US 20160013419A1
ao) United States

12) Patent Application Publication (o) Pub. No.: US 2016/0013419 A1l

YOSHIDA et al. 43) Pub. Date: Jan, 14, 2016

(54) AMINE COMPOUND HAVING (32) US.CL
HETERO-FUSED RING AND ORGANIC CPC ....... HOIL S1/0061 (2013.01); CO7D 491/147
ELECTROLUMINESCENT ELEMENT USING (2013.01); HOIL 51/006 (2013.01); HOIL
AMINE COMPOUND 510071 (2013.01); HOIL 51/0052 (2013.01);
. HOIL 51/0073 (2013.01); HOIL 51/5056
(71)  Applicant: IDEMITSU KOSAN CO., LID., (2013.01)

Chiyoda-ku, Tokyo (JP)

(72) Inventors: Kei YOSHIDA, Sodegaura-shi, Chiba
(JP); Toshihiro IWAKUMA, (7) ABSTRACT
Sodegaura-shi, Chiba (JP); Ryohei
HASHIMOTO, Sodegaura-shi, Chiba .
(IP) A compound represented by the following formula (1).

(73) Assignee: Idemitsu Kosan Co., Ltd., Chiyoda-ku,
Tokyo (IP) @

(21) Appl.No:  14/771,170
(22) PCTFiled:  Mar 18,2014

(86) PCT No.: PCT/JP2014/001545

§ 371 (e)(1),
(2) Date: Aug, 27,2015

(30) Foreign Application Priority Data
Mar. 22,2013 (JP) oo 2013-059300

Publication Classification

(51) Int.CL
HOIL 51/00 (2006.01)
CO7D 491/147 (2006.01)

60

50

40

30

20

10




Patent Application Publication Jan. 14, 2016 US 2016/0013419 A1

FIG.1

60

50

40

30

20

10

FIG.2

60

50

70

30

20

10




US 2016/0013419 Al

AMINE COMPOUND HAVING
HETERO-FUSED RING AND ORGANIC
ELECTROLUMINESCENT ELEMENT USING
AMINE COMPOUND

TECHNICAL FIELD

[0001] The invention relates to a novel amine compound
having ahetero-fused ring, amaterial foran organic electrolu-
minescence device using the same and an organic electrolu-
minescence device.

BACKGROUND ART

[0002] Anorganicelectroluminescence (EL) device is clas-
sified into a fluorescent organic EL device and a phosphores-
cent organic EL device, and a device design optimum for the
emission mechanism of each type of organic EL devices has
been studied. It is known that a highly efficient phosphores-
cent organic EL device cannot be obtained by merely apply-
ing a fluorescent device technology due to the emission char-
acteristics thereof.

[0003] Specifically, since phosphorescence emission uti-
lizes triplet excitons, a compound used for forming an emit-
ting layer must have a large energy gap. This is because the
energy gap (hereinafter often referred to as “singlet energy™)
of a compound is normally larger than the triplet energy (in
the invention, the triplet energy means the difference in
energy between the lowest excited triplet state and the ground
state) of the compound.

[0004] As the material for a phosphorescent organic EL
device, Patent Document 1 discloses a phosphorescent host
material having a line-symmetrical structure, for example.

RELATED ART DOCUMENT
Patent Document
[0005] Patent Document 1: W0O2011/019173
SUMMARY OF THE INVENTION
[0006] An object of the invention is to provide a novel

compound capable of realizing a highly efficient organic EL
device.

[0007] According to one aspect of the invention, a com-
pound represented by the following formula (1) is provided.

M
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[0008] wherein in the formula (1),

[0009] X is O, S or a group represented by N—Ra;

[0010] Y, toY,areindependently N or a group represented
by C—Ra;

[0011] Y, andY,areindependently N, a group represented

by C—Ra or a carbon atom that is bonded to —N(Ars)(Ary);

[0012] Y, andY,areindependently N, a group represented
by C—Ra or a carbon atom that is bonded to —N(Ar-)(Ary);

[0013] Y, toY,, are independently N, a group represented
by C—Ra or a carbon atom that is bonded to —N(Ar,,)

(Arpo);

[0014] Ar, to Ar), are independently a substituted or
unsubstituted aromatic hydrocarbon group including 6 to 30
carbon atoms that form a ring (hereinafter referred to as “ring
carbon atoms”) or a substituted or unsubstituted aromatic
heterocyclic group including 3 to 30 atoms that form a ring
(hereinafter referred to as ‘ring atoms’):

[0015] Ra is a hydrogen atom, a substituted or unsubsti-
tuted aromatic hydrocarbon group including 6 to 30 ring
carbon atoms, a substituted or unsubstituted aromatic hetero-
cyclic group including 3 to 30 ring atoms, a substituted or
unsubstituted alkyl group including 1 to 30 carbon atoms, a
substituted or unsubstituted fluoroalkyl group including 1 to
30 carbon atoms, a substituted or unsubstituted cycloalkyl
group including 3 to 30 ring carbon atoms, a substituted or
unsubstituted aralkyl group including 7 to 30 carbon atoms, a
substituted phosphoryl group, a substituted silyl group, a
cyano group, a nitro group or a carboxy group,

[0016] when plural Ras are present in the formula (1), the
plural Ras may be the same or different from each other, and
the plural Ras may form a ring;

[0017] when Ar, is a p-phenylene group, Ar; is not an
unsubstituted phenyl group and Ar, is not an unsubstituted
phenyl group;
[0018] when Ar, is a p-phenylene group, Ar, is not an
unsubstituted phenyl group and Ar, , is not an unsubstituted
phenyl group;

[0019] ais an integer of 0, 1 or 2;

[0020] b isan integer of O, 1 or 2;

[0021] cis aninteger of 0, 1 or 2;

[0022] disan integer of O, 1 or 2;

[0023] eis aninteger of 0, 1, 2, 3 or 4; and

[0024] a+b+c+d+eis1to6.

[0025] According to the invention, a compound that

enables an organic EL device to emit light at a high efficiency
can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026] FIG. 1 is a view showing one embodiment of the
organic EL device of the invention; and

[0027] FIG. 2 is a view showing one embodiment of the
organic EL device of the invention.
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MODE FOR CARRYING OUT THE INVENTION

[0028] The compound according to one aspect of the inven-
tion 1s represented by the following formula (1):

M

[0029] wherein in the formula (1),

[0030] X is O, S or a group represented by N—Ra;

[0031] Y, toY,areindependently N or a group represented
by C—Ra;

[0032] Y, andY,areindependently N, a group represented
by C—Ra or a carbon atom that is bonded to —N(Ars)(Ary);

[0033] Y,andY,areindependently N, a group represented
by C—Ra or a carbon atom that is bonded to —N(Ar,)(Ag);

[0034] Y, toY,, are independently N, a group represented
by C—Ra or a carbon atom that is bonded to —N(Ar,,)
(Arp,);

[0035] Ar, to Ar,, are independently a substituted or
unsubstituted aromatic hydrocarbon group including 6 to 30
ring carbon atoms or a substituted or unsubstituted aromatic
heterocyclic group including 3 to 30 ring atoms;

[0036] Ra is a hydrogen atom, a substituted or unsubsti-
tuted aromatic hydrocarbon group including 6 to 30 ring
carbon atoms, a substituted or unsubstituted aromatic hetero-
cyclic group including 3 to 30 ring atoms, a substituted or
unsubstituted alkyl group including 1 to 30 carbon atoms, a
substituted or unsubstituted fluoroalkyl group including 1 to
30 carbon atoms, a substituted or unsubstituted cycloalkyl
group including 3 to 30 ring carbon atoms, a substituted or
unsubstituted aralkyl group including 7 to 30 carbon atoms, a
substituted phosphoryl group, a substituted silyl group, a
cyano group, a hitro group or a carboxy group,

[0037] when plural Ras are present in the formula (1), the
plural Ras may be the same or different from each other, and
the plural Ras may form a ring;

[0038] when Ar, is a p-phenylene group, Ar, is not an
unsubstituted phenyl group and Ar, is not an unsubstituted
phenyl group;

[0039] when Ar, is a p-phenylene group, Arg is not an
unsubstituted pheny! group and Ar,,, is not an unsubstituted
phenyl group;

[0040] ais an integer of 0, 1 or 2;
[0041] b is an integer of 0, 1 or 2;
[0042] cis an integer of 0, 1 or 2;
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[0043] disan integer of O, 1 or 2;

[0044] e is an integer of 0, 1, 2, 3 or 4; and

[0045] a+b+c+d+eis1to6.

[0046] Thecompound according to one aspect of the inven-

tion has, as a central skeleton, a bisindolodibenzofuran skel-
eton, a bisindolodibenzothiophene skeleton, or a bisindolo-
carbazole skeleton, which is a skeleton with an extended
n-conjugated plane, and constitutes a ladder structure. Since
this ladder structure has a small ionization potential and has
excellent hole-injecting properties, by using this compound
as a material for an organic EL device, the organic EL device
can be driven at a lower voltage and, due to an increase in
amount of carriers injected to the emitting layer, the organic
EL device can be driven more efficiently.

[0047] Further, the compound according to one aspect of
the invention is a wide band-gap material, and blocks leakage
of electrons from the emitting layer to the hole-transporting
layer, and hence contributes to prolongation of life and
increase in efficiency of the device.

[0048] Hereinbelow, an explanation will be made on
examples of each group of the compound represented by the
formula (1).

[0049] As thealkyl group including 1 to 30 carbon atoms, a
straight-chain or branched alkyl group can be given. Specifi-
cally, a methyl group, an ethyl group, a propyl group, an
isopropyl group, a n-butyl group, an isobutyl group, a sec-
butyl group, a tert-butyl group, a n-pentyl group, a n-hexyl
group, a n-heptyl group, a n-octyl group or the like can be
given. A methyl group, an ethyl group, a propyl group, an
isopropyl group, a n-butyl group, an isobutyl group, a sec-
butyl group and a tert-butyl group can be preferably given,
with a methyl group, an ethyl group, a propyl group, an
isopropyl group, a n-butyl group, a sec-butyl group and a
tert-butyl group being more preferable.

[0050] As the fluoroalkyl group including 1 to 30 carbon
atoms, a group in which the alkyl group mentioned above is
substituted by one or more fluorine atoms can be given. As
specific examples thereof, a fluoromethyl group, a difluorom-
ethyl group, a trifluoromethyl group, a fluoroethyl group, a
trifluoromethylmethyl group, a pentafluoroethyl group or the
like can be given. A trifluoromethyl group and a pentafluoro-
ethyl group are preferable.

[0051] As the cycloalkyl group including 3 to 30 ring car-
bon atoms, a cyclopropyl group, a cyclobutyl group, a cyclo-
pentyl group, a cyclohexyl group, a 1-adamantyl group, a
2-adamantyl group, a 1-norbormyl group, a 2-norbomyl group
or the like can be given. A cyclopentyl group and a cyclohexyl
group are preferable.

[0052] The “ring carbon atoms” mean carbon atoms that
constitute a saturated ring, an unsaturated ring or an aromatic
ring.

[0053] The aromatic hydrocarbon group including 6 to 30
ring carbon atoms is preferably an aromatic hydrocarbon
group including 6 to 20 ring carbon atoms.

[0054] Specific examples of the aromatic hydrocarbon
group include a phenyl group, a naphthyl group, an anthryl
group, a phenanthryl group, a naphthacenyl group, a pyrenyl
group, a chrysenyl group, a benzo[c|phenanthryl group, a
benzo[g]chrysenyl group, a triphenylenyl group, a fluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a
bipheny! group, a terphenyl group, a quarterphenyl group, a
fluoranthenyl group or the like can be given.

[0055] A phenyl group, a naphthyl group, an anthryl group,
a triphenyl group, a fluorenyl group, a benzofluorenyl group,
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abiphenyl group, a terphenyl group, a phenanthryl group and
a fluoranthenyl group are preferable.

[0056] The aromatic heterocyclic group including 3 to 30
ring atoms is preferably an aromatic heterocyclic group
including 5 to 30 ring atoms.

[0057] Specific examples of the aromatic heterocyclic
group include a pyrrolyl group, a pyrazinyl group, a pyridinyl
group, a pyrimidinyl group, a triazinyl group, an indolyl
group, an isoindolyl group, an imidazolyl group, a furyl
group, a benzofuranyl group, an isobenzofuranyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, an aza-
dibenzofuranyl groups, an azadibenzothiophenyl group, a
diazadibenzofuranyl group, a diazadibenzothiophenyl group,
a quinolyl group, an isoquinolyl group, a quinoxalinyl group,
a carbazolyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a phe-
nothiaziny! group, a phenoxazinyl group, an oxazolyl group,
an oxadiazolyl group, a furazanyl group, a thienyl group,
benzothiophenyl group, a dihydroacridinyl group, an azacar-
bazolyl group, a diazacarbazolyl group and a quinazolinyl
group. A pyridinyl group, a pyrimidinyl group, a triazinyl
group, a dibenzofuranyl group, a dibenzothiophenyl group, a
dibenzothiophenyl group, an azadibenzofuranyl group, an
azadibenzothiophenyl group, a diazadibenzofuranyl group, a
diazadibenzothiophenyl group, a carbazolyl group, an azac-
arbazolyl group, and a diazacarbazolyl group are preferable.

[0058] The aralkyl group including 7 to 30 carbon atoms is
represented by —Y—Z7. As examples of'Y, the examples of an
alkylene group corresponding to the examples of the above-
mentioned examples of the alkyl group can be given. As
examples of 7, the examples of the above-mentioned aryl
group can be given.

[0059] It is preferred that the aryl part of the aralkyl group
have 6 to 20 ring carbon atoms. The alkyl part preferably has
1 to 8 carbon atoms. As the aralkyl group, a benzyl group, a
phenylethyl group and a 2-phenylpropane-2-yl group are
given, for example.

[0060] A substituted phosphoryl group is a group repre-
sented by —P(—O)RbRec, for example. A substituted silyl
group is a group represented by —SiRbRcRd, for example.

[0061] Rb, Rc and Rd are independently a substituted or
unsubstituted aromatic hydrocarbon group including 6 to 30
ring carbon atoms, a substituted or unsubstituted aromatic
heterocyclic group including 3 to 30 ring atoms, a substituted
or unsubstituted alkyl group including 1 to 30 carbon atoms,
asubstituted or unsubstituted fluoroalkyl group including 1 to
30 carbon atoms or a substituted or unsubstituted cycloalkyl
group including 3 to 30 ring carbon atoms.

[0062] Each group of these Rb, Rc and Rd is the same as
those mentioned above.

[0063] As the substituent of the “substituted or unsubsti-
tuted . . . ” of each of the above-mentioned groups, the alkyl
group, the cycloalkyl group, the fluoroalkyl group, the aro-
matic hydrocarbon group and the aromatic heterocyclic
group can be given. In addition, a halogen atom (fluorine,
chlorine, bromine, iodine or the like can be given, and a
fluorine atom is preferably given), a hydroxyl group, a nitro
group, a cyano group, a carboxy group, an aryloxy group, a
diarylamine group or the like can be given.

[0064] These substituents may be further substituted by the

above-mentioned substituents. Further, a plurality of these
substituents may be bonded to each other to form a ring.

Jan. 14,2016

[0065] The “unsubstituted” in the “substituted or unsubsti-
tuted” means that the group is not substituted by the above-
mentioned substituent, and a hydrogen atom is bonded.
[0066] In the present specification, the number of the ring
carbon atoms mean, in a compound having a structure in
which atoms are bonded in a ring-like form (for example, a
monocyclic compound, a fused ring compound, a cross-link-
ing compound, a carbocyclic compound or a heterocyclic
compound), the number of carbon atoms among the atoms
that constitute the ring itself. When the ring is substituted by
a substituent, the carbon contained in the substituent is not
included in the ring carbon atoms. The same is applied to the
number of “ring carbon atoms” mentioned below, unless oth-
erwise indicated. For example, the benzene ring includes 6
ring carbon atoms, the naphthalene ring includes 10 ring
carbon atoms, the pyridinyl group includes 5 ring carbon
atoms and the furanyl group includes 4 ring carbon atoms. If
the benzene ring or the naphthalene ring is substituted by an
alkyl group as a substituent, for example, the number of
carbon atoms of the alkyl group is not included in the number
of the ring carbon atoms. Further, if a fluorene ring is bonded
to a fluorene ring as a substituent, for example (including a
spirofluorene ring), the number of carbon atoms of the fluo-
rene ring as a substituent is not included in the number of the
ring carbon atoms.

[0067] In the present specification, the number of the ring
atoms mean, in a compound (for example, a monocyclic
compound, a fused ring compound, a cross-linking com-
pound, a carbocyclic compound or a heterocyclic compound)
having a structure in which atoms are bonded in a ring-like
form (for example, a monocyclic ring, a fused ring or a ring
assembly), the number of atoms that constitute the ring itself.
Atoms that do not constitute a ring (for example, hydrogen
atoms bonding atoms that constitute the ring) or atoms con-
tained in a substituent when the ring is substituted by the
substituent are not included in the ring atoms. The same is
applied to the number of the “ring atoms” mentioned below,
unless otherwise indicated. For example, a pyridine ring has
6 ring atoms, a quinazoline ring has 10 ring atoms and a furan
ring has 5 ring atoms. Hydrogen atoms that are respectively
bonded to the carbon atoms of the pyridine ring or the
quinazoline ring or atoms that constitute the substituent are
not included in ring atoms. Further, if a fluorene ring is
bonded to a fluorene ring as a substituent (including a spirof-
luorene ring), the number of atoms of the fluorene ring as a
substituent is not included in the number of the ring atoms.
[0068] Inthe specification, the “XXtoYY carbon atoms” in
the “substituted or unsubstituted ZZ group including XX to
YY carbon atoms” indicates the number of carbon atoms
when the 77 group is unsubstituted, and does not include the
number of carbon atoms of a substituent when the ZZ group
is substituted. Here, the “ Y'Y’ is larger than the “XX”, and the
“XX” and the “YY” independently mean an integer of 1 or
more.

[0069] In the present specification, the “XX to YY atoms”
in the “substituted or unsubstituted ZZ group including XX to
YY atoms” indicates the number of atoms when the ZZ group
is unsubstituted, and does not include the number of atoms of
a substituent when the Z7Z group is substituted. Here, the
“YY” is larger than “XX”, and the “XX” and the “YY”
independently mean an integer of 1 or more.

[0070] In the invention, the hydrogen atom includes iso-
mers differing in number of neutrons, i.e. protium, deuterium
and tritium.
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[0071] Ifplural Ras are presentinthe formula (1), the plural
Ras may be the same or different, and the plural Ras may form
aring. As the ring, a saturated ring, an unsaturated ring or an
aromatic ring can be given.

[0072] When plural Ras are present and they form a ring,
compounds having a partial structure shown below can be
given as examples, although the case is not restricted to them.

Jan. 14,2016
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-continued

[0073] According to one aspect of the invention, it is pre-
ferred that at least one of a and d in the formula (1) be 1.
[0074] Further, according to one aspect of the invention, in
the formula (1), it is preferred that a be 0 and b+c+d+e be 1 to
4.

[0075] According to one aspect of the invention, in the
formula (1), it is preferred that e be 0 and a+b+c+d be 1 to 4.
[0076] According to one aspect of the invention, in the
formula (1), it is preferred that a and d be 0 and b+c+e be 1 to
4.

[0077] According to one aspect of the invention, it is pre-
ferred that, in the formula (1), a and e be 0 and b+c+d be 1 to
4,

[0078] According to one aspect of the invention, it is pre-
ferred that, in the formula (1), a, d and e be O and b+c be 1 or
2.

[0079] According to one aspect of the invention, it is pre-
ferred that, in the formula (1), a,band ¢ be 0 and d be 1.
[0080] According to one aspect of the invention, it is pre-
ferred that, in the formula (1), a,b,candebe O and d be 1.
[0081] Further, according to one aspect of the invention, it
is preferred that Ar, and Ar, in the formula (1) be indepen-
dently a substituted or unsubstituted phenylene group, a sub-
stituted or unsubstituted naphthalenediy! group, a substituted
or unsubstituted anthracenediyl group, a substituted or
unsubstituted triphenylenediyl group, a substituted or unsub-
stituted fluorenediyl group, a substituted or unsubstituted
benzofluorenediyl group, a substituted or unsubstituted
biphenyldiyl group, a substituted or unsubstituted terphe-
nyldilyl group, a substituted or unsubstituted phenanthrene-
diyl group, a substituted or unsubstituted fluoranthenediyl
group, a substituted or unsubstituted pyridinediyl group, a
substituted or unsubstituted pyrimidinediyl group, a substi-
tuted or unsubstituted triazinediyl group, a substituted or
unsubstituted dibenzofuranediyl group, a substituted or
unsubstituted dibenzothiophenediyl group, a substituted or
unsubstituted azadibenzofuranediyl group, a substituted or
unsubstituted azadibenzothiophenediyl group, a substituted
or unsubstituted diazadibenzofuranediyl group, a substituted
or unsubstituted diazadibenzothiophenediyl group, a substi-
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tuted or unsubstituted carbazolediyl group, a substituted or
unsubstituted azacarbazolediyl group or a substituted or
unsubstituted diazacarbazolediyl group.

[0082] According to one aspect of the invention, it is pre-
ferred that Ar, and Ar, in the formula (1) be independently a
substituted or unsubstituted m-phenylene group, a substituted
or unsubstituted o-phenylene group, a substituted or unsub-
stituted naphthalenediyl group, a substituted or unsubstituted
triphenylenediyl group, a substituted or unsubstituted fluo-
renediyl group, a substituted or unsubstituted biphenyldiyl
group, a substituted or unsubstituted terphenyldiyl group, a
substituted or unsubstituted phenanthrenediyl group, a sub-
stituted or unsubstituted dibenzofurandiyl group or a substi-
tuted or unsubstituted dibenzothiophenediyl group.

[0083] According one aspect of the invention, it is preferred
that Ar, and Ar, in the formula (1) be independently a substi-
tuted or unsubstituted fluorenediyl group or a substituted or
unsubstituted biphenyldiyl group.

[0084] Further, according to one aspect of the invention, it
is preferred that Ar, to Ar,, in the formula (1) be indepen-
dently a substituted or unsubstituted phenyl group, a substi-
tuted or unsubstituted naphthyl group, a substituted or unsub-
stituted anthryl group, a substituted or unsubstituted
triphenylenyl group, a substituted or unsubstituted fluorenyl
group, a substituted or unsubstituted benzofluorenyl group, a
substituted or unsubstituted biphenyl group, a substituted or
unsubstituted terphenyl group, a substituted or unsubstituted
phenanthryl group, a substituted or unsubstituted fluoranthe-
nyl group, a substituted or unsubstituted pyridinyl group, a
substituted or unsubstituted pyrimidinyl group, a substituted
or unsubstituted triazinyl group, a substituted or unsubsti-
tuted dibenzofuranyl group, a substituted or unsubstituted
dibenzothiophenyl group, a substituted or unsubstituted aza-
dibenzofuranyl group, a substituted or unsubstituted aza-
dibenzothiophenyl group, a substituted or unsubstituted
diazadibenzofuranyl group, a substituted or unsubstituted
diazadibenzothiophenyl group, a substituted or unsubstituted
carbazolyl group, azacarbazolyl group or a substituted or
unsubstituted diazacarbazolyl group.

[0085] According to one aspect of the invention, it is pre-
ferred that Y, to Y, in the formula (1) be independently a
group represented by C—Ra,

[0086] Y and Y, be independently a group represented by
C—Ra or a carbon atom that is bonded to N(Ar,)(Ar,),

[0087] Y, and Y, be independently a group represented by
C—Ra or a carbon atom that is bonded to N(Ar, )(Arg), and

[0088] Y, toY,, be independently a group represented by
C—Ra or a carbon atom that is bonded to N(Ar, | )(Ar,,).

[0089] Aslong asthey are no inconsistencies, the aspects of
the above-mentioned embodiments can be appropriately
combined.

[0090] No specific restrictions are imposed on the method
for producing the compound represented by the formula (1),
and it can be produced by a known method.

[0091] Hereinbelow, specific examples of the compound
represented by the formula (1) are given below.
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[Material for an Organic EL Device]

[0092] Thecompound represented by the formula (1) of the
invention can be preferably used as a material for an organic
EL device.

[0093] The material for an organic EL device according to
one aspect of the invention comprises the compound repre-
sented by the formula (1) and is preferably used as a material
for a hole-transporting layer that is adjacent to the emitting
layer.

[0094] In the invention, the “material for a hole-transport-
ing layer (hereinafter referred to as a hole-transporting mate-
rial)”” means a material that is used in a hole-transporting zone
having one or more organic thin film layers. As the organic
thin film layers of the hole-transporting zone, a hole-trans-
porting layer, a hole-injecting layer, an electron-blocking
layer or the like can be given.

[0095] The material for an organic EL device according to
one aspect of the invention may contain only the compound
represented by the formula (1) of the invention, and may
contain other materials in addition to the compound repre-
sented by the formula (1) of the invention.

[Organic EL Device]

[0096] An explanation will be made on an organic EL
device according to one aspect of the invention.

[0097] A first organic EL device of the invention com-
prises, between an anode and a cathode, one or more organic
thin film layers including an emitting layer. At least one layer
of the organic thin film layers comprises the material for an
organic EL device or the hole-transporting material for an
organic EL device of the invention.

[0098] A second organic EL device of the invention com-
prises, between an anode and a cathode, one or more organic
thin film layers including an emitting layer, and a hole-trans-
porting zone between the anode and the emitting layer, and
the hole-transporting zone comprises the material for an
organic EL device of the invention or the hole-transporting
material for an organic EL device.

[0099] In the second organic EL device of the invention, it
is preferred that the hole-transporting zone be adjacent to the
emitting layer.

[0100] A third organic ELL device of the invention com-
prises, between an anode and a cathode, one or more organic
thin film layers including an emitting layer, and an electron-
transporting zone between the cathode and the emitting layer,
and the electron-transporting zone comprises the material for

an organic EL device or the hole-transporting material for an
organic EL device of the invention.

[0101] Inthe first to third organic EL devices of the inven-
tion, it is preferred that the emitting layer comprise the mate-
rial for an organic EL device of the invention.

[0102] FIG. 1is a schematic view showing a layer configu-
ration of one embodiment of the organic EL device of the
invention.

[0103] An organic EL device 1 has a structure in which, on
a substrate 10, an anode 20, a hole-transporting zone 30, a
phosphorescent emitting layer 40, an electron-transporting
zone 50 and a cathode 60 are stacked in this sequence. The
hole-transporting zone 30 means a hole-transporting layer, a
hole-injecting layer, an electron-blocking layer or the like.
Similarly, the electron-transporting zone 50 means an elec-
tron-transporting layer, an electron-injecting layer, a hole-
blocking layer or the like. These layers may not be necessarily
formed, but it is preferred that one or more layers be formed.
In this device, the organic thin film layers mean organic layers
provided in the hole-transporting zone 30, and the phospho-
rescent emitting layer 40 and organic layers provided in the
electron-transporting zone 50. Among these organic thin film
layers, at least one layer comprises the material for an organic
EL device of the invention or one or more layers of the
hole-transporting zone 30 comprise the hole-transporting
material for an organic EL device of the invention. Due to this
configuration, an organic EL device can emit light efficiently.

[0104] The content of the compound represented by the
formula (1) relative to the organic thin film layer that com-
prises the material for an organic EL device of the invention is
preferably 1 to 100 wt %. Similarly, the content of the com-
pound represented by the formula (2) relative to any layer in
the hole-transporting zone that comprises the hole-transport-
ing material for an organic EL device of the invention is
preferably 1 to 100 wt %.

[0105] In the organic EL device according to one aspect of
the invention, it is preferred that the phosphorescent emitting
layer 40 comprises the material for an organic EL device of
the invention. It is more preferred that the material for an
organic EL. device of the invention be used as a host material
of the emitting layer. Since the material of the invention has a
sufficiently large triplet energy, even when a blue-emitting
phosphorescent dopant material is used, the triplet energy of
the phosphorescent dopant material can be efficiently con-
fined in the emitting layer. Not only in the blue-emitting layer,
the material for an organic EL device of the invention can be
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used in an emitting layer that emits light of a longer wave-
length (green to red, or the like). However, it is preferable to
use the material for an organic EL device in the blue-emitting
layer.

[0106] The phosphorescent emitting layer comprises a
phosphorescent emitting material (phosphorescent dopant).
As the phosphorescent dopant, a metal complex compound
canbe given. Preferable is a compound that comprises a metal
atom selected from Ir, Pt, Os, Au, Cu, Re and Ruand a ligand.
It is preferred that the ligand have an ortho-metalated bond.
[0107] In respect of high phosphorescent quantum yield
and capability of further improving the external quantum
efficiency of the emitting device, it is preferred that the phos-
phorescent dopant be a compound that contains a metal atom
selected from Ir, Os and Pt. A metal complex such as an
iridium complex, an osmium complex and a platinum com-
plex is further preferable. Among these, an iridium complex
and a platinum complex are more preferable, with an ortho-
metalated iridium complex being most preferable. The
dopant may be used alone or in a mixture of two or more.
[0108] Although the concentration of the phosphorescent
dopant in the phosphorescent emitting layer is not particu-
larly restricted, it is preferably 0.1 to 40 weight % (wt %), and
more preferably 0.1 to 30 weight % (wt %).

[0109] It is preferred that the material for an organic EL
device or the invention be used in the organic thin film layers
adjacent to the phosphorescent emitting 40. For example,
when a layer that comprises the material of the invention
(adjacent layer near to the anode) is formed between the
phosphorescent emitting layer 40 and the hole-transporting
zone 30, the layer functions an electron-barrier layer or an
exciton-blocking layer.

[0110] The barrier layer (blocking layer) has a function of
blocking movement of carriers or blocking of diffusion of
excitons. An organic layer that serves to prevent leakage of
electrons from the emitting layer to the hole-transporting
zone may mainly be defined as an electron-barrier layer, and
the organic layer that serves to prevent leakage of holes from
the emitting layer to the electron-transporting zone may be
defined as the hole-barrier layer. An organic layer that serves
to prevent diffusion of triplet excitons generated in the emit-
ting layer to peripheral layers of which the level of the triplet
energy is lower than that of the emitting layer may be defined
as an exciton-blocking layer (triplet barrier layer).

[0111] Further, the material for an organic EL device
according to one aspect of the invention may be used in an
organic thin film layer that is adjacent to the phosphorescent
emitting layer 40 and also in another organic thin film layer
that is in contact with the adjacent organic thin film layer.

[0112] In addition to the embodiments mentioned above,
the organic EL device according to one aspect of the invention
may take various known configurations. Further, emission
from the emitting layer can be outcoupled from the anode, the
cathode and both of the anode and the cathode.

[0113] In the organic EL device according to one aspect of
the invention, it is preferred that at least any one of an elec-
tron-donating dopant and an organic metal complex be added
to an interfacial region between the cathode and the organic
thin film layer. Due to such a configuration, the luminance can
be improved or the life can be prolonged in the organic EL
device.

[0114] As the electron-donating dopant, at least one
selected from an alkali metal, an alkali metal compound, an
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alkaline earth metal, an alkaline earth metal compound, a rare
earth metal, a rare each metal compound or the like can be
given.

[0115] As the organic metal complex, at least one selected
from an organic metal complex containing an alkali metal, an
organic metal complex containing an alkaline earth metal and
an organic metal complex containing a rare earth metal or the
like can be given.

[0116] As the alkali metal, lithium (Li) (work function:
2.93 eV), sodium (Na) (work function: 2.36 eV), potassium
(K) (work function: 2.28 eV), rubidium (Rb) (work function:
2.16eV), cesium (Cs) (work function: 1.95 eV) or the like can
be given. An alkali metal having a work function of 2.9 eV or
less is particularly preferable. Among these, K, Rband Cs are
preferable. Rb or Cs is further preferable, with Cs being most
preferable.

[0117] As the alkaline earth metal, calcium (Ca) (work
function: 2.9 eV), strontium (Sr) (work function: 2.0eVt02.5
eV), barium (B) (work function: 2.52 eV) or the like can be
given. One having a work function of 2.9 eV or less is par-
ticularly preferable.

[0118] As the rare-earth metal, scandium (Sc), yttrium (Y),
cerium (Ce), terbium (Th), ytterbium (Yb) and the like can be
given. One having a work function of 2.9 eV or less is par-
ticularly preferable.

[0119] Among the above-mentioned metals, the preferable
metals have a particularly high reducing ability, and hence
can provide the resulting organic ELL device with improved
luminance or a prolonged lifetime by adding a relatively
small amount thereof to an electron-injecting region.

[0120] Examples of the alkali metal compound include an
alkali oxide such as lithium oxide (Li,O), cesium oxide
(Cs,0) or potassium oxide (K,0), and an alkali halide such as
lithium fluoride (LiF), sodium fluoride (NaF), cesium fluo-
ride (CsF) or potassium fluoride (KF). Among these, lithium
fluoride (LiF), lithium oxide (Li,O) and sodium fluoride
(NaF) are preferable.

[0121] Examples of the alkaline-earth metal compound
include barium oxide (BaQ), strontium oxide (SrO), calcium
oxide (Ca0), and mixtures thereof such as barium strontium
acid (Ba Sr,_ O) (0<x<1) and barium calcium acid (Ba Ca,_
x) (0<x<1). Among these, BaO, SrO and CaO are preferred.
[0122] Examples of the rare-earth metal compound include
ytterbium fluoride (YbF;), scandium fluoride (ScF;), scan-
dium oxide (ScQ,). yttrium oxide (Y,0,), cerium oxide
(Ce,0,), gadolinium fluoride (GdF;) and terbium fluoride
(TbF;). Among these, YbF,, ScF, and TbF; are preferable.
[0123] The organic metal complexes are not particularly
limited as long as they each contain, as a metalion, at least one
of alkali metal ions, alkaline-earth metal ions, and rare-earth
metal ions, as mentioned above. Meanwhile, preferred
examples of the ligand include, but are not limited to, quino-
linol, benzoquinolinol, acridinol, phenanthridinol, hydrox-
yphenyloxazole, hydroxyphenytthiazole, hydroxydiaryloxa-
diazole, hydroxydiarylthiadiazole, hydroxyphenylpyridine,
hydroxyphenylbenzimidazole, hydroxybenzotriazole,
hydroxyfluborane, bipyridyl, phenanthroline, phthalocya-
nine, porphyrin, cyclopentadiene, 3-diketones, azomethines,
and derivatives thereof.

[0124] Regarding the addition form of the electron-donat-
ing dopant and the organic metal complex, it is preferred that
the electron-donating dopant and the organic metal complex
be formed in the shape of a layer or an island in the interfacial
region. A preferred method for the formation is a method in
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which an organic substance as a light emitting material or an
electron-injecting material for forming the interfacial region
is deposited simultaneously with deposition of at least one of
the electron-donating dopant and the organic metal complex
by a resistant heating deposition method, thereby dispersing
at least one of the electron-donating dopant and the organic
metal complex reducing dopant in the organic substance. The
dispersion concentration by molar ratio of the organic sub-
stance to the electron-donating dopant and/or the organic
metal complex is normally 100:1 to 1:100, preferably 5:1 to
1:5.

[0125] Inacasewhere at least one of the electron-donating
dopant and the organic metal complex is formed into the
shape of a layer, the light-emitting material or the electron-
injecting material which serves as an organic layer in the
interface is formed into the shape of a layer. After that, at least
one of the electron-donating dopant and the organic metal
complex is solely deposited by the resistant heating deposi-
tion method to form a layer preferably having a thickness of
0.1 nm to 15 nm.

[0126] Inacasewhere at least one of the electron-donating
dopant and the organic metal complex is formed into the
shape of an island, the light-emitting material or the electron-
injecting material which serves as an organic layer in the
interface is formed into the shape of an island. After that, at
least one of the electron-donating dopant and the organic
metal complex is solely deposited by the resistant heating
deposition method to form an island preferably having a
thickness of 0.05 to 1 nm.

[0127] In addition, the ratio of the main component (emit-
ting material or electron-injecting material) to at least one of
the electron-donating dopant and the organic metal complex
in the organic EL device according to one aspect of the inven-
tion (main component electron-donating dopant and/or
organic metal complex) is preferably 5:1 to 1:5, more prefer-
ably 2:1 to 1:2 in terms of molar ratio.

[0128] In the organic EL device of the invention according
to one aspect of the invention, configurations of other layers
than those in which the above-mentioned material for an
organic EL device of the invention is used are not particularly
restricted, and known materials or the like can be used. Here-
inbelow, a brief explanation will be made on the layer of the
device of the embodiment 1. However, materials to be applied
to the organic EL device of the invention are not limited to
those mentioned below.

[Substrate]

[0129] As the substrate, a glass plate, a polymer plate or the
like can be used.

[0130] Examples of materials of the glass plate include
soda lime glass, barium-strontium-containing glass, lead
glass, aluminosilicate glass, borosilicate glass, barium boro-
silicate glass, quartz, and the like.

[0131] Examples of materials of the polymer plate include
polycarbonate, acryl, polyethylene terephthalate, polyether-
sulfone, polysulfone, and the like.

[Anode]

[0132] The anode is formed of a conductive material, for
example. A conductive material having a work function larger
than 4 eV is suitable.

[0133] As the conductive material, carbon, aluminum,
vanadium, iron, cobalt, nickel, tungsten, silver, gold, plati-
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num, palladium or the like, alloys thereof, an oxidized metal
such as tin oxide and indium oxide used in an ITO substrate
and a NESA substrate and further an organic conductive resin
such as polythiophene and polypyrrole can be given.

[0134] If necessary, the anode may be formed of two or
more layers.

[Cathode]

[0135] The cathode is formed of a conductive material, for
example. A conductive material having a work function
smaller than 4 eV is suitable.

[0136] As the conductive material, magnesium, calcium,
tin, lead, titanium, yttrium, lithium, ruthenium, manganese,
aluminum, lithium fluoride or the like, and alloys thereof can
be given. The conductive material is not limited thereto.

[0137] As the alloy, a magnesium/silver alloy, a magne-
sium/indium alloy, a lithium/aluminum alloy or the like can
be given as representative examples. The alloys are not lim-
ited thereto. The amount ratio of metals forming an alloy is
controlled by the temperature of a deposition source, the
atmosphere, the degree of vacuum or the like, and an appro-
priate ratio is selected.

[0138] If necessary, the cathode may be formed of two or
more layers. The cathode can be formed by forming a thin
layer from the above-mentioned conductive material by a
method such as deposition, sputtering or the like.

[0139] When outcoupling light from the emitting layer
through the cathode, it is preferable that the cathode have a
light transmittance of more than 10%.

[0140] The sheet resistance of the cathode is preferably
several hundred O/square or less. The thickness of the cathode
is normally 10 nm to 1 pm, and preferably 50 to 200 nm.

[Emitting Layer]

[0141] When a phosphorescent emitting layer is formed by
using materials other than the material for an organic EL
device of the invention, materials which are known as a mate-
rial for a phosphorescent emitting layer can be used. Specifi-
cally, reference can be made to W02005-079118 or the like.

[0142] The organic EL, device according to one aspect of
the invention may comprise a fluorescent emitting layer 70 as
in the case of the device shown in FIG. 2 instead of the
phosphorescent emitting layer 40 of the device shown in FIG.
1. As the fluorescent emitting layer, known materials can be
used.

[0143] The emitting layer can be of a double-host (often
referred to as host/co-host) type. Specifically, in the emitting
layer, an electron-transporting host and a hole-transporting
host may be combined to control the carrier balance therein.

[0144] The emitting layer also may be of a double-dopant
type. By incorporating two or more kinds of dopant materials
having a high quantum yield to the emitting layer, each
dopant emits light. For example, there may be a case that a
yellow emitting layer is realized by co-depositing a host, and
a red dopant and a green dopant.

[0145] Theemitting layer may bea single layer or may have
a stacked layer structure. When the emitting layers are
stacked, due to accumulation of electrons and holes in the
interface of the emitting layer, the recombination region may
be concentrated in the emitting layer interface, whereby the
quantum efficiency is improved.
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[Hole-Injecting Layer and Hole-Transporting Layer]

[0146] A hole-injecting layer and transporting layer is a
layer that helps holes to be injected to an emitting layer and to
be transported to an emitting region. It has a large hole mobil-
ity and a small ionization energy.

[0147] As the material for a hole-injecting and transporting
layer, a material that transports holes to the emitting layer at
alower electric field is preferable. Further, it is preferred that
the material have amobility ofholes of atleast 10~* cm?/V sec
when an electric field of 10* to 10° Viem is applied.

[Electron-Injecting Layer and Electron-Transporting Layer]

[0148] The electron-injecting and transporting layer helps
electrons to be injected to an emitting layer and to be trans-
ported to an emitting region. It has a large electron mobility.

[0149] In the organic FL device, it is known that since
emitted light is reflected by an electrode (a cathode, for
example), emission outcoupled directly from an anode inter-
feres with emission outcoupled after being reflected by the
electrode. In order to utilize the interference effect efficiently,
the film thickness of the electron-injecting and transporting
layer is appropriately selected to be several nm to several um.
When the film thickness is large, in particular, it is preferred
that the electron mobility be atleast 10~> cm?/Vs or more at an
applied electric field intensity of 10* to 10° V/cm in order to
avoid an increase in voltage.

[0150] As the electron-transporting material used in the
electron-injecting and transporting layer, an aromatic hetero-
cyclic compound containing one or more hetero atoms in the
molecule is preferably used, with a nitrogen-containing ring
derivative being particularly preferable. Further, as the nitro-
gen-containing ring derivative, an aromatic ring compound
having a nitrogen-containing 6-membered ring or 5-mem-
bered ring skeleton, or a fused aromatic ring compound hav-
ing a nitrogen-containing 6-membered ring or 5S-membered
ring skeleton is preferable. Examples thereof include com-
pounds containing a pyridine ring, a pyrimidine ring, a triaz-
ine ring, a benzimidazole ring, a phenanthroline ring, a
quinazoline ring or the like in the skeleton.

[0151] In addition, an organic layer with a semiconductor
property may be formed by doping a donor material (n) or
doping an acceptor material (p). Representative examples of
N-doping include one in which an electron-transporting
material is doped with a metal such as Li or Cs. Representa-
tive examples of P-doping include one in which a hole-trans-
porting material is doped with an acceptor material such as
F4TCNQ (see Japan Patent No. 3695714, for example).

[0152] Each layer of the organic EL device according to
one aspect of the invention can be formed by using known
methods including the dry-type film formation such as
vacuum deposition, sputtering, plasma coating, ion-plating or
the like and the wet-type film formation such as spin coating,
dipping, flow coating or the like.

[0153] The film thickness of each layer is not particularly
limited, but should be set to be a proper thickness. If the film
thickness is too large, a large voltage is required to be applied
in order to obtain a certain light output, thereby leading to
lowering in efficiency. If the film thickness is too small, due to
generation of pinholes or the like, a sufficient luminance
cannot be obtained when an electric field is applied. Nor-
mally, the film thickness is preferably 5 nm to 10 um, and a
range of 10 nm to 0.2 um is further preferable.
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[0154] An organic EL device obtained by using a material
for an organic EL device that comprises the compound of the
invention and/or the hole-transporting material for an organic
EL device of the invention can be used in an electric equip-
ment such as a display component including an organic EL
panel module, a display apparatus such as a TV, a mobile
phone or a personal computer and an emitting apparatus such
as lightings, lights for vehicles or the like.

EXAMPLES

[0155] The invention will be explained in more detail in
accordance with the Synthesis Examples and the Examples,
which should not be construed as limiting the scope of the
invention.
Synthesis Example 1
Synthesis of Compound (1)

(1) Synthesis of Compound (1-1)

[0156]
1) sec-BuLi
2) B(O-iPr)
3) IN HCl aq
(8]
(0)
(HO),B B(OH),
(-1
[0157] In athree-neck flask, 20.0 g (80.9 mmol) of diben-

zofuran and 200 ml of dehydrated tetrahydrofuran were
placed. In a nitrogen atmosphere, the reactor was cooled to
-70° C. To the reactor, 53 ml (88.9 mmol) of a 1.68M s-bu-
tyllithium hexane solution was added dropwise, and the
resultant was stirred at =70° C. for 1 hour. 37.3 ml (162 mmol)
of triisopyl borate was added, and stirred at room temperature
for 6 hours. After completion of the reaction, 100 ml of a IN
HCL aqueous solution was added, and stirred for 30 minutes.
A sample solution was transferred to a dropping funnel, and
extracted several times with dichloromethane. The extracted
product was dried with anhydrous magnesium sulfate, filtered
and concentrated. The concentrated product was washed by
dispersing in hexane, whereby white solids were obtained.

[0158] The yield was 15.9 g and the percentage yield was
93%.
(2) Synthesis of Compound (1-2)
[0159]
O
(HO),B BOH), _! NG, |

(1_1) Pdl:PPh3)4, NﬁzCOg
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-continued

e
i

[0160] In a three-neck flask, 25.0 g (97.7 mmol) of com-
pound (1-1), 74.7 g (300 mmol) of 2-iodonitrobenzene, 250
mL ofa2M aqueous solution of sodium carbonate, 500 mL of
1,2-dimethoxyethane and 2.30 g (1.95 mmol) of Pd(PPh,),
were placed, and the mixture was refluxed in a nitrogen atmo-
sphere for 12 hours. After completion of the reaction, the
sample solution was filtered, and the obtained solids were
washed with methanol and hexane.

-2

[0161] The yield was 26.5 g and the percentage yield was
66%.
(3) Synthesis of Compound (1-3)
[0162]
ON 0 NO,

P(OBt)
—_—

O d

-2)

HN D Q NH
(0]
[0163] In a three-neck flask, 26.5 g (64.6 mmol) of com-

pound (1-2) and 430 ml of triethyl phosphite were placed, and
the mixture was refluxed with heating at 170° C. for 16 hours.

[0164] After completion of the reaction, distillation was
conducted, thereby to remove the remaining triethyl phos-
phite and triethyl phosphite residues. The obtained organic
phase was purified by silica gel chromatography (hexane:
dichloromethane:10:1 to 5:1 to 1:1), whereby pale yellow
solids were obtained.

[0165]
54%.

{-3)

The yield was 12.1 g and the percentage yield was
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(4) Synthesis of Compound (1-4)

[0166]

U

Cul, K3P04,
Cyclohexanediamine

1,4-Dioxane

[0167] Inathree-neckflask,3.46 g (10 mmol)ofcompound
(1-3), 2.04 g (10 mmol) of iodobenzene, 1.90 g (10 mmol) of
copper iodide, 4.24 g (20 mmol) of tripotassium phosphate,
2.28 g (20 mmol) of cyclohexadiamine and 30 mL of 1,4-
dioxane were placed. The mixture was refluxed for 12 hours
in a nitrogen atmosphere.

[0168] After completion of the reaction, insoluble matters
were removed by filtration through celite. The filtrate was
transferred to a dripping funnel, and extracted several times
with dichloromethane. The obtained organic phase was dried
with anhydrous magnesium sulfate, filtered and concentrated.
The concentrated product was purified by silica gel chroma-
tography (hexane:dichloromethane=10:1 to 5:1), whereby
white solids were obtained.

[0169] The yield was 3.38 g and the percentage yield was
40%.

(5) Synthesis of Compound (1)
[0170]

SWasoNene
L S

Cyclohexanediamine
1,4-Dioxane

(1-4)
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_continued [0172] After completion of the reaction, insoluble matters
were removed by filtration through celite. The filtrate was
transferred to a dripping funnel, and extracted several times
with toluene. The obtained organic phase was dried with
anhydrous magnesium sulfate, filtered and concentrated. The

N concentrated product was purified by silica gel chromatogra-
@\ O O /Q/ \O phy (hexane:toluene=7:3), whereby white solids were
obtained.
N N
O

[0173] The yield was 2.16 g and the percentage yield was

65%.

[0174] As aresult of a FD-MS analysis, m/e was 665 rela-

tive to the molecular weight of 665. The measurement results
" of "H-NMR are shown below.

[0175] 'H-NMR (400 MHz, CDCl,) 87.07-7.12 (2H, m),

7.22-7.40 (10H, m), 7.43-7.53 (11H, m), 7.63-7.70 (4H, m),

[0171] Ina three-neck flask, 2.11 g (5 mmol) of compound 7.94-7.99 (2H, m), 8.75-8.79 (2H, m)
(1-4),1.78 g (5.5 mmol) of 4-bromotriphenylamine, 0.95 g (5
mmol) of copper iodide, 2.12 g (10 mmol) of potassium
triphosphate, 1.14 g (10 mmol) of cyclohexanediamine and
20 mL of 1,4-dioxane were placed. The mixture was refluxed
in a nitrogen atmosphere for 12 hours. [0176]

Synthesis Example 2

Synthesis of Compound (2)

00, Y P

Cul, K;PO,,

Cyclohexanediamine
1,4-Dioxane

(1-4)

A0 3,0C
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[0177] Inathree-neck flask, 2.11 g (5 mmol) of compound
(1-4),2.20 g (5.5 mmol) of N-(4-bromophenyl)-N-(4-biphe-
nyl)aniline, 0.95 g (5 mmol) of copper iodide, 2.12 g (10
mmol) of potassium triphosphate, 1.14 g (10 mmol) of cyclo-
hexanediamine and 20 mL of 1,4-dioxane were placed. The
mixture was refluxed in a nitrogen atmosphere for 18 hours.
[0178] After completion of the reaction, insoluble matters
were removed by filtration through celite. The filtrate was
transferred to a dripping funnel and extracted several times
with toluene. The obtained organic phase was dried with
anhydrous magnesium sulfate, filtered and concentrated. The
resultant was purified by silica gel chromatography (hexane:
toluene=3:1), whereby white solids were obtained.

[0179] The yield was 2.60 g and the percentage yield was
70%.
[0180] As aresult of a FD-MS analysis, m/e was 741 rela-

tive to the molecular weight of 741.

[0181] The measurement results of 'H-NMR are shown
below.
[0182] 'H-NMR (400 MHz, CDCl,) 87.11-7.18 (2H, m),

7.21-7.39 (9H, m), 7.41-7.69 (20H, m), 7.98-8.03 (2, m),
8.76-8.79 (2H, m)

Synthesis Example 3

Synthesis of Compound (3)
[0183]

@\ Br N
N O Q NH
O
Q O Pdy(dba);
t-BuzP-HBE,
(1-4) T-BuONa
Toluene
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[0184] Inathree-neck flask,2.11 g (5§ mmol) of compound
(1-4), 1.78 g (5.5 mmol) of 3-bromotriphenylamine, 90 mg
(0.1 mmol) of Pd,(dba),, 0.12 g (0.4 mmol) of tri-t-bu-
tylphosphonium tetrafluoroborate, 0.67 g (7 mmol) of sodium
t-butoxide and 30 mL of dehydrated toluene were placed. The

resultant was refluxed in an argon atmosphere for 12 hours.

[0185]
were separated by filtration through celite. The filtrate was

After completion of the reaction, insoluble matters

transferred to a dripping funnel and extracted several times
with toluene. The obtained organic phase was dried with
anhydrous magnesium sulfate, filtered and concentrated. The
resultant was purified by silica gel chromatography (hexane:
toluene=5:2), whereby white solids were obtained.

[0186] The yield was 2.40 g and the percentage yield was
72%.
[0187] As aresult of a FD-MS analysis, m/e was 665 rela-

tive to the molecular weight of 665.
Synthesis Example 4

Synthesis of Compound (4)

[0188]

Br.

N
N O D NH
(6]
Pds(dba);
t-BU3P-HBF4
T-BuONa

Toluene

(14)
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[0189] Ina three-neck flask, 2.11 g (5 mmol) of compound
(14), 2.06 g (5.5 mmol) of N-(4-bromophenyl)-N-(1-naph-
thyl)aniline, 90 mg (0.1 mmol) of Pd,(dba);, 0.12 g (0.4
mmol) of tri-t-butylphosphonium tetrafluoroborate, 0.67 g (7
mmol) of sodium t-butoxide and 30 mL of dehydrated toluene
were placed. The resultant was refluxed for 24 hours in an
argon atmosphere.

[0190] After completion of the reaction, insoluble matters
were separated by filtration through celite. The filtrate was
transferred to a dripping funnel and extracted several times
with toluene. The obtained organic phase was dried with
anhydrous magnesium sulfate, filtered and concentrated. The

resultant was purified by silica gel chromatography (hexane:
toluene=4:1), whereby white solids were obtained.

[0191] The yield was 3.15 g and the percentage yield was
88%.

[0192] As aresult of a FD-MS analysis, m/e was 715 rela-
tive to the molecular weight of 715.

Synthesis Example 5

Synthesis of Compound (5)

Yoo

[0193]

v

(1-4)

Pdy(dba);
t-BusP-HBF,
T-BuONa
Toluene

9

Cas
o oo o
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[0194] 1Ina three-neck flask, 2.11 g (5 mmol) of compound
(1-4), 2.20 g (5.5 mmol) of 4-bromo-4'-(diphenylamino)bi-
phenyl, 90 mg (0.1 mmol) of Pd,(dba),, 0.12 g (0.4 mmol) of
tri-t-butylphosphonium tetrafluoroborate, 0.67 g (7 mmol) of
sodium t-butoxide and 30 mL of dehydrated toluene were
plated. The resultant was refluxed for 36 hours in an argon
atmosphere.

[0195]  After completion of the reaction, insoluble matters
were separated by filtration through celite. The filtrate was
transferred to a dripping funnel and extracted several times
with toluene. The obtained organic phase was dried with
anhydrous magnesium sulfate, filtered and concentrated. The
concentrated product was purified by silica gel chromatogra-
phy (hexane:toluene=2:1), whereby white solids were
obtained.

[0196] The yield was 3.15 g and the percentage yield was
85%.
[0197] As aresult of a FD-MS analysis, m/e was 741 rela-

tive to the molecular weight of 741.
Synthesis Example 6

Synthesis of Compound (6)
[0198]

Jan. 14,2016

[0199] 1Ina three-neck flask, 2.11 g (5 mmol) of compound
(1-4), 2.20 g (5.5 mmol) of 4-bromo-4'-[N-phenyl-N-(1-
naphthyl)amino]biphenyl, 90 mg (0.1 mmol) of Pd,(dba),,
0.12 g (0.4 mmol) of tri-t-butylphosphonium tetrafluorobo-
rate, 0.67 g (7 mmol) of sodium t-butoxide and 30 mL of
dehydrated toluene were placed. The resultant was refluxed
for 36 hours in an argon atmosphere.

[0200]
were separated by filtration. The filtrate was transferred to a

After completion of the reaction, insoluble matters

dripping funnel and extracted several times with toluene. The
obtained organic phase was dried with anhydrous magnesium
sulfate, filtered and concentrated. The resultant was purified
by silica gel chromatography (hexane:toluene=2:1), whereby
white solids were obtained.

[0201] The yield was 2.45 g and the percentage yield was
62%.
[0202] As aresult ofa FD-MS analysis, m/e was 791 rela-

tive to the molecular weight of 791.

ol

shle

{1-4)

Pd,(dba)s
t-BusP—HBF,

t-BuONa
Toluene

~
Ve Toend
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Synthesis Example 7 [0204] 1In a three-neck flask, 34.6 g (100 mmol) of com-
pound (1-3), 24.7 g (100 mmol) of 2-bromodibenzofuran,
19.0 g (100 mmol) of copper iodide, 21.2 g (100 mmol) of
potassium triphosphate, 5.9 g (50 mmol) of cyclohexanedi-

Synthesis of Compound (7)
[0203]

amine and 500 mL of dehydrated 1,4-dioxane were placed.

The resultant was refluxed for 48 hours in an argon atmo-
sphere.

Br O © [0205] After completion of the reaction, insoluble matters
HN NH were separated by filtration through celite. The filtrate was
O

Cul, K3POy, . .
N transferred to a dripping funnel and extracted several times

Cyclohexanediamine
1,4-Dioxane with toluene. An organic phase obtained was dried with anhy-
drous magnesium sulfate, filtered and concentrated. The

(1-3) resultant was purified by silica gel chromatography (hexane:
toluene=10:1 to 5:1 to 2:1), whereby compound (7-1) as

(0]
O white solids was obtained.
(6]

[0206] The yield was 11.8 g and the percentage yield was

slek

(7-1) (2) Synthesis of Compound (7)
[0207]
Br N
O O
O N O O NH o -
o (dba)s

t-BusP—HBF,
t-BuONa
Toluene

(-1

sBlke

M
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[0208] 1Ina three-neck flask, 2.56 g (5 mmol) of compound
(7-1), 1.78 g (5.5 mmol) of 3-bromotriphenylamine, 90 mg
(0.1 mmol) of Pd,(dba),, 0.12 g (0.4 mmol) of tri-t-bu-
tylphosphonium tetrafluoroborate, 0.67 g (7 mmol) of sodium
t-butoxide and 30 mL of dehydrated toluene were placed. The
resultant was refluxed in an argon atmosphere for 20 hours.
[0209] After completion of the reaction, insoluble matters
were separated by filtration through celite. The filtrate was
transferred to a dripping funnel and extracted several times
with toluene. An organic phase obtained was dried with anhy-
drous magnesium sulfate, filtered and concentrated. The
resultant was purified by silica gel chromatography (hexane:
toluene=3:1), whereby white solids were obtained.

[0210] The yield was 2.83 g and the percentage yield was
75%.
[0211] As aresult of a FD-MS analysis, m/e was 755 rela-

tive to the molecular weight of 755.
Synthesis Example 8

Synthesis of Compound (8)
[0212]

Br. |
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[0213] 1Ina three-neck flask, 2.11 g (5 mmol) of compound
(1-4), 2.20 g (5.5 mmol) of 4-bromo-4'-[N-phenyl-N-(2-
naphthyl)amino]biphenyl, 90 mg (0.1 mmol) of Pd,(dba),,
0.12 g (0.4 mmol) of tri-t-butylphosphonium tetrafluorobo-
rate, 0.67 g (7 mmol) of sodium t-butoxide and 30 mL of
dehydrated toluene were placed. The resultant was refluxed in
an argon atmosphere for 36 hours.

[0214] After completion of the reaction, insoluble matters
were separated by filtration through celite. The filtrate was
transferred to a dripping funnel and extracted several times
with toluene. An organic phase obtained was dried with anhy-
drous magnesium sulfate, filtered and concentrated. The
resultant was purified by silica gel chromatography (hexane:
toluene=2:1), whereby white solids were obtained.

[0215] The yield was 3.64 g and the percentage yield was
92%.
[0216] As aresult of a FD-MS analysis, m/e was 791 rela-

tive to the molecular weight of 791.

shRe

{1-4)

Pdy(dba);
t-BusP—HBF,

t-BuONa
Toluene

oo
Ve Tovond
5°8
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Synthesis Example 9
Synthesis of Compound (9)
[0217]
I O N/©

N O O NH
o Pdy(dba);
t-BuzP—HBEF,
t-BuONa
Toluene

1-4)

OO0 00
'f

[0218] Ina three-neck flask, 2.11 g (5 mmol) of compound Synthesis Example 10
(1-4),2.42 g (5.5 mmol) of 2-bromo-7-(diphenylamino)-9,9'-
dimethylfluorene, 90 mg (0.1 mmol) of Pd,(dba);,0.12 g (0.4 [0222]
mmol) of tri-t-butylphosphonium tetrafluoroborate, 0.67 g (7

mmol) of sodium t-butoxide and 30 mL of dehydrated toluene

were placed. The resultant was refluxed in an argon atmo-

sphere for 12 hours.

[0219] After completion of the reaction, insoluble matters sz(dba's
were separated by filtration through celite. The filtrate was ri_cig\f
transferred to a dripping funnel and extracted several times Xylene

Synthesis of Compound (10)

with toluene. The organic phase obtained was dried with
anhydrous magnesium sulfate, filtered and concentrated. The

concentrated product was purified by silica gel chromatogra- 0
phy (hexane:toluene=3:2), whereby white solids were O

obtained. O

[0220] The yield was 1.95 g and the percentage yield was

50%. (10-1)

[0221] As aresult of a FD-MS analysis, m/e was 781 rela- [0223] Ina three-neck flask, 15.0 g (60.7 mmol) of 4-bro-
tive to the molecular weight of 781. mobenzofuran, 11.3 g (121 mmol) of aniline, 0.83 g (0.91
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mmol) of Pd,(dba);, 1.13 g (1.81 mmol) of rac-BINAP, 11.6
g (120.7 mmol) of sodium t-butoxide and 300 mL of dehy-
drated xylene were placed. The resultant was refluxed in an
argon atmosphere for 8 hours.

[0224] After completion of the reaction, insoluble matters
were separated by filtration through celite. The filtrate was
transferred to a dripping funnel and extracted several times
with toluene. The obtained organic phase was dried with
anhydrous magnesium sulfate, filtered and concentrated. The
concentrated product was purified by silica gel chromatogra-
phy (hexane:toluene=4:1), whereby white solids were
obtained.

[0225] The yield was 12.1 g and the percentage yield was
77%.
(2) Synthesis of Compound (10-2)
[0226]
N Br.
0
1
CuI, K3P047
Cyclohexanediamine
1,4-Dioxane
(10-1y
Br.
N
0

(10-2)

[0227] Inathree-neckflask,5.19 g (20 mmol)of compound
(10-1), 5.66 g (20 mmol) of 4-bromoiodobenzene, 3.80 g (20
mmol) of copper iodide, 8.48 g (40 mmol) of potassium
triphosphate, 4.56 g (40 mmol) of cyclohexanediamine and
60 mL of 1,4-dioxane were placed. The resultant was refluxed
in an argon atmosphere for 30 hours.

[0228] After completion of the reaction, insoluble matters
were separated by filtration through celite. The filtrate was
transferred to a dripping funnel and extracted several times
with toluene. An organic phase obtained was dried with anhy-
drous magnesium sulfate, filtered and concentrated. The
resultant was purified by silica gel chromatography (hexane:
toluene=4:1), whereby white solids were obtained.

[0229] The yield was 2.32 g and the percentage yield was
28%.

Jan. 14,2016

(3) Synthesis of Compound (10)

S
oWoTyMass

Pdy(dbajs

[0230]

G
ol i

(10)

[0231] Ina three-neck flask, 2.11 g (5 mmol) of compound
(1-4), 2.28 g (5.5 mmol) of compound (10-2), 90 mg (0.1
mmol) of Pd,(dba);, 0.12 g (0.4 mmol) of tri-t-butylphospho-
nium tetrafluoroborate, 0.67 g (7 mmol) of sodium t-butoxide
and 30 mL of dehydrated toluene were placed. The resultant
was refluxed in an argon atmosphere for 48 hours.

[0232] After completion of the reaction, insoluble matters
were separated by filtration through celite. The filtrate was
transferred to a dripping funnel and extracted several times
with toluene. The obtained organic phase was dried with
anhydrous magnesium sulfate, filtered and concentrated. The
concentrated product was purified by silica gel chromatogra-
phy (hexane:toluene=3:2), whereby white solids were
obtained.

[0233] The yield was 1.32 g and the percentage yield was
35%.
[0234] As aresult of a FD-MS analysis, m/e was 755 rela-

tive to the molecular weight of 755.
Synthesis Example 11

Synthesis of Compound (11)
[0235]

O Q NH
CuI, K3P04,
Cyclohexanediamine
O 14-Dioxane
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SgPs
e
11-1)

[0236] Inathree-neck flask, 25.7 g (100 mmol) of interme-
diate (A) (synthesized according to the method described in
W02009/148015), 21 .4 g (105 mmol) ofiodobenzene, 19.0 g
(100 mmol) of copper iodide, 42.5 g (200 mmol) of potassium
triphosphate, 22.8 g (200 mmol) of cyclohexanediamine and
200 mL of dehydrated 1,4-dioxane were placed. The mixture

was refluxed in an argon atmosphere for 12 hours.
[0237] After completion of the reaction, insoluble matters
were separated by filtration through celite. The filtrate was
transferred to a dripping funnel and extracted several times
with toluene. An organic phase obtained was dried with anhy-
drous magnesium sulfate, filtered and concentrated. The

resultant was purified by silica gel chromatography (hexane:
toluene=7:3), whereby white solids were obtained.

[0238] The yield was 21.7 g and the percentage yield was
65%.
(2) Synthesis of Compound (11-2)
[0239]
O O N sec-BuLi
_
0 B(OiPr);
O THF

[0240] Inathree-neckflask,21.7 g (65 mmol)ofcompound

(11-1) and 400 mL of dehydrated tetrahydrofuran were
placed, and cooled to -70° C. in an argon atmosphere. Sub-
sequently, 47 mL of 1.4M sec-butyllithium (hexane-cyclo-
hexane solution) was added dropwise to the reaction solution.
After stirring for 2 hours, 36.7 g (195 mmol) of triisopropyl
borate was added. After returning to room temperature and
stirring was conducted for 3 hours, the reaction solution was
concentrated. To residues obtained, dichloromethane and 2N
hydrochloric acid were added, followed by stirring for 2
hours, and an organic phase was separated. Solids obtained by

Jan. 14,2016

concentrating the organic phase were washed with toluene,
whereby white solids were obtained.

[0241] The yield was 17.2 g and the percentage yield was
70%.

(3) Synthesis of Compound (11-3)
[0242]

O Pd1 (PPh3)4
(HO)B IM Nay,COjaq,
DME

(11—2)

Rege
oI

[0243] Inathree-neckflask, 17.0 g (45 mmol)of compound
(11-2), 10.7 g (45 mmol) of 2-bromo-4-chloronitrobenzene,
1.56 g (1.35 mmol) of Pd(PPh,),, 60 mL of an aqueous 2M
sodium carbonate solution and 200 mL of 1,2-dimethoxy-
ethane (DME) were placed. The resultant was refluxed in an
argon atmosphere for 24 hours.

[0244] After completion of the reaction, insoluble matters
were separated by filtration through celite. The filtrate was
transferred to a dripping funnel and extracted several times
with dichloromethane. An organic phase obtained was dried
with anhydrous magnesium sulfate, filtered and concentrated.
The concentrated product was purified by silica gel chroma-
tography (hexane:dichloromethane=7:3), whereby white sol-
ids were obtained.

[0245] The yield was 15.4 g and the percentage yield was
70%.

l
a1-3)

(4) Synthesis of Compound (11-4)
[0246]

O O PPh3
i o- chhlorobenzene

Cl
(11-3)
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sl

Cl

[0247] Inathree-neckflask, 14.7 g (30 mmol) of compound
(11-3), 23.6 g (90 mmol) of triphenylphosphine and 200 mL
of o-dichlorobenzene were placed. The resultant was refluxed
at 180° C. in an argon atmosphere for 24 hours.

[0248] After completion of the reaction, residues obtained
by concentrating the reaction solution was purified by silica
gel chromatography (hexane:dichloromethane=7:3—1:1),
whereby white solids were obtained.

(11-4)

[0249] The yield was 8.9 g and the percentage yield was
65%.

(5) Synthesis of Compound (11-5)
[0250]

NesoSSiog
L U

CuI, K3P04,
Cyclohexanediamine
Cl

1,4-Dioxane

(11-4)

Jan. 14,2016
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370

cl
(11-5)

[0251]
(11-4), 3.1 g (15 mmol) of iodobenzene, 2.9 g (15 mmol) of
copper iodide, 6.4 g (30 mmol) of potassium triphosphate, 3.4

In a three-neck flask, 6.9 g (15 mmol) of compound

2 (30 mmol) of cyclohexanediamine and 60 m[ of dehydrated
1,4-dioxane were placed. The resultant was refluxed in an
argon atmosphere for 24 hours.

[0252]
were separated by filtration through celite. The filtrate was

After completion of the reaction, insoluble matters

transferred to a dripping funnel and extracted several times
with toluene. An organic phase obtained was dried with anhy-
drous magnesium sulfate, filtered and concentrated. The
resultant was purified by silica gel chromatography (hexane:

toluene=2:1), whereby white solids were obtained.

[0253] The yield was 6.8 g and the percentage yield was
85%.

(6) Synthesis of Compound (11)
[0254]

00,0

(L

cl
(11-5)

Pd(dbas
t-BusP—HBF,

9

t-BuONa
Xylene
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[0255] Ina three-neck flask, 2.67 g (5 mmol) of compound
(11-5), 1.35 g (5.5 mmol) of (N-phenyl)biphenylamine, 90
mg (0.1 mmol) of Pd,(dba),, 0.12 g (0.4 mmol) of tri-t-
butylphosphonium tetrafluoroborate, 0.67 g (7 mmol) of
sodium t-butoxide and 30 mL of dehydrated xylene were
placed. The resultant was refluxed for 48 hours in an argon
atmosphere.

[0256] After completion of the reaction, insoluble matters
were separated by filtration through celite. The filtrate was
transferred to a dripping funnel and extracted several times
with toluene. An organic phase obtained was dried with anhy-
drous magnesium sulfate, filtered and concentrated. The

v

-1

an

resultant was purified by silica gel chromatography (hexane:
toluene=3:2), whereby white solids were obtained.

[0257] The yield was 1.89 g and the percentage yield was
51%.
[0258] As aresult of a FD-MS analysis, m/e was 741 rela-

tive to the molecular weight of 741.
Synthesis Example 12

Synthesis of Compound (12)
[0259]

Br.

Pdy(dba)s
t-BusP— HBF,

t-BuONa
Toluene

9

ate¥eToVens

v U
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[0260] Ina three-neck flask, 2.56 g (5 mmol) of compound
(7-1), 1.78 g (5.5 mmol) of 4-bromotriphenylamine, 90 mg HII
(0.1 mmol) of Pd,(dba),, 0.12 g (0.4 mmol) of tri-t-bu-
tylphosphonium tetrafluoroborate, 0.67 g (7 mmol) of tri-t-

sodium t-butoxide and 30 mL of dehydrated toluene were OO CQ
N

placed. The resultant was refluxed in an argon atmosphere for

28 hours. y
[0261] After completion of the reaction, insoluble matters N O O
were separated by filtration through celite. The filtrate was

transferred to a dripping funnel and extracted several times

with toluene. An organic phase obtained was dried with anhy-

drous magnesium sulfate, and filtered and concentrated. The QN
resultant was purified by silica gel chromatography (hexane:
toluene=3:2), whereby white solids were obtained.

[0262] The yield was 2.44 g and the percentage yield was
64%. HTI
[0263] As aresult ofa FD-MS analysis, m/e was 755 rela-
tive to the molecular weight of 755.

Production and Evaluation of Organic EL Device

Example 1
[0264] A glass substrate with 130 nm-thick ITO electrode

N
lines (manufactured by GEOMATEC Co., Ltd.) was sub- O
jected to ultrasonic cleaning in isopropyl alcohol for 5 min-

utes and then UV ozone cleaning for 30 minutes.

[0265] Thecleaned glass substrate with ITO electrode lines O

was mounted on a substrate holder in a vacuum deposition

apparatus. First, on the surface on which the ITO electrode

lines had been formed, compound (HI1) was deposited by

resistance heating so as to cover the ITO electrode lines to

form a 20 nm-thick film, and subsequently compound (HT1)

was deposited by resistance heating to form a 50 nm-thick

film. The film-forming rate was 1 A/s. These thin films func-

tion as a hole-injecting layer and a hole-transporting layer,

H1
respectively. O O
[0266] Next, on the hole-transporting layer, compound (2)
was deposited by resistance heating to form a thin film (elec- N N
tron-barrier layer) with a film thickness of 10 nm. O O

[0267] Subsequently, on the electron-barrier layer, com-

pound (H1) and compound (BD1) were simultaneously

deposited by resistance heating to form a 40 nm-thick thin 0
film. At this time, compound (BD1) was deposited such that

the mass ratio of compound (BD1) became 20% relative to r .
the total mass of compound (H1) and compound (BD1). The /=\
film forming rate was 1.2 A/s for H1, and 0.3 Ass for BDI. N N
This thin film functions as a phosphorescent emitting layer. R
[0268] Subsequently, on the phosphorescent emitting layer, N
compound (HB1) was deposited by resistance heating to form L
a5 nm-thick thin film. The film forming rate was 1.2 A/s. This
thin film functions as a hole barrier layer.

[0269] Next, on the hole barrier layer, compound (ET1) L -
was deposited by resistance heating to form a 25 nm-thick HB1
thin film. The film forming rate was 1 A/s. This film functions

as an electron-transporting layer.

[0270] Subsequently, on this electron-transporting layer, a N ‘
LiF film having a thickness of 1.0 nm was deposited at a J \

film-forming rate of 0.1 A/s. N

[0271] Next, on the LiF film, metal aluminum was depos- Q N, ==

ited at a film forming rate of 8.0 A/s to form a metal electrode
having a film thickness of 80 nm, whereby an organic EL
device was produced.

[0272] The materials used for the production of the organic 0
EL device are shown below.
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-continued
ET1

N
=N

[0273] The fabricated organic EL device was caused to
emit light by direct current driving to measure a luminance
and a current density, whereby a voltage and a luminous
efficiency (external quantum efficiency) at a current density
of 1 mA/cm?® were obtained. Further, a LT70% luminance life
(time that elapsed until the initial luminance was reduced to
70%) was measured at an initial luminance of 3000 c¢d/m>.
The results of evaluation of these luminous performance are
shown in Table 1.

Examples 2 to 8

[0274] Organic FL. devices were produced and evaluated in
the same manner as in Example 1, except that compounds (3)
to (9) were used instead of compound (2). The results are
shown in Table 1.

Comparative Example 1

[0275] An organic EL device was produced and evaluated
in the same manner as in Example 1, except that compound
(13) was used instead of compound (2). The results are shown
in Table 1.

65
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TABLE 1
LT70%
Electron-barrier Voltage External quantum  luminous
layer material V) efficiency (%)  time (hour)
Example I ~ Compound (2) 44 234 205
Example 2 Compound (3) 4.3 23.8 130
Example 3~ Compound (4) 4.3 21.7 163
Example 4  Compound (5) 44 22.6 190
Example 5 Compound (6) 4.5 21.7 231
Example 6  Compound (7) 4.4 237 127
Example 7 Compound (8) 44 214 180
Example 8  Compound (9) 4.5 22.0 248
Comp. Ex. 1 Compound (13) 44 229 78
Comp. Ex. 2 Compound (1) 4.6 23.9 80
Comp. Ex. 3 Compound (12) 44 21.9 79

[0278] As shown in Table 1, the compound of the invention
can be used as a material for an electron-barrier layer (hole-
transporting layer). In particular, organic EL. devices shown
in Examples 1 to 8 in which the compound of the invention
was used as a material for the electron-barrier layer that is
adjacent to the emitting layer had a significantly longer life as
compared with the organic EL devices of Comparative
Examples 1 to 3 without deteriorating the voltage and the
efficiency.

Example 9

[0279] A glass substrate with 130 nm-thick ITO electrode
lines (manufactured by GEOMATEC Co., [td.) was sub-
jected to ultrasonic cleaning in isopropyl alcohol for 5 min-
utes and then UV ozone cleaning for 30 minutes.

[0280] Thecleaned glass substrate with ITO electrode lines
was mounted on a substrate holder in a vacuum deposition
apparatus. First, on the surface of the side on which the ITO

(13)

V0, 00

o

Comparative Example 2

9

[0276] An organic EL device was produced and evaluated
in the same manner as in Example 1, except that compound
(1) was used instead of compound (2). The results are shown
in Table 1.

Comparative Example 3

[0277] An organic EL device was produced and evaluated
in the same manner as in Example 1, except that compound
(12) was used instead of compound (2). The results are shown
in Table 1.

electrode lines had been formed, compound (HI1) was depos-
ited by resistance heating so as to cover the ITO electrode
lines to form a 20 nm-thick film, and subsequently compound
(HT1) was deposited by resistance heating to form a 60 nm-
thick film sequentially. The film-forming rate was 1 A/s.
These thin films function as a hole-injecting layer and a
hole-transporting layer, respectively.

[0281] Subsequently. on the hole-transporting layer, com-
pound (7) and compound (BD1) were simultaneously depos-
ited by resistance heating to form a 40 nm-thick thin film. At
this time, compound (BD1) was deposited such that the mass
ratio of compound (BD1) became 20% relative to the total
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mass of compound (7) and compound (BD1). The film form-
ing rate was 1.2 A/s for compound (7), and 0.3 A/s for (BD1).
This thin film functions as a phosphorescent emitting layer.

[0282] Subsequently, on the phosphorescent emitting layer,
compound (HB1) was deposited by resistance heating to form
a5 nm-thick thin film. The film forming rate was 1.2 A/s. This
thin film functions as a hole-barrier layer.

[0283] Next, on the hole-barrier layer, compound (ET1)
was deposited by resistance heating to form a 25 nm-thick
thin film. The film forming rate was 1 A/s. This film functions
as an electron-transporting layer.

[0284] Subsequently, on this electron-injecting layer, a UF
film having a thickness of 1.0 nm was deposited at a film-
forming rate of 0.1 A/s.

[0285] Next, on the LiF film, metal aluminum was depos-
ited at a film forming rate of 8.0 A/s to form a metal cathode
having a film thickness of 80 nm, whereby an organic EL
device was produced.

[0286] Thethus fabricated organic EL device was driven by
direct current driving to measure a luminance and a current
density, whereby a voltage and a luminous efficiency (exter-
nal quantum efficiency) ata current density of 1 mA/cm® were
obtained. The results of evaluation of these luminous perfor-
mance are shown in Table 2.

Example 10

[0287] An organic EL device was produced and evaluated
in the same manner as in Example 9, except that compound
(10) was used instead of compound (7). The results are shown
in Table 2.

Comparative Example 4

[0288] An organic EL device was produced and evaluated
in the same manner as in Example 9, except that compound
(13) was used instead of compound (7). The results are shown
in Table 2.

TABLE 2
Emitting layer host Voltage ~ External quantum
material V) efficiency (%)
Example 9 Compound (7) 4.0 18.6
Example 10 Compound (10) 4.2 18.3
Comp. Ex. 4 Compound {13) 4.4 17.6
[0289] As shown in Table 2, the compound of the invention

can be used as a host material of the emitting layer. When
compound (7) or compound (10) were used, improvement in
efficiency could be confirmed as compared with the case of
compound (13).

[0290] Although only some exemplary embodiments and/
or examples of this invention have been described in detail
above, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodi-
ments and/or examples without materially departing from the
novel teachings and advantages of this invention. Accord-
ingly, all such modifications are intended to be included
within the scope of this invention.
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[0291] The documents described in this specification are
incorporated herein by reference in its entirety.

1. A compound represented by the following formula (1):

@

wherein in the formula (1),
X is O, S or a group represented by N—Ra;

Y, toY, are independently N or a group represented by
C—Ra;

Y5 and Y are independently N, a group represented by
C—Ra or a carbon atom that is bonded to —N(Ars)
(Are):

Y, and Y, are independently N, a group represented by
C—Ra or a carbon atom that is bonded to —N(Ar,)
(Arg);

Y, toY,, are independently N, a group represented by
C—Ra or a carbon atom that is bonded to —N(Ar,,)
(Arp);

Ar, toAr ,areindependently a substituted or unsubstituted
aromatic hydrocarbon group including 6 to 30 ring car-
bon atoms or a substituted or unsubstituted aromatic
heterocyclic group including 3 to 30 ring atoms;

Ra is a hydrogen atom, a substituted or unsubstituted aro-
matic hydrocarbon group including 6 to 30 ring carbon
atoms, a substituted or unsubstituted aromatic heterocy-
clic group including 3 to 30 ring atoms, a substituted or
unsubstituted alkyl group including 1 to 30 carbon
atoms, a substituted or unsubstituted fluoroalkyl group
including 1 to 30 carbon atoms, a substituted or unsub-
stituted cycloalkyl group including 3 to 30 ring carbon
atoms, a substituted or unsubstituted aralkyl group
including 7 to 30 carbon atoms, a substituted phosphoryl
group, a substituted silyl group, a cyano group, a nitro
group or a carboxy group,

when plural Ras are present in the formula (1), the plural

Ras may be the same or different from each other, and
the plural Ras may form a ring;

when Ar, is a p-phenylene group, Ar; is not an unsubsti-
tuted pheny! group and Ar, is not an unsubstituted phe-
nyl group;

when Ar, is a p-phenylene group, Ar, is not an unsubsti-
tuted phenyl group and Ar, , is not an unsubstituted phe-
nyl group:
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ais an integer of 0, 1 or 2;

b is an integer of 0, 1 or 2;

cis an integer of 0, 1 or 2;

d is an integer of 0, 1 or 2;

eis an integer of 0, 1, 2, 3 or 4; and

atb+c+d+e is 110 6.

2. The compound according to claim 1, wherein, in the
formula (1), at least one of a and d is 1.

3. The compound according to claim 1, wherein, in the
formula (1), a is 0, and b+c+d+c is 1 to 4.

4. The compound according to claim 1, wherein, in the
formula (1), e is 0 and a+b+c+d is 1 to 4.

5. The compound according to claim 1, wherein, in the
formula (1), a and d are 0 and b+c+e is 1 to 4.

6. The compound according to claim 1, wherein, in the
formula (1), a and e are 0 and b+c+d is 1 to 4.

7. The compound according to claim 1, wherein, in the
formula (1), a, d and e are O and b+c is 1 or 2.

8. The compound according to claim 1, wherein, in the
formula (1),a,bandcareOandd is 1.

9. The compound according to claim 1, wherein, in the
formula (1), a,b,candeare O and d is 1.

10. The compound according to claim 1, wherein Ar, and
Ar, in the formula (1) are independently a substituted or
unsubstituted phenylene group, a substituted or unsubstituted
naphthalenediyl group, a substituted or unsubstituted
anthracenediyl group, a substituted or unsubstituted triph-
enylenediyl group, a substituted or unsubstituted fluorenediyl
group, a substituted or unsubstituted benzofluorenediyl
group, a substituted or unsubstituted biphenyldiyl group, a
substituted or unsubstituted terphenyldiyl group, a substi-
tuted or unsubstituted phenanthrenediyl group, a substituted
or unsubstituted fluoranthenediyl group, a substituted or
unsubstituted pyridinediyl group, a substituted or unsubsti-
tuted pyrimidinediyl group, a substituted or unsubstituted
triazinediyl group, a substituted or unsubstituted dibenzo-
furanediyl group. a substituted or unsubstituted diben-
zothiophenediyl group, a substituted or unsubstituted aza-
dibenzofuranediyl group, a substituted or unsubstituted
azadibenzothiophenediyl group, a substituted or unsubsti-
tuted diazadibenzofuranediyl group, a substituted or unsub-
stituted diazadibenzothiophenediyl group, a substituted or
unsubstituted carbazolediyl group, a substituted or unsubsti-
tuted azacarbazolediyl group or a substituted or unsubstituted
diazacarbazolediyl group.

11. The compound according to claim 1, wherein Ar, and
Ar, in the formula (1) are independently a substituted or
unsubstituted m-phenylene group, a substituted or unsubsti-
tuted o-phenylene group, a substituted or unsubstituted naph-
thalenediyl group, a substituted or unsubstituted triph-
enylenediyl group, a substituted or unsubstituted fluorenediyl
group, a substituted or unsubstituted biphenyldiyl group, a
substituted or unsubstituted terphenyldiyl group, a substi-
tuted or unsubstituted phenanthrenediyl group, a substituted
or unsubstituted dibenzofuranediyl group or a substituted or
unsubstituted dibenzothiophenediyl group.

12. The compound according to claim 1, wherein Ar, and
Ar, in the formula (1) are independently a substituted or
unsubstituted fluorenediyl group or a substituted or unsubsti-
tuted biphenyldiyl group.

13. The compound according to claim 1, wherein Ar, to
Ar,, in the formula (1) are independently a substituted or
unsubstituted phenyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted anthryl group,
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a substituted or unsubstituted triphenylenyl group, a substi-
tuted or unsubstituted fluorenyl group. a substituted or unsub-
stituted benzofluorenyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted terphenyl
group, a substituted or unsubstituted phenanthryl group, a
substituted or unsubstituted fluoranthenyl group, a substi-
tuted or unsubstituted pyridinyl group, a substituted or unsub-
stituted pyrimidinyl group, a substituted or unsubstituted tri-
azinyl group, a substituted or unsubstituted dibenzofuranyl
group, a substituted or unsubstituted dibenzothiophenyl
group, a substituted or unsubstituted azadibenzofuranyl
group, a substituted or unsubstituted azadibenzothiophenyl
group, a substituted or unsubstituted diazadibenzofuranyl
group, a substituted or unsubstituted diazadibenzothiophenyl
group, a substituted or unsubstituted carbazolyl group, a sub-
stituted or unsubstituted azacarbazolyl group or a substituted
or unsubstituted diazacarbazolyl group.

14. The compound according to claim 1, wherein Y, to Y,
in the formula (1) are independently a group represented by
C—Ra;

Y and Y, are independently a group represented by C—Ra
or a carbon atom that is bonded to N(Ar;)(Ary);

Y and Y, are independently a group represented by C—Ra
or a carbon atom that is bonded to N(Ar, )(Arg); and

Y, toY, are independently a group represented by C—Ra
or a carbon atom that is bonded to N(Ar, | )(Ar,,).

15. A material for an organic electroluminescence device
that comprises the compound according to claim 1.

16. An organic electroluminescence device comprising an
anode and a cathode; one or more organic thin film layers
including an emitting layer between the anode and the cath-
ode, wherein at least one of the organic thin film layers com-
prises the material for an organic electroluminescence device
according to claim 15.

17. The organic electroluminescence device according to
claim 16 that further comprises a hole-transporting zone
between the anode and the emitting layer and the hole-trans-
porting zone comprises the material for an organic electrolu-
minescence device that comprises the compound represented
by the following formula (1):

@
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wherein in the formula (1),
X is O, S or a group represented by N—Ra;

Y, to'Y, are independently N or a group represented by
C—Ra;

Y, and Y, are independently N, a group represented by
C—Ra or a carbon atom that is bonded to —N(Ar;)
(Are);

Y, and Y, are independently N, a group represented by
C—Ra or a carbon atom that is bonded to —N(Ar,)
(Arg);

Y, to Yy, are independently N, a group represented by
C—Ra or a carbon atom that is bonded 10 —N(Ar, ;)
(Arp);

Ar, to Ar, , are independently a substituted or unsubstituted
aromatic hydrocarbon group including 6 to 30 ring car-
bon atoms or a substituted or unsubstituted aromatic
heterocyclic group including 3 to 30 ring atoms;

Ra is a hydrogen atom, a substituted or unsubstituted aro-
matic hydrocarbon group including 6 to 30 ring carbon
atoms, a substituted or unsubstituted aromatic heterocy-
clic group including 3 to 30 ring atoms, a substituted or
unsubstituted alkyl group including 1 to 30 carbon
atoms, a substituted or unsubstituted fluoroalkyl group
including 1 to 30 carbon atoms, a substituted or unsub-
stituted cycloalkyl group including 3 to 30 ring carbon
atoms, a substituted or unsubstituted aralkyl group
including 7 to 30 carbon atoms, a substituted phosphoryl
group, a substituted silyl group, a cyano group, a nitro
group or a carboxyl group,

when plural Ras are present in the formula (1), the plural
Ras may be the same or different from each other, and
the plural Ras may form a ring;

when Ar, is a p-phenylene group, Ar, is not an unsubsti-
tuted phenyl group and Ar, is not an unsubstituted phe-
nyl group;

when Ar, is a p-phenylene group, Ar, is not an unsubsti-
tuted phenyl group and Ar, , is not an unsubstituted phe-
nyl group;

ais an integer of 0, 1 or 2;

b is an integer of 0, 1 or 2;

cis an integer of 0, 1 or 2;

d is an integer of 0, 1 or 2;

eis an integer of 0, 1, 2, 3 or 4; and

atb+c+d+eis 110 6.

18. The organic electroluminescence device according to

claim 17, wherein the hole-transporting zone is adjacent to
the emitting layer.

19. The organic electroluminescence device according to
claim 16 that further comprises an electron-transporting zone
between the cathode and the emitting layer and the electron-
transporting zone comprises the material for an organic elec-
troluminescence device that comprises the compound repre-
sented by the following formula (1):
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wherein in the formula (1),

X is O, S or a group represented by N—Ra;

Y, toY, are independently N or a group represented by
C—Ra;

Y5 and Y are independently N, a group represented by
C—Ra or a carbon atom that is bonded to —N(Ar.)
(Arg);

Y, and Yy are independently N, a group represented by
C—Ra or a carbon atom that is bonded to —N(Ar,)
(Ary);

Y, toY,, are independently N, a group represented by
C—Ra or a carbon atom that is bonded to —N(Ar,,)
(Arp);

Ar, toAr,, are independently asubstituted or unsubstituted
aromatic hydrocarbon group including 6 to 30 ring car-
bon atoms or a substituted or unsubstituted aromatic
heterocyclic group including 3 to 30 ring atoms;

Ra is a hydrogen atom, a substituted or unsubstituted aro-
matic hydrocarbon group including 6 to 30 ring carbon
atoms, a substituted or unsubstituted aromatic heterocy-
clic group including 3 to 30 ring atoms, a substituted or
unsubstituted alkyl group including 1 to 30 carbon
atoms, a substituted or unsubstituted fluoroalkyl group
including 1 to 30 carbon atoms, a substituted or unsub-
stituted cycloalkyl group including 3 to 30 ring carbon
atoms, a substituted or unsubstituted aralkyl group
including 7 to 30 carbon atoms, a substituted phosphoryl
group, a substituted silyl group, a cyano group, a nitro
group or a carboxyl group,

when plural Ras are present in the formula (1), the plural
Ras may be the same or different from each other, and
the plural Ras may form a ring;

when Ar, is a p-phenylene group, Ar; is not an unsubsti-
tuted phenyl group and Ar,, is not an unsubstituted phe-
nyl group;

when Ar, is a p-phenylene group, Ar, is not an unsubsti-
tuted phenyl group and Ar, , is not an unsubstituted phe-
nyl group;

ais an integer of 0, 1 or 2;

b is an integer of 0, 1 or 2;

c is an integer of 0, 1 or 2;

dis an integer of 0, 1 or 2;

eis an integer of 0, 1, 2, 3 or 4; and

a+b+c+d+eis 1 to 6.
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20. The organic electroluminescence device according to bon atoms or a substituted or unsubstituted aromatic
claim 16, wherein the emitting layer comprises the material heterocyclic group including 3 to 30 ring atoms;
for an organic electroluminescence device that comprises the Ra is a hydrogen atom, a substituted or unsubstituted aro-
compound represented by the following formula (1): matic hydrocarbon group including 6 to 30 ring carbon

atoms, a substituted or unsubstituted aromatic heterocy-

clic group including 3 to 30 ring atoms, a substituted or
1 unsubstituted alkyl group including 1 to 30 carbon
atoms, a substituted or unsubstituted fluoroalkyl group
including 1 to 30 carbon atoms, a substituted or unsub-
stituted cycloalkyl group including 3 to 30 ring carbon
atoms, a substituted or unsubstituted aralkyl group
including 7 to 30 carbon atoms, a substituted phosphoryl

At
v group, a substituted silyl group, a cyano group, a nitro
/N group or a carboxyl group,
Ar3

when plural Ras are present in the formula (1), the plural
Ras may be the same or different from each other, and
the plural Ras may form a ring;

when Ar, is a p-phenylene group, Ar; is not an unsubsti-
tuted phenyl group and Ar,, is not an unsubstituted phe-
nyl group;

when Ar, is a p-phenylene group, Ar, is not an unsubsti-
tuted phenyl group and Ar, , is not an unsubstituted phe-
nyl group;

ais an integer of 0, 1 or 2;

wherein in the formula (1),

X is O, S or a group represented by N—Ra;

Y, toY, are independently N or a group represented by
C—Ra;

Y5 and Y are independently N, a group represented by
C—Ra or a carbon atom that is bonded to —N(Ars)
(Arg);

Y, and Y, are independently N, a group represented by
C—Ra or a carbon atom that is bonded to —N(Ar,)
(Arg);

Y, to Yy, are independently N, a group represented by
C—Ra or a carbon atom that is bonded 10 —N(Ar, ;)
(Arpo);

Ar, to Ar,, areindependently a substituted or unsubstituted
aromatic hydrocarbon group including 6 to 30 ring car-

b is an integer of 0, 1 or 2;

cis an integer of 0, 1 or 2;

d is an integer of 0, 1 or 2;

eis an integer 0f 0, 1,2, 3 or 4; and

at+b+c+d+eis 110 6.

21. The organic electroluminescence device according to
claim 16, wherein the emitting layer comprises a phospho-
rescent emitting material.

22. The organic electroluminescence device according to
claim 16, wherein the emitting layer comprises a fluorescent
emitting material.

23. An electric equipment in which the organic electrolu-
minescence device according to claim 16 is mounted.
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