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NOVEL COMPOUND AND ORGANIC
ELECTROLUMINESCENT ELEMENT
PRODUCED USING SAME

TECHNICAL FIELD

[0001] The invention relates to a novel compound and an
organic electroluminescence device obtained by using the
same.

BACKGROUND ART

[0002] In general, an organic electroluminescence (EL)
device comprises an anode, a cathode and one or more
organic thin film layers disposed between the anode and the
cathode. When a voltage is applied between the electrodes,
electrons and holes are injected from the cathode and the
anode, respectively, to an emission region. The electrons and
the holes injected are recombined in the emitting region to
form an exited state, and light is emitted when the excited
state is returned to the ground state.

[0003] Since an organic EL device can provide various
emission colors by using various emitting materials in the
emitting layer, practical application thereof to a display or the
like has been actively studied. In particular, researches on
emitting materials of the three primary colors of red, green
and blue are conducted most actively, and extensive studies
have been made in order to attain improvement in properties.
[0004] Forexamples asa material for an organic EL device,
Patent Documents 1 to 5 disclose a compound having a ben-
zoquinazoline structure. In the field of an organic EL device,
in order to further improve device performance, development
of new materials has been required.

RELATED ART DOCUMENT

Patent Documents

[0005] Patent Document 1: Korean Patent Publication No.
10-2012-0117693

[0006] Patent Document 2: JP-A-2009-246097

[0007] Patent Document 3: U.S. Unexamined Patent Appli-
cation Publication No. 2004/076853

! Q

Rys
Ryy Ris

[0008] Patent Document 4: WO2004/039786

[0009] Patent Document 5: WO2006/104118
SUMMARY OF THE INVENTION

[0010] An object of the invention is to provide a novel

compound that is useful as a material for an organic EL
device.
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[0011] According to one embodiment of the invention, a
compound represented by the following formula (1) is pro-
vided.

(AF+LiEB)ul, oy
wherein in the formula, L, is a single bond or a linking group,
A is a group represented by the following formula (A), Bisa
group represented by the following formula (B), m is an
integer of 1 to 3, and n is an integer of 1 to 4;

[0012] when m is 2 or more, plural Bs may be the same as
or different from each other;

[0013] when n is 2 or more, plural L;s may be the same as
or different from each other, and plural Bs may be the same as
or different from each other; and

[0014] when L, is a single bond, it means that A and B are
directly bonded, and m is 1;

)

Rs Re

[0015] wherein in the formula (A), X, to X, are indepen-
dently a nitrogen atom (N) or CRa, and two of X, to X, are a
nitrogen atom;

[0016] “n” ofRaandR, to Ry are a single bond that allows
a carbon atom in the formula (A) for which they are substi-
tuted to be directly bonded to L, (or B when L, is a single
bond); and

[0017] amongRaand R, to Ry, Raand R, to R, that are not
a single bond are independently a hydrogen atom or a sub-
stituent;

®)
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[0018] wherein in the formula (B), L, , is a single bond ora
linking group;

[0019] one of R, to R, is a single bond that allows a
carbon atom in the formula (B) for which it is substituted to be
directly bonded to L, (or A when L, is a single bond) and the
other one of R, to R, is a single bond that allows a carbon
atom in the formula (B) for which it is substituted to be
directly bondedto L, ;;
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[0020] among R,, to Ry, R;, to R}, that are not a single
bond are independently a hydrogen atom or a substituent;
[0021] one of R,, to R, is a single bond that allows a
carbon atom in the formula (B) for which it is substituted to be
directly bonded to L, |;

[0022] among R,, to Ry, Ry, to R, that are not a single
bond are independently a hydrogen atom or a substituent; and
[0023] whenL,, isasinglebond, oneofR;; toR,;and one
of R,; to R, are independently a single bond that allows
carbon atoms in the formula (B) for which they are substituted
to be directly bonded with each other.

[0024] According to the invention, it is possible to provide
a novel compound that is useful as a material for an organic
EL device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 11is a schematic cross-sectional view showing
one example of an organic EL device according to the inven-
tion.

MODE FOR CARRYING OUT THE INVENTION

[0026] In this specification, the number of carbon atoms
that form a ring (hereinafter referred to as “ring carbon
atoms”) means the number of carbon atoms among atoms that
constitute a ring itself of a compound having a structure in
which atoms or molecules are bonded in a ring form (e.g.
monocyclic compounds, fused ring compounds, cross-linked
compounds, spiro-ring compounds, carbocyclic compounds,
heterocyclic compounds). When the ring is substituted by a
substituent, carbon atoms included in the substituent is not
included in the number of the ring carbon atoms. The same is
applied to the “ring carbon atoms” mentioned below unless
otherwise indicated.

[0027] For example, a benzene ring has 6 ring carbon
atoms, a naphthalene ring has 10 ring carbon atoms, a pyridi-
nyl group has 5 ring carbon atoms, and a furanyl group has 4
ring carbon atoms. Further, when a benzene ring or a naph-
thalene ring is substituted by an alkyl group as a substituent,
for example, the number of carbon atoms in the alkyl group is
not included in the number of the ring carbon atoms. Further,
when a fluorene ring is bonded, as a substituent, to a fluorene
ring, for example (including a spiro-fluorene ring), the num-
ber of carbon atoms of a fluorene ring as a substituent is not
included in the number of the ring carbon atoms.

[0028] The number of atoms that form a ring (hereinafter
referred to as “ring atoms””) means the number of atoms that
constitute a ring itself of a compound having a structure in
which atoms or molecules are bonded in a ring form (for
example, amonocycle, a fused ring, an assembly of rings) (for
example, monocyclic compounds, fused ring compounds,
cross-linked compounds, spiro-ring compounds, carbocyclic
compounds, heterocyclic compounds). Atoms that do not
constitute a ring (for example, a hydrogen atom that termi-
nates an atomic bonding of atoms constituting a ring) or an
atom included in a substituent when the ring is substituted by
asubstituent are not included in the number of the ring atoms.
The same can be applied to the “ring atoms” mentioned below
unless otherwise indicated.

[0029] 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 independently bonded to
carbon atoms of a pyridine ring or a quinazoline ring or atoms
that constitute a substituent are not included in the number of
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ring atoms. Further, if a fluorene ring is bonded, as a substitu-
ent, to a fluorene ring (including a spirofluorene ring), for
example, the number of atoms of a fluorene ring as a substitu-
ent is not included in the number of ring atoms.

[0030] Ifaring is formed by adjacent substituents, a struc-
ture is included in which the ring is separated at a point where
the number of carbon atoms of one substituent becomes mini-
mum within the above-mentioned range, and the number of
carbon atoms of the other substituent falls in the above-men-
tioned range. The same is applied to the number of carbon
atoms of a substituent mentioned below, unless otherwise
indicated.

[0031] The “aromatic hydrocarbon ring” means a ring that
is formed only of carbon atoms and hydrogen atoms and has
aromaticity (including a monocycle, a fused ring and a ring
formed by bonding of these plural rings through a single
bond). The “heterocyclic aromatic ring” means a ring that
contains one or more hetero atoms in addition to carbon atoms
and hydrogen atoms and have aromaticity (including a mono-
cycle, a fused ring and a ring formed by bonding of these
plural rings through a single bond). The “heterocyclic ali-
phatic ring” means a ring that contains one or more hetero
atoms in addition to carbon atoms and hydrogen atoms and
does not have aromaticity (including a monocycle, a fused
ring and a ring formed by bonding of these plural rings
through a single bond).

[0032] The*“XXtoYY carbon atoms” in the “substituted or
unsubstituted ZZ group including XX to YY carbon atoms”
means the number of carbon atoms in the ZZ group which is
unsubstituted, and does not include the number of carbon
atoms of a substituent when the ZZ group is substituted. Here,
the “YY” is larger than “XX” and “XX” and “YY” are inde-
pendently an integer of 1 or more.

[0033] The*“XXtoYY atoms” in the “substituted or unsub-
stituted Z7Z group including XX to YY atoms” means the
number of atoms in the 77 group which 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 “XX” and “YY” are independently an integer of 1
or more.

[0034] The “unsubstituted” in the “substituted or unsubsti-
tuted . . . ” means that a group or an atom is not substituted by
the above-mentioned substituent and a hydrogen atom is
bonded thereto.

[0035] Inthe invention, the “hydrogen atom” includes iso-
mers differing in number of neutrons, i.e. protium, deuterium
and tritium.

[0036] Thecompound according to one embodiment of the
invention is represented by the following formula (1):

(AFELEB)l, t)

[0037] In the formula (1), L, is a single bond or a linking
group, A is a group represented by the following formula (A),
B is a group represented by the following formula (B), m is an
integer of 1 to 3, and n is an integer of 1 to 4.

[0038] When m is 2 or more, plural Bs may be the same as
or different from each other.

[0039] Whenn is 2 or more, plural L, s may be the same as
or different from each other, and plural Bs may be the same as
or different from each other.
[0040] When L, is a single bond, it means that A and B are
directly bonded, and m is 1.
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(A

[0041] wherein in the formula (A), X, to X, are indepen-
dently a nitrogen atom (N) or CRa, and two of X, to X, are
nitrogen atoms.

[0042] “n” of Ra and R, to R mean a single bond that
allows a carbon atom in the formula (A) for which they are
substituted to be directly bonded to L., (or B when L, is a
single bond).

[0043] AmongRaandR, toR,, RaandR, to R, thatarenot
a single bond are independently a hydrogen atom or a sub-
stituent.

Rio
Ry | Ris
N

! Q O !
L]l R26

Ry Ryg
Ry Rys

[0044] wherein in the formula (B), L, is a single bond or a
linking group.
[0045] OneofR,, to R, means a single bond that allows a

carbon atom in the formula (B) for which it is substituted to be
directly bonded to L, (or A when L, is a single bond), and the
other one is a single bond that allows a carbon atom in the
formula (B) for which it is substituted to be directly bonded to
L,

[0046] Among R, to R, R}, to R,, that are not a single
bond are independently a hydrogen atom or a substituent.

[0047] One of R,, to R,, is a single bond that allows a
carbon atom in the formula (B) for which it is substituted to be
directly bonded to L, ;.

[0048] Among R,; to Ry, R,; t0 Ry that are not a single
bond are independently a hydrogen atom or a substituent.

[0049] WhenL,, isasinglebond, oneofR;, toR,;and one
of R,, to R, are independently a single bond that allows
carbon atoms in the formula (B) for which they are substituted
to be directly bonded to each other.
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[0050] The compound represented by the formula (1) has a
structure represented by the A mentioned above and the bis-
carbazole structure represented by the B mentioned above.
Due to such structure, the hole-transporting properties of the
compound are improved. Therefore, an organic EL, device
obtained by using this compound can have a low driving
voltage.

[0051] Carrier balance is improved by using the above-
mentioned compound. Therefore, an organic EL device
obtained by using this compound as a host material in the
emitting layer has an improved luminous efficiency.

[0052] Further, the above-mentioned compound has high
durability. Therefore, an organic EL device obtained by using
this compound has a long luminous life.

[0053] As the compound represented by the above formula
(1), acompound represented by the following formula (2) can
be given, for example.

B

X=X Lt B),l,

Rs R¢

[0054] wherein in the formula, R, toR;, X, t0X,,L;,Band
m are as defined in the formula (1). nis 1 or 2, and “n” of the
Ra is (are) a single bond that allows carbon atoms in the
formula (2) for which it (they) is (are) substituted to be
directly bonded to L, (or B if L, is a single bond).

[0055] As the structure represented by A, for example, a
benzoquinazoline structure represented by the following for-
mula (Al)or (A2)is preferable. By this structure, an excellent
carrier balance is attained to improve luminous efficiency.
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(AL)

Ry R,
R;
()
L
—N
R

5 R¢ Ra

[0056] wherein in the formula, Ra and R, to Ry are as
defined in the formula (A).
[0057] The compound having a group represented by the

above formula (A1) is represented by the following formula
(Al-1) or (A1-2).

(Al-1)

(A1-2)

[0058] wherein in the formula, Ra, R, toR, L, Band mare
as defined in the formulas (1) and (Al).

[0059] Further, as a compound having a group represented
by the above formula (Al), a compound represented by the
following formulas (Al1-3) to (Al1-6) can be given, for
example.
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(Al1-3)

(Al-4)

(A1-5)

(A1-6)

[0060] wherein in the formula, R, to R¢, L and B are the
same as defined in the formulas (1) and (Al). Two Bs may be
the same as or different from each other. Ra, is a substituted
or unsubstituted aryl group including 6 to 60 ring carbon
atoms or a substituted or unsubstituted heteroaryl group
including 5 to 60 ring atoms.

[0061] Among the compounds having a group represented
by the above formula (Al), in respect of improvement of
hole-transporting properties, a compound represented by the
following formula (A1-7) or (A1-8) is preferable.
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Ry7
Ryg
Rig
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Ryg
RTT
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N Ry7

Ryg
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Rys
N
Ryg

RTT

Ry3
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[0062] wherein in the formula, [.;, m, Ra, R; to R, Ry to
R, R, toR,,and L, are as defined in the formula (1).

[0063] In order to attain hole-transporting properties and
electron-transporting properties in combination, as well as to
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(AL-T)
L
Ry7
Rys
Ryg
Rys
Ry
R3]
Ras
Ry
—m
(AL-8)
L
Ry;
Ry
Ryg
Rys
Ry
R3]
Ras

attain excellent carrier balance, in the biscarbazole, it is pre-
ferred that two carbazoles be bonded at the 3-positions. For
example, a compound represented by the following formula
(A1-9) or (A1-10) is preferable.
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[0064] wherein in the formula, [.;, m, Ra, R; to R, Ry; to
R, R, toR,5and L, are as defined in the formula (1).

[0065] In order to attain hole-transporting properties and
electron-transporting properties in combination, as well as to

Ryy

Ry7
Rys
Ryg
Ris
N
Ryy
Ry
RIZ Lll Ry
Ry
Ryy
N—Ry
Rys
Rog
Ry
Ry;
Ry7
Ryg
Rys
Ry
R Ly Ry
Ry
Ry
Rys
Rog
Ry
Ry
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(A1-9)

(AL-10)

attain excellent carrier balance, in the biscarbazole, it is pre-
ferred that two carbazoles be bonded at the 2-position and the
3-position. For example, a compound represented by the fol-
lowing formula (A1-11) or (A1-12) is preferable.
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wherein in the formula, L, m,Ra, R, toR, Ry, toR 4, R, 10
R,s, and L, are as defined in the formula (1).

[0066] A compound having a group represented by the
above formula (A2) is represented by the following formula
(A2-1) or (A2-2), for example.

(A2-1)
Ry R,
Rs
{0
R, Q \>7L1_('Bi)m
—N
R R R
(A2-2)
R, R,
R3
()
Sales
—N
Rs Rs Li—tBn

[0067] whereininthe formula,Ra, R, toR¢. L, Band mare
as defined in the formulas (1) and (A2).

[0068] In respect of improvement of hole-transporting
properties, a compound represented by the following formula
(A2-3) or (A2-4) is preferable.

(A2-3)
Ryg
Rys
Ryq Lu
Ry7
Ras
Ri3 Rog O
Rys
Ryy—N
Rosa
Raj
Rys
R
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-continued
[ Ryy
Ryg
Ris
Rys
N
Ry
Ryy
Ry3
Rp

[0069] wherein in the formula, L;, m, Ra, R, to R, R, to
R,s Ry, toRygand L), are as defined in the formula (1).
[0070] As in the case of the above-mentioned formulas
(A1-9) to (A1-12), in the biscarbazole, it is preferred that two
carbazoles be bonded at the 2-position and the 3-position or at
the 3-positions. Specifically, compounds represented by the
following formulas (A2-5) to (A2-8) are preferable.

R
3

2 R;
R
Setan
—N
R Ra

5 Rq

Ly

Ry

N—R

Ryg

Rp—N,

(A2-5)
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-continued
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-continued

[0071] wherein in the formula, L.;, m, Ra, R, to R, R}, to
R,g Ry, to R, and L), are as defined in the formula (1).

[0072] Intheabove formulas (Al-1)to (Al-12)and (A2-1)
to (A2-8), it is preferred that the substituent represented by R
to R,5 and Ra be independently selected from the following
group (A). It is more preferred that the substituent be selected
from the following group (B), with a substituent selected
from the following group (C) being further preferable.

[0073] The group (A) is a group consisting of a substituted
or unsubstituted alkyl group including 1 to 50 carbon atoms,
a substituted or unsubstituted cycloalkyl group including 3 to
50 ring carbon atoms, a substituted or unsubstituted aryl
group including 6 to 60 ring carbon atoms (the same meaning
as the “aromatic hydrocarbon group”, the same is applied
hereinbelow), a substituted or unsubstituted aralkyl group
including 7 to 51 carbon atoms, an amino group, a mono- or
di-substituted amino group having a substituent selected from
a substituted or unsubstituted alkyl group including 1 to 50
carbon atoms and a substituted or unsubstituted aryl group
including 6 to 60 ring carbon atoms, a substituted or unsub-
stituted alkoxy group including 1 to 50 carbon atoms, a sub-
stituted or unsubstituted aryloxy group including 6 to 50 ring
carbon atoms, a mono-, di- or tri-substituted silyl group hav-
ing a substituent selected from a substituted or unsubstituted
alkyl group including 1 to 50 carbon atoms and a substituted
or unsubstituted aryl group including 6 to 60 ring carbon
atoms, a substituted or unsubstituted heteroaryl group includ-
ing 5 to 60 ring atoms (the same meaning as the “heterocyclic
group”, the same is applied hereinbelow), a substituted or
unsubstituted haloalkyl group including 1 to 50 carbon atoms,
ahalogen atom, a cyano group, a nitro group, a sulfonyl group
having a substituent selected from a substituted or unsubsti-
tuted alkyl group including 1 to 50 carbon atoms and a sub-
stituted or unsubstituted aryl group including 6 to 60 ring
carbon atoms, a di-substituted phosphoryl group having a
substituent selected from a substituted or unsubstituted alkyl
group including 1 to 50 carbon atoms and a substituted or

10
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(A2-8)

Ris

Ryy

unsubstituted aryl group including 6 to 60 ring carbon atoms,
an alkylsulfonyloxy group, an arylsulfonyloxy group, an
alkylcarbonyloxy group, an arylcarbonyloxy group, a boron-
containing group, a zinc-containing group, a tin-containing
group, a silicon-containing group, a magnesium-containing
group, a lithium-containing group, a hydroxyl group, an
alkyl-substituted or aryl-substituted carbonyl group, a car-
boxyl group, a vinyl group, a (meth)acryloyl group, an epoxy
group and an oxetanyl group.

[0074] The group (B) is a group consisting of a substituted
or unsubstituted alkyl group including 1 to 50 carbon atoms,
a substituted or unsubstituted cycloalkyl group including 3 to
50 ring carbon atoms, a substituted or unsubstituted aryl
group including 6 to 60 ring carbon atoms, a substituted or
unsubstituted aralkyl group including 7 to 51 carbon atoms,
an amino group, a mono- or di-substituted amino group hav-
ing a substituent selected from a substituted or unsubstituted
alkyl group including 1 to 50 carbon atoms and a substituted
or unsubstituted aryl group including 6 to 60 ring carbon
atoms, a substituted or unsubstituted alkoxy group including
1 to 50 carbon atoms, a substituted or unsubstituted aryloxy
group including 6 to 50 ring carbon atoms, a mono-, di- or
tri-substituted silyl group having a substituent selected from a
substituted or unsubstituted alkyl group including 1 to 50
carbon atoms and a substituted or unsubstituted aryl group
including 6 to 60 ring carbon atoms, a substituted or unsub-
stituted heteroaryl group including 5 to 60 ring atoms, a
substituted or unsubstituted haloalkyl group including 1 to 50
carbon atoms, a halogen atom, a cyano group, a nitro group,
a sulfonyl group having a substituent selected from a substi-
tuted or unsubstituted alkyl group including 1 to 50 carbon
atoms and a substituted or unsubstituted aryl group including
6 to 60 ring carbon atoms, and a di-substituted phosphoryl
group having a substituent selected from a substituted or
unsubstituted alkyl group including 1 to 50 carbon atoms and
asubstituted or unsubstituted aryl group including 6 to 60 ring
carbon atoms.
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[0075] The group (C) is a group consisting of a substituted
or unsubstituted alkyl group including 1 to 50 carbon atoms,
a substituted or unsubstituted cycloalkyl group including 3 to
50 ring carbon atoms, a substituted or unsubstituted aryl
group including 6 to 60 ring carbon atoms, a substituted or
unsubstituted aralkyl group including 7 to 51 carbon atoms,
an amino group, a mono- or di-substituted amino group hav-
ing a substituent selected from a substituted or unsubstituted
alkyl group including 1 to 50 carbon atoms and a substituted
or unsubstituted aryl group including 6 to 60 ring carbon
atoms, a substituted or unsubstituted alkoxy group including
1 to 50 carbon atoms, a substituted or unsubstituted aryloxy
group including 6 to 50 ring carbon atoms, a mono-, di- or
tri-substituted silyl group having a substituent selected from a
substituted or unsubstituted alkyl group including 1 to 50
carbon atoms and a substituted or unsubstituted aryl group
including 6 to 60 ring carbon atoms, a substituted or unsub-
stituted heteroaryl group including 5 to 60 ring atoms, a
substituted or unsubstituted haloalkyl group including 1 to 50
carbon atoms, a halogen atom, a cyano group and a nitro
group.

[0076] As examples of the alkyl group including 1 to 50
(preferably 1 to 18, more preferably 1 to 8) carbon atoms, a
methyl group, an ethyl group, a n-propyl group, an isopropyl
group, a n-butyl group. an isobutyl group, a s-butyl group, a
t-butyl group, a pentyl group (including isomers), a hexyl
group (including isomers), a heptyl group (including iso-
mers), an octyl group (including isomers), a nonyl group
(including isomers), a decyl group (including isomers), an
undecyl group (including isomers), a dodecyl group (includ-
ing isomers), a tridecyl group, a tetradecyl group, an octade-
cyl group, a tetracosanyl group, a tetracontany] group or the
like can be given. A methyl group, an ethyl group, a n-propyl
group, an isopropyl group, an-butyl group, anisobutyl group,
a s-butyl group, a t-butyl group, a pentyl group (including
isomers), a hexyl group (including isomers), a heptyl group
(including isomers), an octyl group (including isomers), a
nonyl group (including isomers), a decyl group (including
isomers), a undecyl group (including isomers), a dodecyl
group (including isomers), a tridecyl group, a tetradecyl
group and an octadecyl group are preferable. A methyl group,
an ethyl group, a n-propyl group, an isopropyl group, a n-bu-
tyl group, an isobutyl group, a s-butyl group, a t-butyl group,
a pentyl group (including isomers), a hexyl group (including
isomers), a heptyl group (including isomers), and octyl group
(including isomers) are further preferable.

[0077] As the cycloalkyl group including 3 to 50 (prefer-
ably 3 to 10, more preferably 3 to 8, and further preferably 5
or 6) ring carbon atoms, a cyclopropyl group, a cyclobutyl
group, acyclopentyl group, a cyclohexyl group, a cycloheptyl
group, acyclooctyl group, an adamantyl group or the like can
be given, with a cyclopentyl group and a cyclohexyl group
being preferable.

[0078] As the aryl group including 6 to 60 (preferably 6 to
25, more preferably 6 to 18) ring carbon atoms, a phenyl
group, a naphthyl group, a naphthylphenyl group, a bipheny-
lyl group, a terphenylyl group, an acenaphthylenyl group, an
anthryl group, a benzoanthryl group, an aceanthryl group, a
phenanthryl group, a benzophenanthryl group, a phenalenyl
group, a fluorenyl group, a 9,9'-spirobifluorenyl group, a ben-
zofluorenyl group, a dibenzofluorenyl group, a picenyl group,
a pentaphenyl group, a pentacenyl group, a pyrenyl group, a
chrysenyl group, a benzochrysenyl group, an s-indacenyl
group, an as-indacenyl group, a fluoranthenyl group, a ben-
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zofluoranthenyl group, a tetracenyl group, a triphenylenyl
group, a benzotriphenylenyl group, a perylenyl group, a coro-
nyl group and a dibenzoanthryl group can be given, for
example. A phenyl group, a biphenyl group, a naphthyl group,
a phenathryl group, a triphenylenyl group and a fluorenyl
group are preferable.

[0079] As the substituted or unsubstituted aralkyl group
including 7 to 51 carbon atoms, an aralkyl group having the
above-mentioned aryl group including 6 to 50 (preferably 6 to
25, more preferably 6 to 18) ring carbon atoms can be given.
[0080] As the mono- or di-substituted amino group having
a substituent selected from a substituted or unsubstituted
alkyl group including 1 to 50 (preferably 1 to 18, more pref-
erably 1 to 8) carbon atoms and a substituted or unsubstituted
aryl group including 6 to 60 (preferably 6 to 25, more pref-
erably 6 to 18) ring carbon atoms, a mono- or di-substituted
amino group having a substituent selected from the above-
mentioned alkyl group and the above-mentioned aryl group
can be given.

[0081] As the substituted or unsubstituted alkoxy group
including 1 to 50 carbon atoms, an alkoxy group having the
above-mentioned alkyl group including 1 to 50 (preferably 1
to 18, more preferably 1 to 8) carbon atoms can be given.
[0082] As the substituted or unsubstituted aryloxy group
including 6 to 50 ring carbon atoms, an aryloxy group having
the above-mentioned aryl group including 6 to 50 (preferably
6 to 25, more preferably 6 to 18) ring carbon atoms can be
given.

[0083] As the mono-, di- or tri-substituted silyl group hav-
ing a substituent selected from an alkyl group including 1 to
50 (preferably 1 to 18, more preferably 1 to 8) carbon atoms
and a substituted or unsubstituted aryl group including 6 to 50
(preferably 6 to 25, more preferably 6 to 18) ring carbon
atoms, a mono-, di- or tri-substituted silyl group having a
substituent selected from the above-mentioned alkyl group
and the above-mentioned aryl group can be given.

[0084] The heteroaryl group including 5 to 60 (preferably 5
to 24, more preferably 5 to 13) ring atoms includes at least
one, preferably 1 to 5 (more preferably 1 to 3, further prefer-
ably 1 to 2) hetero atoms (for example, a nitrogen atom, a
sulfur atom, an oxygen atom, a phosphorus atom).

[0085] As the heteroaryl group, a pyrrolyl group, a furyl
group, a thienyl group, a pyridyl group, a pyridazinyl group,
a pyrimidiny] group, a pyrazinyl group, a triazinyl group, an
imidazolyl group, an oxazolyl group, a thiazolyl group, a
pyrazolyl group, an isoxazolyl group, an isothiazolyl group,
an oxadiazolyl group, a thiadiazolyl group, a triazolyl group,
a tetrazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, an isobenzofuranyl group, a ben-
zothiophenyl group, an isobenzothiophenyl group, an
indolizinyl group, a quinolizinyl group, a quinolyl group, an
isoquinolyl group, a cinnolyl group, a phthalazinyl group, a
quinazolinyl group, a quinoxalinyl group, a benzimidazolyl
group, a benzoxazolyl group, a benzothiazolyl group, an
indazolyl group, a benzisoxazolyl group, a benzisothiazolyl
group, a dibenzofuranyl group, a dibenzothiophenyl group, a
carbazolyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a phe-
nothiazinyl group, a phenoxazinyl group, an azatriphenylenyl
group, a diazatriphenylenyl group, a xanthenyl group, an
azacarbazolyl group, an azadibenzofuranyl group, an aza-
dibenzothiophenyl group, a benzofuranobenzothiophenyl
group, a benzothienobenzothiophenyl group, a dibenzofura-
nonaphthy! group, a dibenzothienonaphthyl group, a dinaph-
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thothienothiophenyl group or the like can be given, for _continued
example. A pyridyl group, a pyrimidinyl group, a triazinyl
group, a quinazolinyl group, a carbazolyl group, a diben-
zothiophenyl group and a dibenzofuranyl group are prefer-
able.

[0086] The “carbazolyl group” mentioned above includes
the following structures.
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-continued

[0088] wherein in the formula, X and Y are independently
an oxygen atom, a sulfur atom, a nitrogen atom or a—NH—

group.
[0089] As specific examples of the heteroaryl group includ-
ing 5 to 60 ring atoms, a monovalent group obtained by

removing one hydrogen atom from any of compounds repre-
sented by the following formulas is also preferable.

A=A
/ \
A A
>\ /<
Ym Ym
Ym
\ 7
A
A// \ Ym
\
I XXX
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A—A
/N
A A
>\ /<
Ym Ym
A Ym
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A=A
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[0090] wherein in the formula, A is independently CR*®° or
anitrogen atom and R'®°s are independently a hydrogen atom
or a substituent;

[0091] Y isindependently a single bond, C(R*°1)(R*%?), an
oxygen atom, a sulfur atom or N(R'**);

[0092] R'® R' and R'® are independently a hydrogen
atom or a substituent and ms are independently O or 1.

[0093] As the substituent in the formula, the same as those
mentioned above can be given.

[0094] As the substituted or unsubstituted haloalkyl group
including 1 to 50 (preferably 1 to 18, more preferably 1 to 8)
carbon atoms, one obtained by substituting one or more
hydrogen atoms in the above-mentioned alkyl group by a
halogen atom (a fluorine atom, a chlorine atom, a bromine
atom, an iodine atom) can be given.

[0095] As the sulfonyl group having a substituent selected
from a substituted or unsubstituted alkyl group including 1 to
50 (preferably 1 to 18, more preferably 1 to 8) carbon atoms
and a substituted or unsubstituted aryl group including 6 to 50
(preferably 6 to 25, more preferably 6 to 18) ring carbon
atoms, a sulfonyl group having a substituent selected from the
above-mentioned alkyl group or the above-mentioned aryl
group can be given.

[0096] As the di-substituted phosphoryl group having a
substituent selected from a substituted or unsubstituted alkyl
group including 1 to 50 (preferably 1 to 18, more preferably
1 to 8) carbon atoms and a substituted or unsubstituted aryl
group including 6 to 50 (preferably 6 to 25, more preferably
610 18) ring carbon atoms, a di-substituted phosphoryl group
having a substituent selected from the above-mentioned alkyl
group and the above-mentioned aryl group can be given.
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[0097] Among the above-mentioned substituents, a substi-
tuted or unsubstituted aryl group or a substituted or unsubsti-
tuted heteroaryl group is preferable.

[0098] As the substituent represented by Ra, a substituted
orunsubstituted aryl group is preferable. For example, an aryl
group selected from the group consisting of a phenyl group, a
naphthyl group, a naphthylphenyl group, a biphenylyl group,
a terphenylyl group, an acenaphthylenyl group, an anthryl
group, a benzoanthryl group, an aceanthryl group, a phenan-
thryl group, a benzophenanthryl group, a phenalenyl group, a
fluorenyl group, a 9,9'-spirobifluorenyl group, a benzofluo-
renyl group, a dibenzofluorenyl group, a picenyl group, a
pentaphenyl group, a pentacenyl group, a pyrenyl group, a
chrysenyl group, a benzochrysenyl group, an s-indacenyl
group, an as-indacenyl group, a fluoranthenyl group, a ben-
zofluoranthenyl group. a tetracenyl group, a triphenylenyl
group, a benzotriphenylenyl group, a perylenyl group, a coro-
nyl group and a dibenzoanthryl group can be given.

[0099] As the linking group represented by L, and L, a
substituted or unsubstituted aromatic hydrocarbon ring is
preferable. As the aromatic hydrocarbon ring group, a diva-
lent group obtained by removing one hydrogen atom from the
aryl group including 6 to 50 ring carbon atoms given above as
a substituent represented by R, or the like can be given.
[0100] L, is preferably a substituted or unsubstituted
arylene group including 6 to 30 ring carbon atoms. For
example, a phenylene group, a biphenylene group or a naph-
thylene group is preferable. Among phenylene groups,
m-phenylene is preferable.

[0101] L,, is preferably a single bond. For example, the
formula (B) is represented by the following formula (B").

Rz Ris

[0102] whereinR |, to R;5and R, to R, are as defined in
the formula (B).

[0103] It is preferred that an arbitrary substituent in the
“substituted or unsubstituted” be selected from the group
consisting of an alkyl group including 1 to 50 (preferably 1 to
18, more preferably 1 to §) carbon atoms; a cycloalkyl group
including 3 to 50 (preferably 3 to 10, more preferably 3 to 8,
and further preferably 5 or 6) ring carbon atoms; an aryl group
including 6 to 50 (preferably 6 to 25, more preferably 6to 18)
ring carbon atoms; an aralkyl group that includes 7 to 51
(preferably 7 to 30, more preferably 7 to 20) carbon atoms and
has an aryl group including 6 to 50 (preferably 6 to 25, more
preferably 6 to 18) ring carbon atoms; an amino group; a
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mono- or di-substituted amino group having a substituent
selected from an alkyl group including 1 to 50 (preferably 1 to
18, more preferably 1 to 8) carbon atoms and an aryl group
including 6 to 50 (preferably 6 to 25, more preferably 6to 18)
ring carbon atoms; an alkoxy group having an alkyl group
including 1 to 50 (preferably 1 to 18, more preferably 1 to 8)
carbon atoms; an aryloxy group having an aryl group includ-
ing 6 to 50 (preferably 6 to 25, more preferably 6 to 18) ring
carbon atoms; a mono-, di- or hi-substituted silyl group hav-
ing a substituent selected from an alkyl group including 1 to
50 (preferably 1 to 18, more preferably 1 to 8) carbon atoms
and an aryl group including 6 to 50 (preferably 6 to 25, more
preferably 6 to 18) ring carbon atoms; a heteroaryl group
including 5 to 50 (preferably 5 to 24, more preferably S5to 13)
ring atoms; a haloalkyl group including 1 to 50 (preferably 1
to 18, more preferably 1 to 8) carbon atoms; a halogen atom
(a fluorine atom, a chlorine atom, a bromine atom, an iodine
atom); a cyano group; a nitro group; a sulfonyl group having
a substituent selected from an alkyl group including 1 to 50
(preferably 1 to 18, more preferably 1 to 8) carbon atoms and
an aryl group including 6 to 50 (preferably 6 to 25, more
preferably 6 to 18) ring carbon atoms; a di-substituted phos-
phoryl group having a substituent selected from an alkyl
group including 1 to 50 (preferably 1 to 18, more preferably
1 to 8) carbon atoms and an aryl group including 6 to 50
(preferably 6 to 25, more preferably 6 to 18) ring carbon
atoms; an alkylsulfonyloxy group; an arylsulfonyloxy group;
an alkylcarbonyloxy group; an arylcarbonyloxy group; a

(B

boron-containing group; a zinc-containing group; a tin-con-
taining group; a silicon-containing group; a magnesium-con-
taining group; a lithium-containing group; a hydroxy group;
an alkyl-substituted or aryl-substituted carbony! group; a car-
boxyl group; a vinyl group; a (meth)acryloyl group; an epoxy
group; and an oxetanyl group.

[0104] These substituents may be further substituted by the
above-mentioned arbitrary substituents. Further, a plurality
of these substituents may be bonded to each other to form a
ring.

[0105] One example of the compound according to one
aspect of the invention is shown below.
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[0106] The compound represented by the formula (1) is
suitable as a material for an organic EL device. The content of
the compound in a material for an organic EL device is not
particularly restricted. For example, the content may be 1
mass % or more, preferably be 10 mass % or more, more
preferably 50 mass % or more, further preferably 80 mass %
or more, and particularly preferably 90 mass % or more. The
content of the compound may be 100 mass %. As for other
materials than the above-mentioned compound, materials
used in an emitting layer, an electron-transporting layer, a
hole-transporting layer or the like mentioned later can be
given.

[0107] Thecompound of the invention can be used as a host
material and a dopant material in the emitting layer of a
fluorescent emitting unit or as a host material in the emitting
layer of a phosphorescent emitting unit. In any of a fluores-
cent emitting unit and a phosphorescent emitting unit, it can
be useful as amaterial of an anode-side organic thin film layer
provided between the anode and the emitting layer of an
organic EL device or a material of a cathode-side organic thin
film layer provided between the cathode and the emitting
layer of an organic EL device; i.e. as materials for a hole-
transporting layer, a hole-injecting layer, an electron-trans-
porting layer, an electron-injecting layer, a hole-blocking
layer, an electron-blocking layer, or the like.

[0108] In the meantime, the “emitting unit” means the
minimum unit that includes one or more organic layers, one of
which being an emitting layer, and can emit light by re-
combination of holes and electrons injected.

[0109] Anorganic EL device as another aspect of the inven-
tion is characterized in that it has one or more organic thin film
layers including an emitting layer between a cathode and an
anode, and at least one of the organic thin film layers com-
prises the compound of the invention mentioned above.
[0110] As examples of the organic thin film layers in which
the compound of the invention are included, an anode-side
organic thin film layer provided between an anode and an
emitting layer (hole-transporting layer, hole-injecting layer,
etc.), an emitting layer, a cathode-side organic thin film layer

)

provided between a cathode and an emitting layer (electron-
transporting layer, electron-injecting layer, etc.), a spacing
layer, a barrier layer, or the like can be given. The organic thin
film layers are not limited thereto. The compound of the
invention may be contained in any of the above-mentioned
layers. For example, it can be used as a host material or a
dopant material in the emitting layer of a fluorescent emitting
unit, a host material in the emitting layer of a phosphorescent
emitting unit, a hole-transporting layer of an emitting unit, an
electron-transporting layer or the like.

[0111] The compound of the invention is preferable as a
host material in the emitting layer of the phosphorescent
emitting unit.

[0112] The organic EL device of the invention may be a
fluorescent or phosphorescent monochromatic emitting
device or may be a fluorescent/phosprecent hybrid white
emitting device. It may be a simple emitting device having a
single emitting unit or a tandem emitting device having plural
emitting units. Among them, the organic EL device of the
invention is preferably a phosprecent emitting device.

[0113] As the representative device configuration of a
simple organic EL device, the following device configuration
can be given.

(1) Anode/Emitting Unit/Cathode

[0114] The above-mentioned emitting unit may be a
stacked unit having plural phosphorescent emitting layers
and/or plural fluorescent emitting layers. In this case,
between the emitting layers, a spacing layer may be provided
in order to prevent diffusion of excitons formed in the phos-
phorescent emitting layer to the fluorescent emitting layer.
The representative layer configurations of the emitting umt
are given below.

(a) Hole-transporting layer/Emitting layer (/Electron-trans-
porting layer)

(b) Hole-transporting layer/First phosphorescent emitting
layer/Second phosphorescent emitting layer (/Electron-trans-
porting layer)
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(c) Hole-transporting layer/Phosphorescent emitting layer/
Spacing layer/Fluorescent emitting layer (/Electron-trans-
porting layer)

(d) Hole-transporting layer/First phosphorescent emitting
layer/Second phosphorescent emitting layer/Spacing layer/
Fluorescent emitting layer (/Electron-transporting layer)

(e) Hole-transporting layer/First phosphorescent emitting
layer/Spacing layer/Second phosphorescent emitting layet/
Spacing layer/Fluorescent emitting layer (/Electron-trans-
porting layer)

(f) Hole-transporting layer/Phosphorescent emitting layer/
Spacing layer/First fluorescent emitting layer/Second fluo-
rescent emitting layer (/Electron-transporting layer)

(g) Hole-transporting layer/Electron barrier layer/Emitting
layer (/Electron-transporting layer)

(h) Hole-transporting layer/Emitting layer/Hole barrier layer
(/Electron-transporting layer)

(1) Hole-transporting layer/Fluorescent emitting layer/ Triplet
barrier layer (/Electron-transporting layer)

[0115] The phosphorescent or fluorescent emitting layer
mentioned above emits different colors of light from each
other. Specifically, in the above-mentioned stacked emitting
layer (d), a layer configuration of a hole-transporting layer/
first phosphorescent emitting layer (red emission)/second
phosphorescent emitting layer (green emission)/spacing
layer/fluorescent emitting layer (blue emission)/electron-
transporting layer, or the like can be given.

[0116] Between each emitting layer and the hole-transport-
ing layer or the spacing layer, an electron-barrier layer may be
provided according to need. Further, between each emitting
layer and the electron-transporting layer, a hole-barrier layer
may be provided according to need. By providing an electron-
barrier layer or a hole-barrier layer, it is possible to confine
electrons or holes within the emitting layer, whereby possi-
bility of re-combination of charges in the emitting layer can
be improved, thus leading to a prolonged lifetime.

[0117] As the representative device configuration of a tan-
dem organic EL device, the following device configuration
can be given.

(2) Anode/First Emitting Unit/Intermediate Layer/Second
Emitting Unit/Cathode

[0118] As the first emitting unit and the second emitting
unit, the same emitting unit as the above-nentioned emitting
unit can be independently selected, for example.

[0119] In general, the intermediate layer as mentioned
above is also referred to as an intermediate electrode, an
intermediate conductive layer, a charge-generating layer, an
electron-withdrawing layer, a connecting layer or an interme-
diate insulating layer. A known material configuration that
supplies electrons to the first emitting unit and supplies holes
to the second emitting unit can be used.

[0120] FIG. 1 shows a schematic configuration of one
example of the organic EL device according to the invention.
The organic EL device 1 has a substrate 2, an anode 3, a
cathode 4, and an emitting unit 10 provided between the
anode 3 and the cathode 4. The emitting unit 10 has an
emitting layer 5 that includes at least one phosphorescent
emitting layer containing a phosphorescent host material and
a phosphorescent dopant. A hole-injecting and transporting
layer 6 or the like may be formed between the emitting layer
5 and the anode 3, and an electron-injecting and transporting
layer 7 or the like may be formed between the emitting layer
5 and the cathode 4. Further, an electron-barrier layer and a
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hole-barrier layer may respectively be provided on the anode
3 side of the emitting layer 5 and on the cathode 4 side of the
emitting layer 5. As a result, it is possible to confine electrons
or holes within the emitting layer 5, whereby possibility of
generation of excitons in the emitting layer 5 can be
increased.

[0121] Inthe specification, a host combined with a fluores-
cent dopant is called a fluorescent host and a host combined
with a phosphorescent dopant is called a phosphorescent host.
A fluorescent host and a phosphorescent host are not distin-
guished only by the molecular structure. That is, a phospho-
rescent host means a material that constitutes a phosphores-
cent emitting layer that contains a phosphorescent dopant,
and does not mean it cannot be used as a material constituting
a fluorescent emitting layer. The same can be applied to a
fluorescent host.

[0122] The organic EL device of the invention is only
required to have layers formed by using the compound of the
invention mentioned above. As for other configurations, no
specific restrictions are imposed, and known materials or the
like can be used. Hereinbelow, a brief explanation will be
made on elements constituting the device. Materials used in
the organic EL device of the invention are not limited thereto.

(Substrate)

[0123] A substrate is used as a supporting body of an emit-
ting device. As the substrate, glass, quarts, plastic or the like
canbe used, forexample. A flexible substrate may be used. A
flexible substrate means a substrate that can be bent (flexible),
and a plastic substrate formed of polycarbonate or polyvinyl
choride, etc. can be given, for example.

(Anode)

[0124] Inthe anode formed on the substrate, itis preferable
to use a metal having a large work function (specifically, 4.0
eV ormore), alloys, electric conductive compounds, mixtures
thereof, or the like. Specifically, indium oxide-tin oxide (ITO:
Indium Tin Oxide), indium oxide-tin oxide that contains sili-
con or silicon oxide, indium oxide-zinc oxide, tungsten oxide,
indium oxide that contains zinc oxide, graphene or the like
can be given, for example. In addition, gold (Au), platinum
(Pt), or a nitride of a metal material (titanium nitride, for
example) or the like can be given.

(Hole-Injecting Layer)

[0125] A hole-injecting layer is a layer that contains a sub-
stance having high hole-injecting properties. As a substance
having high hole-injecting properties, molybdenum oxides,
titanium oxides, vanadium oxides, rhenium oxides, ruthe-
nium oxides, chromium oxides, zirconium oxides, hafhium
oxides, tantalum oxides, silver oxides, tungsten oxides, man-
ganese oxides, aromatic amine compounds, or polymer com-
pounds (e.g. oligomer, dendrimer, polymer, etc.) can also be
used.

(Hole-Transporting Layer)

[0126] A hole-transporting layer is a layer that contains a
substance having high hole-transporting properties. In the
hole-transporting layer, an aromatic amine compound, a car-
bazole derivative, an anthracene derivative or the like can be
used. A polymer compound such as poly(N-vinylcarbazole)
(abbreviation: PVK) or poly(4-vinyltriphenylamine) (abbre-
viation: PVTPA) can be used. A substance other than these
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can be used as long as it has higher transporting properties of
holes rather than electrons. In the meantime, as for alayer that
contains a substance having high hole-transporting propet-
ties, it may be not only a single layer but also a stacked layer
of two or more layers formed of the above-mentioned sub-
stance.

(Guest Material of Emitting Layer)

[0127] Anemitting layeris alayer that contains a substance
having high luminous properties, and various materials can
be used. For example, as a substance having high luminous
properties, a fluorescent compound that emits fluorescent
light or a phosphorescent compound that emits phosphores-
cent light can be used. A fluorescent compound is a com-
pound that can emit light from the singlet excited state, and a
phosphorescent compound is a compound that can emit light
from the triplet excited state.

[0128] As a blue fluorescent emitting material that can be
used in the emitting layer, a pyrene derivative, a styrylamine
derivative, a chrysene derivative, a fluoranthene derivative, a
fluorene derivative, a diamine derivative, a triarylamine
derivative or the like can be used. As a green fluorescent
emitting material that can be used in the emitting layer, an
aromatic amine derivative or the like can be used. As a red
fluorescent emitting material that can be used in the emitting
layer, a tetracene derivative, a diamine derivative or the like
can be used.

[0129] As ablue phosphorescent emitting material that can
be used in the emitting layer, a metal complex such as an
iridium complex, an osmium complex and a platinum com-
plex isused. As a green phosphorescent emitting material that
can be used in the emitting layer, an iridium complex or the
like can be used. As a red phosphorescent emitting material
that can be used in the emitting layer, a metal complex such as
an iridium complex, a platinum complex, a terbium complex,
an europium complex or the like are used.

[0130] In the organic EL device of the invention, it is pre-
ferred that the emitting layer contain the compound of the
invention as a host material. Further, it is preferred that the
emitting layer be formed of a host material and a phospho-
rescent emitting material and that the host material be the
compound of the invention.

[0131] It is preferred that the compound of the invention
have a lowest excited triplet energy of 2.2 to 3.2 eV, more
preferably 2.5 to 3.2 eV. The “triplet energy” means a differ-
ence in energy between the lowest excited triplet state and the
ground state.

[0132] In respect of a high phosphorescent quantum yield
and capability of further improving external quantum effi-
ciency of an emitting device, the phosphorescent emitting
material is preferably a compound having iridium (Ir),
osmium (Os), ruthenium (Ru) or platinum (Pt). Further pref-
erable are a metal complex such as an iridium complex, an
osmium complex, a ruthenium complex and a platinum com-
plex, among these an iridium complex and a platinum com-
plex are more preferable, with an ortho-metalated complex of
ametal atom sleeted from iridium, osmium (Os) and platinum
(Pt) being most preferable. Specific examples of a metal
complex such as an iridium complex, an osmium complex, a
ruthenium complex, a platinum complex or the like are given
below.
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[0133] Abbreviations  PQIr  (iridium(IIT)bis(2-phe-
nylquinolyl-N,C*)acetylacetonate) and Ir(ppy)(tris(2-phe-
nylpyridinato-N,C*iridium (III)) given below the specific
examples are abbreviations of the organic metal complexes
shown above the abbreviations.

[0134]

Me is a methyl group.

PQIr
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Ir(ppy)s
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_-continued

[0135] Inthe organic EL device of the invention, as a phos-
phorescent emitting material, a complex represented by the
following formula (X) or (Y) is preferable.

&)

4]

[0136] Inthe formulas (X)and (Y), R is ahydrogen atom or
a substituent, k is an integer of 1 to 4, and M is Ir, Os or Pt.

[0137] As the substituent indicated by R, the same substitu-
ents as those exemplified above by R, or the like in the
formula (1) can be given.

182
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(Host Material of Emitting Layer)

[0138] The emitting layer may have a configuration in
which the highly luminous substances (guest materials) men-
tioned above are dispersed in other substances (host materi-
als). As a substance for dispersing a highly luminous sub-
stance, various substances can be used. It is preferable to use
a substance that has a higher lowest unoccupied molecular
orbit (LUMO) level and has a lower highest occupied molecu-
lar orbit (HOMO) level as compared with the highly luminous
substance.

[0139] As the substance (host material) for dispersing a
highly luminous substance, 1) a metal complex such as an
aluminum complex, a beryllium complex or a zinc complex,
2) aheterocyclic compound such as an oxadiazole derivative,
abenzimidazole derivative or a phenathroline derivative, 3) a
fused aromatic compound such as a carbazole derivative, an
anthracene derivative, a phenanthrene derivative, a pyrene
derivative or a chrysene derivative, or 3) an aromatic amine
compound such as a triarylamine derivative or a fused poly-
cyclic aromatic amine derivative can be given.

(Electron-Transporting Layer)

[0140] An electron-transporting layer is a layer that con-
tains a substance having high electron-transporting proper-
ties. In the electron-transporting layer, 1) a metal complex
such as an aluminum complex, a beryllium complex and a
zinc complex, 2) a heteroaromatic compound such as an
imidazole derivative, a benzimidazole derivative, an azine
derivative, a carbazole derivative and a phenanthroline
derivative, or 3) a polymer compound can be used.

(Electron-Injecting Layer)

[0141] An electron-injecting layer is a layer that contains a
substance having high electron-injecting properties. In an
electron-injecting layer, an alkali metal such as lithium (Li),
lithium fluoride (LiF), cesium fluoride (CsF), calcium fluo-
ride (CaF,) and lithium oxide (LiOx) or a compound thereof
can be used.

(Cathode)

[0142] Inacathode, it is preferable to use a metal having a
small work function (specifically 3.8 eV or less), an alloy, an
electric conductive compound, a mixture thereof or the like.
As specific examples of such cathode material, an element
belonging to the group 1 or 2 of the periodic table; i.e. an
alkali metal such as lithium (LLi) and cesium (Cs), an alkaline
earth metal such as magnesium (Mg) and an alloy containing
these (e.g. MgAg, AlLi) or the like can be given.

[0143] The method for forming each layer of the organic
EL device of the invention is not specifically restricted. Each
layer can be formed by a conventionally known method such
as a vacuum deposition method, a spin coating method or the
like. The organic thin layer that is used in the organic EL
device of the invention and contains the compound of the
invention can be formed by a known method such as a vacuum
deposition method, a molecular beam epitaxy method (MBE)
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method, or by a coating method such as a dipping method, a
spin coating method, a casting method, a bar coating method,
aroll coating method, or the like, in which a solution obtained
by dissolving the compound of the invention in a solvent is
applied.

[0144] The thickness of each organic layer of the organic
EL device of the invention is not particularly restricted. In
general, if the film thickness is too small, defects such as
formation of pinholes are likely to occur. On the other hand,
if the film thickness is too large, a high voltage is required to
be applied, leading to a poor efficiency. Therefore, normally,
the film thickness is preferably in a range of several nm to 1
pm.

[0145] As the method for forming a layer containing the
compound of the invention (in particular, an emitting layer),
a method is preferable in which a solution containing the
compound of the invention and, if need arises, other materials
such as a dopant, is formed into a film.

[0146] As the film-forming method, a known coating
method can be effectively utilized. For example, a spin coat-
ing method, a casting method, a micro gravure coating
method, a gravure coating method, a bar coating method, a
roll coating method, a slit coating method, a wire bar coating
method, a dip coating method, a spray coating method, a
screen printing method, a flexographic printing method, an
offset printing method, an inkjet method, a nozzle printing
method or the like can be given. When pattern formation is
conducted, it is preferable to use a screen printing method, a
flexographic printing method, an offset printing method and
an inkjet printing method are preferable. Film formation by
these methods can be conducted under conditions that are
well known to a person skilled in the art.

[0147] After the film formation, it is only required to con-
duct heating (upper limit 250° C.) and drying in vacuum to
remove the solvent. A polymerization reaction by exposure to
light or heating at a high temperature exceeding 250° C. isnot
necessary. Therefore, it is possible to suppress deterioration
in performance of a device by exposure to light or heating at
a high temperature exceeding 250° C.

[0148] A solution for film formation is only required to
contain at least one type of the compound of the invention. In
addition, hole-transporting materials, electron-transporting
materials, emitting materials, acceptor materials, a solvent
and an additive such as a stabilizer other than those mentioned
above can be used.

[0149] A solution for film formation may contain an addi-
tive for controlling viscosity and/or surface tension, e.g. a
thickening agent (high-molecular weight compound, etc.), a
viscosity depressant (low-molecular weight compound, etc.),
a surfactant or the like. In order to improve storage stability,
the solution may contain an anti-oxidant that does not affect
adversely the performance of an organic EL device, the
examples of which include a phenol-based anti-oxidant and a
phosphorus-based anti-oxidant.

[0150] The content of the compound of the invention in the
above-mentioned solution for film formation is preferably 0.1
to 15 mass %, more preferably 0.5 to 10 mass %, relative to
the total of the solution for film formation,

[0151] As the high-molecular weight compound that can be
used as a thickening agent, insulating resins such as polysty-
rene, polycarbonate, polyarylate, polyester, polyamide, poly-
urethane, polysulfone, polymethyl methacrylate, polymethyl
acrylate and cellulose, a copolymer thereof, photoconductive
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resins such as poly-N-vinylcarbazole and polysilane and con-
ductive resins such as polythiophene and polypyrrole can be
given.

[0152] As the solvent of the solution for film formation, for
example, a chlorine-based solvent such as chloroform, meth-
ylene chloride, 1,2-dichloroethane, 1,1,2-trichloroethane,
chlorobenzene, o-dichlorobenzene; an ether-based solvent
such as tetrahydrofuran, dioxane, dioxorane and anisole; an
aromatic hydrocarbon-based solvent such as toluene and
xylene; an aliphatic hydrocarbon-based solvent such as
cyclohexane, methylcyclohexane, n-pentane, n-hexane,
h-heptane, n-octane, n-nonane and n-decane; a ketone-based
solvent such as acetone, methyl ethyl ketone, cyclohexanone,
benzophenone and acetophenone; an ester-based solvent
such as ethyl acetate, butyl acetate, ethyl cellosolve acetate,
methyl benzoate and phenyl acetate; a polyvalent alcohol
such as ethylene glycol, ethylene glycol monobutyl ether,
ethylene glycol monoethyl ether, ethylene glycol monom-
ethyl ether, dimethoxyethane, propylene glycol,
diethoxymethane, triethylene glycol monoethyl ether, glyc-
erine and 1,2-hexanediol and derivatives thereof; an alcohol-
based solvent such as methanol, ethanol, propanol, isopro-
panol and cyclohexanol; a sulfoxide-based solvent such as
dimethylsulfoxide; and an amide-based solvent such as
N-methyl-2-pyrrolidone and N,N-dimethylformamide can be
given. These solvents may be used alone or in combination of
two or more.

[0153] Among these solvents, in respect of solubility,
homogeneity of film formation, viscosity properties or the
like, an aromatic hydrocarbon-based solvent, an ether-based
solvent, an aliphatic hydrocarbon-based solvent, an ester-
based solvent and a ketone-based solvent are preferable.
Toluene, xylene, ethylbenzene, diethylbenzene, trimethyl-
benzene, n-propylbenzene, isopropylbenzene, n-butylben-
zene, isobutylbenzene, 5-butylbenzene, n-hexylbenzene,
cyclohexylbenzene, 1-methylnaphthalene, tetralin, 1,3-diox-
ane, 1,4-dioxane, 1,3-dioxolane, anisole, ethoxy benzene,
cyclohexane, bicyclohexyl, cyclohexenylcyclohexanone,
n-heptylcyclohexane, n-hexylcyclohexane, decalin, methyl
benzoate, cyclohexanone, 2-propylcyclohexanone, 2-hep-
tanone, 3-heptanone, 4-heptanone, 2-octanone, 2-nonanone,
2-decanone, dicyclohexylketone, acetophenone, benzophe-
none are more preferable.

[0154] The organic EL device of the invention can be used
as an emitting device in a panel module used in various
displays.

[0155] The organic EL device of the invention can be used
in a display device such as televisions, mobile terminals and
personal computers and an electronic apparatus such as light-
ings.

EXAMPLES

[0156] In accordance with the following reactions, and by
using known alternative reactions or raw materials that are
suitable for obtaining an intended product, a compound that
falls within the scope of the claims can be synthesized.
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Synthesis of Compound
Example 1

Synthesis of Compound 1

[0157]

O
+ —_—
u NaOH
EtOH
¢}
0O

s NH, _cCl
i
NaOH
EtOH

Intermediate C1

Br
—_—
DDQ
N Z N

oDCB

| 120°C.
908¢
Br
E/z

Intermediate B1

2,

Intermediate A1
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-continued
Br

N| Pd,(dba);, XantPhos
tBuONa, Xylene, reflux

Compound 1

[0158] o-tetralone  (3,4-dihydro-1(2H)-naphthalenone)
(7.62 g, 52 mmol) and benzaldehyde (5.53 g, 52 mmol) were
dissolved in ethanol (100 mL), sodium hydroxide (0.20g, 5.0
mmol) was added, and the mixture was stirred at room tem-
perature for 8 hours. The formed powder was collected by
filtration, washed with methanol until the color of the liquid
disappeared, followed by drying in vacuum, whereby chal-
cone intermediate C1 was obtained (9.13 g, yield 75%). This
chalcone intermediate C1 (4.43 g, 18.9 mmol), 3-bromoben-
zamidine hydrochloride (4.45 g, 18.9 mmol) and sodium
hydroxide (0.83 g, 20.8 mmol) were reacted in ethanol (190
mL) under reflux with heating for 8 hours. The formed pow-
der was collected by filtration, washed with methanol, and
dried in vacuum. In orthodichlorobenzene (100 mL), to this
powder, 2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ)
(4.90 g, 21.6 mmol) was added and the resultant was allowed
to react at 120° C. for 5 hours. Then, after cooling to room
temperature, purification was conducted with silica gel col-
umn chromatography, whereby benzoquinazoline intermedi-
ate B1 (5.45 g, yield 70%) was obtained.

[0159] In an argon atmosphere, biscarbazolyl intermediate
Al (1.29 g, 3.15 mmol), benzoquinazoline intermediate B1
(1.23 g, 3.00 mmol), tris (dibenzylideneacetone)dipalladium
(Pd,(dba);) (55 mg, 0.06 mmol), 4,5-bis(diphenylphos-
phino)-9,9'-dimethylxanthene (XantPhos) (69 mg, 0.12
mmol), t-butoxy sodium (0.43 g, 4.5 mmol), and xyleneanhy-
dride (60 mlL) were added in sequence. The resultant was
heated under reflux for 12 hours. After cooling the reaction
liquid to room temperature, insoluble matters were removed
by filtration, and the organic solvent was distilled off under
reduced pressure. The resulting residues were purified with
silica gel column chromatography, whereby compound 1 was
obtained (1.78 g, yield 80%).
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[0160] HPLC (high-performance liquid chromatography):
purity 99.45%

[0161] FD-MS (field desorption mass spectrometry): calcd
for C5,H,,N,=738.

[0162] found m/z=738 (M+, 100).

-continued

Example 2

N
Synthesis of Compound 2 O O
N

N O
4

iy
N + ¢
.

[0164] The same procedures as those in Example 1 were

Br followed, except that biscarbazolyl intermediate A2 (1.29 g,
3.15 mmol) was used instead of the biscarbozolyl intermedi-
ate A1, whereby an intended compound 2 was obtained (1.64
g, yield 74%).

A [0165] HPLC: purity 99.70%
N| tBid(;g:a})\;ﬁjﬁfgix [0166] FD-MS: caled for Co,H, N,=738.
[0167) found m/z=738 (M+, 100).

Compound 2

oz

Intermediate A2

e

Example 3
Synthesis of Compound 3
Intermediate B1
[0168]
Cl
HN,

r.t. reflux
Intermediate C1

0]
NH,
ya . /Cl
+ — >
0 NaOH NaOH
EtOH EtOH
0
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b4

N

+

| O

Intermediate A2

cl
NZ N
| 120°C.
) ‘
N
H

oDCB

Cl Cl
DD £
Q NP |N
AN

Intermediate B2

Cl Cl

Pd,(dba);, XantPhos
| tBuONa, Xylene, reflux

Intermediate B2

[0169] The chalcone intermediate C1 synthesized in
Example 1 (4.69 g, 20.0 mmol), 3,5-dichlorobenzamidine
hydrochloride (4.52 g, 20.0 mmol) and sodium hydroxide
(0.88 g, 22 mmol) were reacted for 8 hours in ethanol (200
mL) under reflux with heating. The formed powder was col-
lected by filtration, washed with methanol, and dried in
vacuum. In orthodichlorobenzene (100 mL), to this powder,
2,3-dichloro-5,6-dicyano-p-benzoquinone (5.0 g, 22 mmol)
was added and the resultant was allowed to reactat 120° C. for
5hours. Then, after cooling to room temperature, purification
was conducted with silica gel column chromatography,
whereby benzoquinazoline intermediate B2 (4.81 g, yield
60%) was obtained.

[0170] In anargon atmosphere, biscarbazolyl intermediate
A2 (1.80 g, 4.40 mmol), benzoquinazoline intermediate B2

Compound 3

(0.84 g, 2.10 mmol), tris(dibenzylideneacetone)dipalladium
(Pd,(dba);) (39 mg, 0.04 mmol), 4,5'-bis(diphenylphos-
phino)-9,9'-dimethylxanthene (49 mg, 0.08 mmol), t-butoxy
sodium (0.61 g, 6.3 mmol) and xylene anhydride (42 mL)
were added in sequence, and the resultant was subjected to
reflux with heating for 12 hours. After cooling the reaction
liquid to room temperature, insoluble matters were removed
by filtration, and the organic solvent was distilled off under
reduced pressure. The resulting residues were purified by
silica gel column chromatography, whereby compound 3
(2.02 g, yield 84%) was obtained.

[0171] HPLC: purity 99.20%
[0172] FD-MS: caled for C,Hg,N,=1144.
[0173]  found m/z=1144 (M, 100).
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Example 4 -continued

Synthesis of Compound 4
[0174]

0]

NZ
+ —_—
I NaOH
pr EtOH
6]

Intermediate B3

| . O O
cl
7 N, N
NaOH
EtOH N O ‘lc
reflux
B
N

N Pd,(dba);, XantPhos
| tBuONa, Xylene, reflux

Be

Br

Intermediate C2 N

9 >

Compound 4

. | 10 [0175] o-tetralone  (3,4-dihydro-1(2H)-naphthalenone)
(7.50 g, 51.3 mmol), and 3-bromobenzaldehyde (9.49 g, 51.3
mmol) were dissolved in ethanol (100 mL), sodium hydrox-
ide (0.20 g, 5 mmol) was added and the mixture was stirred for
8 hours at room temperature. The formed powder was col-
lected by filtration, washed with methanol until the color of

the liquid disappeared, followed by drying in vacuum,
whereby chalcone intermediate C2 was obtained (14.10 g,
vield 88%).
[0176] The chalcone intermediate C2 (6.26 g, 20.0 mmol),
benzamidine hydrochloride (3.13 g, 20.0 mmol) and sodium
hydroxide (0.88 g, 22 mmol) were allowed to react in ethanol
N7 N (100 mL) under reflux with heating for 8 hours. The formed
| powder was collected by filtration, washed with methanol,
N and dried in vacuum. In orthodichlorobenzene (100 mL), to
this powder, 2,3-dichloro-5,6-dicyano-p-benzoquinone (5.0
|‘ 2,22 mmol) was added and the resultant was allowed to react
at 120° C. for 5 hours. Then, after cooling to room tempera-
ture, purification was conducted with silica gel column chro-
Br matography, whereby benzoquinazoline intermediate B3
(5.52 g, yield 67%) was obtained.
Intermediate B3 [0177] In an argon atmosphere, biscarbazolyl intermediate

Al (1.29 g, 3.15 mmol), benzoquinazoline intermediate B3

(1.23 g, 3.00 mmol), tris(dibenzylideneacetone)dipalladium

(55 mg, 0.06 mmol). 4, 5'-bis(diphenylphosphino)-9,9'-dim-

N ethylxanthene (69 mg, 0.12 mmol), t-butoxy sodium (0.43 g,

H 4.5 mmol) and xylene anhydride (60 mL) were added in

sequence, and the resultant was subjected to reflux with heat-

N + ing for 12 hours. After cooling the reaction liquid to room

temperature, insoluble matters were removed by filtration,
and the organic solvent was distilled off under reduced pres-
sure. The resulting residues were purified by silica gel column
chromatography, whereby compound 4 (1.64 g, yield 74%)
was obtained.
. [0178] HPLC: purity 99.76%
Intermediate Al [0179] FD-MS: caled for C,,H, N =738.

[0180] found m/z=738 (M+, 100).
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Example 5

Synthesis of Compound 5
[0181]

N (L

>

=z
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-continued

0 &

N
|

N X

Compound 5

Intermediate A2 [0182] The same procedures as those in Example 4 were
followed, except that biscarbazolyl intermediate A2 (1.29 g,
3.15 mmol) was used instead of the biscarbozolyl intermedi-
ate A1, whereby an intended compound 5 was obtained (1.81

g, yield 82%).

Pd;(dba)s, XantPhos

0183] HPLC: purity 99.23%
[0183] purity

NE/ N
| tBuONa, Xylene, reflux _ [0184] FD-MS: caled for Cs,H,,N,=738.
Ol‘: O [0185] found m/z=738 (M+, 100).
Example 6
Br

Synthesis of Compound 6

Intermediate B3

[0186]

r.t.

0
/
+ R
I NaOH NaOH
EtOH EtOH
Br
0]

Intermediate C2

Br
; DD
NZ |N J

oDCB

120°C.

Br

HN,
Br
NH,
/Cl
H

reflux

Brs, £
N

N
O 0

Br

Br



US 2016/0172604 Al
189

-continued

Jun. 16,2016

9
7

Compound 6

[0187] The chalcone intermediate C2 synthesized in
Example 4 (6.26 g, 20.0 mmol), 3-bromobenzamidine hydro-
chloride (4.71 g, 20.0 mmol) and sodium hydroxide (0.88 g,
22 mmol) were reacted for 8 hours in ethanol (100 mL) under
reflux with heating. The formed powder was collected by
filtration, washed with methanol, and dried under vacuum. In
orthodichlorobenzene (100 mlL), to this powder, 2,3-
dichloro-5,6-dicyano-p-benzoquinone (5.0 g, 22 mmol) was

N |

Br.

N N7 N
. |
AN
| O O |
N
H Br

Intermediate A2

Pd;(dba)s, XantPhos
tBuONa, Xylene, reflux

Intermediate B4

ethylxanthene (49 mg, 0.08 mmol), t-butoxy sodium (0.61 g,
6.3 mmol), and xylene anhydride (42 mL) were added in
sequence. The resultant was heated under reflux for 12 hours.
After cooling the reaction liquid to room temperature,
insoluble matters were removed by filtration, and the organic
solvent was distilled off under reduced pressure. The result-
ing residues were purified with silica gel column chromatog-
raphy, whereby compound 6 was obtained (2.12 g, yield

added and the resultant was allowed to react at 120° C. for 5 88%).
hours. Then, after cooling to room temperature, purification [0189] HPLC: purity 99.07%
was conducted with silica gel column chromatography, [0190] FD-MS: caled for Cy,Ha,N 1144
whereby benzoquinazoline intermediate B4 (5.59 g, yield [0191] found II.l/Z:ll 44 (MT 15020)6 '
57%) was obtained. ’ '
[0188] In an argon atmosphere, biscarbazolyl intermediate Example 7
A2 (1.80 g, 4.40 mmol), benzoquinazoline intermediate B4 i
(1.03 g, 2.10 mmol), tris (dibenzylideneacetone)dipalladium Synthesis of Compound 7
(39 mg, 0.04 mmol), 4,5'-bis(diphenylphosphino)-9,9'-dim- [0192]
HN,
0 0 Br
NH,
Br / 2 H/Cl
’ i NaOH NaOH
EtOH Br EtOH
It reflux

Intermediate C3
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DDQ
N Z N oDCB N Z N
| 120° C. |
Br Br
Intermediate B6
Br.

Pd;(dba);, XantPhos

NN
| tBuONa, Xylene, reflux
T
O O
Br

Intermediate A2 Intermediate B6

N
O A | N
O N
7
Compound 7
[0193] The same procedures as those in Example 4 were Example 8

followed, except that4-bromobenzaldehyde was used instead
of 3-bromobenzaldehyde, whereby benzoquinazoline inter-
mediate B6 was obtained. [0198]

Synthesis of Compound 8

[0194] The same procedures as those in Example 6 were

followed by using the biscarbazolyl intermediate A2 (1.80 g, 0

4.40 mmol) and the benzoquinazoline intermediate B6 (1.03

2, 2.10 mmol), whereby compound 7 (2.02 g, yield 84%) was

obtained. + -
I NaOH
[0195] HPLC: purity 99.97% EtOH
[0196] FD-MS: caled for Cg,H N =1144. e

[0197] found m/z=1144 (M+, 100).
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Cl
7 NE g
NaOH
EtOH

reflux
Intermediate C1

Br
—_—
DDQ
oDCB
120°C.
NZ |N
O O

Br

Y
Sohs

Intermediate B7
‘\—/‘ I N I
H
N +

Intermediate Al

Br.

Pd;(dba);, XantPhos
tBuONa, Xylene,
reflux

N
x
AN

Intermediate B7
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Compound 8

[0199] The same procedures as those in Example 1 were
followed, except that 4-bromobenzaldehyde was used instead
of 3-bromobenzamidine hydrochloride, whereby benzo-
quinazoline intermediate B7 was obtained.

[0200] The same procedures as those in Example 1 were
followed by using the biscarbazolyl intermediate A1 (1.29 g,
3.15 mmol) and benzoquinazoline intermediate B7 (1.23 g,
3.00 mmol), whereby compound 8 was obtained (1.68 g, yield
76%).

[0201] HPLC: purity 99.52%
[0202] FD-MS: caled for Cg,H,,N,=738.
[0203] found m/z=738 (M+, 100).

Example 9

Synthesis of Compound 9

[0204]

/

Y :

X

\

mZ

Intermediate A2
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Br.
N
x
| 0 HN 5
ENGZ Pd,(dba)s, XantPhos .
tBuONa, Xylene, NH /Cl
reflux 7 : H

NaOH

EtOH

reflux

Intermediate B7
Intermediate C4
Br
N,

—_—
DDQ

oDCB

120° C.

NZ N
N i
I\i ~ N Br
Compound 9 N Z |N
. \
[0205] The same procedures as those in Example 8 were
followed, except that the biscarbazolyl intermediate A2 was

used instead of the biscarbazolyl intermediate A1, whereby
compound 9 was obtained (1.95 g, yield 88%).

[0206] HPLC: purity 99.71%

[0207] FD-MS: caled for Cy,H,,N,=738.

[0208] found m/z=738 (M+, 100).

Intermediate B8

Example 10

Synthesis of Compound 10
[0209]

oz

I APypsr idiﬂlz Intermediate A2
cetic aci

Molecular sieves 4 A
0 Toluene
r.t.
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Pdy(dba)z, XantPhos
tBuONa, Xylene,
reﬂux

Intermediate B8

e

Compound 10

[0210] P-tetralone (7.31 g, 50 mmol) and benzaldehyde
(5.31 g, 50 mmol) were dissolved in toluene (150 mL), pip-
eridine (250 mg), acetic acid (250 mg) and molecular sieves
4A (12.5 g) were added, and the resultant was stirred at room
temperature for 12 hours. The reaction liquid was filtrated
through celite, diluted with ethyl acetate, and then washed
with an aqueous solution of saturated sodium sulfate. An
organic phase was separated, dried with magnesium sulfide,
and purified by silica gel chlormatography after distilling off
the solvent, whereby intermediate C4 was obtained (8.19 g,
vield 70%). This intermediate C4 (4.69 g, 20 mmol), 3-bro-
mobenzamidine hydrochloride (4.71 g, 20 mmol) and sodium
hydroxide (0.88 g, 22 mmol) were reacted under reflux with
heating for 8 hours in ethanol (200 mL). The formed powder
was collected by filtration, washed with methanol and dried
under vacuum. In orthodichlorobenzene (80 mL), to this pow-
der, 2.3-dichloro-5,6-dicyano-p-benzoquinone (DDQ) (9.08
2, 40 mmol) was added and the resultant was allowed to react
at 120° C. for 5 hours. Then, after cooling to room tempera-
ture, purification was conducted with silica gel column chro-
matography, whereby benzoquinazoline intermediate B8
(5.14 g, yield 63%) was obtained.

[0211] The same procedures as those in Example 1 were
followed by using the biscarbazolyl intermediate A2 (1.29 g,
3.15 mmol) and the benzoquinazoline intermediate B8 (11.23
2, 3.00 mmol), whereby compound 10 (1.78 g, vield 80%)
was obtained.

[0212] HPLC: purity 99.76%
[0213] FD-MS: caled for C,H, N=738.
[0214] found m/z=738 (M+, 100).

Jun. 16,2016

Example 11

Synthesis of Compound 11

[0215]
: : O
H Pyperidine
Acetic acid
Molecular sieves 4 A
0 Toluene

r.t.

Br

0
Z NH, H/Cl
NaOH "
EtOH
reflux

Intermediate C4

Br
—_—
DDQ
oDCB
120> C.
N Z NH
Br

N |N
O
Intermediate B9
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g Compound 11
Ini di 2 .
termediate A [0216] The same procedures as in Example 10 were fol-
lowed, except that 4-bromobenzamidine hydrochloride was
used instead of the 3-bromobenzamidine hydrochloride,
Br whereby benzoquinazoline intermediate B9 was obtained
(4.32 g, yield 52%).
[0217] The same procedures as those in Example 1 were
N Pdj(dba)3, XantPhos followed by using biscarbazolyl intermediate A2 (1.29 g, 3.15
N {BuONa, Xylene, mmol) and benzoquinazoline intermediate B9 (1.23 g, 3.00
I\! reflux mmol), whereby compound 11 (1.82 g, yield 82%) was
S obtained.
[0218] HPLC: purity 99.65%
[0219] FD-MS: caled for Cs,H,,N,=738.
[0220] found m/z=738 (M+, 100).
Intermediate B9 Example 12
Synthesis of Compound 12
[0221]
Cl
HN,
6] Cl
O NH,
/ 2 . /Cl
_— >
" o Pyperidine NaOH
Acetic acid EtOH
Molecular sieves 4 A reflux
0 Toluene
.t
Intermediate C4
C

| a a cl
DDQ ;
NZ

NZ i oDCB |N

120°C.
AN

Intermediate B10
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N Pd,(dba)s, XantPhos

N N
/ e / tBuONa, Xylene, reflux
+ -
| | x
2 b O O
N
H
Intermediate A2 Intermediate B1O

Compound 12

[0222] The same procedures as in Example 10 were fol- [0224] HPLC: purity 99.23%

lowed, except that 3,5-dichlorobromobenzamidine hydro- [0225] FD-MS: caled for Cy,Ho N,=1144.
chloride (4.52 g, 20 mmol) was used instead of 3-bromoben- .

zamidine  hydrochloride, whereby benzoquinazoline [0226] ~ found n/z=1144 (M+, 100).
intermediate B10 (4.10 g, yield 51%) was obtained.

[0223] Thesame procedures asin Example 3 were followed Example 13
by using biscarbazolyl intermediate A2 (1.80 g, 4.40 mmol)
and the benzoquinazoline intermediate B10 (0.84 g, 2.10 Synthesis of Compound 13
mmol), whereby compound 12 was obtained (2.00 g, yield
83%). [0227]
HN,
0 Br

NH, al

O Br
.\ - 7 u”
o Pyperidine NaOH
Acetic acid Br FtOH
Molecular sieves 4 A reflux
0 Toluene
r.t.

Intermediate C5
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Intermediate A2

=
X
N

/N /N

Compound 13

[0228] The same procedures as those in Example 10 were
followed, except that 4-bromobenzaldehyde (9.25 g, 50
mmol) was used instead of benzaldehyde, whereby interme-
diate C5 (9.65 g, yield 31%) was obtained. The same proce-
dures as those in Example 10 were followed by using this
intermediate C5 (6.26 g, 20 mmol) and 3-bromobenzamidine
hydrochloride (4.71 g, 20 mmol), whereby benzoquinazoline
intermediate B11 (6.76 g, yield 69%) was obtained.

N

Br.
E/ N
| tBuONa, Xylene, reflux
4
O
O ’

o

iy

Intermediate B11

Pdy(dba);, XantPhos

Intermediate B11

[0229] The same procedures as those in Example 3 were
followed by using biscarbazolyl intermediate A2 (1.80 g, 4.40
mmol) and benzoquinazoline intermediate B11 (1.03 g, 2.10
mmol), whereby compound 13 (2.05 g, yield 85%) was
obtained.
[0230]
[0231]
[0232]

HPLC: purity 99.68%
FD-MS: calced for Cg,Hs,N=1144.
found m/z=1144 (M+, 100).
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Example 14

Synthesis of Compound 14

[0233]

NH;
NaOH/DMA

—>
“)‘\‘ AcOH

Intermediate C6
O

“)\‘ POCI;

N/

S

Intermediare B12
N
‘\—/‘/‘\T/‘
N +

Intermediate Al

Cl
Pd;y(dbajs, XantPhos

N)\ tBuONa, Xylene,

reﬂux

Intermediate B12
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Compound 14
[0234] 2-benzoly-1-naphthol (12.44 g, 50 mmol) and

sodium hydroxide (6.0 g, 150 mmol) were dissolvedin 75 mL
of N,N-dimethylacetamide (DMA), followed by stirring at
room temperature for 1 hour. Then, 2-bromoisobutylamide
(24.9 g, 150 mmol) was added, and further stirred at room
temperature for 5 hours. Sodium hydroxide (18.0 g, 450
mmol) was added to the reaction liquid, and the liquid was
heated to 50° C. to proceed the reaction for 1 hour. Thereafter,
water (75 mL) was added, and the resultant was further heated
and subjected to reflux with heating for 1 hour. The reaction
liquid was cooled to room temperature, extracted with ethyl
acetate and dried with magnesium sulfate. After distilling off
the solvent, purification was conducted by silica gel chlor-
matography, whereby intermediate C6 (11.62 g, yield 94%)
was obtained. This intermediate C6 (9.89 g, 40 mmol) and
urea (4.80 g, 40 mmol) were reacted in acetic acid (20 mL) for
5 hours under refux with heating. After cooling to 100° C. or
less, water (80 mL) was added, and formed powder was
collected by filtration, washed with water, and dried under
vacuum. This powder was added to phosphorus oxychloride
(20 mL), and the resultant was reacted under reflux with
heating for 5 hours. After cooling to room temperature, the
resultant was added to 200 mL of ice water, and formed
powder was washed with water. Purification was conducted
with silica gel column chlormatograhy, whereby benzo-
quinazoline intermediate B12 (7.21 g, yield 62%) was
obtained.

[0235] The same procedures as those in Example 1 were
followed by using biscarbazolyl intermediate A1(1.29 g,3.15
mmol) and benzoquinazoline intermediate B12 (0.87 g, 3.00
mmol), whereby compound 14 was obtained (1.78 g, yield

90%).
[0236] HPLC: purity 99.58%
[0237] FD-MS: caled for C,gH, N,=662.
[0238] found m/z=662 (M+, 100).
Example 15
Synthesis of Compound 15
[0239]
0]
OH O
Br
NH,
NaOH/DMA
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Intermediate C7

Intermediate B13

Intermediate A2

OH 0
Br
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Pd,(dba)s, XantPhos

\ tBuONa, Xylene,

reflux

_—_—
Intermediate B13

N

Compound 15

[0240] The same procedures as those in Example 14 were
followed, except that 1-benzoyl-2-naphthol was used instead
of 2-benzoyl-1-naphthol, whereby intermediate C7 (10.75 g,
yield 87%) was obtained. By using this intermediate C7 (9.89
2, 40 mmol), the same procedures as those in Example 14
were followed, whereby benzoquinazoline intermediate B13
(6.86 g, yield 59%) was obtained.

[0241] The same procedures as those in Example 1 were
followed by using biscarbazolyl intermediate A2 (1.29 g, 3.15
mmol) and benzoquinazoline intermediate B13 (0.87 g, 3.00
mmol), whereby compound 15 (1.82 g, yield 92%) was
obtained.

[0242] HPLC: purity 99.49%

[0243] FD-MS: caled for C,gH,,N,=662.

[0244] found m/z=662 (M+, 100).

Example 16

Synthesis of Compound 16
[0245]

NI, O

0]
-t
N NH,
— »
AcOH

Intermediate C8
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Intermediate A2

[0246] The same procedures as those in Example 14 were
followed, except that 2-(3-bromobenzoyl)-1-naphthol (16.36
g. 50 mmol) was used instead of 2-benzoyl-1-naphthol,
whereby intermediate C8 (13.86 g, yield 85%) was obtained.
The same procedures as those in Example 14 were followed
by using this intermediate C8 (13.05 g, 40 mmol), whereby
benzoquinazoline intermediate B14 was obtained (9.31 g,
vield 63%).

[0247] The same procedures as those in Example 3 were
followed by using biscarbazolyl intermediate A2 (1.80 g, 4.40
mmol) and benzoquinazoline intermediate B14 (0.78 g, 2.10
mmol), whereby compound 16 (1.91 g, yield 85%) was
obtained.

)\N

ooheRe

Jun. 16,2016

Cl

N Z N
Br . | Br
O o O ‘

Intermediate B14

Cl

Pdy(dba)s, XantPhos
tBuONa, Xylene,
reﬂux

Intermediate B14

(O
>

Compound 16
[0248] HPLC: purity 99.78%
[0249] FD-MS: caled for C, H, N =1069.
[0250] found m/z=1069 (M+, 100).
Fabrication of Organic EL Device
Example 17
[0251] A glass substrate of 25 mm by 75 mm by 1.1 mm

thick with an ITO transparent electrode (manufactured by
GEOMATEC Co., Ltd.) was subjected to ultrasonic cleaning
with isopropyl alcohol for 5 minutes, and then subjected to
UV-ozone cleaning for 30 minutes.

[0252] Thecleaned glass substrate with the [TO transparent
electrode lines (130 nm) was mounted in a substrate holder of
a vacuum vapor deposition apparatus. On the surface where
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the transparent electrode lines were formed, the following _continued

compound HT-1 was deposited as a first hole-transporting ET-1
material so as to cover the transparent electrode, whereby a 45
nm-thick first hole-transporting layer was formed. Subse-
quent to the formation of the first hole-transporting layer, the
following compound HT-2 was deposited as a second hole-
transporting material, whereby a 10 nm-thick second hole-
transporting layer was formed.

[0253] Further, on this second hole-transporting layer, as a
host material, compound 4 obtained in Example 4 and the
following compound RD-1 as a phosphorescent emitting
material were co-deposited, whereby a 40 nm-thick phospho-
rescent emitting layer was formed. The concentration of the
compound RD-1 in the emitting layer was 5.0 mass %. This
co-deposited film functions as an emitting layer. The all
operations for forming the emitting layer were conducted in a
glove box in a nitrogen atmosphere.

[0254] Subsequent to the formation of this emitting layer,
the following compound ET-1 was formed into a 40 nm-thick
film. This compound ET-1 film functions as a first electron-
transporting layer.

[0255] Subsequently, LiF was formed into a 1 nm-thick
film at a speed of 0.1 A/min as an electron-injecting electrode
(cathode). Metal Al was deposited on this LiF film, whereby
an 80 nm-thick metal cathode was formed. After completion
of all deposition processes, sealing was conducted in a glove
box in a nitrogen atmosphere by using couterbored glass,
whereby an organic EL device was fabricated.

RD-1

Example 18

[0256] An organic EL device was fabricated in the same
manner as in Example 17, except that compound 5 obtained in
Bxample 5 was used as the host material of the emitting layer
instead of the compound 4 in Example 17.

Examples 19 to 27

[0257] An organic EL device was fabricated in the same
manner as in Example 17, except that compounds shown in
Table 1 were used as the host material of the emitting layer
instead of the compound 4 in Example 17.

HT-1
L O O N? Comparative Example 1
[0258] An organic EL device was fabricated in the same
manner as in Example 17, except that the following compara-
tive compound 1 was used as the host material of the emitting
O Q layer instead of the compound 4 in Example 17.
[0259] The results of measuring the external quantum effi-
O Q ciency of the organic EL devices fabricated in each of the

above examples are shown in Table 1.

Comp. compound 1
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TABLE 1

Host material of Lumunous efficiency

emitting layer {EQE) (%)
Ex. 17 Compound 4 15.9
Ex. 18 Compound 5 16.1
Ex. 19 Compound 1 15.5
Ex. 20 Compound 2 16.4
Ex. 21 Compound 6 16.0
Ex. 22 Compound 8 16.2
Ex.23 Compound 9 15.9
Ex. 24 Compound 10 16.0
Ex. 25 Compound 11 15.6
Ex. 26 Compound 14 16.1
Ex. 27 Compound 15 16.3
Comp. Ex. 1 Comp. Compound 1 14.0
Example 28
[0260] A glass substrate of 25 mm by 25 mm by 1.1 mm

thick with an ITO transparent electrode (manufactured by
GEOMATEC Co., Ltd.) was subjected to ultrasonic cleaning
with isopropyl alcohol for 5 minutes, and then subjected to
UV-ozone cleaning for 5 minutes.

[0261] By using CLEVIOUS A14083 (manufactured by
Heraeus Holding) as a hole-transporting material, a 30 nm-
thick hole-transporting layer was formed on the ITO substrate
by a spin coating method. After the film formation, an unnec-
essary part was removed with acetone, and the film was
sintered in air on a hot plate of 200° C. for 10 minutes,
whereby a base substrate was prepared.

[0262] By using compound 3 obtained in Example 3 as the
host material and the compound RD-1 as the dopant material,
a 1.6 mass % toluene solution was prepared in a mixing ratio
such that the amount ratio of compound 3 and the compound
RD-1 became 95:5 in terms of weight ratio. This toluene
solution was applied to the base substrate by a spin coating
method such that a 50 nm-thick film was stacked. After appli-
cation, an unnecessary part was removed with toluene, and
the film was dried by heating on a hot plate of 150° C,,
whereby a stacked-structure substrate on which an emitting
layer was formed was prepared. All operations for forming
the emitting layer were conducted in a glove box in a nitrogen
atmosphere.

[0263] The stacked substrate was conveyed to a deposition
chamber, and, as an electron-transporting material, the com-

Jun. 16,2016

pound ET-1 was deposited in a thickness of 50 nm, whereby
an electron-transporting layer was formed.

[0264] Further, lithium fluoride and aluminum were
stacked by deposition in thicknesses of 1 nm and 80 nm,
respectively. After completion of all deposition processes,
sealing was conducted in a glove box in a nitrogen atmo-
sphere by using couterbored glass, whereby an organic EL
device was fabricated.

Examples 29 to 32

[0265] Organic EL devices were fabricated in the same
manner as in Example 28, except that the emitting layer was
formed by using the compounds shown in Table 2 instead of
the compound 3 as the host material.

[0266] An organic EL device was fabricated in the same
manner as in Example 28, except that the following compara-
tive compound 2 was used instead of the compound 3 as the
host material.

[0267] The results of measuring the external quantum effi-
ciency of the organic EL devices fabricated in each of the
above examples are shown in Table 2.

Comp. compound 2

TABLE 2

Host material of Luminous efficiency

emitting layer (EQE) (%)
Ex. 28 Compound 3 5.1
Ex. 29 Compound 7 5.2
Ex. 30 Compound 12 4.9
Ex. 31 Compound 13 5.6
Ex. 32 Compound 16 5.8
Comp. Ex. 2 Comp. Cempound 2 3.5
[0268] As compared with the comparative compound in

which the quinazoline structure is substituted by biscarba-
zole, the compounds of Examples have improved carrier bal-
ance. As a result, an organic EL device obtained by using the
compounds of Examples as a host material for the emitting
layer had improved luminous efficiency.

[0269] 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-



US 2016/0172604 Al

202

ingly, all such modifications are intended to be included
within the scope of this invention.

[0270] The specification of a Japanese application on the
basis of which the present application claims Paris Conven-
tion priority is incorporated herein by reference in its entirety.

1. A compound represented by the following formula (1):
(AF+L-B),l, ey

wherein in the formula, L, is a single bond or a linking
group, A is a group represented by the following formula
(A), B is a group represented by the following formula
(B), m is an integer of 1 to 3, and 1 is an integer of 1 to
4;

when m is 2 or more, plural Bs may be the same as or
different from each other;

when n is 2 or more, plural L;s may be the same as or
different from each other, and plural Bs may be the same
as or different from each other; and

when L, is a single bond, it means that A and B are directly
bonded, and m is 1;

4

wherein in the formula (A), X, to X, are independently a
nitrogen atom (N) or CRa, and two of X, to X, are a
nitrogen atom;

“n”ofRaandR, to R are a single bond that allows a carbon
atom in the formula (A) for which they are substituted to
be directly bonded to L, (or B when L, is asingle bond);
and

amongRaandR; to R, Raand R, to R thatare nota single
bond are independently a hydrogen atom or a substitu-
ent;

Ryo

Ry, R

I
N

18
Riz Q Ry;
Ly
Ri3 Ris
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wherein in the formula (B), L, , is a single bond or a linking
group,

oneofR,, to R, is asingle bond that allows a carbon atom
in the formula (B) for which it is substituted to be
directly bondedto L, (or A when L, is a single bond) and
the other one of R, to R 5 is a single bond that allows a
carbon atom in the formula (B) for which itis substituted
to be directly bonded to L, ,;

among R, toR 4, R, to R, that are not a single bond are
independently a hydrogen atom or a substituent;

one of R, to R, is asingle bond that allows a carbon atom
in the formula (B) for which it is substituted to be
directly bondedto L, ;

among R, to R, R,; to R, that are not a single bond are
independently a hydrogen atom or a substituent; and

whenL,, isasingle bond, one of R | to R, and one of R,
to R,, are independently a single bond that allows car-
bon atoms in the formula (B) for which they are substi-
tuted to be directly bonded with each other.

2. The compound according to claim 1 that is a compound

represented by the following formula (2):

@

Rs Rs

wherein R to Rg, X, to X,,, L, B and m are as defined in the
formula (1); nis 1 or2, and “n” of the Ra is (are) a single bond
that allows a carbon atom in the formula (2) for which it (they)
is (are) substituted to be directly bonded to L, (or B when L,
is a single bond).

(B)

Ryy Rys
Ryy Ry
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3. The compound according to claim 1, wherein the A is a
group represented by the following formula (Al):

(AD)

wherein inthe formula, Raand R, to R are as defined in the
formula (A).

4. The compound according to claim 3 that is represented
by the following formula (A1-1) or (A1-2):

(Al-1)

(Al-2)

wherein in the formula, Ra, R, to R, L, B and m are as
defined in the formulas (1) and (A1).

5. The compound according to claim 3 that is a compound
represented by the following formula (A1-3):

(A1-3)

wherein in the formula, R, to R¢, L, and B are as defined in
the formulas (1) and (A1); and Ra, is a substituted or
unsubstituted aryl group including 6 to 60 ring carbon
atoms or a substituted or unsubstituted heteroaryl group
including 5 to 60 ring atoms.
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6. The compound according to claim 3 that is a compound

represented by the following formula (A1-4):

(Al-4)

wherein in the formula, R, to R, L, and B are as defined in
the formulas (1) and (A1); two Bs may be the same as or
different from each other; and Ra, is a substituted or
unsubstituted aryl group including 6 to 60 ring carbon
atoms or a substituted or unsubstituted heteroaryl group
including 5 to 60 ring atoms.

7. The compound according to claim 3 that is a compound

represented by the following formula (A1-5):

(A1-5)

R5 Rs Ra 1

wherein in the formula, R, to R, L, and B are as defined in
the formulas (1) and (A1l); and Ra, is a substituted or
unsubstituted aryl group including 6 to 60 ring carbon
atoms or a substituted or unsubstituted heteroaryl group
including 5 to 60 ring atoms.

8. The compound according to claim 3 that is a compound

represented by the following formula (A1-6):

(Al-6)

Ks R¢ L—B

wherein in the formula, R, to Ry, L, and B are as defined in

the formulas (1) and (A1); and two Bs may be the same
as or different from each other.
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9. The compound according to claim 4 that is represented
by the formula (A1-7) or (A1-8):

Ry
Ryg
Rjs
Rjs
N
Ria
Ry
Ry3
Rp
Ry
Ris
Ris
Rjs
N
Ry4
Ryy
Rj3
Rpp

Ly

Ln

Ryy—N
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(AL-7)

(AL-8)
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whereinin the formula,L;,m,Ra, R, to R, R, toR, ¢, R, 11. The compound according to claim 9 that is represented
to R, and L, are as defined in the formula (1). by the following formula (A1-11) or (A1-12):

10. The compound according to claim 9 that is represented

by the following formula (A1-9) or (A1-10): (A1

(A1-9)

(A1-10)

wherein in the formulaLL,, m,Ra,R, to R, R toR ¢, R,
to Ry, and L) are as defined in the formula (1).

12. The compound according to claim 1, wherein the A isa
group represented by the following formula (A2):

(A2)
R, R
Rs
()
-
—N
R Rg Rd
whereinin the formula, L;, m,Ra, R toRg, Ry toR g, Ry, whereinin the formula, Raand R, to R are as defined in the

to Ryg and L, are as defined in the formula (1). formula (A).
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13. The compound according to claim 12 that is repre- -continued
sented by the following formula (A2-1) or (A2-2): N N (A2-2)
2 1
Rs

wherein in the formula, Ra, R, to R, L, B and m are as
5 Rs Ra defined in the formulas (1) and (A2).
14. The compound according to claim 13 that is repre-
sented by the following formula (A2-3) or (A2-4):

R, R,
Rz
o ,
R, Q \>~L1—eB>m Rs Rg Li—tB)y
—N
R

. (A2:3)
Ry
Rie
Ris
Rys
N
O Ry L
Ry;
R
11 Rag
Ri3 Rog
R
Rys
Ryy—N
Ray
Raj
Ros
Ry
e — — ]
(A2-4)
Ry R
R; Ryz
R
B Q \>7Ra )
—N Ris
Rs Re 1, N
O Rl4 L
Ry
R
11 . Ry
R,y 1 Rag
Ros
R,g—N
Rog
Roy
Ry
Ry
— —ln
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whereinin the formula,L;,m,Ra, R, to R, R, toR, ¢, R,
to Ryg and L, are as defined in the formula (1).

15. The compound according to claim 14 that is repre-

sented by the following formula (A2-5) or (A2-6): B Ry ]

whereinin the formula,L.,,m,Ra, R, toR4, R, ; toR 5, R,

whereinin the formula, L, m, Rg, R, t0Rs R toR 5, Ry, to Ry, and L, are as defined in the formula (1).
to Ry and Ly are as defined in the formula (1).
16. The compound according to claim 14 that is repre- 17. The compound according to claim 1, wherein the B is
sented by the following formula (A2-7) or (A2-8): represented by the following formula (B'):
®)
Rjo

Ri | Rig
N,
Rip Rz
R Ros Ry N
26 23
Rj3 Ris
Ry Rys
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wherein in the formula, R;, to R, and R,, to R, are as
defined in the formula (B).

18. The compound according to claim 1, wherein the L, is
a substituted or unsubstituted arylene group including 6 to 30
ring carbon atoms.

19. The compound according to claim 1, wherein the L, is
a phenylene group, a biphenylene group or a naphthylene
group.

20. The compound according to claim 1, wherein the L, is
m-phenylene.

21. The compound according to claim 1, wherein the sub-
stituents represented by the Ra, R, to R, R, to R g and R,
to R,y are independently a group selected from the group
consisting of a substituted or unsubstituted alkyl group
including 1 to 50 carbon atoms, a substituted or unsubstituted
cycloalkyl group including 3 to 50 ring carbon atoms, a sub-
stituted or unsubstituted aryl group including 6 to 60 ring
carbon atoms, a substituted or unsubstituted aralkyl group
including 7 to 51 carbon atoms, an amino group, a mono- or
di-substituted amino group having a substituent selected from
a substituted or unsubstituted alkyl group including 1 to 50
carbon atoms and a substituted or unsubstituted aryl group
including 6 to 60 ring carbon atoms, a substituted or unsub-
stituted alkoxy group including 1 to 50 carbon atoms, a sub-
stituted or unsubstituted aryloxy group including 6 to 50 ring
carbon atoms, a mono-, di- or tri-substituted silyl group hav-
ing a substituent selected from a substituted or unsubstituted
alkyl group including 1 to 50 carbon atoms and a substituted
or unsubstituted aryl group including 6 to 60 ring carbon
atoms, a substituted or unsubstituted heteroaryl group includ-
ing 5 to 60 ring atoms, a substituted or unsubstituted haloalkyl
group including 1 to 50 carbon atoms, a halogen atom, a
cyano group, a nitro group, a sulfonyl group having a sub-
stituent selected from a substituted or unsubstituted alkyl
group including 1 to 50 carbon atoms and a substituted or
unsubstituted aryl group including 6 to 60 ring carbon atoms,
a di-substituted phosphoryl group having a substituent
selected from a substituted or unsubstituted alkyl group
including 1 to 50 carbon atoms and a substituted or unsubsti-
tuted aryl group including 6 to 60 ring carbon atoms, an
alkylsulfonyloxy group, an arylsulfonyloxy group, an alkyl-
carbonyloxy group, an arylcarbonyloxy group, a boron-con-
taining group, a zinc-containing group, a tin-containing
group, a silicon-containing group, a magnesium-containing
group, a lithium-containing group, a hydroxy group, analkyl-
substituted carbonyl group, an aryl-substituted carbonyl
group, a carboxyl group, a vinyl group, a (meth)acryloyl
group, an epoxy group and an oxetanyl group.

22. The compound according to claim 21, wherein the
substituent is a substituted or unsubstituted aryl group or a
substituted or unsubstituted heteroaryl group, wherein

the aryl group is an aryl group selected from the group
consisting of a phenyl group, a naphthyl group, a naph-
thylphenyl group, a biphenylyl group, a terphenylyl
group, an acenaphthylenyl group, an anthryl group, a
benzoanthryl group, an aceanthryl group, a phenanthryl
group, a benzophenanthryl group, a phenalenyl group, a
fluorenyl group, a 9,9'-spirobifluorenyl group, a benzof-
luorenyl group, a dibenzofluorenyl group, a picenyl
group, a pentaphenyl group, a pentacenyl group, a pyre-
nyl group, a chrysenyl group, a benzochrysenyl group,
an s-indacenyl group, an as-indacenyl group, a fluoran-
thenyl group, a benzofluoranthenyl group, a tetracenyl
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group, a triphenylenyl group, a benzotriphenylenyl
group, a perylenyl group, a coronyl group and a diben-
zoanthryl group; and

the heteroaryl group is a heteroaryl group selected from the
group consisting of a pyrrolyl group, a furyl group, a
thienyl group, a pyridyl group, a pyridazinyl group, a
pyrimidinyl group, a pyrazinyl group, a triazinyl group,
an imidazolyl group, an oxazolyl group, a thiazolyl
group, a pyrazolyl group, an isoxazolyl group, an
isothiazolyl group, an oxadiazolyl group, a thiadiazolyl
group, a triazolyl group, a tetrazolyl group, an indolyl
group, an isoindolyl group, a benzofuranyl group, an
isobenzofuranyl group, a benzothiophenyl group, an
isobenzothiophenyl group, an indolizinyl group, a
quinolizinyl group, a quinolyl group, an isoquinolyl
group, a cinnolyl group, a phthalazinyl group, a
quinazolinyl group, a quinoxalinyl group, a benzimida-
zolyl group, a benzoxazolyl group, a benzothiazolyl
group, an indazolyl group, a benzisoxazolyl group, a
benzisothiazolyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, a carbazolyl group, a phenan-
thridinyl group, an acridinyl group, a phenanthrolinyl
group, a phenazinyl group, a phenothiazinyl group, a
phenoxazinyl group, an azatriphenylenyl group, a diaza-
triphenylenyl group, a xanthenyl group, an azacarba-
zolyl group, an azadibenzofuranyl group, an azadiben-
zothiophenyl group, a benzofuranobenzothiophenyl
group, a benzothienobenzothiophenyl group, a dibenzo-
furanonaphthyl group, a dibenzothienonaphthyl group
and a dinaphthothienothiophenyl group.

23. The compound according to claim 1, wherein a sub-
stituent represented by the Ra is a substituted or unsubstituted
aryl group, and

the aryl group is an aryl group selected from the group

consisting of a phenyl group, a naphthyl group, a naph-
thylphenyl group, a biphenylyl group, a terphenylyl
group, an acenaphthylenyl group, an anthryl group, a
benzoanthryl group, an aceanthryl group, a phenanthryl
group, a benzophenanthryl group, a phenalenyl group, a
fluorenyl group, a 9,9"-spirobifluorenyl group, a benzof-
luorenyl group, a dibenzofluorenyl group, a picenyl
group, a pentaphenyl group, a pentacenyl group, a pyre-
nyl group, a chrysenyl group, a benzochrysenyl group,
an s-indacenyl group, an as-indacenyl group, a fluoran-
thenyl group, a benzofluoranthenyl group, a tetracenyl
group, a triphenylenyl group, a benzotriphenylenyl
group, a perylenyl group, a coronyl group and a diben-
zoanthryl group.

24. An organic electroluminescence device that comprises
an anode and a cathode and one or more organic thin film
layers including an emitting layer between the anode and the
cathode, wherein at least one of the organic thin film layers
comprises the compound according to claim 1.

25. The organic electroluminescence device according to
claim 24, wherein the emitting layer comprises the com-
pound.

26. The organic electroluminescence device according to
claim 24, wherein the emitting layer comprises a phospho-
rescent emitting material.

27. The organic electroluminescence device according to
claim 26, wherein the phosphorescent emitting material is an
ortho-metalated complex of a metal atom selected from iri-
dium (Ir), osmium (Os) and platinum (Pt).
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28. The organic electroluminescent device according to _continued
claim 27, wherein the phosphorescent emitting material is a Y)
complex represented by the following formula (X) or (Y):

X

wherein in the formulas (X) and (Y), R is a hydrogen atom
or a substituent, k is an integer of 1 to 4, and M is Ir, Os
or Pt.
29. An electronic apparatus that is provided with the
organic electroluminescence device according to claim 24.

I S S T
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