US 20130037788A1
a9y United States

12) Patent Application Publication (o) Pub. No.: US 2013/0037788 A1l

Kosuge et al. 43) Pub. Date: Feb. 14, 2013
(54) NOVEL M-TERPHENYL COMPOUND AND (30) Foreign Application Priority Data
ORGANIC LIGHT EMITTING DEVICE
INCLUDING THE SAME Apr. 22,2010 (JP) coovee e 2010-099153

75) Inventors: Tet: K Yokohama-shi (JP);
(75)  Inventors Jlems lllg,:m a::ﬁ%e%oﬁyg (?[I%? IS< eln(a 0)’ Publication Classification
Kishino, Tokyo (JP); Hiroyuki Tomono,

. (51) Imt.CL
Numazu-shi (IP) HOIL 51/54 (2006.01)
(73) Assignee: CANON KABUSHIKI KAISHA, CO7C 1530 (2006.01)
Tokyo (JP) C07C 15/38 (2006.01)
CO7D 333/76 (2006.01)
(21) Appl. No.: 13/642,477 (52) US.CL ... 257/40; 549/43; 585/26; 257/E51.026
(22) PCT Filed: Apr. 11, 2011 7) ABSTRACT
(86) PCT No.: PCT/IP2011/059467 An organic light emitting device which includes a m-terphe-
§ 371 (c)(1), nyl compound having a high T1 energy is provided. In addi-
(2), (4) Date:  Oct. 19,2012 tion, a novel m-terphenyl compound is provided.

3

¥~

3N 312 313 315

\
I 77T I \,V/Az/,\_m
L /L { J/ i
\ N 77 4
N ANSSSSSAEN S AN S SIS
T Ve v
NN N N 3 N

TN\ / 2\ \/ ¥

K //%// 38/ //;{// )}(\/ \ /,/ ’,’H /‘W\_‘B'I

an

36 (§,7 35 34 33



Patent Application Publication Feb. 14,2013 US 2013/0037788 Al

FIGURE 1

3
=

31 312 513 35
Vayal
= /o

\
)4
A
7
N
/ 310

/.
) od & ///, Vv
7 \?"&\\X\V NNV ¥




US 2013/0037788 Al

NOVEL M-TERPHENYL COMPOUND AND
ORGANIC LIGHT EMITTING DEVICE
INCLUDING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a novel m-terphenyl
compound and an organic light emitting device including the
same.

BACKGROUND ART

[0002] An organic light emitting device is a device includ-
ing an anode, a cathode, and an organic compound layer
disposed between these two electrodes. In the organic light
emitting device, excitons are generated when holes and elec-
trons, which are injected from the respective electrodes, are
recombined within the organic compound layer, and light is
emitted when the excitons return to the ground state. Recent
advancements of the organic light emitting device have been
remarkable, and a thin and light-weight light emitting device
having a low driving voltage, various light emitting wave-
lengths, and a high speed response can be formed.

[0003] A phosphorescence light emitting device is an
organic light emitting device which includes a phosphores-
cence material in the organic compound layer and which can
emit light derived from triplet excitons of the above phospho-
rescence material. However, the light emitting efficiency of
the phosphorescence light emitting device can still be
improved.

[0004] As a material used for a light emitting layer of the
phosphorescence light emitting device, for example, the fol-
lowing compounds HO1 and HO2 have been disclosed in
PTLs 1 and 2, respectively.

[Chem. 1]

OO

HO2
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[0005] PTL 1 Japanese Patent Laid-Open No. 2009-
215333
[0006] PTL 2 International Publication No. W(O2007/

111176 pamphlet
SUMMARY OF INVENTION

Technical Problem

[0007] Ithasbeen believed that the compounds disclosed in
PTLs 1 and 2 can still be improved.

[0008] Thecompound HO1 having a phenanthrene ring can
still be improved in order to increase the lowest excited triplet
state energy (T1 energy) and to deepen the LUMO level (to
increase the electron affinity). In addition, the compound H0O2
having a dibenzothiophene ring can also still be improved in
order to increase the T1 energy and to deepen the LUMO
level.

[0009] The present invention provides a novel m-terphenyl
compound having a high T1 energy and a deep LUMO level.
Furthermore, by using the novel m-terphenyl compound
described above, the present invention provides an excellent
organic light emitting device having a high light emitting
efficiency and a low driving voltage.

[0010] Accordingly, the present invention provides a m-ter-
phenyl compound represented by the following general for-
mula [1].

[Chem. 2]

[0011] In formula[1], R1to R26 each independently indi-
cate a hydrogen atom or an alkyl group having 1 to 4 carbon
atoms. Ar is selected from arylene groups shown in formula

21.
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[0012] In formula [2], * indicates a bonding site to the
m-terphenyl group.

BRIEF DESCRIPTION OF DRAWING

[0013] FIG. 11is a schematic cross-sectional view showing
an organic light emitting device and a switching element
connected thereto.

DESCRIPTION OF EMBODIMENT

[0014] A m-terphenyl compound according to the present
invention will be described.

[0015] The m-terphenyl compound according to the
present invention is represented by the following general
formula [1].

Feb. 14, 2013

[Chem. 4]

[0016]
cate a hydrogen atom or an alkyl group having 1 to 4 carbon
atoms.

In formula [1], R, to R, each independently indi-

[0017] As particular examples of the alkyl group having 1
to 4 carbonatoms, there are 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, and a tert-butyl group.
[0018] Theabove alkyl groups each may have a substituent.
For example, there may be mentioned a hydrocarbon aro-
matic ring group, such as a phenyl group, a naphthyl group, a
phenanthryl group, or a fluorenyl group; a heteroaromatic
ring group, such as a thienyl group, a pyrrolyl group, or a
pyridyl group; a substituted amino group, such as a dimethy-
lamino group, a diethylamino group, a dibenzylamino group,
a diphenylamino group, a ditolylamino group, or a dianisoly-
lamino group; an alkoxy group, such as amethoxy group oran
ethoxy group; an aryloxy group, such as a phenoxy group or
a naphthoxy group; a halogen atom, such as fluorine, chlo-
rine, bromine, or iodine; a hydroxyl group; a cyano group; or
a nitro group.

[0019] Ar of formula [1] is selected from arylene groups
shown in formula [2].

[Chem. 5]
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&



US 2013/0037788 Al

-continued

Feb. 14,2013
-continued

[0020] In formula [2], * indicates a bonding site to the
m-terphenyl group.

[0021] A partial structure represented by Ar of formula[1],
that is, a naphthalene ring, a phenanthrene ring, a triph-
enylene ring, a dibenzothiophene ring, and a dibenzofuran
ring shown in formula [2], will be described as a central
condensed ring of the compound according to the present
invention.

Properties of m-Terphenyl Compound According to Present
Invention

[0022] The T1 energy (equivalent wavelength) and the
LUMO level (calculated value) of each of main simple central
condensed rings are shown in the following Table 1. Con-
densed rings having a T1 energy of 480 nm or less and a deep
LUMO level of -0.9 eV or less are the condensed rings shown
by formula [2], each of which can be used as the central
condensed ring of the compound according to the present
invention.

TABLE 1

Tl ENERGY LUMO LEVEL

STRUCTURAL EQUIVALENT CALCULATED
FORMULA WAVELENGTH VALUE
NAPHTHALENE . 72 nm -0.96 eV
PHENANTHRENE . 459 nm -0.99 eV
TRIFHENYLENE O 427 nm -0.93 eV
DIBENZOTHIOPHENE Sj 415 nm -0.95eV
DIBENZOFURAN 0) 417 nm -092eV
FLUORENE 422 nm -0.71eV

(REFERENCE EXAMPLE)

)

I
»



US 2013/0037788 Al

TABLE 1-continued

Feb. 14, 2013

T1 ENERGY ~ LUMO LEVEL
STRUCTURAL EQUIVALENT CALCULATED
FORMULA WAVELENGTH ~ VALUE
CHRYSENE 500 nm -1.27eV
(REFERENCE EXAMPLE)
ANTHRACENE 672 nm -1.63eV
(REFERENCE EXAMPLE)
[0023] The HOMO and the LUMO of the compound condensed ring itself. As a result, when a central condensed

according to the present invention are primarily localized on
the central condensed ring. In general, the HOMO and the
LUMO of an organic compound strongly relate to excitation
or carrier conduction, and a high electrical energy load is
applied to a portion of the compound on which the HOMO
and the LUMO are localized. Accordingly, since the portion
on which the HOMO and the LUMO are localized is required
to have chemical stability, a condensed ring including no sp3
carbon atoms which are liable to be oxidized, such as the
central condensed ring of the compound according to the
present invention, is preferable.

[0024] The compound according to the present invention
has a high carrier conductivity. Therefore, in particular, when
the compound according to the present invention is used as a
host material of a light emitting layer, a driving voltage of a
device can be decreased. In addition, the central condensed
ring of the compound according to the present invention is a
condensed ring having a large m conjugated plane. On the
other hand, a monocyclic aromatic ring, such as benzene or
thiophene, is not preferable.

[0025] The properties of the central condensed ring of the
compound according to the present invention is reflected in
the properties thereof, and in particular, various property
values of the T1 energy, the HOMO level, and the LUMO
level of the central condensed ring are strongly reflected.

[0026] The compound according to the present invention
has two m-terphenyl substituents on the central condensed
ring thereof. The compound having this structure is prefer-
ably used for an organic light emitting device. Hereinafter, the
details of this embodiment will be described.

[0027] In an organic light emitting device, when the con-
densed ring as described above is used without being substi-
tuted, since the crystallinity of the condensed ring is high, an
amorphous film cannot be obtained, and hence, this con-
densed ring cannot be used for a light emitting device.
Accordingly, it has been known that an aryl group or the like
is used as a substituent. However, in this case, when 7 con-
Jugation spreads from the central condensed ring to the aryl
group functioning as a substituent, the T1 energy of the whole
compound decreases, and a specific T1 energy of the central
condensed ring cannot be maintained. The size of the  con-
Jugation between the central condensed ring and the aryl-
group substitute is approximately determined by the dihedral
angle between these two aromatic rings, that is, between the
central condensed ring and the aryl-ring substituent. There-
fore, if the dihedral angle can be increased, the  conjugation
therebetween can be decreased, and the T1 energy as the
molecule can be made close to the T1 energy of the central

ring having a high T1 energy is used, this high T1 energy can
be maintained.

[0028] The present inventors found that it is important that
two m-terphenyl groups each functioning as a substituent be
bonded at the 2'-position to the central condensed ring. The
dihedral angle between the central condensed ring and a
benzene-ring substitute (benzene ring located at the center of
m-terphenyl) is large. The substitution position number of the
m-terphenyl group is shown below.

[Chem. 6]

[0029] By usinga compound having a phenanthrene ring as
the central condensed ring by way of example, comparison
between substitution positions of the m-terphenyl group was
performed using the dihedral angle between the phenanthrene
ring and a benzene-ring substitute, which are structure-opti-
mized by molecular orbital calculation, and the results are
shown in the following Table 2. In the 2'-position substitution
product, two phenyl groups located at the ortho positions with
respect to the phenanthrene-phenyl bond each function as a
large steric hindrance group, therefore its dihedral angle is
remarkably increased. The effect of the remarkable steric
hindrance as described above cannot be obtained at the 4'- and
the 5'-substitution positions. Therefore, the T1 energy of the
2'-position substitution product is not so much decreased
from a high T1 energy of phenanthrene and is maximized. On
the other hand, by the 4'-position substituent product, since
the 7 conjugation widely spreads from phenanthrene to a
p-biphenyl portion, the T1 energy is seriously decreased.

[0030] Besides the phenanthrene ring, the central con-
densed rings shown in Table 1, that is, a naphthalene ring, a
triphenylene ring, a dibenzothiophene ring, and a dibenzofu-
ran ring, also have effects similar to those described above.
That is, it can be said that as long as the aromatic rings
mentioned above are used, regardless of the types thereof, the
T1 energy of the 2'-position substitution product is not so
much decreased from a high Ti energy of the central con-
densed ring and is higher than that of any one of the other
substitution products.
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TABLE 2
SUBSTITUTION DIHEDRAL
POSITION STRUCTURAL FORMULA ANGLE
2-POSITION Q O 61.6°
4-POSITION Q O 49.4°

5-POSITION 38.9°
O ] Q O O
[0031] Furthermore, the LUMO level of the compound light emitting layer and is primarily responsible for carrier

according to the present invention is deep. The reason for this
is that the LUMO level of the central condensed ring is deep
and is strongly reflected in the whole compound.

Properties of Organic Light Emitting Device Using m-Ter-
phenyl Compound According to Present Invention

[0032] The compound according to the present invention is
primarily used for a light emitting layer of an organic light
emitting device. Furthermore, besides the light emitting
layer, the compound according to the present invention may
also be used for any layers, such as a hole injection layer, a
hole transport layer, a hole/exciton blocking layer, an electron
transport layer, and an electron injection layer.

[0033] In this case, the light emitting layer may be formed
of a plurality types of components, and the components can
be classified into a primary component and at least one acces-
sory component. The primary component is a compound
having a highest weight ratio among all compounds forming
the light emitting layer and may be called a host material in
some cases. The accessory component is a compound other
than the primary component and may be called a guest
(dopant) material, a light emitting assistant material, and a
charge injection material. In this case, the guest material is a
compound primarily responsible for light emission in the
light emitting layer. On the other hand, the host material is a
compound present as a matrix around the guest material in the

transportation and supply of excitation energy to the guest
material,

[0034] The concentration of the guest material to the host
material is in a range of 0.01 to 50 percent by weight on the
basis of the total weight of constituent materials of the light
emitting layer and is preferably in arange of 0.1 to 20 percent
by weight. In order to prevent concentration quenching, the
concentration of the guest material is more preferably 10
percent by weight or less. In addition, the guest material may
be uniformly contained in the whole layer formed of the host
material or may be contained so as to have a concentration
gradient, and alternatively, the guest material may be partially
contained in a specific region so as to form a host material
layer region in which no guest material is contained.

[0035] Thecompound according to the present invention is
primarily used as a host material of a light emitting layer
which uses a phosphorescence material as a guest material.
Although the color of the phosphorescence material is not
particularly limited in this case, a green light emitting mate-
rial having a maximum light emission peak wavelength in a
range of 500 to 530 nm is preferable.

[0036] Ina general phosphorescence light emitting device,
in order to prevent a decrease in light emitting efficiency
caused by non-radiative deactivation from T1 of a host mate-
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rial, the T1 energy thereof must be higher than that of a
phosphorescence material functioning as a guest material.

[0037] Inthe compound according to the present invention,
since the T1 energy of the central condensed ring is 475 nm or
less, the T1 energy of the compound according to the present
invention is 490 nm or less and hence is higher than the T1
energy of the green phosphorescence material. Accordingly,
when the compound according to the present invention is
used as a host material of a green phosphorescence light
emitting layer, an organic light emitting device having a high
light emitting efficiency can be obtained.

[0038] Furthermore, since having a deep LUMO level,
when the compound according to the present invention is
used as a host material of the light emitting layer, the driving
voltage of the device can be decreased. The reason for this is
that when the LUMO level is deep, a barrier against electron
injection from an electron transport layer or a hole blocking
layer adjacent to the light emitting layer at a cathode side can
be decreased.

Examples of m-Terphenyl Compound according to
Present Invention

[0039] Particular structural formulas of the m-terphenyl
compound according to the present invention will be shown
below by way of example.

[Chem. 7]

03

A1

A02

Feb. 14, 2013
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[0040] Among the above exemplified compounds, the com-
pounds shown in an A group are each a compound in which
the central condensed ring represented by Ar of general for-
mula [1] is a hydrocarbon aromatic ring and in which R, to
R,¢ are all hydrogen atoms, and the above compounds are
each formed of only hydrogen atoms and sp2 carbon atoms.

Therefore, the compounds of the A group each have signifi-
cantly high chemical stability, and an organic light emitting
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device which uses one of the above compounds as a host
material of a light emitting layer can be expected to have a
long life.

[0041] Among the above exemplified compounds, the com-
pounds shown in a B group are each a compound in which the
central condensed ring represented by Ar of general formula
[1] is a dibenzothiophene or dibenzofuran and in which R, to
R, are all hydrogen atoms. Since the T1 energy of diben-
zothiophene and that of dibenzofuran are particularly high
among the central condensed rings represented by Ar, the T1
energy of the compound shown in the B group is very high,
such as less than 440 nm. Therefore, the above compound can
be satisfactorily used as ahost material for a phosphorescence
light emitting device in which, besides a green phosphores-
cence material, a blue phosphorescence material having a
maximum light emission wavelength in a range 0440 to 470
nm is used as a guest material.

[0042] Among the above exemplified compounds, the com-
pounds shown in a C group are each a compound in which at
least one of R to R, of general formula [1] is an alkyl group
having 1 to 4 carbon atoms. Since the solubility of the com-
pound is improved by an alkyl group bonded to the m-terphe-
nyl group by substitution, the compounds shown in the C
group are each effectively used when handling properties of a
material are improved and/or when an organic light emitting
device is formed by a coating process. In addition, since the
intermolecular distance of the compound in an amorphous
film state 1s increased by an excluded volume effect of the
alkyl group, the compounds shown in the C group are mate-
rials each having a lower carrier mobility. Therefore, when it
is intended to decrease the carrier mobility in the light emit-
ting layer, the above compounds are each effectively used as
a host material thereof.

Synthetic Method of m-Terphenyl Compound According to
Present Invention

[0043] Next, a synthetic method of the m-terphenyl com-
pound represented by formula [1] according to this embodi-
ment will be described.

[0044] The m-terphenyl compound according to the
present invention may be synthesized by a coupling reaction
between a diboronic acid bis(pinacol) ester compound
including the central condensed ring Ar and a 2'-halogenated
m-terphenyl compound with a Pd catalyst as shown by the
following formula [3].

[Chem. 9]

Pd(PPhz)y
Cs,CO3
in toluene/FtOH/H,O

Feb. 14, 2013

-continued
R

[0045] In formula [3], Ar is selected from the arylene
groups shown in formula [2]. X indicates bromine or iodine.
R indicates a hydrogen atom or an alkyl group having 1 to 4
carbon atoms.

[0046] By appropriately selecting Ar and R of the] above
reaction, a desired m-terphenyl compound according to the
present invention can be synthesized.

[0047] In addition, when being used for an organic light
emitting device, the compound according to the present
invention is preferably processed by sublimation refining as
refining performed immediately before the use thereof. The
reason for this is that for high purification of an organic
compound, sublimation refining has an excellent refining
effect. In the sublimation refining described above, in general,
ahigher temperature is required as the molecular weight of an
organic compound is increased, and hence, in this case, ther-
mal decomposition is liable to occur at a high temperature.
Therefore, an organic compound used for an organic light
emitting device preferably has a molecular weight of 1,000 or
less so that sublimation refining can be performed without
excessive heating.

Organic Light Emitting Device According to Present
Invention

[0048] Next, an organic light emitting device according to
the present invention will be described.

[0049] The organic light emitting device according to the
present invention is a light emitting device which at least
includes a pair of electrodes facing each other, that is, an
anode and a cathode, and at least one organic compound layer
disposed therebetween. Of the at least one organic compound
layer, a layer containing a light emitting material is a light
emitting layer. In addition, in the organic light emitting device
according to the present invention, the organic compound
layer contains the m-terphenyl compound represented by
general formula [1].

[0050] As the organic light emitting device according to the
present invention, for example, a device in which an anode, a
light emitting layer, and a cathode are provided in this order
on a substrate may be mentioned. Besides the above device,
for example, a device in which an anode, a hole transport
layer, an electron transport layer. and a cathode are provided
in this order may also be mentioned. In addition, for example,
there may also be mentioned a device in which an anode, a
hole transport layer, a light emitting layer, an electron trans-
port layer, and a cathode are provided in this order, and a
device in which an anode, a hole injection layer, a hole trans-
port layer, a light emitting layer, an electron transport layer,
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and a cathode are provided in this order. Furthermore, for
example, a device in which an anode, a hole transport layer, a
light emitting layer, a hole/exciton blocking layer, an electron
transport layer, and a cathode are provided in this order may
also be mentioned. However, examples of these five types of
multilayer organic light emitting devices simply have very
basic device structures, and the structure of an organic light
emitting device using the compound according to the present
invention is not limited thereto. For example, various lami-
nation structures may be formed in which, for example, an
insulating layer is provided at the interface between an elec-
trode and an organic compound layer, an adhesion layer or an
interference layer is provided, and an electron transport layer
or a hole transport layer is formed of two layers having
different ionization potentials.

[0051] As the device structure in the above case, a top
emission structure in which light is extracted from a sub-
strate-side electrode or a bottom emission structure in which
light is extracted from a side opposite to a substrate may be
used, and in addition, a dual emission structure may also be
used.

[0052] Although the m-terphenyl compound according to
the present invention may be used in any lamination struc-
tures as an organic compound layer of this light emitting
device, it is preferably used as the light emitting layer. The
m-terphenyl compound according to the present invention is
more preferably used as a host material of the light emitting
layer and is even more preferably used as a host material of a
light emitting layer which contains a phosphorescence mate-
rial as a guest material.

[0053] When the m-terphenyl compound according to the
present invention is used as a host material of a phosphores-
cence light emitting layer, as the phosphorescence material
used as a guest material, for example, there may be mentioned
metal complexes, such as an iridium complex, a platinum
complex, a rhenium complex, a copper complex, a europium
complex, and a ruthenium complex. Among these mentioned
above, an iridium complex which exhibits strong phospho-
rescence properties is preferably used. In addition, in order to
assist transfer of excitons or carriers, the light emitting layer
may contain a plurality of phosphorescence materials.

[0054] Although particular examples of an iridium com-
plex used as the phosphorescence material of the present
invention will be shown below, the present invention is not
limited thereto.

[Chem. 10]
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[0055] Inthis embodiment, besides the compounds accord-
ing to the present invention, if needed, known low molecular
weight and high molecular weight compounds may also used.
Inmore particular, for example, at least one ofa hole injection
material, a hole transport material, a host material, a light
emitting material, an electron injection material, and an elec-
tron transport material may also be used together with the
compound according to the present invention.

[0056] Hereinafter, examples of these compounds will be
described.
[0057] As the hole injection transport material, a material

into which holes from an anode is easily injected and which
has a high hole mobility so as to be able to transport injected
holes to a light emitting layer is preferable. As a low molecu-
lar weight and a high molecular weight material which have
hole injection/transport properties, for example, a triary-
lamine derivative, a phenylenediamine derivative, a stilbene
derivative, a phthalocyanine derivative, a porphyrin deriva-
tive, a polyvinylcarbazole, a polythiophene, and other con-
ductive polymers may be mentioned.

[0058] As the light emitting material primarily responsible
for a light emitting function, besides the phosphorescence
guest materials mentioned above or derivatives thereof, for
example, there may be mentioned condensed ring compounds
(such as a fluorene derivative, a naphthalene derivative, a
pyrene derivative, a perylene derivative, a tetracene deriva-
tive, an anthracene derivative, and rubrene), a quinacridone
derivative, a coumarin derivative, a stilbene derivative, an
organic aluminum complex, such as tris(8-quinolinolate)alu-
minum, an organic beryllium complex, and polymer deriva-
tives, such as a polyphenylenevinylene derivative, a polyfluo-
rene derivative, and a polyphenylene derivative.

[0059] As the electron injection transport material, a mate-
rial into which electrons from a cathode are easily injected
and which is able to transport injected electrons to a light
emitting layer may be arbitrarily selected in consideration, for
example, of the balance with the hole mobility of the hole
injection transport material. As a material having electron
injection transport properties, for example, there may be
mentioned an oxadiazole derivative, an oxazole derivative, a
pyrazine derivative, a triazole derivative, a triazine derivative,

12
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a quinoline derivative, a quinoxaline derivative, a phenan-
throline derivative, and an organic aluminum complex.
[0060] As an anode material, a material having a work
function as high as possible is preferably used. For example,
there may be mentioned a metal element, such as gold, plati-
num, silver, copper, nickel, palladium, cobalt, selenium,
vanadium, or tungsten; an alloy containing at least two of the
metals mentioned above; or a metal oxide, such as tin oxide,
zinc oxide, indium oxide, indium tin oxide (ITO), or indium
zine oxide. Inaddition, a conductive polymer, such asa polya-
niline, a polypyrrole, or a polythiophene, may also be used.
These electrode materials may be used alone or in combina-
tion. In addition, the anode may have either a monolayer
structure or a multilayer structure.

[0061] On the other hand, as a cathode material, a material
having a low work function is preferably used. For example,
there may be mentioned an alkali metal, such as lithium, an
alkaline earth metal, such as calcium, or a metal element, such
as aluminum, titanium, manganese, silver, lead, or chromium.
In addition, an alloy containing at least two of the metal
elements mentioned above may also be used. For example,
magnesium-silver, aluminum-lithium, or aluminum-magne-
sium may be used. In addition, a metal oxide, such as indium
tin oxide (ITO), may also be used. These electrode materials
may be used alone or in combination. In addition, the cathode
may have either a monolayer structure or a multilayer struc-
ture.

[0062] Intheorganiclightemitting device according to this
embodiment, layers each containing the organic compound
according to this embodiment and layers each containing
another organic material are formed by the following method.
In general, for thin film formation, for example, there may be
used a vacuum deposition method, an ionization deposition
method, a sputtering method, a plasma deposition method, or
a known coating method, such as a spin coating method, a
dipping method, a casting method, a Langmuir-Blodgett (LB)
method, oranink jet method, which uses a suitable solvent for
forming a solution. When the layer is formed by a vacuum
deposition method, a solution coating method, or the like, for
example, crystallization is not likely to occur, and excellent
stability with time can be obtained. When the layer is formed
by a coating method, a film may also be formed in combina-
tion with a suitable binder resin.

[0063] As thebinder resin mentioned above, for example, 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, or a urea resin
may be mentioned; however, the binder resin is not limited
thereto. In addition, as the binder resins mentioned above, a
homopolymer or a copolymer may be used alone or in com-
bination. Furthermore, if necessary, known additives, such as
a plasticizer, an antioxidant, and an ultraviolet absorber, may
also be used together with the binder resin.

Application of Organic Light Emitting Device

[0064] The organic light emitting device according to the
present invention may be used for a display apparatus or a
lighting apparatus. Besides the above application, the organic
light emitting device according to the present invention may
also be used for an exposure light source of an electrophoto-
graphic image forming apparatus, a backlight of a liquid
crystal display apparatus, and the like.

[0065] A display apparatus has the organic light emitting
device according to the present invention at a display portion.
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This display portion has a plurality of pixels, and each pixel
has the organic light emitting device according to the present
invention. The display apparatus may be used as an image
display apparatus of a personal computer (PC) or the like.
[0066] The display apparatus may be used for a display
portion of an imaging apparatus, such as a digital camera or a
digital video camera. The imaging apparatus has the display
portion and an imaging portion having an imaging optical
system for image pickup.

[0067] FIG. 1 is a schematic cross-sectional view of an
image display apparatus having an organic light emitting
device in a pixel portion. In this FIGURE, two organic light
emitting devices and two thin film transistors (TFTs) are
shown. One organic light emitting device is connected to one
TFT.

[0068] In the FIGURE, reference numeral 3 indicates an
image display apparatus, reference numeral 38 indicates a
TFT element which is a switching element, reference numeral
31 indicates a substrate, reference numeral 32 indicates a
moisture preventing film, reference numeral 33 indicates a
gate electrode, reference numeral 34 indicates a gate insulat-
ing film, reference numeral 35 indicates a semiconductor
layer, reference numeral 36 indicates a drain electrode, ref-
erence numeral 37 indicates a source electrode, and reference
numeral 39 indicates an insulating film. In addition, reference
numeral 310 indicates a contact hole, reference numeral 311
indicates an anode, reference numeral 312 indicates an
organic layer, reference numeral 313 indicates a cathode,
reference numeral 314 indicates a first protective layer, and
reference numeral 315 indicates a second protective layer.
[0069] In the image display apparatus 3, the moisture pre-
venting film 32 is provided on the substrate 31 of a glass orthe
like in order to protect members (the TFT or the organic layer)
formed thereon. As a material forming the moisture prevent-
ing film 32, for example, silicon oxide or a compound con-
taining silicon oxide and silicon nitride may be used. The gate
electrode 33 is provided on the moisture preventing film 32.
The gate electrode 33 is obtained by forming a film of a metal,
such as Cr, by sputtering.
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[0070] The gateinsulating film 34 is disposed so as to cover
the gate electrode 33. The gate insulating film 34 is formed by
the steps of depositing a film of silicon oxide or the like by a
plasma CVD method or a catalytic chemical vapor deposition
method (cat-CVD method) and patterning the film thus
deposited. The semiconductor layer 35 is provided so as to
cover the gate insulating film 34 which is patterned and pro-
vided on each region in which a TFT is to be formed. This
semiconductor layer 35 is formed by the steps of forming a
silicon film by a plasma CVD method or the like (depending
on the case, followed by performing annealing at a tempera-
ture, for example, of 290° C. or more) and patterning this
silicon film to form a circuit.

[0071] Furthermore, the drain electrode 36 and the source
electrode 37 are provided on each semiconductor layer 35. As
described above, the TFT element 38 has the gate electrode
33, the gate insulating layer 34, the semiconductor layer 35,
the drain electrode 36, and the source electrode 37. The insu-
lating film 39 is provided over the TFT element 38. Next, the
contact hole (through hole) 310 is provided in the insulating
film 39, and the anode 311 of a metal for an organic light
emitting device and the source electrode 37 are connected to
each other.

[0072] On this anode 311, one or more organic layers 312
containing at least one light emitting layer and the cathode
313 are sequentially laminated so as to form the organic light
emitting device functioning as a pixel.

[0073] In order to prevent degradation of the organic light
emitting device, the first protective layer 314 and/or the sec-
ond protective layer 315 may be provided.

[0074] Inaddition, the switching element is not particularly
limited, and besides the TFT element described above, a
metal-insulator-metal (MIM) element may also be used.

EXAMPLES
Example 1
Synthesis of Exemplified Compound A04
[0075]
[Chem. 11]
O O
\
B—B
/
O (¢}
Pd(dba)y/PCy;
KOAc
in dioxane
O |
0O
/ Pd(PPhz)4 _
B\ CsyCO3
] in toluene/EFtOH/H,O
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[0076] The following reagents and solvent were charged
into a 100-ml recovery flask.

[0077] 2,7-Dichlorophenanthrene: 760 mg (3.08 mmol)
[0078] Bis(pinacolato)diboron: 1.95 g (7.69 mmol)
[0079] Bis(dibenzylideneacetone)palladium(0):177  mg

(0.31 mmol)

[0080] Tricyclohexylphosphine: 259 mg (0.92 mmol)
[0081] Potassium acetate: 0.60 g (6.11 mmol)

[0082] 1.4-Dioxane: 32 mL

[0083] This reaction solution was stirred at 90° C. for 7

hours in a nitrogen atmosphere. After the reaction was com-
pleted, the reaction solution was washed with water and was
then dried over sodium sulfate, followed by concentration, so
that a crude product was obtained. Next, this crude product
was refined using a silica gel column chromatography (elu-
ent: toluene), and 1.02 g of intermediate PT-Bpin, was
obtained (yield: 77%).

[0084] Subsequently, the following reagents and solvents
were charged into a 200-mL recovery flask.

[0085] 2'-Iodo-m-terphenyl: 2.11 g (5.92 mmol)
[0086] PT-Bpin,: 1.02 g (2.37 mmol)
[0087] Tetrakis(triphenylphosphine)palladium(0): 137 mg

(0.12 mmol)

[0088] Toluene: 40 mL
[0089] Ethanol: 20 mL
[0090] 30-wt % cesium carbonate aqueous solution: 20 mL
[0091] This reaction solution was heat-refluxed for 3 hours

while being stirred in a nitrogen atmosphere. After the reac-
tion was completed, the reaction solution was added with
water and was then stirred, and a precipitated crystal was
filtrated, followed by washing with water, ethanol, and
acetone, so that a crude product was obtained. Next, after this
crude product was heated and dissolved in chlorobenzene,
this solution thus obtained was filtrated while being hot, and
recrystallization was performed twice using chlorobenzene
as asolvent. After the crystal thus obtained was vacuum dried
at 150° C., sublimation refining was performed at a pressure
of 107 Pa and a temperature of 340° C., so that 834 mg of a
high-purity exemplified compound A04 was obtained (yield:
55%).

[0092] Identification of the obtained compound was per-
formed by a mass analysis.

[MALDI-TOF-MS (Matrix-Assisted Laser Desorption
Tonization Time-of-Flight Mass Spectrometry)]

[0093] Observed value: m/z=634.31, Calculated value:
CsoH,,=634.27

[0094] In addition, the T1 energy of the exemplified com-
pound A04 was measured by the following method.

[0095] A phosphorescence spectrum of a dilute toluene
solution of the exemplified compound A04 was measured at
77K and at an excitation wavelength of 350 nm in an Ar

atmosphere. From the peak wavelength of the first light emis-
sion peak of the obtained phosphorescence spectrum, the T1
energy (equivalent wavelength) was 468 nm.

[0096] Next, the energy gap of the exemplified compound
A04 was measured by the following method.

[0097] The exemplified compound A04 was deposited on a
glass substrate by heating, so that a deposition thin film hav-
ing a thickness of 20 nm was obtained. An absorption spec-
trum of this deposition thin film was measured using an
ultraviolet and visible spectrophotometer (V-560 manufac-
tured by JASCO Corp.). The absorption edge of the obtained
absorption spectrum was 347 nm, and the energy gap of the
exemplified compound A04 was 3.57 eV.

[0098] Furthermore, the ionization potential of the exem-
plified compound A04 was measured by the following
method.

[0099] The ionization potential was measured using the
deposition thin film used for the above energy gap measure-
ment by a photoelectron spectrometer AC-3 (manufactured
by Riken Keiki Co., Ltd.). According to the measurement
result, the ionization potential of the exemplified compound
A04 was 6.43 eV.

[0100] Furthermore, the LUMO level of a compound can
be estimated from the difference between an ionization poten-
tial value and an energy gap value, and when the LUMO level
of the exemplified compound A04 was estimated from the
above ionization potential value and energy gap value, -2.86
eV was obtained.

Example 2
Synthesis of Exemplified Compound A06

(1) Synthesis of Intermediate TRP-Bpin,

[0101]
[Chem. 12]
MeO B(OH),
I
Pd(PPhs)4
N32C03
1 in toluene/EtOH/H,O
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S
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-continued

[0102] The following reagents and solvents were charged

into a 300-mL recovery flask.

[0103] 1.2-Diiodobenzene: 5.40 g (16.4 mmol)

[0104] 3-Methoxy-phenylboronic acid: 5.22 g (34.3 mmol)

[0105] Tetrakis(triphenylphosphine)palladium(0): 0.70 g
(0.61 mmol)

[0106] Toluene: 100 mL

[0107] Ethanol: 50 mL

[0108] 10-wt% sodium carbonate aqueous solution: 50 mL

[0109] This reaction solution was heat-refluxed for 6 hours

while being stirred in a nitrogen atmosphere, After the reac-

tion was completed, the reaction solution was washed with

water and was then dried over sodium sulfate, followed by

concentration, so that a crude product was obtained. Next,

this crude product was refined by a silica gel column chro-

matography (eluent: heptane/chloroform=1/1), so that 2.29 g

of 1,2-bis(3-methoxyphenyl)benzene was obtained (yield:

48%).

[0110] Subsequently, the following reagents and solvent

were charged into a 300-mL recovery flask.

[0111] 1.2-Bis(3-methoxyphenyl)benzene: 1.73 g (5.98
mmol)

[0112] Dichloromethane: 108 mL,

[0113] Methanesulfonic acid: 12 mL

[0114] After this mixed solution was added with 2.03 g

(8.96 mmol) of 2,3-dichloro-5,6-cyano-p-benzoquinone

(DDQ) at 0° C. and was then stirred for 30 minutes at 0° C.,

the reaction was stopped by addition of a sodium carbonate

aqueous solution. Next, after being washed with water and

dried over magnesium sulfate, this reaction solution was con-

centrated, so that a crude product was obtained. Next, this

crude product was refined by a silica gel column chromatog-

raphy (eluent: heptane/toluene=1/1), so that 1.00 g of 2,7-

dimethoxytriphenylene was obtained (yield: 58%).

[0115] In addition, the compound thus obtained was iden-

tified by a "H-NMR analysis.

[0116] ['H-NMR (400 MHz, CDCl,)]

[0117] &8.58(dd, 2H),8.47 (d. 2H), 8.03 (d, 2H), 7.66 (dd,

2H), 7.26 (t, 2H), 4.03 (s, 6H).

[0118] Subsequently. the following reagent and solvent

were charged into a 100-mL recovery flask.
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[0119] 2,7-Dimethoxytriphenylene: 800 mg (2.77 mmol)
[0120] Dichloromethane: 40 mL

[0121] This solution was added with 5.83 mL (5.83 mmol)

of a 1M dichloromethane solution of boron tribromide at 0°
C. and was then stirred for 30 minutes at 0° C. Furthermore,
after stirring was performed at room temperature for 6 hours,
the reaction was stopped by addition of methanol. A white
precipitate thus obtained was filtrated and refined by heating
dispersion washing using a mixed solvent containing ethanol
and heptane, so that 687 mg of 2,7-dihydroxytriphenylene
was obtained (yield: 95%).

[0122] Next, the following reagent and solvents were
charged into a 100-mL recovery flask equipped with a drop-
ping funnel.

::O A O:i
B B
6] 0]

TRP —Bpiny

[0123] 2,7-Dihydroxytriphenylene: 700 mg (2.69 mmol)
[0124] Dichloromethane: 38 mL

[0125] Pyridine: 1.7 mL

[0126] To this solution was added dropwise a mixed solu-

tion containing 1.20 mL (7.14 mmol) of trifluioromethane-
sulfonic anhydride and 3 mL of dichloromethane at 0° C. for
5 minutes. After stirring was further performed for 1 hour at
0° C., the reaction was stopped by addition of water. Next,
after being washed with water and dried over sodium sulfate,
this reaction solution was concentrated, so that a crude prod-
uct was obtained. In addition, refining was further performed
by heating dispersion washing using ethanol as a solvent, and
1.32 g of intermediate TRP-OTT, was obtained (yield: 94%).
[0127] Subsequently, the following reagents and solvent
were charged into a 100-mL recovery flask.

[0128] Intermediate TRP-OTT;: 833 mg (1.49 mmol)
[0129] Bis(pinacolato)diboron: 713 mg (3.28 mmol)
[0130] Bis(dibenzylideneacetone)palladium(0): 86 mg

(0.15 mmol)
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[0131] Tricyclohexylphosphine: 126 mg (0.45 mmol)
[0132] Potassium acetate: 439 mg (4.47 mmol)

[0133] 1.4-Dioxane: 30 mL

[0134] This reaction solution was stirred at 90° C. for 4

hours in a nitrogen atmosphere. After the reaction was com-
pleted, the reaction solution was washed with water and was
then dried over sodium sulfate, followed by concentration, so
that a crude product was obtained. Next, this crude product
was refined by a silica gel column chromatography (eluent:
toluene/ethyl acetate), and 453 mg of intermediate TRP-
Bpin, was obtained (yield: 63%).

(2) Synthesis of Exemplified Compound A06

[0135]
O |
Pd(PPhs)y

CS2CO3
in toluene/FtOH/H,O

A6

[0136] The following reagents and solvents were charged
into a 100-mL recovery flask.

[Chem. 13]

[0137] 2'-lodo-m-terphenyl: 925 mg (2.60 mmol)

[0138] TRP-Bpin,: 453 mg (0.943 mmol)

[0139] Tetrakis(triphenylphosphine)palladium(0): 80 mg
(69 pmol)

[0140] Toluene: 20 mL

[0141] Ethanol: 10 mL

[0142] 30-wt% cesium carbonate aqueous solution: 10 mL

[0143] This reaction solution was heat-refluxed for 3.5

hours while being stirred in a nitrogen atmosphere. After the
reaction was completed, the reaction solution was added with
water and was stirred, and a precipitated crystal was then
filtrated, followed by performing washing with water, etha-
nol, and acetone, so that a crude product was obtained. Next,
after this crude product was heated and dissolved in toluene,
this solution thus obtained was filtrated while being hot, and
recrystallization was then performed using toluene as a sol-
vent. After the crystal thus obtained was vacuum dried at 150°
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C., sublimation refining was performed at a pressure of 10~
Pa and a temperature of 360° C., so that 251 mg of a high-
purity exemplified compound AO6 was obtained (yield:
39%).

[0144] The result of identification of the obtained com-
pound is shown below.

[MALDI-TOF-MS]

[0145] Observed value: m/z=684.35, Calculated value:
Cs,H,s=684.28

B
|
6]

S-Bpiny

[0146] ['H-NMR (400 MHz, CDCl,)]

[0147] 8.07 (d,2H),8.04 (d, 2), 7.99 (dd, 2H), 7.57-7.45
(m, 6H), 7.41 (dd, 2H), 7.18-7.00 (m, 22H).

[0148] In addition, the T1 energy (equivalent wavelength)
of the exemplified compound A06 was 469 nm measured by
a method similar to that of Example 1.

[0149] When the energy gap of the exemplified compound
A06 was further measured by a method similar to that of
Example 1, the absorption edge of the absorption spectrum
was 363 nm, and the energy gap of the exemplified compound
A06 was 3.42 eV.
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[0150] When the ionization potential of the exemplified
compound A06 was further measured by a method similar to
that of Example 1, the ionization potential of the exemplified
compound AO6 was 6.34 eV.

[0151] Furthermore, when the LUMO level of the exempli-
fied compound A06 was estimated by a method similar to that
of Example 1, it was estimated to be -2.92 eV.

Example 3

Synthesis of Exemplified Compound B01
[0152]

[Chem. 14]

6]

\
BH

/
0

Ni(dppp)2Cl2

—_—

EtsN
in toluene

O |

Pd(PPhy),

B Cs>CO3

| in toluene/EtOH/H,0

¢}

S
Bo1

[0153] The following reagents and solvents were charged
into a 100-mL recovery flask.
[0154] 2.8-Dibromodibenzothiophene: 600 mg (1.75

mmol)
[0155] (1,3-Bis(diphenylphosphino)propane)dichloron-

ickel(II): 380 mg (0.70 mmol)
[0156] Toluene: 24 mL
[0157] Triethylamine: 1.46 mL
[0158] After this reaction solution was heated to 90° C. and
was then added with 1.53 mL (10.5 mmol) of 4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolane, heating was performed for 6.5
hours. After the reaction solution was cooled to room tem-
perature, the reaction was quenched by addition of water, and
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an insoluble matter was removed by filtration of the reaction
solution. After a reaction product in the filtrate was extracted
using toluene, this extracted solution was washed with water
and was then dried over sodium sulfate, followed by concen-
tration, so that a crude product was obtained. The obtained
crude product was refined by a silica gel column chromatog-
raphy (eluent: toluene), and 124 mg of intermediate S-Bpin,
was obtained (yield: 16%).

[0159] Then, the following reagents and solvents were
charged into a 50-mL recovery flask.

[0160] 2'-Iodo-m-terphenyl: 245 mg (0.688 mmol)

[0161] S-Bpin,:120 mg (0.275 mmol)

[0162] Tetrakis(triphenylphosphine)palladium(0): 25 mg
(22 pmol)

[0163] Toluene: 6 mL

[0164] Ethanol: 3 mL

[0165] 30-wt % cesium carbonate aqueous solution: 3 mL

[0166] This reaction solution was heat-refluxed for 4.5

hours while being stirred in a nitrogen atmosphere. After the
reaction was completed, the reaction solution was washed
with water and was then dried over sodium sulfate, followed
by concentration, so that a crude product was obtained. Next,
this crude product was refined by a silica gel column chro-
matography (eluent: heptane/chloroform=3/1), and heating
dispersion washing was further performed using a mixed
solvent containing hexane and ethanol. After a crystal thus
obtained was vacuum dried at 150° C., sublimation refining
was performed at a pressure of 107 Pa and a temperature of
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340° C., so that 120 mg of a high-purity exemplified com-
pound BO1 was obtained (yield: 68%).

[0167] The result of identification of the obtained com-
pound is shown below.

[MALDI-TOF-MS]

[0168] Observed value: m/z=640.23, Calculated value:
C,eH;,=640.22

[0169] ['H-NMR (400 MHz, CDCL,)]

[0170] & 7.75-7.42 (m, 6H), 7.35 (d, 2H), 7.16-7.01 (m,
22H), 6.85 (dd, 2H).

[0171] In addition, the T1 energy (equivalent wavelength)
of the exemplified compound BO1 was 423 nm measured by
a method similar to that of Example 1.

[0172] When the energy gap of the exemplified compound
BO1 was further measured by a method similar to that of
Example 1, the absorption edge of the absorption spectrum
was 322 nm, and the energy gap of the exemplified compound
BO1 was 3.85 eV.

[0173] In addition, when the ionization potential of the
exemplified compound BO1 was measured by a method simi-
lar to that of Example 1, 6.49 ¢V was obtained.

[0174] Furthermore, when the LUMO level of the exempli-
fied compound B0O1 was estimated by a method similar to that
of Example 1, it was estimated to be -2.64 eV.

Example 4
Synthesis of Exemplified Compound C02

Q |
Pd(PPhy),

C82C 03
in toluene/EtOH/H,O

[0175]

[Chem. 15]

€02
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[0176] The following reagents and solvents were charged
into a 50-mL recovery flask.

[0177] 4,4"-Dimethyl-2'-iodo-m-terphenyl: 1.12 g (2.91
mmol)

[0178] PT-Bpin,: 500 mg (1.16 mmol)

[0179] Tetrakis(triphenylphosphine)palladium(0): 67 mg
(58 umol)

[0180] Toluene: 20 mL

[0181] Ethanol: 10 mL

[0182] 30-wt % cesium carbonate aqueous solution: 10 mLL

[0183] This reaction solution was heat-refluxed for 5 hours
while being stirred in a nitrogen atmosphere. After the reac-
tion was completed, the reaction solution was added with
water and was stirred, and a precipitated crystal was filtrated
and was then washed with water, ethanol, and acetone, so that
a crude product was obtained. Next, after this crude product
was heated and dissolved in toluene, this solution thus
obtained was filtrated while being hot, and recrystallization
was performed twice using toluene as a solvent. After the
obtained crystal was vacuum dried at 150° C., sublimation
refining was performed at a pressure of 10~* Pa and a tem-
perature of 350° C., so that 418 mg of a high-purity exempli-
fied compounds C02 was obtained (yield: 52%).

[0184] The obtained compound was identified by a mass
analysis.

[MALDI-TOF-MS (Matrix-Assisted Laser Desorption
Tonization Time-of-Flight Mass Spectrometry)]

[0185] Observed value: m/z=690.45, Calculated value:
C5,H,,=690.33

[0186] In addition, the T1 energy (equivalent wavelength)
of the exemplified compound C02 was 469 nm measured by
a method similar to that of Example 1.

[0187] When the energy gap of the exemplified compound
C02 was further measured by a method similar to that of
Example 1, the absorption edge of the absorption spectrum
was 349 nm, and the energy gap of the exemplified compound
C02 was 3.55 eV.

[0188] In addition, when the ionization potential of the
exemplified compound CO02 was further measured by a
method similar to that of Example 1, it was 6.40 eV.

[0189] Furthermore, when the LUMO level of the exempli-
fied compound C02 was estimated by a method similar to that
of Example 1, it was estimated to be -2.85 eV.

Comparative Example 1

Comparison of T1 Energy, lonization Potential, and
Estimated Value of LUMO Level

[0190] The T1 energy and the ionization potential of each
of comparative compounds HO1 to HO4 shown below were
measured by a method similar to that of Example 1, and
furthermore, the LUMO level thereof was estimated from the
values obtained by the above measurement. The results are
shown in Table 3 together with the results of Examples 1 to 4.
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[Chem. 16]

HO1

HO2

Ho4



US 2013/0037788 Al

Feb. 14, 2013

20
TABLE 3
T1 ENERGY LUMO LEVEL

CENTRAL (EQUIVALENT ENERGY IONIZATION (ESTIMATED

CONDENSED RING WAVELENGTH) ~ GAP  POTENTIAL  VALUE)
EXEMPLIFIED ~ PHENANTHRENE 468 1m 3.57 eV 6.43 eV -2.86eV
COMPOUND A04
EXEMPLIFIED ~ PHENANTHRENE 469 nm 3.55eV 6.40eV -285eV
COMPOUND €02
COMPARATIVE ~ PHENANTHRENE 480 1m 3.38eV 6.20eV -2.82eV
COMPOUND Ho1
EXEMPLIFIED ~ TRIPHENYLENE 469 nm 3.42 eV 6.34eV 292V
COMPOUND A06
COMPARATIVE ~ TRIPHENYLENE 4871m 3.25eV 6.06 eV —28leV
COMPOUND H03
EXEMPLIFIED  DIBENZOTHIOPHENE 4231m 3.85eV 6.49 eV -2.64eV
COMPOUND BO1
COMPARATIVE ~ DIBENZOTHIOPHENE 449 1m 3.62 eV 6.16eV -254eV
COMPOUND H02
COMPARATIVE ~ FLUORENE 4831m 3.50 eV 6.27eV -277eV
COMPOUND Ho4
[0191] When the comparative compound HOl was com- [0194] Host material: Exemplified compound A04

pared to the exemplified compounds A04 and C02, the com-
pound HO1 being a structural isomer of the compound A04
having a phenanthrene ring as the central condensed ring, and
the compound CO2 being a derivative of the compound A04,
the exemplified compounds A04 and CO2 according to the
present invention had a higher T1 energy and a deeper esti-
mated value of the LUMO level (the absolute value is high).
As in the case described above, between the exemplified
compound A06 and the comparative compound HO3, each
having a triphenylene ring as the central condensed ring, and
between the exemplified compound B01 and the comparative
compound HO2, each having a dibenzothiophene ring as the
central condensed ring, the compounds according to the
present invention had a higher T1 energy and a deeper esti-
mated value of the LUMO level. In addition, when the com-
parative compound HO4 having a fluorene ring as the central
condensed ring is compared to the exemplified compound
A04 and AO6 of the present invention, each having the same
2'-m-terphenyl substituent as that of the compound H04 and a
hydrocarbon central condensed ring, and is compared to the
exemplified compound CO2 of the present invention having a
substituted 2'-m-terphenyl substituent and having a hydrocar-
bon central condensed ring, the comparative compound HO4
had a lower T1 energy and a shallower estimated value of the
LUMO level.

Example 5

[0192] In this example, an organic light emitting device
having a structure in which an anode, a hole transport layer, a
light emitting layer, a hole blocking layer, an electron trans-
port layer, and a cathode were sequentially provided on a
substrate was formed by the following method.

[0193] A film having a thickness of 120 nm was formed on
a glass substrate as an anode by a sputtering method using
ITO and was used together with the substrate as a transparent
conductive support substrate (ITO substrate). The following
organic compound layers and electrode layers were sequen-
tially vacuum-deposited on this ITO substrate by resistance
heating in a vacuum chamber at a pressure of 10~ Pa. At this
stage, the electrodes were formed so that a facing area ther-
ebetween was 3 mm®,

Hole transport layer (40 nm) HTL-1

Light emitting layer (30 nm)

[0195]
Hole blocking layer (10 nm) HBL-1

Guest material: Ir-1 (10 wt %)
Electron transport layer (30 nm) ETT-1

Metal electrode layer 1 (0.5 nm) LiF
Metal electrode layer 2 (100 nm) Al

[Chem. 17]

HTL-1

Ir-1

HBL-1
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-continued

ETL-1

[0196] Next, The organic light emitting device was covered
with a protective glass in a dry air atmosphere and was then
sealed with an acrylic-based adhesive so as to prevent device
degradation caused by moisture absorption. The organic light
emitting device was obtained as described above.

[0197] When a voltage of 5.1 V was applied to the organic
light emitting device thus obtained using the ITO electrode as
a positive electrode and the Al electrode as a negative elec-
trode, green light emission having a light emitting efficiency
of 60.8 cd/A and a brightness of 2,000 cd/m* was observed. In
addition, in this device, the CIE chromaticity coordinates
were (X, y)=(0.30, 0.63).

21

Feb. 14, 2013

pound AO6 was used as a host material of the light emitting
layer instead of using the exemplified compound A04. In
addition, the device thus obtained was evaluated in a manner
similar to that of Example 5. The results are shown in Table 4.

Example 7

[0199] A device was formed by a method similar to that of
Example 5 except that in Example 5, the exemplified com-
pound CO2 was used as a host material of the light emitting
layer instead of using the exemplified compound A04. In
addition, the device thus obtained was evaluated in a manner
similar to that of Example 5. The results are shown in Table 4.

Comparative Example 2

[0200] A device was formed by a method similar to that of
Example 5 except that in Example 5, the comparative com-
pound HO1 was used as a host material of the light emitting
layer instead of using the exemplified compound A04. In
addition, the device thus obtained was evaluated in a manner
similar to that of Example 5. The results are shownin Table 4.

Comparative Example 3

[0201] A device was formed by a method similar to that of
Example 5 except that in Example 5, the comparative com-
pound HO3 was used as a host material of the light emitting
layer instead of the exemplified compound A04. The device
thus obtained was evaluated in a manner similar to that of
Example 5. The results are shown in Table 4.

Comparative Example 4

[0202] A device was formed in a manner similar to that of
Example 5 except that in Example 5, the comparative com-
pound HO4 was used as a host material of the light emitting

Exanmple 6 layer instead of using the exemplified compound A04. In
[0198] A device was formed by a method similar to that of ~ addition, the device thus obtained was evaluated in a marner
Example 5 except that in Example 5, the exemplified com- similar to that of Example 5. The results are shownin Table 4.
TABLE 4
LIGHT EMITTING APPLIED LIGHT EMITTING
LAYER CIE VOLTAGE EFFICIENCY
HOST MATERIAL ~ CHROMATICITY ~ @2000 cd/m® (V) @2000 cd/m? (cd/A)
EXAMPLE 5 EXEMPLIFIED (0.30,0.63) 5.1 60.8
COMPOUND AG4
EXAMPLE 6 EXEMPLIFIED (0.30, 0.64) 5.0 63.7
COMPOUND A06
EXAMPLE 7 EXEMPLIFIED (0.30,0.63) 5.3 59.8
COMPOUND C02
COMPARATIVE COMPARATIVE (0.33,0.63) 6.2 417
EXAMPLE 2 COMPOUND Ho1
COMPARATIVE COMPARATIVE (0.33,0.62) 59 452
EXAMPLE 3 COMPOUND H03
COMPARATIVE COMPARATIVE (0.31,0.63) 6.8 39.3
EXAMPLE4  COMPOUND H04
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Example 8

[0203] In this example, in an organic light emitting device
having a structure in which an anode, a hole transport layer, a
light emitting layer, an electron transport layer, and a cathode
were sequentially provided on a substrate, a device in which
the hole transport layer was formed of two layers having
different ionization potentials was formed by the following
method.
[0204] On an ITO substrate formed by a method similar to
that of Example 5, the following organic compound layers
and electrode layers were sequentially vacuum-deposited by
resistance heating at a pressure of 10> Pa in a vacuum cham-
ber. At this stage, the electrodes were formed so that a facing
electrode area therebetween was 3 mm®.
Hole transport layer 1 (13 nm) HTL-1
Hole transport layer 2 (20 nm) HTL-2
Light emitting layer (40 nm)
[0205] Host material: Exemplified compound BO1
[0206] Guest material: Ir-11 (10 wt %)
Hole blocking layer (10 nm) HBL-1
Electron transport layer (30 nm) ETL-2
Metal electrode layer 1 (0.5 nm) LiF
Metal electrode layer 2 (100 nm) Al

[Chem. 18]

HTL-2
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L 7 CH; |
ETL-2

[0207] Next, the organic light emitting device was covered
with a protective glass in a dry air atmosphere and was then
sealed with an acrylic-based adhesive so as to prevent device
degradation caused by moisture absorption. The organic light
emitting device was obtained as described above.

[0208] When a voltage 0f 6.1 V was applied to the organic
light emitting device thus obtained using the ITO electrode as
a positive electrode and the Al electrode as a negative elec-
trode, green light emission having a light emitting efficiency
0f 26.5 cd/A and abrightness 0f2,000 cd/m? was observed. In
addition, in this device, the CIE chromaticity coordinates
were (x, y)=(0.16, 0.35).

Comparative Example 5

[0209] A device was formed by a method similar to that of
Example 8 except that in Example 8, the comparative com-
pound HO2 was used as a host material of the light emitting
layer instead of using the exemplified compound BO1. In
addition, the device thus obtained was evaluated in a manner
similar to that of Example 8. The results are shown in Table 5.

TABLE 5

LIGHT EMITTING
LAYER
HOST MATERIAL

APPLIED
CIE VOLTAGE
CHROMATICITY ~ @2000 cd/m? (V)

LIGHT EMITTING
EFFICIENCY
@2000 cd/m? (cd/A)

EXAMPLE 8

EXEMPLIFIED

(0.16,0.35) 6.1 26.5

COMPOUND B01

COMPARATIVE COMPARATIVE

EXAMPLE 5

(0.18,0.38) 79 14.0

COMPOUND HO02
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[0210] As described above, the m-terphenyl compound
according to the present invention is a novel compound hav-
ing a high T1 energy and a deep LUMO level, and when this
novel compound is used for an organic light emitting device,
alight emitting device having a low driving voltage and a high
light emitting efficiency can be obtained.

[0211] While the present invention has been described with
reference to exemplary embodiment, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiment. 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.

[0212] This application claims the benefit of Japanese
Patent Application No. 2010-099153, filed Apr. 22, 2010,
which is hereby incorporated by reference herein in its
entirety.

1. A m-terphenyl compound represented by the following
general formula [1]

[Chem. 1]

wherein in formula [1], R, to R, each independently indi-
cate a hydrogen atom,

Ar is selected from arylene groups represented by formula
[2], and

[Chem. 2]

Feb. 14,2013
-continued
Qo
0}

*

in formula [2], * indicates a bonding site to a m-terphenyl
group.
2. (canceled)
3. An organic light emitting device comprising:
a pair of electrodes, and
an organic compound layer provided therebetween,
wherein the organic compound layer includes the m-ter-
phenyl compound according to claim 1.
4. The organic light emitting device according to claim 3,
wherein the organic compound layer is a light emitting
layer.
5. The organic light emitting device according to claim 4,
wherein the light emitting layer includes a host material
and a guest material, and
the host material contains the m-terphenyl compound.
6. The organic light emitting device according to claim 5,
wherein the guest material is a phosphorescence material.
7. The organic light emitting device according to claim 6,
wherein the phosphorescence material contains an iridium
complex.
8. An image display device comprising:
the organic light emitting device according to claim 3;
and
a switching element connected thereto.
9. An image display device comprising:
the organic light emitting device according to claim 4;
and
a switching element connected thereto.
10. An image display device comprising:
the organic light emitting device according to claim 5;
and
a switching element connected thereto.
11. An image display device comprising:
the organic light emitting device according to claim 6;
and
a switching element connected thereto.
12. An image display device comprising:
the organic light emitting device according to claim 7;
and
a switching element connected thereto.

* #* * #* #®
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