 12-position of the chry-
sene ring.

[0090] When an aromatic ring substitutes for the 1-position
of the chrysene ring, steric repulsion from a peri-position
atom at the 12-position of the chrysene ring does not distort
the chrysene ring either. However, the closer to the center of
the chrysene ring the position for which an aromatic ring
substitutes, the more effective the function of the aromatic
ring as a hindrance group for avoiding the intermolecular
stack. Accordingly, it can be said that the 6- and 12-positions
that are close to the center are each an optimum substitution
position of such hindrance group. Further, the 6- and 12-po-
sitions of the chrysene ring are each a substitution position
into which an aromatic ring group can be easily introduced in
a synthesis reaction such as a bromination reaction. Accord-
ingly, in that sense as well, the positions are each more pref-
erably a substitution position of the above-mentioned hin-
drance group.

[0091] In view of the foregoing, the triaryl-substituted
chrysene compound according to the present invention is one
of a 2,6,12-triaryl chrysene compound and a 3,6,12-triaryl
chrysene compound.

[0092] When aromatic ring substituents are introduced into
two or more of the 2-, 3-, 8-, and 9-positions of the chrysene
ring as positions where small dihedral angles are obtained in
addition to the aromatic ring substituents at the 6- and 12-po-
sitions of the chrysene ring, the energy gap becomes exces-
sively small. Therefore, a triaryl-substituted chrysene com-
pound in which the third aromatic ring substituent is
introduced into the 2-position alone or the 3-position alone is
an optimum host material for the blue emission layer. In
addition, the first and second aromatic ring substituents at the
6- and 12-positions of the chrysene ring are each a substituent
needed when the suppression of the intermolecular stack and
the stability of a molecule of the compound are taken into
consideration. That is, the triaryl-substituted chrysene com-
pound according to the present invention has such an opti-
mum energy gap as to be used as a host material for the blue
emission layer, and has all of chemical stability such as oxi-
dation resistance, such structural stability as to be free of
distortion, and an ability to suppress the intermolecular stack
at the same time.

[0093] Inaddition, further, the entire molecular structure of
the triaryl-substituted chrysene compound according to the
present invention can be provided with larger asymmetry than
that of each of the above-mentioned diaryl-substituted chry-
sene compound and the tetraaryl-substituted chrysene com-
pound. The large asymmetry allows the triaryl-substituted
chrysene compound according to the present invention to
have low crystallinity and high amorphous property. It can be
generally said that a compound having a high glass transition
temperature has high amorphous property. The triaryl-substi-
tuted chrysene compound of the present invention has a glass
transition temperature of 140° C. or higher. In other words,
the compound has a higher glass transition temperature than
that of the diaryl-substituted chrysene compound in which
only the 6- and 12-positions of the chrysene ring are each
substituted with an aryl group. A possible reason for the
foregoing is as described below. The symmetry of a molecule
of the compound is lost by the introduction of the third aro-
matic ring substituent into the 2- or 3-position of the chrysene
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ring. As a result, the compound has more conspicuous amor-
phous property than its crystallinity, and hence high glass
property is obtained. Therefore, when the compound is used
in the organic light-emitting device, a stable amorphous film
is maintained even in an driving device, which may have an
alleviating effect on the degradation of the light emission of
the device.

[0094] By the way, as described above, the chrysene com-
pound according to the present invention has good carrier
transport property, and hence the compound is preferably
incorporated into the electron transport layer that transports
an electron from the cathode to the adjacent emission layer. In
particular, the chrysene compound according to the present
invention has a relatively deep HOMO level (arelatively large
ionization potential), and hence hole blocking property is also
showed when the compound is used in the electron transport
layer. As a result, a hole as a carrier can be trapped in the
emission layer, and the emission efficiency of the device can
be improved. In particular, some of the chrysene compounds
according to the present invention can each be preferably
used in the electron transport layer even when the compounds
each have somewhat too large an energy gap to be used as a
host material for the blue emission layer. Any such compound
has a larger energy gap than that of the adjacent emission
layer, and hence the exciton blocking property, hole blocking
property, or the like of the compound is good. As a result, the
emission efficiency of the device becomes additionally high.
[0095] Specific examples of such chrysene compound
include the Exemplified Compound C700 group and Exem-
plified Compound C800 group shown above. An effect com-
mon to those compounds is that a dihedral angle between the
chrysene ring and the aromatic ring substituting for each of
the b- and 12-positions of the chrysene ring is so large that the
rings are substantially perpendicular to each other, 7 conju-
gation between the chrysene ring and the substituting aro-
matic ring is cut, and the energy gap of a compound is large.
[0096] The aromatic ring substituent that exerts the above-
mentioned effect is, for example, a naphthalen-1-yl group.
This is because, when the naphthalen-1-yl group substitutes
for the 6-position of the chrysene ring, the chrysene ring and
the naphthalene ring are substantially perpendicular to each
other by virtue of large steric repulsion between the hydrogen
atom at the 7-position of the chrysene ring and the peri-
position hydrogen atom at the 8-position of the naphthalene
ring. Similarly, even when the 6-position of the chrysene ring
is substituted with a fluoren-4-yl group or phenanthren-9-yl
group, the chrysene ring and the substituting aromatic ring are
substantially perpendicular to each other, and hence a similar
expanding effect on the energy gap is obtained. In this case, it
is each of the hydrogen atom at the 5-position of the fluorene
ring and the hydrogen atom at the 8-position of the phenan-
threne ring that undergoes large steric repulsion with the
hydrogen atom at the 7-position of the chrysene ring.

[0097] On the other hand, in each of the Exemplified Com-
pound C100 group and Exemplified Compound C500 group,
an aromatic ring substituent which is free of such steric repul-
sion as described above and which does not have a large
dihedral angle relative to the chrysene ring is introduced into
each of the 6- and 12-positions of the chrysene ring, and the
third aromatic ring substituent is introduced into the 2-posi-
tion of the chrysene ring. Therefore, as described above, the
energy gap of each of the compounds falls within such arange
that the compound is preferably used as a host material for the
blue emission layer. In addition, at the same time, the energy
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gap is of such magnitude that the compound can exert suffi-
cient exciton blocking property even when used as a material
for the electron transport layer. Accordingly, the Exemplified
Compound C100 group and Exemplified Compound C500
group can each be preferably used as each of both a host
material for the blue emission layer and a material for the
electron transport layer.

[0098] Similarly, the Exemplified Compound C200 group
and Exemplified Compound C600 group can each be prefer-
ably used as each of both a host material for the blue emission
layer and a material for the electron transport layer. Further,
the energy gap of each of the compounds is apt to be relatively
small because the third aromatic ring substituent is intro-
duced into the 3-position of the chrysene ring having a large
narrowing effect on the energy gap. Accordingly, exciton
blocking property may be insufficient, and hence the com-
pounds are each more preferably used as a host material for
the blue emission layer.

[0099] Further, similarly, the Exemplified Compound
C300 group and Exemplified Compound C400 group can
each be preferably used as each of both a host material for the
blue emission layer and a material for the electron transport
layer. In particular, a compound in which a methyl group and
an alkoxy group serving as electron-donating groups are
directly introduced into the chrysene ring is a compound
having an additionally shallow HOMO level, and hole inject-
ability from the hole transport layer is expected to be large
when the compound is used as a host material for the blue
emission layer. In addition, a compound in which a haloge-
nated alkyl group serving as an electron-withdrawing group is
directly introduced into the chrysene ring is a compound
having an additionally deep HOMO level, and hole blocking
property is expected to be large when the compound is used as
a material for the electron transport layer.

[0100] In addition, the chrysene compound according to
the present invention is preferably subjected to sublimation
purification as purification immediately before its use in an
organic light-emitting device. This is because the sublimation
purification exerts a large purifying effect in an increase in
purity of the organic compound. Such sublimation purifica-
tion generally requires a higher temperature as the molecular
weight of the organic compound increases. In this case, ther-
mal decomposition or the like is apt to occur owing to the high
temperature. Therefore, the organic compound used in the
organic light-emitting device has a molecular weight of pref-
erably 1000 or less so that the sublimation purification can be
performed without any excessive heating.

[0101] As described above, the organic light-emitting
device of the present invention is such that at least one kind of
chrysene compound of the present invention is incorporated
into the layer formed of the organic compound. In addition,
the chrysene compound of the present invention is preferably
used as a host material for the emission layer of a blue light-
emitting device or a material for the electron transport layer of
the device, but its applications are not limited to the forego-
ing. A specific example of the other applications is as
described below. The compound may be used as, for example,
a host material in the emission layer of a green light-emitting
device.

[0102] Specific compounds each of which is preferably
used as a guest material for a blue light-emitting device when
the chrysene compound according to the present invention is
used as a host material for the emission layer of the blue
light-emitting device are shown below.
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(Blue Light-Emitting Guest Materials)
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BD-12

BD-13

[0104] Alternatively, the chrysene compound according to
the present invention may be used as a guest material for the
emission layer.

[0105] Further, the chrysene compound according to the
present invention may be used in any one of the respective
layers except the emission layer, i.e., the hole injection layer,
the hole transport layer, the hole blocking layer, the exciton
blocking layer, the electron transport layer, and the electron
injection layer.

[0106] Here, in the organic light-emitting device according
to the present invention, there can be used together the fol-
lowing conventionally known compound as required, in addi-
tion to the chrysene compound according to the present
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invention: a low-molecular or high-molecular hole transport
compound, a light-emitting compound, an electron transport
compound, or the like.

[0107]

[0108] A hole injection/transport material is preferably a
material having a high hole mobility to facilitate the injection
of'ahole from an anode and to transport the injected hole to an
emission layer. As low-molecular and high-molecular mate-
rials having hole injection/transport properties, there are
exemplified a triarylamine derivative, a phenylene diamine
derivative, a stilbene derivative, a phthalocyanine derivative,
a porphyrin derivative, poly(vinylcarbazole), poly
(thiophene), and other conductive polymers.

[0109] As an emission material mainly involved in the
emission function, in addition to the above-mentioned blue
light-emitting guest material and derivatives thereof, there are
exemplified: fused ring compounds (such as fluorene deriva-
tives, naphthalene derivatives, pyrene derivatives, perylene
derivatives, tetracene derivatives, anthracene derivatives, and
rubrene); quinacridone derivatives; coumarin derivatives;
stilbene derivatives; organic aluminum complexes such as
tris(8-quinolinolato)aluminum; organic beryllium com-
plexes; and polymer derivatives such as poly(phenylene
vinylene) derivatives, poly(fluorene) derivatives, and poly
(phenylene) derivatives.

[0110] The electron injection/transport material may be
arbitrarily selected from compounds each of which facilitates
the injection of an electron from a cathode and is capable of
transporting the injected electron to the emission layer. In
addition, the material is selected in consideration of, for
example, a balance with the hole mobility of the hole injec-
tion/transport material. As materials having electron injec-
tion/transport properties, there are exemplified an oxadiazole
derivative, an oxazole derivative, a pyrazine derivative, a tria-
zole derivative, a triazine derivative, a quinoline derivative, a
quinoxaline derivative, a phenanthroline derivative, and
organic aluminum complexes.

[0111] As an anode material, a material having as large a
work function as possible is preferred. Examples of the mate-
rial which may be used include: metal elements such as gold,
platinum, silver, copper, nickel, palladium, cobalt, selenium,
vanadium, and tungsten, and alloys including a combination
of those metal elements; and metal oxides such as tin oxide,
zinc oxide, indium oxide, indium tin oxide (ITO), and indium
zinc oxide. Further, conductive polymers such as polyaniline,
polypyrrole, and polythiophene may also be used. Each of
those electrode substances may be used alone, or two or more
kinds thereof may be used in combination. Further, the anode
may be formed of a single layer, or may be formed of multiple
layers.

[0112] On the other hand, as a cathode material, a material
having a small work function is preferred. Examples of the
material include: alkali metals such as lithium; alkali earth
metals such as calcium; and metal elements such as alumi-
num, titanium, manganese, silver, lead, and chromium. Alter-
natively, alloys including a combination of those metal ele-
ments may also be used. For example, magnesium-silver,
aluminum-lithium, and aluminum-magnesium can be used.
Metal oxides such as indium tin oxide (ITO) may also be
used. One kind of electrode substance may be used alone or
two or more kinds thereof may be used in combination. Fur-
ther, the cathode may be formed of a single layer, or may be
formed of multiple layers.

Those compounds are exemplified below.
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[0113] Examples of the substrate to be used in the organic
light-emitting device of the present invention include, but are
not particularly limited to: opaque substrates such as metallic
substrates and ceramic substrates; and transparent substrates
such as glass, quartz, and plastic sheet substrates. In addition,
a color filter film, a fluorescent color conversion filter film, a
dielectric reflection film, or the like may be used in the sub-
strate to control emission color.

[0114] Itshould be noted that a protective layer or a sealing
layer may be formed on the prepared device to prevent the
device from contacting oxygen, moisture, or the like.
Examples of the protective layer include a diamond thin film,
a film made of an inorganic material such as a metal oxide or
a metal nitride, a polymer film made of a fluorine resin,
polyethylene, a silicone resin, a polystyrene resin, or the like,
and a photo-curing resin. Further, the device itself can be
covered with glass, a gas-impermeable film, a metal, or the
like and packaged with an appropriate sealing resin. More-
over, with respect to a direction of extracting light from the
device, both a bottom emission structure (structure in which
light is extracted from the substrate side) and a top emission
structure (structure in which light is extracted from a side
opposite to the substrate) may be adopted.

[0115] In the organic light-emitting device of the present
invention, a layer containing the chrysene compound of the
present invention and a layer formed of another organic com-
pound are formed by a method described below. Specifically,
a thin film is formed by a vacuum evaporation method, an
ionization-assisted evaporation method, a sputtering method,
or a plasma method, or the thin film may be formed by
dissolving the compound in an appropriate solvent and sub-
jecting the resultant to a coating method (e.g., a spin coating
method, a dipping method, a casting method, an LB method,
or an ink jet method). Here, when the layer is formed by the
vacuum evaporation method, a solution coating method, or
the like, the layer hardly undergoes crystallization or the like,
and is excellent in stability over time. In addition, in film
formation by the coating method, the film may be formed by
using a compound in combination with an appropriate binder
resin.

[0116] Examples of the above-mentioned binder resin
include, but are not limited to, a polyvinylcarbazole resin, a
polycarbonate resin, a polyester resin, an ABS resin, an
acrylic resin, a polyimide resin, a phenol resin, an epoxy
resin, a silicone resin, and a urea resin. In addition, as a
homopolymer or a copolymer, one kind of binder resin may
be used alone or a mixture of two or more kinds may be used.
Further, aknown additive such as a plasticizer, an antioxidant,
or a UV absorber, as required, may be used in combination.
[0117] The organic light-emitting device of the present
invention can be applied to products which require energy
saving and high luminance. Examples of the application
include a display apparatus such as a flat panel display, a light
source for a photosensitive member of an electrophoto-
graphic image-forming apparatus such as a laser beam
printer, lighting equipment, and a backlight of a liquid crystal
display apparatus.

[0118] Theterm “display apparatus” comprehends not only
an apparatus that displays an image by causing multiple
organic light-emitting devices to independently emit light but
also an apparatus as, for example, an emission point for
informing the anomaly of the above-mentioned apparatus. A
digital camera or an electrophotographic image-forming
apparatus may have the display apparatus as a display unit.

Nov. 17,2011

[0119] In addition, a product formed by the following pro-
cedure can be provided as an exposure light source for the
photosensitive member of an electrophotographic image-
forming apparatus such as a laser beam printer. Multiple
organic light-emitting devices are arranged in the long axis
direction of the photosensitive member in a line fashion, and
each ofthe organic light-emitting devices is adapted so that its
light emission can be independently controlled. With such
procedure, the apparatus volume of the exposing unit of the
image-forming apparatus can be significantly reduced.

[0120] Next, an active matrix type display apparatus using
the organic light-emitting device according to the present
invention is described with reference to the drawing. The
display apparatus includes the organic light-emitting devices
and units for supplying electrical signals to the organic light-
emitting devices.

[0121] FIG. 1 is a schematic sectional view of a display
apparatus according to this embodiment. A display apparatus
3 has multiple organic light-emitting devices on a substrate
31. Two organic light-emitting devices are illustrated in the
FIGURE. The organic light-emitting devices each have an
anode 311, an organic layer 312, and a cathode 313.

[0122]

[0123] The substrate 31 is provided with a moisture-proof
film 32. The moisture-proof film 32 is provided for protecting
a member to be formed on the substrate (a TFT or the organic
layer). A material of which the moisture-proof film 32 is
formed is, for example, silicon oxide or a composite of silicon
oxide and silicon nitride. A gate electrode 33 which each of
two TFTs has is provided on the moisture-proof film 32. The
gate electrode can be obtained by providing a metal such as Cr
on the moisture-proof film 32 by sputtering, and patterning
the metal.

The substrate 31 is, for example, a glass plate.

[0124] A gate insulation film 34 is provided to cover the
gate electrode 33. The gate insulation film 34 is obtained by
forming silicon oxide or the like into a film by, for example, a
plasma CVD method or a catalytic chemical vapor deposition
method (cat-CVD method), and patterning the film.

[0125] A semiconductor layer 35 is provided on the gate
insulation film 34. The semiconductor layer 35 is obtained by
forming a silicon film by a plasma CVD method or the like
(annealing is performed at a temperature of 290° C. or higher
in some cases), and patterning the film.

[0126] Further, the semiconductor layer 35 is provided with
adrain electrode 36 and a source electrode 37. Thus, two TFT
devices 38 as switching devices are illustrated in the FIG-
URE.

[0127] The respective switching devices are connected to
the respective organic light-emitting devices in correspon-
dence with the organic light-emitting devices. The switching
devices each switch the emission and non/emission of the
organic light-emitting device. In the FIGURE, the source
electrode 37 of each of the TFT devices 38 as switching
devices is connected to the anode 311 of the organic light-
emitting device through a contact hole 310.

[0128] The TFT devices 38 are each covered with an insu-
lation film 39.
[0129] The insulation films 39 not only cover the two TFT

devices but also have flat upper surfaces. The organic light-
emitting devices are provided on the insulation films 39.

[0130] The number of the organic layers 312 may be two or
more, or may be one. The FIGURE further illustrates a first
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protective layer 314 and a second protective layer 315 for
preventing the degradation of each organic light-emitting
device.

[0131] The switching devices in the display apparatus
according to this embodiment are not particularly limited, and
a single-crystal silicon substrate, MIM device, a-Si type
device, or the like may be used.

EXAMPLES
Example 1
Synthesis of Exemplified Compound C101
(1) Synthesis of 2-chlorochrysene
[0132]

Pd(PPhs),

B(OH),
Na.zCOg
in toluene/EtOH/H,0

OO C}

[0133] First, 1-formylnaphthalen-2-yl-trifluoromethane-
sulfonic acid was synthesized from 2-hydroxy-1-naphthalde-
hyde. In addition, 4-chloro-2-formylphenylboronic acid was
synthesized from 2-bromo-5-chlorobenzaldehyde.

[0134] The following reagents and solvents were placed in
a 300-mL three-necked flask.

NoHyH>O
—_—

in AcOH

1-formylnaphthalen-2-yl-
trifluoromethanesulfonic acid:
4-chloro-2-formylphenylboronic acid:
Tetrakis(triphenylphosphine)palladium(0):

9.97 g (32.8 mmol)

5.75 g (31.2 mmol)
1.0 g (0.86 mmol)

Toluene: 100 mL

Ethanol: 50 mL

10-wt % aqueous solution of sodium 50 mL

carbonate:

[0135] The reaction solution was heated under reflux for 3

hours under nitrogen with stirring. After the completion of the
reaction, the reaction solution was washed with water and
dried over sodium sulfate. Then, the dried product was con-
centrated. Thus, a crude product was obtained. Next, the
crude product was purified by silica gel column chromatog-
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raphy (eluent:toluene/heptane=2/1). Thus, 6.55 g of 2-(4-
chloro-2-formylphenyl)-1-naphthaldehyde were obtained (in
71% yield).

[0136] Subsequently, the following reagent and solvent
were placed in a 500-mL three-necked flask provided with a
dropping funnel.

2-(4-chloro-2-formylphenyl)-1- 6.55 g (22.2 mmol)

naphthaldehyde:
Acetic acid: 350 mL
[0137] The reaction solution was heated under reflux under

nitrogen with stirring. A solution prepared by mixing 30 mL
of acetic acid with 1.45 g (28.9 mmol) of hydrazine monohy-
drate was slowly dropped from the dropping funnel to the
reaction solution over 50 minutes. After the completion of the
dropping, the mixture was continuously heated under reflux
for additional 3.5 hours. After the completion of the reaction,
100 mL of water were added to the reaction solution, and the
mixture was stirred. The precipitated product was separated
by filtration, and was then purified by dispersion washing
under heat with a mixed solvent of methanol and acetone.
Thus, 4.44 g of 2-chlorochrysene were obtained (in 76%
yield).

[0138] In addition, the resultant compound was identified
by '"H-NMR analysis.

[0139] (*H-NMR (400 MHz, CDCL,))

[0140] & 8.75(d, 1H), 8.73 (d, 1H), 8.68 (d, 1H), 8.62 (d,
1H), 8.01 (d, 1H), 7.99 (dd, 1H), 7.95 (d, 1H), 7.90 (d, 1H),
7.74 (td, 1H), 7.64 (m, 2H).

(2) Synthesis of 6,12-dibromo-2-chlorochrysene
[0141]

’Q in PhNO,
cl
Br
l l cl
Br

[0142] The following reagent and solvent were placed in a
300-mL three-necked flask provided with a dropping funnel.

2-chlorochrysene:
Nitrobenzene:

4.10 g (15.6 mmol)
170 mL

[0143] The reaction solution was heated to 105° C. under
nitrogen with stirring. A solution prepared by mixing 30 mL



US 2011/0279025 Al

of nitrobenzene with 1.8 mL (34.9 mmol) of bromine was
slowly dropped from the dropping funnel to the reaction
solution over 10 minutes. After the completion of the drop-
ping, the mixture was continuously heated for an additional
3.5 hours. After the completion of the reaction, 50 mL of
methanol were added to the reaction solution, and the mixture
was stirred. The precipitated crystal was separated by filtra-
tion, and was then washed with methanol, ethanol, and hex-
ane. The resultant crystal was purified by recrystallization
from toluene. Thus, 5.94 g of 6,12-dibromo-2-chlorochry-
sene were obtained (in 84% yield).

[0144] In addition, the resultant compound was identified
by '"H-NMR analysis.

[0145] (*H-NMR (400 MHz, CDCl,))

[0146] & 9.01 (s, 1H), 8.91 (s, 1H), 8.67 (d, 1H), 8.61 (d,
1H), 8.50-8.35 (m, 2H), 8.77-8.73 (m, 3H).

(3) Synthesis of Intermediate C1-204
[0147]

Br,
O Q .
Br

2 CQ B(OH),

BO-04

Pd(PPhs)4
Na,CO3;
in toluene/EtOH/H,0

l Cl

Cl1-204

[0148] The following reagents and solvents were placed in
a 200-mL recovery flask.
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tion, and was then washed with water, ethanol, and hexane.
Thus, a crude product was obtained. Next, the crude product
was dissolved in chlorobenzene under heat. After that, the
solution was subjected to hot filtration, and was then purified
by dispersion washing under heat with a mixed solvent of
toluene and heptane. Thus, 1.67 g of Intermediate CI-204
were obtained (in 91% yield).

(4) Synthesis of Exemplified Compound C101
[0150]

Cl

I )

Cl-204
PCy,
H3CO. OCH;
C B(OH
b O Pd(OAc),
K;3P0,
BO-04 in toluene
Cl01

[0151] The following reagents and solvents were placed in
a 100-mL recovery flask.

6,12-dibromo-2-chlorochrysene:
Boronic acid compound BO-04:
Tetrakis(triphenylphosphine)palladium(0):

1.50 g (3.57 mmol)
1.29 g (7.49 mmol)
0.20 g (0.17 mmol)

Intermediate Cl-204:
Boronic Acid Compound BO-04:
Palladium(II) acetate:

800 mg (1.55 mmol)
320 mg (1.86 mmol)
18 mg (80 pumol)

Toluene: 50 mL Dicyclohexyl(2',6'-dimethoxybiphenyl- 80 mg (194 umol)
Ethanol: 25 mL 2-yl)phosphine:

10-wt % aqueous solution of sodium 25 mL Potassium phosphate: 0.99 g (4.66 mmol)
carbonate: Toluene: 40 mL

[0149] The reaction solution was heated under reflux for [0152] The reaction solution was heated under reflux for 7

4.5 hours under nitrogen with stirring. After the completion of
the reaction, the precipitated crystal was separated by filtra-

hours with stirring. After the completion of the reaction, the
precipitated crystal was separated by filtration, and was then
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washed with water, ethanol, and acetone. Thus, a crude prod-
uct was obtained. Next, the crude product was dissolved in
toluene under heat. After that, the solution was subjected to
hot filtration, and was then recrystallized with toluene and
octane. The resultant crystal was vacuum-dried at 150° C.,
and was then subjected to sublimation purification under
conditions of 10~* Pa and 360° C. Thus, 518 mg of Exempli-
fied Compound C101 having a high purity were obtained (in
55% yield).

[0153] Theresults ofthe identification of the resultant com-
pound are shown below.

(MALDI-TOF-MS (Matrix-Assisted Laser Desorption/Ion-
ization Time-of-Flight Mass Spectrometry))

[0154] Observed value: m/z=605.99, calculated value:
C,4H3,=006.23

[0155] (*H-NMR (400 MHz, CDCl,))

[0156] 6 9.00 (d, 1H), 8.91 (d, 1H), 8.84 (d, 2H), 8.42 (d,
1H), 8.23 (s, 1H), 8.18 (s, 1H), 8.15-7.95 (m, 9H), 7.92-7.70
(m, 7H), 7.65-7.55 (m, 5H), 7.47 (m, 2H).

[0157] In addition, the energy gap of Exemplified Com-
pound C101 was measured by the following method.

[0158] Exemplified Compound C101 was evaporated from
the vapor onto a glass substrate under heat. Thus, an evapo-
rated thin film having a thickness of 20 nm was obtained. The
light absorption spectrum of the evaporated thin film was
measured with an ultraviolet-visible spectrophotometer
(V-560 manufactured by JASCO Corporation). The absorp-
tion edge of the resultant light absorption spectrum was deter-
mined to be 403 nm, and Exemplified Compound C101 had
an energy gap of 3.08 eV.

[0159] Further, DSC analysis was conducted on Exempli-
fied Compound C101 with a differential scanning calorimeter
(manufactured by PerkinElmer, Inc.). As a result, the com-
pound was found to have a glass transition temperature of
144° C.

Example 2
Synthesis of Exemplified Compound C103

[0160]

Br,
O Q -
Br

| PCy,
H;CO. OCH;,
L o4 O
-
Y% Pd(OAc),

K3PO,
in toluene/H,O

BO-06
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-continued

[0161] The following reagents and solvents were placed in
a 100-mL recovery flask.

6,12-dibromo-2-chlorochrysene:
Boronic Acid Compound BO-06:
Palladium(II) acetate:
Dicyclohexyl(2',6'-dimethoxybiphenyl-
2-yl)phosphine:

Potassium phosphate:

400 mg (0.95 mmol)
1.01 g (3.14 mmol)
22 mg (98 pmol)
98 mg (239 umol)

606 mg (2.85 mmol)

Toluene: 30 mL
Water: 0.75 mL
[0162] The reaction solution was heated at 100° C. for 33

hours under nitrogen with stirring. After the completion of the
reaction, the reaction solution was washed with water and
dried over sodium sulfate. Then, the dried product was con-
centrated. Thus, a crude product was obtained. Next, the
crude product was purified by silica gel column chromatog-
raphy (eluent:heptane/toluene=3/1). After that, the solution
was further recrystallized with a mixed solvent of toluene and
heptane. The resultant crystal was vacuum-dried at 150° C.,
and was then subjected to sublimation purification under
conditions of 10~* Pa and 370° C. Thus, 473 mg of Exempli-
fied Compound C103 having a high purity were obtained (in
62% yield).

[0163] Theresults ofthe identification of the resultant com-
pound are shown below.

(MALDI-TOF-MS)

[0164] Observed value: m/z=804.40, calculated value:
Cq3H,s=804.38

[0165] (*H-NMR (400 MHz, CDCl,))

[0166] o 8.99 (d, 1H), 8.93 (d, 1H), 8.81 (d, 2H), 8.47 (d,
1H), 8.13 (d, 1H), 8.05 (dd, 1H), 7.95 (t, 2H), 7.86 (m, 3H),
7.81-7.57 (m, 9H), 7.53 (m, 2H), 7.50-7.30 (m, 7H), 1.66 (s,
6H), 1.62 (s, 6H), 1.49 (s, 6H).

[0167] In addition, the energy gap of Exemplified Com-
pound C103 was measured in the same manner as in Example
1-(4). As a result, the absorption edge of the light absorption
spectrum was 405 nm, and Exemplified Compound C103 had
an energy gap of 3.06 eV.

[0168] Further, DSC analysis was conducted on Exempli-
fied Compound C103 in the same manner as in Example
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1-(4). As a result, the compound was found to have a glass
transition temperature of 189° C.

Example 3
Synthesis of Exemplified Compound C107
[0169]

I Cl

CI-204

PCy;

H;CO l OCH;

Q’Q B(Z

BO-06

[0170] The following reagents and solvents were placed in
a 200-mL recovery flask.

Pd(OAc),
K5PO4
in toluene/H,O

o

Cl107

Intermediate Cl-204:

Boronic Acid Compound BO-06:
Palladium(II) acetate:
Dicyclohexyl(2',6'-dimethoxybiphenyl-
2-yl)phosphine:

Potassium phosphate: 1.98 g (9.32 mmol)
Toluene: 80 mL

Water: 2 mL

1.60 g (3.11 mmol)

1.05 g (3.26 mmol)

42 mg (186 pmol)
191 mg (466 pmol)
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[0171] The reaction solution was heated at 100° C. for 5
hours under nitrogen with stirring. After the completion of the
reaction, the reaction solution was washed with water and
dried over sodium sulfate. Then, the dried product was con-
centrated. Thus, a crude product was obtained. Next, the
crude product was purified by silica gel column chromatog-
raphy (eluent:heptane/chloroform=>3/1). After that, the solu-
tion was further recrystallized with a mixed solvent of toluene
and octane. The resultant crystal was vacuum-dried at 150°
C., and was then subjected to sublimation purification under
conditions of 10~* Pa and 370° C. Thus, 0.99 g of Exemplified
Compound C107 having a high purity were obtained (in 47%
yield).

[0172] Theresults ofthe identification of the resultant com-
pound are shown below.

(MALDI-TOF-MS)

[0173] Observed value: m/z=672.16, calculated value:
C53H;=672.28

[0174] (*H-NMR (400 MHz, CDCl,))

[0175] & 8.96 (d, 1H), 8.91 (d, 1H), 8.83 (d, 2H), 8.37 (d,
1H), 8.22 (s, 1H), 8.17 (s, 1H), 8.15-7.94 (m, 8H), 7.87 (dd,
1H), 7.81 (dd, 1H), 7.72 (t, 4H), 7.68-7.51 (m, 6H), 7.43 (m,
1H), 7.32 (m, 2H), 1.50 (s, 6H).

[0176] In addition, the energy gap of Exemplified Com-
pound C107 was measured in the same manner as in Example
1-(4). As a result, the absorption edge of the light absorption
spectrum was 403 nm, and Exemplified Compound C107 had
an energy gap of 3.08 eV.

[0177] Further, DSC analysis was conducted on Exempli-
fied Compound C107 in the same manner as in Example
1-(4). As a result, the compound was found to have a glass
transition temperature of 161° C.

Example 4
Synthesis of Exemplified Compound C110
(1) Synthesis of Intermediate C1-206

[0178]
Br
ii -
Br

Pd(PPhs)s
Na,CO3
in toluene/EtOH/H,O
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-continued

cpaves

CI-206

[0179] The following reagents and solvents were placed in
a 300-mL recovery flask.

6,12-dibromo-2-chlorochrysene: 2.00 g (4.76 mmol)
Boronic Acid Compound BO-06: 3.20 g (9.99 mmol)
Tetrakis(triphenylphosphine)palladium(0): 165 mg (143 pmol)
Toluene: 80 mL

ethanol: 40 mL

10 wt % aqueous solution of sodium 40 mL
carbonate:

[0180] The reaction solution was heated under reflux for 3
hours under nitrogen with stirring. After the completion of the
reaction, the reaction solution was washed with water and
dried over sodium sulfate. Then, the dried product was con-
centrated. Thus, a crude product was obtained. Next, the
crude product was purified by silica gel column chromatog-
raphy (eluent:heptane/chloroform=4/1). After that, the solu-
tion was further purified by dispersion washing under heat
with a mixed solvent of heptane and ethanol. Thus, 2.71 g of
Intermediate C1-206 were obtained (in 88% yield).

(2) Synthesis of Exemplified Compound C110

[0181]

cggoss

CI-206
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-continued

PCy»

H;CO I OCH;,

Pd(OAc),

K3PO,

BO-04 in toluene/H,O

.
[e¥Se >
5,

Cl10

[0182] The following reagents and solvents were placed in
a 200-mL recovery flask.

Intermediate Cl-206: 1.80 g (2.78 mmol)
Boronic Acid Compound BO-04: 574 mg (3.34 mmol)
Palladium(IT) acetate: 62 mg (276 umol)
Dicyclohexyl(2',6'-dimethoxybiphenyl- 285 mg (694 pmol)
2-yl)phosphine:

Potassium phosphate: 1.77 mg (8.34 mmol)
Toluene: 90 mL

[0183] The reaction solution was heated at 105° C. for 16
hours under nitrogen with stirring. After the completion of the
reaction, the reaction solution was washed with water and
dried over sodium sulfate. Then, the dried product was con-
centrated. Thus, a crude product was obtained. Next, the
crude product was purified by silica gel column chromatog-
raphy (eluent:heptane/chloroform=>3/1). After that, the solu-
tion was purified by dispersion washing under heat with a
mixed solvent of heptane and ethyl acetate, and was further
recrystallized twice with a mixed solvent of toluene and
octane. The resultant crystal was vacuum-dried at 150° C.,
and was then subjected to sublimation purification under
conditions of 10~* Pa and 380° C. Thus, 1.24 g of Exemplified
Compound C110 having a high purity were obtained (in 60%
yield).

(MALDI-TOF-MS)

[0184] Observed value: m/z=738.46, calculated value:
CsoH,,=738.33

[0185] (*H-NMR (400 MHz, CDCl,))

[0186] & 9.01 (d, 1H), 8.93 (d, 1H), 8.84 (s, 1H), 8.80 (s,
1H), 8.52 (d, 1H), 8.13 (m, 3H), 7.95 (t, 2H), 7.91-7.78 (m,
7H), 7.78-7.70 (m, 3H), 7.67 (dd, 1H), 7.61 (t, 1H), 7.53 (m,
2H), 7.50-7.32 (m, 6H), 1.67 (s, 6H), 1.62 (s, 6H).
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[0187] In addition, the energy gap of Exemplified Com-
pound C110 was measured in the same manner as in Example
1-(4). As a result, the absorption edge of the light absorption
spectrum was 412 nm, and Exemplified Compound C110 had
an energy gap of 3.01 eV.

[0188] Further, DSC analysis was conducted on Exempli-
fied Compound C110 in the same manner as in Example
1-(4). As a result, the compound was found to have a glass
transition temperature of 181° C.

Example 5
Synthesis of Exemplified Compound C201
(1) Synthesis of 3-chlorochrysene

[0189]
CHO
OTf
+
CHO
B(OH), Pd(PPh3)4
B —
Na2C03
in toluene/EtOH/H,0
Cl
O CHO
NoNyeHL,0
CHO in AcOH
Cl
cl
[0190] S5-chloro-2-formylphenylboronic acid was synthe-

sized from 2-bromo-4-chlorobenzaldehyde.
[0191] The following reagents and solvents were placed in
a 200-mL recovery flask.

1-formylnaphthalene-2-yl-
trifluoromethanesulfonic acid:
5-chloro-2-formylphenylboronic acid:
tetrakis(triphenylphosphine)palladium (0):

5.37 g (17.7 mmol)

2.96 g (16.1 mmol)
0.60 g (0.52 mmol)

Toluene: 60 mL

Ethanol: 30 mL

10 wt % aqueous solution of sodium 30 mL

carbonate:

[0192] The reaction solution was heated under reflux for 7

hours under nitrogen with stirring. After the completion of the
reaction, the reaction solution was washed with water and
dried over sodium sulfate. Then, the dried product was con-
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centrated. Thus, a crude product was obtained. Next, the
crude product was purified by silica gel column chromatog-
raphy (eluent:toluene/heptane=5/1). Thus, 2.24 g of 2-(5-
chloro-2-formylphenyl)-1-naphthaldehyde were obtained (in
47% yield).

[0193] Subsequently, the following reagent and solvent
were placed in a 300-mL three-necked flask provided with a
dropping funnel.

2-(5-chloro-2-formylphenyl)-1- 2.05 g (6.96 mmol)

naphthaldehyde:
Acetic acid: 160 mL
[0194] The reaction solution was heated under reflux under

nitrogen with stirring. A solution prepared by mixing 25 mL
of acetic acid with 0.46 g (9.04 mmol) of hydrazine was
slowly dropped from the dropping funnel to the reaction
solution over 20 minutes. After the completion of the drop-
ping, the mixture was continuously heated under reflux for an
additional 5 hours. After the completion of the reaction, 50
mL of water were added to the reaction solution, and the
mixture was stirred. The precipitated crystal was separated by
filtration, and was then purified by dispersion washing under
heat with a mixed solvent of methanol and acetone. Thus,
1.50 g of 3-chlorochrysene were obtained (in 82% yield).
[0195] In addition, the resultant compound was identified
by 'H-NMR analysis.

[0196] (*H-NMR (400 MHz, CDCl,))

[0197] 6 8.78 (d, 1H), 8.75 (d, 1H), 8.72 (d, 1H), 8.61 (d,
1H), 8.05-7.90 (m, 4H), 7.73 (td, 1H), 7.66 (t, 1H), 7.59 (dd,
1H).

(2) Synthesis of 6,12-dibromo-3-chlorochrysene

[0198]
Cl
Br2
in PhNO,
Br
Cl
Br

[0199] The following reagent and solvent were placed in a

200-mL three-necked flask provided with a dropping funnel.

3-chlorochrysene:
Nitrobenzene:

1.49 g (5.67 mmol)
65 mL
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[0200] The reaction solution was heated to 105° C. under
nitrogen with stirring. A solution prepared by mixing 10 mL
of nitrobenzene with 0.62 mL (12.0 mmol) of bromine was
slowly dropped from the dropping funnel to the reaction
solution over 10 minutes. After the completion of the drop-
ping, the mixture was continuously heated for an additional
3.5 hours. After the completion of the reaction, 30 mL of
methanol were added to the reaction solution, and the mixture
was stirred. The precipitated crystal was separated by filtra-
tion, and was then washed with methanol, ethanol, and hex-
ane. The resultant crystal was purified by recrystallization
from toluene. Thus, 1.99 g of 6,12-dibromo-3-chlorochry-
sene were obtained (in 84% yield).

[0201] In addition, the resultant compound was identified
by 'H-NMR analysis.

[0202] (*H-NMR (400 MHz, CDCl,))

[0203] §8.99(s, 1H), 8.89 (s, 1H), 8.75-8.65 (m, 2H), 8.46
(m, 1H), 8.38 (d, 1H), 7.79 (m, 2H), 7.70 (dd, 1H).

(3) Synthesis of Intermediate C1-304
[0204]

Br Cl
O Q +
Br

(Y
Q pon

BO-04

Pd(PPh3)s
NazCOg
in toluene/EtOH/H,0

O [

CI-304

[0205] The following reagents and solvents were placed in
a 100-mL recovery flask.

6,12-dibromo-3-chlorochrysene:
Boronic acid compound BO-04:
Tetrakis(triphenylphosphine)palladium(0):

0.978 g (2.32 mmol)
0.879 g (5.11 mmol)
0.134 g (0.116 mmol)

Toluene: 30 mL
Ethanol: 15 mL
10-wt % aqueous solution of sodium 15 mL
carbonate:

[0206] The reaction solution was heated under reflux for 4
hours under nitrogen with stirring. After the completion of the

Nov. 17,2011

reaction, the precipitated crystal was separated by filtration,
and was then washed with water and ethanol. Thus, a crude
product was obtained. Next, the crude product was dissolved
in chlorobenzene under heat. After that, the solution was
subjected to hot filtration, and was then purified by dispersion
washing under heat with a mixed solvent of toluene and
octane. Thus, 1.10 g of Intermediate C1-304 were obtained (in
92% yield).

(4) Synthesis of Exemplified Compound C201

[0207]

Cl
‘ )
CI-304
’ PCy»
H;CO l OCH;
C B(OH
Q (OHD: Pd(OAC)
K5PO,
BO-04 in toluene

C201

[0208] The following reagents and solvents were placed in
a 50-mL recovery flask.

Intermediate Cl-304:
Boronic Acid Compound BO-04:
Palladium(IT) acetate:

600 mg (1.16 mmol)
241 mg (1.40 mmol)
15 mg (67 pmol)
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-continued

Dicyclohexyl(2',6'-dimethoxybiphenyl- 62 mg (151 pmol)
2-yl)phosphine:
Potassium phosphate: 0.75 g (3.49 mmol)

Toluene: 30 mL

[0209] The reaction solution was heated at 100° C. for 7.5
hours under nitrogen with stirring. After the completion of the
reaction, the reaction solution was washed with water and
dried over sodium sulfate. Then, the dried product was con-
centrated. Thus, a crude product was obtained. Next, the
crude product was purified by silica gel column chromatog-
raphy (eluent:heptane/toluene=3/1). After that, the solution
was further recrystallized twice with a mixed solvent of tolu-
ene and octane. The resultant crystal was vacuum-dried at
150° C., and was then subjected to sublimation purification
under conditions of 10™* Pa and 370° C. Thus, 113 mg of
Exemplified Compound C201 having a high purity were
obtained (in 16% yield).

[0210] Theresults of the identification of the resultant com-
pound are shown below.

(MALDI-TOF-MS)

[0211] Observed value: m/z=606.11, calculated value:
C,sH30=006.23

[0212] (*H-NMR (400 MHz, CDCl,))

[0213] & 9.19 (d, 1H), 8.94 (s, 1H), 8.92 (s, 1H), 8.84 (s,
1H), 8.30-8.15 (m, 4H), 8.15-7.92 (m, 11H), 7.92-7.77 (m,
3H), 7.73 (td, 1H), 7.70-7.55 (m, 5H), 7.50 (m, 2H).

[0214] In addition, the energy gap of Exemplified Com-
pound C201 was measured in the same manner as in Example
1-(4). As a result, the absorption edge of the light absorption
spectrum was 408 nm, and Exemplified Compound C201 had
an energy gap of 3.04 eV.

[0215] Further, DSC analysis was conducted on Exempli-
fied Compound C201 in the same manner as in Example
1-(4). As a result, the compound was found to have a glass
transition temperature of 144° C.

Example 6

Synthesis of Exemplified Compound C202

[0216]
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-continued

| PCy,

H;CO OCH;
lgeUTaNe
/
B
O % Pd(OAc),

K3PO4
in toluene/H,O

BO-06

C202

[0217] The following reagents and solvents were placed in
a 50-mL recovery flask.

6,12-dibromo-3-chlorochrysene:
Boronic Acid Compound BO-06:
Palladium(II) acetate:
Dicyclohexyl(2',6'-dimethoxybiphenyl-
2-yl)phosphine:

Potassium phosphate:

400 mg (0.95 mmol)
1.07 g (3.33 mmol)
43 mg (190 pmol)

195 mg (476 pmol)

0.81 g (3.80 mmol)

Toluene: 30 mL
‘Water: 0.75 mL
[0218] The reaction solution was heated at 100° C. for 12

hours under nitrogen with stirring. After the completion of the
reaction, the reaction solution was washed with water and
dried over sodium sulfate. Then, the dried product was con-
centrated. Thus, a crude product was obtained. Next, the
crude product was purified by silica gel column chromatog-
raphy (eluent:heptane/chloroform=3/1). After that, the solu-
tion was further recrystallized with a mixed solvent of toluene
and heptane. The resultant crystal was vacuum-dried at 150°
C., and was then subjected to sublimation purification under
conditions of 10~* Pa and 370° C. Thus, 442 mg of Exempli-
fied Compound C202 having a high purity were obtained (in
58% yield).

[0219] Theresults ofthe identification of the resultant com-
pound are shown below.
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(MALDI-TOF-MS)

[0220] Observed value: m/z=804.43, calculated value:
Cs3H45=804.38

[0221] (*H-NMR (400 MHz, CDCl,))

[0222] 6 9.12 (s, 1H), 8.93 (d, 1H), 8.88 (s, 1H), 8.79 (s,
1H), 8.22 (d, 1H), 8.15 (d, 1H), 8.00-7.50 (m, 15H), 7.51 (t,
2H), 7.49-7.30 (m, 7H), 1.63 (s, 6H), 1.61 (s, 6H), 1.56 (s,
6H).

[0223] In addition, the energy gap of Exemplified Com-
pound C202 was measured in the same manner as in Example
1-(4). As a result, the absorption edge of the light absorption
spectrum was 412 nm, and Exemplified Compound C202 had
an energy gap of 3.01 eV.

[0224] Further, DSC analysis was conducted on Exempli-
fied Compound C202 in the same manner as in Example
1-(4). As a result, the compound was found to have a glass
transition temperature of 191° C.

Example 7
Synthesis of Exemplified Compound C501
[0225]

‘ ‘ CI

CL-204
PCyz
O H;CO OCH;
B(OH I
Q - Pd(OAC),
K3POs

BO-01
in toluene/H,O

[0226] The following reagents and solvents were placed in
a 50-mL recovery flask.

C501
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Intermediate Cl-204:

Boronic Acid Compound BO-01:
Palladium(IT) acetate:
Dicyclohexyl(2',6'-dimethoxybiphenyl-

484 mg (0.94 mmol)
178 mg (1.03 mmol)
13 mg (56 pmol)
58 mg (141 pumol)
2-yl)phosphine:
Potassium phosphate: 600 mg (2.83 mmol)

Toluene: 24 mL

[0227] The reaction solution was heated at 105° C. for 10
hours under nitrogen with stirring. After the completion of the
reaction, the reaction solution was washed with water and
dried over sodium sulfate. Then, the dried product was con-
centrated. Thus, a crude product was obtained. Next, the
crude product was purified by silica gel column chromatog-
raphy (eluent:heptane/toluene=3/1). After that, the solution
was further subjected to dispersion washing under heat with a
mixed solvent of acetone and ethanol. The resultant crystal
was vacuum-dried at 150° C., and was then subjected to
sublimation purification under conditions of 10~* Paand 350°
C. Thus, 146 mg of Exemplified Compound C501 having a
high purity were obtained (in 26% yield).

[0228] Theresults ofthe identification of the resultant com-
pound are shown below.

(MALDI-TOF-MS)

[0229] Observed value: m/z=606.16, calculated value:
C,sH;,=606.23

[0230] (*H-NMR (400 MHz, CDCL,))

[0231] §9.00 (d, 1H), 8.92 (d, 1H), 8.87 (d, 2H), 8.35-7.68
(m, 18H), 7.68-7.32 (m, 8H).

[0232] In addition, the energy gap of Exemplified Com-
pound C501 was measured in the same manner as in Example
1-(4). As a result, the absorption edge of the light absorption
spectrum was 404 nm, and Exemplified Compound C501 had
an energy gap of 3.07 eV.

Example 8
Synthesis of Exemplified Compound C505

[0233]

CI-204
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-continued
‘ PCp
: é\ /> | Pd(OAc),
K3PO4
>%<B\ in toluene/H,O
o}

BO-10

e
~C
@

C505

[0234] The following reagents and solvents were placed in
a 50-mL recovery flask.

Intermediate C1-204:

Boronic Acid Compound BO-10:
Palladium(II) acetate:
Dicyclohexyl(2',4',6'-triisopropylbiphenyl-
2-yl)phosphine:

Potassium phosphate:

500 mg (0.97 mmol)

504 mg (1.17 mmol)
22 mg (97 pmol)

139 mg (291 pmol)

618 mg (2.91 mmol)

Toluene: 25 mL
Water: 0.6 mL
[0235] The reaction solution was heated at 100° C. for 6

hours under nitrogen with stirring. After the completion of the
reaction, the reaction solution was washed with water and
dried over sodium sulfate. Then, the dried product was con-
centrated. Thus, a crude product was obtained. Next, the
crude product was purified by silica gel column chromatog-
raphy (eluent:heptane/toluene=4/1). After that, the solution
was further subjected to dispersion washing under heat with a
mixed solvent of ethyl acetate and toluene. The resultant
crystal was vacuum-dried at 150° C., and was then subjected
to sublimation purification under conditions of 10~* Pa and
370° C. Thus, 415 mg of Exemplified Compound C505 hav-
ing a high purity were obtained (in 54% yield).

[0236] Theresults ofthe identification of the resultant com-
pound are shown below.

(MALDI-TOF-MS)

[0237] Observed value: m/z=784.27, calculated value:
Cs:H5,=784.41
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[0238] (*H-NMR (400 MHz, CDCL,))

[0239] 68.99(d, 1H), 8.94 (d, 1H), 8.88 (d, 2H), 8.28-7.65
(m, 14H), 7.65-7.27 (m, 8H), 7.05 (d, 1H), 6.92 (d, 1H), 1.55
(s, 6H), 1.35 (s, 9H), 1.31 (s, 9H).

[0240] In addition, the energy gap of Exemplified Com-
pound C505 was measured in the same manner as in Example
1-(4). As a result, the absorption edge of the light absorption
spectrum was 397 nm, and Exemplified Compound C505 had
an energy gap of 3.12 eV.

Example 9
Synthesis of Exemplified Compound C703
(1) Synthesis of Intermediate C1-201
[0241]

Br,

.‘ . -

Br

2 oo
Pd(PPhy),

Na2C03
BO-01 in toluene/EtOH/H,O

Cl

CI-201

[0242] The following reagents and solvents were placed in
a 300-mL recovery flask.

6,12-dibromo-2-chlorochrysene:
Boronic acid compound BO-01:
Tetrakis(triphenylphosphine)palladium(0):

0.82 g (1.95 mmol)
0.74 g (4.31 mmol)
68 mg (59 pmmol)

Toluene: 100 mL

Ethanol: 50 mL

10-wt % aqueous solution of sodium 50 mL

carbonate:

[0243] The reaction solution was heated under reflux for 12

hours under nitrogen with stirring. After the completion of the
reaction, the reaction solution was washed with water and
dried over magnesium sulfate. Then, the dried product was
concentrated. Thus, a crude product was obtained. Next, the
crude product was subjected to dispersion washing under heat
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with a methanol solvent, and was then recrystallized with
tolulene to purify the product. Thus, 0.70 g of Intermediate
Cl-201 were obtained (in 70% yield).

(2) Synthesis of Exemplified Compound C703
[0244]

PCy»

H3CO ] OCH3

% Pd(OAc),
K;3P0,
in toluene/H,O

‘A
o
Y
AL

[0245] The following reagents and solvents were placed in
a 100-mL recovery flask.

C703

Intermediate C1-201:

Boronic Acid Compound BO-06:
Palladium(II) acetate:
Dicyclohexyl(2',6'-dimethoxybiphenyl-
2-yl)phosphine:

Potassium phosphate:

Toluene:

Water:

0.64 g (1.24 mmol)
0.43 g (1.35 mmol)
17 mg (80 pmol)
71 mg (170 pumol)

0.91 mg (4.29 mmol)

[0246] The reaction solution was heated at 98° C. for 48
hours under nitrogen with stirring. After the completion of the
reaction, the reaction solution was washed with water and
dried over magnesium sulfate. Then, the dried product was
concentrated. Thus, a crude product was obtained. Next, the
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crude product was subjected to dispersion washing under heat
with a methanol solvent, followed by an ethanol solvent, and
was then purified by silica gel column chromatography (elu-
ent:heptane/toluene=3/1). After that, the solution was further
subjected to dispersion washing under heat with a methanol
solvent. The resultant crystal was vacuum-dried at 150° C.,
and was then subjected to sublimation purification under
conditions of 10~* Pa and 370° C. Thus, 378 mg of Exempli-
fied Compound C703 having a high purity were obtained (in
45% yield).

[0247] Theresults ofthe identification of the resultant com-
pound are shown below.

(MALDI-TOF-MS)

[0248] Observed value: m/z=671.93, calculated value:
Cs3H;6=672.28

[0249] (*H-NMR (400 MHz, CDCL,))

[0250] © 9.00-8.75 (m, 4H), 8.15-7.99 (m, 4H), 7.94 (dd,
1H), 7.84 (d, 1H), 7.81-7.61 (m, 8H), 7.61-7.50 (m, 4H),
7.50-7.27 (m, 8H), 1.43 (s, 3.3H), 1.40 (s, 2.7H).

[0251] In addition, the energy gap of Exemplified Com-
pound C703 was measured in the same manner as in Example
1-(4). As a result, the absorption edge of the light absorption
spectrum was 385 nm, and Exemplified Compound C703 had
an energy gap of 3.22 eV.

[0252] Further, DSC analysis was conducted on Exempli-
fied Compound C703 in the same manner as in Example
1-(4). As a result, the compound was found to have a glass
transition temperature of 189° C.

Example 10
Synthesis of Exemplified Compound C702

[0253]

in toluene/H,O
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-continued

C702

[0254] The following reagents and solvents were placed in
a 100-mL recovery flask.

Intermediate Cl-201:

Boronic Acid Compound BO-04:
Palladium(II) acetate:
Dicyclohexyl(2',6"-dimethoxybiphenyl-
2-yl)phosphine:

Potassium phosphate:

0.74 g (1.93 mmol)
0.33 g (1.35 mmol)
49 mg (0.22 mmol)
189 mg (0.46 mmol)

1.64 g (7.74 mmol)

Toluene: 20 mL
Water: 1 mL
[0255] The reaction solution was heated at 98° C. for 9.5

hours under nitrogen with stirring. After the completion of the
reaction, the reaction solution was washed with water and
dried over sodium sulfate. Then, the dried product was con-
centrated. Thus, a crude product was obtained. Next, the
crude product was subjected to dispersion washing under heat
with a methanol solvent, followed by a mixed solvent of
acetone and methanol, and was then purified by silica gel
column chromatography (eluent:heptane/toluene=7/3). After
that, the solution was further subjected to dispersion washing
under heat with a methanol solvent, followed by a mixed
solvent of acetone and methanol. The resultant crystal was
vacuum-dried at 150° C., and was then subjected to sublima-
tion purification under conditions of 10~* Pa and 375° C.
Thus, 418 mg of Exemplified Compound C702 having a high
purity were obtained (in 43% yield).

[0256] Theresults ofthe identification of the resultant com-
pound are shown below.

(MALDI-TOF-MS)

[0257] Observed value: m/z=606.01, calculated value:
C,sH30=0606.23

[0258] (*H-NMR (400 MHz, CDCl,))

[0259] 68.91(d, 1H), 8.88 (d, 2H), 8.83 (d, 1H), 8.20-7.95
(m, 5H), 7.91 (d, 1H), 7.88 (s, 1H), 7.85-7.49 (m, 14H),
7.49-7.39 (m, 3H), 7.39-7.29 (m, 2H).

[0260] In addition, the energy gap of Exemplified Com-
pound C702 was measured in the same manner as in Example
1-(4). As a result, the absorption edge of the light absorption
spectrum was 376 nm, and Exemplified Compound C702 had
an energy gap of 3.30 eV.

Comparative Example 1

Comparison Between Energy Gaps

[0261] The energy gaps of Comparative Compounds HO1
to HO3 shown below were each measured in the same manner
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as in Example 1-(4). Table 3 shows the results together with
the results of Examples 1 to 10.

(Comparative Compounds)

[0262]

HOl

HO02

HO3

Comparative Example 2
Comparison Between Glass Transition Temperatures

[0263] The glass transition temperatures of Comparative
Compounds HO1 and HO3 shown below were each measured
in the same manner as in Example 1-(4). Table 3 shows the
results together with the results of Examples 1 to 10.

TABLE 3
Absorption Glass transition
edge Energy gap temperature
Exemplified 403 nm 3.08 eV 144° C.
Compound C101
Exemplified 405 nm 3.06 eV 189° C.
Compound C103
Exemplified 403 nm 3.08eV 161° C.
Compound C107
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TABLE 3-continued TABLE 3-continued
Absorption Glass transition Absorption Glass transition
edge Energy gap temperature edge Energy gap temperature
Exemplified 412 nm 3.01eV 181°C. Exemplified 385 nm 3.22eV 189° C.
Compound C110 Compound C703
Exemplified 408 nm 3.04 eV 144° C. Comparative 395 nm 3.14eV 122°C.
Compound C201 Compound HO1
Exemplified 412 nm 3.01eV 191° C. Comparative 426 nm 291 eV —
Compound C202 Compound H02
Exemplified 404 nm 3.07eV — Comparative 446 nm 2.78 eV 147° C.
Compound C501 Compound HO3
Exemplified 397 nm 312eV —
Compound C505 . . Lo
Exemplified 376 nm 3306V _ [0264] Compounds used in the production of organic light-
Compound C702 emitting devices in the following examples and comparative
examples are shown below.

HTL-1 HTL-2

~ ada® ' %‘ .
» W, NN
HTL-3 HTL-4

ETL-1

EIL-1
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-continued
RD-1 RA-2
RH-1
RH-2
RH-3

Example 11

[0265] Inthisexample, a device (including an anode, a hole
transport layer, an emission layer, an electron transport layer,
and a cathode) described in the third example of a multilayer
organic light-emitting device was produced by the following
method.

[0266] ITO was formed into a film having a thickness of
110 nm to serve as the anode on a glass substrate by a sput-
tering method, and the resultant was used as a transparent,
conductive supporting substrate (ITO substrate). The follow-
ing organic compound layers and electrode layers were con-
tinuously formed on the ITO substrate by vacuum evapora-
tion based on resistance heating in a vacuum chamber having
a pressure of 107> Pa. In this case, the device production was
performed so that an opposing electrode area might be 3 mm?.

HTL-1

Host: Exemplified
Compound C101
Guest: BD-3 (5 wt %)

Hole transport layer (30 nm)
Emission layer (30 nm)

Electron transport layer (30 nm) ETL-1
Metal electrode layer 1 (0.5 nm) LiF
Metal electrode layer 2 (100 nm) Al

[0267] Next, the resultant was covered with a protective
glass plate and sealed with an acrylic resin-based adhesive in
a dry air atmosphere in order that the organic light-emitting
device might not deteriorate owing to moisture adsorption.
Thus, the organic light-emitting device was obtained.

[0268] An applied voltage of 4.6 V was applied to the
resultant organic light-emitting device while the ITO elec-
trode was used as a positive electrode and the Al electrode was
used as a negative electrode. As a result, the device was
observed to emit blue light having a luminance of 1200 c¢d/m>
with an emission efficiency of 7.3 cd/A. In addition, CIE
chromaticity coordinates (X, y) in the device were (0.14,
0.21). Further, when the device was durably driven for 100
hours while a constant current density of 100 mA/cm? was
kept, the ratio of reduction in luminance from the initial
luminance was 25%.

Example 12

[0269] A device was produced by following the same pro-
cedure as in Example 11 with the exception that Exemplified
Compound C103 was used instead of Exemplified Com-
pound C101 as a host for the emission layer in Example 11. In
addition, the resultant device was evaluated in the same man-
ner as in Example 11. Table 4 shows the results.
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Example 13

[0270] A device was produced by following the same pro-
cedure as in Example 11 with the exception that Exemplified
Compound C107 was used instead of Exemplified Com-
pound C101 as a host for the emission layer in Example 11. In
addition, the resultant device was evaluated in the same man-
ner as in Example 11. Table 4 shows the results.

Example 14

[0271] A device was produced by following the same pro-
cedure as in Example 11 with the exception that Exemplified
Compound C110 was used instead of Exemplified Com-
pound C101 as a host for the emission layer in Example 11. In
addition, the resultant device was evaluated in the same man-
ner as in Example 11. Table 4 shows the results.

Example 15

[0272] A device was produced by following the same pro-
cedure as in Example 11 with the exception that Exemplified
Compound C201 was used instead of Exemplified Com-
pound C101 as a host for the emission layer in Example 11. In
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addition, the resultant device was evaluated in the same man-
ner as in Example 11. Table 4 shows the results.

Example 16

[0273] A device was produced by following the same pro-
cedure as in Example 11 with the exception that Exemplified
Compound C202 was used instead of Exemplified Com-
pound C101 as a host for the emission layer in Example 11. In
addition, the resultant device was evaluated in the same man-
ner as in Example 11. Table 4 shows the results.

Comparative Example 3

[0274] A device was produced by following the same pro-
cedure as in Example 11 with the exception that Comparative
Compound HO1 was used instead of Exemplified Compound
C101 as a host for the emission layer in Example 11. In
addition, the resultant device was evaluated in the same man-
ner as in Example 11. Table 4 shows the results.

Comparative Example 4

[0275] A device was produced by following the same pro-
cedure as in Example 11 with the exception that Comparative
Compound HO2 was used instead of Exemplified Compound
C101 as a host for the emission layer in Example 11. In
addition, the resultant device was evaluated in the same man-
ner as in Example 11. Table 4 shows the results.

TABLE 4
Ratio of
Applied  Emission reduction in
voltage  efficiency luminance
@1200  @1200 after 100
CIE cd/m? cd/m? hours
Host chromaticity V) (cd/A) @100 mA/cm?
Example 11 Exemplified (0.14,0.21) 4.6 7.3 25%
Compound
C101
Example 12 Exemplified (0.16,0.23) 4.6 6.1 29%
Compound
C103
Example 13 Exemplified (0.15,0.24) 4.4 5.9 33%
Compound
C107
Example 14 Exemplified (0.16,0.26) 4.2 6.7 20%
Compound
C110
Example 15 Exemplified (0.14,0.22) 44 7.4 21%
Compound
C201
Example 16 Exemplified (0.16, 0.25) 4.2 7.1 35%
Compound
C202
Comparative Comparative (0.14,0.20) 6.6 4.5 58%
Example 3 Compound
HO1
Comparative Comparative (0.14,0.24) 38 3.9 37%
Example 4 Compound

HO2
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Example 17

[0276] Inthis example, a device (including an anode, a hole
transport layer, an emission layer, an electron transport layer,
and a cathode) described in the third example of a multilayer
organic light-emitting device, in which the electron transport
layer was formed of two layers having different ionization
potentials, was produced by the following method.

[0277] The following organic compound layers and elec-
trode layers were continuously formed on an ITO substrate
produced by following the same procedure as in Example 8
by vacuum evaporation based on resistance heating in a
vacuum chamber having a pressure of 10~> Pa. In this case,
the device production was performed so that an opposing
electrode area might be 3 mm?>.

Hole transport layer (25 nm) HTL-2

Emission layer (35 nm) Host: BH-1
Guest: BD-7 (5 wt %)

Electron transport layer 1 (10 nm) Exemplified Compound
C101

Electron transport layer 2 (25 nm) ETL-1

Metal electrode layer 1 (0.5 nm) LiF

Metal electrode layer 2 (100 nm) Al

[0278] Next, the resultant was covered with a protective
glass plate and sealed with an acrylic resin-based adhesive in
a dry air atmosphere in order that the organic light-emitting
device might not deteriorate owing to moisture adsorption.
Thus, the organic light-emitting device was obtained.
[0279] An applied voltage of 4.2 V was applied to the
resultant organic light-emitting device while the ITO elec-
trode was used as a positive electrode and the Al electrode was
used as a negative electrode. As a result, the device was
observed to emit blue light having a luminance of 1300 cd/m*
with an emission efficiency of 5.0 cd/A. In addition, CIE
chromaticity coordinates (X, y) in the device were (0.15,
0.21). Further, when the device was durably driven for 250
hours while a constant current density of 50 mA/cm® was
kept, the ratio of reduction in luminance from the initial
luminance was 9%.

Example 18

[0280] A device was produced by following the same pro-
cedure as in Example 17 with the exception that Exemplified
Compound C103 was used instead of Exemplified Com-
pound C101 as an electron transport layer 1 in Example 17. In
addition, the resultant device was evaluated in the same man-
ner as in Example 17. Table 5 shows the results.

Example 19

[0281] A device was produced by following the same pro-
cedure as in Example 17 with the exception that Exemplified
Compound C107 was used instead of Exemplified Com-
pound C101 as an electron transport layer 1 in Example 17. In
addition, the resultant device was evaluated in the same man-
ner as in Example 17. Table 5 shows the results.

Example 20

[0282] A device was produced by following the same pro-
cedure as in Example 17 with the exception that Exemplified
Compound C110 was used instead of Exemplified Com-
pound C101 as an electron transport layer 1 in Example 17. In
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addition, the resultant device was evaluated in the same man-
ner as in Example 17. Table 5 shows the results.

Example 21

[0283] A device was produced by following the same pro-
cedure as in Example 17 with the exception that Exemplified
Compound C201 was used instead of Exemplified Com-
pound C101 as an electron transport layer 1 in Example 17. In
addition, the resultant device was evaluated in the same man-
ner as in Example 17. Table 5 shows the results.

Example 22

[0284] A device was produced by following the same pro-
cedure as in Example 17 with the exception that Exemplified
Compound C202 was used instead of Exemplified Com-
pound C101 as an electron transport layer 1 in Example 17. In
addition, the resultant device was evaluated in the same man-
ner as in Example 17. Table 5 shows the results.

Example 23

[0285] A device was produced by following the same pro-
cedure as in Example 17 with the exception that Exemplified
Compound C501 was used instead of Exemplified Com-
pound C101 as an electron transport layer 1 in Example 17. In
addition, the resultant device was evaluated in the same man-
ner as in Example 17. Table 5 shows the results.

Example 24

[0286] A device was produced by following the same pro-
cedure as in Example 17 with the exception that Exemplified
Compound C505 was used instead of Exemplified Com-
pound C101 as an electron transport layer 1 in Example 17. In
addition, the resultant device was evaluated in the same man-
ner as in Example 17. Table 5 shows the results.

Example 25

[0287] A device was produced by following the same pro-
cedure as in Example 17 with the exception that Exemplified
Compound C702 was used instead of Exemplified Com-
pound C101 as an electron transport layer 1 in Example 17. In
addition, the resultant device was evaluated in the same man-
ner as in Example 17. Table 5 shows the results.

Example 26

[0288] A device was produced by following the same pro-
cedure as in Example 17 with the exception that Exemplified
Compound C703 was used instead of Exemplified Com-
pound C101 as an electron transport layer 1 in Example 17. In
addition, the resultant device was evaluated in the same man-
ner as in Example 17. Table 5 shows the results.

Comparative Example 5

[0289] A device was produced by following the same pro-
cedure as in Example 17 with the exception that Comparative
Compound HO1 was used instead of Exemplified Compound
C101 as an electron transport layer 1 in Example 17. In
addition, the resultant device was evaluated in the same man-
ner as in Example 17. Table 5 shows the results.

Comparative Example 6

[0290] A device was produced by following the same pro-
cedure as in Example 17 with the exception that Comparative
Compound HO2 was used instead of Exemplified Compound
C101 as an electron transport layer 1 in Example 17. In
addition, the resultant device was evaluated in the same man-
ner as in Example 17. Table 5 shows the results.
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TABLE 5
Ratio of
Applied  Emission reduction in
voltage  efficiency luminance
Electron @1300 @1300 after 250
transport CIE cd/m? cd/m? hours
layer 1 chromaticity (V) (cd/A) @50 mA/cm?
Example 17 Exemplified (0.15,0.21) 4.2 5.0 9%
Compound
C101
Example 18 Exemplified (0.15,0.23) 4.6 4.7 13%
Compound
C103
Example 19 Exemplified (0.15,0.21) 4.1 5.5 7%
Compound
C107
Example 20 Exemplified (0.15,0.22) 4.2 5.5 8%
Compound
C110
Example 21 Exemplified (0.15,0.21) 4.0 4.8 11%
Compound
C201
Example 22 Exemplified (0.16, 0.24) 4.5 4.6 15%
Compound
C202
Example 23 Exemplified (0.15,0.21) 4.1 5.0 13%
Compound
C501
Example 24 Exemplified (0.15,0.23) 4.2 4.8 16%
Compound
C505
Example 25 Exemplified (0.15,0.20) 4.5 55 10%
Compound
C702
Example 26 Exemplified (0.15,0.21) 44 5.6 9%
Compound
C703
Comparative Comparative (0.15,0.21) 53 3.2 51%
Example 5 Compound
HO1
Comparative Comparative (0.15,0.28) 3.9 4.3 16%
Example 6 Compound
HO2
Example 27
[0291] Inthisexample, a device (including an anode, a hole .
c. . .. Hole injection layer (90 nm) HTL-1
injection layer, a hole transport layer, an emission layer, an Hole transport layer (10 nm) HTL-3
electron transport layer, an electron injection layer, and a Emission layer (35 mm) Host: BH-2
cathode) described in the fifth example of a multilayer Guest: BD-3 (2 wt %)
.. . . . . C . . Electron transport layer (10 nm) Exemplified Compound
organic light-emitting device, in which an organic light-emit- c101
ting device has a resonance structure, was produced by the Electron injection layer (70 nm) EIL-1 (78 wt %), Li (22
following method. wt %)
[0292] An aluminum alloy (AINd) was formed into a film
having a thickness of 100 nm to serve as areflective anode by [0294] Subsequently, IZO was formed into a film to serve

a sputtering method on a glass substrate as a support member.
Further, ITO was formed into a film having a thickness of 40
nm to serve as a transparent anode by a sputtering method.
Next, an acrylic device separation film having a thickness of
1.5 pm was formed at the peripheral portions of the anodes,
and was provided with openings each having a radius of 3
mm. The resultant was subjected to ultrasonic cleaning with
acetone and isopropyl alcohol (IPA) sequentially. After that,
the resultant was washed with boiled IPA and dried. Further,
the surface of the substrate was cleaned with UV/ozone.
[0293] Further, the following organic layers were succes-
sively formed by vacuum evaporation based on resistive heat-
ing in a vacuum chamber having a pressure of 107> Pa.

as a cathode by a sputtering method. Thus, a transparent
electrode having a thickness of 30 nm was formed. After that,
the resultant was sealed in a nitrogen atmosphere. Thus, the
organic light-emitting device was obtained.

[0295] An applied voltage of 4.8 V was applied to the
resultant organic light-emitting device while the ITO elec-
trode was used as a positive electrode and the IZO electrode
was used as a negative electrode. As a result, the device was
observed to emit blue light having a luminance of 1000 cd/m?
with an emission efficiency of 4.2 c¢d/A. In addition, CIE
chromaticity coordinates (X, y) in the device were (0.13,
0.09). Further, when the device was durably driven for 100
hours while a constant current density of 100 mA/cm?® was
kept, the ratio of reduction in luminance from the initial
luminance was 3.0%.
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Example 28
[0296] A device was produced by following the same pro-

cedure as in Example 27 with the exception that Exemplified
Compound C103 was used instead of Exemplified Com-
pound C101 in the electron transport layer in Example 27. In
addition, the resultant device was evaluated in the same man-
ner as in Example 27. Table 6 shows the results.

Example 29

[0297] A device was produced by following the same pro-
cedure as in Example 27 with the exception that BH-1 was
used instead of BH-2 as a host for the emission layer and
Exemplified Compound C107 was used instead of Exempli-
fied Compound C101 in the electron transport layer in
Example 27. In addition, the resultant device was evaluated in
the same manner as in Example 27. Table 6 shows the results.

Example 30

[0298] A device was produced by following the same pro-
cedure as in Example 27 with the exception that BH-1 was
used instead of BH-2 as a host for the emission layer and
Exemplified Compound C110 was used instead of Exempli-
fied Compound C101 in the electron transport layer in

Example 27. In addition, the resultant device was evaluated in
the same manner as in Example 27. Table 6 shows the results.

Example 31

[0299] A device was produced by following the same pro-
cedure as in Example 27 with the exception that BH-1 was
used instead of BH-2 as a host for the emission layer and
Exemplified Compound C201 was used instead of Exempli-
fied Compound C101 in the electron transport layer in
Example 27. In addition, the resultant device was evaluated in
the same manner as in Example 27. Table 6 shows the results.

Example 32

[0300] A device was produced by following the same pro-
cedure as in Example 27 with the exception that Exemplified
Compound C703 was used instead of Exemplified Com-
pound C101 as an electron transport layer in Example 27. In
addition, the resultant device was evaluated in the same man-
ner as in Example 27. Table 6 shows the results.

Comparative Example 7

[0301] A device was produced by following the same pro-
cedure as in Example 27 with the exception that Comparative
Compound HO1 was used instead of Exemplified Compound
C101 as an electron transport layer in Example 27. In addi-
tion, the resultant device was evaluated in the same manner as
in Example 27. Table 6 shows the results.

TABLE 6
Ratio of
Applied Emission  reduction in
voltage efficiency luminance
Host for ~ Electron @1000  @1000 after 100
emission  transport CIE cd/m? cd/m? hours
layer layer chromaticity (V) (cd/A) @100 mA/ecm?®
Example 27 BH-2  Exemplified (0.13,0.09) 4.8 4.2 3.0%
Compound
C101
Example 28 BH-2  Exemplified (0.13,0.09) 52 39 6.5%
Compound
C103
Example 29 BH-1  Exemplified (0.13,0.09) 4.8 4.2 2.8%
Compound
C107
Example 30 BH-1  Exemplified (0.13,0.09) 4.9 4.2 5.5%
Compound
C110
Example 31  BH-1 Exemplified (0.13,0.10) 47 45 9.6%
Compound
C201
Example 32 BH-2  Exemplified (0.13,0.09) 5.0 4.1 3.4%
Compound
C703
Comparative BH-2 Comparative (0.13,0.10) 53 3.7 21%

Example 7

Compound
HO1
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Example 33
[0302] In this example, a multilayer organic light-emitting

device (anode/hole injection layer/hole transport layer/emis-
sion layer/electron transport layer/electron injection layer/
cathode) having the same resonance structure as that of
Example 27 in which a transparent metal thin film layer for
resonance was interposed between the electron injection
layer and the cathode was produced by the following method.
[0303] The following organic layers and electrode layer
were continuously formed onan ITO substrate obtained in the
same manner as in Example 27 by vacuum evaporation based
on rsesistive heating in a vacuum chamber having a pressure of
107 Pa.

Hole injection layer (95 nm) HTL-2
Hole transport layer (10 nm) HTL-4
Emission layer (25 nm) Host: BH-1

Guest: BD-3 (2 wt %)

Electron transport layer (10 nm) Exemplified Compound

C101

Electron injection layer (40 nm) EIL-1 (70 wt %), Cs (30
wt %)

Transparent metal thin film layer (12 nm) Ag

[0304] Subsequently, IZO was formed into a film to serve
as a cathode by a sputtering method. Thus, a transparent
electrode having a thickness of 50 nm was formed. After that,
the resultant was sealed in a nitrogen atmosphere. Thus, the
organic light-emitting device was obtained.

[0305] An applied voltage of 4.5 V was applied to the
resultant organic light-emitting device while the ITO elec-
trode was used as a positive electrode and the IZO electrode
was used as a negative electrode. As a result, the device was
observed to emit blue light having a luminance of 2000 cd/m?
with an emission efficiency of 4.0 cd/A. In addition, CIE
chromaticity coordinates (x, y) in the device were (0.13,
0.11). Further, when the device was durably driven for 60
hours while a constant current density of 100 mA/cm? was
kept, the ratio of reduction in luminance from the initial
luminance was 19%.

Example 34

[0306] A device was produced by following the same pro-
cedure as in Example 33 with the exception that BH-2 was
used instead of BH-1 as a host for the emission layer and
Exemplified Compound C107 was used instead of Exempli-
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fied Compound C101 in the electron transport layer in
Example 33. In addition, the resultant device was evaluated in
the same manner as in Example 33. Table 7 shows the results.

Example 35

[0307] A device was produced by following the same pro-
cedure as in Example 33 with the exception that BH-2 was
used instead of BH-1 as a host for the emission layer and
Exemplified Compound C501 was used instead of Exempli-
fied Compound C101 in the electron transport layer in
Example 33. In addition, the resultant device was evaluated in
the same manner as in Example 33. Table 7 shows the results.

Example 36

[0308] A device was produced by following the same pro-
cedure as in Example 33 with the exception that BH-3 was
used instead of BH-1 as a host for the emission layer and
Exemplified Compound C505 was used instead of Exempli-
fied Compound C101 in the electron transport layer in
Example 33. In addition, the resultant device was evaluated in
the same manner as in Example 33. Table 7 shows the results.

Example 37

[0309] A device was produced by following the same pro-
cedure as in Example 33 with the exception that BH-3 was
used instead of BH-1 as a host for the emission layer and
Exemplified Compound C702 was used instead of Exempli-
fied Compound C101 in the electron transport layer in
Example 33. In addition, the resultant device was evaluated in
the same manner as in Example 33. Table 7 shows the results.

Example 38

[0310] A device was produced by following the same pro-
cedure as in Example 33 with the exception that Exemplified
Compound C703 was used instead of Exemplified Com-
pound C101 in the electron transport layer in Example 33. In
addition, the resultant device was evaluated in the same man-
ner as in Example 33. Table 7 shows the results.

Comparative Example 8

[0311] A device was produced by following the same pro-
cedure as in Example 33 with the exception that Comparative
Compound HO1 was used instead of Exemplified Compound
C101 in the electron transport layer in Example 33. In addi-
tion, the resultant device was evaluated in the same manner as
in Example 33. Table 7 shows the results.

TABLE 7
Ratio of
Applied Emission  reduction in
voltage efficiency luminance
Host for  Electron @2000  @2000 after 60
emission  transport CIE cd/m? cd/m? hours
layer layer chromaticity (V) (cd/A) @100 mA/em?®
Example 33 BH-1 Exemplified (0.13,0.11) 4.5 4.0 19%
Compound
C101
Example 34 BH-2  Exemplified (0.12,0.12) 4.6 4.2 23%
Compound

C107
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TABLE 7-continued
Ratio of
Applied Emission  reduction in
voltage efficiency luminance
Host for  Electron @2000  @2000 after 60
emission  transport CIE cd/m? cd/m? hours
layer layer chromaticity (V) (cd/A) @100 mA/cm?
Example 35 BH-2 Exemplified (0.13,0.10) 4.7 3.6 25%
Compound
C501
Example 36 BH-3  Exemplified (0.12,0.11) 52 3.8 32%
Compound
C505
Example 37 BH-3  Exemplified (0.12,0.11) 4.8 4.0 11%
Compound
C702
Example 38 BH-1 Exemplified (0.13,0.10) 4.8 4.1 11%
Compound
C703
Comparative ~ BH-1  Comparative (0.13,0.11) 53 34 55%
Example 8 Compound
HO1
Example 39 Example 40
[0312] Inthis example, a multilayer organic light-emitting [0316] A device was produced by following the same pro

device (anode/hole transport layer/emission layer/electron
transport layer/electron injection layer/cathode) having the
same resonance structure as that of Example 27 in which the
emission layer had an assist material in addition to a host
material and a guest material was produced by the following
method.

[0313] The following organic layers and electrode layer
were continuously formed on an ITO substrate obtained in the
same manner as in Example 27 by vacuum evaporation based
on resistive heating in a vacuum chamber having a pressure of
107° Pa.

HTL-1

Host: GH-1

Assist: GA-1 (30 wt %)
Guest: BD-3 (2 wt %)
Exemplified Compound
C101

EIL-1 (70 wt %), Cs (30
wt %)

Hole transport layer (140 nm)
Emission layer (20 nm)

Electron transport layer (10 nm)

Electron injection layer (70 nm)

[0314] Subsequently, IZO was formed into a film to serve
as a cathode by a sputtering method. Thus, a transparent
electrode having a thickness of 30 nm was formed. After that,
the resultant was sealed in a nitrogen atmosphere. Thus, the
organic light-emitting device was obtained.

[0315] An applied voltage of 4.5 V was applied to the
resultant organic light-emitting device while the ITO elec-
trode was used as a positive electrode and the IZO electrode
was used as a negative electrode. As a result, the device was
observed to emit green light having a luminance of 3600
cd/m? with an emission efficiency of 17.0 cd/A. In addition,
CIE chromaticity coordinates (x, y) in the device were (0.21,
0.71). Further, when the device was durably driven for 500
hours while a constant current density of 100 mA/cm® was
kept, the ratio of reduction in luminance from the initial
luminance was 10.4%.

cedure as in Example 39 with the exception that GA-2 was
used instead of GA-1 as an assist for the emission layer and
Exemplified Compound C107 was used instead of Exempli-
fied Compound C101 in the electron transport layer in
Example 39. In addition, the resultant device was evaluated in
the same manner as in Example 39. Table 8 shows the results.

Example 41

[0317] A device was produced by following the same pro-
cedure as in Example 39 with the exception that GA-3 was
used instead of GA-1 as an assist for the emission layer and
Exemplified Compound C110 was used instead of Exempli-
fied Compound C101 in the electron transport layer in
Example 33. In addition, the resultant device was evaluated in
the same manner as in Example 39. Table 8 shows the results.

Example 42

[0318] A device was produced by following the same pro-
cedure as in Example 39 with the exception that GA-3 was
used instead of GA-1 as an assist for the emission layer and
Exemplified Compound C501 was used instead of Exempli-
fied Compound C101 in the electron transport layer in
Example 39. In addition, the resultant device was evaluated in
the same manner as in Example 39. Table 8 shows the results.

Example 43

[0319] A device was produced by following the same pro-
cedure as in Example 39 with the exception that GA-2 was
used instead of GA-1 as an assist for the emission layer and
Exemplified Compound C702 was used instead of Exempli-
fied Compound C101 in the electron transport layer in
Example 39. In addition, the resultant device was evaluated in
the same manner as in Example 39. Table 8 shows the results.

Example 44

[0320] A device was produced by following the same pro-
cedure as in Example 39 with the exception that Exemplified



US 2011/0279025 Al

Compound C703 was used instead of Exemplified Com-
pound C101 in the electron transport layer in Example 39. In
addition, the resultant device was evaluated in the same man-
ner as in Example 39. Table 8 shows the results.

Comparative Example 9

Nov. 17,2011

same manner as in Example 27 by vacuum evaporation based
on resistive heating in a vacuum chamber having a pressure of
107° Pa.

. . Hole injection layer (195 nm) HTL-2
[0321] A device was produced by following the same pro- Hole transport layer (10 nm) HTL-1
cedure as in Example 39 with the exception that Comparative Emission layer (20 nm) Host: RH-1

Compound HO1 was used instead of Exemplified Compound
C101 in the electron transport layer in Example 39. In addi-

Assist: RA-1 (16 wt %)
Guest: RD-1 (2 wt %)

Electron transport layer (10 nm) Exemplified Compound

tion, the resultant device was evaluated in the same manner as C101
in Example 39. Table 8 shows the results. Electron injection layer (30 nm) EIL-1 (70 wt %), Cs (30
wt %)

Comparative Example 10

[0322] A device was produced by following the same pro-
cedure as in Example 39 with the exception that GA-2 was
used instead of GA-1 as an assist for the emission layer and
Comparative Compound HO2 was used instead of Exempli-
fied Compound C101 in the electron transport layer in
Example 39. In addition, the resultant device was evaluated in
the same manner as in Example 39. Table 8 shows the results.

[0325] Subsequently, IZO was formed into a film to serve
as a cathode by a sputtering method. Thus, a transparent
electrode having a thickness 0 30 nm was formed. After that,
the resultant was sealed in a nitrogen atmosphere. Thus, the
organic light-emitting device was obtained.

[0326] An applied voltage of 4.6 V was applied to the
resultant organic light-emitting device while the ITO elec-

TABLE 8
Ratio of
Applied Emission  reduction in
Assist voltage efficiency luminance
for Electron @3600  @3600 after 500
emission  transport CIE cd/m? cd/m? hours
layer layer chromaticity (V) (cd/A) @100 mA/cm?
Example 39 GA-1  Exemplified (0.21,0.71) 4.5 17.0 10.4%
Compound
C101
Example 40 GA-2  Exemplified (0.22,0.72) 4.2 19.5 8.8%
Compound
C107
Example 41 GA-3  Exemplified (0.21,0.72) 4.1 16.6 14.1%
Compound
C110
Example 42 GA-3  Exemplified (0.22,0.70) 4.3 18.6 12.9%
Compound
C501
Example 43 GA-2  Exemplified (0.23,0.69) 4.8 20.5 9.5%
Compound
C702
Example 44 GA-1  Exemplified (0.23,0.69) 4.9 20.8 9.1%
Compound
C703
Comparative GA-1  Comparative (0.22,0.70) 55 11.3 41.8%
Example 9 Compound
HO1
Comparative ~ GA-2  Comparative  (0.21,0.71) 5.0 9.7 30.2%
Example 10 Compound
HO2
Example 45 trode was used as a positive electrode and the IZO electrode
[0323] Inthis example, a multilayer organic light-emitting was used as a negative electrode. As a result, the device was

device (anode/hole injection layer/hole transport layer/emis-
sion layer/electron transport layer/electron injection layer/
cathode) having the same resonance structure as that of
Example 27 in which the emission layer had an assist material
in addition to a host material and a guest material and in which
a transparent metal thin film layer for resonance was inter-
posed between the electron injection layer and the cathode
was produced by the following method.

[0324] The following organic layers and electrode layer
were continuously formed on an ITO substrate obtained in the

observed to emit red light having a luminance of 3000 ¢cd/m>
with an emission efficiency of 9.1 cd/A. In addition, CIE
chromaticity coordinates (X, y) in the device were (0.67,
0.32). Further, when the device was durably driven for 100
hours while a constant current density of 100 mA/cm?® was
kept, the ratio of reduction in luminance from the initial
luminance was 20%.

Example 46

[0327] A device was produced by following the same pro-
cedure as in Example 45 with the exception that RH-2 was
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used instead of RH-1 as a host for the emission layer and
Exemplified Compound C103 was used instead of Exempli-
fied Compound C101 in the electron transport layer in
Example 45. In addition, the resultant device was evaluated in
the same manner as in Example 45. Table 9 shows the results.

Example 47

[0328] A device was produced by following the same pro-
cedure as in Example 45 with the exception that RH-3 was
used instead of RH-1 as a host for the emission layer and
Exemplified Compound C107 was used instead of Exempli-
fied Compound C101 in the electron transport layer in
Example 45. In addition, the resultant device was evaluated in
the same manner as in Example 45. Table 9 shows the results.

Example 48

[0329] A device was produced by following the same pro-
cedure as in Example 45 with the exception that RA-2 was
used instead of RA-1 as an assist for the emission layer and
Exemplified Compound C201 was used instead of Exempli-
fied Compound C101 in the electron transport layer in
Example 45. In addition, the resultant device was evaluated in
the same manner as in Example 45. Table 9 shows the results.

Example 49

[0330] A device was produced by following the same pro-
cedure as in Example 45 with the exception that RH-2 was
used instead of RH-1 as a host for the emission layer, RA-2
was used instead of RA-1 as an assist for the emission layer,
and Exemplified Compound C702 was used instead of Exem-
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plified Compound C101 in the electron transport layer in
Example 45. In addition, the resultant device was evaluated in
the same manner as in Example 45. Table 9 shows the results.

Example 50

[0331] A device was produced by following the same pro-
cedure as in Example 45 with the exception that RH-3 was
used instead of RH-1 as a host for the emission layer, RA-2
was used instead of RA-1 as an assist for the emission layer,
and Exemplified Compound C703 was used instead of Exem-
plified Compound C101 in the electron transport layer in
Example 45. In addition, the resultant device was evaluated in
the same manner as in Example 45. Table 9 shows the results.

Comparative Example 11

[0332] A device was produced by following the same pro-
cedure as in Example 45 with the exception that Comparative
Compound HO1 was used instead of Exemplified Compound
C101 in the electron transport layer in Example 45. In addi-
tion, the resultant device was evaluated in the same manner as
in Example 45. Table 9 shows the results.

Comparative Example 12

[0333] A device was produced by following the same pro-
cedure as in Example 45 with the exception that RH-2 was
used instead of RH-1 as a host for the emission layer, RA-2
was used instead of RA-1 as an assist for the emission layer,
and Comparative Compound HO2 was used instead of Exem-
plified Compound C101 in the electron transport layer in
Example 45. In addition, the resultant device was evaluated in
the same manner as in Example 45. Table 9 shows the results.

TABLE 9
Ratio of
Applied Emission  reduction in
Assist voltage efficiency luminance
Host for for Electron @3000  @3000 after 100
emission emission  transport CIE cd/m? cd/m? hours
layer layer layer chromaticity (V) (cd/A) @100 mA/em?
Example 45 RH-1 RA-1  Exemplified (0.67,0.32) 4.6 9.1 20%
Compound
C101
Example 46 RH-2  RA-1 Exemplified (0.68,0.32) 4.7 11.8 31%
Compound
C103
Example47  RH-3 RA-1 Exemplified (0.68,0.32) 4.7 142 15%
Compound
C107
Example 48 RH-1 RA-2  Exemplified (0.67,0.32) 4.5 8.7 33%
Compound
C201
Example 49 RH-2 RA-2  Exemplified (0.67,0.33) 53 9.9 19%
Compound
C702
Example 50 ~ RH-3 RA-2 Exemplified (0.66,0.33) 5.1 10.1 18%
Compound
C703
Comparative ~ RH-1 RA-1  Comparative (0.67,0.33) 57 6.6 45%
Example 11 Compound
HO1
Comparative RH-2 RA-2  Comparative (0.67,0.32) 4.6 6.5 48%
Example 12 Compound

HO02
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[0334] While the present invention has been described with
reference 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.
[0335] This application claims the benefit of Japanese
Patent Applications No. 2009-063012, filed Mar. 16, 2009,
No. 2009-236435, filed Oct. 13,2009, and No. 2010-010192,
filed Jan. 20, 2010 which are hereby incorporated by refer-
ence herein in there entirety.

1. A chrysene compound represented by the general for-
mula [1]:

(1

wherein R, to R, are each independently selected from the
group consisting of a hydrogen atom, a substituted or unsub-
stituted alkyl group, and a substituted or unsubstituted alkoxy
group; and
Ar,, Ar,, and Ar; are each independently selected from the
group represented by the general formulae [2]:

[2]
Y, Y»
Xy Xs
X3 Xy Xs Xs
Xo Xi6
X10 X]S
Xif X4

Xis X17 X6 X5

wherein X, to X, are each independently selected from the
group consisting of a hydrogen atom, a substituted or unsub-
stituted alkyl group, a substituted or unsubstituted alkoxy
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group, a substituted or unsubstituted phenyl group, a substi-
tuted or unsubstituted naphthyl group, a substituted or unsub-
stituted phenanthryl group, and a substituted or unsubstituted
fluorenyl group, provided that one of X, to Xg, one of X, to
X6, and one of X, to X, each represent a chrysene ring
represented by the general formula [1]; and

Y, andY, are each independently selected from a hydrogen

atom and a substituted or unsubstituted alkyl group.

2. The chrysene compound according to claim 1, which is

a compound represented by the general formula [3]:

Ar3.

An

3. The chrysene compound according to claim 1, which is
a compound represented by the general formula [4]:

Ar;.

An

4. An organic light-emitting device, comprising:

a pair of electrodes; and

an organic compound layer interposed between the pair of

electrodes,

wherein the organic compound layer comprises the chry-

sene compound according to claim 1.

5. The organic light-emitting device according to claim 4,
wherein the organic compound layer is an emission layer.

6. The organic light-emitting device according to claim 5,
wherein the emission layer comprises a host material and a
guest material, and the host material comprises the chrysene
compound.

7. The organic light-emitting device according to claim 4,
which further comprises another layer different from the
organic compound layer between the pair of electrodes,
wherein the another layer is an emission layer, and the organic
compound layer is an electron transport layer.

8. A display apparatus, comprising:

the organic light-emitting device set forth in claim 4; and

a switching device connected to the organic light-emitting

device.
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