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COMPOUND, ORGANIC
ELECTROLUMINESCENCE ELEMENT
MATERIAL, ORGANIC
ELECTROLUMINESCENCE ELEMENT AND
ELECTRONIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a compound, an
organic-electroluminescence-device material, an organic
electroluminescence device and an electronic device.

BACKGROUND ART

[0002] An organic electroluminescence device (hereinaf-
ter, occasionally abbreviated as organic EL device) using an
organic substance is highly expected to be used as an
inexpensive solid-emitting full-color display device having
a large area and has been variously developed. A typical
organic EL device includes an emitting layer and a pair of
opposing electrodes between which the emitting layer is
interposed. When an electric field is applied on both of the
electrodes, electrons are injected from the cathode while
holes are injected from the anode. Further, the electrons are
recombined with the holes in the emitting layer to generate
an excited state. When the excited state is returned to a
ground state, energy is emitted as light.

[0003] A typical organic EL device exhibits a higher drive
voltage, lower luminescence intensity and lower luminous
efficiency than those of an inorganic light-emitting diode.
Though the compound used for forming the organic layer
has been improved and device performance has been gradu-
ally improved in recent organic EL devices, further improve-
ment in the device performance has been desired.

[0004] For instance, Patent Literature 1 discloses that an
organic EL. device that includes an electron transporting
zone containing a compound including a predetermined
nitrogen-containing six-membered ring and oxygen-con-
taining fused ring in a molecule emits at a high efficiency
and is driven at a lower drive voltage.

CITATION LIST

Patent Literature

[0005] Patent Literature 1: International Publication
WO 2013/077352

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0006] Enhancement of lifetime has also been demanded
for further improvement in the performance of organic EL
devices.

[0007] An object of the invention is to provide an organic
electroluminescence device that is capable of keeping an
appropriate drive voltage and of emitting for a long lifetime,
a compound used for the organic electroluminescence
device, an organic-electroluminescence-device material
containing the compound, and an electronic device.

Means for Solving the Problems

[0008] According to an aspect of the invention, a com-
pound represented by a formula (100) below is provided.
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[Formula 1]
(100)
Y, R]] (Rl)m
a%allay b
2N F
= 2=/ S kN) .
Ranyp (Rl , !

In the above formula (100):

[0009] X, X, and X, are each independently a nitrogen
atom, or a carbon atom (CR,) bonded with R,;

[0010] Y is an oxygen atom, a sulfur atom, or a silicon
atom (SiR;,R;,) bonded with R;, and R;,;

[0011] R, and R, are each independently selected from
the group consisting of: a hydrogen atom; a substituted
or unsubstituted alkyl group having 1 to 30 carbon
atoms; a substituted or unsubstituted alkenyl group
having 2 to 30 carbon atoms; a substituted or unsub-
stituted alkynyl group having 2 to 30 carbon atoms; a
substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms; a substituted or unsubstituted
alkoxy group having 1 to 30 carbon atoms; a substi-
tuted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms; a substituted or unsubstituted alkylthio
group having 1 to 30 carbon atoms; a substituted or
unsubstituted arylthio group having 6 to 30 ring carbon
atoms; a substituted or unsubstituted silyl group; a
cyano group; and a halogen atom;

[0012] R,,, R,;, R,,, R5; and R;, are each indepen-
dently selected from the group consisting of: a hydro-
gen atom; a substituted or unsubstituted alkyl group
having 1 to 30 carbon atoms; a substituted or unsub-
stituted alkenyl group having 2 to 30 carbon atoms; a
substituted or unsubstituted alkynyl group having 2 to
30 carbon atoms; a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms; a substituted
or unsubstituted heterocyclic group having 5 to 30 ring
atoms; a substituted or unsubstituted alkoxy group
having 1 to 30 carbon atoms; a substituted or unsub-
stituted aryloxy group having 6 to 30 ring carbon
atoms; a substituted or unsubstituted alkylthio group
having 1 to 30 carbon atoms; a substituted or unsub-
stituted arylthio group having 6 to 30 ring carbon
atoms; a substituted or unsubstituted silyl group; a
cyano group; and a halogen atom;

[0013] L, is a single bond or a linking group selected
from the group consisting of: a substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 30
ring carbon atoms; a substituted or unsubstituted het-
erocyclic group having 5 to 30 ring atoms; a substituted
or unsubstituted linear or branched hydrocarbon group
having a carbon-carbon double bond and 2 to 30 carbon
atoms; and a substituted or unsubstituted linear or
branched hydrocarbon group having a carbon-carbon
triple bond and 2 to 30 carbon atoms;

[0014] L, is a linking group selected from the group
consisting of: a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring atoms;

[0015] m is an integer of 2 or more, a plurality of R,
being the same or different;

[0016] a plurality of R, are the same or different;
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[0017] R, and R, are optionally bonded to form a ring
structure;

[0018] pis an integer ranging from O to 4, a plurality of
R, being the same or different when p is an integer in
a range from 2 to 4;

[0019] the plurality of R,, are optionally bonded to each
other to form a ring structure;

[0020] qis an integer ranging from O to 3, a plurality of
R,, being the same or different when q is 2 or 3;

[0021] the plurality of R,, are optionally bonded to each
other to form a ring structure;

[0022] ais an integer ranging from 1 to 5, a plurality of
first moieties in the parentheses parenthesized by a
being the same or different when the plurality of first
moieties are bonded to L,;

[0023] * represents a bonding site with L, of the first
moiety in the parentheses parenthesized by a; and

[0024] b is an integer ranging from 1 to 5, a plurality of
second moieties in the parentheses parenthesized by a
being the same or different when the plurality of second
moieties are bonded to L, .

[0025] According to another aspect of the invention, an
organic-electroluminescence-device material including the
compound according to the above aspect of the invention is
provided.

[0026] According to still another aspect of the invention,
an organic electroluminescence device including an anode,
a cathode and one or more organic layers including an
emitting layer is provided, at least one of the organic layers
containing the compound according to the above aspect of
the invention.

[0027] According to further aspect of the invention, an
organic electroluminescence device including an anode, a
cathode and an organic layer including an emitting layer and
an electron transporting zone is provided, in which the
emitting layer is provided between the anode and the cath-
ode, the electron transporting zone is provided between the
emitting layer and the cathode and the electron transporting
zone contains the compound according to the above aspect
of the invention.

[0028] According to still further aspect of the invention,
an electronic device including the organic electrolumines-
cence device according to the above aspect of the invention
is provided.

[0029] According to the above aspects of the invention, an
organic electroluminescence device that is capable of keep-
ing an appropriate drive voltage and of emitting for a long
lifetime, a compound used for the organic electrolumines-
cence device, an organic-electroluminescence-device mate-
rial including the compound, and an electronic device can be
provided.

BRIEF DESCRIPTION OF DRAWING

[0030] FIG. 1 schematically shows an exemplary arrange-
ment of an organic EL device according to an exemplary
embodiment.

DESCRIPTION OF EMBODIMENTS

Compound

[0031] A compound according to an exemplary embodi-
ment includes a first moiety represented by a formula (10c)
below, a second moiety represented by a formula (1a) below
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and a third moiety represented by a formula (1b) below in a
molecule. The first moiety is bonded to the third moiety
through a linking group. The second moiety is directly
bonded to the third moiety or, alternatively, bonded to the
third moiety through a linking group. The compound accord-
ing to the exemplary embodiment may include a plurality of
the first moieties, the plurality of first moieties being mutu-
ally the same or different. The compound according to the
exemplary embodiment may include a plurality of the sec-
ond moieties, the plurality of second moieties being mutu-
ally the same or different.

[Formula 2]

(2)

(1b)

(100)
Ry

XNy,

L

(In the above formulae (1a), (1b) and (10c¢), X, X, and X,
are mutually independently a nitrogen atom or a carbon
atom (CR,) bonded with R,, Y is an oxygen atom, a sulfur
atom or a silicon atom (SiR,,;R;,) bonded with R;, and R,,
R, and R, are each independently selected from the group
consisting of a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 30 carbon atoms, a substituted or
unsubstituted alkenyl group having 2 to 30 carbon atoms, a
substituted or unsubstituted alkynyl group having 2 to 30
carbon atoms, a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted alkoxy group having 1 to 30 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkylthio
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted arylthio group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted silyl group, a cyano group and
a halogen atom, R,,., R,,, R,,, Ry, and R,, are each
independently selected from the group consisting of a hydro-
gen atom, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted alkenyl
group having 2 to 30 carbon atoms, a substituted or unsub-
stituted alkynyl group having 2 to 30 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms, a substituted or unsubsti-
tuted alkoxy group having 1 to 30 carbon atoms, a substi-
tuted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted alkylthio group
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having 1 to 30 carbon atoms, a substituted or unsubstituted
arylthio group having 6 to 30 ring carbon atoms, a substi-
tuted or unsubstituted silyl group, a cyano group and a
halogen atom, L, is a single bond or a linking group, the
linking group of L, is selected from the group consisting of
a substituted or unsubstituted aromatic hydrocarbon group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted heterocyclic group having 5 to 30 ring atoms, a
substituted or unsubstituted linear or branched hydrocarbon
group having a carbon-carbon double bond and 2 to 30
carbon atoms and a substituted or unsubstituted linear or
branched hydrocarbon group having a carbon-carbon triple
bond and 2 to 30 carbon atoms, L, is a linking group selected
from the group consisting of a substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, m is an integer of 2 or more, the plurality of R, may
be the same or different, the plurality of R, may be the same
or different, R, and R, may be bonded with each other to
form a ring structure, p is an integer ranging from 0 to 4, a
plurality of R,, may be the same or different when p is an
integer ranging from 2 to 4, the plurality of R,, may be
mutually bonded to form a ring structure, q is an integer
ranging from 0 to 3, a plurality of R,, may be the same or
different when q is 2 or 3, the plurality of R,, may be bonded
to each other to form a ring structure, a is an integer ranging
from 1 to 5, a plurality of first moieties may be the same or
different when the plurality of first moieties in the paren-
theses parenthesized by a are bonded to L,, * represents a
bonding site of the first moiety in the parentheses parenthe-
sized by a with L,, b is an integer ranging from 1 to 5, and
a plurality of second moieties may be the same or different
when the plurality of second moieties in the parentheses
parenthesized by b are bonded to L)).

[0032] In the first moiety represented by the above for-
mula (10c), it is preferable that L, is bonded to a six-
membered ring including X, X, and N in the first moiety in
the parentheses parenthesized by a. In the above arrange-
ment, the first moiety is represented by a formula (1¢) below
and the compound according to the exemplary embodiment
includes the first moiety represented by the formula (1c)
below, the second moiety represented by the formula (1a)
below and the third moiety represented by the formula (1b)
below in a molecule. The first moiety is bonded to the third
moiety through a linking group. The second moiety is
directly bonded to the third moiety or, alternatively, bonded
to the third moiety through a linking group. The compound
according to the exemplary embodiment may include a
plurality of first moieties, the plurality of first moieties being
mutually the same or different. The compound according to
the exemplary embodiment may include a plurality of sec-
ond moieties, the plurality of second moieties being mutu-
ally the same or different.

[Formula 3]

(1a)
Y.

/\ /\
o~/ N\

Ray)p Razly
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-continued
(1b)
Ry

B'EN

(le)

(In the above formulae (1a), (1b) and (1¢), X,, X, and X are
mutually independently a nitrogen atom or a carbon atom
(CR,) bonded with R,, Y is an oxygen atom, a sulfur atom
or a silicon atom (SiR;,R;,) bonded with R;, and R;,, R,
and R, are each independently selected from the group
consisting of a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 30 carbon atoms, a substituted or
unsubstituted alkenyl group having 2 to 30 carbon atoms, a
substituted or unsubstituted alkynyl group having 2 to 30
carbon atoms, a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted alkoxy group having 1 to 30 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkylthio
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted arylthio group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted silyl group, a cyano group and
a halogen atom, R, R,;, R,,, Ry, and R;, are each
independently selected from the group consisting of a hydro-
gen atom, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted alkenyl
group having 2 to 30 carbon atoms, a substituted or unsub-
stituted alkynyl group having 2 to 30 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms, a substituted or unsubsti-
tuted alkoxy group having 1 to 30 carbon atoms, a substi-
tuted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted alkylthio group
having 1 to 30 carbon atoms, a substituted or unsubstituted
arylthio group having 6 to 30 ring carbon atoms, a substi-
tuted or unsubstituted silyl group, a cyano group and a
halogen atom, m is an integer of 2 or more, the plurality of
R, may be the same or different when m is 2, the plurality
of R, may be the same or different, R, and R, may be bonded
with each other to form a ring structure, p is an integer
ranging from 0 to 4, a plurality of R,, may be the same or
different when p is an integer ranging from 2 to 4, the
plurality of R,, may be mutually bonded to form a ring
structure, q is an integer ranging from 0 to 3, a plurality of
R,, may be the same or different when q is 2 or 3, and the
plurality of R,, may be bonded with each other to form a
ring structure).

[0033] In the compound according to the exemplary
embodiment, it is preferable that R; and R, are bonded to
form a ring structure. In the above arrangement, it is
preferable that [, in the first moiety represented by the
above formula (10c) is bonded to a six-membered ring
including X, X, and N in the first moiety in the parentheses
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parenthesized by a or, alternatively, it is preferable that I, is
bonded with the ring structure formed by the bonded R, and
R,. The ring structure formed by the bonded R, and R, is
preferably a five-membered ring or a six-membered ring,
more preferably a six-membered ring.

[0034] In the compound according to the exemplary
embodiment, it is also preferable that R, and R, are not
bonded.

[0035] The compound of the exemplary embodiment is
preferably represented by a formula (100) below.

[Formula 4]
(100)
. Ry, Ry)p
TN Y LT
~f ’\’/ [‘X/\Lz kN)
Ra1)p (Ra2)y , I ‘

(In the above formula (100), X,, X, and X; are mutually
independently a nitrogen atom or a carbon atom (CR,)
bonded with R,, Y is an oxygen atom, a sulfur atom or a
silicon atom (SiR5;R5,) bonded with R;; and R;,, R, and R,
are each independently selected from the group consisting of
a hydrogen atom, a substituted or unsubstituted alkyl group
having 100 to 30 carbon atoms, a substituted or unsubsti-
tuted alkenyl group having 2 to 30 carbon atoms, a substi-
tuted or unsubstituted alkynyl group having 2 to 30 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted aryloxy group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted alkylthio group having 1 to 30
carbon atoms, a substituted or unsubstituted arylthio group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted silyl group, a cyano group and a halogen atom, R, ,
R, ., Rss, R;; and R, are each independently selected from
the group consisting of a hydrogen atom, a substituted or
unsubstituted alkyl group having 1 to 30 carbon atoms, a
substituted or unsubstituted alkenyl group having 2 to 30
carbon atoms, a substituted or unsubstituted alkynyl group
having 2 to 30 carbon atoms, a substituted or unsubstituted
aryl group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
a substituted or unsubstituted alkoxy group having 1 to 30
carbon atoms, a substituted or unsubstituted aryloxy group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted alkylthio group having 1 to 30 carbon atoms, a
substituted or unsubstituted arylthio group having 6 to 30
ring carbon atoms, a substituted or unsubstituted silyl group,
a cyano group and a halogen atom, L, is a single bond or a
linking group, the linking group of L, is selected from the
group consisting of a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted heterocyclic group having 5 to
30 ring atoms, a substituted or unsubstituted linear or
branched hydrocarbon group having a carbon-carbon double
bond and 2 to 30 carbon atoms and a substituted or unsub-
stituted linear or branched hydrocarbon group having a
carbon-carbon triple bond and 2 to 30 carbon atoms, L, is a
linking group selected from the group consisting of a
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substituted or unsubstituted aromatic hydrocarbon group
having 6 to 30 ring carbon atoms, m is an integer of 2 or
more, the plurality of R, may be the same or different, the
plurality of R, may be the same or different, R, and R, may
be bonded with each other to form a ring structure, p is an
integer ranging from 0 to 4, a plurality of R,, may be the
same or different when p is an integer ranging from 2 to 4,
the plurality of R,, may be mutually bonded to form a ring
structure, q is an integer ranging from 0 to 3, a plurality of
R,, may be the same or different when q is 2 or 3, a is an
integer ranging from 1 to 5, the plurality of first moieties
may be the same or different when the plurality of first
moieties in the parentheses parenthesized by a are bonded to
L,, * represents a bonding site of the first moiety in the
parentheses parenthesized by a with L,, b is an integer
ranging from 1 to 5, and a plurality of second moieties may
be the same or different when the plurality of second
moieties in the parentheses parenthesized by b are bonded to
Ly).

[0036] The compound of the exemplary embodiment is
preferably represented by a formula (1) below.

[Formula 5]
()
Ry
Y. Rl\l/\ X;\’\XZ
ANAIINEIY
l /\ N B
=fes ,\;/ y /\Xg/ I3
Ra1lp (Raz)g , !

(In the above formula (1):

[0037] X, X, and X, are each independently a nitrogen
atom, or a carbon atom (CR,) bonded with R,,

[0038] Y is an oxygen atom, a sulfur atom, or a silicon
atom (SiR;,R;,) bonded with R;, and R;,,

[0039] R, and R, are each independently selected from
the group consisting of: a hydrogen atom, a substituted
or unsubstituted alkyl group having 1 to 30 carbon
atoms; a substituted or unsubstituted alkenyl group
having 2 to 30 carbon atoms; a substituted or unsub-
stituted alkynyl group having 2 to 30 carbon atoms; a
substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms; a substituted or unsubstituted
alkoxy group having 1 to 30 carbon atoms; a substi-
tuted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms; a substituted or unsubstituted alkylthio
group having 1 to 30 carbon atoms; a substituted or
unsubstituted arylthio group having 6 to 30 ring carbon
atoms; a substituted or unsubstituted silyl group;

[0040] a cyano group; and a halogen atom,

[0041] R,;, R,;, R,,, R5; and R;, are each indepen-
dently selected from the group consisting of: a hydro-
gen atom; a substituted or unsubstituted alkyl group
having 1 to 30 carbon atoms; a substituted or unsub-
stituted alkenyl group having 2 to 30 carbon atoms; a
substituted or unsubstituted alkynyl group having 2 to
30 carbon atoms; a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms; a substituted
or unsubstituted heterocyclic group having 5 to 30 ring
atoms; and a substituted or unsubstituted alkoxy group
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having 1 to 30 carbon atoms; a substituted or unsub-
stituted aryloxy group having 6 to 30 ring carbon
atoms; a substituted or unsubstituted alkylthio group
having 1 to 30 carbon atoms; a substituted or unsub-
stituted arylthio group having 6 to 30 ring carbon
atoms; a substituted or unsubstituted silyl group;

[0042]

[0043] L, is a single bond or a linking group selected
from the group consisting of: a substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 30
ring carbon atoms; a substituted or unsubstituted het-
erocyclic group having 5 to 30 ring atoms; a substituted
or unsubstituted linear or branched hydrocarbon group
having a carbon-carbon double bond and 2 to 30 carbon
atoms; and

[0044] a substituted or unsubstituted linear or branched
hydrocarbon group having a carbon-carbon triple bond
and 2 to 30 carbon atoms, L, is a linking group selected
from the group consisting of: a substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 30
ring carbon atoms; m is an integer ranging from 0 to 2,
a plurality of R, may be mutually the same or different
when m is 2; a plurality of R, may be mutually the same
or different; R, and R, may be bonded to form a ring
structure; p is an integer ranging from 0 to 4, a plurality
of R,, may be mutually the same or different when p is
an integer in a range from 2 to 4; the plurality of R,
may be bonded to each other to form a ring structure;
q is an integer ranging from 0 to 3, a plurality of R,,
may be mutually the same or different when q is 2 or
3; the plurality of R,, may be bonded to each other to
form a ring structure; a is an integer ranging from 1 to
5 and the plurality of first moieties in parentheses
parenthesized by a may be mutually the same or
different when the plurality of first moieties are bonded
to L,; and b is an integer ranging from 1 to 5 and the
plurality of second moieties in parentheses parenthe-
sized by b may be mutually the same or different when
the plurality of second moieties are bonded to L,.

[0045] It should be noted that R, and L, are respectively
bonded to different carbon atoms forming the six-membered
ring of the first moiety, R;;, L; and L, are respectively
bonded to different carbon atoms forming the six-membered
ring of the third moiety, R,, are respectively bonded to
different carbon atoms forming the six-membered ring of the
second moiety, and R,, and L, are bonded to respectively
different carbon atoms forming the six-membered ring of the
second moiety, the six-membered ring bonded with R,,;
being different from the six-membered ring bonded with
R,».

[0046] It is preferable that a and b are each independently
an integer ranging from 1 to 3, more preferably 1 or 2,
further more preferably 1. This is because the molecular
weight of the compound becomes appropriate, so that pro-
cessability during sublimation purification or film-formation
process is improved.

a cyano group; and a halogen atom,
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[0047] Moreover, in the exemplary embodiment, it is also
preferable that a is 1 and b is 2. In this case, the compound
according to the exemplary embodiment is represented by a
formula (1A) below.

[Formula 6]
(14)
Y.
R )
/ \_/ 3 Ry (\1,)\
NN sy AR
Ra1) Ra) ! i |
’ ’ NP N
Y. 5 7
A%,
=/ ’\f
Ra1)p (Razlg

In the above formula (14), X,, X,, X5, Y, R, Ry, Ry, Ry,
R,,, R5;, Ry, Ly, Ly, m, p and q respectively are the same
as X, X5, X5 Y, Ry, Ro, Ry, Ropy Rpos Ryp Ry, Ly, Ly m
p and q in the above formula (1), the two Y being the same
or different.

[0048] L, is preferably selected from the group consisting
of a substituted or unsubstituted aromatic hydrocarbon
groups having 6 to 18 ring carbon atoms, more preferably
from the group consisting of substituted or unsubstituted
phenylene group, substituted or unsubstituted naphthylene
group and substituted or unsubstituted biphenyldiyl group.
L, is further more preferably substituted or unsubstituted
phenylene group. It should be noted that a phenylene group
having a substituent herein (e.g. “substituted phenylene
group”) means that the phenylene group includes a bond to
be bonded with the substituent in addition to two bonds. The
same applies to the other divalent group having a substituent
().

[0049] R,;, R,,, R,,, R;, and R, are preferably each
independently selected from the group consisting of a hydro-
gen atom, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
a substituted or unsubstituted silyl group, a cyano group and
a halogen atom.

[0050] R, is preferably a substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, more preferably a substituted or unsubstituted aro-
matic hydrocarbon group having 6 to 18 ring carbon atoms.

[0051] Further, R, is preferably a group selected from the
group consisting of a substituted or unsubstituted phenyl
group, biphenyl group, terphenyl group, naphthyl group,
anthryl group, phenanthryl group, fluorenyl group, pyrenyl
group, chrysenyl group, fluoranthenyl group, benzo[a]an-
thryl group, benzo[c|phenanthryl group, triphenylenyl
group, benzo[k]fluoranthenyl group, benzo[g]chrysenyl
group, benzo|b]triphenylenyl group, picenyl group, and
perylenyl group. More preferably, R, is a substituted or
unsubstituted phenyl group.

[0052] X, and X, are each preferably a carbon atom
bonded with R,, the two R, being the same or different.
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[0053] X, is preferably a carbon atom bonded with R,.
[0054] X, is also preferably a nitrogen atom.
[0055] It is preferable that the plurality of R, are each

independently a substituted or unsubstituted aromatic hydro-
carbon group having 6 to 30 ring carbon atoms. It is also
preferable that m is 0.

[0056]

[0057] L, is preferably a substituted or unsubstituted aro-
matic hydrocarbon groups having 6 to 30 ring carbon atoms,
more preferably a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 18 ring carbon atoms, further
preferably selected from the group consisting of a substi-
tuted or unsubstituted phenylene group, a substituted or
unsubstituted naphthylene group and a substituted or unsub-
stituted biphenyldiyl group. L1 is further more preferably a
substituted or unsubstituted phenylene group.

[0058] The compound of the exemplary embodiment is
also preferably represented by a formula (10) below.

Y is preferably an oxygen atom or a sulfur atom.

[Formula 7]

(10)

a

In the above formula (10), X, X,. X5, Y, R|, R, R;, Ry,
R,,, Ry, Ry, Ly, Ly, my p, g, @ and b respectively are the
same as X, X5, X5, Y, Ry, Ry, Ryps Rypy Rooy Raps Rio, Ly,
L,, m, p, g, a and b in the above formula (1).

[0059] The compound of the exemplary embodiment is
also preferably represented by a formula (11) below.

[Formula 8]

(1)

In the above formula (11), X, X,, X5, Y, R, R,, R, R,
R,z Ryps Ry Ly, Ly, my p, g, @ and b respectively are the
same as X, X5, X5, Y, R, Ry, Ryp, Ry, Ry Ry Ry, Ly,
L,, m, p, g, a and b in the above formula (1).

[0060] The compound of the exemplary embodiment is
also preferably represented by a formula (1B) below.

Jul. 27,2017

[Formula 9]

(1B

In the above formula (1B), X, X,, X5, Y, R, R;, R}, Ry,
R,,, R, Ry, Ly, Ly, p and q respectively are the same as
X Xy X LR Ry, Ry Ryps Ryo Ry, Ry, Ly Ly, my p
and q in the above formula (1), the two Y being the same or
different.

[0061] The compound of the exemplary embodiment is
also preferably represented by a formula (1C) below.

[Formula 10]
(10
Rap)p Y.

In the above formula (1C), X, X,, X5, Y, R, Ry, Ry, Ry,
R,,, R;;, Ry, Ly, Ly, m, p and q respectively are the same
as X1, X0, X5 Yo Ry, Ro, Rypy Ry Ryos Ryp Ry Ly, Ly m
p and q in the above formula (1), the two Y being the same
or different.

[0062] When R, or R, is a substituent, the substituent is
preferably selected from the group consisting of an unsub-
stituted alkyl group having 1 to 30 carbon atoms, an unsub-
stituted alkenyl group having 2 to 30 carbon atoms, an
unsubstituted alkynyl group having 2 to 30 carbon atoms, an
unsubstituted aromatic hydrocarbon group having 6 to 30
ring carbon atoms, an unsubstituted alkoxy group having 1
to 30 carbon atoms, an unsubstituted aryloxy group having
6 to 30 ring carbon atoms, an unsubstituted alkylthio group
having 1 to 30 carbon atoms, an unsubstituted arylthio group
having 6 to 30 ring carbon atoms, an unsubstituted silyl
group, a cyano group and a halogen atom.
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[0063] R, and R, are preferably each independently
selected from the group consisting of a hydrogen atom, a
substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted silyl group, a cyano group and a halogen atom.

[0064] In the compound according to the exemplary
embodiment, Y is preferably an oxygen atom or a sulfur
atom, L, and L, are each independently preferably selected
from the group consisting of a substituted or unsubstituted
phenylene group, a substituted or unsubstituted naphthylene
group and a substituted or unsubstituted biphenyldiyl group,
R,, is preferably selected from the group consisting of a
phenyl group, a biphenyl group, a terphenyl group, a naph-
thyl group, an anthryl group, a phenanthryl group, a fluo-
renyl group, a pyrenyl group, a chrysenyl group, a fluo-
ranthenyl group, a benzo[a]anthryl group, a benzo|[c]
phenanthryl group, a triphenylenyl group, a benzo[k]
fluoranthenyl group, a benzo[g]chrysenyl group, a benzo[b]
triphenylenyl group, a picenyl group and a perylenyl group,
R,, and R,, are each independently preferably selected from
the group consisting of a hydrogen atom, a substituted or
unsubstituted alkyl group having 1 to 30 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted heterocyclic
group having 5 to 30 ring carbon atoms, a substituted or
unsubstituted silyl group, a cyano group and a halogen atom,
and R, and R, are each independently preferably selected
from the group consisting of a hydrogen atom, a substituted
or unsubstituted alkyl group having 1 to 30 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted silyl group, a
cyano group and a halogen atom.

[0065] When R, has a substituent, the substituent is pref-
erably selected from the group consisting of an alkyl group
having 1 to 30 carbon atoms, an aryl group having 6 to 30
ring carbon atoms, an alkoxy group having 1 to 30 carbon
atoms, an aryloxy group having 6 to 30 ring carbon atoms,
an alkylthio group having 1 to 30 carbon atoms, an arylthio
group having 6 to 30 ring carbon atoms, an alkylsilyl group
having 3 to 30 carbon atoms, an arylsilyl group having 6 to
30 ring carbon atoms, a cyano group and a halogen atom.

[0066] When R, has a substituent, the substituent is pref-
erably selected from the group consisting of an alkyl group
having 1 to 30 carbon atoms, an aryl group having 6 to 30
ring carbon atoms, an alkoxy group having 1 to 30 carbon
atoms, an aryloxy group having 6 to 30 ring carbon atoms,
an alkylthio group having 1 to 30 carbon atoms, an arylthio
group having 6 to 30 ring carbon atoms, an alkylsilyl group
having 3 to 30 carbon atoms, an arylsilyl group having 6 to
30 ring carbon atoms, a cyano group and a halogen atom.

[0067] The first moiety represented by a formula (100c)
below in the compound represented by the formula (100)
according to the exemplary embodiment is also preferably
represented by a formula (100c-1) or a formula (100c-2)
below.
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[Formula 11]
(100c)
Rp)m
TV Nx,
N
N a
[Formula 12]
(100c-1)
7 | X
. T Rm
NP
N a
(100c-2)
Rp)m
| X
}I{/* | AN
Va
- N —a
[0068] In the formulae (100c-1) and (100c-2), R;, m and

a are respectively the same as R,, m and a in the formula
(100), a plurality of R, being optionally bonded to form a
ring structure. In the above formulae (100c-1) and (100c-2),
m is preferably 6. It is also preferable in the above formulae
(100c-1) and (100c-2) that R, is a hydrogen atom.

[0069] The first moiety of the compound according to the
exemplary embodiment is preferably selected from the
group consisting of monocyclic structures represented by
formulae (10c-1) to (10c-7) below and fused ring structures
represented by formulae (10c-8) to (10c-27) below.

[Formula 13]
(10¢-1)

Ragz Ry

(10¢-2)
Rio

\ /"

Ryo3 Ryop
(10¢-3)
Rio1
N—
\ / Raol
Ran2 Rios
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-continued

Raor Rio1

Rio1

s

Rio

Ripz

—N
o

Ryo3

Riol

N=<N
<

Rio

[Formula 14]

Ryo Rio3

>

Rios Ryo7

Ryos Ryo1

Rups

Rygs

-continued
(10c-4)
Rios Rios
Rios
Rio3 \ /N
(10¢-5)
Rao Rio1
Rygs Rios
(10¢-6) Rios
N\ / Rio3
Ry Ryos
(10c-7)
Ryps Rap
(10c-8)
[Formula 15]
(10c-9)
Ryos Rio6
Ryo4 Rypy
\ / Ron
N
(10¢-10) R0,
Rio
N=— Riog
Roor
Ryo7 Rios
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(10c-13)

(10c-14)

(10c-15)

(10c-16)
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-continued

Raol Ryo1
Rios —
\ /'
Rie
Ryos Rio4
Rio1

Z

Rpos / \ Rie

Rios

[Formula 16]

(10¢-17)

(10¢-18)

(10¢-19)

(10¢-20)

(10¢-21)

(10¢-22)
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-continued
(10c-23)
Rio1
N=— Rigg
N Rygs
Rio7 Rios
(10¢-24)
Rios Ryos
(10¢-25)
Rios Rios
/ N
\>_R102
Ry —N
Riol
(10¢-26)
Rie
Rigs N:<
\ /'
Rio1
Rios Ryo4
(10¢-27)
Ry
/>—N
N Rior
Rioa

Ry Riyos

[0070] In the formulae (10c-1) to (10c-27), Ryo; to R,
and R, to R,,, each independently represent the same as
R, and R, of the formula (100). Two or more groups among
Rio; to Ryg7 and R,y to Ry, may be mutually bonded to
form a ring structure.

[0071] In the exemplary embodiment, R ,, to R, and
R,o; t0 Ry, are each independently preferably a hydrogen
atom or a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 14 ring carbon atoms, more preferably a
hydrogen atom or a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 10 ring carbon atoms. R,
to R,y and R,y to R,y, are each further preferably a
hydrogen atom.
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Manufacturing Method of Compound of Exemplary -continued
Embodiment

[0072] The compound according to the exemplary
embodiment can be manufactured according to the method
described in the later-described Examples. The compound
according to the exemplary embodiment can be synthesized
according to the method described in the Examples and
using known substitution reactions and materials in accor-
dance with a target compound.

[0073] Examples of the compound of the exemplary
embodiment are shown below. It should be noted that the
compound in the exemplary embodiment is not limited
thereto.

[Formula 17]
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[Formula 21]

[Formula 22]
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Organic-Flectroluminescence-Device Material

[0074] The compounds of the exemplary embodiment are
applicable as an organic-EL-device material. The com-
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pounds of the exemplary embodiment may be singly used as
the organic-EL-device material or a mixture of the com-
pound(s) of the exemplary embodiment and other material
may be used as the organic-EL-device material.

Organic Electroluminescence Device

Arrangement(s) of Organic EL Device

[0075] Arrangement(s) of an organic EL device according
to the exemplary embodiment will be described below.
[0076] The organic EL device includes an anode, a cath-
ode and an organic layer. The organic layer includes one or
more layers formed from an organic compound. The organic
layer may further include an inorganic compound. At least
one of the organic layers of the organic EL device of the
exemplary embodiment includes the compound of the exem-
plary embodiment.

[0077] FIG. 1 schematically shows an exemplary arrange-
ment of the organic EL. device according to the exemplary
embodiment.

[0078] An organic EL device 1 includes a light-transmis-
sive substrate 2, an anode 3, a cathode 4, and an organic
layer 10 provided between the anode 3 and the cathode 4.
[0079] The organic layer 10 includes an emitting layer 7,
a hole injecting layer 5 interposed between the anode 3 and
the emitting layer 7, a hole transporting layer 6 interposed
between the hole injecting layer 5 and the emitting layer 7,
and an electron transporting zone 11 provided between the
emitting layer 7 and the cathode 4.

[0080] The electron transporting zone 11 includes the
above-described compound(s) of the exemplary embodi-
ment. The electron transporting zone 11 includes the elec-
tron transporting layer 8 and the electron injecting layer 9.
In the exemplary embodiment, the electron transporting
layer 8 contains the compound(s) of the exemplary embodi-
ment. It is preferable that the electron transporting layer 8 is
in contact with the emitting layer 7.

[0081] It is preferable that the electron transporting zone
11 contains at least one of an electron-donating dopant and
an organic metal complex. It is further preferable that the
electron transporting layer 8 contains the compound(s) of
the exemplary embodiment and at least one of the electron-
donating dopant and the organic metal complex. The elec-
tron-donating dopant and the organic metal complex will be
sometimes referred to as “electron-donating dopant and the
like” hereinafter.

[0082] The electron-donating dopant and the like con-
tained in the electron transporting zone 11 is preferably at
least one compound selected from the group consisting of an
alkali metal, an alkali metal compound, an alkali earth metal,
an alkali earth metal compound, a rare-carth metal, a rare-
earth metal compound, an organic metal complex including
alkali metal, an organic metal complex including alkali earth
metal and an organic metal complex including rare-earth
metal.

[0083] The electron-donating dopant may be at least one
compound selected from an alkali metal, an alkali metal
compound, an alkali earth metal, an alkali earth metal
compound, a rare-earth metal, and a rare-earth metal com-
pound.

[0084] Examples of the alkali metal are lithium (Li) (work
function: 2.93 V), sodium (Na) (work function: 2.36 ¢V),
potassium (K) (work function: 2.28 eV), rubidium (Rb)
(work function: 2.16 eV) and cesium (Cs) (work function:
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1.95 eV). Among the above, an alkali metal having a work
function of 2.9 eV or less is preferable. Among the alkali
metals, at least one of K, Rb and Cs is preferable, Rb or Cs
is more preferable and Cs is further more preferable.
[0085] Examples of the alkali earth metal are calcium (Ca)
(work function: 2.9 V), strontium (Sr) (work function: 2.0
to 2.5 eV), and barium (Ba) (work function: 2.52 eV).
Among the above, an alkali earth metal having work func-
tion of 2.9 eV or less is preferable.

[0086] Examples of the rare earth metal include scandium
(Sc), yttrium (Y), cerium (Ce), terbium (Tb) and ytterbium
(Yb). Among the above, a rare-earth metal having work
function of 2.9 eV or less is preferable.

[0087] Since the preferred metals among the alkali metal,
alkali earth metal and rare-earth metal have higher reduc-
ibility than that of other metals, addition of a relatively small
amount of the metals to an electron injecting zone can
enhance luminance intensity and lifetime of the organic EL
device.

[0088] Examples of the alkali metal compound include
alkali oxide and alkali halide. Examples of the alkali oxide
include lithium oxide (Li,O), cesium oxide (Cs,O) and
potassium oxide (K,O). Examples of alkali halide include
lithium fluoride (LiF), sodium fluoride (NaF), cesium fluo-
ride (CsF) or potassium fluoride (KF). At least one of lithium
fluoride (LiF), lithium oxide (Li,O) and sodium fluoride
(NaF) is preferable as the alkali metal compound.

[0089] Examples of the alkali earth metal compound
include barium oxide (BaO), strontium oxide (SrO) and
calcium oxide (Ca0). Other examples of the alkali earth
metal compound are strontium barium oxide (Ba,Sr, O)
(0<x<1) obtained by mixing BaO and

[0090] SrO and calcium barium oxide (Ba,Ca, O)
(0<x<1) obtained by mixing BaO and CaO. At least one of
BaO, SrO and CaO is preferable as the alkali earth metal
compound.

[0091] Examples of the rare-earth metal compound are
ytterbium fluoride (YbF,), scandium fluoride (ScF;), scan-
dium oxide (ScQy), yttrium oxide (Y,0;), cerium oxide
(Ce,0,), gadolinium fluoride (GdF;) and terbium fluoride
(TbF;). At least one of YbF,, ScF; and TbF; is preferable as
the rare-earth metal compound.

[0092] The organic metal complex is not particularly
limited, as long as at least one of alkali metal ion, alkali earth
metal ion and rare-earth metal ion is contained therein as
metal ion.

[0093] Ligand of the organic metal complex is not par-
ticularly limited. Examples of the ligand for the organic
metal complexes are quinolinol, benzoquinolinol, acridinol,
phenanthridinol, hydroxyphenyl oxazole, hydroxyphenyl
thiazole, hydroxydiaryl oxadiazole, hydroxydiaryl thiadiaz-
ole, hydroxyphenyl pyridine, hydroxyphenyl benzoimida-
zole, hydroxybenzo triazole, hydroxy fluborane, bipyridyl,
phenanthroline, phthalocyanine, porphyrin, cyclopentadi-
ene, beta-diketones, azomethines and a derivative thereof.
[0094] The electron-donating dopant and the organic
metal complex contained in the electron transporting zone
11 are preferably at least one compound selected from the
group consisting of lithium, a lithium compound, and an
organic metal complex including lithium. It is more prefer-
able that the electron transporting zone 11 contains 8-qui-
nolinolatolithium.

[0095] When the compound according to the exemplary
embodiment, electron-donating dopant and the like are
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contained in the electron transporting layer 8, the mass ratio
of the additive amount of each of the components (the
compound according to the exemplary embodiment:elec-
tron-donating dopant, organic metal complex and the like) is
preferably (100:1) to (1:100), more preferably (5:1) to (1:5)
and further more preferably (2:1) to (1:2).

Film Thickness of Electron Transporting Layer

[0096] Though the film thickness of the electron trans-
porting layer 8 is not particularly limited, the film thickness
of the electron transporting layer 8 is usually typically
preferably in a range from 0.1 nm to 1 um.

[0097] The electron transporting zone 11 of the organic EL
device 1 according to the exemplary embodiment may
further include a second electron transporting layer in addi-
tion to the electron transporting layer 8. It is preferable that
the electron transporting layer 8 is provided between the
emitting layer 7 and the second electron transporting layer.

[0098] The second electron transporting layer is a layer
containing a highly electron-transportable substance. For
instance, at least one of 1) a metal complex such as an
aluminum complex, beryllium complex and zinc complex,
2) a heteroaromatic compound such as an imidazole deriva-
tive, benzimidazole derivative, azine derivative, carbazole
derivative, and phenanthroline derivative, and 3) a high-
molecule compound are usable for the second electron
transporting layer. Specifically, as a low-molecule organic
compound, a metal complex such as Alqg, tris(4-methyl-8-
quinolinato)aluminum (abbreviation: Almgq,), bis(10-hy-
droxybenzo[h]quinolinato)beryllium (abbreviation: BeBq,),
BAlq, Zng, ZnPBO and ZnBTZ are usable, for instance. In
addition to the metal complex, the hetero aromatic com-
pound such as 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,
4-oxadiazole (abbreviation: PBD), 1,3-bis[5-(ptert-butyl-
phenyl)-1,3,4-oxadiazole-2-yl|benzene (abbreviation:
OXD-7), 3-(4-tert-butylphenyl)-4-phenyl-5-(4-biphenylyl)-
1,2,4-triazole (abbreviation: TAZ), 3-(4-tert-butylphenyl)-4-
(4-ethylphenyl)-5-(4-biphenylyl)-1,2.4-triazole  (abbrevia-
tion: p-EtTAZ), bathophenanthroline (abbreviation: BPhen),
bathocuproine (abbreviation: BCP), and 4,4'-bis(5-methyl-
benzooxazole-2-yl)stilbene (abbreviation: BzOs) are usable,
for instance. In the second electron transporting layer, a
benzoimidazole compound is preferably usable. Moreover, a
high-molecule compound is also usable for the second
electron transporting layer. Examples of the high polymer
compound include poly[(9,9-dihexylfluorene-2,7-diyl)-co-
(pyridine-3,5-diyl)] (abbreviation: PF-Py) and poly[(9,9-
dioctylfluorene-2,7-diyl)-co-(2,2'-bipyridine-6,6'-diyl)] (ab-
breviation: PF-BPy).

[0099] The above-described substances mostly have an
electron mobility of 10~%cm?/(V's) or more. However, any
substance having an electron transporting performance
higher than a hole transporting performance may be used for
the second electron transporting layer in addition to the
above substances. Further, in addition to the electron trans-
porting layer 8 (first electron transporting layer) and the
second electron transporting layer, two or more layers
containing the above substance may be additionally layered.
In addition, the electron transporting layer 8 may further
contain a compound usable for the second electron trans-
porting layer.

[0100] Next, the other arrangement of the organic EL
device 1 will be described.
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Substrate

[0101] The substrate 2 is used as a support for the organic
EL device 1. Examples of the substrate 2 include a glass
substrate, quartz substrate, and plastic substrate. Moreover,
a flexible substrate may be used. The flexible substrate
means a bendable substrate. Examples of the flexible sub-
strate include plastic substrates formed of polycarbonate,
polyarylate, polyethersulfone, polypropylene, polyester,
polyvinyl fluoride, polyvinyl chloride, polyimide, and poly-
ethylene naphthalate. Moreover, an inorganic deposited film
is also usable as the substrate.

Anode

[0102] Preferable examples of a material for the anode 3
formed on the substrate 2 include metal, an alloy, an
electroconductive compound, and a mixture thereof, which
have a large work function (specifically, 4.0 eV or more).
Specific examples of the material include indium oxide-tin
oxide (ITO: Indium Tin Oxide), indium oxide-tin oxide
containing silicon or silicon oxide, indium oxide-zinc oxide,
indium oxide containing tungsten oxide and zinc oxide, and
graphene. In addition, the examples of the material further
include gold (Au), platinum (Pt), nickel (Ni), tungsten (W),
chrome (Cr), molybdenum (Mo), iron (Fe), cobalt (Co),
copper (Cu), palladium (Pd), titanium (Ti), and a nitride of
a metal material (e.g., titanium nitride).

[0103] The material is typically formed into a film by a
sputtering method. For instance, the indium oxide-zinc
oxide can be formed by the sputtering method using a target
in which zinc oxide in a range from 1 mass % to 10 mass %
is added to indium oxide. Moreover, for instance, the indium
oxide containing tungsten oxide and zinc oxide can be
formed by the sputtering method using a target in which
tungsten oxide in a range from 0.5 mass % to 5 mass % and
zine oxide in a range from 0.1 mass % to 1 mass % are added
to indium oxide. In addition, the anode 3 may be formed by
a vacuum deposition method, a coating method, an inkjet
method, a spin coating method or the like.

[0104] Among the organic layers formed on the anode 3,
since the hole injecting layer 5 abutting on the anode 3 is
formed of a composite material into which holes are easily
injectable irrespective of the work function of the anode 3,
a material usable as an electrode material (e.g., metal, an
alloy, an electroconductive compound, a mixture thereof,
and the elements belonging to the group 1 or 2 of the
periodic table) is also usable for the anode 3.

[0105] The elements belonging to the group 1 or 2 of the
periodic table, which are a material having a small work
function, specifically, an alkali metal such as lithium (Li)
and cesium (Cs), an alkaline earth metal such as magnesium
(Mg), calcium (Ca) and strontium (Sr), an alloy containing
the alkali metal and the alkaline earth metal (e.g., MgAg,
AlLj), a rare earth metal such as europium (Eu) and ytter-
bium (Yb), and an alloy containing the rare earth metal are
usable for the anode 3. It should be noted that the vacuum
deposition method and the sputtering method are usable for
forming the anode 3 using the alkali metal, alkaline earth
metal and the alloy thereof. Further, when a silver paste is
used for the anode 3, the coating method and the inkjet
method are usable.

Hole Injecting Layer

[0106] The hole injecting layer 5 is a layer containing a
substance exhibiting a high hole injectability. Examples of
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the highly hole-injectable substance include molybdenum
oxide, titanium oxide, vanadium oxide, rhenium oxide,
ruthenium oxide, chromium oxide, zirconium oxide, haf-
nium oxide, tantalum oxide, silver oxide, tungsten oxide,
and manganese oxide.

[0107] Moreover, examples of the substance exhibiting a
high hole injectability further include: an aromatic amine
compound, which is a low molecular organic compound,
such as 4,4',4"-tris(N,N-diphenylamino)triphenylamine (ab-
breviation: TDATA), 4,4'4"-tris|[N-(3-methylphenyl)-N-
phenylamino|triphenylamine (abbreviation: MTDATA),
4 4'-bis[N-(4-diphenylaminophenyl)-N-phenylamino]bi-
phenyl (abbreviation: DPAB), 4,4"-bis(N-{4-[N'-(3-methyl-
phenyl)-N'-phenylamino]phenyl}-N-phenylamino )biphenyl
(abbreviation: DNTPD), 1,3,5-tris|N-(4-diphenylaminophe-
nyl)-N-phenylamino]benzene (abbreviation: DPA3B), 3-[N-
(9-phenylcarbazole-3-y1)-N-phenylamino]-9-phenylcarba-
7ole (abbreviation: PCzPCA1), 3,6-bis[N-(9-
phenylcarbazole-3-yl)-N-phenylamino]-9-phenylcarbazole
(abbreviation: PCzPCA2), and 3-[N-(1-naphthy1)-N-(9-phe-
nylcarbazole-3-yl)amino]-9-phenylcarbazole (abbreviation:
PCzPCN1); and dipyrazino|[2,3-f:20,30-h]quinoxaline-2.3,
6,7,10,11-hexacarbonitrile (HAT-CN).

[0108] In addition, a high polymer compound (e.g., oli-
gomer, dendrimer and polymer) is usable as the substance
exhibiting a high hole injectability. Examples of the high
polymer compound include poly(N-vinylcarbazole) (abbre-
viation: PVK), poly(4-vinyltriphenylamine) (abbreviation:
PVTPA), poly[N-(4-{N'-[4-(4-diphenylamino)phenyl]phe-
nyl-N'-phenylamino } phenyl)methacrylamide] ~ (abbrevia-
tion: PTPDMA), and poly[N,N'-bis(4-butylphenyl)-N,N'-bis
(phenyl)benzidine] (abbreviation: Poly-TPD). Moreover, an
acid-added high polymer compound such as poly(3,4-eth-
ylenedioxythiophene)/poly(styrene sulfonic acid) (PEDOT/
PSS) and polyaniline/poly (styrene sulfonic acid)(PAni/
PSS) are also usable.

Hole Transporting Layer

[0109] The hole transporting layer 6 is a layer containing
a substance exhibiting a high hole transportability. An aro-
matic amine compound, carbazole derivative, anthracene
derivative and the like are usable for the hole transporting
layer 6. Specific examples of the substance usable for the
hole transporting layer 6 include an aromatic amine com-
pound such as 4,4'-bis[N-(1-naphthyl)-N-phenylamino]bi-
phenyl (abbreviation: NPB) % N,N'-bis(3-methylphenyl)-
N,N'-diphenyl-[1,1'-biphenyl]-4,4'-diamine  (abbreviation:
TPD), 4-phenyl-4'-(9-phenylfluorene-9-yltriphenylamine
(abbreviation: BAFLP), 4,4'-bis[N-(9,9-dimethylfluorene-2-
yl)-N-phenylamino|biphenyl (abbreviation: DFLDPBI),
4.4' 4"-tris(N,N-diphenylamino )triphenylamine (abbrevia-
tion: TDATA), 4,4',4"-tris[N-(3-methylphenyl)-N-phe-
nylamino]triphenylamine (abbreviation: MTDATA), and
4,4"bis[N-(spiro-9,9'-bifluorene-2-yl)-N-phenylamino]bi-
phenyl (abbreviation: BSPB). The above-described sub-
stances mostly have a hole mobility of 1075 cm?(V's) or
more.

[0110] For the hole transporting layer 6, a carbazole
derivative such as CBP, 9-[4-(N-carbazolyl)]phenyl-10-phe-
nylanthracene (CzPA), and 9-phenyl-3-[4-(10-phenyl-9-an-
thryl)phenyl]-9H-carbazole (PCzPA) and an anthracene
derivative such as t-BuDNA, DNA, and DPAnth may be
used, for instance. A high polymer compound such as
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poly(N-vinylcarbazole) (abbreviation: PVK) and poly(4-
vinyltriphenylamine) (abbreviation: PVTPA) is also usable.
[0111] However, any substance having a hole transporting
performance higher than an electron transporting perfor-
mance may be used in addition to the above substances. A
layer containing the highly hole-transporting substance may
be provided in the form of a single layer or a laminate of two
or more layers.

[0112] When two or more hole transporting layers are
provided, one of the hole transporting layers containing a
material having a larger energy gap is preferably provided
closer to the emitting layer 7.

Emitting Layer

[0113] The emitting layer 7 is a layer containing a highly
luminescent substance and various materials can be used for
the emitting layer 7. For instance, a fluorescent compound
that emits fluorescence and a phosphorescent compound that
emits phosphorescence are usable as the highly luminescent
substance. The fluorescent compound is a compound
capable of emitting light from a singlet state. The phospho-
rescent compound is a compound capable of emitting light
from a triplet state.

[0114] Examples of a blue fluorescent material usable in
the emitting layer 7 include a pyrene derivative, styrylamine
derivative, chrysene derivative, fluoranthene derivative,
fluorene derivative, diamine derivative, and triarylamine
derivative. Specific examples of the blue fluorescent mate-
rial include N,N'-bis[4-(9H-carbazole-9-yl)phenyl]-N,N'-di-
phenylstilbene-4,4'-diamine (abbreviation: YGA2S), 4-(9H-
carbazole-9-y1)-4'-(10-phenyl-9-anthryl)triphenylamine
(abbreviation: YGAPA), and 4-(10-phenyl-9-anthryl)-4'-(9-

phenyl-9H-carbazole-3-yl)triphenylamine  (abbreviation:
PCBAPA).
[0115] A green fluorescent material usable in the emitting

layer 7 is exemplified by an aromatic amine derivative.
Specific examples of the green fluorescent material include
N-(9,10-diphenyl-2-anthryl)-N,9-diphenyl-9H-carbazole-3-
amine (abbreviation: 2PCAPA), N-[9,10-bis(1,1'-biphenyl-
2-yl)-2-anthryl]-N,9-diphenyl-9H-carbazole-3-amine  (ab-
breviation: 2PCABPhA), N-(9,10-diphenyl-2-anthryl)-N,N',
N'-triphenyl-1,4-phenylenediamine (abbreviation:
2DPAPA), N-[9,10-bis(1,1-biphenyl-2-y1)-2-anthryl]-N,N',
N'-triphenyl-1,4-phenylenediamine (abbreviation: 2DPAB-
PhA),  N-[9,10-bis(1,1'-biphenyl-2-y1)]-N-[4-(9H-carba-
zole-9-yl)phenyl]-N-phenylanthracene-2-amine
(abbreviation: 2YGABPhA), and N,N,9-triphenylanthra-
cene-9-amine (abbreviation: DPhAPhA).

[0116] Examples of a red fluorescent material usable in the
emitting layer 7 include a tetracene derivative and a diamine
derivative. Specific examples of the red fluorescent material
include N,N,N'.N'-tetrakis(4-methylphenyl)tetracene-5.11-
diamine (abbreviation: p-mPhTD) and 7,14-diphenyl-N,N,
N',N'-tetrakis(4-methylphenyl)acenaphtho[1,2-a]fluo-
ranthene-3,10-diamine (abbreviation: p-mPhAFD).

[0117] A blue phosphorescent material usable for the
emitting layer 7 is exemplified by a metal complex such as
an iridium complex, osmium complex, and platinum com-
plex. Specific examples of the blue phosphorescent material
include bis[2-(4',6'-difluorophenyl)pyridinato-N,C2']
iridium(I)tetrakis(1-pyrazolyl)borate (abbreviation: FIr6),
bis[2-(4',6'-difluorophenyl)pyridinato-N,C2'liridium(IIT )pi-
colinate (abbreviation: Flrpic), bis[2-(3',5'bistrifluorometh-
ylphenyl)pyridinato-N.C2'liridium(IIT)picolinate (abbrevia-
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tion: Ir(CF3ppy)2(pic)), and bis[2-(4',6'-difluorophenyl)
pyridinato-N,C2"iridium(IIl)acetylacetonato (abbreviation:
Fir(acac)).

[0118] A green phosphorescent material usable for the
emitting layer 7 is exemplified by an iridium complex.
Examples of the green phosphorescent material include
tris(2-phenylpyridinatoN,C2"iridium(III)  (abbreviation:
Ir(ppy)s),  bis(2-phenylpyridinatoN,C2"iridium(IT)acety-
lacetonato (abbreviation: Ir(ppy),(acac)), bis(1,2-diphenyl-
1H-benzoimidazolato )iridium(I1l)acetylacetonato  (abbre-
viation: Ir(pbi),(acac)), and bis(benzo[h]|quinolinato)
iridium(IIT)acetylacetonato (abbreviation: Ir(bzq),(acac)).
[0119] A red phosphorescent material usable for the emit-
ting layer 7 is exemplified by a metal complex such as an
iridium complex, platinum complex, terbium complex and
europium complex. Specifically, the red phosphorescent
material is exemplified by an organic metal complex such as
bis[2-(2'-benzo[4,5-a] thienyl )pyridinato-N,C3"|iridium(1IT)
acetylacetonato (abbreviation: Ir(btp),(acac)), bis(1-phe-
nylisoquinolinato-N,C2")iridium(I1I)acetylacetonato (abbre-
viation:  Ir(piq),(acac)), (acetylacetonato)bis[2,3-bis(4-
fluorophenyl)quinoxalinato]iridium(IIT) (abbreviation:
Ir(Fdpq),(acac)), and 2,3,7,8,12,13,17,18-octaethyl-21H,
23H-porphyrinplatinum(II) (abbreviation: PtOEP).

[0120] Since a rare-earth metal complex such as tris
(acetylacetonato)(monophenanthroline terbium(III) (abbre-
viation: Tb(acac);(Phen)), tris(1,3-diphenyl-1,3-propane-
dionato)(monophenanthroline)europium(IIl) (abbreviation:
Eu(DBM),(Phen)), and tris [ 1-(2-thenoyl)-3,3,3-trifluoroac-
etonato](monophenanthroline)europium(Ill) (abbreviation:
Eu(TTA),(Phen)) produces emission from a rare earth metal
ion (electron transition between different multiplicities), the
rare earth metal complex is usable as the phosphorescent
compound.

[0121] The emitting layer 7 may be provided by dispersing
the above-described highly luminescent substance (guest
material, or sometimes referred to as a dopant) in another
substance (host material). As the substance for dispersing
the highly luminescent substance, various substances are
usable, among which a substance having a Lowest Unoc-
cupied Molecular Orbital level (LUMO level) higher than
that of the highly luminescent material and a Highest
Occupied Molecular Orbital (HOMO level) lower than that
of the highly luminescent substance is preferable.

[0122] Examples of the usable host material are 1) a metal
complex such as an aluminum complex, beryllium complex
and zinc complex, 2) a heterocyclic compound such as an
oxadiazole derivative, benzimidazole derivative and
phenanthroline derivative, 4) a fused aromatic compound
such as a carbazole derivative, anthracene derivative,
phenanthrene derivative, pyrene derivative and chrysene
derivative, 3) an aromatic amine compound such as a
triarylamine derivative and fused polycyclic aromatic amine
derivative. Further, a plurality of types of the substances
(host material) for dispersing the highly luminescent mate-
rial (guest material) may be used.

[0123] Examples of the metal complex for the host mate-
rial include tris(8-quinolinolato)aluminum(IIT) (abbrevia-
tion: Alq), tris(4-methyl-8-quinolinolato)aluminum(III) (ab-
breviation: Almg,), bis(10-hydroxybenzo[h]quinolinato)
beryllium(Il) (abbreviation: BeBq,), bis(2-methyl-8-
quinolinolato)(4-phenylphenolato)aluminum(IIT)
(abbreviation: BAlg), bis(8-quinolinolato)zinc(Il) (abbre-
viation: Znq), bis[2-(2-benzoxazolyl)phenolato] zinc(II)
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(abbreviation: ZnPBO), and bis[2-(2-benzothiazolyl)pheno-
lato]zinc(1I) (abbreviation: ZnBTZ).

[0124] Examples of the heterocyclic compound for the
host material include 2-(4-biphenylyl)-5-(4-tert-butylphe-
nyl)-1,3,4-oxadiazole (abbreviation: PBD), 1,3-bis[5-(p-
tert-butylphenyl)-1,3,4-oxadiazole-2-yl]benzene (abbrevia-
tion: OXD-7), 3-(4-biphenylyl)-4-phenyl-5-(4-tert-
butylphenyl)-1,2,4-triazole (abbreviation: TAZ), 2,2'2"-(1,
3,5-benzenetriyltris(1-phenyl-1H-benzimidazole)
(abbreviation: TPBI), bathophenanthroline (abbreviation:
BPhen) and bathocuproine (abbreviation: BCP).

[0125] Examples of the fused aromatic compound for the
host material include 9-[4-(10-phenyl-9-anthryl)phenyl]-
9H-carbazole (abbreviation: CzPA), 3,6-diphenyl-9-[4-(10-
phenyl-9-anthryl)phenyl]-9H-carbazole (abbreviation:
DPCzPA), 9,10-bis(3,5-diphenylphenyl)anthracene (abbre-
viation: DPPA), 9,10-di(2-naphthyl)anthracene (abbrevia-
tion: DNA), 2-tert-butyl-9,10-di(2-naphthyl)anthracene (ab-
breviation: t-BuDNA), 9,9'-bianthryl (abbreviation: BANT),
9,9'-(stilbene-3,3'-diyl)diphenanthrene (abbreviation:
DPNS), 9,9'-(stilbene-4,4'-diyl)diphenanthrene (abbrevia-
tion: DPNS2), 3,3",3"-(benzene-1,3,5-triyl)tripyrene (abbre-
viation: TPB3), 9,10-diphenylanthracene (abbreviation:
DPAnth), and 6,12-dimethoxy-5,11-diphenylchrysene.
[0126] Examples of the aromatic amine compound for the
host material include N,N-diphenyl-9-[4-(10-phenyl-9-an-
thryl)phenyl]-9H-carbazole-3-amine (abbreviation:
CzA1PA), 4-(10-phenyl-9-anthryl)triphenylamine (abbre-
viation: DPhPA), N,9-diphenyl-N-[4-(10-phenyl-9-anthryl)
phenyl]-9H-carbazole-3-amine (abbreviation: PCAPA),
N,9-diphenyl-N-{4-[4-(10-phenyl-9-anthryl)phenyl]phe-
nyl}-9H-carbazole-3-amine (abbreviation: PCAPBA), N-(9,
10-diphenyl-2-anthryl)-N,9-diphenyl-9H-carbazole-3-
amine (abbreviation: 2PCAPA), NPB (or a-NPD), TPD,
DFLDPB;, and BSPB.

Electron Injecting Layer

[0127] The electron injecting layer 9 is a layer containing
a substance exhibiting a high electron injectability. For the
electron injecting layer 9, an alkali metal, alkaline earth
metal or a compound thereof are usable, examples of which
include lithium (Li), cesium (Cs), calcium (Ca), lithium
fluoride (LiF), cesium fluoride (CsF), calcium fluoride
(CaF2), and lithium oxide (LiOx). In addition, the alkali
metal, alkaline earth metal or the compound thereof may be
added to the substance exhibiting the electron transportabil-
ity in use. Specifically, for instance, magnesium (Mg) added
to Alqg may be used. In this case, the electrons can be more
efficiently injected from the cathode 4.

[0128] Alternatively, the electron injecting layer 9 may be
provided by a composite material in a form of a mixture of
the organic compound and an electron donor. Such a com-
posite material exhibits excellent electron injectability and
electron transportability since electrons are generated in the
organic compound by the electron donor. In this case, the
organic compound is preferably a material excellent in
transporting the generated electrons. Specifically, the above
examples (e.g., the metal complex and the hetero aromatic
compound) of the substance forming the electron transport-
ing layer 8 are usable. As the electron donor, any substance
exhibiting electron donating performance to the organic
compound is usable.

[0129] Specifically, the electron donor is preferably alkali
metal, alkaline earth metal and rare earth metal such as
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lithium, cesium, magnesium, calcium, erbium and ytter-
bium. The electron donor is also preferably alkali metal
oxide and alkaline earth metal oxide such as lithium oxide,
calcium oxide, and barium oxide. Moreover, a Lewis base
such as magnesium oxide is usable. Further, the organic
compound such as tetrathiafulvalene (abbreviation: TTF) is
usable.

Cathode

[0130] It is preferable to use metal, an alloy, an electro-
conductive conpound, and a mixture thereof, which have a
small work function (specifically, 3.8 eV or less) for the
cathode 4. Examples of such a material for the cathode
include the elements belonging to the group 1 or 2 of the
periodic table, specifically, an alkali metal such as lithium
(L1) and cesium (Cs), an alkaline earth metal such as
magnesium (Mg), calcium (Ca) and strontium (Sr), an alloy
containing the alkali metal and the alkaline earth metal (e.g.,
MgAg, AlLi), a rare earth metal such as europium (Eu) and
ytterbium (Yb), and an alloy containing the rare earth metal.
[0131] It should be noted that the vacuum deposition
method and the sputtering method are usable for forming the
cathode 4 using the alkali metal, alkaline earth metal and the
alloy thereof. Further, when a silver paste is used for the
cathode 4, the coating method and the inkjet method are
usable.

[0132] By providing the electron injecting layer 9, various
conductive materials such as Al, Ag, ITO, graphene, and
indium oxide-tin oxide containing silicon or silicon oxide
may be used for forming the cathode 4 regardless of the
work function. The conductive materials can be formed into
a film using the sputtering method, inkjet method, spin
coating method and the like.

Layer Formation Method(s)

[0133] The method of forming the respective layers of the
organic EL device 1 of the exemplary embodiment is not
limited except for those specifically mentioned above, where
known methods including dry film formation and wet film
formation methods are applicable. Examples of the dry film
formation method include vacuum deposition method, sput-
tering method, plasma process, and ion-plating method.
Examples of the wet film formation method include spin
coating method, dipping method, flow coating method and
inkjet method.

Film Thickness

[0134] The film thickness of each organic layer of the
organic EL device 1 in the exemplary embodiment is subject
to no limitation except for the thickness particularly
described above. However, the thickness is typically pref-
erably in a range of several nanometers to 1 um because an
excessively thin film is likely to entail defects such as pin
holes while an excessively thick film requires high applied
voltage and deteriorates efficiency.

[0135] In the exemplary embodiment, the ring carbon
atoms refer to the number of carbon atoms among atoms
forming a ring of a compound (e.g., a monocyclic com-
pound, fused-ring compound, crosslinking compound, car-
bon ring compound, and heterocyclic compound) in which
the atoms are bonded to each other to form the ring. When
the ring is substituted by a substituent(s), carbon atom(s)
contained in the substituent(s) is not counted in the ring
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carbon atoms. The same applies to “the ring carbon atoms”
described below unless otherwise specified. For instance, a
benzene ring has six ring carbon atoms, a naphthalene ring
has ten ring carbon atoms, a pyridinyl group has five ring
carbon atoms, and a furanyl group has four ring carbon
atoms. When a benzene ring and/or a naphthalene ring is
substituted by a substituent (e.g., an alkyl group), the
number of carbon atoms of the alkyl group is not counted in
the number of the ring carbon atoms. When a fluorene ring
is substituted by a substituent (e.g., a fluorene ring) (i.e., a
spirofluorene ring is included), the number of carbon atoms
of the fluorene ring as the substituent is not counted in the
number of the ring carbon atoms of the fluorene ring.
[0136] In the exemplary embodiment, the ring atoms refer
to the number of atoms forming a ring of a compound (e.g,,
a monocyclic compound, fused-ring compound, crosslink-
ing compound, carbon ring compound, and heterocyclic
compound) in which the atoms are bonded to each other to
form the ring (e.g., monocyclic ring, fused ring, ring assem-
bly). An atom(s) not forming the ring (e.g., a hydrogen atom
terminating a bond(s) of atoms forming the ring) and an
atom(s) of a substituent used for substituting the ring are not
counted in the ring atoms. The same applies to “the ring
atoms” described below unless otherwise specified. For
instance, a pyridine ring has six ring atoms, a quinazoline
ring has ten ring atoms, and a furan ring has five ring atoms.
Ahydrogen atom(s) and/or an atom(s) of a substituent which
are bonded to carbon atoms of a pyridine ring and/or
quinazoline ring are not counted in the ring atoms. When a
fluorene ring is substituted by a substituent (e.g., a fluorene
ring) (i.e., a spirofluorene ring is included), the number of
atoms of the fluorene ring as the substituent is not counted
in the number of the ring atoms of the fluorene ring.
[0137] Next, each of the substituents represented by the
above formulae will be described below.

[0138] Examples of the group (occasionally referred to as
an aryl group) having 6 to 30 ring carbon atoms in the
exemplary embodiment are a phenyl group, biphenyl group,
terphenyl group, naphthyl group, anthryl group, phenanthryl
group, fluorenyl group, pyrenyl group, chrysenyl group,
fluoranthenyl group, benzo[a]anthryl group, benzo[c]
phenanthryl group, triphenylenyl group, benzo[k]fluo-
ranthenyl group, benzo[g]chrysenyl group, benzo[b]triph-
enylenyl group, picenyl group, and perylenyl group.
[0139] The aryl group preferably has 6 to 20 ring carbon
atoms, more preferably 6 to 14 ring carbon atoms, further
preferably 6 to 12 ring carbon atoms. Among the aryl group,
a phenyl group, a biphenyl group, a naphthyl group, phenan-
thryl group, a terphenyl group and a fluorenyl group are
particularly preferable. In a 1-fluorenyl group, 2-fluorenyl
group, 3-fluorenyl group and 4-fluorenyl group, a carbon
atom at a position 9 is preferably substituted by the substi-
tuted or unsubstituted alkyl group having 1 to 30 carbon
atoms or an unsubstituted aryl group having 6 to 18 ring
carbon atoms in a later-described exemplary embodiment.
[0140] The heterocyclic group (occasionally referred to as
a hetero aryl group, hetero aromatic cyclic group, aromatic
heterocyclic group) having 5 to 30 ring atoms in the exem-
plary embodiment preferably contains, as a hetero atom, at
least one atom selected from the group consisting of nitro-
gen atom, sulfur atom, oxygen atom, silicon atom, selenium
atom and germanium atom, more preferably at least one
atom selected from the group consisting of nitrogen atom,
sulfur atom and oxygen atom.
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[0141] Examples of the heterocyclic group (occasionally
referred to as a hetero aryl group, hetero aromatic cyclic
group, aromatic heterocyclic group) having 5 to 30 ring
atoms in the exemplary embodiment are a pyridyl group,
pyrimidinyl group, pyrazinyl group, pyridazynyl group,
triazinyl group, quinolyl group, isoquinolinyl group, naph-
thyridinyl group, phthalazinyl group, quinoxalinyl group,
quinazolinyl group, phenanthridinyl group, acridinyl group,
phenanthrolinyl group, pyrrolyl group, imidazolyl group,
pyrazolyl group, triazolyl group, tetrazolyl group, indolyl
group, benzimidazolyl group, indazolyl group, imida-
zopyridinyl group, benzotriazolyl group, carbazolyl group,
furyl group, thienyl group, oxazolyl group, thiazolyl group,
isoxazolyl group, isothiazolyl group, oxadiazoly!l group,
thiadiazolyl group, benzofuranyl group, benzothiophenyl
group, benzoxazolyl group, benzothiazolyl group, benzisox-
azolyl group, benzisothiazolyl group, benzoxadiazolyl
group, benzothiadiazolyl group, dibenzofuranyl group,
dibenzothiophenyl group, piperidinyl group, pyrrolidinyl
group, piperazinyl group, morpholyl group, phenazinyl
group, phenothiazinyl group, and phenoxazinyl group.

[0142] The heterocyclic group in the exemplary embodi-
ment preferably has 5 to 20 ring atoms, more preferably 5 to
14 ring atoms. Among the above, a 1-dibenzofuranyl group,
2-dibenzofuranyl group, 3-dibenzofuranyl group, 4-diben-
zofuranyl group, 1-dibenzothiophenyl group, 2-dibenzoth-
iophenyl group, 3-dibenzothiophenyl group, 4-dibenzothio-
phenyl group, 1-carbazolyl group. 2-carbazolyl group,
3-carbazolyl group, 4-carbazolyl group, and 9-carbazolyl
group are particularly preferable. In 1-carbazolyl group,
2-carbazolyl group, 3-carbazolyl group and 4-carbazolyl
group, a nitrogen atom at the ninth position is preferably
substituted by a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms or a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms
according to the exemplary embodiment.

[0143] In the exemplary embodiment, the heterocyclic
group may be a group derived from partial structures rep-
resented by formulae (XY-1) to (XY-18) below.

[Formula 148]

XY-1)

(XY-2)
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[Formula 150]
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[0144] In the formulae (XY-1) to (XY-18), X and Y are
each independently a hetero atom, preferably an oxygen
atom, sulfur atom, selenium atom, silicon atom, or germa-
nium atom. Each of the partial structures represented by the
respective formulae (XY-1) to (XY-18) has a bond at any
position to provide a heterocyclic group. The heterocyclic
group may be substituted.

[0145] In the exemplary embodiment, for instance, a sub-
stituted or unsubstituted carbazolyl group may include a
group in which a ring is further fused to a carbazole ring
represented by a formula below. Such a group may have a
substituent. Moreover, the position of the bond may be
changed as needed

[Formula 151]

[0146] The alkyl group having 1 to 30 carbon atoms in the
exemplary embodiment may be linear, branched or cyclic.
Examples of the linear or branched alkyl group are a methyl
group, ethyl group, propyl group, isopropyl group, n-butyl
group, s-butyl group, isobutyl group, t-butyl group, n-pentyl
group, n-hexyl group, n-heptyl group, n-octyl group,
n-nonyl group, n-decyl group, n-undecyl group, n-dodecyl
group, n-tridecyl group, n-tetradecyl group, n-pentadecyl
group, n-hexadecyl group, n-heptadecyl group, n-octadecyl
group, neo-pentyl group, amyl group, isoamyl group,
1-methylpentyl group, 2-methylpentyl group, 1-pentylhexyl
group, 1-butylpentyl group, 1-heptyloctyl group and
3-methylpentyl group.
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[0147] The linear or branched alkyl group in the exem-
plary embodiment preferably has 1 to 10 carbon atoms, more
preferably 1 to 6 carbon atoms. Among the linear or
branched alkyl group, a methyl group, ethyl group, propyl
group, isopropyl group, n-butyl group, s-butyl group, isobu-
tyl group, t-butyl group, n-pentyl group, n-hexyl group,
amyl group, isoamyl group and neopentyl group are par-
ticularly preferable.

[0148] Examples of the cycloalkyl group having 3 to 30
carbon atoms in the exemplary embodiment are a cyclopro-
pyl group, cyclobutyl group, cyclopentyl group, cyclohexyl
group, 4-metylcyclohexyl group, adamantyl group and nor-
bornyl group. The cycloalkyl group preferably has 3 to 10
ring carbon atoms, more preferably 5 to 8 ring carbon atoms.
Among the cycloalkyl group, a cyclopentyl group and a
cyclohexyl group are particularly preferable.

[0149] Ahalogenated alkyl group provided by substituting
the alkyl group with a halogen atom is exemplified by a
halogenated alkyl group provided by substituting the alkyl
group having 1 to 30 carbon atoms with one or more halogen
groups. Specific examples of the above halogenated alkyl
group are a fluoromethyl group, difluoromethyl group, trif-
luoromethyl group, fluoroethyl group, trifluoromethylm-
ethyl group, trifluorcethy! group and pentafluoroethyl group.

[0150] The alkenyl group having 2 to 30 carbon atoms in
the exemplary embodiment may be linear, branched or
cyclic. Examples of the alkenyl group are a vinyl group,
propenyl group, butenyl group, oleyl group, eicosapentaenyl
group, docosahexaenyl group, styryl group, 2,2-diphenylvi-
nyl group, 1,2,2-triphenylvinyl group, 2-phenyl-2-propenyl
group, cyclopentadienyl group, cyclopentenyl group, cyclo-
hexenyl group and cyclohexadienyl group.

[0151] The alkynyl group having 2 to 30 carbon atoms in
the exemplary embodiment may be linear, branched or
cyclic. Examples of the alkynyl group having 2 to 30 carbon
atoms are an ethynyl group, a propynyl group and a 2-phe-
nylethynyl group.

[0152] Examples of the substituted silyl group in the
exemplary embodiment are an alkylsilyl group having 3 to
30 carbon atoms and arylsilyl group having 6 to 30 ring
carbon atoms.

[0153] The alkylsilyl group having 3 to 30 carbon atoms
in the exemplary embodiment is exemplified by a trialkyl-
silyl group having the above examples of the alkyl group
having 1 to 30 carbon atoms. Specific examples of the
alkylsilyl group are a trimethylsilyl group, triethylsilyl
group, tri-n-butylsilyl group, tri-n-octylsilyl group, triisobu-
tylsilyl group, dimethylethylsilyl group, dimethylisopropyl-
silyl group, dimethyl-n-propylsilyl group, dimethyl-n-butyl-
silyl group, dimethyl-t-butylsilyl group,
diethylisopropylsilyl group, vinyl dimethylsilyl group, pro-
pyldimethylsilyl group, and triisopropylsilyl group. Three
alkyl groups in the trialkylsilyl group may be the same or
different.

[0154] Examples of the arylsilyl group having 6 to 30 ring
carbon atoms in the exemplary embodiment are a dialky-
larylsilyl group, alkyldiarylsilyl group and triarylsilyl group.
[0155] The dialkylarylsilyl group is exemplified by a
dialkylarylsilyl group including two of the alkyl group listed
as the examples of the alkyl group having 1 to 30 carbon
atoms and one of the aryl group listed as the examples of the
aryl group having 6 to 30 ring carbon atoms. The dialky-
larylsilyl group preferably has 8 to 30 carbon atoms.
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[0156] The alkyldiarylsilyl group is exemplified by an
alkyldiarylsilyl group including one of the alkyl group listed
as the examples of the alkyl group having 1 to 30 carbon
atoms and two of the aryl group listed as the examples of the
aryl group having 6 to 30 ring carbon atoms. The alkyldiar-
ylsilyl group preferably has 13 to 30 carbon atoms.

[0157] The triarylsilyl group is exemplified by a triarylsi-
lyl group including three of the aryl group listed as the
examples of the aryl group having 6 to 30 ring carbon atoms.
The triarylsilyl group preferably has 18 to 30 carbon atoms.
[0158] The alkoxy group having 1 to 30 carbon atoms in
the exemplary embodiment is represented by —OZ,. Z, is
exemplified by the above alkyl group having 1 to 30 carbon
atoms. Examples of the alkoxy group are a methoxy group,
ethoxy group, propoxy group, butoxy group, pentyloxy
group and hexyloxy group. The alkoxy group preferably has
1 to 20 carbon atoms.

[0159] A halogenated alkoxy group provided by substitut-
ing the alkoxy group with a halogen atom is exemplified by
a halogenated alkoxy group provided by substituting the
alkoxy group having 1 to 30 carbon atoms with one or more
fluorine groups.

[0160] The aryloxy group having 6 to 30 ring carbon
atoms in the exemplary embodiment is represented by
—07Z,. 7, is exemplified by the above aryl group having 6
to 30 ring carbon atoms. The aryloxy group preferably has
6 to 20 ring carbon atoms. The aryloxy group is exemplified
by a phenoxy group.

[0161] The alkylthio group having 1 to 30 carbon atoms is
represented by —SR . R is exemplified by the alkyl group
having 1 to 30 carbon atoms. The alkylthio group preferably
has 1 to 20 carbon atoms.

[0162] The arylthio group having 6 to 30 ring carbon
atoms is represented by —SR. R, is exemplified by the
above aryl group having 6 to 30 ring carbon atoms. The
arylthio group preferably has 6 to 20 ring carbon atoms.
[0163] Examples of the halogen atom are a fluorine atom,
a chlorine atom, a bromine atom and an iodine atom, among
which a fluorine atom is preferable.

[0164] An aldehyde group, a carbonyl group, an ester
group, a carbamoyl group and an amino group may be
substituted by an aliphatic hydrocarbon, an alicyclic hydro-
carbon, an aromatic hydrocarbon or a hetero ring, where the
aliphatic hydrocarbon, the alicyclic hydrocarbon, the aro-
matic hydrocarbon, and the hetero ring may further include
a substituent.

[0165] A siloxanyl group is a silicon compound group
with an ether bond, examples of which include a trimeth-
ylsiloxanyl group.

[0166] Herein, “carbon atoms forming a ring (ring carbon
atoms)” mean carbon atoms forming a saturated ring,
unsaturated ring, or aromatic ring. “Ring atoms” mean
carbon atoms and hetero atoms forming a hetero ring
including a saturated ring, an unsaturated ring and an
aromatic ring.

[0167] Further, in the exemplary embodiment, a hydrogen
atom includes isotopes having different numbers of neu-
trons, specifically, protium, deuterium and tritium.

[0168] Examples of the substituent meant by “substituted
or unsubstituted” include aralkyl group, alkylamino group,
arylamino group, hydroxyl group, nitro group and carboxy
group in addition to the above-described aryl group, hetero-
cyclic group, alkyl group (linear or branched alkyl group,
cycloalkyl group and haloalkyl group), alkenyl group, alky-
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nyl group, alkylsilyl group, arylsilyl group, alkoxy group,
aryloxy group, alkylthio group, arylthio group, halogen
atom and cyano group.

[0169] Among the above substituents, an aryl group, a
heterocyclic group, an alkyl group, a halogen atom, an
alkylsilyl group, an arylsilyl group and a cyano group are
preferable. More preferable substituents are one listed as the
preferable substituents described for each substituent.
[0170] The above substituents may further be substituted
by an aralkyl group, alkylamino group, arylamino group,
hydroxyl group, nitro group and carboxy group in addition
to the above-described aryl group, heterocyclic group, alkyl
group, alkenyl group, alkynyl group, alkylsilyl group, aryl-
silyl group, alkoxy group, aryloxy group, alkylthio group,
arylthio group, halogen atom and cyano group. In addition,
adjacent two or more of the substituents may be bonded to
each other to form a ring.

[0171] The aralkyl group preferably has 6 to 30 ring
carbon atoms and is represented by —7Z,—7,. 75 is exem-
plified by an alkylene group corresponding to the above
alkyl group having 1 to 30 carbon atoms. Z, is exemplified
by the above aryl group having 6 to 30 ring carbon atoms.
The aralkyl group is preferably an aralkyl group having 7 to
30 carbon atoms, in which an aryl portion has 6 to 30 carbon
atoms, preferably 6 to 20 carbon atoms, more preferably 6
to 12 carbon atoms, and an alkyl portion has 1 to 30 carbon
atoms, preferably 1 to 20 carbon atoms, more preferably 1
to 10 carbon atoms, further preferably 1 to 6 carbon atoms.
Examples of the aralkyl group include a benzyl group,
2-phenylpropane-2-yl group, 1-phenylethyl group, 2-pheny-
lethyl group, 1-phenylisopropyl group, 2-phenylisopropyl
group, phenyl-t-butyl group, a-naphthylmethyl group, 1-a-
naphthylethyl group, 2-a-naphthylethyl group, 1-a-naphth-
ylisopropyl group, 2-a-naphthylisopropyl group, -naphth-
ylmethyl group, 1-f-naphthylethyl group, 2-f-naphthylethyl
group, 1-f-naphthylisopropyl group. and 2-f-naphthyliso-
propyl group.

[0172] The alkylamino group having 2 to 30 carbon atoms
is represented by —NHR . or —N(R),. R} is exemplified
by the alkyl group having 1 to 30 carbon atoms.

[0173] The acylamino group having 6 to 60 ring carbon
atoms is represented by —NHR, or —N(Ry),. Ry is
exemplified by the above aryl group having 6 to 30 ring
carbon atoms.

[0174] “Unsubstituted” in “substituted or unsubstituted”
means that a group is not substituted by the above-described
substituents but bonded with a hydrogen atom.

[0175] In the exemplary embodiment, “XX to YY carbon
atoms” in the description of “substituted or unsubstituted 77
group having XX to YY carbon atoms” represent carbon
atoms of an unsubstituted ZZ group and do not include
carbon atoms of a substituent(s) of the substituted ZZ group.
Here, “YY” is larger than “XX.” Each of “XX” and “YY”
represents an integer of 1 or more.

[0176] In the exemplary embodiment, “XX to YY atoms”
in the description of “substituted or unsubstituted ZZ group
having XX to YY atoms” represent atoms of an unsubsti-
tuted ZZ group and does not include atoms of a substituent
(s) of the substituted 77 group. Here, “YY” is larger than
“XX.” Each of “XX” and “YY” represents an integer of 1 or
more.

[0177] In the exemplary embodiment, when the substitu-
ents are bonded to each other to form a ring structure, the
ring structure is in a form of a saturated ring, an unsaturated
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ring, an aromatic hydrocarbon ring or a hetero ring. More-
ovet, in the exemplary embodiment, examples of the aro-
matic hydrocarbon ring and the hetero ring include a cyclic
structure from which the above monovalent group is
derived.

[0178] In the exemplary embodiment, examples of the
aromatic hydrocarbon group and the heterocyclic group in
the linking group include a divalent or multivalent group
obtained by eliminating one or more atoms from the above
monovalent groups. Further, the “linear or branched hydro-
carbon group having a carbon-carbon double bond and 2 to
30 carbon atoms” in the linking group is exemplified by a
divalent or multivalent group obtained by eliminating one or
more atoms from the above alkenyl groups, and the “linear
or branched hydrocarbon group having a carbon-carbon
triple bond and 2 to 30 carbon atoms” in the linking group
is exemplified by a divalent or multivalent group obtained
by eliminating one or more atoms from the above alkynyl
groups.

[0179] Since the compound of the exemplary embodiment
has the above-described arrangement, it is believed that the
electron mobility is appropriately restrained. In the organic
EL device 1 containing the compound of the exemplary
embodiment in the electron transporting layer 8, it is
believed that the position at which electrons and holes are
recombined to emit light is remote from the hole transport-
ing layer 6. It is believed that, as a result, the degradation of
the compound contained in the hole transporting layer 6 is
restrained to prolong the lifetime of the organic EL device 1.
Further, according to the compound of the exemplary
embodiment, since the electron mobility is restrained at an
appropriate level, the organic EL device 1 can emit light
while the drive voltage is kept at an appropriate level.

Electronic Device

[0180] The organic EL device 1 according to the exem-
plary embodiment of the invention is usable for an electronic
device such as a display device and a light-emitting device.
Examples of the display device include a display component
such as an organic EL panel module, TV, mobile phone,
tablet and personal computer. Examples of the light-emitting
device include an illuminator and a vehicle light.

Modification of Embodiment(s)

[0181] It should be noted that the invention is not limited
to the above exemplary embodiments but may include any
modification and improvement as long as such modification
and improvement are compatible with the invention.
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[0182] The arrangement of the organic EL device is not
limited to the arrangement described in the exemplary
embodiment.

[0183] For instance, a blocking layer may be provided
adjacent to the emitting layer closer to the anode and/or
closer to the cathode. The blocking layer preferably abuts on
the emitting layer and blocks at least one of holes, electrons
and excitons.

[0184] For instance, when the blocking layer is provided
abutting on the side of the emitting layer closer to the
cathode, the blocking layer transports the electrons and
blocks the holes from reaching a layer (e.g., the electron
transporting layer) closer to the cathode beyond the blocking
layer. When the organic FL device includes the electron
transporting layer, the organic EL device preferably includes
the blocking layer between the emitting layer and the
electron transporting layer.

[0185] When the blocking layer is provided abutting on
the side of the emitting layer closer to the anode, the
blocking layer transports the holes and blocks the electrons
from reaching a layer (e.g., the hole transporting layer)
closer to the anode beyond the blocking layer. When the
organic EL device includes the hole transporting layer, the
organic EL device preferably includes the blocking layer
between the emitting layer and the hole transporting layer.
[0186] Moreover, the blocking layer may abut on the
emitting layer so that excited energy does not leak out from
the emitting layer toward neighboring layer(s). Accordingly,
the blocking layer blocks excitons generated in the emitting
layer from transferring to a layer(s) (e.g., the electron
transporting layer and the hole transporting layer) closer to
the electrode(s) beyond the blocking layer.

[0187] The emitting layer and the blocking layer prefer-
ably abut on each other.

[0188] In addition, the specific structure and shapes for
practicing the invention may be altered to other structures
and shapes as long as such other structures and shapes are
compatible with the invention.

[0189] The compound according to the exemplary
embodiment may be contained in the electron injecting layer
9 or may be contained in both of the electron transporting
layer 8 and the electron injecting layer 9. The compound
according to the exemplary embodiment may be contained
in the other organic layer(s).

EXAMPLES

[0190] Examples of the invention will be described below.
It should be understood that, however, the scope of the
invention is not limited by the Examples.

Synthesis Example 1

[0191]
below.

A synthesis scheme of a compound (1) is shown

[Formula 152]
(HO),B \ /
N
Pd(PPhs)y
Na;CO3

Q

toluene-EtOH
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N -continued
0 NH
©)tNH2—HCl

H

0 S Br
MeONa _ NaOH
\ N/ EtOH
B(OH),

N

Pd(PPhs)s
Na.zCO3

toluene-EtOH

(1-1) Synthesis of Intermediate (A1)

[0192] Under an argon gas atmosphere, toluene (2250 mlL.)
and ethanol (750 mL) were added to a mixture of 4-bromo-
acetophenone (183 g, 0.919 mol), 3-pyridine boronic acid
(124 g, 1.01 mol), tetrakis(triphenylphosphine palladium(0)
(21.3 g, 0.0184 mol) and 2M aqueous solution of sodium
carbonate (1.38 L, 2.76 mol), and the mixture solution was
stirred at 75 degrees C. for 12 hours. After the reaction, the
mixture solution was cooled to a room temperature, added
with 3 L of water and separated. Subsequently, an organic
layer was condensed under reduced pressure. The mixture
was dissolved in toluene at a reflux temperature and was
passed through a short column chromatography of silica gel.
The obtained solution was condensed under reduced pres-

sure and added with heptane, where crystals were precipi-
tated, so that an intermediate (A1) (182 g, 0.923 mol) was
obtained. An yield of the intermediate (A1) was 100%.

(1-2) Synthesis of Intermediate (A2)

[0193] Under an argon gas atmosphere, methanol solution
(28%, 50 mL) of sodium methoxide was dropped to a
mixture of3,5-dibromobenzaldehyde (180 g, 0.682 mol), the
intermediate (A1) (135 g, 0.682 mol) and ethanol (4 L), and
the mixture solution was stirred at room temperature for 3
hours. After stirring, benzamidine hydrochloride (107 g,
0.682 mol) and sodium hydroxide (33 g, 0.818 mol) were
added to the mixture solution and the mixture solution was
stirred at 75 degrees C. for 18 hours. After the reaction, the
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mixture solution was cooled to a room temperature, and the
precipitate was filtrated and washed using methanol. After
washing, the precipitate was heated and dissolved in toluene
and was filtrated. After cooling the filtrate, precipitate was
separated by filtration to obtain an intermediate (A2) (140 g,
0.258 mol). An yield of the intermediate (A2) was 37%.

(1-3) Synthesis of Compound (1) Under an argon gas
atmosphere, toluene (750 mL) and ethanol (250 mL) were
added to a mixture of the intermediate (A2) (52.0 g, 95.7
mmol), dibenzothiophene-2-boronic acid (48.0 g, 211
mmol), tetrakis(triphenylphosphine)palladium(0) (4.40 g,
3.83 mmol) and 2M aqueous solution of sodium carbonate
(30.4 g, 287 mmol) and the mixture solution was stirred at
85 degrees C. for 17 hours. After the reaction, the mixture
solution was cooled to a room temperature, and precipitated
crystals were separated by filtration. After the filtration, the
precipitated crystals were purified using xylene and chlo-
robenzene in a recrystallization method to obtain a com-
pound (1) (47.5 g, 62.7 mmol). An yield of the compound (1)
was 66%. As a result of mass spectroscopy, it was found that
m/e=749 and the compound was identified to be the above
compound (1) (Exact mass: 749.20).

Synthesis Example 2

[0194] A synthesis scheme of a compound (2) is shown
below.
[Formula 153]
Br /
\_
B(OH), Pd(PPh3ly
NazCOg
toluene-DME
0]
Br
O
H
Br
\ / NaOH
N -
o MeOH
(BD
NH
NH,—HCI
NaOH _
EtOH
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-continued
B(OH),

S

Pd(PPhs)y
K»CO;

THF—I,0

@

(2-1) Synthesis of Intermediate (B1)

[0195] Under an argon gas atmosphere, toluene (158 mL)
and 1,2-dimethoxyethane (158 mL) were added to a mixture
of 3-bromopyridine (10.0 g, 63.3 mmol), 3-acetylphenyl
boronic acid (12.5 g, 75.9 mol), tetrakis(triphenylphosphine)
palladium(0) (2.20 g, 1.90 mmol) and 2M aqueous solution
of sodium carbonate (26.8 g, 253 mmol), and the mixture
solution was stirred at a reflux temperature for 10 hours.
After the reaction, the mixture solution was cooled to a room
temperature. After cooling, the mixture was filtrated. After
the filtration, the filtrated substance was subjected to extrac-
tion using acetic ether. After the extraction, the extracted
substance was washed using saturated saline. After washing,
the solution obtained after drying using sodium sulfate was
condensed under a reduced pressure. After the condensation
under the reduced pressure, the condensed substance was
purified by a silica-gel column chromatography, thereby
obtaining an intermediate (B1) (10.8 g, 54.8 mmol). An
vield of the intermediate (B1) was 87%.

(2-2) Synthesis of Intermediate (B2)

[0196] Under an argon gas atmosphere, sodium hydride
(900 mg, 22.7 mmol) was added to a mixture of 3,5-
dibromobenzaldehyde (6.00 g, 22.7 mmol), the intermediate
(B1) (4.50 g, 22.7 mmol) and methanol (57 mL), and the
mixture solution was stirred at room temperature for 3 hours.
After the reaction, the reactant was separated by filtration
and washed with methanol to obtain an intermediate (B2)
(6.36 g, 14.4 mmol). An yield of the intermediate (B2) was
63%.

(2-3) Synthesis of Intermediate (B3)

[0197] Under an argon gas atmosphere, sodium hydride
(50 mg, 1.36 mmol) was added to a mixture of the inter-
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mediate (B2) (500 mg, 1.13 mmol), benzamidine hydrochlo- _continued
ride (180 mg, 1.13 mol) and ethanol (6 mL), and the mixture [Formula 155]
solution was stirred while being heated and refluxed for 8 Br
hours. After the reaction, the mixture solution was cooled to 0

a room temperature and the precipitate was separated by

filtration and washed with water and methanol to obtain an

intermediate (B3) (260 mg, 0.479 mmol). An yield of the H
intermediate (B3) was 42%.

(2-4) Synthesis of Compound (2) NaOFH
[0198] Under an argon gas atmosphere, tetrahydrofuran EtOH
(35 mL) was added to the intermediate (B3) (3.80 g, 6.99 0
mmol), dibenzothiophene-2-boronic acid (4.00 g, 17.5
mmol), tetrakis(triphenylphosphine)palladium(0) (480 mg,
0.419 mmol) and 2M aqueous solution of sodium carbonate

(3.90 g, 28.0 mmol), and the mixture solution was heated

and refluxed while being stirred for 8 hours. After the
reaction, the mixture solution was cooled to a room tem-
perature, and precipitated crystals were separated by filtra- o NaOFH
tion and washed using water and methanol. After being \ (€2)
washed, the precipitated crystals were dissolved in heated

toluene, passed through a short column chromatography and

X B
was condensed under a reduced pressure. Then, the solution g Q

Br

—_—
EtOH

was purified through recrystallization in toluene and metha-
nol washing to obtain a compound (2) (3.78 g, 5.04 mmol).
An yield of the compound (2) was 72%. As a result of mass
spectroscopy. it was found that m/e=749 and the compound
was identified to be the above compound (2) (Exact mass:
749.20).

(€3

Synthesis Example 3 B0
[0199] A synthesis scheme of a compound (3) is shown O O
below.
5
_ [Formula 154] Pd(PPhy),
K,CO;
Br >
THF—H,0
CN \ N/ -
Pd(PPly)s
Na.j_CO3
_—m
toluene-DME / \N
(HO:)ZB (C4)
CN
1) LHMDS
2)HCI
\ 7/
N
€1
HN
NH,— HCI

&)

)
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(3-1) Synthesis of Intermediate (C1)

[0200] Under an argon gas atmosphere, toluene (158 mlL.)
and 1,2-dimethoxyethane (158 mL) were added to a mixture
of 3-bromopyridine (10.0 g, 63.3 mmol), 4-cyanophenyl
boronic acid (11.2 g, 75.9 mmol), tetrakis(triphenylphos-
phine)palladium(0) (2.20 g, 1.90 mmol) and 2M aqueous
solution of sodium carbonate (26.8 g, 253 mmol), and the
mixture solution was stirred at a reflux temperature for 8
hours. After the reaction, the mixture solution was cooled to
aroom temperature. After cooling, the mixture was filtrated.
After the filtration, the filtrated substance was subjected to
extraction using acetic ether. After the extraction, the
extracted substance was washed using saturated saline. After
washing, the solution obtained after drying using sodium
sulfate was condensed under a reduced pressure. After the
condensation under the reduced pressure, the condensed
substance was purified by a silica-gel column chromatog-
raphy, thereby obtaining an intermediate (C1) (9.59 g, 53.2
mmol). An yield of the intermediate (C1) was 84%.

(3-2) Synthesis of Intermediate (C2)

[0201] Under an argon gas atmosphere, tetrahydrofuran
(92.5 mL) was added to the intermediate (C1) (3.00 g, 16.7
mmol) and the mixture solution was cooled to -5 degrees C.
After cooling, 26% tetrahydrofuran solution (1.3 mol/L, 51
ml, 66.6 mmol) of lithium bis(trimethylsilyl)amide was
dropped while being cooled in an ice bath. After the drop-
ping process, the temperature of the solution was raised to
an ambient temperature. After raising the temperature, the
solution was again cooled to -5 degrees C. While cooling in
an ice bath, cyclopentylmethylether solution of hydrochloric
acid (4 mol/L,, 55.5 mL, 222 mmol) was dropped in the
solution and the solution was stirred at 0 degrees C. for two
hours. After the reaction, precipitated crystal was separated
by filtration and washed with hexane and diethylether to
obtain a crude product of an intermediate (C2) (7.94 g). It
should be noted that lithium bis(trimethylsilyl)amide is
sometimes abbreviated as LHMDS herein.

(3-3) Synthesis of Intermediate (C3)

[0202] Under an argon gas atmosphere, sodium hydride
(0.990 g, 24.6 mmol) was added to a mixture of acetophe-
none (2.28 g, 19.0 mmol), 3,5-dibromobenzaldehyde (5.00
2, 19.0 mmol), ethanol (50 mL) and water (10 mL), and the
mixture solution was stirred at room temperature for 6 hours.
After the reaction, the mixture was separated by filtration
and washed with water to obtain an intermediate (C3) (5.96
g, 16.3 mmol). An yield of the intermediate (C3) was 86%.

(3-4) Synthesis of Intermediate (C4)

[0203] Under an argon gas atmosphere, sodium hydride
(540 mg, 13.5 mmol) was added to a mixture of the
intermediate (C3) (500 mg, 1.37 mmol), the intermediate
(C2) (670 mg, 2.47 mol) and ethanol (14 mL), and the
mixture solution was stirred while being heated and refluxed
for 14 hours. After the reaction, the mixture solution was
cooled to a room temperature, and the precipitate was
separated by filtration and washed with water and ethanol to
obtain an intermediate (C4) (320 mg, 0.589 mmol). An yield
of the intermediate (C4) was 43%.
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(3-5) Synthesis of Compound (3)

[0204] Under an argon gas atmosphere, tetrahydrofuran
(46 mL) was added to a mixture of the intermediate (C4)
(5.00 g, 9.20 mmol), dibenzothiophene-2-boronic acid (5.20
g, 23.0 mmol), tetrakis(triphenylphosphine)palladium(0)
(640 mg, 0.552 mmol) and 2M aqueous solution of sodium
carbonate (5.10 g, 36.8 mmol) and the solution was heated
and refluxed while being stirred for 7 hours. After the
reaction, the mixture solution was cooled to a room tem-
perature, and the precipitated solid was separated by filtra-
tion and washed using water and methanol. After being
washed, the precipitated solid was dissolved in heated
toluene, passed through a short column chromatography and
was condensed under a reduced pressure. After the conden-
sation under a reduced pressure, the solid was purified
through recrystallization in toluene and methanol washing to
obtain a compound (3) (4.22 g, 5.62 mmol). An yield of the
compound (3) was 61%. As a result of mass spectroscopy, it
was found that m/e=749 and the compound was identified to
be the above compound (3) (Exact mass: 749.20).

Synthesis Example 4

[0205]
below.

A synthesis scheme of a compound (4) is shown

[Formula 156]

B(OH),

Pd(PPhy)4
NazCO3

toluene-EtOH

@
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(4-1) Synthesis of Compound (4)

[0206] Under an argon gas atmosphere, toluene (750 mL)
and ethanol (250 ml) were added to a mixture of the
intermediate (A2) (52.0 g, 95.7 mmol), dibenzofuran-2-
boronic acid (44.7 g, 211 mmol), tetrakis(triphenylphos-
phine)palladium(0) (4.40 g, 3.83 mmol) and 2M aqueous
solution of sodium carbonate (30.4 g, 287 mmol) and the
solution was stirred at 85 degrees C. for 15 hours. After the
reaction, the mixture solution was cooled to a room tem-
perature, and precipitated crystals were separated by filtra-
tion. After the filtration, the precipitated crystals were puri-
fied using xylene and chlorobenzene in a recrystallization
method to obtain a compound (4) (42.4 g, 59.0 mmol). An
vield of the compound (4) was 66%. As a result of mass
spectroscopy. it was found that m/e=717 and the compound
was identified to be the above compound (4) (Exact mass:
717.24).

Synthesis Example 5

[0207] A synthesis scheme of a compound (5) 1s shown
below.
[Formula 157]
B(OH)
N? ’
x
N=—
Pd(PPhs),
Br4®—<\ N N32C03

toluene-EtOH

Pd(PPhs),
Na2C03

toluene-EtOH

(Y]
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-continued

(5-1) Synthesis of Intermediate (D1)

[0208] Under an argon gas atmosphere, toluene (1500 mL)
and ethanol (500 mL) were added to a mixture of 2,4-bis
(4-bromophenyl)-6-phenyl-1,3,5-triazine (128 g, 275
mmol), 3-pyridyl boronic acid (33.8 g, 275 mmol), tetrakis
(triphenylphosphine)palladium(0) (6.36 g, 5.50 mmol) and
2M aqueous solution of sodium carbonate (43.8 g, 413
mmol), and the mixture solution was stirred at 85 degrees C.
for 8 hours. After the reaction, the mixture solution was
cooled to a room temperature, and precipitated crystals were
separated by filtration. After the filtration, the precipitated
crystals were purified by silica-gel column chromatography,
thereby obtaining an intermediate (D1) (51.2 g, 110 mmol).
An yield of the intermediate (D1) was 40%.

(5-2) Synthesis of Compound (5)

[0209] Under an argon gas atmosphere, toluene (750 mL)
and ethanol (250 ml.) were added to a mixture of the
intermediate (D1) (50.0 g, 107 mmol), dibenzothiophene-2-
boronic acid (26.9 g, 118 mmol), tetrakis(triphenylphos-
phine)palladium(0) (1.46 g, 1.27 mmol) and 2M aqueous
solution of sodium carbonate (17.1 g, 161 mmol) and the
mixture solution was stirred at 85 degrees C. for 15 hours.
After the reaction, the mixture solution was cooled to a room
temperature, and precipitated crystals were separated by
filtration. After the filtration, the precipitated crystals were
purified using xylene and chlorobenzene in a recrystalliza-
tion method to obtain a compound (5) (42.6 g, 74.9 mmol).
An yield of the compound (5) was 70%. As a result of mass
spectroscopy, it was found that m/e=568 and the compound

was identified to be the above compound (5) (Exact mass:
568.17).

Synthesis Example 6

[0210]
below.

A synthesis scheme of a compound (6) is shown
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[Formula 158]

B(OH)

X
Pd(PPhy),

Q NaxCO;3
Br 14-dioxane

Q
o \ NH
Br
NH, -HCI

MeONa NaOH
N\ / EtOE—THF
ED
B(OH),
‘ :s
—N PA(PPhy),
NazCO3

toluene-EtOH

(£2)
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(6-1) Synthesis of Intermediate (E1)

[0211] Under an argon gas atmosphere, dioxane (520 mL.)
was added to a mixture of 4-bromoacetophenone (27.9 g,
140 mmol), quinoline-8-boronic acid (24.2 g, 140 mmol),
tetrakis(triphenylphosphine)palladium(0) (3.20 g, 2.80
mmol), and 2M aqueous solution of sodium carbonate (140
mlL, 280 mol), and the mixture solution was stirred at 85
degrees C. for 58 hours. After the reaction, the mixture
solution was cooled to a room temperature, added with
toluene (300 mL) and water (300 mL) and separated. Sub-
sequently, an organic layer was condensed under reduced
pressure. The mixture was dissolved in toluene and was
passed through a short column chromatography of silica gel.
The obtained solution was condensed under reduced pres-
sure, where crystals were precipitated, thereby obtaining an
intermediate (E1) (27.4 g, 109 mmol). An yield of the
intermediate (E1) was 78%.

(6-2) Synthesis of Intermediate (E2)

[0212] Under an argon gas atmosphere, methanol solution
(28%, 9 mL) of sodium methoxide was dropped to a mixture
of 4-bromobenzaldehyde (20.5 g, 111 mmol), the interme-
diate (E1) (27.4 g, 111 mmol), ethanol (410 mL) and
tetrahydrofuran (270 mL), and the mixture solution was
stirred at room temperature all night. After stirring, benz-
amidine hydrochloride (17.4 g, 111 mmol) and sodium
hydroxide (5.30 g, 130 mmol) were added to the mixture
solution and the mixture solution was stirred at 70 degrees
C. for 23 hours. After the reaction, the mixture solution was
cooled to a room temperature, water (280 mL) was added

[Formula 159]

Fn
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and precipitated substances were separated by filtration and
washed using methanol. After being washed, the mixture
was dissolved in heated toluene and was passed through a
short column chromatography of silica gel. The obtained
solution was condensed under reduced pressure, where
crystals were precipitated, thereby obtaining an intermediate
(E2) (15.4 g,30.0 mmol). An yield of the intermediate (E2)
was 27%.

(6-3) Synthesis of Compound (6)

[0213] Under an argon gas atmosphere, toluene (180 mL)
and ethanol (60 mL) were added to a mixture of the
intermediate (E2) (15.4 g, 25.0 mmol), dibenzothiophene-
2-boronic acid (6.27 g, 27.5 mmol), tetrakis(triphenylphos-
phine)palladium(0) (0.578 g, 0.500 mmol) and 2M aqueous
solution of sodium carbonate (3.98 g, 37.5 mmol), and the
solution was stirred at 85 degrees C. for 17 hours. After the
reaction, the mixture solution was cooled to a room tem-
perature, and precipitated crystals were separated by filtra-
tion. After the filtration, the precipitated crystals were puri-
fied using xylene and chlorobenzene in a recrystallization
method to obtain a compound (6) (10.8 g, 17.5 mmol). An
vield of the compound (6) was 70%. As a result of mass
spectroscopy, it was found that m/e=617 and the compound
was identified to be the above compound (6) (Exact mass:
617.19).

Synthesis Example 7

[0214]
below.

A synthesis scheme of a compound (7) is shown

A

. N
Pd(PPhy),
NazCO;

toluene-EtOH

NH, -HCI
NaOH

MeONa
FtOH—THF
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B(OH),

Pd(PPhy)

N3.2C 03

F2)

toluene-EtOH

(7-1) Synthesis of Intermediate (F1)

[0215] Under an argon gas atmosphere, toluene (416 mL)
and ethanol (154 mL) were added to a mixture of 4-bromo-
acetophenone (25.0 g, 126 mmol), 4-(4,4,5,5-tetramethyl-1,
3,2-dioxaborolane-2-yl)isoquinoline (32.0 g, 126 mmol),
tetrakis(triphenylphosphine)palladium(0) (2.90 g, 2.51
mmol) and 2M aqueous solution of sodium carbonate (126
ml, 251 mol), and the mixture solution was stirred at 75
degrees C. for 39 hours. After the reaction, the mixture
solution was cooled to a room temperature, added with
toluene (200 mL) and water (200 mL) and separated. Sub-
sequently, an organic layer was condensed under reduced
pressure. The mixture was dissolved in toluene and was
passed through a short column chromatography of silica gel.
The obtained solution was condensed under reduced pres-
sure, where crystals were precipitated, thereby obtaining an
intermediate (F1) (23.7 g, 95.8 mmol). An yield of the
intermediate (F1) was 76%.

(7-2) Synthesis of Intermediate (F2)

[0216] Under an argon gas atmosphere, methanol solution
(28%, 7.2 mL) of sodium methoxide was dropped to a
mixture of 4-bromobenzaldehyde (17.2 g, 93.0 mmol), the

intermediate (F1) (23.0 g, 93.0 mmol), ethanol (400 mL) and
tetrahydrofuran (200 mL), and the mixture solution was
stirred at room temperature for 2 hours. After stirring,
benzamidine hydrochloride (14.6 g, 3.0 mmol) and sodium
hydroxide (4.46 g, 112 mmol) were added to the mixture
solution and the mixture solution was stirred at 72 degrees
C. for 17 hours. After the reaction, the mixture solution was
cooled to a room temperature, water (400 mL) was added
and precipitated substances were separated by filtration and
washed using water and methanol. After being washed, the
mixture was dissolved in heated toluene and was passed
through a short column chromatography of silica gel. The
obtained solution was condensed under reduced pressure,
where crystals were precipitated, thereby obtaining an inter-
mediate (F2) (19.0 g, 37.2 mmol). An yield of the interme-
diate (F2) was 40%.

(7-3) Synthesis of Compound (7)

[0217] Under an argon gas atmosphere, toluene (230 mL)
and ethanol (80 mL) were added to a mixture of the
intermediate (F2) (17.0 g, 33.0 mmol), dibenzothiophene-
2-boronic acid (8.28 g, 36.3 mmol), tetrakis(triphenylphos-
phine)palladium(0) (0.763 g, 0.660 mmol) and 2M aqueous
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solution of sodium carbonate (5.25 g, 49.5 mmol), and the
mixture solution was stirred at 85 degrees C. for 20 hours.
After the reaction, the mixture solution was cooled to aroom
temperature, and precipitated crystals were separated by
filtration. After the filtration, the precipitated crystals were
purified using xylene and chlorobenzene in a recrystalliza-
tion method to obtain a compound (7) (14.3 g, 23.1 mmol).
An yield of the compound (7) was 70%. As a result of mass
spectroscopy. it was found that m/e=617 and the compound
was identified to be the above compound (7) (Exact mass:
617.19).

[0218] Other compounds of the exemplary embodiment
can be synthesized according to known substitution reac-
tions and materials in accordance with a target compound in
a manner similar to the above reactions.

(8-1) Evaluation of Compounds

[0219] Electron mobility p, of each of the compounds was
evaluated using impedance spectroscopy. Single carrier
devices having the following layer structure were prepared.
[0220] Al (80)measurement target compound (200)/com-
pound E-2 (10)/LiF (1)/Al (80)

[0221] Numerals in parentheses represent a film thickness
(unit: nm).
[0222] The used measurement target compounds were the

compound (1), the compound (3) and the following com-
pound E-1.

[Formula 160]

[0223]

In order to measure the electron mobility, DC
voltage with 100 mV of alternating voltage is applied to each
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of the single carrier devices to measure a complex modulus.
With a proviso that a frequency at which the imaginary part
of the complex modulus is the maximum is represented by
f...(Hz), a response time T (sec.) was calculated as T=1/2/
vt ., and electric-field-intensity dependency of the elec-
tron mobility was determined using the calculated value.
Values when the electric field intensity was 0.25 MV/cm are
shown in Table 1.

TABLE 1

(em?/V - 5))
Compound 1 63 % 107
Compound 3 6.6 x 107¢
Compound E-1 1.0x 107

Manufacture of Organic EL Device

[0224] Compounds used for manufacturing an organic EL
device will be shown below.

[Formula 161]
HI-1
NC CN
N N
HT-1
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HT-2
(6]

O N O
./‘/./ \.?
[Formula 162]

BH-1
BD-1

(J

OO

o

E-3

[Formula 163]
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Example 1

[0225] A glass substrate (size: 25 mmx75 mmx1.1-mm
thick, manufactured by Geomatec Co., Ltd.) having an ITO
transparent electrode (anode) was subjected to ultrasonic-
cleaning in isopropyl alcohol for five minutes, and then
UV/ozone-cleaning for 30 minutes. After the glass substrate
having the transparent electrode line was cleaned, the glass
substrate was mounted on a substrate holder of a vacuum
evaporation apparatus. Initially, a compound HI-1 was
deposited on a surface of the glass substrate where the
transparent electrode line was provided in a manner to cover
the transparent electrode, thereby forming a 5-nm thick HI-1
film as a hole injecting layer.

[0226] Next, the compound HT-1 as a first hole transport-
ing material was deposited on the hole injecting layer to
form an 80-nm thick HT-1 film as a first hole transporting
layer.

[0227] Next, the compound HT-2 was deposited on the
first hole transporting layer to form a 10-nm thick HT-2 film
as a second hole transporting layer.

[0228] The compound BH-1 and the compound BD-1
(mass ratio of BH-1 to BD-1 was 24:1) were co-deposited on
the HT-2 film to form a 25-nm thick emitting layer.

[0229] Subsequently to the formation of the emitting layer,
the compound (1) and 8-quinolinolatolithium (Liq) (mass
ratio of the compound (1) to 8-quinolinolatolithium was
50:50) were co-deposited on the emitting layer to form a
25-nm thick electron transporting layer.

[0230] Liq was deposited on the electron transporting
layer to form a 1-nm thick electron injecting layer.

[0231] A metal Al was deposited on the electron injecting
layer to form an 80-nm thick metal cathode.

[0232] Thus, the organic EL device of Example 1 was
prepared.
[0233] A device arrangement of the organic EL device in

Example 1 is schematically shown as follows.

[0234] ITO (130)HI-1 (5YHT-1 (80)yHT-2 (10)/BH-1:
BD-1 (25, 4%)/compound (1):Liq (25, 50%)/Liq (1)/Al (80)
[0235] Numerals in parentheses represent a film thickness
(unit: nm). The numerals represented by percentage in
parentheses indicate a concentration (mass %) of BD-1 in
the emitting layer or a concentration (mass %) of Liq in the
electron transporting layer.

Example 2

[0236] An organic EL device of Example 2 was prepared
in the same manner as the organic EL device of Example 1
except that the compound (3) was used in place of the
compound (1) in Example 1.

Comparative Example 1

[0237] An organic EL device of Comparative Example 1
was prepared in the same manner as the organic EL device
of Example 1 except that the compound E-1 was used in
place of the compound (1) in Example 1.

[0238] The organic EL devices prepared in the above-
described Examples and Comparative Examples were mea-
sured according to the methods described below to evaluate
the performance thereof. The results are shown in Table 2.
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(1) Drive Voltage

[0239] Voltage was applied between the anode (ITO trans-
parent electrode) and metal cathode (metal Al) such that a
current density was 10 mA/cm?, where the voltage (unit: V)
was measured.

(2) External Quantum Efficiency

[0240] Voltage was applied on each of the organic EL
devices such that a current density was 10 mA/cm?, where
spectral radiance spectra were measured by a spectroradi-
ometer (CS-1000 manufactured by Konica Minolta, Inc.).
The external quantum efficiency EQE (at 10 mA/cm?, unit:
%) was calculated from the obtained spectral-radiance spec-
tra, assuming that Lambertian radiation was carried out.

[0241] Using the maximum luminance efficiency and
luminance efficiency ratio at 10 mA/cm?, the maximum
external quantum efficiency (EQE max.) based on the exter-
nal quantum efficiency (at 10 mA/em?) was calculated.

(3) Lifetime

[0242] A continuous direct-current energization test was
performed with an initial current density being set at 50
mA/cm?, and a lifetime (L'T90) until the initial luminance at
the start of the test decreased to 90% of the initial luminance
was measured.

TABLE 2
Voltage (V) EQE max.  LT90
(at 10 mA/em?) (%) thr)
Example 1 42 10 321
Example 2 4.1 10 282
Comparative Example 1 42 10 220

[0243] As shown in Table 2, it is understood that the
organic EL devices according to Example 1 using the
compound (1) and Example 2 using the compound (3) of the
exemplary embodiment achieve a long lifetime while keep-
ing the drive voltage at an appropriate level as compared to
Comparative Example 1. As shown in Table 1, the com-
pounds (1) and (3) have lower electron mobility than the
compound E-1 used in Comparative Example 1. Accord-
ingly, it is supposed that the amount of electrons flowing
from the electron transporting layer to the emitting layer is
decreased to reduce the electrons leaking from the emitting
layer to the hole transporting layer, thereby mitigating the
degradation of the hole transporting material and prolonging
the lifetime.

Example 3

[0244] An organic EL device of Example 3 was prepared
in the same manner as the organic EL device of Example 1
except that the compound (4) was used in place of the
compound (1) in Example 1.

Example 4

[0245] An organic EL device of Example 4 was prepared
in the same manner as the organic EL device of Example 1
except that the compound (5) was used in place of the
compound (1) in Example 1.
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Example 5

[0246] An organic EL device of Example 5 was prepared
in the same manner as the organic EL device of Example 1
except that the compound (6) was used in place of the
compound (1) in Example 1.

Example 6

[0247] An organic EL device of Example 6 was prepared
in the same manner as the organic EL device of Example 1
except that the compound (7) was used in place of the
compound (1) in Example 1.

Comparative Example 2

[0248] An organic EL device of Comparative Example 2
was prepared in the same manner as the organic EL device
of Example 1 except that the compound E-3 was used in
place of the compound (1) in Example 1.

[0249] The organic EL devices prepared in Examples 3 to
6 and Comparative Example 2 were measured according to
the above-described methods to evaluate the performance
thereof. The results are shown in Table 3.

TABLE 3
Voltage (V) EQE max.  LT90
(at 10 mA/em?) (%) (hr)
Example 3 4.2 10 305
Example 4 4.1 10 314
Example 5 4.1 10 276
Example 6 4.2 10 320
Comparative Example 2 4.0 10 222

[0250] As shown in Table 3, it is understood that the
organic EL devices according to Examples 3 to 6 using the
compounds (4), (5), (6) and (7) of the exemplary embodi-
ment achieve a long lifetime while keeping the drive voltage
at an appropriate level as compared to Comparative
Examples 1 and 2.

[0251] Though the exemplary embodiment(s) and/or
Examples of the invention have been described above in
detail, it would be easily understood by those skilled in the
art that the above exemplary embodiment(s) and/or
Examples can be modified in various manners without
substantively departing from the new teachings and effects
of the invention. Thus, the various modifications are also
included in the scope of the invention.

EXPLANATION OF CODES

[0252] 1...organic EL device, 2 . . . substrate, 3 . . .
anode, 4 . .. cathode, 7 . . . emitting layer, 10 . . . organic
layer, 11 . . . electron transporting zone.

1. A compound represented by a formula (100) below,

(100)

Ry (R\l)m
/ \ | 6
m /l\ 2 LN) "

Ra1)p (Raz)g

vy
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where:

X, X, and X are each independently a nitrogen atom, or
a carbon atom (CR,) bonded with R,;

Y is an oxygen atom, a sulfur atom, or a silicon atom
(SiR;,R;,) bonded with R, and R;,;

R, and R, are each independently selected from the group
consisting of> a hydrogen atom; a substituted or unsub-
stituted alkyl group having 1 to 30 carbon atoms; a
substituted or unsubstituted alkenyl group having 2 to
30 carbon atoms; a substituted or unsubstituted alkynyl
group having 2 to 30 carbon atoms; a substituted or
unsubstituted aryl group having 6 to 30 ring carbon
atoms; a substituted or unsubstituted alkoxy group
having 1 to 30 carbon atoms; a substituted or unsub-
stituted aryloxy group having 6 to 30 ring carbon
atoms; a substituted or unsubstituted alkylthio group
having 1 to 30 carbon atoms; a substituted or unsub-
stituted arylthio group having 6 to 30 ring carbon
atoms; a substituted or unsubstituted silyl group; a
cyano group; and a halogen atom;

R, Ruy, Rss Ry and Ry, are each independently
selected from the group consisting of: a hydrogen atom;
a substituted or unsubstituted alkyl group having 1 to
30 carbon atoms; a substituted or unsubstituted alkenyl
group having 2 to 30 carbon atoms; a substituted or
unsubstituted alkynyl group having 2 to 30 carbon
atoms; a substituted or unsubstituted aryl group having
6 to 30 ring carbon atoms; a substituted or unsubsti-
tuted heterocyclic group having 5 to 30 ring atoms; a
substituted or unsubstituted alkoxy group having 1 to
30 carbon atoms; a substituted or unsubstituted aryloxy
group having 6 to 30 ring carbon atoms; a substituted
or unsubstituted alkylthio group having 1 to 30 carbon
atoms; a substituted or unsubstituted arylthio group
having 6 to 30 ring carbon atoms; a substituted or
unsubstituted silyl group; a cyano group; and a halogen
atom,;

L, is a single bond or a linking group selected from the
group consisting of: a substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms; a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms; a substituted or
unsubstituted linear or branched hydrocarbon group
having a carbon-carbon double bond and 2 to 30 carbon
atoms; and

a substituted or unsubstituted linear or branched hydro-
carbon group having a carbon-carbon triple bond and 2
to 30 carbon atoms;

L, is a linking group selected from the group consisting
of: substituted or unsubstituted aromatic hydrocarbon
groups having 6 to 30 ring atoms;

m is an integer of 2 or more;

a plurality of R, are the same or different;

a plurality of R, are the same or different;

R, and R, are optionally bonded to form a ring structure;

pis an integer ranging from 0 to 4, a plurality of R, being
the same or different when p is an integer in a range
from 2 to 4;

the plurality of R,, are optionally bonded to each other to
form a ring structure;

qis an integer ranging from 0 to 3, a plurality of R,, being
the same or different when q is 2 or 3;

the plurality of R,, are optionally bonded to each other to
form a ring structure;

177
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a is an integer ranging from 1 to 5, a plurality of first
moieties in parentheses parenthesized by a being the
same or different when the plurality of first moieties are
bonded to L,;

* represents a bonding site with L, of each of the first
moieties in parentheses parenthesized by a; and

b is an integer ranging from 1 to 5, a plurality of second
moieties being the same or different when the plurality
of second moieties in parentheses parenthesized by b
are bonded to L,.

2. A compound represented by a formula (1) below,

@

Rp)m
v RQ/\ Xf\/\Xz
NY ™y
WA L1 kA
/o A=/ A3 @
(Ratlp (Rar | 1

where: X, X, and X; are each independently a nitrogen
atom, or a carbon atom (CR,) bonded with R,;

Y is an oxygen atom, a sulfur atom, or a silicon atom
(SiR;,R;,) bonded with R, and R;,;

R, and R, are each independently selected from the group
consisting of: a hydrogen atom; a substituted or unsub-
stituted alkyl group having 1 to 30 carbon atoms; a
substituted or unsubstituted alkenyl group having 2 to
30 carbon atoms; a substituted or unsubstituted alkynyl
group having 2 to 30 carbon atoms; a substituted or
unsubstituted aryl group having 6 to 30 ring carbon
atoms; a substituted or unsubstituted alkoxy group
having 1 to 30 carbon atoms; a substituted or unsub-
stituted aryloxy group having 6 to 30 ring carbon
atoms; a substituted or unsubstituted alkylthio group
having 1 to 30 carbon atoms; a substituted or unsub-
stituted arylthio group having 6 to 30 ring carbon
atoms; a substituted or unsubstituted silyl group; a
cyano group; and a halogen atom;

R, Ry, Ry, Ry, and Ry, are each independently
selected from the group consisting of: a hydrogen atom;
a substituted or unsubstituted alkyl group having 1 to
30 carbon atoms; a substituted or unsubstituted alkenyl
group having 2 to 30 carbon atoms; a substituted or
unsubstituted alkynyl group having 2 to 30 carbon
atoms; a substituted or unsubstituted aryl group having
6 to 30 ring carbon atoms; a substituted or unsubsti-
tuted heterocyclic group having 5 to 30 ring atoms; a
substituted or unsubstituted alkoxy group having 1 to
30 carbon atoms; a substituted or unsubstituted aryloxy
group having 6 to 30 ring carbon atoms; a substituted
or unsubstituted alkylthio group having 1 to 30 carbon
atoms; a substituted or unsubstituted arylthio group
having 6 to 30 ring carbon atoms; a substituted or
unsubstituted silyl group; a cyano group; and a halogen
atom;

L, is a single bond or a linking group selected from the
group consisting of: a substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms; a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms; a substituted or
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unsubstituted linear or branched hydrocarbon group
having a carbon-carbon double bond and 2 to 30 carbon
atoms; and

a substituted or unsubstituted linear or branched hydro-
carbon group having a carbon-carbon triple bond and 2
to 30 carbon atoms;

L, is a linking group selected from the group consisting
of: a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 ring atoms;

m is an integer of 2 or more, a plurality of R, being the
same or different;

a plurality of R, are the same or different;

R, and R, are optionally bonded to form a ring structure;

pis an integer ranging from 0 to 4, a plurality of R, being
the same or different when p is an integer in a range
from 2 to 4;

the plurality of R,, are optionally bonded to each other to
form a ring structure;

qis an integer ranging from 0 to 3, a plurality of R,, being
the same or different when q is 2 or 3:

the plurality of R,, are optionally bonded to each other to
form a ring structure;

a is an integer ranging from 1 to 5, a plurality of first
moieties in the parentheses parenthesized by a being
the same or different when the plurality of first moieties
are bonded to L,; and

b is an integer ranging from 1 to 5, a plurality of second
moieties in the parentheses parenthesized by a being
the same or different when the plurality of second
moieties are bonded to L, .

3. The compound according to claim 2, wherein the

compound is represented by a formula (10) below,

10

(Rl)m
Xf\/\x2
.

P
LJ|

Ra1)p (Raz)g ,
wherein X, X,, X5, Y, R, Ry, Ry, Ry, Rop, Ry, Ras, Ly,
L,, m, p, q, a and b respectively are the same as X,, X,, X;,
Y: Rls st Rlls R215 R22s RSI: R32s Lls L2: m, ps qs a and b
in the formula (1).

4. The compound according to claim 2, wherein the
compound is represented by a formula (11) below,

(1)
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wherein X, X, X5, Y, Ry, Ry, Ryps Ry Ropy Ry Ryo, Ly,
L,, m, p, q, a and b respectively are the same as X ;. X,, X;,
Y, Ry, Ry, Ry Ry Ryo Ryp Ryp, Ly Loy my pog.aand b
in the formula (1).

5. The compound according to claim 1, wherein R and R,
are bonded to form a ring structure.

6. The compound according to claim 1, wherein the
moiety represented by a formula (100¢) below in the com-
pound represented by the formula (100) is represented by a
formula (100c-1) or a formula (100c-2) below,

(100¢)

(100c-1)
AN
Tt
NN

Ri)n

‘71({/* AN
\N/

wherein R, m and a are respectively the same as R, m and
a in the formula (100), a plurality of R, being optionally
bonded to form a ring structure.

7. The compound according to claim 1, wherein a and b
are each independently 1 or 2.

8. The compound according to claim 1, wherein a and b
are 1.

9. The compound according to claim 1, wherein ais 1 and
bis 2.

10. The compound according to claim 1, wherein L, is
selected from the group consisting of substituted or unsub-
stituted aromatic hydrocarbon groups having 6 to 18 ring
carbon atoms.

11. The compound according to claim 1, wherein L, is
selected from the group consisting of a substituted or
unsubstituted phenylene group, a substituted or unsubsti-
tuted naphthylene group and a substituted or unsubstituted
biphenyldiyl group.

12. The compound according to claim 1, wherein L, is a
substituted or unsubstituted phenylene group.

13. The compound according to claim 1, wherein R,
R,;, R,,, R;, and R, are each independently selected from
the group consisting of a hydrogen atom, a substituted or
unsubstituted alkyl group having 1 to 30 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted heterocyclic

(100c-2)




US 2017/0213983 Al

group having 5 to 30 ring atoms, a substituted or unsubsti-
tuted silyl group, a cyano group and a halogen atom.

14. The compound according to claim 1, wherein R, is a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms.

15. The compound according to claim 1, wherein R, is a
substituted or unsubstituted aryl group having 6 to 18 ring
carbon atoms.

16. The compound according to claim 1, wherein R, is a
group selected from the group consisting of a substituted or
unsubstituted phenyl group, biphenyl group, terphenyl
group, naphthyl group, anthryl group, phenanthryl group,
fluorenyl group, pyrenyl group, chrysenyl group, fluoranthe-
nyl group, benzo[a]anthryl group, benzo|[c]phenanthryl
group, triphenylenyl group, benzo[k]fluoranthenyl group,
benzo[g|chrysenyl group, benzo[b]triphenylenyl group,
picenyl group and perylenyl group.

17. The compound according to claim 1, wherein R, is a
substituted or unsubstituted phenyl group.

18. The compound according to claim 1, wherein X, and
X, are each a carbon atom (CR,) bonded with R,.

19. The compound according to claim 1, wherein X is a
carbon atom (CR,) bonded with R,.

20. The compound according to claim 1, wherein X is a
nitrogen atom.

21. The compound according to claim 1, wherein R, and
R, are each independently selected from the group consist-
ing of a hydrogen atom, a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted aryl group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted silyl group, a cyano group and
a halogen atom.

22. The compound according to claim 1, wherein a
plurality of R, are each independently a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms.

23. The compound according to claim 1, wherein m is 0.

24. The compound according to claim 1, wherein Y is an
oxygen atom or a sulfur atom.

25. The compound according to claim 1, wherein L, is a
substituted or unsubstituted aromatic hydrocarbon group
having 6 to 30 ring carbon atoms.

26. The compound according to claim 1, wherein L, is
selected from the group consisting of a substituted or
unsubstituted phenylene group, a substituted or unsubsti-
tuted naphthylene ring and a substituted or unsubstituted
biphenyldiyl group.

27. The compound according to claim 1, wherein

Y is an oxygen atom or a sulfur atom,

L, and [, are each independently selected from the group
consisting of a substituted or unsubstituted phenylene
group, a substituted or unsubstituted naphthylene
group, and a substituted or unsubstituted biphenyldiyl
group,

R,; is selected from the group consisting of a phenyl
group, a biphenyl group, a terphenyl group, a naphthyl
group, an anthryl group, a phenanthryl group, a fluo-
renyl group, a pyrenyl group, a chrysenyl group, a
fluoranthenyl group, a benzo[alanthryl group, a benzo
[c]phenanthryl group, a triphenylenyl group, a benzo
[k]fluoranthenyl group, a benzo[g|chrysenyl group, a
benzo[b]triphenylenyl group, a picenyl group, and a
perylenyl group,

R,, and R,, are each independently selected from the
group consisting of a hydrogen atom, a substituted or
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unsubstituted alkyl group having 1 to 30 carbon atoms,
a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted het-
erocyclic group having 5 to 30 ring atoms, a substituted
or unsubstituted silyl group, a cyano group and a
halogen atom, and

R, and R, are each independently selected from the group

consisting of a hydrogen atom, a substituted or unsub-
stituted alkyl group having 1 to 30 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted silyl
group, a cyano group and a halogen atom.

28. The compound according to claim 1, wherein, when
R, has a substituent, the substituent is selected from the
group consisting of an alkyl group having 1 to 30 carbon
atoms, an aryl group having 6 to 30 ring carbon atoms, an
alkoxy group having 1 to 30 carbon atoms, an aryloxy group
having 6 to 30 ring carbon atoms, an alkylthio group having
1 to 30 carbon atoms, an arylthio group having 6 to 30 ring
carbon atoms, an alkylsilyl group having 3 to 30 carbon
atoms, an arylsilyl group having 6 to 30 ring carbon atoms,
a cvano group and a halogen atom.

29. An organic-electroluminescence-device material com-
prising the compound according to claim 1.

30. An organic electroluminescence device comprising:

an anode;

a cathode; and

one or more organic layers comprising an emitting layer,

wherein

at least one of the organic layers comprises the compound

according to claim 1.

31. An organic electroluminescence device comprising:

an anode;

a cathode; and

an organic layer comprising an emitting layer and an

electron transporting zone, wherein

the emitting layer is provided between the anode and the

cathode,

the electron transporting zone is provided between the

emitting layer and the cathode, and

the electron transporting zone comprises the compound

according to claim 1.

32. The organic electroluminescence device according to
claim 31, wherein the electron transporting zone further
comprises at least one of an electron-donating dopant and an
organic metal complex.

33. The organic electroluminescence device according to
claim 32, wherein

the electron-donating dopant and the organic metal com-

plex are at least one compound selected from the group
consisting of an alkali metal, an alkali metal compound,
an alkali earth metal, an alkali earth metal compound,
a rare-carth metal, a rare-earth metal compound, an
organic metal complex comprising alkali metal, an
organic metal complex comprising alkaline earth metal
and an organic metal complex comprising rare-earth
metal.

34. The organic electroluminescence device according to
claim 32, wherein the electron-donating dopant and the
organic metal complex are at least one compound selected
from the group consisting of lithium, a lithium compound
and an organic metal complex comprising lithium.
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35. The organic electroluminescence device according to
claim 31, wherein the electron transporting zone further
comprises 8-quinolinolatolithium.

36. An electronic device comprising the organic electrolu-
minescence device according to claim 30.

37. The compound according to claim 2, wherein

a and b are each independently 1 or 2,

L, is selected from the group consisting of substituted or
unsubstituted aromatic hydrocarbon groups having 6 to
18 ring carbon atoms,

R,;, R, Rys Ry, and R,, are each independently
selected from the group consisting of a hydrogen atom,
a substituted or unsubstituted alkyl group having 1 to
30 carbon atoms, a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted
or unsubstituted heterocyclic group having 5 to 30 ring
atoms, a substituted or unsubstituted silyl group, a
cyano group and a halogen atom,

R, and R, are each independently selected from the group
consisting of a hydrogen atom, a substituted or unsub-
stituted alkyl group having 1 to 30 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted silyl
group, a cyano group and a halogen atom, and

L, is a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 ring carbon atoms.

* % % k¥
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