EP 3 664 173 A1

des bevets | (11) EP 3664 173 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(1 9) ’ e Hllm”“mmllmll‘ll“”l ”Hl |HH|‘||H‘|H‘llllmlmll‘“l”ll‘
Patentamt
0 European

(43) Date of publication: (51) IntCl.:
10.06.2020 Bulletin 2020/24 HO1L 51/50 (2006.01) CO7D 263/56 (2006.01)
CO7D 413/04 (2006.01 CO7D 413/14 (2006.01)
(21) Application number: 18842101.0 CO7D 471/04 (2006.01) CO9K 11/06 (2006.07)
(22) Date of filing: 25.07.2018 (86) International application number:
PCT/JP2018/027928

(87) International publication number:
WO 2019/026728 (07.02.2019 Gazette 2019/06)

(84) Designated Contracting States: (72) Inventors:

AL ATBE BG CH CY CZ DE DK EE ES FI FR GB * KASE, Kouki
GRHRHUIEISITLILTLULV MC MK MT NL NO Tokyo 104-0028 (JP)
PL PT RO RS SE SI SK SM TR * KABASAWA, Naoaki
Designated Extension States: Tokyo 104-0028 (JP)
BA ME * MOCHIZUKI, Shunji
Designated Validation States: Tokyo 104-0028 (JP)
KH MA MD TN * SURUGA, Kazuyuki

Tokyo 104-0028 (JP)
(30) Priority: 04.08.2017 JP 2017151855
(74) Representative: Miiller-Boré & Partner
(71) Applicant: Hodogaya Chemical Co., Ltd. Patentanwilte PartG mbB

Chuo-ku, Tokyo 104-0028 (JP) Friedenheimer Briicke 21
80639 Miinchen (DE)

(54) ORGANIC ELECTROLUMINESCENCE ELEMENT CONTAINING COMPOUND HAVING
BENZOAZOLE RING STRUCTURE

(57) [Object] It is an object of the present invention to provide an organic EL device in which, as a highly efficient
and highly durable organic EL material, various materials excelling in electron injection/transport performance, hole
blocking performance, hole resistance performance, exciton confinement performance, stability in a film state, and
durability, are combined so that properties of each material can be effectively demonstrated, thereby achieving (1) high
light emission efficiency and power efficiency, (2) low luminescence starting voltage, (3) low practical driving voltage,
and (4) particularly long lifetime.

[Solving Means] An organic EL device including at least a anode, a hole transport layer, a light-emitting layer, a hole
blocking layer, an electron transport layer, and a cathode in this order, characterized in that the hole blocking layer
includes a compound having a benzoazole structure represented by the following general formula (1).

{Chem. 1)

(In the formula, Ar! and Ar2 may be the same or different from each other and each represent a hydrogen atom, a
deuterium atom, a substituted or unsubstituted aromatic hydrocarbon group, a substituted or unsubstituted fused poly-
cyclic aromatic group, or a substituted or unsubstituted aromatic heterocyclic group. Y, represents a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or unsubstituted fused polycyclic aromatic group, a substituted
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or unsubstituted aromatic heterocyclic group, a straight-chained or branched alkyl group that has 1 to 6 carbon atoms
and may have a substituent group, a cycloalkyl group that has 5 to 10 carbon atoms and may have a substituent group,
or a straight-chained or branched alkenyl group that has 2 to 6 carbon atoms and may have a substituent group. X
represents an oxygen atom or a sulfur atom. Z, and Z, may be the same or different from each other and each represent

a carbon atom or a nitrogen atom).
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Description
Technical Field

[0001] The presentinvention relates to a compound and an device suitable for an organic electroluminescence device
(hereinafter, abbreviated as organic EL device) that is a self-light-emitting device suitable for various display devices,
and specifically to an organic EL device that uses a compound having a benzoazole structure.

Background Art

[0002] Since the organic EL device is a self-light-emitting device, it is brighter than the liquid crystal device and excellent
in visibility, and capable of performing clear display, and thus, active research has been done thereon.

[0003] In 1987, C.W.Tang et al. (Eastman Kodak Company) have developed a stacked structural device in which
various roles are assigned to the materials, and put an organic EL device using an organic material to practical use.
They have stacked a phosphor capable of transporting electrons and an organic material capable of transporting holes,
and injected both charges into a phosphor layer to emit light, thereby achieving high luminance of not less than 1000
cd/m2 with a voltage of not more than 10 V (see, for example, Patent Literature 1 and Patent Literature 2).

[0004] Many improvements have been made for practical use of the organic EL device until now. In an electrolumi-
nescence device that subdivides the various roles in the stacked structure and includes a anode, a hole injection layer,
a hole transport layer, a light-emitting layer, an electron transport layer, an electron injection layer, and a cathode in the
stated order on a substrate, high efficiency and durability have been achieved (see, forexample, Non-Patent Literature 1).
[0005] Further, for the purpose of further improving the light emission efficiency, attempts have been made to use a
triplet exciton and utilization of a phosphorescent compound is being considered (see, for example, Non-Patent Literature
2).

[0006] Then, an device using light emission by thermally activated delayed fluorescence (TADF) has also been de-
veloped. In 2011, Adachi et al. (Kyushu University) have realized the external quantum efficiency of 5.3% by an device
using a thermally activated delayed fluorescence material, (see, for example, Non-Patent Literature 3).

[0007] The light-emitting layer can also be prepared by doping a charge transport compound generally called a host
material with a fluorescent compound, a phosphorescent compound, or a material emitting delayed fluorescence. As
described in the above-mentioned Non-Patent Literature, selection of an organic material in the organic EL device
significantly affects various properties such as efficiency and durability of the device (see, for example, Non-Patent
Literature 2).

[0008] In the organic EL device, charges injected from both electrodes are recombined in the light-emitting layer to
obtain light emission, and it is important how to efficiently transfer both charges of holes and electrons to the light-emitting
layer.

[0009] By enhancing the electron injection property, enhancing the mobility, enhancing the hole blocking property for
blocking the holes injected from the anode, improving the probability of recombination of holes and electrons, and further
confining the excitons generated, in the light-emitting layer, it is possible to achieve highly efficient light emission.
Therefore, the role played by the electron transport material is important, and an electron transport material having a
high electron injection property, a high mobility of electrons, a high hole blocking property, and a high durability to holes
is desired.

[0010] Further, from the viewpoint of device lifetime, the heat resistance and amorphous property of the material are
also important. In the case of a material having a low heat resistance, thermal decomposition occurs even at a low
temperature due to heat generated at the time of driving the device, and the material is degraded. In the case of a
material having a low amorphous property, crystallization of the thin film occurs even in a short time, and the device is
degraded. Therefore, the material to be used is desired to have a high heat resistance and an excellent amorphous
property.

[0011] Tris (8-hydroxyquinoline) aluminum (hereinafter, abbreviated as Alqg,), which is a typical light-emitting material,
is generally used as an electron transport material. However, it cannot be said that the hole blocking property is enough
because electron movement in the Alqs is slow and the work function of the Alqs is 5.6 eV.

[0012] Asacompound havingimproved properties such as the electron injection property and the mobility, a compound
having a benzotriazole structure has been proposed (see, for example, Patent Literature 3). However, in the device
using these compounds for the electron transport layer, although the light emission efficiency has been improved, it is
still not sufficient and a further lower driving voltage and further higher light emission efficiency are desired.

[0013] Further, as an electron transport material excellent in the hole blocking property, 3-(4-biphenylyl)-4-phenyl-
5-(4-t-butylphenyl)-1,2,4-triazole (hereinafter, abbreviated as TAZ) has been proposed (see, for example, Patent Liter-
ature 4).

[0014] Because TAZ has a large work function of 6.6 eV and high hole blocking performance, TAZ is used as a hole
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blocking layer having an electrons transport property, which is stacked on the cathode side of a fluorescent light-emitting
layer or a phosphorescent light-emitting layer prepared by vacuum deposition, coating, or the like, and contributes to
make an organic EL device more highly efficient (see, for example, Non-Patent Literature 4).

[0015] However, alow electron transport property has been a major issue in TAZ, and it has been necessary to prepare
an organic EL device by combining TAZ with an electron transport material having a higher electron transport property
(see, for example, Non-Patent Literature 5).

[0016] Further, also in BCP, although the work function is high, i.e., 6.7 eV and the hole blocking performance is high,
the stability of the thin film is poor because the glass transition point (Tg) is low, i.e., 83°C, and it cannot be said that
BCP sufficiently functions as a hole blocking layer.

[0017] None of the materials has sufficient film stability or a sufficient function of blocking holes. In order to improve
device properties of an organic EL device, an organic compound that is excellent in electron injection/transport perform-
ance and hole blocking performance and has high stability in a film state is desired.

Citation List
Patent Literature
[0018]

Patent Literature 1: Japanese Patent Application Laid-open No. 1996-048656
Patent Literature 2: Japanese Patent No. 3194657

Patent Literature 3: WO 2013/054764

Patent Literature 4: Japanese Patent Registration No. 2734341

Patent Literature 5: Japanese Patent Application Laid-open No. 2010-83862
Patent Literature 6: WO 2015/038503

Patent Literature 7: WO 2011/059000

Patent Literature 8: WO 2003/060956

Patent Literature 9: Japanese Patent Application Laid-open No. 1995-126615
Patent Literature 10: Japanese Patent Application Laid-open No. 1996-048656
Patent Literature 11: Japanese Patent Application Laid-open No. 2005-108804
Patent Literature 12: WO 2014/009310

Non-Patent Literature
[0019]

Non-Patent Literature 1: The Japan Society of Applied Physics, proceedings of the ninth workshop, pp. 55-61 (2001)
Non-Patent Literature 2: The Japan Society of Applied Physics, proceedings of the ninth workshop, pp. 23-31 (2001)
Non-Patent Literature 3: Appl.Phys.Let.,98,083302(2011)

Non-Patent Literature 4: Proceedings of the 50th Meeting of The Japan Society of Applied Physics and Related
Societies 28p-A-6, p. 1413 (2003)

Non-Patent Literature 5: Molecular electronics and bioelectronics, Vol. 11, No. 1, pp. 13-19 (2000)

Non-Patent Literature 6: J.Org.chcm.,71,1802(2006)

Non-Patent Literature 7: J.Org.chcm.,79,6310(2014)

Disclosure of Invention
Technical Problem

[0020] In view of the circumstances as described above, it is an object of the present invention to provide an organic
EL device in which, as a highly efficient and highly durable organic EL material, various materials excelling in electron
injection/transport performance, hole blocking performance, hole resistance performance, exciton confinement perform-
ance, stability in a film state, and durability, are combined so that properties of each material can be effectively demon-
strated, thereby achieving (1) high light emission efficiency and power efficiency, (2) low luminescence starting voltage,
(3) low practical driving voltage, and (4) particularly long lifetime.

[0021] Examples of the physical properties that an organic compound to be provided by the present invention should
have include (1) having a favorable electron injection property, (2) having high mobility of electrons, (3) being excellent
in hole blocking performance, (4) being stable in a film state, and (5) being excellent in the heat resistance.
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Solution to Problem

[0022] Inview of the above, the presentinventors have focused on that a benzoazole-based material has hole blocking
performance, hole resistance performance, exciton confinement performance, and stability/durability in a film state, in
order to achieve the above-mentioned object.

[0023] The presentinventors have obtained knowledge that higher efficiency can be achieved by causing an electron
transport layer to have a two-layer structure and selecting a benzoxazole ring compound having a specific structure as
a material for a hole blocking layer (second electron transport layer) adjacent to a light-emitting layer to play a role to
confine holes that have passed through the light-emitting layer from the hole side, a role to prevent, by high resistance,
the material from being degraded, and a role to confine recombined excitons. Further, while obtaining knowledge that
holes/electrons can be injected/transported into the light-emitting layer more efficiently by respectively selecting an
arylamine compound having a specific structure and a benzoazole compound or pyrimidine compound having a specific
structure as a hole transport layer and an electron transport layer (first electron transport layer), the present inventors
have combined various materials with each other, studied combinations of the materials having a refined carrier balance,
and intensively evaluated the properties of the device. As a result, the present invention has been completed.

[11 An organic EL device including at least a anode, a hole transport layer, a light-emitting layer, a hole blocking
layer, an electron transport layer, and a cathode in this order, characterized in that the hole blocking layer includes
a compound having a benzoazole structure represented by the following general formula (1).

{(Chem. 1)

A 1
’Kzu,ﬁ,x
! />_Y1

oy
Ar?

(1)

(In the formula, Ar'! and Ar2 may be the same or different from each other and each represent a hydrogen atom, a
deuterium atom, a substituted or unsubstituted aromatic hydrocarbon group, a substituted or unsubstituted fused
polycyclic aromatic group, or a substituted or unsubstituted aromatic heterocyclic group, Y4 represents a substituted
or unsubstituted aromatic hydrocarbon group, a substituted or unsubstituted fused polycyclic aromatic group, a
substituted or unsubstituted aromatic heterocyclic group, a straight-chained or branched alkyl group that has 1 to
6 carbon atoms and may have a substituent group, a cycloalkyl group that has 5 to 10 carbon atoms and may have
a substituent group, or a straight-chained or branched alkenyl group that has 2 to 6 carbon atoms and may have a
substituent group, X represents an oxygen atom or a sulfur atom, and Z; and Z, may be the same or different from
each other and each represent a carbon atom or a nitrogen atom).

[2] The organic EL device according to [1] above, characterized in that

the general formula (1) includes a compound having a benzoazole structure represented by the following general

formula (2).
(Chem. 2)
Ard
Z3 X
N -y
Z4 /;IN/} ‘
Ar
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(In the formula, Ar3 and Ar* may be the same or different from each other and each represent a hydrogen atom, a
deuterium atom, a substituted or unsubstituted aromatic hydrocarbon group, or a substituted or unsubstituted aro-
matic heterocyclic group, Y, represents a substituted or unsubstituted aromatic hydrocarbon group, a substituted
or unsubstituted aromatic heterocyclic group, a straight-chained or branched alkyl group that has 1 to 6 carbon
atoms and may have a substituent group, a cycloalkyl group thathas 5 to 10 carbon atoms and may have a substituent
group, or a straight-chained or branched alkenyl group that has 2 to 6 carbon atoms and may have a substituent
group, X represents an oxygen atom or a sulfur atom, and Z5 and Z, may be the same or different from each other
and each represent a carbon atom or a nitrogen atom. However, the aromatic heterocyclic group of each of Ar3,
Ar4, and Y, is other than an azine ring, and the substituent group of each of Ar3, Ar%, and Y, is other than a fused
polycyclic aromatic group and an azine ring.)

[3] The organic EL device according to [2] above, characterized in that

the general formula (2) includes a compound having a benzoazole structure represented by the following general
formula (3).

{(Chem. 3)

(3)

(In the formula, Ar5 and Ar may be the same or different from each other and each represent a hydrogen atom, a
deuterium atom, a substituted or unsubstituted aromatic hydrocarbon group, or a substituted or unsubstituted aro-
matic heterocyclic group, Y5 represents a substituted or unsubstituted aromatic hydrocarbon group, a substituted
or unsubstituted aromatic heterocyclic group, a straight-chained or branched alkyl group that has 1 to 6 carbon
atoms and may have a substituent group, a cycloalkyl group thathas 5 to 10 carbon atoms and may have a substituent
group, or a straight-chained or branched alkenyl group that has 2 to 6 carbon atoms and may have a substituent
group, and X represents an oxygen atom or a sulfur atom. However, the aromatic heterocyclic group of each of Ar5,
Ar6, and Y5 is other than an azine ring, and the substituent group of ArS, Ar6, and Y5 is other than a fused polycyclic
aromatic group and an azine ring.)

[4] The organic EL device according to [3] above, characterized in that

the general formula (3) includes a compound having a benzoazole structure represented by the following general
formula (4).

{Chem. 4)

(4)

(In the formula, Ar7 to Ar® may be the same or different from each other and each represent a hydrogen atom, a
deuterium atom, a substituted or unsubstituted aromatic hydrocarbon group, or a substituted or unsubstituted aro-
matic heterocyclic group, and X represents an oxygen atom or a sulfur atom. However, the aromatic heterocyclic
group of each of Ar7 to Ar® is other than an azine ring, and the substituent group of each of Ar’ to Ar® is other than
a fused polycyclic aromatic group and an azine ring.)

[5] The organic EL device according to [4] above, characterized in that

the general formula (4) includes a compound having a benzoazole structure represented by the following general
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formula (5).
(Chem. 5)
“M,4iuN2F_AH2
Ar!

(5)

(In the formula, Ar'0 to Ar'2 may be the same or different from each other and each represent a hydrogen atom, a
deuterium atom, a substituted or unsubstituted aromatic hydrocarbon group, or a substituted or unsubstituted aro-
matic heterocyclic group. However, the aromatic heterocyclic group of each of Ar'9 to Ar'2 is other than an azine
ring, and the substituent group of Ar'0 to Ar'2 is other than a fused polycyclic aromatic group and an azine ring.)
[6] The organic EL device according to [5] above, characterized in that

the general formula (5) includes a compound having a benzoazole structure represented by the following general
formula (6).

{Chem. 6)
Ar'3 -0

T s
T, ,“’//‘/ \N

Arts

(6)

(In the formula, Ar'3 to Ar'S may be the same or different from each other and each represent a hydrogen atom, a
deuterium atom, a substituted or unsubstituted aromatic hydrocarbon group, or a substituted or unsubstituted aro-
matic heterocyclic group. However, the aromatic heterocyclic group of each of Ar'3 to Ar'5 is other than an azine
ring, the substituent group of each of each of Ar'3 to Ar'5 is other than a fused polycyclic aromatic group and an
azine ring, and at least one monovalent group represented by the following structural formula (A-1) or (A-2) is
included as the aromatic heterocyclic group of each of Ar'3 to Ar15 or the substituent group of each of Ar13 to Ar15)

{Chem. 7)

(A-1)

{Chem. 8)
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(In the formula, a broken line represents a binding site, each of R, to R; is a deuterium atom, a fluorine atom, a
chlorine atom, a cyano group, a nitro group, a straight-chained or branched alkyl group that has 1 to 6 carbon atoms
and may have a substituent group, a cycloalkyl group that has 5 to 10 carbon atoms and may have a substituent
group, a straight-chained or branched alkenyl group that has 2 to 6 carbon atoms and may have a substituent group,
a straight-chained or branched alkyloxy group that has 1 to 6 carbon atoms and may have a substituent group, a
cycloalkyloxy group that has 5 to 10 carbon atoms and may have a substituent group, a substituted or unsubstituted
aromatic hydrocarbon group, a substituted or unsubstituted aromatic heterocyclic group, or a substituted or unsub-
stituted aryloxy group, r4 to r; may be the same or different from each other, r, to r5 each represent an integer of 0
to 4, r4 represents an integer of 0 to 5, and r5 represents an integer of 0 to 3. In a case where any of ry to rg is an
integer of two or more, a plurality of R4, a plurality of R,, a plurality of Rs, a plurality of Ry, or a plurality of R5 bonded
to the same benzene ring may be the same as or different from each other and the plurality of R4, the plurality of
Ry, the plurality of R3, and the plurality of R; may be bonded to the same substituted benzene ring via a single bond,
a substituted or unsubstituted methylene group, an oxygen atom, or a sulfur atom to form a ring.)

[7]1 The organic EL device according to any one of [1] to [6] above, characterized in that

the electron transport layer includes a compound having a benzoazole structure represented by the following general
formula (ETM-1) or a compound having a pyrimidine ring structure represented by the following general formula
(ETM-2).

{Chem. 9)
AHG
*ZSN /X‘
7 I et
6 (5N
ArM’
(ETM-1)

(In the formula, Ar'6 and Ar'7 may be the same or different from each other and each represent a hydrogen atom,
adeuterium atom, a substituted or unsubstituted aromatic hydrocarbon group, a substituted or unsubstituted aromatic
heterocyclic group, or a substituted or unsubstituted fused polycyclic aromatic group, Y, represents a substituted
or unsubstituted aromatic hydrocarbon group, a substituted or unsubstituted aromatic heterocyclic group, a substi-
tuted or unsubstituted fused polycyclic aromatic group, a straight-chained or branched alkyl group that has 1 to 6
carbon atoms and may have a substituent group, a cycloalkyl group that has 5 to 10 carbon atoms and may have
a substituent group, or a straight-chained or branched alkenyl group that has 2 to 6 carbon atoms and may have a
substituent group, X represents an oxygen atom or a sulfur atom, and Z5 and Zg may be the same or different from
each other and each represent a carbon atom or a nitrogen atom.)
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{Chem. 10)
Ar18
N’J\N
arts”
Ar20
(ETM-2)

(In the formula, Ar'8 represents a substituted or unsubstituted aromatic hydrocarbon group, a substituted or unsub-
stituted aromatic heterocyclic group, or a substituted or unsubstituted fused polycyclic aromatic group, Ar'® and
Ar20 each represent a hydrogen atom, a deuterium atom, a substituted or unsubstituted aromatic hydrocarbon group,
a substituted or unsubstituted aromatic heterocyclic group, or a substituted or unsubstituted fused polycyclic aromatic
group, both Ar'® and Ar20 do not represent any of a hydrogen atom and a deuterium atom, and A represents a
monovalent group represented by the following structural formula (ETM-A) .)

{Chem. 11)
(Re)rs
f/“ﬂ 21
~~~~~~~~ —Ar
k\31‘:/”
{ETM-A)

(In the formula, a broken line represents a binding site, Ar2! represents a substituted or unsubstituted aromatic
heterocyclic group, Rg represents a deuterium atom, a fluorine atom, a chlorine atom, a cyano group, a trifluoromethyl
group, a straight-chained or branched alkyl group that has 1 to 6 carbon atoms and may have a substituent group,
a cycloalkyl group that has 5 to 10 carbon atoms and may have a substituent group, a straight-chained or branched
alkenyl group that has 2 to 6 carbon atoms and may have a substituent group, a substituted or unsubstituted aromatic
hydrocarbon group, a substituted or unsubstituted aromatic heterocyclic group, or a substituted or unsubstituted
fused polycyclic aromatic group, and rg represents an integer of 0 to 4. In a case where rg is an integer of two or
more, a plurality of Rg bonded to the same benzene ring may be the same or different from each other and Rg and
Ar21 may be bonded to each other via a single bond, a substituted or unsubstituted methylene group, an oxygen
atom, or a sulfur atom to form a ring.)

[8] The organic EL device according to [7] above, characterized in that

the hole transport layer has a two-layer structure of a first hole transport layer and a second hole transport layer,
and the first hole transport layer is a triphenylamine derivative represented by the following general formula (HTM-
1) or (HTM-2).
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{Chem. 12)

(HTM-1)

(In the formula, each of R; to R4, represents a deuterium atom, a fluorine atom, a chlorine atom, a cyano group, a
nitro group, a straight-chained or branched alkyl group that has 1 to 6 carbon atoms and may have a substituent
group, a cycloalkyl group that has 5 to 10 carbon atoms and may have a substituent group, a straight-chained or
branched alkenyl group that has 2 to 6 carbon atoms and may have a substituent group, a straight-chained or
branched alkyloxy group that has 1 to 6 carbon atoms and may have a substituent group, a cycloalkyloxy group
that has 5to 10 carbon atoms and may have a substituent group, a substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocyclic group, a substituted or unsubstituted fused polycyclic
aromatic group, or a substituted or unsubstituted aryloxy group. r; to ry, may be the same or different from each
other, r; to ryy each represent an integer of 0 to 5, and ry4 and ry, each represent an integer of 0 to 4. In a case
where any of r; to ry, is an integer of two or more, a plurality of R, a plurality of Rg, a plurality of Rg, a plurality of
R0, @ plurality of R¢4, or a plurality of Ry, bonded to the same benzene ring may be the same or different from each
other. Further, a benzene ring and a substituent group substituted with a benzene ring, a plurality of substituent
groups substituted with the same benzene ring, or benzene rings adjacent to each other via a nitrogen atom may
be bonded to each other via a single bond, a substituted or unsubstituted methylene group, an oxygen atom, or a
sulfur atom to form a ring. L, represents a bivalent group represented by the following structural formulae (HTM-A)
to (HTM-F) or a single bond.)

{Chem. 13)

mfﬂfﬁiiw
i"'».‘v vj /
‘ n

(HTM-A)

(In the formula, n represents an integer of 1 to 3.)

{Chem. 14)

(HTM-B)

10
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CH,-

{Chem. 17)

(HTM-F)

1"
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(Chem. 19)
(Ryshrys {R22)732
an W LT AT
S, /‘}::’
VN —(Ryaliag
e
\\V;\;{/\
L,
i ARy
A<
e N, R
Ny \ AN
e S AR (
S N F
. {Rygiryg

{HTM~2)

(In the formula, R43 to R,, each represent a deuterium atom, a fluorine atom, a chlorine atom, a cyano group, a nitro
group, a straight-chained or branched alkyl group that has 1 to 6 carbon atoms and may have a substituent group, a
cycloalkyl group that has 5 to 10 carbon atoms and may have a substituent group, a straight-chained or branched alkenyl
group that has 2 to 6 carbon atoms and may have a substituent group, a straight-chained or branched alkyloxy group
that has 1 to 6 carbon atoms and may have a substituent group, a cycloalkyloxy group that has 5 to 10 carbon atoms
and may have a substituent group, a substituted or unsubstituted aromatic hydrocarbon group, a substituted or unsub-
stituted aromatic heterocyclic group, a substituted or unsubstituted fused polycyclic aromatic group, or a substituted or
unsubstituted aryloxy group. rq5 to r,, may be the same or different from each other, r,5 to ryg each represent an integer
of 0 to 5, and ryq to ry4 each represent an integer of 0 to 4. In a case where any of ry3 to ry,4 is an integer of two or more,
a plurality of Ry5, a plurality of Ry4, a plurality of R4s, a plurality of Rg, a plurality of R4z, a plurality of R4g, a plurality of
R19, a plurality of Ry, a plurality of Ry, a plurality of R,,, a plurality of R,3, or a plurality of Ry, bonded to the same
benzene ring may be the same or different from each other. Further, a benzene ring and a substituent group substituted
with a benzene ring, a plurality of substituent groups substituted with the same benzene ring, or benzene rings adjacent
to each other via a nitrogen atom may be bonded to each other via a single bond, a substituted or unsubstituted methylene
group, an oxygen atom, or a sulfur atom to form a ring. L, to L, may be the same or different from each other, and each
represent a bivalent group represented by the following structural formulae (HTM-A) to (HTM-F) or a single bond.)

[0024] The "aromatic hydrocarbon group”, "aromatic heterocyclic group"”, and "fused polycyclic aromatic group" in the
"substituted or unsubstituted aromatic hydrocarbon group”, " substituted or unsubstituted aromatic heterocyclic group”,
and "substituted or unsubstituted fused polycyclic aromatic group” represented by Ar!, Ar2, and Y in the general formula
(1) are selected from, specifically, the group consisting of an aryl group having 6 to 30 carbon atoms and a heteroaryl
group having 2 to 20 carbon atoms in addition to a phenyl group, a biphenylyl group, a terphenylyl group, a naphthyl
group, an anthracenyl group, a phenanthrenyl group, a fluorenyl group, a spirobifluorenyl group, an indenyl group, a
pyrenyl group, a perylenyl group, a fluoranthenyl group, a triphenylenyl group, a pyridyl group, a pyrimidinyl group, a
triazinyl group, a furil group, a pyrrolyl group, a thienyl group, a quinolyl group, an isoquinolyl group, a benzofuranyl
group, a benzothienyl group, an indolyl group, a carbazolyl group, a benzoxazolyl group, a benzothiazolyl group, a
quinoxalinyl group, a benzimidazolyl group, a pyrazolyl group, a dibenzofuranyl group, a dibenzothienyl group, a naph-
thyridinyl group, a phenanthrolinyl group, an acridinyl group, and a carbolinyl group.

[0025] Specific examples of the "straight-chained or branched alkyl group that has 1 to 6 carbon atoms", "cycloalkyl
group that has 5 to 10 carbon atoms" , and "straight-chained or branched alkenyl group that has 2 to 6 carbon atoms"
in the "straight-chained or branched alkyl group that has 1 to 6 carbon atoms and may have a substituent group”,
"cycloalkyl group that has 5 to 10 carbon atoms and may have a substituent group" , and "straight-chained or branched
alkenyl group that has 2 to 6 carbon atoms and may have a substituent group" represented by Y, in the general formula
(1) include a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group,
a tert-butyl group, an n-pentyl group, an isopentyl group, a neopentyl group, an n-hexyl group, a cyclopentyl group, a
cyclohexyl group, a 1-adamantyl group, a 2-adamantyl group, a vinyl group, an allyl group, an isopropenyl group, and
a 2-buthenyl group.

[0026] Specific examples of the "substituent group” in the "substituted aromatic hydrocarbon group"”, "substituted

aromatic heterocyclic group"”, "substituted fused polycyclic aromatic group", "straight-chained or branched alkyl group

that has 1 to 6 carbon atoms and may have a substituent group”, "cycloalkyl group that has 5 to 10 carbon atoms and
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may have a substituent group"”, and "straight-chained or branched alkenyl group that has 2 to 6 carbon atoms and may
have a substituent group” represented by Ar', Ar2, and Y, in the general formula (1) include an aryl group having 6 to
30 carbon atoms and a heteroaryl group having 2 to 20 carbon atoms in addition to a deuterium atom, a cyano group,
a nitro group; a halogen atom such as a fluorine atom, a chlorine atom, a bromine atom, and an iodine atom; a silyl
group such as a trimethylsilyl group and a triphenylsilyl group; a straight-chained or branched alkyl group that has 1 to
6 carbon atoms such as a methyl group, an ethyl group, and a propyl group; a straight-chained or branched alkyloxy
group that has 1 to 6 carbon atoms such as a methyloxy group, an ethyloxy group, and a propyloxy group; an alkenyl
group such as a vinyl group and an allyl group; an aryloxy group such as a phenyloxy group and a tolyloxy group; an
arylalkyloxy group such as a benzyloxy group and a phenethyloxy group; an aromatic hydrocarbon group or fused
polycyclic aromatic group such as a phenyl group, a biphenylyl group, a terphenylyl group, a naphthyl group, an anthra-
cenyl group, a phenanthrenyl group, a fluorenyl group, a spirobifluorenyl group, an indenyl group, a pyrenyl group, a
perylenyl group, a fluoranthenyl group, and a triphenylenyl group; a pyridyl group, a thienyl group, a furil group, a pyrrolyl
group, a quinolyl group, an isoquinolyl group, a benzofuranyl group, a benzothienyl group, an indolyl group, a carbazolyl
group, a benzoxazolyl group, a benzothiazolyl group, a quinoxalinyl group, a benzimidazolyl group, a pyrazolyl group,
a dibenzofuranyl group, a dibenzothienyl group, and a carbolinyl group, and these substituent groups may be further
substituted with the exemplified substituent groups. Further, benzene rings substituted with these substituent groups or
a plurality of substituent groups substituted on the same benzene ring may be bonded to each other via a single bond,
a substituted or unsubstituted methylene group, an oxygen atom, or a sulfur atom to form a ring.

[0027] The "aromatic hydrocarbon group" and "aromatic heterocyclic group" in the "substituted or unsubstituted aro-
matic hydrocarbon group" and "substituted or unsubstituted aromatic heterocyclic group" represented by Ar3 to Ar15,
Y,, and Y5 inthe generalformulae (2) to (6) are selected from, specifically, the group consisting of an aromatic hydrocarbon
group having 6 to 30 carbon atoms and an aromatic heterocyclic group having 2 to 20 carbon atoms in addition to a
phenyl group, a biphenylyl group, a terphenylyl group, a fluorenyl group, an indenyl group, a spirobifluorenyl group, a
furil group, a pyrrolyl group, a thienyl group, a quinolyl group, an isoquinolyl group, a benzofuranyl group, a benzothienyl
group, an indolyl group, a carbazolyl group, a benzoxazolyl group, a benzothiazolyl group, a quinoxalinyl group, a
benzimidazolyl group, a pyrazolyl group, a dibenzofuranyl group, a dibenzothienyl group, a naphthyridinyl group, a
phenanthrolinyl group, an acridinyl group, and a carbolinyl group.

[0028] Examples of the "straight-chained or branched alkyl group that has 1 to 6 carbon atoms", "cycloalkyl group that
has 5 to 10 carbon atoms", and "straight-chained or branched alkenyl group that has 2 to 6 carbon atoms" in the "straight-
chained or branched alkyl group that has 1 to 6 carbon atoms and may have a substituent group", "cycloalkyl group that
has 5 to 10 carbon atoms and may have a substituent group", and "straight-chained or branched alkenyl group that has
2 to 6 carbon atoms and may have a substituent group" represented by Y, and Y3 in the general formulae (2) and (3)
include the similar ones as described for the "straight-chained or branched alkyl group that has 1 to 6 carbon atoms",
"cycloalkyl group that has 5 to 10 carbon atoms", and "straight-chained or branched alkenyl group that has 2 to 6 carbon
atoms" represented by Y, in the general formula (1), and aspects similar to those of the "straight-chained or branched
alkyl group that has 1 to 6 carbon atoms", "cycloalkyl group that has 5 to 10 carbon atoms", and "straight-chained or
branched alkenyl group that has 2 to 6 carbon atoms" can be taken.

[0029] Specific examples of the "substituent group” in the "substituted aromatic hydrocarbon group", "substituted

aromatic heterocyclic group”, "straight-chained or branched alkyl group that has 1 to 6 carbon atoms and may have a
substituent group”, "cycloalkyl group that has 5 to 10 carbon atoms and may have a substituent group”, and "straight-
chained or branched alkenyl group that has 2 to 6 carbon atoms and may have a substituent group" represented by Ar3
to Ar15,Y,, and Y5 in the general formulae (2) to (6) include an aromatic hydrocarbon group having 6 to 30 carbon atoms
and an aromatic heterocyclic group having 2 to 20 carbon atoms in addition to a deuterium atom, a cyano group, a nitro
group; a halogen atom such as a fluorine atom, a chlorine atom, a bromine atom, and an iodine atom; a silyl group such
as a trimethylsilyl group and a triphenylsilyl group; a straight-chained or branched alkyl group that has 1 to 6 carbon
atoms such as a methyl group, an ethyl group, and a propyl group; a straight-chained or branched alkyloxy group that
has 1 to 6 carbon atoms such as a methyloxy group, an ethyloxy group, and a propyloxy group; an alkenyl group such
as a vinyl group and an allyl group; an aryloxy group such as a phenyloxy group and a tolyloxy group; an arylalkyloxy
group such as a benzyloxy group and a phenethyloxy group; an aromatic hydrocarbon group such as a phenyl group,
a biphenylyl group, a terphenylyl group, a fluorenyl group, a spirobifluorenyl group, and an indenyl group; a thienyl group,
a furil group, a pyrrolyl group, a quinolyl group, an isoquinolyl group, a benzofuranyl group, a benzothienyl group, an
indolyl group, a carbazolyl group, a benzoxazolyl group, a benzothiazolyl group, a quinoxalinyl group, a benzimidazolyl
group, a pyrazolyl group, a dibenzofuranyl group, a dibenzothienyl group, and a carbolinyl group, and these substituent
groups may be further substituted with the exemplified substituent groups. Further, benzene rings substituted with these
substituent groups or a plurality of substituent groups substituted on the same benzene ring may be bonded to each
other via a single bond, a substituted or unsubstituted methylene group, an oxygen atom, or a sulfur atom to form a ring.
[0030] Examples of the "aromatic hydrocarbon group” and "aromatic heterocyclic group" in the "substituted or unsub-
stituted aromatic hydrocarbon group" and "substituted or unsubstituted aromatic heterocyclic group” represented by R,
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to R in the structural formulae (A-1) and (A-2) in the general formula (6) include similar ones as described for the
"aromatic hydrocarbon group" and "aromatic heterocyclic group" represented by the Ar3to Ar'3,Y,, and Y5 in the general
formulae (2) to (6), and aspects similar to those of the "aromatic hydrocarbon group" and "aromatic heterocyclic group"
can be taken.

[0031] Specific examples of the "straight-chained or branched alkyl group that has 1 to 6 carbon atoms", "cycloalkyl

group that has 5 to 10 carbon atoms", "straight-chained or branched alkenyl group that has 2 to 6 carbon atoms", "straight-
chained or branched alkyloxy group that has 1 to 6 carbon atoms", "cycloalkyloxy group that has 5 to 10 carbon atoms",
and "aryloxy group" in the "straight-chained or branched alkyl group that has 1 to 6 carbon atoms and may have a

substituent group”, "cycloalkyl group that has 5 to 10 carbon atoms and may have a substituent group”, "straight-chained

or branched alkenyl group that has 2 to 6 carbon atoms and may have a substituent group”, "straight-chained or branched
alkyloxy group that has 1 to 6 carbon atoms and may have a substituent group", "cycloalkyloxy group that has 5 to 10
carbon atoms and may have a substituent group”, and "substituted or unsubstituted aryloxy group" represented by R,
to Rg in the structural formulae (A-1) and (A-2) in the general formula (6) include a methyl group, an ethyl group, an n-
propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a tert-butyl group, an n-pentyl group, an isopentyl
group, a neopentyl group, an n-hexyl group, a cyclopentyl group, a cyclohexyl group, a 1-adamantyl group, a 2-adamantyl
group, a vinyl group, an allyl group, an isopropenyl group, a 2-buthenyl group, a methyloxy group, an ethyloxy group,
an n-propyloxy group, a cyclopentyloxy group, a cyclohexyloxy group, a 1-adamantyloxy group, a phenyloxy group, a
tolyloxy group, and a biphenyloxy group.

[0032] Specific examples of the "substituent group” in the "substituted aromatic hydrocarbon group"”, "substituted

aromatic heterocyclic group”, "straight-chained or branched alkyl group that has 1 to 6 carbon atoms and may have a

substituent group”, "cycloalkyl group that has 5 to 10 carbon atoms and may have a substituent group", "straight-chained

or branched alkenyl group that has 2 to 6 carbon atoms and may have a substituent group”, "straight-chained or branched
alkyloxy group that has 1 to 6 carbon atoms and may have a substituent group", "cycloalkyloxy group that has 5 to 10
carbon atoms and may have a substituent group”, and "substituted aryloxy group" represented by R, to Ry in the structural
formulae (A-1) and (A-2) in the general formula (6) include a deuterium atom, a cyano group, a nitro group; a halogen
atom such as a fluorine atom, a chlorine atom, a bromine atom, and an iodine atom; a silyl group such as a trimethylsilyl
group and a triphenylsilyl group; a straight-chained or branched alkyl group that has 1 to 6 carbon atoms such as a
methyl group, an ethyl group, and a propyl group; a straight-chained or branched alkyloxy group that has 1 to 6 carbon
atoms such as a methyloxy group, an ethyloxy group, and a propyloxy group; an alkenyl group such as a vinyl group
and an allyl group; an aryloxy group such as a phenyloxy group and a tolyloxy group; an arylalkyloxy group such as a
benzyloxy group and a phenethyloxy group; an aromatic hydrocarbon group such as a phenyl group, a biphenylyl group,
a terphenylyl group, a fluorenyl group, an indenyl group, and a spirobifluorenyl group; an aromatic heterocyclic group
such as a thienyl group, a furil group, a pyrrolyl group, a quinolyl group, an isoquinolyl group, a benzofuranyl group, a
benzothienyl group, an indolyl group, a carbazolyl group, a benzoxazolyl group, a benzothiazolyl group, a quinoxalinyl
group, a benzimidazolyl group, a pyrazolyl group, a dibenzofuranyl group, a dibenzothienyl group, and a carbolinyl group,
and these substituent groups may be further substituted with the exemplified substituent groups. Further, benzene rings
substituted with these substituent groups or a plurality of substituent groups substituted on the same benzene ring may
be bonded to each other via a single bond, a substituted or unsubstituted methylene group, an oxygen atom, or a sulfur
atom to form a ring.

[0033] Examples of the "aromatic hydrocarbon group”, "aromatic heterocyclic group", and "fused polycyclic aromatic
group" in the "substituted or unsubstituted aromatic hydrocarbon group", "substituted or unsubstituted aromatic hetero-
cyclic group”, and "substituted or unsubstituted fused polycyclic aromatic group" represented by Ar'6 to Ar20, Y,, and
Re in the general formulae (ETM-1), (ETM-2), and (ETM-A) include similar ones as described for the "aromatic hydro-

carbon group", "aromatic heterocyclic group”, and "fused polycyclic aromatic group" represented by Ar', Ar2, and Y, in
the general formula (1), and aspects similar to those of the "aromatic hydrocarbon group", "aromatic heterocyclic group”,
and "fused polycyclic aromatic group" can be taken.

[0034] Examples of the "straight-chained or branched alkyl group that has 1 to 6 carbon atoms and may have a
substituent group”, "cycloalkyl group that has 5 to 10 carbon atoms and may have a substituent group”, and "straight-
chained or branched alkenyl group that has 2 to 6 carbon atoms and may have a substituent group" represented by Y,
in the general formula (ETM-1) include similar ones as described for the "straight-chained or branched alkyl group that
has 1 to 6 carbon atoms", "cycloalkyl group that has 5 to 10 carbon atoms", and "straight-chained or branched alkenyl
group that has 2 to 6 carbon atoms" represented by Y in the general formula (1), and aspects similar to those of the
"straight-chained or branched alkyl group that has 1 to 6 carbon atoms", "cycloalkyl group that has 5 to 10 carbon atoms",
and "straight-chained or branched alkenyl group that has 2 to 6 carbon atoms" can be taken.

[0035] Examples of the "substituent group" in the "substituted aromatic hydrocarbon group”, "substituted aromatic

heterocyclic group"”, "substituted fused polycyclic aromatic group", "straight-chained or branched alkyl group that has 1

to 6 carbon atoms and may have a substituent group"”, "cycloalkyl group that has 5 to 10 carbon atoms and may have
a substituent group"”, and "straight-chained or branched alkenyl group that has 2 to 6 carbon atoms and may have a
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substituent group" represented by Ar'6 to Ar120, Y,, and Rg in the general formulae (ETM-1), (ETM-2), and (ETM-A)
include similar ones as described for the "substituent group" represented by Ar', Ar2, and Y in the general formula (1),
and aspects similar to those of the "substituent group" can be taken.

[0036] Specific examples of the "aromatic heterocyclic group" in the "substituted or unsubstituted aromatic heterocyclic
group"” represented by Ar2! in the general formula (ETM-A) include groups such as a pyridyl group, a pyrimidinyl group,
a triazinyl group, a furil group, a pyrrolyl group, a thienyl group, a quinolyl group, an isoquinolyl group, a benzofuranyl
group, a benzothienyl group, an indolyl group, a carbazolyl group, a benzoxazolyl group, a benzothiazolyl group, a
quinoxalinyl group, a benzimidazolyl group, a pyrazolyl group, a dibenzofuranyl group, a dibenzothienyl group, a naph-
thyridinyl group, a phenanthrolinyl group, an acridinyl group, and a carbolinyl group.

[0037] Examples of the "substituent group" in the "substituted aromatic heterocyclic group” represented by Ar21 in the
general formula (ETM-A) include similar ones as described for the "substituent group" represented by Ar?, Ar2, and Y,
in the general formula (1), and aspects similar to those of the "substituent group" can be taken.

[0038] Examples of the "aromatic hydrocarbon group”, "aromatic heterocyclic group", and "fused polycyclic aromatic

group" in the "substituted or unsubstituted aromatic hydrocarbon group", "substituted or unsubstituted aromatic hetero-
cyclic group”, and "substituted or unsubstituted fused polycyclic aromatic group" represented by R; to Ry, in the general

formulae (HTM-1) and (HTM-2) include similar ones as described for the "aromatic hydrocarbon group", "aromatic
heterocyclic group”, and "fused polycyclic aromatic group" represented by Ar', Ar2, and Y in the general formula (1),

and aspects similar to those of the "aromatic hydrocarbon group", "aromatic heterocyclic group", and "fused polycyclic
aromatic group" can be taken.
[0039] Examples of the "straight-chained or branched alkyl group that has 1 to 6 carbon atoms", "cycloalkyl group that

has 5 to 10 carbon atoms", "straight-chained or branched alkenyl group that has 2 to 6 carbon atoms", "straight-chained

or branched alkyloxy group that has 1 to 6 carbon atoms", "cycloalkyloxy group that has 5 to 10 carbon atoms", and "an
aryloxy group" in the "straight-chained or branched alkyl group that has 1 to 6 carbon atoms and may have a substituent

group", "cycloalkyl group that has 5to 10 carbon atoms and may have a substituent group”, "straight-chained or branched

alkenyl group that has 2 to 6 carbon atoms and may have a substituent group”, "straight-chained or branched alkyloxy

group that has 1 to 6 carbon atoms and may have a substituent group"”, "cycloalkyloxy group that has 5 to 10 carbon
atoms and may have a substituent group”, and "substituted or unsubstituted aryloxy group" represented by R; to Ry, in
the general formulae (HTM-1) and (HTM-2) include similar ones as described for the "straight-chained or branched alkyl

group that has 1 to 6 carbon atoms", "cycloalkyl group that has 5 to 10 carbon atoms", "straight-chained or branched

alkenyl group that has 2 to 6 carbon atoms", "straight-chained or branched alkyloxy group that has 1 to 6 carbon atoms",
"cycloalkyloxy group that has 5 to 10 carbon atoms", and "aryloxy group" in the "straight-chained or branched alkyl group

that has 1 to 6 carbon atoms and may have a substituent group”, "cycloalkyl group that has 5 to 10 carbon atoms and

may have a substituent group”, "straight-chained or branched alkenyl group that has 2 to 6 carbon atoms and may have
a substituent group”, "alkyloxy group that has 1 to 6 carbon atoms and may have a substituent group", "cycloalkyl group
that has 5 to 10 carbon atoms and may have a substituent group ", and "substituted or unsubstituted aryloxy group"
represented by the R to Ry in the structural formulae (A-1) and (A-2) in the general formula (6), and aspects similar to

those of the "straight-chained or branched alkyl group that has 1 to 6 carbon atoms", "cycloalkyl group that has 5 to 10

carbon atoms", "straight-chained or branched alkenyl group that has 2 to 6 carbon atoms", "straight-chained or branched
alkyloxy group that has 1 to 6 carbon atoms", "cycloalkyloxy group that has 5 to 10 carbon atoms", and "aryloxy group”
can be taken.

[0040] Examples of the "substituent group" in the "substituted aromatic hydrocarbon group”, "substituted aromatic

heterocyclic group"”, "substituted fused polycyclic aromatic group", "straight-chained or branched alkyl group that has 1

to 6 carbon atoms and may have a substituent group", "cycloalkyl group that has 5 to 10 carbon atoms and may have
a substituentgroup”, "straight-chained or branched alkenyl group that has 2 to 6 carbon atoms and may have a substituent
group", "straight-chained or branched alkyloxy group that has 1 to 6 carbon atoms and may have a substituent group”,
"cycloalkyloxy group that has 5 to 10 carbon atoms and may have a substituent group", and "substituted aryloxy group"
represented by R; to R,, in the general formulae (HTM-1) and (HTM-2) include similar ones as described for the
"substituent group" represented by Ar', Ar2, and Y, in the general formula (1), and aspects similar to those of the
"substituent group" can be taken.

[0041] A compound having a benzoazole structure represented by the general formula (1), which is favorably used
for an organic EL device according to the present invention can be used as a material of a hole blocking layer in an
organic EL device. It is a compound that has hole blocking performance, hole resistance performance, exciton confine-
ment performance, and stability/durability in a film state, and is favorable as a material of a hole blocking layer.

[0042] Each of a compound having a benzoazole structure and a compound having a pyrimidine ring structure re-
spectively represented by the general formulae (ETM-1) and (ETM-2), which are used for the organic EL device according
to the present invention, can be used as a constituent material of an electron injection layer and an electron transport
layer of the organic EL device. Each of the compound having a benzoazole structure and the compound having a

pyrimidine ring structure is excellent in electron injection/transport performance, and is a favorable compound as a
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material of an electron transport layer.

[0043] Each of the aryldiamine compound and aryltetraamine compound respectively represented by the general
formulae (HTM-1) and (HTM-2), which is used for an organic EL device according to the present invention, can be used
as a constituent material of a hole injection layer or a hole transport layer in the organic EL device. Each of the aryldiamine
compound and aryltetraamine compound has high mobility of holes, and is a favorable compound as a hole injection
layer or a hole transport layer.

[0044] By providing a material for an organic EL device excellent in hole blocking/resistance performance and exciton
confinement performance between a light-emitting layer and an electron transport layer, the organic EL device according
to the presentinvention prevents the electron transportlayer from being degraded and takes out excitons without thermally
deactivating them, thereby improving light emission efficiency and also durability of the organic EL device as compared
with the existing organic EL device.

[0045] Further, by combining the electron transport material (ETM-1, ETM-2) and the hole transport material (HTM-
1, HTM-2), which have specific structures, with each other in consideration of carrier balance, it is possible to inject/trans-
port holes and electrons into a light-emitting layer more efficiently. By widening the recombination area in the light-
emitting layer, light emission efficiency is improved, and durability of the organic EL device can be improved. The above-
mentioned general formula (1) and the general formula (ETM-1) may be the same compound.

[0046] Thus, it has become possible to realize an organic EL device that has a low driving voltage, long lifetime, and
particularly high efficiency.

Advantageous Effects of Invention

[0047] In, the organic EL device according to the present invention, since a compound having a specific benzoazole
structure capable of effectively demonstrating the role of hole blocking/resistance/confinement has been selected, move-
ment of holes from a light-emitting layer to an electron transport layer is controlled, thereby realizing an organic EL
device that is excellent in stability/durability of a thin film and has high efficiency, a low driving voltage, and long lifetime.
Further, since the electron transport material (ETM-1, ETM-2) and the hole transport material (HTM-1, HTM-2), which
have specific structures, are combined with each other, materials have been selected so that holes and electrons can
be injected/transported into the light-emitting layer more efficiently and a combination having more refined carrier balance
has been selected, thereby realizing an organic EL device that has a lower driving voltage, longer lifetime, and higher
efficiency. According to the present invention, it is possible to improve light emission efficiency, driving voltage, and
particularly durability of the existing organic EL device.

Brief Description of Drawings
[0048]

[Fig. 1] Fig. 1 is a diagram showing structural formulae of compounds 1 to 15 that are benzoxazole compounds.
[Fig. 2] Fig. 2 is a diagram showing structural formulae of compounds 16 to 30 that are benzoxazole compounds.
[Fig. 3] Fig. 3 is a diagram showing structural formulae of compounds 31 to 45 that are benzoxazole compounds.
[Fig. 4] Fig. 4 is a diagram showing structural formulae of compounds 46 to 60 that are benzoxazole compounds.
[Fig. 5] Fig. 5 is a diagram showing structural formulae of compounds 61 to 75 that are benzoxazole compounds.
[Fig. 6] Fig. 6 is a diagram showing structural formulae of compounds 76 to 90 that are benzoxazole compounds.
[Fig. 7] Fig. 7 is a diagram showing structural formulae of compounds 91 to 100 that are benzoxazole compounds.
[Fig. 8] Fig. 8 is a diagram showing structural formulae (ETM-1-1) to (ETM-1-15) that are compounds each having
a benzoazole structure.

[Fig. 9] Fig. 9 is a diagram showing structural formulae (ETM-1-16) to (ETM-1-30) that are compounds each having
a benzoazole structure.

[Fig. 10] Fig. 10 is a diagram showing structural formulae (ETM-1-31) to (ETM-1-45) that are compounds each
having a benzoazole structure.

[Fig. 11] Fig. 11 is a diagram showing structural formulae (ETM-1-46) to (ETM-1-60) that are compounds each
having a benzoazole structure.

[Fig. 12] Fig. 12 is a diagram showing structural formulae (ETM-1-61) to (ETM-1-75) that are compounds each
having a benzoazole structure.

[Fig. 13] Fig. 13 is a diagram showing structural formulae (ETM-1-76) to (ETM-1-90) that are compounds each
having a benzoazole structure.

[Fig. 14] Fig. 14 is a diagram showing structural formulae (ETM-1-91) to (ETM-1-99) that are compounds each
having a benzoazole structure.

[Fig. 15] Fig. 15 is a diagram showing structural formulae (ETM-2-1) to (ETM-2-15) that are compounds each having
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a pyrimidine ring structure.

[Fig. 16] Fig. 16 is a diagram showing structural formulae (ETM-2-16) to (ETM-2-30) that are compounds each
having a pyrimidine ring structure.

[Fig. 17] Fig. 17 is a diagram showing structural formulae (ETM-2-31) to (ETM-2-45) that are compounds each
having a pyrimidine ring structure.

[Fig. 18] Fig. 18 is a diagram showing structural formulae (ETM-2-46) to (ETM-2-60) that are compounds each
having a pyrimidine ring structure.

[Fig. 19] Fig. 19 is a diagram showing structural formulae (ETM-2-61) to (ETM-2-72) that are compounds each
having a pyrimidine ring structure.

[Fig. 20] Fig. 20 is a diagram showing structural formulae (ETM-2-73) to (ETM-2-84) that are compounds each
having a pyrimidine ring structure.

[Fig. 21] Fig. 21 is a diagram showing structural formulae (ETM-2-85) to (ETM-2-87) that are compounds each
having a pyrimidine ring structure.

[Fig. 22] Fig. 22 is a diagram showing structural formulae (HTM-1-1) to (HTM-1-15) that are triphenylamine deriva-
tives.

[Fig. 23] Fig. 23 is a diagram showing structural formulae (HTM-1-16) to (HTM-1-32) that are triphenylamine deriv-
atives.

[Fig. 24] Fig. 24 is a diagram showing structural formulae (HTM-2-1) to (HTM-2-10) that are triphenylamine deriva-
tives.

[Fig. 25] Fig. 25 is a diagram showing structural formulae (HTM-2-11) to (HTM-2-16) that are triphenylamine deriv-
atives.

[Fig. 26] Fig. 26 is a diagram showing a configuration of each of organic EL devices according to Examples 18 to
26 and Comparative Examples 1 and 2.

Mode(s) for Carrying Out the Invention

[0049] Compounds 1 to 100 are shown in Figs. 1 to 7 as specific examples of favorable compounds among the
benzoxazole compounds represented by the above-mentioned general formula (1), which are favorably used for the
organic EL device according to the present invention. However, the present invention is not limited to these compounds.
[0050] Structural formulae (ETM-1-1) to (ETM-1-99) are shown in Figs. 8 to 14 as specific examples of favorable
compounds among compounds each having a benzoazole structure represented by the above-mentioned general for-
mula (ETM-1), which are favorably used for the organic EL device according to the present invention. However, the
present invention is not limited to these compounds.

[0051] Note that the above-mentioned compound having a benzoazole structure can be synthesized in accordance
with a method well-known per se (see, for example, patent Literatures 5 and 6, and Non-Patent Literatures 6 and 7).
[0052] Structural formulae (ETM-2-1) to (ETM-2-87) are shown in Figs. 15 to 21 as specific examples of favorable
compounds among compounds each having a pyrimidine ring structure represented by the above-mentioned general
formula (ETM-2), which are favorably used for the organic EL device according to the present invention. However, the
present invention is not limited to these compounds.

[0053] Note that the above-mentioned compound having a pyrimidine ring structure can be synthesized by a method
well-known per se (see, for example, patent Literatures 7 and 8).

[0054] Structural formulae (HTM-1-1) to (HTM-1-32) are shown in Figs. 22 and 23 as specific examples of favorable
compounds among triphenylamine derivatives represented by the above-mentioned general formula (HTM-1), which
are favorably used for the organic EL device according to the present invention. However, the present invention is not
limited to these compounds.

[0055] Structural formulae (HTM-2-1) to (HTM-2-16) are shown in Figs. 24 and 25 as specific examples of favorable
compounds among triphenylamine derivatives represented by the above-mentioned general formula (HTM-2), which
are favorably used for the organic EL device according to the present invention. However, the present invention is not
limited to these compounds.

[0056] Note that the above-mentioned compound having a triarylamine structure can be synthesized in accordance
with a method well-known per se (see, for example, Patent Literatures 9 to 11).

[0057] Purification of compounds represented by the general formulae (1) to (6), (ETM-1), (ETM-2), (HTM-1), and
(HTM-2) was carried out by purification by column chromatography, adsorption purification with silica gel, activated
carbon, activated clay, or the like, recrystallization with a solvent, a crystallization method, a sublimation purification
method, or the like. Identification of the compounds was performed by NMR analysis. As physical property values, a
melting point, a glass transition point (Tg), and a work function were measured. The melting point is an index of vapor
deposition property. The glass transition point (Tg) is an index of stability in a thin film state. The work function is an
index of a hole transport property and a hole blocking property.
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[0058] The melting point and the glass transition point (Tg) were measured with a powder using a high sensitivity
differential scanning calorimeter (DSC3100SA manufactured by Bruker AXS GmbH).

[0059] The work function was obtained by preparing a thin film of 100 nm on an ITO substrate and using an ionization
potential measuring apparatus (PYS-202 manufactured by Sumitomo Heavy Industries, Ltd.).

[0060] Examples of the structure of the organic EL device according to the present invention include those including
an anode, a hole injection layer, a hole transport layer, a light-emitting layer, an electron transport layer, an electron
injection layer, and a cathode in the stated order on a substrate, those including an electron blocking layer between the
hole transport layer and the light-emitting layer, and those including a hole blocking layer between the light-emitting layer
and the electron transport layer. In the multilayer structures, several organic layers can be omitted or combined. For
example, the hole injection layer and the hole transport layer may be combined or the electron injection layer and the
electron transport layer may be combined. Further, two or more organic layers having the same function can be stacked.
For example, two hole transport layers may be stacked, two light-emitting layers may be stacked, or two electron transport
layers may be stacked.

[0061] As the anode of the organic EL device according to the present invention, an electrode material having a large
work function such as ITO and gold is used. As the hole injection layer of the organic EL device according to the present
invention, a porphyrin compound typified by copper phthalocyanine, a starburst type triphenylamine derivative, an ac-
ceptor heterocyclic compound such as hexacyanoazatriphenylene, a coating type polymer material, or the like in addition
to the arylamine compounds represented by the above-mentioned general formulae (HTM-1) and(HTM-2) can be used.
These materials can be formed into a thin film by a known method such as a spin coat method and an ink jet method in
addition to a vapor deposition method.

[0062] Asthe hole transportlayer of the organic EL device according to the presentinvention, the arylamine compounds
represented by the above-mentioned general formulae (HTM-1) and (HTM-2) are more favorable, but also a benzidine
derivative such as N,N’-diphenyl-N,N’-di(m-tolyl)-benzidine (hereinafter, referred to as TPD), N,N’-diphenyl-N,N’-di(a-
naphthyl)-benzidine (hereinafter, referred to as NPD), and N,N,N’,N’-tetrabiphenylylbenzidine, 1,1-bis[(di-4-tolylami-
no)phenyllcyclohexane (hereinafter, referred to as TAPC), or the like can be used. These materials may be deposited
alone. However, any of the materials may be mixed with another material and used as a single deposited layer. Further,
a stacked structure may be achieved by depositing layers of the plurality of materials alone, or mixing the plurality of
materials and depositing layers thereof. Alternatively, a stacked structure of at least one layer of any of the plurality of
materials deposited alone and at least one layer obtained by mixing the plurality of materials and depositing at least one
layer thereof may be achieved. Further, as a hole injection/transport layer, a coating polymer material such as poly(3,4-
ethylenedioxythiophene) (hereinafter, referred to as PEDOT)/poly(styrene sulfonate) (hereinafter, referred to as PSS)
can be used. These materials can be formed into a thin film by a known method such as a spin coat method and an ink
jet method in addition to a vapor deposition method.

[0063] Further, for the hole injection layer or hole transport layer, those obtained by P-doping the material typically
used for the layer with trisbromophenylamine hexachloroantimony or a radialene derivative (see, for example, Patent
Literature 12), a polymer compound having, as a partial structure, the structure of a benzidine derivative such as TPD,
or the like can be used.

[0064] For the electron blocking layer of the organic EL device according to the present invention, a compound having
an electron blocking property, such as a carbazol derivative such as 4,4’,4”-tri(N-carbazolyl) triphenylamine (hereinafter,
referred to as TCTA), 9,9-bis[4-(carbazol-9-yl)phenylifluorene, 1,3-bis(carbazol-9-yl)benzene (hereinafter, referred to
as mCP), and 2,2-bis(4-carbazol-9-ylphenyl)adamantane (hereinafter, referred to as Ad-Cz), and a compound having
a triphenylsilyl group and a triarylamine structure typified by 9-[4-(carbazol-9-yl)phenyl]-9-[4-(triphenylsilyl)phenyl]-9H-
fluorene in addition to the arylamine compounds represented by the above-mentioned general formulae (HTM-1) and
(HTM-2) can be used. These materials may be deposited alone. However, any of the materials may be mixed with
another material and used as a single deposited layer. Further, a stacked structure may be achieved by depositing layers
of the plurality of materials alone, or mixing the plurality of materials and depositing layers thereof. Alternatively, a stacked
structure of at least one layer of any of the plurality of materials deposited alone and at least one layer obtained by
mixing the plurality of materials and depositing at least one layer thereof may be achieved. These materials can be
formed into a thin film by a known method such as a spin coat method and an ink jet method in addition to a vapor
deposition method.

[0065] Forthe light-emitting layer of the organic EL device according to the presentinvention, various metal complexes,
an anthracene derivative a bis-styryl benzene derivative, a pyrene derivative, an oxazole derivative, a poly(p-phenylene
vinylene) derivative, or the like in addition to a metal complex of a quinolinol derivative including Alg; can be used.
Further, the light-emitting layer may be formed of a host material and a dopant material. As the host material, an
anthracene derivative is favorably used. In addition, not only the above-mentioned light-emitting material but also a
heterocyclic compound having an indole ring as a partial structure of the fused ring, a heterocyclic compound having a
carbazolring as a partial structure of the fused ring, a carbazol derivative, a thiazole derivative, a benzimidazole derivative,
a polydialkylfluorene derivative, or the like can be used. Further, as the dopant material, quinacridone, coumarin, rubrene,
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perylene, and derivatives thereof, a benzopyran derivative, a rhodamine derivative, an aminostyryl derivative, or the like
can be used. These materials may be deposited alone. However, any of the materials may be mixed with another material
and used as a single deposited layer. Further, a stacked structure may be achieved by depositing layers of the plurality
of materials alone, or mixing the plurality of materials and depositing layers thereof. Alternatively, a stacked structure of
at least one layer of any of the plurality of materials deposited alone and at least one layer obtained by mixing the plurality
of materials and depositing at least one layer thereof may be achieved.

[0066] Further, as the light-emitting material, a phosphorescent material can be used. As the phosphorescent material,
a phosphorescent material of a metal complex such as iridium and platinum can be used. A green phosphorescent
material such as Ir(ppy)s, a blue phosphorescent material such as Flrpic and FIr6, a red phosphorescent material such
as Btp,lr (acac), or the like is used. As the host material (having a hole injection/transporting property) at this time, 4,4’-
di(N-carbazolyl) biphenyl (hereinafter, referred to as CBP) and a carbazol derivative such as TCTA and mCP can be
used. As a host material having an electron transportability, p-bis(triphenylsilyl)benzene (hereinafter, referred to as
UGH2), 2,2’,2"-(1,3,5-phenylene)-tris(1phenyl-1H-benzimidazole) (hereinafter, referred to as, TPBI), or the like can be
used, and an organic EL device having high performance can be prepared.

[0067] In order to avoid concentration quenching, it is favorable to dope the host material with the phosphorescent
material by co-deposition in the range of 1 to 30 weight percent with respect to the entire light-emitting layer.

[0068] Further, as the light-emitting material, a material emitting delayed fluorescence such as a CDCB derivative
including PIC-TRZ, CC2TA, PXZ-TRZ, and 4CzIPN can be used (see, for example, Non-Patent Literature 3). These
materials can be formed into a thin film by a known method such as a spin coat method and an ink jet method in addition
to a vapor deposition method.

[0069] For the hole blocking layer of the organic EL device according to the present invention, the benzoazole com-
pounds represented by the above-mentioned general formula (1) to (6) can be used. These compounds may double as
the material of the electron transport layer. These materials may be deposited alone. However, any of the materials may
be mixed with another material and used as a single deposited layer. Further, a stacked structure may be achieved by
depositing layers of the plurality of materials alone, or mixing the plurality of materials and depositing layers thereof.
Alternatively, a stacked structure of at least one layer of any of the plurality of materials deposited alone and at least
one layer obtained by mixing the plurality of materials and depositing at least one layer thereof may be achieved. These
materials can be formed into a thin film by a known method such as a spin coat method and an ink jet method in addition
to a vapor deposition method.

[0070] As the electron transport layer of the organic EL device according to the present invention, the benzoazole
compound and the pyrimidine compound respectively represented by the above-mentioned general formulae (ETM-1)
and (ETM-2) are more favorable, but also various metal complexes, a triazole derivative, triazine derivative, an oxadiazole
derivative, a pyridine derivative, a benzimidazole derivative, a thiadiazole derivative, an anthracene derivative, a carbo-
diimide derivative, a quinoxaline derivative, a pyridoindole derivative, a phenanthroline derivative, a silole derivative, or
the like in addition to a metal complex of a quinolinol derivative including Alg; and BAIq can be used. These materials
may be deposited alone. However, any of the materials may be mixed with another material and used as a single
deposited layer. Further, a stacked structure may be achieved by depositing layers of the plurality of materials alone,
or mixing the plurality of materials and depositing layers thereof. Alternatively, a stacked structure of at least one layer
of any of the plurality of materials deposited alone and at least one layer obtained by mixing the plurality of materials
and depositing at least one layer thereof may be achieved. These materials can be formed into a thin film by a known
method such as a spin coat method and an ink jet method in addition to a vapor deposition method.

[0071] For the electron injection layer of the organic EL device according to the present invention, an alkali metal salt
such as lithium fluoride and cesium fluoride, an alkaline earth metal salt such as magnesium fluoride, a metal complex
of a quinolinol derivative such as lithiumquinolinol, a metal oxide such as an aluminum oxide, a metal such as ytterbium
(Yb), samarium (Sm), calcium (Ca), strontium (Sr), and cesium (Cs), or the like can be used. However, this can be
omitted in the favorable selection of the electron transport layer and the cathode.

[0072] Further, for the electron injection layer or electron transport layer, those obtained by N-doping the material
typically used for the layer with a metal such as cesium can be used.

[0073] In the cathode of the organic EL device according to the present invention, an electrode material having a low
work function, such as aluminum, an alloy having a lower work function, such as a magnesium silver alloy, a magnesium
indium alloy, and an aluminum magnesium alloy, or the like is used as the electrode material.

[0074] Hereinafter, the embodimentofthe presentinvention will be specifically described by way of Examples. However,
the present technology is not limited to the following Examples as long as the essence of the present invention is not
exceeded.
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(Example 1)
<Synthesis of 4,6-bis (biphenyl-3-yl)-2-([1,1’,3’,1"] terphenyl-4-yl)-benzoxazole (Compound 6)>

[0075] 4,6-bis(biphenyl-3-yl)-2-(4-chloro-phenyl)-benzoxazole: 10.0 g, 3-biphenylboronic acid: 7.5 g, bis(dibenzylide-
neacetone) palladium (0): 0.5 g, tricyclohexylphosphine: 1.1 g, and tripotassium phosphate: 12.1 g were charged into
a reaction vessel, and stirred under reflux overnight in a 1,4-dioxane/H,O mixed solvent. The mixture was allowed to
cool and then separated. Extraction was performed with ethyl acetate from the aqueous layer, and then, the extract was
concentrated. The crude product thus obtained was purified by column chromatography (carrier: silica gel, eluent: dichlo-
romethane/ethyl acetate), and then crystallized with acetone. In this way, 8.3g (yield of 68.0%) of white powder of 4,6-
bis (biphenyl-3-yl)-2-([1,1’,3’,1"] terphenyl-4-yl)-benzoxazole (Compound 6) was obtained.

{Chem. 20)

L

(Compound 6)
[0076] The structure of the obtained white powder was identified using NMR.
[0077] The following 33 hydrogen signals were detected by 'H-NMR (CDCls).
8(ppm)=8.44(2H), 8.35(1H), 8.14(1H), 8.00-7.82(6H), 7.80-7.47(20H), 7.46-7.37(3H).
(Example 2)
<Synthesis of 2-{3,5-di([9H]-carbazol-9-yl)-phenyl}-4,6-diphenyl-benzoxazole (Compound 22)>
[0078] By using 2-(3,5-dichloro-phenyl)-4,6-diphenyl-benzoxazole and carbazole instead of 4,6-bis(biphenyl-3-yl)-
2-(4-chloro-phenyl)-benzoxazole and 3-biphenylboronic acid in Example 1, respectively, and performing the reaction

under similar conditions, 4.8 g (yield of 30%) of a white powder of 2-{3,5-di([9H]-carbazol-9-yl)-phenyl}-4,6-diphenyl-
benzoxazole (Compound 22) was obtained.

(Chem. 21}

)
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{(Compound 22)
[0079] The structure of the obtained white powder was identified using NMR.
[0080] The following 31 hydrogen signals were detected by TH-NMR (CDCl5).
3(ppm)=8.67(2H), 8.21(4H), 8.10(2H), 8.01(1H), 7.85(1H), 7.79(1H), 7.73(2H), 7.63(4H), 7.57-7.46(8H), 7.46-7.33(6H).
(Example 3)
<Synthesis of 2-{2,5-di([9H]-carbazol-9-yl)-phenyl}-4,6-diphenyl-benzoxazole (Compound 24)>

[0081] 2-{2,5-difluoro-phenyl}-4,6-diphenyl-benzoxazole: 3.7 g, carbazole: 3.4 g, and cesium carbonate: 12.9 g were
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charged into a reaction vessel, and heated and stirred overnight at 120°C in a DMF solvent. The mixture was allowed
to cool, and then H,0 was added thereto. Then, the precipitated solid was collected to obtain a crude product. The crude
product was crystallized and purified with a monochlorobenzene/acetone mixed solvent, and thus, 4.3 g (yield of 64%)
of white powder of 2-{2,5-di([9H]-carbazol-9-yl)-phenyl}-4,6-diphenyl-benzoxazole (Compound 24) was obtained.

(Chem. 22)

(Compound 24)
[0082] The structure of the obtained white powder was identified using NMR.
[0083] The following 31 hydrogen signals were detected by 'H-NMR (CDCls).
8(ppm)=8.81(1H), 8.25(4H), 8.02(1H), 7.94(1H), 7.69(2H), 7.63(1H), 7.56(2H), 7.55(2H), 7.48-7.29(17H).
(Example 4)
<Synthesis of 4,6-bis(biphenyl-3-yl)-2-{([9H]-carbazol-9-yl)-phenyl}-benzoxazole (Compound 45)>
[0084] By using carbazole instead of 3-biphenylboronic acid in Example 1 and performing the reaction under similar

conditions, 4.2 g (yield of 34%) of white powder of 4,6-bis(biphenyl-3-yl)-2-{([9H]-carbazol-9-yl)-phenyl}-benzoxazole
(Compound 45) was obtained.

{(Chem. 23}

o
(Compound 45)
[0085] The structure of the obtained white powder was identified using NMR.
[0086] The following 32 hydrogen signals were detected by 'H-NMR (CDCls).
8(ppm)-8.59(2H), 8.36(1H), 8.19(2H), 8.15(1H), 7.97(1H), 7.92(1H), 7.94-7.32(23H).
(Example 5)
<Synthesis of 4,6-bis(biphenyl-3-yl)-2-{4-(9-phenyl-[9H]-carbazol-3-yl)-phenyl}-benzoxazole (Compound 47)>
[0087] By using 3-(9-phenyl-[9H]-carbazole)-boronic acid instead of 3-biphenylboronic acid in Example 1 and perform-

ing the reaction under similar conditions, 3.8 g (yield of 27%) of pale yellow powder of 4,6-bis(biphenyl-3-yl)-2-{4-(9-
phenyl-[9H]-carbazol-3-yl)-phenyl}-benzoxazole (Compound 47) was obtained.
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{Chem. 24)

{Compound 47)
[0088] The structure of the obtained pale yellow powder was identified using NMR.
[0089] The following 36 hydrogen signals were detected by 'H-NMR (CDCls).
8(ppm)-8.47(1H), 8.45(2H), 8.37(1H), 8.25(1H), 8.15(1H), 7.92(5H), 7.82-7.59(14H), 7.58-7.33(11H).
(Example 6)
<Synthesis of 2,6-diphenyl-4-(9,9’-spirobi[9H]fluoren-2-yl)-benzoxazole (Compound 57)>
[0090] By using 6-Chloro-2-phenyl-4-(9,9’-spirobi[9H]fluoren-2-yl)-benzoxazole and phenylboronic acid instead of 4,6-
bis(biphenyl-3-yl)-2-(4-chloro-phenyl)-benzoxazole and 3-biphenylboronic acid in Example 1, respectively, and perform-

ing the reaction under similar conditions, 4.5 g (yield of 41%) of white powder of 2,6-diphenyl-4-(9,9’-spirobi[9H]fluoren-
2-yl)-benzoxazole (Compound 57) was obtained.

{Chem. 25)

(Compound 57)

[0091] The structure of the obtained white powder was identified using NMR.

[0092] The following 27 hydrogen signals were detected by 'H-NMR (CDCls).

8(ppm)=8.15-7.98(6H)7.97-7.85(4H), 7.60-7.36(9H), 7.17(4H), 6.90-6.80(4H).

(Example 7)

<Synthesis of <6-(Biphenyl-3-yl)-2-(biphenyl-4-yl)-4-(9-phenyl-[9H]-carbazol-3-yl)-benzoxazole (Compound 60)>
[0093] By using 6-(biphenyl-3-yl)-2-(4-chlorophenyl)-4-(9-phenyl-[9H]-carbazol-3-yl)-benzoxazole and phenylboronic
acid instead of 4,6-bis(biphenyl-3-yl)-2-(4-chloro-phenyl)-benzoxazole and 3-biphenylboronic acid in Example 1, respec-

tively, and performing the reaction under similar conditions, 3.0 g (yield of 44%) of white powder of 6-(Biphenyl-3-yl)-
2-(biphenyl-4-yl)-4-(9-phenyl-[9H]-carbazol-3-yl)-benzoxazole (Compound 60) was obtained.

{(Chem. 26)
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S

)

i

(Compound 60)

[0094] The structure of the obtained white powder was identified using NMR.
[0095] The following 32 hydrogen signals were detected by TH-NMR (CDCl5).
8(ppm)=8.90(1H), 8.45(2H), 8.30(1H), 8.26(1H), 7.94(1H), 7.91(1H), 7.85(2H), 7.80(3H), 7.74-7.32(20H).

(Example 8)

<Synthesis of 4-{3,5-di([9H]-carbazol-9-yl)-phenyl}-2,6-diphenyl-benzoxazole (Compound 62)>

[0096] By using 6-chloro-4-{3,5-di([9H]-carbazol-9-yl)-phenyl}-2-phenyl-benzoxazole and phenylboronic acid instead
of 4,6-bis(biphenyl-3-yl)-2-(4-chloro-phenyl)-benzoxazole and 3-biphenylboronic acid in Example 1, respectively, and

performing the reaction under similar conditions, 8.0 g (yield of 60%) of white powder of 4-{3,5-di([9H]-carbazol-9-
yl)-phenyl}-2,6-diphenyl-benzoxazole (Compound 62) was obtained.

{Chem. 27)

{Compound €2)

[0097] The structure of the obtained white powder was identified using NMR.
[0098] The following 31 hydrogen signals were detected by 'H-NMR (CDCls).
8(ppm)=8.52(2H), 8.42(2H), 8.21(4H), 7.91(1-H), 7.90(1H), 7.87(1H), 7,85(4H), 7.71(2H), 7.65-7.46(9H), 7.45-7.34(5H).

(Example 9)

<Synthesis of 6-{3,5-di([9H]-carbazol-9-yl)-phenyl}-2,4-diphenyl-benzoxazole (Compound 69)>

[0099] By using 6-chloro-2,4-diphenyl-benzoxazole and 3,5-di([9H]-carbazol-9-yl)-phenylboronic acid instead of 4,6-
bis(biphenyl-3-yl)-2-(4-chloro-phenyl)-benzoxazole and 3-biphenylboronic acid in Example 1, respectively, and perform-

ing the reaction under similar conditions, 6.8 g (yield of 61%) of white powder of 6-{3,5-di([9H]-carbazol-9-yl)-phenyl}-
2,4-diphenyl-benzoxazole (Compound 69) was obtained.
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{Chem. 28)

(Compound 69)

[0100] The structure of the obtained white powder was identified using NMR.
[0101] The following 31 hydrogen signals were detected by 'H-NMR (CDCls).
8(ppm)=8.35(2H), 8.21(4H), 8.11(2H), 8.07(2H), 7.91(2H), 7.88(1H), 7.66(4H), 7.59-7.42(10H), 7.36(4H).

(Example 10)

<Synthesis of 2-Phenyl-6-(9-phenyl-[9H]-carbazol-3-yl)-4-(5-phenyl-[5H]-pyrido[4,3,b]indol-8-yl)-benzoxazole (Com-
pound 82)>

[0102] By using 6-chloro-2-phenyl-4-(5-phenyl-[5H]-pyrido[4,3,b]indol-8-yl)-benzoxazole and 9-phenyl-[9H]-carbazol-
3-yl-boronic acid instead of 4,6-bis(biphenyl-3-yl)-2-(4-chloro-phenyl)-benzoxazole and 3-biphenylboronic acid in Ex-
ample 1, respectively, and performing the reaction under similar conditions, 2.9 g (yield of 50%) of yellow powder of 2-
Phenyl-6-(9-phenyl-[9H]-carbazol-3-yl)-4-(5-phenyl-[5H]-pyrido[4,3,b]indol-8-yl)-benzoxazole (Compound 82) was ob-
tained.

{Chem. 29)

{Compound 82)

[0103] The structure of the obtained yellow powder was identified using NMR.

[0104] The following 30 hydrogen signals were detected by TH-NMR (CDCl5).

8(ppm)=9.56(1H), 9.04(1H), 8.59(1H), 8.53(1H), 8.48(1H), 8.45(1H), 8.36(1H), 8.26(2H), 8.05(1H), 7.93(2H),
7.88-7.43(16H), 7.36(2H).

(Example 11)

<Synthesis of 2-{3,5-di([9H]-carbazol-9-yl)-phenyl}-benzoxazole (Compound 96)>

[0105] By using 2-(3,5-dichloro-phenyl)-benzoxazole and carbazole instead of 4,6-bis(biphenyl-3-yl)-2-(4-chloro-phe-
nyl)-benzoxazole and 3-biphenylboronic acid in Example 1, respectively, and performing the reaction under similar

conditions, 10.6 g (yield of 67%) of white powder of 2-{3,5-di([9H]-carbazol-9-yl)-phenyl}-benzoxazole (Compound 96)
was obtained.
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{Chem. 30)

N e
<%

@Q

(Compound 96)

[0106] The structure of the obtained white powder was identified using NMR.
[0107] The following 23 hydrogen signals were detected by 'H-NMR (CDCls).
8(ppm)=8.64(2H), 8.21(4H), 8.03(1H), 7.87(1H), 7.64(5H), 7.51(4H), 7.47-7.32(6H).

(Example 12)
<Synthesis of 2-{3,5-di([9H]-carbazol-9-yl)-biphenyl-4’-yl}-benzoxazole (Compound 97)>

[0108] 2-(4-bromophenyl)-benzoxazole: 4.0 g, and 3,5-di([9H]-carbazol-9-yl)-phenylboronic acid: 7.3 g were charged
into a reaction vessel, toluene: 80 mL, ethanol: 20 mL, and then an aqueous solution prepared by dissolving potassium
carbonate; 2.4 g in H,O: 20 mL in advance were added thereto, and nitrogen gas was aerated while applying ultrasonic
waves for 30 minutes. Tetrakis (triphenylphosphine) palladium (0): 0.3 g was added thereto, and the mixture was stirred
overnight with heating under reflux. The mixture was allowed to cool and then, an organic layer was separated by a
liquid separation operation and concentrated to obtain a crude product. The crude product was crystallized and purified
with a toluene/acetone mixed solvent, and thus, 4.4 g (yield of 50%) of white powder of 2-{3,5-di([9H]-carbazol-9-
yl)-biphenyl-4’-yl)-benzoxazole (Compound 97) was obtained.

{Chem. 31)

&
L0~
o

N”Q :’
F,/:'K\f\
(Compound 97 )

[0109] The structure of the obtained white powder was identified using NMR.
[0110] The following 27 hydrogen signals were detected by 'H-NMR (CDCls).
8(ppm)=8.42(2H), 8.21(4H), 8.04(2H), 7.91(3H), 7.82(1H), 7.64(5H), 7.51(4H), 7.45-7.32(6H).

(Example 13)

<Synthesis of 2-{3,5-di([9H]-carbazol-9-yl)-phenyl}-6-(biphenyl-4-yl)-4-phenyl-benzoxazole (Compound 98)>

[0111] By using 2-(3,5-dichloro-phenyl)-6-(biphenyl-4-yl)-4-phenyl-benzoxazole and carbazole instead of 4,6-bis(bi-
phenyl-3-yl)-2-(4-chloro-phenyl)-benzoxazole and 3-biphenylboronic acid in Example 1, respectively, and performing

the reaction under similar conditions, 7.9 g (yield of 57%) of white powder of 2-{3,5-di([9H]-carbazol-9-yl)-phenyl}-6-(bi-
phenyl-4-yl)-4-phenyl-benzoxazole (Compound 98) was obtained.
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{Chem. 32)

(Compound 98)
[0112] The structure of the obtained white powder was identified using NMR.
[0113] The following 35 hydrogen signals were detected by 'H-NMR (CDCls).
3(ppm)-8.68(2H), 8.22(4H), 8.11(2H), 8.01(1H), 7.87(2H), 7.79(4H), 7.69(2H), 7.64(4H), 7.57-7.47(8H), 7.42(2H),
7.38(4H).
(Example 14)
<Synthesis of 2-{3,4-di([9H]-carbazol-9-yl)-phenyl}-4,6-diphenyl-benzoxazole (Compound 99)>
[0114] By using 2-{3,4-difluoro-phenyl}-4,6-diphenyl-benzoxazole instead of 2-{2,5-difluoro-phenyl}-4,6-diphenyl-ben-

zoxazole in Example 3 and performing the reaction under similar conditions, 3.1 g (yield of 60%) of white powder of
2-{3,4-di([9H]-carbazol-9-yl)-phenyl}-4,6-diphenyl-benzoxazole (Compound 99) was obtained.

{Chem. 33)

(7

{(Compound 99)

[0115] The structure of the obtained white powder was identified using NMR.
[0116] The following 31 hydrogen signals were detected by TH-NMR (CDCl5).
8(ppm)=)8.79(1H), 8.67(1H), 8.14(2H), 8.04(1H), 7.89-7.79(6H), 7.75(2H), 7.56(4H), 7.45(2H), 7.24(4H), 7.15-7.06(8H).

(Example 15)

<Synthesis of 4-(biphenyl-3-yl)-2--(biphenyl-4-yl)-6-(9-phenyl-[9H]-carbazol-3-yl)-benzoxazole (Compound 100)>
[0117] By using 4-(biphenyl-3-yl)-2-(4-chlorophenyl)-6-(9-phenyl-[9H]-carbazol-3-yl)-benzoxazole and phenylboronic
acid instead of 4,6-bis(biphenyl-3-yl)-2-(4-chloro-phenyl)-benzoxazole and 3-biphenylboronic acid in Example 1, respec-

tively, and performing the reaction under similar conditions, 2.1 g (yield of 31%) of white powder of 4-(biphenyl-3-yl)-
2-(biphenyl-4-yl)-6-(9-phenyl-[9H]-carbazol-3-yl)-benzoxazole (Compound 100) was obtained.
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{Chem. 34)

{(Compound 100)

[0118] The structure of the obtained white powder was identified using NMR.
[0119] The following 32 hydrogen signals were detected by 'H-NMR (CDCls).
8(ppm)=8.47(1H), 8.50(2H), 8.36(1H), 8.25(1H), 8.16(1H), 7.92(2H), 7.85(2H), 7.77(5H), 7.72-7.59(6H), 7.57-7.33(11H).

(Example 16)

[0120] The melting point and the glass transition point of the benzoazole compound represented by the general formula
(1) were measured using a high sensitivity differential scanning calorimeter (DSC3100SA manufactured by Bruker AXS
GmbH).

Melting point Glass
transition point
Compound of Example 1 Not observed  82°C

Compound of Example 2 273°C 144°C
Compound of Example 3  256°C 136°C
Compound of Example 4  Not observed 107°C
Compound of Example 5  220°C 112°C
Compound of Example 6  242°C 121°C
Compound of Example 7 236°C 113°C
Compound of Example 8  313°C 144°C
Compound of Example 9  277°C 145°C
Compound of Example 10  Not observed  180°C
Compound of Example 11 261°C 117°C
Compound of Example 12 243°C 135°C
Compound of Example 13 315°C 162°C
Compound of Example 14  270°C 144°C

Compound of Example 15 Not observed 111°C

[0121] The compound having a benzoazole structure represented by the general formula (1) has the glass transition
point of not less than 100°C, which shows that the thin film state is stable.

(Example 17)
[0122] The compound having a benzoazole structure represented by the general formula (1) was used to prepare a
vapor deposition film having a film thickness of 100 nm on an ITO substrate, and the work function thereof was measured

by an ionization potential measuring apparatus (PYS-202 manufactured by Sumitomo Heavy Industries, Ltd.).

Work function
Compound of Example 1 6.34 eV
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(continued)

Work function
Compound of Example 2  6.28 eV
Compound of Example 3  6.12 eV
Compound of Example 4  6.20 eV
Compound of Example 5  6.00 eV
Compound of Example 6  6.46 eV
Compound of Example 7 5.98 eV
Compound of Example 8 6.18 eV
Compound of Example 9  6.21 eV
Compoundof Example 10 5.94 eV
CompoundofExample 11 6.24 eV
CompoundofExample 12 6.24 eV
Compoundof Example 13  6.32 eV
Compoundof Example 14 6.18 eV
CompoundofExample 15 6.02 eV

[0123] The compound having a benzoazole structure represented by the general formula (1) has a value of work
function larger than 5.5 eV that is a value of work function of a general hole transport material such as NPD and TPD
and has large hole blocking performance.

(Example 18)

[0124] The organic EL device was prepared by depositing a hole injection layer 3, a hole transport layer 4, a light-
emitting layer 5, a hole blocking layer 6, an electron transport layer 7, an electron injection layer 8, and a cathode
(aluminum electrode) 9 in the stated order on a transparent anode 2, which has been formed on a glass substrate 1 as
an ITO electrode in advance, as shown in Fig. 26.

[0125] Specifically, after performing, in isopropyl alcohol for 20 minutes, ultrasonic cleaning on the glass substrate 1
on which ITO having a film thickness of 150 nm was formed, the glass substrate 1 was dried for 10 minutes on a hot
plate heated to 200°C. After that, UV ozone treatment was performed for 15 minutes, and then, the ITO-attached glass
substrate was mounted in a vacuum deposition machine. The pressure in the vacuum deposition machine was reduced
to not more than 0.001 Pa. Subsequently, a film of an electron acceptor (Acceptor-1) having the following structural
formula and a compound (HTM-1-1) having the following structural formula were formed, as the hole injection layer 3,
to have a film thickness of 10 nm and cover the transparent anode 2 by binary deposition at a deposition rate in which
the ratio of the deposition rates of Acceptor-1 and the compound (HTM-1-1) was 3:97. As the hole transport layer 4, a
film of the compound (HTM-1-1) having the following structural formula was formed on the hole injection layer 3 to have
a film thickness of 60 nm. A film of a compound EMD-1 having the following structural formula and a compound EMH-
1 having the following structural formula were formed, as the light-emitting layer 5, on the hole transport layer 4 to have
a film thickness of 20 nm by binary deposition at a deposition rate in which the ratio of the deposition rates of EMD-1
and EMH-1 was 5:95. A film of the compound (Compound 22) according to Example 2 was formed on the light-emitting
layer 5, as the hole blocking layer 6 to have a film thickness of 5 nm. A film of a compound (ETM-2-87) having the
following structural formula and a compound (ETM-3) having the following structural formula were formed, as the electron
transport layer 7, on the hole blocking layer 6 to have a film thickness of 25 nm by binary deposition at a deposition rate
in which the ratio of the deposition rates of the compound (ETM-2-87) and the compound ETM-3 was 50:50. A film of
lithium fluoride was formed, as the electron injection layer 8, on the electron transport layer 7 to have a film thickness
of 1 nm. Finally, aluminum was deposited to have a thickness of 100 nm to form the cathode 9. The characteristics of
the prepared organic EL device were measured at room temperature in the atmosphere. The measurement results of
the light-emitting characteristics when a direct current voltage was applied to the prepared organic EL device were
collectively shown in Table 1.
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{Chem. 35)

{Acceptor-1)

{(Chem. 36)
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[0126] An organic EL device was prepared in similar conditions to Example 18 except that the compound (Compound

EP 3 664 173 A1

{Chem. 38)

(EMH-1)
(Chem. 39)
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(Compound 22)

{(Chem. 40)
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(Chem. 41)
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24) according to Example 3 of the present invention was used as the material of the hole blocking layer 6 instead of the
compound (Compound 22) according to Example 2 of the present invention. The characteristics of the prepared organic

EL device were measured at room temperature in the atmosphere. The measurement results of the light-emitting char-
acteristics when a direct current voltage was applied to the prepared organic EL device were collectively shown in Table 1.

{Chem. 42)

éi; @;@
.

N
{Compound 24)
[Example 20]
[0127] Anorganic EL device was prepared in similar conditions to Example 18 except that the compound (Compound
60) according to Example 7 of the present invention was used as the material of the hole blocking layer 6 instead of the
compound (Compound 22) according to Example 2 of the present invention. The characteristics of the prepared organic

EL device were measured at room temperature in the atmosphere. The measurement results of the light-emitting char-
acteristics when a direct current voltage was applied to the prepared organic EL device were collectively shownin Table 1.

{Chem. 43)

(Compound 60)
[Example 21]
[0128] An organic EL device was prepared in similar conditions to Example 18 except that the compound (Compound
62) according to Example 8 of the present invention was used as the material of the hole blocking layer 6 instead of the
compound (Compound 22) according to Example 2 of the present invention. The characteristics of the prepared organic

EL device were measured at room temperature in the atmosphere. The measurement results of the light-emitting char-
acteristics when a direct current voltage was applied to the prepared organic EL device were collectively shown in Table 1.

(Chem. 44)

@/@H)

N
1/

(Compound 62)
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(Example 22)

[0129] An organic EL device was prepared in similar conditions to Example 18 except for the compound (Compound
69) according to Example 9 of the present invention was used as the material of the hole blocking layer 6 instead of the
compound (Compound 22) according to Example 2 of the present invention. The characteristics of the prepared organic
EL device were measured at room temperature in the atmosphere. The measurement results of the light-emitting char-
acteristics when a direct current voltage was applied to the prepared organic EL device were collectively shown in Table 1.

{(Chem. 45)

(Compound 69)
[Example 23]

[0130] An organic EL device was prepared in similar conditions to Example 18 except that the compound (Compound
96) according to Example 11 of the present invention was used as the material of the hole blocking layer 6 instead of
the compound (Compound 22) according to Example 2 of the present invention. The characteristics of the prepared
organic EL device were measured at room temperature in the atmosphere. The measurement results of the light-emitting
characteristics when a direct current voltage was applied to the prepared organic EL device were collectively shown in
Table 1.

{Chem. 46)

Ty~

(Compound 96)

[Example 24]

[0131] Anorganic EL device was prepared in similar conditions to Example 18 except that the compound (Compound
97) according to Example 12 of the present invention was used as the material of the hole blocking layer 6 instead of
the compound (Compound 22) according to Example 2 of the present invention. The characteristics of the prepared
organic EL device were measured at room temperature in the atmosphere. The measurement results of the light-emitting
characteristics when a direct current voltage was applied to the prepared organic EL device were collectively shown in
Table 1.
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{Chem. 47)

(Compound 97)
[Example 25]

[0132] Anorganic EL device was prepared in similar conditions to Example 18 except that the compound (Compound
98) according to Example 13 of the present invention was used as the material of the hole blocking layer 6 instead of
the compound (Compound 22) according to Example 2 of the present invention. The characteristics of the prepared
organic EL device were measured at room temperature in the atmosphere. The measurement results of the light-emitting
characteristics when a direct current voltage was applied to the prepared organic EL device were collectively shown in
Table 1.

{Chem. 48)
o -
(> &ﬁ,i\
Pl N\ A
B S ()

(Compound 98)
[Example 26]

[0133] Anorganic EL device was prepared in similar conditions to Example 18 except that the compound (Compound
99) according to Example 14 of the present invention was used as the material of the hole blocking layer 6 instead of
the compound (Compound 22) according to Example 2 of the present invention. The characteristics of the prepared
organic EL device were measured at room temperature in the atmosphere. The measurement results of the light-emitting
characteristics when a direct current voltage was applied to the prepared organic EL device were collectively shown in
Table 1.

(Chem. 49)

(Compound 99)
[Comparative Example 1]

[0134] Forcomparison, anorganic EL device was prepared in similar conditions to Example 18 except that a compound
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ETM-4 having the following structural formula was used as the material of the hole blocking layer 6 instead of the
compound (Compound 22) according to Example 2 of the present invention. The characteristics of the prepared organic
EL device were measured at room temperature in the atmosphere. The measurement results of the light-emitting char-
acteristics when a direct current voltage was applied to the prepared organic EL device were collectively shown in Table 1.

{Chem. 50)

[Comparative Example 2]

[0135] Forcomparison, an organic EL device was prepared in similar conditions to Example 18 except that the above-
mentioned compound (ETM-2-87) was used as the material of the hole blocking layer 6 instead of the compound
(Compound 22) according to Example 2 of the present invention. The characteristics of the prepared organic EL device
were measured at room temperature in the atmosphere. The measurement results of the light-emitting characteristics
when a direct current voltage was applied to the prepared organic EL device were collectively shown in Table 1.

{Chem. 51)

%ﬂ"&«,
JﬂL/ﬁ

-

oY

]
l B, "““w
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“sﬁj L

(ETM-2-87)

[0136] The device lifetime was measured using each of the organic EL devices prepared in Examples 18 and 26 and
Comparative Examples 1 and 2, and the results were collectively shown in Table 1. The device lifetime was measured
as the time until the light emission luminance attenuated to 1900 cd/m?2 (corresponding to 95% in the case where the
initial luminance was 100%: 95% attenuation) when constant current driving was performed with the light emission
luminance (initial luminance) at the start of light emission set to 2000 cd/m?2.
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[0137] As shown in Table 1, the drive voltage when a current having a current density of 10 mA/cm?2 was caused to
flow was lowered to 3.47 to 3.52 V in the organic EL devices according to Examples 18 to 26 as compared with the 3.53
to 3.66 V of the organic EL devices according to Comparative Examples 1 and 2. Further, the light emission efficiency
was improved to 9.80to 10.10 cd/A in the organic EL devices according to Examples 18 to 26 as compared with 9.00-9.66
cd/A of the organic EL devices according to Comparative Examples 1 and 2. Also the power efficiency of the organic
EL devices according to Examples 18 to 26 was largely improved to 8.80 to 9.16 Im/W as compared with 7.74 to 8.60
Im/W of the organic EL devices according to Comparative Examples 1 and 2. In particular, the device lifetime (95%
attenuation) was largely extended to 151 to 272 hours in the organic EL devices according to Examples 18 to 26 as
compared with 117 to 137 hours of the organic EL devices according to Comparative Examples 1 and 2.

[0138] As described above, the organic EL device according to the present invention is excellent in the light emission
efficiency and power efficiency as compared with the existing organic EL devices because hole blocking performance,
hole resistance performance, and exciton confinement performance are improved by selecting a specific benzoazole-
based compound as the material of a hole blocking layer. Thus, it has been found that it is possible to realize an organic
EL device having a long lifetime.

Industrial Applicability

[0139] The compound having a specific benzoazole structure according to the present invention is excellent in electron
injection property and hole blocking performance and is stable in a thin film state, and thus is suitably used as a compound
for organic EL device. By preparing an organic EL device using the compound, it is possible to achieve high efficiency,
reduce the drive voltage, and improve the durability. For example, it has become possible to expand to home appliances
and lighting applications.

Reference Signs List
[0140]

glass substrate
transparent anode
hole injection layer
hole transport layer
light-emitting layer
hole blocking layer
electron transport layer
electron injection layer
cathode

© 0o ~NOO O~ WN-=

Claims

1. An organic electroluminescence device (hereinafter, abbreviated as organic EL device) including at least a anode,
a hole transport layer, a light-emitting layer, a hole blocking layer, an electron transport layer, and a cathode in this
order, characterized in that the hole blocking layer includes a compound having a benzoazole structure represented
by the following general formula (1) .

(Chem. 1)
Arl
N
’ Y
Ar?
(1)
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(In the formula, Ar! and Ar2 may be the same or different from each other and each represent a hydrogen atom, a
deuterium atom, a substituted or unsubstituted aromatic hydrocarbon group, a substituted or unsubstituted fused
polycyclic aromatic group, or a substituted or unsubstituted aromatic heterocyclic group, Y4 represents a substituted
or unsubstituted aromatic hydrocarbon group, a substituted or unsubstituted fused polycyclic aromatic group, a
substituted or unsubstituted aromatic heterocyclic group, a straight-chained or branched alkyl group that has 1 to
6 carbon atoms and may have a substituent group, a cycloalkyl group that has 5 to 10 carbon atoms and may have
a substituent group, or a straight-chained or branched alkenyl group that has 2 to 6 carbon atoms and may have a
substituent group, X represents an oxygen atom or a sulfur atom, and Z; and Z, may be the same or different from
each other and each represent a carbon atom or a nitrogen atom).

The organic EL device according to claim 1, characterized in that
the general formula (1) includes a compound having a benzoazole structure represented by the following general
formula (2).

{(Chem. 2)
Ard
Z3 X
i oY)
f/
Art
(2)

(In the formula, Ar3 and Ar4 may be the same or different from each other and each represent a hydrogen atom, a
deuterium atom, a substituted or unsubstituted aromatic hydrocarbon group, or a substituted or unsubstituted aro-
matic heterocyclic group, Y, represents a substituted or unsubstituted aromatic hydrocarbon group, a substituted
or unsubstituted aromatic heterocyclic group, a straight-chained or branched alkyl group that has 1 to 6 carbon
atoms and may have a substituent group, a cycloalkyl group thathas 5 to 10 carbon atoms and may have a substituent
group, or a straight-chained or branched alkenyl group that has 2 to 6 carbon atoms and may have a substituent
group, X represents an oxygen atom or a sulfur atom, and Z5 and Z, may be the same or different from each other
and each represent a carbon atom or a nitrogen atom. However, the aromatic heterocyclic group of each of Ar3,
Ar4, and Y, is other than an azine ring, and the substituent group of each of Ar3, Ar4, and Y, is other than a fused
polycyclic aromatic group and an azine ring.)

The organic EL device according to claim 2, characterized in that

the general formula (2) includes a compound having a benzoazole structure represented by the following general
formula (3).

{Chem. 3)

(3)
(In the formula, Ar5 and Ar may be the same or different from each other and each represent a hydrogen atom, a

deuterium atom, a substituted or unsubstituted aromatic hydrocarbon group, or a substituted or unsubstituted aro-
matic heterocyclic group, Y5 represents a substituted or unsubstituted aromatic hydrocarbon group, a substituted

37



10

15

20

25

30

35

40

45

50

55

EP 3 664 173 A1

or unsubstituted aromatic heterocyclic group, a straight-chained or branched alkyl group that has 1 to 6 carbon
atoms and may have a substituent group, a cycloalkyl group thathas 5 to 10 carbon atoms and may have a substituent
group, or a straight-chained or branched alkenyl group that has 2 to 6 carbon atoms and may have a substituent
group, and X represents an oxygen atom or a sulfur atom. However, the aromatic heterocyclic group of each of ArS,
Ar6, and Y5 is other than an azine ring, and the substituent group of Ar5, Ar6, and Y5 is other than a fused polycyclic
aromatic group and an azine ring.)

The organic EL device according to claim 3, characterized in that
the general formula (3) includes a compound having a benzoazole structure represented by the following general
formula (4).

{(Chem. 4)

A f?'\ : N x

o
J

9
AT
2

|
-

Ard
(4)

(In the formula, Ar? to Ar® may be the same or different from each other and each represent a hydrogen atom, a
deuterium atom, a substituted or unsubstituted aromatic hydrocarbon group, or a substituted or unsubstituted aro-
matic heterocyclic group, and X represents an oxygen atom or a sulfur atom. However, the aromatic heterocyclic
group of each of Ar” to Ar? is other than an azine ring, and the substituent group of each of Ar7 to Ar9 is other than
a fused polycyclic aromatic group and an azine ring.)

The organic EL device according to claim 4, characterized in that
the general formula (4) includes a compound having a benzoazole structure represented by the following general
formula (5).

{Chem. 5)
Ar0 o
e \.\ -
I ] )—ar?
Al’”

(In the formula, Ar10 to Ar'2 may be the same or different from each other and each represent a hydrogen atom, a
deuterium atom, a substituted or unsubstituted aromatic hydrocarbon group, or a substituted or unsubstituted aro-
matic heterocyclic group. However, the aromatic heterocyclic group of each of Ar10 to Ar'2 is other than an azine
ring, and the substituent group of Ar10 to Ar'2 is other than a fused polycyclic aromatic group and an azine ring.)

The organic EL device according to claim 5, characterized in that

the general formula (5) includes a compound having a benzoazole structure represented by the following general
formula (6).
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{(Chem. 6)
Ar'3 RS o)
! 1 ,>_AT15
Ar14
(6)

(In the formula, Ar'3 to Ar'S may be the same or different from each other and each represent a hydrogen atom, a
deuterium atom, a substituted or unsubstituted aromatic hydrocarbon group, or a substituted or unsubstituted aro-
matic heterocyclic group. However, the aromatic heterocyclic group of each of Ar'3 to Ar'5 is other than an azine
ring, the substituent group of each of each of Ar'3 to Ar'5 is other than a fused polycyclic aromatic group and an
azine ring, and at least one monovalent group represented by the following structural formula (A-1) or (A-2) is
included as the aromatic heterocyclic group of each of Ar'3 to Ar'5 or the substituent group of each of Ar'3 to Ar15)

{Chem. 7)

e N e /(Rg)l’z
7 X
B
= =
(Ry)rq
(A-1)
(Chem. 8)

(A-2)

(In the formula, a broken line represents a binding site, each of R4 to Rj is a deuterium atom, a fluorine atom, a
chlorine atom, a cyano group, a nitro group, a straight-chained or branched alkyl group that has 1 to 6 carbon atoms
and may have a substituent group, a cycloalkyl group that has 5 to 10 carbon atoms and may have a substituent
group, a straight-chained or branched alkenyl group that has 2 to 6 carbon atoms and may have a substituent group,
a straight-chained or branched alkyloxy group that has 1 to 6 carbon atoms and may have a substituent group, a
cycloalkyloxy group that has 5 to 10 carbon atoms and may have a substituent group, a substituted or unsubstituted
aromatic hydrocarbon group, a substituted or unsubstituted aromatic heterocyclic group, or a substituted or unsub-
stituted aryloxy group, r4 to r; may be the same or different from each other, r, to r5 each represent an integer of 0
to 4, r, represents an integer of 0 to 5, and r5 represents an integer of 0 to 3. In a case where any of ry to ry is an
integer of two or more, a plurality of Ry, a plurality of R,, a plurality of R, a plurality of R4, or a plurality of Rg bonded
to the same benzene ring may be the same as or different from each other and the plurality of R4, the plurality of
R, the plurality of R3, and the plurality of R; may be bonded to the same substituted benzene ring via a single bond,
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a substituted or unsubstituted methylene group, an oxygen atom, or a sulfur atom to form a ring.)

The organic EL device according to any one of claims 1 to 6, characterized in that

the electron transport layerincludes a compound having a benzoazole structure represented by the following general
formula (ETM-1) or a compound having a pyrimidine ring structure represented by the following general formula
(ETM-2).

(ETM-1)

(In the formula, Ar'6 and Ar'7 may be the same or different from each other and each represent a hydrogen atom,
adeuterium atom, a substituted or unsubstituted aromatic hydrocarbon group, a substituted or unsubstituted aromatic
heterocyclic group, or a substituted or unsubstituted fused polycyclic aromatic group, Y, represents a substituted
or unsubstituted aromatic hydrocarbon group, a substituted or unsubstituted aromatic heterocyclic group, a substi-
tuted or unsubstituted fused polycyclic aromatic group, a straight-chained or branched alkyl group that has 1 to 6
carbon atoms and may have a substituent group, a cycloalkyl group that has 5 to 10 carbon atoms and may have
a substituent group, or a straight-chained or branched alkenyl group that has 2 to 6 carbon atoms and may have a
substituent group, X represents an oxygen atom or a sulfur atom, and Z5 and Zg may be the same or different from
each other and each represent a carbon atom or a nitrogen atom.)

{Chem. 10)
Ar'ig

N~ N
P
¢

A19
r \ 20

Ar
(ETM-2)

(In the formula, Ar'8 represents a substituted or unsubstituted aromatic hydrocarbon group, a substituted or unsub-
stituted aromatic heterocyclic group, or a substituted or unsubstituted fused polycyclic aromatic group, Ar'® and
Ar20 each represent a hydrogen atom, a deuterium atom, a substituted or unsubstituted aromatic hydrocarbon group,
a substituted or unsubstituted aromatic heterocyclic group, or a substituted or unsubstituted fused polycyclic aromatic
group, both Ar'® and Ar20 do not represent any of a hydrogen atom and a deuterium atom, and A represents a
monovalent group represented by the following structural formula (ETM-A) .)
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(Chem. 11)

(ETM-A)

(In the formula, a broken line represents a binding site, Ar2! represents a substituted or unsubstituted aromatic
heterocyclic group, Rg represents a deuterium atom, a fluorine atom, a chlorine atom, a cyano group, a trifluoromethyl
group, a straight-chained or branched alkyl group that has 1 to 6 carbon atoms and may have a substituent group,
a cycloalkyl group that has 5 to 10 carbon atoms and may have a substituent group, a straight-chained or branched
alkenyl group that has 2 to 6 carbon atoms and may have a substituent group, a substituted or unsubstituted aromatic
hydrocarbon group, a substituted or unsubstituted aromatic heterocyclic group, or a substituted or unsubstituted
fused polycyclic aromatic group, and rg represents an integer of 0 to 4. In a case where rg is an integer of two or
more, a plurality of Rg bonded to the same benzene ring may be the same or different from each other and Rg and
Ar21 may be bonded to each other via a single bond, a substituted or unsubstituted methylene group, an oxygen
atom, or a sulfur atom to form a ring.)

The organic EL device according to claim 7, characterized in that
the hole transport layer has a two-layer structure of a first hole transport layer and a second hole transport layer,

and the first hole transport layer is a triphenylamine derivative represented by the following general formula (HTM-
1) or (HTM-2).

(Chem. 12)

(Rio)rip

(R11)r+4 (R1z)r12 /x N

7

\ L/(/\\t/ Va
1 C>

(Rg)rg

(HTM-1)

(In the formula, each of R; to R4, represents a deuterium atom, a fluorine atom, a chlorine atom, a cyano group, a
nitro group, a straight-chained or branched alkyl group that has 1 to 6 carbon atoms and may have a substituent
group, a cycloalkyl group that has 5 to 10 carbon atoms and may have a substituent group, a straight-chained or
branched alkenyl group that has 2 to 6 carbon atoms and may have a substituent group, a straight-chained or
branched alkyloxy group that has 1 to 6 carbon atoms and may have a substituent group, a cycloalkyloxy group
that has 5to 10 carbon atoms and may have a substituent group, a substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocyclic group, a substituted or unsubstituted fused polycyclic
aromatic group, or a substituted or unsubstituted aryloxy group, r; to ry, may be the same or different from each
other, r; to ryg each represent an integer of 0 to 5, and ry4 and ry, each represent an integer of 0 to 4. In a case
where any of r; to ry, is an integer of two or more, a plurality of R, a plurality of Rg, a plurality of Rg, a plurality of
R40, a plurality of Ry4, or a plurality of Ry, bonded to the same benzene ring may be the same or different from each
other. Further, a benzene ring and a substituent group substituted with a benzene ring, a plurality of substituent
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groups substituted with the same benzene ring, or benzene rings adjacent to each other via a nitrogen atom may
be bonded to each other via a single bond, a substituted or unsubstituted methylene group, an oxygen atom, or a
sulfur atom to form a ring. L4 represents a bivalent group represented by the following structural formulae (HTM-A)
to (HTM-F) or a single bond.)

{Chem. 13)

A
{(HTM-A)
(In the formula, n represents an integer of 1 to 3.)
(Chem. 14)

{Chem. 16)
——CH,—

(HTM-D)
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{(Chem. 17)

,,.A_.C HM_
O
N
(HTM-E)
{(Chem. 18)

(HTM-F)

{Chem. 19)

(HTM-2)

(In the formula, Ry5 to Ry, each represent a deuterium atom, a fluorine atom, a chlorine atom, a cyano group, a
nitro group, a straight-chained or branched alkyl group that has 1 to 6 carbon atoms and may have a substituent
group, a cycloalkyl group that has 5 to 10 carbon atoms and may have a substituent group, a straight-chained or
branched alkenyl group that has 2 to 6 carbon atoms and may have a substituent group, a straight-chained or
branched alkyloxy group that has 1 to 6 carbon atoms and may have a substituent group, a cycloalkyloxy group
that has 5to 10 carbon atoms and may have a substituent group, a substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocyclic group, a substituted or unsubstituted fused polycyclic
aromatic group, or a substituted or unsubstituted aryloxy group. ry3 to r,, may be the same or different from each
other, ry5 to ryg €ach represent an integer of 0 to 5, and ryq to ry, each represent an integer of 0 to 4. In a case
where any of ry3 to ry4 is an integer of two or more, a plurality of R43, a plurality of Ry4, a plurality of R45, a plurality
of R4g, a plurality of R4, a plurality of R4g, a plurality of R4g, a plurality of Ryq, a plurality of R,4, a plurality of Ry,
a plurality of Ry3, or a plurality of Ry, bonded to the same benzene ring may be the same or different from each
other. Further, a benzene ring and a substituent group substituted with a benzene ring, a plurality of substituent
groups substituted with the same benzene ring, or benzene rings adjacent to each other via a nitrogen atom may
be bonded to each other via a single bond, a substituted or unsubstituted methylene group, an oxygen atom, or a
sulfur atom to form a ring. L, to L, may be the same or different from each other, and each represent a bivalent
group represented by the following structural formulae (HTM-A) to (HTM-F) or a single bond.)
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